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2.5      GEOLOGY, SEISMOLOGY AND GEOTECHNICAL ENGINEERING 

 

Information regarding the geologic and seismological characteristics of 

the region and site and site geotechnical engineering conditions are 

presented in the order outlined in <Regulatory Guide 1.70> (Revision 3), 

<Section 2.5> and as defined in <10 CFR 100, Appendix A>, “Seismic and 

Geologic Siting Criteria for Nuclear Power Plants.” 

 

For the initial FSAR development, several consultant organizations were 

retained to assist in subdiscipline specialties.  Their major 

contributions by section are as follows: 

 

Gilbert Associates Inc. (GAI) of Reading, Pennsylvania had the primary 

responsibility of directing, coordinating, preparing, and assembling the 

detailed information and data for this Section.  Regional Tectonics and 

Vibratory Ground Motion were prepared by Weston Geophysical Corporation, 

Inc., Westboro, Massachusetts.  Weston performed and arranged for 

seismological, geophysical and some aspects of geological studies 

conducted respective of regional and site conditions. 

 

Stability of Subsurface Materials and Foundations, Stability of Slopes 

and Embankments and Dams, were prepared by Woodward-Clyde Consultants, 

Plymouth Meeting, Pennsylvania.  Woodward-Clyde Consultants performed 

and arranged for aspects of geotechnical engineering analyses during 

preconstruction site investigations and construction activities.  Most 

laboratory testing and analyses were conducted by Woodward-Clyde 

consultants at their Plymouth Meeting office. 

 

The contributions of independent consultants who contributed to various 

investigative and analytical tasks or who served in a review capacity 

are acknowledged within the main text. 
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For the initial USAR development, incorporating the analysis of the 

January 31, 1986 Leroy earthquake, Weston Geophysical was retained as 

they were responsible for all geotechnical studies related to that 

event. 

 

Description of Region 

 

The site is situated in the central part of the Eastern Stable Platform 

Tectonic Province, a wide region characterized by an Upper Precambrian 

crystalline basement complex overlain unconformably by a sequence of 

Paleozoic sedimentary formations with little tectonic deformation.  

Basement rocks in the site province are comprised largely of high-grade, 

regionally-metamorphosed schists, gneisses, marbles, and calc-silicate 

granulites, which were consolidated to a discrete crustal block during 

the Grenvillian Orogeny, 950150 million years ago. 

 

Post-consolidation tectonic deformation in the site province is of minor 

extent, limited to the development of broad northeast-trending arches of 

epeirogenic origin along the western portion during Early to Middle 

Paleozoic time, with localized faulting activity on or near the arches 

in Middle to Late Paleozoic time.  The only tectonic structure within 

the site province interpreted to be active is the Clarendon-Linden fault 

zone in western New York, about 160 miles northeast of the site. 

 

The site province is bounded on the west by the Grenville Front and 

Michigan Basin; on the northeast (beyond the site region) by the 

Ottawa-Bonnechere graben structure; on the southeast by the 

moderately-folded sedimentary rocks of the Appalachian Plateau; and on 

the south (beyond the site region) by the Kentucky River-Rome Trough 

fault system.  The Grenville Front is a profound tectonic boundary in 

the basement, separating the high-grade Grenvillian terrane of the site 

province to the east from essentially undeformed felsic intrusives, 

volcanic flows and sedimentary/pyroclastic rocks of the Keweenawan and 
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Elsonian Terranes to the west.  Along much of the Grenville Front to the 

west and southwest of the site, the Precambrian basement rocks lie at 

depths less than 1.24 miles below ground surface. 

 

The residual gravity map was used as an important part of the basis for 

constructing regional tectonic provinces.  Gravity gradients, amplitudes 

of individual anomalies, and trends of individual anomalies supplemented 

mapped geology and other data.  These gravity data, from about 

40,000 stations in the area, 77-85W and 38-48N, were used to prepare 

contour maps of the total Bouguer gravity anomaly, and residual Bouguer 

gravity anomaly. 

 

The site is located in the Eastern Stable Platform Province, where 

seismic activity is relatively low.  Within 200 miles of the site, only 

two zones of moderate seismic activity can be found.  The first is 

located 160 miles away, in the same province, and is correlated to the 

Clarendon-Linden structure while the second, in the Central Province, 

about 185 miles away, near Anna, Ohio, is probably tied to local 

basement structures in that area (Reference 1) (Reference 2).  Within 

this context the earthquake potential at the site is low, as related to 

the hypothetical occurrence of an Intensity VI(MM).  Such an intensity 

is estimated from the maximum earthquake, not correlated to structure, 

experienced in the site province.  A safe shutdown earthquake 

acceleration of 15 percent of the gravity acceleration (g) is selected 

for the safe shutdown earthquake (SSE).  This value is above the mean 

value of intensity versus acceleration given by Trifunac and Brady for 

an Intensity VII (Reference 3). 

 

Description of Site 

 

The Perry site is approximately 35 miles northeast of Cleveland on the 

shore of Lake Erie.  The plant site is on nearly level terrain, with the 

main plant being about 800 feet from the toe of a 45 foot high steep 

bluff that forms the shoreline.  Upper Devonian shale bedrock underlies 
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the site about 55 feet below the existing ground surface.  Bedrock 

onshore is overlain by approximately 30 feet of very dense till which in 

turn is overlain by about 25 feet of poorly compacted lacustrine 

deposits, both of Pleistocene age.  Thin layers of glacial till and 

beach deposits respectively, overlie bedrock at the shore.  Shale forms 

the lake bottom from 1,000 to 1,500 feet offshore in the area 

investigated.  Pleistocene glaciation induced localized shallow faults 

and folds in the shale strata beneath the site.  Last movement on an 

offshore fault intersecting the cooling water tunnels occurred during 

Pleistocene time in response to deglaciation-isostatic rebound. 

 

Investigations Performed 

 

The onshore plant site investigation included test borings into bedrock, 

the deepest of which was 730 feet.  Other subsurface site investigative 

activities included:  42 inch drilled exploratory shafts into the top of 

bedrock, in situ testing and plate load tests; pressure meter tests; 

permeability determinations; piezometer installations; seismic analyses, 

seismic refraction traverses and seismic shear wave determinations; 

geologic mapping of foundation grades, tunnels and excavation cuts; 

geologic studies and preparation of subsurface geologic profiles.  

Offshore in Lake Erie, investigations for cooling water facilities 

included:  ten test borings into bedrock, water pressure tests, gas 

composition and pressure tests, and probing of the lake to determine 

both configuration and nature of the lake bottom materials.  In 

addition, the dispersive characteristics of shale and till were 

investigated to determine any clogging potential of the plant porous 

concrete underdrain system.  Supplemental investigations were conducted 

on the shallow onshore and cooling water tunnel deformation identified 

during the geologic mapping program. 
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Results of Investigations 

 

Subsurface exploration, substantiated by laboratory testing of soil and 

rock and excavation experience, confirmed that stratigraphically, the 

subsurface materials and their respective physical properties were 

similar throughout the plant site.  The Upper Devonian shale strata 

beneath the site dip less than 5 degrees southeast, but the erosional 

bedrock surface slopes north toward Lake Erie.  Small inflows of natural 

gas were encountered in about a dozen borings penetrating shale bedrock.  

Groundwater levels ranged between three and five feet below ground 

surface.  The depth to groundwater gradually increased toward Lake Erie. 

 

The bearing characteristics of the lacustrine deposits and upper till 

with a combined thickness of 35 feet are generally unsuitable for the 

support of Seismic Category I structures.  Support for most Seismic 

Category I buildings is provided by lower till and Chagrin shale.  

Seismic Category I structures, such as piping, duct banks, buried fuel 

oil storage tanks, and the diesel generator building are founded on 

compacted Class A backfill.  Controlled Low Strength Material (CLSM) may 

be used as a replacement for Class A fill when the Class A fill was used 

as bedding and backfill for buried piping and ductbanks only, and not as 

part of the Plant Underdrain system, or as a foundation for 

safety-related buildings or structures.  The lower till exhibits a very 

low compressibility under static loads up to 6 tsf.  The shale is 

capable of supporting loads to at least 25 tsf without detrimental 

settlement.  Subsurface investigation of the cooling water tunnel 

alignments indicated that Chagrin shale beneath Lake Erie is relatively 

uniform and generally competent and free from detrimental soft zones.  

Site conditions for plant excavation and tunneling were predicted to be 

favorable. 

 

Construction experience generally was consistent with the exploration 

results.  Material properties and groundwater conditions were as  
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anticipated.  The open excavations were dry, and the radius of monitored 

groundwater drawdown was less than had been calculated. 

 

Shallow deformation exposed by onshore foundation excavation into 

Chagrin shale, although unanticipated, was similar in style and origin 

to that identified on the east bank of Bates Creek during 

preconstruction site-locale geologic reconnaissance.  A similar result 

was obtained during investigations of geological features at Big Creek, 

located 22 km southwest of the plant site (Reference 4) following the 

January 31, 1986 earthquake.  In this instance the shallow structures 

are confined to the Cleveland shale directly overlying Chagrin shale. 

 

An anomalous, small-displacement, thrust fault intersecting the cooling 

water tunnels, was revealed during tunneling.  Studies show that its 

last movement, an adjustment to glacio-isostatic rebound, occurred in 

Pleistocene time.  Several inflows of methane were encountered without 

hazardous incident.  Tunneling was conducted under characteristically 

dry conditions.  The only wet conditions experienced were a short term, 

relatively small volume of discharge from the tunnel fault under 

piezometric pressure and several other minor seeps.  None of the site 

faulting evaluated during initial site investigations, or faults mapped 

during post January 31, 1986 Leroy earthquake studies, are capable as 

defined in <10 CFR 100, Appendix A>. 

 

Ohio and adjacent areas are characterized by small infrequent 

earthquakes with an occasional moderate earthquake.  Three moderate 

earthquakes, one of Intensity VII-VIII (MM) centered in the Anna, Ohio 

area, 185 miles southwest of the site, one of Intensity VIII (MM) in the 

Attica, New York area, 160 miles northeast of the site, and the 

Intensity V-VI(MM) event centered near Leroy, Ohio, 10 miles south of 

the site, represent the largest earthquakes to have occurred within 

200 miles of the site.  Acceleration values for the safe shutdown 

earthquake (SSE) and operating basis earthquake (OBE), are 0.15g and 

0.075g, respectively. 
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Conclusions 

 

Findings of the comprehensive geology, seismology, geotechnical 

engineering investigations, and construction experience show that the 

Perry site on the southeast shore of Lake Erie, near North Perry, Ohio, 

is acceptable from geologic, seismic and geotechnical engineering 

viewpoints. 

 

2.5.1      BASIC GEOLOGIC AND SEISMIC INFORMATION 

 

Basic geologic and seismic information provided throughout the following 

paragraphs is discussed in context of a regional, local, site, or plant 

area connotation and is defined as follows: 

 

a. Regional 

 

 A large area within the Central Lowlands Physiographic Province 

essentially defined by a basic similarity in the spatial 

distribution, position and geologic history of stratigraphic units, 

structural features and surface forms.  Generally, a reference area 

within a 200 mile radius of the site is sufficient in developing 

the regional geologic and seismic characterization. 

 

b. Local 

 

 Normally a “localized” area in proximity to the site within a 

minimum radius of five miles centered at the plant area.  Geologic 

features peripheral to the five mile radius but significant with 

respect to local geology are necessarily incorporated into this 

category.   Following the January 31, 1986 Leroy earthquake, this 

area was extended to include features within 15 miles of the site 

and within 5 miles of the epicenter. 
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c. Site 

 

 An area restricted to the surface property boundaries of the site 

including the Lake Erie shoreline and the subsurface limits of 

mineral rights acquisitions. 

 

d. Plant Area 

 

 Includes those areas occupied by major plant structures and 

especially Seismic Category I structures. 

 

All elevations are in feet above mean sea level (MSL), USGS Datum, 

unless otherwise noted. 

 

2.5.1.1      Regional Geology 

 

Salient aspects contained within the Central Lowlands Physiographic 

Province as well as contiguous provinces are presented in context of 

their relationship to the site location and structures. 

 

2.5.1.1.1      Regional Physiography and Geomorphology 

 

The site lies within the Lake Plains Section, a physiographic 

subdivision of the Central Lowland Physiographic Province.  The Lake 

Plains Section is characterized by a narrow band of very low relief 

terrain, five to ten miles wide, along the southeast shore of Lake Erie.  

South of the Perry site, the narrow Lake Plains Section is adjoined by 

the Glaciated Plateau Section of the Appalachian Plateau Physiographic 

Province.  This boundary, commonly referred to as the Allegheny 

Escarpment, trends in a general northeast-southwest direction from the 

Pennsylvania border to north-central Ohio where its bearing changes to a 

more southerly direction.  The Allegheny Escarpment is recognized as an 

abrupt change in relief, approximately 100 feet, in northeastern Ohio.  

 



 

  Revision 12 
 2.5-9 January, 2003 

In south-central Ohio the Glaciated Plateau Section has a common 

boundary with the Till Plains Section of the Central Lowland Province.  

A regional physiographic map showing these physiographic relationships 

to the site is presented in <Figure 2.5-1>. 

 

The site is on a portion of the Lake Plain that was submerged in the 

geologic past when the level of Lake Erie was considerably higher than 

the present level.  Approaching the present shoreline of Lake Erie, the 

flat terrain gives way to a steep bluff that forms most of the shoreline 

in northeastern Ohio.  The average height of the bluff is approximately 

45 feet. 

 

2.5.1.1.2      Regional Geologic Features 

 

The site is situated within the eastern portion of the Central Lowland 

Physiographic Province as previously discussed.  This province is 

founded on a buried supracrustal platform or craton composed of 

Precambrian crystalline basement rock overlain by variable thicknesses 

of Paleozoic sediments, generally on the order of several thousand feet.  

A surficial veneer of Pleistocene glacial and lacustrine deposits are 

present throughout much of the province, including the site. 

 

The Precambrian crystalline basement is not exposed anywhere in Ohio but 

underlies the site vicinity, approximately 5,000 feet below surface, as 

interpolated from drill records and geophysical survey data.  Basement 

structures inferred on the basis of direct and indirect data include 

both local trends and regional features consisting of the Lake Superior 

syncline in Wisconsin, Minnesota and Iowa and the Grenville metamorphic 

or orogenic front presumably traced from eastern Canada southward into 

Michigan and Ohio (Reference 5) <Figure 2.5-2>, and the Akron Magnetic 

Boundary representative of regional scale lithologic differences in the 

crystalline basement. 
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Distinctive regional Paleozoic structures are principally broad upwarps 

such as the Cincinnati, Findlay and Kankakee arches, the Ozark uplift 

and the Nashville dome, with intervening deep depositional basins of 

Paleozoic rocks including the Michigan and Illinois basins.  The 

development of these uplifts and basins spanned the Paleozoic Era.  

These areas of uplift and subsidence were accompanied by high-angle 

faulting and mild folding. 

 

2.5.1.1.3      Geologic Setting 

 

The site is on the northwestern flank of the Appalachian geosyncline.  

Bedrock directly beneath the site belongs to the Ohio shale formation 

(Upper Devonian).  To the south, these Devonian strata are overlain by 

successively younger Paleozoic sediments and Pleistocene glacial 

deposits respectively.  These rocks dip gently to the south at a 

gradient of approximately 20 to 40 feet per mile.  This paleotopographic 

surface was eroded as a consequence of continental glaciation forming 

Lake Erie along with the other Great Lakes during the Pleistocene Epoch.  

Lake Erie is the shallowest of the Great Lakes, with a maximum depth of 

210 feet and an average depth of 58 feet.  The western end of the lake 

is extremely shallow as much of the lake bottom is immediately underlain 

by resistant carbonate bedrock.  From the general vicinity of Sandusky, 

Ohio, to the east beyond the Pennsylvania boundary, Lake Erie has been 

eroded into Upper Devonian shales which overlie the more resistant rocks 

comprising lake bottom strata of the western portion. 

 

All but southeastern Ohio has been extensively mantled by Pleistocene 

glacial deposits.  Consequently, bedrock exposures are sparse 

particularly in proximity to the local area of the Perry site.  The 

distribution and southern extent of glacial deposits throughout Ohio are 

portrayed on <Figure 2.5-3>. 
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2.5.1.1.4      Stratigraphy 

 

The stratigraphy of Ohio can be readily differentiated into three 

distinct units which include a basal Precambrian crystalline basement, a 

sequence of Paleozoic sedimentary rock and a surficial cover of 

Pleistocene glacial and glaciolacustrine sediments.  Soil profiles have 

developed since the recession of continental glaciation in the upper 

several feet of the surface veneer.  Precambrian rocks are not exposed 

in Ohio, as the basement complex lies at approximately minus 5,000 feet 

(Reference 6).  Paleozoic sedimentary rocks, essentially Devonian shale, 

comprise bedrock in the northern region of Ohio, east of Sandusky, 

including a large portion of the Lake Erie Basin.  In the extreme 

northwestern corner of Ohio, Devonian rocks immediately underlie the 

outer fringe of the Michigan Basin.  A much smaller distribution of 

Devonian strata occurs as an outlier slightly east of the Cincinnati 

Arch, approximately 40 miles northwest of Columbus.  Limestone and 

dolomite strata of Ordovician and Silurian ages outcrop in the western 

half of Ohio.  The southeastern portion of the state is immediately 

underlain by successively younger post-Devonian Paleozoic rocks such 

that Permian strata are exposed in proximity to the Ohio River segment 

serving as a mutual boundary with West Virginia.  The areal extent of 

bedrock geology in Ohio is shown on <Figure 2.5-4>, and a statewide 

composite bedrock stratigraphic column is included as <Figure 2.5-5>. 

 

A Devonian-Mississippian stratigraphic interval dominated by shale forms 

the bedrock surface of an 8 to 20 mile wide belt contiguous to Lake Erie 

from the Pennsylvania border to the vicinity of Sandusky and from there 

southward through central Ohio to the Ohio River.  The subdivision of 

these Devonian-Mississippian shales in Ohio is based on their lithologic 

character according to Hoover (Reference 7).  The precise horizons 

separating the divisions are somewhat arbitrarily defined because of 

interfingering facies and their transitory nature vertically from one 

unit to the next.  In the northeastern region, a complete columnar 

section through the shale sequence in stratigraphic order, oldest to  
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youngest, would include the Plum Brook (logged in subsurface) Huron, 

Chagrin, Cleveland, and Bedford shale members (Reference 8).  

Collectively, these members comprise approximately 1,500 feet of 

stratigraphic section of the site locale.  The Huron, Chagrin and 

Cleveland shales together are also known as the Ohio Shale, representing 

most of the Devonian-Mississippian shale sequence in northeastern Ohio.  

The composite interval is underlain by Middle Devonian, predominantly 

nonargillaceous, carbonate rocks and capped by Berea sandstone, the 

latter of which lies on a scoured Bedford Shale erosional surface. 

 

Member subdivisions of the Ohio Shale are accomplished mostly on the 

basis of color, primary structures and other physical criteria.  The 

Huron shale, stratigraphically averaging 410 feet throughout Ohio, is a 

black fissile shale containing conspicuous carbonate concretions.  It’s 

base is placed at the top of the highest gray shale (or limestone) bed 

of the underlying Plum Brook Shale.  The top of the Huron is placed at 

the highest black shale where the gray, slightly arenaceous Chagrin 

begins.  In some locales, the base of the Chagrin is conspicuous, 

beginning at the top of the uppermost layer of carbonate concretions 

(generally from 1 to 6 feet in diameter, but as large as 15 feet) or at 

the base of the lowermost Ohio shale cone-in-cone structure.  The 

Chagrin shale is essentially a noncarbonaceous, medium-gray, fissile, 

clay shale occupying an intermediary position between two highly 

carbonaceous fissile blue-black shales.  The Cleveland shale is readily 

distinguished from the Chagrin on the basis of darker color and from the 

Huron on the basis of the absence of large calcareous concretions.  

Primary and secondary deposits of pyrite, occurring along thin bedding 

laminae as concretionary masses and/or as finely disseminated pyrite, 

are best developed in the Cleveland shale.  Regionally, the irregular 

distribution and variable thickness as well as the horizontal gradation 

and vertical transitory nature, characterizing the stratigraphy of the 

Ohio Shale, can be readily understood in context of the facies concept. 
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The Bedford Shale overlies the Ohio Shale.  Its stratigraphic base is 

placed at the top of the uppermost black shale sequence containing a few 

siltstone beds.  The basal sequence of the Bedford consists of a 

gray-black shale, more frequently interbedded with thin siltstone beds 

than the Ohio Shale.  However, Bedford siltstones exhibit local evidence 

of bedding plane failure and slump (load casts and flow rolls).  In some 

locales Bedford Shale is predominantly a soft, red clay shale.  

Erosional channels have completely cut through the Bedford Shale into 

the underlying Ohio Shale, such that Berea Sandstone, the next youngest 

stratigraphic unit, is in unconformable contact with Ohio Shale.  

Generally, the Bedford-Berea contact is very irregular and 

disconformable even where erosional channels have not been identified.  

The top of the Bedford, where exposed, has been defined by the base of 

massively-bedded Berea Sandstone strata.  It is generally accepted that 

the Devonian-Mississippian time boundary should be placed at the 

Ohio-Bedford contact. 

 

At the site, the Chagrin shale of Upper Devonian age, is the highest 

Ohio Shale member.  The Cleveland and Bedford shales, and the Berea 

Sandstone outcrop successively higher along the Allegheny Escarpment to 

the south.  Consequently, bedrock reaching the surface in Lake County is 

chiefly shale and lesser amounts of sandstone.  Bedrock exposures are 

sparse, however, as most of the surface is concealed by glacial 

deposits.  The nearest outcrops to the plant site are situated 

approximately seven miles southwest along the banks of the Grand River.  

The areal distribution of the major bedrock units with respect to the 

Perry site and northeastern Ohio is shown on <Figure 2.5-6>. 

 

Glacial materials cover more than two-thirds of Ohio.  In northeastern 

Ohio glacial drift and glaciolacustrine sediments overlying bedrock 

reach a maximum thickness of approximately 250 feet.  The glacial 

deposits are dominantly till composed of native material with some 

ice-transported granitic erratics undoubtedly derived from Canada.  

Composition of the till varies from place to place but in general is a  
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heterogeneous, dense, boulder clay with interspersed rock fragments 

ranging from large boulders, cobbles and pebbles down to sand size.  

Along the lake front, a layer of glaciolacustrine deposits comprised of 

clay, silt and fine sand mantle dense tills.  Sandy beach ridges located 

1.5 to 10 miles inland from the present shore delineate former lake 

margins.  The distribution of glacial and glaciolacustrine deposits in 

northeastern Ohio are shown on <Figure 2.5-7>. 

 

2.5.1.1.5      Regional Tectonics 

 

2.5.1.1.5.1      Regional Tectonic Elements 

 

The regional tectonic elements are described in the following 

paragraphs. 

 

a. Grenville Front 

 

 The Grenville Front extends southwesterly across eastern Canada for 

1,150 miles from the coast of Labrador to the north shore of 

Georgian Bay, Ontario, where its trace in the Precambrian basement 

dips beneath Paleozoic sedimentary formations (Reference 9) 

(Reference 10).  Cutting across older structural provinces of the 

Canadian Shield, the Grenville Front is a tectonic break which 

defines the northwestern limit of Grenvillian metamorphism and 

deformation, part of a several kilometer wide shear zone, the 

Grenville Front Tectonic Zone (GFTZ).  The GFTZ is characterized by 

strongly deformed, locally mylonitic rock exhibiting 

northeast-trending, gently southeast-dipping tectonic layering and 

southeast plunging mineral lineations (Reference 293).  Seismic 

reflection profiles in Lake Huron and Central Ohio reveal the 

subsurface expression of the GFTZ as a zone of east-dipping 

reflectors ranging from 30 to 50 kilometers in width 

(Reference 294) (Reference 295). 
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 To the southeast of the Front in Canada, the Precambrian terrane 

comprises an orogenic belt defined as the Grenville Province and 

characterized by upper-amphibolite or granulite facies metamorphic 

rocks having K-Ar radiometric ages of 950150 million years.  There 

is a systematic decrease in radiometric dates to the southeast away 

from the Front, from a high of about 1,050 million years along the 

Front in Ontario to about 850 million years near the St. Lawrence 

River (Reference 9) (Reference 11). 

 

 To the northwest of the Grenville Front, along much of its trace in 

Ontario and Quebec, there are Early Precambrian (Kenoran, 

2,400 million years) rocks of the Superior Province.  In southern 

Ontario, 300 miles north of the site, along the north shore of Lake 

Huron and northwestern Georgian Bay, kyanite-zone metasediments, 

minor metavolcanic rocks and related migmatitic rocks of the 

Grenville Province abut greenschist-facies, sedimentary and 

volcanic rocks of the Huronian super group of the Canadian Southern 

Province along a Grenville Front fault boundary (Reference 12) 

(Reference 13).  The Canadian Southern Province is characterized by 

sedimentary deposition during Lower Proterozoic time 

(2,400-2,200 million years) and deformation during the Hudsonian 

orogeny, about 1,700 million years ago (Reference 14) 

(Reference 15).  An intrusive suite of granitic, minor intermediate 

to felsic volcanic rocks, and subordinate diorite and granodiorite 

occurs northeast of Georgian Bay near Killarney, Ontario.  These 

1730-1750 and 1450-1470 million year old granitoids separate the 

Huronian rocks from the Grenville Front. 

 

 Where last exposed at ground surface, the Grenville Front trends 

southwesterly beneath northwestern Georgian Bay and beneath 

Paleozoic sedimentary rocks on eastern Manitoulin Island, Ontario.  

The southerly trend of the Grenville Front, beneath the sedimentary 

cover in the site region, has been traced by petrographic and 

radiometric analyses of basement rocks sampled in deep borings.   
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 Bass was the first to define the general position of the boundary 

in western Ohio by his identification of high-grade metamorphic 

rocks on the east and unmetamorphosed, nonorogenic igneous and 

sedimentary rocks on the west (Reference 16).  The metamorphic 

rocks were dated at 900-1,000 million years and classified as part 

of the Grenville Province orogenic belt.  The Grenville Province is 

presently divided into two principle subprovinces based on 

recognition of distinct lithologic and structural characteristics.  

Immediately east of the GFTZ is the Central Gneiss Belt (CGB).  The 

CGB comprises mainly quartzfeldspathic gneissic rocks of igneous 

origin, generally metamorphosed to upper amphibolite facies.  To 

the southeast, the Central Metasedimentary Belt (CMB) consists of 

greenschist to granulite metamorphosed marbles, volcanics and 

clastics.  The allochthonous CMB terrane was thrust northwestward 

onto the CGB along the Central Metasedimentary Belt Boundary Zone 

which parallels the GFTZ.  Recognition of subdivisions of the two 

major subprovinces, established in areas of Precambrian exposure in 

Ontario and Quebec, have been extrapolated southward beneath 

Paleozoic cover by examination of available core and drill cuttings 

and by aeromagnetic anomaly patterns.  Seismic reflection data 

along transects of Lake Ontario and Lake Erie have confirmed the 

presence of distinguishable Precambrian features coinciding with 

the terranes and terrane boundaries (Reference 296). 

 

 In his study of basement rocks to the west of the Grenville 

boundary in Ohio, Kentucky, Tennessee, Indiana, and Illinois, Bass 

found no regionally metamorphosed rocks.  The igneous rocks there 

are mainly massive to flow-banded (Reference 16). 

 

 In the broad area to the west of the Grenville Front in the 

midwestern United States, Engel used the term “Central Province” to 

describe basement terrane characterized by felsic igneous rocks of 

intermediate age (1,500-1,200 million years) (Reference 17).  

Lidiak et al further defined the Central Province as a “terrane of  
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 granite and rhyolite (which) extends from eastern Iowa to western 

Ohio, where it is terminated by metamorphic rocks which are the 

subsurface extension in Michigan and Ohio of the Grenville Province 

of the Canadian Shield” (Reference 18).  Granites were emplaced in 

the Central Province 1,350 million years or more ago (Elsonian 

event), while rhyolite and trachyte in western Ohio are dated at 

about 1,260 million years.  They further noted that gravity and 

magnetic anomalies in the Michigan Basin may reflect Keweenawan 

(1,200-1,100 million years) igneous rocks.  The Keweenawan rocks 

mark a former rift zone, the Keweenawan rift sequence.  Exposures 

of the rift around Lake Superior consist of basalt flows overlain 

by a thick sequence of sandstones, shales, and conglomerates 

(Reference 297).  The sequence is termed the Mid-Michigan Rift 

southeastward through Michigan.  Red arkosic sandstones recovered 

from a deep borehole in central Michigan apparently overlie layered 

basaltic flows interpreted from COCORP (Consortium for Continental 

Reflection Profiling) seismic reflection data (Reference 298).  The 

aeromagnetic and gravity pattern of the Keweenawan sequence extends 

in subdued fashion across the Grenville Front (Reference 299). 

 

 Muehlberger et al, in discussing the geologic history of the 

interior United States, noted that crustal stabilization events 

occurred about 2,500, 1,700, 1,350, and 1,000 million years ago 

(Reference 19).  During the Nemaha igneous episode (Elsonian, 

1,450-1,350 million years), basement rocks from New Mexico to Ohio 

were consolidated to form the basement for younger, extensive 

volcanic-intrusive complexes.  Bayley and Muehlberger defined the 

subsurface location of the Grenville Front from southern Ontario 

through eastern Michigan and western Ohio to northern Kentucky 

<Figure 2.5-8>, and further described the different lithologies on 

each side of the boundary (Reference 20).  Based on petrographic 

and radiometric studies of basement well samples, Ammerman and 

Keller located the Grenville Front in northern Kentucky between 

little-metamorphosed igneous rocks to the west, and marble and  
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 upper-amphibolite grade, metamorphic rocks (913 and 894 million 

years, K-AR ages) to the east (Reference 21). 

 

b. Arches 

 

 Several broad Paleozoic arches exist in the site region:  the north 

trending Cincinnati Arch of north-central Kentucky and southwestern 

Ohio (Reference 22) (Reference 23) (Reference 24) (Reference 25) 

(Reference 26), the northeast trending Findlay Arch of northwestern 

Ohio (Reference 22) (Reference 26) (Reference 27) (Reference 28) 

(Reference 29); the north-northeast trending Waverly Arch of west 

central Ohio (Reference 23) (Reference 25) (Reference 28); the 

Ohio-Indiana Platform of western Ohio and eastern Indiana 

(Reference 22) (Reference 26) (Reference 27); and the northeast 

trending Algonquin axis of south-central Ontario (Reference 30) 

(Reference 31).  Recently the presence of the subtle Waverly Arch 

has been questioned on the basis of analysis of more borehole logs.  

Evidence from recent drilling activity in eastern Ohio has revealed 

a north northeast-trending arch designated the Wooster Arch 

(Reference 303) (Reference 300). 

 

 All arches in the site region rest on a crystalline Precambrian 

terrane which has been mantled by a relatively thin sequence of 

gently-warped Paleozoic sediments.  The Paleozoic section ranges in 

age from Cambrian to Carboniferous (Reference 22) (Reference 23) 

(Reference 25) (Reference 26) (Reference 27) (Reference 28).  The 

arches were formed in response to differential subsidence of the 

surrounding sedimentary basins (Reference 22) (Reference 23) 

(Reference 25) (Reference 26) (Reference 28).  There are, however, 

variations in the timing of formation of the various arches and in 

the development of localized structural features along them. 

 

 The Cincinnati Arch began to develop during Late Cambrian and Early 

Ordovician time in response to subsidence in the Appalachian Basin  
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 to the east, and in the Illinois Basin to the west (Reference 22), 

(Reference 23), (Reference 25), (Reference 26), (Reference 27), and 

(Reference 28).  The location of the Cincinnati Arch is partially 

controlled by a basement ridge along the Grenville Front 

(Reference 6) and (Reference 28). 

 

 The Findlay Arch which separates the Appalachian Basin from the 

Michigan Basin does not show any evidence of development until the 

Devonian time (Reference 29).  The Ohio-Indiana Platform, which is 

located where the Cincinnati Arch broadens and bifurcates into the 

Findlay and the Kankakee Arches, began to develop in Ordovician 

time, with full development occurring with the formation of the 

Findlay Arch in Devonian time (Reference 26) and (Reference 27). 

 

 The structures along the various arches also exhibit local 

variations.  Tobin, Mayhew, Lidiak and Zietz, and Ammerman and 

Keller have described north trending faults in the surface and 

subsurface along the east flank of the Cincinnati Arch 

(Reference 32), (Reference 33), (Reference 34) and (Reference 35).  

On the other hand, it has been indicated that the Bowling Green 

fault of northwestern Ohio occurs along the western flank of the 

Findlay Arch (Reference 36).  However, all of the above authors 

agree that the faulting noted along the Cincinnati and Findlay 

Arches is basement-controlled and reflective of reactivation of 

Precambrian structures possibly related to the Grenville Front. 

 

c. Basins 

 

 Two Paleozoic basins, the Michigan and Appalachian Basins, exist 

within the site region. 
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 1. Michigan Basin 

 

  The Michigan Basin is oriented slightly northwest-southeast 

and contains 15,000 feet of sediment (Reference 37) 

(Reference 38).  The basin overlies unmetamorphosed Central 

Province basement rocks in the west and northwest, and 

metamorphosed Grenvillian-age basement rocks in the southeast 

(Reference 18) (Reference 19) (Reference 20) (Reference 39). 

 

  The Michigan Basin began to develop in Cambrian time, with 

full development not occurring until the Middle Ordovician 

(Reference 29) (Reference 37) (Reference 38).  Maximum basin 

formation occurred during the Middle to Upper Silurian when 

several thousand feet of sediment were deposited 

(Reference 29) (Reference 37).  The Michigan Basin continued 

to subside intermittently throughout the Paleozoic, with local 

areas of differential subsidence in the Chatham Sag 

(Reference 30). 

 

 2. Appalachian Basin 

 

  The Appalachian Basin in the site region is a broad northeast 

trending, southeast dipping homocline overlying metamorphosed 

Grenvillian basement (Reference 18) (Reference 40). 

 

  The development of the basin began in Cambrian time and 

continued throughout the Paleozoic in response to episodes of 

Appalachian mountain building.  The basin contains a thick 

sequence of unmetamorphosed Paleozoic shales, sandstone and 

carbonates which dip gently (25-50 feet per mile) to the east 

and southeast off the Cincinnati and Findlay Arch systems 

(Reference 40).  Locally within the basin, Rodgers notes the  
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  presence of local faults and a few broad folds (Henderson 

dome, Cambridge arch and Parkersburg-Lorain syncline) 

(Reference 40). 

 

d. Faults 

 

 Several faults and groups of faults have been defined within the 

site region:  the Chatham Sag faults; the Peck fault and faults 

associated with the Howell-Northville anticline; the Bowling Green 

fault; faults near Anna, Ohio; faults along the Cincinnati arch; 

faults in eastern Ohio; western New York faults; and the 

Appalachian Plateau and Northern Valley and Ridge faults.  Of these 

faults, the Clarendon-Linden fault system, located in western New 

York, 165 miles northeast of the Perry site, is currently 

considered active (Reference 41), and a spatial correlation of 

earthquakes with the Anna-Champaign, Auglaize and Logan-Hardin 

faults in west-central Ohio has been suggested (Reference 2). 

 

 1. Chatham Sag Faults 

 

  The Chatham Sag is a west northwest trending syncline in 

south-central Ontario and southeastern Michigan.  Brigham 

notes the presence of five normal faults in the area with 

Ordovician to Devonian ages (Reference 40).  The offsets of 

the faults, commonly down on the south, range from 100 to 

300 feet. 

 

 2. The Peck Fault and Faults Associated With the 

Howell-Northville Anticline 

 

  These faults are high-angle normal faults located in 

southeastern Michigan, 160 miles from the Perry site.  The 

faults associated with the Howell-Northville anticline strike 

northwest and are downthrown to the southwest.  The Peck fault  
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  strikes north and is downthrown to the west with a maximum 

displacement of 300 feet (Reference 30).  The faults have been 

described on the basis of a subsurface stratigraphic data by 

Brigham (Reference 30) and Prouty (Reference 37).  These 

authors postulate the ages of the two faults to be Ordovician 

and Mississippian, respectively. 

 

 3. Bowling Green Fault 

 

  This fault is a north trending, high-angle normal fault zone 

up to five miles wide, located in northwest Ohio, 170 miles 

from the Perry site (Reference 36).  It has a downward 

displacement of approximately 200 feet to the west.  The 

Bowling Green fault is interpreted to offset Ordovician 

Trenton Rocks in a normal sense according to seismic 

reflection data (Reference 301).  A series of high-angle 

reverse faults and folds is reported to cut Silurian 

formations in quarry exposures located over the trace of the 

fault zone (Reference 36) (Reference 40) (Reference 42).  

Quick et al suggest that the Bowling Green fault is due to 

reactivation, during Paleozoic time, of Precambrian basement 

structures along the north trending Grenville Front 

(Reference 36). 

 

 4. Faults near Anna, Ohio 

 

  Thompson et al and McGuire have described three normal faults 

in the subsurface near Anna, Ohio, 185 miles west of the Perry 

site (Reference 43) (Reference 44).  The faults near Anna, 

which have been mapped on the basis of subsurface geological 

and geophysical data, have a northwest and north orientation 

(Reference 43) (Reference 44).  The northwest trending 

Anna-Champaign fault is downthrown to the north with an offset 

inferred to be 25 to 150 feet (Reference 1).  The  
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  north-northeast trending Auglaize and Logan-Hardin faults are 

downthrown to the west with offsets inferred to be 

approximately 50 feet (Reference 45).  The age of the faulting 

at Anna is uncertain. 

 

 5. Faults Along the East Flank of the Cincinnati Arch 

 

  Tobin and Mayhew postulate the existence of north trending 

normal faults in the subsurface of west-central Ohio, about 

175 miles southwest of the Perry site (Reference 32) 

(Reference 33).  These faults are reported to be due to 

possible Paleozoic reactivation of Precambrian structures 

along the boundary between Grenvillian age metamorphosed rocks 

on the east and older Central Province, unmetamorphosed 

Precambrian rocks on the west (Reference 46). 

 

 6. Faults in Eastern Ohio 

 

  Several small faults of probable Paleozoic age with variable 

orientations ranging from northwest to northeast have been 

noted in the subsurface of northeastern Ohio (Reference 47) 

(Reference 48) (Reference 49) (Reference 50) (Reference 51).  

 

  The faults are of variable angle with throws typically ranging 

from a few inches to several tens of feet (Reference 51) 

(Reference 52), and in some isolated cases up to 200 ft. 

 

  Four northwest-trending faults (Akron, Suffield, Smith 

Township, and Highlandtown) are mapped on Packer “Shell”, 

Onandaga and Berea bedrock structure contour maps, extending 

from east central Ohio towards Cleveland, Ohio (Reference 52) 

and are located 50 miles or further from the site.  The 

easternmost (Highlandtown fault) is spatially coincident with 

the western extension of the Transylvania or Lat. 40 (degree)  
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  fault zone, inferred from a series of east-west trending 

faults and associated geophysical and well log anomalies, 

extending through southern Pennsylvania (Reference 53).  

Several lines of evidence indicate a multiple movement history 

of the faults in northeastern Ohio.  The en echelon fault 

geometry and apparent associated magnetic anomaly offsets 

indicate initial Precambrian to Cambrian right-lateral 

strike-slip motion of the Precambrian basement rocks along the 

fault zone (Reference 54).  The faults are persistent in 

location and orientation at four stratigraphic levels within 

the overlying Paleozoic section, culminating in 

post-Pennsylvanian deformation of coals and limestones.  Based 

on offset structure contours, relative Paleozoic motion on the 

high-angle faults in northeastern Ohio is up to the northeast, 

with maximum vertical displacement of 200 feet. 

 

  Several high-angle reverse faults in salt mines in the area 

have been noted (Reference 49) (Reference 50) (Reference 51). 

These faults are apparently confined to the salt and do not 

affect the overlying strata.  For details on faulting in the 

immediate site vicinity see <Section 2.5.1.2.3>. 

 

 7. Faults in Western New York 

 

  Fakundiny and Isachsen and McKendree have discussed the 

Clarendon-Linden fault system of western New York, located 

165 miles east-northeast of the site (Reference 55) 

(Reference 56).  This system is a north trending zone of folds 

and faults which have been identified on the basis of 

subsurface geological data.  It deforms rocks of Devonian age 

and older, and is considered to be seismically active 

(Reference 41). 
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  Sixty-five miles west of the Clarendon-Linden fault, the 

Chautauqua Anticline/Bass Island structure is mapped 

(Reference 57).  The 100 kilometer long, northeast-trending 

structure is comprised of at least 47 minor thrust faults 

upthrown to the northwest.  The faulting corresponds to the 

northwestern limit of Salina Group salt beds which localized 

decollement sliding of overlying units.  At this point, the 

termination of the easily deformable salt layer forced the 

leading edge of the detachment upward into overlying units 

where it eventually dies out in fissile shales of the Hamilton 

Group.  The resulting anticlinal structure is similar to the 

Burning Springs Anticline in West Virginia.  Locally, within 

these zones and elsewhere along the arcuate terminal margin of 

the Alleghanian deformation, strike-slip faults perpendicular 

to the Alleghanian structural front offset the thrust faults.  

Such a zone of north-south normal faulting (Devonian or older) 

has been identified in western New York, approximately 

210 miles east-northeast of the Perry site.  The resulting 

fault blocks control the curved geometry by differential block 

transport (Reference 56) (Reference 57). 

 

 8. Thrust Faults in the Appalachian Plateau and Valley and Ridge 

Provinces 

 

  The style of faulting in the Appalachian Plateau and the 

Northern Valley and Ridge provinces, to the southeast of the 

site, takes the form of north to northeast trending thrust 

faults dipping east and southeast (Reference 40).  The sense 

of motion on these faults is generally east over west. 

 

  The only difference in faulting style between the two 

provinces is that thrust faults in the Northern Valley and 

Ridge province are relatively common as compared with the 

sporadic occurrence of faults in the Appalachian Plateau.  The  
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  faulting style noted in the Northern Valley and Ridge province 

continues southward to the vicinity of the James River and 

Roanoke, Virginia (beyond the site region) where it undergoes 

a distinct change.  North of the Roanoke area, thrust faults 

striking N30-35E are generally discontinuous.  South of the 

Roanoke area, however, thrust faults striking N55-60E are 

the dominant structural features (Reference 40). 

 

e. Folds 

 

 The principal folds in the site region are those developed within 

the Michigan Basin adjacent to the Findlay Arch and in the 

Appalachian Basin and its more greatly-deformed eastern extension, 

the Northern Valley and Ridge province (Reference 22) 

(Reference 37) (Reference 40). 

 

 1. Michigan Basin Folds 

 

  The folds in the Michigan Basin generally strike 

northwest-southeast (Reference 58).  The subsidiary fold 

trends are northeast-southwest, and radial to the basin 

(Reference 37) (Reference 59).  The development of the fold 

pattern in the Michigan Basin has been suggested classically 

as reflecting basement structure (Reference 60). 

 

  King and Dallmus suggest that fold development within the 

basin occurred throughout the Paleozoic in response to 

regional stress (Reference 61) (Reference 62).  Prouty 

reiterated the suggestion of King and Dallmus that some of the 

major folds of the Michigan Basin (in particular, the 

Howell-Northville anticline) did not develop until at least 

Mississippian time (Reference 37) (Reference 61) 

(Reference 62). 
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 2. Lucas County Monocline 

 

  The generally north trending Lucas County monocline is located 

in northwestern Ohio and southeastern Michigan (Reference 22) 

(Reference 36) (Reference 58).  The structure was initially 

identified from surface and subsurface data as a gently east 

dipping Paleozoic monocline with no evidence of faulting.  

However, studies of surface exposures near the southern 

terminus of the Lucas monocline have suggested the presence of 

a high-angle fault; the Bowling Green fault (Reference 22) 

(Reference 36).  See Item d.3 of this section.  The age of 

deformation of the Lucas County monocline is possibly Late 

Paleozoic (Reference 63). 

 

 3. Folds in the Appalachian Basin 

 

  The fold pattern in the Appalachian Basin has been described 

by Rodgers and by Clifford and Collins (Reference 40) 

(Reference 64).  Rodgers indicates that with a few exceptions 

(notably the Burning Springs anticline, Cambridge Arch, the 

Parkersburg-Lorain syncline, and the Henderson dome) folds in 

the Appalachian Basin are generally “planless irregularities, 

folds of erratic trend, domes, noses, etc” (Reference 40). 

 

  According to Clifford and Collins, the Burning Springs 

anticline and Cambridge Arch are the result of thin-skinned 

thrusting on a Silurian salt glide plane (Reference 64).  

These authors also point out that the Parkersburg-Lorain 

syncline cannot be identified below the salt horizons.  

Similarly, Rodgers suggests that the Henderson dome has 

developed, in response to diapiric action of salt, into the 

overlying Paleozoic section (Reference 40). 
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 4. Folds in the Northern Valley and Ridge Province 

 

  The folds in the Northern Valley and Ridge province occur in a 

series of belts of long, steep sided to slightly overturned 

parallel folds with a general north-northeast orientation 

(Reference 40).  The wavelength of the longer folds is 3 to 

10 kilometers, with an amplitude of 800 to 1,500 meters. 

 

  The structural pattern in the Northern Valley and Ridge is the 

result of “wholesale stripping” of the Paleozoic section from 

the basement at the level of the lowest incompetent shale of 

upper Lower Cambrian age (Reference 40).  Subsequent to 

stripping, folding of the Paleozoic section was caused by 

northwest directed compressive stress during the Alleghenian 

orogeny, about 250 million years ago.  The style of folding in 

the Northern Valley and Ridge undergoes a distinct and 

profound change in the vicinity of the James River-Roanoke 

area of Virginia (Reference 40).  Northeast of Roanoke, the 

style of the deformation is one of long, continuous folds with 

only minor evidence of thrust faulting.  Southwest of the 

James River-Roanoke area, folds are relatively less important 

and less continuous (Reference 40). 

 

f. Cryptoexplosive Structure 

 

 1. Serpent Mound 

 

  The Serpent Mound cryptoexplosive structure is a circular area 

of disturbed Paleozoic rocks approximately 4 miles in 

diameter, located in southwestern Ohio (Reference 65) 

(Reference 66) (Reference 67). The Serpent Mound structure 

consists of three zones or rings of tilted Paleozoic rocks 

surrounded by generally flat-lying Paleozoic sediments.  The 

inner zone consists of Ordovician and Silurian rocks which  
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  have been raised well above their normal stratigraphic level 

(Reference 65) (Reference 66) (Reference 67).  This zone is 

succeeded outward by an intermediate ring of Silurian and 

Devonian rocks at their normal stratigraphic level, and 

finally by an outer ring of Devonian and Mississippian rocks, 

which are at a considerably lower than normal stratigraphic 

level (Reference 65) (Reference 66) (Reference 67). 

 

  The origin of the Serpent Mound structure is described as 

either the result of a near-surface explosion of volcanic 

gases or a meteorite impact (Reference 65) (Reference 66) 

(Reference 68).  Recent geophysical studies have tended to 

support a volcanic origin for the structure (Reference 69) 

(Reference 70) (Reference 71). 

 

2.5.1.1.5.2      Regional Tectonic Provinces 

 

The geology of the site region is characterized by a wide expanse of 

flat-lying to gently-dipping sedimentary formations of Cambrian to 

Permian age, resting on broadly-arched and basined Precambrian 

crystalline and supracrustal rocks of various Proterozoic age, and 

overlain by a veneer of glacial sediments of several Pleistocene ages. 

 

The major tectonic elements reflected in the Paleozoic rocks are the 

Appalachian Basin to the southeast and the Michigan Basin to the 

northwest, with intervening topographic divides including the Algonquin 

axis, Findlay arch, Indiana-Ohio platform, and Cincinnati arch.  These 

and other related tectonic features, which developed during Paleozoic 

epeirogenic crustal movements, are shown on <Figure 2.5-8>, and are 

discussed elsewhere in <Section 2.5.1.1.5> and also in 

<Section 2.5.1.1.6>. 

 

The tectonic provinces of the region, derived for purposes of evaluating 

seismic hazards to the site, are defined on <Figure 2.5-9>.  These  
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provinces are delineated by boundaries along which characteristic 

regional geologic structural features terminate, or are transected by 

major tectonic structures of markedly different style.  In the western 

part of the site region, province boundaries are controlled by trends 

along which major structural changes occur within the relatively shallow 

Precambrian basement rocks and in the thin cover of less-deformed 

Paleozoic sedimentary formations.  To the north and south, province 

boundaries are defined by tensional or transcurrent fault zones of 

regional extent which have intermittently displaced both the Precambrian 

basement terranes and the overlying younger sedimentary formations.  To 

the east, province boundaries are drawn along zones of significant 

change in type of compressional deformation in Paleozoic sedimentary 

rocks resulting from Late Paleozoic orogenic forces. 

 

As shown on <Figure 2.5-9>, the site region is partitioned into five 

tectonic provinces, each characterized by lithologic and structural 

geologic features which are unique to it.  These provinces are as 

follows:  Eastern Stable Platform - Site Province; Michigan Basin; 

Appalachian Plateau; Northern Valley and Ridge Province; and Central 

Province. 

 

The original FSAR (1982) described four tectonic provinces including the 

Eastern Stable Platform where the site is located.  This approach 

differed somewhat from the approach taken by the NRC Staff, as discussed 

in Q&R 230.2 and 230.6.  In the SER, the NRC Staff places the site 

within the Central Stable Region, while the CEI approach places the site 

in the Eastern Stable Platform Region, a smaller, regional province. 

 

After the SER was issued, an Atomic Safety and Licensing Board provided 

useful guidance on this subject in In Re Consumer’s Power Co 

(Reference 72).  In Midland, the ASLB concluded that, on the basis of 

geology and seismic hazard studies, the Applicant’s subdivision of the 

Central Stable Region into smaller tectonic provinces was proper and in 

conformance with <10 CFR 100, Appendix A> (Reference 72).  On the basis  
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of criteria set forth in Midland, the Michigan Basin Province is shown 

on <Figure 2.5-9> as another potential subdivision of the Central Stable 

Region. 

 

a. Eastern Stable Platform - Site Province 

 

 The Eastern Stable Platform tectonic province is generally 

characterized by a crystalline basement terrane of metamorphic, 

sedimentary and igneous rocks which last consolidated to a crustal 

block during the Grenvillian orogeny, during the period 1,100 to 

900 million years ago (Reference 19) (Reference 73).  The surface 

of the crystalline basement slopes gently to the southeast from a 

series of elongate topographic arches along the western part of the 

province, and is buried beneath a southeast-thickening, 

little-deformed sequence of Paleozoic sedimentary formations. 

 

 The western boundary of the province consists of a series of 

platforms including the Findlay arch, the Indiana-Ohio Platform and 

Cincinnati arch where they are coincident with the distinct 

structural changes in the crystalline basement across the Grenville 

Front <Figure 2.5-9>.  North of Latitude 42 the boundary is 

considered coincident with the eastern margin of the Michigan 

Basin.  The boundary is generally consistent with that given in the 

Final Safety and Analysis Report (1982) south of 42 latitude.  It 

is also consistent with the Midland ASLB conclusions that features 

in the Paleozoic sediments are meaningful for purposes of 

establishing tectonic provinces (Reference 72). 

 

 As stated, this boundary 150 miles southwest of the Perry site, is 

defined by the coincidence of the structural features in the 

Paleozoic rocks and the subsurface trace of the Grenville Front.  

Below the Paleozoic rocks are the metamorphic rocks of Grenvillian 

age which abut essentially unmetamorphosed granite, rhyolite and 

supracrustal continental deposits of Elsonian (1,350 million years)  
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 and Keweenawan (1,200-1,100 million years) ages.  The northern 

boundary of the province is marked by west-northwest trending block 

faulting in the Ottawa-Bonnechere graben, about 320 miles northeast 

of the site, in south-central Ontario, Canada (Reference 74) 

(Reference 75).  The southern boundary is defined by the east 

trending Kentucky River fault zone and underlying Rome trough, 

about 250 miles south of the site (Reference 21) (Reference 34) 

(Reference 76).  The eastern margin of the province is 

transitional, and is placed along the zone about 80 miles southeast 

of the site, where gentle open folding and minor thrust faulting 

become apparent in sedimentary formations of the Appalachian 

Plateau (Reference 40). 

 

 In the Eastern Stable Platform, within the site region, the 

Appalachian Basin is a broad northeast trending, southeast dipping 

homocline overlying metamorphosed, Grenvillian age, Precambrian 

basement (Reference 18) (Reference 40) <Figure 2.5-9>.  The 

development of the basin began in Cambrian time and continued 

throughout the Paleozoic, in response to Appalachian mountain 

building. 

 

b. Michigan Basin 

 

 The Michigan Basin is a broad, shallow structural depression which 

underlies the lower Michigan peninsula, part of the Upper 

Peninsula, eastern Wisconsin, northern Illinois, Indiana, Ohio, and 

southwestern Ontario.  The approximate eastern boundary of the 

Basin is shown on <Figure 2.5-9>.  A maximum thickness of 

14,000 feet of Paleozoic sediments (Cambrian-Pennsylvanian), in the 

center of the basin, overlies a deeply eroded Precambrian basement 

surface.  The perimeter of the Michigan Basin is bounded by the 

Wisconsin arch and dome to the west, Canadian shield to the north, 

Indiana-Ohio platform to the southwest, and Findlay/Algonquin arch 

to the southeast and east.  These positive features in the  
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 Precambrian surface acted as relatively stable “platforms” about 

which the Michigan, Illinois and Appalachian basins subsided.  

Gravity and magnetic data, and limited borings indicate a complex 

Precambrian basement including Keweenawan igneous, Grenville and 

Central terrane lithologies.  Precambrian structural zones related 

to these diverse terranes apparently did not control the overall 

development of the Michigan Basin. 

 

 Within the Paleozoic section preserved in the Michigan Basin, 

numerous small anticlinal flexures occur, trending predominantly 

northwest and to a lesser extent northeast.  The folding and local 

faulting is interpreted to have occurred during subsidence of the 

basin.  The uniform, harmonic nature of the deformation throughout 

the Devonian-Mississippian interval, and localization of the more 

intense deformation in the center of the basin, suggest that basin 

subsidence and corresponding intraformational compression produced 

the structures (Reference 77).  The correspondence of the 

predominant northwest structural orientation with the similar 

Precambrian trends indicates potential basement control of the 

Paleozoic flexures.  Larger flexures such as the Howell anticline, 

Albion-Scipio syncline and Lucas-Monroe monocline are faulted along 

their western flanks.  The locally interpreted faulting and 

widespread associated flexures are thought to have culminated 

before deposition of the Saginaw formation (Pennsylvanian).  The 

interpretation of basinal subsidence related deformation is 

supported by this observation, as the Pennsylvanian units are the 

first non-marine sediments overlying a progressively restricted 

marine sequence, implying gradual reduction and cessation of basin 

subsidence and associated deformation (Reference 77). 

 

c. Appalachian Plateau Province 

 

 The Appalachian Plateau province in the site region is a broad 

synclinal basin mainly characterized by a thick section of Upper  
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 Paleozoic red shale and sandstone, overlying Lower Paleozoic 

shales, carbonate rocks and sandstones.  The segment of the 

province in New York and northern Pennsylvania consists primarily 

of a homoclinal structure of southward dipping, Paleozoic 

sedimentary rocks that rest on Grenvillian age, Precambrian 

basement.  In southeastern Ohio and West Virginia, the regional dip 

swings toward the southeast (Reference 40). 

 

 The northwestern boundary of the Appalachian Plateau province is 

broadly marked by the northwestern extent of gentle folds and small 

faults that generally occur on a trend normal to the regional dip 

(Reference 40).  The southeastern boundary of the Appalachian 

Plateau province is defined by the Appalachian Structural Front and 

the rocks of the Northern Valley and Ridge province. 

 

 The structure of the province was formed as part of the Appalachian 

Mountain deformation, with the tilting and some small faults and 

folds formed about 250 million years ago.  Large scale erosion 

beveled the ancestral mountains and reduced the surface to a flat 

plain by Tertiary time.  The removal of the thick cover was 

accompanied by some localized normal faulting and igneous activity, 

probably during Cretaceous time, in central New York 

(Reference 78). 

 

 Widespread regional uplift of a nontectonic nature occurred again a 

few million years ago, and the province has undergone a 

rejuvenation of the erosion cycle since that time.  No tectonic 

deformation is currently known to have occurred within the past 

tens of millions of years in the province.  Small scale, 

nontectonic deformation in the northern part of the province has 

occurred in response to continental glaciation. 
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d. Northern Valley and Ridge Province 

 

 The Northern Valley and Ridge province in the site region consists 

of a thick series of Paleozoic sedimentary rocks which overlie 

Grenvillian age, metamorphosed, Precambrian basement 

(Reference 40).  The Paleozoic rocks of the Northern Valley and 

Ridge province have been deformed into a series of north-northeast 

trending, steeply inclined to overturned folds and associated 

south-southeast dipping thrust faults.  The Northern Valley and 

Ridge province is separated from the Appalachian Plateau province 

by the Appalachian Structural Front which is, as described by 

Rodgers, “the sharp boundary where the nearly flat beds of the 

plateau give way to steeply dipping or overturned beds of the 

Nittany arch” (Reference 40). 

 

 To the southeast, the Northern Valley and Ridge province is bounded 

by the Blue Ridge province and, to the southwest, by the distinct 

and profound structural change which occurs in the vicinity of the 

James River-Roanoke area of Virginia (Reference 40).  Northeast of 

the James River-Roanoke area, the dominant structural style 

consists of large parallel folds having considerable continuity.  

Thrust faulting in the area north of Roanoke is generally 

subordinate, with only two major thrust faults in the entire 

province (Reference 40).  However, southwest of the James 

River-Roanoke area, southeast dipping thrust faults dominate 

through the entire width of the province, and folding is distinctly 

subordinate. 

 

 Deformation in the Northern Valley and Ridge is a result of a 

sequence of events which commenced with stripping or detachment of 

much of the Paleozoic section from the underlying rocks at the 

horizon of incompetent Lower Cambrian shales (Reference 40).  The 

subsequent folding of the detached Paleozoic section seems to have  
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 been in response to compressional stress from the east and 

southeast during the Alleghenian orogeny, about 250 million years 

ago (Reference 40). 

 

e. The Central Province 

 

 The Central Province extends westerly through western Ohio, 

Indiana, Illinois, and southern Wisconsin into the west-central and 

southwestern United States, and is characterized by a Precambrian 

basement terrane of essentially unmetamorphosed, predominantly 

felsic, igneous rocks of Elsonian age (1,450-1,350 million years), 

locally enclosing rift basins and troughs of Keweenawan age 

(1,140-1,120 million years) (Reference 17) (Reference 18) 

(Reference 20) (Reference 73).  The surface of the crystalline 

basement over wide areas is nearly horizontal to gently south 

dipping with local depressions in the Michigan and Illinois Basins, 

and is buried beneath a relatively thin cover of little-deformed, 

nearly flat-lying Paleozoic sedimentary formations of platform 

derivation. 

 

 The eastern boundary of the Central province is along the south 

trending Grenville Front of western Ohio, and northcentral Kentucky 

and on the westward trending continuation of the front across 

Mississippi, Louisiana and Texas (Reference 19) (Reference 20) 

(Reference 73).  The eastern boundary of the Central province is 

approximately 150 miles from the site at its closest approach.  The 

northern boundary of the Central province is the Indiana-Ohio 

Platform corresponding to the southern boundary of the Michigan 

Basin. 

 

 Within the site region, the basement rocks of the Central province 

are largely unmetamorphosed, massive to flow-banded intrusive 

rocks, and supracrustal rhyolite flows and pyroclastic rocks with 

radiometric ages in the range of 1,500-1,200 million years  
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 (Reference 16) (Reference 20).  Included as subprovinces within the 

older Central province basement are rift basins or troughs of 

Keweenawan age (1,140-1,120 million years), containing basalt and 

sediment fillings, derived from crustal rifting of subcontinental 

dimensions late in Precambrian time (Reference 73).  Burke and 

Dewey ascribe Keweenawan basin development to widespread rifting in 

the North American shield, with a triple junction in the area of 

the eastern end of Lake Superior and one arm of the rift zone 

trending southeasterly into lower Michigan (Reference 79).  They 

further suggest that a Grenville ocean opened on a Keweenawan rift 

along the present trend of the Grenville Front in east central 

United States, and upon subsequent Grenvillian plate convergence, 

the continental crust to the east was thickened and the Grenville 

Front tectonic boundary formed during Grenville reactivation about 

950 million years ago. 

 

2.5.1.1.5.3      Regional and 1986 Epicentral Area Geophysics 

 

Spatial variations in the earth’s gravity, after corrections for the 

effects of latitude and elevation, and magnetic field, are important 

guides to geologic structure and lateral changes in rock type.  Many 

data are available for the mid-continent area of the United States and 

adjacent parts of Canada from previous studies.  These data were used to 

help define the boundaries of regional tectonic provinces and assess 

potential spatial correlation and extrapolation of mapped and geologic 

structures <Appendix 2D F>.  They are especially valuable for 

interpolating between observable geologic features. 

 

A review of available published and unpublished seismic reflection data 

has been made.  Available seismic surveys in Lake Erie show no evidence 

of Paleozoic bedrock structures.  Interpretation of the offshore data 

was affected by poor resolution, due to shallow bottom conditions and 

nature of bottom material, or limited equipment capabilities 

(Reference 80).  A seismic reflection survey was completed at the ICI  
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Americas (formally Calhio) waste injection facility located four miles 

south of PNPP.  The purpose of the investigation was to determine the 

character of the Paleozoic sedimentary section, particularly relative to 

the potential for anomalous structures capable of transmitting fluids 

above the injection zone in the Cambrian Mt. Simon and Maynardsville 

formations.  The results of the seismic reflection survey confirm other 

information, such as structural contour mapping of stratigraphic 

horizons determined from borehole geophysical logs, that the structure 

of the area is characterized by local nosings, troughs and terraces 

likely resulting from variable erosional and depositional causes.  No 

evidence of unusual or significant neotectonic structural features or 

faulting was reported (Reference 302). 

 

The data base, the methods of data reduction, and the results of the 

earth gravity and magnetic field studies for the Perry site are 

described in the following paragraphs. 

 

a. Data Base - Gravity 

 

 Approximately 40,000 stations were compiled from two dozen 

different sources for the area bounded by 77-85W longitude and 

38-48N latitude.  The average station spacing is approximately 

3 miles, but in some areas, such as western Ohio, the stations are 

as close as a few hundred feet.  In other areas, such as northern 

Ontario, the station spacing exceeds 10 miles.  Within a 200 mile 

radius of the site, the station spacing is 3 miles or less, with 

the exception of the region covered by the Great Lakes where the 

station spacing is approximately 10 miles. 

 

 The quality of the data is sufficient for the construction of 

2 milligal contour maps.  The largest source of error in individual 

gravity anomalies is the uncertainty in station elevation.  Within 

the 200 mile radius of the site, elevations are known sufficiently  
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 well, generally within 10 feet, for the precision of the Bouguer 

anomalies, and quantities derived from them, to be at least 

1 milligal. 

 

b. Data Reduction - Gravity 

 

 The data reduction for the preparation of maps used in this study 

utilized the original values of observed gravity, elevation and 

latitude tabulated by each investigator.  The Bouguer gravity 

anomaly was calculated with Equation 2.5-1. 

 

 theorobs gahgBA         (2.5-1) 

 

 where: 

 

  BA   = Bouguer anomaly, milligals 

 

  obsg   = Observed gravity, milligals 

 

  a  = 0.1884; A constant which includes both the free air 

effects and the Bouguer slab effect for density of 

2.67 gm/cm3 

 

  h  = Elevation, meters 

 

  theorg  = 978031.85 (1 + 0.005278895 sin2 + 0.000023462 

sin4), milligals 

 

    = Latitude 

 

 The Bouguer gravity anomaly map for the area within 200 miles of 

the site is shown on <Figure 2.5-10>.  Its use in determining the 

distribution of rock types and geologic structures in the basement 

can be enhanced greatly by dividing the Bouguer anomalies into two  



 

  Revision 12 
 2.5-40 January, 2003 

 parts, termed regional Bouguer anomaly and residual Bouguer 

anomaly, with conventional techniques.  The residual Bouguer 

anomaly map contains those anomalies due to masses that occur 

relatively near the earth’s surface (generally 10 kilometers or 

less); whereas the regional Bouguer anomaly map contains those 

anomalies that may be caused by anomalous masses located at 

relatively greater depths.  The regional anomaly for this analysis 

was calculated at each point by averaging all values of gravity 

over a 40 kilometer by 40 kilometer area.  The residual Bouguer 

anomaly is the difference between the total Bouguer anomaly and the 

regional Bouguer anomaly. 

 

 The regional Bouguer anomaly map is shown on <Figure 2.5-11>.  The 

residual Bouguer anomaly map is shown on <Figure 2.5-12>. 

 

c. Interpretation of Residual Bouguer Anomaly Map 

 

 The residual Bouguer anomaly map is largely controlled by the 

basement rocks within about 10 kilometers of the earth’s surface.  

It is used as an important part of the basis for constructing 

boundaries of the regional tectonic provinces.  <Figure 2.5-13>, an 

overlay for the residual Bouguer anomaly map, shows trends of 

individual gravity anomalies and the province boundaries that have 

been drawn on the basis of mapped geology (where available); data 

available from cuttings and cores from drill holes; aeromagnetic 

data for Michigan gravity gradients and amplitudes of individual 

anomalies present on the residual Bouguer anomaly map; and trends 

and changes in direction of trends of the individual gravity 

anomalies (Reference 63) (Reference 81).  The western boundary of 

the Eastern Stable Platform, the Grenville Front, as drawn on 

<Figure 2.5-13>, honors all data from wells with two exceptions.  

Both exceptions are south of Anna, Ohio, where gravitational 

features are very well defined.  The eastern boundary of the  
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 Eastern Stable Platform, drawn chiefly on the basis of mapped 

geological structure, is confirmed by gravity contours. 

 

 Several gravity anomalies noted by Voight <Appendix 2D F> are 

suggested to be structurally controlled based upon analogy with 

similar relationships observed in areas where geologic structures 

are not obscured.  Two of the anomalies (13, 15) spatially coincide 

with features previously interpreted from Paleozoic structure 

contour maps <Section 2.5.1.2.3.1>.  Existing geologic and 

geophysical information in northeastern Ohio does not allow 

verification of the occurrence or determination of the extent of 

potential faulting associated with the described geophysical or 

structural contour anomalies, in either the Paleozoic section or 

Precambrian basement rocks. 

 

d. Regional Aeromagnetic Map 

 

 Recently, aeromagnetic data have been compiled in several maps 

covering Ohio <Figure 2.5-14> including detailed maps of 

northeastern Ohio (Reference 4).  Aeromagnetic contour patterns 

reflect varying amounts of magnetically susceptible minerals, 

particularly magnetite, in the bedrock.  Often, an excellent 

correlation between the anomaly pattern and the causative 

lithologic and/or structural features is observed.  Typically, 

exposed and near-surface features are represented in the 

aeromagnetic data.  However, in northeastern Ohio, the magnetic 

variations are caused by Precambrian rocks buried beneath several 

thousand feet of magnetically homogeneous Paleozoic sediments.  A 

characteristic, distinctive anomaly pattern can be traced along the 

trend of the Grenville Province, northeastward to exposures of the 

Precambrian Grenville rocks in Ontario.  In western Ohio the 

typical north- to northeast-trending magnetic patterns of the 

Grenville Province are interrupted in the vicinity of the proposed 

north-south extension of the Grenville Front.  A characteristic  
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 “birds-eye” pattern along the basement transition zone is found 

along sections of the Grenville Front exposed in Canada.  To the 

west, in the Central Province, the magnetic anomaly pattern is 

subdued with no definite trend. 

 

 The aeromagnetic anomaly map of Ohio <Figure 2.5-14> reveals a 

distinct boundary within the Grenville terrane in eastern Ohio, 

between a high frequency anomaly pattern to the west and a subdued 

low frequency pattern to the east (Reference 82).  The linear 

boundary has been termed the Akron Magnetic Lineament (AML).  This 

lineament is typical of other magnetic lineaments and patterns 

characterizing the Grenville Province.  It is likely that the 

lineament is related to a lithologic boundary defined by mylonitic 

structures such as those mapped in Precambrian outcrop areas.  

There exists extremely limited drill data to determine the nature 

and origin of the lithologic contrast across the AML.  A shallow 

seismic reflection profile across the AML in Coshocton County, 

Ohio, may suggest an east-dipping thrust fault in the Precambrian 

basement in the vicinity of the AML (Reference 83).  This 

interpretation is supported by data from a COCORP seismic 

reflection line extending across central Ohio.  The seismic profile 

shows evidence of prominent west-dipping reflectors at middle to 

deep crustal levels that are truncated by low-angle east-dipping 

reflectors at shallow crustal levels beneath the 

Paleozoic-Precambrian contact (Reference 295).  Cross-cutting 

magnetic alignments and gradients, trending west to northwest, 

intersect the lineament and segment it. 

 

 Specific magnetic anomalies identified by Voight <Appendix 2D F> 

are interpreted to be caused by intrusive bodies in the Precambrian 

basement.  The resolution of the magnetic data is not sufficient to 

determine if the intrusive bodies are fault controlled or whether 

the structures may extend into the overlying Paleozoic rocks. 
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e. Detailed Gravity and Aeromagnetic Surveys - 1986 Epicentral Area 

 

 A detailed gravity survey was conducted in Lake, Ashtabula, Geauga, 

and Cuyahoga counties in order to assess the cause of a positive 

gravity anomaly centered in southwestern Lake County (Reference 4).  

The detailed data reveal a complex gradient and anomaly pattern on 

the eastern flank of the gravity high, which is responsible for the 

eastward bulge of the circular anomaly in the 1986 epicentral area.  

Modeling of an east-west cross-section was conducted through the 

resulting simple Bouguer anomaly map, utilizing three distinct 

lithologic bodies within the Precambrian basement.  As modeled, 

within the limits of assumed lithologic density contrasts, the 

larger western body does not subcrop beneath the Paleozoic 

sediments.  The eastern margin of the body dips to the east.  The 

two bodies to the east, are modeled at the Precambrian surface 

extending 3,000 and 1,500 feet beneath the erosion surface.  Due to 

the limitations of the geologic data, specifically uncertain 

lithologic density contrasts, no unique geometry or structural 

control of the causative bodies can be derived from the interpreted 

gravity data. 

 

 A detailed aeromagnetic survey was conducted over a 20 mile square 

area, centered on the Leroy earthquake epicenter, to provide a 

uniform magnetic data base for interpretation of lithologic and 

structural features in the Precambrian basement.  On the resulting 

aeromagnetic contour map, the January 31, 1986 epicenter coincides 

with a northeast-trending magnetic low which is deflected eastward 

by a northwest-trending magnetic high (Reference 4).  The series of 

discontinuous linear northeast-trending lows and highs, with 

amplitudes of a few hundred gammas, is terminated 5 km east of the 

epicentral area by the Akron Magnetic Lineament (AML).  Based on 

comparison of the anomalies with similar patterns occurring in 

exposed Precambrian Grenville lithologies to the northeast, and 

limited drill data, the pattern is interpreted to represent  
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 alternating bands of gneiss, with varying mafic mineral content.  A 

Werner deconvolution processing of the data was conducted to 

calculate depth points, dip directions and susceptibility values, 

assuming a geometric configuration of the causative lithologic 

bodies.  The results indicate that the northwest-trending higher 

magnetic anomaly, west of the epicenter area, is interpreted as 

having a large source body at depth, below the Precambrian surface.  

To the east, the northeast-trending high is interpreted to have a 

source near or at the Precambrian surface.  As with the gravity 

data, no unique structural control for these interpreted lithologic 

contrasts can be determined from the available data.  However, the 

anomaly pattern in the epicentral area is pervasive west of the AML 

and does not represent a unique structural feature within the 

typical Grenville terrane. 

 

2.5.1.1.6      Geologic History 

 

The Central Lowlands province, predominantly of the United States, 

together with the Laurentian (Canadian) Shield province are genetically 

related, forming the Central Stable Region as defined by King 

(Reference 61).  Precambrian crystalline rocks, predominantly 

metamorphic of granitic composition, are exposed on the shield, but 

mantled by a sedimentary cover variable in thickness and generally 

several thousand feet throughout the Central Lowlands.  In the eastern 

portion of the lowlands, the surface rocks are of Paleozoic age whereas 

further west, in the Great Plains, Paleozoic rocks are overlain by 

Mesozoic and Cenozoic rocks.  The Appalachian and Cordilleran ancestral 

geosynclines were in contact on the east and west respectively to the 

lowlands.  Several interprovince basinal structures, of regional 

significance including the Michigan and Illinoisan Basins received the 

greatest influx of Paleozoic sediments, up to 14,000 feet.  In all 

likelihood, these features represented regions of negative relief during 

the Precambrian Era undergoing gradual subsidence concurrent with 

subsequent Paleozoic sedimentation.  In contrast interbasinal domes,  
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arches and other elements indicative of positive structural relief 

subsided at a considerably reduced rate.  The few episodes of Paleozoic 

deformation mildly affecting the lowlands, were contemporaneous with 

orogenic activity in the adjacent geosynclines.  The site resided on a 

portion of the lowlands at the conclusion of Precambrian time which did 

not develop into a region of either positive or negative structural 

relief.  See <Figure 2.5-15> for reference with the following paragraphs 

regarding geologic time intervals. 

 

2.5.1.1.6.1      Cambrian and Lower Ordovician 

 

Subsurface information, extrapolated from deep well samples according to 

Janssens, indicates that approximately 1,200 feet of Cambrian and Lower 

Ordovician sediments were deposited on the Precambrian surface in 

northeastern Ohio beginning with the Mt. Simon Sandstone of Upper 

Cambrian age and concluding with the Knox Dolomite (Reference 63).  The 

top of the Knox Dolomite is a regional unconformity serving as a 

time-stratigraphic boundary between the Lower and Middle Ordovician.  

Little is known of the depositional environment operative for the 

Mt. Simon Sandstone.  However, the absence of fossils and glauconite in 

the sandstone prompted Janssens to suggest a nonmarine origin followed 

by reworking of the sand during the earliest marine transgression 

(Reference 63).  A deltaic depositional environment with recognizable 

deltaic fan and prodelta marine facies is postulated for the post 

Mt. Simon and pre-Knox strata.  The northerly and northwesterly situated 

Laurentian Shield could have served as a likely source of these deltaic 

sediments.  Alternatively, sediments may have been derived from an 

easterly or southeasterly source beyond the contemporaneous Appalachian 

miogeosyncline.  The Knox Dolomite represents a deepening depositional 

environment, although apparent thinning of the Knox along a postulated 

Waverly Arch may signify emergence of the arch as a positive feature 

(Reference 23). 
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2.5.1.1.6.2      Middle and Upper Ordovician 

 

The deposition of Middle Ordovician sediments was preceded by a hiatus 

during which the seas regressed and variable thicknesses of Knox strata 

were differentially eroded throughout the lowlands.  Regional thinning 

along a general northerly traverse across Ohio is expressed on the 

isopach maps of Janssens (Reference 63).  Further to the north beyond 

Lake Erie in Ontario the Knox strata are missing. 

 

Carbonaceous mud and other carbonate sediments were laid down upon a 

basal Middle Ordovician clastic deposit of orthoquartzitic sands of the 

St. Peter Sandstone.  This clean sand is ubiquitous throughout the 

north-central United States and is interpreted as a shallow water 

deposit whose depositional environment probably was not too dissimilar 

from that of the Mt. Simon Sandstone.  Subsequently, the marine 

environment deepened in response to continuous subsidence throughout the 

lowlands as documented by the repetitious occurrence of fine-grained 

late Ordovician sediments. 

 

During the waning phases of Ordovician sedimentation, episodes of 

orogenic activity, restricted to eastern North America, were ascribed to 

as Taconic.  In some portions of Ohio and throughout southern Ontario 

the Upper Ordovician-Silurian datum is defined as an unconformity. 

 

2.5.1.1.6.3      Silurian-Middle Devonian 

 

Silurian time was intermittently characterized by restricted seas, 

marine waters of exceptionally high salinity; but paradoxically some of 

the clearest Paleozoic seas similarly prevailed during this period.  It 

was in the context of this variable depositional environment that the 

development of thick evaporite deposits and growth of carbonate reef 

structures flourished.  Both conditions have demonstrated their economic 

worth throughout much of the lowlands province. 
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From the onset of the period a pattern of carbonate sedimentation ensued 

initially with the Medina units and later by the Clinton.  Clinton rocks 

contain appreciable shale implying a deepening depositional environment.  

Collectively both units comprise the early Silurian underlying the “Big 

Lime,” a shortened expression for the drillers’ term, “Big Niagaran 

Lime.” 

 

“Big Lime” refers to a thick sequence of limestones, dolomites and 

evaporites of Middle Silurian through Middle Devonian age.  

Stratigraphically, they can be differentiated into the Lockport Group 

(Middle Silurian), Salina Group containing exploitable salt deposits and 

Bass Islands Dolomite (both Upper Silurian), and a Devonian carbonate 

sequence including Detroit River Dolomite (Helderberg Limestone to the 

east) Oriskany Sandstone, Columbus Limestone and Delaware Limestone 

(Reference 84).  Although the paloenvironmental setting undoubtedly 

exhibited tremendous local as well as regional variability, historical 

developments can be generalized as subsequently discussed. 

 

Lockport deposits are interpreted by some to represent considerable reef 

bank development (Reference 85).  Presumably this is contemporaneous to 

carbonate platform deposition in clear seas under warm climate 

conditions (Reference 86).  Subsequent deposition of the Salina Group is 

associated with reef development which accompanied as well as preceded 

Upper Silurian evaporites.  Physical obstruction to free water 

circulation, attributed to reef structure, may have enhanced conditions 

optimum for thick evaporite accumulations, particularly rock salt, known 

to underlie portions of the lowlands province including northeastern 

Ohio (Reference 87). 

 

Essential requisites for evaporite deposition include isolation, either 

wholly or partially, of a significantly large body of restricted water 

and a source continually feeding seawater through a relatively small 

surface connection.  Alternatively, closely spaced interconnected 

evaporite basins of regional areal distribution may have been spring fed  
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by marine water seeps under favorable hydrologic conditions.  The latter 

environment is not too dissimilar to that found on the Saudi Arabian 

coast contiguous to the Persian Gulf (Reference 86).  Either of the 

above could have provided the environmental setting required for the 

co-generation of sulfate, carbonate and salt mineralization. 

 

An abrupt stratigraphic contact is signified by a change from bedded 

anhydrite of the Salina strata to dense dolomite of the Bass Islands 

rocks.  Most probably the salinity concentration of the depositional 

environment returned to a consistently lower level.  Emerging land 

surfaces especially in western Ohio reportedly are recorded as an 

unconformity defining the top of the Bass Islands Dolomite.  This 

unconformity also serves as a convenient Silurian-Devonian time 

stratigraphic horizon (Reference 88).  Elsewhere in Ohio including the 

northeastern portion, this unconformable relationship is absent and the 

advent of the Devonian is defined by basal sands of the Helderberg 

Limestone deposited by a transgressive sea. 

 

Early and Middle Devonian sedimentation is predominantly limestone with 

an intervening interval of Oriskany Sandstone (Reference 89).  

Conditions favoring carbonate deposition are presumed to be similar to 

that described for the Lockport sequence which included shallow, clear 

and warm marine seas.  Reef and biothermal structures of laterally 

equivalent strata are exposed and better understood in nearby New York 

and Canada (Reference 30).  The Oriskany sands could represent a minor 

regression affecting only the northeastern Ohio region, as they are 

absent throughout much of Ohio but thicken to the east and north.  

Following this period of general quiescence characterizing Devonian 

carbonate sedimentation, the depositional environment must have been 

altered significantly as recorded by the thick, overlying Ohio Shale 

sequence. 
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2.5.1.1.6.4      Middle Devonian-Pennsylvanian 

 

A tremendous thickness of fine-grained sediment and intermittent 

organics was deposited in a vast marine basin which occupied Ohio and 

adjacent states of the lowlands province.  The northern shoreline 

advanced to the south during this interval such that its position during 

early Mississippian time nearly coincided with the present Bedford 

Shale-Berea Sandstone contact in northeastern Ohio.  During early 

Mississippian time deltaic deposits with several dispersal loci 

controlled the north to south sediment transport (Reference 90). 

 

Subaerial as well as marine facies are included in the deltaic pattern 

of early Mississippian deposition.  Berea Sandstone generally occurs as 

fluviatile, channel-filling deposits.  Arenaceous Berea strata are in 

contact with Ohio as well as Bedford Shale.  In some cases this can be 

attributed to deep-channel scouring through the Bedford Shale.  

Alternatively, widespread and prolonged subaerial erosion preceding 

Berea stream entrenchment could have effectively removed substantial 

Bedford sediments during a depositional hiatus. 

 

Clastic sedimentation continued during remaining Mississippian time 

subsequent to deposition of the Berea Sandstone.  Although its areal 

distribution presumably was widespread throughout most of Ohio, erosion 

removed much of the relatively thin veneer except for two portions.  One 

in the southeast, occupies the ancestral Appalachian geosyncline and the 

other in the northwest, flanks the Michigan Basin. 

 

2.5.1.1.6.5      Pennsylvanian and Permian 

 

The regional deposition of Pennsylvanian and Permian deposits probably 

persisted over a much broader area than that presently indicated by the 

areal distribution pattern limited to southeast Ohio.  At the onset of 

Pennsylvanian time much of the lowlands had emerged, and the ensuing 

depositional hiatus was accompanied by substantial erosion except for  
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the submerged interior basins.  In the Appalachian geosyncline a 

repetitious cycle of transgressive and regressive seas controlled the 

marine-nonmarine sedimentary cycles referred to as a “cyclothems.”  

Predictably, a variety of vertical and lateral lithologic changes, 

abrupt and gradational, characterize cyclothem-member facies.  In fact, 

the vast economic deposits of bituminous coal profitably extracted from 

the Illinois Basin and Appalachian Basin were laid down as cyclothem 

members during the Upper Paleozoic. 

 

Permian sedimentation must have been far less extensive than 

Pennsylvanian although much of the record may have been eroded.  The 

culminating event of the Paleozoic Era was a tremendous orogenic 

upheaval which elevated the Appalachian Mountains by the collective 

processes of folding, faulting and uplift.  These processes were 

attenuated in their northwest propagation so that the strata are only 

gently folded throughout much of the Appalachian Plateau.  Further 

inland and throughout much of the eastern lowlands province, the seas 

regressed with widespread, if not total, emergence of the depositional 

environment. 

 

2.5.1.1.6.6      Mesozoic through Tertiary 

 

There are no Mesozoic or Tertiary deposits in the eastern lowlands 

although their thickness is considerable throughout most of the Great 

Plains, west to the foothills of the Rocky Mountains.  Summarily, this 

interval of time was undoubtedly characterized by widespread subaerial 

erosion. 

 

2.5.1.1.6.7      Quaternary 

 

The events of the Pleistocene and Recent Epochs have had a profound 

effect on most portions of the Central Lowlands.  Beginning 

approximately 1-1/2 million years ago until 11,000 years ago there were 

four major stages of extensive continental glaciation, Nebraskan,  
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Kansan, Illinoisan, and Wisconsinan.  Each resulted in the deposition of 

vast sediment quantities directly attributable to ice sheet advance and 

recession as well as melt-water streams emerging from ice sheets.  The 

source of these vast ice sheets was located well to the north.  Although 

the precise cause of the ice sheet growth up to continental proportions 

is not known and many explanatory theories have been advanced, important 

factors probably included a general emergence and resultant high 

altitude of the continents. 

 

Most of Ohio, excluding the southwest corner, was probably covered by 

ice during each glacial stage, for periods up to 50,000 years separated 

by long interglacial stages (Reference 91).  There is no direct evidence 

for the first Nebraskan stage, in northern Ohio, but deposits in other 

areas indicate that Nebraskan ice covered part of the state.  Ridges of 

glacial debris or till more than 40 miles south of the site have been 

identified as end moraine of the Kansan stage.  Tills of the Illinoisan 

stage have been found about 70 miles south of the site.  Deposits of the 

last major advance, the Wisconsinan, are found up to 75 miles south of 

the site.  As the youngest of the major glacial deposits, they are 

preserved the best and have been further subdivided into successively 

younger units:  Farmdale, Iowan, Tazewell, Cary, Mankato, Valders 

(Reference 92).  These are substages or simply minor advances of the ice 

sheet.  The glacial till at the site is attributed to events of the Cary 

substage. 

 

The Great Lakes began to develop after the Cary substage.  These 

ancestral Great Lakes were mainly filled by glacial meltwater dammed by 

the ice front on the north and higher terrain to the south.  Outlets to 

the west, south and east were used at various times, depending upon the 

position of the ice front.  Lacustrine or lake bottom sediments and 

beach deposits formed in the lake and contiguous to its shoreline 

respectively.  Some of the early lake deposits were formed only to be 

obliterated or buried by ice sheet readvances.  As the ice sheet 

retreated for the last time, these deposits emerged as lake levels fell.   
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Many of these features of the ancestral Great Lakes are now found a 

considerable distance from the present shoreline and 100 feet or more 

above present lake levels.  The present Lake Erie was established about 

9,000 years ago. 

 

<Figure 2.5-16> is a generalized subsurface portrayal along a 

north-south trend through the Perry site showing the southerly 

inclination and relative thickness of Paleozoic deposition, by period, 

together with the Lake Plain veneer of glacial and glaciolacustrine 

sediments. 

 

2.5.1.1.7      Mineral Deposits 

 

Mineral resources in the northeastern Ohio portion of the Central 

Lowlands province are restricted to nonmetallic occurrences.  A 

considerable quantity of sand and gravel has been obtained regionally 

from stratified drift and a weathered conglomerate of Mississippian age.  

Abundant reserves which can be derived from both sources remain.  

Chagrin shale of the Ohio Shale, which immediately underlies Pleistocene 

drift and lacustrine overburden along the Lake Plain east of Sandusky, 

does not have suitable ceramic properties for use in either the pottery 

or refractory industry.  However, this shale is adequate for making 

common brick and tile.  There are no shallow limestone or dolomite 

resources in Lake County although carbonate strata are interbedded 

within the Salina Group.  Limited limestone and dolomite production, 

occurring as country rock in the extraction of salt, is considered 

relatively insignificant.  Shallow occurrences of quality carbonate rock 

elsewhere in Ohio, especially in the western portion, preclude economic 

extraction of the deeper sources known to underlie northeastern Ohio.  

The most valuable commodity mined in Ohio is coal, the economic 

occurrence of which is restricted to Pennsylvania and Permian period 

strata situated in the state’s southeast portion. 
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2.5.1.1.7.1      Salt Mining 

 

Salt deposits exist regionally and are being exploited within Cuyahoga 

and Lake counties, Ohio.  Salt beds of the Salina Group underlie all or 

a part of 23 counties in eastern Ohio.  Since 1889, these beds have been 

commercially developed by both conventional and solution mining.  

<Figure 2.5-16> shows the location of area mining operations.  Within 

the locale of the Perry site, solution mining was conducted by the 

Diamond Shamrock Chemical Company, while room and pillar mining is 

currently being conducted by the Morton Salt Division of Morton Thiocol, 

Inc <Figure 2.5-17> <Figure 2.5-18>.  In the period from 1980 to 1989 

rock salt production in Cuyahoga and Lake counties has remained 

relatively stable (3.3 million tons/year) with the exception of 1983 

(1.7 million tons) (Reference 93).  The geology and mining techniques 

prevailing within the area of study and the potential influence of the 

mining on PNPP are described in the following sections. 

 

2.5.1.1.7.1.1      Local Geology 

 

As discussed in <Section 2.5.1.1.4>, the area of study is immediately 

underlain by Devonian rocks associated with the Columbus, Delaware and 

Ohio formations, the latter comprising subjacent bedrock throughout the 

Perry site.  Additional underlying Devonian and Silurian rocks of 

interest to this study include the Oriskany, Helderberg, Bass Islands, 

Salina, and Lockport.  A typical geologic column, developed from 

near-site data, is included as <Figure 2.5-19> and identifies the 

sequence of carbonate and evaporite rocks which is referred to as the 

“Big Lime” of Ohio.  A southwest-northeast trending stratigraphic 

section from Painesville Township, Lake County to Harpersfield Township, 

Ashtabula County, Ohio, and a north-south trending section are shown in 

<Figure 2.5-20> and <Figure 2.5-21>, respectively.  These sections have 

been inferred from examination of available well logs and from 

publications of the Division of Geologic Survey, State of Ohio 

(Reference 7) (Reference 94) (Reference 95) (Reference 96).  The  
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following descriptions of the major stratigraphic units of interest are 

based on the foregoing sources supplemented by communications with 

geologists and other individuals associated with the local salt mining 

and gas producing industries. 

 

a. Lockport Group 

 

 The Lockport Group includes strata of Niagaran age.  The uppermost 

shale strata of the Rochester shale, considered to be the base of 

the “Big Lime,” are encountered within the site environs at an 

approximate depth of 2,670 feet.  Locally, the overlying Lockport 

Group is composed of about 250 feet of dolomite.  The uppermost 

strata of the Lockport include as much as 40 feet of 

finely-crystalline dolomite.  Drillers refer to these strata as the 

“Newburg Sand” which regionally are a source of natural gas and 

petroleum. 

 

b. Salina Group 

 

 The Salina Group, composed of seven units, occupies the basal part 

of the Upper Silurian, Cayugan Series and contains the salt 

measures.  The interbedded evaporite and carbonate rocks of the 

Salina are encountered in the site vicinity at depths on the order 

of 1,750 feet.  The local structure contours and isopachous maps of 

the salt-bearing B, D and F units are shown in <Figure 2.5-22>, 

<Figure 2.5-23>, <Figure 2.5-24>, <Figure 2.5-25>, <Figure 2.5-26>, 

and <Figure 2.5-27>.  The salt measures are seen to locally dip to 

the southeast at an average gradient of about 25 feet per mile.  

The principal salt producing units within the immediate area of 

study are the B (Ohio No. 4 Salt) and F (Ohio No. 2 and No. 1 

Salts) units.  Rock salts within the units are usually interbedded 

with or contain stringers of anhydrite, shale and dolomite.  The 

Greenfield A, C, E, and G units which separate the salt bearing 

units are primarily composed of interbedded argillaceous dolomite,  
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 anhydrite and shale.  <Table 2.5-1> summarizes the depth and 

thickness of the various units as interpreted from the drill and 

geophysical logs of two wells penetrating the Salina Group within 

Perry Township.  As shown by <Table 2.5-1> and <Figure 2.5-20>, 

total thickness of salt beds in Perry Township are on the order of 

190 feet and thicken slightly to the southeast along dip.  The 

inferred local structure and stratigraphy correlate well with more 

generalized published regional data (Reference 97). 

 

 The salt beds of the Salina are granular to crystalline with grain 

sizes ranging from medium to coarse and are usually found to 

contain from 92 to over 96 percent NaCl.  The salts of the B unit 

contain the highest proportion of impurities. 

 

 From interviews with consulting geologists and other individuals 

associated with the salt mining industry near Painesville and near 

Fairport, Ohio, the following information concerning the integrity 

of unmined salt measures has been established (Reference 98) 

(Reference 99) (Reference 100). 

 

 1. No solution cavities within area underground salt workings 

have been directly observed either during exploration or 

during mining. 

 

 2. Underground mine workings near Fairport, Ohio, are essentially 

dry and free of any significant groundwater infiltration. 

 

 3. No excessive water loss, rod drops or grout take during casing 

cementing has been experienced during exploration or during 

solution mining operations. 
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 The foregoing observations are consistent with the geologic process 

of secondary salt deposition.  This process is explained as 

follows: 

 

  “most rock salt beds, during a part of their post-biogenetic 

history, have been exposed to some type of solution attack, 

particularly near the edges of the salt basins.  In some 

margin areas the salt has been completely removed by the 

geologic process, leaving only the evaporite impurities and 

interbeds.  Down dip in the evaporite basins, this secondary 

geologic solution process has led to some thinning of the salt 

deposits and to solution enlargement of joint systems.  In 

most Paleozoic salts at depths of 1,000 feet or more, 

“solution crevice” structures are common.  These represent 

solution enlargements in which the salt was removed, the 

impurities dropped to the boundaries of the opening, and after 

some flow and deformation, the salt was redeposited from 

groundwater solution within the remaining openings” 

(Reference 101). 

 

c. Bass Islands Group 

 

 Argillaceous, dolomitic limestone and calcareous dolomite belonging 

to the Bass Islands Dolomite and possibly limestone of the 

overlying Helderberg Limestone are present within the area of 

study.  These rocks are encountered at depths on the order of 

1,600 feet at the base of the overlying Devonian system.  Locally, 

the Bass Islands and Helderberg are estimated to be about 150 feet 

thick and contain dolomitic shale interbeds in the lower 30 to 

40 feet.  No solution cavities within these rocks are reported, 

consistent with low porosity and relative impurity of most of the 

carbonate rocks. 
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d. Oriskany Sandstone 

 

 The rocks of the Oriskany are usually identified as a fine-grained 

sandstone and occasionally as a medium to fine-grained sandstone.  

Primarily because of the very limited local thickness (8 to 

17 feet) within the area of study, the sandstone is important only 

as a marker bed for stratigraphic correlation.  This unit is a 

source of natural gas near Mentor, Ohio, about 14 miles southwest 

of the site. 

 

e. Columbus/Delaware Limestone 

 

 Devonian rocks associated with the Columbus and Delaware Limestone 

are usually identified as a hard, dense, cherty limestone, or a 

dolomitic limestone.  The lower Columbus is medium to massively 

bedded and fine-grained in texture, whereas the Delaware is thin to 

medium-bedded, fossiliferous and more frequently jointed.  No 

evidence of solution voids within the formation is known to have 

been reported.  This is consistent with the low porosity and 

permeability of most of these carbonate rocks. 

 

f. Ohio Shale 

 

 The Chagrin shale member, together with the Huron shale member of 

the Ohio Shale, is encountered beneath 40 to 50 feet of glacial 

drift throughout the area of study and extends to depths on the 

order of 1,250 feet below the ground surface.  Within the depth of 

plant area exploration (730 feet), cores of the noncarbonaceous 

Chagrin shale are usually identified as dark-gray to medium-gray 

silty or clayey shale occasionally containing light gray sandy 

shale laminae whereas the Huron shales are black to dark brown with 

lesser amounts of thinly bedded light gray silty and sandy laminae.  
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 A predominant joint system was observed in the rock cores to 

coincide with near horizontal bedding planes.  Secondary joints 

were also observed with joint attitudes ranging from near vertical 

to 40 degrees. 

 

 Two master sets of conjugate joints are reported to be conspicuous 

throughout the Ohio Shale (Reference 7).  Regionally, the master 

sets both trend north 40 east and 55 west, respectively.  

Porosity and permeability of the Chagrin and Huron shales are quite 

low, although very small quantities of natural gas are known to 

exist within each. 

 

g. Groundwater System 

 

 Major rock aquifers have been identified within the area of study.  

The shallowest system (other than near-surface groundwater) is 

primarily associated with the Oriskany Sandstone (“First Water” of 

the “Big Lime”) and is locally encountered at depths on the order 

of 1,600 feet.  Occasional water bearing zones have also been 

encountered near the base of the Columbus and in the upper part of 

the Bass Islands and Helderberg.  The waters of these and deeper 

rock aquifers are a natural brine of high salinity which represent 

solution remnants of water that filled interstices of sediments 

deposited in seas of Devonian and Silurian age.  The Oriskany 

aquifer is under considerable artesian pressure and rises in 

communicating wells to within 100 to 150 feet of ground surface, 

and therefore has an excess pressure head of at least 1,450 feet 

(Reference 99). 

 

 The “Second Water” of the “Big Lime” is regionally encountered 

below the salt measures at a depth of about 2,600 feet and is 

associated with porous crystalline dolomite strata of the Lockport 

Group known as the “Newburg Sand.”  Newburg water is a natural 

brine and is one of the chief water bearing horizons in the  
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 deep-seated rocks.  The great yield of this aquifer is consistent 

with artesian pressure sufficient to cause a rise of the brine in 

wells to within 300 feet of ground surface, demonstrative of an 

excess pressure head of 2,300 feet (Reference 102). 

 

 Supplementing work conducted by the Division of Geological Survey 

of the State of Ohio, extensive chemical analyses of the Oriskany 

and Newburg brines have been conducted by CEI (Reference 102).  The 

results of chemical analysis of water samples taken from wells 

within Lake County and the immediately surrounding counties 

together with chemical analyses of sea water samples conducted by 

the United States Geological Survey (Reference 103) are summarized 

in <Table 2.5-2>. 

 

 To investigate solubility of NaCl in the natural brine waters, a 

solution was prepared to simulate the average Oriskany brine 

solution.  The chemical composition of the prepared solution is 

summarized in <Table 2.5-3>.  Upon addition of salt (NaCl) to the 

prepared solution, 100 percent saturation was obtained with 

193.6 gms per liter of salt.  Thus, salt solubility of the solution 

is 10.5 percent at room temperature.  A simulated Oriskany solution 

compares with a saturation requirement of approximately 359 gms per 

liter for a freshwater solution at room temperature.  The 

difference between the saturation requirement of the brine and 

freshwater solution is attributable to a combination of other 

solution elements combining with available chlorides.  Thus, the 

Oriskany brine (weakest of the natural brines) was found to have a 

salt solubility of only 10.5 percent as compared to a freshwater 

salt solubility of about 36 percent, and is not expected to cause 

significant dissolution of the rock salt in the absence of 

continuous brine circulation through the salt measures. 

 

 Comparison of sea water and brine analyses <Table 2.5-2> shows that 

chloride and calcium concentrations of the brine are greater than  
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 those of sea water.  It is also noted that the brines have a 

relatively high salinity under prevailing in situ temperature and 

pressure conditions and that carbonates are found in small 

quantities in the sea water, but are absent in the brine.  Thus, 

carbonates would be expected to be practically insoluble in the 

highly concentrated saline solutions comprising the natural brines 

(Reference 103).  The brines are not expected to cause dissolution 

of the carbonate rocks.  This is consistent with the absence of 

solution cavities. 

 

 As discussed in <Section 2.4.13.2> and <Section 2.5.4.6>, a 

near-surface, fresh groundwater system exists within the glacial 

drift encountered throughout the plant site.  Groundwater was 

observed to be held primarily within surficial lacustrine deposits 

which are underlain by a very dense, relatively impervious clay 

till deposited as ground moraine.  Owing to the low permeability of 

the predominately fine-grained soils, this water system has a very 

limited yield but has been utilized as a domestic water source.  

The relatively impervious Ohio Shale, over 1,100 feet thick, 

undoubtedly acts as an aquiclude which together with the great 

artesian heads of the brine aquifers, prevents significant downward 

fresh water percolation. 

 

 No aquifers have been locally identified either within the 

evaporite rocks or the overlying Devonian shales.  It is again 

noted that evaporite rocks of the Salina have a very low porosity 

and permeability, as demonstrated by direct in situ observation 

during deep mining operations. 

 

2.5.1.1.7.1.2      Area Mining 

 

The primary salt producing units within the area of study correspond to 

the B and F units of the Salina Group, although mining of the D unit 

cannot be discounted.  It is probable that if salt mining were to be  
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conducted closer to the site, mining techniques currently used in the 

area would be applied.  Within the Painesville, Ohio area, salt is 

recovered by solution mining of the Salina Group at depths below 

1,900 feet.  Initially, solution mining was conducted by drilling casing 

into the salt measures, pumping water down an annular space between the 

casing and a center tubing, and recovering salt brine through the tubing 

(top injection method).  Cross-well pumping combinations were also used 

after communication was established between adjacent wells.  Difficulty 

with this method was experienced in economically controlling the 

solution cavity configuration and preventing surface subsidence.  

Subsequently, an improved solution mining technique was adopted in 1959 

and has been utilized in the Painesville, Ohio vicinity since that time. 

 

Area solution mining currently utilizes hydraulic fracturing of strata, 

usually between two wells, to provide a controlled pumping 

communication.  This is accomplished by inducing directed high pressures 

at the base of the salt-producing zone.  The production wells are 

usually aligned along dip.  After fracturing strata between wells, a 

solution pipe and eventually a cavity is developed by injecting water in 

one well and recovering brine from a second well.  The hydraulic 

fracturing technique has been described by Bays, Peters and Pullen 

(Reference 101). 

 

Area well fields developed since 1960 generally employ lines of 

production wells (galleries) spaced about 500 feet on center 

(Reference 98).  The galleries are separated by approximately 

1,000 feet.  With this well configuration, the maximum horizontal 

dimension of an elliptical solution cavity would be expected to be 

aligned along the well gallery, not exceeding the distance between 

communicating wells.  The cavity dimension normal to the well line would 

be expected to be less than the major axis of the cavity.  The vertical 

extent of solution cavities between wells would be less than the 

cumulative thickness of salt within the B, D and F units, as discussed  
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in <Section 2.5.1.1.7.1.4>, because insoluble dolomite, shale and 

anhydrite strata separate salt beds and occur as thin interbeds and 

stringers within the salt. 

 

The salt measures existing in the vicinity of the site contain reserves 

which have a potential for commercial development.  The location of salt 

reserves controlled by the Diamond Shamrock Chemical Company is shown in 

<Figure 2.5-17>.  Consideration has been given to the potential for 

future solution mining or deep-mining operations located immediately 

adjacent to the boundary of the mineral rights controlled by CEI.  As 

discussed in <Section 2.5.1.1.7.1.4>, only solution mining appears to 

have a reasonable occurrence potential.  To assess the potential for 

future development of solution mining operations, particularly those 

which may be conducted by operators other than the Diamond Shamrock 

Chemical Company, knowledgeable people connected with the salt industry 

were interviewed (Reference 99) (Reference 104).  From these interviews 

it is concluded that the future market for solution mining in 

northeastern Ohio is uncertain, with an expectancy that the demand for 

soda ash will decline and eventually phase out.  However, it was also 

concluded that there would be a continued need for chlorine production 

and for underground storage of natural gas and petroleum products.  The 

consensus of expert opinion was that development of a new solution 

mining operation within the immediate vicinity of the plant site by 

someone other than Diamond Shamrock Chemical Company is not likely, 

considering the future market potential and development costs.  

Moreover, CEI has secured mineral rights within a minimum 3,000-foot 

“protective zone” as shown in <Figure 2.5-18> around Seismic Category I 

elements of the plant in order to preclude any mineral extraction 

operations therein. 

 

2.5.1.1.7.1.3      Subsidence History 

 

Subsidence of the surface as a product of underground mining has been 

well documented in the literature and has occurred during regional  
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solution salt mining (Reference 105) (Reference 106).  Prior to adoption 

of the hydraulic fracturing method of solution mining, it is reported 

that surface subsidence was realized during solution mining within the 

Painesville, Ohio area.  The magnitude of this subsidence is unknown.  

Since initiation of improved solution mining methods, it is reported 

that monitoring of surface elevations by the Diamond Shamrock Chemical 

Company to the nearest 0.1 foot at 300 surface monument locations has 

not detected any surface subsidence (Reference 104). 

 

2.5.1.1.7.1.4      Subsidence Potential 

 

Measurable subsidence within the area of study could be realized, if 

within the salt measures, cavities of sufficient size closed.  Cavities 

could be produced by conventional deep mining, by solution mining or by 

inadvertent solutioning due to the intrusion of aggressive waters 

through abandoned wells.  Natural solution cavities would also be a 

potential source of surface distortion. 

 

a. Natural Solution Cavities 

 

 Consistent with the low porosity and low permeability of the 

carbonate and evaporite rocks, and as demonstrated by local 

drilling and mining experience, there is no evidence of significant 

natural solution voids occurring within either the carbonate or 

evaporite units.  The depths of rocks which are potentially 

susceptible to solution would also preclude concern that natural 

solution voids could produce surface subsidence, considering the 

following conditions: 

 

 1. More than 1,200 feet of shale overlies the carbonate rocks 

nearest the surface.  Most of the carbonates within the “Big 

Lime” interval are impure and do not have a high solution 

susceptibility. 
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 2. A significant stress increase due to surface loading by plant 

structures is not realized at depths greater than a few 

hundred feet. 

 

 3. There is no local topographical evidence or history of 

existing surface subsidence features occurring from natural 

causes. 

 

 4. The groundwater environment is not conducive to solutioning. 

 

 5. Below and probably well above the brine aquifers, the water 

chemistry is not conducive to solutioning of either the 

carbonate or evaporite rocks. 

 

 6. Any enlargement of a hypothetical solution cavity in the 

carbonate or evaporite rocks by natural solution processes 

would be insignificant during the life of the Perry site. 

 

 7. Development of sinkholes by plug subsidence (the drop of an 

overburden mass into a subsurface opening without bulking) is 

not consistent with regional geology. 

 

 In summary, the probability that detrimental surface subsidence 

could be produced within the area of study by natural solution 

cavities is much too low for further consideration. 

 

b. Conventional Deep Salt Mining 

 

 Salt is being mined in northeastern Ohio using conventional room 

and pillar techniques.  The closest deep mine operation in the area 

of study is conducted by the Morton Salt Division of Morton Norwick 

near Fairport, Ohio about 8 miles from the Perry site.  Deep mining 

is conducted using the room and pillar techniques where pillars are 

sized and spaced to support overburden loads in a manner to  
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 preclude surface subsidence (Reference 107).  As salt reserves 

controlled by the Diamond Shamrock Chemical Company effectively 

block eastward expansion of the Morton operations, deep mining 

within the near vicinity of Perry is not probable (Reference 104).  

Should such occur, the effects of deep mining could be more readily 

controlled than solution mining and the mining is conventionally 

designed so as to preclude detrimental surface effects 

(Reference 107). 

 

c. Solution Salt Mining 

 

 Salt and allied chemicals were extracted by the Diamond Shamrock 

Chemical Company near Painesville, Ohio.  Since 1957-1960, most 

solution mining within the salt measures of the Salina Group had 

been conducted using the hydrofracture technique described in 

<Section 2.5.1.1.7.1.2> (Reference 108).  The basal connection 

feature of hydrofracturing enables effective dissolution laterally 

through the salt section rather than just vertically at the roof of 

the cavity.  Uncontrolled vertical solutioning was the cause of the 

detrimental “morning glory” cavity configuration associated with 

the older top injection mining method.  The hydrofracturing 

solution method reduces, if not eliminates, roof sag and collapse 

often realized with the single-cavity well mining method. 

 

 Although it is believed that the exact configuration of cavities in 

salt horizons which contain frequent insoluble interbeds cannot be 

well documented, recent underwater sonar caliper logging has 

generally been reasonably effective in approximately defining the 

limits of solution cavities (Reference 109).  Sonar caliper surveys 

are often periodically made to aid in control of the cavity size.  

Control of cavity size to minimize well damage and to obtain 

cavities suitable for underground storage upon completion of 

solution mining is in the best interests of the mining companies.   



 

  Revision 12 
 2.5-66 January, 2003 

 It is reported that the optimum cavity width for storage is on the 

order of 200 to 300 feet and that widths in excess of 500 feet are 

undesirable (Reference 99). 

 

 Based on the foregoing considerations and the experience of the 

Diamond Shamrock Company’s current mining operation, the maximum 

cavity width in a given salt bed which can be reasonably postulated 

is on the order of 500 feet (Reference 104).  In conjunction with 

area solution mining, it is expected that cavities would be formed 

in the B and F units.  The upper limit of cavity height in the area 

of study could not exceed the salt thickness, approximately 

100 feet and 60 feet in the B and F units, respectively.  Actually, 

this height would be reduced by the insoluble interbeds, inclusions 

within the salt and maintenance of some bedded salt to facilitate 

cavity stability.  This would result in probable cavity heights of 

about 75 feet and 50 feet for the B and F units, respectively.  

Mining of the D unit is less likely but if achieved could produce a 

cavity height on the order of 20 feet. 

 

 Upon completion of solution mining activities, it is probable that 

the solution void would exist as an irregular opening initially 

having a ragged “card-deck” appearance about the periphery of the 

cavity.  It is envisioned that the “cards” are represented by the 

remnants of the less soluble anhydrite, dolomite and shale 

interbeds.  Further, the progressive collapse and settling out of 

the insoluble strata and stringers within and between the salt beds 

would be expected to produce a collection of debris at the base of 

the cavity.  Unless sufficient pressure is maintained within the 

cavity, with time, a gradual closure would be expected due to creep 

of the supporting salt (Reference 110). 

 

 The rate of cavity closure would no doubt be a function of the size 

and depth of the cavity as well as of the roof and fluid pressure 

conditions.  In larger cavities with poor roof conditions,  
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 progressive roof falls and bulking would partially or completely 

fill the cavity, reducing but not eliminating the amount of closure 

and possibly the time of closure.  Local experience indicates that 

solution cavity subsidence is effectively complete about ten years 

after solution mining (Reference 99).  Laboratory model studies 

conducted under simulated in situ conditions demonstrated a 

90 percent closure of cavities at least by the twelfth year after 

formation (Reference 111). 

 

d. Solutioning Not Related to Active Mining 

 

 In conjunction with solution mining, the potential for solutioning 

of the salt measures and the surrounding evaporite and carbonate 

rocks within an abandoned well field has been considered.  

Consideration has also been given to the solution potential offered 

by an improperly sealed exploration well.  Such potentially 

detrimental solutioning could be induced by the introduction into 

the salt measures of fluids which are not salt-saturated. 

 

 If a fluid in the void were not fully salt-saturated, additional 

salt solutioning would occur until full saturation of the fluid in 

contact with the salt is obtained.  Because of the very low 

porosity and permeability of the salt measures, there is no fluid 

circulation potential and the volume of fluid capable of 

dissolution is limited to that contained within the cavity. 

 

 To investigate the extent of dissolution which could be induced 

within a salt cavity by an introduction of an aggressive fluid, a 

study of the possible growth of a hypothetical, spherical cavity 

within the salt measures was conducted.  The first part of the 

study involved the introduction of a fluid with characteristics of 

the Oriskany brine as shown on <Table 2.5-3>.  The increase in the 

diameter of the spherical cavity was calculated for a range of 

initial cavity diameters assuming that the fluid within the cavity  
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 would actively dissolve salts until achieving 100 percent salt 

saturation and that the cavity would not be subject to loss or gain 

of fluid.  The results of this study for various assumed salt 

concentrations are shown as <Figure 2.5-28> and demonstrate that 

the additional growth of a cavity by solutioning in a fluid similar 

to the Oriskany brine is insignificant even if the initial salt 

concentration is zero.  The effect of introducing freshwater having 

a salt solubility of about 46 percent was also investigated for a 

hypothetical, spherical cavity.  The results of this study, also 

shown in <Figure 2.5-28>, demonstrate that even this extreme 

condition would not cause an important increase in the diameter of 

an existing salt cavity. 

 

 The conservatism of the foregoing analyses is increased when 

consideration is given to the formation of the insoluble residue 

which blankets exposed salt surfaces upon solutioning.  This 

residue retards dissolution and must be cleaned by frequent 

flushing and agitation to permit an active solution process.  

Further, the Oriskany aquifer above and the Newburg aquifer below 

the salt measures are under significant artesian pressures which 

prevent downward movement of aggressive surface waters.  For 

example, should a freely communicating well be drilled into the 

Newburg aquifer, the brine would stabilize well above the level of 

the carbonate and evaporite rocks.  The prevailing hydrogeologic 

conditions at the Perry site are unlike that reported in central 

Kansas when subsidence was caused by dissolution of salt measures 

as a result of continuous downward movement of groundwater from a 

surface horizon to underlying porous strata under low fluid 

pressures (Reference 112). 

 

 Consideration has been given to the effect of pumping, from gas or 

petroleum fields located immediately adjacent to the boundary of 

the plant site, on the reservoir pressures existing within the 

Oriskany and Newburg aquifers.  The effect of gas well pumping has  
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 also been considered relative to a potential link with local 

micro-seismicity as observed in the Gobles field in southwestern 

Ontario (Reference 113).  Regional experience, particularly within 

the Madison Lake field, indicates that gas extraction from the 

Oriskany and Newburg horizons may have some measurable effect on 

reservoir pressures at distances between 2,000 and 3,000 feet from 

an open gas well.  However, the drawdown would be limited because 

wells are routinely shut down when salt water encroaches into the 

gas field.  A similar situation occurs in petroleum production 

areas.  At present, no decisive causal relationship between gas 

well pumping and micro-seismicity is apparent. 

 

 Mineral and hydrocarbon extraction will be prevented for a distance 

of at least 3,000 feet beyond the onshore safety-related structures 

and rock salt extraction is precluded by lease agreement with the 

State of Ohio within approximately 1,800 feet of the offshore 

safety-related structures during plant operation.  It is concluded 

that the effect of pumping from an immediately adjacent gas or oil 

field will have no detrimental influence on the solution potential 

of the evaporite or carbonate rocks existing below the plant site.  

Further, even if appreciable pressure drawdowns are postulated, 

significant flow through a cavity existing within the salt measures 

has a very low order of probability, because production wells would 

be shut down upon encroachment of formation water. 

 

 As exploitation of natural brines could also produce pressure 

reductions within the Oriskany and Newburg aquifers, the potential 

for natural brine production in the immediate vicinity of the site 

has been considered.  Although in past years natural brine 

production was not uncommon, the only natural brine operations 

which could be located in northeastern Ohio are being conducted by 

Pinney Dock and Transport Company, in Ashtabula, Ohio and by the 

Bestone Corporation, near Chardon, Ohio.  The Ashtabula operation 

consists of a single well 1,800 feet deep, which is producing from  
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 the Oriskany aquifer.  The three Chardon wells produce about 

12,600 gallons per day from the Newburg horizon at a depth of about 

3,400 feet. 

 

 Other natural brining operations are located in southern Ohio.  The 

natural brine production in northeastern Ohio is generally for use 

in highway ice control.  There are no data concerning formation 

pressure drawdown due to pumping of the natural brine.  However, it 

is known that only a limited duration of pumping is possible before 

pumping must be terminated and the aquifer allowed to recharge.  

This condition demonstrates that the permeabilities of the Oriskany 

and Newburg aquifers are too low to establish a steady-state 

drawdown under commercial pumping rates.  In the Ashtabula County 

operations, the duration of pumping before allowing recharge is 

also limited by natural gas encroachment. 

 

 In summary, it is probable that under the most unfavorable 

circumstances, the distance of pressure drawdown which could be 

developed during pumping of natural brine is similar to that cited 

for gas and oil operations.  The significant reduction in the 

number of natural brine operations in Ohio strongly indicates that 

the economic feasibility of new natural brine operations is not 

favorable and that the development of such operations within the 

near vicinity of the site is highly improbable. 

 

 Upon completion of mining, the fluid in the cavities is saturated 

with NaCl, except for a relatively thin zone at the top of the salt 

which is slightly less saline.  Assuming there is no introduction 

of fluids from above or below the cavity after equilibrium is 

achieved, it would be anticipated that the void liquid would remain 

essentially unchanged. 

 

 Extensive chemical analysis of the Oriskany and Newburg brines have 

been conducted by CEI and have been summarized in <Table 2.5-2>  
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 (Reference 102).  As shown by the water chemistry, the produced 

brines would not be expected to cause any significant dissolution 

of the salt or of the less soluble overlying and underlying 

limestone, anhydrite and dolomite.  A summary of test results on 

samples of production brine taken from regional solution wells is 

included as <Table 2.5-4>. 

 

 If the cavity and well casing were to be filled with saturated or 

nearly salt-saturated fluid, migration of the solution down dip 

within the salt measures would be expected to be very slow, 

probably occurring primarily as a diffusion phenomena rather than 

unsteady-state seepage migration.  It is noted that the dips are 

very gentle, averaging only about 25 feet per mile, and that the 

salt measures are characterized by a very low porosity and 

permeability.  The impervious nature of the salt beds is documented 

by the direct, long term observations within the underground 

workings of the Morton Salt Division of Morton Norwick near 

Fairport, Ohio (Reference 100). 

 

 Concerning solutioning of the evaporite and carbonate rocks within 

the area of study, there are no existing solution wells penetrating 

the Ohio Shale within 7-1/2 miles of the site area.  Further, 

mineral exploration or production wells which would be drilled 

through the shale within the vicinity of the site are required by 

current state legislation to be adequately sealed to prevent 

infiltration or migration of water, oil and gas from other 

horizons.  Well sealing is conducted in the presence of a state 

inspector as required by the Oil and Gas Law of the State of Ohio, 

July 1970 (Reference 114).  It is pertinent to note that the 

Diamond Shamrock procedure of well sealing includes grouting the 

casing continuously from the surface of the rock at least to the 

base of the Oriskany and is more complete than required by the 

State (Reference 98). 
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 Careful observations of the ground surface adjacent to 21 wells 

during preconstruction studies in the vicinity of the site failed 

to reveal depressions which could be attributed to surface 

subsidence as a result of deep-seated dissolution of evaporite or 

carbonate rocks.  The field survey was also extended to include a 

search within 3,000 feet of the site for any closed depressions 

which could possibly be interpreted as a reflection of deep-seated 

dissolution of the carbonate or evaporite rocks.  In addition, 

available topographic maps of the area of study were also examined.  

Both the field and topographic map searches failed to identify any 

surface depressions which could be interpreted as being associated 

with other than geomorphic origins.  Subsequent to the January 31, 

1986 Leroy event, a site area reconnaissance revealed no evidence 

of depressions or other indications of disturbance (Reference 4). 

 

e. Angle of Draw 

 

 Some surface distortion is inevitable in response to creation of 

large underground openings (Reference 105).  The amount of surface 

subsidence is primarily dependent upon the depth and configuration 

of the opening, the competence of the rocks around, above and to 

some degree below the opening, and the material left or deposited 

within the opening.  It is well documented that the areal extent of 

potential surface distortions also extends well beyond the limits 

of the opening (Reference 115).  Because of the potential for 

subsidence to occur during mining over which CEI would not have 

direct control, it has been concluded that a zone wherein mineral 

extraction will be barred should be established around the plant 

and that the width of this “protective zone” should be sufficient 

to prevent any mining-related surface distortion at the location of 

the plant elements.  The basis and formulation of criteria to 

dimension the plant “protective zone” is summarized and compared to 

the actual limits of mineral rights secured by CEI as follows. 
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 Over the past 100 to 150 years, a great volume of data relating 

surface subsidence to underground mining operations has been 

accumulated under a variety of geologic and mining conditions 

(Reference 107).  The state of art of subsidence prediction, 

although primarily empirical, is fairly well advanced.  The 

empirical procedures developed by the National Coal Board (NCB) of 

Great Britain, primarily based on the depth and the geometry of 

mine openings, are the most widely accepted of the current methods 

of subsidence prediction (Reference 115).  The NCB criteria are 

based on careful surveys conducted at 157 collieries in Great 

Britain and have been claimed to produce subsidence predictions 

within about 10 percent of actual measurements (Reference 105).  

Comparisons of subsidence predictions over salt cavities created by 

solution mining have also shown the NCB criteria to yield a larger 

prediction of the amount of subsidence than predictions using 

theoretical elastic or elasto-plastic analyses (Reference 116).  

Use of NCB experience to aid in the formulation of judgment 

relating to evaluation of salt mining influences is believed to be 

appropriately conservative for the purpose of this study. 

 

 There are no subsidence records presently available for mining 

conducted within the proximity of the proposed site.  However, 

analysis of case histories of subsidence occurring within the salt 

measures of Ontario, Canada, Michigan, Wyoming, and New York has 

been made (Reference 106) (Reference 117) (Reference 118).  The 

angle of draw computed from three of the case histories, together 

with similar data derived from measurements over British coal 

mines, is shown on <Figure 2.5-29> (Reference 119).  It is noted 

that the observed limit angle over the salt mine openings studied 

is substantially less than recorded over both British and American 

mine openings having similar width-depth ratios.  This observation 

is explained by the generally greater competence of the rocks 

overlying the salt measures. 
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 The prediction of a 30 angle of draw to define the limit of 

potential mining influences in the vicinity of the Perry site is 

shown on <Figure 2.5-31> to be conservative, considering that 

probable limit angles would not be expected to exceed about 

20 degrees.  As shown by <Figure 2.5-18>, the acquisition of 

mineral rights will provide at least a 3,000 and 1,800 foot 

“protective zone” around onshore and offshore, respectively Seismic 

Category I elements of the plant.  The extreme conservatism of the 

mining protection provision can readily be seen by using 

Equation 2.5-2 for calculating the “available limit angle” (B’).  

Allowing for a cavity extension of 500 feet beyond the “protective 

zone” boundary closest to safety class structures: 

 

  
350,2

500000,3
'Btanarc


       (2.5-2) 

 

 and B’ = 46.8.  A typical section through the site showing the 

limit angle relationship is shown on <Figure 2.5-29>. 

 

2.5.1.1.7.1.5      Subsidence Monitoring 

 

Should salt mining be initiated within 1,000 feet of the mineral rights 

boundary, a subsidence monitoring system, independent of the mining 

operator, will be installed and maintained during the life of the plant.  

The monitoring system will consist of surface monuments located within 

the protected area in the immediate proximity of all production wells 

drilled closer than 1,000 feet to the mineral rights boundary of the 

plant.  Monument location, spacing and the survey frequency would be 

designed to enable early detection and detailed documentation of any 

surface subsidence.  Should subsidence within the “protective zone” 

surrounding the plant area be detected, action will be taken immediately 

to prevent continued operation of the causative mining. 
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2.5.1.1.8      Oil and Gas Production 

 

Oil and gas production in Ohio is small by comparison with that of the 

Gulf Coast, southwestern and western United States or Alaskan North 

Slope.  Nevertheless, in 1977 it represented more than a quarter billion 

dollar industry to Ohio.  The area distribution of oil and gas fields in 

Ohio is shown on <Figure 2.5-30>.  This most recent map (1974) was 

published before drilling activity increased in the late 1970’s and 

early 1980’s.  In addition to the fields shown on a significant portion 

of eastern Lake County including all of Perry and Madison Townships and 

the northern one-third of Leroy township is now gas productive.  Oil and  

gas production has also continued to the south into Geauga County.  The 

producing zone is the Clinton.  Only a few wells produce from the 

Oriskany.  Most of the extracted hydrocarbons occur in sandstone 

reservoirs, principally the Silurian “Clinton-Medina,” Devonian 

“Oriskany” and Mississippian “Berea.”  Natural gas has been commercially 

produced from shallow wells developed in the Ohio Shale along the Lake 

Plain since 1869.  Eastern United States research, in situ testing, 

demonstration projects and pilot programs, respective of Devonian shale 

hydrocarbon potential are funded by the Department of Energy and 

currently in progress.  These endeavors ultimately may yield the 

technology required for this resource to serve as a viable energy 

alternative.  Presently, most of the regional shale gas production is 

only sufficient for domestic use.  A number of shallow and several deep 

gas wells have been drilled within Lake County. 

 

Natural gas, commercially developed in Ohio since 1869, is currently 

produced in northeastern Ohio as shown on <Figure 2.5-30>.  Producing 

gas wells are located immediately east and west of the CEI mineral 

rights boundary as shown on <Figure 2.5-18>.  Numerous gas wells are 

located to the south of the plant, the closest being well Number 179.  A 

number of shale gas wells were drilled in the early 1900’s within  
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Perry Township.  Most of these wells, generally drilled to depths less 

than 1,100 feet, have been abandoned.  There are no known oil fields 

within 30 miles of the site. 

 

By 1979 economic conditions had become favorable for exploration of the 

Clinton Sandstone in northern Lake County.  Investor backed oil and gas 

companies began drilling Clinton gas wells near the East Ohio Gas 

Company main transmission line in northern Lake County.  Drilling and 

production costs were low because the Clinton formation is shallow in 

the northern part of Lake County and access to the well locations and 

gas pipeline was very good.  The designation of the Clinton as a “tight 

gas sand reservoir” allowed the producers to receive a much higher price 

for their gas, making Clinton exploration and production very 

attractive.  As new markets for the gas opened up and gas prices rose, 

exploration continued further to the south and east.  By the end of 1986 

virtually all of Perry and Madison Townships and the northern one-third 

of Leroy Township were gas productive <Figure 2.5-18>.  Recent drilling 

permit data indicate that exploration will continue to the south and 

east. 

 

A field survey was made to confirm the location, as recorded prior to 

May 1973 by the State of Ohio, Division of Geologic Survey, of all wells 

located within Perry Township between Blackmore and Town Line roads and 

between Lake Erie and U.S. Route 20.  This area and the well locations 

are shown on <Figure 2.5-18>.  The field survey documented the existence 

of all recorded wells, except well L-201, and located two unrecorded 

wells, L-207A and L-207B, as shown on <Figure 2.5-18>.  Property owners 

were interviewed for information relevant to use, depth and current 

condition of their wells.  The results of these interviews are 

summarized in <Table 2.5-5> and supplement or supersede the information 

contained within the records of the State of Ohio.  Supplemental data 

regarding wells permitted subsequent to May 1973 are summarized in 

<Table 2.5-6> and nearby wells on record with ODNR during the Leroy 

earthquake evaluation are shown on <Figure 2.5-17>. 
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Diamond Shamrock Corporation has retained gas rights to a well 1.9 miles 

southwest of the site along Clark Road.  The well is presently producing 

gas from the Clinton formation.  This well is registered with the 

Geological Survey of Ohio as No. 203.  It is noted that the depth of 

wells L-215 and L-218 are recorded in the state records as “1,000 - 

1,200 feet” and “1,000 - 2,000 feet,” whereas interviews with John 

Winter, formerly employed in local well maintenance, reveals that the 

actual depth of these wells, as encountered during cleaning, is 800 feet 

and 1,100 feet, respectively (Reference 120).  The incomplete and 

approximate nature of the state records is attributed to the well 

records first being compiled in 1957 by interviews with some of the 

property owners who either did not know or could only roughly estimate  

the well depth.  It is concluded that all but wells L-106, L-207A and 

L-207B were drilled prior to the period 1915-1920 and that the drilling 

records do not exist or cannot be found.  Records of the referenced 

wells (well data cards) registered with the State of Ohio, are on file 

in the offices of the Gas and Oil Division of the Ohio Geologic Survey, 

Columbus, Ohio. 

 

2.5.1.1.8.1      Gas Producing Formations 

 

Gas production in northeastern Ohio is primarily from the “Clinton” 

sandstone member of the Medina Formation (Reference 121) (Reference 122) 

(Reference 123) (Reference 124).  This producing member is regionally 

encountered within the Madison Lake Pool at depths on the order of 

2,850 feet and in the vicinity of Parmly Road at depths on the order of 

2,710 feet.  Other, usually less productive commercial sources, have 

been developed within the Newburg Sandstone of the Lockport Formation 

which is encountered in the Madison Lake Pool at depths on the order of 

2,575 feet.  The shallowest gas producing field is associated with the 

Oriskany Sandstone.  The Mentor Pool, located approximately 14 miles 

southwest of the site, is encountered in the Oriskany Sandstone at a 

depth of about 1,850 feet.  The Concord Pool, located approximately 

10 miles southwest of the site, is also located within the Oriskany  
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Sandstone at depths of about 2,000 feet.  It is noted that salt 

exploration wells drilled in the vicinity of the site penetrating the 

Oriskany Sandstone did not encounter commercial gas reserves.  The 

locations of the gas pools noted above are shown on <Figure 2.5-30>. 

 

The production of gas wells drilled within the Ohio Shale in 

northeastern Ohio is sufficient only for domestic use, almost always 

yielding far less than 50,000 cubic feet per day, a quantity considered 

the minimum level for commercial exploitation.  The East Ohio Gas 

Company reports a single production well within the Ohio Shale, located 

in Geneva Township, Ashtabula County.  This well was reported to be 

471 feet deep and since being brought on-line in August 1971, has 

produced at a rate of only 5,000 cubic feet per day with an average 

150 psig pressure.  The only other commercial Ohio Shale gas wells known 

within 15 miles of the site are reported to be associated with the 

Geneva gas field located approximately 12 miles east of the site.  Most 

gas production is from the Clinton Sands, at a depth of approximately 

2,750 feet.  Locally, production is found in the Oriskany at a depth of 

1,625 feet.  Some limited Ohio Shale gas production is also reported in 

Summit and Cuyahoga Counties, the closest being more than 30 miles 

southwest of the site. 

 

Exploration in the Ohio portion of Lake Erie has been historically 

banned by the Ohio State Legislature.  This ban expired July 1, 1978.  A 

State Senate panel did approve gas drilling in Lake Erie late in 

May 1979.  The governmental proceedings necessary for actual legislated 

approval have been postponed until the completion of an environmental 

impact study by the Army Corps of Engineers.  

 

Within the vicinity of the site, the greatest potential for the 

discovery of natural gas of commercial quantity is within the “Clinton 

Sand,” a regional oil and gas producing sandstone of the Silurian Albion 

Group.  This horizon is encountered in northeastern Ohio at depths 

usually in excess of 2,800 feet.  The producing zones within the  
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“Clinton Sand” are quite erratic and occur as isolated, stratigraphic 

traps related to ancient shorelines which were formed by the advancing 

and regressing Silurian sea.  Numerous facies changes comprise these 

ancient shorelines and the producing zones occurring in porous 

sandstones which change in relatively short distances into nonproducing 

shales or argillaceous sandstones.  In addition to new “Clinton Sand” 

production within the general site area, there is also the possibility 

of discovery of new gas fields within the Oriskany Sandstone.  However, 

Oriskany production within the near vicinity of the site does not have 

nearly as favorable a potential as evidenced by the very limited local 

thickness of the Oriskany formation. 

 

2.5.1.1.8.2      Subsurface Gas Storage 

 

Research of available data concerning storage of natural gas and liquid 

petroleum in Ohio indicates that gas storage is primarily within the 

“Clinton Sand” horizon.  Storage within cavities formed within the 

evaporite rocks of the Salina Group of Ohio has been reported by the 

Ohio Department of Natural Resources (Reference 124).  The closest salt 

cavity storage area is Lake Underground Storage which is located 8 miles 

southwest of the Perry Nuclear Power Plant.  The material stored at this 

site is reported to be liquefied propane.  The next existing salt cavity 

storage area is located near Canton, Ohio, approximately 68 miles south 

of the site.  Presently no potential salt cavity storage areas are 

located adjacent to the site or within a five mile radius.  The 

potential for subsurface gas storage in the site locale is remote.  

However, CEI has secured mineral rights within the “protective zone” 

surrounding the site area and can prohibit subsurface gas storage 

therein. 

 

2.5.1.1.8.3      Subsidence Potential 

 

The occurrence of surface subsidence due to extraction of natural gas or 

fluids is attributed to a reduction of interstitial pore pressures  
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within producing zones.  Reduced pressure causes an increase in 

intergranular stress and subsequent consolidation (compaction) of the 

zone of withdrawal.  Gas and oil fields in Texas and California which 

have experienced significant subsidence are reported to be usually 

characterized by producing zones in unconsolidated to poorly lithified 

sands which are generally Miocene or younger in age (Reference 110). 

 

Subsidence due to extraction of natural gas from the Silurian and 

Devonian rocks underlying northeastern Ohio has not been experienced.  

These reservoir strata were lithified into a competent rock mass.  

Moreover, CEI does not intend to drill production wells within the 

limits of site mineral rights even in the event that a reasonable 

production could be expected. 

 

2.5.1.1.9      Induced Seismicity Potential 

 

Induced seismicity is a recently recognized phenomenon which results 

from formation water pore pressure fluctuations, typically caused by 

injecting fluids under pressure into deep injection wells.  During 

operation of an injection well, natural formation pressures are 

increased, resulting in an expanding zone of higher pore pressure which 

migrates outward from the well in all directions.  The increased pore 

pressure within this zone may effectively reduce frictional resistance 

along fault surfaces by counteracting the confining stress acting normal 

to the fault plane.  If a “locked” fault is favorably oriented to fail 

in the existing stress field and the pore pressure increase exceeds the 

frictional resistance to fault slip, motion may occur causing an 

earthquake.  The pore pressure increase serves only as a premature 

“trigger” to release accumulating energy that would naturally be 

released at some point in the future regardless. 

 

Several examples of induced seismicity are well documented in the United 

States (Reference 125) (Reference 126) and elsewhere in the world.  Such 

activity has been reported associated with waste injection wells, brine  
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solutioning operations (Reference 41), oil and gas extraction, and 

enhanced recovery pumping (Reference 113), and reservoir flooding.  

Seismicity is generally closely associated, both spatially and 

temporally, with the local modification of pore pressure in the bedrock. 

 

Due to the proximity of the Calhio injection wells, the potential for 

induced seismicity in the case of the Leroy event and subsequent micro 

seismic events, has been and continues to be investigated 

(Reference 127) (Reference 128).  While not completely ruled out, the 

January 31, 1986 Leroy event was not likely induced, due to the 

substantial distance from the operating injection wells, lack of seismic 

activity in the intervening area, the depth of the event and 

aftershocks, location in Precambrian basement isolated from the 

injection zone stress regime, and history of small to moderate 

earthquakes prior to operation of the injection wells (Reference 127) 

(Reference 128).  Investigations continue on subsequent seismic events 

recorded in the epicentral area and corridor to the existing injection 

wells, in order to determine the nature and possible cause of these 

events. 

 

2.5.1.2      Site Geology 

 

2.5.1.2.1      Site Physiography 

 

Locally, the site is situated on a portion of the Lake Plain Section 

bordering Lake Erie.  The Lake Plain is a subdivision of the Central 

Lowland Province previously described in <Section 2.5.1.1.1>.  Locally, 

this plain, a remnant lake bottom, is a narrow band of land extending 

approximately five miles south beyond the present Lake Erie shoreline.  

Very little relief occurs in proximity to the site within the Lake Plain 

except for two low, continuous sandy ridges.  Each defines an ancestral 

beach formed during Pleistocene time when the elevation of Lake Erie was 

considerably higher than in Recent time.  The greatest local relief, 

nearly 70 feet, is associated with one such ridge which is coincident  



 

  Revision 12 
 2.5-82 January, 2003 

with Ohio State Highway 84 east from Painesville to Ashtabula.  A lower 

ridge is contiguous to the north side of U.S. Highway 2 east of the 

Painesville interchange and U.S. Highway 20 further east.  Presumably 

these ridges are laterally continuous to the west and east and more or 

less parallel to the present Lake Erie shoreline (Reference 129).  Other 

than that which resulted from erosional processes, little change in the 

site morphology has taken place since the establishment of the present 

Lake Erie drainage outlet over Niagara Falls. 

 

Steep bluffs along the southeast shoreline of Lake Erie are continuously 

subjected to wave action resulting in gradual shoreline recession.  Two 

principal agents of bluff erosion occur:  (a) undercutting and erosion 

by wave action and (b) slump and earthflow.  At the site the materials 

in the shoreline bluff consist of lacustrine deposits underlain by 

highly compacted glacial till.  Groundwater seepage from the face of the 

bluff is the primary contributing factor to instability of the 

lacustrine deposits.  Wave action erodes the toe of the bluff (dense 

till) adding to instability of the upper section of the bluff, thereby 

accelerating the recession process.  An approximate yearly rate of 

natural bluff recession of 5 to 15 feet was reported by the Ohio 

Division of Geological Survey (formerly Division of Shore Erosion) at 

Perry Township Park about a mile west of the Perry site (Reference 130).  

The Corps of Engineers reported a landward movement of 35 feet in the 

vicinity of the Perry site from 1876 to 1948 and 4 feet per year at 

Perry Township Park (Reference 131).  Further discussion on bluff 

instability at the site is provided in <Section 2.4.5.5> and 

<Section 2.5.5>. 

 

2.5.1.2.1.1      Topography 

 

Minimal topographic change is evident at the site subsequent to final 

site grading and construction.  Local relief and slope conditions remain 

essentially the same.  The greatest of both is represented by the 

shoreline bluff.  Excavated debris with variable relief estimated to be  



 

  Revision 12 
 2.5-83 January, 2003 

100 feet at its zenith was stockpiled in the general vicinity of the 

Unit 2 cooling tower throughout much of the construction phase.  This 

borrow pile provided the greatest local relief at the site.  Excluding 

the presence of plant structures, permanent alterations to the 

preconstruction landscape are not readily apparent except for smooth 

contouring performed at the barge slip, former lakefront emergence for 

the minor stream.  An elongated, discontinuous berm, approximately 

100 feet wide at its base with 20 feet of maximum relief, is parallel 

and adjacent to Parmly Road.  Although this berm is consistent with Lake 

Plain geomorphologic features, it together with the barge slip comprises 

the major site topographic alterations.  <Figure 2.5-32> is a set of 

aerial photographs documenting construction stages.  <Figure 2.5-33> 

shows final site topography. 

 

2.5.1.2.1.2      Site Drainage 

 

Final site drainage remains essentially the same as that which preceded 

construction.  Eastern, southern and western site drainage occurs via 

the site storm drainage system to the northwest sediment control dam and 

to the minor and major stream diversion channels.  The minor and major 

stream diversion channels also provide for sediment control in settling 

basins preceding their emergence along the Lake Erie shoreline.  Details 

of the site drainage, diversion channels and sediment control dams are 

discussed in <Section 2.4.1> and <Section 2.4.2>. 

 

2.5.1.2.1.3      Soil Deposits 

 

Soils in the locality of the site are derived predominantly from 

glaciolacustrine deposits.  Lacustrine deposits occur as very fine 

sandy, clayey silt and silty clay.  The lacustrine soil stratum above 

the till is as much as 30 feet thick.  Lacustrine sediment permeability 

decreases with depth.  The base of the till, which rests on shale  
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bedrock, is as much as 65 feet below ground surface.  Lacustrine 

sediments are exposed along the upper face of the steep bluff that 

prevails along the lake shore. 

 

The pedological classification according to the U.S. Soil Conservation 

Service for cultivated soils in the site locale is Lampson Series 9324.  

These lacustrine soils are reportedly somewhat poorly drained, 

fine-sandy loam.  The dominant color in the upper horizons (A and B) is 

yellowish-brown grading to brownish-gray in the substratum (C) horizon.  

The sand and silt content varies both vertically and horizontally.  

Alkalinity of the soil is moderately high with a pH value of 6. 

 

The prismatic structure of the subsoil causes this soil to have 

moderately low permeability.  Most of the groundwater exists within the 

lacustrine stratum.  The underlying dense, but relatively less permeable 

till acts as a barrier retarding the downward percolation of 

groundwater.  Groundwater levels observed in exploration borings were 

generally two to six feet below ground surface. 

 

Trafficability of the soil is very poor when wet.  A high seasonal water 

table is the major limitation to the use of this soil.  The soil, if 

drained, is suited for speciality crops, of which nursery stock is the 

most prevalent in the locale. 

 

Soils on some portions of the site have been reworked and seeded 

consistent with final grading and revegetation plans. 

 

2.5.1.2.2      Stratigraphy 

 

In a regional sense, the site is on the western limb of the Appalachian 

geosyncline.  There are no conspicious surficial expressions of strata 

arches or dislocations.  An Upper Devonian shale sequence more than 

1,200 feet thick underlies the site foundation.  The Precambrian surface 

in the region is about 5,300 feet below sea level.  In northeastern  
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Ohio, the region is mantled with glacial deposits that have been 

preconsolidated by ice that overrode the land during glacial time 

(Pleistocene).  Along the lake shore plain, lacustrine sediments were 

deposited on glacial till when water levels in Lake Erie were 

considerably higher during glacial ice recession. 

 

In the site vicinity, the same sequence of sediments were present as 

reported regionally.  Stratigraphically, the lowest interval encountered 

in the exploration test borings documents interfingering of Huron shale 

within the overlying Chagrin shale.  Both are facies members of the Ohio 

Shale.  Beyond approximately 1,000 to 1,500 feet offshore in Lake Erie, 

the Chagrin shale immediately underlies lake bottom but is not exposed 

along the shoreline.  Chagrin strata characteristically are bluish-gray, 

clayey and sandy shale.  Fresh shale is moderately hard, but upon 

exposure to weathering it breaks down to clay.  Mineralogically, the 

shales and siltstones are characterized by their 

illite-chlorite-kaolinite content. 

 

Unconformably overlying the Chagrin shale in ascending order are glacial 

till of two different ages, relatively younger glaciolacustrine 

sediments and recent stream channel alluvium and beach deposits.  The 

exact age of the tills has not been determined, but is likely the Cary 

substage of the Wisconsin stage. 

 

Onshore the combined thickness of the glacial and lake deposits in the 

plant vicinity ranges from 50 to 60 feet.  <Figure 2.5-34> shows the 

surface distribution of bedrock overburden deposits prior to 

construction. 

 

The lower till, which unconformably overlies the Chagrin shale is 

exceedingly dense and contains a basal boulder layer, approximately one 

foot thick.  This boulder layer is comprised of rounded, resident 

metamorphic and quartzite erratics and lesser amounts of subangular 

shale fragments, the latter presumably locally derived.  Individual  
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boulder median diameters typically are on the order of one foot.  They 

are contained within a gray, silty clay matrix.  Below the boulder 

horizon to bedded shale, a six to eight feet thick transitory interval 

has been mapped in which lower till lenses have been incorporated within 

contorted, blocky and weathered shale.  Folding, imbricate thrusting, 

drag, and other characteristic features of this interval imply shallow 

deformation of rock synchronous with glaciation and lower till 

deposition.  Above the boulder layer till grades upward to dense gray 

clay containing 15 to 25 percent sand size particles and infrequent 

boulders. 

 

The upper till unconformably rests on the lower till.  It is composed of 

gray silty clay with up to ten percent sand size particles.  The upper 

till differs from lower till by having a higher moisture content and 

percentage of silt and clay, a lower density and an absence of boulders.  

Upper till and lower till thicknesses range from 3 to 14 feet and 11 to 

28 feet, respectively. 

 

Glaciolacustrine deposits overlying till are generally thin 

interstratified fine-sand, soft silts and clay.  In localized areas, 

within the upper ten feet, thin lenticular accumulations of 

predominantly sandy silt are present.  Glaciolacustrine sediments are 

the result of fluctuating lake levels produced when retreating glacial 

ice exposed successively lower outlets.  The best example, representing 

one of the former lake levels, is present as a sandy ridge along 

U.S. Route 20, 1-1/4 miles south of the plant site. 

 

Deposits of Recent age include beach deposits, contiguous to the toe of 

the shoreline bluff, and stream channel alluvium.  Stream channel 

diversions and final site grading have resulted in either removal or 

burial of preconstruction alluvial deposits. 

 

A composite schematic stratigraphic column of site stratigraphy together 

with data on file at the Ohio Geological Survey for a deep, abandoned  
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gas exploratory well less than 1-1/2 miles west of the plant Seismic 

Category I structures is presented as <Figure 2.5-35>. 

 

2.5.1.2.3      Structural Geology in the Vicinity of the Site 

 

In the site area the structure of the rock units coincide with the 

regional setting.  The Chagrin shale member of the Ohio Shale formation, 

the immediate bedrock beneath the site, dips less than five degrees 

south, but its paleotopographic surface is inclined northward toward the 

lake as a result of erosion by Pleistocene glaciation.  North of the 

site, Devonian shale and limestone underlie Lake Erie for as much as one 

half its width.  In the eastern portion of the basin, shales extend to 

the International Boundary with Canada.  Approximately seven to eight 

miles south of the site Chagrin shale strata are overlain by Bedford 

Shale and Berea Sandstone, respectively.  These relationships are 

consistent with regional structural setting. 

 

On the basis of geological and geophysical preconstruction site 

exploration, it was determined that the Chagrin shale contained two 

major planar elements, jointing and bedding.  From recovered core, 

several poorly developed joint sets were noted at angles of 30, 60 and 

90 degrees.  Surface expression of joint patterns is obscured by the 

glacial deposits, cultivation and vegetation (predominantly trees), 

although some soil zones visible on aerial photographs seem to reflect 

N40E and N55W trends in Conneaut and Ashtabula Counties to the east.  

Geologic mapping of site excavations confirmed this conjugate joint 

system.  Northeast, northwest, and north-northeast orientations were 

prominent in planar continuous joints observed during field mapping 

conducted after the January 31, 1986 Leroy earthquake (Reference 4).  

Shale bedding laminae in rock cores are 1/16 to 1/4 inch apart.  

Interbedded within the shale are occasional siltstone to very 

fine-grained sandstone beds, ranging from less than 1/16 inch to several 

inches thick.  The siltstone and sandstone beds frequently are 

cross-bedded and show sinuous small-scale ripple mark features.   
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Abundant micaceous fragments on these bedding surfaces apparently 

enhance parting of the drill core parallel to siltstone/sandstone-shale 

bedding contacts.  Structural contours of the Chagrin shale are shown on 

<Figure 2.5-36>. 

 

Although no secondary mineralization occurs within either bedding or 

jointing, clay seams 1/8 to 1/2 inch thick were encountered within the 

shale in several test borings.  The lenses generally are parallel to 

bedding and were thought to be deposited by groundwater migrating along 

fractures.  Although some clay seams may be attributed to groundwater 

processes, others were determined during excavation mapping to be fault 

gouge and materials from the transitory interval.  In addition to the 

clay seams, tan, very dense layers, probably siderite (FeCO3) or 

“ironstone bands,” are found interbedded in the medium gray shale.  The 

lateral, discontinuous nature of the siderite beds, suspected on the 

basis of preconstruction test borings, was confirmed during geologic 

mapping of excavations and tunnels.  Lateral thinning is attributed to 

sedimentological rather than secondary structural control. 

 

The overlying till deposits are unstratified and generally heterogeneous 

in composition and variable in thickness.  Thickness of the lower till 

ranges from 11 to 28 feet, averaging 20 feet, while the upper till is 

between 3 and 14 feet, but averages 9 feet thick.  This variation 

presumably results from differential erosion and deposition processes 

during glaciation.  Structural contours of the lower till are shown on 

<Figure 2.5-37>. 

 

Lacustrine sediments above the tills are stratified, interbedded units 

of sand, silt and clay.  On a small scale, the units are distinguishable 

and homogenous but vary without consistent order, both vertically and 

horizontally.  The thickness is dependent upon the paleotopographic 

relief of the upper till and erosion subsequent to deposition. 
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2.5.1.2.3.1      Northeastern Ohio Folding and Faulting 

 

Secondary structures demonstrative of regional-scale bedrock deformation 

in the site vicinity as well as throughout northern Ohio are rare.  This 

is attributable to the nearly ubiquitous veneer of glacial deposits 

obscuring bedrock as well as the minimal effect of the Appalachian 

Orogeny on Paleozoic strata in this region.  As discussed in 

<Section 2.5.1.1.5.1>, Appalachian orogenic stresses were greatly 

attenuated during their northwestward propagation beyond the Appalachian 

Structural Front. 

 

Most of the subsurface structural interpretations for these regions are 

founded on deep well data.  It is reported in (Reference 132), based on 

personal communication with A. Janssens, formerly employed by the Ohio 

Geological Survey, that the sedimentary sequence above the Middle 

Devonian Delaware Formation is affected by folding.  Structural contours 

of the Delaware and Dayton Formations show persistent small structures, 

probably folds, especially in Portage County, Ohio (Reference 132). 

 

The drilling of numerous gas wells in the past years has allowed 

construction of new structural contour maps for Lake and Geauga and 

portions of adjacent Trumbull and Ashtabula counties <Figure 2.5-38> and 

<Figure 2.5-39>.  This task was undertaken to assess any potential 

association of interpreted Paleozoic structures with neotectonic 

mechanisms.  Accuracy of the new structure contour maps is improved by 

the addition of numerous well data points.  Northeast- and 

northwest-trending structure are mapped, superimposed on the regional 

southeast dipping monocline.  Typical relief on the features is 20 feet 

diminishing upsection.  These features are typical of numerous similar 

structures observed in the Paleozoic rocks throughout eastern Ohio.  

They are interpreted to be related to penecontemporaneous deformation 

which culminated with late Paleozoic orogenic events originating in the 

Appalachian orogen to the southeast.  Neither of these mechanisms is 

related to existing neotectonic processes. 
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Salt mining has exposed deformation within the Salina salt beds.  

Heimlick describes minor folds, amplitude of six inches and wave length 

less than twelve inches, locally overturned, in the production interval 

of the International Salt Company mine in Cleveland (Reference 133).  

Structural contours of the salt production interval for the Morton Salt 

Division of Morton Norwick mine in the Painesville area reveal 

northeasterly trending synclinal troughs interpreted by Jacoby to be 

salt flowage preceding faulting in response to Appalachian tectonism 

(Reference 134).  However, large scale folding in Lake County of either 

the salt or overlying shale strata is neither exposed in surface 

erosional or subsurface excavation exposures, nor interpreted by 

subsurface geological or geophysical data. 

 

Faulting is nearly as anomalous as fold structures.  Regionally, and as 

discussed in <Section 2.5.1.1.5.1>, faulting does affect Paleozoic 

strata to the south and also has been exposed in the International Salt 

Company mine in Cleveland to the west.  More locally, Jacoby reports 

that a high-angle thrust fault intersects the salt production interval 

of the Morton Salt Division of Morton Norwick mine in Fairport Harbor, 

approximately eight miles southwest of the Perry site (Reference 134).  

A small, normal fault described by Voight has been reported in the Grand 

River Access shaft of the Fairport Harbor Salt Mine (Reference 135).  

The normal fault is one border of a small graben with easterly strike 

and apparent offsets of up to 1 foot.  The graben affects dolomites 

immediately overlying the First Salt of the Salina Group.  The small 

thrust (reverse) fault described by Jacoby offsets approximately 25 feet 

of the underlying Upper Second Salt and a portion of intervening 

dolomite beds.  There is no evidence that the faults are coincident 

along strike.  They may be related in the sense that faults of this 

scale are reported to be common at the base of dolomites overlying the 

First Salt.  Furthermore, it is not unreasonable to expect some degree 

of rotational movement in solution-induced faulting.  Hence, movements 

of both normal and reverse senses might be expected in associated faults 

or even on different portions of a single fault.  It is not believed  
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that these faults are pervasive vertically through the Oriskany 

Sandstone of Middle Devonian age (Reference 134).  The thrust fault, 

while on strike with the cooling tunnel faults, is at a substantially 

greater depth below unfaulted post Middle Devonian limestones and shales 

(Reference 134).  No known or inferred relationship of this fault with 

the tunnel faults is apparent from existing geophysical or geological 

data. 

 

Rock cores from salt strata exploratory borings in the Painesville area 

occasionally intersect displacements within the “Big Lime.”  They are of 

a very minor nature, are completely healed and amount to a few inches at 

most.  Donald R. Richner, consulting geologist, has examined these 

discontinuities which range from very minor to miniscule, consisting 

mainly of stylolites and minor slips with traces of slickensides but 

having observable displacements of two inches at most.  He has not seen 

any evidence that these discontinuities were of a tectonic origin.  

Those observed above and below the Salina salt beds appear to result 

from penecontemporaneous deformation (Reference 135). 

 

Geologists are in agreement that the faulting and folding exposed in the 

International Salt Company and Morton Salt Division of Morton Norwick 

mines in Cleveland and Painesville, respectively, are attributable to 

dissolutioning of the salt during sediment lithification (Reference 132) 

(Reference 134) (Reference 135).  Subsequent failure of the overlying 

strata resulted in graben structures, slumping and down-warping 

dependent upon overlying lithology.  Locally, salt flowage into 

fractures and irregularly shaped cavities is evident. 

 

2.5.1.2.3.2      Local Structures 

 

A well documented fault in the geologic literature near the site locale 

is a relatively minor localized overthrust with approximately one foot 

of displacement in the Bedford shale (Mississippian age) on Bates Creek, 

also known as Warners Creek (Reference 136).  The fault is eight miles  
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south of the site.  A minor thrust fault matching the one described by 

Prosser was observed in the field on the east bank of Bates Creek.  The 

strike of the fault is northeast.  Three minor superficial faults of 

limited extent and displacement were found about one mile north of the 

Bates Creek fault (eight miles south of the site) on the west bank of 

the Paine Creek.  The faults, two gravity faults and a small bedding 

thrust fault named Hell Hollow 1, 2 and 3, were found to be associated 

with slumping.  These structures are shown on <Figure 2.5-40>. 

 

Field investigations and literature studies were completed to determine 

the characteristics, origin and age of both the Bates Creek and Hell 

Hollow faults.  The findings and results of the investigations are 

discussed in <Section 2.5.4.3.6.1>.  The Bates Creek and Hell Hollow 

faults were determined to be of surficial nature, limited in extent and 

unrelated to deep-seated faulting.  Their origin is believed to have 

been glacially induced at Warners Creek and related to bedrock slumping 

at Hell Hollow. 

 

Following the January 31, 1986, Leroy earthquake, extensive field 

mapping was conducted in the epicentral area and extending northeastward 

to the PNPP site.  Previously investigated structures 

<Section 2.5.4.3.6.1> were reexamined and other outcrops were checked 

for potential earthquake related structures.  Several types of bedrock 

structures were observed during these field investigations.  These 

include primary sedimentary structures, joints and fractures, anticlinal 

folds (pop-ups), and normal and thrust faults (Reference 4).  

Deformation associated with these fractures is generally minor and was 

typically observed to terminate rapidly both laterally and vertically 

within a given outcrop.  One larger, but obscured structure (Big Creek 

Structure, <Figure 2.5-40>) was studied in more detail by excavation, 

seismic refraction, magnetometer survey, and three boreholes.  The 

evidence from these investigations showed that the deformation was 

confined to the near surface.  There was no indication of any 

significant fracturing or offsets of the essentially flat-lying  
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sedimentary rocks extending beneath the excavated area.  While numerous 

folds and minor faults, similar to those previously reported in Bates 

Creek, were mapped during the investigation, all structures are readily 

associated with widely reported surface deformation mechanisms.  These 

include glacial push, glacial loading and unloading, removal of 

lithostatic load, and lateral compression coupled with unloading of 

incised stream valleys.  Regardless of the mechanism involved, all 

structures are limited in lateral and vertical extent to the upper 20 to 

30 feet of bedrock exposure, and therefore are judged to be unrelated to 

deep-seated neotectonic structures (Reference 4). 

 

2.5.1.2.3.3      Onshore Deformation Exposed by Plant Excavations 

 

Geologic mapping, inspection and evaluation of bedrock foundations, 

including excavation cuts and foundation grades for the Perry 

structures, were initiated in August 1975.  Several localized areas of 

deformed bedrock were revealed as a consequence of the excavation (see 

<Section 2.5.4.3.6.2> for investigative program).  Three fundamental 

structural fabrics consisting of folds and faults within the Chagrin 

shale, trending northwest and north-south, are inferred from the 

foundation bedrock geologic maps.  An excavated thrust fault traversing 

the southwest quadrant of Reactor 1, a shallow fold traversing Reactor 2 

and terminating in the Control Complex and a very shallow fold 

traversing the northeast corner of Condensate Demineralizer 1 are three 

elements of the northwesterly fabric.  A generally north-south trending 

fold, traversing the Control Complex, the Radwaste Building and 

Condensate Demineralizer 1, represents a second fabric.  Gentle swells 

and swales in Reactor 1, portions of the Control Complex, the Radwaste 

Building and elsewhere north and south of the nuclear island complex 

trend northeastward. 

 

These smaller structures (approximate wave length of two to three feet 

and amplitude less than six inches), which terminate with depth on 

horizontal shale bedding planes, were determined to be either primary,  
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related to deposition or secondary, related to glaciation.  The swell 

and swale axes lie normal to both regional Upper Devonian sediment 

transport as well as the general north to south Pleistocene glacial 

transport direction (Reference 7) (Reference 91).  The structural 

features are shown on <Figure 2.5-41>. 

 

As previously discussed, many of the smaller structures including the 

northeasterly trending swells and swales, most joints and in addition 

bedding-plant decollements were effectively removed during the final 

0.5 foot of excavation to final foundation grade.  Several clay-filled 

vertical joints with less than one inch separation between parallel 

faces, extend below final grade.  It was determined by probing that the 

joints close at a depth of one foot.  No groundwater was discharged from 

either tight or clay-filled joints, bedding-plant partings or localized 

areas of deformation. 

 

A fault traversing the intermediate building was observed intersecting 

the southwest quadrant of Unit 1 reactor building.  It was possible to 

view a downward projection by which the fault plane became conformable 

with bedding having a horizontal altitude at Elevation 561.6’ because 

the reactor building foundation grade lies two feet below that of the 

intermediate building.  A three inch thick gouge layer defining a 

decollement plane conformable with bedding was removed as a result of 

excavation to planned final foundation grade.  Thirty-five feet beyond 

the reactor building, the surface expression of the fault trace swings 

abruptly into a northeasterly trending small-scale anticline 

<Figure 2.5-41 (1)>. 

 

A small bedding plane thrust fault, trending northeastward intersects 

the west wall of the Control Complex approximately 20 feet north of the 

southwest corner.  The fault plane is defined by a thin gouge sheet, 

less than one-inch thick, of tough leathery clay containing angular 

fragments generally no larger than fine gravel.  One segment dips 

14 degrees to the south becoming horizontal with depth as observed from  



 

  Revision 12 
 2.5-95 January, 2003 

fault-plane projections onto flat-lying strata from which the thin 

conformable gouge sheet was removed during excavation to final grade.  

The fault is bounded above by undisturbed horizontal bedding.  A 

southward directed sense of motion is interpreted from disturbed rock 

along the inclined fault-plane segment. 

 

A step-line pattern was exposed in a near vertical cut along the west 

wall of the control complex <Figure 2.5-42 (1)>.  Gouge defining the 

fault plane thinned laterally, possibly signifying the limits of 

appreciable movement. 

 

Another thrust fault, located along the northern wall of the Radwaste 

Building, strikes generally east, dipping to the north.  This structure 

is bounded vertically by horizontal strata as observed during 

excavation.  A southerly sense of overriding motion is interpreted from 

disturbed rock along the fault-plane and from drag effects. 

 

Two anticlinal structures, larger scale than the swell and swale 

features, traverse the Unit 2 reactor building and the control complex 

in northwesterly and northerly directions, respectively.  The 

approximate width of affected bedrock in the reactor building is 

30 feet, and in the control complex it is 20 feet <Figure 2.5-41 (1)>, 

<Figure 2.5-41 (2)>.  As determined by measurements and observations of 

bedrock at excavation grade and in exploratory test pits and borings, 

caisson excavations and overexcavated areas, the anticlinal structures 

are generally steepened on their southerly and westerly limbs.  The 

folded strata exhibited fracturing along their hinge lines, but the rock 

had not undergone weathering.  The hinge lines generally migrate to the 

south and west with increasing depth.  These folds terminated below 

foundation grade on horizontal bedding-plane decollements characterized 

by a gouge layer ranging in thickness from one to three inches 

conformable with immediately subjacent flat-lying, competent shale 

<Figure 2.5-43> <Figure 2.5-44>.  A caisson excavation penetrating the 

folded strata, extending southeasterly beyond the Unit 2 reactor  
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building, reached undeformed, flat-lying, competent shale 

<Figure 2.5-45>.  Both condensate demineralizer foundations intersect 

the northerly trending fold traversing the radwaste-control complex 

excavation.  However, the deeper foundations excavated for the 

condensate demineralizer penetrate folded strata and extend into 

flat-lying, competent shale. 

 

Fault-plane material in all cases was a gouge of tough, leathery 

consistency, composed of a very hard, gray-clay matrix with 

coarse-grained sand size, angular-shaped shale inclusions.  The matrix 

material resembles the dense lower till derived from Chagrin shale.  

Unlike the overlying till, it does not contain erratics derived from 

either the crystalline rocks of the Canadian Shield or any sedimentary 

rock compositions with the exception of Chagrin shale inclusions.  No 

slickensides, cleavage, groundwater, or secondary mineralization were 

identified within the fault zones or adjacent country rock.  The absence 

of foreign materials and a similar lack of evidence for either 

recrystallization of country rock or crystallization of anomalous 

mineral matter within or adjacent to deformed strata is interpreted as 

localized, low temperature and relatively low-stress deformation 

conditions. 

 

Vertically the lower limit of the onshore deformation was established at 

a horizon defined by the deepest foundation excavations including those 

for the condensate demineralizer and heater bay buildings.  The upper 

limit of this deformation terminates at the base of a boulder layer 

which maintains grade at approximate Elevation 570’ and is pervasive 

throughout the plant site.  As discussed in <Section 2.5.1.2.2>, this 

boulder layer defines the base of structureless lower till.  Below the 

boulder layer and above competent shale, a six to eight-foot thick 

transitory interval was mapped in which the lower till has been 

incorporated within contorted, blocky and weathered shale.  Shallow 

folding, imbricate thrusting, drag, and till incorporated into the 

bedrock all imply deformation associated with lower till emplacement.   
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The upper till and overlying glacio-lacustrine sediments are not 

deformed.  A complete lens of till integrated within the shale 

approximately three feet above flat-lying shale is shown on 

<Figure 2.5-46>. 

 

In summary, the approximate 45 foot thick interval occurring between the 

excavation grade of the deepest onshore foundation excavations and the 

base of the boulder layer has experienced deformation consisting of 

folding and faulting.  The northeasterly to southwesterly sense of shove 

has been interpreted on the basis of structural fabric and symmetry.  

Bedrock strata were detached along bedding planes with combinations of 

rotation and buckling as well as slight upward shearing or 

underthrusting developing in proximity to their leading edges.  Movement 

along bedding-plane decollements resulted in the development of gouge.  

The mechanism which generated this shallow bedrock deformation, is 

attributed to late Wisconsinan glaciation. 

 

2.5.1.2.3.4      Offshore Deformation Exposed by Tunneling 

 

2.5.1.2.3.4.1      Intake Tunnel Structures 

 

Tunnel excavation operations during April 1978 in the intake tunnel, at 

a point about 600 feet offshore and 120 feet beneath the lake, 

intersected a small displacement, low-angle thrust fault, striking 

northeast and dipping southeast.  The lateral extent of deformation 

within the tunnel is less than 50 feet. 

 

The fault exhibited less than one foot of throw with a decrease towards 

the tunnel crown.  The brittle nature of this deformation is exemplified 

by the development of fractured and broken drag folds, kinks, 

angular/flaggy fragments of siltstone and shale adjacent to and within 

the prominent gouge zone and dipslip striations.  These characteristics  
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are present within an interval ranging up to three feet in thickness 

normal to the fault plane trace.  See <Figure 2.5-47 (5)> for geologic 

maps of faulting. 

 

The gouge consists of a light gray, clay matrix containing angular 

fragments of siltstone and shale derived from the adjacent hanging and 

foot wall country rock.  Thin splays, 0.1 foot thick, originating from 

the main fault become parallel with bedding plane separations.  The thin 

gouge layers conformable with bedding are not laterally continuous but 

gradually thin to a zero thickness, generally within ten feet of the 

fault zone. 

 

Drag folding is both well developed and quite pronounced.  Locally, a 

faint axial plane cleavage is developed at the fold hinges.  Drag folds 

are asymmetric, demonstrating deformation parallel to the fault plane 

dip direction.  Orientations of drag folds are parallel to the strike of 

faulting. 

 

Numerous striations indicative of fault plane motion are recognized on 

both the hanging and foot walls immediately adjacent to the fault gouge.  

Striations indicate the fault movement is parallel to the dip direction.  

The sense of movement direction cannot be determined on the basis of 

striations but is readily apparent from stratigraphic offset. 

 

The fault is immediately preceded to the southeast within the intake 

tunnel by an asymmetric syncline.  This gentle flexure is bounded by 

horizontal strata upward vertically within the tunnel excavation.  The 

base of the structure lies below the tunnel invert elevation.  Folding 

is accompanied by bedding-plane parallel flexural slip and very minor 

northwest dipping thrusting on its northwest limb.  There, too, the 

thrust merges with bedding planes. 
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2.5.1.2.3.4.2      Discharge Tunnel Structures 

 

Two discharge tunnel segments exhibiting bedrock deformation were 

intersected by excavation operations in late August and early 

September 1978, respectively.  See <Figure 2.5-47 (20)> and 

<Figure 2.5-47 (21)> for geologic maps of faulting. 

 

The first is a distinct, zigzag fracture pattern occurring approximately 

700 feet offshore.  The general structure attitude is 

north-northeasterly striking and south-southeasterly dipping.  Minor, 

discontinuous displacements, 0.1 to 0.4 foot, and flexuring of strata 

which traverse the plane of deformation, have resulted in a cumulative 

stratigraphic throw less than 0.4 foot at the tunnel invert.  Only very 

gentle strata warping occurs near the tunnel crown, indicating vertical 

termination of deformation.  The relative sense of inferred motion 

indicates upward and northerly movement of the hanging wall block. 

 

Approximately 150 feet north of the first segment, a small-displacement, 

low-angle thrust fault, similar to the intake tunnel structure, 

intersects the discharge tunnel.  The lateral extent of deformation 

within the tunnel is less than 40 feet.  The fault plane attitude 

strikes slightly more easterly and dips less than in the intake tunnel.  

Associated with the faulting are drag folds fracturing and well 

developed gouge, as previously described for the intake tunnel. 

 

2.5.1.2.3.4.3      Extent of Tunnel Deformation 

 

Exploratory borings (TX-1 through TX-6) drilled through the intake 

tunnel invert and confirmatory downhole geophysical logging (low P-wave 

velocity for deformed rock relative to high P-wave velocity for 

undeformed rock) established a consistent fault plane dip, essentially 

17 degrees toward the southeast.  Two deep onshore borings (TX-7 and 

TX-11, 397 and 730 feet deep, respectively) situated in proximity to the 

discharge and intake tunnels did not yield definitive evidence of  
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faulting.  This suggests that the fault thins appreciably downdip and is 

conformable with bedding or dies out.  A boring (TX-12), oriented 

parallel to the intake tunnel alignment and inclined approximately 

60 degrees from the horizontal, intersected the fault as interpreted 

from core.  A zone of broken rock and gouge (three seams, 1.5 to 

3.0 inches thick) was found between depths of 376.0’ and 380.4’ 

(elevation approximately 300’) which represents the fault.  This 

interpretation corresponds to a straight-line projection based on tunnel 

exposure and in-tunnel borings.  From these data the fault extends 

600 feet southeast of the tunnel exposures. 

 

The intake and main discharge tunnel deformation are separated by 

approximately 750 feet representing the known distance along fault plane 

strike.  Projections of the tunnel faults to the southwest, using 

several hypothesized attitudes, extend beneath the bottom elevations of 

borings TX-8, 9 and 10.  As a result, these borings drilled west of the 

site, on the shoreline projection of the faults, would not be expected 

to and, in fact, did not encounter evidence of deformation.  Nor did 

shoreline reconnaissance suggest structural deformation in the tills and 

lacustrine deposits comprising the shoreline bluff.  Lateral extension 

of faulting in a northeasterly direction is purely conjectural. 

 

There is no surface expression of the fault on the lake bottom.  Lake 

bottom reconnaissance and video tape documentation were conducted across 

the updip fault plane projection.  A decreasing deformational gradient 

in an updip direction has been inferred from tunnel exposure 

measurements and interpretations of tunnel borings.  This gradient 

suggests that the net slip along the fault plane should reach zero 

approximately 20 feet above the tunnel elevation. 

 

The conclusions regarding lateral and vertical extent are supported by 

comparative isotopic analysis of fault zone seepage and Lake Erie water.  

These analyses show that isotopic ratios of D/H and 180/160 from the 

intake tunnel differ insignificantly from each other and from the  



 

  Revision 12 
 2.5-101 January, 2003 

discharge tunnel.  These data are consistent with a single fault 

intersecting both tunnels.  However, water from the fault differs 

significantly from the lake water.  It is therefore concluded that water 

from the fault in the two tunnels has a common source which is not Lake 

Erie.  All three sample sets are meteoric, that is, they were not 

derived from an exceedingly great depth, but rather from the atmosphere. 

 

The geometrical relationships interpreted from the laboratory and field 

data are shown on <Figure 2.5-48> and <Figure 2.5-49>. 

 

2.5.1.2.3.4.4      Tunnel Deformation Origin 

 

Based on structural style, orientation and sense of offset, the thrust 

fault exposed in each tunnel is apparently the same feature or en 

echelon.  Faulting is distinctly brittle with deformation confined to 

the immediate vicinity of the fault plane.  The zigzag fracture pattern 

and accompanying evidences of flexure characterizing the more southerly 

discharge tunnel deformation may be an en echelon structure, but more 

probably represents a splay from the main fault. 

 

Faulting mechanisms considered included Paleozoic Tectonics, Mesozoic- 

Tertiary Tectonics and Pleistocene-Recent.  Regarding mid-Paleozoic 

deformation, the concept of soft sediment deformation can be ruled out 

by the brittle nature of observed deformation.  The tunnel fault formed 

following lithification of the shale sequence.  Notwithstanding 

interpretation regarding age, pre-Pleistocene tectonics are considered 

primarily in consideration of geometric data on tunnel fault strike and 

shallow dip.  Alleghenian (Appalachian) orogenic compressional stresses 

propagated northwesterly, employing Salina salt bed decollements would 

be technically feasible.  Upward propagation of faulting at low dip 

angles, as with the tunnel faulting, would be compatible.  

Alternatively, southeasterly gravitational movement during late 

Paleozoic or early Mesozoic time was possible when overburden pressure 

and formation temperatures were about at peak values.  Again, a majority  
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of the lateral movement would be expected to occur upon the Salina 

salts.  Relatively high loading conditions existing during glaciation 

with high stress gradients near ice sheet boundaries may have activated 

flowage deformation within the salt which resulted in underthrusting of 

the more competent overlying strata.  Other mechanisms associated with 

deeper rooted deformation such as basement-block faulting and 

differential warping of Paleozoic strata would tend to produce normal 

faulting in overlying formations, not thrust faults. 

 

Data regarding the age of faulting were derived from field and 

laboratory studies.  An age determination from fault gouge 

mineralization could not be undertaken because none of the constituent 

minerals contained radioactive isotopes suitable for dating.  However, 

on the basis of syn and/or post-deformational mineral growth extending 

completely across fault zone microcracks related to the last movement on 

the fault, it is concluded that the time of last movement for each of 

the tunnel fault segments is approximately 1 million years but may be as 

old as 2 to 5 million years or as young as 0.8 million years. 

 

Comparisons of the microcrack data to similar data from other locales 

were employed in age determinations.  Allowances for variability in 

factors such as temperature, pressure and chemical environment and 

uncertainty related to mineral growth rates could suggest a greater 

range in estimated formation time.  Notwithstanding the foregoing 

consideration, it is not reasonable to postulate a recent age for last 

fault movement.  Microcrack mineral growth bridges, some of which are 

quite delicate, remained intact and unruptured during the period of 

historical seismicity discussed in <Section 2.5.2>. 

 

During faulting the orientation of the maximum principal stress was 

oriented normal to fault strike.  In situ stress measurements employing 

the hydrofracture technique demonstrate that the stress field 

orientation has changed since faulting <Section 2.5.1.2.5.3> 

<Appendix 2D E>.  The maximum principal stress consistent with the  
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prevailing regional stress field is parallel to the fault strike.  The 

magnitude of vertical stresses measured is as expected for calculated 

overburden pressure.  Reorientation of the stress field must have 

occurred during Pleistocene time in response to glaciation.  Deposits of 

three major stages are recognized in northeastern Ohio 

<Section 2.5.1.2.4>.  No Nebraskan stage deposits have been identified 

in Ohio.  It is not known which major ice advance or minor 

recessional-readvance cycle altered the stress field prevailing during 

the last fault movement.  This method of qualitatively dating the last 

fault movement is in agreement with the microcrack study conclusions. 

 

It has been hypothesized on the basis of maximum past consolidation 

pressure of the fault gouge that the associated overburden pressure was 

not substantial but on the order inferred from an ice sheet considerably 

thinner than that estimated for northeastern Ohio at the Laurentide 

maximum.  On this basis, the last fault movement is more likely 

associated with deglaciation-rebound than an ice sheet advance.  

However, rock-to-rock contacts across the fault zone, as well as the 

step-like pattern of faulting, were documented during large-scale 

mapping of the deformed tunnel segments <Figure 2.5-50>, 

<Figure 2.5-51>, and <Figure 2.5-52>.  Extrapolations of fault 

displacement suggests that approximately 70 feet of undeformed bedrock 

overlie the updip projection of faulting.  Therefore, it is uncertain 

whether the fault gouge would have experienced maximum overburden 

loading during glacial advance when ice thicknesses exceeded several 

thousand feet.  Hence, the age of movement for the fault based on gouge 

consolidation tests is not reliable. 

 

The most reasonable interpretation of all the data is that the tunnel 

deformation and at least the last movement on the fault was a 

Pleistocene event associated with glaciation.  Candidate mechanisms 

include ice-sheet traction, differential down-bowing with glacial 

advance, differential rebound with glacial retreat, surficial 

stress-relief or “pop-up,” and subsurface salt tectonics, the latter as  
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previously discussed.  More probable were glacio-isostatic uplift and 

surficial stress relief during glaciation rebound.  Recurrent movement 

on deeper-seated pre-Pleistocene structures or faults, either by direct 

propagation or by en echelon deformation could have been possible.  Both 

of the latter would have been activated by glacial ice loading or 

unloading.  The conclusions of investigations reported in <Appendix 2D> 

and lack of evidence to the contrary are consistent; the fault is 

non-capable as defined in <10 CFR 100, Appendix A>. 

 

2.5.1.2.4      Geologic History of the Site 

 

The geologic history of the site is consistent with the regional history 

described in <Section 2.5.1.1.6>.  The site and adjacent areas in 

northern Ohio are mantled by glacial deposits of Pleistocene age which 

range in thickness from a few tens of feet to several hundred feet and 

at the site approximately 55 feet thick.  Surface geologic mapping and 

borings show that the glacial deposits are underlain by a thick series 

of Paleozoic sedimentary rocks.  The Paleozoic rocks are, in turn, 

underlain by crystalline basement rocks of Precambrian age.  The depth 

to the Precambrian rocks is estimated to be almost 5,000 feet below sea 

level. 

 

2.5.1.2.4.1      Preglacial 

 

The Precambrian rocks underlying the site are similar to the rocks of 

the Canadian Shield to the north.  Rhyolite and magnetite cuttings are 

logged for a deep well in Lake County penetrating the Precambrian 

surface (Calhio No. 1, Permit No. 142).  Originally sedimentary and 

volcanic, these rocks have been changed into metamorphic rocks by 

folding, igneous intrusion and deep burial.  The Precambrian topography 

was undoubtedly rugged at one time, but prior to the Paleozoic it was 

eroded to a near level surface. 
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During Paleozoic time, tens of thousands of feet of sedimentary rocks 

were deposited in a generally submerged, subsiding basin called the 

Appalachian geosyncline.  The site lies along the western flank of this 

geosyncline where sedimentation rates were considerably less than to the 

east along the geosynclinal axis.  During this time, the Precambrian 

basement rocks subsided without major folding or faulting.  The rate of 

subsidence varied with time and location.  By the Silurian period, 

subsidence was slower, the seas were generally more shallow, and the 

potential for coral reefs rather good.  However, locally no major reef 

development is known.  Deposits of evaporite salt and gypsum in the 

Silurian sequence are thought to indicate the existence of isolated 

basins.  Structural contouring near the base of the “Big Lime” in 

northeastern Ohio suggests northeasterly trending troughs which may have 

influenced evaporite deposition.  The Cincinnati and Findlay arches are 

elongated domes of the Precambrian surface marking locations of 

generally slower subsidence.  Early Devonian time marked a return to 

freely circulating seas as indicated by carbonate deposition. 

 

By mid and especially late Devonian time the paleoenvironmental 

conditions in northeastern Ohio were undoubtedly characterized by 

recurrent periods of quiescence and sediment disturbance.  The 

stratigraphic record for this interval, approximately 1,200 feet of 

interbedded shale and siltstone to very fine-grained sandstone with the 

former predominant, grades upward from a black and dark gray shale to a 

light to medium-gray shale.  Interfingering of the two basic shale types 

occurs within the transition.  Coarser-grained beds exhibit small scale 

primary structures including oscillatory rippling, slump, cross-bedding, 

ripped-clasts, and other evidence of scour.  These features are 

interpreted as evidence of intermittent turbidity.  The darker shale 

section belonging to the Huron shale member and overlying strata of the 

Chagrin shale member together comprise the Ohio Shale.  The uppermost 

member, Cleveland, is not present at the site but is a facies 

correlative laterally from west to east with the uppermost Chagrin 

sediments in northeastern Ohio.  Chagrin shale is the youngest bedrock 

unit at the site. 
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Approximately seven miles south of the site, Mississippian period rocks 

comprised of the Bedford Shale and Berea Sandstone are exposed at higher 

elevations, respectively.  Collectively, these sediments may be 

representative of a deltaic depositional pattern with Bedford Shale 

transitional from a marine environment of the Ohio Shale to a fluviatile 

origin for at least some of the coarse-clastic Berea sediments.  Pepper 

and others postulate a northerly source area for the Bedford and Berea 

sediments (Reference 90).  In north-central Ohio channels eroded through 

the Bedford and occasionally extending into the Ohio Shale are filled 

with cross-bedded Berea Sandstone.  Apparently, some of the Bedford 

Shale sediments in proximity to definable channels exhibit evidence of a 

slump.  The Chagrin-Bedford-Berea sequence south of the site appears to 

be conformable, probably occupying an intermediary position between two 

major sediment dispersal loci. 

 

The Paleozoic Era ended with the Alleghanian (Appalachian) Orogeny 

during which rocks of the geosyncline were uplifted and accompanied by 

intense folding and faulting primarily east of Ohio.  Several 

compressional structures in southeastern Ohio, including the 

Parkersburg-Loraine syncline and the Cambridge arch, have been 

attributed to tectonic stresses propagated northwesterly during the 

Appalachian Orogeny.  The two structures are contiguous folds striking 

approximately N10W, in contrast to the northeast trending Appalachian 

fold belt axes.  These structures occur beyond the Burning Springs 

Anticline in West Virginia which is suggested to represent the terminal 

effects of Alleghanian compression.  Decollement style deformation 

employing the Salina salt beds as glide planes was active in West 

Virginia during the close of the Paleozoic.  Following the curved 

leading edge of the Alleghanian deformation front north and 

northeastward into western New York, a similar terminal structure, the 

Chautauqua Anticline/Bass-Islands structure is encountered.  It is 

conjecture to postulate the northwesterly extent of this deformation 

style.  On the basis of geometry alone, it is possible that the small 

displacement, thrust fault intersecting the cooling water tunnels is a  
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manifestation of the waning effect of late Paleozoic tectonic stresses 

attentuated in their northwest propagation beyond the Appalachian 

Structural Front. 

 

During the Mesozoic and Early Cenozoic Eras, northeastern Ohio underwent 

active erosion.  The region, however, remained a positive feature 

throughout the interim.  It is generally believed that in northeastern 

Ohio drainage was directed toward the north into the province of Ontario 

across the area now occupied by Lake Erie.  An ancestral Grand River 

system presumably drained the site vicinity.  The gradient of the main 

Grand River channel probably was much steeper, having undergone 

significant headward erosion during periglacial and Recent time.  Many 

of its former tributaries are buried by thick glacial deposits.  

Summarily, the cumulative effect of active processes, dominated by 

uplift and erosion, subsequent to late Paleozoic tectonism and preceding 

glaciation, resulted in a general lowering of elevation and reduction in 

local relief. 

 

2.5.1.2.4.2      Glacial 

 

Beginning approximately two million years ago at the advent of the 

Pleistocene Epoch and continuing until about 14,000 years ago, there 

were four major stages of extensive continental glaciation, Nebraskan, 

Kansan, Illinoian, and Wisconsinan.  The individual glacial periods 

spanned time intervals of approximately 100,000 years and were separated 

from each other by the following interglacial periods; Aftonian, 

Yarmouth and Sangamon respectively.  During interglacial periods the 

climates moderated, sea levels rose and the continents were most likely 

ice free.  Also, each of the four major glaciations was interrupted by 

short term periods or interstades of non-glaciation.  During these 

interstades the glaciers retreated and then readvanced while continuing 

to cover the main continental mass.  Readvances and retreats resulted in 

partial to complete eradication of previous glacial and interstadial 

deposits.  Parts of Ohio were covered during at least the latter three  
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stages for periods up to 50,000 years separated by long interglacial 

stages.  Each of the major advances was partly responsible for the 

formation of the basins of the Great Lakes and the present topography. 

 

There is no direct evidence of Nebraskan stage glaciation in 

northeastern Ohio, however direct and indirect evidence of the other 

stages is present.  In northwestern Pennsylvania, the Slippery Rock till 

is assigned pre-Illinoisian, does not outcrop, and is not known beyond 

the Mapledale (Illinoian) limit.  It is correlated with the till in 

Elkton Rift, 20 miles south of Youngstown, assumed to be Kansan 

(Reference 137) (Reference 138).  Till of the Illinoian stage has been 

found about 70 miles south of the site.  Deposits of the last major 

advance, the Wisconsinan stage, are found up to 75 miles south of the 

site. 

 

The extensive deposits of unconsolidated sediments overlying the Chagrin 

shale at the site, exposed by the plant excavations, include 

approximately 60 feet of both till and lacustrine sediments.  In 

ascending order a transitory internal, approximately seven feet thick, 

occurs between competent bedrock and a horizontal boulder layer defining 

the lower till base.  Within the transitory interval, blocks of randomly 

oriented detached Chagrin shale bedrock are surrounded by a dense, gray 

clay till not unlike the lower till.  The lower till, generally twenty 

feet thick, is in turn overlain by upper till, approximately ten feet 

thick, which is less dense and characterized by a slightly reddish hue.  

The two tills may represent deposition from either distinct substage 

advances or an advance-retreat-readvance cycle of one substage.  The  

surface deposit, lacustrine sediments, consists of more than 20 feet of 

thinly stratified clay, silt and occasional sand layers of which the 

upper five to seven feet are oxidized to a brownish-orange hue. 

 

A radiocarbon date obtained from organic material in lacustrine silt is 

14,480310 B.P.  This suggests that the upper till is older than 

previously presumed.  Originally described by White, the Ashtabula till  
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is the youngest glacial deposit in Ohio, occurring in a very narrow belt 

parallel to Lake Erie, from two to six miles wide, and traceable from 

Cleveland along the Lake Shore into New York (Reference 139). 

 

Shane has given the following estimates for the age of the Ashtabula and 

earlier late Wisconsinan till sheets in the Grand River Lobe of 

northeastern Ohio (Reference 140): 

 

   Ashtabula till  13,000 B.P. 

   Hiram till  14,500 B.P. 

   Lavery till  16,500 B.P. 

   Kent till   21,000 B.P. 

 

Although the site clearly lies within the area of Ashtabula till, the 

radiocarbon date of 14,480 B.P. is far too old to represent the 

Ashtabula till, and more probably relates to the earlier Hiram till.  

The Ashtabula till has probably been removed by early lake erosion.  

White, Totten and Gross note that in “a belt two to four miles wide 

between Lake Erie and the Ashtabula moraines, the Ashtabula till has 

been in part removed by erosion of the higher late glacial levels of 

Lake Erie, and in part the till is overlain by sand and gravel deposited 

in the higher levels of the lake” (Reference 141).  The date obtained 

from the organic detritus, interbedded within the site lacustrine 

deposits, is significant, being the oldest date associated with the 

retreat of Hiram ice in the northeastern part of the Lake Erie basin.  

This suggests that the Hiram ice front retreated somewhat earlier than 

previously suspected, and it supports a White, Totten and Gross 

contention that the Hiram ice retreated “almost certainly into the Lake 

Erie Basin” (Reference 141).  The radiocarbon date also provides a firm 

minimum date on the time of the shallow onshore deformation exposed by 

the site excavations <Section 2.5.1.2.3>.  This superficial bedrock 

deformation, attributed to glacial shove and override, is either 

associated with Hiram till, or an earlier late Wisconsinan ice advance.   
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In either case, the deformation must have occurred prior to the 

14,500 year-old organic detritus interbedded within lacustrine silts 

overlying the Hiram till.  

 

Nonresistant upper till sediments were overloaded by an advance of 

Ashtabula ice.  This resulted in differential compaction and development 

of load casts. 

 

The Great Lakes began to develop after the Cary substage of the 

Wisconsinan.  These ancestral lakes were mainly filled by glacial 

meltwater caused by ice front damming on the north and high terrain to 

the south.  Outlets to the west, south and east were used at various 

times, depending upon the position of the ice front.  Lacustrine or lake 

bottom sediments and beach deposits formed in these lakes.  Some of the 

early lake deposits were formed and then obliterated or buried by 

readvance of the ice sheet.  As the ice retreated for the last time, 

these deposits emerged as the lake levels fell.  Different names were 

applied to each separate lake stage. 

 

Evidence of higher Lake Erie stages are abundant in the locale.  

Lacustrine sediments were deposited subsequent to the retreat of 

Ashtabula ice from northeastern Ohio.  Several ancestral beaches are 

preserved south of the site as low continuous sandy ridges generally 

parallel and subparallel to the present Lake Erie shoreline 

(Reference 129).  Lake Whittlesey beaches are a consistent feature 

throughout the lake plain area and may be observed at Elevation 735’ 

between Painesville and Ashtabula along which Ohio State Highway 84 is 

located.  U.S. Highway 20 from Pennsylvania to Lakewood, Ohio follows 

one of several Lake Warren beach ridges.  Discontinuous sediments of 

beaches associated with Lake Lundy, which developed when the glacial ice 

began to retreat from southern Ontario, are located between the present 

Lake Erie shoreline and North Perry, Ohio. 
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Estimates of the Laurentide ice volumes from its late Wisconsinan 

maximum suggest that at least 1,000 feet of ice, and possibly up to 

5,000 feet loaded the site.  The regional response to ice loading was 

crustal depression and isostatic rebound subsequent to deglaciation.  

Geomorphologic data indicate that Lake Erie, immediately following 

deglaciation, drained northwestward and southward.  Subsequent to 

regional rebound, a drainage reversal was effected to its present outlet 

over Niagara Falls (Reference 129). 

 

Crustal depression induced by these loadings would be expected to 

contribute to localized stress buildup and vertical movements near the 

ice margin, probably during glacial advance as well as retreat.  These 

vertical movements at any one place included those associated with ice 

retreat as well as those attributed to ice loading.  The maximum 

principal compressional stress which caused the faulting exposed in the 

cooling water tunnels was oriented northwest-southeast during 

deformation.  Although this bearing is consistent with the propagation 

of tectonic stresses during the Alleghanian (Appalachian) Orogeny, so is 

the gradient of crustal rebound and the general direction of local ice 

movement within the Grand River Lobe of northeastern Ohio 

(Reference 142).  Stresses developed during glaciation were reoriented 

following deglaciation via glacial-isostatic rebound. 

 

Rebound at the Perry site and throughout northeastern Ohio has ceased as 

determined by recent geodetic releveling reported by Meade, 1971 

(Reference 143). 

 

2.5.1.2.5      Engineering Geology of Local Geologic Features 

 

Site grade is at approximate Elevation 620’.  In descending order, the 

stratigraphic units encountered are lacustrine, glacial ground moraine, 

the latter subdivided into an upper till and lower till stratum, and 

Upper Devonian Chagrin shale. 
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The lacustrine sediments consisting of stratified silty and clayey fine 

sands (SM), (SC) and silts (ML) and silty clay (CL) usually have 

Standard Penetration Resistance (SPR) values ranging between 5 and 

15 blows per foot.  Average thickness of lacustrine deposits is 25 feet.  

Upper till materials with an average thickness of 10 feet, are 

predominantly fine sandy silty clay (CL) of low plasticity.  SPR values 

of the upper till were variable ranging from 4 to 30 blows per foot, but 

generally increased with depth.  The lower till underlies the upper till 

at an average depth of approximately 35 feet below the preconstruction 

ground surface.  Its average thickness is 19 feet.  The lower till 

differs from the upper till by having a much lower natural water 

content, relatively greater density and a boulder layer near its base.  

The lower till is predominantly fine sandy silty clay (CL) of slight to 

low plasticity with SPR values usually ranging between 30 and 100 blows 

per foot. 

 

The Chagrin shale is a member of the Upper Devonian Ohio Shale formation 

which is more than 1,200 feet thick.  The stratum dips slightly to the 

southeast.  The shale is mainly clay shale with thin laminations of very 

fine sandstone to siltstone.  Bedding thicknesses generally range from 

1/16 to more than 1 inch.  Mineralogically, illite (most abundant), 

chlorite and kaolinite are the clay minerals.  Typically, fresh shale is 

moderately hard, as it can be scratched but not gouged or carved with a 

pocket knife.  Bedrock conditions both onshore and offshore are similar 

in that the upper two to five feet of bedrock is somewhat softer, 

perhaps weathered.  Below the weathering zone, the rock is competent and 

95 percent or higher core recovery is typical. 

 

Ground water levels usually ranged between three and five feet below 

existing ground surface.  The gradient slopes downward toward Lake Erie.  

Piezometer data indicate a gravitational groundwater system is present 

resulting in full hydrostatic water pressures at least down to an 

average elevation of 555’. 
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Additional discussion of the engineering and physical properties of 

founding grade materials is provided in <Section 2.5.4.2>.  

<Figure 2.5-53> is a plot plan showing the locations of exploration 

borings, sampling and in situ testing.  Logs of the test borings are 

provided in <Appendix 2E>.  <Figure 2.5-42> shows geologic cross 

sections of the plant site excavation profiles supplemented by test 

boring information.  <Figure 2.5-54> is a map view of the materials 

underlying the plant structures. 

 

2.5.1.2.5.1      Behavior During Prior Earthquakes 

 

No physical evidence was uncovered during the geologic investigations of 

the surficial or subsurface materials which would indicate any 

correlation between historic earthquake activity and site geologic 

structure.  Extensive geologic investigations conducted after the 

January 31, 1986 Leroy earthquake found no geologic structures that 

could be related to the Leroy event or any historic activity. 

 

2.5.1.2.5.2      Deformational Zones 

 

As described in <Section 2.5.1.2.3.3> several zones of folded, faulted 

and otherwise structurally altered bedrock were exposed during 

foundation excavation operations.  It was determined during subsequent 

field investigations, subsurface exploration and planned caisson 

excavation through altered bedrock that these zones of bedrock 

deformation are restricted vertically as well as laterally.  No 

surficial manifestation of these structures was observed.  Although the 

engineering properties of disturbed bedrock are sufficiently 

conservative and within limits of foundation design criteria, zones of 

altered bedrock were overexcavated to competent bedrock and backfilled 

to foundation grade with porous and fill concrete.  This was 

accomplished to preclude any potential for the erosion and ingress of 

altered shale particles into the porous concrete blanket.  A complete 

description of the plant porous concrete underdrain system is provided  
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in <Section 2.4.13.5>.  Typically, the overexcavated areas were 

backfilled with 1,500 psi concrete to planned excavation grade.  A 

minimum thickness, one foot, of porous concrete has been placed beneath 

the nuclear island complex.  <Figure 2.5-55> shows the areas and depths 

of overexcavation. 

 

The plant intake and discharge cooling water tunnels beneath Lake Erie 

are intersected by low-angle thrust faulting as described in 

<Section 2.5.1.2.3.3>.  Geologic mapping and documentation of the 

deformation was accomplished during tunnel excavation operations and is 

included in <Figure 2.5-47>.  The tunnel design was not affected by the 

presence of these bedrock discontinuities.  The tunnels are constructed 

with a concrete liner backed with contact grouting approximately one 

foot thick to ensure continuity between the liner and bedrock. 

 

2.5.1.2.5.3      In Situ Stresses 

 

Hydraulic fracturing was conducted within borehole TX-11 in order to 

determine the magnitude and orientation of site in situ principal 

stresses.  The borehole in which measurements were made was 3.65 inches 

in diameter and was drilled to a depth of 730 feet.  This hole was 

advanced initially through approximately 60 feet of glaciolacustrine and 

till deposits before encountering bedrock of the Ohio Shale formation.  

Chagrin shale, predominantly thinly-bedded light to medium grey shale 

and minor light grey to buff siltstone and/or very fine-grained 

sandstone, extends uninterrupted to an approximate depth of 463 feet.  

Below this depth interfingering of the Huron shale begins and increases 

with depth.  This interfingering is demonstrative of the facies concept 

governing the vertical and lateral distribution of Ohio Shale sediments 

throughout northeastern Ohio.  Huron shale is characterized by 

predominantly thinly-bedded brown shale and minor light grey siltstone 

and/or very fine-grained sandstone.  The Huron shale is harder than  

Chagrin shale having higher apparent strength properties.  Core recovery 
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was excellent for both Ohio Shale members, and no faults or major 

discontinuities were interpreted.  (See <Appendix 2E> for TX-11 boring 

log). 

 

Eight test intervals, ten feet long, were isolated by a double packer 

assembly and subjected to hydraulic fracturing.  The medium depths of 

the shallowest and deepest intervals, respectively, were 394 and 

718 feet.  In situ stress measurements were calculated from vertically 

and horizontally induced fracturing and their respective breakdown and 

shut-in pressures.  Assumptions regarding tensile strength values, 

either assumed or inferred from breakdown pressures, were confirmed by 

laboratory hydraulic burst tests.  Finally, impression packers recorded 

bore wall fractures induced by hydraulic fracturing.  A Kuster single 

shot survey instrument was used to orient the fracture traces. 

 

A summary of the field and laboratory in situ stress measurement program 

results are as follows: 

 

a. The orientation of 1 was measured to vary between N67E and E10S.  

This fits well with orientation of stress over a regional basis. 

 

b. The stress measured (the horizontal stresses are the maximum and 

intermediate principal stresses) fall within the limits of stresses 

measured in other parts of northeastern and north-central United 

States and southern Canada. 

 

c. In all cases (eight test intervals) except possibly the uppermost 

interval, the complete stress Tensor could be defined. 

 

d. The vertical component, minimum principal stress gradient 

corresponds closely to the anticipated overburden pressure. 

 

At the shallower test depths, the tendency for 1 ~ 2 ~ 3 is well 

defined and gradient extrapolations of existing measurements to the  
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surface are reasonable.  No high stress magnitudes were experienced in 

either the tunnel or plant area excavations or concluded from 

measurements of extensometers installed in the bedrock walls of the 

emergency service water pumphouse <Section 2.5.4.13.2> and 

<Section 2.5.4.13.3>.  These conclusions, regarding stresses from plant 

structure excavations, are consistent with the gradient extrapolation of 

the deeper in situ borehole measurements.  Below a depth of 

approximately 600 feet, both Hmax and Hmin show an increase in gradient, 

with the gradient for Hmax being larger.  The gradient increase is 

attributed to changes in bedrock lithology rather than any structural 

discontinuities.  Huron shale is predominant over Chagrin shale at the 

deeper borehole depths. 

 

The field and laboratory stress measurement program was directed by 

Dr. Jean-Claude Roegiers, Department of Civil Engineering, University of 

Toronto.  Data conclusions and an overview of the hydraulic fracturing 

technique are contained within <Appendix 2D E>. 

 

2.5.1.2.5.4      Unstable Material Mineralogical or Physical Properties 

 

No unstable materials, either soil or bedrock, were anticipated on the 

basis of geological and geophysical investigations, and none were 

encountered during foundation excavation and tunneling operations.  

Material properties are discussed in <Section 2.5.4.2>.  X-ray 

diffraction analyses of representative clay gouge samples obtained from 

the intake tunnel fault zone revealed a mineralogical assemblage nearly 

identical and in proportion to that analyzed for the Chagrin shale 

country rock.  In both the fault gouge and country rock illite is 

dominant, whereas kaolinite and chlorite are subordinate in 

approximately equal proportions.  A significant portion of siliceous 

material is present in both unaltered and altered rock. 
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2.5.1.2.5.5      Effects of Mining and Hydrocarbon Storage and 

Production 

 

Regarding man’s activities, salt mining subsidence potential 

<Section 2.5.1.1.7.1.4>, subsurface gas storage <Section 2.5.1.1.8.2> 

and hydrocarbon extraction <Section 2.5.1.1.8.3> were investigated. 

 

2.5.1.2.6      Site Groundwater Conditions 

 

A description of regional and local groundwater conditions is presented 

in <Section 2.4.13.2>.  Information pertinent to preconstruction 

groundwater conditions and supplemental investigations discussing the 

effect of plant construction and operation onsite groundwater are 

discussed in <Section 2.5.4.6>.  For descriptions of the plant 

accommodations of groundwater conditions as they exist at the site, see 

<Section 2.4.13.5>. 

 

2.5.2      VIBRATORY GROUND MOTION 

 

2.5.2.1      Seismicity 

 

2.5.2.1.1      Local and Regional Seismicity 

 

The assessment of the seismicity required to define the maximum 

earthquake potential will be based on two updated data sets, one 

regional and the other local.  The first set covers a broad region 

around the site, just in excess of a 200 mile radius.  It includes all 

known earthquakes with an observed magnitude greater than 3.0, without 

scale differentiation, or an epicentral Intensity Io greater than 

III(MM).  These thresholds are recommended in <Regulatory Guide 1.70>, 

(Revision 2), and are more conservative than those in Revision 3 which 

requires only intensities greater than IV(MM).  The cut-off date for 

including available data in this update is September 1, 1991. 
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In <Figure 2.5-56>, 50, 100 and 200 mile radii circles centered on the 

site have been superimposed on the seismicity map to show the spatial 

relationship of the site to the various zones of seismic activity.  

<Table 2.5-7> lists available parameters describing all seismic events 

located between Latitudes 38 to 45N, and Longitudes 77 to 85W, 

satisfying the thresholds just described.  A separate listing of events 

of non-tectonic origin (i.e., chemical explosions) or with so poorly 

constrained coordinates that plotting is unwarranted, is given in 

<Table 2.5-8>. 

 

The second data set covers the same time period, but focuses on the 

local area contained within a 50-mile radius circle around the plant 

site.  All known events with magnitudes greater than 1.0 and intensity 

equal to or greater than I(MM) are included.  <Figure 2.5-58> and 

<Table 2.5-9> present the available information of this set.  Some date 

information has been included on <Figure 2.5-58>.  It should be noted 

that many historical events from 1823 to 1976 contained in this second 

set have been individually investigated in <Appendix 2D D>.  The results 

of this study are still valid and have been integrated to the earthquake 

data base.  They are specifically presented in <Section 2.5.2.1.2.3>. 

 

Two symbols are used to plot earthquake locations on the seismicity maps 

of <Section 2.5.2>.  An octagon indicates an earthquake for which the 

epicentral location and the size have been originally determined mostly 

on the basis of intensity felt reports formulated according to the 

Modified Mercalli scale.  Most of the pre-instrumental era earthquakes 

are represented by octagons.  Generally, a square is used to plot 

epicenters of more recent earthquakes for which both the location and 

the magnitude were calculated on the basis of instrumental data.  A 

small number of non-instrumentally determined epicenters are also 

represented by a square if their felt report distribution was 

sufficiently detailed to permit the calculation of an inferred 

equivalent magnitude on the basis of empirical relationships, e.g., felt 

areas versus magnitude.  All symbol sizes have been scaled to maintain  
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some equivalence between intensity and magnitude.  The relative size of 

symbols has also been scaled down for plotting purposes, since 

magnitudes express a logarithmic relationship.  Whenever an earthquake 

has both intensity and magnitude values assigned, the plotting routine 

will use the following priority to select the symbol type:  mb, mblg, ML, 

Mc, Io(MM).  An event will be included as long as either the magnitude 

or the intensity is above the desired threshold; a magnitude symbol is 

used even in cases where the acceptance is based on the intensity 

threshold. 

 

2.5.2.1.1.1      Data Base 

 

a. Sources 

 

 The updated seismicity data sets presented here are taken from 

Weston Geophysical’s earthquake data base.  This computerized data 

base, which covers a much broader geographical region than the one 

investigated for the Perry site, has been developed through the 

past two decades by incorporating data from many published sources, 

and complementing these data with additional research.  Through a 

parallel compilation of major catalogs and listings, typographical 

errors have been detected, duplications corrected and significant 

discrepancies identified and noted for further investigation.  

Major sources included or examined are the United States 

Earthquakes Series, the Earthquake History of the United States, 

the Preliminary Determination of Epicenters by the National 

Earthquake Information Center, the Publications of the Dominion 

Observatory, and the Seismological Series of the Earth Physics 

Branch, now the Geological Survey of Canada.  The bulletins of 

major seismic networks such as those of the Lamont-Doherty 

Observatory, St. Louis University, and the New England 

Seismological Association.  Important listings such as those by 

Mather and Godfrey (Reference 144), Brigham (Reference 145), Brooks 

(Reference 146), Docekal (Reference 147), Nuttli (Reference 148),  
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 Nuttli and Herrmann (Reference 149), Hopper and Bollinger 

(Reference 150), Bollinger and Hopper (Reference 151), Bollinger 

(Reference 152) (Reference 153) (Reference 154), Barstow 

(Reference 155), Dewey and Gordon (Reference 156), Gordon 

(Reference 157), have also been considered.  Supplementary 

information for many historical events has also been collected from 

newspapers, town histories, private diaries, scientific papers, 

technical reports, etc.  Through a critical review and evaluation 

of the above material, a selected set of parameters was adopted for 

each event included in the data base. 

 

 In addition, an important catalog of earthquakes in the Eastern 

United States up to the end of 1982 was compiled by a group of 

experts for the Electric Power Research Institute (EPRI) as part of 

the broad scope investigations entitled “Seismic Hazard Methodology 

for the Central and Eastern United States” (EPRI, July 1986, 

NP-4726).  Special attention was devoted during preparations of 

this EPRI-catalog to refining the parameters of the larger EUS 

earthquakes, i.e., greater than 4.5 mb.  The resulting EPRI catalog 

was compared to the WGC data base for the region of the Perry site; 

some appropriate changes were made to the WGC catalog to reflect 

the weight of expert opinions on certain events. 

 

b. Completeness and Reliability 

 

 In reviewing the cumulative seismicity of a region in terms of 

seismic risk assessment, it is necessary to examine the 

completeness and reliability of the data set.  Because earthquakes 

are characterized either by their epicentral intensity or their 

magnitude, and are located by analyzing isoseismal contours and/or 

instrumental recordings, the spatial and temporal distributions of 

population and seismographic stations influence the number, size 

and location of reported events.  It is almost impossible to get a 

homogeneous data set over a long period of time, as both factors,  
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 population and networks, constantly change.  As long as proper 

thresholds and uncertainties are kept in mind, the data set is 

still most informative. 

 

 Even though major catalogs carry entries dating back to more than 

three centuries for some parts of eastern North America, it should 

not be assumed that completeness was achieved in these early years, 

except for a very high threshold, i.e., Intensity IX(MM).  For the 

region presently under consideration, it is more realistic to 

assume that the seismic history is relatively complete over the 

last 160 to 200 years for events that would be significant in terms 

of structural design, i.e., with intensities equal to or greater 

than VII(MM).  This period is long enough to provide a good insight 

on the local seismic regime. 

 

 The reliability of early historical data depends greatly on the 

population density and the construction practices in the areas 

around the epicenters.  A lack of population in the true epicentral 

area of an event, for example, can lead to that epicenter being 

mislocated into the populated region where an apparent maximum 

intensity level was reported.  Besides shifting true locations, a 

lack of an evenly distributed population can also result in 

underestimated epicentral intensities.  The opposite bias can occur 

in cases where felt reports come only from communities settled 

along lake shores and river banks which characteristically 

experience enhanced ground motion due to the soil column, or where 

poor construction practices prevail.  In cases of structural 

damages, one must remember that construction standards were 

substantially different two centuries ago.  A blind application of 

the Modified Mercalli scale to reports of fallen chimneys, for 

example, without due consideration of these basic differences can 

result in overestimated seismic events. 
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 <Figure 2.5-57> and <Figure 2.5-71> show the progressive historical 

migration of the population, both in the eastern United States and 

Canada.  Even though the westward migration with time is 

predominant, the regions around Lake Erie, in both countries, show 

relatively early settlement.  By the early 1800’s, the region in 

the immediate vicinity of the site was settled, even if not densely 

populated.  It should be noted that the earliest reported events, 

within 50 miles of the site, occurred in 1823 and 1839, both of 

Intensity IV(MM).  Taking into account the population spreading 

between settlements, events reported during the first half of the 

19th Century must be given an uncertainty in location of the same 

order (several tens of miles).  The assigned intensities may have 

been the actual epicentral intensities, but conceivably in some 

cases, they could have been maximum felt reports of slightly larger 

events located between settlements.  Such population bias could not 

have resulted in an error larger than two intensity units.  With 

the increasing population in the second half of the century, this 

uncertainty of location and intensity can be safely reduced.  In 

all likelihood, completeness above the Intensity VI(MM) threshold 

has been achieved for as long as 150 years in the immediate site 

area. 

 

 The instrumental era beginning around 1900 brought a substantial 

improvement to the quality of seismological data, particularly with 

respect to epicentral location.  Yet, for the first half of the 

century, epicentral locations continued to depend heavily on felt 

reports; the seismographic data, sometimes too sparse, provided at 

least some control on the location and occurrence of the events.  

Determination of magnitudes for regional events in California was 

initiated during the thirties, but not used for eastern earthquakes 

until the forties and fifties.  For much of this era, from the 

start of the century and up to the sixties, only a small number of 

seismographs were operated simultaneously in the northeast, both in 

the United States and Canada.  These few stations were part of the  
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 national networks, the regional networks operated by the Jesuit 

Seismological Association (JSA), and some American colleges and 

universities.  In these early decades, numerous factors such as the 

type of instrumental response, lack of good time control, awkward 

 geographic configuration, use of graphical locationing methods, and 

limited knowledge of crustal velocities were potential sources of 

errors and uncertainties in the epicentral coordinates. 

 

 From <Table 2.5-10>, which lists the location and date of operation 

of the JSA stations, it appears at first sight that the Cleveland 

region was favored with the early opening of the John Carroll 

University station.  The history of the station by Macelwane 

(Reference 158) indicates that unfortunately the station was 

continually plagued with difficulties, at least until the forties 

(traffic noises, vault relocations, water seepage, etc.).  The 

homemade instrument which operated during the first decade should 

be regarded as unreliable.  The Wiechert seismograph, with its low 

magnification, relatively long period and slow drum speed was not 

designed for recording local events.  In 1947, the station was 

finally equipped with three short-period instruments. 

 

 During the aftershock studies that followed the January 31, 1986 

earthquake, it was estimated that the John Carroll University 

probably had a detection threshold of about Magnitude 2.5-3.0 for 

events located 40 km away.  Microseisms and soil amplification of 

traffic noise are responsible for this relatively low sensitivity. 

 

 In the sixties, some improvements in the coverage came about with 

the installation of the World Wide Network of Standard 

Seismographs (WWNSS) <Table 2.5-11>, with the Long Range Seismic 

Monitoring Program (LRSM), and the expansion of the Canadian 

Network for the Upper Mantle Project <Table 2.5-12>.  The 

operational characteristics and station distributions of these 

networks were primarily oriented towards recording large regional  
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 and teleseismic events and studying the internal structure of the 

earth.  The uncertainty to be associated with the epicenters of 

many local events during the sixties can still reach a few tens of 

kilometers. 

 

 Since the early seventies, there has been an increased interest in 

studying local seismicity in an effort to understand intraplate 

activity and define the seismic hazard.  Besides the expanded 

National Seismographic Network operated by the U.S. Geological 

Survey with central recording center in Golden, Colorado, there now 

exist numerous regional networks east of the Rockies, particularly 

in areas where historical seismic activity has been observed.  

Presently, besides the U.S. and Canadian agencies, seismic data in 

the northeastern United States are gathered by the Northeastern 

United States Seismic Network (NEUSSN) and in the southeastern 

United States by SEUSNN.  These regional networks are composed of 

several subnets operated independently by universities and state 

surveys, all cooperating in the interpretation of data and 

publication of bulletins.  In the central United States, St. Louis 

University and the Tennessee Earthquake Information Center located 

at Memphis State University, also operate large networks.  The 

University of Michigan has been monitoring the seismic activity 

near Anna, Ohio since 1976 with a nine-station array; in 1981, a 

four-station net was installed in Indiana by the same group. 

 

 In the early eighties, the Empire State Electric Energy Research 

Corporation (ESEERCO) contracted Woodard-Clyde Consultants to 

operate two networks in New York state, one in the North Central 

area and the other in the Mid-Hudson area.  The Government of 

Canada also expanded its network in the East (ECTN), thus improving 

the coverage in Southern Ontario and Western Quebec. 

 

 These new networks have limited aperture centered around specific 

target areas; nonetheless, in their ensemble they form a vast  
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 network potentially capable of producing, at least for moderate 

earthquakes, epicentral determinations and fault plane solutions 

far more accurate than those obtained prior to 1975. 

 

 In northeastern Ohio, where the PNPP is located, the instrumental 

coverage of smaller earthquakes had been dependent mostly on one 

station at John Carroll University in Cleveland, at least up to the 

installation of the Anna network and the western New York stations, 

in the late seventies.  More recently, after the Leroy earthquake 

of January 31, 1986, the John Carroll University (JCU) Observatory 

has installed, with assistance from CEI, a five-station telemetered 

array.  <Figure 2.5-72> shows the station locations.  Details on 

this net are provided on <Table 2.5-13>.  Operation of this new 

array began at the end of September 1986.  The objective of this 

installation is to improve the detection and location threshold 

over 400 square km in northeastern Ohio. 

 

 Finally, on a temporary basis, CEI has been operating a small 

aperture network that monitors a short corridor between two ICI 

America (formerly Calhio) injection wells and the January 31, 1986 

epicenter.  This five-station digital array employs three-component 

short period sensors installed in shallow boreholes.  In July 1989, 

a temporary vertical analog component was added in Geneva, Ohio, 

near Madison-on-the-Lake.  Telephone lines connect each station 

with the Recording Center located at the PNPP site.  Locations of 

the six stations and the two wells are shown on <Figure 2.5-61>.  

<Table 2.5-14> provides further details on this sensitive 

microearthquake network installed in April 1987.  The purpose of 

these observations is the acquisition of microearthquake 

information necessary to study further the probability of induced 

seismicity in the area, as suggested by the USGS (Reference 128) 

(Reference 159).  Quarterly reports on network operation are 

submitted to the NRC (Reference 173). 
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c. Significance of Cumulative Seismicity Data 

 

 From the previous sections, it is apparent that the earthquake data 

is composed of less precise, qualitative historical information 

spanning nearly two centuries for the site region, and of far more 

precise instrumental data that span only the most recent decades.  

Clearly, the recent data is most valuable because of the greater 

accuracy that it provides for the epicentral locations, focal 

depths and magnitudes.  It has been observed also that, over a 

relatively short time, e.g., 10 to 20 years, instrumental 

monitoring of the microseismicity can refine the more diffuse 

pattern obtained by one or two centuries of historical data.  Yet 

the historical record has its own value, necessary for hazard 

estimation; it provides the recurrence rate of the moderate and 

less frequent earthquakes and therefore a good insight on the 

maximum credible earthquake. 

 

 In the present case, the cumulative seismicity data available is of 

adequate quality:  the Nuttli and EPRI catalogs as well as the USAR 

<Appendix 2D D> cover well the macroseismicity.  For the past five 

years, the immediate region surrounding the PNPP facility rates 

high among the densely instrumented regions in eastern North 

America.  New information made available through denser coverage is 

the more accurate determination of focal depths. 

 

 One important conclusion from a summary review of the cumulative 

seismicity for the PNPP site region is that the historical record 

does not reveal the occurrence of large earthquakes, such as in 

other recognized high risk zones of eastern North America, e.g., 

New Madrid and La Malbaie, where deep seated and extensive 

through-going tectonic structures have been found.  In addition, 

the shallow focal depths presently observed in the site region for 

moderate earthquakes (mb 5.0) such as at Leroy and St. Marys, 
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 Ohio, or for low level microseismicity (mb <1.5), do not match the 

greater focal depth range usually associated with large intraplate 

earthquakes. 

 

2.5.2.1.2      Spatial Distribution of Seismic Activity 

 

The seismicity data presented in <Figure 2.5-56> and <Table 2.5-7> show 

two well defined zones of moderate earthquake activity within the 

200 mile radius circle around the site.  These zones include some of the 

largest Modified Mercalli Intensities reported, up to VII and VIII, and 

the largest magnitudes, ranging from 4.5 to 5.2 mb, observed in the site 

region.  The first of these zones is located around Anna, Ohio; the 

second comprises the activity near Attica, New York and over the Niagara 

Peninsula.  Two clusters of less dense activity exist in a 

south-southwesterly direction from the site.  The first cluster is 

situated about 180 miles to the south-southwest in south-central Ohio; 

the second one, consisting of roughly the southwestern quadrant of the 

50 mile radius circle, includes the region of the January 31, 1986 

Northeastern Ohio earthquake.  Beyond the 200 mile region, but still in 

the site tectonic province, is located the Sharpsburg, Kentucky 

earthquake of July 27, 1980, with a magnitude 5.1 mb and a maximum 

Intensity of VII(MM). 

 

2.5.2.1.2.1      The Anna, Ohio Seismic Zone 

 

In addition to the March 9, 1937, Intensity VII-VIII event with an 

instrumental magnitude of mb = 4.9, four other Intensity VII events have 

occurred in the Anna area, on June 18, 1875, September 30, 1930, 

September 20, 1931, and March 2, 1937.  The estimated mb magnitudes of 

the last three earthquakes on the basis of felt areas were 

respectively:  4.2, 4.5 and 4.7.  The felt area of the June 18, 1875 

earthquake is reported to be smaller than that of the September 20, 

1931.  It could be incomplete because of the sparse population at that 

time.  For this reason, the event size should be characterized by its  
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Intensity VII.  Many smaller events have also been located within 

20 miles of Anna, throughout the recorded history.  Westland and 

Heinrich, Bradley and Bennett and Coffman and Von Hake have descriptive 

materials on many of these events (Reference 160) (Reference 161) 

(Reference 162).  More recently, Nuttli and Herrmann (Reference 149), 

Nuttli (Reference 148) and Nuttli and Brill (Reference 163) produced 

several revised versions of an earthquake catalog for the central United 

States, based on extensive compilation and reanalysis of felt reports 

and available seismograms. 

 

A significant contribution on the Anna seismicity was made by Dewey and 

Gordon (U.S. Geological Survey), who relocated three of the larger Anna 

earthquakes on the basis of instrumental data (Reference 164).  These 

new epicentral locations are quite different from those presented by 

Bradley and Bennett (Reference 161).  They are in better agreement with 

the isoseismal data.  The focal depth estimates (5 to 16 kilometers) 

suggest ruptures in the basement rocks of the upper half of the crust. 

 

Mauk, et al (Reference 1), and Christensen, et al (Reference 2), have 

studied the seismicity of the Anna region using the data collected by 

the new network.  They have synthesized <Figure 2.5-62> in several 

reports, the proposed faults of the region, the new epicentral locations 

of Dewey and Gordon <Table 2.5-15>, recent epicenters from the Anna 

seismic array, and some nine other epicenters from Bradley and Bennett 

(Reference 1) (Reference 161) (Reference 164).  Three faults have been 

proposed for the Anna seismic zone (Reference 2):  the Anna-Champaign 

fault, trending northwest-southeast, the Logan-Hardin fault, trending 

northeast-southwest, both inferred from proprietary data, and the 

Auglaize fault, trending northeast-southwest, based on well data.  

Landsat imagery shows three lineaments which appear to support the first 

two postulated faults.  If the location uncertainty attached to 

relocated epicenters and inferred faults is considered, the close 

spatial coincidence of the Anna-Champaign and Auglaize faults with the 

relocated earthquakes of 1931 and 1937, as well as the seismicity  
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observed by the recently installed network, strongly suggests a causal 

relationship.  The increasing amount of seismic data and geological 

information near Anna suggests the existence of a structure with which 

the seismic activity can be correlated.  Nuttli and Herrmann, in their 

earlier review of the seismicity of the central United States, had 

considered that the systems of basement arches present in the Anna 

region could be an adequate cause for strain concentrations and 

subsequent earthquakes (Reference 149). 

 

On July 12, 1986, a moderate earthquake with mb = 4.5 occurred near 

St. Marys, Ohio, causing only the minor damage of an Intensity VI over a 

small area (Reference 304).  The isoseismal map by Stover is presented 

in <Figure 2.5-63>.  The location is considered quite accurate, 

considering it is within the Anna network aperture.  The fault plane 

solution <Figure 2.5-64> (Reference 2) indicates nearly pure strike-slip  

motion, with one plane parallel to the proposed Anna-Champaign fault.  

Stress axes are in the northeast-southwest direction, as expected.  The 

location and the isoseismal data support the fact that this earthquake 

occurred in a different location than the Anna earthquakes of the 

thirties.  If the location of a smaller earthquake mb = 3.3, that 

occurred on June 17, 1977 is also accepted as reliably distinct, it 

becomes more probable that seismic activity is indeed occurring along a 

segment of the proposed Anna-Champaign fault. 

 

2.5.2.1.2.2      The Attica, New York and Niagara Zone 

 

Seismic activity in the Attica, New York area has been reported 

(Reference 165) (Reference 166) (Reference 167) to occur since the 

middle of last century.  The largest historical event in the entire site 

region did occur near Attica, New York, on August 12, 1929, with an 

Intensity VIII (MM) and estimated mblg = 5.2 (Reference 170).  Several 

smaller events were also recorded and felt in the nineteen fifties and 

sixties, with mb magnitudes ranging from 2.7 to 4.7 and intensities up 

to VI (MM).  These events were considered tectonic in nature, in  
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contrast with numerous swarms of microearthquakes related to hydraulic 

mining.  Fletcher and Sykes (Reference 41) have analyzed in detail these 

smaller events, both natural and artificially triggered, in the 

Attica-Dale area where injection wells are located in the immediate 

vicinity of the Clarendon-Linden Fault system. 

 

Fault plane solutions obtained by Herrmann (Reference 169) for two 1966 

earthquakes offer a nodal plane closely oriented along the 

Clarendon-Linden fault.  This constitutes the major support for 

associating the 1929 earthquake with the same fault system, given the 

similarity of epicenters.  Herrmann (Reference 169) suggests that the 

Intensity VIII of the 1929 earthquake, relatively high for a magnitude 

mb = 5.2 with a moment Mo = 1.3 x 10
23 dyne-cm (Reference 170), can be 

explained by assuming a relatively shallow depth. 

 

At present, there is a consensus of opinions that the seismic activity 

near Attica, New York is related to an identifiable tectonic structure 

or fault system, and as such does not characterize or belong to the 

seismic regime of the Eastern Stable Tectonic Province, the PNPP site 

province. 

 

Further west of Attica, some low-level activity still remains 

uncorrelated with faults or mining activities (Reference 41).  A rather 

well defined cluster of small events is present on the Niagara Peninsula 

and the western end of Lake Ontario.  Many of these historical events 

have limited epicentral accuracy, due to population bias and poor 

network configuration.  For this reason, credibility might be first 

given to the cluster itself rather than to the individual epicentral 

locations.  Basement structures are not mapped sufficiently well to 

support any correlation of this seismic activity with local tectonics.  

The localization of low-level seismicity in the narrow septum between 

two unequally elevated lakes could be related to differential stress in 

the horizontal direction.  It should be noted that a series of small 

tremors was observed in the Canadian city of Burlington, Ontario, just  
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north of Hamilton, at the western edge of Lake Ontario, during the 

period 1975-1980.  Wetmiller (Reference 171) has researched the cause of 

these events and concluded that they were relatively shallow, not 

typical of the regional seismicity, and certainly not comparable to the 

activity at Attica, New York. 

 

An interesting feature of the Peninsula cumulative seismicity is the 

apparent shift in location between the historical epicenters and the 

recent instrumentally determined epicenters.  The older events, given 

locations on the peninsula, may be reflecting population distribution as 

a function of time, while the data from the last decade, in principle 

more accurate, form little clusters located to the west.  Further west, 

in Ontario, Mereu et al (Reference 113) have reported several hundred 

microearthquakes in the area of the Gobles Oil Field.  These shallow 

events, most likely triggered by secondary recovery activities, seem to 

cluster on two faults perpendicular to each other. 

 

2.5.2.1.2.3      Seismic Activity within 50 Miles from PNPP 

 

Some seismic activity is apparent within the southwest quadrant of the 

50-mile radius circle around the site.  Several of these earthquakes, 

except the January 31, 1986 event, which will be discussed separately in 

the next subsection, have produced felt intensities ranging from II(MM) 

to V(MM).  <Figure 2.5-58> presents the locations of these events and 

<Table 2.5-9> the corresponding parameters.  Many of these events are 

purely historical events, i.e., their locations depend totally or 

largely on felt reports, by opposition to instrumentally located 

epicenters.  As mentioned earlier, a seismographic station has been 

operating at John Carroll University for several decades, but with a 

high detection threshold and limited location capabilities, at least 

until 1986, when a 5-station array was added.  The value of a single 

station in locating local earthquakes, such as those that occurred in 

1943, 1951 and 1955, is restricted to confirming the occurrence,  
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approximating the epicentral distance and giving a relative estimate of 

the magnitude.  By itself, a single station provides uncertain 

directional information. 

 

In <Appendix 2D D>, in response to Q&R 230.3, CEI undertook to review 

individually all known historical earthquakes that had occurred from 

1823 to 1978 within 50 miles from the site, without any threshold 

imposed on intensity or magnitude.  In addition to verifying the sources 

of already catalogued events, the effort consisted in acquiring from 

local libraries new accounts of felt reports, evaluating their spatial 

distribution, and for the latest events in examining several 

seismograms.  It was found that some catalogued entries were not true 

earthquakes, and that some epicenters had been mislocated because of 

incomplete availability of the data.  <Table 2.5-7>, <Table 2.5-8>, and 

<Table 2.5-9> take into account these findings.  In <Appendix 2D D>, 

location uncertainties were estimated for several events, e.g., 5, 10, 

15 miles.  These estimates reflected only the relative confidence of the 

reviewer and were not meant to be interpreted too strictly.  These 

relocations and uncertainties are now presented in <Table 2.5-16>. 

 

Upon completion of the investigations presented in <Appendix 2D D>, it 

was concluded that 1) the seismicity within 50 miles from the plant was 

diffuse, poorly defined, and could be best characterized as low; 2) the 

denser population distribution along the Lake Erie shore and the soil 

amplification of lacustrine deposits made it difficult to determine 

epicenters on the sole basis of felt reports; 3) the resulting large 

uncertainties could not support the correlation of apparent lineation 

with geophysical anomalies; 4) the size estimates of historical events 

had been conservative; and 5) that the reported local activity between 

1955 and 1980 had been minimal. 

 

Subsequent to <Appendix 2D D>, within the 50 mile circle, several 

earthquakes have occurred between 1980 and September 1991.  The 

detection of some of the recent events reflects an improvement of the  
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national network coverage.  During 1983, two small earthquakes occurred 

on January 22 and November 19, within 10 miles from PNPP, with 

respective magnitudes of 3.3 MN or 2.7 mblg, and 2.5 MN.  These events, 

being rather small, were not well recorded at John Carroll and distant 

stations.  Because diverse locations had been calculated by different 

agencies, CEI was asked in the Spring of 1986 to review the 

discrepancies and determine if these events could have indeed occurred 

either near the Calhio wells or near the January 31, 1986 epicenter.  By 

examining some seismograms of both events and performing sensitivity 

analyses on available arrival times, reading errors and model 

variations, it was concluded that a single relocation to 41.765N and 

81.110W with an uncertainty of 2 km was appropriate for both events, 

since insufficient data for the smaller event did not support a separate 

relocation (Reference 4).  Average magnitudes of 3.0 and 2.3 mblg have 

been adopted.  Focal depths could not be determined. 

 

The detection and location threshold in the fifty mile radius area has 

been greatly improved by the installation of the CEI and JCU seismic 

monitoring networks in 1986.  Several microearthquakes, with Mc less 

than 3.0, but greater than -0.5, have been located in various areas.  

Those with Mc greater than 1.0 are listed on <Table 2.5-9> and 

illustrated on <Figure 2.5-58>. 

 

On June 18, 1987, the CEI network detected a small earthquake, mc = 2.7, 

in northwestern Pennsylvania, probably located near Adamsville, about 

65 km from PNPP.  The earthquake has not been reported by NEIS, as it 

probably was under the detection threshold. 

 

On April 20 and June 27, 1988, several events (Mc between -0.1 and 2.7) 

occurred offshore north of Painesville, in or close to an area with a 

long history of underground salt mining.  The possibility of cavern 

collapse was considered, but the mine owners reported no evidence of a 

collapse. 
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On July 13, 1987, a small earthquake (mb = 3.6) occurred 2-3 km east of 

Ashtabula, Ohio, in the proximity of a deep (2 km) injection well. The 

aftershock sequence was studied by Armbruster et al (Reference 172).  

They conclude that this earthquake was likely induced by fluid 

injection.  They cite the spatial proximity to the well (1 km), the 

large number of aftershocks (at least 36), the lack of historical 

seismicity in the area and the recent opening of the well as the basis 

for their hypothesis.  The composite fault plane solution shows a 

vertical east-west nodal plane, chosen as the fault plane since it 

coincides with an east-west distribution of aftershocks.  The seismic 

activity is spread within a zone 1.5 km long, 2 km in depth and 1/4 km 

wide. 

 

Several other microearthquakes have occurred in 1989, 1990, and 1991 in 

the same Ashtabula area.  They were clearly recorded by the CEI network 

which has a detection threshold of approximately Mc = 1.0 for an 

epicentral distance of 40 km.  There is a noticeable tendency for these 

small events to occur in groups, a characteristic not observed with the 

purely tectonic activity at Leroy. 

 

Two small events (Mc = 2.4, 1.2) occurred near Madison-on-the-Lake on 

December 25, 1988 and August 11, 1989.  On March 31, 1988, a 

microearthquake (Mc = 2.8) occurred near Nelson, and on March 12, 1991 

another event (Mc = 2.3) occurred between Solon and Aurora, where two 

events (Mc = 3.5) were reported in May and June 1955. 

 

On January 26, 1991 (03h21 UT), a magnitude Mc = 3.5 event occurred 

offshore of Euclid, a suburb of Cleveland.  It was well recorded by the 

JCU and CEI networks.  The felt reports seemed to be predominately III 

and IV, although NEIS listed a few intensity V reports at locations far 

from the epicenter.  A telephone survey was conducted to determine the 

limits of the total felt area.  The latter was estimated at 7500 square 

kilometers, assuming symmetry over the lake.  <Figure 2.5-213> 

illustrates the semicircular pattern around the epicenter.  Reports  
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within Cleveland and immediate suburbs are not plotted.  The interesting 

lesson learned from the data set is the similarity of felt reports 

collected along the shoreline, i.e. III and IV.  Without the 

instrumental data, the epicenter would most likely have been placed 

on-land as far as Brecksville, on the basis of the larger felt reports.  

Once more, seismic locationing with instruments confirms the large 

uncertainty associated with locationing using low intensity reports, 

particularly in areas where soil amplification is suspected to take 

place.  This applies to several older events for which reports are 

sparse and often controlled by a poor distribution of the population and 

newspapers. 

 

Since the beginning of the monitoring of the corridor between the 

injection wells and the January 1, 1986 epicenter, from April 1987 to 

September 1991, CEI has recorded only three events with Mc greater than 

1.0.  These events (Mc = 1.3, 1.8, and 1.9) occurred on May 1, 1987, 

January 16, 1988, and March 22, 1989 respectively.  They are located 

within 5 km to the east and south of the wells, and are surrounded by 

approximately fifty micro events with Mc varying from -0.5 to 0.5.  The 

focal depths of all these events are relatively shallow, less than  

2.5 km, compared to the depths observed in the Leroy area of 5 km 

(+/- 1km).  Because of the relative proximity to the wells, the 

shallowness of depth, the occasional grouping of occurrences, and the 

fact that seismicity induced by injection has been proposed elsewhere in 

Northeastern Ohio, CEI considers these events to be potentially induced 

by the well operations. 

 

Similarly, several events in the same magnitude range have been located 

by the CEI and JCU networks near Fairport Harbor where other deep 

injection wells have been in operation.  They are also potentially 

related to injection.  These conclusions were expressed in the Quarterly 

Reports submitted to the NRC (Reference 173). 
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2.5.2.1.2.4      The January 31, 1986 Earthquake 

 

On January 31, 1986, at 11.46 EST, a moderate earthquake (mb = 5.0) 

occurred in Leroy Township, near the boundary of Lake County and Geauga 

County, in northeastern Ohio.  The preliminary epicentral coordinates 

calculated by NEIS on the basis of worldwide data was 41.649N and 

81.105W.  This location was revised by J. Dewey of the USGS 

(Reference 174) on the basis of a regional model, to 41.650N and 

81.162W; these coordinates were confirmed later by the distribution of 

the aftershocks.  The epicentral intensity was VI(MM), as shown on 

<Figure 2.5-65>, and IV-V(MM) at the plant itself, located 17 km north 

of the epicenter. 

 

The Leroy earthquake sequence was studied in great detail by the 

applicant (Reference 4) (Reference 127) and the USGS (Reference 175) 

(Reference 128) (Reference 159), in an effort to determine the faulting 

parameters and to understand its tectonic origin and the significance of 

the high frequency, short duration strong motion observed at the plant 

site.  The monitoring of aftershocks began less than 12 hours after the 

main event as several teams of observers converged to the epicentral 

area.  The U.S.G.S. sent two groups, one from Menlo Park, California and  

one from Denver, Colorado.  The Lamont-Doherty Geological Observatory, 

St. Louis University, the Tennessee Earthquake Information Center of 

Memphis State University, the University of Michigan, and the Electric 

Power Research Institute deployed field equipment.  Two other teams 

supported by CEI, Weston Geophysical Corporation and Woodward-Clyde 

Consultants, deployed 13 MEQ-800 seismographs.  Dr. R. B. Herrmann from 

St. Louis University organized an exchange of data between various 

observers, at least for the first month of monitoring.  <Table 2.5-17> 

lists station codes, locations and periods of operation.  To be noted is 

the fact that some observers stayed in the field for only a few days, 

some ten days and others one or two months.  Only Weston Geophysical 

carried out prolonged and continuous monitoring for more than one year 

with portable equipment, under CEI sponsorship.  <Figure 2.5-66> shows a  



 

  Revision 12 
 2.5-137 January, 2003 

typical portable Weston’s network configuration around the epicenter.  

<Table 2.5-18> gives the location parameters of the 21 aftershocks 

recorded over 5 years, with 12 occurring within the first three months.  

<Figure 2.5-67> shows the aftershock epicenters relative to the main 

shock epicenter.  As mentioned earlier, the seismic monitoring of the 

main shock region since the Fall of 1986 has been assumed by John 

Carroll University which operates a five-station array, with telephone 

telemetry to its observatory. 

 

The aftershock sequence of the Leroy earthquake appears to have 

terminated with the February 12, 1987 event.  An eighteen month period 

of silence followed, after which two very small microearthquakes 

occurred in August and October 1988, followed by a larger event 

(Mc = 2.8) on December 28, 1988.  This event had an intensity between 

III-IV near the epicenter and was felt over a relatively wide area for 

its size.  It had no aftershock.  A field and questionnaire survey was 

conducted.  <Figure 2.5-214> shows the symmetry in the felt area, except 

for an anomalous elongation to the northeast, possibly related to rock 

anisotropy and soil amplification.  It is an important finding that such 

a small event with a well instrumentally determined magnitude be felt so 

noticeably.  This confirms what has been suspected for some time, that  

some small historical events have been assigned inferred magnitudes that 

are slightly too large.  In September 1991, after twenty months of 

quietness, another small event (Mc = 1.5) occurred.  The events 

occurring after February 12, 1987 may not be part of the aftershock 

sequence. 

 

The results from the aftershock studies suggest that the original 

rupture length was approximately 1-1/2 km.  The focal depths of the 

aftershocks vary from 3 to 6 km, in good agreement with a focal depth of 

the main shock estimated at 4 km by Herrmann on the basis of surface 

wave radiation (Reference 176). 
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The composite fault plane solutions obtained with some aftershock data 

are similar to a solution prepared for the main shock by the Harvard 

University group using special instruments around the world.  

<Figure 2.5-68> illustrates the main shock solution.  In both cases, 

right lateral strike slip motion occurs on a steeply dipping plane, if 

the north-northeast-south-southwest nodal plane is assumed to be the 

fault plane.  Some of the aftershocks suggest a different type of 

faulting; this second type shows more dip-slip motion and the 

compressional axes oriented north-northeast.  Studies of both the main 

shock and aftershock faulting mechanisms have been conducted and are 

reported in Weston Geophysical (Reference 4) and Nicholson et al 

(Reference 159), or Wesson and Nicholson (Reference 128).  

 

It should be remembered that fault plane solutions are essentially 

equivocal.  The selection of which nodal plane is the real fault plane 

usually is based on external data, e.g., the presence of a known fault 

in the area, or the apparent elongation of the aftershock distribution.  

For this event, there is no known fault available; the aftershock 

pattern shows only a slight north-south elongation.  The stereo view of 

the hypocenters gives a three dimensional picture of the aftershock 

pattern.  On <Figure 2.5-69>, one can see the seismic activity along two 

fracture planes regardless of the nodal azimuths used.  This is an 

important point, as it leaves open the possibility of a rupture along 

the other nodal plane.  The recent Ashtabula (July 13, 1987) earthquake, 

and the St. Marys (July 12, 1986) event have both been given an 

east-west preferred orientation of the rupture plane, by Armbruster 

et al (Reference 172) and Christensen et al (Reference 2), respectively.  

These different cases imply that in Ohio, current faulting can occur 

along different orientations. 

 

The January 31, 1986 earthquake is interpreted as being typical of the 

site tectonic province.  It is moderate in size; it has relatively 

shallow focal depth; it conforms with the known regional stress field; 

it occurs in an area where no tectonic structure has been clearly  
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identified through geophysical methods, and where geologic mapping, 

surficial or stratigraphic, has not revealed any active faulting. 

 

The natural origin of the January 31, 1986 earthquake was questioned by 

the U.S.G.S. immediately after its occurrence (Reference 128).  

Considering that two deep injection wells (1,800 meters), owned by 

Calhio and located 12 km to the north of epicenter, have been operating 

since 1975 and 1981, it was postulated on the basis of modeling that 

additional pressure at the base of the Paleozoic could have reached the 

hypocentral area through a system of cracks and triggered the mb = 

5.0 event.  CEI, after reviewing a comparative study prepared by Talwani 

and Acree (Reference 127) of the Leroy earthquake sequence and that of 

other classic case histories, has concluded that, at this time, such a 

triggering mechanism is possible but with only a low probability.  To 

study this question further, the applicant agreed to monitor the 

corridor between the two Calhio injection wells and the January 31, 1986 

epicenter.  After five years of detailed seismic monitoring, CEI 

continues to conclude that the Leroy earthquake was purely tectonic and 

unrelated to the deep injection wells located 12 km to the north.  This 

conclusion, expressed in the Quarterly Reports submitted to the NRC, is 

based on several observations:  1. the Leroy epicentral area remains 

separated from the other cluster of micro events considered to be 

triggered by injection; 2. the focal depths of the two groups of events 

are different; and 3. the temporal patterns of occurrences are also 

different, all facts pointing to two distinct tectonic regimes 

(Reference 173).  CEI has answered the question raised in 1986, 

regarding whether the Leroy earthquake was induced. 

 

2.5.2.1.2.5      Seismic Activity between 50 and 200 Miles from PNPP 

 

A diffuse cluster of historical seismic activity, centered approximately 

185 miles south-southwest of the site, includes about ten events with a 

maximum intensity of VI-VII.  The largest event (VI-VII MMI), on 

November 5, 1926 is reported to have damaged some chimneys in  
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Meigs County, Ohio and Letart, West Virginia (Reference 162).  The 

magnitude inferred from the relatively small felt area is only 3.4 mb.  

Such an anomaly could be explained by a shallow focal depth.  

Earthquakes in this area are not yet correlated with known or inferred 

geologic structures.  The earthquake epicenters, however, lie within a 

northward trending zone of geophysical anomalies (Reference 177). 

 

2.5.2.1.2.6      Seismic Activity beyond 200 Miles from PNPP but in the 

Site Tectonic Province:  the Sharpsburg, Kentucky 

Earthquake of July 27, 1980 

 

On July 27, 1980, at 18:52:21.8 UTC, an earthquake (5.1 mb) occurred 

near Sharpsburg, Kentucky, in an area with no history of seismicity.  

Mauk et al (Reference 178), calculated the epicentral 

coordinates:  38.18N, 0.56 km, 83.94W, 0.46 km and a focal depth of  

15.5 km, 2.6 km.  Gordon (Reference 157), in his recent catalog of 

revisions, gives slightly different parameters:  38.193N, 83.891W and 

a depth of 6.4 km, but points out that the focal depths in this zone are 

relatively imprecise.  Taylor and Herrmann in 1989 (Reference 305) seem 

to favor the larger focal depth, probably because it was derived from 

the aftershock survey data.  The total area of perceptibility was about 

673,000 km sq.  About sixty aftershocks were recorded in the first 

fourteen days.  The in-depth analysis of Herrmann et al (Reference 179), 

gives a moment of 4.1 x 1023 dyne-cm, a focal depth estimate of 12 km, a 

surface wave mechanism with a nodal plane striking N30E, dipping 50SE 

and a nearly vertical nodal plane striking N60W.  The P-wave first 

motion data indicate a right lateral motion, with pressure axes oriented 

east-west. 

 

A maximum Intensity VII(MM) was definitely observed at Maysville, 

Kentucky, about 45 km north of the epicentral area where an 

Intensity VI(MM) seems to have prevailed, but where some VI-VII and VII 

intensities were also reported.  These differences in Io are discussed 

by Mauk et al., and seem related to variations of the questionnaires  
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used and conservatism of the interpreters.  <Figure 2.5-70> shows some 

isoseismals and data points.  Somehow the Io is currently carried out by 

several authors as an Intensity VII(MM), most likely because the damage 

in Maysville can be attributed not only to soil conditions and age of 

construction but also to rupture orientation, i.e., from southwest to 

northeast. 

 

Keller et al (Reference 180) has noted the spatial correlation between 

the epicenter and a potential rift of Keweenawan age.  As pointed out by 

Street et al (Reference 181), the epicenter is not apparently related to 

the present Lexington Fault Zone, nor the Kentucky River Fault Zone.  

Street et al (Reference 181) have inferred, from four years of 

refraction studies using quarry blasts, the presence of a sharp velocity 

discontinuity (6.15 km/s to 6.9 km/s) in the Precambrian basement near  

the assumed location of the earthquake rupture plane.  They proposed 

that such a feature could have been the cause of stress concentration, 

later released by the earthquake.  It does not appear that this finding 

is in opposition to the rift theory. 

 

The Sharpsburg event is located 265 miles from the PNPP; it is in the 

site tectonic province and, because it is not clearly related to a known 

fault or structure, is the maximum historical earthquake whose 

occurrence should be considered possible in the immediate vicinity of 

the plant. 

 

It should be noted that on September 7, 1988, a moderate size event 

(Mblg = 4.3) occurred about 11 km to the southest of the 1980 Sharpsburg 

epicenter (Reference 305).  Its focal depth was shallow (4 to 7 km), and 

the rupture motion was right lateral strike-slip on a northwest dipping 

plane.  In January 1990, a smaller event (Mc = 3.1) was also located in 

the same general area. 
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2.5.2.2      Geologic Structures and Tectonic Activity 

 

2.5.2.2.1      Introduction 

 

Two nationally recognized studies were underway in the 1980’s to examine 

probabilistic seismic hazard at nuclear power generation sites in the 

Eastern United States.  These studies include:  1) “Seismic Hazard 

Analysis” prepared for the Nuclear Regulatory Commission by the Lawrence 

Livermore National Laboratory <NUREG/CR-1582>, LLNL, October 1981); and 

2) “Seismic Hazard Methodology” prepared for the Seismicity Owners Group 

(SOG), a group of supporting Utilities, by a team of consulting groups 

coordinated by the Electric Power Research Institute (EPRI NP-4726, 

July 1986).  The EPRI Study was developed for SOG as a mechanism to 

close the “Charleston Issue” which had been raised by the United States 

Geological Survey (USGS) in 1982. 

 

Both of these studies rely on expert opinions on potential sources of 

future seismic activity throughout the Eastern United States.  

Individual experts (LLNL study) and teams of experts (EPRI study) were 

requested to produce maps of potentially seismically active areas and to 

estimate the earthquake recurrence frequencies within each mapped 

seismic source zone.  The final EPRI Report (NP-6395-ND, EPRI, 

April 1989) (Reference 307) was submitted to the NRC for closure of the 

Charleston Issue in April 1989.  This report concluded that the 

possibility of large earthquakes in the Central and Eastern United 

States is small and does not significantly increase the seismic risk at 

nuclear power plant sites.  The NRC has reviewed the complete set of 

EPRI data for 57 nuclear sites and concluded that the Charleston Issue 

is closed for all plants except 8 “outliers” (PNPP is not an outlier).  

No further analysis will be required as documented in <Generic 

Letter 88-20>, Supplement 4, <NUREG-1407> “Procedural and Submittal 

Guidance for the Individual Examination of External Events for Severe 

Accident Vulnerabilities.” 
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It is noted that seismic source zonations developed during the courses 

of these two major projects were done independent of any formal criteria 

for definition of tectonic provinces or tectonic structures given in 

<Appendix 2A>.  An option was made available for experts, or expert 

teams, to define seismic source zones purely on the basis of the 

observed pattern of seismicity, with no attention being paid to 

consistency of underlying geologic conditions.  The EPRI study included 

an intermediate element of definition of a tectonic framework based on 

review of an abundance of geologic and tectonic data in an effort to 

geologically support subsequent maps of seismic source zones.  Seismic 

zonations, however, were not constrained to strictly conform to features 

identified in the tectonic framework; the zones could, and in many cases 

did, encompass patterns of seismicity in preference to a mapped tectonic 

boundary.  Based on the specific goals required to formulate input data 

for a probabilistic seismic hazard assessment, the resulting seismic 

zonations produced by these studies are not strictly in conformance with 

the criteria of <10 CFR 100, Appendix A> for definition of tectonic 

provinces or structures; however they are useful for estimating seismic 

hazard.  Maps of seismic source zones are available in LLNL and EPRI 

reports and are not further discussed, but may be consulted for a 

general overview of potential wide scale interpretations of seismic 

source zones beyond the local region.  Results of the EPRI study are 

provided in <Section 2.5.2.4.3>. 

 

2.5.2.2.2      Regional Provinces 

 

The site is located in the central portion of the Eastern Stable 

Platform tectonic province <Figure 2.5-59>.  Geologically, the province 

consists of a highly deformed Precambrian basement of Grenvillian age 

which is overlain unconformably by generally undeformed Cambrian through 

Permian shales, sandstones, and carbonates (Reference 19) 

(Reference 73).  The western boundary of the Eastern Stable Platform is 

defined by the coincidence of structures in the Paleozoic rocks and in 

part by the subsurface trace of the Grenville Front, where low-angle  
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thrust faulted metamorphic rocks of Grenvillian age abut essentially 

undeformed unmetamorphosed granites, rhyolite and supracrustal 

continental deposits of Elsonian (1,450 million years ago) and 

Keweenawan (about 1,100 million years ago) ages.  The northern boundary 

of the province is marked by west-northwest-trending block faulting in 

the Ottawa-Bonnechere graben in south-central Ontario, Canada 

(Reference 74) (Reference 75).  The southern boundary is defined by the 

eastward-trending Kentucky River fault zone and underlying Rome trough 

(Reference 21) (Reference 34) (Reference 76) <Section 2.5.1.1.5.2>. 

 

The eastern margin of the province is transitional and is placed along 

the zone where northeastward-trending folding and east over west thrust 

faulting become apparent in sedimentary formations of the Appalachian 

Plateau (Reference 40). 

 

Within 200 miles of the site, the following tectonic provinces or parts 

of tectonic provinces are found:  the Eastern Stable Platform (site 

province); the Michigan Basin; Central Province; Applachian Plateau 

Province; and the Northern Valley and Ridge Province 

<Section 2.5.1.1.5.1> <Section 2.5.1.1.5.2>. 

 

2.5.2.2.2.1      Eastern Stable Platform 

 

The Eastern Stable Platform province is generally characterized by a 

crystalline basement terrane of metamorphic, sedimentary and igneous 

rocks which last consolidated to a crustal block during the Grenvillian 

orogeny (1,100 to 900 million years ago) (Reference 19) (Reference 73).  

The surface of the crystalline basement slopes gently to the southeast 

from a series of elongated topographic arches along the western part of 

the province and is buried beneath a southeast-thickening, 

little-deformed sequence of Paleozoic sedimentary formations of platform 

derivation.  Precambrian, northwestward directed, low-angle thrust 

faults, which are locally reactivated as normal faults offset down to  
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the southeast, extend from the eastern boundary of the province to the 

Grenville Front on the west (Reference 83). 

 

The only faulting in the province which some investigators assume to be 

active is on the Clarendon-Linden fault zone, near Attica, New York 

(Reference 40).  Seismic activity spatially correlated with the central 

portion of this fault system is discussed in <Section 2.5.2.1.2.2>.  No 

capable faults or evidence for young deformation or Quaternary movement 

have been reported. 

 

For further details of the bedrock geology, tectonic elements and 

geologic history of the province, see <Section 2.5.1.1>, 

<Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The bedrock geology of 

Ohio is shown on <Figure 2.5-4>, and the tectonic elements and province 

boundaries are shown on <Figure 2.5-59>. 

 

2.5.2.2.2.2      Michigan Basin 

 

The Michigan Basin is a broad, shallow structural depression which 

underlies the lower Michigan peninsula, part of the Upper Peninsula, 

eastern Wisconsin, northern Illinois, Indiana, Ohio, and southwestern 

Ontario.  A maximum thickness of 14,000 feet of Paleozoic sediments 

(Cambrian-Pennsylvanian), in the center of the basin, overlies a deeply 

eroded Precambrian basement surface.  The perimeter of the Michigan 

Basin is bounded by the Wisconsin arch and dome to the west, Canadian 

shield to the north, Indiana-Ohio platform to the southwest, and 

Findlay/Algonquin arch to the southeast and east.  These positive 

features in the Precambrian surface acted as relatively stable 

“platforms” about which the Michigan, Illinois and Appalachian basins 

subsided.  Gravity and magnetic data, and limited borings indicate a 

complex Precambrian basement including Keweenawan igneous, Grenville and 

Central terrane lithologies.  Precambrian structural zones related to 

these diverse terranes apparently did not control the overall 

development of the Michigan Basin. 
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For further details of the bedrock geology, tectonic elements and 

geologic history of the province, see <Section 2.5.1.1>, 

<Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The tectonic elements and 

province boundaries are shown on <Figure 2.5-59>.  The distribution of 

earthquake epicenters within the province appears on <Figure 2.5-56>. 

 

2.5.2.2.2.3      Appalachian Plateau Province 

 

The Appalachian Plateau Province in the site region is a broad synclinal 

basin feature characterized by Grenvillian-age basement overlain 

unconformably by a thick section of moderately folded Upper Paleozoic 

red shale and sandstone overlying Lower Paleozoic shales, carbonates and 

sandstones. 

 

For further details of the bedrock geology, tectonic elements and 

geologic history of the province, see <Section 2.5.1.1>, 

<Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The tectonic elements and 

province boundaries are shown on <Figure 2.5-59>.  The distribution of 

earthquake epicenters within the province appears on <Figure 2.5-56>.  

Historical data suggest that this region is essentially aseismic. 

 

2.5.2.2.2.4      Northern Valley and Ridge Province 

 

The Northern Valley and Ridge Province in the site region consists of 

very deeply buried, metamorphosed, Grenvillian-age, Precambrian basement 

overlain by a thick section of Paleozoic sedimentary rocks 

(Reference 40).  The Paleozoic rocks have been deformed into a series of 

north-northeastward trending, steeply inclined to overturned folds and 

associated southeastward-dipping thrust faults. 

 

According to Rodgers, deformation in the Northern Valley and Ridge 

Province is due to a sequence of events which commenced with stripping 

or detachment of much of the Paleozoic section from the underlying rocks 

at the horizon of incompetent Lower Cambrian shales (Reference 40).  The  
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subsequent folding of the detached Paleozoic section seems to have been 

in response to compressional stress from the east and southeast during 

the Alleghenian orogeny, about 250 million years ago (Reference 40). 

 

For further details of the bedrock geology, tectonic elements and 

geologic history of the province <Section 2.5.1.1>, <Section 2.5.1.1.5>, 

and <Section 2.5.1.1.6>.  The tectonic elements and province boundaries 

are shown on <Figure 2.5-59>.  The distribution of earthquake epicenters 

appears on <Figure 2.5-56>. 

 

2.5.2.2.2.5      Central Province 

 

The Central Province is characterized by a Precambrian basement terrane 

of essentially unmetamorphosed, predominantly felsic, igneous rocks of 

Elsonian age (about 1,450 million years ago) locally enclosing rift 

basins and troughs of Keweenawan age (about 1,100 million years ago) 

(Reference 18) (Reference 20) (Reference 73).  The surface of the 

crystalline basement over a wide area is nearly horizontal to gently 

southward-dipping, and is buried beneath a thin cover of relatively 

little-deformed, flat-lying Paleozoic sedimentary formations of platform 

derivation. 

 

Within 200 miles of the site, the only faulting in the central province 

which investigators believe could be active is in the vicinity of Anna, 

Ohio, where two north-northeastward trending normal faults and one 

northwestward trending normal fault have been mapped on the basis of 

subsurface data (Reference 44) (Reference 1) (Reference 43) 

(Reference 2).  Seismic activity correlated with these faults is 

discussed in <Section 2.5.2.1.2.1>. 

 

For further details of the bedrock geology, tectonic elements and 

geologic history of the province, see <Section 2.5.1.1>, 

<Section 2.5.1.1.5> and <Section 2.5.1.1.6>.  The bedrock geology of 

Ohio is shown on <Figure 2.5-4>, and the tectonic elements and province  
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boundaries are shown on <Figure 2.5-59>.  The distribution of earthquake 

epicenters in the zone is shown on <Figure 2.5-56>. 

 

2.5.2.3      Correlation of Earthquake Activity with Geologic Structures 

or Tectonic Provinces 

 

The seismicity of the site region was described in <Section 2.5.2.1.2> 

as occurring in several distinct clusters, rather than being uniformly 

distributed.  These zones of low to moderate seismic activity can be 

seen on <Figure 2.5-60> as more prominent than the surrounding 

background which appears to be almost aseismic in many areas of the 

region. 

 

Because these clusters have been active at some point during historical 

or recent times, their locations are indicative of zones of crustal 

weakness where accumulated strain energy is periodically released.  They 

indicate structural and/or lithological inhomogeneities which may or may 

not be revealed by geophysical investigations.  For the most part, 

magnetic and gravity anomalies do not correlate with seismic activity. 

 

In the Attica, New York area, seismic activity has been positively 

correlated with a section of the Clarendon-Linden fault system 

(Reference 1) (Reference 182) (Reference 169) on the basis of a spatial 

coincidence of epicenters with known zones of faulting, and the 

agreement of fault plane solutions with fault orientations.  With 

respect to the seismicity near Anna, Ohio, inferred faults in basement 

rocks are found in close spatial relation with epicenters of the larger 

earthquakes, suggesting an explanation for the repeated seismic activity 

(Reference 1) (Reference 2).  In the area of northeastern Ohio no 

structural correlation with seismic activity has been made. 
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2.5.2.4      Maximum Earthquake Potential 

 

The selection of the maximum earthquake potential at the site is made in 

a two-step consideration.  First, the earthquake catalog and related 

seismological data, such as isoseismal maps, are analyzed in order to 

estimate the highest seismic intensity experienced at the site.  Second, 

the maximum intensity at the site, expected from the occurrence of 

maximum hypothetical earthquakes in the site province and in adjacent 

provinces, is determined using the tectonic province approach as defined 

in <10 CFR 100, Appendix A>.  The largest intensity assessed using these 

two methods will provide a basis for selecting the maximum earthquake 

potential for the site. 

 

2.5.2.4.1      Site Intensities from Historical Events 

 

In <Section 2.5.2.1.2>, the length and usefulness of the historical 

seismic record was discussed.  Even though a period of two centuries 

constitutes a short sampling of geological time, it provides a valuable 

insight of regional seismicity, with respect to both its level and 

spatial distribution.  <Table 2.5-19> lists the location, epicentral 

intensity, distance to the site, and site intensity for historical 

earthquakes known to have occurred in the 200-mile radius region, and of 

other large earthquakes farther away, which may have been felt at the 

site with an intensity greater than III.  In some cases where many 

events are clustered together, only the larger events from each cluster 

of repeated activity are listed. 

 

Intensities at the site resulting from historical earthquakes have been 

estimated using alternative attenuation models and through 

interpretations of published isoseismal maps.  The first attenuation 

model used (Reference 183) predicts the intensity at a given distance 

based on the maximum epicentral Intensity Io.  This relationship, 

presented on <Figure 2.5-73>, in comparison with other relationships, 

can be evaluated as predicting conservative estimates of site intensity.   



 

  Revision 12 
 2.5-150 January, 2003 

The conservatism results from the manner in which the model was 

conceived, namely by interpreting isoseismal maps to measure the maximum 

distances at which various intensity levels were observed for a set of 

historical Eastern U.S. earthquakes.  The resulting model provides an 

estimate of the maximum intensity at a particular distance, because the 

observations of a given intensity level at distances shorter than the 

maximum distance were not included.  The resulting model, therefore, is 

well suited to estimate intensities at sites that may characteristically 

have amplified seismic ground motions, such as on soft alluvial 

deposits. 

 

An alternative method of interpretation of intensity attenuation is to 

perform statistical analyses directly on the original felt report data 

sets (Reference 184), in a manner identical to that generally employed 

to derive attenuation functions for instrumentally-measured ground 

motion parameters, such as peak acceleration (Reference 185) 

(Reference 186).  This direct assessment of intensity attenuation (i.e., 

it does not depend on prior isoseismal contouring), produces a model 

that predicts a median estimate of intensity at a particular distance 

and an uncertainty bound.  In addition, this direct interpretation can 

provide intensity attenuation scaled to the earthquake size, specified 

in terms of magnitude mb rather than to the maximum intensity, which is 

an observed effect.  Models developed by this direct statistical 

approach are useful for determining the average (median) intensity at a 

particular distance from an earthquake of known or estimated magnitude.  

Therefore, such models are useful for estimating intensities at sites 

founded on firm or rock foundations, such as the foundations present at 

the PNPP site. 

 

Site intensities resulting from all events in the earthquake catalog for 

the site region are estimated using a model developed on the basis of 

statistical interpretations of several Central and Eastern U.S. 

earthquakes for which both instrumental magnitudes and extensive felt 

report data were simultaneously available (Reference 187)  
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(Reference 188).  Median predictions of site intensity for catalogued 

earthquakes, based on this model, are compared in <Table 2.5-19>, to 

those made by the more conservative isoseismal-based Gupta and Nuttli 

model.  Site intensities predicted by the two attenuation models are 

compared on <Figure 2.5-74>.  Shown on this figure are attenuation 

curves for an event similar to the January 31, 1986 Northeastern Ohio  

earthquake with a magnitude of 5.0 mb and a maximum epicentral intensity 

of VI.  The Gupta and Nuttli (1976) model is illustrated to overpredict 

the maximum intensity of V (at an epicentral distance of 17 km) observed 

at the PNPP-1 site by one intensity level.  The alternative attenuation 

model, however, is shown to provide a more accurate estimate of the 

observed site intensity. 

 

Finally, site intensities observed from available published isoseismal 

maps are compared, where applicable, on <Table 2.5-19>, to intensities 

estimated using the two attenuation models.  These isoseismal maps are 

presented on <Figure 2.5-75>, <Figure 2.5-76>, <Figure 2.5-77>, 

<Figure 2.5-78>, <Figure 2.5-79>, <Figure 2.5-80>, <Figure 2.5-81>, 

<Figure 2.5-82>, <Figure 2.5-83>, <Figure 2.5-84>, <Figure 2.5-85>, 

<Figure 2.5-86>, and <Figure 2.5-215>.  A list of newspapers consulted 

to verify some of the intensities for major events is presented in 

<Table 2.5-20>. 

 

Following the occurrence of the January 31, 1986 northeastern Ohio 

earthquake, detailed intensity surveys were conducted for the region of 

northeastern Ohio surrounding the epicenter and for the immediate site 

locale.  Based on these surveys, it was concluded that the highest 

epicentral intensity was VI (MM Scale), and the maximum site intensity 

was V (MM Scale).  The isoseismal map for the January 31, 1986 

earthquake is shown on <Figure 2.5-65> (Reference 189).  Intensities at 

the PNPP site were carefully studied by contacting numerous personnel 

that were on site during the earthquake’s occurrence.  It was concluded, 

based on this detailed investigation, that the maximum intensity at the 

site was V (MM Scale).  The predominant intensity (approximately 75% of  
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the 80 site intensity reports collected) observed on site was IV.  

Maximum effects, evaluated as Intensity V (MM Scale) were reported for 

temporary structures, such as trailer offices or at upper levels of 

pre-fabricated, metal office structures.  Lower intensities were 

generally reported for permanent, well-built or engineered structures.  

A map of intensities documented for the PNPP site for the January 31, 

1986 earthquake is shown on <Figure 2.5-87>. 

 

Seismic ground motions generated by the January 31, 1986 earthquake were 

instrumentally-recorded at several points on the PNPP reactor 

containment building (Reference 190).  These broad-banded (i.e., 

frequency resolution to 40 Hz) accelerogram recordings illustrated an 

enriched high-frequency spectrum in comparison to the available data set 

of worldwide recordings for similar magnitude earthquakes at similar 

epicentral distances of nearly 20 km.  The ground motions recorded at 

the plant illustrated prominent peaks at frequencies greater than 20 Hz, 

whereas the available worldwide accelerogram data, would suggest 

dominant spectral peaks at frequencies less than 10 Hz and little 

spectral energy at frequencies greater than 15 Hz.  Given that the 

spectral shape employed during seismic design and licensing proceedings 

for the PNPP site relied entirely on statistical analyses performed on 

available worldwide accelerogram data (Reference 191) (Reference 192) 

(Reference 193), the resultant design spectral shape illustrated low 

amplitudes of high frequency ground motions.  The enriched high 

frequency spectrum for the January 31, 1986 earthquake, which is not 

characteristic of the worldwide set of accelerograms, therefore, 

exceeded the original design basis at frequencies greater than 15 Hz; 

the amount of this exceedance is illustrated on <Figure 2.5-88>.  This 

high-frequency exceedance of the design basis response spectra is 

addressed further in <Section 3.7>.  The short duration, high-frequency 

nature of the January 31, 1986 accelerograms is clearly illustrated by 

comparison on <Figure 2.5-89> to the PNPP design time history, 

characterized by long duration and high energy content. 
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Low-frequency components, less than 10 Hz, were extracted from the 

January 31, 1986 accelerograms using digital filtering techniques.  

Response spectra for the low, and intermediate frequency horizontal 

component records are compared on <Figure 2.5-90> to response spectra 

derived for worldwide accelerograms recorded in the vicinity of 

Intensity V (MM Scale) effects (Reference 194).  This comparison 

illustrates a good agreement of the lower frequency spectral amplitudes 

observed for the January 31, 1986 earthquake and spectral amplitudes 

typical of Intensity V effects.  The recent earthquake’s observed 

effects can thus be entirely attributed to the lower frequency ground 

motion components which are associated with longer durations and higher 

particle velocities and displacements.  The observed high frequency 

ground motion components, characterized by short durations and extremely 

small displacements, are unrelated to the Intensity V effects observed 

at the plant site during the January 31, 1986 earthquake as identified 

in the analytical studies described in <Section 3.7>. 

 

The highest seismic intensity observed or estimated for the vicinity of 

the PNPP site resulting from known earthquake activity is Modified 

Mercalli V.  This level is believed to have occurred during the largest 

of the New Madrid earthquakes on February 7, 1812, and also during the 

recent January 31, 1986 earthquake.  Several estimates of site 

intensity, based on the conservative Gupta and Nuttli attenuation model 

(Reference 183), exceed V and range to maximum of VI.  These 

conservative estimates, however, are illustrated on <Table 2.5-19> to 

overestimate observed intensities for events that have published 

isoseismals.  Intensity estimates derived on the basis of the 

alternative median attenuation model, however, agree well with the few 

published isoseismal maps.  Thus, relying on the median site intensity 

estimates and the published intensity maps, it is concluded that the 

maximum intensity at PNPP site is V, and that this level occurred twice 

during the historical period. 
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2.5.2.4.2      Site Intensities from Hypothetical Events 

 

The Perry site is located in the Eastern Stable Platform Province.  On 

the basis of lithological differences in basement rocks, the Eastern 

Stable Platform is considered to be a separate tectonic entity from the 

Central Stable Province <Figure 2.5-8> and <Figure 2.5-59>. 

 

The seismicity of the site province has been discussed in 

<Section 2.5.2.1.2.2>, <Section 2.5.2.1.2.3>, and <Section 2.5.2.1.2.4>.  

In summary, the largest historical event (based on observed MM 

Intensity = VIII) near Attica, New York, and some nearby seismic 

activity have been correlated to the Clarendon-Linden fault system.  

Within the site tectonic province, the remaining clusters of seismicity 

in northeastern Ohio, and in south-central Ohio and northeastern 

Kentucky (Sharpsburg earthquake epicentral area) remain uncorrelated to 

specific tectonic structures.  Seismic activity in western Ohio, near 

the town of Anna, is situated in the Central Stable Platform tectonic 

province.  As for the case of the activity near Attica, New York, the 

seismicity near Anna, Ohio, is spatially correlated to a set of 

intersecting faults and remotely sensed lineaments (Reference 2). 

 

Available geologic and seismologic data for the predominant zones or 

diffuse clusters of seismicity in the site region, located in the 

Eastern Stable and Central Stable Platform tectonic provinces have been 

described in previous sections.  These data reveal certain similarities 

and some differences among these concentrations of historical seismic 

activity.  First, the local crustal structure for each of the regions 

includes a relatively thin Paleozoic sedimentary section overlying 

Precambrian basement.  Three of the clusters are located in Grenvillian 

basement; while the last cluster at Anna is located west of the 

Grenville Front in a transitional terrain between Grenvillian and 

Central (Superior) Province basement lithologies. 
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The entire site region is currently being subjected to a 

continental-scale stress field, wherein the principal stress component 

is horizontal, compressive and oriented in a northeast to east-northeast 

direction (Reference 195) (Reference 196).  The region encompassing the 

clusters of seismicity, in addition, is characterized by numerous 

geophysical anomalies and lineations with intersecting trends observed 

using remote sensing techniques.  These anomalies and lineaments suggest 

a complex, heterogeneous basement structure underlying the site province 

and adjacent Central Stable province.  The pattern of historical 

seismicity suggests further that the region is capable of producing 

moderate magnitude seismic events ranging to slightly greater than 

5.0 mb during the historical period.  <10 CFR 100, Appendix A> provides 

alternative approaches for establishing the maximum earthquake potential 

at a particular site.  The tectonic province approach is applicable to 

the PNPP site. 

 

Seismic activity near Attica, New York, (largest event of Intensity VIII 

(MM Scale), Magnitude 5.2 mb, in 1929) is associated with the 

Clarendon-Linden tectonic structure (Reference 197).  Recent seismic 

activity, accurately located using a local seismographic network, 

indicates a close spatial association of activity with the 

Anna-Champaign Fault, a northwest-trending fault mapped in the basement 

and overlying Paleozoic section.  This local region includes other 

faults including the Auglaize and Bowling Green Faults, and pronounced 

lineaments interpreted from satellite images. 

 

Although the Attica seismicity has been associated with a local tectonic 

structure, and the Anna activity can similarly be associated with 

locally-identified structures, the present state of knowledge on these  

buried features does not permit an accurate estimation of the maximum 

earthquake potential attributable to these structures, based on their 

physical dimensions and characteristics.  Gross dimensions of affected 

crust can be inferred from the nature of geophysical anomalies, 

geophysical modeling studies, and from earthquake main shock and  
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aftershock hypocentral distributions.  None of these available 

techniques, however, can presently provide the necessary detailed 

information on fault rheology (i.e., strength characteristics) and 

geometries, most critically, on fault segmentation, which are required 

in order to determine theoretical maximum earthquakes for a tectonic 

structure on the basis of physical, dimensional arguments. 

 

Presently available data that are attributed significant value for 

estimating earthquake potential are focal depths of seismicity 

accurately determined by local monitoring networks.  Recent seismicity 

in the clusters of activity in the site region have generally 

illustrated focal depths in the upper 10 km of the crust.  The deepest 

activity is evidenced for the Anna, Ohio, and Sharpsburg, Kentucky, 

epicentral regions where focal depths have ranged to around 15 km.  

Available hypocentral information for the Attica and northeastern Ohio 

regions reveal shallower focal depths near 5 km. 

 

Maximum earthquake potential is directly related to the dimensions of 

fault surface capable of failing in a single earthquake event 

(Reference 198).  It is presently well-documented through regional and 

local seismographic monitoring for the past decade that regions of 

eastern North America, including La Malbaie, Quebec, Canada, and New 

Madrid, Missouri, which have experienced large historical events 

(Magnitude 6.5 and greater) presently generate earthquake activity at 

hypocentral depths ranging from near surface to depths of 20 to 30 km 

(Reference 199) (Reference 200) (Reference 201) (Reference 202).  This 

focal depth information illustrates the necessity of deep crustal 

involvement for the potential of generating large intraplate 

earthquakes.  It is important to note that such deep crustal involvement 

is not observed in the site region based on the available shallow focal 

depths determined by recent seismologic studies supported by dense 

seismographic monitoring. 
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The maximum earthquake potential for the PNPP site is established using 

the “tectonic province” approach.  This approach is supported on the 

basis of the consistency of geologic conditions throughout the site 

region, a consistent regional stress field, patterns of geophysical 

anomalies, and the diffuse pattern of seismicity that includes several 

clusters of increased activity observed historically.  Frequency of 

earthquake activity, determined from the available earthquake history is 

similar for the clusters of increased activity.  The maximum historical 

event in the adjacent tectonic province within 200 miles is an estimated 

5.3 mb for the 1875 Anna, Ohio, earthquake.  Re-evaluations of 

magnitudes of the Anna, Ohio, events (Reference 163) suggest that none 

of the historical events exceeded 5.0.  In addition, the maximum Attica 

earthquake of August 1929 is assigned a magnitude of 5.2 mb.  The recent 

Sharpsburg, Kentucky, and Northeastern Ohio earthquakes have 

instrumentally-determined magnitudes of 5.1 and 5.0, respectively.  The 

maximum earthquake potential for the site is represented by the 

occurrence, at the site, of a moderate magnitude event, slightly larger 

than the maximum historically observed event. 

 

For the purpose of establishing seismic design response spectra, the 

maximum earthquake potential is characterized by a magnitude of 5.3 mb 

and a maximum site intensity of VII.  These characteristics of the 

maximum earthquake potential equate to an event containing approximately 

twice the seismic energy (approximately twice the amplitude of lower 

frequency ground motions), and seismic intensities two full increments 

greater than that associated with the occurrence of the northeastern 

Ohio earthquake of January 1986. 

 

2.5.2.4.3      EPRI Seismic Hazard Study Results 

 

Both the LLNL and EPRI probabilistic seismic hazard investigations 

identified in <Section 2.5.2.2.1> are now completed.  In both of these  
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studies probabilistic seismic hazard has been computed for the 

approximately 70 nuclear plant sites located in the central and eastern 

United States. 

 

Final results of these investigations are published in the following 

reports:  1) “Seismic Hazard Characterization of 69 Nuclear Plant Sites 

East of the Rocky Mountains,” <NUREG/CR-5250>, UCID-21517, LLNL, 

January 1989; and 2) “Probabilistic Seismic Hazard Evaluation at Nuclear 

Plant Sites in the Central and Eastern United States:  Resolution of the 

Charleston Issue,” NP-6395-ND, April 1989 (Reference 307). 

 

In addition to EPRI’s NP-6395-ND report on generic topics, such as 

descriptions of input assumptions and computational methodologies, 

individual site reports were published to document seismic hazard 

results for the various plant sites.  For the case of the Perry Nuclear 

Power Plant site, EPRI issued a report entitled “Probabilistic Seismic 

Hazard Evaluation for the Perry Nuclear Power Plant,” Project RP 101-53, 

EPRI, April 1989 (Reference 308).  Probabilistic seismic hazard at the 

PNPP site provided in the site report was computed using the EQHAZARD 

computer package developed for the EPRI project and input parameters 

supplied by six earth-science expert teams that participated on the 

project. 

 

Probabilistic seismic hazard is defined as the annual probability of 

exceeding a particular ground motion amplitude at the site.  Typically, 

probabilistic seismic hazard is defined over broad ranges of annual 

exceedance probabilities (i.e., 10-2 to 10-5), and ground motion 

amplitudes (i.e., .01g to 1.0g) to establish seismic hazard curves in 

the form of uniform hazard spectra for selected annual exceedance 

probabilities.  The uniform hazard spectra for PNPP at three annual 

probabilities of exceedance (10-3, 10-4, 10-5) are shown on 

<Figure 2.5-212> with selected points highlighted on <Table 2.5-74>.  

The annual probability of exceeding varying levels of Peak Ground  

Acceleration (PGA) are shown on <Figure 2.5-211> and selected points in  
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<Table 2.5-73>.  The results indicate that the annual median probability 

of exceeding 150 cm/sec2 (about .15g) PGA is 4.25 x 10-5, which is not 

considered an increase in seismic hazard for PNPP. 

 

2.5.2.5      Seismic Wave Transmission Characteristics of the Site 

 

The plant foundations are underlain by bedrock consisting of Chagrin 

shale.  Compressional wave velocities of the bedrock materials range 

from 9,000 to 11,000 feet per second, and shear wave velocities range 

from 4,000 to 4,900 feet per second.  <Table 2.5-21> is a summary of the 

seismic velocities and the resultant modulus values.  The complete 

report of the in situ velocity measurements is included as 

<Section 2.5.4.4>. 

 

There are no unusual conditions at this site which would affect seismic 

wave transmission.  This was verified following the January 31, 1986 

event by analyzing aftershock spectra and comparing these to the main 

shock spectra.  Similarities were observed among spectra at the remote 

locations for the aftershocks and for the plant main shock records.  

These similarities (Reference 4) indicate that ground motion 

transmission characteristics are consistent throughout the site region 

and that no unusual condition exists specifically at the PNPP-1 site. 

 

2.5.2.6      Safe Shutdown Earthquake (SSE) 

 

From the site intensities either observed or postulated in 

<Section 2.5.2.4.1> and <Section 2.5.2.4.2>, an Intensity VII (MM) is 

chosen for the maximum earthquake potential.  On the basis of the 

intensity acceleration relationships of Gutenberg and Richter, Neumann, 

and Trifunac and Brady, presented on <Figure 2.5-91>, an acceleration in  

the range of 0.07g to 0.13g corresponds to such an Intensity VII (MM) 

(Reference 203) (Reference 287) (Reference 3).  If the larger value is 

accepted, the present design value of 0.15g is adequately conservative 

under <10 CFR 100, Appendix A>, “Seismic and Geologic Siting Criteria.” 
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Three artificial ground motion time histories, two for horizontal motion 

and one for vertical motion, were generated using a procedure described 

below.  The acceleration time histories for the motion H1, H2 and V are 

shown in <Figure 2.5-92>, <Figure 2.5-93>, and <Figure 2.5-94>, 

respectively.  Each has a maximum acceleration exactly equal to 0.15g 

(i.e., the SSE peak acceleration) and a total duration of 22 seconds.  

The corresponding velocity-time and displacement-time histories are 

shown in <Figure 2.5-95> and <Figure 2.5-96> for horizontal motion H1, 

in <Figure 2.5-97> and <Figure 2.5-98> for horizontal motion H2, and in 

<Figure 2.5-99> and <Figure 2.5-100> for the vertical motion.  The 

computed response spectra of the artificial motions closely match the 

design response spectra published in the Nuclear Regulatory 

Commission (NRC) <Regulatory Guide 1.60> (Reference 191).  The SSE 

response spectra for 0.5, 2, 5, 7, and 10 percent damping are shown in 

<Figure 2.5-101> for horizontal motion, and in <Figure 2.5-102> for 

vertical motion.  The computed response spectra (for 2, 5, 7, and 

10 percent damping) are shown together with the corresponding design 

response spectra, in <Figure 2.5-103> and <Figure 2.5-104> for 

horizontal motion H1, in <Figure 2.5-105> and <Figure 2.5-106> for 

horizontal motion H2, and in <Figure 2.5-107> and <Figure 2.5-108> for 

the vertical motion.  The response spectra in <Figure 2.5-103>, 

<Figure 2.5-104>, <Figure 2.5-105>, <Figure 2.5-106>, <Figure 2.5-107>, 

and <Figure 2.5-108> were calculated at 200 period values Ti equally 

spaced on a logarithmic scale and ranging from Ti = 0.02 seconds to 

T200 = 4 seconds. 

 

For those few period values between 0.02 seconds and 1 second where the 

computed response spectra lie below the design response spectra, the 

differences in the values of the response spectra are always less than 

6 percent for the first horizontal motion time history, less than 

6.5 percent for the second horizontal motion time history, and less than 

three percent for the vertical motion time history. 
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The procedures used to develop standardized response spectral shapes, 

such as U.S. NRC <Regulatory Guide 1.60> (Reference 191), are viewed to 

result in conservative predictions of lower frequency, and potentially 

more damaging seismic ground motions, than the design intensity of VII 

that was originally being modeled.  This conservatism is illustrated by 

comparison of the PNPP SSE response spectrum to actual spectra derived 

for strong motion recordings in areas of Intensity VIII effects 

(Reference 194).  These comparisons, shown on <Figure 2.5-109>, support 

the conclusion that the original design basis is a conservative 

representation of seismic ground motion associated with the selected 

maximum earthquake potential of 5.3 mb and site intensity of VII.  The 

design basis is shown on this figure as exceeding the average spectrum 

for Intensity VIII effects produced at relatively short distances by 

earthquakes in the magnitude range of 5.9 to 7.1 ML (Reference 194). 

 

The apparent conservatism of the procedure used to develop the SSE 

response spectrum is further illustrated by Site Specific Response 

Spectra (SSRS) derived in response to Question Q230.6.  One SSRS derived 

at that time in response to the NRC’s question is illustrated in 

comparison to the PNPP SSE.  This comparison shows the SSE to be near 

the 84th percentile of the SSRS for frequencies in the range of 5 to 

20 Hz, and well above the 84th percentile at frequencies lower than 

5 Hz.  It is noted that several differing sets of earthquakes were 

analyzed during preparation of responses to Q230.6.  The SSRS shown on  

<Figure 2.5-110> is for the most conservative set of magnitudes and 

epicentral distances; the average magnitude of that particular set of 

earthquakes is 5.7 (.37) at an average distance of 12.9 (5) km.  The 

earthquake magnitudes ranged to 6.1 ML. 

 

It is evident from the comparisons shown on <Figure 2.5-109> and 

<Figure 2.5-110> that the approved SSE response spectrum, modeled for 

the selected maximum earthquake potential of a 5.3 mb (.5) and 

Intensity VII, can, in fact, accommodate the local occurrence of a 

theoretically remote earthquake (i.e., move a large regional event to  
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the site locale) significantly larger than any observed during the 

historical period.  On the basis of the results shown on these figures, 

it is concluded that the PNPP design basis can resist intermediate and 

lower seismic ground motion frequencies associated with locally 

occurring events with magnitudes significantly greater (a minimum 0.5 mb 

units) than the selected maximum earthquake potential of 5.3 mb. 

 

2.5.2.6.1      Motion Generation Procedure 

 

The basic parameters needed to generate samples of artificial earthquake 

records are the general level of intensity of the motion, its duration, 

the variation of motion intensity with time (the function I (t)), and 

its frequency content (Reference 204) (Reference 205).  The intensity 

can be expressed as the (expected) peak ground acceleration 

(Reference 206).  In this case, the maximum ground acceleration, 0.15 g, 

is used.  The duration and relative variation of the intensity during 

the earthquake were estimated using methods developed at Massachusetts 

Institute of Technology (Reference 206) (Reference 207).  The 

specification of relative frequency content is in terms of the power 

spectral density function, G(), which expresses the relative value of 

the expected “power” at each frequency, .  The first estimate of the 

shape of this function, G(1)(), can be derived from the desired 

2 percent (design) response spectrum SV (Reference 205). 

 

The ground motion characteristics estimated above become the input to a 

computer program which generates samples of a random process having the 

same basic properties.  Sinusoidal waves corresponding to a large set of 

frequencies are superimposed to form the total motion.  The relative 

magnitudes of the (squared) amplitudes of the waves are determined, from 

G(1)().  The phase angles of each sinusoidal wave are chosen at random 

on the interval 0 to 2.  The wave form generated in this way is then 

multiplied by the intensity function, I(t), and by a scale factor which 

causes the peak ground acceleration to be exactly equal to 0.15g.  The 

peak response SV
(1) of a one-degree-of-freedom system to such an  
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artificial motion may considerably deviate from the design peak response 

Sv, and is likely to be different for different sample functions with 

the same general characteristics.  This problem is partly overcome by a 

response spectrum smoothing procedure described below. 

 

The computed response spectrum SV
(1) of the sample time history obtained 

by the procedure described above is compared with the desired smooth 

design response spectrum SV for each frequency.  A new input spectral 

density function, G(2)(), is obtained by multiplying the initial 

choice, G(1)(), by the square of the ratio SV/SV(1).  The original set of 

random phase angles is used to generate a new motion with power spectral 

density function G(2)() and response spectrum SV(2).  This procedure can 

be repeated several times, until a response spectrum SV(n) sufficiently 

close to the design spectrum SV is obtained.  Different sample 

functions, each having relatively smooth computed response spectra that 

are in close agreement with the prescribed response spectra, can be 

obtained by generating different sets of random phase angles. 

 

2.5.2.7      Operating Basis Earthquake 

 

The operating basis earthquake (OBE) response spectra are one-half the 

SSE response spectra as shown in <Figure 2.5-111> and <Figure 2.5-112>, 

and the same relationship holds for the artificial time histories and 

for the corresponding computed response spectra. 

 

Based on a preliminary assessment, provided in response to Q&R 

Question 230.01, the occurrence of the OBE at the site was associated 

with a mean annual probability of 2 x 10-3 or less.  This annual 

probability was estimated, to a first approximation, by interpreting the 

recurrence frequency of earthquakes, scaled to maximum Modified Mercalli 

epicentral intensity, in the region of the site.  This site region was 

bounded by the following coordinates; 38-45N, 77-86W. 
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At the time of preparation of the response to Q&R 230.01, there existed 

in the catalog for the site region 24 events with maximum epicentral 

intensity of VI, and seven events with maximum epicentral intensity of 

VII.  Upon an assumption that the earthquake catalog was complete for 

160 years for these largest earthquakes in the site region, the annual 

frequencies of events with epicentral Intensities VI and VII were 

derived for the entire region that covers an area of approximately 6.0 x 

105 km2.  The probability of exceeding the OBE was then estimated by 

calculating the product of the annual frequency of earthquakes VI and 

the ratio of area of Intensity VI effects for the occurrence of a given 

earthquake to the total area of the site region.  Areas affected by 

Intensities VI for various size events were derived from published 

attenuation models.  The result of this preliminary assessment, which 

treated the site region as a zone of uniform seismic frequency, in as 

much as no seismic source zonations were assumed for activity at Attica, 

New York or Anna, Ohio, was an estimated probability for OBE exceedance 

at the PNPP site of 2 x 10-3 per year, or less. 

 

The calculation supporting this estimate of OBE exceedance is shown 

below. 

 

Mean annual recurrence rates in site region include: 

 

 1. 24 events VI  MM in 160 years = 0.150/yr. 

 

 2. 7 events VII MM in 160 years = 0.044/yr. 

 

These rates are determined for the entire site region with an 

approximate area of 600,000 sq km. 

 

Using published attenuation models <Figure 2.5-73>, the radius of 

perception of Intensity VI effects, for an event with a maximum 

epicentral intensity also of VI, is 25 km; the resulting perceptible 

area is 2,000 sq km. 
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The annual probability of exceeding an Intensity VI is: 

 

  
kmsq600,000

km sq 2,000 x 0.15/yr
OBEP   

 

     .0005/yr  

 

The OBE intensity of VI can also be exceeded during occurrence of an 

earthquake with a maximum epicentral intensity of VII.  Relying again on 

published attenuation models, the area of Intensity VI effects for such 

a larger event is 30,000 sq km. 

 

The annual probability of exceeding an Intensity VI, in this case, is: 

 

 
kmsq600,000

km sq 30,000 x 0.044/yr
OBEP   

 

    .0022/yr  

 

Because the OBE can be exceeded by occurrence of either an Intensity VI 

or Intensity VII event, the cumulative probability of OBE exceedance is 

derived as the summation of the individual probabilities calculated 

above; hence, the annual probability of exceeding the OBE at the PNPP 

site is (.0005 + .0022) or 0.0027.  Due to some conservative aspects of 

this computation, namely 1) counting all events in the site region, even 

though many are associated with local structures at Attica, NY and Anna, 

OH, and 2) employing conservative attenuation models, the annual 

probability of exceeding the OBE was stated in response to Q&R 230.8 to 

be 0.002. 

 

The probability of exceeding the OBE at the PNPP site is re-examined 

using a formal probabilistic seismic hazard methodology (Reference 291) 

(Reference 292).  Two alternative seismicity recurrence scenarios are 

analyzed.  The first scenario is identical to the one employed 

previously, namely, a specification that the site region (38-45;  
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77-86W) is characterized by a uniform likelihood of recurrence of 

future seismicity.  The second scenario is an hypothesis that future 

seismicity will recur in the immediate site region (defined by the 

surrounding 1 block), with a frequency that is consistent with that 

determined from the historical catalog, including the recent seismic 

activity near the site.  The basic difference between these scenarios is 

that future seismic activity will be dispersed throughout the site 

region (scenario 1) or concentrated in clusters of seismicity that are 

evident from the historical and recent earthquake records (scenario 2).  

The observation has been for episodes of seismicity to shift to new 

locations throughout the site region during the historical period, which 

is appropriately modeled using the first scenario. 

 

Probability of exceeding the OBE is made equivalent to an occurrence of 

an Intensity VI (which is consistent with the threshold of damage to 

unreinforced structures) or greater earthquake at the site.  The 

probability of exceeding the OBE at the PNPP site was computed using the 

input seismicity and ground motion attenuation data listed on 

<Table 2.5-22>.  Results of the formal probabilistic assessment are 

listed on <Table 2.5-23>.  These results include an annual probability 

of exceeding the OBE of 7.2 x 10-4 for the first seismic scenario and 

2.1 x 10-3 for the second scenario.  These probabilities of exceeding 

the OBE intensity of VI can also be associated with likelihoods of 

exceeding the OBE response spectrum at lower ground motion frequencies.  

From previous discussions in <Section 2.5.2.4.1>, it was illustrated 

that for the January 31, 1986 earthquake, the high-frequency region of 

the design spectra were exceeded and that intermediate and lower 

frequencies (<10 Hz) were well below the OBE spectral level.  The 

seismic intensity was evaluated to be V, also below the OBE design 

intensity of VI.  Due to the presently recognized deficiency of 

<Regulatory Guide 1.60> in emulating the high frequency seismic spectrum 

of EUS events, it is likely that the high frequency portions of the 

design spectrum will be exceeded with a higher probability than the 

annual probabilities of exceeding the design intensity of VI given in  
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<Table 2.5-23>.  These possible high frequency exceedences (at 

frequencies >10 Hz) however likely will result in low intensities, as 

was the case for the occurrence of the January 1986 earthquake.  It is 

also noted that the probability of exceeding the OBE at 2.5 Hg is about 

1x10-5 (from the EPRI Hazard Study (Reference 308)), very similar to the 

earlier site specific calculations. 

 

Recalculation of probabilities of OBE exceedance at PNPP are consistent 

with those previously provided in response to NRC Questions Q&R 230.1 

and Q&R 230.8.  In both, a similar conclusion was reached that the 

probability of exceeding the plant’s OBE intensity of VI (MM Scale) is 

on the order of 2 x 10-3/year.  This estimate results from the formal 

probabilistic assessment which considers that future seismic activity 

may be localized in the immediate region of the site (e.g., 50 km 

radius).  A similar result was obtained in response to the NRC’s 

questions, not from an assumption of higher seismicity near the site, 

but rather from the usage of conservative attenuation models.  For the 

consideration that future seismicity would recur randomly throughout the 

broader region surrounding the site (e.g., 200 mile radius), the 

probability of exceeding the OBE, as obtained by the recalculation is 

reduced to approximately 7 x 10-4/year. 

 

2.5.3      SURFACE FAULTING 

 

Based on the findings of the geological, geophysical and seismological 

investigations, no capable faults are present at or near the site.  

Investigations and findings relevant to surface faulting are described 

in <Section 2.5.1.2.3>, <Section 2.5.1.2.4>, <Section 2.5.1.2.5>, and 

<Section 2.5.4.3.5>.  Regional and site investigations have included 

literature review, subsurface investigations, interpretation of 

subsurface data, geologic mapping, and reconnaissance, and laboratory 

analyses.  The following sections summarize the pertinent findings and 

conclusions from these studies. 

 



 

  Revision 12 
 2.5-168 January, 2003 

2.5.3.1      Geologic Conditions of the Site 

 

The lithologic, stratigraphic and structural conditions of the site and 

site locale are described in <Section 2.5.1.2>. 

 

2.5.3.2      Evidence of Fault Offset 

 

Within the site locale vicinity, minor displacements were identified 

during preconstruction mapping of bedrock outcrops, during small-scale 

geologic mapping of the onshore and cooling water tunnel excavations and 

during geologic mapping of the 1986 Leroy earthquake epicentral area. 

 

Site locale displacements consist of thrust faults and vertical faults 

primarily exposed in stream channel outcrops, located over a wide area 

south of the site.  Displacement along the thrust faults reaches a 

maximum of approximately 10 feet, however, the majority are less than 

1 foot.  One gravity-fault slump block overrode an adjoining slump block 

for a horizontal distance of several feet.  Vertically, faults terminate 

along bedding planes of flat-lying, undeformed shale both above and 

below.  Lateral and vertical terminations are generally observed in 

outcrop, however, as in the situation encountered in the cooling tunnel 

excavations, additional excavation, mapping, drilling, and geophysical 

evidence were necessary to establish the extent of deformation in the 

Big Creek area (Reference 4).  All observed structures are shallow and 

apparently unrelated to tectonic deformation from depth.  The thrust 

faults are often overlain by undeformed surficial sediments.  These 

minor faults generally do not extend more than 200 to 300 feet 

laterally.  No lineaments coinciding with any of the fault strikes were 

discernible on aerial photographs (1:4,800 scale).  In one location, an 

accurate trace of a slump scarp is evident on aerial photography.  The 

width of fault zone deformation excluding slumping is variable, on the 

order of several inches to several feet, measured normal to the plane of 

deformation in near-vertical natural and excavated outcrops.  The origin 

of these superficial minor faults was concluded to be related to glacial  
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stresses (Pleistocene) and to movement of localized bedrock masses due 

to slumping.  <Section 2.5.4.3.6.1> and Weston Geophysical 

(Reference 4), 1986 report on detailed geologic investigations conducted 

in the site locale and epicentral area of the 1986 Leroy earthquake.  A 

map of the outcrops is shown on <Figure 2.5-40>. 

 

Faults exposed within the onshore plant excavations consisted of 

decollement style, glide-planes conformable with bedding.  Gouge up to 

three inches thick comprised of gray clay having a tough, leathery 

consistency and containing sand-size, angular, Chagrin shale fragments, 

define the basal plane of localized deformation.  This interval of 

deformation is bounded vertically upward by an undeformed boulder 

horizon pervasive throughout the site at approximate Elevation 572’ at 

the base of the structureless lower till.  The lowest elevation of 

onshore bedrock deformation was exposed in Unit 1 condensate 

demineralizer building excavation at approximate Elevation 534’. 

 

The distance of lateral transport along the decollements may have been 

on the order of several feet, possibly exceeding ten feet, inferred from 

strata shortening taken up by folding.  A southerly sense of lateral 

shove is inferred from structural fabric.  Leading edges of decollement 

glide planes exhibit lateral thinning conformable with bedding, and 

termination by upward imbricate thrusting, underthrusting and buckling.  

The origin of the compressive stresses which caused this deformation is 

attributed to loading and lateral shove of late Wisconsinan glaciation 

and specifically Hiram ice which overrode the site approximately 

14,500 years B.P. (See <Section 2.5.1.2.3.3> for additional descriptive 

information of onshore deformation.) 

 

Thrust faulting, striking northeasterly and dipping 17 degrees toward 

the southeast intersects the cooling water tunnels beneath Lake Erie 

approximately 120 feet below lake bottom.  Net displacement along the 

fault ranges from 1-1/2 to 2-1/2 feet.  Throw for a probable minor splay 

from the main fault is 0.4 foot.  Deformation within the fault zone  
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measured normal to the plane of faulting is generally one foot thick.  

Additional descriptive information is contained in 

<Section 2.5.1.2.3.4.1>, <Section 2.5.1.2.3.4.2>, 

<Section 2.5.1.2.3.4.3>, and <Appendix 2D>.  Extrapolation of the 

displacement gradient data suggests faulting terminates in an updip 

direction well below lake bottom.  No fault scarps, abrupt changes in 

relief or fault traces are evident on the lake bottom.  The fault zone 

was intersected by invert borings on a straight-line, down-dip, fault 

plane projection.  An onshore angle hole intersected the fault at 

approximately 290 feet below lake bottom.  Between the tunnels, the 

fault strike measures about 750 feet.  Extrapolation northeasterly and 

southwesterly beyond the tunnels is conjecture.  However, borings 

located to intercept an updip projection of fault plane at a shallow 

depth within bedrock did not reveal evidence of faulting southwest of 

the plant site.  Hypothesized northeasterly extensions of the faulting 

along strike intersect seismic track lines of the Department of Army, 

Coastal Engineering Research Center.  Between navigation survey 

Fixes 610 and 640 in the vicinity of the site, no abrupt elevation 

changes in the lake floor or acoustic contrasts of sediment, both 

potential indications of faulting, are reported by Mr. S. Jeffress  

Williams, Marine Geologist, Geotechnical Engineering Branch 

(Reference 208) (Reference 209).  Reconnaissance of glacial and 

lacustrine deposits comprising the lake bluff did not reveal evidence of 

faulting southwest or northeast of the site. 

 

Earth Resources Technology Satellite (ERTS) imagery (Bands 4, 5 and 7) 

was examined for evidence of lineaments within the immediate vicinity of 

the Perry Nuclear Power Plant site.  No lineaments were observed on the 

ERTS imagery within a 5 mile radius of the site.  Twenty lineaments 

located within 75 miles of the PNPP site were observed on the ERTS 

imagery <Figure 2.5-113>.  Only one lineament (50 miles southwest of the 

site) coincides in both trend and location with known structure.  The 

remaining 19 lineaments can be associated with a combination of glacial, 

contemporary and paleo drainage, and vegetation effects.  No lineaments  
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were observed on the ERTS imagery which indicate conditions posing a 

potential hazard to the PNPP site. 

 

“A lineament is a mappable, simple or composite linear feature of a 

surface, whose parts are aligned in a rectilinear or slightly 

curvilinear relationship and which differs distinctly from the patterns 

of adjacent features and presumably reflects a subsurface phenomenon” 

(Reference 210).  The lineaments identified during the analysis of ERTS 

imagery transparencies were plotted on an acetate overlay and compared 

to available surface and subsurface geological and geophysical data for 

northeastern Ohio and adjacent Pennsylvania.  This comparative analysis 

included the interpreted anomalies of Voight Figure 13, <Appendix 2D F>.  

The geologic setting, which provided the framework for assessing and 

interpreting the lineaments, is discussed in <Section 2.5.1>.  

Individual lineaments are described in the following paragraphs. 

 

a. Lineament 1 

 

 Lineament 1 is a discontinuous tonal variation trending 

northeastward for approximately 50 miles from a point 14 miles 

south of Cleveland to 20 miles east of Perry.  The three 

southwestern lineament segments correspond in part to the contact 

between isolated upland remnants of Pennsylvanian sandstone, shale 

and limestone (Pottsville and Allegheny Formations), and underlying 

Mississippian shale, sandstone and limestone (Waverly and Maxville 

Formations) (Reference 211) enhanced by stream segments of the 

Chagrin River and Big Creek which cut valleys through the 

essentially horizontal bedrock strata.  The northeastern segment of 

Lineament 1 corresponds to Coffee Creek which does not correspond 

to any mapped lithologic contacts.  No mapped faults or fold axes 

(Reference 212) coincide with Lineament 1.  No gravity anomaly or 

gradient parallels Lineament 1 <Figure 2.5-12> and <Figure 2.5-13>.  

These lineament segments are, therefore, attributed to drainages 

that are variably controlled by the underlying lithology. 
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b. Lineament 2 

 

 Lineament 2 traces a discontinuous curvilinear path along a 

generally northeastward trend from a point 16 miles east of 

Cleveland to 5 miles south of Perry and then southward to 

approximately 15 miles south of Perry.  The tonal change occurs as 

a discontinuous dark band of variable width.  This lineament 

corresponds mainly with northeast-trending stream channel sections 

of the Chagrin, Big and Grand drainages and the north-south 

trending Paine, Bates and East Branch Cuyahoga drainages which cut 

through the Pennsylvanian Pottsville and Allegheny coal, sandstone, 

shale, and limestone into and through the Mississippian Waverly and 

Maxville, shale, sandstone and limestone into the underlying 

Devonian Olentangy and Ohio shales (Reference 211).  The stream 

erosion of resistant sandstones and limestones results in narrow 

steep-walled valleys which are responsible for the lineament 

segments.  No mapped fold axes or faults (Reference 212) coincide 

with Lineament 2.  Also no gravity anomaly or gradient parallels 

Lineament 2 <Figure 2.5-12> and <Figure 2.5-13>.  The lineament is, 

therefore, attributed to a number of steep-walled valleys cut by 

streams through essentially horizontal bedrock. 

 

c. Lineament 3 

 

 Lineament 3 is a broad dark-toned band which corresponds to an 

east-west trending, meandering segment of the Grand River.  The 

dark-toned floodplain is composed of Wisconsin age alluvium filling 

this section of the Grand River Valley.  The Wisconsin age Lake 

Escarpment moraine parallels and may topographically control the 

alignment of the drainage in this area (Reference 91).  No fold 

axes or faults are mapped along Lineament 3 (Reference 212).  No 

gravity anomaly or gradient is associated with the lineament 

<Figure 2.5-12> and <Figure 2.5-13>.  Lineament 3 is attributed to  
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 the contrast between alluvium associated with the Grand River 

floodplain and the contiguous Lake Escarpment moraine. 

 

d. Lineaments 4 and 5 

 

 Lineaments 4 and 5 trend northeastward parallel to the Lake Erie 

shoreline east of Perry, Ohio, occurring as slight tonal 

variations.  The abandoned beach ridges of Wisconsin age Lake 

Warren correspond with these lineaments (Reference 91).  Bedrock 

topography may influence the orientation of the strandlines; 

however, no fold axes or faults are mapped coinciding with 

Lineaments 4 and 5 (Reference 212).  No gravity anomalies or 

gradients are associated with the lineaments <Figure 2.5-12> and 

<Figure 2.5-13>.  Lineaments 4 and 5 are attributed to the 

topographic expression of the beach ridge deposits. 

 

e. Lineament 6 

 

 Lineament 6 is a light-toned, curved lineament extending from 

Meadville, Pennsylvania, northwestward along Cussewago Creek, then 

northwestward to westward along Conneaut Creek.  The 

northwest-trending lineament coincides with a segment of the 

Cussewago Creek cutting Pocono Group conglomerates and sandstones 

down to the Oswayo Formation shales, siltstones and sandstones 

(Reference 213), forming steep valley walls.  Minor synclinal and 

anticlinal axes are mapped in the area; however, their limited 

extent and the lack of any associated gravity anomaly or gradient 

<Figure 2.5-12> and <Figure 2.5-13> indicate that these possible 

structures would be limited in scale as commonly reported for this 

region.  The lineament is attributed to narrow stream valleys 

cutting through the essentially horizontal bedrock. 
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f. Lineament 7 

 

 Lineament 7 trending northwestward, coincident with a segment of 

Muddy Creek, is of the same origin as Lineament 6. 

 

g. Lineament 8 

 

 Lineament 8 extends northwestward from the upper Shenango River in 

Pennsylvania to Geneva on the Lake, Ohio.  The discontinuous 

lineament occurs as a faint light tone which does not coincide with 

topographic alignments.  This lineament possibly connects 

southeastward with an area of hypothesized structural 

discontinuities (Wagner-Lytle lines), described as “narrow zones or 

trends along which fold axes terminate, diminish or change 

direction” (Reference 214).  It is reported that no surface 

faulting has been recognized along the hypothesized Wagner-Lytle 

lines (Reference 215), which suggests that deformation took place 

in broad zones over long periods of time during which the rocks 

were able to adjust to stress with many minor fractures rather than 

mappable faults.  Lineament 8, if related to the above described 

Wagner-Lytle lines, could be attributed to possible enhanced 

fracturing resulting in associated anomalous groundwater 

conditions. 

 

h. Lineament 9 

 

 Lineament 9 has been eliminated. 

 

i. Lineament 10 

 

 Arcuate Lineament 10, a curvilinear tonal variation, coincides with 

a section of Crooked Creek extending from Greenville, Pennsylvania, 

northward and northwestward to the Pymatuning Reservoir on the 

Pennsylvania-Ohio border.  Wisconsin age kame deposits and Recent  
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 alluvium fill this section of the Crooked Creek Valley 

(Reference 216).  The lineament is attributed to Wisconsin age 

glacial and Recent alluvial valley fill deposits. 

 

j. Lineament 11 

 

 Lineament 11 is a discontinuous dark-toned line which extends 

northwestward from Mercer, Pennsylvania, into Ohio.  This lineament 

appears to connect to the southeast with an area of hypothesized 

structural discontinuities (Wagner-Lytle lines) as described for 

Lineament 8.  Therefore, if Lineament 11 is related to the 

above-described Wagner-Lytle lines, it could be attributed to 

possible enchanced fracturing, resulting in associated anomalous 

groundwater conditions. 

 

k. Lineament 12 

 

 Lineament 12 is a discontinuous, light tonal variation which 

extends from south of Ravenna, Ohio, along a section of the West 

Branch of the Mahoning River, northeastward to south of the 

Pymatuning Reservoir.  The southwestern segments correspond in part 

to buried river valleys filled with Recent alluvium and Wisconsin 

age “valley train” deposits (Reference 217).  The northeastern 

segment appears to correspond to the strike of lithologic contacts 

between the upland Sharon Conglomerate/Connoquessing Sandstone and 

the lower Cuyahoga Group shales in the valleys (Reference 210).  

The middle segments of Lineament 12 appear to correspond to a 

section of the Mahoning Creek and a tributary of Mosquito Creek 

northwest of Cortland, Ohio.  Structural discontinuities (fold axes 

or faults) (Reference 212) are not reported parallel to or 

coincident with the trend of Lineament 12.  No gravity anomaly or 

alignment parallels the trend of Lineament 12 <Figure 2.5-12> and  



 

  Revision 12 
 2.5-176 January, 2003 

 <Figure 2.5-13>.  This lineament is attributed to the coincidental 

alignment of buried river valleys, existing drainage systems and 

lithologic contacts. 

 

l. Lineaments 13, 14, 15, and 18 

 

 These lineaments are the stronger of many generally north-trending 

lineaments forming one axis of a rectilinear pattern in 

northeastern Ohio, resulting from variations in vegetation (wooded 

versus open).  This pattern abruptly terminates at the Pennsylvania 

border, indicating that the pattern is controlled by culture.  In 

one case, (Lineament 15), the vegetative lineament corresponds with 

a lobe of Wisconsin age lacustrine deposits filling the buried 

Grand River valley (Reference 91).  No mapped structural alignments 

(fold axes or faults) (Reference 212) or gravity anomalies 

correspond to these lineaments <Figure 2.5-12> and <Figure 2.5-13>. 

 

m. Lineament 16 

 

 Lineament 16 is a faint discontinuous tonal pattern, trending 

northeastward.  This lineament cuts across lithologic contacts.  

The more distinct sections coincide with linear glacial outwash 

deposits (valley trains) preserved as terraces in the Cuyahoga 

River valley (Reference 217).  The northeastern section parallels 

an end moraine deposit south of Ashtabula, Ohio (Reference 91).  No 

fold axes or faults are mapped corresponding to Lineament 16 

(Reference 212).  No gravity anomaly or gradient correlates with 

the trend of the lineament, <Figure 2.5-12> and <Figure 2.5-13>. 

This lineament is attributed to the alignment of linear glacial 

deposits. 
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n. Lineament 17 

 

 Lineament 17 is a dark-toned line trending north-eastward 

coincident with the Upper Cuyahoga River.  The river valley is 

probably controlled in part by the strike of lithologic contacts in 

this area, cutting through upland Pottsville and Allegheny shale, 

sandstone and limestone to Waverly and Maxville shale, sandstone 

and limestone (Reference 211).  A buried river valley filled with 

Recent alluvium (Reference 217) is likely responsible for the 

location of the existing Cuyahoga River.  No fold axes or faults 

are presently mapped (Reference 212) parallel to the trend of the 

lineament.  No gravity anomaly or gradient correlates with the 

trend of Lineament 17 <Figure 2.5-12> and <Figure 2.5-13>.  

Lineament 17 is attributed to the coincidence of an existing stream 

segment flowing along a buried river valley controlled and enhanced 

by lithologic contacts mapped in the area. 

 

o. Lineament 19 

 

 This lineament is mapped as a tonal change which in part 

corresponds with segments of Eagle Creek and the Grand River.  

Coinciding with the lineament to the southeast are sections of end 

moraine and valley train deposits (Reference 91), while to the 

northwest the contact between Pottsville and Allegheny sandstone, 

shale and limestone and Waverly and Maxville sandstone, shale and 

limestone forms the tonal patterns (Reference 211).  The axes of 

minor synclines and anticlines are mapped in the area 

(Reference 212); however, their limited extent and the lack of any 

associated gravity anomaly <Figure 2.5-12> and <Figure 2.5-13> 

indicate that these possible structures would be limited in scale 

as commonly reported for this region and would not be responsible 

for Lineament 19.  This lineament is, therefore, variably 

attributed to glacial deposits, lithologic contacts and existing 

drainages. 
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p. Lineament 20 

 

 Lineament 20 occurs as an abrupt tonal change from light to dark 

along a short linear alignment approximately parallel to the 

railroad right-of-way between Warren and Ravenna, Ohio.  The 

Ravenna Arsenal is an area of distinct tone located south of the 

railroad between Ravenna and Warren.  A segment of the south fork 

of Eagle Creek also coincides with the lineament.  No structures 

(fold axes or faults) are mapped which correspond to Lineament 20 

(Reference 212).  No gravity anomaly or gradient corresponds to the 

lineament <Figure 2.5-12> and <Figure 2.5-13>.  This lineament is 

attributed to cultural features and possibly to drainage. 

 

q. Lineament 21 

 

 Lineament 21 is traceable as a faint light tonal variation trending 

northwestward between Alliance and Akron, Ohio.  This lineament is 

nearly coincident with a N54W trending high-angle bedrock fault 

mapped in the subsurface <Figure 2.5-114>; the subsurface fault is 

limited in extent, as mapped, and no surface escarpment or rupture 

is reported.  The maximum vertical displacement is approximately 

100 feet upthrown on the southwest side.  Structural contours and 

isopachs of the Middle Devonian age Delaware-Dayton Formations 

confirm the existence of the fault (Reference 212) (Reference 217).  

The location, subsurface occurrence and limited extent of this 

fault and the lack of any known associated seismicity indicate no 

potential hazard.  There is no evidence to indicate that the 

subsurface fault is responsible for Lineament 21, and no 

correlative fault scarp or surface rupture is reported 

(Reference 212). 

 

As part of the investigation of the 1986 Leroy earthquake, an 

examination of Synthetic Aperture Radar (SAR) imagery covering the two 

degree Cleveland map sheet was undertaken.  Of the linear features  
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observed, several northwest-trending lineaments in Ashtabula and 

Trumbull counties extending southeastward into Pennsylvania are note 

worthy.  The radar lineaments are, in part, spatially correlative to 

ERTS imagery Lineaments 8 and 11 discussed above <Figure 2.5-113>.  The 

characteristic linear changes in image tone density cut cultural 

features such as field and roads.  They may represent subtle soil 

moisture and/or bacterial anomalies related to local variations in 

bedrock fracture intensity.  Prior to this investigation, no tectonic 

structures have been mapped in the vicinity of these features.  Field 

reconnaissance in eastern Geauga county, along the trend of one 

lineament, revealed no outcrop for examination of potential bedrock 

structures. 

 

While the general northwest trend of the ERTS and SAR lineaments 

corresponds in orientation with northwest-trending disruptions in 

northeast-elongated gravity and aeromagnetic gradients and anomalies 

(e.g., Akron aeromagnetic lineament), a one to one spatial correlation 

does not exist.  Even a tentative relationship is only conceivable by 

extrapolation of the lineament trends northwestward from Ashtabula and 

Trumbull counties into Geauga and Lake counties.  Other than 

representing further indirect evidence of possible northwest-trending 

structural discontinuities originating in the Precambrian basement, no 

direct indication of mappable structures involved with the Leroy seismic 

activity is suggested by the ERTS and SAR lineaments. 

 

Linear features and lineaments interpreted from these investigations 

<Figure 2.5-113> have also been compared with structural and lithologic 

alignments and boundaries, derived from various geological and 

geophysical data discussed elsewhere in this document.  These include 

the Akron Magnetic Lineament, local northwest-trending disruptions in 

the magnetic pattern, features interpreted from structural contour maps 

of two Paleozoic units and shallow bedrock structures mapped in outcrops 

in the epicentral area.  No direct spatial correlation of either ERTS or 

SAR lineaments is noted with the Akron Magnetic Lineament or  
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northwest-trending disruptions.  In general, no specific correlations 

are noted between the lineamemts and features interpreted on the Packer 

shell and Delaware limestone horizons.  However, a general spatial 

correlation exists between the broad ERTS Lineament 15 (Grand River 

Valley) and a north-south-trending feature apparent on both horizons in 

southwestern Ashtabula county <Figure 2.5-38> and <Figure 2.5-39>.  

Finally, no bedrock structures, either previously reported or mapped 

during the 1986 earthquake investigation, were found to uniquely 

coincide with the ERTS and SAR lineaments. 

 

2.5.3.3      Earthquakes Associated with Capable Faults 

 

No capable faults, with the possible exception of the Clarendon-Linden 

fault zone near Attica, New York, have been identified within the site 

region.  Seismic activity spatially correlated with the central portion 

of this fault system is discussed in <Section 2.5.2.1.2.2>.  As 

discussed in <Section 2.5.2.1.2.4> and <Section 2.5.2.1.2.5>, the 

alignment of other regional or local epicentral distribution trends is 

purely conjectural.  None of these trends can be directly related to 

existing structure. 

 

2.5.3.4      Investigation of Capable Faults 

 

The only possible capable fault(s) within the site region have been 

identified as the Clarendon-Linden fault zone as described in 

<Section 2.5.2.1.2.2>. 

 

2.5.3.5      Correlation of Epicenters with Capable Faults 

 

No capable faults, with the possible exception of the Clarendon-Linden 

fault zone near Attica, New York, have been identified within the site 

region.  Seismic activity spatially correlated with the central portion 

of this fault system is discussed in <Section 2.5.2.1.2.2>.  As 

discussed in <Section 2.5.2.1.2.4> and <Section 2.5.2.1.2.5>, the  
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alignment of other regional or local epicentral distribution trends is 

purely conjectural.  None of these trends can be directly related to 

existing structure. 

 

2.5.3.6      Description of Capable Faults 

 

No capable faults have been identified within the Perry site local. 

 

2.5.3.7      Zone Requiring Detailed Faulting Investigation 

 

The site is located within a zone which does not require detailed 

faulting investigations in accordance with <10 CFR 100, Appendix A>. 

 

2.5.3.8      Results of Faulting Investigation 

 

Detailed faulting investigations are not required as discussed in 

<Section 2.5.3.7>.  Investigations conducted to document the evidence of 

offset and to determine the origin and age of offset are summarized in 

<Section 2.5.4.3.6>.  Details of faulting intersecting the cooling water 

tunnels are contained in <Appendix 2D>. 

 

2.5.4      STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS 

 

2.5.4.1      Geologic Features 

 

2.5.4.1.1      Areas of Subsurface or Surface Instability 

 

Areas of actual and potential surface or subsurface subsidence, uplift 

or collapse have been considered.  There are no features such as 

cavernous terrain or tectonic-related relief (passive or active) in the 

plant site vicinity.  Regarding naturally occurring conditions, the 

following were investigated:  (1) integrity of unmined salt 

(<Section 2.5.1.1.7.1.1>, Salina Group), (2) brine solutioning potential 

(<Section 2.5.1.1.7.1.1>, Groundwater System), (3) natural solution  
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cavities subsidence potential (<Section 2.5.1.1.7.1.4>, Subsidence 

Potential, Natural Solution Cavities).  Regarding man’s activities, the 

following were investigated:  (1) salt mining subsidence potential 

(<Section 2.5.1.1.7.1.4>, Subsidence Potential), (2) subsurface gas 

storage <Section 2.5.1.1.8.2> and (3) hydrocarbon extraction 

<Section 2.5.1.1.8.3>. 

 

2.5.4.1.2      Loading History 

 

The site area was subjected to extensive glaciation during the 

Pleistocene Epoch.  It is known that several glacial advances overrode 

the site area.  Till deposits from the early advances would have been 

consolidated by the successive glacial advances.  Based on ice thickness 

estimates by Carney, a basal pressure of 115.5 kips on bedrock during 

glacial override was calculated (Reference 218).  A review of the site 

glacial history is presented in <Section 2.5.1.2.4>.  A preconsolidation 

pressure of 12 ksf for lower till based on laboratory testing was 

assumed for design.  Subsurface material properties are discussed in 

<Section 2.5.4.2>. 

 

2.5.4.1.3      Deformation Zones 

 

As described in <Section 2.5.1.2.3.2>, several zones of folded, faulted 

and otherwise structurally altered bedrock were exposed during plant 

construction. 

 

No zones of weakness that could affect the bearing for Seismic 

Category I structures were encountered within the lower till or the 

Chagrin shale.  The thin discontinuous zone of weathering at the top of 

the Chagrin shale was removed during excavation.  Weathering along 

joints and fractures within the shale was too limited in extent and 

frequency to affect supporting ability.  The limited deformation zones 

were concluded to have no significant or detrimental influence on the 

plant structures <Section 2.5.4.3.6.2> and <Section 3.8.4>.  As a  
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conservative measure, the deformed bedrock encountered in the plant 

excavation was overexcavated and backfilled with lean concrete having a 

28-day compressive strength of at least 1,500 psi.  <Figure 2.5-55> 

delineates the areas overexcavated and treated as such. 

 

2.5.4.1.4      Residual Stress 

 

Refer to <Section 2.5.1.2.5.3>. 

 

2.5.4.1.5      Unstable Rock and Soil Composition 

 

The lower till and the Chagrin shale units supporting plant foundations 

are not susceptible to detrimental consolidation, densification or 

liquefaction under either static or dynamic loading. 

 

2.5.4.2      Properties of Subsurface Materials 

 

As described in detail in <Section 2.5.4.3.3>, four stratigraphic units 

were encountered by subsurface exploration at the site.  In descending 

order, these units are identified as lacustrine sediments, two distinct 

glacial ground moraine deposits which are denoted as upper till and 

lower till and finally, an Upper Devonian shale identified as the 

Chagrin shale.  The properties of these materials are described in the 

following sections.  The test methods used to determine the properties 

are summarized in <Table 2.5-24>. 

 

2.5.4.2.1      Properties of Soil Materials 

 

2.5.4.2.1.1      Physical Properties 

 

Physical property tests conducted on representative samples of the soils 

at the site include natural water content, Atterberg (liquid and 

plastic) limits, unit weight, specific gravity, and grain size 

distribution.  The results of these tests are presented in  
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<Table 2.5-25>, <Table 2.5-26>, and <Table 2.5-27> and are summarized in 

<Table 2.5-28>.  Grain size distribution curves are presented in 

<Figure 2.5-115>, <Figure 2.5-116>, and <Figure 2.5-117>.  The range of 

gradations of the upper till and lower till are shown in 

<Figure 2.5-118> and <Figure 2.5-119>. 

 

2.5.4.2.1.2      Drained Deformation Properties 

 

One-dimensional oedometer (consolidation) tests were performed on 

relatively undisturbed samples of the soils to determine drained 

deformation properties.  The tests were conducted using both 

conventional double-load increments and by constant rate of strain 

loading techniques (Reference 219).  The results of the test are 

tabulated in <Table 2.5-29>.  For the lower till, the constrained 

modulus and deformation modulus have been interpreted from the 

consolidation test results for stresses less than the preconsolidation 

pressure of each sample.  These values are presented in <Table 2.5-30> 

and were calculated by using Equations 2.5-3 and 2.5-4. 
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where: 

 

 dE  = Constrained modulus 

 sE  = Deformation modulus 

 o  = Initial strain 

 avg  = Average stress within recompression load range 

 rC  = Recompression index, unit strain basis 

  = Poisson’s ratio 
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Typical consolidation test curves in the form of axial strain versus 

consolidation pressure and compression versus time are presented in 

<Figure 2.5-120>, <Figure 2.5-121>, and <Figure 2.5-122> for each of the 

three soil units. 

 

2.5.4.2.1.3      In Situ Undrained Deformation Properties 

 

Field testing was performed to investigate the undrained 

load-deformation properties of the lower till.  These procedures 

included pressuremeter tests and plate-loading tests, which are 

described in the following sections. 

 

2.5.4.2.1.3.1      Pressuremeter Tests 

 

Ten pressuremeter tests were conducted at various locations within the 

lower till.  As shown in <Figure 2.5-123>, the pressuremeter consists of 

an expandable cylindrical probe connected by high-pressure tubing to a 

water and gas pressure source at the surface.  The center portion of the 

probe is expanded in the hole by water pressure whereas the ends of the 

probe (guard cells) are expanded by gas pressure to effect essentially a 

two-dimensional radial stress condition around the water loaded, central 

portion of the pressuremeter probe.  The amount of expansion of the 

center of the probe is measured by a volumeter which records the change 

in the volume of water contained within the pressuremeter system.  The 

amount of water pressure within the probe and its volumetric expansion 

is recorded and used with appropriate corrections to characterize the 

compressibility or soils or soft rock.  A more detailed discussion of 

the apparatus is given by Menard (Reference 220). 

 

Borings drilled to accommodate pressuremeter probes in the lower till 

were drilled in three stages.  First, the hole was drilled “dry” to a 

depth of about 3 feet above the test level by advancing a continuous 

hollow-stem auger containing rubber O-rings or gaskets between the auger 

sections to prevent infiltration of groundwater.  Subsequently, the dry  
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hole was continued by utilizing a 2-5/8-inch diameter, 3-foot long 

flight auger which was telescoped through the larger diameter 

hollow-stem augers.  The smaller diameter auger holes were usually 

advanced to about 5 feet below the bottom of the larger hole.  Finally, 

the side walls of the hole were smoothed and enlarged by inserting a 

2-7/8-inch diameter split-barrel sampler with a cutting shoe.  The 

pressuremeter tests were conducted immediately after hole preparation to 

preclude hole softening. 

 

After inserting the probe, pressures were applied in increments of about 

3 kilograms per square centimeter.  Before and during application of the 

load, volumeter readings were recorded at time intervals of 15, 20 and 

60 seconds.  Upon reaching the end of the test or upon initiation of 

plastic behavior, the applied pressure was reduced in decrements of 

about 3 kilograms per square centimeter to zero pressure, allowing a 

60-second lapse between each decrement.  To investigate the 

recompression characteristics of the material tested, cyclic loading was 

also conducted at selected locations. 

 

The pressure-volume curves were interpreted as described by Menard to 

determine the undrained modulus of compressibility (also termed 

deformation modulus) applicable to the following conditions 

(Reference 220): 

 

a. At stress excursions less than the preconsolidation pressure of the 

till. 

 

b. At stress excursions above the preconsolidation pressure. 

 

c. During an unloading (swell) or reloading cycle. 

 

These load ranges are shown on typical pressure-volume curves on 

<Figure 2.5-124> for the lower till.  The interpretation of the stress 

at which plastic behavior first initiates and the ultimate stress at  
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plastic yield are also indicated on that figure.  A summary of the 

pressuremeter test result interpretations in the lower till is presented 

in <Table 2.5-31>.  Evaluation of the results of the pressuremeter 

tests, together with the results of the modulus values determined by 

other testing techniques, indicate that undrained modulus values 

determined from cyclic or rebound measurements are more representative 

than those calculated from first load measurements.  It is postulated 

that the lower modulus values determined from first load measurements 

are reduced by the effects of the side wall disturbance of the drill 

hole. 

 

The undrained modulus derived from pressuremeter tests is a function of 

the ratio of the change in cell pressure to the change in the volume of 

the measuring cell.  Before the test, the initial volume reading at zero 

pressure is recorded upon stabilization of the volumeter under the 

hydrostatic pressure prevailing at the level of the cell.  By this 

means, the effect of piezometric pressure is considered in the 

calculation of undrained modulus from the pressuremeter test. 

 

2.5.4.2.1.3.2      Plate Loading Tests 

 

Down-hole plate loading tests were conducted in two large diameter 

(42 inches) drilled inspection shafts.  These tests were conducted in 

order to minimize disturbance effects associated with laboratory and 

pressuremeter testing.  The inspection shafts are described in 

<Section 2.5.4.3.2>. 

 

The load test reaction system consisted of two 30-inch O.D. reaction 

caissons offset at least 5 feet from each test hole.  Reaction caissons 

were drilled to about Elevation 583’ and mechanically under-reamed to a 

diameter of 40 inches.  The cross beam and deflection measurement system 

used for vertically loaded bearing plates are shown on <Figure 2.5-125>.  

Six vertically oriented load tests were conducted using a 22-inch rigid 

plate seated within the lower till at successively lower elevations.   
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The plates were seated and leveled on an undisturbed bearing surface 

using a quick-set “hydrostone” as a leveling material.  Load was applied 

by a remotely controlled 100-ton jack and the plate deformations were 

measured by extensometer gauges with scale divisions of 0.0001 inch. 

 

In addition to the vertically oriented load tests, five tests oriented 

in the horizontal plane were also conducted at various elevations within 

the lower till.  As shown in <Figure 2.5-125>, the horizontal load tests 

were conducted using 13.55 inch diameter (one square foot) steel plates 

in pairs.  The loading was applied by a 50-ton capacity hydraulic jack.  

The side wall surfaces were prepared by the application of “hydrostone” 

as a leveling material. 

 

Vertically oriented loading of the bearing plates was conducted in 

general accordance with the Standard Method for Repetitive Static Plate 

Load tests as described by ASTM Test Designation D 1195-64.  Further 

discussions of load testing procedures used are given by Coates and 

Gyenge (Reference 221).  After setting of the “hydrostone” leveling 

course, a seating load of 500 pounds was applied and the measurement 

system was calibrated for the initial deformation.  Within the lower 

till, 20 to 25 equal load increments and decrements were applied to 

achieve a maximum load of 22.6 tsf.  During each of the loading 

increments, deformation readings were taken after elapsed time of 1/4, 

1/2, 1, 2, 4, 8, and 16 minutes.  Cyclic loading was also conducted at 

selected test levels with the lower till. 

 

Horizontally oriented test plates were loaded to a maximum pressure 

ranging from 24 to 47 tsf using 13 to 29 load increments and decrements.  

Time deformations at each of the load increments were maintained for a 

period up to at least two minutes.  The weight of the horizontal load 

test assembly was independently supported so as not to impose shear 

stresses on the test surface. 
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The modulus of compressibility of the lower till was derived from the 

load versus settlement test curves, assuming the test materials to react 

as an elastic material in accordance with Equation 2.5-5: 
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where: 

 

 E = Modulus of compressibility 

 q = Applied pressure 

  = Poisson’s ratio 

 d = Plate diameter 

 1C  = Shape coefficient (Reference 222) 

 2C  = Test depth correction (Reference 223) 

  = Plate deformation 

 

The modulus was interpreted with the foregoing formula for stress ranges 

both below and above the apparent preconsolidation pressure of the till.  

The preconsolidation pressure is interpreted to be the point of maximum 

curvature on the pressure-deformation curve.  The modulus was also 

calculated from cyclic loading tests which would more closely 

approximate dynamic loading conditions.  Results of the lower till plate 

loading test interpretations are presented in <Table 2.5-32> and 

<Table 2.5-33> for the vertical and horizontal tests, respectively.  A 

typical load-deformation curve for the plate loading tests is shown in 

<Figure 2.5-126>. 

 

2.5.4.2.1.4      Strength Properties 

 

Tests conducted to investigate the shear strength of the subsoils 

consisted of the following: 

 

a. Unconfined (U) uniaxial compression. 
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b. Unconsolidated-undrained (UU) triaxial compression. 

 

c. Isotropically consolidated-undrained triaxial compression with pore 

pressure measurements (CIU). 

 

d. Isotropically consolidated-undrained triaxial compression with pore 

pressure measurements, consolidated and loaded in stages without 

intermediate stages being loaded to failure (CIUs). 

 

The results of the compression tests on each soil stratigraphic unit are 

presented in <Table 2.5-34>, <Table 2.5-35>, and <Table 2.5-36>.  The 

effective stress parameters interpreted from the CIU and CIUs tests are 

summarized in <Table 2.5-37>.  Typical stress paths and stress-strain 

curves for each soil unit are presented in <Figure 2.5-127>, 

<Figure 2.5-128>, <Figure 2.5-129>, <Figure 2.5-130>, <Figure 2.5-131>, 

and <Figure 2.5-132>. 

 

2.5.4.2.1.5      Dynamic Properties 

 

Shear modulus and damping values for dynamic response analyses were 

determined as a function of shear strain and consolidation pressure by 

cyclic torsion (resonant column) tests conducted on representative 

samples.  Also, estimates of shear modulus at very low strain levels 

were determined from in situ shear wave velocities measured by seismic 

cross-hole and down-hole testing.  Results of the cyclic torsion tests 

together with pertinent physical properties of the test specimens are 

presented in <Table 2.5-38>, <Table 2.5-39>, and <Table 2.5-40> for each 

soil unit.  The results of the in situ testing are described in detail 

in <Section 2.5.4.4> and are summarized in <Table 2.5-41>.  The value of 

K2 was determined for each test using Equation 2.5-6. 
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  1/2m2K1000G          (2.5-6) 

 

where: 

 

 G  = Shear modulus 

 2K  = Shear modulus parameter 

 m  = Mean effective principal stress 

 

The damping value and K2 from the cyclic torsion tests are plotted 

versus shear strain for each soil type in <Figure 2.5-133>, 

<Figure 2.5-134>, <Figure 2.5-135>.  Also shown on these figures is the 

damping and K2 relationship derived by Hardin and Drnevich 

(Reference 224).  Comparison of the K2 values interpreted from the 

in situ shear wave velocity measurements with an extrapolation of the 

laboratory K2 measurements indicates that the wave velocity measurements 

are excessively high, particularly for the upper and lower till.  

Therefore, the seismic wave velocities were not heavily weighted in the 

formulation of the dynamic properties of the subsoils. 

 

2.5.4.2.1.6      Permeability 

 

The permeability of the subsoils was investigated using laboratory and 

in situ testing methods.  The test methods and results are described in 

<Section 2.5.4.6>. 

 

2.5.4.2.1.7      Dispersion Characteristics 

 

Three types of dispersion tests were conducted on each of five samples 

of lower till.  These tests consisted of the pinhole test, the Soil 

Conservation Service (SCS) laboratory dispersion test, and the 

measurement of dissolved cations in a saturation extract (Reference 225) 

(Reference 226) (Reference 227).  The pinhole test results are shown in 

<Table 2.5-42>, the SCS test results in <Figure 2.5-136> and the 

saturation extract results in <Table 2.5-35> and <Figure 2.5-137>.  It  
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was indicated by 14 of the 15 tests that the lower till is 

nondispersive.  The result of one pinhole test which indicated that the 

sample was dispersive is considered to be questionable. 

 

2.5.4.2.1.8      Petrographic Analysis 

 

Four samples of lower till were subjected to petrographic analysis.  All 

four samples were found to have similar mineralogy and to contain the 

same variety of rock fragments, varying only in the relative amounts of 

these constituents. A gray-brown silt and clay matrix was found to be 

the dominant component, ranging from approximately 40 to 70 percent of 

the volume of each sample.  Numerous individual shale fragments were 

almost optically indiscernible from the surrounding matrix material, 

suggesting inplace breakdown of these rock clasts.  By far, the most 

common mineral was found to be euhedral and anhedral quartz, often 

occurring with crystalline inclusions.  A likely source for this 

material is from the well sorted quartzose laminae in the shale clasts.  

A summary of the approximate compositions of the samples is presented in 

<Table 2.5-44>. 

 

The depositional fabric of the samples was granular and heterogeneous 

without discernible mineralogic or textural banding.  The general 

character of the sediment was a chaotic mixture of diverse mineralogy 

and rock clasts in a matrix of very fine silt and clay size materials.  

Brown and black organic material was common in both shale clasts and 

matrix material.  It occurred in irregular, translucent, lenticular, and 

globular masses.  Some of this organic material may have been 

carbonaceous debris derived from nearby source areas at the time of 

sediment deposition.  Opaque material present in thin sections was 

chiefly pyrite and magnetite, but no concentrated effort was made to 

attempt to identify all opaque materials.  Not all shale clasts  

exhibited bulk polarization under crossed Nicols, but became extinct in  
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globular patches.  All samples contained trace amounts of hornblende, 

enstatite, augite, epidote, rutile, and zircon, suggesting a metamorphic 

or igneous source rock area. 

 

2.5.4.2.2      Properties of Chagrin Shale 

 

2.5.4.2.2.1      Physical Properties 

 

Physical property tests conducted on core samples of Chagrin shale 

included natural water content and unit weight.  In addition, 

representative samples were pulverized and determinations made of 

Atterberg (liquid and plastic) limits, specific gravity and grain size 

distribution.  The results of these tests are presented in 

<Table 2.5-45> and are summarized in <Table 2.5-46>.  Grain size 

distribution curves are presented in <Figure 2.5-138>. 

 

2.5.4.2.2.2      Petrographic and X-Ray Diffraction Analyses 

 

Petrographic and X-ray diffraction analyses were conducted on shale 

samples, and the results are presented in <Table 2.5-47>.  The dominant 

clay mineral found to be present was illite, which is considered to be a 

“normally active” clay mineral.  The activity of illite (ratio of 

plasticity index to the percent finer than two microns) is reported to 

be 0.9 (Reference 228).  The average activity of the Chagrin shale 

samples tested was found to be 0.33, which indicates that the shale on 

the whole may be classified as “inactive” and that the plasticity 

indices measured are reasonably consistent with the clay content and 

composition of the shale, considering the inclusion of other minerals 

less active than illite. 

 

2.5.4.2.2.3      Slaking Durability 

 

To investigate slaking durability of the shale, wet-dry cycle slaking 

tests using procedures described by Franklin (Reference 229) and  
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essentially constant emersion (“jar slaking”) tests were conducted.  In 

the wet-dry slaking test, the percent by dry weight of the shale samples 

retained by a No. 10 mesh at the end of each cycle is reported as a 

slaking durability index.  The test results are shown in 

<Figure 2.5-139>.  The shale test specimens are rated as having “medium” 

to “high” slaking durability, with most of the data indicating a “medium 

high” rating.  The results of the jar slaking test are presented in 

<Table 2.5-48>.  Three specimens showed slight to negligible slaking 

loss and one specimen experienced a moderate slaking loss. 

 

2.5.4.2.2.4      Unconfined Compression Properties 

 

The compressive strength of NX size core samples of the shale was 

investigated by uniaxial (unconfined) compression tests.  The results of 

these tests are summarized in <Table 2.5-49>.  Typical stress-strain 

curves obtained from the tests are shown in <Figure 2.5-140>.  The 

Deere-Miller strength-modulus classification of the shale samples are 

shown in <Figure 2.5-141> (Reference 230). 

 

2.5.4.2.2.5      Drained Deformation Properties 

 

Drained deformation characteristics of the shale were investigated by 

one-dimensional oedometer (consolidation) and swell tests.  The swell 

potential was investigated by immersing the test specimens in the 

oedometer and adding load until the sample swell was arrested.  This 

load is denoted as the “swelling pressure”.  Recompression 

characteristics were investigated by cyclic loading.  The oedometer test 

results, together with the pertinent physical properties of the test 

specimens, are presented in <Table 2.5-50>.  Where samples were 

subjected to more than one cyclic loading, the recompression and swell 

indices are reported as maximum, minimum and average values.  Drained 

constrained and deformation moduli, as defined in <Section 2.5.4.2.1.2>, 

were computed from the oedometer tests and are presented in 

<Table 2.5-51>. 
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2.5.4.2.2.6      Triaxial Compression Properties, Drained and Undrained 

 

Stress-controlled, drained triaxial compression tests on core specimens 

were used to simulate construction and service loading conditions by 

following predetermined stress paths (Reference 231).  The results of 

these tests, including both compression and swell drained deformation 

moduli, are presented in <Table 2.5-52>.  Cyclically loaded, undrained 

stress-controlled triaxial compression tests were also conducted to 

investigate undrained recompression characteristics of the shale.  These 

test results are presented in <Table 2.5-53>. 

 

2.5.4.2.2.7      In Situ Undrained Deformation Properties 

 

Field testing was performed to investigate the undrained deformation 

characteristics of the shale.  These procedures included pressuremeter 

tests and plate loading tests.  The results are described in the 

following sections. 

 

2.5.4.2.2.7.1      Pressuremeter Tests 

 

Eighteen pressuremeter tests were conducted at various elevations within 

the shale.  The test procedure was essentially identical to that used in 

the lower till, which is described in <Section 2.5.4.2.1.3.1>, except 

that test holes in the shale were drilled using an NX core barrel, 

taking special precautions to obtain a smooth, undisturbed hole surface.  

Coring was conducted subsequent to casing the bore hole to the top of 

the rock.  No precautions were taken to prevent water accumulation 

within the test interval. 

 

Typical test results are shown in <Figure 2.5-142>.  A summary of the 

pressuremeter test results interpretations is presented in 

<Table 2.5-54>. 
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2.5.4.2.2.7.2      Plate Loading Tests 

 

Two vertical plate loading tests were conducted in drilled shafts just 

below the surface of the shale.  The tests were conducted in the same 

manner as those in the lower till, described in <Section 2.5.4.2.1.3.2>, 

except that the maximum loading was increased to 37.7 tsf.  The test 

results are presented in <Table 2.5-55>. 

 

2.5.4.2.2.8      Dynamic Properties 

 

Dynamic deformation parameters were investigated in the laboratory by 

sonic velocity tests on core samples.  The dynamic shear modulus, 

Young’s modulus and Poisson’s ratio interpreted from the measured 

laboratory compression and shear wave velocities are presented in 

<Table 2.5-56>.  The corresponding values obtained from field seismic 

velocity interpretations are also included in <Table 2.5-56>. 

 

2.5.4.2.2.9      Permeability 

 

The permeability of the shale was investigated by in situ testing.  The 

test methods and results are described in <Section 2.5.4.6>. 

 

2.5.4.2.3      Selection of Design Parameters 

 

The shear strength and unit weight values conservatively adopted for 

design analyses are summarized for each of the four stratigraphic units 

in <Table 2.5-57>.  Parameters adopted for one-dimensional consolidation 

analyses are presented in <Table 2.5-58>.  For finite element analysis  
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of static deformations, Equation 2.5-7 was used to characterize the 

deformation modulus of lower till and the shale: 
 

 
n

a

c
as p

p
kpE 








          (2.5-7) 

 

where: 

 

 sE  = Deformation modulus 

 k = Modulus parameter 

 n = Modulus parameter 

 aP  = Atmospheric pressure 

 cP  = Preconsolidation pressure 

 

The values of the modulus parameters and Poisson’s ratio adopted for 

both drained and undrained deformation analyses are summarized in 

<Table 2.5-59>.  Dynamic soil properties adopted for seismic response 

analyses are summarized in <Table 2.5-60>. 

 

2.5.4.3      Exploration 

 

Exploration of the subsurface conditions at the site included test 

borings, large diameter inspection shafts, geophysical surveys, and the 

installation of piezometers and observation wells.  In addition, in situ 

testing was conducted which consisted of permeability tests, 

pressuremeter tests and plate loading.  The test borings and inspection 

shafts are described in <Section 2.5.4.3.1> and <Section 2.5.4.3.2>, 

respectively.  The geophysical surveys are described in 

<Section 2.5.4.4>.  The piezometer and observation well installation and 

in situ permeability testing are described in <Section 2.5.4.6>.  The 

pressuremeter and plate loading tests are described in 

<Section 2.5.4.2>.  The subsurface stratigraphy disclosed by the borings 

is described in <Section 2.5.4.3.3>. 
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The offshore subsurface investigations are discussed in 

<Section 2.5.4.3>.  Other supplementary exploration activities performed 

in conjunction with investigations of the site-locale faults, the 

shallow bedrock deformation exposed in plant excavation, and the bedrock 

deformation intersected by tunnel excavations are discussed in 

<Section 2.5.4.3.6>. 

 

2.5.4.3.1      Test Borings 

 

The locations of onshore and offshore test borings are shown on 

<Figure 2.5-53>.  Logs of the borings are presented in <Appendix 2E>. 

 

The test borings were generally advanced through overburden using six- 

or nine-inch O.D., continuous, hollow-stem, flight augers.  Through 

boulder zones, borings were advanced by using a 3-7/8-inch O.D. tri-cone 

roller bit.  Where necessary, flush-joint steel casing was placed 

through the hollow-stem auger or four-inch O.D. steel casing was driven 

to maintain the stability of the bore hole.  The borings were continued 

into rock using diamond core techniques. 

 

Samples of the subsoils were obtained in the test borings generally at 

intervals of three to five feet, and occasionally continuously, using a 

two-inch O.D. split-barrel sampler driven 18 inches by means of a 

140-pound hammer freely falling 30 inches, conforming to ASTM Test 

Designation D 1586.  The Standard Penetration Resistance (SPR) for each 

sample was recorded as the number of hammer blows required for the last 

12 inches of sampler penetration.  Where less than 12 inches of sampler 

penetration was obtained, the amount of penetration was recorded 

together with the corresponding number of blows.  Samples recovered from 

drive sampling were preserved in airtight jars for further 

classification and laboratory testing. 

 

Relatively undisturbed samples of the subsoils were obtained by means of 

thin-wall (Shelby) tubes (ASTM D 1587) having a nominal diameter ranging  
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from 3 to 4-1/2 inches O.D.  In the less dense subsoils, the Shelby 

tubes were continuously advanced using the hydraulic system of the 

drilling rig.  In subsoils where the density or consistency prevented 

hydraulic Shelby tube sampling, relatively undisturbed samples were 

obtained by means of a Pitcher sampler (Reference 232).  This sampler 

includes a spring-loaded Shelby tube whose penetration is facilitated by 

rotary drilling with an outer barrel just behind the leading edge of the 

Shelby tube.  The undisturbed samples were sealed within the Shelby 

tubes by removing soil at the end of the tube and sealing the ends with 

nonshrink paraffin or wax.  Material removed from the ends of the tubes 

were sealed in glass jars for identification purposes and the tubes were 

transported to the laboratory for testing. 

 

Cores of the shale bedrock were obtained using a standard NX double-tube 

core barrel and a diamond bit, recovering a 2-1/8-inch diameter core 

sample (ASTM D 2113).  Upon encountering bedrock, rock was cored in one, 

two, five, or ten foot runs, depending upon the quality of the rock.  

Upon retrieval, the core was placed in core boxes in a manner to 

separate each core run and to indicate the depth interval.  The amount 

of core recovery per run was recorded together with a description of the 

rock.  The accumulative length of core segments at least four inches 

long (and including shorter pieces segmented by drilling effects) was 

also recorded as the Rock Quality Designation (RQD) (Reference 233).  It 

is noted that the utility of RQD classification for thin bedded shales 

is questionable because of the difficulty of determining natural versus 

drilling effect on the core segmentation.  Selected core samples were 

wrapped in a membrane and sealed with wax to preserve the natural water 

content of the specimens for laboratory testing. 

 

2.5.4.3.2      Inspection Shafts 

 

Two inspection shafts, TC-1 and TC-2, located as shown on 

<Figure 2.5-53>, were drilled by means of a crane-mounted Calweld Drill, 

Model No. 150 CH, capable of developing a maximum Kelley bar torque of  
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105,000 ft-lbs.  Initially, 60-inch O.D. shafts were drilled to 

approximately Elevation 589’, corresponding approximately to the top of 

the lower till.  Subsequently, 54-inch I.D. casing was lowered to the 

bottom of the hole and drilled into the dense till to effect a water 

seal.  The hole was then extended by a 48-inch O.D. earth auger in 

stages to accommodate inspection and in situ testing.  The in situ 

testing is described in <Section 2.5.4.2>. 

 

Nine undisturbed “block samples” of the lower till were secured from the 

two inspection shafts.  The block samples were obtained by using an “air 

spade” to cut the soil specimen from the inspection shaft side walls at 

the elevations indicated on the test shaft logs in <Appendix 2E>.  The 

block samples were trimmed to cubes approximately ten inches on each 

side.  The block samples were wrapped in aluminum foil and waxed 

immediately after sampling to preserve the in situ water content.  The 

samples were then packed with insulation in 12-inch cube plywood boxes 

for transport to the laboratory. 

 

2.5.4.3.3      Subsurface Stratigraphy 

 

The stratigraphic units encountered in the explorations at the site, in 

descending order, are lacustrine sediments, ground moraine deposits 

subdivided into an upper till stratum and a lower till stratum and an 

Upper Devonian shale identified as the Chagrin shale.  Stratigraphic 

sections through the plant area, as determined from the exploratory 

program, are shown in <Figure 2.5-143>.  A summary of the pertinent 

stratigraphic data is given in <Table 2.5-61>.  These stratigraphic 

conditions were confirmed by geologic mapping of excavations shown on 

<Figure 2.5-42>. 

 

Below approximately one foot of organic-rich topsoils, glacial lake 

deposited sediments, usually identified as stratified silty and clayey 

fine sands (SM, SC), silts (ML) and silty clay (CL), are encountered.  

Based on Standard Penetration Resistance (SPR) values usually ranging  
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between 5 and 15 blows per foot, the lacustrine deposits are rated as 

generally having a firm to stiff consistency or a medium dense relative 

density.  Usually the upper five to ten feet of the predominantly gray 

and brown soils are oxidized to orange-brown, presumably indicating a 

seasonal fluctuation in the groundwater level. 

 

At an average depth of approximately 20 feet, the lacustrine sediments 

grade into a thin horizon of laminated red and gray silty clay (CL) and 

clayey sand (SC) containing a small percentage of shale fragments.  The 

stratified nature indicates that this portion of the deposit may be a 

water-worked phase of the upper till unit.  Beneath this thin zone, the 

upper till stratigraphic unit is encountered at an average depth of 

approximately 28 feet. 

 

Upper till materials are identified predominantly as gray coarse to fine 

sandy silty clay (CL) of low plasticity, occasionally containing a trace 

of gravel.  The upper till differs from the underlying lower till by 

having a higher natural water content, a lower consistency, a higher 

percentage of silt clay and no boulders.  The penetration resistance 

within the upper till was found to be variable, but to generally 

increase with depth.  Based on an undrained shear strength range of 0.38 

to 1.60 tsf, the upper till is rated as stiff to very stiff.  As 

indicated by <Table 2.5-61>, the thickness of the upper till unit is 

variable and averages about eight feet. 

 

The lower till stratigraphic unit underlies the upper till at an average 

depth of approximately 36 feet below the existing ground surface.  This 

stratum has an average thickness of approximately 21 feet.  The lower 

till materials are identified as predominantly coarse to fine sandy 

silty clay (CL) of slight to low plasticity, usually containing a trace 

to little, angular to subrounded gravel-sized rock fragments.  

Occasional metamorphic boulders, usually less than one foot thick, were 

encountered in clusters near the base of the lower till deposit.  From 

SPR values usually ranging between 30 and 100 blows per foot, the till  
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is rated as a “very dense” noncohesive soil or, on the basis of the 

measured undrained shear strength of 5.5 tsf (average), as a “hard” 

cohesive soil. 

 

The lowest stratigraphic unit is identified as the Chagrin shale, which 

is the eastern member of the Upper Devonian Ohio Shale.  The Chagrin 

shale is encountered at an average elevation of 565.0’ and is reported 

to reach a thickness of about 900 feet, as described in 

<Section 2.5.1.1.7>.  The Chagrin shale is classified as a “compaction 

shale” containing laminations identified as gray/blue-gray silty shale 

(predominant laminae), medium gray/black clayey shale and, infrequently, 

light gray sandy shale.  Cross bedding and ripple marks are common in 

the silty and sandy lamina. 

 

Visual examination of core samples revealed a limited, discontinuous 

surficial zone to be of poorer quality than the underlying shale.  The 

shale within this weathered zone was found to contain frequent to 

occasional fractures and joints.  Below this zone, a uniformly high core 

recovery was obtained and core samples appeared to be generally sound, 

with only infrequent fracturing and jointing.  The joint system includes 

a dominant bedding plane set, generally dipping less than five degrees; 

a near vertical set; and, an infrequently encountered joint set dipping 

between 45 and 60 degrees.  Core samples exhibited a tendency for 

delayed separation (“checking”) along bedding planes after being exposed 

to the atmosphere. 

 

2.5.4.3.4      Site Geophysical Exploration 

 

Seismic refraction measurements were taken along the seismic lines 

indicated on <Figure 2.5-144>.  More than 6,200 feet of seismic 

profiling was accomplished in order to determine the depths to bedrock, 

the thickness of various seismic layers overlying rock and the seismic 

velocity values of these soil and rock materials.  In situ velocity 

value measurements by cross-hole and down-hole techniques were made in  
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order to determine the in situ elastic moduli values and Poisson ratio 

for the various soil and rock strata under the site.  Results of these 

surveys are discussed in <Section 2.5.4.4>. 

 

2.5.4.3.5      Preconstruction Offshore Exploration 

 

Subsurface geologic investigations conducted for the proposed cooling 

water tunnels and offshore structures were conducted in phases (I and 

II).  Phase I operations consisted of six core borings to assess 

anticipated tunneling conditions and 55 probes to determine water depth 

and the lake bottom characteristics, especially in the vicinity of the 

offshore riser shafts.  Core borings were drilled by a truck-mounted 

drill rig on a drilling platform.  Probes were made by lowering a drill 

rod from a derrick mounted on a small boat.  The boring locations (5-1, 

5-2, 5-3, 5-4, 5-5, and 5-8) were offset 100 feet from the proposed 

alignments of the intake and discharge tunnels <Appendix 2E>.  After the 

borings were completed, one to six pumping-in permeability tests were 

performed within each borehole.  Procedures employed in rock coring and 

permeability testing were similar to those of the onshore program.  

Thereafter, the open bore hole was backfilled with cement grout and the 

casing removed. 

 

Results of the Phase I explorations indicated that offshore bedrock 

conditions were comparable to those onshore.  A relatively uniform and 

generally competent rock mass, Chagrin shale, was encountered.  Rock 

core recovery typically was 95 percent or higher except for the initial 

upper several feet, presumably subjected to weathering.  No evidence of 

significant zones of close-spaced jointing or faulting was found.  

Groundwater inflows at tunnel level, approximately 100 feet below the 

top of rock, were expected to be generally low. 

 

It was predicted that small, persistent inflows of natural gas would be 

locally encountered during tunnel excavation operations, necessitating 

continuous monitoring and stringent ventilation requirements.  Results 
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of representative rock core samples selected for laboratory testing are 

provided in <Table 2.5-62>.  The borings and probes confirmed earlier 

diving reconnaissance of lake bottom conditions.  The lake bottom from 

the shore to approximately 1,500 feet offshore is mantled by a thin 

veneer of sediments; beyond 1,500 feet, it is mainly bedrock. 

 

Phase II operations were conducted mainly to furnish supplemental 

quantitative information regarding the groundwater inflows and natural 

gas potential anticipated during tunneling.  Secondary objectives were 

two-fold:  (1) continuously sample the rock mass, and (2) evaluate the 

lake bottom characteristics in the vicinity of the intake and discharge 

tunnels and offshore riser shafts relocated subsequent to Phase I 

exploration.  Four borings (5-6, 5-7, 5-9, and 5-10) were drilled and 

numerous probes conducted <Appendix 2E>.  Procedures implemented during 

these operations were similar to those employed for Phase I.  The 

notable exception involved determination of gas flow rates and shut-in 

pressure for selected bore hole intervals.  This was accomplished by 

isolating test intervals with an inflatable double-packer assembly which 

could be moved vertically within the bore hole to the desired test 

interval.  Tubing connected the test interval to monitoring 

instrumentation, pressure gauges and flow meters, located on the 

drilling platform. 

 

Results of the Phase II explorations demonstrated lake bottom and 

bedrock conditions comparable to those previously experienced.  Rock 

core recovery percent remained high except for the first several feet.  

The rock mass consisted of flat-lying, fissile, shale interbedded with 

occasional thin, fine-grained sandstone to siltstone bed sets.  The rock 

cores were mostly hard and competent with rare instances of thin soft 

shale.  Coefficients of permeability calculated from the pumping-in 

tests ranged from a minimum value of 2.31 x 10-5 cm/sec to 10-6 and 10-7 

order of magnitude.  In several instances, no water flow was achieved.  
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On this basis it was predicted that groundwater inflows during tunnel 

excavation would be low and of minor significance.  Lake bottom 

conditions were as previously encountered. 

 

Anomalously high gas flows were encountered from an interval in 

Boring 5-6, beginning more than 30 feet below a lateral projection of 

the tunnel invert elevation.  A mean flow rate of 32 cubic feet per 

minute was calculated from data obtained over a 16-hour test period.  

Instantaneous monitoring of shut-in pressure never exceeded 17 psig.  A 

second significant gas flow occurred in Boring 5-10 test intervals below 

the tunnel invert elevation projection.  In several of these intervals, 

shut-in pressures reached 45 psig.  However, after monitoring flow 

rates, which generally decayed rapidly with time (7 cubic feet per 

minute, maximum flow rate), secondary shut-in pressures were monitored.  

The secondary pressures for each respective interval did not attain the 

magnitude experienced during their initial shut-in.  Methane 

concentrations for two samples ranged from 88 to 94 percent.  Even 

though hazardous gas flows were not encountered above tunnel invert 

elevations, the hazardous potential of methane gas during planned tunnel 

operation, anticipated during Phase I, was confirmed and considered in 

preparing construction specifications. 

 

2.5.4.3.6      Supplemental Geologic Investigations 

 

Supplemental investigations and analyses of site and site-locale fault 

offsets were conducted.  It was concluded that none of the faults was 

capable under the criteria of <10 CFR 100, Appendix A>. 

 

2.5.4.3.6.1      Site Locale 

 

On November 29, 1973, during a site visit prior to construction, members 

of the regulatory staff were shown several minor geologic faults located 

seven to eight miles south of the site in Lake County, Ohio.  After 

reviewing the faults, members of the NRC regulatory staff recommended  
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that further investigations be conducted by CEI in order to learn more 

about the origin, extent and age of these dislocations. 

 

Investigations of the Bates Creek, also known as Warners Creek, thrust 

fault and Hell Hollow faults included the following: 

 

a. Personal communications with knowledgeable university geologists 

including: 

 

 Prof. Eugene J. Synuk, Kent State University 

 Prof. Murray R. McComas, Kent State University 

 Prof. Tom Lewis, Cleveland State University 

 Prof. Charles M. Somerson, Ohio State University 

 

 Their opinions as to the origin and ages of the faults uncovered 

south of the Grand River were similar.  From their experience and 

knowledge, they indicated such features were minor, limited in 

extent and likely occurred at or near time of deposition or 

possibly as the result of glacial ice loads and movements.  None of 

the professors contacted had any knowledge of possible deep-seated 

faulting existing in Lake County. 

 

b. A review of the geologic literature, which included Lake County and 

the surrounding area, was conducted to assure that no known faults 

were overlooked.  No new information was uncovered. 

 

c. Reconnaissance was conducted to inspect numerous Chagrin and 

Bedford shale exposures south and west of the site vicinity for 

evidence of other deformations and age of faulting (including that 

cited in the literature) in Lake County (<Figure 2.5-145>, 

<Figure 2.5-146>, <Figure 2.5-147>, <Figure 2.5-148>, and 

<Figure 2.5-149>, published photographs of representative secondary 

structures exposed in northeastern Ohio). 
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d. Mr. James Murphy, recognized as knowledgeable in local area geology 

(formerly affiliated with Case Western Reserve University and 

presently with Ohio Historical Society, Columbus, Ohio) was 

retained to investigate and report on the origin and age of 

faulting in Lake County. 

 

e. The fault exposures were excavated, mapped and photographed.  

<Figure 2.5-40> shows the location of faults and outcrops in the 

site locale.  <Figure 2.5-150> and <Figure 2.5-151> are aerial 

photos of the fault areas.  <Figure 2.5-152>, <Figure 2.5-153>, 

<Figure 2.5-154>, <Figure 2.5-155>, and <Figure 2.5-156> are 

geologic sketches and <Figure 2.5-157>, <Figure 2.5-158>, 

<Figure 2.5-159>, <Figure 2.5-160>, <Figure 2.5-161>, 

<Figure 2.5-162>, <Figure 2.5-163>, <Figure 2.5-164>, 

<Figure 2.5-165>, <Figure 2.5-166>, <Figure 2.5-167>, 

<Figure 2.5-168>, and <Figure 2.5-169> are photographs of the site 

locale faults. 

 

The basic conclusion of the fault investigation and Mr. James Murphy’s 

report was that no evidence of deep-seated faulting has been found in 

Lake County.  This conclusion was reached as a result of an extensive 

review of available geologic literature, discussions with knowledgeable 

university geologists, field investigations conducted at Bates Creek and 

Hell Hollow and field observation of approximately 75 percent of good 

Chagrin and Bedford shale outcrops in Lake County. 

 

Faults exposed in outcrop in Lake County have been attributed to 

vertical movements or slumping of bedrock masses along joint planes and 

minor thrust faults related either to slumping or loading effect of the 

ice sheet and ice movement during Pleistocene glaciation.  Slumping as 

evidenced at Hell Hollow could have occurred subsequent to the final 

deglaciation event. 
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The faults at Bates Creek and Hell Hollow probably have occurred in the 

last 35,000 years.  On the basis of similar type faults found elsewhere 

and the opinions of knowledgeable geology professors, these minor faults 

are not expected to be greater than 200 to 300 feet in lateral extent.  

Excavation completed along the strike of the faults was not sufficient 

to determine the actual length with certainty.  The Bates Creek thrust 

fault with 12 inches of displacement trends N30-40E.  The faults at 

Hell Hollow strike N80E and dip near vertical with displacements of 

30 inches at Hell Hollow No. 1 and approximately 12 inches at Hell 

Hollow Nos. 2 and 3. 

 

At Bates Creek, continuous bedding lies above and below the thrust 

fault.  The Hell Hollow Fault Nos. 1, 2 and 3 terminate downward 

vertically and are underlain by continuous, unfaulted Bedford or 

Cleveland shale and become indistinguishable within residual material 

above the rock/soil interface. 

 

Numerous examples of the type of minor thrust fault investigated at 

Bates Creek were observed during reconnaissance mapping for structures 

potentially related to the 1986 Leroy earthquake (Reference 4).  These 

structures varied in offset from a few inches to 10 feet.  Even the 

larger structures typically terminate into bedding plane over short 

lateral and vertical distances.  Excavation, drilling and geophysical 

surveys conducted over one complex folded and faulted structure near Big 

Creek showed that the deformation was confined to the near surface.  The 

most likely mechanism for these structures, as previously stated, is 

glacio-tectonics, either ice traction or loading/unloading phenomena. 

 

The faults investigated at Bates Creek and Big Creek are located in the 

Bedford/Cleveland shales (Mississippian age).  These shales, 

approximately 45 feet in thickness, are not present at the site.  Faults 

that occur in the Bedford/Cleveland shales are randomly located and are 

few in number (as evidenced from the field surveys and the literature).  

Evidence of faulting in Chagrin shale exposures along the Grand River in  
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Lake County has not been found in the literature search, nor was any 

observed in the field survey.  Similarity of evidence of glacially 

induced deformation was found in the Chagrin shale within Lake County.  

The possibility of faulting as a result of slumping was not considered 

to be present at the site because of the absence of sufficient relief.  

It was therefore concluded that it would be unlikely that minor 

surficial faults would exist at the Perry site. 

 

2.5.4.3.6.2      Onshore Deformation Exposed by Plant Excavations 

 

Deformation, as described in <Section 2.5.1.2.3.2>, was exposed within 

the transitory interval and the upper 30 feet of Chagrin shale.  The 

presence of this superficial bedrock deformation is consistent with the 

conclusions regarding the origin and age of the glacially induced Bates 

Creek thrust faults, eight miles south of the site.  The deformation is 

shown on geologic maps and structure sections prepared from the 

foundation mapping program (<Figure 2.5-41> and <Figure 2.5-42>, 

respectively). 

 

In addition to the collection of field data accumulated as a consequence 

of the planned, small-scale, foundation mapping program, independent 

field and literature reviews were conducted by two independent 

geologists.  One was Mr. James Murphy, who had functioned in a similar 

capacity in an aerial bedrock geology review of Lake County and adjacent 

areas.  Mr. Murphy also arranged for the submission of a representative, 

comminuted plant material sample obtained from the site lacustrine 

deposits for radiocarbon dating by Mrs. Irene Stehli, Radioisotopes 

Dicar Laboratory (Case Western Reserve University).  A second external 

field review was performed independently from Mr. Murphy by 

Dr. Charles E. Herdendorf (Director, Center for Lake Erie Area Research, 

Ohio State University) who had field mapping experience of glaciated 

terrain in northern Ohio, west of Cleveland in Erie and Huron Counties 

(Reference 234). 
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The weight of evidence demonstrating the shallow nature of deformation 

was cumulative throughout the plant excavation phase.  Immediately 

preceding the initial identification of bedrock deformation within the 

nuclear island complex, overexcavation below preliminary grade to final 

foundation grade was undertaken.  The basal decollement, glide-plane of 

one-thrust structure was removed in this manner.  Test trenches and 

exploratory borings, EX-series <Appendix 2E> demonstrated similar 

evidence for an asymmetric fold traversing the Unit 2 reactor building.  

Caisson and deep building excavations beyond the nuclear island complex 

demonstrated both lateral and vertical limits of deformation. 

 

It is concluded, on the basis of data obtained from the mapping program, 

planned and unplanned excavation, and overexcavation and opinions of two 

independent reviews, Mr. James Murphy and Dr. Charles E. Herdendorf, 

that the onshore deformation was shallow and caused by late Wisconsinan 

and glacial shove and loading.  A radiocarbon date obtained from organic 

material in the site lacustrine silts is 14,480 years B.P.  This date 

suggests that the deformation was associated with an advance of Hiram 

ice.  Dr. R. G. LaFleur (Geology Department staff, Rensselaer 

Polytechnical Institute) recognized for his expertise in Pleistocene 

geology and sedimentology, reviewed the reports (submitted to the NRC 

regulatory staff) and concurred with the statements of fact, 

interpretations and conclusions regarding origin and age. 

 

The influence of the bedrock deformation on the foundation design 

analysis and performance of underdrain system were considered.  It was 

determined that neither inclined nor fractured strata could contribute 

to a bearing capacity failure.  Even conservatively assuming that 

30 feet of deformed bedrock has properties equivalent to lower till, a 

deformation analysis demonstrated that the maximum total ultimate 

settlement would be between 1/3 and 1/2 inch, and a maximum angular 

distortion (1 in 1,500) would not be exceeded.  Clogging of porous 

concrete by dispersion of soil material into the plant pressure relief 

underdrain system was considered in a safety evaluation.  Neither the  
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shale mineralogical composition nor cation exchange capacity (maximum 

value <6.76 MEQ/100 grams) nor exchangeable sodium (maximum value 

<1.83 MEQ/100 grams) suggested a dispersion potential (see 

<Section 2.4.13.5.5>, especially Items 4 and 7).  Notwithstanding the 

foregoing analyses, the Applicant committed to the removal of degraded 

bedrock as described in <Section 2.5.1.2.5.2> and <Section 2.5.4.1.3>. 

 

2.5.4.3.6.3      Offshore Deformation Exposed by Tunneling 

 

A comprehensive investigative program evolved as a result of the bedrock 

deformation exposed during the tunnel excavation phase (see 

<Section 2.5.1.2.3.4.1> and <Section 2.5.1.2.3.4.2> and <Appendix 2D> 

for descriptive information of deformation).  Deterministic fault study 

objectives, extent, origin, and age were realized as a consequence of a 

series of interrelated geologic and geophysical research and engineering 

reviews.  The nature of fault-plane geometry and its gouge and 

mineralogical as well as chemical constituents were studied.  After site 

specific data had been assembled, the localized anomalous deformation 

was interpreted in context of its regional geologic setting. 

 

The extent of faulting, as discussed in <Section 2.5.1.2.3.4.3>, was 

defined on the basis of the following:  (1) tunnel mapping program 

<Figure 2.5-47>, 24 sheets, Scale 1:120); (2) detailed mapping of tunnel 

deformation segments (<Figure 2.5-50>, <Figure 2.5-51>, and 

<Figure 2.5-52>, Scale 1:12); (3) exploratory borings <Appendix 2E>, 

<Figure 2.5-48> and <Figure 2.5-53>; (4) geophysical logging of selected 

TX-series borings; (5) shoreline reconnaissance; (6) offshore magnetic 

survey; (7) lake bottom reconnaissance mapping and seismic track line 

data; and; (8) comparative isotopic analyses of Lake Erie water and 

fault seepage. 

 

Fault zone gouge and fractured rock samples were obtained for X-ray 

diffraction, for clay-mineralogical determinations, SEM (scanning 

electron microscope) microcrack analysis, and miscellaneous engineering  
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property determinations including consolidation pressure analysis.  No 

radioactive isotopes, which could have been dated, were identified in 

fault zone samples. 

 

With respect to the site area and locale studies, the following were 

performed or prepared:  (1) in situ borehole (TX-11) stress measurements 

to determine existing site stress field orientation and magnitude; 

(2) structural contour maps of “Big Lime” upper and basal (-50 ft) 

horizons and isopachous map of intervening interval for Lake and 

portions of adjacent Ashtabula and Geauga Counties, (3) evaluation of 

microseismicity in northeastern Ohio and, (4) literature and field 

review of area salt mines and interviews with mine personnel 

(Mr. Jaroslav Vaverka, resident mining engineer, Cleveland Mine, 

International Salt Company, and Mr. B. C. Cummings, resident chief 

engineer, Painesville Mine, Morton Salt Division of Morton Norwick). 

 

Independent opinions, based on their field inspection of the tunnel 

deformation and literature review, were obtained from the following 

geologists recognized for their expertise in the indicated disciplines: 

 
  Dr. Robert G. LaFleur 
  Pleistocene Geology and Sedimentology 
  Rensselaer Polytechnical Institute 
 
  Mr. James Murphy 
  Area Geology and Stratigraphy of Northeastern Ohio 
  Ohio Historical Society 
 
  Dr. Barry Voight 
  Structural Geology 
  Pennsylvania State University 
 

It is concluded, on the bases of data and interpretation of the 

aforementioned studies and other site and regional geological, 

geophysical and seismological information discussed in 

<Section 2.5.1.2.3.4.4> and <Appendix 2D>, that the last movement on the 

cooling water tunnel bedrock deformation was not tectonic.  It occurred  
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during Pleistocene time probably associated with deglaciation-rebound 

rather than ice advance compression.  On the basis of geometry alone, it 

is possible that the initial deformation was a pre-Pleistocene event.  

The presence of the fault deformation intersecting the tunnels was 

considered during design review and redesign was not required 

(Reference 235). 

 

2.5.4.3.7      Site Shale Gas Investigation 

 

Natural gas was encountered within the Ohio Shale formation during 

subsurface exploration for the Perry site and shale gas is known to 

exist throughout the area of study in quantities sufficient for domestic 

use.  Field testing has been conducted to monitor gas pressure and flow 

within the site. 

 

2.5.4.3.7.1      Gas Producing Horizons 

 

Natural gas has been commercially developed in Ohio since 1869.  The gas 

horizons in northeastern Ohio that are suitable for modern commercial 

production are primarily developed below the Ohio Shale and include the 

Oriskany (1,600 feet), the Newburg (2,600 feet), and the Clinton Sand 

(2,800 feet) horizons.  Presently, there is very little commercial 

production of gas from the Ohio Shale in northeastern Ohio.  Ohio Shale 

gas and/or oil production is primarily located in southeastern Ohio 

where shale wells are generally drilled in excess of 2,000 feet.  As the 

shales have a low primary porosity, gas-producing zones are believed to 

be principally coincident with well fractured zones but may also be 

associated with occasional sandy shale strata.  Within the immediate 

area of study, gas zones suitable for domestic production are usually 

encountered at depths below 500 feet. 

 

Although shale gas production rates are quite low, gas wells have proven 

to be long-lived and production periods for as long as 30 years are not 

uncommon.  Gas pressures within producing zones are known to be under  
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relatively high gradients which have caused blowouts in drill holes upon 

a reduction in piezometric pressure.  Piezometric pressures in the lower 

part of the Ohio Shale are less than pressures existing within the 

underlying Oriskany and Newburg brine aquifers. 

 

2.5.4.3.7.2      Field Investigations 

 

Preconstruction gas sampling as well as monitoring of gas pressure and 

flow initially were conducted in onshore Boring 1-55, drilled to a 

maximum of 210 feet below the existing ground surface.  Sampling was 

also conducted in onshore Boring 1-56.  Gas monitoring within 

Boring 1-55 was achieved by terminating NX coring operations at 

successive depths and bailing water from the hole.  Subsequently, a test 

interval (usually 10 to 20 feet) extending from above the bottom of the 

hole was isolated by a hydraulic packer system.  Gas in this interval 

was tapped by means of 3/8-inch O.D. tubing leading to a valve 

arrangement at the ground surface.  The gas shut-in pressure and flow 

were monitored by opening valves leading to a pressure gauge and flow 

meter.  Relatively uncontaminated samples were also obtained through the 

valve arrangement. 

 

Results of typical shut-in pressure measurement versus shut-in time data 

are shown on <Figure 2.5-170>.  Isolated test intervals extended from 

158 to 210 and 106 to 120 feet below the ground surface.  The gas 

pressure in the 158-210 test interval is shown to reach a maximum of 

43.8 psi after 40.3 hours of measurement.  After depressurization, the 

initial buildup in pressure was observed to be quite rapid and most of 

the pressure buildup was noted to be realized after approximately a 

15-minute shut-in.  Successive venting was also observed to 

significantly reduce the pressures which could be recovered within a 

subsequent shut-in. 

 

The measured gas pressures in Boring 1-55 are shown on <Figure 2.5-171>, 

as a function of the depth of measurement together with the projected  
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piezometric profile within the shale, assuming an increase of 0.43 psi 

per foot (the piezometric pressure gradient).  The trend of the pressure 

measurements indicates that the “discovery pressure” of the gas probably 

approaches the in situ piezometric pressure within the test interval.  

Gas flow rates do not represent initial discovery rates or even long 

term steady-state conditions.  Steady flow is a function of well size, 

the length of the producing interval and time from initial gas escape to 

pressurization.  The measured gas flow rates and attendant test data are 

summarized in <Table 2.5-63>.  Although gas was sensed by a methanometer 

when releases occurred at depths less than 100 feet, the flow was too 

low to measure.  The gas flow was measured over relatively short test 

periods, and steady-state flows measured during venting over a period of 

years probably would be significantly less as demonstrated by production 

gas wells.  The limited variation in flow data from Hole 1-55 was 

consistent with the infrequent fractures identified from the core 

recovery. 

 

Gas samples were collected from Holes 1-55 and 1-56 for laboratory 

analysis.  The results are shown in <Table 2.5-64>.  The principal 

constituent of the two test specimens was methane.  Reported specific 

gravity is related to a specific gravity of 1.000 for dry air. 

 

Gas testing was also conducted in onshore Boring 1-72, drilled to a 

depth of 100 feet below existing ground surface.  After test interval 

140-160 feet had been isolated, shut-in pressures were monitored.  Prior 

to depressurizing this test interval, a second boring, 1-72A offset 

15 feet from Boring 1-72, was drilled to the base test interval 

elevation of Boring 1-72.  The 140-160 feet test interval was isolated 

and shut-in pressures monitored.  Depressurization was alternated 

between the holes.  In this way, lateral communication between the holes 

could be evaluated.  Following this demonstration, testing was continued 

in Boring 1-72 at progressively deeper test intervals.  Gas samples from 

both holes were collected for laboratory analysis. 
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It was concluded that very little, if any, communication existed between 

the two holes.  Depressurization of one hole did not effect a reduction 

in shut-in pressure for the other.  The gradient of the shut-in pressure 

versus depth for Boring 1-72 was comparable to that demonstrated for 

Hole 1-55 which approximated piezometric pressure, 0.43 psi per foot of 

depth.  Composition analyses for all gas samples were virtually 

identical to those shown in <Table 2.5-64>. 

 

During Phase II offshore exploration, gas testing, similar to that 

conducted onshore, was performed in the four exploratory Holes 5-6, 7, 

9, and 10.  Very little gas was present in holes 5-7 and 9, and no 

quantitative data was collected.  The pressure and flow data obtained 

from Hole 5-10 indicated conditions comparable to the onshore testing.  

A significant volume of gas was monitored flowing from Hole 5-6. 

 

Field testing indicated that gas could be anticipated during 

construction.  For the relatively shallow onshore excavations, no 

significant seepages were expected under site piezometric conditions.  

Any seepages which could have occurred were not considered to represent 

an explosive hazard.  However, potentially hazardous conditions were 

considered for tunnel operations under piezometric or anomalous pressure 

conditions.  Therefore, very conservative measures regarding monitoring, 

ventilation, machine shutdown, and evacuation were incorporated into the 

tunnel bidding and construction specifications. 

 

2.5.4.3.7.3      Gas Migration 

 

The effects of gas migration were considered for the long term 

performance of the plant during its operating life. 

 

The migration of shale gas, either under the influence of a pressure 

gradient or by diffusion, is a function of transport media properties.  

For percolation through intergranular (primary) and fracture (secondary) 

space, these properties include the Coefficient of Permeability (k),  
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methane viscosity () and Threshold Pressure (Pt) (Reference 236) 

(Reference 237) (Reference 238).  Threshold pressure is synonymous with 

pressure or pressure gradient differential which is the force required 

to initiate water drive in a saturated material.  The diffusion analysis 

requires evaluation of the Diffusion Coefficient.  Dr. D. L. Katz, 

Professor of Chemical Engineering, University of Michigan, recognized 

for his expertise in natural gas development and storage, was retained 

to assign transport media properties for the Chagrin shale and plant 

concrete <Table 2.5-65>. 

 

2.5.4.3.7.4      Analysis of Gas Percolation Potential 

 

It was concluded that a single 4-foot thick zone of shale, not 

extensively fractured, would be sufficient to reduce the seepage rate to 

a relatively negligible amount using Equation 2.5-8. 

 

 
 

L

PPka
q 21




          (2.5-8) 

 

where: 

 

 q = Flow rate, mean pressure (L3/T) 

 k = Permeability (L/T) 

 A = Cross-section area of flow (L2) 

 1P  = Upstream pressure (F/L2) 

 2P  = Downstream pressure (F/L2) 

 L = Flow path (L) 

  = Viscosity (CP) 

 

During construction dewatering operations, groundwater levels within the 

excavation were depressed by as much as 55 to 60 feet, creating a 

piezometric pressure differential (threshold pressure) as much as 26 psi 

at foundation grade. 
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The groundwater level will be established above the shale rock surface, 

maintaining a saturated shale condition during plant operation.  Any 

upward gas seepage through water saturated shale strata, not excessively 

fractured, would require a pressure differential on the order of 

1,000+ psi to initiate displacement of the pore water by the natural 

gas. 

 

In considering a more conservative assumption, percolation of gas 

seepage through Chagrin shale could occur if continuous communicating 

fractures are pervasive throughout the entire shale mass.  However, a 

maximum pressure differential (threshold pressure) of 26 psi would not 

be sufficient to exceed the threshold pressure of 60 psi for saturated 

concrete.  It is concluded that saturation of uncracked concrete mats 

and the use of waterproofing membranes will preclude whatever gas 

infiltration could occur by the percolation mechanism during plant 

operation. 

 

2.5.4.3.7.5      Analysis of Gas Diffusion Potential 

 

The rate of gas diffusion from storage horizons to the base of overlying 

substructures is a function of gas pressure, temperature, length of 

travel, gas diffusibility as well as other gas properties, expressed by 

Equation 2.5-9: 

 

 
A1

A2e
A Y .256-1

Y .256-1
n1RTL

DP
N         (2.5-9) 

 

where: 

 
 NA  = Rate of gas diffusion (lb moles/L2/T) 

 T = Temperature (T) 

 R = Gas Constant (FL/lb moles T) 

 P = Pressure (F/L2) 

 L = Length of path(L) 
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 eD  = Diffusion coefficient (L2/T) 

 1AY  = Mole fraction of methane at entrance 

 2AY  = Mole fraction of methane at exit 

 

Upper limit diffusion rates through unsaturated concrete mats, having a 

thickness of four and ten feet respectively, assuming an infinite gas 

source at the base of the mat, have been calculated using Equation 2.5-9 

and the material properties given in <Table 2.5-65>.  The results of 

these calculations indicate that methane under a pressure of one 

atmosphere would diffuse through the two postulated concrete mats 

thicknesses at rates of 2.3 x 10-6 and 9.2 x 10-7 cubic feet per minute 

per square foot of mat area, respectively.  These thicknesses are 

typical of plant substructure fill concrete.  Thus, for the plant 

substructure area of 30,000 square feet, 0.07 and 0.03 cubic foot of 

methane per minute is predicted to enter the building, by diffusion 

alone, through the 4-foot and 10-foot thick concrete mats, respectively. 

 

These calculations also show that only 0.001 cubic foot per minute of 

methane would diffuse through a 4-foot layer of dry shale.  The actual 

rates would be significantly less than the predicted rates on the basis 

of saturated shale strata and concrete during plant operation.  The use 

of waterproofing membranes is expected to reduce diffusion rates through 

concrete by at least two orders of magnitude.  In summary, it is 

concluded that diffusion rates are too low to enable gas accumulation 

sufficient to form a hazardous condition, considering that all 

substructure spaces will have ventilation systems with an air 

circulation rate many times greater than the rate of gas diffusion. 

 

2.5.4.4      Geophysical Surveys 

 

A standard seismic refraction survey was performed with seismic lines 

profiled both in the vicinity of the plant site and along the edge of 

Lake Erie.  Subsequent to the refraction survey, in situ velocity 

measurements were made using some of the test borings at the plant site.  
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These measured values of the compressional and shear wave velocities and 

unit weight values were then used to calculate the elastic moduli 

values. 

 

2.5.4.4.1      Seismic Refraction Survey 

 

Refraction profiles were operated with SIE, twelve-channel system using 

a photographic recording oscillograph with two-millisecond timing lines; 

four shot points were made for each spread, one at each end and two 

along the spread for maximum near-surface velocity control.  Continuous 

profiling was accomplished by “tying-in” the end point of the spread 

with the starting point of the next spread; also, checking was 

accomplished by intersecting profiles at selected locations.  Closer 

spacings of geophones (10 or 20 feet) near the end point locations and 

greater spacings of geophones (20 or 40 feet) along each spread were 

utilized to achieve velocity control, layer resolution and depth of 

penetration. 

 

Cross-hole measurements were made with three-component geophones (two 

orthogonal horizontal and one vertical element) in four holes of a 

multi-hole array with the shot point in the fifth hole; all elements 

were placed at the same elevation level for each particular measurement.  

Geophones were located at distances varying from 25 to 187 feet from the 

shot point in order to achieve control in determining wave velocity 

values and in distinguishing the “P” wave arrivals from “S” wave 

arrivals.  Measurement procedures were rotated and reversed by 

interchanging the shot point and detector positions.  The intervals of 

measurement were 10 feet, except for thin layer observations where a 

5-foot separation was utilized. 

 

As a matter of standard procedure, all profiles were reversed.  All 

reported “S” wave data represented direct wave arrival observations.  

Refracted wave arrival data were also observed; they were used to 

determine boundaries of layers and to verify the direct wave arrivals.  
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A sample set of refracted and direct arrival-time curve data is included 

as <Figure 2.5-172>.  Electric blasting caps (either singularly or in 

groups) were used for the borehole measurements. 

 

2.5.4.4.2      Results - Seismic Refraction Survey 

 

A total of seven seismic lines were profiled.  The locations of these 

lines are shown in <Figure 2.5-144>.  The results of the seismic survey 

are shown in profile form on <Figure 2.5-173>. 

 

With the exception of Line E, which was profiled along Lake Erie, the 

seismic lines show four different velocity layers.  The top layer 

velocity of 1,000-2,000 ft/sec is indicative of an unconsolidated 

overburden which is identified by boring logs as “lacustrine sediments” 

and “lacustrine deposits.”  The second layer velocity of 5,000 ft/sec is 

characteristic of a saturated overburden.  The water table is close to 

the surface at this site and the 5,000 ft/sec velocity correlates with 

saturated “lacustrine sediments” and “lacustrine deposits” shown on the 

test borings. 

 

The third layer velocity of 7,500 to 8,000 ft/sec is characteristic of 

very dense overburden and correlates with the “lower till” material 

shown on the boring logs.  The fourth layer is rock with a velocity of 

10,000 to 11,000 ft/sec; the boring has identified rock as the “Chagrin 

shale.”  This velocity value correlates with the top of high recovery 

rock (recovery greater than 70 percent). 

 

Line E, which was profiled along the edge of Lake Erie, shows a thin top 

layer of 5,000 ft/sec material corresponding to saturated “lacustrine 

deposits” overlying material with velocity of 7,500 to 8,000 ft/sec.  

Borings 1-27 and 1-28 confirm the existence of the more compact, 

high-velocity material and identify it as the previously mentioned 

“lower till.” 
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2.5.4.4.3      In Situ Velocity Measurements 

 

In situ “P” wave and “S” wave seismic velocity measurements were made in 

the boreholes, as shown on <Figure 2.5-144>, using the following 

measurement techniques. 

 

2.5.4.4.3.1      Cross-hole Measurements 

 

These measurements were made by using three-dimensional geophones, 

containing one vertical and two horizontal elements.  Seismic energy was 

generated in one borehole and detected by the geophones at four 

remaining boreholes at the same elevation level.  This procedure was 

repeated using different distance combinations of source and detector 

arrays and at different elevation levels. 

 

2.5.4.4.3.2      Down-hole Measurements 

 

These measurements were made with four, three-dimensional geophones 

positioned at 20-foot intervals in Boring 1-33.  Energy was generated 

near the top of bedrock at Elevation 560.0’, just below the casing of an 

adjacent hole (15 feet away), Boring 1-34.  Measurements of the “P” and 

“S” wave arrivals were made down the length of the hole by overlapping 

geophone positions each time the array was lowered. 

 

2.5.4.4.4      Results of In Situ Seismic Velocity Measurements 

 

The results of the in situ “cross-hole” and “down-hole” velocity 

measurements are shown on <Table 2.5-21>.  It should be noted that from 

approximate Elevation 595’ to 583’ a “P” wave velocity of 5,900 ft/sec 

and an “S” wave velocity of 1,900 ft/sec were measured.  These 

velocities correlate well with the “upper till” layer which is too thin 

to be detected by the seismic refraction survey. 
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The “P” and “S” wave velocities are used with the unit weight values to 

calculate elastic moduli values.  These results were also presented in 

<Table 2.5-21>.  Also, included in <Table 2.5-21> is a generalized 

geologic correlation based on Boring 1-33. 

 

The results of the “down-hole” measurements <Table 2.5-21> for rock show 

a “P” wave velocity of 9,000 ft/sec and an “S” wave velocity of 

4,000 ft/sec.  These are slightly lower velocity values than the 

cross-hole measurements indicated. In the cross-hole measurements, data 

recorded parallel to bedding planes, and in the down-hole procedures, 

the measured velocity data are obtained nearly perpendicular to the 

bedding plane.  The elastic moduli, based on the down-hole velocity 

measurements, are also shown on <Table 2.5-21>. 

 

2.5.4.5      Excavations and Backfill 

 

2.5.4.5.1      Excavations 

 

Excavations for plant structures extend as deep as Elevation 531.0’.  

This is well into the Chagrin shale.  All Seismic Category I structures 

are supported either on porous concrete placed directly on shale, on 

drilled piers bearing within the shale, or on Class A fill bearing on 

the lower till.  As described in <Section 2.4.13.5>, the porous concrete 

in the main plant area serves as a drainage medium to relieve 

hydrostatic pressures.  Typical design cross sections of the plant 

excavations are shown in <Figure 2.5-143>.  The results of geologic 

mapping of the excavations are shown in <Figure 2.5-41> and 

<Figure 2.5-42>. 

 

Special subgrade protection and treatment procedures which were employed 

during and after foundation excavation are discussed in 

<Section 2.4.13.5.5.c.4.(a)>, <Section 2.5.4.12.1> and 

<Section 2.5.4.14.1>.  In addition, preparation of rock surfaces was 

accomplished by applying high pressure air to remove loose and weathered  
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debris as well as till and lacustrine sediments which may have adhered 

to the bedrock.  In some instances manual removal of these materials was 

employed where required due to inaccessibility or in wet rock 

conditions.  All bedrock surfaces were mapped by the Project Geologist 

or his designated representative, after which the Resident Geotechnical 

Engineer approved the foundation surface just prior to the placement of 

porous concrete.  In the case of soil subgrades, the Resident 

Geotechnical Engineer approved the foundation surface just prior to the 

placement of porous concrete. 

 

Heave gauges and extensometers were used to monitor rebound of the 

Chagrin shale due to excavation stress relief, as described in 

<Section 2.5.4.13.2> and <Section 2.5.4.13.3>.  Settlement and/or 

rebound of structures during and after construction have been and will 

continue to be monitored by survey elevation markers as described in 

<Section 2.5.4.13.4>. 

 

The excavation side slopes were inclined at a nominal ratio of 

1.5 horizontal to 1.0 vertical through the lacustrine sediments, 0.5 to 

1.0 through the upper till and lower till and 0.25 to 1.0 through the 

shale.  A bench was constructed at the top of the upper till with a 

drainage ditch in order to intercept and collect groundwater seepage 

emanating from the lacustrine sediments. 

 

The plant excavations are backfilled to an elevation at least two feet 

above the top of upper till with Class A fill and then to finished 

grade, Elevation 620.0’ with Class B fill.  Some Class C fill 

(nonsafety) may be found between approximate Elevation 615.0’ and 

finished grade.  A typical section of the backfill is shown in 

<Figure 2.5-174>. 
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2.5.4.5.2      Class A Fill 

 

Class A fill consists of clean, durable, free-draining sand and gravel 

obtained from commercial quarries.  During initial design studies, the 

strength and deformation characteristics of a locally available crushed 

limestone was investigated to establish design parameters for the 

Class A fill.  The crushed limestone was furnished by a quarry of the 

Marblehead Stone Division of the Standard Slag Company, near Sandusky, 

Ohio, and was assumed to be typical of material which could also be 

supplied by other quarries. Soundness and durability tests on the sample 

gave a Los Angeles abrasion loss of 29.5 percent and a sodium sulfate 

loss of 5.2 percent.  The grain size distribution of the quarry sample 

is shown in <Figure 2.5-175>, which also shows the grain size 

distribution of the reduced sample used for testing.  The results of 

static triaxial compression tests are shown on <Figure 2.5-176>.  The 

initial tangent modulus from the tests is shown by Equation 2.5-10. 
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         (2.5-10) 

 

where: 

 

 iE  = Initial tangent modulus 

 aP  = Atmospheric pressure 

 e  = Confining pressure 

 

Dynamic properties of the Marblehead crushed limestone were investigated 

by two four-inch diameter resonant column tests using a high-amplitude 

torsional device of the University of Michigan.  Typical test results 

are shown in <Figure 2.5-177>.  The shear moduli computed from the 

measured shear velocities were normalized for a shear strain level of 

10-4 percent to determine the maximum shear modulus (Gmax) 

(Reference 239).  The Gmax values were plotted as a function of confining 

pressure, as shown in <Figure 2.5-178>, and the shear modulus parameters  
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K2max and n were determined graphically to be 72 and 0.52, respectively.  

For dynamic response design analyses, a value of n = 0.50 was used while 

K2max was varied from 75 to 95. 

 

The Class A fill which was actually used in construction was obtained 

from the Bestone Quarry, Chardon, Ohio, and the R. W. Sidley Quarry, 

Thompson, Ohio.  Prior to use, samples of the material from each quarry 

were tested to certify compliance with specifications and the design 

parameters.  A summary of the specified properties and the certification  

test results are presented in <Table 2.5-66>.  It is noted that some of 

the material submitted by the Bestone Quarry was outside of the grain 

size distribution specification range.  This deficiency was corrected 

during actual fill placement.  Also, the coefficient of permeability of 

the Bestone Quarry material was below that originally specified.  

However, an analysis was performed which demonstrated that the Class A 

fill would have sufficient drainage capacity with a reduced permeability 

of 0.2 x 10-3 cm/sec, and the material was accepted.  The minimum 

specific gravity requirement was also reduced to 2.60 during the plant 

construction phase. 

 

Class A fill placement specifications required an average and minimum 

relative density of 85 and 80 percent, respectively, in load-bearing 

areas, where structures are founded above the fill, and 80 and 

75 percent, respectively, in areas outside of building lines.  Minimum 

and maximum density tests were performed for each 4,500 cubic yards of 

fill placed, and inplace density and grain size distribution tests for 

each 150 cubic yards or once per lift, whichever was more frequent.  

However, in confined areas, where the volume of each lift was less than 

50 cubic yards, inplace density tests were performed once every third 

lift or every 50 cubic yards, whichever was more frequent.  Beginning in 

May 1994, the frequency of minimum and maximum density, grain size 

distribution and specific gravity testing was changed to once every 

250 cubic yards of fill placed. 
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The maximum and minimum density standards used to compute the relative 

density of each inplace density test were the averages of the 15 most 

recent maximum and minimum density tests performed prior to the inplace 

density test.  However, if a maximum and minimum density test was 

performed on an inplace density test sample, then that single 

determination of maximum and minimum density was used to compute the 

relative density of the inplace density test.  Alternatively, for yard 

area backfill placed after May 1994, use of Relative Compaction, (Rc, 

the ratio of inplace dry density to the maximum dry density) was 

allowed, provided the maximum density value was obtained using the same 

method which is used to obtain the relative density for the fill and 

consistent relationship between the relative compaction and relative 

density so obtained can be established for the fill. 

 

Through the end of July 1981, approximately 437,000 cubic yards of 

safety-related Class A fill have been placed, and approximately 6,170 

inplace density tests and grain size distribution tests have been 

performed.  The gradation range of the Class A fill which has been 

placed is shown in <Figure 2.5-179> and <Figure 2.5-180>.  A summary of 

field density tests obtained for quality control during the placement of 

Class A fill is shown in <Figure 2.5-181>.  Reasons why 47 relative 

density tests of Class A fill are documented below the 75% minimum 

specified are as follows:  (a) certain areas after recompaction were 

visually accepted by the Resident Geotechnical Engineer (RGE), with no 

further tests taken; (b) scattered isolated failing tests were accepted 

by the RGE because all surrounding density tests were satisfactory; and 

(c) some tests were taken in nonsafety-related fill used for laydown 

areas and as backfill around nonsafety pipe. 

 

A total of 181 laboratory constant-head permeability tests have been 

performed on material removed from the fill with the lowest coefficient 

of permeability obtained being 2.16 x 10-3 cm/sec and the average 1.69 x 

10-2 cm/sec.  Also, 51 inplace falling head permeability tests have been 

performed with the lowest coefficient of permeability obtained being  
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9.45 x 10-3 cm/sec and the average 3.77 x 10-2 cm/sec.  The minimum 

required coefficient of permeability is 2 x 10-4 cm/sec. 

 

Based on U.S. Department of Agriculture, Soil Conservation Service 

(Reference 240), the Class A fill which was placed is a suitable 

filtering medium for drainage of the lower till and most of the upper 

till materials.  The SCS method reduces the stringency of the filtering 

requirements when the base materials exhibit plasticity.  Approximately 

one-third of the grain size distribution tests on the upper till showed 

results which are finer than that recommended for filtering by Class A 

fill.  However, as described in <Section 2.5.4.6.3>, the seepage from 

the upper and lower till strata are negligible and undetectable.  

Therefore, filtering of these strata are not required.  Class A fill is 

generally not a good filtering medium for Lacustrine soil.  Therefore, a 

minimum three feet wide filter zone of Class B fill is placed between 

the Class A fill and the Lacustrine soil, as shown on <Figure 2.5-174>.  

This Class B fill filter zone is restricted such that at least 

15 percent of the particles are retained on the No. 200 sieve. 

 

2.5.4.5.3      Class B Fill 

 

Class B fill was used for nonload bearing backfill around Seismic 

Category I structures as shown in <Figure 2.5-174>, and consists of 

lower till soil which was removed and stockpiled during plant 

excavation.  A typical compaction curve is shown in <Figure 2.5-182>.  

The maximum dry density (ASTM D 1557) has been found to range from 128.6 

to 137.5 pounds per cubic foot and the optimum moisture content from 7.4 

to 13.0 percent.  Class B fill is compacted to not less than 92 percent 

of the maximum dry density, at a moisture content not less than three 

percentage points below nor four percentage points above the optimum 

moisture content.  Through the end of July 1981, approximately 

286,000 cubic yards of Class B fill have been placed and approximately 

380 inplace density tests have been performed.  The gradation range of 

the Class B fill which has been placed is shown in <Figure 2.5-183>.  A  
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summary of field density and moisture tests taken for quality control 

during placement of the Class B fill is shown in <Figure 2.5-184> and 

<Figure 2.5-185>.  Reasons for 11 of the density tests being recorded 

below the 92% minimum specified are that some were in isolated areas 

surrounded by fill with passing tests, and other tests were taken in 

nonload bearing backfill areas. 

 

Once the Class B stockpile is depleted, off-site material can be used.  

This material is approved by the site Resident Geotechnical Engineer 

based on evaluations which confirm that the off-site material has 

properties similar to the excavated lower till material originally used 

as Class B fill. 

 

2.5.4.5.4      Field Testing of Backfill 

 

An onsite testing laboratory was established to perform all field 

testing.  A defined Quality Assurance Program and approved procedures 

were implemented to assure that proper testing methods, procedures and 

equipment were used in field testing. 

 

2.5.4.5.5  Controlled Low Strength Material (CLSM) 

 

Controlled Low Strength Material (CLSM) may be used as a replacement for 

Class B and Class C fill, and as a replacement for Class A fill when the 

Class A fill was used as bedding and backfill for buried piping and 

ductbanks only, and not as part of the Plant Underdrain system, or as a 

foundation for safety-related buildings or structures.  Since the CLSM 

is equivalent to or better than Class B Fill in bearing capacity and 

impermeability, this change has no effect on the results of USAR 

<Section 2.5.4.5.1>, <Section 2.5.4.5.2>, and <Section 2.5.4.5.3>. 
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2.5.4.6      Groundwater Conditions 

 

2.5.4.6.1      Preconstruction Groundwater Conditions 

 

The surficial stratum of lacustrine sediments is the principal 

water-bearing zone at the plant site.  The underlying, relatively 

impervious till retards the downward percolation of groundwater.  

Observations made in the test borings at the site indicate groundwater 

levels usually ranging from three to five feet below the ground surface 

in the main plant area with the depth gradually increasing to 6 to 

11 feet in the close vicinity of Lake Erie.  Within the plant area, the 

groundwater level was observed to generally range between 

Elevations 613’ and 624’.  Regional groundwater conditions are described 

in <Section 2.4.13>. 

 

Pneumatic, Casagrande (double-tube) heavy liquid-type piezometers and 

standpipes were utilized to monitor the groundwater conditions.  The 

piezometers were installed at five locations throughout the plant site, 

as shown on <Figure 2.5-53>.  At the three pneumatic piezometer 

locations, the piezometers were installed and sealed at three levels 

within the glacial till and the underlying shale.  The piezometer 

readings are summarized in <Table 2.5-67> and indicate essentially full 

gravitational hydrostatic pressure to the maximum depth investigated, 

i.e., Elevation 555’. 

 

2.5.4.6.2      Permeability of Subsurface Materials 

 

2.5.4.6.2.1      Initial Investigations 

 

During initial investigations, a limited number of in situ permeability 

tests were conducted to aid in the evaluation of groundwater 

infiltration to be expected into excavations for plant foundations 

during construction.  In addition, the coefficient of permeability was 

also estimated from laboratory consolidation test results. 
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Two rising-head permeability tests were conducted within the lacustrine 

stratum in boring RC-2 at a depth of 20 feet.  The mean coefficients of 

permeability determined from the two tests were 3.12 x 10-5 cm/sec and 

2.33 x 10-5 cm/sec.  The mean coefficient of permeability is defined by 

Equation 2.5-11. 

 

  1/2vhm kkk           (2.5-11) 

 

where: 

 

 mk  = Mean coefficient of permeability 

 hk  = Horizontal coefficient of permeability 

 vk  = Vertical coefficient of permeability 

 

The vertical coefficient of permeability of the lacustrine soil was 

calculated from the results of two consolidation tests using 

Equation 2.5-12. 
 

 
e1

qac
k wvv
v 

          (2.5-12) 

 

where: 

 

 vk  = Vertical coefficient of permeability 

 vc  = Coefficient of consolidation 

 va  = Coefficient of compressibility 

 wq  = Unit weight of water 

 e = Void ratio 

 

The resulting vertical coefficients of permeability were determined to 

be 1.8 x 10-5 cm/sec and 2.8 x 10-5 cm/sec for the two tests.  Assuming 

the ratio of the horizontal to vertical coefficients of permeability to  

be 10, the average horizontal coefficient of permeability was calculated  
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to be 2.3 x 10-4 cm/sec.  The resulting mean coefficient of permeability 

is 7.3 x 10-5 cm/sec as compared to an average of 2.7 x 10-5 cm/sec from 

the in situ tests. 

 

One in situ rising head permeability test was conducted in the upper 

till in boring RC-1 at a depth of 30 feet.  Assuming the horizontal and 

vertical permeabilities to be equal in the till, a coefficient of 

permeability of 2.6 x 10-7 cm/sec was computed from the test results.  

The coefficient of permeability was also calculated from three 

consolidation tests, yielding values ranging from 1.8 x 10-5 cm/sec to 

6.2 x 10-6 cm/sec, with a logarithmic average of 1.0 x 10-5 cm/sec. 

 

The permeability of the lower till was estimated from five consolidation 

tests.  The results ranged from 1.1 x 10-6 cm/sec to 2.4 x 10-6 cm/sec 

and had a logarithmic average of 1.6 x 10-6 cm/sec. 

 

A total of 23 constant head, pump-in (pressure) tests were conducted in 

the upper 20 feet of shale in Borings 1-68, 1-70 and 1-74.  Single and 

double packer systems were employed to isolate potentially pervious 

sections.  Flow rates were measured using a water meter.  However, the 

flow rates were so small that in most tests no flow was recorded by the 

meter.  It was then determined in the laboratory that a minimum flow 

rate of 13.87 cm3/sec was required before the meter would register 

consistently.  Therefore, in all tests where no flow was recorded, it 

was conservatively assumed that the actual flow rate was 13.87 cm3/sec.  

For measured flow rates greater than zero, the calibration curve 

determined in the laboratory was used to determine the actual flow rate. 

 

The results of the in situ test in the shale are presented in 

<Table 2.5-68>.  Because most of the test results over-estimate the 

permeability of the shale, due to the inability to measure very low flow 

rates, a coefficient of permeability of 5.0 x 10-6 cm/sec was chosen to 

characterize the upper 20 feet of shale. 
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2.5.4.6.2.2      Supplemental Investigations 

 

Extensive supplementary investigations of the permeability of the 

subsoil and shale at the site were conducted and reported in 1975 in 

order to verify the parameters used in design of the plant underdrain 

system <Section 2.4.13.5> and to determine the effect of the permanent 

groundwater drawdown at the plant on the surrounding groundwater regime 

(Reference 241). 

 

The additional testing included 78 falling-head and rising-head 

permeability tests in seven boreholes (PT-1, PT-1A, PT-2, PT-2A, PT-3, 

PT-4, and PT-4A), and six laboratory constant-head permeability tests on 

relatively undisturbed samples obtained from the borings.  The results 

of the field tests are summarized in <Table 2.5-69> and those of the 

laboratory tests in <Table 2.5-70>. 

 

The supplemental investigations also included a long term pumping test 

using a six-inch diameter deep well, DW-1.  The well was drilled to a 

depth of 71.4 feet, penetrating about 15 feet into shale.  A three-inch 

diameter well casing was used, perforated the entire length, with filter 

sand placed between the casing and the soil.  A bentonite seal was 

placed near the ground surface to prevent intrusion of surface water.  

 

Five 20-foot deep observation wells were aligned at distances from 

15 feet to 530 feet from the pumping well to determine the influence of 

the well on the lacustrine groundwater level.  Also, piezometers had 

previously been installed in Boring 1-75, located 30 feet from the 

pumping well.  This boring contained three piezometers, one each in the 

upper till, lower till and shale strata.  Groundwater monitoring 

locations are shown on <Figure 2.5-53>. 

 

The deep well was pumped for a period of 24 days at an average rate of 

about 0.12 gallon per minute.  The water level in the well was 

maintained at an average elevation of about 565’.  It was found that the  
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pumping had no discernible effect on the observation wells in the 

lacustrine stratum, even at a distance of only 15 feet from the pumping 

well.  However, a significant drop in piezometric head occurred in the 

piezometers in the lower till and shale in Boring 1-75, 30 feet from the 

pumping well.  It was concluded that this reduction of head was caused 

by very thin seams of comparatively high permeability, such as 

horizontal joints in the shale, and that no significant quantity of 

seepage would be derived from these seams. 

 

2.5.4.6.3      Seepage During and After Construction 

 

Based on the initial investigation of the permeabilities of the 

subsurface materials, it was conservatively estimated that total seepage 

into the plant excavation during construction would be in the range of 

40 to 80 gallons per minute.  Based on the more detailed supplementary 

investigations, it was concluded that the seepage rate would be on the 

order of one-tenth of the original conservative estimate.  It was 

further concluded that most of the seepage would be derived from the 

lacustrine stratum and that the seepage from the glacial till and shale 

would probably evaporate and not be detectable. 

 

During construction, the seepage estimate described above was confirmed.  

The seepage collected in the peripheral ditch from the lacustrine 

stratum was estimated to be less than ten gallons per minute.  No 

seepage was detected in the till strata or shale, and the excavation 

bottom was dry.  Seepage into the plant underdrain system after the 

excavation is backfilled will be essentially the same as that 

experienced during construction. 

 

As described above, no seepage was detected in the lower till stratum of 

shale and the plant excavation bottom was dry.  The estimated mean 

coefficients of permeability for these materials are 2.0 x 10-7 cm/sec 

and 8.0 x 10-8 cm/sec, respectively.  The corresponding seepage velocity  

in these materials is less than 4 feet per year, for gradients as large  
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as 4.   This amount, which is consistent with the lack of observable 

seepage, is far too small to cause erosion which could contaminate 

and/or clog the Class A filter. 

 

2.5.4.6.4      Radius of Groundwater Drawdown 

 

In order to monitor the long term effect of the plant dewatering system 

on the local groundwater levels, four lines of well-point piezometers 

were installed as shown in <Figure 2.5-186>.  The piezometer lines 

extend 1,000 feet from the plant in the east and south directions and 

550 feet in the north and west direction.  The average monthly readings 

for each piezometer are shown in <Figure 2.5-187>.  Groundwater drawdown 

profiles along the piezometer lines are shown on <Figure 2.5-188>.  

(Some of the piezometers were removed and replaced at various times due 

to construction activity conflicts.)  It is concluded that the 

groundwater level within the lacustrine stratum is not affected beyond a 

radius on the order of 500 feet from the plant, as anticipated.  In most 

piezometers, the groundwater drawdown appears to have already 

(March 1979) stabilized to a steady-state condition. 

 

The piezometers sealed within the lower till and shale <Figure 2.5-188> 

generally indicate piezometric levels within about three feet, above or 

below, the lacustrine level.  However, in piezometers E-3B and N-4B, 

both in shale, the piezometric levels (March 1979) are 7.0 and 4.3 feet 

below the lacustrine water level, and are continuing to decline.  The 

same phenomenon occurred during the pumping test, as described in 

<Section 2.5.4.6.2.2>, and is attributed to very thin seams of high 

permeability, such as horizontal joints in the shale.  No significant 

amounts of seepage would be expected from these joints. 

 

The frequency of groundwater monitoring will continue on a once per 

month basis throughout construction and until one year after plant 

startup, at which time the frequency will be reduced to once every three  

months (quarterly).  In addition to the four lines of well point  
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piezometers shown on <Figure 2.5-186>, new piezometers will be installed 

prior to startup in the plant backfill zone, as shown on 

<Figure 2.5-174>, one on each side of the plant.  These four new 

piezometers will be monitored at the same frequency as the other 

piezometers.  The purpose of these four piezometers is to monitor the 

effectiveness of the Class A Fill during the life of the plant. 

 

Since the underdrain system manholes are an integral part of the 

underdrain system (i.e. porous concrete and Class A Fill), indications 

of groundwater elevations immediately adjacent to the plant will be 

noted in the control room.  The control room computer will print-out a 

notification that the manhole service pumps turn on when the manhole 

water levels reach the high level setpoint.  A control room alarm will 

sound if the water levels reach an elevation of 568.5 feet.  The 

complete pressure relief underdrain system is discussed in 

<Section 2.4.13.5.1>.  Hydrostatic pressures beneath foundation mats 

will also be indicative of groundwater fluctuations and will be 

monitored by means of standpipes installed through the safety-related 

building mats into the porous concrete as described in 

<Section 2.4.13.5.3d>. 

 

Due to the very small quantity of seepage entering the underdrain 

system, as described in <Section 2.5.4.6.3> no significant fluctuation 

in groundwater level within the backfill around the plant is 

anticipated.  Within the natural soils and rock, which support 

safety-related pipelines surrounding the plant, some seasonal 

groundwater fluctuation will occur due to variations in precipitation.  

Based upon historical records, such fluctuations are not expected to 

exceed about five feet and will not cause measurable subsidence under 

safety-related facilities. 
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2.5.4.6.5      Stability of Seismic Category I Structures 

 

As described in <Section 2.4.13.5>, the plant underdrain system is 

designed to maintain the groundwater level immediately surrounding the 

plant at Elevation 568.5’.  A discussion of the resultant hydrostatic 

forces is presented in <Section 2.4.13.5>. 

 

2.5.4.7      Response of Soil and Rock to Dynamic Loading 

 

Most of the primary structures for the Perry site are supported on shale 

bedrock.  Lower till and Class A fill soils are also used for support of 

Seismic Category I and other plant structures.  The lower till and 

Class A fill bearing materials will not be susceptible to liquefaction, 

as described in <Section 2.5.4.8>, or significant compression due to SSE 

motions.  The shale is not susceptible to loss of strength during cyclic 

loading.  The seismic responses for structures founded above the shale 

are described in <Section 3.7.1.4>. 

 

2.5.4.8      Liquefaction Potential 

 

2.5.4.8.1      Class A Fill 

 

An analysis of the liquefaction potential of Class A fill was conducted 

in accordance with the procedures recommended by Seed and Idriss 

(Reference 242).  The method of analysis and the results thereof are 

described as follows. 

 

The dynamic response of the load-bearing fill, having properties 

described in <Section 2.5.4.5>, was investigated using the SHAKE IV 

computer solution to the one-dimensional wave equation (Reference 243).  

The strain dependent dynamic properties, described in <Section 2.5.4.5> 

for the Class A fill and in <Section 2.5.4.2> for the lower till, were  
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incorporated in the program using the average shear modulus reduction 

and damping versus shear strain relationships recommended by Seed and 

Idriss (Reference 239). 

 

The SSE artificial time history was developed for the top of the dense 

till layer or as described in <Section 3.7.1>.  This was input at the 

shale surface level and in accordance with the following: 

 

a. The horizontal shear stress time history at various levels below 

the free surface was calculated. 

 

b. The average equivalent uniform shear stress was derived for each 

level by appropriate weighting of the shear stress amplitudes, 

considering the number of significant stress cycles of the SSE. 

 

c. The induced shear stress was plotted as a function of depth. 

 

The number of cycles (Nc) of stress (dc), required to cause initial 

liquefaction of granular soil during cyclic shear testing and the 

relationship of laboratory and field behavior, has been studied by Seed 

and his co-workers (Reference 244) (Reference 245).  From this work, it 

has been concluded that given Nc, dc can be predicted as a function of 

confining pressure (3), the d50 grain size and the relative density of 

the granular soil.  The Nc versus dc/23 relationship used to 

characterize the Class A fill is shown in <Figure 2.5-189>.  The number 

of significant cycles of the SSE, a function of the intensity and 

duration of the strong motion of the earthquake, was taken as Nc = 10.  

As reported by Idriss and Seed, the assumed Nc corresponds to a Richter 

Magnitude 7 earthquake, whereas the SSE (Intensity VII) corresponds to 

approximately Magnitude 6 and represents a significant degree of 

conservatism (Reference 247). 

 

For the free field case, the ratio between the shear stress required for 

initial liquefaction to the developed shear stress was found to be  
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greater than one, and to increase with depth, even though the increase 

in confining pressure afforded by the stresses imposed by foundations 

and adjoining fills is ignored.  The results of this analysis are shown 

in <Figure 2.5-190>.  A second analysis, considering the influence of a 

uniformly applied pressure of 5.0 ksf, simulating the foundation mat 

interaction, predicts a minimum stress ratio of 2.2. 

 

It is pertinent to note the extreme conservatism implicit in the initial 

liquefaction criterion used to express the “failure” of very dense 

granular soils.  As demonstrated by Seed and Lee, as the number of 

stress cycles exceed that required for initial liquefaction of dense 

granular soils, the strains do not increase abruptly, but only gradually 

(Reference 244).  Thus, it is reasonable to set a “limit strain” 

criteria such as 5 to 7.5 percent single amplitude.  According to Wong, 

this would increase the 10-cycle shear strength by at least 10 percent 

(Reference 246).  Even a greater increase would be justified if 

consideration is given to an effective principal stress ratio (ko) 

greater than is predicted for a normally consolidated state.  As 

vibratory compaction of the fill to a relative density of 85 percent 

will produce a principal stress ratio (ko) of at least one, ko is 

significantly greater than ko ~0.45, the value applicable to the field 

behavior correction factor (Cr) which was used in the liquefaction 

analysis.  It has been shown by Seed and Peacock that an increase in ko 

from 0.45, the normally consolidated condition, to ko = 1 increases Cr 

from 0.7 to 1.5 (Reference 245).  Even allowing for a ko after 

compaction of only 0.6, Cr becomes 0.90.  This increase is about 

28 percent greater than assumed in the liquefaction analysis appropriate 

to ko ~0.45.  Therefore, the minimum ratio of the shear stress required 

for initial liquefaction to the maximum shear stress developed during 

the SSE is greater than 1.28 without consideration of other accumulative 

conservatisms cited previously.  This stress ratio is shown as a 

function of the depth of fill in <Figure 2.5-190>.  In summary, there 

can be no reasonable doubt that Class A fill, conforming to the  
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specified quality and compaction criteria, will not be susceptible to 

even initial liquefaction under the postulated SSE ground motions. 

 

The conservatism used in the development of the Class A fill cyclic 

shear characteristics shown in <Figure 2.5-189> and the similitude of 

the test sample to the Class A fill utilized in construction are further 

discussed in the following paragraphs. 

 

The ratio of the laboratory cyclic shear stress (dc/2) to the effective 

consolidation pressure (3) required to induce initial liquefaction in 

ten stress cycles (Nc) was conservatively extrapolated from Figure 6, 

page 1257 of Seed and Idriss, using a median grain size (d50) of 10 mm 

(Reference 247).  The d50 value corresponds to the quarry-run Class A 

fill sample identified in <Figure 2.5-175>.  Correspondingly, the stress 

ratio dc/23 was found to be 0.37 for a relative density (Dr) of 

50 percent.  For Class A fill with Dr = 85 percent, the field behavior 

correction factor is 0.70 and the corrected stress ratio is calculated 

by Equation 2.5-13. 
 

 0.440.37x70.0x85/80
fo












     (2.5-13) 

 

for Nc = ten cycles to initial liquefaction. 

 

With the exception of the foregoing cyclic shear stress analyses, all 

static and dynamic analyses involving Class A fill properties were based 

on the results of laboratory tests conducted on the sample described in 

<Section 2.5.4.5>.  This sample was submitted by the operators of a 

regional fill source to meet the gradation requirements specified for 

Class A fill.  The dynamic properties of the actual Class A fill 

materials used were determined by certification testing to be within the 

design range, as described in <Section 2.5.4.5>. 

 

In summary, the analyses conducted confirm existing precedent and 

expectation that dense, relatively coarse-grained, free-draining  
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materials will not experience excessive deformations induced by 

liquefaction during strong motion earthquakes such as are postulated for 

the SSE.  Thus, it is concluded that Class A fill placed and compacted 

to a minimum relative density of 80 percent, and an average relative 

density of 85 percent, will provide adequate support of foundation 

systems under both dynamic and static loading conditions. 

 

2.5.4.8.2      Lower Till 

 

Liquefaction potential analyses were conducted to study the behavior of 

the lower till during the SSE.  The procedure used has been described in 

detail by Seed and Idriss and in <Section 2.5.4.8.1> (Reference 242).  

Three general cases were analyzed:  Case I represents the lower till 

inplace beneath load-bearing fill; Case II, the lower till as a free 

field surface; and Case III, the lower till supporting a 5-ksf uniform 

load of infinite extent.  Stresses induced within the lower till due to 

the SSE for Case III, which represents the case of a mat resting 

directly on the lower till, were calculated using the simplified 

procedure recommended by Seed and Idriss (Reference 247).  The results 

of Case III demonstrate that a more rigorous approach is not required to 

assess the dynamic bearing capacity of the very dense, heavily 

preconsolidated glacial till. 

 

For the response analysis, the maximum shear modulus of the sandy silty 

clay till was calculated using Equation 2.5-14. 

 

  nmmax2max K000,1G         (2.5-14) 

 

where: 

 

 maxG  = Maximum shear modulus 

 max2K  = Shear modulus parameter 

 n = Shear modulus exponent 

 m  = Mean principal stress 
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In this expression, the exponent n was taken as 0.5 and the 

dimensionless parameter K2max was taken as 100 and 250 to bracket the 

values derived from cyclic torsion tests.  These tests were conducted on 

undisturbed block and thin-wall tube samples.  The strain dependent 

shear modulus and damping properties, described in <Section 2.5.4.2> for 

the lower till, were incorporated in the computer program SHAKE IV using 

the average shear modulus and damping versus shear strain relationships 

recommended by Seed and Idriss (Reference 239) (Reference 243). 

 

The relationship between stress ratio and the number of stress cycles 

required to initiate liquefaction of the till is shown as 

<Figure 2.5-186>.  This relationship is derived from the median grain 

size, d50, of the till, after Seed and Peacock and Lee and Seed 

(Reference 244) (Reference 245).  It is noted that the derivation is 

predicated on an effective principal stress ratio (Kc) of 1.0, whereas, 

in the field Kc of the till is approximately 1.7.  Therefore, the 

computed resistance of the lower till against liquefaction, as shown in 

<Figure 2.5-186>, is conservative. 

 

The results of these analyses are expressed in <Table 2.5-71> in terms 

of the minimum stress ratio, defined as the ratio of the cyclic shear 

stress required to cause initial liquefaction in 10 cycles (cd) to the 

shear stress imposed by 10 cycles of the SSE (hs).  As shown, the 

minimum stress ratio is greater than 1.0 and, as would be expected, 

confinement increases this ratio. Considering the conservatisms inherent 

in the initial liquefaction criterion, in the number of significant 

stress cycles of the SSE selected (Nc = 10), and in the initial stress 

conditions assumed (Kc = 1.0), it can be concluded that a wide margin of 

safety exists against excessive shearing deformation of the lower till 

bearing strata during the postulated SSE. 
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2.5.4.8.3      Lacustrine Sediments 

 

An analysis of the liquefaction potential of the lacustrine sediments 

was conducted because certain Seismic Category I pipes are founded 

within this stratum.  The analysis was conducted in accordance with the 

simplified procedure by Seed and Idriss (Reference 248).  The analysis 

conservatively assumed that the lacustrine materials would behave as a 

poorly graded fine sand, whereas, these materials are predominantly 

silts and clays which would have a greater resistance to liquefaction. 

 

Based on the SSE of Intensity VII <Section 2.5.2.6>, the corresponding 

horizontal acceleration at the ground surface is 0.13g (Reference 3).  

However, an acceleration of 0.15g was used in the analysis for 

conservatism.  Intensity VII is equivalent to a magnitude of 5.25 

according to correlations by Nuttli (Reference 249) for the eastern 

United States.  The appropriate mean number of cycles, plus one standard 

deviation, is Nc = 5 (Reference 250). 

 

Using the Seed and Idriss approach (Reference 248), the relative density 

required with depth for factors of safety of 1.0 and 1.2 were determined 

as shown on <Figure 2.5-191>.  Also shown on this figure is the relative 

density determined for each Standard Penetration Resistance Test 

blowcount from 65 borings on the site, using the Gibbs and Holtz 

(Reference 251) correlation for sand.  This comparison of the in situ 

relative density with the required relative density, together with the 

conservatism of the analysis, indicates that liquefaction of any 

significant portion of the lacustrine deposit will not occur. 

 

2.5.4.9      Earthquake Design Basis 

 

The basis for establishing the SSE is described in <Section 2.5.2.6> and 

that for the OBE in <Section 2.5.2.7>. 
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2.5.4.10      Static Stability 

 

2.5.4.10.1      Foundation Conditions 

 

Consistent with the properties of the primary stratigraphic units 

described in <Section 2.5.4.2>, support for Seismic Category I and other 

primary plant structures is provided by the lower till and the 

underlying Chagrin shale. 

 

a. Lower Till 

 

 Since the lower till has been consolidated during the geologic past 

under loads significantly greater than imposed by the existing 

overburden, these materials exhibit a very low compressibility 

under static unit loads up to at least 12 ksf.  The lower till was 

also found to mobilize a high shearing resistance within the range 

of stress changes imposed by plant foundations. 

 

b. Chagrin Shale 

 

 Where not altered by excessive weathering, the shale is capable of 

supporting unit loads up to at least 25 ksf without detrimental 

settlement and is rated as having a slight to moderate swell 

potential upon unloading.  Limited deterioration of the shale 

surface by slaking was expected upon exposure and was not found to 

be significant during construction.  The shale surface was always 

cleansed prior to placement of concrete or fill. 

 

c. Bearing Grades 

 

 As discussed in <Section 2.5.4.3.3>, and as shown on 

<Figure 2.5-143>, the surface of the lower till within the plant 

area ranges from Elevations 582’ to 589’ and the surface of the 

underlying shale varies between Elevations 556’ and 572’.  The  
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 bearing grades of the primary Seismic Category I structures are 

given in <Table 2.5-72>.  All Seismic Category I structures, except 

for the diesel generator building, the offgas buildings and the 

fuel handling area of the intermediate building are founded on 

porous concrete fill bearing on shale.  The diesel generator 

building and offgas buildings are founded on Class A fill bearing 

on lower till and the fuel handling area of the intermediate 

building is founded on caissons extending into the shale. 

 

d. Groundwater 

 

 Piezometric levels within the plant site indicated that the base 

grades of most of the power plant structures extend well below the 

phreatic surface.  As the piezometer observations indicated the 

existence of a gravitational groundwater system within the depth of 

excavation, the plant substructures were designed with a permanent 

underdrain system to reduce hydrostatic pressure. 

 

2.5.4.10.2      Bearing Capacity 

 

The ultimate bearing capacity of foundations based on the lower till and 

shale is expressed by Equation 2.5-15. 

 

 
B

D
2.01s0.6 uo          (2.5-15) 

 

where: 

 

 o  = Ultimate bearing capacity 

 us  = Undrained shear strength of bearing materials 

 D = Depth of foundation 

 B = Width of foundation 
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Ignoring the width and confinement effects, the ultimate bearing 

capacity of the lower till and shale can be very conservatively 

calculated from Equation 2.5-15 as 33 and 780 tsf, respectively.  The 

factor of safety for the maximum transient loading condition of the 

reactor building mat is greater than 60.  For a 5 ksf of the lower till, 

the factor of safety against a bearing capacity failure is greater than 

13. 

 

The ratio of the shear strength of the subsoils to the imposed shear 

stress has also been used to define zones of potential overstress, that 

is, where the “stress ratio” is less than one.  Because the extent of  

overstress which would correspond to a limiting plastic equilibrium 

condition cannot be defined, a conventional factor of safety cannot be 

expressed by this method.  However, the safety of foundation elements 

against excessive shear deformation can be assured if there is no 

overstress or if the zone of overstress is very limited.  

Correspondingly, a plane strain, finite element deformation analysis was 

conducted according to (Reference 246). 

 

The procedure followed in the finite element analysis was to determine 

the maximum shear stress beneath the mat foundation and to compare this 

imposed stress with the undrained shear strength of the bearing 

materials.  For the reactor building analysis, the shear strength of the 

shale was determined from uniaxial compression tests on core samples, 

conservatively reduced for the discontinuity effects of the rock mass.  

The minimum stress ratio derived from this analysis was found to be 

greater than five under operating conditions and greater than two during 

the transient, accident condition loading of 25 ksf.  Thus, both 

conventional bearing capacity analyses and the stress comparison method 

indicate that a wide margin of safety against excessive shear 

deformation is provided for the reactor building.  Similar analyses 

support this conclusion for all Seismic Category I structures founded on 

either the lower till or shale bearing materials. 
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2.5.4.10.3      Deformation Analyses 

 

An investigation of the potential total and differential deformation of 

the foundation system under static loading was made by both 

one-dimensional consolidation and finite element methods of analysis 

(Reference 246).  The results of these analyses indicate that the 

ultimate post-construction settlement or heave at any location within 

the power plant other than the pumphouses will not exceed a maximum of 

about 1/3 inch and that angular distortions are less than one in 1,500 

within any individual unit or between adjacent plant units.  The 

corresponding maximum differential movement between the centers of 

adjacent Seismic Category I structures would not be expected to exceed 

1/2 inch and differential movement across interstructure connections 

would be negligible.  Distortion of safety class piping due to volume 

change of shale will not occur as this piping is not founded in shale. 

 

<Figure 2.5-192> demonstrates the results of the combined 

one-dimensional and elastic deformation analysis of the reactor building 

complex.  A swell (heave) of the bearing surface is shown to occur 

during the excavation phase, followed by compression during the erection 

of the structure.  The compression due to long term consolidation 

continues at a very slow rate after construction is completed, as shown 

on the figure.  The magnitude of this long term settlement will be quite 

small. 

 

A plane strain, finite element program, LOCKS, was used to conduct a 

supplemental foundation deformation analysis as a check on the 

one-dimensional deformation method used as the primary analytical 

technique (Reference 252).  The program accommodates nonlinear material 

properties and enables the simulation of dewatering, incremental 

excavation and incremental loading.  However, unlike the one-dimensional 

analysis, time-dependent consolidation or heave cannot be directly 

accommodated by the program and was necessarily simulated in a 

step-by-step procedure. 
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<Figure 2.5-193> summarizes the results of a plane strain, finite 

element analysis of the Emergency Service Water Pumphouse which extends 

an average of 23 feet below the shale surface (Reference 252).  The 

analysis included a ten-step simulation of the dewatering, excavation 

and construction sequence.  It is noted that one-third of the shale 

swell has been conservatively assumed to occur prior to placement of the 

foundation mat and that the angular distortion across the mat is on the 

order of 0.0024 radians.  This is the critical design case since the 

service loading of this structure will reduce the heave deformation.  

Wall pressures derived from the pumphouse analysis are described in 

<Section 2.5.4.10.4>. 

 

For both the combined one-dimensional plus elastic and the plane strain, 

finite element analyses of foundation deformation, the time dependent 

compression and swell characteristics of the shale were estimated using 

the results of oedometer tests, presented in <Section 2.5.4.2>, and the 

records of monitored excavations in stiff clays and shales, reported by 

Moorhouse (Reference 253).  Selection of the amount of swell occurring 

before backfilling of the Emergency Service Water Pumphouse was very 

conservatively chosen to be one-third of the predicted ultimate swell of 

the excavation (the maximum possible) by assuming an interval of only 

1 year between excavation and backfilling.  Both theoretical and case 

history considerations predict from 1/2 to 7/8 of this ultimate swell 

would be expected within the 1-year period.  This was confirmed by 

monitoring of shale movements during construction, as described in 

<Section 2.5.4.13>. 

 

The drained and undrained volume change characteristics of the shale 

chosen for the deformation analyses were conservatively weighted towards 

the properties of the surficial shale zone.  Because unsuitable shale 

has been excavated and mat foundations have been used, no attempt was 

made to model any localized variations in the properties of the 

competent shale which might be attributed to random differential 

weathering effects. 
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2.5.4.10.4      Lateral Earth Pressures 

 

The magnitude and distribution of lateral earth pressures were 

formulated for application to the design of both nonyielding and 

yielding walls, the former typified by restrained substructure walls and 

the latter by cantilever retaining walls.  The typically massive 

foundation walls of the Seismic Category I structures indicate that the 

nonyielding assumption is appropriate for these elements.  The 

formulations in the following sections are conservative because the 

properties of Class B rather than Class A fill have been used 

throughout. 

 

2.5.4.10.4.1      At-Rest Earth Pressure 

 

Earth pressure, such as would be imposed against nonyielding walls, can 

be conservatively expressed above the groundwater by Equation 2.5-16. 

 

 so p54.0Z1.69p          (2.5-16) 

 

where: 

 

 op  = Lateral earth pressure at rest, psf 

 Z = Depth below horizontal backfill surface, ft 

 sp  = Surface surcharge loading, psf 

 

The value of 0.54 used for the coefficient of earth pressure at rest was 

determined from the formula: 

 

  sin0.1Ko  

 

where: 

 

 oK  = Coefficient of earth pressure at rest 

   = Effective angle of internal friction 
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The value of ’ was assumed to be 27 degrees, which is a conversative 

value for the effective friction angle of Class B fill and totally 

ignores any contribution of effective cohesion for the fine-grained 

Class B materials.  The 27 degrees friction angle results in a higher at 

rest earth pressure coefficient (0.54) than would be determined for 

Class A fill, which has a minimum design ’ value of 35 degrees and an 

equivalent at rest earth pressure coefficient of 0.43. 

 

The groundwater level is Elevation 590.0’ for normal operation and 

618.0’ for massive spill conditions for all structures except the 

Emergency Service Water Pumphouse; for this structure the groundwater 

level is Elevation 557.0’.  A surface surcharge loading of 100 psf was 

used for the construction loading condition to account for pressures due 

to construction equipment. 

 

Below groundwater level, the effective weight of the backfill soil is 

reduced by buoyancy and a hydrostatic pressure component also acts on 

the wall.  The two components of wall pressure are calculated in 

accordance with Equations 2.5-17 and 2.5-18. 

 

 sowo p54.0Z4.35Z1.69p        (2.5-17) 

 ow Z4.62p   

 

where: 

 

 oZ  = Depth below groundwater level, ft 

 wZ  = Depth from surface to groundwater level, ft 

 wp  = Water pressure, psf 

 

It is likely that compaction of the backfill adjacent to walls imposed 

pressures on the walls which were initially somewhat greater than the 

at-rest condition.  However, the additional pressure would be expected 

to have dissipated within a relatively short time and, thus, is not a 

design condition.  The conservatism in the design soil parameters and  
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the various combinations of temporary loadings, as described in the next 

paragraph, would provide adequate reserve for any residual long term 

compaction induced earth pressures. 

 

Plots of the maximum earth pressure vs. depth used to design rigid 

subsurface walls for static and dynamic loads are provided in 

<Figure 2.5-194> and <Figure 2.5-195>.  Diagrams in <Figure 2.5-194> are 

applicable to all Category I structures, except for the Emergency 

Service Water Pumphouse which is shown in <Figure 2.5-195>.  Each 

structure was analyzed to determine the maximum design stresses 

resulting from the following earth pressure loading conditions: 

 

a. construction loading, 

 

b. normal operating conditions, 

 

c. normal operating conditions plus the SSE event increment, and 

 

d. massive spill conditions. 

 

Additional loadings due to surcharge from such items as cranes, 

railroads and adjacent foundations were added as necessary, on a 

case-by-case basis. 

 

2.5.4.10.4.2      Active Earth Pressure 

 

Active earth pressures appropriate to the design of yielding walls are 

conservatively expressed above groundwater level by Equation 2.5-19. 

 

 sa p37.0Z4.47p         (2.5-19) 

 

where: 

 

 ap  = Lateral earth pressure, active condition, psf 
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 Z = Depth below horizontal backfill surface, ft 

 sp  = Surface surcharge loading, psf 

 

Below groundwater level, the effects of buoyancy and hydrostatic 

pressures are accounted for in the active earth pressure case by 

Equations 2.5-20 and 2.5-21. 

 

 sowa p37.0Z3.24Z4.47p       (2.5-20) 

 ow Z4.62p          (2.5-21) 

 

where: 

 

 wZ  = Depth from surface to groundwater level, ft 

 oZ  = Depth below groundwater level, ft 

 wp  = Water pressure, psf 

 

2.5.4.10.4.3      Passive Earth Pressure 

 

Passive earth pressure, together with the frictional resistance on the 

base of foundation elements, is used in calculating the resistance of 

retaining walls to lateral translation under static load.  

Conservatively assuming that passive resistance is mobilized by Class B 

backfill materials bearing against wall footings, the ultimate sliding 

resistance is expressed by Equation 2.5-22. 

 

 B5.0dCp o
2
s1r          (2.5-22) 

 

where: 

 

 rp  = Ultimate sliding resistance, pounds per foot 

 B = Footing width 

 sd  = Height of footing in tight contact with the backfill 

 o  = Average bearing pressure of footing due to actual imposed load 
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The coefficient C1 is 140 for submerged backfill and 170 for a backfill 

above groundwater level.  Consistent with the amount of movement 

required to develop passive resistance, the factor of safety used in 

connection with Equation 2.5-22 is not less than 2.5. 

 

2.5.4.10.4.4      Dynamic Earth Pressure Increment 

 

For horizontal backfill surfaces, the added lateral load due to 

earthquake loading on retaining walls can be approximately expressed 

(Reference 254) by Equation 2.5-23. 

 

 h
2

ad kH
8

3
p           (2.5-23) 

 

where: 

 

 adp  = Additional lateral load due to earthquake (pounds per 

foot of wall) 

  = Unit weight of backfill, pcf 

 H = Height of wall, ft 

 hk  = Seismic coefficient 

 

The seismic coefficient for the SSE condition is taken as 0.15 and the 

average design unit weight of the backfill as 128 pcf; therefore, the 

added dynamic earth load in pounds per foot of wall is expressed by 

Equation 2.5-24. 

 

 2
ad H2.7p           (2.5-24) 

 

The dynamic load is distributed in a trapezoidal manner such that the 

pressure is 11.52 H at the top of the soil and 2.88 H at the base of the 

wall.  The additional dynamic lateral soil pressure due to surcharge 

loads is calculated by Equation 2.5-25. 
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 rsds kp54.0p           (2.5-25) 

 

where: 

 

 dsp  = Dynamic lateral pressure due to surcharge, psf 

 sp   = Static surface surcharge loading, psf 

 rk   = Seismic coefficient 

 

To investigate the conservatism of the design method, a dynamic response 

analysis proposed by Scott, was conducted for a rigid wall employing the 

dynamic fill properties and soil-structure interaction considerations 

(Reference 255).  Using a shear modulus coefficient (K2max) of 70 for the 

backfill and assuming an average first mode damping of six percent, 

total horizontal pressures imposed during the SSE were found for a 

typical 50-foot high wall to be 78 percent of that predicted by the 

foregoing conservative design criteria.  The Scott method also predicts 

a similar base moment if the combined static (Equations 2.5-19, 2.5-20 

and 2.5-21) and dynamic (Equation 2.5-24) resultants are applied at a 

distance of H/2 above the base of the wall and not 0.6 H as recommended 

by Seed (Reference 256). 

 

2.5.4.10.4.5      Lateral Pressures in Shale 

 

As described in <Section 2.5.4.10.3>, a plane strain, finite element 

analysis of the Emergency Service Water Pumphouse has been conducted.  

Because this structure extends approximately 23 feet into shale which 

has a low to moderate swelling potential, this analysis was also used to 

evaluate lateral pressures imposed on the structure.  The analytical 

model used assumed that excavations down to the shale surface would be 

sloped, but that cuts within the shale would be essentially vertical, 

the excavation face being offset away from the substructure walls.  The 

backfill material above the shale level was assumed to be predominantly 

granular and well compacted.  Backfill below the shale level was assumed 

to be either lean concrete or granular material. 
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The computer program used, LOCKS, incorporated nonlinear properties for 

the backfill and subsoils, the shale being conservatively characterized 

as an elastic medium (Reference 252).  The mesh used extended 605 feet 

below the ground surface and 1,000 feet laterally from the centerline of 

the ESW Pumphouse.  Swelling of the shale after placement of the 

backfill was simulated by calculating, at the cut face boundary 

<Figure 2.5-193>, the difference of the boundary distortions obtained 

from solutions for elastic rebound and for rebound plus ultimate 

excavation swell.  The distortion differential, reduced by the estimated 

amount of swell occurring before backfill, was subsequently reapplied at 

the cut face boundary with the backfill in place.  As discussed in 

<Section 2.5.4.10.3>, a reduction of one-third was conservatively 

chosen. 

 

The volume change properties of the shale utilized in the analysis 

conservatively assumed the horizontal swell to be equal to the vertical 

swell characteristics as measured in the one-dimensional swell tests, 

reported in <Section 2.5.4.2>.  Unlike some active clays, the actual 

horizontal swell would be expected to be less than the amount of 

vertical swell because of the greater restraint afforded by the 

horizontal shale laminae and the orientation of the clay mineral 

particles.  The influence of incremental wall construction simulation 

was also investigated, as shown on <Figure 2.5-196>. 

 

The predicted lateral wall pressures and the adopted design pressure 

envelope are shown on <Figure 2.5-196>.  However, construction schedules 

permitted excavations to remain open for periods sufficiently long to 

allow the time-dependent swell of the shale to be essentially complete 

before backfilling, and the structures will experience only the at-rest 

lateral earth pressures previously described.  Both theoretical and case 

history considerations predicted that the swell of shale excavations 

would be essentially complete within a period of 12 to 18 months after 

completion of excavation.  This was confirmed by monitoring of shale 

movements during construction, as described in <Section 2.5.4.13>. 
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Hydrostatic pressures are not included in the earth pressure design 

envelope.  Dewatering will be continued until the service pool elevation 

is established within the ESW Pumphouse.  The hydrostatic loading 

considered in design was, therefore, due to the differential head 

existing between the service pool and groundwater levels. 

 

2.5.4.11      Design Criteria 

 

2.5.4.11.1      Bearing Conditions 

 

Foundations for Seismic Category I structures are based either on 

Chagrin shale or on Class A fill over lower till.  The bearing 

elevations and materials for each structure are summarized in 

<Table 2.5-64>. 

 

2.5.4.11.2      Foundation Mat Design 

 

Mat foundations for Seismic Category I structures bearing on either the 

lower till or Class A fill are proportioned so as not to exceed an 

average contact pressure of eight kips per square foot (ksf) under total 

dead load plus live load, with localized maximum contact pressures not 

exceeding 12 ksf.  These mats were designed as rigid elements and 

include the diesel generator building, offgas building and condensate 

storage tank dike. 

 

Foundation mats bearing on shale were designed for a maximum average 

contact pressure of 12 ksf with local maximum contact pressure not 

exceeding 25 ksf.  The reactor building mats, which are in this 

category, were designed as rigid elements.  The remaining structures in 

this category including the auxiliary buildings, control complex, fuel 

handling/intermediate building, radwaste building, and Emergency Service 

Water Pumphouse, were designed as elastic foundations (Reference 257).  

The design value for the coefficient of sub-grade reaction for the shale 

was based upon field values determined from vertical plate loading tests  
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<Section 2.5.4.2.1.3.2>.  The modulus of compressibility measured in the 

plate loading tests were converted to the coefficient of subgrade 

reaction (for a 1 foot diameter area) by Equation 2.5-26 

(Reference 258): 
 

  2vl
1I

E
K


          (2.5-26) 

 

where: 

 

 vlK  = Coefficient of subgrade reaction, kci 

 E   = Modulus of compressibility, ksi 

    = Poisson’s Ratio 

 I   = Plate rigidity and shape factor, 0.79 

 

The values computer were conservatively reduced by at least one-third to 

account for construction disturbance, with the resulting design value 

being 46 kips per cubic inch for shale. 

 

2.5.4.11.3      Lateral Earth Pressures 

 

Foundation walls for Seismic Category I structures are considered to be 

nonyielding and are designed for the at-rest conditions, as described in 

<Section 2.5.4.10.4>. 

 

2.5.4.12      Techniques to Improve Subsurface Conditions 

 

2.5.4.12.1      Protection of Bearing Surfaces 

 

In order to prevent the deterioration of bearing surfaces due to 

exposure, excavations were limited to 12 inches above the final 

excavation grade in lower till and six inches above the final excavation 

grade in shale, until just prior to the placement of the protective 

cover.  After approval of the final excavation to competent bearing 
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materials by the Resident Geotechnical Engineer, the exposed surface was 

expeditiously covered either with porous concrete (over shale) or 

Class A fill (over lower till). 

 

2.5.4.12.2      Pressure Relief Underdrain System 

 

Refer to <Section 2.4.13.5>. 

 

2.5.4.13      Subsurface Instrumentation 

 

2.5.4.13.1      Piezometers 

 

Four rows of well-point piezometers were installed extending to 

1,000 feet from the main plant excavation in the east, south and west 

direction and 550 feet in the north direction, as shown in 

<Figure 2.5-183>.  The purpose of the piezometers is to determine the 

extent of the influence of the permanent plant underdrain system on the 

surrounding groundwater regime.  The piezometric levels which have been 

measured are shown in <Figure 2.5-187> and <Figure 2.5-188>.  The 

piezometer data indicates that the significant influence on the 

surrounding groundwater levels is only within the lacustrine stratum and 

the measurable drawdown extends outward on the order of 500 feet or less 

from the permanent drainage system.  In addition, as discussed in 

<Section 2.4.13.5.3>, pressure monitoring piezometers have been 

installed through each of the building mats for the auxiliary buildings, 

control complex, intermediate building, and radwaste building to measure 

hydrostatic uplift pressure. 

 

2.5.4.13.2      Shale Heave Gauges 

 

In order to measure the rebound of the shale subgrade due to stress 

relief, nine heave gauges were installed within the shale prior to 

excavation.  The heave gauge locations are shown in <Figure 2.5-197> and  
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a typical heave gauge detail is shown in <Figure 2.5-198>.  Monitoring 

data of the heavy gauges are shown in <Figure 2.5-199>. 

 

As shown in <Figure 2.5-199>, the heave measured in gauges HG-2, 3 and 4 

was very small, about 1/4 inch of immediate rebound and essentially no 

time-dependent heave.  Gauge HG-7, in a deeper excavation, experienced 

about 2/3 inch immediate rebound and an additional 1/4 inch of 

time-dependent heave.  Heave gauge HG-8, in a still deeper excavation, 

experienced about 1.5 inches of immediate rebound.  Gauges HG-8 and HG-9 

experienced no time-dependent heave.  (Heave gauge HG-9 was bent during 

excavation, so only post-excavation movements could be determined.)  The 

heave measured in gauges HG-1A and HG-6 were somewhat larger, 2.6 and 

1.2 inches of immediate rebound, followed by 1.2 and 0.7 inch of 

time-dependent heave, respectively.  These two gauges were located 

within a bedrock deformation zone consisting of an anticlinal fold 

traversing Unit 2 reactor building, striking northwesterly and bounded 

vertically on competent rock.  Heave of fractured rock in the 

deformation zone, exposed to extreme climatic conditions, has been 

attributed to post-excavation stress reduction and swell associated with 

shale weathering.  Heave gauge HG-5 was destroyed during excavation; 

hence, no data was acquired for this gauge. 

 

2.5.4.13.3      Shale Extensometers 

 

Six extensometers were installed in the sidewalls of the Emergency 

Service Water Pumphouse, as shown in <Figure 2.5-200>, to monitor 

horizontal movements of the shale.  A typical installed detail of an 

extensometer is shown in <Figure 2.5-201>.  Monitoring results are shown 

in <Figure 2.5-202>. 

 

The shale movements measured by the extensometers ranged from 

essentially 0.0 to 0.1 inch and were judged to be essentially completed 

about 10 months after the completion of excavation.  Although some later 

movement was detected in extensometers EX-2 and EX-5 during the last  



 

  Revision 12 
 2.5-260 January, 2003 

4 months of monitoring, it is likely that at least some of that movement 

can be attributed to vibrations or other disturbance relating to an 

increased level of construction activity in the ESW Pumphouse excavation 

during that period. 

 

2.5.4.13.4      Settlement Monitoring 

 

Settlement monitoring points were established in the interior of the 

reactor buildings, diesel generator building and offgas buildings, and 

on the exterior walls of these and various other Seismic Category I 

structures.  The settlement monitoring points were typically designated 

by pencil or paint marks on poured concrete or steel frame structural 

elements.  The locations of currently monitored points are shown on 

<Figure 2.5-203>. 

 

The interior reactor points were located near the outer circumference of 

each reactor building, with eight points in each building spaced 

45 degrees apart.  <Figure 2.5-204> shows the recorded movements of the 

settlement points within the reactor buildings, together with the 

approximate time history of the percentage of structural concrete which 

was placed in these structures.  It is noted, however, that these 

recorded movements are with reference to a monument within the control 

complex which experienced a settlement of 0.64 inch during the period 

from November 1976 through February 1981.  Therefore, the average actual 

settlement for Unit 1 reactor is about 0.53 inch and that for Unit 2 

reactor is about 0.67 inch, through December 1980.  Monitoring of the 

interior of the reactor buildings was discontinued after December 1980, 

due to inaccessibility.  However, monitoring of the exterior reactor 

points will continue. 

 

<Figure 2.5-205> shows the results of settlement measurements through 

August 1981, at points SP-1, SP-2, SP-3, SP-4, SP-6, and SP-7 shown on 

<Figure 2.5-203>.  Settlement points were initially established at low 

elevations when the lower portions of the walls were cast (elevations  
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ranging from about 563’ to 574’).  As the walls were raised and backfill 

placed around the structures, the settlement points were also raised to 

higher elevations.  The settlement data obtained is conservative because 

the settlement of the higher points includes the elastic deformation of 

the underlying concrete walls.  Occasionally, settlement points were 

covered by construction activities before the next higher corresponding 

point was established.  Gaps in the settlement records occur at these 

times and the settlements which occurred during these periods have been 

estimated, as shown in <Figure 2.5-205>. 

 

The maximum settlement recorded to date is about 0.9 inch.  It should be 

noted, however, that in some cases substantial amounts of structural 

concrete was placed prior to the start of monitoring.  Permanent brass 

settlement markers are installed at each location as the walls are 

extended above finished exterior grade (about Elevation 620’).  

Continuous post-construction settlement records will be obtained from 

these markers on a monthly basis until Fuel Load occurs, at which point 

they will be maintained on a quarterly basis throughout the life of the 

Plant.  Construction details of the settlement monitoring points are 

shown on <Figure 2.5-206>. 

 

Six settlement monitoring points were established on the diesel 

generator building in June 1979, shortly after the structural mat was 

cast.  Seven new points were established at a slightly higher elevation 

in June 1980, and the old points were subsequently abandoned.  The 

monitoring results, shown on <Figure 2.5-207>, indicate that the average 

settlement through September 1981 was slightly less than one-half inch.  

From June 1980 through January 1986 average settlement was only 5/32”; 

therefore, monitoring at the seven construction points was discontinued 

in January 1986 and replaced by monitoring at one permanent marker 

installed at point SP-9 as shown on <Figure 2.5-203>. 

 

At the request of NRC, settlement points were established on the offgas 

buildings after the structural concrete for these structures had been  
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completed.  Four points were established within the Unit 1 structure and 

three points within the Unit 2 structure.  As shown in <Figure 2.5-208>, 

the maximum average settlement of these structures during the period 

from June 1980 through September 1981, was about 0.04 inches and 0.12 

inches, respectively.  The maximum settlement of any individual 

monitoring point through September 1981 was 0.07 inches for Unit 1 and 

0.16 inches for Unit 2.  From June 1980 through January 1986 average 

settlement for Unit 1 was less than 1/32” and for Unit 2 was 

approximately 3/32”; therefore, monitoring at the construction markers 

within each of the Offgas buildings was discontinued in January 1986 and 

was replaced by monitoring at one permanent marker in each building 

(points SP-8 and SP-10 as shown on <Figure 2.5-203>. 

 

The installation of Safety Class piping between structures began after 

September 1977.  Based on the building settlement data which is 

available, it is estimated that differential settlement between adjacent 

Safety Class structures since that time has been about one-quarter of an 

inch or less, and very little or no additional differential settlement 

is anticipated.  Based on these minimum differential settlements there 

should be no detrimental effects resulting to the piping connections 

between buildings. 

 

2.5.4.13.5      Comparison of Actual and Predicted Deformations 

 

<Figure 2.5-189> shows the anticipated deformation behavior of the 

Unit 1 reactor building, as discussed in <Section 2.5.4.10.3>.  The 

deformation consists of three phases:  heave of the shale bearing 

surface during the following excavation, rapid compression during 

construction and backfill of the structures and finally, long term 

post-construction consolidation at a very slow rate.  The calculated 

deformation behavior for the reactor building is typical of all of the 

structures on the site. 
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The computed heave of the shale within the main plant excavation ranged 

from about 1/2 to 3/4 inch.  As discussed in <Section 2.5.4.13.2>, the 

actual heave was only about 1/4 to 1/2 inch, except within the area of a 

bedrock deformation zone which was subsequently excavated. 

 

The computed immediate settlement for the auxiliary buildings, radwaste 

building and control complex was about 1/2 inch in the interior and 

about 1/4 inch along the edges of the buildings adjacent to the toe of 

the plant excavation.  The analysis method, however, did not account for 

structural rigidity of the foundation mats which would tend to decrease 

the interior settlement and increase the edge settlement.  The actual 

immediate settlement of these structures, as measured at settlement 

points SP-1, SP-4 and SP-6, plus the disk in the control complex, has 

been about 1/4 to 3/4 inch, averaging about 1/2 inch, through 

February 1981.  Long term settlement after completion of construction is 

expected to be on the order of 1/10 inch. 

 

The calculated immediate settlement of the reactor buildings was about 

3/4 inch in the interior and 1/3 to 1/2 inch along the edges.  Again, 

the structural rigidity of the mat would tend to increase the settlement 

of the edges.  The actual settlement, as measured at the 16 interior 

points on the reactor mat, as well as settlement points SP-2 and SP-3, 

has been about 1/2 to 1 inch through February 1981.  Long term 

settlement, after completion of construction, is expected to be on the 

order of an additional 1/10 inch. 

 

It is concluded that settlement of the Seismic Category I structures is 

very small and of the magnitude anticipated.  Post-construction 

differential settlement is expected to be negligible. 
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2.5.4.14      Construction Notes 

 

2.5.4.14.1      Shale Deformation 

 

The onshore geologic structures mapped and investigated at the site had 

little impact on the plant foundation as designed.  To preclude the 

possibility of fines infiltrating porous concrete, the following 

additional construction measures were taken.  Degraded material was 

overexcavated and replaced with lean concrete having a 28-day 

compressive strength of at least 1,500 psi.  Exposed joints, open or 

filled, were cleaned and filled with slush grout. 

 

The deformation intersected by the cooling water tunnels had no impact 

on the tunnel as designed.  Additional temporary liner supports were 

installed in order to maintain safe working conditions through parts of 

the tunnels.  In addition consolidation grouting was performed above the 

liner to control groundwater inflow. 

 

2.5.4.14.2      Contamination of Porous Concrete 

 

During June 28 and June 30, 1976, severe thunderstorms and torrential 

rains, totaling 3.33 inches, created excessive runoff into the 

excavation of the construction site, resulting in the infiltration of 

sediment into unprotected areas of the porous concrete.  The primary 

purpose for the underdrain system beneath the foundation base mats is to 

preclude pore pressure buildup. 

 

An evaluation was conducted of the potential for porous concrete 

clogging. The evaluation included performing an extensive exploratory 

program of suspect areas in order to delineate the extent of siltation 

into the porous concrete.  This program was coupled with laboratory 

testing of contaminated porous concrete, engineering analyses of pore 

pressure buildups and an engineering evaluation of the porous concrete  
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permeability.  The latter was accomplished to assess the influences of 

silt contamination on the performance of the porous concrete drainage 

blanket. 

 

The field studies indicated that the most severe contamination occurred 

at exposed and unprotected edges of the porous concrete blanket.  

Generally, these exposed edges existed in Unit 1 auxiliary building, 

Unit 1 heater bay pit, control complex, radwaste building, Unit 2 

turbine power complex trench, Unit 2 condensate demineralizer pit, 

Unit 2 auxiliary building, and several underdrain manhole bases.  In 

addition, the detailed investigations revealed a limited degree of 

contamination within localized zones beneath both reactor buildings. 

 

The areas affected were corrected in all cases by one of two 

methods:  complete removal and replacement with new porous concrete, or 

continuous flushing with water.  Generally, areas determined to be 

heavily contaminated were removed.  The areas found to be less 

contaminated were subjected to the flushing method. 

 

Based upon the results of the testing and analyses, the following 

conclusions evolved.  The infiltration of silt which occurred in 

localized areas of the then existing portions of the porous concrete 

blanket would have a negligible effect on the future performance of the 

underdrain/pressure relief system.  Laboratory testing confirmed that 

significant pore pressures cannot build up in even highly contaminated 

porous concrete. 

 

2.5.5      STABILITY OF SLOPES 

 

The plant is constructed on an essentially level site and the final 

grades are similar to the preconstruction grades.  All excavations for 

Seismic Category I plant structures have been backfilled and, hence, 

there are no man-made slopes which could fail and adversely affect the  
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safety of the plant.  The only natural slopes which could affect the 

safety of the plant are a bluff along Lake Erie which is described in 

the following sections. 

 

2.5.5.1      Slope Characteristics 

 

A steep bluff which forms the shoreline of Lake Erie is located 

approximately 300 feet north of the Emergency Service Water Pumphouse.  

The lower portion of this slope is periodically subjected to erosion due 

to wave action.  In addition, some slumping of the upper bluff materials 

due to groundwater seepage and frost action has been observed.  The 

resulting estimated average recession rate is two feet per year, as 

described in <Section 2.4.5.5>.  The bluff is about 45 feet in height 

and has an average slope inclination of about 2 horizontal to 

1 vertical, as shown in <Figure 2.5-209>. 

 

2.5.5.2      Design Criteria and Analyses 

 

Stability analyses have been conducted to determine the amount of bluff 

recession which can occur before the Emergency Service Water Pumphouse 

would become endangered.  The subsurface stratigraphy of the bluff was 

determined from observations of the exposed bluff slope and from nearby 

test borings.  The stability analyses were conducted using the LEASE-I 

and LEASE-II computer programs, which utilize the simplified Bishop 

circular arc method (Reference 259) (Reference 260) and the 

Morgenstern-Price method (Reference 261) (Reference 262), respectively.  

For the seismic condition, a seismic coefficient of 0.15 was used for 

pseudostatic analyses. The groundwater level was taken to be 

Elevation 615’ near the Emergency Service Water Pumphouse, exiting the 

bluff slope at Elevation 590’. 

 

The soil strength parameters used in the stability analysis were 

determined based upon CIU triaxial compression tests on the lacustrine 

and upper till soils which are summarized in <Table 2.5-37>.  Three sets  
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of strength parameters were utilized in the analysis:  “lower bound” 

values equal to the lowest strength envelopes measured, “upper bound” 

values equal to the highest strength envelopes, and “design” values, 

which represent intermediate strength envelopes and which are believed 

to be representative of the actual soil strength.  These parameters are 

summarized as follows: 

 

           Lacustrine                Upper Till        

__Analysis__ Cohesion  Friction Angle Cohesion  Friction Angle 

    (psf)    (degrees)    (psf)    (degrees) 

Lower Bound  0   35    0   35 

Upper Bound    240   33.5     660   24 

Design     240   31      240   31 

 

To stabilize the bluff slope against wave action and against slumping in 

the zone of groundwater emergence, a flattened slope with rip-rap slope 

protection is required.  The results of Bishop method stability analyses 

using the “design” strength parameters and with bluff slope inclinations 

ranging from 1:1 (horizontal:vertical) to 3:1 are shown on 

<Figure 2.5-209>. 

 

It was determined in this analysis that a 3:1 slope was required for the 

minimum desired factors of safety.  For this slope, factors of safety of 

1.68 and 1.09 were determined for the static and seismic conditions, 

respectively.  However, the presence of the rock rip-rap slope 

protection materials were not considered in this analysis, which would 

add to the overall stability of the slope. 

 

A parametric study was also conducted using the 3:1 slope and the lower 

bound and upper bound soil strength parameters.  For the upper bound 

analysis, minimum factors of safety of 2.10 and 1.34 were determined for 

the static and seismic conditions, respectively.  For the lower bound 

case, wherein the lacustrine and upper till soils are considered to be 

cohesionless, the static factor of safety is 1.09, with the critical  



 

  Revision 12 
 2.5-268 January, 2003 

failure arcs representing shallow, sloughing failure along the slope 

face below the groundwater level.  For deep circles which would 

influence the crest of the bluff, the minimum static factor of safety 

found was 1.28.  With the addition of seismic forces on a 

3:1 unprotected slope, the factor of safety for shallow, sloughing 

failure was found to be about 0.70.  However, all deep failure arcs that 

daylight more than about 60 feet behind the crest of the bluff were 

computed to have a factor of safety of more than 1.00 during seismic 

loading. 

 

Observation of the lacustrine and upper till materials on the bluff face 

and in excavations on the site indicate that these materials do indeed 

possess some cohesion.  Thus, the lower bound analysis described above 

is unduly conservative.  In any event, final design of a permanent slope 

protection system will be initiated if the toe of the bluff encroaches 

closer than 250 feet to the Emergency Service Water Pumphouse.  At this 

time, the crest of the bluff would be expected to be located about 

115 feet (assuming a 3:1 slope) from the pumphouse.  Thus, any failure 

which might occur during a seismic event prior to that time would not 

extend sufficiently far behind the bluff crest to influence the 

structure. 

 

A Morgenstern-Price stability analysis was also conducted on the 3:1 

slope, using the design strength parameters.  The results of this 

analysis are shown in <Figure 2.5-210> in comparison to the Bishop 

method results for the same slope.  The Morgenstern-Price analysis 

yielded somewhat higher factors of safety than the Bishop method for 

failure surfaces passing through the upper till (note that only the most 

critical failure surfaces are shown out of many trial surfaces).  

Failure surfaces passing only through the lacustrine stratum were also 

evaluated, and resulted in considerably higher factors of safety than 

those also passing through the upper till. 
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Stability analyses have also been conducted on the final slope 

protection design configuration, which is shown in detail in 

<Figure 2.4-39>.  The results of this analysis, which incorporated a 

friction angle of 38 degrees for the rip-rap, are shown below and 

indicate that the stability of the final design is satisfactory: 

 

            Factor of Safety     

   Analysis       Static    Seismic 

 Design       2.33     1.44 

 Upper Bound      2.49     1.51 

 Lower Bound      2.12     1.34 

 

These factors of safety are with respect to deep-seated failures.  For 

shallow, sloughing failure the rip-rap was found to have factors of 

safety of 1.56 and 1.16 for static and seismic conditions, respectively.  

The unprotected 3:1 slope in the upper portion of the lacustrine stratum 

was found to have factors of safety for shallow, sloughing failure 

essentially the same or greater than those shown in the table above, for 

both static and seismic conditions. 

 

The results of the various stability analyses determined that the toe of 

the bluff could recede about 200 feet before a potential failure arc of 

the bluff would approach within 40 feet of the Emergency Service Water 

Pumphouse.  However, as discussed in <Section 2.4.5.5>, if the shoreline 

recedes approximately 130 feet, protective measures will be initiated. 

 

A monitoring program has been established to measure the bluff 

recession. This program is described in <Section 2.4.5.5>. 

 

2.5.5.3      Logs of Borings 

 

Boring logs are presented in <Appendix 2E>.  <Figure 2.5-53> shows the 

locations of the borings. 
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2.5.5.4      Compacted Fill 

 

There is no compacted fill associated with the Lake Erie bluff. 

 

2.5.6      EMBANKMENTS AND DAMS 

 

There are no Seismic Category I embankments or dams associated with the 

Perry Nuclear Power Plant. 
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TABLE 2.5-1 
 

STRATIGRAPHY OF SALINA GROUP IN PERRY TOWNSHIP 
 
 
  Depth To Top      Thickness   Salt Thickness 
Unit  of Unit (feet)          (feet)                 (feet)   
 
 Well Well Well Well Well Well 
 L-106  142 L-106  142 L-106  142 
 
 A 2,331 2,740  79  89  -  - 
 
 B 2,130 2,281 201 189 101  99 
 
 C 2,084 2,235  46  45  -  - 
 
 D 2,047 2,194  37  41  30  33 
 
 E 1,957 2,102  90  92  -  - 
 
 F 1,899 2,030  58  72  55  66 
 
 G 1,731 1,864 168 166  -  - 
 
 
Total     186 198 
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TABLE 2.5-2 
 

SUMMARY OF WATER ANALYSES 
 
        Oriskany(1)         Newburg(1)      Sea Water(2)  
    Chemical 
  Constinents    gms/liter % Saline gms/liter % Saline   % Saline  
 
Chloride 156.12 62.65 173.69 61.24 55.29 
 
Bromide   1.61  0.64   1.69  0.57  0.19 
 
Calcium  41.78 16.46  33.64 11.37  1.20 
 
Magnesium   8.94  3.61   5.67  1.90  3.73 
 
Strontium   1.46  0.62   0.77  0.25   - 
 
Ammonium   0.31  0.12   0.19  0.06   - 
 
Sodium  35.72 14.66  64.94 23.63 30.59 
 
Potassium   2.32  0.88   1.26  0.47  1.11 
 
Silica   0.03  0.01   0.02  0.01   - 
 
Iron and 
Aluminum Oxides   0.62  0.27   0.60  0.21   - 
 
Sulfate   0.20  0.09   0.49  0.29  7.69 
 
Carbonate    -   -    -   -  0.21 
 
 
NOTES: 
 
(1) Average of 7 samples from lake and surrounding counties. 
(2) Average of 77 samples from USGS. 
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TABLE 2.5-3 
 

SIMULATED ORISKANY BRINE SOLUTION 
 
 
   Chemical Compound   Proportion in gms/liter 
 
         NaC1         88.6 
 
      CaC12

.2H20        154.0 
 
      MgC12

.6H20         74.6 
 
      KC1      3.11 
 
      SrC12

.6H20      4.45 
 
         NH4C1      0.97 
 
      A1C13

.6H20      1.43 
 
      FeC13

.6H20      1.06 
 
     NaBr      2.08 
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TABLE 2.5-4 
 

BRINE ANALYSIS OF TYPICAL SOLUTION WELL 
 
 
    Element      Grams per Liter(1) 
 
  C1 and NaC1       308.29 
 
  S04 as CaSO4         5.24 
 
  Ca as CaS04         5.54 
 
  Mg as MgC12         0.35 
 
 
NOTE: 
 
(1) Average of 7 tests 
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TABLE 2.5-5 
 

FIELD INVENTORY OF WELLS 
(permitted prior to May 1973) 

 
 
  Approxi- 
   mate 
Well   Depth 
No.(1)   (ft.)       Use Status        Type         Owner    
 
L-213   812 Plugged      Gas CEI 
 
L-106(2) 2,474 Exploratory core    Salt Diamond Shamrock 
    hole; plugged. 
 
L-207   800 Presumed abandoned;    Gas CEI 
    could not locate. 
 
L-207A   800 Household use     Gas John Winter 
 
L-207B   800 Capped and abandoned   Gas John Winter 
 
L-207C   800 Household use     Gas John Winter 
 
L-203 1,000 Capped and abandoned   Gas F. E. Welch 
 
L-201   800        Gas Could not be located 
 
L-202   800 Capped and abandoned   Gas George & Rosie Klco 
 
L-214 1,100 Household use     Gas N. H. Droese 
 
L-217   900 Capped and abandoned   Gas Chicago Merchandizing 
          & Wholesale Auction 
          (Sand pit) 
 
L-215   800 Capped and abandoned   Gas Brewster - Sand pit 
 
L-208   800 Capped and abandoned   Gas Bliss 
 
L-206   800 Capped and abandoned   Gas Herman Losely & Son 
          Nursery 
 
L-204   800 Capped and abandoned   Gas Daniel 
 
L-205   800 Recently plugged    Gas Corrigan 
 
L-218 1,100 Household use     Gas H. Noss 
 
L-212   800 Capped and abandoned   Gas William D. Hill 
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TABLE 2.5-5 (Continued) 
 
 
  Approxi- 
   mate 
Well   Depth 
No.(1)   (ft.)       Use Status        Type         Owner    
 
L-210   800 Capped and abandoned   Gas Lake Co. Park Board 
 
L-211   800 Capped and abandoned   Gas Walter & Ruth Rust 
 
L-209   800 Capped and abandoned   Gas Walter & Ruth Rust 
 
179  3,058 Exloratory well;    Gas F. & V. Daykin 
    capped, but not 
    plugged. 
 
 
NOTES: 
 
(1) The above wells were field located May 1973. 
(2) Diamond Shamrock Well No. 202. 
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TABLE 2.5-6 
 

SUPPLEMENTAL WELL DATA 
(permitted subsequent to May 1973) 

 
 
  Approxi- 
    mate 
Permit  Depth 
  No.    (ft)    Initial Production(1) Type Land Owner (Operator) 
 
 203  2,959 Fractured, tested, no Gas Diamond Shamrock Corp. 
    further comment. 
 
 229  2,985 1.4 MMCFG after  Gas Bobby & Faye Compton 
    fracturing. 
 
 230  2,980 400 MCFG & 1 B.O.  Gas Roy & Alice Ronke 
    after fracturing. 
 
 233  3,000 1.9 MMCFG after  Gas Carol & Ronald Mosher 
    fracturing. 
 
 234  2,990 800 MCFG after   Gas P. E. & V. Golding 
    fracturing. 
 
 270  Incom- N/A     Gas 
  plete as 
  of March 
  1979 
 
  20  2,476 Core hole    Salt? Diamond Alkali Co. 

(Diamond Alkali Co.) 
 
 168    660 Unknown   Shale/Gas Mr. M. Daniels   

(Harry Nerode) 
 
 207    630 Unknown   Shale/Gas Charles S. Beardslee 
 
 213 
 
 232    Permit expired 
 
 282    664 -------    Gas Camp Roosevelt Unit 

(James V. Shankars) 
 
 289  2,997 A.F. 300 MCFG    Gas Camp Roosevelt Unit 

(Petro Evaluation 
Corp.) 

 
 290    Permit expired 
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TABLE 2.5-6 (Continued) 
 
 
  Approxi- 
    mate 
Permit  Depth 
  No.    (ft)    Initial Production(1) Type Land Owner (Operator) 
 
 291    Permit expired 
 
 327  2,990 A.F. 1 MMCFG   Gas F&G Losely 
          (Viking Resources 

Corp.) 
 
 346    Permit expired 
 
 347  2,990 A.F. 250 MCFG   Gas Orosz/Cinco Unit 

(Viking Resources 
Corp.) 

 
 348  2,965 A.F. 200 MCFG   Gas Orosz/Cinco Unit 

(Viking Resources 
Corp.) 

 
 349  2,984 A.F. 200 MCFG   Gas Haskins-Kroggel Unit 

(Viking Resources 
Corp.) 

 
 350  2,990 A.F. 220 MCFG   Gas Haskins-Kroggel Unit 

(Viking Resources 
Corp.) 

 
 357  2,975 A.F. 300 MCFG   Gas Richard P. West (Petro 

Evaluation Service, 
Inc.) 

 
 358  2,978 A.F. 80 MCFG   Gas Losely (Viking 

Resources Corp.) 
 
 359  2,965 A.F. 130 MCFG   Gas Losely (Viking 

Resources Corp.) 
 
 397  2,960 A.F. 500 MCFG   Gas Roosevelt Unit (Petro 

Evaluation Services, 
Inc.) 

 
 407  2,970 A.F. 500 MCFG   Gas Rosenberg Unit 

(A.E.D.) 
 
 421  2,935 A.F. 30 MCFG   Gas Long Unit (Viking 

Resources Corp.) 
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TABLE 2.5-6 (Continued) 
 
 
  Approxi- 
    mate 
Permit  Depth 
  No.    (ft)    Initial Production(1) Type Land Owner (Operator) 
 
 421  2,964 A.F. 250 MCFG   Gas Hopp-Shreve Unit 

(Petro Evaluation 
Services, Inc.) 

 
 426  2,991 A.F. 750 MCFG   Gas Secor Unit (Petro 

Evaluation Services, 
Inc.) 

 
 428  3,021 A.F. 750 MCFG   Gas Secor Unit (Petro 

Evaluation Services, 
Inc.) 

 
 450  2,974 A.F. 250 MCFG   Gas J&L Gerlica (Petro 

Evaluation Services, 
Inc.) 

 
 451    Permit expired 
 
 470  3,055 A.F. 250 MCFG   Gas Branisor-Kenney (Petro 

Evaluation Services, 
Inc.) 

 
 471  2,971 A.F. 200 MCFG   Gas Anderson-Brainard 

(Petro Evaluation 
Services, Inc.) 

 
 475  2,982 A.F. 250 MCFG   Gas Hein Unit (Petro 

Evaluation Services, 
Inc.) 

 
 525  2,957 A.F. 350 MCFG   Gas Metro Parks (Petro 

Evaluation Services, 
Inc.) 

 
 583  2,989 A.F. 200 MCFG   Gas Royal Crest Acres 

(Petro Evaluation 
Services, Inc.) 

 
 594    Permitted, not drilled 
 
 
NOTE: 
 
(1) Well owners unavailable for comment on present well status. 
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TABLE 2.5-7 
 

EARTHQUAKES WITHIN 200 MILES OF THE PERRY NUCLEAR POWER PLANT 
 

M AND I GREATER THAN 3.0 
 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1796 12 26 11 0  43.1000N 79.0300W  -  IV     DO 225.94 
1817 12 11 0 0 0.0 38.5000N 84.5000W  IV     NU 464.84 APP. 2D D 
1827 7 6 10 0  39.1300N 84.5000W  IV     DO 411.05 
1828 3 9 15 30  38.5800N 83.7500W  -   V     DO 420.89 
1828 3 10 5 0  38.5800N 83.7500W  -   V     DO 420.89 
1836 7 8 21 15 0.0 41.5000N 81.7000W  IV     WG 57.16 APP. 2D D 
1839 9 5 0 0 0.0 38.6000N 83.8000W  IV     NU 421.26 
1840 9 10 0 0  43.2000N 79.8500W  -   V   4.0  EP 188.30 BASHAM ET AL 1982 
1850 10 1 10 25 0.0 41.5000N 81.7000W  IV     WG 57.16 APP. 2D D 
1853 3 13 10 0  43.1000N 79.4000W  V   4.0  EP 203.45 BASHAM ET AL 1982 
1854 2 28 0 0 0.0 38.0000N 84.5000W  -   V     NU 510.31 FELT AREA = 20000 
1856 1 16 8 0  39.3000N 78.2000W  IV     BO 373.19 
1857 2 28 1 40 0.0 41.8000N 80.6000W  -   V     WG 45.17 APP. 2D D 
1857 10 23 20 15  43.2000N 78.6000W  VI     EP 260.49 
1858 1 1 16 0  42.9000N 78.5500W  IV     DO 246.10 
1858 4 10 11 30 0.0 41.6700N 81.2500W  IV     WG 17.18 APP. 2D D 
1869 2 20 0 0 0.0 38.1000N 84.5000W  V     NU 501.06 
1873 4 23 4 14 0.0 39.7000N 84.2000W  -  IV     NU 347.91 
1873 4 30 0 0  43.3000N 79.9000W  IV     EP 195.34 
1873 7 6 14 30  43.0000N 79.5000W  -  VI   4.5   EP 189.86 BASHAM ET AL 1982 
1875 6 18 13 43 0.0 40.2000N 84.0000W  VII     NU 298.93 FELT AREA = 100000 
1876 6 0 0 0 0.0 40.4000N 84.2000W  V     NU 300.21 
1877 1 23 21 0 0.0 38.8000N 83.5000W  III  3.6   NU 388.79 FELT AREA = 2500 
1877 8 17 16 50 0.0 42.3000N 83.3000W  -   V  3.2   NU 186.93 FELT AREA = 500 
1879 8 21 8 0  43.2000N 79.2000W  IV     EP 222.87 
1882 2 9 20 0 0.0 40.4000N 84.2000W  V  3.2    NU 300.21 FELT AREA = 250 
1882 11 27 23 30  43.0000N 79.2500W  IV     EP 205.04 
1883 5 23 4 30 0.0 38.4000N 82.6000W  IV     NU 397.53 
1884 9 19 20 14 0.0 40.7000N 84.1000W  VI  4.8   NU 276.32 FELT AREA = 320000 
1885 1 3 2 16  39.2000N 77.5000W  V     EH 422.80 
1885 1 18 10 30 0.0 41.1000N 81.4500W  IV     WG 80.75 APP. 2D D 
1885 9 26 20 30  40.1700N 80.2300W  -  IV     DO 196.78 
1886 5 3 3 0 0.0 39.5000N 82.1000W  -  IV  3.4   NU 268.02 
1896 3 15 7 0 0.0 40.3000N 84.2000W  IV     NU 306.28 
1897 3 7 0 0  43.1000N 79.2000W  IV     EP 215.36 
1899 11 12 14 0 0.0 39.3000N 83.0000W  IV     NU 319.14 
1901 5 17 7 0 0.0 39.3000N 82.5000W  V  4.2   NU 300.55 FELT AREA = 25000 
1902 3 10 5 0  39.6000N 77.2000W  -  IV     BO 413.24 
1902 6 14 7 0 0.0 40.3000N 81.4000W  -   V     NU 168.09 
1906 4 23 7 12 0.0 40.7000N 83.6000W  V     NU 239.46 
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TABLE 2.5-7 (Continued) 
 
 

M AND I GREATER THAN 3.0 
 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1907 1 10 0 0  41.2500N 77.1000W  IV     EP 342.97 
1909 4 2 7 25  39.4000N 78.0000W  V     BO 376.63 
1910 2 8 14 0  38.8000N 78.7000W  IV     BO 392.65 
1910 2 25 0 0  43.2000N 79.8000W  IV     EP 190.65 
1912 5 27 12 52  43.2000N 79.7000W  V     SM 195.52 
1918 2 22 0 0 0.0 42.8000N 84.2000W  IV     NU 275.38 
1918 4 10 2 9  38.7000N 78.4000W  VI     EH 415.95 
1918 4 16 13 40  38.7000N 78.4000W  IV     BO 415.95 STREET 
1919 9 6 2 46  38.8000N 78.2000W  VI     EH 416.69 
1920 7 24 0 0  38.7000N 78.4000W  IV     BO 415.95 
1923 12 31 16 40  39.2000N 78.0000W  V     BO 392.92 
1924 1 1 0 0  39.2000N 78.0000W  -   V     BO 392.92 
1924 1 5 0 0  39.1000N 78.1000W  IV     EP 395.70 
1925 3 27 4 6 0.0 39.5000N 83.9000W  V     NU 345.87 
1926 10 28 11 0 0.0 41.7000N 83.6000W  IV     NU 204.63 
1926 11 5 15 53 0.0 39.1000N 82.1000W  - VII  3.4   NU 310.71 FELT AREA = 900 
1927 2 17 5 30 0.0 40.7000N 82.5000W  IV     NU 166.97 
1927 6 10 7 16  38.0000N 79.0000W  V     EH 460.10 
1927 11 12 19 50  43.1000N 79.0600W  IV     EP 224.04 
1928 10 27 0 0 0.0 40.4000N 84.1000W  III  3.2   NU 293.06 FELT AREA = 250 
1929 3 8 9 6 0.0 40.4000N 84.2000W  V  4.0   NU 300.21 FELT AREA = 13000 
1929 8 12 11 24 48.7 42.9100N 78.4020W  VIII  5.2 5.8  DW 257.27 STREET+TURCOTTE 1977 
1929 12 2 22 14  42.8000N 78.3000W  V     EP 259.40 
1929 12 3 12 50  42.8000N 78.3000W  IV     EP 259.40 
1929 12 26 2 56  38.1000N 78.5000W  VI     BH 468.89 
1930 6 26 21 45 0.0 40.5000N 84.0000W  IV     NU 279.94 
1930 6 27 7 23 0.0 40.5000N 84.0000W  IV     NU 279.94 
1930 7 11 0 15 0.0 40.6000N 83.2000W  IV     NU 218.05 
1930 9 30 20 40 0.0 40.3000N 84.3000W  VII  4.2   NU 313.36 
1930 10 0 0 0 0.0 40.4000N 84.2000W  -  IV     NU 300.21 
1931 4 22 0 0  42.9000N 78.9000W  IV     EP 221.52 
1931 6 10 8 30 0.0 41.3000N 84.0000W  V  3.7   NU 244.73 FELT AREA = 4000 
1931 9 20 23 5 03.4 40.4290N 84.2700W 5 VII  4.6   DW 303.57 
1932 1 21 0 0 0.0 41.0800N 81.5000W  IV     NU 83.36 APP. 2D D 
1933 2 23 3 20 0.0 40.3000N 84.2000W  IV  3.8   NU 306.28 FELT AREA = 5000 
1933 5 28 15 10 0.0 38.6000N 83.7000W  V  3.6   NU 416.75 FELT AREA = 1800 
1934 10 29 20 7  42.0000N 80.2000W  V  4.0   WG 81.35 BASHAM ET AL 1982 APP. 2D D 
1935 11 1 8 30  38.9200N 79.8500W  V     US 338.26 
1936 1 31 19 30 0.0 41.2000N 83.2000W  IV     NU 184.23 
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TABLE 2.5-7 (Continued) 
 

 
M AND I GREATER THAN 3.0 

 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1936 10 8 16 30 0.0 39.3000N 84.4000W  III  3.5   NU 391.38 FELT AREA = 1800 
1937 3 2 14 47 33.3 40.4880N 84.2730W 2 VII  4.7   DW 300.46 NUTTLI+ZOLLWEG 1974 
1937 3 3 9 50 0.0 40.7000N 84.0000W  V  3.4   NU 268.83 FELT AREA = 500 
1937 3 9 5 44 35.5 40.4700N 84.2800W 3 -VIII  4.9   DW 301.98 NUTTLI+ZOLLWEG 1974 
1937 4 23 17 15 0.0 40.7000N 84.0000W  III  3.4   NU 268.83 FELT AREA = 650 
1937 4 27 17 0 0.0 40.7000N 84.0000W  III  3.4   NU 268.83 FELT AREA = 650 
1937 5 2 17 5 0.0 40.7000N 84.0000W  IV     NU 268.83 
1938 3 13 16 10 0.0 42.4000N 83.2000W  IV     NU 182.66 
1938 7 15 22 46 12.0 40.6800N 78.4300W 1 VI  3.3   DW 259.30 NUTTLI+ZOLLWEG 1974 
1939 1 14 8 10 16. 43.2500N 79.8500W     3.3  EP 192.88 
1939 3 18 14 3 0.0 40.4000N 84.0000W  -  IV  3.6   NU 285.98 FELT AREA = 1400 
1939 6 18 3 20 0.0 40.3000N 84.0000W  IV  3.4   NU 292.32 FELT AREA = 1000 
1940 3 26 3 28  38.8000N 78.5000W  V     BO 401.90 
1940 6 16 4 30 0.0 40.9000N 82.3000W  IV     NU 139.22 
1943 3 9 3 25 24.9 41.6280N 81.3090W 7 V  4.5   DW 23.65 APP. 2D D 
1944 11 13 11 52 0.0 40.4000N 84.4000W  III  4.3   NU 314.70 FELT AREA = 45000 
1946 11 10 11 41 23.1 42.8700N 77.4500W     3.1  EP 326.72 
1947 8 10 2 46 41.3 41.9280N 85.0000W 2 VI   4.6  DW 320.49 FA = 180000 SQKM. BASHAM ET AL  
                1982 
1950 4 20 0 0 0.0 39.8000N 84.2000W  IV     NU 340.42 
1951 12 3 7 2 0.0 41.6400N 81.4100W  IV    2.6 WG 30.89 APP. 2D D, CEI RPT JUNE 1988 
1952 6 20 9 38 6.0 39.6400N 82.0200W  VI  4.1   GO 251.14 FELT AREA = 13000 
1952 9 11 3 15  38.1000N 78.5000W  IV     BO 468.89 
1952 12 25 0 0 0.0 43.8000N 81.0000W  IV     NU 222.38 
1953 5 7 23 32 0.0 39.7000N 82.1000W  IV     NU 246.90 
1953 6 12 0 0 0.0 41.7000N 83.6000W  IV     NU 204.63 
1954 1 31 12 30  42.8900N 77.2800W  IV     US 340.54 
1954 4 27 2 14 08. 43.1000N 79.2000W     4.1  EP 215.36 
1955 5 26 18 9 23.0 41.3300N 81.4000W  +  IV  3.4   WG 56.52 APP. 2D D, CEI RPT JUNE 1988 
1955 6 29 1 15 33.0 41.3300N 81.4000W  -   V  3.6   WG 56.52 APP. 2D D, CEI RPT JUNE 1988 
1955 8 16 7 35  42.8900N 78.2800W  V   4.0  EP 265.15 BASHAM ET AL 1982 
1956 1 27 12 3 0.0 40.4000N 84.2000W  V  3.8   NU 300.21 FELT AREA = 5000 
1957 6 29 11 25 9.0 42.9200N 81.3200W    3.8   WG 125.14 APP. 2D D 
1958 1 24 0 0  44.9800N 81.2500W     3.5  EP 353.30 
1958 7 22 1 46 44.1 43.5830N 79.8270W 14    4.3  DW 225.45 EPB ML 
1958 8 4 0 0 0.0 43.1000N 80.0000W  IV     NU 172.25 
1958 8 22 14 25 05. 43.0000N 79.0000W     3.6  EP 221.09 
1961 2 22 9 45 3.0 41.2000N 83.3000W  V  4.0   NU 192.03 FELT AREA = 13000 
1962 3 27 6 35 05. 43.0000N 79.3300W  V   3.0  EP 200.07 
1964 2 13 19 46 40.8 40.3770N 77.9570W 1   3.3   DW 310.93 
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TABLE 2.5-7 (Continued) 
 

 
M AND I GREATER THAN 3.0 

 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1965 7 16 11 6 55. 43.0400N 78.0800W  IV   3.5  PM 287.24 FROM EPRI 
1965 8 27 20 57 00. 43.0000N 78.0700W  IV  3.1   PM 285.94 
1965 10 8 2 17 27. 40.0800N 79.7500W     3.3  EP 224.27 
1966 1 1 13 23 39.0 42.8420N 78.2490W 2 VI  4.6   DW 265.13 HERRMANN 1979 STREET & TURCOTTE 1979 
1967 2 2 6 30 0.0 42.7000N 84.6000W  IV     NU 302.21 
1967 4 8 5 40 32.0 39.6000N 82.5000W  V  4.0   NU 269.97 FELT AREA = 10000 
1967 6 13 19 8 55.5 42.8370N 78.2340W 1 VI 3.9 4.4   DW 266.02 HERRMANN 1979 STREET 1976 
1969 5 22 14 59 51.6 39.6100N 78.2450W    3.1   DW 345.22 
1969 8 13 2 42 24. 43.3000N 78.2200W 18 IV  2.5   EP 292.19 
1970 5 27 17 59 41.4 39.6190N 78.2750W    3.2   DW 342.71 
1970 8 11 6 14 25.0 38.2400N 82.0500W  IV     NU 402.90 
1971 9 12 0 6 27.6 38.1500N 77.5920W 5 V  3.6   DW 506.25 
1971 9 12 0 9 22.6 38.1000N 77.4000W 4   3.2   EP 520.67 BOLLINGER 101 
1974 6 5 0 16 40.0 38.4800N 84.7500W  VI  3.2   DW 479.96 
1974 10 20 15 13 55.0 39.0600N 81.6100W  V  3.8   DW 306.94 
1974 11 27 10 28 52. 43.3300N 79.1000W    3.3   LD 238.75 
1975 2 3 10 31 0.0 41.3000N 83.2000W  IV     NU 180.38 
1975 2 16 23 21 31.0 38.8700N 82.3500W  IV  3.0   DW 341.23 
1976 2 2 21 14 2.0 41.8800N 82.7300W  III  3.4   GO 132.07 APP. 2D D 
1976 5 6 18 46 08.0 39.6000N 79.9000W  IV     EP 266.05 
1977 6 17 15 39 47.0 40.7050N 84.7070W  VI  3.2   NU 322.50 FELT AREA = 550 
1978 4 26 19 30 22.6 39.6500N 78.2200W    3.1   PD 343.57 
1979 11 9 21 29 59.1 38.4200W 82.8800W 10 V   3.5  US 403.55 
1980 7 27 18 52 21.8 38.1900N 83.8900W 8 VII 5.1 5.0   DW 464.46 MS = 4.7, KENTUCKY 
1980 7 31 9 35 53.0 38.1900N 83.9300W  IV  2.5   NU 466.19 
1980 8 20 9 34 53.4 41.8700N 82.9900W 5 V  3.2   CH 153.57 CHRISTENSEN 
1980 8 25 11 41 38.0 38.1900N 83.7900W  IV  2.5   EP 460.21 EPRI (NUTTLI) 
1980 10 14 0 58 57.0 43.1700N 80.5600W 5 FELT  3.4   CE 159.45 
1981 8 28 10 51 33.0 43.1500N 80.5900W 1 III  3.3   CE 156.62 
1981 9 5 5 49 21.0 42.8000N 81.4100W 9   3.1   CE 113.13 
1981 11 23 13 14 51.0 38.2400N 79.0900W 10 IV  2.1   US 432.49 VIRGINIA 
1982 2 3 4 28 20.6 40.2100N 79.0500W 2 IV  2.6   US 249.47 PENN 
1983 8 17 14 3 15.0 38.4720N 82.7720W 12 V  3.5   PD 394.83 WEST VIRGINIA 
1983 10 4 17 18 40.0 43.4500N 79.8000W 2   3.1   EP 213.78 
1986 1 31 16 46 42.3 41.6500N 81.1620W 5  4.9 5.0   WG 16.84 LEROY, OH 
1986 7 12 8 19 39.5 40.5500N 84.3900W 5   4.5   CH 303.77 ST. MARYS, OH; SCHWARTZ 1988 
1987 7 13 5 49 25. 41.9030N 80.7380W    3.6   WG 36.54 ASHTABULA, OH PROBABLY INDUCED 
1987 7 13 7 52 20. 41.9030N 80.7380W      3.2 WG 35.53 
1987 7 13 13 5 30. 41.9030N 80.7380W      3.1 WG 35.53 
1987 7 16 4 49 40.2 41.9020N 80.7413W      3.1 JA 35.24 LAMONT FIELD SURVEY STARTS 
1987 7 23 9 32 28.0 43.4910N 79.4720W 6   3.4   EP 232.45 
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TABLE 2.5-7 (Continued) 
 
 

M AND I GREATER THAN 3.0 
 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1988 9 7 2 28 09.5 38.1430N 83.8780W 10  4.5 4.6   PM 468.50 KENTUCKY:  TAYLOR, 1989 
1989 7 15 0 8 02.6 38.6070N 83.5690W 10   3.1   PM 410.37 KENTUCKY 
1989 8 5 21 7 58.0 43.2870N 79.7610W 5   3.2   EP 200.36 
1990 4 17 10 27 36.0 40.4600N 84.8500W 18   3.3   EP 345.00 
1990 9 8 0 3 57.4 38.0610N 83.7310W    3.3   PM 470.45 KENTUCKY 
1991 1 26 3 21 24.4 41.5995N 81.5983W    3.5   WG 43.98 OFFSHORE EUCLID, OH 
 
THIS CATALOG LISTS 165 EARTHQUAKES 
EPICENTRAL DISTANCES ARE COMPUTED FOR SITE LOCATED AT 41.8010N  81.1435W SEE FOLLOWING PAGE FOR CATALOG EXPLANATION 
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TABLE 2.5-7 (Continued) 
 
  EARTHQUAKE CATALOG EXPLANATION 
 
 
  MAGNITUDES     INTENSITY I(MM)    REMARKS 
 
  MB = BODY WAVE MAGNITUDE   INTENSITIES ARE MAXIMUM EPI-  FA = TOTAL FELT AREA (SQ KM) 
 
  MN = MBLG MAGNITUDE (NUTTLI, 1973) CENTRAL MODIFIED MERCALLI  MO = SEISMIC MOMENT 
    ML = RICHTER LOCAL MAGNITUDE  INTENSITIES; A LEADING MINUS  MS = SURFACE WAVE MAGNITUDE 
    MC = CODA LENGTH MAGNITUDE  SIGN INDICATES A RANGE; I.E. 
         - VII IMPLIES VI - VII 
 
 
 
 

REFERENCES 
 
   REF  DATA SOURCE         REF  DATA SOURCE 
 
   BB BRADLEY AND BENNETT (1965)       MM MCCLAIN AND MYERS (1970) 
   BH BOLLINGER AND HOPPER (1971)       NB NUTTLI AND BRILL (1981) <NUREG/CR-1577> 
   BK BROOKS (1960)          NJ NEW JERSEY GEOLOGICAL SURVEY 
   BO BOLLINGER (1969,1973)        NO N.O.A.A. EARTHQUAKE DATA FILE 
   CG U.S. COAST AND GEODETIC SURVEY      NS BULLETINS, NORTHEAST U.S. SEISMOGRAPH NETWORK 
   CH CHRISTENSEN (1987)         NU NUTTLI (1974) 
   DO DOCEKAL (1970)          PD PRELIM. DETERMINATION OF EPICENTERS, U.S.G.S. 
   DW DEWEY (PERSONAL COMMUNICATION)      PM PRELIMINARY DETERMINATION OF EPICENTERS (MONTHLY) 
   EH EARTHQUAKE HISTORY OF THE U.S. (1958,1973)    SL BULLETINS, ST. LOUIS UNIV. SEISMOGRAPH NETWORK 
   EP EARTH PHYSICS BRANCH, OTTAWA, CAN.      SM SMITH (1962,1964) 
   IS INTERNATIONAL SEISMOLOGICAL SUMMARY     US U.S. EARTHQUAKES SERIES, 1928-1980 
   LD BULLETINS, LAMONT-DOHERTY GEOLOGICAL OBS.    WE WESTON OBSERVATORY 
   MA MATHER AND GODFREY (1927)       WG WESTON GEOPHYSICAL CORPORATION 
   MI BULLETINS, M.I.T. SEISMOGRAPH NETWORK     WQ BULLETINS, WESTON QUARTERLY REPORT 
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TABLE 2.5-8 
 

EVENTS WITH DOUBTFUL LOCATION OR ORIGIN 
 
 
         Magni- 
         tude or 
     Time      Inten 
 Date        Hr Mn         Location        sity        Comments   
 
1791 Apr  12 00 Northern and Eastern IV-V  Uncertain date, 
    Kentucky      and source 

coordinates 
 
1824 Jul 15 16 20 West Virginia, Ohio  V  Uncertain 

coordinates 
 
1834 Nov 20 18 40 Northern Kentucky  V  Uncertain 

coordinates 
 
1852 Nov 02 23 35 Virginia    VI  Uncertain 

coordinates 
 
1853 May 02 14 20 Virginia,    V-VI  Uncertain 
    West Virginia, Ohio    coordinates 
 
1872 Jul 23 11 00 Near Elyria   III  Probably 

non-seismic- 
Fallen rock 

 
1900 Apr 09 13 00 Berea, Ohio   VI  Probably a blast 
 
1906 Jun 22  Near Berea   I-II  Uncertain 
 
1906 Jun 27 21 10 Fairport, Ohio   IV-V  Probably a blast 
 
1907 Apr 12 18 28 Cleveland    I  Not an earthquake 
 
1927 Oct 29  40.90N, 81.18W   V  Seismic origin 

doubtful 
 
1928 Sep 09 20 00 41.5N, 82.0W   V  Probably related 

to a bombing 
exercise 

 
1929 Sep 17 19 16 Euclid    II  Dubious event 
 
1958 May 01 22 46 Lakewood, Ohio   IV  Seismic origin 

doubtful 
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TABLE 2.5-8 (Continued) 
 
 
         Magni- 
         tude or 
     Time      Inten 
 Date        Hr Mn         Location        sity        Comments   
 
1976 Feb 04 21 14 Lake Erie    3.0mbLg  Uncertain 

coordinates 
 
1976 Apr 08 07 39 South-Central Indiana V  Uncertain 

coordinates 
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TABLE 2.5-9 
 

EARTHQUAKES WITHIN 50 MILES OF THE PERRY NUCLEAR POWER PLANT 
 

M AND I GREATER THAN 1.0 
 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1823 5 30 0 0 0.0 42.5000N 81.0000W  - III     WG 78.55 APP. 2D D 
1836 7 8 21 15 0.0 41.5000N 81.7000W  IV     WG 57.16 APP. 2D D 
1850 10 1 10 25 0.0 41.5000N 81.7000W  IV     WG 57.16 APP. 2D D 
1857 2 28 1 40 0.0 41.8000N 80.6000W  -   V     WG 45.17 APP. 2D D 
1858 4 10 11 30 0.0 41.6700N 81.2500W  IV     WG 17.05 APP. 2D D 
1869 4 9 13 0 0.0 42.7000N 80.8000W  III     WG 103.81 APP. 2D D 
1873 8 17 14 0  41.2500N 80.5000W  III     WG 81.42 APP. 2D D 
1885 1 18 10 30 0.0 41.1000N 81.4500W  IV     WG 81.96 APP. 2D D 
1885 8 15 4 5 0.0 41.2700N 81.1000W  - III     WG 59.09 APP. 2D D 
1898 10 29 0 0 0.0 41.5000N 81.7000W  III     WG 57.16 APP. 2D D 
1906 4 20 17 30  41.5000N 81.7500W  III     WG 60.58 APP. 2D D 
1921 9 27 4 32  42.1000N 80.2000W  III     WG 84.99 APP. 2D D 
1922 3 16 9 30 0.0 43.0000N 82.5000W  III     NU 173.81 
1929 6 10 0 0 0.0 41.5000N 81.7000W  III     NU 57.16 
1930 2 16 12 17  42.8300N 80.5200W  III     WG 125.33 APP. 2D D 
1932 1 21 0 0 0.0 41.0800N 81.5000W  IV     NU 85.44 APP. 2D D 
1934 10 29 20 7  42.0000N 80.2000W  V   4.0  WG 81.35 BASHAM ET AL 1982; APP. 2D D 
1934 11 5 20 0  41.8800N 80.3700W  III     WG 64.84 APP. 2D D 
1936 8 26 8 55  41.4000N 80.4000W  II     EP 76.33 APP. 2D D 
1940 5 31 16 0 0.0 41.1000N 81.5200W  II     WG 83.97 APP. 2D D 
1943 3 9 3 25 24.9 41.6300N 81.3090W 7 V  4.5   DW 23.65 APP. 2D D 
1951 12 3 7 2 0.0 41.6400N 81.4100W  IV    2.6 WG 28.49 APP. 2D D, CEI RPT JUNE 1988 
1955 5 26 18 9 23.0 41.3300N 81.4000W     IV  3.4   WG 56.52 APP. 2D D, CEI RPT JUNE 1988 
1955 6 29 1 15 33.0 41.3300N 81.4000W  -   V  3.6   WG 56.52 APP. 2D D, CEI RPT JUNE 1988 
1957 6 29 11 25 9.0 42.9200N 81.3200W    3.8   WG 125.14 APP. 2D D 
1959 2 9 0 0 0.0 43.0000N 81.0000W     2.4  WG 133.71 APP. 2D D 
1976 2 2 21 14 2.0 41.8800N 82.7300W  III  3.4   GO 132.07 APP. 2D D 
1980 8 20 9 34 53.4 41.8700N 82.9900W 5 V  3.2   CH 153.57 
1981 9 5 5 46 42.0 42.7200N 81.4200W 9    1.9  EP 104.60 
1981 9 5 5 49 21.0 42.8000N 81.4100W 9   3.1   CE 113.13 
1982 12 23 7 6 40.0 42.7600N 81.3900W 10   2.8   EP 108.44 
1982 12 23 12 11 45.0 42.7700N 81.4000W 10   2.3   EP 109.70 
1983 1 22 7 46 59.3 41.7650N 81.1100W    3.0   WG 4.87 N.E. OHIO, CEI RPT JUNE 1986 
1983 9 3 4 48 45.0 42.7500N 81.4900W 5   2.6   EP 109.22 
1983 11 19 16 22 20.0 41.7650N 81.1100W    2.3   WG 4.87 N.E. OHIO, CEI RPT JUNE 1986 
1983 11 19 23 32 12.0 42.9300N 80.5300W 18   2.2   EP 135.21 
1985 4 14 11 39 51.3 41.4000N 80.3700W     2.0  CH 78.37 
1985 7 11 10 13 19.0 42.3000N 80.7900W 18   2.7   EP 62.68 
1986 1 31 16 46 42.3 41.6500N 81.1620W 5 -  VI 4.9 5.0   WG 16.84 LEROY, OH 
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TABLE 2.5-9 (Continued) 
 

 
M AND I GREATER THAN 1.0 

 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1986 2 1 18 54 49.3 41.6445N 81.1528W 4     1.5 WG 17.40 LEROY AFTERSHOCK 
1986 2 3 19 47 19.8 41.6487N 81.1580W 6     2.0 WG 16.96 LEROY AFTERSHOCK 
1986 2 6 18 36 22.4 41.6453N 81.1602W 6     2.5 WG 17.35 LEROY AFTERSHOCK 
1986 2 7 15 20 20.4 41.6505N 81.1537W 4     1.1 WG 16.74 LEROY AFTERSHOCK 
1986 3 24 13 42 41.3 41.6384N 81.1552W 5     1.4 WG 18.09 LEROY AFTERSHOCK 
1987 2 12 1 10 56.7 41.6517N 81.1518W 4     1.8 WG 16.60 LEROY AFTERSHOCK 
1987 2 28 11 38 33.8 41.6200 81.4400W    1.4   WG 31.83 WILLOUGHBY, OH. 
1987 5 1 21 13 52.2 41.7466N 81.0921W    1.3   WG 7.40 
1987 6 18 10 30 57.3 41.5146N 80.3859W    2.7   WG 70.67 PENNSYLVANIA 
1987 7 13 5 49 25.  41.9030N 80.7380W    3.6   WG 36.54 ASHTABULA, OH PROBABLY INDUCED 
1987 7 13 5 59 00. 41.9030N 80.7380W      1.8 WG 35.53 LOCATION INFERRED 
1987 7 13 7 26 01. 41.9030N 80.7380W      1.8 WG 35.53 
1987 7 13 7 52 20. 41.9030N 80.7380W      3.2 WG 35.53 
1987 7 13 13 5 30. 41.9030N 80.7380W      3.1 WG 35.53 
1987 7 13 15 25 00. 41.9030N 80.7380W      1.4 WG 35.53 
1987 7 13 18 25 18. 41.9030N 80.7380W      2.2 WG 35.53 
1987 7 13 19 0 15. 41.9030N 80.7380W      1.9 WG 35.53 
1987 7 13 19 39 26. 41.9030N 80.7380W      1.7 WG 35.53 
1987 7 13 20 53 11. 41.9030N 80.7380W      1.8 WG 35.53 
1987 7 13 21 46 00. 41.9030N 80.7380W      1.7 WG 35.53 
1987 7 13 23 49 00. 41.9030N 80.7380W      2.0 WG 35.53 
1987 7 14 7 47 33. 41.9030N 80.7380W      2.2 WG 35.53 
1987 7 14 14 51 17. 41.9030N 80.7380W      2.6 WG 35.53 
1987 7 16 4 49 40.2 41.9020N 80.7413W      3.1 JA 35.24 LAMONT FIELD SURVEY STARTS 
1987 7 16 5 19 24. 41.9022N 80.7407W      1.7 JA 35.29 
1987 7 16 6 2 32.0 41.9023N 80.7378W      2.4 JA 35.52 
1987 7 16 9 21 17.7 41.9020N 80.7391W      1.6 JA 35.41 
1987 7 16 11 43 07.5 41.9017N 80.7407W      1.2 JA 35.27 
1987 8 13 7 52 13.0 41.9030N 80.7380W 5   3.0   LD 35.53 ASHTABULA:  LOCATION INFERRED 
1987 12 19 11 56 00. 41.9030N 80.7380W      2.0 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1987 12 25 8 28 00. 41.9030N 80.7380W      2.2 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1987 12 29 7 22 26.9 41.7485N 81.2640W    1.2   WG 11.59 FAIRPORT HARBOR, OH 
1988 1 16 23 17 04.4 41.7470N 81.0980W    1.8   WG 7.09 
1988 3 31 16 30 00.0 41.3147N 81.0479W     2.8  JC 54.60 NELSON, OH 
1988 4 20 16 51 27.9 41.7739N 81.3090W    1.4   WG 14.08 LAKE ERIE 
1988 6 27  4 46 31.3 41.8180N 81.2289W    2.7   WG 7.34 LAKE ERIE 
1988 6 27  4 48 26.0 41.8180N 81.2289W    1.7   WG 7.34 
1988 6 27  7 29 40.0 41.8180N 81.2289W    1.3   WG 7.34 
1988 12 25  2 11 24.9 41.8310N 81.0300W  III    2.4 WG 10.00 MADISON-ON-THE-LAKE, OH 
1988 12 28  23 28 24.5 41.6360N 81.1660W  III    2.8 WG 18.42 LEROY, OH 
1989  3 22  20 13 35.9 41.7270N 81.1550W      1.9 WG  8.27 
1989  8  1  16 12 00.  41.9030N 80.7380W      2.8 WG 35.53 ASHTABULA:  LOCATION INFERRED 
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TABLE 2.5-9 (Continued) 
 

 
M AND I GREATER THAN 1.0 

 
 ORIGIN TIME     HYPOCENTRAL LOCATION    MAGNITUDE  REF DISTANCE   REMARKS 
YEAR MO DA HR MN SEC   LAT.   LONG. Z(KM.)  I(MM) MB MN ML MC   (KM.) 
 
1989  8  1  16 15 00.  41.9030N 80.7380W      1.2 WG 35.53 
1989  8  1  16 44 00.  41.9030N 80.7380W      1.2 WG 35.53 
1989  8  1  16 50 00.  41.9030N 80.7380W      2.9 WG 35.53 
1989  8  1  18 4 00.  41.9030N 80.7380W      1.9 WG 35.53 
1989  8  2   0 44 00.  41.9030N 80.7380W      2.2 WG 35.53 
1989  8  2   0 58 00.  41.9030N 80.7380W      1.7 WG 35.53 
1989  8  2   2 52 00.  41.9030N 80.7380W      2.2 WG 35.53 
1989  8  2  6 49 00.  41.9030N 80.7380W      1.7 WG 35.53 
1989  8  3  4 7 00.  41.9030N 80.7380W      2.2 WG 35.53 
1989  8  4  0  5 00.  41.9030N 80.7380W      1.8 WG 35.53 
1989  8  11  11 53 54.3 41.8380N 81.0190W      1.2 WG 11.13 MADISON-ON-THE-LAKE 
1990  1  1  23  3 00.  41.9030N 80.7380W      2.2 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1990  5  26   9  51 18.9 41.7500N 81.2620W      1.3 WG 11.37 FAIRPORT HARBOR 
1990  7  13  19  14 00.  41.9030N 80.7380W      1.5 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1990  7  24  23  4 00.  41.9030N 80.7380W      2.1 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1990  9  1  13  50 54.5 41.6470N 81.1520W      1.5 WG 17.12 LEROY, OH 
1990  9  25  12  24 00.  41.9030N 80.7380W      1.4 WG 35.53 ASHTABULA SEQ.: LOCATION INFERRED 
1990  9  26   6  13 00.  41.9030N 80.7380W      2.3 WG 35.53 
1990  9  26  12  46 00.  41.9030N 80.7380W      1.6 WG 35.53 
1990  9  26  18  16 00.  41.9030N 80.7380W      1.6 WG 35.53 
1990  9  26  22  44 00.  41.9030N 80.7380W      1.3 WG 35.53 
1990 11   9  22  48 33.2 41.7470N 81.2490W      1.7 WG 10.63 FAIRPORT HARBOR 
1990 11  18   9  21 00.  41.9030N 80.7380W      2.3 WG 35.53 ASHTABULA:  LOCATION INFERRED 
1990 12   7   4  43 18.6 41.9640N 81.0160W      1.3 WG 20.97 LAKE ERIE 
1990 12  17   7  22 48.5 41.9530N 80.1220W    2.5   PM 86.46 ERIE, PA:  PROB. INDUCED 
1991  1  26   3  21 24.4 41.5995N 81.5983W    3.5   WG 43.98 OFFSHORE EUCLID, OH 
1991  3  12   8  50 48.9 41.3468N 81.4055W      2.3 WG 54.98 SOLON, OH 
1991  5   2  11   9 43.0 41.9030N 80.7380W      1.7 WG 35.53 ASHTABULA, LOCATION INFERRED 
1991  5  31  21   1 45.3 41.7550N 81.0591W      1.6 WG  8.68 
1991  5  31  21  28 08.8 41.7562N 81.0580W      1.3 WG  8.68 
1991  7   2   2  44 50.9 41.9640N 80.5755W      1.9 WG 50.50 EAST OF ASHTABULA 
1991  7  20  12  53 16.8 41.7732N 81.3133W      1.6 WG 14.45 
1991  7  31   9  39 48.3 41.7256N 81.1227W      1.2 WG  8.55 
 
THIS CATALOG LISTS 114 EARTHQUAKES 
EPICENTRAL DISTANCES ARE COMPUTED FOR SITE LOCATED AT 41.8010N 81.1435W 
SEE FOLLOWING PAGE FOR CATALOG EXPLANATION 
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TABLE 2.5-9 (Continued) 
 
  EARTHQUAKE CATALOG EXPLANATION 
 
 
  MAGNITUDES     INTENSITY I(MM)    REMARKS 
 
  MB = BODY WAVE MAGNITUDE   INTENSITIES ARE MAXIMUM EPI-  FA = TOTAL FELT AREA (SQ KM) 
  MN = MBLG MAGNITUDE (NUTTLI,1973) CENTRAL MODIFIED MERCALLI  MO = SEISMIC MOMENT 
  ML = RICHTER LOCAL MAGNITUDE  INTENSITIES; A LEADING MINUS  MS = SURFACE WAVE MAGNITUDE 
  MC = CODA LENGTH MAGNITUDE  SIGN INDICATES A RANGE; I.E. 
         - VII IMPLIES VI - VII 
 
 

REFERENCES 
 
   REF  DATA SOURCE         REF  DATA SOURCE   
 
   BB BRADLEY AND BENNETT (1965)       MM MCCLAIN AND MYERS (1970) 
   BH BOLLINGER AND HOPPER (1971)       NB NUTTLI AND BRILL (1981) <NUREG/CR-1577> 
   BK BROOKS (1960)          NJ NEW JERSEY GEOLOGICAL SURVEY 
   BO BOLLINGER (1969,1973)        NO N.O.A.A. EARTHQUAKE DATA FILE 
   CG U.S. COAST AND GEODETIC SURVEY      NS BULLETINS, NORTHEAST U.S. SEISMOGRAPH NETWORK 
   DO DOCEKAL (1970)           NU NUTTLI (1974) 
   DW DEWEY(PERSONAL COMMUNICATION)       PD PRELIM. DETERMINATION OF EPICENTERS, U.S.G.S. 
   EH EARTHQUAKE HISTORY OF THE U.S. (1958,1973)    PM POMEROY (PERSONAL COMMUNICATION) 
   EP EARTH PHYSICS BRANCH, OTTAWA, CAN.      SL BULLETINS, ST. LOUIS UNIV. SEISMOGRAPH NETWORK 
   IS INTERNATIONAL SEISMOLOGICAL SUMMARY     SM SMITH (1962,1964) 
   LD BULLETINS, LAMONT-DOHERTY GEOLOGICAL OBS.    US U.S. EARTHQUAKES SERIES, 1928-1980 
   MA MATHER AND GODFREY (1927)       WE WESTON OBSERVATORY 
   MI BULLETINS, M.I.T. SEISMOGRAPH NETWORK     WG WESTON GEOPHYSICAL CORPORATION 
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TABLE 2.5-10 
 

JESUIT SEISMOLOGICAL ASSOCIATION STATIONS(1) 
 
 
       Elevation  Date Opened   Date Closed 
Station Latitude  Longitude  Meters   Day  Mo.  Year  Day  Mo.  Year        Location         
 
  BUF 42.9333N  78.8500W    195  01 01 1912   --   Buffalo, NY 
 
  CHI 41.9000N  87.6333W    183  01 09 1912   -- 1990  Chicago, IL 
 
  CNN 39.1450N  84.4967W    203  01 01 1927  01 01 1963  Cincinnati, OH 
 
  CLE 41.4888N  81.5321W    328  01 01 1904   --   Cleveland, OH 
 
  FOR 40.8631N  73.8856W     24  01 01 1910   08 1976  Fordham, NY 
 
  GEO 38.9000N  77.0667W     29  01 01 1911   -- 1973  Georgetown, D.C. 
 
  MLW 43.0333N  87.9167W    194  01 01 1909   -- 1957  Milwaukee, WI 
 
  NOL 29.9483N  90.1200W      2  01 01 1910   --   New Orleans, LA 
 
  SHA 30.6944N  88.1428W     61  01 12 1910   -- 1989  Spring Hill, AL 
 
  WES 42.3847N  71.3221W     60  01 01 1929   --   Weston, MA 
 
  FLO 38.8017N  90.3700W    160  09 07 1961  08 31 1971  Florisant, MO 
 
  SLM 38.6364N  90.2333W     -  01 01 1910    early 60’s  St. Louis, MO 
 
  SLM 38.6361N  90.2361W     -    1927   --   St. Louis, MO 
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TABLE 2.5-10 (Continued) 
 
 
       Elevation  Date Opened   Date Closed 
Station Latitude  Longitude  Meters   Day  Mo.  Year  Day  Mo.  Year        Location         
 
  CGM 37.3167N  89.5333W     -    1938   --   Cape Girardeau, MO 
 
  LRA 34.7783N  92.3517W     -   2 1931     7 1967  Little Rock, AR 
 
 
NOTE: 
 
(1) (Reference 263). 
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TABLE 2.5-11 
 

WORLD WIDE STATIONS EASTERN UNITED STATES(1) 
 
 
       Elevation  Date Opened   Date Closed 
Station Latitude  Longitude  Meters   Day  Mo.  Year  Day  Mo.  Year        Location         
 
  AAM 42.2997N  83.6561W    249  01 01 1940   --   Ann Arbor, MI 
 
  ATL 33.4333N  84.3375W    273  21 06 1963   --   Atlanta, GA 
 
  BLA 37.2112N  80.4205W    634  04 09 1962   --   Blacksburg, VA 
 
  FLO 38.8017N  90.3700W    160  09 07 1961  08 31 1971  Florisant, MO 
 
  FVM 37.9840N  90.4260W     -  10 05 1974   --   French Village, MO 
 
  GEO 38.9000N  77.0667W     43  07 12 1961   -- 1973  Georgetown, D.C. 
 
  MDS 43.3722N  89.7600W    278  16 01 1962  10 06 1968  Madison, WI 
 
  MNN 44.9145N  93.1900W     -  07 05 1962  04 11 1965  Minneapolis, MN 
 
  OGD 41.0875N  74.5958W    367  01 01 1960   -- 1981  Ogdensburg, NJ 
 
  OXF 34.5118N  89.4092W    101  01 08 1963  01 05 1976  Oxford, MS 
 
  SCP 40.8098N  77.8694W    353  26 01 1962   --   State College, PA 
 
  SHA 30.6944N  88.1428W     61  01 12 1910   -- 1989  Spring Hill, AL 
 
  WES 42.3847N  71.3221W     60  01 01 1929   --   Weston, MA 
 
NOTE: 
 
(1) (Reference 264). 
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TABLE 2.5-12 
 

SEISMOGRAPH STATIONS IN EASTERN CANADA(1)  
 
       Elevation  Date Opened   Date Closed 
Station Latitude  Longitude  Meters   Day  Mo. Year  Day  Mo.  Year        Location         
 
  TNT 43.6670N  79.3990W   01 09 1897  01 01 1942  Toronto, Ont. 
  SHF 46.3300N  72.4500W     1928  08 12 1965  Shawinigan Falls, Que. 
  SFA 47.1200N  70.8200W    232    1928  31 07 1975  Seven Falls, Que. 
  HAL 44.6300N  63.6000W     56    1915      Halifax, N.S. 
  KLC 48.0900N  80.0200W   19 12 1939  30 06 1957  Kirkland Lake, Ont. 
  MNT 45.5000N  73.6200W    112  01 04 1956      Montreal, Que. 
  OTT 45.3900N  75.7200W     83  01 01 1906      Ottawa, Ont. 
  LND 42.5900N  81.1400W   01 01 1961  31 05 1967  London, Ont. 
  CHQ 46.8900N  71.3000W    145  11 11 1971   07 1982  Charlesbourg, Que. 
  LHC 48.4200N  89.2700W    196  28 02 1969      Thunder Bay, Ont. 
  PBQ 55.2800N  77.7400W     20  14 09 1972   03 1984  Post-De-La-Baleine, 
                   Que. 
  POC 47.3600N  70.0400W     61  20 01 1972   10  1980  La Pocatiere, Que. 
  QCQ 46.7800N  71.2800W     91  24 09 1971      Quebec, Que. 
  SCB 43.7200N  79.2300W    153  01 01 1962       01 1974  Scarborough, Ont. 
  SCH 54.8200N  66.7800W    540  22 07 1962   09 1991  Schefferville, Que. 
  SIC 50.1900N  66.7400W    283  01 01 1962      Seven Islands, Que. 
  STJ 47.5700N  52.7300W     62  01 06 1964   03 1991  St. John’s, Nfld. 
  SUD 46.4700N  80.9700W    267  22 11 1967   09 1986  Sudbury, Ont. 
  UNB 45.9500N  66.6300W     56  01 09 1971      Fredericton, N.B. 
  GWC 55.2910N  77.7520W      8  29 09 1965  01 07 1972  Great Whale R., Que. 
  MNQ 50.5333N  68.7744W    487  01 01 1974      Manicouagan, Que. 
  MIQ 46.2300N  75.5800W   01 01 1974   04 1981  Maniwaki, Que. 
  HV  49.1100N  68.1600W   01 04 1974  01 12 1974  Hauterive, Que. 
  LGQ 53.6900N  77.7300W    190  04 08 1976   04 1980  La Grande, Que. 
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TABLE 2.5-12 (Continued) 
 
 
       Elevation  Date Opened   Date Closed 
Station Latitude  Longitude  Meters   Day  Mo.  Year  Day  Mo.  Year        Location         
 
  LMQ 47.5500N  70.3300W    419  03 11 1976      La Malbaie, Que. 
  GNT 46.3630N  72.3720W     10  04 24 1978      Gentilly, Que. 
 
 
NOTE: 
 
(1) (Reference 265) and (Reference 306). 
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TABLE 2.5-13 
 

JOHN CARROLL UNIVERSITY SEISMIC NETWORK 
STATION COORDINATES 

 
 
      Latitude   Longitude   Elev. [M]  Opened    Closed  
 
Leroy 41N 39.96’ 81W 9.66’ 311 09-26-86 06-15-90 
 
Thompson 41N 41.51’ 81W 02.84’ 387 09-26-86 
 
E. Claridon 41N 32.82’ 81W 06.12’ 362 10-24-86 02-21-91 
 
Chesterland 41N 33.67’ 81W 21.72’ 365 09-26-86 
 
Mentor on the 41N 41.04’ 81W 24.24’ 188 02-03-87 
Lake 
 
Girdled Road  41N 38.52’ 81W 10.72’ 332 11-04-90 
Reservation 
 
Thorn Acres 41N 32.53’ 81W 06.65’ 362 02-26-91 
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TABLE 2.5-14 
 

STATION LOCATIONS OF CEI NETWORK 
 
 
CODE  LATITUDE  LONGITUDE  ELEVATION  LOCATION           OPENED  CLOSED 
 
ANT 41.8000N 81.1295W 192 M. ANTIOCH RD 4/87 
 
SCH 41.7473N 81.1435W 220 M. ROUTE 84 4/87 
 
FORD 41.7258N 81.0890W 272 M. FORD RD 4/87 
 
RAD 41.6388N 81.1408W 368 M. RADCLIFFE RD 4/87 
 
WIL 41.6866N 81.1973W 260 M. WILLIAMS RD 4/87 
 
GEN 41.8463N 80.9902W 181 M. WHEELER CREEK RD. 7/89 
 



 

  Revision 12 
 2.5-337 January, 2003 

TABLE 2.5-15 
 

RELOCATED ANNA, OHIO EARTHQUAKES WITH 95% 
 

CONFIDENCE ELLIPSE LOCATION STATISTICS(1) 
 
 
           Depth           Error Ellipse Statistics                
Earthquake Date Latitude  Longitude   (km)  A-Axis Azimuth   A-Axis Length B-Axis Length 
 
September 20, 1931 40.53N  84.26W   16.5  N 4 E  36 km   23 km 
 
 
March 2, 1937  40.50N  84.34W    4.8  N 107 E  15 km   12 km 
 
 
March 9, 1937  40.47N  84.28W   13.0  N 115 E  13 km   10 km 
 
 
 
NOTE: 
 
(1) Data provided by Dr. James Dewey, U.S. Geological Survey as cited in (Reference 1). 
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TABLE 2.5-16 
 

LOCAL SEISMICITY DATA 
 
 
            PRESENT  PREVIOUS 
           INTENSITY  INTENSITY 
    PRESENT      PREVIOUS    OR     OR 
  DATE   LOCATION   UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W      N    W 
 
1823 May 30 42.5  81.0    1/2  (41.5  81.0)   II-III    (IV) Dawson refers to Canada.  

Probable typographic 
error of Smith. 

 
1836 July 08 41.5  81.7    15 mi    --    --     IV     -- Poorly located:  either 

Cleveland or Elyria. 
 
1850 Oct. 01 41.5  81.7    12 mi  (41.4  82.3)     IV     -- Previously mislocated.  

Relocated near Cleveland. 
 
1857 Feb. 28 41.8  80.6    20 mi  (41.67 81.25)    IV-V    (IV) Former location in 

Painesville; New data as 
far as Pennsylvania 
suggests a more Easterly 
location.  Previously 
carried on March 1. 

 
1858 Apr. 10 41.67 81.25   15 mi    --    --     IV     -- Previously carried on 

April 16.  Probable 
typographic error. 
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TABLE 2.5-16 (Continued) 
 
            PRESENT  PREVIOUS 
           INTENSITY  INTENSITY 
    PRESENT      PREVIOUS    OR     OR 
  DATE   LOCATION   UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W      N    W 
 
1867 Jan. 13 42.97 77.85   15 mi  (41.5  81.7)    III     -- Previously mislocated in 

Cleveland, moved to 
Caledonia, New York, 
where it was felt. 

 
1869 Apr. 09 42.7  80.8    10 mi    --    --    III     -- Very local. 
 
1873 Aug. 17 41.25 80.50   10 mi  (41.5  81.7)    III  (III-IV) Felt in one place only.  

Previously carried on 
August 18. 

 
1885 Jan. 18 41.10 81.45   10 mi  (41.3  81.5)     IV  (II-III) Moved from Garrettsville 

to Akron/Kent to account 
for new data. 

 
1885 Aug. 15 41.27 81.10   20 mi  (41.3  81.15)   II-III    (II) Poorly documented 

location. 
 
1898 Oct. 29 41.5  81.7    15 mi    --    --    III     -- Previously listed on 

wrong day. 
 
1906 Apr. 20 41.50 81.75   10 mi  (41.5  81.7)    III  (III-IV) From Cleveland to 

W. Cleveland. 
 
1921 Sep. 27 42.1  80.2     --    --    III     -- Felt by two persons only 

at Erie, PA. 
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TABLE 2.5-16 (Continued) 
 
 
            PRESENT  PREVIOUS 
           INTENSITY  INTENSITY 
    PRESENT      PREVIOUS    OR     OR 
  DATE   LOCATION   UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W      N    W 
 
1930 Feb. 16 42.83 80.52     --    --    III     -- Felt locally only in 

Ontario. 
 
1932 Jan. 21 41.08 81.50     --    --     IV     -- Felt locally only at 

Summit Lake, (Akron, 
Ohio). 

 
1934 Oct. 29 42.0  80.2     --    --     V     -- Felt over 700 sq mi, 

around Erie, PA. 
 
1934 Nov. 05 41.88 80.37     --    --    III     -- Felt locally only at 

Albion, PA. 
 
1936 Aug. 26 41.4  80.4     --    --     II   (III) Felt locally only at 

Greensville, PA. 
 
1940 May 31 41.10 81.52   (41.5  81.7)     II   (III) Felt by a few at Akron, 

Ohio. 
 
1943 Mar. 09 41.63 81.31   10 mi  (41.6  81.3)     V     -- Originally mislocated in 

Lake Erie.  Relocated on 
land by Coffman & Von 
Hake.  Relocated again by 
Dewey & Gordon 
(Reference 156). 
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TABLE 2.5-16 (Continued) 
 
            PRESENT  PREVIOUS 
           INTENSITY  INTENSITY 
    PRESENT      PREVIOUS    OR     OR 
  DATE   LOCATION   UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W      N    W 
 
1951 Dec. 03 41.65 81.41   10 mi    --    --     IV     -- Poorly recorded at 

Cleveland.  Vague 
location. 

 
1955 May 26 41.33 81.40   10 mi  (41.5  81.7)    IV-V    (V) Relocated from Cleveland 

to northwest of Aurora, 
Ohio.  Poor seismograms 
at Cleveland. 

 
1955 June 29 41.33 81.40   10 mi  (41.5  81.7)     IV    (V) Relocated from Cleveland 

to northwest of Aurora, 
Ohio. 

 
1957 June 29 42.92 81.32     --    --  3.8mbLg   4.2ML Nine miles southwest of 

London, Ontario. 
 
1959 Feb. 09 43.0  81.0     --    --  2.4ML     -- From Smith’s Catalog 

(Reference 282). 
 
1976 Feb. 02 41.88 82.73   (41.96 82.67)  3.4mbLg     -- Relocated from Dewey & 

Gordon(Reference 156). 
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TABLE 2.5-17 
 

STATION LOCATIONS DEPLOYED TO MONITOR 
AFTERSHOCKS THROUGH APRIL 15, 1986 

 
 
STATION LATITUDE    LONGITUDE AFFILIATION     DATES OF 
ABBREV. Deg  Min    Deg  Min  ABBREV.(1)     OCCUPATION 
 
CON 41N42.06   81W12.55     LDGO FEB. 01 - FEB. 28 
GAR 41N47.30   81W10.64     LDGO FEB. 01 - FEB. 02 
HLH 41N41.20   81W07.01     LDGO FEB. 01 - FEB. 28 
HPV 41N44.41   81W03.08     LDGO FEB. 01 - FEB. 02 
HSE 41N33.77   81W06.76     LDGO FEB. 02 - FEB. 28 
POP 41N37.23   81W07.05     LDGO FEB. 03 - FEB. 28 
TTR 41N35.25   81W11.69     LDGO FEB. 02 - FEB. 28 
WKR 41N36.06   81W03.13     LDGO FEB. 02 - FEB. 02 
 
HSOH 41N35.66   81W07.84   MICHIGAN FEB. 01 - FEB. 02 
MTOH 41N36.68   81W03.07   MICHIGAN FEB. 01 - FEB. 02 
 
CHOH 41N35.56   81W11.84     SLU JAN. 31 - FEB. 03 
HAOH 41N36.46   81W08.51     SLU JAN. 31 - FEB. 03 
PAOH 41N45.41   81W11.95     SLU JAN. 31 - FEB. 03 
 
CALM 41N34.1   81W10.3     TEIC FEB. 02 - FEB. 07 
ELFM 41N36.8   81W10.9     TEIC FEB. 03 - FEB. 07 
FARM 41N38.3   81W10.4     TEIC FEB. 02 - FEB. 07 
HOWM 41N35.0   81W07.9     TEIC FEB. 01 - FEB. 07 
MONM 41N36.7   81W02.9     TEIC FEB. 01 - FEB. 07 
 
BUR 41N39.24   81W04.94 USGS (DENVER) FEB. 02 - FEB. 11 
CAL 41N41.21   81W08.89 USGS (DENVER) FEB. 02 - FEB. 11 
COT 41N34.73   81W05.93 USGS (DENVER) FEB. 02 - FEB. 11 
CUY 41N33.56   81W10.15 USGS (DENVER) FEB. 03 - FEB. 11 
ERJ 41N39.44   81W05.00 USGS (DENVER) FEB. 06 - FEB. 11 
FOT 41N38.90   80W59.69 USGS (DENVER) FEB. 04 - FEB. 11 
HAM 41N36.18   81W08.48 USGS (DENVER) FEB. 02 - FEB. 11 
HAR 41N36.67   80W59.62 USGS (DENVER) FEB. 02 - FEB. 04 
HWK 41N41.83   80W59.03 USGS (DENVER) FEB. 02 - FEB. 11 
LOX 41N44.58   81W02.60 USGS (DENVER) FEB. 02 - FEB. 11 
MON 41N35.52   81W02.39 USGS (DENVER) FEB. 02 - FEB. 11 
WSH 41N37.61   81W13.30 USGS (DENVER) FEB. 02 - FEB. 11 
 
GS01 41N48.27   81W08.52 USGS (MENLO PARK) FEB. 01 - APR. 03 
GS02 41N43.75   81W09.47 USGS (MENLO PARK) FEB. 01 - APR. 03 
GS03 41N39.45   81W10.07 USGS (MENLO PARK) FEB. 01 - APR. 03 
GS04 41N36.85   81W17.55 USGS (MENLO PARK) FEB. 01 - FEB. 11 
GS05 41N35.64   81W08.19 USGS (MENLO PARK) FEB. 01 - FEB. 04 
GS06 41N37.75   81W03.77 USGS (MENLO PARK) FEB. 01 - APR. 03 
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TABLE 2.5-17 (Continued) 
 
 
STATION LATITUDE    LONGITUDE AFFILIATION     DATES OF 
ABBREV. Deg  Min    Deg  Min  ABBREV.(1)     OCCUPATION 
 
GS07 41N32.40   81W04.26 USGS (MENLO PARK) FEB. 01 - FEB. 11 
GS08 41N32.38   81W12.93 USGS (MENLO PARK) FEB. 02 - FEB. 10 
GS09 41N24.81   81W11.91 USGS (MENLO PARK) FEB. 02 - FEB. 10 
GS11 41N09.20   81W04.42 USGS (MENLO PARK) FEB. 02 - FEB. 10 
GS55 41N37.10   81W07.18 USGS (MENLO PARK) FEB. 04 - FEB. 10 
 
CFD 41N40.45   81W13.41 WESTON GEOPHYSICAL FEB. 04 - APR. 15 
CLD 41N31.44   81W20.19 WESTON GEOPHYSICAL FEB. 01 - FEB. 20 
HTG 41N37.17   80W57.27 WESTON GEOPHYSICAL FEB. 01 - APR. 08 
KEL 41N32.82   81W06.12 WESTON GEOPHYSICAL FEB. 20 - APR. 15 
MFD 41N27.77   81W04.41 WESTON GEOPHYSICAL FEB. 01 - FEB. 14 
MIN 41N33.56   81W15.41 WESTON GEOPHYSICAL FEB. 01 - MAR. 01 
PAT 41N33.63   81W21.91 WESTON GEOPHYSICAL MAR. 01 - APR. 15 
PER 41N48.06   81W08.61 WESTON GEOPHYSICAL FEB. 01 - APR. 15 
TOM 41N41.29   81W03.09 WESTON GEOPHYSICAL FEB. 02 - APR. 15 
WEL 41N45.00   81W09.31 WESTON GEOPHYSICAL FEB. 24 - APR. 15 
 
WC01 41N36.90   81W18.08 WOODWARD-CLYDE JAN. 31 - APR. 15 
WC02 41N40.05   81W09.53 WOODWARD-CLYDE FEB. 01 - APR. 15 
WC03 41N43.87   81W04.46 WOODWARD-CLYDE FEB. 01 - APR. 14 
WC04 41N35.10   81W09.36 WOODWARD-CLYDE FEB. 01 - FEB. 22 
WC06 41N32.40   81W01.75 WOODWARD-CLYDE FEB. 01 - APR. 14 
WC07 41N48.00   81W08.58 WOODWARD-CLYDE FEB. 03 - FEB. 24 
WC08 41N40.24   81W14.48 WOODWARD-CLYDE FEB. 06 - MAR. 25 
WC09 41N35.45   81W09.36 WOODWARD-CLYDE FEB. 23 - APR. 14 
WC10 41N40.04   81W14.45 WOODWARD-CLYDE MAR. 27 - APR. 14 
 
NOTE: 
 
(1) Abbreviations: 
 LDGO - Lamont-Doherty Geological Observatory, 

Columbia University 
 MICHIGAN - University of Michigan 
 SLU - St. Louis University 
 TEIC - Tennessee Earthquake Information Center 
 USGS - U.S. Geological Survey 
 WESTON GOPHYSICAL - Weston Geophysical Corporation 
 WOODWARD-CLYDE - Woodward-Clyde Consultants 
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TABLE 2.5-18 
 

AFTERSHOCK PARAMETERS OF JANUARY 31, 1986 EARTHQUAKE(1) 
 
 YEARMCOY HRMISEC LATITUDE LONGITUDE DEPTH NP GAP RMS ERH ERZ Mc 
 
1. 19860201  185449.35 41N38.67 81W 9.17 4.35 20  94 .09 .3 .5 1.5 
2. 19860202   32248.67 41 38.72 81  9.55 4.86 37  72 .07 .1 .2 .9 
3. 19860203  194719.77 41 38.92 81  9.48 5.83 52  75 .08 .2 .2 2.0 
4. 19860205    6342.47 41 38.90 81  9.27 3.73 31  52 .08 .2 .3 .1 
5. 19860206  183622.44 41 38.72 81  9.61 5.50 50  47 .07 .1 .2 2.5 
6. 19860207  152020.38 41 39.03 81  9.22 3.76 44  42 .07 .1 .3 1.1 
7. 19860210  200613.61 41 39.10 81  9.39 4.73 29  70 .06 .1 .4 .8 
8. 19860223   32948.50 41 39.18 81  9.09 5.48 22  76 .06 .2 .4 -.1 
9. 19860224   16556.48 41 38.85 81  9.60 3.25 10  91 .09 .5 2.7 .1 
10. 19860228   13934.21 41 39.23 81  9.61 3.91 12  91 .06 .3 .5 -.1 
11. 19860308  204249.68 41 38.67 81  9.20 3.12 20  65 .10 .3 .7 -.1 
12. 19860324  134241.31 41 38.31 81  9.31 3.84 12  79 .12 .5 1.8 1.4 
13. 19860410   65805.71 41 38.91 81  9.55 5.11 22  63 .08 .2 .3 -.1 
14. 19860617  221633.20 41 38.91 81  9.55 3.40 16  93 .09 .3 .8 .8 
15. 19860714  075423.12 41 38.68 81  9.13 4.93 12  99 .08 .3 .8 .3 
16. 19870212  011056.67 41 39.10 81  9.11 3.87 13 186 .09 .8 1.0 1.8 
17. 19880805  222632.99 41 39.07 81  9.11 4.60 12 170 .04 .2 .3 0.1 
18. 19881011  063132.33 41 39.20 81  8.78 5.33 13 147 .04 .2 .3 -.2 
19. 19881228  232824.52 41 38.17 81  9.97 5.87 18  90 .05 .1 .2 2.8 
20. 19900901  135054.46 41 38.87 81  9.09 4.56 17  82 .05 .2 .3 1.5 
21. 19910117  071153.29 41 39.33 81  8.91 6.13  8 159 .02 .1 .2 -.2 
 
Vp1 = 4.25 km/s Thickness =  2 km 
Vp2 = 6.5  km/s Thickness = 33 km 
Vp/Vs = 1.78 
 
NOTE: 
 
(1) The more recent events may not be true aftershocks. 
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TABLE 2.5-19 
 

ESTIMATED SITE INTENSITIES 
 
 
 Date     Lat. Long. Epicentral Magnitude Dist. to  Site Intensity  
Year  Mo.  Day Hr  Mn  Sec (UT) (N)  (W)   Intensity  mbLg   ML   Site (M) A(1)   B(2)   C(3)  
______________ ________________ ____ _____ __________ __________ ________ ___ ___ ____ 
 
1663 02 05 17  30  47.60 70.10 IX   672.6 3.3 2.8 
1732 09 16 16  00  45.50 73.60 VIII   454.3 3.2 2.4 
1776   14   40.00 82.00 VI   132.1 3.2 1.9 
1811 12 16 08  00  36.00 90.00 XI   621.0 5.5 4.2 
1812 01 23 15   36.30 89.60 X-XI   590.5 5.1 4.1 
1812 02 07 09  45  36.50 89.60 XI-XII   581.2 6.1 4.7 V 
1857 02 28 01 40  41.80 80.60 IV-V    28.3 4.2 2.2 
1858 04 10 11  00  41.70 81.30 IV      10.4 4.0 1.9 
1870 10 20 16  30  47.40 70.50 VIII-IX   650.0 3.4 1.9 
1873 07 06 14  30  43.00 79.50 VI   117.3 3.3 1.1 
1875 06 18 13  43  40.20 84.00 VII   185.6 3.7 2.7 
1886 09 01 02  51  32.90 80.00 X   617.0 4.5 4.1 II-III 
1895 10 31 11 08  37.00 89.40 IX 6.2  550.3 3.8 2.7     
1897 05 31 18 58  37.30 80.70 VIII   311.2 3.9 3.1 III 
1925 03 01 02 19 20.0 47.60 70.10 IX 6.6  672.6 3.3 2.9 III 
1926 11 05 14 53  39.10 82.10 VI-VII 3.4  193.0 3.1 1.0 
1928 09 09 20 00  41.50 82.00 V 3.7   49.2 3.5 1.6 
1929 08 12 11 24 48.0 42.91 78.40 VIII 5.2 5.8 159.9 4.9 3.0 I-IV 
1930 09 30 20 40  40.3 84.3 VII 4.2  194.5 3.6 1.0 
1931 09 20 23 05  40.43 84.27 VII 4.6  187.7 3.7 1.7 NF 
1934 10 29 20 07  42.00 80.20 V  4.0  49.8 3.4 1.1 
1937 03 02 14 47 33.3 40.49 84.27 VII 4.7  185.7 3.7 1.9 II 
1937 03 09 05 44 35.5 40.47 84.28 VII-VIII 4.9  187.4 4.7 2.3 III 
1943 03 09 03  25 24.9 41.63 81.31 V 4.5   14.4 5.0 4.1 I-IV 
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TABLE 2.5-19 (Continued) 
 
 
 Date     Lat. Long. Epicentral Magnitude Dist. to  Site Intensity  
Year  Mo.  Day Hr  Mn  Sec (UT) (N)  (W)   Intensity  mbLg   ML   Site (M) A(1)   B(2)   C(3)  
______________ ________________ ____ _____ __________ __________ ________ ___ ___ ____ 
 
1944 09 05 04 38 45.7 44.96 74.72 VIII 5.8  388.8 3.5 2.7 III 
1951 12 03 07 02  41.60 81.40 IV    19.5 3.6 1.5 
1954 04 27 02 14 08.0 43.10 79.20   4.1 133.1 3.1 0.3 
1955 05 26 18 09 23.0 41.33 81.40 IV-V    35.2 3.9 1.7 
1955 06 29 01 16 33.0 41.33 81.40 IV    35.2 2.9 1.4 
1957 06 29 11 25 09.0 42.92 81.32 IV 3.8   77.8 1.9 1.3 
1958 07 22 01 46 44.1 43.58 79.83   4.3 140.1 2.0 0.6 
1980 07 27 18 52 21.8 38.17 83.91 VI-VII 5.2  289.8 3.0 2.2 II-IV 
1986 01 31 16 46 42.3 41.65 81.16 VI 5.0   10.4 6.4 5.2 V 
1987 07 12 08 19 39.9 40.56 84.37  4.5  187.7  1.5 
1988 11 25 23 46 04.5 48.12 71.18 VII-VIII 6.6  1052.0 1.9 2.9 
 
 
NOTES: 
 
(1) Site intensity derived using:  Isite = Io+3.7-.0011(km)-2.7 Log10(km) (Reference 183). 
(2) Site intensity derived using:  Isite = -1.43 + 1.79mb - 1.83 Log10(km) - .0018 (km). 
(3) Site intensity observed from isoseismal maps. 
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TABLE 2.5-20 
 

RESOURCES INVESTIGATED 
FOR LOCAL SEISMICITY 

 
 
In documenting the seismic history of the site area, books, periodicals, 
and newspapers in the following libraries and offices were investigated: 
 
 Ashtabula Public Library:  Ashtabula 
 Cleveland Public Library:  Cleveland 
 Madison Press (Office of):  Madison 
 Madison Public Library:  Madison 
 Morley Public Library:  Painesville 
 Western Reserve Historical Society Library:  Cleveland 
 Willoughby Public Library:  Willoughby 
 
The following newspapers were researched for accounts of earthquakes 
which were felt or occurred near the site area: 
 
    City       Paper 
 
 Ashtabula   Beacon; Star-Beacon; Beacon-Record; Weekly 

Telegraph; Sentinel. 
 
 Cleveland   Daily Plain Dealer, Plain Dealer; Press; Daily 

Herald; Leader; Daily True Democrat; Register; 
Herald, Herald-Week, Herald and Gazette. 

 
 Madison   Press; Lake County Weekly Herald, Lake County 

Republican Herald, Lake County News Herald. 
 
 Painesville  Evening Telegraph, Telegraph Republican, 

Telegram. 
 
 Willoughby  News Herald. 
 
Other sources included city and county histories, archival collections 
of letters, diaries, and journals, periodicals, and books.  Those works 
containing information on earthquakes are as follows: 
 
 (Authors unknown) Work Project Administration, Index to the 

Cleveland Plain Dealer, 1931, 1933-1934, 1936-1938. 
 
 (Authors unknown) Annals of Cleveland:  Index to Cleveland 

Newspapers for the period 1818-1875. 
 
 Rose, Williams G., 1950, “Cleveland, The Making of A City.” 
 
 Whittlesey, Charles, 1872, Fugitive Papers, “The Earthquake of 

October 1870, Its Date of Progress.”  (Fugitive is misspelled 
in original title.) 
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TABLE 2.5-21 
 

COMPRESSIONAL AND SHEAR WAVE RESULTS, ELASTIC MODULI CALCULATIONS 
 

AND GENERALIZED GEOLOGIC CORRELATION(1) 
 
        Generalized 
          Geologic  Compressional Shear Wave  Unit Weight(2)    Young’s     Shear    Bulk 
 Elevation      Correlation  Wave Velocity  Velocity   (wet)  Poisson’s  Modulus    Modulus   Modulus 
    (ft)     (Based on Boring 1-33)   (ft/sec)     (ft/sec)       Ratio       (lbs/in2)    (lbs/in2)   (lbs/in2)      
 
Cross-hole 
 
620 to 612 Lacustrine sediments 
     (unsaturated)      1,200      600  122    0.33   0.25 x 105   0.09 x 105  0.25 x 105 
 
612 to 605 Lacustrine sediments 
     (saturated)       5,000      700  122    0.49   0.38 x 105   0.13 x 105  6.41 x 105 
 
605 to 595 Lacustrine sediments 
     (saturated)       5,000    1,200  129    0.47   1.18 x 105   0.40 x 105  6.43 x 105 
 
595 to 583 Upper Till       5,900    1,900  132    0.44   2.97 x 105   1.03 x 105  8.55 x 105 
 
583 to 560 Lower Till       7,800    2,600  141    0.44   5.92 x 105   2.06 x 105 15.77 x 105 
 
560 to 510 Chagrin Shale      10,400    4,900  152    0.36  21.38 x 105  7.88 x 105 24.98 x 105 
 
Down-hole 
 
560 to 410 Chagrin Shale       9,000    4,000  152    0.38  14.46 x 105  5.25 x 105 19.58 x 105 
 
 
NOTES: 
 
(1) Tabulated data and results based on Borings 1-2, 1-22, 1-30, 1-31, 1-32, 1-33, and 1-34. 
(2) See <Section 2.5.4.2> for site material physical properties. 
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TABLE 2.5-22 
 

PROBABILISTIC ASSESSMENT OF PNPP-1 OBE EXCEEDANCE 
SEISMICITY AND ATTENUATION INPUT PARAMETERS 

 
 
  -----Magnitude-Frequency Model------- 
Source Zone Coordinates a-value b-value rate > 4mb 
 
Alterna- 
tive 1 
 
  200 mile 38 - 45 N 
  radius site 
  region 77 - 86 W 2.967 0.864 0.3243 
 
Alterna- 
tive 2 
 
  50 mile 41 - 42 N 
  radius local 
  site region 80.8 - 81.8 W 1.598 0.777 0.0309 
 
       
 
Attenuation Model (Reference 187) 
 
 Is = -1.43 + 1.79 mb - 0.80 1n R - 0.0018 R    Is 
 

where Is = Modified Mercalli Site Intensity (median estimate) 
 mb = magnitude 
 R = epicentral distance in kilometers 
 Is = 1.0 MMI units 
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TABLE 2.5-23 
 

PROBABILISTIC ASSESSMENT OF PNPP OBE EXCEEDANCE 
ANNUAL FREQUENCIES OF EXCEEDING OBE INTENSITY 

 
 
 M o d i f i e d M e r c a l l i I n t e n s i t y 
Source Zone        V       VI       VII 
 
Alternative 1 
 
  200 mile 
  radius site 
  region 3.87E-03 7.19E-04 1.00E-04 
 
 
Alternative 2 
 
  50 mile 
  radius local 
  site region 8.07E-03 2.03E-03 3.96E-04 
 
 
      
 
NOTE: 
 
(1) Annual frequency of OBE exceedance is equated to the annual frequency 

of exceeding a Modified Mercalli Intensity VI at the PNPP site. 
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TABLE 2.5-24 
 

SUMMARY OF TEST METHODS 
 
 
 Test Description  Test Procedure 
 
Natural Water Content  ASTM D 2216 
 
Specific Gravity of Solids  ASTM D 854 
 
Liquid Limit   ASTM D 423 
 
Plastic Limit   ASTM D 424 
 
Grain Size Distribution  ASTM D 422 
 
Unconfined Compression  ASTM D 2166 
 
Unconsolidated-Undrained Triaxial Compression ASTM D 2850 
 
One Dimensional Consolidation  ASTM D 2435 
 
One Dimensional Consolidation with Constant Rate 
  of Strain   (Reference 219) 
 
Consolidated-Undrained Triaxial Compression 
  with Pore Pressure Measurements  (Reference 266) 
 
Multiple Stage Triaxial Compression with Pore 
  Pressure Measurements  (Reference 267) 
 
Triaxial Compression Following Predetermined 
  Stress Paths   (Reference 231) 
 
Cyclic Stress-Controlled Triaxial Compression ASTM STP 477 
 
Slaking Durability  (Reference 229) 
 
Petrographic Analysis  (Reference 268) 
 
X-ray Diffraction  ASTM STP 479 
 
Cyclic Torsion (Resonant Column)  ASTM STP 479 
 
Sonic Velocity   ASTM D 2845 
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TABLE 2.5-25 
 

SUMMARY OF LABORATORY TEST RESULTS 
 

Lacustrine Sediments 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-1 
  S-1  2.5-4.0 LAC   21.6  33 21     See Note(3) See Note(3) 
 
  S-3 10.0-11.5 LAC   22.4  21 NP 
 
  S-5 17.0-18.5 LAC   23.7  25 19     See Note(3) See Note(3) 
 
  S-6 18.5-20.0 LAC   21.8 
 
1-2 
  S-1  2.5-4.0 LAC   22.2  31 21     See Note(3) See Note(3) 
 
  S-3 10.5-12.0 LAC   22.6  21 19     See Note(3) See Note(3) 
 
1-14     27.4     99.0 2.68 See Note(3) See Note(3)  See Note(3) 
  ST-1 16.0-18.0 LAC   28.3     @25.6% 
     21.0  27 21   97.9 
         @28.7%       See Note(3) 
 
1-17 
  S-1  2.5-4.0 LAC   21.5       See Note(3) 
 
  S-2  7.0-3.5 LAC   20.1  19 18     See Note(3) See Note(3) 
 
  S-3  8.5-10.0 LAC   29.1  19 17     See Note(3) 
 
  S-4 10.5-12.0 LAC   27.6  17 NP     See Note(3) See Note(3) 
 
  S-5 13.5-15.0 LAC   27.7  21 18     See Note(3) 
 
  S-6 18.5-20.0 LAC   19.3  22 17     See Note(3) See Note(3) 
 
  S-7 23.5-25.0 LAC   28.4  29 18     See Note(3) 
 
1-20         105.6 
  ST-2  9.0-11.0 LAC       @20.5% 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-24 
  S-1  2.5-4.0 LAC    20.2  32 23 
 
  S-2  7.0-8.5 LAC    27.5  21 17     See Note(3) See Note(3) 
 
  S-3 10.5-12.0 LAC    23.3  20 NP 
 
  S-4 17.0-18.5 LAC    23.6  20 NP     See Note(3) See Note(3) 
 
  S-5 20.0-21.5 LAC    23.3 
 
  S-6 27.0-28.5 LAC    21.3  29 20 
 
1-30 
  S-1  2.5-4.0 LAC   26.5  30 20 
 
  S-2  5.5-7.0 LAC   28.3  20 NP     See Note(3) See Note(3) 
 
  S-3  8.5-10.0 LAC   22.1  28 18 
 
  S-4 10.5-12.0 LAC   21.8  28 NP 
 
  S-5 13.5-15.0 LAC   18.4  20 16     See Note(3) See Note(3) 
 
  S-6 18.5-20.0 LAC   23.5  NP NP 
 
1-35 
  S-1  2.5-4.0 LAC   28.0 
 
  S-3 10.0-11.5 LAC   28.9  23 20     See Note(3) See Note(3) 
 
  S-4 17.0-18.5 LAC   26.4 
 
1-36 
  S-1  2.5-4.0 LAC   20.0 
 
  S-2  7.0-8.5 LAC   24.6  22 18     See Note(3) See Note(3) 
 
  S-3 10.5-12.0 LAC   37.1 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
ST-2 15.0-17.0 LAC   25.7  20 18 105.9    See Note(3) See Note(3)  See Note(3) 
       @21.5% 
  S-4 17.0-18.5 LAC   21.2  22 21     See Note(3) See Note(3) 
 
  S-5 20.0-21.5 LAC   26.0  26 NP 
 
1-54A     22.1     107.2 
ST-3-5 16.0-18.0 LAC   21.4  27 15   @21.3%       See Note(3) 
 
         105.6 
ST-3-3 20.0-22.0 LAC   25.4  32 21   @22.9%       See Note(3) 
 
1-1 4.5-5.0 LAC (tested by  23.5  27 17    99.8  See Note(3) See Note(3)    See Note(2)(3) 
  ST-1 5.0-5.5 Herron Testing  30.8  25 19    87.6  See Note(3) See Note(3) 
  Labs) 
 
  ST-1 5.5 LAC (tested by  31.2  NP NP    86.2 2.70    See Note(3) 
  Herron Testing 
  Labs) 
 
  ST-3 15.5-16.0    17.5  22 17   110.8  See Note(3) See Note(3)    See Note(2)(3) 

 16.0-16.5 LAC (tested by  18.6  18 15   109.1  See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  ST-3 16.7 LAC (tested by   30 20    2.75    See Note(3) 
  Herron Testing 
  Labs) 
1-2 
  ST-1  5.5-6.0 LAC (tested by  27.9  NP NP    90.3 2.70 See Note(3) See Note(3) 
  Herron Testing 
  Labs)(1) 

 
  ST-2  9.5-10.0 LAC (tested by  24.7  NP NP   100.4 2.76 See Note(3) See Note(3) 
  Herron Testing 
  Labs)(1) 

 
  ST-3 16.5-17.0 LAC (tested by  26.8  NP NP    96.4 2.72 See Note(3) See Note(3) 
  Herron Testing 
  Labs) (1) 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-3 
  ST-1  8.0-8.5 LAC (tested by  29.2  28 23 
  8.5-9.0 Herron Testing   18.3  20 13 1.38 11.2 111.5  See Note(3) See Note(3) 
  Labs) 
 
  ST-1  9.0-9.5 LAC (tested by  18.0  20 17 
  Herron Testing 
  Labs) 
 
  9.0 LAC (tested by  18.0  19 17   115.4 2.71 See Note(3) 
  Herron Testing 
  Labs) 
 
1-5 
  ST-1 24.5-25.0 LAC (tested by  21.8  NP NP   103.7  See Note(3) See Note(3) 

  Herron Testing 
  Labs) 
 
1-7 
  S-1  2.5-4.0 LAC (tested by  24.1  26 18     See Note(3) 
  Herron Testing 
  Labs) 
 
  S-2  5.5-7.0 LAC (tested by  21.1  24 17     See Note(3) 
  Herron Testing 
  Labs) 
 
  S-4 10.5-12.0 LAC (tested by  27.2  18 13     See Note(3) 
  Herron Testing 
  Labs) 
 
1-17 
  S-1  2.5-4.0 LAC (tested by  21.6       See Note(3) 
  Herron Testing 
  Labs) 
 
  S-2  7.0-8.5 LAC (tested by  21.9  24 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
  S-3  8.5-10.0 LAC (tested by  25.7  18 15     See Note(3) 
  Herron Testing 
  Labs) 
 
  S-4 10.5-12.0 LAC (tested by  26.6  21 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-5 13.5-15.0 LAC (tested by  29.4  21 17     See Note(3) 
  Herron Testing 
  Labs) 
 
  S-6 18.5-20.0 LAC (tested by  20.0  21 15     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-7 23.5-25.0 LAC (tested by  24.9  24 14     See Note(3) 
  Herron Testing 
  Labs) 
 
  S-9 35.5-37.0 LAC (tested by  25.1  23 14     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-30 
  S-1  2.5-4.0 LAC (tested by  25.9  23 15 
  Herron Testing 
  Labs) 
 
  S-2  5.5-7.0 LAC (tested by  27.7  NP NP     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-3  8.5-10.0 LAC (tested by  23.5  27 17 
  Herron Testing 
  Labs) 
 
  S-4 10.5-12.0 LAC (tested by  22.9  NP NP     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
  S-5 13.5-15.0 LAC (tested by  21.4  NP NP 
  Herron Testing 
  Labs) 
 
  S-6 18.5-20.0 LAC (tested by  20.9  NP NP 
  Herron Testing 
  Labs) 
 
1-35 
  S-1  2.5-4.0 LAC (tested by  21.5 
  Herron Testing 
  Labs) 
 
  S-3 10.0-11.5 LAC (tested by  28.8  23 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-4 17.0-18.5 LAC (tested by  25.3 
  Herron Testing 
  Labs) 
 
  S-5 20.0-21.5 LAC (tested by  23.1  26 15     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-37 
  S-8 23.5-25.0 LAC (tested by  22.3  27 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-38 
  S-2  5.5-7.0 LAC (tested by  25.6  NP NP     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-9 26.5-28.0 LAC (tested by  19.1  26 17     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-39 
  S-7 23.5-25.0 LAC (clay ptn)  24.3  31 18     See Note(3) See Note(3) 
 
  S-7 23.5-25.0 LAC (silt ptn)  18.7  NP NP     See Note(3) See Note(3) 
 
1-40 
  S-9 26.5-28.0 LAC   23.6  27 18     See Note(3) See Note(3) 
 
1-41 
  S-9 26.5-28.0 LAC (tested by  23.9  29 18     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
1-44 
  S-9 26.5-28.0 LAC (tested by  25.6  28 18     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-46 
  S-9 26.5-28.0 LAC (tested by  23.0  29 18     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-48 
  S-8 23.5-25.0 LAC (tested by  16.1  22 15     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-9 26.5-28.0 LAC (tested by  16.9  24 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-49 
  S-8 23.5-25.0 LAC (tested by  20.5  26 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-50 
  S-7 20.5-22.0 LAC (tested by  23.1  NP NP     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
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TABLE 2.5-25 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
  S-8 23.5-25.0 LAC (tested by  23.5  30 19     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-51 
  S-9 26.5-28.0 LAC (tested by  26.1  28 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
1-52 
  S-8 23.5-25.0 LAC (tested by  20.8  30 18     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
  S-9 26.5-28.0 LAC (tested by  18.0  25 16     See Note(3) See Note(3) 
  Herron Testing 
  Labs) 
 
NOTES: 
 
(1) Permeability test. 
(2) No pore pressure measurement in CIU tests. 
(3) See test curves. 
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TABLE 2.5-26 
 

SUMMARY OF LABORATORY TEST RESULTS 
 

Upper Till 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-1 
  S-8 28.5-30.0 UT   14.2  21 16 
 
  S-9 33.5-35.0 UT   15.6  21 16     See Note(1) See Note(1) 
 
1-2 
  S-5 18.5-20.0 UT   23.3 
 
  S-6 23.5-25.0 UT   19.3  30 19     See Note(1) See Note(1) 
 
  S-8 33.5-35.0 UT   16.8 
 
1-17 
  S-8 35.5-37.0 UT   22.5  29 17     See Note(1) See Note(1) 
 
  S-9 38.5-40.0 UT   16.3  24 16     See Note(1) 
 
1-20     20.6     110.2 
  ST-4 28.0-30.0 UT   18.4  25 17   @19.5% 2.67 See Note(1) See Note(1)  See Note(1) See Note(1) 
 
1-24     17.8     111.5 
  ST-4 30.0-32.0 UT   16.1  23 16   @19.3% 2.73 See Note(1) See Note(1)  See Note(1) See Note(1) 
     13.8 
 
  S-7 32.0-33.5 UT   16.9 
 
1-30 
  S-7 23.5-25.0 UT   15.1  21 17 
 
1-35 
  S-5 20.0-21.5 UT   21.5  22 19     See Note(1) See Note(1) 
 
  S-6 27.0-28.5 UT   19.7 
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TABLE 2.5-26 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
     17.8 
     17.2     111.8 
  ST-4 30.0-32.0 UT   18.2  28 19   @18.2%  See Note(1) See Note(1)  See Note(1) 
         115.2 
         @17.5%      See Note(1) 
 
1-36 
  S-6 27.0-28.5 UT   17.4  29 19     See Note(1) See Note(1) 
 
1-36         107.9  See Note(1) 
  ST-4 30.0-32.0 UT   18.8  28 17   @19.9  See Note(1) See Note(1)    See Note(1) 
 
  S-7 32.0-33.5 UT   17.4  23 17 
 
     16.4 
     12.9      97.6 
  ST-5 35.0-36.7 UT   18.3  25 18   @13.7  See Note(1) See Note(1)   See Note(1) 
 
1-23 
  ST-3 20.0-22.0 UT             See Note(1) 
 
         101.4      See Note(1) 
  ST-4 25.0-27.0 UT       @21.5      See Note(1) 
 
1-36         107.9 
  ST-4 30.0-32.0 UT       @20.8 
 
1-54A ST-3-5         120.0     See Note(1) 
 28.0-30.0 UT   13.8  27 19   @13.8 
 
1-3 29.0-29.5 UT (tested by  12.6  22 13 
  ST-2 29.5-30.0 Herron Testing  15.7  24 17 3.69 15.2 121.4  See Note(1) See Note(1) 
  Labs) 
 
1-7 
  S-7 23.5-25.0 UT (tested by  15.7  22 14     See Note(1) 
  Herron Testing 
  Labs) 
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TABLE 2.5-26 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-17 
  S-10 38.5-40.0 UT (tested by  17.3  24 15     See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 43.5-45.0 UT (tested by  13.8  24 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-30 
  S-7 23.5-25.0 UT (tested by  14.3  22 15 
  Herron Testing 
  Labs) 
 
1-35 
  S-6 27.0-28.5 UT (tested by  20.2 
  Herron Testing 
  Labs) 
 
  S-7 32.0-33.5 UT (tested by  16.3  26 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-37 
  S-10 29.5-31.0 UT (tested by  19.9  26 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-38 
  S-10 29.5-31.0 UT (tested by  19.9  27 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  15.2  29 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  12.8  22 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
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TABLE 2.5-26 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-39 
  S-8 28.0-29.5 UT (tested by  18.2  26 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-9 32.5-34.0 UT (tested by  16.8  23 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-40 
  S-11 32.5-34.0 UT (tested by  18.7  26 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  15.5  22 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-41 
  S-10 29.5-31.0 UT (tested by  18.9  26 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  19.8  27 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-43 
  S-10 29.5-31.0 UT (tested by  20.5  24 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  15.7  25 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  14.5  24 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
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TABLE 2.5-26 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-44 
  S-10 29.5-31.0 UT (tested by  19.3  26 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-46 
  S-10 29.5-31.0 UT (tested by  15.0  24 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  13.3  22 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-46 
  S-12 35.5-37.0 UT (tested by  10.8  25 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-48 
  S-11 32.5-34.0 UT (tested by  15.9  22 15     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  11.5  19 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-49 
  S-10 29.5-31.0 UT (tested by  15.2  24 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  14.5  23 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  11.9  22 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
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TABLE 2.5-26 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-50 
  S-11 32.5-34.0 UT (tested by  14.9  22 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-51 
  S-10 29.5-31.0 UT (tested by  19.4  24 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  12.5  23 14     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
1-52 
  S-10 29.5-31.0 UT (tested by  19.7  27 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-11 32.5-34.0 UT (tested by  18.2  25 17     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
  S-12 35.5-37.0 UT (tested by  14.5  23 16     See Note(1) See Note(1) 
  Herron Testing 
  Labs) 
 
 
NOTE: 
 
(1) See test curves 
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TABLE 2.5-27 
 

SUMMARY OF LABORATORY TEST RESULTS 
 

Lower Till 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-1 
  S-10 38.5-40.0 LT    9.3  18 15 
 
  S-11 43.5-45.0 LT    9.3 
 
  S-12 48.5-50.0 LT   11.2  23 17     See Note(2) See Note(2) 
 
  S-13 54.5-56.0 LT    5.2 
 
1-2 
  S-9 38.5-40.0 LT   10.1  23 18     See Note(2) See Note(2) 
 
  S-10 43.5-45.0 LT    8.9 
 
  S-11 48.5-50.0 LT   13.9  22 16     See Note(2) See Note(2) 
 
  S-12 53.5-54.5 LT    3.3 
 
1-17 
  S-10 43.5-45.0 LT   11.5  24 17     See Note(2) See Note(2) 
 
  S-11 49.0-50.5 LT   13.6  24 17     See Note(2) 
 
1-20         120.8 
  ST-5 38.0-39.2 LT   10.9  24 19   @13.0% 2.69 See Note(2) See Note(2)  See Note(2) 
 
         127.9 
  PS-1 41.0-41.9 LT   14.5  24 17   @13.8% 2.67 See Note(2) See Note(2)  See Note(2) 
 
1-23 
  PS-2 40.0-42.5 LT   10.6  24 18 
 
1-24 
  S-8 36.8-38.1 LT   11.6  23 17 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
     11.5  26 19   130.4 
 PS-1 40.0-42.5 LT (SP)(1)  11.8  24 17   @11.1% 2.69 See Note(2) See Note(2)  See Note(2)  See Note(2) 
     13.1 
     11.2 
 
1-24 
  S-9 42.5-44.0 LT   11.0 
 
     11.1     130.8 
  PS-2 45.0-47.5 LT   10.8  23 17   @10.7% 2.74 See Note(2) See Note(2)  See Note(2)  See Note(2) 
     10.8     130.3 
     11.2     @10.8%     See Note(2)  See Note(2) 
     10.9 
 
  S-10 47.5-49.0 LT    9.3 
 
1-30 
  S-8 28.5-30.0 LT   10.0  23 16 
 
  S-9 33.5-35.0 LT   11.3  22 17     See Note(2) See Note(2) 
 
  S-10 38.5-40.0 LT   12.1  25 18 
 
  S-11 43.5-45.0 LT   10.8  25 17 
 
  S-12 48.5-49.6 LT   10.0  25 18 
 
1-35 
  S-7 32.0-33.5 LT   17.6  22 16     See Note(2) See Note(2) 
 
  S-8 36.8-38.3 LT   11.4 
         132.3 
  PS-1 40.0-42.5 LT   10.6  23 18   @9.8% 2.73 See Note(2) See Note(2)  See Note(2)  See Note(2) 
 
  S-9 42.5-44.0 LT   11.1  23 17     See Note(2) See Note(2) 
         129.3       See Note(2) 
  PS-2 45.0-47.5 LT   11.1  24 17   @11.3% 2.74 See Note(2) See Note(2)  See Note(2)  See Note(2) 
 
  S-10 47.5-49.0 LT   11.8 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-35      9.4  22 16   136.6      See Note(2) 
  PS-3 50.0-52.5 LT    8.9  21 16   @9.0%  See Note(2) See Note(2)   See Note(2) 
 
  S-11 53.5-55.0 LT    9.9  19 14     See Note(2) See Note(2) 
 
1-36 
  S-8 36.8-38.1 LT   10.3 
 
I-36         137.7 
  PS-1 40.0-42.5 LT    9.5  24 18   @9.7%  See Note(2) See Note(2)    See Note(2) 
 
  S-9 42.5-44.0 LT   10.4  23 16     See Note(2) See Note(2) 
 
         129.0       See Note(2) 
  PS-2 44.0-46.5 LT   11.9  27 18   @11.4%  See Note(2) See Note(2)  See Note(2)  See Note(2) 
 
  S-10 46.5-48.0 LT   11.7 
 
     12.3     134.3 
  PS-3 48.0-50.5 LT    7.3  21 16   @9.9%  See Note(2) See Note(2)   See Note(2) 
 
  S-11 50.5-52.0 LT    8.4  21 15     See Note(2) See Note(2) 
 
  S-12 54.5-56.0 LT    9.0 
 
  S-13 57.3-57.8 LT    4.9  15 11     See Note(2) See Note(2) 
 
  S-14 61.5-61.8 LT   10.8 
 
TC-1         132.3 
BLK-1      44.5 LT    8.8  18 16   @10.2% 2.70    See Note(2)  See Note(2) 
 
      8.2     135.0 
BLK-2      44.5 LT    8.7     @8.2%  See Note(2) See Note(2) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
         144.1 
BLK-3      50.5 LT    8.4  22 16   @8.4% 2.71 See Note(2) See Note(2) 
 
         135.0 
BLK-4      50.5 LT    8.3     @8.3%     See Note(2) 
 
TC-1 
HB-1-N      44.5 LT    7.3 
 
HB-1-S      44.5 LT    9.6 
 
HB-2-S      48.5 LT   11.2 
 
HB-2-N      50.5 LT    5.5 
 
HB-2-S      50.5 LT    7.1 
 
HB-3-N      55.4 LT    7.5 
 
HB-3-S      55.4 LT    6.9 
 
      3.6 
HB-3-N      56.5 LT    6.5 
 
HB-3-S      56.5 LT    3.8 
 
HB-4-A 62.0-62.5 LT    3.2 
 
HB-4-B 63.0-63.5 LT    4.6 
 
HB-4-C 64.3-64.7 LT    4.6 
 
HB-4-D 65.3-65.7 LT    3.4 
 
TC-2         129.7 
 BLK-3      44.0 LT   10.0  23 20   @9.7%     See Note(2) 
 
         109.2 
 BLK-5      56.0 LT   15.1  31 22   @14.9%    See Note(2) See Note(2) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
HB-1-N      40.3 LT    9.9 
 
HB-1-S      40.3 LT    9.6 
 
HB-1-E      43.5 LT    9.7 
 
HB-1-W      43.5 LT    8.9 
 
HB-2-N      49.0 LT    7.8 
 
     17.7 
HB-3-N 55.7-56.5 LT   17.6 
     16.4 
 
     15.7 
HB-3-S 55.9-56.5 LT   16.1 
     16.3 
 
HB-3 55.9-56.5 LT    29 21 
 
 55.9-56.5 LT    28 21 
 
 55.9-56.5 LT    28 21 
 
1-35         138.8 
  PS-3 50.0-52.5 LT       @8.8% 
 
1-36         135.3 
  PS-4 52.0-54.5 LT       @9.8%      See Note(2) 
 
TC-2         137.5 
  BLK-3      44.0 LT       @9.3% 
 
1-7  LT (tested by 
  S-11 43.5-45.0 Herron Testing  10.2  23 15     See Note(2) 
  Labs) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-7 
  S-14 59.5-59.8 LT (tested by  10.8  26 17     See Note(2) 
  Herron Testing 
  Labs) 
 
1-17 
  S-12 49.0-50.5 LT (tested by  11.2  26 15     See Note(2) 
  Herron Testing 
  Labs) 
 
1-30 
  S-8 28.5-30.0 LT (tested by  10.8  25 15 
  Herron Testing 
  Labs) 
 
  S-9 33.5-35.0 LT (tested by  13.0  24 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
  S-10 38.5-40.0 LT (tested by  10.3  24 13 
  Herron Testing 
  Labs) 
 
  S-11 43.5-45.0 LT (tested by  12.2  24 16 
  Herron Testing 
  Labs) 
 
  S-12 48.5-49.6 LT (tested by  11.8  20 15 
  Herron Testing 
  Labs) 
 
1-35 
  S-8 36.8-38.3 LT (tested by  10.4 
  Herron Testing 
  Labs) 
 
  S-9 42.5-44.0 LT (tested by  11.1  24 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
  S-10 47.5-49.0 LT (tested by  11.8 
  Herron Testing 
  Labs) 
 
  S-11 53.5-55.0 LT (tested by   5.4  25 20     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-37 
 S-13 37.5-39.0 LT (tested by   9.9  23 13     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-16 46.5-48.0 LT (tested by  10.6  22 14     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-18 52.5-54.0 LT (tested by   9.2  23 14     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-38 
 S-17 50.5-52.0 LT (tested by   8.3  25 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-39 
 S-10 37.0-38.5 LT (tested by  10.3  24 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-12 44.5-46.0 LT (tested by   9.9  24 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 Approx. 
 50.0-52.0 LT (tested by  12.3  22 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-40 
 S-17 50.5-51.5 LT (tested by   8.1  22 13     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-41 
 S-13 38.5-40.0 LT (tested by  11.6  24 17     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-43 
 S-13 38.5-40.0 LT (tested by  10.3  22 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-17 50.5-52.0 LT (tested by   9.7  25 14     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-44 
 S-12 38.5-40.0 LT (tested by  14.5  24 17     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-17 50.5-52.0 LT (tested by   8.7  22 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 Approx. 
      53.0 LT (tested by  11.6  25 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-46 
 S-17 50.5-52.0 LT (tested by  12.8  23 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-48 
 S-13 38.5-40.0 LT (testing by   9.6  NP NP     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-17 50.5-52.0 LT (tested by   6.1  20 17     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 Approx. 
      53.0 LT (tested by   9.0  20 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-49 
 S-13 38.5-40.0 LT (tested by  12.8  23 15     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-15 44.5-46.0 LT (tested by  13.0  23 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-50 
 S-13 38.5-40.0 LT (tested by  11.3  22 18     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-16 47.5-49.0 LT (tested by   6.8  18 13     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
 S-17 50.5-51.5 LT (tested by   8.9  24 16     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
 
1-51 
 S-13 38.5-40.0 LT (tested by  10.9  23 13     See Note(2) See Note(2) 
  Herron Testing 
  Labs) 
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TABLE 2.5-27 (Continued) 
 
 
Boring          Natural            Spe- Grain                          Triaxial    
 and      Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
 S-17 50.5-52.0 LT (tested by   8.3  22 13     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
1-52 
 S-13 38.5-40.0 LT (tested by  11.5  23 14     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
 S-14 41.5-43.0 LT (tested by  11.9  21 15     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
 S-15 44.5-46.0 LT (tested by  10.9  24 16     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
 S-16 47.5-49.0 LT (tested by   8.0  20 12     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
 S-17 50.5-51.0 LT (tested by   8.3  22 13     See Note(2)  See Note(2) 
  Herron Testing 
  Labs) 
 
 
NOTES: 
 
(1) Stress path. 
(2) See test curves 
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TABLE 2.5-28 
 

PHYSICAL PROPERTIES OF SOIL MATERIALS 
 
 
  Natural Water Dry Unit   Specific   Liquid   Plastic  Plasticity Grain Size Classification 
     Content  Weight   Gravity    Limit    Limit    Index  Gravel   Sand  Silt-Clay 
Material    Wn (%)     d (pcf)      Gs    LL (%)   PL (%)     PI (%)    (%)      (%)     (%)  
________ _____________ ________   ________   ______   _______  __________ ______   ____  _________ 
 
Lacustrine: 
 Minimum 18.4  92.8   2.67  17  16   0    0   2  15 
 Maximum 37.1 105.9   2.73  33  23  12    4  85  98 
 Average 24.3  99.8   2.68  24  19   5    1  20  79 
 No. of 
  Tests 47  10   3  30  30  23   23  23  23 
 
Upper Till: 
 Minimum 12.9  97.6   2.67  21  16   4    0   4  67 
 Maximum 23.3 118.2   2.73  30  19  12    4  30  96 
 Average 18.0 109.1   2.70  25  17   8    1  18  81 
 No. of 
  Tests 36  11   2  14  14  14   11  11  11 
 
Lower Till: 
 Minimum  3.2  97.6   2.63  15  11   2    0  16  32 
 Maximum 18.3 144.1   2.74  31  20  11   32  44  83 
 Average 10.3 128.8   2.71  23  17   6    5  27  68 
 No. of 
  Tests 87  20   8  35  35  35   24  24  24 
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TABLE 2.5-29 
 

SUMMARY OF ONE-DIMENSIONAL CONSOLIDATION TEST RESULTS ON SOIL MATERIALS 
 
 
             Plas-             Recom-    Com- 
      Dry Unit   Natural    ticity    Effective  Precon-   Overcon-  Initial  pression  pression 
    Sample    Weight    Water    Index   Overburden solidation solidation  Void   Index   Index 
  Boring   Depth     d      Content  PI    Pressure  Pressure    Ratio   Ratio   (1)(2)    (1) 
    No.    (ft)    Stratum  (pcf)     Wn (%)       (%)     Po (tsf)   Pc (tsf)         Pc/Po         eo     C’r              C’c  
 
1-14 16-18.0 LAC   97.9  27.7 6 0.65 1.7 2.6 0.710 0.008 0.095 
 
1-36 15-17.0 LAC  105.9  25.7 2 0.60 2.0 3.3 0.580 0.005 0.051 
 
1-20 28-30.0 UT  108.5  21.9 8 1.04 4.0 3.8 0.537 0.011 0.093 
 
1-24 30-32.0 UT  111.5  19.3 7 1.10 5.0 4.5 0.529 0.008 0.084 
 
1-35 30-32.0 UT  111.8  18.2 9 1.10 4.0 3.6 0.524 0.014 0.090 
 
1-20 38-39.2 LT  123.5  10.5 5 1.43 5.0 3.5 0.315 0.008 0.054 
 
1-20 41-41.9 LT  123.8  13.0 7 1.50 5.0 3.3 0.347 0.009 0.054 
 
1-24 45-47.5 LT  130.8  10.7 6 1.60 6.0 3.8 0.307 0.006 0.051 
 
1-24 45-47.5 LT  130.3  10.8 6 1.60 4.5 2.8 0.288 0.005 0.035 
 
1-24(3) 40-42.5 LT  130.4  11.1 7 1.50 7.0 4.7 0.288 0.006 0.038 
 
1-35(3) 40-42.5 LT  132.3   9.8 5 1.50 7.0 4.7 0.280 0.006 0.035 
 
1-35(3) 45-47.5 LT  129.3  11.3 7 1.60 4.5 2.8 0.294 0.005 0.037 
 
1-36 44-46.5 LT  129.0  11.4 9 1.59 4.0 2.5 0.297 0.011 0.046 
 
TC-1(4)  44.5 LT  132.3  10.2 2 1.58 6.0 3.8 0.278 0.005 0.036 
 
TC-1(3)(4)  50.5 LT  135.0   8.3 6 1.88 9.0 5.3 0.248 0.004 0.042 
 
 
NOTES: 
 
(1) Unit strain basis. 
(2) Swell index, C’s, approximately equal to C’r. 
(3) Constant rate of loading test. 
(4) Block sample. 
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TABLE 2.5-30 
 

DRAINED DEFORMATION MODULI OF LOWER TILL(1) 
 
 
 Sample Recompression Constrained Deformation 
  Boring Depth     Index Modulus, Ed Modulus, Es 
    No.     (ft)      Ratio        (ksi)       (ksi)  
 
1-20 38.5 0.008 13.7 6.4 
 
1-20 41.5 0.008 13.7 6.4 
 
1-24 41.0 0.006 18.2 8.5 
 
1-24 46.0 0.006 18.2 8.5 
 
1-24(2) 46.0 0.005 21.9 10.2 
 
1-35(2) 41.0 0.006 18.2 8.5 
 
1-35(2) 46.0 0.005 21.9 10.2 
 
1-36 45.0 0.011 10.1 4.7 
 
TC-1(3) 44.0 0.0055 19.9 9.3 
 
TC-1(2)(3) 50.0 0.004 27.4 12.8 
 
 
NOTES: 
 
(1) Poisson’s ratio assumed to be 0.40; Compression Index 

Ratio = C’r/(1 - o) (unit strain basis) 
(2) Constant rate of loading consolidation test 
(3) Block sample 
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TABLE 2.5-31 
 

PRESSUREMETER TEST RESULTS IN LOWER TILL 
 
 
     Dry Unit  Natural  Plasticity Plastic   Compressibility Moduli  Undrained 
    Test  Weight   Water    Index   Yield                             Shear 
 Hole Elevation   d   Content     PI  Pressure E1(1)  E2(2)  Ec(3)  Strength 
  No.    (ft)   (pcf)   Wn (%)      (%)     P1 (ksf) (ksi) (ksi) (ksi) So (tsf)  
 
1-22P2   575.3  136.0   10.0   6    44.0 2.56  1.74  20.2    11.5 
 
    572.2  130.0    9.5   6    37.6 1.35  1.34  25.7    12.0 
 
    567.2  135.0    8.5   5    34.8 1.74  1.42  20.8    10.0 
 
1-35P   585.1  132.3   10.0   5    29.4 1.86  1.07   --     6.5 
 
         9.5           94.7 
    584.1  132.3    to    5    30.0 1.15  0.93  to    10.0 
        11.4           75.6 
 
     129.3   10.6 
    578.1   to     to       6,7    44.4 2.61  2.2  15.9    12.0 
     137.7   11.1 
 
         8.9 
    573.1  136.6    to       5,6    35.2 1.10  --  18.6    11.0 
        11.8 
 
         9.5 
1-36P   583.8  126.0    to    6    36.8 2.92  2.29   6.9     8.3 
        10.3 
 
    578.8  129.0   10.4      7,9    20.8 1.94  1.39   4.7     4.6 
 
         7.3 
    573.8  134.3    to    5    38.4 7.22  3.47   7.2     8.1 
        12.3 
 
 

NOTES: 

 
(1) E1 = Modulus at pressures less than preconsolidation pressure 
(2) W2 = Modulus at pressures greater than preconsolidation pressure 
(3) Ec = Unload-reload modulus 
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TABLE 2.5-32 
 

VERTICAL PLATE LOADING TEST RESULTS IN LOWER TILL(1) 
 
 
             Plas-     Precon- 
      Dry Unit  Natural   ticity  Effective solidation    Over-      Compressibility Moduli  
Inspection  Test   Weight  Moisture    Index  Overburden Pressure    Consolidation 
  Shaft   Test Elev.    d   Content     PI   Pressure    Pc         Ratio      E1(2)    E2 (3)   Ec(4) 
   No.       No.  (ft)   (pcf)     Wn (%)      (%)      Po (tsf)    (tsf)          Pc/Po     (ksi)   (ksi)   (ksi) 
 
   TC-1 VB-1 582.8 132.3 10.2  2 1.48  6.5 4.4  37.9   6.04  227.0 
 
 VB-2 574.3 144.1  7.8  6 1.77  9.3 5.3  68.8   9.36  210.0 
 
     6.9 
 VB-3 567.4 136.0  to  7 2.05  5.5 2.7  54.5  16.80  236.0 
     7.5 
 
     9.6 
   TC-2 VB-1 582.5 129.7  to  3 1.49  5.9 4.0  25.0   5.28  122.0 
    10.0 
 
 VB-2 573.8 136.6  7.8  5 1.80 10.0 5.6  47.2  13.00  140.5 
 
    14.9  7 
 VB-3 566.9 109.2  to to 2.08  8.8 4.2  90.8   6.90   91.0 
    17.7  9 
 
 
NOTES: 
 
(1) Plate diameter = 22 inches; shape and depth correction factor = 0.59 
(2) E1 = Modulus at pressures <Pc 
(3) E2 = Modulus at pressures >Pc 
(4) Ec = Unload-reload modulus 
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TABLE 2.5-33 
 

HORIZONTAL PLATE LOADING TEST RESULTS IN LOWER TILL(1) 
 
     Dry Unit Natural  Plasticity  Compressibility Moduli  
Inspection     Test Weight Moisture Index 
  Shaft  Test Elevation  d Content  PI E1(2) E2(3)    Ec(4) 
   No.       No.        (ft)           (pcf)    Wn (%)       (%)    (ksi)     (ksi)    (ksi) 
 
   TC-1  HB-1, N  578.3 132.3   10.2  2 155.0   7.0      - 
 
   HB-1, S  578.3 132.3   10.2  2 373.0   8.7    694.0 
 
   HB-2, N  572.3 144.1    7.8  6 435.0   7.7    496.0 
 
   HB-2, S  572.3 144.1    7.8  6 410.0   8.9    800.0 
 
   HB-3, N  566.3 136.0    6.9  7 856.0 117.0      - 
 
   HB-3, S  566.3 136.0    7.5  7 710.0 692.0      - 
 
   TC-2  HB-1, E  479.3 129.7    9.9  3 186.0  12.4      - 
 
   HB-1, W  479.3 129.7    9.9  3 249.0   5.8      - 
 
   HB-2, N  569.8 109.2   16.1  8 335.0  12.9    404.0 
 
   HB-2, S  569.8 109.2   16.1  8 620.0  11.0    670.0 
 
NOTES: 
 
(1) Plate diameter = 13.55 inches; shape and depth correction factor = 0.66 
(2) E1 = Modulus at pressures <Pc 
(3) E2 = Modulus at pressures >Pc 
(4) Ec = Unload-reload modulus 
 



 

  Revision 12 
 2.5-382 January, 2003 

TABLE 2.5-34 
 

SUMMARY OF LABORATORY COMPRESSION TEST RESULTS - LACUSTRINE SEDIMENTS 
 
       Dry Unit Natural Liquid Plasticity  Strain at    Deformation    Consolidation 
    Sample    Type  Weight Moisture Limit   Index   Shear  Failure      Moduli    or Confining 
Boring   Depth     of     d Content   LL     PI  Strength    ef       (ksi)        Pressure (tsf) 
  No.    (ft)     Test(1)(2)   (pcf)   Wn (%)   (%)     (%)      (tsf)        (%)    Ei(3)  Esec(4)     c or c    Remarks  
 

1-22A  5.0- 7.0    CIU    92.8   27.2   1.07    9.4  7.40 0.78 0.29  Test No. 14 

 

   5.0- 7.0    CIU      93.4   30.4       2.05   10.0  5.28 1.25  0.86     Test No. 15 

 

   5.0- 7.0    CIU    94.9   26.3       7.00    8.4  9.63 2.75  2.59     Test No. 16 

 

1-23  15.0-17.0    CIU   105.0   20.0       3.47    6.0  9.04 2.50  1.42     Test No. 17 

 

1-22A 15.0-17.0    CIU    99.7   22.0       1.06   13.5  8.00 0.76  0.86     Test No. 18 

 

  15.0-17.0    CIU  104.3      19.7       1.94   17.8 13.90 2.32  2.59     Test No. 19 

 
1-14  16.0-18.0     UU   96.4   26.5   27       6   0.64   21.2  1.11 0.18  0.63 
 
1-23  15.0-17.0     UU  101.4   21.5       0.39    7.5  0.94 0.21  0.65 
 

1-54A 16.0-18.0    CIU   102.1   25.7   27      12   1.00    2.0  4.47 0.52  0.30     Test No. 23 

 

  16.0-18.0    CIU   107.2   21.3   27      12   1.23    2.5  7.78 1.13  0.90     Test No. 24 

 

  20.0-22.0    CIU   105.6   22.9       1.51    3.2  7.78 1.28  1.50     Test No. 25 

 
 
NOTES: 
 
(1) CIU  = Isotropically consolidated-undrained triaxial compression test with pore pressure measurements. 
(2) UU = Unconsolidated-undrained triaxial compression test. 
(3) Ei = Initial deformation modulus. 
(4) Esec = Deformation modulus at 1/2 of ultimate stress. 
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TABLE 2.5-35 
 

SUMMARY OF LABORATORY COMPRESSION TEST RESULTS - UPPER TILL 
 
 
       Dry Unit Natural Liquid Plasticity  Strain at    Deformation    Consolidation 
    Sample    Type  Weight Moisture Limit   Index   Shear  Failure      Moduli    or Confining 
Boring   Depth     of    d  Content   LL     PI  Strength    ef       (ksi)        Pressure (tsf) 
No.         (ft)     Test(1)(2)   (pcf)   Wn (%)   (%)     (%)      (tsf)        (%)    Ei(3)  Esec(4)     c or c    Remarks  
 
1-20  28.0-30.0     UU  105.7   21.6   25      8   0.67   17.3  1.04 0.27  1.01 
 
1-24  30.0-32.0     UU  114.1   17.6   23      7   0.87   18.0  1.08 0.67  1.00 
 

1-35  30.0-32.0    CIU   111.8   18.2   28      9   1.70   11.8  6.95 2.36  1.80     Test No. 7 

 

1-36  30.0-32.0    CIU   107.9   19.9   28      9   2.44    9.3 11.10 3.77  3.60     Test No. 8 

 

1-36  30.0-32.0    CIU   107.9   19.9   28      9   3.60   13.7 23.20 8.33  7.20     Test No. 9 

 
1-36  35.0-36.5     UU   97.6   13.7   25      7   2.23   32.5  1.60 0.61  1.30 
 
1-23  20.0-22.0     UU   99.5   25.2       0.68   11.0  1.46 0.29  0.83 
 
1-23  25.0-27.0     UU  117.9   16.4       1.30    9.2  1.58 0.78  0.65 
 

1-22A 20.0-22.0    CIU   111.9   15.6       1.31   14.0  6.45 0.70  0.86     Test No. 20 

 

1-35  25.0-27.0    CIU   118.2   21.5       0.83   13.2  8.22 1.32  1.73     Test No. 21 

 

1-36  25.0-27.0    CIU   106.9   19.4       2.85   18.4 11.60 3.85  3.46     Test No. 22 

 

1-54A 28.0-30.0    CIU   120.0   13.8   27      8   1.20   15.8  0.81 0.11  0.90     Test No. 26 

 
 
NOTES: 
 
(1) CIU  = Isotropically consolidated-undrained triaxial compression test with pore pressure measurements. 
(2) UU = Unconsolidated-undrained triaxial compression test. 
(3) Ei = Initial deformation modulus. 
(4) Esec = Deformation modulus at 1/2 of ultimate stress. 
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TABLE 2.5-36 
 

SUMMARY OF LABORATORY COMPRESSION TEST RESULTS - LOWER TILL 
 
 
       Dry Unit  Natural Liquid  Plasticity      Strain at    Deformation  Consolidation 
  Sample    Type  Weight  Moisture Limit     Index Shear    Failure       Moduli      or Confining 
Boring Depth     of    d   Content   LL       PI     Strength   ef            (ksi)        Pressure (tsf) 
  No.  (ft)    Test (1)(2)      Wn  (%)  (%)  (%)  (tsf)   (%)    Ei(4)   Esec(5)  Ec(6)    c or c     Remarks 
                (3)      (pcf)                                                                 
 

1-24  40.0-42.5    CIU   130.4   11.1   26    7  2.13    6.0 9.26   1.97  1.80      Test No. 1 

 

1-24  45.0-47.5    CIU   130.3   10.8   23    6  5.88    9.1    18.6   3.97  3.60      Test No. 2 

 

1-24  45.0-47.5    CIU   130.8   10.7   23    6  9.60    9.5    34.8   5.41  7.20      Test No. 3 

 

1-35  40.0-42.5    CIU   132.3    9.8   23    5  6.22   11.7 8.69   4.24  1.80      Test No. 4 

 

1-35  45.0-47.5    CIU   129.3   11.3   24    7  7.64   10.8    13.9   4.32  3.60      Test No. 5 

 

1-35  45.0-47.5    CIU   129.3   11.3   24    7  6.42    8.1    23.2   8.50  7.20      Test No. 6 

 
1-35  50.0-52.5     UU  138.8    8.8   22    6  7.26    6.5 4.30   4.30  1.92      Stress Path 
                            Test 
 

1-36  40.0-42.5    
s

CIU   137.7    9.7   24    6     10.56    6.6    27.8   7.78   41.7 7.20      Test No. 12 

 

1-36  44.0-46.5    CIU   129.0   11.4   27    9  3.70   11.4 6.95   2.44  1.80      Test No. 10 

 

1-36  44.0-46.5    
s

CIU   129.0   11.4   27    9  5.66    8.0    17.4   5.18   23.2 3.60      Test No. 11 

 
1-36  48.0-50.0     UU  134.3    9.9   21    5  2.59   16.0 2.78   0.89  1.75 
 

TC-1    44.5    CIU   132.3   10.2   18    2  6.06    9.8 8.54   3.05  1.80      Test No. 13 

 
TC-2    44.0     UU  137.2    9.3   23    3  6.60    4.8 7.50   5.91  1.66 
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TABLE 2.5-36 (Continued) 

 

 
       Dry Unit  Natural Liquid  Plasticity      Strain at    Deformation  Consolidation 
  Sample    Type  Weight  Moisture Limit     Index Shear    Failure       Moduli      or Confining 
Boring Depth     of    d   Content   LL       PI     Strength   ef            (ksi)        Pressure (tsf) 
  No.  (ft)    Test (1)(2)      Wn  (%)  (%)  (%)  (tsf)   (%)    Ei(4)   Esec(5)  Ec(6)    c or c     Remarks 
                (3)      (pcf)                                                                 
 
TC-2    56.0     UU  135.3   14.9   31    9  6.96    8.3 2.78   2.78  2.09 
 
1-36  52.0-54.5     UU  135.3    9.8    -    -  6.78   10.0 2.48   2.44  1.89 
 

1-35  50.0-52.5     UU  136.6    9.0   22    16  3.00   15.7 4.14   4.10  1.80 

 

 

NOTES: 

 
(1) CIU  = Isotropically consolidated-undrained triaxial compression test with pore pressure measurements. 
(2) UU = Unconsolidated-undrained triaxial compression test. 
(3) 

s
CIU  = Multiple-stage CIU  test. 

(4) Ei = Initial deformation modulus. 
(5) Esec = Deformation modulus at 1/2 of ultimate stress. 
(6) Ec = Cyclic deformation modulus. 
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TABLE 2.5-37 
 

SUMMARY OF EFFECTIVE STRESS PARAMETERS 
 
        Dry Unit    Natural  Effective  Effective    Pore Pressure 
         Weight     Moisture Cohesion  Friction   Parameter at 

      Test   d     Content      c    Angle        Failure 

 Stratum       Nos.        (pcf)           Wn (%)     (tsf)  (degrees)     Af   
 
   14, 15, 16  92.8 to  94.9  26.3 to 30.4  0   35.0  -0.74  to -0.279 
 
Lacustrine 17, 18, 19  99.7 to 105.0  19.7 to 22.0  0.12   33.5   0.222 to -0.212 
 
   23, 24, 25 102.1 to 107.2  21.3 to 25.7  0   35.0   0.28  to -0.27 
 
 
    7,  8,  9 107.9 to 111.8  18.2 to 19.9  0.33   24.0   0     to  0.33 
Upper Till 
   20, 21, 22 106.9 to 118.2  15.6 to 21.5  0   35.0   0.2   to -0.13 
 
 
     1,  2,  3 130.3 to 130.8  10.7 to 11.1  0.46   35.0   0.01  to -0.03 
 
Lower Till  4,  5,  6 129.3 to 132.3    9.8 to 11.3  0.91   35.0   0.06  to -0.03 
 
   10, 11, 12 129.0 to 137.7    9.7 to 11.4  0.44   35.0  -0.02  to -0.12 
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TABLE 2.5-38 
 

CYCLIC TORSION TEST RESULTS FOR LACUSTRINE SEDIMENTS 
 
      Dry Unit Natural Consolidation Resonant  Shear   Damping  Shear 
    Sample  Test  Weight Moisture   Pressure Frequency Modulus   Ratio Strain 

Boring   Depth Series   d  Content     c       f    G  D      K2(1) 

  No.      (ft)     No.    (pcf)    Wn (%)      (tsf)       (cps)    (ksi)    (%)  (10-2%)   
 
 1-36 5.0- 7.0   1a    93.3   27.6     0.288    186   5.7   7.1   0.9  34 
 
              0.288    174   2.3  15.5  10.2  14 
 
      1b          0.864    207  11.5   4.8   0.7  40 
 
              0.864    187   6.0   7.1   7.0  21 
 
      1c          2.59    235  20.6   3.2   0.44  41 
 
              2.59    222  16.1   3.7   5.17  32 
 
 
 1-23 15.0-17.0   2a   118.9   20.1     0.288    193   7.5   5.9   1.22  45 
 
              0.288    177   3.5   3.8   0.87  21 
 
      2b          0.864    216  14.3   3.8   1.37  50 
 
              0.864    202  10.0   4.9   0.62  35 
 
      2c          2.59    249  26.3   2.8   1.06  53 
 
              2.59    236  20.5   3.2   0.46  41 
 
 
NOTE: 
 
(1) G = 1,000 K2 (’m)1/2, (Reference 239) 
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TABLE 2.5-39 
 

CYCLIC TORSION TEST RESULTS FOR UPPER TILL 
 
      Dry Unit Natural Consolidation Resonant  Shear   Damping  Shear 
    Sample  Test  Weight Moisture   Pressure Frequency Modulus   Ratio Strain 

Boring   Depth Series   d  Content     c       f    G    D      K2(1) 

  No.      (ft)     No.    (pcf)    Wn (%)      (tsf)       (cps)    (ksi)     (%)  (10-2%)   
 
 1-22A 20.0-22.0   3a   117.9    16.4     0.864    227  18.2   4.5   0.60  63 
 
              0.864    191   7.3   6.1   7.00  25 
 
      3b          1.73    228  17.9   3.4   0.60  44 
 
              1.73    217  14.5   3.9   4.80  35 
 
      3c          3.46    234  20.1   3.2   1.04  35 
 
              3.46    222  16.4   3.7   4.80  28 
 
 
 1-35 25.0-27.0   4a   101.4    21.5     0.864    186   5.7   7.1   1.0  20 
 
              0.864    173   2.6  13.8   8.8   9 
 
      4b          1.73    218  14.7   3.8   1.0  36 
 
              1.73    204  10.5   5.2   5.1  26 
 
      4c          3.46    245  23.8   3.0   0.74  41 
 
              3.46    233  19.6   3.5   4.10  34 
 
 
NOTE: 
 
(1) G = 1,000 K2 (’m)1/2, (Reference 239) 
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TABLE 2.5-40 
 

CYCLIC TORSION TEST RESULTS FOR LOWER TILL 
 
      Dry Unit Natural Consolidation Resonant  Shear   Damping  Shear 
    Sample  Test  Weight Moisture   Pressure Frequency Modulus   Ratio Strain 

Boring   Depth Series   d  Content     c       f    G    D      K2(1) 

  No.      (ft)     No.    (pcf)    Wn (%)      (tsf)       (cps)    (ksi)     (%)  (10-2%)   
 
 TC-1    44.5   5a   132.3    10.2     1.66    277  34.4   4.0   1.22  86 
 
      5b          3.31    292  40.2   3.7   1.15  71 
 
        5c          6.62    322  52.5   3.4   0.92  69 
 
 
 TC-1    50.5   6a   144.1     8.4     1.87    284  36.6   3.8   1.22  87 
 
      6b          3.74    300  44.0   3.6   1.19  73 
 
      6c          7.49    388  84.5   3.3   0.72 100 
 
 
 TC-2    45.0   7a   138.8     9.9     1.66    296  38.5   4.2   0.009  96 
 
              1.66    288  35.4   4.5   0.55  89 
 
              1.66    273  30.8   3.5   1.40  77 
 
      7b          3.31    330  51.5   3.4   0.14  91 
 
              3.31    332  52.3   3.0   0.37  92 
 
              3.31    320  48.4   3.1   1.16  86 
 
      7c          6.62    371  70.3   4.6   0.20  92 
 
              6.62    369  69.8   4.6   0.39  91 
 
              6.62    364  67.2   3.6   0.93  88 
 
NOTE: 
 
(1) G = 1,000 K2 (’m)1/2, (Reference 239) 
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TABLE 2.5-41 

 

DYNAMIC PROPERTIES OF SOIL MATERIALS BY IN SITU SHEAR WAVE VELOCITY MEASUREMENTS 

 
    Shear Wave        Mean Principal  Shear Wave Basis     Void Ratio Basis  
     Velocity  Void     Effective Stress  Maximum Shear    Maximum Shear 
Stratigraphic     Vs  Ratio   ’m     Modulus  K2(3)         Modulus  K2(3) 
    Unit         (fps)        e           (psf)           Gmax  (ksi)(1)              Gmax  (ksi)(2)   

 

Lacustrine    700  0.645   1,100    13   56    12.0    52.0 

  Soils   1,200  0.640   1,600    40  144    14.5    51.9 

 

 

Upper Till  1,900  0.530   2,360   103  306    22.2    65.9 

 

 

Lower Till  2,600  0.283   3,680   206   490    40.3    95.5 

 

 

NOTES: 

 
(1) Gmax = Vs2  (shear wave basis); where:  = mass density. 
(2) Gmax = 














e1

e973.2
760,14

2   (OCR)0.1 (m’)0.5 (void ratio basis); where: OCR = over-consolidation ratio. 

(3) K2   = Gmax/1,000 (’m)1/2 
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TABLE 2.5-42 
 

PINHOLE TEST RESULTS ON LOWER TILL 
 
 
Sample Head Flow  Dispersion(2) 
  No.  (in.) (ml/sec) Color(1) Classification 
 
  1 2 3.6 B D1 
 
  2 2 0.17 C 
 
 6.75 0.5 C 
 
 15 4.0 A ND3 
 
  3 2 0.15 C 
 
 6.75 0.4 B 
 
 15 3.5 B ND3 
 
  4 2 0.16 C 
 
 6.75 0.4 C 
 
 15 0.9 C 
 
 40 5.9 B ND2 
 
  5 2 0.12 C 
 
 6.75 0.8 C 
 
 15 3.0 C 
 
 40 5.4 B ND3 
 
 
NOTES: 
 
(1) Color Code: A = Dark 
   B = Slight to medium 
   C = Barely visible 
   D = Completely clear 
 
(2) Dispersion Code:      D1, D2 = Dispersive and erodible 
   ND1, ND2 = Nondispersive and highly 

erosion-resistant 
   ND3, ND4 = Nondispersive and intermediate 

erosion-resistant 
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TABLE 2.5-43 
 

DISSOLVED CATIONS IN SATURATION EXTRACT - LOWER TILL 
 
 
Sample   Concentration (meq/liter)            Percent 
  No.  Sodium Calcium Magnesium Potassium Sodium  
 
 
  1 9.14 10.78 4.28 0.89 36.4 
 
 
  2 7.61  9.98 3.29 0.89 35.0 
 
 
  3 6.09  7.98 3.78 0.69 32.8 
 
 
  4 8.27 11.58 5.43 0.97 31.5 
 
 
  5 7.48 12.77 6.00 0.84 27.6 
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TABLE 2.5-44 
 

APPROXIMATE PERCENTAGES OF PRINCIPAL 
MINERALS AND ROCK FRAGMENTS IN LOWER TILL 

 
 
 PT-4 PT-4A PT-1A PT-1A 
     Sample      (47.5 ft) (41.5 ft) (41.0 ft) (48.5 ft) 
 
Silt/Clay Matrix    70%    70%    40%    40% 
 
 
  Quartz     7    10    10     7 
 
 
  Feldspar     2     3     3     2 
 
 
  Opaques     2     2     3     7 
 
  Pyroxene &     P(1)     P(1)     P(1)     P(1) 
  Amphibole 
 
 
  Silty Shale    10    10    30    25 
 
 
  Sandy Shale     5     3    15    10 
 
 
  Quartzite     P(1)     P(1)     -     P(1) 
 
 
  Carbonate     2     P     2     5 
 
 
NOTE: 
 
(1) P = Present 
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TABLE 2.5-45 
 

SUMMARY OF LABORATORY TEST RESULTS 
 

Shale 
 
Boring      Special  Natural            Spe- Grain                          Triaxial    
 and       Tests Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-1 124.5 SH     541.0  .91 
 
1-2 
 S-13 59.5-59.8 SH  1.6 
 
 135.0 SH  1.3 19 18      2.75 See Note(4) See Note(4) 
 
1-8          160.3 
  71.0    20 17   @2.9% 
 
1-9          164.0 
  67.0 SH 
 
1-10  57.0 SH (S)(1)  20 18      2.69 See Note(4) See Note(4) 
 
  60.0 SH (S)(1)  20 19     See Note(4) See Note(4) 
 
1-13  61.0 SH (S)(1)        See Note(4) See Note(4) 
 
  67.0 SH (S)(1)   2 20      2.72 See Note(4) See Note(4) 
 
1-22         129.5 
  94.0 SH (SV)(2)  18 15 194.9  .60 @7.0%   2.79 See Note(4) See Note(4) 
 
 146.0 SH          2.73 See Note(4) See Note(4) 
 
1-22 
  P2  63.5 SH   20 15 
 
          130.1 
  78.0 SH  8.7 
 
          158.1 
  97.5 SH  3.4 
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TABLE 2.5-45 (Continued) 
 
Boring      Special  Natural            Spe- Grain                          Triaxial    
 and       Tests Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-22         160.4 
  P2 114.0 SH  2.9 
 
         159.1 
 136.5 SH  3.2 
 
 146-146.5 SH (X-D)(3) 2.2 20 15    2.73 
 
1-23         102.1 
  59.0 SH   20 16 356.0 0.90 @9.7% 2.74 See Note(4) See Note(4) 
 
1-30 
  59.0 SH  0.9 20 17    2.75 See Note(4) See Note(4) 
 
1-31         139.0 
  66.5 SH (SV)(2)  18 16 223.3  .90 @11.0 2.73 See Note(4) See Note(4) 
 
         170.0 
 97.0-98.0 SH   19 14   @5.8% 2.75 See Note(4) See Note(4) 
 
         152.4 
 100-101.0 SH   19 14   @4.7% 2.80 See Note(4) See Note(4) 
 
1-32         159.7 
 111.0 SH (X-D)(3)  23 17   @3.6%     See Note(4) 
 
1-33 
  59.0 SH (SV)(2)    356.5  .90 
 
         118.5 
 152.0 SH (SV)(2)  18 16 302.6  .50 @4.5% 2.73 
 
          86.3 
 161.5 SH (SV)(2)    441.0  .50 @4.7% 
 
         142.3 
 165.5 SH (SV)(2)    168.5  .98 @2.7% 
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TABLE 2.5-45 (Continued) 
 
Boring      Special  Natural            Spe- Grain                          Triaxial    
 and       Tests Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-33          96.4 
 177.0 SH (SV)(2)  20 17  55.9 1.20 @3.0% 2.69 See Note(4) See Note(4) 
 
         110.9 
 203.7-204 SH (SV)(2)  19 14  97.0 1.40 @2.6% 
 
1-36 
  P2 63.5-63.7 SH  3.4 
 
1-36 
  P2 64.4-64.5 SH  4.8 
 
 64.5-64.7 SH  3.7 
 
 64.7-65.3 SH  4.5 
 
 65.5-66.0 SH  3.7 
 
 66.0-66.3 SH  4.2 
 
 66.3-66.35 SH  3.8 
 
 66.35-66.4 SH  4.0 
 
 66.4-66.5 SH  4.5 
 
 68.2-68.5 SH  3.6 
 
         148.1 
 69.5-70.0 SH  6.3     @6.3% 
 
 70.0-70.7 SH  2.2 
 
 72.0-72.5 SH  1.5 
 
         160.7 
 74.3-74.9 SH   19 18   @4.1% 2.70 See Note(4) See Note(4)  See Note(4) 
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TABLE 2.5-45 (Continued) 
 
Boring      Special  Natural            Spe- Grain                          Triaxial    
 and       Tests Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-36         154.2 
  P2         @4.1% 
 
 75.9-76.5 SH (X-D)(3) 2.2 19 15    2.72 See Note(4) See Note(4) 
 
 80.7-81.2 SH  4.1 
 
1-36         124.8 
  P2 82.0-82.5 SH  7.0     @7.0% 
 
 83.5-84.0 SH  3.5 
 
 85.9-86.5 SH  3.8 
 
 87.5-88.0 SH  3.8 
 
1-36 
 90.0-90.7 SH  1.4 
 
         166.3 
 95.1-95.7 SH   19 13   @3.9%  See Note(4) See Note(4)  See Note(4) 
         156.5 
         @3.9% 2.83 
 
 111-111.5 SH  3.2 20 15    2.80 
 
         158.0 
  153.0       @3.1%     See Note(4) 
 
Combined 
   57-147 SH         See Note(4) See Note(4) 
 
1-1  SH (tested by 
   62 Herron Testing    102.4 
  Labs) 
 
   66 SH (tested by    118.3 
  Herron Testing 
  Labs) 
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TABLE 2.5-45 (Continued) 
 
Boring      Special  Natural            Spe- Grain                          Triaxial    
 and       Tests Water  Atterberg Limits  Uncon Compress   Unit    cific Size           Cell  Back 
Sample Depth   Classi-   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav-               Opt          Press Press 
  No.   (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity   Sieve  Hydr.       Moist  Consolid.    U.U.        CIU (psi) (psi) 
 
1-1   73 SH (tested by    135.4 
  Herron Testing 
  Labs) 
 
  105 SH (tested by    178.3 
  Herron Testing 
  Labs) 
 
1-3 
   67 SH (tested by    206.0 
  Herron Testing 
  Labs) 
 
1-5 
 68.5 SH (tested by    123.9 
  Herron Testing 
  Labs) 
 
 
NOTES: 
 
(1) (S)   = Slake Test 
(2) (SV)  = Sonic Velocity 
(3) (X-D) = X- ray Diffraction 
(4) See test curves 
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TABLE 2.5-46 
 

PHYSICAL PROPERTIES OF CHAGRIN SHALE 
 
 
  Natural Water  Dry Unit  Specific   Liquid  Plasticity 
     Content   Weight  Gravity    Limit    Index  Silt-Clay(1) 
  Range    Wn (%)   d (pcf)     Gs   LL (%)(1)  PI (%)(1)      (%) 
                                                                    ___________ 
 
Minimum  0.9  86.3  2.69 18  1 46 
 
 
Maximum 11.0 170.0  2.83 23  6 62 
 
 
Average  4.1 142.0  2.74 20  3 55 
 
 
No. of Tests 48  24 17 21 21 17 
 
 
NOTE: 
 
(1) Liquid limit, plasticity index and silt-clay determined on sample reduced by grinding. 
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TABLE 2.5-47 
 

MINERAL COMPOSITION OF CHAGRIN SHALE(1) 
 
 
 Component  Maximum (%)  Minimum (%)  Average (%) 
 
 
Quartz    54     5    21 
 
 
Muscovite    12     6     8 
 
 
Chlorite     8     4     6.5 
 
 
Illite-Chlorite Matrix 76    18    53.5 
 
 
Opaques    15     2     7 
 
 
Feldspar     1      Trace       Trace 
 
 
Carbonate     1      Trace       Trace 
 
 
Unidentified    9     0    2.5 
 
 
Illite/Chlorite Ratio 9/1      1.3/1    3/1 
 
 
NOTE: 
 
(1) Based on six tests. 
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TABLE 2.5-48 
 

JAR SLAKING TEST RESULTS - CHAGRIN SHALE 
 
 
                   Specimen No.    
         1     2     3     4  
 
 
Initial Wet Weight, g   229.9 337.8 248.9 328.5 
 
 
Initial Dry Weight, g    N/A  329.8  N/A  310.9 
 
 
Maximum Wet Weight, g   234.9 340.3 252.2 336.8 
 
 
Final Wet Weight, g    234.3 340.3  25.2 313.5 
 
 
Final Dry Weight, g     N/A  329.7  N/A  282.7 
 
 
Wet Slaking Loss, %      0.3   0.0   0.0   6.9 
 
 
Dry Slaking Loss, %     N/A    0.0   N/A   9.1 
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TABLE 2.5-49 
 

SUMMARY OF UNCONFINED COMPRESSION TESTS ON CHAGRIN SHALE 
 
 
          Plas- 
    Dry Unit Natural Liquid ticity      Strain at    Deformation 
  Sample  Weight Moisture Limit Index  Shear     Failure      Moduli 
Boring Depth    d  Content  LL   PI  Strength  f       (ksi)  
  No.  (ft)  (pcf)  Wn (%)  (%)   (%)  (tsf)     (%)  Ei

(1)  Esec
(2) 

                                                                           _____  
 
 1-1 124.5 164.7  2.1   271.0 0.91   920   740 
 
 1-31  66.5 139.0 11.0 18 2 112.0 0.90   458   278 
 
 1-22  94.0 129.5  7.0 18 3  97.0 0.60   630   431 
 
 1-33 165.5 142.3  2.7    84.0 0.98   340   222 
 
 1-33 204.0 110.9  2.6 19 5  48.0 1.40   135    87 
 
 1-33 161.5 150.0  4.7   220.0 0.50 1,650     1,420 
 
 1-23  59.0 112.0  9.7 20 4 178.0 0.90   785   514 
 
 1-33 152.0 154.0  4.5 18 2 151.0 0.50   934   934 
 
 1-33 177.0  96.4  3.0 20 3  28.0 1.20    68    60 
 
 5-3  78.4 159.7  3.1    91.0 1.62   112   163 
 
 5-1 113.1 158.9  2.6   100.0 2.07   125    93 
 
 5-5  92.3 161.1  2.5   126.0 0.45   800   625 
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TABLE 2.5-49 (Continued) 
 
 
          Plas- 
    Dry Unit Natural Liquid ticity      Strain at    Deformation 
  Sample  Weight Moisture Limit Index  Shear     Failure      Moduli 
Boring Depth    d  Content  LL   PI  Strength  f       (ksi)  
  No.  (ft)  (pcf)  Wn (%)  (%)   (%)  (tsf)     (%)  Ei

(1)  Esec
(2) 

                                                                           _____  
 
 5-3  89.8 155.1 1.0   123.0 0.94   828  550 
 
 5-8 119.0 135.7 2.4   168.0 0.74   987  837 
 
 1-1  62.0     102.4 
 
 1-1  66.0     118.3 
 
 1-1  73.0     135.4 
 
 1-1 105.0     178.3 
 
 1-3  67.0     206.0 
 
 1-5  68.5     123.9 
 
 
NOTES: 
 
(1) Ei   = Initial deformation modulus. 
(2) Esec = Deformation modulus at 1/2 of ultimate stress. 
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TABLE 2.5-50 
 

SUMMARY OF OEDOMETER TESTS ON CHAGRIN SHALE 
 
 
        Plas- 
    Dry Unit Natural ticity  Precon-   Overcon-   Initial       Recom- 
    Sample   Weight Moisture  Index   solidation  solidation   Void     Swell   pression   Swelling    Compression 
Boring  Depth    d  Content   PI  Pressure    Ratio    Ratio   Pressure    Index     Index   Index      Test 
  No.    (ft)   (pcf)  Wn (%)   (%)  Pc (tsf)    Pc/Po  eo    (tsf)   C’r(1)(2)    C’s(1)(2)    C’c(2)    Condition 
                                  _______  __________  __________  _______  ________  ________   ________    ___________  _________ 
 
          0.0019  0.0036 
1-32 111.0 159.7 3.6 6 30 6.3 0.066 0.75    to    to  0.025 Dry 
          0.0052  0.0058 
         (0.0037) (0.0047) 
 
1-36P2 152.0 158.0 3.1 2 20 2.9 0.079 0.75  0.002  0.002  0.0053 Dry 
 
          0.0015 
1-8  71.0 158.0 3.8 3  -  - 0.068 2.60    to  0.0055    - Added Water 
          0.0086 
 
           0.005 
1-36P2  74.6 154.2 4.1 1  9 3.0 0.100 9.00  0.0021    to  0.034 Added Water 
           0.007 
          (0.006) 
 
1-36P2  95.4 156.5 3.9 6 20 5.0 0.088 0.75  0.0033  0.0036  0.025 Added Water 
 
1-36P2 111.3 172.4 3.8 5 25 5.5 0.125  -  0.0069  0.0060  0.035 Added Water 
 
 
NOTES: 
 
(1) (  ) = Average. 
(2) C’r, C’s and C’c are derived from slope of log pressure vs. unit strain curve. 
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TABLE 2.5-51 
 

DRAINED DEFORMATION MODULI OF CHAGRIN SHALE(1) 
 
 
       Average      Constrained  Deformation 
  Sample  Effective  Recompression   Modulus   Modulus 
Boring Depth    Stress      Index   Ed      Es 
 No.    (ft)      avg (tsf)    Ratio(2)         (ksi)        (ksi)  
1-8   71.0     6.1  0.0045  44.0     26.2 
 
 
1-32  111.0     4.6  0.0020  74.0     44.0 
 
 
1-36P2  74.5     6.1  0.0050  40.0     23.8 
 
 
1-36P2  95.4     4.9  0.0033  47.5     28.3 
 
 
1-36P2 111.3     7.5  0.0069  35.2     20.9 
 
 
1-36P2 152.0     6.1  0.0020  97.0     57.8 
 
 
NOTES: 
 
(1) Poisson’s Ratio assumed to be 0.36 
(2) Compression Index Ratio = C’r/(1 - o) (Unit strain basis) 
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TABLE 2.5-52 
 

DRAINED DEFORMATION MODULUS OF SHALE FROM STRESS PATH TESTS 
 
  
 Simulated      Stress Conditions (tsf)         31  (3)(4)    Strain      Deformation 
Construction     Initial          Final        (tsf)      Test         Modulus 
 Activities p(1)   q(2)   p(1)      q(2)    _________________      No. ( x 10-4)      Es (ksi)__ 
 
Excavation 8.85    8.59   -0.396     -0.792    1    2.58     42.7 
Unloading                2    2.53     43.5 
 
   8.59  -3.96 8.25   -0.800     -0.810    1    2.97     38.1 
                2    2.87     39.4 
 
   8.25  -8.00 7.87   -1.260     -0.880    1    5.35     22.8 
                2    9.20     13.3 
 
Construction 7.87  -1.260 8.07   -1.100     +0.320    1    2.18     20.5 
  Loading               2    3.37     13.4 
 
   8.07  -1.100 8.13   -0.935     +0.330    1    1.58     28.4 
                2    1.29     35.0 
 
   8.13  -0.935 8.28   -0.778     +0.320    1    1.58     26.8 
                2    1.03     43.7 
 
   8.28  -0.778 8.40   -0.612     +0.330    1    0.99     45.5 
                2    0.99     45.5 
 
   8.40  -0.612 8.54   -4.53     +0.320    1    0.99     45.5 
                2    1.05     42.8 
 
   8.54  -4.53 9.24   +0.390     +1.670    1    3.56     65.0 
                2    2.32    100.0 
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TABLE 2.5-52 (Continued) 
 
 
NOTES: 
 
(1) 

2
p 31 

  

(2) 
2

q 31 
  

(3) 1  = Effective major principal stress 
(4) 3  = Effective minor principal stress 
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TABLE 2.5-53 
 

SUMMARY OF STRESS-CONTROLLED UNDRAINED CYCLIC 
TRIAXIAL COMPRESSION TESTS ON SHALE 

 
 
   Sample  Cyclic Stress   Cyclic Cyclic 
Boring  Depth Difference Range  Strain Modulus 
  No.   (ft)      (tsf)    (%)  Ec (ksi) 
                                        ________ 
 
 1-1   133.5      0 to 4   0.131    42.4 
 
          0.053   105.0 
 
 
          0 to 8   0.0098 1,133.3 
 
 
 
 1-1   145.0      0 to 4   0.053   104.9 
 
          0.019   300.0 
 
          0.018   310.0 
 
          0.014   386.0 
 
          0.012   451.4 
 
 
          0 to 8   0.0062   895.8 
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TABLE 2.5-54 
 

PRESSUREMETER TEST RESULTS IN SHALE 
 
 
            Plas-       Modulus Cyclic Modulus 
         Dry Unit Natural  ticity Plastic   of Compress-  of Compress- 
  Test    Test     Weight Moisture  Index  Yield     ibility   ibility 
Hole  Depth Elevation  d      Wn    PI Pressure     E1     Ec 
No.   (ft)    (ft)        (pcf)     (%)       (%)   P1 (tsf)        (ksi)           (ksi)  
_____ _____ _________    ________ ________  _______ __________  ___________ ________________ 
 

1-22P  48.3   557.9  142.5  4.0     4  48.0+  66 151 

  53.3   552.9    -   -     -  45.4+ 232  - 

  55.5   550.7  150.5  3.5     3  98.0 616  - 

  58.0   548.2    -   -     -  45.0+ 151 287 

  60.0   546.2  152.0  4.0     4  55.0+ 102 696 

  65.0   541.2  158.0  4.5     5  50.0+ 128 128 

  93.0   513.2  161.0  5.0     3  55.0+ 196 328 

  98.0   508.2  158.1  3.4     5 105.0 143  - 

 146.5   459.7  159.1  3.2     5  60.0+ 843 847 

1-36P2  60.0   562.8    -   -     -  36.0+  20  41 

  65.0   557.8  145.5  3.4     4  21.0   9.7  - 

  72.5   550.3  150.0  1.5     1  40.0+  32 259 

  80.0   542.8  124.8  7.0     5  45.0+  69 348 

  87.5   535.3  159.0  3.8     4  46.0+ 191 557 

 101.5   521.3    -   -     -  50.0+ 250 258 

 106.5   516.3  161.0  5.0     5  30.0+ 158 396 

 141.5   481.3    -   -     -  60.0+ 209 434 

 146.5   476.3  158.0  3.0     2  60.0+ 167 650 
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TABLE 2.5-55 
 

VERTICAL PLATE LOADING TEST RESULTS IN SHALE(1) 
 

 

       Dry Unit  Natural   Plasticity   Effective   Preconsolidation      Over- 
Inspection  Test    Weight   Moisture    Index      Overburden    Pressure      Consolidation   Compressibility Moduli  
  Shaft   Test Elev.    d   Content       PI       Pressure        Pc           Ratio  E1(2)   E2(3)    Ec(4) 
   No.       No.  (ft)    (pcf)      Wn (%)      (%)      Po (tsf)         (tsf)           Pc/Po       (ksi)     (ksi)     (ksi) 
 
         3.2 
  TC-1   VB-4 560.8 140.0   to   4         2.30    12.8       5.1    618.0   298.0 1,450.0 
         4.6 
 
 
  TC-2   VB-4 560.9 140.0  4.0   5     2.30     6.8       3.0  1,180.0 665.0    >1,450.0 
 
 
NOTES: 
 
(1) Plate diameter = 22 inches; shape and depth correction factor = 0.59 
(2) E1 = Modulus at pressures <Pc 
(3) E2 = Modulus at pressures >Pc 
(4) Ec = Unload-reload modulus 
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TABLE 2.5-56 
 

SUMMARY OF SONIC VELOCITY TEST RESULTS ON SHALE 
 
 
       Total  Applied Compressional  Shear       Shear   Deformation 
   Sample     Unit   Axial     Wave    Wave Poisson’s   Modulus     Modulus 
Boring Elevation    Weight  Stress   Velocity Velocity   Ratio      G    E 
Number      (ft)      t (pcf)       (ksf)      Vp (fps)      Vs (fps)              (ksi)       (ksi)   
______ _________   _______  _______ _____________  ________  _________   _______   ___________ 
 
 1-23   555.0  166.7 16.3  6,700 4,150 0.188   615 1,642 
   26.3  8,430 4,550 0.294   743 1,924 
 1-31   553.4  172.0 27.2  7,800 4,630 0.227   795 1,953 
 1-31   522.4  165.9 10.5(1)  9,260 4,860 0.310   844   2,212 
   20.5 10,230 5,110 0.333   934 2,491 
   30.5 10,790 5,320 0.339 1,011 2,710 
 1-31   519.9  163.9 10.8(1)  8,220 4,460 0.291   703     1,816 
   10.8  8,930 4,660 0.312   768 2,016 
   30.8  9,330 4,880 0.311   842 2,209 
 1-22   512.1  165.6 10.2(1)  7,340 4,300 0.238   665     1,649 
   20.2  8,390 4,690 0.273   785 1,998 
   30.2  8,960 4,800 0.298   823 2,138 
 1-33   469.9  160.9 16.6(1)  8,960 5,570 0.184 1,077 2,552 
   26.6 11,280 5,850 0.316 1,185 3,120 
   36.6 11,840 5,920 0.333 1,214 3,239 
 1-33   460.9  164.2 27.7  8,150 4,980 0.202   878 2,111 
   37.7  9,070 5,680 0.177 1,143 2,690 
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TABLE 2.5-56 (Continued) 
 
 
       Total  Applied Compressional  Shear       Shear   Deformation 
   Sample     Unit   Axial     Wave    Wave Poisson’s   Modulus     Modulus 
Boring Elevation    Weight  Stress   Velocity Velocity   Ratio      G    E 
Number      (ft)      t (pcf)       (ksf)      Vp (fps)      Vs (fps)              (ksi)       (ksi)   
______ _________   _______  _______ _____________  ________  _________   _______   ___________ 
 

 1-33   456.4  164.0 18.0(1)  7,170 4,600 0.150 1,889 4,343 

   28.0  7,650 4,670 0.204 1,941 4,675 

   38.0  7,830 4,730 0.213 1,995 4,839 

 1-33   444.9  165.9 19.4(1)  9,260 5,110 0.281   935 2,395 

   29.4  9,970 5,550 0.276 1,100 2,806 

   39.4 10,790 5,710 0.306 1,164 3,040 

 

Seismic   560.0 

 Cross-    to   10,400 4,900 0.36   897 2,434 

 Hole   510.0 

 

Seismic   560.0 

 Down-    to   9,000 4,000 0.38   597 1,645 

 Hole   410.0 

 

 

NOTE: 

 
(1) Equivalent overburden pressure 
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TABLE 2.5-57 
 

MATERIAL PROPERTIES ADOPTED FOR DESIGN 
 
 
     Saturated        Undrained Shear 
    Unit Weight Shear Strength(1)      Strength 
Stratigraphic     sat                 Su 
    Unit     (pcf)       (tsf)          (tsf)   
 
Lacustrine     131  0.12 + n  tan 33.5       0.75 
      0.12 + n  tan 31(2) 
 
           
Upper Till     130  0    + n  tan 35       1.0 

      0.12 + n  tan 31 (2) 
 
           
Lower Till     142  0.60 + n  tan 35       5.5 
 
 
Chagrin Shale     152    -      130 
 
 
NOTES: 
 
 
(1) Effective stress basis;  tanc n  
 

 where:  c   = Effective cohesion, tsf 
 
    n  = Effective normal stress, tsf 
 

       = Effective friction angle, degrees 
 
(2) Strength parameters used for the Lake Erie Bluff Stability Analysis 

shown on <Figure 2.5-209> and <Figure 2.5-210>. 
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TABLE 2.5-58 
 

ONE DIMENSIONAL CONSOLIDATION PROPERTIES ADOPTED FOR DESIGN 
 
 
   Compression    Recompression Swelling    Effective  Coefficient of  Initial 
      Index     Index   Index Preconsolidation Consolidation   Void 
Stratigraphic     C’c          C’r        C’s          Pressure        cm2/sec           Ratio 
    Unit                                                     (tsf)                               eo  
_____________  ___________ _____________  _________ ________________    _____________  _______ 
 
Lower Till    0.043    0.006    0.006         6       0.086    0.286 
 
 
Shale, 
  surficial    0.025    0.004    0.0055        24       0.010    0.088 
 
 
Shale     0.025    0.0028    0.004        24       0.010    0.088 
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TABLE 2.5-59 
 

DRAINED AND UNDRAINED DEFORMATION PROPERTIES ADOPTED FOR DESIGN 
 
 
           Undrained                  Drained   
       Poisson’s     Poisson’s 
   Unit     k    n     Ratio     k     n     Ratio  
 
 
Lower Till 700  1.0   0.50     530 1.0   0.44 
 
 
Shale(1)  See  0   0.50  11,000(3) 0   0.48 
   Note(2)     15,000 
 
 
   See 
Shale  Note(2) 0   0.50  48,000 0   0.35 
 
 
NOTES: 
 
(1) Surficial zone 
(2) Conservatively assumed equal to drained values 
 

  
 

a

c
as P

nP
PkE   

 
 where: 
 
  aP  = Atmospheric pressure 
 
  cP  = Preconsolidation pressure 
 
(3) For excavation unload 
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TABLE 2.5-60 
 

DYNAMIC SOIL PROPERTIES ADOPTED FOR DESIGN 
 
 
        Maximum     Damping      Shear 
Stratigraphic       Shear Modulus      Ratio   Wave Velocity 
     Unit     Gmax (ksi)      D (%)        Vs (ft/sec) 
    _______________ _____________ _______________ 
    (min) (max) (min)   (max) (min) (max) 
 
 
Lacustrine   12    24   3.7     7.1  NA(1)   NA(1) 
 
 
Upper Till   17    29   3.2     4.5  NA(1)    NA(1) 
 
 
Lower Till   85   110   3.0     3.4  NA(1)   NA(1) 
 
 
Shale   597   897   NA(1)     NA(1) 4,000 4,900 
 
 
NOTE: 
 
(1) NA = Not Applicable 
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TABLE 2.5-61 
 

PLANT SITE STRATIGRAPHY 
 
 
    Elevation at Top of Stratum (ft)      Average 
   Stratum     Minimum Maximum Average    Thickness (ft) 
 
 
Lacustrine     616   624   622   28 
 
 
Upper Till    591   597   594    8 
 
 
Lower Till    582   589   586   21 
 
 
Chagrin Shale    556   572   565    1,000+ 
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TABLE 2.5-62 
 

SUMMARY OF LABORATORY TESTS - OFFSHORE CHAGRIN SHALE SAMPLES 
 
 
          Unconfined Compression Test   
      Moisture   Dry   Strength      Deformation Modulus 
      Content, Density 
Boring Depth      %       pcf    tsf    psi     tsf   psi x 106         Description   
 
 5-1 113.1   2.6  158.9 199.7 2,790  9,000   0.125 Dark gray shale composed 

of layers of dark gray 
clay shale; medium gray 
silt-stone up to 1/8” 
thick; and light gray, 
fine-grained sandstone up 
to 1/16” thick. 

 
 5-3  78.4   3.1  159.7 181.96 2,530 11,240   0.156 Dark gray shale composed 

of layers of clay shale, 
siltstone and 
fine-grained sandstone up 
to 1/16” thick. 

 
 5-3  89.8   0.1  170.5 245.27 3,410 59,500   0.829 Dark and light gray shale 

composed of layers of 
clay shale up to 1/4” 
thick; siltstone 1/8” to 
1/4” thick; and 
fine-grained sandstone 
1/32” to 1/16” thick. 
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TABLE 2.5-62 (Continued) 
 
 
          Unconfined Compression Test   
      Moisture   Dry   Strength      Deformation Modulus 
      Content, Density 
Boring Depth      %       pcf    tsf    psi    tsf    psi x 106         Description   
 
 5-5  92.3   2.5  161.1 252.3 3,500 57,000   0.801 Dark gray shale composed 

of layers of clay shale 
up to 1/4” thick, 
silt-stone 1/32” to 3/16” 
thick, and fine-grained 
sandstone 1/32” to 1/16” 
thick. 

 
 5-8 119.0   2.4  135.7 315.8 4,390 71,000   0.986 Dark gray shale composed 

of layers of clay shale 
up to 1/2” thick, 
siltstone up to 1/4” 
thick, and fine-grained 
sandstone up to 1/8” 
thick. 
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TABLE 2.5-63 
 

GAS FLOW MEASUREMENTS IN BORING 1-55 
 
 
 Depth Initial Shut-in  Pressure During Measured Flow Rate Per 
Interval    Pressure   Flow Measurement Flow(1) Test Hole Area 
  (ft)       Po (psi)          Pf (psi)       q (cfm)   q/As (cfm/ft2) 
________ _______________  ________________  ________  ______________ 
 
106-120  32.0   0.4     1.4  0.127 
 
124-140  39.0   0.6     1.4  0.110 
 
145-160  37.0   0.7     1.6  0.136 
 
158-210  43.8   1.9     4.0  0.098 
 
 
NOTE: 
 
(1) Uncorrected for gas volume and specific gravity 
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TABLE 2.5-64 
 

CHROMATOGRAPHY AND PROPERTY ANALYSIS 
 
 
                    Volume (%)     
 
Gas Constituent and Properties Boring 1-55   Boring 1-56 
 
  Helium          -        0.06 
 
  Hydrogen         0.00        0.00 
 
  Oxygen          0.02        0.01 
 
  Nitrogen         0.57        0.65 
 
  Methane         99.00       94.51 
 
  Ethane          0.21        3.61 
 
  Carbon Dioxide        0.16        0.16 
 
  Propane          0.04        0.72 
 
  Iso-butane        Trace        0.10 
 
  Normal Butane        0.00        0.11 
 
  Neo-pentane         0.00        0.00 
 
  Iso-pentane         0.00        0.03 
 
  Normal Pentane        0.00        0.02 
 
  Hexanes +         -        0.02 
 
  Sulfur (ppm by weight)       -        1.20 
 
  Specific Gravity        0.5601       0.5877 
 
  Gross Heating Value (Btu/scf)    1,000.8    1,050.8 
 
 
  Sample @ 1-55:  Depth 102 to 120 ft, pressure 30 psig 
 
  Sample @ 1-56:  Open hole sample 
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TABLE 2.5-65 
 

PROPERTIES FOR GAS MIGRATION ANALYSES 
 
 
    Coefficient of    Threshold   Diffusion 
     Permeability    Pressure  Coefficient 
Material              k (darcy)           Pt (psi)          De (ft2/sec)  
________   ______________    _________  ___________ 
 
Shale     1.0 x 10-5     1,000+   4.52 x 10-8 
 
 
Concrete     0.7 x 10-3    60   3.23 x 10-5 
 
 
Viscosity of Methane = 0.010 centipoise 
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TABLE 2.5-66 
 

CERTIFICATION TEST RESULTS ON CLASS A FILL 
 
 
      Bestone Quarry Sidley Quarry  Specified 
 
a. Gradation 
   Sieve Size           Percent Finer by Weight      
 
    2”     100.0     100.0    100 
 
    3/4”   97.2 - 99.5     100.0   85 - 100 
 
    No. 4   68.5 - 77.2   91.3 - 97.8   60 - 100 
 
    No. 10   39.9 - 51.0   64.5 - 75.7   43 -  80 
 
    No. 40   27.6 - 35.9   19.0 - 28.0   16 -  45 
 
    No. 200       1.0 -  3.2    0.5 -  1.5    0 -   5 
 
Uniformity Coefficient 13.2 - 20.2    4.4 -  5.9    4 -  20 
 
b. Specific Gravity   2.66   2.66   2.65 min 
 
c. Unit Weight at 
 Relative Density 
 of 85% (pcf)      132.5      122.7     120 min(1) 
 
d. Abrasion Loss (%)  35.6   22.5      50 max 
 
e. Sodium Sulfate Loss (%)  6.4    1.8    12.0 max 
 
f. Coefficient of 
 Permeability 
 (cm/sec x 10-3)     0.36   8.5     5.0 min 
 
g. Initial Tangent 
 Modulus 
 Coefficient    1,200      756     700 min 
 
h. Effective Friction 
 Angle degrees)   42   40      35 min 

 



 

  Revision 12 
 2.5-424 January, 2003 

TABLE 2.5-66 (Continued) 
 
 
      Bestone Quarry Sidley Quarry  Specified 
 
i. Shear Modulus 
 Coefficient       78.0   82.4     76 - 92 
 
NOTE: 
 
(1) After May 1994, the requirement to achieve the specific value of 

120 PCF for Unit Weight at 85% Relative Density is deleted.  
Verification of this value is not significant for controlling 
compaction. 
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TABLE 2.5-67 
 

SUMMARY OF PIEZOMETER INSTALLATIONS AND OBSERVATIONS 
 
 
     Ground 
     Surface  Tip                            Groundwater Observations(1)      
Piezometer  Piezometer  Elev. Elev.   Stratum Date  Elev.     Elev.     Elev.   Elev. 
    No.        Type     (ft)   (ft)   Monitored   Installed (ft)     Date     (ft)     Date     (ft)   Date   (ft)     Date  
 
   WP-1 Heavy- 622.8 573.8 Lower Till  7/11/72 589.1 7/11/72 603.8  7/12/72 616.7  7/17/72 608.3  7/28/72 
 Liquid 
 
   WP-2 Double- 625.2 577.7 Lower Till  7/07/72 623.2 7/07/72 615.2  7/17/72 620.0  7/24/72 619.2  7/28/72 
 Tube 
 
   WP-3a  618.8 585.8 Upper Till  6/29/72 610.3 6/29/72 611.7  6/30/72 615.8  7/10/72 612.1 12/07/72 
 
     -3b  619.2 571.7 Lower Till  6/30/72 610.4 6/30/72 609.3 11/10/72 618.8  7/01/72 608.7 12/07/72 
 
     -3c  619.4 554.9 Shale  6/29/72 610.4 6/29/72 609.9  7/28/72 611.3  7/30/72 609.9 12/07/72 
 
   WP-4a Pneumatic 620.4 588.9 Upper Till  6/13/72 613.8 6/13/72 613.3  6/14/72 616.6  7/01/72 614.6 12/07/72 
 
     -4b  620.0 572.0 Lower Till  6/12/72 608.0 6/12/72 615.9  6/22/72 617.0  6/15/72 616.5  7/28/72 
 
     -4c  619.7 556.1 Shale  6/09/72 611.4 6/09/72 611.4  6/09/72 612.9  7/28/72 611.8 12/07/72 
 
   WP-5a  623.2 591.2 Upper Till  6/23/72 616.6 6/23/72 618.7  7/26/72 620.5  6/27/72 619.7 12/07/72 
 
     -5b  623.3 573.8 Lower Till  6/21/72 620.2 6/21/72 619.9  6/22/72 622.9  7/13/72 620.8 12/07/72 
 
     -5c  623.3 560.6 Shale  6/16/72 620.6 6/16/72 615.6 12/07/72 620.6  6/16/72 615.6 12/07/72 
 
 
NOTE: 
 
(1) Selected readings representing the initial, minimum, maximum, and last piezometric level or record. 
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TABLE 2.5-68 
 

PERMEABILITY TEST RESULTS IN SHALE - INITIAL INVESTIGATIONS 
 
 
     Mea-       Corrected 
     Test   Test sured   Corrected  Test      Coefficient 
Bor-   Section  Section  Flow     Flow(1)   Section  Excess  of Perme- 
ing    Depth     Length  (cm3/   (cm3/sec)  Diameter  Head    ability 
 No.    (ft)     (cm)     sec)               (cm)    (cm)   (cm/sec)   
 
1-68 68.5-78.5 305 0   13.87 7.57 3,654 8.69 x 10-6 
 63.5-78.5 457 6.31 14.19 7.57 3,654 6.33 x 10-6 
 58.5-78.5 607 8.20 14.50 7.57 3,654 4.58 x 10-6 
 58.5-78.5 607 11.98 15.13 7.57 3,654 5.51 x 10-6 
 56.0-78.5 686 8.20 14.50 7.57 3,654 4.58 x 10-6 
 52.0-78.5 808 6.94 14.31 7.57 3,654 4.14 x 10-6 
 
1-70 68.0-73.0 152 0 13.87 7.57 3,627 1.49 x 10-5 
 63.0-73.0 305 0 13.87 7.57 3,627 8.67 x 10-6 
 58.0-73.0 457 0 13.87 7.57 2,569 9.02 x 10-6 
 52.0-73.0 640 0 13.87 7.57 3,627 4.87 x 10-6 
 
1-71 68.3-73.5 157 0 13.87 7.57 3,520 1.49 x 10-5 
 63.3-73.5 310 3.15 13.94 7.57 3,414 9.24 x 10-6 
 58.5-63.75 160 0 13.87 7.57 3,627 1.42 x 10-5 
 53.5-58.75 160 0 13.87 7.57 1,509 3.42 x 10-5 
 57.0-62.25 160 0 13.87 7.57 3,627 1.42 x 10-5 
 57.0-73.5 503 0 13.87 7.57 3,627 5.92 x 10-6 
 
1-74 64.5-74.5 305 0 13.87 7.57 3,658 8.69 x 10-6 
 54.0-74.5 625 5.30 14.12 7.57 3,658 5.02 x 10-6 
 59.0-74.5 472 1.39 13.87 7.57 3,658 6.18 x 10-6 
 54.0-59.25 160 0.63 13.87 7.57 3,658 1.41 x 10-5 
 57.5-62.75 160 0 13.87 7.57 3,658 1.41 x 10-5 
 60.0-65.25 160 1.14 13.87 7.57 3,658 1.41 x 10-5 
 62.0-67.25 160 0 13.87 7.57 3,658 1.41 x 10-5 
 
NOTE: 
 
(1) Where measured flow is zero, permeability is conservatively based on 

an assumed flow of 13.87 cm3/sec, the minimum rate of flow which 
would activate the water meter. 
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TABLE 2.5-69 
 

SUMMARY OF FIELD PERMEABILITY TESTS - SUPPLEMENTARY INVESTIGATIONS(1) 
 
 
 USAR Design     Range of Reliable Estimated Mean of 
    Value     Field Test Values  Field Test Data 
  Stratum    (cm/sec)           (cm/sec)           (cm/sec)  
 
Lacustrine 3.0 x 10-4 1.2 x 10-4 to 4.2 x 10-7 1.0 x 10-5 
 
Upper Till 1.0 x 10-5 3.0 x 10-6 to 5.0 x 10-8 1.5 x 10-7 
 
Lower Till 1.6 x 10-6 3.1 x 10-6 to 3.8 x 10-8 2.0 x 10-7 
 
Shale 5.0 x 10-6 8.4 x 10-7 to 1.3 x 10-8 8.0 x 10-8 
 
 
NOTE: 
 
(1) Horizontal permeability for Lacustrine stratum, isotropic 

permeability for other strata. 
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TABLE 2.5-70 
 

RESULTS OF LABORATORY PERMEABILITY TESTS ON NATURAL SOILS 
 
 
              Coefficient of 
    Boring      Sample   Vertical Permeability 
  Stratum     No.     Elevation (ft)          (cm/sec)   
 
Lacustrine PT-1   604.4-602.8   1.4 x 10-4 
 
Lacustrine PT-3   600.6-598.1   3.0 x 10-7 
 
Upper Till PT-1   589.7-587.4   2.4 x 10-6 
 
Upper Till PT-3   592.4-590.2   2.0 x 10-8 
 
Lower Till PT-1A  580.4-577.9   8.6 x 10-9 
 
Lower Till PT-1A  572.9-570.4   6.0 x 10-9 
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TABLE 2.5-71 
 

MINIMUM STRESS RATIO IN LOWER TILL 
FOR INITIAL LIQUEFACTION IN TEN CYCLES 

 
 
    hs(1)    cd(2)     cd/hs 
Case    (ksf)    (ksf)       
 
 
  I     1.04    1.62     1.5+ 
 
 
 II     0.10    0.19     1.9 
 
 
III     0.85    2.87     3.3+ 
 
 
NOTES: 
 
(1) hs = Shear stress imposed by 10 cycles of the SSE. 
(2) cd = Shear stress required to cause liquefaction in 10 cycles of the 

SSE. 
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TABLE 2.5-72 
 

BEARING MATERIALS BENEATH PRIMARY SAFETY CLASS STRUCTURES(1) 
 
 
      Bottom of 
    Foundation Mat    Materials Beneath 
 Structure   Elevation (ft)         Foundation Mat    
 
Reactor Building  562.23 4” protective concrete (bottom 
Complex,      561.9’) 12” porous concrete (bottom 
Units 1 and 2     560.9’) on shale 
 
Auxiliary Buildings, 562.23 4” protective concrete (bottom 
Units 1 and 2     561.9’) 12” porous concrete (bottom 

560.9’) on shale 
 
Intermediate Building 565.33 4” protective concrete (bottom 

565.0’) 12” porous concrete (bottom 
564.0’) on shale 

 
     616.50 Caissons into shale through 19” of 

Class B fill and 27’ of Class A fill 
 
Control Complex  568.83 4” protective concrete (bottom 

568.5’) 3.5’ fill concrete (bottom 
565.0’) 12’ porous concrete (bottom 
564.0’) on shale 

 
Radwaste Building  570.83 4” protective concrete (bottom 

570.5’) 5.5’ fill concrete (bottom 
565.0’) 12’ porous concrete (bottom 
564.0’) on shale 

 
Diesel Generator  615.97 4” protective concrete (bottom 
Building      615.6’) 4” fill concrete (bottom 

615.3’) 30.3’ Class A fill (bottom 
585.0’) on lower till 

 
Offgas Buildings,  579.83 4” protective concrete (bottom 
Units 1 and 2     579.5’) 4” fill concrete (bottom 

579.2’) 12” Class A fill (bottom 
578.2’) on lower till 

 
Emergency Service  532.00 12” porous concrete (bottom 531.0’) 
Water Pumphouse    on shale 
 
NOTE: 
 
(1) 4” protective concrete is placed over waterproofing membranes; it 

consists of 1,500 psi concrete except beneath reactor building where 
it is 3,000 psi concrete. 
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TABLE 2.5-73 
 
ANNUAL PROBABILITY OF EXCEEDANCE FOR PEAK GROUND ACCELERATION (PGA)(1) 

 
 
PGA-CM/SEC**2      Mean        Fractiles    
 
   (0.150) (0.500) (0.850) 
 
 5.00 0.44E-02 0.10E-02 0.32E-02 0.78E-02 
 
 50.00 0.28E-03 0.18E-04 0.18E-03 0.51E-03 
 
 100.00 0.87E-04 0.25E-05 0.60E-04 0.17E-03 
 
 250.00 0.12E-04 0.12E-06 0.63E-05 0.23E-04 
 
 500.00 0.15E-05 0.44E-08 0.50E-06 0.28E-05 
 
 700.00 0.45E-06 0.64E-09 0.85E-07 0.73E-06 
 
 1000.00 0.11E-06 0.40E-09 0.11E-07 0.15E-06 
 
NOTE: 
 
(1) Results as documented in EPRI Report RP-101-53 “Probabilistic 

Seismic Hazard Evaluation for Perry Nuclear Power Plant, 
April 1989” (Reference 308). 
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TABLE 2.5-74 
 

PERRY 
SPECTRAL VELOCITIES (5% DAMPING) ASSOCIATED WITH UNIFORM HAZARD 
SPECTRA AT 10-3, 10-4, 2 X 10-4, AND 10-5   ANNUAL PROBABILITIES 

OF EXCEEDANCE(3)  
 
    Spectral Velocities (CM/SEC) For 10-3 

Fractile(1)(2)  25 Hz   10 Hz   5 Hz   2.5 Hz     1 Hz__ 
 
 15   0.74E-01 0.13E+00 0.15E+00 0.16E+00   0.12E+00 
 
 50   0.18E+00 0.33E+00 0.46E+00 0.46E+00   0.31E+00 
 
 85   0.31E+00 0.86E+00 0.12E+01 0.12E+01   0.12E+01 
 
    Spectral Velocities (CM/SEC) For 2 x 10-4 
Fractile   25 Hz   10 Hz   5 Hz   2.5 Hz     1 Hz__ 
 
 15   0.17E+00 0.33E+00 0.46E+00 0.49E+00   0.33E+00 
 
 50   0.61E+00 0.11E+01 0.14E+01 0.14E+01   0.10E+01 
 
 85   0.99E+00 0.22E+01 0.29E+01 0.30E+01   0.28E+01 
 
    Spectral Velocities (CM/SEC) For 1 x 10-4 
Fractile   25 Hz   10 Hz   5 Hz   2.5 Hz     1 Hz__ 
 
 15   0.25E+00 0.50+00 0.74E+00 0.78E+00   0.51E+00 
 
 50   0.92E+00 0.17E+01 0.21E+01 0.20E+01   0.14E+01 
 
 85   0.15E+01 0.31E+01 0.43E+01 0.45E+01   0.41E+01 
 
    Spectral Velocities (CM/SEC) For 2 x 10-5 
Fractile   25 Hz   10 Hz   5 Hz   2.5 Hz     1 Hz__ 
 
 15   0.73E+00 0.15E+01 0.19E+01 0.20E+01    0.14E+01 
 
 50   0.26E+01 0.48E+01 0.62E+01 0.60E+01   0.39E+01 
 
 85   0.42E+01 0.81E+01 0.11E+02 0.12E+02   0.13E-02 
 
NOTES: 
 
(1) The 50th fractile is the median. 
(2) The 85th fractile is close to the mean. 
(3) From (Reference 308), EPRI Report RP-101-53 “Probabilistic Seismic 

Hazard Evaluation for Perry Nuclear Power Plant, April 1989.” 
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APPENDIX 2A 
 
 

ANNUAL JOINT FREQUENCY DISTRIBUTIONS(1) 
FOR 

CLEVELAND AND ERIE 
 
 

Contents 
 
National Weather 
Service Location  Period of Record     Page 
 
Cleveland, Ohio  Combined:       2A-1 
     May 1, 1972 to April 30, 1973; 
     May 1, 1973 to April 30, 1974; 
     September 1, 1977 to August 31, 1978 
 
Erie, Pennsylvania  Combined:       2A-6 
     May 1, 1972 to April 30, 1973; 
     May 1, 1973 to April 30, 1974; 
     September 1, 1977 to August 31, 1978 
 
Cleveland, Ohio  September 1, 1968 to August 31, 1978 2A-11 
 
Erie, Pennsylvania  September 1, 1968 to August 31, 1978 2A-16 
 
 
NOTE: 
 
(1) Stability Based on Pasquil-Turner Method, specified in “A Diffusion 

Model for an Urban Area”; J. of Appl. Met., February 3, 1964, 
pp. 83-91. 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  A 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 1 2 0 0 0 0 3 
NNE 0 0 0 0 0 0 0 
NE 1 1 0 0 0 0 2 
ENE 0 0 0 0 0 0 0 
E 0 0 0 0 0 0 0 
ESE 0 1 0 0 0 0 1 
SE 0 1 0 0 0 0 1 
SSE 0 1 0 0 0 0 1 
S 1 3 0 0 0 0 4 
SSW 0 1 0 0 0 0 1 
SW 0 0 0 0 0 0 0 
WSW 1 2 0 0 0 0 3 
W 0 1 0 0 0 0 1 
WNW 0 1 0 0 0 0 1 
NW 0 1 0 0 0 0 1 
NNW 1 2 0 0 0 0 3 
TOTALS 5 17 0 0 0 0 22 
 
PERIODS OF CALMS 17 HOURS 
 
STABILITY CLASS:  B 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 39 39 0 0 0 80 
NNE 0 8 20 0 0 0 28 
NE 1 7 6 0 0 0 14 
ENE 1 4 3 0 0 0 8 
E 2 5 1 0 0 0 8 
ESE 0 5 1 0 0 0 6 
SE 0 3 0 0 0 0 3 
SSE 5 7 11 0 0 0 23 
S 8 12 15 0 0 0 35 
SSW 5 8 13 0 0 0 26 
SW 5 15 20 0 0 0 40 
WSW 9 3 9 0 0 0 21 
W 4 6 6 0 0 0 16 
WNW 3 9 8 0 0 0 20 
NW 1 9 18 0 0 0 28 
NNW 3 10 17 0 0 0 30 
TOTALS 49 150 187 0 0 0 386 
 
PERIODS OF CALMS 27 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  C 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 9 20 105 19 1 0 154 
NNE 2 11 70 14 2 0 99 
NE 4 6 44 12 0 0 66 
ENE 2 6 7 2 0 0 17 
E 1 4 13 1 0 0 19 
ESE 2 5 12 5 0 0 24 
SE 5 5 16 0 0 0 26 
SSE 6 13 26 1 0 0 46 
S 16 31 75 13 1 0 136 
SSW 6 25 68 15 0 0 114 
SW 1 33 70 23 1 3 131 
WSW 2 18 61 18 1 0 100 
W 2 6 37 10 0 0 55 
WNW 2 8 32 8 0 0 50 
NW 6 6 25 5 0 0 42 
NNW 4 9 47 8 0 0 68 
TOTALS 70 206 708 154 6 3 1,147 
 
PERIODS OF CALMS 62 HOURS 
 
STABILITY CLASS:  D 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 20 154 296 220 11 0 701 
NNE 7 98 172 148 17 0 442 
NE 6 84 144 145 31 4 414 
ENE 3 36 100 37 1 0 177 
E 3 34 127 51 3 0 218 
ESE 2 35 127 47 4 0 215 
SE 5 86 102 48 4 0 245 
SSE 15 100 173 124 18 2 432 
S 14 142 532 534 70 24 1,316 
SSW 15 159 347 325 42 15 903 
SW 6 156 292 342 67 21 884 
WSW 11 116 274 297 63 24 785 
W 6 59 178 178 31 10 462 
WNW 3 69 149 179 10 12 422 
NW 9 77 163 155 23 3 430 
NNW 17 79 145 127 31 2 401 
TOTALS 142 1,484 3,321 2,957 426 117 8,447 
 
PERIODS OF CALMS 128 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  E 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 23 22 0 0 0 45 
NNE 0 28 18 0 0 0 46 
NE 0 34 17 0 0 0 51 
ENE 0 16 15 0 0 0 31 
E 0 13 19 0 0 0 32 
ESE 0 26 20 0 0 0 46 
SE 0 59 17 0 0 0 76 
SSE 0 69 51 0 0 0 120 
S 0 107 128 0 0 0 235 
SSW 0 103 95 0 0 0 198 
SW 0 65 73 0 0 0 138 
WSW 0 27 19 0 0 0 46 
W 0 11 12 0 0 0 23 
WNW 0 13 7 0 0 0 20 
NW 0 9 10 0 0 0 19 
NNW 0 12 10 0 0 0 22 
TOTALS 0 615 533 0 0 0 1,148 
 
PERIODS OF CALMS 0 HOURS 
 
STABILITY CLASS:  F 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 5 44 0 0 0 0 49 
NNE 2 39 0 0 0 0 41 
NE 2 33 0 0 0 0 35 
ENE 2 18 0 0 0 0 20 
E 3 15 0 0 0 0 18 
ESE 1 15 0 0 0 0 16 
SE 8 34 0 0 0 0 42 
SSE 17 94 0 0 0 0 111 
S 12 163 0 0 0 0 175 
SSW 10 151 0 0 0 0 161 
SW 4 66 0 0 0 0 70 
WSW 3 32 0 0 0 0 35 
W 1 10 0 0 0 0 11 
WNW 0 11 0 0 0 0 11 
NW 2 18 0 0 0 0 20 
NNW 5 8 0 0 0 0 13 
TOTALS 77 751 0 0 0 0 828 
 
PERIODS OF CALMS 115 HOURS 
 



 

  Revision 12 
 2A-4 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  G 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 13 0 0 0 0 0 13 
NNE 5 0 0 0 0 0 5 
NE 7 0 0 0 0 0 7 
ENE 3 0 0 0 0 0 3 
E 1 0 0 0 0 0 1 
ESE 7 0 0 0 0 0 7 
SE 10 0 0 0 0 0 10 
SSE 20 0 0 0 0 0 20 
S 44 0 0 0 0 0 44 
SSW 28 0 0 0 0 0 28 
SW 14 0 0 0 0 0 14 
WSW 4 0 0 0 0 0 4 
W 4 0 0 0 0 0 4 
WNW 3 0 0 0 0 0 3 
NW 5 0 0 0 0 0 5 
NNW 3 0 0 0 0 0 3 
TOTALS 171 0 0 0 0 0 171 
 
PERIODS OF CALMS 174 HOURS 
 
STABILITY CLASS:  ALL 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 50 282 462 239 12 0 1,045 
NNE 16 184 280 162 19 0 661 
NE 21 165 211 157 31 4 589 
ENE 11 80 125 39 1 0 256 
E 10 71 160 52 3 0 296 
ESE 12 87 160 52 4 0 315 
SE 28 188 135 48 4 0 403 
SSE 63 284 261 125 18 2 753 
S 95 458 750 547 71 24 1,945 
SSW 64 447 523 340 42 15 1,431 
SW 30 335 455 365 68 24 1,277 
WSW 30 198 363 315 64 24 994 
W 17 93 233 188 31 10 572 
WNW 11 111 196 187 10 12 527 
NW 23 120 216 160 23 3 545 
NNW 33 120 219 135 31 2 540 
TOTALS 514 3,223 4,749 3,111 432 120 12,149 
 
PERIODS OF CALMS 523 HOURS 
 



 

  Revision 12 
 2A-5 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
OBSERVATIONS WITH MISSING DATA 0 

 
TOTAL OBSERVATIONS FOR THE PERIOD ARE 12,672 

 
PERCENTAGE OCCURRENCE OF STABILITY CLASSES 

 
 A  B  C  D  E  F  G 
 
 0.31  3.26  9.54  67.67 9.06  7.44  2.72 
 
MEAN WIND SPEED  9.9 MPH 

 



 

  Revision 12 
 2A-6 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  A 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 1 0 0 0 0 1 
NNE 0 0 0 0 0 0 0 
NE 0 1 0 0 0 0 1 
ENE 0 0 0 0 0 0 0 
E 0 0 0 0 0 0 0 
ESE 0 0 0 0 0 0 0 
SE 0 0 0 0 0 0 0 
SSE 0 0 0 0 0 0 0 
S 0 0 0 0 0 0 0 
SSW 0 0 0 0 0 0 0 
SW 0 0 0 0 0 0 0 
WSW 0 0 0 0 0 0 0 
W 0 1 0 0 0 0 1 
WNW 0 4 0 0 0 0 4 
NW 0 0 0 0 0 0 0 
NNW 0 1 0 0 0 0 1 
TOTALS 0 8 0 0 0 0 8 
 
PERIODS OF CALMS 0 HOURS 
 
STABILITY CLASS:  B 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 22 21 0 0 0 45 
NNE 0 3 4 0 0 0 7 
NE 0 3 5 0 0 0 8 
ENE 0 3 1 0 0 0 4 
E 2 2 6 0 0 0 10 
ESE 1 0 0 0 0 0 1 
SE 1 1 0 0 0 0 2 
SSE 0 0 2 0 0 0 2 
S 8 6 4 0 0 0 18 
SSW 3 3 3 0 0 0 9 
SW 1 6 4 0 0 0 11 
WSW 0 4 5 0 0 0 9 
W 0 6 14 0 0 0 20 
WNW 1 16 16 0 0 0 33 
NW 0 11 15 0 0 0 26 
NNW 1 18 35 0 0 0 54 
TOTALS 20 104 135 0 0 0 259 
 
PERIODS OF CALMS 10 HOURS 
 



 

  Revision 12 
 2A-7 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  C 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 1 11 50 4 0 0 66 
NNE 1 8 25 6 1 0 41 
NE 2 0 19 11 3 0 35 
ENE 3 5 9 3 0 0 20 
E 3 5 3 0 0 0 11 
ESE 1 3 4 0 0 0 8 
SE 6 4 5 1 0 0 16 
SSE 5 4 14 0 0 0 23 
S 12 28 64 12 0 0 116 
SSW 5 16 26 7 2 1 57 
SW 2 7 25 5 0 0 39 
WSW 2 3 32 11 0 0 48 
W 0 7 81 27 4 1 120 
WNW 1 9 50 10 1 0 71 
NW 1 6 30 4 0 0 41 
NNW 2 14 24 2 0 0 42 
TOTALS 47 130 461 103 11 2 754 
 
PERIODS OF CALMS 15 HOURS 
 
STABILITY CLASS:  D 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 6 54 110 90 15 2 277 
NNE 5 47 59 62 10 1 184 
NE 10 60 102 126 40 12 350 
ENE 5 64 135 113 36 5 358 
E 10 55 60 18 3 1 147 
ESE 8 32 32 9 0 0 81 
SE 8 37 40 44 6 3 138 
SSE 8 35 110 141 91 31 416 
S 21 158 351 434 116 21 1,101 
SSW 6 72 173 283 78 14 626 
SW 6 98 161 252 59 21 597 
WSW 6 82 152 196 68 13 517 
W 4 69 184 298 88 25 668 
WNW 1 57 99 153 62 13 385 
NW 2 42 81 90 17 8 240 
NNW 3 34 65 78 14 1 195 
TOTALS 109 996 1,914 2,387 703 171 6,280 
 
PERIODS OF CALMS 56 HOURS 
 



 

  Revision 12 
 2A-8 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  E 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 5 6 0 0 0 11 
NNE 0 4 3 0 0 0 7 
NE 0 7 9 0 0 0 16 
ENE 0 20 12 0 0 0 32 
E 0 25 11 0 0 0 36 
ESE 0 17 2 0 0 0 19 
SE 0 15 3 0 0 0 18 
SSE 0 25 21 0 0 0 46 
S 0 96 127 0 0 0 223 
SSW 0 44 44 0 0 0 88 
SW 0 28 28 0 0 0 56 
WSW 0 5 13 0 0 0 18 
W 0 8 11 0 0 O 19 
WNW 0 5 2 0 0 0 7 
NW 0 8 8 0 0 O 16 
NNW 0 4 7 0 0 0 11 
TOTALS 0 316 307 0 0 0 623 
 
PERIODS OF CALMS 0 HOURS 
 
STABILITY CLASS:  F 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 6 0 0 0 0 8 
NNE 1 5 0 0 0 0 6 
NE 1 5 0 0 0 0 6 
ENE 5 15 0 0 0 0 20 
E 5 26 0 0 0 0 31 
ESE 10 10 0 0 0 0 20 
SE 5 16 0 0 0 0 21 
SSE 5 21 0 0 0 0 26 
S 19 240 0 0 0 0 259 
SSW 4 84 0 0 0 0 88 
SW 4 28 0 0 0 0 32 
WSW 2 8 0 0 0 0 10 
W 2 4 0 0 0 0 6 
WNW 0 4 0 0 0 0 4 
NW 0 5 0 0 0 0 5 
NNW 0 3 0 0 0 0 3 
TOTALS 65 480 0 0 0 0 545 
 
PERIODS OF CALMS 42 HOURS 

 



 

  Revision 12 
 2A-9 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
STABILITY CLASS:  G 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 0 0 0 0 0 2 
NNE 0 0 0 0 0 0 0 
NE 2 0 0 0 0 0 2 
ENE 0 0 0 0 0 0 0 
E 4 0 0 0 0 0 4 
ESE 9 0 0 0 0 0 9 
SE 8 0 0 0 0 0 8 
SSE 8 0 0 0 0 0 8 
S 43 0 0 0 0 0 43 
SSW 5 0 0 0 0 0 5 
SW 7 0 0 0 0 0 7 
WSW 1 0 0 0 0 0 1 
W 0 0 0 0 0 0 0 
WNW 0 0 0 0 0 0 0 
NW 1 0 0 0 0 0 1 
NNW 0 0 0 0 0 0 0 
TOTALS 90 0 0 0 0 0 90 
 
PERIODS OF CALMS 70 HOURS 
 
STABILITY CLASS:  ALL 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 13 99 187 94 15 2 410 
NNE 7 67 91 68 11 1 245 
NE 15 76 135 137 43 12 418 
ENE 13 107 157 116 36 5 434 
E 24 113 80 18 3 1 239 
ESE 29 62 38 9 0 0 138 
SE 28 73 48 45 6 3 203 
SSE 26 85 147 141 91 31 521 
S 103 528 546 446 116 21 1,760 
SSW 23 219 246 290 80 15 873 
SW 20 167 218 257 59 21 742 
WSW 11 102 202 207 68 13 603 
W 6 95 290 325 92 26 834 
WNW 3 95 167 163 63 13 504 
NW 4 72 134 94 17 8 329 
NNW 6 74 131 80 14 1 306 
TOTALS 331 2,034 2,817 2,490 714 173 8,559 
 
PERIODS OF CALMS 193 HOURS 
 



 

  Revision 12 
 2A-10 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 5/1/72 - 4/30/74, 9/1/77 - 8/31/78 
PERIOD OF RECORD:  5/1/72 - 6/30/78 

 
OBSERVATIONS WITH MISSING DATA 0 

 
TOTAL OBSERVATIONS FOR THE PERIOD ARE 8,752 

 
PERCENTAGE OCCURRENCE OF STABILITY CLASSES 

 
 A  B  C  D  E  F  G 
 
 0.09  3.07  8.79  72.39 7.12  6.71  1.83 
 
MEAN WIND SPEED  11.3 MPH 
 



 

  Revision 12 
 2A-11 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  A 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 10 0 0 0 0 12 
NNE 1 3 0 0 0 0 4 
NE 1 3 0 0 0 0 4 
ENE 1 1 0 0 0 0 2 
E 0 2 0 0 0 0 2 
ESE 0 1 0 0 0 0 1 
SE 1 2 0 0 0 0 3 
SSE 1 3 0 0 0 0 4 
S 1 8 0 0 0 0 9 
SSW 1 2 0 0 0 0 3 
SW 2 5 0 0 0 0 7 
WSW 1 2 0 0 0 0 3 
W 0 4 0 0 0 0 4 
WNW 0 3 0 0 0 0 3 
NW 0 6 0 0 0 0 6 
NNW 1 7 0 0 0 0 8 
TOTALS 13 62 0 0 0 0 75 
 
PERIODS OF CALMS 34 HOURS 
 
STABILITY CLASS:  B 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 14 106 148 0 0 0 268 
NNE 9 28 68 0 0 0 105 
NE 4 17 16 0 0 0 37 
ENE 4 12 6 0 0 0 22 
E 5 14 4 0 0 0 23 
ESE 5 10 5 0 0 0 20 
SE 8 23 3 0 0 0 34 
SSE 24 33 19 0 0 0 76 
S 26 43 28 0 0 0 97 
SSW 22 29 38 0 0 0 89 
SW 19 49 55 0 0 0 123 
WSW 20 37 31 0 0 0 88 
W 10 39 42 0 0 0 91 
WNW 7 29 28 0 0 0 64 
NW 6 44 37 0 0 0 87 
NNW 16 49 60 0 0 0 125 
TOTALS 199 562 588 0 0 0 1,349 
 
PERIODS OF CALMS 72 HOURS 
 



 

  Revision 12 
 2A-12 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  C 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 24 79 444 70 1 0 618 
NNE 9 35 216 54 2 0 316 
NE 11 28 85 19 0 0 143 
ENE 6 16 21 2 0 0 45 
E 5 12 37 2 0 0 56 
ESE 5 9 31 7 0 0 52 
SE 13 29 47 0 0 0 89 
SSE 35 57 68 5 1 0 166 
S 49 104 228 44 4 2 431 
SSW 28 82 204 46 5 3 368 
SW 9 98 226 52 3 4 392 
WSW 13 57 174 55 6 1 306 
W 11 30 131 42 3 0 217 
WNW 10 22 110 23 0 0 165 
NW 18 19 91 17 2 0 147 
NNW 14 28 180 24 0 0 246 
TOTALS 260 705 2,293 462 27 10 3,757 
 
PERIODS OF CALMS 138 HOURS 
 
STABILITY CLASS:  D 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 42 521 975 674 52 1 2,265 
NNE 11 261 593 403 44 5 1,317 
NE 18 212 399 345 69 11 1,054 
ENE 6 98 240 95 5 2 446 
E 6 90 318 111 13 0 538 
ESE 2 92 317 124 14 0 549 
SE 24 218 349 145 14 0 750 
SSE 34 339 577 335 43 5 1,333 
S 30 393 1,550 1,728 303 64 4,068 
SSW 37 402 1,093 1,028 208 54 2,822 
SW 22 452 1,026 1,149 251 86 2,986 
WSW 21 311 879 1,133 318 94 2,756 
W 15 206 662 839 175 44 1,941 
WNW 11 221 573 666 75 28 1,574 
NW 25 224 502 544 102 10 1,407 
NNW 32 234 443 427 84 12 1,232 
TOTALS 336 4,274 10,496 9,746 1,770 416 27,038 
 
PERIODS OF CALMS 261 HOURS 
 



 

  Revision 12 
 2A-13 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  E 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 111 84 0 0 0 195 
NNE 0 113 61 0 0 0 174 
NE 0 103 63 0 0 0 166 
ENE 0 63 43 0 0 0 106 
E 0 46 41 0 0 0 87 
ESE 0 64 64 0 0 0 128 
SE 0 186 42 0 0 0 228 
SSE 0 268 164 0 0 0 432 
S 0 344 443 0 0 0 787 
SSW 0 284 412 0 0 0 696 
SW 0 216 280 0 0 0 496 
WSW 0 83 101 0 0 0 184 
W 0 33 47 0 0 0 80 
WNW 0 29 41 0 0 0 70 
NW 0 46 30 0 0 0 76 
NNW 0 45 35 0 0 0 80 
TOTALS 0 2,034 1,951 0 0 0 3,985 
 
PERIODS OF CALMS 0 HOURS 
 
STABILITY CLASS:  F 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 33 177 0 0 0 0 210 
NNE 14 125 0 0 0 0 139 
NE 9 94 0 0 0 0 103 
ENE 8 56 0 0 0 0 64 
E 6 63 0 0 0 0 69 
ESE 4 54 0 0 0 0 58 
SE 24 128 0 0 0 0 152 
SSE 57 298 0 0 0 0 355 
S 53 527 0 0 0 0 580 
SSW 35 476 0 0 0 0 511 
SW 24 294 0 0 0 0 318 
WSW 18 103 0 0 0 0 121 
W 8 38 0 0 0 0 46 
WNW 5 37 0 0 0 0 42 
NW 10 60 0 0 0 0 70 
NNW 23 55 0 0 0 0 78 
TOTALS 331 2,985 0 0 0 0 2,916 
 
PERIODS OF CALMS 248 HOURS 
 



 

  Revision 12 
 2A-14 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OH (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  G 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 42 0 0 0 0 0 42 
NNE 19 0 0 0 0 0 19 
NE 15 0 0 0 0 0 15 
ENE 9 0 0 0 0 0 9 
E 7 0 0 0 0 0 7 
ESE 12 0 0 0 0 0 12 
SE 43 0 0 0 0 0 43 
SSE 61 0 0 0 0 0 61 
S 140 0 0 0 0 0 140 
SSW 91 0 0 0 0 0 91 
SW 43 0 0 0 0 0 43 
WSW 25 0 0 0 0 0 25 
W 10 0 0 0 0 0 10 
WNW 10 0 0 0 0 0 10 
NW 23 0 0 0 0 0 23 
NNW 21 0 0 0 0 0 21 
TOTALS 571 0 0 0 0 0 571 
 
PERIODS OF CALMS 460 HOURS 
 
STABILITY CLASS:  ALL 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 157 1,004 1,651 744 53 1 3,610 
NNE 63 565 938 457 46 5 2,074 
NE 58 457 563 364 69 11 1,522 
ENE 34 246 310 97 5 2 694 
E 29 227 400 113 13 0 782 
ESE 28 230 417 131 14 0 820 
SE 113 586 441 145 14 0 1,299 
SSE 212 998 828 340 44 5 2,427 
S 299 1,419 2,249 1,772 307 66 6,112 
SSW 214 1,275 1,747 1,074 213 57 4,580 
SW 119 1,114 1,587 1,201 254 90 4,365 
WSW 98 593 1,185 1,188 324 95 3,483 
W 54 350 882 881 178 44 2,389 
WNW 43 341 752 689 75 28 1,928 
NW 82 399 660 561 104 10 1,816 
NNW 107 418 718 451 84 12 1,790 
TOTALS 1,710 10,222 15,328 10,208 1,797 426 39,691 
 
PERIODS OF CALMS  *** HOURS 
 



 

  Revision 12 
 2A-15 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

CLEVELAND, OHIO (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
 

OBSERVATIONS WITH MISSING DATA 0 
 

TOTAL OBSERVATIONS FOR THE PERIOD ARE 40,904 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
 A  B  C  D  E  F  G 
 
 0.27  3.47  9.52  66.74 9.74  7.74  2.52 
 
MEAN WIND SPEED 10.2 MPH 
 



 

  Revision 12 
 2A-16 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  A 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 5 0 0 0 0 5 
NNE 0 0 0 0 0 0 0 
NE 0 2 0 0 0 0 2 
ENE 0 0 0 0 0 0 0 
E 0 0 0 0 0 0 0 
ESE 0 0 0 0 0 0 0 
SE 0 0 0 0 0 0 0 
SSE 0 0 0 0 0 0 0 
S 0 0 0 0 0 0 0 
SSW 0 0 0 0 0 0 0 
SW 0 0 0 0 0 0 0 
WSW 0 1 0 0 0 0 1 
W 0 2 0 0 0 0 2 
WNW 0 7 0 0 0 0 7 
NW 0 2 0 0 0 0 2 
NNW 0 2 0 0 0 0 2 
TOTALS 0 21 0 0 0 0 21 
 
PERIODS OF CALMS 2 HOURS 
 
STABILITY CLASS:  B 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 5 71 93 0 0 0 169 
NNE 2 22 21 0 0 0 45 
NE 4 14 17 0 0 0 35 
ENE 3 5 3 0 0 0 11 
E 6 6 10 0 0 0 22 
ESE 6 3 0 0 0 0 9 
SE 2 11 2 0 0 0 15 
SSE 2 4 6 0 0 0 12 
S 16 18 15 0 0 0 49 
SSW 7 5 10 0 0 0 22 
SW 1 14 14 0 0 0 29 
WSW 2 15 15 0 0 0 32 
W 3 17 49 0 0 0 69 
WNW 3 58 56 0 0 0 117 
NW 1 54 74 0 0 0 129 
NNW 2 60 111 0 0 0 173 
TOTALS 65 377 496 0 0 0 938 
 
PERIODS OF CALMS 18 HOURS 
 



 

  Revision 12 
 2A-17 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  C 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 5 34 184 29 0 0 252 
NNE 3 21 82 20 1 0 127 
NE 5 14 73 38 8 0 138 
ENE 6 22 38 6 2 0 74 
E 8 18 14 1 0 0 41 
ESE 7 7 12 0 0 0 26 
SE 12 13 16 2 0 0 43 
SSE 8 18 45 5 0 0 76 
S 32 103 186 29 1 0 351 
SSW 13 41 88 15 4 2 163 
SW 7 23 93 26 1 1 151 
WSW 8 11 97 31 7 0 154 
W 3 16 235 104 11 2 371 
WNW 12 29 216 48 1 0 306 
NW 6 40 107 10 0 0 163 
NNW 5 37 108 8 0 0 158 
TOTALS 140 447 1,594 372 36 5 2,594 
 
PERIODS OF CALMS 47 HOURS 
 
STABILITY CLASS:  D 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 9 164 349 300 48 5 875 
NNE 8 98 205 196 26 4 537 
NE 14 163 345 382 73 27 1,004 
ENE 12 182 434 322 68 14 1,032 
E 19 143 184 57 6 1 410 
ESE 21 100 92 27 0 0 240 
SE 14 99 138 106 18 6 381 
SSE 14 107 340 496 230 64 1,251 
S 40 426 1,179 1,613 415 72 3,745 
SSW 13 233 580 938 327 60 2,151 
SW 14 267 605 857 199 44 1,986 
WSW 8 244 560 731 235 54 1,832 
W 8 187 591 1,158 355 86 2,385 
WNW 6 156 379 611 221 48 1,421 
NW 10 137 264 353 78 21 863 
NNW 11 118 228 277 55 6 695 
TOTALS 221 2,824 6,473 8,424 2,354 512 20,808 
 
PERIODS OF CALMS 113 HOURS 
 



 

  Revision 12 
 2A-18 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  E 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 0 22 40 0 0 0 62 
NNE 0 13 17 0 0 0 30 
NE 0 33 35 0 0 0 68 
ENE 0 64 42 0 0 0 106 
E 0 83 29 0 0 0 112 
ESE 0 57 11 0 0 0 68 
SE 0 54 22 0 0 0 76 
SSE 0 74 122 0 0 0 196 
S 0 301 482 0 0 0 783 
SSW 0 118 179 0 0 0 297 
SW 0 92 108 0 0 0 200 
WSW 0 32 50 0 0 0 82 
W 0 23 34 0 0 0 57 
WNW 0 13 24 0 0 0 37 
NW 0 22 22 0 0 0 44 
NNW 0 18 32 0 0 0 50 
TOTALS 0 1,019 1,249 0 0 0 2,268 
 
PERIODS OF CALMS 0 HOURS 
 
STABILITY CLASS:  F 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 5 22 0 0 0 0 27 
NNE 3 20 0 0 0 0 23 
NE 3 17 0 0 0 0 20 
ENE 9 53 0 0 0 0 62 
E 16 89 0 0 0 0 105 
ESE 19 42 0 0 0 0 61 
SE 15 55 0 0 0 0 70 
SSE 13 84 0 0 0 0 97 
S 55 805 0 0 0 0 860 
SSW 22 288 0 0 0 0 310 
SW 10 81 0 0 0 0 91 
WSW 5 30 0 0 0 0 35 
W 6 14 0 0 0 0 20 
WNW 2 24 0 0 0 0 26 
NW 2 16 0 0 0 0 18 
NNW 3 17 0 0 0 0 20 
TOTALS 188 1,657 0 0 0 0 1,845 
 
PERIODS OF CALMS 100 HOURS 
 



 

  Revision 12 
 2A-19 January, 2003 

* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
STABILITY CLASS:  A 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 4 0 0 0 0 0 4 
NNE 1 0 0 0 0 0 1 
NE 5 0 0 0 0 0 5 
ENE 2 0 0 0 0 0 2 
E 25 0 0 0 0 0 25 
ESE 26 0 0 0 0 0 26 
SE 26 0 0 0 0 0 26 
SSE 30 0 0 0 0 0 30 
S 119 0 0 0 0 0 119 
SSW 21 0 0 0 0 0 21 
SW 14 0 0 0 0 0 14 
WSW 4 0 0 0 0 0 4 
W 3 0 0 0 0 0 3 
WNW 1 0 0 0 0 0 1 
NW 3 0 0 0 0 0 3 
NNW 0 0 0 0 0 0 0 
TOTALS 284 0 0 0 0 0 284 
 
PERIODS OF CALMS 170 HOURS 
 
STABILITY CLASS:  ALL 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 28 318 666 329 48 5 1,394 
NNE 17 174 325 216 27 4 763 
NE 31 243 470 420 81 27 1,272 
ENE 32 326 517 328 70 14 1,287 
E 74 339 237 58 6 1 715 
ESE 79 209 115 27 0 0 430 
SE 69 232 178 108 18 6 611 
SSE 67 287 513 501 230 64 1,662 
S 262 1,653 1,862 1,642 416 72 5,907 
SSW 76 685 857 953 331 62 2,964 
SW 46 477 820 883 200 45 2,471 
WSW 27 333 722 762 242 54 2,140 
W 23 259 909 1,262 366 88 2,907 
WNW 24 287 675 659 222 48 1,915 
NW 22 271 467 363 78 21 1,222 
NNW 21 252 479 285 55 6 1,098 
TOTALS 898 6,345 9,812 8,796 2,390 517 28,758 
 
PERIODS OF CALMS 450 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
 

ERIE, PA (14820) NWS DATA 9/1/68 - 8/31/78 
PERIOD OF RECORD:  9/1/68 - 8/30/78 

 
 

OBSERVATIONS WITH MISSING DATA 0 
 

TOTAL OBSERVATIONS FOR THE PERIOD ARE 29,208 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
 A  B  C  D  E  F  G 
 
 0.08  3.27  9.04  71.63 7.76  6.66  1.55 
 
MEAN WIND SPEED 11.5 MPH 
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APPENDIX 2B 
 
 

MONTHLY AND ANNUAL JOINT FREQUENCY 
DISTRIBUTIONS(1) FOR PNPP, 10-METER WINDS 

 
 

Contents 
 
Type     Period of Record     Page 
 
Annual    Combined Three Concurrent Years  2B-1 
 
Monthly    Combined Seven Site Years   2B-6 
 
Annual    Combined Seven Site Years   2B-66 
 
NOTE: 
 
(1) Stability based on T (60-10-meter) and <Regulatory Guide 1.23> 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
              00000080 
CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 

PERIOD OF RECORD:  5/1/72 - 8/31/78 
 
STABILITY CLASS:  A 
ELEVATION:  10 METERS DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 2 60 62 6 0 0 130 
NNE 5 38 53 7 0 0 103 
NE 2 11 43 28 2 0 86 
ENE 1 4 19 4 0 0 28 
E 4 7 3 0 0 0 14 
ESE 4 3 7 0 0 0 14 
SE 2 3 14 2 1 0 22 
SSE 2 6 22 5 1 0 36 
S 0 8 18 8 1 0 35 
SSW 2 6 18 4 3 0 33 
SW 0 6 26 6 1 1 40 
WSW 1 6 44 37 2 0 90 
W 2 26 90 48 6 0 172 
WNW 2 39 37 8 2 0 88 
NW 6 54 43 4 0 0 107 
NNW 4 51 55 4 0 0 114 
TOTALS 39 328 554 171 19 1 1,112 
 
PERIODS OF CALMS  2 HOURS 
 
STABILITY CLASS:  B 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 3 24 27 3 0 0 57 
NNE 4 25 25 7 0 0 61 
NE 3 8 31 17 1 0 60 
ENE 2 7 14 4 0 0 27 
E 3 10 5 0 0 0 18 
ESE 2 10 8 2 0 0 22 
SE 2 16 15 16 1 0 50 
SSE 0 11 17 5 0 0 33 
S 0 10 10 5 0 0 25 
SSW 0 5 18 12 0 0 35 
SW 0 6 18 11 3 0 38 
WSW 0 8 52 35 5 0 100 
W 1 25 58 36 10 0 130 
WNW 1 40 24 8 2 0 75 
NW 3 44 24 5 1 0 77 
NNW 4 31 25 3 0 0 63 
TOTALS 28 280 371 169 23 0 871 
 
PERIODS OF CALMS  0 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 
CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 

PERIOD OF RECORD:  5/1/72 - 8/31/78 
 
STABILITY CLASS:  C 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 4 39 20 2 1 0 66 
NNE 2 15 23 3 1 0 44 
NE 0 20 40 15 0 0 75 
ENE 4 10 10 5 0 0 29 
E 5 13 8 1 0 0 27 
ESE 0 13 7 1 0 0 21 
SE 1 14 16 7 2 0 40 
SSE 4 16 18 4 0 0 42 
S 2 25 22 8 1 0 58 
SSW 2 17 23 16 1 0 59 
SW 1 10 24 11 3 0 49 
WSW 3 28 64 39 13 0 147 
W 4 42 64 41 5 0 156 
WNW 9 50 40 26 9 1 135 
NW 2 50 24 5 1 0 82 
NNW 7 34 25 3 0 0 69 
TOTALS 50 396 428 187 37 1 1,099 
 
PERIODS OF CALMS  0 HOURS 
 
STABILITY CLASS:  D 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 53 190 219 80 9 0 551 
NNE 64 181 142 47 11 0 445 
NE 77 283 288 143 11 1 803 
ENE 111 307 198 80 5 0 701 
E 93 251 85 11 0 0 440 
ESE 57 142 95 24 13 0 331 
SE 42 128 206 127 26 2 531 
SSE 37 149 184 93 14 0 477 
S 56 255 240 107 7 0 665 
SSW 39 282 356 155 13 11 856 
SW 71 251 426 307 61 17 1,133 
WSW 47 240 386 470 134 34 1,311 
W 52 343 464 389 97 37 1,382 
WNW 54 244 339 196 76 22 931 
NW 44 263 278 157 37 6 785 
NNW 48 181 191 135 22 3 580 
TOTALS 945 3,690 4,097 2,521 536 133 11,922 
 
PERIODS OF CALMS  34 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 
CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 

PERIOD OF RECORD:  5/1/72 - 8/31/78 
 
STABILITY CLASS:  E 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 32 76 48 11 0 0 167 
NNE 46 62 17 7 0 0 132 
NE 73 81 25 6 3 0 188 
ENE 86 115 23 6 0 0 230 
E 149 170 22 1 0 0 342 
ESE 104 120 57 10 4 0 295 
SE 127 226 171 68 13 0 605 
SSE 89 277 155 69 5 1 596 
S 123 469 368 93 4 3 1,060 
SSW 86 388 213 76 10 2 775 
SW 80 247 166 79 13 6 591 
WSW 41 122 157 72 15 8 415 
W 57 99 83 46 12 4 301 
WNW 43 65 45 25 10 0 188 
NW 38 47 45 14 3 1 148 
NNW 34 67 49 16 0 3 169 
TOTALS 1,208 2,631 1,644 599 92 28 6,202 
 
PERIODS OF CALMS  49 HOURS 
 
STABILITY CLASS:  F 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 8 8 3 0 0 0 19 
NNE 5 3 0 0 0 0 8 
NE 18 7 1 0 0 0 26 
ENE 46 24 7 0 0 0 77 
E 156 71 1 0 0 0 228 
ESE 113 92 1 0 0 0 206 
SE 104 85 5 0 0 0 194 
SSE 87 135 8 0 0 0 230 
S 117 221 13 0 0 0 351 
SSW 68 125 8 0 0 0 201 
SW 45 53 4 0 0 0 102 
WSW 16 14 0 2 0 1 33 
W 19 3 2 0 0 0 24 
WNW 5 2 3 0 0 0 10 
NW 5 5 1 0 0 0 11 
NNW 7 7 0 0 0 0 14 
TOTALS 819 855 57 2 0 1 1,734 
 
PERIODS OF CALMS  49 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 
CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 

PERIOD OF RECORD:  5/1/72 - 8/31/78 
 
STABILITY CLASS:  G 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 6 3 0 0 0 0 9 
NNE 7 1 0 0 0 0 8 
NE 15 1 0 0 0 0 16 
ENE 51 14 0 0 0 0 65 
E 248 65 0 0 0 0 313 
ESE 297 59 0 0 0 0 356 
SE 300 64 1 0 0 0 365 
SSE 250 130 1 0 0 0 381 
S 182 78 1 0 0 0 261 
SSW 49 22 0 1 0 0 72 
SW 27 10 0 0 0 0 37 
WSW 8 3 0 0 0 0 11 
W 11 0 1 0 0 0 12 
WNW 5 1 0 0 0 0 6 
NW 4 1 0 0 0 0 5 
NNW 2 3 1 0 0 0 6 
TOTALS 1,462 455 5 1 0 0 1,923 
 
PERIODS OF CALMS  99 HOURS 
 
STABILITY CLASS:  ALL 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 108 400 379 102 10 0 999 
NNE 133 325 260 71 12 0 801 
NE 188 411 428 209 17 1 1,254 
ENE 301 481 271 99 5 0 1,157 
E 658 587 124 13 0 0 1,382 
ESE 577 439 175 37 17 0 1,245 
SE 578 536 428 220 43 2 1,807 
SSE 469 724 405 176 20 1 1,795 
S 480 1,066 672 221 13 3 2,455 
SSW 246 845 636 264 27 13 2,031 
SW 224 583 664 414 81 24 1,990 
WSW 116 421 703 655 169 43 2,107 
W 146 938 762 560 130 41 2,177 
WNW 119 441 488 263 99 23 1,433 
NW 102 464 415 185 42 7 1,215 
NNW 106 374 346 161 22 6 1,015 
TOTALS 4,551 8,635 7,156 3,650 707 164 24,863 
 
PERIODS OF CALMS  233 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 
CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 

PERIOD OF RECORD:  5/1/72 - 8/31/78 
 
 

OBSERVATIONS WITH MISSING DATA 1,184 
 

TOTAL OBSERVATIONS FOR THE PERIOD ARE 25,096 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
 A  B  C  D  E  F  G 
 
 4.44  3.47  4.38  47.64 24.91 7.10  8.06 
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** JANUARY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0 _   0 _   0 _   0 _   0 _   0 _    0 
 TOTAL 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 2 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 3.01- 5.00 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 
    TOTAL 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 2
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 4 3 1 0 0 0 0 0 8 
 3.01- 5.00 0 0 0 0 3 1 0 0 1 1 3 0 0 0 0 1 10 
 5.01- 7.00 0 0 0 0 0 2 0 0 0 0 1 1 0 0 0 0 4 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 6 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 0 3 3 0 0 5 4 5 7 0 0 0 1 28 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 1 1 1 3 2 0 1 0 0 0 3 0 1 0 0 1 14 
 0.51- 0.75 2 1 0 4 1 0 1 0 1 0 2 1 0 0 0 0 13 
 0.76- 1.00 1 2 1 5 3 0 1 1 0 2 1 0 1 0 0 0 18 
 1.01- 1.50 5 5 3 9 9 5 4 5 3 5 5 2 7 5 2 6 80 
 1.51- 2.00 6 3 10 15 7 16 5 3 11 7 2 7 5 6 7 5 115 
 2.01- 3.00 14 16 25 49 33 20 17 20 32 52 34 41 42 23 22 14 454 
 3.01- 5.00 55 26 56 74 35 42 35 29 49 111 159 132 149 131 47 48 1,178 
 5.01- 7.00 18 5 28 28 5 22 23 32 25 42 131 227 190 98 50 28 952 
 7.01-10.00 4 0 41 9 0 2 15 7 7 13 47 188 117 119 37 11 617 
10.01-13.00 2 0 2 4 0 0 1 2 4 5 9 62 35 5 0 2 133 
   >13.00       0     0     0     0     0     0     0     0     0     6     0     1     2     2     0     0     11 
 TOTAL 108 59 167 200 95 107 103 99 132 243 393 661 549 389 165 115 3,589
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 3 2 1 0 0 0 1 1 0 0 0 0 0 0 8 
 0.51- 0.75 1 2 3 2 2 2 1 0 1 0 2 0 0 1 1 0 18 
 0.76- 1.00 1 2 0 1 4 1 1 0 3 1 2 2 0 1 1 0 20 
 1.01- 1.50 1 2 6 4 2 9 3 4 7 3 4 1 3 1 1 0 51 
 1.51- 2.00 1 3 4 11 11 8 5 5 14 11 11 3 2 2 1 2 94 
 2.01- 3.00 5 6 7 14 18 18 17 17 76 45 27 19 9 6 4 5 293 
 3.01- 5.00 2 7 3 10 9 21 31 25 43 46 48 34 13 10 4 1 307 
 5.01- 7.00 0 0 2 0 1 5 28 26 37 15 22 25 4 4 0 1 170 
 7.01-10.00 0 0 1 0 0 4 17 14 6 14 8 21 5 0 0 0 90 
10.01-13.00 0 0 0 0 0 0 1 1 1 4 4 3 0 0 0 0 14 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 11 22 29 44 48 68 104 92 189 140 128 108 36 25 12 9 1,067 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 1 1 1 1 0 2 0 0 0 0 0 0 6 
 0.76- 1.00 0 0 0 0 2 0 2 0 1 1 0 0 0 0 0 0 6 
 1.01- 1.50 0 1 1 2 3 1 4 1 7 8 2 1 0 0 0 0 31 
 1.51- 2.00 0 0 1 6 2 7 2 5 6 2 2 0 1 0 0 0 34 
 2.01- 3.00 0 0 0 2 7 6 3 6 22 9 4 0 0 0 0 0 59 
 3.01- 5.00 0 0 0 0 1 1 1 4 3 0 0 0 0 0 1 0 11 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0   0     0     0      0 
 TOTAL 0 1 2 10 16 16 13 17 39 22 8 1 1 0 1 0 151
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 1 0 0 1 2 1 3 1 1 0 0 0 0 0 0 0 10 
 0.51- 0.75 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 4 
 0.76- 1.00 0 0 1 0 1 1 1 3 3 0 1 0 0 0 0 0 11 
 1.01- 1.50 0 1 0 0 1 5 4 8 6 0 1 1 0 0 0 0 27 
 1.51- 2.00 0 0 1 2 2 2 4 8 8 0 0 0 0 0 0 0 27 
 2.01- 3.00 0 0 0 0 4 1 1 7 13 1 1 0 0 0 0 0 28 
 3.01- 5.00 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 4 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 1 2 4 11 10 14 30 33 1 3 1 0 0 0 0 114 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 13 
 0.35- 0.50 2 1 4 6 5 1 4 1 2 1 3 0 1 0 0 1 32 
 0.51- 0.75 3 3 3 7 5 3 4 2 2 2 4 1 0 1 1 0 41 
 0.76- 1.00 2 4 2 6 10 2 5 4 7 4 4 2 1 1 1 0 55 
 1.01- 1.50 6 9 10 15 15 21 15 18 23 16 12 5 10 6 3 6 190 
 1.51- 2.00 7 6 16 34 22 33 16 21 39 20 15 10 8 8 8 7 270 
 2.01- 3.00 19 22 32 65 62 45 38 50 148 110 67 60 51 29 26 19 843 
 3.01- 5.00 57 33 59 84 49 65 67 60 98 158 210 166 162 141 52 50 1,511 
 5.01- 7.00 18 5 30 28 6 29 51 58 62 57 154 253 194 102 50 29 1,126 
 7.01-10.00 4 0 42 9 0 6 32 21 13 27 55 215 122 120 37 11 714 
10.01-13.00 2 0 2 4 0 0 2 3 5 9 13 65 35 5 0 2 147 
   >13.00        0     0     0     0     0     0     0     0     0     6     0     1     2     2     0     0     11 
 TOTAL 120 83 200 258 174 205 234 238 399 410 537 778 586 415 178 125 4,953
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,953 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  255 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  95.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.04  0.04  0.57  72.46  21.54  3.05  2.30 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 
 B 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
 C 0 0 0 0 3 3 0 0 5 4 5 7 0 0 0 1 0 
 D 108 59 167 200 95 107 103 99 132 243 393 661 549 389 165 115 4 
 E 11 22 29 44 48 68 104 92 189 140 128 108 36 25 12 9 2 
 F 0 1 2 10 16 16 13 17 39 22 8 1 1 0 1 0 4 
 G 1 1 2 4 11 10 14 30 33 1 3 1 0 0 0 0 3 
 
 TOTAL 120 83 200 258 174 205 234 238 399 410 537 778 586 415 178 125 13 
 



 

  Revision 12 
 2B-11 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 
 3.01- 5.00 0 0 0 3 0 0 0 0 0 0 1 0 0 0 0 0 4 
 5.01- 7.00 0 0 3 3 0 0 2 0 0 0 3 1 4 0 0 0 16 
 7.01-10.00 0 0 0 0 0 0 1 0 0 0 0 4 0 0 0 0 5 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 3 6 0 0 3 0 0 2 5 5 4 0 1 0 29 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 
 3.01- 5.00 0 0 0 1 1 1 1 0 0 0 1 2 2 1 0 0 10 
 5.01- 7.00 0 0 2 2 0 0 3 1 0 0 5 0 3 0 0 0 16 
 7.01-10.00 0 0 0 0 0 0 6 0 0 0 0 2 0 0 0 0 8 
10.01-13.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 2 4 1 2 11 1 0 0 6 4 5 1 1 0 38



 

  Revision 12 
 2B-12 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 1 2 0 2 1 0 1 1 1 0 0 1 0 10 
 3.01- 5.00 0 0 3 1 2 0 4 0 0 0 0 0 4 3 1 0 18 
 5.01- 7.00 0 0 1 3 0 0 1 0 0 0 0 4 7 4 1 0 21 
 7.01-10.00 0 0 0 0 0 0 5 0 0 0 0 1 0 1 0 0 7 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 4 5 4 0 12 2 0 1 2 6 11 8 3 0 58 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 0 1 0 0 0 1 0 0 1 0 0 0 1 0 0 0 4 
 0.51- 0.75 0 0 1 2 1 1 0 1 0 1 0 0 1 0 0 0 8 
 0.76- 1.00 2 1 0 2 1 1 0 0 1 1 1 1 2 0 0 1 14 
 1.01- 1.50 3 5 1 4 6 2 2 1 2 2 8 4 3 7 3 3 56 
 1.51- 2.00 3 9 5 7 10 2 0 1 1 4 9 5 9 15 7 2 89 
 2.01- 3.00 25 31 23 49 31 7 2 2 9 17 14 33 30 30 50 18 371 
 3.01- 5.00 68 56 92 79 25 23 34 11 32 62 80 91 138 109 94 81 1,075 
 5.01- 7.00 26 26 58 59 3 6 18 3 24 21 55 144 151 48 48 17 707 
 7.01-10.00 3 3 11 39 0 2 5 5 8 5 10 55 61 14 4 3 228 
10.01-13.00 0 0 0 4 0 0 1 1 0 1 0 8 9 0 0 0 24 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 130 132 191 245 77 45 62 25 78 114 177 341 405 223 206 125 2,580



 

  Revision 12 
 2B-13 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 1 1 2 0 0 0 0 0 0 1 1 0 1 1 2 0 10 
 0.51- 0.75 2 2 0 0 1 4 3 1 4 3 1 2 0 0 1 1 25 
 0.76- 1.00 3 0 1 2 1 1 6 2 3 0 3 3 2 0 2 1 30 
 1.01- 1.50 2 4 5 7 6 4 5 2 5 4 5 6 11 4 3 3 76 
 1.51- 2.00 5 5 2 6 12 4 6 7 10 12 10 15 8 6 6 1 115 
 2.01- 3.00 8 11 5 15 21 9 8 20 52 48 33 23 22 15 6 8 304 
 3.01- 5.00 9 7 12 8 17 15 16 25 54 46 35 59 19 23 11 6 362 
 5.01- 7.00 0 0 1 3 2 2 10 11 48 22 9 15 5 1 2 0 131 
 7.01-10.00 0 0 0 0 0 0 1 14 8 6 5 5 7 0 0 0 46 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0 0 3 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 30 30 28 41 60 39 55 82 184 142 103 128 77 50 33 20 1,108 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 0 0 0 2 1 0 0 2 0 1 0 1 0 0 0 0 7 
 0.51- 0.75 1 0 1 1 1 1 0 2 1 0 0 0 0 0 1 1 10 
 0.76- 1.00 0 0 0 1 0 1 0 1 2 0 2 1 1 1 0 0 10 
 1.01- 1.50 0 1 1 3 6 5 3 5 3 7 5 3 3 1 0 0 46 
 1.51- 2.00 1 0 2 1 7 2 0 1 7 10 6 2 1 0 0 0 40 
 2.01- 3.00 2 0 1 8 12 9 3 9 25 18 10 6 2 0 0 0 105 
 3.01- 5.00 0 0 0 0 0 0 1 1 13 3 6 0 0 0 1 0 25 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 1 5 16 27 18 7 21 51 39 29 13 7 2 2 1 247



 

  Revision 12 
 2B-14 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 15 
 0.35- 0.50 0 0 1 1 2 1 4 4 0 0 0 1 0 1 0 0 15 
 0.51- 0.75 0 1 0 2 6 1 9 2 4 4 1 2 1 0 1 0 34 
 0.76- 1.00 0 0 0 0 3 2 3 5 15 5 3 2 0 0 0 0 38 
 1.01- 1.50 0 0 0 0 7 6 7 9 11 7 3 0 1 0 0 0 51 
 1.51- 2.00 0 0 1 1 5 11 3 2 5 3 2 0 0 0 0 0 33 
 2.01- 3.00 0 0 0 3 3 7 2 3 13 6 0 1 0 0 0 0 38 
 3.01- 5.00 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 1 2 7 26 28 28 27 48 25 9 6 2 1 1 0 226 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 29 
 0.35- 0.50 1 2 3 3 3 2 4 6 1 2 1 2 2 2 2 0 36 
 0.51- 0.75 3 3 2 5 9 7 12 7 9 8 2 4 2 0 4 2 79 
 0.76- 1.00 5 1 1 5 5 5 9 8 21 6 10 7 5 1 2 2 93 
 1.01- 1.50 5 10 7 14 25 17 17 17 21 21 21 13 18 12 7 6 231 
 1.51- 2.00 9 14 10 15 34 19 9 11 23 29 27 22 18 21 13 3 277 
 2.01- 3.00 35 42 29 77 69 33 17 35 99 91 59 64 54 45 57 26 832 
 3.01- 5.00 77 63 107 92 45 39 56 39 99 111 123 152 163 136 107 87 1,496 
 5.01- 7.00 26 26 65 70 5 8 34 15 72 43 72 164 170 53 51 17 891 
 7.01-10.00 3 3 11 39 0 2 18 19 16 11 15 67 68 15 4 3 294 
10.01-13.00 0 0 0 4 0 0 2 1 0 1 1 8 11 0 0 0 28 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 164 164 235 324 195 132 178 158 361 323 331 503 511 285 247 146 4,286



 

  Revision 12 
 2B-15 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  4,728 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,286 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  442 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  90.7% 
 
MEAN WIND SPEED FOR THIS PERIOD:  3.9 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.68  0.89  1.35  60.20  25.85  5.76  5.27 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 0 0 3 6 0 0 3 0 0 2 5 5 4 0 1 0 0 
 B 0 0 2 4 1 2 11 1 0 0 6 4 5 1 1 0 0 
 C 0 0 4 5 4 0 12 2 0 1 2 6 11 8 3 0 0 
 D 130 132 191 245 77 45 62 25 78 114 177 341 405 223 206 125 4 
 E 30 30 28 41 60 39 55 82 184 142 103 128 77 50 33 20 6 
 F 4 1 5 16 27 18 7 21 51 39 29 13 7 2 2 1 4 
 G 0 1 2 7 26 28 28 27 48 25 9 6 2 1 1 0 15 
 
 TOTAL 164 164 235 324 195 132 178 158 361 323 331 503 511 285 247 146 29 
 



 

  Revision 12 
 2B-16 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 
 2.01- 3.00 0 0 2 1 0 0 1 0 0 0 0 0 0 0 0 0 4 
 3.01- 5.00 11 5 3 4 0 0 0 6 2 1 2 0 2 0 2 2 40 
 5.01- 7.00 1 2 15 2 0 2 0 7 6 0 1 3 4 5 1 3 52 
 7.01-10.00 0 0 11 1 0 0 0 1 1 1 2 2 3 2 0 0 24 
10.01-13.00 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 3 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 12 8 31 8 0 2 1 15 9 2 6 5 10 7 4 6 126 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 1 0 0 0 1 1 0 0 0 0 0 1 1 5 
 3.01- 5.00 5 3 6 2 0 1 3 1 0 0 4 3 3 5 8 4 48 
 5.01- 7.00 1 1 9 2 1 0 2 2 3 2 2 3 7 5 2 6 48 
 7.01-10.00 0 3 4 0 0 0 1 0 2 1 0 2 5 4 2 0 24 
10.01-13.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 7 19 5 1 1 6 5 6 3 6 8 15 14 13 11 126 



 

  Revision 12 
 2B-17 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 1 2 0 0 0 1 0 0 0 0 0 0 1 5 
 2.01- 3.00 1 0 1 2 0 0 0 2 2 0 1 1 0 1 6 3 20 
 3.01- 5.00 7 4 6 4 0 5 5 4 5 2 1 4 16 8 10 6 87 
 5.01- 7.00 1 2 2 0 1 0 4 8 10 4 2 3 9 13 3 2 64 
 7.01-10.00 1 2 3 1 0 0 0 1 1 2 6 7 9 7 3 0 43 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 3 0 2 0 0 5 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 10 8 12 8 3 5 9 16 19 8 10 18 34 31 22 12 225 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 0 0 1 1 0 2 3 0 0 0 1 0 0 1 0 0 9 
 0.51- 0.75 0 0 1 3 0 1 1 0 0 0 2 1 2 0 1 0 12 
 0.76- 1.00 1 0 0 2 2 0 1 0 0 2 1 1 1 1 2 1 15 
 1.01- 1.50 2 2 2 11 4 2 4 3 1 1 6 1 2 3 6 7 57 
 1.51- 2.00 9 6 7 12 9 4 4 5 5 0 3 9 8 8 9 6 104 
 2.01- 3.00 24 33 40 37 34 7 10 13 11 4 16 29 29 33 45 39 404 
 3.01- 5.00 40 59 116 102 24 20 37 40 27 37 37 87 153 80 77 48 984 
 5.01- 7.00 13 10 36 51 10 12 44 44 26 28 39 98 98 70 77 27 683 
 7.01-10.00 10 4 4 11 1 12 32 24 21 16 33 79 57 71 38 2 415 
10.01-13.00 0 0 0 0 0 0 2 2 2 2 2 25 7 8 8 0 58 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0   1   7     0     0      8 
 TOTAL 99 114 207 230 84 60 138 131 93 90 140 330 358 282 263 130 2,755



 

  Revision 12 
 2B-18 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 9 
 0.35- 0.50 1 0 0 0 1 0 0 1 2 0 2 0 1 0 1 0 9 
 0.51- 0.75 2 0 0 0 0 2 3 1 0 1 1 0 0 4 1 0 15 
 0.76- 1.00 2 1 3 4 3 1 1 0 1 2 0 2 5 2 2 0 29 
 1.01- 1.50 2 2 2 4 7 2 2 2 5 5 9 6 4 2 5 2 61 
 1.51- 2.00 1 4 9 9 8 2 5 1 5 6 10 7 9 4 3 2 85 
 2.01- 3.00 6 12 15 28 37 11 7 17 24 17 34 25 15 8 2 2 260 
 3.01- 5.00 4 13 13 23 12 12 24 31 75 46 33 25 20 2 6 4 343 
 5.01- 7.00 0 0 0 1 1 1 23 29 41 21 17 29 11 0 3 0 177 
 7.01-10.00 0 0 0 0 0 4 21 12 11 12 5 20 4 0 0 0 89 
10.01-13.00 0 0 0 0 0 0 7 1 4 2 0 0 0 0 0 0 14 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 18 32 42 69 69 35 93 95 168 112 111 114 69 22 23 10 1,091 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 13 
 0.35- 0.50 1 0 0 0 0 2 2 0 2 1 2 0 1 0 0 0 11 
 0.51- 0.75 0 0 0 1 1 1 0 1 3 4 1 1 0 0 0 0 13 
 0.76- 1.00 0 0 0 5 4 2 2 3 2 2 2 1 1 0 0 0 24 
 1.01- 1.50 0 1 2 2 9 11 4 2 6 5 3 1 1 1 0 1 49 
 1.51- 2.00 2 0 2 9 10 8 5 4 3 3 4 2 0 1 1 0 54 
 2.01- 3.00 0 1 2 5 10 14 11 18 13 15 6 2 1 0 1 1 100 
 3.01- 5.00 3 3 1 0 2 3 6 5 7 3 2 0 0 0 1 0 36 
 5.01- 7.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 5 7 22 36 41 30 33 37 33 20 7 4 2 3 2 301



 

  Revision 12 
 2B-19 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 19 
 0.35- 0.50 0 0 0 1 0 1 3 1 2 2 3 0 1 0 0 0 14 
 0.51- 0.75 0 0 2 2 5 9 1 2 2 1 0 0 0 0 0 0 24 
 0.76- 1.00 1 2 1 3 3 6 6 4 4 6 0 0 2 0 0 0 38 
 1.01- 1.50 1 0 6 9 8 6 10 8 7 1 2 0 1 0 0 1 60 
 1.51- 2.00 0 2 3 4 10 3 6 2 5 1 3 0 0 0 1 1 41 
 2.01- 3.00 0 0 0 9 9 2 3 2 0 2 2 0 0 1 0 1 31 
 3.01- 5.00 1 1 0 1 0 2 0 0 0 0 0 0 1 0 0 0 6 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 5 12 29 35 29 29 19 20 13 10 0 5 1 1 3 233 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 47 
 0.35- 0.50 2 0 1 2 1 5 8 2 6 3 8 0 3 1 1 0 43 
 0.51- 0.75 2 0 3 6 6 13 5 4 5 6 4 2 2 4 2 0 64 
 0.76- 1.00 4 3 4 14 12 9 10 8 7 12 3 4 9 3 4 1 107 
 1.01- 1.50 5 5 12 26 28 21 20 15 19 12 20 8 8 6 12 11 228 
 1.51- 2.00 12 13 21 35 39 17 20 12 19 10 20 18 17 13 14 11 291 
 2.01- 3.00 31 46 60 83 90 34 32 53 51 38 59 57 45 43 55 47 824 
 3.01- 5.00 71 88 145 136 38 43 75 87 116 89 79 119 195 95 104 64 1,544 
 5.01- 7.00 16 15 62 56 13 15 73 90 87 55 61 136 129 93 86 38 1,025 
 7.01-10.00 11 9 22 13 1 16 54 38 36 32 46 110 78 84 43 2 595 
10.01-13.00 0 0 0 0 0 0 9 5 6 4 3 28 8 10 8 0 81 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     1     7     0     0      8 
 TOTAL 154 179 330 371 228 173 306 314 352 261 303 482 495 359 329 174 4,857



 

  Revision 12 
 2B-20 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,857 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  351 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  93.3% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   2.59  2.59  4.63  56.72  22.46  6.20  4.80 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 12 8 31 8 0 2 1 15 9 2 6 5 10 7 4 6 0 
 B 6 7 19 5 1 1 6 5 6 3 6 8 15 14 13 11 0 
 C 10 8 12 8 3 5 9 16 19 8 10 18 34 31 22 12 0 
 D 99 114 207 230 84 60 138 131 93 90 140 330 358 282 263 130 6 
 E 18 32 42 69 69 35 93 95 168 112 111 114 69 22 23 10 9 
 F  6 5 7 22 36 41 30 33 37 33 20 7 4 2 3 2 13 
 G 3 5 12 29 35 29 29 19 20 13 10 0 5 1 1 3 19 
 
 TOTAL 154 179 330 371 228 173 306 314 352 261 303 482 495 359 329 174 47 
 



 

  Revision 12 
 2B-21 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 3 1 0 0 0 0 0 0 0 0 0 1 2 2 5 4 18 
 3.01- 5.00 6 2 10 3 1 3 1 2 6 1 2 1 14 15 15 8 90 
 5.01- 7.00 4 4 22 1 0 1 0 4 1 2 5 6 19 5 1 2 77 
 7.01-10.00 0 0 3 0 0 0 0 0 3 2 0 6 27 1 2 0 44 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     2     0     0     0     0    2 
 TOTAL  13 7 35 4 1 4 1 6 10 5 7 17 62 24 23 14 233 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 
 2.01- 3.00 2 4 0 0 2 1 0 0 1 0 0 1 2 2 5 2 22 
 3.01- 5.00 4 4 2 2 1 0 4 3 2 0 2 3 4 10 10 9 60 
 5.01- 7.00 7 2 10 1 1 3 2 1 5 9 1 9 28 10 2 6 97 
 7.01-10.00 0 0 2 0 0 0 1 0 0 2 3 14 24 3 1 0 50 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 13 10 14 3 4 4 8 4 8 11 6 28 59 25 18 18 233 



 

  Revision 12 
 2B-22 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 2 6 
 1.51- 2.00 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 2 
 2.01- 3.00 7 0 2 1 1 0 0 0 0 3 0 2 5 0 1 5 27 
 3.01- 5.00 8 11 6 3 4 0 2 4 3 0 2 12 9 21 20 13 118 
 5.01- 7.00 1 1 4 6 1 1 2 2 10 6 2 10 21 16 5 2 90 
 7.01-10.00 0 0 4 0 0 0 0 1 1 1 8 16 14 6 3 1 55 
10.01-13.00 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 17 13 17 10 7 1 4 8 15 10 12 42 50 44 30 23 303 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 1 0 0 1 0 0 0 0 0 2 0 0 0 1 0 5 
 0.51- 0.75 0 0 2 0 2 0 0 0 0 0 1 0 0 0 1 0 6 
 0.76- 1.00 3 0 2 2 1 0 0 0 0 1 4 1 1 0 2 2 19 
 1.01- 1.50 3 5 3 3 3 4 0 1 2 4 5 1 2 5 2 6 49 
 1.51- 2.00 3 3 6 8 3 0 0 5 2 3 5 6 4 4 7 11 70 
 2.01- 3.00 20 24 24 17 15 8 8 5 7 14 18 15 36 24 41 30 306 
 3.01- 5.00 41 39 76 49 25 14 10 23 18 29 34 70 90 80 89 39 726 
 5.01- 7.00 13 12 28 26 4 7 24 21 30 55 45 108 84 51 58 37 603 
 7.01-10.00 4 5 16 17 2 6 36 11 14 36 26 75 57 22 27 13 367 
10.01-13.00 3 1 3 4 0 1 6 1 2 2 6 13 18 0 0 0 60 
   >13.00       0     0     0     0     0     0     0     0     0     0   1     0     0     0     0     0      1 
 TOTAL 90 90 160 126 56 40 84 67 75 144 147 289 292 186 228 138 2,215



 

  Revision 12 
 2B-23 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 8 
 0.35- 0.50 0 0 0 0 1 0 0 2 0 1 1 0 1 0 0 1 7 
 0.51- 0.75 1 1 1 3 4 0 1 0 0 1 0 1 0 1 1 0 15 
 0.76- 1.00 2 3 5 0 3 4 1 2 0 1 1 1 3 2 2 0 30 
 1.01- 1.50 3 4 5 4 9 6 3 2 4 4 3 5 1 6 2 6 67 
 1.51- 2.00 3 4 5 19 17 9 6 5 7 7 7 7 3 4 2 1 106 
 2.01- 3.00 8 6 15 15 38 15 11 21 19 17 26 18 17 18 11 8 263 
 3.01- 5.00 6 15 17 24 13 14 19 43 61 34 31 32 23 10 15 6 363 
 5.01- 7.00 1 2 4 4 0 9 10 22 34 24 15 38 14 7 2 5 191 
 7.01-10.00 0 0 0 3 0 3 8 0 11 8 8 15 6 2 0 0 64 
10.01-13.00 0 0 0 0 0 0 1 0 0 1 1 2 0 0 0 0 5 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 24 35 52 72 85 60 60 97 136 98 93 119 68 50 35 27 1,119 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 0 0 0 1 1 1 1 0 1 0 0 0 1 0 0 1 7 
 0.51- 0.75 2 2 1 1 3 1 2 1 4 0 1 0 2 0 0 0 20 
 0.76- 1.00 0 0 1 7 7 1 0 2 2 3 0 0 0 0 0 0 23 
 1.01- 1.50 0 0 2 6 15 10 8 2 8 4 4 1 1 1 0 0 62 
 1.51- 2.00 2 3 0 1 14 4 7 2 5 9 9 1 1 0 0 0 58 
 2.01- 3.00 4 1 2 6 16 15 9 12 16 24 5 1 1 2 1 1 116 
 3.01- 5.00 2 1 6 3 1 2 2 7 11 7 3 0 1 0 0 1 47 
 5.01- 7.00 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 10 7 12 25 57 34 29 26 48 47 22 4 7 3 1 3 341



 

  Revision 12 
 2B-24 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 14 
 0.35- 0.50 0 0 0 0 2 4 3 3 2 2 0 0 0 0 0 0 16 
 0.51- 0.75 0 1 2 2 1 6 4 6 11 2 1 1 0 0 0 0 37 
 0.76- 1.00 1 0 0 4 7 5 9 6 10 9 1 2 1 0 0 0 55 
 1.01- 1.50 0 0 0 4 12 7 9 6 10 10 2 1 1 0 0 0 62 
 1.51- 2.00 1 0 0 3 12 6 3 3 10 5 2 2 2 0 0 0 49 
 2.01- 3.00 1 1 2 13 5 6 7 13 18 3 2 0 0 0 0 0 71 
 3.01- 5.00 0 0 0 2 0 0 3 0 4 0 0 0 0 0 0 0 9 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 2 4 28 39 34 38 37 65 31 8 6 4 0 0 0 313 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 31 
 0.35- 0.50 1 2 0 1 5 5 4 5 3 3 3 0 2 0 1 2 37 
 0.51- 0.75 3 4 6 6 10 7 7 7 15 3 3 2 2 1 2 0 78 
 0.76- 1.00 6 3 8 13 18 10 10 11 12 14 6 4 5 2 4 2 128 
 1.01- 1.50 6 9 10 17 40 27 20 11 24 22 14 8 6 14 5 14 247 
 1.51- 2.00 9 10 12 31 46 19 17 15 24 24 23 17 10 8 9 13 287 
 2.01- 3.00 45 37 45 52 77 45 35 51 61 61 51 38 63 48 64 50 823 
 3.01- 5.00 67 72 117 86 45 33 41 82 105 71 74 118 141 136 149 76 1,413 
 5.01- 7.00 26 21 68 38 6 21 38 50 81 96 68 172 166 89 68 52 1,060 
 7.01-10.00 4 5 25 20 2 9 45 12 29 49 45 126 128 34 33 14 580 
10.01-13.00 3 1 3 4 0 1 7 1 3 3 7 18 19 0 0 0 70 
   >13.00       0     0     0     0     0     0     0     0     0     0     1     2     0     0     0     0      3 
 TOTAL 170 164 294 268 249 177 224 245 357 346 295 505 542 332 335 223 4,757



 

  Revision 12 
 2B-25 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,757 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  283 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  94.4% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   4.90  4.90  6.37  46.56  23.52  7.17  6.58 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 13 7 35 4 1 4 1 6 10 5 7 17 62 24 23 14 0 
 B 13 10 14 3 4 4 8 4 8 11 6 28 59 25 18 18 0 
 C 17 13 17 10 7 1 4 8 15 10 12 42 50 44 30 23 0 
 D 90 90 160 126 56 40 84 67 75 144 147 289 292 186 228 138 3 
 E 24 35 52 72 85 60 60 97 136 98 93 119 68 50 35 27 8 
 F 10 7 12 25 57 34 29 26 48 47 22 4 7 3 1 3 6 
 G 3 2 4 28 39 34 38 37 65 31 8 6 4 0 0 0 14 
 
 TOTAL 170 164 294 268 249 177 224 245 357 346 295 505 542 332 335 223 31 
 



 

  Revision 12 
 2B-26 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER: CEI-P 
DATA PERIOD EXAMINED: 5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS A 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT: 10.0 METERS 
WIND THRESHOLD AT: 0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 
 1.51- 2.00 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 3 
 2.01- 3.00 7 1 0 0 0 0 0 1 0 0 0 1 0 4 7 2 23 
 3.01- 5.00 2 7 2 0 2 3 11 2 3 3 2 6 26 20 12 4 105 
 5.01- 7.00 0 3 13 2 1 3 2 2 0 2 2 11 37 6 1 0 85 
 7.01-10.00 0 0 2 1 0 0 0 1 0 1 3 7 4 0 0 0 19 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 9 11 17 3 3 6 14 6 4 7 7 25 67 30 20 8 237 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 2 2 1 0 1 0 2 1 1 1 1 0 1 0 1 0 14 
 3.01- 5.00 9 12 11 1 1 1 7 4 2 5 3 2 5 16 8 7 94 
 5.01- 7.00 0 6 11 1 0 1 2 3 4 2 3 2 26 5 1 1 68 
 7.01-10.00 0 0 4 2 0 0 0 1 1 4 2 2 3 0 0 0 19 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00      0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 12 20 27 4 3 2 12 9 8 12 9 6 35 21 10 8 198



 

  Revision 12 
 2B-27 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 1.01- 1.50 2 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 4 
 1.51- 2.00 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 4 
 2.01- 3.00 2 0 1 0 0 1 1 6 1 0 3 2 4 6 6 4 37 
 3.01- 5.00 6 22 26 5 0 2 3 3 5 9 4 5 24 36 23 13 186 
 5.01- 7.00 1 5 11 3 0 0 2 3 6 7 0 5 19 8 2 0 72 
 7.01-10.00 0 0 1 1 0 0 0 0 1 2 1 10 1 0 0 0 17 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0    0 
 TOTAL 12 27 39 10 1 3 6 12 14 19 8 22 49 51 31 18 322 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 1 1 1 0 0 1 0 1 1 0 3 1 0 0 1 0 11 
 0.51- 0.75 2 0 0 0 2 0 1 1 2 1 0 3 3 0 0 0 15 
 0.76- 1.00 1 2 1 4 2 1 2 1 0 0 4 1 3 0 0 1 23 
 1.01- 1.50 7 7 6 15 6 4 1 1 2 4 6 4 5 9 8 10 95 
 1.51- 2.00 10 18 11 11 5 5 7 4 2 2 6 14 8 15 8 9 135 
 2.01- 3.00 41 37 49 33 25 25 13 14 15 21 21 27 53 56 50 40 520 
 3.01- 5.00 43 52 96 53 14 18 42 37 44 29 23 59 114 94 72 34 824 
 5.01- 7.00 10 5 37 29 1 5 28 22 22 25 12 49 44 27 13 13 342 
 7.01-10.00 0 0 8 5 0 1 13 6 5 5 1 31 15 1 0 1 92 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 115 122 209 150 55 60 107 87 93 87 76 189 245 202 152 108 2,057



 

  Revision 12 
 2B-28 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW _TOTAL 
 CALM                 9 
 0.35- 0.50 0 3 0 1 0 0 0 0 0 4 1 0 1 0 0 1 11 
 0.51- 0.75 2 0 4 1 0 1 1 1 4 2 2 1 2 0 1 1 23 
 0.76- 1.00 1 2 1 2 3 4 5 0 2 2 2 2 1 4 1 0 32 
 1.01- 1.50 5 6 6 13 8 11 5 2 10 6 12 8 11 7 3 6 119 
 1.51- 2.00 4 8 12 17 14 7 8 12 12 13 12 14 20 7 7 3 170 
 2.01- 3.00 17 11 16 22 29 13 31 25 26 32 23 14 18 17 7 10 311 
 3.01- 5.00 10 15 13 17 2 14 32 35 42 40 14 14 11 12 15 6 292 
 5.01- 7.00 3 15 8 0 0 4 12 15 10 7 6 2 3 1 1 2 89 
 7.01-10.00 0 0 1 0 0 0 2 0 1 0 0 2 0 0 0 0 6 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
_  >13.00 _ _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _   0 _    0 
 TOTAL 42 60 61 73 56 54 96 90 107 106 72 57 67 48 35 29 1,062 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50 0 2 0 1 0 0 0 0 0 3 0 0 0 0 1 0 7 
 0.51- 0.75 1 0 1 0 1 1 3 2 3 2 6 2 3 0 0 0 25 
 0.76- 1.00 1 0 2 6 10 4 5 7 4 4 2 6 0 2 0 0 53 
 1.01- 1.50 1 2 6 9 17 6 3 3 7 9 9 3 0 0 1 2 78 
 1.51- 2.00 3 2 2 14 15 6 6 4 3 7 11 3 1 0 3 0 80 
 2.01- 3.00 0 1 3 7 12 27 18 24 22 15 16 3 0 0 0 1 149 
 3.01- 5.00 0 2 0 2 0 7 3 8 6 4 5 0 0 1 1 1 40 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 9 14 39 55 51 38 48 45 44 49 17 4 3 6 4 437



 

  Revision 12 
 2B-29 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:   10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 19 
 0.35- 0.50 0 1 1 1 8 6 11 13 4 2 4 1 0 0 0 0 52 
 0.51- 0.75 1 1 1 3 8 9 20 20 18 8 0 2 2 0 0 0 93 
 0.76- 1.00 1 0 3 5 13 16 25 12 25 10 6 0 0 0 0 0 116 
 1.01- 1.50 1 1 2 8 33 27 18 10 17 15 5 2 4 0 0 1 144 
 1.51- 2.00 0 1 0 7 13 10 9 8 9 4 2 0 0 0 0 0 63 
 2.01- 3.00 0 0 0 0 8 26 10 16 17 12 0 0 0 0 0 1 90 
 3.01- 5.00 0 0 0 1 1 2 0 4 0 1 0 0 0 0 0 0 9 
 5.01- 7.00 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 4 7 25 84 96 93 83 90 52 17 5 6 0 0 2 587 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 33 
 0.35- 0.50 1 7 2 3 8 7 11 14 5 9 8 2 1 0 2 1 81 
 0.51- 0.75 7 1 6 4 11 11 25 24 27 13 8 8 10 0 1 1 157 
 0.76- 1.00 4 4 7 17 28 25 38 20 32 16 14 9 4 6 1 1 226 
 1.01- 1.50 17 16 20 45 65 48 27 16 36 35 32 17 21 16 12 21 444 
 1.51- 2.00 17 29 25 50 48 28 31 28 27 27 31 31 29 23 18 13 455 
 2.01- 3.00 69 52 70 62 75 92 75 87 82 81 64 47 76 83 71 58 1,144 
 3.01- 5.00 70 110 148 79 20 47 98 93 102 91 51 86 180 179 131 65 1,550 
 5.01- 7.00 15 34 80 35 2 13 46 45 42 43 23 69 129 47 18 16 657 
 7.01-10.00 0 0 16 9 0 1 15 8 8 12 7 52 23 1 0 1 153 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 200 253 374 304 257 272 366 335 361 327 238 321 473 355 254 177 4,900



 

  Revision 12 
 2B-30 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,900 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  308 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  94.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  3.2 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   4.84  4.04  6.57  41.98  21.67  8.92  11.98 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 9 11 17 3 3 6 14 6 4 7 7 25 67 30 20 8 0 
 B 12 20 27 4 3 2 12 9 8 12 9 6 35 21 10 8 0 
 C 12 27 39 10 1 3 6 12 14 19 8 22 49 51 31 18 0 
 D 115 122 209 150 55 60 107 87 93 87 76 189 245 202 152 108 0 
 E 42 60 61 73 56 54 96 90 107 106 72 57 67 48 35 29 9 
 F 6 9 14 39 55 51 38 48 45 44 49 17 4 3 6 4 5 
 G  4 4 7 25 84 96 93 83 90 52 17 5 6 0 0 2 19 
 
 TOTAL 200 253 374 304 257 272 366 335 361 327 238 321 473 355 254 177 33 
 



 

  Revision 12 
 2B-31 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 1 1 1 0 0 0 0 0 0 0 0 0 2 1 1 7 
 2.01- 3.00 5 4 1 3 1 2 0 3 2 0 0 1 5 9 6 9 51 
 3.01- 5.00 12 20 7 1 1 0 1 1 7 8 4 8 31 29 25 16 171 
 5.01- 7.00 0 5 5 0 0 0 1 2 2 2 1 16 17 3 7 0 61 
 7.01-10.00 1 0 0 0 0 0 0 0 0 0 0 3 1 0 2 0 7 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 18 31 14 5 2 2 2 7 11 10 5 28 54 43 41 26 299 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 1 4 
 1.51- 2.00 0 0 1 1 1 0 0 2 0 0 1 0 0 1 0 0 7 
 2.01- 3.00 3 4 2 0 0 0 0 0 0 0 0 0 2 4 8 3 26 
 3.01- 5.00 6 8 5 1 2 0 1 5 4 12 3 12 41 26 8 4 138 
 5.01- 7.00 0 0 3 0 0 0 0 1 1 1 0 6 30 2 4 1 49 
 7.01-10.00 0 0 1 0 0 0 0 0 1 2 1 4 8 1 3 0 21 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 9 13 13 2 4 0 1 8 6 15 5 22 81 34 23 9 245



 

  Revision 12 
 2B-32 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 2 
 1.51- 2.00 1 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 4 
 2.01- 3.00 7 2 3 0 0 0 1 3 4 3 1 3 3 6 11 4 51 
 3.01- 5.00 8 9 9 2 0 0 2 5 8 6 8 7 45 29 18 10 166 
 5.01- 7.00 1 1 4 1 0 0 0 1 3 6 0 14 13 5 3 2 54 
 7.01-10.00 0 0 1 0 0 0 0 0 2 1 3 1 4 1 0 1 14 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 18 12 17 3 1 0 3 9 17 16 12 25 65 43 33 18 292 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 1 1 0 0 1 1 1 0 0 1 1 0 0 1 8 
 0.76- 1.00 1 2 1 0 0 2 0 0 0 1 0 1 2 3 0 1 14 
 1.01- 1.50 1 11 3 2 4 0 2 2 2 1 6 3 7 3 5 6 58 
 1.51- 2.00 6 8 9 10 4 3 0 6 7 9 8 6 9 11 9 3 108 
 2.01- 3.00 19 30 28 26 7 10 14 16 30 30 31 29 39 46 53 28 436 
 3.01- 5.00 30 27 41 24 2 2 19 40 63 54 52 83 100 89 74 44 744 
 5.01- 7.00 7 1 10 11 0 0 8 11 18 17 31 23 39 26 32 19 253 
 7.01-10.00 2 0 0 0 0 0 1 0 3 3 4 21 7 25 15 7 88 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 0 7 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 66 79 93 74 17 17 45 76 125 115 132 167 204 208 190 109 1,722



 

  Revision 12 
 2B-33 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 0 0 0 2 0 1 2 0 1 0 2 1 0 0 0 3 12 
 0.51- 0.75 1 2 1 2 1 1 2 2 1 2 0 0 2 0 1 0 18 
 0.76- 1.00 0 3 2 3 3 3 2 1 2 1 6 2 2 1 1 0 32 
 1.01- 1.50 2 1 6 6 10 5 10 4 9 8 7 5 7 3 7 4 94 
 1.51- 2.00 5 2 9 13 3 7 7 11 12 14 13 8 5 1 3 3 116 
 2.01- 3.00 12 11 15 7 11 7 35 58 72 72 41 19 9 13 11 27 420 
 3.01- 5.00 11 6 3 3 0 4 38 46 125 46 38 18 29 22 11 28 428 
 5.01- 7.00 1 0 0 0 0 0 0 0 13 15 6 5 5 0 7 1 53 
 7.01-10.00 0 0 0 0 0 0 0 0 0 1 2 1 1 0 0 0 5 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
   >13.00        0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0 
 TOTAL 32 25 36 36 28 28 96 122 235 159 115 59 60 40 42 66 1,183 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 0 1 0 3 1 4 5 4 2 1 0 0 1 2 2 0 26 
 0.51- 0.75 1 1 0 3 2 2 4 7 3 1 0 2 0 0 0 0 26 
 0.76- 1.00 0 1 2 5 7 5 2 6 8 4 5 2 2 0 0 0 49 
 1.01- 1.50 0 0 1 1 11 8 6 7 14 5 6 5 2 1 0 1 68 
 1.51- 2.00 2 0 0 2 7 8 11 8 13 10 4 2 3 0 0 0 70 
 2.01- 3.00 2 0 1 4 2 10 17 43 43 29 12 1 0 0 0 0 164 
 3.01- 5.00 0 0 0 0 0 0 3 5 19 5 1 0 0 2 0 0 35 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 5 3 4 18 30 37 48 80 102 55 28 12 9 5 2 1 445



 

  Revision 12 
 2B-34 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 19 
 0.35- 0.50 0 1 0 4 9 6 10 10 8 3 3 1 0 1 0 1 57 
 0.51- 0.75 1 0 2 1 6 13 13 18 14 6 1 1 0 1 0 0 77 
 0.76- 1.00 0 0 3 0 15 24 21 12 17 2 3 0 0 1 0 1 99 
 1.01- 1.50 0 1 1 9 23 32 19 24 12 10 4 2 0 0 1 0 138 
 1.51- 2.00 0 0 1 1 8 17 21 16 17 4 0 0 0 1 0 0 86 
 2.01- 3.00 0 0 0 0 3 9 16 28 48 5 2 0 0 0 0 0 111 
 3.01- 5.00 0 0 0 0 0 0 0 8 9 0 0 0 0 0 0 0 17 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 2 7 15 64 101 100 116 125 30 13 4 0 4 1 2 604 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 34 
 0.35- 0.50 0 2 0 9 10 11 17 14 12 4 5 2 1 3 2 4 96 
 0.51- 0.75 3 3 4 7 9 16 20 28 19 9 1 4 3 1 1 1 129 
 0.76- 1.00 2 7 8 8 25 34 25 20 27 8 14 5 6 5 1 2 197 
 1.01- 1.50 3 14 12 18 50 45 37 37 37 24 23 15 16 7 13 13 364 
 1.51- 2.00 14 11 21 28 23 35 39 43 49 37 26 16 17 18 14 7 398 
 2.01- 3.00 48 51 50 40 24 38 83 151 199 139 87 53 58 78 89 71 1,259 
 3.01- 5.00 67 70 65 31 5 6 64 110 235 131 106 128 246 197 136 102 1,699 
 5.01- 7.00 9 7 22 12 0 0 9 15 37 41 38 64 105 36 53 23 471 
 7.01-10.00 3 0 2 0 0 0 1 0 6 7 10 30 21 27 20 8 135 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 5 3 0 8 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 149 165 184 153 146 185 295 418 621 400 310 317 473 377 332 231 4,790 



 

  Revision 12 
 2B-35 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,790 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  250 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  95.0% 
 
MEAN WIND SPEED FOR THIS PERIOD:  3.1 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   6.24  5.11  6.10  35.95  24.70  9.29  12.61 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 18 31 14 5 2 2 2 7 11 10 5 28 54 43 41 26 0 
 B 9 13 13 2 4 0 1 8 6 15 5 22 81 34 23 9 0 
 C 18 12 17 3 1 0 3 9 17 16 12 25 65 43 33 18 0 
 D 66 79 93 74 17 17 45 76 125 115 132 167 204 208 190 109 5 
 E 32 25 36 36 28 28 96 122 235 159 115 59 60 40 42 66 4 
 F 5 3 4 18 30 37 48 80 102 55 28 12 9 5 2 1 6 
 G 1 2 7 15 64 101 100 116 125 30 13 4 0 4 1 2 19 
 
 TOTAL 149 165 184 153 146 185 295 418 621 400 310 317 473 377 332 231 34 
 



 

  Revision 12 
 2B-36 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS A 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 1.51- 2.00 2 0 0 0 0 0 0 1 0 0 0 0 2 0 1 1 7 
 2.01- 3.00 15 1 1 0 1 2 2 1 0 0 1 3 5 5 9 16 62 
 3.01- 5.00 41 35 9 1 5 5 2 1 6 0 1 3 24 38 49 40 260 
 5.01- 7.00 5 0 3 0 0 0 0 0 0 1 1 1 12 7 2 7 39 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 63 36 13 1 6 8 4 3 6 1 3 7 43 51 61 64 370 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
 1.51- 2.00  2 0 0 0 1 1 0 0 0 0 0 0 0 2 1 1 8 
 2.01- 3.00 8 3 1 1 1 1 1 0 1 1 1 1 4 9 13 7 53 
 3.01- 5.00 14 19 5 3 1 3 1 2 2 4 1 7 27 34 13 12 148 
 5.01- 7.00 1 0 4 1 0 0 0 0 0 1 0 2 10 0 5 2 26 
 7.01-10.00 0 0 0 0 0 0 0 0 0 1 0 1 2 0 0 0 4 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00        0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 25 22 10 6 3 5 2 2 3 7 2 11 44 45 32 22 241



 

  Revision 12 
 2B-37 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 2 
 1.01- 1.50 0 0 0 0 1 0 0 0 0 0 0 0 2 2 0 2 7 
 1.51- 2.00 1 3 0 0 0 0 0 1 0 1 0 0 1 2 2 6 17 
 2.01- 3.00 19 6 3 0 3 4 0 2 2 1 3 5 11 19 19 16 113 
 3.01- 5.00 20 11 9 1 1 6 2 6 2 7 6 19 23 24 14 13 164 
 5.01- 7.00 0 0 4 0 0 0 1 0 0 0 1 18 6 2 3 4 39 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 3 1 1 0 0 0 5 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  40 20 16 1 6 10 3 9 4 9 13 43 44 50 38 41 347 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 
 0.51- 0.75 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 1 6 
 0.76- 1.00 3 3 5 6 1 2 1 0 2 0 1 1 0 3 1 0 29 
 1.01- 1.50 9 3 4 8 4 0 3 2 2 6 5 7 7 2 3 2 67 
 1.51- 2.00 13 12 9 13 7 0 3 2 8 7 7 8 9 11 6 9 124 
 2.01- 3.00 42 28 26 15 19 10 8 25 21 26 26 31 43 28 30 33 411 
 3.01- 5.00 40 15 37 21 20 16 23 28 53 66 65 55 74 48 34 63 658 
 5.01- 7.00 5 0 2 2 1 0 2 0 4 19 18 27 22 16 7 14 139 
 7.01-10.00 0 0 0 0 0 0 0 0 1 0 2 5 1 0 1 0 10 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 114 61 84 65 52 28 40 58 92 124 126 135 156 108 82 122 1,448



 

  Revision 12 
 2B-38 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 0 2 2 0 2 1 0 0 1 1 0 0 0 0 1 0 10 
 0.51- 0.75 0 2 2 1 3 0 4 0 2 0 5 2 1 1 0 1 24 
 0.76- 1.00 3 1 3 7 3 3 0 3 4 6 1 1 2 2 2 1 42 
 1.01- 1.50 3 3 10 13 18 5 7 12 6 6 8 6 6 1 1 0 105 
 1.51- 2.00 6 10 10 9 13 12 13 9 21 21 16 10 9 3 1 3 166 
 2.01- 3.00 21 20 8 8 11 20 33 41 65 76 58 14 10 9 11 14 419 
 3.01- 5.00 28 7 0 2 2 8 17 26 106 67 42 32 9 5 8 29 388 
 5.01- 7.00 0 0 0 0 0 0 3 0 18 17 5 6 3 0 1 6 59 
 7.01-10.00 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 61 45 35 40 52 49 77 91 223 195 135 72 40 21 25 54 1,221 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 6 
 0.35- 0.50 0 0 0 1 10 1 3 2 5 2 1 0 2 2 0 1 30 
 0.51- 0.75 3 1 2 2 10 10 5 5 6 4 3 2 0 1 1 0 55 
 0.76- 1.00 0 1 2 2 6 11 10 8 13 5 6 2 3 2 0 0 71 
 1.01- 1.50 0 0 1 10 18 15 12 11 7 6 7 1 1 1 0 0 90 
 1.51- 2.00 1 0 1 2 8 6 23 9 17 12 5 4 1 2 1 0 92 
 2.01- 3.00 0 0 0 1 5 13 14 37 37 27 6 1 0 0 1 0 142 
 3.01- 5.00 0 0 0 0 1 1 1 1 4 1 2 0 0 0 0 0 11 
 5.01- 7.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 2 6 18 58 57 68 73 90 57 30 10 7 8 3 1 498



 

  Revision 12 
 2B-39 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 32 
 0.35- 0.50 0 1 4 2 8 21 12 14 13 3 1 0 1 0 0 0 80 
 0.51- 0.75 0 2 1 4 22 35 43 25 28 4 0 0 0 1 2 0 167 
 0.76- 1.00 1 0 0 3 20 35 34 31 21 12 3 0 0 1 0 0 161 
 1.01- 1.50 0 0 0 1 21 47 29 35 20 10 3 0 0 0 0 0 166 
 1.51- 2.00 0 0 0 1 5 11 20 28 13 3 1 1 0 0 0 0 83 
 2.01- 3.00 2 0 0 0 4 4 6 30 15 3 1 1 0 0 0 0 66 
 3.01- 5.00 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 2 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL   3 3 5 11 80 153 144 164 111 35 9 2 1 2 2 0 757 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 45 
 0.35- 0.50 1 3 6 3 20 23 15 16 19 6 2 1 3 2 1 1 122 
 0.51- 0.75 4 5 6 7 35 45 52 31 37 8 9 4 1 3 3 2 252 
 0.76- 1.00 7 5 10 19 31 52 45 42 40 23 11 4 5 9 3 1 307 
 1.01- 1.50 12 6 15 32 62 67 51 60 35 28 23 14 17 7 4 4 437 
 1.51- 2.00 25 25 20 25 34 30 59 50 59 44 29 23 22 20 12 20 497 
 2.01- 3.00 107 58 39 25 44 54 64 136 141 134 96 56 73 70 83 86 1,266 
 3.01- 5.00 143 87 60 28 30 39 46 65 174 145 117 116 157 149 118 157 1,631 
 5.01- 7.00 11 0 13 3 1 0 6 0 23 38 25 54 53 25 18 33 303 
 7.01-10.00 0 0 0 0 0 0 0 0 1 2 5 8 4 0 1 0 21 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  310 189 169 142 257 310 338 400 529 428 318 280 335 285 243 304 4,882



 

  Revision 12 
 2B-40 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED  AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,882 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  326 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  93.7% 
 
MEAN WIND SPEED FOR THIS PERIOD:  2.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   7.58  4.94  7.11  29.66  25.01  10.20  15.51 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 63 36 13 1 6 8 4 3 6 1 3 7 43 51 61 64 0 
 B 25 22 10 6 3 5 2 2 3 7 2 11 44 45 32 22 0 
 C 40 20 16 1 6 10 3 9 4 9 13 43 44 50 38 41 0 
 D 114 61 84 65 52 28 40 58 92 124 126 135 156 108 82 122 1 
 E 61 45 35 40 52 49 77 91 223 195 135 72 40 21 25 54 6 
 F 4 2 6 18 58 57 68 73 90 57 30 10 7 8 3 1 6 
 G  3 3 5 11 80 153 144 164 111 35 9 2 1 2 2 0 32 
 
 TOTAL  310 189 169 142 257 310 338 400 529 428 318 280 335 285 243 304 45 
 



 

  Revision 12 
 2B-41 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 1 0 0 1 0 0 1 0 0 0 0 0 0 1 0 4 
 1.51- 2.00 1 3 1 0 0 1 0 0 0 0 0 1 1 1 4 0 13 
 2.01- 3.00 19 14 3 0 1 2 0 0 3 1 1 3 6 7 9 8 77 
 3.01- 5.00 25 37 19 3 0 1 3 4 3 1 2 7 12 12 9 22 160 
 5.01- 7.00 0 8 0 0 0 0 0 0 0 2 0 7 11 1 3 1 33 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00        0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 45 63 23 3 3 4 3 5 6 4 3 18 30 21 26 31 289 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 1.01- 1.50 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 5 
 1.51- 2.00 0 3 0 0 0 0 1 0 0 0 0 0 0 3 1 1 9 
 2.01- 3.00 6 9 1 2 4 1 2 1 0 0 0 1 4 10 9 12 62 
 3.01- 5.00 15 24 13 2 0 2 4 3 3 7 2 23 32 7 7 5 149 
 5.01- 7.00 1 1 1 1 0 0 0 0 0 5 1 8 9 3 5 0 35 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0    0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 23 38 15 5 4 4 7 4 4 12 3 34 46 23 22 19 263



 

  Revision 12 
 2B-42 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 1.01- 1.50 0 0 0 1 0 1 0 1 0 0 0 0 0 0 1 1 5 
 1.51- 2.00 2 0 1 1 0 2 0 0 0 1 0 2 0 2 1 2 14 
 2.01- 3.00 7 4 7 4 5 1 3 3 3 2 2 2 7 10 6 8 74 
 3.01- 5.00 17 10 10 2 0 1 7 4 7 8 9 20 37 7 16 9 164 
 5.01- 7.00 0 3 1 0 0 0 0 0 0 1 0 5 7 2 2 1 22 
 7.01-10.00 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0    0     0    0     0      0 
 TOTAL 26 17 19 8 5 5 10 8 10 15 11 30 51 21 26 21 283 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 1 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 4 
 0.51- 0.75 0 2 1 0 1 0 1 0 1 2 1 1 0 0 0 0 10 
 0.76- 1.00 2 3 2 2 0 0 0 0 1 0 1 2 2 1 1 2 19 
 1.01- 1.50 7 3 9 8 9 0 2 6 3 1 7 10 4 6 1 4 80 
 1.51- 2.00 7 11 12 4 3 7 4 6 4 5 5 10 9 8 5 11 111 
 2.01- 3.00 21 21 26 21 13 15 20 21 33 34 30 20 35 37 26 18 391 
 3.01- 5.00 41 32 37 8 0 12 22 26 59 46 52 76 92 40 25 25 593 
 5.01- 7.00 9 5 3 0 0 0 1 0 1 14 8 25 28 5 30 19 148 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 6 5 4 1 7 1 24 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  88 77 91 43 26 34 50 59 103 102 110 149 175 98 95 80 1,383



 

  Revision 12 
 2B-43 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 0 1 0 1 0 3 1 1 2 0 1 1 2 1 14 
 0.51- 0.75 2 2 3 2 1 1 3 1 1 1 1 1 1 1 0 1 22 
 0.76- 1.00 2 1 1 6 6 3 4 5 3 2 3 0 0 1 0 0 37 
 1.01- 1.50 3 5 9 15 15 14 9 13 9 11 12 8 3 4 0 1 131 
 1.51- 2.00 4 8 6 9 24 14 25 12 24 27 12 10 11 2 1 2 191 
 2.01- 3.00 20 16 6 12 8 10 25 55 72 92 64 31 14 6 8 13 452 
 3.01- 5.00  36 10 8 2 0 4 14 30 102 70 42 30 13 13 8 22 404 
 5.01- 7.00 11 4 0 0 0 0 0 1 2 2 7 16 8 0 0 8 59 
 7.01-10.00 3 1 0 0 0 0 0 0 0 0 1 2 0 0 0 2 9 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 81 47 33 47 54 47 80 120 214 206 144 98 51 28 19 50 1,322 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 10 
 0.35- 0.50 1 0 1 4 4 5 2 2 2 2 1 0 1 0 0 0 25 
 0.51- 0.75 2 3 6 5 8 3 5 6 4 3 0 2 0 0 0 0 47 
 0.76- 1.00 1 0 0 4 18 13 3 5 9 5 0 0 1 0 0 0 59 
 1.01- 1.50 0 1 2 11 21 12 8 6 23 9 3 1 0 0 0 0 97 
 1.51- 2.00 0 0 0 4 10 18 26 11 21 30 10 4 0 1 1 1 137 
 2.01- 3.00 0 0 1 1 8 24 18 37 38 37 7 2 0 1 0 0 174 
 3.01- 5.00 1 0 0 0 1 3 1 0 1 1 4 0 0 0 0 0 12 
 5.01- 7.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 5 4 10 29 70 78 63 68 98 87 25 9 2 2 1 1 562



 

  Revision 12 
 2B-44 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 28 
 0.35- 0.50 1 0 0 2 12 17 17 8 10 1 0 1 1 0 0 0 70 
 0.51- 0.75 0 0 0 2 25 48 41 22 16 4 2 0 0 0 0 1 161 
 0.76- 1.00 0 0 0 2 24 50 39 36 11 2 1 0 2 0 0 0 167 
 1.01- 1.50 0 1 2 6 49 38 36 31 20 7 1 0 0 0 0 1 192 
 1.51- 2.00 0 0 0 4 15 12 21 26 18 4 0 0 0 0 0 1 101 
 2.01- 3.00 0 0 0 0 8 3 12 47 20 5 1 0 0 0 0 0 96 
 3.01- 5.00 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  1 1 2 16 133 168 166 170 98 23 5 1 3 0 0 3 818 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 45 
 0.35- 0.50 3 0 2 7 16 23 19 13 14 4 3 1 4 1 2 1 113 
 0.51- 0.75 4 7 10 9 35 52 50 29 22 11 4 4 1 1 0 2 241 
 0.76- 1.00 5 4 3 14 49 66 46 46 25 9 5 3 5 2 1 2 285 
 1.01- 1.50 11 12 22 41 95 66 55 58 55 28 23 19 8 10 3 8 514 
 1.51- 2.00 14 25 20 22 52 54 77 55 67 67 27 27 21 17 13 18 576 
 2.01- 3.00 73 64 44 40 47 56 80 164 169 171 105 59 66 71 58 59 1,326 
 3.01- 5.00  135 113 87 17 1 23 51 67 178 133 111 156 186 79 65 83 1,485 
 5.01- 7.00 21 21 5 1 0 0 1 2 3 24 16 61 63 11 40 29 298 
 7.01-10.00 3 1 0 0 0 0 0 0 0 2 7 9 4 1 7 3 37 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  269 247 193 151 295 340 379 434 533 449 301 339 358 193 189 205 4,920



 

  Revision 12 
 2B-45 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,920 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:   288 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  94.5% 
 
MEAN WIND SPEED FOR THIS PERIOD:   2.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   5.87  5.35  5.75  28.11  26.87  11.42  16.63 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 45 63 23 3 3 4 3 5 6 4 3 18 30 21 26 31 1 
 B 23 38 15 5 4 4 7 4 4 12 3 34 46 23 22 19 0 
 C 26 17 19 8 5 5 10 8 10 15 11 30 51 21 26 21 0 
 D  88 77 91 43 26 34 50 59 103 102 110 149 175 98 95 80 3 
 E  81 47 33 47 54 47 80 120 214 206 144 98 51 28 19 50 3 
 F 5 4 10 29 70 78 63 68 98 87 25 9 2 2 1 1 10 
 G  1 1 2 16 133 168 166 170 98 23 5 1 3 0 0 3 28 
 
 TOTAL  269 247 193 151 295 340 379 434 533 449 301 339 358 193 189 205 45 
 



 

  Revision 12 
 2B-46 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 3 
 1.51- 2.00 0 2 0 0 2 0 1 0 0 0 0 0 0 0 2 1 8 
 2.01- 3.00 12 4 1 0 2 0 0 1 1 1 0 1 3 8 5 11 50 
 3.01- 5.00 16 20 10 6 5 0 3 2 5 7 12 7 20 19 13 10 155 
 5.01- 7.00 5 1 1 1 0 0 0 0 3 5 1 5 20 4 0 1 47 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 1 5 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 33 27 12 7 9 0 5 3 9 13 15 15 44 31 20 25 268 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 3 
 1.51- 2.00 1 2 1 1 0 1 0 1 0 0 0 0 0 1 0 1 9 
 2.01- 3.00 8 1 2 1 0 0 0 0 1 2 1 2 3 3 2 5 31 
 3.01- 5.00 5 8 5 2 0 2 4 2 7 5 1 2 14 12 8 12 89 
 5.01- 7.00 2 0 0 0 0 0 3 0 1 7 3 5 6 9 1 1 38 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 16 11 8 4 0 4 7 3 9 14 5 9 23 25 12 20 170



 

  Revision 12 
 2B-47 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 1.01- 1.50 0 1 0 0 0 0 1 0 0 1 0 0 0 1 0 2 6 
 1.51- 2.00 0 1 1 0 0 0 1 1 2 0 0 0 0 0 0 4 10 
 2.01- 3.00 4 3 2 0 1 1 3 3 2 1 2 2 6 3 5 3 41 
 3.01- 5.00 12 6 8 0 1 3 2 5 11 5 3 8 12 11 12 10 109 
 5.01- 7.00 3 0 4 0 0 0 0 0 4 9 2 2 6 4 2 0 36 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1 0 4 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 19 11 15 0 2 4 7 9 19 16 8 12 27 20 20 19 208 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 4 
 0.51- 0.75 0 1 1 0 0 0 0 1 0 0 2 0 0 0 0 0 5 
 0.76- 1.00 0 1 0 3 4 1 1 1 1 0 1 0 2 0 0 1 16 
 1.01- 1.50 4 4 12 7 9 5 2 0 1 3 2 2 2 3 0 3 59 
 1.51- 2.00 4 5 5 11 10 4 5 3 7 7 8 9 6 5 2 3 94 
 2.01- 3.00 30 34 20 17 21 17 24 15 20 21 33 27 18 23 16 16 352 
 3.01- 5.00 111 51 25 34 11 18 28 32 40 55 48 41 75 63 52 54 738 
 5.01- 7.00 24 6 7 8 1 2 20 8 14 19 11 26 25 29 43 34 277 
 7.01-10.00 0 0 0 0 0 0 0 1 1 1 1 4 7 8 10 5 38 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  173 102 70 81 57 47 80 62 84 106 106 109 135 132 124 116 1,587



 

  Revision 12 
 2B-48 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 7 
 0.35- 0.50 1 0 1 0 1 0 2 1 0 2 0 1 0 0 1 1 11 
 0.51- 0.75 0 2 1 3 2 0 1 4 1 0 2 0 1 1 0 0 18 
 0.76- 1.00 1 0 1 4 6 5 1 0 2 1 0 1 2 0 0 3 27 
 1.01- 1.50 4 3 9 8 10 5 17 7 10 8 5 4 3 1 1 4 99 
 1.51- 2.00 8 5 5 11 29 9 21 16 11 13 15 7 4 2 2 2 160 
 2.01- 3.00 11 10 12 21 31 30 40 44 62 91 56 19 9 7 5 15 463 
 3.01- 5.00 32 8 8 10 2 5 41 59 109 73 37 53 24 30 23 34 548 
 5.01- 7.00 3 1 0 0 0 0 4 3 13 8 9 12 11 11 8 18 101 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 1 0 1 0 2 0 4 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  60 29 37 57 81 54 127 134 208 196 125 97 55 52 42 77 1,438 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 1 0 1 1 0 1 2 0 0 0 0 1 0 0 1 8 
 0.51- 0.75 1 1 0 2 4 2 2 1 3 1 0 0 2 0 0 0 19 
 0.76- 1.00 1 0 1 3 9 5 9 5 3 1 2 0 2 0 1 0 42 
 1.01- 1.50 1 0 1 7 13 16 10 6 4 6 2 1 0 0 0 2 69 
 1.51- 2.00 0 1 0 3 18 14 5 10 8 12 1 1 0 0 1 1 75 
 2.01- 3.00 1 0 3 1 9 22 21 36 45 32 8 0 0 1 0 2 181 
 3.01- 5.00 1 0 0 0 0 5 1 9 16 12 0 0 0 0 1 0 45 
 5.01- 7.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 5 3 5 17 54 64 49 69 80 64 13 2 5 1 4 6 444



 

  Revision 12 
 2B-49 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 8 
 0.35- 0.50 0 0 0 0 3 6 10 5 2 1 1 0 0 0 1 0 29 
 0.51- 0.75 0 0 1 0 3 19 25 21 12 2 0 0 0 0 0 1 84 
 0.76- 1.00 0 1 2 0 11 28 22 16 16 2 2 0 0 0 0 0 100 
 1.01- 1.50 0 0 0 4 22 48 34 34 18 3 2 1 0 0 0 0 166 
 1.51- 2.00 1 0 0 0 4 17 17 22 20 0 0 0 0 0 0 0 81 
 2.01- 3.00 1 0 0 0 3 10 14 26 28 5 3 0 0 0 0 0 90 
 3.01- 5.00 0 0 0 0 0 0 0 4 2 0 0 0 0 0 0 0 6 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  2 1 3 4 46 128 122 128 98 13 8 1 0 0 1 2 565 
 

STABILITY CLASS  ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 21 
 0.35- 0.50 1 1 1 2 6 6 13 9 2 3 2 1 1 1 2 2 53 
 0.51- 0.75 1 4 3 5 9 21 28 27 16 3 4 0 3 1 0 1 126 
 0.76- 1.00 2 2 4 10 30 39 33 22 22 4 5 1 6 1 1 4 186 
 1.01- 1.50 9 8 22 26 54 75 65 47 33 21 12 8 5 5 2 13 405 
 1.51- 2.00 14 16 12 26 63 45 50 53 48 32 24 17 10 8 7 12 437 
 2.01- 3.00  67 52 40 40 67 80 102 125 159 153 103 51 39 45 33 52 1,208 
 3.01- 5.00  177 93 56 52 19 33 79 113 190 157 101 111 145 135 109 120 1,690 
 5.01- 7.00 37 8 12 9 1 2 27 11 36 48 26 50 68 57 55 55 502 
 7.01-10.00 0 0 0 0 0 0 0 1 1 1 3 6 12 8 13 6 51 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  308 184 150 170 249 301 397 408 507 422 280 245 289 261 223 265 4,680



 

  Revision 12 
 2B-50 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** SEPTEMBER *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,680 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:   360 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  92.9% 
 
MEAN WIND SPEED FOR THIS PERIOD:   3.1 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   5.73  3.63  4.44  33.91  30.73  9.49  12.07 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 33 27 12 7 9 0 5 3 9 13 15 15 44 31 20 25 0 
 B 16 11 8 4 0 4 7 3 9 14 5 9 23 25 12 20 0 
 C 19 11 15 0 2 4 7 9 19 16 8 12 27 20 20 19 0 
 D  173 102 70 81 57 47 80 62 84 106 106 109 135 132 124 116 3 
 E  60 29 37 57 81 54 127 134 208 196 125 97 55 52 42 77 7 
 F 5 3 5 17 54 64 49 69 80 64 13 2 5 1 4 6 3 
 G  2 1 3 4 46 128 122 128 98 13 8 1 0 0 1 2 8 
 
 TOTAL  308 184 150 170 249 301 397 408 507 422 280 245 289 261 223 265 21 
 



 

  Revision 12 
 2B-51 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** OCTOBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 3 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 2.01- 3.00 1 1 0 0 0 0 0 0 2 1 0 0 2 0 0 3 10 
 3.01- 5.00 5 5 4 0 2 2 3 8 2 12 9 4 16 10 2 1 85 
 5.01- 7.00 0 0 6 0 0 0 2 4 0 2 6 3 6 1 0 0 30 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 3 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 6 10 1 4 4 5 12 4 15 15 9 26 11 2 4 134 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 2 
 1.51- 2.00 0 1 0 0 1 0 1 0 0 0 0 0 0 0 1 0 4 
 2.01- 3.00 0 5 1 0 1 6 2 3 1 1 0 0 2 1 2 0 25 
 3.01- 5.00 3 3 10 2 0 4 11 7 6 5 7 5 8 6 5 4 86 
 5.01- 7.00 0 0 2 2 1 0 1 2 2 0 2 5 6 3 1 1 28 
 7.01-10.00 0 0 0 0 0 0 0 0 1 0 0 5 0 0 0 0 6 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 9 13 4 3 10 16 12 10 7 9 15 16 10 9 6 152



 

  Revision 12 
 2B-52 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** OCTOBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 2 0 0 1 3 1 0 0 0 1 0 0 0 1 0 9 
 2.01- 3.00 2 1 1 0 4 0 4 1 3 0 0 1 3 5 2 2 29 
 3.01- 5.00 2 5 19 2 2 3 1 7 5 5 5 4 11 7 9 6 93 
 5.01- 7.00 0 0 8 3 0 0 0 4 2 2 8 7 12 3 3 0 52 
 7.01-10.00 0 0 0 0 0 0 0 0 0 3 1 5 1 0 0 0 10 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 9 28 5 8 6 6 12 10 10 15 18 27 15 15 8 196 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1 0 4 
 0.51- 0.75 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 6 
 0.76- 1.00 0 2 1 1 4 2 1 0 1 0 1 1 2 1 0 0 17 
 1.01- 1.50 2 1 2 2 3 4 3 4 4 2 5 1 2 3 1 2 41 
 1.51- 2.00 3 4 6 4 10 3 4 6 4 1 5 3 8 5 2 2 70 
 2.01- 3.00 24 13 32 24 32 18 15 21 29 34 20 12 32 28 26 15 375 
 3.01- 5.00 49 17 49 31 15 26 41 42 63 65 65 39 68 91 72 72 805 
 5.01- 7.00  25 5 9 7 0 0 12 25 57 51 76 44 104 106 126 38 685 
 7.01-10.00 5 0 0 0 0 0 8 11 5 7 16 15 49 57 61 21 255 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 2 3 6 3 0 14 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  108 42 99 70 65 53 85 110 163 162 189 118 268 297 293 150 2,272



 

  Revision 12 
 2B-53 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** OCTOBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 4 
 0.51- 0.75 2 0 1 4 2 1 3 3 1 0 0 2 1 0 1 2 23 
 0.76- 1.00 0 0 3 2 2 2 1 1 2 3 1 0 1 1 0 0 19 
 1.01- 1.50 2 3 5 2 12 8 7 4 5 6 5 3 0 1 1 1 65 
 1.51- 2.00 1 6 15 8 18 15 6 13 6 21 5 1 1 3 2 4 125 
 2.01- 3.00 8 15 5 23 38 44 45 37 71 92 35 15 8 6 5 13 460 
 3.01- 5.00 11 6 7 10 8 24 64 74 143 128 57 36 22 18 14 26 648 
 5.01- 7.00 1 0 2 2 0 1 27 12 22 21 23 6 20 10 13 4 164 
 7.01-10.00 0 0 0 0 0 0 5 5 4 2 1 4 13 17 7 1 59 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 3 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  25 30 38 51 81 96 158 149 254 273 128 68 69 56 43 51 1,571 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 0 2 2 1 1 0 2 0 0 0 0 0 0 0 8 
 0.51- 0.75 0 1 0 0 2 1 1 3 1 2 0 0 0 1 0 0 12 
 0.76- 1.00 0 0 1 1 4 2 4 0 1 0 0 0 1 0 0 0 14 
 1.01- 1.50 0 0 0 5 16 14 5 5 6 1 0 1 0 0 0 2 55 
 1.51- 2.00 0 0 2 1 8 24 5 6 8 14 5 0 0 1 0 1 75 
 2.01- 3.00 1 0 0 1 14 26 22 22 35 31 7 0 0 0 2 0 161 
 3.01- 5.00 0 0 0 0 1 6 5 3 12 1 3 1 0 0 0 0 32 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 1 3 10 47 74 43 39 65 49 15 2 1 2 2 3 360



 

  Revision 12 
 2B-54 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** OCTOBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 1 0 1 3 1 1 1 1 0 1 0 1 0 0 11 
 0.51- 0.75 0 1 0 1 7 6 1 4 3 1 1 0 0 0 0 0 25 
 0.76- 1.00 0 0 1 0 6 14 13 10 1 3 0 0 0 0 1 0 49 
 1.01- 1.50 0 1 1 1 17 15 16 18 10 1 1 0 0 0 0 0 81 
 1.51- 2.00 0 0 0 2 6 18 9 11 4 1 0 1 0 0 0 0 52 
 2.01- 3.00 0 0 0 1 6 11 17 16 16 3 2 0 0 0 0 0 72 
 3.01- 5.00 0 0 0 0 0 0 1 10 2 1 0 0 0 0 0 0 14 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 2 3 5 43 67 58 70 37 11 4 2 0 1 1 0 307 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 7 
 0.35- 0.50 0 0 1 3 4 5 2 2 3 2 1 2 0 1 1 0 27 
 0.51- 0.75 2 2 1 5 12 10 6 10 5 4 2 3 2 1 2 3 70 
 0.76- 1.00 0 2 6 4 16 20 19 11 5 6 2 1 4 2 1 0 99 
 1.01- 1.50 4 6 8 11 50 41 32 31 25 11 11 5 2 4 2 5 248 
 1.51- 2.00 4 13 23 15 45 63 26 36 22 37 16 5 9 9 6 7 336 
 2.01- 3.00  36 35 39 49 95 105 105 100 157 162 64 28 47 40 37 33 1,132 
 3.01- 5.00  70 36 89 45 28 65 126 151 233 217 146 89 125 132 102 109 1,763 
 5.01- 7.00  26 5 27 14 1 1 42 47 83 76 115 65 148 123 143 43 959 
 7.01-10.00 5 0 0 0 0 0 13 16 10 12 18 31 64 74 68 22 333 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 3 6 6 3 0 18 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL  147 99 194 146 251 310 371 404 543 527 375 232 407 392 365 222 4,992



 

  Revision 12 
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -  8/31/82 

*** OCTOBER *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,992 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  216 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  95.9% 
 
MEAN WIND SPEED FOR THIS PERIOD:   3.9 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   2.68  3.04  3.93  45.51  31.47  7.21  6.15 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A  6 6 10 1 4 4 5 12 4 15 15 9 26 11 2 4 0 
 B 3 9 13 4 3 10 16 12 10 7 9 15 16 10 9 6 0 
 C 4 9 28 5 8 6 6 12 10 10 15 18 27 15 15 8 0 
 D 108 42 99 70 65 53 85 110 163 162 189 118 268 297 293 150 0 
 E 25 30 38 51 81 96 158 149 254 273 128 68 69 56 43 51 1 
 F 1 1 3 10 47 74 43 39 65 49 15 2 1 2 2 3 3 
 G 0 2 3 5 43 67 58 70 37 11 4 2 0 1 1 0 3 
 
 TOTAL  147 99 194 146 251 310 371 404 543 527 375 232 407 392 365 222 7 
 



 

  Revision 12 
 2B-56 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:   10.0 METERS 
WIND THRESHOLD AT:   0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 2 0 0 0 0 0 0 0 1 0 5 4 3 3 0 0 18 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 0 0 0 0 0 0 0 1 0 6 6 3 3 0 0 21 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:   10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 1 1 0 1 0 0 0 1 0 0 0 0 1 0 1 0 6 
 3.01- 5.00 0 3 1 0 4 1 1 0 2 2 5 4 4 3 1 3 34 
 5.01- 7.00 1 0 0 0 0 0 0 1 0 2 2 1 6 0 2 0 15 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 3 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 4 1 1 4 1 1 2 2 4 8 6 13 4 4 3 60 



 

  Revision 12 
 2B-57 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 4 
 2.01- 3.00 3 1 0 0 0 2 0 0 1 2 0 1 1 6 1 0 18 
 3.01- 5.00 0 7 2 2 3 2 1 0 6 2 1 3 5 11 4 0 49 
 5.01- 7.00 1 0 2 2 0 0 3 0 3 1 6 3 9 3 1 0 34 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 1 2 7 3 0 0 13 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 8 4 4 4 4 6 0 10 6 8 10 22 23 7 0 120 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 3 
 0.51- 0.75 0 1 1 0 0 1 0 0 1 0 0 0 0 1 0 0 5 
 0.76- 1.00 0 0 0 0 4 2 0 1 0 2 1 1 4 1 1 1 18 
 1.01- 1.50 2 5 3 3 7 4 2 2 4 4 1 0 3 0 2 1 43 
 1.51- 2.00 2 8 7 8 11 9 4 2 8 5 6 4 3 5 12 4 98 
 2.01- 3.00 31 23 21 22 52 21 21 26 53 36 21 13 33 39 23 23 458 
 3.01- 5.00  75 60 62 59 64 47 50 45 85 132 82 54 101 96 84 39 1,135 
 5.01- 7.00  18 3 13 26 4 10 51 43 62 92 130 74 111 116 100 36 889 
 7.01-10.00 6 11 1 3 0 1 23 17 8 11 64 76 99 46 64 15 445 
10.01-13.00 1 0 0 0 0 0 0 0 0 0 3 12 1 7 19 2 45 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     2     0     0     0     0      2 
 TOTAL 135 112 108 121 143 95 151 136 221 282 308 237 355 311 305 121 3,141 



 

  Revision 12 
 2B-58 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS  
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 4 
 0.51- 0.75 1 0 1 1 3 0 1 1 3 0 0 0 1 0 1 1 14 
 0.76- 1.00 2 0 0 0 3 2 3 0 4 0 0 0 1 0 2 0 17 
 1.01- 1.50 0 1 2 9 6 8 10 4 6 3 3 2 0 0 2 0 56 
 1.51- 2.00 0 2 5 5 18 18 13 16 9 6 1 5 2 2 3 2 107 
 2.01- 3.00 2 1 10 22 29 24 18 34 43 37 33 3 5 4 7 3 275 
 3.01- 5.00 0 0 2 13 15 18 37 31 67 65 46 21 14 7 3 2 341 
 5.01- 7.00 0 0 0 0 0 4 24 26 41 25 25 18 10 6 2 1 182 
 7.01-10.00 0 0 2 0 0 0 6 3 7 14 12 11 7 2 0 0 64 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 3 6 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     4     0     0     0     0      4 
 TOTAL 5 4 23 50 74 75 112 115 180 151 120 66 41 22 20 12 1,071 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS  
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 1 0 0 4 1 2 0 0 0 0 0 0 0 8 
 0.51- 0.75 0 1 1 0 0 1 2 1 0 1 0 0 0 0 0 0 7 
 0.76- 1.00 1 0 1 1 4 5 5 5 1 0 1 0 0 0 1 0 25 
 1.01- 1.50 0 0 1 2 11 15 7 4 2 3 1 0 0 0 0 0 46 
 1.51- 2.00 0 0 2 1 11 14 9 9 3 7 0 0 0 0 0 0 56 
 2.01- 3.00 0 1 1 3 7 14 7 6 19 17 11 0 0 0 0 0 86 
 3.01- 5.00 0 0 0 1 2 2 3 5 5 0 0 0 0 0 0 0 18 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 2 6 9 35 51 37 31 32 28 13 1 0 0 1 0 248



 

  Revision 12 
 2B-59 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -8/31/82 

*** NOVEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 1 1 0 1 2 3 0 0 0 0 0 0 0 0 8 
 0.51- 0.75 1 0 0 1 3 2 9 6 5 0 0 1 0 0 0 0 28 
 0.76- 1.00 0 0 2 1 2 5 6 9 6 1 0 0 0 0 0 0 32 
 1.01- 1.50 0 0 0 3 9 10 9 10 8 0 0 0 0 0 0 0 49 
 1.51- 2.00 0 0 0 0 4 6 6 4 5 5 0 0 0 0 0 0 30 
 2.01- 3.00 0 0 0 2 5 0 3 3 12 0 0 2 0 0 0 0 27 
 3.01- 5.00 0 0 0 0 1 1 0 0 3 0 0 0 0 0 0 0 5 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0    0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 0 3 8 24 25 35 35 39 6 0 3 0 0 0 0 182 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50 0 1 2 2 1 2 6 4 2 1 0 2 0 0 0 0 23 
 0.51- 0.75 2 2 3 2 6 4 12 8 9 1 0 1 1 1 1 1 54 
 0.76- 1.00 3 0 3 2 13 14 14 15 11 3 2 1 5 1 4 1 92 
 1.01- 1.50 2 6 6 17 33 37 30 20 20 10 5 2 3 0 4 1 196 
 1.51- 2.00 2 10 14 14 45 47 32 31 25 24 7 10 5 7 16 6 295 
 2.01- 3.00 37 27 32 50 93 61 49 70 128 92 65 19 40 49 32 26 870 
 3.01- 5.00 77 70 67 75 89 71 92 81 169 201 139 86 127 120 92 44 1,600 
 5.01- 7.00 20 3 15 28 4 14 78 70 106 120 164 97 136 125 105 37 1,122 
 7.01-10.00 6 11 3 3 0 1 29 20 15 25 78 91 114 51 64 15 526 
10.01-13.00 1 0 0 0 0 0 0 0 0 0 3 14 3 9 19 5 54 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     6     0     0     0     0      6 
 TOTAL 150 130 145 193 284 251 342 319 485 477 463 329 434 363 337 136 4,843 



 

  Revision 12 
 2B-60 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 -8/31/82 

*** NOVEMBER *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,843 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  197 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  96.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.43  1.24  2.48  64.86  22.11  5.12  3.76 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 2 0 0 0 0 0 0 0 1 0 6 6 3 3 0 0 0 
 B 2 4 1 1 4 1 1 2 2 4 8 6 13 4 4 3 0 
 C 4 8 4 4 4 4 6 0 10 6 8 10 22 23 7 0 0 
 D 135 112 108 121 143 95 151 136 221 282 308 237 355 311 305 121 0 
 E 5 4 23 50 74 75 112 115 180 151 120 66 41 22 20 12 1 
 F 1 2 6 9 35 51 37 31 32 28 13 1 0 0 1 0 1 
 G 1 0 3 8 24 25 35 35 39 6 0 3 0 0 0 0 3 
 
 TOTAL 150 130 145 193 284 251 342 319 485 477 463 329 434 363 337 136 5 
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 2B-61 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:   0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 6 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0 _   0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 1 0 1 0 0 0 0 0 0 0 0 0 2 0 0 4
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 2B-62 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:   0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 1 2 1 3 0 0 0 0 0 0 0 0 0 0 7 
 3.01- 5.00 2 1 0 0 1 1 0 0 0 0 0 2 1 1 0 0 9 
 5.01- 7.00 0 0 0 0 0 0 0 0 1 1 0 0 2 0 0 0 4 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 1 3 1 0 5 
10.01-13.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 1 1 2 2 4 0 0 2 1 0 2 4 4 1 0 26 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 7 
 0.35- 0.50 1 0 0 1 0 0 1 1 1 0 0 1 1 0 0 1 8 
 0.51- 0.75 0 0 1 1 1 1 3 0 1 2 0 0 2 0 0 1 13 
 0.76- 1.00 1 0 5 5 2 0 0 2 0 0 5 0 0 2 1 1 24 
 1.01- 1.50 4 3 6 7 12 11 8 6 5 4 4 0 4 0 4 1 79 
 1.51- 2.00 7 8 9 12 13 14 10 7 9 6 8 4 1 3 2 7 120 
 2.01- 3.00 20 20 24 44 44 28 24 31 41 30 39 22 21 17 10 24 439 
 3.01- 5.00 41 42 41 38 55 42 29 37 98 168 179 111 99 79 70 57 1,186 
 5.01- 7.00 26 21 3 3 2 10 43 34 62 108 149 105 116 109 116 29 936 
 7.01-10.00 9 6 0 3 2 7 7 15 18 35 69 98 72 90 102 44 577 
10.01-13.00 0 0 0 1 0 1 0 0 2 1 12 30 32 14 11 1 105 
   >13.00       0     0     0     0     0     0     0     0     0      0     0     2     2     0     0      0      4 
 TOTAL 109 100 89 115 131 114 125 133 237 354 465 373 350 314 316 166 3,498



 

  Revision 12 
 2B-63 January, 2003 

CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 10 
 0.35- 0.50 1 1 1 0 3 4 3 0 0 0 1 1 0 2 1 2 20 
 0.51- 0.75 0 1 2 2 4 4 5 3 4 0 0 2 0 1 1 1 30 
 0.76- 1.00 0 1 1 0 3 4 2 3 8 2 1 1 0 0 0 1 27 
 1.01- 1.50 1 5 3 7 5 13 5 8 8 4 2 4 1 2 2 2 72 
 1.51- 2.00 1 2 3 4 12 12 10 14 10 10 8 4 4 2 0 2 98 
 2.01- 3.00 4 1 10 21 25 24 21 45 36 53 15 5 6 3 0 0 269 
 3.01- 5.00 4 1 4 10 11 25 36 42 92 62 38 10 4 2 0 2 343 
 5.01- 7.00 2 1 2 0 0 7 24 53 48 43 38 17 11 5 3 1 255 
 7.01-10.00 0 0 1 0 0 1 8 13 12 21 12 9 4 3 1 1 86 
10.01-13.00 0 0 0 0 0 0 0 0 0 3 3 3 2 0 0 0 11 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 13 13 27 44 63 94 114 181 218 198 118 56 32 20 8 12 1,221 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 3 
 0.51- 0.75 0 0 0 0 1 2 0 1 0 1 0 0 0 0 1 0 6 
 0.76- 1.00 0 1 0 0 3 0 4 1 2 2 0 0 0 0 0 0 13 
 1.01- 1.50 0 0 2 0 1 6 2 1 4 0 1 0 0 0 0 1 18 
 1.51- 2.00 0 0 0 2 0 0 3 3 3 0 1 0 0 0 0 0 12 
 2.01- 3.00 0 0 0 3 4 6 6 7 3 2 0 0 0 0 0 0 31 
 3.01- 5.00 0 0 1 10 0 4 5 0 1 1 0 0 0 0 0 0 22 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 1 3 15 10 18 21 14 13 6 2 2 0 0 1 1 109
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 1 1 3 1 3 0 0 0 0 0 0 0 0 0 9 
 1.01- 1.50 0 0 0 1 1 2 3 2 0 0 0 0 0 0 0 0 9 
 1.51- 2.00 0 0 0 0 0 1 2 2 0 0 0 0 0 0 0 0 5 
 2.01- 3.00 0 0 0 2 0 1 0 6 0 1 0 0 0 0 0 0 10 
 3.01- 5.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 1 4 5 5 9 10 0 2 0 0 0 0 0 0 36 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 20 
 0.35- 0.50 2 1 1 1 4 4 5 2 1 0 1 2 1 2 1 3 31 
 0.51- 0.75 0 1 3 3 7 7 8 4 5 3 0 2 2 1 2 2 50 
 0.76- 1.00 1 2 7 6 11 5 9 6 10 4 6 1 0 2 1 2 73 
 1.01- 1.50 6 8 11 16 19 32 18 17 17 8 7 4 5 2 6 4 180 
 1.51- 2.00 8 10 12 18 25 27 25 26 22 16 17 8 5 5 2 9 235 
 2.01- 3.00 24 21 35 72 74 62 51 89 80 86 54 27 27 20 10 24 756 
 3.01- 5.00 47 45 46 58 67 72 71 79 191 231 217 124 104 82 70 59 1,563 
 5.01- 7.00 28 22 5 3 2 17 67 87 111 154 187 124 129 114 119 30 1,199 
 7.01-10.00 9 6 1 3 2 8 15 28 30 56 81 108 77 98 104 45 671 
10.01-13.00 0 0 0 1 0 1 0 0 3 4 15 33 34 15 11 1 118 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     2     2     0     0     0      4 
 TOTAL 125 116 121 181 211 235 269 338 470 562 585 435 386 341 326 179 4,900
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:   5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:   4,900 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  308 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  94.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.12  0.08  0.53  71.39  24.92  2.22  0.73 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 1 0 0 0 0 0 0 0 0 1 0 2 0 1 0 0 1 
 B 0 1 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 
 C 2 1 1 2 2 4 0 0 2 1 0 2 4 4 1 0 0 
 D 109 100 89 115 131 114 125 133 237 354 465 373 350 314 316 166 7 
 E 13 13 27 44 63 94 114 181 218 198 118 56 32 20 8 12 10 
 F 0 1 3 15 10 18 21 14 13 6 2 2 0 0 1 1 2 
 G 0 0 1 4 5 5 9 10 0 2 0 0 0 0 0 0 0 
 
 TOTAL 125 116 121 181 211 235 269 338 470 562 585 435 386 341 326 179 20 
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 2 0 0 0 0 0 0 1 0 1 0 4 
 0.76- 1.00 0 1 0 0 1 1 0 1 0 0 0 0 0 0 0 0 4 
 1.01- 1.50 1 1 0 1 2 1 1 1 0 1 1 0 0 2 2 3 17 
 1.51- 2.00 3 7 2 1 3 1 2 1 1 1 0 1 3 3 8 4 41 
 2.01- 3.00 62 26 8 4 5 6 3 6 8 4 3 10 23 35 41 53 297 
 3.01- 5.00 120 131 64 21 16 14 24 26 35 33 40 41 148 146 127 103 1,089 
 5.01- 7.00 15 23 68 9 1 6 7 19 12 17 21 54 130 32 15 14 443 
 7.01-10.00 1 0 16 2 0 0 1 2 4 4 6 28 37 4 4 1 110 
10.01-13.00 0 0 0 0 0 0 0 1 0 0 1 1 1 1 0 0 5 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     2     0     0    0     0      2 
 TOTAL 202 189 158 38 28 31 38 57 60 60 72 137 343 223 198 178 2,014 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.76- 1.00 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 3 
 1.01- 1.50 2 2 1 1 2 2 1 0 0 1 0 0 2 0 2 3 19 
 1.51- 2.00 3 6 2 2 3 2 3 3 0 0 1 0 0 7 3 4 39 
 2.01- 3.00 30 29 8 7 9 10 7 7 7 5 3 5 19 29 42 30 247 
 3.01- 5.00 61 85 58 16 11 15 37 27 28 40 29 63 140 120 68 60 858 
 5.01- 7.00 13 10 42 10 3 4 13 11 16 29 19 41 131 37 23 18 420 
 7.01-10.00 0 3 11 2 0 0 8 1 5 10 7 33 43 10 6 0 139 
10.01-13.00 0 0 0 0 0 0 1 1 0 0 0 1 2 1 0 0 6 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 109 135 122 39 28 33 71 50 57 85 59 143 337 204 144 116 1,732
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 
 0.51- 0.75 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 3 
 0.76- 1.00 1 0 0 0 1 0 0 2 1 0 1 1 0 2 0 0 9 
 1.01- 1.50 2 2 0 1 4 1 3 1 0 2 0 0 4 4 2 8 34 
 1.51- 2.00 4 6 3 3 5 5 2 2 3 3 1 4 1 7 6 14 69 
 2.01- 3.00 52 17 21 10 17 12 14 21 22 16 14 20 40 56 58 45 435 
 3.01- 5.00 82 86 98 22 17 24 29 38 53 45 42 84 187 158 127 81 1,173 
 5.01- 7.00 8 12 41 18 2 3 13 18 39 37 22 72 111 60 25 11 492 
 7.01-10.00 1 2 9 2 0 0 5 2 5 11 23 49 41 21 8 2 181 
10.01-13.00 0 0 0 0 0 0 0 0 2 0 0 5 0 2 0 0 9 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 152 126 172 56 46 45 66 85 125 115 104 235 384 310 226 161 2,408 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 36 
 0.35- 0.50 5 5 4 7 5 4 5 4 5 1 9 4 4 2 3 2 69 
 0.51- 0.75 5 5 10 11 9 4 9 5 8 7 10 8 9 1 3 3 107 
 0.76- 1.00 15 16 18 32 24 11 7 6 6 9 21 10 20 12 8 11 226 
 1.01- 1.50 49 54 54 79 76 41 33 33 31 37 60 35 48 46 37 51 764 
 1.51- 2.00 73 95 96 115 92 67 46 50 68 56 72 85 79 96 76 72 1,238 
 2.01- 3.00 311 310 338 354 326 186 176 209 301 319 303 299 411 384 392 298 4,917 
 3.01- 5.00 634 476 728 572 290 280 370 390 631 854 876 898 1,253 1,000 790 604 10,646 
 5.01- 7.00 194 99 234 250 31 74 274 243 345 491 705 950 1,012 701 700 311 6,614 
 7.01-10.00 43 29 81 87 5 31 140 97 91 132 279 652 546 454 366 123 3,156 
10.01-13.00 6 1 5 13 0 2 10 6 10 11 33 152 105 45 44 5 448 
   >13.00       0     0     0     0     0     0     0    0     0     6     1     5     5     9     0     0     26 
 TOTAL 1,335 1,090 1,568 1,520 858 700 1,070 1,043 1,496 1,923 2,369 3,098 3,492 2,750 2,419 1,480 28,247
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 66 
 0.35- 0.50 4 7 10 6 10 9 7 7 6 12 11 5 5 4 8 9 120 
 0.51- 0.75 14 14 19 21 23 16 28 17 22 10 14 11 9 10 9 8 245 
 0.76- 1.00 17 14 21 31 40 33 27 17 34 21 20 15 19 14 13 6 342 
 1.01- 1.50 28 39 68 92 108 90 83 64 84 68 75 58 50 32 28 29 996 
 1.51- 2.00 39 59 85 121 179 117 125 121 141 161 120 91 78 38 31 27 1,533 
 2.01- 3.00 122 120 124 208 296 225 291 414 618 672 445 205 142 112 77 118 4,189 
 3.01- 5.00 153 95 90 132 91 164 369 467 1,019 723 461 364 201 154 118 166 4,767 
 5.01- 7.00 22 23 19 10 4 33 165 198 327 220 182 189 105 45 42 47 1,631 
 7.01-10.00 3 1 5 3 0 12 68 61 60 79 55 91 48 24 10 4 524 
10.01-13.00 0 0 0 0 0 0 9 2 5 10 9 9 8 1 1 3 57 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     4     0     0     0     0      4 
 TOTAL 402 372 441 624 751 699 1,172 1,368 2,316 1,976 1,392 1,042 665 434 337 417 14,474 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 63 
 0.35- 0.50 2 4 1 16 21 14 20 14 16 10 4 1 7 4 3 3 140 
 0.51- 0.75 11 10 12 15 34 26 25 31 28 21 11 9 7 2 3 1 246 
 0.76- 1.00 4 3 10 35 74 49 46 43 48 27 20 12 11 5 2 0 389 
 1.01- 1.50 2 6 20 58 141 119 72 53 91 63 43 18 8 5 1 9 709 
 1.51- 2.00 11 6 12 46 110 111 102 72 97 116 58 19 8 5 7 3 783 
 2.01- 3.00 10 4 14 42 106 186 149 257 318 256 92 16 4 4 5 5 1,468 
 3.01- 5.00 7 6 8 16 9 34 32 48 98 38 26 1 1 3 5 2 334 
 5.01- 7.00 0 0 0 0 0 0 0 1 4 0 0 3 1 0 1 0 10 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 47 39 77 228 495 539 446 519 700 531 254 80 47 28 27 23 4,143
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 163 
 0.35- 0.50 2 3 8 13 47 67 76 63 43 15 12 5 3 3 1 1 362 
 0.51- 0.75 3 6 9 19 88 148 167 127 113 32 6 7 3 2 3 2 735 
 0.76- 1.00 4 3 14 19 108 187 182 144 129 52 20 4 5 2 1 1 875 
 1.01- 1.50 2 5 12 46 203 243 194 195 139 64 24 7 7 0 1 3 1,145 
 1.51- 2.00 2 3 6 25 84 114 121 132 114 30 10 4 2 1 1 2 651 
 2.01- 3.00 4 1 2 30 58 80 91 197 200 46 14 4 0 1 0 2 730 
 3.01- 5.00 1 1 0 4 2 5 5 31 26 2 0 0 1 0 0 0 78 
 5.01- 7.00 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 3 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
   >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 19 22 51 156 590 844 836 889 764 242 86 31 21 9 7 12 4,742 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 330 
 0.35- 0.50 14 20 23 42 83 94 108 88 70 38 37 15 19 13 15 15 694 
 0.51- 0.75 34 35 50 66 154 196 229 181 171 71 41 35 29 15 19 15 1,341 
 0.76- 1.00 41 37 63 118 248 281 263 213 219 109 82 42 55 35 24 18 1,848 
 1.01- 1.50 86 109 155 278 536 497 387 347 345 236 203 118 119 89 73 106 3,684 
 1.51- 2.00 135 182 206 313 476 417 401 381 424 367 262 204 171 157 132 126 4,354 
 2.01- 3.00 591 507 515 655 817 705 731 1,111 1,474 1,318 874 559 639 621 615 551 12,283 
 3.01- 5.00 1,058 880 1,046 783 436 536 866 1,027 1,890 1,735 1,474 1,451 1,931 1,581 1,235 1,016 18,945 
 5.01- 7.00 253 167 404 297 41 120 472 490 743 795 949 1,309 1,490 875 806 402 9,613 
 7.01-10.00 48 35 122 96 5 43 222 163 165 236 370 853 715 513 394 130 4,110 
10.01-13.00 6 1 5 13 0 2 20 10 17 21 43 169 116 50 45 8 526 
   >13.00       0     0     0     0     0     0     0     0     0     6     1    11     5     9     0     0     32 
 TOTAL 2,266 1,973 2,589 2,661 2,796 2,891 3,699 4,011 5,518 4,932 4,336 4,766 5,289 3,958 3,358 2,387 57,760
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CEI PNPP 7 SITE YEAR 10-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:   5/1/72 - 8/31/82 

*** ANNUAL *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  10.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
TOTAL NUMBER OF OBSERVATIONS:  61,344 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  57,760 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  3,584 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  94.2% 
 
MEAN WIND SPEED FOR THIS PERIOD:  3.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 

PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   3.49  3.00  4.17  48.90  25.06  7.17  8.21 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 202 189 158 38 28 31 38 57 60 60 72 137 343 223 198 178 2 
 B 109 135 122 39 28 33 71 50 57 85 59 143 337 204 144 116 0 
 C 152 126 172 56 46 45 66 85 125 115 104 235 384 310 226 161 0 
 D 1,335 1,090 1,568 1,520 858 700 1,070 1,043 1,496 1,923 2,369 3,098 3,492 2,750 2,419 1,480 36 
 E 402 372 441 624 751 699 1,172 1,368 2,316 1,976 1,392 1,042 665 434 337 417 66 
 F 47 39 77 228 495 539 446 519 700 531 254 80 47 28 27 23 63 
 G 19 22 51 156 590 844 836 889 764 242 86 31 21 9 7 12 163 
 
 TOTAL 2,266 1,973 2,589 2,661 2,796 2,891 3,699 4,011 5,518 4,932 4,336 4,766 5,289 3,958 3,358 2,387 330 
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APPENDIX 2C 
 
 

MONTHLY AND ANNUAL JOINT FREQUENCY 
DISTRIBUTIONS(1) FOR PNPP, 60-METER WINDS 

 
 

Contents 
 
Type     Period of Record     Page 
 
Annual  Combined Three Concurrent Years    2C-1 
 
Monthly  Combined Seven Site Years     2C-6 
 
Annual  Combined Seven Site Years     2C-66 
 
NOTE: 
 
(1) Stability based on T (60-10 meters) and <Regulatory Guide 1.23> 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
            00000080 

CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 
PERIOD OF RECORD:  5/1/72 - 8/31/78 

 
STABILITY CLASS:  A 
ELEVATION:  60 METERS DELTA T (60.0 - 10.0) METERS 
DIRECTION  1-3   4-7    8-12 13-18   19-24    >24 TOTAL 

    MILES PER HOUR 
N 2 38 42 6 4 0 92 
NNE 1 21 55 18 3 0 98 
NE 5 14 38 36 15 0 108 
ENE 0 2 14 5 3 1 25 
E 2 2 9 3 0 0 16 
ESE 0 4 4 4 0 0 12 
SE 1 7 8 9 0 0 25 
SSE 2 4 13 16 1 1 37 
S 1 4 17 11 5 2 40 
SSW 1 4 9 18 0 2 34 
SW 1 5 9 9 3 6 33 
WSW 2 4 32 43 23 2 106 
W 2 14 59 46 15 4 140 
WNW 0 27 38 21 4 0 90 
NW 5 29 47 5 2 2 90 
NNW 1 42 41 6 2 0 92 
TOTALS 26 221 435 256 80 20 1,038 
 
PERIODS OF CALMS  0 HOURS 
 
STABILITY CLASS:  B 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 4 26 23 7 1 0 61 
NNE 0 11 12 3 1 0 27 
NE 2 13 42 16 11 0 84 
ENE 4 5 4 6 4 0 23 
E 1 6 9 0 0 0 16 
ESE 2 4 11 2 1 0 20 
SE 0 7 24 7 3 0 41 
SSE 1 8 13 11 2 1 36 
S 0 1 13 11 4 0 29 
SSW 0 3 7 10 9 0 29 
SW 0 1 11 16 4 3 35 
WSW 0 2 26 29 17 3 77 
W 1 12 34 36 19 10 112 
WNW 1 19 36 17 2 2 77 
NW 2 25 20 5 2 3 57 
NNW 3 27 15 6 2 0 53 
TOTALS 21 170 300 182 82 22 777 
 
PERIODS OF CALMS  0 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 

CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 
PERIOD OF RECORD:  5/1/72 - 8/31/78 

 
STABILITY CLASS:  C 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 4 15 19 2 3 0 43 
NNE 3 8 18 4 0 0 33 
NE 3 13 28 20 8 1 73 
ENE 3 7 15 13 1 0 39 
E 1 7 5 3 0 0 16 
ESE 0 10 15 3 0 0 28 
SE 1 10 10 7 1 0 29 
SSE 1 6 10 15 6 0 38 
S 1 4 22 24 6 2 59 
SSW 1 10 24 22 7 2 66 
SW 2 8 23 13 4 1 51 
WSW 2 7 27 33 21 13 103 
W 4 18 51 36 14 9 132 
WNW 3 41 34 19 14 5 116 
NW 2 39 28 11 8 3 91 
NNW 5 22 22 4 1 0 54 
TOTALS 36 225 351 229 94 36 971 
 
PERIODS OF CALMS  0 HOURS 
 
STABILITY CLASS:  D 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 33 119 188 159 68 24 591 
NNE 15 85 111 56 28 14 309 
NE 44 130 227 179 67 21 668 
ENE 39 125 248 167 78 14 671 
E 51 168 248 70 4 2 543 
ESE 31 99 160 55 10 5 360 
SE 22 66 132 141 71 34 466 
SSE 9 48 116 133 85 32 423 
S 14 88 171 176 68 13 530 
SSW 31 83 234 268 111 29 756 
SW 33 124 302 382 206 93 1,140 
WSW 26 113 225 346 266 186 1,164 
W 35 190 304 354 202 168 1,253 
WNW 37 141 195 191 121 127 812 
NW 28 170 231 204 137 103 873 
NNW 24 98 138 147 82 19 508 
TOTALS 474 1,847 3,230 3,028 1,604 884 11,067 
 
PERIODS OF CALMS  11 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 

CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 
PERIOD OF RECORD:  5/1/72 - 8/31/78 

 
STABILITY CLASS:  E 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 17 28 55 30 4 3 137 
NNE 15 37 40 18 6 4 120 
NE 24 57 61 26 8 2 178 
ENE 17 48 85 36 8 1 195 
E 31 86 141 21 0 0 279 
ESE 20 50 94 19 7 0 190 
SE 24 70 133 138 52 11 428 
SSE 12 42 165 179 55 22 475 
S 38 61 239 375 87 24 824 
SSW 22 64 272 389 97 21 865 
SW 25 78 284 212 62 39 700 
WSW 30 68 122 160 64 47 491 
W 23 61 84 81 35 26 310 
WNW 20 62 50 34 21 17 204 
NW 19 37 51 25 15 11 158 
NNW 14 45 53 37 7 2 158 
TOTALS 351 894 1,929 1,780 528 230 5,712 
 
PERIODS OF CALMS  17 HOURS 
 
STABILITY CLASS:  F 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 7 10 3 1 0 0 21 
NNE 7 7 3 2 0 0 19 
NE 9 14 5 0 0 0 28 
ENE 7 21 27 4 0 0 59 
E 12 36 74 27 0 0 149 
ESE 8 26 69 17 0 0 120 
SE 13 31 62 47 0 0 153 
SSE 11 30 48 47 1 0 137 
S 15 32 80 114 0 0 241 
SSW 9 31 94 112 1 0 247 
SW 15 48 86 65 2 0 216 
WSW 13 31 56 9 1 0 110 
W 6 17 22 4 1 1 51 
WNW 3 14 5 0 0 0 22 
NW 4 7 4 0 0 0 15 
NNW 10 10 3 0 0 0 23 
TOTALS 149 365 641 449 6 1 1,611 
 
PERIODS OF CALMS  10 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 

CEI PERRY 10 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 
PERIOD OF RECORD:  5/1/72 - 8/31/78 

 
STABILITY CLASS:  G 
ELEVATION:  60 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 14 19 3 0 0 0 36 
NNE 9 26 8 0 0 0 43 
NE 22 34 18 1 0 0 75 
ENE 10 49 28 4 0 0 91 
E 29 55 57 16 0 0 157 
ESE 21 53 82 28 0 0 184 
SE 23 56 64 21 0 0 184 
SSE 17 49 48 46 2 0 162 
S 20 55 78 82 1 0 236 
SSW 17 64 71 45 0 0 197 
SW 29 85 101 27 1 1 244 
WSW 16 52 21 3 0 0 92 
W 17 42 16 2 0 0 77 
NNW 12 17 1 0 0 0 30 
NW 17 18 3 0 0 0 38 
NNW 6 17 0 1 0 0 26 
TOTALS 281 691 619 276 4 1 1,872 
 
PERIODS OF CALMS  8 HOURS 
 
STABILITY CLASS:   ALL 
ELEVATION:  10 METERS    DELTA T (60.0 - 10.0) METERS 
DIRECTION 1-3 4-7 8-12 13-18 19-24 >24 TOTAL 

MILES PER HOUR 
N 81 255 333 205 80 27 981 
NNE 50 195 247 101 38 18 649 
NE 109 275 419 278 109 24 1,214 
ENE 80 257 421 235 94 16 1,103 
E 127 360 543 140 4 2 1,176 
ESE 82 246 435 128 18 5 914 
SE 84 247 453 370 127 45 1,326 
SSE 53 187 413 447 152 56 1,308 
S 89 245 620 793 171 41 1,959 
SSW 81 259 711 864 225 54 2,194 
SW 105 349 816 724 282 143 2,419 
WSW 91 277 509 623 392 251 2,143 
W 88 354 570 559 286 218 2,075 
WNW 76 321 359 282 162 151 1,351 
NW 77 325 384 250 164 122 1,322 
NNW 65 261 272 201 94 21 914 
TOTALS 1,338 4,413 7,505 6,200 2,398 1,194 23,048 
 
PERIODS OF CALMS  30 HOURS 
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* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION * 
       00000080 

CEI PERRY 60 METER WINDS (DELTA T 60-10M) 3 YRS COMBINED 
PERIOD OF RECORD:  5/1/72 - 8/31/78 

 
OBSERVATIONS WITH MISSING DATA 3,182 

 
TOTAL OBSERVATIONS FOR THE PERIOD ARE 23,098 

 
PERCENTAGE OCCURRENCE OF STABILITY CLASSES 

 
A  B  C  D  E  F  G 
 
4.49  3.36  4.20  47.98 24.80 7.02  8.14 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 2 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0 0 4 
 3.01- 5.00 0 0 0 0 1 1 0 0 0 1 3 1 0 0 0 1 8 
 5.01- 7.00 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0 0 4 
 7.01-10.00 0 0 0 0 0 2 0 0 0 0 0 1 0 0 0 0 3 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 6 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 0 1 5 0 0 0 4 5 9 0 0 0 1 25 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50  0 1 1 1 1 0 2 0 0 0 0 0 1 1 2 1 11 
 0.51- 0.75 0 0 1 1 3 1 0 0 0 1 1 0 1 0 0 0 9 
 0.76- 1.00 0 1 0 0 3 3 2 4 1 2 0 0 0 0 0 2 18 
 1.01- 1.50 3 1 5 4 6 1 1 2 3 2 5 3 5 3 2 3 49 
 1.51- 2.00 5 2 4 5 6 5 4 3 3 4 5 4 6 6 5 1 68 
 2.01- 3.00 10 13 18 25 28 15 20 14 12 15 21 17 20 25 18 15 286 
 3.01- 5.00 34 20 36 64 57 37 36 21 29 38 96 56 79 54 36 27 720 
 5.01- 7.00 43 11 16 38 22 19 32 23 38 50 131 145 152 99 36 40 895 
 7.01-10.00 9 5 25 28 10 16 10 34 24 34 110 201 198 117 64 9 894 
10.01-13.00 8 8 19 26 0 1 5 10 8 9 26 114 74 76 25 2 411 
  >13.00       3     0     0     6     0     0     0     2     8    11    13    75    51     8     0     0    177 
 TOTAL 115 62 125 198 136 98 112 113 126 166 408 615 587 389 188 100 3,543 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 3 
 0.51- 0.75 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 3 
 0.76- 1.00 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 4 
 1.01- 1.50 1 1 1 2 1 1 2 2 3 4 1 2 1 1 1 0 24 
 1.51- 2.00 1 1 3 1 2 1 1 5 3 1 2 2 2 1 1 0 27 
 2.01- 3.00 1 3 4 6 8 5 6 7 5 13 20 1 6 6 6 2 99 
 3.01- 5.00 5 7 7 8 22 16 23 23 18 37 46 27 7 17 3 8 274 
 5.01- 7.00 0 2 2 2 7 17 23 20 24 52 76 42 13 2 4 0 286 
 7.01-10.00 1 0 0 1 0 5 21 34 38 16 19 29 9 5 0 0 178 
10.01-13.00 0 0 0 1 0 1 6 19 8 15 15 19 2 0 0 0 86 
  >13.00        0     0     0     0     0     0     0     2     2     3     5     7     2     0     0     0     21 
 TOTAL 10 14 18 22 40 46 83 113 102 142 184 130 42 32 16 11 1,007 
 

STABILITY CLASS F 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 2 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 1 3 
 1.01- 1.50 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 0 3 
 1.51- 2.00 0 1 0 0 0 0 1 1 1 0 3 1 0 2 2 0 12 
 2.01- 3.00 0 0 0 0 3 3 0 1 1 1 5 1 0 0 0 0 15 
 3.01- 5.00 0 1 2 3 7 8 4 6 11 9 8 6 1 2 0 0 68 
 5.01- 7.00 0 0 0 0 2 4 2 1 10 6 17 2 0 1 0 0 45 
 7.01-10.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 2 3 3 12 15 8 9 25 16 35 11 3 5 2 1 151 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JANUARY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 1 1 0 0 0 0 0 0 0 1 0 0 3 
 0.76- 1.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 1 0 2 0 0 0 0 0 3 
 1.51- 2.00 0 0 0 1 0 0 1 1 0 2 2 1 1 1 0 0 10 
 2.01- 3.00 0 0 0 1 1 1 4 2 2 4 2 2 4 0 0 0 23 
 3.01- 5.00 0 0 0 0 3 7 2 3 10 13 13 1 2 1 0 0 55 
 5.01- 7.00 0 0 0 0 1 0 0 1 3 6 6 0 0 0 0 0 17 
 7.01-10.00 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 2 6 9 7 8 17 25 25 5 7 3 0 0 115 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 9 
 0.35- 0.50 0 1 1 2 1 0 3 0 1 0 0 1 1 1 2 1 15 
 0.51- 0.75 0 0 2 1 4 2 1 0 0 2 1 0 2 1 0 1 17 
 0.76- 1.00 1 1 0 0 3 3 2 6 1 2 2 1 0 0 1 3 26 
 1.01- 1.50 4 2 7 6 7 2 3 4 8 6 8 5 7 4 3 3 79 
 1.51- 2.00 6 4 7 7 8 6 8 10 7 7 12 8 9 10 8 1 118 
 2.01- 3.00 11 16 22 32 40 24 30 24 20 36 48 22 30 31 24 17 427 
 3.01- 5.00 39 28 45 75 90 70 65 53 68 98 166 91 89 74 39 36 1,126 
 5.01- 7.00 43 13 18 40 32 42 57 45 75 114 232 189 165 102 40 40 1,247 
 7.01-10.00 10 5 25 29 10 23 31 68 64 50 129 232 207 123 64 9 1,079 
10.01-13.00 8 8 19 27 0 2 11 29 16 24 41 139 76 76 25 2 503 
  >13.00       3     0     0     6     0     0     0     4    10    14    18    82    53     8     0     0    198 
 TOTAL 125 78 146 225 195 174 211 243 270 353 657 770 639 430 206 113 4,844 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/ 1/72 - 8/31/82 

*** JANUARY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,844 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  364 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  93.0% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.4 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.04  0.02  0.52  73.14  20.79  3.12  2.37 
 
 

DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 
 B 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
 C 0 0 0 0 1 5 0 0 0 4 5 9 0 0 0 1 0 
 D 115 62 125 198 136 98 112 113 126 166 408 615 587 389 188 100 5 
 E 10 14 18 22 40 46 83 113 102 142 184 130 42 32 16 11 2 
 F 0 2 3 3 12 15 8 9 25 16 35 11 3 5 2 1 1 
 G 0 0 0 2 6 9 7 8 17 25 25 5 7 3 0 0 1 
 
TOTAL 125 78 146 225 195 174 211 243 270 353 657 770 639 430 206 113 9 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
 3.01- 5.00 0 0 1 2 0 0 0 0 0 0 0 0 1 0 0 0 4 
 5.01- 7.00 0 0 1 0 1 0 0 0 0 0 0 3 0 0 0 0 5 
 7.01-10.00 0 0 1 1 0 0 0 0 0 0 0 2 5 0 0 0 9 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 3 3 1 0 0 0 0 1 1 9 6 0 0 0 24 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 3.01- 5.00 0 0 0 0 1 1 1 0 0 0 2 0 1 1 0 0 7 
 5.01- 7.00 0 0 1 1 1 0 0 0 0 0 1 0 4 0 0 0 8 
 7.01-10.00 0 0 0 2 0 0 0 2 0 0 0 4 1 0 0 0 9 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0      1 
 TOTAL 0 0 1 3 2 1 2 2 0 0 3 5 8 1 1 0 29 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 2 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 2.01- 3.00 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 5 
 3.01- 5.00 0 0 1 1 0 0 1 1 1 1 1 0 2 3 2 0 14 
 5.01- 7.00 0 0 2 2 1 0 0 0 0 0 0 2 4 2 1 0 14 
 7.01-10.00 0 0 0 0 0 0 0 3 0 0 0 2 4 0 4 0 13 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 3 3 2 1 3 5 1 2 2 7 11 5 7 0 52 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 1 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 5 
 0.51- 0.75 1 0 0 0 1 1 1 0 0 4 3 0 1 0 0 0 12 
 0.76- 1.00 1 0 1 0 1 0 0 0 1 0 2 0 1 0 0 0 7 
 1.01- 1.50 4 2 1 4 0 1 0 0 0 1 3 4 3 1 2 1 27 
 1.51- 2.00 6 5 5 1 6 12 0 0 2 2 4 5 10 9 5 2 74 
 2.01- 3.00 13 20 10 10 10 9 3 3 2 7 17 10 25 30 27 7 203 
 3.01- 5.00 45 46 31 53 62 33 25 10 13 31 34 47 84 52 57 50 673 
 5.01- 7.00 46 32 63 77 17 19 14 11 17 36 74 65 94 56 79 59 759 
 7.01-10.00 24 18 48 56 1 5 5 11 17 21 42 142 124 45 27 6 592 
10.01-13.00 1 2 17 17 0 0 1 4 8 4 11 34 43 10 3 0 155 
  >13.00       0     0     3     1     0     0     0     2     0     0     2     7    11     1     0     0     27 
 TOTAL 142 126 179 219 98 80 49 41 61 107 192 314 397 204 200 125 2,536 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
 0.51- 0.75 1 1 3 2 1 0 0 0 0 0 1 1 0 0 0 1 11 
 0.76- 1.00 1 2 0 1 0 1 0 0 1 2 1 2 1 1 0 0 13 
 1.01- 1.50 2 4 3 1 2 0 1 1 6 3 2 2 1 4 1 3 36 
 1.51- 2.00 1 0 3 2 4 3 5 2 3 2 2 3 6 2 1 0 39 
 2.01- 3.00 2 5 11 4 14 13 8 5 6 3 13 13 11 15 6 4 133 
 3.01- 5.00 12 10 4 7 35 22 10 14 30 45 56 32 31 21 8 10 347 
 5.01- 7.00 2 1 7 3 10 8 7 24 43 44 36 40 16 19 9 10 279 
 7.01-10.00 0 0 1 2 0 3 7 22 35 49 17 36 7 3 7 0 189 
10.01-13.00 0 0 0 0 0 0 3 12 9 5 2 5 0 2 3 0 41 
  >13.00       0     0     0    0     0     0     0     1     0     1     2     0     2     0     0     0      6 
 TOTAL 21 23 32 22 66 50 41 81 133 154 132 135 75 67 35 28 1,097 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 0.51- 0.75 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 3 
 0.76- 1.00 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 3 
 1.01- 1.50 1 0 1 0 0 0 1 2 0 0 2 1 0 1 0 0 9 
 1.51- 2.00 0 2 1 1 0 0 0 2 0 0 0 3 0 0 0 0 9 
 2.01- 3.00 0 0 1 1 0 3 4 1 1 2 7 3 4 0 1 0 28 
 3.01- 5.00 1 1 5 6 6 12 10 2 5 13 18 17 8 2 3 3 112 
 5.01- 7.00 0 0 0 1 1 6 6 3 13 8 26 12 2 0 0 0 78 
 7.01-10.00 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 4 9 9 7 21 22 11 19 27 54 36 14 4 4 3 249



 

  Revision 12 
 2C-14 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 1 0 1 0 1 0 0 0 0 1 1 1 1 0 7 
 0.51- 0.75 0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 5 
 0.76- 1.00 0 0 0 1 3 0 2 0 0 0 1 0 2 2 0 0 11 
 1.01- 1.50 1 0 1 0 4 2 0 1 1 0 2 1 0 1 2 2 18 
 1.51- 2.00 1 2 1 3 4 0 2 2 0 1 3 1 3 1 1 1 26 
 2.01- 3.00 1 0 2 7 4 3 4 5 4 4 6 4 6 2 0 1 53 
 3.01- 5.00 0 1 1 7 2 4 5 5 5 6 19 9 9 1 0 0 74 
 5.01- 7.00 0 0 0 0 0 6 1 5 3 3 8 4 0 0 0 0 30 
 7.01-10.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0    0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 4 7 18 19 15 15 19 14 14 39 20 21 8 5 4 225 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 7 
 0.35- 0.50 1 1 1 0 1 0 1 0 1 1 0 2 2 2 1 0 14 
 0.51- 0.75 2 3 5 2 3 1 1 1 1 5 4 1 1 0 1 1 32 
 0.76- 1.00 2 2 1 2 4 1 3 0 2 3 6 4 4 3 0 0 37 
 1.01- 1.50 8 6 6 5 6 3 2 4 7 5 9 9 4 7 6 6 93 
 1.51- 2.00 8 9 10 7 14 15 8 6 5 5 9 12 19 12 7 3 149 
 2.01- 3.00 16 25 24 22 29 29 21 15 13 16 44 31 46 47 34 12 424 
 3.01- 5.00 58 58 43 76 106 72 52 32 54 96 130 105 136 80 70 63 1,231 
 5.01- 7.00 48 33 74 84 31 39 28 43 76 91 145 126 120 77 89 69 1,173 
 7.01-10.00 24 18 50 61 1 8 12 39 52 73 59 186 141 48 38 6 816 
10.01-13.00 1 2 17 17 0 0 4 16 17 9 13 43 45 12 6 0 202 
  >13.00       0     0     3     1     0    0     0     3     0     1     4     7    14     1     0     0     34 
 TOTAL 168 157 234 277 195 168 132 159 228 305 423 526 532 289 252 160 4,212



 

  Revision 12 
 2C-15 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** FEBRUARY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  4,728 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,212 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  516 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  89.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  5.5 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.57  0.69  1.23  60.21  26.04  5.91  5.34 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 0 0 3 3 1 0 0 0 0 1 1 9 6 0 0 0 0 
 B 0 0 1 3 2 1 2 2 0 0 3 5 8 1 1 0 0 
 C 0 0 3 3 2 1 3 5 1 2 2 7 11 5 7 0 0 
 D 142 126 179 219 98 80 49 41 61 107 192 314 397 204 200 125 2 
 E 21 23 32 22 66 50 41 81 133 154 132 135 75 67 35 28 2 
 F 2 4 9 9 7 21 22 11 19 27 54 36 14 4 4 3 3 
 G 3 4 7 18 19 15 15 19 14 14 39 20 21 8 5 4 0 
 
TOTAL 168 157 234 277 195 168 132 159 228 305 423 526 532 289 252 160 7 
 



 

  Revision 12 
 2C-16 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 1 3 3 0 2 1 8 0 1 0 0 1 0 0 2 22 
 5.01- 7.00 0 0 8 3 0 0 0 3 2 1 1 0 3 3 0 0 24 
 7.01-10.00 0 0 15 2 0 1 0 5 2 0 0 6 2 2 0 0 35 
10.01-13.00 0 0 2 0 0 0 0 2 1 0 1 0 1 1 4 0 12 
  >13.0         0     0     0     0     0     0     0     0     0     0     2     1     0     0     0     0      3 
 TOTAL 1 2 28 8 0 3 1 18 5 2 4 7 7 6 5 2 99 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 1 0 0 0 1 0 0 0 0 0 0 1 2 5 
 3.01- 5.00 1 1 4 1 1 1 2 2 0 0 0 2 0 3 4 3 25 
 5.01- 7.00 0 0 6 1 0 1 0 3 2 3 2 4 6 3 0 1 32 
 7.01-10.00 1 0 5 4 0 0 2 1 3 1 2 1 7 2 3 3 35 
10.01-13.00 0 0 0 0 0 0 0 1 0 0 0 0 6 0 1 0 8 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 1 15 7 1 2 4 8 5 4 4 7 19 8 9 9 105 



 

  Revision 12 
 2C-17 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 2 
 2.01- 3.00 1 0 1 2 0 0 0 0 0 1 0 0 0 1 1 2 9 
 3.01- 5.00 2 1 2 3 0 2 2 3 3 0 1 1 5 6 3 4 38 
 5.01- 7.00 0 2 2 3 1 0 5 5 11 4 1 5 19 11 6 2 77 
 7.01-10.00 1 0 3 3 0 0 1 5 8 4 2 2 7 5 2 0 43 
10.01-13.00 0 0 0 1 0 0 0 1 0 1 5 6 6 0 6 0 26 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     2     4     0     0     0      6 
 TOTAL 4 3 8 13 2 2 9 14 22 10 9 16 41 23 18 8 202 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 3 
 0.51- 0.75 0 0 0 1 0 0 2 1 0 0 1 0 0 0 0 0 5 
 0.76- 1.00 0 0 1 0 1 1 2 1 0 1 1 0 2 1 1 3 15 
 1.01- 1.50 3 1 1 3 5 0 0 2 0 1 3 3 1 1 1 3 28 
 1.51- 2.00 5 1 4 3 4 1 0 2 1 2 2 1 2 6 4 3 41 
 2.01- 3.00 15 25 10 18 17 11 4 10 3 5 2 9 13 21 32 24 219 
 3.01- 5.00 30 34 60 74 34 24 11 15 11 10 21 50 75 51 45 30 575 
 5.01- 7.00 20 21 48 70 43 3 18 41 18 33 34 61 135 39 52 28 664 
 7.01-10.00 14 6 17 48 10 7 34 60 32 29 21 95 92 71 78 24 638 
10.01-13.00 1 0 2 6 0 4 25 23 6 6 13 51 36 30 38 4 245 
  >13.00       0     0     0     0     0     0     1     3     1     2     8    21    21    11     7     0     75 
 TOTAL 88 88 143 223 115 51 98 158 72 90 106 291 377 231 258 119 2,509



 

  Revision 12 
 2C-18 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 3 
 0.51- 0.75 1 0 0 0 1 0 0 0 0 0 0 1 0 0 2 0 5 
 0.76- 1.00 0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 0 4 
 1.01- 1.50 1 0 1 0 1 0 0 4 1 0 1 1 3 1 0 0 14 
 1.51- 2.00 0 2 3 0 2 1 5 0 2 0 1 4 2 1 3 1 27 
 2.01- 3.00 3 4 8 7 7 6 4 3 5 5 8 5 5 6 12 5 93 
 3.01- 5.00 3 10 26 29 39 9 13 9 18 14 22 36 19 10 1 3 261 
 5.01- 7.00 5 3 9 23 12 10 23 19 30 57 38 38 5 6 2 0 280 
 7.01-10.00 0 0 2 1 1 2 26 30 49 45 35 35 24 2 0 0 252 
10.01-13.00 0 0 0 0 0 0 13 16 16 14 5 14 7 0 0 0 85 
  >13.00       0     0     0     0     0     0     3     9     3     2     0     1     0     0     0     0     18 
 TOTAL 13 20 49 62 63 29 88 90 124 137 111 136 65 26 20 9 1,044 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:   60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 4 
 1.01- 1.50 2 0 0 1 2 1 1 1 1 1 1 0 0 0 0 0 11 
 1.51- 2.00 0 1 0 0 3 0 1 2 0 2 2 2 0 3 2 0 18 
 2.01- 3.00 0 1 3 5 2 2 2 2 3 6 4 5 1 3 1 1 41 
 3.01- 5.00 0 1 2 10 19 8 5 5 6 7 4 12 3 1 0 1 84 
 5.01- 7.00 0 1 0 3 7 4 18 11 18 21 16 6 2 0 0 0 107 
 7.01-10.00 0 0 0 0 2 0 1 1 5 1 2 0 0 0 0 0 12 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 5 5 19 35 15 29 22 33 39 29 26 6 7 4 2 281



 

  Revision 12 
 2C-19 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:   5/1/72 - 8/31/82 

*** MARCH *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 0.76- 1.00 1 2 0 1 0 1 1 0 0 0 0 0 0 0 1 0 7 
 1.01- 1.50 0 3 0 0 1 2 0 1 0 0 3 0 0 0 0 1 11 
 1.51- 2.00 1 2 1 1 2 1 1 0 1 1 2 2 2 0 0 0 17 
 2.01- 3.00 0 5 2 2 6 4 3 4 5 8 7 5 6 2 0 0 59 
 3.01- 5.00 1 1 5 3 16 15 10 10 5 4 5 8 2 0 1 0 86 
 5.01- 7.00 0 0 0 5 9 6 3 6 1 0 1 5 1 0 0 0 37 
 7.01-10.00 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 13 9 12 35 29 19 21 13 13 18 20 11 2 2 1 224 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 7 
 0.35- 0.50 1 1 1 1 1 1 1 0 0 1 0 1 0 0 0 0 9 
 0.51- 0.75 1 0 0 1 1 0 4 1 1 0 1 1 0 0 2 0 13 
 0.76- 1.00 2 3 1 2 1 2 4 1 0 2 2 1 2 1 3 3 30 
 1.01- 1.50 6 4 2 4 9 3 1 8 2 2 8 4 4 2 2 4 65 
 1.51- 2.00 7 7 8 5 12 3 7 4 4 5 7 9 6 10 9 4 107 
 2.01- 3.00 19 35 24 35 32 23 13 20 16 25 21 24 25 33 47 34 426 
 3.01- 5.00 37 49 102 123 109 61 44 52 43 36 53 109 105 71 54 43 1,091 
 5.01- 7.00 25 27 73 108 72 24 67 88 82 119 93 119 171 62 60 31 1,221 
 7.01-10.00 16 6 42 58 14 10 65 102 99 80 62 139 132 82 83 27 1,017 
10.01-13.00 1 0 4 7 0 4 38 43 23 21 24 71 56 31 49 4 376 
  >13.00       0     0     0     0     0     0     4    12     4     4    10    25    25    11     7     0    102 
 TOTAL 115 132 257 344 251 131 248 331 274 295 281 503 526 303 316 150 4,464



 

  Revision 12 
 2C-20 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MARCH *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,464 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  744 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  85.7% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.1 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   2.22  2.35  4.53  56.21  23.39  6.29    5.02 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 1 2 28 8 0 3 1 18 5 2 4 7 7 6 5 2 0 
 B 2 1 15 7 1 2 4 8 5 4 4 7 19 8 9 9 0 
 C 4 3 8 13 2 2 9 14 22 10 9 16 41 23 18 8 0 
 D 88 88 143 223 115 51 98 158 72 90 106 291 377 231 258 119 1 
 E 13 20 49 62 63 29 88 90 124 137 111 136 65 26 20 9 2 
 F 4 5 5 19 35 15 29 22 33 39 29 26 6 7 4 2 1 
 G 3 13 9 12 35 29 19 21 13 13 18 20 11 2 2 1 3 
 
TOTAL 115 132 257 344 251 131 248 331 274 295 281 503 526 303 316 150 7 
 



 

  Revision 12 
 2C-21 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 2 0 0 0 0 0 0 0 0 0 2 0 0 3 2 3 12 
 3.01- 5.00 3 1 3 2 0 0 1 1 3 0 0 2 11 14 11 9 61 
 5.01- 7.00 3 5 18 2 1 4 1 6 2 0 3 4 9 7 3 3 71 
 7.01-10.00 1 1 13 0 0 0 0 0 2 1 4 12 21 0 2 0 57 
10.01-13.00 0 0 0 0 0 0 0 0 3 1 0 1 10 1 0 0 16 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     2     1     0     0     0      3 
 TOTAL 9 7 34 4 1 4 2 7 10 2 9 21 53 25 18 15 221 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 3 2 0 0 0 1 1 0 0 0 0 0 1 1 3 4 16 
 3.01- 5.00 6 1 0 0 0 3 4 2 1 0 0 2 3 5 8 7 42 
 5.01- 7.00 9 3 14 0 0 1 2 1 1 5 4 2 15 13 2 2 74 
 7.01-10.00 3 0 4 1 0 1 1 0 4 5 3 5 25 4 1 3 60 
10.01-13.00 0 0 1 0 0 0 0 0 0 1 1 6 12 2 0 0 23 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     2     0     0     0      2 
 TOTAL 21 6 19 1 0 6 8 3 6 11 8 15 58 26 14 16 218



 

  Revision 12 
 2C-22 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
 0.51- 0.75 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 2 
 0.76- 1.00 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 1.01- 1.50 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 
 2.01- 3.00 6 2 1 1 2 0 0 0 0 1 0 3 0 3 2 5 26 
 3.01- 5.00 8 5 5 2 2 0 1 3 2 2 2 2 3 17 14 12 80 
 5.01- 7.00 0 3 8 5 1 1 1 5 3 1 4 3 19 7 3 2 66 
 7.01-10.00 1 0 6 1 0 1 1 0 7 5 4 7 24 13 3 1 74 
10.01-13.00 1 0 1 0 0 0 0 0 1 0 4 3 8 3 1 0 22 
 >13.00       0     0     0     0     0     0     0     0     1     1     0     0     0     1     1     0      4 
 TOTAL 17 12 22 10 6 2 3 9 14 10 14 18 56 45 24 20 282 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 2 
 0.51- 0.75 1 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 5 
 0.76- 1.00 1 0 1 1 0 0 0 0 0 0 0 2 0 2 0 1 8 
 1.01- 1.50 0 1 4 1 2 2 0 0 3 3 2 1 4 4 5 3 35 
 1.51- 2.00 6 4 6 1 2 2 0 0 1 0 5 0 2 6 4 6 45 
 2.01- 3.00 19 17 10 10 11 3 1 2 5 6 12 10 17 13 25 17 178 
 3.01- 5.00 22 28 48 34 29 8 12 9 11 11 15 20 49 49 52 32 429 
 5.01- 7.00 15 18 48 39 11 12 4 12 10 25 25 46 55 54 45 38 457 
 7.01-10.00 14 3 29 22 3 5 17 13 20 39 69 74 102 43 38 37 528 
10.01-13.00 5 0 1 9 0 4 28 13 8 19 24 24 57 11 11 8 222 
 >13.00       2     2     3     3     0     1     4     2     2     3     2    15    20     8     1     0     68 
 TOTAL 85 73 151 121 59 37 66 51 60 107 155 192 306 191 181 142 1,979



 

  Revision 12 
 2C-23 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 1 0 1 0 0 0 0 0 0 0 1 1 0 4 
 0.76- 1.00 0 1 1 1 2 0 0 0 1 0 0 0 0 2 1 0 9 
 1.01- 1.50 1 2 1 2 1 3 2 0 0 0 2 1 0 1 4 3 23 
 1.51- 2.00 1 2 5 1 0 3 4 1 3 2 0 2 2 1 3 3 33 
 2.01- 3.00 6 6 4 7 5 6 3 3 1 3 4 4 4 10 7 5 78 
 3.01- 5.00 11 7 15 31 38 24 17 7 15 12 19 17 16 13 15 13 270 
 5.01- 7.00 5 6 11 18 18 10 14 24 36 28 33 33 16 14 8 8 282 
 7.01-10.00 0 0 3 4 4 7 8 26 38 38 32 42 26 9 1 2 240 
10.01-13.00 0 0 0 3 0 0 6 3 10 9 9 10 13 4 0 0 67 
 >13.00       0     0     0     0     0     0     1     1     0     1     3     3     2     0     0     0     11 
 TOTAL 24 24 40 68 69 54 55 65 104 93 102 112 79 55 40 34 1,018 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 1 5 
 0.76- 1.00 1 1 0 0 1 0 2 1 0 0 0 1 0 0 0 1 8 
 1.01- 1.50 0 2 1 0 1 2 0 3 0 0 0 0 0 0 0 1 10 
 1.51- 2.00 1 1 2 2 0 1 0 1 0 0 0 1 2 0 2 1 14 
 2.01- 3.00 3 4 1 7 4 4 5 2 1 0 2 1 2 2 0 0 38 
 3.01- 5.00 2 1 5 16 26 6 9 4 6 5 13 12 6 1 2 1 115 
 5.01- 7.00 1 0 1 3 7 15 9 3 8 14 17 7 1 1 0 0 87 
 7.01-10.00 0 0 0 0 0 0 3 4 6 10 5 1 0 0 0 0 29 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 8 9 10 28 40 29 28 18 21 29 37 24 12 4 4 5 307



 

  Revision 12 
 2C-24 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** APRIL *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.51- 0.75 1 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 4 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 4 
 1.01- 1.50 0 0 0 1 1 1 0 2 1 1 1 5 0 2 2 1 18 
 1.51- 2.00 2 0 1 1 0 0 0 2 1 5 2 0 1 1 4 3 23 
 2.01- 3.00 3 1 1 6 5 1 3 2 6 5 3 5 8 3 1 1 54 
 3.01- 5.00 0 1 3 2 14 16 14 6 4 8 19 19 8 0 0 0 114 
 5.01- 7.00 0 0 0 0 7 11 10 9 6 9 4 3 0 0 0 0 59 
 7.01-10.00 0 0 0 0 0 0 0 3 8 1 0 0 0 0 0 0 12 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 7 2 5 10 27 30 27 24 27 29 29 34 18 6 8 6 291 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50 0 1 0 0 1 0 0 0 0 1 0 0 1 1 0 1 6 
 0.51- 0.75 2 0 1 2 3 3 0 1 1 0 1 1 1 1 2 1 20 
 0.76- 1.00 4 3 2 2 3 0 2 1 1 0 0 5 1 4 1 2 31 
 1.01- 1.50 1 5 7 5 5 8 2 5 4 4 5 7 5 8 11 8 90 
 1.51- 2.00 10 7 14 5 2 6 4 4 5 7 7 3 8 9 13 13 117 
 2.01- 3.00 42 32 17 31 27 15 13 9 13 15 23 23 32 35 40 35 402 
 3.01- 5.00 52 44 79 87 109 57 58 32 42 38 68 74 96 99 102 74 1,111 
 5.01- 7.00 33 35 100 67 45 54 41 60 66 82 90 98 115 96 61 53 1,096 
 7.01-10.00 19 4 55 28 7 14 30 46 85 99 117 141 198 69 45 43 1,000 
10.01-13.00 6 0 3 12 0 4 34 16 22 30 38 44 100 21 12 8 350 
  >13.00       2     2     3     3     0     1     5     3     3     5     5    20    25     9     2     0     88 
 TOTAL  171 133 281 242 202 162 189 177 242 281 354 416 582 352 289 238 4,316



 

  Revision 12 
 2C-25 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 

*** APRIL *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,316 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  724 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  85.6% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.0 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   5.12  5.05  6.53  45.85  23.59  7.11  6.74 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SEQ SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 9 7 34 4 1 4 2 7 10 2 9 21 53 25 18 15 0 
 B 21 6 19 1 0 6 8 3 6 11 8 15 58 26 14 16 0 
 C 17 12 22 10 6 2 3 9 14 10 14 18 56 45 24 20 0 
 D 85 73 151 121 59 37 66 51 60 107 155 192 306 191 181 142 2 
 E 24 24 40 68 69 54 55 65 104 93 102 112 79 55 40 34 0 
 F 8 9 10 28 40 29 28 18 21 29 37 24 12 4 4 5 1 
 G 7 2 5 10 27 30 27 24 27 29 29 34 18 6 8 6 2 
 
TOTAL 171 133 281 242 202 162 189 177 242 281 354 416 582 352 289 238 5



 

  Revision 12 
 2C-26 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 0 4 
 2.01- 3.00 2 2 0 0 0 0 0 1 0 1 0 1 1 0 1 5 14 
 3.01- 5.00 2 3 3 0 0 1 5 1 2 1 0 6 16 14 12 7 73 
 5.01- 7.00 0 4 7 0 0 2 8 3 2 4 3 15 27 8 3 0 86 
 7.01-10.00 0 0 9 3 0 3 1 2 0 0 1 10 14 6 1 0 50 
10.01-13.00 0 0 0 1 0 0 0 1 0 0 4 3 0 0 0 0 9 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 9 19 4 0 6 14 9 4 7 8 35 59 29 19 12 238 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 2.01- 3.00 1 0 3 0 1 0 0 2 0 1 0 0 0 0 1 2 11 
 3.01- 5.00 7 6 11 0 0 0 4 2 1 4 2 3 7 8 5 6 66 
 5.01- 7.00 1 2 14 2 0 1 6 4 2 4 4 1 19 6 2 1 69 
 7.01-10.00 0 0 10 3 0 0 1 2 2 1 1 5 13 1 0 0 39 
10.01-13.00 0 0 1 0 0 0 0 1 1 2 3 1 1 0 0 0 10 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 10 8 39 6 1 1 11 12 6 12 10 10 40 15 9 9 199



 

  Revision 12 
 2C-27 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 0 0 1 0 0 0 1 0 1 1 0 0 0 0 1 1 6 
 2.01- 3.00 0 0 0 1 0 2 2 1 1 1 1 0 4 3 8 5 29 
 3.01- 5.00 11 13 23 2 0 0 2 5 2 9 3 3 21 32 15 7 148 
 5.01- 7.00 1 3 13 4 0 0 3 3 2 4 2 3 18 8 5 3 72 
 7.01-10.00 0 1 8 5 0 1 1 2 6 5 0 8 10 6 0 0 53 
10.01-13.00 0 0 0 0 0 0 0 0 3 1 1 6 0 0 0 0 11 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 12 18 45 12 0 3 9 11 15 21 7 20 53 49 30 17 322 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 1 2 0 0 0 0 1 0 0 0 0 0 0 0 4 
 0.51- 0.75 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 2 
 0.76- 1.00 4 0 3 0 3 0 0 2 1 1 1 1 0 3 0 1 20 
 1.01- 1.50 8 3 6 4 5 1 0 0 0 2 4 3 6 5 3 6 56 
 1.51- 2.00 11 8 9 7 2 1 1 1 2 2 2 7 4 15 10 8 90 
 2.01- 3.00 20 24 29 15 19 11 10 8 5 6 13 15 35 41 42 30 323 
 3.01- 5.00 33 48 84 69 36 30 14 21 19 22 26 56 104 83 53 40 738 
 5.01- 7.00 18 11 50 47 7 16 27 28 31 31 20 42 62 19 24 20 453 
 7.01-10.00 9 7 26 32 2 4 29 23 25 23 14 53 38 22 11 6 324 
10.01-13.00 0 0 7 4 0 0 11 6 7 4 0 23 11 0 0 1 74 
  >13.00       0     0     0     0     0     0     1     0     0     0     0     0     0     0     0     0      1 
 TOTAL 103 101 215 181 74 63 93 89 91 91 80 200 261 188 143 112 2,085



 

  Revision 12 
 2C-28 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 3 0 1 0 0 0 0 0 1 0 2 0 0 0 0 1 8 
 0.76- 1.00 0 1 2 0 2 0 0 1 1 0 0 0 1 0 1 0 9 
 1.01- 1.50 3 1 1 1 1 1 2 2 2 3 2 5 3 6 2 0 35 
 1.51- 2.00 6 0 2 3 7 1 2 3 3 3 0 3 5 2 4 5 49 
 2.01- 3.00 7 9 19 9 15 4 2 4 8 8 7 15 13 19 11 7 157 
 3.01- 5.00 11 17 23 27 41 19 20 25 22 24 36 23 23 21 21 8 361 
 5.01- 7.00 8 6 9 13 10 11 24 31 43 61 25 18 11 2 8 2 282 
 7.01-10.00 4 13 6 2 1 1 25 27 29 24 9 5 4 0 1 1 152 
10.01-13.00 0 1 4 0 0 0 4 1 2 0 0 2 1 0 0 0 15 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 42 48 67 55 78 37 79 94 111 123 81 71 61 50 48 24 1,069 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 
 0.51- 0.75 1 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 4 
 0.76- 1.00 0 0 0 0 1 0 2 0 1 0 0 0 0 0 0 1 5 
 1.01- 1.50 0 0 0 0 0 2 1 0 2 0 1 0 0 1 2 1 10 
 1.51- 2.00 4 3 2 1 1 0 0 0 1 1 2 2 0 4 1 2 24 
 2.01- 3.00 3 1 7 4 4 3 3 3 2 1 12 6 3 5 3 0 60 
 3.01- 5.00 2 3 8 14 36 3 9 9 10 5 15 20 9 2 2 2 149 
 5.01- 7.00 0 0 3 5 13 22 23 15 28 28 20 7 1 0 0 0 165 
 7.01-10.00 0 0 0 0 0 1 8 2 7 4 5 2 0 0 0 0 29 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 10 7 20 24 55 31 46 29 51 40 55 37 13 12 9 9 448



 

  Revision 12 
 2C-29 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** MAY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 4 
 0.51- 0.75 0 0 1 0 0 2 0 0 1 0 0 0 0 0 0 0 4 
 0.76- 1.00 0 0 2 1 0 0 1 0 1 2 2 3 2 0 1 1 16 
 1.01- 1.50 1 1 2 0 1 2 0 2 4 1 3 5 4 2 2 3 33 
 1.51- 2.00 1 2 4 5 10 0 6 3 1 2 6 2 8 4 3 2 59 
 2.01- 3.00 5 2 2 7 11 7 9 7 3 9 17 14 13 7 8 4 125 
 3.01- 5.00 1 4 10 8 26 27 21 5 9 15 31 28 8 1 0 1 195 
 5.01- 7.00 1 0 2 1 11 22 21 18 7 22 16 1 1 0 0 0 123 
 7.01-10.00 0 0 0 0 0 5 5 4 7 3 4 0 0 0 0 0 28 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 10 9 23 22 59 65 63 39 33 55 80 54 36 14 14 11 591 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 1 1 1 2 1 0 0 0 1 1 1 1 0 0 0 2 12 
 0.51- 0.75 4 0 2 1 0 2 0 0 2 1 2 0 1 0 1 3 19 
 0.76- 1.00 5 1 7 1 6 0 3 3 4 3 3 4 3 3 2 3 51 
 1.01- 1.50 12 5 9 6 7 6 3 5 8 6 10 13 13 14 12 10 139 
 1.51- 2.00 22 13 18 16 20 2 10 8 8 10 10 14 18 26 20 18 233 
 2.01- 3.00 38 38 60 36 50 27 26 26 19 27 50 51 69 75 74 53 719 
 3.01- 5.00 67 94 162 120 139 80 75 68 65 80 113 139 188 161 108 71 1,730 
 5.01- 7.00 29 26 98 72 41 74 112 102 115 154 90 87 139 43 42 26 1,250 
 7.01-10.00 13 21 59 45 3 15 70 62 76 60 34 83 79 35 13 7 675 
10.01-13.00 0 1 12 5 0 0 15 9 13 7 8 35 13 0 0 1 119 
 >13.00       0     0     0     0     0     0     1     0     0     0     0     0     0     0     0     0      1 
 TOTAL 191 200 428 304 267 206 315 283 311 349 321 427 523 357 272 194 4,952



 

  Revision 12 
 2C-30 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 

*** MAY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,952 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  256 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  95.1% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.8 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   4.81  4.02  6.50  42.10  21.59  9.05  11.93 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 4 9 19 4 0 6 14 9 4 7 8 35 59 29 19 12 0 
 B 10 8 39 6 1 1 11 12 6 12 10 10 40 15 9 9 0 
 C 12 18 45 12 0 3 9 11 15 21 7 20 53 49 30 17 0 
 D 103 101 215 181 74 63 93 89 91 91 80 200 261 188 143 112 0 
 E 42 48 67 55 78 37 79 94 111 123 81 71 61 50 48 24 0 
 F 10 7 20 24 55 31 46 29 51 40 55 37 13 12 9 9 0 
 G 10 9 23 22 59 65 63 39 33 55 80 54 36 14 14 11 4 
 
TOTAL 191 200 428 304 267 206 315 283 311 349 321 427 523 357 272 194 4 
 



 

  Revision 12 
 2C-31 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 4 
 2.01- 3.00 3 1 3 2 1 0 1 3 2 0 0 0 2 7 5 4 34 
 3.01- 5.00 9 18 4 0 2 0 0 1 3 1 1 9 12 21 19 16 116 
 5.01- 7.00 0 11 8 0 0 0 1 1 6 8 4 11 29 6 7 2 94 
 7.01-10.00 0 1 0 0 0 0 1 2 0 1 0 16 7 0 2 3 33 
10.01-13.00 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 16 31 15 2 3 0 3 9 11 10 5 36 51 34 34 25 285 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 2 
 1.51- 2.00 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
 2.01- 3.00 3 0 1 0 0 1 1 1 0 0 1 0 0 4 6 1 19 
 3.01- 5.00 5 8 5 0 2 0 0 2 3 3 2 5 24 16 8 5 88 
 5.01- 7.00 0 1 0 2 0 0 2 1 3 9 3 10 36 6 5 0 78 
 7.01-10.00 0 0 2 1 0 0 0 1 1 5 0 6 15 1 1 1 34 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 3 0 2 1 7 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 8 9 11 4 2 2 3 5 7 17 6 22 78 27 22 9 232



 

  Revision 12 
 2C-32 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 
 1.01- 1.50 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 2.01- 3.00 1 3 2 0 0 0 0 2 2 0 1 0 2 5 8 5 31 
 3.01- 5.00 5 7 10 2 0 0 2 1 8 3 4 6 26 20 15 10 119 
 5.01- 7.00 0 3 2 1 0 0 0 2 6 7 5 6 24 4 3 0 63 
 7.01-10.00 0 0 5 0 0 0 0 1 2 6 1 8 7 2 2 2 36 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 4 3 1 2 1 12 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 7 13 19 3 0 0 3 6 18 16 12 25 62 33 31 18 266 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 2 
 0.51- 0.75 0 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 3 
 0.76- 1.00 3 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 5 
 1.01- 1.50 4 4 5 0 2 0 0 0 0 2 3 4 4 1 3 1 33 
 1.51- 2.00 2 5 4 7 3 5 0 2 0 3 1 4 5 7 7 5 60 
 2.01- 3.00 14 23 17 18 12 4 2 3 4 10 13 19 21 31 38 16 245 
 3.01- 5.00 19 28 33 22 11 5 16 11 30 36 49 45 69 61 49 29 513 
 5.01- 7.00 14 12 28 17 2 0 3 28 37 48 27 56 33 35 34 31 405 
 7.01-10.00 9 1 1 5 1 0 2 11 14 15 27 33 39 14 29 14 215 
10.01-13.00 6 0 0 0 0 0 0 0 1 0 3 12 12 12 15 3 64 
  >13.00       0     0     0     0     0     0     0     0     0     0     1     0     0     4    11     0     16 
 TOTAL 71 73 89 69 32 15 24 55 86 114 124 175 184 165 186 99 1,562



 

  Revision 12 
 2C-33 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 2 0 0 0 1 0 0 1 2 0 0 0 0 0 6 
 0.76- 1.00 0 0 0 0 1 2 0 0 1 0 1 2 0 0 1 0 8 
 1.01- 1.50 1 0 0 3 3 0 2 1 1 1 2 0 0 0 2 0 16 
 1.51- 2.00 1 0 1 3 4 2 2 0 1 1 1 5 2 1 1 2 27 
 2.01- 3.00 7 4 5 9 9 7 5 3 3 6 7 13 8 8 8 10 112 
 3.01- 5.00 12 10 23 7 17 9 12 30 37 39 42 20 18 13 15 33 337 
 5.01- 7.00 7 3 3 2 2 0 15 41 106 112 52 19 16 4 6 24 412 
 7.01-10.00 3 0 1 0 0 0 3 10 34 38 16 7 3 0 2 5 122 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 5 1 0 1 0 8 
  >13.00       0     0     0     0     0     0     0     0     0     1     0     0     0     0     1     0      2 
 TOTAL 31 17 35 24 36 20 40 85 183 200 124 71 48 26 37 74 1,051 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 
 0.76- 1.00 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0 0 4 
 1.01- 1.50 1 0 0 2 1 1 1 3 1 0 1 0 1 3 0 2 17 
 1.51- 2.00 1 0 0 3 3 0 1 1 1 0 2 0 1 1 1 1 16 
 2.01- 3.00 2 2 1 2 5 2 0 4 9 6 10 8 6 3 5 2 67 
 3.01- 5.00 1 2 4 4 9 13 8 9 14 14 13 13 3 1 1 1 110 
 5.01- 7.00 0 0 0 1 0 7 12 17 41 50 18 3 1 0 0 0 150 
 7.01-10.00 0 0 0 0 0 0 0 1 7 12 3 1 0 0 0 0 24 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 4 5 13 18 26 22 35 75 82 47 25 12 8 7 6 392



 

  Revision 12 
 2C-34 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JUNE *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 0 0 0 1 1 0 0 0 2 0 0 2 0 1 0 0 7 
 0.76- 1.00 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 3 
 1.01- 1.50 0 1 2 1 2 2 3 1 3 0 0 3 0 1 2 1 22 
 1.51- 2.00 1 2 2 6 3 2 3 0 2 1 3 2 3 3 4 1 38 
 2.01- 3.00 2 12 6 1 11 7 9 6 12 8 12 4 9 5 6 2 112 
 3.01- 5.00 2 2 1 6 15 20 16 15 21 23 41 4 2 2 2 0 172 
 5.01- 7.00 0 0 0 1 6 15 27 19 25 46 23 3 0 0 0 0 165 
 7.01-10.00 0 0 0 0 0 0 0 7 12 9 5 0 0 0 0 0 33 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 5 17 12 17 38 47 58 49 77 87 84 18 14 12 15 4 554 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 1 0 2 1 0 0 1 0 0 1 0 0 0 6 
 0.51- 0.75 0 0 3 1 2 2 1 0 2 1 2 3 0 1 0 0 18 
 0.76- 1.00 5 0 1 2 1 3 0 1 3 0 1 4 0 0 2 0 23 
 1.01- 1.50 6 5 7 6 8 4 7 7 5 3 6 7 5 5 8 5 94 
 1.51- 2.00 8 7 10 19 13 9 6 3 4 5 7 11 11 13 14 9 149 
 2.01- 3.00 32 45 35 32 38 21 18 22 32 30 44 44 48 63 76 40 620 
 3.01- 5.00 53 75 80 41 56 47 54 69 116 119 152 102 154 134 109 94 1,455 
 5.01- 7.00 21 30 41 24 10 22 60 109 224 280 132 108 139 55 55 57 1,367 
 7.01-10.00 12 2 9 6 1 0 6 33 70 86 52 71 71 17 36 25 497 
10.01-13.00 7 0 0 0 0 0 0 0 1 0 5 2 20 13 20 5 93 
  >13.00       0     0     0     0     0     0     0     0     0     1     1     0     0     4    12     0     18 
 TOTAL 144 164 186 132 129 110 153 244 457 526 402 372 449 305 332 235 4,342



 

  Revision 12 
 2C-35 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 
 

*** JUNE *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.00 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,342 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  698 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  86.2% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.9 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   6.56  5.34  6.13  35.97  24.21  9.03  12.76 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 16 31 15 2 3 0 3 9 11 10 5 36 51 34 34 25 0 
 B 8 9 11 4 2 2 3 5 7 17 6 22 78 27 22 9 0 
 C 7 13 19 3 0 0 3 6 18 16 12 25 62 33 31 18 0 
 D 71 73 89 69 32 15 24 55 86 114 124 175 184 165 186 99 1 
 E 31 17 35 24 36 20 40 85 183 200 124 71 48 26 37 74 0 
 F 6 4 5 13 18 26 22 35 75 82 47 25 12 8 7 6 1 
 G 5 17 12 17 38 47 58 49 77 87 84 18 14 12 15 4 0 
 
TOTAL 144 164 186 132 129 110 153 244 457 526 402 372 449 305 332 235 2 
 



 

  Revision 12 
 2C-36 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 1.51- 2.00 1 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 5 
 2.01- 3.00 12 1 1 0 0 2 0 0 0 0 0 1 3 4 7 8 39 
 3.01- 5.00 36 19 6 1 7 3 4 2 2 0 0 2 14 40 38 30 204 
 5.01- 7.00 2 17 16 0 1 4 0 0 2 3 2 2 16 8 7 4 84 
 7.01-10.00 2 0 0 0 0 0 0 0 0 0 0 2 7 1 0 2 14 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 53 38 23 1 8 10 4 3 4 3 2 7 41 53 54 44 348 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
 2.01- 3.00 7 4 1 0 1 1 1 0 0 1 0 1 2 6 6 4 35 
 3.01- 5.00 15 11 5 2 2 0 2 1 2 3 0 4 18 27 12 11 115 
 5.01- 7.00 1 7 2 0 0 3 0 0 1 1 2 3 10 5 3 2 40 
 7.01-10.00 0 1 0 0 0 0 0 0 0 1 0 1 10 0 2 2 17 
10.01-13.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 23 24 8 3 3 4 3 1 3 7 2 9 40 39 23 20 212



 

  Revision 12 
 2C-37 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
 1.01- 1.50 1 0 1 0 0 1 0 0 0 0 0 0 0 2 0 0 5 
 1.51- 2.00 5 1 1 0 0 1 0 1 0 0 0 1 0 3 1 2 16 
 2.01- 3.00 12 3 2 0 2 2 1 0 2 0 3 0 5 15 11 9 67 
 3.01- 5.00 16 20 5 3 1 3 1 2 2 9 4 5 22 13 11 14 131 
 5.01- 7.00 0 2 5 0 0 4 2 2 1 2 8 4 10 10 7 5 62 
 7.01-10.00 1 0 0 0 0 0 0 0 0 2 0 6 5 1 1 1 17 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 36 26 14 3 3 11 4 5 5 13 15 17 43 44 31 31 301 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 1 0 1 0 0 0 1 1 0 1 0 0 0 0 0 0 5 
 0.76- 1.00 0 0 1 1 0 2 0 2 1 0 1 0 1 0 1 0 10 
 1.01- 1.50 2 2 4 3 3 1 1 1 0 1 2 2 1 3 2 1 29 
 1.51- 2.00 9 6 4 4 8 1 1 2 3 2 5 6 6 9 5 4 75 
 2.01- 3.00 25 26 14 20 18 6 2 7 2 10 12 14 24 17 25 20 242 
 3.01- 5.00 28 20 42 9 18 19 16 23 26 40 45 32 63 42 27 33 483 
 5.01- 7.00 25 14 13 7 7 9 7 19 28 47 36 27 32 11 8 23 313 
 7.01-10.00 8 0 1 0 0 1 2 2 2 23 13 17 21 16 5 11 122 
10.01-13.00 0 0 0 0 0 0 0 0 1 1 0 3 1 0 1 0 7 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 98 68 80 44 54 39 30 57 63 125 114 101 149 98 74 92 1,286



 

  Revision 12 
 2C-38 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 2 
 0.51- 0.75 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 3 
 0.76- 1.00 0 1 2 0 0 0 0 0 0 0 0 0 0 1 1 1 6 
 1.01- 1.50 1 1 1 1 4 2 1 3 0 1 3 1 0 0 1 0 20 
 1.51- 2.00 0 3 2 5 5 3 4 0 1 2 2 4 2 1 1 1 36 
 2.01- 3.00 6 10 8 10 8 9 2 4 6 3 4 9 3 12 4 2 100 
 3.01- 5.00 25 18 17 13 18 18 20 29 28 49 51 34 19 10 11 19 379 
 5.01- 7.00 22 10 1 1 1 4 23 29 76 133 48 31 7 7 5 19 417 
 7.01-10.00 1 0 0 0 0 0 2 5 19 33 12 8 7 0 1 3 91 
10.01-13.00 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 3 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 55 44 32 30 36 36 52 70 131 224 120 88 38 32 24 45 1,057 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2 
 0.76- 1.00 0 1 0 2 0 0 1 1 0 0 1 0 0 0 0 0 6 
 1.01- 1.50 0 2 0 1 3 0 0 2 2 1 3 1 1 4 0 0 20 
 1.51- 2.00 0 2 3 2 3 2 1 2 1 3 1 2 4 1 2 1 30 
 2.01- 3.00 2 6 5 5 8 4 9 2 5 3 8 7 1 1 1 0 67 
 3.01- 5.00 1 0 5 8 19 15 14 9 13 25 25 16 4 3 5 1 163 
 5.01- 7.00 0 0 0 0 4 7 13 23 36 28 20 6 0 0 0 1 138 
 7.01-10.00 0 0 0 0 0 0 0 1 6 0 0 0 0 0 0 0 7 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 11 13 18 37 28 39 40 64 60 58 32 10 9 8 4 434



 

  Revision 12 
 2C-39 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** JULY *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 2 0 1 0 0 1 0 1 0 0 1 0 1 2 1 0 10 
 0.76- 1.00 1 0 2 1 1 1 2 1 1 1 1 0 2 1 2 0 17 
 1.01- 1.50 2 3 4 4 5 5 3 3 2 1 6 4 6 2 4 2 56 
 1.51- 2.00 1 2 5 4 2 7 6 6 6 4 4 7 3 2 3 0 62 
 2.01- 3.00 5 8 10 15 15 10 23 18 10 14 18 15 6 5 6 11 189 
 3.01- 5.00 3 4 3 11 22 29 22 14 24 23 34 32 6 0 0 2 229 
 5.01- 7.00 0 0 0 2 3 23 20 29 29 20 14 1 1 0 0 0 142 
 7.01-10.00 0 0 0 0 0 0 0 1 6 1 0 0 0 0 0 0 8 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 14 17 26 37 48 77 76 73 78 64 78 59 25 12 16 15 717 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 1 0 0 1 0 0 2 0 0 1 0 0 0 0 5 
 0.51- 0.75 3 1 3 0 0 1 2 2 0 1 1 0 1 3 1 1 20 
 0.76- 1.00 2 2 5 5 1 4 3 4 2 1 3 0 4 2 4 1 43 
 1.01- 1.50 6 9 10 9 15 9 5 9 4 4 14 8 8 11 8 4 133 
 1.51- 2.00 16 15 15 15 18 14 12 12 11 11 12 20 16 17 13 8 225 
 2.01- 3.00 69 58 41 50 52 34 38 31 25 31 45 47 44 60 60 54 739 
 3.01- 5.00 124 92 83 47 87 87 79 80 97 149 159 125 146 135 104 110 1,704 
 5.01- 7.00 50 50 37 10 16 54 65 102 173 234 130 74 76 41 30 54 1,196 
 7.01-10.00 12 1 1 0 0 1 4 9 33 60 25 34 50 18 9 19 276 
10.01-13.00 0 0 0 0 0 0 0 0 1 5 0 4 1 0 1 0 12 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 282 228 196 136 189 205 208 249 348 496 389 313 346 287 230 251 4,355



 

  Revision 12 
 2C-40 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 

*** JULY *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,355 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  853 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  83.6% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   7.99  4.87  6.91  29.53  24.27  9.97  16.46 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 53 38 23 1 8 10 4 3 4 3 2 7 41 53 54 44 0 
 B 23 24 8 3 3 4 3 1 3 7 2 9 40 39 23 20 0 
 C 36 26 14 3 3 11 4 5 5 13 15 17 43 44 31 31 0 
 D 98 68 80 44 54 39 30 57 63 125 114 101 149 98 74 92 0 
 E 55 44 32 30 36 36 52 70 131 224 120 88 38 32 24 45 0 
 F 3 11 13 18 37 28 39 40 64 60 58 32 10 9 8 4 0 
 G 14 17 26 37 48 77 76 73 78 64 78 59 25 12 16 15 2 
  
TOTAL 282 228 196 136 189 205 208 249 348 496 389 313 346 287 230 251 2



 

  Revision 12 
 2C-41 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 2 1 0 1 0 1 0 0 0 0 1 0 1 3 1 11 
 2.01- 3.00 3 6 2 0 0 0 1 0 0 1 1 1 1 5 3 7 31 
 3.01- 5.00 34 31 19 4 2 2 0 1 9 0 1 5 6 12 10 21 157 
 5.01- 7.00 4 14 14 1 0 0 3 1 0 2 1 4 13 3 0 0 60 
 7.01-10.00 1 6 0 0 0 0 0 0 0 0 0 2 8 0 3 0 20 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0     0 
 TOTAL 42 59 36 5 4 2 5 2 9 3 4 13 28 21 19 29 281 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 1 0 0 0 0 1 0 0 0 0 0 0 2 0 1 1 6 
 2.01- 3.00 7 4 1 1 4 0 1 1 0 0 0 0 1 1 3 15 39 
 3.01- 5.00 14 16 19 1 1 2 5 3 4 2 1 8 11 15 7 7 116 
 5.01- 7.00 0 4 11 2 1 0 1 1 1 8 2 12 18 4 2 0 67 
 7.01-10.00 0 1 1 1 0 0 0 0 0 1 0 5 7 2 2 1 21 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 23 25 32 5 6 3 7 5 5 11 3 26 39 22 15 24 251



 

  Revision 12 
 2C-42 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 
 1.01- 1.50 0 0 0 1 0 0 1 0 1 0 0 0 0 0 0 1 4 
 1.51- 2.00 2 0 1 0 0 1 0 1 0 0 1 1 0 3 3 2 15 
 2.01- 3.00 5 2 3 3 2 3 3 2 0 2 2 0 1 2 5 6 41 
 3.01- 5.00 11 14 12 6 1 1 2 2 5 7 2 13 16 9 11 14 126 
 5.01- 7.00 0 3 3 2 0 0 1 4 6 2 4 7 20 6 4 0 62 
 7.01-10.00 0 0 2 1 0 0 0 0 0 1 0 5 6 0 0 1 16 
10.01-13.00 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 2 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 19 19 21 13 3 5 7 9 12 14 10 26 43 20 23 24 268 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 4 
 0.51- 0.75 0 1 1 0 0 0 0 0 0 0 1 1 0 1 1 0 6 
 0.76- 1.00 0 1 0 1 2 1 1 1 0 0 1 0 1 0 0 0 9 
 1.01- 1.50 3 4 1 1 2 1 2 2 2 3 1 4 0 3 3 1 33 
 1.51- 2.00 8 4 3 7 6 5 0 1 4 2 1 11 4 7 5 4 72 
 2.01- 3.00 17 13 20 16 8 12 8 9 15 8 4 18 19 14 21 18 220 
 3.01- 5.00 15 35 35 24 8 12 19 20 38 35 45 41 60 37 19 9 452 
 5.01- 7.00 27 10 28 4 0 5 12 14 35 34 34 29 62 19 22 19 354 
 7.01-10.00 12 13 7 1 0 0 1 0 1 5 14 20 30 9 27 10 150 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 2 6 6 1 6 1 22 
  >13.00       0     0     0     0     0     0     0     0     0     0     1     0     0     0     0     0      1 
 TOTAL 83 81 95 54 26 37 43 47 95 87 104 130 182 92 104 63 1,324



 

  Revision 12 
 2C-43 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 3 
 0.51- 0.75 2 0 0 0 0 0 0 0 0 0 1 1 1 0 1 0 6 
 0.76- 1.00 0 0 0 1 0 0 1 0 0 0 0 0 1 1 0 0 4 
 1.01- 1.50 2 0 2 1 6 0 0 0 2 3 0 3 0 2 0 0 21 
 1.51- 2.00 2 3 2 2 3 1 1 1 3 1 1 1 1 2 0 1 25 
 2.01- 3.00 4 5 4 13 12 13 10 4 11 6 9 11 8 4 0 3 117 
 3.01- 5.00 16 22 14 18 28 20 23 40 44 68 71 41 26 14 3 17 465 
 5.01- 7.00 27 20 8 4 0 3 6 26 112 95 88 35 15 9 7 16 471 
 7.01-10.00 10 9 12 0 0 0 5 4 11 11 13 18 23 2 2 7 127 
10.01-13.00 0 4 0 0 0 0 0 0 0 0 0 3 1 0 0 0 8 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 63 63 42 39 49 37 46 75 183 184 183 115 76 35 13 44 1,248 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 3 
 0.51- 0.75 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 2 
 0.76- 1.00 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 3 
 1.01- 1.50 0 1 1 1 1 1 2 2 1 2 0 3 1 1 0 0 17 
 1.51- 2.00 0 0 1 2 5 1 2 0 2 3 1 1 3 0 1 1 23 
 2.01- 3.00 3 2 4 2 8 4 7 2 6 9 8 3 2 1 3 1 65 
 3.01- 5.00 1 0 5 17 36 20 13 22 16 18 26 24 6 0 1 2 207 
 5.01- 7.00 0 1 0 5 5 9 23 23 37 43 45 14 0 0 0 0 205 
 7.01-10.00 0 0 0 0 0 0 2 2 5 0 0 2 0 0 0 0 11 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 4 4 12 28 55 35 49 51 68 76 83 48 12 2 5 4 536



 

  Revision 12 
 2C-44 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** AUGUST *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 3 
 0.51- 0.75 0 0 2 1 0 1 1 3 1 1 2 0 1 0 0 0 13 
 0.76- 1.00 3 1 0 0 1 0 2 2 3 0 3 2 3 0 2 0 22 
 1.01- 1.50 1 0 6 1 5 2 5 1 6 5 8 4 1 1 1 1 48 
 1.51- 2.00 4 3 3 3 6 8 7 2 3 5 5 2 5 1 2 2 61 
 2.01- 3.00 6 9 7 7 15 9 7 12 7 11 18 9 7 1 3 7 135 
 3.01- 5.00 5 9 9 14 42 37 43 19 41 24 38 9 3 0 4 0 297 
 5.01- 7.00 0 0 0 2 8 25 24 19 40 30 20 1 0 0 0 0 169 
 7.01-10.00 0 0 0 0 0 2 1 3 8 5 0 0 0 0 0 0 19 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 19 24 27 28 77 84 90 61 109 81 95 27 20 3 12 10 770 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 5 
 0.35- 0.50 1 2 0 1 0 1 0 0 0 1 2 2 0 2 0 1 13 
 0.51- 0.75 2 1 3 1 0 1 1 3 2 1 6 2 2 1 2 0 28 
 0.76- 1.00 4 2 1 2 3 1 4 3 3 0 6 3 5 1 2 0 40 
 1.01- 1.50 7 5 10 5 15 4 10 5 12 13 9 14 2 7 4 3 125 
 1.51- 2.00 17 12 11 14 21 17 11 5 12 11 9 17 15 14 15 12 213 
 2.01- 3.00 45 41 41 42 49 41 37 30 39 37 42 42 39 28 38 57 648 
 3.01- 5.00 96 127 113 84 118 94 105 107 157 154 184 141 128 87 55 70 1,820 
 5.01- 7.00 58 52 64 20 14 42 70 88 231 214 194 102 128 41 35 35 1,388 
 7.01-10.00 23 29 22 3 0 2 9 9 25 23 27 52 74 13 34 19 364 
10.01-13.00 0 4 0 0 0 0 0 0 0 2 2 10 7 1 6 1 33 
  >13.00       0     0     0     0     0     0     0     0     0     0     1     0     0     0     0     0      1 
 TOTAL 253 275 265 172 220 203 247 250 481 456 482 385 400 195 191 198 4,678



 

  Revision 12 
 2C-45 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 

*** AUGUST *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,678 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  530 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  89.8% 
 
MEAN WIND SPEED FOR THIS PERIOD:  4.5 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   6.01  5.37  5.73  28.30  26.68  11.46  16.46 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 42 59 36 5 4 2 5 2 9 3 4 13 28 21 19 29 0 
 B 23 25 32 5 6 3 7 5 5 11 3 26 39 22 15 24 0 
 C 19 19 21 13 3 5 7 9 12 14 10 26 43 20 23 24 0 
 D 83 81 95 54 26 37 43 47 95 87 104 130 182 92 104 63 1 
 E 63 63 42 39 49 37 46 75 183 184 183 115 76 35 13 44 1 
 F 4 4 12 28 55 35 49 51 68 76 83 48 12 2 5 4 0 
 G 19 24 27 28 77 84 90 61 109 81 95 27 20 3 12 10 3 
 
TOTAL 253 275 265 172 220 203 247 250 481 456 482 385 400 195 191 198 5 
 



 

  Revision 12 
 2C-46 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2 3 
 2.01- 3.00 4 6 2 2 2 0 1 0 0 1 0 1 0 0 3 4 26 
 3.01- 5.00 15 13 8 1 6 1 2 1 4 1 3 1 16 13 14 16 115 
 5.01- 7.00 9 4 9 2 3 0 2 1 5 9 6 3 13 11 3 0 80 
 7.01-10.00 4 0 0 1 0 0 0 0 3 2 2 5 12 3 1 0 33 
10.01-13.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 33 24 22 6 11 1 5 2 12 14 12 10 41 27 21 22 263 
 

STABILITY CLASS B 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 3 
 1.51- 2.00 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 
 2.01- 3.00 5 3 3 2 0 1 0 1 1 2 0 1 2 5 1 4 31 
 3.01- 5.00 8 6 4 0 2 1 1 2 3 3 0 0 11 5 9 5 60 
 5.01- 7.00 3 1 4 0 1 1 1 1 5 3 0 2 3 14 3 3 45 
 7.01-10.00 1 0 0 0 0 0 2 2 0 5 4 2 6 3 2 0 27 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 20 10 12 3 4 3 4 6 9 13 4 5 22 27 15 13 170 



 

  Revision 12 
 2C-47 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 
 0.76- 1.00 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 2 0 0 1 1 0 0 0 0 0 0 0 4 8 
 2.01- 3.00 1 2 2 0 0 0 1 3 2 0 0 0 2 4 5 2 24 
 3.01- 5.00 12 7 5 1 0 2 2 3 6 6 3 8 12 9 10 9 95 
 5.01- 7.00 3 1 4 0 0 4 2 0 7 7 1 2 2 5 3 4 45 
 7.01-10.00 2 0 3 0 0 0 0 1 3 6 2 1 5 5 3 0 31 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 3 
  >13.00       0     0     0     0     0     0 _   0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 19 10 14 3 0 6 6 8 18 20 7 14 21 23 21 21 211 
 

STABILITY CLASS D 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 3 
 0.76- 1.00 0 0 0 2 1 2 1 0 0 0 0 0 1 0 0 0 7 
 1.01- 1.50 2 3 5 4 4 2 1 0 1 0 0 0 2 2 0 0 26 
 1.51- 2.00 2 0 4 3 6 1 1 0 1 3 4 2 5 1 2 1 36 
 2.01- 3.00 16 8 10 10 16 6 9 5 10 14 9 10 8 13 5 8 157 
 3.01- 5.00 44 31 28 31 26 19 34 26 21 30 46 32 36 47 34 27 512 
 5.01- 7.00 71 44 25 17 9 16 13 11 29 41 44 25 39 35 28 35 482 
 7.01-10.00 44 14 10 9 0 2 18 18 15 16 20 37 27 23 41 22 316 
10.01-13.00 3 0 0 0 0 0 0 1 1 5 0 5 3 8 8 2 36 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     1     0     0     3     0      4 
 TOTAL 183 101 83 76 62 48 78 61 78 109 124 112 121 129 121 95 1,581 



 

  Revision 12 
 2C-48 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 2 
 0.51- 0.75 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 3 
 0.76- 1.00 0 0 0 0 0 0 0 0 2 1 1 1 0 2 0 1 8 
 1.01- 1.50 0 0 1 0 1 1 1 1 2 1 2 0 1 0 0 2 13 
 1.51- 2.00 2 0 1 0 2 1 1 2 6 2 2 1 3 0 0 4 27 
 2.01- 3.00 6 5 8 5 9 5 4 16 5 7 4 7 8 2 1 3 95 
 3.01- 5.00 24 18 13 15 34 23 29 44 38 48 37 17 16 6 13 15 390 
 5.01- 7.00 26 12 14 16 10 19 37 62 99 148 87 36 14 9 19 35 643 
 7.01-10.00 10 0 1 4 0 0 9 18 41 24 14 42 12 14 18 12 219 
10.01-13.00 1 0 0 0 0 0 0 1 0 5 3 2 6 2 1 3 24 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 69 35 38 40 56 51 81 146 193 236 150 106 61 35 52 75 1,425 
 

STABILITY CLASS F 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 3 
 1.01- 1.50 1 3 1 0 2 3 0 1 2 0 1 0 0 0 1 1 16 
 1.51- 2.00 0 0 0 1 0 2 0 2 1 1 2 1 0 1 0 0 11 
 2.01- 3.00 1 2 5 2 4 5 3 5 1 2 2 1 2 1 1 3 40 
 3.01- 5.00 4 3 2 7 20 11 16 12 13 21 20 3 4 2 1 1 140 
 5.01- 7.00 2 0 0 0 11 27 22 18 40 48 26 2 0 0 0 1 197 
 7.01-10.00 0 0 0 0 0 0 4 5 17 4 3 0 0 0 1 0 34 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 8 9 8 10 38 48 45 43 74 76 55 7 6 4 4 6 443 



 

  Revision 12 
 2C-49 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** SEPTEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 5 
 0.51- 0.75 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 2 5 
 0.76- 1.00 0 0 1 0 0 0 0 1 0 1 0 1 0 0 0 0 4 
 1.01- 1.50 1 0 2 2 4 1 1 2 3 1 1 0 1 0 1 1 21 
 1.51- 2.00 1 0 2 1 3 4 1 6 3 3 4 2 2 0 0 0 32 
 2.01- 3.00 6 4 6 6 10 14 6 8 9 15 11 8 9 2 1 2 117 
 3.01- 5.00 5 5 7 10 13 25 25 25 20 34 32 11 3 2 0 3 220 
 5.01- 7.00 0 0 0 0 2 19 15 21 39 31 17 1 0 0 0 1 146 
 7.01-10.00 0 0 0 0 0 0 0 7 11 3 1 0 0 0 0 0 22 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 14 9 18 19 34 64 48 70 86 88 67 23 16 5 2 9 572 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 2 1 0 0 1 2 0 0 0 0 0 0 2 1 0 1 10 
 0.51- 0.75 0 0 5 0 1 1 1 2 1 1 2 0 0 0 0 2 16 
 0.76- 1.00 1 1 1 2 2 2 1 1 2 2 2 2 1 2 0 2 24 
 1.01- 1.50 6 7 9 6 12 7 3 4 8 2 5 0 4 2 2 5 82 
 1.51- 2.00 7 0 7 8 11 8 4 11 11 9 13 6 10 2 2 11 120 
 2.01- 3.00 39 30 36 27 41 31 24 38 28 41 26 28 31 27 17 26 490 
 3.01- 5.00 112 83 67 65 101 82 109 113 105 143 141 72 98 84 81 76 1,532 
 5.01- 7.00 114 62 56 35 36 86 92 114 224 287 181 71 71 74 56 79 1,638 
 7.01-10.00 61 14 14 14 0 2 33 51 90 60 46 87 62 48 66 34 682 
10.01-13.00 4 0 0 0 0 0 0 2 1 11 3 10 9 10 9 5 64 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     1     0     0     3     0      4 
 TOTAL 346 198 195 157 205 221 267 336 470 556 419 277 288 250 236 241 4,665 



 

  Revision 12 
 2C-50 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 

*** SEPTEMBER *** 
 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,665 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  375 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  92.6% 
 
MEAN WIND SPEED FOR THIS PERIOD:  5.1 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   5.64  3.64  4.52  33.89  30.55  9.50  12.26 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 33 24 22 6 11 1 5 2 12 14 12 10 41 27 21 22 0 
 B 20 10 12 3 4 3 4 6 9 13 4 5 22 27 15 13 0 
 C 19 10 14 3 0 6 6 8 18 20 7 14 21 23 21 21 0 
 D 183 101 83 76 62 48 78 61 78 109 124 112 121 129 121 95 0 
 E 69 35 38 40 56 51 81 146 193 236 150 106 61 35 52 75 1 
 F 8 9 8 10 38 48 45 43 74 76 55 7 6 4 4 6 2 
 G 14 9 18 19 34 64 48 70 86 88 67 23 16 5 2 9 0 
 
TOTAL 346 198 195 157 205 221 267 336 470 556 419 277 288 250 236 241 3 
 



 

  Revision 12 
 2C-51 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** OCTOBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW _TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 1 0 0 0 0 1 0 0 1 0 0 0 1 1 0 2 7 
 3.01- 5.00 5 4 3 0 1 0 1 5 5 6 4 1 9 9 1 1 55 
 5.01- 7.00 0 0 6 1 1 1 1 6 1 3 10 2 8 5 0 1 46 
 7.01-10.00 0 0 4 0 0 0 2 1 3 1 4 3 4 1 0 0 23 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 6 4 13 1 2 2 5 12 11 10 18 7 22 16 1 4 134 
 

STABILITY CLASS B 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 2 
 1.51- 2.00 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 1 3 
 2.01- 3.00 0 0 1 0 0 2 2 1 0 1 0 0 1 2 1 0 11 
 3.01- 5.00 3 7 8 2 0 4 12 6 4 2 4 1 4 2 4 1 64 
 5.01- 7.00 0 0 5 0 0 1 2 4 3 3 2 3 9 7 1 4 44 
 7.01-10.00 0 0 2 2 0 0 1 1 5 0 1 5 4 1 0 0 22 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 4 1 0 0 0 5 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 3 8 16 4 0 8 18 12 12 6 8 13 19 12 7 6 152



 

  Revision 12 
 2C-52 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** OCTOBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 
 2.01- 3.00 0 2 3 0 1 3 1 2 1 0 0 0 2 2 4 0 21 
 3.01- 5.00 0 3 7 5 6 3 3 4 4 2 2 0 5 6 5 6 61 
 5.01- 7.00 1 1 12 0 1 0 1 4 3 6 7 6 5 7 3 4 61 
 7.01-10.00 0 0 6 3 0 0 0 3 2 1 4 8 7 4 4 0 42 
10.01-13.00 0 0 0 0 0 0 0 0 0 3 0 3 1 0 0 0 7 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     3     0     0     0     0      3 
 TOTAL 1 6 29 8 8 6 5 13 10 12 13 21 20 19 16 11 198 
 

STABILITY CLASS D 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 1 0 0 1 1 0 0 0 0 0 0 0 2 0 0 1 6 
 0.76- 1.00 1 0 2 0 1 0 0 0 0 0 1 0 1 0 1 0 7 
 1.01- 1.50 3 0 2 1 0 0 1 0 0 2 1 0 3 1 2 1 17 
 1.51- 2.00 1 1 2 0 0 0 3 2 1 1 5 4 2 3 2 1 28 
 2.01- 3.00 7 3 10 10 15 9 2 3 8 7 6 4 9 11 8 11 123 
 3.01- 5.00 37 13 26 38 39 21 23 31 36 42 28 20 41 41 44 40 520 
 5.01- 7.00 33 6 15 39 13 10 31 41 48 53 55 33 31 44 74 51 577 
 7.01-10.00 25 2 9 13 1 1 8 28 53 58 88 41 78 96 160 58 719 
10.01-13.00 2 0 1 0 0 0 7 7 4 9 14 15 31 54 65 18 227 
  >13.00       0     0     0     0     0     0     2     0     0     0     0     5     9     26     9     0     51 
 TOTAL 110 25 67 102 70 41 77 112 150 172 198 122 207 276 365 181 2,275



 

  Revision 12 
 2C-53 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** OCTOBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 3 
 0.51- 0.75 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 0.76- 1.00 0 0 0 1 1 0 0 0 1 0 0 0 2 0 1 0 6 
 1.01- 1.50 0 0 0 1 0 4 0 2 3 0 2 0 0 0 0 0 12 
 1.51- 2.00 1 0 0 3 2 1 1 1 1 2 0 1 0 1 0 2 16 
 2.01- 3.00 2 5 6 5 6 6 7 4 3 6 4 5 7 4 3 4 77 
 3.01- 5.00 12 19 14 17 58 22 30 30 44 52 51 13 12 8 15 21 418 
 5.01- 7.00 8 9 4 15 17 18 47 49 106 157 79 28 19 10 15 15 596 
 7.01-10.00 1 1 0 4 0 2 37 44 77 78 37 28 21 17 20 2 369 
10.01-13.00 0 0 0 0 0 0 7 6 7 3 2 4 7 16 11 0 63 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     1     3     5     1     0     10 
 TOTAL 24 35 25 47 84 53 129 136 242 298 175 80 71 62 66 44 1,573 
 

STABILITY CLASS F 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 1 0 1 0 0 0 1 2 0 0 0 0 0 0 1 6 
 1.51- 2.00 0 0 2 0 1 0 0 0 1 0 2 0 2 0 0 0 8 
 2.01- 3.00 1 0 1 5 3 3 0 4 0 1 3 2 1 1 2 1 28 
 3.01- 5.00 0 1 2 6 34 15 9 12 10 7 15 3 1 0 0 3 118 
 5.01- 7.00 0 1 0 1 13 26 23 15 33 33 31 4 2 0 0 0 182 
 7.01-10.00 0 0 0 0 0 2 2 3 8 0 2 0 0 0 0 0 17 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 4 8 13 51 46 34 35 54 41 53 9 6 1 2 5 363



 

  Revision 12 
 2C-54 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** OCTOBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 
 0.76- 1.00 0 0 3 0 0 0 2 1 0 1 0 0 1 0 1 0 9 
 1.01- 1.50 1 1 1 0 3 1 4 3 0 0 1 0 2 0 0 0 17 
 1.51- 2.00 0 0 0 0 0 0 1 5 3 0 2 0 0 1 0 0 12 
 2.01- 3.00 0 1 0 0 1 2 3 4 3 6 7 4 2 2 1 2 38 
 3.01- 5.00 0 0 3 1 6 6 17 17 14 24 16 0 2 0 0 2 108 
 5.01- 7.00 0 0 0 0 3 17 17 10 32 13 11 0 0 0 0 0 103 
 7.01-10.00 0 0 0 0 0 0 0 2 12 1 1 0 0 0 0 0 16 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 2 7 4 13 26 44 42 64 45 38 4 7 3 2 4 307 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 3 3 0 0 0 0 0 0 0 0 0 1 0 0 7 
 0.51- 0.75 2 2 1 2 1 0 0 0 0 0 0 0 2 0 1 1 12 
 0.76- 1.00 1 0 5 1 2 0 2 1 2 1 1 0 4 0 3 0 23 
 1.01- 1.50 4 2 4 3 3 5 7 6 5 2 5 0 5 1 2 2 56 
 1.51- 2.00 2 2 4 3 3 2 5 8 6 3 9 6 4 5 2 5 69 
 2.01- 3.00 11 11 21 20 26 26 15 18 16 21 20 15 23 23 19 20 305 
 3.01- 5.00 57 47 63 69 144 71 95 105 117 135 120 38 74 66 69 74 1,344 
 5.01- 7.00 42 17 42 56 48 73 122 129 226 268 195 76 74 73 93 75 1,609 
 7.01-10.00 26 3 21 22 1 5 50 82 160 139 137 85 114 119 184 60 1,208 
10.01-13.00 2 0 1 0 0 0 14 13 11 15 16 27 40 70 76 18 303 
  >13.00       0     0     0     0     0     0     2     0     0     0     0     9     12     31     10     0     64 
 TOTAL 147 84 165 179 228 182 312 362 543 584 503 256 352 389 459 255 5,002



 

  Revision 12 
 2C-55 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 
 

*** OCTOBER *** 
 
STABILITY BASED ON: DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  5,002 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  206 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  96.0% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.1 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   2.68  3.04  3.96  45.48  31.45  7.26  6.14 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 6 4 13 1 2 2 5 12 11 10 18 7 22 16 1 4 0 
 B 3 8 16 4 0 8 18 12 12 6 8 13 19 12 7 6 0 
 C 1 6 29 8 8 6 5 13 10 12 13 21 20 19 16 11 0 
 D 110 25 67 102 70 41 77 112 150 172 198 122 207 276 365 181 0 
 E 24 35 25 47 84 53 129 136 242 298 175 80 71 62 66 44 2 
 F 1 4 8 13 51 46 34 35 54 41 53 9 6 1 2 5 0 
 G 2 2 7 4 13 26 44 42 64 45 38 4 7 3 2 4 0 
  
TOTAL 147 84 165 179 228 182 312 362 543 584 503 256 352 389 459 255 2 
 



 

  Revision 12 
 2C-56 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 2 0 0 0 0 0 0 0 0 1 1 2 3 2 0 0 11 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 3 3 1 1 0 0 8 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 2 0 0 0 0 0 0 0 0 1 4 6 5 3 0 0 21 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 1 0 1 0 0 0 0 0 0 0 0 1 0 0 1 0 4 
 3.01- 5.00 0 4 0 0 4 1 1 1 1 0 3 1 1 4 1 0 22 
 5.01- 7.00 2 0 0 0 0 1 0 0 0 0 4 1 4 1 0 2 15 
 7.01-10.00 0 0 0 0 0 0 0 0 1 3 1 0 4 3 0 0 12 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     2     1     0      3 
 TOTAL 3 4 1 0 4 2 1 1 2 3 8 4 10 10 3 2 58



 

  Revision 12 
 2C-57 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 2 
 2.01- 3.00 1 1 0 0 1 1 0 0 0 1 0 1 2 2 3 0 13 
 3.01- 5.00 1 3 2 1 2 2 1 0 2 3 1 0 4 7 3 0 32 
 5.01- 7.00 0 0 5 3 1 3 2 0 2 3 4 0 7 4 2 1 37 
 7.01-10.00 1 0 0 0 0 0 1 1 1 1 3 4 4 3 2 0 21 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 5 2 1 0 9 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     2     0     0      2 
 TOTAL 3 4 7 4 4 7 4 1 5 9 8 6 23 20 12 1 118 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 1 0 1 0 0 0 0 0 0 0 1 0 0 0 3 
 0.76- 1.00 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 2 
 1.01- 1.50 1 2 2 0 3 1 0 0 0 1 0 1 2 2 1 0 16 
 1.51- 2.00 1 4 1 0 1 0 5 3 2 0 4 0 2 1 4 2 30 
 2.01- 3.00 19 7 11 8 22 17 6 4 13 8 8 8 10 12 16 15 184 
 3.01- 5.00 49 48 35 23 63 37 24 26 39 46 36 27 46 45 49 32 625 
 5.01- 7.00 29 30 41 43 51 33 34 21 55 113 87 45 47 67 84 39 819 
 7.01-10.00 18 10 16 21 4 5 46 43 43 100 141 84 94 109 116 53 903 
10.01-13.00 6 8 3 0 0 0 12 20 7 17 46 59 57 73 73 10 391 
  >13.00       1     0     0     0     0     0     2     6     0     0     2     16     12     18     21     1     79 
 TOTAL 124 109 110 96 145 93 129 123 159 285 324 240 271 328 364 152 3,053



 

  Revision 12 
 2C-58 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 4 
 0.76- 1.00 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 3 
 1.01- 1.50 0 0 0 1 2 0 0 1 1 1 1 1 0 0 0 1 9 
 1.51- 2.00 1 0 0 4 3 0 2 0 3 0 2 1 0 0 3 0 19 
 2.01- 3.00 0 4 3 5 5 6 13 2 3 3 2 2 1 4 0 5 58 
 3.01- 5.00 2 1 6 20 32 22 24 22 31 35 25 11 10 9 5 5 260 
 5.01- 7.00 0 0 0 14 19 10 29 30 69 68 38 15 10 6 1 2 311 
 7.01-10.00 0 0 0 0 0 3 27 27 57 54 50 21 20 5 3 1 268 
10.01-13.00 0 0 1 0 0 0 5 7 11 8 17 15 4 1 0 0 69 
  >13.00       1     0     1     0     0     0     2     0     0     0     1     0     7     4     0     2     18 
 TOTAL 6 5 12 45 62 41 102 90 177 170 136 66 52 29 12 16 1,022 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 2 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
 0.76- 1.00 0 0 0 1 2 0 0 0 0 0 0 0 1 0 1 0 5 
 1.01- 1.50 0 0 0 0 0 0 0 0 2 1 1 0 0 0 0 0 4 
 1.51- 2.00 0 1 0 1 2 2 1 0 0 1 2 0 0 0 2 0 12 
 2.01- 3.00 0 0 1 4 5 4 5 0 4 2 1 2 1 1 0 0 30 
 3.01- 5.00 0 0 1 3 25 14 11 8 12 2 6 3 1 2 1 0 89 
 5.01- 7.00 0 0 0 0 7 8 16 6 16 19 16 4 1 0 0 0 93 
 7.01-10.00 0 0 0 0 0 1 0 0 7 2 0 0 0 0 0 0 10 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0      1 
 TOTAL 0 1 2 9 41 29 33 14 41 27 26 9 5 3 4 1 247 



 

  Revision 12 
 2C-59 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** NOVEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 2 
 1.01- 1.50 0 0 1 1 1 2 0 0 0 0 0 0 1 0 1 0 7 
 1.51- 2.00 0 0 0 2 2 0 3 1 2 1 2 2 1 0 1 1 18 
 2.01- 3.00 0 2 1 3 4 2 1 7 0 0 3 1 2 1 0 0 27 
 3.01- 5.00 0 2 2 10 7 6 12 13 8 4 5 7 5 1 0 1 83 
 5.01- 7.00 0 0 0 0 3 2 2 5 6 8 6 7 0 0 0 0 39 
 7.01-10.00 0 0 0 0 0 1 0 1 0 3 0 0 0 0 0 0 5 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 4 4 16 17 13 18 28 16 16 16 17 9 2 3 2 181 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 4 
 0.35- 0.50 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 2 
 0.51- 0.75 1 0 1 1 1 0 0 0 1 1 0 0 1 0 0 1 8 
 0.76- 1.00 0 0 1 2 3 1 0 1 1 0 0 0 1 1 2 0 13 
 1.01- 1.50 1 2 3 2 6 3 0 1 3 3 2 2 4 2 2 1 37 
 1.51- 2.00 2 5 1 7 8 2 11 4 7 3 10 3 3 1 11 3 81 
 2.01- 3.00 21 14 17 20 37 30 25 13 20 14 14 15 16 20 20 20 316 
 3.01- 5.00 54 58 46 57 133 82 73 70 93 91 77 51 70 70 59 38 1,122 
 5.01- 7.00 31 30 46 60 81 57 83 62 148 211 158 75 70 79 87 44 1,322 
 7.01-10.00 19 10 16 21 4 10 74 72 109 163 195 110 122 120 121 54 1,220 
10.01-13.00 6 8 4 0 0 0 17 27 18 25 63 76 68 76 74 10 472 
  >13.00       2     0     1     0     0     0     4     6     0     0     3    16    20    26    22     3    103 
 TOTAL 138 127 136 170 273 185 287 257 400 511 522 348 375 395 398 174 4,700



 

  Revision 12 
 2C-60 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 
 

*** NOVEMBER *** 
 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,040 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,700 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  340 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  93.3% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.5 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.45  1.23  2.51  64.96  21.74  5.26  3.85 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 2 0 0 0 0 0 0 0 0 1 4 6 5 3 0 0 0 
 B 3 4 1 0 4 2 1 1 2 3 8 4 10 10 3 2 0 
 C 3 4 7 4 4 7 4 1 5 9 8 6 23 20 12 1 0 
 D 124 109 110 96 145 93 129 123 159 285 324 240 271 328 364 152 1 
 E 6 5 12 45 62 41 102 90 177 170 136 66 52 29 12 16 1 
 F 0 1 2 9 41 29 33 14 41 27 26 9 5 3 4 1 2 
 G 0 4 4 16 17 13 18 28 16 16 16 17 9 2 3 2 0 
 
TOTAL 138 127 136 170 273 185 287 257 400 511 522 348 375 395 398 174 4 
 



 

  Revision 12 
 2C-61 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     1     0     0      1 
 TOTAL 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 5 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 3.01- 5.00 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
 5.01- 7.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 4 



 

  Revision 12 
 2C-62 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 2.01- 3.00 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 3 
 3.01- 5.00 0 2 1 0 3 1 0 0 0 0 0 2 0 1 0 0 10 
 5.01- 7.00 0 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 4 
 7.01-10.00 0 0 0 0 0 0 0 0 1 0 1 0 0 0 1 0 3 
10.01-13.00 0 0 0 0 0 0 0 0 1 0 0 0 1 2 0 0 4 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0      1 
 TOTAL 0 2 2 0 3 3 1 0 2 0 1 2 5 3 1 0 25 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 3 
 0.35- 0.50 0 0 0 0 2 3 0 0 0 1 1 2 0 0 0 0 9 
 0.51- 0.75 0 0 1 1 0 1 1 0 0 0 0 0 2 1 0 0 7 
 0.76- 1.00 1 0 0 0 1 0 1 0 0 0 0 4 0 0 1 2 10 
 1.01- 1.50 2 3 6 2 4 7 4 4 1 1 1 0 0 2 1 2 40 
 1.51- 2.00 2 0 3 3 6 3 2 0 0 2 1 3 1 1 2 1 30 
 2.01- 3.00 10 6 14 11 17 12 17 9 12 7 10 12 4 5 3 8 157 
 3.01- 5.00 39 19 52 37 71 54 39 31 48 54 69 28 47 24 36 35 683 
 5.01- 7.00 41 34 31 8 28 27 18 26 66 118 145 82 79 51 55 45 854 
 7.01-10.00 18 10 13 3 2 7 27 48 42 110 193 113 98 78 105 42 909 
10.01-13.00 16 9 1 2 2 2 6 17 9 24 52 78 55 59 72 22 426 
  >13.00       2     0     0     0     1     1     2     3     1     1    23    45    40    33     7     1    160 
 TOTAL 131 81 121 67 134 117 117 138 179 318 495 367 326 254 282 158 3,288 



 

  Revision 12 
 2C-63 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 9 
 0.35- 0.50 0 0 1 1 0 0 1 2 1 3 0 0 1 0 1 1 12 
 0.51- 0.75 0 0 0 1 4 2 2 0 1 2 1 2 0 1 0 0 16 
 0.76- 1.00 0 0 2 1 2 1 0 2 1 0 1 0 2 2 0 0 14 
 1.01- 1.50 0 0 3 2 4 3 4 1 4 3 1 0 2 0 2 3 32 
 1.51- 2.00 0 1 0 1 1 2 2 3 2 1 2 3 2 1 6 2 29 
 2.01- 3.00 1 0 5 2 8 6 6 7 9 7 4 5 7 4 4 1 76 
 3.01- 5.00 3 1 16 10 25 17 31 41 35 35 20 13 6 5 1 1 260 
 5.01- 7.00 4 0 2 10 12 19 24 40 74 100 39 12 5 2 0 1 344 
 7.01-10.00 0 0 3 1 0 2 18 35 42 59 46 18 3 3 0 2 232 
10.01-13.00 2 0 0 0 0 0 4 18 18 22 16 7 7 2 0 0 96 
  >13.00       0     0     0     0     0     0     1     2     4     5     4     5     0     1     0    0     22 
 TOTAL 10 2 32 29 56 52 93 151 191 237 134 65 35 21 14 11 1,142 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 1 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 2 
 0.51- 0.75 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 2 
 0.76- 1.00 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 
 1.01- 1.50 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 5 
 1.51- 2.00 0 0 0 0 0 0 2 0 0 0 2 0 0 0 0 0 4 
 2.01- 3.00 0 0 0 0 3 0 2 5 1 2 3 0 0 0 0 0 16 
 3.01- 5.00 0 0 0 1 3 1 6 3 2 5 7 0 2 0 0 0 30 
 5.01- 7.00 0 0 0 3 10 8 3 4 5 2 2 0 0 0 0 0 37 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 1 0 0 5 17 12 14 12 9 9 14 2 4 0 0 0 100 



 

  Revision 12 
 2C-64 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** DECEMBER *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.76- 1.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.01- 1.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 1.51- 2.00 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2 
 2.01- 3.00 0 0 0 0 0 0 0 1 1 0 1 0 0 0 0 0 3 
 3.01- 5.00 0 0 0 0 1 1 2 0 4 2 0 0 0 0 0 0 10 
 5.01- 7.00 0 0 0 0 1 1 0 0 2 1 0 0 0 0 0 0 5 
 7.01-10.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 0 0 0 0 2 2 2 1 7 4 3 0 0 0 0 0 21 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 13 
 0.35- 0.50 0 0 1 1 2 3 1 3 1 4 1 4 1 0 1 1 24 
 0.51- 0.75 0 0 1 2 5 4 3 0 1 2 1 2 2 2 0 0 25 
 0.76- 1.00 1 0 2 1 3 2 1 2 1 0 1 4 2 2 1 2 25 
 1.01- 1.50 3 3 10 6 8 11 9 5 6 4 2 0 2 2 3 5 79 
 1.51- 2.00 2 1 3 4 7 5 6 3 2 4 6 6 3 2 8 3 65 
 2.01- 3.00 11 6 20 13 28 19 26 22 23 16 18 17 11 9 7 9 255 
 3.01- 5.00 42 22 70 48 103 74 78 75 89 96 96 43 55 30 37 36 994 
 5.01- 7.00 45 34 33 21 51 56 45 70 147 221 186 94 87 53 55 46 1,244 
 7.01-10.00 18 10 16 4 2 9 45 83 85 169 241 131 103 81 106 44 1,147 
10.01-13.00 18 9 1 2 2 2 10 35 28 46 69 86 64 64 72 22 530 
  >13.00       2     0     0     0     1     1     3     5     5     6    27    50    41    35     7     1    184 
 TOTAL 142 85 157 102 212 186 227 303 388 568 648 437 371 280 297 169 4,585 



 

  Revision 12 
 2C-65 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 
 

*** DECEMBER *** 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  5,208 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  4,585 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  623 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  88.0% 
 
MEAN WIND SPEED FOR THIS PERIOD:  6.7 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   0.11  0.09  0.55  71.71  24.91  2.18  0.46 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 0 
 B 0 0 1 1 0 0 0 0 0 0 0 0 1 1 0 0 0 
 C 0 2 2 0 3 3 1 0 2 0 1 2 5 3 1 0 0 
 D 131 81 121 67 134 117 117 138 179 318 495 367 326 254 282 158 3 
 E 10 2 32 29 56 52 93 151 191 237 134 65 35 21 14 11 9 
 F 1 0 0 5 17 12 14 12 9 9 14 2 4 0 0 0 1 
 G 0 0 0 0 2 2 2 1 7 4 3 0 0 0 0 0 0 
 
TOTAL 142 85 157 102 212 186 227 303 388 568 648 437 371 280 297 169 13 
 



 

  Revision 12 
 2C-66 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS A 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 
 0.51- 0.75 0 0 3 0 0 0 0 0 0 0 1 0 0 0 0 0 4 
 0.76- 1.00 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 3 
 1.01- 1.50 1 1 1 0 1 0 1 2 0 1 0 0 1 0 4 0 13 
 1.51- 2.00 5 4 1 0 1 0 2 2 0 1 1 1 2 2 5 3 30 
 2.01- 3.00 27 16 8 4 3 3 3 4 3 3 4 4 8 20 21 33 164 
 3.01- 5.00 106 90 50 13 18 9 14 20 28 11 10 28 89 125 105 102 818 
 5.01- 7.00 18 55 87 9 7 11 16 21 20 30 33 47 119 52 23 10 558 
 7.01-10.00 8 8 42 7 0 4 4 10 10 5 12 59 80 14 9 5 277 
10.01-13.00 1 0 2 1 0 0 0 3 4 2 5 9 13 2 4 0 46 
  >13.00       0     0     0     0     0     0     0     0     0     0     2     3     1     1     0     0      7 
 TOTAL 166 174 194 34 30 28 40 63 66 53 68 152 313 216 171 153 1,921 
 

STABILITY CLASS B 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
 0.51- 0.75 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 2 
 0.76- 1.00 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 3 
 1.01- 1.50 2 1 0 2 1 1 1 1 0 0 1 0 0 1 1 3 15 
 1.51- 2.00 3 1 3 1 0 2 0 0 0 0 0 0 2 1 2 2 17 
 2.01- 3.00 27 13 11 4 6 6 7 7 1 5 1 3 7 19 23 32 172 
 3.01- 5.00 59 60 57 6 13 14 32 21 19 17 14 26 80 86 58 45 607 
 5.01- 7.00 16 18 57 8 3 9 14 15 18 36 24 38 124 59 18 15 472 
 7.01-10.00 5 2 24 14 0 1 7 9 16 22 12 34 92 17 11 10 276 
10.01-13.00 0 0 2 0 0 0 0 2 1 4 4 15 26 3 3 1 61 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     3     2     1     0      6 
 TOTAL 113 95 155 37 23 33 61 55 55 84 56 116 334 188 118 108 1,631 



 

  Revision 12 
 2C-67 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS C 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 0 
 0.35- 0.50 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 1 4 
 0.51- 0.75 0 0 0 0 1 0 1 1 0 2 0 0 0 0 0 1 6 
 0.76- 1.00 5 1 0 0 0 1 0 0 0 0 2 2 1 0 0 1 13 
 1.01- 1.50 1 0 3 2 0 1 2 0 1 0 1 1 1 2 2 1 18 
 1.51- 2.00 7 1 3 3 1 2 3 3 1 2 1 3 1 8 6 10 55 
 2.01- 3.00 27 15 15 7 9 13 10 11 8 9 7 6 18 37 47 34 273 
 3.01- 5.00 66 75 73 26 16 15 17 24 35 43 26 41 116 123 89 77 862 
 5.01- 7.00 5 18 56 20 5 15 17 25 41 36 38 38 131 64 37 21 567 
 7.01-10.00 6 1 33 13 0 4 4 16 30 31 17 52 79 39 22 5 352 
10.01-13.00 1 0 1 1 0 0 0 1 5 7 11 33 25 8 10 1 104 
  >13.00       0     0     0     0     0     0     0     0     1     1     0     5     5     3     1     0     16 
 TOTAL 118 113 184 72 32 51 54 81 122 131 103 181 378 284 214 152 2,270 
 

STABILITY CLASS D 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 16 
 0.35- 0.50 3 3 2 3 4 4 4 0 2 4 1 2 3 3 2 2 42 
 0.51- 0.75 4 1 8 6 8 3 6 2 0 6 8 2 8 2 1 1 66 
 0.76- 1.00 11 2 9 6 13 10 7 10 4 4 7 8 7 7 4 9 118 
 1.01- 1.50 35 26 42 27 36 17 10 11 10 19 25 25 31 28 25 22 389 
 1.51- 2.00 58 40 49 41 50 36 17 16 20 23 39 47 49 71 55 38 649 
 2.01- 3.00 185 185 173 171 193 115 84 77 91 103 127 146 205 233 260 189 2,537 
 3.01- 5.00  395 370 510 478 454 299 269 244 321 395 510 454 753 586 501 384 6,923 
 5.01- 7.00  382 243 406 406 210 169 213 275 412 629 712 656 821 529 541 428 7,032 
 7.01-10.00 204 89 202 238 34 53 199 291 288 473 752 910 941 643 701 292 6,310 
10.01-13.00 48 27 51 64 2 11 95 101 60 98 191 424 386 334 317 71 2,280 
  >13.00       8     2     6    10     1     2    12    18    12    17    52   185   164   109    59     2    659 
 TOTAL 1,333 988 1,458 1,450 1,005 719 916 1,045 1,220 1,771 2,424 2,859 3,368 2,545 2,466 1,438 27,021 



 

  Revision 12 
 2C-68 January, 2003 

CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS E 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 20 
 0.35- 0.50 1 0 2 4 2 2 2 3 3 4 0 5 2 2 1 1 34 
 0.51- 0.75 8 3 8 5 6 4 3 2 3 5 7 5 1 3 4 3 70 
 0.76- 1.00 2 6 8 6 9 4 2 4 9 3 5 6 7 9 6 2 88 
 1.01- 1.50 12 9 14 15 26 15 15 18 25 20 19 16 11 15 13 12 255 
 1.51- 2.00 16 12 22 25 35 19 30 18 31 17 15 30 27 13 23 21 354 
 2.01- 3.00 45 60 85 82 106 86 70 62 65 70 86 90 81 94 62 51 1,195 
 3.01- 5.00  136 140 178 202 387 221 252 314 360 458 476 284 203 147 111 153 4,022 
 5.01- 7.00 114 72 70 121 118 129 272 395 818 1,055 639 347 147 90 84 132 4,603 
 7.01-10.00 30 23 29 19 6 25 188 282 470 469 300 289 159 60 55 35 2,439 
10.01-13.00 3 5 5 4 0 1 48 83 81 84 70 86 49 27 16 3 565 
  >13.00       1     0     1     0     0     0     7    15     9    13    15    17    16    10     2     2    108 
 TOTAL 368 330 422 483 695 506 889 1,196 1,874 2,198 1,632 1,175 703 470 377 415 13,753 
 

STABILITY CLASS F 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 12 
 0.35- 0.50 1 1 2 1 0 1 0 0 1 1 1 3 0 1 0 2 15 
 0.51- 0.75 1 2 2 0 2 4 3 1 1 1 1 1 2 0 1 4 26 
 0.76- 1.00 3 3 1 4 5 1 6 2 3 2 6 3 1 0 2 3 45 
 1.01- 1.50 6 9 5 7 10 11 7 15 15 5 10 5 4 10 3 6 128 
 1.51- 2.00 6 11 11 13 18 8 9 11 8 11 19 13 12 12 13 6 181 
 2.01- 3.00 15 18 29 37 49 37 40 31 34 35 65 39 23 18 17 8 495 
 3.01- 5.00 12 13 41 95 240 126 114 101 118 131 170 129 48 16 16 15 1,385 
 5.01- 7.00 3 3 4 22 80 143 170 139 285 300 254 67 10 2 0 2 1,484 
 7.01-10.00 0 0 0 0 2 4 20 19 69 36 20 6 2 0 1 0 179 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     1     0     0     0      1 
 TOTAL 47 60 95 179 406 335 369 319 534 522 546 266 103 59 53 46 3,951 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 

*** ANNUAL *** 
STABILITY CLASS G 

 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW  TOTAL 
 CALM                 15 
 0.35- 0.50 2 2 3 3 2 3 1 0 0 1 2 2 2 2 1 1 27 
 0.51- 0.75 4 1 5 3 4 6 1 4 8 1 4 2 2 4 3 2 54 
 0.76- 1.00 6 3 9 4 5 2 10 8 5 5 7 8 11 3 9 1 96 
 1.01- 1.50 7 9 19 10 27 20 16 16 21 9 27 22 15 9 15 12 254 
 1.51- 2.00 12 13 19 27 32 22 31 28 22 26 36 21 29 14 18 10 360 
 2.01- 3.00 28 44 37 55 83 60 72 76 62 84 105 71 72 30 26 30 935 
 3.01- 5.00 17 29 44 72 167 193 189 132 165 180 253 128 50 8 7 9 1,643 
 5.01- 7.00 1 0 2 11 54 147 140 142 193 189 126 26 3 0 0 1 1,035 
 7.01-10.00 0 0 0 0 1 8 7 29 65 26 11 1 0 0 0 0 148 
10.01-13.00 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 
  >13.00       0     0     0     0     0     0     0     0     0     0     0     0     0     0     0     0      0 
 TOTAL 77 101 138 185 375 461 467 435 541 521 572 281 184 70 79 66 4,568 
 

STABILITY CLASS ALL 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS 
 
SPEED (M/S) N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW _TOTAL 
 CALM                 63 
 0.35- 0.50 7 8 9 11 8 10 7 4 6 10 4 12 8 8 4 7 123 
 0.51- 0.75 17 7 27 14 21 17 14 10 12 15 21 10 13 9 10 11 228 
 0.76- 1.00 28 15 27 22 32 19 25 24 22 14 27 28 27 19 21 16 366 
 1.01- 1.50 64 55 84 63 101 65 52 63 72 54 83 69 63 65 63 56 1,072 
 1.51- 2.00 107 82 108 110 137 89 92 78 82 80 111 115 122 121 122 90 1,646 
 2.01- 3.00  354 351 358 360 449 320 286 268 264 309 395 359 414 451 456 377 5,771 
 3.01- 5.00 791 777 953 892 1,295 877 887 856 1,046 1,235 1,459 1,090 1,339 1,091 887 785 16,260 
 5.01- 7.00 539 409 682 597 477 623 842 1,012 1,787 2,275 1,826 1,219 1,355 796 703 609 15,751 
 7.01-10.00 253 123 330 291 43 99 429 656 948 1,062 1,124 1,351 1,353 773 799 347 9,981 
10.01-13.00 53 32 61 70 2 12 143 190 151 195 282 567 499 374 350 76 3,057 
  >13.00       9     2     7    10     1     2    19    33    22    31    69   210   190   125    63     4    797 
 TOTAL 2,222 1,861 2,646 2,440 2,566 2,133 2,796 3,194 4,412 5,280 5,401 5,030 5,383 3,832 3,478 2,378 55,115 
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CEI PNPP 7 SITE YEARS 60-METER WINDS DELTA T 
SITE IDENTIFIER:  CEI-P 
DATA PERIOD EXAMINED:  5/1/72 - 8/31/82 
 
 

*** ANNUAL *** 
 
 
STABILITY BASED ON:  DELTA T  BETWEEN 60.0 AND 10.0 METERS 
WIND MEASURED AT:  60.0 METERS 
WIND THRESHOLD AT:  0.75 MPH 
 
 
TOTAL NUMBER OF OBSERVATIONS:  61,344 
 
TOTAL NUMBER OF VALID OBSERVATIONS:  55,115 
 
TOTAL NUMBER OF MISSING OBSERVATIONS:  6,229 
 
PERCENT DATA RECOVERY FOR THIS PERIOD:  89.8% 
 
MEAN WIND SPEED FOR THIS PERIOD:  5.6 M/S 
 
TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0 
 
 
      PERCENTAGE OCCURRENCE OF STABILITY CLASSES 
 
   A  B  C  D  E  F  G 
 
   3.49  2.96  4.12  49.03  24.95  7.17  8.29 
 
 
     DISTRIBUTION OF WIND DIRECTION VS. STABILITY 
 
  N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW CALM 
 
 A 166 174 194 34 30 28 40 63 66 53 68 152 313 216 171 153 0 
 B 113 95 155 37 23 33 61 55 55 84 56 116 334 188 118 108 0 
 C 118 113 184 72 32 51 54 81 122 131 103 181 378 284 214 152 0 
 D 1,333 988 1,458 1,450 1,005 719 916 1,045 1,220 1,771 2,424 2,859 3,368 2,545 2,466 1,438 16 
 E 368 330 422 483 695 506 889 1,196 1,874 2,198 1,632 1,175 703 470 377 415 20 
 F 47 60 95 179 406 335 369 319 534 522 546 266 103 59 53 46 12 
 G 77 101 138 185 375 461 467 435 541 521 572 281 184 70 79 66 15 
 
TOTAL 2,222 1,861 2,646 2,440 2,566 2,133 2,796 3,194 4,412 5,280 5,401 5,030 5,383 3,832 3,478 2,378 63 
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PREFACE 

 

<Appendix 2D> incorporates in entirety the contents of GAI Report  

No. 2063, Bedrock Deformation in the Cooling Water Tunnels, Perry 

Nuclear Power Plant, North Perry Ohio, October 1979.  Some of this 

reports’ appendices and figures have been resequenced.  Significant text 

changes were made in Paragraph 3 of Page 26 and Sections 4.2 through 

4.2.3 of the main body of the report. 
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1.0      SUMMARY 

 

Geological, geophysical and seismological studies were conducted on and 

in the vicinity of a fault observed in the intake and discharge tunnels 

at the Perry Nuclear Power Plant site of The Cleveland Electric 

Illuminating Company.  The Perry site is located on the shore of Lake 

Erie, approximately 35 miles northeast of Cleveland.  The general 

location of the site is shown on <Figure 2D-1>. 

 

A comprehensive investigative program evolved as a result of the bedrock 

deformation exposed during the excavation phase of tunnel construction.  

Deterministic fault study objectives, extent, origin and age, were 

realized as a consequence of a series of interrelated geologic and 

geophysical research and engineering.  The nature of fault-plane 

geometry and its gouge and mineralogical as well as chemical 

constituents were studied.  After site specific data had been assembled, 

the localized anomalous deformation was interpreted in context of its 

regional geologic setting. 

 

The extent of faulting was defined on the basis of the following:  

(1) planned, tunnel mapping program (scale 1:120); (2) detailed mapping 

of tunnel deformation segments (scale 1:12); (3) exploratory borings; 

(4) geophysical logging of borings; (5) shoreline reconnaissance; 

(6) offshore magnetic survey; (7) lake bottom reconnaissance mapping and 

review of seismic track line data; and (8) comparative isotopic analyses 

of Lake Erie water and fault seepage. 

 

Fault zone gouge and fractured rock samples were obtained for X-ray 

diffraction, clay-mineralogical determinations, SEM (scanning electron 

microscope) microcrack analysis, and miscellaneous engineering property 

determinations including consolidation pressure analysis.  No 

radioactive isotopes, which could have been dated, were identified in 

fault zone samples.  With respect to the site area and locale studies,  
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the following were performed or prepared:  (1) in situ borehole (TX-11) 

stress measurements to determine existing site stress field orientation 

and magnitude; (2) structural contour maps of “Big Lime” upper and basal 

(-50 ft) horizons and isopachous map of intervening interval for Lake 

and portions of adjacent Ashtabula, Geauga and Cuyahoga Counties; 

(3) evaluation of microseismicity in northeastern Ohio; (4) literature 

and field review of area salt mines and interviews with mine personnel 

(Mr. Jaroslav Vaverka, resident mining engineer, Cleveland mine, 

International Salt Company and Mr. B. C. Cummings, resident chief 

engineer, Painesville mine, Morton Salt Division of Morton Norwick). 

 

Independent opinions based on their field inspection of the tunnel 

deformation and literature review were obtained from the following 

geologists recognized for their expertise in the indicated disciplines: 

 

   Dr. Robert G. LaFleur 

   Pleistocene Geology and Sedimentology 

   Rensselaer Polytechnical Institute 

 

   Mr. James Murphy 

   Areal Geology and Stratigraphy of Northeastern Ohio 

   Ohio Historical Society 

 

   Dr. Barry Voight 

   Structural Geology 

   Pennsylvania State University 

 

It is concluded on the bases of data and interpretation of the 

aforementioned studies and other site and regional geological, 

geophysical and seismological information that the last movement on the 

cooling water tunnel bedrock deformation was not tectonic.  It occurred 

during Pleistocene time probably associated with deglaciation-rebound  
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rather than ice advance compression.  On the basis of geometry alone it 

is possible that the initial deformation was a pre-Pleistocene event.  

The presence of the fault deformation intersecting the tunnels was 

considered during design review and redesign was not required. 

 

2.0      INTRODUCTION 

 

2.1      STATEMENT OF PROBLEM 

 

Tunnel excavations for the plant cooling water system exposed low-angle 

thrust faulting of minor displacement in the Chagrin shale beneath Lake 

Erie.  The presence of faulting within the intake and discharge tunnels 

did not greatly hinder tunneling operations.  Additional rock bolts and 

tunnel shields were installed in tunnel fault segments to insure crown 

stability.  Methane and water, which had been stored within fault zone 

fracture porosity, were discharged upon intersection of the intake 

tunnel fault segment by a horizontal exploratory boring drilled in 

advance of the tunnel boring machine.  Both conditions were short term, 

within anticipated limits and controlled by normal pumping and 

ventilation. 

 

Geologic mapping (scale 1:120) of the tunnels was conducted concurrent 

with tunneling consistent with PSAR (Preliminary Safety Analysis Report) 

commitments (<Figure 2D-2>, 24 sheets).  After faulting had been 

intersected by the tunnel boring machine and the bedrock mapped, 

preliminary interpretations and the mapping data were forwarded to the 

NRC (Nuclear Regulatory Commission) in a timely manner.  The extent, age 

and origin of faulting were not well understood following its initial 

encounter within the intake tunnel.  More than four months elapsed 

between faulting exposed in the intake and discharge tunnels, 

respectively. 

 

The fault plane exposed in the intake tunnel subsequently has been 

determined to have a strike of approximately N51E which projects in the  
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vicinity of the discharge tunnel deformation.  Based on the similarity 

of structural style, flexural slip, and brittle failure attributable to 

compression, and assuming minor warping of the fault plane along its 

strike, it is probable that the fault plane is continuous between both 

tunnels.  This determination could not be concluded prior to completion 

of all tunnel excavations which was accomplished nearly six months after 

exposing the first deformation. 

 

The origin of the deformation could not be readily determined on the 

basis of known regional geology.  Results of site and regional studies 

(field and literature) conducted during the preconstruction phase are 

reported in the PSAR.  On the basis of these studies and the opinions of 

university professors, bedrock in northeastern Ohio is not known to have 

undergone significant faulting.  Professors contacted during the 

preparation of the PSAR are listed as follows: 

 

 Prof. Eugene J. Synuk, Kent State University, 

 Prof. Murray R. McComas, Kent State University, 

 Prof. Tom Lewis, Cleveland State University, and 

 Prof. Charles M. Somerson, Ohio State University. 

 

In this area a nearly ubiquitous veneer of glacial and glaciolacustrine 

deposits obscure bedrock except where incised by stream erosion.  

Accessible outcrops do not reveal evidence of having experienced 

tectonism, either late Paleozoic associated with the Alleghenian 

(Appalachian) Orogeny or any other.  Subsurface data, geological and 

geophysical, do not imply the presence of a regional fault system which 

could have been interpreted to be genetically related to tunnel 

faulting.  The general lack of information to the contrary suggested 

that this portion of the Central Lowland Physiographic Province is 

tectonically stable having undergone little if any tectonic deformation.   

 

Shallow bedrock deformation, consisting of small-scale folding and 

faulting, had been revealed as a consequence of plant foundation  
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excavation during 1975 and 1976.  It has been demonstrated by field 

relationships that this deformation was caused by the direct action of 

late Wisconsinan glaciation.  Similarity of evidence of glacially 

induced deformation has been found elsewhere in the same bedrock unit 

within northeastern Ohio. 

 

Within this context, investigations were undertaken to determine the 

lateral and vertical extent of the tunnel fault, origin and age of 

deformation, and effect that this deformation could have had on the 

tunnel design.  Many conventional age dating techniques could not be 

employed because of mineralogy and stratigraphy.  Consequentially, in 

conducting the tunnel faulting study innovative and conventional 

investigative techniques were employed in supplementing the existing 

state of site and regional knowledge available for analysis and 

interpretation. 

 

2.2      INVESTIGATIVE CHRONOLOGY 

 

A comprehensive investigative program evolved as a result of the bedrock 

deformation exposed during the excavation phase of tunnel construction.   

Deterministic fault study objectives previously outlined were realized 

as a consequence of a series of interrelated geologic and geophysical 

research and engineering.  Concurrent with, and subsequent to, tunnel 

excavations, the nature of the fault plane geometry, gouge and country 

rock mineralogical as well as chemical constituents were revealed.  

After the necessary site specific data had been assembled, the localized 

anomalous deformation was interpreted in context of its regional 

geologic setting. 

 

Tunneling activities began in July 1977 after the main shafts and 

temporary access shafts had been excavated by conventional “drill and 

shoot” methods.  “Drill and shoot” methods were also employed in 

providing sufficient room at the base of the temporary access shafts for 

assembling tunnel excavation machines.  A DOSCO Roadheader MK-2A  
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tunneling machine excavated 426 lineal feet of bedrock mostly south of 

the temporary access shafts.  The remaining 2,600 feet of tunneling was 

accomplished with a Jarva circular bore tunneling machine.  The 

excavation phase was completed in November 1978.  Tunnel advancement was 

documented during the geologic mapping program and is shown on 

<Figure 2D-2>.  Tunnel and shaft components of the cooling water system 

are shown on <Figure 2D-3>. 

 

Tunnel heading advancement was initiated from the intake tunnel access 

shaft.  First, the segment between this access shaft and service water 

pumphouse intake riser was completed.  Then the connecting tunnel to the 

emergency service water pumphouse was excavated.  Both tunnel segments 

were excavated with the Roadheader MK-2A machine, which was dismantled 

and removed upon their completion, and reassembled in the discharge 

tunnel temporary access shaft.  Subsequently, tunnel segments between 

the discharge tunnel access shaft to the discharge riser in the 

discharge tunnel entrance structure and a connecting tunnel from this 

segment to the emergency service water pumphouse were excavated.  

Bedrock conditions in these segments were quite good with minimal crown 

overbreak.  Predictably minor, discontinuous and closed vertical to near 

vertical joints, minimal groundwater seepage, and short term gas 

emissions (predominantly methane) were experienced in these tunnel 

segments.  None of these conditions were beyond an anticipated range. 

 

Advancement of the intake tunnel heading to the north from the temporary 

access shaft began in September 1977 with the Roadheader.  In April 1978 

the tunneling advancement rate greatly accelerated with the employment 

of the Jarva.  As a routine procedure for these tunneling operations, 

horizontal exploration boreholes were drilled in advance of the heading.  

Probe borings which intersected the first tunnel segment containing 

bedrock deformation yielded gaseous emissions and groundwater.  In 

addition, the variability of probe hole drilling resistance suggested an 

atypical condition.  During the week of April 17, 1978, the Jarva  
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intersected the tunnel fault segment which could not be observed until 

April 25, 1978, subsequent to sufficient advancement of the Jarva. 

 

A fault plane, oriented normal to the intake tunnel bearing and dipping 

approximately 16 degrees to the southeast, was identified by the site 

resident geologists and confirmed by the Project Geologist and an 

internal project consultant.  The apparent displacement, with a thrust 

sense of motion, was estimated to be less than two feet and the throw 

less than one foot.  The fault plane width was estimated between 0.5 and 

18 inches, although the latter was presumed more indicative of gently 

flexed and/or abruptly kinked or otherwise simply fractured rock.  A 

gray-clay gouge of tough leathery consistency containing small angular 

shale fragments was observed within the fault zone. This descriptive 

information was communicated to the NRC. 

 

Samples of gouge were collected and X-ray mineralogical identification 

conducted on the two micron and smaller size fraction.  Results 

demonstrated a mineralogical assemblage typical of Chagrin shale as 

reported in the PSAR.  On the basis of the mineralogical data, proximity 

and physical resemblance between the intake tunnel fault and onshore 

deformation, and lack of contradictory evidence, a common origin for 

deformation exposed in the open-onshore and tunnel excavations was 

suggested.  However, the intake tunnel fault exposure occurs more than 

100 feet deeper than the deepest known onshore deformation.  For this 

reason other deformational mechanisms, notably stress relief and 

tectonics, remained plausible origins. 

 

Advancement of the discharge tunnel heading in a northerly direction 

from the temporary access shaft began in January 1978 with the 

Roadheader machine, which was withdrawn in February after sufficient 

room was provided for assembling the Jarva.  The Jarva began excavating 

in August 1978.  In late August a tunnel segment was exposed and 

observed to have been only mildly deformed by compression.  A second  
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discharge tunnel segment, more deformed than the first, was encountered.  

The two discharge tunnel segments containing deformation are separated 

by approximately 200 feet. 

 

The zones of warping with very small displacement and thrust faulting, 

respectively, identified in the discharge tunnel were mapped and 

reported to the NRC.  The discharge tunnel fault lies on strike 

projection with the intake tunnel fault, suggesting that they are the 

same structure.  The zone of minor compressional features preceding the 

main discharge tunnel deformation was presumed to be either en echelon 

or a splay of the northeasterly striking thrust fault.  Concurrent with 

exposure of the discharge tunnel deformation, a lake bottom survey and 

shoreline reconnaissance were conducted.  Neither revealed evidence of 

surface faulting. 

 

More investigative work followed, including a series of exploratory 

borings, onshore and offshore geophysics, conventional and isotopic 

analysis of groundwater seepage discharged from the fault, and SEM 

(scanning electron microscope) analysis of fault gouge.  Results of 

these studies demonstrated that the fault plane maintained a low-angle 

inclination beneath the intake tunnel more than 600 feet to the 

southeast.  It is uncertain if a deep onshore boring, located at the 

crest of the shoreline bluff and offset 100 feet from the intake tunnel, 

intersected the fault.  This boring was drilled sufficiently deep so 

that it should have intersected the fault unless the fault plane 

attitude changed or the fault zone thins and becomes conformable with 

bedding. 

 

Borings located approximately one mile west of the plant area along the 

shoreline and on projection with the fault trace at the bedrock surface 

did not intersect faulting.  Neither the onshore nor offshore magnetic 

surveys revealed evidence of faulting.  Saline discharges from the 

tunnel fault were determined by isotopic analysis to be meteoric but not 

Lake Erie water.  Preliminary SEM analysis of fault zone gouge showed  
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that new mineral growth bridges had formed across microcracks 

interpreted to have formed syngenetic with faulting or at least the last 

fault movement. 

 

A geophysical signature of the fault was provided by compressional wave 

low-velocity zones.  Undeformed bedrock exhibited a relatively high 

velocity.  No low velocity zones were identified in the onshore borings, 

geophysically logged.  It also appeared that a low level of gamma 

radiation was correlative with fault zone gouge.  Longitudinal velocity 

measurements in the tunnels across the fault indicated that the bedrock 

was sound in spite of the discontinuity.  The velocity values are within 

the range of those reported in the PSAR for preconstruction site 

exploration. 

 

Three geologists independently reviewed the tunnel faulting prior to 

construction of the concrete liner.  They determined that the 

deformation was brittle rather than soft sediment and was not 

penecontemporaneous with deposition.  Other origins, including direct 

and indirect glacial action and tectonic, were considered. 

 

A very deep onshore boring was drilled slightly east of the discharge 

tunnel.  In situ stress measurements employing the hydrofracture 

technique were performed within the borehole.  Subsequent laboratory 

testing of core from the boring supplemented the in situ test data.  The 

field and laboratory testing programs were directed by Dr. Jean-Claude 

Roegiers (Department of Civil Engineering, University of Toronto).  

Dr. Roegiers also evaluated the in situ stress and laboratory data. 

 

Other aspects of the investigative program included discussions with 

local resident salt mine engineers, and geologists with knowledge of 

regional surface and subsurface geology; laboratory determination of 

gouge physical properties; continuing literature review; and various 

geological, geophysical and engineering analyses.  Very detailed mapping  
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combined with photographic, video tape and sound track reproduction of 

the tunnel bedrock deformation serve as permanent documentation. 

 

2.3      GEOLOGIC SETTING 

 

The Perry Nuclear Power Plant site is situated on the northwestern flank 

of the Appalachian geosyncline in the Central Lowlands Physiographic 

Province adjacent to Lake Erie.  Bedrock directly beneath the site is 

the Chagrin shale member of the Ohio Shale formation (Upper Devonian).  

Regionally, these rocks dip gently to the southeast at a gradient of 

approximately 20 to 40 feet per mile.  The Precambrian crystalline 

basement occurs at a depth slightly greater than 5,000 feet.  To the 

south the Devonian strata are overlain by successively younger Paleozoic 

sediments <Figure 2D-4>. 

 

Lake Erie, which lies several hundred yards north of the plant area, has 

a maximum depth of approximately 210 feet and an average depth of 

58 feet.  The western end of the Lake is extremely shallow and is 

immediately underlain by resistant carbonate bedrock.  From the general 

vicinity of Sandusky, Ohio, to the east beyond the Pennsylvania 

boundary, Lake Erie has been eroded into Upper Devonian shales which 

overlie the relatively more resistant rocks comprising the lake bottom 

strata of the western portion. 

 

In northeastern Ohio glacial drift and glaciolacustrine sediments 

overlying bedrock reach a maximum thickness of 250 feet.  The site is 

located on the Lake Plains Section, a physiographic subdivision of the 

Central Lowlands province formerly submerged during higher Lake Erie 

levels.  Here, bedrock overburden deposits ranging in thickness from 55 

to 60 feet consist of dense till and lacustrine sediments, respectively.  

A steep bluff contiguous to the shoreline exposes 40 to 45 feet of 

overburden stratigraphy (<Figure 2D-5> for glacial deposits). 
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Secondary structures demonstrative of bedrock deformation in the site 

vicinity, as well as throughout northeastern Ohio, are rare.  This is 

attributable to the nearly ubiquitous veneer of glacial deposits 

obscuring bedrock, the minimal effect of the Alleghenian (Appalachian) 

Orogeny on Paleozoic strata in this region, and the attenuation of 

Alleghenian orogenic stresses during their northwestward propagation 

beyond the Appalachian Structural Front. 

 

Most of the subsurface structural interpretations for these regions are 

founded on deep well data.  It is reported by Stone and Webster, based 

on personal communication with A. Janssens, formerly employed by the 

Ohio Geological Survey, that the sedimentary sequence above the Middle 

Devonian Delaware Formation is affected by folding.  Structural contours 

of the Delaware and Dayton Formations prepared by Stone and Webster show 

persistent small structures, probably folds, especially in Portage 

County, Ohio (Reference 1).  Structural contour maps of the “Big Lime” 

top (Delaware) and a definable geophysical base (Packer Shell) 

approximately 50 feet below the stratigraphic base of the “Big Lime,” 

and an isopachous map of the intervening interval were prepared to 

determine subsurface structure in Lake, and adjacent counties 

<Figure 2D-6>, <Figure 2D-7>, and <Figure 2D-8>.  “Big Lime” is a 

shortened drillers’ expression for the thick Silurian-Devonian carbonate 

and evaporate sequence known as “Big Niagaran Lime.”  The only anomalous 

structures revealed are located in central Ashtabula County.  Apparent 

thickening of the “Big Lime” in this region, due to faulting or folding, 

may be attributable to Appalachian orogenic stresses.  No shallow 

deformation in that locale is known. 

 

Salt mining has exposed deformation within the Salina beds.  Heimlick 

describes minor folds, amplitude of six inches, and wave length less 

than twelve inches, locally overturned, in the production interval of 

the International Salt Co. mine in Cleveland (Reference 2).  Structural 

contours of the salt production interval for the Morton Salt Division of 

Morton Norwick mine in the Painesville area reveal northeasterly  
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trending synclinal troughs interpreted by Jacoby to be salt flowage 

preceding faulting in response to Appalachian tectonism (Reference 3).  

However, large scale folding in Lake County of either the salt or 

overlying shale strata is not present in surface or subsurface 

exposures, nor interpreted from subsurface geological or geophysical 

data. 

 

Faulting is nearly as anomalous as fold structures but does affect 

Paleozoic strata to the south and has been exposed in the International 

Salt Company mine in Cleveland to the west.  More locally, Jacoby 

reports that a high angle thrust fault intersects the salt production 

interval of the Morton Salt Division of Morton Norwick mine in Fairport 

Harbor, approximately eight miles southwest of the Perry site 

(Reference 3).  He does not believe that this fault is pervasive 

vertically through the Oriskany Sandstone of Middle Devonian age. 

 

Rock cores from salt strata exploratory borings in the Painesville area 

occasionally intersect displacements within the “Big Lime” of a very 

minor nature, amounting to a few inches at most, which are completely 

healed.  Donald R. Richner, consulting geologist, has examined these 

discontinuities, which range from very minor to miniscule, consisting 

mainly of stylolites and minor slips with traces of slickensides but 

having observable displacements of two inches at most.  He has not seen 

any evidence that these discontinuities were of a tectonic origin.  

Those observed above and below the Salina salt beds appear to result 

from penecontemporaneous deformation (Reference 4). 

 

Geologists are in agreement that the faulting and folding exposed in the 

International Salt Co. and Morton Salt Division of Morton Norwick mines 

in Cleveland and Painesville, respectively, are attributable to 

dissolutioning of the salt during sediment lithification 

(Reference 2)(Reference 3)(Reference 4).  Subsequent failure of the 

overlying strata resulted in graben structures, slumping and  
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down-warping dependent upon overlying lithology.  Locally, salt flowage 

into fractures and irregularly shaped cavities is evident. 

 

The only well-documented fault near the site locale is a relatively 

minor localized overthrust with approximately one foot of displacement 

in the Bedford shale (Mississippian age), known as the Gabor Fault 

(Prosser) (Reference 5).  The minor thrust fault described by Prosser 

was observed in the field on the east bank of Bates Creek, also known as 

Warners Creek.  The strike of this fault is northeast.  Three faults, 

not reported in the literature, were found on the west bank of the Paine 

Creek about one mile north of the Bates (Warners) Creek fault.  These 

faults, two gravity faults, and a small bedding thrust fault, named Hell 

Hollow 1, 2 and 3, were found to be associated with slumping.  These 

site locale faults are shown on <Figure 2D-9>. 

 

Field investigations and literature studies were completed to determine 

the characteristics, origin and age of both the Bates (Warners) Creek 

and Hell Hollow faults.  Those faults were determined to be of surficial 

nature, limited in extent and unrelated to deep-seated faulting.  Their 

origin is concluded to have been glacially induced at Bates Creek and 

related to bedrock slumping at Hell Hollow. 

 

Geologic mapping, inspection and evaluation of bedrock foundations, 

including excavation cuts and foundation grade, for the plant area 

structures were initiated in August 1975.  Several localized areas of 

deformed bedrock were revealed as a consequence of the excavation.  The 

deformation consisted of folds and faults within the Chagrin shale.  

Vertically, the lower limit of the onshore deformation was established 

at a horizon defined by the deepest foundation excavations, specifically 

those for the condensate demineralizer and heater bay buildings.  The 

upper limit of this deformation terminates at the base of a boulder 

layer, which maintains grade at approximate Elevation 570 feet and is 

pervasive throughout the plant site.  The boulder layer defines the base 

of structureless lower till.  Below the boulder layer and above  
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competent shale, a six- to eight-foot thick transitory interval was 

mapped in which the lower till has been incorporated within contorted, 

blocky, and weathered shale.  The relationship of the onshore 

deformation to tunnel faulting is shown on <Figure 2D-10>. 

 

3.0      METHODS OF INVESTIGATION 

 

The purpose of the studies was four-fold:  first, to determine lateral 

extent of the fault observed in the intake and discharge tunnels at the 

Perry site; second, to analyze the type and degree of fracturing within 

and adjacent to the fault; third, to examine in detail the seismicity of 

the area surrounding the Perry plant; and fourth, to investigate the 

origin of deformation. 

 

The following techniques were used in determining the extent of the 

fault on land and on the bottom of Lake Erie: 

 

  Literature review and personal communications with geologists 

cognizant of area geology (surface and subsurface) 

 

  Exploratory borings 

 

  Shoreline reconnaissance 

 

  A video survey of the bottom of Lake Erie in the vicinity of 

the updip projection 

 

  Detailed geologic tunnel mapping of deformation 

 

  Microcrack analyses of fault zone samples 

 

  Analysis of water from the fault and from Lake Erie 

 

  Evaluation of published and unpublished geophysical data 
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  Magnetic (total field) profiling (both onshore and offshore) 

 

  Borehole (in hole) logging of (compressional) wave velocity 

 

  In situ seismic velocity measurements 

 

  An evaluation of the seismicity in the area surrounding the 

Perry plant was made on a very detailed search on period 

newspapers and other document 

 

  In situ borehole stress measurements to determine stress field 

orientation, magnitude and gradient (vertical) 

 

The detailed mapping, lake bottom survey and geophysical and 

seismological studies were performed by the Weston Geophysical 

Corporation. 

 

3.1      GEOLOGIC 

 

3.1.1      LITERATURE REVIEW AND PERSONAL COMMUNICATIONS 

 

Published and unpublished sources were reviewed in order to learn more 

about the surface and subsurface bedrock structure in northeastern Ohio.  

These activities were supplemented by personal communications with 

resident engineers at two salt mines (Mr. Jaroslav Vaveeka, Cleveland 

mine, International Salt Company and Mr. B. C. Cummings, Painesville 

mine, Morton Salt Division of Morton Norwick) and Mr. Robert G. 

Van Horn, Head Regional Geology Section, Division of Geological Survey, 

Ohio Department of Natural Resources.  Two consultant geologists, 

Mr. Donald R. Richner and Mr. Charles R. Jacoby, with considerable 

experience of subsurface geology from exploratory drilling and mining 

operations in northeastern Ohio, were also contacted.  
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Finally, three independent reviews of the cooling water tunnel faulting 

were performed by the following recognized for their respective 

specializations: 

 

   Dr. Robert LaFleur 

   Pleistocene Geology and Sedimentology 

   Rensselaer Polytechnic Institute 

 

   Mr. James Murphy 

   Areal Geology and Stratigraphy of Northeastern Ohio 

   Ohio Historical Society 

 

   Dr. Barry Voight 

   Structural Geology 

   Pennsylvania State University 

 

Mr. Murphy had been contacted previously to provide independent opinions 

during Applicant evaluations of bedrock faulting in the site locale and 

onshore plant area bedrock deformation exposed by excavation.  He had 

also arranged for radiocarbon dating of comminuted plant material 

obtained from the site lacustrine deposits.  Results of this dating 

(14,480  310 B.P.) established an age somewhat older than previously 

assumed for the retreat of Hiram ice and a minimum age for the onshore 

plant excavation deformation. 

 

Data and evaluations of an offshore shoreline parallel survey, 

especially in the vicinity of the site, conducted by the Coastal 

Engineering Research Center, were forwarded by Mr. S. Jeffress Williams, 

marine geologist, Geotechnical Engineering Branch.  The survey consisted 

of high resolution seismic reflection profiling suitable for evaluating 

abrupt elevation changes in the lake floor or acoustic contrasts of 

sediments, both potential indicators of faulting (Reference 6). 
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3.1.2      EXPLORATORY BORINGS 

 

The TX-test boring series was conceived for the purpose of tracing the 

downdip extent of faulting intersecting the cooling water tunnels at the 

site <Figure 2D-11>.  Drilling operations occurred within the intake 

tunnel excavation, on the shoreline bluff and along the beach west of 

the site.  TX-1 through 6 were in-tunnel, the first test holes of the 

series.  Limiting conditions dictated the use of a powered drill, 

mounted on a steel “A” frame, stabilized by two expanding rods braced 

against the tunnel crown.  This system implemented an NX-size, diamond 

bit, single-tube core barrel.  Both air and water were supplied by 

existing utility lines used in tunnel construction.  An additional air 

line was used to dissipate natural gas inflows encountered in drilling.  

Drilling operations on the shoreline bluff (TX-7, 11 and 12) were 

conducted from truck mounted drill rigs.  TX-8, 9 and 10 were drilled on 

the beach from an ATV (all terrain vehicle) mounted rig. 

 

In-tunnel borings were laid out at progressively greater distances south 

of where the fault plane intersects the intake tunnel invert.  TX-1 was 

located five feet south of the fault-invert contact, assuring advance 

through the fault plane would occur at a very shallow depth.  In order 

to establish characteristic indicators of test hole advance through 

faulted rock, close attention was paid to all aspects of sampling in the 

initial hole.  After each core run a gas detection meter was used to 

measure concentrations of methane emitted from the drill water.   This 

device was also used for safety purposes.  Cognizance of indicators from 

TX-1’s advance aided in interpreting intervals in subsequent holes where 

faulted rock was projected to greater depths. 

 

Test borings drilled from the shoreline bluff sought to encounter the 

fault at greater depths than those of the in-tunnel boring group 

(several hundred feet rather than 2 to 90 feet below tunnel invert 

elevation). 
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The group of test borings located on the beach was designed to encounter 

a shallow southwesterly projection of the fault based on limited strike 

measurements attained from exposures in both tunnels and previous 

TX-series borings. 

 

Several types of in-hole testing were performed in TX-series holes.  

Weston Geophysical Corporation conducted gamma and sonic velocity 

logging to confirm fault zone identification.  In addition to this, a 

long steel “feeler” probe (length, 10 feet) was implemented in shallow 

holes TX-1, 2 and 3.  A hydrofracture in situ stress measurement study 

was performed in the deepest boring of the TX series (730 feet).  This 

effort was planned and directed by Dr. Jean-Claude Roegiers (Project 

Consultant).  Instrumentation was supplied by Serv-Kor, Inc. and 

pressurized fluid capability by Halliburton Services. 

 

All rock core samples of the TX-series were logged in detail and 

photographed.  All pertinent and representative core was wrapped in 

clear plastic. 

 

3.1.3      SHORELINE RECONNAISSANCE 

 

Continuous shoreline reconnaissance southwest and northeast of the site 

was performed with the objective of identifying evidence of offset or 

structural disturbance in the lacustrine and till deposits exposed by 

the shoreline parallel bluff contiguous to Lake Erie.  Reconnaissance 

was conducted a considerable distance beyond the land surface projection 

of the intake and discharge tunnel faulting <Figure 2D-12>. 

 

3.1.4      VIDEO EXAMINATION OF LAKE BOTTOM FEATURES 

 

An underwater camera survey of the lake floor was conducted to permit 

close examination of the lake bottom by a diver, and provide visual aid 

and documentation for other technical personnel.  The intent was to 

examine the bedrock surface for the presence of structural features.  
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The floor of Lake Erie, offshore of the Perry Nuclear Power Plant, 

essentially consists of a bedrock surface with a very thin covering of 

silt.  Locally, the bedrock surface is covered by concentrations of 

boulders and cobbles. 

 

The video survey consisted of two parallel east-west traverse lines, 

labeled Lines A and B, approximately 800 feet in length and 200 feet 

apart, previously located and horizontally surveyed offshore of the 

Perry Nuclear Power Plant.  The lines were selected to cover the 

vicinity of the updip projection of the fault noted in the intake 

tunnel, and to cross the projected continuation of the fault to the 

east. 

 

Each traverse line consisted of five relatively evenly-spaced stations.  

The video coverage was circular in fashion around each station to a 

maximum radius of approximately 75 feet.  <Figure 2D-13> shows the 

location of the traverse lines and stations, as well as the area of 

coverage around each station. 

 

The diver, equipped with an underwater compass, described and noted the 

orientation of bottom features as he moved relative to the lake floor.  

A two-way communication system with surface monitor permitted the 

surface operator and other technical personnel to discuss the bottom 

conditions with the diver at the time of the survey, and to request 

detailed examination of specific features of interest.  In all 

instances, the original videotapes have been retained in their entirety. 

 

3.1.5      DETAILED GEOLOGIC MAPPING IN THE INTAKE AND DISCHARGE TUNNELS 

 

Four hundred lineal feet of tunnel wall rock exposure were mapped to 

study and document the nature of bedrock deformation encountered in the 

intake and discharge tunnels at the Perry Nuclear Power Plant.  The 

field mapping was carried out in the period from February 15 through 27, 

1979.  One structure was mapped in the intake tunnel at Stations 10+25  
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to 10+95.  Two bedrock structures were mapped in the discharge tunnel at 

Stations 11+40 to 12+00 and 13+00 to 13+70.  Both walls were mapped in 

each area.  Rock bolts, straps, and wire mesh on the crown, and muck and 

rails on the invert prevented mapping of these surfaces.  Approximately 

7 vertical feet of wall were mapped on each tunnel wall.  <Figure 2D-14> 

and <Figure 2D-15> show the location of intervals mapped in the intake 

and discharge tunnels, respectively. 

 

Mapping was carried out subsequent to placement of stations every 

5 feet, as well as three constant elevation lines at 2-foot intervals, 

along the entire mapped tunnel wall area.  Survey control for the 

stations and elevations lines allowed all mappable features to be 

located by a standard 6-foot rule and transferred to cross section paper 

at a scale of 1 foot to 1 inch.  The minimum resolution of the beds 

mapped was 0.5 inches or approximately 1.0 centimeter. 

 

Photomosaics of the entire mapped areas were composed from 

professionally taken photographs.  Closeup photomosaics of the fault 

zones in both tunnels provide detailed documentation of these 

structures.  The mapped areas of both tunnels were videotaped; 

approximately 3-1/2 hours of videotape were acquired.  In all instances, 

the original videotapes have been retained in their entirety. 

 

3.1.6      MICROCRACK ANALYSIS 

 

A microcrack analysis was performed on samples of gouge obtained from 

the faults in the intake and discharge tunnels at the Perry site.  These 

investigations were performed by Dr. Gene Simmons whose complete report 

is included as <Appendix 2D A> to this report.  The following is a 

summary of the methods of investigation employed by Dr. Simmons. 

 

Microcrack samples were acquired by Dr. Simmons and Weston personnel 

from the fault zone in both the intake and discharge tunnels. 
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The samples were acquired in such a way as to minimize production of 

microcracks during sampling.  Upon acquisition, the samples were 

carefully packed and transported to Dr. Simmons’ laboratory for 

analysis. 

 

Laboratory analysis of the samples involved examination of individual 

microcracks with a scanning electron microscope (SEM) to determine crack 

length and extent of filling.  An electron dispersive X-ray system (EDX) 

was used to determine the elemental composition of the material filling 

the observed cracks. 

 

The details of the sampling procedure and laboratory analysis for the 

microcrack studies are discussed by Dr. Simmons in his report, 

<Appendix 2D A> to this study. 

 

3.1.7      WATER ANALYSIS 

 

Chemical analyses of intake and discharge tunnel faulting seepage 

samples were performed.  Ionic concentrations were obtained for 

chloride, sulfate and sodium.  In addition, salinity and pH measurements 

were conducted on each sample.  Comparative evaluation of data provided 

information on trends. 

 

The isotopic ratios of D/H and 18O/16O were measured with a mass 

spectrograph for three water samples from the fault in the intake 

tunnel, one sample from the fault in the discharge tunnel, and two 

samples from Lake Erie.  A sulfur isotope analysis was attempted on 

samples of water from the intake and discharge tunnels and from Lake 

Erie.  The sulfur analysis did not succeed because of the lack of 

sufficient sulfur for analysis in any of the tunnel samples. 

 

<Appendix 2D B> to this report prepared by Dr. Gene Simmons presents the 

basis of the technique for the hydrogen and oxygen isotype analysis. 

 



 

  Revision 12 
 2D-22 January 2003 

3.2      GEOPHYSICAL STUDIES 

 

3.2.1      EVALUATION OF PUBLISHED AND UNPUBLISHED DATA 

 

Published and unpublished geophysical data for the immediate vicinity of 

the Perry nuclear site were examined for any anomalies which could be 

related to the fault noted in the intake and discharge tunnels.  The 

examination consisted of a review of published and unpublished 

geological and geophysical data, as well as federal and state government 

reports and data files. 

 

3.2.2      MAGNETIC SURVEYS 

 

3.2.2.1      Offshore 

 

Total field magnetometer data were obtained over the projected strike of 

the fault to determine whether or not an associated magnetic signature 

was present.   A shipborne magnetic survey of Lake Erie consisted of 

17 lines, perpendicular to the projected strike, at 200-foot intervals 

<Figure 2D-16>.  Coverage was essentially continuous along each profile, 

and the data were displayed by means of a strip charge recorder at a 

vertical scale of 200 gammas/inch. 

 

3.2.2.2      Onshore 

 

For onshore coverage, four separate lines were traversed with readings 

taken every 25 feet <Figure 2D-17>.  Lines were operated along existing 

roads, which resulted in profiles oriented at 45 to the projected 

strike. 

 

All data were obtained with a proton-precession magnetometer.  For a 

further discussion of the magnetic survey method refer to 

<Appendix 2D C>, Section 2.0. 
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3.2.3      BOREHOLE LOGS 

 

Gamma radiation and velocity logs were obtained in drill holes located 

in the intake tunnel and on the shore.  <Figure 2D-11> is a borehole 

location map.  The objective of these measurements was to locate 

geologic units to be used as markers in determining the offset of the 

fault and/or to provide means of locating the fault itself. 

 

The velocity logger measures the difference in the travel time for 

seismic energy, moving up a drill hole from a common source to reach two 

geophones separated by a known distance.  It provides a rapid, accurate 

measure of the in situ seismic velocities (“P” and “S” wave values) in 

the material between the two geophones.  For a further discussion of 

seismic velocity logging refer to <Appendix 2D C>, Section 4.0. 

 

Measurements were made at 1/2-foot intervals adjacent to the projection 

of the fault and at 1-foot intervals for a distance of 10 to 20 feet 

away from the projection.  Selected boreholes (TX-6, TX-4 and TX-7) were 

logged at a 1-foot interval for their entire length. 

 

The gamma logging was accomplished with a probe which measures the gamma 

radiation incident on an enclosed scintillation sensor as it moves up 

the hole.  In sedimentary rock sequences, the instrument responds 

primarily to shale content, because radioactive elements tend to 

concentrate in shales and clays.  At the site, the logs were obtained 

using two rates of ascent up the hole (20 ft/min and 3 ft/min).  The 

slower rate provides a smaller sampling interval and, thus, greater 

resolution.  For further discussion of gamma radiation logging refer to 

<Appendix 2D C>, Section 3.0. 

 

3.2.4      IN SITU VELOCITY MEASUREMENTS 

 

A seismic in situ velocity survey was conducted to examine the condition 

of the tunnel wall in both the intake and discharge tunnels in the 

vicinity of the fault. 
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Seismic velocity values are diagnostic of rock conditions in tunnels and 

provide a comparison between rock in and adjacent to the fault and rock 

located some distance from the fault.  For further discussion of in situ 

velocity measurements refer to <Appendix 2D C>, Section 4.0. 

 

In the intake tunnel, a 6-geophone spread (each geophone has 

3 components) and a 12-geophone spread (each geophone has one horizontal 

and one vertical component) were used.  Geophones were separated by 

10-foot intervals, and each spread was centered on the observed fault 

<Figure 2D-18>.  In the discharge tunnel, data were obtained across the 

fault and across a fracture zone located 100 feet south of the fault 

<Figure 2D-19>.  Two spreads were used across the fault, both with 12 

(two-component) geophones.  The first had 10-foot spacings with the 

fault located 10 feet south of the center of the spread; the second had 

5-foot spacings for higher resolution and was centered on the fault.  

The velocity measurements across the fracture zone were obtained with a 

12-geophone spread with 5-foot spacings centered on the fracture zone. 

 

Three-component geophones, which detect vibration energy along vertical, 

radial and transverse alignments, were placed on pedestals drilled into 

both the intake and discharge tunnel walls.  Seismic energy was 

generated by a hammer blow against the tunnel wall adjacent to a 

geophone. 

 

3.3      EVALUATION OF LOCAL SEISMICITY AROUND THE PERRY NUCLEAR POWER 

PLANT SITE 

 

A detailed examination of the local seismicity around the Perry site was 

performed with the purpose of evaluating the validity of each epicentral 

location and intensity for all reported events. 

 

A parallel compilation of all cataloged entries was made, and 

subsequently a local newspaper search was initiated to collect 

additional supporting evidence for each event.  The details on the  
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sources of the data base and the texts of all new material acquired are  

presented in <Appendix 2D D>.  A separate summary evaluation was then 

prepared for each historical event within the 50-mile radius of the 

site, taking into account cataloged entries as well as the entire file 

of supporting evidence. 

 

3.4      IN SITU STRESS MEASUREMENTS 

 

Hydraulic fracturing was performed in test boring TX-11 in order to 

determine the magnitude and orientation of the in situ principal 

stresses.  Eight intervals were fractured between a depth of 394 and 

718 feet.  TX-11 boring rock cores were subsequently tested in the 

laboratory in order to provide confirmatory tensile stress data of the 

field data.  The in situ borehole stress program was planned and 

directed by Dr. J. C. Roegiers, Department of Civil Engineering, 

University of Toronto.  The in situ stress program methods results and 

conclusions are appended to this report <Appendix 2D E>. 

 

4.0      RESULTS 

 

4.1      GEOLOGIC 

 

4.1.1      LITERATURE REVIEW AND PERSONAL COMMUNICATIONS 

 

As reviewed in <Section 2.3>, Geologic Setting, bedrock throughout 

northeastern Ohio is not known to have been significantly affected by 

late Paleozoic orogenic stresses or any other tectonic disturbance.  

Faulting in the sequence of evaporite and carbonate rocks comprising the 

Salina Group has been exposed in salt mines within the region.  These 

faults are attributed to dissolution of salt beds followed by failure of 

the overlying carbonate beds.  Structures of this type are generally 

believed to have been developed shortly after sediment lithification.  

Alternatively, late Paleozoic orogenic stresses may have been  
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sufficiently high to have caused salt flowage which induced brittle 

deformation of the interbedded, more competent carbonate beds. 

 

Salina Group strata begin at a depth of approximately 1,750 feet beneath 

the site.  Correlations between site borings and regional exploratory 

drill holes do not suggest the existence of any pervasive fault or fault 

system.  Neither top and bottom structure contour nor isopachous maps of 

the “Big Lime” support the concept of a regional fault or fault system 

<Figure 2D-6>, <Figure 2D-7>, and <Figure 2D-8>.  In the context of 

regional geology there is no basis for lateral extrapolation or 

deepening of the tunnel faulting.  Shallow bedrock deformation is 

exposed in outcrop seven to eight miles south of the site and had been 

exposed in plant area excavations. However, these structures terminate 

with depth on undeformed strata.  The outcrop exposure deformation was 

the result of glacial shove and loading (Bates Creek) and slump (Hell 

Hollow).  Plant area bedrock deformation was caused by late Wisconsinan 

glacial shove and loading.  A minimum age of 14,480,310 B.P. (Hiram ice) 

for the plant area deformation is inferred from a radiocarbon date of 

the organic debris interbedded within lacustrine sediments. 

 

Independent opinions provided by the three reviewing geologists are in 

agreement that the tunnel faulting is not penecontemporaneous but is 

most likely caused by localized stresses created during Pleistocene time 

by either the advance of the ice sheet(s) and concomitant depression of 

the crust, or in reaction to removal of weight of the overlying ice 

(glacial rebound).  In addition, Dr. Robert LaFleur was requested to 

review the data, interpretations and conclusions of earlier 

investigations regarding the stated origin of the Bates Creek, Hell 

Hollow and plant area deformation.  He concurs that the Bates Creek and 

plant area deformation are the result of glacial shove and loading 

(active glaciotectonics) and the Hell Hollow vertical faults were the 

result of post glacial slumping.  These opinions had been stated in the 

earlier investigations by Mr. James Murphy.  Dr. LaFleur does not 

believe the tunnel faulting is demonstrative of either active or passive  
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glaciotectonics.  In his opinion the deeper tunnel faulting is a 

response to the state of stress imposed by glaciation during advance or 

subsequent to recession (glacial rebound).  Dr. Barry Voight considered 

other modes of Paleozoic deformation in addition to late Paleozoic 

tectonism including Mesozoic-Tertiary tectonics and miscellaneous 

Pleistocene - Recent faulting mechanisms.  Opinions of the three 

reviewers are attached to this report in <Appendix 2D F>. 

 

4.1.2      EXPLORATORY BORINGS 

 

Fault zone indicators, revealed in the advance of TX-1, 2 and 3, were as 

follows:  (1) increased vibration in drill rods; (2) a creamy grey 

influx to a normally light grey drill wash; (3) platy clay particles in 

drill wash; (4) a release of gas when the core barrel was pulled after 

the run; (5) a 0 to 80 percent recovery in the cored fault zone 

(recovery in undisturbed rock was consistently very high); (6) highly 

broken, rotated rock frags speckled with remnant grey clay for those 

portions of the fault zone that were recovered; and (7) a change in the 

dip to normally flat lying laminae, above, and below the fault zone. 

 

All indicators did not occur in each boring where a fault zone was 

suggested.  In fact, only the loss of recovery and the character of rock 

that was recovered from suspect fault zones remained consistent 

throughout those borings.  Using these indicators, a fault zone was 

detected in all of the in-tunnel borings, TX-1 through 6.  The boring 

locations and depth where faulted rock was identified revealed a 

constant fault plane dip of 17 degrees SE.  Low gamma radiation levels 

and low P-wave (compressional) velocity values coincided with zones of 

disturbed rock at elevations where a fault zone was logged from drilling 

program indicators in TX-2, 3, 4, and 6.  TX-1 was too shallow to log 

geophysically and TX-5 caved at the fault preventing geophysical logging 

of the suspect zone. 
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The constant 17 degree fault plane dip derived from TX-1 through 6 aided 

in the location of TX-7 through 12.  TX-7 was initially advanced to a 

depth of 395 feet from the shoreline bluff.  Increased rod vibration, 

loss of core recovery, remnant clay on broken, rotated shale fragments, 

and a stuck core barrel (eventually retrieved and coated on the bottom 

three feet with a thin grey clay) indicated a disturbed zone from 371.3 

to 372.4 in TX-7.  Geophysical logging, however, did not confirm this 

zone.  It is suspected that a lack of proper drill water circulation may 

have caused increased friction at the core barrel, falsely suggesting a 

zone of disturbance. 

 

TX-8, 9 and 10 were drilled along the beach west of the site.  Both TX-8 

and 10 encountered zones of broken rock with what appeared to be minimal 

clay remnants from depths of 65.85 to 66.7 feet and 63.5 to 64.9 feet, 

respectively.  The core characteristics were not interpreted by either 

the geologist who logged the core or other geologists who subsequently 

reviewed the core as evidence of faulting.   The absence of faulting in 

these borings, as interpreted on the basis of direct geologic evidence, 

was confirmed by geophysical logging which did not reveal faulted 

strata. 

 

TX-11 was drilled approximately 1,060 feet southeast along dip direction 

of the intake tunnel fault exposure.  This boring was the deepest of the 

TX series, drilled to a depth of 730 feet down from the shoreline bluff.  

No naturally disturbed rock was encountered in the entire borehole 

length.  Three runs of core were disturbed by uncontrollable core barrel 

handling because of gas inflows.  Hydrofract stress measurements were 

performed in this hole in test intervals between 394 and 718 feet. 

 

Angle hole TX-12 was drilled from approximately the same location as 

TX-7.  The drill rig employed a wire-line, double barrel system.  The 

double barrel was actually able to core the fault zone materials with 

very little loss in recovery from 376.4 to 380.0 feet.  This boring 

confirmed the continuation of a 17 degree SE fault plane dip,  
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approximately 230 feet horizontally southeast of the last confirmed 

fault zone occurrence in tunnel-boring TX-4.  Cored fault zone materials 

included angular shale fragments within several grey, clayey, gouge 

seams, broken fractured rock, and rock laminae with multiple dips.  

TX-12 was completed at an angle depth of 480.0 feet. 

 

After the completion of TX-12, TX-7 was reamed and extended 100 feet 

using the double barrel, wire-line system.  A disturbed zone was 

encountered from 412.8 to 413.9 feet, vertical depth.  Unlike TX-12 a 

gouge zone was not recovered.  Increased drill rod vibration, a 100 psi 

increase in drill water pressure, 50 percent loss in recovery, and 

broken rotated rock, speckled with grey clay remnants suggested a zone 

of disturbance.  If this zone represents the fault, its location marks 

an increase in fault plane dip between TX-12 and the extended TX-7. 

 

Geologic logs of TX-series borings are attached as <Appendix 2D G>. 

 

4.1.3      SHORELINE RECONNAISSANCE 

 

Traverses northeast and southwest of the plant area along the shoreline 

and headward in stream cuts emerging at the beach revealed no offsets or 

structural disturbance of the exposed lacustrine and till deposits.  A 

boulder layer which occurs at the base of structureless lower till is 

not offset and maintains a constant elevation within the lake facing 

bluff.  An absence of bedrock outcrops and maintenance of boulder layer 

elevation are demonstrative of the lack of surface faulting. 

 

4.1.4      VIDEO EXAMINATION OF LAKE BOTTOM FEATURES 

 

The video survey of the Lake Erie bottom in the vicinity of the updip 

projection of the fault did not indicate the presence of any long 

continuous fractures parallel to the projected fault trace.  Those 

fractures which are noted show no evidence of lateral or vertical offset 

and seem to close with depth.  <Figure 2D-20> shows a schematic diagram 

of the fracturing on the Lake Erie bottom. 
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4.1.5      DETAILED GEOLOGIC MAPPING IN THE INTAKE AND DISCHARGE TUNNELS 

 

4.1.5.1      Stratigraphy 

 

Chagrin shale at Perry, is on the order of 800 feet thick (Reference 7) 

based on reported thicknesses of 500 feet at Cleveland and 1,200 feet at 

the Ohio-Pennsylvania border <Figure 2D-21>.  Accordingly, the sequence 

of strata exposed in the tunnels is assigned here to the stratigraphic 

center of the Chagrin and is considered representative of the unit.  

This placement is consistent with the absence, within the tunnels, of 

marginal lithologic sequences and fossiliferous strata. 

 

In both tunnels, the strata dip westward to northwestward about 

2 degrees (for the detailed mapping sections see <Figure 2D-22> and 

<Figure 2D-23>.  Most of the units are quite persistent in down-tunnel 

directions, and because the tunnels are random exposures of the internal 

geometry of the Chagrin, there is reason to assume that the observed 

units and sequences are equally persistent from east to west, and that a 

part of the mapped sequence should appear in both tunnels.  Inasmuch as 

attempts to establish a correlation between tunnels were unsuccessful, 

it is concluded that the strata exposed in the intake tunnel pass below 

the discharge tunnel, and that the described sections are separated by a 

very short interval of unexplored strata.  These relationships and 

detailed descriptions of the mapped intervals are presented on 

<Figure 2D-24>, <Figure 2D-25>, and <Figure 2D-26>. 

 

The Chagrin strata exposed in the tunnels were subdivided to provide a 

framework within which folding and faulting in the tunnels could be 

described and interpreted.  Unit boundaries were selected according to 

their mapability across tunnel wall exposures smeared during excavation 

and subsequently stained and otherwise obscured by minor surficial 

weathering.  There is no genetic significance implied in their 

selection. 
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Bedding characteristics and stratigraphic relationships were examined to 

determine depositional modes and the role of penecontemporaneous 

deformation in the genesis of the folds and faults.  The characteristics 

considered most significant in their regard are:  (1) the attitude of 

the strata; (2) their thickness; (3) their composition and texture; and 

(4) the detailed nature of their boundaries. 

 

The near-horizontal attitude of the strata and their marked planarity 

indicate clearly that the immediate substrate during deposition was 

similarly flat and featureless, a relatively stable distal shelf 

environment considerably removed from a postulated northerly source of 

clastic detritus.  Minimal sand-size material reached this part of the 

shelf, and sedimentary structures and bedforms related to sand 

deposition are nowhere apparent.  There is scant evidence, for example, 

of bedload transport of detritus, and none whatsoever of either 

outbuilding or proximal deposition from density currents, any of which 

would have produced a geometry significantly different from the planar 

parallel configuration of the tunnel sequence.  Virtually all sediment 

exposed in the tunnel reaching the site area must have been deposited 

from periodic suspension clouds by processes of vertical accretion. 

 

Bedforms and stratigraphic patterns indicate that sedimentary cycles 

begin at the sharply defined upper boundaries of prominent siltstones or 

siltstone-shale bedsets.  These commonly exhibit asymmetrical ripple 

marks and, very locally, are truncated to a limited extent; overall, 

they suggest modification by bottom currents of low velocity and 

constant direction.  These apparently were effective in distributing the 

limited amounts of available silt over fairly wide areas, probably 

through ripple migration; but, for the most part, were not competent to 

substantially modify the deposits or entrain the silt once deposited.  

The presence of thin shale laminae within many siltstone beds suggests 

that even winnowing was at times an ineffective process.  During such 

periods of maximum current intensity, suspended detrital clay and  
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buoyant organic debris must have been carried farther basinward and 

incorporated in the more distal black shale equivalents of the Chagrin. 

 

Although the siltstones lend themselves readily to megascopic and 

microscopic analyses and are revealing of process-related structures, 

shale is everywhere the dominant lithologic-type comprising the lower, 

thicker part of each cycle.  These are mainly dark-gray, clay shales 

with planar to broadly wavy, very sharply defined laminae, 1 mm to 2 cm 

thick, of purplish to brownish, clay shale.  The laminae, reportedly 

sideritic in composition, impart a “banded” aspect to the beds; there is 

no discernible disparity in texture between the shale types to indicate 

fluctuations in depositional processes.  Instead, the “banding” likely 

reflects oscillations in geochemical parameters and possibly detrital 

clay mineral composition.  The shales, therefore, are considered simple 

beds deposited under uniform sedimentological conditions, and rapid, 

spasmodic, or uneven deposition of mud are essentially ruled out by 

their internal structure.  Additionally, the general absence of load 

structures at shale-siltstone boundaries suggests that the mud substrate 

was quite viscous at times of silt deposition and also that the basin 

was seismically inactive. 

 

Thickness variations in these strata are restricted to the attenuation 

and pinch-out of some of the more prominent siltstone beds.  These are 

sedimentary in origin, locally modified by compaction of the section.  

Their effects on the thickness of the mapping units is negligible. 

 

The indicated depositional setting, dominated by the process of slow 

vertical accretion, winnowing, sub-elevation, and bypassing, virtually 

precludes the possibility of rapid sedimentation at or near the site 

during Chagrin sediment deposition.  Localized buildups of clastic 

sediment and primary slopes steep enough to generate adjustments by 

slumping are clearly inconsistent with the conditions postulated.  

Moreover, had faulting occurred prior to total consolidation, the 

adjacent strata, given their clayey composition, would certainly have  



 

  Revision 12 
 2D-33 January 2003 

been thrown into a series of folds and pull-apart structures, lithologic 

boundaries would have been grooved and polished, and shale thicknesses 

would have been considerably affected.  In particular, those strata 

between the main fault and the main splay (intake tunnel, Station 10+50 

to Station 10+80) would certainly have been markedly distorted.  None of 

these criteria for penecontemporaneous faulting are met in this 

instance.  Instead, the strata are little affected to within very short 

distances of the fault itself where the bedforms exhibit brittle 

deformation as subsequently discussed. 

 

4.1.5.2      Tunnel Structural Geology 

 

Tunnel excavation for the intake and discharge tunnel structures exposed 

three limited zones of bedrock deformation in the Chagrin shale 

<Figure 2D-14>, <Figure 2D-15>, and <Figure 2D-27>.  This deformation is 

characterized by low-angle thrusting, fracturing and small-scale 

folding.  Deformation in the intake tunnel extends from Station 10+85 to 

Station 10+55 <Figure 2D-28>.  Similar deformation occurs in the 

discharge tunnel from Station 13+65 to Station 13+25 <Figure 2D-29>.  In 

the discharge tunnel from Station 11+50 to Station 11+80 <Figure 2D-30>, 

an interval of disturbed rock is recognized.  <Figure 2D-31> contains 

geologic maps of the intake and discharge tunnel deformation. 

 

4.1.5.2.1      Intake Tunnel Structure 

 

Bedrock deformation exposed in the intake tunnel extends from 

Station 10+85 to Station 10+55 <Figure 2D-22>.  Deformation consists of 

a low-angle thrust fault which strikes and dips approximately N51E, 18S 

<Figure 2D-32>.  Stratigraphic offset is 1.4 feet with the strata to the 

southeast, upthrown.  The throw becomes slightly less (i.e., 0.8 feet) 

towards the crown of the tunnel. 
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The brittle nature of this deformation is exemplified by the development 

of fractured and broken drag folds, kinks, and angular/flaggy fragments 

of siltstone and shale adjacent to and in the prominent gouge zone and 

dip-slip striations <Figure 2D-22> and <Figure 2D-32>. 

 

The gouge is light gray, plastic clay with angular fragments of 

siltstone and shale derived from the adjacent strata.  (<Appendix 2D H> 

for laboratory testing of gouge samples.)  Gouge development is greatest 

where the main fault component is inclined and thinnest where the fault 

is bedding parallel.  Associated with thrusting are numerous thin 

(0.1 feet) splays of gouge along which the strata have been offset.  

Offsets are somewhat variable but are on the order of 0.1 feet to 

0.3 feet.  In all instances, these stringers/splays are initiated at the 

main fault zone and die into bedding planes away from the deformation. 

 

Drag folding is both well developed and quite pronounced.  Locally, a 

faint axial plane cleavage is developed at the fold hinges.  Drag folds 

are asymmetric, northwest verging and exhibit a distinct bedding plane 

parting facility.  Thin seams of gouge occur in the hinge area and 

parallel to this facility.  Orientations of drag fold axes are parallel 

to the strike of faulting. 

 

Numerous striations are recognized on both the hanging wall and foot 

wall <Figure 2D-32>.  Striations indicate the fault movement is dip slip 

and does not exhibit any strike-slip component.  Striations are 

primarily developed along the bedding parallel sections of the fault but 

are also recognized in the inclined sections. 

 

To the immediate south of the intake tunnel thrust, an asymmetric 

syncline is exposed <Figure 2D-28> and <Figure 2D-32>.  Based on limited 

exposure, deformation associated with folding dies out up section and 

increases down section.  The east wall of the intake tunnel exhibits a 

greater degree of fold deformation than the west wall.  This fold is 

characterized by bedding parallel flexural slip and minor  
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northwest-dipping thrusting on the northwest limb of the fold 

<Figure 2D-28> and <Figure 2D-32>.  Offset is minimal (0.1 feet to 

0.2 feet), with thrusts merging with bedding planes. 

 

Detailed examination of the intake tunnel fault <Figure 2D-28> indicates 

that the hanging wall is apparently more deformed than the footwall; 

deformation is brittle in nature and appears to diminish up section. 

 

4.1.5.2.2      Discharge Tunnel Structure 

 

Two zones of bedrock deformation are exposed in the discharge tunnel 

<Figure 2D-29> and <Figure 2D-30>.  Both structures are the result of 

compression.  The structure closest to the shoreline is very minor and 

essentially a kink fold with very minor displacement along the hinge 

line.  The second and farthest offshore structure is similar to the 

intake tunnel fault. 

 

The nearshore structure is located approximately at Station 11+70 

<Figure 2D-30>.  Most of the deformation was accommodated by abrupt 

monoclinal strata bending.  The hinge line (plane of deformation) has a 

strike and dip of N16E, 35SE <Figure 2D-27>.  Stratigraphic offset dies 

out below the tunnel crown into a fractured/flexed zone immediately 

overlain by flat-lying strata.  At the invert, the stratigraphic offset 

(mostly attributable to monoclinal flexure) is approximately 0.4 feet 

with the southeastern strata upthrown.  Distinctly zigzag in character, 

the structure exhibits gouge, localized fracturing, and flexuring of 

adjacent strata <Figure 2D-30>. 

 

The gouge is similar to that developed elsewhere in the tunnels but 

quite thin (0.1 feet).  Apart from the variation in strike and 

displacement magnitude <Figure 2D-27>, the style and the sense of offset 

are similar to other zones of deformation exposed in the tunnels. 
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The main zone of deformation in the discharge tunnel extends from 

Station 13+25 to Station 13+60 <Figure 2D-29>.  Deformation is 

remarkably similar in style and nature to the intake exposure.  The 

discharge thrust strikes and dips N61E, 13SE with the strata to the 

southeast upthrown approximately 0.8 feet <Figure 2D-31>.  Associated 

with faulting are drag folds, fracturing and well developed gouge 

<Figure 2D-23>.  The gouge is light gray, plastic and contains angular, 

randomly oriented fragments of siltstone and shale derived from the 

adjacent strata.  Gouge development, as in the intake tunnel, is a 

function of the geometry of the fault plane.  The thinnest gouge zones 

occur where the fault is bedding parallel while the thickest zones occur 

where the fault plane steepens. 

 

Drag folds are quite prominent, with a northwest-verging sense and fold 

axes parallel to the strike of the fault.  Hinge areas of the drag folds 

show a slight axial plane cleavage and the development of bedding 

parallel flexural-slip gouge. 

 

Fracturing is intense in the vicinity of Station 13+40 where the fault 

plane is essentially bedding parallel.  Associated with this fracturing 

are numerous small gouge-filled offsets.  Stratigraphic analysis 

indicates that the strata here have been overthickened slightly due to 

thrusting. 

 

Numerous splays/stringers of gouge trend out from the fault zone and 

exhibit minor offsets (0.1 feet to 0.4 feet).  These splays/stringers, 

which die into bedding, become more frequent toward the crown of the 

tunnel and account for the diminished offset along the fault plane. 

 

Striations are recognized on both the hanging and footwalls.  Striation 

orientations indicate a dip-slip motion with no evidence of a 

strike-slip component <Figure 2D-33>. 
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Based on structural style, orientation and sense of offset, the two main 

thrusts exposed in the tunnels are apparently the same structure.  

Faulting is distinctly brittle with deformation confined to the 

immediate vicinity of the faulting <Figure 2D-33>.  The small-scale 

thrust at Station 11+70 in the discharge tunnel may be an en echelon 

structure or a splay off the main fault.  However, based on limited 

structural data, the latter is favored. 

 

4.1.6      MICROCRACK ANALYSIS 

 

Dr. Gene Simmons performed an analysis of microcracks observed within 

gouge obtained from the fault zone in the intake and discharge tunnels 

at the site.  Dr. Simmons’ complete report is included as 

<Appendix 2D A> to this report.  The following is a summary of the 

results of the Simmons’ investigations. 

 

Specimens of the gouge and the adjacent country rock were prepared in a 

form suitable for the examination of microcracks and elemental 

compositions of individual minerals by the SEM.  Two types of cracks 

were observed.  The first type is caused by unavoidable desiccation of 

the sample.  Desiccation cracks occur subsequent to sampling and are 

unrelated to tunnel deformation and are recognized as such on the basis 

of criteria developed previous to the present studies.  The second type 

of crack appears to be related to the last movement on the fault and 

always contains new mineral growths that extend completely across the 

crack. 

 

Approximately 350 cracks of the type produced by faulting were examined 

in six samples.  Every crack examined contained approximately one 

percent new mineral growth. 

 

On the basis of previous observations of several thousand microcracks in 

a wide variety of rock types, healed microcracks appear to be ubiquitous 

in rocks.  Evidently, the microcracks begin to heal immediately on  
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forming.  The degree of healing can be a measure of the amount of time 

that has been available for the microcrack to heal.  The exact 

mathematical description of the function that relates degree of filling 

to elapsed time since the crack was formed is unknown, but is likely 

S-shaped and asymptotic to the zero and 100 percent values.  Two data 

points have been obtained - one point at one million years (possibly two 

to five million years) from sandstone at the Satsop site (Reference 8), 

the other at 18.5 million years from shocked rock at Ries Crater, 

Germany (Reference 9). 

 

The rate of healing of microcracks is very likely a function of 

temperature, pressure, mineralogy, and the composition and flow rate of 

pore fluids.  Fortunately, the conditions at the Perry site and at the 

Satsop site are quite similar, and the degree of filling of the cracks 

at each site are comparable.  Therefore, the data obtained previously 

for the Satsop site form a suitable basis on which to estimate the age 

of the microfractures in the gouge zone at Perry. 

 

On the basis of a thorough examination of the microcracks in six 

representative samples of the gouge and country rock from the fault, or 

faults, in the intake tunnel and the discharge tunnel and from the 

fracture zone in the discharge tunnel, it is concluded that the time of 

last movement of each of these faults is approximately one million years 

and may be as old as two to five million years. 

 

4.1.7      WATER ANALYSIS 

 

Chemical analyses of tunnel faulting seepages indicate a salinity 

concentration ranging from 14.4 to 8.4 percent during the period of 

April 17, 1978 to March 6, 1979.  Both the intake and discharge tunnel 

seepages indicated decreases in salinity, chloride and sodium 

concentrations with time.  No apparent trend for relatively low sulfate 

concentrations was established.  Measurements of pH were uniform ranging 

between 7.2 and 8.0.  Table 1 contains the results of these analyses. 
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Salts within Chagrin shale groundwater are not uncommon for northeastern 

Ohio.  Compositionally, no salts are known within the Chagrin shale 

member of Ohio Shale formation.  Salt bearing strata of the Salina Group 

occur more than 1,650 feet below the tunnel.  Even though tunnel 

faulting is not presumed to extend into the Salina salt beds, the 

impervious character of the Chagrin shale including the tunnel fault 

zones would tend to confine the upward flow of salt-saturated 

groundwater from a great depth.  It is more probable that sediment pore 

water residuum has been diluted by meteoric recharge water in a manner 

originally suggested by L. U. DeSitter in 1947 (Reference 10).  This 

contention is supported by the isotopic ratio results subsequently 

discussed. 

 

The isotopic ratios of D/H and 18O/16O were measured with a mass 

spectograph for three samples of water from the fault in the intake 

tunnel, one sample from the fault in the discharge tunnel, and two 

samples from Lake Erie.  The three samples from the intake tunnel differ 

insignificantly from each other and from the sample from the discharge 

tunnel.  The two lake samples differ insignificantly from each other.  

However, the waters from the fault(s) differ significantly from the lake 

water.  All three water samples have a meteoric origin.  A sulfur 

isotope analysis was attempted unsuccessfully on the waters from the 

fault and Lake Erie.  The data obtained indicate a high sulfur content 

for the lake waters and essentially no sulfur in the waters from the 

fault. 

 

The interpretation of the present set of data is that the ‘fault water’ 

is not Lake Erie water. <Appendix 2D B>, prepared by Dr. Simmons, 

presents the details of the results for the hydrogen and oxygen isotope 

analysis. 
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4.2      GEOPHYSICAL STUDIES 

 

4.2.1      EVALUATION OF PUBLISHED AND UNPUBLISHED GEOPHYSICAL DATA 

 

A review has been made of the available published and unpublished 

geophysical data for the immediate site area of the Perry site.  These 

data include shipborne, high resolution, seismic reflection surveying 

(Reference 6)(Reference 11)(Reference 15), shipborne magnetic data 

(Reference 12)(Reference 15), aeromagnetic surveys (Reference 13) 

(Reference 14), and gravity data (Reference 15)(Reference 16). 

 

The seismic reflection surveys indicate no evidence of either abrupt 

changes in the Paleozoic bedrock surface beneath the lake or disruptions 

of the overlying unconsolidated lake bottom sediments (Reference 6) 

(Reference 11)(Reference 15).  Several profiles which would have crossed 

the projection of the faults noted in the intake and discharge tunnels 

did not indicate vertical offset (Reference 6). 

 

The resolution of the seismic reflection survey is discussed in each 

study.  Williams (Reference 6), with regard to the high resolution 

seismic reflection survey performed by the U.S. Army Coastal Engineering 

Research Center, states “...in the vicinity of the Perry Power Plant.  

The records don’t exhibit enough sub-bottom penetration into the shale 

bedrock to expose fault features, but I don’t see abrupt changes in the 

lake floor or acoustic contrasts of sediments to suggest that faults are 

present.”  Wall (Reference 11)(Reference 15), with regard to the 

reflection seismic survey carried out under his direction in 1960, 

states on Page 3 of (Reference 15) that (1) “The sub-bottom sounding 

system as it was set up and operated on ship was adversely affected by 

the shallow depth of the lake.  The fact that the water depth, which did 

not exceed 100 feet, was close to the “thumper” hydrophone separation 

led to a nonlinear printout of the PDR (precision depth recorder).  In 

addition, the use of a PDR (precision depth recorder) with a scale range 

of 2,400 feet resulted in all the data being compressed into the top 2  
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or 3 inches of the record thus making it difficult to sort out and read 

accurately.”  Wall goes on to state on Page 92 of (Reference 11) that 

“discrepancies in depths to these reflections {Wall is describing 

several sub-bottom reflectors he noted} at the intersections {of track 

lines} were generally less than 6 feet.” 

 

A shipborne magnetic survey in the site area, which consisted of three 

north-south profile lines at five-mile spacings and one east-west line, 

shows no evidence for any linear trends parallel to the projected trace 

of the intake and discharge faults (Reference 12)(Reference 15). 

 

Resolution of the shipborne magnetic surveys was described by Wall on 

Page 52 of (Reference 15) and Peters and Wall on Page 2 of 

(Reference 12) as follows:  “Discrepancies in the magnetic data at track 

intersection averaged about 50 gammas.”  Wall on Page 60 of 

(Reference 15) goes on to state “...that the sources of the observed 

magnetic anomalies must lie within the Precambrian basement rock.” 

 

Similarly, the aeromagnetic surveys which were parallel to the projected 

trace of the fault and widely spaced (flight line separation on the 

order of five to ten miles) do not suggest any linear magnetic anomalies 

in the near-site area of the Perry plant (Reference 13)(Reference 14). 

 

Meyers on Page 40 of (Reference 14) states in his discussion of the 

instrumentation employed for the aeromagnetic surveys performed by both 

Ahern (Reference 13) and himself that “...each reading can only be 

assumed accurate to within 3 gammas.”  Meyers (Reference 14) also noted 

on Page 32 that “the flight lines plotted are accurate to 1.0 miles.”  

Finally, he notes on Page 97 of (Reference 14) that “these bodies {which 

cause the anomalies}...would have depths of burial between 1.4 and 

1.6 kilometers below lake surface.” 

 

The shipborne gravity data reported by Wall consist of a single traverse 

in the site area (Reference 15).  The relatively widely spaced shipborne  
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gravity data are interpreted by Wall as indicative of lithologic 

variations within the Precambrian basement and not indicative of 

structure.  Wall’s interpretation is similar to Heiskanen and Uotila 

(Reference 17), who interpreted most of the gravity anomalies in Ohio as 

reflective or lithologic variations in the Precambrian basement. 

 

With regard to scatter within the gravity data, Wall on Page 84 of 

(Reference 15) states that “it {scatter} does not exceed 10 dial 

division or about 3 milligals.”  He goes on to state on Page 55 that 

“while the data do not warrant a detailed interpretation, it can be 

shown that for the most part the origin of the observed anomalies must 

lie within the Precambrian crystalline rocks.”  O’Hara et al 

(Reference 16), supports Wall’s conclusions with regard to the origin of 

the gravity anomalies in the Lake Erie region. 

 

4.2.2      MAGNETIC SURVEY 

 

The magnetic profiles taken from Lake Erie traverses <Figure 2D-34>, 

<Figure 2D-35>, <Figure 2D-36>, <Figure 2D-37>, <Figure 2D-38>, 

<Figure 2D-39>, <Figure 2D-40>, <Figure 2D-41>, and <Figure 2D-42>, 

display a generally flat signature.  All of the significant peaks appear 

to be related to cultural influences such as drill barges and metal 

pipes.  There are no significant anomalies which are associated with the 

projection of the fault on the lake bottom.  Offsets as small as those 

noted in the tunnels (one to two feet) would, however, probably not be 

detectable. 

 

The land magnetic profiles <Figure 2D-43>, <Figure 2D-44>, 

<Figure 2D-45>, <Figure 2D-46>, <Figure 2D-47>, and <Figure 2D-48>, show 

generally erratic signatures which are attributed primarily to cultural 

sources.  There is no fault-related magnetic signature. 
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4.2.3      BOREHOLE LOGS 

 

Units which could be used as marker beds, as a result of either an 

anomalous velocity or radiation level, were not detected in the geologic 

section <Figure 2D-49> and <Figure 2D-50>.  This is probably because of 

the relative macroscopic homogeneity of the Chagrin shale as evidenced 

by the thinness of the individual beds within the Chagrin.  Offset which 

could be associated with the fault could not be determined. 

 

In borings TX-3, TX-4 and TX-6, velocity logs show low velocity values 

associated with the fault.  No such velocity “lows” are observed outside 

the tunnel in either the down-dip (TX-7) or along the strike (TX-8, TX-9 

TX-10) projection of the fault.  Outside the fault zone, the measured 

velocity is 10,500+ fps.  Within the fault zone, the velocity that was 

measured is approximately 6,000 fps; this lower velocity value at the 

fault zone is probably due to the PVC casing and the actual velocity 

value of the zone may be even lower. 

 

In the tunnel drill holes (TX-3, TX-4 and TX-6), a low level of gamma 

radiation can be associated with the fault.  However, the signature is 

not very marked.  It appears that certainly the low P-wave velocity 

values can, and possibly the low radiation levels may, be used as 

distinguishing characteristics of the fault. 

 

4.3      EVALUATION OF LOCAL SEISMICITY AROUND THE PERRY NUCLEAR POWER 

PLANT SITE 

 

A detailed study of the local seismicity around the Perry site was made 

with some significant observations <Appendix 2D D>.  In brief, the local 

historical seismicity is low:  less than 50 events over a period of a 

century and a half, and no intensity larger than Intensity V Modified 

Mercalli.  In general, assigned intensities can be considered 

conservative, and epicentral coordinates relatively uncertain.  This 

uncertainty results, in part, from soil amplification and population  
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distribution which make it difficult in many cases to delineate a clear 

epicentral area.  As a consequence of this epicentral uncertainty, 

apparent alignments or clustering of epicenters have no reliable 

tectonic significance.  Details on local seismicity evaluations are 

presented in <Appendix 2D D>. 

 

4.4      IN SITU STRESS MEASUREMENTS 

 

Data regarding the orientation and magnitude of the complete stress 

tensor were obtained for the test intervals between 394 and 718 feet in 

TX-11.  The direction of 1 was consistent with stress orientations over 

a regional basis.  The stress magnitudes (the horizontal stresses are 

the maximum and intermediate principal stresses) fall within the limits 

of stresses measured in other parts of northeastern and north central 

United States and in southern Canada.  The vertical component 

corresponds closely to the anticipated overburden pressure. 

At the shallower depths, the tendency for 1 ~ 2 ~ 3  is well defined 

and extrapolations of existing measurements to the surface are 

reasonable.  No high stress magnitudes were experienced in either the 

tunnel or plant area excavations or concluded from measurements of 

extensometers installed in the bedrock walls of the emergency service 

water pumphouse.  These conclusions regarding stresses in plant 

structure excavations are consistent with the extrapolation of the 

deeper in situ borehole measurements.  Below a depth of approximately 

600 feet, both Hmin and Hmax show an increase in gradient, with the 

gradient for Hmax being larger.  Data conclusions and an overview of the 

hydraulic fracturing technique are attached as <Appendix 2D E>. 

 

5.0      CONCLUSIONS 

 

Based on structural style, orientation and sense of offset, the thrust 

fault exposed in each tunnel is apparently the same feature or en 

echelon.  Faulting is distinctly brittle with deformation confined to 

the immediate vicinity of the fault plane.  The zigzag fracture pattern  
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and accompanying evidences of flexure characterizing the more southerly 

discharge tunnel deformation may be an en echelon structure, but more 

probably represents a splay from the main fault. 

 

Paleozoic Tectonics, Mesozoic-Tertiary Tectonics and Pleistocene-Recent 

faulting mechanisms were considered.  Regarding mid-Paleozoic 

deformation, the concept of soft sediment deformation can be ruled out 

by the brittle nature of observed deformation.  The tunnel fault formed 

following lithification of the shale sequence.  Notwithstanding 

interpretation regarding age, pre-Pleistocene tectonics are evaluated 

primarily in consideration of geometric data on tunnel fault strike and 

shallow dip.  Alleghenian (Appalachian) orogenic compressional stresses 

propagated northwesterly, employing Salina salt bed decollements, would 

be technically feasible.  Upward propagation of faulting at low dip 

angles, as with the tunnel faulting, would be compatible.  

Alternatively, southeasterly gravitational movement during late 

Paleozoic or early Mesozoic time was possible when overburden pressure 

and formation temperatures were about at peak values.  Again, a majority 

of the lateral movement would be expected to occur upon the Salina 

salts.  Relatively high loading conditions existing during glaciation 

with high stress gradients near ice sheet boundaries may have activated 

flowage deformation within the salt which resulted in underthrusting of 

the more competent overlying strata.  Other mechanisms associated with 

deeper rooted deformation such as basement-block faulting and 

differential warping of Paleozoic strata would tend to produce normal 

faulting in overlying formations, not thrust faults. 

 

Data regarding the age of faulting were derived from field and 

laboratory studies.  An age determination from fault gouge 

mineralization could not be undertaken because none of the constituent 

minerals contained radioactive isotopes suitable for dating.  However, 

on the basis of syn and/or post-deformational mineral growth extending 

completely across fault zone microcracks related to the last movement on  
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the fault, Dr. Simmons concludes that the time of last movement for each 

of the tunnel fault segments is approximately one million years but may 

be as old as two to five million years or as young as 0.8 million years. 

 

Comparisons of the Perry microcrack data to similar data from other 

locales were employed in age determinations.  Allowances for variability 

in factors such as temperature, pressure, and chemical environment and 

uncertainty related to mineral growth rates could suggest a greater 

range in estimated formation time.  Notwithstanding the foregoing 

consideration, it is not reasonable to postulate a Recent age for last 

fault movement.  Microcrack mineral growth bridges, some of which are 

quite delicate, remained intact and unruptured during the period of 

historical seismicity. 

 

During faulting, the orientation of the maximum principal stress was 

oriented normal to fault strike.  In situ stress measurements employing 

the hydrofracture technique demonstrate that the stress field 

orientation has changed since faulting.  The maximum principal stress 

consistent with the prevailing regional stress field is parallel to 

fault strike.  The magnitude of vertical stresses measured is as 

expected for calculated overburden pressure.  Reorientation of the 

stress field must have occurred during Pleistocene time in response to 

glaciation.  Deposits of three major stages are recognized in 

northeastern Ohio.   No Nebraskan stage deposits have been identified in 

Ohio.  It is not known which major ice advance or minor 

recessional-readvance cycle altered the stress field prevailing during 

the last fault movement.  This method of qualitatively dating the last 

fault movement is in agreement with the microcrack study. 

 

Dr. Voight hypothesizes on the basis of maximum past consolidation 

pressure of the fault gouge that the associated overburden pressure was 

not substantial but on the order inferred from an ice sheet considerably 

thinner than that estimated for northeastern Ohio at the Laurentide 

maximum.  On this basis the last fault movement is more likely  
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associated with deglaciation-rebound than an ice sheet advance.  

However, rock-to-rock contacts across the fault zone, as well as the 

step-like pattern of faulting, were documented during detailed mapping 

of the deformed tunnel segments.  Furthermore, Dr. Voight suggests from 

extrapolations of fault displacement data that approximately 70 feet of 

undeformed bedrock overlie the updip projection of faulting.  Therefore, 

it is doubtful whether the fault gouge would have experienced maximum 

overburden loading during any of the major or minor glacial stage 

advances when ice thicknesses exceeded several thousand feet.  Hence, 

the ages of movement for the fault based on gouge consolidation tests is 

not reliable. 

 

The most reasonable interpretation of all the data is that the tunnel 

deformation or at least the last movement on the fault was a Pleistocene 

event associated with glaciation.  Candidate mechanisms include 

ice-sheet traction, differential down-bowing with glacial advance, 

differential rebound with glacial retreat, surficial stress-relief or 

“pop-up” and subsurface salt tectonics, the latter as previously 

discussed.  More probable were glacio-isostatic uplift and surficial 

stress relief during deglaciation rebound.  Recurrent movement on 

deeper-seated pre-Pleistocene structures or faults, either by direct 

propagation or by en echelon deformation could have been possible.  Both 

of the latter would have been activated by glacial ice loading or 

unloading.  The conclusions of these investigations, the opinions of the 

independent reviewing geologists and lack of evidence to the contrary 

are consistent; the fault is not capable as defined in 

<10 CFR 100, Appendix A>. 
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A STUDY OF THE MICROCRACKS ASSOCIATED WITH FAULTING 

 

AT THE PERRY NUCLEAR POWER PLANT SITE 

 

 

1.0     INTRODUCTION 

 

A small fault was discovered during the excavation of the intake tunnel 

for the emergency cooling water at the Perry nuclear site.  Samples of 

the fault gouge and adjacent shale were collected in July 1978 by 

Dr. Gene Simmons and Weston personnel.  Those samples were examined 

briefly with the scanning electron microscope (SEM) using techniques for 

the study of microcracks that have been recently developed by 

Dr. Simmons and colleagues.  A report on the preliminary findings of 

that investigation was submitted to the Nuclear Regulatory Commission on 

November 1, 1978. 

 

During the excavation of the tunnel for the discharge of emergency 

cooling water at the Perry nuclear site, a fault was intersected at 

approximately the location of the projection along strike of the fault 

present in the intake tunnel.  In addition, a small fracture zone was 

recognized approximately 200 feet south of the fault.  Samples were 

obtained in October 1978, January 1979 and March 1979 by Dr. Simmons and 

Weston personnel. 

 

2.0     SUMMARY AND CONCLUSIONS 

 

Specimens of the gouge and the adjacent country rock were prepared in a 

form suitable for the examination of microcracks and elemental 

compositions of individual minerals in the SEM.  Two types of cracks 

were observed.  The first type, due to the desiccation of the sample, 

appears to be unavoidable, but is readily recognizable on the basis of 



 

  Revision 12 
 2D A-2 January, 2003 

objective criteria developed previous to the present studies.  The 

second type of crack appears to be related to the last movement on the 

fault and always contains new mineral growths that extend completely 

across the crack. 

 

Approximately 350 cracks of the type produced by faulting were examined 

in six samples.  Every crack examined contained approximately one 

percent new mineral growth. 

 

On the basis of previous observations of several thousand microcracks in 

a wide variety of rock types, healed microcracks appear to be ubiquitous 

in rocks.  Evidently, the microcracks begin to heal immediately on 

forming.  The degree of healing can be a measure of the amount of time 

that has been available for the microcrack to heal.  The exact 

mathematical description of the function that relates degree of filling 

to elapsed time since the crack was formed in unknown, but is likely 

S-shaped and asymptotic to the zero and 100 percent values.  Two data 

points have been obtained - one point at 1 million years (possibly 2 to 

5 million years) from sandstone at the Satsop site, the other at 

18.5 million years from shocked rock at the Ries Crater, Germany. 

 

The rate of healing of microcracks is very likely a function of 

temperature, pressure, mineralogy, and the composition and flow rate of 

pore fluids.  Fortunately, the conditions at the Perry site and at the 

Satsop site are quite similar, and the degree of filling of the cracks 

at each site are comparable.  Therefore, the data obtained previously 

for the Satsop site are a suitable basis on which to estimate the age of 

the microfractures in the gouge zone at Perry. 

 

On the basis of a thorough examination of the microcracks in six 

representative samples of the gouge and country rock from the fault, or 

faults, in the intake tunnel and the discharge tunnel and from the 

fracture zone in the discharge tunnel, it is our conclusion that the 
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time of last movement of each of these faults is conservatively 

estimated at approximately 1 million years and may be as old as 2 to 

5 million years. 

 

3.0      BASIS OF METHOD 

 

Displacement of rock along fault surfaces, in the laboratory as well as 

in the field, appears to produce microfractures.  For examples of 

representative laboratory studies, reference is made to the work of 

Griggs and Handin (1960), Conrad and Friedman (1976), Jackson and Dunn 

(1974).  The examination of natural specimens from faults by Engelder 

(1974), Swain and Jackson (1976) and Stearns (1972) demonstrates the 

applicability of the laboratory results to rock in situ. 

 

Work done during the past decade on microcracks (Simmons and Richter, 

1976; Richter and Simmons, 1977; Simmons et al., 1975; Batzle and 

Simmons, 1976, 1977; and Wang and Simmons, 1978) has shown clearly that 

healed and partially healed microcracks in rocks are ubiquitous.  

Apparently, the microcracks began to heal immediately upon forming. 

 

The degree of healing, as measured by the volume percentage of new 

mineral growth that fills the microcracks, is an indication of the 

amount of time that has elapsed since the formation of the microcrack.  

The general form of the function that relates degree of filling to 

elapsed time, shown on Figure 1, can be deduced in the following manner.  

The initial rate is low because of the difficulty of nucleation.  The 

final rate is low because the transfer of fluid from residual cavities 

(i.e., fluid inclusions) must occur by diffusion of water through solid 

phases.  Thus, the functional form of the curve is asymptotic at both 

zero percent filling and at one hundred percent filling.  During the 

intermediate phase, the rate is controlled by both the availability and 
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fluid phase.  Because the rate of many processes is described adequately 

by an Arhennius-type relation (Kingery et al., 1976, Chapter 9), we 

suggest that the rate of sealing of microcracks is described 

satisfactorily by 

 

     ottKc/coln   

 

    Q/RTAexpK   

 

where c/co is the volume fraction of filling 

 

 K is the reaction rate 

 

 t is time 

 

 A and Q are experimentally determined constants 

 

 R is the gas constant 

 

 T is absolute temperature. 

 

At the present time, we have two data points that appear to lie on the 

curve during the intermediate period.  They are shown on Figure 2 and 

are connected with a straight line.  Both data points lie in the 

intermediate region because in each case the new mineral growth had 

extended completely across the open microcracks, but an open channelway 

still exists throughout the microcracks.  Additional confidence is 

derived from the observation that apparent degree of filling of a 

0.2 mybp crack shown by Swain and Jackson (1976), Figure 4 is very 

small. 

 

The data for the low end of the curve were obtained on a sample of 

sandstone from the Satsop site (Weston Geophysical Research, Inc., 

1978).  The cracks were produced during the compaction phase of the  
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sandstone.  The stratigraphic unit (the Montesano formation) that was 

deposited above the sandstone was dated on the basis of fossils (Rau, 

1967) as at least 1 million years and possibly 2 to 5 million years.  

Because the creation of compaction fractures must have ceased when the 

unit began uplift, the youngest age for any compaction-induced fracture 

must be the age of the youngest overlying formation, approximately 

1 million years.  The minerals that were examined in the study of the 

sample from Satsop included quartz, feldspar and pyroxene.  These 

minerals, as a group, contain Al, Si, Fe, K, Ca, Na, and Ti.  The 

maximum depth of burial was approximately 3,000 to 3,500 feet.  The 

thermal gradient at the site was probably 15 to 25C/km.  Therefore, 

the maximum temperature to which the sample had been exposed was 

probably 20 to 30C, an estimate that is consistent with, but somewhat 

higher than, the temperature estimated from the metamorphic grade of the 

organic material contained in the sandstone. 

 

The data for the high end of the curve are based on data reported by 

Padovani et al. (1979) for a series of core samples from the 3,500-foot 

hole drilled in the Ries Crater, Germany.  The Ries Crater and the 

microcracks in the rocks from the Ries Grater were produced when a 

meteorite hit the earth 18.5 million years ago.  The age was obtained 

with radiometric techniques.  Figure 3 shows a typical crack in the 

mineral amphibole partially filled with grains of the mineral chlorite.  

Cracks were observed in quartz and feldspar also.  The degree of filling 

was highest in quartz, intermediate in feldspar and lowest in amphibole.  

The host grains for the partially sealed microcracks contained the 

elements Al, Si, Fe, Mg, K, Ca, Na.  The thermal gradient at the present 

time in the Ries Crater is 15 to 25C/km.  Thus, the maximum 

temperature at present to which the samples in situ have been exposed is 

approximately 20 to 25C. 

 

The time required for nucleation in the cracks in the rocks from the 

Ries Crater may have been very short.  The meteorite impact produced a 

high temperature associated with the shock waves that lasted a few  
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microseconds to perhaps a few milliseconds.  In addition, a significant 

volume of the rocks in the vicinity of the impact and sampled by the 

drill would have been exposed to a temperature that might have been as 

high as 100 to 200C for intervals of time of the order of hundreds or 

perhaps thousands of years.  The higher temperatures would likely have 

shortened greatly the amount of time required for the nucleation of the 

new mineral growths in individual microcracks.  We have included the 

uncertainty of this effect in the error bar that is shown for this data 

point on Figure 3 by indicating that the degree of filling might appear 

to be too large for a sample whose age is 18.5 million years, but which 

used 5 million years for the nucleation time. 

 

4.0      PROCEDURES 

 

4.1      SAMPLE COLLECTION 

 

The sample for this study were collected with methods designed to 

minimize, or perhaps prevent completely, the creation of open 

microfractures in the material which had very low strength.  Two 

different techniques were used.  In the first technique, we used a 

jackhammer to line-drill a large block of rock.  The concept for this 

procedure was that the jackhammer would damage material relatively near 

the drilled holes which could then be removed and discarded.  The 

procedure, illustrated on Figure 4, appears to have been successful for 

several samples but was not successful for all samples.  Some samples 

simply disintegrated within a few days after collection. 

 

In the second procedure, we used a small masonry saw to remove 

completely, the specimen from the rock mass in situ.  A series of 

photographs on Figure 5 illustrates the second technique.  This 

procedure, though rather time consuming for large samples, was highly 

successful. 
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4.2      SPECIMEN PREPARATION 

 

The rock and gouge while in situ contain free water in the cracks and 

pores.  The examination of the material in the SEM requires that the 

free water be removed.  Therefore, a major problem in the preparation of 

the specimens for the examination with the SEM is the removal of the 

free water without creating open microfractures or destroying any 

delicate structures that existed in the microcracks while the material 

was still in situ.  This problem appears to have been overcome 

completely in our specimen preparation (as judged on the basis that no 

open microfracture without new mineral growth was observed and that many 

microcracks with delicate structures of new mineral growth were 

observed).  We used Buehler isomet diamond saws operated at very low 

speeds, drying furnaces kept at temperatures below 45C, and epoxies 

that cure at room temperature. 

 

4.3      SEM PROCEDURES 

 

The procedures for the examination of specimens in the scanning electron 

microscope are described for general specimens by Hearle et al. (1972) 

and for rock samples by Simmons and Richter (1976), Richter and Simmons 

(1977) and Batzle and Simmons (1976, 1977).  We include here only a 

brief description of the procedures.  The SEM consists of an electron 

source, focusing and rastoring coils, a movable stage for supporting the 

specimen, various detectors, and associated electronics for amplifying, 

displaying, and recording the detected signal.  The major systems of an 

SEM are shown on Figure 6 schematically.  A typical image is shown on 

Figure 7.  Unlike a photographic image, the SEM image is generated 

sequentially in time by the detection and recording of the intensity of 

the image at individual points.  The intensity is controlled by the 

composition of the material at the point, the topographic roughness of 

the surface of the material at the point, and (to a lesser extent) by 

the crystallographic orientation of the material at the point. 
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The detector in the scanning electron microscope may be sensitive to 

secondary electrons, backscattered electrons or x-rays.  Most of the 

work done on the Perry samples was done with secondary electrons or with 

the x-ray detector.  With the x-ray detector, one also uses associated 

electronics to measure the energy spectrum of the x-rays that are 

emitted by the specimen.  Because each element produces x-rays with 

characteristic energies, the spectrum of energies can be used to obtain 

semiquantitative estimates of the elemental composition of the specimen.  

Typical spectra are shown on Figure 8. 

 

5.0      SAMPLE LOCATIONS 

 

Representative samples of the various faults were collected from the 

intake tunnel and the discharge tunnel.  Samples of the fracture zone in 

the discharge tunnel were also collected.  The sample locations are 

shown on the intake and discharge tunnel wall maps (Figure 17, 18 and 

19) of the main body of Weston Geophysical’s text. 

 

6.0      RESULTS 

 

6.1      DESCRIPTION OF GOUGE 

 

The gouge zone contains lithic fragments set in a matrix of clay-sized 

(1 to 4 microns) grains.  A typical image is shown on Figure 9.  The 

texture and minerals of the lithic fragments are identical to those of 

the adjacent country rock.  The gouge matrix contains the same clay 

mineral (illite) as the country rock and also contains gypsum and 

feldspar.  Crystals of NaC1, observed in the gouge zone but not in the 

country rock, are believed to have crystallized from saline water after 

collection. 
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6.2      MICROCRACKS 

 

Two types of cracks were observed in the samples from the Perry site.  

One set, termed desiccation cracks, was produced during the drying of 

the specimen and appears to be unavoidable.  The other set, termed 

fault-cracks, was not produced during the drying of the sample and 

appears to have been produced by the last movement of the fault. 

 

Desiccation cracks had been observed previously in other samples.  On 

Figure 10, an example of desiccation cracks in clay-like minerals 

(chlorite in this case) are shown for a specimen described by Wang and 

Simmons (1978).  These cracks developed during examination of the 

specimen with the SEM.  They were actually observed during the time that 

they formed; hence, their origin is known unequivocally.  Desiccation 

cracks have distinct characteristics:  (1) they are relatively wide in 

comparison with their lengths; (2) their walls are very irregular, but 

opposite walls would fit exactly when restored to the contacting 

position; (3) they are relatively short (typically a few microns); and 

(4) they are often curved.  The criteria for the recognition of 

desiccation cracks are unambiguous.  An example of desiccation cracks in 

the Perry samples is shown on Figure 11 and may be compared with the 

cracks on Figure 10. 

 

Examples of the other type of cracks observed in the Perry samples are 

shown on Figures 12, 13 and 14.  These cracks are typical 

representatives of approximately 350 cracks that were examined in the 

Perry samples.  Every individual crack in the set of 350 cracks 

contained new mineral growths that spanned completely the fracture.  No 

open microcrack without new mineral growth was observed - except, of 

course, the desiccation cracks. 
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6.3      AGE OF MICROCRACKS 

 

The age of the microcracks can be obtained from the degree of filling, 

approximately one percent.  The value is the same as the value for the 

compaction fractures in the sandstone at the Satsop site.  If the 

factors that control rate of fracture filling are approximately the same 

for the two sites (as they are), then the ages of the cracks are the 

same.  The factors are compared in Table 1, and we conclude that they 

are quite similar for the two sites.  Therefore, the age of the 

microcracks associated with faulting at the Perry site is approximately 

1 million years. 

 

Although our estimates of the several parameters that affect the rate of 

healing or microfractures are similar for the Perry and Satsop sites, 

they are not identical.  Therefore, some possible error exists in the 

estimate of the date of last fracturing for the Perry site.  In our 

opinion, and based on our experience of working on microcracks in a 

variety of rocks during the past 10 years, the date might be as young as 

0.8 million years and as old as 5 million years. 

 

6.4      SLICKENSIDES 

 

Samples that contained slickensides were examined with the SEM.  A 

typical image is shown on Figure 15.  The grooves appear to have been 

created by grains of pyrite that were embedded in a surface that moved 

with respect to another adjacent surface.  The mineral pyrite was 

identified on the basis of elemental composition (feS) and crystal 

morphology (octahedra). 
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TABLE 1 
 

COMPARISON OF PERRY AND SATSOP SITES WITH RESPECT TO FACTORS 
AFFECTING RATE OF FRACTURE HEALING 

 
 
____________________________________________________________________________________________________ 
 
 Factor       Perry      Satsop 
____________________________________________________________________________________________________ 
 
  Host Minerals     Illite (based on EDX)   Quartz, Feldspar, 
               Pryroxene 
 
  Elements in Host(s)    Al, Si, K, Fe     Na, Mg, Al, Si, K, 
               Ca, Fe 
 
  Elements in Growth Minerals   Al, Si, K, Fe     Not measured 
 
  Maximum Temperature    288 to 293K     288 to 293K 
 
  Maximum Lithostatic Pressure  ~300 bars      ~300 bars 
 
  Width of Microcracks    1 to 5 microns     1 to 5 microns 
 
____________________________________________________________________________________________________ 
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   Figure 1 Healing of microcracks versus time.  The curve is schematic and intended 

only to show general shape.  The cracks are created at time to and are 
healed completely at tc. 
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Figure 2 Current data for healing of microcracks. See text for discussion of the

error bars.
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Figure 3 Partially healed microcracks from Ries Crater,

Germany. SEM micrograph. Host grain is amphibole

New mineral growth is chlorite. The sample is

described by Padovani et a]^ (1979).
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Figure 4 Sample number 4, partially outlined with holes

that have been drilled with a jackhammer, still in

situ. Note the gouge zone that is contained in

this sample. The webs between the individual

holes were later removed. A chisel was used to

split a bedding plane at the base of the sample,

freeing the sample completely.
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Figure 5 Sample number 25, partially sawn, still in situ.

After the rear cut had been made, the sample was

freed by splitting gently along a bedding plane.

Note the gouge zone that extends diagonally across

the sample.
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Figure 6 Block diagram of a typical scanning electron

microscope. The image on the cathode ray tube is

recorded photographically. An x-ray detector may

be substituted for the collector.
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Figure 7 Typical micrograph obtained with a scanning

electron microscope. PNPP sample 1. this image

was made with a specimen from the gouge zone in the

intake tunnel at the Perry Nuclear Site. The

deformed crystals near the center of the micrograph

are probably gypsum.

Figure 8 Typical x-ray spectrum obtained with energy

dispersive systems. This spectrum was obtained

from clay minerals in the gouge zone. The abscissa

is energy (of x-rays) and the ordinate is counts

per channel. The identification of the individual

peaks is shown on the figure. The peak for copper

is due to contamination within the system and not

to the presence of copper in the specimen. The

mineral is probably illite.
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Figure 9 Figure 9a is an enlargement of an optical

photograph and shows in small scale the many

features that are present in the gouge and can be

readily recognized on a freshly sawn surface.

Note the abundant lithic fragments of shale that

are set in the fine-grained matrix. Figure 9b is

an SEM micrograph of the gouge (area

differs from 9a).
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Figure 10 Desiccation cracks observed in a sample of

chlorite. These cracks were observed in the SEM

during formation.

@ Q !) i

Figure 11 Crack produced during collection or specimen

preparation.
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Figure 12 A typical microcrack in the Perry samples. This

crack occurs along the boundary between the gouge

zone and the adjacent country rock. The enlargement

(12b) shows that new mineral growth has occurred

with the crack, an indication that the crack was

not disturbed during the collection and specimen

preparation.
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Figure 13 Microcrack in Perry sample. This variant for the

microcracks in the Perry samples is relatively

short and contains new mineral growths that span

completely the microfracture. Note that many

crystals can be seen projecting into the crack from

the walls (13b).

2D A-22

Revision 12

January, 2003



14a
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Figure 14 A microcrack in the Perry samples (14a) at higher

magnification (14b).
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1 5a

15b

Figure 15 Slickensides in the Perry samples. The

slickensides appear to have been formed by pyrite

grains that are stronger than the shale. In 15b

and 15c individual grains of pyrite can be readily

observed.
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15c

Figure 15 Slickensides in the Perry samples. The

slickensides appear to have been formed by pyrite

grains that are stronger than the shale. In 15b

and 15c individual grains of pyrite can be readily

observed.
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APPENDIX 2D B 

 

STUDY OF THE ISOTOPIC COMPOSITION OF WATER FROM THE FAULT 

IN THE INTAKE AND DISCHARGE TUNNELS 

AT THE PERRY NUCLEAR POWER PLANT 

 

 

1.0      INTRODUCTION 

 

A small fault was intersected by the intake tunnel for emergency cooling 

water at the Perry Nuclear Power Plant site.  A small fault was also 

intersected by the discharge tunnel at the approximate location expected 

from the projection of the fault in the intake tunnel.  Water enters 

each tunnel in the vicinity of the fault and its isotopic composition 

may be a useful guide to the vertical extent of the fault. 

 

2.0      SUMMARY AND CONCLUSIONS 

 

The isotopic ratios of D/H and 18O/16O were measured with a mass 

spectograph for three samples of water from the fault in the intake 

tunnel, one sample from the fault in the discharge tunnel, and two 

samples from Lake Erie.  The three samples from the intake tunnel differ 

insignificantly from each other and from the sample from the discharge 

tunnel.  The two lake samples differ insignificantly from each other.  

However, the waters from the fault(s) differ significantly from the lake 

water.  All three samples are meteric. 

 

The interpretation of the present set of data is that the ‘fault water’ 

is not Lake Erie water. 
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3.0      BASIS OF TECHNIQUE 

 

The isotopic ratios of Deuterium to Hydrogen (D/H) and of Oxygen-18 to 

Oxygen-16 (18O/16O) in water have been shown to depend on the source of 

the water (e.g., Epstein and Mayeda, 1953; Craig, 1961).  The ratios are 

measured with a mass spectrometer.  Experimental details of the 

measuring techniques are given by Epstein (1959).  The ratios are 

normally reported by differences relative to a standard defined by Craig 

(1961) and termed SMOW, an acronym derived from standard mean ocean 

water, where 
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and the subscript spl indicates values of the sample. 

 

Craig (1961) showed that the isotopic variations in meteoric waters 

could be represented by the equation 

 

 10O8D 18   

 

Figure 1 is a plot of his data. 

 

Clayton et al. (1966) examined the isotopic ratios of saline waters from 

several sedimentary basins.  Their data are summarized on Figure 2. 
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4.0      DATA AND DISCUSSION 

 

The isotopic ratios relative to standard mean ocean water, SMOW, are 

given in Table 1.  They are also shown on Figure 3. 

 

_______________________________________________________________________ 

______________________________TABLE 1__________________________________ 

 
         DSMOW     18OSMOW 
 SAMPLE       (0/00)      (0/00) 

_______________________________________________________________________ 

 

   F1     -73.3 0/00   -11.5 0/00 

 

   F2     -73.5 0/00   -11.4 0/00 

 

   L1     -54.0 0/00    -7.4 0/00 

 

   L4     -52.3 0/00    -7.6 0/00 

 

  IF4     -70.6 0/00   -11.7 0/00 

 

  FD10    -79.3 0/00   -11.4 0/00 

______________________________________________________________________ 

 

The isotopic ratios of all three water samples are near the Craig (1961) 

curve for meteric water.  Therefore, the water from the fault is 

meteoric water. 

 

The ratios for F1, F2 and IF-4 are very close to each other.  If we take 

the differences to be an indication of experimental precision, then the 

isotopic ratios for the water from the fault in the discharge tunnel 

differ from the values for the intake tunnel by approximately the 

experimental error.  We therefore conclude that the waters from the 
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fault(s) in the two tunnels have a common source, which is not Lake 

Erie.  The data are consistent with a single fault intersecting both 

tunnels. 

 

The ratio of the water from the fault differs significantly from the 

ratio of the sample of Lake Erie water.  Sample L1 was collected near 

the lake surface, L2 near the bottom.  Both samples were obtained near 

the projection of the fault in the intake tunnel dip to the lake bottom.  

On the basis that the isotopic ratios of the waters from the fault in 

both tunnels differ greatly from the ratio for water from Lake Erie, we 

conclude that the fault water is not Lake Erie water. 
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FIGURE 1 Deuterium and oxygen-18 variations in rivers, lakes,

rain, and snow, relative to 'standard mean ocean water'

(SMOW). Points which fit the dashed line at the upper end

of the curve are rivers and lakes from East Africa.

(After Craig, 1961)
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FIGURE 2 Isotopic compositions of brines. The 'meteoric waters'

line is the line determined by Craig (1961) and shown on

Figure 1. (After Clayton e_t a_l., 1966)
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FIGURE 3  Isotopic compositions of the waters from PNPP.  F1, F2, 

and IF-4 denote samples from the fault in the intake 

tunnel.  FD10 denotes water from the fault in the 

discharge tunnel.  L1 and L4 denote water from the top 

and bottom, respectively, of Lake Erie. 
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APPENDIX 2D C 

 

GEOPHYSICAL METHODS 

 

 

1.0      INTRODUCTION 

 

The following sections discuss the geophysical techniques employed 

during the investigation of the fault discovered in the intake and 

discharge tunnels at the Perry Nuclear Power Plant site.  These 

techniques include magnetics, gamma radiation, logging, and in situ 

velocity measurements. 

 

2.0      THE MAGNETIC METHOD 

 

The magnetic method is a versatile, relatively inexpensive, geophysical 

exploration technique.  Magnetic data can be acquired on land, over 

water, or in the air.  Aeromagnetic surveys and deep water marine 

studies are commonly used as a reconnaissance tool for tracing 

large-scale geologic structure, especially basement depth.  Land and 

coastal water marine data are more useful in tracing smaller, more 

localized geologic structures, such as mineral and ore deposits, and for 

detailed geologic structural modeling.  Land and coastal water marine 

surveys yield more detail and higher resolution, since the measurements 

are taken closer to the anomaly source.  Land magnetic data can also be 

used to locate buried, man-made structures such as pipelines and 

tunnels, and for archaeological prospecting. 

 

2.1      EARTH MAGNETISM 

 

Magnetics, like gravity, is a “potential field” method.  For a given 

magnetic field, the magnetic force in a given direction is equal to the 

derivative of the magnetic potential in that direction.  The source of 

the earth’s magnetic potential is its own magnetic field  F  and the 
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inducing effect this field has on magnetic objects or bodies above and 

below the surface.  The earth’s field is a vector quantity having a 

unique magnitude and direction at every point on the earth’s surface.  

This magnetic field is defined in three dimensions by angular quantities 

known as declination and inclination.  Declination is defined as the 

angle between geographic north and magnetic north, and inclination is 

the angle between the direction of the earth’s field and the horizontal.  

The earth’s total magnetic field is measured in “gammas” () (where 

1 gamma = 10-5 Oersted) and varies from about 25,000 gammas near the 

equator to 70,000 gammas near the poles. 

 

The earth’s magnetic field is not completely stable.  It undergoes long 

term (secular) variations over centuries; small, daily (diurnal) 

variations (less than 1% of the total field magnitude); and transient 

fluctuations called magnetic storms resulting from solar flare 

phenomena. 

 

The earth’s ambient magnetic field can be modified locally by both 

naturally-occurring and man-made magnetic materials.  There are two 

types of magnetism involved:  induced and remanent. 

 

In the case of induced magnetization, the earth’s ambient field is 

enhanced by materials which can behave like a magnet when an external 

magnetic field is applied. 

 

Crustal rocks become “magnetic” due to the presence of magnetic 

particles, usually magnetite or related iron oxide minerals, in their 

compositional structure.  These particles act as small dipoles, which 

can be uniformly oriented by an external magnetic field, making the host 

rock “susceptible” to magnetic induction by the earth’s field. 

 

These “susceptible” rocks (or any magnetic object) will thus receive an 

“induced” magnetic field  H , which represents a local perturbation in 

the main earth field.  The net field  tF


 in the vicinity of this  
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perturbation is simply the vector sum of the induced and earth fields.  

Although the induced field is not necessarily parallel to the ambient 

field, for cases where F25.H


 , which is generally true for most 

geologic applications, the directional difference between the net field 

 tF


, and the ambient field  F  is negligible.  Thus, the induced field 

really serves to enhance the ambient field.  The degree to which the 

ambient field is enhanced is a function of the “susceptibility” of the 

material, or its ability to act like a magnet. 

 

Remanent magnetization is produced in materials which have been heated 

above the Curie point allowing magnetic minerals in the material to 

become aligned with the earth’s field before cooling.  The remanent 

field direction is not always parallel to the earth’s present field, and 

can often be completely reversed.  The remanent field combines 

vectorially with the ambient and induced field components.  The 

contribution of the remanent components must be considered in magnetic 

interpretations. 

 

2.2      INSTRUMENTATION 

 

At present, the most widely used magnetometer is the “proton precession” 

type.  This device utilizes the precession of spinning protons of the 

hydrogen atoms in a sample of fluid (kerosene, alcohol or water) to 

measure total magnetic field intensity. 

 

Protons spinning in an atomic nucleus behave like tiny magnetic dipoles, 

which can be aligned (polarized) by a uniform magnetic field.  The 

protons are initially aligned parallel to the earth’s field.  A second, 

much stronger magnetic field is produced approximately perpendicular to 

the earth’s field by introducing current through a coil of wire.  The 

protons become temporarily aligned with this stronger field.  When this 

secondary field is removed, the protons tend to realign themselves 

parallel to the earth’s field direction, causing them to precess about 

this direction at a frequency of about 2,000 Hertz.  The precessing  
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protons will generate a small electric signal in the same coil used to 

polarize them with a frequency proportional to the total magnetic field 

intensity and independent of the coil orientation.  By measuring the 

signal frequency, one can obtain the absolute value of the total earth 

field intensity to a 1 gamma accuracy.  The total magnetic field value 

measured by the proton precession magnetometer is the net vector sum of 

the ambient earth’s field and any local induced and/or remanent 

perturbations. 

 

The total field proton precession magnetometer is portable and does not 

require orientation or leveling, as is required with vertical field 

instruments.  There are a few limitations associated with the precession 

system, however; the precession signal can be severely degraded in the 

presence of large field gradients (greater than 200 gammas per foot) and 

near 60-cycle AC power lines; also, interpretation of total field data 

is somewhat more complicated than for vertical field data. 

 

2.3      FIELD TECHNIQUES 

 

In the field, the operator must avoid any sources of high magnetic 

gradients and alternating currents, such as power lines, buildings and 

any large iron or steel objects.  The operator should also avoid 

carrying any metal articles.  Readings are taken at a predetermined 

interval which depends on the nature of the survey, the accuracy 

required and the gradients encountered.  Base station reading, if 

required, are usually made several times a day to check for diurnal 

variations and magnetic storms. 

 

Depending on survey requirements, one should determine the magnetic 

susceptibility and remanent magnetism for the rock units in the survey 

area.  If this information is not available, several representative rock 

samples should be collected and analyzed.  One must properly mark the 

in situ orientation of these samples with respect to north direction and  
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horizontal plane.  Susceptibility and remanent field measurements are 

obtained using standard laboratory techniques. 

 

2.4      INTERPRETATION 

 

Lateral variations in susceptibility and/or remanent magnetization in 

crustal rocks give rise to localized anomalies in the measured total 

magnetic field intensity.  Geologic structural features (faults, 

contacts, intrusions, etc.) which correlate with susceptibility and/or 

remanent magnetization variations will cause magnetic anomalies, which 

can be measured and interpreted to quantitatively define the geometry of 

this causative structure. 

 

After diurnal effects and regional gradients have been removed, magnetic 

anomalies can be studied in detail; derivative operations and frequency 

filtering can be employed. 

 

Because it is a potential field method, there is an infinite number of 

possible source configurations for any given magnetic anomaly.  There is 

also an inherent complexity in magnetic dipole behavior.  Remnant field 

effects further add to the complexity.  But if the various magnetic 

field parameters (inclination, declination and susceptibility) are well 

defined, and some reasonable assumptions can be made regarding the 

nature of the source, an accurate source model can generally be derived. 

 

Magnetic anomalies can be analyzed both qualitatively and 

quantitatively.  The physical dimensions of an anomaly (slope, 

wavelength, amplitude, etc.) often reveal enough to draw some general 

qualitative conclusions regarding the causative source. 

 

Precise interpretation must be done quantitatively, however, and there 

are two basic approaches, each ideally requiring prior knowledge of 

earth and remanent magnetic field parameters.  Modeling can be performed 

by various approximation methods, whereby one reduces the source to a  
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system of poles or dipoles, or assumes it to be one of several simple, 

geometric forms (vertical prism, horizontal slab, step, etc.).  The 

magnetic properties for this simplified model can be rather easily 

defined mathematically.  Simple formulas can be derived which relate 

readily measurable anomaly parameters, such as slope, width and 

amplitude ratios, to the general dimensions of the anomaly source, 

including depth to top, thickness, dip, and width normal to strike.  

Since these methods involve very limiting geometric assumptions, the 

results can only be treated as good approximations except for very 

simplified sources. 

 

The second and more accurate quantitative method utilizes computer 

iteration techniques to directly calculate the resultant magnetic 

anomaly for a two- or three-dimensional geometric model constructed to 

fit the expected geologic source.  This method allows one to develop by 

trial and error a model whose calculated magnetic field anomaly matches 

the observed anomaly as closely as possible. 

 

In both two- and three-dimensional computer modeling, the source body is 

spatially defined by one or more n-sided polygons.  In the two 

dimensional case, a vertical polygon of infinite length in a direction 

normal to the magnetic profile is used to define the source.  Each 

polygonal segment then represents the vertical edge of a rectangular 

prism, which is infinitely long in the profile direction.  The magnetic 

effect of each of these prisms is computed and summed with appropriate 

sign convention to give the net magnetic effect of the body 

circumscribed by the polygon, and thus, the magnetic anomaly. 

 

In three dimensions, a series of horizontal polygons are stacked 

vertically to define the source.  The net magnetic effect for the total 

volume is then obtained by computing the effect of each polygon, 

integrating it over the vertical extent of the body, and summing the 

results for all of the polygons used.  The polygonal geometry allows a  
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great deal of flexibility in defining an anomaly source and can 

encompass a wide range of geologic forms. 

 

3.0      GAMMA RADIATION LOGGING 

 

3.1      PURPOSE AND BACKGROUND 

 

Gamma radiation logging can provide an efficient method for correlating 

geologic units in uncored boreholes.  The logging probe measures gamma 

radiation resulting from the natural radioactivity of the uranium (U), 

thorium (Th), and potassium (K40) in nearby bedrock or soils.  Although 

the radiation from either the U or Th series is much greater than that 

of K40, the background radiation from each element is approximately 

equal because the potassium isotope is far more common. 

 

The intensity of gamma radiation decreases rapidly as it passes through 

a material.  This attenuation is exponential and dependent on the energy 

of the radiation and absorption coefficient of the particular material.  

For the average energy of natural radiation, the range of penetration in 

sediments is roughly 1 foot with about half the gamma rays detected in 

the borehole originating within 5 inches of the borehole wall. 

 

The natural radioactivity in sedimentary rocks and metamorphosed 

sediments is generally higher than that in igneous and other metamorphic 

types, with the exception of potassium-rich granites.  In sediments, the 

gamma ray log reflects mostly shale content because radioactive elements 

tend to concentrate in clays and shales; sands and carbonates usually 

have low radioactivity.  Subtle changes in rock composition not readily 

apparent to the inspecting geologist may be revealed by the gamma ray 

log. 
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3.2      EQUIPMENT AND PROCEDURE 

 

The logging system consists of a probe containing a scintillation 

crystal and photomultiplier tube, an electronic counting unit, a strip 

chart recorder with variable scale settings, and a power winch. 

 

Gamma radiation incident on the scintillation crystal is converted to 

light through interaction with the crystal.  This light enters a 

photomultiplier tube where it is converted to a pulse of electricity 

which is conditioned and transmitted through the cable to the counting 

unit.  The average number of pulses per time unit (seconds or minutes) 

is plotted versus depth on the strip chart recorder. 

 

In logging, the probe is lowered to the bottom of the borehole and 

measures the radiation as it is raised.  Boreholes are generally logged 

twice to determine the “repeatability” of the data. 

 

Statistical variations in radiation emission, significant at low 

counting rates, can generally be smoothed out by integration over a 

short time interval.  If the hole is logged too quickly, however, the 

smoothing effect leads to erroneous results, and data are shifted in the 

direction of logging.  The logging speed must be adjusted for the bed 

thicknesses and radiation levels.  The length of the detector (the 

scintillation crystal) with respect to the bed thickness also affects 

the shape of the resulting log.  Optimum resolution for thin beds is 

obtained with a short detector and a slow logging speed. 

 

3.3      INTERPRETATION 

 

The interpretation of gamma logs is relatively straightforward.  The 

interface between beds of different natural radioactivity can be located 

with reasonable accuracy if it is assumed to occur halfway between the  
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two count levels for thick beds (<6 ft).  For thinner zones, the 

location of the maximum count rate can be taken as the center of the 

zone. 

 

In making correlations, all available geologic information is taken into 

consideration.  This includes unit thickness and composition, and 

position in the geologic column.  The gamma ray log displays this 

information in the form of the radiation level within a particular unit, 

as well as the gamma ray signature for that unit (the frequency of minor 

deviations from the average radiation level).  If other geophysical 

information is available, it is also considered in the final 

interpretation. 

 

4.0      IN SITU VELOCITY MEASUREMENTS 

 

4.1      PURPOSE 

 

In situ velocity measurements provide a reliable determination of 

material properties.  The velocity measurements together with known or 

estimated densities are used to determine the dynamic elastic moduli of 

the material.  It is necessary to obtain the data on material in place; 

velocity measurements made with laboratory samples may be strongly 

effected by alteration of the material in obtaining the sample, and by 

differences between the in situ and test-imposed stress conditions. 

 

4.2      EQUIPMENT AND PROCEDURE 

 

In situ velocity measurements are based on the determination of the time 

required for elastic waves, generated at a point source, to travel to a 

series of vibration-sensitive devices (geophones or seismometers).  For 

in situ velocity measurements, usually the geophones contain three 

orthogonal seismometers, one vertical and two horizontal.  These three 

components allow the seismologist to estimate the mode of vibration of 

the material in the vicinity of each geophone. 
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Seismograms are obtained using a portable 12- or 24-channel seismograph 

system which amplifies and filters the seismic signal detected by the 

individual geophones and provides a photographic record for each of the 

12 channels (Figure 2D C-1).  Timing lines are provided across the 

entire recording at two-millisecond intervals allowing direct reading to 

one millisecond.  The seismograph is equipped so that the background 

noise level can be observed for all geophones simultaneously, enabling 

the operator to determine if the noise level is sufficiently low to 

minimize trace interference. 

 

Depending on the requirements of the survey and specific site 

conditions, in situ velocity measurements are acquired in a number of 

ways, depending upon the deployment of source and geophones 

(Figure 2D C-2): 

 

 1. source and receivers in different boreholes (cross-hole); 

 

 2. source in borehole and receivers on the surface (up-hole); 

 

 3. source on the surface and receivers in borehole (down-hole); 

 

 4. high frequency source and receivers in the same hole (sonic 

logging); 

 

 5. source and receivers in tunnel; or, 

 

 6. source and receivers on surface. 

 

4.3      INTERPRETATION 

 

The interpretation involves picking the arrival times of two forms of 

seismic waves at each geophone and determining the relationship between 

arrival times for each wave type.  The two waves are the compressional 

(“P”) wave and the shear (“S”) wave.  The “P” wave is transmitted as a  
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series of compressions and rarefactions, and the particle motion is 

parallel to the direction of propagation.  The “S” wave, on the other 

hand, exhibits a particle motion perpendicular to the direction of 

propagation.  Therefore, the information on particle motion given by the 

three-component seismometers can be used as an aid in determining the 

wave type of arrivals. 

 

When the arrival times are plotted against distance from the source, the 

velocity of the material is determined by the inverse slope of the best 

linear fit to the data. 
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EVALUATION OF LOCAL SEISMICITY AROUND THE 

PERRY NUCLEAR POWER PLANT SITE 

 

 

INTRODUCTION 

 This Appendix presents additional information on the historical 

seismicity in the immediate vicinity of the site.  The current 

guidelines for the Safety Analysis Report format suggest that all events 

with an intensity greater than IV(MM) or a magnitude greater than 3.0 be 

included.  Such guidelines have been used in the USAR for the site 

region.  Within the context of the fault studies, the Applicant has 

considered that it would be useful to go beyond the guidelines and 

examine all known events, regardless of size, within 50 miles or so from 

the site. 

 Smaller historical events, particularly those of the 

pre-instrumental era, are more likely to be inaccurately evaluated in 

terms of location and size.  Felt reports, whether they were evaluated 

according to the Rossi-Forel or the Modified Mercalli scales, are always 

open to serious biases:  population distribution, local construction 

practices and above all, local soil amplification.  In the present case, 

because of the site location near Lake Erie, numerous reporting 

localities are close to the shorelines where soil effects can locally 

amplify ground vibrations.  Local amplification of earthquake ground 

vibrations yield felt reports that can alter the true location and size 

of the event. 

 Richter (1956, P. 144) was very aware of these biases when he 

wrote:  “The practice in the absence of seismographs, of drawing 

isoseismals and then locating an epicenter at the center of figure 

should be discontinued.  In the majority of cases the instrumentally 

located epicenter proves to be at one side of the meizoseismal area.”  

Clearly this strong statement should be kept in mind by anyone looking 

at epicentral maps where most of the events are purely historical, with 

coordinates obtained either from only few felt reports or from 

isoseismals that are poorly defined.  Once an epicenter has been given 
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coordinates and is plotted for display purposes, the tendency is to 

accept it at face value.  A spontaneous reaction of the analytic mind is 

to study the distribution of these points plotted on a map, and attempt 

to recognize patterns (e.g., clusters, alignments, etc.).  After the 

above words of Richter, such a spontaneity cannot claim to be scientific 

unless an explicit effort is made to estimate the uncertainty attached 

both to individual epicenters and assumed patterns. 

 It is the objective of this Appendix to present the supporting 

evidence of epicentral locations and assignment of intensities, discuss 

some uncertainty estimates and draw some conclusions. 

 

DATA BASE 

 The cumulative historical seismicity presented here is taken from 

Weston Geophysical’s earthquake data base.  This data base, which covers 

a much broader geographical region than the one investigated for the 

Perry site, has been developed through the last decade by incorporating 

many published sources and complementing these data with additional 

research.  Through a parallel compilation of major catalogs and 

listings, typographical errors have been detected, duplications 

corrected, and significant discrepancies identified and noted for 

further investigation.  Major sources included are United States 

Earthquakes, Earthquake History of the United States, the Publications 

of the Dominion Observatory, and the Seismological Series of the Earth 

Physics Branch (both of Canada), bulletins of major seismic networks 

such as those of Weston Observatory, the Lamont-Doherty Observatory, 

St. Louis University, and the New England Seismological Association.  

Important listings such as those by Mather and Godfrey (1927), Brigham 

(1871), Brooks (1960), Docekal (1970), Nuttli (1974), Nuttli and 

Herrmann (1978), Hopper and Bollinger (1971), Bollinger and Hopper 

(1972), Bollinger (1969, 1973), etc. are also included.  Supplementary 

information for many historical events has also been collected from 

newspapers, town histories, private diaries, scientific papers,  
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technical reports, etc.  Through a critical review and evaluation of the 

above material, a selected set of parameters was adopted for each event 

included in the data base. 

 

Completeness and Reliability 

 In considering the cumulative seismicity of a region in terms of 

seismic risk assessment, it is necessary to examine the completeness and 

reliability of the data set.  Because earthquakes are characterized 

either by their epicentral intensity or their magnitude, and are located 

by analyzing isoseismal contours and/or instrumental recordings, the 

spatial and temporal distributions of population and/or seismographic 

stations influence the number, size and location of reported events.  It 

is almost impossible to get a homogeneous data set over a long period of 

time, as both factors, population and networks, constantly change.  As 

long as proper thresholds and uncertainties are kept in mind, the data 

set is still most informative. 

 Even though major catalogs carry entries dating back to more than 

three centuries for some parts of eastern North America, in no way 

should one assume that completeness was achieved in these early years, 

except for a very high threshold, i.e., Intensity VIII or IX(MM).  For 

the region presently under consideration, it is more realistic to assume 

that the seismic history is relatively complete over the last 160 to 

200 years for events that would be significant in terms of structural 

design, i.e., with intensities equal to or greater than VII(MM).  This 

period is long enough to provide an extremely useful insight on the 

local seismic regime. 

 The reliability of early historical data depends greatly on the 

population density and the construction practices in the area around the 

epicenters.  A lack of population in the true epicentral area of an 

event, for example, can lead to that epicenter being mislocated in the 

populated region where the maximum intensity level was reported.  

Besides shifting true locations, a lack of an evenly distributed 

population can also result in underestimated epicentral intensities.  

The opposite bias can occur in cases where felt reports come only from  
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communities settled along river banks which characteristically 

experience enhanced ground motion due to the soil column, or where poor 

construction practices prevail.  In cases of structural damages, one 

must remember that construction standards have substantially improved 

with centuries.  A narrow application of the Mercalli scale to reports 

of fallen chimneys, for example, without due consideration for these 

basic differences in masonry can result in overestimated seismic events 

for the early period. 

 <Figure 2D D-1> and <Figure 2D D-2> show the progressive historical 

migration of the population, both in the eastern United States and 

Canada.  Even though the westward migration with time is predominant, 

the regions around Lake Erie, in both countries, show relatively earlier 

settlements.  By the early 1800’s, the region in the immediate vicinity 

of the site was settled, even though not densely populated.  It should 

be noted that the earliest reported events, within 50 miles of the site, 

occurred in 1823 and 1836, both of Intensity IV(MM).  Taking into 

account the distance spread between settlements, events reported during 

the first half of the 19th Century must be given an uncertainty in 

location of the same order (several tens of miles).  The assigned 

intensities may have been the actual epicentral intensities, but 

conceivably in some cases, they could have been maximum felt reports of 

slightly larger events located between settlements.  Such population 

bias could not have resulted in an error larger than two intensity 

units.  With the increasing population in the second half of the 

century, this uncertainty, both in location and intensity, can be safely 

reduced in half.  In all likelihood, completeness above the 

Intensity VI(MM) threshold has been achieved for as long as 150 years in 

the immediate site area. 

 The instrumental era beginning around 1900 brought some 

improvements to the quality of seismological data, particularly with 

respect to epicentral location.  Yet for the first half of the century, 

many epicenters continued to be located mostly on the basis of felt 

reports.  Determination of magnitudes for regional events in California 

was initiated during the thirties, but not used for eastern earthquakes  
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until the forties and fifties.  For the site region, from the start of 

the century and up to the sixties, only a few seismographs operated 

simultaneously, both in the United States and Canada.  These few 

stations were part of regional networks operated by the Jesuit 

Seismological Association (JSA), the Canadian government, and some 

American colleges and universities.  The closest seismographic station 

to the site was at John Carroll University in Cleveland.  Even though 

this station was one of the first to operate in the east, it remained 

plaqued with shortcomings for many decades.  The first seismograph 

purchased in 1910 was a Weichert, with a natural period of 7 seconds and 

a magnification of 80; it certainly was not suited to detecting and 

locating small local events.  The history of the station by Macelwane 

(1950) refers to the fact that “during the latter half of the twenties, 

seismograms became less and less accurate due to the increase of traffic 

and industrial disturbances in the neighborhood.”  In the thirties, 

recordings were interrupted for some years, because of campus relocation 

and water seepage making the new vault unusable.  After another 

relocation, the Weichert was operational from 1937 to 1947, when finally 

a short-period vertical and two long-period horizontal instruments were 

purchased.  Two short-period horizontal instruments were obtained in the 

early fifties, finally making the station equipped for the recording of 

local earthquakes.  In these early decades, numerous factors such as the 

type of instrumental response, lack of good time control, awkward 

geographic configuration, minimal exchange of data, use of graphical 

methods, and limited knowledge of crustal velocities remained potential 

sources of errors and uncertainties in the epicentral coordinates. 

 

LOCAL SEISMICITY EVALUATION 

 Most seismic events located within 50 miles or so from the site, as 

reported in the standard earthquake catalogs, can be called “historical” 

in the strict sense, inasmuch as they occurred in the Nineteenth Century 

and the first half of the Twentieth Century, well before any adequate 

instrumental coverage of the region. 
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 The historical evidence supporting some of the earlier cataloged 

events was found to be minimal, judging from the reference presented in 

standard catalogs.  Because local seismicity patterns can reveal 

important elements of local tectonics, a special task was undertaken to 

examine the available evidence on each local seismic event, and a 

systematic effort was made to acquire additional pertinent information. 

 The initial phase of the research consisted in establishing what 

local newspapers were published in northeast Ohio, the exact period of 

their existence, and above all, where they might be available for 

consultation.  A research matrix was prepared <Figure 2D D-3> where rows 

represent earthquakes to be investigated and columns indicate local 

newspapers. 

 The files of individual earthquakes were inventoried and the matrix 

elements filled, in order to prepare an effective onsite search at local 

libraries and archives for the missing elements.  Table 1 lists all 

local repositories of newspaper collections that were visited in the 

survey.  Newspapers determined to be pertinent to any one earthquake 

were researched commencing on the date that the earthquake occurred.  

This scanning continued though the following issues until datelines of 

dispatches reasonably indicated that further information pertaining to 

the earthquake would not be forthcoming.  References to the event were 

xeroxed, whenever possible, or handcopied. 

 The second phase consisted in a careful review of assembled 

material.  Individual files consist first in a parallel compilation of 

all available catalog entries and, secondly, in all additional 

references, newspapers, sources, etc.  These additional references were 

individually evaluated according to the Modified Mercalli intensity 

scale.  Whenever the felt reports covered a large enough area, maps were 

produced.  Estimated epicentral locations are indicated by open circles 

on these maps.  In other cases where only a few data points were 

available, approximate epicenters were associated with the location of 

the largest felt reports. 

 In some instances where local newspapers made reference to 

instrumental recordings from the John Carroll station, seismograms were  
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borrowed for examination.  This review of the instrumental data turned 

out to be very enlighting, and will be discussed later within the 

individual earthquake evaluations. 

 The final phase consisted in the selection of a set of earthquake 

parameters and the writing of a brief synthetic evaluation for each 

event.  These were used to produce the local seismicity map 

<Figure 2D D-4> and the corresponding local seismicity catalog 

(Table 2).  In Table 3, some events with dubious origin and/or dubious 

coordinates are listed for sake of completeness.  These events are not 

plotted on <Figure 2D D-4>. 

 The newspaper information collected for each event is presented in 

this Appendix, as it is needed to support certain changes in epicentral 

estimates and intensity reports.  The information from standard catalogs 

has been transcribed in only a few cases, since it is assumed available 

to the reader. 

 Summary evaluations and compilations of accounts are now presented 

in chronological order.  Revised parameters are flagged by the letter 

“R.” 

 A general discussion of the seismicity and some brief conclusions 

will follow the individual evaluations. 
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EARTHQUAKE OF MAY 30, 1823 
 

EPICENTRAL INTENSITY:  II-III(MM) (R) 
 

LOCATION:  42.5N, 81.0W (R) 
 
 

EVALUATION: 

 

The location and intensity of this event had been mysterious and 

uncertain.  Smith was the first to assign coordinates (41.5N, 81.0W).  

The reasons for choosing those particular ones, in the Unites States, 

away from the shore, were not expressed.  If one compares Smith’s 

listing with that of Brigham, listed as a reference, it is not certain 

that Smith’s interpretation is faithful.  Brigham does not explicitly 

link the rise in water level to the occurrence of the “slight shock.”  

Possibly, a sudden rise of the water level is normal in May.  A rise in 

water level should not be confused with a tsunami or a seiche. 

 

If another reference given by Smith, i.e., that of Dawson, is examined 

carefully, one finds that he considered the location to be in Canada, on 

the shore of Lake Erie.  Such a location would be better approximated by 

42.5N, 81.0W (near the Canadian shore).  It seems that a typographical 

error must have been incorporated into Smith’s listing, making it 41.5N, 

a location in the United States which is difficult to reconcile with his 

sources.  It is thus suggested that the coordinates be revised to 42.5N, 

81.0W. 

 

Finally, it is not customary to translate “slight shock” into an 

Intensity IV (Smith, 1962).  This event should be regarded as an 

Intensity II-III at the most.  The uncertainty of location remains 

large; 1/2 is suggested.  Whenever Smith uses “.5” or “.0” for 

historical events, he does so in order to show an uncertainty of 1/2. 
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COMPILATION OF ACCOUNTS: 

 

Brigham, W. T., 1871, “Volcanic Manifestation in New England,” Memoirs 

of the Boston Society of Natural History, V. 2, pp. 1-28. 

 

  “In 1823, May 30, the water rose nine feet in Lake Erie; a 

slight shock.” 

 

Dawson, Sir J. W., 1864, Notes on the Earthquake of October, 1860, The 

Canadian Naturalist and Geologist, V. 5. pp. 363-372. 

 

  “In 1823, May 30, Canada, On shore of Lake Erie, slight but 

water of lake rose to height of 9 feet.” 

 

Smith, W. E. T., 1962, Earthquakes of Eastern Canada and Adjacent Areas 

1534-1927, Publications of the Dominion Observatory, V. 26, No. 5. 

 

  “1823 May 30, IV. 41.5N, 81.0W.  On the shore of Lake Erie.  

Slight shock but water rose to a height of nine feet.” 
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EARTHQUAKE OF JULY 8, 1836 
 

CA:  21:15 (LOCAL) 
 

EPICENTRAL INTENSITY:  IV(MM) 
 

LOCATION:  41.5N, 81.7W 
 
 

EVALUATION: 

 

This event was clearly an earthquake; it was reported felt in Cleveland 

and vicinity with a maximum Intensity IV, according to the Cleveland 

Advertiser report.  It was felt in Elyria with an Intensity III, and not 

reported in the Painesville and Ashtabula newspapers.  The coordinates 

assigned are those of the city of Cleveland (41.5N, 81.7W).  An 

uncertainty of 15 miles is suggested here in view of the poor 

definition of the area where the Intensity IV was felt (“Cleveland and 

vicinity”).  The correct date is assumed to be Friday, July 8, on the 

basis of the Cleveland Herald and Elyria Republican.  Somehow, the text 

of the Cleveland Advertiser must have been written much prior to the day 

(14th July) of publication.  July 14 was a Thursday. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Advertiser, Cleveland, Ohio, July 14, 1836 

 

  “Earthquake-Between the hours of 9 and 10 o’clock last evening 

a shock of an earthquake was experienced in this place and its 

vicinity which although of momentary duration was of such force and 

extent as to leave no doubt of its nature.  The effect of it in the 

room where we were sitting was to jar the windows and furniture as 

if a heavy body had fallen in the room above.  The shock was 

accompanied and succeeded by a dull rumbling sound.” 
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Elyria Republican and Working Mens Advocate, Elyria, Ohio, July 13, 1836 

 

  “Earthquake.-About 15 minutes past 9 o’clock on Friday evening 

last, our citizens felt a smart shock of an earthquake accompanied 

with a distant rumbling noise.  The motion of the earth was quite 

perceptible.” 

 

Cleveland Herald, Cleveland, Ohio, July 9, 1836 

 

  “A slight shock of an earthquake was experienced in this city 

last evening between the hours of 9 and 10.” 

 



 

  Revision 12 
 2D D-12 January, 2003 

EARTHQUAKE OF OCTOBER 1, 1850 

 

CA:  10:25 (GMT) 

 

EPICENTRAL INTENSITY:  IV(MM) 

 

LOCATION:  41.5N, 81.7W (R) 
 
 

EVALUATION: 

 

This event appears to have been incorrectly listed in the PSAR (41.4N, 

82.3W), i.e., 30 miles west of Cleveland, it is now revised.  Using 

additional newspaper documentation recently collected, the event is 

found to have been felt in various locations in and around Cleveland 

with an Intensity IV <Figure 2D D-5>.  The Cleveland Daily Herald of 

October 1, 1850 substantiates an Intensity IV in Cleveland, Euclid 

(8 miles east of Cleveland) and Berea (12 miles southwest), thus 

suggesting that Cleveland coordinates would be an acceptable midpoint.  

The revised coordinates are those of Cleveland; 41.5N, 81.7W.  It is 

suggested that an epicentral uncertainty of at least 12 miles be 

attached to this event, since it is almost impossible to decide which of 

the three localities experienced the largest ground motion. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Daily Herald, Cleveland, Ohio, October 1, 1850 

 

  “Earthquake in Cleveland. 

 

  “A very sensible shock of an earthquake was felt at this place 

this morning (Oct. 1) at about 5:25 o’clock.  The morning was very 

clear with the exception of the horizon in the north and northwest. 
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  “The night had also been quite clear with a beautiful   

display of Aurora Borealis which was most brilliant about 

3 o’clock. 

 

  “The first indication of the phenomenon was a low rumbling 

sound somewhat like distant thunder apparently in a northwesterly 

direction.  This sound increased in intensity for about 3 or 

4 seconds, the deepest intonations being like very heavy distant 

thunder, the earth at the same instant exhibited a trembling motion 

which lasted nearly two seconds when it gradually died away with 

the sound in an easterly or southeasterly direction. 

 

  “The concussion was so violent that it produced a jarring and 

rattling of the windows, furniture and crockery and a very sensible 

trembling could be felt be one who stood up on the ground. 

 

  “In Euclid about 8 miles east of this city the shock was 

sufficiently violent to throw crockery from the shelf.  We also 

learn by a gentleman from Berea (about 12 miles southwest) that the 

concussion were sufficient to awaken person from their sound sleep. 

 

  “Most of those with whom we have conversed who observed the 

phenomenon give very near the same description of the impressions 

and sensations produced as are stated above.” 

 

Cleveland Daily True Democrat, Cleveland, Ohio, Oct. 2, 1850 

 

  “An Earthquake. 

 

  “About 5:20 yesterday morning the shock of an earthquake was 

felt distinctly by our citizens.  It was accompanied by a rumbling 

noise similar to the roar of distant thunder and appeared to  



 

  Revision 12 
 2D D-14 January, 2003 

 vibrate from the west to the east.  The houses in the city were 

jarred for several seconds.  It was observed at Parma, Brecksville, 

Strongsville, Rockport, and Euclid.” 

 

Cleveland Plain Dealer, Cleveland, Ohio, October 1, 1850 

 

  “Was That Thunder? 

 

  “This inquired many of our citizens this morning on being 

awoke about five o’clock with a deep rumbling sound and a loud 

shake to all appearances a young earthquake.  We expected this 

phenomenon about this time, and therefore was no alarm.  It is the 

ground swell, or forerunner of an Ohio earthquake which is to come 

off on the 8th of October, and is not a ... to the Democratic 

thunder which will then be heard.  We have already engaged 

“big-mouthed Jacques” to do our shouting, commencing on the third 

day after the election, as we expect this to be too ...to be 

understood” 
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EARTHQUAKE OF FEBRUARY 28, 1857 (R) 
 

CA:  01:40 GMT 
 

EPICENTRAL INTENSITY:  IV-V(MM) (R) 
 

LOCATION:  41.8N, 80.6W (R) 
 
 

EVALUATION: 

 

This event was felt with Intensity IV in many localities from 

Painesville, Ohio to Conneautville, Pennsylvania.  There are also a few 

instances of IV-V reports, e.g., in Ashtabula and Conneaut, Ohio, and 

Hayfield, Pennsylvania <Figure 2D D-6>.  The isolated mention from 

Concord referring to a cracked stone wall does not seem to support a 

higher intensity, since no other effects were reported.  The epicenter 

was probably not south of Jefferson since the event was not reported at 

Warren. 

 

Considering that the felt area borders on Painesville, it appears 

justified in view of the additional information to revise the original 

location given by Reid (“Painesville, V?”), based on the American 

Journal of Science, and shift it to the northeast:  41.8N, 80.6W.  

Clearly, a large uncertainty (20 miles) should be attached to this 

revised location. 

 

Considering that February 27, 1857 was a Friday, and the newspapers say 

“Friday evening,” the date of the earthquake has been revised from 

March 1 to February 28, GMT (i.e., February 27, local time), in 

correction of Docekal. 
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COMPILATION OF ACCOUNTS: 

 

Sentinel, Ashtabula, Ohio, March 5, 1857 

 

  “Earthquake. 

 

  “Between 8 and 9 o’clock on Friday evening of last week, there 

was a very sensible trembling of the Earth observed in these parts.  

The vibration lasted several seconds, jarring houses in such a 

manner as to alarm the inmates.  It was felt in various parts of 

the county, and is of course the subject of much speculation.” 

 

Reid, H. F., Unpublished notebooks, scrapbooks and card files.  

Custodian:  U.S. Coast and Geodetic Survey, Rockville, Md. 

 

  “Evening, 28 February 1857.  Painesville, Ohio. V(?)” 

 

West, C. E., 1858, On an Earthquake in Western New York, American 

Journal of Science, V. 26, pp. 177-182. 

 

  “Wm. L. Perkins, ESQ., of Painesville, Ohio, on the railroad 

from Erie to Cleveland, writes; ‘...We have, within about a year 

past, experienced two, and it seems to me, three earthquake shocks 

here.  The first, and by far the most energetic, was on the last 

day of Feb., 1857, I think in the evening.  The last was on the 

16th of April, 1858, about 6 o’clock, a.m.’” 

 

Western Reserve Chronicle, Warren, Ohio, March 18, 1857 

 

  “News of the Neighborhood. 

 

  “An Earthquake-The Conneaut Reporter of the 5th inst, 

says:  The quiet of our citizens was disturbed on Friday evening 

last, by experiencing a shock of an earthquake at about 20 minutes  



 

  Revision 12 
 2D D-17 January, 2003 

 before 9 o’clock.  The shock was so peculiar, so unlike anything 

before felt, that it attracted very general notice.  Buildings 

trembled and furniture rocked.  The shocks lasted about five or six 

seconds, and passed away with a hollow sound, like distant-very 

distant thunder. 

 

  “A correspondent of the same paper writing from Jefferson in 

the same county says: 

 

  “Friday night a slight shock of an earthquake was felt by many 

of our citizens at 8 1/2 o’clock-jarring houses, and trembling with 

considerable force.  We are informed that the shock was sensibly 

felt at Farmington, in this county. 

 

  “More of the Earthquake- 

 

  “The Conneautville, Pa., Courier says, that a distinct and 

heavy shock of an earthquake was experienced in that place and 

various parts of the country around there, on Friday evening 28th 

ult.  Various buildings swayed to and fro perceptibly; windows 

rattled, and the furniture creaked and jarred.  The shock was 

accompanied by a sharp rumbling sound, likened by many to a wagon 

passing hastily over a bridge.  A gentleman from Hayfield says the 

vibration caused his clock to keep up a constant striking for ten 

minutes; another, that the water in his well which was uncovered, 

at intervals during Friday, bubbled like a boiling kettle.” 

 

(same account appeared in Elyria Independent Democrat, March 11) 
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Painesville Telegraph, Painesville, Ohio, March 5, 1857 

 

  “An Earthquake. 

 

  “On Friday evening last, a few minutes before 9 o’clock, there 

was felt in this town a smart shock of an Earthquake.  How 

extensively the shock may have been felt we know not.  We see no 

mention of the affair in any of our exchanges.  In the neighboring 

town of Concord, we learn that the swaying was sufficient to crack 

the walls of a stone house.  A correspondent at Unionville makes 

the following report of the event in that locality: 

 

  “MR. FRENCH-Last evening about a quarter before nine o’clock, 

a shock of an earthquake was felt in this place.  The rumbling was 

heard a moment or two before the jarring occurred,--and that was 

severe enough to give our dwellings considerable shaking.  It 

continued some ten seconds, and seemed entirely different from an 

ordinary jar.” 

     Yours truly,   P. Terry. 

  Unionville, Saturday, 28 
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EARTHQUAKE OF APRIL 10, 1858 (R) 
 

CA:  11:30 GMT 
 

EPICENTRAL INTENSITY:  IV(MM) 
 

LOCATION:  41.67N, 81.25W 
 
 

EVALUATION: 

 

This event was originally cataloged by Docekal, following a reference in 

the American Journal of Sciences, where April 16, 1858 was given as date 

of occurrence.  Docekal’s comment was that “no details are known of an 

earthquake felt at Painesville, Ohio, on April 16.”  The research 

recently carried out uncovered numerous newspaper articles referring to 

the earthquake.  Some confusion on the date arises from the fact that 

Cleveland newspapers carried on later dates, earlier dispatches from 

Painesville, Conneaut and Ashtabula.  A careful examination of the 

cross-references suggests that the event occurred on April 10, since the 

Thursday, April 15, 1858, edition of the Conneaut Reporter and 

Painesville Telegram both refer to an event occurring on “last 

Saturday.”  Most likely, the American Journal of Science’s reference to 

April 16 is a typographical error for April 10. 

 

The event was reported at Painesville as an Intensity IV(MM), in 

Ashtabula as an Intensity III(MM), and in Conneaut as an 

Intensity II-III(MM).  The fact that the Cleveland newspapers carried 

only dispatches from other localities suggest that the event was not 

felt in Cleveland itself <Figure 2D D-7>. 

 

In the Cleveland Herald of April 19, there is a reference to a dispatch 

from Painesville in which a mention to a second event on that day is 

made.  The fact that such an aftershock was not mentioned before, and 

that this second event is reported for 6 p.m., while all other 

references fixed the first shock at 6 a.m., suggests a possible  
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confusion.  It is probably better to consider this second event as 

doubtful.  There is no doubt that if two events are accepted, the first 

one was stronger, as it was never reported to Ashtabula and Conneaut. 

 

When assigning Painesville coordinates to the epicenter, an uncertainty 

of 15 miles seems appropriate. 

 

COMPILATION OF ACCOUNTS: 

 

Ashtabula Sentinel, Ashtabula, Ohio, April 22, 1858 

 

  “Lake Co.-...A shock of an earthquake was very distinctly felt 

here on Saturday morning. 

 

Cleveland Herald, Cleveland, Ohio, April 17, 1858 

 

  “Earthquake. 

 

  “A little after 6 o’clock on Saturday morning last, a sensible 

shock of an earthquake was felt in this place.  The shock was of 

short duration, but sufficiently continued for anyone to settle in 

his own mind its distinctive character-” Ashtabula Telegraph, 17th. 

 

Cleveland Herald, Cleveland, Ohio, April 19, 1858 

 

  “From the Painesville Advertisor, of the 17th: 

 

  “A shock of an earthquake was very distinctly felt here on 

Saturday morning last, at quarter past six.  About the same hour in 

the evening another shock was also felt.  In both instances, 

buildings shook, dishes rattled, and other evidences of the shock 

were made.” 
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Conneaut Reporter, Conneaut, Ohio April 15, 1858 

 

  “‘Earthquake’!-An earthquake was distinctly heard and felt in 

this village about 25 minutes past 6 o’clock on Saturday morning.  

Buildings tottered, the ground heaved and trembled, and the trees 

swayed and made obeisance like the sheaves in Joseph’s dream, 

although not a breath of air was stirring.  Many of our people were 

considerably shocked.” 

 

(the same account appeared as a dispatch from Conneaut in Cleveland 

Herald, April 16, and Cleveland Leader, April 19) 

 

Painesville Telegraph, Painesville, Ohio, April 15, 1858 

 

  “An Earthquake. 

 

  “At 6 1/2 o’clock on Saturday morning last the shock of an 

earthquake was distinctly felt in this place, accompanied by a 

rumbling noise not unlike distant thunder.  Buildings shook, 

windows rattled and light articles of furniture had their gravity 

very much disturbed by it.  The course of the quake seemed to be 

from the south toward the north and was similar in character the 

shock felt here about a year ago.” 

 

(the same account appears in Cleveland Herald, April 16, as a dispatch 

from the Painesville Telegraph of April 15) 
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West C. E., 1858, On an Earthquake in Western New York, American Journal 

of Science, V. 26, pp. 177-182. 

 

  “Wm. L. Perkins, ESQ., of Painesville, Ohio, on the railroad 

from Erie Cleveland, writes; ‘...We have, within about a year past, 

experienced two, and it seems to me, three earthquake shocks here.  

The first, and by far the most energetic, was on the last day of 

Feb., 1857, I think in the evening.  The last was on the 16th of 

April, 1858, about 6 o’clock, a.m.’” 
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EARTHQUAKE OF JANUARY 13, 1867 
 

CA:  22:00 GMT 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  42.97N, 77.85W (R) 
 
 

EVALUATION: 

 

This event was mistakenly carried in the PSAR with the coordinates of 

Cleveland.  The event occurred in New York state.  Recent investigation 

shows that a dispatch from Rochester, New York appeared in the Cleveland 

Leader concerning an earthquake felt in Monroe and Livingston counties 

N.Y.  A suggested relocation of the epicenter is Caledonia, New York, 

(42.97N, 77.85W), approximately 175 miles from the site.  It should be 

noted that the dispatch refers to a possible aftershock three hours 

later. 

 

COMPLETION OF ACCOUNTS: 

 

Cleveland Leader, Cleveland, Ohio, January 15, 1967 

 

  “The Recent Earthquake in Monroe and Livingston Counties. 

 

  “The Rochester Union of Tuesday evening has the following in 

relation to the earthquake mentioned in our dispatches: 

 

  “On Sunday afternoon and evening two distinct shocks of an 

earthquake were experienced in the southwest corner of this county 

and in the adjoining county of Livingston.  The first shock came 

about 5 p.m., attended by a rumbling sound, which appeared to come 

up from the southwest and pass away to the southeast.  Buildings 

were shaken in the village of Mumford, and people sitting in their 

houses were startled by the sensation produced.  Between 8 and  
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 9 p.m., another and a lighter shock was experienced.  The first 

shock was sensibly experienced in the village of Caledonia, 

Livingston County. 

 

  “The testimony to the statement above made is such that cannot 

be doubted that there was a convulsion of the earth in the 

localities named sufficient to startle and alarm the people.  It 

can be explained upon no other hypothesis than that it was an 

earthquake.  It was on Sunday evening, when all was quiet and the 

effect would be most readily noticed.” 
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EARTHQUAKE OF APRIL 9, 1869 
 

CA:  13:00 GMT 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  42.7N, 80.8W 
 
 

EVALUATION: 

 

This event was felt as an Intensity III in Vienna, Ontario, according to 

Smith and Lancaster.  It has been given the coordinates of Vienna, 

Ontario.  No mention was found in Ashtabula.  Probably quite small and 

local. 

 

COMPILATION OF ACCOUNTS: 

 

Lancaster, A., 1873, “Note Additionnelle au Memoire de M.W.-T. Brigham, 

intitule:  ‘Volcanic Manifestations in New England (1638-1870),’” 

Memoirs of the Boston Society of Natural History, V. 2, 

pp. 241-247. 

 

  “1869 Avril.  Le 9, entre 8 et 9h. du matin, a Vienna 

(Ontario, une legere secousse du N. au S. et de vingt secondes de 

duree.” 

 

Smith, W. E. T., 1962, Earthquakes in Eastern Canada and Adjacent Areas 

1534-1927, Publications of the Dominion Observatory, V. 26, No. 5. 

 

  “1869 April 9, 8:00-9:00 a.m. III.  Felt at Vienna, Ontario.” 
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EARTHQUAKE OF JULY 23, 1872 
 

CA:  11:00 GMT 
 

EPICENTRAL INTENSITY:  III(MM) (R) 
 

LOCATION:  41.4N, 82.1W 
 
 

EVALUATION: 

 

This shock appears to have been felt very locally in Elyria, near the 

Red Mill.  A revised Intensity III would seem adequate (as used by 

Bradley and Bennett and Docekal).  The seismic origin of this event is 

somewhat doubtful as the two reports available emphasize the dullness of 

the sound.  Residents found that a 4,000 ton overhanging rock had fallen 

along with 3,000 tons of other material.  The Elyria report refers to a 

jar and a dull sound.  One could consider the possibility that an 

earthquake was the cause of the rock fall; yet the fall of the rock, 

followed by the detritus, could also explain the report very simply. 

 

The fact that the shock was not felt in any other locality makes the 

occurrence of an earthquake appear doubtful.  Had an earthquake 

occurred, causing the rockfall, it should have been felt in Lorain, 

8 miles northwest of Elyria, and in Cleveland, 20 miles to the east.  

This dubious event (Intensity III) is considered non-seismic, and will 

be listed in Table 3. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Plain Dealer, Cleveland, Ohio, July 25, 1872 

 

  “-The Elyria Democrat says that on Tuesday morning the 

citizens of Elyria were startled by the jarring of the earth, 

followed by a crashing dull sound, like that produced by the fall 

of a heavy body.  Those living in the vicinity of the red mill soon 

discovered the cause.  The immense overhanging rock over which the  
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 road bed formerly passed to the lower mill, had fallen into the 

chasm below, with a crash that at once revealed the cause of the 

alarm.  The rock that fell intact is about one hundred feet long by 

thirty feet in width and depth and weighs about 4,000 tons.  The 

whole weight of rock that fell, including the detached portions, 

must have been 7,000 tons.  A crevice is opened in the rock, 

extending around under the corner of the mill to the verge of the 

falls and there is danger of another fall of rock, which however 

will not endanger the mill property.” 

 

Elyria Independent, Elyria, Ohio July 24, 1872 

 

  “Great Fall of Rock. 

 

  “Grand Exhibition of the Force of Nature. 

 

  “This (Tuesday) morning, at a few minutes before six o’clock, 

the citizens of Elyria were startled by the jarring of the earth, 

followed by a crashing dull sound, like that produced by the fall 

of a heavy body.  Those living in the vicinity of the Red Mill soon 

discovered the cause.  The immense overhanging rock over which the 

road bed formerly passed to the lower mill, had fallen into the 

chasm below, with a crash that at once revealed the cause of the 

alarm. 

 

  “The rock that fell intact is about one hundred feet long by 

thirty feet in width and depth and weighs about 4,600 tons.  The 

whole weight of rock that fell, including the detached portions, 

must have been 7,000 tons.  A crevice is opened in the rock, 

extending around under the corner of the mill to the verge of the 

falls and there is danger of another fall of rock, which however 

will not endanger the mill property. 
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  “Hundreds of our citizens visited the scene, and looked with 

wonder upon the change that had been wrought in a moment, by the 

rending asunder of what has always been regarded as a rock that 

could only be moved by the force of the most powerful explosive 

agencies.  Sight-seers will do well to avoid the precipice 

immediately adjoining the part that fell, as the large crevice in 

the earth shows that it is liable to fall at any moment.  The mill 

stands far enough back to be out of all danger.” 

 

Lorain Constitution, Lorain, Ohio, July 26, 1872 

 

  “A Rending of the Rocks. 

 

  “Falling of the Rocks at the East Falls. 

 

  “On last Tuesday morning, the attention of the entire 

population of the village was called to the East Falls by the 

report that a large portion of the rock which hung over the basin 

had split off and fallen into the chasm, and, though a slow, 

drizzling rain kept up for several hours, large crowds gathered 

there to look upon the scene.  The fall occurred about seven 

o’clock in the morning, and the dull, but heavy rumbling report it 

made, startled many of these living in the vicinity of the Red 

Mill.  The portion that fell was that which formed the table over 

which the road passed leading to the old mill, and it carried away 

surface equal to about ten square rods.  The scene resembles very 

much what might be produced by a heavy blast of powder, as rocks, 

trees and earth are scattered in all directions.  The main rock, 

which now lies at the brink of the basin, measured eighty-one feet 

long, and in the middle is about thirty-five feet thick, and about 

the same width.  It is estimated to weigh 12,700 tons, and would be 

sufficient to construct several good-sized buildings.  Nearly an 

equal amount of smaller rocks fell with or broke off from the main 

piece in the fall.  By this breaking off the precipice is now  
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 within a few feet of the west wall of the Red Mill, though the mill 

is not believed to be in danger, and the passage way from the mill 

to the river below the falls has been carried away.  Mr. Stich, the 

artist, took sketches of the scene, and has sent them to a New York 

illustrated paper, and it may be that it will be published.  The 

scenery below the falls was always regarded as very beautiful and 

romantic, and this last breaking away has given in a wildness 

almost startling to look upon.” 
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EARTHQUAKE OF AUGUST 17, 1873 (R) 
 

CA:  14:00 GMT 
 

EPICENTRAL INTENSITY:  III(MM) (R) 
 

LOCATION:  41.25N, 80.50W 
 
 

EVALUATION: 

 

This event was felt in Sharon, Pennsylvania according to the American 

Journal of Science.  It does not appear to have been felt in Ohio as no 

mention was found in Ashtabula, Warren, Cleveland, or Painesville.  The 

coordinates assigned are those of Sharon (41.25N, 80.50W).  This 

earthquake was mentioned originally by Reid, using the American Journal 

of Science as source.  An Intensity III is more than adequate to 

describe “a shock.”  Docekal mistakenly carried this event one day 

later, and evaluated it as Intensity III-IV. 

 

COMPILATION OF ACCOUNTS: 

 

Rockwood, C. G., JR., Notices of Recent Earthquakes  NO. 4, American 

Journal of Science, V. 107, No. 40, pp. 384-387. 

 

  “Aug. 17, 1873 - A shock about 9 A.M. in Sharon, Pa., lasting 

ten seconds.” 
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EARTHQUAKE OF JANUARY 18, 1885 
 

CA:  10:30 GMT 
 

EPICENTRAL INTENSITY:  IV(MM) (R) 
 

LOCATION:  41.10N, 81.45W (R) 
 
 

EVALUATION: 

 

This event, on the basis of new information recently acquired, needs to 

be revised from the original PSAR location.  The latter was based on the 

Monthly Weather Review, which put the event in Garrettsville.  Rockwood 

assigned an Intensity II to this report.  Numerous reports recently 

acquired from Summit and Portage counties suggest an Intensity IV in the 

vicinity of Akron and Kent (Figure 2D D-8).  The new information 

suggests this area as the epicentral region.  The somewhat isolated 

report of an Intensity IV in Painesville might be attributed to local 

amplification due to the proximity of the lake shore.  The location is 

revised to 41.10N, 81.45W, with a suggested uncertainty of 10 miles, 

and the intensity is increased from II-III to IV. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Herald, Cleveland, Ohio, January 22, 1885 

 

  “An Earthquake in Summit County. 

 

  “Akron, Ohio, Jan. 21 - (Special) - Reports come from the 

northern townships of the county of a pronounced earthquake shock 

felt there early Sunday morning.  A number of Arkonians who felt 

it, but would not speak of it for fear of ridicule, are now coming 

to the front.” 
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Cleveland Herald, Cleveland, Ohio, January 23, 1885 

 

  “Man Killed at Chicago Junction - Earthquake. 

 

  “Plymouth, Jan. 22 - ... Since your correspondent at Akron 

opened up the subject we can add a little about that earthquake on 

late Sunday morning.  It was felt here by several persons.  In one 

house the dishes fell from cupboards and in some places a loud 

report as of an exploding gun was heard.  The subject was not 

mentioned at first by the parties noticing it for fear of ridicule, 

thinking possibly they were mistaken.” 

 

Monthly Weather Review, Jan., 1885, United States Weather Bureau, 

Washington, D.C. 

 

  “Mr. S. M. Luther of Garrettsville, Portage County, Ohio, 

reports that during the early morning of the 18th a shock, supposed 

to have been due to an earthquake, occurred at that space.  He also 

states that several persons in the vicinity of Garrettsville 

noticed the shock.  The time at which it occurred was about 5:30 or 

5:45 a.m.” 

 

Painesville Telegraph, Painesville, Ohio, January 22, 1885 

 

  “‘Was it an earthquake.’  Last Sunday morning between 4 and 

5 o’clock several shocks, or explosions were heard and felt as 

though some heavy body had been thrown against the house; the last 

one a little before 5 o’clock was so violent as not only to jar the 

houses, but the furniture and to disturb those in bed.  Even 

hanging lamps rattled and vibrated.  The what it was has not been 

settled, some thinking it the action of the frost and others that a 

real earthquake was traveling about.” 
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Rockwood, C. G., Jr., Notes on American Earthquakes, No. 15, American 

Journal of Science, V. 132, No. 187, pp. 7-13. 

 

  “Jan. 18, 1885 - About 5h30m or 5h45m, a very light shock (II) 

at Garrettsville, Portage County, Ohio.-U.S. Weath, Rev.” 

 

Summit County Beacon, Akron, Ohio, January 21, 1885 

 

  “Some citizens insist that Akron was severely shaken up by an 

earthquake or something like it about 2 o’clock Sunday morning.  

What’s the evidence?” 

 

Summit County Beacon, Akron, Ohio, January 28, 1885 

 

  “‘A shock as of an earthquake was distinctly heard and felt on 

Sunday morning at 5 a.m., by a great many people, your 

correspondent included.’  So says a Twinsburg letter.  Kent had the 

‘earthquake’, too.  At least the Bulletin says:  Last Sunday 

morning a heavy shock and sound resembling that of an earthquake 

was heard through this section of Portage County.  Many persons 

were aroused from their beds by the noise, which in some instances 

resembled the sound of some heavy body falling upon the roof of the 

house.  The shock was distinctly heard in Brimfield.” 

 

Summit County Beacon, Akron, Ohio, February 4, 1885 

 

  “‘Orville Crescent:’  Persons at Wooster, Akron and other 

parts of Summit County, report that they felt the shock of an 

earthquake on Sunday of last week.  We understand that the shock 

was felt quite distinctly at Burton City.” 
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Warren Daily Chronicle, Warren, Ohio, January 23, 1885 

 

  “Garrettsville people claim to have had a slight earthquake 

Sunday.” 

 

The Warren Tribune, Warren, Ohio, January 27, 1885 

 

  “LAKE COUNTY. 

 

  “Painesville thinks she experienced an earthquake on Sunday 

morning of last week.” 
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EARTHQUAKE OF AUGUST 15, 1885 
 

CA:  04:05 GMT 
 

EPICENTRAL INTENSITY:  II-III(MM) 
 

LOCATION:  41.27N, 81.10W 
 

 

EVALUATION: 

 

This location and intensity of this event are somewhat uncertain.  The 

Monthly Weather Review speaks of a “severe shock supposed to have been 

due to an earthquake,” felt in Garrettsville, Ohio.  Later, Rockwood, 

using MWR as his source, makes it “a very light shock (II), at 

Garrettsville.”  Then Reid simply assigns an Intensity II in 

Garrettsville.  Because no mention of this shock was found in any of the 

eleven newspapers consulted (see matrix) in the area, the Garrettsville 

coordinates are retained, but with a large uncertainty (20 miles is 

suggested).  An intensity of II-III is assigned as a compromise, between 

“severe” and “very light.” 

 

COMPILATION OF ACCOUNTS: 

 

Monthly Weather Review, August, 1885, United States Weather Bureau, 

Washington, D.C. 

 

  “Garrettsville, Portage County, Ohio:  a severe shock, 

which is supposed to have been due to an earthquake, was 

experienced at 11:05 p.m. on the 14th.” 

 

Rockwood, C. G., Jr., Notices of Recent Earthquakes, No. 15, American 

Journal of Science, V. 132, No. 187, pp. 7-13. 

 

  “Aug. 14-23h 5m, a very light shock (II) at 

Garrettsville, Portage County, Ohio - U.S. Weath. Rev.” 
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EARTHQUAKE OF OCTOBER 29, 1898 (R) 
 

TIME UNCERTAIN 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  41.5N, 81.7W 
 

 

EVALUATION: 

 

Reid, following a report published in the Monthly Weather Review listed 

three shocks for October 23.  This entry was subsequently accepted and 

listed by Docekal in his catalog.  Nuttli later carried one event on 

October 24 (a.m.). 

 

During the newspaper search for the three tremors reported in MWR, no 

accounts were found for October 23, but three accounts were found of 

three tremors on October 29. 

 

A calendar verification revealed that “Friday October 23” as reported in 

Monthly Weather Review does not exist.  Considering that accounts for 

October 29 were found, and that October 29 was a Saturday, it is 

inferred that the MWR entry must be a transcription error, e.g., Friday, 

the 28th, was mistaken as the 23rd.  Thus, only the shocks for 

October 29 are retained.  “Early today” (29) or during the night” (28) 

would account for all the reports. 

 

For the “three shocks”, an Intensity III is sufficient; not III-IV as in 

Docekal.  The coordinates given are those of Cleveland (41.5 N, 81.7), 

with a suggested uncertainty of 15 miles. 
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COMPILATION OF ACCOUNTS: 

 

Berea Advertiser, Berea, Ohio, November 4, 1898 

 

  “Three slight but distinct earthquake shocks were felt in 

Cleveland Ohio.” 

 

Monthly Weather Review, October, 1898, United States Weather Bureau, 

Washington, D.C. 

 

  “Friday, October 23, at Cleveland, Ohio, three successive 

shocks are reported by the newspapers to have been felt during the 

night.  Prof. E. W. Morley, of Adelbert College, Cleveland, reports 

several disturbances shown by the seismograph during October, 

caused by blasting at a point about 800 feet southwest of the 

instrument.  Only the most powerful blasts made any record.  The 

most vigorous movement occurred on October 29, and was probable due 

to some seismic disturbance.  Prof. Morley further reports that the 

seismograph was not disturbed during November and December.” 

 

Youngstown Vindicator, Youngstown, Ohio, October 29, 1898 

 

  “Cleveland Shaken by Earthquakes. 

 

  “Cleveland, Oct. 29 - Three distinct earthquake shocks were 

felt in this city early today, each being about 10 seconds in 

length.  The quake was not severe enough to be noticed generally 

except in tall buildings and on seismographs.  The trend of the 

quakes were to the northerly and southerly direction.” 

 

(same account in Youngstown Telegram, Oct. 31) 

 



 

  Revision 12 
 2D D-38 January, 2003 

EARTHQUAKE OF APRIL 9, 1900 
 

CA:  13:00 GMT 
 

EPICENTRAL INTENSITY:  VI(MM) 
 

LOCATION:  41.37N, 81.85W 
 
 

EVALUATION: 

 

This event was originally cataloged by Docekal, whom Nuttli later 

followed, as an Intensity VI at Berea on the basis of a dispatch from 

Berea to a Cleveland newspaper.  A recently acquired article from a 

Berea newspaper states clearly that this shock was a blast “which felt 

like a miniature earthquake.”  This conclusion is accepted here since 

there are no reports of an earthquake being felt at any other 

surrounding localities.  Had an earthquake of true Intensity VI occurred 

in Berea, it should at least have been felt at Cleveland, Elyria and 

Lorain, which are 11, 13 and 17 miles respectively from Berea.  An 

extensive literature search (see matrix) failed to show any sign of this 

event elsewhere. 

 

It seems that the Intensity VI was assigned not on the basis of effects 

on people and objects, but solely on the fact that two chimneys of a 

single house fell down.  It is suggested that this event be removed from 

the earthquake catalog and put in Table 3 where events with dubious 

origin are listed. 

 

COMPILATION OF ACCOUNTS: 

 

Berea Advertiser, Berea, Ohio, April 13, 1900 

 

  “A Great Blast. 

 

  “Since Berea is a quarry town a blast, a gunpowder explosion, 

or a miniature earthquake is not all together a novelty.  During  
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 the quarry season these blasts may be heard at all hours of the day 

in different parts of the town where ever the quarries are located.  

Citizens have been startled not only these blasts but also of 

falling rocks as well, which are sometimes thrown to great 

distances unless proper precautions are taken. 

 

  “The quarry people have become somewhat adept in the use of 

gunpowder to loosen the rock and in late years very little has been 

heard of accidents or violent explosions. 

 

  “Monday morning however, about 8 o’clock a blast occurred 

which startled the whole village and in some localities it had the 

effect of a miniature earthquake.  Buildings were shaken and 

2 chimneys from Dr. Clarks Bridge Street residence were shaken to 

the ground.  The effects was not entirely upon the surface but must 

have extended to a great depth as shown by the water in several 

deep wells in the vicinity.” 

 

Cleveland Leader, Cleveland, Ohio, April 10, 1900 

 

  “An Earthquake Felt at Berea. 

 

  “People Rushed into the Street In Great Fright. 

 

  “The Clark House Rocked and the Chimneys Loosened-Effect Upon 

a Well. 

 

  “Special Dispatch to the Leader. 

 

  “Berea, OH, April 9.-This village was visited by a miniature 

earthquake at about 8 o’clock this morning.  The greatest force of 

the phenomenon was expended at the home of Dr. William Clark on 

Bridge street.  The wave-like motion traveled from north to south 

for a distance of nearly a half mile, its path being about  
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 1,000 yards wide.  The Clark home, which is a large two-story frame 

structure, was rocked back and forth with such violence that both 

the large brick chimneys on the roof were loosened from their 

fastenings and came tumbling into the yard below. 

 

  “The vibrations lasted for about five seconds and were 

accompanied by a rumbling, thunder-like noise, which was distinctly 

heard throughout the northeastern part of the village. 

 

  “At the Clark home is a well which is seventy-three feet deep, 

and which is drilled into the rock.  Before the occurrence of the 

phenomenon the water in the well was considered among the purest 

and clearest in the village.  It is now of a milky color and has a 

peculiar taste. 

 

  “Several of the residents living within the section in which 

the vibrations were the greatest, rushed from their homes into the 

streets.  At about 10 o’clock this morning the rumbling noises were 

heard again but no motion of the earth was discernible.” 

 

Cleveland Plain Dealer, Cleveland, Ohio, April 10, 1900 

 

  “Earth Quaked at Berea. 

 

  “Vibrations Were Sufficient to Shake the Chimneys from a 

House. 

 

  “Special to the Plain Dealer. 

 

  “Berea, April 9.-This village was visited by a miniature 

earthquake at about 8 o’clock this morning.  The greatest force of 

the phenomenon was expended at the home of Dr. William Clark on 

Bridge street.  The wave-like motion traveled from north to south 

for a distance of nearly a half mile, its path being more than a  
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 half-mile wide.  The Clark home, which is a large two-story frame 

structure, was rocked back and forth with such violence that both 

the large brick chimneys on the roof were loosened from their 

fastenings and came tumbling into the yard below.” 
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EARTHQUAKE OF APRIL 20, 1906 
 

CA:  17:30 GMT 
 

EPICENTRAL INTENSITY:  III(MM) (R) 
 

LOCATION:  41.50N, 81.75W (R) 
 
 

EVALUATION: 

 

This event was reported felt in Cleveland, especially in the western 

section (see Cleveland Plain Dealer).  An Intensity III appears to be 

adequate for these reports.  There is no reason for following Docekal in 

assigning an Intensity IV to this event.  No felt reports were found in 

any of the surrounding towns (see matrix).  The former coordinates 

assigned to this event were those of Cleveland; it is now suggested that 

the coordinates of western Cleveland (41.50N, 81.75W) be used.  

Suggested uncertainty:  10 miles. 

 

It should be noted that the time of occurrence, right after noon, could 

indicate a blast as the source.  The newspaper reports, e.g., “believed 

to be,” “believed to have been a slight seismic disturbances,” seem to 

cast doubt on the true seismic origin of the event.  Nonetheless, the 

event is retained in the main catalogue. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Plain Dealer, Cleveland, Ohio, April 21, 1906 

 

  “‘Distinct Shock was Felt Here’. 

 

  “‘Seismic Disturbance is Believed to have Occurred Yesterday 

Noon’. 

 

  “‘Police Search in Vain for Report of an Explosion’. 
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  “A distinct shock believed to have been a slight seismic 

disturbance was felt in Cleveland shortly after noon, yesterday.  

The trembling of the earth was very brief, and not at all severe, 

but it was felt in all parts of the city. 

 

  “It was particularly noticeable on the west side of the city.  

Officials of the Austin Powder Co. say that Father Odenbach of 

St. Ignatius college informed them that his seismograph had without 

doubt responded to disturbances in the locality. 

 

  “It was about 12:30 o’clock in the afternoon that the 

disturbance was felt.  The first supposition was that an explosion 

had occurred in one of the manufacturing plants.  Careful 

investigation on the part of the police and others failed to reveal 

anything in the nature of an explosion. 

 

  “Every place where an explosion might have occurred was 

throughout the afternoon and early evening beseiged with telephone 

calls.  Many residents of the west side claim to have heard 

peculiar unexplainable rumblings of the earth at about 

12:20 o’clock in the afternoon.  Others though fewer in number 

claim to have felt a distinct shock.” 

 

New York Times, New York, New York, April 21, 1906 

 

  “Cleveland has a Shock. 

 

  “No Explosion Found, so an Earthquake was the Next Guess. 

 

  “Special to the New York Times. 

 

  “Cleveland, Ohio, April 20.-A distant shock, believed by many 

to have been an earthquake, was felt in various parts of Cleveland  
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 at 12:30 o’clock this afternoon.  A few minutes later the telephone 

and newspaper offices were besieged with telephone queries as to 

where the explosion occurred. 

 

  “A report was circulated that there had been an explosion at 

the Austin Powder plant in Newburg, but this proved to be 

unfounded.  Careful investigation failed to show that there had 

been any kind of an explosion in the city. 

 

  “Forecaster Kenealy felt the shock in the Weather Bureau in 

the Society for Savings, but could not tell whether it was due to 

earthquake shock.” 
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EARTHQUAKE OF JUNE 22, 1906 
 

TIME UNCERTAIN 
 

EPICENTRAL INTENSITY:  I-II(MM) 
 

LOCATION:  41.37N, 81.87W 
 
 

EVALUATION: 

 

The research turned up one single account of a very small 

(Intensity I-II) event, which could be seismic, felt by one person in 

Berea.  It is clear that the note from the Meteorological Observatory at 

St. Ignatious College in Cleveland to the observer cannot be interpreted 

as a confirmation.  Berea coordinates (41.37N, 81.87W) should be 

assigned to this dubious event (listed in Table 3). 

 

COMPILATION OF ACCOUNTS: 

 

Berea Enterprise, Berea, Ohio, June 29, 1906 

 

  “Felt in Berea. 

 

  “Mr. E. M. Carrol felt the vibrations of Mother Earth on the 

night of June 22nd.  The papers did not record the shock, and 

Mr. Carrol to satisfy himself wrote to the meteorological 

observatory, at St. Ignatius College, Cleveland to know if it had 

been indicated there.  He received the following notice, June 25th, 

our instruments recorded extensive vibrations on the night of 

June 22, 23, from 11 p.m. to 2 a.m.  They were from E.W; and were 

many, turning up in periods of about three minute duration and 

about that long apart.” 
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EARTHQUAKE OF JUNE 27, 1906 
 

CA:  21:10 GMT 
 

EPICENTRAL INTENSITY:  IV-V(MM) (R) 
 

LOCATION:  41.4N, 81.6W 
 
 

EVALUATION: 

 

This event remains quite controversial, on the basis of the conflicting 

evidence made available through the literature search.  There are, 

without doubt, felt reports that correspond to Intensity IV-V; the 

problem arises from the fact that these reports are distributed along 

the shore only, over a distance of about 100 miles <Figure 2D D-9>.  

Freeport Harbor and Put-in Bay constitute the extreme points of this 

thin band of poorly differentiated intensity reports.  Only one report 

in the Cleveland News could support making Cleveland (Broadway Street 

and along the water front) the approximate epicenter, on the basis of an 

Intensity V report.  But soil amplification along the water front could 

also explain the higher intensity. 

 

There exists an alternate possible explanation that a large blast 

(20 tons) near Monroe, at the western end of the lake, and which caused 

similar effects (rattling windows, etc.) for miles around, was also 

responsible for the felt reports observed form Freeport to Put-in Bay.  

This theory was quickly dismissed by all the papers of the day.  It was 

alleged that the earthquake (4:10 to 4:20 local) and the blast time 

(about 4:40) were sufficiently apart.  The seismograph at St. Ignatius 

recorded numerous disturbances that afternoon, the largest about 4:10.  

Keeping in mind the poor suitability of the 1906 home-made seismograph 

to record local events, and the time keeping problem, one can truly 

wonder if the instrumental data are adequate to rule out entirely the 

sound wave from the blast as the true cause of the noise and vibration 

observed.  It should be stressed that Fr. Odenbach never took a firm 

position.  On that day, as on many others, he talked about seismic  
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disturbances on his instruments; never committing himself to the 

occurrence of either an earthquake or a blast. 

 

A newspaper, the Elyria Reporter, mentions the event on June 28th and 

also the next day, on the 29th.  On June 29th, the blast theory is 

firmly endorsed.  It is not clear how much additional research in 

comparing blast and felt report times supported this later report of 

June 29th, but it certainly has the tone of a retraction.  The damages 

caused by the explosion certainly indicate the amplitude of the shock.  

The front of the airwave hitting the south shore of Lake Erie could 

explain the extensive distribution of the felt reports. 

 

In view of the extended length of the affected lake shore in the 

Cleveland area and very similar felt reports along the western end of 

the lake, near Toledo and Monroe, it is considered logical to accept the 

blast as the cause and explain with a single, well identified 

phenomenon, the felt reports obtained all along the shorelines.  The 

seismographic evidence is considered too weak to support the 

discrimination of two separate events.  The home-made seismograph 

recorded “steady seismic disturbances for forty-five minutes.”  These 

disturbances and similar recordings (see April 12, 1907) are of a 

suspicious nature; the “shock at 4:10” may have been part of these 

erratic seismic noises. 

 

For this reason, the event is considered to have a dubious seismic 

origin and is listed in Table 3. 

 

COMPILATION OF ACCOUNTS: 

 

Akron Beacon Journal, Akron, Ohio, June 28, 1906 

 

  “Earthquake Felt Along Lake Shore. 

 

  “A Violent Shock Shook Up Northern Ohio Yesterday Afternoon. 
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  “Cleveland, O., June 28,-A violent earthquake shock shook the 

southern shore line of Lake Erie for a distance of 100 miles 

yesterday afternoon, the eastern limit being Painesville and the 

western Marblehead. 

 

  “While no serious damage has been reported, the shock was so 

violent in may places as to throw pictures from the walls of houses 

and shatter bric-a-brac.  In other cities and towns, especially in 

Cleveland’s suburbs, windows and transoms were shaken violently, 

and open doors were slammed shut. 

 

  “In many instances temporary panic was caused by the 

disturbance.  The memory of the San Francisco horror is so vividly 

before the public that the timorous ones feared the worst.  So 

brief was the duration of the shock, however, that calm was soon 

restored. 

 

  “Scientist in Cleveland explain that the seat of the seismic 

disturbance was probably beneath the bed of Lake Erie.  The fact 

that no serious wave movement accompanied the shock they add, 

proves that in spite of its apparent violence it was of minor 

importance. 

 

  “None of these scientists, however, felt the shock, and those 

who did dispute its being of merely minor importance.  When windows 

rattle and doors tremble, residents of Cleveland aver, there must 

be “something doing” in the stomach of Mother Earth.” 

 

  “It was learned last night that there was a severe powder 

explosion near Detroit.  For a time this gave rise to the theory 

that it might account for the disturbances on this side of the 

lake, but a comparison of the time seemed to make this impossible.  

According to seismographic registration the shock occurred at 

4:10 o’clock, while the explosion was at 4:40.  Even the average  
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 time of 4:20 o’clock set by the general public as when the shock 

was felt, would leave 20 minutes to be accounted for. 

 

  “That there was only one shock, but that of violent character 

is the testimony from all quarters.  The seismograph of 

Father Odenbach at St. Ignatius’ College tells a different story, 

however.  Its delicate mechanism affords unerring proof of three 

separate visitations during the afternoon the second one being most 

generally felt.” 

 

Cleveland Leader, Cleveland, Ohio, June 28, 1906 

 

  “A violent earthquake shock shook the southern shore line of 

Lake Erie for a distance of one hundred miles yesterday afternoon, 

the eastern limit being Painesville and the western Marblehead. 

 

  “While no serious damage has been reported, the shock was so 

violent in many places as to throw pictures from the walls of 

houses and shatter bric-a-brac.  In other cities and towns, 

especially in Cleveland’s suburbs, windows and transoms were shaken 

violently; and open doors were slammed shut. 

 

  “In many instances temporary panic was caused by the 

disturbance.  The memory of the San Francisco horror is so vividly 

before the public that the timorous ones feared the worst.  So 

brief was the duration of the shock, however, that calm was soon 

restored. 

 

  “Disturbance in Bed of Lakes. 

 

  “Scientist in Cleveland explain that the seat of the seismic 

disturbance was probably beneath the bed of Lake Erie.  The fact  
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 that no serious wave movement accompanied the shock, they add, 

proves that in spite of its apparent violence it was of minor 

importance. 

 

  “None of these scientists, however, felt the shock, and those 

who did dispute its being of merely minor importance.  When windows 

rattle and doors tremble, residents of Cleveland aver, there must 

be “something doing” in the stomach of Mother Earth. 

 

  “It was learned last night that there was a severe powder 

explosion near Detroit.  For a time this gave rise to the theory 

that it might account for the disturbances on this side of the 

lake, but a comparison of the time seemed to make this impossible.  

According to seismographic registration the shock occurred at 

4:10 o’clock, while the explosion was at 4:40. 

 

 Even the average time of 4:20 o’clock set by the general public as 

when the shock was felt, would leave twenty minutes to be accounted 

for. 

 

  “That there was only one shock, but that of violent character, 

is the testimony from all quarters.  The seismograph of 

Father Odenbach, at St. Ignatius College, tells a different story, 

however.  Its delicate mechanism affords unerring proof of three 

separate visitations during the afternoon, the second one being 

most generally felt.” 

 

  “Seismograph Shows Several Shocks. 

 

  “‘Steady seismic disturbances between 1:15 and 2 o’clock are 

recorded by the seismograph,’ said Father Odenbach last night.  ‘At 

4:10 o’clock there was a violent disturbance-so violent that one of 

the pins was wrested from the instrument’s paper.  This lasted  
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 possibly eight seconds.  At 5:59 o’clock there was a third tremble, 

but this was almost imperceptible and of slight duration’. 

 

  “‘Until comparisons are made with observations taken at other 

points, it is impossible for me to say where the seat of the 

disturbance was located.  I should judge, though, from the reports 

I have received from along the shore, that it was somewhere beneath 

Lake Erie and close to the southern shore line.  No, such a 

disturbance would not necessarily cause a tidal wave or even any 

appreciable wave movement.  Conditions on Lake Erie are different 

from those along the oceans’. 

 

  “‘The fact that such a disturbance has occurred is most 

interesting,’ said Professor Cushing, head of Western Reserve 

University’s geological department.  ‘Until the necessary technical 

facts are at hand it is impossible even approximately to locate the 

center.  I should say, though, that the theory that it was under 

Lake Erie’s waters is the most tenable one.’ 

 

  “Rocky River and Lakewood felt the shock more severely than 

any other sections of this county.  At first, so violent was the 

disturbance, the general belief was that there had been a terrific 

explosion, and the Leader’s telephones were kept busy by anxious 

inquirers.  Investigation developed that the scene of visitation 

was so great in extent and of such narrow width that nothing but an 

earthquake would be likely to cause it. 

 

  “Among those who told of having experienced the shock were 

Captain J. C. Gilchrist, the veteran vessel owner, who was at his 

summer home at West Park; A. W. Van Denschoten, Rocky River; 

Mrs. Jay E. Andrews, Lakewood; and the family of M. F. Bramley, 

just inside the western city limits. 

 



 

  Revision 12 
 2D D-52 January, 2003 

  “Painesville Feels Shock. 

 

  “At Painesville County Clerk John T. Barto told of the 

rattling of the windows in the court house.  Nothing of the kind 

was experienced, though, at Fairport, only a few miles away. 

 

  “Sandusky reports that a severe shock, as of an explosion or 

earthquake, shook that city.  The shock was also felt at 

Put-in-Bay, Marblehead and other points in that vicinity. 

 

  “A dispatch from Lorain says that at about 4 o’clock a loud 

rumbling noise was heard and buildings were shaken in all parts of 

that city.  Women and children were thoroughly frightened.  

Pictures were shaken from the walls and bric-a-brac was rattled.” 

 

Cleveland News, Cleveland, Ohio, June 28, 1906 

 

  “Earthquake All Along Lake Erie- 

 

  “Sharp Shock That Shook Houses was Accompanied by Deep 

Rumbling Noise- 

 

  “A perceptible earthquake shock was felt shortly after 

4 o’clock Wednesday afternoon by residents along the south shore of 

Lake Erie from Painesville to Sandusky.  The shock was accompanied 

by a deep rumbling noise which was mistaken as thunder, but at the 

time the sky was clear.  The shock was more noticeable immediately 

along the lake shore.  In Lakewood, Lorain and Painesville houses 

were shaken by the seismic disturbance while in many houses the 

windows rattled and bric-a-brac was overturned. 

 

  “People living in the big blocks on Broadway and along the 

water front were jarred to such an extent that several women ran 

down into the street.  On woman was thrown from a chair in Duane  
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 Block, and slightly hurt.  Dishes were broken in the upper stories 

and pictures were disarranged on the walls.  The seismograph at 

St. Ignatius College recorded earthquake shocks.  Father Odenbach 

stated that steady seismic disturbances were recorded from 1:15 to 

2:00 o’clock while a violent shock occurred at 4:10 lasting about 

8 seconds.  He believes that disturbance was under the bed of Lake 

Erie.” 

 

Elyria Reporter, Elyria, Ohio, June 28, 1906 

 

  “The Earth Trembled Wednesday Afternoon. 

 

  “Earthquake Shock Felt at Lorain and Sandusky.  Buildings 

Rocked and Goods were Strewn About. 

 

  “A violent earthquake shock shook the southern shore line of 

Lake Erie for a distance of one hundred miles on Wednesday 

afternoon, the eastern limit being Painesville and the western 

Marblehead. 

 

  “While no serious damage has been reported the shock was so 

violent in many places as to throw pictures from the walls of 

houses and shatter bric-a-brac. 

 

  “Sandusky reports that a severe shock, as of an explosion or 

earthquake, shook that city.  The shock was also felt at 

Put-in-Bay, Marblehead and other points in that vicinity.  The 

shock was also felt at Lorain about four o’clock.  A loud rumbling 

noise was heard and buildings were shaken in all parts of the city.  

Women and children were thoroughly frightened.  Pictures were 

shaken from the wall and bric-a-brac was rattled.” 
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Elyria Reporter, Elyria, Ohio, June 28, 1906 

 

  “Earthquake Shock was Felt Here. 

 

  “The earthquake shock which occurred on Wednesday afternoon 

between four and five o’clock along the southern line of Lake Erie, 

was felt in Elyria.  People living on Fifth Street, felt the shock 

and say their houses trembled like a leaf in a gale.  The buildings 

rocked for a few seconds. 

 

  “Shock was Felt in Amherst. 

 

  “The earthquake shock which occurred on Wednesday afternoon 

was felt in North Amherst.  One woman writing to a friend to-day 

from North Amherst said that she was considerable frightened by the 

rocking of the house for a few seconds.  The articles in her 

cupboards danced on the shelves.  She said she never felt an 

earthquake shock as clearly (sic) as she felt the one of 

Wednesday.” 

 

Elyria Reporter, Elyria, Ohio, June 29, 1906 

 

  “Twenty Tons Dynamite Exploded in a Scow. 

 

  “This was the Cause of the Shocks, supposed to be the effect 

of an Earthquakes Sailors Fired into the Dynamite. 

 

  “The supposed earthquake shocks felt here and in other places 

turns out to be the effect of a dynamite explosion.  A dispatch 

from Monroe, Mich., says that the shock was felt there, and was 

caused by the explosion of twenty tons of dynamite stored in a scow 

at the mouth of the Detroit River.  The dynamite was the property 

of contractors engaged in deepening the channel at the Limekiln 

crossing near Amherstburg, Ont. and was exploded by some  
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 sailors on a yacht shooting into the scow.  Many windows for miles 

around were broken, and the foundations of several buildings were 

cracked.” 

 

Lorain Daily News, Lorain, Ohio, June 28, 1906 

 

  “Buildings Shook; City Felt Earthquake. 

 

  “South Shore of Lake Erie from Toledo to Cleveland Shaken 

Mysteriously Yesterday Afternoon-Seismographs in Cleveland Register 

Quake-Women Scared in Lorain. 

 

  “A severe earth tremor which is variously ascribed to 

earthquake or explosion or thunder causes was felt in this city 

about 4 o’clock yesterday afternoon.  Buildings trembled, windows 

rattled, pictures swayed and dishes bounced upon the shelves of 

pantries. 

 

  “Reports from other towns along the lake for a distance of 

100 miles give practically the same story. 

 

  “While no serious damage has been reported, the shock was so 

violent in many places as to throw pictures from the walls of 

houses and shatter bric-a-brac.  In other cities and towns windows 

and transoms were shaken violently, and open doors were slammed 

shut. 

 

  “In this city many buildings were shaken.  Women and children 

were alarmed.  In the big Duane building a chair was almost shaken 

from under a woman, while the sewing machine at which she was 

working swayed and danced under her hands. 

 

  “Scientists in Cleveland explain that the seat of the seismic 

disturbance was probably beneath the bed of Lake Erie. 
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  “None of these scientists, however, felt the shock.” 

 

  “It was learned last night that there was a powder explosion 

near Detroit.  For a time this gave rise to the theory that it 

might account for the disturbances on this side of the lake, but a 

comparison of the time seemed to make this impossible.  According 

to seismographic registration the shock occurred at 

4:30 (sic) o’clock, while the explosion was at 4:40.  Even the 

average time of 4:20 o’clock set by the general public as when the 

shock was felt would leave twenty minutes to be accounted for. 

 

  “That there was only one shock, but that of violent character, 

is the testimony from all quarters.  The seismograph of 

Father Odenbach, at St. Ignatius’ college, Cleveland, tells a 

different story, however.  Its delicate mechanism affords unerring 

proof of three separate visitations during the afternoon, the 

second one being most generally felt. 

 

  “‘Steady seismic disturbances between 1:15 and 2 o’clock are 

recorded by the seismograph,’ said Father Odenbach last night.  ‘At 

4:10 o’clock there was a violent disturbance-so violent that one of 

the pins was wrested from the instrument’s paper.  This lasted 

possibly eight seconds.  At 5:59 o’clock there was a third tremble, 

but this was almost imperceptible and of slight duration. 

 

  “Sandusky reports that a severe shock, as of an explosion or 

earthquake, shook that city.  The shock was also felt at 

Put-in-Bay, Marblehead and other points in that vicinity. 

 

  “Detroit, June 28.-‘Theodore H. Perry and Harry Rogers, two 

Detroit men, had a marvelous escape from death yesterday, being 

blown out of their sailboat by a terrific explosion while sailing 

near Fox island at the mouth of the Detroit River.  The young men 

were passing a small island at the head of Fox island, the smaller  



 

  Revision 12 
 2D D-57 January, 2003 

 island being used by a contracting firm for the storage of 

explosives used in dredging and blasting operations.  The powder 

house was wrecked and windows were broken as far away as the 

Canadian city of Amherstburg.” 

 

Painesville Evening Telegraph, Painesville, Ohio, June 28, 1906 

 

  “Painesville People Feel Jars of Earthquake. 

 

  “A violent earthquake shock shook the southern shore line of 

Lake Erie for a distance of 100 miles Wednesday afternoon, the 

eastern limit being Painesville and western Marblehead. 

 

  “While no serious damage has been reported, the shock was so 

violent in many places as to throw pictures from the walls of 

houses and shatter bric-a-brac.  In other cities and towns, 

especially in Cleveland’s suburbs, windows and transoms were shaken 

violently, and open doors were slammed shut. 

 

  “County clerk J. C. Barto noticed the shock shortly after 

4 o’clock.  The windows in his office at the court house shook 

violently and Mr. Barto jestly remarked to his deputy, Mrs. Downee, 

that it was an earthquake, not thinking that it was such a 

disturbance.  At the home of E. G. Hardy, near the lake, the shock 

was quite perceptibly felt, his daughters feeling the house shake 

beneath them.  Quite a number of others observed the disturbance. 

 

  “In many instances temporary panic was caused by the 

disturbance.  The memory of the San Francisco horror is so vividly 

before the public that the timorous ones feared the worst.  So 

brief was the duration of the shock, however, that calm was soon 

restored. 
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  “Scientist in Cleveland explain that the seat of the seismic 

disturbance was probably beneath the bed of Lake Erie.  The fact 

that no serious wave movement accompanied the shock, proves that in 

spite of its apparent violence it was of minor importance. 

 

  “None of these scientists, however felt the shock, and those 

who did dispute its being of merely minor importance. 

 

  “It was learned Wednesday night that there was a severe powder 

explosion near Detroit.  For a time this gave rise to a theory that 

it might account for the disturbances on this side of the lake, but 

a comparison of the times seemed to make this impossible.  

According to seismographic registration the shock occurred at 

4:10 o’clock while the explosion was at 4:40.  Even the average 

time of 4:20 set by the general public as when the shock was felt 

would leave 20 minutes to be accounted for. 

 

  “That there was only one shock, but of violent character, is 

the testimony from all quarters.  The seismograph of 

Father Odenbach, at St. Ignatius College, tells a different story, 

however.  Its delicate mechanism affords unerring proof of three 

separate visitations during the afternoon, the second one being 

most generally felt.” 
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EARTHQUAKE OF APRIL 12, 1907 
 

CA:  18:28 GMT 
 

EPICENTRAL INTENSITY:  I(MM) 
 

LOCATION:  41.5N, 81.7W 
 
 

EVALUATION: 

 

The newspaper search (see matrix) failed to turn up any report of this 

supposed event which was originally listed by Docekal and later carried 

by Nuttli.  Docekal’s main reference is Reid.  Reid’s handwritten note 

is extremely hard to decipher, but, on a close examination, the text 

states clearly that this event was not an earthquake.  One can also see 

that the seismograph was not performing too well on that day.  This 

event has been removed from the catalog and placed with the dubious 

events (Table 3). 

 

COMPILATION OF ACCOUNTS: 

 

Reid, H. F., Unpublished notebooks, scrapbooks, and card files.  

Custodian:  U.S. Coast and Geod. Survey, Rockville, Md. 

 

  “C.S.T. 1:28 p.m.  12 April 1907.  Cleveland, Ohio.  I.  

Father Odenbachs’ seismogram shows a sudden fling of pendulum to 

N.W. at 1:28 p.m. with a gradual but irregular recovery in 1m in 

the N. comp. and more rapid recovery... in the W. comp.  The 

displacements are somewhat like smaller displacements which 

characterize the whole record.  This is especially true of the N-S 

comp. the trace of which is made up of sudden displacements to N. 

and slow recoveries.  The meteorological condition do not explain 

this displacement,... was complete recovery:  the disturbance was 

probably not an E.Q.” 
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EARTHQUAKE OF SEPTEMBER 27, 1921 
 

CA:  04:32 GMT 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  42.1N, 80.2W 
 
 

EVALUATION: 

 

This event was felt by two persons in Erie, Pa. (42.1N, 80.2W) according 

to Monthly Weather Review, where an Intensity III Rossi Forel was 

assigned.  It was later given an Intensity III (MM) by Smith.  It seems 

that the evidence presented would have been adequately covered by an 

Intensity II (MM).  However, the Intensity III will be retained. 

 

COMPILATION OF ACCOUNTS: 

 

Monthly Weather Review, September, 1921, United States Weather Bureau, 

Washington, D.C. 

 

  “September 27, 1921. 4:32.  Erie, Pennsylvania, 4205’N. 

8010’ W.  III(RF).  Felt by two.” 

 

Smith, W. E. T., 1962, Earthquakes of Eastern Canada and Adjacent Areas 

1534-1927, Publications of the Dominion Observatory, V. 26, No. 5. 

 

  “September 26, 1921, 11:32 p.m. III.  42.1N, 80.2W.  Felt at 

Erie, Pa.” 
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EARTHQUAKE OF SEPTEMBER 9, 1928 
 

CA:  20:00 GMT 
 

EPICENTRAL INTENSITY:  V(MM) 
 

LOCATION:  41.5N, 82.0W 
 
 

EVALUATION: 

 

The location, intensity and nature of the seismic activity observed on 

this day all remain somewhat mysterious.  Three district tremors were 

observed over a rather large area along the lake from East Cleveland to 

Port Clinton <Figure 2D D-10>.  Some of the felt reports can be 

evaluated in the IV-V intensity range, but it is never clear how the 

intensities of the three events compared with each other. 

 

One source of confusion arises from the fact that a bombing exercise 

took place just about the same time (3:00) at Camp Perry (7 miles from 

Port Clinton).  Some reports, e.g., “distant thunder,” “earthquake 

appeared remote,” “three distinct rumblings,” could be interpreted in 

support of the theory that the bombing exercise was indeed the cause of 

the felt reports.  But this interpretation was not accepted in United 

States Earthquakes:  “it is not thought that the tremors were a result 

of these operations.”  Unfortunately, the reasons for this rejection are 

not given.  One disturbing question comes from the fact that the 

seismograph at John Carroll did not record any earthquake signals that 

afternoon.  This is hard to reconcile with the true occurrence of a 

seismic event (Intensity V) located near Lorain and West Cleveland.  The 

absence of a signal on the seismograph could indicate that the observed 

noise and vibrations were not related to seismic waves, but simply noise 

(air waves) generated by bombs exploding with a poor coupling to the 

ground. 

 

If one insists on maintaining the occurrence of a true seismic event 

(with aftershocks), the epicenter should remain west of Cleveland, as  
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more localities reported the rattling there than east of Cleveland.  A 

suggested epicentral uncertainty of 20 miles would be a fair estimate. 

 

The event was not reported felt in Painesville, and was most likely not 

felt at the site.  The originally assigned V is maintained to account 

for some fright, but it is considered quite conservative since no damage 

was reported. 

 

COMPILATION OF ACCOUNTS: 

 

Ashtabula Star Beacon, Ashtabula, Ohio, September 10, 1928 

 

  “Earth Shocks Cause Scare. 

 

  “Cleveland is Shaken by Strange Tremors. 

 

  “Cleveland, Sept. 10-Explanations for three sharp earth 

tremors which shook downtown office buildings and the lake shore 

from Port Clinton to the city’s eastern limits, frightening 

thousands Sunday, were varied Monday.  No appreciable damage was 

reported. 

 

  “Some observers accredited the abrupt shocks, which were felt 

throughout the entire Cleveland area, to an aerial bombing 

demonstration at Camp Perry while others believed them caused by 

the shifting of salt mines said by Father F. L. Odenbach of John 

Carroll University on former disturbances, to underlie the upper 

earth strata.  (sic) 

 

  “The tremors were not recorded on the seismograph at the local 

university.” 
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Cleveland Plain Dealer, Cleveland, Ohio, September 10, 1928 

 

  “‘Earthquakes Shake City and Lake Shore’. 

 

  “‘Rattle Windows in Downtown Skyscrapers and Send Scores into 

Streets on East Side.’ 

 

  “Three abrupt earth tremors which shook the lake shore from 

Port Clinton to Cleveland’s eastern limits at East 185th St. 

mystified residents throughout the entire area late yesterday 

afternoon as their houses rocked to the creaking of window frames. 

 

  “One hundred families in the area between Euclid Beach Park 

and E. 185th St. flocked to the street shortly after 3 p.m. as two 

temblors rattled windows and set floors to rolling.  One half were 

frightened and the other merely curious. 

 

  “E. L. Gove, engineer of WHK on the top floor of the Engineers 

Bank Building, was in the broadcasting station’s battery room when 

the shocks came.  He said that they caused a marked rumbling 

throughout the offices. 

 

  “Windows in the lower floors of the Terminal Tower Building 

rattled loudly from the tremors, custodians there said. 

 

  “Although no explanation for the shocks could be obtained last 

night, Toledo observers accredited them to an aerial bombing 

demonstration at Camp Perry.  Occasional similar disturbances in 

the Cleveland area have been accredited to the shifting of salt 

mines said by Father F. L. Odenbach of John Carroll University to 

underlie the upper earth strata. 

 

  “Although no tremors were recorded on the seismograph at John 

Carroll University, it was generally believed that the shocks were  
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 of subterranean origin and had nothing to do with the Camp Perry 

exhibition where three 300-pound bombs were dropped upon targets 

near the shore during the hour between 3:30 to 4:30 p.m. 

 

  “At Port Clinton, seven miles from the camp, shocks were felt 

almost simultaneously with the bomb explosion, however. 

 

  “Buildings shook and windows rattled at Cedar Point as the 

earth trembled from the shocks. 

 

  “Residents of the shore east of Lorain felt the shocks 

distinctly and reported a third disturbance at 3:45 p.m. 

 

  “Lorain police telegraphed Cleveland, Toledo, and Detroit 

after the shocks were reported fearing an earthquake in this 

vicinity. 

 

  “The three shocks were felt distinctly at Loch Doon, summer 

home of E. N. Newberry, on the lake shore at E. 185th Street. 

 

  “No damage was reported from any source.  The last pronounced 

quake here was in February.” 

 

Elyria Chronicle Telegram, Elyria, Ohio, September 10, 1928 

 

  “Feel Tremors along the Lake Shore. 

 

  “Cleveland, O., Sept. 10.-Residents along the lake shore from 

Cleveland to Port Clinton were speculating today upon the origin of 

a series of tremors which shook the earth at intervals Sunday. 

 

  “Some persons believed the tremors were the offshoot of an 

earthquake but no disturbances were recorded by the seismograph at 

John Carroll university here. 
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  “Others attributed the disturbances to an aerial sham battle 

at Camp Perry where 300-pound bombs were dropped from maneuvering 

airplanes. 

 

  “No damage was reported from any of the affected areas. 

 

  “Port Clinton residents reported the tremors came 

simultaneously with the explosion of the practice bombs.” 

 

Lorain Journal, Lorain, Ohio, September 10, 1928 

 

  “Tremors Shake City but Cause’s Mystery. 

 

  “The cause of the series of earth tremors which shook the Lake 

shore from Cleveland to Port Clinton Sunday afternoon, still 

remained a mystery today. 

 

  “Hundreds in Lorain reported that they distinctly felt the 

shocks which shook houses and rattled windows here.  Some declared 

there were three tremors here at intervals of a few seconds, while 

others said they felt only one or two. 

 

  “Lorain police received a lot of telephone calls immediately 

following the tremors and wired Cleveland, Toledo and Detroit, 

fearing there had been an earthquake in the vicinity. 

 

  “The earthquake possibly (sic) appeared remote as no 

disturbances were recorded by the seismograph at John Carroll 

university at Cleveland. 

 

  “The most logical cause seemed the aerial sham battle at Camp 

Perry where 300-pound bombs were dropped from maneuvering 

airplanes.  Port Clinton residents reported the tremors came 

simultaneously with the explosion of the practice bombs. 

 



 

  Revision 12 
 2D D-66 January, 2003 

  “No damage was reported from any of the affected areas. 

 

  “Lorain observers varied as to the time they felt the shocks.  

The time they reported varied from 3:12 p.m. until 3:45.” 

 

Painesville Telegraph, Painesville, Ohio, September 10, 1928 

 

  “-Earth Shocks on Lake Shore Cause Alarm-. 

 

  “-Tremors are Felt from Cleveland on Sunday-. 

 

  “Cleveland, Ohio, Sept. 10-Explainations for 3 sharp earth 

tremors which shook downtown office buildings and the lake shore 

from Port Clinton to the city’s eastern limits frightening 

thousands Sunday afternoon were varied Monday, No appreciable 

damage was reported. 

 

  “Some observers accredited the abrupt shocks which were felt 

throughout the entire Cleveland area to an aerial bombing 

demonstration at Camp Perry while others believed them caused by 

the shifting of salt mines, said Father Odenbach of John Carroll 

University on former disturbances to underlie the earths strata. 

 

  “The tremors were not recorded on the seismograph at the local 

university.  Although 300 pound bombs were dropped upon targets at 

Camp Perry at the approximate time of the shock here it was 

generally believed the shocks were of subterranean origin and had 

nothing to do with the Camp Perry demonstration. 

 

  “Windows were rattled and floors set to rolling in 100 homes 

in the area between Euclid and E. 185 St.  Many of the residents 

were frightened while others appeared merely curious at the shocks. 
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  “Windows in the lower floors of the Terminal Tower Building 

rattled loudly, according to custodians.  Similar rumblings were 

heard in other downtown buildings.  It is believed that the shocks 

were not severe enough to cause an appreciable damage anywhere in 

the affected area. 

 

  “Reports from Port Clinton, Cedar Point, Lorain and other 

cities on the lake shore west of Cleveland declared the tremors 

were distinctly felt as the earth shook.  Lorain police telegraphed 

Cleveland, Toledo and Detroit fearing an earthquake in the 

vicinity. 

 

  “The last pronounced earthquake in Cleveland was in 

February 1925 when the shock was severe enough to shake pictures 

from walls.” 
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EARTHQUAKE OF SEPTEMBER 17, 1929 
 

CA:  19:16 GMT 
 

EPICENTRAL INTENSITY:  II(MM) 
 

LOCATION:  41.50N, 81.55W 
 
 

EVALUATION: 

 

This event had been incorrectly listed in the PSAR as having occurred on 

September 27.  Bradley and Bennett assigned an Intensity II to this 

event with the coordinates of Euclid (41.50N, 81.55W).  No other reports 

of this small, local event were found in the nearby localities during 

our newspaper search. 

 

It is suggested that this event be included among these of dubious 

origin (Table 3).  A single report from an individual speaking for 

himself does not seem sufficient to support the true seismic origin of 

the felt vibrations.  An earthquake strong enough to “shake a house 

violently” would have been felt by more than one person and would 

deserve an intensity higher than II(MM). 

 

COMPILATION OF ACCOUNTS: 

 

Bradley, Edward A., S. J. and Theron J. Bennett, 1965, Earthquake 

History of Ohio, B.S.S.A., V. 55, No. 4, pp. 745-752. 

 

  “1929 September 17:  19h16m; II.  In Cleveland suburb of 

Euclid; man reported house violently shaken.” 
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EARTHQUAKE OF FEBRUARY 16, 1930 
 

CA:  12:17 GMT 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  42.83N, 80.25W 
 
 

EVALUATION: 

 

This event was felt in Ontario, at Simcoe and Tillsonburg, according to 

Smith.  His Intensity III and coordinates of 42.83N, 80.25W are accepted 

with no further research. 

 

COMPILATION OF ACCOUNTS: 

 

Smith. W. E. T., Earthquakes of Eastern Canada and Adjacent Areas 

1928-1959, Publications of the Dominion Observatory, V. 32, No. 3. 

 

  “1930 February 16.  12:17.III. 4250’N, 8031’W.  Felt in 

Ontario, at Simcoe and Tillsonburg, where it rattled windows and 

dishes.” 
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EARTHQUAKE OF JANUARY 21, 1932 
 

EPICENTRAL INTENSITY:  IV(MM) 
 

LOCATION:  41.08N, 81.50W 
 
 

EVALUATION: 

 

An Intensity IV, as chosen by Bradley and Bennett, appears to be 

characteristic of this event, even though a few windows were cracked.  

The tremor was felt only on the west shore of Summit Lake, which is 

within the city limits of Akron.  As explicitly mentioned in reports, 

the shore sediments had a very localized amplification effect.  The rest 

of Akron remained unaffected by the event.  Coordinates are those of the 

lake as given by Docekal. 

 

COMPILATION OF ACCOUNTS: 

 

Akron Beacon Journal, Akron, Ohio, January 22, 1932 

 

  “Quake?  Here’s Evidence!. 

 

  “Earthquake in South Akron?  “‘Here’s evidence,’ says 

Miss Mary Jane Brady, 530 Indian Trail, as she pointed to a cracked 

kitchen window.  And there were not small boys playing baseball 

nearby. 

 

  “Other residents in the area around Summit Lake, today still 

were trying to puzzle out source of earth tremors Thursday 

afternoon which broke windows in their homes, rattled dishes, 

caused furniture to hop around crazily and otherwise created 

consternation.  No official inquiry has been undertaken, but 

offhand opinion is that earth caverns bordering the lake may have 

collapsed, producing the shock.” 
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Akron Times Press, Akron, Ohio, January 22, 1932 

 

  “Quake of Summit Lake is Mystery to ‘Victims’. 

 

  “Seismograph Packed up as Pictures Sway, Furniture Dances. 

 

  “Cause of earth tremors that shook a small area on the west 

shore of Summit Lake late Thursday remained a mystery Friday as 

amateur geologists sought an explanation. 

 

  “Whether it was an honest-to-goodness earthquake could not be 

proved scientifically Friday since the seismograph at John Carroll 

University in Cleveland was packed up for removal to new quarters. 

 

  “But residents of Summit Lake Blvd. and streets off Manchester 

Road near the lake saw furniture move, pictures sway and a few 

windows broken. 

 

  “Francis Lavery, 19, of 1742 Summit Lake-blvd. saw dresser 

dance sway as he combed his hair.  He found 15 other families in 

the neighborhood felt the shock. 

 

  “Lavery advanced the theory that the tremors were caused by 

earth filling into underground caverns from which salt had been 

washed thru Kenmore district wells. 

 

  “Colonial Salt Works officials refused to comment on the 

possibility, but said no tremors had been felt at their plant at 

2065 Manchester road. 

 

  “J. H. Vance, chairman of the Chamber of Commerce Waterways 

Committee, explained that Summit Lake and its shore rest on a deep 

bed of springy, jelly-like muck, that would reflect the slightest 

disturbance in tremors.” 
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BSSA, V. 22, No. 1, pp. 68-72 

 

  “Akron, Ohio, January 21, 1932.-Residents near Summit Lake, 

which is within the city limits of Akron, felt a slight earthquake, 

which broke windows in three houses and rattled dishes furniture in 

several others, on the afternoon of January 21st.”  SDGU 

 

Cleveland Plain Dealer, Cleveland, Ohio, January 22, 1932 

 

  “‘Quakes’ at Akron Remain a Mystery; Caverns Blamed. 

 

  “(From Plain Dealer Bureau). 

 

  “Akron, O., Jan. 21.-The origin of earth tremors which this 

afternoon broke windows, turned pictures on walls and caused 

chandeliers to sway like pendulums, on the west shore of Summit 

Lake remained a mystery tonight. 

 

  “Francis Lavery, 19, of Summit Lake Boulevard was slicking up 

his hair before a mirror when he was surprised to have the glass 

move out of range.  Investigation disclosed that pictures and 

chandeliers in other parts of the house were swaying, too. 

 

  “His curiosity aroused, the youth called at fifteen homes in 

the vicinity and found their occupants had all noticed the tremors 

and that some of the houses had windows broken by the ‘quakes.’ 

 

  “Lavery believes the tremors were due to the earth settling 

into underground caverns formed by drawing salt through the salt 

wells in Kenmore. 
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  “Ralph C. Durst, who teaches geology at Akron University, said 

tonight he had not heard of the tremors.  He admitted, it might 

have been an earthquake and said the salt cavern theory was 

plausible but not probable.” 
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EARTHQUAKE OF OCTOBER 29, 1934 
 

CA:  20:07 GMT 
 

EPICENTRAL INTENSITY:  V(MM) 
 

LOCATION:  42.0N, 80.2W 
 
 

EVALUATION: 

 

This event was reported felt with Intensity IV-V in Erie, Pa. (42.0N, 

80.2W).  It was felt over an area of about 700 square miles.  The 

earthquake was apparently very local in nature, since no felt reports 

were found for eastern Ohio.  The Painesville, Cleveland, Youngstown, 

Ashtabula, and Niles newspapers all carried similar reports about the 

event felt in Erie, but no reference was made to local felt reports. 

 

The Intensity V(MM) is retained because of the fright and slight damage 

reported in Erie, by Coffman and von Hake (1973).  The current search 

was extended to Pennsylvania. 

 

COMPILATION OF ACCOUNTS: 

 

Ashtabula Star Beacon, Ashtabula, Ohio, October 30, 1934 

 

  “‘Quake Jars Buildings in Erie Business Area’. 

 

  “Nature was resting quietly today after two sprees along Lake 

Erie.  She gave Buffalo a view of some of the tricks she can do 

with air currents, sending water spouts high in the air along the 

shore of the lake.  In Erie, Pa., she caused a mild earthquake.  In 

Ashtabula, she sent a heavy snowfall. 

 

  “Downtown and residential Erie was shaken from end to end by 

the earthquake.  Buildings swayed, housewives reported dishes fell  
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 from cupboard shelves and there was intense excitement, but no 

serious damage occurred.  One woman said she was thrown from her 

bed while asleep. 

 

  “The shock occurred shortly after 3 p.m., and was felt only 

for an instant.  The seismograph observer at the University of 

Pittsburgh reported a very slight shock had been registered within 

close proximity at 3:08 p.m. 

 

  “Many residents thought the shock might have been caused by an 

explosion, but a check did not disclosed any had occurred. 

 

  “‘Shakes Buildings’. 

 

  “Office workers in the heart of Erie and residents of the 

suburbs reported the shock was distinctly felt.  It was also felt 

at the Coast Guard station and for an area of more than 10 miles 

along the lake front. 

 

  “Apparatus used by a gas company to blend natural gas for use 

in the city was thrown out of commission.  Erie last experienced an 

earthquake eight years ago, of about similar proportions of 

Monday’s.” 

 

(same account in Youngstown Vindicator, Oct. 30, and Painesville 

Telegraph, Oct. 30) 

 

Cleveland Plain Dealer, Cleveland, Ohio, October 30, 1934 

 

  “Erie is Startled by Baby Quake. 

 

  “Five Water Spouts March in on Buffalo from Lake, Drenching 

Many. 

 



 

  Revision 12 
 2D D-76 January, 2003 

  “Loose on an orgy of Halloween pranks, Dame Nature raced 

eastward along the shores of Lake Erie yesterday to administer a 

shaking up to residents of Erie, Pa., who felt a sharp earth tremor 

at 3:08 p.m., and then moved on to Buffalo, where she sent five 

roaring water spouts whirling into the harbor. 

 

  “While Clevelanders stared at the freak skyline over the lake, 

the terrestrial shock at Erie set buildings swaying and shook 

pictures from the walls and dishes from shelves and tables. 

 

  “At Buffalo, a little later, the water spouts sped across the 

harbor from the southwest, tossing sea gulls into the air and then 

crashing against the stout sea wall and docks. 

 

  “The tremor at Erie was felt downtown as well as in 

residential and industrial areas.  In the excitement hundreds of 

householders were in a panic momentarily, but no serious damage 

resulted. 

 

  “One woman was reported thrown from her bed by the shock. 

 

  “The baby quake was recorded on seismographs at the University 

of Pittsburgh and at Canisius College, Buffalo, at 3:08 p.m. 

 

  “The quake at Erie was not noted more than ten miles from the 

city’s center, except by the seismologists.  It was the second 

earth disturbance there in eight years.” 

 

Niles Daily Times, Niles, Ohio, October 30, 1934 

 

  “‘Baby Earthquake Felt at Erie, PA’. 

 

  “Erie, Pa.-Foundations of down town buildings were shaken and 

gas lines broken here by an earthquake shock which rocked the city. 
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  “The tremor was felt late yesterday following a heavy snow 

storm.  A seismograph of St. Canisius college in Buffalo recorded 

the shock. 

 

  “At least one gas line was shattered in the western section of 

the city.  Occupants of the citys’ two tallest buildings said the 

structures rocked for several seconds. 

 

  “Hundreds of persons reported dishes rattled on tables in 

their homes.  One woman at Westville, near here, said she saw a 

building move slightly.” 

 

Youngstown Telegram, Youngstown, Ohio, October 30, 1934 

 

  “Erie Shaken by Quake; Ohio may Feel Temblors. 

 

  “Special to the Telegram. 

 

  “Cleveland, Oct. 30.-Eastern Ohio may be subject to quakes 

such as shook Erie, Pa., last night, according to Dr. J. E. Hyde, 

professor of geology at Western Reserve University. 

 

  “Foundations of downtown buildings in Erie were shaken and gas 

lines broken. 

 

  “The tremor was felt late yesterday following a heavy snow 

storm.  Occupants of the city’s two tallest buildings said the 

structures rocked for several seconds. 

 

  “Hundreds of persons reported dishes rattled on tables in 

their homes. 
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  “The earthquake probably occurred a mile or more underground, 

Dr. Hyde said.  Erie probably experienced the surface 

manifestations of a readjustment in the ‘basement complex,’ he 

explained. 

 

  “The oldest rocks known to geologists, rocks more than a 

billion years old, are called technically the ‘basement complex.’  

They are granites and marbles and schists, bent and twisted and 

tangled in wild confusion. 

 

  “‘The basement complex comes to the surface in northeastern 

Canada and again in the south in the Ozarks and Texas,’ Dr. Hyde 

said ‘In Ohio, the basement complex is beneath layers of stratified 

rock ranging to a mile in thickness.’” 
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EARTHQUAKE OF NOVEMBER 5, 1934 
 

CA:  20:00 GMT 
 

EPICENTRAL INTENSITY:  III(MM) 
 

LOCATION:  41.88N, 80.37W 
 
 

EVALUATION: 

 

United States Earthquakes assigned this event an Intensity III and the 

coordinates of Albion, Pa. (41.88N, 80.37W).  No further report was 

found in nearby Ohio newspapers.  An Intensity III is more than adequate 

for “trembling motion.” 

 

COMPILATION OF ACCOUNTS: 

 

Neumann, Frank, 1936, United States Earthquakes, 1934, U.S. Dept. of 

Commerce, Coast and Geodetic Survey, Washington, D.C. 

 

  “November 5:  15:00.  Albion, Pa., III.  Trembling motion.” 
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EARTHQUAKE OF AUGUST 26, 1936 
 

CA:  08:55 GMT 
 

EPICENTRAL INTENSITY:  II(MM) (R) 
 

LOCATION:  41.4N, 80.4W 
 
 

EVALUATION: 

 

This small event was assigned an Intensity III and the coordinates of 

Greenville, Pa. (41.4N, 80.4W) by Smith.  United States Earthquakes had 

simply reported “a weak” event at the same place.  The research found no 

reports of this earthquake in nearby Ohio localities (see matrix).  It 

is suggested that the intensity could be lower (II), since the event 

appears to be very local. 

 

COMPILATION OF ACCOUNTS: 

 

Neumann, Frank, 1938, United States Earthquakes 1936, U.S. Department of 

Commerce, Coast and Geodetic Survey, Washington, D.C. 

 

  “August 26:  about 3:55 to 4:05.  Greenville, Pa. Weak.” 
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EARTHQUAKE OF MAY 31, 1940 
 

CA:  16:00 GMT 
 

EPICENTRAL INTENSITY:  II(MM) 
 

LOCATION:  41.10N, 81.52W 
 

EVALUATION: 

 

United States Earthquakes states that this event was a “slight tremor 

felt by a few” at Akron.  The investigation found no report of this 

event in the Akron Beacon Journal.  Bradley and Bennett will be 

followed:  Intensity II with the coordinates of Akron:  41.10N, 81.52W. 

 

COMPILATION OF ACCOUNTS: 

 

Neumann, Frank, 1942, United States Earthquakes 1940, U.S. Department of 

Commerce, Coast and Geodetic Survey, Washington, D.C. 

 

  May 31:  11:00-11:30, Akron, Ohio.  Slight tremor felt by 

few.” 
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EARTHQUAKE OF MARCH 9, 1943 
 

CA:  04:25:34 GMT 
 

EPICENTRAL INTENSITY:  V(MM) 
 

LOCATION:  41.61N, 81.33W (R) 
 
 

EVALUATION: 

 

The epicentral location and estimated epicentral intensity of this event 

have been the object of great confusion for some years.  Because this 

event is, in all appearances, the largest to have occurred in the 

vicinity of the site, it is important to clarify the problem.  The 

earthquake was felt over a relatively large area, 220,000 square 

kilometers <Figure 2D D-11>.  Heck and Eppley (1958) originally assigned 

the following coordinates:  42.2N, 80.9W, and an Intensity IV-V(MM) (see 

their commentary below).  Eppley (1965) did not change anything to the 

location, intensity and commentary.  Smith (1966) kept the same 

coordinates; no mention of intensity; the only new element:  an 

instrumental magnitude ML=5.5 was listed.  Coffman and von Hake (1973), 

changed the location, from Lake Erie to Lake Erie area, and assigned new 

coordinates without any further explanation:  41.6N, 81.3W, preserving 

the same Intensity IV-V(MM).  Their commentary (see below) was taken 

integrally from Eppley.  Other catalogs, Bradley and Bennett (1965), 

Docekal (1972), Nuttli and Herrmann (1978) have retained the original 

location in the middle of the lake, probably because they simply 

followed Eppley’s versions. 

 

Recently, Gordon, Dewey and Jones (1978), of the USGS, in a revision of 

approximately 100 hypocenters, have noticed the mislocation of the 1943 

Lake Erie event.  Their revised coordinates, 41.61N, 81.33W, are in 

perfect agreement with the Coffman and von Hake unexplained relocation. 

 

The additional research carried out by Weston Geophysical for the 

present appendix has uncovered numerous references from local  
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newspapers.  Felt reports from Cleveland and vicinity do not exceed 

Intensity V.  Most of them suggest that the original assignment of IV-V, 

by Heck and Eppley was correct. 

 

The assumed relation between the earthquake and the breakage of the 

water main in Willoughby does not justify the raising of the epicentral 

intensity.  Even if the causal relationship is accepted, such a breakage 

should be discussed in connection with age and corrosion of the water 

main, frost action, soil amplification, etc. 

 

Some local newspapers refer to the seismographic recording obtained at 

John Carroll University, and some interesting comments of Rev. Joseph 

Joliat, S.J., seismologist in charge.  Weston Geophysical has obtained a 

copy of the seismogram <Figure 2D D-12> and interpreted the data.  On 

this basis, Father Joliat’s comments can now be discussed. 

 

 1. Father Joliat “thought that the epicentral distance was 20 or 

30 miles.”  Considering the irregularity of the drum speed, 

the poor knowledge of velocity model and the reading 

uncertainty of P and S phases due to slow drum speed, the 

suggested distance range was certainly correct.  

Reinterpretation of the seismogram, suggests a range of 16 to 

24 miles, which would account for most of the uncertainties.  

It is interesting to note that the average of 20 miles is in 

agreement with the relocated epicenter, (Gordon et al, 1978) 

and very similar to the 1951 Willoughby epicentral distance. 

 

 2. Father Joliat stated that he could not ascertain the 

“direction of the quake,” but ventured to say “to the 

southwest.”  Without a vertical instrument, first horizontal 

motions cannot give the direction of approach.  The low 

magnification of the Weichert instrument (80), the long period 

(7 sec) and the slow drum speed, did not even give readable 

first motions <Figure 2D D-12>.  Father Joliat had a 50/50  
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  chance to be right.  The event was most likely located to the 

northeast.  The interesting fact is that the azimuth NE-SW had 

been correctly inferred. 

 

 3. Father Joliat suggested focal depth estimates (10 to 20 miles, 

depending on the reporting newspapers) are merely reflective 

of contemporaneous geological thoughts, and are not dependent 

on instrumental data.  The current average focal depth of 

15 km. for eastern North American events is probably 

applicable here in view of the observed felt area and 

epicentral intensity. 

 

 4. It is interesting that Fr. Birkenhauser, successor of 

Fr. Joliat, commenting on the location of the December 3, 1951 

earthquake, suggests a similarity between the two epicenters.  

First, the 1951 event distance is 20 miles, “in the vicinity 

of Willoughby,” and “felt at almost the identical place in 

March 1943.”  The epicentral distance obtained from the 

December 3, 1951, seismograms (three components) ranges 

between 19 to 21 miles.  It is possible that Fr. Birkenhauser 

did compare the seismograms before making his statement. 

 

Final point needs to be addressed:  that of the probable magnitude of 

the event.  When Smith (1966) decided to characterize the event in terms 

of magnitude, he used three Canadian stations that had recorded the 

shock.  In his computations of ML Richter magnitude estimates, Smith was 

already aware that attenuation in California was higher than in eastern 

Canada.  Short of something more applicable, he did calculate an  

average ML=5.5.  Within the following decade, almost everyone recognized 

that the use of Richter’s formula led to overestimated values for 

eastern magnitudes.  Nuttli (1973) did provide a more applicable scale.  

A. Stevens from Ottawa, using the same ground motions measured by Smith, 

calculated an average mbLg=4.7 for the event, identical to the estimate 

provided by Nuttli and Herrman (1978) on the basis of felt area versus  
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magnitude relationship.  It could be noted that such a magnitude appears 

compatible with an epicentral Intensity V(MM). 

 

COMPILATION OF ACCOUNTS: 

 

Akron Beacon Journal, Akron, Ohio, March 9, 1943 

 

  “Did you feel it too? 

 

  “Akron Jarred By Earthquake. 

 

  “Dishes rattled in cupboards, homes quivered slightly and the 

curiosity of citizens was fired but those were the only effects 

reported in Akron Monday night in the wake of a slight earth 

tremor, the first experienced in northern Ohio for six years. 

 

  “Curious citizens thought of nearly every possibility in the 

books when they felt their homes quiver about 11:27 p.m. but few 

even thought they were feeling a bona fide earthquake, judging from 

telephone calls received by the police and fire departments.  There 

were no reports of any damage-not even as much as a broken window. 

 

  “Some thought there had been an explosion in one of the war 

plants and made anxious inquiries.  Others rushed to their 

basements because they thought there had been an explosion there, 

according to reports. 

 

  “And thousands of other citizens didn’t know anything about 

it, sleeping blissfully through the earthquake.  Neither was the 

tremor felt above the din and roar of machinery in local war 

plants. 

 

  “The worst shock was experienced in Cleveland area where the 

quake officially was recorded on the seismograph at John Carroll  
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 University, according to Rev. J. S. Joliat, S. J., seismologist.  

It lasted for about two and one-half seconds.  Reports of the 

tremor were also made from other cities between Detroit and 

Pittsburgh. 

 

  “Father Joliat said he could not locate the direction of the 

quake, but estimated its origin at about 20 to 30 miles southwest 

of Cleveland.  It was caused, he said, by dislocation of strata 

resulting from strain in the earth’s crust, probably about 10 miles 

under the surface. 

 

  “The last earth shock felt here came almost six years to the 

hour before the one that jolted the district last night.  It 

occurred at 12:44 a.m. on March 9, 1937. 

 

  “The quake that really shook this area occurred 18 years ago 

on February 28, 1925.  It centered in Cleveland area.” 

 

Akron Beacon Journal, Akron, Ohio, March 10, 1943 

 

  “‘Quake Really Fooled Frank’. 

 

  “When the earth did a Gilda Grey Monday night, many Akron 

residents reacted in just as many different ways but none of them 

could hardly surpass the experience of Frank Yacobucci, assignment 

clerk of the municipal court. 

 

  “Frank had just returned from a meeting to his home at 891 N. 

Howard St. and sat down to eat a midnight snack of rolls and coffee 

when the earth tremor occurred.  The coffee cup started to dance a 

jig on the saucer and the electric refrigerator began to hum. 

 

  “Thinking it was caused by vibrations from the refrigerator, 

Frank found some adhesive tape and wood chips and secured the  
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 kitchen window so it would stop rattling.  Then to stop what he 

thought were vibrations in the refrigerator, he shoved wooden 

blocks beneath its legs to set it ‘more level’.  Not until the next 

day did he learn that the shimmy was caused by Mother Nature.” 

 

Ashtabula Star Beacon, Ashtabula, Ohio, March 9, 1943 

 

  “‘Northern Ohio Escapes Damage in Earthquake’. 

 

  “‘City and County Shaken by Tremors at 11:26 P.M. Monday; Wide 

Area Affected’. 

 

  “Ashtabulans shook in their beds for three seconds last night 

at 11:26, when the most severe earthquake in this territory for 

20 years rattled windows and teetered furniture.  The widely felt 

tremors extended as far south as Zanesville and Columbus, shook 

Toronto to the north, Buffalo to the east and Detroit to the west. 

 

  “It is believed that the quake originated 20 or 30 miles 

southeast of Cleveland, caused by a strain in the earth’s crust, 

which broke about 20 miles under the surface.  The last recorded 

tremors in this area were in 1937. 

 

  “Little or no damage was caused by March’s contribution of 

surprise to northern Ohioans.  Telephone calls flooded the city 

central police station as Ashtabulans called to find out if there 

had been an explosion.  The sheriffs’ office was beseiged with 

calls from all over the county from people many of whom thought the 

Ravenna arsenal had blown up. 

 

  “The shock was felt in Jefferson, but no damage was reported.  

Telephone lines were unaffected and greenhouses have noticed no 

particular damage as yet.  Conneaut, Geneva, Rock Creek, Andover 

and other county areas report feeling the quake.” 
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 “‘Knocked Across Floor’. 

 

  “Petty officer, Daniel A. Mock of the Ashtabula Navy 

Recruiting Sub-Station, was standing on one leg taking off his 

shoes to go to bed, when he suddenly found himself reeling across 

the floor from the impact of the jolts. 

 

  “A radio was reported out of order by one Ashtabulan and a 

North Ridge East resident reports that the door of his bookcase on 

the third floor set up a loud rattling.  He said he noticed a 

similar rattling two or three days ago. 

 

  “‘I never heard such a concert in my life’, exclaimed Mr. A. 

O. Keinberg, 106 W. 44th Street referring to the noise made by the 

brass handles on her dresser clanging against the wood from the 

reverberations. 

 

  “Mrs. Margaret Lundegard of the Social Security office 

remarked that ‘It sounded like a train running across our porch.’ 

 

  “Many thought it was snow falling from roofs, an explosion or 

even a truck passing, as did Mrs. L. L. Sandie, 2004 E. 40th St.  

They soon realized, however, that it was too continuous and heavy 

for any of these things. 

 

  “Mrs. J. C. Abbey, 381 W. 35th Street was sitting at her desk 

writing when the impact came.  The desk moved and made her writing 

noticeably crooked and wavery.  At first she thought it was a train 

passing but the shaking was much worse than that caused by a train. 

 

  “Cuyahoga and Lake Counties apparently experienced the 

earthquake in about the same severity as Ashtabula County.” 
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Berea Enterprise, Berea, Ohio, March 12, 1943 

 

  “‘Quake Shock was no Fake’. 

 

  “Now we’ve been everywhere and seen everything. 

 

  “We’ve seen fire and flood, hard times and good times, most of 

the opposites of the world, but up to last Monday an earthquake had 

never hunted us up. 

 

  “Official earthquake observers, who have lived in hope and 

small fruition hereabouts for these many years, realized their 

fondest dreams at 11:26 Monday, when this section had a real quake. 

 

  “No buildings were shaken down, and most folks thought their 

furnaces had blown up for keeps.  However, buildings received a 

good solid jar, windows rattled ominously and possessions that were 

on the brink took the plunge.  It is estimated that the center of 

the disturbance was within 20 to 25 miles of here. 

 

  “Those who slept through it, and thus lost the impression that 

the Germans had gone to work on the Airport, really missed 

something to tell their grandchildren.” 

 

Cleveland News, Cleveland, Ohio, March 9, 1943 

 

  “What was that?  Phone Calls ask as Quake Rocks all of 

Cleveland. 

 

  “An earthquake that had its center within 20 or 25 miles of 

Cleveland and that rocked the city for a few seconds last night was 

a forerunner to two severe earth shocks recorded today. 
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  “The Cleveland temblor was recorded on the seismograph at John 

Carroll University at 11:26 p.m., and followed by two shocks 

recorded Fordham University in New York at 2:03 and 2:14 a.m. 

 

  “Those disturbances were estimated to have originated 

5,500 miles from New York. 

 

  “The Rev. J. S. Joliat, seismologist at John Carroll 

University, said the first jolt was felt with unusual force here 

because the center of the disturbance was not more than 20 or 

25 miles from Cleveland. 

 

  “The actual quake itself lasted a matter of perhaps two 

seconds, Father Joliat said, but the university seismograph 

recorded the oscillations of its aftermath over a period of between 

two and a half and three minutes.  He said the two later quakes had 

no exact connection with the one felt here. 

 

  “‘To say that it was like pavement buckling under extreme heat 

would be a good comparison,’ Father Joliat said. 

 

  “Father Joliat was in bed when the quake sent him hurrying to 

his seismograph vault.  He was attired in house slippers, trousers 

and a gray sweater when Hal Metzger, program director of WTAM, 

reached him by telephone.  Previously WTAM had broadcast facts on 

the quake as reported by Dr. J. J. Nassua, professor of astronomy 

at Case School of Applied Science. 

 

  “Father Joliat went to WTAM’s downtown studio in a taxicab and 

said today ‘I was much surprised when I got in the light to 

discover how I looked.’ 

 

  “He got back to bed shortly before 3 for not many more than 

40 winks for today was his day to say a mass at 5 a.m. 
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  “The earthquake was described by various persons in different 

parts of the city as ‘a rumble,’ ‘a roar,’ and ‘the jolt of a 

distant explosion.’ 

 

  “Pearl Schmear, night telephone operator at the News, said:  

‘I thought some machinery in the composing room over the 

switchboard had torn loose.  It seemed for a second that the 

ceiling was going to fall in.  Then the calls started, and I didn’t 

get away from the board until after 12:30. 

 

  “‘Many who called wanted to know if the city was being bombed.  

Others asked if there had been an explosion at the Ravenna 

arsenal.’ 

 

  “Stirs Strange Reactions. 

 

  “Inquiries ranged from deadly serious to ridiculously absurd.  

The rumble, the roar and the vibrations were caused not only by 

bombs and an explosion of block busters, but, according to the 

imagination of the inquirer, by a truck running into the house 

across the street, by the explosion of a neighbor’s furnace and by 

head-on street car collisions around the corner. 

 

  “Many Clevelanders admitted sheepishly as they rode to work 

this morning that the jar sent them at neck-break speed to their 

own basements to investigate the security of furnaces and oil and 

hot water tanks. 

 

  “Material damage was confined, however, to a few splintered 

picture frames.  Somewhere in the vicinity, of course, Mother Earth 

feels the need today of a face-lifting treatment.” 

 

  “The disturbance was felt as far away from Cleveland as 

Detroit, Pittsburgh and Dayton.  At the East Cleveland police  
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 station three telephone operators were kept busy answering 

inquiries until nearly 2 a.m.  Common questions there were ‘Did the 

Ravenna arsenal blow up?’ and “Has there been an explosion at the 

TNT plant at Plum Brook near Sandusky?’ 

 

  “Strangely enough, Sandusky police reported that the jolt was 

barely perceptible there. 

 

 “Telephone Company Swamped. 

 

  “The Ohio Bell Telephone Co. reported ‘a terrific overload on 

personnel and equipment’ as Greater Cleveland reached, in an 

apparent mass unified movement, for its telephones. 

 

  “The citizens lost no time about it either.  Father Joliat 

timed the disturbance at 11:26 p.m., and the telephone service was 

swamped at 11:27. 

 

  “The bulk of the calls went in order to the fire department, 

police, newspapers and John Carroll University.  Many patrons, 

hearing no dial tone because lines were already overloaded, tried 

to reach the operator, thus adding to the service jam. 

 

  “East Siders showed more curiosity than West Siders, according 

to telephone company officials who said the congestion in the 

Fairmount exchange continued for 40 minutes. 

 

  “Airport Towers Sway. 

 

  “At Cleveland Airport, the control towers ‘swayed 

dangerously,’ in the word of attendants on duty.  Weatherman George 

Andrus was shaken out of sleep at home and then was kept awake by 

the incessant ringing of his telephone by persons who couldn’t 

out-wait the busy signal on Airport lines. 
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  “Downtown hotels reported different experiences. 

 

  “Attendants at Hotel Cleveland, said they didn’t notice the 

disturbance and that if they had they probably would have 

attributed it to the roar of a train with brakes applied as it slid 

into the terminal.” 

 

  No Reports of Commotion 

 

  The night telephone operator at Hotel Allerton said she felt 

as though she were “standing close to the curb and feeling the 

vibrations caused by the passing of a heavy truck.” 

 

  Nowhere were there any reports of commotion or disorder.  

Hotel guests and householders who were momentarily disturbed by the 

clatter of pictures, dishes and furniture used the telephone to 

confirm their own guesses that there had been an earthquake. 

 

Cleveland Plain Dealer, Cleveland, Ohio, March 9, 1943 

 

  “Mather Girls Gun for Quake Joker. 

 

  “Some 600 girls from Flora Stone Mather Dormitory are looking 

for a man. 

 

  “The students were aroused from their slumber Monday night and 

ordered to dress and come downstairs as quickly as possible.  

Hurriedly they filed down to the living room.  Some thought there 

had been an earthquake, a blonde, she made Phi Beta Kappa this year 

called the Plain Dealer.  ‘Yes it was an earthquake’ she was told, 

‘No it is all over now’. 

 

  “They all filed back to bed.  A practical joker, presumably a 

fraternity house had identified himself as a police officer.  He  
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 called the dormitory, shortly after the quake ordering the girls to 

be prepared to evacuate the building.  Wait until they find him.” 

 

Elyria Chronicle-Telegram, Elyria, Ohio, March 9, 1943 

 

  “‘Quake Shakes Homes but no Damage is Done.’ 

 

  “Elyria and Lorain County, along with the rest of northern 

Ohio, were shaken by a two and one-half minute earthquake shortly 

before midnight last night. 

 

  “The temblor was described as the most severe in this section 

in nearly 20 years. 

 

  “This news today explained to thousands of mystified Lorain 

County residents why their homes were shaken and windows and dishes 

rattled.  Although many noted these evidences of the earthquake, 

reports indicated that few realized the cause of the shaking until 

they learned today that it was an earthquake. 

 

  “Probability that the quake originated in or near Lorain 

County was indicated in a report by the Rev. J. S. Joliat, S. J., 

seismologist at John Carroll University in Cleveland.  Although he 

could not determine the quake’s location, he said that he thought 

it originated southwest of Cleveland, within 20 or 30 miles. 

 

  “It was recorded on a seismograph at John Carroll University 

at 11:26 p.m.  It was felt throughout northern Ohio and western 

Pennsylvania and was noted as far south as Columbus and Dayton. 

 

  “Doors are Opened. 

 

  “No damage had been reported in this section at noon today, 

but many residents reported their homes shaken.   
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 Mrs. Alice Platner, 149 Columbus Street, reported that the shock 

was so pronounced at her home that three doors of the furnace were 

opened and she found that the furnace fire had gone out. 

 

  “Many Lorain Countians who were asleep at the time of the 

shock were not even awakened by the shaking and rattling which 

resulted from the quake, however.  Many of those who felt the 

shaking or heard the rattling of windows and dishes believed them 

due to the passing of heavy trucks nearby and felt no anxiety.” 

 

  “In Cleveland, however, the central police station was swamped 

with hundreds of calls shortly after the earthquake was felt and 

telephone operators just pulled down the keys and told all callers:  

‘There has been an earthquake; there is no more danger.’ 

 

  “A Buffalo dispatch reported that the tremor was felt in that 

area and that in North Buffalo the shaking was pronounced.  Dishes 

and windows rattled in Dunkirk, New York, but other lake shore 

communities in New York reportedly were unaffected. 

 

  “The earthquake last night came almost six years to the day 

after the last previous recorded quake in this region.  That one 

occurred at 44 minutes and 55 seconds after midnight on March 9, 

1937, and endured eight minutes. 

 

  “This area also was shaken for a full minute on February 28, 

1925, by a quake believed to have originated about 500 miles to the 

northeast.  Tall buildings in downtown Cleveland swayed perceptibly 

in that quake.” 

 

Lake County News Herald, Willoughby, Ohio, March 12, 1943 

 

  “Water Main Broken by Quake - 500,000 Gallons of Water Leaking 

Daily from Lines. 
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  “Because Willoughby Village is having to pump a half million 

gallons of water more than normal requirements as the earthquake 

rocked community Monday night - fears expressed by village 

officials Monday as the quake broke the village water main, George 

Thomas, Village Clerk, revealed Thursday.  Efforts are being made 

to determine where the half million gallons can be leaking from the 

Village main.  The Lake County Water Department is searching for 

the leak in those mains in this section which are supplied by the 

Village water Department.  To meet normal needs, the Village water 

department pumps only 1 million gallons of water daily, this 

Mr. Thomas reports.  Since the earthquake Monday night, the 

department has had to pump 1-1/2 million gallons to keep the supply 

tanks at a normal level...  Since the ground shaken here was so 

violently shaken during the quake, Officials are convinced that the 

earth shock must have loosened one of the large watermains.  

Reports from John Carroll University where the only seismograph in 

this area is located, indicate the center of the earthquake could 

have been somewhere near Willoughby. 

 

Experience of local people indicates also that the effect here was 

most severe.  Such a shock could damage the water main here, 

officials report.  It is proven that the watermains were damaged 

from the quake and... this is the only extent of damage yet to be 

discovered as a result of the current... throughout the whole area 

by the earth shock.” 

 

Lorain Journal, Lorain, Ohio, March 9, 1943 

 

  “Shock Felt in Parts of 4 States. 

 

  “People Roused by Jolts, but Quake Passes with no Damage 

Reported. 

 

  “Many Awakened. 
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  “Heaviest in 20 years to hit Ohio Area, Say Scientist. 

 

  “The first earth tremor experienced here in six years bounced 

Lorainites in their beds, shook furniture and rattled windows last 

night but caused no damage or injuries. 

 

  “The shock was felt thruout most of northern Ohio, parts of 

New York state, Pennsylvania and northern W. Virginia and as far 

south as Dayton and Zanesville, according to Associated Press 

dispatches. 

 

  “Rev. J. S. Joliat, S. J., seismologist at John Carroll 

university, said the quake was recorded on his seismograph at 11:26 

p.m. eastern war time, and that it lasted about two and one-half 

seconds. 

 

  “Last One Six Years Ago. 

 

  “He said he thought it originated within 20 to 30 miles 

southwest of Cleveland. 

 

  “Last night’s tremor happened six years almost to the hour of 

a similar quake which shook northern Ohio March 9, 1937. 

 

  “Lorain police and men on duty at the Lorain Coastguard 

station reported numerous phone calls from citizens who thought the 

trembling was caused from an explosion.” 

 

  “Feared Explosions. 

 

  “‘Coastguardsmen said they did not know for sure it was an 

earthquake but that they “had a good idea it was.’ 
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  “Guy A. Wells, 114 W. 29th St. who lived in California for 

more than seven years and who experienced several earthquakes while 

there, said the tremor felt like it might have been caused by ‘a 

large truck going down Broadway with a flat tire.’ 

 

  “But he said he realized it was an earthquake after he looked 

out and was unable to see any trucks in sight. 

 

  “Numerous Lorainites thought the disturbance was caused by 

their furnaces ‘blowing out’ from an accumulation of gas, police 

reported. 

 

  “Homes and buildings in Elyria were also shaken by the tremor 

and Deputy Sheriff James Elemes, at home at the time, reported he 

thought an explosion had occurred at an Elyria war plant and called 

the sheriff’s office for a check, expecting to be called out on 

duty. 

 

  “The last recorded quake in this region in 1937 originated 

much farther away, Rev. Joliat reported, according to the 

Associated Press.  He declared the tremor originated because a 

strain in the earth’s crust broke, probably about 20 miles under 

the surface. 

 

  “Strongest in 20 Years. 

 

  “Dr. J. J. Nassau, director of Case School of Applied Science 

observatory, said the tremor was ‘unusually strong for this area.’  

He explained that northern Ohio is comparatively free from earth 

shocks and described the occurrence as ‘perhaps the strongest in 

this region for the last 20 years.’ 

 

  “The last earth shock felt here came almost six years to the 

hour before the one that jolted the city last night, Associated  
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 Press said.  It occurred at 12:44 a.m. on March 9, 1937, and was 

clearly noticeable by residents of Lorain, Cleveland and 

surrounding areas. 

 

  “Police in several cities from Detroit on the west to 

Pittsburgh on the east reported ‘floods’ of telephone calls from 

anxious residents asking information after their homes had been 

jarred in shocks lasting as long as 40 seconds.” 

 

Painesville Telegraph, Painesville, Ohio, March 9, 1943 

 

  “Thousands Alarmed by Quake. 

 

  “A broken strain in the earth’s crust probably 20 miles 

beneath the surface at a point 20 to 30 miles southwest of 

Cleveland was advanced as the probable cause of the earthquake. 

 

  “Hundreds of Painesville residents alarmed at the severe 

tremor which rocked homes and business places at 11:26 p. m. 

Father Joliat, seismologist at John Carroll University said the 

seismograph recorded a definite tremor and that it had it’s center 

some where in the greater Cleveland area.  Father Joliat described 

the shock as a light one. 

 

  “The last recorded quake was in 1937, many Painesville 

residents remember that one because it rocked at least one building 

downtown.  The building on S. State St. was wrenched at the time 

and a beam in the structure was moved out of place by a few inches.  

No incidents of that kind were reported last night. 

 

  “Many suspected their furnaces in their homes had exploded or 

that some industrial plant had undergone a disaster such as a 

blast. 
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  “United Press in Cleveland received reports from Elyria, 

Columbus, Zanesville, Western Pennsylvania, Detroit, and Toronto.  

Cary Ritterrath, 19, a student at Lake Erie College from Altadena, 

California said she immediately knew it was a quake baring her 

experience she said it was a ‘medium strong quake.’” 

 

Warren Tribune Chronicle, Warren, Ohio, March 9, 1943 

 

  “Quake Jars City, Large Ohio Area. 

 

  “2 1/2-Second Tremor Shakes Homes, Buildings; No Damage 

Reported. 

 

  “Warren and vicinity felt an earth tremor Monday night about 

11:30 o’clock which was the first to be experienced in six years.  

The shock was felt through much of northern Ohio and as far south 

as Zanesville and Dayton. 

 

  “Houses and buildings shook, chairs trembled, pictures and 

bric-a-brac were tossed around and hundreds of persons were bounced 

in their beds but no damage was reported. 

 

  “The shock felt here was recorded as having reached New York 

several hours later, according to the recording at the Fordham 

University. 

 

  “Many Sleep Undisturbed. 

 

  “While nine out of every ten persons in Warren and vicinity 

slept, the tremor bounced hundred of residents in their beds, moved 

pictures and vases, making people believe they were seeing things. 
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  “Large apartment buildings and homes were shaken, chairs 

trembled and dishes were hurled from cupboards in the homes of a 

number of citizens who had no idea of the cause. 

 

  “The police department, county jail and fire department 

received call after call from persons wanting to ascertain the 

trouble. 

 

  “Recorded at John Carroll. 

 

  “The Rev. J. S. Joliat, S. J., seismologist at John Carroll 

University, Cleveland, said today the quake was recorded on his 

seismograph just before 11:26 o’clock (EWT) Monday night and lasted 

for about two and a half seconds. 

 

  “Several persons in Warren said they felt their homes rock a 

minute or so after that time and in some cases it lasted longer 

than five or six seconds. 

 

  “The last recorded quake in this region in 1937 originated 

much farther away, Father Joliat reported.  He said he could not 

locate the direction of last night’s quake but thought it 

originated southwest of Cleveland within 20 to 30 miles.  

Farther Joliat declared the 1937 tremor originated because a strain 

in the earth’s crust broke, probably about 20 miles under the 

surface.” 

 

  “Police in several cities from Detroit on the west to 

Pittsburgh on the east reported ‘floods’ of telephone calls from 

anxious residents asking information after their homes had been 

jarred in shocks lasting as long as 40 seconds. 
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  “A tour of Warren’s stores and downtown business places this 

morning revealed that more persons had no knowledge of the tremor 

than those who actually felt it. 

 

  “A Tribune reporter discovered that Warrenites retire early 

because most of them said they were in bed and sound asleep about 

the time the earth trembled. 

 

  “Many said they had the impression that heavy trucks had 

stopped suddenly in front of their homes, causing a vibration. 

 

  “Dr. J. J. Nassau, director of the School of Applied Science, 

said the tremor was unusually strong for this area.  He explained 

that northern Ohio is comparatively free from earth shocks and 

described the occurrence as ‘perhaps the strongest in this region 

in the last 20 years.’ 

 

  “Person residing on the outskirts of Warren felt the tremor 

more than those residing in Warren proper. 

 

  “Two severe earth shocks approximately 5500 miles from New 

York are were recorded today on the Fordham University seismograph.  

The tremors were timed several ... later than here. 

 

  “Mrs. Lyle Warren, Rt. 3, Warren told the Tribune today that 

the door between her living and dining room shook and rattled and 

the dog ran excitedly thru the house barking.  Persons living out 

in Champion Heights where Mrs. Warren resides also felt the tremor. 

 

  “Sounded Like Distant Blast. 

 

  “The sound was like a distant rumbling explosion in some parts 

of the county, according to information received. 
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  “A local husband was awakened when his bed shook and half 

asleep he said to his wife, ‘This is a ...time to be moving 

furniture around.’” 

 

  Mrs. Katherine Leach, 248 Mon... NW, was reading when she 

heard a plate fall in her china cupboard.  She ran to the window to 

look out to see what was happening. 

 

  A prominent woman was writing a letter when she noticed the 

small sturdy lamp on her desk swaying from one side to the other.  

“I thought I was seeing things and couldn’t imagine what in the 

world was happening.” 

 

  Mr. Kenneth McNair, county secret service officer; Sheriff 

Russ Stein, and Postmaster Dixon slept thru the event. 

 

  According to waitresses in downtown restaurants, the main 

topic of conversation over the coffee cups this morning was “Did 

you feel the earthquake?”  Those who hadn’t thought they were 

being... 

 

  Assistant Prosecutor William ... who resides on Fairway Drive 

said he felt the house shake for about five seconds, the lamps and 

vases moved around and the chair he was sitting in trembled.  

Bernard Roseberg said, “I was just going to do some reading when 

the house shook and I thought a terrific wind had started up.” 

 

  Mrs. Leroy G. Stevenson, 583 ... NE, felt her bed sway and 

said she thought she was imagining these things so she went back to 

sleep. 

 

  W. B. Sweet, 385 Homewood, SE, said he was just going to bed 

when he felt the house rock, “I thought an immense truck had  
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 stopped suddenly outside causing a vibration, but when I looked out 

there was nothing but darkness.” 

 

  An occupant of the Reeves Apartments said, “The entire 

building shook.” 

 

Youngstown Vindicator, Youngstown, Ohio, March 9, 1943 

 

  “Night Shock is Strongest in 20 Years. 

 

  “Residents here report that Furniture moved and Dishes 

Rattled. 

 

  “Came at 11:26. 

 

  “Ohio, Pennsylvania, W. Virginia, Michigan, New York, Feel 

Temblor. 

 

  “An earthquake described as ‘unusually strong for this 

district’ was felt over wide areas of Ohio, Pennsylvania, New York, 

West Virginia, and Michigan at 11:26 p.m. Monday, but it went 

unnoticed by the great majority of persons in the Youngstown area. 

 

  “The shock was felt through northern Ohio and as far south as 

Zanesville and Dayton.  There were reports from Pittsburgh and many 

Pennsylvania and West Virginia cities, Buffalo and Dunkirk, N. Y. 

and Detroit and Ontario. 

 

  “Dr. J. J. Nassau, director of Case School of Applied Science 

Observatory at Cleveland, said the tremor was ‘unusually strong for 

this area.’  He said that this section of Ohio is comparatively 

free of earth shocks and described the occurrence as ‘perhaps the 

strongest in this region in the last 20 years.’ 
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  “Mrs. John H. Chase of 69 Benita Ave., who is familiar with 

Californian earthquakes, noticed furniture moving. 

 

  “Mrs. Thomas Martin, who lives north of Coalburg, reported 

that dishes rattled.  Several others reported thinking they heard 

something the matter with their coal furnaces about that time and 

going down to see about it.” 

 

  “Mrs. Joseph O’Brien of 212 Broadway was about to go to bed 

when she felt the tremor shake the house. 

 

  “Police get three calls. 

 

  “The Youngstown police department reported only three calls, 

but this morning after reports became current, many recalled some 

unusual incident at the earthquake time.  Several persons reported 

hearing beds move, going upstairs to see about babies sleeping, 

etc. 

 

  “Youngstown’s war industries reported no trouble resulting 

from the earthquake.  Few workers in the local plants were aware of 

the tremors until they read about them. 

 

  “While recorded earthquakes here have been minor John H. Chase 

in 1938 discovered evidence of severe quakes at Brier Hill quarry, 

while making geological studies.  Other geologists have confirmed 

his finding. 

 

  “The discovery consists of a ‘horst fault,’ an upthrust of 

lower strata about 20 feet high and 15 feet wide, about 50 yards 

from the southern tip of the quarry. 

 

  “The temblor was recorded on a seismograph at John Carroll 

University, Cleveland at 11:26, Rev. S. Joliat, S. J.,  the  
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 university seismograph, said he could not determine the quake’s 

location, but said he thought it originated southwest of Cleveland, 

within 20 or 30 miles. 

 

  “The last recorded quake in this region was almost six years 

ago to the day.  It occurred at 12:45 a.m.  March 9, 1937, and 

lasted eight seconds. 

 

  “February 28, 1925 an earthquake shook this area for a full 

minute, tall buildings in downtown Cleveland swaying perceptibly. 

 

  “The tremor last night was more noticeable in Cleveland than 

in other cities, causing observers to speculate that the center of 

the earthquake was near that city. 

 

  “Mayor Frank J. Lausche of Cleveland, who had dropped off to 

sleep, said he thought the house was caving in, ‘The bed shook and 

the wall shook’ Lausche said ‘I jumped out of bed and ran into the 

basement to see if there had been an explosion.’ 

 

  “Police in several cities from Detroit on the west to 

Pittsburgh on the east reported ‘floods’ of telephone calls from 

anxious residents asking information after their homes had been 

jarred in shocks lasting as long as 40 seconds. 

 

  “An Erie, Pa., man said the shock was so hard he fell out of 

his chair. 

 

  “The University of Michigan at Ann Arbor reported a distinct 

shock recorded on its seismograph at 11:27 p.m. (EWT) and shocks of 

diminishing intensity continued about 40 seconds.  Canisius (N. Y.) 

College said it recorded a light tremor at 11:26 1/2 p.m. and that 

the epicenter was about 50 miles from Buffalo.” 
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Heck, N. H., and R. A. Eppley, 1958, Earthquake History of the United 

States, United States Department of Commerce, Coast and Geodetic 

Survey, Washington, D.C. 

 

  “1943, March 8.  Epicenter in Lake Erie and sixty miles 

northeast of Cleveland, Ohio.  This area was not previously 

recognized as seismic.  No damage was reported though the shock was 

widely felt in the United States and Canada.  It was noted over a 

large part of Ohio and in parts of Michigan, Pennsylvania, and New 

York.” 

 

Coffman, Jerry L. and Carl A. von Hake, 1973, Earthquake History of the 

United States, United States Department of Commerce, National 

Oceanic and Atmospheric Administration,  Environmental Data 

Service, Boulder, Colorado. 

 

  “1943. March 8.  Lake Erie area, 60 miles northeast of 

Cleveland, Ohio.  This area was not previously recognized as 

seismic.  No damage was reported, though the shock was widely felt 

in the United States and Canada.  It was noted over a large part of 

Ohio and in parts of Michigan, Pennsylvania, and New York.” 
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EARTHQUAKE OF DECEMBER 3, 1951 
 

CA:  07:02 GMT 
 

EPICENTRAL INTENSITY:  IV(MM) 
 

LOCATION:  41.65N, 81.41W 
 
 

EVALUATION: 

 

This event was felt with an Intensity IV(MM) in a rather restricted area 

(less than 10 mile radius) around Willoughby, a suburb northeast of 

Cleveland.  The Painesville and Cleveland newspapers have no local felt 

reports and only refer to Willoughby and immediate vicinity, from Mentor 

to Wickliffe, as the affected zone. 

 

The coordinates of Willoughby (41.65N, 81.41W) have been selected for 

the epicenter; an uncertainty of 5 miles appears to be adequate in this 

case.  A shallow focal depth can explain the Intensity IV(MM) associated 

with such a restricted felt area.  Even though in the newspapers the 

epicentral area is suggested to be similar to that of the March 9, 1943 

event, this event is certainly much smaller in magnitude than the 1943 

event.  The three seismograms of John Carroll <Figure 2D D-13> certainly 

indicate a very small event.  An epicentral distance is estimated at 

about 20 miles. 

 

Bradley and Bennett (1965) have listed two small shocks, with 

Intensity II, as having occurred on December 7 and 21 in Willoughby.  

The search of local newspapers failed to confirm the occurrence of these 

events.  Moreover, an examination of the seismograms at the times 

suggested by Bradley and Bennett failed to confirm the occurrence of any 

local event that could be interpreted as a Willoughby tremor.  For this 

reason, these two events are herein considered dubious and listed in 

Table 3. 
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COMPILATION OF ACCOUNTS: 

 

Cleveland News, Cleveland, Ohio, December 3, 1951 

 

  “Light Tremors Hit City’s East Suburbs. 

 

  “A light earthquake shook houses and frightened residents over 

a wide area of eastern Cuyahoga County and the western portion of 

Lake County early today but apparently caused no damage. 

 

  “The tremor, which was recorded at 2:02 a.m. centered around 

Willoughby but was felt throughout an area 10 to 15 miles in 

diameter on Lake Erie’s south shore, according to police and the 

Rev. Henry F. Birkenhauer, seismologist at John Carroll University. 

 

  “Fr. Birkenhauer said a fracture in rocks two or three miles 

underground caused an ‘elastic wave’ which resulted in a slight 

quivering of the earth’s surface.  A similar mild quake was felt in 

the same area in March, 1943, he added. 

 

  “Hundreds of calls from residents in Kirtland, Wickliffe, 

Willowick and Bratenahl awakened as their homes shook and dishes 

and windows rattled were received by police.  Within an hour after 

the tremor Willoughby police received 100 calls.  Eastlake and 

Euclid police said the tremor seemed to miss their communities.” 

 

Akron Beacon Journal, Akron, Ohio, December 3, 1951 

 

  “Quake Rattles Willoughby. 

 

  “Cleveland (AP) - A slight earthquake rattled windows early 

today in the vicinity of Willoughby, 20 miles east of here. 
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  “Fr. Henry F. Birkenhauer, seismologist at John Carroll 

University, said the quake occurred at 2:02 a.m. and was so mild 

there probably was no damage at all. 

 

  “He said a fracture in rocks two or three miles underground 

caused an ‘elastic wave’ which resulted in a slight quivering felt 

at the earth’s surface over an area perhaps 10 to 15 miles in 

diameter. 

 

  “A similar quake was felt at almost the identical place in 

March, 1943, Fr. Birkenhauer said.” 

 

(same account in Warren Tribune Chronicle, Dec. 3, and Youngstown 

Vindicator, Dec. 3) 

 

BSSA, Vol. 42, No. 1, pp. 95-108 

 

  “Willoughby, Ohio, December 3, 1951 - The John Carroll 

University Seismological Observatory reports an earthquake at 

2:02 a.m., nineteen miles northeast of the station, which was felt 

at Willoughby, Ohio, and near-by villages.  No damage was caused.” 

 

Painesville Telegraph, The, Painesville, Ohio, December 3, 1951 

 

  “Willoughby and Nearby Area are Shaken by Mild Earthquake. 

 

  “Willoughby - The sleep of several hundred persons in the 

Western Lake County area apparently was the only thing damaged  by 

an earth tremor early this morning. 

 

  “Lieut. John Hayer of the Willoughby Police Department noted 

on the daily report at 2:03 a.m. that he ‘felt the station 

tremble.’ 
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  “Rev. Fr. Henry Birkenhauer, director of the seismological 

dept. at the John Carroll University, Cleveland, said the 

disturbance was caused by a sliding rock formation far below the 

surface of the earth. 

 

  “The seismograph recorded the disturbance at 2:02:39 a.m. he 

said, about 19 miles northeast of the university.  

Rev. Fr. Birkenhauer said there was no record of a ‘fault’ under 

the area which might cause major earthquakes.  ‘but it is obvious 

there is a weakness of some sort below Willoughby.’ 

 

  “It was reported that the quake was ‘very localized’ and 

similar to the one that occurred in Willoughby on March 8, 1943. 

 

  “Police officials in nearby communities from Mentor on the 

lake to Wickliffe reported noting the tremor this morning and 

received a number of calls from residents, who felt their homes 

shake and heard their furnace pipes rattle.” 

 

Painesville Telegraph, The, Painesville, Ohio, December 7, 1951 

 

  “Earthquake is put on Record. 

 

  “Willoughby - This area’s ‘shocking’ experience of undergoing 

an earthquake early this week may have been forgotten by most, 

however, the incident will be on the records of the John Carroll 

University’s seismological observatory in Cleveland. 

 

  “Chief James G. Billson of the Willoughby Police Department 

was requested by the university’s director, Henry F. Birkenhauer, 

S.J., to submit data on the effects of the quake here. 

 

  “A questionnaire to be returned to the director... 

Chief Billson designates which of the following incidents resulted  
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 from the tremor:  Rattling of windows, doors, dishes; creaking of 

frame walls; felt indoors by many; shifted small objects or 

furnishings; cracked plaster, broke dishes; awakened many, 

frightened some; overturned furniture, shook trees, bushes; caused 

books, pictures to fall; caused general excitement. 

 

  “In addition, Chief Billson was requested to note any other 

particulars of the quake and he reported that ‘a man fell out of 

bed’ in the lake front section.” 

 

Willoughby News Herald, Willoughby, Ohio, December 3, 1951 

 

  “Mild Earthquake Hits West Lake County” 

 

  “No Damage Reported After 35 Second Tremor - Last Earthquake 

Felt Here in 1943” 

 

  “A mild earthquake of about 30 second duration shook Western 

Lake County homes early this morning but no damage was reported.  

The tremor was felt about 2 a.m. by most local residents many of 

whom though their furnaces had exploded.  The quake rumblings 

vibrated homes and rattled windows.  Rev. Henry F. Birkenhauer, 

Seismologist at John Carroll University, said the quake occurred 

about 30 seconds beginning at 2:02 a.m. EST today.  He said, 

however, that the tremors only lasted probably about 15 seconds at 

the source.  The seismologist said the quakes occurred about 2 or 

3 miles below the surface in a rock strata.  A similar quake was 

recorded on the university seismograph in 1943; the only other 

known quake to occur in the Lake County area.  He added that the 

cause of the quake had not been determined.  At Willoughby the 

police station was felt to tremble at 2:03 a.m. and several calls 

were received from residents who felt the tremor according to 

Lt. George Hager, who was on duty at the time.  Wickliffe police 

also reported receiving a number of calls from residents who felt  
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 the shake.  Eastlake, Mentor and Mentor on the Lake were other 

communities where persons were awakened from their sleep and called 

police to inquire about the cause of the tremor...” 
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EARTHQUAKE OF MAY 26, 1955 
 

CA:  18:09:23 GMT 
 

EPICENTRAL INTENSITY:  IV-V(MM) (R) 
 

LOCATION:  41.33N, 81.40W (R) 
 
 

EVALUATION: 

 

In United States Earthquakes, 1955, this earthquake was included among 

the noninstrumental events, with no specific epicentral coordinates.  It 

was given only a general location, “southeastern suburbs of Cleveland.”  

Later, the Earthquake History of the United States (1958, 1965, 1973) 

assigned the coordinates of downtown Cleveland (41.5N, 81.7W) to the 

epicenter, and retained the same intensity.  This is slightly incorrect.  

First, all newspaper reports emphasize that the shock affected mostly 

the southeastern suburbs of Cleveland, and suggest a point where four 

counties meet as the epicentral area.  This location is in good 

agreement with Dr. Walter’s estimated epicentral distance (13 miles to 

the southeast) on the basis of John Carroll seismograms 

<Figure 2D D-14>.  Secondly, the felt reports for the epicentral area 

are more of an Intensity IV or IV-V level than an Intensity V.  The fact 

that newspaper and police headquarters were “flooded” with calls does 

not support the upgrading of the reported intensities.  There was no 

local felt report for Willoughby, Painesville, Cleveland proper, and 

Akron.  The felt report map <Figure 2D D-15> shows a concentration of 

reporting localities near Aurora, particularly to the northwest.  It is 

suggested that the epicenter be revised to 41.33N, 81.40W just northwest 

of Aurora, with an uncertainty of 10 miles.  The epicentral intensity is 

also revised to a IV-V(MM), as in Docekal.  This revision is in better 

agreement with the local seismologist’s report, i.e., “very mild,” “no 

cause for alarm.” 

 



 

  Revision 12 
 2D D-115 January, 2003 

COMPILATION OF ACCOUNTS: 

 

BSSA, V. 45, No. 4, pp. 327-345 

 

  “Cleveland, Ohio, May 26, 1955. - A slight earthquake was felt 

by residents of Aurora, Bedford, Chagrin Falls, Geauga Lake, and 

Solon (all suburbs of Cleveland) and recorded on the John Carroll 

University seismographs at 18h 09m 26s.9 G.C.T.” 

 

Cleveland News, Cleveland, Ohio, May 26, 1955 

 

  “Nine Suburbs Here Rocked by Quake. 

 

  “A slight earthquake was felt in nine southeast suburbs this 

afternoon.  No damage was reported. 

 

  “Dr. E. J. Walter, assistant director of the seismological 

conservatory at John Carroll University, said his instruments had 

recorded a mild shock at 9 minutes and 23 seconds after 2 p.m.  The 

tremor was approximately 13 miles south of John Carroll and lasted 

a full minute. 

 

  “Residents in the eight suburbs reported to their police 

departments they felt ‘explosions,’ ‘rumbles,’ or that their houses 

were mysteriously shaking.  The suburbs affected were Garfield 

Heights, Solon, Pepper Pike, Mayfield, Maple Heights, Shaker 

Heights, Bedford, Warrensville and Richmond Heights. 

 

  “A woman in Richmond Heights said she thought a truck had hit 

her house.  Officials of the Austin Powder Co., Pettibone Rd., 

Bedford, said the quake sounded like a ‘subdued rumble.’  

Dr. Walter said the shock was not strong enough to have been 

recorded on seismographs outside of the Cleveland area.” 
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Cleveland Plain Dealer, Cleveland, Ohio, May 27, 1955 

 

  “Quake Shakes 4-County Area. 

 

  “Dogs Bark, Babies Yell After Mild Tremor. 

 

  “The earth quaked yesterday afternoon deep underneath the 

point where Cuyahoga, Geauga, Portage and Summit Counties meet. 

 

  “It jolted and rocked houses all the way from Aurora in 

Portage County through the southeast suburbs and in Cleveland as 

far as E. 101st Street near Union Avenue S.E. 

 

  “Dogs barked and babies yelled.  An avalanche of telephone 

calls came from householders - ‘What was it?’  But it did no 

damage. 

 

  “‘It was very mild.  There is no cause for alarm.  Mild quakes 

like this happen here in two or three-year cycles.’ 

 

  “This was the sumup of Dr. Edward J. Walter, assistant 

director of the seismograph observatory at John Carroll University 

in University Heights. 

 

  “He said the quake began at 2:09:23 3/10 p.m.  It lasted about 

one minute.  It occurred about 13 miles from the seismograph, which 

is at North Park and Miramar Boulevards. 

 

  “Duration Two Seconds. 

 

  “‘It took 3 6/10 seconds for it to reach us here,’ said 

Dr. Walter.  ‘It would have been sensible for local residents for 

two seconds only.  That was the period between the primary and 

secondary shock waves.’ 
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  “The Plain Dealer switchboard lit up like a Broadway 

billboard. 

 

  “One call was from the Bainbridge Center (O) telephone 

operator.  She was swamped with calls.  For almost half an hour it 

was impossible to get a call through to Aurora police. 

 

  “By 2:40 Dr. Walter had his graph and its tracings of the 

tremor ready and he too was inundated with calls. 

 

  “‘I thought a truck had bumped into the house’ was one of most 

frequent reports from housewives in Bedford, Orange, Shaker 

Heights, Geauga Lake, Bainbridge, Chagrin Falls, and Aurora. 

 

  “Others thought their furnaces had blown up or first blamed 

the thump on youngsters jumping off the bookcase or dining room 

table. 

 

  “‘It was a low rumbling noise that lasted about half a 

minute.’  said Mr. Ernest Pocek, calling from West Woodcrest Drive, 

Orange. 

 

  “‘The dog was barking like mad out in the garage.  The baby 

(Donald, 17 months) was crying in his crib because it banged up 

against the wall.  The furniture seemed to be sliding, and the 

refrigerator bounced against the wall a couple of times.’ 

 

  “Pictures fell off the wall at the home of Mrs. Stanley Vliek 

on Wincell Road near Route 82 in Aurora Township, she said, and a 

window pane cracked. 

 

  “‘The house swayed for about a half minute,’ said Mrs. Vliek, 

‘...his face off the front steps and started screaming.’ 
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  “The desk shook under the elbows of State Patrolman Jack 

Gilmartin, dispatcher at the highway patrol station a mile and a 

half north of Cuyahoga Falls on Route 8 in Summit County. 

 

  “‘The building made a noise like the furnace starting up,’ he 

said. 

 

  “He, like some others, speculated that it might be blasting on 

the nearby turnpike route. 

 

  “Bedford police said:  ‘Something seemed to hit the side of 

the building, one jolt.’ 

 

  “‘Nobody will ever know certainly what caused the quake,’ said 

Dr. Walter, the seismologist.  ‘It happened too far down under the 

earth’s outer skin.’ 

 

  “‘One theory is that it is due to the removal of the glacial 

load,’ he said, ‘Another is settling where there once were salt 

deposits.’ 

 

Painesville Telegraph, Painesville, Ohio, May 27, 1955 

 

  “Mild Earthquake Felt in Four Counties. 

 

  “Cleveland.  Hundreds of residents here and in surrounding 

area of northeast Ohio were alarmed by a mild earthquake that shook 

their homes. 

 

  “The tremors were said to have been felt in Cuyahoga, Geauga, 

Portage, and Summit counties on Thursday afternoon. 
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  “Chardon apparently was untouched by the earthquake reported 

in nearby areas.  The Bainbridge, Geauga Lake, and Chagrin Falls 

sections were said to have felt the reverberations.  The earth was 

said to have quaked slightly under the point where the counties 

meet.” 

 



 

  Revision 12 
 2D D-120 January, 2003 

EARTHQUAKE OF JUNE 29, 1955 
 

CA:  01:16:33 GMT 
 

EPICENTRAL INTENSITY:  IV(MM) (R) 
 

LOCATION:  41.33N, 81.40W (R) 
 
 

EVALUATION: 

 

In United States Earthquakes, 1955, this earthquake was presented among 

the noninstrumental events, with no epicentral coordinates.  It was 

given the general location of “southeastern suburbs of Cleveland,” and 

an Intensity V(MM).  The Earthquake History of the United States (1958, 

1965, 1973), besides retaining the intensity, assigned the downtown 

Cleveland coordinates (41.5N, 81.7W) to the epicenter.  As in the case 

of the May 26, 1955 event, this location is somewhat incorrect, as the 

felt reports clearly suggest that the event was not in Cleveland itself, 

but to the southeast, probably around Aurora. 

 

As in the case of the May 26, 1955 event, Dr. E. Walter, from John 

Carroll, estimated from the seismograms an epicentral distance of 

13 miles.  This location agrees with the distribution of the felt 

reports <Figure 2D D-16>.  The June 29, 1955 event is somewhat similar 

in location to the May 26, 1955 event, if the distributions of reports 

are compared. 

 

The intensity of this event appears to have been lower than that of 

May 26, 1955, as explicitly suggested in the newspapers.  Nonetheless, 

because the event occurred just over one month after the other, it did 

cause some concern resulting in a large number of calls.  A large number 

of phone calls reflects the interest of people, but does not necessarily 

indicate a state of fright or panic, which would support an Intensity V.  

Judging by the reports, and Dr. E. Walter’s comment, the tremor was 

“mild”, and “non cause for alarm.” 
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The coordinates of the epicenter are revised to 41.33N, 81.40W, just 

northwest of Aurora, with an uncertainty of 10 miles.  The intensity is 

also revised to IV(MM), as more representative of the reports. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland News, Cleveland, Ohio, June 29, 1955 

 

  “County Quake Cycle Broken, Nothing Else. 

 

  “The second earthquake to be felt in Cleveland’s southeastern 

suburbs in little more than a month broke nothing but the regular 

cycle for quakes in this area, according to Dr. Edward J. Walter, 

assistant director of John Carroll University’s seismological 

observatory. 

 

  “The mild tremor was felt from East Cleveland to Bentleyville 

at 9:15 p.m. yesterday.  It lasted about a minute and a half.  

Dr. Walter said the only shock heavy enough to be felt lasted about 

two seconds. 

 

  “‘The worst thing it could do would be to alarm the people who 

could feel it,’ he said.  ‘The tremor is the result of simple 

adjustments in the earth’s crust and they come along ordinarily, 

about two years apart.  The only thing unusual about this one is 

that it doesn’t fit into the established cycle.’ 

 

  “The last earthquake, which was in the cycle, occurred May 26.  

Both originated in subterranean rock formation near Aurora in 

Geauga County with shock waves spreading north and west. 

 

  “Residents of East Cleveland, Shaker Heights, Maple Heights, 

Bedford, Solon, Bentleyville, Moreland Hills, Pepper Pike and  
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 Aurora felt the quake.  They described it variously as sounding 

like the house was settling, the furnace rumbling or something 

falling in the next room.” 

 

Cleveland Plain Dealer, Cleveland, Ohio, June 29, 1955 

 

  “Mild Quake Hits S.E. County Area, Alarms Hundreds. 

 

  “Second Tremor in 33 Days; Shock Waves, Originating Near 

Aurora, Move Floors of Homes; No Damage Reported; Citizens Calm. 

 

  “A mild earthquake, the second within 33 days, struck the 

southeastern end of Cuyahoga County at 9:15 last night and alarmed 

hundreds of persons. 

 

  “The shock waves, originating in the general area of Aurora in 

Portage County, brought subterranean rumblings and moved the floors 

of homes. 

 

  “Telephone calls to the Plain Dealer came from affected 

residents of Shaker Heights, Bentleyville, Solon, Bedford, Bedford 

Heights, Moreland Hills, Maple Heights, Pepper Pike, Aurora, 

Beachwood, Chagrin Falls, Cleveland Heights, Orange Village and 

Hunting Valley. 

 

 “No damage was reported.  Most accounts were that home 

foundations were believed to be shifting or settling, that furnaces 

were rumbling or that someone in the home had fallen. 

 

  “Shock Waves ‘Mild’. 

 

  “Dr. Edward J. Walter, assistant director of the seismological 

observatory at John Carroll University, said the quake began at  
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 9:15:30:8 p.m. approximately 13 miles from the observatory in the 

general area of Aurora.  The shock waves, ‘very mild,’ moved north 

and west. 

 

  “Dr. Walter said that the shock ‘might have moved or disturbed 

people, moved homes, and caused subterranean noises which could be 

heard,’ but that there was no cause for alarm. 

 

  “It took the waves 3.6 seconds to reach the university, just 

as did the waves from the last quake recorded from the same area, 

at 2:09:23:3 p.m. on May 26. 

 

  “Duration of the waves was the same, a minute and a half, 

although persons could feel the shock for only two seconds, 

Dr. Walter said. 

 

  “Two Shocks Possible. 

 

  “There was some chance two shocks were felt, the primary and 

secondary, but this is doubtful because of their closeness to each 

other, Dr. Walter reported. 

 

  “He said the disturbance could have been caused by either a 

settling or a rising of the earth’s crust.  One theory has it that 

the retreat of the glaciers some 25,000 years ago with the removal 

of much pressure on the earth’s crust has caused stresses and 

strains which slowly are adjusting themselves, Dr. Walter said. 

 

  “Unlike the May 26 tremor, there were no reports of sliding 

furniture, crying babies and bouncing refrigerators. 

 

  “Mrs. Thurman Ireland, 5064 Richmond Road, Bedford Heights, 

was awakened from a couch ‘when the house shook.’  The children in 

bed upstairs believed a dresser had fallen over, Mrs. Ireland said. 
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  “2 Tremors Felt. 

 

  “In Bedford, Mrs. Beatrice Hawkins, 85 Egbert Road, reported 

she believed the house was settling, while her daughter thought 

that someone downstairs had fallen.  Mrs. Hawkins said she believed 

there were two tremors about two minutes apart. 

 

  “In Moreland Hills, Alden Jenkins of Jackson Road reported his 

house shook.  At first he believed his furnace was rumbling.  The 

rumble was ‘brief,’ he said. 

 

  “Thomas W. Christal, 3601 Glencairn Road, Shaker Heights, said 

he heard a ‘rumble’ and the floor of this home appeared to move. 

 

  “Thought House Shifted. 

 

 “‘We thought the house was shifting on its foundation,’ said 

Mrs. J. W. Koring of Bentleyville.  ‘There was a low, heavy rumble, 

quite a pronounced noise.’ 

 

  “‘I was sitting on the basement stairs and thought at first my 

father in the basement was dragging some heavy object across the 

floor.’ 

 

  “Mrs. John A. Becker, 17427 Lomond Boulevard, Shaker Heights, 

reported her house was shaken. 

 

  “Sees Lamp ‘Wiggle’. 

 

  “A lamp ‘wiggled’ on a table in the home of Mrs. Edward E. 

Frank at 17825 Scottsdale Road, Shaker Heights.  Mrs. Frank 

reported she thought her home had moved on its foundation. 
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  “‘It was like 10 trucks driving by, or as streetcars used to 

shake houses along streetcar lines,’ said William Sherbondy of 

Chatham Drive, Pepper Pike. 

 

  “‘It was like a furnace blowing up or a truck ramming a wall,’ 

said Harold Meadows of Baldwin Road, Solon. 

 

  “Felt Only Upstairs. 

 

  “Mrs. Ethel Reynolds, receptionist at the swank Ambassador 

apartments at 13700 Fairhill Road, Shaker Heights, felt nothing at 

her first-floor desk.  Residents on upstairs floors began calling 

down that davenports and chairs were shaking. 

 

 “Persons reported from Aurora that ‘it seemed as if a truck 

had hit a tree’:  from Orange that ‘dishes rattled and the dog ran, 

barking.’ 

 

  “A University Heights housewife said:  ‘Something seemed to go 

wrong with my legs and I was scared to death.’ 

 

  “A Moreland Hills resident said his house shook so much that 

the dog ‘jumped in the air about a foot,’ and another person in the 

same village said ‘the house felt as if it was sliding out from 

under us. 

 

  “At Novelty, O., seven miles east of Chagrin Falls, 

Mrs. Margaret Johnson reported the roof of her home shook so much 

she thought it was caving in.” 

 

Elyria Chronicle-Telegram, Elyria, Ohio, June 29, 1955 

 

  “Tremor Felt in Cleveland East Suburbs. 
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  “CLEVELAND, O., (AP) - A mild earth tremor startled residents 

of Cleveland’s eastern suburbs Tuesday evening.  The quake was 

registered on the John Carroll University seismograph just after 

9:15 p.m. and lasted 90 seconds. 

 

  “Another such earthquake could occur in the next 30 days or it 

could be a year or more, scientists said.  Charles S. Bacon, 

Professor of Geology at Case Institute of Technology, said there is 

just no scientific way these things can be predicted except by 

judging what might be expected from the geology prevalent in a 

region. 

 

 “The seismograph indicated the tremor was centered in the area 

of Aurora in Portage County.  A similar tremor was recorded 33 days 

ago in the same area and lasted the same length of time. 

 

  “The consensus was that Tuesday’s quake was a ‘minor 

readjustment’ of the earth’s crust.” 

 

Lorain Journal, Lorain, Ohio, June 29, 1955 

 

  “Cleveland Area Rocked. 

 

  “CLEVELAND (AP) - The second earthquake in 33 days mildly 

shook up the southeastern section of Cuyahoga county and part of 

Portage county Monday night. 

 

  “Subterranean rumbling and moving floors of homes alarmed 

hundreds of residents.  No damage was reported. 

 

  “Dr. Edward J. Walter, assistant director of the seismological 

department at John Carroll University said the shock waves which 

came at 9:15 p.m. EDT were very mild. 
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  “Reports of the quake came from the towns of Shaker Heights, 

Bentleyville, Solon, Bedford Heights, Moreland Hills, Maple 

Heights, Pepper Pike, Aurora, Beachwood, Chagrin Falls, Cleveland 

Heights, Orange Village and Hunting Valley. 

 

  “The same area was mildly shaken by another earthquake 

May 26.” 
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EARTHQUAKE OF JUNE 29, 1957 
 

CA:  11:25:09 GMT 
 

MAGNITUDE:  3.8 mblg (R) 
 

LOCATION:  42.92N, 81.32W 
 
 

EVALUATION: 

 

Smith states that this earthquake occurred 9 miles south-southeast of 

London, Ontario (42.92N, 81.32W) with an ML of 4.2.  This ML magnitude 

is possibly too high, and Nuttli has suggested, more appropriately, a 

magnitude of 3.8 mbLg.  No further research was considered necessary. 

 

COMPILATION OF ACCOUNTS: 

 

Smith, W.E.T., (1966) Earthquakes of Eastern Canada and Adjacent Areas 

1928-1959, Publications of the Dominion Observatory, V. 32, No. 3. 

 

  “1957 June 29.  11:25:09.  ML=4.2.  4255’18’, 8119’W18’.  

Depth 26 km.  About 9 miles south-southeast of London, Ont.  Felt 

at London, Ont.” 
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EARTHQUAKE OF MAY 1, 1958 
 

CA:  22:46:31 GMT 
 

EPICENTRAL INTENSITY:  IV(MM) (R) 
 

LOCATION:  41.49N, 81.82W (R) 
 
 

EVALUATION: 

 

Recent investigations suggest that there are problems associated with 

this event, particularly with respect to its true seismic nature and its 

epicentral intensity.  In United States Earthquakes 1958, this event was 

listed as “an Intensity V in Cleveland.”  Later, the United States 

Earthquakes History (1965) assigned 41.3N, 81.4W as epicentral 

coordinates, probably by error.  The revised edition (1973) gave the 

downtown Cleveland coordinates (41.5N, 81.7W) as the epicenter.  The 

origin time was given as 16:46:31 (local CST); the hour was most likely 

in error (16 instead of 18). 

 

The problems arise from the fact that on that evening, John Carroll’s 

seismographs recorded some kind of an event at “6:46 p.m.,” according to 

Dr. E. Walter, station seismologist, and that half an hour later, around 

“7:15 p.m.,” numerous felt reports of explosive noises, mostly on the 

lake shore, from Lorain to Lakewood were received.  Dr. E. Walter 

confronted with two phenomena, was explicit in his press release to say 

that the 7:15 p.m. blast was unrelated to his 6:46 p.m. recorded signal.  

The newspaper accounts collected recently indicate that the reported 

noises, shaking, etc. were all associated with the 7:15 p.m. event, and 

not with the earlier one.  Somehow, these reports appear to have been 

used by government agencies as the basis for assigning an 

Intensity V(MM) to the earlier event listed in the USGS catalogs at 

16:46.  Besides this apparent miscorrelation, the intensity appears 

overestimated.  The collected reports would substantiate an 

Intensity IV(MM), not V.  “Rattling, shaking, noises, but no damage” 

does not support more than an Intensity IV.  It has already been noted  
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that a large number of telephone calls are often placed out of 

curiosity; they are not necessarily to be interpreted as a sign of 

fright. 

 

The seismic nature of the 6:46 p.m. event is uncertain.  The John 

Carroll seismograms have been reexamined by two seismologists, 

Rev. D. Linehan, S.J. and Dr. G. Leblanc.  They concluded that it 

remains dubious that the 6:46 p.m. (local time) recordings were truly 

indicative of a local earthquake.  Only one horizontal component shows 

good motion <Figure 2D D-17> and the three of four oscillations of the 

surface waves have a period much longer (1.5 sec) than what was recorded 

during the true local events of 1951 and 1955 <Figure 2D D-13> and 

<Figure 2D D-14>. 

 

It is worth mentioning that the local press suggest jet activity 

(breaking the sound barrier) as possible source for the noises.  A 

careful reading of the press accounts indicate that this theory was 

dismissed on the basis that a spokesman at Cleveland Hopkins Airport 

said “there was no activity in the area all evening.”  It is possible 

that such a statement was not well substantiated; military planes have 

their own independent flight plans.  Another remark included in a press 

account to the effect that “jets have been active in the area for the 

past week” would give support to the theory of the noises being related 

to planes breaking the sound barrier.  Dr. Walter, recently consulted on 

this problem, seems to agree with this hypothesis. 

 

In summary, if this event is conservatively retained as truly seismic, 

it should be located near Lakewood (41.49N, 81.82W), with a revised 

Intensity IV.  In doing so, one has to reject the theory of two separate 

events, and postulate that the 7:15 p.m. felt reports, although 

originating about a half hour later, were truly related to the recorded 

event of 6:45 p.m.  The observers (see accounts) who attempted to give 

the time of the noises could have been in error. 

 



 

  Revision 12 
 2D D-131 January, 2003 

Because there appears to be much confusion on the origin, time, 

intensity, and location, and because the seismic recordings are not 

fully convincing, this event is carried in Table 3 with revised 

parameters. 

 

COMPILATION OF ACCOUNTS: 

 

Cleveland Plain Dealer, Cleveland, Ohio, May 2, 1958 

 

  “Mystery Blasts Trail Quake Here 

 

  “West Suburbs Shaken Half Hour After Tremor is Recorded. 

 

  “A ‘home-grown’ earthquake was recorded on the seismograph at 

John Carroll University last night.  The sensitive mechanism put 

the location at 12.7 miles from the University Heights school and 

the time at 6:46. 

 

  “But residents and police in the western suburbs insisted that 

explosions were heard and felt half an hour later.” 

 

  The differences in time and other reasons led Dr. Edward J. 

Walter, S.J., assistant director of the seismological laboratory at 

John Carroll, to the theory that the mild quake and the reported 

explosions were unrelated. 

 

  “Ray W. Rieke, 50, of 4521 W. 148th Street, said he was 

fishing in Lake Erie off the stone pier at Huntington Park in Bay 

Village when he felt the pier shake. 

 

  “‘I looked at my watch,’ he said, ‘and I saw it was exactly 

7:15 p.m.’ 
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 Ricke said thousands of minnows rose about a foot above the 

lake surface for a second, then fell back.  ‘Like rain splattering 

the water.’  He said there seemed to be no disturbance of the water 

surface. 

 

  “Two Explosions 

 

  “The self-employed trucker said fisherman on the pier agreed 

that there were two successive explosions which seemed to come from 

the west.  Lorain police said the shocks were felt, but they could 

offer no explanation. 

 

  “Dr. Walter said the tremor was too weak for the seismograph 

to provide a definite direction for the source.  But he did not 

think it could have come from the east.  He estimated that it 

occurred from two to five miles below the earth’s surface and that 

‘billions of tons of earth must have been moved.’ 

 

  “Had the earthquake occurred near the earth’s surface, the 

scientist added, ‘the explosion would have been tremendous; 

something like the disaster that destroyed about a mile of W. 117th 

Street in 1953.’ 

 

  “Local earthquakes are not unknown, Dr. Water said.  He 

recalled tremors in Willoughby and Aurora in May and June, 1955. 

 

  “Bay Village police said that a concussion was felt and heard 

at 7:17 p.m. and that residents began calling three minutes later 

to report houses shaken.  One policeman said he ran outside after 

the loud report to see if a plane had crashed.  He found nothing. 

 

 “Lt. Norbert J. Roglin of Lakewood police said headquarters 

there got its first of nearly 30 calls from questioning residents  
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at 7:24 p.m.  He believed that the tremor and blast had occurred 

along the lakefront area.  No damage was reported. 

 

  “Rocky River authorities also told of getting a handful of 

calls about 7:20 p.m. 

 

  “Coast Guardsmen reported no unusual disturbances of the lake 

surface, but they speculated that the rumble and concussion felt at 

Huntington Park might have been the aftermath of the mild quake. 

 

  “Authorities at first thought an explosion had occurred at the 

Lewis Flight Propulsion Laboratory of the National Advisory 

Committee for Aeronautics at Cleveland Hopkins Airport. 

 

  “NACA officials said that, coincidentally, a fire had occurred 

about 9 p.m. when a testing cell fuel line broke and was ignited, 

setting the wooden cell roof afire.  The blaze was subdued by NACA 

firemen, who estimated $500 damage.  But no explosion marked the 

accident, they added.” 

 

Elyria Chronicle-Telegram, Elyria, Ohio, May 2, 1958 

 

  “Mystery Blast Follows Quake. 

 

  “AVON LAKE - Windows rattled and houses trembled when a 

mysterious blast shook northeastern Lorain County and western 

Cleveland suburbs last night. 

 

 “The loud explosion occurred 25 minutes after an earthquake 

was recorded on the seismograph at John Carroll University, 

University Heights. 

 

  “Dr. Edward J. Walter, S.J., assistant seismologist at the 

university said, ‘A mild quake or earth tremor was recorded by the  
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 instrument at 6:46 p.m.’  However, residents of the western suburbs 

reported hearing the blast at 7:15 p.m. 

 

  “The quake, according to Dr. Walter, occurred at a distance of 

12.7 miles west of the university campus.  ‘We are not able to fix 

the location with any degree of certainty’ he said, but estimated 

it was near the western border of Cleveland and within the eastern 

portion of Lakewood. 

 

  “No Damage Reported. 

 

  “There were no reports of damage, and Dr. Water said, while 

homes were shaken, the quake was not severe enough to shatter 

windows or knock dishes off shelves. 

 

  “He could give no explanation for the tremor experienced 

25 minutes later in Lorain County, Bay Village and Rocky River.  

‘The seismograph recorded nothing later to indicate the 7:15 

matter.’ he said. 

 

  “The quake occurred in two phases, with the second stage 

6.4 seconds after the first which was recorded at 6:46 and 

26.9 seconds.  Dr. Walter said, ‘Both of the tremors were strong 

enough to be felt by people.’ 

 

 “It was estimated the quake occurred two to five miles beneath 

the earth’s surface and that possibly billions of tons of earth 

shifted. 

 

  “While no damage was reported, police of Lakewood, Rocky 

River, Bay Village and Avon Lake said calls of inquiry began coming 

into the stations immediately after 7:15 p.m. 
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  “Emergency units were alerted and police and fire departments 

of the communities ‘stood by’ to answer possible calls for 

assistance. 

 

  “Avon Lake fireman William Varner said doors of the fire 

station at Lake Rd. were rattled by the blast.  Patrolman George 

Anthony, on duty at the police desk in the municipal building on 

Center Rd. said the whole structure trembled.  There were numerous 

reports from all areas of Avon Lake of dishes rattling, dishes 

shaking, and houses vibrating. 

 

  “Immediately after the mysterious..., residents rushed 

outdoors to scan the skies.  It was theorized that a jet plane had 

crashed the sound barrier producing the unusually loud blast. 

 

  “Not Jet Activity. 

 

  “A spokesman for Flight Operations at Cleveland Hopkins 

Airport said there was no jet activity in the area all evening. 

 

 “The Lorain County Sheriff’s Department made a check of all 

area police stations and the Bay Village department reported the 

blast had occurred directly over Bay Village.  Bay police also 

credited the mysterious noise to a jet plane passing through the 

sound barrier. 

 

  “Jets have been active in the area for the past week. 

 

  “While no plausible explanation has been given for the 

25-minute time lag, those who experienced the blast claim there 

were two distinct shock waves similar to that recorded by the 

seismograph.” 
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Lorain Journal, Lorain, Ohio, May 2, 1958 

 

  “Reports Differ After Quake. 

 

  “Conflicting reports today followed a mild earthquake which 

hit the Cleveland area last night, causing rattling of doors and 

cupboards and hurried telephone calls to police in Avon Lake and 

Bay Village. 

 

  “No major damage has been reported.  The shock waves were felt 

along the shore of Lake Erie as far west as Lorain. 

 

  “Dr. Edward J. Walter, assistant director of the Seismological 

Laboratory of John Carroll University, said the quake apparently 

was centered two miles beneath the bottom of Lake Erie. 

 

  “Walter said he believed the quake moved tons of rock beneath 

the lake bed.  He said the shock was not strong enough to provide a 

clue to its direction. 

 

 “The tremor was registered at the John Carroll laboratory at 

9 p.m., according to the United Press.  The delicate seismograph 

indicated the shiver was about 12 miles from the laboratory. 

 

  “Worried citizens reported a big ‘bang’ about 45 minutes 

later, but Walter said the explosion was not connected with the 

quake. 

 

  “An Avon Lake resident said he was told last night the tremor 

was recorded on the seismograph at 6:46 p.m.  It was the first 

shock felt in the area since 1955, when twin shock waves were 

reported. 
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  “Several Avon Lake residents said they heard what sounded like 

a bang and an echo at about 7:15 p.m. 

 

  “Numerous residents in Avon Lake said that dishes jumped in 

their cupboards.  Willard Varner, Avon Lake fireman, said he heard 

the doors on the fire station rattle and stood by in case of fire. 

 

  “Ernest Leonard, Avon Lake patrolman, 146 Beachdale Dr.  was 

given reason for fright.  He had just sent his son out with 

gasoline for the car when he heard what sounded like a blast.  He 

said that for several moments he didn’t expect the boy to return. 

 

  “The Bay Village police Department reported 25 to 30 calls 

from residents last night but no damage.” 
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EARTHQUAKE OF FEBRUARY 9, 1959 
 

CA:  19 and 20 HR GMT 
 

MAGNITUDE:  2.4ML 
 

LOCATION:  43.0N, 81.0W 
 
 

EVALUATION: 

 

Smith states that this earthquake was felt by “a few persons in London 

and Charlotteville Township,” in Ontario.  ML = 2.4 and coordinates of 

43.N, 81.W.  No further research was considered necessary. 

 

COMPILATION OF ACCOUNTS: 

 

Smith, W.E.T., Earthquakes of Eastern Canada and Adjacent Areas 

1928-1959, Publications of the Dominion Observatory, V. 32, No. 3. 

 

  “1959 February 9, Between 2:00 and 3:30, ML=2.4.  43.N?, 

81.W?.  East of London, Ont.  This shock was not recorded.  The 

epicenter and magnitude were estimated from reports supplied 

through the courtesy of the London Free Press.  The earthquake was 

felt by a few persons in London and in Charlottesville Township, 

and by one person on a farm at Walsingham, Norfolk County, all in 

Ontario.” 
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EARTHQUAKE OF FEBRUARY 2, 1976 
 

CA:  21:14:02.0 GMT 
 

MAGNITUDE:  2.4 mbLg 
 

LOCATION:  41.960N, 82.670W 
 
 

EVALUATION: 

 

This event is listed in Preliminary Determination of Epicenters (NOAA) 

at 41.96N, 82.67W (in Ontario), with a magnitude of 3.4 mblg.  No mention 

of it was found in the Cleveland or Painesville newspapers. 

 

COMPILATION OF ACCOUNTS: 

 

 Preliminary Determination of Epicenters, U.S. Dept. of the 

Interior/Geological Survey, Washington, D.C. 

 

  “February 2, 1976.  41.960N, 82.670W.  Southern Ontario.  Felt 

sharply in the southern suburbs of Detroit.  Felt mildly on the 

northern shore of Lake Erie from Kingsville to Leamington in 

Ontario and more strongly on the western shore of Lake Erie 

including New Boston, Flat Rock, and Grosse Ile, Michigan.  

Mag. 3.4 mblg.” 
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DISCUSSION 

 

 The close examination of the local seismicity, as described in 

Table 2 and Table 3 and <Figure 2D D-4>, confirms the original 

seismicity evaluation expressed in the PSAR.  Only minor seismic 

activity is found in the immediate site region (50 mile radius).  The 

low-level seismicity is indicated by the historical record which shows 

less than 25 events over the last 150 years, most of them with 

Intensities III and IV(MM), and only several with Intensity V(MM). 

 

 From the preceding summary evaluations, the following observations 

can be made and used as guidelines in the evaluation of the local 

seismicity and potential correlation with local tectonics. 

 

 1. Most of the events that have occurred between 1823 and 1976 

must be classified as truly “historical,” in opposition to a 

small number that can be considered “instrumental.”  The 

predominant source of data in the assignment of epicentral 

coordinates consists of “felt reports.”  Even in the few cases 

where a seismogram reading was obtained at John Carroll 

University in Cleveland, felt reports have strongly influenced 

the assumed location of the epicenters.  Consequently, as 

Richter (1958) recommended, the proposed epicenters based on 

felt reports should always be accepted with caution, never at 

face value, but within some reasonable uncertainty.  This 

uncertainty is often hard to estimate. 

 

 2. There is a tendency for many events to be reported mostly in 

towns and villages located along the lake shores.  Even some 

of the larger events (Intensity IV or IV-V) have very few, if 

any, felt reports inland.  Such poor distribution of felt 

reports is somewhat abnormal and might be indicative of a 

pronounced soil amplification along the shores.  This effect 

would result in slightly higher felt reports than those 
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  observed on average rock foundations.  The areas containing 

felt reports are usually elongated, narrow and parallel to the 

shores.  It has been observed that felt reports are sometimes 

distributed in an undifferentiated manner within these areas, 

seemingly showing no apparent attenuation with distance as 

normally expected.  This is interpreted either as a result of 

local soil amplification differences or of population density. 

 

 3. It is evident, through reading the supporting data, that many 

epicenters must be given a rather large uncertainty (tens of 

miles).  This is an implicit consequence of Observations 1 and 

2.  Some epicentral coordinates have been assigned on the 

basis of very few reports, often those of the towns where the 

local newspapers published the descriptive accounts.  Some 

newspaper dispatches sometimes refer to a very limited number 

of observers.  Because of the uncertainty of most epicenters, 

it is unrealistic to give a tectonic significance to any 

apparent alignment that a few epicenters might show, or 

attempt a correlation of epicenters with geological features 

or geophysical anomalies, unless these would be larger than 

the uncertainties. 

 

 4. In general, the cataloged intensities have been assigned 

rather conservatively.  The largest intensity reported is 

often accepted as characteristic, even in the case of a single 

report.  An instance of a single broken window should not be 

equated, for example, with an Intensity V(MM) unless some 

other characteristics of that intensity level are also 

observed.  The fact that events occur infrequently, sometimes 

decades apart, might result in a tendency to conservative 

estimates.  These overestimated epicentral intensities (e.g., 

Intensity IV instead of III), either because of soil 

amplification of conservative evaluation of single reports, 

might explain why a thorough search of the newspapers has  
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  often failed to uncover the expected Intensity III reports at 

some distance inland.  In reality, these would be lower, and 

thus more easily missed. 

 

 5. A final observation should be made on the temporal 

distribution of the cataloged events.  The last definite event 

within 50 miles from the site occurred in May 1955; a rather 

dubious event occurred in May 1958.  The fact that so few 

local events, if any, have been recorded instrumentally in the 

last two decades might suggest that some of the older 

historical events were indeed related to blasting noises.  A 

WWNSS Station currently operated in Cleveland certainly offers 

an adequate surveillance. 

 

CONCLUSIONS 

 

 An intensive search for additional source material on the 

historical seismicity reported for the immediate region of the Perry 

site was undertaken with the purpose of an overall evaluation.  By 

comparing existing catalogs, evaluating local felt reports and by 

examining some instrumental data, historical events were reviewed 

individually.  Some earthquake parameters, i.e., epicentral coordinates 

and intensities, were revised, but in general, these changes were minor.  

The local seismicity of the immediate area remains low. 

 

 This review suggests that the originally cataloged information is 

relatively conservative; some of the intensities are possibly over- 

estimated, and some events with dubious origin may have been included as 

tectonic.  Most of the locations of historical events should in any case 

carry an uncertainty of tens of miles, since the supporting data are 

relatively meager.  For this reason, it would be unwise to accept 

epicentral locations at face value and attempt to define possible 

alignments; attaching any tectonic significance to such an alignment of 

epicenters is unwarranted.  Some the most recent events, within the last  
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50 years, are undoubtedly tectonic in origin.  Their intensity never 

exceeded an Intensity V(MM), well below the selected safe shutdown 

earthquake. 

 

 In summary, the investigations of the immediate site region 

seismicity have not revealed new information that would affect the 

original estimate of the seismic hazard. 
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TABLE 1 

 

LIBRARIES AND ARCHIVES CONSULTED 

 

 

Akron Public Library, Akron, Ohio 

 

American Antiquarian Society, Worcester, Massachusetts 

 

Ashtabula District County Library, Ashtabula, Ohio 

 

Berea Public Library, Berea, Ohio 

 

Boston Public Library, Boston, Massachusetts 

 

Cleveland Public Library, Cleveland, Ohio 

 

Elyria Public Library, Elyria, Ohio 

 

Lorain Public Library, Lorain, Ohio 

 

Morely Public Library, Painesville, Ohio 

 

Ohio Historical Society, Columbus, Ohio 

 

Warren Public Library, Warren, Ohio 

 

Western Reserve Historical Society, Cleveland, Ohio 

 

Youngstown Public Library, Youngstown, Ohio 
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TABLE 2 
 

LOCAL SEISMICITY DATA 
 
 
             PRESENT  PREVIOUS 
            INTENSITY  INTENSITY 
    PRESENT       PREVIOUS    OR     OR 
  DATE   LOCATION  UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W       N    W 
 
1823 May 30 42.5  81.0     1/2  (41.5  81.0)   II-III    (IV) Probable error in 

Smith. 
 
1836 July 08 41.5  81.7    15 mi    --    --     IV     -- 
 
1850 Oct. 01 41.5  81.7    12 mi  (41.4  82.3)     IV     -- Previously 

mislocated.  
Relocated near 
Cleveland. 

 
1857 Feb. 28 41.8  80.6    20 mi  (41.67 81.25)    IV-V    (IV) To the northeast of 

Painesville.  
Previously carried 
on March 1. 

 
1858 Apr. 10 41.67 81.25    15 mi    --    --     IV     -- Previously carried 

on April 16. 
 
1867 Jan. 13 42.97 77.85    (41.5  81.7)    III     -- Previously 

mislocated.  Moved 
to Caledonia, 
New York. 

 
1869 Apr. 09 42.7  80.8      --    --    III     -- 
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TABLE 2 (Continued) 
 
 
             PRESENT  PREVIOUS 
            INTENSITY  INTENSITY 
    PRESENT       PREVIOUS    OR     OR 
  DATE   LOCATION  UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W       N    W 
 
1873 Aug. 17 41.25 80.50    (41.5  81.7)    III  (III-IV) Previously carried 

on August 18. 
 
1885 Jan. 18 41.10 81.45    10 mi  (41.3  81.5)     IV  (II-III) Moved from 

Garrettsville to 
Akron/Kent. 

 
1885 Aug. 15 41.27 81.10    20 mi  (41.3  81.15)   II-III    (II) 
 
1898 Oct. 29 41.5  81.7    15 mi    --    --    III     -- New listing. 
 
1906 Apr. 20 41.50 81.75    10 mi  (41.5  81.7)    III  (III-IV) From Cleveland to 

W. Cleveland. 
 
1921 Sep. 27 42.1  80.2      --    --    III     -- 
 
1928 Sep. 09 41.5  82.0    20 mi    --    --     V     -- 
 
1930 Feb. 16 42.83 80.52      --    --    III     -- 
 
1932 Jan. 21 41.08 81.50      --    --     IV     -- 
 
1934 Oct. 29 42.0  80.2      --    --     V     -- 
 
1934 Nov. 05 41.88 80.37      --    --    III     -- 
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TABLE 2 (Continued) 
 
 
             PRESENT  PREVIOUS 
            INTENSITY  INTENSITY 
    PRESENT       PREVIOUS    OR     OR 
  DATE   LOCATION  UNCERTAINTY   LOCATION MAGNITUDE  MAGNITUDE    REMARKS 
 
    N   W       N    W 
 
1936 Aug. 26 41.4  80.4      --    --     II   (III) 
 
1940 May 31 41.10 81.52    (41.5  81.7)     II    (III) 
 
1943 Mar. 09 41.61 81.33    20 mi  (41.6  81.3)     V     -- 
 
1951 Dec. 03 41.65 81.41     5 mi    --    --     IV     -- 
 
1955 May 26 41.33 81.40    (41.5  81.7)    IV-V    (V) From Cleveland to 

northwest of Aurora, 
Ohio. 

 
1955 June 29 41.33 81.40      --    --     IV    (V) From Cleveland to 

northwest of Aurora, 
Ohio. 

 
1957 June 29 42.92 81.32      --    --  3.8mbLg   4.2ML 
 

1959 Feb. 09 43.0  81.0      --    --  2.4ML     -- 
 
1976 Feb. 02 41.96 82.67      --    --  3.4mbLg     -- 
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TABLE 3 

EVENTS WITH DUBIOUS LOCATION OR ORIGIN 

 

   DATE     LOCATION    INTENSITY  REMARKS 

 

1872 July 23  41.4N 82.1W   III  Dubious origin.  Most 

likely rock fall.  

(7,000 tons) 

 

1900 Apr. 09  41.37 81.85   VI  Most likely blast. 

 

1906 June 23  41.37 81.87  I-II  Felt by one person 

only. 

 

1906 June 27  41.4  81.6  IV-V  Probably blast. 

 

1907 Apr. 12  41.5  81.7    I  Reid says, “not an 

earthquake” 

 

1929 June 10  41.5  81.7   III  Possibly blast.  

(Bennett and Bradley, 

1965). 

 

1929 Sep. 17  41.50 81.55   II  Dubious origin.  

Reported by one person 

only. 

 

1951 Dec. 07  41.65 81.41   II  Dubious occurrence. 

 

1951 Dec. 21  41.65 81.41   II  Dubious occurrence.  

Around Lakewood. 

 

1958 May 01  41.49 81.82   IV  Dubious origin.  

Possibly jet activity. 
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SUMMARY 
 
 (1) ORIENTATIONS 
 
  The direction of 1 was measured to vary between N67E and 

E10S.  This fits in well with orientations of stress over a 
regional basis. 

 
 (2) MAGNITUDES OF THE HORIZONTAL STRESS 
 
  The stress measured (the horizontal stresses are the maximum 

and intermediate principal stresses) fall within the limits of 
stresses measured in other parts of northeastern and 
northcentral United States and in southern parts of Canada. 

 
 (3) COMPLETE STRESS TENSOR 
 
  In all cases, except possibly the uppermost interval, the 

complete stress tensor was defined. 
 

 
 
 (4) GRADIENTS 
 
  Below a depth of approximately 600 feet, both Hmax and Hmin 

show an increase in gradient with the gradient for Hmax being 
larger.  Above this depth, there is a tendency for more 
uniform stress conditions. 
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I.  INTRODUCTION 

 

 Hydraulic fracturing at the North Perry Nuclear Power Plant site 

was performed during April and May 1979 in order to determine the 

magnitude and orientation of the in situ principal stresses. 

 The borehole in which measurements were made was 3.65 inches in 

diameter (0.093 m) and was drilled in the NE parking lot (N781,586.77; 

E2,369,806.12) to a depth of 730 feet.  The hole passed through 

approximately 60 feet (18.3 m) of glacial till and extended through 

shaley material to the bottom. 

 Six intervals were fractured between a depth of 394 feet (120.1 m) 

and a depth of 718 feet (218.8 m). 

 The inclination of the hole was unknown prior to hydrofracturing.  

The horizons fractured were selected in order to: 

 (i) Provide an adequate representation of the variation of 

stresses and orientations with depth and to check for the 

existence of any anomalies in the neighbourhood of a suspected 

fault. 

 (ii) Attempt to induce fractures at depths where pre-existing 

discontinuities did not exist or where the laminations in the 

shale were not strong enough to govern fracture initiation 

direction. 
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II. STRATIGRAPHY 

 

 The sequence fractured was interbedded grey and bituminous shales 

(reference Gilbert Associates Inc. Drilling Logs for borehole in the 

NE Parking Lot).  The lithology at the horizons tested, in the order of 

fracturing was: 

 

FRACTURE DEPTH DESCRIPTION RQD 
NUMBER (ft.) (m)   

     
1 718 218.8 Brown bituminous shale with 

thin pyritic seams  
(715.5’ - 720’) and traces  
of light green, grey 
laminations (minimal gas) 

100% 

     
2 704 214.6 700’-710’ is predominantly 

light greenish-grey shale  
with some bands of brown  
shale (minimal gas) 

96% 

     
3 654 199.3 650’-660’ is hard, brown shale 

to siltstone with traces of 
thin grey shale laminae and 
traces of light grey siltstone 
laminae 

100% 

     
4 614 187.1 610’-620’ is hard, brown, oil 

shale to siltstone with traces 
of grey siltstone areas, traces 
of pyritic, micro-crystalline 
mineralization 

100% 

     
5 574 175.0 570’-580’ is medium, hard grey 

shale and brown shale with some 
very thin siltstone laminae (no 
gas) 

98% 

     
6 511 155.8 510’-520’ is medium, hard, 

brown shale (trace oil) with 
some grey shale laminations 

98% 
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FRACTURE DEPTH DESCRIPTION RQD 
NUMBER (ft.) (m)   

     
7 454 138.4 450’-460’ is medium hard  

grey shale interlaminated 
with small amounts of light 
grey siltstone and dark  
brown shale - There is a  
1/4” wide fissile zone 
immediately beneath (covered 
by) the upper packer(1). 

450-455 92% 
455-460 83% 

     
8 394 120.1 This interval was interbedded 

brown and grey shale 
 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE: 
 
 
(1) This interval had to be fractured in this position because: 
 
 (i) hose for drill rig required direct wellhead Halliburton hook up, 

and  
 
 (ii) no shorter pipe lengths could be used in line because the 

available shorter lengths could not withstand the expected 
breakdown pressure. 

 



 

  Revision 12 
 2D E-4 January, 2003 

III. HYDRAULIC FRACTURING AS A TECHNIQUE FOR STRESS 

   DETERMINATION:  AN OVERVIEW 

 

PART A:  CLASSICAL APPROACH 

 

 Conceptually, hydraulic fracturing involves pressurization of a 

sealed-off interval in a borehole until rupture of the rock formation, 

at the pressurized horizon, occurs.  The pressure at which this rupture 

occurs is known as the breakdown pressure Pb.  After “breakdown”, 

further pumping propagates the fracture away from the borehole wall in a 

controlled manner.  If pumping is discontinued, with the hydraulic 

circuit maintained closed, an instantaneous shut-in pressure is 

recorded.  From equilibrium considerations prevailing at that time, this 

pressure is approximately equal to or slightly above the pressure 

necessary to keep the fracture open.  The two characteristic parameters, 

breakdown pressure Pb and instantaneous shut-in pressure Pisip, are 

related to the pre-existing stress field provided certain assumptions 

are made: 

 (i) Linear elasticity and isotropic conditions prevail(1). 

 (ii) The borehole axis is parallel to the one of the principal 

stress components. 

 

 The two limiting situations are that: 

 (i) The vertical stress (v) - or overburden stress - is the least 

principal stress component. 

 (ii) The vertical stress (v) is either the intermediate or the 

largest principal stress. 

 

 

NOTE: 

 
(1) It should be pointed out, however, that the conventional  

interpretation of hydraulic fracturing data does not require the 
knowledge of any elastic rock mass parameters; and as such, 
anisotropic conditions do not play a role in the interpretation other 
than influencing the anisotropy in the apparent tensile strength. 
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(i) Vertical Stress as the Maximum or Intermediate Principal Stress 

 In this case, occurring usually at depths in excess of 1000 feet 

(300 metres), the shut-in pressure (Pisip) is taken equal to the in situ 

compressive stress component acting perpendicular to the fracture plane.  

Provided leakage into the formation is negligible, this shut-in pressure 

will remain constant and, 

 

   isipminH P  

 

   Hv   

where: 

 

   







.horizonfracturingthetodepthH

gradientweightrock
 

 

(ii) Vertical Stress as the Minimum Principal Stress 

 This situation generally occurs at shallow depths.  A vertical 

fracture will probably be initiated regardless of the value of v due to 

the use of rubber packers which influence the induced stress 

distribution at the borehole wall.  However, the fracture will “rotate” 

to become horizontal as it propagates away from the borehole and from 

its local influence. 

 

 Consequently, two shut-in pressures may be detected if the 

hydraulic fracturing tests are conducted with great care.  The first 

shut-in pressure is associated with a vertical fracture while the second 

one corresponds to an horizontal fracture. 

 

   













v2s

minH1s

2s1s

P

P

PP

     (1) 
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 In this case, where fluid penetration into the formation is 

negligible, 

   oomaxHminHb PT3P    (2) 

 

where (compression is taken positive): 

 

   bP  -- breakdown pressure 

 
     

1isipminH P  -- minimum horizontal principal  

      stress component 

 

    maxH  -- maximum horizontal principal stress component 

 

   oT  -- apparent tensile strength 

 
    

1isipP  -- instantaneous shut-in pressure 

 

   oP  -- formation pore pressure 

 

 The stresses calculated are total stresses. 
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PART B:  FRACTURE MECHANICS APPROACH 

 

 In recent years, consideration of the hydraulic fracturing process 

in terms of classical elasticity, particularly the propagation phase, 

has been extended to include the presence of the fracture itself.  

Conventional analysis is probably incorrect for the determination of 

HMAX because it ignores the mechanics of fracture initiation and 

fracture extension. 

 For example, growth of a crack inclined to the directions of the 

farfield in situ stresses and subjected to pressure on its faces can be 

analyzed by using fracture mechanics concepts where linear elasticity is 

assumed and consideration is devoted to the elevation of stresses near 

the crack tip. 

 A prerequisite is the assumption that plastic deformation and other 

non-linear effects near the crack tip are confined to a small region 

within a linear elastic field.  In such a circumstance, the state of 

stress near the fracture tip can be characterized by the stress 

intensity factor K, or alternatively by the strain energy release rate, 

G. Cracks are expected to advance if the values of these parameters 

reach critical values characteristic of the material considered. 

 

An Introduction to Fracture Mechanics 

 The presence of a crack (or a notch) in a body causes a 

redistribution of stress which may be estimated by methods of linear 

elastic stress analysis. 

 The surfaces of the crack are the dominating influence on the 

distribution of stresses near and around the tip.  Other remote 

boundaries and loading forces affect only the intensity of the local 

stress field at the tip.  Equations in terms of stress intensity factors 

have been formulated for stresses and displacements at crack tips.  

These stresses depend on stress intensity factors KI, KII and KIII which 

reflect the elevation of stress due to crack opening, sliding and 

tearing respectively. 
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 One philosophy is that failure occurs when stress intensity factors 

reach critical values (i.e. KIC) appropriate for a particular material.  

Other failure criteria are based on attainment of a maximum 

circumferential tensile stress, MAX, near the crack tip, attainment of 

a critical strain energy release rate or attainment of a critical strain 

energy density. 

 Various authors have considered the application of fracture 

mechanics to hydraulic fracturing analysis.  Several approaches are 

outlined in Appendix C which is an excerpt from Numerical Modeling of 

Pressurized Fractures by J.-C. Roegiers and J.D. McLennan, October 1978. 

 Discussion of this topic by Abou Sayed et al, 1977(1) is possibly 

the most relevant.  Summarizing these authors’ analysis ... Consider a 

pressurized crack which is oriented at an arbitrary angle  with 

respect to the direction of the horizontal stress H of the far field 

system(2). Extension of this existing crack at an arbitrary angle  from 

the original inclination is associated with an energy-release rate G(). 
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II
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III

2
I

2
2

2

Kcos59KKcossin8

Kcos31
cos3

1

E

14
G

  (3) 

 

 where  G   - Strain energy release rate at an angle  

 

        - Poisson’s ratio 

 

     E   - Young’s Modulus 

 

NOTES: 
 
(1) Abou-Sayed, A.S., Brechtel, C.E., Clifton, R.J., In Situ Stress 

Determination by Hydrofracturing - A Fracture Mechanics Approach; 
Terra Tek Report, TR77-60, July 1977. 

 
(2) At the present time, mathematical complications encourage 

consideration of two dimensional situations. 
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     KI  - Opening mode stress intensity factor 

 

     KII - Sliding (shearing) mode stress intensity factor 

 

 Abou-Sayed et al. provided the relationship between orientation of 

crack advance in a direction max (in a direction where G() is a 

maximum) and the ratio of stress intensity factors KII/KI.  The theory 

basically predicts that for (H - V)  0 the crack tends to extend in a 

direction which is more nearly perpendicular to the direction of minimum 

compressive stress rather than along an existing crack. 

 This theory is based on isotropic assumptions.  If anisotropy 

prevails, numerical analysis is required (e.g. finite element analysis).  

If failure anisotropy is included, Abou-Sayed et al. proposed the 

following failure criterion: 

 

 If G() - GHC and G(max) < GVC’ the inclined fracture will 

take a sharp turn and propagate along the bedding planes. On 

the other hand, if G(max) = GVC and G() < GHC’ then the crack 

extension will be in a direction inclined at angle max to 

its original direction. 

 
 where  G()  - strain energy rate in original direction 
 
   G(max) - strain energy release rate in direction of 

additional extension 
 
   GHC  - critical strain energy release rate for 

horizontal extension 
 
   GVC  - critical strain energy release rate for 

vertical extension 
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 Abou-Sayed et al, also offered a comparison between classical  

analysis and a fracture mechanics formulation: 

    CLASSICALPP
1w

1w
PP3 oi2

2

bs
t
maxH 












     (4) 

   
      LFG6.0

K
P

FG

F
P

FG

G IC
bs

f
maxH 







 (
MECHANICS)

FRACTURE
 (5) 

 
 where: w  -  ratio of outer radius to inner radius in a 

laboratory burst test 
 
   Pi  -  burst pressure in laboratory test 
 
   G,F - tabulated parameters depending on the ratio of  

fracture length to borehole radius 
 
   L   - fracture length 
 
 Clearly, 1979 suggested an alternative. 

 

    56.0/Kp3pp CTHMT
F
o     (6) 

 

  where: F
op  - the breakdown pressure for fast fracture (or 

jacketed borehole walls). 

 

    TP  - the ambient pore-fluid pressure 

 

    M  - the minimum in situ horizontal stress (total) 

 

    H  - the maximum in situ horizontal stress (total) 

 

     - an effective stress parameter where 

’ =  + p, the prime denoting effective 

stress and p being a pore pressure.  Tension 

is taken as positive 

 

    CK  - critical opening mode stress intensity factor 

 

      - length of a pre-existing radial fracture 
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IV. FIELD PROCEDURES 

 

 

 4.1 Fractured Horizons 

 

 It was desired to fracture a complete depth range in order to 

evaluate variation of stress with depth.  This initially entailed 

examination of the core in order to avoid pressurizing discontinuities.  

However, during actual fracture operations the hose on the drill rig 

burst at pressures low enough to necessitate coupling the wellhead with 

steel pipe directly to the pumping system.  This, in conjunction with 

the low working pressures of the available subs, to some extent reduced 

flexibility in positioning the packers and necessitated some last minute 

changes.  Regardless, based on the cores and logs, it seemed there were 

no predominant discontinuities in the pressurized intervals. 

 On the basis of the above considerations the following horizons 

were tested: 

 

FRACTURE 

NUMBER 

DEPTH BELOW 

GRADE 

   COMMENTS 

 (ft.) (m)  

1 718 218.8  

2 704 214.6 steel sub bursts at the surface; 

3 654 199.3   interval not fractured 

4 614 187.1  

5 574 175.0  

6 511 155.8  

7 454 138.4  

8 394 120.1  
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 4.2 Field Instrumentation and Equipment 

 

 4.2.1  Straddle Packer 

 A straddle packer consists of two rubber sealing elements mounted a 

set distance apart on a steel mandrel.  These elements “straddle” the 

zones to be fractured.  The zone is isolated from the rest of the hole 

by inflating these sealing elements, forcing them against the borehole 

wall.  This sealed-off zone can then be pressurized until hydraulically 

induced fractures occur and/or pre-existing discontinuities open up. 

 The elements used were commercially available units from Lynes Inc.  

The diameter of the tool was 2 5/8 inches (66.7 mm) and the sealing 

elements were separated by 58 1/2 inches (1.49 m) (minimum possible). 

 The elements were lowered in order to “straddle” the fracturing 

interval, were inflated and then sealed by twisting the tubing string at 

the surface.  After several revolutions, a left-hand threaded split nut 

released, which in turn released the inner mandrel.  The tubing was then 

raised two feet, moving the injection ports of the inner mandrel in line 

with the ports of the outer mandrel, located between the sealing 

elements.  The system was then open to the formation.  After the 

fracturing sequence was completed, the tubing was lowered two feet, 

moving the injection ports of the inner mandrel in line with the sealing 

elements and allowing for their deflation.  The split nut was again 

engaged by this movement and the packer was ready to be moved to the 

next horizon. 
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 4.2.2  Downhole Pressure Transducer 

 The downhole pressures were measured with a Kuster recording 

pressure transducer placed inside the tubing itself and located directly 

above the straddle packer.  The pressure transducer consisted of three 

main components:  a Bourdon-type pressure sensing element, a clock and a 

miniature recorder. 

 Pressure changes cause the Bourdon tube to expand or contract.  

These movements cause the attached recorder stylus to move.  A coated 

brass chart records these stylus motions as etches in the chart coating.  

The chart moves past the stylus at a constant rate which is controlled 

by the spring driven clock.  Pressures are then determined by measuring 

the displacement of the etched line from the baseline of the chart. 

 

 4.2.3  The Pumping System 

 In order to be capable of pumping at two vastly different flow 

rates, a multi-stage pumping programme was implemented.  The first stage 

involved pressurization using a high pressure - low volume pump 

(referred to later as University of Toronto pump).  This was an 

air-driven hydraulic pump manufactured by Teledyne Sprague.  This pump 

operates on air pressure (100 psi ... 0.69 MPa) and can discharge fluid 

at up to 16000 psi (110.3 MPa).  The pressure-flow characteristics are 

shown on the next page.  This unit was used to initiate a first fracture 

or to inflate pre-existing discontinuities.  When severe leakage was 

present in the overall system, the pressure could only be stabilized to 

a certain value and the larger pumping unit (referred to as Halliburton 

pump) had to be engaged.  This unit is capable of flow rates of 

approximately 1000 gal/min (3.79 m3/min) at a maximum pressure of 

14000 psi (96.6 MPa). 
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TABLE 1 

 
FLOW RATES FOR 

UNIVERSITY OF TORONTO PUMP 
 

Liquid Discharge 
Pressure 

   Flow 

(psi) (Mpa) (in3/min) (m3/minx10-3) 

0 0 78 1.28 

 250 1.72 77 1.26 

 500 3.45 76 1.24 

 750 5.17 74 1.21 

1000 6.90 72 1.18 

1500 10.34 68 1.11 

2000 13.70 66 1.08 

2500 17.24 63 1.03 

3000 20.19 60 .98 

4000 27.59 56 .92 

5000 34.48 53 .87 

 

 4.2.4  Surface Recording Equipment 

 All pressurization procedures (University of Toronto pump and 

Halliburton pump)were monitored using an X-Y recorder (surface pressure 

versus time) and a strip chart recorder in parallel as a backup unit.  

These recorders responded to pressure sensed by a pressure transducer 

mounted on the surface iron.  In addition, all pressurization was 

monitored (and systematically recorded) from output of a Bourdon type 

pressure gauge.  Furthermore, the Halliburton pumping unit was equipped 

with a recording pressure gauge.  Flow rates and total volume pumped 

were measured with an impellor type flow monitor. 
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 4.2.5  Impression Packer 

 The impression packer was manufactured by Lynes, Inc., and 

consisted of a thick-walled rubber tube, which was wrapped with a soft 

semi-cured rubber sleeve. 

 The impression packer is lowered on tubing to the fractured 

horizon.  The element is then inflated, forcing the soft rubber into all 

irregularities existing at the horizon, on the borehole wall.  The 

impression packer is then deflated and allowed to return to its original 

shape.  The impression of the borehole is retained on the soft rubber 

wrap. 

 The element is 3.5 feet (1.07 m) long and has an outside diameter 

of 2 inches (51 mm).  This large diametral clearance allows the 

impression packer to be removed without marring the impression. 

 

 4.2.6  Single Shot Survey Instrument 

 A Kuster single shot survey instrument was used to orient the 

fracture traces recorded on the impression packer.  This instrument 

photographically recorded the azimuth and inclination of the borehole by 

photographing a clinometer-compass unit, giving the azimuth and 

inclination of a line scribed on the housing of the device. 

 The instrument consists of three basic units:  a 20 

clinometer-compass, a controlled light source with batteries and a six 

hour clock, and the main frame containing the photographic mechanism. 

 

 4.3 Test Procedure 

 The tool string was lowered to the deepest horizon.  Then using the 

Halliburton pump, the sealing elements of the straddle packer were 

inflated to approximately 500 psi (3.45 MPa).  This pressure was held 

for several minutes in order to check the integrity of the O-rings in 

the straddle packer.  The sealing elements were then inflated to 

approximately 1000 psi (6.9 MPa), thus packing off the 58 inch (1.49 m) 

interval to be pressurized. 
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 The formation was then pressurized using the University of Toronto 

air operated pump.  When breakdown appeared to occur(1), the well was 

“shut-in”, i.e. pumping was discontinued but the pressure was not 

released.  The well remained shut-in for several minutes and then the 

cycle of pressurization was repeated.  At this point, the system 

pressure was bled and a series of breakdown-propagation-shut-in cycles 

was performed using Halliburton pumps pumping at a rate of 1/4 bbl per 

minute (.040 m3/min).  After the last cycle the system was shut-in for a 

longer period of time in order to study the pressure-decay behaviour. 

 During all phases, pressures were continuously recorded. 

 Ideally the packers are now deflated, the tool string raised to the 

next horizon and the same pressurization and repressurization procedures 

are performed.  Unfortunately, problems with seals and packer deflation 

generally made it necessary to pull the entire tool string and 

“re-dress” the tool after each fracture. 

 The impressions of the fractures were taken by running the 

impression packer and single shot survey instrument down the hole on 

the tubing to one of the previously fractured horizons.  The impression 

packer was then inflated to 1500 psi (measured at the surface).  The 

impression packer was then left inflated for up to 90 minutes, after 

which time the packer was deflated and removed from the hole. 

 The orientation of the fracture trace was determined by measuring 

the relative angle between the fracture trace and the scribe line on the 

housing and from the film record determining the orientation of the 

scribe line (taking into account magnetic declination at the site). 

 

 

 

 

 

NOTE: 

 
(1) As the flow rate is very small, breakdown did not always occur due to 

leakages through pipe joints and into the formations. 
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V.  LABORATORY TESTING AND RESULTS 

 

5.1 Procedure for Determining Tensile Strength (To) 

 In order to estimate values of the tensile strength necessary for 

the calculation of Hmax, laboratory hydraulic burst tests were performed 

on cores from the borehole.  The cores, where possible, were machined to 

a length/diameter ratio of 2.  The facility of bedding plane parting 

sometimes made it necessary to use smaller L/D ratios. 

 A 0.25 inch (6.4 mm) borehole was drilled through the sample 

(concentrically).  The sample was then loaded axially, confined radially 

and the borehole was pressurized internally until breakdown.  The 

borehole was lined with a latex membrane in order to prevent penetration 

of borehole fluid into the sample (i.e. Po did not increase due to the 

fracturing fluid).  Based on the burst pressure measured in these 

simulated hydraulic fracturing tests, the tensile strength was 

estimated. 

 Thirty-five burst tests were performed.  Of these, a percentage was 

done with no confining pressure (i.e. axial and borehole pressure only).  

The others were done using a confining pressure (some with the confining 

pressure equal to the Hmin and the remainder with higher confining 

pressures).  Despite the statistical scatter associated with any form of 

tensile test, the calculated tensile strength did not seem to be 

strongly dependent on the confining pressure. 

 Due to the highly anisotropic character and the occurrence of 

minute or incipient horizontal discontinuities (whose presence was 

exaggerated by stress relief on sampling and by the unavoidable 

“distress” due to sample transportation) it was generally necessary to 

keep the axial pressure slightly above the confining pressure in order 

to create vertical fractures. 
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 The average tensile strengths for the various horizons, as 

calculated from laboratory testing are listed below: 

 

FRACTURE 
NUMBER 

DEPTH BELOW 
GRADE 

TENSILE STRENGTH    
To 

 (ft) (m) (psi) (MPa) 

1 718 218.8 1040 7.17 

2 704 214.6 -- -- 

3 654 199.3 1300 8.96 

4 614 187.1 --(1) --(1) 

5 574 175.0 1900 13.10 

6 511 155.8 420 2.90 

7 454 138.4 1040 7.17 

8 394 120.1 785 5.41 

 

 NOTE: 

 

 (1) Samples of adequate length could not be prepared. 

 

5.2 Procedure for Determining Critical Stress Intensity Factor (KIC) 

 Two separate testing procedures were used to estimate the critical  

stress intensity factors.  These were: 

 (i) Hydraulic burst tests on prenotched specimens. 

 (ii) Short rod technique 

 

Hydraulic Burst Tests 

 The test specimens were thick-walled cylinders with the outer 

radius 2.375 in. (60.3 mm) and the radius of the internal concentric 

borehole being .25 in. (6.35 mm).  Two radially opposed prenotches were  
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cut along the entire length of the borehole.  The borehole wall was 

lined with a thin tygon sheath to prevent penetration of fluid into the 

specimen during testing. 

 Specimens were loaded axially and confining pressure was applied by 

pressurization behind a urethane membrane.  The applied loading was 

designed to simulate anticipated in situ stress conditions.  Unconfined 

tests were also performed.  The internal borehole was pressurized until 

breakdown occurred.  Fracture toughness was calculated from available 

formulae (Tada et al, 1973). 

 

The Short Rod Technique 

(Refer to Figure 15) 

 This method allows measurement of the plane strain critical stress 

intensity factor KIC.  Advantages of this technique are that: 

 (i)  The specimen has geometry favouring plane strain 

conditions. 

 (ii)  The need for pre-cracking is reduced. 

 (iii) Sample size is small enough that measurements of 

anisotropic behaviour are possible. 

 The load F is increased slowly until a crack initiates at the point 

of the “V”.  Initial crack growth is stable such that the load must be 

increased for continued propagation.  When the crack attains a critical 

length, the load decreases with increasing crack length.  The peak load, 

occurring at the critical crack length, is used to calculate the 

fracture toughness (KIC)
(1), 

 

 

 

 

 
NOTE: 

 
(1) Barker, L.M.; A Simplified Method for Measuring Plane Strain Fracture 

Toughness; Engineering Fracture Mechanics, 1977, Vol. 9, pp. 361-369. 
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 The formulation, with suitable approximations is: 

 

   23
c

IC
B

AF
K          (7) 

 

 where:    ICK  -  critical stress intensity factor 

 

   A -  a material independent parameter, found to be  

approximately 20.8 for the specimen proportions  

used 

 

   B -  specimen diameter 

 

Results 

 The critical stress intensity factors, using both tests are 

tabulated below.  There is surprising good agreement between the results 

from the different tests. 
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DEPTH 

 

DIRECTION(1) 

 

KIC (psi-in
-3/2) 

(ft) (m)  BURST TEST SHORT ROD TEST 

718 218.8 H 
H 
V 

 
 

914 

1093 
 660 
1200 

691 210.1 H 
V 

 
401 

 406 

654 199.3 H 
H 
V 

 
 

801 

 589 
1048 

614 187.1 - - - 

574 175.0 V   641 

511 155.8 H   519 

454 138.4 - - - 

394 120.1 V 457  562 

 
 
 
 NOTE: 
 
 (1) H - indicates a horizontal (parallel to bedding) fracture  
 
  V - indicates a vertical (perpendicular to bedding) fracture 
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 Based on the values measured, the following fracture toughness 

values were adopted. 

 

DEPTH 

 

DIRECTION KIC  
(psi-in-3/2) 

(ft) (m)   

 718 218.8 H 
V 

    875 
   1060 

 691(1) 210.1 H 
V 

    400 
    400 

 654 199.3 H 
V 

    820 
    800 

 614 187.1 H 
V 

    720  
    720(2) 

 574 175.0 H 
V 

    640 
    640 

 511 155.8 H 
V 

    520 
    520 

 454 138.4 H 
V 

    515(2) 
    515(2) 

 394 120.1 H 
V 

 
    510 

 

 NOTES: 

 

 (1) This horizon was not hydrofractured. 

 

 (2) Average of adjacent formations 

 

 The general tendency is a decrease in fracture toughness with 

decreasing depth.  There appears to be surprisingly little anisotropy 

despite the laminations and the ease with which bedding plane parting 

occurred.  The underlying reason for this may be that the samples tested 

were necessarily from the stronger part of the core samples.  Weaker 

samples often failed prior to testing during the preparation process.  

Consequently, especially for the “grey” shale specimens, the toughness 

values cited are upper limits. 
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VI. DATA ANALYSIS 

 

6.1 Introduction 

 In order to reduce the probability of formation damage and borehole 

instability, fracturing was performed first at the deepest horizon with 

subsequent fractures at progressively shallower depths.  The fractures 

were not propped. 

 

6.2 In situ Stresses(1) 

 Table 2 synthesizes the results of the downhole and the surface 

recordings.  Pressure-time diagrams are presented in Appendix A.  

Appendix B contains reproductions of the downhole pressure-time plots. 

 Table 3 indicates the calculated in situ stresses, based on the 

assumption of a tensile strength of 1000 psi in the plane of the 

laminations and 100 psi perpendicular to the laminations.  These are 

approximate values typically representative of shales. 

 Table 4 is similar to the previous tabulation, with the primary 

difference being that tensile strengths are based on the difference 

between the initial and subsequent breakdown pressures (where such 

interpretation was possible).  This assumes that after the initial 

breakdown, the second breakdown pressure largely reflected a reopening 

of the fracture. 

 Table 5 tabulates in situ stresses based on tensile strengths 

derived from the laboratory testing programme. 

 Finally, Tables 6-8 outline in situ stresses based on measured 

(laboratory) values of fracture toughness using fracture mechanics 

considerations. 

 

 

 

 

NOTE: 
 
(1) The stresses tabulated are total stresses. 
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TABLE 2 
 

RECORDED HYDROFRACTURING PRESSURES AND DIRECTIONS 
 

FRACTURE 
NUMBER 

DEPTH 

 (ft) 

FORMATION PRESSURE 

Po (psi) 

INITIAL BREAKDOWN 

Pbl (psi) 

SECONDARY BREAKDOWN 

Pb2 (psi) 

INSTANTANEOUS SHUT-IN 
PRESSURE Pisip (psi) 

INSTANTANEOUS SHUT-IN 
PRESSURE AFTER SEVERAL 
CYCLES (psi) 

  ESTIMATED DOWNHOLE SURFACE PLUS 
FORMATION 
PRESSURE 

DOWNHOLE SURFACE PLUS FORMATION 
PRESSURE 

SURFACE PLUS FORMATION 
PRESSURE 

SURFACE PLUS FORMATION 
PRESSURE 

1 718 311 300 1941 1933 - 1211 796 

2 704 - - - - - - - 

3 654 283 270 2143 2187 1373 1023 733 

4 614 266 - 2806 2920 1171 905 686 

5 574 249 260 3269 3496 1265 809 634 

6 511 221 230 1716 1770 - 721 586 

7 454 197 200 2267 2271 1297 557-837 577 

8 394 171 170 1646 1720 - 551 411 
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TABLE 3 
 

IN SITU STRESSES (BASED ON To=1000 psi)
(1) 

 

FRACTURE 
NUMBER 

DEPTH 
(ft) 

1 (psi) 2 (psi) 3 (psi) ORIENTATION 

1 718 2381 1211 796 - 

2 704 - - - - 

3 654 1643 1023 733 N80E 

4 614 646 906 686 N67E 

5 574 - 809 634 E10S 

6 511 1226 721 586 E04S 

7 454 207 - 1047 557-837 577 N37E 

8 394 836 551 441 - 

 
 
 

TABLE 4 
 

IN SITU STRESSES (TENSILE STRENGTH BASED ON 
DIFFERENT BREAKDOWN PRESSURES) 

 

FRACTURE 
NUMBER 

DEPTH 
(ft) 

1 (psi) 2 (psi) 3 (psi) ORIENTATION 

1 718 2261 1211 796 - 

2 704 - - - - 

3 654 1413 1023 733 N80E 

4 614 1281 906 686 N67E 

5 574 809 809 634 E10S 

6 511 - 721 586 E04S 

7 454 177 - 1017 577-837 577 N37E 

8 394 - - - - 

 
 
 
 
NOTE: 
 
(1) Inherent inaccuracies in the fracturing procedure do not justify 

calculation of principal stresses to as many significant figures as 
shown. 



 

  Revision 12 
 2D E-26 January, 2003 

TABLE 5 
 

IN SITU STRESSES (TENSILE STRENGTH BASED ON 

LABORATORY  MEASUREMENTS) 
 

FRACTURE 
NUMBER 

DEPTH 
(ft) 

1 (psi) 2 (psi) 3 (psi) ORIENTATION 

1 718 2421 1211 796 - 

2 704 - - - - 

3 654 1943 1023 733 N80E 

4 614 - 906 686 N67E 

5 574 1058 809 634 E10S 

6 511 806 721 586 E04S 

7 454 247 - 1087 557-837 577 N37E 

8 394 721 551 411 - 
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TABLE 6 (REFER TO FIGURE 12) 
 

IN SITU STRESSES (FRACTURE MECHANICS APPROACH) 
 

FRACTURE 
NUMBER 

DEPTH 

 (ft) 

1(psi)(1) 

 

2(psi) 3(psi) ORIENTATION 

    .01 in   .05 in   .1 in   1 in    

1 718 9348 3793 2476 303 1211 796 - 

2 704 - - - - - - - 

3 654 6377 2181 1187 -454 1023 733 N80E 

4 614 3933 157 -737 -2214 906 686 N67E 

5 574 1956 -139 -2192 -3504 809 634 E10S 

6 511 3661 936 290 -776 721 586 E04S 

7 454 29132017   215681   4241320   14792375   557-837 577 N37E 

8 394 3187 517 -116 -2126 551 411 - 

 
  NOTE: 
 
  (1) Abou-Sayed proposed that, for a pressurized borehole intersected by a pre-existing fracture of 
   preferred orientation, a more representative formulation for ¹ is: 
 

       
 




1 3 2
06

  P Pb
K

isip
IC

 .
 

 
   where:   - crack length for one arm of a diametrically opposed crack 
 
     KIC - critical stress intensity factor 
 
   The predominant difficulty is in estimating the length of pre-existing fractures. 
   A range of fracture lengths has been evaluated. 
 



 

  Revision 12 
 2D E-28 January, 2003 

TABLE 7 (REFER TO FIGURE 13) 
IN SITU STRESSES (FRACTURE MECHANICS APPROACH) 

 

FRACTURE 
NUMBER 

DEPTH 

 (ft) 

1(psi)(1) 

 

2(psi) 3(psi) ORIENTATION 

    .01 in   .05 in   .1 in   1 in    

1 718 12326 6446 4743 2445 1211 796 - 

2 704 - - - - - - - 

3 654 9667 4231 3181 2253 1023 783 N80E 

4 614 6263 2873 1927 383 906 686 N67E 

5 574 5327 1781 939 -449 809 634 E10S 

6 511 5440 2560 1875 748 721 586 E04S 

7 454 4371-5211 1519-2359 941-1681 -277-563 557-837 577 N37E 

8 394 4960 2130 1458 348 551 411 - 

 
  NOTE: 
 
  (1) Cleary proposed that, for a pressurized borehole intersected by a pre-existing  

fracture, a formulation (where total stress is equal to effective stress) is: 
 

       


1 3
56

   P P P
K

isip b o
IC

 .
 

 
   where:   - crack length for one arm of a diametrically opposed crack 
 
     KIC - critical stress intensity factor 
 
   The predominant difficulty is in estimating the length of pre-existing fractures. 
   A range of fracture lengths has been evaluated. 
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TABLE 8 (REFER TO FIGURE 14) 

IN SITU STRESSES (FRACTURE MECHANICS APPROACH) 
 

FRACTURE 
NUMBER 

DEPTH 

 (ft) 

1(psi)(1) 

 

2(psi) 3(psi) ORIENTATION 

    .01 in   .05 in   .1 in   1 in    

1 718 11704 4924 4432 2134 1211 796 - 

2 704 - - - - - - - 

3 654 8384 3948 2898 1970 1023 733 N80E 

4 614 6240 2250 1661 117 906 686 N67E 

5 574 5078 1532 690 -698 809 634 E10S 

6 511 5219 2339 1655 527 721 586 E04S 

7 454 4174-5014 1322-2162 644-1484 -474-366 557-837 577 N37E 

8 394 4789 1959 1287 177 551 411 - 

 
  NOTE: 
 
  (1) Cleary proposed that for a pressurized borehole intersected by a pre-existing  

fracture, a formation (where 1 = -p): 
 

       


1 3 2
56

   P P P
K

isip b o
IC

 .
 

 
   where:   - crack length for one arm of a diametrically opposed crack 
 
     KIC - critical stress intensity factor 
 
   The predominant difficulty is in estimating the length of pre-existing fractures. 
   A range of fracture lengths has been evaluated. 
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 Difficulties in determining instantaneous shut-in pressures have 

led to alternate interpretation of the data (B. Voight, personal 

communication).  The proposed stress regime for the alternate 

interpretation is shown in Table 9. 

 

TABLE 9 

IN SITU STRESS REGIME (TENSILE STRENGTH BASED 

ON LABORATORY MEASUREMENTS 

 

FRACTURE 
NUMBER 

DEPTH 
(ft) 

1(psi) 2(psi) 3(psi) ORIENTATION 

1 718 1971 1061 796 - 

2 704 - - - - 

3 654 1343-1943 823-1023 733 N80E 

4 614  1281(1) 906 686 N67E 

5 574 1178 849 634 E10S 

6 511 806-1406 721-921 586 E04S 

7 454 247-1087,1987 557-837,1137 577 N37E 

8 394 721-1981 551-971 411 - 

 

  NOTE: 

 

    (1) To based on field measurements. 

 

 Figure 11 is a comparison of the two interpretations. 

 As a criterion for shut-in values, the authors have used pressure 

values where there was initial inflection on the pressure decay curve 

after the well was shut-in for the first time.  The major discrepancy 

between the two interpretations is for Fracture 7 at a depth of 454 ft.  

The value suggested by Voight corresponds to a slight spike in the 

pressure time curve.  It appears that this occurred just after breakdown 

and before the well was shut-in.  Since pumping had not stopped this  
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value may be too high.  Differences in interpretation for the other 

depths are not as significant.  Consequently, the original 

interpretation (Roegiers and McLennan) has been adopted. 

 

6.3 Fracture Orientations 

 

 Ideally, a fracture can be categorized as being vertical or 

horizontal by comparing the instantaneous shut-in pressure with the 

anticipated value of the overburden stress (gradient of approximately 

1.1 psi/ft. depth).  If this pressure is less than the weight of the 

overburden, then the fracture is vertical.  This interpretation is 

complicated by two features: 

 

 (i) There is a general tendency for fractures to initially be 

vertical, due to the influence of the packers.  However, if 

anisotropy is strong enough, this may not always be the case. 

 

 (ii) Interpretation is more complicated if the minimum horizontal 

stress has approximately the same value as the sum of the 

vertical stress and the tensile strength in the horizontal 

direction. 

 

The final column in each of the foregoing tables summarizes the fracture 

orientations as determined from the impression packers and the downhole 

orientation surveys. 

 

6.4 Discussion 

 

 (i) Variation of Horizontal Stress with Depth 

  Figures 1 and 2 indicate the variation of 1 and 2(Hmax and 

Hmin in this case) with depth.  It seems that the stress 

situation becomes more isotropic as the depth decreases.   
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  (Figure 4).  The gradient of 1 is larger than the gradient 

for 2, at the greater depths.  The change in gradient may 

signify: 

  (a) The presence of a tectonically induced feature. 

  (b) Change in material characteristics. 

 

 (ii) Variation of Vertical Stress with Depth 

 

  3, which is the vertical stress, corresponds closely to the 

anticipated overburden pressure.  Table 10 indicates the ratio 

of v/DEPTH.  A standard rule of thumb is that v(psi) is 

approximately equal to the DEPTH (feet) x 1.1. 

 

 TABLE 10 

 V/DEPTH 

 

FRACTURE 
NUMBER 

DEPTH  
(ft) 

V(psi) V/DEPTH 

1 718 796 1.11 

2 704 - - 

3 654 733 1.12 

4 614 686 1.12 

5 574 634 1.10 

6 511 586 1.15 

7 454 577 1.27 

8 394 411 1.04 

 

 The v/DEPTH is close to what is expected.  Fracture 7 gives an 

anomalously high value.  No reason is offered for this at the present 

time. 
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    (iii) Ratio of Hmin to V 

 

  Figure 8 is a plot of representative values of the ratio 

Hmin/v, indicating that the measured stresses are within the 

range of other measured values.  Table 11 lists all the values 

for Hmin/v.  Fracture 7 at a depth of 454 covers a range of 

values.  This is due to the difficulty in determining with 

complete certainty a shut-in pressure at that particular 

horizon.  However, based on the plot of Hmin versus depth it 

seems highly likely that Hmin  650 psi.  If this value is 

used and To = 1040 psi (laboratory) is used, 1 is calculated 

to be 596.  This is inadmissible since 1 < 2 but probably 

stems from inherent inaccuracy (and statistical variation) in 

the laboratory measurements of To.  Hence Hmin = 650 psi and 

Hmax  650 psi at depth 454 would seem to be a reasonable 

prediction. 

 

TABLE 11 

 

Hmin/v 

 

FRACTURE 
NUMBER 

DEPTH  
(feet) 

Hmin 
(psi) 

V 
(psi) 

Hmin/V 

1 718 1211 796 1.52 

2 704 - - - 

3 654 1023 733 1.40 

4 614 906 686 1.32 

5 574 809 634 1.28 

6 511 721 586 1.23 

7 454 557-837 577 .97-1.45 

8 394 551 411 1.34 
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  It is to some extent unusual that the stress seems to become 

more isotropic as the depth decreases.  However, measurements 

were made over a limited depth. 

 

 (iv) Change in Gradient With Depth 

  Below a depth of approximately 600 feet, both Hmax and Hmin 

exhibit an increase in gradient.  To what depth below the 

measurement zone this trend continues is uncertain.  At the 

shallower depths, the tendency for 1  2  3 is well defined 

and extrapolations of existing measurements to the surface 

would seem to be reasonable. 

 

 (v) Orientation and the Regional Stress “Picture” 

  The variation in orientation and magnitude with depth is shown 

in Figure 5.  Orientation for the fracture at depth 454 feet 

is subject to some doubt due to the poor quality of the 

downhole photograph.  It appears that 1 is approximately E-W 

and from Figures 9 and 10 it can be seen that this orientation 

is consistent with the regional stress picture (based on other 

field measurements). 

 

 (vi) Fracture Mechanics Considerations 

  Since no definite measurement of the length of influential 

pre-existing discontinuities is available, only a qualitative 

review of the data is possible.  However, Figures 12-14 

indicate that values calculated using conventional analysis 

are similar to values calculated using a fracture mechanics 

approach assuming feasible fracture lengths.  This suggests   

a degree of reliability for values obtained using classical 

methods. 
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APPENDIX A 

 

FRACTURING HISTORY 
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FRACTURE ONE 

 

Date: May 2, 1979 

Depth: 718 feet 

Injection History: 

 Pumping started with the University of Toronto, air operated pump.  

The flow rate was consequently small.  The pressure built up to 

approximately 500 psi (surface), with considerable oscillation, and 

leveled off.  The system was shut-in and pressure decayed rapidly.  The 

pressurization-shut-in sequence was repeated again. 

 At this stage, 18 gallons of water had been pumped into the hole.  

Halliburton started pumping at approximately 1/4 bbl/min.  Pressure 

increased rapidly.  After breakdown, the system was shut-in and 

repressurized several times.  Halliburton pumped in approximately 

4 barrels of fluid.  After initial breakdown, gel was started into the 

loop.  The composition of the gel was: 

  Sodium Bicarbonate----K34 (buffer) 

  WG11------------------Gel 

  HYG3------------------Fumeric acid (lowers viscosity) 

  CL11------------------Increases viscosity 

  (Viscosity downhole was 150 cp) 

 



I

O
n

s
<

~
C

H
-

0
)
W

H
'H
-

*
<
O

»
3

N
)

I-
1

O
N
)

O C
O

F
R
A
C
T
U
R
E

t
-

D
E
P
T
H
=
7
1
8
'

w
u
v
E
H
s
m
r
o
f
T
o
r
o
n
t
o

S
H
U
T
M

H
A
L
U
B
u
m
D
M
S
E
R
M
C
E
S

B
L
E
E
O
S
b
O
W
L
V

8
0
0

1
2
0
0

1
8
0
0

m
o
o

2
b
o
o

a
t
o
a

T
I
M
E
(
S
E
C
O
N
D
S
)

S
2
0
0

S
6
0
0

6
0
0
0



 

  Revision 12 
 2D E-53 January, 2003 

Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

 
University of 
Toronto 

 841 

 891 

  ~.3 

  ~.3 

21 

32 

 

Halliburton 

1941 

1211(2) 

 901 

 706 

~10.5 

  0 

~10.5 

~10.5 

14.5(3) 

20 

25 

35(4) 

 
  NOTES: 
 
  (1) Surface Pressure plus Formation Pressure 
 
  (2) Instantaneous Shut-in Pressure (Surface Pressure plus 

Formation Pressure) 
 
  (3) Time base was rezeroed for Halliburton pumping. 
 

  (4) Started pumping gel into the hole at this time. 

 

The Influence of Flowrate: 

 It appears that pumping at the small flowrates, with the University 

of Toronto pump, allowed fluid to enter into horizontal laminations.  

This, in combination with leakage through drill pipe, caused the 

pressure to level off. 

 At the higher Halliburton flowrates, it is hypothesized that a 

vertical fracture was created.  Away from the borehole wall this 

fracture probably became horizontal. 

 An estimate of the overburden pressure is: 

 

    psi7901.1718v   
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 The shut-in pressure at the end of pumping was 786 psi 

(475 (surface) + 311 (formation pressure) = 786 psi).  Hence 

v/DEPTH = 1.1. 

 

Orientation 

 This horizon was too close to the bottom of the hole for 

impressions to be performed. 
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FRACTURE TWO 

 

Date: May 2, 1979 

Depth: 704 feet 

Injection History: 

 Pumping at ~.3 gpm, using the University of Toronto pump, pressure 

leveled off at approximately 150 psi, suggesting considerable leakage 

either through the drill string or into the formation.  This was bled 

off and Halliburton pumped at approximately .25 barrels per minute.  

Pressure rose rapidly.  Before breakdown, a short sub at the surface 

burst.  This horizon was then abandoned. 

 



FRACTURE 2 - DEPTH"704'

UNIVERSITY OP TORONTO

2000

1800

1600

1400

1200

1000

800

600

400

200

SHUT IN

2000

1800

1800

1400

1200

1000

800

600

400

200

HALUBURTON SERVICES

0 100 200 300 6 WO 200 300 400

TIME (SECONDS) TIME (SECONDS)

2D E-56

Revision 12

January, 2003



 

  Revision 12 
 2D E-57 January, 2003 

FRACTURE THREE 

 

 

Date: May 3, 1979 

Depth: 654 feet 

Injection History: 

 This fracture was originally to have been at a depth of 659 feet.  

However, in order to allow Halliburton to hook directly to the wellhead, 

the center of the interval was moved to 653’10” 654 feet. 

 Pumping first with the University of Toronto pump, the formation 

built up pressure slowly, but steadily until breakdown.  A distinct 

shut-in pressure resulted and losses through the drill string and into 

the formation were small. 

 The system was bled off and Halliburton pumped in.  Breakdown 

occurred at a lower pressure, probably reflecting reinflating a vertical 

fracture.  Continued pumping ultimately seems to reflect propagation of 

a horizontal fracture. 
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Critical Pressures: 

 

Pump Pressure(1)   
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

 
University of 
Toronto 

2143 

1023(2) 

 778(3) 

~.25 

  0 

~.25 

 12.7 

 12.7+ 

~15 

 

Halliburton 

1373 

 763(2) 

 843(3) 

 738(2) 

~10 

  0 

~10 

  0 

  1.4(4) 

  2 

  6 

  7 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Instantaneous Shut-in Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (3) Average Propagation Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (4) Time based was rezeroed for Halliburton pumping 
 

The Influence of Flowrate: 

 It is hypothesized that initial pumping opened a vertical fracture. 

Due to the small flowrate, it was not propagated far from the borehole 

wall.  Pumping with the Halliburton unit probably reopened this 

fracture.  The fracture extended and probably assumed a horizontal 

orientation. 

 

Estimate of the Tensile Strength: 

 An approximation of the tensile strength in the horizontal 

direction, bearing in mind discrepancies in breakdown pressures due to 

drastically different flowrates, is the difference between the two 

tabulated breakdown pressures.  This gives a tensile strength of 

approximately 770 psi. 
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Pressure in the Vertical Direction: 

 An estimate of the overburden pressure is: 

 

   psi7191.1654v   

 

 The shut-in pressure at the end of pumping was (455 + 283 = 

 738 psi).  Hence v/DEPTH = 1.13 psi/ft. 

 

Orientation 

 The impression revealed traces of vertical fractures and a hairline 

horizontal fracture. 

 The orientation of the vertical fractures suggest the direction of 

the maximum principal stress is at N80E. 
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FRACTURE FOUR 

 

Date: May 3, 1979 

Depth: 614 feet 

Injection History: 

 Pumping with the University of Toronto pump caused a steady 

increase in pressure.  The pressure time curve peaks gradually.  This 

could be due to inflation of a horizontal zone leakage (near the peak a 

valve started to leak at the surface), or fracture ‘initiation. 

 Halliburton pumped.  The pressure-time curve suggests some small 

scale fracturing (or possibly slabbing) before actual breakdown.  

Alternatively, there is the hypothesis that the curve reflects 

reorientation of vertical to horizontal orientation. 

 The pressurization shut-in cycle was repeated several times. 
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Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

University  
of  

Toronto 

 
2246 

 
~.25 

 
17.5 

Halliburton 2266 ~10   .5(4) 

 2806 ~10   2 

  906(3) ~10   2 

 2791 ~10  5.4 

  836(3) ~10  5.7 

 1171 ~10  5.8 

  716(3) ~10  6.2 

 1076 ~10  6.3 

  696(2)   0  6.8 

 1036 ~10  7.7 

  966 ~10  9.2 

  906 ~10 10.4 

  686(2)   0 10.7 

 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Instantaneous Shut in Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (3) Pressure drop, but pumping continues 
 
 (4) Time base was rezeroed for Halliburton pumping 
 

Discussion: 

 The University of Toronto pump could not definitely breakdown the 

formation.  The pressure time curve gently rounds a peak due to leakage 

in the system into the formation or inflation of a horizontal feature. 
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 Halliburton probably created a vertical fracture and subsequently a 

horizontal fracture.  The situation is very complex and indicates a 

complex fracturing sequence.  Hence, estimation of instantaneous shut-in 

pressure for an hypothesized vertical fracture is somewhat difficult. 

 

Estimate of Tensile Strength from Field Results: 

 Based on different breakdown pressures, the tensile strengths are 

estimated to be: 

 

Direction Tensile Strength (psi) 

In horizontal direction 1600 psi 

In vertical direction 200 psi 

 

Orientation: 

 

 There is a system of diametrically opposed vertical fractures.  

There is also a horizontal fracture near each end of the impression 

interval.  1 acts at approximately N67E. 
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FRACTURE FIVE 

 

Date: May 3, 1979 

Depth: 574 feet 

Injection History: 

 Pumping with the University of Toronto pump caused a steady 

increase in pressure up to approximately 2400 psi (surface).  At this 

point a valve had to be tightened.  Pressurization continued but 

pressure leveled off at approximately 2600 psi (surface) and 

subsequently decreased gradually.  The system was bled off.  Halliburton 

pumped.  Pressure increased steadily at about the same rate as for the 

University of Toronto.  At 3020 psi (surface), the system was shut-in.  

This was necessary in order to avoid bursting the drill pipe.  After 

being shut-in for approximately 2 minutes, with only small pressure 

losses, breakdown occurred.  The system was repressurized and then bled 

off completely.  A series of pressurization-shut-in cycles followed.  

The system was then bled off slowly in order to study the pressure decay 

behaviour. 
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Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

University of 
Toronto 

2879 

2789 

~.25 

~.25 

16.7 

17.2 

Halliburton 3269 ~10 13.8(3) 

 3329 ~10 15.5 

 809  1549(2)   0 15.6 

 1299 ~10 21.2 

 909(4) ~10 21.8 

 649(2)   0 21.9 

 899 ~10 22.8 

 639(2)   0 23.8 

 809 ~10 24.7 

 639(2)   0 25.1 

 779 ~10 25.6 

 639(2)   0 26.1 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Instantaneous Shut-in Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (3) Time base was rezeroed for Halliburton pumping. 
 
 (4) This small anomaly may reflect a change from a vertical to a 

horizontal fracture. 

 

Discussion: 

 It appears that a vertical fracture first initiated and with 

continued pressurization a horizontal fracture followed.  It appears 

that, as in the previous case, the fracture geometry is complex. 
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Orientation: 

 The impression reveals: 

 (1) Traces of a set of diametrically opposed vertical fractures. 

 (2) An inclined fracture (steeply) apparently related to the set 

of vertical fractures. 

 (3) Two horizontal fractures, offset by the inclined fracture. 

 The vertical fractures reflect a direction for the maximum 

principal stress of E10S. 
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FRACTURE SIX 

 

Date: May 4, 1979 

Depth: 511 feet 

Injection History: 

 Pumping with the University of Toronto pump appears to have 

inflated a horizontal “discontinuity”.  Pumping at the Halliburton 

flowrates probably forced a vertical fracture to initiate.  This 

fracture probably adopted a horizontal orientation at some distance  

away from the borehole.  The tendency to a horizontal fracture may be 

indicated by: 

 (i) A slight “spike” during propagation in one of the 

pressurization cycles. 

 (ii) The tendency for shut-in pressures to become better defined 

after a certain number of pressurization cycles. 
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Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

University of 
Toronto 

 671 ~.3  5.5 

Halliburton 1716 ~10   .2(4) 

  721(2)   0   .6 

 1711 ~10  2.2 

  971(3) ~10  8.8 

  586(2)   0 10.8 

  826 ~10 11.3 

  601(2)   0 14.0 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Instantaneous Shut-in Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (3) New fracture morphology? 
 
 (4) Time base was rezeroed for Halliburton pumping 
 

Influence of the Flowrate: 

 It is hypothesized that the pumping at very small rates opened 

horizontal fractures, while pumping (later) at higher rates caused an 

initial vertical fracture which later became horizontal. 

 



 

  Revision 12 
 2D E-72 January, 2003 

Estimate of the Tensile Strength from Field Results: 

 Based on differing breakdown pressures, the tensile strengths are 

approximated as: 

 

Direction Tensile Strength (psi 

In horizontal direction At least 300 psi (and) 
probably more 

In vertical direction 100 psi 

 

 

Pressure in the Vertical Direction: 

 An estimate of the overburden pressure is: 

 

  psi5621.111.5v   

 

 The shut-in pressure, after the suspected change to a horizontal 

fracture was 586 psi (365 (surface) + 221 (formation pressure) = 

586 psi)  Hence  v/DEPTH = 1.15 psi/ft. 

 

Orientation: 

 Impressions revealed: 

 (a) A set of diametrically opposed vertical fractures. 

 (b) Two inclined fracture-like features. 

 (c) A major horizontal fracture near the top of the impression 

interval. 

 The vertical fractures suggest that 1 is acting at E04S. 
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FRACTURE SEVEN 

 

Date: May 4, 1979 

Depth: 454 feet 

Injection History: 

 No distinct breakdown was achieved with the University of Toronto 

pump.  A gentle inflection of the pressure time curve suggests leakage 

in the system or into the formation. 

 Halliburton pumped and the pressure rose rapidly.  A small anomaly 

evident on the pressure time plot immediately after this initial 

breakdown may reflect a change in fracture path as may a spike during 

the propagation portion of a subsequent propagation cycle. 
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Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

University of 
Toronto 

1507 ~.25 10.3 

Halliburton 2267 ~10   .2(4) 

 1137(3) ~10   .3 

  837(2)   0   .7 

 1557 ~10  1.2 

  697(2)   0  3.2 

  557(2)   0  5.8 

 1417 ~10  6.5 

  557(2)   0  7.7 

 1297 ~10  8.6 

 1047(3) ~10  9.0 

  597(2)   0  9.3 

 1177 ~10 10 

  577(2)   0 11 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Instantaneous Shut-in Pressure (Surface Pressure plus Formation 

Pressure) 
 
 (3) Anomalous feature during propagation 
 
 (4) Time base was rezeroed for Halliburton pumping 
 

Discussion: 

 It is extremely difficult to accurately determine shut-in 

pressures, especially during the early pressurization cycles.  

Regardless, it seems that Pisip (as taken at the point of inflection) 

does not vary appreciably for any of the pressurization cycles. 
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 Difficulty in evaluating Pisip from either the surface or downhole 

plots makes interpretation of this fracture somewhat tenuous. 

 It may be unlikely that the University of Toronto pump inflated an 

horizontal fracture because the surface pressure exceeded 1300 psi.  The 

anticipated weight of the overburden is approximately 500 psi. 

 

Estimate of the Tensile Strength from Field Results: 

 An approximation of the tensile strength in the horizontal 

direction, based on the difference in breakdown pressures is 

To = 1070 psi. 

 

Pressure in the Vertical Direction: 

 

 An estimate of the overburden pressure is: 

 

   psi5001.1454v   

 

 The shut-in pressure at the end of pumping was 577 psi.  This is 

rather high; v/DEPTH = 1.27 psi/ft. 

 

Orientation: 

 There is a set of poorly defined, but diametrically opposed 

vertical fractures.  There is also a major horizontal fracture 

immediately below the position of the upper straddle packer. 

 The downhole compass photograph is of poor quality but the 

direction of 1 is apparently about N37E. 
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FRACTURE EIGHT 

 

Date: May 4, 1979 

Depth: 394 feet 

Injection History: 

 The pumping with the University of Toronto pump did not produce a 

distinct breakdown phenomena.  Pressure reached a constant level and on 

shut-in bled off slowly. 

 When Halliburton pumped breakdown occurred in much the same manner 

as for other tests.  As usual, several pressurization and shut-in cycles 

were performed. 
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Critical Pressures: 

 

Pump Pressure(1)  
(psi) 

Injection Rate 
(gpm) 

Elapsed Time 
(min) 

University of 
Toronto 

 976 

 991(2) 

~.3 

~.2 

 3.8 

11 

Halliburton 1646 ~10   .5(5) 

 1366(2) ~10   .6 

 1506(2) ~10   .7 

  611(3)   0   .8 

 1581 ~10  1.3 

  561(3)   0  2.7 

 1256 ~10  3.5 

 1146(2) ~10  5.4 

  511(4)   0  6.9 

 1276 ~10  7.7 

  551(3)   0 11 

  481(4)   0 11.4 

 
 NOTES: 
 
 (1) Surface Pressure plus Formation Pressure 
 
 (2) Surface Pressure plus Formation Pressure; Fracture is 

Propagating (Anomalous readings) 
 
 (3) Instantaneous Shut-in Pressure (Surface pressure plus Formation 

Pressure) 
 
 (4) Plateau observed during slow bleed off 
 
 (5) Time base was rezeroed for Halliburton pumping 
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Discussion: 

 As with other tests at shallow depths, two unusual pressure 

fluctuations are evident probably revealing changes in fracture 

morphology.  These are: 

 (i) Immediately after initial breakdown there is a drop and then a 

partial recovery in pressure.  Whether this is due to the 

change in fracture orientation or the pumping procedure cannot 

be established. 

 (ii) During a propagation cycle, as fractures move away from the 

borehole, there is a sharp increase in pressure.  It seems 

very likely that this indicates a change in the fracture 

morphology. 

 The most interesting characteristic of this fracture is the final 

shut-in pressure and the pressure decay during bleed off.  The point of 

inflection during bleed off corresponds closely to the overburden 

pressure, while the other point of inflection may indicate closing of a 

vertical fracture. 

 One feature possibly arguing against the formation of a vertical 

fracture in several of the upper horizons is the fact that the initial 

and second breakdown pressures have approximately the same value, 

suggesting small tensile strength. 

 

Orientation: 

 Vertical and horizontal features are visible.  A poor quality 

downhole photograph prevents accurate interpretation of the direction of 

1.  Furthermore, the vertical fracture traces are only poorly defined 

on the impression. 
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APPENDIX B 

 

DOWN-HOLE PRESSURE-TIME RECORDS 
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DOWNHOLE PRESSURE - TIME RECORD
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APPENDIX C 

 

APPLICATION OF FRACTURE MECHANICS CONCEPTS 

TO HYDRAULIC FRACTURING ANALYSIS 
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PART A 

 

MODE I CONDITIONS 

 



 

  Revision 12 
 2D E-89 January, 2003 

(C.1) GENERALITIES 

 

 Hardy, 1973, discussed fracture mechanics considerations applicable 

to hydraulic fracturing.  His treatment can be briefly synthesized as 

follows. 

 Consider a fracture geometry as shown in Figure A, this being after 

initiation of a fracture from a pressurized borehole. 

 

 

 

 Two parameters f(c/a) and g(c/a) have been defined by Cottrell in 

1972. 
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aq

GE
acf 2

          (C-1) 

 

   
ap

GE
acg 2

          (C-2) 

 

where: 

 

  G - strain energy release rate 

  E - Young’s Modulus 

  q - Tensile stress perpendicular to the crack 

  p - Compressive stress parallel to the crack 

  a - Borehole radius 

  c - Crack length 

 

 Hardy, 1973, states that for a tensile stress (p-2) perpendicular 

to the crack, the opening mode stress intensity factor is: 
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 For a compressive stress (1 -p) parallel to the crack, the opening 

mode stress intensity factor is: 
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By superposition, 
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 Hardy states that at crack extension   2
1

EKI  .  This would seem 

to be appropriate only under plane stress conditions.  In general, as 

has been shown, for a MODE I situation: 
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Extension can allegedly occur when  
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At failure 
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 However, if the situation is plane strain: 
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This implies that extension will occur for 
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or, 
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  , p at crack extension would be: 
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p can be determined uniquely as a function of crack length. 
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(t - tensile strength of the rock) 
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 For 1 = 2 
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 As compared to conventional predictions: 

 

  1t 2P           (C-21) 

 

 If hydraulic fracturing were attempted in a region with a 

pre-existing crack or joint along the axis of the borehole, across the 

fault t = 0 and  = 0.  An apparent discrepancy now arises since: 

 

 from (C-19) 1p          (C-22) 

 from (C-20) 12p          (C-23) 

 

 Hardy states that if the pressure at which flow from the borehole 

into the joint were recorded, and if this pressure were used as a 

measure of the stress state around the borehole, equation (C-22) should 

be used. 

 For some ratios of 1/2 there may be a size effect on the 

breakdown pressure, expressed as: 

 

   ,E,c,ac,,f*p 21  

             (C-24) 

    E/1ap 2  

 

If 1/2 is large and is constant and if the value of c is stationary on 

the (c/a) curve, then there will be a reduction in pb for increases in 

the internal hole diameter. 

 



(C.2) NO FLUID PENETRATION INTO AN EXISTING FRACTURE

If there is no penetration, this is analogous to having an

impermeable membrane in the borehole. Oucherlony (1972) (Refer to

Figure B ) has considered such a situation:

IfWJ

Mi mm <

• 9.1 14 M (.4

FIGURE B

For no penetration:

Kt = F(c/a) (C-25)

For di parallel to the crack:

Kx = a, [7tag(c/a)]>^ (C-26)
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For 2 perpendicular to the crack: 

 

    212I acafK           (C-27) 

 

Using superposition, 
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with, 

 

 
   

       
 acF

acgacf'E
P

'E
1

E
K

2
1

1
2

1

2
2

1

2
1

2I

2
1

















      (C-29) 

 

   acF/'EP0if
2

1

21         (C-30) 

 

 
 

   

 acF

acgacf

acF

'E
Pif

2
1

2
1

12
1

21











     (C-31) 

 

 

 (C-31) indicates that for large crack lengths, the breakdown 

pressure increases very rapidly with increasing crack length.  

(* NO PENETRATION). 

 

For a preexisting fracture intersecting the hole 

 

 
    

 acF
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For small initial crack lengths (4-32) reduces to:

P = (C-33)

(C.3) FLUID PENETRATION

Hardy considered a purely mode I situation. Zoback et al also did.

However, they considered fluid penetration into diametrically opposed

pressurized cracks. The pressure distribution was considered uniform

throughout the fracture length.

For two fractures stemming from a circular hole in an infinite

medium, Newman calculated the normalized stress intensity factors (Kr/p)

as a function of crack length I (using geometry shown in Figure C )

0 fluid pressure applied only to the borehole

fluid pressure applied over the fracture surface as well,

FIGURE C

If the fluid pressure is acting along the entire fracture surface,

the stress intensity factor grows as the fracture extends and unstable

crack growth would be consequent. When fluid acts only in the borehole,

after an initially unstable growth, the stress intensity slowly
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decreases with crack length (stable crack growth - requires increasing 

pressure for continued crack propagation).  The reality lies somewhere 

between these two limits. 

 

(C.4)  VERTICAL FRACTURE MIGRATION 

 

Abou Sayed et al, 1977 analyzed a vertically migrating hydraulic 

fracture.  (If higher order terms are omitted this is still mode I 

analysis).  An elliptical crack is considered.  The crack is subjected 

to fluid pressure acting on the crack faces and a far-field in situ 

stress (both varying linearly with depth). 

 The problem considered is one of quasistatic crack extension, 

neglecting fluid flow, for a three dimensional crack configuration. 

 Let: 

   = g ( - fluid density, g - gravitational acceleration) 

   = vertical gradient of horizontal in situ stress. 

 

 Stress intensity factors, theoretically derived, vary around the 

crack periphery in a manner implying that an elliptical crack subjected 

to the prescribed loads will not grow uniformly, even if subjected to 

uniform pressure.  For uniform pressure, the analysis predicts that an 

elliptical crack will grow into a circular one. 

 

In addition, for nonuniform loading, a circular crack will tend to 

extend first at the tip which lies on the major axis and  = 0  

(Refer to Figure D). 
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  “That is, for a downward fracturing condition, a circular crack 

will tend to become longer in the vertical direction than in the 
horizontal direction at its lower half, i.e. c/a will tend to 
decrease.  Once this growth has occurred, the new crack will take 
an intermediate shape between a circle and an ellipse.” 

               Abou Sayed et al, 1977. 

 

(C.5) PARTICULAR FIELD CONDITIONS 

 
  “Hydraulic fracture containment is discussed from the point of view 

of linear elastic fracture mechanics.  Three cases are analyzed:  
a) Effect of different material properties for the pay zone and the 
barrier formation, b) Characteristic of fracture propagation into 
region of varying in situ stress and, c) Effect of hydrostatic 
pressure gradients on fracture propagation into overlying or 
underlying barrier formations.  The analysis shows the importance 
of the elastic properties, the in situ stresses and the pressure 
gradients on fracture containment.” 

           Simonson et al, 1977. 
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  “1. Hydraulic fractures in a pay zone located between two adjacent 
barrier layers will tend to be contained provided the stiffness of 
the pay zone is less than the stiffness of the barrier layers.  
Furthermore, if the opposite condition exists, barrier penetration 
is most likely. 

 
  2. Migration of a hydraulic fracture either upward or downward in 

an isotropic, homogeneous medium may be controlled by the density 
of the hydraulic fracture fluid.  If the fluid density gradient is 
greater (less) than the in situ stress gradient downward (upward) 
migration is most probable. 

 
  3. If there exists a difference in in situ stress between the 

barrier layer and the pay zone with greater in situ stress in the 
barrier layer, then it may be possible to detect fracture 
propagation into the barrier formation.  A sudden increase in 
pumping pressure will occur as the fracture crosses the interface 
and extends into the barrier layer.  The increase in pressure is a 
function of the difference in in situ stress between the barrier 
and pay zone layers and the height of the pay zone.” 

           Simonson et al, 1977. 

 

(C.6)  PENETRATION OF A VISCOUS FLUID 

 

 Zoback and Pollard, 1978,considered fluid penetration using more 

realistic assumptions of distribution and character of fluid. 

 
    “In attempting to intuitively understand the fracture initiation and 

extension process, it is necessary to consider the coupled problem 
of the elastic deformation of a fracture and viscous fluid flow 
into it.  The necessity of considering this coupled problem is 
illustrated by the extreme cases shown in Figure E.” 

         Zoback and Pollard, 1978. 
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These authors consider: 
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where: 

 

  K  - Opening mode stress intensity factor 

 

  P  - Uniform Pressure 

 

  2r - Interval of Pressurization for Case One 
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    - Fracture length 

  D - Opening displacement of Fracture Wall 

   - Poisson’s Ratio 

  G - shear Modulus 

 

 A propagating fracture cannot be represented precisely by either of 

these extreme models.  Fluid pressure may act in the fracture to some 

degree, but not necessarily such that fracture propagation is unstable 

at all times. 

 Zoback and Pollard utilize a two-dimensional plane strain fracture 

model in an infinite continuum which is linear elastic, homogeneous, and 

isotropic.  Also considered is steady, constant property flow of a 

Newtonian viscous fluid “into” the fracture from the borehole.  It is 

assumed that the fracture propagates perpendicular to the least 

principal compressive stress.  Shear stresses on the fracture face due 

to fluid flow are ignored. 

 Also considered, using a one dimensional steady-state flow law is 

the crack-tip stress intensity factor as a function of the fracture 

half-length for various fluid viscosities.  Figure F summarizes their 

findings.  This figure, along with Figure G seem to be a good approach.  

The problem seems to lie with what must be regarded as seeming 

intuitively unlikely.  This is that (Refer to Figure G) wall 

displacement is herein predicted to increase with decreasing viscosity.  

The likelihood of this is suspect. 
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PART B 

 

MIXED MODE CONDITIONS 
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(C.7) THE EFFECT OF PREFERRED CRACK ORIENTATION ON HYDRAULIC 

FRACTURING CRACK GROWTH 

 

 Consider an existing pressurized crack randomly oriented with 

respect to the principal stresses (Figure H).  Abou Sayed et al, 1977, 

outline conditions and characteristics of additional propagation. 

 

 

 

For the situation shown in Figure H 
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     2sin21LK 31II       (C-37) 

 

These are the stress intensity factors for the existing crack. 

 

If the existing crack extends in an arbitrary direction 
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  G()  -strain energy release rate as a function of 

     the angle of extension measured clockwise with 

     respect to the trace of the existing crack. 

  KI, KII -given in (C-36) and (C-37) 

  (after Hussain, et al, 1973, modified for plane strain). 

 

 For an open, stationary long crack, a prerequisite is KI = KII = 0. 

(These considerations seem dubious since it implies that a crack is 

unstable if G()  0.  Propagation only occurs when G() exceeds a 

characteristic value GCR()). 

 

   2
3

2
1 cossinP        (C-39) 

 

and 

 

    02sin31          (C-40) 

 

 For 1  3 :  = 0 or  = /2.  This implies that the existing 

crack is stationary if it is parallel to principal stress directions and 

if the pressure p is equal to the principal stress acting 

perpendicularly to the crack face.  Further considerations indicate 

extension will tend to be perpendicular to the direction of minimum 

compressive stress as expected. 

 A consequence is that 3 is equal to the shut-in pressure and if  

is known, 1 can be evaluated. 

 



(C.8) CRACK INITIATION WITH A PRE-EXISTING CRACK OF

PRESCRIBED ORIENTATION

•a -••
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r

FIGURE I

Abou Sayed et al, 1977, consider also a diametrically cracked hole which

is internally pressurized (p). This is similar to the situation

described earlier (Zoback et al, 1977) except that Kn * 0 in this case.

For this situation:

Kr = pjhn F (L/a) - (a2 cos2 a + a3sin2 a) F(L/a)>/L7t

+ (a2 cos2 a - a3 cos2 a) • G (L/a)>/L7i
(C-41)

F(L/a), G(L/a) - Tabulated Functions

(after Paris and Sih, 1965)

For a tensile crack: a = 0

(G(L/a) - F(L/a)) o2 =■$£.- F(L/a) Pb + c(L/a), (C-42)
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For a shear crack:  = /4 

 

    3
IC

b2
LaLF

K2
P2 


        (C-43) 

 

where 

 

  bP   - Breakdown Pressure 

 

  ICK  - Mode I Fracture Toughness 

 

 In the opinion of the authors, this analysis seems a little tenuous 

since if hydraulic fracturing is the result of a shearing action, KII 

should not be taken equal to zero.  Both stress intensity factors KI and 

KII should be evaluated. 

 If the horizontal primitive stress distribution is 2 = 3 then: 
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 With certain assumptions (C-44) can be expressed alternatively as: 
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 “Since the value of the expression in parentheses on the right hand 

side of equation (C-45) varies between - 1/2 and 1.5 and is near zero 
only for a limited range of values of a, it is reasonable to expect 
that, in general, its order of magnitude is not far from unity.  
Hence, the difference between 2 and 3 will be of the same 

 

  order of magnitude as the value of   (   3b
IC P

LaLF

K


π
). 

 
  The last expression contains quantities that either can be measured 

or evaluated during the field and lab experiments associated with 
mini-hydrofracturing.  More precisely it involves the measurement 



 

  Revision 12 
 2D E-107 January, 2003 

  of the breakdown pressure, Pb, the shut in pressure Ps = 3, the 
fracture toughness KIC and an estimate of the length of the 
pre-existing natural cracks in the formation.” 

         Abou Sayed et al, 1977. 

 

 For an initial crack of length L intersecting the borehole and 

lying normal to the minimum in situ stress: 
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   G,F - Evaluated for a particular value of L/a 

 

 If KIC is found in the laboratory to be: 

 

   ooioIC aLFPLK         (C-47) 

 

where: 

 

  oL   -length of the crack intersecting the 

   inner wall of a burst sample. 

  oa   -inner radius of burst sample. 

  F    -for laboratory sample 
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 For L/a and Lo/ao small, G  1.5 F, giving 
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 Abou Sayed et al (1977) state that using Haimson’s analysis over 

estimates 2: 

 

   ib
B
2

H
2 PP          (C-50) 

 

where 

 

  H
2  - estimated from Haimson’s prediction 

 

  B
2  - estimated by Abou Sayed et al 

 

  bP  - breakdown pressure 

 

  iP  - hollow cylinder burst pressure 

 

(C.9) ADDITIONAL APPROACHES 

 

 Advani et al, 1973, discussed analytical, experimental, and 

numerical approaches to modeling pressurized fractures. 

 Analytical Considerations 
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 Figure J shows the idealized model used in the analytical 

predictions.  For this: 
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The stationary angular derivative of the strain energy density is: 
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For stable crack growth 0
d

Sd
2

2




.  The critical strain energy density 

can be found from 
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where 

 

   -Poisson’s Ratio 

 

  ICK  -Critical Mode I stress intensity factor 

 

  E -Young’s Modulus 

 



As a consequence, the angle of additional incremental crack

propagation can be predicted.

Figures K and L summarize the analytical findings.
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HYDRAULIC FRACTURING AS A STRESS 

MEASURING TECHNIQUE:  POTENTIAL ERRORS 
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 Any sort of stress measurement technique, including hydraulic 

fracturing, is subject to the necessity for assumption and 

interpretation.  Without discussing the advantages of the hydraulic 

fracturing technique, some of the factors which can make interpretation 

difficult are: 

 

(i)  General Philosophy and Basic Assumptions 

 As mentioned, conventional hydraulic fracturing interpretation is 

based on the concepts of classical elasticity.  This approach fails to 

take into account the actual influence of the hydraulic fracture.  

Fracture mechanics approaches address this problem, but are nevertheless 

in their early stages of development at the present time. 

 Further complications relate to assumptions concerning the 

orientation of the borehole with respect to the principal stress field, 

the field flow and porosity conditions and material isotropy. 

 

(ii)  Field Testing 

 Questions of immediate concern are: 

 (a) Despite the influence of the straddle packers, will the 

fracture initiate as vertical in a strongly anisotropic 

material? 

 (b) What is the influence of existing fractures and laminations? 

 (c) What is the orientation and morphology of the fracture away 

from the borehole? 

 

(iii)  Field Equipment 

 Existing field equipment (hydraulic, electronic, ...) probably 

gives an accurate record of pressurization history at the surface and 

downhole in the fracture interval. 
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Bedrock Deformation in the Water Intake Tunnel, Perry 

Nuclear Power Plant, Lake County, Ohio 

 

 

James L. Murphy 

The Ohio Historical Society 

Columbus, Ohio 43211 

 

 On January 19, 1979, I examined bedrock exposures of the Chagrin 

Shale exposed in a water intake tunnel at the Perry Nuclear Power Plant, 

Lake County, Ohio.  Details of this and a similar exposure in the outlet 

tunnel are described in GAI Reports 1986 and 1997, which have been 

available for study. 

 

 Based upon my examination of the actual outcrop and supplementary 

evidence presented in the above-mentioned reports, I believe that the 

low angle thrust fault and related small anticlinal fold are essentially 

identical with similar features found nearer the surface during 

excavations for the power plant (Gilbert & Associates, 1975). 

 

 It is my belief the such bedrock deformation was caused by the 

horizontal component of localized stresses created during the 

Pleistocene by either the advance of the ice sheet(s) and concomitant 

depression of the crust, or in reaction to removal of the weight of the 

overlying ice (glacial rebound).  This would mean that the deformation 

occurred some time during the last one million years.  I am inclined to 

believe that it is related to the last (Wisconsinian) glaciation but 

conclusive proof of this is lacking.  The deformation could be related 

to any one of the major glaciations that covered northern Ohio, and 

different faults and folds may owe their origin to different 

glaciations.  In any case, further movement along such features is not 

to be expected, and these are not, therefore, classifiable as capable 

faults. 
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 In reviewing the original reports (GAI 1986, 1997) on the 

deformation exposed in the cooling system tunnels, I would make the 

following additional statements: 

 

 1) Based upon my knowledge of similar faults in the Chagrin 

Formation of northeastern Ohio, I believe that in all probability, two 

separate faults are represented, one in each tunnel.  The chief evidence 

for this is the considerable difference in strike represented in the two 

exposures and the rather local nature of similar faults exposed 

elsewhere in the Chagrin. 

 

 2) I believe that the hypothetical subsurface projection of the 

fault(s) shown in Figure 2 (GAI 1997) is incorrect and doubt that the 

fault(s) extend quite so far, either laterally or vertically.  (It 

should be noted that the vertical exaggeration used in Figure 2, though 

stated in the figure, gives a somewhat misleading impression of the 

magnitude and dip of the fault.)  Presumed evidence of the extension of 

the fault seems somewhat equivocal and cannot be taken as conclusive 

proof of the existence of the fault at the distance and depth projected.  

Even were the fault of the size and extent presumed, I believe the 

proposed glacial mechanism still the most probable cause of the 

deformation. 

 

 3) The possibility of penecontemporaneous deformation of the 

unlithified Chagrin sediments is completely out of the question in these 

instances and, I think, would immediately be dismissed by any geologist 

who examines the exposure in the intake tunnel.  In this regard, I 

suggest that detailed close-up photographs be taken of the lower portion 

of the fault as exposed in the (north) east wall, a few feet above the 

base of the tunnel, where rather large (approximately 3 inches in 

diameter) fragments of detached Chagrin shale occur in the fault 

“gouge”, conclusively demonstrating that the deformation occurred 

subsequent to lithification. 
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 4) Deformation by deep-seated late Paleozoic tectonism cannot be 

entirely ruled out of the question as a possible cause of some Chagrin 

deformation, but it is considered an unlikely possibility in the present 

instance, particularly in view of the fact that similar faulting and 

folding (notably in the on-shore NPNPP excavations) rapidly diminishes 

and disappears with depth.  Such is also believed to be the case with 

the water system tunnel faults.  Although they are deeper than 

previously studied examples in the Chagrin Formation, they are 

nonetheless comparatively shallow “surficial” phenomena unrelated to 

deep-seated tectonism. 

 

 

         James L. Murphy 

         February 19, 1979 
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Newspaper Account of 1818 “Kingston” Earthquake 

 

 

 Michael Hansen of the Ohio Division of Geological Survey has given 

me the following information regarding a newspaper account of an 

1818 earthquake that has been believed to have had its epicenter at 

Kingston, Ross Co., Ohio. 

 

 The Cleveland Register of March 16, 1819, reprints a news item from 

the Quebec Gazette (no date) stating that “Two severe shocks of an 

earthquake were felt at Kingston and its vicinity on the morning of the 

7th December.  They were accompanied with a rumbling noise.  The 

disturbance was not as long as those of 1812 but were equally violent.” 

 

 Since the newspaper item originally appeared in a Quebec newspaper, 

it is evident that the earthquake occurred at Kingston, Ontario, rather 

than Kingston, Ohio.  The only known copy of this issue of the Cleveland 

Register is at the Western Reserve Historical Society in Cleveland. 

 

         James L. Murphy 

 



 

   
   

 

 

 

 

 

 

 

 

 

 

Dr. Robert G. LaFleur 

Rensselaer Polytechnical Institute 
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Robert G. LaFleur 
Geologist 

Taborton Road 
Sand Lake, New York  12153 

 
January 30, 1979 
 
Dr. Lane D. Schultz 
Gilbert Associates Inc. 
525 Lancaster Avenue 
Reading, Pennsylvania  19603 
 
Dear Lane: 
 

 On January 19, 1979, with L.D. Shultz and J. Murphy, I inspected 

the reverse fault which intersects the intake tunnel of the Perry 

Nuclear Power Plant, and subsequently reviewed GAI Reports No. 1986 

and 1997 describing this feature and other near-surface bedrock 

deformations.  The following comments summarize my impressions of the 

tunnel fault. 

 

 1. I see no evidence which suggests the deformation occurred 

while the Chagrin shale was in a poorly consolidated state.  

Soft-sediment deformation is usually indicated by the presence of flow 

structure, wispy sediment tails, mess-bedding, deformed and pulled-apart 

plasts, etc.  Early Paleozoic slope clastics and carbonates in the 

Taconics commonly show such features in deep water rocks - by comparison 

the Chagrin deformation, with the exception of bedding irregularities 

attributable to compaction and minor sole marks, is devoid of such 

features.  Brittle fracture is represented by the tunnel fault.  Drag 

and adjacent open folds maintain good parallel banding.  Gouge breccia 

is angular and untorn.  I would conclude from this the tunnel fault 

deformation occurred after consolidation was completed. 

 

 2. The depth of active influence, observed elsewhere (200m.), of 

overriding ice may be enough to permit inclusion of the tunnel fault in 

the same glacitectonic category as the shallow features.  However, 1) 

the fault sole shows no clear sign of passing into bedding plane  
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orientation at reasonable depth; 2) the fault dip direction is 

considerably at variance with the usual direction of Erie lobe movement 

(from the NE or N); 3) it seems difficult to see how glacier movement 

alone would produce a deep structure at all (when the ice can tear up 

the surface rocks instead) unless there were an existing weakness plane 

which override could activate.  There is no indication in the tunnel 

that the fault might have a multiple movement history.  Elevated methane 

pressure in the Chagrin would enhance movement along a deep fault, but 

there is little proof abnormal pressures existed during glaciation.  I 

think it is unreasonable to expect the Chagrin was frozen deeply enough 

to permit ice expansion along such a weakness plane to motivate 

faulting. 

 

 I agree with the proposed glacitectonic origin for both the tunnel 

fault and shallow deformation, but I am not completely persuaded that 

active ice, ground-coupled in the presence of permafrost, is necessarily 

responsible for these features.  I cannot rule this process out on the 

basis of the evidence at hand, but would point out that it is certain 

that glacier loading and unloading, glacial quarrying of the Erie basin, 

and episodic glacial lake development caused vertical stresses and might 

also have permitted horizontal stress development sufficient to produce 

the structures.  In this sense a more passive role of glaciers in 

regional crustal movements is indicated.  It may be important to this 

notion that the strike of the Chagrin deformations agrees well with the 

regional trend of the Erie basin axis and south edge - more than it 

appears to agree with a direction normal to common ice flow.  In 

addition, deep permafrost, to my knowledge, does not appear to have been 

widely developed at this latitude during the Late Wisconsin - these 

glaciers rather were temperate, wet-based, and often advanced through 

proglacial lakes. 

 

 3. Although the upper and lower limits of the tunnel fault are 

not determined, I would expect the fault to intersect the bottom of Lake  
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Erie.  The gouge water chemistry does not rule out hydraulic connection 

with the lake.  Water movement along the fault should be directed, as 

recharge, toward the lake.  Interpretation in the TX borings of 

intersections with the fault trace projected to depth appear reasonable.  

Absence of mineralized gouge suggests the fault is confined to the 

Chagrin, but one might also attribute this to a younger (than Paleozoic) 

age for the fault. 

 

 4. One can only conjecture what role the Salina salt played in 

glacier-induced crustal warpings, and particularly its influence in 

maintaining and cumulating abnormal horizontal stress.  I point this out 

only to convey the idea that oscillating Pleistocene glaciers may have 

triggered more complicated “late” tectonic settings in which a ductile 

substrate influences development of faults in overlying rocks, perhaps 

like the one exposed in the intake tunnel. 

 

 In any event I support the conclusion that the tunnel fault is 

related to some manifestation of glaciation - not necessarily as young 

as Late Wisconsin.  In view of its movement sense, it may be related to 

crustal loading (down-warping) of the Erie basin while near-surface 

rocks were in a state of horizontal stress.  I see no reason to consider 

the tunnel fault active, capable, or of post-glacial age. 

 

 
Yours truly, 
 
 
 
 
Robert G. LaFleur 
 
 
 
RGLaF:vb 
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At the request of Dr. Lane D. Schultz, I visited the office of Gilbert 
Associates on April 12, 1979 and inspected documents describing the 
shallow deformations at PNPP and those exposed at Warners Creek and Hell 
Hollow. 
 
I support the conclusions reached by several others that the shallow 
structural features are the result of glacial ice drag - those exposed 
at PNPP and also the compressional folds and related thrusts shown in 
the creek sections.  The correctly-oriented fold asymmetry, thrust 
sense, shallow depth, and participation of bedrock with till are all 
persuasive features indicative of an active glaciotectonic origin.  
There is little one can add to the carefully documented and considered 
opinions offered by C.E. Herdendorf, J.L. Murphy and the Gilbert 
Associates Staff. 
 
As a minor point one might note the occurrence of rare near vertical 
faulting, illustrated by Hell Hollow faults No. 1, 2, and 3 which appear 
to post-date the compressional structures.  Comparable relations are not 
apparent at PNPP; compressional (glacially induced) movement there is 
the terminal event.  If high-angle faulting at Hell Hollow is the result 
of slumping, one might conclude there is no evidence for fracturing 
during application or removal of glacial ice load.  That is, 
post-glacial uplift has no structural manifestation at PNPP.  If, on the 
other hand, the Hell Hollow faults are due to post-glacial uplift, PNPP 
is still free of such features.  My impression that the intake tunnel 
structure is neither of active or passive glaciotectonic origin 
remains - although the notion seems plausible that a million-year-old 
crack along a much older fault zone might be a manifestation of a 
passive, early glacial event.  I see no reason to relate the tunnel 
fault to the surface structures.  It is also clear that the shallow 
deformations do not resemble pop-ups.  Stability of the bedrock since 
the glacial override seems apparent. 
 
 
 
 
 
 
          ______________________ 
          Robert G. LaFleur 
           4/12/79 
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1.  SUMMARY OF REPORT 

 

 The tunnel thrust faults represent a single fault with splays or a 

closely-associated en-echelon set of faults that extends at least 750 ft 

along northeast strike and at least 600 ft along a 15 dip angle to the 

southeast.  Slip gradient information suggests that the faults die out 

at elevation 450 ft within about 20 vertical feet above the tunnel 

crown.  If so a toe buttress of “solid” rock about 70 ft thick lies 

between the terminated fault and the lake bottom.  Insufficient 

information is available to conclusively establish whether or not the 

faults terminate to the southeast between elevations of 300 ft and 

150 ft, or continue to a deeper level.  There is no evidence to suggest 

an increase in dip angle toward the southeast, but the possibility has 

not been eliminated. 

 

 Consolidation tests on two samples of the fault gouge suggest a 

maximum vertical effective consolidation pressure of about 9  4 tsf.  

This value is consistent with vertical compression of fault gouge by a 

somewhat greater thickness of overburden than exists today, or by minor 

late Pleistocene ice sheets associated with deposition and compression 

of till deposits recognized at the PNPP site.  The gouge consolidation 

pressure is not consistent with compression by the four or more 

Pleistocene ice sheet maxima.  The latest of these events, associated 

with the Kent Till, occurred about 21,000 YPB, with an end moraine 

70 miles or so south of the PNPP site and an inferred overburden 

pressure on the order of 100 tsf.  Local arching effects are not 

considered so severe as to preclude such an event from leaving a marked 

imprint on gouge consolidation characteristics.  It is therefore 

considered likely that the last movement of the tunnel fault occurred 

not more than 20,000 YBP. 

 

 An ENE maximum compression stress field orientation exists at the 

PNPP site, as determined by the hydrofracturing method.  This  
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corresponds to a regional orientation of stress that extends throughout 

Ohio and across much of New York State and southern Canada.  Inasmuch as 

a northwest orientation for causative maximum compression was associated 

with the tunnel thrust fault, the tunnel fault is considered to be older 

than the age of the existing system.  A lower bound age for movement on 

the fault is thus suggested, viz. about 10,000 YBP, giving a rather 

restricted estimated age range, 10,000 - 20,000 YBP, and an estimated 

age of 15,000 YBP  5,000. 

 

 Magnitudes of rock stresses were measured for the depth range of 

394-718 ft, giving the following rounded-off average values: 

 

 maximum horizontal stress = 1500 psi 

 minimum horizontal stress = 900 psi 

 vertical overburden stress= 400-800 psi 

 

Similar values have been recorded throughout the midwest, New York, and 

southern Canada.  Measured stresses were resolved for the vertical plane 

perpendicular to the tunnel fault, and the question of recurrent slip 

was examined.  The results show that below about 200 ft depth (elevation 

about 300 ft), the fault plane may be considered to be strongly clamped 

by frictional resistance, and no recurrent motion seems possible.  

Accordingly, it may be academic whether or not the fault terminates at 

150-300 ft elevation or continues in a down-dip direction.  At shallower 

levels, the fault plane is apparently less strongly clamped (stresses 

are inferred by extrapolation), but slip is not considered likely 

because it would require deformation of the inferred toe buttress.  On 

balance the data suggest that the tunnel fault should probably not be 

regarded as “capable” despite its relatively young age. 

 

 The last movements on the tunnel faults were apparently generated 

by northwest-orientated compressive stresses associated with a  
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rebounding crust during deglaciation of the Laurentide maximum ice 

sheet.  Nucleation of the fault at some earlier time is not precluded by 

the available data. 
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2.  INTRODUCTION 

 

 The writer was retained by Gilbert Associates, Inc., in 

February 1979 as a reviewing consultant with the principal task of 

establishing the origin of the tunnel faults, as considered in relation 

to the Perry Nuclear Power Plant.  This report presents the results of 

the investigation which followed. 

 

 I am grateful to L.D. Schultz and R. Wardrop of Gilbert Associates, 

Inc., for their cooperation, assistance, and courtesy in many matters 

related to my investigation.  At my recommendation Gilbert Associates, 

Inc. approved additional drilling, rock stress investigations, and 

consolidation testing of fault gouge, and the cooperation in these 

endeavors of the Pennsylvania Drilling Company, of J.C. Roegiers and 

J.D. McLennan, University of Toronto, and of A. Dvinoff, Woodward-Clyde 

Consultants, is hereby acknowledged.  I also appreciate the cooperation 

of the Weston Geophysical Corporation in providing data from their 

tunnel mapping and regional seismicity programs. 
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3.  TUNNEL FAULT DESCRIPTION 

 

a. Intake Tunnel 

 

 The deformed zone begins at about station 10 + 40 and extends to 

station 10 + 90.  The principal structure is essentially a low-angle 

thrust with approximate attitude of 050/17 SE (strike N 50E, dip 

17 SE).  In detail, the fault zone is comprised of a series of 

irregular steps, with local dips varying from zero, parallel to bedding, 

to 50 SE on one of the riser surfaces.  Dip slip, which virtually 

coincides with net slip, ranges from about 1.6 ft near the Crown to 

about 2.5 ft near the invert.  The slip difference is taken up by splay 

faults and minor structures of various kinds which distribute the strain 

within a volume of rock adjacent to the main thrust surface. 

 

 The zone of observable deformation extends locally as much as 10 ft 

above and 6 ft below the fault, as measured perpendicular to the fault 

surface, but is ordinarily much less.  Splay faults are best developed 

in the footwall above the spring line.  The splays are themselves thrust 

faults, with dip slip on the order of an inch.  Like the main thrust 

they are influenced by bedding-controlled anisotropy.  Their attitude 

varies from “horizontal” (i.e., parallel to bedding) to an inclination 

of about 20 (average of 14 measurements) to bedding.  They appear to 

die out in bedding planes at horizontal distances of 13 ft or less from 

the fault plant.  Curvature of layering occurs adjacent to the main 

thrust and splays.  Some of the curvature may be attributed to 

displacement along a fault surface of upward-increasing dip.  Normal 

drag folds are locally well developed, affecting layering within a foot 

or two of the thrust. 

 

 Fold hinge lines are nearly horizontal and trend approximately 

050, parallel to the strike of the fault surface.  Hinges are often 

rounded, and most folds are approximately parallel (bed-normal thickness  

about constant) and locally concentric.  Angular hinges occur locally,  
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most often in close association with the fault boundary surface (e.g. 

East Wall, Station 10 + 63 - 65).  Axial planes are not always 

well-defined but seem to strike about 050, parallel to the fault 

surface. 

 

 Flexural slip is indicated by thin gouge zones parallel to layer 

boundaries on fold limbs.  Most folds are fractured, intensely so 

adjacent to the main thrust where folding, splay faulting and fracturing 

are closely associated.  Systematic small-scale open fractures appear 

locally on fold hinges at high angles to the deformed layers.  No 

mineralization was observed in fractures.  The fault zone is commonly 

filled with a gray breccia-gouge, about half of which is comprised of 

particles in the clay-silt range, with the remainder angular sand- to 

gravel- size fragments of shale and siltstone.  Rock fragments contained 

within the brecciated or gouge-filled fault zone are not randomly 

orientated, but are preferentially orientated such that their mean 

strike azimuth is approximately parallel to that of the fault.  This 

suggests rotation of the fragments about an axis normal to fault slip.  

Gouge is irregularly distributed along the main thrust, with the 

thickness range varying from about half a foot to less than an inch.  

The splays also contain gouge, to a maximum thickness of about half an 

inch.  Gouge thickness appears to be a function of fault offset (slip), 

the relative attitudes of bedding and the fault surface, roughness of 

the fault surface, and deformability of fault boundary layers.  Physical 

properties of the gouge are discussed subsequently. 

 

 Under low-angle illumination, striations and grooves were 

discovered on bedding and riser fault surfaces and on gouge adjacent to 

it.  These features were produced by frictional wear associated with 

faulting.  Groove lengths appear to be about 0.1 ft or more, adjacent to 

the main fault.  Striation orientations are parallel to the fault dip 

azimuth.  The orientations of striations, minor folds, and tabular 

fragments in the fault zone all require the dominance of dip-slip in  
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faulting.  A small right-lateral component is indicated by striations 

orientated at 15 to the fault dip azimuth at Station 10 + 58, west 

wall. 

 

 A minor syncline with a steep axial plane appears in the hanging 

wall at Station 10 + 51.  The hinge is rounded on the bottom and 

continues below the invert muck.  The fold dies out toward the crown 

through a zone of conjugate shears and bedding plane slip, with offsets 

on the order of 0.1 ft.  Local gouge on layer boundaries throughout the 

fold suggests deformation by flexural slip.  The fold probably reflects 

the influence of a local shear force on the buckling of a multilayer 

under axial (horizontal) load.  It could reflect a dip change in the 

thrust surface, located below the tunnel at about Station 10 + 50. 

 

b. Discharge Tunnel 

 

 Two deformed areas are present.  One such area extends from about 

Station 13 + 24 to 13 + 62.  The principal structure is a low angle 

thrust, with approximate attitude 060/15 SW.  In detail the thrust 

surface is comprised of connected bedding plane fault and riser 

segments, with local splays.  In places a single fault zone is present, 

sometimes characterized by breccia-gouge as much as 0.3 ft thick, and 

sometimes by intensely fractured rock; in other places the fault zone is 

comprised of a “nested” sequence of a half-dozen individual faults, with 

thin gouge layers separated by fractured rock.  The zone of significant 

deformation is rarely more than 3 ft thick.  Conjugate splay faults are 

best developed between Station 13 + 50 and 13 + 60.  The mean angle for 

riser faults (including splays) from bedding is 26 (13 measurements).  

Dip slip on the principal fault ranges from about 2 ft near the invert 

to about 1.5 ft near the crown, with splay faults and other minor 

structures accommodating the strain (associated with the slip 

difference) over a larger volume of rock adjacent to the fault surfaces. 
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 On the whole the structure and its associated minor structural 

elements closely resembles the intake tunnel fault.  Striations on the 

fault surfaces are normal to the fault strike, indicating dip slip 

motion. 

 

 Drag fold hinge lines have negligible plunge and have azimuths 

approximately parallel to the fault strike.  Folds are essentially 

parallel, with hinges that vary from sharply angular to rounded.  The 

strike of the axial planes parallels the fault strike, as do the strike 

of folded limbs. 

 

 From Station 11 + 50 to 11 + 80, a small thrust termination is 

exposed.  Strike is about 020, with irregular dip, roughly 20SE.  

Vertical offset is less than half a foot near the invert.  The fault 

terminates in a cluster of conjugate thrusts (displacement on the order 

of 0.1 ft) with NW and SE dips, which pass into bedding planes.  The 

layering takes the approximate form of a monocline with axial plane 

attitude 015/25SE.  Offset near the crown is virtually negligible. 

 

c. Extent of Fault 

 

 Most of what is known about the faults is based on the tunnel 

exposures.  In map view it is known that the faults extend at least 

750 ft along strike.  The extent of the faults beyond tunnel exposures 

to the southeast, along the dip, and southwest and northeast along 

strike is unknown.  It might be inferred from the “splay” that the main 

fault will terminate toward the southwest, and increase in size toward 

the northeast.  How far it goes, and how large the slip becomes, are 

purely matters of conjecture. 

 

 In profile, limited additional information on extent of fault is 

available from boreholes TX-1 to TX-6 in the intake tunnel, with the 

most distant of these holes penetrating the fault TX-4 at 

Station 7 + 44.  Based on the assumption of a linear slip gradient,  
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approximately 14 ft of slip was predicted for the fault at the TX-4 

location.  This figure corresponds to 4.1 ft of predicted vertical 

offset.  Two ironstone bands (key beds) in the TX-4 hole suggest (but do 

not prove) an actual vertical offset of 3.8 ft, corresponding to about 

13 ft of slip (Figure 1). 

 

 A tentative identification of the fault in TX-7 was reported by GAI 

(Gilbert) (Nov. 78) based on core recovery loss and clay at elevation 

245 ft (Figure 2), although no anomaly was later observed on the WGC 

(Weston) velocity log.  This depth was consistent with a straight-line 

extrapolation, using the observed fault dip from tunnel exposures and 

previous borehole data.  No fault was later distinctly recognized in the 

nearby TX-11 hole to elevation -100 (depth 730 ft), despite the fact 

that improved multiple-tube boring techniques were used so that 

core-recovery loss would not have been the necessary basis for fault 

identification.  If the fault indeed passes through TX-11, it must do so 

along a thin bedding plane segment associated with little damage to 

hanging and foot walls. 

 

 A possible bedding plane fault in TX-11 (Figure 3) may be 

interpreted on the basis of thin clay seams observed at 470-425 ft 

and 485-490 ft depths (elevation approximately 140-160 ft).  

Unfortunately these segments of core were disturbed, e.g. by impact of 

the flying gas-propelled core barrel on the drill platform, so that the 

interpretation of broken rock here is not unambiguous.  A gas pocket at 

this elevation would not be inconsistent with a fault interpretation 

(indications of gas pressure were sporadically observed in TX-11, 

especially between depths of 310-510 ft).  The interpretation is 

strengthened by the fact that the 155 ft elevation in TX-11 corresponds 

exactly to a straight-line extrapolation from the known location of the 

fault in TX-12 and its inferred possible location in TX-7.  If this 

interpretation is correct, the fault extends at least 1150 ft in the dip 

direction. 
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 Core loss in TX-7 is possibly explicable by drilling technique, and 

because of the uncertainties associated with TX-7 and TX-11, an 

alternative interpretation was considered, namely that the fault surface 

steepens toward the southeast.  Drilling of an inclined borehole (TX-12) 

using a multiple-tube wireline technique was recommended in order to 

assess this interpretation.  The TX-12 hole was drilled from 

approximately the TX-7 site, but angled 30 toward the northwest.  A 

zone of broken rock and gouge (three seams, 1.5-3 inches thick) was 

found between depths of 376.0 and 380.4 ft (elevation approximately 

300 ft) which undoubtedly represents the fault zone.  This depth 

corresponds exactly to a straight-line extrapolation from tunnel 

exposures through TX-4, and therefore no significant curvature of the 

fault surface is indicated to the 300 ft elevation.  Despite excellent 

core recovery, local stratigraphy could not be used to determine offset.  

Drilling continued to 420 ft with no further structural disturbances 

noted.  From the data of TX-12, the fault extends along dip with 

certainty at least 600 ft. 

 

 The drill data available at present permit three interpretations: 

 

 (1) The fault terminates between TX-12 and TX-11. 

 

 (2) The fault passes through TX-11 along a bedding decollement 

perhaps at elevation 140-160 ft. 

 

 (3) The fault steepens between TX-12 and TX-11 (indeed, probably 

between TX-7 and TX-11) and passes beneath TX-11 giving a 

minimum average dip angle between TX-12 and TX-11 of 36. 

 

 Hypothesis (3) is weakened (but not ruled out) by the lack of any 

significant concave-downward curvature between the tunnel exposures and 

TX-12.  Hypothesis (2) is enhanced by the straight-line correspondence 

of fault elevations between the tunnel exposures and boreholes TX-1 to 7 

and TX-12, and by the offset suggested by TX-4. 
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d. Mutual Geometric Relationships 

 

 The three tunnel fault structures display similar deformational 

style, magnitude of slip, slip gradient, moderately brittle 

deformational mode, and are clearly genetically related.  The main 

discharge tunnel fault is very nearly on strike (044) with the intake 

tunnel fault.  The two exposures are in many respects virtually 

identical, and interpretation in terms of a “single fault” model is 

reasonable.  (In an alternative model the two structures are considered 

as separate elements in an en-echelon system).  The Station 11 + 50 

discharge tunnel structure strikes so as to intercept the main discharge 

tunnel fault.  Because of its smaller slip magnitude, it is interpreted 

as a splay fault to the main discharge fault. 

 

 Similar slip gradient on all three fault exposures (Figure 4; data 

were taken from the tunnel maps prepared by Weston), and the observed 

termination in the discharge tunnel, suggest that the structures have 

propagated from some lower elevation.  This conclusion has a bearing on 

genetic interpretation.  Furthermore, the slip gradient (about 4 ft of 

slip per 100 ft of fault) suggests that the principal intake and 

discharge tunnel faults will terminate within about 40 ft or so of the 

tunnel crowns as measured along the fault surfaces, or within roughly 

20 vertical feet above the crowns.  The faults therefore should not 

reach the elevation of the lake bottom.  In this light the Lake Erie 

bottom video survey results seem understandable. 

 

 The discharge tunnel “splay”, if projected eastward, intercepts the 

intake tunnel.  No such structure was observed in the intake tunnel, 

which indicates that either the entire splay dies out towards the 

southwest, or that it is present below the intake tunnel but has 

terminated on an elevation below the intake tunnel invert.  Either 

interpretation is consistent with observed evidence. 

 



 

  Revision 12 
 2D F-24 January, 2003 

4.  AGE OF FAULTING 

 

 

 Based on test results and visual observation the gouge is 

classified in soil mechanics terminology as a gray, stiff to very stiff 

silty clay with abundant sand and gravel-sized soft friable shale 

fragments. 

 

 Consolidation tests were conducted on two relatively undisturbed 

samples from the Intake Tunnel, and on one remolded slurry specimen.  

Plasticity limits and compression indices were similar for all three 

samples.  Details are given in the Woodward-Clyde report of 

July 5, 1979, in Appendix VII. 

 

 Maximum past consolidation pressure (Pc) was estimated for two 

samples of the gouge by the standard methods of Casagrande (1936) and of 

Schmertmann (1955).  The results are summarized as follows: 
 
     Pc  (tsf) 
Sample Casagrande  Schmertmann Cc’ (unit strain) PL LL 
 
  I-2  8.0        12.0    0.110  18 27 
 
  I-4  4.5     6.0    0.112  19 28 
 

 The agreement of the two methods is considered satisfactory, and on 

the basis of these results the maximum past consolidation pressure of 

the gouge is taken as about 9  4 tsf (say 125  55 psi).  For 

comparison, consider that the tunnel depth at the fault locality is 

about 110 ft.  Ignoring the 15 ft of lake water above the top of rock, 

the corresponding total vertical pressure is about 119 psi (8.6 tsf).  

Average effective vertical pressure, assuming a standard fluid 

pressure-overburden ratio of about 0.4 is 71 psi (5.1 tsf).  (The fluid 

pressure gradient assumed is about 0.43 psi/ft). This value falls near 

the lower limit of the estimated range of uncertainty for maximum past  
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consolidation pressure.  On these grounds, while one could not conclude 

with certainty that the fault gouge was subjected to greater vertical 

pressure than that existing at the present time, the results suggest 

such a possibility. 

 

 If it is assumed that, because of erosion, present overburden 

thickness at tunnel level is less than the maximum value of overburden 

to which the fault at tunnel level had once been subjected, a vertical 

pressure of perhaps 6-9 tsf can be postulated for tunnel level under 

lake level conditions similar to those at present.  If a prehistoric 

decrease in pore pressure is postulated, e.g. associated with lake 

drainage prior to the establishment of Early Lake Erie (470-ft level) at 

12,000 YBP.  maximum overburden pressure can be increased to about 

9-12 tsf.  The entire range of values (6-12 tsf) is consistent with 

gouge data. 

 

 The maximum past consolidation pressure estimated by the Casagrande 

method for upper and lower tills at the PNPP site is 4.3 tsf (average of 

3 tests; range 4.0-5.0 tsf) and 6.0 tsf (average of 10 tests; 

range 4.3-10.0 tsf).  (Appendix 21, Foundation Investigations and Design 

Analyses, PNPP). 

 

 The results indicate that both tills have been consolidated in the 

geologic past to pressures well in excess of the pressure imposed by 

present overburden (about 1 tsf).  The probable loading mechanism is 

glacial ice. 

 

 Assume for the moment that the tunnel fault was present at the time 

the lower till was subjected to its maximum consolidation pressure of 

about 6 tsf.  This corresponds to an ice sheet at least 200 ft thick.  

Pressure at tunnel level was about 5 tsf more, and eroded rock and till 

could account for about 1 tsf, for a total of 12 tsf. 
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 This is within the range of consolidation test results for the 

gouge, and it could be argued that the gouge and lower till were 

subjected to maximum consolidation loads by the same event.  The 

argument is strengthened by lending more weight to the 

Schmertmann-method calculations (which seems reasonable), or by assuming 

a higher fluid pressure-overburden ratio for the gouge. 

 

 A consistent argument can also apparently be given in regard to the 

maximum past consolidation pressure sustained by the upper till (4 tsf) 

to which must be added 2 tsf for assumed intervening till and 5 tsf for 

rock overburden.  The estimated total of 11 tsf at tunnel level falls 

within the range of uncertainty for Pc of the gouge. 

 

 These arguments are summarized as follows: 

 

 (1) Hypothesis:  Maximum consolidation pressure for fault gouge 

corresponds to present overburden. 

  Result:  Pressure estimate at tunnel level is 5 tsf, near 

lower limit of range of uncertainty for Pc. 

  Interpretation:  Hypothesis cannot be rejected but additional 

pressure mechanism seems likely. 

 

 (2) Hypothesis:  Maximum consolidation pressure for fault gouge 

corresponds to conditions of pre-existing overburden or 

pre-existing groundwater conditions. 

  Result:  Pressure estimate at tunnel level is 6-12 tsf, 

consistent with estimated values for Pc. 

  Interpretation:  Hypothesis cannot be rejected. 

 

 (3) Hypothesis:  Maximum consolidation pressure for fault gouge 

corresponds to maximum pressurization of lower till. 

  Result:  Pressure estimate at tunnel level is 12 tsf, near 

upper limit of data range for Pc. 

  Interpretation:  Hypothesis cannot be rejected. 
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 (4) Hypothesis:  Maximum consolidation pressure for fault gouge 

corresponds to maximum pressurization of upper till. 

  Result:  Pressure estimate at tunnel level is 11 tsf, within 

range of uncertainty for Pc. 

  Interpretation:  Hypothesis cannot be rejected. 

 

 The radiocarbon date of 14,480 YBP  310 derived from the 

lacustrine sediments over the upper till suggests that the upper till is 

at least as old as Hiram Till (14,500 YBP).  (GAI Report No. 1997, 

Nov. 7, 1978).  Compression of the Hiram Till could be accomplished by 

an ice sheet associated with the Hiram advance or by a younger ice 

sheet, corresponding to the Ashtabula Till (13,000 YBP).  The lower till 

may represent the first part of an advance-retreat glacial deposition 

couplet, in which case it could correspond to the Hiram advance, or it 

may represent a separate late Wisconsinian movement.  In the latter 

case, it could correspond to Lavery Till (16,500 YBP). 

 

 The late Wisconsin maximum is associated with Kent Till about 

21,000 YBP with an end moraine 70 miles or so south of the PNPP site. 

Sugden (1977) suggests a thickness for this Laurentide Ice Sheet of 1 km 

at the PNPP site.  Comparable advances also occurred during the early 

Wisconsinian (Titusville Till, ca. 40,000 YPB), the Illinoisan, and 

perhaps pre-Illinoisan (Lessig and Rice, 1962) times.  The increase in 

overburden pressure associated with a 1 km thick ice sheet is on the 

order of 100 tsf.  It is difficult to conceive of circumstances that 

would prevent such events from leaving a marked imprint on gouge 

consolidation characteristics, even granting uncertainty in the 

selection of appropriate fluid pressure-over-burden ratios and some 

redistribution of stress in the vicinity of the fault.  I conclude that 

the formation of fault gouge was to a large extent, and perhaps 

exclusively, associated with faulting younger than the Kent advance.  

For similar reasons exclusively Paleozoic or early Mesozoic faulting can 

be rejected; several thousand feet of overburden corresponds to an 

effective overburden pressure on the order of 100 tsf.  The possibility  
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of incremental fault propagation is not excluded, but this discussion is 

focused upon the last fault movement capable of forming new gouge or 

significantly disturbing pre-existing gouge. 

 

 On the above grounds, assuming the data as representative, the 

tunnel fault reflects significant movement younger than about 

20,000 YBP.  The data are consistent with compression of fault gouge by 

a lesser ice sheet than that associated with the Laurentide maximum.  

Three candidate ice sheets are associated with Lavery, Hiram, and 

Ashtabula Tills.  The youngest of these is about 13,000 YBP suggesting 

that if the fault is related to a glacial mechanism, its age is probably 

in the range 13,000-20,000.  But the mechanism of faulting is uncertain, 

so the 13,000 age is not a firm lower bound.  The hypothesis that 

maximum gouge consolidation pressure corresponds to present overburden 

and fluid pressure cannot be wholly rejected by consolidation test data, 

but the data suggest the operation of additional effective vertical 

pressure mechanisms.  Drainage of the rock mass at about 12,000 YBP 

yields a more consistent predicted pressure, as does the assumption of a 

greater prehistoric thickness of overburden.  But lacking adequate data 

on erosion rates it is not possible to be very precise in the matter of 

a lower-bound age on these grounds.  I would judge the minimum age to be 

on the order of several thousand years, but this is merely a guess.  

However, rock stress orientation information (to be discussed in the 

following section) suggests that the fault developed under different 

stress conditions than that in evidence today.  On these grounds a lower 

bound of about 10,000 YBP is proposed.  Finally, it would not seem 

surprising if, over the past ten thousand years or so the gouge 

developed a few cracks, and mineralization in extremely small amounts 

(such as reported by WGC) occurred within them. 

 

 This estimate of the age of the last movement of the fault differs 

by two orders of magnitude with a “minimum age” estimate of 1,000,000 yr 

offered by WGC, based on rate of microfracture “healing”.  However, the 

lack of agreement is not disturbing to me because I do not believe that  
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there is an adequately demonstrated basis for the “mineral growth vs. 

time function” proposed by WGC for the PNPP site.  Inasmuch as this 

function forms the foundation for the WGC age estimate, the accuracy of 

the WGC inferred age is open to serious doubt.  By the same token, the 

age of faulting as based on the consolidation tests reflects certain 

specific assumptions regarding boundary conditions and material 

behavior.  Error is possible to the extent that actual behavior differed 

from that assumed.  These aspects are discussed below: 

 

(1) There is considerable precedent in the use of consolidation tests 

to establish past consolidation pressure.  The adequacy of the method 

has been tested in civil engineering practice (e.g., Casagrande and 

Fadum, 1944; Zeevaert, 1953; Schmertmann, 1955).  There is also 

precedent in the interpretation of past consolidation pressure in terms 

of geologic history, and in instances in which the maximum past 

consolidation pressure has been reliably determined by geologic evidence 

or other independent means, agreement between the actual maximum past 

consolidation pressure and that determined by consolidation tests on 

“undisturbed” samples has been quite satisfactory (Terzaghi and Peck, 

1967, p. 77).  There is also precedent for quantitative determinations 

of ice sheet thickness from consolidation test data, both in Europe and 

in North America (e.g., Kogler and Scheidig, 1948; Dücker, 1951; 

Harrison, 1957, 1958). 

 

(2) The “sealed” block samples, from which the test specimens were 

prepared, sustained moisture loss during storage.  The effect of water 

loss is commonly to produce intergranular stresses within the samples, 

which could lead to an overestimated value of past consolidation 

pressure.  In the present instance no interpretive problem arises from 

this possible effect. 

 

(3) Lateral strain and squeezing of gouge at the time of faulting seems 

likely.  Therefore the early strain history of the gouge may be 

described as complicated.  However, the strains associated with  
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subsequent vertical loading conditions, such as burial by ice, meet the 

standard assumptions associated with consolidation testing.  The 

assumption of zero lateral strain associated with ice sheet compression 

seems valid, at least to a reasonable approximation. 

 

(4) Because fault gouge exhibits a complicated strain history, it is 

possible that its past-fault consolidation characteristics are not 

necessarily identical to those of similarly-graded sediments of 

different origin.  There is little information in the published 

literature to directly assist interpretation of the matter of fault 

gouge consolidation.  On the other hand, silts of similar grain size 

gradation which have been contorted by the directional drag of 

overriding ice have been subjected to consolidation testing, and 

glacially-induced distortion of this kind seems reasonably analogous to 

disturbance by faulting.  The directional stresses and associated 

strains in such disturbed silts were shown by Harrison (1958, p. 77) not 

to have affected the maximum past consolidation-pressure value induced 

by the thickest over-riding ice sheet. 

 

(5) Pore water under pressure must be permitted to drain away during 

consolidation.  The hydrostatic pore pressure distribution observed in 

most boreholes in shale in and near the PNPP site lend support to this 

assumption. 

 

 Because of the drainage factor, there may also be an effective 

upper limit to the distance from a glacial margin over which past 

consolidation pressures can be accurately determined (Harrison, 1958, 

p. 77).  But in Indiana, this distance seems to be no smaller than about 

30 miles (associated past consolidation pressures are about 50 tsf) 

(Harrison, 1958, p. 81, 83), suggesting that this factor does not pose a 

problem. 

 

(6) Is the gouge so old that soil mechanics tests are no longer 

applicable, e.g., has the bulk material sustained changes due to aging  
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such that consolidation characteristics have been altered?  The answer 

appears to be, no.  Successful preconsolidation estimates by 

consolidation tests have been conducted on materials of Tertiary age.  

Tills and lake silts overridden by four oscillations of the Wisconsin 

ice margin were subjected to consolidation tests by Harrison (1958), and 

the past consolidation pressures thus established were used to 

reconstruct a paleoglacier map of the vanished East-White sublobe of 

central Indiana.  There is no indication of diagenetic changes or 

significant chemical changes in the gouge material that would 

significantly alter consolidation properties.  Further indication is 

that compression indices for undisturbed and slurry samples are 

identical.  The consolidation behavior of the surface tills (which are 

also are comprised mainly of comminuted shales) is similar, and the past 

consolidation pressures established by consolidation tests of tills are 

consistent with the data obtained from tests on fault gouge. 

 

(7) The bulk laboratory samples were not specifically orientated, but 

the prepared consolidation test samples are considered to be 

approximately horizontal (15) based on bulk sample shape and size and 

location sampled. 

 

(8) As described in Section 3 of this report, the fault itself is not 

horizontal, but is comprised of a series of irregular steps with local 

dips varying from zero (parallel to bedding) to about 20 on riser 

surfaces.  Gouge thickness is not uniform.  One may therefore question 

whether or not the maximum pressure exerted by overburden and an 

overlying glacier is transmitted everywhere to the gouge, because of 

“arching” (stress concentration) effects. 

 

 My personal opinion is that severe arching effects associated with 

the distribution of vertical pressures in this case are extremely local.  

The slight average dip of the fault surface (15-17) does not favor the 

development of vertical stress arching over large domains.  (Horizontal 

stresses may be a different matter entirely).  The shale strata of the  
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hanging wall have been disturbed (fractures, splays, etc.) to distances 

as great as 10 feet as measured perpendicular to the fault surface.  The 

shale is wholly thin bedded, and there is evidence that the shear 

strength parallel to bedding is small.  Evidence for bedding plane slip 

is observed where minor bending has occurred.  Splay faults and 

fractures are common; thin gouge seams are associated with the 

fractures.  The hanging wall rock mass is therefore weak and very 

flexible. 

 

 Therefore the capability of the bulk material to sustain 

significant horizontal shear stresses as required in order for 

significant arching to occur seems slight.  Those portions of the fault 

zone characterized by broad patches of gouge, several feet long and 

several inches thick, are thus likely to be subjected to, at least to a 

first approximation, full overburden pressures. 

 

 The consolidation results themselves lend some support to this 

view.  The gouge consolidation tests are internally consistent in that 

two separate samples from different locations produced results that are 

in good accord, with respect to consolidation behavior and past 

consolidation pressures.  They are externally consistent in comparison 

to calculations considering present overburden pressure, and to 

pressures inferred from extensive consolidation testing of near-surface 

glacial tills.  The burden of proof would seem to reside with those who 

might doubt the gouge results because of the possibility of 

nonrepresentative behavior associated with arching.  Further sampling 

and testing is of course possible, although only at considerable effort 

and expense. 

 

 To conclude this section, it must be acknowledged that not all 

possibilities for error have been absolutely eliminated.  Still, on 

balance, in my opinion the best available estimate of the age of the 

last movement on the fault is that provided by interpretation of the  
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consolidation test data for the fault gouge.  Accordingly, the last 

movement of the fault probably occurred no more than 20,000 yr ago, and 

the age for this last movement is estimated at 15,000 YBP  5000. 
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5.  ROCK STRESS INVESTIGATIONS 

 

a. Orientation and Magnitude of Stresses 

 

 A program of stress measurements was strongly recommended, because 

I considered it incautious to select or render judgment on design 

details to ensure safety against possible fault displacement without 

adequate information on rock force fields. 

 

 The test program was carried out at my recommendation by 

J.C. Roegiers and associates using the hydrofracturing technique.  I was 

at the PNPP site at the time the measurements were carried out at TX-11 

and I am satisfied that the results obtained represent a state of the 

art capability. 

 

 This discussion is based on the data contained in the preliminary 

report by J.C. Roegiers and J.D. McLennan, dated July 1979, and 

subsequent telephone conversations.  Details of the stress investigation 

are given in Appendix IV, and a summary of results is provided in 

Table 1. 

 

 The direction of maximum compression is east-northeast.  The result 

on stress orientation was not wholly unexpected because stress 

orientations in western New York and southern Ohio were known to display 

similar trends (Figure 5).  Specific tests at the PNPP site were 

nonetheless considered necessary in the interests of safety.  Figure 6 

is a sketch map which illustrates the relation of the tunnel fault and 

other structures to various stress fields.  Stresses at (a) and (b) 

refer to stress orientations theoretically associated with a 

northeast-striking thrust with (a) the condition just prior to faulting, 

and (b) the condition after faulting has occurred, with the northwest 

stress system diminishing to some residual value.  The northeast 

stresses remain relatively unchanged, but because in (b) they are 

greater than the relaxed northwest stresses, the assignment of principal  
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stresses changes.  As a result of faulting, the assignment of 1 is 

changed from the northwest to the northeast.  Still, the two principal 

stresses in map view are orientated perpendicular and parallel to the 

fault strike, for both conditions (a) and (b). 

 

 The measured stress orientations in the hydrofracturing program 

suggest an average azimuth for 1 of 076; neglecting the measurement of 

Fracture 7, the mean value is 085, and the range of four values is 067 

to 100. 

 

 At face value the 085 orientation of 1 is evidently not 

compatible with the formation of an 050 thrust either by the analogy in 

Figure 6 of (a) or (b), by directed pressure or stress-relaxation.  

There is no evidence of strong anisotropy in the rock mass which would 

permit structures to form at high obliquity to principal stresses.  The 

present 085 orientation of 1 thus suggests that the local stress 

system formerly associated with the development of the tunnel fault has 

been altered.  The stress field at the PNPP site closely corresponds now 

to a regional field that apparently extends from the upper Mississippi 

Valley area to New York.  The tunnel fault is therefore considered to be 

older than the age of this regional stress system.  Without doubt 

Pleistocene ice loading profoundly altered the stress systems in the 

upper crust, and the present stress system is considered to have 

developed following retreat of the ice sheet.  A stress system 

associated with ice-deformed crust seems consistent with that inferred 

for the tunnel fault.  A minimum age for faulting is therefore 

suggested, viz. on the order of 10,000 YBP.  This is consistent with the 

interpretation of fault age based on gouge consolidation tests, and 

leads to an estimated age of 10,000-20,000 YBP. 

 

 The poorly defined fractures at 037 indicated for Fracture 

7 differs from the 085 average from Fractures 3-6.  This orientation 

permits an interpretation in terms of Figure 6(b), with 037 not greatly 

different from the strike of the tunnel fault.  Fracture 7 lies above  
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the proposed intersection point of the tunnel fault with TX-11, so that 

it may be possible to formulate an argument in regard to behavior of the 

hanging wall as distinct from the foot wall.  On the other hand, it may 

be simplest to interpret Fracture 7 as influenced by pre-existing 

joints.  The pole maximum of 220 foundation joints as compiled and 

plotted by WGC is associated with 044, with 037 lying within the range 

of significant pole concentrations, e.g. 026-054 (Figure 7). 

 

 Details concerning stress magnitudes must be interpreted with 

caution due to complex fracturing sequences associated with 

hydrofracturing.  These sequences renders difficult the estimation of 

instantaneous shut-in and breakdown pressures.  Some uncertainty must 

therefore be attached to the individual principal stresses 1 and 2 

calculated from these selected critical pressures.(1) 

 

 The average values probably give a true indication of average 

stress conditions at the site.  For the full depth range of 394-718 ft, 

and rounding off values to the nearest hundred psi: 

 

  maximum horizontal stress  = 1500 psi = 1 

  minimum horizontal stress  =  900 psi = 2 

  vertical overburden stress =  400-800 psi = 3 

 

Similar values have been determined in other engineering and mining 

sites (including nuclear power plants) in Ohio, New York, and southern 

Canada. 

 

 Furthermore, despite uncertainties associated with individual 

measurements, certain trends seem to possess validity.  The gradient of  

 

 
NOTE: 
 
(1) 1 and 2 are assumed to be in the horizontal plane. 
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2 below about 500 ft seems to parallel that for overburden pressure, 

such that approximately 2 = v + 250 psi (Figure 8).  Some uncertainty 

must be attached to the Fracture 7 calculations; tabulated values based 

on 2 = 1137 are considered as upper bounds.  If the orientation of 

Fracture 7 is considered controlled by pre-existing fractures, with 

actual 1 oriented at 085, a range of values seems compatible with the 

data, viz. 2 = 730-1137, 1 = 1450-1137.  Despite this uncertainty, 

Fractures 7 and 8 suggest possibly greater values of 2 than at lower 

levels; higher than average 1 values are also evident for 

Fractures 6-8.  To a certain extent 1 reflects the selected values for 

2, so that trends exhibited by the two principal stresses are not 

wholly independent. 

 

 Extrapolation of stress values to higher elevations is uncertain 

because of the apparent increase in stress between 511 and 394 ft.  

Estimation of 2 above 394 ft based on extrapolation of the data trend 

from Fractures 1 to 6 is considered to be a lower-bound.  Upper-bound 

values are not clearly defined. 

 

 The reason for the apparent increase in stresses at and above 

511 ft is not clear.  One possibility, however, is that the tunnel fault 

indeed passes through TX-11 between Fractures 6 and 7.  Higher 

horizontal stresses could therefore be interpreted as stress 

concentrations associated with this fault.  One alternative possibility 

is to consider the high values as stress concentration effects below a 

downward-terminated stress-relief fault. 

 

b. Possibility of Future Slip on Existing Fault 

 

 Consideration of this important matter is examined by comparing 

rock stress information to rock strength. 

 

 The value of horizontal stress in the vertical plane perpendicular 

to the tunnel fault (HF) was calculated from selected stress values  
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and 1 orientations as given in Table 1, assuming an 050 azimuth for 

the tunnel fault.  Subtracting out formation pressure, effective stress 

values for the vertical plane perpendicular to the tunnel fault 

 FHv,   are given in Table 2 and plotted in Figure 9.  The average 

value of the horizontal effective stress FH  is about 800 psi. 

 

 Stresses for Fractures 6-8 are greater than those for 

Fractures 1-5; the trend appears similar to that previously discussed 

for principal stresses.  The specifics for Fracture 7 are uncertain, 

depending on interpretation of the 037 fracture orientation.  

Accordingly, FH  for Fracture 7 could be as low as 669 psi. 

 

 Extrapolation of stresses to shallow elevations is uncertain.  Data 

for Fractures 1-5 permit a lower-bound estimate.  A reasonable estimate 

would appear to be the average of stresses calculated for Fractures 7 

and 8.  An upper-bound is not well defined. 

 

 Vertical effective stresses are given by average overburden 

pressure in psi (taken as 1.1 x depth in ft), subtracting out formation 

pressure (Table 2). 

 

 Consolidated-undrained triaxial compression tests with pore fluid 

pressure measurements, or other test methods appropriate for measuring 

the effective stress strength parameters, were not conducted owing to 

lack of suitable samples.  The effective angle of internal friction for 

the fault gouge has been estimated at 30-37 based on published 

correlations (Woodward-Clyde Consultants, letter of November 20, 1978).  

This is also consistent with plasticity limit correlations (Voight, 

1973).  The increase of apparent friction angle at low confining 

pressures associated with roughness of the fault surfaces is estimated 

at 10. 

 

 A conservative estimate of strength for a given segment of the 

fault zone is given by zero-cohesion envelopes inclined at 40-47 in a  
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sheer stress-normal stress diagram.  These envelopes are lower-bound 

estimates inasmuch as additional strength may be obtained, e.g. through 

cohesive resistance. 

 

 These strength envelopes are plotted in Figure 10 along with Mohr 

circles which represent assumed conditions in the vertical plane normal 

to fault strike.  For each circle, the overburden stress and an estimate 

of the FH  horizontal stress is plotted.  All stresses are “effective” 

values corrected for fluid pressure.  Numbers attached to the stress 

circles are hydraulic fracture identification numbers.  In addition, 

stress circles are estimated for the 335 ft level, corresponding to the 

tunnel fault positively identified in the TX-12 borehole, and for tunnel 

level.  Minimum normal stresses which correspond to observed and 

inferred fault depths (in various boreholes) are noted on the horizontal 

axis. 

 

 Results are as follows.  Stresses associated with Fractures 1-5 

permit construction of a stress envelope well below minimum strength.  

The stress circles associated with Fractures 6-8, which include 

conservative stress estimates, are larger in diameter but lie within the 

field of stability.  These circles bracket conditions for the possible 

location of the tunnel fault in TX-11.  Similar stresses are predicted 

for TX-12 at fault depth, using the average stress value from 

Fractures 7 and 8, as a conservative estimate of FH . The TX-12 circle 

therefore also lies within the field of stability.  The inferred stress 

circles for tunnel level lie approximately tangent to the minimum 

strength envelope (lower-bound stress estimate) or slightly above it 

(more conservative stress estimates).  This suggests that either the 

lower-bound stress estimate is correct, the actual strength envelope is 

positioned somewhere above the minimum strength envelope, or both.  

Indeed, the second argument is probably true. 
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 The conservative interpretation is to suggest that stresses along 

the tunnel fault may be relatively marginal in terms of strength for a  

limited range of depth, viz. about 100-200 ft. 

 

 Below elevation 300 ft stresses are less than minimum strengths, so 

that the fault plane may be considered to be “clamped” by friction.  

From this viewpoint no motion seems possible below elevation 300 ft, and 

if so it may be academic whether or not the fault terminates between 

TX-12 and TX-11 or passes through TX-11. 

 

 Above the 100 ft depth the fault terminates, and a buttress of 

relatively less deformed bedrock perhaps 70 ft thick is inferred to be 

present between this termination and the lake bottom.  Rupture of this 

buttress would require stresses measured in thousands of psi.  The 

actual stress conditions within the buttress are not known.  However, 

because deformation of the buttress would be required for significant 

fault slip to occur over the 100-200 ft depth range, the possibility of 

renewed fault slip seems small and probably could not be caused by small 

increases of boundary stress or of pore fluid pressure, or small local 

decreases in rock strength. 

 

 On balance the stress data suggests that the tunnel fault should 

probably not be regarded as “capable” despite its relatively youthful 

age. 
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6.  REGIONAL STRUCTURAL FRAMEWORK 

 

  In the following sections, the regional tectonics for the area 

surrounding the PNPP site is briefly reviewed.  The purpose of the 

review is to provide a framework for discussion of the origin of the 

tunnel faults and an examination of regional seismic patterns. 

 

a. Structure under Lake Erie 

 

  Reconnaissance aeromagnetic studies by Myers (1977) and Ahern 

(1975) of Lake Erie suggest a pattern of discontinuous, narrow, 

approximately symmetrical 200-800 gamma positive anomalies aligned in a 

general east-west or E-NE trend.  Details of contour configuration will 

undoubtedly change as additional data tracks become available, but 

analysis in broad terms seems justifiable with present data.  Axes of 

the largest two anomalies are respectively located 7 and 30 miles 

offshore, north of the PNPP site.  The anomaly nearer to the site has a 

maximum value exceeding 300 gammas and extends 40 miles or more along a 

trend of about 060.  The second of these anomalies has a maximum value 

over 800 gammas near its eastern end, and extends westerly for a similar 

distance.  Models show that the observed anomalies could result from 

structurally-controlled intrusions composed of peridotite or gabbro of 

average magnetic susceptibility intruded along an E-W or NE-SW fracture 

zone during a magnetically normal epoch (Myers, 1977, p. 96).  The 

anomaly source rocks could be clusters of stocks, sills, and dikes, 

rather than a single unit.  Myer’s estimate of time of intrusion is 

Mesozoic, based on intensity of remanent magnetization.  Dike and 

linearly-aligned pluton cluster trends suggest that extensional stress 

directions in the northeast shifted from northwest to north or northeast 

between Early Jurassic and Early Cretaceous time (McHone, 1978).  The 

north-south extension direction inferred from the magnetic anomaly 

trends suggests an approximate age of 125-160 mBP, which supports Myers’ 

estimate. 
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 Gravity anomaly distributions as given by WGC complement the 

magnetic data, and support the concept of a possible system of faults 

with northeast trend located just offshore from the PNPP site and 

extending tens of miles southwestward, virtually parallel to the 

shoreline.  This trend corresponds with a straight-line segment of the 

Lake Erie shoreline southwest of the PNPP site, which M.J. Clifford 

(personal communication, 1979) considered as a possible (but unproven) 

reflection of structural control.  Other high-gradient gravity anomaly 

areas within a 50 mile radius of the site conceivably could reflect 

faulting; there is a correspondence between observed surface faults and 

gravity contours in the Lake Erie region (e.g., Electric fault, Bowling 

Green fault). 

 

b. Structure of Southwest Ontario 

 

  In southwest Ontario, normal faults with throw of 100 ft or 

more occur predominantly in east-west (Electric, Dawn faults) and 

north-south (Clearville, Willey faults) trends.  The faults penetrate 

basement rocks and penetrate the Paleozoic section.  Accumulation in 

lower Paleozoic oil and gas fields is structurally controlled. 

 

  The east-west trending Dover “syncline” south of the Electric 

fault is also of interest.  Oil accumulation occurs in a structural 

depression containing porous dolomitized Ordovician limestones, a 

feature resulting from migration of Mg-bearing solutions through faults 

and fractures.  The syncline structure reflects some faulting, but 

mainly is due to solution-influenced subsidence (Figure 11).  The 

structure is of special interest inasmuch as it documents the relation 

of pre-existing structure to a solution feature.  At Dover, deformation 

in the Upper Ordovician and above mainly reflects the geometry of zones 

of intense leaching which in turn reflects old structure.  Analogous 

deformation may be present associated with the Salina, south of Lake 

Erie.  The geometry of the zone of deformation at the Cleveland Salt 

Mine is not unlike Figure 11. 
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c. Structure South of Lake Erie 

 

  Much of what is known is based on information from oil and gas 

wells. 

 

  Structure contours indicate in Portage, Mahoning, and 

Columbiana Counties (40-60 miles south of PNPP site), structures with 

northwest trend and length up to 10 miles.  They are probably faults but 

none has actually been drilled through.  The structures were apparently 

active during the Paleozoic.  Subsurface structure mapping tends to 

focus on “larger” structures that show up despite inadequate well-head 

elevations; low amplitude structures (closure or displacement <20 ft) 

are indistinguishable from apparent structure due to inaccurate 

well-head elevations (A. Janssens, personal communication, 1979). 

 

  In addition, local structural closures have been mapped on the 

Onondaga (Devonian) Limestone.  As far as is known these structures are 

not present below the salt, and Janssens has presumed that the features 

may reflect post-depositional salt movements resulting in local “domes”. 

 

  No regionally-mappable feature based on well control has been 

recognized at the PNPP site (although well control in the vicinity of 

the site is not particularly dense). 

 

  A small normal fault with easterly strike has been reported in 

the Fairport Harbor Salt Mine.  A set of normal faults has been reported 

at the Cleveland Salt Mine (Jacoby, 1970; Heimlich et al., 1974).  I 

visited this site in the company of L. Schultz in April 1979.  The 

overall structure appears to be a NW-trending asymmetric “syncline” or 

“graben”, in which the salt beds have deformed mainly by flowage, 

whereas dolomite beds have deformed by brittle fracture and faulting.  

Vertical offset is reported as 47 ft; this offset is distributed over a 

distance of 200 ft or so on the western border, and over a wider  
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distance on the east.  Formerly open fissures are now filled with salt.  

No evidence of recent tectonic movement was observed. 

 

 I interpret the structure as a feature which developed over a 

period of time in association with withdrawal of subjacent support.  The 

cause of the loss of support is not known from available evidence, but 

could reflect either the local tectonic development of a graben or a 

structurally-influenced solution channel.  Smaller scale (to 6 ft 

diameter) solution channel features are present in the mine (see 

Heimlich et al., 1974), and at the moment I prefer the latter 

interpretation.  In this regard the Dover “syncline” in southwest 

Ontario seems in many respects analogous. 

 

 A small normal fault with easterly strike has been reported in the 

Fairport Harbor (Morton) Salt Mine.  Figure 12 shows a minor graben 

structure from the Grand River access shaft near the top of the salt.  

The salt beds show no displacement by faulting, but top beds of salt 

have been locally removed by solution.  Normal faults with about a foot 

of maximum slip affect overlying beds.  The observed fault slip directly 

reflects solution.  On the other hand, the salt beds are themselves bent 

below the fault, suggesting that the solution sites may have been 

influenced by pre-existing structure. 

 

  In Ashtabula County, a structural “nose” has been defined by 

well control.  Its location is indicated by the 2300-2500 contours of 

the lower Silurian Packer Shell carbonate unit, which has a northeast 

trend.  Structural relief may be about 50-75 ft, with relative 

displacement upwards of the southern block.  This structure can also be 

mapped on older rocks, down to basement, and on Devonian formations as 

well (A. Janssens, personal communication, 1979).  Its movement history 

may be very complex. 

 

  There has been no certain identification of Alleghanian 

structures in northeast Ohio, but the Cambridge Arch structure in  
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east-central Ohio has been attributed to horizontal thrusting (slip on 

the order of 1 mile) above the Salina E Salt (much as the Burning 

Springs anticline in West Virginia is associated with a Salina F-4 

decollement (Clifford and Collins, 1974, AAPG Bull. 58:1891; Janssens, 

Deyling and Ott, 1976, AAPG Bull. 60:1621).  The NNE-trending Cambridge 

Arch follows the “pinchout” of the E salt.  In northeast Ohio, the 

“pinchout” boundary swings generally ENE (Clifford, 1973, Ohio Geol. 

Surv. Rept. Inv. 90) passing by at least 8 miles south of the PNPP site.  

This is about the trend and position noted for the Ashtabula County 

“nose” structure, and it is possible that the stratigraphic “pinchout” 

was structurally influenced.  Local “pinchout islands” occur within the 

area of E salt deposition, one of which occurs 25 miles south of the 

PNPP site.  Such “islands” should have impeded movement on an E salt 

decollement.  Still, accentuated arching and local thrusting in the 

vicinity of the Ashtabula “nose”, related to E salt decollement 

tectonics, cannot be ruled out.  Decollement jump to the F-1 salt which 

extends under the PNPP site also seems possible. 

 

d. Relationship of Inferred Structure to Seismicity 

 

  This discussion deals basically with the seismic data base 

presented by MGC (the April 19, 1979 version of Appendix VIII).  The 

main revision involves the March 1943 earthquake, now regarded as an 

event of approximate magnitude 4.7, located at 41.61N, 81.33W 

(D. Gordon, and G. Leblanc, personal communications, 1979). 

 

  Figure 13 is a map containing inferred epicentral locations 

and twenty possible zones of structural weakness as inferred from 

aeromagnetic data, Bouguer gravity anomalies, oil and gas drill 

information, and geologic mapping.  A word of caution:  it should be 

emphasized at this point that not all of these features are of proven 

tectonic origin.  Whereas features suggested by mapping or oil and gas 

drilling are perhaps more likely tectonic in origin, alternative 

explanations may indeed apply to anomalies recognized from gravity or  
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magnetic patterns.  Accordingly, to emphasize this uncertainty trends 

indicated by oil and gas or mapping data are indicated by dashed lines, 

and trends suggested by geophysical trends are dotted.  Still, studies 

elsewhere have shown that earthquakes observed in conjunction with 

gravity anomalies commonly occur in high gradient areas (Hintze et al., 

1977, p. 50, and cited references).  This association may reflect fault 

reactivation (resurgent techtonics) or crustal rigidity variations 

effecting strain energy release patterns.  Data concerning these 

anomalies are tabulated in Table 3. 

 

 Earthquakes possibly associated with each anomaly are also noted, 

with due allowance made for epicenter and structure location 

uncertainties.  As suggested in WGC reports, to most epicenters must be 

assigned a relatively large uncertainty, e.g. a “radius of uncertainty” 

of 10 miles or so, sometimes more.  Nevertheless, it is considered that 

the historical seismicity data, interpreted with care, provide valuable 

insights on the spatial distribution of seismic activity and its 

relation to inferred geologic structure.  Epicentral uncertainties were 

expressed as radii mainly using values given by WGS (Appendix V, 

Evaluation of Local Seismicity around Perry Nuclear Power Plant Site) 

dated April 10, 1979.  A radius of 10 miles was used where uncertainty 

was unspecified.  To the 1858 epicenter is attached an eastward 

uncertainty of 20 miles. 

 

 Earthquakes are listed in association with all anomalies mapped 

within a “circle of uncertainty” surrounding the plotted epicenter.  By 

this tabulation procedure, it was possible to separate anomalies which 

have essentially no association with seismicity from those which display 

a possible association.  Table 4 identifies six anomalies which are 

considered to possibly represent zones having potential for seismicity 

within a 40 mile site radius (see also Figure 14). 

 



 

  Revision 12 
 2D F-47 January, 2003 

 Earthquake epicenters located nearest to a given anomaly are 

identified by underlined dates.  Thus of eleven earthquakes registered 

for Anomaly 14-15, three epicenters are closer to this anomaly than to 

any other, six are considered rather close, but are at the same time 

equally close to other anomalies (the date is half-underlined), and two 

contain the anomaly within their radii of uncertainty, but are closer to 

other anomalies.  A fairly strong argument can be made concerning the 

interpretation of this anomaly as a potentially seismic structural zone.  

No recent deformation is however in evidence at the Cleveland Salt Mine 

through which the anomaly passes, although the structural trend is 

reinforced by oil and gas well data.  Any recent deformation along this 

inferred zone of structural weakness near Cleveland must occur at some 

different spatial location. 

 

 In contrast, Anomaly 3 lists only five earthquakes, only one of 

which is underlined.  This (1858) event is not well located.  As regards 

the others, 1857 is not well-located, 1943 is well-located but its 

connection with Anomaly 4 seems strong, and a 1955 (2) connection 

requires extrapolation along strike.  In sum, a correlation of Anomaly 3 

with seismicity is not well-founded.  This is significant in view of its 

proximity to the PNPP site and its possible connections with 

Anomalies 13, 1-2 and 4. 

 

 Anomaly 13, identified mainly by oil-gas well data but possessing 

gravity anomaly attributes as well, registers four earthquakes.  Two 

dates are underlined.  The structure may continue westward (data is 

sufficient to establish its termination).  This is the Ashtabula County 

“nose”. 

 

 Seven dates are assigned to Anomaly 5, five of which are considered 

rather closely juxtaposed.  Most of this activity is from the Cleveland 

area, where Anomalies 5 and 14 apparently intersect; Anomaly 1-2 perhaps 

intersects Anomaly 5 just offshore.  Assignment of individual epicenters 

near Cleveland to specific anomalies is therefore not straightforward. 
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 Both the magnitude 4.7 1943 earthquake and the 1951 Willoughby 

earthquake have been instrumentally located and are correlated with 

Anomaly 4.  The 1955 Aurora earthquakes occur about on strike near the 

apparent southern limit of Anomaly 4. 

 

 Eleven earthquakes are listed for Anomaly 1-2, which approaches the 

PNPP site near its eastern boundary.  However, many of the earthquakes 

listed are associated with the large regions of uncertainty for 

Cleveland area earthquakes.  These epicenters are mostly plotted at 

near-shoreline locations, although  the actual epicenters may in some 

cases be located under Lake Erie.  The lack of “underlined dates” 

tabulated for Anomaly 1-2 could reflect this bias. 

 

 In sum, correlation with seismicity seem reasonably good for 

Anomalies 4,5,14-15,13, weak for Anomaly 3 and uncertain for 

Anomaly 1-2.  Nearest strongly-correlated anomalies to the PNPP site are 

Anomaly 13 (12 miles) and Anomaly 4 (18 miles).  The PNPP site itself 

lies within the circle of epicentral uncertainty only for the 

poorly-located 1858 earthquake. 

 

 But it must be observed that the “good correlations” referred to 

have not confirmed the reality of specific structures associated with 

the various anomalies, although our suspicion regarding them is 

enhanced.  Seismicity in the greater Cleveland area is poorly 

understood, and the above correlations were attempted in the hope of 

merely providing a first approximation of the relation between 

seismicity and tectonics.  Indeed, seismicity in the eastern United 

States remains poorly understood even in regions where active 

instrumental research has been conducted. 

 

 Finally, the relationship of structures inferred by anomalies to 

measured stresses is discussed.  It is assumed that earthquakes occur on 

preexisting unhealed faults that are preferentially orientated within a 

region of (approximately) uniformly oriented stresses. 
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 There is justification for assuming that the orientation for 1 is 

a representative regional orientation. 

 

 Anomalies 4 and 5 are approximately orthogonal to this stress 

trend, suggesting the possibility of thrust faulting in basement of the 

greater Cleveland area on N-S striking faults with shallow or moderate E 

or W dip.  Thrust faulting of a possibly analogous nature has been 

reported from Attica, N.Y., and from Blue Mountain Lake in the 

Adirondacks, based on fault plane solutions from earthquakes.  No fault 

plane solutions are available for earthquakes in the vicinity of the 

PNPP site region. 

 

 Slip can be expected to occur on preexisting faults lying within 

about 10-50 of 1, depending on the specifics of frictional 

coefficients.  If faulting occurred on Anomaly 14-15, a left-lateral 

strike slip component could be expected.  Similarly, motion on 

structures associated with Anomalies 3,13 or 1-2 would probably involve 

significant right-lateral strike slip motion.  These predicted motions 

are clearly unlike those inferred for the tunnel faults.  There is no 

evidence that favors a connection between the seismic and existing 

stress patterns in the greater Cleveland area and the PNPP tunnel fault. 
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7.  ORIGIN OF TUNNEL FAULTS 

 

 

  Table 5 contains a relatively complete list of possible 

mechanisms considered in relation to the tunnel faults.  These are 

grouped according to age.  Apart from the evidence on age, distinctions 

between, on the one hand, faulting associated with differential warping 

mechanisms of Paleozoic or Mesozoic age, and Alleghanian compression on 

the other hand, would be based primarily on geometry.  Geometric data on 

tunnel fault strike and shallow-level dip are available, but the extent 

of the fault remains uncertain.  Sufficient data is not available to 

firmly establish whether the fault simple dies out to the southwest, 

steepens in attitude to merge with a high-angle basement fault, or 

merges with a bedding-plane decollement, perhaps at the level of Salina 

salt.  Discrimination among all hypotheses is thereby rendered 

difficult. 

 

 As discussed previously, I believe the tunnel faults to be of 

Pleistocene age and the range  of possibilities can therefore be 

reduced.  A few comments seem nevertheless appropriate for other 

categories, inasmuch as Pleistocene deformation could be influenced by 

older structural features. 

 

 Regarding mid-Paleozoic deformation, the concept of sediment 

deformation can be conclusively ruled out by the brittle nature of the 

observed deformation.  The tunnel fault formed following lithification 

of the shale sequence. 

 

 Differential compaction over buried reefs seems a potential 

mechanism for production of deformational structures, but to my 

knowledge the subject has not been previously discussed for this region.  

Leaching and collapse on a large scale has been discovered, particularly 

in relation to patch and pinnacle reefs in southwest Ontario.  Elongated  
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collapse features have resulted from fault or joint influenced solution.  

The most extensive period of leaching occurred before the lower Devonian 

(Sanford, Geol. Survey Canada, Paper 65-9), although post-Devonian 

leaching is not rare.  But reefs of significant dimensions do not appear 

to be present in the near-site region; reef-associated differential 

compaction or solution collapse mechanisms are not likely related to 

PNPP faulting, directly or otherwise. 

 

  Southeastward gravity movements on Appalachian Basin salt is a 

new concept, and cannot be addressed in much detail.  No features 

described in the literature seem to clearly indicate such a mechanism on 

a large scale.  But the salt beds extend from the Appalachian to 

Michigan Basins in a swath about 60 miles wide, so that for a limited 

region (which includes the PNPP site), such a mechanism would seem 

technically feasible.  Most of the individual salt layers show however 

no such regional continuity, but the B salt is a possible candidate. 

 

  Local mine exposures do display evidence of dome-like fold 

growth in selected salt layers, and sporadic structural “domes” are in 

evidence within the general region of the PNPP site, so that some 

activity of the salt is in evidence.  The Cambridge Arch- salt 

decollement association is further evidence for this.  Activity of the 

salt is judged to have been most likely in late Paleozoic or early 

Mesozoic time, when overburden pressures and formation temperatures were 

about at peak values.  Relatively high loading conditions were also 

probably associated with Pleistocene glaciations, with high stress 

gradients near ice sheet boundaries.  It is possible that “domes” formed 

under these conditions and were somewhat elongate parallel to the ice 

sheet border.  But available time for flowage was relatively brief, and 

temperatures may not have been very high. 

 

  With differential warping is commonly associated local 

faulting, usually of a dip-slip high-angle nature, in which preexisting 

zones of weakness are mobilized.  Such fault movements with east or  
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northeast trends have been documented in the general region, both in 

Ontario and south of Lake Erie, and some of the anomalies previously 

discussed may reflect such features.  When movements on deep high-angle 

discontinuities disturb overlying sedimentary formations, faulting in 

the younger formations can proceed with progressively decreasing dip 

angle.  Thus shallow low angle thrusts (as observed at the PNPP site) 

are compatible with high-angle dip-slip movements at depth.  Variations 

in fault dip depend on the specifics of the initial geometry, ambient 

stress conditions, boundary (displacement) conditions, and material 

properties, including anisotropy.  In this regard, the observed 

influence of anisotropy for the tunnel faults (alternating shifts from 

bedding-plane to riser segments along the faults) would be expected to 

occur in any shallow thrust propagating through anisotropic shale.  It 

should not be considered as evidence favoring a deeper similarly-styled 

mode of decollement tectonics rather than deeper high-angle faulting.  

High-angle basement faulting associated with proposed Mesozoic rifting 

would, however, tend to produce normal faulting in overlying formations, 

not thrust faults.  But younger recurrent movements on such rift faults 

under different ambient stress conditions could indeed promote 

high-level thrusts, as discussed above. 

 

  The geometric extent of the tunnel fault is not known well 

enough to establish whether it is a discrete, shallow level structure 

analogous to features commonly classified under the category of 

“pop-up”, or a shallow-level segment of a larger feature that extends 

directly or by en-echelon development to some deeper level, possibly to 

connect with some older fault or zone of structural weakness. 
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  “Pop-up” structures may form at any time; some have been 

observed in the process of formation, whereas many are Pleistocene in 

age, associated with surficially-high stresses related to glacial(1) or 

glacio-isostatic adjustments.  Under these conditions, genetic category 

3e can be regarded as a sub-class of 3c or 3d. 

 

  Rock deformation by direct glacial loading has occasionally 

produced thrust structures in bedrock elsewhere to the depth observed at 

the PNPP site, but the direction of fault slip has invariably been in 

the direction of glacier flow.  The geometry of features associated with 

the PNPP tunnel fault suggest growth from a lower to an upper level 

(toward the north), and slip gradient suggests termination of the fault 

well below lake bottom.  This evidence argues against an origin through 

direct drag of an overriding ice sheet. 

 

 Significant crustal warping occurs due to glacial advance and 

retreat (glacio-isostasy).  A fault produced by a major glacial advance 

would be subjected soon afterward to loading from the overriding 

glacier.  But an imprint of this event should then be left in the 

consolidation behavior of the gouge. 

 

  In particular, intense faulting, fracturing, and seismic 

activity have been attached to the deglaciation phase, when the 

glacio-isostatic uplift rate is near its maximum (Morner, Geology, 

6:41-45).  This mechanism is clearly consistent with the age estimate of 

20,000-10,000 YBP for the last movements on the tunnel fault, for this 

time represents deglaciation from the Laurentide maximum ice sheet. 

 

  In general terms I prefer the hypothesis of fault motion due 

to differential rebound associated with retreat from the Laurentide 

 
NOTE: 
 
(1) Horizontal stresses of considerable magnitude can be built up by 

cycles of glacial loading and unloading (cf. Voight, 1966; 1967, 
pp. 337-340). 
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maximum.  Surficial stress relief, considered in these terms to be a 

subclass of glacial rebound, remains viable inasmuch as the extent of 

fault is uncertain. 

 

  If simple, near-surface stress relief has occurred, nucleation 

of the fault may presumed to be somehow related to stress and pore fluid 

(water and methane) pressure gradients within the Devonian shales.  The 

alternative is that fault growth has been influenced by (probably 

recurrent) movement on deeper seated fractures or faults, either by 

direct propagation or by en-echelon deformation.  The strike of the 

tunnel fault would then be conditioned in large part by the strike of 

the pre-existing feature.  The possibility of nearby subsurface 

structural features of northeast strike is suggested by the anomaly 

maps, lending weight to a hypothesis in which motion on the tunnel 

faults were directly produced or were influenced by recurrent movements 

on old faults during deglaciation rebound.  The salt tectonic mechanism 

is not rejected, but seems less likely in view of its somewhat exotic 

nature. 

 

Finally, neither the age estimate as noted above, nor the observations 

of the fault zone preclude a more complex, possibly hybrid mechanism of 

fault development.  Because emphasis in the above discussion has been 

placed on the last significant motion, two possibilities seem open:  

either the fault nucleated and propagated entirely within the 

10,000-20,000 YBP range cited above, or nucleation occurred at some 

earlier date, with the last significant propagation event occurring with 

the 10,000-20,000 YBP period.  Thus it is possible to conceive of 

incremental propagation of the tunnel fault, involving, for example, 

intermittent periods of growth associated with glaciations of 

Illinoisan, or early Wisconsinian age, separated by intervening periods 

of relative stability.  The available data do not however permit 

resolution of the story in such fine details. 
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TABLE 1 
 

HOLE TX-11:  SUMMARY OF STRESSES FOR HYDROFRACTURING DATA 
 
Hydraulic Fracture  Po  3  2      1      2    1 
Fracture Horizon    T=Lab T=Field T=1000 (selected average)  1(2) HF(1) 
Identification  (ft) (psi) (psi) (psi) (psi)   (psi)  (psi)   (psi)  (psi) (deg) (psi)  
 
 1  718 311 796 1061 1971 --  1931 1061 1951  -- 1230 
 
 3  654 283 733 1023 1943 1413  1643  923 1367 080 1030 
      823 1343  813(4)  1043 
 
 4  614 266 686  906  -- 1281   646(4)  906 1281 067  930 
 
 5  574 249 634  849  929 1033    29(4)  849  981 100  930 
 
 6  511 221 586  921 1246  --  1826  821 1526  94 1150 
      721  646(4)  --  1226 
 
 7(a)  454 197 577 1137 1987 1917  1947 1137 1950  37 1170 
  (b) pre-existing joint assumed:    730 min    730 min 1450 max  085  970 min 
 8(a) 394 171 411 971 1881  --  2096  761 1358  --  870 
     551  681  --   836 
  (b)(3)         971 1988  -- 1150 
 
NOTES: 
 
(1) H F indicates calculated total horizontal stress in plane perpendicular to tunnel fault. 
(2) 1 is azimuth of 1 axis; 076 assumed for Fractures 1, 8 in calculating H F. 
(3) 8(b) based on assumption 2 = 971. 
(4) Indicates 1 values impossibly low. 
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TABLE 2 

 

SUMMARY OF EFFECTIVE STRESSES IN VERTICAL PLANE 

PERPENDICULAR TO TUNNEL FAULT 
 
 
 Hydraulic    v   FH  
 Fracture 
 Identification     (psi)  (psi)__ 

  1       479   919 

  3       436      747 

  4       409     664 

  5       382   681 

  6       341    929 

  7(a)       302   973 

       (b)           668 

  8(a)       262   699 

   (b)       979 

     TX-12           226   836 Average of 7,8 

 

  Tunnel Level (a) 69   836 Average of 7,8 

       (b)               400 Lower-bound extrapolation 
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TABLE 3 
 

ANOMALIES AND POSSIBLY-ASSOCIATED EARTHQUAKES 
WITHIN 50-MILE RADIUS OF PNPP SITE 

 
Minimum  
distance  
to PNPP site    Possible 
miles Anomaly Trend  Basis Seismic Association Remarks  
 
<5    1   ENE  gravity   1858,1943,1951,1929 1,2 could reflect 
      same structure  
<5    2   ENE magnetic  1857,1858,1928,1958,    ”    ”     ” 
      1906a,1836,1850,1898, 
      1951 
 
<5    3    NE gravity  1857,1858,1943,1955(2) 
 
18    4   N-S gravity  1943,1955(2),1929,1951 
 
25    5   NNE gravity  1960a,1928,1958,1836, 
      1850,1898,1929 
 
30    6    NE gravity 
 
35    7   E-W gravity  1823 7,8 may reflect 
      same structure 
30    8   E-W magnetic  1823    ”    ” 
 
10    9   N-S gravity  1823 9,10 could reflect 
      same structure 
10   10   N-S magnetic     ”    ” 
 
10   11   NNE gravity  1857,1858 Anomaly indicated 
      by WGC (2/5/79) 
      Figure 2-5 G.4. 
40   12    ENE gravity  1857,1921,1934o 
 
12   13   ENE oil-gas  1857,1934n,1934o, 
    drilling; 1858 
    gravity 
 
35   14   NW Cleveland 1906a,1928,1958, 14.15 could reflect 
    Salt Mine 1836,1850,1898,1929 same structure weak- 
    structure ness zone. 
 
35   15   NW oil-gas  1885a,1955(2),      ”    ” 
    drilling  1885j 
 
50   16   NW oil-gas  1885j,1932;1940m 3 structures 
    drilling  indicated 
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TABLE 3 (Continued) 
 
 
Minimum  
distance  
to PNPP site    Possible 
miles Anomaly Trend  Basis Seismic Association Remarks  
 
15   17   N-S gravity  1857,1885(2),1858 
 
55   18   E-W gravity  1823 extension of 
    oil-gas  Electric fault 
    drilling 
 
45   19   E-W gravity  1857,1934o, 
      1934n 
 
50   20   NNW oil-gas  extension of 
    drilling; Clearville 
    gravity  caults. 
  
 
Earthquakes are identified by year; month where needed given by lower case letter 
following date.  Dates underlined for anomaly closest to plotted epicenter.  
Half-underlined dates indicate several anomalies are equally close to earthquake.  
Bracketed number indicates several earthquakes in same year. 
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TABLE 4 
 

ANOMALIES WITH POSSIBLE POTENTIAL FOR SEISMICITY 
WITHIN 40-MILE RADIUS OF PNPP SITE 

 
 
          Minimum 
          distance to 
Anomaly Trend Possible Seismic Association site(miles)__ 
 
  1-2  ENE  1943;1836,1850,1857,1858,1898, 5 
    1906a,1928,1929,1951,1958 
 
   3   NE  1858;1857,1943,1955(2)   5 
 
   4   N-S  1943;1951;1955(2);1929,1943     18 
 
   5   NNE  1929,1836,1850,1898,1928,1943,    25 
    1958 
 
  13   ENE  1857,1934n;1934o;1858      12 
 
14-15  NW  1960a,1928,1958;1885a,      35 
    1836,1850,1898,1955(2); 
    1885j;1929 
 
Underlined dates indicate anomaly is closest to plotted epicenter.  
Half-underlined dates refer to earthquake epicenters equally close to 
two anomalies.  Bracketed number indicates several earthquakes in same 
year. 
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TABLE 5 
 

POSSIBLE GENETIC CLASSES FOR TUNNEL FAULT ORIGIN 
 
 
1. Paleozoic Tectonics 
 
 a. Soft or semi-lithified sediment deformation 
 
 b. Basin-arch differential warping 
 
 c. Appalachian (Alleghanian) Orogenesis 
 
 d. Gravity salt tectonics 
 
 e. Differential compaction over Niagaran (Mid-Silurian) reef 
 
 f. Collapse following structural - or reef-influenced solution of 

salt 
 
 
2. Mesozoic-Tertiary Tectonics 
 
 a. Regional differential uplift 
 
 b. Rifting (Taphrogenesis) 
 
 c. Gravity salt tectonics 
 
 d. Collapse following solution of salt 
 
 
3. Pleistocene-Recent Tectonics 
 
 a. Ice-sheet traction (glacitectonics) 
 
 b. Subsurface salt tectonics activated by glacial loading 
 
 c. Differential down-bowing with glacial advance 
 
 d. Differential rebound with glacial retreat 
 
 e. Surficial stress-relief (“Pop-up” family of structures) 
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Figure 1  Drillhole log, TX-4; fault intercept 
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Figure 2  Drillhole log, TX-7; possible fault intercept 



 

  Revision 12 
 2D F-65 January, 2003 

 
Figure 3  Drillhole log, TX-11; possible fault intercept 



Figure 4 Fault slip vs. distance along fault plant from

tunnel base

2D F-66

Revision 12

January, 2003
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Figure 5  Direction of max at the PNPP site in comparison to 

regional measurements 
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Figure 6  Sketch of PNPP structural trends with hypothetical 

stress orientations (a) before and (b) after 
faulting, and (c) measured stress orientations in 
TX-11 
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Figure 7  Joint orientations PNPP foundation exposures.  

220 Measurements.  Plot by WGC 



 

  Revision 12 
 2D F-70 January, 2003 

 
Figure 8  1 and 2 vs depth, TX-11 
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Figure 9  Stresses in vertical plane perpendicular to tunnel 

fault 
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Figure 10  Mohr diagram comparing calculated stresses in 

vicinity of tunnel fault to minimum strength 
envelopes 
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Figure 11  Structure in the Dover field, Canada 
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Figure 12  “Graben” in salt production shaft, Fairport Harbor, 

Ohio 
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Figure 13  Regional seismicity (WGC base) and structural 

anomalies 
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Figure 14  Regional seismicity and selected structural 

anomalies 
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Sheet 3 of 3

Drill Bole Mo. TX-1

INSPECTOR'S COMMENT:

TX-1 was drilled approxiaately five feet down dip of where the fault Intersects

tunnel Invert. This location enabled the boring to encounter faulted rock at

a shallow depth. Indicators from the drilling process and core Inspection

were carefully noted for fault Identification la other, deeper test holes.

The fault was recognised In the 2.9-3.67* interval for the following reasons.

A creany grey Influx with platy clay particles dominated the typically light

grey wash In the 2.75-3.75* run. All fractured rock and clay gouge was ground

up during drilling. An Influx of gas made drill water churn la the 2.75'-3.75*

run.

Identification of fault was confined through the use of a steel feeler probe

with which the faulted Interval (fractured rock and clay gouge) was actually

detected.
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—

3

—

—

2
_.

_

—

—

i

|20

*

1

SPT

BI*W

4 lit.

6 12 It

2

-

•

^S

■■■

55

i

s

"ST-

=

a=

m

SEL

DESCRIPTION

DimlHrW C—Ui—rt. C«Jw

Rwli Or Ml Tm ' KirntmHm

•

! 15.8-16.15 - Med. hard, dk. gy. 6
.aed. gy., shale, interlsa la 1/4"
. -1/2" tfak. bands.

' 16.15-16.95 T Med. hard, dk. gy.
- pKaia In X" t.hk. *>J«wtff ^nfariim.

' w/lt. gy. sandy shale la 1-1/2"
"ttak. bands 6 16.55 and 16.85.

I Flat bedded

Long piece - 15"

116.95-17.2 - Med. hard, dfc. gy.
• sllty shale.

^17.2-17.85 - Hard, tn. gy., v.
_ sandy shale, x-bedded - Sand con

tent & x-bedding Increasing w/
.depth.

. Thin clay seams seen as gy. clay

. remanants la partings 0 17.45,

-17.55. and 17.65*.
• 17.85-18.55 - Dk. gy. shale Inter-

- laa w/soae thin, lt. gy. shale

-Ian.

m

.18.55-19.7S - Med. hard, dk. gy.

. shale, lnterlaa w/same It. gy.

. sandy shale in l"-2" chick bands.

'. Lt. gy. laa. of sandy shale show
. elipsold nodules which appear to

■ be concretions v/coneentrlc growtl
■ Sodules avg. 1/4" length, 1/8"

* width, w/long axis lying bortvm-
. tal w/beddlng. Nodules occur

. approx. 1 every 1" 8 18.6'.

■ 19.75-20.7 - Dk. gy., med. hard.

. shale lnterlaa w/Uttle dk. gy.

. brn. lam. fl/2" thk.)
Flat bedded.

U

U.S.C, D.Q.IB33

76'

MIOrftMdh

SiM

4.4

4.0

SMp*

n__
live*

Con

4.4 *

3.85 *

REMARKS

O»*i>al C—».

Gmimi lim.

•te.

Lt. gy. «sh

Gas begins to
bubble violent

ly la hole when

core barrel Is

removed — Watex
surging out of
hole up to 1*.

2O-4OX LEL

detected 1* abv

hole.

Lt. gy. wash

varying to dk.

gy. and brown.

5 nm

ORILL MOLE Ma

ELEVATION

CWL 0 HRS

J4MRS

440.1'

4 13 II

DESCRIPTION

>r {•» CMtiateM)

ItMh Or S»ti Tr*» ' Acouwfai

aim /—£.l,\j — nea. nara, ok. gy.

shale lnterlaa v/lt. gy., v. sand)

hard shale In 1-1-1/2" bands.

3occom of Bole - 21.0

76

Km*.

Sis*

Can

4.0 3.85 .

REMARKS

•te.

Dk. gy. wash

Gas bubbling

lightly.

8/24/78 - 5-102

LEL V abv.

hole.

C-7 C-8 o«i-txr vn

2D G-4
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Sheat 6 of 6
Drill Bale Bo. TX-2

tt-2 ma also located relatively eloae to the faalc/toBael invert intersection.

POOJECTi.

COMTRACTl

D81LLIR: _

CLASSIFIES

PHPP

«a. Benoa Testing.

Jtte Hiaarefaick

bt, H. T. Vatdrep

CUttT ABOCUTEI, OK.

SOIL AMD MOCCUttUFtCaTniMBtT

s^j^BkUA. hti ASIA Tntafc* Ttaanel

eooanmTtV
DStU.MOUNa.JSll

g 78W00

8/24/7B B 2368700

Here a creamy grey wash lafli cored in the 4.6 to 3.6» ra. One and one-

tenth feet of Maple van absent from the 4.31 Co 3.«* interval. The feeler

probe detected broken nek and clay gouge at appropriate depth.

C-9

shale. w/UKtla dk. gy.

(JA

Caxe pieces i-l/2"-2° laag

. In. ten., cnerry, "Fe" bead

".. 8 1.7«.

Flat bedded.

Core pieces 1/4" - 2-1/4" log

broken) * 3.0', ana (1/4** thk.)

TX-J -Case

to babble la

TX-Z.

Cere pleees 1/4" - 2-1/4 Cos bubbling la

bale- OZta.

FUt bedded.

65-e.85 - Hart. It. k^.. w,

bands, asrlagera 6 lenses,
J* ncd. gy.. lUcla. dk. a

cherty "Te" hood

2D G-5

6-10
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January, 2003



paajger. PUFF __ ■ ff

SNL AND BOCCCUBffKfcTMN MEET

04-4549-310 ,-t lir

Joe Mtaarchlek

w; 8. T. Wttrdrep

Sta. 10*»

B 781900

8/24/78 8 2366700

Intake Ttannal

»»....»■ Hlnarchlek

>. t. wardrop

rttrm staT

8 781900

8/24/78 * 2368700

SPT

• 12 ta

«•«* » US Tfea

froa 5.0-5.25 and 6.1-4.5.

Broken la l/2l*-3-l/2" pieces.

3 '6.85-7.? - Ned. bard. dk. gy. shaa
latarlea w/aoae It. gy. aaady,
shale la l/8°-l/4° thk. baada.

7.2-7,5 - Bard. aed. gy. & dk. gy.
bra., aUtatoae la 1-3/4" baada.

7.5-«.O - U. gy..

Flat bedded laeg piece • 9"

8.0-8.5 - Mad. hard, aed. gy. &

dk. gy. shale aad It* gy* thla

5° jt. 0 8.15*

B.S-9.1 - Seaa. v/llttle aaady

Flat bedded — 18"

9.1-9.35 - Bard, U. gy. aaady

sfaale, er. riwiWng beeaa. It.

gy. to ta. gy. alltatoae.

- 1-1/2" long

ca. bra. rtltwooa laEerlaa w/a

1/4" ebk. BBd. gy* abale baad-
9 7<°.
Fault

TV 2.0.

2.0

tCt 2.0

1-6

2.0

1.6 ■

Gaabebbllag

80-100Z 1" ebv

» 1' abv. hale

It.

gy., to ta.

tea., to ten.

OS UL V star.

la

bale replaced

Driller aatee

laced reala-

ume* 9 9.4*.

It* ccecny gy,

«uh w/platy

elay partlelea

10

»PT

BhM

* it a

aate oa Page S

C-ll

2D G-6

1.2* of aed. hard, aed. gy,
* shale v/aaae dk. gy. bra. ahale
las. (1/2- thk.) dipping 0 10°-

of gy. elay (gauge)

Bam* tm C—t—mfi.

■Mb Of Ut Tyw . ioo

, .6' of hsrdTTtT^yTr^reaTataAae1
aaady shale twrnrtam v/Uttle
ned. gy. ahale, tr. s-eeddlag -

Upper 3" of core, beveled by am

CLw

g .U. gy. saady shale bead (1" thk.
"" late aeetlaa. x-bedded.

Pieces - l-l/2"-l-3/4- leag
Edges of pieces rauaded.

BE Bad of Faoi* Zoee 11.95'
1 ^IT9PCns - Had. barT"
= ' shale, v/seaa dk. gy. bra. :
= ; (1/4-1/2" thk.).
Br BflaVsBBeeie* CaaeUT ela% BBa?ti&BB ^m

flat bedded.

W

U.15-13.4 - Bard. It. gy. aaady

shale laterlaa v/Uxtla aed. gy.

shale lav. thla laa., r baitited.

Pieces - 1/2-4-1/2" leag.
13.4-1A.4 - Ned. hard, dk. gy

■hale laterlaa «At. gy. sllt-

steae la lo-2" faaads.

U.4-15.1 - Bard. It. gy. saady
shale, v/little aed. gy. ahale la

Saady ahale brakaa v/elay
0 15.1*.

IX

WtOrBMk

.75

1.0

2.0

1.5

.7

.8

1.7

1.4

MMABU

U. gy. vesh

darkealng

eeeasieaauy.

Gas begiaa ta
bubble vlalear
2y la hol« .

Ufta cose bar*

rel - SOX UEL

Harked
stopped 0 10.7!

readings stay

eteatly

8/29/78 - Folia

off TX-3 - bega

tX-5 daa to gas

B/29/7B - 10QX
UL 1* abv. hal>
8/30/78 - Be-

suoediZ-3 vf

blo-jo

gas la flow.

Xx. gy.

cumlsg browB

eeeaeleaally.

Lt. gy. taaa.

G-12
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CR.SCST ASSOCIATES. MC

SOIL AND ROOC CLASSIFICATION SHEET

PROJECT: PNPP wjOl 04-4549-310 jitc area Intake Tunnel

contractor: Berron Testing coordinates Sta. MHOS

no,,. ... Joe Minarchlck N 781900

DRILL HOLE NO. TX~3

ELEVATION _**££!

CLASSIFIED »V: E. T. Wardrop . 8/24/78
E 2368700

24 MRS

15

Ifi

is

20

IPT

Blawi/

6 1*.

6 12

DESCRIPTION

Daaalty <ar C—l

Rack Or Sail Tt»»

[15.1-15.9 - Hard, lc gy. silt-
" stone interlan w/sona v. chin

dk. gy. shale lam.

15.9-16.5 - Mad. hard, dk. gy. &
aed. gy., shale In 1" thk. bands.

lnterlan w/tr. It. gy. slltstone.

16.S-17.05 - Hard, It. gy., sandy

shale, w/faand of It. gy. slltstanc

1-1/2" thk. 6 16.6, tr. dk. gy.

bra. shale.

17.05-17.65 -Ned. hard, aed. gy.

shale, w/tr. slltstone and sandy

shale.

17.65-18.75 - Hard, lc. gy. sandy

shale, and slltstone In 1/2" -

1" thk. hands - lnterlan v/little

dk. gy. shale la 1/4" - 1

18.75-19.6 - Hed. hard, dk. gy.

shale dky. gy. ton. siltatane

band (1/2" thk.) 9 19.25*.

Broken, sandy shale seao w/day

renanants g 18.75*

^€ . Bottom piece broken off 0 65°£raci

Bottom of Bole - 19.6*.

51)

Salt Or Rack

Rang*

Sit*

Can

4.6 4.4

REMARKS

OMailcd Ca»»,

Gaalaalc Data.

Ca»»lt»ctiaa

Lc. gy. wash.

It, to dk. gy.

wash v/influx

of bra. occas

ionally.

Wash

Gas

Bubbling la hoi

OX LEL w/blo-Jo

OX LEL w/miaina

bubbling.

•80-100X - 1*

abv. hole 9

I1-2* abv. hole

C-13

2D G-7

Sheet 5 of 5

Drill Hole No. TX-3

INSPECTOR'S COMMEHT:

An influx of very light creamy grey wash with platy clay particles was noted

at the end of the 7.75* to 9.75' run. Four-tenths of a foot of core was lost

la this run. Further evidence of test hole intersection with fault zone was

found In the bottom 1-1/2" piece of core extracted froa the barrel. This

piece consisted of a 1/4" thick band of medium grey shale, dipping 25" and

interlaminated on top and bottom by light grey slltstone.

Very little core loss occurred In the 9.75'-10.5' and 10.5' to 11.5' runs.

Pieces of core did, however, show a slight dip to laminae and grey clay (gouge)

remnants. Penetration through the clayey gouge zone released a quantity of

methane sufficient enough to delay work on hole.

Fifteen percent core loss experienced at the top of the 11.5' to 13.5* run

indicated advance through the bottom of faulted strata.

Veston Geophysical confirmed the existence of faulted rock from 9.35* to 11.95'

by recognizing a zone of low sonic velocity via sonic logging.

Veston also ran a gamma log In TX-3. That log further supported fault zone

location by detecting zones of low radiation between 9.4' and 12.0*.

G-14
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January, 2003



F.B.P.P.

UBL AID ROCK CLASSFtCATKM SHOT

,» OHS49-310

T—etng

oasiLCBt Job Winarchiek

'r. t.

ea^enr Auocunt, ate

MO. «HDnCXCUSSVICATiaM SHEST

P.H.P.P. 04-4549-310
STBASfii> Intake Tmatal

«H£BT.

C0MT8«CT0ff> 7*44

Joe Hlnarchlck

BATP. Q/M/TB

SPT

6 I)H

|j .0.-2.85- Had. hard, dlugy. ft

== -gy.. ahale interim, w/aaaja i
= -B.gy. sandy stela Ian. O/16-
^f*l/8"), tr -"" ■ —

8 777333

9/12/7a ■ 9HW

Pi 1/2-7 1/2- U

.2.85-4.05 - Bard, lt.gy. sandy
Jaaw sad this gy. shale laa.

fs >ia <l/2-lahaads). alightly broken

PIMM 2-4 1/2" loas

Beddlag flat

& .4.05-4.25 - Bard. U. gy.
s ^UtaDsae

i ^.25-4.7 - Had. hard, dk. gy
=r ^hale iaserlaa v/chia It. gy

•aUtatoae las, tr. aaady ahale

= -4.7-6.75 - Hard, lt.gy. aaady

78 1.5

iS l.S

l.S

**

1.4

4" Con for 1st

1/2 feec cs
top easing

Lt. gy. wash

gas

1001 L.LL. 1'

abv. hole

OS v/UA-jo

This

renaina for

entire caring

off hole w/

Inereaaas "Nin

1PT

6.75-7.5 Bard, lt.gy.. sUtstoaa
and aaady shale l/4"-J/*~ baada

^^ - fed. hard.. «d. gy..
ahala iacerlaa «/le. gy.

ia 1/2-1" baada. littla
bra. slltscoaa laa.

= 18.85-9.0 -Mod. hard. dk. gy.
jS Ahale «*>»i<-i w/ littla It. gy.
•= JUtatone las. 1/8" thk.

X >>0-».75 - Had. hard. dk. gy.
ts*r rlam. w/aame It. gy.

iiB».a/s-)

.9.75-10.0 - Ked. bard. dk. gy.
- * iaterlaa, w/aoaa dk.gy.br4

tr. It. gy. sileaeaae laa.

Long piece 4 ft.

few

5.0 5.0,

BKMAflJCS

Fool. g

like order
asaociated w/

Vub» lt. gy.
for the aaa&

pare.

different

C-15 C-16

2D G-8
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MLAMP »OCK OJOSmCATKM SHOT

. P.H.P.P.

Hertoa Teacina

StU

a 777113

E 236592ft

^.tp. ma/ra

7
aaeea

ELEVATION.

satwtt.

20

ca^MST uiocutu, me.

SOU. AMD ROOCCUUSIFtCATaM SHEET

a. _Ai_iuB^uL ««nu Xata

e^TPACTap. Berrea Testing
TO.

777333

30

1=

4 n «

Q*a*in«T. *» T. UardrQp BAT». 9/12/78 E

«m * Is* gy y
= ■30.3 (I" chk.)

. 1O.8-32.3 - Mad. hard, oad. gy,

.sllty shale, tr. It. gy. loa.
thk.)

•32.3-32.85 - Mad. hard, dk. gy.
'shale, tr. It. gy aaady abale,

[tr. dk. gy. bra.abale.l8B.

32.85-33.4 - Had. bard. aed. gy.
■ attcy abale v/uttle lc gy. Urn
(1/14-1/4- chk.)

33.4-34.1 - Had. bard., dk. gy

U. gy. aaady aaale baad 6 33.75
(I 1/2" tftk.)

34.1.35.0 - Had. - dk. gy. ahala.
er. dk. gy. bro. abala, tr. It.

'. saady abale, tbialy la.

loag place 17 XIV

5.0 4.85.

btONB inflax

IB.

SPT

• n n

C-JI

20 G-ll

35.0-35.5 - Had. bard. dk. gy.

^~ 35.5-35.75 - Red. tard. oed. gy.
^^ to dk. ay. atlcy shale

= . day reoBanta la parting
s ' 9 36.0

37.23-38.3 - Med. hard. dk. gy.
ca aad. gy. abate, v/aooe

nilfirmw la 1" baada 0 37.3,
37.4. 37.6

2" U. gy. aaady. Sledded hand
9 38.4*

38.4-38.85 - Had. gy. sfaaLa 20°
(nee. # 38.6'

38.85-40:0 - Bard. It. gy. aasdy
•bale. Z-todded - mSaaeare froeto
aleag Z-bed laolaae

lx. gy. sUtBtoas band 6 38.7
(2- thk.)

Bedding tint

5.0 4.J

fiaa abot

water eat ef

hole ac 39.5*
Praeea.

ladlcateaew
lafln of gaa.

100X L.B.U

3-4 ft. akr.

hole v/o
blA-loea

C-22
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QLBCBT ASSOCIATE!. HE.

MIL AMD olbot «aoo«nx mc

»u and «ooc cuusmeATiaM snser

„,. Intake Tai

20

55.3-55.4 • Baxd. It. gy. saady
50.2-50.4 - (fed. hart dk. gy.
■tele

S0.4-S0.S - It. gy. sandy stale

BiasPossible "r«M bnl
cere 9 50.55

S0.5-S1.0S - Bud. U. gy. «Ut-
fiCOBA

S1.0S-S1.2 - Had. hard. dk. gy.

51.2-51.3 - Hard. It. gy.

51.3-51.75 - Bed. hard, ocd. gy.

sUtatoaa. w/sobb dk. gy. shale,
little to gy. * U

51.75-12.7 . Hard. It. gy. saady

aaala to stltstoaa (X-bcdded),
tr. thia gy. shale

Ez '. 53.7-53.7 - Ned. hard. acd. gy

lam., w/Uttle lc. gy
at Itatowe Ijbu

53.7-9&.0 - Bart It. gy. saady

54.0-55.2 - Had. hard. acd. gy.
and lc. gy. saady shale,

leatores mescal 9 55.2*

Lraa ftleca -19"

5.0 4.9S

Xacrctue la

ttmm

in

.biih>ling hole

9 55.0

C-25
om-sv %*n

2D 6-13

$5.4-56.3 - fed. hard. aed. gy.
•ad It. gy. shale, tr. eUcstoae
in 1-2" baada

day rcnnanx* la parting 9 55.7

56.3-56.55 - Bard. It. gy. sandy
sbala. Z-beddcd

56.55-57.7 - Mad. hard. dk. gy.
shale aad U gy. allcstsaa la
1/4-1" Ian.

57.7-58.25 - Hard. u. gy, silt-
staaa, oasa featarea Fresaat,

v/Uttle acd. gy shale, thinly

58.25-48.85 - KM. hard. aed. gy
■hale w/Uttle It. gy.
difl features of sUty

tel

58.85-60.4 - Has. hard. aad. gy.

•aala Hifffiimt v/U. gy. sllt-
•teaa aaada $ 59.0 (1 1/2")
59.3 (1-), aad 59.75 (2")

tr. dk. gy. bra. this laa.

teas Piece 19.5"

5.0

O-26
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-P.B.F.P.

Testing

«..—.

g

, ^ Joe

|
o

fid
■■■

BBBJ

aaai

BBH

BBBl

■BI

BBBl

n

naa

BBBl

BBS

BKB1

bbb

s
BBBl

BBBJ

BBBl

bbbi

B*BJ

BBB

BBB

s
BBM

B*B

BBS)

bbbi

bbjj

BBBl

BbB

BBB

BBBsl

■sm

BH

BBBB.

bbb:

BBH

ft

£

1

•

e>

SPT

i a v

1

i

£

BMBI

P«

■■■■

BMBi
BM

■■BB1

■sr

5
BBBM

s

BBBl

i

BBBJ

■BB1

BBBl

BBB*

■BBi

i

«■

Bl •

•BBk

DaCBJPTKBJ

o-»n»tie iivch*

B>

•

i 60-4-60.65 - Bard. It. gy. aUt-
' stone, thinly laa.
■

' 60.65-61.9 - Hed. hard. Bed. gy.

' shale, v/llctle Is. gy. smdy
\ stale, cr. dk. gr- bra, laa.

! 61.9-62.1 - Hard, lc. gy.. aandy
. stale. X-beddcd

-

>

•

'. 62.1-62.95 - Mad. bard. dk. gy.
. •hale. cr. dk. gy. bra shale laa.

■ cr. lc. gy. sandy scriagsrs
• »

•

i62.95-63.1 - Bard. lc. gy..
.sandy shale, Z-bedded

!e).l<44.9 - Hed. bard. dk. gy.
■ aad aed. gy.. sU&atoaa baada.
.2" thk.

•

-64.9-«S.2 - Bard. lr. gy. sandy
■shale ^

: , «_l7-

tm

WIOrOMk

fai

5.0

GMia

MB.

4.9

■eaABtt

OaBBtcat OaaRi

6—hwHP—ib

Bi ■ IB it

—.

•

PCOJKCT:.

ra^TB*cri

OflfLlFBi

cuumn

F.B.P.7.

bb. Rarron Tearl«»

Joe Miaarchlck

tav, H1U

son. and sock cusanctTHM j

H777333

B Z363924

oauLi«x««o.-J£±.

. 9/U/7B

• it n

65.2-66.1 - Hcd. hard. dk.
H=T "^ai* «d lc. gy. X-oeddcd,
£ ' ahala la 1/4"-!" bands

!66.1-66.45 - Hed. hard. U. gy.
. sUcatau. thinly laa ^ little
dk. gy. shale

66.45-67.15'- Bed. bard. me4 gy.
•bale. vfllcOe It. gy. aaedy
shale, ct. dk. gy. bra. shale.
thinly 1«~

Le. X-tadded
67.45-67.9 - Hcrf. hard. acd. gy.
atel*. v/UKUa lc. gy. alltstaBa

67.9-48.05 - IX. gy. saody.

.68.05-69.5 - Mtd. hard. dk. to
by. stale, tr. lc. gy. ellt-
le laa., tr. dk. gy. ton.

tr. It. gy. sandy shale

■£ *9.8-70.0 - Bed. hard, dk. gy.

flat

Long oleeo 16.1"

5.0 5.0

tafias

to

Ok. gy. was

C-27
C-28

20 G-14
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P.H.P.P.

CONTRACTOR:

OWLLEHt Joe

Hegrop

OLBMT ASSOCIATES, we

SOIL AND ROCK CLASSIFICATION SHEET

in j|7B area Intake Tunnel

COORDINATES W 777333

SHEET. IS
OP

E 2365924

RTW Patp, 9/14/78

DRILL HOLE NO. «_

ELEVATION *38 7

CVLOHRS _____

PROJECTi P.H.P.P.

G.LBEKT ASSOCIATES. INC.

SOIL AND ROOC CLASSIFICATION SHEET

04-4549-310
16 20

CONTRACTOR: Herron

SIT6 AREA Intake

DRILLER; Joe Hinarchick

classified by: 8. T. Wardrop

COORDINATES STA 7+44

bath. 9/14/78

H 777333

E 2365924

DRILL HOLE HO. TT-A

ELEVATION 438.7

•

e

7C

BMMBl

Ti

Ml^

22

■MM.

22
Mm

MBMM

22

BBMMi

Baa«

1

SPT

• It*.

6 12 II

V

01

£ I

■_•_■_

=_

a--ai

■MM

1

—•■

■_■

mm

OESCRVTION

Omit? (ar Camrtwmei). Cal—

Rack Or Sail Ty»a - AconmHm

' 70.0-70.35 - Bard, It. gy.,
\ alltstone)

'. 70.35-72.4 - Mad. hard, aed. gy.
. shale, soae It. gy. siltstona

B,

- Silcstone band 8 72.0 (1.5")

• and S 72.5 (2")

". 72.6-72.85 - Hard, It. gy. sandy
. shale to slltstona, X-bedded

- € top

M

P>

•

M

P

; 72.85 - 73.1 - Bard, It. gy.
a sandy shale, X-bedded

■

■ 73.1-76.9 - Hed. hard, dk. gy.
■shale, tr. siltstene, v/little
•sandy bands 9 73.6 (2.5")
|and 74.5 (1")

>

R

•

Long piece - 18"

U.S.C
O

d

85;

Slia

Rw

5.0

Crate

Cam

s.q

REMARKS

•nr.

O-29
OAt'ttT t,TX

4

o

MMB

MaMM

22
■JBMM

MMMMI

22

MMMa

s

i

1

SPT

BleW

61a.

B ■• IS

£

•

Piofl
ta«*M

a^aa

-3

=

Xi.
■TV
T

"^

DESCRIPTION

D»ai*f (•» C—»i»*T)« Calar

Rack Or Sail Tr*a • iiauaHn

•

\ 76.9-77.3 - Hard, It. gy., sandy
. shale, tr. X-beddlng

. 77.3-77.85 - Med. hard, med. gy.
- shale, v/soae It. gy. slltstone
• In 1/4" laa.

' 77.85-78.2 - Hard, lt.gy, sandy
* shale, X-bedded

. 78.2-78.6 - Hed. hard, aed. gy.

. shale v/soae It. gy. eiltstone.
• tr. dk. gy. bra. shale laa.
»

■ 78.6 - 79.4 - Hard, It. gy. sandy
- shale, X-bedded

„ clay remnants in parting
_ 9 79.2'

I 79.4-80.6 - Hed. hard, aed. to
- dk. gy. shale, cr. thin silt-
» stone laa.

- clay reaenants in parting

^ 8 80.7 •

Long piece - 15" U.I.C
£)

a

ai

84

SeilfrR-ck

Rmta

Sis*

Cora

R»

5.0

Rm.

•J

■J

4.9 ■

a

-

•

-

•

-

-

REMARKS

Ca-Brical Cam.

Caa»iWKrtaal>iitlni.

«c

Brovn < **^T.Mx

to wash

C-30

2D G-15

Revision 12

January, 2003



P.B.P.P.

6UUT4U0CUTOMC

soil mo aootcuancATm

... OMM»-31O

CONTRACTOR: Bernm Tearing

Joe Mlnnrrhlck

8TII

WL AMD
P.B.P.P. ,»

ABOCUTU. HC

CUSSIFICATm SHEET

„.

II 777W

S 2365924

cussviaeri. SXH

SI

• ii a

— ■ 81.2 -84.65 - fed. hard, aad. gy.
— ■ co dk. gy. shale of Utcle 1«

2 "gy. aaady shale, tr "

— .cr.dk.gy. bra. ah

33 > 80.6-81.2 - Bard. It. gy. aaady

1/2-2*

£? 'clay rt
= . 9 81.2

i. 9/15/78

^-^U. ay. aaady ahale baade

= . § 81.95 (1 1/2") 9 83.55 O
ad 84.0 <2->

flat

84.65-85.0 - Bard. It. ay.

abide, X-beddcd. cod ned. gy

Long ttlggg - II

S.0 4.8

0«JU NOLC MS.JtL.

CLCvatrjhJ^LL
oaoHSs

UK

IPT

* M V

"Ve" baad 0 8S.SS*

Top of Panic Zoat - 86.45*
See aate oa Page 20

4*lc. gy. aaady shall

4" aed. gy. ahale

3 1/2" Brekao. It. gy. oUcaroae

•• *«• 87.

CUy Wfiwima la sareioBa
croud broken prices *

Boston of Panic Zone - 89.0'

89.0-90.0 - Had. hard, aed. gy.
Jtale. sou it. gy. alUetose in

"Pa"-band 9 89.15'

C-3I
vn

S.0 3.6i

atauutn

U. gy. waah

9/15/78
Haa cage

« 12:33 p«

coring
Corlag

napped

6 87.0*

barrel calaed
several lirhni

aad "rtir left

BJght-Cortai

9/18/78
Brttler
•cartlag

0 87.0 -

88* -Milky

U. gy. toub

C-32

20 G-16
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P-HJP.P.

»-.... Jos luaarchlcfc

BXV

cuarsaaanu. we

sn.in bockcusapwATMM sheet

,A 04-4349-310 ^.M.

H T7T1M

B 2365924

9/1B/78

Sheet 20 of 20
Drill Hole Ho. TI-4

'S GCMSEBIl

Ala.

4 U «

= : 90.8-91.35 - Bard. It. ay. s
S3^ stain. X-tedted. w/ltccle dk.

87. abBle ia 1/4" bands

91.35-9t.65 - Had. hard. dk. gy.
stele. w/Uctle It. gy. silt-

b. thinly Urn.

gjf 91.6S-91.8S - Bard, It. gy.

1

90.0-90.8 - Hed. terd. dk. gy.

stela sad It. gy. sandy shale,
la 1/4-1 i/4* - '

= ; 91.85-92.1$ -.Bed. hard. dk. gy.
=: . stele. v/Uxtla. thin. it. gy.

92.35-92.9 - Bard, It. gy..
sandy stele.

92.9-93.3 - Med. teed. dk. gy.

E '. 99.3-93.75 - Bard, It. gy.

=L . Bcddlag Mac

93.7S-M.0S - Mcd. taxd. dk. gy.

= ! 94.09^94.3 - Bard. lc. gy. »Ue-
ss .stsas

= ! 94.3-94.SS - Med. hart, and.' gy.

E . 94.SS-9S.0 - Bart. oed. gy. «ad
3. It. gy. sUcscobs

Long piece - 22"

S.O 4.05

tuuu

9k. gy.

The fault vas logged betweea depths 86.43' and B9.0* for Che following reasons.

One and one tenth feet of core nas est recovered over two aad five tenths fees

of advance la a five foot roa between 85.0* aad 90.0*. Clay remnants adhered

to core pieces from the zone la question. A milky grey inOnx Tfnrtrrt la the

wash while drilling at 88.0*. the 8S.0* to 90.0* Interval of faulted reek vaa

consistent with down dip feature projections derived froa the nrrinmu n of

faulted rock in tS-1. TJC-2, 11-3, TX-5 and TX-6.

weston Ceophyslcal Corporadoa .coafIrsed the fault la XX-4 by deBanBcraclag low

sonic velocity aad low gasaa partlcal »»«r<>*iT »a eonpored to fffctlfltw of

eooacry rack above aad below the 86.45* co 89.0* faulted Interval.

f

Bottaa af hale - 95.0'
C-33

•n-sv o*

2D 6-17

C-34
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COMTBftCTOB:

—.

Berron Testing

.. ma. Joe mnarchlch

BMCftT ttKCUICfc BOS.

SOIL AMD BOCKCLUSmCATttM PttET

,04-4549-310 ^MA lotafc, IbbbbI

lt*« Sea. 9»65

WOT

. 8/Z5/78

781890

PHFP

CB>MRT ADOCUTU, BBS.

ML AMD BOCKCLaWnCATMH fNCIT
-04-4549-310

. SITE AOEA,

CONTRACTOR: qff

nit i go. Joe Maarchlcfc

CVASStf(ED 8Tj »» T. UardtOP

tb Sta.

8/2S/78

M 781490

B 236873°

SPT

« II tt

OBOklPTMM

allry ahals w/Utcl« ok. 87. tea.

lam. (1/8** eMu). flat.

Some, broken, In i/T* - 2-1/2"
er. sandy

U. 87* saBdy shale band (1")
6 .8S*. ftm.

Mseeo. 1/4-2-1/2" loag.

Ta. bra., pinfhlng. ebsrcv,

T«" band O/2-1-3/4" cbk.>

2.6S. •

Pteeu 1/2-2" leas.

Sana to 4.«*

Tb. bra., DiDcalag. To" band

(0-3/4" chk.) 0 S.85*.

6.4-S.OS - It. gy.. aaady abala.

some da. gy. shale ta 1/8-1" basdi
brakes ta 3/4" pueas.

mi 0>i

tin

.3

1.5

l.S

4.0

.5

1.0

.75

>.8S

RCMMKt

ta sat cop

caslag.

Ho gas.

IS. 87

Ho gas.

U. ay. tosh.

• U IB

. It. gy.. saw!,

3^32 - 2" baad of oad. hard. 87.

5^35-5.7 - Bard. It. gy. waSy
sbala, v/llxtle. cbla,7a1u gy.
shale laa. (1/16" Udc)

5.75 - 1-1/4" gy. shale.

5.85 - 1-3/4" hard, lc gy. allt-

S.9-6.8S - Ned. hart, dk.
aad lc. gy. wiltstoao la 1

6.85-7.3 - Hed. hard, &. & aed.
gy. shale v/Uccle saady shale

laa. (1/8^-1/4" chk.)

7.3-7195 - Bard. it. gy.. sandy
shale v/llttle aed. gy. shale lam
la l/4"-l/r rhirtnwwaws. l

Loag piece • 7" long.

Slight local wrlassa to Las -
dep. feacwes - generally flat-

bedded.

7.95-8.4 - Nad. hard. «cd. gy. 6

dk. gy. shale i* l/4"-3/4" in..
w/tr. lc. gy., chla saady scrteg-

Iron

8.4—9.6 - Bsrd, 1c. gy.,
stale la stringers, cbla
aad lenses - several Ian.
stained opaa contact w/cu

ataesphere - these occur 6 8.75.

8.85, and 9.05.

9.6-12.0 - He*, hard. aed. gy. dk

gy.. 4 dk. gy. ten. shale v/baads

of hard. lc. gy. saady shale 0
10.55 a/4" thk.) u.is a/4-

chk.Hs-eedded) t.
thk.).

Mfrtet

4.0

3.5

3.85

3.5.

Is. 87* wuh.

Bo gas.

U. gy. 6 da.

87. vash.

le. gy. aad

C-15 6-36
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PROJECT]. PKPP

CR.1SRT ASSOCIATES, MC

SOIL AND ROCK CLASSIFICATION SHEET

, VA QAiASAaW"'* sit* uu Intake TunnelSITE AREA

CONTRACTOR: Berg°«> Testing

DRILLER: Joe Minarchick

Sta. 9+65

CLASSIFIED BT: *• T> Wardrop

H 781890

E 2368730

DRILL HOLE Na T?M

ELEVATION 439.8'

OWL B HRS

PROJECTi, PHP?

olmxt associates, mc

SOIL AND ROCK CLASSIFICATION SHEET

, v.0. 04-4,549-^1 f) jitj AREA Intake Tunnel

CONTRACTOR: HeTTon Testing

driller: Joe Minarchick

COOROtNATES Sta. 9465

SHEET_i_OP

DRILL HOLE NO.

ELEVATION -£

CLASSIFIED BT: &■ T. Wardrop cat., 8/29/78

N 781890

E 2368730
»' "■«

Ik

a

a

20

—

_

2l

i%
■MB*

■■■■I

•Jai

u

■mvjH

2T
BBJMBl

■jaa

■a»a

■SHU

■rnrna

•aa

27

X

!

SPT

BW-V1

» 12 It

J
.a

1

i

I
n

ss

I

as

i

i

DESCRIPTION

Oanaiiy {ar Catulctaacy), Calar

Rack O> Sad Tyaa • Aecaaaariaa

-

1,20.45-22.0 - Bard, It. gy., sandy
.shale, x-bedded and lnterlam. v/

.med. hard, dk. gy. lam. (3/4" thk)

.tr. minute fTacts, parallel to

■x-beddiag € 20.65*.

-7" Long.

-22.0-25.1 - Med. hard, dk. gy..

-It. gy. & dk. gy. brn. (1-1-1/2"

'lam.) shale, w/little It. gy.

'slltstone bands 9 22.5, 22.9,

|23.3 sad 24.3 (all 1/4-1/3" thk.)
[tr. thin Iron stained lorn. -
.All flat bedded.

■

■

*

5
ac

SOJ

Sail » Rack

Ra»a.

Jit»

Cara

Rir»

3.0

4.S

Sfcaaa

Rac.

Cara

-

2.5 ■

4.2-

REMARKS

OaaUcal Caa*.

Graaa4 Water,

Canatnicfiari PraUaan,

ate

Lc. gy. wash

v/occaaional
dk. gy. Influx.

s same.

Lt. gy., dk.

gy. & bra. wash

25

27

W

22

SPT

Blawm/

6 In.

* 12 1«

zs.i-zo.i - Hard, it. gy. sanSy

shale and dk. gy. - med. gy. shal<

^31 w/little dk. gy. ton. shale Inter-
S. lam la l/4n-3/4" bands - Coocen-
r*S -trations of sand high in 1-1/2"

band « 25.15'.

Flat bedded.

', 26.1-27.1 - Med. hard, dk. gy.
shale lnterlam w/little sandy lam
(x-bedded), a 26.25 (1/2" thk.)

and 26.55 (1-1/2" chk.)

Long piece - 23" long

'Remaaaat clay In bedding traces
§ 26.5, 26.65, 27.2 and 27.4.

DESCRIPTION

Damfty (ar Coniltlaacy). Calar

Rack Of Salt Tyaa • Accanartw

27.1-27.3 - Hard. It. gy.

shale (x-bedded).

sandy

27.3-29.25 - Med. hard, dk. gy. -

med. gy., shale lnterlam. In 3/4"

__, 1-1/4" bands, little dk. gy. brn.
?=R- shale lam. In l/4"-3/8" bands, er

lt. gy. 8iltstoae.

Lt. gy. sandy shale hands,

x-bedded 9 28.65 (3-1/4" thk.)
and 28.9 (1-3/8" thk.), tr. iron

staining in thin lam.

Flat bedded.

Bottom of Hole - 29.25'

78:

Sail Or Rack

Ranaa

Siia

Cara

4.5

2.75

Crala

St....

4.2

2.67

REMARKS

Cbaatal Caaa.

Caalaaie Data.

Caaitractia* ProMa

U. gy., dk.

gy., and bra.

Gas same.

Gas same.

G-39 ui-ut tfn
C-40

2D G-20
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ec 7 of 7

Drill Bole Hb. TX-3

fflSPBCIBR'S COMMENT:

The fault ma logged la TX-5 at the 19.0'-19.75' Interval fot the following

reasons. One half foot of earn ma not reeovBzcd from the 19.0* to 22.0*

run. lo addition, cha tipper portion of tbeno mnslated of three tnchca of

highly fractured eon and grey day Cgeaae) muata. A one-inch place ma

ever-eared, probably the remit of a shale fragaant la day adjusting to too

downward force of the eon barrel.

Vestta Geophyalcal Corporation attempted to geophyalcally log TX-3 tet local

eavlag at the fault Interval prevented coBBlece lowering of recording probes.

The 19-O*-l9.5f interval of faulted reck «u consistent with dam dip featare

ptoJeetloB derived from occurrences la 1X-1. TX-2, and U>3.

pannier.

COMTKACTOft: Herroa Testing

nrni i irn jM "*■■*"*»«**

son. and soot cusotcatkm oaer

trry a^4 Intaka T

, ». T. Wardrop

cooantMATB Sta. 8*95

B 781B6O

a#wi/r. B 236B790
"'". a/30/78

C-41

«hw

• u n

O-.5 - Hed. hard, broken, ssd. gy
ahals Wtr. sandy shals in string

■hale and lc'gy. ailttoaa. tr.
dk. gy. bra. ahale.

1.5-2.0 - Bald. It. gy. sandy

shale

Cora pieces 1/4" •

2.0-3.3 - Hed. hard, asd. * dk.

ay. shale la l/2"-l" baads. later
laa v/Uctle bands of lc. gy
sUtstaae, 1/4" chk.

Plat bsddcdy/local
doe co deposldra

3.3-3.3 - Bard, aed. gy., iUt-

seeaa Intrrlam «/ e 3/8". cb. baa
ehsrty, -TtT band

3.V4.2 - Mot. hard. asd. ay. &
dk. ay. shale la UV-l-ltV* thk.

bands, tr. It. gy. ■Uritrnnn.

verttcal fract. Cna 1.5-4.05

4.2-4.69 - IX. gy. aUcaCone,

laterlsB v/l-l/4* dk. gy. ahale

U.4.65-5.8 -
shale, tr. g

I/A" beads of dk. gy. shale

95

.5

1.S

1.5

3.0

.3

>" core taken ii

irat .3' to sac

1.3

la first 6".

gy. «aab

1.2

5.0

U. gy. wash

gy. wash v/

at cb.

lac

20 G-21

0-42
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■a flA-AS&a-yto Bwn^t Intake

H 781840

8/30/78 B 2368790

«£rr«|_or

ORnxHouaa..

BtStATa. ">£.

s&aar saacum*.ac

. MB ROCK CLASSIFICATION |

CONTBACTOai testing

.STCAACA,

R. T. ttartrop

a 781840

bat*. 8/30/78 Z

11

43».5'

SPT

to-

1,8-7.5 - Mai. tart to hard, thinly
Ian. It. ay. oandy ohale, dk. gy.

,8taala. and 4k. gy. bm. alltataas

Cor:

a 4-1/2" thk. band of dk. gy.
" " " 6.7-7.0*

S \riMt bedded

5 7.5-7.8$ - Bard. It. gy.

S .ahala vAictla dk. gy. shols la.
Q/4- thk.)

, 7.85-8.5 - MM. hsxd, dk. gy. ahal

and dk. gy. tea. ohsla lasar laa.
w/v. cbla, U. gy. Blititm» las.

8.5-9.1-
tmg plcea - i.V

■bttla Lm <l/4" ttt.) -
dtTgy

BlM

9.1-10.05 - Bed. hard, 4k. gy.

thinly lam. v/dk. gy.

bra. shale, aad It. gy* sandy

5.0 5.0

lc. gy. «aab

v/occsstaBsl
bra. laCUs

6a» 1' sbr.holi

v/blo-je

10 I li U

10.3-U.2S - Jted. bmrt.dk. 6 «
gy« sfcale, Cblnly las v/uccle
tat. gy. <^

11.25-12.1 - Bard. ch. gy.. bUc

some (1-1/2 - 2-1/2") lafeerlaa by

3/8" dk. gy. ahala seass

Flat bedded

12.1-12.4 . Hcd. bard. dk. gy. •
std. gy.. tfbala Is iy4*-3/4ybanda

U.4-12.5 - Bard. U. gy. saady

12.5-13.1 - Mad. hard. dk. gy.
■ - ■ v/sea* dk. gy. I

is. gy. sllt-

lan. of dk. gy. shale

13.4-13.7 Uag piece - 21

Had. hard, dk. gy. shale, cr.

It. gy. sand stringers

;i3.7-14.05 -

Bard. th. gy., sandy shale.1
14.05-15.7 - Bard. It. gy. sandy

•aala. It. gy. irtlnrww, dk. gy.
Baal*, dk. gy. bn. shale, aad

ig ,mad. gy. shale - all tnterloo la

5 ,1/16" - 3/4" la

17!

'63

5.0

5.0

5.0

5.0

1*. gy. wih

saslMAl ten

Cos

It. to dk. gy.

C-AJ C-44 0*1-BI •.IS

2D 6-22
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PROJECT: PCTP

OLBERT ASSOCIATES, MC

SOIL AND ROCX CLASSIFICATION SHEET

Intake Tunnel$ixc AREA

CONTRACTOR: Herrou Testing

DRILLER: Joe Mlnarchick

Sta. 8+95

classified bt: R. T. Wardrop PATE:
8/31/78

H 781840

E 2368790

PHPPPROJECT:.

contractor: Herroa Test—g

DRILLER: Joe Minarchlck

CLASSIFIED BY: R. T. WardTOP

OLBCKT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATMM SHEET

04-4549-310 $|Te ^g^ Intake Tunnel$|Te ^g^

COORDINATES Sta.

N 781840

E 2368790

25

-8

SPT

BU**/

4 1a.

6 11

SHEET.7. OF -11

MILL HOLE NO. **-6

ELEVATION 439.S«

G»L0HRS«__

24 MB _______

DESCRIPTION

Damlry (ar CaMUfoncy). Catar

Rack Or Ml Tr—><

= .25.65-26.55 - Hed. hard. dk. gy.
shale, Interlam v/llttle dk. gy.

'bra. lam (1/4" thk.)

26.55-27.1 - Med. hard, dk. ch. gy.

1 atltocone interlam v/llctle dk. gy.
tan. lam a/4" thk.) into 1" bands

27.1-27.4 - Lt. gy. sandy shale,

_> •broken along dep. wavy partings,
"^ x-bedded.

. 27.4r-28.45 - Med. hard, dk. gy.
^. shale w/tr. thin dk. gy. bra ~
S^ tr. sandy stringers

Flat bedded

■28.45-28.6 - Bard, It. gy. sandy

Long piece - 16"
==■
= -28.6-29.9 - Med. hard. dk. gy.

shale. Interlam v/some (1/8-1/2**
thk.) dk. gy. bra. shale lam €

1-1/2-Z" Intervals, little lt. gy.

sandy shale, thinly lam.

152

Sad Or Roc*

5.0

4.5

S.0

4.4

REMARKS

Lt. gy. to aed.

gy. wash v/

occasional bra.

influx

Gaa bubbling

In hole

10-30Z LEL
1* abv. holev/c
blo-Jo

0-5Z w/blo-jo

Wash same

30

33"

SPT

6 » II

G-47

§?■

DESCRIPTION

Oaraitr (or C«nl*taMrl. Color

Rack Or Sail Tyaa - Acceuoriai

•29.9-30.2 - Bard, lt. gy. silt-
. stone v/llttle lt. gy. sandy atrtajB-

i30.2-33.1 - Med. hard, dk. gy &
med. gy. shale to slltstone in

[ 1/2 - 2" bands - Interlain v/_£_|»
, lt. gy. sa. shale lam., little

, dk. gy. bra. slltstone (0-3/8" thk

Lt. gy. sandy shale bands (1/2°
thk.) 8 30.65, (ln thk.) 9 31.4,

(1/4" thk.) 8 32.35. & (l/4n chk.)

9 32.8

Gy. clay remaaants ln partiag @

31.7, top of sandy band

Long piece - 16-3/4*

33.1-33.4 - Hard.
. shale lenses (1/4

lt. sandy

lam

33.4-33.5 - Med. hard to hard dk.
gy. bra. slltstone

33.5-34.2 - Bard, med. gy. sllt
stone interlam w/dk. gy. bra. lam
(1/4-1/2"), tr. sandy stringers

34.45-38.5 - Same.w/lletle It.
gy. slltstone (1/4") I ln-2"
Intervals

94)

Ml Or Rath

Rono*

Siia

Car.

4.S

5.0

4.4 -

4.8

REMARKS

OaaUalc O—,

MtlMf,

Hvctiaa P~Ua

• oai - txt vn

2D G-24

Revision 12
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PROJECT- PH7P Wmt

contractor: Herron Testing

DRILLER: Joe Mlnarchlck

M-BCRT ASSOCIATES. IMC

SOIL AMD ROCK CLASSIFICATION SHEET

.a. 04-4349-310 UTtllH!1 Intake

CLASSIFIED BYr R- T. Watdrop

COORDINATES Sta. 8+95

H 781840

». 8/31/78 E 2368790

SNEET_§__o*>

DRILL HOLE MO.

439.5*

OWL 0 HRS

WHRS

35

38"

40

SPT

&■•>■/

6 u ia

DESCRIPTION

DamMy (at CMMtucrli Cafe*

flack Or Sad Typ* • A <•»

Oy. clay remanant of tMn day
seaa In parting 6 35.7

1/4" sandy shale bands 9 36.45,
36.8, and 36.95

Long piece - 15"

38.5-38.7 - Hard It. gy. sandy
shale

38.7-38.85 - Med. bard, dk. gy.

shale

B—iumanir clay In parting g

38.85

38.85-39.0 - Hard, It. gy. sandy

shale

39.0-39.6 - Ned. hard, dk. gy.

shale Interlam v/little It. gy.
sandy shale in 1/4-1/2** Lam.

Sail Or Rock

Ca»

5.0- 4.8 .

REMARKS

G

C

Cm*

Lt. gy. wash

PRPP
*JO.PROJECT.

contractor: Herron Testing

driller: Joe Mlnarchlek

CLASSIFIED BY: R. T. Wardroo

O_aCRT ASSOCIATCS. MC

SOIL AND ROCK CLASSIFICATION SHEET

04-4549-310 ._. intake Tunnel
. SITE AftEA .

COORDINATES Sta. 8+95

H 781840

DATE: _______ E23^790

ORILL HOLE NO.

ELEVATION 439.5*

CWL0NR4

OX LEX. I* abv.
hole

w/blo-jo

Lt. gy. vash

Ik

o

40

—

__■

u

tmm

~"

IT
S_

_i

«T

i

1

SPT

BW>V

61*.

6 12 II

J

St

_

=

■MM,

rr_

—-^

__«

——

,»■ ia

=

DESCRIPTrON

0»—li| (ar CowlMiaijl Colar

Rach Or Sail T—» - AccnaariM

ahaie Interlam w/tr. It. gy. silt-
-stone lam. (1/16" thk.) 6 1/4-
•2-1/4" Intervals

:Fault tone Indicated by 2.35* of
.recovery In 3.2* of run + 12° dip
_ In budding parting v/elay remanant

*a) 5" of core parted every 1/4"-
1-1/2" of dk. gy. shale and lt.
gy. sandy shale Oc-bedded) gy.
clay remanants between all
pieces.

-b) 5-1/4" of competent, med. hard,
• dk. gy. shale, tr. thin sandy

lam.

"c) 3" of dk. gy. shale & It. gy.
(x-bedded) sandy shale In 1/2-
l11 bands.

Id) 1/2" of It. gy. sandy shale.
(x-bedded) vertically fractured

•e) 3-1/4" dk. gy. shale.

^f) 2-1/4" of lt. gy. sandy shale

broken In half-upper piece w/

. 10° dipping je.

-g) 1-3/4" of broken sandy shale
» frags, and clay.

*k) 2" of tn. gy. sandy shale tract
la half g 80°.

See note page 11

.Bottom of fault zone g 43.5'.

"43.5-44.7 - Med. hard, dk. gy. &
" med. gy. shale Interlam w/llttle

~lt. gy. aUcstone (1/16" thk.)

.44.7-44.8 - Bard, lt. gy. sandy

.shale.

; 44.8«45.2 - Med. hard, dk. gy. &

* med. gy. shale w/tr. lc. gy. silt
1 scone lenses.

Mi

u

R.Q.I
S5J

5L

S^IOrR^.

Ranaa

Rva

5.0

5.0

Oraia

Sha~

Rvc*

■

•

•

-

i.35 ■
•

-

•

4.8 '

•

■

*

REMARKS

O'lUal C—»,

mnimi Wa_i,

ate

Lt. gy. wash

Pieces outside
of fault -

4-1/2 - 13" Un«

Gas same

cwi. a* •*»» G-50

2D G-25
Revision 12

January, 2003



PROJECT: PN7P

OS.BERT ASSOCIATES. INC.

SOIL AMD ROCK CLASSIFICATION SHEET

04-4549-310 ^^^

CONTRACTOR: Herron Testing

(HOLLER: Joe Mlnarchick

classified BY: *« T. Mardrop

$ITe

COORDINATES 5ta*

DAT*

H 781840

E 2368790

SMEET_10_o»

ORILL HOLE NO.

CLEVAT.rw &39

cwl a me

24HRS

Sheet U of 11

Drill Bole Ho. TX-6

TUSPECTOR'S COMMEOTi

■i

o

4?

£1

n

to

amasi

i

1

SPT

Bfe-a/

61a.

4 12 li

i

55;

EE

s:

=•!

=5

s

DESCRIPTION

Hack Of Sad Tyaa . toiiiiflil

[45.2-46.2 - Med. hard, dk. gy.
.shale, and It. gy. slltstone to

.sandy shale In 1/8-1/4" lam.

m

146.2-47.45 - Dk. gy. 4 med. gy.
.shale, tr. thin slltstone lam.

Il/4"th. gy. slltstone band 6

-

-

■

*

[47.45-47.7 - Bard. It. gy. sandy
.shale to slltstone - broken in
. 3 I1" pieces.

•47.7-48.0 - Med. hard, dk. gy.

' shale, flat.

. Bottom of Bole - 48.0*

Long piece - 5-3/4"

U

U.I.C
a

51!

SallOi

Rang*

Si"

s.o

•

Rack

Crain

SKapa

Cara

■ -

-

•

4.8;

-

*

•

■

-

REMARKS

Chaain) Co«a.

Caelaalc OaM.

'ate

Lt. gy. wash

OZ w/blo—Jo

10-20Z LEL

1' abv. hole
w/o blo-jo

The fault vas logged in the 40.3' to 43.S' Interval for the following reasons.

Hiae-tenths of a foot of core loss occurred over ten feet of drilling, the

sin of two five foot runs which strsdled the feature. A alight dip to normally

horizontal lanlaae la noted at 40.3*. Core pieces, recovered from the faulted

zone exhibit grey clay remnants, vertical fracturing, and low angle fracturing.

The 40.3' to 43.5* interval of faulted rock was consistent with down dip feature

projection from fault rftfiogniMnita in TX-1, TX-2. TX-3, and TX-5.

Beaton Geophysical Corporation was able to demonstrate low sonic velocity and

low gamna partial —■<—<"- at the faulted Interval.

G-S1 OM-MJ %Tt

2D G-26

&-S2

Revision 12

January, 2003



P.N.P.P.
PROJECT:.

CONTRACTOR- Herron Testing

»„.,.»■ '~ Hlnarchlck

CLASSIFIED »T: R. T. Wardrop

CB.BEBT ASSOCIATES. MC

SOIL AND ROCKCLASSinCATIOM SHEET

a 04-4549-3X0 WT£m Korth Shoreline

W5°'490-93COORDINATES,

SHEET * OP

P.H.P.P.

E 9, 095.96

618.1

GK.SEHT ASSOCIATES. MC

SOIL AND SOCK CLASSIFICATION SHEET

a 04-4549-310

CVL 0 HRS

99.7'

contractor: Herron Testing

» Joe Mlnarchlck

classified BT: R ■ T. Wardrop

618.1

E 9, 095.96

PATg. 9/25/78

rcr

■3D

SPT

\

\

S

\

R«db Or Sad Tim •

9/21/78 Advanced to 63'
w/hollov 9tea augers-unable to
seal augers on top of bedrock

. for casing-abandoned hole

9/22/78 Advanced to 63' in
second hole - roller bit

advanced to 105' - Augers unable

to seal hole - losing vater

\ 9/23/78 - Bentonlte slurry
added to hole to seal

. 9/24/78 - Bentonlce will not
■ seal hole - hole abandoned

- 9/25/78 - Casing inserted after
angering 63' In third hole -

easing seals hole properly

Ml Or took

O»—icai Co

Con

ELEVATION .

G»L0KRS ———

Aft. 99.7'

REMARKS

G—Ingic Dot*.

SnwdWtm,

SI

50

SPT

DESCRIPTION

y (•> Comi»>»w«|

Rack 0* Sail Tyaa • AecMsofim

Augered to top of bedrock 6

63.0' - Augers removed, casing
driven

start of Roller Bit Advance

Sail Or Rack REMARKS

•ical

•aicl

Mostly It.

gy. wash

occasional

influxes of

dk. gy. and

and bra. wash

G-53 C-54

2D G-27

Revision 12

January, 2003



PROJECT: P.N.P.P. w.

CONTRACTOR: ""*«> Testing
Joe Hioarchlck

DRILLER:

SHEET.

C4.BCRT ASSOCIATES. K.

SOIL AND ROCX CLASSIFICATION SHEET
1HFFT flC ■»

,04-4549-310 c,t. .oca Worth Shoreline Bluf£„,,, ^.,^ ^.7 PROjeCTs

COORDINATES H50' A90.93 ELEVATION 6I8>1'

E 9« W5'96 CWL.HR, ZZZT
classified BT: R- T. Wardrop PA-re, 9/30/78 *q- - 99.7'

48JTHRJ ,

P.N.P.P.

GILBERT ASSOCIATES. IMC

SOIL AND ROCK CLASSIFICATION SHEET

l«

ra

fcs

SPT

Bl««*/

4 1m.

• 12 It

DESCRIPTION

Rock » Sail Ty»«

Entire SeccLon

Spudded v/Roller Bit

.. W.O. _________ SITE AREA Worth Shoreline Blnf^fj,, L HO|_E ^ TX-7

eOMT,Arrna. Herron Testing eQoaplMATP< M50, 490.93 elevatwn_6l8a*
ML.H Joe Hinarchlck E 0 ft9s ,, ELevATiON
°"1 ' "■ t 9, 095.96 GVL9HRS

CLASSIFIED BT: R' T' War«°P PATF- 10/3/78 48 99.7*
•■••■•^■■■■•^•^Baw 4aV HAS ib^bbmhbbbbb^b^

Sail Or Roc* REMARKS

i«a>Ca>r.

GaolacSc Do*.

Cravw

Coat*

Moscly It. gy

vaah w/

occasional

influxes of

die. gy. and

brn. vaah

raa

SPT

8hm/

6 ta.

G-S5

DESCRIPTION

OMshr (w Cwtrtatmay), Cat—

Rack Or Sail Tyva • Aeeaaiariai

Seller bit employed froa 63* to

168' below top of ground

* NX Coring stares § 168'

168-171.7 Med. hard, aed gy.

shale, tr. It. gy. sandy shale

laa. fissile seam « 170.6'

173.0-178.35 Dk. gy. shala w/
= • little sandy shale In 1 1/4"

bands @ 175.95, 176.55 and
177.45" "Pe" band g 176.85*

* feeding patterns in cr.

-siltstone S 177.75 and 178.05'

= ; 178.35-195.85
" ^ Hard, It. gy. sandy, shale

lnterlaa v/some dk. to ned. gy.
__ shale In 1 1/2 - 6" bands, er.

5S-lt. gy. sllescone Ian. "Pe"

S -bands occurring 6 180.45;

~~m 181.5; and 184.6' clay remnants
in partings @ 185.0 and 193.10

Feeding patterns in siltstone,
9 195.1'

13Z

nx

K»

Sail f> Rock

7.0

10.0

10.0

10.0

7.0*

9.89

9.83*

REMARKS

Chaa>i«al Caa*.

Caal«»l« Dm.

"—ii i— ii i r Hi

Pieces 4-9.5"
long

Lt. gy. vaah v/

occasional

Influx of dk.

gy. or bra.

vash

Pieces 3.5-12"

long

Plecms 2 1/2-

7 1/2" long

C-56

2D G-28

Revision 12

January, 2003



mo/CC?>

cownucrat

OLASSnB BT

F.H.P.t

BAVWM

HBTVQD Taselmp

e Hlnerehlck

. R.T. Ukxdiup

rAuneuTtvnK

SOIL AND ROatdJasnCATMN »EET

04-4549-310

R!

SPT

t II II

Herren Tasting

Joe Htnawhlcfc

CLASSIFIED BTi *♦ T. Wardrop

Anncum, m&

sod. mb aoacajajmcATMH sneit

19S.as'-»0.ia» Hed. bud. fflu
Zf. sbal*. UttlB lc. or. aabdy

slub, Uttla. lc. g7- illt-

•eae. cr. dk. ay. bxa. thin
I

typa eluca In 1m.

fwa US.85-193.05.

Brakn bbUbbi sofe stela Croa
199.03-199.75.

JP It. gjr. atltsMoa tead «

Zoom of broken Aala firaa
202.QS-203.S at 204.B-205
thin elajr ssa In paztlng 9
205'

Broken sandy shale bend 8

206.9'

Vertical graces In
202.1' a 1/2-.

204.3* (1" K»s)

1.5* lc. 87 sAlCBtene bend
6 219.25

220.15'-233. 7' Hod. hUtf. dk.

gy. to end. gy. •hale. «</•

lc ST. sandy shale, little It.
gy. «ilS8tene. tr. dk. gy. bn.

(2) 2 1/2", X-beddad sandy
bends 9 229.73 and 230.3

»*.7'-242.3' Red. nerd. dk. gy.
to aed. gy. shale wAlccla It.

gy. sandy shnla la 2-4* bends.
4-1/2" It. gy. sllcstene bend

233.5' tr. It. gy. sUtstone.

7.

0. t

10.0

10.0*

10.0

10.0

17.«

10.0

9.73

10.0

10.0

9.88

9.96-

9.96*

4-6"

teas piece 11-

Blaeketly

nnacins In
dnUwmter

catch banal

piece -

«.$"

Long pli

10"

thinly las.

Caaaaatiwa j» ». 490.93

6 ». 095.96

ttATP. 10/7/78

SPT

• tab

Has. hari. n«i
to dk. sy. shale w/tr. It.
sendy ehsle. tr. It. gy.

tr. dk. gy. brn.
len

!1 - 16" of it. gy.
sandy. Z-bedded beads «/
dk. gy. shale, bottom 2" broken
aloes S-toda

2S3.8*-2sa.s» , Dk. gy. shale.
tr. tain dk. gy. bnu len.

258iVz2i5J. - Brf. hard, dk gy
shale and hard, it. gy. randy
shale to stltstoBB

e> gjfsda^b-de

b) 3 1/2" alltftteae K«ut-
0 261.2'. 242.13'. and
263.13*
cr. clay remuants in

parting 9 260.5*

- Bard. lc. gy

e)

q ad. It. gy. .end
shale and sUescona In 2" bands
latarlen of UctU thin dk. gy

»6.13-«a.»- Bed. hard. dk.
. shale. v/Ucgy

sandy shale len,
ctle It. gy.

-27S

■bale
_ - Bard. It. gy.

_j, w/sens U. gy.
sUtstaas, Uttle dk. gy. shale
la. X-beddad In lewr t1 cant

273.0-278.7 - Msd. herd, dk. sv.
and and. gy; shale w/tr. It. gy.
seedy shale Ian. "Pe" band 9
277.7' *

87. to

It. gy.
ehele end herd.
U

C-37 c) cley riminiiiiLii

Sail Or

10.0

10.0'

10.0 0.0'

10.0

0.0

0.0

10.0*

9.871

2D 6-29

280.7'<.28l.33'
u, parting 9 Wl.©11

Revision 12

January, 2003

go. bn.

long Piece-

lfeaencnry loss
of «ceter 9

269.O*

17"

18"

IV
piece -



OLfttBT AOOCUTU. MC

son, in Boat cusancATmsMcer
SOU. AND BOCKCUSSmCATMN SHEET

BC

v/aeaa )" Ok. U. gy.

bead. - bite h«d 9

It. gy. aaady abate,

little dk. gy. bn. abate tern, tr
It. gy. wrflfatoaa
a) XHndded 0 309.2 aad 318.2
b) 2" long wiiuMiai pW* a :

,e) ur head of bard. 1 _

sad atltatoBO from

Is. gy. sUtatooa
.6'-3».3'-B«r<l,lx.ajr.

» dk.gy.ahate.tr.dk.
>J. on. lam.

a) Badly broken no* from 325.0'
325.35'-«tey nnms.ili arsoad
pleats, no teaa of recwery!

b) Ctey reaasBte la partxsgs 0
6 324.7*

abate, v/llttte It. gy. aaady

•hale. tr. dk. gy. bn. tea., tr.
It. gy. oUtstoBa la., overcorad
•tees 8 335.1*

■eefj»J^^^B^iBBBBBiBi a- ■"• 8»*f« Wf«Bi
•ixcscooSTv/llttla aett. gy. thai
Uttla aaaiy dula 1
•9 337.25'

10.0

1O.0

10.0

10.0'

10.0'

10.0'

10.0

9.8J

BB-U.S"
aaof

»U aaeoaatazi

a 315-325* na
left to

9.75

10.0!

9.721

10.0'

«S pteee-11"

» 0.1 bad

9 to cap

f bola. along

tgbyMaoday

sag plaea.U.5"

U drtll

bsbblli

ttly turn

-U

^

338.2»-363.6' - Hed. bart. and.
gy. shale w/saae dk. gy. bn.

allcaeaoa las. Uetla It. gy.

asady abate baada. tr. Cbia It.
gp. ailnttimr laa.

a) alga rrnirftairatioB of

b) Yhla flsstl shale —■—

0 362.8' sad 364.0'
e) Ctey rcBoazs Is partiaga

9 352.63*. 362.8*. ana
361.6*

d> 1/8" sasm of pynte 0
3S6.S*

363.6'-371.3*- - Hed. hard, dk.
gy. abate to aed. gy. abate, «/

•HBbB tffco fly* l)SA* flltXCBCflBD dUsB*
Utr-l/r thk. er. It. gy. sead
' ate. tr. thla silts

a) X-beddad asady baads 0
365.95 aad 366.3*

^* \ b> day naa. la partiagaj

3* V> Seam of thla flaatl
=—■ * - - — JAB a*

372.4'

lO" of con Bdssiti* <2) I" eon

=_ pteon v/eter rwumnnti - plaeea
= , do sot laterteck v/each otter er

a . w/core above aad bdov
= . 372.4*-395.O* - Med. hard. dk.
— . gy. abate w/sobb dk. gy. bn.

Si . siltstone tea., sane It. gy.

S • aaady shale' baads, tr. thin. U.

r. sUcstsaa las.
a) 4" thk. aaady bead 0

3BO.6* aad fr-1/2" 0 386.4*

BOTTOM 07 BSU 395* (etev.223.1*)

19

10.0

10.0

X
10.0

10.0

10.0'

G-59

10.

9.1'

9.91

9.79

Toaaibla T<T band « 394.3

toog pleea

$-1/2- •

bens place

6 1/2"
565-375' n

yet C fast

BriUsr has

wry dlffiealt

36S*-375* na

Bottom )* of

barrel eaatad

v/1/16 thk.
layer of It.
gy. clayey

film

Long piece -

Drill water

gattlag plagga

us* la bottom

of bate
Macao 2 1/2"-
4"

C-60

20 G-30
Revision 12
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Sheet 9 of 9
Drill Bole Mo. TX-7

INSPECTOR'S COMMENT!

A suspected fault was noted in the 371.3* to 372.4* Interval for the following

reasons. Eight-tenths of a foot of core was lost In the 365.0'-375.0* run.

A thin grey clay sesa in a bedding parting occurred at 368.5*, topped by

flssll shale at 368.4*. Two, vertically adjacent, 1" long core pieces were

recovered from the suspect zone, speckled by grey clay (gouge remnants). These

pieces, though vertically adjacent vould not Interlock.

la addition, drilling of the 365'-375' run took less tine than the average

for other ten foot runs. After run completion, the driller had a very

difficult time retrieving the core barrel. Barrel would not pull. When the
t

driller was finally able to recover the barrel, a thin grey clay film was seen

covering the bottom three foot of steel cylinder. The tool could have been

stuck in a gouge zone.

Down dip feature projection derived froa TZ-1, TX-2, TZ-3, TX-5, TX-6, and TX-4

fell slightly lower than the suspected fault Interval in TX-7.

Weston Geophysical Corporation recognized no zones of low sonic velocity nor

low gamna partleal emission at any depth 1a TX-7.

G-61

CK.BERT ASSOCIATES. MC.

SOIL AND ROCK CLASSIFICATION SHEET SHEET_J of

PROJECT: >.*■».?. 1.0. <*-»549-310 ,|TE MtA North Shoreline BlnflU,. m^ H0

Contractor: ?A Drilling Co. coordinates » 781.963.08 elevation 61*a.icont->
OR.LLER: JiSLAdasa E 2.369.376.54 cwl 0 MRS _

classified by: jujiardxap date: _fiZ22£Zi. 24hrs

6 12 U

DESCRIPTION

DMH*r (or CoMisiMHy). Color

Rack Or Sail Ty«» - AcwtwtM

Continuation ef NX-Hole TX-7 w/HC

coring

Top of new HC size coring - 395.5

M. hard, m. gy., flat lying shale

w/soae dk. gy. bro. shale In very

thin laatnations 93!

S»flOrR»cfc

Con

4.5f 4.2'-

REMARKS

Driller

RX-Bole TX-7

to Boccam.

395.5', w/NC

slxe roller blc.

Bo Indication

of new gas

Influxes, TX-7

has ealtted

' methane since

original boring

] Bo significant
soft xones(gauge >

vere noted In

the 372' area

where a suspeeto

fault was record
ed on the

- original TZ—7

log.

Lc. gy. wsah

long piece - 12"

2D G-31

12

January, 2003
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PROJECT: J____L

CONTRACTOR: P» nr

classified by- H. Wardroc

GILBERT ASSOCIATES. INC.

SOIL AHD ROCK CLASSIFICATION SHEET .„,.„ , ,
9H E E T ^^Lm— Of .-•__■_-___,

*. O4-4549-310 S1TE AREA Horth Shoreline Bluf£..... HOie w Tr-7/r,-.?

COORDINATES * 7B1 .3fivn« ELEVATION 618.1'

E 2.369.376.54 gwlomrs

date. 6/25/79

CONTRACTOR; .FA DrllllnR ft

COVERT ASSOCIATES. IHC. .

SOIL AND ROCK CLASSIFICATION SHEET
A 04-4549-310

COORD.NATE,

E
24 KR$

CLASSIFIED 6»: R. Wardroo

2,369,376.54

SPT

6 in.

a U M

__L coring

H. hard, m. gy., flat lying

v/mm hard. It. gy., sandy shale

to slltstone laminae* some dk. gy

brown shale, all In thin laminae-

■ ion

=3- Bands of It. gy _L2" thk. 3400.25-
=r401.O5\ *01.25f(2M thk.), 403.25*
== - (2"), a. gy. slltstone i 406.6

(2°)

DESCRIPTION

Reck Of Sail Trp* • Acuiiorlo

Contlntiatlcm of fflt Hoig-TT-7 w/

of core Blsalng fxea 1.1' of

core where highly fractured rock

occurs, apprbx. 502 of fravta
Srpe&r rounded from coring,

501 angular; all pieces spotted
v/TRVienant gy. elav. Bot. 413.9**1 v/

Bands lt. gy. lam. at 415.4'a/2"

417.4*(1/2W), 419.55*(1/2")
Bands of dk. gy. brn. shale at

41G.8'-41l.O5; 411.5'(2"),

413.9'(3/4") & 419.4'(1-1/2")

load cast horizons at 411.95' 6

418.6' partings which do not

interlock at 417.5* & at 416.3'

(w/elay renenancs)

Same, v/some lt. gy. laminae

Lt. gy. bands at 422.0'(3-1/2"),

422.35'(2"), 422.6'-423.0*(fi.

gr. ss.. x-laa.) 423.9(2.5"),

426.65-426.85, 427.15-427.8(x-

laa.) Dk. gy. brn. bands at

425.7*(2")

seam of broken «s at 428.8'(1")

4" fract. at 85 dip, 428.0'

Same v. thinly laminated
Sane, little It. gy. lam.,
little dk. gy. brn. laa.
flat lying

96;

Ml 0. Rack

10'0

10.0'

10.0

10.0'

10.0'

9.9*

9.5'

L0.01-

L0.0*.

10.0*

DATE: 6/2S/7Q

REMARKS

Chastctl Cea».

Caetofic 0«»o,

GravW Vat«r,

Caa*if«ctia« P»aala»i.

Lt. gy. vash

Ko gas

Long piece- 14'

Big running

roughly, rat&lnjg
rods at top of

run

No change la

drill watercolo

Water pressure

rises eo avg.

of 350 psl froa

svg. of 250 psl

€ top of run

long plecerl2n

Ho cn-tnfl^ In

dip of horizon

tal beds Q

suspected fault

zone.

L.P. - 8"

No gas

L.P. - 20-

No gas

f

•JPT

6 hi.

4 12 It

__

UTL 0 MRS

U MRS.

DESCRIPTION

Oaulfy (ar CwiotMcy). Calaf

Rack Of Sail Ty»a -

K. hard, greenish, gy
shale, w/llttle dk. gy. brn. i_

Ism., tz. lt. gy., sandy shale
Co siltatone lam.

Lt. gy. band at 457.15-457.7'
(x-laa.)

Flat and thinly bedded Tr. pyrtte
In horizontal seams

Same, w/some dk. gy. brn. shale
Ism., little lt. gy. lam. c

pyrtte

cr.

pyrtte

Lt. gy. bands at 465.3'(3") t.
468.2* (1-3/4") slltscona

0k. gy. brn. bands at 462.9'-
463.3' & 464.05'-464.4I

Same, little lt. gy. Lam., little
dk. gy. bra. lam.

Lt. gy. band at 478.4-479.2S

(slltscone)

It. gy. bands at 484.8'-485.1'
488.5* (2") both sUtatene
Load cast horizon at 486.25'

Pyrlte seam at 461.65* (1/8**)

Lt. gy. band at 496.85' (x-laa..)

Bottom of Role 497.6 6/26/79

G-63

OC 10.0

0C 10.0

Sail » Back

oc;io.o

00:10.0

LOC I 7.6'

10.0

10.0

10.0*

10.V

7.6*

REMARKS

Cfcaaucal C»f.

Lt. greenish gy
vash

Ho gas

Long

Minimal gas,

O psl shut In

pressure on

gauge

L.P. - 9"

Ko gas

L.P. - 11"

Minimal gas

0 psl shut-in

pressure

L.P. - 9"

Minimal gas,

0 psl

shut-In

pressure on

gauge

LP-10"

Gas bubbles vio
lently outside

of outer rods

when lifted 8'

iff bottom

C-64 C*l - U1 l.'Ti

2D G-32
Revision 12

January, 2003



Sheet 4 of A

Brill Hala Ho. TX-7

Crnifimmrtoa of

HX-Bole v/HC COtlUg

ASOCUTUL DC

SOU. AMD MCKCLUSnCATION SHOT
0*4S9*310

IBSPBCtflR'S CCHMEHTs

MQJCCTi

CSMTMCTC

ft ACtipifp

P.B.P.P. _n

ie. Iterran Jgg||gg

Joe Miurchlck

BTt B. T. Vafifrff

The xan* of highly fnetmd rock from 412.8'-413.9' nay represent a eplay off

th* nala gong* xooc, if not the prtnzy fault Itself. Ekposed foolt noes In

tfco CpollBg Water Tuxmela diavlay « Utah degree of VBrlmre for clay/shalo

fraspeBt ratios in goagc. rUnlnal day neaas «■««■*«—i btodlag of ahalo fnpant

«Blch eeold have prohibited the BC-double esre barrel froa actually corlag

fault ganBe. Six-tenths of a Coot of highly fractured rock vith gray clay

renwfflntn «aa. recovered froa the one and one-tenth foot Interval (412.8-413.9)

la question.. Fifty percent of the fragnesta displayed rooadlag from coring as

eonpared to flfcy pwrrrnt angular fragaeata, typical o* bTccciaced fault zoaea.

Angularity, however, nay be a natural characteristic of fragments generated

by the drilling of fractured shale. la addition, drill water pressure increased

from an* average of 250 pal to 3S0 pal while drilling the upper portion of the

4170-420 foot run. Pressures returned to an average of 250 pal at approsiaately

415 feet.'

6 a a

fm fwin—n\

sclUer ottgnad tteoogb 19.0*
ef -

glacial till, cad weathered shal

G-65 G-6S

20 G-33
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S«ai AND ROCK CUkSmCATni SHEET

aaoimtrr. P.B.P.P

OUT,

HLatBT ASS<XUTC1 MC

SOIL AMD BOCK CULSSIFICATRM SHEET

Top of wuclMTCd ebale

14.5'

Angers atfvoBcad co 19.0*

Casing to X9.5'

Top of weaBhsnd tock

Dtiu«r

cats coBtlmtcs

CO 19.0* 1*CB

OU8«T8«ill BO

HX coring

22

Z

U

• -^ *• «» . gr
«h*l« wAtCCle HBdy sbala la
v. chla lam. (L/16" thick) and
tr. ea. bn. "Pa" bands 6 26.6*

O/A- U*.)» 25.15* O/4).
23^5' <X"), 21.3*

'clay

;• ».5« (I- of cl^ »To> of nm
.sen). 21.85 (1/8? cfck. ««).
.22.0*. 23.1*. U.f 23.4s7m.85
.& 23.65* . •

•Thia seams of fissll* shala e
19.75* « a.«5*

29.5'

10J 9.5

U. 67. drill

tk. gy. bra. to

black oily tUa

ooUccfilaa ob

snrfaca of

voter

banrel

Can Placas -
1/2-8" long

6-67 C-68

2D 6-34
Revision 12

January, 2003'



O.BEBT ASSOCIATES, MC

SOU. AND BOCK CLASSIFICATION SHEET

»♦»•*»'• " 04-4549-31O UJ%„„ Beach. West of Site 08n>l^m ^_, ^..rr, P.B.P.P.

■ttftoo- Berrea Testing amim H 770 >M.^ ihht^ 57SK* wn^wmi, Herron Testing

«L8IKT ASSOCIATES. M.

SO!!. AMD BOCK CUSSIPtCATIOM SHEET

PROJECT

Joelttnarchl*

H 779 218.19

2365 760.881

CLASSIFIED BT: R» T. 11/21/78
em. • Mas

*■ —■ 10-°'

wrn.Lt■:.
-Tff»

,. a/21/78
CVLOMKS

10.0*

SO

SPT

fl U U

= -31.65*(3/4"). 39.29*0/4"),
^L36.4*(l/2-),

day rens. la parctags 8 30.5',
37.29', « 37.6*

29.5' - 37.2'

Sane, aed. gy. to 4k. gy, &cd.

hacd.tr. "fa" bands 8 30.0*.

J7.2' - 37.6' - mbb ssBdy la.
tr. saall sandy depoa. featons

3».3»

Sin

10.0 10.0

REMARKS

U. gy. drill

«BBh v/slly

CUa

long plcee-12"

SPT

« u u

6-«9

39.5'-4A.9*

,1c.
ied. gy. shala v/ltctl

gy., aaady shale laa (v.cUb)

tr. "fe" bands 8 40.75*(3/4").
41.35* <l/2"),

day rcos la partlnge 8 39.55*
,t 42.15'.

44.9'-45.5*

Bard, ned. gy, sUtsto&e 6 sandy

shale, chlaly las.

Ilfc45.3'-49.S'
rr: Jtod. hand, eed. gy, shale v/llttli

•It. gy. sandy shala Ian, tr.

J»Um bands 8 46.2* (1"),
■46.7*(3/4*), 48.2*O/4-), &
^48.65*(1")
'day rcas 8 48.6' A 49.3*
,1a partings

K -1" band or slightly x-teddsd sand)
32 vhale 8 48.6'

49.5

95! 10.0' 9.95*

REMARKS

Lt. gy. wash

Oliy fUnoa

ddU voter

Long piece 13"

G-70

2D G-35
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P.H.P.P.

OUCVT AUOCUTIS. HC

SOIL AND ROCK CLASSIFICATION SHEET

A 0*-»S49O10

4S0CUTII. WC

SOIL AND BOCK CUSSmCATOM SHEET

OONTSACTOfl: »»

— •tigr nos 1b pasting* 9 50.75'

S 35.1M6.1'
■• h/hm soBdy shal* Ub.

56.1'-57.65»

, v/UctlB smdy ahai* lam..

= «lay «■». in pasting « 56.45*

sandy ahale Im.

=j-H> 1/2" boods eS7.7't 58.6*, ft
2 5»l'

10.0' 9.95'-

hard, dk. ggr. ahala and

bacd It. K7. «n4y las. (y. this)
_tr. tn. bn. "f^" bod ■ ^^
3-68.8'Cl" cbk.)

«( dk. or.
f sod

ly

6s.6»-

^ [jBBPBCCad tanlt » 65.85'
365* of can -*-ittng la .85' 'i~~
;na. 3 a/4" tfck.) pu^ of

and 2 frags, v/ataiaal cloy

69.5

10.0 9.35.

U. 87- visa.
OUy fiia

daeveaaiag

necabla

in

released

hoi*

pvllc

op

of

n&cce 12"

6-71
G-72

2D G-36
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PROJECT! » p p

CONTRACTOR: »»»•»■»»" T»«»«

DRILLER: Joe Mtnatehlck

GILBERT ASSOCIATES. SMC

SOIL AND ROCK CLASSIFICATION SHEET

A 04-4549-310 ot.. i,«*«-..»., up.

779 218.19

classified BY.- R. T. Wardrop

E 2365 760.881

bate. 11/22/78

stterr 8 of 9

»^ DBilL nni « tin TT-fl

Sheet 9 of 9

Drill Bole No. TX-8

376.6'
INSPECTOR'S COHMEHT*

rn

■■■■

El
mtm

EZ

a.

it,
■mm

?£,

■mm

■MM

■MBM

mmmm

■MM

rr

■mmm

wy

SP T

61*.

w

BC

.■ 1

=

=

=

■MM

I

n

0E5CRIWMK

Oamhy (•* C—»Iiuki). Cala*

Rack Qr $•■> Traa - Anmmamrt—

«9.5'-72.7»

'Med. hard, to hard, dk. gy. shale

'and It. gy. sandy shale (thinly
.lam.) 1/2" bands of hard It. gy.
.sandy shale 9 72.05' & 72.35*,

..clay rens In partings 6 71.75*.

•72.7t-73.5l

•Same, v/little It. gy. sandy
-shale-band of dk. gy. bra. shale

•from 73.5'-73/7'

•

l73.7*-75.5l
.Hed. hard to hard, dk. gy. shale

•and It. gy. sandy shale lam.

-in 1/2" thk. bands f 73.75*.
-Clay rems in parting 9 75.5*
•

>5.5'-76.8*
.Same, w'/llttle It. gy. siltstone ;
.l/4tI-3/4l* bands

-76.8'-79.S*

'Same, m slltstaae.bands of hard

'It. gy. sandy shale 9 77.0*(1/2"
■thk.), & 77.2*(1 1/4").

"Tr. tn. brn. "Fe" bands g
>8.4*an) 4 78.95I(1°).

.Clay rems. In partings 9 78.5* &

.79.1'

•

[Bottom of Bol* 79.5'

•rC

U.I.C
n

of
oi

Sail Or Rack

Si..

Cara

Rim

-

Cram

Sha»a

Rm.

Car*

REMARKS

C~laalc Data,

CaniintcMa Pta»la»i.

•fc.

Lt. gy. drill

wash

a. fault was suspected la the 65.65' to 66.75' interval at TX-8 for the following

reasons. Sixty-five hundreths of a foot vere lost over eighty-five hundreths

foot of advance in the 59.5'-69.5' run. Traces of clay remnants were found

adhering to fragmented core pieces in the above mentioned Interval. Gas

pushed water up and out of IZ-8 when the barrel was retrieved at the end of

the 59.5'-69t5' run.

Ueston Geophysical Corporation did not confirm fault occurrence by either sonic

velocity or gamma logging.

c-73
G-74

2D G-37
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aL8OT.US0CUTtl.MC

Mtt. AND BOCKCLASVtCATnN SMS1T

pOtfffgfT. P,

aamucrofe.

CLMitrta ty>

PiPi

B.

Pi m^

ifardroB

tes

MHXMUN.

BAT|| 12/4/78

EZ,365,924.335 e^

IPT

8»—*

ttat

U It

20 fast ad

Sap of till - 7.5*

Wftkd

. BBSBZtBg.

C-75

HML AMP BOtt CLAgffieA

of
Teat lag

»«■■. —. Joe JUnarehlek

. Uardrm

ea«pmiT«H77«. i«fl<i

22,365,924.335

0ATIl l?/A/78 8.1'

1ft

ES

a

V

IPT

1 Gray, cl«ro glacial till.

JtoP of matharea reck (12.5')(?)

Cray weAchsrtd ahale.

lit*

•frariUer
ng

Is

Driller sees

casing e 20.0*

C-76
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CUIBT ASSOCIATED

^~?mm*1wmi+*«

=

2

2

ES

Z

g3

S

I. gy. shale w/sob

. It. gy. sandy shale 1f**-OT

. 2" 4k. gy. bra. sUtstena band
e 41.95*.

' 42.05-42.B
"—i. v/ltttla It. gy.

* las.

42.B-43.6

Same, and thin It. gy.

stale 1m., hard.

43.6-M.l

'Sbbb. aed. gy. to Bk. gy. ohale

w/llttls It. gjiaandy 3am.

Ih. to. "fe" band 0 44.0* (1°
thk.)

hand, dk. gy. shale, tr.

Bard, aed. gy. to dk, gy

sad saady shale.

4" saady band fro 46.9-17.25

1" hand 6 48.29* a-beddes.
^ Clay KTmrnanrs la Bartiags f
- .47.25' and 48.3*.

4B.3-M.75g3

S Sobs, v/licde sandy shale laa
= .1-1/4" chk. *Te" haod 9 49.95*

C-79

9.9*.

U. gy. wm
v/aUy ftin
la

Lea8 place
13.3".

"Fa" bead 9 53.6* 0/2"

ran la partings 8 53.5

34.75»56.7

bm. sard, 4k. gy

It. gy.. tala. ssBdy i
n. It. gy. cUcstaea

56.7-62.IS

SUghtdls t0

brddtng starcla]
a u «t

Sbbb. and It. gy. sandy las.

feeding patten 9 61.75*.

1/2" bond of It. gy. allcocone
» 61.45'.

10.0 10.0'

U. gy. tosh
w/aUy £Ua

1b drill water
eeteh barrel.

PtecM 3-7-

c-so
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BLURT ASSOCIATES. MC

SOIL AND BOCX CLASSIFICATION SHEET o
Shoreline West of MEET. »

PROJECTi P.M.P.P. wja. 04^549^-310 $ite AREA «_»_^_^_____

CONTRACTOR: Perron Testing COORDINATES ^779.333.051
*»... .■>■ Joe Mlnarchlck E2,365,924.335

classified BY: R. Bardrop 12/5/78

DRILL MOLE MO. TX-0

ELEVATION 576.5'

CWLOHRS _

*«*. MRS «-i»

OLSEXT ASSOCIATES. IMC

SOIL AHD ROCK CLASSIFICATION SHEET 1 9

PROJECT: P-.M.P.P. w a 04-4549-310 SITe >P«,ABoat Slip. Perry Part*.,,, ^^ Ma TX-1O

CONTRACTOR: HerrOn TC3t"8 COORDINATES ? 778:_67586 ELEVATION 593.4
DRILLER: JonB Clark

CLASUFIEO BY: R. Wardrop DATE: 11/27/73

2« ~. 078'76 C.L0HRS

80

ifi.

56"

SPT

6 1a.

6 U 11

1 ■Sa81.0t(l£i/2»)!- aU""M baBd

"Fe" bands § 80.3*(1-1/4") and
'80.45' (1/4") sandy shale band 9

81.3 (1/2").

DESCRIPTION

82.3-83.65

lam.

w/sone lc. gy. sandy shale

.•Te" within (1-1/2") sandy band 9

■82.4" and 83.25'.

Sandy bands 9 82.55'a/4" thk.)

82.7'(l-3/4"), 82.9*(1/2"), 83.45

(3/4") slightly x-bedded feeding
patterns g 83.65*.

rem In parting 9 83.5'.

,83.65-90.0

Same, Wilttie sandy shale
Ian.

"Fe" bands § 84.65(1/2"), and
2^-85.1' (1/2") sandy band € 86.45-

86.7'(3" thk.), w/x-beddlng to

feeding patterns, broken), 86.95'

87.4'(1) x-bedded,and

88.05(1-1/2") x-bedded.

=.Clay rens in partings 9 83.75',

^^84.1', 854.4', 86.6', 87.35*
89.25', and 89.75'.

Clay seams 9 87.4$'

88.55* (1/4").

(1/4") and

S " Bottom of - 90'

G-83

10.0

R«c.

10.0

REMARKS

Core pieces

3"-6.5M.

ID-

SPT

4 1a.

4 12 II

DESCRIPTION

D*M»y br CawiMwwr

R*«fc Or Sot Tf** •

Driller augered to 31.0'

(lacustrine and glacial till)

SWI Or Rack

Hew driller,

other TX

series holes

drilled by

Joe Hinarehick

C-84
o*i-ar t/n

2D G-42 Revision 12

January, 2003



04-4349-310
un

ffm..». John Clite

n

rr

SPT

» n

it«H7T8. 675.86 iuvatum
E 2. 365. 078.7* ^.^

11/27/78

NSUM.2btft- —**>**. P. 8. P. P.

cumwocumac

SOIL AMD BOOC OAOnCATIOM SMSCT

caflPBM>T« II 778. 67S.8& iLI,ATMM 593.&'

E 2. 36J.078.76 cw.»»o»

. H/2>/78 48-«M, 61V

till

SUa

»PT

Btara/

• U U

- OesKioaod

- cill
is gltdal

C-fl5

Orill«r did
not '
cop of

wtthcxad tod

4ub to duaga
ia cau

C-86

2D G-43
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January, 2003



P.H.P.P.

OL0EVT ASSOCIATES. MC

SOIL ANO SOCK CLASSIFICATION SHEET

PROJECT: ...

CONTRACTOR: "«rron Testing

DRILLER, Joha C1«k

SHEET.SHEET » am X.

04-4549-310 an AREA Boat Slip. Ferry Paqfe,^^^ TX-1Q P.H.P.P.

COORDINATES H 778. 675 B6

classified BY: >• Wardrop

E 2, 365,078.76

DATE: U/27/78

ELEVATION ,

C*L 0 HRS

CONTRACTOR: Herron Testing
„...«.. J°hn Clark

CLASSIFIED BT: R- V

GaLSCRT ASSOCIATES. B*t

SOIL AHD BOCK CLASSIFICATION SHEET w 5 y

. 0 04-4549-310 Vt(,^ Boat Slip. Pertv *««£?""* "^IT
778. 675.86

2. 365, 078.76

DATE: H/27/78

ELEVAT.ON

30

ii.

n

IT

50"

SPT

6 12 II

I

OESCRtPTRM

Owsily Ur CMMteMcyL. Catar

IM Or U<l T^« • 4

31.0-32.0-Harrf. xt. gy., sandy

shale and dk. gy. bra. shale

32.0-33.9-tted. Hard, dk. gy.
weath. shale to gy. day (ned.
soft) rock sections of core
fractured, vertically

Bottom of veathered rock §
33.9'

33.9-51.2

Ked. hard, med. to dk. gy.

shale, hard tn. brn. "Fe"

bands e 35.15 (0-1/2" thk.)
36.6' (1/2"), 38.35' (1"),
38.95' (I11), 40.5' (3/4?),
41.8' (1/4"), 45.45* (1"),

Cy. clay renenants in partings
9 37.0', 37.45; 38.9; 39.45;
«1.3; 42.6; 47.65; 48.0'

Lt gy. sandy ooze or f^^ng

patterns 8 47.1* - bands of

sandy shale g 47.5' (1/2" thk.)
48.9' (3/4"), »d 50.7' (1/4").

Soil Or Rack

Rang*

Sim

3.2

10.0

3.15*

9.95J

REMARKS

Driller

augered to

31.0' easing

to 31.0'-<jy.

shale frags

in bottom
augers

Oily film

floating in

drill water
catch barrel

Pieces - 1/2"-
fr-I/2"

U. gy. vash

5T

5T

n1

57

sy

il

ar

SPT

Bla»i/

61a.

6 12 U

DESCRIPTION

D*»»T (ar CaMlMaacyl. CaW

Racii Or SaU Ty»» - Ati»i»«rf—

asne to 31.2

"Fe" bands 8 40.5' (3/4"),

41.8' (1/4"), and 45.45' (l">

Clay rens. in partings 0 41.3'

42.6', 47.65', and 48.0'

Lt. gy. sandy feeding pattern

or ©ore @ 47.1'

Lt. gy. sandy shale bands ?

47.51 (1/2") and 48.9' (1/2")

Flat bedded

>32

602

Sail Or Rack

ft-a

10.01

10.0

9.95.

9.95.

I Caa*.

Oaaiogic D«*a.

Pieces 2"-6"

Lt. gy. wash

C-87 G-88

2D G-44
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colsot auncum oc.

ma. Joto Clark

arc *—**"* Slip, Perrr PaA-^ ,

■BOUTB8 77B. 675.86 Ittvano* Ml.4

B 2, 365,078.76 e»io«l
i»at». U/M/78 4g VM|ft

Shot 9 of 9

Drill Hole Bo. 13-10

irtOH'S QBOffiOTt

I II U

0—to>t-Ciniiniii|l.C»»»

■wtctfaflTfr— .> ii i

H«d. dk. or. «Im1«, U. ar.

ailUtON, od aody shale la

Sudy bead 0 71.95' (1/2" Ibick

Kid. hard, dk. gy. ■hale, «/
sane It. gy. sandy ahela las

Sandy band (1-1/4- tfck> 0 73.4

feeding pattens of sand • -
through shale (ran 73.65'-

73.75'

»*aa, w/i^ctle sandy shale Ian
(All pieces interlock, hole
BManred at 74.21, ncemTy

loss nast be at top of ran.)

, Bottom of Bole - 74.2 feet

10.0 9.V

'.banel polled
fnahols

Pieces 3-7 3/4
long.

A fault ms saspacted la ehe 63.5' to 64.9( laterval of tX-10 for the following

reasons, day namaata nn found la a bedding parting at 63.5*. Overturned

core pieces with day remnants atiumui at tha top of tas suspect Interval.

On* and faur-ceataa £set of core na last la the cue tea foot rons stradllag

the Interval (Sea seta en sheet 7 of 9).

Hestoa Ceopaystcal did not recognize a seas of lav velocity or lav gasoa

patties! raJBBinn 'la tha sonic aad gaama lags of TX-10.

C-91

C-92

2D G-46
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. «d notcuauncnmmat

un abea

CCHTtACTOB.

Jin Adams

CLAUPltD BT: • tftS

«- j« 781,586.77
£2,369,806.12

eatu.MmcHo.jadl.

M*'O*' . eojoB*CT<M: . Fa. DrlUlna ca.

anv ahd bockQjuuncATnM aoiT

SITCABIA

I D II

Rah Si aril 1V»*

Hoi.

C-93

g - V>p of obmb

«oKla«cd co a

depth of 180.*

drill d

gala scratch tat Sit. la bard
Nad. Bray flaalla ahalo &
It* «r. sic. Ba
3/4") at 68.73, .

71.9, n.as. 75.0, 76.*7"76*5

> perts parallel bo heddSBS
ejag i/A gp sanr^i las.)

slight Co Bodesete vsafihavlBtt

*?• T******1 ***«Bre-at 70'

73.2-73.)' (could be doe co
Icodas.)

As above hoc shales are
darker from 60*84*. 3U

ere rippled at 79.S aad Inter-
laminated with ahalo.
PartlsBs panliel to
before.

Pe ateaa bands less distinct,

at

86.6. Boss) shale bed surfaces
*o» scoor at top «fe*re over
if sic.

(coinlBvad)

2D G-47
Revision

January,
12

2003



(continued)

scuravk

SBn. AMD BOOt CUfflFICATWM SHUT

O4-4S4Q-310

LJSLIZ.
,369.806.12

Ik

1

i

-

•fa-*/

•

J
■

i

aaaaafc fr «W1 TffJ8> • oWtastraWlsJa)

■ as before bat Bed. dark shale

■ iftwifnatu; partings perallrt to

■ hwwiwg leas freaaeu.

* Pe steae Cl") at 09.75 la contact
. with aaderlylag s-tedded gr. alt.
. zaterlaalBBtcd ah. 6 alt. bed set

. about 1" thick ocear occasionally

BattOD of Sheet 2

»

■

«

iZSI

|a||C

Hw

10*

* BMk

Tzsr

CM

stMua

•n.

•

BAT». ^/g/TQ

IPT

■ As before «lch sllgfax
> mt of tMo It. gr
Ualnae Ok. gr

oodale at 98* with

41sscDfeatB* pyrlte P*
(1U1-) t UB. 6, 103

fi

alt.

Eh ^ImmwI-^^ f1bo14

Lto Pe atano bcdsj

i, 103.2, 105.7; I

retam to aed.

- — — OB»— ■ — — ^» ^^^IB^p«MWV

> » Part parallel to faeddjazt U.
. gr> alt. latectadded »—■*—t
■ to US; Zones of load costs at
■ 107.6*. 109.1 « lie. Flm vyrtce

laatoateat 112. Fa atone bed at
HI. 113.3. U2.8

' 2" alt. bed oa scoot base of
'shale jg 216.

FeaaHOa clay rwMtnaats at 109.5*
o U0*

As before - ffaa-pyrlte **—-rin-
«*ed at 121.3*. Darker shale at

to 122.6*.

alt. laBjaas
thicker.

surface. ** "**"
Pe staae bods at 121.2. 221.3,
122.6, 125.3, 125.7. 126.6.
Uttalegy as before «ot rock paru
parallel so beddias «lth sreacer
fraejBcncy. Ssas breaaago ptobablp

aagr be

sues beds op to I" at 114.1.
13S.3 aad V4-1/2- w 128.1;

128.7, 134.3; SHlBBiaaa sets la
last ft. nmal scour base load

its. 6 rtaBUag. Seas sets up

Initial 2 ft. as before; At.
ippx. U9 alt. «—*niir lacm—
Hgntfirawtly. largo re etona

6-95

rwtarBa*

10'

10*

10*

10*

9.8

9.8

9.9*

9.8r

•9*.

11"

-*•

■geat -*"

C-96

20 G-4 8
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frrnirlnuiiQ

SOU. AMD BOCK CLASOTCATUM SMUT

CONTRACTOR:

DBILLffi—

CUSItfKD BY. BATE,,

60.MBTAU0CUTW.WC

lOJt AMD BOCK CLASBFICATUM SHIET

OOMTRACTOBi CaMniMiTgi B Tal.18A.77

£2.3*9.006.12

6*.

t II II

IBS - ISO rn IBB*

ORIU. NOLC MO..

CLEVATtOM «_

onoiiat

alt. la line malmd It. gr.

saad at 139.8 Mich considerable

uiKiBui. rippling shoMlag. flams

stroetore. re stone (ZJ at 139.5'

Sit. decrease at lAOTto base af
lAS**4»ra ratora to nox» typical

10X alt

lane to coring.
at 140-140.S

Boston of Shoct J

10* 9.9'

iflBgBSt- 8*

G-97

1PT

At*

• n a

«■ baton Ued. haxd aed. g

ab. and 10-20S U. gr. alt

Kb. acaoe beds tt 161.7S

Ibcdn at IS) & lM.ljload caata

at 134.3 and leas wall dsvalopad

at 133.3

Bortsaatal bedding

81c. beds 19 to 2° tUtb a-teda fc

er rtpaliog « 1S7.7. 1S7.9 r*.
■sobs bed «" 161.3.

tay 4atk gr.-bl. laalaaa ftatiawi

162.6 6 163 acaar «ttb izngolar

B • Ma chaags 1b lltsalogT.loed casts
*~~*-at 16S.7. 166.45. SB lataxbadB

has thaa laLtecakaga as 167.9*
duo to caring. SB *—*~— ax. 169*

altteBBga «tUl laeaslayBrad
ST. alt. and ptavtoaa aed.

gr. abala. Farts parallel to

BinpUag at 174.5*

frcantacy off It. gr.
Bit. Beta ocean at 176.5.

2V* of » brrtrttd alt. at 178,6. Pa
stone bed and alt bad la caatact
at 177.5'

aand It. gy. saadbr anala (v.fl.
gtaiacd) to irlltsrnne. bands

(0-2" thk.). tblckor bands at
M1.6'(2.5-) "hnttL. en* fi- gr-
teflas) 1B4.3*(4") aUtataaa.
186.5 to 187.25*. and 188.43* to
189.0*. all K-heiWrd.T<nad cast
barissns at 188.2* 6 188.3*.
llttla dk. gy. bn. sbala. one

bead 5-1/2" (hick at 186.3*

on 1/4 pinching Tr* band at
wp.o* ,

Saao sandy sbala to alltatona

laslaaa 0-1-1/r* enk-tr. dk.

gy. bn. shale la.

10.0' 9.92

10.0

10.0*

10.0*

10.0

9.92*

o.o;

Uagast • 9"

■Bag Piece 14V

6-98

2D G-49
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P80Jicri_BiEL.

co>auT AueoATu. me.

JOILAjlOBIKKCLASaFICATtOMWtlT

.■A

CONTRACTOR! Pa- n^tli

MULl*. Jim Adams
™ W 781.Sgft.77

K2.369.B0o.12

Its

{2s

n ■ Hard; It gy. bands at ZU.(r)

** 205.0 <2-3/4">. 6 205.7(2"). all

5 . Borlsontal bedding, thinly

3- Sane, sone hard, lt.gy* sandy ehal
to allcscoae laminae (0-2" chk.)

llttla dk. gy. bn. ell shala

las; w/oao band fron 214-21S.3:

' Thinclay aeaas at 212.9' « 213.4*
te X-bedded siltstano band at

S Pnovre dipping Of at 219.9'
H lined with clay nacaanta, no

dlaplaeeasat

Ban. and hard. It. gy. laminae.
tr. dk. gy. bra »«—«——

Bard. lt. gy. sandy bads at

221.7* <S»). 222.3*(3»>. 126.3*

COTi, 127.0* (2V) 127.5* (5").
128.6* (4*>). 6 129.3* <4). all

Bard.lt.gy« sandy shale to silt-

i-'tm hands ac 231.2(2"). 231.7
^-<V>. 233.2 to 234.5. 4 238.0 CD
~ 238.6. All x-bedded.:tendxaax

at 23S.0*. 235.2' &

| Bedding parting at 23S.0'

£ Hard. lc. gy. bands at 241.9(2¥*)
| « 247.4* (2? slltstoac). x-bedded
11 Bedding partings at 241.63' ft
S 249.2«-

10.0

10.0

10.0

10.0

10.0

10.0

10.0,

10.0

io.o:

U. gy. vaab

Lt. gy.

6-99

fi;

Bard. Bad. gy.. shale

iBtarUniaated with bom. thin,
hard, lt-gy.. sandy shale to

mtltstmm bands (O-zy*), tr.

dk. gy. bm shale la*.

one 2V It. gy. band at 233.0'

237.4

partings '

at 232.3*. 255.5*. 255.7*
238.9*. 4 239.9'

Same, ad It. gy. sandy shale to
Btlcscoae lamina* haute as 260.9*

<2V) and 261.5 to 262.3.
load easts at 268.5' 6 268.75
Bedding parting at 266.73*

Lt. gy. bands at 274.5(2V0.
274.9C2V*). 276.0 to 276.5. 6
279.4-280.0* all x-tedded

Bedding parting at 270.6*

Bard, It. gy. bands from 280-

280.53*. 280.8-281.2*. 281.6*-
282.3*.* 6 286.2'-286.75*

jg'BorlsaBtal Bedding parting at
286.75'

rlaolnated wlcH

hard. lt. gy.. sandy shale to

sUtstone laninae 0-2" thlek.

Bands of greater thickness at

292.3-292.63. 292.9-293.1. 298.0-
298.3*. all »*oddedi

10.0

10.0

10.0

10.0

10.0'

U. gy. wash

9.8C

9-92!

tons place 30-

9.89

Long ptceo 10*

10.0

Long niece 29"

10.0*

C-100
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raaiirr.
WPP

SCaRTAaOCUTUBJC

. SOU.4» BOOCCUSUFICaTIOM SHEET

■a O4-4SA9-310 m. >—a HE Parktna Let

COHTRACTOft:

e2.369.B06.I2

CLMSi'lfD Bit H. Wardroo 4/23/79

SOCK CLUSnCATMM SMUT

WA Hg Paifclflg Lot

£2,369,806.12

4- 12 «•

Had. bard a. grey, ahale, and ban

It. gy., siltstone to sandy shale

laainae 0-2" tbk. Bands of greats

»»*«-»—— at 300.1 to 302.6 Ot-

ES 'bedded) 303.45(2.5*). 304.0(3.5")
9^304.8(3") & 309.0(4"). trace of

dk gy. bra. "****» ljadaae. Loss

cast horizon at 309.2'

Sane, It. gy. slUstoas bands- >2"

thk. at 318.3 to 318.9. 317.3

<3-5"), 316.5-316.9. 312.75-
3U.15. 3X3.A5-3U.7S. 31A.O- .

314.35, 4 314.5-314.85. all «-

lasiaated.

thk. clay at 318.3*

5 ' Sam U. gy. hands >2° «c 326.9'
£ 4'328.75-329.6», both »-

~ . Beddiag partlag at 327.85*

E '•
3 'Boriaantal Bedding

It. gy. bands >2" tbk. at

333.65 to 334.0*. little dk. gy.

.. 338.5-340.0.

Beddiag osrtiar at 337.5

mi hard. n. gray, ahalo Ineorla

w/littlc It. gy. oaady shale co
alltataaa Um., llctle dk. gy.

brB> (oil shale) lav. coBccatEat*

5f betwea 340.6* to 341.9'. ou IV
band at 344.25

1/4" thk. flaslla ahale scam at

346.75.

10.01

10.0'

S io.o.

10.0'

10.0'

10.0*1

10.0*"

9.88

».83"

10.0

BATW. 4/1VTO.

lOBg ptCCB 41V

Caa ahoota

watax eat of

tele irtMn

terra pulled

loog plcce-29"
gae Indicated

long p 14-

gaa bubbling li

hole «hea

bacrel pulled'

long plece-27¥

ga» la bole

Li!

41*.

i n n

6-101

Med. hard. oed. gy.. thale. «f/

hh dk. gy. bra. ahale laa.

every l-«*, little bard It. gy.
alUatnn* to sandy ahale laou,

Pyrite traces at 353.8'.' 354.9',

355.55. * 356.4*

Seaea of soft fissile ahale at

350.15. 350.3 (brakes, V thk.)
351.2, 354.95(V). & 357.7(1")

i. .It. gy. ettCacsM bands at
362.8CZ-U4**) 3M.XCr>>. fl.

sandy kands at 366.5'(3"). 367.1'

(1.5*) both s-bedac^conccarxatla
•f dk. gy. bra. (oU dh.), lea.

S > «t 365.5-366.1*

Hed. hard, aed. gy.

v/l/4" to 1-1/2" dk, gy. bra.
Xsa. with Uttle It. gy. sandy

Ian. on* 3" hand at 378.4/

>amat 378.25*(1/4")

la aaaa at 376.0*

Maslle

oo It. gy. sandy

ahale to alltsteee bands at

383(4.5"). 386.7-386.5 bee. oed.
It. gy.. 3BS.7'-186.0*, little

thin las. of dk. gy. bta. shale,

epncBBtnted free 382.) to 382.8.

. with* tr. It. gy. lam.

E£ Sane, soac dk. gy. bra. laa. (0-
S. 2-1/4°)

10.0*

10.0'

10.0'

10.6'

5.0'

5 iD.01

10.0'

9.96'

10.0'

9.67'

5.0*

10.0'

Caa babbling

la hole

Long pleeo-39.

Cas bubbling

Lang pleee-26"

atrong odor to

gas froa bole

at start of da;

Long

Lang piase-la'

Loag pleee-20"

water oat of
bole. 5' high

0-102
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OLtUT ABOCUTEfc ML

MIL AMDtOCKCLUBncmOi BUKT

PROJECT

EgiiEfagu JEZ

Bard. bra. shale to alltstoae with

of thin gy

traces of It. fly.

at 653.W-644.2S. 654.55-634.9.
6S7.0-657.1S. & 657.75(3/9")

traces of Btcre*«ryBCallJm pyrit*

ax 653.6, 6SU65. 4 655.5
Sao to «61.4*, tirwirtnft, graalA

shala-alltstase. and bn. ahal

661.A-661.7 - It. srey, Bllcstaate

661.7-«62.aS-br.

).3-br.

& 'shala; 663.3-66S.3-U. gray ellt-
■tone; 663.3-666.2 - or. shale

666.2-666.9 - It. gr. gy. sllt-

stane; 666.9-668.6-hr, ohalo

668.6-669.5 - It. gy. gr. silt-

stoBs; 6f

las. of above <«>*^«^«g<^

Eard. bn. ahale-oUcstoBe to

670.4*. then med. hard, to haul.

It. gr. 87* shale (670.6-679.5S)

672.6-673.1. 673.7-675.35 6

677.35 (1-1/2")

679.55-680 bn. SBate-stltatane

mth (1") It. gr. g]fe band at

15"

Hard gr. gy. ahale and bn. abale

Blltato— Co 684.0 picpalaa bard,

bra. ahol* with trace of it. gr.

gy. shale at 684.7(2") A 668.7-

689.3

Hard It. gy. gr. shale and br.

•hale to alltBteae iaterbeddad ia

Cbe following

690.0-690.8-br. 690.8-691.2-lt.

ailcatone gr. gy.

allt

6U.2-691.SS 691.55-692.65

10.0

10.0'

10.0

10.0

9.92'

10.0*

10.01

10.0

lsni

long plece-17"

drill vatsr oat

of bbIb aarlBB

. arillcr
vents pressure

. to safety gas

400 pal w/valwe

L/2 obi

reases to

• 300 pal In 20

cas. Bole

' left to blecd-

aff overnight.

plaea-113"

Lang piece 45"

(coatlsoed)

C-109

Batten of gheet 1*

C-110

ID G-55
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CUUIV AUOOATfll. MC

SOU. AMD BOOtCUttlttCATtOM SHEET

ppoimT,

**•

nmi i rni

CL»UIFl» BYs

■a 04-4*4»-llfl uti id.. SE Parting Lot

JSSs. enaaw^TM B 781.586.77

E2.3a9.8Ofi.12

<H/TO

Sheet 16 ef 16
DrlU Brie Ho. TX-U

IHSPECTOR'S CttMBff;

* M tt

U. grwintrti gy. shale-sllcs

aad to. ahal* Infea* la tha

followlag aeqttenc*:

Br. ShaU

700.1-704.35

7O4.S5-7O4.9S 7O4.95-7O7.S

207.5-709.4 709.4-710.0

v. Bfloa IK. sr.

714.55-7U.1 710.O-7U.S5'
715-1-715.3*

71S.S*-720.0* V«y dkia pyrldt

Ian. (1") at

717.1

afcalea

•ilcsccoe at 710.85(1°) &
713.23(1")

All too. ■halt basd,

erases of y

yytlta at 723.05'. 720.2*»

728.7S<.la)Htte seaas as 726.05*
& 728.4*2

Bariseataily

Bottaa of Sola - 730.0*

5/1/79

| 10.0' 10.0'

).O' L0.01

,0* 10.01,

Brova «atf lc.

Laos plce«-20"

1M..I—1

All one pieee-

120"

Uttle evidence suggests that 730* deep TX-12 advanced through say -»»— of

faulted rack. The "Remarks" coluas of sheet 10 of 16 describes two (2)

situations daring drilling where cove ssaples were distasted doe to probles*

arising fron inflames of natural gas. although dlambed ssctlous of eere He

IB doss pxeslBdty to a straight lias fault dip projection derived frea TZ

barings ettrrnmterlng faulted rock at shallower depths, the very character of

■Bass (l.e. lack of stiff, relatively dry clay) precludes a fault

Interpretation- Maturted aeons had a freshly Bade eppeamee.

c-Ul

C-112
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son. 4md eobc cuaancAvmwest

PgQilCT. P.H.P.P

Ca,UBT AODCIATH. IMC •

saaANOBoaccLAumcATtoMuarr

Co.

Jim Mass
781,318.30

.»1.21

classified bt: B. Hardrop

fPT

Ate.

« n a

i

CONTRACTOR: EtaJ2tU2i&S_&

inf* awn.

gum-ram 618.4'

onilcr drilllai

Coupling tihnadi

Lfl

Urn.

• 12 tl

2D G-57

R«kftWT|»t

Till

6B.0'

70.01

Tap of vmmthmd alwla «70.0' .
.»♦ tut, n. 8»«y» tttasfee*ad sbala,

SLw/Uttla U. ST. •llcatsa* lnl

a/23") el«T «aam» In (laoll

To. ten. "Vb* cseM baod 9 76.0*

Boccoa of wBUharcd noa - 80*

, ou hard, amwurharad, «/

tne* chin CiaaUa acam aad clay

„.»

4 69.25*

Load casts herlsaB 6 BB.S'

Beddiag Tarclasa 8 92.15*. 97.8',
6 M.6S'

-Fa" band* 6 «.3t(l-ihlek) 91.75
0"). •*.2$'(1/I-), 95.6'(l/2")

96.2S'(l/2">. fV.I'tt/l"). 98.7«
O">.

Flat lying bcda

0.0*

10.0

0.0*

drilled 9

30° to

cada alas atrip

v/

. Drillar

iajazaa lag
break

klcka lazo saar

as work Tticsday
6/5/79

68.0* hard dril
Uag/ Cray
ahalachiBa «

70.0* la uaah

Bala

cavlas -Bo

leawtaa 6/7/79-

9.6

0.

9.9*

S* eaalag
after d

73.0*

21.!

1088 place 16"

C-114 oM«a» %m
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P.H.P.P.

SOU. AMD BOOt CLUUnCklUM BOST

.» 04-4549-310

COMTBACTOBi Pa. Prilling Co.

CLASSViKD avt 8. Hardrop

■cJtarth SharellneBlnff naiLnant TX-11 paastet, P.M.P.P

r*S 781.318.50 buitat^. 618.4' comtbaCTOB. £fl*
lan-sun.

ABUT ASSOCIATES. MC

SOILAItDBOCKCLAMIRCATWMSHEET

A 04-4549-310 UTf^ north

B 2.369,051.21 **«**■»

CUlSiNfD BV: *• "wdrop

E 2,369,051.21

6/11/79

*««ltL N0L8 NO. "-»

ILWATHN 618.4*

tw

ftto.

4 12 II

m ^»aaaMflB ««MiaaMaBMB, p ^

5 -bra. "Pa" baada 0 104.4*0/2*0.
g 104.8*(3/4*0. 106.0*0"). 107.0*
g X1/2*0. 107.8*0/4"). 108.7'(1/4*0
|^IO9.O* (1/2°)

101.0* ft 103.2*. clay
9 103.3*(1/2-)

> shale w/tr. fi. bx. aaady abal

aUtacone. aaa band 0 116.8'O'
e 111.2*0/2*0. 111.35

5 ftetlaga 8 115.4* <md v/cr. clay

^^ ll»4«

ov.gy., ahala w/aoaa lc.
to v.fl. graia aaady

=£S«bc. load east horizon 0 125.7*

^Pa- baada 0 120.1 '0/2*0. 121.2*.
.(1/4.-), 121.5* O"). 123.3*O").
— 7|(2"), 126.3*a->. XB.VWr)

la dk. gy. bra. ahala Ian. .

v/lltcle It. gy. lamlBaa..tr
rc .^ada a 131.8'O"). 136.2*0":

S137.7*(!-). 6 140.0*0"). or. dk

OS Parting. 6 132.67. 131.4*. 134.2*.
134.8*

s^Tlat lying tada
.'v/aoae Ik. gy. tern., load
b 147.0* Tteea ca.

E rre" baada # 143.6*0/2"). 144.*
= £1"). 143.1*0/2"). 148.0* O-I/2").
S J48.«*O"). 149.5'(3/4")
^Partlasa 9 144.6'. 149.2*. ft a

<im ahala aajn v/tr clay 8

= 149.97*. v. Chin.

14! 10.0

10.0*

5 na 10.0

>u io.o*

0.0*

io.o1!

10.0'

UP.- 14"

10.0*'

9.9*

10.0*'

24 MB»

U. gy. wash

piece IS"

.. P. - 22"

UP. • 13-

Anmim1i>g harl-

aagla hole la

Itea

U. gy. «aah.

L.P. - 15"

• II U

c-us 0*1 -HI IL*U

2D G-58

gy. aaady ahala to alltatena

laalase. bob band 0 157.2* <1 1/2*

loud caat harlsoaa 0 130.0*. ISO.
151.8*, 156.7'. ft 157.7*

Xa. bra. "Pa" baada 0 150.3'
O/4")

55.3' (1/2*0 157.1' (I-) 157.6*
(1/4*0

Ihln fissile ahsle sbbbis w/cr.

8 136.7*. 157.8*. ft 158.7*

iSaae. ooaa It. gy. baada 0 163.2*
0*0, ft 169,25' (2.5*0
Tt. Tn. bra. "fa" baads 8 160.2*
1/2*0 161.7' (1/4*0 ft 169.9* (1/4"
r. dk. gy. ten. abala from 166.0'

167.6' .

0 163.' ft 165.2*. flaalle
aeam 0 169.9'

and It. gy. band rroa 173.75
to 174.25*. lead east horizon 0
.172.1*.

F.band. « 171.75*

^(1/2*0, 176.3* O/4-). 178.0* (1*0
E 47B.7* (1/2-). ft 179.5* </^
= Ttertiaga 0 172.1*. 172.4*. 173.2*.

179.0*. 6 179.7*

». v/aaaa It. gy. laalnaa. load

cast hoxlzan 0 184.6*. 186.2*.

188.75'
Tx. cn bra. -fa** bands 8 184.85'

74") 185.5*(1/2°). 186.3*(1").
187.6*(1/2*0, 188.5*(1*0 ft 190.0*

(1")
Eartmg 8 186.0'

Flat lying beda.
Saao. vbtte gy. aaady ahala band

0 198.5'(2"

Dk. gy. bm. abala lam. aeon? In

20X of can acarciag 8 191.8'

Z32

91 10.0 9.7

10.0

10.0

10.0

10.0

10.0

10. 01

10.0

Lc. gy. aaah

Core rotated la

rack dry

pteea-20"

L.P. - 25-1/2-

L.V. - 13"

Torque on coda

20*

L.P. - 13"

.P. • 20"

6-116
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MOJCCTi P.M.P.P.

Jin Adaa

SOIL AND BOCK CUSSVICATIOMINKT . '
«m«t * OP - II'

a. O4-4349-310 MTI ^j^ Horth Shoreline Blnfg>..u MOte^ ,,_„

» -nin.fc

MHUECT.

R. Wardrop

B

6/12/79

cowtoactob, PA flfllllng Ql.

900. AND ROCK CUkSSIFICATUM SHCCT

A 04-4S49.nO «,Tf abiafcrrl.

Jim aa~~

CUMSVICO 8Tr R. Ibrtnw.

IS

SPY

Btw*

6 to.

ft II Q

0—My *» C««lM.Milb Cmtm

H. hard. a. gy. ahala, w/aaa

It. gy. aaady ahala to attca

lam., baada at 2O2.33*(2")(fl. gr

sandstone). 207.13'O.S"). ft from

2O8.3'-2O8.7', load cast faarlaoa
at 205.1*. 207.6*. 208.7*. ft
208.9*

Tr. "fa" banda at 20S.5'(2").
207.0*an . 208.03' (1").
Partings as 204.8* ft 209.8*

211.3'<2"), 213.2'-U4.6'(v. thta
lam.), ft 215.3'-a6.3*. dk. gy.
brn. ah. from 212.1'-212.7' (v.

thinly lam.).

Plssla aaaas at base of It. gy.

baada at 211.2', 212.1*. A 214.7

v/aama It. gy. laau,.

^- at 221.6*0.-1/2"). 227.2*O").
' 228.5(3"). 228.8* (2") ft 229.4* (2"

Load cast horltoaa at 271.1',

224.8*. 225.25*. 223.7'. 226.3*

Tr. dr. gr. bra. lam. (0-1/4" thk

Broken sandstone band at 228.5'

(2°). v/er gy. clay.

Same, and It. gy. lav,

233.33*0.5"). ft 234.5-235.0'
<x-bedded) Partings at 236.1*

Z of shale Increases at 236.4*.

v/Uttle It. gy. bands, tr. dk.
gy. bra. lam.

Saw. v/ tr. v. am It. gy. lam.
bead of dk. gy. bra. ahala at

243.3'(2"). Partings at 243.7*.'
& 249.7*

80° rraet. striking per» to drill
hole ezadtb from 24g.0'-248.6'

Plat lying bedding

10.0

10.0

10.0

10.0

S3 10.0

10.0

10.0

10.0

9.9f

9.9*

PATK, 4/11/70

It. gy. Man

as pleec-33.3

UP. - 40*

L.P. - 30"

UP. - 42"

a

to

II!

SPT

« II U

C-117

2D G-59

H. hard. a. gy. shale and hard*

gy. alltatone to aaady shale lam

inae. It. gy. bands at 2S1.7*U.S
ft v. tala Sam. eoneentratcd froa

2S6.3--258.0'. tr. dk. gy. bra.

oh. Partings w/tr. clay at 232.5
ft 253.3.

'.Broken rock from rotation la
barrel froa 2S9.6'-260.0*

Sane, It. gy. beads at 260.2'(2")
26O.5*<2->. »*1 f»-*«« T'faweo'iU.

264.9*(4.5"), 265.8'(4°), 266.5*-
267.9*(»laa.). ft 269.9*(2")

|j Parting* «t 264.5* ft 267.35*

Sema.lt. gy. bands at 271.1*-

271.45*. 271.65>-2K.7, 274.4(1"),
.276.7(3.5*). 279.2(2") *

. , Partings at 272.1; 272.6'

ZT Plaalla abala aeam v/tcelayat
laBfl-276.«a/4"), • 277."

Seaa, It. gy. banda at 281.0'-
282.0* (x-laa.) 284.7'0.5")
. -lam.), 6 288.4*a.S")(x-J

'Pardngs at 283.8* A 283.2'
Broken rock at 287.0' (JT).

.287.9*a.5"X ft 289.0'<2-)

Jt. at 283.S*-285.75<, attlfca

63"

•• w/aome bard. It. gy. aaady
oh. to nUtsto— banda. 2" at

290.1(2"> (s-lam.). 295.0-295.3'
(*-lam.). ft 295.0* (r)(a-lam.)-

Partlssa at 295.85' ft 299.2*

14! 10.0

10.0

10.0'

10.0

10.0

10.0

U. gy.

9.9*.

0* dip

BCCOVBtag tO

of beds la

9.9*

10.0!

10.0'J

plaee-24«

fflaamtel betf-

. - 29"

.P. • 24"

-P. - 60*

" rialmal gas vbca

aznal potlad.

0 palahat-la

"L.P.

C-11B
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P.H.P.P.

CONTRACTOR:

C&BOT ASSOCUTtt. BSS.

SOIL AMD BOCK CUSOTCaTKM SHOT

. ttA ^&^S&2=Z1S. SITC ABC
781,318.50

JlurBjani NOLI ■& _&ULa*.

OLBCT ASSOCIATES. BC.

SOIL «ND ROCK CLaSSJFICATUM

P.B.P.P. 04-45*9-310

CLAUIFICO BT: H. Wardrea PAf», 4/11/TO;

CONTRACTOR]

nmiint "•'"-

<*>-

tlTCABIA

BUT

Horth Shoreline

classified at: p.

SPT

Stem/

Ala.

I C~l

M. hard., a. grey shale and bard

It. gy. aandy sbale to sUtoteno

laminae, bands ac 300.1*(2"). -
300.9*(2"), 301.9*(3.S")(s-lom.)»

mosUy It. gy. bands

Or. shale at 305.3', or,

87. brn. shale
Load cast borlaon at 304.6'
Weathered obale in parting at

H. hard. a. gy. shale w/llctle It
gy. lam., becoming mostly lc. gy

lam. w/llctle gy. ahale at 316.2
^^ trace dk. gy. bra. Shale. It. gy

gg.hands^at 311.3-311.85'(s-lom).

31612.-317.0*(s-loa. . silt.)
""•318.1*, 3ia.4*-319.7*

at 319.7*

M. bard. a. 87-. shale w/sons
.hard It. gy. lam., bands at

,322.8* O/4-). 323.0*-323.S5*(s-^tr
323.6'-324.2*. 32B.35*(2.5")(»-liB
329.5*?330.0* (stttstome)
Load cast borlun at 325.6'.
Tr. dk. gy. bn. lam.

Fiaaile shale aeons at 322.65' ft
329.5' ■

at 321.0'

, w/lltUe It. gy
ac 330.1(2-). 330.6(2.5*0»

332.3. (thinly Ism. «/an.)
332.9(2.5"). 333.8(2°). 335.7'

(2.y0, 336.8*(2.5**), 137.4(3").
tr. dk. to/, bra. sb.. baeooamg

j#TlOOX It. gy. elltstone
138.2*

at 339.35*

pyttte seam at 336.0' .

bard lc. gy. allrsroBe to 34U.7*
becoming, a. bard, a, gy. sbale
if/some It. gy. lam., bands at

341.05*-341.S'. 341.9*(3.S").
344.3S*(4~). * 348,9*-349.3*. tx
■fltt ft

S5-I

Flat lying beddlog

71 10.0

93

enasojiiAW>B_ 7B1.31B.M

OATg, 6/14/79

Sx*

10.0*

10.0

10.0

93 10.01

10.0

Long piesc*3ft"

hole Is

10.0

vertical

.P. - 30°

10.0*.

9.9*

10.0*.

J4MJ»

Lc. gy> wash

uacal bedding.

dip

scream of inter

of sod

leaked at welda
m collar,

driller repairs

L^. - 34°

gas

.P. *• 53°

> gaa

.?. • 24"

III

SPT

t II U

bardH. bard. n. gy. shale w/

.It. gy. alitstaos i ,
laa. w/bands . 2" at 3S1.4'(2*0.
3S3,lS'-353.85>354.25* 334.8*-
355.1*. 355.3*-3S5.6*. 356.65*
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31 «.8,
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a : io.<
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L0.0
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Cmm
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U. gy.

ttogaa

9.7'

9.9»-

plece-30"

<winning horl<

hole ia

50*

vertical

L.P. • 24"

30° dip angle

fault Sons dis
plays several

varied dips to

Aiwiming bori-

10.0) «0° dip angle

after

through fault

UP. - IS"
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PROJECT: P.N.P.P.

CONTRACTOR: PA Drilling

DRILLER: Jin Adams

GILBERT ASSOCIATES. MC.

SOIL ANO ROCK CLASSIFICATION SHEET SHEETJfi_0F "

_ *x>. 04-4549-310 stTt ABCA Horth Shoreline Bluffcm.. MOLe Ma TX-1^

CO. COOBPINATg« W 781,318.30 CLPVATinM O8 At
E2,369,051.21

C*L 0 HRS

Sheet 11 of 11

Drill Hole Ho. TZ-12

INSPECTOR'S COMMENT:

CLASSIFIED BV: R. Wardron DATE: 24 HIS.

E2S

SP T

6 In.

4 12 18

DESCRIPTION

Density (or C«iiMM<r), Cola*

Rock Or Soil Ty»* - icaiwtai

Bard, It. gy., sandy shale to

sllcstone, tr. gy. shale to

451.05; becoming:

M. hard, m. gr. gy. shale, and

hard, dk. gy. bra. shale lam.,

v/little It. gy. '""*»".

It. gy. bands >2" at 453.3-

453.6'; 454.3*Tl.5"), 459.1*
(2.5")

1/2" of broken core at 459.6'

Sane, v/llttle dk. gy. brn. lam.

Lt. gy. bands at 463.95-464.3* &

468.4'(1-1/2", x-lam.)

Parting at 468.7'

Same, v/some lt. gy. laminae,

bands at 472.65'(2.5", x-lam.),

473.65-473.85, 474.1(2.5",

x-lam.)

474.45-474.75, & 479.3-479.7*
(x-lam.)

Dk. gy. brn. shale bands at

470.65(2"K & 477.7'f2-l/4w>

Bottom of Bole - 480.0*

Completed 6/19/79'

LOO 10.0'

00

Soil O> Rock

$•••

Co..

10.0'

10.0*

Grain

Shop.

Co-

10.0'.

10.0*

9.9" .

REMARKS

Omical Coav,

hwc Dm.

Ground Vatmt,

Coaitrvctioa Pro

Lt. gr. gy. vast

7 pel shut-in -

pressure

25°dlp to hole

long piece - 12"

8 psl shut-in

on methane gas

25° dip to hole

L.P. - 15"

27° dip to hole

5 pal shut-in

pressure

L.P. - 18"

C-123
0*1 • UT «.TJ

2D G-62

Fault zone Identification was readily accomplished In TX-12. NC-slze, double

barrel, wire-line coring recovered three distinct clayey gouge zones In

highly fractured rock between 376.0 and 380.4*. Also present In the zone

were several distinct laminae orientations. Indicative of plastic deformations

to normally fist lying beds, prior to the brittle failure of actual faulting.

G-124
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<APPENDIX 2D H>

CONSOLIDATION TESTS ON

COOLING WATER TUNNEL

FAULT GOUGE SAMPLES

Prepared by

WOODWARD-CLYDE CONSULTANTS



5120 Butler Pike Woodward-Clyde Consultants

Plymouth Meeting

Pennsylvania 19462

215-825-3000

Telex 846-343 July 5, 1979

74 C 62

Gilbert Associates/ Inc.

525 Lancaster Avenue

Post Office Box 1498

Reading, Pennsylvania 19603

Attention: Mr. Rodney D. Boyer,

Project Civil Engineer

Re: Consolidation Tests on

Fault Gouge Samples

Perry Nuclear Power Plant

Gentlemen:

Two consolidation tests were conducted on undisturbed

samples (Nos. 1-2 and 1-4) obtained from the fault gouge region of the

intake water tunnel at the Perry Nuclear Power Plant. The specimens

tested were trimmed from block samples provided by your personnel. The

block samples had lost moisture during storage of approximately seven

months and were relatively dry when trimmed.. Index property tests were

also conducted on both block samples. Also, one consolidation test was

conducted on a slurry mixed at a water content approximately equal to

the liquid limit of the material. The slurry was made of the minus

No. 4 sieve material from Block 1-2. Demineralized water was used and

the mixture was cured overnight before testing.

The test procedures and results are described in detail

in the following sections.

TEST PROCEDURE.

The trimming of the specimens was carried out very

carefully so as not to disturb the material. Knives, saw-blades and

files were used to trim the specimens into the consolidation rings.

Specimen ends were patched to achieve smooth surfaces. The

consolidation tests were conducted in general accordance with the

recommended procedure for "One-Dimensional Consolidation Properties of

Soils", ASTM D 2435-70, except that the samples were not allowed to

swell after the addition of water at an initial pressure of 0.25 tsf.

Consulting Engineers Geologists

and Environmental Scientists

Offices in Other Principal Cities

Revision 12

2D H-l January, 2003



Woodward-Clyde Consultants

Gilbert Associates, Inc.

July 5, 1979

Page two

The loading was continued until the swelling of the specimen was stopped

and the sample started compressing. The specimen was left overnight at

this seating load and the rest of the loads were allowed to remain for

24 hours. This is in accordance with the procedure recommended for

swelling soils in the U.S. Army Engineers Manual EM 1110-21906/

Laboratory Soil Testing, Washington, D.C. 1970.

For all the tests, back pressure was not used. The

specimens were loaded to 110 tsf (capacity of equipment) in standard

oedometers. To achieve higher loads, the specimens were transferred to

the soil and rock strength testing frames. This enabled the loading of

specimens up to 880 tsf. The pressures were maintained constant in

these loading frames throughout each load increment by adjusting the

deformations frequently. (Note: The rock strength testing machine

which was used for loadings in excess of 220 tsf is not calibrated in

accordance with safety related Quality Assurance requirements, but the

test results obtained are consistent with the results from the

calibrated oedometers and soil strength testing frame.)

MAXIMUM PAST CONSOLIDATION PRESSURE

To compute the maximum past consolidation pressure, both

the Casagrande'11 and Schmertmann(2) methods were used. Casagrande's

method is generally used to compute the preconsolidation pressure (Pc)

for comparatively undisturbed, high quality samples. Schmertmann's

method can be used on poor quality samples as well. In the present case

NOTES:

(1) Casagrande A. (1936) "Determination of the Preconsolidation Load and

its Practical Significance", Proceedings First International Conf. on

Soil Mechanics and Foundation Eng., Vol III.

(2) Schmertmann J.H. (1955) "The Undisturbed Consolidation Behavior of

Clay", Transitions of the ASCE, Vol 120, pp. 1201-1233.
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Woodward-Clyde Consultants

Gilbert Associates, Inc.

July 5, 1979

Page three

the samples would be expected to be of good quality, as they were

obtained as block samples with very low sampling disturbance. However,

the samples lost moisture during storage. For good quality samples,

both methods should yield comparable results. Casagrande's method for

disturbed or poor quality samples should yield lower values of

preconsolidation pressure and also lower values of compression

index (C^, ) than the in situ values. Schmertmann's method improves the

results for poor quality samples and yields higher values of Pc and Cc

than Casagrande's method, values which should be closer to the in situ

values.

TEST RESULTS

Plate 1 shows the results of mechanical analysis

conducted on Block Samples 1-2 and 1-4. It may be seen that both the

specimens have almost identical grain size distribution. The results of

consolidation tests are presented on Plates 2 through 4. Time vs.

compression data for representative load increments, along with the

strain vs. pressure (log scale) data, are shown for all three tests.

A summary of the consolidation characteristics of the

undisturbed and slurry materials, along with the index properties, is

presented in Table 1. From the index properties and results of

mechanical analysis tests, the materials from the two block samples

appear to be almost identical. The compression index values are also

similar. However, the preconsolidation pressure for specimen 1-2 is

estimated to be 8.0 to 12.0 tsf and for specimen 1-4 to be 4.5 to

6.0 tsf.

If you have any questions concerning this report, please

do not hesitate to contact us.

Very truly yours,

WOODWARD-CLYDE CONSULTANTS

Frank S. Waller, P.E,

Project Manager

FSW/p

cc: Dr. Lane Schultz

Mr. William J. Santamour

Dr. Barry Voight

Master Files 1.2/5.5
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TABLE 1

SUMMARY OF CONSOLIDATION TEST RESULTS

Sample

1-2

1-2

1-4

Type

Undisturbed

Slurry

Undisturbed

Pc

Casagrande

8.0

-'

4.5

(tsf)

Schmertmann

12

6

.0

0

c'c

(Unit Strain

Basis)

0

0

0

110

110

112

PL%

18

18

19

LL%

27

27

28

2

2

2

Gs

.80

.80

.76

Wi(

2.

29

2.

%)

2

.8

2

Wf(%)

9

16

6

7

.7

6

NOTATION: Pc - Preconsolidation Pressure

C*c- Compression Index (Unit Strain Basis)

PL - Plastic Limit

LL - Liquid Limit

Wi - Initial Water Content

Wf - Final Water Content
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<APPENDIX 2E>

SOIL AND ROCK BORINGS



GILBERT ASSOCIATES. IMC.

SOIL AMD BOCK CLASSIFICATION SHEET

EI - Perry Nuclear
Power Plant anan 4549-00 amarea Sorth Perrv. Ohio

. Berron Testing Lab, Inc. coordihatm H 780.TIB o

Larry Humphrey B 2,370.068

BATE, 4-11-72

2E-1

SHE£T__S_OP 6

DRILL HOLE MO 1-1

ELEVATION 622,8

CTL 0M»* 1-9

CLASSIFIED BY: PifliSt

£

&

SHE

SPT

Blmra/

6 1*.

> 12 18

U Y

lOll

SHE

Li y

13

H

vv

2-f

7*

SOIL DESCRIPTION

Damlty dm Cawbl—|L Crfai

Sail Traa ■ AccafaUM

. LACUSTRINE SEDIMEHTS

Mottled gray & or-bm v.f .sand,
molac
organica.vTXov
lnterbedded

Gray alley day.v.salac-vet.aoft
and bm.v.E.aaad (B5Z sand)

Gray sllty sand (7SZ sand),vat,

ned.-atlff

Med.gray alley aand.wet w/

laterbedded seana of hard oolat

allty clay;alightly plastic

Gray alley clay.flxm.tjod.plaatlc,

- lntarbedded v/gray alley sand

(nm-plaatlc)(looaaIWBt

Sane

Dense gray silt & v.f.eaial

lnterbedded.nolst,slightly plaa

Cmm
OmuwIw
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RtM*
tlsa

Cam

Cai«

REMARKS

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSI7ICATI0H SHEET

CEI - Perry Nuclear

PROJECT Power Pi»n» w.a 4549-00 sire aria North Perrr. Ohio

Herron Testing Lab^,Inc. COORDINATES
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2E-2

SHEET 2 mt 6

DRILL HOLE NO. _1=]
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1.9

CLASSIFIED BY:. D.B.S.

IO

A <3 18
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Zc

23

SOIL DESCRIPTION

y), Calar

Cray.nolst clayey allt.a.plas.stl

UPPER TILL

Gray sandy day;lass melat.hard

5X sand & gravel size shale KF

saidGray moist sandy day (plaaclc;

frags are gray shale ( 10° sand

. LOWER TILL

. V.hard slightly molat gray alley

clay & gray shale (calcareous)

- fragments (10Z) coarse sand slxa

" angular w/aoae gravel sice

" Sane hue only allghcly dasp

Sane as above

SalU
RCMAMS

2E-1
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GILBERT ASSOCIATES. IMC.

SOIL AMD BOCK CLASSIFICATION SHEET

CEI - Perry Nuclear

PROJECT: Pnwpr Pianr w a. 4549-00 SITE ABBA North Perrv. Ohio

I, Herron Testing Lab., IBC. COORDINATES

DRILLER s I Humphrey

CLASSIFIED BY : D.B.S. BIT.. 4-19-73

2E-5
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GILBERT ASSOCIATES. INC.

tnil rt *««IBi^4TU\M cu«r»

SOIL AMD ROCK CLASSIFICATION SHEET
CEI - Perry Nuclei.

rn0J(f-,. Power Plane »n 4S49-00 »iT* a»»a North Perry. Ohio

CONTRACTOR: Hgrron COORDINATES H 780 At I

MILLER > ?i

2E-7

1 n* 6

DRILL HOLE MO.-U2

B 2,370,027.6 GVL 0 MRS. 3.31

CLASSIFIED BY i. D.B.S. 4-26-72 24HRS_2l£I_

SPT

Blow*/

4b».

SHE

V

LB

J'!

13

SOIL DESCRIPTION

Dauby <■* CwlatMcy), Cutm

Sail Ty«a • AccMiwiaa

LACUSTRINE SEDIMENTS

Mottled or-brn. & gray allty

clay & f.clayey sand;med.-stiff,y

moist

Or-brn & gray sandy clay Aclayey

sand;aoft-ned. .vet-saturated

V.F.gray sand & allt,poorly

sorted,non-plastic .wet,loose

! Interbedded v.f.gray allty sands
. & slightly plastic clayey sands

& mod.plastic silty clays;

vec-nolst

Gray sandy,ailty clay;lov-«iod.
plastic.noise ,aed.-stiff;angular

ahala RF ( 3Z) mostly 1/16";

some red mottling In layers

* Sane as above;stiff

O

■Vsr
Orato

REMARKS

2n ID thln-wmll '
Shelby tube samples

used only oa this holi

Glacial Till?
Baa RF, bat la layera

Melting glacial lee

blacks deposit rock

debris In lake

sediments

GILBERT ASSOCIATES. INC.

SOU AND ROCK CLASSIFICATION SHEET

PROJFCT;

CONTRACTOR:_

DRILLER J H

CLASSIFIED BT:

CEI - Perry Nuclear

Power Plant * a __

• Herron

4549-00 North Perry. Ohio

COORDINATES.

DATt.

2E-8

DRILL HOLE Na

ELEVATION

CWL 0 MRS

24 MRS

10

SPT

Blow/

41k.

t n ia

Zl

21

Vf. . _7
. UPPER TILL

■ Gray allty day, w/ SZ shale RF

angular & was sorted;aed.sand-

; V;med.-stlff,molst

SOIL DESCRIPTION

Sail Tr»« - AeaM*«iM

- Sane;soft-med.

- LOWER TILL

;hard.dry;soM pebbles 1" D.

10Z RF;subrounded-sngalar

Gray alley clay;10-151 well

sorted subraunded,ang.aand &
' gravel size shale RF to 1"

. Same ;nolst .hard

REMARKS

2E-4

Revision 12

January, 2003



GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear
aan.c^r. Power Plant ,w

contractor t Herron

DRILLER: Ed

CLASSIFIED BY ; D.B.S.

454»-00 8|Te abea

COORDMATES

W. Perry. Ohio

bat*. 4-28-72

2E-9

DRILLHOLE NO.

ELEVATION

OWL 0 H*S

GILBERT ASSOCIATES. INC.

SOIL AMD ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear
PROJtCT Power Plane »n

24HRS.

CONTRACTOR:.,

nan if; Ed

CLASSIFIED BY:.

Herron

4349-00 iiTg abea North Perry. Ohio

CaOBDIHATEl

2E-10

sheet 4 ng 6

mill hole mo._l=2__

Elevation

CWL 0 HM

B*TI, A-gft-7?

J2H

jsi

« 12 U

4*5

f/J "
111 \

SOU. DESCRIPTION

DamKy (ar CMhkMyl, Calw

■Glacial cllljgray clay.w/SOZ
. coarse aand&gravel size ahale-

angular RF;«one 3n boulder size
shal* cores;gravel size shale HP

(3/4"-D.) subrottnded;no recovery
S4.8-61.S

broken In upper 1 ft..hairline

fractures to core & 11 to
[ bedding

"Med.gray shale w/soft clay seams
" 4 broken zones;esp.broken 7l.5-74(.O

" and 75.S-76.5;no recovery;layers

" of soft unrecoverable clay a ^°
shale

.ta

,O7

U\\%

Cm.

51.S

IO

io.o

IO.O

fe*

3.3

3.1.

5.0

REMARKS

C«u»ncliMi Plmklaas, •*«.

2SU

Ha

m

i

SPT
SOIL DESCRIPTION

nlty Cm C«mto««M*), U

Sril Trp. ■ Anmirin

■ See sheet 3

Med.gray shale;Incipient hairline
fractures develop w/release of
pressure 1/4" apart.numerous
It.gray f.sand internedded

Sane shale v/f.lnterbedded sands,
broken on bedding planes into

pieces 2"-3"

.71

.©•

tm»lm
Soil*

C«ra

at.s

IO.O

VO.O

9.3

REMARKS

Changed to BX cor* at
91.5 tO ^yyif^ ^ffpj

boulders near base 01

augers at SI1

aAt- in ta/u

2E-5
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CILBEKT ASSOCIATES. SIC.

SOtl AHD BOOK aASSXPXCATXDB SHB8T

Cll - Perry Nuclear
MOJECT i Pnugr PItie mo 4SM-00 an t

fBMTBirtlMli B»lTTm

su

E
i

t n n

21-11

DB&L MOLf MO.Js2&_

GILBERT ASSOCIATES. BC

SOIL ABD BOS CUSS

2E-12

nai sbbbt

en - Perry OicUar

OATBi.

«MtTQALTaH. Hcrran

D.B.S. OATKi. -72

omu.N0kino._l=2L_-

EUVATHH.

o>Lemi_Ll
Ml

too. Msauirow

BF^rlllcd matt la uum

nvlc.snr aaadae

a 1/16=1^ chick:

and cat-fill

iBtiiiung stsccuvcs

Sams aa abom

IOVS

too

IO.O

Bola 1-1A to a nleca-

tlea 9* ffcoa

1-1.

101 .S'

Bailer bit oaaA on

raloca

101.5

ion

• n it

> Cray aftala w/lcg
> aaad * atlcamw

ay cr

aiala

U.bra.

Total Dtpca ISO'

«o.O

I4I.S

as

12.

9.8 .

2E-6
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GILBERT ASSOCIATES, IMC.

SOIL AND SOCK CLASSIFICATHJH SHEET

PROJECT :

CEI - Perry Nuclear

Power Plant mn 4549-00 tlTp Horth Perry. Ohio

CONTRACTORi Herron

DRILLER = H. Humphrey

CLASSIFIED BY: D.L«R.

CQOBBlMATPt M 780.487.7

E 2.369,172.7

DATK. 4-4-72

2E-13

SHEET 1 It* _J

DRILL HOLE NO. _L=2_

gLEVATIftM 619.4

W»L 0 Mt 2.0

MM*

S PT

Bio-./

« 12 II

SHEL&Y

• Lacustrine depoalea.allty aand,
■ brown.noatly f.aaaa.moist,loose.
. non plastic

SOU. DESCRIPTION

Ommttr im CaMHiMMy). C*Uf

Typa . Acmialn

■ Silty 8andy clay,gray .mostly vary
. fine aand (eat 4SZ) ned.stiff.

• Bolst.lou plasticity

. Same aa above.exccpt v.f.sand

. estlaaud 20Z;considerable allc
aize,iaoiac to saturated

- Sane as above

Sane as above

Same aa above

REHARKS

Ct.alt.1 C—fc

GnmmiVum.

CMwanctiaa Pnklaaa, ••*.

Water sample taken for

water quality testing

GILBERT ASSOCIATES, INC.

SOU AND ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear

Power Plant ma■BO.tCT:

CONTRACTOR:

DRILLER: H. Humphrey

4549-00 *mtabIa North Perry. Ohio

C00A0HUTES

2E-14

MILL HOLE Ha 1-3

ELEVATION.

OVLOHM.

CLASSIFIED BY t _JLLJL_ 4-4-72

ai

121

10

SPT

tlm/

6U.

« 12 18

SHE I 3Y

14

\7

ffo

soil DescmrrioN

Sane aa above except increase ii
clay alze;atiff,iaod.plastic

Glacial till,clayey aand.gray,
dense,nostly f.^Bed.saadT(Bnale
particles),eat.clay alae 45Z

Sana aa above,except v.dense,

neatly.ned.-crsb.sand size shale
partides (ast. 30X) .damp,low
plasticity

Same as above

Sane as above

■CHARM

Cf.MiV.Mr.'

22" recovery water

sample for water

quality testing cakan

26'-30*

2E-7
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January, 2003



GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear

PROACT Power Plant i.t 4549-00 «rr» area North ?t

CONTRACTOR: Herron COOROHUTES________

Ohi

CLASSIFIED»»' D.L.R. r>ATt, 4-7-72

2E-1S

_—of

DRILL HOLE NO.

ELEVATION.

G»LOHRS_

24HRS.

Oi

Ife

17

19

20

SPT

Blow*/

6k

6 12 II

101

Cray clay v/sand & gravel slse
shale frags (20Z) angular

\ V. poor recovery

Subrounded-angular ahale & trap
rock? fraga

m

SOIL DESCRIPTION

Dvnlty (« CaMlaMacyL Cahr

Soil Tvp. -

Bodder-Eratlc-Hornblende Gnalsa
w/garnet & pyrlte

Cray shale ;p*rcially broken t>~
weathered zone 9 61.0-61.5

U.gray M

v.f.saad
of current bedded

- Saae but broken and weathered

zone near 74*

00

UtU

R..

5ft,

bf.O

700

5-O'

750

R«c.

Cat*

4 ■

REMMKS

GrawMlWaia,,

C«M-aMI«a Pnataaa. Me

Shale

Installed 53.0' of 2"

dla.perforated olaatlx

pipe for water level
neaaureoents

GILBERT ASSOCIATES. WC.

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT.

CONTRACTORi Herron

DRilleR: Larrv

CEI - Perry Nuclear

P<>W*r PUnt ft 4549-00 North Perry. Ohio

2E-16

L.OF 2_

DRILL HOLE NO._J=j

caoaniMATg« N 780.855

CLASSIFIED iiv. D.B.S.

E 2,371.155

pat*. 4-26-72

ftwi «mm 7.3

iZi

JPT

6 In.

t 12 It

~ 7 S 7 ft

/0

OAI ■ 117 1Z/a

SOIL DESCRIPTION

OMshy Cm CMlmwrl Cabt

Topsoll - sandy loam

- Or-brn alley clay.aolat.ned.-atlfi

Med.-gray sllcy clay;ned.-stiff,

molaC and mixed w/or-brn.sllt
& v.f. sand

• Same;le88 silt & sand, stiff

Same as above

. Same as above

Same as above

Cray clayey f.v.f.sand;soft.wet-

saturated

Less of above and soft-ned.sllcy
clay

3 sui

Raa

Im.

REMARKS

Plain! Cm«,

Lacustrine •asda.allta,
clays

Water sample ska from

seepage hare

2E-8
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January, 2003



GILBERT ASSOCIATES. WC.

SOIL AMD ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear

Power Plant wa 4549-00 «rr> jqh North Perry. Ohio

Herron cocqou—tbi

DRILLER> Larry

CLASSIFIEO BY: D.B.S. OATEi 4-26-72

2E-17

2 I1B __

DRILL HOLE HO._I_L

•JLEVATIOll______

PRQjfCT:.

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear

Power Plant w a 4549-00

2E-18

aire apba North Perry. Ohio

24 MRS.

CONTRACTOR:

DRILLER: Larry

CLASSIFIED STi _.

Berron COORDmATES.

OATBi 4-26-72

_i

i_

IO

SPT

*la.

6 12 II

U>

19 Z5

SOIL DESCRIPTION

Dmlty {•> Cawtemcy}. Cg

Sail T—» . Ac«**«arto*

UPPER TILL*

Med.-gray alley clay w/SOZ eoara
oand & gravel alze shale RF;
mola* h stiff

. Sane w/IOZ gravel alee RT mostly

-LOWES TILL

■ Same; but hard 6 dry

Sane as above w/sone rounded RF

! 1/2-3/4"

- Ho recovery; boulder rlcioehefr

Salb

Qmtm

Cm*

REMARKS

b

SPT

Bio-./

6k

6 12 18

45

SOIL DESCRIPTION

DaMHy |w CaubimayL Clw

Sail Ty— - AmmwIn

• Hed.gray day-v.hard & dry w/varlpus

rock frags.rounded to angular

1SZ RF well graded between I
sand,gravel & pebbles -boulders ,?)

* Sane as above w/larger shale RF
-»*

CHAGRIN SHALE

Med.gray shale;slightly broken,

some bedding fractures Co

run and soae fracturing at 20°

to run

s»o

Onla

Dm.

o»»iii« Dm.

2E-9
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CEI - Perry Nuclear
Power Plant ,n

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

4549-00 srrE abea Batch Perry. Ohio

Heiron Testing Lab., Inc. cnoaamATEt M 779-599.3

nun i fa. Larry Humphrey E 2,370.382

D.L.R. DATE. 4-7-72

2E-19

DRILL HOLE Ma 1-S

ELEVATION 626

GwL 0 up* Pl«« Ob*.

»i hhi Tube

CEI - Perry Nuclear

Power Plant MW

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

4549-00 tlT, ABgA North Perry. Ohio

SPT

Bio../

6 kt.

SOIL DESCRIPTION

Oaulfy (m C«MlatMcyl Col**

Lacustrine deposits, lt.brn.ollty

aand.mostly f.aand (eat 8SZ).
nolat.aed.Sense,non plastic*

thin streaks of chiefly silt

- Some as above except sand Is

saturated,somewhat less silt

. SllIcy clayey sand,gray,mostl
•f. sand(eat 80XJ saturate

ed.dense,slightly plastic

Sllty sand,gray.mostly poorly

graded f.aand (est 85X) saturate*

ned.dense,nan plastic

Sllty clayey sand.gray.aostly

f.sand (eat 80Z) saturated ned.

dense,lnteraperced w/mlnor thin

streaks of sllty clay,slightly

plastic

Sane as above except Increase In

sllcy clay (est 2SZ) w/v.f.sasd

. Sane as above

Cm*

Onto

R«t.

Can

REMARKS

Owlul Cm

Hollow stea auger

contractor: Herron COORDINATES.

DRILLER j L. Humphrey

CLASSIFIED ay, D.L.R.

2E-20

DRILL HOLE NO. 1-5

ELEVATION

date. 4-7-72
34 MS.

ih.

6 13 It

10

28

17

Sllty clay,gray.■olat,stlff,Blnor
thin screaks of v.f.sand.low

plasticity

• Same as above except very stiff

SOIL DESCRIPTION

. Glacial till, sandy clay.gray,

. dense.aolat.moatly Ded.subangulai

. shale sand particles (est 201)

. low plasticity

Sane as. above.except v.dense,
includes bobs coarse sand sire
shale particles

Same as above except damp to dry
Includes also angular shale
fragments up to 3/4"

Same as above except without shall,
fragsjf.size mostly sllt;sllghtl]
plastic

Cum

S.II*

■vr
Gnl.

Can

REMARKS

OA| . m Il/H

2E-10

Revision 12

January, 2003



CE1 - Perry Nuclear
Power Plant mn

GILBERT ASSOCIATES. INC.

SOIL AMD ROCK CLASSIFICATION SHEET

4549-00 «it> ama Horth Parry. Ohio

CONTRACTOR: Harrnw

MILLER: L. Humphrey

P.L.R.

COORDINATES.

DATB. 4-7-72

2E-21

SHEET 3 np 4

ORILU HOLE Mft 1-S

ELEVATION.

OWL 0 HRS

34 HRS.

PROJECT i

CEI - Perry Nuclear

Power Plant wia.

GILBERT ASSOCIATES. MC.

SOIL AND ROCK CLASSIFICATION SHEET

4549-00 tiT» iowa North Perrv. Chip

CONTRACTOR

MILLER: _LJL

Herron COORDINATES.

U

S P T

Blow*/

ih.

Z7

CLASSIFIED BY: D.B.S. patb. 4/19/72

2E-22

DRILL HOLE HO. .

ELEVATION

GWLOHRS

SOIL DESCRIPTION

ltv U» CMMtalMey), C

Sane as above except dry,(eat 40?
. highly weathered & decoBnoaed,
. angular shale fragaent ST to 1

dla.. very dense

. Cray ahale.sotne nolst day &
fraga near top of run.hroken &
partially weathered la upper
2*generally aaaslvc, seama

' of It.gray v.f .aaad which

exhibits current bedding

um».

Cmw

UlU

10.0

a. i -

REMARKS

Cwuirvcttoa Pi»H«m, ate.

lii

SPT

llii

4 12 IS

O«l- 117 »»/•»

SOIL DESCRIPTION

Omlir im CwiImmcvK C*Im

Total Depth 80*

l«

2.4 2.2

REMARKS

Cliflcil Cm

t«|.|IT 1I/M

2E-11
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January, 2003



GILBERT ASSOCIATES. BC.

SOIL AND ROOC CLASSIFICATUB SBBST

CE1 - Perry Hueiaar
WOJECTi Power Plant wa 4549-00

"""""■■ Barren

«»...■■ John ' , ■ S 3,369,886.6

2E-U

__jjarth_P«rry. Palo

»ian.m.9

GILBCBT ASSOCIATES, BC.

son. abd soot cussmctncB

2B-24

Plant ,rt 4W-00 Btarth Petry. Ohio

D.B.8. PAT.. S-lft-7t
John

iPT

tadTw.

Or-toa elofay ■aad:aafc,BBlsK(
alight ntoKic.lBtataddcri pa

Or-bre v.f.and 6 bUev dnr.aoft

HBTDBBM

Sana as
w.f. w

Same aa above, fim Go deaaa

Uyara of «W>9
ft alley clar.aoa red clay aeaaa

ft leu ctaoa IZ B.saad «lcn ban

01 »»w 1»S*

urns—hi— *.,«,—»... n.«.«.

■fer
■m.

oam.mou ha._1^_

CUVATRM.

CBkOWS.

a* mm.

* Indlrafif aemffla

fetor ■fiBpana 6 3*

• 5*

s;

u

IPT

« B

OPRB TILL

Cxay aUty d*r w/S-lOS

alley cloy and Inteiteaaed
v.f. gray clayey aand^^alac.

■ao XL eoarao

«r«y tllty day w/ 1S-SB
gravel ain hl BFl

S 8e

»'-48' drlUlos mo
vulobla v.hazd-aod.

of oacaxlal

AS-491

2E-12
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GILBERT ASSOCIATES. INC.

SOIL AMD SOCK CLASSIFICATION SHEET

CEI - Perry Nuclear

Power Plant w_B 4549-00 tfrg an Worth Perry. Ohio

Herron COORDINATES.

2E-2S

«HE«T 3 ftC

DRILL HOLE MO.

ELCVATHM

John

CLASSIFIED BT:.
D.B.S. OATS i. 5-10-72

GILBERT ASSOCIATES. INC.

SOIL AMD BOCK CLASSIFICATION SHEET

CEI - Perry Nuclear

PROJECT: Power Plant ».o. 4549-00 jfTE aopa i H. Perry. Ohio

CONTRACTOR: Herron

DRILLER: Larrr

SHEET.

2E-26

-OF.

H 780.514

E 2,369.801.8

DRILL HOLE NO.«k£_
eievatioh 621.6

CWL 0 "»« 3'

CLASSIFIED ■»» P»B.S. 5-5-72
24H8S. _4L

i PT

Ih.

6 12 IS

25

SOIL DESCRIPTION

Danalry <w CaMblraayL Cdw

Sane as before;alee to V*. aide
of aaaple moist;damp-dry lnalde

CHAGRIN SHALE

Broken ahale.not weathered,

fractures, pieces H"-2",

posalbly aone clay

. Sane aa above

Sana aa above

Cray shale w/thln It.gray
sandstone seams.numerous
tenalonal bedding Joints
bedding horizontal

Total Depth 66*

£o

Car*

5.0

5.0

4.0

10

O.b

3.O .

REMARKS

C«Mtr«ctta<> Prabtea*. Me.

Irregular coring

technique — Low RQD

(Shale & day la broken
& weathered aone 52"
to 631)

SPT

Blom/

4 In.

•BA

SOIL DESCRIPTION

Damli, km CawbiMicrl Cd

SWI fypm . AcmMriM

Or-brn.a:

Same as above,but med-stlff w/aori
n

Cray sllty clay.soft-Bed.v.moiat

Sane as above;but wet;interbedded

non-plastic.f.gray sand

Gray f.aand;non to v.slight

plasticity ,soft-aed. .wet;Inter-

bedded sandy clay

Cray f.sand & sllty clay Inter-
bedded soft to stiff.moist

•ub- %
Cray silty clay,stiff.moist;*"

gray sand,wet. Leaa than IX «ub-

rounded shale RF tc-V. Dk.red

clay seams interbedded v/gray

clay. Laminated

Same as above,but no f.sattd; 5Z

gray shale RF.l/16"-l/4"angularJc>l«
to aubrounded.dk. red & brown motifit g

Sail!

Can

REMARKS

* indicates

sealed aampla Jar

Vater seepage around V

Vater seapage around

B.5*

Glacial Till « 25'

aAt- u» •«/•»

2E-13
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GILBERT ASSOCIATES, BC

SOIL AHD SOCK CUSSXFIC&na

ClI - Parry HMlaar

•***»■«> ..t, MKA_ H. Perry. Ohio

CONTRACT08 ■

08ILLE81

CLASSIFIED BT i

COOHDimTM.

OATBi.

2B-27

$jh«t_L_o»—2_
oatuMQuiiaJiL

et-nw

CSI - tarry "

PBQiECT: BoMBT Plant

GILBEST ASSOCUTES. INC.

SOIL AHD BOB CLfcSSXFICATIOB SHEET

W-00 tw*AM> ■■ y«rry. Ohio

Perron '

to

4 k*.

i 12 It

n

« 17 2B »
i&d

. urn nu.

n aten; S-IOZ Bf. tu>
r«J * team sottllng

LOMBTZUL

Grny aUcy etcy;2O-UZ 87,!

Utfsl U - dry '

CLASSIFIED B»: P.B.S. 5-5-»TI

of ttB XnTt*
alaa« of nek feat*

• e lv/

S»T

• a u

CrtaftU

Cray

and

nbala.flaala.poarly Indurntc

vaatharcA co day;

Grny ahnle w/lcgmy 6 leant.

Bortaaatal beAMag.t

TBTAl

ezslr

Vsr

ZkA.

Btiuan

M-45.5

laahala

nroaai

■Ut boiltep la uiiril
tola

2E-14
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GILBERT ASSOCIATES. IMC.

SOIL AHD ROCK CLASSITICATIOH'SHEBT

CEl - Perry HucLear
PHOieCT: Power Plant an 4549-00 mtbab«a H. Perry. Ohio

Harron mnmniATtt H 780.910.2

Larry B 2,369.718.3

CLASSIFIED BY: P.B.S. DATEi 4-27-72

2E-29

GILBERT ASSOCIATES. IMC.

SOIL AHD ROCK CUSSI7ZCATX0B SHEET

SHCBT_J—** * en - Perry Huelear
drill Hnmm 1-8 n-,/>fr>T Power Plant «.o. 4549-00 tiTg abba H. Parrr. Ohio

ILJVATum 616.1 CONTRACTOR: Berron

DRILLER :_LjJXI

D.B.S. bat*.

2E-30

*Merr_i__pf *

MILL HOLE NO._l=fi__

tLlVATMIM

34 MIS.

SPT

4 b.

6 12 II

U.

Or-bra.f .aand;nolat

Or-brnagray alley clay nalat.nad-

aciff

Saaa;wet clayey aand.leaa alley

clay,gray allty aand out baae

c

Gray allty elay^ad.eonalKancy;

Son aa above w/lateroadoad t.
■aody clay * ana* f.clayey eenda
<f alight plasticity

Sana aa abova^.aolat.nad.-atlff

Sane aa abovepaalac

UPPER TILL ,
Gray clay w/vell aortad.nolat

Uito

Ctm

•m,

ttlfm

Can

REMAIU

• Indicate* parlflD-
aaal on aavpla Jar

Saaevaterlal bat

Claelal Till

•22

SPT

« n it

20

y>

soil oescmrrioN

Saaa aa above

Saae aa above

LOWER TILL

Gray eilty clay.v/ 1SZ ahale RF;
veil graded between ailt * V
■Ixa:har4,v.slightly aolat

■;v.hard

m above;hard,slightly aolae

Garnet granite gnelaa boulder

2" recovery of gravely clay(till)
and shale RF

AAI.1ST Il/M

REMARKS

QmmImI Caaa,

Auger rafuaal g 47.3

••I • MY «*/•»

2E-15
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GILBERT ASSOCIATES. INC.

SOn. AHD BOCK CLASSITXCATTjQH SHEET

CEI - Perry Nuclear
r- Power Plant ia 4549-00

CONTRACTOR: Bwrm COORDINATES.

i **'*■ *• p>rty» °°*^

2E-31

GILBERT ASSOCIATES. INC.

SOU. AHD BOCK CLASSIFICATION SHEET

SHEET—? an 4 ' CEI . p^y Huelear

PRILLholi MB. 1-8A monurr-. Power Plant ma 4549-00 >IT, A.,A H. Perry. Ohio

ILgVATnai CONTRACTOR :_JazS08____ gnnaniMATM

OVLOHRS

CLASSIFIED BY: , 4-27-72 »MM

o

Si

P

ai

fcU

r»

1—
hiaai

1—

i

14

SFT

4U.

• U 11

HO

i
i

Sfa.3

IT*

ue

■ac

SOU. DESCHirriON

DaMky (a> C—lil—,1. Caiar

fell T«M • AtBHKlsjrtM

. Cray aUty clay;v.nard 4 dry.SOZ

. broken ehale R.P.

BoulOera;anfleaice » quartilte 3"

total recovery

. Gray abale v/lnterbedded aeiBta of

. It.gray aandatone. Sea* lt.orn.
vervee of aore denae ahale

* (ojudataaeT) bedding fractures

\ not aa extenelve aa In anat ethei
. cores, but eoae fracture* along

- Sane aa above;but aane jointing

- 30 to 45° to the hoxlxantel
. bedding plane

u

•A

ROD|

.a

Will

Vr
Can

Raa

1O.O

too

Raa.

Coa

-i

C—.mmiaaFnili i.a»a.

Reawed epllt apooa

. «alop|ted hole< due4to_

Bole;oeeaad bole loceti

6* south (1-BA)

Onrecoverad aeterlel
57-55TTpoaelble
weatfaared ahaU

Longest place 14"

driller i Larrv

CLASSIFIED BTi P'»'S. bati. Hey 19T2

2E-32

tHIIT_i_V *

MILL HOLE HO. Jrfl£—

ELEVATION.

6*10 MRS.

24 KM. 3.0

J»T

61a.

6 12 U

Dantty lar CaaaMaaayl, Cah*

Saae aa above

TOTAL DEPTH 81.3*

5.0

Omki

C*r*

Longaae piece 14"

eat • in ta/aa

2E-16
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GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION SNKT

CXI - Perry Nuclear

Power Plant ,.a. 4549-00 %np ^^ W. Parry. Ohio

Hernm COOBWMATBJLZBJLULJ——
Larry B 2.369.601.4

rutmitnin. n.«-«. aATP. U??-T?

2E-33

GILBEHT ASSOCIATES. INC.

SOIL CLASSIFICATION SMEIT

CE1 - Parry BtcleaT
Power Plant »n 45*9-00 «rr> abea ». Perry. Ohio

gLJVATmM *m n

7.0

contractor.-

driller i

2E-M

mill molc na

KUVATION

M f« 6.4 >...«««««» »v. D.B.S. BAM. 3-M-71 S4MII.

!U

SH

tk

« n it

EL

EL

Or-bn.&gray alley clay w/leaa«a

of aandy elay;flxaratlff,M£at

Sama aa abora;««t-last «aat of
Maple

Gray aUty clay lnKarbedded w/
Cl l

Sana aa abow*tflra.varva4 la

Koaea:soM rounded IF

Saaa as above;«o£t.iaalat

Stratified gray aUty day &
clayey aaad;atriagera a? red k
black clay aoft-flr*;aolat

Saaa as above

Wlla
IIMARKt

• Paraffin aaalad

Jhalby rallad!

ttarar hoiu 6.3*

24"

Oft

RS

tl*

S*T

41m.

t 1J U

L. W

SW EL.

ICo

4O

18

24,

T«

IB 24,

son. otKMtrntm

liWtfV Caiw

SaO Tfya

Sana as above{stiff,bo1sc.s

red clay.trace of plant ft

UPPER TZXJL

Gray "Uty day;l-5Z ir.omtly
coarse eaad to l/4M.«olaC.aoft-
flim

Sana

■ax

aa above;cracee of red day
. I";sa8-eabroond 5X IF

Crayailty clay.S-lOZ
aubroundtcoarss aaad

daap-aolac.hard

Saaa as above; 10X rP

Sana aa above

Boulder - leaa tnaa u.a*

a»i ■ itt ■■/•

22" Bac.

21"

Till

10" Bac./ll*

J-7/B" ID
lasmMd standard 2"

1-3/8" ZD

oai-uf ««/n

2E-17
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GILBERT ASSOCIATES. WC. 2E~3S
SOIL CLASSIFICATION SHEET

CEI - Perry Unclear tuner 3 am 3

Power Plant ,A 4349-00 it. as»a 8. Parry. Ohio mill mole no 1-0

CONTRACTOR: _H£IieS COORDINATES ELEVATION.

DRILLER: Larry CTL 0 MM.

fiittmiinv. D.B.S. bate i 3-22-72 24 Hit.

tu

as

ai

SPT

BkM/

Ala.

6 12 II

uq

102

B£

SOIL DESCRIPTION

Daul* for C—limi,). Cahr

Gray gravel ;40-50X

Saae as above, hard & dry

Saaa aa above

Saaa as above

. Weathared ahala sons elay

Gray ahala,this It.gray awdsfaiwi

aeanB.aoae fracturing normal &

30° to nearly horlzoncal bedding

plan*; appoara fraah k nabrokaa

TOTAL DEPTH 70*

49

OiWHibr
UIU

35

3O

I0.O

33-

13

97 -

REMARKS

»lm>MM». Mm.

9 2-3/8" O.D.

Standard split
taapla (2fi 0D)

Oaed 20* easing C5") to

seal upper aataratad

sons (raeovsrad

a*i. 111 ta/w

GILBERT ASSOCIATES. WC.

SOIL AHD BOCK CLASSIPICATIOB SHEET

CEI - Perry tfcicloar
PROJECT Power Plant ■ a 4349-00 iitp asita H. Perrv. Ohio

CONTRACTORi__BDZXm CaOSDIMATK W 781.190.3

nniiiPB. Urry E 2,369,237.8

CLASSIPICO sr i P-B.S. DATEi.

2Z-M>

twerr I n, 3

DRILL HOLI NO.l=10_

ELIVATIOM 607.1

B»L 0 iom 3'0

14MW

UCAl

SPT

IbW

dta.

n i

/5

/4

LACOSTEIHB SEDDttWS

0r-brn alltv day.stiff .nolst,
gray sattllng.unatracitled _ tk.

Or-brn silty clay 4 f.elayay sand

gray ■ottllng.aad-stiff.aoiat.

stracifisd

P^brn^s»adfnot-saturated.loose,

Gray alley clay;flrm.aolae

Cray v.f.sand,saturated,looae-
flra.non-olaatle

gflv{io«!TKJ11tg
coaraa sand six* ahala KP.a

I".ambrouaded

Sane as above,few BF.atlff

.sl4a

Gray v.f.aaad,saturated,flxa.non
plistlc.lntarbedded f.sand &
silty clav.stirrTaotst

TILL

Cray alltv day.5Z coarse saad-f.
gravel shala fV^uocV,stiff-ban
slightly nolat

Gray alley elay.SZ coarse saad-f.
gravel sisa HF.sub-rouadsd to
snhaiigtilar;sMflc k".sosjs rod day,
nolat.aod.-stiff

Ssas sa above

z.*

Vr 8s:
Cf

la

* ladleatas saapls Ji
aealed in paraffin

Batar Barpags

UPPEI TILL 14.5

bai • iit 11/a

2E-18
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2MT

ciLficrr associates, bc

'son. aid bmc a&sszrtcun

2B-38

en - Fury Hadnr

CONTRACTOR i

4W-00 mm uh B. >»TT. Ohio osamoi*«.Jsl6_ projects.

. P.B.8.
cuunncp iri

• h.

> a u

48 9Z

- qanriii I" ne.

& rrrHrlrt Isr

tUX Ba e

Vff

•4.0

II

u

§ n u

9IIL DOTB 61.0*

WJQ

&0
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GUEST ASSOCIATES. BC.

SOtL *"* BOS CLUSXnCtXM S

2C-39

TtmxVlm* .« 43W-00

ouurr assocutes. to.

era bo

■ 780.8M.8 iljwat^i 6it.4

DATE i. MH.

•llcy elar

■ana dfc.nd eitv

tfistf (uad 4 1/4- dt«.)

MMB.

U

« g m

He.

IV* **tt

*/ >0X tf^a Bf

rials pobhla.

ttaaimJBT.oUB

JtoUss.
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GILBERT ASSOCIATES. INC.

SOIL AHD SOCK CUSSZTtCAXIOH SHEET

CEI - terry Nuclear

. Power Plant ia 4549-00 mt»mia H. Parry. Ohio

CONTRACTOR :_&eX£m

ORILLERI -fa*"*

2E-41

«HBfT__i_O* 2_ CEi . perry Budw

DRILL HOLE HO—lsLL. —*■*<-▼• "»" "—* ■ «>

GILBEKT ASSOCIATES. INC.

SOIL AHD SOCK CUSSXFXCaTXOH SHEET

CLASSIFIED BYi P.B.S. OATCi S-3-72

ELEVATKM.

OVLOHRS.

S4NRS.

Harron

43*9-00 site *■»* »■ ^rry. Ohio

COORDINATES :

3.0'

2E-42

DRILL MOLE Na 1-11

ELEVATION.

OWL 0 MM.

CLASSIFIED BY i P-B-S. DATE I U MM.

JPT

Blwi/

« n u

REMARKS IPT

tlm/

« h.

6 12 It

SOIL DESCRIPTION

C«m

REMARKS

ELS

S5

Saturated alley clay - no eabeala

Boulder?

Beuldara in till

Gray ahale & elay.weaetMred ;hard,

Gray tmathered abaU;tUl(cUy&BF:
pafahlM of LS & Sandatona

Gray ahale BF w/aaady gray elay

2O

ST.O

.3 -

S7.O

WKA'

Gray ahale;flsale,poorly lnduratei
aoo» weathering to gray elay

Gray shale & It.gray allc & uad

•earns,bedding fractures maMrous

about 1/8-1/4" apart. Broken 4

all«htly weathered

M.t

So .9

2ZS

sel

Same as above: not waathered or

broken

Sane aa abov«;beddiag fractures

seaa to be tenslonal, due to

release of confining pressure

5.O

79.S

4.7.

5.O

a* f

5.0

Sana aa.above

S\O

69.5

S.O

Saae aa above

S.O

94.5

A-Ji.

Sana as above

S.O

99. S
9 Hay 72

a*i - a** ii/ei oai • »a? it/w
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GILBERT ASSOCIATES, IRC.

SOIL ABD BOCK OASSiTICATXOH SHEET

CEX * Perry
MTfitH M_

CONTRACTOR:.

DRILLER>__

CLASSIFIED BY t.

Herron B 780.460.3

E 2.369.403.2

2E-4J

sheet_JL_o* 4

MtLLHOteMO.-I=U_

ELEVATION 61».>

ran an«« Vn

GILBERT ASSOCIATES. INC.

SOIL AMD ROCK CLASSIFICATION SBER

CXI - Parry Nuclear
P W »n

D.B.S. DATE t. 5-2-72 MHRS. 3.0

««'t1 ._

CONTRACTORi

ORILLER:_1

Pon*r 1*1 «f^(

Herren

. D.l.S.

COOROWATU.

2B-44

»ME»T__L_O* *

o«n.L hole «0.l=U-_

ELEVATION_^^^—>

6WL0HRI

BATH i
14 MIS.

(M.

IU.

6 13 IB

13

SOIL OtSCRimON

D) fa CaatnwMyL CA>

tail Tyys . AomsuvIm

LACPSTRIHE SHDMBItS

Or-brn elayoy aaada.aolac.aefc, m,

f.grained; Or-bro & gray ■octllaj£L
•Uty day,stiff .aolat

Gray alley day w/or-bro
v.atlff,a»lsc

ctllng

Iacarbaddad;gray allty elay.aad.
canalacency.aoisc.LoH plaatlelcy

gray clayey aaad;v«t:,na»-plaselc

Oray alley day.aed.conslatency,

law-Md.plasttclcy;layered black
orgaalea la seoea;f.aandy day

Cray alley elay;atlff^olaetlayer ^

v/black orgaalea 4 fraga of brew
woody aacerlal

Intarbeddad gray allty and aandy
elaya and f.grained clayey aaada

atlff and mnlet;saaa chin seal

of red clay

coarse sand size gray shale frag

Rat

tlHARKS

till anapeecad
of W

Si

SM

tlmn/

Ih.

6 II II

35

son. DEscairrnN

0—», fa CaMtaMMik Calv

PPTER TTXL

Sana aa abovepr/taa* aabremded
gravel 1/4" dla.,total W SZ

LOWER TILL

Gray allty day;allghtly aalat,

bard; 10Z RP of gray shale,

angular-eubroaad aoatly coarse

sand to coarse gravel 1/4" dla.

Sme bouldera beneeo 35 & 40*

Saaa aa above;dry.w/i

shale rock

weathari

Sana aa above, 1&-20Z KF

Gray shale 4 elayldecoBposed 4
broken shale .pieces k-»»",65-751 RF

a*i. in ii/m

un»

•In

REMARKS

Probable Lacnatxlne-
Till mterfece

LOVER TILL

o*(- in ii/ei

2E-22
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GILBERT ASSOCIATES. IMC.

SOU AHD BOCK OASSIFXCAXIOH SBBBT

CEI - Perry Unclear

project : Power Plant mn 4349-00 srT< nn 9. Parry. Ohio

2E-43

contractor < Ha

nan i to. Larry

COOtOIMATfa.

CLASSIFIED BTt D.B.S. BAT1. 3-3-72

PROJECT:.

CEI - Parry Haclaar

Power plmt —**

GtLBERT ASSOCIATES. INC.

SOIL AHD BOCK QASSlyiCATIOH SBBBT

4549-00 irrt abba Horth Parry. Ohio

2E-46

•MBBT_*_

CONTRACTOR

nan i pa. Larry

Barren cooaoDuru.

S4HM CLAUIFIEO BT: ILJLli. BAT*. S-4-72

MILL HOLl NO.J=i2__

fLCVATMN

onowt

14 KM.

t
o

_.

DLA

—

IU

■u

tU

m

ui

i

l

13

SPT

• la.

« 11 !■

.5

i

i

SOIL DESCRIPTION

. Broken gray anal* a aoaa gravely

- clay.hard,dry

Slightly weathered aray ahala

broW irregularly in 4-2"* Eragi
I la first 6" of n»

. Gray ahala Wit.gray alley seaaa

- nuMroua hairline beading

- (racturea tonal to ma

" Saae ahala.bedding nearly horl-
rootal;fracturing parellel;

" noraal & 60° to beddlag;brokea
~m in cones

" Gray ahala Wlt.gray allt aaaaa.
~ Places mostly Ij-l1!11; appears

weathered lo zones

1

1*

ao

fl

s

.11.

Cm

la

5.o

I0.o

to*

5.O

Rm.

Cam

•

■

-

4.2-

■

■

4.O-

RBHAJIU

ICww.

• Dm.

CWMW PWUlM, Mi.

Uaatl ■vad Shale Zone

1

V.aaad 4 till fraga

la axceaa la —"f
at approx. 70'

Oaexplalned loaa of
Bac.

Started coring v/Bk
corv patcI

Ui

IU

IU

SPT

llm/

« » It

SOIL DEICRirTKM

OmMr tar CaaUmtil. C«to*

Saaa sa above;£laala 4 eaally

broken la aonea;beddlng

nearly horlsontal .

TOTAL DEPTH 80.5

■.■3T

■«■

4..5

■EHAIICI

when Bx core barrel

vaa oaed here aad e

bole 1-2, the BCP v

any other ahala at

sladlar depths

a*i • mt iiyw
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GILBERT ASSOCIATES. IMC.

SOIL AND BOCK CLASSinCATIOH SHEET

CZI - Perry Huclear
Power Plant w.q. 4549-00 mm mi B. Perry^ Ohio

COMTAACTOa: Herron ganamMATK M 780.010

Larry B 2,369.515

2E-47

SMEBT L_OP *

U0.L HOLE MO._JL_JL

gLgVATH- 620.8

6*L 0 HRS________

CLASSIFIED B1

o

aA

—

la

-

li.

_t

IU

&_

jln»

•

4

1

2

3

4

5

•

7

SFT

Ibm/

• to.

6

5

I

3

3

8

(a

(.

12

7

Z

4

7

_

8

ii

&

2

*/

5

8

9

11

D

z

i

ti

t*

Aif

■&9

ml

at

'>*

>c(?

BOtfl

MO

• B. 5. bat*. 5-10-72

i
SOIL DESCRIPTION

- LACDSTRIHE SEDIMEBTS

. Iaterbedded or-brn V.P.dayey

. aand.v.f.aaad.aandy clay;gray d

. saaBa.flzB.aalat

' Same aa above v/llmenlta concre-
tlona.soft,wet

Gray v.f.sand;loose,wet

Interbeddad v.f.gray^aand & aUty
■ clay layer. l/8-l/i-;-aad;loo4~-
- flm clay:aod.-stlff.wet

■ same aa above

Same aa above but leas day,

. wet - saturated

* Cray alley clay w/thla seams of
" red clay;same organic silts
- and clayey v.f.aand.low plaa.,

■ Bed-stiff,aolat

Saae as above, but less than 5Z

_

%.
9

%

•7L

ex.

a

4

4

•

Caan*
Biwlf
talb

"V3T
c«-

SCI

Can

-

•

•

•

m

-

AR _r na« l'-9*

REMARKS

CnM.»Mt.

* ladlcataa aaapla

aaaled la paraffin

Cray day 4 aottllag
appears around frac-

tnraa ft Is probably

aaat. wAeachlag

Water oeepaga at 3.1*

Suapaetaa etart of

till, but no BP

PBCJ' "•

CONTRACTOA i

MILLER i —«

CLAW*«0 BT:

GILBERT ASSOCIATES. INC.

SOIL AHD BOCK CLASStPlCATICffl SHEET

CEI - Perry Huelear
Power Plant ma 4549-00 lire ab>a H. Parrv. Ohio

COMDINATfS

2E-48

2 n» 4

MILL HOLE NO. 1-11

ELEVATION MB...

OVL0HR____

DATC• 14 MM. 3.S'

Bi

ISU

SPT

i n ii

37

-2

soil DEKRirrim

0mm* to Cwtamul C

fall Trp* • tonauiha

UPPER TILL

Gray aUty day w/laaa than 5X
angalar-rabrouaded shale BF.

Mostly coarse sand-fine gravel,

- LOWER TILL
- Gray sllty day v/10-lSZ BF;a

v.f. aand w/leaa than 5X BP

Saae aa above.RF gray allty day

\ W/2O-15Z shale BF;ang-Ur-aub

. rounded.aax. >i";daap to dry,

v.hard

- Boulder Zone

* Saae as bafora

.Ci

Cn

Sat op for coring thru

boulders • 48.3'

QAI • UT Il/U
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GILBERT ASSOCIATES. INC.

SOIL AHD ROCK CLASSITICAJtOH SHEET

CEI - Perry Nuclear

p -mrrt , Power Plant »o »SA»-00 srrt ab»a B. Ferry. Ohio

COMTRACT08: Harron COMDOUTM '

DRILLER:

2E-49 GILBERT ASSOCIATES. QIC.

SOIL AND BOCK CLASSIFICATION SHEET

SHMT_2__0FJS CEZ-Pcrry Nuclear
MILL NOLI mb 1-13 fc -"«"■ Power Plant mn 45*»-00 «ire abba H. Perrr. Ohio

tLBVATWy i-nMT»»rTna. Hfrrrop

DHILLEB:

CLASSIFIED BT: »•»■>■ OATCI S-ll-72 14 mi P.B.S. 5-U-72

2E-5O

DULL HOLE IMI-1-

ELXVATMM

a"' nwt

34 MRS.

IPT

Sail Tvtm • >miii«Im

Gray shale i thin aeaas of lt.gra:
Modauma.nearly parallel baddlni
tenalonal bedding Joinca 1/8-1/1

eparc;broUen & alightly vnerhenw

soaea;eoae fraeturee 60-73° to

beddlag

Gray ahala v/lt.gray ae«aa of
aaadatone 1/16-1/4* thick

'ally unbroken;nuaeroua
Fractures aa above -

tenelonel

Sane tk» above .aaadatooe
1/16-1V thick

■vr

100

1.5 •

tnmtlmm Praktem. mm.

Tryed "Boolder Boater1
at 48.3* but failed

Bale 1-13A. - Moved

hale about 6* west to
avoid Boulder - anoth i

Veachared'scna 53-41

IPT

6 12 II

SOB. OtSCMPTlON

ai.o1

OAI - UT It/U

la

Km.

IINUU
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GILBERT ASSOCIATES. INC.

SOIL AHD BOCK CLASSX7XCATX0B SBEBX

CEX - Perry Buclear

*>™ Pl«t -n *349-00 ,„. A.,A H. Ferry, Ohio

CONTRACTOR :_]fc£Xm____ CflflMMiTB B 780.259.9

M...... John B 2.170,682.9

clash*teo »t ■ P-» -s- oatb ■ s-n-n

2E-51

SHEET t am

GILBERT ASSOCUTES. IRC.

SOIL AHD BOCK CUSSIFICATZOH SHEET

CEI - Parry ftidaaT
Tower Plant

MILL MOLE NO. 1-14 PROJECT :

ELEVATION 614.> CONTRACTOR: *»rrm

OWL 0 HM__515_ DRILLER > John

24 MRS.

112

SPT

« n u

SM :L

SOL DiKRIPTNW

M» (ar C

UllTyp..

LACOSTaiHE SEDIMEHTS

Or-bra saady day.fln.aplJt,
gray noecllsa (laaeblasj
SacarbttddedSr-bntaedTiiaad
looaa-flm.aaa pl**tlc

Sana aa abave, Mora aand.wec
aaady day; alight plaatleity

Sane as abovs, saturated ;V
1—<"i«-<cBa aand 6 allty clay

Cray sllty cLay,flrn,wet,2" laaaai
of fin* gralaad aaad

Gray flae grained sand.looaa-fIra
saturated. V lamloacleaa w/

allty clay

Cray allty elay(flnBlaaturatadl
unaentitled

Gray laadnatadOc") allty day and
nan plaatle f.sand. Pliw.wet

1" aagttUr LS B7, ame nA clay

Soaa aa above, nore and.utura

UlU
■IMAMS

e ladXcacea aaasle
aaaled Is panda

Vatar aeepa^a 5.5*

24" SBC

4549-00 lffg am* B. frry. Ohio

C00R0INATU

CLAUIFIEO BY> ■at.. 5-17-72

«*

:L

10 ZO

mltr bt C—towmit C«br

UT||*.«aMMriM

UPPER TILL

Gray allty day, aeft-fln.wat

5-10% aubaagwlar ahale RP.ooa

coaraa sand alze, sax. 1"

■tly

Saaa aaabova; soft

LOWER TILL

Gray-al'lty day,hard,slightly nol

15-2OZ RF.aoatly shale.coaraa
aaad to V^subanff-mbreiind.

Sane as abow; RF to 1"

Sana aa above; dry - slightly dan;

Sana as above; 25-30X HP

Vsr

2E-52

«mwr 2 rm 3

MILL HOLE wa 1-14

ELEVATON.

OIL 0 Hit.

am,

lEMAIIH

23" RK

19" ef 21" I2C

«»•• m» turn

2E-26
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GILBERT ASSOCUTES, WC.

SOIL ASD BOCK CLASSIFICATIOH SHEET

2E-53 ■GILBERT ASSOCIATES. IHC.

SOIL AHD BOCK CLASSinCAXIOl SHEET

- Parry Nuclear

PBnilTT:

CONTRACTOR:.

CLASSIFIIO BY

.Power

Ibr-r

P.

Plant

nn

B.S.

4349-00
.HTB

i,^ B. Parry. Ohio

COOMmaTCS.

MULHOLfl MO.«i=li.

ELEVATION

CSZ

BAT*. 5-18-71
14 MRS.

r, Parrv Hucleaj TTawr 4549-00 %nm aha B. P«rgyt fltilg

CONTRACTOR t Harron eaainauTii H 780.653.1

ORiLLEt.__jafaa E 2.370.594.3

CLASSIFIED tYI . BiBiSi OATI

2E-S4

•wrr Lo> >

MILL HOLE Ha 1-M

tUVATIOM 621.9

"'»■ S.O

3.3

1

ai

1?

El

—

£2

•

i

14

SPT

• to.

• IJ II

20

S3

4B

i
i

!>,

rtt

1

tt»S

son. oesanrriON

* CHACRTH SHALE

- Gray ahale frags.aoatly V-l".

- lnterapersed clay ft weathered

" ahale;hard,da*p-dry

" Gray clay (weathered ahale fraga).
bard.aolat-dasp■

. Cray ahala.weathered«flaale.

. Soata clay. Dry

■ Gray ahale w/lt.gray aandatoae

•eans. Generally unbroken.

1 Horizontal bedding. Bedding
\ fractures 1/8-1/4" apart,
. fractures nonal, 60° & 30°
. to bedding

i

»s

OS

0

0
a

.<•

OtmSm

Vff
Cw*

*m

\OJD

Rm.

Cw

"I

-

ICaUUin

CliNiiilfa,
OadaataDM,
ntmmi Wvtm.

rMkWtta.p>,uiaiaaM.

weathered ahale aone

33-63

|
••£

too

:L 31*1

ioh. DisanrrioM

Lacuatrlne Sadlaanta

Or .■bra. & gray allty day, flaa
sandy clay, aoft-fIra. watMt

ST3-1 - 6" rec

Or-bm.f .eand.nea plaatlc.looaa.
aaturacad w/aea» aandy clay

Gray alley clay & nea plastic
varvea ,f.aand.eoft-fliB.aalat

aaturated '

San* aa above, aora clay, wet,

ST3-2 - 24" rec.

Same aa above w/V.F.aaad a allt
. looae.aaeHrated.aoBa red clay

Can

■CMAia

Indleataa aaaplea

aaaled la parafla

Water asapsga f 51

Broondary appears Chart

probably a weathering

or oTtdattoa borlaon

OAt-XlT I«/M

2E-27
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GILBERT ASSOCIATES. HC.

SOIL iSD BOCK CLASSIFICATION SHEET

CONTRACTOR

DRILLER:

CEI - Perry

Muelear Pvr.Plfn 4349-00 iitp arba_

Barren COORDINATES.

H. Parry. Ohio

CLASSIFIED »v- P.B.S. 3-20-72

=L 5Y

SPT

• la.

t 13 II

37

•s?

SOIL DESCRIPTION

H»WC

MTypa.

OPPER TUX

Gray alley elay;SZ "ngw1 t ■*
angular coar*a aand also ahalai

BP max H"

Sana as above,■abrouaded.au IV*

flra-attff

Saaa aa abova;S-10Z BF.aalat,

fira-atlff

MHEE TTU.

hard.Jiap aniatGray aaaay clay.hi

20-ZSZ RT aoaeiy

Saao aa above;V.Bard danp aore fife

gravel else BT to V

Saaa aa above,allghtly aore aolac

2E-35

DRILL MOLI NO.Jtl

ELtVATITHI Ml.9

3.0

GILBERT ASSOCIATES, QIC.

SOIL AHD BOCK CLASSIPICATI09 SHEET

PROJECT:.

CEI - Perry

Power Plant
.■•a. . Party. Ohio

CONTRACTOR i.

ORILLMi_Jflla_

COMOOUTU

2E-S6

tmrnt } am 3

HULL NOLI Ma 1~»

CtEVATION *2i.>

• 5.0

M HIS CLASSIFIED »Ti BAT1. 5-M-72

Oaalagla DaM,

F»«M

GLaelal TUl 1

la red clay aa latfleaedr
of upper till?

til

SPT

«ta.

« 13 It

•fis

>«, OBSCIIPTMM

HT b* CwhMqr), C

aaad - fine gravel

Clayey yavel. aoatly ahala BJ

Gray ahale w/lt. gray aawdafnna

£~SLOmmm*
tall*

100

tH.

tktatbared ebale

54-58.5

5" good ahala

g«i ■ III i«/w

2E-28
Revision 12

January, 2003



C1LBE8T ASSOCIATES. IHC 29-37
ZB-SB

CCX - tatty ttulaar

itn B7B1.060 _

E2.3&9.513

BOLLHOU — *■**
• Fscry

».■.«. ■«»».

E SHSL 9*

5 a

» n ii

C.

■s atom, oasly

a, rim ■iirr.nnitr. tran of
■ elaj

BlXcr eUy. and? cloy.
diwTMil •ofc-ftn^Btat.cnea

ter

- vr

uw «

. John

f^ »wmify BTi^^SaSsSi. . 3-M-W

H

Bl

I 7

01

SPT

• n u

SL 91*1

IO

Ife

Si

Saw aa al Juiii.iliniii flij IO>XS

laaa aa atowapr.hafd^lSZ V(

aoatly f.gnwl atn

aa aba*a.2S-38g ST^aas l/X"

tlU Wl flhaUgr

V"voahadalK booUar
^ Ptararrttd y/r» of

bf

2E-29
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GILBERT ASSOCIATES. INC.

SOIL AND SOCK CLASSIFICATION SHEET

CEI - Parry Nuclear

P«u.y Piling IB

DRILLER >__Jfi]

CLAUIFIED8V:.

2E~59 GILBERT ASSOCIATES. INC.

SOIL ABO ROCK CLASSIFICATIOH SHEET

J op_3 C*1 " Perry Nuclear

OHILL NOLC Ma 1-16 PBQJlCT: *""* tUnt ■ n »>**-O°

ELEVATION^..^_.__ CONTRACTOR« Bernm

^~—^ m»ii>a. larrv E 2,370.374.5

.SITE
^^ B. Parry. Ohio

2E-60

1 —

OATli 34 Hit.

SPT

■ la.

n

son. oescuvtion

Cr«v«ly cl«y & clayay gravalT

CBtCRIB 5HALB

Gray ahala.lc.Kray ff.

■easa.maaroua barisoncal k

parallal iMddlas fracture* 1/8-

1/2" apart. Appears

and unbrekan

aathered

TOTAL DEPTH 63*

■tar

10.0

Cam

■EMUICS

n«ili|li Dm*

lafeaxrala

Hutharad ahala
50-53.5

ORR.L HOLE MB. 1-1T

1UVATIBM 63S. 1

8*1.0 Ml ».O

clauif itD er t bati. 5-17-72
24 HI. 3.0

• n ii

tal Ty»a •

LACOSTRIHE SEDIKEHTS

Or-bra.nad.grain aaad.wat.loaaa,

noa-plaaelc,wall sorted,aoaw

weU rounded f.grawal 1/2"

Qrttf illty elaysflra.wat, Lena

(or plpet) of or-bm.nod.sand

T*m1nar«td gray alley clay & f.aanfey

(m plaatlc); soft to fli». «"

aacaracad

Saaa aa above

Cray alley clay.aoft-flra.itat,

tmstratlfiad

■ flrn

IINARCS

23"

23-rec.
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GILBERT ASSOCIATES, INC.

SOIL AHD ROCK CLASSXnCATXOH SHEET

CEI - Perry Hnrlnnr

Power Plant mn 4549-00 ht* am* H. Parry, Ohio

CONTRACTOR: Herron FnoatmiATu

DRILLER :__IaUCO

r, t«i»i«i>«y. D.B.S. bam, 5-17-72

2E-61

^-BF^— CEI - Parry Bnelaar
DRILL H0LCNa_L=17__ —ftwrr- P««.y P1mh> ■«

ILEVATION CONTRACTOR:.

OWL 0 "« DRILLER«.

14 Mil CLASSIFIED BY i.

GILBERT ASSOCIATES. INC.

SOIL AND SOCK CLASSIFICATION SHEET

SITE AREA.

COORDINATII.

Pmrrv. Ohlt

2E-«

wilt l_o» a

DRILL NOLI Mn 1-17

ILEVATRM^_^___

ML 0 HM

14 MM.

IPT

Mm/

RBMARKt $PT

Stem/

• U.

4 II It

fait Tffa •

irar o-

In.

- Saaa.but

Ctna aand

leaa i~««.«»~t t

10

n

gray ollty eloy.varvad.

nolat.fln 1-3Z eoaraa oaad

aln ST

Sobs as abova.soft.v.aoiat lana

of fine sandithln scrlagara of

Gray allty day;flzB-sclff ,aolat,

5-10Z ahala 17. aoady coara*

sand,«ax. 1/4"

- Soaa aa ahave a/laterbeddad alley

* day and f .aand

LOWER TILL

- Gray allty day 5-15Z B7,eearae

aand eo aas 1/4"; hardtaalac

I I .1

Gray alley day w/10-lSZ W aa

ibove. hart I dry 9 50'

111

ilk

Angar rofuaal 51*

. Gray gravaly day; 35-45X

•aaortad reek fraga.aoatly

■ ahala;coarae aand to 1/2",

■ax. I"

\ao

Gray gravely day; 4S-S5Z RP,

mostly f.gravel aizea.maz. Hi"

gray ahala boulder 3" thick „

(hwdding about 1O°-1S° to core m u
4-.O Z.2 -

CHACRIM SBALE*

' Gray ahala w/tbin aandatona and

alltatona lonaea. BBTlaoatal

bedding ,mnereua WH^1»<g freccaria

Uaetared sana v.thta

(oO 5.4.

O«l • lit tl/« o*i -•« wn
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GILBERT ASSOCIATES. IHC.

SOIL CLASSIFICATION SHEET

CEI - Perry Nuclear
..«■«,.,. PoKtr Plant ,ft 4349-00 mm *..* *■ Parry. Ohio

CONTRACTOR: Ravnond TBg. rananinATH H 7B1.108.1

0 B 2,369,887.7

S a*T». <-n-7?

DRILLER: Pon

CLASSIFIED BT:

2E-43

ORILL HOLS N0.J=l£_ PROJECT Power PI«nt ■«

gUWATiftM ftQ2,| rmiTaA.-mp- lUvnand Tae.

ORlLLMi—fifiB

I.8' CLASSIFIED 8T< P'B'S>

GILBERT ASSOCIATES. IHC.

SOIL CLASSIFICATION SHEET

.Site *.e*A H. Parrv. Ohio

COMOBtATU

24HRS. bim. 3-25-72

2E-64

DRILL HOLff MO.JclB_

ILIVATION

OVL0MIS

MMU.

SPT

Blwm/

61a.

6 II I

SOIL DESCRIPTION

DaMltr (m r—|—my>, C

Ull Tw..,

REMARKS
SPT

• la.

« t> It

SOB. OCSCRIPTION

Otmttf tm fniWmil Cttm Vnr

Can

RIUARKS

ftW 1L Of

LACUSTBTJC SEDTJtEMTS

Brawn & gray alley day.craea at

organlea,aaft,aolat.uaacratlflad

Gray laterbaddad (.clayey aaad &
alley clay.eaft-flrm.aolat,
atratlflad

Qray allty day.flm.aolat.trace
of rod clay S coarse sand size

RF (IX) atratlflad clay

- UPPER TUX

* Cray allty clay.ilra-stiff .onlst
. traea of red clay, 5X RF.moatly

coarae aand;aaz. l'.aag-aubround

X

" Sana fta above.10-15X KP,atlf£

. LOWEH TILL

Same aa above,aore f.gravel alxea

15-201 RF.HAHD. daap-dry

" Boulder Zone

35

20" roe.

OpparTUl

Uwav T1U

SLi

DE IIS VJ

DE 01' GK

34-frO

AB - Sana aa above, 25X D. daap

Saw ma above, 3O-33Z KF

. Saae 35-40X BF

"3

gravel.

CBACBIB SHALE

Cray shale w/thla aandatone aaaan
slightly brakes A weathered,

horizontal bedding fracturaa «/

aaoa fraccurlns 30° & 90° fen
horlsontal bedding

Saaa aa above, fresh

40

24" »ac.

6" Bae.

24" lee.

Escaee ■olatora due to

carelaaa preparation o

racovarad Saapla 4 or

■alfanetlao of Desalao

Tnacnirate daptba.
Driller la error
probably la tmeonaolld

■atarlal.
Depth error laaa Kbaa

1 ft.

a*i • tai ii/ta

2E-32

Revision 12

January, 2003



GILBEHT ASSOCUTES. WC.

SOIL CLASSIFICATION SNCIT

CEI - Perry NitnLaar
PBC.r "t Power Plant ma A349-OO irra p, Pfrr*. Ohio

CONTRACTOR i Hwmw

DRILLER: P°°

CLASSIFIED BYi P-W-«

COORDINATES.

BATf, S-Tfi-7?

GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION IMfIT

iMHT_a—OP 1__ CEI - Parry Boclear

DRILL HOLS N0.J=UL. ' —o"", Power Plant »a 4549-00 irra a»ba Pirn. Ohio

8Ll»ATiflM_ muTBArrwa. Herron ranannuTTM II 7flO.714.4

DRILLERi_£d E 2,369,953.1

»»«'■"»"• D.B.S; PAT*. S-19-72

IPT
SOU. DESCRIPTION

Otmit, (m CMikMMyl Cda

Total Depth 31.3

kits
■IMAMS

CwMtMtlai Mm, an.

2E-66

MILL HOLE "a 1-1>

ELEVATION «2.3

0*1 OHM 4.0

14 MRS. 3.3

Z I

SPT

tbn/

u

SOB, DESCRIPTION

Owkr f» CwaliUMil Catw

sediments

■oist.aoft

Or-brn.f.-ne4.gralnft4 «*ad.
aatur«ted;loote

Cray allty elay;aoft-xixa,v«t

Gray ailty elay.f.aandy day,

a0a-plaatlc,f.aaad,flxn,tmt

Gray alley elay.aoaa aaaercad XP

(TU1T)

Qray clayey aand

Ijaitnatwa gray f.clayey aand 4

clay.aacuratod.aoft aaaw
lay

Sane aa abovw,aoatly f.aand

Laalnated red&gray alley day,

flm.aalat.13C eaasa* aand - t,

gravel RP

Caaraa

•ter

la Cm

REMARU

" K

14" rae. la Shelby
lBoaa.aatumtad aaad
Loat

Till or mafaad IT froa

abov* or U la

(24- rae.)

20'-8" caalag (3")

OAI . U» !*/«•
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Perry Nuclear

Power Plant

GILBERT ASSOCIATES. MC.

SOIL CLASSIFICATION SHEET

43*9-00 «, a.,,. H. Perrr. Chla

DRILLER < M

CLASSIFICO BY! D.B.S.

2E-67

«NKT—i_OF

©tILL HOLC NO.

gUVATIflM

am turn*

GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION SHEET

CEI - Perry Nuclear

project i Power Plant ,ft 43*9-00

CONTRACTOR i__2eoaiL___

DRILLER: M

M. Perry■ Ohio

2E-68

ft* 3

ORILL HOLC NO. 1-1*

etCVATMN

am, auai Id

BATS. S-10-72 UHM. classified et t oatIi_S=22=2I. 34 MIS.

SPT

th.

« 1J II

■••sr

RCMARM iPT
toik oeioiirrnN

•CHARM

22 s

10

K> K>
Cray clayey v.f.aand nen to
•llghdy plaaeLc.uaatraeifled.
poorly graded.dense.wee

- UPPER TILL

. 13" rec/20" pushed

. Gray sllty day S-1OZ shale RF,

- oolae,eira-aclff

Same aa above.lost most of sample

. LOWER TILL

12 za

mostly coarse sand to 1/8"

' max. I/ft"

. Cray alley clay;hard.dry S-10X

. coarse sand alxe RF , aax.>in

- Same aa above

* Same 1SZ &?, more f.gravel

Shalby pushed hud

at 31*

18" Rac.

Shalby quit at cobble

12" rec.

7" Rec.

0" Roe.

V rec

. Some coarse gravel-boulder matl.
noted when rolling to 511,bouldai
51^51.7

Sane as above

CHACEIH SHALE

Weathered ahale sone (57-63)

Cray shala v/thln It.gray aand-

atone aaama.horlzmtal »—***<"g

fMmsrous neddinR xractures &

sons noraal to bedding. Sllghtl)

broken 4 weathered In first
five fast

10.O

Rode broke w/Increase
torque - lost sampler

Lost: 1 pitcher ssepla

1 Hs-AU adapur

13* AV rods
Msved hole S' north,

re sugared 35* took

sole

Augar refusal

Lose la tele:
1 pitcher a—pier

I fe-AV adapter

15' AH rod

T.D. 70'

SAI • 117 ■!/«• o«i. iti ta/M
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GILBERT ASSOCIATES, HC.

SOIL CLASStflCATION SHEET

CEX - Perry Nuclear
Powr Plant.. «o 4549-00

contractcm t J$nan

"»"■»■ Ell

.site *■»* B» Terrv. Ohio

CLASSIFIED BY: P-B.S.

E 2.370.041.4

DAT* t 10 HtT »72

2E-69

MILL HOLC HO. 1-20

ELEVATION 67% .*

GWL 0w 3.0

. CILBEBT ASSOCIATES. INC.

SOIL CLASSIFICATION SHEET

CEI -

PROJECT :_£flSH

CLASSIFIED BY>

Perry Huclei
[f P}ant

P.B.S.

»5*9-OO airs area.

COORDINATES.

H. Ferrr. Ohio

PATt. 20 Hay 1972

2E-70

IIOTT 2 ft» 3 _

DRILL HOLC ««» >-20

ELEVATION.

ci aw« 3.0

UHRS. 1.8

SPT

ih.

« W II

SOIL DESCRIPTION

Sane as above;lenses of soft gray
plastic clay. Scrlagera at Slad

Sacw as above

Or-hrn. v.f. sand & silt, poorly I ra ad

Gray v.f. san4;nan-plasttcav.nDla

Gray v.f. sand w/Lenses of gray
allty day, aolst

Sane as abova - saturated, ooft
ooatly v.f. saad

Gray v.f. sand and sllty clay

Inter-bedded aed. plastic .ned-

sclff, pBlst."varvodM clay &
sand %-k

Sana as above

. Gray v.f. sand, slightly plastic,

. v.aolst to saturated

s*ru
REMARKS

CaMvctlaa Pirtliai. m.

Rac 9"

Rec. 24"

Ree. 17*

Sks a

SPT
SOIL OeSCRI*TI0N

nltr Car C—ilrtaa.^ Cab*

Sail Tyaa . AaMsnvtaa

Gray clay w/ IX ■ed-coerea sand
slsa shale t.P.;v. aolst

Gray clay w/less than SX coarse
sand and gravel ahale R.F. ;v.

soft fc wet

Gray sllty clay w/SX coarsa sand
& sravel RF (slsa to I" - sub
rounded to sasular) soft-«sd.;
■olst

LOWER TILL

Gray allty clay W2O-2SX angolar-
subangular shale RF;cparse sand
fio grav«l slss - max V,hard.
allghtly da^> to dry;slightly
friable

Sane a» above; danp-oolst

Cray gravely clay;leas than SOX
graval;v.hard.dry

Zones of coarse sand and clay

■as. alse I" aastly coarse.sand
to V.angalar-subangulsr

Car*

IOO T8

REUARU

16" lac.

Ess. 11*

Pitcher aaaple 41-41.92
8" Roc.
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GILBERT ASSOCIATES. DIC.

SOIL CLASSIFICATION SHEET

PROJECT :

CEI - Perry Nuclear
Povar Plant

wo.. 4549-00 H. Parry. Ohio

COMTRACTOa. Herron

DRILLER E-

classified ev,

COORDINATES.

D.B.S. PATE i 20 Mar 1972

2E-71 GILBERT ASSOCIATES. MC.

SOIL AND BOCK CLASSIFICATION SHEET

-1—OP______ CEI - Perry Nuclear
ORILL MOLE NO._s_fl__ «««■««--■ ?ow»r PlM>t -n 4549-00 mimm Perrv. Ohio

ELEVATION CONTBACTOR:_Herron___ raneim_-B» II 781.325.4

3.0 «.... co, Ed Sexwyck 8 2,370,007.3

S4HM. 1.8
CLASSIFIED ft: 6-22-72

2E-72

«m->t 1 em 3

OtILL HOLE NO.J_U__

-L«WAT«— 619.3

o-L o ms___2____

14 MS

t n it

SOIL OESCIIPTKM

Vr

SPT

6k.

6 11 !■

SOIL DESCRIPTION

Oanttf (m C—Iiii ii ul Cabr

SWIl
RCMARa

I—

-

3U Bouldar - 3

Cray shale RF, vaachared.brekaa,
sosm day; aolat due to

Gray ahala.flaala.baddlag aaarly
paralla.aligbtly friablS.dry

. Gray ahal«,flaall«.¥aaeliarad,

lncarbedded clay aaaaa

Hk eora hole but

bouXda— ancomfearad

ae S3'

Boiler bit to SB.S

33.5-62

too

Gray ahala.more aaaalva «ppearaae4~

tenalon-1 bedding fractu ea
1/8-1/4" apart

Soae fractarlag noraal to bedding
« 60° to bedding
Thin lAterbedded eeane of It.gray
aand atone

7.0

TOTAL DEPTH 69'

-_

t

a
Oranga brotm 6 gray aottled clay

and alle trace flaa aand - nolat
atlff

Gray allt,Little clay w/pocketa
of orange brown allt,wet,stiff

Gray allt.eraca clay.w/lnterbedde
aeaas of fine aand - stiff,vet

Gray allt.trace clay.w/lnterbedde

layers of fine aand & day, soft

atiff

"%pt

" Gray allt . day.
■ oeft.wec.n.stiff

trace fine aand

Cray Interbedded -ayara of f.a

& alley day w/black atreaka

• ■.•tlff.molac

. UPPER TUX

- Gray f.aand & silt - dense

1.5 1ST

s*i • im ivta
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GILBERT ASSOCIATES. MC.

SOU. ARD BOCK CUSSIFICATZOH ~

CEI - Perry Unclear

project i Power Plant ,n 4549-00 art a»ba Perrr1 Ohio

rauTOifTM, Harron ■ raapaiiuTM

2E-73

CLASSIFIED ■»• B.P.V. OATff._6-23-72

GILBERT ASSOCIATES. «C.

SOIL AMD BOCK CUSSIFICATXOB SHEET

CEI - Perry Nuclear

iwiPi-T- Power Plant ia 4549-O0 iitimm Perry. Oblo

"mtb"tm . Harrow COOROWATn

MILLER: E-S-

CLASSIFIED BY:__K*£»I»__ HAW. 6-26-72

2E-74

a» 3

MILL NOLI HO.Jz?J_

14 MS

« 13 tl

17

• Cray clay.little aUt slOX B.P.
. V.atlfr

■ Cray day, little ailc

SOIL DESCRIPTION

Tr. fine aaad 40-301 B.F.
(a.aaad-f.gravel alae)v.atlff

. Sane - hard

. Cray clay.Uttla allt,i30Z P.P.

- (c.aand-f.gravel alxa) bard-dry

Cm*

■■MARKS

xtu

113

iSS

ill

til

OAI - IIT ll/l

SOIL DESCRIPTION

Downy <•> rf»H««—>>, Cakr

Sail Tft* . AssmisIm

Cray day. Uttle lUt 130X R.P.

(c.aand-f.graval alse) dry.hard

Sama,w/£laale ahale oartielea

Or ,er'.allt,«20Z B.P.,

Gray ahala.borlxoatal

i '

y . tt

clay aeia i 60.0'.weak aone w/friet
rock 9 63.3* ,aea» eroaa bedding.

Var

5.0

■m.

REMARKS

i • iit it/«a
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GILBERT ASSOCIATES. MC.

SOIL CLAUWtCATIOM SHIET

CEI - Perry Hueleer

Power Plant »«PROJECT I.

comtractor: Herron

4549-00 ■. Perry, Ohio

MIA

CLASSIFIED BYt P.B.S. DAT! i.

l-i.370,071.3

6-13-72

2E-75

swrr__L_op 3
MILL HOLE NO. 1-22

gLEVATIfltl <O6.8

mi him

CEI - Perry Mnciear

PROJECT i Powr Plant - mn

GILBERT ASSOCIATES. INC.

SOIL CLAttlPICATMW SHKGT

4549-00 tlT, AagA 8. Perry. Ohio

14HRS.

C0NT8ACT0K

naniro. John

CIASSIPKO BV j

Beriron COORD0UTU.

D.B.S.

28-76

0«IU. HOLE m>- t-22

CLCVATMM^_^__

0«L 0 MRS

bat».
UKRS.

SPT

llm/

41a.

< n ii

SOIL DCSCBIPTKM
REMARKS

CliwifI C—i

Bole not eoll envied

SO* of core taken for

SoU oaaplee 0-50* froa

1-22A (epsrat. 20 feet

wet of 1-22 end 100*
eaet of 1-30)

)U

JPT

• n it

Cray ehale k eLay.t
brokensfreccuree

h tobeddlas

atharad A
erJlT

Cray ehale w/eaee It.gry
■tone eeeae.eaae freeturee to

beddlag;freetiirea unweatliBred &

unbroken

Sue;plecae 2-3" < ^
bedding freecurea develop efCer
a fewSoure about 1/8-1/V* apart

Saaa;broken In sonaa(poaalbl«

doe to drilling procedure)

a*t • **i ia/«

Cm*

Hot

3.5

5.3

Weathered shale ft day

at 49'

wedged la barrel - no
elevation into barrel

tost part of core
poaalble picked v

la aest tun
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GILBERT ASSOCIATES. MC.

SOIL CLASSIFICATION SHEET

CEZ - Parry Huclear

. Pow Plant ,.a. 4349-00 mi am,a P«rry. Ohio

Herron mmhiiuth

i»ii i pb . John

CLASSIFIES «t. R.P.V. 6-14-72

2E-77

*HteT_2_or 3

DRILL HOLE ma 1-22

euvatmm contractori Eayaond Int'l.

DRILLER:

GILBERT ASSOCIATES. INC.

SOIL AHD BOCK CUSSZHCAIZOH S8BBT

2E-78

CEI - Perry Nuclear
■ Prnj»i- PI mir ■ n AS4*»<>0 1ITB Mir*

H 7B1.147.6

B 2,370.033.8

14 MIS. CLASSIFIED »T i DATE i 6-16-72

SPT

Btmm/

« 11 II

sea. DisenmoN

>■■

remmm

Ala.

n

soa

Ommtn tmt CmMmbtI. Cdb>

Qr«y «h*l« w/naaarous her. 4 60°
iraecuroa - «uk sang w/allcy c]
and ahal* fragaaau fro» 77.0-

77.S' (± 10Z of eora «Arerelc*l

(race.) loageac oc. 0.551
100

w/Q.S" chickGray /Q.S chi

tan allcatoiM - badly fractured

shale 0BV-85'. 90-91*.
91.5-92.0' - acne cross bedding

10.0

Cray shale w/H" to 3/4" band* ofM
taa alltatoae. 4 a 3/4" layer of

It.gray sandstone,eons crossbedd ag

5.0 471

5W =L Si * I

. Oraage-brom w/gray aottled clay,

. little aUt.fcw fine aand aeaaw

a. atiff

. Gray ailt & fine eand.aoiat

Gray ollt-4 fine aand.few clay

■eana.oplst .aed.dense

Cray silt 4 fine aand.aolst,
■cd.dease

* Gray varved clay,little allt,

- flra

- Gray, clay.tr.sllc.aec.pocket of
. red brown clay.tr. coaraa aand
. particles,stiff

- Gray clay 4 sllt-tr.lltcle f.saadLy

same HP P»

Gray clay 4 •llty.soaa arf.saad

- alee R.P.; v.stiff

24"

Maree

Opper till 1.2S TSF

18" ree

4.2S Bf

a*i. it? ii/a
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GILBERT ASSOCIATES. INC.

SOIL AHD BOCK CLASSIFTCATIOB SBSR

CEI - Perry Nuclear

aanifrr Powr Plant w.a 45*9-00 iit> a»ba M. Perry. Ohio

rrmTnn-Tftp. Ravaond Int'l. enaaniiiATM

naiiin, Don Sugga

CLASSIFIED «»• *-v- paTBi 6-16-72

2E-79 GILBERT ASSOCIATES. INC.

SOIL AHO KOCK CLASSIFICATXOH SHEET

»H«T_A_OP—3 CEI - Perry Buclcar
MILLMOtf HO. !->»* MJOJCCT•. Power Plant ■& 4349-00 me abba B. ferrr. Ohio

gLlvATam rnyraifTnii. Rwmond Int'l. eanaaiATM

owl a mi wait i »d . Don Suggs

»W_ CLAUIPIEO BT:_L1: OATll 6-16-72

2E-6O

MILL NOLI NO.J=22lL

SPT

Sim/

th.

« 13 U

SOIL DISCMPTION Salb

tar

SPT

41a.

I II U

SOIL OfSOIPTIOM

DMaitv te Caawutr), Calv

Wll Ty«« . AmmmtIu

tail*
RUMMS

PI rci iei

PI

£±1

PI "C «EJ i *

Cray day 4 allt.llttlo ahava

fraopenea

LOWER TILL

Sana - hard

Gray clay & allt.v/coaraa aand
el*e RF -hard

Gray clay.little aUt.50X R.7.
dry, hard

Saaa v/frlaUc ahale rrag^eata

Sana Wn.graval also R.7.

til

Cray ahala Wl.S' of clay aeaa

w/ahale fragaaate (42.5-44.0*)

Shale v/hor.bedding y-3/4"
clay aeons « 45.3 & 49.0'

100 6*0

LOBES TILL 4.5 TST

12" Rae.

24" Rec.

Gray ahala,Bar.bedding w/o c
V clay aeaa,longest pe. 2"
aone erosa bedding

5.O

OAI . 11T It/U
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project fafr

GILBERT ASSOCIATES. WC.

SOIL AHD ROCK CLASSXTICATIOH SHEET

_ SITS AREA.

tHIIT

GILBEBT ASSOCIATES. WC.

SOIL AHD BOCK CLASSmCAIXOH SHEET

il22l£":
COMTaACTOR: Harrow 781.127.9

DRILLER i L. Humphrey

CLASSIFIED 8T: .-.,

E2,37O,OS3.9

DATE i 7-24-72 ta 7-30-78

uK* wPanieeT.Parry Hue. PauK* ww A549O0
CONTRACTOR i _Herron____>

millia.L. Humphrey

n*t«iciri>a». BPV BATS.

.SITC ASKA

COORDDUTCS.

«fc.T

2E-82

IMgPT 2 fl«

ORILL MOLC mii1-2

gUVATBM 607

OWL ft law

£

o

0

SA

U

■i

h-

iz

i—

15

I

SPT

Blow/

6 1a.

s n ia

■

Of

i

if

SOIL DESCRIPTION

Bmfcy <« CiilimnX C«Im

Uil ty . >niii,ln'

■ No Sampling Raq'4

Frca O1 To 31.3*

I Cray Shala, Unathered,
Badly FraeCurad

. Gray Shala, Horlz Baddlag.

• Some Craaa Bedding, of

- Tine Grained Sandstone Seaaa,

' occ. 60° Fracture

■ Gray Shale, wjf Extanalva
• Craaa Baddlag, 60° & ago

" Serrated Fract.

■ Gray Shala, Boris Baddlag,

' Sana Creaa Baddlag, Few Fine

Grained Saadatoaa aeaaa,

Extaaalvaly Fractured (60° &

. 90°.)

Gray Shala *t/ Extanalva Craaa

) Baddlag, Few Fine Grained
. Sandatoae Saaata, Sana 60° Fract.

■

BO

99

M

100

1

0

OtSSSr
S^U

Vr|££
Cm* 1 Rm.
la

as

94O

2.S

5&S

94

61 9

SO

^5

60

Can

o;

IS '.

A9S-

Air •

-

■CMAMS

OtBaVlal CMnbV

CMhibOM.

OlMrfhM,

r«——ti— puM—y ««■.

Bering Asaad By

Uoodvard - Gardaar Aaao

Far Praaaara Matar

Teaclagla Back -

rTQaaaMUV fMC«F

Test e 61.0'

Taat 6 66'

Bacovarad 7"
Froa Previous

Boa.

U MRS.

ZSi

m

Gray Shala. - Sena Cross

Bedding, Paw Flaa Grained Ssad .

Staaa Seaaa - v/day Uyar Batw.
7B.0 6 79.0'

> Grey Clay, 401 IF

SOIL DESCRIPTION

l* fc* C—bmwi). CaW

Grey Shale, Faw Fine Grained
Saad Staaa Saaaa. day aaaa C 83.
So-60° t

Grey Shala, Faw Tan Silt Seaaa
seaa Groaa Bedding - (i»-3« Lyr.)

Grey Shala. Soaa Craas Bedding «
Fine Grained Saad Saaaa. OCC.

60° Fractures.

a«i - aii ii/M

BO

Caarta

6.3

ma:

zss.

$4)

64O

&o

JgO

xo

6J9

&«•

REMARKS

rt—ii.i c—«.

O.ilUli Dt,,

Baeevared 2"

Proa Previous Ban.

Prsaeure Hater
Taat 6 94'

o*i-*tT ii/at
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GILBERT ASSOCIATES. MC.

SOIL ASD BOCK CLASSOTCATMH SHEET

Pie.
PROJfCT Barry Hnel. Power'wa ^549-00

CONTRACTOR :_Becma COORDINATES

DRILLER '■ L- Hunmhrev

CLASSIFIED BT: flf" OATS I____^_

HTE adpa Parry. Ohio

2E-S3

SHEIT_3_» «

DULL MOte NO. t"MP-»

ELEVATION

a*L o w«

GILBEKT ASSOCUTES. WC.

SOIL AHD ROCK CUSSmCArXOH SHEET

Pit.

UHH.

PHOiECT 'P*"*y Hucl. Power wa 454900 uw tMtA.

, Eerrow coamwATtt.

DRILLER j t. Buaphrey

CLAUIFIEOBTi
RPV

«««*T_i_OF S

ORILL NOLE Mn.^2-P-2

KLtVATIOM Ml -

GVLflNM

DATE t. 24 MU.

■c

o

\l\

E

foi

iio

m

J

.3

.5

SPT

6 12 It

£

i

•
SOIL DISCRIPTIOM

Daaaliy (a. C—alawaiil, Calaf

Grey Shale. Few Fine Gralnad

Sandatnne Seana, Badly Fracrur*

* Pro* 94.0 - 95.01

-

- Cray Shale, Sana Croaa Bedding

w/ Fine Grained Sandatona
" Saana (May 2")

■

*

•

Grey Shale, Sena Croaa

- Bedding; Fine Grained Sand Sean

■ y-2" Thick

-

*

OB

i

m

JO

CaafaWaa

■s*5r
Cw»

■I"

3J0

ftS

KM)

IML5

Ra«.

Can

47'

*i:

ta6 -

REMARKS

ffc—lnl Ca«fc

etaaaJVMar.

aaaaaillaa IVaUaaa. Ml.

Praaauca Mecar

Teat 6 99'

Baeovarad 7"
Proa Prevtaoa Sim

Ill

UJ

M0

.5

SPT

6 12 II

SOU. DESCRIPTION

Dm*, (w ChsIimmvL Calm

Grey Shale. Sona Croaa! Baddlag,

of OOC Flna Grained Sandatona
Saama OCC Saaaa of Tay Shale

Grey Shale. -/ • Croaa Baddlag,

Soaa Fine Gralnad Sandatona aeaa

ou-iii ii/ei

In.

ioo-

■EaVUIKS

OAI • 117 1t/W
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CQpBCBT ASSOCIATES, IRC.

SOSX ABED BOCK

mucCTt

rnggr 1 ,n* a

MOtrcTi

ton

A8W-00 wmh ■.

L BfC>

I
"sir

%r sc

• f T

I tt II

ter

Cray Stela

Sao* fl

tad af

e u?.s*

e is.s*

ffi

cu

i rl

10

Bn. v.f. •ari.loaaa.nalat

Cmy alley clajr.aaft.vn

Cray aUt 4 atlty cl«y.aofc-fita.

—**"^iiu na**l*titit

Gkay aUcy day

of nd day

clay

Ciay aUcy day « Inrwitiiflfcid v.
Mae aaatf»ttatlflad.fl«a^»lM.

lflP

I*"

VsparttU

2OaBae.

Sbbb «• »hn»«.aolt-wBt.fim artW
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GILBERT ASSOCIATES. IMC.

SOIL AHD SOCK CUSSIFICATIOB SBEET

CEI - Perry Huclear
MOJECT. Pwwr Plant m* 4569-00

CONTRACTOR i_Hgrrfin ,

MiLLIR: John

(rrx a»»a H. Perrr. Ohio

CULSSIFUO ■»: P.B.S.

COORDINATESJL2U*2£L
I

mat*. 6-5-72

2E-«9

ORIU. HOLE NO. »-?«

ILCVATIOM.

12,370,300

GILBERT ASSOCIATES. INC.

SOIL AHD BOCK CUSSXFXCATXpH SHEET

CEI - Perry Hucloar
: -t. Power Plane mn 4549-00 iffl Aata M. Parrr. Ohio

Harron

3.5

nan i >b , John

CUASStFIED STi 6-5-72

2S-90

SMSRT_L_O« 2

DRILLHOLE NO.ix22L.
ILCVATKM.

OVLOHtA.

Blam/
Dw*| iw fwiliinnH Calw

Or-bra. h gray alley clay,firm,

noise,traca of organlca & rooea

Brn. & gray laainated v.f. aand A

allty clay,

V.f. turn plastic aand,wee<-oaturat
firm

Saaa aa above, wet

Cray.allt-allty clay.uaatratlfiad

■olat.flra.leas of v.f. noa
plastic sand

Cray v.f. saad.saturaead.loosa

Sane aa above,aolat.trace of B7

CI/8")

Sbbb aa above, lena of v.f.
plastic aand - saturated

klb

lln

Hole 18* north of stake

Intended aa preaaar
■ecer hole, but delate

Water aeepage f 61

Hater aoepaga t U1

• U II

SOIL DflOlimON

OmtUt km C—tiwsyll Can?

UPPER TILL

Gray allty clay 5-102 BF.matly

coarae aand (1/8-J/4") au. 1",
angular - aubroand

Tocal Depth - 30'

oai • sit ii/a

30* aag«r - palled out
after Z tare.

q«i • sar ii/n
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GILBERT ASSOCIATES. IRC.

SOIL CUSMFtCATIOtf SMCBT

CEI - Parry Nuclear

PROJECT i Power Plane »o ASA9-00 ,„* im H. Parry. Ohio

rmrrPACTnu■ Raymond caamttiMAttt H 760.333.1

MILLER :_J>2S R 2,370.362

fiixinwi»T. D.B.S. OATti 6-2-72

2E-91

*Herr__i_w 3

DRILL NOU Mn- 1-gft

GILBERT ASSOCIATES. MC.

SOIL CLASSIFICATION SHEET

CEI - Perry Kaclear
oofiwrT! *t Plane ,a 4549-00 ttrm un H. Perry. Ohio

4.5

rn.Tai.rraQ ■ Raymond

name*-. Don

COOUMMATB

um 4.0 CLASSIFIED BY i_JLSj£«_ ■■»■■ 6-2-71

2E-92

INMT.J OP 2

MILL HOLE ma 1-24

CLtVATlON *22.1

tan ana* 4.5

«ai—« 4.0

SPT

■Ion/

* 13 II

SOB. OCSCRIPTION

ilHiMilL Cater

Sail Tw. - AkhmHh

SPT

4 1*.

SOIL DESCRIPTIOII

o-

IfMARM

CwMMMita* Mlw, «ta.

S^ £L 3V *l

:L

LACOSTMHK SEPIMENT5

Or-brn.Bllty clay 4 fine aand,
fln.oalat

Sana aa above .wec-oaeuraCad,

loose

Sana as above,ooacly f.non-plaatl
aaad.day lncerbeda

Saas as above, buc gray

Sana as above.aolat.sltghcly
■ore deaae

Sana as above

Saaa as above, wee

Sane as

moist

above .noselyuf,

22" Sac.

24" lee.

SH EL

EL2

SH EL BW -i.

pi re

¥>

pi rc ^e ?*

Gray alley clay.ealSC.sofC-flra,

varved.aaBB red elay

Saae aa above

Saw as above

10

UPPER TILL

Cray alley elay 3-St HP.aax.V
aoacly coaraw sand

Saaa aa above,flm.aolse

LOWER TILL

Sum aa-above,atiff-hard.lOX RP,

Saaashard 15Z IF

Saaa aa above

Saaa as above, 20Z RP

Sane. 20-25X RP. max. 1*

«ry

24" lac.

22" lac. Upper Till

Till

26"

30" lac.
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GILBERT ASSOCIATES. WC.

SOIL CLASSIFICATION SHEET

CEI - Parry Nuclear

HKMFCT ■. Pow«r Plant mn 4349-00 „, A..A ». Perry. Ohto

CONTRACTOR:

Minna- Don

COOMDOUTCS.

2E-93

MULL HOLE NO.J=2

tLCVATHM

4.5

GILBERT ASSOCIATES. WC.

SOIL AND SOCK CLASSXFXCArTiV SHEET

CEI - Perry Hoelear

, Power Plane »a 4349-00 w abba M. ferry, Ohio

COMTR>"TOR: Hgrrnn

n»iin». Ed

COOJUOUTEI

E 2,370.289.5

PJ?-?»_ batii 6-1-72 4.0 <-. Jt«.«.«n.y. D.B.S. BATP. 3-16-72

2E-94

Imut I am 4

DWLLKOtlMa_ls2i_

CLfVATION tMTf

0-fl

JPT

»bt.

i U If

vsr
Onti

C«n

IIMAUS SPT

II II

SOIL- OfSCXIPTKM

At far C

Sail Typa •

8a:

■nuaies

PI

ill |,

rc -IE (?

pi rc

Ett

HER*

. Sane aa above.llaaacone cobble

Saae.v.hard & 4ry,3O-33Z BF

" Gray clayey gravel/gravely clay
1 40-6OZ HF

18"

21" Sac.

. Weathered gray ebale. flaale

Cray shale v/lt.gray aandnrnno
eeama. BorlsoaeSl bedding &
tenalonal hwliting fraeomw

1/16-1/4" apart,aoae fractures

normal, 75 to bedding

100

T.D. 67.6

a-r

Qo,

wt.fin;iacerbedded-w/or-b

& gray sUey eUy.aolst.atlff

Sane aa above;lsnlnated.aatnrated

Saae aa above, gray

Saaa «a above;aore clay,aoft-e»d.

wet

Cray alley day w/v.f. aand;v.
aoiat.solt-ned. .unatraUtled

Sana aa above

Lamlaated v.f. gray aaad v/red &
gray allty elay,aoft-atl(f,v.

■olat

• lndlcatea aaapla jar
aealed la parafln

o«i • aa* ii/t
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GILBERT ASSOCIATES. MC.

SOIL AND BDGC CLASSXnCATXON SHEET

CZl - Perry Nuclear
fewer Plant mn 45*9-00

Harron

W. ferry. Ohio

GILBERT ASSOCIATES. INC.

SOIL AH9 ROCK CUSSIFICATIOM SHEST

i_ CEI - Parry *claar
DRILL tMLI NO.Jz2L_ aomcrT. Powar Pimm- »n 4S4Q-OO iits as*a B. ferrr. Ohio

2E-96

KUWATIBM

naiLLfa. Ed

CLASSIFIED BYi D.B.S. bats. S-16-72 34 MRS.

212

Si- EL BV *2

SPT

«*W

• la.

« 1} II

SOIL DESCRIPTION

Ommltt 1m Cwilmwil, Calar

UPPER TILL

Cray sandy clay;aoft-aa4.iMC 1-5Z

ahala B?; coirs* sand to k".

LOHER TILL

Gray sandy elay;hard,dry;l3Z
ahala RF; coarse said to lfl,
suhsngiii ar-Sttbroundad

Sana as above;red-bra.clay sons

Sane u above w/aora red day

24" Ree.

Shslby pushed hard
last 2* of ma

mMTUtfTM. fcnwi

Ed

CLASUFICO SV:

COflMIIMATH

BAT.. 5-16-72

MILL MOLE MO. »-<*

eUVATRM.

OVLOHRS.

WWW.

£

J

MS

ttl

i

a*

£i

■*»

•*>■

as

1

II

$PT

« » 11

37

£
i

Ml

1

SOB. OESCRVTION

Sail Tya* • AaniNriH

" CHAGRIN SHALE

. Gray shala.flssile.dry.sUghely

- friable.v.slightly weathered

- dsystoaa boulder

" Zaterbeddad eLsyey tlUCT) md

I shala boulders

. Cray shale & laterbadded clay

- uses;broken,weathered zonaa;

- bedding 9 5".bedding fractures

- and sona fractures 90° « 45° to

; bedding

| Gray shale w/thln It.gray
- sawdatone scans ;broken soft &

- weathered In sonea

J

£
*

to

aa

eo

C
a

a

9

iz

Cm*

R«a

•

iao

4.5

10 O

X
■it*

R««.

Cm*

I.O •

■

■

\

so"

. REMARKS

Estlaacsd waathared

sona 53.5- 65

aii-in 11/M
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OLBBTT ASSOCIATES. BC.

GOZL AD BOCK CUkSSIIXCAXZB] SBBD

CEX - Pcny Huclear
P Pint ., 43W-00 B. Fttrtr.

OATtiJfclfcZl.

CLtVATOl.

«LOttai_

aii

n

191

« P U

Xbtcl dapA 79.S

—i it-

SILBEBT ASDCUTCS, BC

SOIL ID 808 CUtSSZTXCAXXn I

*3»-m „.*..* B. Pntry. ChJo

» 781.556.1

X 2.30,537.5

— 3

■h.nM—.. D.8.S.

BS 7

• h.

- * iL W »2

10

"""*

aUty clay «/lacor*

allqr dayrfttf£wsain

SaM aa afeova. traea of ntf clay

Stratified aUty clay 6 f.aa

Bala IS'

ttytati
O"te.)
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GRBERT ASSOCIATES. MC.

SOU AND BOOL CLASSIFICATION SHEET

CEI - Perry Huelear

Power Plant

Herron

.■a.
4349-00 H. Perry, Ohio

CONTRACTOR I

DRILLER: Larry

CLASSIFIED BY: P-*-

CW.DIMI.TH

2B-99

»H««T 2 fm 3

OtlLL MOLC -a 1-26

ELEVATIOM

HI 0 *"

8-23-73 M.HRS.

CEI -Perry Nuclear
PROJECTi Power Plant ma m

CONTRACTOR t Herron

DRILLER:

CLASSIFIED BTj

GILBERT ASSOCIATES. INC.

SOU AKD ROCK CLASSIFICATION SHEET

4549-00 iitp abba H. Parry. Ohio

P.B.S.

COORDINATES.,

iiatp. 3-25-72

2E-100

Lop L.
ORO.L HOLC MO. 1-26

ILCVATIOM.

t

El

—

—

•ft

—

—

si

Ml

I

a

10

II

12

14

SPT

a

A

&L

(o

•5

7

15

laxs/

1 h.

12 ia

10

ay

13

it

13

IO

lo

25

10

IS

(Co

»

i

»4

Ma

_

4)0

•at

• SOIL DESCRIPTION

Dawlt* tar CwaatHf), Cal«

•

•

. Sane aa above.aore rod elay.leaa

. aand but atratlfLed W1-3X coarat

. aand alae RF (1/16")

■

. UPPER TUX

| Ho recovery

No recovery

* Gray allty clay.SZ RF.aostlv anal
. coarse sand-r.gravel.aax «*",
. aagulax-aubrouaa.stlfi^oouc

■

. Saae as above,S-10Z RF

• Same aa above 15-20Z RF

- Max 2" nare f .gravel alxe

. LOWER TILL

. Stiff-hard,moist-damp

. Saae aa above,hard,dry-daap

. 2O-25Z RF

■i

U

«•

a

ex.

I

Sails

•VuT
Can

R«a

■m.

Cmm

-

REMARKS

OaatseaiOm.

OnmdMtm.

CMUVaMlM Puihai. mm.

Stratified day w/RF
probably not tlU but

related to glacial
outwaah Into lake

IS" Rec.

SPT

ttmn/

ttm.

» » It

SI

a«i • Hi •«/••

. Boulder Zone

SOIL oesCRlPTION

Sail Traa

Gray gravely clay,3O-3SZ BF^oatl

f.gravel ,aax.2,hard.Molat-dry

Cray gravely elay,4O-5OZ BF

aoatly broken ahalelangular.

coarse sand to IV

' Gray clayey gravel S0-60X RF,

[ «ax. greater titan 2"

. Cray ehale w/lt. gray aandatene

■ aeaaa,pieces 2-3",appears
thared

aa above, unbroken

TOTAL DEPTH 67.0*

104 5.0

SOS.

5.7-

5.2-

■MARKS

QAt - UI ll/l
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GILBERT ASSOCIATES, INC.

SOU AHD BOCK CLASSIFICATIOM SHEET

CE1 - Perry Nuclear

PROJECT i Power Plant mn 4349-00 «im mt Parry. Ohio

CQMTRACTW ■ Berron raaaiMMAT« M T81.SW.8

»»...«■. Ed Serwyck S 2.369,186.2

CLASSIFIED SYi-B*LJL—__ bat». 6-20-72

2E-101 GILBERT ASSOCIATES, INC.

SOIL AND BOCK CLASSinCATIOH SHEET

«MCCT_J tm 2 CEI - Parry Muclear
D«n.LMOmto 1-27 —■"•*■ Power Plant ma 4549-00 mm ama Perrr. Ohio

ELgvAriOM Ht.l' rmiTBAgrap. Htrron enaiaMiTH

ml a mm tutntra, Bd Swyiack

24 Mil ^-5' CLASSIFIED BTi »■«-

2E-102

•Hter L.or 2

MILt M0U NO._k27_

CLEVATIOH .

IPT

Bbv./

» II >■

111

sou. DEsauraoN

Misc. poorly aorced beach aaad,

aed.dcaaa, aolac

Sana, becoming

Gray clay, Llctla ■Ut,grac«-

llttla ■ub-rouadad aed.coaraa

Krmval.v.adff.aolat

Gray clay Utele allt,
graval,v.atUf7dry

Lc.gray clay.llttla allt a ■ed.-

rd, dry

Gray clay.little allt.SOX shale

seaas of eandatona & a 1.5"

layer of tan elltatone 9 22.5'

•Va:

IKS

Cm

Oaalaal* Dm>

3.5 TSF

4.5 TS7 lii

i

IPT

i 11 U

ton. oiscrvtion

Cr*

OAI'MT Il/H

talk

5.O

5=
In.

4.95

REMMKS

«ai-aai ii/m
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GILBERT ASSOCIATES. INC.

SOZI AID BOCK CLASSI7ZCATX0H SHEET

CE1 - Perry Nuclear

PROJECT; Power Plant «■«

CONTRACTOR: Berron

DRILLER:.

4549-00 .IITI "» *. Parrr. Ohio

H 781.381.5

E 2,368,881

zE-ioa

«mp>t 1 w 2

MILL HOLI NO. 1-38

ELEVATION

MLB MM 2.1

CLASSIFIED BTi

£

i
a

—

—

—

•fa

a a

—

-

P

u.

E

X

1

1

Z

3

4

SPT

Bim/

41a.

• 12 II

A

&

24

n

n

if

7

II

57

n

n

Zl

IO

10

46

4Z

31

D

£

s

to

la

ff

mi

|| a

1*1

B.S

I*'

j DATE, 5-31-72

SOU. DESCRIPTION

&»••»» far CmMmmtI, C«fcf

Wil Try* • AouuarlM

- Beach Depoalca

. Beach gravelabrowntloaae,vat.

_ poorly sorted.aubround-roimd

. Same aa above

. LOBEH TILL

. Lt.brn.1 gray sandy clay 20-25Z

RF aax. 1" coarse •and 6 fine

. gravel .aolat.hard

"_ Cray gravely clay 3V40Z RF
■ax 1% .poorly aorted sand &

* gravel.aolat.flrm-hard

. Saae aa above

Gray gravely clay-clayey gravel

40-SOZ Rf.nolat.hard

_ Gray shale,flaale,dry

i
tc

Cml

ex.

a.

0
a

a
Cot

Rta

ta*

Km.

Can

utat 1.5

REMARKS

QnmmdWmtm.

Weathered zone M'-Al1

GILBERT ASSOCUTES. IMC.

SOIL ATO ROCK CLASSinCATlaH SHBET

CEX - Parry Nuclear
Pawar Plant «o 4549-00

CONTRACTOR i

DRILLER a Larrv

CLASSIFIED BY i—J

B£II2a

SHE AREA.

COORDMATCS.

B. Perry. Ohio

2E-1O4

iH»rr * am 2

DRILL HOLB MB- !-?«

CLEVATIOM.

oat.. 5-31-72
34 rots.

it*

SPT

Ihn/

4 1a.

I 11 U

SOIL DESCRIPTION

Cray ahala w/It.gray sandstone
■eaas.allghtly weachered and

broken probably olxcd v/elayey

Gray ahale & day, weatherad, fla« La

Cray ahale (Boulders) sad gravel

(subround-round aetaBorphlc RF
• angular ahale RF)n«atly V
7" of good ahala recovered above
broken shale 4 gravel. Probably
boulders & gravel In allty clay

Uoatharad ahale. flaale

bedding fractures 1/8-1/4"

apart, umieathered

I0.O

4.5 3.T

REMARK!

CT—lMl C—p.

■HaaFti

Moat ahale haa borlzoau I

beiiftlng.no clay recover •

ed.ona 4" place has

baddlag S° to normal

Cored

Two %S

(■eta*) at top of nm.

Cor* Appears abralded

aand k gravalT

a«i • in 11/u
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GILBERT ASSOCIATES. MC.

SOTJ. AHD ROCK CLASSXTZCaTXOH SHEET

CEI - Perry Nuclear

MmtfT. Power Plant ma 4549-00 trrr as»a H. Perry. Ohio

CONTRACTOR «__fcrr2n_____ cmbbuiath H 781.083.6

DRlLLEHi___B B 2.369.963.8

CLAUIFIEO BY: D.B.S. 0ATEI 5-31-72

2E-1O5

MILL HOLE Mfl 1-30

ELEVATION *08.3

6VL0HRI

Uuwt Cased eft

GILBERT ASSOCIATES. INC. 2E-1O6

SOIL AHD ROCK CUSSIPICATIOM SHEET

CEX - Perry Nuclear kmbbt 2 «■ 4
project : Power Plant «n> A>»9 siTe ash W. Perry. Ohio Bt|LL kqjj, Ma |-3

CONTRACTOR i __BBXXBIL___ COORBINATCS ELEVATION

ORILLER: £2 OWL 0 HRf
""■'■'""■ P.B.S. OATCi J-il'ft .. UMt

JM

« II II

SOIL OBSCROTKM
RtMARKS tPT

4 fat.

4 n it

1011 DESCRIPTION

ilff im C«lMm,L CalM

Raa

Iw.

REMARKS

QnmiWum.'
C—wen— PutliM. i

LACDSTMHE SEPCTEWS

Or-brn. (■ gray lacero«dded f .loo*
aand & alley day. aotac-vac.
fin, kcratlfled 1/8-1/4"

aa.u above, sray, store
aaad, trace of red clay

f.wet

Sane ma above, laas aaad, aore

red clay, flrn-eclff. oolat

Sane as above, craea of ahala RP

Zoaa of f. clayey sand

Gray allty clay, aoaa red clay 6

Interbedded f .aand.3-5Z RP.ux.
k".aeratiflwi.aolac,fIra

Cray clayey aand.laaaas of clay

loose wee-sacaraced.uascratlfled

UPPER TILL

Cray alley day:5-10Z RF ooacly
coarse aaad 6 f.gravel (1-3 on)

Lost spoon RCRBla bat

w/i

01

I-

LOHZR TILL

Gray allty
f.gravel.n .bard.

Sans as above, 15-20X RP

i.allty clay.sonca of RP

5-"10Z 4 25-30X, latter appears
aljghtly dacompoaad & friable.

Boulder Zone

Gray sllty elay.3O-3SZ RF.a

l",hard.nolst & dry xoaes

Gray gravely day - 40-45Z RF
hard

Bouldor sons 40-41

uaed roller blc

therefore solscore

a*i-tiT ii/w
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GILBERT ASSOCIATES. MC.

SOIL AND ROCS CLASSZFICATZOB SHEET

CEI - Perry Nuclear

■imrT. Potmr Plant me tm-Ofl MTB amwa W. Porrv. Ohin

CONTRACTORi Iterron

DRILLER i Ed

CLASSIFIED BYi P-B-S OATEl.

2B-1O7

•Merr.i^.oF 4

DRILL NOLI

ELEVATION

GILBEBT ASSOCIATES. QIC.

SOIL AND BOCK CLASSXnCAXIOir SHEET

CEI - Perry Nuclear

DRILLMOLE MO. *-M PROJtCT. *—r »—« ■«, 4549-00

_6=2=22_ r....*

CONTRACTOR t Harran

DRILLER > E<»

CLASSIFIED BY: P«B.S

.SITE AREA.

COOROOtATU.

bat«. 6-2-72

H. Perry. Ohio

2E-1O3

«H«T_J op, 4

DRILL HOLE Ma. 1-^0

ELCVATRM_^^^^___

OWL • »«■«

14 HRI.

!U

6 n ti

SOIL DHCIIFTIOM

Gray ahala & Lc.gray alltatoaa,
horlsoatal bedding & *"«

fractures, aaaft 45&900 to

broken la sanea

Sana aa above

100

ioo

Rw.

8.2"

REMARKS

■•!• IS? lS/i

a

a*

—

E2

iU

&±

u

si
X

i

SPT

Mm/

• k.

• n n

i
i

100. OESCRttniON

Dwultr («r C—liMMit CAr

S»tl Tysa > Aanwrin

• Sana aa abova

•

m

\ Sam am above

•

■

•

■

" Saaw aa above; 2" weak soae -
* flssle at 91•

•

_

•

3
a

*

O

a
a

M

.96

CtlBVM
OMwMliW

Cm

!■

loo

lao

100

Omhi
thrnm

lu.

Cm.

.

•

-

*

-

REMARKS

0«<M4*«tr.

Lost 18" of ran.
obtained poor re-drlll
racovary locoverwd] 8.3

♦ t.S - 9.8'

Low recov«ry;raa eat of

H2O «hU* cartns
CuBYftavtMPtt pound up

shal* at 85-86'

B/CaidttlAs Iti ^Tffi**

50' Us easing

3' He aaw tooth bit

Eatlamtad caalng

depth - 49'-»"

Oil ■ MT tt/U
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GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

CEI - Perry Nuclear

PROJECT Power Plant n 4549-00 jitE AH"* W. Perry. Ohio

rmiTi»*rTfta. Herron pwrnimTit H 780.986

n»iM»», Larry B 2,370,024.7

>-■ A«l«l»n »Tr O.B.S. OAT». 6-2-72

2E-1O9

1HEET 1 OP S

MILL HOLE no 1-31

ELEVATIOM 619.9

i 12

SOIL DKaiPTION

UCUSTRTDB SEDIMENTS

Or-bm. & gray allty clay .owlet.

atlff

Or-bra.elayey scad & v.f.nea

plastic sand,Loose & sofc.wot-

saturated

Sane ma above

Gray allty clay & latarboldad

clayey aand & aoa-plaetlc fine

aaa4.fln.«*t.«tratlCl«4

Sana aa abova

Saaa aa abov«^olM,aoft-flni

Saae aa above.leas f.aand.crace

of red clay

Gray alley clay.aaae red clay,
varved.trace of RF,aolst,flra

"fflr

t.

•CMAMKI

Location: 25* free 1-2

coward original 1-30

10* east of Una 1-32.

1-2. e actual 1-30.

(later awepaga

ASSOCMTES. INC.

SOIL AHD BOCK CLASSIFICATION SHEET

CEI - Ferry Nuclear

MOJECT: Power Plant. ma 4549-00 fire a»ia H. FeTry. Ohio

Herron COMOIMATIt

Larry

2E-110

IM«ET_I_0f 1

OaiLL HOLE HO. 1-^1

ELEVATION «

MLOMH

CLASSIFIIO iTi P.B.S. 14 Hit.

It

iU

m io

■ 3

S»T

Ibn/

• I*.

15)

I Co

Z5

223

S2S.

son. oesoiiptiom

iiv tm C—I

UPPER TILL

Gray alley cUy, S-LOX HF.au. 1"

angalar-eubroundad.noatly coaraa

•aod.flra.v.Bolat

Saaa as above

LOWER TILL

Cray allty elay,20-2SZ RF.aax.2"
coaraa sand & fine gravel.hard,

aalat-dasp

Saae.l5-20Z RF.noatly coaraa aaad
alsa.v.atlff-hard,molat

Saae as above

Sane aa abova,hard,damp 2O-25X IF

Saae as above.dry.25-MX RF

ter

■•M

In.

tEMARU

24" tee.

Did ant elevate rig aa

nap

Shelby #2 depth
ondeteralned-paabed

thrn.apoan hole - Jar

Shelby. #3 - pushed 9"

loat 3* - discarded

eat- ut ti/u
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GILBERT ASSOCUTES, INC.

SOU. AHD BOCK CLASSIFICATION SHEET

CEI - Perry Nuclear

PROJECT: Power Plant «a 4S49-00 SITS a«»a N. Parrv. Ohio

2E-1U

•MEET—l_o»

GILBERT ASSOCUTES. INC.

SOIL AHD ROCK CLaSSXTXCAnttl SHEET

CONTRACTOR i

miller : tarrr

C0OR0MATE1.

DRILL HOLE KO._1=3J_

ELIVATIOM

CEI - Parry Nuclear
ma ,

CLASSIFIED BT: _P_JLi4i_ HAW. 6-3-72
14 MRS.

DDnirrr: PflVRT

CONTRACTOR i __Bl

Mm". Larr»

CLAUIPIEO BT: *>

Plonr <

rron

.B.S.

. tITB a.»a B. Parrr. Ohln

2E-112

-*-OP_J

DRILL HOLE NO._L=2i—
roaanniATW Lneafd M* tram \~i wlhhmtACLEVATIOM.

original 1*30 alta.Bow aaprox. 10' _.
Mat Bt liaa joining 1-IS. 1-2 6 1-30 0*»-OHRS_

batb. 6-3-72 (Actual location) XtHRS_

SPT

aim/

6b.

too. DH

n* tarCw

Sdl Ty»* • Acmuvte*

"•tr

REMARKS IPT

• la.

6 II II

MO. DEtOUPTIOM

•Vsr

REMARKS

Oray ahala fraga aoaa v.f. aand-

atane.aoatly f.gravel alsa,

brokan,probably la alley clay 22!

to

Gray ahala v/lntarbuldad aaadstoat

aeaaa.caaaloaal bedding jointing

aoaa jointing aoraal to horlaoati I

bedding
0,0

Sana aa above;appaara aora

brokan

5.O A.O.

Driller had dlfflaoley

raxalnlag «at«r.

Raaaatad augara

Crarel froa abora oaea

to occupy tos of roa

Sana ahala

too

Sam ahala;jolnta in addition to

horizontal, at 15° to bedding.

Son* fractuxea aaaoelataa vf
aandatone lnterbada

100

Same; fracture 43° to bad

IOO

oai • an »»/•» oai . tgt turn
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GILBERT ASSOCUXKU BJC.

CZX • Pnrsy gli
1 PROJECT *—"• Pint ■■ 4W-00 mi .—> ■, >«w. «bto

2E-U3

**mw, a mm 3

BtOXNBURB.JaU.

BC.

TO.

. p.b.s.

— "

•ter

70*

,« *3*»-00 iw«—a B. htp. Chia

H
> a m

10

2S..

4 gray alley

.v.C.

■tatitW

'. las of f.■

.this

oC nc & hlorit eUy. dlraoctad

Gfeay «Uey day. iwtnTiKI a/nd
day, ob&k. tlmtlff

2E-U*

I — S

atS.S(
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GILBERT ASSOCIATES, DC.

SOIL AND SOCK CLASSIFICATIOH SHEET

CEI - Ferry Hnclear

«n,.rr. Power Plane ,fl »349-00 t«r. ^ma H. Pitt. Ohio

. Berron riMBnuTM

2E-115 GILBERT ASSOCUTES. INC.

SOU AND ROCK CLASSIPICATIOH SHEET

MILL NOLC Ma 1-32 waifct< ww^ plant /a W»-00 trrm uu B. Perry. Ohio
ILCVATMN ennTatrro.. Harrow COOROMATU

. P.B.S. OATfi__fi=2=22

(0

U

24,

Z8

3G»

46

Clt, (m C—Hi..iA Cmtm

Sana ma above, trace of RF,

acratlfled

-CTPEB TILL

Orar aUey day. 5-10X M.aag-
aubaag. .aoatly coarse aand,aa

3/4". atlff, anlat

LOWER TILL

Cray ailty day, 15-20X HF.hard.
damp

Sam. hard, natae-dans, 2O-25Z

Kr.ncoarae sand & f.gravel. Ma

Saae aa above

Saae. v.hard. 2S-3OX R7

Uib

In.

lEMAMS

Cmnnlt* ■nkhw. an.

16"

Rig Lifted when Shelby

pushed co 36.5

22-116

3 w 3

MILL NOLC MO. ^~3^

(LIVATIOM_^_____

C*L 0 "■«

UNM.

02

£

21*

IS

• II U

T7 A*

1*7

■OH. OUCRIPTNM

Daaalty fm C—HWmilL CA>

UUTyp*.

Same aa above

Saae aa above

CHACRIH SHALE,

Cray ahale, broken & weathered

Safe shale sane (gravelly dayI)

60

&SSL
kite

10.0

Cm

8o

RIHAIKS
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PROJECT .

CEX - Fttrry Unclear

Pdwt Plant ■ a _

GILBERT ASSOCIATES. INC.

SOIL AND BOOK CLASSIFXCATIOH SHEET

4549-00 iit* a««a H. Perry. Ohio

oaitipn, Ed

CLASSIFIED 8Y:.

etxmttatittx M 780.797.7

B 2.370.116.8

bit*. 6-10-72

2E-119 GILBERT ASSOCIATES. »C.

SOIL AMD ROCK CLASSIFICATXaH smner

lm 9 CEI - Perry Huclear

drill NOLI NO.i-Sli. ■"""■ Power Plant ■« 4349-00 »it»«..

mvATMM 622.t enMTBATTfta, Herron COOROMATCS.

BWLflMa* DRILLER i.

W. Perry. Ohio

l4Wtt_satiSH__ CLASStneOBVi oatb. * 6-10-72

2E-120

ORILL NOLI MO- 1-33

BLtVATBH

6VL0NRS

14 MRS.

SPT

Ibn/

II II

SOIL MKRIPTUN

■■hr <- f

fell Typ*

Sat am mhorm, «atur«c«d, safe

v.r.aand.aaft.aacurACed

alat«rbedded _
ty day & v.f.

vet-aaturatad

clayey tUt

Sana aa 14, nore V.7.aaad

laBijiatad.craee of red day

Gray alley clay w/aoaa red day
lamloatlona.flrB.aolat

oray tiity clay 5-iuz ur:lay a

"BUB"

Onto

In.

RIMAJttS

UPPER TILL

i

Ei io

SPT

4 k.

« 11 11

fiu EL.

4O

Z

SOIL 0HCRIPTI0M

Omaln fa CawtoMMy

Ho ree.

Crayj

SAME

LOWER TUX

Saaa. hard, aolat

Saoa aa above

Saae, bard, aolac, w/pe flaa
gravel

Saaa. max V

.daap-Bolat.

"••3T

RCMARKt

CD. 8BELBT - 20"
paahl17'' recovery
lifted ot track

2E-60
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GILBERT ASSOCIATES. IRC.

SOIL AHD SOCK..CLASSIFICATION SHEET

CEI - Perry Huelew

Power Plflnt m 4549-O0 tnm H. Parrr. Ohio

CONTRACTOR:_

Mil I »B . Ed

CLASSIFIED BY:.

Heiron coordinates.

6-12-72

21-121

Sheet. 3 am 9

DRILL NOLI HO.U=U—

ELEVATBN.

CWLOWU.

14HRS.

a. «

H

IL2

Blm/

Ate.

28

SOU. DESCRIPTION

a & clay.watharad

Sbm; flaala

Cray ahala w/cfaln It.gray aaadi

aaaaa.chin vaakar usu & braaka

aaaoclaead w/aawfatoaa laaaaa,
bortzoacml bedding fractures 4

ana 90° * 30° to bedding

Sana v/o 3O« fracture

oo ie IOO

klU

"rar

too

too

iitaau

C—»til— PiaUM., .m.

.5-60.0

CEI - Parry Huclaar

PROJECT: Power Plant ma

CONTRACTOR» Herron

DRILLER: *A

GILBERT ASSOCIATES, INC.

SOU AHD BOCK CLASSIFICATION SHEET

45*9-00 irre aria H. Parry. Ohio

COORDINATES.

CLASSIFIED 6Tt

T

D.B.S, DAT! i. 6-13-72

2E-122

DRILL H0U NO._Lsai_

ELEVATION_-_-_^

OWL OUR*.

J4MRS.

SPT
SOB. DESCRIPTION

•By faf C*mImmmtL CdUt

Shala w/nuaaroua braaka, plaeaa
l-3",«oft Maatharad ahale son*

3" chickJ» 89' ,jiail<llng fracture
4 soaa 30s 6 60* to baddlng

Cray ahala if/few wask sonaa, occ
30° 4 5° fractures.aeM cross

bedding 1" 4 2" pc. betMaan
62^ 4 64.0'

\OJ>

tM.

CsMal

•3-4

REMARKS
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CEI - Perry Huclear

Power Plane »n

GILBERT ASSOCIATES. WC.

SOIL ABD ROCK CLASSXFXCATXOH 8SBEI

4349-00 mtu *■>* *» Perry. Ohio

CONTRACTOR■ Harron

DRILLER: Ed Saewvk

CLASSIFIED BY < R.-2J-

coqrdmates.

aat.. 6-14-72

2Z-123

BRILL MOLE NO. 1-33

ELEVATION.

<WL Q NRt.

CEZ - Perry Nuclear

Power Plant ■ n

GILBERT ASSOCIATES. IMC.

SOIL ABD BOCK CLASSirXCATKB SHEET

&549-00 «nrp A«gA W.

2E-U4

CONTRACTORi. Harron COOROIMATU.

va s.

14 HIS. CLASSIFIED »T: *-P.V. OATEi.

1
o

—

—

—

i
r—

n«

i]

|=

i

SPT

• h.

» » It

i
if

sot DtsaurnoN

lad Tfpa • AatauartM

" Cray ahala w/aandatona aaaaa «/

I weak seaa from 103.5-103.9*
- (croaabaddad w/f.aandatona aeaaa)

I Cray ahala w/waak ante 17.2-17.4'
. (aofc gray clay w/ahale fraga)

" Few ramiaT^nw aftmti

I Cray ahala w/14 aactlona froa

. «i"-1V thick of waak.croaabedded

- shale layera 9 124' and IV* thlc

" layers of tan aandatane waa

1 observed

i
a.

*•>

0
0
«r

.•n

Omwhr
Mb

■Vet
Ca«

••

too

100

ipo

■m.

C«n

-

98X&.

•

-

_

•

-

REMARKS

Owaml Cap,

Otih,u Dwt.

f—«»«'l— Pi■■!■■». mm.

son. otscRirrioN

Baal* far C—lmi nl. U*

Cray ahala w/aandatone aaama &

layara.exteaalvaly fractured,

aoaa croaabaadlng .weak,tonaa

between U7 fc 138 (aUty day w/

ahale fragaenca)aeaa yart.

fracturea, 60°

Cray ahale - weak sanaa of gray

alley clay w/ahale fraga §140.5*

143', 143.8' t 147.0*

ahala fracCured horlxaatally

Var

too

10O

Cm.

RINARKS

2E-62

Revision 12

January, 2003



GILBERT ASSOCIATES. IMC.

SOU AND BOCK CLASSIFICATION SEER

CEI - Perry Mudear

PROJECT: Power Plant an 4S4»-00

CONTRACTORi Hurron

Ed S.

6-15-72

.SITE AREA.

COOROMATB.

Parry. Ohio

2E-125

SHEET 7 ft, 9

OftltL MOLt m> 1-33

ELEVATION

gilbert associates, inc.

soil and sock classiptcatioii sheet

CEI - Perry Rideax

noit i >n.

CLASSIFIED «»■ *»vy DATE i I4HRS.

PROJECT: Power

CONTRACTOR: Bft

DRILLER t Ed

Plane

rnin

.B.S.

.fl 4549-00 mti am**. B. Perry. Ohio

COQROMATC*.

2E-126

INBTT I M 9

DRILL HOLE NO. _1=33_

ELBVATMM_

oate.

SOIL DESCRIPTION

OttMlty br C■■■!■!«■»>L Cal*>

Sail Tfp* . AwniHi

Gray aluUe.SOt eroMbe<LUd w/clay
■mm t l/8-l/2n,MM tia baada
of

Gray ahala w/Lt.gray ■■wiatow
■earn,gray day aen 1/4" thick
9 168.r BorlBoatAl bedding
fraccoraa, but not extensively

developed on the 1/4-1/2" acala

Same «a above 1/4" clay leas 9

17S light petroliferous odor on

fresh breaks

■V5T

100

10.0

too 100

RKUARIS

i fraH—». m

Clay appear* lensatlc

& la eharp eaataet «/

aurfaca. day does

not aesa to be reman*

of weathered shale,
day la ■"<*-*■«■*» pi»i

not allty. Baa

allcbely brlay taate.

SPT

41*.

4 n \»

SOIL DESCRIPTION

uKy U» Ca

ft^aJI TeaaMl

Saae,sandstone coaea up to 1*
thick (40-SOZ SS) day aaawi

V « 180.1
2" 0 ISO.3-180.5

1" 0 180.65-180.75

•s" i 181.35-181.38
2V 9 181.6-181.8

3/16 to 3") 10Z eroaabeddlae -

2" day aesa 9 197.5', longest

pe. 0.85*

Salt*

\oo

IO-O

too

REMARKS

OA|.*XT ll/tl
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GILBERT ASSOCIATES. DiC.

SOU. AHD BOCK CLASSI7TCATI0B SHEET

CEI - Parry Muclaar

Power Plant _. 4549-00
.■a.

CONTRACTOR:-

"■■■■»■■ Ed Sawyck

CLASSIFIED BTi ____

.sire area.

COORMUTft.

Parrv. flhla

BAT., 6-17-71

2E-127

imppt 9 nm 9

DRILL MOLE NO.J__

ELEVATION_____

WIOHU___

34 MM.

_j

|_

SPT
son. Dtsanrrat

—IT—i.

Gray ahale, t 13" ereaateddlas «•/
flna gralnad aaiwIatODe aeaaa

cUy m«m( 200.6' & 202.2'
Leagaat pe. 0.7'

tSm

\0O

REMARKS

Boring coaplaud

PROJECT i

GILBEST ASSOCIATES, WC.

SOU. AHD BOCK CUSSirXCATXOH SHEET

CEI - Parry Huclaar
Power Plant »q 4549-00 urm abba H. ?ttrr mil.

CONTRACTORi_

DRILLER i John

CLASSIFIED BTi

Barren B 780-

E 2.370,123.9

2E-128

SHEET___O* _.

DRILL HOLE NO.J__

ELEVATIOM_____

OWL 0 HIS__

DAT!!______ 14HRJ.

OAI-U! Il/M

SOIL Df(CRIPTION

nny km CmmMmmvL bbr

lall Tjp».

ter

REMARKS

Caatng (-64* of 3V 80g)
Tnafal 1 atlan for

StoOy.

Ho reek cera

60 aoU-radrill rata.
Baaa of casing 60'

Caalag installation
tlaai 9t hr».

7:30-11
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GILBERT ASSOCIATES. WC.

SOIL CLAUVICATIOM SMCCT

rn.ini.-rM. Rawmd Int.

mi,». Don

D.B.S.

4349-00 w abba H. Berry. Onto

<•«"«■"« M 780.658.8

E 2,370.132.4

iiatb. 6-3-72

2B-129

in«rr 1 we 3

ORILL MOLE NO. 1-38

ELEVATKM 622.1

cwi bum 5.6

14 MM. 4.0

JT*

|

:L

*PT

6 II II

LACDSnXNZ 5CTTMKWTS

■ Or-bm & gray Isterbaddad ailty

■ clay * v.f. aaadOua plaatle),
- flra.ooiac

■ Saaa aa ■bova;aora elay.wet

' Sana aa above

IU

Dwt* fcr CiHlimnUi C«l«

Ull Tfp*

. Gray v.f. aaad 4 latartaadded

. alley c^iy.aeraelflad.aaft.

. Gray sandy allt 6 day

Gray v.f.aaml & intetbcdda4 alley
tratlf - "
clay

elay.acratlflad.aofe.wec.eraca
of zt' -' —

. OFFER TILL

Cam*

VRT

REHAMI

Cwmnli Pmim. «a.

1-35 - added by V/C
apptn. 100* froai 1-1

1-35P - added 17.5*
aaac trtm 1-3S far

ptwue*. «acar work

Mo aaaplaa - Harron T.L

16-Eee

24" Rae

GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION SHUT

CEI • Parry Nuclear
Power Plant ma 45*9-00 iitb abba M. Perrr. Ohio

contractori HaTBoad lac.

boh i i», Don

COOSBlNATes.

2E-13O

ih>pt 2 m 3

MILL MOLE NO.Jd2L_

ELEVATION

CLASSIFIED ■». P.B.S. batb. ft-5-72 uia»

0*1 • IIT 1l/«

Pi

to

SPT

Sim/

■ fa.

ZB

rc ^E ^*

rc he R*

y>

lOtt. OeSOHPTKJN

Mara* and

fln-aclff.aalae

Saaa aa abova

Saaw as above,5-lOZ RV

Sac* as above it IV

TOFtt not hazd.oalat,

Saaa as above buc sanea of 90Z
v.f.aand.and aenea of 65-70X

aand

Sana as above, son R7 1/8-1/4";
hard.«olat-daap,15-20X RF

Saae, nora Rf at

Ulb

17" Rec

Puahad 21" 18" Rae

41* . drilled hard

(tubs sheared at and)

15" lac

19"

2E-65
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OLBtSX ASSOCIATES. OK.

sea eumnakrmn mm

COBBST ASSOCIATES. OK.

MIL eVASSIFCATfM SMUT

2S-UZ

CP » Parry BbcImz
MiOUECT: Tmur Plum

Mn.koum.J-2L.

Bfti

SBttB

«/U.gnv

XOXtt BEPIB

too

tim

«Utf ci^, at, at.

On?

r r r

incBtaddad, (la, win
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CCZ • Sony Asian

PROJECT:
famt Pleat .•■CL.

WKT

2B-U3

en • Vttly

COBZBT ASSOCIATES. QIC.

MIL CUUUF1CAT** SBIIT

2E-U4

««—» ? y 3

^^■■■—

CUUU'tEB BTi. P.B.8. DATI.

mini. P

tar
SOB.

■Kthrb

9> :U IV *1

H it. W *S

io

pi rc 4E ?•

99B48

pi rc ie t

; io-isx v. ob V

1SZ V oaa» - ««y

, SOB, 9KJ

2O-35Z V.

22-Iae.

IS" tee.

Uaaac.

ttT

Pi X IE F

PI

pi rc

B9 BK

S3

tesy sooy cl«y.awtfj elay.
taa«. dry

ft-

10.0

Sam. Ala 8S

T4-TS
50

19* tee.
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GILBERT ASSOCIATES. INC.

SOIL AMD BOCK CLASSIFICATION SHEET

CEL, Perry Sudear

POVBT PXfl0t m a
PROJECT :

CONTRACTOR i HarrOtt

MILLER i In HUMhrflY

CLASSIFIED BY. *tP»Vi

4349-00
.SITE AREA.

Perry, Ohio

2E-135

IMEET_1_00

H 780.224

E 2,369,808

bat.. 7-29-72

ELEVATMM 622.8

bwl a w«

UMI.

a

a

a

is

i

SPT

Btam/

a I*.

« 11 11

S

i

SOIL DESCRIPTION

OvMMy (at CaMbMWMy), Calw

SaU Tyaa . Asmiarte*

■ Gray ahale .exteaalvely croaabeddc<

* me fine ii*1w*** aM^at<nM hi*

' fractured day aeaa fl 60.2'

* Gray ahale, son croea bedding

* v/flne grained aandataae aeaa*

|Saaa

•

MO

no

I

o

>5I

Oraaaav
Saib

•Var
Can

Raa

s?

*o

SP

7*3

23.
Rac.

Caia

*

-i

„:

■

REMARKS

Ofaa»a«sMt.

Cawk^iu. •n.Uma. «•.

Preaanreaatar hole -

no aaspllng froa

0-58.5'

Praaanreaetar taata in

aoll 0 45', SO', 35'

Longaat core acetloa tm

L.C.S. 12"

L.C.S. 10"

CSI - Perry Hudear

Power Plant ma

GILBERT ASSOCIATES. INC.

SOIL AND SOCK CLASSIPICATIOH SHEET

4849-00 trra AMtA Parrr. Ohio

CONTRACTORi

MILLER: L.

COORDWATU.

CLAUIFIED "• R.P.V. bat.. 7-29-72

2E-136

SHCeT_2_0P *

MILL HOLE no I-36-P2

ELEVATION 622.8

CVLONRS

J4HRS.

g

^l

SPT

BUW

SOtt. DCSCRIPTION

Ommttf (m CwMaMyl C

■Wil Tvtw

Gray ahala.eraaabaddad.feH flae

gralBad aawlfftnt aeava

Cray ahala, aoa

«/flne grained

crora bedding

Saae

Gray ahale, aoaa crocebeddlng, .
lyfi^jf^n^^ fine gT^^it^ii aand—

atone aeaas, few 90° fracCuraa

a*i> in ia/M

M.

&0

too 90

•■HARKS

CMMi

Longeat Cera Sactlon
10-

L.C.S. 12" ■

L.C.S. 12

L.C.S. 10"

a*i • ut !■/■
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GILBERT ASSOCIATES. INC.

SOIL AHD ROCK CLASSIFICATION SHEET

CEI Perry Nuclear

PROJECT: Power Plant ,„ 4549-00 %ITm Aae^ Perry. Ohio

CONTRACTOR i.

nan i»i L. Huaphrer

rn«inra«T. R.P.V. BATI. 7-29-72

2E-137 GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSI7ICATI0R SHEET

utiT 3 a, 4 CEI Perry Nuclear

Drill hole NO._L=2b=E2 ■"""■ Power Plant „„ 4549-00 *nm am*l Parry. Ohio

ELEVATMat 622.8 CONTRACTOR i_S£S2£___-_ COORDINATES

flat ttum*. """»■ *-- lh™»lira«

bat.. 7-29-72

2E-138

J_OP_i

DRILL HOLS NO. 1-36-M

ELEVATION.

BVLBHRS.

14 MS >■"'«»""■ R.P.V. 74 Hit.

c

fOB

—

i

i

SPT

• la.

a 12 IS

at

i J
tan. description

UilTypa. lim—l—

'•

■ Gray shale, horis. bedded, w/flna

• grained aaadstoaa aeaaa

-Sana

■ Gray ahala, Boris, bedded, oee.

' croaabeddi&ft w/faw flat grained

■ aandatone aeaaa - aoaa 90°
" fraccurea-

a

V

mi

98

■90

1

.at

,

GfaMMtaV

SMI*

Can

«n

SO

IO15

50

lOAS

IOO

IAS

IOO

swU
Raa.

Cam

«;

"\

• :

REMARKS

L.C.S. 10"

L.C.S. 9%"

Raeavered 1" froa
prevliMa run

L.C.S. 10" •

L.C.S. 10.5

OM'UT Il/U

z

a

11111111*11II11111fcl11[SI11II11

i
m

SPT

81m/

«h.

6 It It

i
i

SOIL DESCRIPTION

Oaailty br CaalaWKy), Catot

Sail Tvm • AacsaaatIm

• Gray ahala, few layara at tan

- alltatone, aeaa ereaabadding w/

" fine grained aandacoaa aeaaa up

* to 2" chick

- Gray ahala, aoaa fine grained
. aandatone aeana, naaalve

"Gray ahala, aoaa fine grained
" aandacone aaaaa, aaaalva

End of Boring

|

V

Ha

i

•7B

Mt

7S

•is
Cm*

Bit

|IB.S

iOO

isas

•41S

May

tc
Ih.

Cm

&i ;

REMARKS

ClMalMlCMa,

OiiiiIWw.

CwainMMM PraUiM, an.

L.C.S. 9"

L.C.S. 10"

L.C.S. 105"
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CILBtRT ASSOCUTIS. INC.

"«-AND ROCK CLASSIFICATIOM SHEET
CEI - Perry

Power Plant ».o. 044549-000 j,xe area H- ?■—v. Ohlt

CONTRACTOR: Herran COORDINATES _

DRILLER: ,

CLASSIFIED BY:

Ed Segwvek

sr

JP T

4 4*.

6 12 II

sr

sr

sr

3-1

3-2

3-4

OATE> 11-13-7*

2E-139

ORILL HOLE NO. 2__A_

ELEVATION 621.3

C*«- •> HRS ________

24 HRS _______

CR.BIRT ASSOCIATES. MC

SOIL ANO ROCK CLASSIFICATION SHEET

2E-14O

DESCRIPTtOH

D*ul«r (•» Cmlm-rL W—

Rack Of fall Typa • AccnnriM

feHO»R*di

But*
SIM

REMARKS

Omala-GM*.

O«i(nw«l_) PnHi m,

Moved 3« tut

after comple

tion of borlnj

to take ahali
by cube

eaaplee

CEl - Perry Huelear $heet_L.of 3
project: Jo*« ?l*nt WA 04A5A9-000 ,ITe ^A M. Perrv. Ohio 0R|LL ^^ M 1-37

CONTRACTOR: Harron COORDINATES II 7BO.54S ELEVATION 621.3

won ■ co. Ed Serwck 12,369,875 «mi n»p» 4.0

OATE: 11*1"72CLASSIFIED BY: D.B.3.

G*L 0 HRS

24 HRS. 2.0

0*1-117 t,fl

i
a

a

=

—

——1

_*_VJ

22.

■—a

—.

4?
___a

bo

No.|
|

1

2

4

s

6>

7

a

to

AM

II

12

I*

14

IS

SP7

Blow.

•

»

1

2

l

3

4

f,

3

3

£1.

10

17

Zl

15

20

lla.

12

4

J

J

2

2

c

5

5

BY

14

43

»

2S

17

/

11

4

1

4

3

4

©y

7

7

ft

to

57

»

2B

J7

•

£

• o

TO

ID-0

Iff*

Hi

ni

Kri

1.-

Me

***

*!■?

1

■.a

m

DESCRIPTION

Rack Or fail Ty»« • Annmartt

. Or-Brn. v.f .sandy alley day,

. firo, moist

• Layers or.bm.f.aand & bra grey
. alley clay•■oft wae-aaeurated

• Grey clayey silt w/layera f.sand
■ & alley clay,fin, wee

- Grey clayey silt, 3" f.aend.vet,
- soft

- Same, v/1/8" layers aaad inter-
* sperced

- Grey f.sand,clayey sllt.sllty da

• vAer.blk.orga_ca,laminated.
. stiff.aoist

Same aa above w/red alley day

- Sams aa above, leaa aaad

- Same.w/tr.crse.KF

. Grey alley med.sandy day; 5X B?

• stiff moist, tr.red clay

. Same;v.stiff 2" layer of alley
erse.aand

- Grey clayey aed.-crse.sandy silt;
> hard.damp;20-25X RF.msK. 1/2"

" Same as above

• San

. Same{except damp-moist k v.stiff-
, hard; ln allty erse.aand layer

_

U.S.C.
a.

z.

%

z

z
■

ex.

CL

ML.

1 MIOrRMfc

s
el

*

_

-

R«i«i

Sin

•

Cfaia

•

■

•

•

-

•

•

■

«J

-

REMARKS

* Waxed apUt
■aapla

Boiler bit uaed
to advance hoi

ST3-1 Push 2'
Bae 9'

Puahed 32.5-34.:

2E-70
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CEI - Perry

PROJECT: Power Plant

GILBERT ASSOCIATES, INC.

SOIL AND ROCK CLASSIFICATION SHEET

2E-141

• a. H. Perry. Ohio

HerrimCOMTRACTOR:

»».., »„. Ed Serwvck

CLASSIFIED BT:

COORDINATES.

D.B.S. DATE:

SHEET 2 ,1*

DRILL HOLE NO.

ELEVATION

CWL 0 MRS .

34HRS.

GK.BERT ASSOCIATES. MC.

CEI - Perry Hude.5?1" *• WCK tUWttT" ««T

4.0

2.0

PROJECT:

CONTRACTOR:

pDII^B- I

Power Plant mn

Barren

!d Sezvyck

CLASSIFIED BY: D.B.S.

044349-000 „„..«.

COORDINATES .

hat*. 11-1-72

Perry, Ohio

2E-142

0" 3

DRILL HOLE NO. 1-^7

ELEVATION 621.3

O»L 0 MRS *'°

24 HRS ?'°

17

SPT

4 In.

6 1} II

za ifl Mi

65
j±4

DESCRIPTION

Dually (at CanalMaMy). Colo*

Am* Oi Sail Typa - AmM«*taa

clay 40-50
hard,damp

Cray ahala w/lt.grey SS eaaa,

broken & clayey weathered shale

sonea thruout run;approx. 1.3*

of solid shale la run

Grey shale,aasslva,no fractures <
weak sonea (core broken, to fit
in box),It.grey thin SS Beans, a

few danae tan sonea (aphantlc,
not fiaalle,denser than ahale,

unsillceoua.in gradatlonal

contact v/ahale, 1/4-3/4^ thick;
and atoneT)

Sane as above; 1/4*
zone w/301 hairline fracture &

▼•thin clay parting at 77.9

of sandstone up to

2" thick at 90.8. 91.7. 93.0;

hairline fracture 20° at 95.0',
no apparent weak sonea

£a M-402 Hsthanoaatar waa used
to detect concentration of

aethaneaater (C^) gas.

Generally the boring waa balled

down to the detection depth.1

ill:/

Sail Or Rack

Raaai

Siia

Can

IO.O

100

IO.O

10.0

Grain

Sftaaa

Caw

4.1

IOO

REMARKS

OmIiiI Chm,

Caalaaje 0—.

L.P. 0.4

S.P. H/A
Avg. .15

Methane 0.25X

L.P.

S.P.
Avg.

3.87'

0.16
1.0

Methane 0.1Z

L.P.

S.P.

Avg.

1

0

0

.20

.03

.60

L.P. 2.8

S.P. 0.09

Avg. 0.90

ms

I4O

SPT

SIM*/

4 In.

« \2 »

DESCRIPTION

Oaulty <a» CaialiNMy). Cahf

Raeh Or Sail Tya. . Acoaaaariai

eat. 10-15X aandatone mmt

slightly broken & clayey at 97.3

97.5; near vertical fracture
98.7-99.1.102.2-102.4,104.0-104.

broken & clayey sone 105.1-105.2

Sanav.ast. 10-15Z sand aeaaa;

suspected sane of clay sssms

between 111.9-112.9 (alight

wridarton in a aand seam & 0.02'

clay Man at approx. 112)

eat. 1S-20Z

max. thickness of sand 0.2' lrre ulpx

fracture 125.2-125.4 6 60°, nearf
vertical fracture 125.9-126.

Saaa;broken at 126, clay eases

O.I1 thick at approx. 129. 135,

aoae oinor clay seams between,

slightly broken at appro. 132.

eat. 2O-25Z SS thruout

max. SS thickness 0.2',snail

60° fracture at approx. 142

Sane aa above;aathane 5Z

after balled dry - open flane.

no odor

0AI-U7 B/Tl T.D. 150' - hole ballad dry

Sail Or Rack

Rana*

Siia

Cara

iao

IO.O

10.0

10.0

10.0

4O

Ct«ia

Sfcama

tao

8C-

10.0

REMARKS

0aalaaj«0«M.

L.P. 1.15

1.52

0.04

0.8

L.P.

S.P.

Avg.

Clay la sllghtl;

alley 4 in ahai p

contact w/shali

L.P.

S.P.

Avg.

3.10

0.10

0.90

L.P.

S.P.

Avg.

0.95

0.02

0.50

L.P.

S.P.

Avg.

2.

0.

1.

42

02

0

L.P.

S.P.

Avg.

2.2

.35

.8

"2E-71
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CEI - Perry

PROJECT: Power Plant

CONTRACTOR:

OL«CRT ASSOCIATES. MC

SOIl-AHO ROCK CLASSIFICATIOM SHEET

VA 044549-000 $)TE MeA W. P^rrv

SHEET.

2E-H3

.OP

Ssrron

"»»'"■ Ed Sa«veyk

CLASSIFIED BY: D.B.S.

COORDINATES W 780.490

E 2,369,915

DATE: 10-17-7?

DRILL HOLE NO. 1-38

ELEVATION 623.1

C*L 0 HRS *»3* '_

3.5*

CEI - Parry Hnelear

PROJECT: PoMBr Plant «.<,.

GB.BERT ASSOCIATES, MC,

SOIL ANO ROCK CLASSIFICATION SHEET

044349-000 ,„. iOEi H, Parry, Ohio

2E-144

CONTRACTOR: HerTOn

ORILLER: Ed Serwcvk

CLASSIFIED BY:

, SITE AREA .

COORDINATES .

P.B.S. DATE: 10-17-72

SHEET ?_OF

DRILL HOLE NO.

ELEVATION

ML 0 HRSa. £. B«BB1 —J is IS
i 1 i ? 3 4- 5 8 9 „ /Z '3 IS Ho

SPT
3 5 3 2 4 0 4 3 2 4 3 it i+ /4 /4

Sin. 12 4 4 A 4- 7 4 '9 '7 ,7
11 7 1 6 _ 4 7 /Z 30 S; !4

i
F
l
.
R

•
P
i
o
f
l

Cf-C
RashOrSaJlTyaa•Aceaaawl

M

.Or-brn.&greyV.F.aand4clayey .aUt.flrm.aoiat •Same,saturated .GreyV.F.sand&silt.firm-dense .saturated •Same.mostlyofaaad.wst, laminated,tr.clay *Sameasabove .Same,stlff.tr.organicclay -Sams .Greyalltyclayv/somev.f.sand, thinlylaminated,moist,firm-stil redlaminae,tr.sub-roundpebblei 'Greyalltyclayw/S-lOtmed.ssnd -RP..moist.stiff •Same,max.1).angularraubround, -soft-firm )Sams,stiff,10-15X87 .Greyclayeyellt,10-15ZRF.v. stiff-hard.moist.max.«jn "Same,appearsdry-damp,hard, -increaseIncoarsefraction, -15-201RF .Saneasabove .Sameasabove 'SameCb ex. 2

SPT

Blwa/

Ala.

6 U U

t4 Z7

DESCRIPTION

Danalty (af Cwwlitaasf). Cahjr

Rack O» Sail TyM

Same; 2O-2SX IP; max I"

Gray clayey gravel

Gray ahala,shale frags e clay,

mathered,fractured 4 broken
cones.fractures 4So,60°,90°

Grey shale v/thia It.grey silts
seams.horizontal bedding, and
weathered

Sams;unveathered except at 71.3

". weathered ahala lena (appeara

Ilka clayey f.gravel - due to

redrlll ever weak soneT)

- Same;no broken or weathered senei

T.D. 77.0

Sail Or Rm.

Cwa

Crala

REMARKS

Oaola#le Qm,

GmaWVakir,

Cawit^cttaa P it I

aample 56.5

L.P.

S.P.

Avg.

L.P.

S.P.
Avg.

Core
thru

had

0.7

0.04
.4

0.4

0.2
0.3

fell out

retainers

to redrlll

therefore poor

recovery

L.P.
S.P.
Avg.

L.P.
S.P.

Avg.

«oS
.6

2.7
.2

1.5

2E-72
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GILBERT ASSOCIATES. MC.

CEI - Perry Nuclear «"»• AND ROCK CLASSIFICATION SHEET

PROJECT: Power Plant ■« 044549-000 _ UTE utEA H. Perry, Ohio

CONTRACTOR: Barron COORDINATES W 780.600

DRILLER:

2E-145

Larry Humphrey E 2,369.870

SHEET L-OF

DRILL HOLE NO.

ELEVATION 621.3

CEI - Perry Nuclear

project: Power Plant wo

CONTRACTOR: HarrOn

CR.BERT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

044549-000 €1T« iB,A H. Perry.
, SITE AREA.

COORDINATES .

Ohio

CLASSIFIED BY: R.E.L. OATE. 10-16-72

5.3*

M MR* 3.6'

9 13:30 "— i f- T-""f

CLASSIFIED BT; R.E.L. DATE; 10-16-72

-2 6

SPT

Bb»a/

6 In.

6 II

DESCRIPTION

Dually (at C—uiMaaqr), CaU»

R**k Of Sail T—» • Ammilu

Brawn aottlad v.f. a—idy allt,

damp to anlat.v.thln horizontal

layering

Gray ailty v.f. to flna aand-and

gray broim allt v/llttla day

In appro-. V alternating layers
_J»l»_to_Y*t

Cray clayey allt ~Eav thin alley
aand lsyera.molat-veS.aoft al.to

Bod.plaa..Bod.dry breaking atrenh«l

Gray fine aandy allt,soft to ned
nolst eo vet

Grey allty fine aand to f.aandy

allt w/tr.clay.aolat.layered

Gray allt w/tr.clay & gray allty
f .aand In approx. 2" layers.sola **

to vet tr. of reddleh colored "

nit

o.

ML

Gray allty clay v/est. 15Z c.ssnd
alx* pea ahaleldaap to oolat

allghtly to mod.plaa.,aed.cana.

Gray allty day w/eat. 15-20X e.
aand alsa pea shala.da-p to vet

to ved.stiff.red colored etreaka

Gray aandy allt v/eat. 30Z coaraa
aand & f.gravel,—uitly ah.pea

dry to danp.v.atlff

Gray aandy allt w/aome fine grave L,
aand vanea from f.to c.gr. dry

to damp.v.stiff

Same aa above

Gray aandy silt v/eoaa gravel up
to %",eat. 5-10X gravel.eat. 202
sand,dry to damp,v.«tiff

!•» Or Rack

Hit

Can

REMARKS

CMftrMttaa

Ivo varlatlea

of material

2-

fi£

SPT

Slowi/

6 In.

6 U II

DESCRIPTION

Owoi* |w CauiilWMyl. CM-

Rack Of Sail Tyaa • AccnMttaa

Gray gravally aandy allt v/a few

cobbles up to 3"»v.hard glacial

till. Shale booldera up to 1 ft

thick Interspersed In gravelly

till - exhibit only alight

weathering and horlsontal beddln [

Same aa above

Gray glacial till - weathered

bedrock contact between 60 •
62.3

Gray shale w/thln fine grained
aandatone laycra, aoma grinding

of core through aplnnlng aaaka

any sonea of vnarneaa

Same aa above v/a few weak sonea
up to .05* and a weathered sone
from 72.5 to 73.05

Boring terminated 9 77.5" In gray
shale

Sail Of Rack

Ran**

C—

S.o

tmO.Q

Crtia

REMARKS

■tealCaa*

OaalatlcOaM,

L.P.

SP

Avg.

L.P.

S.P.

Avg.

.62*

.05'

.20*

.9*

.02*

.35'

0AI-U7 t/Tl
OAI . ta I.T*

2E-73
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GILBERT ASSOCIATES. IMC.

__ „ , SOIL AND ROCK CLASSIFICATION SHEET
CEI - Perry Huclear

P PI*.q. flAASAQ-nftA site ARC* « »-PROJECT: PftiwT PI Ohio

CONTRACTOR:

DRILLER: I-wwi-Um.

CLASSIFIED BY: D.B.S.

y

COORDINATES 8 780.480

E 2.369.990

2E-147

SHEET l_OF 3

DRILL HOLE NO. ^-*»

ELEVATION 6*2-3

OWL 0 HRS A.O

GILBERT ASSOCUTES. IMC

«t «. ~. , SOIL AND ROCK CLASSIFICATION SHEET
CEI - Perry Unclear

COORDINATES

DATE:

PROJECT- _,,

CONTRACTORl .

Dffil IPP- _

CLASSIFIED BY:

Power Plant «*

Barren

Lvww !.»>■•

D.B.S.

2E-148

SHEET_i_ OF 2

"*«» DRILL HOLE Na *-*ft

, ELEVATION *?>->

DATEi 11-1-7?

CWL 0 HRS 4.0

2<HRS_JLJL

Ik

a

O

—

To

BWBPI

3

2S.

—

ii

maaaBi

4O1

i£

So

i
.•

i

2

»

4

S

fe

7

a

9

to

II

12

<■>

14

15

SPT

BU«i/

4

2

«,

3

7

•i

3

IZ

5

«,

Z

4

U

^•>

lla.

12

7

4

10

to

4

•j

7

5

7

tt

V)

14.

Z4

II

4

9

4

7

il

8

IB

S

<^

3

Ife

44

a.

„

«oo

»+»

IkO

IT)

too

**>

Xia

Iff

iso

«(.*

l*»

»»»

wo

»f

♦»»

♦*»

•Ti

Mi

1

1

1O

Ui

DESCRIPTION

Paaalty (•> Camlttaacr), Calar

Rack Or Sail Tyaa • Aaeaaiarlaa

- Or-lrn. v/grey Battling, clayey

" silt & layers allty f.aand,

" aolat, flra

. Saaa aa above; grey

- Saaa as above

> grey clayey v.f.aandy allt, stiff

■ aoist-wet

- grey clayey allty v.f.cond..

- dense aolst-wet

- Grev allt-ir t.mmnA. MlmiM. nniiit;

" wet, well carted: ■ ■ ■». ■

* grey w/red laminae allty clay;

" 1-3X aed.-crsa. Bandy RF stiff
BOlBt

I Same as above. Max. RF 1/2"

" Saaa. retains laaiaatlcma, 5X

' Grey silty aed.-v.crae. aand clay

- unlaalnated; 5-10X RF. asx. 1/2"
sub. ang.-sub. rod; firs-stiff

aolat-vet

" Saae; 10-15X RF. stlff-v.stiff.
- Milt MW RV I/A"

" Grey clayey crae.-verse sandy

" silt; daap^dry. hard, 20-25Z

" sub. ang. RF

I Saw

* Saaa

. Same

M

u

«*

%

Ci.

cc

2

4

4

*

*

*

Sail » Rack

Raaaa

Silt

Cot.

Rwa

Shoaa

Rac.

Cara

REMARKS

Ckaailaal Ca-P,

Gaala«la Daw,

OrawalVaiar,

Caaitnjctiaa Pfahlaaa,

ate.

* Hazed split

aamplas

■ -

es

SPT

ola.

i II Tl

14 100 -

DESCRIPTION

Oamliy (ar CanainaaBr), Cala*

Rack Or Sail Typa • Aaaaiaattaa

. 25-3SZ HJ

till 4 gneiss cobble

Grey shale, weathered, broken

Saaa, day seaas. fractured

Grey shale & SS; nuaarous
fraceured sane 4 weathered clayej

Saas aa above

Grey shale & SS aeaaa L.P. .60

appears fresh & S.P. .05

generally onveathered, Awg. .40

no breken sones, aethane 0.1SZ

Seas as above; a few, hairline

clay partings. L.P. .63

S.P. .03

Avg. .40

Same am above;'

T.D. 89.5'

[A M-402 Hsthanoaatar was used
to detect concentration of

methanoaeter (CR4) gas.

Generally the boring was bailed

down to the detection depth.1

tall Or Rack

Raaaa

Siia

Cara

S.5

2.5

4O

Rac.

I.O

2.3 .

2.2

1.4

SO-

REMARKS

Chaalaal Caaa«

Caalaajc Data.

Caaatmriiaa

ate.

L.P. 0.3

L.P. 0.3

L.P. 0.3'

Methane 0.0Z

L.P. 0.84

Suspected defee

la core barrel-

silty cuttings

around core

causing pluggsn

of barrel.
Oaprecedanted

poor recovery^

discovered that

waa missing

froa barrel!

L.P. .65

S.P. .06

Avg. .30

Methane 0.1Z

cm • in a/is
CAI-IXT «/Tl
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CO.BERT ASSOCIATES. WC. -

CE1 - Perry Nuclear $0IL *»* «°« CLASSIFICATION SHEET
H. Perry, Ohioproject: Power Plant mA 044549-000

CONTRACTOR: Herron COORDINATES M 780.410

nan i». Larrv Hmrohrev E 2,369,930

CLASSIFIED BY: P.B.S. OATE: HM7-72

2E-149

ELEVATION 622.9

G»L 0 HRS *•*

GILBERT ASSOCIATES, MC.

l - Perry &>clut S0IL ^ "°CIC ««««CAT10N SHEET
project: Power Plant mjfk 044549-000 $ITE MtA H. Parry. Ohio

COHTRACTOR: . Harton

CEI

DRILLER* Larrv Hunphrev

CLASSIFIED BY: D,B.S.

COORDINATES.

batp. 10-17-72

2E-150

SHEET __2_ OF 2

ORILL HOLE Ma *-41

ELEVATION M2.9

C«L 0 HRS 7'5

U HRS *'°

SPT

Bt«»*/

4 1-.

6 12 IS

DESCRIPTION

Dmity <•» Cantlnsucrli Cab*

Rack O> Sail TrP* • AseaiMriaa

Or-bra&grey aottlad f .aaad A mm

elay,£lxB-sdff,aoiat to we In
lower portion

Bm.&org-bm 4 sand lenaea, allt
4 cliw lavera,stiff-oolat

Grey v.f.aaad w/laterbedded this
layers of silt & elay;aaturated,

Ssae;aoft,leaa aand

Sane.noatly clayey allt but lntex ■

bedded v.f. aand, saturated

Sane.mostly v.f. sand

Sana.bostly v.f. sand A sllc,

saturated

Sna;aolst-wet,dense,thln layers

1/16"

Saaa.nolst.sana red clay laminae

Grey alley clay.SX ned-crse.shale
BF.flra.Bolat

1/4",10-lSZ RP

Saae; sax. 1/2"

. Gray v.dense sllt.no BP;thln v

ircy clayey ailcTlO-15tGrey
damp

az.Va
alaoat heao

hard,

Grey v.dense f.sand 6 silt lens
9 42;then till w/2O-25t KF.hard
dry

Grey hard c.-aed. sandy clayey

■lit;10-151 RF.max. 1/4"

Sane aa above;sub-ang. to sub-

round BF

Vm

Sail Or Rack

Cata

Craia

REMARKS

Saalafit Data,

Can.1

ate.

■ Saaplaa split
and sealed In

Higher blow

counts here

appear Co refle

v.f.

nmrker borlzoa

also seen on

beach cliffs

as,

SPT

BI01/

6 l>.

« 12 II

DESCRIPTION

Oaa*M> (ar eaaalilaaspV Cabt

Rack Or SaU Ty»a • Acenaaria*

Grey clayey gravelly aand 6O-7OX

coarse sand-f.gravel,hard,daap,

cohesive

* Grey shale A clay - weathered and

broken In sones

Grey shale A It.grey slltstone

0.2* vertical fracture % 66.0*

45° fractures at 66.4, 68.7,

68.8, 60° fracture at 70'

weathered and broken cone 0.11

at 67.0

Same,unweathered.unbroken

T.D. 80.0*

[a M-402 Mathsnooeter was used tc
detect concentration of nethan-

oaeter (CH4) gaa. Generally the

boring vaa balled down to the

detection depth.]

Soil Of Rack

Raaaa

Siia

Cata

REMARKS

Chaaical CaMR,

Centtnictiaa Pritli

aic.

L.P. .15'

L.P.

8.F.

Avg.

0.25

.03

.20

Lost some In

hole, sUpped

thro retainer

L.P. 0.65
S.P. 0.04
Avg. 0.4

Recovered appro

0.9* frooi run
64-74

Msthane 1.15X

0*1 - or tftx oAi-ttt vn

2E-75
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GILBERT ASSOCIATES. IMC.

CEI - Parry ^^ $«L AND ROCK CLASSIFICATION SHEET

project: Pwer Plant w a 044549-000 JITe AREA B. Perry. Ohio

CONTRACTOR: Herron COORDINATES B 780.347 ■

ORiLLER: Ed Sezwck E 2.369.947

CLASSIFIED BY: D.B.S. nATgt 10-24-72

2E-151

1
SHEET_^_OP

ORILL MOLE NO.

ELEVATION 623.4

iS.

it

• 7

SPT

Blows/

Ala.

A U U

14

Daaalry Car CoaalMMcyL C*t*

Rack Or Soil Typa - AmiMflM

Or-brn v/grey mattla.f.nady Jilt FV
cloy & el«y«y '.mmadittn aolat> ^
wet

Creylah bra. f .aandy.clajray
flxm.MBC

Sana aa mbow-grey;w/a

f.aaad

layara

Gray layara alley day.f.aand.
allc.flrm.WBt

Sana

Cray laminated v.f. aand & clay
allt aoma rad clay,wet.soft

Cray allt elay,5-10Z aad.-crae

aand alxe R7,Bolat-wet,flra-etl<

Bo recovery

Cray aed.-v.crae.aandy elay/allc,
v.atlff-hard 1S-20Z RF.danp.max.

1/2"

Sana; 20Z RP

Same 2O-25Z KF hard

Same aa above

Sane aa above

34 MRS. 2.4'

GILBERT ASSOCIATES. MC.

CKI - Perry Huclaar ML AM0 R0CK <=LAS««CATION SHEET

PROJECT: Power Plant W-Ot 044549-000 ,,TE AR6A H. Parry. Ohio

Contractor: Barren coordinates „.____m^

DRILLER: Ed Sazwrck

CLASSIFIED BYt P.B.S. 0ATCi

SHEET

2E-152

2 « 3

DRILL HOLE NO., 1-42

623.4

OWL 0 HRS 'iSIat filf
24 HRS 2.4*

Sail Or Rock

Raaai

Sit*

R«c.

REMARKS

3" Shelby-24" I E

21* of 5" eaala
Inatallad

3" Shelby puahe

21 SEC l.3«

3" Shelby paab*

12" rig aeood

up Bee. 12"

IS.

as.

SPT

Bl«-s/

« la.

6 13 U

« 4)

DESCRIPTION

Dvasity <•« CaaaiitaacyL Celaf

Rack Or Soil Typa * Accaaaarlu

Gray ahale.waatharad,relatively
aofe.danp

Grey ahale,broken & weak ahale

Gray ahale.recovered 1.1* of eoll

ahale;(9' «aak clayey ahala.
Inclined 20°,b>rokan..weacberad

Gray ahala w/lt.gray alltatoaa

aeaaa.also It.bra-grey layara of

v.denae v.fg.aandBtona 1/2" thlc l;

Chin, clay partings at 66.5,71.6,

72.0.72.1,70.1. Moderately

weathered ahala tone at 75-75.5

(weak clayey ahala) Hairline
fracture 75° at 67*

Some ahale,vertical fracture

86.5-67.5.broken, & weak ahale
zonaa 75.5-76.3 alao 76.8-77.1
and 77.8-78.1

Preah ahale

Gray ahala;freah,thla weak ahala

92.8-92.9,It.grey alltatone aea

[A M-402 Mathasmnater waa uaed to
detect concentration of Mathan-

ooetar (CR4) gaa. Generally the

boring was balled down to Che

detection depth.]

fall Or Rack

Ranga

Siia

Grain

REMARKS

Cha.l«al Caapw

C^itiactiaa Praataan.

L.P.

S.P.

Avg.

l.P.

S.P.

Avg.

L.P.

S.P.

Avg.

Methane

.45

.25

.50

.3

0.55

0.02

0.35

0.2Z

L.P.

S.P.

Avg.

1.4

0.03

.6

Hack oUy foa

In drill vaah

L.P.

S.P.

Avg.

2.3'

0.1

0.9

Methane OX

041 • 127 ft/It UU - UT */»*

2E-76
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2E-153 2E-1S4

SSft aUtacoM
aafe ahala aaaa O.I* tUxk t 99
V clay aaam at 89'

saaa; 2" wndrtnne at 107.5
ftO° fxaetaara 108.7-109.2

Cicragnlar) sharp 45* fracture a

111.3-111.3 vartlealiy fractarad

111.5-112.8

8a»;teakaa 115J-U5.9 U19.fr-

na • iU.2-

- 151 of

0.1*

Soa;est. ZOZ

v.tbla cUr mp UB
60-90° § 132.5-133.1

plaade saa silty clay)

BhalB.2O-23Z

145.S-

T.D. 130.0*

»*•*

M4

*^

+■**

8.P.

Clay,

Kobe

2.2
0.1
0.5

L.7.

S.».

0.95
0.04

0.3

tabs

L.P.

S.P.

LJ».

0.T5

0.03

0.039

0.6

0.02

T..P. 0.93
8.P. 0.04

tog. 0.60

Sd pBCT
odor oa

MBtaca«0.0X
L.P. 0.6S

iarg. 0.35

10

IZ

/I

/♦

n

He-tan, w/gray nottllag alley f.

2"layan

allc

f.aaod,'

ft elayay silt.

u abovascbla layara V.tr.

and ved clay

f.and;ana atlt ft

i
tr.red day

ftgrayU-i-^rtl^lay

Gray aBd.-cna.aody alley clay
T.atlff.BnUt.lOt anaauil idiiu

Orey aBd.'-v.cna.aaady clayey
aUt.bar44ry-caaa(l5-as aaad
ft HP: 1/8-1/2"

Sna;allgfatly graatar X of cobtm
fracttn.daavTv.atlrf-bard .

isBP aaacly 1/8-1/4"

aadaaklad to

2E-77
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GILBERT ASSOCIATES. INC.

CEl - Perry

PROJECT: Power Plant

CONTRACTOR: Her

DRILLER: Ed Sezwvck

mA 0443A9-000 ,ITe AaEA

COORDINATES

H. Perry. Ohio

CLASSIFIED BY: B.B.S. OATB: 10-20-72

2E-155

IMEBT 2 M 2

DRILL HOLE NO. l-*3

ELEVATION 623.6

G»L 0 HRS >•<>

3.5

££

as.

6 12 II

Z1 JT 95

DESCRIPTION

y (« C~«l«««»

Rwfc Of Soil Tyva - Acuuarlu

;Increase In X & sice of
eoarse fraction; sax. 2"

Cray shale li thin It. gr«y silt-

■con* seans,generally unbroken

& unveathered weak shale zone

.2* thick at S9.0

and thla clay partings at 65.90

Saae;braken sone 72.5-72.7;

vertical fracturing between

73.3 and 76.0,tr. of day along
fracture between 74.3 & 75.0

T.D. 77.0'

[A M-402 Methaaooeter was used
to detect concentration of

WBthannaeter (CR4) gas.

Generally the boring was balled

down to the detection depth .j

Sail Or Rack

$•«•

REMARKS

Om-Ic-I CMv.

GaataaJcDm.

Ground luv,

" urtliti PufclMH.

•Is.

Poor/ recovery
la till t veafth

Little or no

vaaih. shale

L.P.

S.P.

Avg.

L.P.

S.P.

0.9

0.03

0.4

1.55

.09

L.P.

S.P.

Avg.

.95

.10

.5

Methane:: 0.11Z

GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION SHEET

C£X - Perry Hudear

-...«,.,. Power Plant mn 044549-000 irrP abba H. Perry. Ohio

contractor »__JSS2S__ canaaiMATM

"■■■"■ M Seivyck

CLASSIPKOBY: SiLS: OATBi 10-21-72

2E-156

.OP.SHEET.

DRILL HOLE wa. 1-44

BLgVATIOM 623.2

CWL 0 w« 15.0

1.0

1
a

—

—

10

—

__

—■

—

_

US

—

—

—

_

—

us

i*f
__

—

—

Si

•

s

1

z

3

*r

5

6

7

8

9

IO

II

i?

13

IV

3

>£.

SPT

Blom/

•

3

Z

2

2

j

5

3

4

3

3

^

14

ze

10

n

3

3

13

IO

3

4

5-

II

23

30

II

4

5

4.

5

i*

IO

19

4-

4,

4.

70

30

41

^^

35

a

?*

ff

•f

Itj

I* I

»?r

IIS

tt.S

Hi*

Mf

_

♦♦<

♦tf

•

IM

SOIL DESCRIPTION

Damlt* (ar CamtotanayV Calar '

Sail typm • AacaaiarlM

;

- Or.brn. & anttled grey layers

- clayey f.sand and sllty clay,
• firn,stiff.aolst

* Grey f.eand v/layera clayey silt,
- 1/4-1" layers.flrsroolat-vet

" Sana, saturated

- Same, mostly clayey silt & sllty

■ day, little f .sand

• Saae

-

• Grey sllty f.sand, aaturated.v.
. dense

- Grey sllty clay/clayey sllt;soas
- f.ssnd layered.wet fltm;tr. red

- day

- Gray f.sand, aamm layers sllty

- day, wet. dense/fins

- Grey sllty day; tr. red clay &

■ RF, laminated, soft, vet

• Grey sllty clay 3-5X med.-crse.
- sand sire RF, soft-flna.vet

" Same aa above; max 1/2" RF

\ Same as above

- Grey dayey. ned.~v.crse.sandy
- silt,hard.damp-aolst

' Same; 15-201 RF - max. 3/4"

; Same; 20-25Z RF - max 1"

. Same aa above

- Same as above - max. IV

,f

Of »

*

*

Caaraa
Omaatar
Salli

"s-ar
Cara

Raa

Ra«.

Cata

■

■

-

•

•

-

m

*

*

-

-

-

1111111
'_

REMARKS

Onm***nm,

CantlniMla* PtaUaaa. ale.

* Sample sealed In wax

Water 9 4.1'

Thla sample split -

boundary

oai • vn %fn

2E-78
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CEI - Perry

Fewer Plant

CONTRACTOR: Harron

driller: M Sewyck

CLASSIFIED BY:

OLMRT ASSOCIATES. MC.

SOU-AMO ROCK CLASSIRCATtOM SHEET

044349-000 UJl MEA H. Perry. Ohio

COORDINATES ______________

D.B.S.
DATE:

10-21-72

2E-1S7

SHEET____OF 2

DRILL HOLE NO. 1-** _

ELEVATION <23.2

OWL 0 HRS

J4HRS,

GILBERT ASSOCIATES. BtC

CEI - Perry Bude.!0"" M° *** *"*»»<***» SHEET

2E-1J8

15.0

1.0

project: Fwwt Plant WA 044549-000 UJf AWA H. Perry. Ohio

CONTRACTOR: H«ron . COORDINATES * 780.490

fipi.. cd. Lynn Leaae B 2,369,725

CLASSIFIED BT: D.B.S. OATE: 10*30-72

17

SPT

BteW

a la.

4 12 18

-1

DESCRIPTION

V (or eoMi«t<

Rock 0> Sail Tyaa •

Seaa;25-3OZ BF

Saae 30-401 aand-f.gravel

Grey ahale{fractured 57-59',soft
clayey shale cones numerous op

to 61.3'

■ seaBB.unSrokeniuaveathereaTcEln
day Man at 67*

T.D. 72'

SO

ft

Soil Or Rock

Rmt*

Sii*

Con

5.0

io.o

Grain

ShCM

Dm.

97

REMARKS

Ota-leal &->.

U»U Data.

Groia. Vatar,

Caatlmttiaa FVafcU—I,

Coarae till
probably not
recovered 16*
till aample

& aeale

1.95

.05

.8

L.P.

S.P.

Avg.

40* plaatlc

perforaced

pipe taatalled

SHEET___OF

DRILL HOLE Na ****
ELEVATION <21.3

CWLOHRS *"°
24 HRS,

1.7

—
4O~ — —

iN
a.

]

12

Id 14 IS I-
12

it 17 15 iia
24

17 24 IXt
»

29 „ 39
F
l
.
R

4i»
«. U5 «Ti.Sameasabove20-251RF.daap

-Same,20ZBF.damp

I
M
.
C

R
.
O
.
I

OAI • BT S.Ta OAl • 1X1 a/7Z

2E-79
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GLBERT ASSOCIATES, IMC.

CEI - Perry Huclear*0"" *"" *OCK CLASSIFICAT|01' SMEET
project: Power Plant mn 044549-000 H *—

CONTRACTOR

2E-159

DRILLER: Lynn Uaae

CLASSIFIED BY: D.B.S.

SHEeT_?. OF 2

*'" «EA "' **"?' 0>te DRILL HOLE NO. *-*»
COORDINATES ELEVATION 621.5

GWL 0 HRS 6'0
DATE: 10-30-72

GILBERT ASSOCIATES. IMC

.SOIL AND ROCK CLASSIFICATION SHEET

is.

SPT

BIom/

6 la.

6 U IS

49 VSu

DESCRIPTION

DOMlry (or Caaiiatancy>. Color

Rack O» Sail Tyaa • A«eaaaa*iaa

-Grey clayey eree.aandyf.gravelly

aUt.aax.lV 3O-4OZ RF

Grey shale & clayey shale,aod.
, waath. & broken to appreac. 60*

Grey shale aly math. In n
(clayey ahale sones prasuaably
washed out and not recovered)

fractured'61.5-62 & 64 thru 71.5

Grey shale generally fresh

fraetured 45° 9 73{broken zone

-Grey ahale & lt.tGrey shale & It.grey SS seams,
sly broken at 76.5,80.3-80.7.

weak shale 81 to 81.5;freeture

60° at 77.9-78.3.78.8-79.5

Saaetfrectura 45° at 82, 80° 8
83-83.3,75° at 84.5-84.7. 75° at
86.2

T.D. 86.5'

. [a M-402 Hathanooeter was used
to detect concentration of

methanomater (CH4) gaa.

Generally the boring was balled

down to the detection depth.]

Sail Or R.«||

Rana*

Siia

5.0

5.0

100

5.0

S.o

Rac.

4.Z

4.9-

4.45

4.4.5

REMARKS

Cfcoalcal Coaft.

Grama* •atar,

Cantfrae

ate

L.P.

t.P.

L.P.

.45

.45

L.P. .70

S.P. .04

Avg. .30

L.P. .45

Avg. .30

Methane 0.13X

L.P. .63

S.P. .05

Avg. .40

Methane 0.0Z

2E-160

CKI -Perry Bgclaar""k""'."""kk—"""'«" >"«• «,„, 1 »« 2

project: PQ**r Plant Wj0. 044549-000 j,TE A.eA H. Perry. Ohio 0R|LL H0L£ MQ ,_^

ELEVATION 620.5CONTRACTOR: Harron

ORILLER:. Lvnn Leaae

CLASSIFIED BT: D.B.S.

COORDINATES E 780.605

M 2.369.770

. 10-21-72

C*L 0 HRS

34 MRS.

3.5

1.0

ul

a

a

o

—

BOBS*!

to

5

IB.

]£

OBMBBI

Hi.

Sj

>°

i

i

Z

1

4-

5

C

7

8

9

IO

11

12

14

14

>5

SPT

Bla-a

6

2

4

1

1

1

12

4.

3

4

4

5

2»

14

3S

14

Hit.

12

3

<•

Z

2

3

9

S

&

5

C

5

a>

*?*•

3%

Z3

ZO

/

II

3

7

I

2

S

12

8

&

24

a

29

2*>

a

£

H

4O

111

T.O

et

"4

'*»

u»

ft«

Aa

la*

]]c

ft6

If ft

»•«

M.o

•»»

Ma

a

i

OCSCRIPTIOM

Ooasity (or CanaUtaacy), Calor

Rack Or Soil Typo - Aseiaoorioa

.0r-brn.f.aand w/layera of allty

. clay,wet,soft-fIra

■

-Saae.leaa oxldlzed.aore sllty-day

.Grey clayey f .aand & alley day.

. 1/8-1/4 layers,soft,saturated

"Grey clayey silt.soft,wet

I Grey f.sand & sUey clay. 1/16-1/8'
layera.tr.red clay & black

- organic clay laminae

•Grey f.aand;aame layers of sllty
. clay,clayey sllt.tr.red & black <
. dense,saturated

- \-aminmrmA red & grev sllty clay;

• some v.f.aand.stlfr.molst.tT.

-Sane aa above

■Sane aa above, 1-3Z med.aand RF

.Grey clayey silt 5Z aad.-erse.sand
size shale RF.v.stlff.aolst

Same 5-10Z crae.-v.crsa.sand.RF,
aax. 3/4n

.Same;10-15Z RF - aax. I",hard.

. dry—damp

-Sama;eobble or bouider et 39.3
- (no rec.)

"Ho recovery

• Same 1S-20Z RF

• Same as above U.S.C
laj

Ck

Mk

ML. R.Q.Ia4A
Sail Or Rack

Roma

Siio

Cora

Rmb

Grain

Rac.

Ca>a

■

■

a

m

-

-

•

•

-

•i

•

REMARKS

O—J.alCo-,,

CiaiaW Wmtm,

Caaatractiai PraUoaa,

ate.

■* Split samples
wax sealed

Sand la bra.
day grey

Probably

encountered

pebble which
blocked aaterla
from entering
spoon

a/n

2E-80
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CB.BERT ASSOCIATES. INC.

CEI - Perry Hudear*011" A*10 R0CK CLASSIFICATION SHEET

PROJECT: *»" «■« mA 044549-000 $|Tem H. Parry. Ohio ™~~

CONTRACTOR: HeTrOB COORDINATES

DRILLER. Lynn Lease

». 10-21-72

2E-161

CLASSIFIED BY: D.B.S.

SHEET.

DRILL I

ELEVATION M0'5

CWLOHRS

34 HRS.
1.0

e
r—

lioo

SPT

• I.,

o 12 II

78 M 51

DESCRIPTION

Comity (o> Consiuoasy). Color

Roca Or Soil Typo . Accaiaarlaa

Cray med.-crae.sandy f.gravelly
slit & clay 3O-4OTSF

Clayey f.gravel 4 crse.sand,
cobblea

Grey shale.weathered & broken,
nuaaroua fractures (high angle)
and clayey weathered ahale zone

Crey shale.unveaehered.unbroken,
aome chin clay aeams

.Sane aa above

T.D. 72'

Sell Or Rack

Rang*

Con

5.*

5.o

5O

6..O

»■»•

Ik.

5.2

REMARKS

Ground Wotor,

Canitmctioa r ■»■■■.

L.P. 0.4

S.P.

Avg. 0.2

L.P. .50

S.t. .03

Avg. .30

L.P.

S.P.
Avg.
Lolc

laat pall

.60

ea.MRT associates, me.

CEI - Perry fcd^«««■ AMO ROCK CULSWF1CATKJH SHEET

PROJECT: Power Plant w.0- 044549-000 S(TE ^^ H. Perry. OHIO

CONTRACTOR: Utrtoa COORDINATES W 780.385

DRILLER: Lvnn Leaae B 2,369,763

CLASSIFIED Bt: P.B.S. DATE: 10-24-72

2E-162

SHEETJ OF

DRILL HOLE NO.

ELEVATION

W»L 0 HRS

24 HRS.
1.0

IS &k So
No

.
j

12
l9 14 IS 16
17 l°r IO ♦*>
Z2

4a
2
,

i,
^

«(■Greymad.eras.sandyalltyclsy15-: ■BF.aaxl",aolst,v.stiff jCreygravellyclay.harddaapmax

U
.
S
.
C

|
R.

O.
D.

j

ui • m %rtt 6AI • Ut %.1X

2E-81
Revision 12
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CBI - Perry

Power Plant

contractor: Herron

driller: Lynn Lease

CLASSIFIED BY:

w o

CO.BERT ASSOCIATES. INC.

^ AMD ROCK CLASSIFICATION SHEET

QA4549-000 UTE AREA H. Perry.

2E-163

, SITE AREA .

COORDINATES .

Ohio

D.B.S.
OATE: 10-26-72

IS.

SPT

Btma/

6 U II

u> .Granite grslss boulder 1.2'

,Grey shale,weathered.fractured,
, broken la zones,several dsyey

shale zones a clay In fractures

Shale;grey clayey sllty v.erse

sand & f.gravel cobbles & boulder

of weathered to only slightly
weathered shale

.Weathered grey shale,shale gravel

. & sandy silt,day ahale bedding

. 25» "C" horizon or boulder In

. till,clay aatrlx la gravelly zone

DESCRIPTION

Daaaily <•» CmlUMoy). Galar

Rack Or Sail Tya* - Acoi—riw

ellt/day,25-35X

Sane as above

Grey shale,horizontal bedding,

I numerous weak clayey shale zones,

. broken In zones

IGrey shale v/lt.grey slltstone

aaas.appears fresh w/fev thin

. ( 0.1') broken & clayey shale

■Sane as above

Same.weak shale zone 91.9-92.0
broken & slightly weath. 9 89.0

T.D. 92.5

.[a M-402 Methamoaeter was used to
detect concentration of nethanoae]tei

(CB4) gas. Generally the boring

was balled down to the detection
depth.]

Sail Or Rock

Cor*

S.o

5-0

5o

7.0

4O

i.e

L2

REMARKS

OMled Cm*.

GreandWrnr.

CaniiMMaa rf«M—■.

Minesalogy: qtz

blotlte, ortho-
clase.native
copper pyrlta

L.P. 0.8

S.P. 0.03
Avg. .4

C.saad elze

frags In clay;

retains distorted
relic bedding

Methane 8 61*

.34Z

L.P.

S.P.

Avg.

L.P.

S.P.

Avg.

0.S

0.03
0.2

0.65

0.03

0.3

L.P. .50

Bedrlll over
lost core

L.

*vg.

L.P.
S.P.
Avg.

.60

8

CB.BERT ASSOCIATES, INC

~* «. -. , SOIL AHO ROCK CLASSinCATlON SHEET
CKX - Parry Huclear

project; __PjaBxJiaaL_ *.a 044349-000 site area b. Pur^. mi

contractor: Rerron COORDINATES H 780.780

nan 1 to- Lvnn Lease ' 2,369,850

CLASSIFIED BY: D.B.S. OATE: ll-H-7»

2E-164

SHEET_J OF

DRILL HOLE NO.

ELEVATION 6

CWL 0 HRS ««

24 HRS '

t
0

0

—

■—

—

40

L_

I

E

i

1

1

z

4.

5

&

7

a

10

u

12

i»

14

IS

Ife

SPT

t

4

z

1

Z

I

u

5

4

4-

II

ttj

14

%

Ha.

IJ

b

2

S

t

i

4

10

6

7

<.

18

24

11

11

34

/

II

e

3

s

3

9

19

IZ

II

1O

7

t

ie

tt»

30

v>

40

£

1-°

TO

8.)

u»

14 *

^1

H*

»•

lie

«»

Me

!7o

)&«

*H>

_

*M

♦75

Piallh122

DESCRIPTION

Danlly (a* CaaalilaaayL Calaf

Rack 0> Sad Typa • Accataada*

• Or-Bm. w/grey Bottling, clayey
' silt 4 Clayey f. sand, fin,

' Or-Brn. sllty f.sand w/soaa layer
clayey silt, loose, aed.,

| saturated
) Grey layers dayey sUt.sllty ds
, f.sand firm, aaturated

[ Grey clayey silt. wet. flra

• Grey layers, f.sand. dayey slle

' w/soae thin strings.black orgaol
clay (on) flra, aolst wet

Grey w/aoae red sllty clay & f.

. sand stiff, aolst, disturbed

bedding

. Grey & red laarfnatad sllty day

. atlff, aolst

• Sane as above, 1-3Z med. aand

■ Grey sllty aed.-crse. sandy day,

• some red clay faintly bedded,

■ 5-10X RP on. 1/4"; flra-stlff.
• aolst
. Sans as above, stiff-fIra. aolst-

. vet

' Sane, 15-20Z ned.crse, ssndy RF

• Grey clayey med.-crse. sandy silt

• v.stiff recovering bard, deep

- 10-15Z RP, 2" zone clayey f.sand

" Grey sllty, dayey aed.-eras.

sand v.dense, aolst

' Grey clayey oed.-verse sandy silt

■ hard. dsnp-13-20Z RF

' Sana, but v/aore clay (soft-fin

' 80 Recovery J.S.C.
X

X

CL

A

u.

a.

XL

*M

ML

Ok

O

i

*

*

*
*

*

*

m

SallOrKMk

Sisa

C«ra

Rwi

Sbaa.

Rac.

Cara

REMARKS

Owalcal Ca*a,

CaoUsta Data.

OMibwllnMHH,

* Indicate:

vexed split

saapla

Reworked till

AbklAtloa tlllT

ward In zone

OAI • HT »/TI

2E-82
Revision 12

January, 2003



GILBERT ASSOCIATES. t*C 2E-16S

SOIL AND ROCK CLASSIFICATION SHEET
CEI - Parry Unclear SHEET 2 a* 7

PROJECT: PQlftT flttJt _ «.O. 0a*S4»-000 SITE AREA H. Parrv. Oh|o DRILL HQLE MQ l-^g

CONTRACTOR: lterron COORDINATES ^___ ELEVATION 620.3

CWL 0 HRS

CIL8IRT ASSOCIATES. MC.

CEI - Perry fcclear011- *"° R0Cl( CLA*«»C*™N SHEET

2E-166

DRILLER: t-yim \j,mm»

CLASSIFIED BY: D.B.S. OATE.UclfcZl-

ZZ.

6 12 II

V) AS

DESCRIPTION

Omit? (•>

Rack O> Sad Tyaa • Aeeaatariaa

Gray clayey, allty C-vaffae

fc graval aax. 2 1/2"

Saaa aa above

Grey ehag. uaweathered, 30°

fracture at 59'; day aeaa 0.02*
chick ac 60.S; vertical fracture

aft 61.S

30® fracture at approx.

63.S

T.D. 72.01

SA

Sail Or Rack

R-t-

Siia

Cara

5.0

5.0

100

4.4.

REMARKS

CfcaalcalCa-aA

GaoUaie Data.

Orouna Vatar,

Gaait

L.P.

S.P.
Avg.

L.P.

S.P.

Avg.

0.4*

0.0S
0.2

0.5'

0.03

0.30

Attempted to

ball hole Tor

Methaaa obear-

vatloa failed.

a/»a

SMEET__1_OF 2
PROJECT: —Power P^ant _ Wjo. 044S49-000 site area H. Parrv. Ohio 0HILL HOt£ Na 1-40

CONTRACTOR: 9+rrnn COORDINATES H 780.720 ELEVATION 620T0

naitiFB- Lran Leana E 2,369,710 cwl fl mq« 8.5

CLASSIFIED BY: n.H.B. BATg. 11-21-72 J4 NIB ___JLJL_

2E-83

■aani
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it

1PT

6

5

3

3

2

w

5

14

Zl

20

iL

19

12

g

5

6

i*.

H-

e

_

i

9

ib

2b

10

2O

6

6

6

8

(A

II

13

>fO

as

(.1

£

n

■it

••».{

*?

■»-l

t*«

11B

f * Ptallh
DESCRIPTION

Daaaltr (at CamUtancr), C«Jat

flack 0» Sail Tyaa • Aceataarias

. Or.bra. w/grey aattllag allty

. v.f.aaady clay & allty v.f.

. aaodr atlff.aolat

- Or-brn.clayey allt.atlff.wet

• sane but grey

' Sane, w/aoaa layara allty f.aand

* Sana aa above; aolat

. Grey layara,f.aaad & allty clay.

1" layer flra red day.aolat-*»et

' Sana, aoatly f.aand

■

- Raddlah grey aUty clay;llttla

. f.eand,lamlaatad;atlff aolac.tr.
. rock fraga

1 Sana; aax RF 1/4"

. Sana aa above 1-3Z SF

Grey allty aad.craa.aandy clay,

. tr.red.falntly laminated SZ RF,

. atiff.aolat

. Saaa;atlff-v.atiff;5-lOZ RF.aax.I

- Grey clayey f.-crae.aaady allt;
■ 5-10Z R>,aax.l/8".atlff~v.Btlffl
, aolat

. Sane:10-20Z RF.v.stiff-hard.aolat
2 layer clayey allty aed.-erae.
aaady RF

" Sane aa above, but do 2" layer

aaady RF

! Sane

• Sane;buc aolat-wet.v.atlff

. Saae aa before;hard,damp.2O-25Z

. SF.aax. 1/2"

u

•i

/a R.Q.0
Sail Or Rack

Rang*

Sit.

Coca

Riot

Grain

SMaa

Ras.

Can

REMARKS

Owaleal Caaa.

Sine
CantbMiim Pukliaii.

ale.

* waxed apllt
eaaple

Revision 12

January, 2003

OM-UT «,'»»



OLKST ASSOCIATES. MC.

CEI - Ferry **dJ?*L M° "" CLASSIFICATION SHEET
PROJECT: Power Plant w.Ot O4454y-O00 $rre AREA H. Perry. Ohio

CONTRACTOR: Hsrron COORDINATES _________^^^

DRILLER: Iivnn Lease

CLASSIFIED BY: D.B.S. 0ATE. 11-21-72

SHgPT

2E-167

nm

CH.BCRT ASSOCIATES. MC.

DRILL HOLE NO. *-*°

ELEVATION 620.0

«L 0 HRS B.3

2« NRS *«7

S PT

BlaW

6 1..

6 1] It

20 S»

DESCRIPTION

* |«r CnalMMHn

Rack Or Ml Tyaa • Ascaaaariai

Saee,30-40Z HP. mn. 3/4", grey
clayey crse.aand-gravd/gravelly
clay

Weathered grey ahala 6 day

bedding 15-20°

Grey shale 4 It. grey SS eeana,

uawaatbered. eone thla day

partlnga 30° fracture at 63.7

vertical fracture 63.4-64.0

T.D. 71.51

(A H-402 Methananeter vaa uaed
to detect concentration of

■ethaaoaeter (CB4J gas.

Generally the boring vaa balled

dona to the detection depth.]

Sail Or Rack

So

C2

Oj.5

5.0 "

8.4

REMARKS

On*.

L.P.

L.P.

S.P.

Avg.

L.P.

S.P.

Avg.

4.0'

0.751

0.05'

0.30

I.I1

0.03

0.3

Methane greater

than SZ after

hit«Htig

Barrel plugged

et 71.5*

CEI - Perry

PROJECT: Power Plant

contractor: Herron

no... ... Lvnn Um«

CLASSIFIED BY:

04454»-0o0 jite AREA H. P«n«r. Ohio

D.B.S.

coordinates B 780.670

B 2.369,570

DATE: 11-24-72

2E-168

SMEET_i OF 2

DRILL HOLE NO. _id

ELEVATION gl°«8

OWL 0 HRS hS.

24 HRS Li

SPT

6 I] II

It

38

Ifc

75

DESCRIPTION

Danally (ar Canklatwiayk Calar

Rack Or Sail Typa • Aacaaaattaa

. Or-arn.day allt 6 allty f .sand,
soft-flra,saturated

. 0r-brn.4grey-bra.allt v/some laye
f.aand.llnonlte nodulee 1/8"

Grey alley f.sand.loose,eaturated

' Grey dayey silt,son layera f.
eandiflra.wet,laminated

Grey dayey allt 4 layers f .aand,

laminated, fLra-etlff.molst

Same as above;shala pebble-aubrd.

3/4",v. stiff.tr.red day.bedding
slightly ereaulated

. Same as above;stiff

Grey clayey f.-v.crse.sandy silt,
etiff-v.stiff.moist.10Z BF.max
lA'.aoae red clay

| Same aa above

;stiff

;stiff-v.stiff,10-lSZ BT,

. no red day

; Sane;v.stlff-hard,2O-25X aV.moisF

Saaeigreater Z of sixes over 1/4",
hard.dtoqi

Mo recovery

• Same aa above

* Bed-brn.allty clayey
* sand.hard.dry.frlab:

f.-v.crss.

SallOrRaa

Raaaa Grain

REMARKS

■teal Caa>,

Gaalaaic Data.

Caaitfiatiaa PiiiIi m.

Hand Split

Selected for

Teeting

Upper Till

Lower Till

Bock frag awseeh|b|
appears to be

■ore Iga.-

eolor nay sugge
Xlllnolan Age

2E-84

Revision

January,

12

2003



ZE-169

CEX - Perry BbcImt
i Pa—r Plant a<A BftASA»-qon

044S4»-000 «rr, >MA H. Perry. OMo

2E-170

DRILLER

CLASSIFIED BT: P.B.3.

SKBfit_L.

OOILLHOLl

CLSYATIOM

um

IPT

Bfc-W

6 to.

• a a

S

feck fr felt Tff><

«rey alley cr««.MBdy day;30-tQ]
BP.hard.dry

Qrqr abale «/U.nv SS
■ami* authored ft T '

0.2*
shravertically

ef m

Grey ahala v/Lcgrajr SS

SUt

S4J

S8.4

fcl*

fto

1-0

*.*

l-P.

a- s-s
4*ff> 0.20

I.P. 0.80
3.P. 0.03
teg. 0.30

2E-85
Revision 12

January, 2003

classified bvi

£
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wim
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—
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s

BBBl
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•

2

9
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a

i

z

4

7

•2

IB

u

<>

9

2
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S

s

B

7

l%

B

I*

n

«

T

5

I
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e

2
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D.B.S. bat*. 11-6-72

£

T°

ff>

«P

u|

ft

u

hi

Rfl

111

n*

hi

fri

Hf

ttf

PiV

Nit

tec

_.

If

Hi

!
oacaiPTnM

fartOrWITff Iliumilii

"«. •_., _,, u.^
. allt «?f.Maa\,an£«-£lra,tpBt~'

• Or-bra.cl«yey KUt.f.aaad.fira,

'Gray alley (•aoBd.XDeaevearJBBsad

.Gray elawy allt nAayara f.aaaa
L * clny,flra.Bclit »«c

• tnn abwuntr.rad clay 6 erae.

-Sodb aa abova, tlrm artff

.Gray v/rad allty clay.tr.arsaBlea

. lanlaatadUz 87
■8aBB.rin.aac lafldaatatf.tQX 8P,
- BBS. 1/2*,*JK

'Oray aad.^3aa.aBBay aUt/cZay
• 10-15Z 8T.atlff-v.arX£f*uLn

'Gray clayey aed.««raa.aaBdy allt.
* bart.eaB'.U-ZQZ SP

"SaaB.2S-30X V

•Saaai 30-3SI v.craa.aaady HP

at

**"

z

IN

X

X

fib

Cb

x
a|k

1

*

*

*

*

Sa^a*

tin

*-•— B«°
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GILBERT ASSOCIATES. IMC.

SOIL AND ROCK CLASSIFICATION SHEET
CEI - Perry Huclesr"

PROJECT: Power Plant w.o. 044549-000 SITe ARM H. Perry. Ohio

HenronCONTRACTOR.

DRILLER-. Lvnn Lease

CLASSIFIED BT: D.B.S.

COORDINATES,

OATE: 11-6-72

SHEETJ np 2

DRILL HOLE MO. 1-51

ELEVATION -___^___

C*L 0 HRS

7?

SP T

6 l».

6 12 II

31.40

DESCRIPTION

Damity (ar Cauiaimcr), Calor

Rack Or Sail Tyaa . Aeaa«satlaa

Sane as above

Grey gravelly day/clayey gravel

cobbles up to .35'.v.dense

crey waatn.shale,soas clay;sly oro an

Grey shale,It.gray thin SS

appears fresh unbroken,except fo
chin ely vesta.& broken cooes

between 59.0-59.3

Grey shale,unweathered.unbroken,
. thin (0.Q3') clayey shale cones a

68.5, 69.3, slightly broken at
66.0.68.6,67.0

T.O. 72.0*

Sail Or Rack

Raat*

Sin

Caia

bo

too

Z.5

REMARKS

ilcal Caa*,

Onaaa'Vatar,

CMitfrbctlan Prabfaau,

S.P.

Avg.

0.55

.03

.30

L.P. 0.70

S.P. 0.02

Avg. 0.30

• xa %tn

2E-86

OLBCRT ASSOCUTSS. MC. 2E-172

CEI - Perry fcelur5011 *»• R0CI£ CLASSIFICATION SHEET meetJ^of 3
project. Fwibt Plant ,A 0445*9-000 ,ITe AReA ». Perry. Ohio DR|LL MQtB ^ |.»

CONTRACTOR: H«ton COORDINATES H 780.050

ORiLLER: Lynn Lease B 2,369,790

DATE. 11-10-72^CLASSIFIED Z1: D.B.S.

ELEVATION 623.6

OWL 0 HRS 3-0

U HRS.
0.0

&

13

U

IS

SPT

6 In.

6 11 It

IB

21

\2

25

15

T7

Ul

DESCRIPTION

Daaslfy (v Canelitaacr), Calar

Rack Of Sad Typa • Acoaaaariaa

Or.brn.v/grey mottle dayey f.saa
& sllt.flra.aolst-vst

Bm.-tan sllty f.sand^ed.-denes,
wet

Grey layers f.sand s silt .saturate £&
' fira

Grey clayey sllt.saft-flm,«ec

Grey sllty f.sand,loose aod.;
asturated

Grey clayey v.f.sandy sllt.soft-
fln.vet

Crey Layers f.ssnd k dsyey v.f.
sandy sllt(fln»iet-sat.,tr.red
day*

Grey sllty v.f. sandy day,sobs
red day. 1-3Z aed. RP (an 1/2")

Grey sllty.med.-crse.sandy day,

flxa,nolst, 5-10X RP.tr.red day

Sane as above

Sana;max 3/4".soft zone 1" thick

siltT

Ssme;med.-v.crsc,15-20Z RP.hsrd,
damp

Sana as above

Ssae as above. 20-25Z HP

Sane as above, 25-3OX RP

foil Or Reck

Rait«a

Slta

Cora

Craia

Skaa«

Rac.

REMARKS

CaaaltuctlM *rakl«M<

«ater at 2.0*

Possibly

Red day sticky

v.soft-high plap.

show faint but

disturbed beddlfag

OJU - tZT «,Tl

Revision 12

January, 2003



CR.BERT ASSOCIATES. IMC.

SOIL AND ROCK CLASSIFICATION SHEET
CEI - Parry Nuclear

project: Power Plant w.a 0A4349-O00 SITe AMA H. Perry, Ohio

CONTRACTOR: Herron COORDINATES

nftti \ f "• Lynn Lease

CLASSIFIED BY i , D.B.S. . 11-10-72

2E-173

SHEET_i OF 2

DRILL HOLE NO. —izl

ELEVATION 6*3.6

C*L 0 HRS 3.0

24 HM.
0.0

SPT

6 In.

12 II

DESCRIPTION

Rack Or Sail Typa - AeaaMariaa

Sane; 30-40X BF

Gray clayey gravel/gravelly clay
eobblea of ahale.aome metamorphic

gravel

Grey shale & It.grey SS •

slightly weath. .soft da; ahala

Grey ahala w/lt.grey SS seams,

thin clay seams (0.03') at 62.8.
63.3.64,67.5;tight 60° fracture
at 62.$

i fractures or weathered

T.D. 72.0'

n

tall Or Ra<>

Sin

Can

3o

45

Rac.

REMARKS

•leal Cm*

GaolaaU Data,

naVatar.

Caaitmciian Prafclaan,

Si .

4.3 .

Ho recovery

L.P.

S.P.

Avg.

I*:
Avg.

0.S0

0.02

0.30

2:25
0.40

CEI - Perry

project: Power

CH.BERT ASSOCIATES, MC.

Oli-*ND ROCK CLASSIFICATION SHEET

CONTRACTOR:

no,. ■ «d. Ed Serwek

CLASSIFIED BY: D.B.S.

044349-000 jite area H. Perry. Ohio

COORSIHATES H 780.987

B 2,369,124

OATE: 11-16-72

2E-174

SHEET_L_

ORILi. HOLE NO. .

ELEVATION 616.8

CWL 0 HRS

24 HRS. 3.75

IS

SPT

Bl«*i/

itm.

6 II M

IS

La. .

DESCRIPTION

mt), Ca<W

Rack O» Sail Typa • AeaaaaaHaa

' Or.bm.allty e.aend.frla.nolat-ve

Or-brn.allty clay w/layera f.aand
flrm.no1st

' Grey alley f.eand,aome thin clay

' layers,flra,aaturated

Same v/allt layer

Grey layers f.sllty aaad.ailty
clay ft some red ft black clay

• strings,flrm.aolflt.horz.bedding

' Same as above.dlsturbed bedding

. Same,more allt than clay

Grey sllty med.-crse.sandy clay?"
• some red clay.laminated - S-lOX 1 F.

max. l/4",molat flrm-aeiff

Grey clayey wed.-v.crse.sandy sill

tr.red clay.unlsalnated 10-lSZ K
max. l",v.stlff,molat ^

Grey alley aed.-cree.sandy clay,

red tinge & faintly laminated,
5-101 HF.max.1/4"..elff-v..tiff,

Saae as above,not laminated

lower Till

Same as above,v.stiff-hard

Grey clayey nad.-v.crse.sandy

■lit.hard,moist.15-202 RP,

max. I"

Same as above

: 2O-25X RT

101

Sail Or Rack

R-y.

Siia

Ca.«

Grata

Sha»a

REMARKS

CaaUai* Data.

Craunri Wata*.

Caailmatiaii l»iakla«a.

Located 4* west

of staked

location

Installed 22* of

5" casing,

advanced hole

w/roller bit

Reworked tlll-

upper till

■tarts at approk.
24.5,I.e. .when

not laminated

Feasibly a till

of different

age

Foot

(3")

•ai - tit *Tn

2E-87

Revision

January,

12

2003



GLBEHT ASSOCIATES. BtC.

__ _ „ , SOtL AND ROCK CLASSIFICATION SHEET
CEZ - Perry Nuclear

PROJECT: Power Plant w.a 044349-000 s,Te area M. Perry. OHIO

CONTRACTOR: Herron caooaiUATPt.

DRILLER: M Se«fgk

CLASSIFIED 8V: D.B.S. DATC. 11-16-72

SHEET

2E-17S

OF

DRILL HOLE NO. 1-"

ELEVATION 616.B

G»L ft MRS _

-*■»

(8

SP T

Bkm/

6 1*.

« 13 U

£L

DESCRIPTION

Danshy |a> Coa

RMh Of Sail Ty»« -

above w/rea-grey color

Boulder 11* ehiek

Bed-grey clayey silt w/5-10Z
v.er«e.aas4 else ahale fraga;
hard.moiat

Crey clayey alley c^v.cree.aand
& f.graveltv.hard,daap-aotat;

Grey clayey shale .weathered

T.D. 60.01

Discontinued 17 Nov. 72

Ml Or Rack

axo

Crnn

REMARKS

Seeaa to be

till of different

age;bm.color &

dlff.conalateoe
froa lower till

(lllinolan?)

Xnstallad 20*

of 2" plaacle

perforated pipe

CEI - Perry

project: Power Plant

CONTRACTOR: Barren

Ed Sarwvek

CLASSIFIED BY: D.B.S.

SaVBCHT ASSOCIATES. MC.

SOtL AND ROCK CLASSIFICATION SHEET
tr

w.o. 044349-000 site area H. Perr*. Ohio

COORDINATES H 7«1.110

E 2,369,360

DATE: 11-22-72

2E-176

SHEET_! OF L

DRILL HOLE NO. _1=2

ELEVATION __^_

CWLOHRS Balled Dry

a.

f
O

o

—

JL

IS

is.

=1

H

a.

SL,

I5"

No.]
M

|

3

5

"7

10

II

12

•5

It

SPT

Blawi

a la.

o 12

a

s

9

3

3

S

C

J

IB

•>»

&

IB

8

s

5

t>

B

to

2ft

/

11

6

5

8

i

10

tl

31

50

J2

3g

106

•

Ft.Ri
Iif

T?

AS

as

M.C

T*

apf

in

ai

»«

Hi

41 f

f

<et

a

£

DESCRIPTION

Oaaaltr (ar Caaaialaaay), Calaf

Rack O» Sail Traa • Aconaarla*

- Or-brn.w/grey mottling clayey
* sUt&f.sand.flrm-atlff.aelat
■

- Or .bra. w/lt.grey mottling allty
■ clay » some clayey f.aand.flrm-
. atIff,molae

• Grey clayey silt,firm,wee

. Grey clayey silt & f.sand.diaeorfa
. beddlng.tr.red elaynMt.aoft-fli

. Same as above,molae-vee

- Beddlsh grey alley day.lamliiated

' tr.RF.(max.l/4n).stlfftmolat,
; little f.sand

. Same as above

■ Crey allty f-craa.sandy clay,

• 5-10X BF,maz.l/4N,atlff,aolat
•

■ Same as above, 10Z BF

. Same,but w/red tlnge.falatly
layered

. Same es above.v.stiff,cobble of
Igneous rock

m

- Grey clayeymed.-v.crae.sandy
. alit l5-2« BF.max. 1" .hard,
_ damp

" Same,cobble of dolomite

* Same

■ Same as above

■ Bra.-grey clayey med.-v.crse.sand'

- silt w/lensea of red allty f.asm

y

M

a

id

i

•

d

Sail Or Rack

Roaa.

Sl*a

Cara

Sim

Ctaia

Saaaa

Raa.

Cara

REMARKS

CanctmaHan riafclaai.
ate

* Hazed apllt

samples

Upper T1U

Wff. Till

suspected

lower Till

V.poor recover

(2°)

V.poor recover

Different type

TU1

2E-88
Revision 12

January, 2003



GILBERT ASSOCIATES. MC

CEI - Perry Huclear50"" *HD R0CK CLASSIFICATION SHEET
project: Power Plant mj0_ 044549-000 $ITE AREA H. Perry. Ohio

CONTRACTOR. Herron COORDINATES .

driller: Ed Setwvck

CLASSIFIED BY: D.B.S. BATr. 11-24-72

iS.

zs.

Si.

S PT

Bla-a/

6 la.

» U U

JS

DESCRIPTION

Dmlty (ar CtMUHorl, Color

Rack Or S«ll Ty»a •

Grey clayey ood.-v.craa.sandy silt
. hard.dry.30-40X 8F

'Grey alley,clayey med.-v.cne.aaa4

& F.gravel

.Grey clayey shale.weathered soft

Grey ehale & It.grey SS seam,

vertical fraeturea 59-61 & 62.>-

62.S and 65-65.4 w/aaaoclated

, clayey « broken zanea

Grey ahale w/lt.grey SS seams;
clay seams suspected. Fractures
60s at appro*. 67.0-67.5,68.2-
68.5, 71.5-71.7

Sane; unveathered,unbroken

SaBe;«eak broken shale cone 81.8-

82.0;vertlcal fractures 79.6-60.2.

82.0-82.1.82.6-82.7: 45° fracture
82.3-82.4,86 .ft-86.9 ,87.0-87. i.

87.2-87.3; sane day on borlzont

parting surfaces

T.D. 89.0'

A M-402 Methanomeeer was used
to detect concentration of

■ethaaowter (Cfy) gaa.

Generally the boring was balled

down to the detection depth.]

Sail Or Rock

Sim

Cm*

CC.O

1U.0

50

"W.0

JO. 6

Gf«tn

6.5

fc.H

REMARKS

Otamkcml Camm.

Dm,

..P.

i.P.

0.5S«

0.02

Avg. 0.25'

L.P. 0.90

S.F.

Avg. 0.30

L.P. 0.75

S.P. 0.03

Avg. 0.40

L.P. 0.75

S.P. 0.05

Avg. 0.50

Ballad dry;

HBthtne 5XJ

low hissing soupd

but bubbled as

water trickled

la at 87-89*.

No visible flow

from easing.

U.BCRT ASSOCUTES. «4C.

CEI - Perry Huelw»««-AMD ROCK CLASSIFICATION SHEET

project: Power Plant wjo. 0445A9-000 srrE AH6A K. Perry, Ohio

2E-178

contractor: __J[erron_

DRILLER: Ed Sezwvck

CLASSIFIED BY: .

COORDINATES,

D.B.S. 11-27-72

SHEET 1_OF

ORILL HOLE NO.

ELEVATION _>«

CWL 0 MRS

SPT

BU-*/

• la.

« 11 II

3- 3t

DESCRIPTION

Damlty far Caaalnaaerk Calar

Rack Or Sail Tr»a . Aeaaaaatlaa

No recovery

Push 24", fuse 24"

Push 24", Bee 21"

No recovery

Push 24", Bee 14" (1.21)

Push 24", Em 19" - Diacmrd;

disturbed in sampling process

by cobble

Sail O> Ratfc

Ranaj

Slia

Can

Rim

Grain

Cara

REMARKS

OtaaUaalCaaw,

bal* Data,

OrsmaWaiar,

3* HHE of 1-54

Cobbl
tion

le abatruc

2E-89

Revision 12

January, 2003
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GILBERT ASSOCIATES. MC

CEI - Parry Unclear*011- *MD R0CK CLASSIFICATION SHEET

PROJECT: Power Plant ».a 04*549-000 SITe ^g^ M. Perry. Ohio

CONTRACTOR: BfiXXfiO COORDINATES _____^___

DRILLER: Ed Sawtyck

CLASSIFIED 8T. J.L.W. OATe. 12-28-72

SHEET.

2E-iai

.OF ,

DRILL HOLE NO. 1-35

ELEVATION 620

OWL 0 HRS ____^^_

24 HRS _

SPT

« 12 II

DESCRIPTION

DmII| (at CatularaMy

Rack O> Ml Ttf»

Broken at 101'-101.5

Aa above

Clay seas at 110.3

Aa above

Broken at 126'-127'

Broken 131.5 4 139.7

Aa above

Aa above

Broken ae 146.5'

n

so

81

Ml Or Rack

Si*.

Cor*

IIO.Q

10 0

moo

|OO

&••«

REMARKS

Gaakaic Date,

Growa1 VaMr,

tMtim PraMa

ate.

Balled hole dry

to 120 fe. Set

hole packer to

6 ft. Detected

greater than 5X

nethana gas at

top Of **""<"fli

Bled gaa to

ataoaphare for

5 aln.

■hut-la.

■eter read 0.4 i

and flow rate 2

efm.

Preaai n

Took two gaa

aanplea for

laboratory

After bleeding

gaa overnight

flow rate was

lesa than 0.2 cfa.

Balled hole dry

to 140.0 ft., m

hole packer at

124.0 ft. Gaa

preaaure 0.6 pa

while flowing;

flow rate of 1.'

efa.

Collected two gi a

eaaplaa for lab

teating

le dry

to 160 ft.,aet

packer at 143 t\

Open line read

0.7 pal and flat

■eter rate of 2.

cfa.

GB.URT ASSOCIATES. MC.
22-182

PROJECT:

CEI - Perry

Power Plant

Berron

044549-000 UTe AKA H. Perry. Ohio

SHEET. ■ OF,

CONTRACTOR:

DRILLER: Ed Saewvek

COORDINATES,

CLASSIFIED BT: J.L.W. . 12-28-72

ORILL HOLE NO.

ELEVATION

CWL 0 HRS

1-53

IT.

121

ill

1 11 II

DESCRIPTION

DaMlly (ar Canal■taacr)L Cabr

Rack Of Ml Tf»a • AbsmmHm

Aa above
Broken 155.9M56.1

Aa above
■Mi 93

Ae above

Broken at 177*

Aa above

Aa above

Broken at 198'

o»i - m i/ii

Ml Or Rack

Raaaa

Cara

1OO

IUO

iBoo

50

50

REMARKS

Oaafeal Caa*

Left gaa ■hat-

In overnight;

for 24

voluae too amal

to aeaaura, watfr

level built up

to 146.2 ft.

Lied hole dry
to 2Z0 ft. Set

hole packer at

158 ft. Plow

at etart 5.2 e*

(uncorrected) a

2.7 pal. After

- 30 adn. flow .

4.0 cfa and

preaaure 1.9 pa]

2E-91

Revision 12

January, 2003



GILBERT ASSOCIATES. MC.

OX - Perry Hude.5?"" *" *"* «^»«C4Tmi SHEET
f Pl

2E-183 GILBERT ASSOCIATES. MC.

SOIL AND ROCK CLASSIFICATION SHEETy

PROJECT: fowr Plant

CONTRACTOR: HsrTOn

DRILLER: Ed Seswrck

CLASSIFIED BY: J.t.W.

044349-000 Jrre AReA H. Perry. Ohio

COORDINATES ^______^_

sheet«5_op_5 cn _ perry guclear"

drill hole no. 1-55 PROJECT: Power Plant w>0. 044549-000 srre area a» Perry. Ohio

hate, 12-28-72

ELEVATION .

CWL0 NRS _

24HRS-

IPT

BI«ob/

A In.

* n ii

DESCRIPTION

y (*t C—»l«t«nc

RmIi O> Sell Tif - AtonnHn

Aa above

Broken at 203'

BoCtoa of Boring

Sail Or Rack

Sit*

C«M

10 0

tioo

REMARKS

CWl.al Cmv,

GnvmiWnmt,

0*1 • 10 I/It

HarronCONTRACTOR:

DRILLER: Ed Sa£WVCk

CLASSIFIED BY: D.B.S.

COORDINATES W 781.174

E 2,369,386

OATBi 21

' 2E-184

SHEET L.OF *

ORILL HOLE NO. *-**

ELEVATION 608.7

tt

/o

/5

6 12 II

12

2/

2S.

5

10

SO

IO

20

34

/9

3?

60

12

20

/9

36

ilt

DESCRIPTION

Daaaily (a> CaMiuaaav), C*W

Rack Or Sail Tr»» • AecnuHti

Or-bro w/grey Battling clayey
ailt & f.aand; layer crae. aand.
etiff, aviat

Brn. clayey ailt v/lsyera f.
aand, aoiat-wat, flra

Saaa aa above

Grey alley f.aand.wet.nod.denae

Grey w/red laminafarl ailty clay.
aoaa f. aand; atiff, oolat

Grey alley f. sand, tmatratified,
wet, mod to dense

Grey w/red laminated ailty clay,
aona thin f. aaad layera, fira-
atiff, aoUt, tr. eras, aandy U

Beddlah grey clayey f-crae. aandy
lilt 5Z IF, atiff, moist

Ho recovery

Grey clayey oed-v.crse.aandy ailt

1O-2OZ BF, atiff-v.atiff, aolat

Sams 1V-2QZ KF, v. atiff-bard,
■oist-

Sane w/2" cobble

V. poor recovery, v. atiff, nolat

i; hard

Beddiah grey-reddlab brn. clayey

crae. aandy ailt; 5-2SX RF
(sonea), bard, molat

Greyey ailt. hard. ■iat-daap

ailt.

Grey ahale, weathered, clayey.

6* Stf of 1-S6

Installed 22*

of 5" caaing

Upper Till

Lover Till

Installed S21 tt

flxiah Joint

caaing

OM'tXf ■/»!

2E-92

Revision 12

January, 2003



CH.BCRT ASSOCIATE! MC

CEI - Perry lW*Mf> R0CIC CLASSIFICATION SHEET

project: Power Plant v 0 044549-000 UTE A8EA H. Perry. Ohio

CONTRACTOR: _

DRILLER: _-£&.

CLASSIFIED BY:

Barren COORDINATES

D.B.S.

2E-185

SWEPT 2 a, 5 _

DRILL HOLE MO. 1"56

ELEVATIOM ftO8-7

C*L 0 HAS

CEI - *rry

project, Power Plant »o

OLBERT ASSOCIATES, MC.

WL AMD ROCK CLASSIFICATIOM SHEET

044549-000 srrc area ». Perrv. Ohio

DATE:

CONTRACTOR:

DRILLER; M

CLASSIFIED BY: _

Berron COORDINATES,

2E-186

SHEET.3. OF 3

DRILL HOLE NO. 1-56

ELEVATION 60B.-7

CWL 0 HRS

D.B.S. bath. 12-6-7?

SI

SPT

Blo-«/

6 la.

6 II It

DESCRIPTION

D«Ml«r (•» CowUtaacp), Calar

Rock Or Sail Tfp* • Aaomwin

Grey shale w/lt. grey eendaeoae/

■lltatone tana; mostly unweatb.

and massive: weak shale and elaj

9 51'-51.2, 30° fracture and
weak shale § 55.1-55.2

eandstone lense up to 01*,

30° fracture 61.3. 61.8; vertical

fractures 62.0-62.4, 66.8-66.95i

slightly broken 61.2-61.3. 62.0-

62.2, 67.65-67.75; day seams

(firm, wet) 69.0, 69.25-69.4

Same; missive

Same; thin day seam 82.25, 85.9,

no fractures except usual hprlse r

partings

Same; day seam 95.15-95.20.

massive

Sail Or Rack

Cart

IO0

COO

IO.0

Boo

10.0

_9ap

IO.O

IO.O

9.9-

IO.O

REMARKS

OmmUcI Cam,

GrovalVaMf,

(lrK«hM PraUaM,

Fresh Beck at
50*

L.P.

S.P.

Avg.

3.15

0.04
0.60

L.P.

S.P.

Avg.

0.80

0.04

0.60

L.P.

S.P.

Avg.

l.Z

0.04

0.6

L.P.

S.P.

Avg.

1.35

0.08

0.7

L.P.

S.P.

Avg.

2.25

0.03

0.00

01

LIB

LAS

SPT

6 12 U

DESCRIPTION

Banal* (ar Canaiatanef1. CaUr

Rock O> Sail Ty*a • Acoaaaria

Sane; generally massive, no day

seams recovered, eat. Z sand In

run 5-10X; (some grey-bra, mud-

stone bands 1/2-3/4" thick In

gredatloaal contact w/gray shalaj*0
may contain sand lenses, appears
denser than shale end la general .y
harder, lacks flsalllcy) ^

massive, numerous sand

leneea up to 0.15 ft. thick,

est. 20Z sand In run

day seam (soft, high plas.

0.03* thick at 120.2, 120.3 and

0.05' thick at 120.35-120.40.

fracture 60° « 125.0-126.0.
same day along break; eat.

•and 20Z, numerous brown bends

Same; massive, no clay, no

fracturea except bedding

fractures, but a weak fissile

sons 139.8-139.9; eat. 10Z

sandstone

Same as above; eat. 20X sandstone

SallOrRodi

Bent*

Si**

Cera

1*0

110.0

ilco

10.0

110.0

&••>•

Rac.

IO.O.

tO.0

REMARKS

catCaav,

Caala«ia0aM,

amtnmloaff ijliiii.

ale.

L.P.

S.P.

Avg.

1.9
0.04

0.8

L.P.

S.P.

Avg.

I

0

0

.25

.05

.90

L.P.

S.P.

Avg.

1.45

0.05

0.80

HerhiM greater
than SZ -
noticeable

flow fc odor

L.P.

S.P.

Avg.

1.75

0.02

0.70

L.P.

S.P.

Avg.

1.50

0.04

0.60

2E-93
Revision 12

January, 2003



OLBCRT ASSOCIATES. MC

CEI - Perry Buelear8011- **D "OCX CLASSIFICATION SHEET

pbqject: Power Plant w ^ 04*3*9-000 SITE AREA H. Perry. Ohio

__. COORDINATESCONTRACTOR: Herrqn

DRILLER: pd Sersvck

CLASSIFIED BY: D.B.S. 12-19-72

2E-187

SHEET.* pp 5

ORILL HOLE HO. 1-36

ELEVATION «».7

GWL 0 HRS _

M HRS ___^^_

CEI - Perry

PROJECT: Power Plant w.o.

GB.BERT ASSOCUTES. INC.

*""-AHO BOCK CLASSIFICATION SHEET

044549-000 axe area B» Perry. Ohio

SHEET.

2E-188

.OP

CONTRACTOR:

DRILLER: Bd Sexwvck

, SITE AREA.

COORDINATES .

CLASSIFIED BY: D.B.S. 12-27-72

ft

O

—

—

—

—

BSBB

Iti

at.

51

Hi

■r

121

iac

5

I

SPT

eiaW

6 1a.

6 12 11

li

m

a

DESCRIPTION

Danart* (a* Canaiaraaay), Cafar

Rack Or Soil Tya* • Am aa

" Sane; eat 10-15Z aandarcma

" Saaa; eat. 10-15Z sandstone,
- numsroua clay partlaga,

- eapacially between 162-162.5

. Same; eat. 20-25Z sandstone;aome

. clay partings at 175.7 to 175.9;

- brown "hands" or lenses, less

' compreaaible than grey ahale

' at tine of formation aa indicate
| by ceapactlon features la beddia

" Sane; eat. 15Z aaadatoae

. Sana; eat. 10-1SZ sandstone;

■ thin slightly broken shale xonea

- 196.1-196.3, 198.0-198.1,

- 199.5-199.7

.i-

U.S.CMO

97

00

99

4

Sell Or Rack

Ranaa

Cor.

Rw»

10.0

JUQ

too

no.g

10.0

/Bo o

10.0

190 O

too

2OOQ

Grata

Skaaa

Rac.

Cor.

•

■

■

3.1 •

•

9.9-

-

-

-

wxr
•

■

-

9.9"

-

-

REMARKS

Chaalcal Ca-a,

Cailaala Data,

CaaitrMlm f itlmi.

ate.

L.P. 1.13*
S.P. 0.03
Avg. 0.50

Avg. 0.40
L.P. 1.25*
S.P. 0.02

163.5 tested ga
composition

&2O level appri

161.5 at 9 a.m

Bailed approx.

24 gal. «11 a.i
H7O level betw

5* k HZ eaalag
unchansed **

therefore, H,0

possibly aU f

ahale.

L.P. 1.45

S.P. 0.04

Avg. 0.40

179.5 tasted gat

pressure" and f
rate (12/21)

water level

28.25 12/26

L.P. .90

S.P. 0.03

Avg. 0.50

L.P. 1.5

S.P. 0.02

Avg. 0.4

Hater level

12/27 - 28.71

a

01

»

DRILL HOLE NO. l-<*

ELEVATION __^___

CWL 0 MRS ■

2* HRS _—_^^

lei

tta

SPT

Bhn/

a In.

6 U It

DESCRIPTION

Daaaity Car Caaiilatwyt, Calar

Rack 0> Sail Tya« - Acaaaaarlai

Sana; eat. 15Z aandatone

T.D. 210.0 Pt.

Sail Or Rack

Raagi

Siia

Cara

10.0

21&0

REMARKS

6-.W«i« Data.

Grata* Vatar,

Cant

L.P.

S.P.

Avg.

1.25

0.02

0.50

of n

not held by

core retainer

a/n

2E-94

Revision 12

January/ 2003



CEI - Terry Nuclear
Power Plant

GILBERT ASSOCIATES. OK.

.SOIL AHD ROCK CLASSIFICATION SHEET

PROJECT].

J CONTRACTOR:

DRILLER: Ed Serwrek

044549-000
JITE AREA.

Herron COORDINATES ,

H. Parry, Ohio

W 780.364

SHEET

E 2,369,853

CLASSIFIED BY) D.B.S. DATE. 11-1-

SPT

SImi/

ita.

6 11 It

DESCRIPTION

D«wltr (•» Camlataaay)* Calar

R»ck Or Sail T»#a •

Gray clayey ene.sandy gravel

and gravelly clay

Grey shale;bedly weathered clayey

and broken tones. Dip 2O4

Grey alula w/lt. grey SS eeaae,

bedding plane Inclined 20° from
horizontal (dip). Huaeraua high

angle fractures but appear* only
allghtly-Baderately waata.over a

w/clay up to 1/2"

Data Incomplete - material

Jamaed In barrel bat leaa than

3 ft. rec.

Gray anal* w/lt. grey SS seams;

freab unveathered.imbroken, no

clay

T.D. 87.0*

Footage: 35* coring

[A M-402 Methanmater vaa uaed

to detect concentration of

methanoaeter (C84) gas.

Generally the boring vaa balled

down to the detection depth.1

Sail » Rack

Raa*.

Car*

5-ft

5T0

25

&T3

87.0

Cnla

2.9 .

♦.*«

REMARKS

■leal Caa«,

Gaalaaia Dai*.

PraUai

Began core

>ling at

52.0*. Ho eoll

aaaplea

L.P.

Avg.

0.15

0.10

0.6'L.P.

S.P.

Avg. 6.25

Balled dry 4/12
CB4 3.5X

L.P. 0.5

S.P. -

Avg. 0.2

Tbreada en nit

failed - core
retainer plnene

core - did not

enter barrel

* broken shale
* clay at base
of run (Bars,
bedding)

L.P. 1.40

S.P. 0.03

Avg. 0.60

Denne fHa»«»<i

brown bands In

ahala.probably

chart w/eom
day

oai • an m/n

PROJECT: __—i

CONTRACTOR: .

DRILLER: -_BS

CLASSIFIED BY:

Perrv

Rerron ^e

irohrev

Renken

■.a

BtllUt

OO.SERT ASSOCIATES, INC.

SOIL AND ROCK CLASSIFICATION SHEET

044549-000 SITE AREA H. Parry. Ohio

COORDMATES » 781.030
E 2,368.780

2E-190

op J

DRILL HOLE NO. ^~M

ELEVATION 606.3

SPT

Bla-a/

ate.

6 12 It

9

OESCRIPTKM

r (arCaatlataM

Rack Or Sail Tjrv* - Aa

LftQUU»tllU! eedlnwnts

Sandy silt, light brown, mottled

with sane gray very fine sand,

fin, molat

. Sandy silt, light brown, firm

. moist, no plasticity

Itoner Mil

' Gray allty clay with rock frag

ments

. Gray clayey ailt and ailty clay

with trace fine sand and rock

. fragnents

. First atteapt for Shelby unsocc-

. essful, drilled a bole adjacent tc

this one to get a comparable

Shelby tube

Gray silty clay, fIn, low

plasticity with soae rock frag-

aenta

' Gray allty pebbly clay

Hoist, allty clay with rock frag-

'nents (trace), flra, low plas

ticity

toll Or Rack

Can

Grata

Shapa

Rm.

. mo. aicer pun-

. Ing augers 9

■ 9:30 am 7/30/73
• la 7fln

• 7' GH. « UJ30

• n 7/31/73

REMARKS

wasdrilled'fo? pro
te unloa

2E-95

Revision 12

January, 2003



PROJECT:. Perry

CONTRACTOR:

DRILLER: B

OLBERT ASSOCIATES. IMC

SOIL AND ROCK CLASSIFICATION SHEET

, *.O. 044549-000 jite area M. Perry. Ohio

tog. COORDINATES ■

CLASSIFIED BV: i»at«. 7/28/73

2E-191

SHEET_2__ OF

DRILL HOLE NO. -ill

ELEVATION.

C*L 0 HRS _

24 NRS _

PROJECT:

CONTRACTOR: '

DRILLER: _BSC

CLASSIFIED DV:

Perry »j ^

Herron Teat1no

aohrev

Benken

6R.nRT ASSOCUTfS. INC.

SOIL AND BOOC CLARIFICATION SHEET

SITE AREA H. Perry. Ohio

COORDINATES.

2E-192

8MCCT 3 na 3

DRILL HOLE Ma .

ELEVATION 606.3

. 7/26/73

'1"6'1

SPT

Bla»a/

Ala.

a U It

13

22 31

22 Hi

DESCRIPTION

Oaasi*/ (ar CaaaUtaaey), Cato

Rat* O» Salt Ty»« - i

Lower Till

Shelby la hard and dry, alley cl*

with Increaalng Z rock tragmaata

Dry, hard, allty gray clay with

aoae rock fragneaea

Laac poaalbla obtainable Shelby

Same aa above with aoae large

fragments % In ■aTlwim diameter

Same aa above

Saae aa above with chunks of

shale fragments

• Shale,

ik In penetraeloa, laminated,

gray shale fraturlng along

planes

Ml Or Rack

Can

Craia

REMARKS

Brew* Vata*

Coaitmctwa

. after pull

ing augers vaa

6*1". Approx.
24 hra later th<

level waa 7

The water la thi

hole la not

grouodwater, but

rather water

left from a re
sult of

' Max. piece la

] 2 3/4 ". Several

plecea together

give a good RQD

of 8". Probleaa
with losing H 0

Closed augers2
farther down.

SPT

Bla»/

A 12 II

DESCRIPTION

alir Urn Caaalataaay). CWa.

. This la also a laminated dark

ahale borlxontaX bedding

Cara

1'

Rac.

ml-

REMARKS

ledCaav,

Gaabaja Dm,

7V BQD « 9" 4
4*9" there la a

light brown

alltatone seam

BQD 1« 5'2" max.

core la 14" mat

erlal la

ted (gray) frac

turing along

bedding. From

6*| to 11" rock

la highly frac

tured

2E-96

Revision 12

January, 2003
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GILBERT ASSOCIATES. WC

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT:

CONTRACTOR: .

CLASSIFIED BY:

Perrv

RM-rnn

Humphrey

Renken

■-O. M4SAO-OOP SITE AREA

COORDINATES

H. Perry. Ohio

H 781.630

B 2,370,615

2E-19S

sheet 1 nm 2

DRILL MOLE HO. -IdS

ELEVATiflM 62S.7

bate- 8/2/73

PROJECT:.

. _______ CONTRACTOR:

7'6" 11:30 m 0RIU-R:.

U HRS ' CLASSIFIED BYs

Perry

GILBERT ASSOCUTES. mK.

SOIL AND ROCK CLASSIFICATION SHEET

0443*9-000 jite area H» Perry, Ohio

2E-196

SHECT-2__OP .

ORILL HOLE Ha .

ELEVATION _

Bsnkan

IS

SPT

BUi/

4 In.

8

cw. BM.«7'6" 11:30

DESCRIPTION

> |h Cautet

R*«* O> Sail Tw-

1 Tooaoll II"

sediments

DaeoQsol sample alley brown

■edlua aaad. damp, with vo

plaadelty

Medlua Co fine grained dark brown

\ aand, wee, having no plasticity

Upper till

Gray, nearly equal X of silt &

clay, having very low plasticity,

noiat, firm

Gray clayey silt and alley clay

' with streaks of very fine sand

Gray ailty clay with trace very

fine aand, low plasticity, moist

firm, gray allty clay, moist to

wet, low plasticity, firm

Cray ailty clay, moist to wet,

same aa above

" Cray clayey and sandy silt with
streaks of very fine sand, moist

to wet, firm

Sail Or Rack

Raa*

Slta

Can

REMARKS

GmaWVmr,

C—mwtt— P iIII mi,

ate

Ibis boring was
drilled for
proposed stream
diversion cfaann 1

GWL after pullli {

augers 3:00 pm

6*3"

t

10

SPT

BU-t/

Ala.

« 12 IS

to

OESCRtrriON

Daailir (ar Caaalawaqr), Calar

Ratk O> Sail Typ* • Aieaaaadai

' Clayey silt (firm) moist with

" a very fine gray sac sand and

~ clayey silt having very low
\ plasticity and aand having none

Dryer, trace fragments, silty

clay, stiff, low plasticity

Same as above* largest fragments

Is V across

-41V

OAI • Of §.'»

U-

Sail Or Rack

Slta

Cata

Rim

REMARKS

GaaJasU Daw.

0ro«W Watar.

CaasMMIiaa

ate

2E-98

Revision 12

January, 2003



6H.RSRT ASSOCIATES, MC.

SOIL AMD ROCK CLASSIFICATION SHEET

PROJECT: Perry

CONTRACTOR: Herron

-XV 044549-000 ,,-f. AREA .

DRILLER: Htmi»hr»v

CLASSIFIED BY: Bankan

COORDINATES W 781.980
B 2,370.575

DATE: _______

SPT

Slaw*/

6 1a.

« 12 II

sUt

Skdky

lo

22

tl.0

DESCRIPTION

r tm C—»<■*■—

RMk Or toll Typa • AomuiIm

17" ffnaoll

lie rd brown sand, crumbly.

safe, daap, fine grained

Brown, aadlum to Cine grained

aand with some organic aaterlal,

unconsolldaeed. sample, daap

Same aa above,

damp

allt and clay,

• Dpper till

Gray alley sand, aoist, trace cla?

In this streak, fIra, no plastlelt r

Cray alley sand, aolat. trace claj

• in thin streak, fIra, no

plasticity

Gray sllty clay with at aand

'Gray allty clay with ata of

'firs, aolat

Sri

2E-197

DRILL HOLE Ma 1-<1

ELgVATlBM 625.4

OWL 0 Hsy 9'4"
lteic cave

9 at l

16'

CO.BERT ASSOCUTES. DK.

SOIL AND ROCK CLASSIFICATION SHEET
2B-198

PROJECT: __________

CONTRACTOR: Herron

DRiLLERt Humphrey ,

044549-000 $!Ti area .

COORDINATES.

n CUkSSIPIED BYi Benkan OAT6. ______

DRILL HOLE NO.

ELEVATION

6>L 0 MRS

24 MRS

Sail Or Rtcfc

R«-t»

C«t

Run Cam

REMARKS

■lial Caa*,

Caaetnjatlaa PraMwa,

ate.

This boring was

drilled for
proposed stress

diversion chun 1.

39

ML

*1J^

10

SPT

Ikn/

« In.

6 I] II

/s

/o

IP

a

10

l\

19

DESCRIPTION

Daml«r (a> (

Rack Or Sail T—» • Aaaaaaaria

. Gray sllty aand

Gray sandy silt, with streak of

■ clay, aolat to saturated sandy

silt also, allty clay, fIra'

Gray alley clay, stiff, aolst

Gray alley clay, trace fragments,

daap, stiff, low plasticity

_Gray alley clay, low plasticity,

[daap, stiff

■ Some as above, trace fragaenea

(5Z), damp

Same as above, lav plasticity,

daap ,

Lower till

Dry, brittle 1S-20Z fragments,

low plasticity, alley clay

. Saae as above

. TO 9 50'

SM

CL

Sail Or Rack

Raafla

SUa

C«a

Graia

Ra*.

REMARKS

OmImI Cmw.

Caalaaj'a Oala,
Graami Vatar.

Canitruatfaa PraMaaM^

ate.

2E-99

Revision 12

January, 2003



PROJECT: V7

CONTRACTOR: Herron

DRILLER: Humphrey

CO.BERT ASSOCIATES. WC

SOIL AND ROCK CLASSIFICATION SHEET

. mja. n^ASAO-nnft HTe AREA j,

COORDINATES

2E-199

Ohio

CLASSIFIED BY: BAB

H 780.486

E 2,368,193

, 7/3Q/73 3:00 pm

SHEET

DRILL HOLE NO.

ELEVAT

ifi

SPT

6 In.

6 12 U

OESCRIPTUM

OaMlty <■» Cwwlmwy). Calai

Raek Oi Sail Tyaa • Accaatarlaa

Lacustrine sedlnanta

Brown, mottled, clayey aile near

bottom of Maple, brown sllty

fine sand, dry, no to low

• plasticity

Sections of fine allty saad and

' clayey silt In alternating bands
. firm, dry

Moist, brown sand, flna, no

a a gray sllty clay with trace

' fine sand, moist, low plasticity

flna

Gray allty clay, firm, moist, wit

some fine sand in thin sections..

low plasticity

' TD 9 13*

Sail Or Rack

Raaaa

Sin Sktaa

Rae.

REMARKS

Ckaaical Caa*

OaalvgU Oaw.

Caa

This boring was

drilled at

proposed sludge

lagoon basin

site.

PROJECTi

CONTRACTOR

DRILLER:

Perry , ».a

CB.BERT ASSOCIATES. IMC.

SOIL AND ROCK CLASSIFICATION SHEET

0**549-000 site area »» Perry. Ohio

COORDINATES H 780.554
B 2,368,381

CLASSIFIED BY: Rcnfcen nm. 7/30/73

2E-2OO

DRILL HOLE NO. 1~*3

ELEVATION 620.4

GVL 0 HRS 7>5W

SPT

Bla«i/

61a.

• 12 IS

iff'

DESCRIPTION

Dimity (•, Canalanini), CaW

Rack Of Sail Typa • AoaMtarin

Light brown, nottled with clean

. white allty sand, sandy silt,

sand Is fine, firm, no plasticity

- Brown sllty clay with sane fine

fin, dry

Moist, brown, clayey silt, with

some very fine sand, soft to

firm, low plasticity

Upper till

Gray, saturated, clayey silt aa

well as thin streak of sllty fine

sand, no to low plasticity, soft

Gray, sllty fine sand, wet, firm

Ho plasticity

Gray sandy silt, sllty sand, trac

clay no plasticity, wet

Cray, allty clay, moist, firm,

with low to alight plasticity

trace fine sand

TD @ 14'. 6"
Installed 9'6n PVB tube for
permeability test

Sail Or Rack

Ra*aa

SUa

Com

OAI-1X7 a/It

Rac.

Ihls boring waa

• trilled at propo
• iludge lagoon

in site.

REMARKS

Caatimtwa Piaklw.

ale.

#2 sealed for
Mechanical ana

lysis teat

#4 sealed for
mechanical

analysis

#7 sealed for
mechanical

anlyaia;tn. 9 0

hre 2:00 pa

7*5" 7/30
9:15 am 7/31
WL 7'4M

«i-bi t/n

2E-100
Revision 12

January, 2003



oliot auocutcs. me

son. ino rockcusanaTnN sheet

TBO.623

TSSKS

classpicd ett bat*. 7/Lm 11:30 «■

»PT

• m n

Btuwi aaeclad sll9 aaad. vltfc

cloy, ngiss. fira. «o

q a&Xt with lcyara of
vary flae tud

atlfi. fixo. oolst.

tavlag lav pUsttdtr* *lch ceu

Crmy alley «I«y with cat 15-2S

vary £im aaad. fin. oolat,
lav PlastSdey

Ony dayay allc «ltb aoaa very
flaa aaad, as plant-Id ty to lam

alaselelcy. aolsr fin

Cray alley day, stiff, aalat

TD 14

■ ■ drilled at
sdge lagoon

8UMB

#6
' for ■»-»»—»««i

taalyala

c«.Bcrr uwcutu, ok.

9BBL AMD SOCK CLtttfflCATBBi SHEET

0UM9-0M fiTf AqgA H.

2B-2O2

DRILL NOLC I«L .L4&_

"""W "ft ft

■Aw-7/31/n 10i2P a

IPT

* U U

plasticity

clayey aad aaady alle'

i nek fnpBBBCa, natdai

flaa aaad, fin. a»

■adlaB farm, oocclad. solas, fin

clayey alic with atrcaka ef aaa
(>«ry flae)

,XBp of BBBBla. Bllty Bfld

Bsttaa of ansla. any alley day

«ltb atraak ef aUty oaad

\ Gray alley clay with laaaa of

. plasticity, fIxo,

Iflala cd « 12'CT

ttl. boring w»
drilled at

■ice.

2E-101

Revision 12

January, 2003



GILBERT ASSOCIATES. IMC

SOIL ANO ROCK CLASSIFICATION SHEET

2E-203

PROJECT: P-^y

contractori Herron

DRILLER: Humphrey

CLASSIFIED BY; BAR

*J0., SITE AREA ,

COORDINATES « 780.480
B 2,368,610

DATEi 7/30/73 Moved hole slightly

SHEET__L_OF .

DRILL HOLE NO..

ELEVATION.

G*L 0 MRS 7'9"

34 MRS.

619.5

S'10"

t

SPT

Bla-i/

6 I] II

• 10" -toanoll

■ Lacustrine sediments

Light brown, mottled with gray

clay, clayey silt, fIra, slightly

moist, low plasticity

/IS

DESCRIPTION

DMUltr (at CMtlMMHr), C*l«

Ra*k Of Sail Tya* • AceMMtiaa

Media brawn, alley day. mottled

flm slightly aolst, low plastic

Top was clayey, silt, bottom

sandy sllty

Brown changing to gray, wet, silt;

sand

Bnii»r Mil

' Gray, wet to saturated, sllty
' clay, fIra to soft, low plasticity
\ with very fine sand layers

. TD 9 12«j ft. installed 4M FVB

■ for paraeablllty, 11*4" of tube

Sail Or Racfc

Ba«a*

Siia

Caia

Grata

Skaaa

Car.

This boring waa

drilled at

proposed sludge

lagoon basin

site.

#3 sealed for
"*—*h»nl**1.

analysis

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

PROJEC7: _^.

CONTRACTOR: .

ORlLLCRi Itiaphrey

. W.O. flt*m-nnft itrt AREA W- Parry. Ohio

COORDINATES M 780.610
E 2,369,950

CLASSIFIED BY: RAR DATE: 8/1/73 12:00 noon

2E-204

MEET_I_ OP 2

DRILL HOLE NO. 1-*7

ELEVATION

W»L 0 HRS

2* MRS _

SPT

Bla../

« 1} II

DESCRIPTION

OaMlty (at CauUlMv), Cata*

Rach Or Sail Tyaa . AeeaaaaHaa

10"

Lacustrine aedloenta

Brown mottled, soft, clayey silt

with 20Z (eat) fine sand Layer

Brown gray ailty clay

Dnner till

Cray clayey silt with trace sand

soft, aolst, no plasticity

Gray sllty sand, stiff, aolat.

no plasticity

Gray ailty sand, wet

Gray sllty clay with trace very

fine sand

. Gray sand to silt, wet

Cray sandy silt, wet denonstratin

dllatancy, no plasticity, soft

Cray, sllty clay, flra, aolst

. low plastlctcy. trace rock

fragments

Sail O> Rack

Grai.

REMARKS

G—l-aj. Da»a.

Caaimmiaa PmU*

ale.

This boring was
drilled for
proposed sewage

treatment plant* ?
site.

o*< • si t/u

25-102
Revision 12

January, 2003



OLBMT ASSOCIATES, IMC.

SOIL AMD ROCK CLASSIFICATION SHEET

2E-2O5

"ROJECT;. Pgrrv

CONTRACTOR: Herrnii

DRILLER: Humphrey

v.a Q44S4«-oon HTe area ,

Mwg COORDINATES .

H. Pittv. Ohio

CLASSIFIED BY: RAR DATEi.

Sheet 9 M

ORILL HOLE NO.

ELEVATION

CWL BMat

24NRS

/o

SPT

Sim/

4 In.

• 11 II

ZI

II

37

DESCRIPTION

Daul* <•> C«aUmiif), Cater

Rack Or tell T»a* - Aacaaaarlaa

Gray allty day, molat, same as

above, with streaks of very fine

aand

Dryer, firm, alley clay with

trace sand to rock fragments,

low plasticity, Increase la

fragments to 5-10Z

- Cray alley clay, dryer, fin to

- stiff, rock fragments k diameter

5-LSX fragmeata

t«ii - ft became harder to

. drill at thla depth.

. Dry, hard, brittle, alley clay

15-201 fragments

.TD 40'

Wit Or Rack

Ctaia

-|GWl ee 0 hra did

t exist. Hater

■jdld not seep la
fast enough aftc

27 3/4 bra It
rose to 4*10"

REMARKS

a*i - UT «.*»!

PROJECT] m - PWPP

CONTRACTOR: Herron

DRILLER: L'

CLASSIFIED BTi

CO,BERT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

SITE AREA W- »""•?,

COORDINATES H 781900

, ■JO.

2E-206

SHEET_JL-OP 2

ORILL MOLE NO. »-**

E 2370130
ELEVATION,

OWL 0 MRS _

11MB.

617.3

4.8*

351

SPT

6 12 II

v. '* «'■ ' * •: 1 Sane - trace sand

DESCRIPTION

r (•» Caulatonc

Rack 0, Sail Tv»* • AcenMtin

•LACOSTRIHB

-Molat, loose tan allty fine

Tan ends at 6'

Moist

.Set. loose, gray sllty fine sand,

. with trace clay

Jfolat. Medina) stiff, gray alley

saady clay

-Moist, aedlum denaa, gray allty

fine aand with trace day,

stratified

.Moist, aedlum stiff, gray allty

sandy clay with red clay specks,

stratified

SM

a.

SM

UPPER TIU.

■Moist, soft, gray allty clay with

shale fragments (5-1OX) strati

fied

Relatively molat, soft, gray sllty

clay with fine shale fragmenta

(5—10Z) and gravel, calcareous

■Saae, medium stiff to stiff

■LOVER TILL

■Relatively dry, very stiff, gray

alley clay with shale fragments,

■ calcareous

■Same

SM

Sail Or Rack

*;••

Grata

REMARKS

d Cam

Baalaaic Doa.

Topaoil I1

OAI • HI 1/T2

2E-103

Revision 12

January, 2003



PROJECT: fflT - PHP?

CONTRACTOR: Herron

GILBERT ASSOCIATES. MC.

SOIL AND ROCK CLASSIFICATION SHEET

, V.O. nA-AMO-nnn MTE ARBA M. Parry

_ COORDINATES N 781900

DRILLER: HuaPhrev

CLASSIFIED BY: JCD

E 2370130

bate. 3/23 - 3/28/74

2B-2O7

JH«T_2_0F *

ORILL HOLE NO. l-*^

ELEVATION —617.3

CWLflHDC 4.8'

PROJECT: CEI - PNPP

CONTRACTOR: Tterron

driller: j

CLASSIFIED BY:

CR.BESTT ASSOCIATES. MC

SOIL AND BOCK CLASSIFICATION SHEET

A. 04-4549-000 site AREA H. Perry. Ohio

L_ COORDINATES M 781900

Jffft OATEi S/23-28/74

2E-208

SHEET_L_ OP 1

ORILL HOLE NO. »-*»

ELEVATION *17'3

CWL 0 HRS - *«B'

Ik

o

—

—

fee

H

■awa

*

r

SPT

Blowi./

1 1) tl

31

be ii.

8

£

DESCRIPTION

Daaairf (at Caa*l*iaacf)t Cab*

Rack 0* Soil Tyr* • Annmlw

-Gray allty day with fine to

- eoarae ahale fragnenta (3QX)

"Bard

'Cobbles

•Weathered Shale
-Cray ahale. weathered, aoft to

• nadlua hard, thin and flat

- laminae,lolntliig.(45° angle),

- waiiwuw piece .4'

"Gray shale with thin alltatone

I lenaea, ummathered. aedlim hard

thin ■«■* flat laalnae, none '

. Jolntlngt scour and fill

. structures

-Same

"Ha jointing

T. D. - 78.6*

|U.S.C.S.| |R.O.D.|i
a

•

Sail Or Rack

Sit*

C**a

Rw

lO.i

Ortia

Cm*

-;

•I* ■

'■*••.

REMARKS

ChaafealCaa*,

ale

SPT

timmt/

61a.

6 U IS

DESCRIPTION

Dmliy (ar CaulMaori. Gate

Rack Or Sail Tyaa - AMauartM

PIEZOMETER RESULTS

Water Top of

Bottoa Level Elev Pipe

1 63.7' 10.8* 617.3 619.5

2 48.5' 7.4' 617.3 620

PVC 19.0' 5.3' 617.3 620

Sail Or Rack

Raaai

Sit*

REMARKS

Ca*W*lc Da**,

CaMMMtlaaPra

OAI-H7 1/72

2E-104

Revision 12

January, 2003



Ca.af.RT ASSOCIATES, MC

SOIL AND ROOt CLASSIFICATION SHEET

PROJECT: CEI - PNPP 9A 04-4549-000 UTe AKlA W. Parry. Ohio

CONTRACTOR: Herron Tp«Hn? COORDINATES H 780.140

M...». i- w..n>u.-y E 2,370,440

CLASSIFIED 8t: _JfiU DATe. 6/M-7/1/7A

ELEVATION 622-7

6»L 0 MRS

24HRS.

1° 12

SPT

41a.

6 12 It

■A, 19 J3Q. 33. 42

47

10

12.

U,

DESCRIPTION

0*Mliy (at Cwnlmmil.

Ra«fc Or Ml T»a*

LACUSTRINE

Moist, loose, brown alley fine
sand with trace day

Moiat, soft, gray ailty (15)
. sandy (35) day with sand

layer

Wet, loose gray allty sand

! Moist, soft gray silty clay with
fine gravel, lenticular red
clay ««"iMqtqna

Moist, loose to medium dense

alternating gray clayey silt SO

■UPPER TILL

Hoist, nedlum stiff, stratified

[Gray allty day with fine to

nadlra grained anbraunded shale
fragments and lenticular red
clay inclusions, calcareous

.Dry, vary stiff, hard

XSray silty clay with 15-20Z fine

to coarse grained shale frags,

calcareous

Boulder - 47'

Cobbles

CL

Sail fr Rack

*•!•

REMARKS

Topsoll 10"

6R.MRT ASSOCIATES. MC

SOIL,AND ROCK CLASSIFICATION SHEET

PROJECT: CEI - PNPP WA 04-4549-000 UTe Aga^ H. Perrv. Ohio

CONTRACTOR: ""-rnn ?..»<■, COORDINATES W 780 140
B 2,370,440

DATEi,

DRILLER: _I^_HuB(lb

CLASSIFIED BY: I.ft.

2E-210

2 op 2

DRILL MOLE NO. 1-69

ELEVATION 622.7

C»L 0 HRS i'

Bole la bendln{

here

OAI • BT i.*n

Ik

■s

a

50

■Mai

5ft

za

7T

mam*

mm-m

■■■■

1

13

SPT

Btawa

4 1a.

6

35

ij

47

/

II

IO«

£

DESCRIPTION

» Cray allty clay with SOZ shale

fragmenta

I Cray shale, weathered, broken up
soft to medium hard, acme

Jointing, thin and flat lamina

tlon, max place 1"

* Gray shale with clay seams,

* unweathered, medium hard, no
jointing, thin and flat

lamina max piece 7"

> Gray shale with crace ( 5Z) thin

- - slltstone lenses, unweathered,

medium hard, jointing at 74',

flat lamina

I T.D. 75'

4

|R.O.D.|
1

SailOrftaca

R«aa*

Cara

9.0*

65

5*

70

51

GMia

Skaaa

Rat.

C»i»

-

2.9'i

5* ;

3.0-

-

REMARKS

Cli—l»»ICa«a.

C—^^tian Putl 11.

Lost core had

to redrlll

2E-105
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GILBERT ASSOCIATES, MC.

SOIL AKD ROCK CLASSIFICATION SHEET

PROJECT: fTT- PHCT wjQ. O&-6549-000 S|TE AREA -H. PeTTV. Ohio

CONTflACTOR: Hprron Taaflwo COORDINATES - H 780.140

DRILLER: T - Himmhrw

CLASSIFIED BY: JCD

JL21 ^
B 2,370.44<T

DATE: 6/28-7/3/74

2E-211

DRILL HOLE NO. *-W

ELEVATION 622.7

6VL0MRS 21

24 MRS.

« la.

6 12 II

DESCRIPTION

D—aHf (a* CaniataacyL C»li»

Rocfc Or tad Typa - Acaii»Hw

PIEZOMETER RESULTS

Hater Top of

Button Level ELcv. Pipe

1 73.S* 6.0' 622.7* 625

2 45.5" 12.7' 622.7* 626

PVC 19* 5.0' 622.7' 626

MlOrBadi

C— Rac.

REMARKS

iUil C—»,

CR.BERT ASSOCIATES. MC.

SOIL AND ROCK CLASS1FICATI0M SHEET
CEI-Perry Nuclear

PROJECT: Pnw«r Want w.o. ft&-ASA»-OOn UTE AREA B. Pjhtt.

CONT"»*CT0R. Herron T««»«ffl COORDINATES M 780282
L. Htaphrey

ORILLCR:

CLASSIFIED BT: KH. JCD

E 2369667

DATEi_5=22=2*.

SHEET

DRILL HOLE NO. -W0

ELEVATION i

O»L 0 HRS

14 MRS

SPT

BKmm/

6U.

6 12 II

IX 31 V3

DESCRIPTION

D-JHlfy (w C

flach Qr Sail Typ*

LACDSTRTUB

Safe to fixm orange-brown and gra

interlominated clayey sUc/slltj

clay and alley fine aand

" Soft to fIra gray varved clayey
silt and fine sand

UPPER TILL

Pirn to stiff gray alley clay.

some aand and fine gravel-sized

rock fragments

LOWER TILL

Stiff to hard gray clayey allt.

sane sand to boulder-slsed rock

fragments

Sail Or Rwt

Ranga

Slta

Grata

REMARKS

ieal Gm».

fiaalaglc Daw,

Top SoU 17"

tfn

2E-106
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CB.BCRT ASSOCIATES. IMC

~t » -. , SOIL AND BOOC CLASSIFICATION SHEET
CEI-Perry Huclear

PROJECT: Power Plant «#0. O_-AS-0-000 sj-ra. 4^4 H. Perry.

contractor: Herron Testing COORDINATES w 7«0?R?

L. H"fflPhTf|V

3/20/7*DATEi.

ORILLER: ,

CLASSIFIED BT: KH. JCD

E 2369667

2E-213

SHEET—L.OP L.

ORILL HOLE NO. 1~70

ELEVATION 621

CM-" MM

24 MB. 2.5'

12.

SPT

Blavs/

6 In.

6 12 IB

DESCRIPTION

Daaaity (at C-nUn.tyL C*~»

Rack Or Sail Ty»a • Atcmwta

CBAQLIH SHALE

Cray shale with Irregular laalnae

't of light gray alley sandstone

Maximum place 10% laches

Sail Or Rack

Ran*

SIM

!0

Craia

REMARKS

Chaarint Caav,

0—umtWmtm,

PROJECT:

GR.BERT ASSOCIATES. ML

SOIL AND BOCK CLASSIFICATION SHEET

. W.O. ftA-A<Att-ftnn site AREA H.

CONTRA'-TOa: Hgrroa TaaHwy

ORILLER: t. HiMBhrev

CLASSIFIED BY: KH. JCD

COORDINATES H 7BOa&2

E2369609

OATEi

2E-214 *

SHEET 1— OF 2

DRILL HOLE NO ^I'l
ELEVATION *y>.7

CWL 0 MRS ____

24 HRS ____

v»

SPT

8le»i/

Via.

6 13 II

S3 ***

IS

DESCRIPTION

Dxahy |a> Canlataasrl, Calar

Radi Or Sad Typa - Aeeaaaatlaa

LACUSTK1HE

Soft to firm orange-brown and graj

laterlaalaate- clayey sllt/sllty

clay and fine sand

'Soft to firm varved clayey silt

and allty fine sand

UPPER TILL

Firm to stiff gray allty clay,

little saad and gravel-size rock

fragments

LOWER TTLL

Stiff to hard clayey sllt/sllty

clay, eone sand and gravel-alee

rock fragment*

Sail Or Rash

Raaga

Sis*

Caw

REMARKS

Topsoll

a/ra

2E-107
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CEUvtnv

CONTRALTOS: _Jte.I IMILTgBCJLag

poi^lfn. L. Runiulnev

ClAUtFlEB BT: TO. JCB

CB.NaTAsaeuTu.ate. ^^

■OC C^pftwawaVV^aA^iflM SMECi* " at
*ttCT_£fl_o» »

«A-06>AMa-flnfl «trg*—i. W. P»ww>. OMa em^ nByg iff . 1*71

cooatwuTO_gfi^|2_ .. CLEvarRM_S20s7_ awTRASTo* Jam

■Ava. S/16774 8IBB

ca.Be»T utoeunt, me.

SOIL Altft SOCK CLASSlFJCATiai SHBET

fat

SPT

61a.

6 U 18

SITB

Bach Or fed T*>.

Cray abala with Irregular

of light gny aUty aamUrnna

allghtly witwiTtt

U

*•'

DRJLLESi

2E-216

eaiu. hole «, *-**
61»

cm-so ■.•n

CLASSPIEO BT:

o

BBBB

BWtVJJ

BBB1I

■■we.

l£

BBBB

■WBB

BBB1

BBWfl

■BB1

&
■BB)

BBBB

■■aw.

BBBl

waaaj

■BBB

tt

■BBB

1

i.

•

/

V

yo

,.

a

fi

rt

«,'

/»

n

.1

Jt

Jk

Jt

Jwi

>J

JCB

SPT

a u n

>

2.

ji

»

7

a

7

»

i

M

if

40

*

J

*

«

•2

/l

I

tc

Iff

«

I't

y*

%

rt

«*

/ft

'#

1*

3

v

i*

/

4

y

t

V

*/

f

.»

«Y

,|

«y

f

>i

r.

.«<

■>

»at*. 10/»73

DBOnPTIOM

- Iaa allt ft wood, dry, least allc

- Battled gray-iiawa sandy silt, dxi

■ mhHbih dimnn. hinrry with trace

- day. reota

* aaoi ft allt ft gray clay. aodJaa

deaaa to stiff, aanp .

. Cray alley day with trace fIaa

. aaala gravel, safe, aolat

- Cray clayey allt. laMaaeed. aad-
• Ibb dense, aolat

I Xaterlnloatei fray clay * aUt

. soft - laoaa

• Cray clayey allt with trace Hack

■ *mf*n^f iaiiow»t nBipt. lwae <■

* fljfjQ*jmg dease. lsBlaatad '

' Cray alley clay with crace red

* day leases, lomjoiated. oolne.
* atlff

. Grey allty day with trace flae

. shale gravel, red clay laaaea,

. lasaaated. nalot, vary.stiff

■ Cray alley day with little flae

- to oedtn shale gravel, aot

. Gray sllty day with aaaa flae to

trece red clay ft flae to r~~T~*

'. O" dla) stele gravel
. Gray allty day ft eaaraa platy

■ Cray alley dray a sBhaagHlar^vav"

• roaaded fine to cearae shale

| gravel, aolat. hard

al

x

u.

U

L

1

tadOrBaca

' Raa

■auns

LacBatrlae

Upper nil

Lower Till

eu>cv tfn
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CB.BIRT ASSOCIATES. MC.

SOIL ANO ROCK CLASSIFICATION SHEET

PROJECT: CEI - P.H.P.P. w.a 044549-000 j|TE ,#£*, H" p«"y» CMo

CONTRACTOR: Herron Testing COORDINATES W 78* 30*

E. SedRZwlck

10/10

DRILLER:
E 2 369 610

CLASSIFIED BV: JCD
OATE:

Cs>»tRT ASSOCIATES, me.

2 ~ A SOIL AND ROCK CLASSIFICATIOM SHEET

DRILL HOLE NO. _±^7J_ PROJeCT: ffl!T - P.M.P.P. wo. ftA-ASAO-POO site AREA W. P»rrv. Ohio

ELEVATION 619 (appx) CONTRACTOR: Herron Testing COORDINATES M 7H1 104

17'IP" no., ,cd. E. Segwelek E 2 369 616

CLASSIFIED BY: JGP 0ATE: 10/17/74

2E-218

3 m 4

CWL 0 MRS

U MRS

SHEET

DRILL HOLE NO.

ELEVATION __£

C*L 0 HRS __

to.

SPT

Bhm*/

6 1a.

6 I] II

S'l

DESCRIPTION

Damity (or Canalitaaayl Calar

Rack Or Sail Tyaa • AocmmHc*

Gray sllty clay & fine to coarae

shale gravel & cobbles 9 51.5'
Gray ailty clay & fine to coarse

subangular shale gravel (1-2" dl

Weathered Shale

Dark gray shale with trace (20Z)
interlaminated gray allcatone,

fine grained brown as, flat &

chin lamination, x laminftCl

m iHnm hard unwaathered. Join

45° ae 67.5' aax. piece 14"

Dark gray shale with trace (SZ)

light gray ss lenses lnterli

uoweathered, aedlim hard, f lac &

thin lamination, little x lamina

no apparent joints but tiro baste

sones of core 9 71.5 & 78.5.

max. place 21"

Hark gray shale •*i>***y1 awlnarfwi

with trace (5-10Z). light gray

siltatone lenses unveachered,

medium hard, flat & thin lamina

tion, some x lamination, no

Jointing. max. piece I1

Dark gray shale lnterlamlnated

with little (10-15Z) light gray

medium hard, flat & chin lamina^

tlon, x lamination. Jointing 30

0 97.5' max. piece 15"

lo i,

Raoa.

Sit.

Co..

Run

It*

ft:1

Vl r

ate

REMARKS

Ui

1PT

« 12 18

DESCRIPTION

Damliy (■» CauliMaeyt, Cohr

Rook » Salt TfP- - Acouattaa

Dark gray shale with little later'

laminated thin light gray silt-

stone lenses & clay seam 9 102.6

medium hard, unveathered, no

Jointa, thin & flat lamina with

some x lamination, max place 9V*

Thick light gray siltatone lenses

109.4-109.7*. day seam 1"

Dark gray shale with some lnter-

lamlaated light gray siltatone

lenses predominant from 112.8-

113.1', unveathered, medium

hard, thin & flat lamination,

x lamination, no Joints, max.

piece 5"

Thin clay seams

Dark gray shale with trace (10Z)

interlaminated alltstone lenses,
unveathered, 'trf-'ip' hard, thin

& flat lamination with little x

laminations. Jointing 33° 9
128.5' 9 120' 6 129*. max piece

8"

Possibly has clay seams (washed

out)

Dark gray shale with some lnter

lamlnated thin light gray-brown

alltstone lenses, unweathered,

medium hard, thin & flat laminatJon
with little x lamination, no

Jointing, max piece 16V

Same - maximum piece 1'

MtOrRwfc

SUa

Car.

Jo

10

10

REMARKS

("war.

UI-S7 a/n O»l ■ tff fcfl
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PROJECT: ff?T - P.M.P.P.

CONTRACTOR: HpT-rnn Ta

ORiLLERr E. Segzweick

CLASSIFIED BY: JGP

GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

, •JO. 04-4S49-000 site area H. Perry. Ohio

llfig. COORDINATES N 781 304

E 2 369 616

bate, 10/30-11/1/74

2E-219

$MEET_i_OF 4
DRILL HOLE NO. 1-72

ELEVATION 619 fanp^l

Q»L 0 HRS 17'ID"

itl

S P T

Blo-i/

6 In.

CCBCRT ASSOCIATES. MC

SOIL AHO BOCK CLASSIFICATION SHEET

PROJECT: CEI-PHPP ,9A 04-4549-000 t|TE AMA H. Parry. Ohio

CONTRACTOR: Hcrron Testing COORDINATES W 7«O_&?n

■.m,.... E. Sedaewlck E 2,368.920

CLASSIFIED »Yr JGD bat». 6/5/74-6/7/74

DESCRIPTION

Dmitry (ar CoasisMocy). C«W

R*«k O» Sell Trea - Aen«Mri««

Dark gray shale with little (15Z)

chin lnterlaminated ltghc gray-

brown alltatone lenses, nedlum

hard, unveathered, no joints,

thin & flat lamination with same

x lamination. maximum piece 7tf

Dark gray-black shale with trace

(1OZ) Interlaminated llgiit gray

Blltstone lenses, medium hard,
unweathered, no joints, thin 6
flat lamination with some x

lamination. ■*»<— piece 10*

Interlomlnsced dark gray to black

shale with trace (SX) Interlam-

lnaced light gray to brown silt-

stone lenses, «»«n«ii hard (but

softer than upper layer) unweath

ered, no joints, thin & flat

lamination with some x laalnatioi

iMTtimm place 11"

Incerlaminated black shale & ltgh

gray-brown slltscone. medium hart

unweathered, vertical joint 9

180', thin & flat lamination, x

lamination, max piece 8H

Black shale with some light gray

to brown slltstone, ■wit*™"' hard,

unweathered, no Joints, thin &

flat lamination, x lamination.

max. piece SW

Sail Or Rack

Co..

1.1*

REMARKS

Omtnl Caa*.

Caol^c Data,

Cfoun< Wa»ar,

«ti«ctUM PtaMa

•i

a

0

—

—

-

E

B"

■■■■

■■■■■

?o

sr

33

£

1

L

2

3_

s

6

7

9

10

11

hi

SPT

5U«a.

1

&

g_

2_

4

3.

5

4

3_

5

3

lil

14

24

■ la.

U

4

2

5

4

6

5

8

6

26

20

35

r*

11

5

1

6

6_

10

9

5_

10

10

37

23

39

V

Ft.Hi
1

zo

271

370

DESCRIPTION

Rack Or Sail Tyaa • Aiimimii

- Hoist, loose, tan alley fine and

' Vet-same

. Uett loose, gray atlty fine sand

i

. Same

■ Halat, loose to media dense.
• same

; Same with red lenticular clay

[ inclusions

. Same

) Relatively dry, stiff to medium
, stiff gray sllcy clay with flni

shale fragments, stratified,

• calcareous

•

" Dry medlua stiff to stiff gray

sllty clay with fine to coarse

[ shale fragments (10Z),
| stratified, calcareous

•

. Sane

•

y

3

r.o.c
SH

SM

X

X

Sail Or Rack

Ra>a»

SUa

Cara

Rio

Ctaia

Shaaa

REMARKS

a*. ■

Top soil I1

mi-an t/ri

2E-110
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GO.BERT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT: £H

CONTRACTOR:

DRILLER: g«-

CLASSIFIED BY

[ - PHPp ■ ff

Herron

SedKewlck

: JGD

AA.ASA».ftnn SITE AREA .

COORDINATES . 779 725

E 2369165

hate. 5/23-5/25/74

2E-223

DRILL HOLE MO. 1-?*

ELEVATION 620.2'

OWL 0 MRS A.6'

*• MRS _____.»_

PROJECT: CEI - PHPP

CONTRACTOR: Bwrnn

CN.BERT ASSOCIATES, MC.

SOIL AND ROCK CLASSIFICATION SHEET

, WjO. ft»-«M9-000 SITE AREA ,

___ COORDINATES.

DRILLER: E. Sedgevlck

CLASSIFIED BV; JCP

E 2369165

2E-224

SHEET_1_ OF 2

DRILL HOLE NO. f-TA

ELEVATION <^» «*'

OWL 0 HRS *'<'

DATE:

SPT

Blooi/

oln.

& 12 II

» I ' I * ' '

DESCRIPTION

D«*li*r (•»

Rack Or Sail Tm

.Molflt. loose tan allty fine aand

'Overaaturaced, very loose, tan

allty flna sand

Vet, very loose gray allty fine

sand

Moist, same

.Molat. loose to medium deaae.

Relaclvaly molat. aoft to taedlun

atlff, gray aUty (20) aaady

(25) clay stratified

UPPER TILL

Relatively molat, medium atlff to

atlff gray allty clay with fine

ahala fragments and gravel,

caleareoua

Relatively dry, atlff, aame

"LOWER TTLL

'Dry, medium atlff to atlff sray
811ty clay with flaa ahala

fragments and gravel (S-iOZ).

caleareoua

SH

SM

a

Sail Or Rock

Rax*. Grain

REMARKS

C—i^oti— Prablaaa,

Top soil 1*

!£,

SPT

Blest/

tin.

6 u ia

bi

DESCRIPTION

Daaaifr (ar Caulataaqr). Calar

Rack Or Sail Tyaa • Aeeaaaarlaa

.Relatively dry, hard, gray allty

aaady clay with flee ahale

fragments and gravel (25-502)

"Weathered aoft jointing vertical

Gray allty ahale with slltaeona

' lenaea (max 3/4", moat much

' smaller, approx 51 of aample)

Relatively unveathered, medium hari

' thin aad flat lamination, no
, joints, max 5"

■Broken

74.5'

oai - ut %fn

Sail Or Rack

Cara Ra«.

REMARKS

Cfcaaieal Coa*.

OaaUaJaDala.

RafuHl 8 54.5

2E-112
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PROJECT: ^BJ

C0MTBACTQ8: ,

Ca^CBT ASSOCIATEI. MC •

SOB. AND BOOC eUSSIFCiTRM SHEET

it* asca _H*_EarJ9m_ffltia_

ZE-225

JLZZ2.Z22-2.Z22-
E ZJ&91U

CLASSIFICO BT:

1PT

61a.

i » n

Bottoa Level Slav.

64.7 3.2 620.2

44.5 3.3 620.2

Pipe

6Z3

623. S

PVC 16.5 3.3 620.2 622.5

soil and aooc cusohcatkm j

CONTRACT

CLAumn

CE2

i

- HOT mf

Icrrm TonMm

!. Sedmvlek

20

S 10

SPT

I. A A

67

20

SO

221

MdIsc. loosa rcd-cn sllty fine

Hotsc, loose gar atlty fine asad

Vet. aofc gray sllty clay «lth
u day <i

PPPEft TILL

Moist. ae£t gray sixty day with

rod-can day attfetgora «ad
black atelA ffagBsau.

atntlflsd, ealeazeoos

LOHEB TILL

Stiff, relatively aolot. gray

sllty day with fine to coai

black shale fngaeata atrattflet
(5-10Z).

.Very stiff

•Hard shmle fnsaeats.

cobbles (V - 1")

lad Q>

TopssU I1

2E-113
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"■OiffC'

COMTBAC1

DSJU.ES:.

euisnB

CEX -

OS: Jb

E.

raw

JCD

iii 0ft-*S4»O00

OATCt

,tamt 8« Parry. Ohio

B 2.369.883 ^i§

Hi

waan-2^v — paojecTiJELs

"" ^"^J CONTRACTOR:

SOU. AND KOOC CUSanCftTMN SHEET

ia mv-*St»»oao ^rg^iwi^ H. Parry. Ohio

2B-22S

TB CLfVATUM

4!11"

A.lla

» u t

Cray aUty day win 25-50X

Cray shale, wcashared. aaft dda

nA flax taddSas

Cray alley ataala with tetarlaB

csa

joiata

T.9. «70.0

10

70.0

».*

SPT

6 n ii

Bettta Lewd Bev. Hai

1 66.3 3 621.3 624

2 47.3 2.5 621.3 624. J

V9C 27.5 1.4 621.3 624.3)

2E-114
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OLBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT: rWT - PWPP ^q, nA—AMft-flftft j|yg AREA

' fnnTn»rtn». Hprrnn TgntHwoCONTRACTOR:

DRILLER: E-

CLASSIFIED BY:

COORDINATES N 777 769

E 2369S17

JGD DATE: 6/19-74-6/11/74

2E-229

SHEET 1 nm 1

DRILL HOLE Na «-7fi

ELEVATION 608.3

CWL 0 HRS 4'11"

•|

o

—

E

(9

i

!
«SJ

'i

;e

,»

.'*

#(#

IT

/S

■•1

J.1

*4

■>•(

•»»

SPT

Blows/

a la.

6

1

■♦

4-

7

j

ll

i)

n

ii

■♦>

JV

ii

,,

if

;;

t2 11

J.

•1

„

IT

X

Jl

41

JL

a'/

fe.'

SI

v>

>*>

»>

M

1

t

■1°

93

^,

»•

• •
DESCRIPTION

°-»» l-C-i—aA C*m

Rash Or Sail T«*a • AceMaariu

.LACUSTBIKE

.Moist, loose, red-tan allty fine -

• sand

'Vet, loose, tan clayey sand vlth

subrounded gravel

UPPER TILL

.Hoist, soft to stiff, stratified

. gray sllty clay with subangular

LOVES TILL

- stiff, calcareous, gray alley

■ clay with subangular shale

• fragments (10X), stratified

'Coarse shale fragments

.Some «""«*

.Dry, very stiff to hard, gray

. allty clay with 20Z fine to coar

• grained shale fragmenta.

■ stratified

"Cobble size fragments

'Gray allty clay with 10-201 fragme

[ fine to medium grained

,25-SOZ cabbie sire fragments

"23-SOX cobble size fragments

'Shale, weathered

"Gray shale with thin lnterlamlnate

\ light gray slltstone
"Thin and flat laminated, medium
. hard joints at 42', 44' (45°
. angle), max 9V

.3/4" fine grain brown as layer

e

ts

a

d

SM

CL

1

«.~

Raafa

»■••

C—

R»a

IOC

Crala

R«.

Can

-

-

•

*

-

-

.

1

•

•

REMAIKS

6aatail« Data.

G*a«m»m—PnHi n.

aia.

TopsoU 1*

•

Gas was Present

CR.BMT ASSOCIATIi, INt

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT! err - pwpp wjo. nA-A<AO-nrtn SITe ^bea w. p^

CONTRACTOR: HeTTOn Testing COORDINATES -f? !?Lf?^
_ «_j_.-i-i. ■ E 2370660

DRILLEK: E. SedRWlCK .

CLASSIFIED BY: JCD 0ATE: 6/25/74-«/27/74

2E-230

SHEET L_OP »

ORILL MOLE Na «-""

ELEVATION *?4.7

cwl a hrs 4*9"

"MRS.
4*1"

SPT

ota.

« II II

DESCRIPTION

RMk Or Ull Tw •

Hoist, loose can allty fine sand

Moist, loose gray sandy silt with

' trace clay Lenticular red clay

.Hoist, loose gray clayey silt

'Same

'Moist, asdluni stiff gray, clayey

\ silt vlth trace shale fragments,
lenticular red clay Indusiona

Moist, stiff, stratified gray

> allty clay vlth subrounded fine

shale fragments (SZ) calcareous

Soft, to medium stiff

Medium stiff - 101 fragments

Dry, very stiff to hard gray alley

clay with SOX gravel and cobble

size fragments

■Dry, medium stiff IS-20Z fragments

Sail Or Rack

Sii.

REMARKS

Caaitntstlaa Piaklaaa.

TopsoU 1'

T.D. 9 50'
-a? *fn

2E-115
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C«.««TA80CUTE!.MC

Kffl. AND BOCK CUSBnaTKMSHEET

PBOiPPT, f^T - PflPg ma ^U-^^O-nfln dtp

»EgT-«_

aLBsrrAisaeuTts.DC.

SOa AMD ROCK CUSSnCATMN SHtXT
2E-232

B

I ■—■«■•
.OMB.

4th

Cray

fn
day "At* 15-20K

Tery atifI ta hart (5O-73I) <aa

Vortical Jateea 60-C2'

oaala to C21

Ctioy abtle with thaa light gray
aUtatnuu leaaas (SZ) nmwrhn

«d oedlase»'teztf. ob joiata,

thla ao4 flat laalak. an S"

70'

COKTRACTOk .JflSSBLl

CLASBPIO BTt

■ 781 2SS

E 2 370 535
CUVATOM

liHBt.
rum

IPT

• II II

* «r.

qn-v vn

BBlat. laaaa taa alley Claa

BBlat, aatt taa aUty (U)
OS* elar

Vat* aaft anqr atlty day. «at.

laoaa gxay atlcr flaa aaad with
vace clay

Hob ttitt ta atlff Cttt
•Uty day vtUi trace ahal«

■ad coal, aBatlfiad

nslat, amiiiim atl£f gray aUty

**lft* latABaaODlaVX Wit CXlV

ri (1-5X)
• ealearoaaa. scracsf1c

UBPTttl

Bey. atlff gray alley day with
S-iaflaa -

Very atlff

Stiff

2E-116
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PROJECT! rvr - papp

CONTRACTOR: _

DRILLER: _Iu_H|

GS.BIHT ASSOCIATES, MC

SOIL AND ROCK CLASSIFICATION SHEET

B#Ot nA-&.*i*-nnn aT6 AREA W.

COORDINATES N 781 255

CLASSIFIED BY: JCD

E 2 370 535

. 6/21-6/25/74

2E-233

$HEET_2 OP *
DRILL HOLE NO. 1-78 PROJECT! Jffi

ELEVATION 622.1 CONTRACTOR:

WLOHRS-1^1_
M«" 3*11"

GILBERT ASSOCIATES. MC.

SOIL AND ROCK CLASSIFICATION SHEET

■*. SITE AREA. Ohio

DRILLER: T"

CLASSIFIED BY:

COORDINATES »-Z2LiZL-
E 2 370 770

JGP path. 6/25-6/27/74

2E-234

SHEET_JL.OB 2

DRILL MOLE NO. *~79

ELEVATION.

GWLOHRS _

24HRS.

3.31.

a.

a

MM

■BMtJ

—

SP1

Btax

M 11

0

K

1

DESCRIPTION

Rack Ot tell Tya* . Aoeaatariaa

• Dry, very stiff hard clayey allt

• with 2SZ fine to coarse grain

shale fragments

"Cobbles

[ Shale weathered

* Gray shale with trace siltatone
lenses unweathered, «—**tiif hard,
no joints, thin and flat '

. Initiation, aax piece 9"

T.O. 70'

U.S.C.S.| R.Q.D.|0.1
Sail Or Rack

Rmj,

Cara

Rim

to

Crate

Rac.

4

•

REMARKS

Otaataal Caaaj,

OreaaaVatar,

-—-—Han rntlw,

ate

•

SPT

Blon/

Ala, .

6 II II

» . awmjvia; B*a#*. ■■

"Moist, soft gray sllty clay,

stratified

DESCRIPTION

Rack Of Sail Typs • Acoauorlaa

'. Moist, soft tan allty (20) sandy
(30) clay

■Wat, soft

.Hoist, looaa. gray sandy (10)

clayey (30) silt with red

lenticular clay specks, lona

co aedlin aclff

UPPER TILL

Moist, soft to medlm stiff gray

clay with SZ fine subrotmd shall

fragments, red lenticular clay

specks, stratified, calcareous

UWER TILL

Relatively moist, stiff gray silt]

day with fine to owdlun grain

shale fragments (15Z), dry,

very stiff

in* rrjun^-..- cobbles

f Ulr

Sail Of Rack

Cor.

REMARKS

Q—H«l C—a.

Caolaflc Data,

Topsoll 12"

0*1 -H» b/M
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project: rrt -

OLBIRT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

B#o% nA-iSLQ-nnn Hxe area "-

j CONTRACTOR: Herrnn fini

DRILLER: L. Hmphrev

COORDINATES M 781 175
E 2 370 770

2E-235

smppt 2 „« 2

DRILL MOLe NO. 1-79

ELEVATION 620.3

CMNT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

CLASSIFIED 8T: JCD
24 HRS.

3,3.,

PROJECTi OH

CONTRACTOR: _

n»nia». Ed.

CLASSIFIED BY:

* PWPP M ft

Sedgewlck

JCD

aTE AReA

COORDINATES W 780 745

E 2 370 920

bath. 7/6-7/10/7*

2E-236

DRILL HOLE MO. ]-*n

ELEVATION 623.2*

O»L0Mtt.*iiil_
24MRS 3>y>

f

o

i£

ft

H

aaaaai

■ i

SPT

BUW

4 1*.

« u ia

a.

OESCRB>TtON

Daaliy (ar Caulmaeyl. Coiw

Rash Or Sail Typo • Acenaariaa

. D^y. very stiff, hard gray allty

. clay with 33Z cobbles fragoenta

■Weathered shale

' Gray shale with 1Z lnterlaalaated
light gray alltstone

" Doweathered, awdlua hard, thin
" and flat lamination, no Jointing
\ sax piece 10"

' 2-3" clay aeons at 65*

iT.D. a 66'

u

ti
«i 6

a

30

Sail Or Rack

Siia

lO

Ctaia

Shaaa

Cora

■

■

• ■

REMARKS

Oiilual Cp-p,

CaalaaicDeM,

GiMriltw,

. ate.

^ to

SPT

Bio**/

6b*

a 11 II

DESCRIPTION

Daulrr (a> CaMlakmcr)

Rack Or Sail Tt»a • Aeemtariaa

Molat, looaa tan alley aand with

trace clay

Halat. loose gray clayey silt,

stratified

.Wet. loose gray allty fine sand

Wet, loose gray clayey (10) allty

(30) fine

[Halat, soft gray sllty (10) aaady

(20 clay,Inclusions, stratified

Hoist, aedlua stiff gray sllty cla

with trace fine shale fragoencs
gravel, stratified, ralrareooa

Dry very stiff gray silty clay

with sabround.fine to coarse

grained shale fragments (2O-30Z)

Hard.

SM

a.

Sail Or Rack REMARKS

CfcaarieaJ Caaa,

Caatir—ii— rutliail

ata.

Topaoll 13"

2E-118
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CM.KIT ASSOCIATCS. MC

SOIL ANO ROCK CLASSIFICATION SHEET

PROJECT: rrr - pwpp »-Oi nA-A

CQNTRACTOR: Herron Tasting TES

BCiiico. E. Sedaeirtfk B 2370980

classipieo by-. JCD DATE. __7/U/74-7/12/74

COORDINATES N 7B0H0

a

a.

a

*«»

—

£1

■■■mi

SSSBl

■■mm

I

S»T

6 In.

6 12 la

11

at

si I

DESCRIPTION

Rack Ot Sail Tra. • Aeaaaaarias

.Dry, hard, gray sllty clay with

. 30-402 coarse shale fragments

-WEATHERED SHALE

"Gray shale with SX thin slltstone
. lenses. V thick fine grain
. sandstone «t 61*. IV and 3/4"

. gray day seams at 63-64*.

. mweatherad, «—<«"■» herd, thin

- and flat lamina, no joints, max.

- piece 3"

O.S.C.S.|
a

d
ai

o

Sail « Rash

lisa

Run

Grain

Shaaa

Cora

REMARKS

Gaal.aU Data.

*

GILBERT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT; nrr - PUPP, w.o. ftaa<A»-nnft MTE AREA B-

CONTRACTOR:

DRILLER: B

Herron

Sedsewlek

COORDINATES H 779 566

E 2 370 054

CLASSIFIED B»: JGD DATE: 9/30-10/2/74

2E-242

SHEET_£ OP 2.

DRILL HOLE NO. ^-»T

ELEVATION - 622.0

G»L 0 NRSOT

oai • at i/m

Q

a

2

it.

Vx

K

&-

Ls.

U.

—

—

i

I

i

a

j

V

t

-7

1

•T

tO

it

t)

13

li

II*

n

It

fl

X

XI

ft

2i

H

fl
>|

/■/

i,

)v

^-

SPT

Bkwa/

0 1*.

H

6

a

i

9.

j

a

/

a

nt

//

/i

/.}

u

9

(t

V

y

V

^

V

V

V

6

i-

3

V

V

t?

M

Jo

4(
a.

-W
if

If

(f

1

$

4'
c-

7

i

ie

y

y

".
J/

i'fr
yj>

%
1$

a,

1*

*i
IfC

1*

£
1

DESCRIPTION

Damltr (ar CaaaUtaaey), Cahw

Rock Or Sail Tyaa • AoaUMftei

. Red-light brown-gray mottled sand]

• silt with subangular fine to med

- shale gravel, dry, medium dense

• Sllty fine sand, vet

_ Cray silt, laminated", moist.^obT

_ to medium dense

. Same with trace clay, fine sand.

_ and black organic layers

- Gray sllty fins ■and. Loose, vet.
- Gray slit with trace clay, fine

• sand and black organic layers,

- moist, loose, medium dense.

- laminated

_ Same with red clay specs

' Gray silt & red & gray clay (lnte
laminated) with trace black

. organic layer, moist

L Cray clavcv allt & red clay lensei

. Interlamlnated, moist, soft - med

. stiff gray sllty day and red

. clay with trace silt lenses,

. black organic material and fine

- shale fragments C*1X) -

- Gray sllty day with some red ela

■ lenses cr f th fran. moist, atif

* Gray sllty clay with little sub-
angular fine to medium shale

. fragments, blocky, hard, damp.

. laminated

■ Same with some subangular fine to

■ coarse shale fragments

• Cray sandy sllty clay with some

" fine - coarse shale fragments

' Cray sllty day with some fine -

> coarse shale fragments, cobbles 1U.S.C.S.I
Ml

**

/n.

a

t-L.

a

o

oi

SaHOrRaofc

Raaao

Sit*

Coro

R*t

•

Grata

Saap.

Rac

Cora

•

1

REMARKS

GaoJatlcDna,

Coaomjctiaa PtaUaaa,

ate.

Lacustrine

Upper till

tower Till

2E-121
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6c.aBBTAasa4iu.ntc

son. and sock cuaamunmmen

OMM9-C00 «rr, »■«,.

comurrm:,

ORLLM:.

B. Perry. Mo

2 370 OS*

2E-243

DOLL HOU MB. _LJZ.

2S>244

SOU. AND BOOK CUWFICfcTIM fflETT

CUUUFIE* fit; Tia

IPT

Bhva/

• I*

• U tt

cr«y y alley

ttucbared ■bde

Back grey afanle vlcb *-l« CUa

iaatad Haas gray elle-

thla 6 flac laalat, aoaa verttcaJ
jolntlag. «« piece ST. 6

Cray otale with 10X tUa laser-

ll«he sray ■Uraemia *

. H - 1" caUk flan

IS"

ft flas isatasdoi
00 jointing.

Okay abala vltb SZ thla later-

tala V Ctalek eiaa bnw

Jelac at 7»V. aaa. ptaea UV

T.B. 83.0'

Hot

fcU

10'

ift

8AC

"1.7

teas part of

aauOa (boll

bearing sat

la*

Uealag

P4WC of

00 alia aot

CONTRACTOR: BgtTBB Taseteg

g.

H 7796a

£ U70Z33

w-ar nt

CUJ

!

BBBB

BBBl

BBBB

BBBB

sL
BBBB

BBBl

BBBl

+r

BBBB

BBBBl

BBBl

rt

BBBB

RBP

i

i

i

9

/

4

*}

«.

If"

/»

is.

il

9a

Ji

9t

tt

i

* ■

cs

I

B

*

t

J

/

i

•1

j

*

c

»

V

y

A

9

t

1/

a/

j,

M

n

JJ!B

PT

w

Ate

u a

1

t

4

A

Jt

9

i

7

af

y

5*

7

7

ar"

M

M

u

A-

-

Vk

U

9

7

9

7

a

$

if

n

•t

♦«•

»y

if

s

!
eucBiPim

p Taa alls* aadlaa eease, daap

"Cbay axlefTlBe aaaaT'IoBsa. VaV"

' eray fflas sandy sllc vlch tzaea
. day. loose, wet

• Cray sllc aad day. lanirnirwt.

- stiff. aslas
"Onay elayey sllc vtck eteea blaefc

" Okay allc aad alley day vltb cm

• iffiTilt &d£t to "*"*i—» dense.

> aalac
. Sena with red day leases

"Oray allcr day v/aoaa allc lease

* Cray sUcy day vltb am leadca]
* red day leases sad trace aab»

. guwU, M1XC, miss., loniaaud

> Omtmu gravel, allclar, leaa aslsl

" Cray alley day vlcb same flaa co

■ aatootttd stale eobblea. bard.

• das

j Oray alley day aad flaa ea vary

■ and esarca gravel, bard, daas

u

M

Hi

%

F

B>

u.

c*.

tc

t tin

ssr

i

:
;

•

t'9-1/2-

-c *

Top soil 8*

TaumrTliiu

ffwWamra

Wpper Till

laser T1U
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PROJECT:.

CEX - Perry Nuclear

*.O..

OLUIT ASSOCIATES, MC

SOIL AKO ROCK CLASSIFICATKM SHEET

Power Plane

CONTRACTOR: Warran

DRILLER: M rrltaeh

SITS ARC*

COORDINATCS

Krle/H. Porr»

CLASSIFIED BY: P.B.S.

2B-247

DRILL HOLE MO.-Jbi__

I ELEVATION M»*

OWL 0 HRS _

1* "■« -

CEX - Perry nuclear
PROJECT) ,„ Power Plant ».o

CONTRACTOR: W»rr«i Caarya

MILLER: Jat

CLASSIFIED BT.

eunr associates, mc

SOIL ANO ROCK CLASSIFICATION SHEET

*34»-O0 aT« AREA Perry. Ohio

COORDINATES «_^^____

K.P.V. QATEi 9-28-72

2E-248

SHEET_J OP 4

DRILL NOLE NO. _5=1

ELEVATION ___^^_

CWL0 MRS

ZS

JPT

o 12 U

DESCRIPTION

Danny (at CwiUMMy), Cdw

Rack Or Sad Tyaa • AwasaaHaa

S«M;«ofe ahale soum 48.5-49.3
and 53.5 to 55, near verticil

enctura ac 49.S1 and 50'

SaM;hadly brokca aoaa 5" tfclck
ait S9.2-59.7,thlB aoft bum ae
60.4.60.8.61.8,63.7. fracture
30° at 61.2, appear* b-~"-"t
leas weathered ,oore aasalvc than

first two runs

Saae as above;soft shale sane

72.W2.6.SON horlsoatsl beddln]

rraeture fc 20° fractures at
74.1 and 74.4, v.thlekey seaa
at 72.9

Saas;oo weak shale noes, so
Irregular fractures in horlxonta]
bedding fractures 2"-L2u apart;
ahale uoweatbered & unbroken -

solid appearance;BMserous ailt**:<

f/sosjs cross bedding

Grey shale, v/cross VwMing. weak

tones 9 94.3* thru 97.0* w/flne

grained mmAmraN* seana - solid

op to 94.3'

Sail 0>l

Cara

IOwO'

77-«»

44'

L.P.

S.P.

L.P.

0.62*

0.04'

0.75

S.P. 0.03
Avg. 0.4

L.P.

S.P.

Avg.

.64'

0.02

.4'

L.P.

S.P.

0.9'
0.03'
0.5*

L.P.

S.P.

Avg.

0.7'

0.03

0.45

101

lift

JPT

8la-«/

6 12

Daatlty (ar C—ttlaan), C*U*

Raah Or Sail Jtpm

Sane, with week

Sane, with weak

112.0. 4 115.3

I 106.0*

C 108.5,

Grey ahale, massive, w/oce. weak

sones. little cross bedding, ""

thick layers of fine grained

ssndstone

Gray shale w/flne grained sand

layers, ease weak Banes 128.5,

130.5, occ. dark brown banding -

son* vert, tract.

Same; weak elayey shale tones

140.9, 141.2. 144.1, 145.1.

fracture sene (60°) at 145.1-

145.4

95

Sail Or Rack

104'

U7.Q

ton'

.17.0

to.o

UTO

Cnia

Skfa

9JS

9.7

REMARKS

Cha-Ual CMS,

Craaalwa^r.

CmHtmH— Pill i.

L.t.

S.P.
Avg.

L.P.

S.P.

L.P.

S.P.

L.P.

S.P.

0.8'
0.03'
o.r

1.08

0.02'

1.6

0.02

0.7

1.05'

0.03*

L.P.

S.P.

0.90*

0.15

0.40

2E-124
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January, 2003
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CBX - Fcr7 BobIbbt

Pi—» wA

Ca.MtTABOOATCS.Me.

.SOIL AMB BOOK eusmCATai SHEET ASSOCUTU.HC

SflO. AMD BOCK CUSSmCATOM SHEET

4S49-40

Gray ateU 1 S3

■hala 1" thick 8
f lOft.4.

Somite

fnetnr* « aaft

of na;
•oft A

« ?4.9,bn w

68.4

Saw as above; a far very ttaia

water atel. parctv tot»

W. 1.10

S.P. .04*
Avg. JO

t.».

0.0S*
0.S0*

tot

1a

IB

118.8 » U8.0.

aad 122.1 GO IS.S

to IH.8

alaia * £|aa

1.7. 1^ *
8.?. 0.07'
An. 0.4

8.7.

0.9 '
0.07'

8.7.

2.2

0.1S'
0.7 f
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UbMRT 2B-2S7

w e——

BLBUT ABOCUTU. BK.

AMD ROOK CUSIPtCATieMWHT

u **« art Me* *■»»'«

2E-2SB

KLEVATOI,

CLUSFIBD BT:

f£

t»T

« U U

■ATP. 1B,?.W
a* mb.

CLMUfKD BTs

ft 88, taakn ft «tak
160.0, 140.7, 1AX-162.S,
t635

5'crf

kil»BMk

UVJO'

ITU

I.P.

UP. ...

8.8. 0.01
0J0*

0.90*

0.08'

o.a*

0.90'

0.B*
I.P.

L.P.

8.P.

0.M

CO*
0.»*

Toe Ante tor

0.45"

0.03*
0.20*

L.V.

S.P.

a

at*

» u n

45 pal. Start • Wi4S.

drtlllas - dk.oay stala

atntod dttUtag • U>30

I, *U* 0.2'-O.4* of filaa

ft flaa

- faaLUiwa Boaai fl 29.3|

2M.4; ft

171.5';

•m.

0J2*

' 0.M*

1X8*

O.tt1

0J2'
0.4*

8J. 0.1*

6.P.

2.2

0.1S*

•L,
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CEZ - Parry Roclaar

project: Powar Plant 9JOm

CONTRACTOR: _

DRILLER: -llSU

CLASSIFIED BY:

OLIIIT ASSOCIATtS. UK.

SOIL AND ROCK CLASSIFICATION SHEET

4349-00 mtj MSA B. Perry. Ohio

2E-259

D.B.S.

coordinates H 784.492

B 2,368,699

BATE, 10-10-72

CEX - Parry Huelaar

project-, tomx Plant WJ

CONTRACTOR. ttarraa Caoraa

DRILLER: -T.lr« tUrrla

CLASSIFIED BY: D.B.S.

CR.BERT ASSOCIATES, MC

SOL AND ROCK CLASSIFICATION SMEET

4349-00 gjYc area H. Parrr. Ohio

2B-260

COORDINATES

J£

SPT

BJaoa/

• te.

a 12 II

OESCftPTtOM

Daulir <a» Ca-tiMa-ty), CaUt

COSGS) "a** O» Sail T»a« . Araaaaariw

Laka Uwl 574.04 ■ 0

0 .

o. i,

El. 347.64'

-, aoft ahala, horls. bcddln

60° Jointing,vary vaak
a % 27.2',29.5',30.5' &

32.2' - croaabaddad,not auitable

for praaarving a aanpla

Gray ahala, v/aandatoaa aeaaa

Dark gray ahale.v/aseaaalva
baddlag.maeroua waak soaai-—--—Bt •a«B___t«, ^rmm ~~bn_w- ajajiaawaj

(41.0*,42.3.6 .t 45.5') a 2'
day zona v/_haLa fraga, «/

8-2'

Jo

•■13

REMARKS

Gnawl*M«r,

0—«wttt— Pullnn,

Oapth

below laka

laval 176.4*

l.P.

S.P.

A-g.

I.*.

S.P.

L.P.

S.P.

0.4".
0.02,

0.2

0.33

0.03'
0.2

0.6

0.06

0.23

JO

a

—

=

avjai

a£
•■aa

zs

Ao,

MB*

a

aaaai

£

(■

i

I

SPT

•Jam/

• 11 11

Dt

OCSCRIPTIOM '

Rack Or Sail Tyaa - AaaaaMftaa

Gray ahala w/f.gratnad aandatona
" aaaaa - w/60° fractara^ bacvaan
I 49.3 4 30.3, day aona t 33.0*

. Gray ahala w/f.grained aandatona

" SaM - badly fracturad « 61.3'
" 6 71.0'; aoft day aeaaa $ 66.5

1 * 70.8*

. Buaaroua fracturad senaa §72.0

. 74.7; 8" day aaaa 9 76.25' &

. 99.6*

* '■

. Dark gray ihttla & aaadatone -

. horlxontal jointing - aofc aonaa

. e 83.0 co 85.4* a at 87.8*

I Fractured tana 8 97.5'

I

9J

af

91

«

i

S»H Or Rack

Raaa*

Slta

Cara

a«t

»«*

10.0*

8.7*'

&O.O

,o.o

laio'

iso

Graia

Sha-a

Rae.

Cata

-

•

*

•

-

Chart

IEUARKS '

•alCaa*.

CaalaalaOaM,

OraMKiSaiar,

Caaalraalaa Piaaiaaii

LJ

SJ"

Ava.

L.P

S.V

Am

L.P
S.P

Arc

L.P

S.P

Ava

L.P

S.P

Ava

L.P

S.P

Am.

0.73,

0.03,

0.2 '

0.7 '
0.07',
0.4

0.6.;
0.03*
0.4 f

0.6 \

o\i *

0.83*,
0.02,

0.23

oil'.
0.4
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CEZ - Perry

PROJECT) Powar Plant

CONTRACTOR

DRILLER:

OLBCRT ASSOCIATES. MC

*11"*" "^ CLASSIFICATION SHEET

4549-00 J|Te ^^ H. Party. Ohio

Warren Goonw

Harris

CLASSIFIED BY: D.B.S./B.B.L.

. SITE AREA.

COORDINATES .

i>at., 10-11-72

PROJBCTi.

CONTRACTOR:

ORILLERi f*

CEI - Parry Nuclear

CILBHT ASSOCIATES, OtC

SOIL AMO SOCK CLASSIFICATION SHEET

4349-00 SITE AREA .

COORDINATES .

SHEET.

2E-262

.OP

PeS7l^hlS— DRILL HOLE NO. 5-4

—____—— ELEVATION 574,04

CLASSIPIEO BT: D.B.S./B.B.L.

SPT

Blow/

4 1*.

« 12 U

DESCRIPTION

Bm»r I** CmUtaMjL Cafcf

RWk O> Sail Ty»a • AicMMrlm

Dark gray shale,w/flne grained
sandstone tuM,«/«Mk gone fro*

102.8' to 103.I1 - and 6 1070

Saaa; ao apparent fractures or

weak shale sonea

Dark grey ahals w/thln seass of

fins grained sandstone gray day
seams In sons frost 118.4 to

120.55. Measurable day seasa

118.6 to 118.78 4 119.15 to

119.22. All plaees of core In

tola sons less than 0.2, weak

sane 125.7 to 125.8

Dark grey ahala w/thln seams of

fine grained sandstone

Broken cone 136.15 to 136.25

tfeak soaa - day & ahala frags

0 138.0*

Dark gray ahala w/thln aaasa of
fine grained T^mt*yf?ne

Slightly broken sonaa from 138.8

to 138.95 end 146.37 to 146.46

M

8.O'

(0.0'

KM'

7.9

aa*

yod

REMARKS

nlCM

dto**.

t.P. 0.7

8.P. 0.07*
Ave. 0.35

L.P.

S.P.

Ave.

2.7

0.03

0.7

L.P.

S.P.

Ave.

0.95 (

0.03*
0.5 '

L.P.

8.P.

L.P.
S.P.

1.32,

0.1 ,

0.7

1.07,
.04,

0.65

iii

iafl

ttt

L2:

* u »

DESCRIPTION

RMfc Or Sail Ty*a • A

Dark gray ahala w/thln eeaaa of

fine grained sandstone, weak

nones 148.90 to 148.92, 150.50

to 150.55. 151.84 to 151.87,

152.04 to 152.10; and 156.98

to 157.14; thin horlxencal

Initiations and Moderately

places not over .3' la

164-168, unbroken but thin aeaaa

of day and aoft shale auapeets<

Dark gray ehale w/thln ssasa of

fine grained aawdatona; finely

fractured sons 176.5 to 176.6;

weak sone 175.4 to 175.6 t

177.25 to 177.27

Terminated boring 9 178.0

10-11-72 In gray shale

97

Sit* Shan

*•«•.

9,7'

9.9'

REMARKS

r—-■—-i rrtiiei.

•M.

L.P.

S.P.

L.P.

S.P.

0.9".
0.02

0.6 '

.04,

.25

As rods were be ng

pnlled they ji

0 146':back preAe.
created srteala ,

4.6* el.

on bottom of 1

a, rc*^ntry of c rsj

barrel

L.P. .12

S.P. .03

Ave. .06

tfn
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. 2E-26J

IPT

• U tt

BU

LakaLml S74.1 • 0

>.<■/

* 8S On atel* ffi

pnctaa» Ml" «»or»)

eUgptm top of rat

fepy lUU ft SS.fankB as UJ,
aj, n.s. ».?s tfata soft

ao« c» «t a.o. n.8. s.8.
23.2. Qa Utar to a clayey
abate l* thick l

tat ncaln mie bcddlag
Ada • SS:aofe ahUa

64a7^84^89»4
J0. B S4.0 ft

ahala ft SS.eieaBlr brakta
tiiPB 4S° f «'T-r"«1

SIP at U.5, 44.7,

■afc «UIoCU.O

Call ggawciMB aosl
to can na asla

4. k

#577.6

O.ftS1

8.F. 0.02!
te 0^0'

s«p. ojta,

8.p. .a'

«>|. .90

43*9-09

n. a.m.*.

E-264

s«ET_L_ar_*.

CLtVATMl

en.OMB

24 KM

IPT

I U II

• •/£&

S«Bo;clay saaa V I 47.4' •

X* riuek 49.4-M.4 of
—thend ft tevkaa abala ft

25° tnctasa at SS.7

t.6i;3s 62*4

.- V day aaaa 8 71.2

i v/l«* day ana 0 82*

• 8S.2, 87.1, 89.4,

' ft 94.7

t MI»a«A

l&e

ion'

9.*'
!»». 0.7

t»r. a,

8^. 0.04

*•*•
0.05

0J'

8.P. 0UI7'

UP. 0^8

. 0.1 '
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Stage XI Offshore
PROiCCT: Prilling. PHPP W

CONTRACTOR: Warren George

CR.URT ASSOCIATES. IMC

SOIL ANO SOCK CLASSIFICATION SHEET

06-4MC-flnn UTg j

Frltaeh

CLASSIFIED 6T: IDS

COORDINATES 783.307.3H
2,367,278.OE

7/7/75

Stage XX Offshore

Prilling. PHPP mjo.

Barren George

M

CR.BERT AiSOCUTIS. INC.

SOH. AND ROCK CLASSIFICATION SHEET

Oft-*54p-O0pttT« AaCA Lake Brie

COORDINATES 783.307.5H

2,367.278.OE

2E-270

sheet _4 a» 7

DRILL HOLE HO. .H.

ELEVATION —SZ£s__
37**

Ik

a

So

—

—

Si

mnma

4o"
-Rai

mmmmi

«■•■

E

tL

__

—

i

SPT

• la.

• 11 «

S
01

£

2

—

*

n

j
"3

a

in

1
-3

'o

■r

DESCRIPTION

Daalty (•, C—iUtt—rl. C^w

Rm» Oi Ml Jytm • AcaaaaMMa

•Core generally harder than before
■ although fractures are typically
" smooth, planar andd.ean oecaslon-

' ally weathered shale debris can
' be found along a few. It 18 not
. unusually for partings to occur

, along shale-slllcenus sandy-
. sllty bed Interfaces

.Same as before with more abundant

. fractures parallel to bedding

• In lower 3'. A three Inch long
• piece at 9' Is highly fractured

- with Irregular vertical nlgra-
' tlon. Cross bedded siliceous

| 88-beds present but not abundant

•

■

"Very unusual run. although rock

' appears at least aa competent as

' previous there are numerous

' fractures parallel to bedding
' resulting In low RQD. Ho

' abundant cross laminated bed
\ sets, however, micro lentlculated
_ KB sillceous-sllty-sandy laminae

, may Induce partings.

■

•

0

a

ci
o

u

5)

0

V.

toll Of Rack

sHT

R«a

10*

.a1

Grata

C*n

1.V;

ID* '■

REMARKS

Orawtftaar.

mm.

Ho gaa detected

Suns rather

Irregular

Return on drill

Ing water

Return on drill'

Ing water

oai-ixt i/n

CLASSIFIED BY:

a.

O

IS

mmmm

amnmi

£

ammmj

nmnmi

mmmm

is

■eaaj

So

5

1

S»T

Bbn

6(1.

4 IJ

/

11

LDS

i

£

j

a

1
W

3

1
■e

v

f-

»at>. 7/7/73

DESCRVnON

Omlty (•» Cauluvwr). C«W

Rack O» Sail Tt»» • ActMaaria*

.Saae aa previous run abundant

. light gray 88 lenticular and

. snail scale cross bed seta. Poor

. BQD could be attributed eo this

• or to poor core catcher shoes.

' First 3" could be overeored.

■ Voids highly unlikely In this

' unit. It could ba due to name

' wearing of rock during drilling

'Same as previous, abundant

* fractures somewhat rough.but

' parallel to horizontal bedding

' Not a particular abundance of

|croaa bed lantnae but more

lenticular type (N8) siliceous

) sandy-allty beds

Vltb respect to fracturing sane as

' before, more small scale cross

■ bed sets and a few «rO/8"

" oxidized bands although of same

lithlc character aa shale. Some

~m evidence for cutting out of small

' sandy-sllty casts (N6) calcareous

■

u

i

R.0.(
~.

'•

0

X

SXIOrRadi

Rwt*

C»a

Rim

I©/

lo1

Grata

Rm.

Cm*

°,:ia'~

■Jws •

374*

REMARKS

OMmI Cm*.

•tc.

A lot of rod

vibration.

Ho gaa detected

Considerable wot

In rod Item

No methane

detected

Prilling speed

reduced for last

2* but still
some RQD

Ho gaa detected

10* of HHX edde4

total 45*6"

2E-135
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Stage ZZ Offshore
PROJECT: Wr + ninf. PUB? 1

CONTRACTOR: J&IIC

no... «■ U Frltach

CLASSIFIED BY: LOS

OR.BERT ASSOCIATES. MC

SOIL AMD ROCK CLASSIFICATION SHEET

ni.-iUa.nnn SITE AREA.

CoaaaotATei. 783.307.5B

2.367.278.OE

2B-271

»eET_5_0F_L__ Stage ZZ Offshore
DRILL HOLE NO. 5-6 PROJECTi Drilling. PHP? «

ELEVATION 374* CONTRACTOR) Warren

CVL 0 KRS 574t DRILLER: td Prltach

6B.BERT ASSOCIATES. IMC.

SOIL AMD ROCK CLASSIFICATION SHEET

Sire area _J.lk£_Erle

COORDINATES 783.307.5H
2,367,278.OE

OATEi.

2B-272

iMggT-6 nn

DRILL HOLE NO.

ELEVATION

«■ ■«. S7»t

EfiS

US.

SPT

BlaW

ate.

4 12 II

DESCRIFTKM

Dwnltr (at bnlnucy), C^w

Rack Of Salt Tyf* - AeaMswIm

debrla ^Tt^^^

could have been renoved by drill
water.

Rock la sane general character ae

before, approxlaately 3" of N8
allleeona aUtr-sandy croas

, lnlaw at 6V and thick dark

, gray (H2) ahale 4" thick at

. approxlaately 7*. Vertical

fracture 3" long at 9V followed
' fragoants. Throughout run H3-H4

' ahale lntarlayered with B2 ahale

■nark gray ahale with 10-15Z light

gray lnterlaalnated alltatone

lenses medium hard, unweathared.

' relatively fUt, wavy thin

lamination, no Jolnta. several

bedding fractures

'Maxlmm piece IV

Rant*

10'

|0

HSJ,'

10'

Cr«a

10

REMARKS

te«lCaa«,

0aa)a«liD«M.

Cmsi

ate.

No gaa detected

Bo gaa detected

CLASSIFIED BY:

<

a

—

-—

—

—

OS

■am

bBBU

LDS/JCO

SPT

Blan/

• la.

« 12 M

s

at

£ I

•5

-;

'lO*
(4

ap

•

1

•

e

hat*, inin

DESCRIPTION

DamMy iar CaMlMaaay), CaUt

Rack O> Sail Tyaa • Acaaaaariaa

'Interlaminated dark gray and black
1 ahale with 1SZ light gray aUt-

\ atone lenaea. cross Lamination
. relatively flat, wavy thin

. Laminae, medium hard, unweachared

• no Joints, couple bedding

. faces

■

■

■

.Same

-Maximum piece SV

•

-

•

Improvement In RQD Index. Most

fraccures parallel to horlaontal

\ bedding (clean, smooth, and
planar). Vertical fractures at

\ 7l2"-7t4" and at B'T"^1!". Last
V of run la very highly fractur-

. ed. Moat rock as before, Inter-

HI

%

%

tallOr^

Slia

l»'

10*

Oraia

IHi

Can

| ■

na»

tEUARKS

C-lcil Cat.

Oaato«l(0ata.

Braantf Vawir

Ho gaa detected

Bo gaa detected

See nomt on gaa

OAI-BT B/tt

2E-136

Revision 12

January, 2003



Stage II Offshore
PROJgCTi IW<1U^ PffPP WJB.

contractor: H*rren George

DRILLER: Ed FMfeh

CLASSIFIED BY.

. CO.BERT ASSOCIATES. IMC

SOIL AND ROCK CLASSIFICATION SHEET
WEST.

2E-273

.OF

$|Te AREA .

IDS

COORDINATES 783»307>al
Z.JO/.Z/B.UE

bath, 7/8/75

ORILL HOLE Ha 5-6

ELEVATION 574*

CWLOHRS 574*

Mitt 374±

Stage II Offshore
PROJECTi Prilling. PWPP i

CONTRACTORi «"TTct George

DRILLER: Ed Frltach

CLASSIFIED BT:.

GR,BERT ASSOCIATES, «C

SOIL ANO SOCK CLASSIFICATION SHEET

UTe ajjja , _Lake Erie

LDS

il

e

HI

—

Ja&
•aai

OS

Of

u_

2

1

SFT

BWva/

a la.

6 12 l|

&

c

.*•

Fralil

1

I
"o

I

DESCRIPTION

Damltr tm Canalaiaaay). Calar.

Rack Or Sail Traa - Aaaauariaa

I Layered with cross bed sets 1"
. thick, sobs darker shale (B2)
• at 3*2"

■

;BOTTQMOF BOLE § 418*10"

.0030 8 July - large volucw of gas

. encountered during retrieval of

■ last core run. 1000 ft3 measured
• during a 20 mlmte Interval of

■ monitoring. Shut in pressure

■ recorded at 20 psl. However

' considerable quantities were

' leaking around casing-rock lnter-

| face. Hater and gas rose SO ft
\ above lake surface prior to
\ attaching gas monitoring equip-
. aent to casing '

.8 bags of grout

■

a
i

Sail Of Rack

Raa..

til*

Cata

Ih

10 '

Grata

SIMM

Rac.

Can

lo' •

RCMARKS

O—IwlCaaia.

GaataaJ.Owa,

" rntiini.
ate.

COORDINAT6S 782.791.7H
2.367.278.0E

iiatp, 6/24/7S

DRILL HOLE NO. !>*7 ,

ELEVATION W4t

CVL 0 Hftt 574±

IS

If T

thW

ttm.

« U It

IS 38

OESCRtrnoN

DaMllf (ar CaMlataavy), Calar

RmIi Of Sail Tya« . Acaaaaarla

lake surface elevation 574 ft

LAKE

Clay and gravel lake botton

sedlaents. sons angular rock

fragnents

No saaple recovered/suspeet

weathered rock & gravel or

boulders

tall Or Rack

Raaa* Graia

REMARKS

GaalagU 0«a,

OmmiWwm.

Caattntcilaa Pp

Lake elevation

fluctuates
Drllllag pUt-

fom extends

approx. T6"

above water

level; le will

be raised and

lowered as need
ed.

Casing Cm

Roller bit fell
through this
Interval
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Stage II Offshore
PROJECT: ftf<l»wf. PHPP a

CONTRACTOR: W*rren George

DRILLER: Ed Frltach

CLASSIFIED BY: ,

M.BERT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

urg area Iake_BClfi.

782.791.7H

2,367.278.OK

IDS path, 6/24/75

tHPPT 2

2E-275

_o«_2

DRILL MOLE NO. *"?-

ELEVATION

CWLOHRS.

34 MRS.

5744

5741

CN.MRT ASSOCIATES. IMC

o . tt <w* k- SOIL AND ROCK CLASSIFICATION SHEET
Stage II Offshore

PROJECTi Prilling. PHPP »a 04-4549-000 axe AREA Lake Erie

CONTRACTOR! <hrr«n Ceorae COORDINATES

M,..». M mtsch/Jaka Herri.

CLASSIFIED BY: LPS/JCD BATP.6/24-3S/7S

Z.W.ZNJ.OT

2E-276

»HEET_J OP 7

DRILL NOLE NO. 5~7

ELEVATION. 574t

6»L 0 HRS _

34 HR}-

574*

374*

.Ik

•

a

S

32

j

|

SPT

Blan/

• la.

* 1}

£ 2

*\
r

«

3
if)

DtSCRVTKM

D«ni*r (•* C««Hiiiwi), C«l«r

Rack O» tail Ty*« - OnmiHw

_Soft weathered ahale with calcar-

. eous debris la fractures.

- Typical thinly bedded Chagrin

. shale with horizontal bedding.

■ All fractures parallel to bedding

■ one fracture Inclined 60° from

■ vertical 4' from top. Inter-

■ laminated beda (H5-N4 color).

' Core tends to part parallel to

bedding. One piece from 3*10"-

' 4*4" has eight, near vertical
' fracture. Upon drying parts

| parallel to bedding fractures

'Rock sane as before except shale

' Is nore* coapetent and does not

' part parallel to bedding aa

' readily. Bedding planes general

ly planar with occasional small

scale ripples. Closed vertical

\ fracture (IV long) at 3*
, slallar occurrence at 5*1". Soae

. llay clay material fills fracture

. at 5*2". Snail scale cross

. lanlnae In beds V' thick occur

. Intermittently (I* to inches)

•Bock description as before for

■ first 6*. Last 4* characterised

* by snail scale cross lanlnae

■ generally siliceous and light

■ gray N5-H6. Particle slse of

" siliceous rock is silt. These

i
a

|R.0.0.|51X
<K>

%

StllOrlaca

Raaf*

liia

Rim

to4

faai

Saaya

Caia

n

in:

I*;

•

REMARKS

Oailatli pta.

Ho gas detected

So gas detected

a

3b

is

mmai

■X

■BBSBl

i

i

SPT

61a.

• 12 II

i

\PiaflUj
1

i
-5

M

"aa

4

Ul

3

i

•1

s

U)

DESCRIPTION

Bwfc Of Sail Typa - AimnHw

. beds 0.5-1" thick* occurring

. every 0.5-1 ft and are very

. coapetent. Occasional bedding

• plane fractures, hut always

• smooth and. clear. Oxidised

' siliceous silt at 8'; thin band

■

.Same aa before except at 9'-9.S*

. Interval a soft shale Interval

. with some fracturing and small

, rock fragments. Otherwise
. fractures axe typically smooth.

• tight, and parallel to bedding.

.Dark gray-black shale with trace

- of lnterlaainated light gray

■ alltstone to fine sandstone,

• medium-hard, unweathered, no

" Jolnta, trace siderlte brown

* lenses.

•

4

ts

X

n

l

m

t

(all ft Rack

Siia

Rim

,.•

10

10

Cma

Skaaa

Cara

-!

ID* j

REMARKS

ChaarfMlCaaw,

CaatefltDaM.

ate.

Ho gas detected

Ho gas detected

Shift change

Ho gas detected

mi-an a/rs

0*1-07 vn
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Stage II Offshore
PROJECTi Prilling. PWPT» «

Warren

GISERT ASSOCUTES. WC

SOJL AND ROCK CLASSIFICATION SHEET

CONTRACTOR:

DRILLER: Ed Fritsch/Jaka Harris

CLASSIFIED BY! LDS/JGD

M^m-WM UTe AREA.

COORDINATES . 782.791.7H

2.367,278.OE

2E-277

SHEET_iL_ OP
ORILL HOLS NO.

ELEVATION

5741

PROJECT

CONTRACTOR:

DRILLER: M
CLASSIFIED BY:.

Stage II Offshore

Prilling. PHPP ».a

Hawaii

CR.IBRT ASSOCIATES. MC

SOU. AND ROCK CLASSIFICATION SHEET

04-45*9-000 ore AREA Lafca

COORDINATES .Jfil^ZSU

2E-278

FrltBeh 2,367,278.0E

sheet_2 «■

orill hole mo.

ELEVATION

. 6/25/75 5741

o

ai

aaaai

EE

■bbbbi

3£

■Baa*

i

i

SPT

4 1a.

IJ

t

u

S

£

|Pnllla]

i

I

1
in

DESCRIPTION

Oaasay (ar CaaaiitaMrl, Catv

Rack O> Ml Tyaa • AacaaaaHaa

.Dark gray to black shale with IOZ

. lnterlaadnated light gray allc-

. stone, median hard, unweathered,

■ thin and flat Laminations, cross

. laminations, no joints

-Ssae as before

.Chagrin shale as before, fractures

. parallel to bedding but not clean

. and saoottt as before. At 2'2"

. a 3" fine sand bed, light gray

. with Irregular and scoured base.

• Considerable eross lanlnae at.

j
i

•q

at

ft

%

Ml Or

Slta

Car.

R»a

10*

io1

Raa

Grata

Raa.

H

•

REMARKS "

"— i r iiTiai.

Ho gas detected

Ho gas detected

*

Ho gas detected

5* casing added
total casing -

39* 6"

•

e

toe

&

■Bffjai

uL

£2

■aBMBI

i

1

SPT

4 U U

■

|Pfallla|
1

i

w

•a

ar

t

j
s

in
T

9

DESCRIPTION

Rack O> Ml Typa • A«CM*aftat

, approxlaately 4', interlayered

. (sets: 1-3" thick) with shale.

. More cross beds of stellar

. nature at 7*. At 6' two V thick
• oxidized beds (scratch Ilka shtle

■ and doesn't appear sllty or sandy

' Possibly sane llney debris along

* several fractures

.Bocks met considerably aore

• fractured than previous bat still

• parallel to horizontal bedding.

■ Cross bed.seta not very abundant

■ nor are they thick or conspicuous

* Ho calcareous clay along fracture

' however drill water may have

washed this out. Ho oxidised

' beds.

.Generally, core la quite fractured

. parallel to bedding. A few

. vertical fractures (2" long) at
• 4' and In last 6" of core run.

■ Some cross beds (2-3" thick) at
■ 8', a V* thick oxidized bed.

- Last 2 core runs have Identical

- physical properties. Fractures

' have same clay material but none

* la calcareous. Fractures <l/16a

- where filled

a

i

|R.W>.|
i.

n

1

i

Ml Or Rack

Raafa

SUa

Rim

10

10*

itf

GMla

Skaaa

Cam

4

10 ■

10* \

REMARKS

Oaihgla Oaf.

GnaaJVaat.

aM.

No gaa detected

P.T. Test

S1 "*ttng added
total - 44I6"

Ho gas detected

Good P.T. Inter
val
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ZM79

SttftlXOffatea

28-280

mcet

siti

2.3C7.278.0B

eusurta sr-.

BfEtT

, PfllltBK. mn Bt-A569-000 nr»

CBWTBACrOBi,

CLASBFIO BT:

• II O

Aa befor* fraeCBrtas la parmHwl

to baddlas. * V vBttcal
tiai.nua (data) la firm tf1.

af cfaaa bad aatt
pravtaoaly U

Zacarliyarad this
am-)

y QO) ad
dark bate asm cMck 1*2"

aaca arc ataataac JP tiUekve

bard gray bed at atnmii lninfitly

4'»-

i:

Jack aa before, vortical frae

elaaa la laat Vfi (Ma aax
brfs, V tMcfc, at 4'10*-S*.

Vardeal fituira at 8"

A

. 6/M/73

10'

10'

ID'

BQD not eoavlati ly
rnllabla wJirr

X* of cora fell
<m '•-■111 liia ^^1

Ate.

i;

"BDTtBI OP BOLE 9 4:30 PJB. 6/25/73

40 bags of cant md e»

la ID*
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PSOJCCTl

JfeiaBJEUSBk

■"

ZB-282

dbllmounolJs

CLASUPICD BT: B.B.8.

cooamtTO.

MTti.

SPT

ten/

41a.

i a n Vmml SM.

v.9

of MBd«MM;i)11thr1y
* bnka la itwtt 1.0* (Abb to
<rl¥la» of r—twg>; aofc rihala
aBBtTi 27.4,28.X-a^. 30.2-
XLS. limJUixm JBP to baftltwg
at 27.8

«nded fftaanan U-4X.6;

anaU UJMU aad 43.3

L.V.

S.F. 0.09

L.F. .tt

S.». .04

*».. .40

« n n

_ tUnlr Jetetal

t 7S.5-7i.O.
ae € 7B<S'
w « 79.0*

atala « Claa

ftfl*

8.P. .07

*|. .SS

UP. .90

O.V. .06

. .30

s.p.

0.2

UP. Ugt

•uv.

tog. 0.03

qm«sv vn
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Stage n Offshore
PROJECT: Brill 4n». PWPP m

CO.KIT ASSOCIATES. WC

SOIL AND ROCK CLASSIFICATION SHEET

Lake erlaflA-A SAQ-Oftft SITE AREA.

CONTRACTOR: Barren George Drllllaa Col COORDINATES

DRILLER: Ed Frltach,

CLASSIFIED BT: JCD 0ATE: 6/30. 7/1/73

783.177.3H

2.368.756.OE

Stage H Offshore

project? Prilling. PHPP ,

COMTRACTORi Barren George

ORILLER: Ed FrlEsch

CLASSIFIED ST: JCD

CJLURT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

a. 04-4549-000 srrc 4BJA Lake Erie

COORODUTU
ZtJ6B.736.0E

BATH. 6730. 7/1/75

2E-286

SHEET ? n» 7

DRILL HOLE HO. —5=3

ELEVATION

6*1 0 MRS _JZ**_

SPT

• U.

• 13 u

RMfc Or Sril Typ*

nacfoxa +7.9*

Lake surface elevation 374'

LAKE

Sail» Rack

Si"

a&.o

Craia

Ska*.

REMARKS

A. For SC

platform

elevation -

582*11"

B. Hater depth

251

bottoa of lake

SPT

Btmn/

Urn.

• U It

DBCWPTIOM

OmmMv (w CaulitMMyl C^M

Had Or Sail TrP> • Aaoaaaartas

.Slightly weathered dark gray ahale

'Dark gray shale with trace lUc-

stone medltsB hard, unweathered,

thin and flat lamination, no -
" joints

-Trace llghc gray clay filla

■axlarum piece 14V

gray shale with trace light

gray allcatone and brown alderlte

lenses, medliaa hard, tmweathered.

thin and flat laolnatlon,

lamination, one Joint 30°G38
piece 9"

Dark gray ahale with littel (16-
m 20Z) gray slltstone and brown

. alderlte, Interlaminated, nedlua

. hard, unwaatherad. thin and flat

, lamination, cross lamination, no

. Joints

JO

JttA.

to*

REMARKS

Elevation of

RX0 548'2V

Ho gsa

Ho
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CLBERT ASSOCIATE!. MC.

•>. tt««^ SOIL AHO ROCK CLASSIFICATION SHEET
Stage II Offshore

prqjbct: Drilling, PHPP — ~ n&_A<AO-nnn •■—.. ._.-. i«i> <PROJECT: B

CONTRACTOR) Warren Cgorge

' ""■ ■ a». Ed FrltSCh

grin

CLASSIFIED BT:

COORDINATES.

patp, 7/1/75

•HL
2.368,756.OZ

2E-287

»"™™ • ammalaBBBB* wr a^^^^^^,

DRILL HOLE NO. 3-9

ELEVATION .

Stage II Offshore

project. Drilling. PHPP i

CONTRACTOR, Warren George

DRILLER: &* Prltach

CLASSIFIED BY: JCD

6R.BERT ASSOCUTES, MC

SOIL AMD ROCK CLASSIFICATION SHEET

A 04-4549-000 utp abba Lake Erie, «TE

coosomATM 783,177.3B

2.368.756.OE

. 7/1/75

<

o

ai

3i

i

I

IPT

BlaW

Ala.

t 12 11

■k

j

j

j
r

to

0

\n

>

DCSOUPTION

D»«lly (w Cwslataaqr). Calar

Rack Or tail Traa • AceatMttaa

-Stiff light gray day fills seaaa

. atnute thlelmesa

•2-3" broken sons —53.0*

Bark gray shale with 20Z light

_ gray atltstan* and alderlte later

. laminated with It. mediua hard.

. flat laminae, eroaa lamination

■ vlth trace clay

Jtaxisum piece 9%"

■

Dark gray shale with 2SZ lnter-

. lanlnated light gray slltstone,

. brown slderlte lenses, imHim

. hard, unweathered, thin and flat

■ lamination. ■ cross lamination, no

■ joints

tfaxtaum piece 16"

9

d
at

%

st

ft

%

tallOrlaab

a«tt

ilia

Hm

!•

10*

lo'

Grata

thaaa

Car*

1 '

VI '.

\.%'.

REMARKS

OaabaJaOaM.

0rawai««Mr,

ate.

Hot calcareous

Mo gas bubbles

Not calcareous

Ho gaa

o«i-tZ7 a/n

£

a

li

E

mmsR

—

i

I

SPT

ih.

• 11 II

I

|pf.nu|
V
sa

T-

r

SBCWPTION

DaraltT (ar Cawaltaa«r). Calar

Rack Or Sail Typa - AcaacaaHaa

-Dark gray shale with 20Z lnter-

. laminated light gray slltatone

* and brown slderlte lenses, medium

" hard, unweathered, tain and

* relatively flat lamination,

cross lamination, no joints

"Haxlaom piece 12"

.Interlamlnated dark gray, blaek

. shale with 2SZ light gray allt-

■ atone and brown slderlte lenses.

■ medium hard, unweathered, thin

- and relatively flat lalalnatlon.

■ croaa lamination, no joints,

- possible bedding fractures

■MaxHaum piece 6"

•Interlaminated medium light gray

• shale with occasional aedliat-

• dark gray beda up to 4",

■ generally fractures parallel CO

'bedding but several 9-3" lntervali

• to vertical fractures also (at

' approximately 3%-A and 9*.

' Excellent turbldlte sequence at

3

61

Sail Or Rack

Raaca

$!«•

Cara

Raa

-

jo'

Grata

Saaaa

Rm.

Cara

■

REMARKS

Chaarical Caam,

Caalatla Da««,

CaaMfwtiaa PraMaaa,

au.

after core run

balled hole to

test for gas

concentrations.

Can not ball

hole, no seal.

<HZ C84 detects
Ho babbling.

39* total easlnj
4'gy* easing

turned lajplat-

form 8V above

Zone may take

water

0*1 • t» IfTZ
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Stage II Offshore
PROJECT: Prilling. PHPP ».o.

CONTRACTOR: Warrim Cenrv*

DRILLER: B» Frltsch

CLASSIFIED BT: U>S

GO.SEIT ASSOCUTtS. MC.

SOIL AND ROCK CLASSIFICATION SHEET

Like Erie

COORDINATES 783.177.3H
2.368,756.OE

DATE: 7/1/75

2E-289

5 nm 7

DRILL HOLE NO. 3-9

ELEVATION

OWUOMRS

24HRS,

OLMRT ASSOCIATES. MC

t, ~*-v_ **• *H0 *** CLASSIFICATION SHEET
Stage II Offshore

PROJECT: Prilling. WPP mji. 04-4549-000 are AREA L»Im K

Ihnrwn Canre* COORJMNATEf,

5741

CONTRACTOR:

no,., ... Ed Prttsch

783.177.3H

2.368,756.OE

5741

2E-290

SHEET_L_ OP 7
ORILL HOLE Ha 3-9

ELEVATION

an. a tiat 57*1

k.

\

a

1*0

amas

msBsi

■ax*

m

mams

lii

masai

US.

i
SPT

IWi/

4 11 II

1
a.

a

a-

DESCRIPTION

Ommtif (•> CwaitMMyL Q*m

Ran ft toll Tm . «acnwta

.6* with slllelous reds stowing

. flams like structure (ripped beds

•at 2.5' (approximately) several

• oxidised beds approximately «r-ln

■ Chick. SUlclous beds lighter an

' typically displaying small seals

cross laminations

and medium gray thinly bedded

Shale with occasional cross

. bedded siliceous silt, latter not

. so abundant as before. Most

. fractures smooch and parallel to
■ bedding although some vertical

- fractures at 3.5 and 8*. Silty

' beds probably do not exceed 1SZ

* of rock. Fractures slmost al-

' nays appear tight and without

weathered surface or fill aater-

•Fairly competent rock and leas

> fractured than previous. Ver-

■ tical fractures (7" long) at
■ 5'4" and at 9"8" (4" long). Otbs

• fractures smooth and parallei to

1 horizontal bedding laminae.

' Greater frequency of medium gray

' shale beds with corresponding

' decrease In silty. small scale

j cross laminae. Ho weathered clay

| materials or calcareous material
[ on fractures. Ho apparent
' tendency to form poker chip
, fragments

1

el

o2

g»

%

It

i

¥1

z

toil ft Rack

Rat*

SIM

Ro-

■ach

i

to

Mil-

lag
below

•

Grata

c—

i m

io ;

/ 1

«

REMARKS

OwlntCMn,

Onwllaw,

Bs gas bubbling

Might P.T.

Added casTnT*"
Total CMlng-44

Would ceat but

cannot develop

gas bubbllj

detected (CH4

CSX) after

VL 15*

lake level

Vertical

fractures occur

at end of run

and may not be

representative «

of run

CLASSIFIED BY.

■>

O

•i

■aai

5E

MM

s

■SMB

X

1

JCD/IDS f>Ar«. 7/1/75

SPT

!»>.

« 11 ll

i
£

PnllU
1

1

r

.0

|

i

r«

T

DESCRIPTION

RMk ft toll Ty»* • iMiwtM

•Dark gray to black shale with 20-

• 30Z light gray sUtscoaa leases

■ lnterlaalnsced, medium bard,

' iiimiiiiiiini nl. thin and flat

" Joints, bedding fractures
|Maximum piece 5"

■

a

.Black shale with 202 light gray

. slltstoae. medium hard, uaweatb-

. ered. thin, relatively fiat,

. wavey lamination, cross lamlna-

- Clon, possible beddlag fracture.

. one Joint at 434* el. 60° angle

.Dark gray to black shale with 35Z

. light gray siltatone lnterlamln-

. ated with it. medium hard, ua-

. weathered, chin, relatively flat

• wavy lamination, cross lamination

• no Joints, bedding fractures

■Maximum piece 6"

a

6

H

i

t

todft*RMk

Slit

c—

R«a

io1

Onto

Sh<M

Rm.

G—

14 HH 57At

REMARKS

ONalmlCavs.

Cmi(ncilai Pnskaa,

5' eaalag
addsd

total casing

length - 49"

of sample on

next run>

stuck In core

barrel
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6K.MRT ASSOCIATES. MC

Stag. II Offshore «"L *»«*CUW-IC.TWI SHEET
04—4SA9-Oftn jiff AREA _Ml4keiBJB

COORDINATES ,

PROJECT: Drilling. PHP? mj0.

CONTRACTOR: Warren Ceorne

DRtLLER: M kitsch

CLASSIFIED BT: JO)/LDS

783.177.3H

2.368.7S6.0E

OATe. 7/1 /7S

CR.BEMT ASSOCUTES. IMC

Stag. II Offshore »»««UW»limB-T
project, Prilling. PHPP ■

CONTRACTOR: .KBUSBJCCSZSS.

DRILLER: J

CLASSIFIED BY:

04-4m-000 «.t« A.,»

COORDINATES.

Lalft ffrl

tfe

Iks

Qfi

SPT

• la.

t U II

DESCRIPTION

DmsWt (■» C»«lw—i). Cabt

R*«k O> Sail Tfp» ■ AninHM

Dark gray to black shale with 20Z

lnterlaaloated light gray sUt-

> atone. Media** herd, umwathered.

no joints, few heiMlng partlaga-

fractures, this, flat, wavy
lemlaaclon

-r

i

TOTAL OOSE DEPTH 138*2"

Considerable gas emitted after

hole was balled down 80'; seal
was not effected.

8 bags of cement used to grout

hole

2E-292

SHEET_i^_OP 6

ORILLHOLENO. Jl^°_
ELEVATION <7«*

CSLOHRS.

24HRS_

5741

3741

Salt Or Back

us;

REMARKS

am* taw. I
o

Q

■asmi

BSBmi

RRBBl

I

ammrn

il

MBmi

tl

mmmi

RRBBl

i

i

S

a

•

PT

Um

■ IB.

IJ

/

II

£
1

7

1

"S

DESCRIPTUM

Dwallr (at Canrtil—yL Calar

Rack O> Sail TyP* • Aaaaaaarial

LAKE ERIE SURFACE (574•)

B

LAKE

.Approximately 1* of O.B. sand and

.Upper 1'7" consists of weathered

. shale typical Chagrin. Thinly

. bedded with horltontal laminae;

. considerable clay debris some of

. which could be grout left In rod.

i Balance of core Is fairly well

■ preserved. Interlaminated H4-N3

• color with little cross laminae |U.S.C.S.| |R.Q.D.|51
Salt Or Rack

Ilia

Can

R«a

i

xo'

Ortto
Shaaa

Raa.

Car*

REMARKS

Oaalaflic Data.

ate.

Pxstiorm lies
11*3" above lak

surface. Casii

Have lowered HZ

inside 4" which

was seated into

bottom

Tunnel C - 453'

Hater depths

anticipated

Can't sample
sediments with

spoon alace

adaptor is lose

Estimated

Receiving very

little drill

water out of Iff

Wo gas detected

Total casing L

32'6"
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Stage XX Offshore
Prtlllaa. PHPP ■«

CLAsanc&TnMwot

l*bi _Ed_Pnoeh
2aSm.D»3.TE

CLASBrUBBT: US ^r.. 7/4/TS

fPT

• Sfc

II] H

BMkO'WITfp.-

pastas. Ooe creccore at 2*4" at

HP froa borlcBBtal (1" leas).
gaaarelly

alaaar aad parallel to bedding.
Overall Shale la slightly

—Ttierad aad slightly soft

at »*S-.
to be

larly orarlr tnecsred

g BB la rock ts

avail stale "nttn
( 9 T *
avail stale nttn ^py

' (l.a. 9 T mat 9 4*9"; bnweffer,

asoally tblaar 1-e. V) ana oe

' «wr (t«ra>. V alley
exldlacd tad at 5*. Alas
ftaunaa at 4*11". ooat f
am typically mumiiIi. plaasr

pwrallel to baddtos.
bat to i "

111

10'

*%£

BrUlias eat

free of .__

accept for last 8" which tea
vertical fracture 9f loag ead la

fairly soft, sore shmwanr
lafldaated sV7. i

seala erass bed ___ „ _ ,

(BepreaeBtatXve eat at 7.S*. sots
sobb of which ia referred, to as
cress bed aeta aetnally distorted

4:*S

shale aa before, first

ever uttbta last 4* the places

are osoally 4*. • It Is apparent

mat iwmT ar cob rcactBres eccar

et eUlceaue cross bed eets

aad dark stale (oot atypical).

Sane pitting la laltlAl XV bat
«oidt do not appear rlmmm

Slaerlte or orl4lrnd bud* are

tbe chick*

scale crass bed sets.

same as before
cr seta are far

All freeoarea planar, saooth aad

parallel to horlcaaral beddlas

planes. Xa a aeaae It caa.ba

Interpreted as the V salt of a

typical

to*

10*

itr

feet

OB

arllled ester

laa't eoatns as
aad eat of

Saa detaeted

there la a

' Bo saadetecod

Appears to be a

catcher la «al-

' luactlaalag «ad
■Ul be replaced
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CI.BERT ASSOCIATES. MC.

Stage II Offshore ™-"D ROCK CLASSIFICATION SHEET

PROJECT: Prilling, PNPP .A 04-4549-000 ,ITe A«A Lake Erie

CONTRACTOR: Marren George COORDINATES. 782.613.4N

OR1LLER:

CLASSIFIED BY:

Mfch
2,369,045.7E

2E-295

ORILt HOLE MO. »-»>

CLEVATION 574±
PROJECT!

Stage II Drilling

GIBSRT ASSOCIATES, IMC

SOIL AND ROCK CLASSIFICATION SHEET

PWPP . "JO..

Warren Georae

LDS OATEi. 34HSS. 5741

CONTRACTOR:

ORiLLER: Ed Frltach/Jake Harris

CLASSIFIED Bt:

site AREA

COORDINATES, 782.613.4H

2.369,045.7E

1DS/JGD 0ATEl 7/4-5/75

Ik

*

_

E

H

aams

i
•

SPT

BloW

4 II 11

5
a

£

a

«

-*
i

j

I

V

T

DESCRIPTION

DaaJrr (ar CaMltlaasy), Calat

Rack Or Sad Tyaa • Aosaaaariaa

^Considerable cross bedding with

\ obvious truncated foreset beds.
. Much more fracturing most planar,

. smooth and parallel co horizontal

. bedding, some vertical fractures

(3" 9 6*2") 3" 9 8') Considerable

. shale debris along these fracture

> which are Irregular and rough.

■ Last ft has more, same character.

■ Cross beds are lighter gray than

' shale as before

Mich Improved rock condition with

■ corresponding decrease In cross

■ bed sets. H-vertlcal fractures.

' Somewhat worn or weachered sons

1 at 1*4" which could be due co

' lousy drilling technique

•

•

•

U.S.C.S.| R.Q.D.1itx
(4

X

Sail Or Rack

R«*a

Sita

10*

10

Cata

REMARKS

Magic Dala,

kmtmdWmm.

ale.

Good return on

drilling water

lo methane

detected

Picked up 7" of

previous run but

muse have puiv
verized other

Added 7< of HZ

casing

T - 391©"

Generator Tsn oi

of fuel so we'i

shut down for

>lhr

•

O

fffi

i

US.

(f£

■ami

iS

i
SPT

BJ—V

if.

6 12 II

i

£

£

I

i

1
s"3
.3

vt

■»

1

1

DESCRIPTtOH

Own* (ar Caruluaacy), Cala,

Rack Or Sail Trf* • Aoaaaaariaa

-Dark gray shale with little (20Z)

• light gray siltstone lenses,

" lnterlamlnaced chin and flat wavy

" Lamination, truncated cross

* lamination, medium hard, unweath-

) ered, several bedding fractures,
. no joints

.Maximum piece 4"

■Cray shale with trace 15Z inter-

■ laminated light gray slltstone

' lenses, wavy, relatively flat,

' Chin lamination, medium hard,

' unweathered, several bedding

\ fractures, 15° joint % 458' el.

'Dark gray shale with trace 10-15Z

' light gray siltscones lenses

\ interlamlnated thin and wavy.

\ relatively flat lamination, some
\ truncated cross lamination, med-
. ium hard, relatively unweathered,

bedding fractures, near vertical

. Joints, clay filling Max pc 7" u.S.CS.| R.0.0.|
y.

n

w

Sail Or Rack

Ska

Rva

10*

10*

10*

Graia

Skaaa

Cara

H

-;;

REMARKS

Caataic Qma.

Graaa^ VaMv

Seem to be

getting nest of

drill water

Ho gas detected

Gas detected

Unable to ball

hole tried to

add more 4"

casing only abl

co knock It a

couple Inches
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ev.BnrusaeuTU.Dic 2E-297

Paoi6CT.

CONTQACTOB. J*EZSLSS5
M PrltachAfafca Brrta

elcvahom - p>s earmetau

Bark gray abate with 25*3(8 light
atone laSorlaat

thte Saadaatlaa

frasttso. «d jolata

SUty Clay craea of Sfaal«

are nmh, plaaar

to tensmnl baddias.

ntllMow aUty aaady U«ht gray

- b-9) eron laatau are

c Cop to SOX) and lntar>
with typteal nadios

gtsy fiOHM) thlaly scddaa Obala

B779S44.2

8 2370119.3
Bslttd 20

nafora
fznn ctaai

banal liacr

erlatle owtag to t

aayBieal pnpertiaa of

la poor tUi ta part

ra chrougta for a
Mil

Et'a ettfaar ssli ;

/BORON 07 BB 9 41V6"

TOW. O08D BOCK 140*

8 haga of eaaaat usad to gnat hole
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CEX-Verty Unclear

MMJtCTt Pawer Plant m

28-301

JL-w _L Boelsar

ATI*. I ZE-302

IED BTt UHL

fPT

« U

JLJZSSSaS—
E U70O74.2

tUVATBM _££p_ ferron Teaxing Tp

S 2370074.2
"»""- *M

w HHL

Sat

Ballpoint

so

s

55

IPT

« U

T.D. «S*

MtOrlMft
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CEI-Jwry

Ed

IPT

itm.

« U la

2E-303 CLatKnaaoeu.ro. me a-30*

,. H. farty. Ohio

E 2370085.7

t-»*»ts

Qray Sllty day

T.9. 2A.S

HaUpalu

CEI-?«rty

Plant .» 06-4M9-C00

Herran Tewlaa

■oi^ ^ fft. S 2370126.1

«"■ -J-M-T*

U t|

12

Sec
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2B-JOS
2B-306

(n-P«rry Unclear

i Paiaw PI«at »_* M-A5&9-O00 «rr» uw> ■. >crrg. (Bile

Hm COMDWATBI

CEX-Varry Suelcar

Pawwr Plant ■,> 0fc^5*»-00D «*»^—. H. Parwr. Ohio

Ed SetmrclL

JLZa42A*£
* JJ70B06.4

m»- 7-t-TS

VklNB,

UNBI.

Ed Senwck

CLASWIBD BTs _IffiL

ft U W

Cray elayey «Ut - alley clay

traee atela fcaga - ivper till

T.D. 27.$

Set ooaUerlas

1PT

Ala.

i u n

1.7

»*«■ 7-a»7<

- Lower Tiu «

. Cray Sllsy Clay w/ahala frag*.
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6R.SERT ASSOCIATES, MC

CEl-Perry Nuclear S0U- *" R0CK CLASSOTCATtON SHEET
A 04-4549-000 WTe ^g^ M. Perrv. Ohio

2E-3O7

prciect, f°«r Plant

DRILLER:

CLASSIFIED BY: WHL

Herron Testing

Sezwvck

f«pnim.TC< H 779424.1

E^370210.5

DATe, 7-24-75

SHEET_1_ n«

MILL HOLE Ha

ELEVATION

CWLOHBJ

PROJCCT:

CEI-Ferry Huelear

Power Plant B>0# 04-4549-000

CONTRACTOR.

DRILLER: —.

CLASSIFIED BY:

Herron Tearing

Sezvycfc

OLSttRT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET

u.. H. Perry. Ohio

COORDINATES . " 779424.1

E 2370210.S

2E-3O8

SHEET_2_OF 9

DRILL MOLE ML S-7B

ELEVATION ^22^BflZ*_

WHL 7-24-75

70

3D

SPT

Blwa/

4 In.

6 II II

OESCRIPTWH

DMtltf (■» CMMteMMyk C^M

Rack Or Sail Ty»» • tawatai

**—'

SWl Of Rack REMARKS
SPT

Bb.*/

• 12 II

OESCRIPTIOM

li C«k*

bd O> S-n Trr> -

Shale

T.D. Appraxlnacely

68'

S*0 Or Rack REMARKS

ou • m «.T»
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2E-J11

met_L_v 1 CEI-Perry Swluc "*• *
Bau.NDUML_£3a_ roaiter. power Plant mA 06-t5A9-000 mm

Hermn Tattug . "—*

2E-JU

!««.

LA

za

IPT

* n n

is 42

Cray stlty day wlxb ahala

f - Iomot till -

T.D. *6*

Set

IfcBltarlag

UnUPolat

** *tT*"*T* I*- JW1

Ift

• U •

irtn. V 780552.6

C 2.370.099.6

Ooelal

Moaltorlas
«bU Point
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Ol)
2E-314

CEMerry Iteiur ««.*»"«CUSMRCA.TIOK «EET

71attt ,„ 04-45*9-000 nrrAqt* *» Perr»'

Herron TeBtlno w—.« B 780 552.6

B2370099.6

i WO. n»T». B-12-75

SQ

SPT

Stele

T.D. 67* Approxlffl»Uljr

Cray stlcy

T.D. 22.y

Set

*—-i

Ball Mat
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eaacRT associates, mc

«., » ., , SOIL AMD ROCK CLASSIFICATION SHEET
CEI-Perry Nuclear

project. Power Plant ».a, 04-4549-000 SITE AREA M. Perrv. f

fiMTDu-TWQ. Herron Testing rnmniium H 780661.3

Ed SerwyckDRILLER:

CLASSIFIED BT: _ WHL

B 2370221.5

OATE: ?-1»-"

2E-315

DRILL HOLE NO. E~5

ELEVATION 623 APPV

«L0MRS_

CEI-Perry Nuclear

PROJECT: Pam»r Plant ,,

CONTRACTOR: ^JifirXflSaXfiAtJill

DRILLER:

GILBERT ASSOCIATES. MC

SOIL AND BOCK CLASSOTCATMM SHEET

0. 64-ASAQ-OOO jnx area H. P«

2E-316

Ed Sezwvck

CLASSIFIED BY: WHL

COORDIHATES ,Jl_ZaQBfi6^2_
B 2370307.8

i>at». 8~2-7S

SH«eT__l_ OP

DRILL HOLE HO.

ELEVATION

U IS

. Gray clayey silt w/sand lenses

(varied)

OESOMmON

tr {m CMililiM

R**k Or Sail Tt»» • AumhiIm

T.D. 21.5'

C«k»

REMARKS

Set

Hoaltorlng

Well Paint

X

a

n

13

xl

20

H

h

|

1

SPT

4 la.

d U M

5 6 U

I
&

DESCRIPTION

Oantor <ar CaaMsMaeyL Calar

Raca O> SaU Typa Iniimiln

. Cray alley sand•

T.D. 21.51

a

SM

a

0

Sad Or Rack

Rma*

Sli*

CfBia

SlMaa

REMARKS

GaalatJcDaM.

CraaaaVaaw,

•M.

Sec

Monltoxlng

Well Point

• n» a/n
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CEI-Perry Huclaar

PROJECT: Power Plane m

CONTRACTOR: Herron Tegtln

i>d.. ■ ... Frf SPz^rt

OLUST ASSOCIATCS, MC

«"•*■»■■» CLASSOTCATIOM SHEET

H. Perry. Ohio04-4549-000 HTC utt

cmpbhijtw H 780769.0

E 2370534.0

2E-317

SHEET_X_ OP 1

DRILL HOLS Ma E-7

tLCVATKM 620 Ann».

Atsocu-res. mc

SOIL AND ROCK CLASSIFICATION SHEET

2E-3U

CEI-Perry Nuclear

project. Power Plant ,,> 04-4549-000 «T.tMt H. Perry <wh» 0«lL MOLE mo.-2=ZA_

i-nyTDiitna. Harrnn T.ctl- eaanPIMATPt H 780764.7 g| rvtrtfl. 620 APPX.

CLASSIFIED BTt WHL 0ATCs

DRILLER.- Ed Setvyck E 2370537.8

CLASSIFIED BT: WHL DATe:_2=lla

6 12 U

Gray alley sand

9mA Or Sail Ty»a • A«a*Mrt«*

T.D. 21.5'

SM

O»L OHIO

REMARKS

•M.

Sat

Honltarlfig

Well Point.

SPT

ftla.

* II U

DESCRVTMH

> (at Cawl

■MhOr Sail Typ*

- Lower Till -

Cray slity sand w/shale fraga.

T.D. 43.5'

hi - an «.*n

REMARKS

Set

Monitoring

well Point

a«i • an t/T*
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a-319 2B-3Z0

CEl-Petry
PBnj»er! Pombt Plant

UL

SB

OkU

MMOxarlsg

itaU VatBt

Bark Qnr Shale

wlch Ugfat gray this dhala

6 a for ixauMtaaa beda

0.1-O.2* pteees. BarlaoBUl

fcaeciBBs

T.O. 6S1

4.7S

OM-Ot (.It
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«oocuth» ok.

CEl-ferry BtcXasr

2B-32S

t«rr_i__0PJ

Ed Se»vtk S 23*9651.7

6 U

T.D. 52'

Oft-&5&9-000

EdSaawet

fj,^ H. fferrv. Ohio

B US96O.2

■»■

»PT

• It V

""■ in-s-t*
11

.TtOM ~&2S-hBB&j

Set

Mmlceriq

Sell Mat
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CET-Perry Nuclear

Power Planr ,,a QA-45A9-O00

OLMIT AUOCIATCS. HC

**- *» «°« CLAS»«CATIOH SHEET

g^ M. Perry -

2E-327

2.

UTe

CEI-Perry HucXear

OLserr associates, oic

«"»• «D tOCK CUSWieiT»l WBT

.CONTRACTOR: Herron Teari

«D.,.M. Ed Setwvck

COORDINATE M 781053.7

E 2369643.2

CLASSIFIED BY: JCD/UHl.
OATE:.

DRILL HOLE Ma »-»* PROJECT: Power Plant

ELEVATION 620 *pp»- CONTRACTOR: Herron TCBtlftfl

OWL 0 HRS __««__ DRILLER: Ed SegWVCk

ma 04-4SA9-000 $rre jya^ H. Perry. Ohio

COOROIHATES H 781395.6
2369465.4

ZE-328

smeet_1_o« i

DRILL HOLE NO. "-■

ELEVATION _&2{Lj&BIDL»

CVLOHRS

CLASSIFIED 8Yi JGD/WHL

JPT

« II H

OATE: »-?»-7^

OESCRVTUM

kCmiiMM

Or S^l Tyf - ke

0k. Gray Shale, hard-few Fe

rl£h slit, bade - 0.1' thick,

2-3" pieces, bedding fractures

su>

Cara

3.0'

Rm.

4.5'

REMARKS

» 12 II

DESCRIPTION

DmbI* Ur C-uliMMi). C*U»

R*di Or Sail Ty»* •

Grayish-brown alley clay trace

fine aand

Sail» Rack REMARKS

Set

Monitoring
wen
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M.MIT ASSOCIATES. MC

CEI-Perry Nuclear »«. *HD IOOC CUSltflCATlON SHEET

PROJECT) Power Plant VA 04-4549-000 jrre *■«.*, H. Perrv. Ohio

CONTDACTORi tterron Testing COORDINATES H 7flH<)6.a

»...,«,. M q.^,.!, B 2369468.8

_ BATP, 9/10/7*

2E-329

O«ILL HOLE ML "-»>

KLCVATION 620 Apn»-

aLKRT ASSOCUTCS, MC

CEI-Perry Muclaar MII-A"W« CUSaWCATIOM SHEET
Power Plant WA m-a<A»-nnn S|TC uKAjL-taa

CLASUFIED BY: Jfin/UHl

SPT

6 1-

6 12 II

Rack Or Satf Ty*a

Glacial Overburden

fell Or Rack

Rot*
Sis*

Cam

REMARKS

tedCa-ft.

Culiaji Daf.

•ft.

Set

Monitorlog
Hell Point:

CONTRACTOR: JlfiX£S2L^£fi

DRILLER: Ed Setwck

COORDINATES H

E 2369468.8

2E-330

OWLL HOLE NO. ■-«*

EUEVATIOM 620 Aodx.

CLASSIFIES BYt JCT/WHL DATE: o-in-7*
24 MRS.

1PT

BJ—s/

* IJ II

| Dk. Gray, very stiff alley day

\ with about 15Z iMTga shale gravdiCL

DESCRIPTION

Oaabr (ar Caulataa^), Cala*

Rack Or Sail Typa • AbbhmHh

T.D. 55

fallOrl

Car.

•CMARXS
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ea.boit associates, we

CEI-Perry Nuclear «"■ *H0 «« CLASaFICATIOM SHEET

PROJECT: Power Plant W-0< 04-4S49-00Q site area w p——r

CONTRACTOR: Herron Te^

DRILLER: Ed Serwyck

COORDINATES W 7H11<p

CLASSIFIED BY: WWL/JCn l/'

E 2369461.6

DATE: lft-l-IA

2E-331

SHEET_____ OF ?

O»LL HOLE NO. "-«»

ELEVATION t^n A-.-.-. CONTRACTOR:

6*L 0 KRS _____ DRILLER:

24 HRS - CLASSIFIED BY: WHI./.TCn

CEI-Perry Huclear

PROJECT-. Power Planr m

Herrnn TanKn

OLBCBT ASSOCIATES, MC

SON. AND RCOC CLASSIFhUTICM SHEET

Q4-&SZ.O-nnn UTE xjjea <

Ed Sexwvck

COORDINATES H 78TIQ1 <

E 2369461.6

DATE:

L2.

-a

11

tBTT

ii

50

SPT

6 la.

6 12 II

, Glacial Overburden

ocscaiPTiON

D-nJ* «•» CmIimiI, C-w

RwfcOr SailT-ta-

2E-332

SHEET.

DRILL HOLE NO. W-8B

ELEVATION 62°

cvlohrs

REMARKS

taMli

Sec

Mcmltorlag

Veil Point

-Q

za

SPT

bu«*/

4 1b.

« U II

DESCRIPTION

? (m C-nt

R—A Or Sail T»9*

Dark Gtay Shale, Hard, lnterhedd-

ed with thin shale beds & a few

Fe stone bands. '""'^Ing fractures
2-3"

T.D. 69'

Cm*

3.3

REMARKS

-lMlOM*.

C—tone Ow.

o»i • t» i/ts

2E-166
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CEI-Perry Nuclear

project- Power Plant »j

CONTRACTOR: Herron Testing

DRILLER: Ed SezWVCk

OLUKT ASSOCIATES. MC

SOIL AND ROCK CLASSmCATKM SHEET

q. 04-4549-000 jtxe area W. Perry. Ohio

COORDINATES ,

CLASSIFIED BY: UHT. DATCt

2E-333

ORILL HOLE NO..

ELEVATION 620 Appx.

C«L 0 MRS

PROJECT:

Cn-Perxy Nuclear

Power Plant

CONTSACTOR:

CLASSIFIED BY: JM.

OLBCtT ASSOCUTIS. MC

*011- *"° «<*K CLASSIFICATION »«"
^jj, 04-45A9-000 j|Tg xg^A N. Perry. Ohio

H»rrn« T».t ing COOODIIUTU M 78O3A7.9

Ed Setwck E 2369360.4

OATBi 7-2-73

2E-334

DRILL HOLE HO. w~s

ELEVATION 620 APDX,,

on. o mm

SPT

oeioiirrtON

rL Oh

fladk Or Salt Ty»* • Aoeauvla

Cray alley clay w/f. Sa. lenses

varied, red clay screaks

T.D. 23.51

SailOrRadi

Rm.

REMARKS

Set

Hoaltorlng

Well Point

iff

2T

I

IPT

A 1] II

Rack Or S^l T*a

Gray ailty clay w/f. sand lenses

varied

T.D. 23.5'

REMARKS

Set

Monitoring

Well Point

2E-167
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sea. and bock cusst
y (bclaax

Power PUat », Q4-4149-000 B.

CONTRACTOR: Herroa Twin*

—..«». Ed S«cwvek

eMwmwi B 780117.4

t 2369267.0

2B-SSS

620

2SO36

C8t-Vcny SMlo
Power Plant

» U U

f.

alley

pockets

T.». 22*

Set

Moaltarlsg

Blfe

COMTBACTOBi B

Ed Saawek

4 U U

16 24

B 23*9267.6

date, .2=2=21-

ELEVATION

Cray gravdly aUty clay

- lowr till •

T.0. 45*

WIOi

MUMtt

2E-168
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2

u

u

&s

ss

Set

Hmltarlag

Hbu Valat

il

HBlat. BBdin dose.

eUt. varied «Uh «n
lcaaes

ST«T clayey

T.S. 24'
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GILBERT ASSOCIATES. INC.

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT:

CONTRACTOR:

DRILLER: Ed Sezwtek

CLASSIFIED BY: Renken

, w.0.

TmiHn[ COORDINATES H 7_B\'P°__
E 2,369,120

pate. 6/18/73 2»3O pa

IPT

Blew/

4 1..

6 12 1

*•**

12.

21

to

DESCRIPTION

Daaalty (a* CanalMaaat), CaW

Rao* Or Sail Tyaa • Aceaaaarlai

TTncTves^tSpsoiT'

sediments, brown alley

clay, stiff, moist with gray

Battling.

'Madluo brown clayey silc and gray

'm silty clay, stiff, moist, gray
mottling

. TTppgr f<1l, silty clay, with

■ some very fine sand, iwnllin to

firm, moist, with trace of fraga.

Cray sllty clay, low plasticity,

trace to some fragments, pebble

about *t In diameter

Increase In Z rock fragments,

' stiff to hard ISZ angular,

' subangular fragments, moist

ex.

C—

Grain

Con

REMARKS

stiaaPraMa

2E-339

DRILL MOLE NO. M1 PROJECT:

ELEVATION 611.3

CTtnwpc 7*7"

U NRS ft* 11" CLASSIFIED BV: Renkrni

CONTRACTOR: H^rrnn

DRILLER:

GILBERT ASSOCIATES. «C.

SOIL AND ROCK CLASSIFICATION SHEET

, «.O. OA«S&»-000 SITE ABEA JL

LUg_ COORDINATES

. Ohio

Serwvck

, 6/18/73 2:30 pa

2B-3AO

SMEET_2_oi« J

DRILL HOLE NO. BS1

ELEVATION 611.3

»L 0 HRS 7'7"

24HRS *'H"

SPT

Blwa/

4 la.

6 IJ II

K)

It-

17

IO

3o

2/

DESCRIPTION

Dmlir (ar C—Itfaart. Cab*

Radi Of Sail Tyf« • AaaataaHaa

Saae as above (nolst)

Lower Till

Sane as above, dry, hard

Spoon refusal boulder ill wy

Dry gray alley day, large Z

fragments (30Z)

. Dry brittle, hard, gray, sllty

clay with some fragments, low

. plasticity

Sail Or Rack

Raaa*

Sis*

Car*

' Deed roller bit

and HjO

REMARKS

OmmlcdCmm;

Qaalaalc Data.

ate

oai • xa tfiz
xd t,*n
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PROJECT:. Perry

CONTRACTOR: __

DRILLER: Ed Seewvck

GILBERT ASSOCIATES, IMC.

SOIL AMD ROCK CLASSIFICATION SHEET

____ W.O. OA^ 549-000 SITE AREA M. Perrv. Ohio

" T—«-n COORDINATES ______^_^_

CM. BERT ASSOCIATES. IMC

SOIL AND ROCK CLASSIFICATION SHEET

0/M549-000 $ite area B. Perrv. Ohio

classified BY: Renken hat>. 6/18/73 2;30 pa

COORDINATES

. 7/25/73 3:00 p.

2E-342

sheet 1 ne _ 3

DRILL HOLE NO. BS2

ELEVATION 61B'3

C*L 0 MRS '

SPT

Bio-*/

6 In.

6 12 18

rfb

rib \ Cray hard, brittle, sllty clay
with 25-301 fragments

DESCRIPTION

Damtty (a» C«n«U«Mfeylh Cab*

Rock Or Sail Typa « Aecaaaariaa

Bard, brittle, dry, aome larger

fragments, gray alley day. low

plasticity

Penetration of fragments shale

top of bedrock

Shale

Hole Td at 60' shale

SailOrRaefc

til*

Cot*

Grain

Rm.

REMARKS

C—tmdton PhHibi,

' ML after pallln

augers 6'U"

S 1:50 pm

7/20/73

t,Ti

I?

SPT

6 II It

10

DESCRIPTION

, (w CMUl

Rm* Of Sad Ttf

plnehea

' sandy silt with some day, vary JCrt
fine sand, light brown, mottled,

' fin non-plaetie, moist

. Sandy ailt to clayey silt, aedlia

brown very low plaatlelty, nottle

firm

. Sandy and clayey allt, very low

. plasticity aottled, moist firm

Brown and sandy allt near top of

' spoon

Gray sandy allt on bottom

" jfrper till, firm, no plasticity,

\ trace clay

. Clayey allt and alley clay, son

. very fine sand, low plasticity

, and firm, moist

Sllty clay, low plasticity, gray,

■ firm, moist

Sllty clay, with trace very fine

sand, moist, no fragments, gray

' firm

Sail Of Rack

Rmaa

Sit*

Co..

REMARKS

Oaaical Caa*.

OAI-UT t/TI
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PROJECT).

CONTRACTOR: Herron Testing

DRILLER: Ed Spgwvck

CLASSIFIED BT: Renken

GILBERT ASSOCIATE I.' INC.

SOIL ANO ROCK CLASSIFICATION SHSET

. «.a n44S4a-nnn $iTe AR£A w. Pirrv. Ohio

COORDINATES H 781.195

bate. 7/16/73

B 2.369.135

3:30 pa

2E-345

DRILL HOLE NO. £HL

ELEVATION -608»*

GWL 0 MRS 1**1'

24 MRS _^___

PROJECTi. Perry

CONTRACTOR: Herron Testing

DRILLER: Ed Senryck

CLASSIFIED BY; Benken

CO.BCRT A1S0CUTU. MC.

SOIL ANO ROCK CLASSIFICATION SHEET

, ia 044S49-OOO aTC ^^ B. Perry. Ohio

COQaattiATEi H 781.220

B 2,369.125

bat>. 7/17/73 10:30 aa

2E-346

DRILL HOLE NO. *****

ELEVATION 6X0.0

mi ow.t 18' 6"

24 HH 7I__

SPT

Blawi/

« I*.

* 11 II

sandy trace clay, aotst low

. plasticity, clayey silt

, Dark brown sandy allt, no1st to

. very nolst

Oj

DESCRIPTION

D«nlir <- C—■!«—or). Ok>

KMk Of Sail T*»« • ActMMriu

TOPSOil

sedlasats dark, brown

" Opper till

gray, allty clay, trace rock

fragments, low plasticity,

saturated

. Bole td at 18* 1". Installed

. PVB to 18*

. GWL 9 0 hrs 18' 1"

24 hrs 6* 6"

72 hrs 6* 1"
166 hrs 5* 2V

234 hrs 5* IV
360 hrs 5' 2H

Sad Or Rack

Sii.

'Ihla boring was

' trilled for the

mrposes of

Measuring ground
tar levels.

REMARKS
IPT

DeSOHPTION

OwiMy (•* Cmmnmi), Calf

Radk Or Sail Tyaa

' TOPSOil

Lacustrine aedlaenta dark brown,

•Uty sand, (fine) noa plastic

to low plasticity also clayey

silt

Opper till, gray, moist allty

clay, trace rock fragments, low

plasticity, very aotst to

saturated

Td 8 18* 6" installed 18' of

PVB pip*
CUL 6 0 hrs 18* 6"

CUT, %

GUL 9

24 hrs

48 hra

CUL 9 144 hra

CUL 8 215 tea

CUL § 331 hrs

7"

6' 8"
5' 11"

5* 7"

5* r

VL

Sail Or Rack

Can

REMARKS

Cm.tn>ctl«a

{Auger borings.

This baring was

drilled fox the

purposes of

■inwiring groua •

water levels.
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GILBERT ASSOCIATES, IMC.

SOIL AND ROCK CLASSIFICATION SHEET

PROJECT: . P*rrv wA

CONTRACTOR: Herron Testing

Setwrck

BO. DATE. 6/17/73

, SITE AREA H. Perrv. Ohio

COORDINATES _S_22L255___

B 2,369,115

CLASSIFIED BY: 11:30 an

2E-347

ORILL HOLE MO. CO

ELEVATION 61*-3

GVLQrIRS *

24 HRS,

PROJECT:. Perry *.o.

Ctt, BERT ASSOCIATES. MC

SOIL AND ROCK CUSSIPICATKM SHEET

0»4549-000 site area B. Perry. Ohio

CONTRACTOR: Herron Tearing

DRILLER: Ed Sexwrch

, SITE AREA.

COORDINATE .

13* 11" CLASSIFIED 8Y: Renken . 6/17/73 11130 aa

SPT

BWm/

«ta.

6 II II

(So

DESCRIPTION

OaMliy (w Cwulatrasy), Cab*

Toaaoll

Lacustrine sediments

' medl.ua to light brown, moist to

" very moist, very fine ailty

sand, clayey silt

Upper till, gray allty clay,

aatitrated, low plasticity

MIOrRMk REMARKS

Ihla boring waa

drilled for the

purpose* of

anawiring

water levels.

1PT

• la.

6 12 IS

DESCRIPTION

Daulty (v CmiIH—ill. CMm

Rack Or toll Typ* • A<c*«M>lm

Td 8 25'

pipe

Installed 27* of PVB

CWL

CWL

on.

GHL

GOT.

an.

0 hrs

24 hra

SO hra

147 hrs

214 hrs

332 hrs

13'

10'

61
6*

7*

11"

6"

7"

7"

Moved bole slightly

Sail Or Rack

Ra»a>

REMARKS

to note

that no measur

able ground-

water hae aeapei

Into hole 2 tea

after bole waa

dug. HhUe

material Is

saturated, it

apparently

evaporates

quicker than It

seeps in.
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PROJECT:

CONTRACTOR:

DRILLER: M

Perrv

«L«eaT ASSOCIATES. MC.

SOIL AMD ROCK CLASSlFICATtOM SHEET

, w.o. 044549-000 i,Te AReA H. Perrv. Ohio

COORDINATES

SegWVck

CLASSIFIED BV: Rttnkcp hat, 6/17/73

E Z, 369.100

3:30 pa

2E-349

OF

DRILL MOLE Ma CW4

ELEVATION.

CWLOHRS

JUHRS. 9'9"

PROJECT i

CONTRACTOR: _

CLA41IPIE0 BY:

Perry a a

Herron Testing

Sezwek

fl«,lr«n

ciLBerr associatis, mc.

SOIL AND ROCX CLASSIFICATION SHEET

044 549-000 MTe area 8. Parry, Ohio

2E-350

SHEET.

ORILL HOLE Ma CH4

OATBi. 3:30 pa

ELEVATION.

CWLOHRS .

24 HIS.

616.8

9i9"

SPT

Bin*/

tin.

6 12 U

DESCRIPTION

Otmtltf far CMsUtomy), C«W

Rack O> Sail Ty»a <

• Topaolj

) Laeuaerlne sedlaeaca light to
| medium brown alley fine sand and
. clayey silt having no to low

. plasticity

. Very ooiflC. sane as above

Paper till, gray saturated ailty

clay material, low plasticity

ex.

Sit*

Cwa

REMARKS

leal Cm*

C—laaja Data,

This baring «u

drilled for the

purposes of

measuring gnmn|-

water levels.

SPT

Bim/

6 lit.

* 12 II

DESCRIPTION

Damltr |a> C«ut*<aaqrl. C*t*

Rack Or Sail Tyaa • Aecuaarlaa

Td. hole i 25*. 27'
Installed

of PVB pipe

CWL Ohra -

CWL 24 hrs 9' 7"

CWL 48 hrs 8" 4"

CWL 144 hrs

CWL no hrs

CWL 334 hrs

8« 2"

a1

Sail Or Rack REMARKS

Ckaalaal Cwbk,

OaabflsDaM,

While Material

is saturated

CWL at 0 tea la

not present.

Water may

evaporate more

quickly than It

seeps Into the

hole.

0*1-BR t/tt

2E-175

Revision 12

January, 2003



PROJECT: Ppttv

CONTRACTOR: Horrnn

DRILLER: Ed Segiwck

6LBEHT ASSOCIATES. MC.

SOIL AND BOCK CLASSIFICATION SHEET

, WJO. 04AS4»-OOa HTg MSA «. Perry. Ohio

COORDINATES W 781.300

CLASSIFIED BY: Renken

E Z,369,090

mi., 6/17/73 1:30 pa

GILBERT ASSOCUTES. MC.

SOIL AND BOCK CLASSIFICATIOM SHEET

PROJECT: Perry «A 044549-000 UTf ^g^ H. Ferry. Ohio

ELEVATION 617.5 CONTRACTOR: Hpttoh Teaetng COORDINATES ^_____^_^_

ORILLIR: M «5««»»^i,

2E-351

SHEET 1 QF _2

ORIUHOLENO.LJSL

2E-352

ORlLL NOLE NO.

ELEVATION <

6WL0KRS -

CLASSIFIED BT: 6/17/73 1:30 pa

6 12 It

oesaiiPTiON

D«wlty (m CmmIMmmt). Cdw

Rwfc O> UH Trp*

* ToPBOil

m brown, sllty sand, molac, low

. plasticity, changing to sandy

. or clayey slit

Ppper till, gray, oaturatad,

sllcy clay, having low plasticity

Ml Or Rack

' This boring was

drlllad for the

purposes of
anrlng grotok ■

xar levels.

REMARKS

Grata* V«Mr.

Auger borings,

no sampling was

IIW

« U II

OOCRIPTtON

r (w Cw**>*«*iM

Rack Or Sail TrP* - A««mh*«««

Hole td #30*. Installed 33*

?»B pipe

GHL 0 0 hrs - ao water

OIL % 24% hra - 11' 6"

CWL 9 48 hrs - 9' 1"
GWL a U5J, hra - 9*1"

GOT. # 272 hrs - B'W

GHL 9 334 hra - 8' 5 3/4a

fall Or Rm«

Si*.

0 hra oaterlal

was aacnraced

but only to tha

extant that no

sureable

BflmtAt of ground *

" water la seeping

Into the hole

REMARKS

CaaMtMMMi MhM,

2E-176
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Perry

Cn.IMTAUOCUTES.MC

SOIL AND ROCK CLASSIFICATION SHEET

o. 044549-000 «,TE kKk H. Parry. Ohio

2E-353

CONTRACTOR: Herron Testing

DRILLER: Ed Smwvek

CLASSIFIED BT: Benken

COORDINATES H 781.32S
B 2,369,080

path. 7/18/73 9:45 aa

SHEET_i_OF

ORILL HOLE NO.

ELEVATION _fi

CWLOrMft 28.25'

24HRS. 13* U"

PROJECT:

CONTRACTOR:

DRILLER: M

Perry

GILBERT ASSOCIATES. OK.

SOIL AND ROCIC CLASSIFICATION WEFT

, m.0. 044549-000 ult M£A H. Perry. Ohio

Bg_ . COORDINATES ^^___

2K-354

SHEET_!__ Or 2

ORILL HOLE NO. _£££
ELEVATION 611 .9'

CLASHPIED BT: Renltra

12

SPT

BU«a/

6 In.

6 II II

batp. 7/18/73 9i4S am

DESCRIPTION

Omaliy I— CwlMimli Caht

Rack O> Sail T|^a • Auaaaxiaa

' Tppnoll

. _,. light brown

a nolat, alley aand!Tplaaclclcya
■adlua to fine grain sand,

clayey silt

Upper till

gray, saturated, alley clay

low plasticity

13' 11"

Sail Or Rack

RMf*

Siu

REMARKS

tealCa-*

0—hit Paw.

GnwrfVa**,

Caatmaniaa Ma

Thla boring hi

drilled for the

purposes of

measuring grouaf-
water levels.

Bl*»a/

41*.

Hole td ■ 30* installed 33'

7VB plpa
. GWL 9 0 hra 28.25'

. GHL 9 2tH hrs U1 11-

. GWL 0 48- hrs U' 6V

GHL 9 120 hrs U* I"

GWL § 192 hrs 11* 1N

GHL 9 304 hrs U' 1"

Oe$CRR*TION

Daralir Ur Caulnaatrt, Caaar

Rack Or Sad Tya* • A«caaM«la«

Of

Sail Or Raci REMARKS
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contractor: Herron

CB.BCHT ASSOCIATES. MC

SOU. AMD ROCK CLASSIFICATION SHEET

Intermediate Balldii

H7BO69O.9

SetwvckDRILLER:.

CLASSIFIED BY: MS « IDS

EZ369906.8

DATS:

lit PROJECT:.

GH.BERT ASSOeiATVS. IMC

SOIL AMD ROCK CLASSIFICATION SHEET

, wjOl ha-a<ao-ivw> site awala

CONTRACTOR:

DRILLER:

CLASSIFIED BV:

Herron 780690.9

Serwyck B 2369906.8

2E-356

SHEET 2 fm 2

DRILL MOLE NO. g-|

ELEVATION . 56**8

& IDS eat,. 9/3/75

la.

b
rtt

JPT

ela.

• it ia

CVLOHRS

34 HRS

•tick up 2.2

See note

Light to nedlm dark good shale

chin lnterbeds of grey fine

sandstone to 8.5'

■ Brown oxidized slltBtone hande

at 7.3, 8.5, 10.0. 11.6. 14.3.

16.8. 20.4+

Thin alltatone grey iaterbed*

DESCRIPTION

Oanltr l» OwiMili nil. Cmtm

Rock 0» Sail Tf •

Set casing to 1.5*

Roller bitted to 5.7'

■ Brown bands at 26.7, 27.0. 27.8

- about V thick

' Thin aaad laminae V at 26.8,

27.2

Brown band at 29.5

' Sandy laminae at 29.6, 29.9, 30.1
. 2" vertical joint at 29.2 to 29.4

Brown band at 40.6

" Sandy laalnae at 41.6 and 45.0
*" 4S° joint at 42.7

band at 48.05 and 50.8

SoJlOrRodk

Cora

5.6

10.1

IS.T

SO

5-0

a.i

a.3
33.T

MA

Xi

TS7

Si

Craia

Ha. .

i-i-

ia. '

REMARKS

Bedding at 10°
IP - .6'

SP - .1"

Moat pea 0.2

co 0.3*

Bedding about

S°

Bedding about

S°tolOf>

Bedding horls.

Bedding <5°

J»T

T.D. 51.0'
o*i - tn ten

DESCRIPTION

DM*t^p (or CaaMMMar). Qdt

Roc* Or S»U Tff* •

Leas than coaplete care recovery

la attributed to abort core runs

(le. 5 fc for initial 20 ft and

last 10 ft of borehole; 2.5 ft

for remainder of borehole)

Shorter core runs ware required ii

order to docuaent specific

alevatlona of InrHnwl hfwMlng.

Hote that borehole locationa offaa :

10-13 ft from teat pic 1 in which

coatlaiooa bedrock waa exposed bo

baae; no voids or vertical

separation between bedding

In addition, the borehole did not

yield groundwater and upon

completion waa grouted.

Sail Or Boek

Raaga I G>sta

REMARKS

laaiCa^,

Ca«lnaj« Of.

Caastntctim P.illiu,

arc.
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GR.BCRT ASSOCIATES. MM.

SOIL AND ROCK CUSSIFICATION SHEET

2E-J57

PROJECT: PWPP

CONTRACTOR: Herrnn

DRILLER^ Ed Segwvek

«.a (K-4.54»-nO.Q site area Intermediate Bldg 0BILt HQLE N0 s_2

COORDINATES H 780688.5 BLBvatiom 564.8
E 2369901.2 "™

CLASSIFIED BY: JCD patf, 9/5/75 ft 9/fl//5-//%//S
U HRS.

n

SPT

Bla-i/

« 12 18

PROJECT:

CONTRACTOR: .

DRILLER: _-

CLASSIFIED BY:

FMPP

Sctwrck

6H.BERT ASSOCUTIS. IMC

SOH. ANO ROCK CUSSIFICATION SHEET

jo. 04-4549-000 tlTE MlA, Intermediate Bldg

ZB-358

COORDINATES H 780688.5
23695

JGD

9901.2

OATE. 9/5/75 ft 9/8/75-9/9/75

DESCRIPTION

Daaaltr lot CemiUMcy), Calot

R*a Q> Salt Tyaa - Asonaariaa

. Roller Bit

' Cray shale, unweathered, medlmB
~ hard.
\ Brown one. sUtatona bands V

thick at 6.35. 7.45. 9.5, 11.15,

. 12.3. 14.65

. Light gray slltaconft laalnaa at

5.3-5.9, 12.5-12.8

-70° joints at 9.8-11.25. 5-5.2.
11.75-12.25. 14-14.1. 14.5-14.8.

15-15.1, 16.55-17.35

Brawn ax. alltatone baada V

thick at 18.4. 20.2, 21.3, 22.5.

24.7, 26, 28.4. 28.9. 30.5

V thick at 23, 23.8, 23.9.
30.65

Light gray sandstone laminae at

-28.2,30.5, 31.1. 31.7

70° joints at 19.2-19.6, 20.7-
21.2. 21.7-21.9. 27.6-27.9.

29.5-30
tight gray weathered day-like

material 32.3-32.7. 34.6-34.9

Brown ax. alltatone band* V

thick at 34.05. 44

V thick at 39.2, 39.3. 40.6
Light gray sandstone laminae at

33.2. 34. 36. 37.3. 39.6 ft to

1" thick) 42.3

70° Joints at 33.3-33.6, 33.9.
38.1-38.5

35s Joints at 36.9, 44.5, £5.5 _

Brown ox. alltatone bands at ~
47.9 (3/4") 49.6, 50.2. 50.4 (V)

Sandy laminae at 48. 50.3. 50.8

49.3

toil Or Rod REMARKS

Jui

5

IS

•M

M!

a.3

1-U

ISA

*■«•

1-1

** '— rniii ii.

a*c.

5° dip

a-i

1-1 ■

u*.

5° dip

10° dip

5° dip

T.D. 50.8 OAl-tZT i.»7*

SPT

Bfama/

AN.

a 12 II

DESCRIPTION

0amity (at Cerwiitaasyl^ Calar

Rack Or Sail Tyaa • Acceaiartaa

Leas than complete core recovery

is attributed to abort core runs

(le. 3 ft for Initial 20 ft and

last 10 ft of borehole; 2.S ft

for reminder of borehole).

Shorter core runs were required

In order to document sepeifte

elevations of inclined bedding.

Dote that borehole locations off

set 10-15 ft from test pit 1 In

which contlaious bedrock was

exposed to base; no voids or

vertical separation between

bedding (horizontal or Inclined)

occurred.

In addition, the borehole did not

yield groundwater and upon

completion was grouted.

Sail Or Rack

Rob..

REMARKS

diaaiical Caaa,

Gaafeflia Data,

Caaniwctia* I* illi.n.

ate.

oai ■ an t.*?i
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CO.BERT ASSOCIATES, INC.

SOIL AMD BOCK CLASSIFICATION SHEET
2E-359

PROJECTjJEKH

CONTRACTOR: .

DRILLER: -S&&

CLASSIFIED BY:

Vfrrnn

rvck

JCD

'A 04-4549-000 «.tp «„,. Intefedlate Bldg 0,ILL H0LE ^ EXjO^

COORDINATES H_780692^ ELEVAT.n* 564.7
E 2369900.5

bate, 9/10/75-9/11//5
WHOhrs Gaellstu

I4KB

22,

PROJfCT.

CONTRACTOR: -

fq'lLft-

CLASSIFIED BY:

Plfff mn

Rurrna

Sezwyck

JCD

OR.BENT ASSOCIATES, UK.

SOIL AND SOCK CLASSIFICATION SHEET

04-4549-000 jjTE aiiEA Interncdlate Bldg

COORDINATES_" 780692.4
E Z399

SPT

Bfann/

4 In.

4 M II

ul

batb. 9/10/7S-Q/H/75

DESCRIPTION

Doutty (at CoaalMoWF), Color

Rook O> Soil Typo - Aceooiortoa

.Hollar bit

Cray shale, relatively noweathered
nedlun hard

I Brown o«. slltseone banda at 8.3*
II.1. 12.5. 17.6, 11.8. 34.2,

. 34.3 «*V thlek), 21.5. 21.9.

22.6. 26.6. 27.2 (V thick)

■ Light gray aandy laalnae at 6.1.

■ 7.8. 8. 20.8. 21.8. 24.6. 27.2.

- 29.4. 29.6. 30.5, 31.1. 34.2

|70° Joints ae 4.2-4.4. 18.8-19.1.
33.1-33.4. 31.9-32.1

.30° joints at 6.2. 7.3. 8.8.
16.5. 17.9-18.1, 22.8-23

Broken tone 33.5-34.3

Gray shale, unweatbered,

hard

Brown ox. silstone bands V thick

at 36.2. 40.2, 43,7, 46.1

(latter two are not distinct)

V thick at 47.2, 49.6, 50. 50.1
light gray sandy laminae at 36.5.

41.5. 44.5. 50.7

' 30° joints at 39.4. 42.3

2E-360

SHEET 2_0F 2

ORILL HOLE Ha g~3
ELEVATION 364.7

an. o hrs —szg-suzg-

Soil Or Rock

Si

3o.«

an

3.4

VS.*/

€1

REMARKS

Owoiical Co-w,

OoolagicDoNU

•W.

Mf"

*•<> .

IT '

IS0 dip at 8.3

10° dip at 11.1

5° dip at 12.5

* 5° dip

<5°dlp

SPT

Blows/

6 1a.

« IJ 18

DESCRIPTION

Domily (or Comiifaocy), Color

Rock O» Soil Tr*o • Aimnrifi

Leas than coaplete core recovery

la attributed to short core rune

(le. 5 ft for initial 20 ft and

last 10 ft of borehole; 2.5 ft

for remainder of borehole).

Shorter core runs were required

In order to document specific

elevations of inclined bedding.

Note that borehole locations

offset 10-15 ft froa teat pit 1

In which continuous bedrock was

exposed to base; no voids or .

vertical separation between

bedding (horizontal or «*!»•» «tt*«)

occurred.

In addition, the borehole did

not yield groundwater and upon

completion waa grouted.

T.D. SI

Soil Or Red

Rons.

REMARKS

Choalcol Co-p.

Goototfk D-M.

Ground ¥«or.

gai - in b/11
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PROJtCTt PHP?

HLKRT ASSOCIATES. ML

SOIL AND ROCK CLASSIFICATION SHEET

Intermediate Bldg

CONTRACTOR: Harron

DRILLER: SegwreV

CLASSIFIED BY:

COORDINATES H 780696

E 236990074

JCD
14 MRS

PROJECTS

CONTRACTOR:

DRILLER: __

PHPP

Herron

ca,etiT associates, me.

SOIL AND ROCK CLASSIFICATION SHEET

, ».o. O4-4S49-OOO SITe aj,^ Intermediate Bldg

COORDINATES^780696

SHEET.

ORILL HOLE MO.

Sezwyck E 2369900.4

JO.

SPT

BJom/

ill.

6 12 U

OESCRIPTiOM

Doulty (o> Caolitacr). Color

Bodi Qr SoU Trx - Ac<wH««

Roller Bit

Gray shale, relatively unveathere*

1 mail tiia hard

Brown ox. sltetone bands at 6 (V)

7.3 (3/4"). 10.5 (1°) and fl">

10.7, 14.8, 16.1. 16.5. 17.4

Ught gray sandstone laalnae at

5.6. 9.6. 15.5

Jolnta 85° at 4.9-5.3
65° at 9.2-9.4

Brown ox. siltatona taaada . _ .

ac (V) 19.1. 19.2. 21.1, 21,2.

' 23.2. 24.7, 25.5. 26.7 (¥*) 27.6

26.4. 2B.9. 29.5. 29.1 (3/4")
31

Light gray aaadatoae lsalaae at

! 20.1, 29.1, 30.7

Ho Joints, surface fractures

Broim as alitscone bands at- -

34.4, 35.1. 35.2, 36.1, 38.5.

39.2 (3/*")
Light gray aaodatoue laminae at

31.7. 34.3, 36.3. 39.7

Jolnta 80 to vertical

37.8-38.3
Gray clay aeama 36.7. 37, 1" thlcl

Coring still In progress; will

terminate at approxlaately 50*

Soil» Koch

S

t.i

5.)

S.\

VI

as

a*

3

3fc/

3IL

3

VI.L

CLASSIFIED BY: JCT

REMARKS

5° dip

10° dip

5 to 10° dip

10° dip

5-10° dip

dip flattens

out at 34.7

Dip*

than

be depositions
(n origin

patp. 9/12/75 a 9/15/75-9/16/75

ELEVATION .

C*L 0 HRS _

24HRS-

564.8

SPT

BW-t/

« 12 II

. Lass than eonplete care recovery

• la ettrlbuted eo short core tuna

■ (la. 5 ft for Initial 20 ft and
• last 10 ft of borehole; 2.5 ft

' for remainder of borehole).

' Shorter core runs were required

' in order to doeunant specific

' elevations of Inclined bedding.

' Hote that borehole locations off-
[ aet 10-15 ft from teat pit 1 in
, which continuous bedrock was

. exposed to base; no voids or

. vertical separation between

■ bedding (horizontal or «ncl1nfrf)
• occurred.

In addition, the borehole did not

yield groundwater.

DESCRIPTION

Dmlty (or Camisimr), Cafe*

ktk Ot Soil Typo • Ac

Soil Or Rack

GmaWVMar.

Cooitnc

REMARKS

OAI • HT t/R
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CUSBTAHOCUTM.I

raamrr. PHP> «.„ 04-434»-3I0

OWTBACTOBi Bottom Tatting

won imp. Joe

^, tetafca TUnaal

MATCS 8c«. 10»30

R. T. ■uti. 8/11/78

H 7B1V3U

R2368660 Mtwt

loutlJB u/Uule d&. B7* bro.
ahsla Ua.. Unla fneta. 1b

Ion orlaBKlonst flac lylflg-

Saa, iBtartn v/saaa 1c. 87
f

little dk. gy. bm>
O/16--1/4- cMu). cr. bed-

fcaeta., flat.

fait « S.67*.

•One aa above fault son-, .
•assay abate than aUtatooa 2" chk.
-as band * 4.1' - «-'-if w/ a

•1/4" sMu. gy. ahale laa. dlaaiag
•9 2^-V«" long fraeta. Is aa band
[parallel dip of gy. ahale In.

OS .7S*

1.0*

1.0*

1.01

.71

.71'

w/S-3/4-.X.P.

btt to emc tap

eaalag.

Itehlaa rante]
roagh - vpaa

U. gy. nab.

nwgb.

U. gy. wall.

Craaa gy. vaah

v/U. gy. plot]
clay partlclea

ebv. tele.)

ebv. bale.)

U. gy. Haab.

la bala after

naOKLBL.

lf>T

b«*. sad. gy.^ahala, «a
of aandy atriamra aad lenaaa,
flat bedded. 2s torn.. It. gy..

"Bottoa of Bale - 5.73'.

1.0* .9*

U. gy. «aah.

Ou bobbllBg la
bl

a/a/78-Caa

babble laTX-1

2.6* latarval

IbIS-2. At

KbXa pBtac. TX-
did eot babble

«adTX-2ee»-
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2E-365

Shut] Of J

Brill Hole Ma. B-i

TX-l ui drilled appxoxlaataly five faat dam dip of

tunnel Invert. Tula location enabled tba baring to

a aballov depth. Tadteatora fm tbe drilling prac

van carefully aoted far fault **-****4?*tim la attar.

The fault was rtrnffiUnt la cfeo 1.9-3.67* Inaxval rax cte

A eraaay grey laflas vlch platy day r—x»T-^ daalaased tte typically

gray uaah in cha 2.75^1.75' mo. All fractured rack aad alay

up during drilling. An laOus of gaa aada drill water chara la tha 2.75*-1.75* _

XdeatlflcatlsB of fnlt vat eaaflnad tbrongA tha use of a ataal feeler praba

«lcb vMeK cha faulted lateral (fractured reek aad day gouge) vaa actually

91 Ham* CO* DTQa* CBBKC7I v«j DOOal

tbb.) e i.7*.

, It. gy.. il. gr.. i
(2-1/2" ebb.) 8 2.S*.

2 jta. dipping « JS° « 2.2' aad
2.2V.

Caa beglaa to
babble la 1M
stops la TX-l.

Some, ic/cr. aaadV Leasts 4 atrlaa?

5 > Soft sen ef blgnly fnet. tlaalli
— abale (3/6- cbk.) S 3.2* - «/S5»

Caa babb
baU. OXCbre pieces 1/8 - S" less

Oat lying.

Hard. U. gy., aaady abale band

(Xm tnk.) « 3.6S*.

Tvp «f saaa

Iwilrarrt byPanlfc

Zoaa
Sea note on Page

2E-183
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TffcBK.

raw

Herroa Taattag

nan i ma. JaB HiBTchlcfc

8ta. 10»2S

B- T. Hardtop

8781930

,,«.. 8/22/78

aim

4 to.

• u ta

Care plecea 3/4" to 3-3/4" laai

£}-6.6'-9.6a - Bard. It
ahala and aUtatoaa,

B 781930

a/23/78 * 2S*8bB0

taaaitedTwa.

Bactenef S.S*.

S.S-6.6* - Soa as aav. foals

Ta. hm.. charcr. "Vb" baad (3/4'
Chk.) # 5.65*.

Flat bedded w/losallsari

bard. aad. gy., ahala

yj£io v.' cbia la. O/16" - 3/4" tbk:

Had. gy. shale bands 9 7.4* (1"

Cbk.). 7.8* (1-1/2" cbk.). 8.5*
2-17*- tbk.), 4 9.3* (1-1/4" Kbk.

Oaaeamrattaaa ef fl. asad high
from 7.0- 7.35* Ob- "
8.3*. and 9.33-9.6*.

Car« ptasea 3/4" ca 5-1/2" l«og

S .9.6--10.3' - Hard, lc. gy. co gy.
s3. ah|l» v/aooa sandy atrlagara and

lenses op to 1/2" chk.

Leag piece - 7-1/2" long

11

WiftSscs

1.0

1.0

1.3*

1.5'

.1"

.77

1.4*

1.4

Crca gy. aaafa

U. gy. uaah

U, gy. wab

Gas aaaa.

U. gy. vaab

Csa deteecor

taglataxs US

UL 1* «bv.

hal«.

• n «

4 dk. gy.. aed.
174^1/2"

toag piece - U-l/2"

11.75-12.03 - Had. hart. dk. gy.

U.3S-U.3 - B»d, tb. gy., aaady

12.3-12.85 - Had. hard. dk. gy.
--•- cbialy In.

U.BS - U.1S - Had. hacd, ch. gy.
^aady ahala.

jgl3.15-13.73 - Had. soft. dk. gy.
.alley ahala. «/UKUa aaady ahala.

aad. gy. shale, las. 1/2"

1-1/4" Chk.

-13.73-1S.8 - Bard. lc. gy.. v.
t ahala.

y., fl. gr., aa baada a"-2"
eaaniag » u.B*. U.13*.

3.0 3.0

4.4

Uatfa

af day 3-41 IB

froB lc. gy. to

Caa hBhbllag la
hole. OSLO.

0k. sad U. gy.
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laav/lt. gy<* v.
la 1-1-1/2" bsada.

L6

n

15.8-16.15 - Mtd. hard. 4k. gy. &
aad. gy.. shale, tnteriaa ta 1/4"

,-1/2" thk. baado.

16.U-1b.98 - Bad. bard. dk. gy.
shale to 1" thk. bands taterlea.

w/lc sy. asady shale la 1-1/2"
chk. taads « 16.55 sad 16.85.

'log place- IS"

=£ 16.95-17.2 - Bad. hard. dk. gy.
S »alley shale.

17.2-17.85 - Hard. ta. ay., v.
saady shale, s-badded - Sand cob

death.

thia day bbbbb sees ea gy. clay
rasaaats la aarUaga 0 17.4S.
17.SS, sad 17.65*.

> 17.85-18.SS - Bk. gy. shale later
ST >«■ m/sobb thta. U. gy. ehale

18.55-19.75 - Mad. bard. dk. gy.

shale. «■——<—i w/aaae It. gy.
ssady shale la l"-2" thtek tends.

lsa> of sa&dy shale show

tpsear ee

U. gy
All

be cancrtitlnna v/coaceatrlc grotie
Badolea avg. 1/4" leagtb, 1/8"

width, w/leag axis Mag
talWbBddla|. Hodulasc
sapm. 1 every 1" 0 18.6*.

19.75-20.7 - Ba. .gy., aed. hard.

4.0 1.85

?^.*a*5Bto
Vdt&UABt"

ly lahalBHhei
eera banal la

eat of
bole op tor

20-4QXUL

U. C

varytag to dk.

gy. sad broaa.

of tola - 2170*
UgbUy,

8/24/78-S-ia

ULl* star,
bale.
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tt-371

Shftat 6 of 6
BrlU Bale 8a.

x ff

hkpecwb's cdwognri
HOTTDa Tewing Sea. 10H»

781900

TX-2 «u alaa laeatad relatively don to tha faslc/taaaai isrart lateraaetiea.

gjaaraamw: »• *« Mardrap .. 8/2*/78

Ben • cnoogr groy «ub lafliai ocsund In dw 4.6 to S.ia na. Oae «al

tcoth feat of aampla «u abnat from the 4.S' to S.6* tetarval. Tba

ptcb« dacecctd bsokflB xeck aad clay oborb at appnarlata death.

« 11

Brakaa. aid. hud. aed. gy., alTc
alula. WUttlo dh. gy. bra. abal
bands (1/8-1/4" (hh.)

U. p.. v. ■d (3/4

Cora piecao 1-1/2^-2" &aag

;Sna. in. tea., dwrty. "Fa" had
Plach.. 81.7*.

p ■ Cora places 1/4" - 2-1/4" loos.

taroka) 0 3.0*. aad O/4" ebk.)
0 ••O »

Cm pieces 1/4" - 2-1/4" loag.

co 4.69*.

Plat bedded.

baada. ■trlasara ft loans.
l« BBd.gr., Uccls. dk. gy.

gn. shale.

*. en. bra., chore? "Pa" baad

.73

1.9

1.9

2.0

.79

i.l

9.S

U. gy. nub

w/oeeaolaaal
tens latins.

Cos otazts

-Coat
to bobblo <a
TI-2.

hobbllag la
-«UL
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eumne*TnM oar

BW/78

w. Sta. 10*03

B 781900

C 2368700

li

U

1PT

& . 15.1-15.9 - Bard. It. gy. allt-
^^r »■ i *_•_*_ ..r—-^g ^ thla

15.9-16.5 - fed. tart. dk. gy. &

aad. gy.. ahala la 1" thk. banda.

lacerlaa «/tr. It. gy. alltataaa.

u.s-17.0} . and, u. ay
■kalA. w/baad of is. gjr.

1-1/2" cbk. 0 16.6, cr. dk. gy.
ten. ahala.

17.O-17.6S - Mad. hart. aad. gy.
shale, w/tr. atltatoaa aad aaady

7~3.17.U-U.7S - Bard. U. gy. ssady

E . ahala. aad tUtauw ta 1/1° -
— . x- thk. taoAs - laterlaa v/llcda

^ ■ dk. gy. ahala la If* - 1" hands.

IB.75-19.6 - Hod. hard. dk. gy.
ahala dky. gy. bra. olltarnnn

hud (1/2- thk.) 0 19.25*.

Brofcaa. oaady ahals
Knaaaata 0 IB. 75'

w/elay

broken off € 65°frac

Bottom of Bolt - 19.6*.

4.6 6.4

U. gy. wan.

IX. Co dk. gy.

waahWlaflns

of bra. oeeaa-
loaaUy.

BubbUag la bal

OX LO. «/blo-Ji
OX IH /

-«WX- 1*

2B-376

3 of 5
Drill Hal* Hd. n-3

As laflai of wary Uajkc cisssy gray vast vlcb placy day paxtlelao aaa aoeod

at tae oad of tba 7.73* co 9.75* no. »■■■'■-* mil hi of o foot of eon ana lost

la thla ran. norther evidence of test hole Inrnfmluu with •—1» »—-» ^

food tn tin botcoa 1-1/2" nlaca of core nim-mrf froa tba baml. lhte

of » 1/4° thick band of sedlna grey ahale, dipping 25* and

taterlaalaatad on top and bateau bf light grey aUtatonn.

Very Uttle core laaa occurred la the 9.75M0.31 and 10.5* to 11.3V nma.

Meeea af core did. bevevar. abav a alight dip to laalaaa aad grey clay (gauge)

raanante. rcuecracloa through the elayoy gnuga sane raloaaed e ejaautlty of

mathana sufficient eaaaga to delay .work en hale.

Flftaan pereeat core loaa e«»srieacad.at the top of the 11.5* to O.51

fndlrarrt advanse chrouga the bottea of faulted atrata.

Geophysical caaflcoad the estataaea af faulted rock fna 4.SS1 ta U.U*

soaa of low eonla valoelcy via aeale loggtag.

a a gasn lag la n-3. Toat log farther i"W"»«rt fault

location by detectlag saaes af lav radiation betveea 9.4' aad 12.0*.
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aoocumme.
2B-177

P.B.P.P.

.»<»..«». Jo* Mlaarchtck

OJOUna BY: H. T. Wnnlrm

»AO4-434»-n0 «.,,.. Intake-tonal

na. I winmi in "

wager. P.B.P.P. ..» 04-434»-M0 .m Iataka T—ol

M 77733)

mi. 9/n/Ta

0.-2.84- MM. hu*. dk.gy. 6 nd.

aliala lncarla. h/hu thin
.g. aaody alula la. (1/1&-

1/8"), tr. ailtatana laa.

i/t*

- Bart, a .

law sad Chla gy. flhala Urn.
5^ .la (l/Z-I^hnda). d

Fiaeea 2-9 1/2"

Beddtag flat

=S l4.0i-4.2S - Bard. It.

a -i. 23-4.7 . Ned. hard. dk. gy

jg -abate interim v/thln It. gy

^ -aUcacona Ibb. ct. aaady ahala

1 -4.7-«.7S - Hard, lt.gy.

78 1.5

.5

>X l.S

l.S

.3

l.S

1.4

l.S

*■ Oasa fat In

1/2 Coot ta aet
tap easlag

U. gy. vaah

100X.L.8.L. I'
asv. bala

OS w/blo-jo

antlM earlag
" halair/

aotabla

■ban
iadtcated

B777333
a*, BTW

O.7S-7.S Bard, lt.gy.. ailtataaa
aad aaady ahala 1/4"-J/4™ haada

J «d. hart.. «.!. gy
■bale tatarlaa w/lt. gy.
wlltatoaa in l/2-i" haada. lUtla
dk gy. tea. ■UtaBoaa la.

I.8S-9.0 - Had. hand. dk. gy.

*~" taxcrlaa*/ lucla It. er.
' 1/8- thk.

9.0-9.73 - Bed. hard. dk. gy.
•bate tacerUa. w/aoaa It. 0.

It.
(3/4-) 9 _

9.J3-10.0 . Had. ho*, dk. gy.

aknl« l«e«.l«» v/ooaa dk. gy.

= ■bala, tr. It. gy. ailtataas i-r

toag pieet 4 ft.

S.O S.0

It. gy.

for tba obsc
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2B-379

tauten

55"

10.0-14.4 - all. Mad. hard,

A. gy. afcale laterlca. «Uh
CUa U. by. aoadr otaU oad

Heavy rwnrttnrratlaafl of iaad

ThwMrt. la hate 9 10,1
(1 I/IT), 10.7$ (2 l/Z). 11.5

O), 11.9(1/2), 12.6 (1 1/2).
14.O5 O 1/f)

flat

:= . 14.4-1S.9 Had. tord. 4k. &y.
J aiuU Uttorlo. «/aoaB U. gr.

O/2-V4-) nad,
E ' •ilutaa hands

laog piece 21 1/2"

14] S.O 5.0.

re

H , 1" Varcteal ftaec. • U.8T

lS.ft-16.BS - Mcd. hard. dk. aj.
SJ. ahala and It. or. aaady ahala
= i la 1/2" haada, cr. MUffffim !■

16.BV-17.0 . Bard 1c. aj. ssady

17.0-17.4 - Had. bod, da, ay.
ahala, taurlaa. w/Uttle dk.
87. tm. ahala (1/4" chk.)

17.4-17.6 - Bard. la. ay. aaady

17.6-18.) - Nad. bud. dk. gy.
ahala losarlaa. aa l/4-l" chk.

aaady ahala ta atltaxeaa haada

18.1-19.1 - Nad. bard dk. gy.
ahala aad U. gy. aaady abalA

19.1-19.6 - Had. hard, dk. gy.
stale, cr. U. gy. aaady ahala

9.6-20.0 - Had. hard, dk. gy.
shale sad it. gy. aaady ahale

•U. gy., aaady ahala band, 2" chk

19 19.75 GE-beddad) __

fl

S.O 4.7
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mland seateumnuvmmen

2B-381

»-,.,P. Joa tHaarchlck

»«t, BBI

.m.

SPf

Eg- 20.0-20.4S Mad. hnd, dk. gy.'
"*" " dk. gy. bra. ahala.
lUtla It. gy. uady shale

j"?jfc ZO.45-20.7S - Bud. It. gy
=■ I "andy ahele. v/Uttla dk. gy.

20.73-21.75 - Hal. tort. dk.
«m dk. gy. bn.

U. gy. nady ahalji k

« 2X.4J - 1 1/4" ctdu

Zt.7S-a.tS - KM. hud.dk. gy.
hi w/ooae this. U. gy. oady

Z2.t5-ZZ.6 - Hod. bnd dk. gy.

ahata Wer. U. gy. aaady shale

2X.6-24.1 - Had. hud. dk. gy.

,atale. «/tr. aUftena. «*. It.
gy. andy ahala ta feadias

Fatten type elaac. « 2S.21

Beddtag flat w/edoor local
— *"FT1 BT tttnn

O - Hed. hard, dk. |

. w/aons ic. gy. aaaiy

It. gy. aaadf baad, l-l/Z"
9 Z*.J

Long place 17*

9.0

dk. gy.

• ii a

26.0-26.2 -■ Bacd. 1c. gy. aaady
akUa. X-bedded ^^
26.2-26.U - Hod. hud. dk. gy.

26.3S-26.S - Bud. le. gy. aaady

Z6.5-27.8 . Had. hard. dk. gy.

ahala m/uttlm It. gy. aaady
•hale, little dk. gy bra. avals
U. gy. aaady haad § 27.1* 0/2-J

27.8-U.l - Bard. It. gy.,
atltatmw. dk. gy. ahala, aad It.
gr. aaady ahala, tMaly lav.

O.l-J«;lS - All, aad. and. da.
gy. ahala vVllttle It. gy. aaady

1 [29.15-29.3 Bud, It. gy., aaady
S .skal«. Interim «/Utcle dk. gy.
9 .ahaUlaa.

».V30.0 - Mad. hard. dk. gy.
ahala w/cr. It. gy. sndy ahala
la 1/8" thin lam.

S.0
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. P.B.P.P.

a*rna Toting 311

. 9/n/ia

COBWUCTU:

CUtano BT, a. T. Wardrag

■ 717333

9/12/78 B *363924

10

ii

IPT

• n u

^_. y ,

=i (1/8-1/4- Khk.)

30.0-30.8 - Ked. hard. 4k. gy.

It. gy. Mady ohols tend 0

30.3 O" !*)

10.8-32.3 - Had. hard. n4. gy.

U fel er. It. 87* lo>
)

32.3-32.85 - Nad. hard. dk. gy.
■hale, er. U. gy oasdy. stale,

tx. dk. gy. hra.ahaZa laa.

32.89-33.4 - Has. hard. ned. gy.

alley shale w/lletle It. gy. laa.
O/16-U4- thk.)

||. 33.4-34.1 • Had. hard., dk. gy.

U. gy. oaady ahala band 9 33.75
(t 1/2" Chk.>

34.1-U.O - Had. - dk. gy. otala,
tr. dk. gy. bra. ahale. er. It.

gy- «aady afaalo, chlaly laa.

long piece 17 1/2"

iX, 5.0

brow iafflas

eo wah

«PT

35.S-3S.75 - Hod. hod. cod. gy.
= eo dk. gy. allty chala

3S.0-3S.3 - Mad. hard. dk. gy.

8 56.0
la parting

97.29-38.3 - Had. hard, dk. gy.
u "ad. gy. stela, v/aoae

slUatoae la 1" haada « 37.3.
37.4. J7.6

*" U.^gy. aaady. X-bedded band

= i38.4-38.89 - Had. gy. afeaU 20*
= >fract. 6 38.6'

I -38.89-40.0 - Bard. It. gy. aaody
— 'shale. I-tedded - ataatnre traces
^^ * — * - mm m ■ • ^

U. gy. aUtaune hand » 38.7
C2" thk.)

B 'Baddiag flat

pleca 12*

S.O

Gaa abac

wear oot of

hole at 39.S'
Vraecs.

Indicates**

lnflox of gaa.

100XL.S.L.
raaarded

3-4 ft. ate.
hole Wo
blo-Jo aa

ou>C9 afta •U'Ot tfn
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CLASSIMCBST:

Taa Xeaclaft,

MU

to .

,™ . 8 40.5
3=£ (I 1/4") md 41.0 (1 1/4".
=*" X-beddad)

ca 4k. gjr. aUty abate Wllttlo

1c. gy* «adr «*»!« thlaly lou

4S.0-4S.6 - Bud. It. gy.
■llrTano. tr. dk. gy. bra. la.

■udy aass «t Cesdlas p«tc«ni
0 43.4-

43.6-4S.2S - Mad. hard. dk. gy.

t» oed. gy. alley atela

U. gy. aaady basd 9 44.7*
(1-I/4-)

-V

74! S.0 5.0

of
6 40.0*

11
4!

4S.2S-46.0 - Bird U. gy. sudy

46.0-M.9 - Mad. bard. aad. gy.
ahala. ca allcataaa

46.9-47.tS Bard. ca. U. gy..
aoady cbiU. X-taadad

17° tract. 0 46.9

47.1S-48.3 - Had. lord. dk. gy.
to oad. gy. ahola. v/lltcla Ik.

gy. aaady Ian.

Clay ra

9 47.S*
la panlag

48.3-48.8 Mad. bard. aad. gy.

4B.B-S0.2 . Hard
«BaXa ca slUatc

« batcaa - saoa dk. gy. ahala

Bedding flat

tangpleca 27*

4.85

Ok. gy. aaab
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20

Barren lTt>l"B
.HUMU.

moaaaieuamaawmtmtt

2E-392

aanr 1* or_2

cLAwrta bti .

rftftnm*T*iiH _JU7jm^_
B 236S924

»m. 9/14778

Joe HlnaplUgfc,

Lt.

■ 7773J3

9/U/78 B

■«—»*■** 418.7

art

70.0-70. S5 - Bard. It. 8T-

dlinoM

7O.as-72.4 - Bad.

alula, MM Ik. 87

la.

Susans* bad • 72.0

ad 6 72.S <2">

72.6-72.B5 - Bud, It. gf. MOdy
- - -

72.8S - 71.1 - Hard. 1c.

d l X-

73.1-76.9 - Mad. hard. dk. gy.
ahala. tr. irtlratone. w/llttlo

oaady bands e 73.6 (Z.S")
«Dd 74.S (I")

long place • 18"

to

Can

5.0 5.0

78

BO

Ik

« a u

S | 76.9-77.3 - Bard, It. gy., aoady
SS . fihaU. t». X-teddtss

77.3-77.89 - (fed. bad. ad. gf.
aoala. w/aoan It- gy. rtirwmwi

S • to 1/4" la.

77.85-78.2 - Bud. lc.gy. aady

78.2-78.6 - Nad. nurd. -cd. gy.
ahala w/sone 1c. gy. oUtatana,

^> er. dk. gy. bra. ahala loa. -

,-_. 78.6 - 79.4 - Bard, It. gy. aaad]
g ■ ahala, Z-beddad

^ I clay raaoaata ta parting
9 79.2'

lui 79.4-80.6 - (fed. hard. oad. to
g . dk. gy. ahala, e*. chia ■llc-

— > acoaa laa.

^ > clay rawnotB la parciag
3"§B0.7 :

Loafl Bleu • 15"

5.0 4.9

taflm

to «aab

•M.av am
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PWUECTi.

tm.»maoaiCLiSSfftcnvmvawr

P.H.P.P. ., 04-4349-310 Mm .,..

CMTBACTOB-

Joe Hlaarchldi

B1U

,m ■ Will

gj

1PT

tta.

t II U

= • 81.2 -84.65 - Hbo. hard. oad. gy
— ' «• dk. gy. ahalo of littla U.
«• ',&• sandy stala, tr
= . tr. dk. gy. tars, shi

80.6-81.2 - Bard, It. gy.
ohalo ad aed. gy. ahtla la
1/2-1- bands

clay re

9 81.2
la porting

S i U. gy. sandy ahala hands
= . 0 81.9S (1 1/2") 9 8J.4i (I l/f)
~ aod 84.0 (2")

Bedding flac

U.6S-65.0 . Bard, U. gy. saady
ahala. frteddad. and nad. gy.
shale

Bimrm m 11

3.0

BS

3- shsla and stUsrims. tr. Itl gy!

toad 6 8S.3S1

lap of Fault Xaaa - 86.45*
Sm-bou oa Pago 20

reeororr om M.>" of

*^lt. gy. aaady shall

4" aed. gy. shale

3 1/2" Broken. It. gy. alltataae

4- It. gy. aaady shale

Clay reBBBBBts Sa partings aad
around broken prices

iBottoa of Paalt tana - 89.0*

.89.0-90.0 - Had. hard. aed. gy.
^le. sn It. gy. sUtoto.. la

"Fe" baad 9 89. IS'

U«g Piece - 14"

S.0 3.61

*-t. gy. wash

9/18/78
Driller a

ataxtlag

9 87.0 -

88* -HUky

U. gy. Hash
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KBL 4MB BOCKCLABU>tCft>TfM CHUT

„ 04-4349-310 ..

■ T77W

S 2365924

9/18/78

2B-396

h

ft

90.8-9I.3S - Bard. Is. gy. aaady
rtala, X-bedded. vAtttlo dk.
gy. ebale la 1/4" banda

91.U-91.65 - Ned. hard. dk. gy,
■tele, w/littlB It. gy. elit-
atoaa. thinly Ida.

= ' 91.6>-91.B3 - Baxd, lc. gy.

i

90.0-90.8 - Had. bard. dk. gy.
ohala cad U. gy. only abala.
--*-"--. ia l/4-i 1/4" "

= i 91.83-97.13 - Hal. hard. dk. gy.
= obala. w/ltttlc. thin, lc. gy.

92.35-92.9 - Bard. It. gy.
■aady aboli

2 ; »l-»-93. J - Nad. hard. dk. gy.

= , 9S.V93.7S - Bard. lc. gy.
;3> ailkataaa

Beddlag tUt

H; 91.7V94.09 . im. hard. dk. gy.
= 'shala

— [ 94.03-94.3 - Bard. lc. gy. ailc-
js: ,atoB0

= ! 94.3-94.55 - Mad. hard. oad. gy.

94.53-95.0 - Bard. aed. gy. aad
lc. gy. atltatoaa

tang place - 22"

Mi» tat

S.0 4.85

Ok. gy. aaah

SbMt 20 of 20
Drill BdIo 8b.

»" Cult na leggtti.betmca daptfaa 86.4S1 oad 89.0' for du •"Iliprtng rtaaoaa.

Oaa tad out fo& feet of eon m net nacuimaj am cmo e&d ftv« eoatha feat

of edmaea la • five foot na bsmn BS.O' and 90.0 •. qay Rnaau adhsnd

to eon plttea fiaa da soaa ia vmtLm. 4. atlky grey iaOss aarCaced la cao

«ua «hito drllllaa as 88.0*. lha 8S.0* to ».0« laterval of Caolcad rock «u

coaaimflat with daaa dip faam acojeeclaaa derived fraa cha

fcolted rack la tX-1. TX-2, TT-3, TX-S aad SE-4.

Beatoa Oeapkyaieal Carpi ifli tha ftalt la S-4 by low

aaate veloelty end lev gama poetical *-«TMirn aa

cosatcy Task abova aad balaw tha 86.43* co 89.0' foltad Interval.

of

Batten at hal« - 95.0'
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suurujbomiume

taaAMOtoaccuusiFtCATtOMBiecT

04-4349-310 ,—. totake »—«»

Sta. 9*61

28-397

B 7818M

B 2368730

1PT

• m

atela w/Uttla 4k. gy. tea.

Ua. (178s chk.). flu.

Sna. broken la 1/2" - 2-1/2"

pieces, tr. andy ■eriagara.

U. gy y

e .as*, cut.

Places 1/4-2-1/2" Ions.

bra., plaehtas. eaerty,

aaad Cl/2-1-3/4" thk.)
2.6S.

Plaeea 1/2-2" loag.

Saw » 4.41

In. era., plaehlas. Ta" bead
(0-3/4- tbk.) 6 3.8S*.

4.4-S.OS - U. gy.. aaadr aaala.

■oaa dk. gy. ■hale la 1/8-1" bandi

bxokea la 3/4" plaeas.

3.32 - 2" baad of and. bat*, gy.

l.S

1.9

4.0

1.0

.7S

I.8S

I*, gy. man.

U. gy.

n

3.35-3.7 - Bud. It. gy. aaady
abala. v/littla. tataTdk. gy.
abala la. (1/16* tbk.)

3.73 - 1-1/4" gy. shale.

5.85 - 1-3/4" bard. it. gy. allt-

gy.

1/4"
S.9-6.8S - Had. bard. dk.
aad 1c. gy. -<«—»—- la

6.83-7.3 - Had. hard. dk. 6 sad.
gy. abale «/little m

lav. (l/8"-l/4a thk.)

7.V7.93 - Bud. IK. gy., aaady
abaU w/lletlA aad. gy. sbala laa

la 1/4--1/2" " - " ^
tosg place - 7" Long.

Igbx local wrlniw to lea -

dap. features - genermlly flac-

7.93-8.4 - Kad. bard. aad. gy. 4

dk. gy. abala la l/4"-3/4» Ian.,
w/tr. 1c. gy., cbla aaady acrtag-

8.8S, aad 9.09.

9.6-li.O - Kad. bard. aad. gy. dk,
gy., 4 dk. gy. bra. abala v/baads

of hard. It. gy. aaady abate 9 ■
10.33 (1/4- thk.) 11.13 (3/4" tkk]

11.4 41-3/4- thk.)(a-baddadl 4
U.63 (1" tbk.).

3.3

3.83.

3.3 .

U. gy. Haab.

gaa.

U. gy. 4 dk.

U. gy. aad

tan. waab.

au-av ■»■
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U-399

aotT.JL.ar y

ntni Motiwo.JbL-
■uwi 439.8'

SPT

is • M U

- U-l/2"

1.1.65-11.8 - Mad. bud. dk. gy.

U-S-U.9S - Bard. It. gy.. oaady
shala (cr. B-beMtag).

U.9S-13.2S - Mad. hard. dk. gy.

ft sod. gy.. abate «od le. gy..
hard assay abala laterlaa to

1/8- - 1-1A2-

taag ptaca - 12-1/2" laag

IS.2S-ia.SS - Bud. It. gy.. Ci.
gr. aandy, abala to atltafnna.

X3.SS-U.4S - Had. bard. dk. gy.

abale v/lltele ant. gy. laa.
(1/8- - 1/4- cbfc.)

U. gy. aaady abala baada Cl-l/2"
chk. avg.) ■ 11.9, 14.0S. 14.15.

and 14.«S.

Tbln clay ****" aaaa t

la beddiag fracta. 9 M.HS and
W.O

Beddtag Oat.

7S

2.0

2.0

1.9

l.fiS

Ba gaa.

GububbUag
aroaBd eara-

barrel la cos

caalag *. *

OS LEL v/bla-Je

U

IB

,13.43-16.45 - Bard, It. gy.,

.abala Ca-tedded).

, flat bedded.

U.45-17.25 - HcbJ. bard. da. gy.
lie laUB-laaw WUxcla. thta.

It. gy. alltacasa laa.

teas Ptaea - S-J/4- Lang

.17.25-17.4* • Bud. It. gy.

■ abala to oUcscoaa (a-bedded).

17.4S-19.0 - Mad. bard. dk. gy. a

aad. gy. abala ««»»—»— «/aaaa

dk. gy. bra. ailratoaa laa. (1/2*
tbk.) • Baaaaaata of alay awiua

la aaruagft froa U.S-19,0.

ia.S-19.0 - Vertical ftacta Ctaa

17.9-18.0.

2 Jta. - 1-1/2" apart dtsplag §
4S* tateraaecad by a SO9 (p»r
vttrdtal) fracc»18.J(.

Cera ptecea - 1/2-» 3-1/2"

Zone

19.0-19.7* - 3" of highly frace.
■^■i^ u/elay »—i—»»«■» aa aaat

places a) place overeored.
Pas. 7

.! !2.0

7. 2.0

3.0

1.83

2.0

2.S

U. to dk. gy.

eaaboahliag U

bo:

sz

abv. hala)

6O-80X1B.

v/o Mo-Jo

a* *

U.-dk. gy. 6

bra. waah.

6aa

a*i«av fn
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2E-4Q3

Sheet 7 of 7
Brill Halo Bo. TX-3

2E-4M

The fault «as logged la TM at the 19.0'-19.73' Interval for tho following

reason*, tee half foot of eoro us aot recovered froa mo 19.01 to a.O1

ma. Xa mAAiritm, tho upper portion of the m canaletad of three inches of

highly fractured eoro sod grey clay (gouge) remnanta. A aae-lBCh ptoeo ¥M

over-cored, probably the remit of a shale rrageeat la clay adjusting to the

downward force of tho core barrel.

Hasten .Geophysleal Corporatlea atceaptod to geaphyslcally log TJM bat local

coving at the fault Interval prevoBted coaplete ioBerlag of tocordiag probes.

Hatroa Tastlaa

i>o« i ^n. Joe maarchlck

CUiumtD IT: >« T. Wirdrop

The 19.0'-19.S( laterval of faulted reek «ao eeaalsteat with

projection derived from occurrences la TT>1, 1X-2, and OC-3.

dip feature

i i> a

55 •Qr*f - Had. hard. MOksa. bob. gy
S . ahale w/tr. sandy shale In string

,_. .9-1.5 - Mod. hsrd-tacd. dk. BT-
E shale and it. gy. alltstnae. tr.
= 'dfc. gr. bra. stele.

? >1.5>X.O • Basd. It. gy. sandy

era and lasses

ewe pUcea 1/4" - 9-3/4" la

2.0-1.3 - Med. hard, med. A dk,

& ahale in l/2"-l" hands. Inter-
v/llttle bands of It. gy.

siltotens, 1/4" cbk.

Plat bedded w/local
dua to deposition

3.3-S.S - Bard. aed. gy., eUl

etoan interlaa w/ a 3/8", ta.

= -3.3-4.2 - Had. bard. snd. gy. 4
ifrdk. gy. ahale in l/2°-l-l/4» thl

bands, tr. it. gy. aUcetoae,

vertical fract. froa 9.3-4.05

4.2-4.65 - lx. gy. slltstone,

laterloa w/1-1/4" dk. gy. ohala

m. 4.65-3.8 - Bard. It. gy. sandy .
Z shale, rr. a-bsddlng utorlga w

^ 1/4" bands of dk. gy. abala

.3

1.3

1.3

3.0

.3 • tint .3* co set

1.3 .

1.2 '

5.0

la first 6".

'v/bls-io

gy. wash

Caa

Lt. ay. mob

•t. gy. wash «/
■ lafraoBaat to.

' on. inflas
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. WPP

MO. AMD i0CXCUUmCATMMMOT

SB €—a—» Intaka tknm«l

11

MftiKCT. FHPF

n. monotcuwnomoM

04-4549-310

OMTBAcrob BerraaTtattafl.

antt >d. J— Mlaarcalch

B. T.

i u n

1-1/2" B«aa at mica. aaala cocloy

8-7.S - Bad. hard ta hard, thlaly
laau It. gj. sandy shale, dk. gy«

bl aad dk. gy. an. aUtataaa

except for*

a 4*1/1" thfc. band of da. gy.
ahala froai 6.7-7.0*

Flax bedded

7.S-7.8S - Bazd. It. gy,
■hale w/Uttle dk. gy. abala

a/4" cak.)

7.8S-8.S - lad. hard. dk. gy. ohal

aad dk. gy. bra. aaala later las.
w/v. cala, U. gy. aUtstoaa laav

(1/2-1-1/2")

_B-8.S-9.I -Bard.
S-^J-terl-

thk.) -

spares, actual

9.1-10.05 - Had. hard, dk. gy,

1 ahale, thinly la. v/dk. gy.
■*— shale, aad It. gy. ——*~

It-

S.0 S.0

U. gy. «aab

tt/aceaalaaai
an. iti

Caa 1* abr.holi

MXv/blo-Jo

LI

• »T

• U

g .j/8-

tl l

IO.>>U.2S - hM. hard. dk. A a
gy. ohale. tblaly lamw/Ustla

ch. gy. sUsscoob

U.25-12.1 - Bard. th. gy., aUt-

stoae (1-1/2 - 2-1/2-) iataclam by

Flat bedded

12.1-12.4 - Mad. hard, dk. gy,
acd. gy., ahale la l/4"-l/4°l

U.4-12.S - Bard. U. gy. aaady

U.S-U.1 - Nad. hard. dk. gy.
shale, iBterLsa w/aana dk. gy.gy. bra

ahale, llttla lam at U. gy. sllc-

U.l-13.4 - Bard. U. gy. aa
ahala latnlam -/lUtlT Of
lao. of dk. gy. abala

13.4-1X7

s Mad. hard, A

a ; lc. gy. aaad
.13.7-14.05 -

dk. gy. shale.

-2'

tr.

sandy shale.

14.0S-1S.7 - Bard. It. gy. aaady
shale. It. gy. alltstoaa. dk. gy.
ahale. dk.. gy. bra. sbala, aad

gy. ahale - all taxerUa la

- V4" Ian

171 S.0

&] S.0

5.0

S.0

U. gy. «aah

errnirlnml bra.
faflox to amah

tea

lt.udk.gy.
ih
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(BLURT AODCUTtS. OSS.

■on and seatCLuancATm kbit

28-407
2B-408

CONTRACTOR: >tI™ Taa^nB
■■».. «■».• Jo» MlaareMck

■ OAtBFUD art _B. T. Hardtop ft/M/T*

Sta. 8*95

8 781840

B 2368790

»toot cusstfiCeTUM shut

WPP

C0MTB4CT08:

nan ■ t». Jo* Hlnarchick ■

CUMSIFHd BVi »• T. Wardraa

B 781840

fl/ifl/TB B23«8790

u

4 to.

• U I*

S ; 15.7-16.05 . Bart. U. gy..
B*4 Asia iatorlam w/soae v. Chin.
3 .ak. gy. ahale Ian. la a very
•^ (depaaltlonal aactera - tr. a>-

16.05-19.1 - Had. bard. dk. gy.
bra. shale, and dk. gy. ahale

taterlaa la 1/4-3-1/4* bands «f/
=% little It. gy. ailtatoao and bsbAj
=■--!■, 1/16-1/4-

Fist bedded

Laag piece - 19"

.19.1-19.5-sard. It.
lotorlam w/a 1/2

:dk. ay. ahale 9 19.23
ere Locally wavy * «-

19.S-20.45 - Med. hard, dk. gy.
■ abale Intnrlm w/aoee lc. gy.
• alUatoaa, aaady alwle. end dk.

■bra. stela in 1/4-1/2" baade

Msttadk

3.0

5.0

3.0

4.93.

U. gy. Hsalh

Ou

OMbaaaeif/

'^tmti'mai

bra. laflus

• to.

4 u n

oM-av tfn

« 21.05-U.33 w/v. thin laa of
sandy ahale. 1/2-1-3/4" apart.

21.35 - l/2"band of It. ay.
aaady shale

g 22.9 - 1-1/2" baad of It. gj.

RaekOrWITw

20.45-24.05 - Ital. hard, dk. a
ahale (1-1-1/2") lacrlaa n/l

bra. ahale. nearly veld a
■■ l c

23.2 - 3/8- baad of It. gy.
alitacoaa

23.5-

here (pinch-
lag) Mfaare a high degi
of eplloterlng Axrla
coring say have left

UloBKrated void.

baad ioog pleee - 30-1/2"

24.05-24.53 - Bard. It. gy. sandy
■hmla laterlaB w/llttlc ead. gy.
ahale_ia 3/4-2" baada. tr. dk. gy,
bra. ahale la 1/4" Lbb

24.55-23.65 - Nad. hard. dk. gy

gy. aaady alula * 24.8(1/2"

thk.) and 25.05 (2-1/4" thk.)

5.0 (.95

5.0 5.0 .

lM«gy. -Mb

iBgdlala-
ahed te tele -

1/31/78

O IB.

«M.ar tin
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2B-4U

. WP?

CkAUtrieo ST: ** T. liardrop

04-4349-*10

—■

tjac* TrTi%if Ttannel

utm Sta. 8W

B 781840

2B-414
ShMt U of U

Drill Bain Hb. «-«

ii

• PT

Btara/

• to.

« U tt

1

45.2-46.2 - Hod. lard. dk. gy.
^fc»i»t aad It. gy. »«^*»><>»^ >^

oaady ota&o to 1/8-1/4° las.

-Bfc, ay,
*, tr. «•*»««» olli

gy. rtifnmn bud fl

= . 4T.4S-47.7 - Bsxd. It.
stela Co •Uta
3 "

.7-48*0 - (tad. hard. dk. gy.

■bsle, fiat.

Bonoa of Bale - 48.0'

- SO/4*

a S.0 4.S

I*, or.

the faalt waa logged la the A0.3* to 43.3' intarml for Aa following naaaaa«

Til mi rnnriin of a foot of con loaa m cm-rml over, tea feat of orllllagt the

gas of two five foot ruae walaa atsadlad tba feature. A altgbt dip to aoraaUy

borlsaatal laalaaa Is noted at 40.3*. Can pleeaa* neovand from the

aoaa eiblbtr gray clay Tenants, vaxtlaal fract«rlagv and low angle

tba 40.3* to 43.5* interval of faulted rack waa —»-«-*niT with dowa dip feacaro

prajeetien from faalt recogaltlaaa In «-l, tX-2. tX-3. and 11-5.

Uttatoa Geopl9«leBl Coxpi low oonte wloeUy oad

lav partial mlarton at tba faulted latarvml.

OKw/Me-Jo
Tff-Tfll »-?»T

lih
Wo blo-jo
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2E-&U

« U It

s

V

9/21/78 AJvaoccd to 63*
w/hoUaw scam augera-UMMa Co
■ul sugars as tap of bedradi
for caalaa anmlniMd tola

9/2Z/78 Adraaecd Co 63' la
Mcoad tola - rollar bit

•^•■BCBd SB 10S* • * Iflf IB II

Co ceml bols - lealas vatBT

9/23/78 - BaaCBBltB .
•Uad to taolB to Mai

9/24/78 - Bsntanita will not
—«i hala — *~~" - - -

9/25/78 - Timlin lounad afcar
■l 63' i hl—. a 63' 1b third tola -
easing tuU hola pmparly

ZQ

IV

tBMtlT lC.

lafloBU of

AK.ty.«a4
and bra. vaab
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2B-4J.7

MAffC*> 7.

caMTBAcrm:.

V4i| | fa-

dAUVtfD BTi

N.?
Hor

8.

.p.

roa Testlnft

aarchlck

T. llordnm

B9. 09S.96

618.1

. 9/10/78

• n

Bactr*

. Spudded v/lalln ate

r^

Ctm

19 It. gy.

W

iloi

inflntiMt of

dk. gy. aad
bra.

28-418

P.TJ.P.P.
MA l«l«

... Jo.

Tetlog

Bwcsh BfiwrwHrai

490.91

10/3/78

8 9, 099.96

4*..!!^ 99.7*

SPT

« U tt

PlwOaM

BjAOra.Bito..

Bailor bit 09X07^ fcn 63* tt
16B' balaw cap of grant

m CadBB atntt * 168*

166-171.7 Mad. havd, «d gy.

x. It. gy. MBdf ahala

ffiaslla na 9 170.6'

17S.O-I78.3> 0k. gy. ahala «/

UcUa SBBdr ahala la 1 1/4"
bada fl 17S.9S.176.S5 sad
177.4S" IV baad 9 176.85*

3 ' fording patCBCoa la tr.

ib 9 177.7S aad 178.05'

178.35-19S.BS
gj .Bozd; It. By. aaady. ahala

iatarlaa Waoaa dk. to aad. gy.

2 .ahala la 1 1/2 - 6" baada. tr.

^ -it. ay* aUtaeoaa Ian. "P»
—■ - - 0 I80.4S;

181.5; aad 184.6* day .

la partlaga ♦? 18S.0 aad 193.10
E • VeadXas patcaraa la aUeatoao.
^-a 19S.1*

WIOrBMk

7.0'

U 10.0

10.0

10.0

7.6

9.8!

9.8*

9.7T

Ploaaa 4-9.S"

U. gy. «aab •/

laAosof dk.

gy. or bra. ,

Macaa 3.5-12"

Pteeas 2 1/2-
7 1/T lost
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Sheet 9 of 9
Drill Hate Bo. tt-7

2E-624

nSPECTOR'5 QBflCHTl

A auapecsed fault was acted la the 371.3" to 372.4* lateral far the following

"»""• Eitfw-Muha of o foot of eon vu lost la the J65.0*-37S.Oa ma.

A thla grey clay aaam la * bedding pardag oecnrred at 348.5', topped hy

flsall shale at 36B.4*. Too. vertically adjacent, 1" long con pteeoom

recovered frea the saspeet soaa, speckled by pay day (gpaga rnmnini u) Theaa

places, though verclcally adjaceat weald not Interlock.

In addition, drilling of the 363'-175* nm took leas tlaa than the average

for other tea foot mas. After ran caapietioa, the driller had a very

difficult tlaa retrieving the ease barrel. Barrel weald aot pull. Hhea the
I

driller vaa finally able to recover the barrel, a thla grey clay f13a «aa aaea

covering the bottoa three foot of ateal cyliadax. The tool could have been

etude la a gwige soaa.

Dam dip feature projectUrn derived froa TX-1. TX-J. H-3. tI-5, TX-6,

fell allghtly lower thaa the ffagptctrd fault Interval la tX-7.

TX-4

Itastoa Geophyalcal Corporatloa rwrnpiitrf no aaaea of lav seale valeelty aor

lav gaaaa partlcal «—fwrion at any depth la S-7.

IPT

Ik

4

• U II

Topol Be garlaa - 399.S

H. hard, a. gy.. flat lytag ahalo

w/cbbb 4k. gy. bra. shale la vary
thla lnlaaclotta '

IX 4.S* ,.2f

Driller ra^ai

BS-BaUTA-7

39S.5*. w/HB
xe bbUot bit

ao»gao

Iwfiiimi, TX-7

irlgtaaL borlag

elgalficaat
•eft tm

o aoced la

the 372* ana

•Brlglaal W-T

Ug.

Lt. gy. «aab

long place ■ 12"

•M'Ot «,*n

2E-212
Revision 12

January, 2003



Ills i
i

II

I!

i
n

si*
:

i
<

•Its
.'

ifeH;
o
S

e

fit
I

J
M$l!%

M

In
jito

w

M
I
M
M

M
i
l
M
l

I
1
8
1

I
I
M
i
l
l

I
I
I
I
I
I

I
I
I

I
I
I
I
I

I
I
I
I
I

I
t
I
M
I
I

I
I
M
l

o

M
O

t
-
I
N

§
>
:

•
H
M

0
)

f
l

C
M



23-427

4 af 4

Drill felA Bo. Bt-7

eoatlauattaa af

HX-Bale WHC earlaa

2B-428

P.B.r.f.

tan. and book ajasmciTUM shot
04-4S94-U0

Joe Hlnarchlck

mi

CLAUWIB 8Ti B. T.

IHSPECTOa>S CCMHEHTt

■*"• ll/M/TB

Tha Maa af highly fractured reck rrom 4U.8*-4U.9* aay TCTnocat a aalay off

cha oala svngo *•*>■ If aat cha prtasrj faalc lualf. ttaaaad fault «*—t la

tha Ceallag Vater Ttmaala diaalay « hlflfc degree af varlaaca far elay/atala

fra«veac ratlea la 9*a&. HlnlBal clay aaaaa alalaal bialisg af ahala

which could have prahiMud Cha W>*s»bU ears banal from actually earlaa

fault gauge. 8ia-caataa of a foot af highly fraetorad rack with gray clay

raBeauta «aa recovered froa cha one sad oae-Cotth foot iafearval (4U.BMU.9)

la quaatloa.. Fifty pareaat af taa fragoaata diapUyed ronadlag fram cerlag am

coopered to titty pmcaos aagoler tragoBBCa,' typical of brecdeaed faalc aoaaa.

aagolarlty. haoarar, nay he a aacoral chsracterlatie of fragaaata

by cba drUllag af fractmad ahala. la "Mfrlim^ drill .wear praaauia

fran an avaraga af 290 pal ce 390 pal «aUa drlUlas the apper partlaa of Cha

410-420 foot ra. Praaauraa ratuned to aa avaraga af 290 pal at apprexiaataly

413 fees.

nr

• ii ta

Driller Mogotd throajh 19.01
of uwufcimlaa, beach ease.

glacial till, ead ■eathand aha!

atatan
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naaiECT. P.h.p.p

olbiqt anecu-rti. ac

soil AMo BaacussmcATiflM near

a <t*-ft.Tft*r1in. otb aoc* Aush^Jfaa

Zfr-429

OOU.LCB: Joa Hlamrchl^fc

B. T. Hardtop

T

»PT

4 la.

i ii n

CBMTBAcroa: aarraa Taatlag

SOU AHO SOCK CUUSinCATtOM MI8T

A 04-A5A9-310
ore Asia,

TO.

Bath. «Mt of Site

am. 11/20/78 U/20/TB
B236S 760.881

Top of wulhsnd ahala

U.9*

to 19.0*
Caalag ta 19.S*

_ tap ol weathered rock

WIO/lHli

Dclllar

chaaga la

raatatcBca oa

t 14.S*.
chlo

to 19.0*

laager

earlag

4 11 M

fat

Onto* ted Ttw

19.5 •

, " aoft to mad. hard. nod. gy.
.ahala v/llttla aaady ahalo la
.v. thta La. (1/16" chick) cad
-tr. en. bra. "Fa" baada 9 26.6*
.(3/4- thkO. 2S.IS* O/4).
■23.4S1 (1">. Z1.11 (1/0

"day raaaaata la partlaga
■# 19.S* (l" of day 9 tap of rua.
>aaa). .. 21.89 Cl/ST «hk. aua),
.22.0*. a.l*. 23.2' 23.4S.2a.8S'
.6 2S.6S' ■ '

•Tola saama of flaalla ahala 9
•19.7S* 6 21.6S'

^ pp

10* f 29.3 29.S

«9 u.o 9.5

U. 4riU

0k. gy. bra. to

black oily fits

coUactlagoi
-tmsm of

drill tae«r

JCora rlaeaa -
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2B-431

Job tUnarehlck

CLAWIfD BT: * T, WirdTim

Ml AMD BOCKOJUSmCATtOH S«BT

A 04-4549-310 „. ,..A Baacfa. Iteat of Sin

n« w 770 na.n

8 2365 7(0.881

Li.

LL.

aanAMUHOL

OtVATlOa

at mm.

IPT

• ii n

2 :i».3' - 37.2'
b> —-— • aj^ • mm ^aaaa ayjai ■aaSVI*

•hard, tc. •««" haada fl 30.0*.
■30.B'. 31.6* O/r>.

'32.65*0/4"), SS.aS'O/***).
'36.4'(l/jr>,

5 -day roaa. la aaftlaga • 30.5*.

,37.1* - 37.6* -

^w/Br. aaaUlaaady

7.6° - 39.1* - si

las.

Caatmaa

39.S*

111 10.0 B.0'

■giuta

I*. 87.
was* w/aily

flls

SOU AND BOCK CLASSIFICATION BUST

. P.H.P.P.

m. Barroa Teatlag

Jba MliuMlilr*

leaspiaca-U"

>0 • u a

Had. hard."aed. gy. ahala «/llctl
y, y a la (T.Cfa
-fa" haada « *0.7S*(S/«s>.

'(l/I-)

;y not la nazclaga 0 39.SS*
.* 41.XS1.

Bart. oed. gy, allcateaa a aaady
'■hala, chlaljr lam.

I. hard. aad. gy. ahala v/lltti

'of banda « 4o.ra">.' ***
AB-a'a/A").«

clay ran 9 48.8* a 49.3*
la parclaga

1" band of atlgbtly s-bedded uad)
ahala 9 48.6*

49.S

10.0 9.95

U. gy. «aah

drttlwatav
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CUtST AOaCUTU, Mb
2B-433

P.B.g.F. o*-W»-iiot...—Baaeb.-at of sua

"—"*■ ■ Wt 11B.1»

IBT, B. T.

_S7o.6*

u/iim

B236S 760.881

s •

RnbaiWlTivK

S3.35a").
clflp m

I U.3*a") 4

B.7S*.

, w/ilTtt« intr ahala loa.,
Wta « 56.*'{!/*->, ft

'(I")
= •day reaa. la paxtlag f 56.45*

la 1/7* bands 07.7*. 58.6'. A

161

Sin

10.0 9.95

Jo* Hlaaxchtck

IA OAfCl U/22/78

B236S 760.881

2E-434

Baa *l-8

ij2yL

10.0*

ifi

• PT

Ubn/

tun

. _. J. 4k. gy. sbala sad
aa<4 U. gy. aaady la. (v. cUa)

,,«*. ta. bra. -fa- haad •
?-68.8'a" cak.>

60.75' ft 67.35*

of dk. gy. ahala, aurly
- of sand laOas ftaa 65.6'•

ot can aiaslag ta .«■ off
« O/4" tbk.) ptacss of eon
2 Fnga. w/alatiBsI day

69.5

10.0

ST. wash.

Ally film

deeraaatat

rllllas

i can

. arxel.pnUad-

. «asar rasa op

. ad oat of

aag piaca 12s
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eLsUTauacuTts.aas.

KHL AMD BOOC CUSSmCATHM SMBSf
tHIBT

COMTBACTOB: Hi..-*— T...l,g

m« i »p. Joe Blnorchtcfc

CUMSIftfB BVi R. T. Itartnm

B 136$ 760.B81

tl

SPT

oiwmm

to hard. dk. or
It. gy. sandy shale (thinly
1/2" basda of hud It. gy,

71.05■ 4 72.ISS « 72.13
la partings « 71.75

_. ii/Uttla It. sy.
S shala-iMBd of dk. aj. torn.
r 'frea 73.3'-73/7'

•ted. hud to hard, dk, gy

«od Is. or. aandy ahala Iob.
la 1/2" tbk. bosda 0 73.75'.
Cl m in portiag « 7S.S'

Saw. «/littlB It. gy. ailtataat

no •UtataaasbaBda of hard

o. ondjr ahal« « 77.0* (1/2*

. & 77.2'tt 1/41.
tn. tea. "?•" beads C

'O") 4 78.9S«tt").

S *l*7 naa. la esrtlags 9 7S.S* 4
79.1

lotcsa of Bslo 79.5*

touto

drill

2E-436

9 of 9

Drill Bol* Bo. TX-B

A Canlt was napcetad ia Ctaa 65.8J' to 66.75* tataraal at SX-6 for tba fbllovtag

naaoBa. fllsxr-flva boBdntha of a float sora loat ovar aiahtytiwa

foes of advasea ia cte ».5'-«J1 iw. tateaa of elay rtaaansa ve

adaarlag «« fwgaantod eon ptaeaa ia tha abova r—r'-rml ianxval.

■ashed oata* as aad oat of n>« vaaa tha barval vm ratrlevad at the oad of

tte S9.9*-C9,Sa rau

did not coafiiB fault by aither aoale

valoelty or
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WBJieT. P.K.P.P.

COMTBACTOBr

SOU. AND

,A 04-4349-310

2B-4M

l*»t Of ' MaT_2_O-

2B-U0

Joe

CLAUIPIW BVt ft. Uatrfran

1.051

zo

IFT

• u

bat», 12/S/78

paaner. P.H.P.P. «„

BJV*tMi-»7l.5' COMTtlCTOa> JsnmJfiOlflB-.
g^OMi^^.^^ ?a«»f. Joe Mlaagchlelt

4Bh,hm - a *« CUtVID BTt A.

kTswesa*«o«

,0779.333.051

Med. bard. sad. gy. abate v/Uctl
1c. gy. eaody abala la >t'<i Ija. "

tr. ea. bn. "ebercy. "Te» baada
.^ e 23,i»tt- tuk.). 24!ra->.

<l/2">.

■ 20.0-22.»

Soft to aad. «afc. gnqr
, ahale v/lictt« gray cUy Is 2"

€ cap off no, cr. ca. km.,

-?«- band e 20*!1.

Sudy faadlag amccon fl 29.S5'.

■ _ B.i*

4J 10.0

I*, gy. aaah
if/ally fUb

tloaclag la
IrtU Mater

barrel.

9.8*

place 8.S*?

• •T

u a

..Kaaau la parttnga C
3 • 30.V, 30.8'. 33.05'.

s ' I^«" thttk day
S : baad « S9.4*.

Hed. hard, aad. gy.eadk.gy.
•tale v/liula U. g». aaady
ataala la dda loolaM.tr. ca.

tea. ehany <1Pe" baada • 32.21

a/4" toko, n-3'a/o. n.7
O/2-). 3S.1SC1-). SS.S*(l/4«).
3S.0S>a/4a>. 39.SS'(1"). 39.9
a-x/2").

To"

2 rcaeta iaceraesclag la
a 32.8'. aaa dlpplas 10s. ana

52 10.0 9.9S

U. gy.

w/aily film.

Cora pieces
2--6"loag.

teag alasa - 81

Oa
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BMniMT. P.M.P.P. ■a 04-4549-110
Of

CLASSIFIED SVi 1 ia/5/ra

,333.<

t U II

"Via"
80.4V

80.3*a-lA") ml

•82.3-63.6S

[8oa, w/noa It. gy. oaaty shale

82.4" and 83.2S*.

Sandy kntfs 9 82.55* <l74" tfak.)

«.7'tt-3/4"). 82.9'(l/2-). 83.4S
(l/4a*>ll

KB la pafClas 0 83.3*.

= '"Ptt" tends 9 84.65(1/2"). and
= •85.1((l/r>) Madjr tend 9 86^5-
S a86.7*(3" Chk.). v/s-toddlas ca

■^•"faadlng pacKcnw. heotaa), 86.93*
(1/2-J. 87.4"(1)

88.08(1-1/2")

y la parttegs 9 83.7S*.
M.l*. 854.4', 86.6*. 87.35*

B».2S*. and 89.75'.

Qny sssbb 9 87.45* a/4") cad
.88.55' (1/4").

Botca of Hoi- . M*

IB 10.0' U.0f

Oars pieces

« u n

Driller agmd to 31.0*

(lasntrina and glaeUl till)
Hb» drillar,
other TX

•eries boles
drilled by

Jae MiaareUek
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S0JLJ»BOCKCUSmeMW9B9T

.;

2B-447

j 9

—~

^.:.«. Jaha ClMfc

CUUVIED BTi 11/17/78

8 778. 67».M B«4T«

B 2, 363. 078.76 c^owa

10 « u u

Coatiaued ragcriag in gUcUl
till

cuaunson, a. Wwdrap

B 2, 36S.078.76 «toio»,

• la.

• n a

. OanHnaed angering ia glacial
' till

tad ft 1

Driller did

oat mosaic

in rai«uac«
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2B-450

noifCT

rr

nr

J7

£. u. gy.. sod
ad dk. gy. fan. lh«u

Hard. 4k. gy.
ahale to gy. day (aad.
rack aeetiona of cora

fractured.

Bottea of machand rack 9
n.r

33.9-Sl.t

Mad. hac4, aod. co dk. gy.
•halo, bard to. bn. "ft"

baads « 3J.15 (0-l/f thk.)
36.6* a/m. J8.J5* <!-),

40.*' O/4-)|
. 4S.45' (1-).

<*. day nmeoaata ia Davtin
9 37.0*, 37.45; 38.9; 39.43;
41.3; 42.6; 47.63; 48.0'

LC gy. aaody ooaa or Coaalag
patcanu-g 47.1* - bcnda of

•«Bdy shala 9 47.5* <l/2" tbk.)
48.«» (J/4-), «ad S0.7* (1/4-).

\T, 3.2

05 10.0

3.15

9.93

Briller

3X.0* casing
ta 31.0'HV.

ahala frag*

ia battos

Oily rite
noating ia
drill war

eaten banal

Piece* - 1/2--
4-1/1°

U. gy. «asb

^ "Fa" baada F*0.5* (3/4").
41.8* (1/4-). and 43.43* Q*)

=3- day reaa. ia parting* « 41.3*
42.6*. 47.65*. aad 48.0*

U. gy. aandy feediag patten
or ooae 9 47.1*

§£ U. gy. aaady ahale baaea 9
= . 47.5* (1/2") and 48.9* O/V)

Plat bedded

133 10.0

iffi .10.0

9.93ii

Piaoaa

U. gy. weah
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«oa 4M» bookcuaunckvm«rr

• F-a-><P- wA 04-4549-310 m^Boat Slip. Perr> "an.-,. _tT7 "JE
too, Barren T«stia» . .«-»«.»■ 778. *75.86 eu«T«ai .3»3?4*

...■ John Clan

». Wardre»

BBBaaBBi

B 2. 36S.078.76

, 11/19/78 48

tPT

Mm/

41*.

51.1-51.»

Hcd. hard, dk. gy. shale a/i

U. gy., chia, aaady shale Ion
Sandy feeding patten or can
e 51.9' (1/2- nick)

day reaa. ia parting 0 51.8'

Saw. WUetile sandy shala
^ Ian. V bend 9 ».5J (I")

-I • day nn ia parting 0 92.1. ■
31

^ Sana
,<'-S3.71*

ana .w/«om«"aaadr
"Pt" hand ( S3.4' (I")
day xca ia parting 9 S3. IS*
S3.7S'-54.2»

Son w/lictTa aaady ahala Us.
ta. bn. "Fb" hand 0 S4.U
(L/T thk.)

i4.1*-»4.8'

Bad. hard to hard, dk. gy. abal

«ad U. «y. •oftdy ahala Im.
•Ihia Ciaaila sean P S4.S*

Saw, w/Uttla aaady ahal

1/2- "fa" baad 0 S9.9S

«/Uttla andy ahals

1/2'Tb" baad 0 63.45'

. !*-

w/liecSaw w/liecle sandy shale las.

2 , aed. bard "Fa" band 0 55.65'
=* (l/2">

56.1-56.7'

Saw w/soaa sandy shala laa.
V hand B S6 V

^- 56.7'"-59.0'
i w/littlittle sandy ahale tsa.

-p," bands 0 S7.1* (1-) and
57.85" (1/2")

«Fisalla ahala aess « $8.2'

*Fiaaila aeoa ead ia aartiagi
uhicfa da asc taterleck. wife
becton shala - fissils seaat

may haws bsea larger aftd groimd

rr , op ia drilliag, accavatiag far

61 10.0 9.3< Brille*

sev»r»l nschii

adjaaaaata
during na -

this ia

untypical of

previaus TX

feasible faaU tnm O.S*-«4.9(
a) 1/3" care piece w/elay rcaa.*

b) 9-1/4- can v/piaehlag

band, ahala laa. dtpptag v/piach

■ boctoa grooved, w/clay aw.
V> J-l/4- can banlad as cap
•TelaT'i

lock ia 64.2'-74.2' na. except
BdUaY *"Bi «n UsUaatl OB

tcciagB. if

only vary.can

then balk of

n weald be as top

S ' of na - supporciag faaU

64.9'-68.S'

Bed. hard7 aad. gy. ta dk. gy.
shala a</llstla. thia aaady laa.

" " " 0 *5.4« Q/4" thk)
.9'

68.9*-71.9*
Same. «/llftla
•Fa- bands 0 69.4' a" nk.)

71.3' (l"> aad 71.85' (1/4")
day xana In parclaga 0 71.19

■m* 71.45 aaadf a-a. a „ ..

(I/O aad 71.45 d1^

61 0.0«

-6-laag

banal palled

0 and of rua
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«umauacuns, «&

P.B.P.P.

jlerron Testing

11 bo. John

Aaat 9 of 9

BriU HdIb Be. H-10

IMSPECTOE'S

B 2. 36J.O78.J6

11/29/78 43

IPT

• U II

tart 0> fad T*.

■"■. dk. 0. «haU. U. «7-
•ilcacana. ■

hntf 0 71.9S* Q/Z" thick

afaale la

tend (1-1/4° ttk) 0 73.4

pattaru of Mad

»«ae. w/lStle aonoy ahal« las.
Call pieces iaterloek, hole
••wnl ax 74.2*. irtcovery
less must be at Cap of na.)

Botcoa of Bale - 74.J feet

•1M

10.0 9.3<

nauaa

U. t.

ban«l palled

Piecei 3-7 3/4

A fiault via aospecMd la tht 6J.S« to 64.9* ivxaml of TX-iO tot

raaaaaa. day nmunta mm found la a baddlag pamag as 63.1*. Owuumied

eon piacta «lth cUy .ant. ocnmi at taa top of tha anpact lat«val.

Oaa aad famaosaa ton at can tm» h*t in tbu tm ten toot

tin Interval (Sea note on abaat 7 of 9). •

Weatoa GaoabyBlcal did aoc Tacaaaiaa a soae of la* valodcy ar lav

partieol tmltoim la the aoale sad aaasa laga of. XS-10.
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tuurAttocum we.

MUJtCTt

COHTBACTOBi

.•A.

ClASUPltO BTi, OATti.

PBOJtCT:^BEE—

CaaTBACTOR: SB»

OSUjLISt _JUOL

SOIL AMD BOCK CUSSMCATHbl JHIIT

j» p4-4S4*-110 trry AOf^ HB Parking Lot

,TM ■

080.L MOLC Ml^Z=1L

IS

• »T

UK

: M. W«rtrm

E2.369.806.12

Aa before but aed. dark aaale

dnwjiwrw; partlnga parallel to

ft

Fe scobs (1") at 89.75 la contact

with underlying a-bedded gr. alt

UCerlalaaccd ah. 6 alt. had aat

a

Bottom of Sheet 2

»'-'■'

IS

SPT

• to.

disseminated pyrlte Fe atone beds

U/2-1") at 102.6. 103.2, 105.7;
ether fine ayrita observed aeass-
lonallr. Shales return to aed.

gr. sad exhibit greater tendency

to part parallel to bedding; it.

gr. sis. mtorhedded laaiaae

to 10Z; Zones of load easts at
g|- 107.6', 107.3 6 116. Flaa nyrita

laminate at U2, Fa scons bed at
111. 113. S. 112.8

2" alt. bed on scour base of
: 116.

As before with alight increase la
amount of this It. gr. alt.

laminae Dk. gr. conceretlanery
moitiii« u 98* with "*—w*tit fInel'

FDaslbla cloy roBenoBta at 109.5
& 110'

As before - fine prrlto itfnnnntn
ated at 121.3'. Darter shale at
122.S to 122.6*.

Generally alt. laminae *»~-Tirlim
thicker, aore f

exhibiting rippling at upper

Fe stone beds at 121.2. 121.3.
122.6. 123.1. 125.7. U6.6.

Utaology as before bat rock parta
peralUl to bedding vita greater
frequency. Soae breakage probably
Ate to coring and none may be
natural.

Fe atone >eas up to V at llfc.l,
UJ.1 sad 1/4-1/2" at 128.1,
128.7, 13fc.3; slblaainaa aets in
last ft. reveal sc

its, * rippling.

;o 2".

InltUl 2 ft. aa before; AC
asps. 139 sit. isBiaaa iacr
lignlfleant ly. Large Fe at

rease /
oaj_J

(eanilaa»d)

16!

10'

10'

10'

10'

k5J 10

9.8

9.8

9.9

9.6

9.9f.

- 6"

-8-

atfW «<■(•
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2B-462

Hard; It g» bands at 203.4(2")

205.0 (2-3/4?). & 2OS.7<*">. «U

witrf.^n-,1

Steam, asas hard, leg* aaady ■*»!

ca flllcaeoBe laolaaeCO^ thk.).

Ucsla dk. gy. bra. all ahala
w/oaa band fna 2X4-21S.1*

ThlncUy •mm ac 212.9' & 213.4*

X>bcdded aUcotoas band ac

219.8* (r)

Fksecora dtpplas
lined with clay c

ac 215.9*

Sana, and hard. lc. or.

tr.dk. ej. bra lanlaaa
Bard, Is. ay. aaody bands as

221.7* (3T). 222.3*<3"), 126.S*
<2V0. 1*7.0* {JV) 127.5* <S->.
U8.6«(4M). a 129.3*(4), ill
s-beddad

Hard, It.o\ aandr abala ca otU-
^.atone bands ac 231.2(2"). 231.7

^.(4**). 233.2 to 234.5. & 238.0 ca
238.6. all t twitJtiii, laai caax

barlaeaa ac 235.0*. 235.2' a
239.5'

E |BaddtaB parting at 233.0'

Ham. it. gy. baods at 241.9(2V)

& 247.4I.(2% •iltateaa). «-baddad

Bedding partings ac 241.65* 6
249.2'

10.0

10.0

10.0

10.0

10.0'

10.0<

io.o:

Lc. gy. «aab

IO.O'

10.0

gy. wash

10.

Bard. aad. gy.,

1 lacarlaalaacad wlcta aoaa. cfata.

bard. U^y., aaady abala ca
aUCataaa baada (O^V), tr.

da. gy. bra abala las.

eaa 2V I*, gy. band at 255.0*

at 252.3*. 255.5*. 255.7*. 257.4
258.9*. 6 259.9*

Sana, aad lc. gy. sandy abala ca
aUtataaa lsBfaaa baada at 260.9'
(2V> aad 261.5 to 262.3. x-ftaddei

lasd easts ac 268.5' ft 268.75*
Bcddlag partial at 266.75*

U. gy. bands at 274.5(2%").
274.9(2V). 276,0 ta 276.5. 6
279.4-280.0' aU z-toddad

Baddtag parttaaat 270.6'

Bard. lc. gy. baada fren 280-

280.55*. 2B0.S-281.2*. 281.6'-
282.5*. 6 2B6.2*.-286.75*

Barizaacal Baddlag parclag

286.75'

at

rl cad wttb

bard. lc. gy.. sandy ahala cs

slltataaa Uataaa 0-2" thlcli.
Baada of greater «*«»>—- as

292.>292.6S. 292.9493.1. 298.0-
298.3'. all bdd

au>» ■/«•

10.

10.0

10.0

10.0

0.0

9.1

9.9?

9.83T

10.0'

0.0

U. gy. «aab

Laag plaea 3V

Laas Plaea Iff

laag pises 29*
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PUJKli
PNPP

ca.AtaranoeuTts.Bst.

tmLuBwactcuamunm

L 04-4549-310 an *—a JR Parting Lot

2E-463 28-444

BUtT.!

£2,369,606.12

: ft. Uardroa BATh .£12122-

■a 04-4S49-3I0 MB Parking toe

•**§.»,

CONTB4CT0O..

82.369.806. 12 ^

IPT

BhW

4 1a.

i i) n

i:

' Red. bard n. grey, shale, sad bar

It: gy.. alltatena to sandy shale

laaiaaa 0-2" thk. Bands of grease
^* thickness at 300.1 to 302*6 <*-

S :bedded) 303.4SO.5"). JO4.tt3.5-)
a . 304.8(3") A 309.0(4").* trace of

£ . d* gy. bra, shale laataaa. Load
cast terlxan at 305.2'

Bl Sana. It. gy. slltstene beads >2*>
SS • *»«. at 318.3 to 318.9,«317.3

(3.5**). 316.3-316.9. 312.75-

313.15. 313.4S-313.73. 314.0-

314.35. 6 314.S-314.8S. aU «-
laminated.

V cak. clay ac 318.J*

3- Sana le. gy. band» »r* ar 326.9*

(3") 4 328.75-329.63. hot* x-

2 Btddlas Mixing at 327.85'

2 ' ter

Saaa. 1«. gy. baada *Jf chk. at

333.65 to 334.0*. lttcla dk. gy.

9. ant abala 1 mlnia. caaeeatneed
tfnm ^38.5-340.0.

= . Bedding parllsr ac 337.5

Ned terd. a. gray, sbala lacerlaa

w/lutle It. gy. aandy obale to

sltcateae Ian., Uctla dk. gy.

bim. (oil shale) Lorn, concentrate

between 340.6' to 341.9*. ens IV
band M 344.25

1/4" ink. ftaalU abalc aaam at

346.75.

A*ao>lMa

10.0'

10.0*

• 10.0* 9.88*

10.0*

S io.o<

10.0'

10.0

9.83'

10.0*

UBAAKS

long pleca 41V

Caa shoexa

water oat of.

barrel pulled

loag pieee-29a

gAa tadleaced

long plece-14*

gas bubbling <i

bale Mhea

barrel pulled

long pleee-27y

8sa la bale

IPT

Med. bard. ccd. gy.. abala. n/

■nan dk. gy. bra. anale laa. -

every 1-6". lUtto bard U.. gy.

allcacoBc to aaady sbala lea>.

Pyrlce traces at 353.8*. 354.9*.

353.5$. A. 356.4*

Seas ef safe «Isslla abala at

350.15. 350.3 (broken, V thk.)

351.2. 354.95(V^. A 057.7(1")

.It. gy* alltstoaa baste at
362.8(2-1/4") 364.1(r). ri.

sandy baads at 3&6.5'(3"). 367.1*

(1.5"> bath s-bcdded^coBcentratlsi

ef dk. gy. bra. (ell eh.). Ian.
at 365.5-346.1'

= ; Hcd. bard. aed. gy. shale iaterlai
= ' i/l/4B to 1-1/2" dk. gy. bra.
=T bm. with little It. gy

i

shale Ian. om 3" band, at 378.4/

iat 378.2S*(1/4")Plaalla

Btasca n la at 376.0*

It. gy.=^ Sane, with aon
■bale ta slltsi

383(4.5"). 386.7-386.5 bee. and.

It. gy.. 385.7a-386.0't little
^g» ehtn Ian, of dk. gy. bra. shale,

concentrated frsn 382.J ta 382.8.

ST Saw, with' cr. It. gy. lea.

Sane, aaae dk. gy. bra laa, (0-

2-1/4")

Aid Or I

10.0

10.0'

10.0'

10.0*

3.0*

10.0

10.0

9.96

10.0

9.67

5.0'

10.0[

Caa babbling

ta bale

lang ptece-Z9.5

Caa bubbling

la bole

Una pleee-26-

atnag eder ta

gaa fran hale

at start ef da]

Lang pteee-23"

Lang plece-lA

lang pleee-20*

Caa pushes

water oat ef

bole. 5' blgb
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wtch ubj It. gy. alltsteas

te Bandy shale lea., bsad CmAM I

S00.4* (s-lsataaxed)

Boccoa of Sheet 10

10-0 9.92

Mod. hard, m. gy. shale, with
sane bard It. gy. sandy shale to
sUtstoae Urn., eoae bra. <oll
shale) lav.

U. gy. bands at SOL 53-501. 8* a*
SO3.8'-SO4.2* (a-laalaated) ^
Tee. seedy <fl. gralaed) lallax

i.S'fl/Aij-Hed. bard bra.
ceBceatvated fraa $06.7-

508.7*, with seae gy. shale lea,
little It. gy. laa. with beadss

Ssne, bm. la. CT-J" chick eeace

twwd betMccB S1S.6* end SU.S

Httb esae gy. shale, lutle It.
gy. elltsteae la baads at 513.3
(J-). S14.2S*(2"). sdf

S17'
Vercleal fract. at S10.77*-SU.OS
Fissile shale seea with clay at
518.73(1/4") Very thinly beddarf
saae with little gy. stele laaT
Vertical fract fraa 520.0" -

520.3! U. gy. bead tree S20.S5-
321.03.

tr. It. gy. Urn., bra. shale
la O-4" thick hmuls, tock brekHi

tb none evercerlag between ,
.*• sad S23.8S* —J

i gy. shale.thlaly laolaated.
3-1/T* thick bead et S32.S*.
gy. elltatene head at 3-3/4"

thick at 538.7*

Harisaatal Bedding

sod acd. hard gy. ahale lea

U. gy. laa. at 549.55' (l-l/4<*
tUck)
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2E-471
LTO.MC

COMTflACTOB: 7g1.saa.77

E2.369.806.12

CLASVFIZD BY: B.

28-47*.

Wtt,

fie

IPT

Hard. bra. shale to oiltotem wtcb

erases of thla gy. shale Ub,

traces of It. gy. jUucom Ian.

at tta.9S-aS4.2S. 6S4.S5-634.9.
6S7.0-6S7.1S. & 6S7.7S(Vflrl)

traces of atero-eryatalllne pyrlc

at 653.6. 6S1.8S, & 6SS.S

Sane to 661.4*. brrtwilag. greaaU

87- ahale-aUutOM. and torn. As
^tt*nlvv^a^Bafia^^M£alH^aciBL^BsBilBAS4^MM

661.4-661.7 - N. grey, slltstone
661.7-662.3S-br. •hale
66Z.3S-662.6-lt. gy. sllrstoac

Hag abale 662.6-663. J-br.

■hale; 663.3-66S.S-lt. gray ollt-

acoao; 66S. 3-666.2 - far. abale

666.2-666.9 -U.gr.gy. silc-
staae: 666,9-668.6-te. ahala

66B.6-669.S - It. gy. gr. aUt-

na; 669.S-670-laterlamlaate««^
^ lam. of above lltbologlea

Hard. bn. ahaLe-alltatoae ka

670.a*, tnea sad. hart, to bard.

It. gr. a. gbsle (670.t-479.SS)
with oone hands of br. ebale at

^672.6-673.1. 67S.7-67S.3S &
^^677.M il-lf3T}

679.S5-6B0 bra. sbale-elltataae
with ll"> It. gr. gy. band at

Hard gr. gy. shale and bra. ahala

, slltatona to 684.0-becoatng hard.
, brn. shale with trace of It. gr.

.gy. shale at 684.7(2") a 688.7-

.689.3

• Hard lt< gy. gr. shale and br.

attain to slltatoae lntarbedded la

•the following aeqaeace.

690.0-690.8-br. 690.8-691.2-It.

AtltAtooe gr. gy. ahale-

slltscone

691.2-691.SS 691.SS-692.6S .

OATSi.

10.0

10.0

10.0

10.0

9.92

10.0*.

long pleee-63*

loag pleee-LT"

Baa splashjBB
drill

>f bole dur1s«
cm. Ortlior ,

10.0'

. one water gauge

to safety gas

..P.2J V} *

• (00 pal v/valve
1/2

' 300 pal la »

' Btaiitea. Bale
t co bleed-

:Long pieea-USr

10.0'

(eoatlnoed)

bang piece 4S*

• FT

ate.

a u i

SlltatoBa

692.SS-A4.9
693.S-696.3

co elltacoae
694.9-6*j.5 •

696.3-698.6 ■

Bottoo of Shaec 14

loan plece-45"
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2E-473

*s

a»T

•a

a.
• U IB

U. greenish gy. ohale-alltatoaa

aad b*.~*«jhale loalaae ia the
follevla8 eeeaeace:

By. Shale U. Cr. Ct.Shale

7O4.3S-7M.95

707..S-709.4

w. aeae It. ft*,

gy. laa. (0- 2")

70O.1-7O4.3S

7O4.»J-7O7.5

714.SS-71S.1

7U.S>-T20.0a

710.0-714.S5'

T15.1-7W.5'
Very thla pyri«U

las. (1") ac shales
717.1

Baade of caa browa calcareoaa

■"►■>— at 710.85(1°) &

713.2$a">

AU bra. ahale-allMtatM, hard.

traeea of alcra-cryacolllse *
pyrlta at 723.05*, 720.21.
na.7S.lft.1tUa oubb ac 726.OS'

& 728.1* « aaaatve

Borlxaatallr bedded

Bectea of Bole - 730.0*
1/1/79

5 to.o' 10.0'

0.0' 10.0'

J0.0'

BroMn aad It.
gy. wash.

Uag picea-JO"

Uagplcce-SS"

Mlalaal gaa

120"

one piece-

2E-474

Sbmb 16 of 16

BrlU BdIb Ho. 1X-U

ofLittle ovldean gagSBata tkat 730* deap S-12 advaaead thnaa> any

faulted tack. The "Beaazks" coliam of aaeat 10 of 16 daacribaa ewe (2)

situations darts* drtllias *Aara can saapUa «exa dlatasted dm to probleae

arlalag fres tnflwirw of sstaral gaa. *m«*««tft 41atndnd ——*-** of corn lie

la ciosa proalBLty to a strstgltt lisa faalt dip projection derived frea TX

berlaBB eseoontorlng fanlcod rode as ahalinyr daptta, the wery cnaractor of

distnfbad aasos (l.o. lack of stiff, relatival? dry clay) praelndaa a faalt

interpretation. Bfatarbed aaana had ar freshly node
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2B-47SMtacum. ok.

un. and BoatCLuanc*TtoM sheet

rn^TBAma. Fa. Prilling Ca

eada also ecrip

driller conplaa
w/

«oreb. Drillar

lajarea

tryiag to break

soda, whan rt«

of waathcrad ahale 9 70.0
___ C» a. aray h "

SS.v/Litcle U. ay. sUtn 70.0

Caalagaet 0
68.0*

Hole left

cavtag-H»

evrtas 6/7/79-

trace chls Ciaalla

bonds 9 83.6*. 86.8S*. 87.25*
Cl/2) (1/2) (1)

$• Caalaa added

f
& 89.2V

Load eaata bariasa 8 88.» 72.0*

loag place 21.5T

Partlaga 9 92.15'. 97.8*.

6 98.6ft*

- bands B 9O.S*(l-thick) 91.75'
(I-). 94.25*(l/2-). 95.6'(l/2-)
96.2S'(l/2-), 97.1'{l/2"). 98.7'

«•).
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PBQJECT. P.8.P.P.

son.moaootGunnttTOMSNcer

Jt 04-4148-310

Brim,, ft.

»• Wardrcp

itrf781.31B.50

B2.3M.051.21

0ATf. 6/8/79

JB-477

m BM2

n*»ATB», 618.4'

OLOKU

2B-478

CLMBMB BT; ■*» Eardrop

£

33

41*

4 U «

5 «. hard. b. gy.. abale v/aaaa It.
~ «y. alltacaaa Co v.fi. grata aaady

= «bale laBlaae. vary tata. fraca ca
"^ . "Pa" baada 8 lO4.4'G/2">.
Sa.^..8*(V4"), 106.0*0"). 107.0*
g '(1/2"). 107.8'(l/4"). 108.7*0/4")
•^M.o'o/r*)

_ 8 101.0' 6103.2*,
8 105J' (1/2")

abale v/cr. ft. gr. aan ,

__ jllcasoae, ana band 8 116.8* (2"
.-Pa- baada 8 111.2'(1/2*0. U1.3S*

tags 8 115.4* and «/nr. day
119.4'

load cast batlaaa 8 12S.7*
8 lM.l*(l/2"), 121.2'

an

S itl/4"), 121.5*(1»). 123.3*0").
= 124.7*(T*>. 126.5*(2"). 127.6*(
= 128.4* (l->, . 129.9*0-1/2")
| Uttia dk. gy. bn. abale Ian,
g Sana. w/Uttla It. gy. Iwrtnaw.

"Pe" buda 8 131.B'(1"), 13a.2'(Z":
2 «7.7*<1">, & 140.0*(2a). tr. dk
- |{y. bn. Ibb.

a rartiaga 8 132.6*. 131.4*, 134.2*.

gPlac lylag beds

. v/aoBB lc. gy. Ian., load
borlaoa 8 147.0* Trace ca.

|£"rea baada 8 143.6* (1/2"), 144.'
23 «"). 145.1*0/2"). 148.0*(1-1/2").
S 148.9' (1*!). 149.5* (3/4-) ^
E rarctaga 8 144.6*. 149.2*. a a
= IlasUe abala seso v/cr clay 8
£ 149.97'. v. tbla.

14! 10.0

«Ju.o<

^ IB! 10.0

31 10.0*

151 ,0.0'

10.0

10.0*

L. P. - U"

10.0*<

9.9*.

0.0*]

U. gy.

laagpleca 15"

.. P. ■ 22"

L.P. - U"

borti-

angle bale U m

fran vertical,

U. gy. aaak.

L.». - IS"

IPT

61a.

4 ii a

koiteat^r»i

• 1<
.gy. aaady abale to aUutaaa

band 8 157.2* (1 1/2"

ease banieaa 8 150.0*. 150.4
8*. 156.7'. & 157.7*

la. bra. "Pa" baada 8 150.5*
>")
3* (l/« 157.1* (I") IS7.6*.

.thla ffjulla dbaia aeaaa «/cr.

8 156.7*. 157.8*. * 158.7'

. «bb It. gy. baada 0 165.2

.O"). 4 169.25* (2.5")
-Jr. Th. bn. "fe" baada 8 160.2'
.(1/2^ 161.7* O/4") 6 169.9*(t/4"

dk. gy. bra. abale froa 166.0
•167.6'

tings 8 163.' & 165-J', ftaalla
mm 8 169.9*

aad It. gy* band frea 173.75
to 174.23*. load eaat borlaoa «

.172.1'.

Tn bra. "Te** baada 8 171.75'

1/2"). 176.3' (1/4-). 178.0* (I")
178.7' (1/2"), 6 179.5* (1/2")

j» 8 172.1*. 172.4*. 173.2*.

179.0', 6 179.7*
tfaan* it. gy. laalnaa. load

trim 8 184.6*. 186.2*.
.188.75*
.Tr. en ten. -fa" baada 8 184.85*
74") 185.5*0/2**). 186.3'(1").
187.6*0/2"). 188.5*(1") 4 190.0*

O")
Parting 8 186.0*

Plat lytag beda.
Sana, white gy. aaady abala band

8 198.5*(2" thk.)

Bo "Pa" baada

Ok. gy. bn. abala Ian. oeemr la

20Z of core atartlag 8 191.8'
(2" thk) ether la. «hla
Parting 8 197.1*^

91

)i

H

17!

U

ted Or Back

10.0

10.0

10.0

10.0

10.0

10.0

10.0*

10. or

L*. gy. waab

L.T. • 25-1/2"

UP. - 15"

Torana on roda

aaax 20* rod

UP. - IS"

I.P. - 20"
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iU

925

tt

It. gy.
grey abale oad hard

aaady ahala to aUtoteoe
.. . baadi at 300.1'(2"),
m ■ 300.9' (2"). 3B1.9*(3.5")(a-laa.) .
•"^bacaatag aoatly U. gy. beads

v/aeae gy. ahala at 305.3*. tr.
4k. gy. bra. ahala

Load cast harlaaa at 304.6*

feathered ehaLe la partlag at
306.8V (L/Z-)

^R. hard. a. gy. abate v/llttle it
—""gy- Ion.. beeoBdngaoacly It. gy.

Isa. w/llctU gy. abalo at 316.2*

traea.dk. gy. bra. ahale. It. gy.

bands at 3U.3-3U.85*(»4«b).
310.4*.(2.5*)

316.2,-317.0*(a-l*B., allc)

Partlag at 319.7'

N. hard. a. gy., ahala v/aaaa

.hard It. gy. laa., bonds at

322.8*(l/4"), 323.0*-323.S3 «^^_
323.8*-324.2*, 328.35a(2.5")(s-lai

toad east horizon at 325.6*.

Tr. dk. gy. bra. laa.

Ptaalle ahala aesma at 322.65
329.5'

anf Psrtlags at 321.0'

Sana, w/littla It. gy. Usv-baa
at 330.1(2-). 330.6(2.5"), *»31.S5-
332.3. (chlaly laa. w/ah.)
332.9(2.5"). 333.8(2"). J3S.7*

(2.5"). 336.8*(2.5"), 337-4(3-).
tr. dk. gy. bra. ah., beeaadag

iflOX It. gy. alltetona

at 338.2*
Partlag at 339.35*

Tola pyrtce aaaa at 336.0'

hard It. gy. alltatoaa to 340.7*;
heramtng. a. hard. a. gy. ahala
w/oeaa It. gy. laa., baads at

341.05*-3U.5'. 141.9* (3. 5"),
344.J5»(4"). & 348.9'-349.3*. tr.

173

m io.o*

m

10.0*

m 10.01

IO.01

91 10.0'

flat lying bedding

10.0

Amndag herl-

10.0^ tag

sagla fcbb
nrdcnl

10.0*

9.9*

10.0*.

L.P. -

leaked at walda

■a collar.
■rUlar repmira

L.P. - 34°

U.P. - 53°

.P. - 24"

It. gy. alltateaa to aaady ahala

=rl*nb w/bsods . 2" at 3U.4'(2").
g - 353.15*-353.85-354.25' 354.8'-
ajl >355.1*. SSJ.J'-aSJ.*'. 356.65'

B™- {*"). 357.3*-3S8.1*. 35B.3S-
358.65*. tr. dk. gy. bra, ahala

gS* la 0-1/4" lcalaaa.
^1Mb bleb of ami at 350.15'

O/8" thick)

S. Partlag at 358.75*

id It. gy. la

Sftl.S'-S&l.SS^U-lsa.), «•».
364.15* (2-174™) . 364.4* (2**) .
366.25'(2°), 366.7'-367.0*
369.4(2-1/2")Ca-laa.), tr.

gy. bra. oh. laa., all very chlal]

a Load cast harUaa at -369.7'

jg • Partlaga. at 364.25* & 368.9*

Sana it. gy. baada at 370.25-
370.7. 371.2-371.7. 37X7-573.9

frto lntcrloa. «/gv. ahala) ,
174.2-374.3. 374.5-374.7. 375.2-

5. 375.7-376.0

at 172.0'

■alt teas tap

376.0-376.5-aighly fret.

I75.S-376.8-U. gy. SUta
177.5-377.7-fault gs

78.2-378.4-faalt gougaBta.

7g.7(l/B*l)-flaalle ah,
79<0-379.25-faalt soag

/9.25.379.50-4t. gy.

asttOB 380.3

aa above fanlt w/aaaa It

i. 0380.3-380.4. 380.5-380. *.
^idl .'45-381.55. 381.7-381.9, 382>7-
^"-Si 1.8. ■ 383.6-384.05 (chl&ly laa.

Wp. ahala) 385.7-386.0 (tblaly
L ft. w/gy.' ah.) Dk. gy. bra. buds

S >3B2.5-3B2.7. 385.0-385.4. 6 3&5.S
5 .38^7 J

Mi 10.0

>SJ

I0.C

m 10.0

10.0

10.0'

io.ol to

9.7 •■

10.0'

9.9*

Losg pi -30-

hole la —««»»-»

lag 30° dip
angle from

UP. - 24"

300

Paalt Zoaa dls-
playa aaaaral

varied dlss to

agaUaoa

aaaaadag horl-

radahava

820° dip aagla
frea vertical

after advaadag

Uuowgh fault

UP.*- IS"

..P. - 24"
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ffi-ta?

CD - taiy Bbeloar

M ti

»■—« ■ 7M.1M.I

I 2.S69.I96.1
mr*T— Ml,g

umt.

■ zjmjuo.i

2B-4M
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bid of Boring • 50.0' tad of Bortaft « 49.9*
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OUSBT ASfiOCttTBS. UK.

tan. CLuumcknaa ami

» L

GILBERT

SOIL

TB, OTC.

SUIT

CU- Iteny

cuuuniovr
SIMS.

£

1

s

s

£

E

i

■

Mm/

Ah.

• n w

•

X
^MBf fa CanliMMvL Cab

Bad of Bsrlaa # 39.0*

u

«•

a

i ■ftr

mug

ten ttot VtaM.
tnfllrt e J4.0*

onuii.

CUOMB BT i «

11 41k

1 U II

B 7BI.W.1

m. 6/K-7/I/7I
— *—T

Ml

Bad of Borlaa 9 4A.S*

vr sc

•ai.u* •!/•
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C&BSHT ASSOCIATES, DC.

son. cuaancAiw* hut
IB-491

CBXPany BkIut
■n«t«i~r. Vcumr Plan .„

■ »n. L. ■ 2,369.177

in.

SPT

KM of Bertai « 6S.S*

OLBUT ASSOOATBS. IKC.

ton. eusiiPK*noM nm

SI

L

ou-id um

six

«ny «1Ut clagr * «.f

of rad elar & V

flu.

.Insulted «M.O*
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GILBERT AOOCUm BC.

- CO » Parry a
m+*, | ramsr *^fp)|

nuc

taOJLMM

■■ law. Chin

GPOaMftTB.

5 »

tPT

fcl

fai

Urn*. DM.V

dri mi

I.Uia ■tlfg.aBtax

1—

tear aUtf d9v10-UX BT.tnd.

IM

Soft

TDXtt* DIP^B 6S*0
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AJBDCUTCS, IBC

" 4WMW «■— ,

S-49S

1

larrr S 1.370.194^

cuuurin *t. a.B.8. MTIi «£«

KLBmTOi

nvoi

a* i

5

t n

of garm ff 49.0*

Var

atart S ■.a. U Abb -

*tal* 9 •.«. B tei -
X bn.

tad Ttao - lOd bra.

a
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■ a.990,192.y
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GILBERT ASSOCIATES. INC.

SOIL CLASSIFICATION SHEET

CEI - Perry Nuclear

PROJECT Power Pimt ,„ 4549-00 *nw i«.i Parry. Ohio

CONTRACTOR: Berry) C0aHHHAT" * 780.469.6

nonmB. t. Huaohre^ B 2,370,672.4

CLASSIFIED BY> P.B.5. BtTt, 6-14-72

2C-497

M*rr I a» 1

ORIU. MOLC Ma HP5-A

elevatom 623.3

OWL • MRS

GtUEKT ASSOCIATES. IMC.

SOIL CLASSIFICATION SMUT

CEI - Parry Boclaar
PROJECTi Power Plant ma 4549-00

CONTRACTORi fc™

Perrw. Ohta

it H 780.470.1

B 2,370,666.9

2E-498

tumm-r 1 at I

DRILL NOLE Ma VH-*

CLCVATION.

OVL0HRU

I4MRI. CLASSIPIEO BY: ».»■*.

)
a

HE

&

il

■■■■

E

i

SPT

BW*/

ate.

« 12 It

i

■

I
soil osscRirriOH

UH Tw . ■BWrta«

' End of Baring 0 64.0*

••

U.I.C.I.|
i

oC~X

■Va:
Can

R«i

C4.O'

Rm.

Can

REMARKS

Cfc«te.lCMN,

State 8:00 a.a. 14 June

Terra Tee Ploxeaatar

laacallad f 63.0*
ift

1PT
SOIL DESCRIPTION

bd of Baring

Ih.

REMARKS

Cfc—lwt Cow.

Terrm Tee
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GILBERT ASSOCIATES. MC.

SOIL CLASSVKATMM SHEET

CEI - Perry Nuclear

Pcwr Plant ,« 4549-00 «rr« a»*a Perrv. Ohio

22-499
OLURT ASSOCIATES. MC

SOIL AND ROCK CLASSIFICATION SHEET
SHEET.

1

CONTRACTOR: Herron

CLASSIFKO BY« a-"-Y,

eOMHHHA*" H 780.470.3

B 2,370.661.5

DAT!• fc-gft-7?

IMEBT_L_op L_ PROJECT: *«"? Nuclear Po^pr. 04-4549 $(Jt AReAWorth Perry, Ohio

DRILLHOLE MO.lfffc£_ CONTRACTOR: JiflESS COORDINATE H49350 E91S0 ELEVATION,

ORILLER: Setwyck

BAT,, 2/3/75

2E-500

2
OP

PT-1

620.40

SOn. OIKHIPTION

aMf fa* C«Mlw—,1. bb

Bui of baring 9 33.0'

CWIM

3SO

REMARKS

Tarra T«c Plcioa.

32.0*

classified at: Woodward/Clyde
CMLOHRS

24HRS.

u.

o

0

5

[0

rr

nr

Is!

—

nr

i

i

2

3

4

S

6

7

8

9

10

»PT

»*>«/

■ I*.

« 12 11

SH

SH

SH

SH

4

LB

U

10

13

EU

14

19

U

18

SO

43

46

£

•

Piali
OeSCRIPTION

0«Mltr (*r C—ilBMcrl. C*Im

Rack Or Sad Typa • Aceauaftea

. Firm brown and gray mottled »ilty

. clay, crace fira aand

LACUSTRINE

- Soft to firm gray varved clayey

' silt, ailty clay and fine ailty

' aand

UPPER TILL

■ Stiff gray eilty clay, little

■ to aaae coarse to fine aand aise

' rock fragaenta

•

•

LOWER TILL

'Hard gray silty clay/clayey silt.

sane coarse to fine sand sice and

" fine gravel size rock fragments U.S.C
CL

HT

CL

SM

ex.

CL

<L

el

•

tall 0> Raafc

R«M*
Siia

Cor*

Rua

Gr*ia

Cam

■

■

•

■

■

;

-

-

REMARKS

O-aricalCaaa.
OaalaaicDaM.

Ctutmt M—mr,

•te.

0*1 - OT i.T»
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r ASSocuTis. we 2E-SQ1

SOIL AND BOCK CLASSIFICATION SHEET "• „ 2 ■>

_Huclear_PoweHA 04-4549 MTe ^^Worth Perry. Ohio oaitt mLg m „-!

CONTRACTOR: _5£IE22 gananmiATtt W49350 E915O

DRILLER: Sexwyck

CLASSIFIED BY: Woodward/Clyde

ELEVATION 620.40

CTL 0 HRS

55"

SPT

6 1a.

6 12 U

i/:

DESCRIPTIOM

R»ci Of Ml Tjpa

Deeply weathered gray ahale

CHACRIM SHALE

Cray ahale with irregular

lamoationa of ailcatone and

sandy ailcacoae. All fractures

parallel to flat bedding.

Slightly weathered td 56 feat.

T.D. 68

Soil Or Reck

10

3.3-

9.1 -

REMARKS

OmbIcs! Coa*.

Canttfuctiaa Ptaala

OLBBIT ASSOCUTES. MC.

SOIL AND ROCK CLASSIFICATION SHEET

2E-502

PROJECT:Perry Unclear Powera. 04-4549 j|TeARCAWorth Perry. Ohio 0HILL M0LB unPT-IA

CONTRACTOR: Herron COORDINATCS B49338 E915O ELEVATION 620.4

DRILLER: Setvyck

classified by: Woodward/Clyde
CWLOHRS

2* HRS.

iZ

a

i

n

B

Iq

—

2

i

1

SPT

BW-m/

«PV

SI

SI

EL

EL

Y

Y

1

39.

DESCRIPTION

P—illy |ar CaailHaar>>, Calar

Rvdi Or Sail Typm - Aceauatioa

■

Wash Baring to 39.5 ft.

without aaanling.

LOVER TILL

\ Hard gray eiley clay/clayey

silt, aooe coarse to Cine sand

aize rock fragments

u

M

a.

ML R.Q.
SailOrRaas

Siia

Cara

Rua

Craia

Shapa

l«.

Cora

1 REMARKS
ChawcalCaa*.

Caa<ir«r«iaa PraUaau,

ate
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Gi.aerr assocutes. inc.

SOIL ANO ROCK CLASSIFICATION SHEET

PRQJECTferrv Huclear Fnm « 04-4549 jite AREA Worth Perry. Ohio

Sezwyck

COORDINATES ^49338 E9150

CLASSIFIED 6T: Woodward /Clyde 0ATC] 2/18/75

CONTRACTOR: Herron

DRILLER

2E-5O3

ORlLL HOLE NO..

ELEVATION &2SLA.

CVLOHRS _

34HRS—I

SPT

Blon/

6 1a.

6 II 18

OESCRVTHM

Doasirf far C—»IWO||, Color

Rack O> Sail Tyoa • Accuwiu

T.D. 51.5

Soil Or Rock REMARKS

Goalogic Data.

Grama1 Vator,

Oal'ttl «,*n

CR.1ERT ASSOCUTES. HC

SOIL AND ROCK CLASSIFICATION SHEET

PROJECTt Perry Huclear Poa«m 04-4$49 SITE

CONTRACTOR: Herron

DRILLER: Sezwyck

CLASSIFIED BY: Woodward/Clvde

COORDINATES H»9350 E9gQQ

n»». 2/16/75

2E-504

SHEET_1_O" 1

ORILL HOLE Na W-2

ELEVATION 622.06

To

I?

55"

5o

ilio

12

13

45 14

SPT

Blo.1/

4I>.

6 12 II

SH LB

SH LB

SH

13

19

25

17

LB

16

53

67

67

77

35.

DESCRIPTION

Doaalty (or Coitstooaeri. Color

Rack Or Soil 1>aa • Aacoioartas

LACOSTHIHE

Firm orange-brown and gray

Bottled sllty clay, clayey silt

. and sllty fine aand

IACOSTRIHE

* Firm to stiff gray varved clayey

silt, sandy silt and allty fine

DPPER TILL

[ Soft to fIra gray allty clay,
, trace to lietie coarse to fine

.sand size and fine gravel size

. rock fragaents

LOWER TILL

■Hard gray allty clay/clayey silt,

'sane coarse to fine aand size

'and fine gravel size rock
'fragments

Sail Or Rock REMARKS

G-aloflfcDaM.
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OLMRT ASSOCIATES. MC.

SOIL AND ROCX CLASSIFICATION SHEET

paojec-gerry Nuclear Power* ~ 04-45*9 SITE An«AHorth Ferry.

CONTRACTOR: Herron ea<Mnai*TC*y4935O E9800

DRILLER: Sezwyck

. 2/16/7SCLASSIFIED BY: Woodward/Kivdn

2E-5O5

sheet 2 w

ORILL NOLE NO.

ELEVATION 622.06

57

65

IS

SP T

Bton/

Abu

6 12 18

63

DBOttfTION

DaaaJt* (•» CaaslmaerL C«U»

IM Or Sail Typa - Aecaaaariaa

Hote: offset boring PT-2A

located 5 feet north of

PT-2. Obtained uadla-

turbed aanple froa

7.0-9.0 feet.

Soil Or Rock REMARKS

UaJ Caa*.

Gaok>aJ< Data.

CR.K*T ASSOCIATES, MC

SOIL AND ROCK CLASSIFICATION SHEET

Nuclear Powaca. 04-4349 UTE AMAHorth Parrv. Ohio

CONTRACTOR: HeiTOn

DRILLER: Serwyck

CLASSIFIED BY: Woodward/Clyde

E9300

ft

a

0

—

—

T
■■mm

TTT
■*■■

■fan

1Tr"
Ik

2

m

50

i

i

2

3

4

5

6

7

8

9

10

11

a

SPT

Van/

tin.

« 11 U

SH

SH

1

1

6

14

f

27

14

r

14

7

49

43

74

W/

11/

5.5

r

14.

24.

43.

46.

DESCRIPTION

Danltf far Carutaia>s>L Cafa.

Rach Or SaN Tr»a • AooaaaaHas

LACUSTRINE

'Firm orange browu and gray Battled

.fine sandy allty clay and allty

.fine sand

-Firm gray varved fine sandy silt

•and allty find sand

i

UPPER TILL

.Firm gray allty clay, little

.coarse to fine sand size rock

• fragments

•

i

'. LOVER TILL

[Bard gray allty clay/clayey silt,
[sane coarse to fine sand size and
afine gravel alee rock fragments

[Rock fragments becoming more
[abundant with depth

Z

CHAGRIN SHALE

1 Soft aray weathered shale

'Cray thinly lnterbedded shale

"and light gray alltstene

at

u.s.c
CL

SM

KL

SM

CL

•

d
Of

Sail Of Rack

Siia

R«a

Grata

Cara

■

•

•

•

■

•

•

REMARKS

Cfcaaileal Caa»,

GaalaglcDm.
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K.SHT ASSOCIATE*. MC

SOIL AND ROCK CLASSIFICATION SHEET

pnaiECT.Perry Huclear Powers 04-4549 aTE Aa,^Borth Perry, Ohio

contractor: Herron COORdmatcs WA9920 E9300

ORiLLERt Sereyek

p, 2/6/7$classified 8Y: Woodward/Clyde

2E-S07

sheet.2 of 2

drill hole no. pt-*

elevation 607.43

SO

55

70

SPT

ftkn.*/

« 12 II

DESCRIPTION

DMallr <•» CantaMaqr). Calar

R*«fc Or Sail Ty»a • Acsaasaftea

Shale aaae aa above

T.D. 67.33*

17

Sail O> R*ck

4.33

4.5

4.6

5.7

4.0

REMARKS

Caattnidiaa

ale.

OLIOT ASSOCUTCS. MC 2E-508

SOIL AND ROCK CLASSIFICATION SHfCT ^^ j ^ 2

projectiPerry Sndear Powern 04-4549 UTC MCA Morth Perry. Ohio 0R|LL MOte ,„, pr-A

CONTRACTOR: __£«222 eaaBBitiAWt 848556 E9468 nmr.^ 623.24

DRILLER: Sewyck

2/24/75CLASSIFIED BY: Woodwrd/Clyde

cm. o mrs

14HRS.

20.

3T

56"

SPT

Blow*/

6 In.

SB XB '

10

22

21

20

32

si ni r

si oi r

25

35

DESCRIPTION

Mo sampling froa 0-9 £c.

LACDSTMMB

Firm gray varvcd clayey allt,

sllty fine sand and fine sandy
allt

UPPER TUX

Stiff gray alley clay, trace to

little medium to fine sand alxe

rock fragaenta

LOWER TILL

Hard gray sllty clay/clayey silt,

sane coarse to fine gravel and

sand alee reck fragnents

S>fl Or Rack

Craia

REMARKS

GaohaU

c
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22-509

2 M

OLKBJT ASSOCIATES. DC

SOIL AND ROCK CLASSIFICATION SHEET SHEET_L_OF * SOIL AND ROCK (

PROJECT!Perry Nuclear Pomgn 04-4549 UTE ajjeaBerth Perry. Ohio DR)LL^^HOw PT-4 PROjgCT.Perry Sudear PowerA 04-4549

CONTRACTOR: HerTO° COORDINATES M48556 B9468 ELEVATION **3.24 CONTRACTOR: Herron

DR|LLER: Seiwyck an. 0 MM 3.0 DRILLER: Serwyck
..at.. 2/24/75

OLMRT ASSOCUTSS. •*£.

SOIL AND ROCK CLASSIFICATION SHEET

SITE AREA Worth . Ohio

CLasmpied BY: Woodward/Clyde

0RlLt ^^ N0

classified BT: Woodward/Clyde bit..I/a to 2/2/7S

H48595.O2 E9249.75 ELEVATION Ml.24

GWL0HRS _

so

5T

So

SPT

BWW

6U.

6 u la

ocsaupnoN

0 ii ii| (t 6»iiitni»>. C****

■X* Q» Srtl Tw

See Above

T.D. S3

REMARKS

Ml • B? 1/T*

22

3

Inn

SFT

Bl~»/

AN.

6 U U

DESCRIPTION

Oaamlty (ar CaBalitaaaylL Calar

Rack Or Sad Tff* • AccaMaHaa

T.0. 71.4 ft.

Sail Or Rack

Con

Grata

Ska*.

Rac.

REMARKS

•calCMW

CaalaaicO«M.

OMMifecrtoa Pnkbm,

Set Poap

62.11 ft.

from ground

surface
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-511
6R.UCT ASSOCIATES. MC

SOIL AND BOCK CLASSIFICATION SHEET

PROJECT: Perry Nuclear Power* 04-4549 aTE ^4Morth Perry. Ohio 08ILL H0Lt m stM~

CONTRACTORi Herron COORDINATES H48S81.05 E9251.67 elevation 621.80

DRILLER: Sezwycfc OH. fl „„

classified BY: Woodward/Clyde DATt: 1/75 u ^^

PROJECTi Perry Nuclear

Herron

. GR.BCRT ASSOCIATES. MC .

SOH. AND BOCK CLASSIFICATION SHEET

04-4549 UT£ futi North Perry, Ohio

2B-512

sheetJ_ OP 1

DRILL HOLE NO. °*~l

2.9

DRILLER: Serwyck

CLASSIFIED BY: Woodward/Clyde

COORDINATES N48S36.32 E9257.83 CLEVATION »2.4I

CVLOHRS

U HRS
1/75 2.84

30

SPT

Bt»W

Ala.

0 12 II

DESCRIPTION

D«MHr (•* C-ainmrnar). C*W

R«cfc Or S>il TfF" • Accmaarln

LACD5TRZHB

T.D. 22 feee.

Soil Or Red

Roato

Com

Groia

REMARKS

laatCeai

CeoUalc Pf.

CoMMMiiai Pn*l«u.

a.

O

c

22

32

■ova

•«■

iO^H

1

SPT

Bhm/

« 11 II

1
£

|Ptallla|
DESCRIPTION

Donlty (w Cauinracr). Ce»e»

, Rack Of Sail Type • AcaiMrin

- LACDSTBIBB

I T.D. 22.36 ft.

|"U.S.C.S.1
ci
oj
ei

Soil » Rock

Rage

Sin

Cera

Gnia

Sfcopo

Rk.

Cwe

REMARKS

CI—ietfc***.

observation

well

o*i - ui o.*R
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9A.4      FIRE HAZARDS ANALYSIS


9A.4.1      REACTOR BUILDING


The reactor building is the structure that houses the reactor vessel.  Separate structures are located on the Unit 1 and Unit 2 sides of the plant for each reactor pressure vessel.  The reactor building is comprised of the shield building and the primary steel containment vessel and extends from Elevation 574’‑10” to Elevation 767’‑5”.  In addition to containing the reactor vessel and associated support systems, the reactor building contains the control rod drive (CRD) hydraulic units, refueling auxiliaries, reactor water cleanup (RWCU) equipment, recirculation flow control hydraulic power units, and miscellaneous HVAC equipment, and also maintains the primary radiological boundary and pressure containment for the plant.  The reactor building is adjacent to the auxiliary building, intermediate building and fuel handling building.


The reactor building ventilation system is comprised of two subsystems:  drywell cooling and containment vessel cooling.  The drywell cooling system consists of three fan cooler assemblies, each with one 100 percent capacity supply plenum and two 100 percent capacity supply fans.  The containment vessel cooling system consists of six 25 percent capacity air handling units.


The reactor building purge system is comprised of three subsystems:  containment purge supply (2) and containment purge exhaust.  The containment purge supply system consists of two 50 percent capacity plenums and supply fans to provide filtered and heated outside air to the containment vessel.  The containment purge exhaust system consists of two 50 percent capacity exhaust fans and charcoal filter trains.  This system exhausts air from the containment vessel through charcoal filters and to the plant vent.  Supply air to and exhaust air from the drywell is purged by this system during refueling operations only.  The 


42 inch purge supply and exhaust system penetrations consist of 0.375 inch thick pipe and two Class 2 valves in series.  These valves are normally closed except for purge operation (intermittent).  They are capable of being closed remote‑manually from the control room.


Air handling for the annulus is accomplished by an exhaust gas treatment system consisting of two 100 percent capacity exhaust fans and charcoal filter trains.  This system maintains a negative pressure relative to the outside so that exfiltration and ground level release of airborne radioactivity is minimized.  All ventilation ducts penetrating the shield building wall are provided with 3 hour rated fire dampers with standard 160°F fusible links.


For purposes of this fire hazards analysis, the entire reactor building is considered a single fire area.  This fire area is divided into four fire zones:  Fire Zone RB‑1a is the annulus outside of the steel containment vessel; Fire Zone RB‑1b is the zone located inside the containment vessel and outside the drywell wall; Fire Zone RB‑1c is the zone inside the drywell and includes the reactor vessel; Fire Zone RB‑1d is the zone directly underneath the reactor vessel within the reactor pedestal wall.


The low overall combustible loading, along with the high ceilings, would limit the potential of a postulated fire to cross the zone boundaries described.  Therefore, the zone boundaries provide adequate separation of redundant trains in adjacent zones.  The fire hazard analysis for this area addresses the separation of redundant shutdown methods within each zone.


A complement of fire extinguishers is located at the entrance to containment in a cabinet.  These extinguishers are to be carried in during emergency fire situations.  During shutdown, a supply of fire extinguishers will be taken into and kept in containment during maintenance operations.


9A.4.1.1      Unit 1 Reactor Building


9A.4.1.1.1      Fire Zone 1RB‑1a


9A.4.1.1.1.1      Description


Fire Zone 1RB‑1a is shown on <Figure 9A‑2>, <Figure 9A‑5>, <Figure 9A‑10>, <Figure 9A‑14>, <Figure 9A‑18>, <Figure 9A‑22>, <Figure 9A‑25>, <Figure 9A‑27>, <Figure 9A‑28>, and <Figure 9A‑29>.  This zone, referred to as the annulus, is located between the shield building wall and the containment vessel wall.  It serves as a secondary barrier for maintaining the radiation doses within the limits specified by <10 CFR 100>.


The outside wall and ceiling (dome) of this fire zone are constructed of reinforced concrete.  The inside wall and ceiling (dome) are the steel containment vessel.  The outer concrete wall has a 3 hour fire resistance rating.  The wall provides separation of redundant trains of safe shutdown equipment.  The floor is constructed of reinforced concrete.  The annulus at 574’‑10” has been filled with concrete from Elevation 574’‑10” to Elevation 598’‑4”.  Wall and ceiling penetrations have 3 hour fire rated seals.  Access to this zone is through a Class A fire door from the auxiliary building.


The ventilation system for this fire zone operates to maintain a negative pressure in the annulus relative to the outside to minimize exfiltration and ground level release of airborne activity.  This system consists of two 100 percent capacity charcoal filter trains with exhaust fans located in the intermediate building.  Smoke detectors are located in the discharge ducts of each fan to actuate an alarm in the control room if smoke is detected.  Duct penetrations through the shield building wall are provided with 3 hour rated fire dampers with 160(F fusible links.


Safe shutdown equipment in this fire zone consists of:


a.
Reactor protection system (RPS) cables, Division 1, Division 2, Division 3, and Division 4.


b.
Power and control cables, Division 1 and Division 2.


Fire detection is provided by the duct smoke detectors.


9A.4.1.1.1.2      Analysis


Both divisions of redundant circuits required for safe shutdown are located in this fire zone.  Electrical penetration assemblies for all divisions are located in the southwest portion (Quadrant 3) of the annulus.  Penetrations are arranged in vertical and horizontal rows such that Division 1 and Division 4 penetrations are separated from Division 2 and Division 3 penetrations by a minimum of 12 feet.


Combustibles contained within this fire zone consist of cable insulation and lubricating oil.  Total fire loading contained in the 1,963 ft2 floor area of this fire zone is less than 15,000 Btu/ft2.


Since electrical penetration assemblies are located in a 35 foot segment of Quadrant 3, special consideration was given to the concentrated fire loading of 104,000 Btu/ft2 in this region.  The penetration cables are installed in enclosed raceways in the annulus.  These enclosed raceways, consisting of stainless steel tubes, act as radiant energy shields surrounding the cables.  Each electrical penetration assembly provides at least 3 hour fire protection for the cable penetration.  No additional protection is required.


9A.4.1.1.1.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging both redundant divisions of safe shutdown cable is achieved.  This is accomplished by spatial separation and cable encasement, and fire detection provided by the duct smoke detectors.  In the event of a fire in this zone, Division 1 or Division 2 will be available for shutdown, depending upon the location of the fire.


9A.4.1.1.2      Fire Zone 1RB‑1b


9A.4.1.1.2.1      Description


Fire Zone 1RB‑1b is shown on <Figure 9A‑2>, <Figure 9A‑5>, <Figure 9A‑10>, <Figure 9A‑14>, <Figure 9A‑18>, <Figure 9A‑22>, <Figure 9A‑25>, <Figure 9A‑27>, and <Figure 9A‑29>.  It comprises the region from the steel containment vessel to the concrete drywell wall.


The outside wall and ceiling (dome) of this fire zone are constructed of steel.  The inside wall and floor are constructed of reinforced concrete.  Doors consist of double‑doored steel/concrete personnel access hatches and equipment hatches.  Wall and ceiling penetrations have 3 hour fire rated seals, (including the 3” rattle space at the hatch areas) except for the suppression pool vents on the inside wall which are under water.  The drywell wall is rated 3 hours above the suppression pool to the reactor head cover.


The cooling system for this zone operates primarily to provide cooling only for the containment vessel.  This system uses six 25 percent capacity air handling units, located in the containment vessel, which supply cooled, recirculated air to various areas of the containment vessel through distribution ductwork.  Temperature detectors mounted in 


the ducts, and area temperature detectors are provided to actuate alarms in the control room if the ambient temperature is too high.


The purge supply system provides filtered and heated outside air to the containment vessel.  This system consists of two 50 percent capacity supply plenums and two 50 percent capacity supply fans.  Smoke detectors are provided in the discharge duct of the supply fans to actuate an alarm in the control room and trip the fans if smoke is detected.


The purge exhaust system draws air from the containment vessel and drywell area (refueling operations only), exhausting it through the plant vent after it passes through the charcoal filters.  Two 50 percent capacity charcoal filter trains with exhaust fans are provided for this system.  A smoke detector is provided at the common discharge duct for the fan and will actuate an alarm in the control room if smoke is detected.


The above equipment, except drywell purge supply fans, is located in the intermediate building.  The drywell purge supply fans are located in the containment vessel.


Safe shutdown equipment for this fire zone consists of:


a.
Control rod drive hydraulic control units (HCU)


b.
Reactor vessel level and pressure instrument racks, A, B, C, and D


c.
RPS cables, Division 1, Division 2, Division 3, and Division 4


d.
Power and control cables, Division 1 and Division 2


e.
Residual heat removal (RHR) valves


Fire detection equipment in this zone consists of smoke and heat detectors above floor Elevations 599’‑0”, 620’‑6”, 654’‑6”, and 664’‑7”.  In addition, smoke will be drawn to the duct smoke detectors.  Fire suppression equipment consists of manual water type hose stations.


9A.4.1.1.2.2      Analysis


Both divisions of redundant components and circuits required for safe shutdown are located in this fire zone.  The control rod drive mechanisms are located in Fire Zone 1RB‑1d <Appendix 9A.4.1.1.4>.  RPS sensors are located in this zone.


The two groups of the HCUs are physically separated at 90( and 270( azimuths.


In those locations where redundant circuits needed for safe shutdown are located in close proximity (less than 20 feet), radiant energy shields are installed to prevent a fire from damaging both divisions.  Manual action will compensate for the effects of fire on the remaining circuits needed for cold shutdown.


The RPS sensors in this zone are located in a series of instrument panels.  Each primary parameter is measured by a set of four independent RPS sensors.  Sensors in a set are assigned different divisions and are located in different panels that are spatially separated from each other (90° apart around the Reactor Building).


Redundant RHR valves required for safe shutdown are also provided with adequate separation (approximately 90( apart around the reactor building).


Combustibles contained within this fire zone consist of cable insulation, lubricating oil, electrical panels, motor windings, hydraulic fluid, grease and component insulation.  Total fire loading 


contained in the 6,382 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.  Combustible loading on the refueling floor elevation is limited to less than 6,500 Btu/ft2.


This combustible loading is distributed over the five levels of the area.  The fire loading exposing safe shutdown equipment in any part of the area would be less than 1/2 hour.


9A.4.1.1.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging both divisions of redundant cables or equipment required for safe shutdown is achieved.  This is accomplished by providing radiant energy shields or adequate spacial separation between the redundant components and circuits.  In addition an early warning fire detection system is provided at locations where fire could jeopardize redundant equipment.  In the event of a fire in this zone, Division 1 or Division 2 will be available for shutdown, depending upon the location of the fire.


9A.4.1.1.3      Fire Zone 1RB‑1c


9A.4.1.1.3.1      Description


Fire Zone 1RB‑1c is shown on <Figure 9A‑2>, <Figure 9A‑5>, <Figure 9A‑10>, <Figure 9A‑14>, <Figure 9A‑18>, <Figure 9A‑22>, and <Figure 9A‑23>.  It comprises the region inside the drywell including the reactor vessel but excluding the area directly beneath the reactor.  This zone serves as the structure that channels steam releases to the suppression pool, as well as housing the reactor vessel, reactor recirculation system and other auxiliary systems.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Wall doors consist of double‑doored steel/concrete personnel 


access hatches and an equipment hatch.  Wall penetrations have 3 hour fire rated seals, except for the suppression pool vents which are under water.  The drywell wall is rated 3 hours above the suppression pool to the reactor head cover.


The drywell cooling system operates primarily to provide cooling only for the drywell area.  This system uses three 100 percent capacity fan cooler assemblies, each with a supply plenum and two supply fans located in the drywell.  The fan cooler units supply recirculated, cooled air to the drywell area through distribution ductwork.  Temperature detectors mounted in the ducts, and area temperature detectors are provided to actuate alarms in the control room if the ambient temperature is too high.


During the drywell purge mode (refueling operations only), the two 50 percent capacity drywell purge supply fans (located within the containment vessel) direct supply air from the containment vessel into the drywell area.  This supply air is then circulated by the drywell cooling system.


The purge exhaust system for this fire zone is the same as for Fire Zone 1RB‑1b <Appendix 9A.4.1.1.2>.


Safe shutdown equipment for this fire zone consists of:


a.
Automatic depressurization system (ADS) valves


b.
ADS valve air accumulators


c.
Residual heat removal (RHR) valves


d.
Reactor core isolation cooling valves


e.
Main steam line isolation valves


f.
Power and control cables, Division 1 and Division 2


g.
RPS cables, Division 1, Division 2, Division 3, and Division 4


Heat detection, for fire warning and suppression system activation, is provided at the reactor recirculation pumps.  In addition, heat detectors are also provided throughout the zone.  Fire suppression equipment for this zone consists of a local application type carbon dioxide system for the reactor recirculation pumps.  Additional lengths of hose are staged at hose stations in the adjacent Fire Zone 1RB‑1b for use in drywell.

9A.4.1.1.3.2      Analysis


Both divisions of redundant components and circuits required for safe shutdown are located in this fire zone.  The ADS valves provide a redundant means for transferring the reactor vessel water to the RHR system (via the suppression pool cooling mode of the RHR system) should the RHR shutdown suction valves become inoperative.  The physical separation between the ADS valves and the RHR shutdown suction valves is adequate (approximately 90( apart around the reactor building). Structural features function as radiant energy shields to prevent a fire from damaging both trains, where redundant circuits needed for safe shutdown are located less than 20 feet apart.  Manual action will compensate for the effects of fire on the remaining circuits needed for cold shutdown.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil, hydraulic fluids, grease, electrical panels, lead blankets with herculite covering, and motor windings.  Total fire loading contained in the 2,603 ft2 floor area of this fire zone is less than 52,000 Btu/ft2.


Since combustibles are concentrated in the area of the recirculation pump, special consideration was given to the potential for a fire in this region.  However, fire detection and suppression systems are provided to minimize any damage in this fire zone.


9A.4.1.1.3.3      Conclusions


The results of the analysis for this fire zone indicates that the objective of preventing a fire from damaging redundant equipment required for safe shutdown is achieved.  This is accomplished by physical separation of redundant equipment, fire detection and suppression systems provided for the reactor recirculation pumps, and fire detection for the zone.  Also, redundant raceways are adequately separated.  In the event of a fire in this zone, Division 1 or Division 2 will be available for shutdown, depending upon the location of the fire.


9A.4.1.1.4      Fire Zone 1RB‑1d


9A.4.1.1.4.1      Description


Fire Zone 1RB‑1d is shown on <Figure 9A‑2>, <Figure 9A‑5> and <Figure 9A‑29>.  It is the region directly below the reactor vessel and inside the vessel pedestal.  This zone contains the control rod drives, neutron monitoring equipment and other under‑vessel servicing equipment.


Walls and floor of this fire zone are constructed of reinforced concrete.  Ventilation air is circulated through this zone by vents in the pedestal wall.


Safe shutdown equipment for this fire zone consists of the control rod drive mechanism.


Heat detectors are located beneath the reactor vessel to provide a fire signal to annunciate in the control room.


9A.4.1.1.4.2      Analysis


Redundancy for the control rod drive mechanism is not required.


The only combustible in this fire zone consists of cable insulation.  This material, contained in the 301 ft2 floor area, yields a fire loading of less than 90,000 Btu/ft2 for this fire area.


9A.4.1.1.4.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire in this zone from damaging equipment required for safe shutdown in another zone is achieved.  This is accomplished by separation of equipment and provision of a fire detection system.


9A.4.1.2      Unit 2 Reactor Building


9A.4.1.2.1      Fire Zone 2RB‑1a


9A.4.1.2.1.1      Description


Fire Zone 2RB‑1a is shown on <Figure 9A‑4>, <Figure 9A‑9>, <Figure 9A‑13>, <Figure 9A‑17>, <Figure 9A‑21>, <Figure 9A‑22>, <Figure 9A‑25>, <Figure 9A‑27>, <Figure 9A‑28>, and <Figure 9A‑30>.  This zone, referred to as the annulus, is located between the shield building wall and the containment vessel wall.  It serves as a secondary barrier for maintaining the radiation doses within the limits specified by <10 CFR 100>.


The outside wall and ceiling (dome) of this fire zone are constructed of reinforced concrete.  The inside wall and ceiling (dome) are the steel containment vessel.  The outer concrete wall has a 3 hour fire resistance rating.  The floor is constructed of reinforced concrete.  Wall and ceiling penetrations have 3 hour fire rated seals.  Access to this zone is through Class A fire doors from the auxiliary building and intermediate building.  The original floor of the annulus at 574’‑10” has been filled with concrete to Elevation 598’‑4”.


The ventilation system for this fire zone operates to maintain a negative pressure in the annulus relative to the outside to minimize exfiltration and ground level release of airborne activity.  This system consists of two 100 percent capacity charcoal filter trains with exhaust fans located in the intermediate building.  Smoke detectors are located in the discharge ducts of each fan to actuate an alarm in the control room if smoke is detected.  Duct penetrations through the shield building wall are provided with 3 hour rated fire dampers with 160(F fusible links.


Safe shutdown equipment in this fire zone consists of:


a.
RPS cables, Division 1, Division 2, Division 3, and Division 4


b.
Neutron monitoring cable, Division 1, Division 2, Division 3, and Division 4


c.
Power and control cables, Division 1 and Division 2


d.
See Unit No. 1 1RB‑1a


9A.4.1.2.1.2      Analysis


Electrical penetration assemblies for all divisions are located in the northwest portion (Quadrant 2) of the annulus.  Penetrations are 


arranged in vertical and horizontal rows such that Division 1 and Division 4 penetrations are separated from Division 2 and Division 3 penetrations by a minimum of 12 feet.


Combustibles contained within this fire zone consist of 2,040 lbs of cable with a Btu content of 20,400,000 Btu.  This total, contained in the 1,963 ft2 floor area, yields a total fire loading of 10,400 Btu/ft2 for this fire zone.


Since electrical penetration assemblies are located in a 35 foot segment of Quadrant 2, special consideration was given to the concentrated fire loading of 104,000 Btu/ft2 in this region.  The penetration cables are installed in enclosed raceways.  Each electrical penetration assembly provides at least 3 hours of fire protection for the cable penetration and no additional protection is required.


9A.4.1.2.1.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging redundant divisions of safe shutdown cable is achieved.  This is accomplished by spatial separation and cable encasement, and fire detection provided by duct smoke detectors.


9A.4.1.2.2      Fire Zone 2RB‑1b


9A.4.1.2.2.1      Description


Fire Zone 2RB‑1b is shown on <Figure 9A‑4>, <Figure 9A‑9>, <Figure 9A‑13>, <Figure 9A‑17>, <Figure 9A‑21>, <Figure 9A‑22>, <Figure 9A‑25>, <Figure 9A‑27>, <Figure 9A‑29>, and <Figure 9A‑30>.  It comprises the region from the steel containment vessel to the concrete drywell wall.


The outside wall and ceiling (dome) of this fire zone are constructed of steel.  The inside wall and floor are constructed of reinforced concrete.  Wall doors consist of double‑doored steel/concrete personnel access hatches and equipment hatches.  Wall and ceiling penetrations have 3 hour fire rated seals, except for the suppression pool vents on the inside wall which are under water.  The drywell wall is rated 3 hours above the suppression pool to the reactor head area.


The cooling system for this zone operates primarily to provide cooling only for the containment vessel.  This system uses six 25 percent capacity air handling units, located in the containment vessel, which supply cooled, recirculated air to various areas of the containment vessel through distribution ductwork.  Temperature detectors mounted in the ducts, and area temperature detectors are provided to actuate alarms in the control room if the ambient temperature is too high.


The purge supply system provides filtered and heated outside air to the containment vessel.  This system consists of two 50 percent capacity supply plenums and two 50 percent capacity supply fans.  Smoke detectors are provided in the discharge duct of the supply fans to actuate an alarm in the control room and trip the fans if smoke is detected.


The purge exhaust system draws air from the containment vessel, drywell area (refueling operations only), and RWCU equipment rooms, exhausting it through the plant vent after it passes through the charcoal filters.  Two 50 percent capacity charcoal filter trains with exhaust fans are provided for this system.  A smoke detector is provided at the common discharge duct for the fan and will actuate an alarm in the control room if smoke is detected.


The above equipment, except drywell purge supply fans, is located in the intermediate building.  The drywell purge supply fans are located in the containment vessel.


Safe shutdown equipment for this fire zone consists of:


a.
Standby liquid control (SLC) tank, pumps and valves


b.
Hydraulic control units (HCU)


c.
Instrument transmitter racks


d.
RPS cables, Division 1, Division 2, Division 3, and Division 4


e.
Neutron monitoring cable, Division 1, Division 2, Division 3, and Division 4


f.
Power and control cables, Division 1 and Division 2


g.
Residual heat removal (RHR) valves


Fire detection equipment in this zone consists of smoke and heat detectors at Elevation 620’‑6” for the HCU’s, and also at locations where Division 1 and Division 2 cable trays are in the vicinity of each other.  Fire suppression equipment consists of manual water type hose stations.


9A.4.1.2.2.2      Analysis


The SLC system is redundant to the control rods as a means of inserting negative reactivity into the reactor core.  The control rod drive mechanisms are located in Fire Zone 2RB‑1d <Appendix 9A.4.1.2.4>.  RPS sensors are located in this zone.


The two groups of the HCUs are physically separated at 90( and 270( azimuths.  Redundant, safe shutdown related electrical penetration assemblies are spatially separated by more than 12 feet.


Two special situations regarding the separation of redundant cable trays are as follows:


a.
One Division 1 cable tray at Elevation 637’‑6” is located directly over top of, and parallel to, a Division 2 tray at Elevation 634’‑10” for a distance of approximately 50 feet in the northern region of this fire zone.  A non‑divisional tray at Elevation 636’‑2” is located in between, and parallel to these two divisional trays.  Radiant energy heat shields are located directly above the non‑divisional tray and directly below the non‑divisional tray.  Consequently, the Division 1 tray is separated from the Division 2 tray by two individual shields.  The shields are in accordance with IEEE‑384.


b.
Three Division 2 cable trays at Elevation 683’‑1”, 681’‑9” and 680’‑5” are located directly over top of, and parallel to, three Division 1 trays at Elevations 676’‑11”, 675’‑7” and 674’‑3” for a distance of approximately 115 ft along southern, southeastern and eastern regions of this fire zone.  Two non‑divisional trays at Elevations 679’‑4” and 678’‑3” are located in between, and parallel to these Division 1 and Division 2 trays.  Radiant energy heat shields are located directly above the top non‑divisional tray, and directly below the bottom non‑divisional tray, thus the Division 1 trays are separated from the Division 2 trays by two individual shields.


The RPS sensors in this zone are located in a series of instrument panels.  Each primary parameter is measured by a set of four independent RPS sensors.  Sensors in a set are assigned different divisions and are located in different panels that are spatially separated from each other.


Combustibles contained within this fire zone consist of:


a.
Control panels with a Btu content of 17,000,000 Btu


b.
Cable insulation (46,500 lbs) with a Btu content of 465,000,000 Btu


c.
HCU’s with a Btu content of 25,000,000 Btu


d.
Motor winding insulation (180 lbs) with a Btu content of 1,800,000 Btu


e.
Polar crane lubricating oil (50 gallons) with a Btu content of 7,600,000 Btu


f.
Fan insulation (45 lbs) with a Btu content of 450,000 Btu


g.
Hydraulic fluid (180 gallons) with a Btu content of 27,360,000 Btu


The total Btu content of 544,260,000 Btu is contained in the 6,382 ft2 floor area.  Total fire loading for this zone is 85,300 Btu/ft2.


9A.4.1.2.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging redundant cables or equipment required for safe shutdown is achieved.  This is accomplished by providing an early warning fire detection system at locations where fire could jeopardize redundant equipment.  Also, redundant cable trays are separated by radiant energy heat shields where they do not have proper spatial separation.


9A.4.1.2.3      Fire Zone 2RB‑1c


9A.4.1.2.3.1      Description


Fire Zone 2RB‑1c is shown on <Figure 9A‑4>, <Figure 9A‑9>, <Figure 9A‑13>, <Figure 9A‑17>, <Figure 9A‑21>, <Figure 9A‑29>, and <Figure 9A‑30>.  It comprises the region inside the drywell including the reactor vessel but excluding the area directly beneath the reactor.  This zone serves as the structure that channels steam releases to the suppression pool, as well as housing the reactor vessel, reactor recirculation system and other auxiliary systems.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Wall doors consist of double‑doored steel/concrete personnel access hatches and an equipment hatch.  Wall penetrations have 3 hour fire rated seals, except for the suppression pool vents which are under water.  The drywell wall is rated 3 hours above the suppression pool to the reactor head cover.


The drywell cooling system operates primarily to provide cooling only for the drywell area.  This system uses three 100 percent capacity fan cooler assemblies, each with a supply plenum and two supply fans located in the drywell.  The fan cooler units supply recirculated, cooled air to the drywell area through distribution ductwork.  Temperature detectors mounted in the ducts, and area temperature detectors are provided to initiate alarms in the control room if the ambient temperature is too high.


During the drywell purge mode (refueling operations only), the two 50 percent capacity drywell purge supply fans direct supply air from the containment vessel into the drywell area.  This supply air is then circulated by the drywell cooling system.


The purge exhaust system for this fire zone is the same as for Fire Zone 2RB‑1b <Appendix 9A.4.2.2.2>.


Safe shutdown equipment for this fire zone consists of:


a.
Automatic depressurization system (ADS) valves


b.
ADS valve air accumulators


c.
Residual heat removal (RHR) valves


d.
Reactor core isolation cooling valve


e.
Main steam line isolation valves


f.
Power and control cables, Division 1 and Division 2


g.
RPS cables, Division 1, Division 2, Division 3, and Division 4


h.
Neutron monitoring equipment


Cross‑zoned fire detection for early warning and suppression system activation, is provided at the reactor recirculation pumps.  Fire suppression equipment for this zone consists of a local application type carbon dioxide system for the reactor recirculation pumps.


9A.4.1.2.3.2      Analysis


The ADS valves provide a redundant means for transferring the reactor vessel water to the ultimate heat sink if the RHR shutdown suction valves become inoperative.  The physical separation between the ADS valves and the RHR shutdown suction valves is at least 20 feet vertically and 10 feet horizontally.


Combustibles within this fire zone consist of:


a.
Motor winding insulation (2,200 lbs) with a Btu content of 22,000,000 Btu


b.
Motor lubricating oil/hydraulic fluid (150 gallons) with a Btu content of 22,800,000


c.
Cable insulation (5,000 lbs) with a Btu content of 50,000,000 Btu


The total Btu content of 94,800,000 Btu is contained in the 2,603 ft2 floor area.  Total fire loading for this fire zone is 36,420 Btu/ft2.


Since combustibles are concentrated in this area of the recirculation pump, special consideration was given to the potential for a fire in this region.  However, fire detection and suppression systems are provided to minimize any damage in this fire zone.


9A.4.1.2.3.3      Conclusions


The results of the analysis for this fire zone indicates that the objective of preventing a fire from damaging redundant equipment required for safe shutdown is achieved.  This is accomplished by physical separation of redundant equipment, and fire detection and suppression systems provided for the reactor recirculation pumps.


9A.4.1.2.4      Fire Zone 2RB‑1d


9A.4.1.2.4.1      Description


Fire Zone 2RB‑1d is shown on <Figure 9A‑4>, <Figure 9A‑9>, <Figure 9A‑29> and <Figure 9A‑30>.  It is the region directly below the 


reactor vessel and inside the vessel pedestal.  This zone contains the control rod drives, neutron monitoring equipment and other under‑vessel servicing equipment.


Walls and floor of this fire zone are constructed of reinforced concrete.  Ventilation air is circulated through this zone by vents in the pedestal wall.


Safe shutdown equipment for this fire zone consists of:


a.
Neutron monitoring equipment


b.
Control rod drive mechanism


c.
Control cables, Division 1 and Division 2


d.
RPS cables, Division 1, Division 2, Division 3, and Division 4


Heat detectors are located beneath the reactor vessel to provide a fire signal to annunciate in the control room.


9A.4.1.2.4.2      Analysis


The SLC system, located in Fire Zone 2RB‑1b <Appendix 9A.4.1.2.2>, provides a redundant means for taking the reactor to cold shutdown should the control rod drive mechanism become inoperative.  Divisional separation of cabling is maintained through the pedestal wall.  Cables entering this zone are routed by separate raceway systems for Division 1, Division 2, Division 3, and Division 4.


The only combustible in this fire zone consists of 2,500 lbs of cable insulation with a Btu content of 25,000,000 Btu.  This material, contained in the 301 ft2 floor area, yields a fire loading of 83,300 Btu/ft2 for this fire area.


9A.4.1.2.4.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging redundant equipment required for safe shutdown is achieved.  This is accomplished by separation of redundant equipment and provision of a fire detection system.


9A.4.2      AUXILIARY BUILDING


The auxiliary building is a three story building constructed of reinforced concrete.  Separate structures are located on the Unit 1 and Unit 2 sides of the plant.  Floor 1 is located at Elevations 568’‑4” and 574’‑10”, Floor 2 is at Elevation 599’‑0” and Floor 3 is at Elevation 620’‑6” (grade).  This building houses auxiliary equipment for plant operation such as the residual heat removal (RHR) system, reactor core isolation cooling (RCIC) system, high and low pressure core spray (HPCS, and LPCS, respectively), reactor water cleanup (RWCU) system, instrument air systems, and ventilation systems.  The third floor is divided by the portion of the steam tunnel that passes through the auxiliary building from the reactor building to the turbine power complex enroute to the turbine building.  The auxiliary building is adjacent to the reactor building, intermediate building, the turbine power complex, and the radwaste building (Unit 1 side only); the remainder of the building is exposed.


The ventilation system for the auxiliary building consists of a 100 percent capacity supply plenum, two 100 percent capacity supply fans, a 100 percent capacity charcoal exhaust plenum, two 100 percent capacity exhaust fans, and distribution ductwork.  Fans and plenums are at Elevation 620’‑6”.  The supply fans draw outside air through filters and heating coils and distribute the air as follows:  to the corridors at Elevations 574’‑10”, 599’‑0” and 620’‑6”, and to each of the pump rooms (RHR “A”, “B”, “C”; RCIC, LPCS, HPCS; etc.).  Air supplied to the 


corridor and pump rooms at Elevation 574’‑10” is exhausted through ductwork at that level.  Part of the air is used to ventilate the room before being exhausted.  Part of the air supplied to the equipment area at Elevation 620’‑6” is drawn into the RHR “A” and “B” pump rooms and then it is exhausted.  Exhaust air passes through the charcoal exhaust plenum prior to discharge to the atmosphere through the unit vent.  Air from the steam tunnel is partially exhausted by the auxiliary building exhaust.  The rest of the air supplied to the steam tunnel (by a separate steam tunnel cooling system) is relieved to the turbine building.


Ventilation duct penetrations in the auxiliary building (except for ductwork and openings in the walls of RHR “A” and “B” pump rooms at Elevation 620’‑6” and the floor above the RCIC pump room) are provided with 3 hour rated fire dampers with standard 160(F fusible links.


Smoke detectors are provided in the common duct of the supply fans and on the common ductwork on the discharge of the exhaust fans.  Upon detection of smoke, these detectors will actuate an alarm in the control room and illuminate the alarm light on the local HVAC control panel.  In addition, if the smoke is in the supply ductwork, the smoke detector on the discharge side of the supply fans will send a signal to trip both supply fans, thereby cutting off the flow of supply air.


For purposes of this fire hazards analysis, the auxiliary building has been divided, by floors, into numerous fire areas and fire zones.  These zones are shown on <Figure 9A‑2>, <Figure 9A‑5> and <Figure 9A‑10> for Unit 1, and <Figure 9A‑4>, <Figure 9A‑9> and <Figure 9A‑13> for Unit 2.


9A.4.2.1      Unit 1 Auxiliary Building


9A.4.2.1.1      Fire Area 1AB‑1a


9A.4.2.1.1.1      Description


Fire Area 1AB‑1a, shown on <Figure 9A‑2>, is located in the eastern section of Floor 1 of the auxiliary building (Elevation 568’‑4”) and contains the process and auxiliary components for the LPCS system.  It is bounded on the north and east by Fire Area 1AB‑1g, on the south by the Unit 1 reactor building and on the west by Fire Zone 1AB‑1b.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.  Floor drains for this area are routed to a sump located within the area.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the LPCS pump is operating.


Safe shutdown equipment in this area consists of:


a.
LPCS pump


b.
LPCS suction valve


c.
LPCS air handling unit


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.1.2      Analysis


Only Division 1 safe shutdown equipment is located in this fire area.  Redundant equipment is located in other areas and zones.


Combustibles contained within this fire area consist of cable insulation, lubricating oil, and motor winding.  Total fire loading contained in the 1,588 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


9A.4.2.1.1.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent areas or zones containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.  For a fire in this area, shutdown could be accomplished using Division 2.


9A.4.2.1.2      Fire Zone 1AB‑1b


9A.4.2.1.2.1      Description


Fire Zone 1AB‑1b is shown on <Figure 9A‑2>, <Figure 9A‑5> and <Figure 9A‑10>.  It includes, in addition to the Floor 1 location, identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’‑6”).  This composite zone contains the process and auxiliary components for the RHR “A” system on each respective floor.  It is bounded on the north by Fire Area 1AB‑1g (Elevation 568’‑4”), Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3a (Elevation 620’‑6”); on the east by Fire Area 1AB‑1a, Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3a (Elevation 620’‑6”); on the south by the Unit 1 reactor building; on the west by Fire Zone 1AB‑1c, Fire Zone 1AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”).


Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0” and a Class A door at Elevation 620’‑6”.  Walls have 3 hour fire resistance ratings, except for the wall containing the pressure relief opening from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the wall from 620’‑6” to 652’‑6” where an unsealed pressure relief opening exists in the wall to Fire Zone 1AB‑3a.  Zones 1AB‑1b and 1AB‑3a form a larger fire area due to this unprotected opening.  The north and east walls provide separation of redundant trains of safe shutdown equipment.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “A” pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RHR heat exchangers, A and C


b.
RHR pump, A


c.
RHR pump room cooling air handling unit, A


d.
Power and control cables, Division 1 and Division 2, Unit 1


e.
RHR valves, A


f.
RCIC valves


g.
ESW valves


h.
LPCS valves


Fire detection for this zone consists of smoke detectors that actuate alarms in the control room.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.2.2      Analysis


Only Division 1 safe shutdown components and both divisions of safe shutdown circuits are located in this fire zone.  Redundant components are located in other zones and areas.  Manual action will compensate for the effects of fire on most of the Division 2 equipment required for cold shutdown.


Zone 1AB‑3a, which forms a fire area with Zone 1AB‑1b, also contains redundant components and circuits of Division 2.  There is more than 20 ft separation between the redundant equipment and the unprotected opening, with no continuity of combustibles.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil and grease, raceway fire barrier material and motor windings.  Total fire loading contained in the 1,298 ft2 floor area of this fire zone is less than 25,000 Btu/ft2.


9A.4.2.1.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging redundant equipment required for safe shutdown is achieved.  This is accomplished by spatial separation and barrier design, low fire loading, and early warning fire detection.  Also, a fire in Zone 1AB‑1b would not affect safe shutdown components in Zone 1AB‑3a.  In the event of a fire in Zone 1AB‑1b, safe shutdown could be accomplished using Division 2.


9A.4.2.1.3      Fire Zone 1AB‑1c


9A.4.2.1.3.1      Description


Fire Zone 1AB‑1c, shown on <Figure 9A‑2>, is located in the right center portion of Floor 1 of the auxiliary building.  It contains process and auxiliary equipment for the RCIC system.  This zone is bounded on the north by Fire Area 1AB‑1g, on the east by Fire Zone 1AB‑1b, on the south by the Unit 1 reactor building, and on the west by Fire Area 1AB‑1d.


Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  The doorway has a Class A fire door.  Walls have 3 hour fire resistance ratings.  Wall penetrations have 3 hour fire rated seals.  A portion of the ceiling has grating for pressure relief.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.  A larger fire area is formed by the addition of Fire Zone 1AB‑2, located directly above <Figure 9A‑5> due to the unprotected opening in the floor/ceiling separating the two zones.  The north and west walls provide separation of redundant trains of safe shutdown equipment.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RCIC pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RCIC pump room air handling unit


b.
RCIC pump


c.
RCIC turbine lubricating oil cooler


d.
RCIC turbine drive


e.
Power and control cables, Division 1, Unit 1


f.
RCIC valves


Fire detection is provided for this zone by smoke detectors that activate alarms in the control room.


Fire suppression equipment for this zone consists of an automatic sprinkler system, manual type water hose stations and fire extinguishers.


9A.4.2.1.3.2      Analysis


Only Division 1 safe shutdown equipment is located in this fire zone.  If the high pressure injection capabilities of the RCIC system become inoperative, the automatic depressurization system (ADS) can be used to decrease the reactor vessel pressure so the low pressure injection systems can be activated for reactor vessel water level control.


The larger fire area, including Zone 1AB‑2, contains components and circuits for Division 1 and circuits for Division 2.  Division 2 circuits within the larger area are separated from this zone by concrete barriers or are enclosed in a 1 hour wrap.


Special attention was given to the case of lubricating oil spillage.  Should the lubricating oil system rupture, the oil will drain to a sump located within the room and not allow it to spread to adjacent zones.  The sump is discharged through a line that is valve operated from outside the zone.


The motor‑operators on the RCIC valves will not be affected by an inadvertent actuation of the sprinkler system.  These motor‑operators 


are enclosed to prevent water spray from rendering them inoperative.  The motor associated with the water leg pump could be rendered inoperative, but this would have no impact on main process equipment operation.


Combustibles contained within this fire zone consist of cable insulation, motor windings, lubricating oil and grease.  Total fire loading contained in the 560 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


9A.4.2.1.3.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing safe shutdown equipment is achieved.  This is accomplished by barrier design, low fire loading and early warning fire detection.  The automatic sprinkler system provided for this zone adds further depth in preventing a fire from spreading.  For a fire in this zone, safe shutdown could be accomplished using Division 2.


9A.4.2.1.4      Fire Area 1AB‑1d


9A.4.2.1.4.1      Description


Fire Area 1AB‑1d, shown on <Figure 9A‑2>, is located in the left center portion of Floor 1 of the auxiliary building.  It contains process and auxiliary equipment for the RHR “C” system.  This area is bounded on the north by Fire Area 1AB‑1g, on the east by Fire Zone 1AB‑1c, on the south by the Unit 1 reactor building, and on the west by Fire Zone 1AB‑1e.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  The doorway has a Class A fire door.  Walls and ceiling have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.  The north and east walls 


provide separation of redundant trains of safe shutdown equipment.  Floor drains for this area are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the RHR “C” pump is operating.


Safe shutdown equipment in this fire area consists of:


a.
RHR C pump


b.
RHR C pump room air handling unit


c.
RHR valves, C


d.
Power and control cables, Division 2, Unit 1


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.4.2      Analysis


Only Division 2 safe shutdown equipment is located in this fire area.  Redundant equipment is located in other areas and zones.


Combustibles contained within this fire area consist of cable insulation, lubricating oil and grease, and motor windings.  Total fire loading contained in the 560 ft2 floor area of this fire zone is less than 30,000 Btu/ft2.


9A.4.2.1.4.3

Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.  For a fire in this area, shutdown could be accomplished using Division 1.


9A.4.2.1.5      Fire Zone 1AB‑1e


9A.4.2.1.5.1      Description


Fire Zone 1AB‑1e is shown on <Figure 9A‑2>, <Figure 9A‑5> and <Figure 9A‑10>.  It includes, in addition to the Floor 1 location, identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’‑6”).  This composite zone contains the process and auxiliary components for the RHR “B” system on each respective floor.  It is bounded on the north by Fire Area 1AB‑1g (Elevation 568’‑4”), Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3b (Elevation 620’‑6”); on the east by Fire Area 1AB‑1d, Fire Zone 1AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”); on the south by the Unit 1 reactor building; on the west by Fire Area 1AB‑1f, Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3b (Elevation 620’‑6”).


Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0” and a Class A door at Elevation 620’‑6”.  Walls have 3 hour fire resistance ratings, except for the walls containing pressure relief openings from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the walls from 620’‑6” to 652’‑0” where unsealed pressure relief openings exist in the wall to Fire Zone 1AB‑3b.  Zones 1AB‑1e and 1AB‑3b form a larger fire area due to this unprotected 


opening.  The north and west walls provide separation of redundant trains of safe shutdown equipment.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “B” pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RHR heat exchangers, B and D


b.
RHR pump, B


c.
RHR pump room cooling air handling unit, B


d.
Power and control cables, Division 1 and Division 2, Unit 1


e.
RHR valves, B


f.
ESW valves


Fire detection for this area consists of smoke detectors that actuate alarms in the control room.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.5.2      Analysis


Only Division 2 safe shutdown components and both divisions of safe shutdown circuits are located in this fire zone.  Redundant components 


are located in other zones and areas.  Manual action will compensate for the effects of fire on most of the Division 1 equipment required for cold shutdown.  Remaining Division 1 equipment, consisting of MSIV circuits, can be lost since redundant equipment is available in other zones and areas.  Zone 1AB‑3b, which forms the larger fire area with Zone 1AB‑1e, also contains circuits for RCIC but these circuits are not needed for safe shutdown.  Components and circuits for the LPCS system (Division 1) are not located in this fire area and LPCS would be available to provide Reactor Inventory Control.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil and grease, and motor windings.  Total fire loading contained in the 1,298 ft2 floor area of this fire zone is less than 50,000 Btu/ft2.


9A.4.2.1.5.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging redundant equipment required for safe shutdown is achieved.  This is accomplished by barrier design, low fire loading and early warning fire detection.  Also, a fire in 1AB‑1e will not prevent safe shutdown using equipment required in 1AB‑3b.  In the event of a fire in Fire Zone 1AB‑1e, safe shutdown could be accomplished using Division 1.


9A.4.2.1.6      Fire Area 1AB‑1f


9A.4.2.1.6.1      Description


Fire Area 1AB‑1f is shown on <Figure 9A‑2>, <Figure 9A‑5> and <Figure 9A‑10>.  It is located in the western portion of Floor 1 of the auxiliary building.  It has a vertical pipe chase extending to Elevation 620’‑6”.  This area contains the process and auxiliary 


components for the HPCS system.  It is bounded on the north and west by Fire Area 1AB‑1g, on the south by the Unit 1 reactor building and on the east by Fire Zone 1AB‑1e.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 574’‑10” and a Class A fire door at Elevation 620’‑6”.  Walls and ceiling to adjacent areas have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.  Floor drains for this area are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the HPCS pump is operating.


Safe shutdown equipment in this fire area consists of:


a.
RHR valve, A and B


b.
Power and control cables, Division 1 and Division 2, Unit 1


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.6.2      Analysis


Both divisions of safe shutdown components and circuits are located in this area.  Manual action will compensate for the effects of fire on equipment required for cold shutdown.


Combustibles contained within this fire area consists of grease, cable insulation, lubricating oil, and motor windings.  Total fire loading contained in the 1,588 ft2 floor area of this fire zone is less than 30,000 Btu/ft2.


9A.4.2.1.6.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging both divisions of components or circuits needed for safe shutdown is achieved.  This is accomplished by barrier design and low fire loading.  Division 1 could be used for shutdown in the event of a fire in this area.


9A.4.2.1.7      Fire Area 1AB‑1g


9A.4.2.1.7.1      Description


Fire Area 1AB‑1g, shown on <Figure 9A‑2>, is the common corridor for Floor 1 of the auxiliary building.  It provides access to Fire Areas and Zones 1AB‑1a through 1AB‑1f, and to the intermediate building.  It also contains instrument and control panels required for safe shutdown.  This area connects on the north to the turbine power complex, on the south to the intermediate building and on the west to the radwaste building; the east side is an outside wall.  The turbine power complex pipe tunnel runs beneath the floor on the west side of the area, and opens to the pipe chase in the southwest corner.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  The doorway to the intermediate building and the doorways to the other Floor 1 zones and fire areas are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.  The ceiling and parts of the east, west and south walls provide separation of redundant trains of safe shutdown equipment.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.


Safe shutdown equipment in this fire area consists of:


a.
RCIC instrument panel


b.
RHR “A” instrument panel


c.
RHR “B” instrument panel


d.
RHR “C” instrument panel


e.
RCIC suppression pool level instrumentation


f.
Power and control cables, Division 1 and Division 2, Unit 1


g.
LPCS instrument panel.


Fire detection equipment for this area consists of smoke detectors that actuate alarms in the control room.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.7.2      Analysis


Both divisions of redundant components and circuits required for safe shutdown are located in this area.  Safe shutdown related panels and control cables of redundant divisions are spatially separated by distances in excess of 30 feet.  There is Division 2 instrumentation associated with the operation of the RCIC (Division 1) located on the Division 2 RHR instrument rack.  However, instrumentation for LPCS (Division 1) are located in a panel 60 feet from the Division 2 instrumentation.


Combustibles contained within this fire area consist of cable insulation and electrical panels.  Total fire loading contained in the 4,856 ft2 floor area of this fire zone is less than 15,000 Btu/ft2.


9A.4.2.1.7.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging both divisions of redundant safe shutdown equipment is achieved.  This is accomplished by spatial separation of redundant equipment within the area, cable wrap, low fire loading, an early warning fire detection system, and good separation from other zones and areas containing safe shutdown equipment.  In the event of a fire in this area, Division 1 or Division 2 will be available for shutdown, depending upon the location of the fire.


9A.4.2.1.8      Fire Zone 1AB‑2


9A.4.2.1.8.1      Description


Fire Zone 1AB‑2, shown on <Figure 9A‑5>, comprises the entire Floor 2 (Elevation 599’‑0”) of the auxiliary building, with the exception of portions of Fire Zones and Areas 1AB‑1b, 1AB‑1e and 1AB‑1f which originate on Floor 1.  This zone contains instrument and control panels, and process equipment for the RWCU system and turbine building cooling system.  It is connected on the north to the turbine power complex, on the south to the Unit 1 reactor building and intermediate building, and on the west to the radwaste building; the east side is an outside wall.


Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall, floor and ceiling penetrations have 3 hour fire rated seals, except for the small floor area above the RCIC room on Floor 1 (Fire Zone 1AB‑1c) which is provided with grating for pressure relief.  A larger fire area is formed 


by the addition of Fire Zone 1AB‑1c, located directly below, <Figure 9A‑2>.  The floor, ceiling and parts of the south and east walls provide separation of redundant trains of safe shutdown equipment.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.


Safe shutdown equipment in this fire zone consists of:


a.
Control panels for HVAC pump room cooling units, Division 1 and Division 2


b.
Power and control cables, Division 1 and Division 2, Unit 1


Fire detection equipment for this zone consist of smoke detectors that activate alarms in the control room.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.8.2      Analysis


Both divisions of redundant components and circuits required for safe shutdown are located in this zone.  Manual action will compensate for the effects of fire on most of the Division 2 equipment required for cold shutdown.  The redundant HVAC pump room cooling unit control panels are separated by more than 20 feet.


The larger fire area, which includes Zone 1AB‑1c, contains Division 1 components and circuits and Division 2 circuits.  Division 2 circuits within Zone 1AB‑2 are separated from Division 1 equipment in Zone 1AB‑1c by concrete barriers.


Combustibles contained within this fire zone consist of cable insulation, hydraulic fluid, lubricating oil, electrical panels, raceway fire barrier material, component insulation and motor windings.  Total fire loading contained in the 9,685 ft2 floor area of this fire zone is less than 60,000 Btu/ft2.


9A.4.2.1.8.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging both divisions of redundant safe shutdown equipment or from spreading to an adjacent zone containing redundant safe shutdown equipment, and preventing safe shutdown, is achieved.  The Division 2 circuits required for shutdown are provided with adequate spatial separation.  The redundant HVAC control panels are also provided with adequate spatial separation within the zone.  In addition, an early warning detection system is provided.  In the event of a fire in this zone, Division 2 will be available for shutdown.


9A.4.2.1.9      Fire Zone 1AB‑3a


9A.4.2.1.9.1      Description


Fire Zone 1AB‑3a, shown on <Figure 9A‑10>, comprises the eastern half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the exception of the upper portion of Fire Zone 1AB‑1b and the steam tunnel.  This zone contains instrument air compressors and air receiving tanks, auxiliary building and steam tunnel ventilation equipment, and provides access to the portion of Fire Zone 1AB‑1b on this floor.  It is bounded on the south by the Unit 1 reactor building, and on the west by the steam tunnel and Fire Zone 1AB‑1b; the north and east walls are exposed to grade.


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance ratings except for walls adjacent to Fire Zone 1AB‑1b.  The floor and part of the west wall provide separation of redundant trains of safe shutdown equipment.  Wall and floor penetrations have 3 hour fire rated seals, except for pressure relief openings in the wall to Fire Zone 1AB‑1b.  A larger fire area is formed by the addition of Fire Zone 1AB‑1b <Figure 9A‑10>.


The ventilation system for this zone is described in <Appendix 9A.4.2>.


Safe shutdown equipment for this zone consists of the instrument air receiver tank, valves and cabling, for Division 2.


Fire detection for this zone consists of smoke detectors that activate alarms in the control room.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.2.1.9.2      Analysis


Only Division 2 equipment required for safe shutdown is located in this fire zone.  Redundant equipment is located in other areas and zones.


Zone 1AB‑1b, which forms a fire area with Zone 1AB‑3a, contains components and circuits for Division 1 and Division 2.  There is more than 20 ft separation between the redundant equipment within Zone 1AB‑3a and the unprotected opening, with no continuity of combustibles.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil, electrical panels and motor windings.  Total fire loading contained in the 3,334 ft2 floor area of this fire zone is less than 6,500 Btu/ft2.


9A.4.2.1.9.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones containing safe shutdown equipment is achieved.  This is accomplished by locating redundant equipment in other fire areas and zones, low fire loading and early warning fire detection.  Also, a fire in Zone 1AB‑3a would not affect safe shutdown components in Zone 1AB‑1b.  In the event of a fire in Zone 1AB‑3a, safe shutdown could be accomplished using Division 1.


9A.4.2.1.10      Fire Zone 1AB‑3b


9A.4.2.1.10.1      Description


Fire Zone 1AB‑3b, shown on <Figure 9A‑10>, comprises the western half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the exception of the upper portions of Fire Zone 1AB‑1e and Fire Area 1AB‑1f, and the steam tunnel.  This zone contains auxiliary vent exhaust system equipment and provides access to the portion of Fire Zone 1AB‑1e on this floor.  It is bounded on the south by the intermediate building and Fire Area 1AB‑1f, on the east by the steam tunnel and Fire Zone 1AB‑1e, on the north by the turbine power complex, and on the west by the radwaste building.


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance ratings except for walls adjacent to Fire Zone 1AB‑1e.  Wall and floor penetrations have 3 hour fire rated seals, except for the pressure relief openings in the wall to Fire Zone 1AB‑1e.  A larger fire area is formed by the addition of Fire Zone 1AB‑1e <Figure 9A‑10>.  The floor and parts of the south walls 


provide separation of redundant trains of safe shutdown equipment.  The exterior wall at the northwest corner is 3 hour rated due to the adjacent transformer.


The ventilation system for this zone is described in <Appendix 9A.4.2>.


Safe shutdown equipment for this zone consists of Division 1 and Division 2, Unit 1 power and control cables.


Fire detection for this zone consists of smoke detectors that actuate alarms in the control room.


Fire suppression equipment for this zone consists of automatic sprinkler protection for the cable trays in the hallway area, manually operated deluge systems for the charcoal filters, manual water type hose stations, and fire extinguishers.


9A.4.2.1.10.2      Analysis


Both divisions of equipment required for safe shutdown are located in this fire zone.  Manual action will compensate for the effects of fire on the Division 1 equipment required for cold shutdown.  The remaining redundant equipment located in this fire area consists of circuits for the RCIC system.  Components and circuits for the LPCS system (Division 1) are not located in this fire area and LPCS would be available to provide Reactor Inventory Control.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil and grease, electrical panels, charcoal, raceway fire barrier material, H2 bottles, motor windings and combustible materials storage.  Total fire loading contained in the 4,555 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


Special consideration was given to charcoal as a fire hazard.  The current design includes heat sensors that initiate signals in the control room so that a water deluge system can be manually actuated, if required.


9A.4.2.1.10.3      Conclusions


The results of the analysis of this fire zone indicate that the objective of preventing a fire from damaging both divisions of required redundant safe shutdown equipment or spreading to a zone containing redundant safe shutdown equipment, and preventing safe shutdown, is achieved.  This is accomplished by protecting the required Division 1 circuits with spatial separation, fire rated barriers and the low fire loading in this zone.  In addition, automatic suppression and early warning fire detection are provided.  Also, a fire in 1AB‑3b will not prevent safe shutdown using equipment required in 1AB‑1e.


In the event of a fire in this zone, safe shutdown could be accomplished using Division 1.


9A.4.2.2      Unit 2 Auxiliary Building


9A.4.2.2.1      Fire Area 2AB‑1a


9A.4.2.2.1.1      Description


Fire Area 2AB‑1a, shown on <Figure 9A‑4>, is located in the western section of Floor 1 of the auxiliary building (Elevation 568’‑4”) and contains the process and auxiliary components for the LPCS system.  It is bounded on the south and west by Fire Area 2AB‑1g, on the north by the Unit 2 reactor building and on the east by Fire Zone 2AB‑1b.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  


Walls and ceiling have 3 hour fire resistance ratings.  Walls and ceiling penetrations have 3 hour fire rated seals.  Floor drains for this area are routed to a sump located within the area.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the LPCS pump is operating.


There is no safe shutdown equipment located in this fire area.


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.1.2      Analysis


Functional redundancy for equipment in this fire area is not required since there is no safe shutdown equipment in this area.


Combustibles within this area consist of the following:


a.
Motor winding insulation (510 lbs) with a Btu content of 5,100,000 Btu


b.
Cable insulation (1,000 lbs) with a Btu content of 10,000,000 Btu


c.
Lubricating oil (28 gallons) with a Btu content of 4,256,000 Btu


The total Btu content of 19,356,000 Btu is contained in the 1,588 ft2 floor area.  Total fire loading for this fire area is 12,200 Btu/ft2.


9A.4.2.2.1.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent areas or zones containing safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.2      Fire Zone 2AB‑1b


9A.4.2.2.2.1      Description


Fire Zone 2AB‑1b is shown on <Figure 9A‑4>, <Figure 9A‑9> and <Figure 9A‑13>.  It includes, in addition to the Floor 1 location, the identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’‑6”).  This composite zone contains the process and auxiliary components for the RHR “A” system on each respective floor.  It is bounded on the south by Fire Area 2AB‑1g (Elevation 568’‑4”), Fire Zone 2AB‑2 (Elevation 599’‑0”) and Fire Area 2AB‑3a (Elevation 620’‑6”); on the west by Fire Zone 2AB‑1a, Fire Area 2AB‑2 (Elevation 599’‑0”) and Fire Zone 2AB‑3b (Elevation 620’‑6”), on the north by the Unit 2 reactor building; on the east by Fire Zone 2AB‑1c, Fire Zone 2AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”).


Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0” and a Class A door at Elevation 620’‑6”.  Walls have a 3 hour resistance ratings except for the walls containing pressure relief openings from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the pressure relief opening in the wall to Fire Zone 2AB‑3b.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “A” pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RHR heat exchangers, A


b.
RHR pump, Division A


c.
RHR pump cooler, Division A


d.
Power and control cables, Division 1, Unit 2


e.
RHR valves, A


f.
RCIC valves


g.
ESW valves


Fire detection for this zone is accomplished by a leak detection system which monitors pump cooling air inlet and outlet temperature and ambient room temperature.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.2.2      Analysis


Redundant RHR system equipment is located in Fire Zone 2AB‑1e <Appendix 9A.4.2.2.5>.


Combustibles within this zone consist of the following:


a.
Motor winding insulation (360 lbs) with a Btu content of 3,600,000 Btu


b.
Cable insulation (1,000 lbs) with a Btu content of 10,000,000 Btu


c.
Lubricating oil (13 gallons) with a Btu content of 1,976,000 Btu


The total Btu content of 15,576,000 Btu is contained in the 1,298 ft2 floor area.  Total fire loading for this fire zone is 12,000 Btu/ft2.


9A.4.2.2.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to a zone containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.3      Fire Zone 2AB‑1c


9A.4.2.2.3.1      Description


Fire Zone 2AB‑1c, shown on <Figure 9A‑4>, is located in the left center portion of Floor 1 of the auxiliary building.  It contains process and auxiliary equipment for the RCIC system.  This zone is housed on the south by Fire Area 2AB‑1g, on the west by Fire Zone 2AB‑1b, on the north by the Unit 2 reactor building, and on the east by Fire Area 2AB‑1d.


Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  The doorway has a Class A fire door.  Walls have 3 hour fire resistance ratings.  Wall penetrations have 3 hour fire rated seals.  A ceiling opening has grating for pressure relief.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RCIC pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RCIC pump air handling unit


b.
RCIC pump


c.
RCIC turbine lubricating oil cooler


d.
RCIC turbine drive


e.
Power and control cables, Unit 2


f.
Leak detection system instrument sensors


g.
RCIC valves


Fire suppression equipment for this zone consists of an automatic sprinkler system, manual water type hose stations and fire extinguishers.


9A.4.2.2.3.2      Analysis


Functional redundancy for the RCIC system is not provided by any other safe shutdown system.  If the high pressure injection capabilities of the RCIC system become inoperative, the automatic depressurization system (ADS) can be used to decrease the reactor vessel pressure so the low pressure injection systems can be activated for reactor vessel water level control.  Spatial separation of Division 1 and Division 2 instrument sensors and electrical conduits are in accordance with separation design criteria.


Special attention was given to the case of lubricating oil spillage.  Should the lubricating oil system rupture, the oil will drain to a sump located within the room and not allow it to spread to adjacent zones.  The sump is discharged through a line that is valve operated from outside the zone.


The motor‑operators on the RCIC valves will not be affected by an inadvertent actuation of the sprinkler system.  These motor‑operators are enclosed to prevent water spray from rendering them inoperative.  The motor associated with the water leg pump could be rendered inoperative, but this would have no impact on main process equipment operation.


Combustibles within this fire zone consist of the following:


a.
Lubricating oil (8 gallons) with a Btu content of 1,216,000 Btu


b.
Cable insulation (400 lbs) with a Btu content of 4,000,000 Btu


The total Btu content of 5,216,000 Btu is contained in the 560 ft2 floor area.  Total fire loading for this fire zone is 9,314 Btu/ft2.


9A.4.2.2.3.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing safe shutdown equipment is achieved.  This is accomplished by barrier design and the low fire loading.  The automatic sprinkler system provided for this zone adds further depth in preventing a fire from spreading.


9A.4.2.2.4      Fire Area 2AB‑1d


9A.4.2.2.4.1      Description


Fire Area 2AB‑1d, shown on <Figure 9A‑4>, is located in the right center portion of Floor 1 of the auxiliary building.  It contains process and auxiliary equipment for RHR “C” system.  This area is bounded on the south by Fire Area 2AB‑1g, on the west by Fire Zone 2AB‑1c, on the north by the Unit 2 reactor building, and on the east by Fire Zone 2AB‑1e.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  The doorway has a Class A fire door.  Walls and ceiling have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.  Floor drains for this area are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the RHR “C” pump is operating.


There is no safe shutdown equipment located in this fire area.


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.4.2      Analysis


Functional redundancy for the RHR “C” system is not required since the “C” loop is not required for safe shutdown of the reactor.


Combustibles within this area consist of:


a.
Motor insulation (350 lbs) with a Btu content of 3,500,000 Btu


b.
Cable insulation (800 lbs) with a Btu content of 8,000,000 Btu


c.
Lubricating oil (13 gallons) with a Btu content of 1,976,000 Btu


The total Btu content of 13,476,000 Btu is contained in the 560 ft2 floor area.  Total fire loading for this fire area is 24,000 Btu/ft2.


9A.4.2.2.4.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.5      Fire Zone 2AB‑1e


9A.4.2.2.5.1      Description


Fire Zone 2AB‑1e is shown on <Figure 9A‑4>, <Figure 9A‑9> and <Figure 9A‑13>.  It includes, in addition to the Floor 1 location, identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’‑6”).  This composite zone contains the process and auxiliary components for the RHR “B” system on each respective floor.  It is bounded on the south by Fire Area 2AB‑1g (Elevation 568’‑4”), Fire Zone 2AB‑2 (Elevation 599’‑9”) and Fire Zone 2AB‑3b (Elevation 620’‑6”); on the west by Fire Area 2AB‑1d, Fire Zone 2AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”); on the north by the Unit 2 reactor building; on the east by Fire Area 2AB‑1f, Fire Zone 2AB‑2 (Elevation 599’‑0”) and Fire Zone 2AB‑3a (Elevation 620’‑6”).


Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0” and a Class A door at Elevation 620’‑6”.  Walls have 3 hour fire resistance ratings, except for the walls containing pressure relief openings from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the pressure relief opening in the wall to Fire Zone 2AB‑3a.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “B” pump is operating.


Safe shutdown equipment in this fire zone consists of:


a.
RHR heat exchangers, B


b.
RHR pump, Division B


c.
RHR pump cooler, Division B


d.
RHR air handling unit, B


e.
Power and control cables, Division 2, Unit 2


f.
RHR valves, B


g.
ESW valves


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.5.2      Analysis


Redundant RHR system equipment is located in Fire Zone 2AB‑1b <Appendix 9A.4.2.2.2).


Combustibles within this zone consist of the following:


a.
Motor winding insulation (360 lbs) with a Btu content of 3,600,000 Btu


b.
Cable insulation (3,570 lbs) with a Btu content of 35,700,000 Btu


c.
Lubricating oil (13 gallons) with a Btu content of 1,976,000 Btu


The total Btu content of 41,276,000 Btu is contained in the 1,298 ft2 floor area.  Total fire loading for this fire zone is 31,800 Btu/ft2.


9A.4.2.2.5.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to a zone containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.6      Fire Area 2AB‑1f


9A.4.2.2.6.1      Description


Fire Area 2AB‑1f is shown on <Figure 9A‑4>, <Figure 9A‑9> and <Figure 9A‑13>.  It is located in the eastern portion of Floor 1 of the auxiliary building.  It has a vertical pipe chase extending to Elevation 620’‑6”.  This area contains the process and auxiliary 


components for the HPCS system.  It is bounded on the east and south by Fire Area 2AB‑1g, on the north by the Unit 2 reactor building and on the west by Fire Zone 2AB‑1e.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors at Elevation 574’‑10” and at Elevation 620’‑6”.  Walls and ceilings have 3 hour fire resistance ratings.  Walls and ceiling penetrations have 3 hour fire rated seals.  Floor drains for this area are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the area.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.  In addition, a fan coil unit is provided to cool and circulate air within the area when the HPCS pump is operating.


There is no safe shutdown equipment located in this fire area.


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.6.2      Analysis


Functional redundancy for equipment in this fire area is not required since this equipment is not required for safe shutdown.


Combustibles in this fire area consist of:


a.
Motor winding insulation (693 lbs) with a Btu content of 6,930,000 Btu


b.
Cable insulation (1,500 lbs) with a Btu content of 15,000,000 Btu


c.
Lubricating oil (41 gallons) with a Btu content of 6,232,000 Btu


The total Btu content of 28,162,000 Btu is contained in the 1,588 ft2 floor area.  Total fire loading for this fire area is 17,735 Btu/ft2.


9A.4.2.2.6.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.7      Fire Area 2AB‑1g


9A.4.2.2.7.1      Description


Fire Area 2AB‑1g, shown on <Figure 9A‑4>, is the common corridor for Floor 1 of the auxiliary building.  It provides access to Fire Areas and Zones 2AB‑1a through 2AB‑1f, and to the intermediate building.  It also contains instrument and control panels required for safe shutdown.  This area connects on the south to the turbine power complex, and on the north to the intermediate building; the east and west are outside walls.


Walls, floor and ceiling for this fire area are constructed of reinforced concrete.  The doorway to the intermediate building and the doorways to the other Floor 1 fire areas are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall and ceiling penetrations have 3 hour fire rated seals.


The ventilation system for this fire area is described in <Appendix 9A.4.2>.


Safe shutdown equipment in this fire area consists of:


a.
RCIC instrument panel


b.
RHR “A” instrument panel


c.
RHR “B” instrument panel


d.
Suppression pool level instrumentation


e.
Power and control cables, Division 1 and Division 2, Unit 2


Fire detection equipment for this area consists of smoke detectors that actuate alarms in the control room.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.7.2      Analysis


Safe shutdown related panels of redundant divisions are spatially separated by a distance in excess of 65 feet.  Control cable separation is also maintained.


Combustibles within this area consist of the following:


a.
Instrument panels with a Btu content of 16,000,000 Btu


b.
Cable insulation (4,000 lbs) with a Btu content of 40,000,000 Btu


The total Btu content of 56,000,000 Btu is contained in the 4,856 ft2 floor area.  Total fire loading for this fire area is 11,540 Btu/ft2.


9A.4.2.2.7.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging both divisions of redundant safe shutdown equipment is achieved.  This is accomplished by the spatial separation of redundant equipment within the area, low zonal fire loading, an early warning fire detection system, and good separation from other zones and areas containing safe shutdown equipment.


9A.4.2.2.8      Fire Zone 2AB‑2


9A.4.2.2.8.1      Description


Fire Zone 2AB‑2, shown on <Figure 9A‑9>, comprises the entire Floor 2 (Elevation 599’‑0”) of the auxiliary building, with the exception of portions of Fire Zones and Areas 2AB‑1b, 2AB‑1e, and 2AB‑1f which originate on Floor 1.  This zone contains instrument and control panels, and process equipment for the RWCU system and turbine building cooling system.  It is connected on the south to the turbine power complex, on the north to the Unit 2 reactor building, intermediate building, and Fire Area 2AB‑1f; the east and west are outside walls.


Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall, floor and ceiling penetrations have 3 hour fire rated seals, except for the small floor area above the RCIC room on Floor 1 (Fire Zone 2AB‑1c) which is provided with grating for pressure relief.


The ventilation system for this fire zone is described in <Appendix 9A.4.2>.


Safe shutdown equipment in this fire zone consists of:


a.
Control panel for HVAC pump room cooling units


b.
Power and control cables, Division 2


Fire detection equipment for this zone consists of smoke detectors in the area of the HVAC pump room cooling unit control panel.  Fire suppression equipment consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.8.2      Analysis


Functional redundancy for cables associated with Division 2 safe shutdown equipment in this zone is provided by Division 1 cables located in Fire Zone 2AB‑3b <Appendix 9A.4.2.2.10>.  Since the HVAC pump room cooling unit control panel contains equipment associated with all three divisions, separation is accomplished by providing fire barriers within the panel.


Combustibles within this zone consist of the following:


a.
Motor winding insulation (810 lbs) with a Btu content of 8,100,000 Btu


b.
Lubricating oil (30 gallons) with a Btu content of 4,560,000 Btu


c.
Instrument panels with a Btu content of 4,800,000 Btu


d.
Cable insulation (38,230 lbs) with a Btu content of 382,300,000 Btu


The total Btu content of 399,760,000 Btu is contained in the 9,685 ft2 floor area.  Total fire loading for this fire zone is 41,500 Btu/ft2.


9A.4.2.2.8.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging both divisions of redundant safe shutdown equipment or from spreading to an adjacent zone containing redundant safe shutdown equipment is achieved.  This is accomplished by locating redundant cable trays in Fire Zone 2AB‑3b.  The HVAC pump room cooling unit panel is provided with internal barriers for divisional separation and has a smoke detector in the area for early warning fire detection.


9A.4.2.2.9      Fire Zone 2AB‑3a


9A.4.2.2.9.1      Description


Fire Zone 2AB‑3a, shown on <Figure 9A‑13>, comprises the eastern half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the exception of the upper portion of Fire Zones 2AB‑1e and 2AB‑1f and the steam tunnel.  This zone contains auxiliary building and steam tunnel ventilation equipment, and provides access to the portion of Fire Zone 2AB‑1e on this floor.  It is bounded on the west by Fire Zone 2AB‑1e and the steam tunnel, and connects on the north to the Unit 2 reactor building and Fire Zone 2AB‑1f; the south and east walls are exposed to grade.


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance ratings except for walls at 2AB‑1e.  Wall and floor penetrations have 3 hour fire rated seals, except for pressure relief openings in the wall to Fire Zone 2AB‑1e.


The ventilation system for this zone is described in <Appendix 9A.4.2>.


There is no safe shutdown equipment located in this fire zone.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.2.2.9.2      Analysis


Functional redundancy for equipment in this fire zone is not required since there is no safe shutdown equipment in this zone.


Combustibles within this zone consist of the following:


a.
Motor winding insulation (90 lbs) with a Btu content of 900,000 Btu


b.
Instrument panels with a Btu content of 800,000 Btu


c.
Cable insulation (1,000 lbs) with a Btu content of 10,000,000 Btu


The total Btu content of 11,700,000 Btu is contained in the 3,334 ft2 floor area.  Total fire loading for this fire zone is 3,510 Btu/ft2.


9A.4.2.2.9.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones containing safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


9A.4.2.2.10      Fire Zone 2AB‑3b


9A.4.2.2.10.1      Description


Fire Zone 2AB‑3b, shown on <Figure 9A‑13>, comprises the western half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the 


exception of the upper portion of Fire Zone 2AB‑1b and the steam tunnel.  This zone contains auxiliary vent exhaust system equipment and provide access to the portion of Fire Zone 2AB‑1b on this floor.  It is bounded on the north by the intermediate building and Unit 2 reactor building, on the east by Fire Zone 2AB‑1b and the steam tunnel, and on the south by the turbine power complex; the west is exposed to grade.


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance ratings except for the walls at 2AB‑1b.  Wall and floor penetrations have 3 hour fire rated seals, except for walls at the pressure relief opening in the wall to Fire Zone 2AB‑1b.  The exterior wall at the southwest corner is 3 hour rated due to the adjacent transformer.


The ventilation system for this zone is described in <Appendix 9A.4.2>.


Safe shutdown equipment for this zone consists of power and control cables.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers, and a manually operated deluge system for the charcoal filters.


9A.4.2.2.10.2      Analysis


The cables associated with RHR “A” equipment are located in this zone.  Cables associated with the redundant RHR “B” equipment is located in Fire Zone 2AB‑2.


Combustibles within this zone consist of the following:


a.
Motor winding insulation (90 lbs) with a Btu content of 900,000 Btu


b.
Instrument panels with a Btu content of 2,600,000 Btu


c.
Cable insulation (26,900 lbs) with a Btu content of 269,000,000 Btu


d.
Charcoal (5,400 lbs) with a Btu content of 43,200,000 Btu


The total Btu content of 316,000,000 Btu is contained in the 4,555 ft2 floor area.  Total fire loading for this fire zone is 69,400 Btu/ft2.


Special consideration was given to charcoal as a fire hazard.  The current design includes heat sensors that initiate signals in the control room so that a water deluge system can be manually actuated, if required.


9A.4.2.2.10.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones containing safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading for the zone.


9A.4.3      INTERMEDIATE BUILDING


The intermediate building is a five story building constructed of reinforced concrete.  The building is located between the Unit 1 and Unit 2 reactor buildings and houses safety‑related systems that service the fuel handling building and reactor building complexes.  It is bounded on the north and south by the Unit 1 and Unit 2 auxiliary and reactor buildings, on the east by the fuel handling building and Unit 1 and Unit 2 reactor buildings and on the west by the control complex and radwaste building.


The ventilation system for the intermediate building consists of one 100 percent capacity supply plenum, a supply fan, an exhaust fan, and 


distribution ductwork.  The supply plenum, supply fan and exhaust fan are located at Elevation 682’‑6” of the intermediate building.  The supply fan draws outside air through filters and heating coils and supplies it to various locations in the intermediate building.  This supply air is drawn by the exhaust fan and discharged through the unit vent.  Air from the spent fuel pool cooling and cleaning equipment rooms is exhausted by the fuel handling area exhaust system.


All ventilation ducts penetrating intermediate building floors, fire barriers and walls of the walkway to the control complex, are provided with 3 hour rated fire dampers with standard 160(F or 165(F fusible links.  The reactor building purge system penetrations are discussed in <Appendix 9A.4.1>.


Smoke detectors are provided in the discharge ducts of the supply fans and exhaust fans.  Upon detection of smoke, these detectors will signal in the control room and on the HVAC control panel.  Also, if smoke is detected in the supply duct, the supply fan will trip.


For purposes of this fire hazards analysis, the entire five story intermediate building is considered a fire area since each floor communicates via a 3 inch rattle space covered by a steel plate at the reactor building.  This fire area is divided into five fire zones:  Fire Zone IB‑1 is Elevation 574’‑10”; Fire Zone IB‑2 is Elevation 599’‑0”; Fire Zone IB‑3 is Elevation 620’‑6”; Fire Zone IB‑4 is Elevations 654’‑6” and 665’‑0”; Fire Zone IB‑5 is Elevation 682’‑6”.  The existing separation between zones is considered adequate for the fire hazard in each zone.  A fire would not be expected to propagate through the 3‑inch rattle space and breach the zone boundaries.  Therefore, the existing separation provides a satisfactory level of protection for the Fire Zones.  Therefore, each zone is treated as a fire area in the following analysis.


9A.4.3.1      Fire Zone IB‑1


9A.4.3.1.1      Description


Fire Zone IB‑1 is shown on <Figure 9A‑3>.  It is at Elevation 574’‑10”, comprising the entire first floor of the intermediate building, and Elevation 585’‑0”, the pipe chase along the west wall.  This zone contains equipment for the service air, liquid radwaste, fuel pool cooling and cleanup, and reactor building chilled water systems.  It is bounded on the north by the Unit 1 auxiliary building, on the east by the fuel handling building and Unit 1 and Unit 2 reactor buildings, on the south by the Unit 2 auxiliary building, and on the west by the control complex and radwaste building.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  However, the 3 inch rattle space at each reactor building interface are unprotected openings.  Penetrations have 3 hour fire rated seals, except for the rattle spaces.  Also included in IB‑1 is a pipe chase at 585’‑0” running along the entire west end.


There is no safe shutdown equipment located in this fire zone.


Fire detection for this zone consists of smoke and heat detectors in the areas where safety‑related equipment or cables are located.  These detectors activate alarms in the control room.


Fire suppression equipment for this zone consists of manual water type hose stations, fire extinguishers, water spray system for the charcoal filter and wet pipe sprinkler system in the tool decontamination and storage areas.


9A.4.3.1.2      Analysis


Protection for equipment in this fire zone is not required since this equipment is not required for safe shutdown.


The combustibles contained within this fire zone consist of cable insulation, lubricating oil, grease, electrical panels, component insulation, motor windings and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


9A.4.3.1.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent areas or zones containing safe shutdown equipment is achieved.  This is accomplished by the low fire loading, barrier design and the provision of an early warning fire detection system.


9A.4.3.2      Fire Zone IB‑2


9A.4.3.2.1      Description


Fire Zone IB‑2 is shown on <Figure 9A‑8>.  It is at Elevation 599’‑0”, comprising the entire second floor of the intermediate building.  This zone contains equipment for the spent fuel pool cooling and cleanup system.  It is bounded on the north by the Unit 1 auxiliary building, on the east by the fuel handling building and Unit 1 and Unit 2 reactor buildings, on the south by the Unit 2 auxiliary building, and on the west by the control complex and radwaste building.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have 3 hour fire resistance ratings.  The west wall provides 


separation of redundant trains of safe shutdown equipment.  However, the 3 inch rattle space at each reactor building interface is an unprotected opening.  Penetrations have 3 hour fire rated seals, except for the rattle spaces.


Safe shutdown equipment in this zone consists of:


a.
Power and control cables for Division 1 and Division 2 


b.
Instrument air receiver tanks, A


c.
Air system isolation valve, A


Fire detection equipment for this zone consists of smoke detectors that actuate alarms in the control room.  Fire suppression equipment consists of an automatic sprinkler system, manual water type hose stations and fire extinguishers.


9A.4.3.2.2      Analysis


Division 1 components and both divisions of power and control cables for Unit 1 and Unit 2 are located in Fire Zone IB‑2.  Manual action will compensate for the effects of fire on the Division 2 equipment required for cold shutdown.


Combustibles contained within this fire zone consist of cable insulation, electrical panels, power transformers, and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


9A.4.3.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging cables or components associated with both divisions of required safe shutdown equipment is achieved.  This is accomplished by barrier design and low fire loading.


An automatic sprinkler system, early warning fire detection and manual type fire suppression equipment are also provided.  In the event of a fire in this zone, Division 2 could be utilized for safe shutdown.


9A.4.3.3      Fire Zone IB‑3


9A.4.3.3.1      Description


Fire Zone IB‑3 is shown on <Figure 9A‑12> and <Figure 9A‑16>.  It is at Elevation 620’‑6”, consisting of two areas.  The majority of Fire Zone IB‑3 comprises the entire third floor of the Intermediate Building.  This zone contains equipment for the annulus exhaust gas treatment system.  It is bounded on the north by the Unit 1 Auxiliary Building, and on the west by the Control Complex.  In addition, Fire Zone IB‑3 extends west into a Service Building hall along the south side of the Control Complex.


The walls, floors, and ceiling of this Fire Zone within the Intermediate Building are constructed of reinforced concrete.  The walls and ceiling of this Fire Zone within the service building hall area are constructed of drywall.  The floor in this area is constructed of reinforced concrete.  Doorways are protected by Class A fire doors.  Walls, floor and ceiling have 3 hour fire resistance ratings.  The north and west walls provide separation of redundant trains of safe shutdown equipment.  However, the 3 inch rattle space at each reactor building interface is an unprotected opening.  Penetrations have 3 hour fire rated seals, except for the rattle spaces.


Safe shutdown equipment in this zone consists of power and control cables for Division 1 and Division 2, and instrumentation for Division 1.


Fire detection for this zone consists of smoke detectors that activate alarms in the control room.


Fire suppression equipment for this zone consists of automatic sprinkler protection for the cable trays in the hallway area, manually actuated water deluge systems in the charcoal filter plenums, water type hose stations, and fire extinguishers.


9A.4.3.3.2      Analysis


Both divisions of power and control cables required for safe shutdown are located in this zone.  There are also nonsafety circuits which are associated with Division 1 and Division 2 which could affect shutdown.  Because of the spatial separation between the trays containing required Division 1 and Division 2 safe shutdown circuits, low fire exposure hazard presented by the intervening combustibles, and ceiling height in excess of 30 feet, a fire in the corridor area of Fire Zone IB‑3 would not be expected to involve both trains of safe shutdown.  It is judged that the existing fire detection system and automatic and manual fire protection features will provide adequate protection for the redundant trains of safe shutdown equipment in this area.  Manual action will compensate for the effects of fire on the remaining Division 2 circuits required for cold shutdown.


Combustibles contained within this fire zone consist of cable insulation, electrical panels, transformers, raceway fire barrier material, charcoal and combustible materials storage.  Total fire loading contained in the 10,778 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


Special consideration was given to charcoal as a fire hazard.  The charcoal filter design includes heat sensors that actuate alarms in the control room so that the water deluge system can be manually actuated, if required.


9A.4.3.3.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging required cables or equipment associated with both divisions of equipment required for safe shutdown is achieved.  This is accomplished with spatial separation, fire rated barriers, and the low fire loading in this zone.  Automatic and manual suppression and early warning fire detection are also provided.  In the event of a fire in this zone, Division 2 could be utilized for safe shutdown.


9A.4.3.4      Fire Zone IB‑4


9A.4.3.4.1      Description


Fire Zone IB‑4 is shown on <Figure 9A‑16> and <Figure 9A‑20>.  It is at Elevations 654’‑6” and 665’‑0” and houses equipment for the reactor building and drywell purge system.  This zone is bounded on the east by Unit 1 and Unit 2 reactor buildings and the fuel handling building, and on the west by the control complex.  The north and south sides have no building interfaces.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are protected by Class A fire doors.  Walls, floor and ceiling have 3 hour fire resistance ratings.  However, the 3 inch rattle space at each reactor building interface is an unprotected opening.  Penetrations have 3 hour fire rated seals, except for the rattle spaces.


Safe shutdown equipment in this zone consists of power and control cables for Division 1. 


Fire detection equipment for this zone consists of smoke detectors that activate alarms in the control room.


Fire suppression equipment for this zone consists of manually actuated deluge systems in the charcoal filter plenums, water hose stations and fire extinguishers.


9A.4.3.4.2      Analysis


Only Division 1 circuits are located in this fire zone.  Redundant equipment is located in other fire areas and zones.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil and grease, electrical panels, charcoal, H2 bottles and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


Special consideration was given to charcoal as a fire hazard.  The present design includes heat sensors that actuate alarms in the control room so that the deluge system can be manually actuated, if required.


9A.4.3.4.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging safe shutdown equipment associated with both divisions is achieved.  This is accomplished by the low fire loading, locating redundant equipment in other zones and early warning fire detection.  Division 2 could be utilized to shut down the plant in the event of a fire in this zone.


9A.4.3.5      Fire Zone IB‑5


9A.4.3.5.1      Description


Fire Zone IB‑5 is shown on <Figure 9A‑24>.  It is at Elevation 682’‑6”, comprising the entire top floor of the intermediate building.  This zone 


contains the ventilation system equipment for the intermediate building and the fuel handling building.  It is bounded on the east by Unit 1 and Unit 2 reactor buildings and on the west by the control complex.  The north and south sides have no building interfaces.


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are protected by Class A fire doors.  Walls and floor have 3 hour fire resistance ratings.  However, the 3 inch rattle space at the reactor building interface is an unprotected opening.  Penetrations have 3 hour fire rated seals, except for the rattle spaces.


There are no safe shutdown components located in this fire zone.


Fire detection for this zone consists of smoke and heat detectors in areas where safety‑related equipment and cables are located.  The detectors activate alarms in the control room.


Fire suppression equipment for this zone consists of manually actuated deluge systems in the charcoal filter plenums, water type hose stations and fire extinguishers.


9A.4.3.5.2      Analysis


Protection for equipment in this fire zone is not required since this equipment is not required for safe shutdown.


Combustibles contained within this fire zone consist of cable insulation, lubricating oil and grease, electrical panels, charcoal, and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


Special consideration was given to charcoal as a fire hazard.  The present design includes heat sensors that actuate alarms in the control room so that the deluge system can be manually actuated, if required.


9A.4.3.5.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent areas or zones containing safe shutdown equipment is achieved.  This is accomplished by the low fire loading, barrier design and early warning fire detection.


9A.4.4      CONTROL COMPLEX


The control complex is a six story structure constructed of structural steel and reinforced concrete.  Floors 1 and 2 are located below Elevation 620’‑0” (grade) and house mechanical and HVAC equipment, general offices and meeting rooms common to both Unit 1 and Unit 2.  Floors 3 through 6 are separated into two main sections.  The control complex is bounded on the north by the radwaste building, on the east by the intermediate building, on the south by the service building, and on the west by the diesel generator building.


The ventilation systems that serve the various floors, areas and zones of the control complex are as follows:


a.
Controlled access and miscellaneous equipment area HVAC system



This system consists of redundant 100 percent capacity supply and return fans, supply plenums, charcoal filter trains, and exhaust fans.  A common duct connects the redundant fans and the distribution ductwork to other areas through the vertical cable chases.


b.
MCC, switchgear and miscellaneous electrical equipment area HVAC system and battery room exhaust system



This system consists of redundant 100 percent capacity supply fans, supply plenums and return fans.  It serves Division 1 and Division 2 of the Unit 1 and Unit 2 electrical areas that contain switchgear, motor control centers, battery rooms, and the cable spreading rooms.


c.
Control room HVAC system and control room emergency recirculation system



The control room HVAC system consists of redundant 100 percent capacity supply fans, supply plenums and return fans.  The emergency recirculation system consists of two 100 percent capacity charcoal filter trains and two 100 percent capacity recirculating fans.  These systems serve the control rooms for Unit 1 and Unit 2.


d.
Computer room HVAC system



This system consists of two 100 percent capacity air handling units.  During normal operation one air handling unit operates continuously to supply cooling air for the computer rooms.


e.
Emergency pump area cooling system



This system consists of two 100 percent capacity air handling units that serve the equipment at Elevation 574’‑10”.  The system is interlocked with the emergency closed cooling water pumps so that it operates when these pumps start.


Ventilation system duct penetrations through fire rated walls and floors are provided with 3 hour rated fire dampers with standard 160(F fusible 


links.  The ventilation systems listed above are discussed further in the applicable fire area/zone descriptions that follow.


For purposes of this fire hazards analysis, the control complex has been divided, by floors, into numerous fire areas and fire zones.  These areas and zones are shown on <Figure 9A‑6>, <Figure 9A‑7>, <Figure 9A‑11>, <Figure 9A‑15>, <Figure 9A‑16>, and <Figure 9A‑19>.  The floor at Elevation 599’‑0” (which is the ceiling of Fire Area CC‑1 and the floor of Fire Area CC‑2) meets or exceeds the requirements of a three hour fire resistance rating with one exception:  the bottom rebar concrete cover does not consistently maintain the minimum 1‑1/4” depth requirement.  However, this cover is never less than a 1” depth.  Therefore, although the appropriate zones will address this floor as having a two hour fire resistance rating, CC‑1 and CC‑2 will be identified as separate fire areas.


9A.4.4.1      Unit 1 and Unit 2 Fire Areas, Floor 1 (CC‑1)


Fire Area CC‑1 is shown on <Figure 9A‑6>.  It is at Elevation 574’‑10” and comprises the entire first floor of the control complex.  This area houses mechanical and HVAC equipment.


This fire area is bounded on the north by the radwaste building, on the east by the intermediate building and is below grade on the west and south with no building interfaces.  Boundary walls are constructed of reinforced concrete.


This fire area is divided into three fire zones.  Fire Zones CC‑1a and CC‑1b contain redundant safe shutdown equipment associated with the emergency closed cooling system.  These zones are separated by a non‑continuous 3 hour rated fire wall and are open to Zone CC‑1c at the north.  Fire Zone CC‑1c comprises the remainder of this fire area and houses the control complex water chillers and nonsafety‑related service and instrument air system components.  Each redundant control complex 


chiller is separated by a non‑continuous 3 hour rated fire wall.  The only doorway to an adjacent building is to the intermediate building from Fire Zone CC‑1c, and is equipped with a Class A fire door.  This wall provides separation of redundant trains of safe shutdown equipment.


Ventilation air for this fire area is supplied by one of the redundant HVAC units serving the controlled access area located in the HVAC equipment room.  The ducts supplying the air penetrate the ceiling of Fire Zone CC‑1c and are provided with 3 hour rated fire dampers.  During an emergency, or whenever the emergency closed cooling pumps are actuated, the corresponding air handling unit at Elevation 587’‑0” is automatically started and provides cooling by recirculating the air in the zone.


Deviations from <10 CFR 50, Appendix R> III G Requirements


Redundant safe shutdown components and circuits exist in the fire area and also within each zone composing the fire area.  The following deviations from the requirements of <10 CFR 50, Appendix R> III G have been reviewed and accepted based on the conditions described in SSER 3 and SSER 7.


1.
The fire rated barrier for raceway protection does not extend throughout the fire area ‑ Cables of one or both divisions are wrapped so that exposed circuits of redundant divisions are separated by more than 20 ft with no intervening combustibles.  Also, a partial gypsum board wall has been installed to achieve 



20 ft separation between the Division 1 and Division 2 ECCW pumps.  Automatic Suppression is installed in the intervening areas as described in each fire zone (SSER 7 Section 9.5.1.4.2.(3)).


2.
Redundant safe shutdown components are closer than 20 ft without a fire rated barrier ‑ For cases where components of one train of safe shutdown equipment cannot be separated from components and 


circuits of the other division by the required 20 ft, special protection is provided in the form of fast response type sprinkler heads located within 6‑8 ft of the components and covering the surrounding area.  These heads supplement the overhead sprinklers for fires involving combustibles located close to these components that could result in temperatures that exceed what the component can tolerate before ceiling level sprinklers can operate.  The equipment involved is not susceptible to water damage.  The fast response heads will provide rapid extinguishment of a fire in close proximity of the equipment or cooling of the equipment for exposing fires (SSER 7 Section 9.5.1.4.2.(3)).


3.
Partial suppression in fire zones/areas containing redundant safe shutdown trains ‑ Automatic sprinklers are provided over the safe shutdown systems, approximately 45% of the total floor area of fire zones CC‑1a, CC‑1b and CC‑1c.  The total fire loading in these fire zones is less than 30 min (40,000 BTU/ft2) and Fire zone CC‑1c has less than 15 minutes combustible loading.  The combustibles in the unprotected areas do not expose redundant trains of safe shutdown systems.  The elimination of the requirement for automatic suppression is based on a fire loading of less than 20,000 Btu/ft2 for fire zone CC‑1c (SSER 3 Section 9.5.1.4.2).


9A.4.4.1.1      Fire Zone CC‑1a


9A.4.4.1.1.1      Description


Fire Zone CC‑1a is located in the southeast corner of the first floor and contains the B loop components of the Emergency Closed Cooling System.  Emergency air handling equipment for this zone is located within this zone on a partial mezzanine floor at Elevation 587’‑0”.  This zone is bounded on the west by Fire Zone CC‑1b, is open to Fire Zone CC‑1c on the north and is bounded on the east by the Intermediate Building, with an outside wall on the south.


The east and south walls of this fire zone are constructed of reinforced concrete.  The west wall, which separates Fire Zones CC‑1a and CC‑1b, is non‑continuous and of drywall construction.  The doorway in this wall is equipped with a Class A fire door.  Floor construction is of reinforced concrete.  Ceilings are constructed of reinforced concrete over steel  form deck and 3 hour protected framing.  The ceiling provides separation of redundant trains of safe shutdown equipment.  Walls and ceilings have 3 hour and 2 hour fire resistance rating, respectively.  All penetrations are sealed to at least the fire rating of their respective wall or ceiling.  Floor drains in this fire zone are routed to a sump in Fire Zone CC‑1c.


Safe shutdown equipment located in this zone is as follows:


a.
Emergency closed cooling pump B 


b.
Emergency closed cooling heat exchanger B 


c.
Emergency pump area cooling system air handling unit, B


d.
Power and control cables for Division 1 and Division 2 


e.
Emergency closed cooling pump area air handling panel, B


Fire detection consists of smoke detectors that activate alarms in the control room.  Fire suppression equipment for this zone consists of a wet pipe sprinkler system, water type hose stations, and fire extinguishers.


9A.4.4.1.1.2      Analysis


Division 2 components and both divisions of circuits, required for safe shutdown, are located in this zone.  Functional redundancy for the 


components in this fire zone is provided by identical equipment located in Fire Zone CC‑1b <Appendix 9A.4.4.1.2>.  All Division 1 circuits are wrapped with a 1 hour fire rated barrier.


Combustibles within this fire zone consist of cable insulation, raceway fire barrier material, and pump motor winding insulation.


Most of the cable insulation is located in the middle of the zone.  Total fire loading contained in the 3,082 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.


Special consideration was given to the case of a fire in the region of the Division 2 emergency closed cooling pumps (B) which could result in exposing Division 1 cable serving the emergency closed cooling pumps (A) and Control Complex chiller “A” and the emergency pump area cooling system air handling unit.  However, these situations are protected against by protecting the Division 1 cable with a 1 hour fire rated barrier, and by the detection and suppression systems.


The larger area, composed of Fire Zones CC‑1a, CC‑1b and CC‑1c, contains both Division 1 and Division 2 components and circuits.  The partial 3 hour wall, which divides Zones CC‑1a from CC‑1b, provides a separation distance of at least 40 feet between Division 1 and Division 2 components and cables within each zone.  There is no continuity of combustibles between these zones.  The suppression, detection and partial barrier provide adequate protection.


There are redundant components in Zones CC‑1a and CC‑1c.  These are separated by more than 40 feet, with the exception of instrumentation along the east wall.  The redundant instruments are separated by 10 feet.  Cables to the Division 1 instrument are enclosed in a 1 hour wrap.  There are no in situ combustibles in the area of these 


instruments.  Additional protection in the form of fast response sprinklers is provided over each instrument for quick extinguishment of any fire in transient combustibles which could affect both instruments.


9A.4.4.1.1.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by providing adequate separation between redundant safe shutdown components, and wrapping all Division 1 cables in a 1 hour fire rated barrier.  In addition, an automatic sprinkler system, early warning fire detection and manual water type suppression equipment, have also been provided.  In the event of a fire in this zone, Division 1 could be utilized for safe shutdown.


9A.4.4.1.2      Fire Zone CC‑1b


9A.4.4.1.2.1      Description


Fire Zone CC‑1b is located in the south central portion of the first floor and contains the A loop components of the emergency closed cooling system.  The emergency air handling equipment for this zone is located within this zone on a partial mezzanine floor at Elevation 587’‑0”.  It is bounded on the east by Fire Zone CC‑1a, is open to Zone CC‑1c on the north and west, with an outside wall on the south.


The south wall of this fire zone is constructed of reinforced concrete.  The east wall, which separates Fire Zones CC‑1a and CC‑1b, is non‑continuous and is constructed of drywall.  The doorway in this wall is equipped with a Class A fire door.  Floor construction is of reinforced concrete.  Ceilings are constructed of reinforced concrete over steel form decks and 3 hour protected framing.  The ceiling provides separation of redundant trains of safe shutdown equipment.


Walls and ceilings have 3 hour and 2 hour fire resistance rating, respectively.  All penetrations are sealed to at least the fire ratings of their respective wall or ceiling.  Floor drains in this fire zone are routed to a sump in Fire Zone CC‑1c.


Safe shutdown equipment located in this zone is as follows:


a.
Emergency closed cooling pump A 


b.
Emergency closed cooling heat exchanger A 


c.
Emergency pump area cooling system air handling unit, A


d.
Power and control cables for Division 1 and Division 2 


e.
Emergency closed cooling pump area air handling panel, A


f.
Emergency closed cooling system isolation valves, A and B


g.
Emergency closed cooling system instrumentation, A and B


Fire detection for this zone consists of smoke detectors that activate alarms in the control room.  A wet pipe sprinkler system, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.1.2.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this zone.  Functional redundancy for most of the components in this fire zone is provided by identical equipment located in Fire Zone CC‑1a <Appendix 9A.4.4.1.1>.  This equipment is separated by a non‑continuous 3 hour rated fire wall.  An exception is the ECC System isolation valve and instrumentation (B), located in this zone.  


Division 2 power and control cables to this equipment, and all other Division 2 safe shutdown cables in this zone, are protected with a 1 hour fire rated barrier.  There is no concentration of in situ combustibles in the area of these components.  Additional protection in the form of fast response sprinklers is provided over each component for quick extinguishment of any fire in transient combustibles which could affect components of both divisions.  In addition, due to the proximity of Division 1 cables to redundant equipment in Fire Zone CC‑1c, all required Division 1 cables in Fire Zone CC‑1b between column lines CC‑C and CC‑D are also wrapped with a 1 hour fire rated barrier to achieve more than 20 foot separation from unprotected Division 2 circuits and equipment for the redundant safe shutdown train.  This will provide adequate spatial separation between unprotected cables for Division 1 and Division 2.


The larger area, composed of Fire Zones CC‑1a, CC‑1b and CC‑1c, contains both Division 1 and Division 2 components and circuits.  The partial 3 hour wall, which divides Zones CC‑1a from CC‑1b, provides a separating distance of at least 40 ft between Division 1 and Division 2 components and cables.  There is no continuity of combustibles between these zones.  The suppression, detection and partial barrier provide adequate protection.


Combustibles within this fire zone consist of cable insulation, raceway fire barrier material, panel combustibles, motor winding insulation, and lubricating oil.


Total fire loading contained in the 2,192 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.


9A.4.4.1.2.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging cables or equipment associated with more 


than one division of safe shutdown equipment is achieved.  This is accomplished by providing adequate separation between redundant safe shutdown components, and wrapping all required Division 2 cables in a 1 hour fire rated barrier.  In the area where Division 1 cables are in proximity to redundant equipment in Fire Zone CC‑1c, these cables have also been protected with a fire rated barrier.  In addition, an automatic wet pipe sprinkler system, early warning fire detection and manual suppression equipment are also provided.  In the event of a fire in this zone, safe shutdown could be accomplished using Division 2.


9A.4.4.1.3      Fire Zone CC‑1c


9A.4.4.1.3.1      Description


Fire Zone CC‑1c is an L‑shaped section in the west and north portions of the first floor.  It contains the chilled water equipment for the control complex and the service and instrument air for use throughout the plant and an electric maintenance shop.  This zone is open on the east to Fire Zone CC‑1b, open on the south (internally) to Fire Zones CC‑1a and CC‑1b and is bounded on the north by the radwaste building, with outside walls on the west and south.


Outer walls and the floor of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Ceilings are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls and ceilings have 3 hour and 2 hour fire resistance ratings, respectively.  All penetrations are sealed to at least the fire ratings of their respective wall or ceiling.  Floor drains are routed to a sump in this fire zone.  This zone is open to Fire Zones CC‑1a and CC‑1b, and is accessible by stairtowers and through a Class A fire door at the intermediate building.


Safe shutdown equipment located in this zone is as follows:


a.
Control complex water chillers, A and B


b.
Control complex chilled water pumps, A and B


c.
Power and control cables, Division 1 and Division 2 


d.
Control complex chilled water control panels, A and B


e.
Emergency closed cooling/chilled water instrument racks, A and B


f.
Emergency closed cooling system valves


Fire detection equipment for this zone consists of smoke detectors that activate alarms in the control room.  A partial zone, automatic wet pipe sprinkler system is provided between column lines CC‑2 and CC‑3, and CC‑B and CC‑E.  Water type hose stations and fire extinguishers are also provided for fire suppression.


9A.4.4.1.3.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this zone.  The chillers are spatially separated and non‑continuous 3 hour rated fire barriers are located between chiller cubicles.  In addition to this separation, the drainage arrangement is such that a fire due to oil spillage from any of the 15 gallon capacity chillers will not spread from one cubicle to another.  A partial zone sprinkler system is provided south of the fire barrier located along 


column line CC‑C.  The following safe shutdown circuits are wrapped with 1 hour fire rated barriers to provide adequate separation:


a.
Required circuits of both divisions between column lines CC‑C and CC‑D to achieve more than 20 foot separation between redundant divisions.


b.
Required Division 1 circuits north of column line CC‑C.


c.
Required Division 2 circuits south of column line CC‑D.


The larger area, composed of Fire Zones CC‑1a, CC‑1b and CC‑1c, contain both Division 1 and Division 2 components and circuits.  There are redundant components in Zones CC‑1a and CC‑1c.  These are separated by more than 40 feet, with the exception of instrumentation along the east wall.  The redundant instruments are separated by 10 feet.  Cables to the Division 1 instrument are enclosed in a 1 hour wrap.  There are no in situ combustibles in the area of these instruments.  Additional protection in the form of fast response sprinklers is provided over each instrument for quick extinguishment of any fire in transient combustibles which could affect both instruments.


The remainder of the Division 2 components and circuits within Zone CC‑1c are separated from Division 1 components and circuits by at least 20 feet, with no intervening combustibles.


Combustibles within this zone consist of cable insulation, Thermo‑Lag fire barrier material, motor winding insulation, lubricating oil, panel combustibles and combustible materials in maintenance shop and office area. (i.e., electrical equipment, supplies and tools).


Total fire loading contained in the 13,632 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


Special consideration was given to required redundant valves located approximately 2 feet apart (3 locations).  Circuits to at least one of the redundant valves are wrapped with 1 hour fire rated barriers.  In addition, fast response sprinklers will be provided for protection from transient combustibles.


9A.4.4.1.3.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging the cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by spacial separation of components, and fire barrier design.  Where required circuits are in proximity to redundant equipment, at least 1 division of circuits is protected with fire rated barriers.  In addition, a partial zone sprinkler system, early warning fire detection and manual suppression equipment are provided.  In the event of a fire in this area, Division 1 or Division 2 will be available for shutdown, depending on the location of the fire.


9A.4.4.2      Unit 1 and Unit 2 Fire Areas, Floor 2 (CC‑2)


Fire Area CC‑2 is shown on <Figure 9A‑7>.  It is at Elevation 599’‑0” and comprises the entire second floor of the Control Complex.  This area houses offices, meeting rooms and mechanical equipment common to Unit 1 and Unit 2.


This fire area is bounded on the north by the Radwaste Building, on the east by the Intermediate Building, on the south by the Service Building and is below grade on the west and south with no building interfaces.  All walls are constructed of reinforced concrete.


The entire floor is divided into one fire area and three fire zones.  Fire Zone CC‑2a consists of the entire eastern part of this floor from column lines CC‑4 to CC‑6.  Fire Zone CC‑2b includes the northern part 


of this floor from column lines CC‑A to CC‑C (north to south) and column lines CC‑1 to CC‑4 (west to east).  Fire Zone CC‑2c includes the southern part of this floor from column lines CC‑C to CC‑E (north to south) and column lines CC‑1 to CC‑4 (west to east).  Fire Area CC‑STW is the stairwell in the northwest corner of the Control Complex.  Zone partitions are 2 hour rated walls with Class B fire doors.  The stairwell is 3 hour rated with Class A fire doors.  The only doorways to an adjacent building are to the intermediate building from Fire Zone CC‑2a and they are equipped with Class A fire doors.


The ventilation for Fire Area CC‑2 is provided by the controlled access and miscellaneous equipment area HVAC system <Appendix 9A.4.4.a>.


9A.4.4.2.1      Fire Zone CC‑2a


9A.4.4.2.1.1      Description


Fire Zone CC‑2a is located in the eastern portion of the floor and houses miscellaneous mechanical equipment common to Unit 1 and Unit 2 and Division 1 and Division 2 power and control cables for both units.  It is bounded on the west by Fire Zones CC‑2b and CC‑2c, on the north by the radwaste building, on the east by the intermediate building, with an outside wall on the south.


The north, east and south walls of this fire zone are constructed of reinforced concrete.  The west wall, which separates this zone from Fire Zones CC‑2b and CC‑2c, is constructed of drywall.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls and ceiling have a 3 hour fire resistance rating, except for the center corridor walls which are 2 hour rated.  The floor has a 2 hour fire resistance rating.  All penetrations are sealed to at least the fire rating of the wall, ceiling or floor respectively.  The floor, ceiling and east wall provide separation of redundant trains of safe shutdown equipment.  Floor drains are provided 


for this fire zone.  Access to the zone is through Class A fire doors from the intermediate building and Class B fire doors from the center corridor.


Safe shutdown equipment in this zone consists of Division 1 and Division 2 power and control cables.


Fire detection for the zone consists of smoke detectors that alarm in the control room.  Fire suppression equipment for this zone consists of an automatic sprinkler system, above and below the ceiling, water type hose stations and fire extinguishers.


9A.4.4.2.1.2      Analysis


Both divisions of required power and control cables are located in this zone.  In order to provide separation between redundant divisions, most Division 2 circuits needed for safe shutdown are wrapped with a 1 hour rated fire barrier to provide 20 foot separation.  Manual action will compensate for the effects of fire on the remaining Division 2 circuits needed for cold shutdown.


The combustibles contained in this fire zone consist of cable insulation, electrical panels, motor windings, raceway fire barrier material and combustible material storage.  Total fire loading contained in the 6,072 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


9A.4.4.2.1.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging the cables associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by spatial separation, with the installation of adequate fire barriers 


on Division 2 cables needed for safe shutdown to achieve this separation.  This arrangement is supplemented by an automatic sprinkler system, manual fire suppression equipment and early warning fire detection.  In the event of fire in this Zone, Division 1 or Division 2 will be available for safe shutdown, depending upon the location of the fire.


9A.4.4.2.2      Fire Zone CC‑2b


9A.4.4.2.2.1      Description


Fire Zone CC‑2b is located in the northwestern portion of the floor and houses general offices and laboratories common to Unit 1 and Unit 2.  It is bounded on the east by Fire Zone CC‑2a, on the south by Fire Zone CC‑2c, on the north by the radwaste building, with an outside wall on the west.


The north and west walls of this fire zone are constructed of reinforced concrete.  The south and east walls are of drywall construction.  Doorways are equipped with Class B fire doors.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor and ceiling provide separation of redundant trains of safe shutdown equipment.  Walls and ceiling have a 3 hour fire resistance rating, except for the walls adjacent to Fire Zones CC‑2a and CC‑2c which are 2 hour rated.  The floor has a 2 hour fire resistance rating.  All penetrations in fire area boundaries are sealed to at least the fire rating of the respective wall, ceiling or floor.  Floor drains are provided for this fire zone.


Safe shutdown equipment in this zone consists of Division 1 and Division 2 power and control cables.


Fire detection for this zone consists of smoke detectors (above the suspended ceiling) that activate alarms in the control room.  Fire 


suppression equipment for this zone consists of an automatic sprinkler system (above and below the ceiling), water type hose stations and fire extinguishers.


9A.4.4.2.2.2      Analysis


Both divisions of required power and control cables are located in this zone.  In order to provide separation between redundant divisions, Division 1 circuits needed for safe shutdown are wrapped with a 1 hour rated fire barrier to provide 20 foot separation.


Combustibles contained within this fire zone consist of cable insulation, raceway fire barrier material, and combustible material storage.  Total fire loading contained in the 6,370 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


9A.4.4.2.2.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging the cables associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by spatial separation, with the installation of adequate fire barriers on Division 1 cables needed for safe shutdown to achieve this separation.  This arrangement is supplemented by the automatic sprinkler system, manual fire suppression equipment and early warning fire detection.  In the event of a fire in this zone, Division 1 or Division 2 will be available for safe shutdown, depending upon the location of the fire.


9A.4.4.2.3      Fire Zone CC‑2c


9A.4.4.2.3.1      Description


Fire Zone CC‑2c is located in the southwestern portion of the floor and houses general offices, radiological count rooms, conference rooms, etc., that are common to Unit 1 and Unit 2.  It is bounded on the east by Fire Zone CC‑2a, on the north by Fire Zone CC‑2b, with outside walls on the south and west.


The west and south walls of this fire zone are constructed of reinforced concrete.  The north and east walls are of drywall construction.  Doorways are equipped with Class B fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The walls and ceiling have a 3 hour fire resistance rating, except for the walls adjacent to Fire Zones CC‑2a and CC‑2b which are 2 hour rated.  The floor has a 2 hour fire resistance rating.  The floor and ceiling provide separation of redundant trains of safe shutdown equipment.  All penetrations in fire area boundaries are sealed to at least the fire rating of the respective wall, ceiling or floor.  Floor drains are provided for this fire zone.  Access to this zone is through Class B fire doors from the center corridor.


There is no safe shutdown equipment in this zone. 


Fire detection for this zone consists of smoke detectors (above the suspended ceiling) that activate alarms in the control room.  Fire suppression equipment for this zone consists of an automatic sprinkler system (above and below the ceiling), water type hose stations and fire extinguishers.


9A.4.4.2.3.2      Analysis


Combustibles contained within this fire zone consist of cable insulation, charcoal, and miscellaneous combustibles and material storage.  Total fire loading contained in the 6,370 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


Consideration has been given to the case of inadvertent operation of the automatic sprinkler system.  The sprinkler system for the area is not extended into rooms where it is possible that water damage to computer and counting equipment could result if such an event occurred.


9A.4.4.2.3.3      Conclusions


The results of the analysis for this zone indicate that the objective of preventing a fire from damaging the cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by the automatic sprinkler system, manual fire suppression equipment and an early warning fire detection system.


9A.4.4.2.4      Fire Area CC‑STW


9A.4.4.2.4.1      Description


This fire area consists of the northwest stairwell in the control complex.  The north and west walls, and the floor and ceiling are constructed of 3 hour rated reinforced concrete.  The south and east walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  All penetrations are provided with 3 hour fire rated seals.


Safe shutdown equipment in this fire area consists of Division 2 cables.


Fire suppression consists of hose reels and cabinets located in or adjacent to the stairwell at each floor.


9A.4.4.2.4.2      Analysis


Only Division 2 cables are located in this area.


The combustibles contained within this fire zone consist of cables in conduits and lighting equipment.  Total fire loading contained in the 275 ft2 floor area of this fire zone is less than 6,500 Btu/ft2.


9A.4.4.2.4.3      Conclusions


Analysis indicates that a fire in this area will not damage both redundant divisions.  This is accomplished by locating redundant equipment in other fire areas.  In the event of a fire in this area, safe shutdown could be accomplished using Division 1.


9A.4.4.3      Fire Areas, Floor 3


9A.4.4.3.1      Unit 1 Fire Areas, Floor 3 (1CC‑3)


9A.4.4.3.1.1      Fire Area 1CC‑3a


9A.4.4.3.1.1.1      Description


Fire Area 1CC‑3a is shown on <Figure 9A‑11>.  It houses the 4.16 kV and 480V switchgear, the Division 2 redundant remote shutdown panel and 480V motor control centers for power distribution to Unit 1, Division 2 safety‑related equipment.  This area consists of the switchgear room located at Elevation 620’‑6” along the north wall of the Unit 1 control complex, and the reactor protection system (RPS) motor generator set room.  This area is bounded on the north by the radwaste building, on the east by Fire Area 1CC‑4b (electrical cable chase), on the south by Fire Areas 1CC‑3b and 1CC‑3c, and on the west by Fire Area 1CC‑3e.


The north wall of this area is constructed of reinforced concrete.  East, south and west walls are of drywall construction.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, part of the ceiling, south and east walls provide separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this fire area consists of two 100 percent capacity air handling units located in the HVAC equipment room.  Air is supplied to this area by ductwork that is routed through the electrical cable chase (Fire Area 1CC‑4b) and penetrates the chase wall at the Fire Area 1CC‑4b interface.  This supply air is relieved to the fourth floor (Elevation 638’‑6”) cable spreading room (Fire Area 1CC‑4a) through ceiling openings located on the west end of this area.  All ventilation penetrations through fire rated walls and ceiling openings are provided with 3 hour rated fire dampers.  If required, a manually activated smoke venting system is provided to purge smoke from this area.  Water from fire suppression activities can be removed by opening doors to direct the water to adjacent rooms containing floor drains or to stairwells.  This will prevent water from accumulating in the redundant switchgear rooms.


Safe shutdown equipment within this area is as follows:


a.
4.16 kV switchgear bus (Division 2)


b.
480V switchgear busses (Division 2)


c.
480V motor control centers (MCC’s) (Division 2)


d.
Power and control cables for Unit 1, (Division 1 and Division 2)


Fire detection equipment for this area consists of smoke detectors that activate alarms in the control room.  Manual carbon dioxide hose reels, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.3.1.1.2      Analysis


Both divisions of safe shutdown equipment and cables are located in this fire area.  Functional redundancy for the Division 2 switchgear, MCC’s and cabling in this area is provided by the Division 1 switchgear, MCC’s and cabling located in Fire Area 1CC‑3c <Appendix 9A.4.4.3.1.3>.  Manual action will compensate for the effects of fire on the Division 1 equipment required for cold shutdown.  The remaining equipment, an RCIC circuit, is not required since the LPCS System (Division 1) would be available for reactor inventory control.


Combustibles contained within this fire area consist of cable insulation, electrical panels, and raceway fire barrier material.  Total fire loading contained in the 3,655 ft2 floor area of this fire zone is less than 60,000 Btu/ft2.


9A.4.4.3.1.1.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers and is provided with early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Also, the presence of the carbon dioxide hose reels, water type hose stations and fire extinguishers provides ample fire suppression.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.3.1.2      Fire Area 1CC‑3b


9A.4.4.3.1.2.1      Description


Fire Area 1CC‑3b is shown on <Figure 9A‑11>.  It houses power distribution equipment for the Division 3 high pressure core spray system (HPCS).  It is at Elevation 620’‑6” and consists of the rectangular room located near the center of the Unit 1 control complex.  This area is bounded on the north by Fire Area 1CC‑3a, on the east and west by Fire Areas 1CC‑3a and 1CC‑3c and on the south by Fire Area 1CC‑3c.


The east wall of this area is constructed of reinforced concrete.  North, south and west walls are of drywall construction.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Floor drainage is provided for this area.


Ventilation air for this area is provided by two ducts branching off of the main duct that supplies air to Fire Areas 1CC‑3a and 1CC‑3c.  Part of this supply air is relieved to these fire areas through wall openings.  All penetrations through rated fire walls are provided with 3 hour rated fire dampers.


There is no safe shutdown equipment located in this area.


Fire detection equipment for this area consists of smoke detectors that activate alarms in the control room.  Manual carbon dioxide hose reels, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.3.1.2.2      Analysis


Protection for equipment in this area is not required since this equipment is not required for safe shutdown.


Combustibles contained within this fire area consist of cable insulation, electrical panels, battery cell cases and chargers and raceway fire barrier material.  Total fire loading contained in the 


713 ft2 floor area of this fire zone is less than 60,000 Btu/ft2. 


Special consideration was given to the case of overcharging the batteries resulting in the production of hydrogen gas.  The ventilation system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.3.1.2.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 3/4 hour.  Since this area is designed with 3 hour rated fire barriers and is provided with early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing safe shutdown equipment is achieved.  Also, the presence of the carbon dioxide and water hose stations and fire extinguishers provides sufficient fire suppression.


9A.4.4.3.1.3      Fire Area 1CC‑3c


9A.4.4.3.1.3.1      Description


Fire Area 1CC‑3c is shown on <Figure 9A‑11>.  It houses the 4.16 kV and 480V switchgear, and 480V motor control centers for power distribution to Unit 1, Division 1, safety‑related equipment.  This area consists of the switchgear room and access area at Elevation 620’‑6” and is located 


on the north side of the wall separating the Unit 1 and Unit 2 control complex and the reactor protection system (RPS) motor generator set room.  This area is bounded on the north by Fire Areas 1CC‑3a and 1CC‑3b, on the east by Fire Area 1CC‑4f (electrical cable chase), on the south by Fire Area 2CC‑3a, and on the west by Fire Area 1CC‑3d and Fire Area 1CC‑3e.


All walls of this area are constructed of drywall.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, north, east, and west walls provide separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units located in the HVAC equipment room.  Air is supplied to this area by ductwork that is routed through the electrical cable chase (Fire Area 1CC‑4f) and penetrates the chase wall at the Fire Area 1CC‑4f interface.  This supply air is relieved to the fourth floor (Elevation 638’‑0”) cable spreading room (Fire Area 1CC‑4e) through ceiling openings located at the west end of this area.  All ventilation penetrations through rated fire walls and ceiling openings are provided with 3 hour rated fire dampers.  If required, a manually activated smoke venting system is provided to purge smoke from this area.  Water from fire suppression activities can be removed by opening doors to direct the water to adjacent rooms containing floor drains or to stairwells.  This will prevent water from accumulating in the redundant switchgear rooms.


Safe shutdown equipment within this area is as follows:


a.
4.16 kV switchgear bus Division 1


b.
480V switchgear busses Division 1


c.
480V motor control centers (MCC’s) Division 1


d.
Power and control cables for Unit 1, Division 1 and Division 2


Fire detection equipment for this area consists of smoke area detectors that activate alarms in the control room.  Manual carbon dioxide hose reels, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.3.1.3.2      Analysis


Both divisions of safe shutdown components and circuits are located in this fire area.


Functional redundancy for the Division 1 switchgear, MCC’s and cabling in this area is provided by the Division 2 switchgear, MCC’s and cabling located in Fire Area 1CC‑3a <Appendix 9A.4.4.3.1.1>.  In this fire area, manual action will compensate for the effects of fire on most of the Division 2 equipment required for cold shutdown.  


Combustibles contained within this fire area consist of cable insulation, electrical panels and raceway fire barrier material.  Total fire loading contained in the 3,472 ft2 floor area of this fire zone is less than 60,000 Btu/ft2.


9A.4.4.3.1.3.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers and provided with early warning fire detection, the objective of preventing the spread of a fire to adjacent areas 


containing redundant safe shutdown equipment is achieved.  Also, the presence of the carbon dioxide hose reels, water type hose stations and fire extinguishers provides ample fire suppression.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.3.1.4      Fire Area 1CC‑3d


9A.4.4.3.1.4.1      Description


Fire Area 1CC‑3d is shown on <Figure 9A‑11>.  It is at Elevation 620’‑6” and consists of a small rectangular room located in the southwest corner of the Unit 1 control complex that houses the remote shutdown panel.  This area is bounded on the north and east by Fire Area 1CC‑3c, on the south by Fire Area 2CC‑3a and on the west by the control complex elevator shaft.


All walls of this area are constructed of drywall.  The west wall is of bullet resistant construction.  The doorway is equipped with a Class A fire door.


The floor and ceiling are constructed of reinforced concrete over steel form deck and three hour protected framing.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


Ventilation air for this fire area is provided by a duct branching off of the main duct that supplies air to Fire Area 1CC‑3c.  The supply air to this area is relieved to Fire Area 1CC‑3c through a transfer grille located in the wall.  All penetrations and openings are provided with 3 hour rated fire dampers.  Should a fire occur in this area, or in Fire Area 1CC‑3c, the fire dampers will close, thereby isolating the fire areas from one another.


The safe shutdown equipment within this area is as follows:


a.
Remote shutdown panel, Unit 1, Division 1


b.
Control cables, Division 1 and Division 2


Fire detection equipment for this area consists of smoke detectors that activate alarms in the control room.  Manual carbon dioxide hose reels, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.3.1.4.2      Analysis


Division 1 components and both divisions of circuits are located in this fire area.  Functional redundancy for the equipment in this area is provided since the control room has redundant component controls for all equipment which can be controlled from the remote shutdown panel.  Separation is provided between Division 1 and Division 2 cabling and components on the panel in accordance with separation design criteria.  In this fire area, manual action will compensate for the effects of fire on most of the Division 2 equipment required for cold shutdown.  Remaining Division 2 equipment, consisting of MSIV circuits, can be lost since redundant equipment is available in other zones and areas.


The only combustible contained within this fire area consists of the panel and cable insulation.  This is contained within a 165 ft2 floor area which yields a fire loading of less than 60,000 Btu/ft2 for this fire area.


9A.4.4.3.1.4.3      Conclusions


The results of the analysis for this area indicate that with the fire loading calculated, and the provision of early warning fire detection, the objective of preventing a fire from damaging both divisions of 


equipment required for safe shutdown, or spreading to adjacent areas is achieved.  This is accomplished by barrier design and the low fire loading.  Although some Division 1 and Division 2 valve controls are located on the remote shutdown panel, the safe shutdown of the reactor can be achieved by using appropriate valve controls in the control room if a fire should occur in this fire area.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.3.1.5      Fire Area 1CC‑3e


9A.4.4.3.1.5.1      Description


Fire Area 1CC‑3e is shown on <Figure 9A‑11> and consists of the access corridor at the west side of the Unit 1 control complex.  This area is bounded on the east by Fire Areas 1CC‑3a and 1CC‑3c, on the north by the access stair, on the south by the control complex elevator shaft, and on the west by the diesel generator building.


All walls of this area are constructed of drywall except for the west wall which is reinforced concrete.  Doors to the stair, elevator and rooms are Class A fire doors.


The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls, floor and ceiling have a 3 hour fire resistance rating.  The floor, ceiling, east, and west walls provide separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals.


The safe shutdown equipment within this area consists of control cables, Division 1 and Division 2, Unit 1.


Fire detection equipment for this area consists of smoke detectors that activate alarms in the control room.  Fire suppression equipment 


consists of manual carbon dioxide hose reels, water type hose stations and fire extinguishers.


9A.4.4.3.1.5.2      Analysis


This area contains both divisions of control cables required for safe shutdown.  Division 1 cables needed for safe shutdown are enclosed in a 1 hour fire rated barrier.


The only combustible contained within this fire area consists of cable insulation.  This is contained within a floor area of 320 ft2, which yields a fire loading of less than 40,000 Btu/ft2 for this fire area.


9A.4.4.3.1.5.3      Conclusions


The results of the analysis for this area indicate that with the fire loading calculated, the separation of redundant divisions with fire barriers, and the early warning fire detection provided, the objective of preventing the spread of fire to another area or fire from damaging more than one division of safe shutdown equipment is achieved.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.3.2      Unit 2 Fire Areas, Floor 3 (2CC‑3)


9A.4.4.3.2.1      Fire Area 2CC‑3


9A.4.4.3.2.1.1      Description


Fire Area 2CC‑3 consists of three separate functional areas and is shown on <Figure 9A‑11>.  It houses nonsafety 4.16kV and 480V switchgear, supporting Unit 1, that is located in a cut‑off room bounded by gypsum walls.  The central room houses the back‑up power distribution equipment and batteries for the Division 3 High Pressure Core Spray (HPCS) system.  


This room is provided with a 3 hour fire rated barrier.  The remaining space is available as an RRA Access Control Point and Health Physics support facilities.


Fire Area 2CC‑3 is located at elevation 620’‑6”.  This area is bounded on the north by Fire Area 1CC‑3c, on the east by Fire Area 2CC‑4b and 2CC‑4f, on the west by Fire Area 2CC‑3e, and on the south by the Service Building.


All walls of this area are constructed of drywall, with the exception of the Service Building which is concrete.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck.  The support steel has an adequate level of protection from fire exposure presented by the hazards in the area.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units located in the HVAC equipment room.  Air is supplied to this area by ductwork that is routed through the electrical cable chase (Fire Area 2CC‑4b) and penetrates the chase wall at the Fire Area 2CC‑4b interface.  This supply air is relieved to the fourth floor (Elevation 638’‑6”) cable spreading room (Fire Area 2CC‑4a) through ceiling openings located at the west end of this area.  All ventilation penetrations through rated fire walls and ceiling openings are provided with 3 hour rated fire dampers.  The operation (closing) of all these dampers is initiated either by heat melting a fusible element or by a signal from the smoke detection system for this area.  If required, a manually actuated smoke venting system is also provided to purge the smoke from this area.  Water from fire suppression activities can be removed by opening doors to direct the water to adjacent rooms containing floor drains or to stairwells.  This will prevent water from accumulating.


Safety Related equipment in this area includes the back‑up power distribution equipment and batteries for the Division 3 High Pressure 


Core Spray (HPCS) system.  The central room is separated from the remaining portion of the area by a 3 hour fire rated gypsum wall barrier.  This Unit 2 equipment, located in this central room, is only required to support Unit 1 when the primary system, located on the Unit 1 side of the Control Complex, is taken offline.  Functional redundancy for the Division 3 power and control cabling in this Fire Area is provided by Division 1 and Division 2 power and control cabling located in Fire Area 1CC‑3a and 1CC‑3c.


In addition to the area ventilation, a separate RRC Access Area HVAC System is contained within this fire area.  A portion of the exhaust from this area is routed through the floor, via a 3 hour rated fire damper, to the M21 HVAC System.  The operation (closing) of this damper is initiated by heat melting a fusible element.


Fire detection equipment for this area consists of smoke detectors.  Manual carbon dioxide hose reels, water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.3.2.1.2      Analysis


The combustible loading within the fire area consists predominantly of cabling and materials consistent with switchgear and motor control centers.  Of the originally designed cable runs, only small portions were actually pulled and many of the cable trays are either empty or minimally filled.


The back‑up Division 3 power and distribution equipment, located within a room provided with fire rated gypsum walls, is functionally redundant to the primary Division 3 equipment and is not required to accomplish safe shutdown.


Special consideration was given to the case of overcharging the batteries in the HPCS power distribution room resulting in the 


production of hydrogen gas.  The ventilation system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.3.2.1.3      Conclusions


The objective of preventing a fire in Fire Area 2CC‑3 from spreading to adjacent areas containing safe shutdown equipment is achieved.  This is accomplished in part by the low and discontinuous combustible loading, the fire detection system, and the 3 hour fire rated walls protecting Unit 1 safety‑related equipment.  Also the presence of the carbon dioxide hose reels, water type hose stations, and fire extinguishers provide ample fire suppression.
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9A.4.4.3.2.5      Fire Area 2CC‑3e


9A.4.4.3.2.5.1      Description


Fire Area 2CC‑3e is shown on <Figure 9A‑11> and consists of the access corridor at the west side of the Unit 2 control complex.  This area is bounded on the east by Fire Area 2CC‑3, on the north by the elevator shaft, on the south by the access stair, and on the west by the diesel generator building.


All walls of this area are constructed of drywall except for the west wall which is reinforced concrete.  Doors to the stair and rooms are Class A fire doors and the door to the elevator shaft is a Class B fire door.


The floor and ceiling are constructed of reinforced concrete over steel form deck and three hour protected framing.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The safe shutdown equipment within this area consists of control cables, Division 1 and Division 2, Unit 2.


Fire detection for this area consists of smoke detectors that activate alarms in the control room.  Fire suppression equipment consists of manual carbon dioxide hose reels, water type hose stations and fire extinguishers.


9A.4.4.3.2.5.2      Analysis


This area contains both divisions of control cables.  Separation is provided between Division 1 and Division 2 cabling in accordance with separation design criteria.


The only combustible in this area consists of cable insulation.  This is contained within a floor area of 500 ft2 which yields a fire loading of 31,460 Btu/ft2 for this fire area.


9A.4.4.3.2.5.3      Conclusions


The results of the analysis for this area indicate that with the fire loading calculated, spacial separation and the early warning fire detection provided, the objective of preventing the spread of fire to another area or a fire from damaging more than one division of safe shutdown equipment is achieved.


9A.4.4.4      Fire Areas, Floor 4


9A.4.4.4.1      Unit 1 Fire Areas, Floor 4 (1CC‑4)


9A.4.4.4.1.1      Fire Area 1CC‑4a


9A.4.4.4.1.1.1      Description


Fire Area 1CC‑4a is shown on <Figure 9A‑15>.  It is the cable spreading area for Unit 1, Division 2 and houses the Division 2 power and control cables, RPS instrumentation cables, Division 2 and Division 3, and nonsafety‑related cables routed from the control room to other plant areas.  This area is located at Elevation 638’‑6” along the north wall of the Unit 1 control complex.  The floor boundary includes the computer room ceiling.  This area is bounded on the north by the radwaste building, on the east by Fire Area 1CC‑4b, on the south by Fire Areas 1CC‑4c, 1CC‑4d, 1CC‑4e, and 1CC‑4i, and on the west by Fire Area 1CC‑638/654.


The north wall of this area is constructed of reinforced concrete.  East, south and west walls are of drywall construction.  The west wall is of bullet resistant construction.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, ceiling, south, east, and west walls provide separation of redundant trains of safe shutdown equipment.  The walls, floors and ceilings separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Floor drainage is provided throughout this area.


Ventilation air for this area is supplied through transfer grilles located in the walls and floor.  Return air is removed by two 100 percent capacity fans and associated ductwork.  All wall ventilation 


penetrations and floor openings for ventilation are provided with 3 hour rated fire dampers.  A manually activated smoke venting system is also provided to purge the smoke from this area.


Safe shutdown equipment in this area consists of:


a.
Power and control cables for Unit 1, Division 1 and Division 2


b.
RPS cables for Unit 1, Division 2 and Division 3


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Water type hose stations and fire extinguishers are also provided to supplement this system.  Additional fire detection equipment is also provided for this area by smoke detectors that activate alarms in the control room.


9A.4.4.4.1.1.2      Analysis


Both divisions of circuits required for safe shutdown are located in this area.  Functional redundancy for the Division 2 power and control cabling and Division 2 and Division 3 RPS cabling in this fire area is provided by Division 1 control cabling and Divisions 1 and Division 4 RPS cabling located in Fire Area 1CC‑4e <Appendix 9A.4.4.4.1.5>.  The Division 1 circuits located in this fire area include control circuits for the RCIC system.  Components and circuits for the LPCS system (Division 1) are not located in this fire area, and LPCS would be available to provide Reactor Inventory Control.  Manual actions will compensate for the effects of fire on the Division 1 circuits needed for cold shutdown.  The manual operation in recirculation mode would compensate for fire induced faults on non‑safety circuits associated with the Control Room HVAC system.


Combustible material contained in this fire area consists of cable insulation, electrical panels, and raceway fire barrier material.  Total fire loading contained in the 3,159 ft2 floor area of this fire area is less than 120,000 Btu/ft2.


9A.4.4.4.1.1.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1‑1/2 hours.  Since this area is designed with 3 hour rated fire walls, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further protection is provided since the area is equipped with a preaction type sprinkler system for fire suppression and an early warning fire detection system.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.4.1.2      Fire Area 1CC‑4b


9A.4.4.4.1.2.1      Description


Fire Area 1CC‑4b is shown on <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑15>, <Figure 9A‑16>, and <Figure 9A‑19>.  It consists of a vertical cable chase along the east end of the Unit 1, Division 2 control complex extending from Elevation 620’‑6” to Elevation 693’‑2” and a horizontal cable chase extending from the vertical chase to the Unit 1 reactor building at Elevation 639’‑6” of the intermediate building.  This fire area houses Division 2 and Division 3 and nonsafety‑related cables routed from the Unit 1 reactor building to the cable spreading room and other plant areas.  It is bounded on the north by the radwaste building and the interior of the intermediate building, 


on the east by the Unit 1 reactor building, on the south by Fire Area 1CC‑4f and the interior of the intermediate building, and on the west by Fire Area 1CC‑4a.


The north and east walls of this area within the control complex, and all walls within the intermediate building and Unit 1 reactor building, are constructed of reinforced concrete.  The west and south walls of this area within the control complex are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor construction in the control complex is of reinforced concrete over steel form deck and 3 hour protected framing.  The ceiling in the control complex (at Elevation 693’‑2”) is constructed of drywall and gypsum plank.  Floor and ceiling construction within the intermediate building is of reinforced concrete.  Walls and floors have a 3 hour fire resistance rating.  The floor, ceiling, parts of the north, south, east, and west walls provide separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals, including the 3” rattle space at the reactor building.  Floor drainage is provided in the control complex and intermediate building.


There is no ventilation system provided for this area during normal plant operation.  However, in case of a fire in this area, a manually actuated smoke venting system is provided to purge the smoke.  This system consists of a 100 percent capacity fan, isolation dampers and ductwork.  Three hour rated fire dampers are provided where the ductwork penetrates fire rated walls.


Safe shutdown equipment in this fire area consists of:


a.
Power and control cables for Unit 1, Division 1 and Division 2


b.
RPS cables for Unit 1, Division 2 and Division 3


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Closed directional spray nozzles are provided at each floor elevation to ensure protection of cable tray runs in the vertical chases.  These nozzles are located as required for protection of multi‑level cable tray configurations.  Fire extinguishers and water type hose stations are also provided.  Additional fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.1.2.2      Analysis


Both divisions of circuits required for safe shutdown are located in this area.  Functional redundancy for the Division 2 power and control cabling and Division 2 and Division 3 RPS cabling in this fire area is provided by Division 1 power and control cabling and Division 1 and Division 4 RPS cabling located in Fire Area 1CC‑4f <Appendix 9A.4.4.4.1.6>.  The Division 1 circuits located in this fire area include control circuits for the RCIC system.  Components and circuits for the LPCS system (Division 1) are not located in this fire area and LPCS would be available to provide Reactor Inventory Control.  Manual action will compensate for the effects of fire on most of the Division 1 equipment required for cold shutdown.


Combustible material contained in this fire area consists of cable insulation, electrical panels, and raceway fire barrier material.  Total fire loading contained in the 1,405 ft2 floor area of this fire area is less than 280,000 Btu/ft2.


9A.4.4.4.1.2.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging the cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by separation of redundant equipment by 


3 hour rated fire barriers and wrapping required circuits with 1 hour fire rated barriers.  Further protection is provided since the area is equipped with a preaction type sprinkler system for fire suppression and an early warning fire detection system.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.4.1.3      Fire Area 1CC‑4c


9A.4.4.4.1.3.1      Description


Fire Area 1CC‑4c is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a small square room within the Unit 1, Division 2 control complex that houses the 125 Vdc distribution equipment for Division 2.  This area is bounded on the north and east by Fire Area 1CC‑4a, on the south by Fire Area 1CC‑4g, and on the west by Fire Area 1CC‑4d.


Walls are constructed of drywall.  The floor and ceiling construction is of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have a 3 hour fire resistance rating.  The floor, ceiling, north, south, and east walls provide separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one air handling unit operates continuously to supply air to this area.  This air is then relieved to the adjacent battery room (Fire Area 1CC‑4d) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc distribution panels


b.
Battery chargers


c.
125 Vdc switchgear bus


d.
Power and control cables for Unit 1, Division 1, Division 2 and Division 3


e.
125 Vdc MCC


Fire detection equipment for this area consists of smoke detectors that activate alarms in the control room.  Manual fire extinguishers, water type hose stations and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.1.3.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this area.


Functional redundancy for most Division 2 equipment in this area is provided by Division 1 equipment located in Fire Area 1CC‑4g <Appendix 9A.4.4.4.1.7>.  RCIC system components and circuits are the only Division 1 equipment in this area.  Components and circuits for the LPCS system (Division 1) are not located in this fire area and LPCS would be available to provide Reactor Inventory Control.


Combustibles within this area consist of cable insulation, lubricating oil and grease, electrical panels, and raceway fire barrier material.  Total fire loading contained in the 256 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


9A.4.4.4.1.3.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers and is provided with early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  In order to prevent a fire from damaging both divisions and affecting safe shutdown, required circuits contained in this area are protected with adequate fire barriers.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.4.1.4      Fire Area 1CC‑4d


9A.4.4.4.1.4.1      Description


Fire Area 1CC‑4d is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a rectangular room within the Unit 1, Division 2 control complex that houses the Division 2 batteries.  This area is bounded on the north and west by Fire Area 1CC‑4a, on the east by Fire Area 1CC‑4c and on the south by Fire Area 1CC‑4h.


Walls are constructed of drywall.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  The south wall provides separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Also, floor drainage is provided for this area.


Ventilation air supplied to the adjacent dc switchgear room (Fire Area 1CC‑4c) and the access corridor (Fire Area 1CC‑4a) is routed to this area through transfer grilles located in the walls.  This air is 


then exhausted to the atmosphere by two 100 percent capacity exhaust fans.  All ventilation penetrations are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc batteries


b.
Power and control cables for Unit 1, Division 2


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.1.4.2      Analysis


Only Division 2 safe shutdown equipment is located in this area.  Redundant equipment is located in other fire areas and zones.  Functional redundancy for the Division 2 batteries in this fire area is provided by the Division 1 batteries located in Fire Area 1CC‑4h <Appendix 9A.4.4.4.1.8>.


The only combustible material in this area consists of battery cases. This material, contained within a 416 ft2 floor area, yields a fire loading of less than 20,000 Btu/ft2 for this fire area.


Special consideration was given to the case of overcharging the batteries resulting in the production of hydrogen gas.  The ventilation system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.4.1.4.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers and early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.4.1.5      Fire Area 1CC‑4e


9A.4.4.4.1.5.1      Description


Fire Area 1CC‑4e is shown on <Figure 9A‑15>.  It is the cable spreading area for Unit 1, Division 1, and houses the Division 1 power and control cables, RPS instrumentation cables, Division 1 and Division 4, and nonsafety‑related cables routed from the control room to other plant areas.  This area is located at Elevation 638’‑6” along the north side of the wall separating Unit 1 and Unit 2 control complex.  The floor boundary includes the computer room ceiling.  This area is bounded on the north by Fire Areas 1CC‑4a, 1CC‑4g, 1CC‑4h, and 1CC‑4i, on the east by Fire Area 1CC‑4f, on the south by Fire Area 2CC‑4a, and on the west by Fire Area 1CC‑638/654.


The walls of this area are constructed of drywall with the west wall having bullet resistant construction.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, ceiling, north, south, east, and west walls provide separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Floor drainage is provided throughout this area.


Ventilation air for this area is supplied through transfer grilles located in the walls and floor.  Return air is removed by two 100 percent capacity fans.  All wall ventilation penetrations and floor openings for ventilation are provided with 3 hour rated fire dampers.  A manually activated smoke venting system is also provided to purge the smoke from this area.


Safe shutdown equipment in this area consists of:


a.
Power and control cables for Unit 1, Division 1 and Division 2


b.
RPS cables for Unit 1, Division 1 and Division 4


c.
Power and control cables for Unit 2, Division 1 and Division 2 utilized as backup for Unit 1 systems


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Water type hose stations and fire extinguishers are also provided to supplement this system.  Additional fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.1.5.2      Analysis


Both divisions of circuits required for safe shutdown are located in this area.  Functional redundancy for the Division 1 power and control cabling and Division 1 and Division 4 RPS cabling in this area is provided by the Division 2 control cabling and Division 2 and Division 3 RPS cabling located in Fire Area 1CC‑4a <Appendix 9A.4.4.4.1.1>.  The manual operation in recirculation mode would compensate for fire induced faults on non‑safety circuits associated with the Control Room HVAC system.  Circuits for the Unit 2 Division 2 batteries are required for safe shutdown when used as the Unit 1 Division 2 DC supply and are wrapped with 1 hour fire rated 


barriers.  Manual action will compensate for the effects of fire on the remaining Division 2 equipment required for cold shutdown.


Combustible material in this area consists of a concentration of cable insulation and electrical panels.  This material, contained within the 3,002 ft2 floor area, yields a fire loading of less than 140,000


Btu/ft2.


9A.4.4.4.1.5.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1‑3/4 hours.  Since this area is designed with 3 hour rated fire walls, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further assurance of limiting fire spread is achieved since the area is equipped with a preaction type sprinkler system and early warning fire detection.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.4.1.6      Fire Area 1CC‑4f


9A.4.4.4.1.6.1      Description


Fire Area 1CC‑4f is shown on <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑15>, <Figure 9A‑16>, and <Figure 9A‑19>.  It consists of a vertical cable chase along the east end of the Unit 1, Division 1 control complex extending from Elevation 620’‑6” to Elevation 693’‑2”, and a horizontal cable chase extending from the vertical chase to the Unit 1 reactor building at Elevation 639’‑6” of the intermediate building.  This fire area houses Division 1 and Division 4, and nonsafety‑related cables routed from the Unit 1 reactor building to the cable spreading room and other plant areas.  It is bounded on the north by Fire Area 1CC‑4b and the interior of the intermediate building, on 


the east by the Unit 1 reactor building and the interior of the intermediate building, on the south by Fire Area 2CC‑4b and the interior of the intermediate building, and on the west by Fire Area 1CC‑4e.


The east wall of this area within the control complex, and all walls of this area within the intermediate building and the Unit 1 reactor building, are constructed of reinforced concrete.  The north, south and west walls of this area within the control complex are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor construction in the control complex is of reinforced concrete over steel form deck and 3 hour protected framing.  The ceiling in the control complex (at Elevation 693’‑2”) is constructed of drywall and gypsum plank.  Floor and ceiling construction within the intermediate building is of reinforced concrete.  Walls and floor have a 3 hour fire resistance rating.  The floor, ceiling, north, and parts of the south, east and west walls provide separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals, including the 3” rattle space at the reactor building.  Floor drainage is provided in both the control complex and intermediate building.


There is no ventilation system provided for this area during normal plant operation.  However, in case of a fire in this area, a manually actuated smoke venting system is provided.  This consists of a 100 percent capacity fan, isolation dampers and ductwork.  Three hour rated fire dampers are provided where ductwork penetrates fire walls.  


Safe shutdown equipment in this fire area consists of:


a.
Power and control cables for Unit 1, Division 1 and Division 2


b.
RPS cables for Unit 1, Division 1 and Division 4


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Closed 


directional spray nozzles are provided at each floor elevation to ensure protection of cable tray runs in the vertical chases.  These nozzles are located as required for protection of multi‑level cable tray configurations.  Fire extinguishers and water type hose stations are also provided.  Additional fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.1.6.2      Analysis


Both divisions of circuits required for safe shutdown are located in this area.  Functional redundancy for the Division 1 power and control cabling and Division 1 and Division 4 RPS cabling in this fire area is provided by Division 2 power and control cabling and Division 2 and Division 3 RPS cabling located in Fire Area 1CC‑4b <Appendix 9A.4.4.4.1.2>.  Manual action will compensate for the effects of fire on most of the Division 2 equipment required for cold shutdown.  Remaining Division 2 circuits needed for safe shutdown, are wrapped with a 1 hour fire rated barrier.


Combustible material in this area consists of a concentration of cable insulation, electrical panels, and raceway fire barrier material.  Total fire loading in the 2,286 ft2 floor area of this fire area is less than 200,000 Btu/ft2.


9A.4.4.4.1.6.3      Conclusions


The results of the analysis for this fire area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 2‑1/2 hours.  Since this area is designed with 3 hour rated fire walls, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further assurance of limiting fire spread is achieved since the area is equipped with a preaction type sprinkler system and early 


warning fire detection.  In this area, required Division 2 circuits are enclosed in a 1 hour fire rated barrier.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.4.1.7      Fire Area 1CC‑4g


9A.4.4.4.1.7.1      Description


Fire Area 1CC‑4g is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a small square room within the Unit 1, Division 1 control complex that houses the 125 Vdc distribution equipment for Division 1.  This area is bounded on the north by Fire Area 1CC‑4c, on the east and south by Fire Area 1CC‑4e, and on the west by Fire Area 1CC‑4h.


Walls are constructed of drywall.  The floor and ceiling construction is of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have a 3 hour fire resistance rating.  The north wall provides separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one handling unit operates continuously to supply air to this area.  This air is then relieved to the adjacent battery room (Fire Area 1CC‑4h) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc distribution panel


b.
Battery chargers


c.
125 Vdc switchgear bus


d.
125 Vdc motor control center (MCC)


e.
Power and control cables for Unit 1, Division 1


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.1.7.2      Analysis


Only Division 1 safe shutdown equipment is located in this area. Redundant equipment is located in other areas and zones.  Functional redundancy for the Division 1 components in this area is provided by Division 2 equipment located in Fire Area 1CC‑4c <Appendix 9A.4.4.4.1.3>, with the exception of the MCC for the reactor core isolation cooling system valves; the MCC has no redundancy.


Combustibles within this fire area consist of cable insulation, and electrical panels.  Total fire loading contained in the 256 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.


9A.4.4.4.1.7.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers and early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.4.1.8      Fire Area 1CC‑4h


9A.4.4.4.1.8.1      Description


Fire Area 1CC‑4h is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a rectangular room within the Unit 1, Division 1 control complex that houses the Division 1 batteries.  This area is bounded on the north by Fire Area 1CC‑4d, on the east by Fire Area 1CC‑4g and on the west and south by Fire Area 1CC‑4e.


Walls are constructed of drywall.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  The north wall provides separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Also, floor drainage is provided for this area.


Ventilation air supplied to the adjacent dc switchgear room (Fire Area 1CC‑4g) and the access corridor (Fire Area 1CC‑4e) is routed to this area through transfer grilles located in the walls.  This air is then exhausted to the atmosphere by two 100 percent capacity exhaust fans.  All ventilation penetrations are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc batteries


b.
Power and control cables for Unit 1, Division 1


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.1.8.2      Analysis


Only Division 1 safe shutdown equipment is located in this area.  Redundant equipment is located in other fire areas and zones.  Functional redundancy for the Division 1 batteries in this fire area is provided by the Division 2 batteries located in Fire Area 1CC‑4d <Appendix 9A.4.4.4.1.4>.


The only combustible material in this area consists of battery cases. This material, contained within a 416 ft2 floor area, yields a fire loading of less than 20,000 Btu/ft2 for this fire area.


Special consideration was given to the case of overcharging the batteries resulting in the production of hydrogen gas.  The ventilation system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.4.1.8.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers and early warning fire detection, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.4.1.9      Fire Area 1CC‑4i


9A.4.4.4.1.9.1      Description


Fire Area 1CC‑4i is shown on <Figure 9A‑15>.  It is located at the center of the Unit 1 control complex at Elevation 638’‑6” and consists 


of the computer room.  This area is bounded on the north, east and west by Fire Area 1CC‑4a and on the south, east and west by Fire Area 1CC‑4e.


Walls are constructed of drywall with doorways equipped with Class A fire doors.  The ceiling is constructed of drywall and gypsum plank.  The computer room has a raised floor above the typical floor construction which is reinforced concrete over steel form deck and 3 hour protected framing.  Parts of the north, south, east, and west walls provide separation of redundant trains of safe shutdown equipment.  Walls and floor have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this fire area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one air handling unit operates continuously to supply air to this area.  This supply air is relieved to the adjacent cable spreading areas (1CC‑4a and 1CC‑4e) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided with 3 hour rated fire dampers.


There is no safe shutdown equipment located in this fire area.


Fire detection equipment for this area consists of smoke detectors in the computer room and in the subfloor.  Fire suppression equipment includes a manual total flooding carbon dioxide system in the subfloor, manual fire extinguishers and carbon dioxide hose reels.


9A.4.4.4.1.9.2      Analysis


Protection for equipment in this fire area is not required since this equipment is not required for safe shutdown.


Combustibles in this fire area consist of cable insulation, electrical panels, and combustible supplies.  Total fire loading contained in the 672 ft2 floor area of this fire zone is less than 120,000 Btu/ft2.


9A.4.4.4.1.9.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1‑1/2 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to adjacent areas containing safe shutdown equipment is achieved.  Also, the carbon dioxide system in the computer room subfloor, and the early warning fire detection, provide sufficient protection.


9A.4.4.4.1.10      Fire Area 1CC‑638/654


9A.4.4.4.1.10.1      Description


Fire Area 1CC‑638/654 is shown on <Figure 9A‑15>.  It consists of the elevator vestibule area at the 638’‑6” elevation, adjacent to the northwest stairwell in the control complex.  The west wall is reinforced concrete, and the remaining walls are drywall with the east wall of bullet resistant construction.  The east wall provides separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling are 3 hour rated.  Doors are Class A, except for the Class B elevator door.


Safe shutdown equipment consists of nonsafety circuits which can affect safe shutdown.


Fire detection equipment for this area consists of smoke detectors.  Fire suppression equipment consists of water and CO2 hose stations, and fire extinguishers.


9A.4.4.4.1.10.2      Analysis


Only one nonsafety circuit located in this area is required for safe shutdown.  Redundant equipment is located in other fire areas and zones.


Combustibles in this fire area consist of cable insulation.  This material, contained within a 320 ft2 floor area, yields a fire loading of less than 60,000 Btu/ft2 for this fire area.


9A.4.4.4.1.10.3      Conclusions


Analysis indicates that a fire in this area does not damage required circuits of both divisions; therefore, safe shutdown is not prevented.  Manual suppression and early warning fire detection are provided.  Division 2 could be utilized in the event of a fire in this area.


9A.4.4.4.2      Unit 2 Fire Areas, Floor 4 (2CC‑4)


9A.4.4.4.2.1      Fire Area 2CC‑4a


9A.4.4.4.2.1.1      Description


Fire Area 2CC‑4a is shown on <Figure 9A‑15>.  It is the cable spreading area for Unit 2, Division 2 and houses the Division 2 power and control cables, RPS instrumentation cables Division 2 and Division 3, and nonsafety‑related cables routed from the control room to other plant areas.  This area is located at Elevation 638’‑6” along the south side of the wall separating the Unit 1 and Unit 2 control complex.  The floor boundary includes the computer room ceiling.  This area is bounded on the north by Fire Area 1CC‑4e, on the east by Fire Area 2CC‑4b, on the south by Fire Areas 2CC‑4c, 2CC‑4d, 2CC‑4e, and 2CC‑4i, and on the west by the diesel generator building.


The walls of this area are constructed of drywall with doorways equipped with Class A doors.  Floor and ceiling construction is of reinforced concrete over steel form deck and 3 hour protected framing.  The walls, floors and ceilings separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Also, floor drainage is provided throughout this area.


Ventilation air for this area is supplied through transfer grilles located in the walls and floor.  Return air is removed by two 100 percent capacity fans and associated ductwork.  All wall ventilation penetrations and floor openings for ventilation are provided with 3 hour rated fire dampers.  In addition to operation (closing) of these dampers by melting of fusible links, the dampers to Fire Areas 2CC‑3a, 4b, and 4i will also operate upon a signal from the smoke detection system for this area.  A manually activated smoke venting system is also provided to purge the smoke from this area.


Safe shutdown equipment in this area consists of:


a.
Power and control cables for Unit 2, Division 1 and Division 2 equipment


b.
RPS cables for Unit 2, Division 2 and Division 3


Fire protection for this area consists of a sprinkler system equipped with manual system actuation.  Water type hose stations and fire extinguishers are also provided to supplement this system.  Fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.2.1.2      Analysis


Functional redundancy for the Division 2 power and control cabling and Division 2 and Division 3 RPS cabling in this fire area is provided by Division 1 cabling and Division 1 and Division 4 RPS cabling located in Fire Area 2CC‑4e <Appendix 9A.4.4.4.2.5>.


These combustibles contained within the 2,991 ft2 floor area, yields a fire loading of 118,854 Btu/ft2 for this fire area.


9A.4.4.4.2.1.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1‑1/2 hours.  Since this area is designed with 3 hour rated fire walls, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further assurance of limiting fire spread is achieved since the area is equipped with a preaction type sprinkler system for fire suppression, and an early warning fire detection system.


9A.4.4.4.2.2      Fire Area 2CC‑4b


9A.4.4.4.2.2.1      Description


Fire Area 2CC‑4b is shown on <Figure 9A‑11>, <Figure 9A‑15>, <Figure 9A‑16>, and <Figure 9A‑19>.  It consists of a vertical cable chase along the east end of the Unit 2, Division 2 control complex extending from Elevation 620’‑6” to Elevation 693’‑2”, and a horizontal cable chase extending from the vertical chase to the Unit 2 reactor building at Elevation 639’‑6” of the intermediate building.  This fire area houses Division 2 and Division 3 and nonsafety‑related cables routed from the Unit 2 reactor building to the cable spreading room and other plant areas.  It is bounded on the north by Fire Area 1CC‑4f and 


the interior of the intermediate building, on the east by the Unit 2 reactor building and the interior of the intermediate building, on the south by Fire Area 2CC‑4f, and on the west by Fire Area 2CC‑4a.  A partition wall to resist tornado depressurization is located at the west end of the horizontal cable chase in the Intermediate Building at Elevation 639’‑6”.


The east wall of this area within the control complex, and all walls within the intermediate building and the Unit 2 reactor building, are constructed of reinforced concrete.  The north, south and west walls of this area within the control complex are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor construction in the control complex is of reinforced concrete over steel form deck and 3 hour protected framing.  The ceiling in the control complex (at Elevation 693’‑2”) is constructed of drywall and gypsum plank.  Floor and ceiling construction within the intermediate building is of reinforced concrete.  Walls and floors have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals, including the 3” rattle space at the reactor building.  Floor drainage is provided in the control complex and intermediate building.


There is no ventilation system provided for this area during normal plant operation.  However, in case of a fire in this area, a manually actuated smoke venting system is provided to purge the smoke.  This system consists of a 100 percent capacity fan, isolation dampers and ductwork.  Three hour rated fire dampers are provided where the ductwork penetrates fire rated walls.  In addition to operation (closing) of these dampers by melting of fusible links, the dampers to Fire Areas 2CC‑3a, 4a will also operate upon a signal from the smoke detection system for this area.


Safe shutdown equipment in this fire area consists of:


a.
Power and control cables for Unit 1 and Unit 2, Division 2


b.
RPS cables for Unit 2, Division 2 and Division 3


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Closed directional spray nozzles are provided at each floor elevation to ensure protection of cable tray runs in the vertical chases.  These nozzles are located as required for protection of multi‑level cable tray configurations.  Fire extinguishers are also provided.  Additional fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.2.2.2      Analysis


Functional redundancy for the Division 2 power and control cabling and Division 2 and Division 3 RPS cabling in this fire area is provided by Division 1 power and control cabling and Division 1 and Division 4 RPS cabling located in Fire Area 2CC‑4f <Appendix 9A.4.4.4.2.6>.  The only Unit 1 cables are Division 2.


Combustibles within this area, contained within the 2,285 ft2 floor area, yields a fire loading of 180,044 Btu/ft2 for this fire area.


9A.4.4.4.2.2.3      Conclusions


The results of the analysis for this fire area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 2 hours.  Since this area is designed with 3 hour rated fire walls, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further assurance of limiting fire spread is achieved since the area is equipped with a preaction type sprinkler system for fire suppression, and an early warning fire detection system.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.4.2.3      Fire Area 2CC‑4c


9A.4.4.4.2.3.1      Description


Fire Area 2CC‑4c is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a small square room within the Unit 2, Division 2 control complex that houses the 125 Vdc distribution equipment for Division 2.  This area is bounded on the north and east by Fire Area 2CC‑4a, on the south by Fire Area 2CC‑4g and on the west by Fire Area 2CC‑4d.


Walls are constructed of drywall.  The floor and ceiling construction is of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one air handling unit operates continuously to supply air to this area.  This air is then relieved to the adjacent battery room (Fire Area 2CC‑4d) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc distribution panels


b.
Battery charger


c.
125 Vdc switchgear bus


d.
Power and control cables for Unit 2, Division 2


e.
125 Vdc MCC


Fire detection equipment for this area consist of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.2.3.2      Analysis


Functional redundancy for the Division 2 equipment in this area is provided by Division 1 equipment located in Fire Area 2CC‑4g <Appendix 9A.4.4.4.2.7>.  Since only Division 2 equipment is located in this area, equipment separation is not a factor.


Total fire loading for this 256 ft2 fire area is 30,313 Btu/ft2.


9A.4.4.4.2.3.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1/2 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, and is provided with an early warning fire detection system, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.


9A.4.4.4.2.4      Fire Area 2CC‑4d


9A.4.4.4.2.4.1      Description


Fire Area 2CC‑4d is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a rectangular room within the Unit 2, Division 2 control complex that houses the Division 2 batteries.  This area is bounded on the north and west by Fire Area 2CC‑4a, on the east by Fire Area 2CC‑4c and on the south by Fire Area 2CC‑4h.


Walls are constructed of drywall.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  


Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Also, floor drainage is provided for this area.


Ventilation air supplied to the adjacent dc switchgear room (Fire Area 2CC‑4c) and` the access corridor (Fire Area 2CC‑4a) is routed to this area through transfer grilles located in the walls.  This air is then exhausted to the atmosphere by two 100 percent capacity exhaust fans.  All wall penetrations for ventilation are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc batteries


b.
Power and control cables for Unit 2, Division 2


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.2.4.2      Analysis


Functional redundancy for the Division 2 batteries in this fire area is provided by the Division 1 batteries located in Fire Area 2CC‑4h <Appendix 9A.4.4.4.2.8>.  Since only Division 2 batteries and associated cabling are located in this area, equipment separation is not a factor.


Combustibles within this 416 ft2 fire area yields a fire loading of 7,212 Btu/ft2 for this fire area.


Special consideration was given to the case of overcharging the batteries resulting in the production of hydrogen gas.  The ventilation system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.4.2.4.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, and is provided with an early warning fire detection system, the objective of preventing the spreading of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.


9A.4.4.4.2.5      Fire Area 2CC‑4e


9A.4.4.4.2.5.1      Description


Fire Area 2CC‑4e is shown on <Figure 9A‑15>.  It is the cable spreading area for Unit 2, Division 1 and houses the Division 1 power and control cables, RPS instrumentation cables Division 1 and Division 4, and nonsafety‑related cables routed from the control room to other plant areas.  This area is located at Elevation 638’‑6” along the north side of the south wall of the Unit 2 control complex.  The floor boundary includes the computer room ceiling.  This area is bounded on the north by Fire Areas 2CC‑4a, 2CC‑4g, 2CC‑4h, and 2CC‑4i, on the east by Fire Area 2CC‑4f, on the south by the service building, and on the west by the Diesel Generator Building.


The south wall of this area is constructed of reinforced concrete, with the north, east and west walls of drywall construction.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected 


framing.  Walls, floors and ceilings separating redundant divisions have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Floor drainage is provided throughout this area.


Ventilation air for this area is supplied through transfer grilles located in the walls and floor.  Return air is removed by two 100 percent capacity fans.  All wall ventilation penetrations and floor openings for ventilation are provided with 3 hour rated fire dampers.  In addition to operation (closing) of these dampers by melting of fusible links, the dampers to Fire Areas 2CC‑3c, 2CC‑4f, and 2CC‑4i will also operate upon a signal from the smoke detection system for this area.  A manually activated smoke venting system is also provided to purge the smoke from this area.


Safe shutdown equipment in this area consists of:


a.
Power and control cables for Unit 2, Division 1


b.
RPS cables for Unit 2, Division 1 and Division 4


Fire protection for this area consists of a sprinkler system equipped with manual system actuation.  Water type hose stations and fire extinguishers are also provided to supplement this system.  Fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.2.5.2      Analysis


Functional redundancy for the Division 1 power and control cabling and Division 1 and Division 4 RPS cabling in this area is provided by the Division 2 control cabling and Division 2 and Division 3 RPS cabling located in Fire Area 2CC‑4a <Appendix 9A.4.4.4.2.1>.


Combustible material yields a fire loading of 117,774 Btu/ft2 for this fire area.


9A.4.4.4.2.5.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1‑1/2 hours.  Since this area is designed with 3 hour rated fire walls, and is provided with an early warning fire detection system, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.  Further assurance of limiting fire spread is achieved since the area is equipped with a sprinkler system for fire protection.


9A.4.4.4.2.6      Fire Area 2CC‑4f


9A.4.4.4.2.6.1      Description


Fire Area 2CC‑4f is shown on <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑15>, <Figure 9A‑16>, and <Figure 9A‑19>.  It consists of a vertical cable chase along the east end of the Unit 2, Division 1 control complex extending from Elevation 620’‑6” to Elevation 693’‑2”, and a horizontal cable chase extending from the vertical chase to the Unit 2 reactor building at Elevation 639’‑6” of the intermediate building.  This fire area houses Division 1 and Division 4 and nonsafety‑related cables routed from the Unit 2 reactor building to the cable spreading room and other plant areas.  It is bounded on the north by Fire Area 2CC‑4b and the interior of the intermediate building, on the east by the Unit 2 reactor building, on the south by the service building and the interior of the intermediate building, and on the west by Fire Area 2CC‑4e.  A partition wall to resist tornado depressurization is located at the west end of the horizontal cable chase in the Intermediate Building at Elevation 639’‑6”.


The east and south walls of this area within the control complex, and all walls within the intermediate building and the Unit 2 reactor building, are constructed of reinforced concrete.  The north and west walls of this area within the control complex are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor construction in the control complex is of reinforced concrete over steel form deck and 3 hour protected framing.  The ceiling in the control complex (at Elevation 693’‑2”) is constructed of drywall and gypsum plank.  Floor and ceiling construction within the intermediate building is of reinforced concrete.  Walls and floors have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals, including the 3” rattle space at the reactor building.  Floor drainage is provided in both the control complex and intermediate building.


There is no ventilation system provided for this area during normal plant operation.  However, in case of a fire in this area, a manually actuated smoke venting system is provided.  This system consists of a 


100 percent capacity fan, isolation dampers and ductwork.  Three hour rated dampers are provided where the ductwork penetrates fire walls.  In addition to operation (closing) of these dampers by melting of fusible links, the dampers to Fire Areas 2CC‑3c and 4e will also operate upon a signal from the smoke detection system for this area.


Safe shutdown equipment in this fire area consists of:


a.
Power and control cables for Unit 2, Division 1


b.
RPS cables for Unit 2, Division 1 and Division 4


Fire protection for this area consists of a preaction type sprinkler system equipped with heat detectors for system actuation.  Closed directional spray nozzles are provided at each floor elevation to ensure protection of cable tray runs in the vertical chases.  These nozzles are located as required for protection of multi‑level cable tray 


configurations.  Fire extinguishers are also provided.  Additional fire detection equipment is also provided for this area by smoke detectors.


9A.4.4.4.2.6.2      Analysis


Functional redundancy for the Division 1 power and control cabling and Division 1 and Division 4 RPS cabling in this fire area is provided by Division 2 power and control cabling and Division 2 and Division 3 RPS cabling located in Fire Area 2CC‑4b <Appendix 9A.4.4.4.2.2>.


Combustible material contained within this 1,404 ft2 fire area yields a fire loading of 243,590 Btu/ft2 for this fire area.


9A.4.4.4.2.6.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging the cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by spacial separation and fire barriers.  Further assurance of limiting fire spread is achieved since the area is equipped with a preaction type sprinkler system for fire suppression and an early warning fire detection system.


9A.4.4.4.2.7      Fire Area 2CC‑4g


9A.4.4.4.2.7.1      Description


Fire Area 2CC‑4g is shown on <Figure 9A‑15>.  It is at Elevation 638’‑6” and consists of a small square room within the Unit 2, Division 1 control complex that houses the 125 Vdc distribution equipment for Division 1.  This area is bounded on the north by Fire Area 2CC‑4c, on the east and south by Fire Area 2CC‑4e and on the west by Fire Area 2CC‑4h.
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Walls are constructed of drywall.  The floor and ceiling construction is of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one air handling unit operates continuously to supply air to this area.  This air is then relieved to the adjacent battery room (Fire Area 2CC‑4h) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc distribution panel


b.
Battery charger


c.
125 Vdc switchgear bus


d.
125 Vdc motor control center (MCC)


e.
Power and control cables for Unit 2, Division 1


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.2.7.2      Analysis


Functional redundancy for the Division 1 equipment in this area is provided by Division 2 equipment located in Fire Area 2CC‑4C 


<Appendix 9A.4.4.4.2.3>, with the exception of the MCC for the reactor isolation cooling system valves; the MCC has no redundancy.  Since only Division 1 equipment is located in this area, equipment separation is not a factor.


Total fire loading contained in this 256 ft2 fire area is approximately 49,000 Btu/ft2.


9A.4.4.4.2.7.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, and is provided with an early warning fire detection system, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.


9A.4.4.4.2.8      Fire Area 2CC‑4h


9A.4.4.4.2.8.1      Description


Fire Area 2CC‑4h is shown on <Figure 9A‑15>.  It is at 638’‑6” and consists of a rectangular room within the Unit 2, Division 1 control complex that houses the Division 1 batteries.  This area is bounded on the north by Fire Area 2CC‑4d, on the east by Fire Area 2CC‑4g and on the west and south by Fire Area 2CC‑4e.


Walls are constructed of drywall.  The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Doorways are equipped with Class A fire doors.  Walls, floor 


and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.  Also, floor drainage is provided for this area.


Ventilation air supplied to the adjacent dc switchgear room (Fire Area 2CC‑4g) and the access corridor (Fire Area 2CC‑4e) is routed to this area through transfer grilles located in the walls.  This air is then exhausted to the atmosphere by two 100 percent capacity exhaust fans.  All ventilation penetrations are provided with 3 hour rated fire dampers.


Safe shutdown equipment located within this area is as follows:


a.
125 Vdc batteries


b.
Power and control cables for Unit 2, Division 1


Fire detection equipment for this area consists of smoke detectors.  Manual fire extinguishers and carbon dioxide hose reels are provided for fire suppression.


9A.4.4.4.2.8.2      Analysis


Functional redundancy for the Division 1 batteries in this fire area is provided by the Division 2 batteries located in Fire Area 2CC‑4d <Appendix 9A.4.4.4.2.4>.  Since only Division 1 batteries and associated cabling are located in this area, equipment separation is not a factor.


Combustible material in this 416 ft2 fire area yields a fire loading of 7,212 Btu/ft2 for this fire area.


Special consideration was given to the case of overcharging the batteries resulting in the production of hydrogen gas.  The ventilation 


system for this area continuously exhausts air to the outside, ensuring that hydrogen gas concentration is maintained below 1 percent by volume.


9A.4.4.4.2.8.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, and is provided with an early warning fire detection system, the objective of preventing the spread of a fire to adjacent areas containing redundant safe shutdown equipment is achieved.


For this reason, no modifications are recommended for this fire area.


9A.4.4.4.2.9      Fire Area 2CC‑4i


9A.4.4.4.2.9.1      Description


Fire Area 2CC‑4i is shown on <Figure 9A‑15>.  It is located at the center of the Unit 2 control complex at Elevation 638’‑6” and consists of the computer room.  This area is bounded on the north, east and west by Fire Area 2CC‑4a and on the south, east and west by Fire Area 2CC‑4e.


Walls are constructed of drywall with doorways equipped with Class A fire doors.  The ceiling is constructed of drywall and gypsum plank.  The computer room has a raised floor above the typical floor construction which is reinforced concrete over form deck and 3 hour protected framing.  Walls and floor have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


The ventilation system for this fire area consists of two 100 percent capacity air handling units that also supply air to other areas.  During normal operation, one air handling unit operates continuously to supply air to this area.  This supply air is relieved to the adjacent cable spreading areas (2CC‑4a and 2CC‑4e) through transfer grilles located in the walls.  All ventilation penetrations through the walls are provided 


with 3 hour rated fire dampers.  The operation (closing) of all these dampers is initiated either by heat melting a fusible element or by a signal from the smoke detection system for this area.


No safe shutdown equipment is located in this fire area.


Fire detection equipment for this area consists of smoke detectors in the computer room and in the subfloor.  Fire suppression equipment includes a manual total flooding carbon dioxide system in the subfloor, manual fire extinguishers and carbon dioxide hose reels.


9A.4.4.4.2.9.2      Analysis


Since there is no functionally redundant equipment in other fire areas, equipment separation is not required.


Total fire loading in this 672 ft2 fire area is 73,512 Btu/ft2.


9A.4.4.4.2.9.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to adjacent areas containing safe shutdown equipment is achieved.  Also, the carbon dioxide system in the computer room subfloor provides sufficient fire suppression capability, and an early warning fire detection system is provided.


9A.4.4.5      Fire Areas, Floor 5


9A.4.4.5.1      Unit 1 Fire Areas, Floor 5 (1CC‑5)


9A.4.4.5.1.1      Fire Area 1CC‑5a


9A.4.4.5.1.1.1      Description


Fire Area 1CC‑5a is shown on <Figure 9A‑19>.  It contains the control equipment required for operation of Unit 1.  The equipment consists primarily of prefabricated floor section modules.  Each of these modules which consists of floor sections, termination cabinets and panels or console assemblies, has wireways in the floor section for routing cable from the various panels (consoles) to the termination cabinets.  This fire area is at Elevation 654’‑6” and is bounded on the north by the outside wall, on the east by Fire Areas 1CC‑4b and 1CC‑4f, on the south by Fire Area 2CC‑5a, and on the west by Fire Zone 1CC‑5b and Fire Area 1CC‑5c.


The north wall of this area is constructed of reinforced concrete.  East, south and west walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The control room floor configuration is steel plate raised 12 inches above the reinforced concrete.  Walls, floor and ceiling have 3 hour fire resistance ratings.  The floor, ceiling, east, and west walls provide separation of redundant trains of safe shutdown equipment.  All penetrations have 3 hour fire rated seals.


The control room HVAC system consists of two 100 percent capacity supply fans, plenums, and return fans.  The emergency recirculation systems consists of two 100 percent capacity charcoal filter trains and 


recirculating fans.  In the event of a fire, a smoke venting system can be manually initiated to purge smoke from the control room and allow outside air to be supplied.


Safe shutdown equipment located within this fire area consists of termination cabinets, floor section modules, consoles and control panels associated with the equipment identified in <Appendix 9A.3>.


Fire detection equipment for this area consists of both smoke detectors and heat detectors covering the floor section modules, and smoke detectors in the control room proper.  This coverage includes the wireways in the modules and the cabinets and panels on top of the modules.  Fire suppression equipment consists of a manually activated carbon dioxide total flooding system for the wireways in the floor section modules.  The floor area is divided into three sections.  Should a fire occur in one of these three main sections, the wireways in the entire section are flooded simultaneously.  Manual water type hose stations and water, Halon, dry chemical and carbon dioxide type fire extinguishers are also provided for backup fire suppression.


9A.4.4.5.1.1.2      Analysis


Both divisions of safe shutdown components and circuits are located in this fire area.  Functional redundancy is provided for equipment in this area since diesel generator control, reactor trip and long term shutdown can be accomplished from outside of the control room.  Redundant divisions of cabling are not located in common wireways within the floor sections.  Separation is in accordance with separation design criteria.  Tests, documented in NEDO Report No. 10466, were performed to determine fire spreading capability within a floor section, and show that a fire in one wireway will not affect cabling in adjacent wireways.  Non‑Tefzel cables resulting from field run wiring comprise less than 20 percent of 


the total subfloor cabling.  This arrangement would preclude the development of deep‑seated fires prior to the manual initiation of the CO2 system.


Combustibles within this area consist of cable insulation, electrical panels, floor panels and covering and combustible supplies.  Total fire loading contained in the 7,124 ft2 floor area of this fire zone is less than 200,000 Btu/ft2.


9A.4.4.5.1.1.3      Conclusions


A redundant means of control for safe shutdown of the reactor from outside the control room is provided by equipment located in other fire areas.  These areas are separated from the control room by 3 hour rated fire barriers.  Early warning fire detection and a manually activated carbon dioxide system will provide responsive and adequate control of the subfloor fire.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.5.1.2      Fire Zone 1CC‑5b


9A.4.4.5.1.2.1      Description


Fire Zone 1CC‑5b is shown on <Figure 9A‑19>.  It is a small rectangular room in the northwest corner of the Elevation 654’‑6” floor that serves as an office.  This zone is bounded on the north by the outside wall, on the east by Fire Area 1CC‑5a, on the south by Fire Area 1CC‑5c, and on the west by the stairtower.


The north wall of this zone is constructed of reinforced concrete.  East, south and west walls are constructed of drywall with the west wall of bullet resistant construction.  The floor and ceiling are constructed 


of reinforced concrete over steel form deck with 3 hour protected framing.  Walls, floor and ceiling have 3 hour fire resistance ratings.  All penetrations have 3 hour fire rated seals.


This fire zone contains power and control cables for Unit 1, Division 2.


Fire detection equipment for this zone consists of smoke detectors.  Manual water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.5.1.2.2      Analysis


Only Division 2 cables required for safe shutdown are contained in this fire zone.  Redundant equipment is located in other fire areas and zones.


The combustibles in this fire zone consist of minimal Class A material associated with the office.  This material, contained within a 127 ft2 floor area, yields a fire loading estimated to be less than 60,000 Btu/ft2 for this fire zone.


9A.4.4.5.1.2.3      Conclusions


The objective of preventing the spread of a fire to any area containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design, and by providing an early warning fire detection system.  In the event of a fire in this zone, Division 1 could be used for safe shutdown.


9A.4.4.5.1.3      Fire Area 1CC‑5c


9A.4.4.5.1.3.1      Description


Fire Area 1CC‑5c is shown on <Figure 9A‑19>.  It is at Elevation 654’‑6” in the northwest corner of the floor and consist of the corridor that provides access to the Unit 1 fire areas on this floor.  This area is bounded on the north by Fire Zone 1CC‑5b and the stairwell, on the east by Fire Area 1CC‑5a, on the south by Fire Area 2CC‑5b, and on the west by the outside wall.


The west wall is constructed of reinforced concrete.  North, east and south walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls, floor and ceiling have 3 hour fire resistance ratings.  All penetrations have 3 hour fire rated seals.


This fire area contains power and control cables for Unit 1, Division 2, and several nonsafety circuits which can affect both divisions of safe shutdown equipment.


Fire detection equipment for this area consists of smoke detectors in lunch and conference rooms.


Fire suppression equipment for this area consists of manual water type hose stations and fire extinguishers.


9A.4.4.5.1.3.2      Analysis


Only Division 2 cables required for safe shutdown exist in this fire area.  Loss of the nonsafety circuits does not affect safe shutdown (equipment fails to the safe position).


Combustibles contained in this 1,242 ft2 area consist of electrical panels and cable insulation, hence the fire loading is negligible (<10,000 Btu/ft2).


9A.4.4.5.1.3.3      Conclusions


To contain a fire within this area, fire area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to any area containing safe shutdown equipment is easily achieved.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.5.2      Unit 2 Fire Areas, Floor 5 (2CC‑5)


9A.4.4.5.2.1      Fire Area 2CC‑5a


9A.4.4.5.2.1.1      Description


Fire Area 2CC‑5a is shown on <Figure 9A‑19>.  It contains all the control equipment for operation of Unit 2.  This equipment consists primarily of prefabricated floor section modules.  Each of these modules consists of floor sections, termination cabinets and panels or console assemblies has wireways in the floor section for routing cable from the various panels (consoles) to the termination cabinets.  This fire area is at Elevation 654’‑6” and is bounded on the north by Fire Area 1CC‑5a, on the east by Fire Zones 2CC‑4b and 2CC‑4f, on the south by the service building, and on the west by Fire Area 2CC‑5b.


The south wall of this area is constructed of reinforced concrete.  North, east and west walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  


The control room floor consists of steel plate raised 12 inches above the reinforced concrete.  Walls, floor and ceiling have 3 hour fire resistance ratings.  All penetrations have 3 hour fire rated seals.


The control room HVAC system consists of two 100 percent capacity supply fans, plenums and return fans.  The emergency recirculation system consists of two 100 percent capacity charcoal filter trains and recirculating fans.  In the event of a fire, a smoke venting system can be manually initiated to purge smoke from the control room and allow outside air to be supplied.


Safe shutdown located within this fire area consists of termination cabinets, floor section modules, consoles, and control panels associated with the equipment identified in <Appendix 9A.3>.


Fire detection equipment for this area consists of both smoke detectors and heat detectors covering the floor section modules, and smoke detectors in the control room proper.  This coverage includes the wireways in the modules and the cabinets and panels on top of the modules.  Fire suppression equipment consists of a manually activated carbon dioxide total flooding system for the wireways in the floor section modules.  The floor area is divided into three sections.  Should a fire occur in one of these three main sections, the wireways in the entire section are flooded simultaneously.  Manual water type hose stations and water, Halon, dry chemical, and carbon dioxide type fire extinguishers are also provided for backup fire suppression.


9A.4.4.5.2.1.2      Analysis


Functional redundancy is provided for this area since diesel generator control, reactor trip and long term shutdown can be accomplished from outside of the control room.  Redundant divisions of cabling are not located in common wireways within the floor sections.  Separation is in accordance with separation design criteria.  Tests, documented in 


NEDO‑10466, were performed to determine fire spreading capability within a floor section, and show that a fire in one wireway will not affect cabling in adjacent wireways.


Combustibles within this area consist of cable insulation, electrical panels, floor panels and covering, and combustible supplies.


Total fire loading for this 7,124 ft2 fire area is 169,017 Btu/ft2.


9A.4.4.5.2.1.3      Conclusions


The results of the analysis indicate that the objective of preventing a fire from damaging cable or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished by spatial separation and/or provision of fire barriers in accordance with separation design criteria, and the remote shutdown panel that provides alternate control for safe shutdown of the reactor.  Also, an early warning detection system and a manually activated carbon dioxide suppression system are provided.


9A.4.4.5.2.2      Fire Area 2CC‑5b


9A.4.4.5.2.2.1      Description


Fire Area 2CC‑5b is shown on <Figure 9A‑19>.  It is at Elevation 654’‑6” in the southwest corner of the floor and consists of the kitchen, conference room, and the corridor that provides access to the Unit 2 fire areas on this floor.  This area is bounded on the north by Fire Area 1CC‑5c, on the east by Fire Area 2CC‑5a, on the south by the service building, and on the west by the outside wall.


The west and south walls are constructed of reinforced concrete.  North, and east walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  The floor and ceiling are constructed of reinforced 


concrete over steel form deck and with 3 hour protected framing.  Walls, floor and ceiling have 3 hour fire resistance ratings.  All penetrations have 3 hour fire rated seals.


Safe shutdown equipment within this fire area consists of control and power cables for Division 1, Unit 1.


Fire detection equipment for this area consists of smoke detectors in the conference room and kitchen.  Manual water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.4.5.2.2.2      Analysis


This fire area contains only Division 1 cables required for safe shutdown.  Redundant equipment is located in other fire areas and zones.


The combustible materials in this fire area consist of paper and furniture contained within a 1,242 ft2 floor area, which yields a fire loading of less than 20,000 Btu/ft2 for this fire area.


9A.4.4.5.2.2.3      Conclusions


The results of the analysis for this area indicate that, to contain a fire of the loading calculated, the fire area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to any area containing redundant safe shutdown equipment is achieved.  Also, manual water type hose stations and fire extinguishers are provided for fire suppression.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.6      Fire Areas, Floor 6


9A.4.4.6.1      Unit 1 Fire Areas, Floor 6


9A.4.4.6.1.1      Fire Area 1CC‑6


9A.4.4.6.1.1.1      Description


Fire Area 1CC‑6 is shown on <Figure 9A‑19>.  It is located at Elevation 679’‑6” above the Unit 1 control room.  The ceiling is at the control complex roof elevation of 707’‑2”.  This area houses the ventilation equipment required to maintain the habitability of the control room and to cool the electrical equipment required to control the operation and safe shutdown of Unit 1.  It is bounded on the north and west by outside walls, on the south by Fire Area 2CC‑6 and on the east by Fire Areas 1CC‑4b, 1CC‑4f (cable chases) and CC‑6.


The north and west walls of this area are constructed of reinforced concrete.  East and south walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling (roof) are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, south and east walls provide separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling have 3 hour fire resistance ratings.  Wall and floor penetrations have 3 hour fire rated seals.  Floor drains are provided for this fire area.


The ventilation for this fire area, and corresponding Fire Area 2CC‑6, is accomplished as follows:  The return fans for the controlled access and miscellaneous equipment area HVAC system and the MCC, switchgear and miscellaneous electrical equipment area HVAC system (refer to <Appendix 9A.4.4>, items a, b) flow directly into this area.  Excess air used for pressurization of the Unit 1 and Unit 2 control rooms (Fire Areas 1CC‑5a and 2CC‑5a, respectively) is relieved to this fire area as 


well as Fire Area 2CC‑6.  The supply branch of these two ventilation systems provides air to Fire Area 2CC‑6, which is returned to this fire area through transfer grilles in the wall separating these areas.  Duct penetration for both fire areas are provided with 3 hour fire dampers.


Safe shutdown equipment located within this fire area is as follows:


a.
Control room HVAC supply plenum


b.
Control room HVAC supply fan


c.
Control room HVAC exhaust fan


d.
MCC, switchgear and misc. electrical area HVAC plenum


e.
MCC, switchgear and misc. electrical area supply fan


f.
MCC, switchgear and misc. electrical area return fan


g.
Battery room exhaust fan


h.
Power and control cables for Unit 1, Division 1 and Division 2


i.
HVAC system control panel


j.
MCC, switchgear and misc. electrical equipment area HVAC, and battery room exhaust system instrument rack


k.
Control room HVAC and Emergency Recirculation instrument rack


l.
Chilled water valves


Fire detection for this area consists of smoke detectors.


Fire suppression equipment for this area consists of a manually activated deluge system in the charcoal filter plenums, water type hose stations and fire extinguishers.


9A.4.4.6.1.1.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this fire area.  Functional redundancy for the components in this fire area is provided by the equipment located in Fire Area 2CC‑6 <Appendix 9A.4.4.6.2>.  Also, divisional separation of mechanical equipment is provided by Fire Area 2CC‑6.  Division 1 power and control cables needed for safe shutdown are wrapped with 1 hour fire rated barriers.


Combustibles within this area consist of cable insulation, electrical panels, charcoal, raceway fire barrier material and motor windings.  Total fire loading contained in the 8,251 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


Special consideration was given to the charcoal filter as a fire hazard.  The filter has heat sensors incorporated in the design to initiate signals in the control room so that the water deluge system can be actuated, if required.


9A.4.4.6.1.1.3      Conclusions


The results of this analysis indicate that to contain a fire of the loading calculated, the fire area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to any other area containing redundant safe shutdown equipment is achieved.  The water deluge system in the charcoal filter plenums and the early warning 


fire detection provide adequate fire protection.  Required Division 1 circuits are provided with adequate fire barriers.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.4.6.2      Unit 2 Fire Areas, Floor 6


9A.4.4.6.2.1      Fire Area 2CC‑6


9A.4.4.6.2.1.1      Description


Fire Area 2CC‑6 is shown on <Figure 9A‑19>.  It is located at Elevation 679’‑6” above the Unit 2 control room.  The ceiling is at the control complex roof elevation of 707’‑2”.  This area houses the ventilation equipment required to maintain the habitability of the Unit 2 control room and to cool the electrical equipment required to control the operation and safe shutdown of Unit 2.  It is bounded on the south and west by outside walls, on the north by Fire Area 1CC‑6 and on the east by Fire Areas 2CC‑4b, 2CC‑4f (cable chases) and CC‑6.


The south and west walls of this area are constructed of reinforced concrete.  North and east walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling (roof) are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor, north and east walls provide separation of redundant trains of safe shutdown equipment.  Walls, floor and ceiling have 3 hour fire resistance ratings.  Wall and floor penetrations have 3 hour fire rated seals.  Floor drains are provided for this fire area.


The ventilation system for this fire area is described in <Appendix 9A.4.4.6.1.1>.


Safe shutdown equipment located within this fire area is as follows:


a.
Control room HVAC supply plenum


b.
Control room HVAC supply fan


c.
Control room HVAC exhaust fan


d.
MCC, switchgear and misc. electrical area HVAC plenum


e.
MCC, switchgear and misc. electrical area supply fan


f.
MCC, switchgear and misc. electrical area return fan


g.
Battery room exhaust fan


h.
Power and control cables for Unit 1 and Unit 2, Division 1 and Division 2


i.
HVAC system control panel


j.
MCC, switchgear and misc. electrical equipment area HVAC and battery room exhaust system instrument racks


k.
Chilled water valves


l.
Control room HVAC and Emergency Recirculation instrument rack


Fire detection equipment for this area consists of smoke detectors.


Fire suppression equipment for this area consists of a manually activated water deluge system in the charcoal filter plenums, water type hose stations and fire extinguishers.


9A.4.4.6.2.1.2      Analysis


Functional redundancy for the components in this fire area is provided by the equipment located in Fire Area 1CC‑6 <Appendix 9A.4.4.6.1>.  Also, divisional separation of mechanical equipment is provided by Fire Area 1CC‑6.


Combustibles within this area consist of cable insulation, electrical panels, charcoal, raceway fire barrier material and motor windings.  Total fire loading contained in the 8,531 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


Special consideration was given to the charcoal filter as a fire hazard.  The filter has heat sensors incorporated in the design to initiate signals in the control room so that the water deluge system can be actuated, if required.


9A.4.4.6.2.1.3      Conclusions


The results of this analysis indicate that to contain a fire of the loading calculated, the fire area boundaries must have a fire resistance rating of 1/2 hour.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to any area containing redundant safe shutdown equipment is achieved.  The water deluge systems in the charcoal filter plenums and the early warning fire detection provide adequate fire protection.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.4.6.3      Fire Areas Common to Unit 1 and Unit 2, Floor 6


9A.4.4.6.3.1      Fire Area CC‑6


9A.4.4.6.3.1.1      Description


Fire Area CC‑6 is shown on <Figure 9A‑19>.  It houses Unit 1 and Unit 2 ventilation ducts and comprises the horizontal chase in the upper, east section of the control complex at Elevation 693’‑2”.  The ceiling is at the control complex roof Elevation 707’‑2”.  This area is bounded on the north and south by the outside wall, on the west by Fire Areas 1CC‑6 and 2CC‑6 and on the east by the intermediate building.


The north, east and south walls of this area are constructed of reinforced concrete.  The west wall is constructed of drywall.  The floor is constructed of gypsum plank and drywall.  Ceiling (roof) construction is reinforced concrete over steel form deck and 3 hour protected framing.  Walls and ceiling have 3 hour fire resistance ratings.  The floor and west wall provide separation of redundant trains of safe shutdown equipment.  The floor provides adequate separation from other areas.  Wall and floor penetrations have 3 hour fire rated seals.  Access to this area is through access panels from Fire Areas 1CC‑6 and 2CC‑6.


Safe shutdown equipment for this fire area consists of HVAC ductwork for the systems identified in <Appendix 9A.4.4>, and Unit 1, Division 1 and Division 2 power and control cables.


Fire detection equipment for this area consists of smoke detectors.


Fire suppression equipment for this area consists of manual fire extinguishers.


9A.4.4.6.3.1.2      Analysis


Both redundant divisions of the ventilation ductwork, and both divisions of safe shutdown circuits, are contained in this fire area.  Each division of redundant ductwork entering into this common area is provided with 3 hour rated fire dampers.  The only Division 1 cable located in this area is more than 100 feet from any Division 2 safe shutdown cables.


The combustibles contained in this 3,836 ft2 floor area are cable insulation.  The amount is insignificant; hence, the fire loading is negligible (less than 6,500 Btu/ft2).


9A.4.4.6.3.1.3      Conclusions


Due to the negligible fire loading, early warning fire detection, and the presence of 3 hour rated fire dampers, the objective of preventing the spread of a fire to any area containing redundant safe shutdown equipment is easily achieved.  The only Division 1 safe shutdown circuit is provided with adequate spatial separation from Division 2 circuits.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.5      DIESEL GENERATOR BUILDING


The diesel generator building is a two story structure constructed of reinforced concrete.  The six diesel generator rooms, three for each unit, are located at Elevation 620’‑6”.  Above the diesel generator rooms, at Elevation 646’‑6”, are the diesel generator air intake room and the exhaust silencer.


The diesel generator building is bounded on the east by the control complex, the north by the radwaste building and the south by the service building.  The west wall is exposed to grade.


The diesel generator building houses the emergency diesel generators, fuel oil day tanks and other equipment necessary to supply standby electric power to operate safe shutdown equipment should normal power be lost.


Each of the diesel generator rooms is provided with a separate and independent ventilation system.  The ventilation for each room consists of two 100% capacity supply air fans and four 50% capacity exhaust louvers.


For purposes of this fire hazards analysis, the diesel generator building is divided into nine fire areas.  Each of the six diesel generator rooms and its associated penthouse containing the air intake equipment comprise a fire area, while the common corridor is considered the seventh, the LLRW room is the eighth, and the underground duct bank serving 1DG‑1c is the ninth fire area.


9A.4.5.1      Unit 1 Fire Areas


9A.4.5.1.1      Fire Area 1DG‑1a


9A.4.5.1.1.1      Description


Fire Area 1DG‑1a is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the northernmost portion of the diesel generator building.  The main floor, at Elevation 620’‑6”, houses the diesel generator and auxiliary equipment; the air intake penthouse structure is at Elevation 646’‑6”.  This area is bounded on the north by the radwaste building, on the east by Fire Area DG‑1e, on the south by Fire 


Area 1DG‑1b, and on the west by the outside wall which is exposed to grade.  The diesel generator housed in this area provides Division 2 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The walls have a 3 hour fire resistance rating.  The south wall provides separation of redundant trains of safe shutdown equipment.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping is configured to form traps between each fire area.  Access to this area is through a Class A fire door from Fire Area 1DG‑1b.  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60(F.


Safe shutdown equipment located within this area is as follows:


a.
Diesel generator, Division 2


b.
Fuel oil day tank


c.
Starting air receiver tanks


d.
Fuel oil transfer pumps


e.
Diesel generator, generator control panel


f.
Diesel generator, engine control panel


g.
Diesel generator, high voltage exciter cabinet


h.
Ventilation fans


i.
Power and control cables for Unit 1, Division 2


j.
Air intake filters


Fire detection for this area is provided by rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.1.1.2      Analysis


Only Division 2 components and circuits required for safe shutdown are located in this area.  Functional redundancy for the diesel generator and associated components in this fire area is provided by the Division 1 diesel generator and associated equipment located in Fire Area 1DG‑1c <Appendix 9A.4.5.1.3>.


Combustibles within this area consist of cable insulation, lubricating oil and grease, electrical panels, diesel fuel oil, and motor windings.  Total fire loading contained in the 1,530 ft2 floor area of this fire zone is less than 240,000 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the 


diesel generator, the leakage would be contained within the room by curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.1.1.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 3 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to an adjacent area containing redundant safe shutdown equipment is achieved.  Also, the main floor is protected by a total flooding carbon dioxide system for fire suppression, and early warning fire detection is provided for both floors.  In the event of a fire in this area, Division 1 could be used for safe shutdown.


9A.4.5.1.2      Fire Area 1DG‑1b


9A.4.5.1.2.1      Description


Fire Area 1DG‑1b is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the northern portion of the diesel generator building.  The main floor at Elevation 620’‑6” houses the diesel generator and auxiliary equipment; the air intake penthouse structure is at Elevation 646’‑6”.  This area is bounded on the north by Fire Area 1DG‑1a, on the south by Fire Area 1DG‑1c, on the east by Fire Areas DG‑1d and DG‑1e, and on the west by the outside wall which is exposed to grade.  The diesel generator housed in this area provides Division 3 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The north, south and east walls provide separation of redundant trains of safe shutdown equipment.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  


Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping is configured to form traps between each fire area.  Access to this area is through a Class A fire door from the common corridor (Fire Area DG‑1d).  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60(F.


There is no safe shutdown equipment located within this area.


Fire detection for this area is provided by rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.1.2.2      Analysis


Combustibles within this area consist of cable insulation, lubricating oil and grease, electrical panels, diesel fuel oil, and motor windings.  Total fire loading contained in the 1,470 ft2 floor area of this fire zone is less than 120,000 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the 


diesel generator, the leakage would be contained within the room by curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.1.2.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1‑1/2 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to an adjacent area is achieved.  Also, the main floor is protected by a total flooding carbon dioxide system for fire suppression, and early warning fire detection is provided for both floors.


9A.4.5.1.3      Fire Area 1DG‑1c


9A.4.5.1.3.1      Description


Fire Area 1DG‑1c is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the northern portion of the diesel generator building.  The main floor, at Elevation 620’‑6”, houses the diesel generator and auxiliary equipment; the air intake penthouse structure is at Elevation 646’‑6”.  This area is bounded on the north by Fire Area 1DG‑1b, on the south by Fire Area 2DG‑1a, on the east by Fire Area DG‑1d, and on the west by the outside wall which is exposed to grade.  It is partially bounded below by Fire Area DGDB (electrical duct bank).  The diesel generator housed in this area provides Division 1 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The north and east walls provide separation of redundant trains of safe shutdown equipment.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping 


is configured to form traps between each fire area.  Access to this area is through a Class A fire door from the common corridor (Fire Area DG‑1d).  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60°F.


Safe shutdown equipment located within this area is as follows:


a.
Diesel generator, Division 1


b.
Fuel oil day tank


c.
Starting air receiver tanks


d.
Fuel oil transfer pumps


e.
Diesel generator, generator control panel


f.
Diesel generator, engine control panel


g.
Diesel generator, high voltage exciter cabinet


h.
Ventilation fans


i.
Power and control cables for Unit 1, Division 1


j.
Air intake filters


Fire detection for this area is provided by rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.1.3.2      Analysis


Only Division 1 components and circuits are located in this area.  Functional redundancy for the diesel generator and associated equipment in this fire area is provided by the Division 2 diesel generator and equipment located in Fire Area 1DG‑1a <Appendix 9A.4.5.1.1>.


Combustibles within this area consist of cable insulation, lubricating oil and grease, electrical panels, diesel fuel oil, and motor windings.  Total fire loading contained in the 1,530 ft2 floor area of this fire zone is less than 240,000 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the diesel generator, the leakage would be contained within the room by curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.1.3.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 3 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to an adjacent area containing redundant safe shutdown equipment is achieved.  Also, the main floor is protected by a total flooding carbon dioxide 


system for fire suppression, and early warning fire detection is provided for both floors.  In the event of a fire in this area, Division 2 could be used for safe shutdown.


9A.4.5.2      Unit 2 Fire Areas


9A.4.5.2.1      Fire Area 2DG‑1a


9A.4.5.2.1.1      Description


Fire Area 2DG‑1a is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the southern portion of the diesel generator building.  The main floor, at Elevation 620’‑6”, houses the diesel generator and auxiliary equipment; the air intake penthouse structure is at Elevation 646’‑6”.


This area is bounded on the north by Fire Area 1DG‑1c, on the south by Fire Area 2DG‑1b, on the east by Fire Area DG‑1d, and on the west by the outside wall which is exposed to grade.  The diesel generator housed in this area provides Division 2 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping is configured to form traps between each fire area.  Access to this area is through a Class A fire door from the common corridor (Fire Area DG‑1d).  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  


During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60(F.


Safe shutdown equipment located within this area is as follows:


a.
Diesel generator, Division 2


b.
Fuel oil day tank


c.
Starting air receiver tanks


d.
Fuel oil transfer pumps


e.
Diesel generator, generator control panel


f.
Diesel generator, engine control panel


g.
Diesel generator, high voltage exciter cabinet


h.
Ventilation fans


i.
Power and control cables for Unit 2, Division 2


j.
Air intake filters


Fire detection for this area is provided by a rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.2.1.2      Analysis


Functional redundancy for the diesel generator and associated equipment in this fire area is provided by the Division 1 diesel generator and equipment located in Fire Area 2DG‑1c <Appendix 9A.4.5.2.3>.  Only Division 2 equipment or cables are located in this area.


Combustibles within this area consist of the following:


a.
Diesel fuel oil (700 gallons) with a Btu content of 101,500,000 Btu


b.
Lubricating oil (1,622 gallons) with a Btu content of 246,544,000 Btu


c.
Cable insulation (890 lbs) with a Btu content of 8,900,000 Btu


d.
Instrument panel combustibles (480 lbs) with a Btu content of 4,800,000 Btu


The total Btu content is 361,744,000 Btu which is contained in the 1,530 ft2 floor area.  Total fire loading for this fire area is 236,434 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the diesel generator, the leakage would be contained within the room by curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.2.1.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 2 hour fire resistance rating.  Since this area is designed with 3 hour rated 


fire barriers, the objective of preventing the spread of a fire to an adjacent area is achieved.  Also, the main floor is protected by a total flooding carbon dioxide system for fire suppression, and both floors are provided with early warning fire detection.


9A.4.5.2.2      Fire Area 2DG‑1b


9A.4.5.2.2.1      Description


Fire Area 2DG‑1b is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the southern portion of the diesel generator building.  Main floor, at Elevation 620’‑6”, houses the diesel generator and auxiliary equipment; and the air intake penthouse structure is at Elevation 646’‑6”.  This area is bounded on the north by Fire Area 2DG‑1a, on the south by Fire Area 2DG‑1c, on the east by Fire Area DG‑1d, and on the west by the outside wall which is exposed to grade.  The diesel generator housed in this area provides Division 3 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping is configured to form traps between each fire area.  Access to this area is through a Class A fire door from the corridor (Fire Area DG‑1d).  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  


During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60(F.


There is no safe shutdown equipment located within this area.


Fire detection for this area is provided by rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.2.2.2      Analysis


Combustibles within this area consist of the following:


a.
Diesel fuel oil (667 gallons) with a Btu content of 96,715,000 Btu


b.
Lubricating oil (361 gallons) with a Btu content of 54,902,400 Btu


c.
Cable insulation (100 lbs) with a Btu content of 1,000,000 Btu


d.
Instrument panel combustibles (400 lbs) with a Btu content of 4,000,000 Btu


The total Btu content is 156,617,400 Btu which is contained in the 1,470 ft2 floor area.  Total fire loading for this fire area is 106,543 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the diesel generator, the leakage would be contained within the room by 


curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.2.2.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 1‑1/2 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to an adjacent area is achieved.  Also, the entire main floor is protected by a total flooding carbon dioxide system, and both floors are provided with early warning fire detection.


9A.4.5.2.3      Fire Area 2DG‑1c


9A.4.5.2.3.1      Description


Fire Area 2DG‑1c is shown on <Figure 9A‑11> and <Figure 9A‑15>.  It is located in the southernmost portion of the diesel generator building.  The main floor, at Elevation 620’‑6”, houses the diesel generator and auxiliary equipment; the air intake penthouse structure is at Elevation 646’‑6”.  This area is bounded on the north by Fire Area 2DG‑1b, on the south by the service building, on the east by Fire Area DG‑1d, and on the west by the outside wall which is exposed to grade.  The diesel generator housed in this area provides Division 1 onsite ac power in case of an emergency.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Floor drain piping is configured to form traps between each fire area.  Access to this area is through a Class A fire 


door from the common corridor (Fire Area DG‑1d).  Each doorway is provided with a curb to prevent an oil spill within the room from spreading to adjacent fire areas.


Ventilation for this area is accomplished by taking in outside air that enters the penthouse through the fixed outside air louvers.  Two 100 percent capacity fans are provided.  Ventilating air is vented to the atmosphere through electric motor‑operated discharge louvers.  During summer operation all of the intake air is relieved to the atmosphere.  During winter operation room air is partially recirculated to maintain a minimum supply air mixture temperature of 60(F.


Safe shutdown equipment located within this area is as follows:


a.
Diesel generator, Division 1


b.
Fuel oil day tank


c.
Starting air receiver tanks


d.
Fuel oil transfer pumps


e.
Diesel generator, generator control panel


f.
Diesel generator, engine control panel


g.
Diesel generator, high voltage exciter cabinet


h.
Ventilation fans


i.
Power and control cables for Unit 2, Division 1


j.
Air intake filters


Fire detection for this area is provided by rate‑of‑rise fixed temperature detectors and smoke detectors.  Fire suppression equipment consists of an automatically activated total flooding carbon dioxide system on the main floor.  Actuation of the carbon dioxide system will trip the ventilation fans and close all ventilation dampers.  Also, manual fire extinguishers are provided for fire suppression.


9A.4.5.2.3.2      Analysis


Functional redundancy for the diesel generator and associated equipment in this fire area is provided by the Division 2 diesel generator and equipment located in Fire Area 2DG‑1a <Appendix 9A.4.5.2.1>.  Only Division 1 equipment or cables are located in this area.


Combustibles within this area consist of the following:


a.
Diesel fuel oil (700 gallons) with a Btu content of 101,500,000 Btu


b.
Lubricating oil (1,622 gallons) with a Btu content of 246,544,000 Btu


c.
Cable insulation (881 lbs) with a Btu content of 8,810,000 Btu


d.
Instrument panel combustibles (480 lbs) with a Btu content of 4,800,000 Btu


The total Btu content is 361,654,000 Btu which is contained in the 1,530 ft2 floor area.  Total fire loading for this fire area is 236,376 Btu/ft2.


The diesel fuel oil day tank and supports are protected to obtain a 3 hour fire resistance rating.  Should lubricating oil leak from the diesel generator, the leakage would be contained within the room by 


curbs provided at the doorways, and would be collected by the floor drains and be piped to an oil interceptor tank.


9A.4.5.2.3.3      Conclusions


The results of the analysis for this area indicate that to contain a fire of the loading calculated, the area boundaries must have a 2 hour fire resistance rating.  Since this area is designed with 3 hour rated fire barriers, the objective of preventing the spread of a fire to an adjacent area is achieved.  Also, the main floor is protected by a total flooding carbon dioxide system for fire suppression, and both floors have early warning fire detection.


9A.4.5.3      Fire Areas Common to Unit 1 and Unit 2


9A.4.5.3.1      Fire Area DG‑1d


9A.4.5.3.1.1      Description


Fire Area DG‑1d is shown on <Figure 9A‑11>.  It is at Elevation 620’‑6” and serves as a common connecting corridor between the control complex, service building and diesel generator areas thereby providing access to the diesel generator rooms.  This area is bounded on the north by the radwaste building, on the east by Fire Areas 1CC‑3 and 2CC‑3 of the control complex, on the south by the service building, and on the west by Fire Areas 1DG‑1b, 1DG‑1c and 2DG‑1a, 2DG‑1b, 2DG‑1c.


Wall, floor and ceiling construction for this area is of reinforced concrete.  The north, east and west walls provide separation of redundant trains of safe shutdown equipment.  The walls have a 3 hour fire resistance rating.  Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Access to this area is through Class A fire doors from the control complex, service building and the diesel generator rooms.


Safe shutdown equipment located within this area is as follows:


a.
Power and control cables for Unit 1, Division 1 and Division 2


Fire detection for this area consists of smoke detectors.


Fire suppression equipment for this area consists of manual fire extinguishers.


9A.4.5.3.1.2      Analysis


Division 1 and Division 2 power and control cables required for safe shutdown for Unit 1 are contained in this area.  Spatial separation between redundant diesel generator power and control cables serving a unit is more than 7 feet.  Moreover, cabling for Unit 1 diesel generators is routed so that spatial separation in excess of 11 feet is maintained between cables serving different units.  Most of the Division 2 circuits needed for safe shutdown are wrapped with a 1 hour fire rated barrier.  Manual action will compensate for the effects of fire on remaining Division 2 equipment required for shutdown.


The only combustible material in this area is cable insulation.  This insulation, contained within the 1,968 ft2 floor area, yields a fire loading of less than 80,000 Btu/ft2 for this fire area.


9A.4.5.3.1.3      Conclusions


The results of the analysis indicate that because of the spatial separation of cables, cable wrapping, the low fire loading, and the provision of early warning fire detection, the objective of preventing a fire from damaging cables associated with more than one division of safe shutdown equipment or spreading to another fire area is achieved.  Therefore, in the event of a fire, Division 2 could be utilized for safe shutdown.


9A.4.5.3.2      Fire Area DG‑1e


9A.4.5.3.2.1      Description


The LLRW room is shown on <Figure 9A‑11>.  Walls, floors and ceiling are constructed of reinforced concrete.  Doorways to adjacent buildings are equipped with Class A fire doors.  Walls to adjacent buildings have 3 hour fire resistance ratings with all penetrations provided with 3 hour fire rated seals.


Safe shutdown equipment in this area consists of power and control cables, Division 2, Unit 1.


Fire detection equipment for this area consists of smoke detectors.


Fire suppression equipment consists of an automatic sprinkler system.


9A.4.5.3.2.2      Analysis


Only Division 2 safe shutdown circuits are located in this fire area.  Redundant safe shutdown equipment is located in other areas.


Combustibles within this area consist of cable insulation raceway fire barrier material and storage of in situ‑transient combustibles.  Total fire loading contained in the 540 ft2 area of this fire zone is less than 240,000 Btu/ft2.


9A.4.5.3.2.3      Conclusions


The results of the analysis indicate that the objective of preventing a fire from damaging both divisions of required safe shutdown equipment is achieved.  This is accomplished by barrier design, and locating the Division 1 equipment required for safe shutdown in other fire areas.  Division 1 would be used for safe shutdown in the event of a fire in this area.


9A.4.5.4      Unit 1 Duct Bank


9A.4.5.4.1      Fire Area DGDB


9A.4.5.4.1.1      Description


Fire Area DGDB is shown on <Figure 9A‑11>.  It consists of an underground electrical duct bank starting at the west wall of Fire Zone CC‑2b in the control complex (Elevation 599’‑0”), and terminating in the floor of Fire Zone 1DG‑1c in the Diesel Generator Building.  This zone contains circuits for the Diesel Generator System.


The duct bank is constructed of reinforced concrete.  Penetrations through walls and floors are also reinforced concrete.


Safe shutdown equipment in this fire area consists of power system cables, Division 1, Unit 1.


9A.4.5.4.1.2      Analysis


Only Division 1 circuits are located in this fire area.  Redundant equipment required for safe shutdown is located in other fire areas.


9A.4.5.4.1.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and locating redundant equipment in other fire zones and areas.  Division 2 could be used for safe shutdown in the event of a fire in this area.


9A.4.6      EMERGENCY SERVICE WATER PUMPHOUSE


The emergency service water pumphouse is a single story, rectangular building constructed of reinforced concrete shown on the <Figure 9A‑34>.  It is an isolated structure located north of the main plant area with the service water pumphouse as the closest building.  This building houses pumps and associated equipment required to supply cooling water for safe shutdown systems.


The ventilation system for the emergency service water pumphouse consists of intake louvers, two 100 percent capacity supply fans and two 100 percent capacity motor‑operated exhaust louvers for each reactor unit.  Each fan is sized to dissipate heat generated by the emergency service water (ESW) pump motors along with miscellaneous equipment.  The supply fan draws outside air through the intake louvers and supplies it to the pump area.  This supply air is relieved to the atmosphere through the motor‑operated exhaust louvers which automatically open when the corresponding fan is energized.  During winter operations some room air is recirculated to maintain room temperature.  The supply fans operate only when the emergency pumps are operated.


Two 100 percent capacity supply fans are provided for ventilation of the diesel driven fire pump room.  These fans operate only when the diesel driven fire pump operates.  The supply fan draws ambient air from the emergency service pumphouse and supplies it to the fire pump room.  This air is then relieved through exhaust louvers to the atmosphere.  Penetrations through the roof of the diesel driven fire pump room are provided with 3 hour rated fire dampers.


For purposes of this fire hazards analysis, the emergency service water pumphouse is divided into two fire areas and two fire zones:  Fire Area ESW‑1a contains ESW pumps, associated equipment and the electric motor driven fire pump; Fire Area ESW‑1b contains the diesel driven fire 


pump, associated control panel, batteries, and diesel fuel oil storage tank; Fire Zones ESW Duct Bank No. 1 and No. 2 contain Division l and Division 2 cables (respectively), for the ESW system.


9A.4.6.1      Fire Area ESW‑1a


9A.4.6.1.1      Description


Fire Area ESW‑1a is shown on <Figure 9A‑34>.  It comprises the entire emergency service water pumphouse except for the diesel fire pump room located in the northeast corner of the main floor (Elevation 586’‑6”).  It is also bounded on the southeast and southwest by Fire Zones ESW Duct Bank No. 1 and No. 2 (electrical duct banks).  This area houses equipment for the ESW system including screen wash pumps, ESW pumps, discharge strainers, and associated control equipment.


Walls, floor and ceiling are constructed of reinforced concrete.  Walls to Fire Area ESW‑1b have a 3 hour fire resistance rating and are equipped with Class A fire doors.  The ceiling of Fire Area ESW‑1b is constructed of 3 hour rated reinforced concrete, except for a small (2 foot by 2 foot) steel hatch which is not fire rated (ESW‑1b is provided with sprinklers and smoke detectors, and does not expose safe shutdown equipment).  Wall penetrations have 3 hour fire rated seals.  Floor drains are configured with a header on the east side and another on the west side of the floor which carry drainage to the sump.  Access to the area is provided from the outside by doors at grade.


The safe shutdown equipment in this fire area consists of:


a.
ESW pumps for Division 1 and Division 2, Unit 1 and Unit 2


b.
Screen wash pumps for Division 1 and Division 2


c.
Screen wash pump discharge strainers for Division 1 and Division 2


d.
Motor control centers (MCC) for Division 1 and Division 2, Unit 1 and Unit 2


e.
Power and control cables for Division 1 and Division 2, Unit 1 and Unit 2


f.
Emergency service water pumphouse intake screens for Division 1 and Division 2


g.
Emergency service water pumphouse ventilation for Division 1 and Division 2, Unit 1 and Unit 2


h.
Emergency service water valves


Fire detection equipment for this area consists of smoke detectors.  Manual water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.6.1.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this area.  Most of the redundant cable trays are spatially separated by a minimum of 20 feet.  Division 2 pumps and equipment for both units, are located in the western portion of the building.  Division 1 pumps and equipment are located in the eastern portion.  An exception is the Division 1 MCC’s for both units, which are located in the center of the building near the south wall and are adequately separated from the redundant Division 2 MCC’s and associated equipment located in the northwest part of this fire area.  Redundant Division 1 and Division 2 screen wash and traveling screen systems are 


separated by approximately 3 feet.  Manual action will compensate for the effects of fire on this Division 1 and Division 2 equipment required for cold shutdown.


The combustibles contained within this fire area consist of cable insulation, lubricating oil and grease, electrical panels, raceway fire barrier material and motor windings.  Total fire loading contained in the 5,244 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.


9A.4.6.1.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from damaging cables or equipment associated with both divisions of required safe shutdown equipment, and preventing safe shutdown, is achieved.  This is accomplished by adequate spatial separation between redundant safe shutdown equipment and low fire loading.  Early warning fire detection is also provided.  In the event of a fire in this area, Division 1 or Division 2 will be available for safe shutdown, depending upon the location of the fire.


9A.4.6.2      Fire Area ESW‑1b


9A.4.6.2.1      Description


Fire Area ESW‑1b is shown on <Figure 9A‑34>.  It is a room located in the northeast corner of the emergency service water pumphouse at Elevation 586’‑6”.  This area houses the diesel driven fire pump, control panel, diesel engine, and diesel fuel oil tank.


Walls, floor and ceiling are constructed of reinforced concrete.  The walls and ceiling have 3 hour fire resistance ratings.  The ceiling ventilation openings are provided with 3 hour rated fire dampers.  A small (2 foot by 2 foot) steel hatch is also located in the ceiling, and is not firerated; however, this hatch does not expose safe shutdown 


equipment in Fire Area ESW‑1a.  The doorways to Fire Area ESW‑1a are equipped with Class A fire doors.  Wall and ceiling penetrations are provided with 3 hour fire rated seals.  Floor drains for this area are trapped and trenched to a sump.


There is no safe shutdown equipment contained within this fire area.


Fire detection equipment for this area consists of smoke detectors.  An automatic sprinkler system, manual water type hose stations and fire extinguishers are provided for fire suppression.


9A.4.6.2.2      Analysis


Combustibles within this fire area consist of cable insulation, lubricating oil and grease, diesel fuel oil, battery cases, electrical panels and motor windings.  Total fire loading contained in the 440 ft2 floor area of this fire zone is less than 120,000 Btu/ft2.


Special consideration was given to the case of a rupture of the 300 gallon diesel fuel oil tank or failure of a connection to the tank.  This fire area has trenches to collect any spillage, and thus prohibit an oil leak from flowing across the floor and into Fire Area ESW‑1a. 


Each trench is connected to a 4 inch drain line with a trap.  The drain lines are interconnected and empty into the 360 gallon capacity sump in Fire Area ESW‑1a.


9A.4.6.2.3      Conclusions


The results of the analysis for this fire area indicate that the objective of preventing a fire from spreading to Fire Area ESW‑1a, which contains safe shutdown equipment, is achieved.  This is accomplished by barrier design and by the provision of trenches and drains to collect 


oil spillage.  Also, the automatic sprinkler system provides added assurance of containing a fire to this area.


9A.4.6.3      Fire Zone ESW Duct Bank No. 1


9A.4.6.3.1      Description


This fire zone is shown on <Figure 9A‑1> and <Figure 9A‑34>.  It consists of an underground electrical duct bank starting at the southeast corner of the ESW building (approximate Elevation 618’‑6”) and terminating in the Fuel Handling Building (FH‑2a).  This zone contains Division 1 circuits for the ESW system.


The duct bank is constructed of reinforced concrete.  Wall penetrations are also reinforced concrete.  Access to this zone is provided by electric manhole No’s. 3 and 4.


Safe shutdown equipment in this fire zone consists of power and control cables, Division 1, Unit 1 and Unit 2.


9A.4.6.3.2      Analysis


Only Division 1 cables required for safe shutdown are located in this zone.  Redundancy for the safe shutdown equipment located in this zone is provided by equipment located in other areas and zones.


9A.4.6.3.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and spatial separation.  Division 2 could be utilized for safe shutdown in the event of a fire in this zone.


9A.4.6.4      Fire Zone ESW Duct Bank No. 2


9A.4.6.4.1      Description


This fire zone is shown on <Figure 9A‑1> and <Figure 9A‑34>.  It consists of an underground electrical duct bank starting on the southwest corner of the ESW building (approximate Elevation 618’‑6”), and splits into two parallel duct banks, one terminating in the Diesel Generator Building (Fire Zone IDG‑1c) and one in the control complex (Fire Zone CC‑2b).  This zone contains Division 2 circuits for the ESW system.


The duct bank is constructed of reinforced concrete.  Wall penetrations are also reinforced concrete.  Access to this zone is provided by electric manhole No’s. 1 and 2.


Safe shutdown equipment in this fire zone consists of power and control cables, Division 2, Unit 1 and Unit 2.


9A.4.6.4.2      Analysis


Only Division 2 cables required for safe shutdown are located in this zone.  Redundancy for the safe shutdown equipment located in this zone is provided by equipment located in other areas and zones.


9A.4.6.4.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and spatial separation.  Division 1 could be utilized for safe shutdown in the event of a fire in this zone.


9A.4.7      FUEL HANDLING BUILDING


The Fuel Handling Building is a three story building constructed of reinforced concrete.  The building is located between the Unit 1 and Unit 2 reactor buildings and serves as a preparation and storage area for new fuel and a storage area for spent fuel from the Unit 1 and Unit 2 reactors.  This building also houses miscellaneous mechanical and electrical equipment.  It is bounded on the north by the Unit 1 Reactor Building, on the south by the Unit 2 Reactor Building, on the west by the Intermediate Building, and has no building interface on the east.


The ventilation system for the Fuel Handling Building consists of one 100 percent capacity supply plenum, two 100 percent capacity supply fans, three 50 percent capacity charcoal filter trains with exhaust fans, and distribution ductwork.  The supply plenum and supply fans are located at Elevation 599’‑0” of the Fuel Handling Building and the charcoal filter trains and exhaust fans are at Elevation 682’‑0” of the Intermediate Building.  The supply fan draws outside air through filters and heating coils and supplies it to locations in the Fuel Handling Building such as the operating floor, CRD pump area and the railway and overhead crane area.  This supply air is drawn through the charcoal filter train by the exhaust fans prior to discharge through the unit vent.  Air from the fuel pool cooling and cleaning equipment rooms in the intermediate building is also exhausted through these filter trains.


All duct penetrations in the fuel handling building floors, and in the walls that interface with the intermediate building, are provided with 3 hour rated fire dampers with 160(F fusible links.


Smoke detectors are provided in the common discharge ducts of the supply fans and exhaust fans.  Upon detection of smoke, these detectors will initiate an alarm in the control room.


The rattle space provided between the fuel handling and the reactor building constitutes an unprotected opening; therefore, the entire three story fuel handling building is one fire area.  This fire area is divided into four fire zones:  Fire Zone FH‑1 is Elevation 574’‑10”; Fire Zone FH‑2a is Elevation 599’‑0”, north side; Fire Zone FH‑2b is Elevation 599’‑0”, south side; Fire Zone FH‑3 is at Elevation 620’‑6”.  Only Division 1 circuits are present in the fuel handling building.


9A.4.7.1      Fire Zone FH‑1


9A.4.7.1.1      Description


Fire Zone FH‑1 is shown on <Figure 9A‑3>.  It is at Elevation 574’‑10”, comprising the entire first level of the fuel handling building.  This zone contains equipment for the control rod drive hydraulic system and the fuel pool cooling and cleanup system.  It is bounded on the north by Unit 1 reactor building, on the south by Unit 2 reactor building, on the west by the intermediate building, and has no building interface on the east.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings, except for the 3 inch rattle space at the reactor building interface.  Penetrations have 3 hour fire rated seals, except for this rattle space.


There is no safe shutdown equipment located within this fire zone.


Fire detection equipment consists of smoke detectors.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.7.1.2      Analysis


Protection for equipment is not required since there is no safe shutdown equipment in this zone.


Combustibles within this zone consist of cable insulation, lubricating oil and grease, electrical panels, motor windings and storage of combustible materials.  Total fire loading contained in the 5,142 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


9A.4.7.1.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging safe shutdown equipment in other zones is achieved.  This is accomplished because of the low fire loading and the provision of early warning fire detection.


9A.4.7.2      Fire Zone FH‑2a


9A.4.7.2.1      Description


Fire Zone FH‑2a is shown on <Figure 9A‑8>.  It is at Elevation 599’‑0”, comprising the north half of the second level of the fuel handling building.  This zone contains equipment required for control rod drive maintenance.  It is bounded on the north by the Unit 1 reactor building, on the south by Fire Zone FH‑3, on the west by the intermediate building, and has no building interface on the east.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have 3 hour fire resistance ratings, except for the 3 inch rattle space at the Unit 1 reactor building interface.  Penetrations have 3 hour fire rated seals, except for this rattle space.


Safe shutdown equipment in this zone consists of Division 1 power and control cables.


Fire detection equipment consists of smoke detectors.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.7.2.2      Analysis


Only Division 1 circuits required for safe shutdown are located in this zone.  Redundant safe shutdown equipment is located in other areas.


The only combustible material in this fire zone is comprised of cable insulation, and electrical panels.  Total fire loading contained in the 2,359 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.


9A.4.7.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished because of the low fire loading and the presence of only one division of cable trays in this zone, and the provision of early warning fire detection.  Division 2 could be utilized for safe shutdown in the event of a fire in this zone.


9A.4.7.3      Fire Zone FH‑2b


9A.4.7.3.1      Description


Fire Zone FH‑2b is shown on <Figure 9A‑8>.  It is at Elevation 599’‑0”, comprising the south half of the second level of the fuel handling building.  This zone contains equipment required for refueling 


activities.  It is bounded on the south by the Unit 2 reactor building, on the north by Fire Zone FH‑3, on the west by the intermediate building, and has no building interface on the east.


Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls, floor and ceiling have 3 hour fire resistance ratings, except for the 3 inch rattle space at the Unit 2 reactor building interface.  Penetrations have 3 hour fired rated seals, except for this rattle space.


There is no safe shutdown equipment located in this fire zone.


Fire detection equipment for this zone consists of smoke detectors.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.7.3.2      Analysis


Protection for equipment is not required since there is no safe shutdown equipment in this zone.


The only combustible material in this fire zone is comprised of cable insulation.  This material, contained in a 2,359 ft2 floor area, yields a fire loading of less than 20,000 Btu/ft2 for this fire zone.


9A.4.7.3.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging safe shutdown equipment in other zones is achieved.  This is accomplished because of the low fire loading.


9A.4.7.4      Fire Zone FH‑3


9A.4.7.4.1      Description


Fire Zone FH‑3 is shown on <Figure 9A‑3>, <Figure 9A‑8> and <Figure 9A‑12>.  It is at Elevation 620’‑6”, comprising the entire third floor of the fuel handling building.  This zone contains equipment required for refueling activities.  It is bounded on the north by the Unit 1 reactor building, on the south by the Unit 2 reactor building, on the west by the intermediate building, and has no building interface on the east (and partially exposed on the north and south).


Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  The walls, floor and ceiling have 3 hour fire resistance ratings, except for the 3 inch rattle space at the reactor building interface.  Wall and ceiling penetrations have 3 hour fire rated seals, except for this rattle space.


The safe shutdown equipment in this zone consists of power and control cables, Division 1.


Fire detection equipment for this zone consists of flame detectors.


Fire suppression equipment for this zone consists of manual water type hose stations and fire extinguishers.


9A.4.7.4.2      Analysis


Only Division 1 circuits required for safe shutdown are located in this fire zone.  Redundant safe shutdown equipment is located in other areas.


Combustibles within this zone consist of cable insulation, electrical panels, motor windings and combustible supplies.  Total fire loading contained in the 15,014 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.


9A.4.7.4.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from damaging cables or equipment associated with more than one division of safe shutdown equipment is achieved.  This is accomplished because of the low fire loading, the presence of only one division of cables in this zone and the provision of early warning fire detection.  Division 2 could be utilized for safe shutdown in the event of a fire in this zone.


9A.4.8      STEAM TUNNEL


The steam tunnel is a structure located between Elevations 614’‑6” and 620’‑6” that houses main steam, feedwater and other major pipes extending from the Reactor Building.  Separate tunnels are located on the Unit 1 and Unit 2 sides of the plant and extend in the north‑south direction (0( azimuth) from the Reactor Building through the Auxiliary Building at Elevation 620’‑6”, connect to the east end of the turbine power complex and continue to the Turbine Building.  The portion of this structure from the Reactor Building to the end of the Auxiliary Building is safety‑related.  The steam tunnel also serves to maintain radiological shielding around the main steam lines.


For purposes of this fire hazards analysis, the steam tunnel is considered one fire zone.


9A.4.8.1      Description


The steam tunnel is shown on <Figure 9A‑10> and <Figure 9A‑13> for Unit 1 and Unit 2, respectively.  Walls, floor and ceiling are constructed of reinforced concrete.  The east and west walls and the south reactor building (Unit 1) and north reactor building (Unit 2) walls are 3 hour rated and penetrations are provided with 3 hour rated fire seals.  There is no wall adjacent to the Turbine Building.  The floor is 3 hour rated and penetrations are provided with 3 hour fire rated seals.  Access to the steam tunnel is through hatches at Elevation 652’‑0” from the Auxiliary Building or from the Turbine Building.


The ventilation air for the steam tunnel is supplied by two 100 percent capacity supply fans that provide cooled air to the area.  The supply fans draw ambient air from the south half of the Auxiliary Building at Elevation 620’‑6” through filters and cooling coils and distributes it to the steam tunnel area.  This supply air is partially exhausted by the Auxiliary Building exhaust fans and partially relieved to the Turbine Building.  The duct penetrations on the steam tunnel walls have 3 hour rated fire dampers with 160(F fusible links.


Safe shutdown equipment within the steam tunnel consists of:


a.
Main steam line isolation valves


b.
RHR shutdown valves (including interfacing system isolation valves B21‑F065A/B)


c.
RCIC valve


d.
Power and control cables for Unit 1, Division 1 and Division 2


9A.4.8.2      Analysis


Both divisions of components and circuits required for safe shutdown are located in this zone.   Functional redundancy for the containment isolation valves located in the steam tunnel is provided by isolation valves inside containment that are powered by a separate division.  The ADS valves provide a redundant means of transferring the reactor vessel water to the RHR system should the RHR shutdown suction valve become inoperative.  Manual action will compensate for the effects of fire on the Division 2 equipment required for cold shutdown.


Combustibles within this area consist of lubricating oil and grease.  Total fire loading contained in the 1,920 ft2 floor area of this fire zone is less than 10,000 Btu/ft2.


The combustible load in the steam tunnel is concentrated in the south end, away from the opening into the Turbine Building.  Safety‑related cabling in the Turbine Building is not exposed by the combustibles in the Steam Tunnel.


9A.4.8.3      Conclusions


The objective of preventing a fire in the steam tunnel from affecting both divisions of required safe shutdown equipment in this structure and preventing safe shutdown or spreading to adjacent buildings containing safe shutdown equipment is achieved.  This is accomplished by the low fire loading, barrier design and the adequate separation from combustibles provided.  In the event of a fire in this zone, Division 2 could be used for safe shutdown.


9A.4.9      YARD AREA


The yard area is shown on <Figure 9A‑1>.  It includes the open areas of the plant site that surrounds the buildings.  Equipment located in this area includes:


a.
Diesel generator fuel oil storage tanks, Unit 1


b.
Diesel generator fuel oil storage tanks, Unit 2


c.
Condensate storage tank, Unit 1


d.
Condensate storage tank, Unit 2


e.
Auxiliary boiler fuel oil storage tank


f.
Hydrogen storage tanks, Unit 1


g.
Hydrogen storage tanks, Unit 2


h.
Transformers


i.
Hydrogen Water Chemistry (HWC) Storage Area


The only pieces of equipment from this listing required for safe shutdown operations are the diesel generator fuel oil storage tanks and the condensate storage tanks.


9A.4.9.1      Diesel Generator Fuel Oil Storage Tanks, Unit 1 and Unit 2


9A.4.9.1.1      Description


Three diesel generator fuel oil storage tanks for each unit are located approximately 80 feet west of the diesel generator building.  The tanks are underground and are approximately 14 feet from one another.  The two 


larger tanks each have a capacity of 90,000 gallons of diesel fuel oil; the smaller tank has a capacity of 44,000 gallons.


Only one of the two larger tanks for each unit is required for safe shutdown; the smaller tank is not required for safe shutdown.


Fire suppression equipment located in this region of the yard area consists of fire hydrants (supplied from the fire service water system) and hydrant houses with the necessary equipment (hose, nozzles, etc.) for fire fighting operations.


9A.4.9.1.2      Analysis


Only one division of safe shutdown equipment is located at each tank.  The two 90,000 gallon tanks for each unit are functionally redundant since each tank supplies one diesel generator.  Vent pipes from the tanks are equipped with flame arrestors.


9A.4.9.1.3      Conclusions


The objective of preventing a fire in this region of the yard area from spreading to buildings or locations containing safe shutdown equipment is achieved.  This is accomplished because of the underground location and spatial separation of the tanks.  In the event of a fire at one tank, the other division could be used for safe shutdown.


9A.4.9.2      Condensate Storage Tanks, Unit 1 and Unit 2


9A.4.9.2.1      Fire Zone CST‑1


9A.4.9.2.1.1      Description


The condensate storage tanks are located approximately 340 feet north and south, respectively, of the Unit 1 and Unit 2 reactor buildings.  


These tanks provide a source of supply water for the reactor core isolation cooling (RCIC) system, which is used during safe shutdown of the reactor when normal feedwater is not available.


The safe shutdown equipment in this fire zone consists of:


a.
Condensate storage tanks, Unit 1 and Unit 2


b.
Level transmitters for condensate storage tanks


c.
Instrumentation cables, Division 1


Fire suppression equipment located in this region of the yard area consists of fire hydrants (supplied from the fire service water system) and hydrant houses with the necessary equipment (hose, nozzles, etc.) for fire fighting operations.


9A.4.9.2.1.2      Analysis


Only Division 1 safe shutdown equipment is located at the tank.  Redundant safe shutdown equipment is located in other areas and zones.  The condensate storage tank, instrumentation and cables are located within a Seismic Category I concrete structure designed to accommodate the total liquid capacity of the condensate storage tank with at least one foot freeboard.  This concrete structure also serves as a fire barrier should a fire occur in the adjacent buildings.  The tank is adequately cut off from the rest of the yard area by the barrier.


9A.4.9.2.1.3      Conclusions


The objective for this portion of the yard area is to prevent damage to a condensate storage tank as a result of a fire in nearby equipment or buildings.  This is achieved since the tank is protected with a 


surrounding fire barrier.  Division 2 could be used for shutdown in the event of a fire at this tank.


9A.4.9.2.2      Fire Zone CST Duct Bank


9A.4.9.2.2.1      Description


Fire Zone CST Duct Bank is shown on <Figure 9A‑1>.  It consists of an underground electrical duct bank starting at the condensate storage tank and terminating in the auxiliary building (Fire Zone 1AB‑2).  This zone contains instrumentation circuits for the condensate storage tank.


The duct bank is constructed of reinforced concrete.  Wall penetrations are also reinforced concrete.


Safe shutdown equipment in this fire zone consists of instrumentation circuits, Division 1.


9A.4.9.2.2.2      Analysis


Only Division 1 circuits are located in this fire zone.  Redundant safe shutdown equipment is located in other areas and zones.


9A.4.9.2.2.3      Conclusions


The results of the analysis for this fire zone indicate that the objective of preventing a fire from spreading to adjacent zones or areas containing redundant safe shutdown equipment is achieved.  This is accomplished by barrier design and locating the redundant equipment in other fire zones and areas.  In the event of a fire in this zone, Division 2 could be used for safe shutdown.


9A.4.9.3      Auxiliary Boiler Fuel Oil Storage Tank


9A.4.9.3.1      Description


The auxiliary boiler fuel oil storage tank is located approximately 240 feet east of the Unit 1 auxiliary boiler and turbine buildings.  It is above ground and is surrounded by a dike to contain potential spillage.


Fire suppression equipment located in this region of the yard area consists of a fire hydrant (with a hydrant house and fire fighting equipment) supplied by the fire service water system.  The oil storage tank is equipped with a fixed foam suppression system.  Foam hose stations are also provided for spills within the dike and for the oil tank unloading area.


9A.4.9.3.2      Analysis


Functional redundancy is not a consideration since this tank is not required for safe shutdown.  A separation of 350 feet exists between this tank and buildings containing safe shutdown equipment.


9A.4.9.3.3      Conclusions


The objective of preventing a fire in this region of the yard area from spreading to buildings or locations containing safe shutdown equipment is achieved.  This is accomplished by providing a dike to surround the tank, the remote location of the tank and availability of fire suppression equipment.


9A.4.9.4      Hydrogen Storage Tanks


9A.4.9.4.1      Description


The Unit 1 hydrogen storage tanks are located approximately 45 feet north of the heater bay.  Hydrogen supply to the generator is expected to be normally provided from the connection to the Hydrogen Water Chemistry supply piping for the plant.  The Unit 1 Hydrogen Bulk Storage System may be aligned to provide a hydrogen supply to the generator, as required.  This hydrogen supply piping to the generator also provides for connection of a temporary hydrogen supply.  Temporary hydrogen storage and handling activities for providing a backup supply to the generator will be accomplished in an equivalent manner in this same yard location.


Fire suppression equipment located in this region of the yard area consists of fire hydrants (supplied from the fire service water system) and hydrant houses with the necessary equipment (hose, nozzles, etc.) for fire fighting operations.


An excess flow valve is provided in the upstream hydrogen supply piping from the Hydrogen Water Chemistry System to prevent hydrogen gas concentrations in the turbine building from reaching their explosive limits in the event of a line rupture.  A similar excess flow valve will be utilized for temporary hydrogen supply configurations to limit hydrogen gas concentrations in an equivalent manner.  A remotely operated, air actuated shutoff valve is provided downstream of the generator hydrogen pressure reducing manifold.  In case of a fire or line break in the turbine building, the valve can be remotely closed.


9A.4.9.4.2      Analysis


Spatial separation between either the permanent or temporary hydrogen storage tanks, and buildings that contain safe shutdown equipment is adequate.  Also, these tanks are/will be oriented to minimize the probability of missiles striking a building should a tank explosion occur.


9A.4.9.4.3      Conclusions


The objective of preventing a fire in this region of the yard area from spreading to buildings or locations containing safe shutdown equipment is achieved.  This is accomplished by adequate spatial separation between the permanent or temporary hydrogen storage tanks and buildings containing safe shutdown equipment.


9A.4.9.5      Transformers


9A.4.9.5.1      Description


The Unit 1 startup transformer, unit auxiliary transformer and main transformer (which consists of three single phase transformers) are located in the Unit 1 portion of the yard area just north of the turbine building and west of the heater bay and hydrogen storage tanks.  Three Unit 1 interbus transformers are located along the outside of the south wall of the Unit 1 turbine power complex.


The Unit 2 unit auxiliary transformer and main transformer (which consists of three single phase transformers) are located in the portion of the yard area just south of the Unit 2 turbine building and west of the heater bay.  The Unit 2 startup transformer is located just outside of the west wall of the Unit 2 turbine building.  Three Unit 2 interbus transformers are located along the outside of the north wall of the Unit 2 turbine power complex.  A spare main transformer is located adjacent to the south wall of the Unit 2 turbine building.


Fire suppression for the main transformers, Unit 1 startup transformer and the Unit 2 startup transformer is provided by a water spray deluge system that is manually activated.  Heat detectors located at each of these transformers provide annunciation signals to the Control Room that can be utilized to determine if initiation of the deluge system is necessary.  Fire suppression for the auxiliary transformer, the Unit 1 interbus transformers and the Unit 2 interbus transformers consists of a deluge water spray system that is activated automatically by a signal from the heat detectors located at each transformer.


9A.4.9.5.2      Analysis


These transformers are not required for safe shutdown operations since electrical power can be supplied by the emergency diesel generators.  


Fire barriers are provided between phases of the main transformer and on the east and west sides of the unit auxiliary transformer.  Each transformer is surrounded by a curb to contain any oil leakage.  Interbus transformers are separated from each other by fire barriers and are surrounded by a curb to contain any oil leakage.  All building walls located within 50 feet of any of these transformers has a minimum fire resistance rating of 2 hours.


9A.4.9.5.3      Conclusions


The objective of preventing a fire in this region of the yard area from spreading to buildings or locations containing safe shutdown equipment is achieved.  This is accomplished because of the separation provided by the fire barriers, the absence of safe shutdown equipment in this area and the fire suppression systems available.


9A.4.9.6      Hydrogen Water Chemistry (HWC) Storage Area

9A.4.9.6.1      Description


The 9,000 gallon capacity cryogenic liquid hydrogen storage tank and six supplemental 8,350 scf each (at 2,400 psi) gaseous hydrogen storage tanks are located approximately 1,240 feet south of the Fuel Handling Building.  The 6,000 gallon capacity cryogenic liquid oxygen storage tank is located approximately 1,100 feet south of the Fuel Handling Building.


The gaseous and liquid hydrogen storage meets the requirements of NFPA‑50A and NFPA‑50B, respectively.  The required safety features required by NFPA‑50A and NFPA‑50B include, but are not limited to, proper vent stacks and an emergency stop pushbutton to isolate the flow of liquid hydrogen by shutting down the hydrogen tank fire control valves.  Fire suppression equipment located in this region of the yard 



area consists of fire hydrants (supplied from the fire service water system) and hydrant houses with the necessary equipment (hose, nozzles, etc.) to cool adjoining equipment in the event of a hydrogen fire.


Excess flow check valves are provided at the storage facility to limit any hydrogen or oxygen release that may develop in the supply or injection subsystems.


9A.4.9.6.2      Analysis


Spatial separation between the HWC storage area and buildings that contain safe shutdown equipment is adequate.  Also, these tanks are oriented to minimize the probability of missiles striking a building should a tank explosion occur.


9A.4.9.6.3      Conclusions


The objective of preventing a fire in this region of the yard area from spreading to buildings or locations containing safe shutdown equipment is achieved.  This is accomplished by adequate spatial separation between the HWC storage area and buildings containing safe shutdown equipment.


9A.4.10      WATER TREATMENT BUILDING


The water treatment building is a two story structure.  The building is located on the Unit 1 side of the plant.  It is bounded by the turbine building on the east; the north, south and west walls are exposed.


The water treatment building houses process equipment required to covert raw water into the various grades of water used in the plant.


For the purpose of this fire hazards analysis, this entire two story building is considered a fire area.


9A.4.10.1      Description


The water treatment building is shown on <Figure 9A‑1>.  The east wall, shared with the turbine building, is constructed of drywall and has a 3 hour fire resistance rating.  The north, south and west walls are exterior walls constructed of metal siding.  The roof is of steel frame 


and metal deck construction with roofing that meets Factory Mutual (FM) Class I requirements.  Doorways in the east wall are equipped with Class A fire doors.  Other penetrations in this wall are sealed to provide a 3 hour fire resistance rating.


The ventilation system for the water treatment building consist of roof exhausters, intake louvers and a supply fan that provides ambient air to the laboratory enclosure.  No fire dampers are provided in this system.


No safe shutdown equipment is located in the water treatment building.


Fire suppression equipment for this building consists of portable fire extinguishers and water type hose stations inside the building.


9A.4.10.2      Analysis


No safe shutdown equipment is located in the water treatment building.  Also, the building fire loading is low.


9A.4.10.3      Conclusions


The objective for this fire area is to prevent fire within the water treatment building from endangering the ability to safely shut down the plant.  This objective is achieved since this building has a low fire loading and is remote from safe shutdown equipment in other buildings.


9A.4.11      TURBINE POWER COMPLEX


The turbine power complex is a four story structure.  Separate buildings are located on the Unit 1 and Unit 2 sides of the plant.  The Unit 1 turbine power complex is bounded by the turbine building on the north, the steam tunnel on the east and the offgas building on the west; the south wall is partially bounded by the auxiliary building with the remainder of the wall exposed.  The Unit 2 turbine power complex is bounded by the 


turbine building on the south, the steam tunnel on the east and the offgas building on the west; the north wall is partially bounded by the auxiliary building with the remainder of the wall exposed.


This building contains equipment for the condensate demineralizer system, condensate filtration system, motor control centers, dc distribution equipment, and metal clad switchgear.


For purposes of this fire hazards analysis, the entire turbine power complex is considered a fire area.


9A.4.11.1      Description


The turbine power complex is shown on <Figure 9A‑1>.  Exterior walls are constructed of metal siding.  Walls adjacent to other buildings are of reinforced concrete or drywall construction.  These walls have 3 hour fire resistance ratings and penetrations are provided with 3 hour fire rated seals.  Doorways to adjacent structures are equipped with Class A fire doors.  Floors are constructed of reinforced concrete.  The roof is of metal deck construction with roofing that meets FM Class I requirements.


The ventilation system for the turbine power complex consists of supply plenums and supply fans supplying cooled or heated outdoor air to various areas.  This supply air is directed to the atmosphere through relief louvers.  All duct penetrations through the fire rated walls have 3 hour rated fire dampers with 160(F fusible links.


Safe shutdown equipment located in the turbine power complex consists of power and control cables for Unit 1, Division 1, Division 2, Division 3, and Division 4.


Fire detection equipment for this building consists of smoke detectors for the 125 volt dc equipment area (Elevation 620’‑6”) and 


switchgear and MCC area (Elevation 647’‑6”).  Fire suppression equipment consists of manual carbon dioxide hose reels for the electrical equipment (Elevations 620’‑6” and 647’‑6”) and water type hose reels throughout the remainder of the turbine power complex.


9A.4.11.2      Analysis


Both divisions of safe shutdown circuits are located in this area.  Loss of this equipment does not prevent safe shutdown because of equipment located in other areas and zones.


The major combustible in the turbine power complex is cable insulation.  Conservatively, this amount of combustible material would require the protection of 2 hour rated fire walls as adequate barriers between the turbine power complex and adjacent buildings.


9A.4.11.3      Conclusions


The objective of preventing a fire in the turbine power complex from spreading to an adjacent building containing safe shutdown equipment is achieved.  This is accomplished by the designed 3 hour rated fire walls when 2 hour rated fire walls would be sufficient.  In the event of a fire in this area, Division 1 or Division 2 would be available for safe shutdown.


9A.4.12      HEATER BAY


The heater bay is a four story structure.  Separate buildings are located on the Unit 1 and Unit 2 sides of the plant.  The Unit 1 heater bay is bounded by the turbine building on the south, with the north and west walls exposed; the majority of the east wall is bounded by the auxiliary boiler building with the remainder of the wall exposed.  The Unit 2 heater bay is bounded by the turbine building on the north, with the east, south and west walls exposed.


This building contains heaters associated with the condensate, feedwater and building heating systems.  For purposes of this fire hazards analysis, the entire heater bay is considered a fire area.


9A.4.12.1      Description


The heater bay is shown on <Figure 9A‑1>.  Walls are constructed of reinforced concrete, except for metal siding on the north and south walls of the Unit 1 and Unit 2 buildings, respectively.  Doorways to adjacent buildings are equipped with Class A fire doors.  Walls to adjacent buildings have 3 hour fire resistance ratings with all penetrations having 3 hour fire rated seals.  Floors are constructed of reinforced concrete.


The ventilation system for the heater bay consists of supply fans blowing heated outdoor air to various areas.  This supply air is exhausted to the atmosphere through the exhaust fans.  The duct penetrations through the fire rated partition enclosing the lubricating oil purifier have 3 hour rated fire dampers with 160(F fusible links.


There is no safe shutdown equipment located in the heater bays.


Fire suppression equipment for this building consists of a preaction water spray system for the feedwater pump‑turbine lubricating oil area.  Manual water type hose stations and fire extinguishers are also provided.


9A.4.12.2      Analysis


Combustibles within the heater bay include hydrogen supply piping for the Hydrogen Water Chemistry (HWC) System, cable insulation, motor winding insulation, and lubricating oil.  The amount of combustible material would conservatively require the protection of 1 hour rated fire walls to prevent the spread of a fire to adjacent buildings.  However, the adjacent buildings contain no safe shutdown equipment.


9A.4.12.3      Conclusions


The objective of preventing a fire in the heater bay from affecting safe plant shutdown is achieved.  This is accomplished by the designed 3 hour rated exterior fire walls and the absence of safe shutdown equipment in this building and the adjacent buildings.


9A.4.13      OFFGAS BUILDING


The offgas building is a four story structure.  Separate buildings are located on the Unit 1 and Unit 2 sides of the plant.  The Unit 1 offgas building is bounded by the turbine building on the north and the turbine power complex on the east; the south and west walls are exposed.  The Unit 2 offgas building is bounded by the turbine building on the south and the turbine power complex on the east; the north and west walls are exposed.


This building contains equipment used in the filtering and absorption of radioactive, noncondensible gases from the main and auxiliary condensers.


For purposes of this fire hazards analysis, the entire offgas building is considered a fire area.


9A.4.13.1      Description


The offgas building is shown on <Figure 9A‑1>.  Walls, floor and ceiling are constructed of reinforced concrete.  Doorways to adjacent buildings are equipped with Class A fire doors.  Walls to adjacent buildings have 3 hour fire resistance ratings with all penetrations having 3 hour fire rated seals.


The ventilation system for the offgas building consists of supply plenums and supply fans blowing cooled outdoor air to various areas.  


This supply air is discharged to the atmosphere by the exhaust fans.  All duct penetrations through fire rated walls have 3 hour rated fire dampers with 160(F fusible links.


There is no safe shutdown equipment located in the offgas building.


Fire detection equipment for this building consists of partial coverage with smoke and heat detectors that alarm in the control room.


Fire suppression equipment for this building consists of a manually actuated deluge type water spray system for charcoal filters, water type hose stations and fire extinguishers.


9A.4.13.2      Analysis


Combustibles in the offgas building include charcoal and hydrogen gas.  Special consideration was given to the charcoal filters and to a possible explosive hydrogen mixture, as hazards in this building.  The charcoal filters are provided with heat sensors that initiate signals in the control room so that the deluge system can be manually actuated.  The components and piping for the offgas system up to the recombiners are designed to withstand a hydrogen explosion.  The ventilation system supplies sufficient circulation of room air so that any hydrogen leakage will be limited to levels below 4 percent by volume hydrogen concentration.


9A.4.13.3      Conclusions


The objective of preventing a fire in the offgas building from affecting safe plant shutdown is achieved.  This is accomplished by the absence of safe shutdown equipment in this building and adjacent buildings, provision of early warning fire detection and a manually actuated deluge system in the charcoal filters.


9A.4.14      RADWASTE BUILDING


The radwaste building is a four story structure.  It is located on the Unit 1 side of the plant and is bounded by the diesel generator building and control complex on the south and the auxiliary and intermediate buildings on the east.  The north and west walls are exposed.


The radwaste building houses equipment used in the storage and processing of liquid and solid radioactive waste.


For purposes of this fire hazards analysis, the entire radwaste building is considered a fire area.


9A.4.14.1      Description


The radwaste building is shown on <Figure 9A‑1>.  Walls, floor and ceiling are constructed of reinforced concrete.  Doorways to adjacent buildings are equipped with Class A fire doors.  Walls to adjacent buildings have 3 hour fire resistance ratings with all penetrations provided with 3 hour fire rated seals.


The ventilation system for this building consists of a supply plenum and two 100 percent capacity fans supplying heated outdoor air to various areas.  This supply air is exhausted through a charcoal filter train and is then discharged to the atmosphere by one of the two 100 percent capacity exhaust fans.  All duct penetrations through fire rated walls have 3 hour rated fire dampers with 160(F fusible links.


There is no safe shutdown equipment located in the radwaste building.


Fire detection equipment for this building consists of smoke detectors for the radwaste control room.  Fire suppression equipment consists of an automatic water sprinkler system for radwaste storage, 


manual water type hose stations, fire extinguishers, and a manually actuated deluge type water spray system for the charcoal filters.


9A.4.14.2      Analysis


The major combustibles within the radwaste building are due to chemical storage, radwaste storage, cable, and charcoal.  A conservative estimate of these combustibles results in a low fire loading for the entire building.


Special consideration was given to equipment in the radwaste building containing high levels of radioactivity.  This material is normally contained in tanks, piping and drains.  Nonmetal tanks to store spent resins may be used where a fixed automatic suppression is adequate for its protection.  If a fire occurred in this building, limited radioactivity would be released and would be collected by the drain system or charcoal exhaust system.  It has been determined that the radioactive release due to this postulated fire in the radwaste building would be less than the releases analyzed in <Section 15.7.2> and <Section 15.7.3>.


9A.4.14.3      Conclusions


The objective of preventing a fire in the radwaste building from spreading to an adjacent building containing safe shutdown equipment is achieved.  This is accomplished by the designed 3 hour rated fire barriers, an automatic sprinkler system in the radwaste storage area and a deluge system for charcoal filters.


9A.4.15      SERVICE WATER PUMPHOUSE


The service water pumphouse is a one story building located at the north end of the Unit 1 side of the plant.  It is an isolated structure containing pumps and equipment for the nonsafety class service water system.


For purposes of this analysis, the entire building is considered a fire area.


9A.4.15.1      Description


The service water pumphouse is shown on <Figure 9A‑1>.  Walls are constructed of steel frame and metal siding.  The floor is constructed of reinforced concrete and the roof is of steel frame and metal deck construction with roofing that meets FM Class 1 requirements.


The ventilation system for the service water pumphouse consists of supply fans blowing outdoor air into the building.  This supply air is discharged to the atmosphere through wall relief louvers.  There are no fire dampers associated with this system.


There is no safe shutdown equipment located in the service water pumphouse.


Fire suppression equipment for this building consists of manual water type hose stations and fire extinguishers.


9A.4.15.2      Analysis


The combustibles in this building consist of cable insulation and motor winding insulation.


9A.4.15.3      Conclusions


The objective of preventing a fire in the service water pumphouse from affecting safe plant shutdown is achieved.  This is accomplished since this building contains no safe shutdown equipment and is remotely located relative to buildings that contain safe shutdown equipment.


9A.4.16      TURBINE BUILDING


The turbine building is a five story structure.  Separate buildings are located on the Unit 1 and Unit 2 sides of the plant.  The Unit 1 turbine building is bounded by the water treatment building on the west, the offgas building, turbine power complex and steam tunnel along the majority of the south wall, and is partially bounded by the heater bay and auxiliary boiler building on the north.  The remainder of the north and south walls and the east wall are exposed.  The Unit 2 turbine building is bounded by the offgas building, turbine power complex and steam tunnel along the majority of the north wall and is partially bounded by the heater bay on the south.  The remainder of the north and south walls, and the east and west walls, are exposed.


The turbine building houses the turbine generator and related auxiliaries.  These include the exciter, condensers, lubricating oil storage and handling equipment, and the hydrogen seal oil system.


For the purpose of this fire hazards analysis, this entire five story building is considered a fire area.


9A.4.16.1      Description


The turbine building is shown on <Figure 9A‑1>.  Walls separating the turbine building from other buildings are constructed of either reinforced concrete or drywall and are 3 hour fire resistance rated.  Floors are of reinforced concrete with numerous penetrations and metal 


gratings where equipment extends through floors.  The roof is of steel frame and metal deck construction with roofing that meets FM Class 1 requirements.  Doorways in boundary walls between the turbine building and other buildings are equipped with Class A fire doors.  Other penetrations in these boundary walls are sealed to provide a 3 hour fire resistance rating.


The ventilation system serving the turbine building consists of supply fans blowing cooled outdoor air to various areas.  This supply air is discharged to the atmosphere through the exhaust fans.  All duct penetrations through boundary walls between the turbine building and other buildings have 3 hour rated fire dampers with 160(F fusible links.


Safety‑related equipment located in the turbine building consists of power and control cables and instrumentation, for Unit 1, Division 1 and Division 2.


Fire suppression systems located within the turbine building consists of the following:


a.
An automatic deluge water spray system for the hydrogen seal oil unit


b.
An automatic preaction water spray system for the turbine generator bearing and piping above the operating floor


c.
An automatic wet pipe sprinkler system for areas below the operating floor


d.
Automatic total flooding CO2 systems for the turbine lube oil tank room and the turbine lube oil purifier room


Additional fire suppression equipment for manual fire fighting consists of water type hose stations and portable fire extinguishers.


9A.4.16.2      Analysis


Both divisions of safety‑related components and circuits are located in this area.  Loss of both divisions of this equipment does not prevent safe shutdown.


Combustibles within the turbine building are typical for a turbine generator complex.  The major fire hazard is comprised of the large quantity of oil required for turbine bearing lubrication and cooling and oil for the generator hydrogen seals.  In addition the Hydrogen Water Chemistry (HWC) System contains oxygen supply piping that is routed into the turbine building.  The turbine lube oil systems are in 3 hour rated, cut off rooms.


The turbine building is open to the north end of the steam tunnel on the 593’ elevation, with only a partial missile shield separating the two buildings.  There are limited combustibles within 60 feet of the opening, with the majority of the combustible load in the turbine building located in fire rated, cut off rooms or in areas remote from this opening.


9A.4.16.3      Conclusions


The objective of preventing a fire in the turbine building from affecting safe plant shutdown is achieved.  This is accomplished by the 3 hour fire resistance rating of the walls or adequate spatial separation between adjacent areas and the turbine building, low fire loading in building areas and the fire suppression equipment provided in the turbine building.  In the event of a fire in this area, Division 1 or Division 2 would be available for safe shutdown.


9A.4.17      AUXILIARY BOILER BUILDING


The auxiliary boiler building is a one story structure.  The building is located at the north end on the Unit 1 side of the plant.  It is bounded 


on the south by the turbine building and on the west by the heater bay; the north and east walls are exposed.


The auxiliary building houses the auxiliary boiler, piping and other equipment associated with the auxiliary boiler system.


For purposes of this fire hazards analysis, the entire building is considered a fire area.


9A.4.17.1      Description


The auxiliary boiler building is shown on <Figure 9A‑1>.  The south and west walls separate the auxiliary boiler building from adjacent buildings and are constructed of reinforced concrete.  The north and east walls are exposed to the outside and are constructed of metal siding.  Walls to adjacent buildings have 3 hour fire resistance ratings with penetrations provided with 3 hour fire rated seals.  Doorways to adjacent buildings are equipped with Class A fire doors.  The floor is constructed of reinforced concrete and the roof is of steel frame and metal deck construction with roofing that meets FM Class I requirements.


The ventilation system for the auxiliary boiler building consists of intake louvers and roof exhausters.  There are no fire dampers in this system.


No safe shutdown equipment is located in the auxiliary boiler building.


Fire suppression systems located within the auxiliary boiler building consist of an automatic sprinkler system which provides coverage to the entire area, manual type water hose stations and fire extinguishers.


9A.4.17.2      Analysis


Combustibles within the auxiliary boiler building consist of fuel oil and cable insulation.  The fuel oil is considered a hazard but will not jeopardize safe shutdown equipment.


9A.4.17.3       Conclusions


The objective of preventing a fire in the auxiliary boiler building from spreading to adjacent buildings containing safe shutdown equipment is achieved.  This is accomplished by building remoteness relative to safe shutdown equipment, barrier design and an automatic sprinkler system.


9A.4.18      SERVICE BUILDING


The service building is a three story structure.  It is bounded by the diesel generator building and control complex on the north, with the east, south and west walls exposed.


The service building contains offices, administrative facilities and shops for the plant, the security office, and the technical support center (TSC).  The TSC is located in the basement.


For the purpose of this fire hazards analysis, this entire three story building, together with the basement, is considered a single fire area.


9A.4.18.1      Description


The service building is shown on <Figure 9A‑1>.  The north wall is constructed of reinforced concrete and constitutes a 3 hour rated fire barrier.  The east, south and west walls are exterior walls constructed of metal siding.  The roof is of steel frame and metal deck construction with roofing that meets FM Class I requirements.  Doorways in the north 


wall are equipped with Class A fire doors.  Penetrations in the north wall are sealed to provide a 3 hour fire resistance rating.


The ventilation of the service building is accomplished by rooftop air handling units recirculating cooled air to various offices, ventilating fans blowing outside air to the storage areas and wall ventilators in the machine shop.  All duct penetrations through rated walls are provided with fire dampers with a rating consistent with the fire ratings of the walls.


No safe shutdown equipment is located in the service building.  Safe shutdown equipment is located in the diesel generator building and control complex which are adjacent structures.


Fire suppression has been provided for most areas of the service building and consists of either an automatic, wet pipe sprinkler system or an automatic Halon system.  Manual water type hose stations and portable fire extinguishers are also provided.


The radio and communications rooms, on the 605’‑0” elevation of the service building, house equipment for the emergency radio system used by the fire brigade.  Equipment for two of the six repeaters are located in a separate room from the remaining channels.  The rooms are separated by a gypsum wall and an automatic Halon system is provided.


The CAS, which houses the CPU equipment for fire alarms and security alarms, is located on the 620’‑6” elevation. 


9A.4.18.2      Analysis


No safe shutdown equipment is jeopardized by a fire in the service building.  This building is separated from adjacent buildings containing safe shutdown equipment by 3 hour rated fire barriers.


9A.4.18.3      Conclusions


The objective for the service building is to prevent fire in this building from jeopardizing the ability to safely shut down the plant.  This objective is achieved since the service building is adequately separated from safe shutdown equipment in adjacent buildings with 3 hour fire rated walls.  The Service Building areas adjacent to these buildings are also provided with automatic, fire suppression systems.


9A.4.19      TRAINING CENTER/EOF


The training center/EOF is a two story building located southwest of the Unit 2 side of the plant and outside of the fenced area (approximately 1/4 mile).  It is an isolated structure containing offices, training rooms and the emergency operations facility (EOF).


For purposes of this analysis, the entire building is considered a fire area.


9A.4.19.1      Description


The training center/EOF is shown on <Figure 9A‑1>.  Construction is steel frame, masonry, insulated siding, and glass.  Roofing consists of steel deck, insulation and liquid membrane, and meets FM Class 1‑90 and UL Class A requirements.


The ventilation system for the first floor TC/EOF consist of two 50% capacity rooftop air handling units, one 100% capacity return fan, one 100% capacity HEPA filter plenum, and miscellaneous exhaust fans.


Each of these systems distributes and recirculates conditioned air to the various office areas.  All duct penetrations through rated walls are provided with fire dampers with a rating consistent with the fire ratings of the walls and ceilings.


There is no safe shutdown equipment located in the training center/EOF.


The fire detection and suppression features provided in the Training Center/EOF are adequate for the hazards present to detect, control, and then suppress a fire before it can propagate to plant structures, systems or components important to safety located in other buildings.

9A.4.19.2      Analysis


Combustibles in this building are typical of those found in an office building.


9A.4.19.3      Conclusions


This building is located offsite, and therefore presents no danger to safe shutdown equipment.


9A.4.20      PRIMARY ACCESS FACILITY (PAF)


The PAF is a two story building located west of the service building.  It is an isolated structure containing offices, personnel processing and the arms storage room.


For purposes of this analysis, the entire building is considered a fire area.


9A.4.20.1      Description


The PAF is shown on <Figure 9A‑1>.  Construction is steel frame, insulated siding and glass.  Roofing consists of concrete over steel deck, foam insulation and liquid membrane, and meets UL Class A requirements.


The ventilation for the guardhouse is accomplished by an air handling unit recirculating cooled air to various rooms, and exhaust fans exhausting the lavatory, locker room and the mechanical equipment room.  One hundred percent outdoor air is supplied to the locker rooms by a rooftop air conditioner.  All duct penetrations through rated walls are provided with fire dampers with a rating consistent with fire ratings of the walls.


There is no safe shutdown equipment located in the PAF.


The fire detection and suppression features provided in the PAF are adequate for the hazards present to detect, control, and then suppress a fire before it can propagate to plant structures, systems or components important to safety located in other buildings.  Manual water type hose stations and portable fire extinguishers are also provided.


9A.4.20.2      Analysis


No safe shutdown equipment is jeopardized by a fire in the PAF.


9A.4.20.3      Conclusions


The objective for the PAF is to prevent fire in this building from jeopardizing the ability to safely shutdown the plant.  This objective is achieved since the PAF is adequately separated from buildings containing safe shutdown equipment.


9A.4.21      SERVICE BUILDING ANNEX


The service building annex is a three story structure located west of the service building.  It is an isolated structure containing offices.


For purposes of this analysis, the entire building is considered a fire area.


9A.4.21.1      Description


The service building annex is shown on <Figure 9A‑1>.  Construction is steel frame with wood siding.


Ventilation is accomplished by an air handling unit located at ground level.


There is no safe shutdown equipment located in the service building annex.


Fire suppression equipment consists of an automatic, wet pipe sprinkler system for all floors.  Manual water type hose stations and portable fire extinguishers are also provided.


9A.4.21.2      Analysis


No safe shutdown equipment is jeopardized by a fire in the service building annex.


9A.4.21.3      Conclusions


The objective for the service building annex is to prevent fire in this building from jeopardizing the ability to safely shut down the plant.  This objective is achieved since the service building annex is adequately separated from buildings containing safe shutdown equipment.


9A.4.22      LOW LEVEL RADIOACTIVE WASTE BUILDING (WARF/RISB)


The Low Level Radioactive Waste Building is a single story structure located north of the plant, more than 100 ft. east of the Emergency Service Water Pumphouse.  It is an isolated structure used for the processing of contaminated waste material and the storage of the material.


9A.4.22.1      Description


The Low Level Radioactive Waste Building is shown on <Figure 9A‑1>.  Construction of the processing area is a protected metal frame with steel siding.  The storage building is constructed of reinforced concrete.


Fire suppression equipment consists of an automatic, wet pipe type sprinkler system for both areas.  Manual water type hose stations and portable extinguishers are also provided.


9A.4.22.2      Analysis


For the purpose of this analysis the entire building is considered a fire area.  There is no safe shutdown equipment located in this building.


9A.4.22.3      Conclusions


The objective of the fire protection for the Low Level Radioactive Waste Building is to prevent a fire from jeopardizing the ability to achieve safe plant shutdown.  This objective is met since the structure is adequately separated from any structure containing safety‑related equipment.
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9A.5      POINT‑BY‑POINT COMPARISON




This section contains a point‑by‑point comparison with NRC Branch Technical Position APCSB 9.5‑1 Appendix A.


   Position For Plants Which Have


 Application Docketed But Construc‑


tion Permit Not Received As Of 7/1/76 
       Applicant Response



Positions


A.
Overall Requirements of



Nuclear Plant Fire Protection



Program



1.
Personnel




Responsibility for the

The V.P. Nuclear Operations is




overall fire protection

responsible for the overall fire




program should be assigned
protection program and retains




to a designated person in
ultimate responsibility for




the upper level of manage‑
program implementation.  He will




ment.  This person should
delegate authority to formulate




retain ultimate responsi‑
the program to the plant fire




bility even though formu‑
protection staff, which will




lation and assurance of

consist of key plant personnel




program implementation is
prepared by training in fire




delegated.  Such delega‑

protection and nuclear plant




tion of authority should

safety.  The fire protection




be to staff personnel pre‑
staff will be responsible for




pared by training and

providing a balanced approach




experience in fire protec‑
in directing the fire protection




tion and nuclear plant

program.  Fire Protection Staff




safety to provide a bal‑

responsibilities are described




anced approach in direct‑
in PAP‑1910.




ing the fire protection




programs for nuclear power




plants.  The qualification
Responsibility for the original




requirements for the fire
design of fire protection




protection engineer or

facilities was assigned to the




consultant who will assist
Manager, Nuclear Engineering




in the design and selec‑

Department, who had under his




tion of equipment, inspect
direction the Nuclear Engineer‑




and test the completed

ing staff and the consulting




physical aspects of the

engineers, Gilbert Associates,




system, develop the fire

Inc.  The fire protection




protection program, and

engineers at Gilbert Associates,




assist in the fire fight‑
Inc. either held or were quali‑




ing training for the

fied to hold full membership in




operating plant should be
the Society of Fire Protection




stated.  Subsequently, the
Engineers and have been respon‑




USAR should discuss the

sible for design.  The FENOC




training and the updating
engineering staff retains a




provisions such as fire

similarly qualified fire




drills provided for main‑
protection engineer to assist in




taining the competence of
reviews/acceptance of system 




the station fire fighting
tests and to aid in the opera‑


   Position For Plants Which Have


 Application Docketed But Construc‑


tion Permit Not Received As Of 7/1/76 
       Applicant Response





and operating crew, includ‑
tional fire protection program




ing personnel responsible
development as detailed in




for maintaining and 

PAP‑1910.  FENOC is




inspecting the fire


responsible for installation,




protection equipment.

testing and continued










operational performance of fire protection system and support systems.










The USAR <Section 13.2.5> discusses training for maintaining the competence of the station fire fighting and operating crew, including personnel responsible for maintaining and inspecting the fire protection equipment.




The fire protection staff




should be responsible for:




(a)
coordination of build‑
Responsibility for coordination





ing layout and systems
of building layout and systems





design with fire area
design with fire area require‑





requirements, includ‑
ments is assigned to the Mana-





ing consideration of
ger, Nuclear Engineering Depart-





potential hazards 

ment and is assisted by Gilbert





associated with postu‑
Associates, Inc.





lated design basis





fires,




(b)
design and maintenance
The plant fire protection staff





of fire detection,

is responsible for maintenance





suppression and ex‑

of fire detection, suppression





tinguishing systems,
and extinguishing systems.




(c)
fire prevention

The plant fire protection staff





activities,


is responsible for fire










prevention activities.




(d)
training and manual

The plant fire protection staff





fire fighting


is responsible for training and





activities of plant

manual fire fighting activities





personnel and the fire
of plant personnel and the fire





brigade.



brigade.  NFPA 6‑1974 will be










used as a guide for organization and operation of the fire loss prevention program.
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(NOTE:
NFPA 6 ‑ Recommend‑





ations for Organiza‑





tion of Industrial





Fire Loss Prevention,





contains useful





guidance for organiza‑





tion and operation of





the entire fire loss





prevention program.)



2.
Design Bases



<Appendix 9A.4> (Fire Hazards










Analysis) provides this




The overall fire protec‑

evaluation.  Likewise, plant




tion program should be

emergency procedures are based




based upon evaluation of

on maintaining the plant in a




potential fire hazards

safe condition.




throughout the plant and




the effect of postulated




design basis fires relative 




to maintaining ability to 




perform safety shutdown 




functions and minimize 




radioactive releases to 




the environment.



3.
Backup




Total reliance should not
In areas where automatic




be placed on a single auto‑
suppression systems are




matic fire suppression

provided, adequate manual




system.  Appropriate backup
suppression equipment




fire suppression capability
including fire hose stations




should be provided.


and/or portable fire










extinguishers are available.



4.
Single Failure Criterion




A single failure in the

The fire suppression systems




fire suppression system

satisfy the single failure




should not impair both the
criteria and are described in




primary and backup fire

the fire hazard analysis.




suppression capability.




For example, redundant

The present fire protection




fire water pumps with

water supply is assumed to fail




independent power supplies
as a result of SSE.  Provisions




and controls should be

are made for the emergency




provided.  Postulated fires
service water (ESW) system to




or fire protection system
supply hose stations in areas
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failures need not be

containing equipment required




considered concurrent with
for safe plant shutdown




other plant accidents or

independent of the fire




the most severe natural

protection system.  The fire




phenomena.  However, in

protection system is designed




the event of the most

and installed in accordance with




severe earthquake, i.e.,

applicable NFPA standards.




the Safe Shutdown Earth‑

However, the piping that




quake (SSE), the fire

supplies the water from the ESW




suppression system should
system to hose stations in areas




be capable of delivering

with equipment required for safe




water to manual hose

plant shutdown is designed in




stations located within

accordance with B31.1, except




hose reach of areas


for limited sections of A120




containing equipment

pipe which analysis has shown to




required for safe plant

be of adequate strength, and is




shutdown.  The fire


seismically supported to with‑




protection systems should,
stand the safe shutdown




however, retain their

earthquake.




original design capability




for (1) natural phenomena




of less severity and




greater frequency




(approximately once in




10 years) such as




tornadoes, hurricanes,




floods, ice storms, or




small intensity earth‑




quakes which are char‑




acteristic of the site




geographic region and




(2) for potential man‑




created site related




events such as oil barge




collisions, aircraft




crashes which have a




reasonable probability




of occurring at a specific




plant site.   The effects
The effects of lightning strikes




of lightning strikes should
have been considered in the




be included in the overall
design of the plant and




plant fire protection

lightning protection has been




program.




provided.



5.
Fire Suppression Systems




Failure or inadvertent

Failure or inadvertent operation




operation of the fire

of the fire suppression system
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suppression system should
will not incapacitate both




not incapacitate safety‑

divisions of safety‑related




related systems or compo‑
systems or components.  Fire




nents.  Fire suppression

suppression systems that are




systems that are pres‑

pressurized during normal




surized during normal

operation meet the guidelines




plant operation should

specified in APCSB Branch




meet the guidelines


Technical Position 3‑1.




specified in APCSB Branch




Technical Position 3‑l,




“Protection Against




Postulated Piping Failures




in Fluid Systems Outside




Containment.”



6.
Fuel Storage Areas




The fire protection


Manual suppression equipment,




program (plans, personnel
such as hose stations or




and equipment) for build‑
portable extinguishers,




ings storing new reactor

installed in the fuel handling




fuel and for adjacent

building will be operational.




fire zones which could




affect the fuel storage




zone should be fully




operational before fuel




is received at the site.



7.
Fuel Loading




The fire protection


The fire protection program for




program for an entire

the reactor unit is anticipated




reactor unit should be

to be essentially complete and




fully operational prior to
operational prior to initial




initial fuel loading in

fuel loading.




that reactor unit.



8.
Multiple‑Reactor Sites




On multiple‑reactor sites
Not Applicable




where there are operating





reactors and construction





of remaining units is being





completed, the fire protec‑





tion program should provide





continuing evaluation and





include additional fire






barriers, fire protection
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capability and adminis‑






trative controls necessary





to protect the operating






units from construction






fire hazards.  The







superintendent of the






operating plant should






have the lead








responsibility for site






fire protection.






9.
Simultaneous Fires




Simultaneous fires in more
 Not Applicable




than one reactor need not be
 




postulated, where separation
 




requirements are met.  A






fire involving more than 




one reactor unit need not 




be postulated except for




facilities shared between




units.


B.
Administrative Procedures,



Controls and Fire Brigade



1.
Administrative procedures
FENOC has implemented Plant




consistent with the need

Administrative Procedure PAP-




for maintaining the


1910, Fire Protection Program




performance of the Fire

as the controlling document.




Protection System and

This PAP will describe or refer




personnel in nuclear power
to other sub‑level procedures/




plants should be provided.
instructions in the Operations










Manual which implement
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Guidance is contained in

Administrative Controls, Fire




the following publications:
Brigade Programs, and Training










and Instruction Activities.




NFPA 4  ‑ Organization for






Fire Services




NFPA 4A ‑ Organization for






Fire Department




NFPA 6  ‑ Industrial Fire






Loss Prevention




NFPA 7  ‑ Management of






Fire Emergencies




NFPA 8  ‑ Management






Responsibility for






Effects of Fire on






Operations




NFPA 27 ‑ Private Fire






Brigades



2.
Effective administrative

Administrative measures will be




measures should be imple‑
implemented in PAP‑0204




mented to prohibit bulk

“Housekeeping/Cleanliness




storage of combustible

Control Program.”




materials inside or




adjacent to safety‑




related buildings or




systems during operation




or maintenance periods.




<Regulatory Guide 1.39>,




“Housekeeping Requirements




for Water‑Cooled Nuclear




Power Plants,” provides




guidance on housekeeping,




including the disposal of




combustible materials.



3.
Normal and abnormal




conditions or other




anticipated operations




such as modifications




(e.g., breaking fire stops,




impairment of fire detection




and suppression systems)




and refueling activities
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should be reviewed by




appropriate levels of




management and appropriate




special actions and




procedures such as fire




watches or temporary fire




barriers implemented to




ensure adequate fire




protection and reactor




safety.  In particular:




(a)
Work involving


Administrative controls for





ignition sources such
ignition sources are required





as welding and flame
per PAP‑1910.





cutting should be done





under closely





controlled conditions.
Fire watch training is required





Procedures governing
by PAP‑1910.





such work should be





reviewed and approved





by persons trained and





experienced in fire





protection.  Persons





performing and directly





assisting in such work





should be trained and





equipped to prevent





and combat fires.  If





this is not possible,





a person qualified in





fire protection should





directly monitor the





work and function as a





fire watch.




(b)
Leak testing, and

FENOC will comply with the





similar procedures

exception that other leak





such as air flow deter‑
detectors of a non‑fire





mination, should use
hazard type may be used.





one of the commercially





available aerosol tech‑





niques.  Open flames or
The prohibiting of open flames





combustion generated
is stated in PAP‑1910 ‑ Fire





smoke should not be

Protection Program.





permitted.




(c)
Use of combustible

Administrative Controls for





material, e.g., HEPA
flammable and combustible
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and charcoal filters,
materials are required per





dry ion exchange

PAP‑1910.





resins or other





combustible supplies,





in safety‑related





areas should be





controlled.  Use of





wood inside buildings





containing safety‑





related systems or





equipment should be





permitted only when





suitable noncombus‑





tible substitutes are





not available.  If





wood must be used,





only fire retardant





treated wood





(scaffolding, lay





down blocks) should





be permitted.  Such





materials should be





allowed into safety‑





related areas only





when they are to be





used immediately.





Their possible and





probable use should





be considered in the





fire hazard analysis





to determine the





adequacy of the





installed fire





protection systems.



4.
Nuclear power plants are

A Plant Fire Brigade is




frequently located in

established in PAP‑1910, Fire




remote areas, at some

Protection Program Interface




distance from public fire
with offsite fire departments




departments.  Also, first
is described in procedures and




response fire departments
instructions written to fulfill




are often volunteer.

PAP‑1910 requirements.




Public fire department




response should be




considered in the overall




fire protection program.




However, the plant should




be designed to be
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self‑sufficient with




respect to fire fighting




activities and rely on




the public response only




for supplemental or




backup capability.



5.
The need for good


Training for the Fire Brigade is




organization, training and
described in procedures and




equipping of fire brigades
instructions which are sub‑tier




at nuclear power plant

to PAP‑1910.




sites requires effective




measures be implemented




to assure proper discharge




of these functions.  The




guidance in <Regulatory




Guide 1.101>, “Emergency




Planning for Nuclear Power




Plants,” should be followed




as applicable.




(a)
Successful fire fight‑
A program of testing and





ing requires testing
surveillance of fire suppression





and maintenance of

and detection systems and fire





the fire protection

barrier features is established





equipment, emergency
through Fire Protection Periodic





lighting and communi‑
Test Instruction (PTI) and





cation, as well as

Surveillance Instructions.





practice as brigades





for the people who

Fire fighting equipment is





must utilize the

inspected in accordance with





equipment.  A test

procedures and instructions





plan that lists the

which are sub‑tier to PAP‑1910.





individuals and their





responsibilities in





connection with routine
Impairments to fire protection





tests and inspections
systems are handled in





of the fire detection
accordance with procedures and





and protection systems
instructions which are sub‑tier





should be developed.
to PAP‑1910.





The test plan should





contain the types,





frequency and detailed





procedures for testing.





Procedures should also





contain instructions





on maintaining fire





protection during those
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periods when the fire





protection system is





impaired or during





periods of plant main‑





tenance, e.g., fire





watches or temporary





hose connections to





water systems.




(b)
Basic training is a

Basic training is controlled by





necessary element in
administrative procedures and 





effective fire fight‑
instructions which are sub‑tier





ing operation.  In

to PAP‑1910.  Each fire brigade





order for a fire

member will receive a compre‑





brigade to operate

hensive training program





effectively, it must
consisting of both class room





operate as a team.

instruction and actual fire





All members must know
fighting methods under





what their individual
controlled fire conditions.





duties are.  They must
Brigade leaders will receive





be familiar with the
additional special training on





layout of the plant

organization and use of pre‑fire





and equipment location
plans.  Non‑Operations personnel





and operation in order
assigned to the fire brigade





to permit effective

will in addition receive





fire fighting opera‑
training programs on plant





tions during times

systems.





when a particular





area is filled with

The development and updating of





smoke or is insuffi‑
pre‑fire plans is described in





ciently lighted.

PAP‑1910, Fire Protection





Such training can only
Program and sub‑tier documents.





be accomplished by





conducting drills





several times a year
The duties of the fire brigade





(at least quarterly)
are described in procedures and





so that all members of
instructions sub‑tier to





the fire brigade have
PAP‑1910.





had the opportunity to






train as a team, test‑
Drills will be conducted





ing itself in the

according to procedures and





major areas of the

instructions sub‑tier to





plant.  The drills

PAP‑1910 which requires as a





should include the

minimum one drill per quarter





simulated use of equip‑
per shift, and at least one





ment in each area and
annual drill with local fire





should be preplanned
department participation.  The





and post‑critiqued to
lead drill controller will
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establish the train‑
ensure that all participants





ing objective of the
receive a post‑drill critique.





drills and determine





how well these objec‑





tives have been met.





These drills should





periodically (at least





annually) include





local fire department





participation where





possible.  Such drills





also permit supervising





personnel to evaluate





the effectiveness of





communications within





the Fire Brigade and





with the on scene fire





team leader, the





reactor operator in





the control room and





the offsite command





post.




(c)
To have proper coverage
Training for the Fire Brigade is





during all phases of
described in procedures and





operation, members of
instructions which are sub‑tier





each shift crew should
to PAP‑1910.  Interface with





be trained in fire

offsite fire departments is





protection.  Training
described in PAP‑1910, Fire





of the plant Fire

Protection Program, and sub‑tier





Brigade should be

documents.





coordinated with the





local fire department





so that responsibli‑





ties and duties are





delineated in advance.





This coordination should





be part of the training





course and implemented





into the training of





the local fire depart‑





ment staff.  Local





fire departments should





be educated in the





operational precautions





when fighting fires on





nuclear power plant





sites.  Local fire
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departments should be





made aware of the need





for radioactive protec‑





tion of personnel and





the special hazards





associated with a





nuclear power plant





site.




(d)
NFPA 27, “Private Fire
These standards were referenced





Brigade” should be

in establishing the administra‑





followed in organiza‑
tive procedures.





tion, training and





fire drills.  This





standard also is





applicable for the





inspection and





maintenance of fire





fighting equipment.





Among the standards





referenced in this





document, the follow‑





ing should be





utilized:  NFPA 194,





“Standard for Screw





Threads and Gaskets





for Fire Hose Coup‑





lings,” NFPA 196,





“Standard for Fire





Hose,” NFPA 197,





“Training Standard on





Initial Fire Attacks,”





NFPA 601, “Recom‑





mended Manual of





Instructions and





Duties for the Plant





Watchman on Guard.”





NFPA booklets and





pamphlets listed on





Page 27‑11 of Volume 8,





1971‑72 are also





applicable for good





training references.





In addition, courses





in fire protection and





fire suppression which
Site fire training facilities





are recognized and/or
and programs are certified
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sponsored by the fire
by the State of Ohio in





protection industry

Trade & Industrial Fire





should be utilized.

Fighting.


C.
Quality Assurance Program



Quality assurance (QA) programs
The Operational Quality



of applicants and contractors

Assurance Plan as it addresses



should be developed and


the Perry Nuclear Power Plant



implemented to ensure that the
Fire Protection Program is



requirements for design,


implemented to ensure that the



procurement, installation, and
project commitments for design,



testing and administrative

procurement, installation,



controls for the fire protection
testing, and administrative



program for safety‑related areas
controls are satisfied.  The QA



as defined in this Branch

Program includes inspections,



Position are satisfied.  The

tests and audits, where



program should be under the

applicable, to verify equipment



management control of the QA

and/or systems meet fire



organization.  The QA program

protection program requirements.



criteria that apply to the



fire protection program should



include the following:



1.
Design Control and Procure‑




ment Document Control




Measures should be estab‑
The QA Program ensures that the




lished to ensure that all
design related commitments to




design‑related guidelines
this program are adhered to and




of the Branch Technical

procurement documents reflect




Position are included in

these requirements.  This is




design and procurement

accomplished where necessary




documents and that


through audits, inspections and




deviations therefrom are

reviews.  All changes to these




controlled.



documents or deviations are










controlled and reviewed similarly to the original documents.  These reviews are performed by qualified personnel.



2.
Instructions, Procedures and




Drawings




Inspections, tests, adminis‑
The QA Program ensures that




trative controls, fire

inspections, tests, fire drills,




drills, and training that
administrative controls, and
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govern the fire protection
training as committed to for




program should be prescribed
fire protection are prescribed




by documented instructions,
by documented instructions,




procedures or drawings and
procedures and/or drawings and




should be accomplished in
are accomplished in accordance




accordance with these docu‑
with these documents.




ments.



3.
Control of Purchased

The QA Program verifies the




Material, Equipment and

adequacy of purchase material,




Services




equipment and services.  This










is accomplished by one or more




Measures should be estab‑
of the following:  (a) detailed




lished to ensure that

receipt inspection for




purchased material, equip‑
compliance of equipment to the




ment and services conform
procurement documents and




to the procurement documents.
verification of completeness of










the documents for equipment already on site; (b) review of manufacturer’s certified test results when applicable; (c) ensure UL and/or Factory Mutual approval was obtained when required by design documents; (d) witness testing when applicable.



4.
Inspection




A program for independent
A program is established for




inspection of activities

independent inspection of




affecting fire protection
installation and testing




should be established and
activities.  The results of




executed by, or for, the

the inspection are documented




organization performing

and evaluated.




the activity to verify




conformance with docu‑




mented installation draw‑




ings and test procedures




for accomplishing the




activities.



5.
Test and Test Control




A test program should be

A test program is established




established and imple‑

and implemented to verify that




mented to ensure that

the system conforms with




testing is performed and

operational and system
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verified by inspection

readiness requirements.  The




and audit to demonstrate

tests are performed in




conformance with design

accordance with approved written




and system readiness

test procedures.  Cognizant




requirements.  The tests

personnel evaluate test results




should be performed in

and take appropriate actions




accordance with written

when required.




test procedures; test




results should be




properly evaluated and




acted on.



6.
Inspection, Test and




Operating Status




Measures should be estab‑
Items that have satisfactorily




lished to provide for the
passed required test or




identification of items

inspections are identified by




that have satisfactorily

appropriate means.




passed required tests




and inspections.



7.
Non‑Conforming Items




Measures should be estab‑
Measures are established to




lished to control items

ensure that non‑conforming items




that do not conform to

are identified to prevent their




specified requirements to
inadvertent use or installation.




prevent inadvertent use




of installation.



8.
Corrective Action




Measures should be estab‑
Measures are established to




lished to ensure that

ensure that conditions adverse




conditions adverse to

to fire protection, such as




fire protection, such as

failures, malfunctions,




failures, malfunctions,

deficiencies, deviations,




deficiencies, deviations,
defective components,




defective components,

uncontrolled combustible




uncontrolled combustible

material, and nonconformances




material, and



are promptly identified,




nonconformances are


reported and corrected.




promptly identified,




reported and corrected.
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9.
Records




Records should be prepared
Records are prepared and




and maintained to furnish
maintained to furnish documented




evidence that the criteria
evidence that commitments of the




enumerated above are being
fire protection program and the




met for activities affect‑
quality criteria are met.




ing the fire protection




program.



10.
Audits




Audits should be conducted
Audits are conducted and




and documented to verify

documented to written procedures




compliance with the fire

to verify compliance with the




protection program including
fire protection program.  Audits




design and procurement

are performed by qualified




documents; instructions;

personnel not having direct




procedures and drawings;

responsibility with the activity




and inspection and test

being audited.




activities.


D.
General Guidelines for Plant



Protection



1.
Building Design




(a)
Plant layouts should





be arranged to:





(1)
Isolate safety‑
The fire hazards analysis






related systems
portion of <Appendix 9A.4>






from unaccept‑

identifies the fire areas and






able fire


the safe shutdown equipment






hazards, and

within each area. 





(2)
Separate redun‑
Locations where redundant






dant safety‑

systems are exposed to a single






related systems
fire hazard are identified in






from each other
the fire hazards analysis






so that both are
<Appendix 9A.4>.  Adequate fire






not subject to

protection is provided for these






damage from a

locations.






single fire






hazard.
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(b)
In order to accomplish
See the fire hazards analysis,





1.(a) above, safety‑
<Appendix 9A.4>.





related systems and





fire hazards should be
Safety‑related systems required





identified throughout
for safe shutdown are described





the plant.  Therefore,
in the Safe Shutdown Capability





a detailed fire hazard
Report.





analysis should be





made.  The fire hazards





analysis should be





reviewed and updated





as necessary.




(c)
For multiple reactor
These requirements for the cable





sites, cable spreading
spreading rooms are met.





rooms should not be





shared between reactors.





Each cable spreading





room should be separated





from other areas of the





plant by barriers





(walls and floors)





having a minimum fire





resistance of three





hours.  Cabling for





redundant safety





divisions should be





separated by walls





having three hour fire





barriers.




(d)
Interior wall and

Plant structural components





structural components,
satisfy this criterion.





thermal insulation

Interior walls are constructed





materials and radia‑
as detailed in PY‑CEI/





tion shielding mater‑
NRR‑0330L, dated August 30,





ials and sound‑

1985.  Other materials are





proofing should be

noncombustible, where





noncombustible.

possible.





Interior finishes





should be



The control room carpeting





noncombustible or

has a critical radiant flux





listed by a nationally
(CRF) figure of .59 (watts per





recognized testing

square centimeter) and an





laboratory, such as

average Optical Density rating





Factory Mutual or

of 432 at 4 minutes, as detailed





Underwriters’


in our letter PY‑CEI/NRR‑0322L,





Laboratory, Inc. for
dated August 30, 1985.
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flame spread, smoke





and fuel contribu‑





tion of 25 or less





in its use configu‑





ration (ASTM E‑84





Test), “Surface Burn‑





ing Characteristics





of Building Mater‑





ials.”




(e)
Metal deck roof

Metal deck roof construction





construction should

meets the requirements of





be noncombustible

Class I of the Factory Mutual





(see the building

Loss Prevention Guidelines.





materials directory





of the Underwriters





Laboratory, Inc.) or





listed as Class I





by Factory Mutual





System Approval Guide.




(f)
Suspended ceilings

Suspended ceilings and their





and their supports

supports are of noncombustible





should be of


construction.





noncombustible con‑





struction.  Concealed





spaces should be





devoid of combus‑





tibles.




(g)
High voltage ‑ high

Indoor transformers meet this





amperage transformers
criterion.





installed inside





buildings containing





safety‑related systems





should be of the dry





type or insulated and





cooled with





noncombustible liquid.




(h)
Buildings containing
Subject exposed buildings walls





safety‑related systems
within 50 feet of the outdoor





should be protected

oil filled transformers have a
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from exposure or spill
fire resistance rating of two





fires involving oil

hours.





filled transformers





by:





(1)
locating such






transformers at






least 50 feet






distant; or





(2)
ensuring that such






building walls






within 50 feet of






oil filled trans‑






formers are with‑






out openings and






have a fire






resistance rating






of at least three






hours.




(i)
Floor drains, sized to
Floor drains are designed to





remove expected fire
remove the expected fire fight‑





fighting water flow

ing water flow from areas where





should be provided in
fixed fire suppression systems





those areas where

are installed or where fire hose





fixed water fire

may be used.  Protection of





suppression systems

equipment exposed to water





are installed.


damage is provided as required,





Drains should also

unless analysis has shown that





be provided in other
there is no potential for





areas where hand hose
unacceptable damage due to





lines may be used if
expected water accumulation.





such fire fighting





water could cause





unacceptable damage to





equipment in the area.





Equipment should be





installed on pedestals,





or curbs should be





provided as required





to contain water and





direct it to floor





drains.  (See NFPA 92M,





“Waterproofing and





Draining of Floors.”)





Drains in areas
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containing combustible





liquids should have





provisions for prevent‑





ing the spread of the





fire throughout the





drain system.  Water





drainage from areas

The switchgear rooms, fire Areas





which may contain

1CC‑3a and 1CC‑3C, at Elevation





radioactivity should
620’‑6” in the control complex,





be sampled and


do not have floor drains.





analyzed before dis‑
However, water can be removed





charge to the


from the area by opening doors





environment.


to direct water to drains or










stairways in other areas as described in Chapter 4 of NFPA 92M, 1974, and in our Letter PY‑CEI/NRR‑0323L dated August 30, 1985.  This will prevent water from damaging the redundant safe shutdown switchgear.










Drains in areas containing combustible liquids are designed to prevent the spread of fire throughout the drain system.










Water drainage from areas which may contain radioactivity is collected by storage tanks in the radwaste building for normal liquid waste processing.




(j)
Floors, walls and

The floors, walls and ceilings





ceilings enclosing

enclosing separate fire areas





separate fire areas

(as defined in the fire hazards





should have minimum

analysis, <Appendix 9A.4>) have 





fire rating of three
fire resistance ratings adequate 





hours.  Penetrations in
for the fire hazard involved.  





these fire barriers,
All non‑conduit penetrations to





including conduits

these fire areas are sealed 





and piping, should be
or dampered to maintain the





sealed or closed to

continuous 3 hour fire





provide a fire


resistance rating.  The





resistance rating at
penetration seal designs have





least equal to that

been tested in accordance with
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of the fire barrier

ASTM E‑119.  Conduit





itself.  Door open‑

penetrations will be sealed





ings should be pro‑

inside (to prevent the passage





tected with equivalent
of smoke) based upon





rated doors, frames

engineering criteria developed





and hardware that have
by testing and submitted in





been tested and

our letter PY‑CEI/NRR‑0304L,





approved by a


dated August 1, 1985.





national recognized





laboratory.  Such

Door openings to these fire





doors should be

areas are provided either with





normally closed and

approved doors and hardware





locked or alarmed

(or the doors have been





with alarm and


tested in a certified





annunciation in the

laboratory) for openings in a





control room.  Pene‑
3 hour rated wall.  These





trations for ven‑

doors will either be





tilation system should
locked, alarmed or





be protected by a

self‑closing.





standard “fire door





damper” where required.





(Refer to NFPA 80, “Fire





Doors and Windows.”)



2.
Control of Combustibles

The fire hazards analysis










identifies these hazards and the




(a)
Safety‑related systems
protection afforded.





should be isolated or





separated from combus‑





tible materials.  When





this is not possible





because of the nature





of the safety system or





the combustible mater‑





ial, special protec‑





tion should be





provided to prevent a





fire from defeating





the safety system





function.  Such





protection may





involve a combina‑





tion of automatic





fire suppression, and





construction capable





of withstanding and





containing a fire
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that consumes all





combustibles present.





Examples of such





combustible materials





that may not be





separable from the





remainder of its





system are:





(1)
Emergency diesel
Tank and support protected by






generator fuel

pyrocrete coating.






oil day tanks





(2)
Turbine generator
Turbine oil storage and






oil and hydraulic
purification separated by






control fluid

3 hour wall.






systems





(3)
Reactor coolant
Protected by CO2 suppression.






pump lube oil






system




(b)
Bulk gas storage

Bulk gas is stored in outside





(either compressed or
areas in accordance with





cryogenic), should not
OSHA 1910.101.  A fire or





be permitted inside

explosion will not adversely





structures housing

affect any safety‑related





safety‑related equip‑
systems or equipment.





ment.  Storage of





flammable gas such as
Hydrogen storage is separated





hydrogen, should be

from the building by more than





located outdoors or

50 feet.  This is described in





in separate detached
<Appendix 9A.4> 





buildings so that a







fire or explosion





will not adversely





affect any safety‑





related systems or





equipment.





(Refer to NFPA 50A,





“Gaseous Hydrogen





Systems.”)





Care should be taken
High pressure gas storage





to locate high


containers are located with the





pressure gas storage
long axes parallel to building





containers with the

walls.
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long axis parallel





to building walls.





This will minimize





the possibility of





wall penetration in





the event of a





container failure.





Use of compressed





gases (especially





flammable and fuel





gases) inside





buildings should be





controlled.  (Refer to





NFPA 6, “Industrial





Fire Loss Prevention.”)




(c)
The use of plastic

Plastic materials throughout the





materials should be

plant are negligible.





minimized.  In





particular, halogenated





plastics such as





polyvinyl chloride (PVC)





and neoprene should be





used only when substitute 





noncombustible materials 





are not available.  All





plastic materials,





including flame and





fire retardant materials, 





will burn with an 





intensity and BTU





production in a range





similar to that of





ordinary hydrocarbons.





When burning, they





produce heavy smoke





that obscures visi‑





bility and can plug





air filters,





especially charcoal





and HEPA.   The





halogenated plastics





also release free





chlorine and hydrogen





chloride when burning,





which are toxic to





humans and corrosive





to equipment.
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(d)
Storage of flammable
Flammable liquids will be





liquids should, as a
stored in accordance with the





minimum, comply with
requirements of NFPA 30 and





the requirements of

OSHA 1910.106.





NFPA 30, “Flammable





and Combustible





Liquids Code.”



3.
Electric Cable Construc‑




tion, Cable Trays and




Cable Penetrations




(a)
Only noncombustible

Cable trays are noncombustible





materials should be

steel construction.





used for cable tray





construction.




(b)
See Section E.3 for





fire protection





guidelines for cable





spreading rooms.




(c)
Automatic water

Automatic water type fire





sprinkler systems

suppression systems are provided





should be provided for
in areas of concentrated cable





cable trays outside

loading, as identified in the





the cable spreading

fire hazards analysis





room.  Cables should
<Appendix 9A.4>.  Manual hose





be designed to allow
stations and portable hand





wetting down with

extinguishers are provided as





deluge water without
backup.  Potential water





electrical faulting.
damage has been considered





Manual hose stations
where these systems are used.





and portable hand





extinguishers should





be provided as backup.





Safety‑related equip‑





ment in the vicinity





of such cable trays,





that does not itself





require water fire





protection, but is





subject to unaccept‑





able damage from





sprinkler water





discharge, should be





protected from
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sprinkler system





operation or





malfunction.




(d)
Cable and cable tray
Cable penetrations in fire





penetration of fire

barriers are sealed consistent





barriers (vertical

with fire barrier fire





and horizontal) should
resistance requirements.





be sealed to give





protection at least





equivalent to that





fire barrier.  The





design of fire





barriers for horizon‑





tal and vertical





cable trays should,





as a minimum, meet





the requirements of





ASTM E‑ll9, “Fire





Test of Building





Construction and





Materials,” includ‑





ing the hose stream





test.




(e)
Fire breaks should be
As a result of the fire hazards





provided as deemed

analysis, fire break design 





necessary by the fire
provided by cable construction





hazards analysis.

materials and raceway protection





Flame or flame


features is deemed adequate.





retardant coatings





may be used as a





fire break for





grouped electrical





cables to limit





spread of fire in





cable ventings.





(Possible cable





derating owing to 





use of such coating 





materials must be





considered during





design.)
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(f)
Electric cable


Those cable types that are





constructions should
acceptable for routing in cable





as a minimum pass the
trays were tested in accordance





current IEEE No. 383
with the flame test requirements





flame test.  (This

of IEEE‑383(1974).  Other cable





does not imply that

types were tested in accordance





cables passing this

with those fire resistance tests





test will not require
that were applicable to their





additional fire

specific installation and usage.





protection.)




(g)
To the extent prac‑

Those cable types that are 





tical, cable construc‑
acceptable for routing in cable





tion that does not

trays were tested in accordance





give off corrosive

with the flame test requirements





gases while burning

of IEEE‑383(1974).  Other cable





should be used.

types were tested in accordance










with those fire resistance tests










that were applicable to their










specific installation and usage.




(h)
Cable trays, raceways,
This criterion is satisfied.





conduit, trenches, or





culverts should be





used only for cables.





Miscellaneous storage





should not be permitted,





nor should piping for





flammable or combus‑





tible liquids or





gases be installed in





these areas.




(i)
The design of cable

These areas were studied; smoke





tunnels, culverts and
venting is provided as deemed





spreading rooms should
necessary.





provide for automatic





or manual smoke vent‑





ing as required to





facilitate manual fire





fighting capability.
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(j)
Cables in the control
Cables in the control room come





room should be kept to
from the termination cabinets





the minimum necessary
in the cable spreading area





for operation of the
and terminate in control





control room.  All

panels, consoles or equipment.





cables entering the

The cables are installed in





control room should

wireways in the base of





terminate there.

prefabricated floor modules.





Cables should not be





installed in floor





trenches or culverts





in the control room.
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4.
Ventilation




(a)
The products of

Ventilation for critical areas





combustion that need
is evaluated in <Appendix 9A.2> 





to be removed from a
and <Appendix 9A.4> of this 





specific fire area

report.  Areas having potential 





should be evaluated

for release of radioactive 





to determine how they
material are monitored.





will be controlled.





Smoke and corrosive





gases should generally





be automatically





discharged directly





outside to a safe





location.  Smoke and





gases containing





radioactive materials





should be monitored





in the fire area to





determine if release





to the environment





is within the





permissible limits of





the plant Technical





Specifications.




(b)
Any ventilation system
The ventilation systems which





designed to exhaust

would be used for smoke





smoke or corrosive

removal satisfy this





gases should be evalu‑
criterion.





ated to ensure that





inadvertent operation





or single failures





will not violate the





controlled areas of





the plant design.





This requirement





includes contain‑





ment functions for





protection of the





public and maintain‑





ing habitability for





operations personnel.




(c)
The power supply and
This criterion is met except





controls for mechan‑
in the control complex.





ical ventilation

However, in the control complex
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systems should be run
redundant sets of ventilating





outside the fire area
equipment are provided and





served by the system.
located in separate fire areas.




(d)
Fire suppression

Manual deluge systems are





systems should be

provided for the protection





installed to protect
of the charcoal filters.





charcoal filters in





accordance with





<Regulatory Guide 1.52>,





“Design Testing and





Maintenance Criteria





for Atmospheric Clean‑





up Air Filtration.”




(e)
The fresh air supply
Fresh air supply intakes are





intakes to areas

remotely located with respect to





containing safety‑

exhaust air outlets.  Thus the





related equipment or
possibility of contaminating the





systems should be

intake air with the products of





located remote from

combustion is minimized.





the exhaust air out‑





lets and smoke vents





of other fire areas





to minimize the





possibility of con‑





taminating the intake





air with the products





of combustion.




(f)
Stairwells should be
Stairwells are enclosed as





designed to minimize
indicated on the fire protection





smoke infiltration

layout drawings.  Stairwells





during a fire.  Stair‑
serve as escape routes and





cases should serve as
access routes for fire fight‑





escape routes and

ing.  Fire exit routes are





access routes for fire
marked as required.  Stairwells





fighting.  Fire exit
and elevators are in 3 hour





routes should be

fire resistance rated/designed





clearly marked.  Stair‑
enclosures, except for the





wells, elevators and
control complex, where





chutes should be

stair towers and elevator





enclosed in masonry

enclosures have a minimum fire





towers with minimum

resistance of 1‑3/4 hour.  The





fire rating of three
stairwells are provided with





hours and automatic

Class A fire doors and the





fire doors at least

elevators with Class B





equal to the enclo‑

fire doors.  Escape and


   Position For Plants Which Have


 Application Docketed But Construc‑


tion Permit Not Received As Of 7/1/76 
       Applicant Response






sure construction,

access routes will be





at each opening

established by pre‑fire plan





into the building.

and will be practiced in





Elevators should not
drills by operating and fire





be used during fire

brigade personnel.





emergencies.




(g)
Smoke and heat vents
Forced convection ventilation is





may be useful in

provided throughout the plant,





specific areas such as
and is in excess of 300 cfm for





cable spreading rooms
each 200 ft2 of floor area.





and diesel fuel oil





storage areas and





switchgear rooms.





When natural‑convection





ventilation is used, a





minimum ratio of 1 sq





foot of venting area





per 200 sq feet of





floor area should be





provided.  If forced‑





convection ventilation





is used, 300 cfm should 





be provided for every 





200 sq feet of floor 





area.  See NFPA No. 204 





for additional guidance 





on smoke control.




(h)
Self‑contained breath‑
NIOSH Self‑contained breathing





ing apparatus, using
apparatus are strategically





full face positive

located throughout the plant as





pressure masks,

determined by the fire





approved by NIOSH

protection coordinator.





(National Institute





for Occupational





Safety and Health ‑





approval formerly





given by the U.S. 





Bureau of Mines) should 





be provided for fire 





brigade, damage control 





and control room 





personnel.  Control





room personnel may be





furnished breathing





air by a manifold system





piped from a storage
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reservoir if practical.





Service or operating





life should be a minimum 





of one half hour for the 





self‑contained units.





At least two extra air
Two extra air bottles are





bottles should be

maintained onsite at the fire





located onsite for each
training facility for each unit.





self‑contained breath‑





ing unit.  In addition,
The air bottles can be filled by





an onsite 6‑hour supply
an air compressor located in a





of reserve air should
suitable location onsite or by





be provided and

offsite services.  Special 





arranged to permit

instructions will be followed





quick and complete

for maintaining onsite equipment





replenishment of

in a safe manner according to





exhausted supply air
NFPA 1981.





bottles as they are







returned.  If





compressors are used





as a source of breath‑





ing air, only units





approved for breath‑





ing air should be





used.  Special care





must be taken to





locate the compressor





in areas free of dust





and contaminants.




(i)
Where total flooding
Where required, ventilation





gas extinguishing

dampers close on actuation of





systems are used, area
gaseous extinguishing systems





intake and exhaust

to maintain the necessary gas





ventilation dampers

concentration.





should close upon





initiation of gas





flow to maintain





necessary gas





concentration.  (See





NFPA 12, “Carbon





Dioxide Systems,”





and 12A, “Halon 1301





Systems.”)
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5.
Lighting and Communication




Lighting and two way voice




communication are vital to




safe shutdown and emergency




response in the event of




fire.  Suitable fixed and




portable emergency lighting




and communication devices




should be provided to satisfy




the following requirements:




(a)
Fixed emergency light‑
PNPP has a backup ac power





ing should consist of
supply for areas where lighting





sealed beam units with
is necessary for safe shutdown.





individual 8‑hour

A completely separate dc





minimum battery power
lighting system is provided,





supplies.



supplied by batteries ensuring










at least 2 hours continuous operation for those areas provided with the backup ac power supply.  In addition emergency lighting using sealed beam units supplied by batteries capable of at least 8‑hours continuous operation are provided to illuminate the path of travel between the main control room and the Unit 1 remote shutdown rooms and their interiors.




(b)
Suitable sealed beam
FENOC will comply.





battery powered





portable hand lights





should be provided





for emergency use.




(c)
Fixed emergency

The maintenance calibration





communication should
system is available for use.





use voice powered head
The primary system for fire





sets at pre‑selected
fighting and safe shutdown





stations.



operations is the portable










radio system.




(d)
Fixed repeaters

A fixed repeater for fire





installed to permit

service communication is





use of portable radio
installed in the service build‑
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communication units

ing at Elevation 603’‑6” where





should be protected

it is protected from exposure





from exposure fire

fire damage.





damage.


E.
Fire Detection and Suppression



1.
Fire Detection




(a)
Fire detection systems
Fire Detection systems are des-





should as a minimum

cribed in <Section 9.5.1.2.7i>.





comply with NFPA 72D,
The design is in accordance with





“Standard for the

NFPA 72D except as noted in USAR





Installation, Main‑

<Section 9.5.1.2>.





tenance and Use of





Proprietary Protective





Signaling Systems.”




(b)
Fire detection system
Fire detection systems give





should give audible

audible and visual alarms in the





and visual alarm and
control room.  The control room





annunciation in the

operator can actuate an audible





control room.  Local
fire alarm which sounds





audible alarms should
throughout the plant via the PA





also sound at the

system.  Local audible fire





location of the fire.
alarms (which are distinctive










and unique from other plant alarms) are sounded at the location of the fire.




(c)
Fire alarms should be
Fire alarms are distinctive and





distinctive and unique.
unique and will not be confused





They should not be

with any other plant systems





capable of being con-
alarm.





fused with any other 





plant system alarms.




(d)
Fire detection and

Except where otherwise described





actuation systems 

in the USAR, these systems are





should be connected

connected to the plant emergency





to the plant emer-

power supply.  See





gency power supply.

<Section 9.5.1.2.7> of the USAR










for details.
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2.
Fire Protection Water




Supply Systems




(a)
An underground yard

The underground yard fire main





fire main loop should
loop is installed in accordance





be installed to

with NFPA 24.





furnish anticipated





fire water require‑

Underground pipe is mainly





ments.  NFPA 24 ‑

unlined, unwrapped nickel copper





Standard for Outside
alloy steel.  There are also





Protection ‑ gives

limited portions of fiberglass





necessary guidance

reinforced plastic and cement





for such installa‑

lined ductile iron mains.  Above





tion.  It references
ground pipe is carbon steel.





other design codes and
Flushing is accomplished using





standards developed by
fire hydrants.  No additional





such organizations as
treatment is necessary.





the American National
Sectional control valves (post





Standards Institute

indicator valves) are





(ANSI) and the American
provided to isolate portions





Water Works Association
of the fire main for maintenance





(AWWA).  Lined steel
or repair without shutting down





or cast iron pipe

the entire system.





should be used to





reduce internal tuber‑





culation.  Such tuber‑





culation deposits in





an unlined pipe over





a period of years can





significantly reduce





water flow through





the combination of





increased friction and





reduced pipe diameter.





Means for treating and





flushing the systems





should be provided.





Approved visually





indicating sectional





control valves, such





as Post Indicator





Valves, should be





provided to isolate





portions of the main





for maintenance or





repair without shutting





off the entire system.
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The fire main system
Fire main piping is separate





piping should be

from domestic and sanitary





separate from service
water service piping.





or sanitary water





system piping.




(b)
A common yard fire

A common yard fire main loop





main loop may serve

serves PNPP Units 1 and 2.





multi‑unit nuclear

Sectional control valves (post





power plant sites,

indicator valves) are provided





if cross‑connected

to permit independence of the





between units.


individual loop around each





Sectional control

unit.





valves should permit





maintaining indepen‑





dence of the indivi‑





dual loop around each





unit.  For such





installations, common





water supplies may





also be utilized.  The





water supply should be





sized for the largest





single expected flow.





For multiple reactor





sites with widely





separated plants





(approaching 1 mile or





more), separate yard





fire main loops should





be used.




(c)
If pumps are required
Two 100 percent capacity fire





to meet system pressure
pumps (2,500 gpm at 141 psig;





or flow requirements, a
one diesel driven and one





sufficient number of
electrical motor driven) are





pumps should be provid‑
provided.  Connections to the





ed so that l00% capac‑
yard fire main loop are well





ity will be available
separated with sectionalizing





with one pump inactive
valves between connections.





(e.g., three 50% pumps





or two 100% pumps).

In the emergency service water





The connection to the 
pumphouse, the diesel driven





yard fire main loop

fire pump is separated from the





from each fire pump

electric motor driven fire 





should be widely

pump by a 3 hour rated fire 





separated, preferably
barrier, except as noted in 





located on opposite

<Appendix 9A.4>.
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sides of the plant.

Alarms indicating pump running,





Each pump should have
controller not in automatic,





its own driver with

and engine trouble are provided





independent power

in the control panel.





supplies and control.





At least one pump (if





not powered from the





emergency diesels)





should be driven by





non‑electrical means,





preferably diesel





engine.   Pumps and





drivers should be





located in rooms





separated from the





remaining pumps and





equipment by a





minimum three‑hour





fire wall.  Alarms





indicating pump





running, driver





availability or





failure to start





should be provided





in the control room.





Details of the fire

The fire pump installation





pump installation

conforms to NFPA 20.





should as a minimum





conform to NFPA 20,





“Standard for the





Installation of





Centrifugal Fire





Pumps.”




(d)
Two separate


Water supply is from Lake Erie.





reliable water





supplies should be





provided.  If tanks





are used, two 100%





(minimum of





300,000 gallons





each) system





capacity tanks should





be installed.  They





should be so inter‑





connected that pumps





can take suction from
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either or both.  However,





a leak in one tank or





its piping should not





cause both tanks to





drain.  The main





plant fire water supply





capacity should be





capable of refilling





either tank in a





minimum of eight





hours.





Common tanks are

Not applicable.





permitted for fire





and sanitary or





service water storage.





When this is done,





however, minimum fire





water storage require‑





ments should be





dedicated by means of





a vertical standpipe





for other water





services.




(e)
The fire water supply
The largest flow demand for a





(total capacity and

safety‑related area is less than





flow rate) should be
1,500 gpm and the largest flow





calculated on the

demand for the plant is less 





basis of the largest
than 3,000 gpm.  A minimum of 





expected flow rate

500 gpm is available for manual





for a period of two

hose streams as a part of system





hours, but not less

design.





than 300,000 gallons.






This flow rate should
A single pump is designed to





be based (conserva‑

operate at 150 percent of rated





tively) on 1,000 gpm
capacity and provide 3,750 gpm





for manual hose

at 85 psig at the pump





streams plus the

discharge.





greater of:





(1)
all sprinkler






heads opened and






flowing in the






largest designed






fire area; or
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(2)
the largest






open head deluge






system(s)






operating.




(f)
Lakes or fresh water
Two intakes are provided to the





ponds of sufficient

ESW forebay, which serves as the





size may qualify as

suction supply for both fire





sole source of water
pumps.  The normal water source





for fire protection,
is taken directly from Lake Erie





but require at least
through the intake tunnel.  An





two intakes to the

alternate supply path from the





pump supply.  When a
discharge tunnel emergency 





common water supply

cross-tie, can be manually 





is permitted for fire
aligned to the ESW forebay if 





protection and the

the normal intake from Lake Erie





ultimate heat sink,

is not available.





the following condi‑






tions should also be






satisfied:








(1)
The additional

Not applicable.






fire protection






water requirements






are designed into






the total storage






capacity; and





(2)
Failure of the

Not applicable.






fire protection






system should not






degrade the






function of the






ultimate heat sink.




(g)
Outside manual hose

Fire hydrants are located around





installation should be
the perimeter of PNPP Unit 1 and 





sufficient to reach

Unit 2 as shown on





any location with an
<Figure 9A‑1>.





effective hose stream.





To accomplish this,

The lateral to each fire hydrant





hydrants should be

is provided with a valve.  The





installed approximate‑
system is designed so that the





ly every 250 feet on
sectional control valves (post





the yard main system.
indicator valves) can isolate





The lateral to each

one, two or three fire hydrants.





hydrant from the yard
Each fire hydrant is provided





main should be


with a hose house containing
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controlled by a

2‑1/2 inch hose, combination





visually indicating

fog nozzle and auxiliary





or key operated (curb)
equipment.





valve.  A hose house,





equipped with hose and





combination nozzle,





and other auxiliary





equipment recommended





in NFPA 24, “Outside





Protection,” should





be provided as needed





but at least every





1,000 feet.





Threads compatible with
Threads compatible with those





those used by local

used by local fire departments





fire departments should
are provided on hydrants, hose





be provided on all

couplings and standpipe risers.





hydrants, hose couplings





and standpipe risers.



3.
Water Sprinklers and Hose




Standpipe Systems




(a)
Each automatic sprin‑
Automatic sprinkler/deluge





kler system and manual
systems and manual hose





hose station standpipe
station standpipes are fed





should have an indepen‑
from headers.  The header





dent connection to the
arrangement is such that no





plant underground water
single failure can impair





main.  Headers fed from
both a primary sprinkler/





each end are permitted
deluge system and its backup





inside buildings to

manual hose station standpipe





supply multiple sprin‑
system.





kler and standpipe





systems.  When provided,





such headers are





considered an extension





of the yard main system.





The header arrangement





should be such that no





single failure can





impair both the primary





and backup fire protec‑





tion systems.





Each sprinkler and

Each sprinkler and standpipe





standpipe system should
system is equipped with an OS&Y
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be equipped with OS&Y
gate valve.  Each sprinkler





(outside screw and

system is equipped with a water





yoke) gate valve, or
flow alarm.  Standpipe systems





other approved shutoff
in areas containing safe shut‑





valve and water flow
down equipment are equipped with





alarm.  Safety‑related
a water flow alarm.  Where





equipment that does not
safety‑related equipment is





itself require sprin‑
subject to unacceptable water





kler water fire protec‑
damage if wetted by sprinkler





tion, but is subject
water discharge, it has been





to unacceptable damage
protected.





if wetted by sprinkler





water discharge should





be protected by water





shields or baffles.




(b)
All valves in the fire
Control and sectionalizing





water systems should be
valves in the fire water system





electrically supervised.
are electrically supervised and





The electrical super‑
actuate alarms in the control





vision signal should
room or are locked in the open





indicate in the

position under administrative





control room and other
control of the Fire Protection





appropriate command

Program.  Control valves for the





locations in the

reactor building hose stations





plant (See NFPA 26,

are locked closed during normal





“Supervision of

plant operation.  The valves are





Valves.”)



locked open during maintenance










operations.




(c)
Automatic sprinkler

Automatic water type suppression





systems should as a

systems throughout PNPP satisfy





minimum conform to

the design and installation





requirements of appro‑
requirements of the appropriate





priate standards such
standards such as NFPA 13 and





as NFPA 13, “Standard
15.





for the Installation





of Sprinkler Systems,”





and NFPA 15, “Stan‑





dard for Water Spray





Fixed Systems.”




(d)
Interior manual hose
Interior manual hose stations





installation should be
are located so that at least





able to reach any

one effective hose stream can





location with at least
be brought to bear at any





one effective hose

location in the plant contain‑





stream.  To accomplish
ing or presenting a hazard to
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this, standpipes with
structures, systems or





hose connections

components important to safety.





equipped with a

A maximum of 100 feet of





maximum of 75 feet of
1‑1/2 inch fire hose is provided





1‑1/2 inch woven

at each hose station with the





jacket lined fire hose
exception of the containment





and suitable nozzles
drywell.  Standpipe and piping





should be provided in
supplying the hose stations are





all buildings, includ‑
sized in accordance with system





ing containment, on

demands per hydraulic





all floors and should
calculations using the following





be spaced at not more
design criteria:





than 100‑foot inter‑





vals.  Individual

1.
All interior hose stations





standpipes should be

are designed for Class II





of at least 4‑inch


service and sized for a





diameter for multiple

minimum flow of 100 gallons





hose connections and

per minute at 65 psi at the





2‑1/2‑inch diameter


hose station outlet.





for single hose





connections.  These

2.
The calculations are based





systems should follow

on:





the requirements of





NFPA No. 14, “Stand‑

A total flow of 500 gpm





pipe and Hose Systems”

from both internal build‑





for sizing, spacing


ing and external (yard





and pipe support


hydrant system) hose





requirements.



streams.










3.
When a hazard area is within reach of several internal hose streams, the calculations will include simultaneous water flow from multiple hose streams.










4.
Water flow from hose streams are based on hose stations located on the same floor level and within the same building as the area being protected.  











(There will always be a minimum of two internal hose streams.)
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5.
The water flow from outside (yard hydrant system) hose streams is the difference between the 500 gpm (required allowance from all hose streams) and the internal building hose stream protection.










6.
In areas of the plant where fixed fire suppression systems are located, the calculations are based on a simultaneous operation of both the fixed fire suppression system and all fire hose stations whose hose streams would reach the area protected by the fixed fire suppression system.











a.
The demand for the fixed water spray system shall be based on the design calculations for each of these systems.











b.
The demand for sprinkler systems shall be based on the density curves of NFPA 13, Table 2‑2.1(B) for the largest fire area within the protected area of the system, but, with an area of sprinkler operation not to exceed 3,000 square feet.










7.
The demand is calculated back to fire pumps and the sizing is considered adequate only if the water 
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demand (gpm and pressure) is available individually from each fire pump.





Hose stations should
Hose stations have been located





be located outside

to facilitate access and use for





entrances to normally
fire fighting operations.





unoccupied areas and
Shutoff valves and pressure





inside normally occu‑
reducing devices are provided





pied areas.  Stand‑

for each hose station.





pipes serving hose





stations in areas





housing safety‑related





equipment should have





shutoff valves and





pressure reducing





devices (if appli‑





cable) outside the





area.





Provisions should be
These conditions are met in





made to supply water
areas containing equipment





at least to standpipes
required for safe plant shutdown





and hose connections
in the event of a SSE, except





for manual fire fight‑
for limited sections of A120





ing in areas within

pipe which analysis has shown





hose reach of equip‑
to be of adequate strength.





ment required for safe





plant shutdown in the





event of a Safe Shut‑





down Earthquake (SSE).





The standpipe system





serving such hose





stations should be





analyzed for SSE load‑





ing and should be





provided with supports





to assure system





pressure integrity.





The piping and valves





for the portion of





hose standpipe system





affected by this





functional requirement





should at least





satisfy ANSI Stan‑





dard B31.1, “Power





Piping.”  The water


   Position For Plants Which Have


 Application Docketed But Construc‑


tion Permit Not Received As Of 7/1/76 
       Applicant Response






supply for this condi‑





tion may be obtained





by manual operator





actuation of valve(s)





in a connection to the





hose standpipe header





from a normal Seismic





Category I water system





such as Essential





Service Water System.





The cross connection





should be (a) capable





of providing flow to





at least two hose





stations (approxi‑





mately 75 gpm/hose





station), and





(b) designed to the





same standards as the





Seismic Category I





water system; it





should not degrade





the performance of





the Seismic Category I





water system.




(e)
The proper type of

All areas are provided with





hose nozzles to be

adjustable pattern combination





supplied to each area
fog and straight stream nozzles.





should be based on the
Personnel are adequately





fire hazard analysis.
trained to make proper use of





The usual combination
hose stations.





spray/straight‑stream





nozzle may cause





unacceptable mechan‑





ical damage (for





example, the delicate





electronic equipment





in the control room)





and be unsuitable.





Electrically safe





nozzles should be





provided at loca‑





tions where elec‑





trical equipment or





cabling is located.
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(f)
Certain fires such as
The only major flammable liquid





those involving flam‑
hazards at the plants are the





mable liquids respond
auxiliary boiler fuel oil





well to foam suppres‑
storage tank and the fuel oil





sion.  Consideration
unloading area; these have





should be given to

foam system protection as





use of any of the

described in <Appendix 9A.4>.





available foams for





such specialized





protection application.





These include the more





common chemical and





mechanical low expan‑





sion foams, high





expansion foam and the





relatively new aqueous





film forming foam (AFFF).



4.
Halon Suppression Systems




The use of Halon fire

Halon 1301 systems are provided




extinguishing agents should
for areas of the service




as a minimum comply with

building (including the TSC)




the requirements of NFPA 12A
and are designed in accordance



and 12B, “Halogenated Fire
with NFPA 12A.  There are no 



Extinguishing Agent


Halon systems in areas 



Systems ‑ Halon 1301 and

containing safe shutdown 



Halon 1211.”  Only UL or FM
systems.



approved agents should be




used.




In addition to the guide‑




lines of NFPA 12A and 12B,




preventative maintenance




and testing of the systems,




including check weighing




of the Halon cylinders




should be done at least




quarterly.




Particular consideration




should also be given to:




(a)
minimum required Halon





concentration and soak





time




(b)
toxicity of Halon
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(c)
toxicity and corrosive





characteristics of





thermal decomposition





products of Halon.



5.
Carbon Dioxide Suppression




Systems




The use of carbon dioxide
A low pressure carbon dioxide




extinguishing systems

system is provided to supply




should as a minimum comply
total flooding systems, local




with the requirements of

applications systems and hose




NFPA 12, “Carbon Dioxide

reels utilized throughout the




Extinguishing Systems.”

plant.  The system design is in










in accordance with the require‑



Particular consideration

ments of NFPA 12.  Consideration




should also be given to:

is given for each system regard‑










ing items (a) through (f).




(a)
minimum required CO2





concentration and





soak time;




(b)
toxicity of CO2;




(c)
possibility of





secondary thermal





shock (cooling) damage;




(d)
offsetting require‑





ments for venting





during CO2 injection





to prevent over‑





pressurization versus





sealing to prevent





loss of agent;




(e)
design requirements





from overpressuriza‑





tion; and




(f)
possibility and





probability of CO2





systems being out‑of‑





service because of





personnel safety





consideration.  CO2





systems are disarmed





whenever people are
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present in an area so





protected.  Areas





entered frequently





(even though duration





time for any visit is





short) have often been





found with CO2 systems





shut off.



6.
Portable Extinguishers




Fire extinguishers should
Portable fire extinguishers are




be provided in accordance
provided and maintained in




with guidelines of NFPA 10
accordance with NFPA 10 and 10A,




and 10A, “Portable Fire

respectively.




Extinguishers, Installation,




Maintenance, and Use.”  Dry




chemical extinguishers 




should be installed with 




due consideration given to




cleanup problems after use




and possible adverse




effects on equipment




installed in the area.


F.
Guidelines for Specific Plant



Areas



1.
Primary and Secondary




Containment




(a)
Normal Operation





Fire protection

The fire hazards analysis





requirements for the
<Appendix 9A.4> outlines the





primary and secondary
protection for identified





containment areas

hazards in the containment





should be provided

area.





on the basis of





specific identified





hazards.  For example:





(1)
Lubricating oil or






hydraulic fluid






system for the






primary coolant






pumps
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(2)
Cable tray






arrangements and






cable penetrations





(3)
Charcoal filters





Because of the general
The systems provided for the





inaccessibility of

identified hazards are automatic





these areas during

in operation.





normal plant operations,





protection should be





provided by automatic





fixed systems.  Auto‑





matic sprinklers should





be installed for those





hazards identified as





requiring fixed





suppression.





Operation of the fire
Operation of the fire protection





protection systems

systems will not compromise the





should not compromise
integrity of the containment or





integrity of the

the other safety‑related





containment or the

systems.





other safety‑related





systems.  Fire protec‑





tion activities in the





containment areas





should function in





conjunction with total





containment requirements





such as control of





contaminated liquid and





gaseous release and





ventilation.





Fire detection systems
Where fire detection systems are





should alarm and

provided, they alarm and





annunciate in the

annunciate in the control room.





control room.  The





type of detection





used and the location





of the detectors





should be most suit‑





able to the particu‑





lar type of fire that





could be expected





from the identified
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hazard.  A primary





containment general





area fire detection





capability should be





provided as backup





for the above





described hazard





detection.  To accom‑





plish this, suitable





smoke detection (e.g.,





visual obscuration,





light scattering and





particle counting)





should be installed





in the air recircula‑





tion system ahead of





any filters.





Automatic fire suppres‑





sion capability need





not be provided in the





primary containment





atmospheres that are





inerted during normal





operation.  However,





special fire protec‑





tion requirements





during refueling and





maintenance operations





should be satisfied as





provided below.




(b)
Refueling and Mainte‑





nance





Refueling and mainte‑
Control of combustibles is





nance operations in

described in PAP‑1910.





containment may intro‑





duce additional hazards





such as contamination





control materials,





decontamination sup‑





plies, wood planking,





temporary wiring,





welding, and flame





cutting (with portable





compressed fuel gas





supply).  Possible
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fires would not neces‑





sarily be in the





vicinity of fixed





detection and sup‑





pression systems.





Management procedures





and controls necessary





to ensure adequate fire 





protection are 





discussed in Section 3a.





In addition, manual

Hoses are installed in





fire fighting capa‑

containment area.  An extra





bility should be

length of hose is available





permanently installed
to provide coverage to all





in containment. Stand‑
areas of drywell from the





pipes with hose

containment hose stations.





stations, and portable





fire extinguishers,

Extinguishers are provided at





should be installed

the entrance to containment, to





at strategic loca‑

be brought in, in the event of a





tions throughout

fire.  Also portable





containment for any

extinguishers will be placed in





required manual fire
containment during refueling and





fighting operations.
maintenance periods.





Adequate self‑contain‑





ed breathing apparatus
Self‑contained breathing





should be provided

apparatus is provided outside





near the containment
entrances to containment.





entrances for fire





fighting and damage





control personnel.





These units should be





independent of any





breathing apparatus





or air supply systems





provided for general





plant activities.



2.
Control Room




The control room is essen‑
The control room (Unit 1 and 




tial to safe reactor opera‑
Unit 2) meets these require-




tion.  It must be protect‑
ments, as described in 




ed against disabling fire
<Appendix 9A.4>.




damage and should be




separated from other areas
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of the plant by floors,




walls and roofs having




minimum fire resistance




ratings of three hours.




Control room cabinets and




consoles are subject to




damage from two distinct




fire hazards:




(a)
Fire originating with‑





in a cabinet or





console; and




(b)
Exposure fire invol‑





ving combustibles in





the general room area.




Manual fire fighting capa‑
Hose stations and portable fire




bility should be provided
extinguishers, including Halon,




for both hazards.  Hose

multi‑purpose dry chemical, and




stations and portable water
CO2 types, are provided.




and Halon extinguishers




should be located in the




control room to eliminate




the need for operators to




leave the control room.  An




additional hose piping




shutoff valve and pressure




reducing device should be




installed outside the




control room.




Hose stations adjacent to
Hose stations are provided




the control room with port‑
adjacent to the control room and




able extinguishers in the
fire extinguishers are located




control room are acceptable.
within.




Nozzles that are compatible
The nozzles provided meet these




with the hazards and equip‑
requirements.




ment in the control room




should be provided for the




manual hose station.  The




nozzles chosen should




satisfy actual fire fight‑




ing needs, satisfy elec‑




trical safety and minimize




physical damage to electrical


   Position For Plants Which Have


 Application Docketed But Construc‑


tion Permit Not Received As Of 7/1/76 
       Applicant Response





equipment from hose stream




impingement.




Fire detection in the

Fire detection in the control




control room cabinets and
room is described in the fire




consoles should be provided
hazards analysis portion of this




by smoke and heat detectors
report <Appendix 9A.4>; alarm 




in each fire area.  Alarm
and annunciation is provided in 




and annunciation should be
the control room.




provided in the control




room.  Fire alarms in other




parts of the plant should




also be alarmed and
annun-




ciated in the control room.




Breathing apparatus for

These positions are satisfied.




control room operators




should be readily available.  




Control room floors, ceiling, 




supporting structures, and 




walls, including penetrations 




and doors, should be designed 




to a minimum fire rating of




three hours.  All penetra‑




tion seals should be air




tight.




The control room ventila‑
The design criteria is met




tion intake should be

except the isolation of the




provided with smoke detec‑
control room ventilation system




tion capability to auto‑

is by manual operation only.




matically alarm locally




and isolate the control




room ventilation system




to protect operators by




preventing smoke from




entering the control room.




Manually operated venting




of the control room should




be available so that opera‑




tors have the option of




venting for visibility.




Cables should not be

As described in fire hazards




located in concealed floor
analysis portion of 




and ceiling spaces. All

<Appendix 9A.4>, the cable is




cables that enter the

routed in wireways which are




control room should termi‑
part of the floor modules.




nate in the control room.
These wireways are protected
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That is, no cabling should
by carbon dioxide suppression




be simply routed through the
systems.




control room from one area




to another.




Safety‑related equipment

Panels and consoles are mounted




should be mounted on pedes‑
on the floor section of the




tals or the control room

prefabricated modules.  Floor




should have curbs and

drains are provided with valves




drains to direct water

for isolation.




away from such equipment.




Such drains should be




provided with means for




closing to maintain integ-




rity of the control room




in the event of other




accidents requiring




control room isolation.



3.
Cable Spreading Room




The primary fire suppres‑
A preaction sprinkler system




sion in the cable spreading
meeting these requirements is




room should be an auto‑

located in each cable spreading




matic water system such as
room.




closed head sprinklers,




open head deluge or open




directional spray nozzles.




Deluge and open spray




systems should have provi‑




sions for manual operation




at a remote station; how‑




ever, there should be




provisions to preclude




inadvertent operation.




Location of sprinkler




heads or spray nozzles




should consider cable




tray sizing and arrange‑




ments to ensure adequate




water coverage.  Cables




should be designed to




allow wetting down with




deluge water without




electrical faulting.




Open head deluge and open
Not applicable.




directional spray systems
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should be zoned to that a




single failure will not




deprive the entire area of




automatic fire suppression




capability.




The use of foam is accept‑
Not applicable.




able, provided it is of a




type capable of being




delivered by a sprinkler




or deluge system, such as




an Aqueous Film Forming




Foam (AFFF).




An automatic water suppres‑
In addition to the preaction




sion system with manual

system, each cable spreading




hoses and portable


room has manual hose and




extinguisher backup is

portable extinguisher backup.




acceptable, provided:




(a)
At least two remote

Remote separate entrances are





and separate entrances
provided.





are provided to the





room for access by





fire brigade personnel;





and




(b)
Aisle separation

Aisle separation generally meets





provided between tray
these requirements.  The aisles





stacks should be at

are typically three feet wide





least three feet wide
and eleven feet high.  There are





and eight feet high.
a few cases where the aisles are only 2.5 feet wide.




Alternatively, gas systems
Not applicable.




(Halon or CO2) may be used




for primary fire suppression




if they are backed up by an




installed water spray system




and hose stations and port‑




able extinguishers immedi‑




ately outside the room and




if the access requirements




stated above are met.




Electric cable construction
Those cable types that are 




should, as a minimum, pass
acceptable for routing in cable




the flame test in IEEE

trays were tested in accordance
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Std. 383, “IEEE Standard for
with the flame test specified in




Type Test of Class 1E

IEEE‑383(1974).  Other cable 




Electric Cables, Field

types were tested in accordance




Splices and Connections

with those fire resistance tests




for Nuclear Power Generat‑
that were applicable to their




ing Stations.”



specific installation and usage.




Drains to remove fire

Drains are provided to remove




fighting water should be

fire fighting water; there is no




provided with adequate

gas extinguishing system.




seals when gas extinguish‑




ing systems are also




installed.




Redundant safety‑related

Redundant safety‑related cable




cable division should be

divisions are separated by walls




separated by walls with a
with 3 hour fire ratings, or a




3 hour fire rating.


1 hour wrap with suppression and detection.




For multiple‑reactor unit
Not Applicable




sites, cable spreading




rooms should not be shared




between reactors.  Each




cable spreading room of




each unit should have




divisional cable separation




as stated above and be




separated from the other




and the rest of the plant




by a wall with a minimum




fire rating of three hours.




(See NFPA 251, “Fire Tests,




Building Construction and




Materials,” or ASTM E‑119,




“Fire Test of Building




Construction and Materials,”




for fire test resistance




rating.)




The ventilation system to
There is no gas extinguishing




the cable spreading room

system.  Manually actuated smoke




should be designed to

venting is provided.




isolate the area upon




actuation of any gas




extinguishing system in the




area.  In addition, smoke




venting of the cable
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spreading room may be




desirable.  Such smoke




venting systems should




be controlled automatically




by the fire detection or




suppression system as




appropriate.  Capability




for remote‑manual control




should also be provided.



4.
Plant Computer Room




Safety‑related computers

PNPP computers are not safety‑




should be separated from

related, but this criterion is




other areas of the plant

met for each unit’s computer




by barriers having a

room.




minimum 3 hour fire




resistant rating.




Automatic fire detection

Automatic fire detection, manual




should be provided to

hose stations and portable fire




alarm and annunciate in

extinguishers are provided.  The




the control room and

fire detection system alarms and




alarm locally.  Manual

annunciates in the control room.




hose stations and port-




able water and Halon 




fire extinguishers 




should be provided.



5.
Switchgear Rooms




Switchgear rooms should be
Safety‑related switchgear rooms




separated from the remain‑
are separated from the remainder




der of the plant by minimum
of the plant by walls, floors




3 hour rated fire

and ceilings which have 3 hour




barriers, if practicable.
fire resistance ratings.  Auto‑




Automatic fire detection

matic fire detection devices,




should alarm and annun‑

which actuate alarms and




ciate in the control room
annunciate in the control room,




and alarm locally.  Fire

are provided.  Fire hose and




hose stations and portable
portable fire extinguishers




extinguishers should be

are readily available.




readily available.




Acceptable protection for
Cables in switchgear rooms




cables that pass through

are routed in both conduit and




the switchgear room is

cable trays.  The cables that 




automatic water or gas

do not terminate in the Cable
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agent suppression.  Such

Spreading Room are mostly in




automatic suppression must
conduit.  The combustible 




consider preventing


loading due to these cables is




unacceptable damage to

low and automatic suppression is




electrical equipment and

not warranted.




possible necessary contain‑




ment of agent following




discharge.



6.
Remote Safety‑Related




Panels




The general area housing

The general areas housing




remote safety‑related

safety‑related panels necessary




panels should be provided
for safe shutdown are provided




with automatic fire


with fire detectors which alarm




detectors that alarm

and annunciate in the control




locally and alarm and

room.  Portable extinguishers




annunciate in the control
and manual hose stations are




room.  Combustible mater‑
provided.




ials should be controlled




and limited to those




required for operation.




Portable extinguishers and




manual hose stations should




be provided.



7.
Station Battery Rooms




Battery rooms should be

This criterion is met; see the




protected against fire

fire hazards analysis portion of




explosions.  Battery rooms
<Appendix 9A.4> for details.




should be separated from






each other and other areas




of the plant by barriers




having a minimum fire




rating of 3 hours




inclusive of all penetra‑




tions and openings.  (See




NFPA 69, “Standard on




Explosion Prevention




Systems.”)  Ventilation




systems in the battery




rooms should be capable




of maintaining the hydro‑




gen concentration well




below 2 vol % hydrogen




concentration.  Standpipe
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and hose and portable




extinguishers should be




provided.




Alternatives:




(a)
Provide a total fire





rated barrier enclo‑





sure of the battery





room complex that





exceeds the fire load





contained in the room.




(b)
Reduce the fire load





to be within the fire





barrier capability of





1‑1/2 hours.







OR




(c)
Provide a remote‑manual





actuated sprinkler system 





in each room and provide 





the 1‑1/2 hour fire 





barrier separation.



8.
Turbine Lubrication and




Control Oil Storage and




Use Areas




A blank fire wall having a
No safety‑related equipment is




minimum resistance rating
exposed to the turbine oil




of 3 hours should


storage areas.  This area is cut




separate all areas contain‑
off from the rest of the turbine




ing safety‑related systems
building by walls with a 3 hour




and equipment from the

fire resistance.




turbine oil system.



9.
Diesel Generator Areas




Diesel generators should be
The design criterion is met.




separated from each other




and other areas of the plant




by fire barriers having a




minimum fire resistance




rating of 3 hours.




Automatic fire suppression
A total flooding carbon dioxide




such as AFFF foam, or

system is provided.  The fire
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sprinklers should be

detection system alarms and




installed to combat any

annunciates in the control room




diesel generator or


and locally.




lubricating oil fires.




Automatic fire detection




should be provided to




alarm and annunciate in




the control room and alarm




locally.   Drainage for




fire fighting water and




means for local manual




venting of smoke should




be provided.




Day tanks with total capac‑
The day tank (capacity




ity up to 1,100 gallons are
550 gallons) is located in the




permitted in the diesel

diesel generator room, thereby




generator area under the

included in the carbon dioxide




following conditions:

suppression system coverage.










The tank and supports are




(a)
The day tank is

coated with a fire retardant





located in a separate
material to a thickness which





enclosure, with a

provides a 3 hour rating.





minimum fire resistance
The tank is vented directly to





rating of 3 hours,

the outdoors.  There is an oil





including doors or

catch pan below the tank which





penetrations.  These
drains to the floor drain





enclosures should be
system.  Check valves are





capable of containing
provided in lines subject to





the entire contents of
gravity flow.





the day tanks.  The





enclosure should be





ventilated to avoid





accumulation of oil





fumes.




(b)
The enclosure should be





protected by automatic





fire suppression systems





such as AFFF or sprinklers.



10.
Diesel Fuel Oil Storage Areas




Diesel fuel oil tanks with
Diesel fuel for the emergency




a capacity greater than

diesel generators is stored in




1,100 gallons should not be
underground tanks.




located inside the buildings




containing safety‑related
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equipment.  They should be




located at least 50 feet




from any building containing




safety‑related equipment, or




if located within 50 feet,




they should be housed in a




separate building with




construction having a




minimum fire resistance




rating of three hours.




Buried tanks are considered




as meeting the 3 hour




fire resistance requirements.




See NFPA 30, “Flammable and




Combustible Liquids Code,”




for additional guidance.




When located in a separate




building, the tank should




be protected by an auto‑




matic fire suppression




system such as AFFF or




sprinklers.




Tanks, unless buried,




should not be located




directly above or below




safety‑related systems or




equipment regardless of




the fire rating of




separating floors or




ceilings.



11.
Safety‑Related Pumps




Pumphouses and rooms hous‑
The safety‑related pumps are




ing safety‑related pumps or
located in the emergency service




other safety‑related equip‑
water pumphouse and the




ment should be separated

Auxiliary Building.  The fire




from other areas of the

hazards analysis portion of 




plant by fire barriers

<Appendix 9A.4> outlines




having at least 3 hour

fire protection for safety‑




ratings.  These rooms should
related pumps.  Each pump system




be protected by automatic
is in a cutoff room with




sprinkler protection unless
adequate separation from other




a fire hazard analysis can
pumps.
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demonstrate that a fire will




not endanger other safety‑




related equipment required




for safe plant shutdown.




Early warning fire detec‑




tion should be installed




with alarm and annunciation




locally and in the control




room.  Local hose stations




and portable extinguishers




should also be provided.




Equipment pedestals or

Safety‑related pumps are




curbs and drains should

installed on concrete pads.




be provided to remove and
Adequate water drainage is




direct water away from

provided.




safety‑related equipment.




Provisions should be made
Provisions are available for




for manual control of the
manual smoke removal if




ventilation system to

required.




facilitate smoke removal




if required for manual




fire fighting operation.



12.
New Fuel Area




Hand portable extin‑

Hand portable extinguishers




guishers should be located
and local hose stations are




within this area.  Also,

provided for this area.  See




local hose stations should
the fire hazards analysis




be located outside, but

portion of <Appendix 9A.4>




within hose reach of this
for further details.




area.  Automatic fire




detection should alarm and




annunciate in the control




room and alarm locally.




Combustibles should be




limited to a minimum in




the new fuel area.  The




storage area should be




provided with a drainage




system to preclude




accumulation of water.




The storage configuration
The new fuel storage racks are




of new fuel should always
designed to meet this criterion.




be so maintained as to
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preclude criticality for




any water density that




might occur during fire




water application.



13.
Spent Fuel Pool Area




Protection for the spent

Hand portable extinguishers and




fuel pool area should be

local hose stations are provided




provided by local hose

for this area.  See the fire




stations and portable

hazards analysis portion of 




extinguishers.  Automatic
<Appendix 9A.4> for further




fire detection should be

details.




provided to alarm and




annunciate in the control




room and to alarm locally.



14.
Radwaste Building




The radwaste building

This criterion is met.  See the




should be separated from

fire hazard analysis portion of




other areas of the plant

<Appendix 9A.4> for details.




by fire barriers having at




least 3 hour ratings.




Automatic sprinklers should




be used in all areas where




combustible materials are




located.  Automatic fire




detection should be




provided to annunciate and




alarm in the control room




and alarm locally.  During




a fire, the ventilation




systems in these areas




should be capable of




being isolated.  Water




should drain to liquid




radwaste building sumps.




Acceptable alternative




fire protection is auto‑




matic fire detection to




alarm and annunciate in




the control room, in




addition to manual hose




stations and portable




extinguishers consisting
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of hand held and large




wheeled units.



15.
Decontamination Areas

The decontamination area is










protected by automatic




The decontamination areas
sprinklers backed up by local




should be protected by

hose stations and hand




automatic sprinklers if

portable extinguishers.




flammable liquids are




stored.  Automatic fire




detection should be




provided to annunciate




and alarm in the control




room and alarm locally.




The ventilation system




should be capable of being 




isolated.  Local hose 




stations and hand portable 




extinguishers should be 




provided as backup to the 




sprinkler system.



16.
Safety‑Related Water Tanks
See portion of fire hazards










analysis <Appendix 9A.4> 




Storage tanks that supply
pertaining to condensate




water for safe shutdown

storage tank.




should be protected from




the effects of fire.  Local




hose stations and portable




extinguishers should be




provided.  Portable




extinguishers should be




located in nearby hose




houses.  Combustible




materials should not be




stored next to outdoor




tanks.  A minimum of 50 feet 




of separation should be 




provided between outdoor 




tanks and combustible 




materials where feasible.



17.
Cooling Towers




Cooling towers should be

Cooling towers are of mostly




of noncombustible


noncombustible construction with




construction or so located
a small percentage of PVC fill




that a fire will not

in the Unit 1 tower.  This tower
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adversely affect any safety‑
is located more than 500 ft from




related systems or equip‑
any buildings containing safety




ment.  Cooling towers

related equipment and will not




should be of noncombustible
present an exposure to these




construction when the basins
buildings.  The basins are not




are used for the ultimate
used as the ultimate heat sink




heat sink or for the fire
or for a fire protection water




protection water supply.

supply.



18.
Miscellaneous Areas




Miscellaneous areas such as
This criterion is complied with;




records storage areas,

see the fire hazards analysis




shops, warehouses, and

portion of <Appendix 9A.4> for




auxiliary boiler rooms

details of individual




should be so located that
situations.




a fire or effects of a




fire, including smoke, will




not adversely affect any




safety‑related systems or




equipment.  Fuel oil tanks




for auxiliary boilers should 




be buried or provided with 




dikes to contain the entire 




tank contents.


G.
Special Protection Guidelines



1.
Welding and Cutting,




Acetylene ‑ Oxygen Fuel




Gas Systems




This equipment is used in
FENOC will comply.




various areas throughout




the plant.  Storage




locations should be




chosen to permit fire




protection by automatic




sprinkler systems.  Local




hose stations and portable




equipment should be




provided as backup.  The




requirements of NFPA 51




and 51B are applicable to




these hazards.  A permit




system should be required




to utilize this equipment.




(Also refer to 2f herein.)
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2.
Storage Areas for Dry Ion




Exchange Resins




Dry ion exchange resins

The resins to be used are the




should not be stored near
wet type; FENOC will not be 




essential safety‑related

using dry ion exchange resins 




systems.  Dry unused

at PNPP. 




resins should be protected 




by automatic wet pipe 




sprinkler installations.  




Detection by smoke and heat




detectors should alarm and




annunciate in the control




room and alarm locally.




Local hose stations and




portable extinguishers




should provide backup for




these areas.  Storage




areas of dry resin should




have curbs and drains.




(Refer to NFPA 92M,




“Waterproofing and




Draining of Floors.”)



3.
Hazardous Chemicals




Hazardous chemicals should
Hazardous chemicals will be




be stored and protected in
controlled by Plant




accordance with the


Administrative procedures and




recommendations of


instructions.




NFPA 49, “Hazardous




Chemicals Data.”  Chemical




storage areas should be

FENOC will comply.




well ventilated and




protected against flooding




conditions since some




chemicals may react with




water to produce ignition.
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4.
Materials Containing




Radioactivity




Materials that collect and
FENOC will comply, except where




contain radioactivity such
a fixed automatic suppression




as spent ion exchange

system has been evaluated




resins, charcoal filters,
adequate for nonmetal




and HEPA filters should be
containers.




stored in closed metal




tanks or containers that




are located in areas free




from ignition sources or




combustibles.  These




materials should be 




protected from exposure to




fires in adjacent areas as




well.  Consideration should 




be given to requirements 




for removal of isotopic 




decay heat from entrained 




radioactive materials.
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9A.6      POINT‑BY‑POINT COMPARISON




This section contains a point‑by‑point comparison with <10 CFR 50, Appendix R>.


______Appendix R. Requirements______
_______Applicant Response______


II.A,






Comply; see <Appendix 9A.5>


Fire Protection Program



Pages 9A.5-2 through 9A.5‑6.  PNPP will follow the fire protection program outlined in the NRC staff supplemental guidance “Nuclear Plant Fire Protection Functional Responsibilities, Administrative Controls and Quality Assurance,” dated August 29, 1977.


II.B,


Fire Hazards Analysis



Comply; see <Appendix 9A.3>, and <Appendix 9A.4>.


II.C,


Fire Protection Features



Comply; see <Appendix 9A.3>, <Appendix 9A.4> and PNPP‑FSAR Section 9.5.1 and Section 13.1.


II.D,


Alternative or Dedicated Shutdown


Capability










Comply; see <Appendix 9A.3> and <Appendix 9A.4.1>.


III.A,






A.
Two separate fire pumps


Water Supplies for Fire




are provided, taking


Suppression Systems





suction from Lake Erie.











The arrangement of the pumps, piping and valves meets the requirements of this section as confirmed by the Safety Evaluation Report.


III.B,






B.
The arrangement of the


Sectional Isolation Valves



sectional isolation valves











meets the requirements of this section as confirmed by the Safety Evaluation Report.


______Appendix R. Requirements______
_______Applicant Response______


III.C,






C.
Hydrant isolation valves


Hydrant Isolation Valves




are provided and meet the











requirements of this section as confirmed by the Safety Evaluation Report.


III.D,






D.
Standpipe and hose systems


Manual Fire Suppression




are installed.  CEI letters











dated August 31, 1982, September 20, 1982, and December 29, 1982, identified the locations of fire hoses and documented hydraulic calculations that justify the use of smaller‑than‑required pipe sizes for the standpipe system.  The standpipe and hose systems meet the requirements of this section as confirmed by Supplement 3 to the Safety Evaluation Report, Item 9.5.1.5.3.


III.E,






E.
FENOC will comply; hoses


Hydrostatic Hose Tests




will be tested according











to Periodic Test Instruction PTI‑P54‑P00005.


III.F,






F.
Automatic fire detection


Automatic Fire Detection




systems have been provided











in all areas containing safety‑related systems except for the areas identified in our deviation letters PY‑CEI/NRR‑0261L and PY‑CEI/NRR‑0342L.


III.G,






G.
The provision of


Fire Protection of Safe Shutdown


separation, barriers, fire


Capability






detection, and fire











suppression is in accordance with these requirements with the exception of those deviations which were provided in PY‑CEI/NRR‑0261L dated June 12, 1985.


______Appendix R. Requirements______
_______Applicant Response______


III.H,






H.
FENOC will comply as


Fire Brigade






documented in CEI letter











dated April 29, 1982, and March 25, 1985.  Fire Brigade Program accepted in August 20, 1985, letter from Youngblood to Edelman.


III.I,






I.
FENOC will comply as


Fire Brigade Training




documented in CEI letter











dated April 29, 1982, and March 25, 1985.


III.J,






J.
8‑hour battery powered


Emergency Lighting





emergency lighting is











provided outside the control room in areas necessary for safe shutdown operations by personnel, and access and egress routes to those areas, as documented in our revised response to FSAR  Q&R 430.11, documented in PY‑CEI/NRR‑0320L.  


III.K,






K.
FENOC will comply as


Administrative Controls




documented in CEI letter











dated April 29, 1982











<Appendix 9A.5‑6>


III.L,






L.
<Section 7.4.1.4> of the


Alternative and Dedicated



USAR describes the remote


Shutdown Capability





shutdown control panel’s











design and capability.  Analysis has shown that in the event of any control room fire, safe shutdown can be accomplished with a combination of the remote shutdown panel and operator actions as specified in the Capability Report.


______Appendix R. Requirements______
_______Applicant Response______


III.M,






M.
Three hour rated


Fire Barrier Cable Penetration


penetration seals tested


Seal Qualification





in accordance with











ASTM‑E119 are provided as documented in CEI letters dated August 31, 1982, and September 20, 1982.  This was confirmed as meeting the requirements of this section in Supplement 3 to the Safety Evaluation Report, Item 9.5.1.4.1.  Penetration sealing inside conduit will follow engineering criteria provided in our August 7, 1985, letter PY‑CEI/NRR‑0304L.


III.N,






N.
The provision of fire


Fire Doors






doors was confirmed as











meeting the requirements of this section in the Safety Evaluation Report, Item 9.5.1.4.1.  Fire doors associated with safe shutdown fire areas will either be U.L. labeled or tested by a certified laboratory.  This program was completed as noted in our September 12, 1985, letter PY‑CEI/NRR‑0342L.


III.O,






O.
This item is not required


Oil Collection System for Reactor


for Perry since it is not


Coolant Pump






applicable as confirmed in











Item 9.5.1.6.1 of the Safety Evaluation Report.
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9A.7      DEVIATIONS FROM REGULATORY GUIDANCE




Deviations from <10 CFR 50, Appendix R>




This section presents the deviations from Sections III.F, III.G and III.J of <10 CFR 50, Appendix R> that were submitted to NRR on June 12, 1985, in PY‑CEI/NRR‑0261L, including editorial corrections which were subsequently discussed with the staff.  The same letter also provided a summary table of all deviations from <10 CFR 50, Appendix R>, including earlier deviation requests which were being withdrawn/corrected.  That table is reproduced in this section also as an index for easy reference.  Corrections to the table have been included, bringing the table up to current status.  Subsequent deviation modifications will be incorporated into this section.




The bases for the approved deviations from Sections III.F, III.G and III.J of <10 CFR 50, Appendix R> are presented on Pages 9A.7 F, 9A.7 G, and 9A.7 J respectively.




Deviations from Branch Technical Position APCSB 9.5-1



Between 1982 and 1985, nine (9) requests for deviation from the requirements of Branch Technical Position APCSB 9.5‑1 were submitted to NRR for approval.  The acceptance of these deviations has been documented by NRR in their SSER 4, SSER 7, and SSER 8.




A summary table of the granted deviations has been compiled which provides a brief description of the deviation; the specific SSER(s) that accepted the deviation; and the correspondence that provided the technical bases for that deviation.  This table is provided as an addendum to the summary table of the <10 CFR 50, Appendix R> deviations.




Deviations Reviewed Under the Perry Operating License Condition




The Perry Operating License Condition 2 C (6) a. states “FENOC may make changes to the approved fire protection program without prior approval of the Commission only if those changes would not adversely affect the ability to achieve and maintain safe shutdown in the event of a fire.”  The specific features of the approved program can be altered provided that the changes do not otherwise involve a change in a license condition or result in an unreviewed safety question, and the changes do not result in failure to complete the fire protection program as approved by the Commission.  A list of these deviations has been compiled which provides a brief description of the deviation.  The list describes the documents that initiated the deviation and analyzed the effects of the change on the fire protection program.


INDEX TO


Deviations from <10 CFR 50, Appendix R>


Section III G ‑ Safe Shutdown


__No._
Fire Zone/Area
__Deviation__
__Status__
___Correspondence



1.
CC‑1a, 1b, 1c
1 hour wrap
Accepted
6/16/82 letter,





barrier to
SSER 3/7
Attachment I,





barrier.

PY‑CEI/NRR‑0261L





Area wide





suppression





20 ft





separation


2.
CC‑2a, 2b, 2c
1 hour wrap
SSER 7
PY‑CEI/NRR‑0261L





barrier to





barrier


3.
CC‑3e
Suppression
Accepted
6/16/82 letter,






SSER 3/7
Attachment II,







PY‑CEI/NRR‑0261L


4.
1CC‑6
Suppression
Accepted
6/16/82 letter,






SSER 3/7
Attachment III,







PY‑CEI/NRR‑0261L


5.
(Deleted)


6.
DG‑ld
Suppression
Accepted
6/16/82 letter,






SSER 3/7
Attachment IV,







PY‑CEI/NRR‑0261L


7.
IB‑2,3,4
Lack of
Accepted
6/16/82 letter,





3 hour cutoff.
SSER 3/7
Attachment V,





Area wide

PY‑CEI/NRR‑0261L





suppression


8.
ESW‑1a
Suppression
Accepted
6/16/82 letter,






SSER 3/7
Attachment VI,







PY‑CEI/NRR‑0261L


9.
1AB‑1b,3a
Suppression
Accepted
PY‑CEI/NRR‑0261L






SSER 7


10.
1AB‑1e,3b
Partial
Accepted
PY‑CEI/NRR‑0261L





Suppression
SSER 7


INDEX (Continued)


Deviations from <10 CFR 50, Appendix R>


Section III G ‑ Safe Shutdown


__No._
Fire Zone/Area
__Deviation__
__Status__
___Correspondence



11.
1AB‑1c,2
Partial
Accepted
PY‑CEI/NRR‑0261L





Suppression
SSER 7


12.
1AB‑1g
Suppression
Accepted
PY‑CEI/NRR‑0261L





20 ft
SSER 7





separation





of equipment


13.
1RB‑1a, 1b,
3 hour rated
Accepted
PY‑CEI/NRR‑0261L




    1c, 1d
barriers
SSER 7





(Not a 





deviation)


14.
CC‑6
Suppression
Accepted
PY‑CEI/NRR‑0412L






SSER 8


Deviations from <10 CFR 50, Appendix R>


Section III F ‑ Fire Detection


1.
1AB‑1a
No Detection
Accepted
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


2.
1AB‑1d
No Detection
Accepted
3/24/83 letter,






SSER 4/7
PY‑CEI/NRR‑0261L


3.
1AB‑1f
No Detection
Accepted
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


4.
IB‑1
Partial
Accepted
3/24/83 letter,





Detection
SSER 7
PY‑CEI/NRR‑0261L


5.
IB‑5
Partial
Accepted
3/24/83 letter,





Detection
SSER 7
PY‑CEI/NRR‑0261L


6.
Steam
No Detection
Accepted
3/24/83 letter,




Tunnel

SSER 4/7
PY‑CEI/NRR‑0261L


7.
Turbine
No Detection
Accepted
3/24/83 letter,




Bldg.

SSER 4/7
PY‑CEI/NRR‑0261L


8.
Aux. Boiler
No Detection
Accepted
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


INDEX (Continued)


Deviations from <10 CFR 50, Appendix R>


Section III F ‑ Fire Detection


__No._
Fire Zone/Area
__Deviation__
__Status__
___Correspondence



9.
Heater Bay
No Detection
Accepted
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


10.
1RB‑1a
No Detection
Accepted
3/24/83 letter,






SSER 7
PY‑CEI/NRR‑0261L


11.
1RB‑1b
Partial
Accepted
3/24/83 letter,





Detection
SSER 7
PY‑CEI/NRR‑0261L


12.
CCSTW
No Detection
Accepted
PY‑CEI/NRR‑0261L






SSER 7


13.
Radwaste
No Detection
Accepted
PY‑CEI/NRR‑0261L






SSER 7


14.
1CC‑638/634
No Detection
Withdrawn
9/12/85 letter,






SSER 4
PY‑CEI/NRR‑0342L


15.
1DG‑1a
No Detection
Withdrawn
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


16.
1DG‑1b
No Detection
Withdrawn
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


17.
1DG‑1c
No Detection
Withdrawn
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


18.
Offgas Bldg.
No Detection
Withdrawn
3/24/83 letter,






SSER 4
PY‑CEI/NRR‑0261L


Deviations from <10 CFR 50, Appendix R>


Section III J ‑ Emergency Lighting


1.
1CC‑5a
Emergency DC
Accepted
PY‑CEI/NRR‑0261L




(Control Rm)
lighting
SSER 7


INDEX (Continued)


Deviations from Branch Technical Position APCSB 9.5‑1


_No.
Area
__Deviation__
_Status_
 Correspondence



1.
All
Plant specific sealing
Accepted
PY‑CEI/NRR‑0234L




criteria is being used 
SSER 7
PY‑CEI/NRR‑0278L




to meet the requirement

PY‑CEI/NRR‑0304L




to provide internal seals 




for conduits penetrating 




fire barriers.


2.
Turbine
Two hour rated exterior
Accepted
PY‑CEI/NRR‑0342L



Building
fire barrier walls are
SSER 7




provided within 50 feet




of oil filled trans-




formers in lieu of the




required three hour




rated barrier walls.


3.
Turbine
A non‑UL Listed fire
Accepted
PY‑CEI/NRR‑0395L



and Offgas
damper assembly is 
SSER 8



Buildings
installed in the fire




barrier separating the




offgas and turbine




buildings.


4.
Turbine
Hydrogen piping is 
Accepted
PY‑CEI/NRR‑0342L



Building
routed in the turbine
SSER 7




building, which con-




tains safety‑related




circuits.


5.
NA
The automatic sprinkler
Accepted
PY‑CEI/NRR‑0243L




system alarm supervisory
SSER 7




signals do not distinc-




tively indicate the 




particular trouble 




function in accordance




with NFPA 72D.  However,




the supervisory system




provides a system trouble 




alarm in the control 




room, and a distinctive 




function alarm at the 




local control panel.


6.
Drywell
Two hundred feet of fire
Accepted
PY‑CEI/NRR‑0342L




hose will be used to 
SSER 7




reach the drywell inside




containment.


INDEX (Continued)


Deviations from Branch Technical Position APCSB 9.5‑1


_No.
Area
__Deviation__
_Status_
 Correspondence



7.
Control
Carpet (NFPA Class I
Accepted
PY‑CEI/NRR‑0322L



Room
Interior Floor Finish)
SSER 7




is installed in the 




control room.


8.
Control
Ionization detectors are
Accepted
PY‑CEI/NRR‑0342L



Room
not provided inside three
SSER 7
PY‑CEI/NRR‑0356L




non safety‑related 




control room cabinets;




However, area‑wide




ionization detection is




provided.


9.
Control
Use and Configuration of
Accepted
PY‑CEI/NRR‑0026L



Complex
the Gypsum Board fire
SSER 4/7
PY‑CEI/NRR‑0330L




barrier walls and 




ceilings in the control




complex.


Site Reviewed Deviations from Branch Technical Position APCSB 9.5‑1

_No.
Area
__Deviation__
 Evaluation 

1.
Control
Reliance on repairs in
Analysis documented in


Complex
order to get the plant
Calculation SSC‑001,


Control
to Hot Shutdown for a
“Safe Shutdown 



Room
fire in the Control Room.
Capability Report” 



Spurious operation of 
Rev. 4. 10 CFR 50.59 




some valves may require
Screen 05‑05441. 




fuse replacement to





restore the functions of





the valves.



2.
Control
Structural steel 
Analysis documented in


Complex
supporting fire barriers
Calculation P54‑032,


Unit 2
is not protected to 
“Analysis of Missing 


Areas
provide fire resistance
Pyrocrete in Control 



equivalent to that 
Complex 620’ Elevation”



required of the barrier
Rev. 0.  10 CFR 50.59



due to missing sections 
Screen S04‑01413 for



of pyrocrete.
USAR Change Request.

(Deleted)

Deviations to <10 CFR 50, Appendix R>


Sections III F, G and J


Perry Nuclear Power Plant (PNPP)


Introduction


The PNPP fire protection program is described in the Fire Protection Evaluation Report (FPER) which was originally issued on October 28, 1976.  Deviation requests pursuant to <10 CFR 50, Appendix R>, Section III F and G had been previously granted based on FPER Revision 2 and our deviation request letters of June 16, 1982, and March 24, 1983, as noted in SSER 4.


In light of subsequent Commission guidelines on safe shutdown contained in <Generic Letter 83‑33> and <Generic Letter 84‑09>, the safe shutdown analysis was re‑evaluated.  Compliance with <10 CFR 50, Appendix R> III G was re‑analyzed and existing deviation requests were modified or new deviations identified as submitted in PY‑CEI/NRR‑0261L.  These revised/resubmitted deviation requests were accepted as noted in SSER 7.


The PNPP safe shutdown model is summarized in FPER <Appendix 9A.3>, <Appendix 9A.3.2> identifying those systems or portions of systems required for safe shutdown.  The model is also represented by <Figure 9A.7‑1> of this Introduction.  <Appendix 9A.3> lists by fire area all individual components within those systems that are required for safe shutdown.  <Appendix 9A.4> provides an area by area Fire Hazards analysis which includes a summary profile of the safe shutdown analysis for that area including how compliance is attained.


Our approach to preparing <10 CFR 50, Appendix R> III G deviation requests was to follow the format originally requested by NRR and to utilize a systematic evaluation technique in identifying each deviation.  


After the identification of safe shutdown equipment was compiled the following steps were undertaken:



(
Safe shutdown components and circuits within each Fire Area were identified to determine if equipment of both redundant methods of shutdown were located within a common area.  Included were associated circuits which could affect operation of safe shutdown equipment.



(
Those areas which contained redundant methods of safe shutdown components and/or circuits required for hot shutdown were evaluated for compliance with the separation, suppression and detection requirements of <10 CFR 50, Appendix R> III G.



(
Within a fire area containing area redundant components required for cold shutdown, procedural changes were undertaken to compensate for the affects of fire on the circuits or components if they did not comply with <10 CFR 50, Appendix R> III G.



(
Plant modifications were undertaken where evaluation indicated that a postulated fire could affect both divisions of redundant equipment.  In cases where it was determined that the modifications provided an equivalent level of protection for redundant trains of safe shutdown equipment, although not in strict accordance with <10 CFR 50, Appendix R> III G, a deviation has been requested.



(
In cases where it was determined that the existing features provided an adequate level of protection to ensure safe shutdown, a deviation has been requested.


To clarify terminology the following terms are defined as used within the deviation requests:



(
Safe shutdown components refers to devices whose function affects the ability to achieve shutdown.



(
Safe shutdown circuits refers to electrical cabling for safe shutdown components or those associated circuits which can affect proper function of safe shutdown components.



(
Safe shutdown equipment consists of components and circuits required for safe shutdown.



(
A Fire Area is defined as an area separated from other areas by barriers with a 3 hour rating.



(
A 3 hour rated barrier indicates wall construction is either a 3 hour rated construction or a configuration previously reviewed and accepted as a satisfactory subdivision between areas in SSER Section 4.9.5.1.4.1.  Openings in the walls are protected by features with equivalent rating, except for inside conduit penetrations 4 in. or less in diameter.



(
A Fire Zone is defined as a subdivision within an area which is separated from other zones by partial barriers or has been defined for analysis purposes.



(
Fire suppression systems described within the deviations meet the applicable requirements of NFPA 13.  The coverage is provided throughout the area or zone as described.  Where partial area or zone coverage is provided, the extent of coverage or exceptions to area wide coverage is indicated in this submittal and <Appendix 9A.4>.



(
Fire detection described as “provided throughout a Fire Area” indicates detectors are located and spaced in accordance with NFPA 72E, with the type of detector provided appropriate for the hazard within the Fire Area.  For Fire Zones or Areas with partial detection, a deviation has been requested from <10 CFR 50, Appendix R> III F.  These areas are indicated and a description of the extent of area coverage is described in the <10 CFR 50, Appendix R> III F deviation requests.



(
Fire extinguishers have been provided and are located in accordance with NFPA 10.



(
Fire hoses are located within Fire Zones or Fire Areas as noted.  The hose station installations are in accordance with NFPA 14, except as noted within deviation descriptions or as accepted in SSER 3 Section 9.5.1.5.3.



(
Basically, two redundant channels of equipment for power and control exists throughout the plant.  These are referred to as Division 1 and Division 2.  There is also a Division 3 train of power and control.




A similar characterization, Method A and Method B, was utilized in the detailed re‑examination of safe shutdown as described below:


Method A


Method A utilizes systems powered from Division 1 power sources.  For reactor shutdown, Method A will utilize Outputs A and C of the Reactor Protection System (RPS) and the control rod drive system.  These systems will be backed by the ability of the operator to manually scram and initiate safe shutdown systems.  In terms of <10 CFR 50, Appendix R>, Section III L requirements, reactivity control is provided by the RPS and control rod drive system.


For depressurization and initial core cooling, Method A will utilize a combination of safety relief valves, with either Reactor Core Isolation Cooling System (RCIC) or the Low Pressure Core Spray System (LPCS).  Reactor system overpressure control will be provided by the safety relief valves.  The RCIC system utilizes containment isolation valves powered from Division 2 power sources.  In the event of a fire which disables the Division 2 power sources and associated control circuits to these valves, the Low Pressure Core Spray System (LPCS) would provide reactor coolant inventory control.


For shutdown utilizing RCIC, depressurization is provided initially by steam discharge to the RCIC system.  Reactor coolant inventory will be controlled by the RCIC.  As the level is restored, shutdown will proceed by operation of the relief valves to reduce reactor system pressure and temperature until RCIC cut‑off.  If LPCS is utilized for inventory control, depressurization is provided initially by the Automatic Depressurization System/Safety Relief Valves (ADS/SRV).  The ADS/SRVs will be manually controlled by the operator, if automatic functioning has not yet taken place, to depressurize the reactor coolant system to LPCS cut in.


During the depressurization process, the suppression pool cooling mode of RHR could be initiated to control suppression pool temperature.  At approximately 135 psig, the shutdown cooling mode of RHR would be initiated, thereby achieving cold shutdown.  Extended core cooling (decay heat removal) is provided by either the shutdown cooling mode of RHR or the alternate shutdown cooling path for the vessel through the ADS/SRV valves.


Except as noted above, Method A utilizes Division 1 components and circuits.  The support system utilized will be the train that is powered from Division 1 sources.  Also included are non‑divisional circuits which have been analyzed as affecting safe shutdown to associated circuit concerns.


Method B


Method B utilizes systems power from Division 2 power sources.  For reactor shutdown, Method B will utilize Outputs B and D of the Reactor Protection (RPS) and the control rod drive system.  These systems will be backed by the ability of the operator to manually scram and initiate safe shutdown systems.  In terms of <10 CFR 50, Appendix R>, Section III L requirements, reactivity control is provided by the RPS and the control rod drive system.


For depressurization and initial core cooling, Method B will utilize a combination of the Automatic Depressurization System (ADS) and the Low Pressure Coolant Injection (LPCI) system.  The ADS will be manually controlled by the operator, if automatic functioning has not yet taken place, to depressurize the reactor coolant system to LPCI cut in.  Train “C” of RHR will be utilized in the LPCI mode to restore reactor water level.  During the depressurization process as level is restored, suppression pool cooling from Train “B” or RHR could be initiated to control suppression pool temperature.  For some fire scenarios, which 


disable the Division 2 power and associated control circuits for LPCI components, the Train “B” of RHR is utilized for combined reactor inventory control and suppression pool cooling path.


As cooldown proceeds, the shutdown cooling mode of RHR would be initiated, thereby achieving cold shutdown.  Extended core cooling (decay heat removal) is provided by either the shutdown cooling mode of RHR or the alternate shutdown cooling path for the vessel through the ADS valves.


The support systems utilized will be the train that is powered from Division 2 sources.  The Method B systems depend on either Division 2 power sources or non‑divisional power sources.  Loss of non‑divisional sources will result in the respective components failing to a safe position.


Method B utilizes Division 2 components and circuits.  The support systems utilized will be the train that is powered from Division 1 sources.  Also included are non‑divisional circuits which can affect safe shutdown due to associated circuit concerns.
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DEVIATION TO <10 CFR 50, APPENDIX R>


SECTION III F, AUTOMATIC FIRE


DETECTION FOR PNPP


<10 CFR 50, Appendix R>, Item III F states the requirement for provision of automatic fire detection systems in all areas that contain or present an exposure fire hazard to safe shutdown or safety‑related equipment or components.  In view of this requirement, CEI has identified all of the areas not presently committed to a detection system that fall in this category.  Currently, existing systems provide early warning detection for many of these areas.  Also identified were areas where partial detection coverage was provided.


During our evaluation of the Unit 1 areas affected by this requirement, we have identified some areas in which the fire loading and/or the potential of an uncontrolled fire is so low that the addition of a fire detection system would not significantly increase the level of fire safety.


HVAC system detectors are designed and UL listed to function in the high air velocities present in duct installations, and are arranged to give reasonable assurance that a fire would be detected in a timely manner.


Manual hose stations and portable fire extinguishers are provided throughout all areas of the plant.


In addition, fixed suppression systems have been installed over areas or portions of areas with significant combustible loading or fire hazards.


1.
Fire Area 1AB‑1a



This area contains process and auxiliary components for the Low Pressure Core Spray (LPCS) System.  These components consist of Safety Class 2 piping, a Safety Class 3 HVAC unit and the safety‑related circuits in conduit associated with the independent HVAC unit provided for the LPCS system.  This fire area is separated from other areas of the building by fire barriers having a 3 hour fire resistance rating.  The fire loading in this room 



is extremely low, approximately 13,000 Btu/ft2.  The safety‑related equipment in the room is associated with the LPCS system and is not required for normal plant shutdown.  The entire function of the LPCS system could be completed by the RHR system which is located in a separate fire area.



Smoke detectors are provided in the common duct of the supply fans and on the common ductwork on the discharge of the exhaust fans.  Upon detection of smoke, these detectors will actuate an alarm in the control room and illuminate the alarm light on the local HVAC control panel.



In addition to the HVAC system smoke detectors already mentioned, this area has thermal sensor protection which alarms on high temperature conditions.



Therefore, because of the extremely low fire loading, a fire severity of less than 15 minutes, the fire rated enclosure, the type of equipment (piping, HVAC unit and wiring in conduit) in the area, and the fire detection and protection already provided, we do not believe that a separate fire detection system is warranted.


2.
Fire Area 1AB‑1d



This fire area contains process and auxiliary components for the Residual Heat Removal (RHR) “C” System.  These components consist of Class 3 piping and safety‑related circuits in conduit associated with the independent HVAC unit provided for the RHR “C” pump.  This fire area is separated from other areas of the building by fire barriers having a 3 hour fire resistance rating.  The fire loading in this area is low, approximately 25,000 Btu/ft2.



The safety‑related equipment in this room is associated with the RHR “C” system.  The entire function of this system could be completed by the RHR “A” or RHR “B” systems which are located in separate fire areas.



Equipment in this Fire Area is required for safe shutdown in the event of a fire in the Division 1 systems.



Smoke detectors are provided in the common duct of the supply fans and on the common ductwork on the discharge of the exhaust fans.  Upon detection of smoke, these detectors will actuate an alarm in the control room and illuminate the alarm light on the local HVAC control panel.



In addition to the HVAC smoke detection already mentioned, this area has thermal sensor protection which alarms on high temperature conditions.



Therefore, because of the very low fire loading, a fire severity of less than 20 minutes, the fire rated enclosure, the type of equipment (piping, HVAC unit and wiring in conduit) in the area, and the fire detection and protection already provided, we do not believe that a separate fire detection system is warranted.


3.
Fire Area 1AB‑1f



This area contains process and auxiliary components for the High Pressure Core Spray (HPCS) System.  These components consist of safety‑related circuits in conduit associated with the independent HVAC unit, Safety Class 2 piping and safety‑related Division 3 instrumentation.  There is no safe shutdown equipment located in this fire area.  This fire area is separated from other areas of



the building by fire barriers having a three‑hour fire resistance rating.  The fire loading in this room is very low, approximately 22,000 Btu/ft2.



The safety‑related equipment in this room is associated with the HPCS system and is not needed for normal plant shutdown.  The entire function of the HPCS system could be completed by the RCIC system which is located in a separate fire area.



Smoke detectors are provided in the common duct of the supply fans and on the common ductwork on the discharge of the exhaust fans.  Upon detection of smoke, these detectors will actuate an alarm in the control room and illuminate the alarm light on the local HVAC control panel.



In addition to the HVAC smoke detection already mentioned, this area has thermal sensor protection which alarms on high temperature conditions.



Therefore, because of the very low fire loading, a fire severity of approximately 20 minutes, the fire rated enclosure, the type of equipment (piping, HVAC unit and wiring in conduit) in the area, and the fire detection and protection already provided, we do not believe that a separate fire detection system is warranted.


4.
Fire Zone IB‑1



This fire zone contains equipment for the liquid radwaste, service air, fuel pool cooling and cleanup, and the reactor building chilled water systems.  This equipment includes safety‑related ductwork, cable trays, wiring in conduit, and Safety Class 3 pipe.  There is no safe shutdown equipment located in this area.  This fire zone is separated from other areas of the building by fire barriers having a 3 hour fire resistance rating, with the



exception of the rattle space at each reactor building interface which is not sealed.  The fire loading in the zone is extremely low, approximately 16,000 Btu/ft2.



The safety‑related equipment in this area is not needed for normal plant shutdown.



Fire detectors have been provided over portions of this zone which contain safety‑related equipment.  This covers about 60‑70% of the total zone area and represents coverage of significant fire potential.  Combustible cabling is in conduit throughout the area.  Portions of the area without detection include the pipe chase and hallway.



Because of the very low fire loading, a fire severity of approximately 15 minutes, the fire rated enclosure, the type of equipment (ductwork, wiring in conduit and piping) in the area, and the fire detection and protection already provided, we do not believe that a zone wide fire detection system is required.


5.
Fire Zone IB‑5



This zone contains ventilation equipment for the intermediate and the fuel handling building.  This equipment includes safety‑related Division 1 and Division 2 instrumentation, motor control center and HVAC ductwork.  No safe shutdown equipment is located in this area.  This fire zone is separated from other areas of the building by fire barriers having a three‑hour fire resistance rating with the exception of the rattle space at the reactor building interface which is not sealed.  The fire loading in the room is extremely low, approximately 12,000 Btu/ft2.



The safety‑related equipment in this area is not needed for normal plant shutdown.



Fire detection has been provided over the safety‑related cable trays between column IB‑1 and IB‑2, inside the charcoal filter plenums and in the plenum rooms.  This provides detection coverage over the significant combustibles in this zone.



Therefore, because of the very low fire loading, a fire severity of less than 15 minutes, the fire rated enclosure, the type of equipment (ductwork, combustible cables, wiring in conduit, and piping) in the area, and the fire detection already provided, we do not believe that area wide fire detection system is warranted for this zone.


6.
Steam Tunnel ‑ Unit 1



The steam tunnel houses main steam, feedwater and other major pipes extending from the reactor building.  This area contains redundant safe shutdown valving, safety‑related Division 1, Division 2, Division 3, and Division 4 instrumentation, safety class piping, and safety‑related circuits in conduits.  Negligible combustibles exist in this area.  This fire area is separated from other areas by fire barriers having a three‑hour fire resistance rating with the exception of the turbine building.



The turbine building is open to the north end of the steam tunnel on the 593’ elevation with only a partial missile shield separating the two buildings.  There are limited combustibles within 60 feet of the opening, with the majority of the combustible load in the turbine building located in fire rated cut off rooms or in areas remote from this opening.  The combustible loading in the steam tunnel is at the south end, 40 ft from the common opening, with a fire load of less than 10,000 Btu/ft2.



Therefore, because of the negligible fire loading, the fire rated enclosure, the type of equipment found in the area, a fire severity 



of less than 10 min, and separation from adjacent areas, we do not believe that a separate fire detection system is required.


7.
Turbine Building ‑ Unit 1



The building houses the turbine generator and auxiliary systems.  This area contains safety‑related circuits in conduit, Division 1, Division 2, Division 3, and Division 4 instrumentation and HVAC ductwork.  No safe shutdown equipment is located in this building.  The turbine building is separated from other buildings by fire barriers having a three‑hour fire resistance rating with the exception of the steam tunnel.  The turbine building is open at the north end of the steam tunnel on the 593’ elevation with only a partial missile shield separating the two buildings.  The safety‑related and safe shutdown equipment in the steam tunnel is located at the south and, 60 ft from the common opening.  The significant fire hazards in the turbine building are remote from this opening or are located in the fire rated enclosures.



The major fire hazards located in this area are comprised of the oil required for turbine bearing lubrication and cooling, and oil for the generator hydrogen seals.  These hazards are effectively protected by various fire protection systems including low pressure carbon dioxide systems, wet pipe sprinkler systems (for all areas below the operating floor) and water spray systems for the hydrogen seal oil unit and turbine generator bearings.  With the exception of four pressure transmitters located above Elevation 647’‑6”, all safety‑related ductwork, instrumentation and circuits are located below the operating floor.



Actuation of the suppression system will result in an alarm to the control room.  For the preaction, deluge and CO2 systems, this is initiated by fire detectors throughout protected area.  Portions of the turbine building not provided with suppression systems have a 



very low combustible loading, which is spread out over a large building area.  Most areas have high ceilings, and detectors would not respond to the small fires resulting from the limited fire load.



Therefore, because of the fire detection associated with protection provided for the combustibles in the building, the type of equipment found in the area, and the fire rated enclosure, we do not believe that a separate fire detection system is required.


8.
Auxiliary Boiler Building



The auxiliary boiler building houses the auxiliary boiler, piping and other equipment associated with the auxiliary boiler system.  There is no safe shutdown equipment located in this area.  This area contains safety‑related circuits in conduit, HVAC ductwork and Division 2 & Division 3 instrumentation.  The auxiliary boiler building is separated from other buildings by fire barriers having a three‑hour fire resistance rating.  Combustibles in the area consist of fuel oil and limited combustible cable insulation.  An automatic sprinkler system protects the entire building.



Therefore, because of the fire detection and protection provided for the combustibles in the building, the type of equipment found in the area, and the fire rated enclosure, we do not believe that a separate fire detection system is required.


9.
Heater Bay ‑ Unit 1



The heater bay contains heaters associated with the condensate, feedwater and building heating systems.  This area contains safety‑related Division 2, Division 3 and Division 4 


instrumentation.  There is no safe shutdown equipment located in this area.  The heater bay is separated from other buildings by fire barriers having a three‑hour fire resistance rating.



Combustibles within the heater bay include cable insulation, motor winding insulation and lubricating oil.  Fire suppression equipment for this building consists of a preaction water spray system for the feedwater pump‑turbine lubricating oil area.



Therefore, because of the fire detection and protection provided for the combustibles in the building, the type of equipment found in the area, and the fire rated enclosure, we do not believe that a separate fire detection system is required.


10.
Reactor Building ‑ 1RB‑1a



The annulus, located between the containment vessel steel liner and environmental shield wall, has pipe and electrical cables passing through this area to and from the reactor building to other areas of the plant.  The environmental shield wall has a 3 hour fire resistance rating.  The steel liner is sealed to maintain the containment pressure boundary.  The floor is constructed of reinforced concrete.  Electrical cables are located in the area between 219( and 250( and Elevations 636’‑0” and 660’‑0” with the exception of wiring required for annulus lighting and a power supply for the annulus sump pump.  The electrical cabling that passes through the annulus is enclosed in a Type 304 stainless steel support tube/tray system.  Electrical cables are arranged such that Division 3 and Division 4 cables are separated from Division 2 and Division 3 cables by a minimum of 12 feet.



A majority of the pipe passes straight through this area.  High energy lines are enclosed in guard pipes to prevent annulus pressurization in case of pipe line failure.  Since all 



combustibles (consisting of cables) are located within a stainless steel support system and within a specific area of the annulus, it is not a significant exposure hazard to the pipe penetrations.



Systems that terminate or in some form operate in this area include:




(
The MSIV Leakage Removal System (E32) has been abandoned in place.  The pipe that terminates in this area consists of two 3/4” drain lines, one 3” blower exhaust line, two 4” blower exhaust lines, one 2‑1/2” blowdown line, and one 3” blowdown line.  The piping is capped to maintain boundary integrity.




(
A Penetration Pressurization System (P53) which serves as a testing system which measures leakage rates from penetrations after being pressurized with air.  A 3/4” vacuum line is provided for each personnel airlock to maintain leakage control.  This vacuum line terminates in the annulus.




(
An Integrated Leak Rate Test System (E61) which pressurizes containment and drywell to measure leakage rates from these areas.  Four 3/4” instrument test lines and an 8” pressurization line terminate in the annulus.  These lines are provided for annulus testing.




(
An Annulus Exhaust Gas Treatment System (M15) which maintains a negative pressure in the annulus to ensure that any leakage from containment would pass through this system.




(
A Liquid Radwaste Sump System (G61) serves as a means to remove any liquids that may occur in the annulus area.  The annulus is provided with one 25 gpm sump pump.



There are no process lines which contain combustible or flammable liquids which pass through this area.



The combustible loading for this area is comprised of cable insulation located primarily within the southwest portion of the annulus, with the exception of miscellaneous electrical wiring (as described earlier).  Since the cable is contained within stainless steel support tubes, the fire loading is separated from the annulus area.  If a fire were to occur, originating from the addition of administratively controlled transient combustibles to this area, smoke detectors located in the discharge ducts of the continuously operating area ventilation system would actuate alarms in the control room if smoke is detected.



Therefore, due to the location and encasement of cabling which comprises the fire loading within this area, and the fire detection already provided, we do not believe that a separate fire system is required.


11.
Reactor Building 1RB‑1b Above Elevation 689’‑6”



This area is intended to be used during shutdown as a refueling laydown area.  Safety‑related systems and components located in this area include containment spray system, containment temperature elements and radiation monitors, combustible gas control systems, containment vessel and drywell purge ventilation systems.



Minimal fire loading exists in this area.  Combustibles located in this area consist of approximately 259 lbs of cable insulation, 45 lbs of motor winding insulation, 68.5 gallons of lubricating 



oil, 239 lbs of miscellaneous supplies and 960 lbs of control panel wiring insulation.  This total Btu content of 25,422,000 Btu is contained in the 7,914 ft2 floor area.  Total fire loading for this portion of the Fire Zone is approximately 3,214 Btu/ft2 or a fire severity of less than 5 minutes.



All areas beneath the platform at 689’‑6” are provided with smoke detectors.  Approximately 30% of the area at Elevation 689’‑6” consists of an open refueling pool which poses no fire hazard and acts as a partial fire break between the east and west laydown area.



The reactor building HVAC system design consists of six air handling units, three located on the west at Elevation 664’‑7” and three located on the east at Elevation 642’‑0”.  Each of these systems is designed to draw the return air directly into the unit without the use of ductwork.  Additionally, supply air is circulated above the operating floor at 712’‑3” and 742’‑0” elevations.  This design causes air circulation above the 689’‑6” to be drawn down to the lower elevations where the air handling units are located.  If a fire occurred above the 689’‑6” elevation, due to the large amount of open grating that makes up this platform, smoke would pass through the grating by the natural air circulation, where detectors mounted on the underside of the 689’‑6” and 664’‑7” platforms would detect a fire.



Therefore, because of the extremely low fire loading, a fire severity of less than 5 minutes, the type of equipment in the area, and the fire detection and protection already provided, we do not believe that a separate fire detection system is required.


12.
Fire Area CC‑STW



This area consists of the stair tower in the northwest corner of the control complex.  The stair tower contains safe shutdown circuits inside metal conduit at the 599’ Elevation.  There are no other combustibles in this area.  The combustible load is minimal.  With the 100 ft elevation difference between these cables and the top of the stair tower, detection of a fire would be ineffective.  Fire severity is less than 5 minutes.  Due to the extremely low fire loading, severity detection is not warranted in this area.


13.
Radwaste Building



The radwaste building houses equipment used in the storage and processing of liquid and solid radioactive waste.



Barriers separating adjacent buildings have 3 hour fire resistance ratings.



There is no safe shutdown equipment located in the radwaste building.



Fire detection equipment for this building consists of smoke detectors for the radwaste control room.  Heat detection is provided within the charcoal filters.



The major combustibles within the radwaste building are due to chemical storage, radwaste storage, cable, and charcoal.  A conservative estimate of these combustibles results in a low fire loading for the entire building.  The radwaste storage area which comprises the highest combustible load is protected by a wet sprinkler system.  The charcoal is contained in the filter plenums and is protected by a manual actuated deluge system.



The remaining areas have resins which are of a wet, noncombustible type and other noncombustible contents.



Actuation of the wet sprinkler system would alarm in the control room.  This, along with detectors in the control room and charcoal filters provide detection capabilities in all areas with combustibles.



Due to the existing detection capabilities and extremely low combustible loading in other areas, we do not believe that additional detection is warranted.


14.
Fire Area 1CC‑638/654



Fire Area 1CC‑638/654 is shown on <Figure 9A‑15>.  It consists of the elevator vestibule area at 638’‑6” elevation, adjacent to the northwest stairwell in the control complex.  The west wall is reinforced concrete, and the remaining walls are drywall.  Walls, floor and ceiling are 3 hour rated.  Doors are Class A, except for the Class B elevator door.



Safe shutdown equipment consists of nonsafety circuits which can affect safe shutdown.



Fire suppression equipment consists of water and CO2 hose stations, and fire extinguishers, located in adjacent fire areas.



Combustibles in this fire area consist of cable insulation, totaling 2,503 lbs, and having a Btu content of 25,030,000 Btu.  This material is located in three cable trays located at the north end.  Combustibles contained within the 445 ft2 floor area, yields a fire loading of 56,248 Btu/ft2 for this fire area.  The overall fire loading is not significant and does not present an exposure to 



other areas.  There are no ignition sources in the area.  Therefore, for these reasons, a separate fire detection system is not warranted.


Conclusion


Based on our evaluation, we conclude that the installation of fire detectors in the subject fire zones or areas would not significantly increase the level of fire safety for the safe operation of Perry Nuclear Power Plant, Unit 1.  Therefore, we respectfully request a deviation from <10 CFR 50, Appendix R>, Section III F for the above zones or areas.


Deviations to <10 CFR 50, Appendix R>,


Section III G, Fire Protection of


Safe Shutdown Capability for PNPP


Building ‑ Control Complex


Elevation 574’10”



Fire Zone



FPER Drawing



CC‑1a



<Figure 9A-6>



CC‑1b



CC‑1c


Deviations


Redundant safe shutdown components and circuits exist in the fire area and also within each zone composing the fire area.  Cables of one or both divisions are wrapped so that exposed circuits of redundant divisions are separated by more than 20 ft with no intervening combustibles.  However, the wrap does not extend to the fire area barriers.


There are five cases where components of one train of safe shutdown equipment cannot be separated from components and circuits of the other division by the required 20 ft.  To protect these components, additional suppression in the form of fast response sprinkler heads will be provided directly over these components and the intervening area.


In addition, suppression will be provided in the area over the safe shutdown systems, approximately 45% of the total floor area.  The remaining portions of this fire area have very low combustible loading and do not expose safe shutdown systems.


A.
Area Description ‑



Zone

Floor Area
Ceiling Height

 Volume



CC‑1a
   2,948


23’6”

 69,278



CC‑1b
   2,192


23’6”

 51,512



CC‑1c
  13,632


23’6”

320,352






Supply
Recirculation
Exhaust
No. of Registers



Ventilation
_cfm_
_____cfm_____
__cfm__
_Supply & Return



CC‑1a

11,000

11,000
    0

10



CC‑1b

11,000

11,000
    0

10



CC‑1c

10,000

 8,000
2,000

 5



This fire area is bounded on the north by the radwaste building, on the east by the intermediate building, and is below grade on the west and south with no building interfaces.  Boundary walls are constructed of reinforced concrete.  The ceiling is reinforced concrete over steel deck with 3 hour protected frame.



This fire area is divided into three fire zones.  Fire Zones CC‑1a and CC‑1b are separated by a non‑continuous 3 hour design gypsum fire wall and are open to Zone CC‑1c at the north.  Zone CC‑1b is also open to CC‑1c at the west boundary.  Fire Zone CC‑1c comprises the remainder of the fire area and houses the control complex water chillers and nonsafety‑related service and instrumentation air system components.  Each redundant control complex chiller is separated by a non‑continuous 3 hour rated reinforced concrete fire wall.  The only doorway to an adjacent building is to the intermediate building from Fire Zone CC‑1a, and is equipped with a Class A fire door.



The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The floor is 3 hour fire rated, the ceiling is only 2 hour fire rated because the rebar cover thickness of 1‑1/4” is not uniform throughout, though at least 1” in all places.



It is judged that because of the concrete construction and the presence of a suppression system, the ceiling of this area provides an equivalent level of fire protection as specified in <10 CFR 50, Appendix R>, Section III G.2 and no interactions between the first and second levels of the Control Complex will be assumed.



Ventilation air for this fire area is supplied by one of the redundant HVAC units serving the controlled access area located in the HVAC equipment room.  The ducts supplying the air penetrate the ceiling of Fire Zone CC‑1c and are provided with 3 hour rated fire dampers.  During an emergency, or whenever the emergency closed cooling pumps are actuated, the corresponding air handling unit at Elevation 587’0” is automatically started and provides cooling by recirculating the air in the zone.


B.
Safe Shutdown Capabilities



Zone 1CC‑1a contains circuits for Method A and components and circuits for Method B.  Zones 1CC‑1b & 1c contain components and circuits for both Methods A and B.    The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in zones CC‑1a, CC‑1b and CC‑1c.

Deleted


Deleted



The larger area, comprised of Fire Zones CC‑a, CC‑b and CC‑c contains both Method A and B components and circuits.  The partial 3 hour wall, dividing Zones CC‑1a from CC‑1b, provides a separation distance of at least 40 ft between Method A and B components and cables within each zone.  There is no continuity of combustibles between these zones.  The suppression, detection and partial barrier provide adequate separation of components and circuits of the redundant system on the opposite side of the barrier.



Zone CC‑1a contains Method B components and circuits and Method A circuits.  Raceways for Method A circuits in this zone are protected with a 1 hour wrap on a path from the penetration entering the zone at ceiling level to the barrier at CC‑4.  This includes Raceways 106, 609 and 1655.



There are redundant instruments located within 20 ft of each other along the east wall of the area, with Method A (1P45N252, 1P45N051A) in Zone CC‑1c and the redundant Method B (1P45N051B) component in Zone CC‑1a.  These instruments are separated by 10 ft.  There are no in situ combustibles in the intervening area that could expose the redundant instruments.  Additional protection in the form of fast response heads are installed over these instruments to provide quick extinguishment of any fire due to transient combustibles.  In the event that a fire disables the Division 1 (Method A) flow transmitters for remote indication of emergency service water flow through the 1A ECC heat exchanger, alternative means of verifying flow would be available.



Zone CC‑1b contains Method A components and circuits and Method B circuits.  There are also two Method B components in this zone.  Method B Emergency Closed Cooling pump discharge flow instrument (1P42N041B) has Raceway 1R33R2159B wrapped from Tray 1083 to the instrument.  Method B circuits are contained in Trays 255, 1308 and 1803, which are wrapped from the barrier at CC‑4 to the tray termination or the zone boundary column line at CC‑C.  In addition fast response type sprinkler heads provide coverage for the area immediately around the location.



The cable wrap is all 1 hour wrap.  The wrap as described above results in Method A cables needed for safe shutdown being protected by 1 hour wrap in Zone CC‑1a and north of Column Line CC‑D in Zones CC‑1b and CC‑1c.  Method B circuits are protected by a 1 hour wrap south of Column Line CC‑C in Zones CC‑1b and CC‑1c.  This arrangement provides 20 ft separation of Method A and B circuits from redundant equipment within the area even though the wrap does not extend barrier to barrier.


C.
Fire Protection 



Fire Detection Systems:  Smoke detectors provided throughout area.



Fire Extinguishing Systems:  A wet sprinkler system is provided throughout Zone CC‑1a.  Partial coverage is provided in CC‑1b and CC‑1c to cover areas between Column Line CC‑3 to 4 and CC‑C to E and in Columns Lines CC‑2 to 3 and CC‑B to E.  In addition, fast response type heads are provided over and between redundant components which cannot be separated by 20 ft or wrapped.




‑
Hose stations:

Yes




‑
Extinguishers:

Yes




‑
1 hour Cable wrap:
Yes



For cases where redundant components do not have adequate separation, special protection is provided in the form of fast response type sprinkler heads located within 6‑8 ft of the components and covering the surrounding area.  These are in addition to the overhead protection.  Although there are no onsite combustibles in the area of the components, fires involving transient combustibles located close to these components could cause temperatures to exceed that which the component can tolerate before ceiling level sprinklers can operate.  The fast response heads will provide rapid extinguishment of a fire in close proximity of the equipment or cooling of the equipment for exposing fires.  The equipment involved is not susceptible to water damage.


D.
Fire Hazard Analysis



Types of combustibles:



Zone CC‑1a



Combustibles within this fire zone consist primarily of cable insulation, raceway fire barrier material, and pump motor winding insulation.  Most of the cable insulation is located in the middle of the zone.  Total fire loading contained in the 3,082 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.



Zone CC‑1b



Combustibles within this fire zone consist primarily of cable insulation, raceway fire barrier material, panel combustibles, motor winding insulation, and lubricating oil.  Total fire loading contained in the 2,192 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.



Combustibles within this zone consist primarily of cable insulation, raceway fire barrier material, motor winding insulation, lubricating oil, panel combustibles and combustible materials in maintenance shop and office area (i.e., electrical equipment, supplies and tools).  Total fire loading contained in the 13,632 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



In both Zones CC‑1a and CC‑1b, the combustibles are almost all located in the south half of the zone, over 30 ft from the common opening into Zone CC‑1c to the north and the safe shutdown instruments along the east wall of fire zone CC‑1b.



Within Zone CC‑1c, combustibles in portions containing safe shutdown equipment consist mainly of lubricating oil, cable in conduit and panels.  In the area immediately around redundant valves, the combustibles are mostly cables in steel conduit.  Sprinkler protection will be provided over this portion.



The remaining areas of Zone CC‑1c contain a run of cable trays near the east and north walls, and some compressor motors.  Overall combustible loading is extremely low and does not present an exposure to safety‑related and safe shutdown equipment.  Therefore, suppression is not warranted in these portions of the zone.



‑
Ease of ignition & propagation:
Low



‑
Heat release rate potential:

Moderate



‑
Suppression damage to equipment:  No automatic suppression damage expected since equipment not susceptible to water damage



‑
Area continuously manned:

No



‑
Traffic:





Low



‑
Accessibility:




Yes


Conclusion


Although a single division of circuits is not wrapped throughout the area, the protection of safe shutdown circuits with a 1 hour wrap has been arranged so that at least one method of shutdown will be available given a fire in any part of the area.  Greater than 20 ft separation with no intervening combustibles has been achieved.


The suppression systems provide adequate coverage for protection of redundant trains of safe shutdown components and circuits given the low combustible loading in the remaining area.


Redundant components separated by less than 20 ft will be able to function in the event of fire due to the quick response and cooling effect of the rapid response sprinkler heads.  Therefore, safe shutdown can be achieved.


Building ‑ Control complex


Elevation 599’



Fire Zone



FPER Drawing



CC‑2a



<Figure 9A‑7>



CC‑2b



CC‑2c


Deviation


The fire area composed of Zones CC‑2a, CC‑2b and CC‑2c have both Method A and B safe shutdown circuits separated by less than 20 ft in some portions of the area.  One hour cable wrap has been provided to protect one division of circuits from the redundant division by wrapping parts of the cable raceways that are less than 20 ft from the redundant raceways.  The wrap does not extend barrier to barrier.  Due to potential problems with cable derating, it was necessary to protect different methods in Zone CC‑2a and CC‑2b.


A.
Area Description



Zone

Floor Area
Ceiling Height

Volume



CC‑2a
6,072 sq ft

20’


12,144 cu ft



CC‑2b
6,370 sq ft

20’


12,740 cu ft



CC‑2c
6,370 sq ft

20’


12,740 cu ft



This fire area is bounded on the north by the radwaste building, on the east by the intermediate building, on the south by the service building, and is below grade on the west and south with no building interfaces.  All walls are constructed of reinforced concrete.  The area is also bounded by Fire Area CC‑STW, the stairwell in the northwest corner of the control complex.  The stairwell is 3 hour rated with Class A fire doors.



The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  The ceiling is 3 hour fire rated, but the floor is only 2 hour rated because the rebar cover thickness of 1‑1/4” is not uniform throughout, though at least 1” in all places.



It is judged that because of the concrete construction and the presence of a suppression system, the floor of this area provides an equivalent level of fire protection as specified in <10 CFR 50, Appendix R>, Section III G.2 and no interactions between the first and second levels of the control complex will be assumed.



Fire Zone:  CC‑2a



Fire Zone CC‑2a is located in the eastern portion of the second level (Elevation 599’‑0”) of the control complex.  This zone houses miscellaneous mechanical equipment common to Unit 1 and Unit 2, and Division 1 and Division 2 power and control cables for both units.



The north, east and south walls are constructed of reinforced concrete; the west wall, which borders Zones CC‑2b and CC‑2c, is constructed of drywall.  Walls and ceilings have a 3 hour rating, except for the center corridor walls which have only a 2 hour rating.  Penetrations are sealed to at least the rating of the respective wall, floor or ceiling.



Ventilation is supplied through a ductwork system that passes through the vertical cable chases.  Duct penetrations are protected with 3 hour rated fire dampers with standard 160(F fusible links.



Floor drains are provided for this fire zone.  Access to the zone is through Class A fire doors from the intermediate building and Class B fire doors from the center corridor.



Fire Zone:  CC‑2b



Fire Zone CC‑2b is the northwest portion of the second floor level (Elevation 599’‑0”) of the control complex.  It houses general offices and laboratories common to Unit 1 and Unit 2.



The north and west walls are 3 hour fire rated reinforced concrete.  The east and south walls, which border Zones CC‑2a and CC‑2c respectively, are 2 hour fire rated drywall construction with Class B doorways.  Penetrations are sealed to at least the fire rating of the respective wall, floor or ceiling.  The elevator along the western wall has only a Class B door, which is either a 1‑1/2 or 1 hour rating.  A noncombustible suspended ceiling is provided at the 10 ft level.



Ventilation is supplied through a ductwork system that passes through the vertical cable chases.  Duct penetrations are protected with 3 hour rated fire dampers with standard 160(F fusible links.



Floor drains are provided for this fire zone.



Fire Zone:  CC‑2c



Fire Zone CC‑2c is the southwest portion of the second floor level (Elevation 599’‑0”) of the Control Complex.  It houses general offices and laboratories common to Unit 1 and Unit 2.



The north and west walls are 3 hour fire rated reinforced concrete.  The east and north walls, which border Zones CC‑2a and CC‑2b respectively, are 2 hour fire rated drywall construction with Class B doorways.  Penetrations are sealed to at least the fire rating of the respective wall, floor or ceiling.  The elevator



along the western wall has only a Class B door, which is a 1‑1/2 or 1 hour rating.  A noncombustible suspended ceiling is provided at the 10 ft level.



Ventilation is supplied through a ductwork system that passes through the vertical cable chases.  Duct penetrations are protected with 3 hour rated fire dampers with standard 160(F fusible links.



Floor drains are provided for this fire zone.


B.
Safe Shutdown Capabilities



There are no safe shutdown components in the fire area; however, both Method A and B circuits are in Zones CC‑2a and CC‑2b.  Zone CC‑2c contains no safe shutdown circuits for Unit 1.



Fire Zone:  CC‑2a



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in zone CC‑2a.



The nonsafety circuits of shutdown Method B in this zone provides power to the MSIVs.  Loss of power would cause these valves to go to their safe position.  These circuits, therefore, do not have to be protected.



The RHR drain to Radwaste Valve, 1E12‑F040, Method A & B, is only needed for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  This operation is included in the plant procedures.



Method A and Method B circuits are found in this zone.  Where the circuit for both Methods are within 20 feet of each other, the Method B raceways are wrapped with a one‑hour fire rated barrier.  Together with the installed automatic suppression system, this raceway wrap provides acceptable protection such that safe shutdown utilizing Method A will be ensured.  The following raceways are wrapped from Column Line CC/D to CC/B:
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290





268


291





269


1308





270


1803



Fire Zone:  CC‑2b



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in zone CC‑2b.



Method A and Method B circuits are found in this zone.  Where the circuits for both Methods are within 20 feet of each other, the Method A raceways and conduits are wrapped with a one hour fire rated barrier, so that safe shutdown utilizing Method A will be ensured.  The following conduits and raceways are wrapped throughout the zone:
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126








1R22H4A

1R33H1A



These are located between Column Lines CC‑1 and CC‑2.  For the larger fire area composed of Zones CC‑2a, CC‑2b and CC‑2c, any raceways for one train of safe shutdown that are not protected by a 1 hour wrap are separated by more than 20 ft from raceways of 



the redundant train that are not protected by a 1 hour wrap.  Therefore, separation of more than 20 ft between safe shutdown circuits is achieved.


C.
Fire Hazards Analysis



Type of combustibles:



Zone CC‑2a



The combustibles contained in this fire zone consist primarily of cable insulation, electrical panels, motor windings, raceway fire barrier material and combustible material storage.  Total fire loading contained in the 6,072 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Zone CC‑2b



Combustibles contained within this fire zone consist primarily of cable insulation, raceway fire barrier material, and combustible material storage.  Total fire loading contained in the 6,370 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Zone CC‑2c



Combustibles contained within this fire zone consist primarily of cable insulation, charcoal, and miscellaneous combustibles and material storage.  Total fire loading contained in the 6,370 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Ease of ignition and propagation ‑ Low due to partioning.



Heat release potential ‑ Low.



Suppression damage to equipment ‑ Safety‑related equipment in area is not susceptible to water damage.  Safe shutdown equipment consists of cables only.



Area continuously manned
  ‑
No



Traffic



  ‑
High



Fire fighting accessibility ‑
Yes



Redundant raceways, which are not protected by a 1 hour wrap run east to west in the north half of the areas.  The tray runs are separated by 30‑40 ft.  Intervening combustibles, in the form of cable trays running parallel to the redundant divisions, are located near the north side.  However, there is more than 20 ft between the intervening combustibles and the redundant tray to the south.  Combustibles in this 20 ft space consists of some conduits and a few circuits in the protected space above the suspended ceiling.  The fire load could not propagate fire from one division to the redundant division.  The occupancy below the suspended ceiling is office and locker rooms.  The low combustible loading along with partitioning and suppression would prevent a fire from spreading to both divisions of safe shutdown cables.


D.
Fire Protection



Fire Detection Systems ‑ Fire detection system provided throughout area, above heat detections also provided in charcoal filters and below ceiling.



Fire Extinguishing System ‑ Wet type sprinkler provided throughout area above and below ceiling except hallway.



Hose stations ‑ Yes, coverage throughout area.



Extinguishers ‑ Yes, provided throughout area.



Cable wrapping ‑ Raceways containing method circuits required for safe shutdown are protected by a 1 hour wrap.


Conclusion


At least one train of safe shutdown equipment will be protected from fire damage by distance separation or 1 hour wrap given a postulated fire within any part of the fire area.  Therefore, an equivalent level of protection as described in <10 CFR 50, Appendix R> III G.2 is provided.


Building ‑ Control Complex


Elevation 620’6”



Fire Zone



FPER Drawing



1CC‑3e



<Figure 9A-11>


Deviation


Redundant safe shutdown related cable trays existing in the elevator and stairwell vestibule have the divisional separation recommendation by <10 CFR 50, Appendix R>, Section III G.  However, automatic suppression is not provided.


A.
Area Description



Area 1CC‑3e



Floor Area

Ceiling Height

Volume



816 ft2



17’6”

14,280 ft3


Ventilation



Fire

Supply
Recirculation
Max Exhaust
 No. of Supply/



Zone

_cfm__
_____cfm_____
____cfm____
Return Registers



Elev.
  0


  0


0


  0



Stairwell/  0


  0


0


  0



Fire Area 1CC‑3e is shown on <Figure 9A‑11> and consists of the access corridor at the west side of the Unit 1 Control Complex.  This area is bounded on the east by Fire Areas 1CC‑3a and 1CC‑3c, on the north by the access stair, on the south by the control complex elevator shaft, and on the west by the diesel generator building.



All walls of this area are constructed of drywall except for the west wall which is reinforced concrete.  Doors to the stair, elevator and rooms are Class A fire doors.  The east wall is a bullet resistant design with at least 1 hour 45 minutes fire resistance.



The floor and ceiling are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls, floor and ceiling have a 3 hour fire resistance rating.  All penetrations have 3 hour fire rated seals.


B.
Safe Shutdown Capabilities



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Area 1CC‑3e.



This area contains Method A and B safe shutdown circuits.


Division 1 raceways containing Method A safe shutdown circuits are 109, 612 and 1657.  These are wrapped in a 1 hour fire rated barrier.



The remaining Method A raceways contain circuits for the control room HVAC system.  Loss of these circuits in the control room HVAC system would result in the dampers failing to a safe position.  Therefore, these circuits need not be protected.


C.
Fire Protection 



Fire Detection Systems ‑ Yes, throughout area



Fire Extinguishing System ‑ No



Hose stations ‑ Yes, provided in stairwell adjacent to zone



Extinguishers ‑ Yes, provided in stairwell



Cable Wrapping ‑ Division 1 raceways which contain circuits required for Method A safe shutdown systems are wrapped in a 1 hour barrier.


D.
Fire Hazard Analysis



The primary combustible contained within this fire area consists of cable insulation.  This is contained within a floor area of 320 ft2, which yields a fire loading of less than 40,000 Btu/ft2 for this fire area.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑ Moderate



Suppression damage to equipment  ‑ No automatic suppression system provided.  Hose only.  Cables not susceptible to damage.



Area continuously manned
  ‑
No



Traffic



  ‑
Med.



Fire fighting accessibility ‑
Yes


Conclusion


A smoke detection system is provided for the elevator and stairwell vestibule.  Also, a 1 hour cable tray wrap is provided for Division 1 safe shutdown related cable trays.  This fire protection arrangement does not fully meet the recommendations of <10 CFR 50, Appendix R>, Section III G, however, the protection provided is justified considering the low combustible loading (under 30 minutes), the absence of concentration of in situ combustibles and the 25 foot separation of the redundant cable trays of safe shutdown related cable.  This area also has a lack of transient storage capability, since the area must be kept clear to avoid impending pedestrian movement.  Therefore, the addition of automatic suppression is not warranted.


Building ‑ Control complex


Elevation 679’6”



Fire Zone



FPER Drawing



1CC‑6



<Figure 9A-19>


Deviation


This area contains circuits for redundant trains of safe shutdown equipment.  A 1 hour wrap and detection is provided but there is no automatic suppression system in the area.


A.
Area Description



Area 1CC‑6



Floor Area

Ceiling Height

Volume



8,251 ft2



27’8”

227,728 ft3


Mechanical ventilation is not provided in this area.



Fire Area 1CC‑6 is shown on <Figure 9A‑19>.  It is located at Elevation 679’‑6” above the Unit 1 control room.  The ceiling is at the control complex roof elevation of 707’‑2”.  It is bounded on the south and west by outside walls, on the south by Fire Area 2CC‑6, and on the east by Fire Areas 1CC‑4b, 1CC‑4f (cable chases) and CC‑6.



The north and west walls of this area are constructed of reinforced concrete.  South and east walls are constructed of drywall.  Doorways are equipped with Class A fire doors.  Floor and ceiling (roof) are constructed of reinforced concrete over steel form deck and 3 hour protected framing.  Walls, floor and ceiling have 3 hour



fire resistance ratings or 3 hour design.  Wall and floor penetrations have 3 hour fire rated seals.  Floor drains are provided for this fire area.



There is extensive supply and return ductwork in this Fire Area, including transfer grilles in the wall separating Fire Areas 1CC‑6 and 2CC‑6.  Duct penetrations are provided with 3 hour fire dampers.


B.
Safe Shutdown Capabilities



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Area 1CC‑6.



This area contains circuits and components needed for Method B of safe shutdown and circuits needed for Method A.


Deleted

Deleted



Fire Area 1CC‑6 contains Method B components and circuits and Method A circuits.  The Method A circuits needed for safe shutdown are protected with a 1 hour wrap so that shutdown could be achieved for a fire in this area.



Various listed nonsafety circuits supply power to HVAC components.  These components fail to safe position on loss of power.  The following Method A power circuits, therefore, do not need protection:







Method A







1R25B131X







1R25B378X







1R25B379X



The following circuits are associated with Method A.  Protection is not required since potential spurious actions do not affect Method A System operation.







1M24C14X

1M25C37A

1R33C2463A







1M24C15X

1R33C3276A



Division 1 safety‑related circuits required for safe shutdown Method A are located in the following raceways:







135


1R33C5460X







625







1696



These raceways are wrapped in a 1 hour wrap throughout the area.


C.
Fire Protection



Fire Detection Systems ‑ Fire detection system provided throughout area.  Heat detections also provided in charcoal filters.



Fire Extinguishing System ‑ Manually activated deluge systems are provided over the charcoal filters.



Hose stations ‑ Yes, inside area.



Extinguishers ‑ Yes, inside area.



Cable wrapping ‑ Raceways containing Method A circuits required for safe shutdown are protected by a 1 hour wrap.


D.
Fire Hazards Analysis



Type of combustibles



Combustibles within this area consist primarily of cable insulation, electrical panels, charcoal, raceway fire barrier material and motor windings.  Total fire loading contained in the 8,251 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



Ease of ignition and propagation ‑ Moderate



Heat release potential

   ‑ Moderate


Suppression damage to equipment ‑ No area wide suppression, hoses only, no damage potential.  Manual suppression in charcoal filters would affect safety‑related function but redundant filters available in another area.



Area continuously manned   ‑
No



Traffic



  ‑
Low



Fire fighting accessibility ‑
Yes



The charcoal is contained within the filter plenums and is protected.  The cable and other combustibles represent a load which is representative of the area with a fire severity of 6 minutes.


Conclusion


A fixed suppression system is provided for the charcoal filters, which are the only concentrated combustible loads in this area.  The area wide combustible loading is low and this factor combined with high ceilings and large area volume would limit the fire hazard potential.  The 1 hour wrap of redundant circuits required for safety shutdown will provide adequate protection of shutdown capabilities.  Addition of area wide suppression is not warranted for the low fire hazard.


Section 9A.7 G 5


DELETED


Building ‑ Diesel Generator


Elevation 620’6”



Fire Zone



FPER Drawing



DG‑1d



<Figure 9A-11>


Deviation


Redundant safe shutdown related cables exist in Fire Zone DG‑1d and have the divisional separation recommendation by <10 CFR 50, Appendix R>, Section III G.  However, automatic suppression is not provided.


A.
Area Description



Floor Area

Ceiling Height

Volume



1,968 ft2



25’6”

50,184 ft3


Ventilation



Fire

Supply
Recirculation
Max Exhaust
 No. of Supply/



Zone

_cfm__
_____cfm_____
____cfm____
Return Registers



DG‑1d
  0


 0


0


  0



Fire Area DG‑1d serves as a common connecting corridor below the control complex, service building and the diesel generator rooms, thereby providing access to the diesel generators.  The area is bounded on the north by the radwaste building, on east by Fire Areas 1CC‑3 and 2CC‑3 of the control complex, on the south by the service building, and on the west by Fire Areas and 2DG‑1A, 2DG‑1B, 2DG‑1c.



Wall, floor and ceiling construction for this area is of reinforced concrete.  The walls have a 3 hour fire resistance rating.  



Doorways are equipped with Class A fire doors.  Wall penetrations are sealed to provide a 3 hour rating.  Access to this area is through Class A fire doors from the control complex, service building and the diesel generator rooms.


B.
Safe Shutdown Capabilities



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Area DG‑1d.



This area contains Method A and B safe shutdown circuits.


The nonsafety circuit to the control room HVAC supplies power to fan vane controllers.  Loss of power to these controllers causes them to fail in the safe position.  Circuit 1R25B131X supplies nonsafety power to Panel H51‑P177A.  Loss of power to the nonsafety components causes them to fail in a safe position.  Circuit 1R25B131X will not be protected.  No nonsafety circuits need be protected.



Safety‑related Division 2 raceways in this area contain circuits required for Method B safe shutdown systems.  These raceways are  wrapped in a 1 hour fire barrier.




285




1358




1837


C.
Fire Protection 



Fire Detection Systems ‑ Yes



Fire Extinguishing System ‑ No



Hose stations ‑ Yes



Extinguishers – Yes



Cable wrapping ‑ Division 2 raceways which contain circuits required for Method B safe shutdown systems are wrapped in a 1 hour barrier.


D.
Fire Hazard Analysis



The only combustible material in this area is cable insulation.  This insulation, contained within the 1,968 ft2 floor area, yields a fire loading of less than 80,000 Btu/ft2 for this fire area.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑ Moderate



Suppression damage to equipment ‑ No automatic suppression system provided.



Area continuously manned
  ‑ No



Traffic



  ‑ Med.



Fire fighting accessibility – Yes


Conclusion


Fire Area DG‑1d has an area wide fire detection system, convenient access for manual fire fighting, hose stations and 3 hour rated 


boundaries.  No automatic fire suppression systems are provided, however.  The fire load of less than 80,000 Btu/ft2 is considered to be moderate, however, the wrapping of one train of cables reduces this fire load to a lower level.  Therefore, the addition of an automatic fire suppression system would not significantly enhance the level of fire protection for this zone.


Building ‑ Intermediate building



Fire Zone


Elevation


FPER Drawing



IB‑2



599



<Figure 9A-8>



IB‑3



620’6”


<Figure 9A-12>



IB‑4



654’6”


<Figure 9A-16>


Deviation


The floors between Fire Zones within the intermediate building are not complete 3 hour barriers and, therefore, do not provide subdivision for redundant equipment on floors as described in <10 CFR 50, Appendix R>.  Also, suppression is provided over redundant trains within a zone (IB‑3), but is not provided throughout the Fire Area.


A.
Area Description



Zone

Floor Area

Ceiling Height

Area Volume



IB‑1

12,778



24’


306,672



IB‑2

12,778



21’


268,338



IB‑3

10,778



32’


253,883



IB‑4

12,778



28’


357,784



IB‑5

12,778



24’


268,338



The intermediate building is a five‑story building with reinforced concrete walls and floors.  This fire area is divided into five Fire Zones:  Fire Zone IB‑1 is Elevation 574’‑10”; Fire Zone IB‑2 is Elevation 599’‑0”; Fire Zone IB‑3 is Elevation 620’‑6”; Fire Zone IB‑4 is Elevations 654’‑6” and 665’‑0”; Fire Zone IB‑5 is Elevation 682’‑6”.  Each level is separated from others by a reinforced concrete floor with 3 hour fire resistance.  Stairways are protected with 3 hour rated concrete enclosures or 3 hour design gypsum board walls.  Penetrations, door openings and ventilation ducts between zones are protected with an equivalent rating to the barrier.



The intermediate building is considered a Fire Area since each floor communicates via a three‑inch rattle space at the reactor building.  This rattle space is covered by a 1/4‑inch steel cover.  However, it does not qualify as a 3 hour barrier.


B.
Safe Shutdown Capabilities



Redundant Safe Shutdown System components and circuits are described by Fire Zones.



Fire Zones IB‑1 and IB‑5 do not contain safe shutdown equipment or cables.



Fire Zone IB‑2



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone IB‑2.



Circuits for Components 1E12‑C002, 1E12‑F040, 1B21‑F065B are located in this zone.  The circuits for Component 1E12‑C002B, the RHR B pump, provides an interlock from the Division 1 RHR shutdown cooling suction valve.  The interlock logic circuit provides a stop signal to the pump if one of the suction valves for the pump is not available.  Loss of power or signal from these circuits will not stop the pump.  Therefore, only a spurious signal will impact pump operation.  The interlock circuits include signals from the Division 2 suction valves.  The Division 1 supply valve is needed for cold shutdown only.  Therefore, in order to initiate shutdown cooling, the operator would need to isolate the circuit if a spurious signal existed.  Isolation could be provided by a repair to the circuit.  A procedure is available to provide guidance to the operator.


In addition, Valves 1E12‑F040 and 1B21‑F065B are only needed for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  The above operations will be included in the plant procedures.



Thus, damage to the circuits for Method B system located in this zone, would not prevent safe shutdown.  Therefore, these circuits need not be protected in accordance with <10 CFR 50, Appendix R> Section III G.2.



Fire Zone IB‑3



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone IB‑3.



Loss of circuits for RHR Valve 1E12‑F049, CRD Valve 1C11‑F182 and power to Panel 1H22‑P018 would not prevent safe shutdown.  The RHR valve is only needed for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  This operation will be included in the plant procedures.  Loss of the power circuits including the circuit for the CRD valve, will fail components in a safe position.  Therefore, these circuits need not be protected in accordance with <10 CFR 50, Appendix R> Section III G.2.



Because of the spatial separation between the trays containing required Division 1 and Division 2 safe shutdown circuits, low fire exposure hazard presented by the intervening combustibles, and ceiling height in excess of 30 feet, a fire in the corridor area of Fire Zone IB‑3 would not be expected to involve both trains of safe shutdown.  It is judged that the existing fire detection system and automatic and manual fire protection features will provide adequate protection for the redundant trains of safe shutdown equipment in this area.



Fire Zone IB‑4



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone IB‑4.

C.
Fire Protection



Fire Detection Partial Detection IB‑1, IB‑5 complete Detection IB‑2, IB‑3, IB‑4.  Heat detectors also provided within Charcoal Filter Banks IB‑3 and IB‑5.



Fire Extinguishing Systems ‑ Manual deluge system on charcoal filters Fire Zones IB‑3, IB‑5.



Automatic sprinkler system has been installed throughout Zone IB‑2.  Partial sprinklers have been installed over safety‑related cables in Zone IB‑3, between Column IB1 and IB3 and Columns IBA and IBP.  Also, combustible storage areas of IB‑1 have been protected by wet pipe sprinkler system.



Hose stations ‑ Provided in all zones



Extinguishers ‑ Provided in all zones


D.
Fire Hazards Analysis



Fire Zone IB‑1



The combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil, grease, electrical panels, component insulation, motor windings and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release rate potential ‑ Low



Suppression damage to equipment ‑ Only hoses, no damage potential.



Area continuously manned ‑ No



Traffic ‑ Low



Fire fighting accessibility ‑ Yes



Fire Zone IB‑2



Combustibles contained within this fire zone consist primarily of cable insulation, electrical panels, power transformers, and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release rate potential – Low



Suppression damage to equipment ‑ automatic sprinkler system ‑ Only safe shutdown cables in area, water would not affect.  Drainage provided.



Area continuously manned ‑ No



Traffic ‑ Moderate



Fire fighting accessibility ‑ Yes



Fire Zone IB‑3



Combustibles contained within this fire zone consist primarily of cable insulation, electrical panels, transformers, raceway fire barrier material, charcoal and combustible materials storage.  Total fire loading contained in the 10,778 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release rate potential
   ‑ Moderate



Suppression damage ‑ Automatic sprinklers.  Cover cables only, not affected by suppression.  Have drainage.  Deluge systems to safety‑related charcoal filters would affect function of one division but redundant filter would be available.



Area continuously manned    ‑ No



Traffic



   ‑ High



Fire fighting accessibility ‑ Yes



Fire Zone IB‑4



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil and grease, electrical panels, charcoal, H2 bottles and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



Ease of ignition ‑ Low



Heat release ‑ Low



Suppression damage ‑ Only hoses, would not affect safe shutdown cables in area.  Deluge systems to safety‑related charcoal filters would affect function of one division only and redundant filter would be available.



Area continuously manned    ‑ No



Traffic



   ‑ Low



Fire fighting accessibility – Yes



Fire Zone IB‑5



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil and grease, electrical panels, charcoal, and combustible materials storage.  Total fire loading contained in the 12,778 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



Ease of ignition ‑ Low



Heat release
  ‑ Low



Suppression damage ‑ Deluge systems in charcoal filter would affect safety‑related function but have redundant diversion.  Hoses in area, would not affect equipment.  Draining provided.



Area continuously manned ‑ No



Traffic



‑ Low



Accessibility


‑ Yes



The location of combustibles within each zone does not expose the rattle space to a fire which could propagate between zones.  Where cable insulation composes a large portion of the combustible lead it is located at ceiling level in the zone between columns IB‑1&2, this is 15 ft from the rattle space at the closest and is generally more than 20 ft away.  Charcoal is contained within the plenum.  The filter plenums are enclosed in concrete radiation barriers which do not abut the rattle space.  Lubricating oil is present only on IB‑1, the lowest elevation and would not present a 



potential for spread between zones.  The only combustibles in proximity to the rattle space are panels mounted on the reactor building wall in Fire Zones IB‑1, IB‑2, IB‑3, and IB‑5.  These are metal cabinets which crease the combustibles and are located near floor level at about 3‑6 ft.  With the high ceiling and the limited combustibles associated with each panel, a fire would not be expected to expose zones above or below via the rattle space.



Fire Zone IB‑3 has suppression provided over the area containing safe shutdown cables.  The portion of IB‑3 where suppression is not installed house the charcoal filters.  These are cut off from the protected areas by radiation barrier which extend to the ceiling.  The charcoal is protected by a manual deluge system.  This is the only significant fire load in the area of concern.  Therefore, additional suppression is not warranted in remaining portions of the zone.



The combustible loading in Fire Zones IB‑1, IB‑4 and IB‑5, excluding the protected charcoal filters, is less than 20,000 Btu/ft2 and does not warrant suppression.


Conclusion


The intermediate building is considered a single Fire Area as defined by <10 CFR 50, Appendix R> III G.  Circuits for both trains of redundant equipment are located in this area.  The existing separation between zones is considered adequate for the fire hazard in each zone.  A fire would not be expected to propagate through the three‑inch rattle space and breach the separation.  Therefore, the existing separation provides an equivalent level of protection for the Fire Zones IB‑2 and IB‑4.  The suppression in Fire Zone IB‑3 along with suppression in IB‑2 and the charcoal filters provides an adequate level of protection for significant combustibles in the Fire Area and additional suppression is not warranted.


Building ‑ Emergency Service Water

Elevation 586’‑6”



Fire Zone



FPER Drawing



Pumphouse ESW‑1a

<Figure 9A-34>


Deviation


Redundant safe shutdown components exist in Fire Zone ESW‑1a separated by less than 20 ft and automatic suppression is not provided as described in <10 CFR 50, Appendix R>.


A.
Area Description



The Emergency Service Water Pumphouse is a single story, rectangular building constructed of reinforced concrete shown on <Figure 9A‑34>.  It is an isolated structure located north of the main plant area with the Service Water Pumphouse as the closest building.  This building houses pumps and associated equipment required to supply cooling water for safe shutdown systems.



Fire Area ESW‑1a comprises the entire Emergency Service Water Pumphouse, except for the diesel fire pump room located in the northeast corner of the main floor (Elevation 586’‑6”).  It is also bounded on the southeast and southwest by Fire Zones ESW Duct Bank No. 1 and No. 2 (electrical duct banks).  This area houses equipment for the ESW system including pumphouse traveling screens/motors, screen wash pumps, ESW pumps, discharge strainers, and associated control equipment.



Walls, floor and ceiling are constructed of reinforced concrete.  Walls to Fire Area ESW‑1b have a 3 hour fire resistance rating and are equipped with Class A fire doors.  Wall penetrations have 3 hour fire rated seals.  Floor drains are configured with a header



on the east side and another on the west side of the floor which carry drainage to the sump.  Access to the area is provided from the outside by doors at grade.


Floor Area:  5,244 ft2     Ceiling Height:  61’     Volume:  319,884 ft


Ventilation:


Fire

Supply
Recirculation
Max Exhaust
No. of Supply/


Zone

_cfm__
_____cfm_____
____cfm____
Return Registers


ESW‑1a
80,000
    64,000
   16,000


4


B.
Safe Shutdown Capability



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone ESW‑1a.


This area has both Method A and B safe shutdown components and circuits.


Deleted

Deleted

Deleted


The separation between redundant equipment is from 21 to 46 feet with the exception of the traveling screen motors (P49D001A and 49D001B) which have only 8 foot separation.  The screen wash system, which includes the traveling screens, motor‑operated strainers and screen wash pumps, provides for removal of debris from the traveling screens so that Lake Erie water is filtered before it enters the ESW pumps.  In the event the screen wash strainers become inoperable, they can be manually turned and cleaned to prevent any suction water flow problems.  The system is Safety Class 3, Seismic I.  Separation greater than 20’ is provided.



The water inlet is located more than one quarter mile offshore and submerged more than 15’ below the surface of the lake.  Referring to <Figure 3.8‑65>, <Figure 3.8‑66>, <Figure 3.8‑67>, <Figure 3.8‑68>, <Figure 3.8‑69>, and <Figure 3.8‑70>, it can be seen that in order for debris to enter the ESW pumphouse, the debris would have to be submerged to the elevation of the intake heads, travel approximately 100’ vertically downward, travel approximately 3,000’ almost horizontally and then rise vertically approximately 100’ to the ESW pumphouse.  Also, the intake system is designed for an approach velocity of 0.5 fps which diminishes the uptake of debris.



Because of the design features of the intake/discharge structures, it is highly unlikely that any significant amount of debris will enter the ESW pumphouse and clog the screens.  Additionally, routine inspections of the screen wash and screens will be conducted, preventing any unnoticeable debris accumulation.  During a two month period (October/November) of 1984, the ESW pumps were operated without the availability of the traveling screens.  During that time no noticeable DP increase across the screens was experienced.  Therefore, for the 72‑hour period of concern, it is assumed that no loss of flow occurs due to debris‑clogged screens.  It’s estimated that even with a 50% blockage, operation of the ESW pumps would not be impaired.



It should also be noted that in addition to the low combustible loading for Fire Zone ESW‑1a and the large distance between the floor level (586’‑6”) and the high ceiling (648’‑0”), the redundant cable trays will not be subjected to an unacceptable temperature or heat flux.


C.
Fire Protection 



‑
Fire Detection Systems:


Yes



‑
Fire Extinguishing Systems:

No



‑
Hose stations:




Yes



‑
Extinguishers:




Yes



‑
Radiant Heat Shields:


No


D.
Fire Hazard Analysis



The combustibles contained within this fire area consist primarily of cable insulation, lubricating oil and grease, electrical panels, raceway fire barrier material and motor windings.  Total fire loading contained in the 5,244 ft2 floor area of this fire zone is less than 40,000 Btu/ft2.



‑
Ease of ignition and propagation:
Low



‑
Heat release rate potential:

Moderate



‑
Suppression damage to equipment:  No automatic suppression system provided.  Equipment not susceptible to hose stream damage.



‑
Area continuously manned:

No




Traffic:





Low




Fire fighting accessibility:

Yes



The cable insulation, the most significant combustible loading, is located along the south east and north walls.  The combustible load within the area containing the safe shutdown components is very low.



Also, the ceiling height is in excess of 40 feet and the room has a large volume which would serve as a significant heat sink.  The redundant safe shutdown components are located on the floor.  The major part of this area is open without intervening combustibles.  The entrance to the building is at the top and has an egress route down a set of stairs.  Therefore, it is unlikely that a significant transient fire would result in this area.



The protection provided is justified, considering the low combustible loading (under 1/2 hour) and the absence of a concentration of in situ combustibles.


E.
Conclusion



Protection of the pump room traveling screen motors is not necessary as loss of these motors would not prevent safe shutdown.



The low fire loading (less than 1/2 hour) in this area coupled with extra high ceilings, very large volumes and noncombustible building construction create a low fire hazard potential.  Plant experience and design information indicates extended periods of inoperable traveling screens would not affect safe shutdown.  Detection, hose stations and low fire loadings ensure an acceptable level of protection.


Building ‑ Auxiliary building


Fire Area composed of Fire Zones 1AB‑1b and 1AB‑3a



Fire Zone



FPER Drawings



1AB‑1b



<Figure 9A-2>








<Figure 9A-5>








<Figure 9A-10>



1AB‑3a



<Figure 9A-10>


Deviation


Redundant trains of safe shutdown equipment are in Zone 1AB‑1.  Also, Fire Zones 1AB‑1b and 1AB‑3a form a larger fire area due to the lack of a complete 3 hour cutoff between zones.  Automatic suppression is not provided throughout the area or zones.


A.
Area Description



Zone

Floor Area

Ceiling Height

Volume



1AB‑1b
1,298 ft2



83’8”

108,591 ft



1AB‑3a
3,334 ft2



32’6”

108,355 ft



Fire Zone 1AB‑1b



Fire Zone 1AB‑1b includes, in addition to the Floor 1 location, identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’6”).  It is bounded on the north by Fire Area 1AB‑1g (Elevation 568’‑4”), Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3a (Elevation 620’‑6”); on the east by Fire Area 1AB‑1a, Fire Zone 1AB‑2 (Elevation 599’0”) and Fire Zone 1AB‑3a (Elevation 620’6”); on the south by the Unit 1 reactor building; on the west by Fire Zone 1AB‑1c, Fire Zone 1AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”).



Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0” and a Class A door at Elevation 620’‑6”.  Walls have 3 hour fire resistance ratings, except for the wall containing the pressure relief openings from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the walls from 620’‑6” to 652’‑6” where unsealed pressure relief openings exist in the wall to the Fire Zone 1AB‑3a.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.



In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “A” pump is operating.



The ventilation ductwork provides supply and exhaust to the zone.  Ventilation duct penetrations are protected with 3 hour rated fire dampers with standard 160(F fusible links, except as noted above on the third floor level.



Fire Zone 1AB‑3a



Fire Zone 1AB‑3, comprises the eastern half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the exception of the upper portion of the Fire Zone 1AB‑1b and the steam tunnel.  It is bounded on the south by the Unit 1 reactor building, and on the west by the steam tunnel and Fire Zone 1AB‑1b; the north and east walls are exposed to grade.



Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance rating except



for walls adjacent to Fire Zone 1AB‑1b.  Wall and floor penetrations have 3 hour fire rated seals, except for pressure relief openings in the wall to Fire Zone 1AB‑1b.



The ventilation ductwork provides supply and exhaust to the zone.  Unprotected vent ductwork penetrations in this zone communicate with Fire Zone 1AB‑1b.



COMMON FIRE AREA



Fire Zone 1AB‑1b, forms a larger fire area with Fire Zone 1AB‑3a due to unprotected pressure relief openings and ventilation ducts without fire dampers in walls at the third floor level [Elevation 620’‑6” to 652’‑0” (roof)].


B.
Safe Shutdown Capabilities



Zone 1AB‑1b has Method A components and circuits and Method B circuits.  Zone 1AB‑3a has Method B components and circuits.



Zone 1AB‑1b



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑1b.

Deleted

Deleted


Deleted



Method B circuits within this zone include circuits for RHR valves.  1E12‑F040 and 1B21‑F065B, which are only needed for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  The above operations are included in the plant procedures.



The circuits for Component 1E12‑C002B, the RHR B pump, provides an interlock from the Division 1 RHR shutdown cooling suction valve (1E12‑F008).  The interlock logic circuit provides a stop signal to the pump if all of the suction valves for the pump are closed.  Loss of circuit power or signal for this interlock will not stop the pump.  Therefore, only a spurious signal will impact pump operation.  The interlock circuits include signals from the Division 2 suction valves.  The Division 1 supply valve is needed for cold shutdown only.  In order to initiate shutdown cooling, the operator would need to isolate the circuit if a spurious signal existed.  Isolation could be provided by a repair to the circuit.  A procedure is available to provide guidance to the operator.


The remaining Method B circuit in this zone is located in Conduits 1P57F2B and 1R33F1051B.  However, a fire induced fault on this circuit would not result in a spurious closure of valve 1P57‑F015B.



Zone 1AB‑3a



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑3a.



FIRE AREA



Fire Zones 1AB‑1b and 1AB‑3a form one fire area.  The connection between these two zones is in the form of an unprotected pressure relief opening and HVAC duct penetrations without fire dampers.  These connections exist in a common wall between the two zones.  The unprotected pressure relief opening is the largest and the dominant communicating pathway.



There is more than 20 ft between Method B safe shutdown components and circuits within Zone 1AB‑3a, and Method A components and circuits in Zone 1AB‑1b.  There are no intervening combustibles which would transmit fire through the opening and affect redundant trains.


C.
Fire Suppression 



Fire Detection ‑ area detection in Zones 1AB‑1b and 1AB‑3a.  Smoke detectors in supply and discharge HVAC ducts.



Fixed Extinguishing System ‑ None



Hose stations ‑ located within Zone 1AB‑3a have hose coverage available for all levels of Zone 1AB‑1b from adjacent areas.



Extinguishers ‑ Provided in both zones.


D.
Fire Hazard Analysis



Zone 1AB‑1b



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil and grease, raceway fire barrier material and motor windings.  Total fire loading contained in the 1,298 ft2 floor area of this fire zone is less than 25,000 Btu/ft2.



This is representative of the area.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑
Low



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manned   ‑
No



Traffic



  ‑
Low



Fire fighting accessibility ‑
Yes



Zone 1AB‑3a



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil, electrical panels and motor windings.  Total fire loading contained in the 3,334 ft2 floor area of this fire zone is less than 6,500 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑
Low



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manned   ‑
No



Traffic



  ‑
Low



Fire fighting accessibility ‑
Yes



The cable insulation is concentrated along the north wall of this zone, remote from the unprotected opening and over 40 ft from the Method B equipment required for safe shutdown.


Conclusion


The separation between Method A components in Zone 1AB‑1b and Method B components in Zone 1AB‑3a, provides an adequate level of protection for redundant trains of safe shutdown equipment.


The low fire load in each zone coupled with high ceilings, large volumes and noncombustible walls, ceiling and floor, create a low fire hazard potential.  The unprotected openings are located away from combustibles and would only pass smoke, and low heat energy.  The fire hazard is such that it can be reasonable judged that a fire would not breach the common wall between Zone 1AB‑3a and 1AB‑1b.  Therefore, a fire in either zone would not impact safe shutdown components in the other zone.  A fire occurring within Zone 1AB‑1b would be small and easily extinguished by the plant fire brigade.  Extensive zone damage would not result.  Additional protection in the form of automatic suppression is not warranted.  Separation and limited combustibles will ensure that one division of redundant safe shutdown equipment is free of fire damage.


Building ‑ Auxiliary building


Fire Area composed of Fire Zones 1AB‑1e and 1AB‑3b



Fire Zone



FPER Drawing



1AB‑1e



<Figure 9A-2>








<Figure 9A-5>








<Figure 9A-10>



1AB‑3b



<Figure 9A-10>


Deviation


Redundant trains of safe shutdown equipment are in Zone 1AB‑1e.  Also Fire Zones 1AB‑1c and 1AB3b form a larger fire area due to the lack of a complete 3 hour cutoff between zones.  Automatic suppression is not provided throughout the area or zones.


A.
Area Description



Zone


Floor Area

Ceiling Height

Volume



1AB‑1e

1,298 ft2



83’8”

108,591 ft



1AB‑3b

4,555 ft2



32’6”

148,036 ft



Fire Zone 1AB‑1e



Fire Zone 1AB‑1e is shown on <Figure 9A‑2>, <Figure 9A‑5>, and <Figure 9A‑10>.  It includes, in addition to the Floor 1 location, identical regions directly above on Floor 2 (Elevation 599’‑0”) and Floor 3 (Elevation 620’6”).  It is bounded on the north by Fire Area 1AB‑1g (Elevation 568’‑4”), Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3b (Elevation 620’‑6”); on the east by Fire Area 1AB‑1d, Fire Zone 1AB‑2 (Elevation 599’‑0”) and the steam tunnel (Elevation 620’‑6”); on the south by the 


Unit 1 reactor building; on the west by Fire Area 1AB‑1f, Fire Zone 1AB‑2 (Elevation 599’‑0”) and Fire Zone 1AB‑3b (Elevation 620’‑6”).



Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  Doorways are equipped with a Class A fire door at Elevation 568’‑4”, a Class A fire door at Elevation 599’‑0”, and a Class A door at Elevation 620’‑6”.  Walls have 3 hour fire resistance ratings, except for the wall containing the pressure relief openings from Elevation 620’‑6” to 652’‑0” (roof).  Wall penetrations have 3 hour fire rated seals, except for the walls from 620’‑6” to 652’‑6” where unsealed pressure relief openings exist in the wall to Fire Zone 1AB‑3b.  Floor drains for this zone are routed to a sump located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.



In addition, a fan coil unit is provided to cool and circulate air within the zone when the RHR “B” pump is operating.



The ventilation ductwork provides supply and exhaust to the zone.  Ventilation duct penetrations are protected with 3 hour rated fire dampers with standard 160(F fusible links, except as noted above on the third floor level.  A fan coil unit is provided to cool and circulate air within the zone when the RHR “B” pump is operating.



Zone 1AB‑3b



Fire Zone 1AB‑3b, comprises the western half of Floor 3 (Elevation 620’‑6”) of the auxiliary building, with the exception of the upper portion of Fire Zone 1AB‑1e and the steam tunnel.  It is bounded on the south by the intermediate building and Fire 


Area 1AB‑1f, on the east by the steam tunnel and Fire Zone 1AB‑1e, on the north by the turbine power complex, and on the west by the radwaste building.



Walls, floor and ceiling (roof) of this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and floor have 3 hour fire resistance ratings except for walls adjacent to Fire Zone 1AB‑1e.  Wall and floor penetrations have 3 hour fire rated seals, except for pressure relief openings in the wall to Fire Zone 1AB‑1e.  The exterior wall at the northwest corner is 3 hour rated due to the adjacent transformer.



The ventilation ductwork provides supply and exhaust to the zone.  Unprotected vent ductwork penetrations in this zone communicate with Fire Zone 1AB‑1e.



COMMON FIRE AREA



Fire Zone 1AB‑1e, located in the auxiliary building, forms a larger fire area with Fire Zone 1AB‑3b due to unprotected pressure relief openings in walls at the third floor level [Elevation 620’‑6” to 652’‑0” (roof)].  Ventilation ducts without fire dampers also penetrate the wall between these zones at this level.


B.
Safe Shutdown Capabilities



Zone 1AB‑1e contains components and circuits for Method B.



Zone 1AB‑3b contains only circuits for Method A and B.



Zone 1AB‑1e



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑1e.


Deleted


Method A circuits within this zone include the circuits for RHR Valves 1E12‑F040 and 1E12‑F049.  These are only needed for shutdown cooling (cold shutdown) operation of the RHR and could be manually operated.  These operations are included in the plant procedures.



Zone 1AB‑3b



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑3b.



Method A circuits within this zone include the circuits for ADS/SRV, CRD, RHR, and power systems which need not be protected.  The circuits for the ADS/SRV system provide MSIV trip on low pressure.  The circuits for MSIV trip on reactor water level are not located in this fire area.  Additionally, the capability for the operators to close the MSIV’s from the control room is not affected by a fire in this zone.  The power system circuits provides power to dampers in both divisions of the control room HVAC system.  These dampers fail to a safe position on loss of power.  The circuit for the CRD system provides power to the “A” solenoid valve operating the scram discharge volume isolation valve.  Loss of power resulting from a fire would fail the solenoid 



to the safe position.  In addition, redundancy is provided by other solenoid valves not located in this fire area.



The circuits for RHR Valve 1E12‑F049 need not be protected.  This valve is only needed for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  This operation is included in the plant procedures.



Raceway 1E51F49B also runs through this zone.  This contains circuits for the RCIC System.  Components and circuits for the LPCS system (Division 1) are not located in this fire zone, and LPCS would be available to provide Reactor Inventory Control.



FIRE AREA



Fire Zones 1AB‑1e and 1AB‑3b form one fire area.  The connection between these two zones is in the form of unprotected pressure relief opening and HVAC duct penetrations without fire dampers.  These connections exist in a common wall between the two zones.  The unprotected pressure relief opening is the largest and the dominant communicating pathway.  The radiation barrier separating redundant circuits in Zone 1AB‑3b also separates these circuits from this common opening.  Therefore, adequate protection is provided from the Method B circuits in Zone 1AB‑1e.


C.
Fire Protection 



Fire Detection Systems ‑ Fire detection is provided in both Zone 1AB‑1e and 1AB‑3b.  Smoke detectors are provided in the supply and exhaust ducts of the ventilation systems.



Fire Extinguishing System ‑ A manually activated deluge system is provided in the charcoal filters.  Automatic sprinkler protection will be provided in the part of Zone 1AB‑3b outside the radiation barrier.



Hose stations ‑ located within Zone 1AB‑3b have hose coverage available for Zone 1AB‑1e from adjacent areas.



Extinguishers ‑ In both zones.


D.
Fire Hazard Analysis



Zone 1AB‑1e



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil and grease, and motor windings.  Total fire loading contained in the 1,298 ft2 floor area of this fire zone is less than 50,000 Btu/ft2.



Combustible load is representative of this zone.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑
Low



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manned   ‑
No



Traffic



  ‑
Low



Fire fighting accessibility ‑
Yes



Zone 1AB‑3b



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil and grease, electrical panels, charcoal, raceway fire barrier material, H2 bottles, motor windings and combustible materials storage.  Total fire loading contained in the 4,555 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.



Ease of ignition and propagation ‑ Moderate



Heat release rate potential
   ‑ Moderate



Suppression damage ‑ Proposed automatic sprinklers cover safe shutdown cables only, these are not affected by suppression.  Have drainage.  Deluge systems to safety‑related charcoal filters would affect function but redundant filter would be available.



Area continuously manned   ‑
No



Traffic



  ‑
Moderate



Fire fighting accessibility ‑
Yes



The cables are located in the west part of this zone and will be protected by the suppression system.  The charcoal is inside the 



filter plenum and is protected.  Remaining combustible loading is minimal and protection is not warranted.


Conclusion


The provision of three hour separation for Method A circuits required for the LPCS system would provide adequate protection of these circuits and insure shutdown capability.  Due to the low fire load, high ceiling and large volume, the fire hazard potential in this zone is low and suppression not warranted.


In Zone 1AB‑3b, combustible loading within the radiation barrier consists of the charcoal filters, which have a suppression system provided.  This is adequate to prevent a fire within the barrier from spreading outside the barrier.  Also, automatic suppression provided in the zone outside this barrier would control a fire in this part of the zone and prevent it from affecting circuits inside the barrier or breaking the opening into Zone 1AB‑1e.  The suppression systems are adequate protection and area wide suppression is not warranted.


Building ‑ Auxiliary building


Fire Area composed of Fire Zones 1AB‑1c and 1AB‑2



Fire Zone



FPER Drawing



1AB‑1c



<Figure 9A-2>



1AB‑2



<Figure 9A-5>


Deviation


Redundant trains of safe shutdown equipment are in Zone 1AB‑2.  Also Fire Zones 1AB‑1c and 1AB‑2 form a larger fire area due to the lack of a complete 3 hour cutoff between zones.  Automatic suppression is not provided throughout the area or in Zone 1AB‑2.


A.
Area Description



Zone


Floor Area

Ceiling Height

Volume



1AB‑1c

  560 ft2



32’6”

 18,200 ft3


1AB‑2

9,685 ft2



20’


193,700 ft3


Fire Zone 1AB‑1c



Fire Zone 1AB‑1c, shown on <Figure 9A-2>, is located in the right center portion of Floor 1 of the auxiliary building.  This zone is bounded on the north by Fire Area 1AB‑1g, on the east by Fire Zone 1AB‑1b, on the south by the Unit 1 reactor building, and on the west by Fire Zone 1AB‑1d.



Walls, floor and ceiling (roof) for this fire zone are constructed of reinforced concrete.  The doorway has a Class A fire door.  Walls have 3 hour fire resistance ratings.  Wall penetrations have 3 hour fire rated seals.  A portion of the ceiling has grating for pressure relief.  Floor drains for this zone are routed to a sump 



located within the room.  The sump is discharged to the auxiliary building sump through a line that is valve operated from outside the zone.



Ventilation supply and exhaust ductwork service the zone.  Ventilation duct penetrations through the floor/ceiling to Fire Zone 1AB‑2, are provided with 3 hour rated fire dampers with standard 160(F fusible links.  There is also a fan coil unit for cooling and circulation when the RCIC pump is operating.



Zone 1AB‑2



Fire Zone 1AB‑2, shown on <Figure 9A-5>, comprises the entire Floor 2 (Elevation 599’‑0”) of the auxiliary building, with the exception of portions of Fire Zones and Areas 1AB‑1b, 1AB‑1e and 1AB‑1f which originate on Floor 1.  It is connected on the north to the turbine power complex, on the south to the Unit 1 reactor building and intermediate building and on the west to the radwaste building; the east side is an outside wall.



Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  Doorways are equipped with Class A fire doors.  Walls and ceiling have 3 hour fire resistance ratings.  Wall, floor and ceiling penetrations have 3 hour fire rated seals, except for the small floor area above the RCIC room on Floor 1 (Fire Zone 1AB‑1c) which is provided with grating for pressure relief.



Ventilation supply and exhaust ductwork service the zone.  Ventilation duct penetrations, except penetrations through the floor/ceiling to Fire Zone 1AB‑1c below, are provided with 3 hour rated fire dampers with standard 160(F fusible links.



COMMON FIRE AREA



Fire Zone 1AB‑2 is part of a larger fire area with Fire Zone 1AB‑1c (first floor level) due to unprotected grating for pressure relief in the floor/ceiling between the two zones.  There are also unprotected ventilation ductwork penetrations in the floor above the RCIC pump room (Zone 1AB‑1c).  This zone contains instrument and control panels, and process equipment for the RWCU system and turbine building cooling system.



Fire Zone 1AB‑1c



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑1c.


This zone contains only Method A components and circuits.



Fire Zone 1AB‑2



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑2.


Deleted


Within Zone 1AB‑2 there are Method A and B components and circuits.



Circuits for RHR Valve (1E12‑F049) Method A systems are presently routed in raceways containing Method B circuits.  However, this valve is needed for the shutdown cooling operation of RHR and could be manually operated.



Method B circuits for the RHR Valve (1B21‑F065B) need not be protected since this valve is only needed for shutdown cooling operation of the RHR and could be manually operated.  These operations are included in the plant procedures.



The circuits for Component 1E12‑C002B, (the RHR B pump), provide an interlock from the Division 1 RHR shutdown cooling suction Valve (1E12‑F008).  The interlock logic circuit provides a stop signal to the pump if all of the suction valves for the pump are closed.  Loss of circuit power or signal will not stop the pump.  Therefore, only a spurious signal will impact pump operation.  The interlock circuits include signals from the Division 2 suction valves.  The Division 1 supply valve is needed for cold shutdown only.  In order to initiate shutdown cooling, the operator would need to isolate the circuit if a spurious signal existed.  Isolation could be provided by a repair to the circuit.  A procedure is available to provide guidance to the operator.  



Within Zone 1AB‑2, there are Method A and B Emergency Closed Cooling System Pump Room Cooling System components.  The redundant components are located at opposite ends of the zones.  There is more than 20 ft separation between Method B components and any Method A circuits required for safe shutdown.  Since natural circulation cooling can be induced by opening the door to the RHR B room located on the 574’ elevation to provide adequate room cooling without the Method B cooler in service, loss of these circuits will not prevent safe shutdown.



Method B circuits associated with RHR C (LPCI) operation are routed in 1AB‑2.  In the event a fire results in loss of this Method B system, a means of providing for reactor inventory control and shutdown cooling utilizing RHR “B” will be available to support safe shutdown.  In addition, a fire induced fault on the circuit associated with valve 1P57‑F015B would not result in a spurious closure of the valve.



COMMON FIRE AREA



Fire Zones 1AB‑1c and 1AB‑2 form one larger fire area.  The larger fire area contains components and circuits for Method A systems and only circuits for Method B systems.  The common opening between zones is located behind a concrete radiation barrier.  This provides adequate protection for Method B equipment within the area for the Method A equipment in Zone 1AB‑1c.


C.
Fire Protection 



Fire Detection Systems ‑ Fire detection in Zones 1AB‑1c and 1AB‑3a.  Smoke detectors in the supply and discharge ducts for HVAC system serving zones.



Fire Extinguishing System ‑ Automatic sprinkler system throughout Zone 1AB‑1c.  No suppression in Zone 1AB‑2.



Hose stations ‑ located within Zone 1AB‑2 have hose coverage available for Zone 1AB‑1c from adjacent areas.



Extinguishers ‑ Provided in both zones.


D.
Fire Hazard Analysis



1AB‑2



Combustibles contained within this fire zone consist primarily of cable insulation, hydraulic fluid, lubricating oil, electrical panels, raceway fire barrier material, component insulation and motor windings.  Total fire loading contained in the 9,685 ft2 floor area of this fire zone is less than 60,000 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release potential

   ‑
Low ‑ Moderate



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manned   ‑
No



Traffic



  ‑
Low



Fire fighting accessibility ‑
Yes



Zone 1AB‑1c



Combustibles contained within this fire zone consist primarily of cable insulation, motor windings, lubricating oil and grease.  Total fire loading contained in the 560 ft2 floor area of this fire zone is less than 20,000 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release rate potential
   ‑ Low



Suppression damage ‑ Automatic sprinkler system, equipment in area not susceptible to water damage



Area continuously manned   ‑ No



Traffic



  ‑ Low



Fire fighting accessibility ‑ Yes



Cable insulation is located along north section of this zone, more than 20 ft from any Method B.


Conclusion


In the event a fire results in the loss of Method B circuits and components located in 1AB‑2, a means of providing safe shutdown using Method B systems will remain available.


Fire Zone 1AB‑2 has a 20 foot ceiling and a low fire loading.  The addition of an automatic fire suppression system would not significantly enhance the level of fire protection for this zone.


Building ‑ Auxiliary building



Fire Zone



FPER Drawing



1AB‑1g



<Figure 9A‑2>


Deviation


Area 1AB‑1g contains components and circuits for both methods of safe shutdown.  Automatic suppression is not provided in the area.


A.
Area Description



Area 1AB‑1g



Floor Area

Ceiling Height

Volume



4,856 ft2



30 ft

145,680 ft3


Fire Zone 1AB‑1g, shown on <Figure 9A‑2>, is the common corridor for Floor 1 of the auxiliary building.  It provides access to Fire Areas and Zones 1AB‑1a through 1AB‑1f, and to the intermediate building.  This area connects on the north to the turbine power complex, on the south to the intermediate building and on the west to the radwaste building; the east side is an outside wall.  The turbine power complex pipe tunnel runs beneath the floor on the west side of the area and opens to the pipe chase in the southwest corner.



Walls, floor and ceiling for this fire zone are constructed of reinforced concrete.  The doorway to the intermediate building and the doorways to the other Floor 1 zones and fire areas are equipped



with Class A fire doors.  Walls and ceiling have 3 hour fire resistance rating.  Wall and ceiling penetrations have 3 hour rated seals.


B.
Safe Shutdown Capabilities



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1AB‑1g.



This zone has both Method A and B safe shutdown components and circuits.


Deleted


This fire area can be analyzed in two separate parts because of the separation distances of approximately 75 feet, and the fact that the corridor contains a 90( corner which acts as a heat shield.



One portion of the fire area is the corridor outside the ECCS pump room.  This portion of the corridor has an approximate ceiling height of 30 feet.  The corridor contains instrument and logic panels for both Method A and Method B systems.  These panels are separated by approximately 60 feet.  In addition, the corridor between the redundant panels contains a partial height concrete wall.  The separation of redundant equipment is such that Method A system is located east of this partial barrier and Method B system is located west of the partial barrier except as noted below.



The west side of the barrier contain conduits for RHR Valve 1E12‑F040.  The circuits for this valve need not be protected.  This valve is needed only for shutdown cooling (cold shutdown) operation of RHR and could be manually operated.  This operation will be included in the plant procedures.



The redundant A and B panels are separated by approximately 60 feet and a partial height concrete barrier that obstructs approximately half the corridor width.  In the event of a fire occurring in this area, heat and smoke will be moved into the high ceiling area.  Radiant heat at the floor level will be blocked by the partial wall between the panels.  Two floor drains are provided between the panels; any flammable liquid spills would not spread between the panels.



The Method B RHR panel contains instrumentation which could affect operation of the RCIC (Method A) system.  The circuits to these instruments and the instruments do not require protection from potential fire involving Method B equipment, since circuits and components for the LPCS system are located on the Division 1 panels with other Method A equipment.  These panels are separated by 60 feet as described above.



The second portion of this area is the northwest corridor, which house suppression pool level transmitters for both Method A and Method B systems.  The circuits for the redundant transmitters are separated by approximately 35 feet.  Because of a high ceiling, low fuel load and lack of intervening combustibles, it is unlikely that a fire would disable redundant transmitters.  However, in the event these transmitters are disabled, additional suppression pool indication not located in this area would be utilized for safe shutdown.


C.
Fire Protection



Fire Detection Systems ‑ Fire detection provided throughout area.



Fire Extinguishing Systems ‑ None



Hose stations ‑ Areawide coverage



Extinguishers ‑ Located in area


D.
Fire Hazard Analysis



Combustibles contained within this fire area consist primarily of cable insulation and electrical panels.  Total fire loading contained in the 4,856 ft2 floor area of this fire zone is less than 15,000 Btu/ft2.



Ease of ignition and propagation
‑
Low



Heat release potential


‑
Low



Suppression damage to equipment ‑ only hoses, no suppression damage to redundant trains of equipment



Area continuously manned
  ‑ No



Traffic



  ‑ Low



Fire fighting accessibility ‑ Yes


Conclusion


Based on the separation distance of approximately 60 feet between redundant instrument panels with the heat shielding and approximately 35 feet between redundant suppression level transmitter, the level of fire protection regarding separation is equivalent to the guidelines of <10 CFR 50, Appendix R>, Section III, G.2.  The very low fire load, high ceiling heights, fire resistive construction, fire detection system, and accessibility for manual fire fighting associated with this fire area is adequate, therefore, the installation of a fire suppression system would not enhance the level of fire protection.


Building ‑ Reactor building



Fire Zones



FPER Drawings



1RB‑1a, 1RB‑1b,

<Figure 9A-2>, <Figure 9A-5>,



1RB‑1c, 1RB‑1d


<Figure 9A-10>, <Figure 9A-14>,








<Figure 9A‑18>, <Figure 9A-22>,








<Figure 9A-29>


Deviation


Fire Zones 1RB‑1a, 1RB‑1b and 1RB‑1c contain redundant divisions of safe shutdown equipment.  The barriers separating the zones do not qualify as 3 hour related fire barriers due to unprotected openings in the concrete wall between 1RB‑1b.  These barriers give an equivalent level of protection as a radiant energy shield as described in <10 CFR 50, Appendix R> III G.2 and provide adequate separation between zones for redundant trains of safe shutdown equipment.


A.
Area Description:



The reactor building is one fire area.  The outside wall and ceiling (dome) is of 3 hour fire rated reinforced concrete construction.  The access to the auxiliary building (Elevation 620’‑6”), fuel handling building (Elevation 620’‑6” and 689’‑6”) and intermediate building (Elevation 599’‑9” and 689’‑6”) are protected by 3 hour rated fire doors.  Penetrations are sealed to maintain a 3 hour rating.



Within the fire area are secondary barriers constructed to maintain radiation doses within specified limits.  These barriers divide the fire area into four concentric zones.



Zone 1RB‑1a



Zone 1RB‑1a extends in 5 ft from the reactor building wall to the steel containment vessel wall (welded steel), which forms the outer boundary of Zone 1RB‑1b.  Zone 1RB‑1a extends from Elevation 599’ to the top of the reactor building at 796’‑5”.  This zone is maintained at a negative air pressure relative to the outside.



Zone 1RB‑1b



Zone 1RB‑1b extends in 19 ft from the containment vessel wall to the drywell wall.



The outside wall and ceiling (dome) of this fire zone are constructed of steel.  The inside wall and floor are constructed of reinforced concrete.  Doors consist of double‑doored steel/concrete personnel access hatches and equipment hatches.  Wall and ceiling penetrations have 3 hour fire rated seals, (including 3” rattle space at the hatch areas) except for the suppression pool vents on the inside which are under water.  The drywell wall is rated 3 hours above the suppression pool to the reactor head cover.



The cooling system for this zone operates primarily to provide cooling only for the containment vessel.  This system uses 25 percent capacity air handling units, located in the containment vessel, which supply cooled recirculated air to various areas of the containment vessel through distribution ductwork.



The purge supply system provides filtered and heated outside air to the containment vessel.  This system consists of two 50 percent capacity supply plenums and two 50 percent capacity supply fans.



The purge exhaust system draws air from the containment vessel and drywell area (refueling operations only), exhausting it through the 



plant vent after it passes through the charcoal filters.  Two 50 percent capacity charcoal filter trains with exhaust fans are provided for this system.



Fire Zone 1RB‑1c



This zone extends from the drywell wall to the reactor and is about 37 ft in diameter.



Walls, floor and ceiling of this fire zone are constructed of reinforced concrete.  Wall doors consist of double‑doored steel/concrete personnel access hatches and an equipment hatch.  Wall penetrations have 3 hour fire rated seals, except for the suppression pool vents which are underwater.  The drywell wall is rated 3 hours above the suppression pool to the reactor head cover.  Unprotected openings in this wall are below the suppression pool water surface.



The drywell cooling system operates primarily to provide cooling only for the drywell area.  This system uses three 100 percent capacity fan cooler assemblies, each with a supply plenum and two supply fans located in the drywell.  The fan cooler units supply recirculated, cooled air to the drywell area through distribution ductwork.



During the drywell purge mode (refueling operations only), the two 50 percent capacity drywell purge supply fans (located within the containment vessel) direct supply air from the containment vessel into the drywell area.  This supply air is then circulated by the drywell cooling system.



The purge exhaust system for this fire zone is the same as for Fire Zone 1RB‑1b.



Fire Zone 1RB‑1d is shown on <Figure 9A‑2>, <Figure 9A‑5>, and <Figure 9A‑29>.  It is the region directly below the reactor vessel and inside the vessel pedestal.  This zone contains the control rod drives, neutron monitoring equipment and other under‑vessel servicing equipment.



Walls and floor of this fire zone are constructed of reinforced concrete.  Ventilation air is circulated through this zone by vents in the pedestal wall.


Safe Shutdown Capabilities



Zone 1RB‑1a contains the penetration assemblies containing both Method A and B redundant circuits required for safe shutdown.   Electrical penetration assemblies for all divisions are located in the southwest portion (Quadrant 3) of the annulus.  Penetrations are arranged in vertical and horizontal rows such that Division 1 and Division 4 penetrations are separated from Division 2 and Division 3 penetrations by a minimum of 12 feet.  The penetration cables are installed in enclosed raceways in the zone.  These enclosed raceways, consisting of stainless steel tubes, act as radiant energy shields surrounding the cables.  Each electrical penetration assembly provides at least 3 hour fire protection for the cable penetration.



The physical separation, along with the shielding affect on the enclosures, would protect one division of safe shutdown circuits from any potential fire which would damage the redundant division.


FIRE ZONE 1RB‑1b



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1RB‑1b.


Deleted

Deleted


Deleted


Deleted



The safe shutdown equipment in Zone 1RB‑1b is separate from redundant equipment in Zone 1RB‑1a (the penetration assemblies mentioned above by the containment wall).  Redundant divisions are in close proximity only in Quandrant 3, where the redundant safe shutdown trains exit the penetration assemblies in Zone 1RB‑1b.  The containment wall and the stainless steel penetration raceway would separate a fire in one division of one zone from the redundant division in the other zone.


FIRE ZONE 1RB‑1c



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1RB‑1c.


Deleted



The redundant divisions in Zones 1RB‑1c and 1RB‑1a are separated by the 5 ft thick reinforced concrete drywell wall.  The only openings in this wall are below the suppression pool water level and fire would not propagate through these openings.  Therefore, the barrier provides an equivalent level of protection to the redundant trains on each side of the barrier.


Fire Protection



Fire Detection Systems ‑ Heat and smoke detectors are provided throughout Zones 1RB‑1c and 1RB‑1d.  Detectors are provided in all 



levels of Zone 1RB‑1b except the dome above (Elevation 689’‑6”), detection not provided in Zone 1RB‑1a.  A deviation has been requested for lack of detection in these zones.  In addition smoke detectors are provided in the HVAC discharge duct.



Fire Extinguishing Systems ‑ A CO2 system protects the recirculation pumps in Zone 1RB‑1c.  The control room must open the normally closed, motor operated, outboard containment isolation valve for the carbon dioxide to reach the reactor recirculation pumps.



Hose stations ‑ Hose stations are provided within Zone 1RB‑1b with additional hose lengths to reach into Zone 1RB‑1c.



Extinguishers ‑ A complement of fire extinguishers is located at the entrance to containment in a cabinet.  These extinguishers are to be carried in during emergency fire situations.  During shutdown, a supply of fire extinguishers will be taken into and kept in containment during maintenance operations.


Fire Hazard Analysis



Zone 1RB‑1a



Combustibles contained within this fire zone consist primarily of cable insulation and lubricating oil.  Total fire loading contained in the 1,963 ft2 floor area of this fire zone is less than 15,000 Btu/ft2.



Ease of ignition and propagation ‑ Very Low



Heat release rate potential ‑ Low


Fire Hazard Analysis


Zone 1RB‑1a (Continued)



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manned    ‑
No



Traffic



   ‑
Low



Fire fighting accessibility ‑ Low, only 1 point of access



Since electrical penetration assemblies are located in a 35 foot segment of Quadrant 3, special consideration was given to the concentrated fire loading of 104.000 Btu/ft2 in this region.  The cables composing the combustible load are contained within the penetration assemblies, there are no other in situ combustibles.



Due to the limited accessibility, it would be difficult to bring sufficient quantities of transient combustibles into the area to expose redundant divisions of penetrations.  It is also unlikely that a fire would start inside the penetration assembly, and there would be insufficient combustible loading for a fire to spread from one assembly to a redundant assembly.



Zone 1RB‑1b



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil, electrical panels, motor windings, hydraulic fluid, grease and component insulation. Total fire loading contained in the 6,382 ft2 floor area of this fire zone is less than 80,000 Btu/ft2.  Combustible loading on the 



refueling floor elevation is limited to less than 6,500 Btu/ft2.  This combustible loading is distributed over the five levels of the area.  The fire loading exposing safe shutdown equipment in any part of the area would be less than 1/2 hour.


Fire Hazard Analysis



Ease of ignition and propagation ‑ Low



Heat release rate potential ‑ Low



Suppression damage to equipment ‑ Hose streams only.  Damage to susceptible electrical equipment would be limited to one division due to separation distances and shielding.



Area continuously manned ‑
No



Traffic ‑
Low



Fire fighting accessibility ‑ Yes



Zone 1RB‑1c



Combustibles contained within this fire zone consist primarily of cable insulation, lubricating oil, hydraulic fluids, grease, electrical panels, lead blankets, and motor windings.  Total fire loading contained in the 2,603 ft2 floor area of this fire zone is less than 52,000 Btu/ft2.



Since combustibles are concentrated in the area of the recirculation pump, special consideration was given to the potential for a fire in this region.  However, fire detection and suppression systems are provided to minimize any damage in this fire zone.



Ease of ignition and propagation ‑ Low



Heat release rate potential ‑ Low



Suppression damage to equipment ‑ only hoses, no damage potential



Area continuously manner
   ‑
No



Traffic



   ‑
Low



Fire fighting accessibility ‑ Limited ‑ 1 access door



Zone 1RB‑1d



The primary combustibles in this fire zone consists of cable insulation.  This material, contained in the 301 ft2 floor area, yields a fire loading of less than 90,000 Btu/ft2 for this fire area.



Ease of ignition and propagation ‑ Low



Heat release rate potential ‑ Low



Suppression damage to equipment ‑ hose only, safe shutdown cables in area water would not be affected.  Drainage provided.  Carbon dioxide would not affect recirc pumps.



Area continuously manned
   ‑
No



Traffic



   ‑
Low



Fire fighting accessibility ‑ Low


CONCLUSION


The low overall combustible loading, along with the high ceilings, would limit the potential of a postulated fire to cross the zone boundaries described.  Therefore, the zone boundaries provide adequate separation of redundant trains in adjacent zones.


Building ‑ Control complex



Fire Zone



FPER Drawing



CC‑6




<Figure 9A‑19>


Deviation


Area CC‑6 contains circuits for both methods of safe shutdown.  An automatic suppression system is not provided in the area.


A.
Area Description



Area CC‑6



Fire Area CC‑6 is shown on drawing <Figure 9A‑19>.  It houses Unit 1 and Unit 2 ventilation ducts and comprises the horizontal chase in the upper east section of the control complex at Elevation 693’‑2”.  The ceiling is at the control complex roof Elevation 707’‑2”.  This area is bounded on the north and south by the outside wall, on the west side by Fire Areas 1CC‑6 and 2CC‑6, and on the east by the intermediate building.



The north, east and south walls of this area are constructed of reinforced concrete.  The west wall is constructed of drywall.  The floor is constructed of gypsum plank and drywall.  Ceiling (roof) construction is reinforced concrete over steel form deck and three‑hour protected framing.  Walls and ceiling have three‑hour fire resistance ratings.  The floor provides adequate separation from other areas.  Wall and floor penetrations have three‑hour fire rated seals.  Access to this area is through access panels from Fire Areas 1CC‑6 and 2CC‑6.


B.
Safe Shutdown Capabilities



The safe shutdown analysis identifies the safe shutdown related components, circuits and raceways that could be affected by a fire in Fire Zone 1RB‑1b.



Safe shutdown equipment for this fire area consists of HVAC ductwork for the systems, and Unit 1, Division 1 and Division 2 power control cables.



Fire Area CC‑6 contains circuits for shutdown Method A and Method B.  For this fire area, safe shutdown could be achieved utilizing Method A systems and equipment.  The conduit for Method A system (1M23R9A) is separated from the redundant cables on the order of 100 feet with an absence of intervening in situ combustibles.


C.
Fire Protection



Fire detection equipment for this area consists of smoke detectors.



Fire suppression equipment for this area consists of manual fire extinguishers and hose station locations in adjacent Areas 1CC‑6 and 2CC‑6 which would be used in this area.


D.
Fire Hazard Analysis



Type of combustibles



This area is occupied by HVAC ducts.  The only combustible loading in this area is from cable insulation concentrated on the north side of the area in three Division B cable trays that are approximately 10% full.  There are also conduits to smoke and heat detectors in the fire area.



The primary combustible contained in this 3,836 ft2 floor area is cable insulation.   The amount is insignificant; hence, the fire loading is negligible (less than 6,500 Btu/ft2.



Ease of ignition and propagation ‑ Low



Heat release potential ‑ Low



Suppression damage to equipment ‑ Ductwork and cables not susceptible to damage



Area continuously manned ‑
No



Traffic



‑
Very low



Fire fighting accessibility ‑ Area has low accessibility; however, the safe shutdown circuits are located near the access doors.


Conclusion ‑ Due to the extremely low combustible loading and 100 feet separation of the redundant circuits within this area, the level of protection provided by the detection system and manual suppression available is adequate to ensure that one division of safe shutdown equipment will remain free of fire damage.


DEVIATION TO <10 CFR 50, APPENDIX R>


SECTION III J, EMERGENCY LIGHTING


PERRY NUCLEAR POWER PLANT (PNPP)


Building ‑ Control complex


Elevation 654’‑6”



Fire Zone



FPER Drawing



1CC‑5a, Control Room
<Figure 9A‑19>


Deviation


<10 CFR 50, Appendix R>, Section III J states that emergency lighting units with at least an 8 hour battery power supply shall be provided in all areas needed for operation of safe shutdown equipment and in access and egress routes thereto.  Based upon our safe shutdown analysis, 8 hour emergency dc lighting is being provided in all areas outside of the control room required for safe shutdown operations, including access and egress to those areas.  The control room is provided with ac emergency lighting supplied from either the Division 1 or Division 2 emergency diesel generators.


Description


Emergency lighting will be locally powered from either of two lighting panels located in the Unit 1 Control Room, Fire Area 1CC‑5a.  Illumination will be provided directly over the horseshoe and other areas of the control room that may be required for safe shutdown.  Adequate illumination is provided for operations personnel to perform safe shutdown.


In the event of a loss of offsite power, provisions have been made to supply each lighting panel in the control room with a separate source of power from one of the emergency diesel generators.  Each method of power supply is described in the analysis section and shown on the attached sketch.  The two sources of power were analyzed to ensure that in the event of a fire in any fire area outside the control room, at least one


complete source of power for the lighting in the control room would be available.  The independence of the power sources was determined as follows:



(
The location of equipment utilized for a division of power was identified by Fire Area/Zone, as described in <Appendix 9A.4>.



(
The routing of the circuits between equipment, from the diesel generator to the lighting panel was traced to determine which Fire Areas/Zones would affect a division.



(
Also analyzed in the same methods were any interlocks which could effect the availability of the power source.  Circuits which were fed from the motor control center were evaluated for breaker coordination.



(
Systems required to support operation of the diesel generators were identified.  The Division 1 and Division 2 diesel generators and their safety‑related support systems are required for safe shutdown.  The equipment and circuits had been evaluated in the safe shutdown analysis and the redundant divisions were protected from the effects of a fire in a common zone/area as part of compliance with <10 CFR 50, Appendix R> III G.



(
Fire Areas containing equipment or circuits required for or affecting both divisional sources of power were evaluated to determine if one source would be available given a fire in the area.  Additional protection in the form of a 1‑hour wrap is provided, if required, to ensure that one division is free of fire damage.


Analysis


Division 1 Source


Emergency lighting in the control room will be provided by a single lighting transformer (R71S083) and distribution panel (R71P083).  The normal power source for the lighting transformer will be the Division 1 Class 1E, 480V motor control center (EF1B08).  The power supply to the motor control center is from a 480V bus (EF1B) supplied via a transformer (EHF‑1‑B) by the 4.16 kV bus (EH11), which is powered by the Division 1 diesel generator.  The transformer is located on the 679’ Elevation of the control complex (2CC‑6), and the lighting panel is located in the Unit 1 control room at the 654’ Elevation (1CC‑5a).  The 480V motor control center, transformer and busses are located on the 620’ Elevation of the control complex (1CC‑3c) and the diesel generator is located in the diesel generator building (DG‑1c).


The circuits for the above power source are routed through the following Fire Areas:



1CC‑5a


1CC‑3c



1CC‑6


DG‑1d



2CC‑6


2DG‑1c



1CC‑4f


DGBD



1CC‑3e


1CC‑2b


The Division 1 480V MCC is required for safe shutdown and has been analyzed for breaker coordination.  Associated circuits routed in any of the above zones have been coordinated or are protected from the effects of a fire by a 1 hour wrap.


Interlocks which could affect this divisions power supply in the event of a fire are located in the following Zones/Areas:



1CC‑3c
1CC‑4e
1CC‑4f
1CC‑5a
1RB‑1b


The support systems required for operation of the Division 1 diesel generator include:



1R‑43
Standby Diesel Generators and Support Systems (SDG)



1R‑45
SDG Fuel Oil Storage and Transfer



1P‑45
Emergency Service Water (ESW)



1P‑47
Control Complex Chilled Water System (CCCS)



1P‑49
Emergency Service Water Screen Wash



1M‑23/24
MCC, Switchgear & Battery Room HVAC



1M‑32
ESW Pumphouse HVAC



1M‑43
SDG Room HVAC



Switchgear



480V Load Centers



480V Motor Control Centers



DC Power System


The components and or circuits for the required systems are located in the following Fire Zones/Areas:



CC‑1a


1CC‑5a



CC‑1b


1CC‑6



CC‑1c


2CC‑6



CC‑2a


ESW‑1a



CC‑2b


ESW Duct Bank ‑ 1



1CC‑3c


FH‑2a



1CC‑3d


FH‑3



1CC‑3e


IB‑3



1CC‑4c


1DG‑1c



1CC‑4f


1DG‑1d



1CC‑4g


1DGDB



1CC‑4h


Division 2 Source


Emergency lighting in the control room will be provided by a single lighting transformer (R71S085) and distribution panel (R71P085).  The normal power source for the lighting transformer will be a nonsafety, 480V motor control center (F1B08).  On loss of offsite power, the power supply to the motor control center will automatically transfer to a 480V bus (XF‑1‑A) supplied by the Division 2 stub bus (XH1Z), via a step down


transformer (XHF‑1‑A).  The Division 2 stub bus is fed by the 4.16 kV safety‑related bus (EH12) which is powered by the Division 2 diesel generator.


The transformer is located on the 679’ Elevation of the control complex (1CC‑6) and the lighting panel is located in the Unit 1 control room at the 654’ Elevation (1CC‑5a).  The Division 2 stub bus, transformer 480V bus and motor control center are located on the 620’ Elevation of the turbine power complex (TPC).  The 4.16 kV Division 2 bus is located on the 620’ Elevation of the control complex (1CC‑3a), and the diesel generator is located in the diesel generator building (1DG‑1a).


The circuits for the above power source are routed through the following Fire Areas:



1CC‑5a


TPC



1CC‑6


1AB‑2



1CC‑5c


IB‑2



1CC‑638/654

CC‑2a



1CC‑3e


CC‑2b



DG‑1d


CC‑STW



DG‑1e


1DG‑1a



Radwaste 620 Elev.
Outdoor Tray


All electrical switchgears for the Division 2 480V supply required for safe shutdown has been analyzed for breaker coordination.  Associated circuits routed in any of the above zones have been coordinated.  The nonsafety portions of the power supply were also evaluated for associated circuit concerns.


The interlocks which could affect this divisions power supply are located in the following areas;



1CC‑4a
1CC‑4b
1CC‑5a
1RB‑1b
1CC‑3a


 support systems required for operation of the Division 1 diesel generator include:



1R‑43
Standby Diesel Generators and Support Systems (SDG)



1R‑45
SDG Fuel Oil Storage and Transfer



1P‑45
Emergency Service Water (ESW)



1P‑47
Control Complex Chilled Water System (CCCS)



1P‑49
Emergency Service Water Screen Wash



1M‑23/24
MCC, Switchgear & Battery Room HVAC



1M‑32
ESW Pumphouse HVAC



1M‑43
SDG Room HVAC



Switchgear



480V Load Centers



480V Motor Control Centers



DC Power System


The components and or circuits for the required systems are located in the following Fire Zones/Areas:



CC‑1a


1CC‑4a


ESW‑1a



CC‑1b


1CC‑4b


ESW Duct Bank ‑ 2



CC‑1c


1CC‑4c


1DG‑1a



CC‑2a


1CC‑4d


DG‑1e



CC‑2b


2CC‑4b


DG‑1d



1CC‑3a


1CC‑5a



1CC‑3e


1CC‑5c



1CC‑STW


1CC‑638/654







1CC‑6







CC‑6


Evaluation:


The Fire Area comprised of Fire Zones CC‑1a, CC‑1b and CC‑1c contain components and circuits for both Division 1 and Division 2 diesel support systems.  However, there are circuits or components directly supplying power to the lighting in this area.  As discussed in Part 1 of Attachment 2, circuits and components of concern are redundant trains required for safe shutdown and have been protected so that at least one train will be free of damage given a fire in the area.  Therefore, at least one source of power for lighting is available.


Fire Zones IB‑2 and IB‑3 are part of the larger Fire Area encompassing the entire intermediate building.  These zones are separated by a 3 hour rated barrier, with the exception of a 3 in. rattle space.  Zone IB‑2 contains circuits for the Division 2 power supply to the stub bus and Zone IB‑3 contains circuits for the Division 1 ESW systems required for support of the Division 1 diesel.  As described in Part 7 of Enclosure 2, the zone separation provides adequate protection of the circuits in one zone from a fire in an adjacent zone.  Therefore, at least one source of power for lighting would be available given a fire in either zone.


Fire Areas DG‑1d, 1CC‑3e and 1CC‑4c contain circuits required for the Division 1 diesel generator operation.  The Division 2 power supply for lighting and support system circuits for the Division 2 diesel generator are also located in these zones.  The circuits needed for the Division 1 diesel generator support systems are protected, as required, with cable wrap in these areas.


In Fire Area 1CC‑6, the conduit containing circuits from the Division 1 lighting transformer is wrapped in a 1 hour wrap throughout the zone.  In the Fire Area composed of Fire Zones CC‑2a, CC‑2b and CC‑2c, the Division 2 lighting circuit is wrapped with a 1 hour wrap throughout the zone.


Conclusion:


At least one complete source of backup ac power for the control room lighting will be available in the event of a loss of offsite power and a fire in any area of the plant outside the control room.  Therefore, 8 hour dc battery powered emergency lighting is not necessary for operation of equipment to achieve safe shutdown.


ONE LINE DIAGRAM – <10 CFR 50, APPENDIX R> LIGHTING REQUIREMENT


PERRY NUCLEAR PLANT PGCC
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10.0      STEAM AND POWER CONVERSION SYSTEM


10.1      SUMMARY DESCRIPTION


The steam and power conversion system for the Perry Nuclear Power Plant is rated at approximately 1,311 MW of gross electrical output.  An 1,800 rpm, six flow, tandem compound reheat turbine with 43‑inch last stage blades will drive a 1,446,700 kVA (with the capability of operating at 1,513,556 kVA at 0.90 power factor), 1,800 rpm, direct connected, 22,000 volt, 3 phase, 60 Hertz, conductor cooled, synchronous generator.  Equipment for regenerative feedwater heating, pumping to required pressure, condensate purification, and various auxiliary systems complete the power conversion system.


Main steam from the nuclear boiler system flows to the main turbine generator through four main steam lines.  Steam is diverted from the main steam for reheating purposes, seal steam generation, offgas preheaters, reactor feed pump turbines during startup, and steam jet air ejectors.  Main steam enters the high pressure turbine, flows through the blade paths and exhausts to the moisture separator reheaters, where moisture is removed and the steam is slightly superheated.  Steam then enters the three low pressure turbines, flows through the blade paths and exhausts to the three shells of the condenser.


Steam is extracted at several points in the main turbine cycle for regenerative feedwater heating, for driving the reactor feed pump turbines and for the seal steam evaporator during normal operation.


The condenser condenses the exhaust flows from the turbine as well as other miscellaneous flows from the cycle.  Condensate is taken from the hotwell of the intermediate pressure condenser and is pumped by the hotwell pumps through the condensate filter/demineralizer systems, the offgas condenser, the steam packing exhauster, and the steam jet air ejector condensers to the suction of the condensate booster pumps. 


These pumps send the condensate through three closed feedwater heaters to the direct contact feedwater heater and hot surge tank.  Feedwater is taken from the hot surge tank by the feedwater booster pumps and is pumped through one stage of intermediate pressure feedwater heating to the suction of the reactor feed pumps.  These pumps force feedwater through one stage of high pressure feedwater heating to the nuclear boiler system inlet.


Water for condensing the steam in the condenser is circulated in a closed loop system that releases the heat to atmosphere through a natural draft cooling tower <Section 10.4.5>.


A turbine bypass system capable of bypassing 28.8 percent (nominal) of the full load main steam flow directly to the condenser is provided for startup and load changing operation.


The following system diagrams are included:


a.
Main and reheat steam


<Figure 10.1‑1 (1)>










<Figure 10.1‑1 (2)>










<Figure 10.1‑1 (3)>


b.
Extraction steam



<Figure 10.1‑2>


c.
Feedwater





<Figure 10.1‑3 (1)>










<Figure 10.1‑3 (2)>


d.
Condensate (main)



<Figure 10.1‑4 (1)>










<Figure 10.1‑4 (2)>


e.
Condensate filters



<Figure 10.1‑5 (1)>










<Figure 10.1‑5 (2)>










<Figure 10.1‑5 (3)>


f.
Condensate demineralizers

<Figure 10.1‑6 (1)>










<Figure 10.1‑6 (2)>










<Figure 10.1‑6 (3)>










<Figure 10.1‑6 (4)>


g.
Circulating water



<Figure 10.1‑7>


h.
High pressure heater drains



and vents





<Figure 10.1‑8 (1)>










<Figure 10.1‑8 (2)>










<Figure 10.1‑8 (3)>










<Figure 10.1‑8 (4)>


i.
Low pressure heater drains



and vents





<Figure 10.1‑9>


j.
Steam seal system



<Figure 10.1‑10>


k.
Condenser air removal


<Figure 10.1‑11>


The following heat balances are included:


a.
Rated power




<Figure 10.1‑12>


b.
Designed power (valves wide open)
<Figure 10.1‑13>


Design and performance characteristics are listed on the figures for each respective system.


The only portions of the steam and power conversion system (balance of plant) that are safety‑related are:


a.
For the main steam system ‑ outer containment isolation valve (B21‑F028A,B,C,D) to the outermost system isolation valve (N11‑F020A,B,C,D).


b.
For the feedwater system ‑ from the first system isolation valve (B21‑F065A,B) to the reactor.


These portions of the main steam and feedwater systems are Safety Class 1 and 2, and Seismic Category I.  Refer to <Section 10.3>, <Section 10.4.7>, and <Section 5.4.9> for further discussion.


System instrumentation is discussed, in general, in <Section 10.2>, <Section 10.3>, and <Section 10.4>.  Safety‑related instrumentation associated with this system is discussed in <Section 7.2>, <Section 7.3>, and <Section 7.7>.
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10.2      TURBINE GENERATOR


10.2.1      DESIGN BASES


The General Electric Model TC6F‑43” LSB turbine generators are tandem compound, six flow reheat units.  The 1,800 rpm turbine generators produce a gross generator output of approximately 1,311 MWe with all feedwater heaters in service and with a nominal plant exhaust pressure of 1 inch Hg (absolute) and zero makeup.  Steam conditions at the turbine inlet are 937 psia and 1,190.8 Btu/lb.  Normal and upset conditions are shown on <Figure 10.1‑1 (1)>.


Each unit is expected to operate in the base load mode for the majority of its design life.  Normal load swings are limited to the rate of change of the NSSS.  Within these limitations, the turbine generator is capable of accepting a load reduction from 100 percent to approximately 71 percent (using the 28.8 percent nominal bypass) and automatically returning to rated power.


Functional limitations imposed by design characteristics of the reactor coolant system are as follows:


a.
Turbine Stop Valve



During any event resulting in turbine stop valve fast closure, turbine inlet steam flow must not be reduced faster than permitted by <Figure 10.2‑1>.


b.
Turbine Control Valve



The turbine control valves are capable of full stroke openings of 10 seconds (nominal) and closures in 7 seconds nominal for adequate pressure control performance.  During any event resulting in 



turbine control valve fast closure, turbine inlet steam flow cannot be reduced faster than permitted by <Figure 10.2‑2>.


The turbine generator and associated equipment are designed and manufactured in accordance with the appropriate sections of the ASME Boiler and Pressure Vessel Code (<Table 3.2‑1>, Note 12) and the General Electric Company standards and specifications.


10.2.2      DESCRIPTION


10.2.2.1      Turbine Generator


Each turbine consists of four casings, a double‑flow high pressure section, followed by three double‑flow, low pressure casings.  The 6 last stage wheels have 43‑inch buckets.


The 1,800 rpm generators are 3 phase, 60 hertz, rated 1,446,700 kVA with the capability of operating at 1,513,556 kVA at 0.90 power factor at 22,000 volts, and 75 psig hydrogen pressure.


A shaft driven alternator exciter rated at 3,410 kW provides the necessary dc supply for exciting the field.


An electrohydraulic control system, using electronic computing devices and high pressure fire‑resistant fluid, actuates and controls the steam valves.  This system is completely separated from the bearing oil supply.  During normal operation the turbine control valves act to maintain constant upstream pressure, while the reactor recirculation is controlled according to load demand.


The turbine generator pressure regulator instrumentation and controls are described in <Section 7.7.1> and <Section 7.7.2>.  The inservice inspection program for the main steam reheat valves is discussed in <Section 10.2.3.6>.


A set of seven bypass valves with a nominal capacity of 28.8 percent of full load throttle flow is installed immediately upstream of the inlet stop valves.  The bypass valves permit rapid load reduction, up to 28.8 (nominal) percent capacity, without requiring that the reactor be tripped.  During the PNPP Unit 1 startup program a measurement of the turbine bypass capacity demonstrated that the capacity of each of the seven (7) bypass valves is essentially equal.  No direct means are available for measuring total bypass valve flow during startup testing. 


Furthermore, analysis was performed to conclude that turbine bypass capacity as low as 25 percent NBR does not affect the bounding (CPR results presented in <Table 15.0‑2a>.


The heat cycle provides for extraction at six pressure stages for feedwater heating as follows:


a.
One on the high pressure turbine cylinder (Heater No. 6).


b.
One on the moisture separator (Heater No. 5).


c.
Four on each of the three low pressure turbine cylinders (Heater Nos. 4, 3, 2, and 1).


10.2.2.2      Electrohydraulic Control System


The turbine generator uses an electrohydraulic control (EHC) system which, in coordination with the NSSS steam bypass and pressure control system, controls the turbine speed, load, pressure, and flow for startup and normal operations.  The EHC system operates the turbine stop valves, control valves and combined stop and intercept valves.  Turbine generator supervisory instrumentation is provided for operational analysis and malfunction diagnosis.


Automatic control functions are programmed to protect the nuclear steam supply system with appropriate corrective actions.  The turbine EHC system combines the principles of solid state electronics and high pressure hydraulics to control steam flow through the turbine.  The control system has the following major subsystems:


a.
Speed control unit


b.
Load control unit


c.
Flow control unit


The speed control unit receives speed signals from the shaft speed pickups, which are compared to a speed reference signal, to produce a speed/error signal.  The speed control unit also differentiates the speed signals to produce acceleration signals.  These signals are compared to the acceleration reference to produce acceleration error signals that are integrated and combined with the speed/error signal, to produce an output to the load control unit.


The load control unit accepts the speed‑acceleration error signal from the speed control unit and compares the signal with the preselected load demand signal, which is provided to the NSSS steam bypass and pressure control system.  The load control unit also accepts limit signals (e.g., load limit, pressure limit, power load unbalance limit, etc.) and combines them with the load demand signal to generate flow reference signals, which are provided to the flow control unit.


The flow control unit positions the turbine steam control valves at the required position to satisfy each valve flow reference signal from the load control unit.  It consists of the individual valve positioning units, which essentially are electrohydraulic, closed loop, servo‑mechanism valve position control systems.


10.2.2.3      Turbine Overspeed Protection System


The turbine overspeed control system is not safety‑related.  The system has no direct function in the safe shutdown of the reactor in the event of accident.  However, a reliable, redundant, fail‑safe turbine overspeed system is incorporated for the safety of plant personnel and equipment, and to ensure no mitigation of engineered safety systems employed for safe, orderly shutdown of the reactor system.


To meet the specific requirements of GDC 4, a redundant turbine overspeed control system is provided in addition to the normal speed control function provided by the turbine electrohydraulic control system.  Redundancy is achieved by using at least two independent channels from the signal source to the output device which controls the emergency trip system fluid pressure, which actuates the turbine steam valves.  <Figure 10.2‑3> is a block diagram of the turbine protection system.  No specific valve failure can keep the turbine overspeed trip from functioning.


The mechanical overspeed trip is an unbalanced ring which is held concentric with the shaft by a spring.  When the speed reaches the trip speed (108 percent to 111 percent of rated), the centrifugal force of the ring overcomes the force of the spring, and the ring snaps to an eccentric position.  The ring then strikes the trip finger which operates the mechanical trip valve.  This releases the fluid pressure on the disk dump valves for main stop and control valves and intermediate stop and intercept valves, thereby closing the turbine steam valves.  The overspeed trip device may be tested by tripping it at normal speed by the application of oil through the oil trip valve.


The electrical backup overspeed trip device consists of a speed trip relay (set at 0.5 percent above the mechanical trip setpoint) that is operated by a signal from a magnetic pickup from the turbine shaft.  The signal from the speed trip relay will energize the master trip relay 


which will de‑energize the coil of the electrical trip solenoid valve.  When the coil is de‑energized, the electrical trip valve operates to release the fluid pressure on the actuator of the steam valves.  Each compartment of the mechanical and electrical overspeed protection systems will be tested at each startup and during normal operation, on a weekly basis, by the following tests:


a.
A mechanical overspeed trip test at the EHC Panel to test for operation of the overspeed trip device and mechanical trip valve.


b.
A mechanical trip piston test at the EHC panel to test for electrical activation of the trip mechanism.


c.
An electrical trip test at the EHC panel to test for operation of the electrical trip valve.


d.
A backup overspeed trip test at the EHC panel to test the 2 out of 3 logic circuits.


An air relay dump valve is provided which actuates on turbine trip.  The valve controls air to the extraction steam check valves which limit contributions to turbine overspeed from steam and water in the extraction lines and feedwater heaters.  The total energy in these steam lines down to the check valves has been included in the turbine overspeed analysis.  The extraction steam lines from the turbine to the No. 1 and 2 feedwater heaters are located within the main condensers and do not have any non‑return valves provided in them.  The turbine overspeed analysis takes into account the total energy in these extraction lines to the No. 1 and 2 heaters down to and including the water and steam in the heater and subcooler shells.  This data has been used by General Electric to calculate the maximum potential overspeed.  It assumes turbine load is suddenly reduced from maximum to zero, with no restraint of reverse flow in the extraction lines being considered, but all other turbine control and extraction non‑return valves operate 


normally.  This General Electric analysis demonstrates that these bottled‑up volumes of steam and water within the turbine and extraction steam system will not cause the turbine speed to rise above a certain maximum value (as established by General Electric steam turbine design rules and code requirements) after a full load rejection or trip.


The closing time for all extraction non‑return valves is less than two seconds.  The motor‑operated stop valves in the extraction steam lines from the turbine are not relied on to provide overspeed protection, but have been included to prevent water damage to the turbine; therefore, their closure times are not relevant to overspeed protection.


Thus, protection against the effects of high or moderate energy pipe failure is not a design requirement since the turbine overspeed control system equipment, electrical wiring and hydraulic lines are not required for safety‑related shutdown of the reactor.  In the event of a high or moderate energy pipe rupture, failure of the electrohydraulic control system and the hydraulic lines could be postulated.  This failure, singly or in combination, would not adversely affect the mechanical overspeed trip or the hydraulic speed control systems.  Either the mechanical trip or the pressure loss in the ruptured hydraulic lines would result in closure of the turbine stop valves eliminating any probability of turbine overspeed from any credible source.


The failure analysis for the turbine overspeed protection system is presented in <Table 10.2‑1>.


10.2.2.4      Turbine Protection System


In addition to overspeed trip signals discussed above, the emergency trip system closes the main stop and control valves, and the intermediate stop and intercept valves, thereby shutting down the turbine on the trip signals listed in <Section 10.2.2.4.1> and <Section 10.2.2.4.2>.


The sequence of events and response times following a turbine trip are given in <Section 15.2.3>, <Figure 15.2‑2>, <Figure 15.2‑3>, <Figure 15.2‑4>, and <Figure 15.2‑5>, and <Table 15.2‑2>, <Table 15.2‑3>, <Table 15.2‑4>, and <Table 15.2‑5>.


10.2.2.4.1      Turbine Trip Signals Due to Mechanical Faults


The turbine is shut down due to the following mechanical fault signals:


a.
Loss of vacuum trip.


b.
Excessive thrust bearing wear.


c.
Prolonged loss of generator stator coolant at loads in excess of a preset value.


d.
External trip signals, including remote‑manual trip on the control panel.


e.
Loss of hydraulic fluid supply pressure (loss of emergency trip system fluid pressure automatically closes the turbine valves and then energizes the master trip relay to prevent a false restart).


f.
Low bearing oil pressure.


g.
Loss of both speed signals when turbine is not in standby control.


h.
(Deleted)


i.
High shaft vibration.


j.
Loss of 125‑volt dc electrohydraulic control power supply when turbine is operating at less than 75 percent rated speed.


k.
Loss of 24‑volt dc electrohydraulic control power supply.


l.
High level in moisture separators.


m.
High reactor water level.


n.
Low shaft pump discharge pressure when turbine is operating at greater than 75 percent of rated speed.


o.
Operation of the manual mechanical trip at the front standard.


p.
Low bearing oil pressure to the trip piston.


q.
RCIC initiation signal.  (This signal may be delayed by a maximum of 5 minutes when steam line flows are ( 100 feet/second, as sensed by Main Turbine First Stage Pressure).


10.2.2.4.2      Turbine Trip Signals Due to Generator Electrical Faults


Generator electrical fault signals that trip the turbine are as follows:


a.
345 kV breaker failure.


b.
Main transformer differential.


c.
Main transformer sudden pressure with current supervision.


d.
Main transformer 345 kV neutral overcurrent.


e.
Unit 345 kV bus differential.


f.
Unit auxiliary transformer neutral overcurrent X.


g.
Unit auxiliary transformer neutral overcurrent Y.


h.
Unit auxiliary transformer sudden pressure.


i.
Unit auxiliary transformer differential.


j.
Generator volts/Hertz.


k.
Generator stator energized with machine at low speed (generator dead machine protection).


l.
Underfrequency with generator connected to system.


m.
Negative sequence overcurrent with generator connected to system.


n.
Generator loss of excitation with voltage balance supervision, generator connected to system.


o.
Generator out of step with generator connected to system, current and voltage balance supervision.


p.
Sustained generator overexcitation.


q.
Generator neutral overvoltage.


r.
Generator differential No. 1.


s.
Generator differential No. 2.


t.
Unit overall differential.


u.
Zero sequence overvoltage with voltage balance supervision.


v.
Reverse power with voltage balance supervision.


w.
Unit auxiliary transformer secondary overcurrent.


10.2.3      TURBINE DISK INTEGRITY


10.2.3.1      Materials Selection


Turbine wheels and rotors for turbines operating with light water reactors are made from vacuum melted or vacuum degassed Ni‑Cr‑Mo‑V alloy steel by processes which minimize flaw occurrence and provide adequate fracture toughness.  Tramp elements are controlled to the lowest practical concentrations consistent with good scrap selection and melting practices, and consistent with obtaining adequate initial and long life fracture toughness for the environment in which the parts operate.  The turbine wheel and rotor materials have the lowest fracture appearance transition temperatures (FATT) and highest Charpy V‑notch energies obtainable, on a consistent basis from water quenched Ni‑Cr‑Mo‑V material at the sizes and strength levels used.  Since actual levels of FATT and Charpy V‑notch energy vary depending upon the size of the part and the location within the part, etc., these variations are taken into account in accepting specific forgings for use in turbines for nuclear application.  Charpy tests essentially in accordance with Specification ASTM A‑370 are included.


10.2.3.2      Fracture Toughness


Suitable material toughness is obtained through the use of materials described in <Section 10.2.3.1> to produce a balance of adequate material strength and toughness to ensure safety while simultaneously providing high reliability, availability, efficiency, etc., during operation.  Bore stress calculations include components due to 


centrifugal loads, interference fit and thermal gradients, where applicable.  The ratio of material fracture toughness, KIC (as derived


from material tests on each wheel or rotor), to the maximum tangential stress for wheels and rotors at speeds from normal to 115 percent of rated speed (the highest anticipated speed resulting from a loss of load is 110 percent), is at least 2 
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.  Adequate material fracture


toughness needed to maintain this ratio is assured by destructive tests on material taken from the wheel or rotor using correlation methods which are more conservative than that presented by J. A. Begley and W. A. Logsdon in Westinghouse Scientific Paper 71‑1E7‑MSLRF‑P1.


Turbine operating procedures will be employed to preclude brittle fracture at startup by ensuring that the metal temperature of wheels and rotors (a) is adequately above the FATT and (b) as defined above is sufficient to maintain the fracture toughness to tangential stress ratio 


at or above 2 
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.


10.2.3.3      High Temperature Properties


The operating temperatures of the high pressure rotors in turbines operating with light water reactors are below the creep rupture range.  Creep rupture is, therefore, not considered to be a factor in assuring rotor integrity over the lifetime of the turbines.


Below the creep rupture temperature range, rupture failure is essentially a tensile phenomenon and characterized by the yield and tensile strength of the material.  Since the operating temperatures of the high pressure rotor are below the creep temperature range, the yield criterion (0.75 yield stress) governs the material behavior and defines the design stress limits.


10.2.3.4      Turbine Disk Design


The turbine assembly is designed to withstand normal conditions and anticipated transients including those resulting in turbine trip without loss of structural integrity.  The design of the turbine assembly meets the following criteria:


a.
Turbine shaft bearings are designed to retain structural integrity under normal operating loads and anticipated transients, including those leading to turbine trips.


b.
The multitude of natural critical frequencies of the turbine shaft assemblies existing between zero speed and 20 percent overspeed are controlled in the design and operation so distress to the unit during operation does not occur.


c.
The maximum tangential stress in wheels and rotors resulting from centrifugal forces, interference fit and thermal gradients will not exceed 0.75 of the yield strength of the materials at 115 percent of rated speed.


10.2.3.5      Preservice Inspection


The preservice inspection program is as follows:


a.
Wheel and rotor forgings are rough machined with minimum stock allowance prior to heat treatment.


b.
Each finish machined wheel and rotor is subjected to 100 percent volumetric (ultrasonic), surface and visual examinations using General Electric acceptance criteria.  These criteria are more restrictive than those specified for Class 1 components in the ASME Boiler and Pressure Code, Sections III and V, and include the requirement that subsurface sonic indications are either removed or evaluated to assure that they will not grow to a size which will compromise the integrity of the unit during the service life of the unit.


c.
All finish‑machined surfaces are subjected to a magnetic particle test with no flaw indications permissible.


d.
Each fully bucketed turbine rotor assembly is spin tested at or above the maximum speed anticipated following a turbine trip from full load.


10.2.3.6      Inservice Inspection and Maintenance Program


10.2.3.6.1       Turbine Assembly Inspection/Maintenance


The inservice inspection and maintenance program for the low pressure turbine assembly will be performed based on maintaining a combined unit missile probability of less than 1.0 E‑5.  The turbine will be inspected in stages at different refueling outages such that each low pressure turbine wheel is inspected within its operating interval as required by probabilities of Perry turbine missile generation described in <Section 10.2.3.6.1.1>.  The high pressure rotor will be inspected at about 10 year intervals of actual turbine operation.  This program will include disassembly of the turbine and complete inspection of all normally inaccessible parts (i.e., couplings, coupling bolts, turbine shaft, low pressure turbine buckets, low pressure wheels, and high pressure rotors).


This turbine assembly inspection will consist of the following visual, surface and volumetric examinations:


a.
A thorough volumetric examination of low pressure wheels and high pressure rotors, including areas immediately adjacent to keyways and bores.


b.
Visual examination of accessible surfaces of wheels and rotors.


c.
Visual and surface examination of low pressure buckets.


d.
100% surface examination of couplings and coupling bolts. 


10.2.3.6.1.1      External Turbine Missile Generation Probability


The turbine assembly inspection interval was selected on the basis of acceptably low probabilities of Perry turbine missile generation.   


Turbine missile generation probabilities are calculated by using either a methodology developed by General Electric or a methodology developed by Siemens‑Westinghouse.  Either methodology can be used to develop the Perry‑specific missile probabilities.


The methodology (General Electric or Siemens‑Westinghouse) for determination of missile probability contains three major components:


‑
The probability of the turbine attaining speeds higher than those occurring during normal operation.


‑
The estimation of wheel burst probability as a function of speed.


‑
The probability of a wheel fragment penetrating the turbine casing and thus generating an external missile.


The methodology (General Electric or Siemens‑Westinghouse) also indicates that the dominant failure mode would be brittle fracture emanating from a stress corrosion crack which occurs at the axial keyway in the bores of shrunk‑on wheels.  


The initial Perry turbine calculation results for all three stages of the Unit 1 low pressure turbine showed that the probability of external missile generation was 6.2 E‑6 per year after six years of actual turbine operation.  Rotor inspection findings and performance of procedures to prewarm the turbine rotors during plant startups altered this probability.  Subsequent findings of degraded rotor condition will again alter the individual and combined unit probability values.  The subsequent revised probability values will be used as a basis to schedule inspections such that the combined unit probability will not exceed the NRC limit of 1.0 E‑5.


10.2.3.6.2      Turbine Steam Valve Inspection/Maintenance


The inservice inspection of turbine steam valves will include the following:


a.
Dismantle at least one turbine stop valve, one turbine control valve, one reheat stop valve, one reheat intercept valve, and one of each type of steam extraction valve, at approximately three year intervals during refueling or maintenance shutdowns coinciding with the inservice inspection schedule required by ASME Code Section XI.  Conduct a visual and surface examination of valve seats, disks and stems.  If unacceptable flaws, excessive corrosion or improper clearances are found in a valve, it will be repaired or replaced and all valves of that type will be inspected.  Valve bushings will be inspected and cleaned, and bore diameters will be checked for proper clearance.


b.
Turbine stop, turbine control, reheat stop and intercept valves, and the turbine overspeed trip mechanism will be exercised by closing each valve or performing the overspeed trip test and observing, by the valve position indicator, that the valves move smoothly to a fully closed position.  These tests will be made in accordance with Operational Requirements Manual requirements, which 



further stipulate that online test failures of any one of these steam line subdivisions will require:  1) repair or replacement of failed components within 72 hours, or 2) valve closure in the affected steam line, or turbine isolation from the steam supply until repairs are completed.


c.
During normal unit operation, the critical power assisted extraction non‑return valves will be tested weekly by partially closing the valves using the solenoid test valves.


There are four (4) critical power assisted valves, specifically the series connected check valves controlling extraction steam flow to/from the steam seal evaporator, and to/from the direct contact heater <Figure 10.1‑2> and <Figure 10.1‑10>.  The power assist feature is required for turbine overspeed protection.  Therefore, there should be no 2‑way shutoff valves installed in the airlines between the air relay dump valve and the critical power assisted check valves.  At initial installation the response time of the actuators on the critical power assisted check valves should be taken.  This is the time between turbine trip and full stroking of the power assist actuator.  This test should  result in response times of less than two second.


10.2.4      EVALUATION


The primary source of activity in the steam and power conversion system is radiation from nitrogen ‑16, formed by activation of primary coolant water in the reactor.  This activity is carried with the steam to the turbine.  Fission product noble gases and other activation gases, such as oxygen ‑19, nitrogen ‑17 and nitrogen ‑13, are also carried with the steam to the turbine.  Nongaseous fission and activation products are present in the turbine due to moisture carryover in the steam from the NSSS.  The maximum anticipated operating concentration of radioactivity 


in the high pressure turbine is the same as that indicated in the tables in <Section 11.1>, multiplied by the following appropriate carryover factors:









Carry Over Factor


a.
noble gases




  1


(100% carry over)


b.
halogens





  0.02


c.
other fission products


  0.001


The activity entering the low pressure turbine is reduced further by moisture separation between the high pressure and low pressure turbines.


Typical turbine component nitrogen ‑16 inventories are given in <Table 12.2‑10>.  Resulting radiation dose rates are approximately 6 R/hr for the main steam pipes, 2 R/hr for the high pressure turbine and 4 R/hr for the moisture separator.


As discussed in <Section 11.3>, most of the gaseous activity in the condenser is removed by the steam jet air ejector to the gaseous waste system.  The activity that is not removed by the air ejector is reduced significantly by the approximately three minute holdup time in the condenser hotwell.  Therefore, the activity entering the condensate and feedwater lines is significantly less than that originally entering the steam and power conversion system.


Biological shielding design is discussed in <Section 12.3.2.2>.  The turbine is in an administratively controlled access area.


10.2.5      HYDROGEN AND CARBON DIOXIDE SYSTEMS


10.2.5.1      Power Generation Design Bases


a.
The hydrogen and carbon dioxide systems are designed to provide the necessary flow and pressure at the main turbine generator:



1.
During startup when air is purged from the generator by carbon dioxide.



2.
During startup when carbon dioxide is purged from the generator by hydrogen.



3.
During shutdown when hydrogen is purged from the generator by carbon dioxide.



4.
During shutdown when carbon dioxide is purged from the generator by air.



5.
During normal operation where hydrogen can be supplied to the generator as necessary to make up for generator hydrogen leakage.


b.
Each unit has its own hydrogen bulk storage system.  Hydrogen supply to the generator is also being provided from the connection to the Hydrogen Water Chemistry supply piping for the plant.


c.
The carbon dioxide supply is common to both generating units.


d.
Should the carbon dioxide portion of the subject system fail, the plant could continue in normal operation.  Should the hydrogen portion of the subject system fail, the plant could continue in normal operation in accordance with the turbine generator manufacturer's requirements.


10.2.5.2      System Description


The hydrogen portion of the system consists of the hydrogen supply station, supply cylinders and piping, together with all necessary valves, pressure reducers, instrumentation and gas purity measuring equipment.  The carbon dioxide portion of the system consists of the carbon dioxide vaporizer, carbon dioxide supply piping with all the necessary valves, and instrumentation.  The hydrogen and carbon dioxide system components, piping, valves, and instrumentation are shown in <Figure 10.2‑4>, <Figure 10.2‑5>, and <Figure 10.2‑6>.  The hydrogen and carbon dioxide bulk storage units are located outdoors.  The hydrogen cylinder filling area for each unit is near the heater bay.  The carbon dioxide tank for generator purge is located near the service building.


10.2.5.3      System Evaluation


The hydrogen and carbon dioxide system serves no safety function.  System analysis has shown that failure of the hydrogen and carbon dioxide system will not compromise any safety‑related systems or prevent safe shutdown.  Nine hydrogen storage cylinders for each unit, with a total capacity of 62,424 scf at 2,300 psig, are located in the yard near the heater bay as shown on <Figure 1.2‑2>.  Hydrogen supply to the generator is expected to be normally provided from the connection to the Hydrogen Water Chemistry supply piping for the plant.  The Unit 1 Hydrogen Bulk Storage System may be aligned to provide a hydrogen supply to the generator, as required.  This hydrogen supply piping to the generator also provides for connection of a temporary hydrogen supply.  Temporary hydrogen storage/handling will continue to maintain the same separation and open space location for precluding adverse effects resulting from the unlikely possibility of any explosions or fires.  A fire safety shutoff valve is provided that can be closed to shut off hydrogen to the turbine building in case of fire or high temperature in the plant.  A fence is erected around the hydrogen bulk storage units to 


further protect the storage area.  “No Smoking” signs and “Danger Regulating Station” signs are posted in accordance with NFPA requirements.


The hydrogen distribution headers inside the turbine building are routed as follows:


1.
Headers are located to prevent physical damage to pipe.


2.
Headers are located away from equipment that present a fire hazard to hydrogen.


3.
Headers are routed through ventilated areas.


The protective measures taken to prevent fires and explosions include the strict observance of the turbine vendor's operating instructions.  These protective measures include the following during operation and maintenance:


a.
During normal operation, hydrogen is used to cool the generator.  To prevent hydrogen from leaking through the generator shaft seal glands into the turbine building, a shaft oil sealing system is provided.



A carbon dioxide purge is used to avoid having an explosive hydrogen‑air mixture in the generator at any time, such as when the generator is being filled with hydrogen prior to being placed in service, or when hydrogen is being removed from the generator for maintenance or inspection.  Hydrogen concentrations are controlled with the aid of a gas analyzer.



Before filling or purging the generator, the carbon dioxide analyzer will be calibrated with air, carbon dioxide and hydrogen.


b.
Hydrogen removal from the generator before it is opened for maintenance



While the generator is at standstill or on turning gear operation and the shaft sealing system is in operation, carbon dioxide is admitted into the generator, maintaining a pressure between specified limits in the generator casing, until the carbon dioxide concentration in the discharge is in excess of 95 percent measured by a gas tester.  When hydrogen is being purged from the casing, 



all hydrogen supply piping and headers will be disconnected to prevent hydrogen from entering the casing because of possible leakage or faulty operation of valves.  The carbon dioxide will be purged from the casing with dry air.


c.
Air leakage test of the hydrogen cooled generator



While the generator is at a standstill or on turning gear and the shaft sealing system is in operation, an air leakage test will be performed prior to the initial startup of the hydrogen cooled generator and after the generator has been opened for maintenance.


d.
Air removal from the generator before hydrogen fill following maintenance



While the generator is at a standstill or on turning gear operation and the shaft sealing system is in operation, carbon dioxide will be admitted to the bottom of the generator through carbon dioxide distribution piping, and air in the generator will be discharged to atmosphere through the hydrogen feed pipe.



While the generator is being filled with carbon dioxide, the percentage of carbon dioxide in the gas mixture being discharged from the generator to the atmosphere should be measured by the carbon dioxide‑air scale of the carbon dioxide analyzer.  Carbon dioxide will be admitted to the generator until air has been displaced by carbon dioxide.


e.
Filling generator with hydrogen



When the air has been displaced by carbon dioxide as determined by the gas analyzer, hydrogen is admitted to the top of the generator through the sparger and carbon dioxide is vented to atmosphere through the lower sparger, where it was originally admitted.  When 



hydrogen concentration in the vented gas is above 90 percent hydrogen in carbon dioxide, the vent to atmosphere may be closed and the hydrogen pressure raised to the required operating pressure.


10.2.5.4      Tests and Inspection


The hydrogen and carbon dioxide system is proved operable by its use.  System piping and components are pneumatically tested prior to startup.


10.2.6
    REFERENCES FOR SECTION 10.2
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Letter, A. Kaplan (CEI) to U.S. Nuclear Regulatory Commission (NRC), “USAR Appendix 1B Commitment No.4 ‑ Turbine System Maintenance Program,” PY‑CEI/NRR‑0977L, March 20, 1989.


2.
Letter, U.S. Nuclear Regulatory Commission (NRC) to A. Kaplan (CEI), “Turbine System Maintenance Program, Perry Nuclear Power Plant Unit No. 1 (TAC No. 72835),” PY‑NRR/CEI‑0478L, August 23, 1989.


3.
“Safety Analysis Report for Perry 5% Thermal Power Uprate,” NEDC‑32907P, September 1999.


4.
Letter, U.S. Nuclear Regulatory Commission (NRC) to S. Dembkowski (Siemens‑Westinghouse Power Corporation), ‘Safety Evaluation for Acceptance of Referencing the Siemens‑Westinghouse Topical Report, “Missile Analysis Methodology for General Electric (GE) Nuclear Steam Turbine Rotors by the Siemens‑Westinghouse Power Corporation (SWPC)” (TAC No. MB 5679),’ April 2, 2003.


TABLE 10.2‑1


TURBINE OVERSPEED PROTECTION SYSTEM


FAILURE ANALYSIS


Component




Malfunction





Comment


Steam Valve


One valve fails to close


All steam valves are in pairs in series.


(MSV, CV, IV, ISV)

on overspeed trip



Thus, failure of one valve to close does 














not defeat overspeed protection.


Turbine Extraction

One valve fails to close


The overspeed potential of the feedwater 


Non-return Valve








heating system is small.  The total energy 














addition due to any single extraction valve














failure can contribute no more than 3 percent 














to the running speed of the turbine generator.


Mechanical Trip

Fails to drop ETS pressure

The backup electrical overspeed trip 


Valve



upon actuation of



de‑energizes the master trip solenoid valve 







mechanical overspeed trip

which, in turn, results in a drop in ETS














pressure.


TABLE 10.2‑1 (Continued)


Component




Malfunction





Comment


Master Trip


Fails to drop ETS pressure

The mechanical overspeed trip actuates the 


Solenoid Valve


upon actuation of overspeed

mechanical trip valve which, in turn, results







trip






in a drop in ETS pressure.


Hydraulic Trip


Piping fails causing


All steam valves close as in overspeed trip.


System Piping


depressurization


DC Electric Power

Power supply is lost


Loss of two speed signals causes master trip


Supply










solenoid valve to be de‑energized which, in














turn, results in a drop in ETS pressure.
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10.3      MAIN STEAM SUPPLY SYSTEM


10.3.1      DESIGN BASES


The main steam system is designed to convey the steam produced in the nuclear boiler system from the outermost containment isolation valves to the turbine stop valves, offgas preheaters, the moisture separator/reheaters, and the condenser steam jet air ejectors.  Also provided are valves for bypassing the main turbine to the condenser, a steam supply to the reactor feedpump turbines for the startup and low load operation and a steam supply to the gland steam evaporator.  The system is shown on <Figure 10.1‑1>.


To prevent a failure that could lead to the release of radioactivity, the main steam system is designed to accommodate the most severe conditions of coincident pressure, temperature and loading.  Furthermore, system components are located in a shielded, restricted area to safeguard personnel from radiation.


If a postulated break occurs, radiation levels will not exceed the guideline values discussed in <Chapter 15>.


The main steam system from the outer containment isolation valve (B21‑F028A,B,C,D) up to and including the third shutoff valve (N11‑F020A,B,C,D) is classified as Safety Class 2, Seismic Category I, and all pressure parts conform to the ASME Boiler and Pressure Vessel Code, Section III, Class 2.  The remainder of the system downstream of the third isolation valves is nonsafety class and conforms to ANSI B31.1.0.


Performance requirements, including design pressures and temperatures for pressure parts, are tabulated on the right margin of the system diagram.  The “upset” condition tabulated is considered to be the condition existing during safety valve operation and is expected to exist less than one percent of the time.


10.3.2      DESCRIPTION


The principal components of the main steam system are the main steam piping and connected systems.  The main steam piping consists of four 28‑inch O.D. Schedule 100 lines from the outer containment isolation valves to the main turbine stop valves, and connecting lines to supply steam to the second stage reheater, the condenser steam jet ejectors, offgas preheaters, the main turbine bypass valves, the reactor feedpump turbines, and the seal steam evaporator.  All piping in the system is carbon steel.


10.3.3      EVALUATION


The steam flow limiting devices and the flow measurement instrumentation are included in the nuclear boiler system and are discussed in <Section 5.4.4>.


The piping in the main steam system is designed to withstand the maximum upset conditions listed in the tabulation of design requirements.  Safety‑related equipment and piping located in the auxiliary building portion of the steam tunnel are protected from the effects of postulated phenomena occurring outside this area.  Pipe restraints are provided to protect piping and valves from the effects of pipe rupture from any cause.  A moment resisting pipe restraint system is provided for both the main steam and feedwater system.  The system consists of two restraint locations for each system to provide a couple type moment resistance.  Both restraint locations are in the safety‑related portion of the steam tunnel in the auxiliary building.  One of the two 


restraints is located adjacent to the point at which the classification of the steam tunnel changes.  Therefore, effects of pipe rupture downstream of the motor‑operated stop valves will not be transmitted to the isolation valves <Figure 10.3‑1>.  Impingement shields are provided where necessary to protect equipment from any postulated water, steam or missile impingement.  These accident conditions and their effects on the main steam line are considered in <Section 3.6>.  They are classified as faulted conditions and their results are compared with the applicable criteria of the ASME Boiler and Pressure Vessel Code Section III, Class 2.


Under operational basis and safe shutdown earthquake conditions, detailed seismic and stress analyses will be performed on the Safety Class 2 portion of the system; results of these analyses will be compared with the applicable criteria of the ASME Boiler and Pressure Vessel Code Section III, Class 2.


The turbine bypass valves are designed to control excess flow from the nuclear boiler system to the main turbine and are described in <Section 10.4.4>.


The system as described complies with the letter from Mr. Joseph M. Hendrie, Deputy Director for Technical Review, Directorate of Licensing, USAEC, to Mr. John A. Hinds, Manager, Safety and Licensing, General Electric Company, dated April 19, 1974.  This letter, and Attachment A to the Hendrie to Hinds letter, outlines a system classification which is an acceptable alternate to the requirements of <Regulatory Guide 1.26>.


10.3.4      INSPECTION AND TESTING REQUIREMENTS


The system boundary subject to inservice inspection extends from the nuclear boiler system (B21‑F028A,B,C,D) to include the outer containment 


isolation valve in the main steam system (N11‑F020A,B,C,D).  The design, inservice inspection and testing of the main steam components included in this boundary are described in <Section 5.4.9>.


The main steam components which are not part of the system boundary will not be subjected to inservice inspection.


Preoperational and inservice testing and inspection requirements of the main steam isolation valves are included in <Section 5.4.5.4>.


Valves installed in the main steam system will be hydrostatically tested in accordance with ANSI B16.5 or MSS SP‑66.  The system when installed will be tested in accordance with Paragraph NC‑6100 of Section III of the ASME Boiler and Pressure Vessel Code.


10.3.5      WATER CHEMISTRY (PWR)


This section is not applicable to PNPP, since BWR water is not chemically treated.


10.3.6      STEAM AND FEEDWATER SYSTEM MATERIALS


10.3.6.1      Fracture Toughness


Charpy V notch tests are specified for ferretic materials used in safety‑related feedwater and main steam system components where nominal pipe size exceeds 6 inches and material section thickness exceed 5/8 inch.  Test methods and acceptance criteria for fracture toughness are in compliance with ASME Code Section III.


10.3.6.2      Material Selection and Fabrication


ASME Class 2 and ASME Class 3 materials used in the main stream and feedwater systems are included in Appendix I to Section III of the ASME Code.


No austenitic stainless steel components are used in safety‑related portions of the main steam and feedwater systems.


Cleaning and handling of ASME Class 2 and ASME Class 3 components is performed in accordance with the recommendations of <Regulatory Guide 1.37> and the requirements of ANSI N45.2.1.


Preheat temperatures used for welding of safety‑related portions of the main steam and feedwater systems are in accordance with the recommendations of <Regulatory Guide 1.50>, and Section III Article D‑1000 of the ASME Code.


Welder qualifications for welds made in areas of limited access are in accordance with the recommendations of <Regulatory Guide 1.71>.


Nondestructive examination of ASME Class 2 and 3 tubular products is performed in accordance with the ASME Code Section III (Winter 1975), Paragraphs NC2550 through NC2569 and Paragraphs ND2550 through ND2569.
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10.4      OTHER FEATURES OF STEAM AND POWER CONVERSION SYSTEM


10.4.1      MAIN CONDENSER


10.4.1.1      General


The main condenser acts as a heat sink for the three low pressure turbine exhausts, limiting the back pressure and thus increasing the amount of available work from the turbines.  The main condenser serves as a collection point for turbine bypass steam, moisture separator‑reheater relief valve flow and other flows.  The main condenser also deaerates and provides storage capacity for the condensate which is reused after a period of radioactive decay.


10.4.1.2      Design Bases


The design bases for the main condenser are as follows:


a.
The main condenser is designed to accept the influents specified in <Table 10.4‑3> during normal plant conditions without exceeding 5 inches Hg absolute or 200(F at the turbine exhaust to any shell.  The main condenser is designed for the following approximate conditions:



Condenser duty





8.1 x 109 Btu/hr



Circulating water inlet temperature
94(F



(design)



Circulating water temperature rise

32(F



Air in‑leakage





55 scfm


Disassociated H2 and O2 from the BWR
H2 162 scfm











O2 81 scfm


Steam processed through the main condenser normally contains small amounts of radioactive material.  Noncondensible gases are removed via the steam jet air ejectors (SJAE) to the offgas processing system.  Liquids are processed through the condensate filter/demineralizer systems.  Excessive radioactive leakage is detected by the main steam line radiation monitors and the offgas pretreatment monitor.


b.
The main condenser is designed to accept 35 percent of the design main steam flow through the turbine bypass.  The turbine bypass connections of the main condenser are designed to minimize tube damage.


c.
The main condenser is designed to accept approximately 11.2 x 106 pounds per hour of steam from the moisture separator‑reheater (MSR) shell side relief valves for a maximum period of one minute.  Of all of the relief valves discharging to the main condenser only the reheat steam relief valves, which discharge after inadvertent closure of the reheat stop valves, affect the heat load on the condenser to any extent during a transient condition.  For this case the heat load is higher than during normal operation.



During the operation of the MSR relief valves the turbine bypass system will also be in operation.  The combined effect of these two heat loads will not have a detrimental effect on the structural integrity of the condenser or its performance, since the condenser is designed for this total flow for the period specified above.


d.
The main condenser hotwell is capable of maintaining a minimum water level corresponding to a retention time of three minutes (approximately 77,000 gallons) at all times for radiation decay.  



The expected maximum integrated radiation dose to the condenser over the life of the plant is 107 Rad.  For control, normal water level is set two feet above minimum water level.


e.
Circulating water passes through the three main condenser shells in series.  Four separate circulating water circuits and conductivity elements for leakage detection are provided, allowing unit operation without a severe load reduction or trip if one circuit requires removal from service to plug a leaking tube.


f.
Internal cleanliness of the Type 304 main condenser tubes is  maintained through the use of chemicals and biocide.


g.
To prevent tube failure during operation of the turbine bypass, direct steam impingement on the tubes is prohibited by use of spargers to distribute the flow inside the condenser.  All other high energy drains are also provided with spargers or baffles inside the condenser.


10.4.1.3      System Description


The main condenser is a three shell, three pressure type with a rubber expansion joint in each neck.  Differential water levels are maintained in each of the three condenser hotwells allowing condensate to flow from the lowest pressure to the intermediate pressure, then to the highest pressure hotwell where it is reheated.  From there it flows to the hotwell storage located under the intermediate pressure condenser.  This hotwell is an extension of the high pressure condenser hotwell and is connected to it by a cross‑under pipe.  The hotwell storage is isolated 


from the IP condenser by a solid divider plate and is vented to the HP condenser.  Condensate leaves the hotwell through two outlets.  Design information for the main condenser is provided in <Table 10.4‑3>.


During normal operation the main condenser receives the following flows:


a.
Main turbine exhaust steam.


b.
Auxiliary condenser condensate.


c.
Drains from low pressure heater No. 1.


d.
Steam packing exhauster drains.


e.
Steam jet air ejector (SJAE) condenser drains.


f.
Offgas condenser drains.


g.
Feedwater heater vents.


h.
Turbine governor valve leakoffs.


i.
Seal steam header flow.


j.
Feedpump seal leakoff.


k.
Main, reheat, extraction, and miscellaneous drains.


Possible flows during startup or abnormal conditions include:


a.
Hotwell pump, SJAE condenser, steam packing exhauster, and condensate booster pump recirculation.


b.
Hotwell pump startup vents.


c.
Feedwater cleanup flow.


d.
Emergency drains from feedwater heaters Nos. 6, 5, 3, and 2.


e.
Moisture separator and reheater drains.


f.
Condensate makeup.


g.
Turbine bypass flow.


h.
Feedwater heater vents.


Systems which have relief valves discharging to the condenser include:


a.
Reheat steam relief.


b.
Heater vents and relief.


c.
Offgas condenser.


d.
Offgas water separation effluent line.


e.
Offgas air preheater.


f.
SJAE intercondenser.


g.
Steam seal evaporator.


10.4.1.4      Safety Evaluation


Since the main condenser operates at a vacuum, any leakage is into the shell side of the main condenser.  Provision is made for detection of circulating water leakage into the shell side of the main condenser.  Water leakage is detected by measuring the conductivity of sample water 


extracted from a tray located beneath the tube bundles.  A leak will allow the circulating water to drain over the tube bundles and collect in the tray.  Sampling methods are described in <Section 9.3.2>.  Radioactive leakage to the atmosphere cannot occur.


Air inleakage and noncondensible gases, including hydrogen and oxygen gases, contained in the turbine exhaust steam due to dissociation of water in the reactor, are collected in the condenser from which they are removed by the main condenser evacuation system described in <Section 10.4.2>.


Disassociated hydrogen is removed by the steam jet air ejector to the offgas system.  Noncondensible gases cascade from the highest to lowest pressure main condenser shell eliminating the possibility of hydrogen buildup in any shell.  If one steam jet air ejector set should fail, a standby is available to preclude loss of vacuum.


The main condensers are not required to affect or support the safe shutdown of the reactor, or to support in the operation of reactor safety features.


The influence of the main condenser on the reactor coolant system is reduced by the decoupling effect of the hot surge tank.  Pressures, temperatures and flows are influenced by the pumps, heaters and storage tanks downstream of the condenser.  The effect it has on the reactor coolant system relates to its contaminant removal and radiation decay capacity.  The anticipated inventory of radioactive contaminants during operation and shutdown is discussed in <Section 11.1>.  If condenser cooling water leakage into the condensate stream occurs, conductivity elements detect the leakage.  The circulating water passes through three main condenser shells in series.  Four separate circulating water circuits and conductivity elements are provided, allowing unit operation without a severe load reduction or trip when it is necessary to remove one circuit from service to plug a leaking tube.  (Reference 1) 


addresses the problem of condenser tube in leakage on the quality of the


condensate/feedwater for a plant using seawater for the circulating water.  (Reference 1) is used as a conservative guideline (considering the high conductivity of seawater compared to fresh water) for permissible cooling water inleakage and time of operation.  The high pressure condenser is equipped with four absolute pressure sensors which will close the main steam isolation valves on loss of condenser vacuum.  The effect of a loss of condenser vacuum on reactor operation is provided in <Section 15.2.5>.


Normal deaeration of the turbine exhaust steam in the main condenser controls oxygen to satisfy the feedwater chemistry requirements of a BWR.


Exhaust hood overheating protection is provided by exhaust hood sprays.  If these sprays are not effective at mitigating the overheating, alarms alert the operator to manually trip the turbine.  Under normal operating, transient and emergency conditions, no detrimental effect is foreseen on the reactor coolant system and no radioactive leakage can be anticipated.


A failure of the main condenser will not cause unacceptable flooding of areas housing safety‑related equipment.  Flooding analysis is discussed in <Section 2.4.10> and <Section 10.4.5.3.1>.


The loss of main condenser vacuum will cause the turbine to be tripped.  The condenser instrumentation interface with the main steam isolation system is described in <Section 7.7.1>.


10.4.1.5      Tests and Inspections


The main condenser is subjected to a shell side hydrostatic test in the field.  The pressure is limited to the static head of water at the 


turbine flange.  The waterboxes and tube circuits are initial service leak tested to normal operating pressure.  Visual inspection of pipe weld joints will confirm the exterior condition of the weld joints.


The condenser is provided with access manways to permit entry into the waterboxes (for inspection of tubes and tube joints), into the hotwells and into the condenser shells to permit internal inspection of the condenser.  Inspection can be undertaken if there are indications of condenser operating abnormalities (such as tube leaks), or for general inspection purposes.  Each condenser inspection will consist of draining the condenser, removing the inspection covers and inspecting for waterbox fouling, impingement erosion, internal structural damage, and cleanliness.


The main condenser will be continually monitored for its performance and tube leakage.  If this monitoring reveals condenser operating abnormalities, then the main condenser will be inspected and appropriate corrective action taken.  In addition, as a minimum, the steam side of the main condenser will normally be inspected at each refueling.


10.4.1.6      Instrumentation


The following instrumentation is provided for the main condenser:


a.
Each condenser shell is provided with local and remote hotwell level and pressure indication.


b.
The condensate levels in the condenser hotwell are maintained within proper limits by automatic control.  Transfer condensate is passed to and from the condensate storage tank as needed to satisfy the requirements of the system.


c.
Turbine exhaust hood temperature is monitored and controlled with water sprays to provide protection from overheating.


d.
A high condenser back pressure alarm is set to warn the operator prior to turbine trip.  Turbine trip is initiated on loss of condenser vacuum or when condenser back pressure exceeds approximately eight inches Hg absolute.  Main steam isolation valve closure is initiated at 21.5 inches Hg absolute (8.5 inches Hg vacuum).


e.
Waterbox temperature and level measurements are provided.


f.
Conductivity elements detect leakage of circulating water into the condenser.


10.4.2      MAIN CONDENSER EVACUATION SYSTEM


10.4.2.1      General


The main condenser evacuation system maintains condenser vacuum by removing noncondensible gases including disassociated hydrogen and oxygen, and air inleakage.


10.4.2.2      Design Bases


Mechanical vacuum pumps are used to draw down the main condenser.  The mechanical vacuum pumps have an individual capacity of 3,800 scfm at 20 inches Hg vacuum.  Discharge is to the atmospheric vent.


Vacuum is maintained in the main condenser by one steam jet air ejector set; another set is used as a spare.  The sets are designed to handle the following capacities:


a.
Air inleakage for main condenser


 55 scfm


b.
Disassociated H2





162 scfm


c.
Disassociated O2





 81 scfm


Each steam jet air ejector set is designed to use main steam reduced in pressure by an automatic pressure reducing device.  Discharge is to the offgas system for treatment at 8.0 psig and a maximum hydrogen concentration of 4 percent by volume.


Main cycle condensate is used as a cooling medium in each steam jet air ejector condenser.


Anticipated maximum radioactive discharge rates to the environs during normal operation are presented in <Section 11.3>.


10.4.2.3      System Description


The main condenser evacuation system is comprised of mechanical vacuum pumps and steam jet air ejectors with the following functions:


a.
Mechanical vacuum pumps are used to evacuate the condenser prior to turbine startup.


b.
Noncondensible gases cascade from the highest to lowest main condenser shell and are then removed.  Each steam jet air ejector set is a two stage unit with a common condenser after the first stage.  Four first stage elements are used for the main condenser and one 100 percent first stage element for each auxiliary condenser.  The second stage element is common to all condensers and removes the noncondensibles to the offgas system.


10.4.2.4      Safety Evaluation


The safety evaluation of the main condenser evacuation system follows:


a.
An automatic pressure reducing device is used to reduce main steam pressure to steam jet air ejector operating pressure.


b.
One steam jet air ejector set is used as a spare.  In the event of the failure of one of the steam jet air ejector sets, the remaining set is started.


c.
Vacuum pumps operate only for startup to pull a vacuum in the main and auxiliary condenser to establish a vacuum of three inches of Hg.


d.
The condenser evacuation system has no direct effect on the reactor coolant system during normal operation.


e.
Under normal operating conditions, radioactive leakage is negligible as all leakage up to the steam jet air ejectors is under vacuum and will leak back to the condenser.  An analysis of pipe rupture of the discharge pipe to the offgas system from the steam jet air ejector is presented in <Chapter 15>.


f.
The system is Quality Group D, as defined by <Regulatory Guide 1.26>, and of non‑seismic design.


g.
The main condenser air removal system is not designed to withstand the effects of an explosion.  If an explosion occurs within the system, continuous leakage paths afterward are prevented by isolating the affected portions of the system from the main condenser and the offgas system.  Provisions for the effects of an explosion within the offgas system are discussed in <Section 11.3.2>.


10.4.2.5      Tests and Inspections


The steam jet air ejector condensers are designed and tested in accordance with Section VIII, Division I, of the ASME Boiler and Pressure Vessel Code.  Auxiliary steam is available for operational testing.


10.4.2.6      Instrumentation


The inlet isolation valve for the mechanical vacuum pumps closes simultaneously with a pump motor trip upon a main steam line high radiation signal.


The primary instrumentation for the main condenser evacuation system consists of flow switches which trip the isolation valves between the main and auxiliary condensers and the steam jet air ejectors.  The steam flow interlocks ensure that adequate dilution flow is supplied to maintain hydrogen concentration below the specified value.  Loss of dilution flow alarms in the control room.


10.4.3      TURBINE GLAND SEALING SYSTEM


Main turbine shaft seals, feedpump turbine shaft seals and large steam valve shaft seals are of the injection/labyrinth/leakoff type, and are designed to prevent air leakage into or steam leakage out of the turbine casings.


A separate steam seal system (clean steam) is employed.  The gland sealing steam source is from the steam seal evaporator.  Nonradioactive steam at approximately 4 psig is supplied to an annulus.  This steam leaks inward toward the turbines and goes to a leakoff piped to the condenser.  The steam also leaks toward the outside where it goes into the vent annulus which is maintained at a slight vacuum by the steam packing exhauster.  A small amount of air is drawn into the vent annulus 


and this, together with the nonradioactive steam, goes to the steam packing exhauster where the steam is condensed and the remaining saturated air is discharged by a motor driven blower.  The low pressure shaft packing seals against vacuum at all times.


During the early phases of startup, sealing steam is provided directly from the auxiliary steam system.  Under startup and low load conditions, heating steam to the steam seal evaporator is from the main steam system.  During normal operation the evaporator heating system supply is from extraction steam.


The use of the “clean steam” system eliminates the possibility of radioactive steam escaping to the atmosphere under normal operating conditions.  A failure of the system, such as a failure of the clean steam supply to the turbine gland seals which would allow radioactive process steam to leak out to the steam packing exhauster, or a failure in the steam seal evaporator which would cause higher pressure radioactive main or extraction steam to be introduced to the seal steam supply, would allow a small amount of radioactive steam to escape.  This would be immediately detected by a radiation monitor in the exhaust pipe and alarmed in the control room.


10.4.3.1      Steam Seal Evaporator


10.4.3.1.1      Design Bases


The steam seal evaporator is a vessel designed to evaporate 45,000 lb/hr maximum (25,000 lb/hr normal) of condensate quality water at 216(F.  Design pressure both in the tube side and shell side are 150 psi at 450(F.  A major design consideration is to minimize a failure of the vessel components.  To this effect, the tubes are made of stainless steel and the vessel is designed, fabricated and tested in accordance with the ASME Boiler and Pressure Vessel Code, Section VIII, Division I.


10.4.3.1.2      System Description


The steam seal evaporator provides the nonradioactive steam for the turbine gland system.  It is a shell and tube heat exchanger equipped with suitable controls which is supplied with heat from the main steam line at startup and light loads, and from the eighth stage extraction at higher loads.


Condensate from the evaporator coil is returned to the cycle (No. 4 heater and condenser) through a level control system.  Noncondensibles, as well as shell blowdown and pressure relief systems, are vented to the condenser.


The water for the evaporator is clean, nonradioactive condensate.  Water flow is controlled automatically to maintain water in the vessel within predetermined levels during all modes of plant operation.


10.4.3.1.3      Safety Evaluation


The steam seal evaporator is nonsafety‑related and is not required for the safe shutdown of the reactor.  The system is Quality Group D, as defined by <Regulatory Guide 1.26>, and of non‑seismic design.


10.4.3.1.4      Tests and Inspections


The steam seal evaporator is hydrostatically tested prior to shipment in accordance with Section VIII, Division I of the ASME Boiler and Pressure Vessel Code.


10.4.3.1.5      Failure Evaluation


The various elements of the steam seal evaporator are designed to do everything reasonably possible to ensure that in the event of a failure 


of the barrier between main steam and the seal steam, the leakage to the environment will be detected, monitored and controlled in a safe manner.


The design of the evaporator, in which the radioactive steam flows inside high quality stainless steel tubes, will preclude an uncontrolled leakage to the environment.


It is possible, however, for the tubes to develop pin size holes and for radioactive steam to leak into the evaporator shell and, through the steam packing exhauster, out to the atmosphere.  This would be detected by a radiation monitor in the exhaust pipe and alarmed in the control room.


Because of the long path from the NSSS to the exhaust pipe and the small initial leakage rate, it is highly unlikely that the associated activity rate will require a system shutdown.


10.4.3.1.6      Instrumentation


Water level in the shell side of the steam seal evaporator is maintained by level control valves.  The tube (steam) side water level is controlled by level control valves which maintain the water level in the steam seal evaporator drain tank.  The flow of heating steam is regulated by the steam seal evaporator pressure control.  Steam and seal header pressure is regulated by the header pressure control.


Liquid level in the steam packing exhauster is maintained by a trap connected to the main condenser by a level control valve.  Pressure and temperature instrumentation is provided to monitor operation of the system.


10.4.4      TURBINE BYPASS SYSTEM


10.4.4.1      Design Basis


The design basis of the turbine bypass system is as follows:


a.
The turbine bypass system is designed to control reactor pressure during reactor heatup to rated pressure while the turbine is being brought up to speed and synchronized during power operation when the reactor steam generation exceeds the transient turbine steam requirements; and cool down of the reactor.


b.
The turbine bypass system capacity is designed for 28.8 percent (nominal) of the 100 percent rated reactor steam flow.  The bypass system will accommodate approximately a 28.8 percent load rejection.  The bypass system works in conjunction with the turbine controls (pressure control) <Section 7.7.1>.


c.
The turbine bypass valves are capable of remote‑manual operation in their normal sequence, during plant startup and shutdown, and for exercising to verify that the valves are operable.


10.4.4.2      System Description


10.4.4.2.1      Operational Function


The turbine bypass system is shown in <Figure 10.4‑1>, <Figure 10.4‑2>, and <Figure 10.4‑3>.  The turbine bypass system controls primary steam pressure by sending excess steam flow directly to the main condenser.  This permits independent control of reactor pressure and power during reactor vessel heatup to rated pressure as the turbine is brought up to speed and synchronized under turbine speed‑load control.  Following main turbine generator trips, the turbine bypass will control reactor 


pressure to within reactor design limits in accordance with the steam generation rate.  The bypass valves are automatically closed whenever vacuum in the main condenser falls below a preset value.


10.4.4.2.2      Bypass Valves


The turbine bypass system consists of seven automatically operated, regulating type bypass valves connected by appropriate piping to the main steamlines upstream of the main turbine stop valves.  Each bypass valve outlet is piped directly to the main condenser.  The bypass valves have regulation capability and a fast opening response approximately equivalent to the fast closure of the turbine stop and control valves.  Each of the bypass valves in the system is individually controlled by a servo loop which drives a double acting hydraulic actuator.  The valve is positioned in response to a valve position error signal that represents the difference between current valve position and the bypass valve demand signal generated by the steam bypass and pressure regulation system.  Each bypass valve also has mounted on it a fast acting solenoid valve which is fired to open the valve very quickly if the error signal (in the opening direction) becomes excessively large.  Bypass valve outline and sectional drawings are provided in <Figure 10.4‑3>.  Bypass valve design data is presented in <Table 10.4‑4>.  The valve casing (valve chest) is welded to a branch line coming from the main steam pipes.  This connection point to the main steam pipes is downstream of the outboard mainstream isolation valves and upstream of the main turbine admission valves.  Mounted in the chest are several bypass valves, each connected to its own hydraulic actuator.


The steam bypass valves receive electronic positioning from the pressure regulator cabinet and are hydraulically powered by an external source of high pressure hydraulic fluid.


When the steam bypass valves are open, steam enters each end of the chest, flows downward between the seat and the stem, and then exits through the discharge casing.  The amount of steam passing through each valve is controlled by the lift of the valve.  The valve disk and seat are hardsurfaced at their contacting points to improve the ability to maintain adequate seating contact.


The force required to open and position each steam bypass valve is applied to the valve stem by the power actuator which is mounted directly below each valve.


The double acting hydraulic cylinder operator is equipped with an air bleed in both end caps and internal stop tube on the rod side to limit stroke.  The piston is fitted with a small leakage plug to allow a small amount of fluid to leak from the high pressure side to the low pressure side of the piston.  This small leakage assures a continuous flow of fluid and prevents fluid stagnation.


A hydraulic control manifold is provided with the necessary passages to connect the hydraulic supply and drain to the correct ports on the servovalves, fast acting solenoid valve and cylinder.


The servovalve is mounted on the manifold and controls the fluid flowing to each end of the hydraulic cylinder.  The valve receives an analog electrical signal from the pressure regulator cabinet and is used for normal positioning of the steam bypass valve.


In the event that the steam bypass valves must be opened faster than that allowed by the flow capacity of the servovalve, a parallel fluid path to the cylinder is provided by opening of the fast acting solenoid 


valve.  This valve is opened by an electrical current originating in the pressure regulator cabinet.  Since considerable time may elapse between the actuations of the solenoid valve, provision is made in the valve test logic to exercise this valve.  During valve testing, the steam 


bypass valve is slowly stroked open by sending an appropriate electrical signal to the servovalve.  After the valve is stroked to approximately the 90 percent open position, the switch rod collar closes a switch in the switchbox.  These contacts complete a circuit to the fast acting solenoid valve which allows hydraulic fluid to pass into the hydraulic cylinder at a high rate of flow.  Using this scheme, the steam bypass valve slowly strokes open to the 90 percent position and then “snaps” fully open.


10.4.4.2.3      Classification


The steam bypass system is classified as a primary power generation system (i.e., it is not a safety system and its operation is essential to the power production cycle).


10.4.4.3      Safety Evaluation


The turbine bypass system is not essential for turbine operation.  Should the bypass system malfunction and inadvertently admit bypass steam to the condenser while the turbine is under load, the steam flow to the turbine would be reduced by action of the pressure controller.  If, under these conditions, the condenser heat rejection rate is inadequate and the exhaust pressure becomes excessive, the turbine will be tripped by vacuum trips.  In addition, should the turbine exhaust pressure continue to increase, additional redundant vacuum trips are provided to trip the bypass, stop and control valves and MSIVs.


The effects of a malfunction of the turbine bypass system valves and the potential effects of such failures on safety systems and components are evaluated in <Chapter 15>.  A pipe break in the turbine bypass system will not have an adverse affect on any safety‑related systems and components.


The turbine bypass system can malfunction in either the open or closed mode.  The effects of both of these failure modes on the operation of the reactor are discussed in <Appendix 15A>, “Nuclear Safety Operational Analysis.”  The analyses are system level/qualitative type plant failure mode and effects analyses.


The effects of turbine bypass system malfunctions on the reactor operation are bounded by events presented in <Appendix 15A> as follows:


a.
A bypass system line failure is bounded by the pipe break outside containment accident.  Refer to Event 38 in <Appendix 15A.6.5.3>.


b.
A failure of the bypass system to open is bounded by the turbine trip and load rejection without bypass events.  Refer to Events 30 and 31 in <Appendix 15A.6.4.3>.


c.
An inadvertent opening of the bypass system, at worst, might cause a high steam line flow or low steam line pressure with a resultant MSIV closure trip.  Refer to Event 14 in <Appendix 15A.6.3.3>.


10.4.4.4      Tests and Inspections


The opening and closing of the turbine bypass system valves will be checked during initial startup and shutdown for performance and timing.  The bypass steam line upstream of the bypass valves will be hydrostatically tested to confirm leakage tightness.  Visual inspection of pipe weld joints will confirm the exterior condition of the weld.


Each of the seven bypass valves is individually cycled through an opening and closing test sequence to check for proper operation, by using the “Bypass Valve Test” pushbutton on the Steam Bypass and Pressure Regulator Control Panel in the control room.  The fast acting solenoid is also checked during this test by causing the solenoid to 


fire when the valve reaches the 90 percent open position during the opening portion of the test sequence.  Each bypass valve will be tested in this manner on a monthly basis.


10.4.4.5      Instrumentation Application


Controls and valves are designed so that the bypass valves steam flow is shut off if the control system loses electric power or hydraulic system pressure.  For testing the bypass valves during operation, the stroke time of the individual valves is increased during testing to limit the rate of bypass flow increase and decrease to approximately one percent of reactor rated flow per second.


Upon turbine trip or generator load rejection, the start of the bypass valve steam flow will not be delayed more than 0.1 second after the start of the stop valve or the control valve fast closure motion.  A minimum of 80 percent of the rated bypass capacity will be established within 0.3 second after the start of the stop valve or the control valve closure motion.  For more detail, refer to <Section 7.7.1>.


10.4.5      CIRCULATING WATER SYSTEM


10.4.5.1      Design Basis


The circulating water system of each unit removes thermal energy from the main and auxiliary turbine condensers and dissipates this energy to the atmosphere in a closed system utilizing one natural draft cooling tower per unit.  This system was designed to remove 8.35 x 109 Btu/hr based on a 76(F wet bulb atmospheric temperature, 30.6(F cooling tower range (average condenser (t) and an 18(F cooling tower approach to wet bulb.  This represents the maximum heat rejection from the cycle (turbine valves wide open) under the most adverse weather conditions (design wet bulb temperature exceeded less than one percent of the time).  At power uprate conditions (3758 MWt and turbine VWO), the 


system is capable of removing 8.66 x 109 Btu/hr based on a 76(F wet bulb temperature.  The circulating water system is independent of the emergency cooling facilities.


The cooling tower basin, pumphouse forebay and forebay flume are capable of containing up to 4,407,000 gallons maximum per unit.  The water quantities that could enter the turbine building basement during a design basis accident are listed in <Table 2.4‑9>.


It is very unlikely that draining of the cooling tower basins will occur under the conditions postulated in <Section 10.4.5.3.1>.  Pumping of the water into the turbine building is also very unlikely to occur since the water level switches located within the turbine building basement would actuate shutdown of the pumps.  Pump discharge valve closure would also be actuated by the level switches to break a postulated siphon flow.


A discussion of the design basis accident involving a postulated yard pipe break or flooding of the turbine building via flow through fractured base mat to the underdrain system is contained in <Section 2.4.13.5>.


10.4.5.2      System Description


The closed loop system will consist of one natural draft cooling tower, the main and auxiliary condensers, three circulating water pumps, piping and various valves, and piping specialties required to operate the system, as shown on <Figure 10.1‑7>.  Typical system operation utilizes all three of the circulating water pumps.  When conditions permit, system and plant operation can be fulfilled utilizing less than three pumps.  Water flows from the cooling tower basin through a set of fixed screens to the suction of the circulating water pumps.  The pumps discharge water through a 12‑foot diameter pipe to the main and auxiliary turbine condensers, condensing the steam therein.  From the 


condensers, water flows out to the cooling tower where it cascades through a set of baffles, is cooled by the air flow and returns to the cooling tower basin.  The cooling towers are approximately 411 feet in diameter at the base, and approximately 516 feet high.  The distance from any point on the cooling tower to the nearest safety‑related structure is in excess of 540 feet.


Winter startup and operation must be carefully controlled to ensure that no excessive ice formation occurs which can lead to reduced tower performance and possible equipment damage.  For winter startups, the cooling tower is positioned in the bypass mode which limits the water to the cooling tower basin only.  When the basin water temperature reaches a predetermined value, the cooling tower is positioned in the central deicing mode.


The cooling tower is designed with a central deicing system for normal winter operation.  The deicing system controls ice formation in the following manner.  The central deicing mode limits the cold water through the outer perimeter fill of the tower, i.e., no water is supplied to the center portion of the tower.  This results in a greater heat load being applied to the outer perimeter fill, causing the cold water temperature to rise.  This hot water melts any ice formed in the outer perimeter fill.  As the water temperature continues to rise, the tower will be positioned in the normal operating mode, evenly distributing the hot water over all portions of the tower fill.


Makeup for tower evaporation, wind loss and blowdown is obtained from the service water system.  This system will provide the makeup requirements after cooling the various components that use service water.  This water will come from Lake Erie via the intake tunnel into a service water pumphouse.  Service water pumps transmit the water to the plant through various heat exchangers in the service water system.  It then goes to a weir box from which flow is diverted to the cooling tower basins, with the remainder going directly to the lake by means of the 


discharge tunnel entrance structure <Figure 9.2‑14>.  Makeup flow to each cooling tower varies from 16,000 gpm to 25,979 gpm depending on atmospheric conditions.


A blowdown system is provided at the circulating water pump discharge to maintain the concentrated solids in the system at a design level of 2.5 concentrations of makeup water (service water).  The blowdown is added to the service water discharge flow and is conveyed to the discharge tunnel entrance structure from which it will flow to the lake by means of the discharge tunnel.  Blowdown from each cooling tower varies from 6,000 gpm to 10,332 gpm depending on atmospheric conditions.


Cleanliness of the main condenser tubes is maintained by the use of chemicals and biocide.  A mechanical (Amertap) cleaning system was originally installed to maintain condenser tube cleanliness.  Although the Amertap system remains installed, it is no longer used for this purpose.  Anti‑scaling chemicals are added into the circulating water system, on an as-needed basis, to prevent scale deposition on heat exchanger surfaces.  A liquid biocide injection system is used, as required, to minimize algae growth in the circulating water and cooling water systems.  The circulating water system, as well as the plant effluent water, consisting of cooling water discharge and circulating water blowdown, is monitored to determine biocide concentrations.  Discharged effluent water quality will be maintained in accordance with Perry’s National Pollution Discharge Elimination System (NPDES) permit.


All parts of the circulating water system are classified nonsafety.


10.4.5.3      Safety Evaluation


The circulating water system is designed with cross connected discharge piping from the circulating water pumps.  The pumps are equipped with separate butterfly valves which permit each circulating water pump to be 


isolated.  Each of the four condenser waterbox circuits is provided with inlet and outlet isolation valves.  Therefore, in case of a pump failure or a condenser tube leak, the circulating water system is capable of 


operating with two pumps or three trains of condenser water boxes.  Operation for extended periods with less than three pumps is also considered a mode of normal operation, when conditions permit.


The cooling tower is located at a minimum of one tower height away from the containment and any other Seismic Category I structure.  Since the cooling tower is smaller at the top, the tower would tend to collapse inwardly although collapse of the tower is highly improbable.  Therefore, the potential for debris damaging any plant structure is minimal.  The cooling tower is made primarily of noncombustible material.  A small portion of fill in the center of the tower, however, is combustible.


The circulating water system is designed to prevent any injection of radioactive material into the circulating water and its subsequent release to the atmosphere through evaporation in the cooling tower.  The circulating water passing through the condenser will be at a higher pressure than the shell or condensing side; therefore, any leakage (such as from a condenser tube) will be from the circulating water into the shell side of the condenser.


The circulating water system serves no safety function.  Systems analysis has shown that failure of the circulating water system will not compromise any safety‑related systems or prevent safe shutdown.


10.4.5.3.1      Circulating Water Expansion Joint Failure (without a turbine building mat fracture)


In the postulated case that an expansion joint in the circulating water system in the turbine building ruptures causing flooding of the turbine building, heater bay and condensate demineralizer building, the 


following precautions have been taken to preclude this flooding from affecting safety‑related buildings and components (refer to < Table 2.4‑9> and <Table 2.4‑10> without mat fracture):


a.
Inadvertent flooding of the turbine room basement would be first detected by a level switch located on the turbine room basement wall, which would actuate an alarm in the control room.  The unit operator would then investigate the cause of the alarm.  If the water level should continue to rise to a second “verification” level switch located three feet above the turbine room basement floor, a second alarm would be sounded in the control room.  The operator would immediately shut down all circulating water pumps, close the pump discharge valves and close the condenser waterbox isolation valves.  This procedure is incorporated into the Perry alarm response instructions.  In the design basis accident analysis, no credit was taken for operator action.


b.
A set of three “auto‑shutdown” level switches positioned at a higher level (five feet above the turbine room basement floor) would automatically initiate, on a two of three level switch signal, circulating water pump trip, pump discharge valve closure and condenser waterbox isolation valve closure.  The flow path between the cooling tower and the condenser waterbox expansion joints is thereby isolated by the two sets of valves:  pump discharge and condenser waterbox isolation valves.  In the analysis, no credit was taken for the level switches.


c.
To reduce the possibility of a water hammer in the circulating water system, slow closing (60 seconds) motor‑operated butterfly valves are used for condenser isolation.


d.
All rubber expansion joints, valves and piping in the circulating water system are initial service leak tested.


e.
Even if interlocks and safeguards failed and the entire water volume in the circulating water system including the cooling tower basin emptied into the turbine building, the water level in the turbine room basement, heater bay and condensate demineralizer building would remain below Elevation 599'‑0”.  <Table 2.4‑9> and <Table 2.4‑10> demonstrate that the storage volume to Elevation 599'‑0” within the buildings exceeds with significant margin the potential flooding water volume.


f.
In addition to the precautions taken above, no doors are installed between the condensate demineralizer building and the auxiliary building, below Elevation 599'‑0”.  Water is not permitted to enter Seismic Category I buildings, except for the pipe chase within the auxiliary building.  This pipe chase as well as all other openings leading to Seismic Category I Buildings are sealed, thereby protecting safety‑related equipment from the effects of flooding.  Openings are provided between the turbine room basement and the condensate demineralizer building and the heater bay to permit flooding of this larger “storage area.”


g.
Makeup water to the cooling tower for the two units is supplied by four service water pumps, three of which are operating at one time for two units.  If turbine room flooding occurs, the Seismic Category I motor‑operated valves in the makeup line to the cooling towers will be automatically closed.  The worst case for the circulating water expansion joint failure without mat fracture is the same as the case with mat fracture.  For detailed sequence and flows see <Section 2.4.13.5>.  This procedure is incorporated into Perry alarm response instructions.


h.
To prevent the service water from providing makeup water to the cooling tower basin, two level switches positioned at approximate Elevation 583'‑0” will automatically close the Seismic Category I circulating water makeup isolation valves.


10.4.5.3.2      Circulating Yard Piping Failure


The postulated case of the failure of a circulating water line just outside the turbine building in the Class A fill surrounding these buildings was examined.  The case postulated is a crack in the circulating water pipe 18 feet long and 1.2 inches wide.  The water will  flow out of the crack and into the Class A fill.  The rate of water flow through the soil is governed by Darcy’s equation for groundwater seepage.  The resultant flow into the underdrain system is not greater  than 2,000 gpm.  A brief summary of the analysis performed is given below.



Distance from bottom of circulating water pipe scour



to porous concrete blanket (L)




 13 ft



Area of flow (A)







903 ft2


Q = kiA



where:




k = .074 ft/min





h




i = 
L





h = 48’





L = 13’




    48




i = 13 = 3.7



Q =
(.074) (3.7) (903) = 247.2 cfm




or (274.2) (7.5) = 1,849 gpm


If the maximum normal groundwater system inflow of 80 gpm is added:



Q =
1,929 gpm


The calculated flowrate of 1,929 gpm conservatively assumes that there will not be any backpressure from water accumulation in the manholes of the underdrain system.


The flow calculated above would be easily handled by the underdrain and gravity discharge system.


10.4.5.4      Tests and Inspections


All active components of the system, except the main condensers, are accessible for inspection during station operation.


Performance, hydrostatic and leakage tests are conducted on the circulating water system components.  These are manufacturing tests only and no routine or continuous testing will be undertaken.


10.4.5.5      Instrumentation Application


The circulating water pumps are individually equipped with isolation valves which permit any pump to be isolated.


All isolation valves are operated by remote‑manual switches in the control room and automatically close on high‑high water level in the turbine basement.  Temperature and pressure are measured on each condenser.  The water level is automatically maintained in the cooling tower.  Necessary level alarms and flow measurements are provided.  The cooling tower blowdown system will be automatically modulated proportional to a conductivity measurement to maintain 2.5 times the makeup water concentrations (service water).


10.4.6      CONDENSATE CLEANUP SYSTEM


10.4.6.1      General


A condensate cleanup system is used for scavenging of dissolved solids and suspended matter to maintain high quality condensate.


10.4.6.2      Design Bases


The cleanup system consists of eight filter vessels and six mixed bed demineralizer vessels designed for continuous treatment of full condensate flow.  Each vessel is located in an individual shielded area due to the possibility of accumulating significant amounts of radioactive debris removed from the condensate.  Condensate is cleaned through the filters and the mixed bed demineralizers in series.  


The system design provides maximum removal of both suspended and dissolved impurities.  In addition, an extensive condenser sampling and analysis system is provided to ensure prompt detection of small condenser leaks.  The condensate demineralizers are provided with conductivity cells to measure water quality in the bed effluent at approximately 93 percent resin depth.  The second conductivity cell will provide indication of resin depletion and allow for replacement with fresh resins prior to exceeding chemistry limits.  The design features, along with the installed conductivity cells and a regular chemistry monitoring program for specific ions, will ensure dissolved and suspended solids using standard analysis methods are well within the limits recommended by GE.  The conductivity cells are set to alarm at or below 0.10 (mho/cm to assure water is maintained within the limits of <Regulatory Guide 1.56>, Revision 1.  Upon receipt and validation of an alarming condition, the alarming bed will be removed from service.  Prior to returning the demineralizer to service, it will be recharged with fresh resins.


The condensate cleanup system components are designed to meet provisions of ASME Section VIII, Division 1 and/or ANSI B31.1.0 Code for Pressure Piping, Power Piping along with ASME Addenda and applicable code cases in effect at the time of component order.


The cleanup system is designed based on the influent concentrations shown in <Table 10.4‑1>.  Startup concentrations are defined to occur for periods up to a week.  Extended normal operation concentrations are defined as those occurring during full power operation without condenser tube leaks.


The total capacity of condensate demineralizer resin will be measured on each lot of new resin.  Total capacity analysis will be performed in accordance with approved chemistry instructions.  This testing may be fulfilled by the resin supplier by providing a Certificate of Analysis for each lot, or by an independent testing facility.


Water quality will be tested in accordance with approved chemistry instructions.  Analysis will be performed on grab samples for pH and chloride ion using standard industrial practice when conductivity values in the reactor water are elevated.  Water conductivity will be monitored and recorded continually on the sampling panel.


The maximum effluent composition from the cleanup system based upon the influent concentrations listed in <Table 10.4‑1> is as follows:


Conductivity at 25(C



0.1 (mho/cm


pH at 25(C





6.5 to 7.5


Metallic Impurities




Not measured at condensate effluent. Measured in feedwater


Chloride






Chloride concentration shall be less than 2 ppb


10.4.6.3      System Description


System descriptions for the condensate filters and mixed bed demineralizers are as follows:


a.
Condensate Filters



Each condensate filter vessel contains vertical filter elements.  These elements will provide acceptable water quality as it relates to suspended solids removal.



The non‑precoated filter elements will require only backwashing to remove the captured suspended solids.



The filter system has controls for balancing of flow through each filter and the system pressure differential.  The vessels are equipped for monitoring pressure differential and flow.



When instrumentation indicates high differential pressure across a filter vessel it is removed from service and backwashed to remove the filtered impurities to the backwash receiving tank.  Backwash waste is pumped to the condensate filter backwash settling tanks and then sent to the liquid radwaste disposal system.



An automatic full flow bypass valve is provided around the filter system and the valve opens on excessive system differential pressure.  Controls are provided for manually initiated automatic backwash of a vessel removed from service.


b.
Mixed Bed Demineralizers



The mixed bed demineralizer system is operated with resin that is procured in the regenerated form.  This fully regenerated resin enters the system via the cation resin regeneration tank and is transferred to the mix and hold tank prior to moving the resin to the empty demineralizer vessel.  The demineralizer is then on standby, ready for service.



Normally resin is removed from service prior to exhaustion for use in the radwaste demineralizers.  Resin that no longer have sufficient demineralizing capacity is transferred from the demineralizer vessel to the spent resin tanks in the radwaste disposal system.



Water used in the transferring of resin within this system is collected and processed through the liquid radwaste system.



The mixed bed demineralizer system monitors differential pressure.  An automatic bypass valve is provided around the mixed bed demineralizer system to open on excessive system differential pressure.  Vessels are equipped for monitoring flow and 



conductivity.  Conductivity is continuously monitored in the effluent and in the resin bed for each demineralizer that is in service.  Each demineralizer vessel is equipped with a resin trap, which has a differential pressure monitor.  The design is in conformance with the positions of <Regulatory Guide 1.56>, as discussed in <Table 1.8‑1>.


10.4.6.4      Safety Evaluation


The condensate cleanup system removes some radioactive material created by corrosion, fission products and carry over from the reactor.  While radioactive effects from these sources do not affect the capacity of the resin, the concentration of such radioactive material requires shielding <Section 12.1.2>.  Vent gases and other waste water from the condensate cleanup system are sent to the radwaste system for treatment and/or disposal.  The addition of new regenerated resin will be done manually.  <Chapter 11> describes the activity level and removal of radioactive material from the condensate system.  The condensate cleanup system complies with <Regulatory Guide 1.56> as discussed in <Table 1.8‑1>.


All condensate cleanup system piping and vessels are located in the nonsafety‑related turbine power complex.  Therefore, the effects of postulated piping failures are not analyzed.


10.4.6.5      Tests and Inspections


Preoperational tests are performed on the condensate cleanup system to ensure operability, reliability and integrity of the system.  Each demineralizer vessel and the resin addition equipment can be isolated during normal plant operation to permit testing and maintenance.  Conductivity requirements of the condensate cleanup system are monitored continuously.  Refer to <Section 9.3.2> for sampling system points.


10.4.6.6      Instrumentation Application


Conductivity elements are provided for the system influent and for each demineralizer vessel effluent.  System influent conductivity detects condenser leakage, whereas, demineralizer effluent conductivities provide indication of resin exhaustion.


Differential pressure is monitored across the demineralizer vessels and each vessel discharge resin trap to detect blockage of flow.  The flow rate through each demineralizer is monitored to ensure the even distribution of condensate flow through all operating vessels.  The water quality at 93% of bed depth is monitored for each operating demineralizer to warn of impending resin exhaustion.  The three tank external resin transfer equipment includes conductivity rinse monitors to ensure the completeness of preservice rinsing.  Differential pressure and flow measurement indications are available at the local control panel.  Conductivity instrumentation is located at the Turbine Plant Sample Panel for bed and effluent samples for each demineralizer vessel.  Conductivity readings are processed by the plant process computer and alarms are generated by the analyzers and/or the process computer to provide remote annunciation in the control room.  A multipoint annunciator is included in the local panel to alarm abnormal conditions within the cleanup system.  Electrical contacts for the local annunciator provide remote annunciation in the main control room.  Other instrumentation includes flow indicators, pressure gauges and timers for automatic supervision of the regeneration cycle.  Procedures will prevent the initiation of any automatic operation or sequence of operations which would conflict with any operation or sequence already in progress, whether such an operation is under automatic or manual control.


10.4.7      CONDENSATE AND FEEDWATER SYSTEM


10.4.7.1      Condensate System


10.4.7.1.1      Design Bases


The condensate system transports condensate from the main condenser hotwell to the hot surge tank, maintaining proper water levels in the surge tank for all operating conditions.  Condensate quality is maintained by the condensate cleanup system <Section 10.4.6>.  The condensate system provides the overall steam cycle water inventory required to accommodate reactor water level variations arising from load changes.  The condensate system also serves as a cooling source for the offgas condenser, the steam jet air ejector condenser and the steam packing exhauster.


10.4.7.1.2      System Description


The condensate system is illustrated in <Figure 10.1‑4>.  The condensate system consists of three 50 percent motor driven hotwell pumps, three 50 percent motor driven condensate booster pumps, three stages of closed low pressure feedwater heaters, a direct contact heater and hot surge tank, and associated piping, valves and instrumentation.  Feedwater heaters 1A, 1B, 1C, 2A, 2B, and 2C are located in the main condenser necks.


Equipment interacting with, but not part of the condensate system includes the condensate cleanup system, the offgas condenser, the steam jet air ejector condensers, and the steam packing exhauster.


The hotwell pumps take suction from the hotwell storage area below the IP condenser.  The condensate is pumped through the condensate cleanup system, the offgas condenser, the steam jet air ejector condenser, and 


the steam packing exhauster, providing sufficient NPSH for the condensate booster pumps during all operating conditions.  The hotwell pumps are the vertical‑can centrifugal type.


The condensate booster pumps are designed to pump condensate through three stages of closed low pressure feedwater heaters and into the direct contact heater.


System flow requirements at the valves wide open (VWO) condition are met by two 50 percent capacity hotwell pumps and two 50 percent capacity booster pumps operating in series.


The direct contact heater is of the horizontal spray type and is directly mounted on a horizontal hot surge tank.  The direct contact heater and hot surge tank are designed in accordance with Section VIII, Division I of the ASME Code and meet the performance criteria of the Heat Exchange Institute (HEI) and ASTM D888‑66.


The low pressure feedwater heaters are shell and U‑tube heat exchangers designed in accordance with Section VIII, Division I of the ASME Boiler and Pressure Vessel Code.  All heaters are two zoned, i.e., each has a condensing zone and an integral drain cooling zone.  Heaters No. 1 and No. 2 consist of three parallel streams, any one of which may be isolated for maintenance.  Maintenance on either stream of No. 3 heaters is accomplished by isolating that stream and passing the condensate through the hand operated bypass.  All condensate system piping is carbon steel, ASTM A‑106 Gr. B, and conforms to ANSI B31.1.  Flanged connections are provided at the pumps and strainers for ease of maintenance.  The majority of the other joints and connections are welded.


10.4.7.1.3      Safety Evaluation


Fifty percent capacity standby pumps are provided for both the hotwell and condensate booster pumps.  On loss of pressure in either the hotwell or condensate booster pump discharge header, the appropriate standby pump is manually started.  No detrimental effect on the reactor coolant system is realized.


System makeup is provided directly from the condensate storage tank to the highest pressure main condenser shell.


Sentinel type tube side safety relief valves are provided for all closed feedwater heaters.


A feedwater heater tube rupture will precipitate high and very high water level alarms indicating operator action required.  If the magnitude of the rupture is such that the heater is flooded, the shell side safety valves will discharge to the condenser.  No radioactivity is released to the environment.


The level of radioactivity in the condensate system is low enough that leakage from valve stems, etc. will not create hazards.  To further protect the environment, all floor drains from areas where leaks could occur are taken to the radwaste area for processing.  Two 100% capacity control valves (1N21F0220 and 1N21F0230) are provided to maintain Hot Surge Tank level.  Should the first valve (1N21F0230) fail to provide sufficient flow, redundant control valve 1N21F0220 can be operated manually from the control room console by a selector switch/potentiometer to maintain flow to the Direct Contact Heater and the downstream Hot Surge Tank.


A three‑element control loop (condensate flow, feedwater flow and hot surge tank level) is provided to maintain hot surge tank level over the entire plant load range, including load changes and upsets.  The loop 


executes this function by regulating the condensate flow into the hot surge tank to the value required for replacement of the feedwater leaving the surge tank.  This enhances the response of the entire condensate‑feedwater‑steam cycle.


Any pressure, temperature or flow deviation due to a malfunction in the condensate system will not be immediately felt by the reactor coolant system due to the storage capacity in the hot surge tank, (two minute retention time), and the feedwater system.  The storage capacity will allow either corrective actions to be taken or an orderly runback to a compatible load or shutdown.


Conductivity instrumentation is provided to monitor condenser leakage.  The condensate demineralizer system is designed to accept condenser leakage during normal operation.


During plant start‑up, a 4 inch bypass line is used to fill the Hot Surge Tank.  This line is isolated during normal plant operation.  This bypass is manually operated and is isolated during normal plant operations.


10.4.7.1.4      Tests


Periodic inspection will be made of all major equipment to ensure proper inservice operation.


The closed low pressure feedwater heaters are given both shell and tube side hydrostatic tests of 1.5 times the respective design pressures.


10.4.7.1.5      Instrumentation


Condensate flow control instrumentation measures the feedwater and condensate flow rates, and hot surge tank level.  These measurements are used to regulate the condensate flow to the No. 4 (Direct Contact 



Heater) through the 100% capacity condensate control valve 1N21F0230.  The condensate control valve, 1N21F0230, controls via signals from surge tank level, feedwater flow, and condensate flow.  The redundant 100% 


capacity control valve (1N21F0220) has an independent control loop with its own power supply and can be operated manually from the control room console by a selector switch/potentiometer.


Minimum flow requirements for the hotwell pumps, condensate booster pumps, the steam jet air ejector condenser, and the steam packing exhauster are met by a common recirculation line downstream of the condensate booster pumps.  Flow through the recirculation line is regulated by a modulating control valve receiving a signal from a flow transmitter upstream of the offgas condenser.


Measurements of pump suction and discharge pressures are provided for all pumps in the system.


Temperature measurements are provided for each stage of feedwater heating.  These measurements include the low pressure feedwater flow temperatures into and out of each feedwater heater and drain water temperatures from each heater.


Instrumentation and controls are provided for regulating heater drain flow rate to maintain proper condensate level in each feedwater heater shell.  High level alarm, automatic operation of the alternate drain control valve at high level, and automatic isolation on high level of the cascaded drain valve and extraction valve are provided.


10.4.7.2      Feedwater System


10.4.7.2.1      General


The feedwater system is designed to pump condensate from the direct contact heater hot surge tank through two stages of feedwater heating to maintain the reactor vessel water level.  Reactor feedwater flow is 


automatically controlled to maintain vessel water level within predetermined levels during all modes of plant operation.


10.4.7.2.2      Design Basis


The design requirements of the feedwater system are:  for piping, valves, and pressure parts, the design pressures under normal and upset conditions are as tabulated on the right margin of the feedwater system diagrams <Figure 10.1‑3> and <Figure 10.1‑8>.  The upset condition tabulated is considered to be the shutoff head of the feedwater heater or main feed pumps, and is expected to occur less than one percent of the time.  Design conditions and requirements of the portion of the feedwater system from the outermost isolation valve to the reactor are covered in <Section 5.4.9>.


Pressure vessels will be designed to Section VIII, Division 1 of the ASME Boiler and Pressure Vessel Code.  Piping will be designed to ANSI B31.1.


10.4.7.2.3      System Description


The feedwater system is comprised of:  four, one‑third capacity motor driven booster pumps, one stage of intermediate pressure heating with external drain cooler, two nominal half capacity horizontal reactor feedwater pumps with variable speed turbine drives, one 20 percent capacity motor driven reactor feedwater pump, one stage of high pressure heating, valves, instrumentation and controls, and associated piping.  Three booster pumps take water from the hot surge tank and discharge it through one stage of heating to the reactor feed pump suction.  Both feed pumps discharge water through one stage of high pressure heaters into a mixing header before passing through two parallel feedwater shutoff valves to the reactor.


Reactor feedwater flow is controlled automatically to maintain water in the reactor vessel within predetermined levels during all modes of plant operation.  The system normally operates as a three element control using reactor vessel water level, steam flow and feedwater flow signals to control feedwater flow by adjusting the speed of the reactor feedwater pump turbines.


Three of the four booster pumps are required for normal operation with the fourth pump on standby.  The standby booster pump will be started automatically in the event of a trip of an operating booster pump or low NPSH in the reactor feedwater pump suction header.  Booster pumps are manually started from the control room.


Intermediate pressure Heaters 5A and 5B heat the feedwater using steam extracted from the high pressure turbine exhaust.  They are shell and U‑tube heat exchangers designed to ASME Section VIII, and have a condensing zone only.  The drain coolers are horizontal, single pass heat exchangers and are also designed to ASME Section VIII.


Two nominal half capacity reactor feedwater pumps provide the feedwater required at all load points.  Minimum flow recirculation for the turbine driven feedwater pumps is provided by lines to the hot surge tank.  Individual pump suction flow elements provide flow control for the recirculation valves.


In the case of one inoperative feedwater pump, the remaining pump and a motor driven pump will deliver 80 percent of nuclear boiler rated feedwater flow at no less than 1,060 psia at the reactor vessel feedwater sparger inlet.


Horizontal reactor feed pumps are connected directly to variable speed turbine drives.  The dual admission turbines normally take steam from the main turbine crossover steam line after the moisture separators and reheaters.  For startup and low load conditions the turbines are driven 


by main steam.  A control system regulates feedwater flow to maintain reactor water level by controlling the admission of steam to the turbine drives.


Feedwater is heated in Heaters 6A and 6B by high pressure extraction steam.  These heaters are shell and U‑tube heat exchangers designed to ASME Section VIII, with a condensing zone and an integral drain cooling zone.


10.4.7.2.4      Safety Evaluation


Upon failure of one of the two normally operating reactor feedwater pumps or their turbine drives, a motor driven feed pump will be started automatically in less than ten seconds.  The remaining turbine driven pump and the motor driven pump will provide 80 percent of rated flow to prevent reactor scram or actuation of RCIC.


A feedwater heater tube rupture will precipitate high and very high water level alarm, indicating operator action required.  The closure of the extraction line valves is automatically initiated.  If the magnitude of the rupture is such that the heater is flooded, the shell side safety valves will discharge to the condenser.  No radioactivity will be released to the environment.


The level of radioactivity in the feedwater system is low enough that leakage from valve stems, etc. will not create hazards.  To further protect the environment, all floor drains for areas where leaks could occur are taken to the radwaste area for processing.


In the event of the loss of feedwater, the reactor is tripped and the RCIC system is actuated.  The most severe case is a guillotine break of the feedwater header outboard of the reactor containment vessel.  The analysis of the consequences of this postulated incident is discussed in <Chapter 15>.


The reactor can be isolated from the feedwater system by the following three independent valves in each of the two feedwater headers:


a.
The first valve from the reactor is a damped check valve located inside containment.


b.
The second valve is a damped check valve located outside containment.


c.
The third valve is a motor‑operated gate valve operated from the control room.  The closing time of this gate valve is 100 seconds.


10.4.7.2.5       Tests


The main feedwater and feedwater booster pumps are given complete hydrostatic and performance tests prior to shipment in accordance with Hydraulic Institute Standards.  Pump pressure containing parts are tested to ASME Section VIII Division 1.


The feedwater heaters are given both shell and tube side hydrostatic tests at 1.5 times design pressures.


Prior to initial operation, the completed condensate/feedwater system will receive a field hydrostatic test and complete inspection in accordance with applicable codes.  The completed system will also be taken through preoperational and startup testing in accordance with <Regulatory Guide 1.68>.  Periodic tests and inspections of the feedwater/condensate system are to be performed in conjunction with scheduled maintenance outages.


10.4.7.2.6      Instrumentation


Feedwater flow control instrumentation measures the feedwater flow from the feedwater system and steam flow.  These measurements are used by the 


feedwater control system to regulate the flow to the reactor to meet system demands.  The feedwater control system is described in <Section 7.1.2>, <Section 7.7.1>, and <Section 7.7.2>.


Instrumentation and controls are provided for maintaining feedwater booster pump recirculation flow and for regulating pump recirculation flow rate for the reactor feedwater pumps.


Measurements of pump suction and discharge pressures are provided for all pumps in the system.


Sampling is provided for monitoring the quality of the final feedwater as described in <Section 9.3.2>.


In the heating portion of the system, feedwater temperature measurements are provided for the flow into and out of each heater and at the flow element.  Heater drain exit temperatures and steam pressure measurements are provided at each feedwater heater.


Instrumentation and controls are provided for regulating heater drain flow rate to maintain proper condensate level in each feedwater heater shell.  High level alarm, automatic operation of the alternate drain valve at high water level and automatic isolation on high level of the cascaded drain valve and extraction valve are provided.


10.4.7.3      Failure Modes and Effects Analysis


The failure modes and effects analysis is presented in <Table 10.4‑2>.


10.4.8      STEAM GENERATOR BLOWDOWN SYSTEM


This section is not applicable to PNPP.


10.4.9      AUXILIARY FEEDWATER SYSTEM


This section is not applicable to PNPP.


10.4.10      REFERENCES FOR SECTION 10.4


1.
Licensing Topical Report, NEDO‑10899, “Chloride Control in BWR Coolants,” June 1973.


TABLE 10.4‑1


CONDENSATE CLEANUP SYSTEM INFLUENT CONCENTRATIONS














Extended














Normal










Startup


Operation


Iron:
soluble




40 ppb


5 ppb




insoluble




1,000 ppb(1)

25 ppb


Copper:
(soluble & insoluble)

50 ppb


7 ppb


Other Metals:  (soluble & insoluble)
40 ppb


3 ppb


pH at 25(C






6 to 8


6.5 to 7.5


Conductivity at 25(C




0.5 (mho/cm

0.2 (mho/cm


Chloride






10 ppb


10 ppb(2)

NOTES:


(1)
Could be as much as 4,000 ppb for several hours at initial plant startup.


(2)
Maximum chloride input during a condenser tube leak will be more than extended normal operation of 10 ppb.  The maximum chloride input during a condenser tube leak is equal to the rate where the unit can be kept in service prior to exceeding chemistry limits.


TABLE 10.4‑2


FAILURE MODES AND EFFECTS ANALYSIS


FEEDWATER AND CONDENSATE SYSTEMS


Components

Failure



Effects


Hotwell


Pump or motor

Reserve pump is started;


pumps


drive


therefore, no effect on cycle.


Condensate

Pump or


Reserve pump is started;


booster pumps

motor drive

therefore, no effect on cycle.


Heaters


Tube rupture

High level alarm signals operator action is required.  If flooded, the shell side relief discharges to condenser.  Problem heater can be isolated and bypassed.  No release of radioactivity or effect on reactor coolant system.


Condensate

Valve or


Valve fails as is to allow


control valves

operator


continuous flow to the feedwater system to maintain reactor level.  If valve should fail closed, due to a tubing failure to the bottom actuator connection, the second control










valve is available (opened manually by control room operator) to maintain flow to the direct contact heater.


Feedwater booster
Pump or motor

Reserve pump is started;


pumps






therefore, no effect on cycle.


Reactor feed pumps
Pump or turbine
A motor driven pump is put into operation.  Together with the remaining pump, 80% rated flow is maintained to prevent reactor scram, with a runback to 80% unit load.


Pipe break

Guillotine

Refer to <Chapter 15>.






feedwater






line break


TABLE 10.4‑3


MAIN CONDENSER DESIGN DATA(1)

Manufacturer






Ecolair (Ingersoll‑Rand)


Number of Shells





3


Number of tubes:



Low pressure shell




39,824



Intermediate pressure shell


39,824



High pressure shell




39,824


Tube length:



Low pressure shell, ft‑in.


36'‑2 29/32”



Intermediate pressure shell, ft‑in.
46'‑2 29/32”



High pressure shell, ft‑in.


50'‑2 29/32”


Surface Area:



Low pressure shell, ft2



328,452



Intermediate pressure shell, ft2

419,689



High pressure shell, ft2



456,184


Number of passes, per shell



1


Tube size (OD), in.





7/8


Tube gauge






22 BWG


Tube material






ASTM A249, Type 304 Stainless steel


Hotwell capacity at normal


water level:



Low pressure shell




0



Intermediate pressure shell


0



High pressure shell




72,000 gallons


TABLE 10.4‑3 (Continued)


Overall approximate dimensions


(height, length, width):


Low pressure shell, ft




45' x 54' x 30'


Intermediate pressure shell, ft


56' x 59' x 30'


High pressure shell, ft




56' x 62' x 30'


Condenser duty (heat transfer), Btu/hr

8.47 x 109

Condenser Guarantee Point (Normal Design Flows):








 Flow

Enthalpy

Pressure








_(lb/hr) 

(Btu/lb)

_(psia) 


1.
Turbine exhaust steam
8,959,898

 993.8

   ‑


2.
Auxiliary condenser



condensate (flows to



highest pressure main



condenser shell only)
  196,130

  69.1

  1.23













(2.5 in. Hg ABS.)


3.
L.P. 1 heater drain

2,375,452

  81.3

   ‑


4.
Steam packing exhauster



drains



    7,200

 180.2

   ‑


5.
Seal steam header



bypass flow


   14,800

1175.5

   ‑


6.
High pressure turbine



gland leakoffs


    6,664

1090.5

200.2


7.
Turbine governor valve



leakoffs



    3,274

1190.8
   
980.7


TABLE 10.4‑3 (Continued)


Intermittent Flows:


In addition to the guaranteed design, the condenser is able to handle other fluids intermittently but not simultaneously.  These fluids include the following:







  Flow

Enthalpy

Pressure
Temp







_(lb/hr) 

(Btu/lb)

_(psia) 
_((F) 


1.
Turbine bypass



steam before



throttling and



attemperation

5,635,438

1190.8

965

  ‑


2.
Moisture‑



separator drains
  891,045

 349.7

   ‑

372.1







  360,455

1197.4

   ‑

372.1


3.
Reheater Drains
  376,020

 461.3

555.5
  ‑







  293,966

 534.8

950.6
  ‑


4.
No. 3 low pressure



heater drains

  401,067

 196.9

   ‑
    
228.5


5.
No. 2 low pressure



heater drains

  448,820

 134.7

   ‑
    
166.7


6.
Moisture Separator‑



Reheater Relief



Valve Flow



The main condenser is also designed to receive steam from the moisture separator‑reheater shell relief valves for a maximum period of one minute at the following conditions:



a.
Flow, lb/hr





11,243,633



b.
Enthalpy, Btu/lb




1278.3



c.
Pressure, psia



 

182.1


Guaranteed free O2:



a.
Plant loads from 10% to 50%


0.010 cc/liter



b.
Plant loads from 50% to 100%


0.005 cc/liter


TABLE 10.4‑3 (Continued)


Normal Circulating Water Temperature, (F


67 to 86












(varies seasonally)


Maximum Circulating Water Temperature, (F

94 (less than












1% of the time)


Turbine Exhaust (Normal Pressure/Temperature)




Low pressure shell, in. Hg/(F


2.01 /102




Intermediate pressure shell, in. Hg/(F
2.48 /108




High pressure shell, in. Hg/(F


3.22 /118


NOTE:


(1)
This table provides the original design data for the turbine generator system as originally supplied from GE.  Steam flows, temperatures, and pressures may vary due to system operating conditions.


TABLE 10.4‑4


TURBINE BYPASS VALVE DESIGN DATA


Manufacturer






General Electric


Type








Regulating‑Angle globe











(grouped in steam chests)


Number of steam chests




2


Number of valves





7 (4 in one chest,











3 in the other chest)


Design flow, per valve, lbm/hr


769,800


Total bypass flow (28.8% of NB rated





    flow), lbm/hr


5,388,600



Nominal valve size, in.



6‑1/2



Steam chest inlet connections


(2) 18” nom. dia



Steam chest outlet connections

(3 or 4) 10” nom. dia



Design pressure/temperature, psig/(F
1250 /575



Valve actuation:




Time lag from initial electrical




signal to the time the bypass




valve starts to open . . . .



(0.10 sec




Total time from initial electrical




signal to the time the bypass




valve is fully open





(0.30 sec




Deadban, pressure regulator demand




to steam bypass valve motion, % Rate




Nuclear Boiler Steam Flow



((0.02%




(Pressure regulator setpoint, 935 psia)
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11.0      RADIOACTIVE WASTE MANAGEMENT


11.1      SOURCE TERMS


General Electric has evaluated radioactive material sources (activation and fission product releases from fuel) in operating boiling water reactors (BWRs) over the past decade.  These source terms are reviewed and periodically revised to incorporate up‑to‑date information.  Release of radioactive material from operating BWRs has resulted in doses to offsite persons which have been only a small fraction of <10 CFR 20>, or of natural background dose.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


The information provided in this section defines the design basis radioactive material levels in the reactor water, steam and offgas.  The various radioisotopes listed have been grouped as coolant activation products, non‑coolant activation products and fission products.  The fission product levels are based on measurements of BWR reactor water and offgas at several stations through mid‑1971.  Emphasis was placed on observations made at KRB (in the Republic of Germany) and Dresden 2.  The design basis radioactive material levels do not necessarily include all the radioisotopes observed or predicted theoretically to be present.  The radioisotopes included are considered significant to one or more of the following criteria:


a.
Plant equipment design.


b.
Shielding design.


c.
Understanding system operation and performance.


d.
Measurement practicability.


e.
Evaluation of radioactive material releases to the environment.



For halogens, radioisotopes with half‑lives of less than three minutes were omitted.  For other fission product radioisotopes in reactor water, radioisotopes with half‑lives of less than 10 minutes were not considered.


11.1.1      FISSION PRODUCTS


11.1.1.1      Noble Radiogas Fission Products


The noble radiogas fission product source terms observed in operating BWRs are generally complex mixtures.  Their sources vary from miniscule defects in cladding to “tramp” uranium on external cladding surfaces.  The relative concentrations or amounts of noble radiogas isotopes can be described as follows:



Equilibrium:
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Recoil:
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The nomenclature in <Section 11.1.1.4> defines the terms in these and succeeding equations.  The constants k1 and k2 describe the fractions of the total fissions that are involved in each of the releases.  The equilibrium and recoil mixtures are the two extremes of the mixture spectrum that are physically possible.  When a sufficient time delay occurs between the fission event and the time of release of the radiogases from the fuel to the coolant, the radiogases approach equilibrium levels in the fuel and the equilibrium mixture results.  


When there is no delay or impedance between the fission event and the release of the radiogases, the recoil mixture is observed.


Prior to Vallecitos Boiling Water Reactor (VBWR) and Dresden 1 experience, it was assumed that noble radiogas leakage from the fuel would be the equilibrium mixture of the noble radiogases present in the fuel.


VBWR and early Dresden 1 experience indicated that the actual mixture most often observed approached a distribution which was intermediate in character to the two extremes (Reference 1).  This intermediate decay mixture was termed the “diffusion” mixture.  It must be emphasized that this “diffusion” mixture is merely one possible point on the mixture spectrum ranging from the equilibrium to the recoil mixture and does not have the absolute mathematical and mechanistic basis for the calculational methods possible for equilibrium and recoil mixtures.  However, the “diffusion” distribution pattern which has been described is as follows:



Diffusion:
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The constant, k3, describes the fraction of total fissions that are involved in the release.  The value of the exponent of the decay constant, (, is midway between the values for equilibrium, 0, and recoil, 1.  The “diffusion” pattern value of 0.5 was originally derived from diffusion theory.


Although the previously described “diffusion” mixture has been used by GE as a basis for design since 1963, the design basis release magnitude used has varied from 0.5 Ci/sec to 0.1 Ci/sec as measured after 30 minute decay (t = 30 min).  The noble radiogas source term rate after 30 minute decay has been used as a conventional measure of the design basis fuel leakage rate since it is conveniently measurable and was 


consistent with the nominal design basis 30 minute offgas holdup system used on a number of plants.  Since approximately 1967, the design basis release magnitude used (including the 1971 source terms) has been 


established at an annual average of 0.1 Ci/sec (t = 30 min).  This 


design basis is considered as an annual average with some time above and some time below this value.  This design value was selected on the basis of operating experience rather than predictive assumptions.  Several judgment factors, including the significance of environmental release, reactor water radioisotope concentrations, liquid waste handling and effluent disposal criteria, building air contamination, shielding design, and other component contamination affecting maintenance, have been considered in establishing this level.


Noble radiogas source terms from fuel above 0.1 Ci/sec (t = 30 min) can be tolerated for reasonable periods of time.  Continual assessment of these values is made on the basis of actual operating experience in BWRs (Reference 2).


While the noble radiogas source term magnitude was established at 0.1 Ci/sec (t = 30 min), it was recognized that there may be a more statistically applicable distribution for the noble radiogas mixture.  Sufficient data were available from KRB operations from 1967 to mid‑1971 along with Dresden 2 data from operation in 1970 and several months in 1971 to more accurately characterize the noble radiogas mixture pattern for an operating BWR.


The basic equation for each radioisotope used to analyze the collected data is:
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(11.1‑4)


With the exception of Kr‑85 with a half‑life of 10.74 years, the noble radiogas fission products in the fuel are essentially at an equilibrium condition after an irradiation period of several months (rate of 


formation is equal to the rate of decay).  So for practical purposes the term (1 ‑ e‑(T) approaches 1 and can be neglected when the reactor has been operating at a steady‑state for long periods of time.  The term (e‑(t) is used to adjust the releases from the fuel (t = 0) to the decay time for which values are needed.  Historically, t equal to 30 minutes has been used.  When discussing long steady‑state operation and leakage from the fuel (t = 0), the following simplified form of Equation 11.1‑4 can be used to describe the leakage of each noble radiogas:
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The constant, Kg, describes the magnitude of leakage.  The relative rates of leakage of the different noble radiogas isotopes are accounted for by the variable, m, the exponent of the decay constant, (.


Dividing both sides of Equation 11.1‑5 by y, the fission yield, and taking the logarithm of both sides results in the following equation:
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(11.1‑6)


Equation 11.1‑6 represents a straight line when log Rg/y is plotted versus log ((); m is the slope of the line.  This straight line is obtained by plotting (Rg/y) versus (() on logarithmic graph paper.


By fitting actual data from KRB and Dresden 2 (using least squares techniques) to the equation, the slope, m, can be obtained.  This can be estimated on the plotted graph.  With radiogas leakage at KRB over the nearly 5 year period varying from 0.001 to 0.056 Ci/sec (t = 30 min) and with radiogas leakage at Dresden 2 varying from 0.001 to 0.169 Ci/sec (t = 30 min), the average value of m was determined.  The value for m is 0.4 with a standard deviation of (0.07.  This is illustrated in <Figure 11.1‑1> as a frequency histogram.  As can be seen from this figure, variations in m were observed in the range m equal to 0.1 to m equal to 0.6.  After establishing the value of m equal to 0.4, the value 


of Kg can be calculated by selecting a value for Rg, or as has been done historically, the design basis is set by the total design basis source term magnitude at t equal to 30 minutes.  With ( Rg at 30 minutes equal to 100,000 µCi/sec, Kg can be calculated as being 2.6 x 107 and Equation 11.1‑4 becomes:
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(11.1‑7)


This updated noble radiogas source term mixture has been termed the “1971 Mixture” to differentiate it from the “diffusion mixture.”  The noble gas source term for each radioisotope can be calculated from Equation 11.1‑7.  The resultant source terms are presented in <Table 11.1‑1> as leakage from fuel (t = 0) and after 30 minute decay.  While Kr‑85 can be calculated using Equation 11.1‑7, the number of confirming experimental observations was limited by the difficulty of measuring very low release rates of this isotope.  Therefore, the table provides an estimated range for Kr‑85 based on a few actual measurements.


Out of the thirteen commonly considered noble gases, normal operational releases to the primary coolant are expected to be approximately 25,000 (Ci/sec as evaluated at 30 minutes, and 100 (Ci/sec of I‑131.  These values can be compared to the design base value of 100,000 (Ci/sec for the summation of the same thirteen noble gases, and 700 (Ci/sec for I‑131.  <Table 11.1‑2> presents the source terms released to the reactor pressure vessel as a consequence of a power isolation event, which is the only anticipated operational occurrence in which significant activity is expected to be released.


11.1.1.2      Radiohalogen Fission Products


Historically, the radiohalogen design basis source term was established by the same equation as that used for noble radiogases.  In a similar 


fashion, a simplified equation can be shown to describe the release of each halogen radioisotope:
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The constant, Kh, describes the magnitude of leakage from fuel.  The relative rates of halogen radioisotope leakage are expressed in terms of n, the exponent of the decay constant, (.  As was done with the noble 


radiogases, the average value was determined for n.  The value for 

[image: image9.wmf]n


 is 0.5 with a standard deviation of (0.19.  This is illustrated in <Figure 11.1‑2> as a frequency histogram.  As can be seen from this figure, variations in n were observed in the range of n equal to 0.1 to n equal to 0.9.


It appeared that the use of the previous method of calculating radiohalogen leakage from fuel was overly conservative.  <Figure 11.1‑3> relates KRB and Dresden 2 noble radiogas versus I‑131 leakage.  While it can be seen from Dresden 2 data during the period of August 1970 to January 1971 that there is a relationship between noble radiogas and I‑131 leakage under one fuel condition, there was no simple relationship for all fuel conditions experienced.  Also, it can be seen that during this period, high radiogas leakages were not accompanied by high radioiodine leakage from the fuel.  Except for one KRB datum point, all steady‑state I‑131 leakages observed at KRB or Dresden 2 were equal to or less than 505 (Ci/sec.  Even at Dresden 1 in March 1965, when severe defects were experienced in stainless‑steel‑clad fuel, I‑131 leakages greater than 500 (Ci/sec were not experienced.  <Figure 11.1‑3> shows that these higher radioiodine leakages from the fuel were related to noble radiogas source terms of less than the design basis value of 


0.1 Ci/sec (t = 30 min).  This may be partially explained by inherent limitations due to internal plant operational problems that caused plant derating.


In general, it would not be anticipated that operation at full power would continue for any significant time period with fuel cladding defects which would be indicated by I‑131 leakage from the fuel in excess of 700 (Ci/sec.  When high radiohalogen leakages are observed, other fission products will be present in greater amounts.


Using these judgment factors and experience to date, the design basis radiohalogen source terms from fuel were established based on I‑131 leakage of 700 (Ci/sec.  This value, as seen in <Figure 11.1‑3>, accommodates the experience data and the design basis noble radiogas source term of 0.1 Ci/sec (t = 30 min).  With the I‑131 design basis source term established, Kh can be calculated as being 2.4 x 107 and halogen radioisotope release can be expressed by the following equation:
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(11.1‑9)


The concentrations of the radiohalogens in the reactor water are calculated by modeling the plant’s piping network as “line sections” or streams which connect flow junctions.  Each line section is described as to the mass flow rate, steam quality, gas and liquid specific volumes, mass inventory, type of unit operations occurring, and the nature of flow for radioactive decay calculations.  With this information, along with the plant nuclear and chemical data, the radioactive material transport performance of each line can be expressed mathematically.  The resulting system of linear equations is then solved to obtain the required concentrations.


Although carryover of most soluble radioisotopes from reactor water to steam is observed to be less than 0.1 percent (<0.001 fraction), the 


observed “carryover” for radiohalogens has varied from 0.1 percent to about 2 percent on newer plants.  The average of observed radiohalogen carryover measurements has been 1.2 percent by weight of reactor water in steam, with a standard deviation of (0.9.  In the present source term definition, a radiohalogen carryover of 2 percent (0.02 fraction) was used.


The halogen release rate from the fuel can be calculated from Equation 11.1‑9.  The resultant concentrations are presented in <Table 11.1‑3>.


11.1.1.3      Other Fission Products


The observations of other fission products (and transuranic nuclides, including Np‑239) in operating BWRs are not adequately correlated by simple equations.  For these radioisotopes, design basis concentrations in reactor water have been estimated conservatively from experience data and are presented in <Table 11.1‑4>.  Carryover of these radioisotopes from the reactor water to the steam is estimated to be less than 0.1 percent (<0.001 fraction).  In addition to carryover, however, decay of noble radiogases in the steam leaving the reactor results in production of noble gas daughter radioisotopes in the steam and condensate systems.


Some daughter radioisotopes (e.g., yttrium and lanthanum), were not listed as being in reactor water.  Their independent leakage to the coolant is negligible; however, these radioisotopes may be observed in some samples in equilibrium or approaching equilibrium with the parent radioisotope.


Except for Np‑239, trace concentrations of transuranic isotopes have been observed in only a few samples where extensive and complex analyses were carried out.  The predominant alpha emitter present in reactor 


water is Cm‑242 at an estimated concentration of 10‑6 (Ci/g or less.  The concentration of alpha emitting plutonium radioisotopes is more than one order of magnitude lower than that of Cm‑242.


Plutonium‑241 (a beta emitter) may also be present in concentrations comparable to the Cm‑242 level.


11.1.1.4      Nomenclature


The following list of nomenclature defines the terms used in equations for source term calculations:


Rg =
Leakage rate of a noble gas radioisotope ((Ci/sec).


Rh =
Leakage rate of a halogen radioisotope ((Ci/sec).


y  =
Fission yield of a radioisotope (atoms/fission).


(  =
Decay constant of a radioisotope (sec‑1).


T  =
Fuel irradiation time (sec).


t  =
Decay time following leakage from fuel (sec).


m  =
Noble radiogas decay constant exponent (dimensionless).


n  =
Radiohalogen decay constant exponent (dimensionless).


Kg =
A constant establishing the level of noble radiogas leakage from fuel.


Kh =
A constant establishing the level of radiohalogen leakage from fuel.


11.1.2      ACTIVATION PRODUCTS


11.1.2.1      Coolant Activation Products


The coolant activation products are not adequately correlated by simple equations.  Design basis concentrations in reactor water and steam have been estimated conservatively from experience data.  The resultant concentrations are presented in <Table 11.1‑5>.


11.1.2.2      Non-coolant Activation Products


The activation products formed by activation of impurities in the coolant or by corrosion of irradiated system materials are not adequately correlated by simple equations.  The design basis source terms of non-coolant activation products have been estimated conservatively from experience data.  The resultant concentrations are presented in <Table 11.1‑6>.  Carry-over of these isotopes from the reactor water to the steam is estimated to be less than 0.1 percent (<0.001 fraction).


The effect of operating above the design basis zinc source term due to zinc injection was evaluated.  The evaluation determined the effects to be negligible; therefore, the references and tables concerning the zinc concentrations, calculated MPC levels, and doses were not updated as a result of implementing the zinc injection process.


11.1.2.3      Steam and Power Conversion System N‑16 Inventory


Steam and power conversion system N‑16 inventories are given in <Section 12.2.1>.


11.1.3      TRITIUM


In a BWR, tritium is produced by three principal methods:


a.
Activation of naturally occurring deuterium in the primary coolant.


b.
Nuclear fission of UO2 fuel.


c.
Neutron reactions with boron used in reactivity control rods.


The tritium, formed in control rods, which may be released from a BWR in liquid or gaseous effluents, is believed to be negligible.  A prime 


source of tritium available for release from a BWR is that produced from activation of deuterium in the primary coolant.  Some fission product tritium may also transfer from fuel to primary coolant.  This discussion is limited to the uncertainties associated with estimating the amounts of tritium generated in a BWR which are available for release.


All of the tritium produced by activation of deuterium in the primary coolant is available for release in liquid or gaseous effluents.  The tritium formed in a BWR from deuterium activation can be calculated using the equation:
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Where:



Ract
=
Tritium formation rate by deuterium activation ((Ci/sec/MWt)



(
=
Macroscopic thermal neutron cross section (cm‑1)



(
=
Thermal neutron flux (neutrons/(cm2) (sec))



V
=
Coolant volume in core (cm3)



(
=
Tritium radioactive decay constant (1.78 x 10‑9 sec‑1)



P
=
Reactor power level (MWt)


For recent BWR designs, Ract is calculated to be 1.3(0.4 x 10‑4 (Ci/sec/MWt.  The uncertainty indicated is derived from the estimated errors in selecting values for the coolant volume in the core, coolant density in the core, abundance of deuterium in light water (some additional deuterium is present due to the H(n,() D reaction), thermal neutron flux, and microscopic cross section for deuterium.


The fraction of tritium produced by fission which may transfer from fuel to the coolant (which is then available for release in liquid and gaseous effluents) is more difficult to estimate.  However, since 


zircaloy‑clad fuel rods are used in BWRs, essentially all fission product tritium remains in the fuel rods unless defects are present in the cladding material (Reference 3).


The study made at Dresden 1 in 1968 by the U.S. Public Health Service (USPHS) suggests that essentially all of the tritium released from the plant could be accounted for by the deuterium activation source (Reference 4).  For purposes of estimating the leakage of tritium from defective fuel, it can be assumed that it leaks in a manner similar to the leakage of noble radiogases.  Thus, use can be made of the empirical relationship described as the “diffusion mixture,” used for predicting the source term of individual noble gas radioisotopes as a function of the total noble gas source term.  The equation which describes this relationship is:
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Where:



Rdif
= Leakage rate of tritium from fuel (µCi/sec)



y
= Fission yield fraction (atoms/fission)



(
= Radioactive decay constant (sec‑1)



K
= A constant related to total tritium leakage rate


If the total noble radiogas source term is 105 (Ci/sec after 30 minute decay, leakage from fuel can be calculated to be about 0.24 (Ci/sec of tritium.  To place this value in perspective in the USPHS study, the observed rate of Kr‑85 (which has a half‑life similar to that of tritium) was 0.06 to 0.4 times that calculated using the “diffusion mixture” relationship.  This would suggest that the actual tritium leakage rate might range from 0.015 to 0.10 (Ci/sec.  Since the annual average noble radiogas leakage from a BWR is expected to be less than 


0.1 Ci/sec (t = 30 min), the annual average tritium release rate from the fission source can be conservatively estimated at 0.12(0.12 (Ci/sec, or 0.0 to 0.24 (Ci/sec.


Based on this approach, the estimated total tritium appearance rate in reactor coolant and release rate in the effluent is about 20 Ci/yr.


Tritium formed in the reactor is generally present as tritiated oxide (HTO) and to a lesser degree as tritiated gas (HT).  Tritium concentration (on a weight basis) in the steam formed in the reactor is the same as in the reactor water at any given time.  This tritium concentration is also present in condensate and feedwater.  Since radioactive effluents generally originate from the reactor and power cycle equipment, radioactive effluents also have this tritium concentration.  The condensate storage tanks receive treated water from the liquid waste management system and reject water from the condensate system.  Thus, all plant process water has a common tritium concentration.


Offgases released from the plant contain tritium, which is present as tritiated gas (HT) resulting from reactor water radiolysis, as well as HTO.  In addition, water vapor from the turbine gland seal steam packing exhauster and a lesser amount present in ventilation air due to process steam leaks or evaporation from sumps, tanks and spills on floors also contain tritium.  The remainder of the tritium leaves the plant in liquid effluents or with solid wastes.


Recombination of radiolytic gases in the air ejector offgas system forms water, which is condensed and returned to the main condenser.  This tends to reduce the amount of tritium leaving in gaseous effluents. 


Reducing the gaseous tritium release results in a slightly higher tritium concentration in the plant process water.  Reducing the amount of liquid effluent discharged also results in a higher process coolant equilibrium tritium concentration.


Essentially, all tritium in the primary coolant is eventually released to the environs, either as water vapor and gas to the atmosphere, or as liquid effluent to the plant discharge or as solid waste.  Reduction due to radioactive decay is negligible due to the 12 year half‑life of tritium.


The USPHS study at Dresden 1 estimated that approximately 90 percent of the tritium release was observed in liquid effluent, with the remaining 10 percent leaving as gaseous effluent (Reference 4).  Efforts to reduce the volume of liquid effluent discharges may change this distribution so that a greater amount of tritium leaves as gaseous effluent.  From a practical standpoint, the fraction of tritium leaving as liquid effluent may vary between 60 and 90 percent, with the remainder leaving in gaseous effluent.


11.1.4      FUEL FISSION PRODUCTION INVENTORY AND FUEL EXPERIENCE


11.1.4.1      Fuel Fission Product Inventory


Fuel fission product inventory information is used in establishing fission product source terms for accident analysis and is, therefore, discussed in <Chapter 15>.


11.1.4.2      Fuel Experience


A discussion of BWR fuel experience, including fuel failure experience, burnup experience and thermal conditions under which the experience was gained, is presented in (Reference 5), (Reference 6), (Reference 7), and (Reference 8).


11.1.5      PROCESS LEAKAGE SOURCES


Process leakage results in potential release paths for noble gases and other volatile fission products through ventilation systems.  Liquid from process leaks is collected and routed to the liquid‑solid radwaste system.  Radionuclide releases through ventilation paths are at extremely low levels and have been insignificant compared to process offgas from operating BWR plants.  However, because the implementation of improved process offgas treatment systems makes the ventilation release relatively significant, GE has conducted measurements to identify and qualify these low level release paths.  GE has maintained an awareness of other measurements by the Electric Power Research Institute and other organizations and routine measurements by utilities with operating BWRs.


Leakage of fluids from the process system results in the release of radionuclides into plant buildings.  In general, the noble radiogases remain airborne and are released to the atmosphere with little delay through the building ventilation exhaust ducts.  The radionuclides partition between air and water, and airborne radioiodines may “plate out” on metal surfaces, concrete and paint.  A significant amount of radioiodine remains in air or is desorbed from surfaces.  Radioiodines are found in ventilation air as methyl iodide and as inorganic iodine which is here defined as particulate, elemental and hypoiodous acid forms of iodine.  Particulates are also present in the ventilation exhaust air.


The estimated release rate of radioactive materials in gaseous effluents is presented in <Section 11.3.3>.


11.1.6      LIQUID RADWASTE SYSTEM


Radioactive sources for the liquid radwaste system are described in <Section 11.2.3> and are based on information contained in <NUREG‑0016> (Reference 9).


11.1.7      RADIOACTIVE SOURCES IN THE GAS TREATMENT SYSTEM


Radioactive sources for the gas treatment system are described in <Section 11.3.2.1.2>.


11.1.8      SOURCE TERMS FOR COMPONENT FAILURES


11.1.8.1      Offgas System Failure


Source terms for evaluation of the radiological consequences of component failures within the offgas system are contained in <Table 15.7‑3A> for the Design Basis and Normal (realistic) operating conditions.


11.1.8.2      Liquid Radwaste System


Radiation sources used for component failures are consistent with an offgas release rate of 100,000 (Ci/sec after 30 minutes decay.  This results in maximum inventories of radioisotopes in the system and is not anticipated to occur during operation of the plant.  The isotopic breakdown of the inventory in each significant component of the liquid radwaste system is presented in <Table 15.7‑12>.
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TABLE 11.1‑1


NOBLE RADIOGAS SOURCE TERMS









Source Term

Source Term









    t=0


    t=30


Isotope


Half‑Life

_((Ci/sec)_

_((Ci/sec)_


Kr‑83m


 1.86 Hr

  3.4 +3


  2.9 +3


   85m


 4.4  Hr

  6.1 +3


  5.6 +3


   85


10.74 Yr

10 to 20(1)


10 to 20(1)

   87


76    Min

  2.0 +4


  1.5 +4


   88


 2.79 Hr

  2.0 +4


  1.8 +4


   89


 3.18 Min

  1.3 +5


  1.8 +2


   90


32.3  Sec

  2.8 +5



‑


   91


 8.6  Sec

  3.3 +5



‑


   92


 1.84 Sec

  3.3 +5



‑


   93


 1.29 Sec

  9.3 +4



‑


   94


 1.0  Sec

  2.3 +4



‑


   95


 0.5  Sec

  2.1 +3



‑


   97


 1.0  Sec

  1.4 +1



‑


Xe‑131m


11.96 Day

  1.5 +1


  1.5 +1


   133m


 2.26 Day

  2.9 +2


  2.8 +2


   133


 5.27 Day

  8.2 +3


  8.2 +3


   135


 9.16 Hr

  2.2 +4


  2.2 +4


   135m


15.7  Min

  2.6 +4


  6.9 +3


   137


 3.82 Min

  1.5 +5


  6.7 +2


   138


14.2  Min

  8.9 +4


  2.1 +4


   139


40    Sec

  2.8 +5



‑


TABLE 11.1‑1 (Continued)









Source Term

Source Term









    t=0


    t=30


Isotope


Half‑Life

_((Ci/sec)_

_((Ci/sec)_


Xe‑140


13.6  Sec

  3.0 +5



‑


   141


 1.72 Sec

  2.4 +5



‑


   142


 1.22 Sec

  7.3 +4



‑


   143


 0.96 Sec

  1.2 +4



‑


   144


 9.0  Sec

  5.6 +2



‑


Total



   Approx.  2.5 +6
   Approx.  1.0 +5


NOTE:


(1)
Estimated from experimental observations.


TABLE 11.1‑2


POWER ISOLATION EVENT ‑ ANTICIPATED OCCURRENCE











  Isotopic Spiking



Isotope






Activity (Ci)/Bundle



I‑131







2.1



  132







3.3



  133







5.1



  134







5.5



  135







4.9



Kr‑83m







0.9



   85m







2.2



   85







0.5



   87







4.4



   88







5.2



   89







8.2



Xe‑131m







0.1



   133m







0.3



   133






    11.8



   135m







1.8



   135






    11.2



   137






    10.7



   138






    10.8


TABLE 11.1‑3


HALOGEN RADIOISOTOPES IN REACTOR WATER













Concentration


Isotope



_Half‑Life 



   ((Ci/g)   

Br‑83



  2.40  hr



  1.4 x 10‑2

   84



 31.8   min



  3.0 x 10‑2

   85



  3.0   min



  1.9 x 10‑2

I‑131



  8.065 day



  1.2 x 10‑2

  132



  2.284 hr



  1.2 x 10‑1

  133



 20.8   hr



  8.3 x 10‑2

  134



 52.3   min



  2.6 x 10‑1

  135



  6.7   hr



  1.2 x 10‑1

TABLE 11.1‑4


OTHER FISSION PRODUCT RADIOISOTOPES IN REACTOR WATER













Concentration


Isotope



_Half‑Life 



___((Ci/g)___


Sr‑89



 50.8   day



2.82 x 10‑3

Sr‑90



 28.9   yr



2.09 x 10‑4

Sr‑91



  9.67  hr



6.90 x 10‑2

Sr‑92



  2.69  hr



1.15 x 10‑1

Zr‑95



 65.5   day



3.13 x 10‑5

Zr‑97



 16.8   hr



3.03 x 10‑5

Nb‑95



 35.1   day



3.76 x 10‑5

Mo‑99



 66.6   hr



2.09 x 10‑2

Tc‑99m



  6.007 hr



7.95 x 10‑2

Tc‑101



 14.2   min



1.11 x 10‑1

Ru‑103



 39.8   day



1.78 x 10‑5

Ru‑106



368     day



2.40 x 10‑6

Te‑129m



 34.1   day



6.27 x 10‑5

Te‑132



 78.0   hr



1.25 x 10‑2

Cs‑134



  2.06  yr



1.46 x 10‑4

Cs‑136



 13.0   day



9.61 x 10‑5

Cs‑137



 30.2   yr



2.19 x 10‑4

Cs‑138



 32.3   min



2.20 x 10‑1

Ba‑139



 83.2   min



1.78 x 10‑1

Ba‑140



 12.8   day



8.04 x 10‑3

TABLE 11.1‑4 (Continued)













Concentration


Isotope



_Half‑Life 



   ((Ci/g)   

Ba‑141



 18.3   min



2.10 x 10‑1

Ba‑142



 10.7   min



1.99 x 10‑1

Ce‑141



 32.53  day



3.55 x 10‑5

Ce‑143



 33.0   hr



3.24 x 10‑5

Ce‑144



284.4   day



3.13 x 10‑5

Pr‑143



 13.58  day



3.45 x 10‑5

Nd‑147



 11.06  day



1.25 x 10‑5

Np‑239



  2.35  day



2.19 x 10‑1

TABLE 11.1‑5


COOLANT ACTIVATION PRODUCTS IN REACTOR WATER AND STEAM













    Reactor Water









   Steam


    Concentration


Isotope

 Half‑Life
Concentration ((Ci/g)
       ((Ci/g)




N‑13


  9.99 Min

   1.5 ‑3



   1.0 ‑1


N‑16


  7.13 Sec

   5.0 +1



   4.0 +1


N‑17


  4.14 Sec

   4.0 ‑2


 
   2.0 ‑2


O‑19


 26.8  Sec

   7.7 ‑1



   1.8 +0


F‑18


109.8  Min

   4.4 ‑4



   4.2 ‑2


TABLE 11.1‑6


NON‑COOLANT ACTIVATION PRODUCTS IN REACTOR WATER













Concentration


Isotope



_Half‑Life 



   ((Ci/g)   

Na‑24



 15.0   Hr



  2.1 x 10‑3

P‑32




 14.31  Day



  2.1 x 10‑5

Cr‑51



 27.8   Day



  5.2 x 10‑4

Mn‑54



313.0   Day



  4.2 x 10‑5

Mn‑56



  2.582 Hr



  5.2 x 10‑2

Co‑58



 71.4   Day



  5.2 x 10‑3

Co‑60



  5.258 Yr



  5.2 x 10‑4

Fe‑59



 45.0   Day



  8.4 x 10‑5

Ni‑65



  2.55  Hr



  3.1 x 10‑4

Zn‑65



243.7   Day



  2.1 x 10‑5

Zn‑69m



 13.7   Hr



  3.1 x 10‑5

Ag‑110m



253.0   Day



  6.3 x 10‑5

W‑187



 23.9   Hr



  3.1 x 10‑3
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11.2      LIQUID WASTE MANAGEMENT SYSTEMS


11.2.1      DESIGN BASES


11.2.1.1      Power Generation Design Objectives


The liquid radioactive waste (LRW) system is designed to collect and treat, for reuse or disposal, all radioactive (or potentially radioactive) liquid wastes produced in the plant.  This is done in such a manner that, for all anticipated quantities of waste produced, the availability of the plant for power generation is not adversely affected.


11.2.1.2      Radiological Design Objectives


The LRW system is designed to restrict releases of radioactive material to the environment and exposures to both operating personnel and the general public to “as low as reasonably achievable” (ALARA) in accordance with the guidelines given in <10 CFR 50, Appendix I>.


11.2.1.3      Design Criteria


The original LRW system is designed in accordance with the following design criteria:


a.
For each reactor at the site, the estimated annual total quantity of radioactive material (excluding tritium) above background in the liquid effluents released to unrestricted areas is less than 5 curies.


b.
For the total radioactive liquid effluents of Unit 1 and Unit 2, the resultant whole body dose to any individual offsite is less than 5 mrem/yr.


c.
Design and construction of all LRW system components satisfies or exceeds the intent of all applicable criteria set forth in <Regulatory Guide 1.143> (as detailed in <Section 1.8>) and ANSI N197‑1976.


d.
All LRW system components and the structure in which they are housed are designed and constructed in accordance with the codes, standards, seismic classifications, and safety classifications listed in <Table 3.2‑1>.


e.
LRW components are located in areas of sufficient size and accessibility to facilitate efficient maintenance.


NOTE:
Unit 2 will not be completed reference <Chapter 1.1>.

11.2.1.4      Cost‑Benefit Analysis


<Section 11.2.3> includes an analysis that shows that the LRW system, as designed, is capable of controlling releases of radioactive material within the numerical design objectives of <10 CFR 50, Appendix I>.  Under the rules of Section II, Paragraph D of <10 CFR 50, Appendix I> a cost‑benefit analysis is not required for this system because the design satisfies the “Guides on Design Objectives for Light‑Water‑Cooled Nuclear Power Reactors,” proposed in the “Concluding Statement of Position of the Regulatory Staff,” in Docket‑RM‑50‑2.


11.2.1.5      Accident Analysis


An analysis is included in <Chapter 15> to determine the radiological consequences for case situations in which equipment malfunctions and/or operator errors are hypothesized during periods of operation at design basis fuel leakage.  Design provisions are included to prevent the uncontrolled release of radioactive material to the environment as a 

result of any single equipment malfunction or operator error.  An evaluation of failures of single pieces of equipment is provided by <Table 11.2‑1>.


11.2.1.6      Component Design Parameters


With the exception of normal wearing parts, such as seals and bearings, all pumps, valves, piping, tanks, pressure vessels, and other components in the LRW system are fabricated from materials which are intended to provide a minimum service life of 40 years without replacement.  In selecting materials to satisfy this criterion, due consideration is given to the following:


a.
The corrosive nature of both the process fluid and the external environment.


b.
Ease with which the material may be decontaminated.

c.
Wall thickness requirements dictated by design pressures, temperatures, flow rates, and corrosion rates.


Tabulations of LRW system components and design parameters are presented by <Table 11.2‑2>, <Table 11.2‑3>, <Table 11.2‑4>, <Table 11.2‑5>, <Table 11.2‑6>, and <Table 11.2‑7>.


11.2.1.7      Surge Input Collection Capabilities


Redundancy of equipment for collecting and processing inputs to the LRW system is described in detail in <Section 11.2.2> and summarized by <Table 11.2‑8>.  Considerable excess capacity is built into the collecting and processing equipment of each subsystem to handle all anticipated normal and maximum input quantities.  An evaluation of this 


capability is presented by <Table 11.2‑9> which shows that only when the suppression pool is drained for maintenance does the LRW system fall short of needed capacity.  This occurrence is satisfactorily handled by reducing the rate at which the suppression pool is drained.  This method adds, at most, three days to the outage and results in no increase in radiation exposures to operating personnel or the general public.


11.2.1.8      Control of Tank Leakage and Overflows


With the exception of the condensate storage tank, all tanks containing radioactive material are housed inside reinforced, concrete structures with floor drains for routing tank leakage to the LRW system.  A seismically qualified retaining structure (dike) surrounds the condensate storage tank to contain any leakage from this source.  Further information on these dikes is provided in <Section 9.2.6>.


All tanks in the LRW and solid radioactive waste (SRW) systems have overflow lines piped up solid to embedded drain piping that is routed to sumps.  Any water collected in these sumps is pumped back to the LRW collection tanks.  Any vents and manways for the tanks are located above these overflow lines.  Should an operator error result in an overflow through a vent or manway, the release would also be pumped back to the LRW collection tanks, since, as noted above, the tanks are housed in structures with floor drains that route tank leakage to the LRW system.


For each tank in the LRW and SRW systems, level indication and high level alarms are provided on a remote control panel.  <Table 11.2‑16> lists tanks outside containment which may contain potentially radioactive fluids.


11.2.1.9      ALARA Design Features


Numerous features have been incorporated into the design of both the LRW system and the building housing this system to ensure that exposures of 


operating personnel to radiation will be kept within ALARA guidelines.  The following is a listing of the most significant ALARA design features:


a.
All floors and wall areas subject to contamination with radioactive material are coated with nuclear grade epoxy coatings to aid in decontamination.


b.
With the exception of the detergent drains tanks and chemical waste distillate tanks, which are low in activity content, all redundant tanks are located in separate, shielded cubicles.  This allows one tank to be repaired or inspected with minimal personnel exposure while the second tank is being used to process waste.


c.
Most redundant pumps and process equipment are located in separate, shielded cubicles similar to those for the tanks as described above.


d.
All normal operations are performed from a remote, centralized control panel.  This eliminates exposures to operating personnel during normal operation and minimizes operating errors that could indirectly result in greater exposures to both operating and maintenance personnel.

e.
Pipe lines containing radioactive fluids are routed through shielded chases.  There is no instrumentation, valves or other equipment located in these chases, eliminating the need to enter them for any reason other than to maintain the piping itself.


f.
As much as possible, pipes containing filter backwash slurries or spent resins make use of bends rather than standard elbow fittings to reduce the chances of plugging.  As another precaution against sludge buildup, these lines are backflushed after every use.


g.
Backflush connections are provided on all process piping in pump cubicles to permit this piping to be decontaminated before entering the cubicles for maintenance purposes.


h.
All pump seals are mechanical type to minimize seal leakage and to eliminate the need for periodic adjustment of the seals.  Rotating element facing material is chosen to maximize seal operating life.


i.
The majority of valves are top‑entry, diaphragm type with ethylene propylene terpolymer (EPT) elastomer diaphragms.  This type of valve has the following advantages:  a) no crud traps; b) no leakage unless the diaphragm fails; and c) quick, simple procedures for replacement of worn seals (diaphragm).


j.
Materials of construction for pumps, valves, piping, tanks, and process equipment are selected to provide long‑term corrosion resistance and improved decontamination capability.  Most pumps, tanks and other process equipment are constructed of austenitic stainless steel.  Where protection against chloride stress corrosion is needed, materials such as Alloy 20 stainless steel, and Incoloy are used.  Piping and valves are constructed of materials such as austenitic stainless steel, Alloy 20 stainless steel, Incoloy, Yoloy or suitably lined with materials such as polypropylene or nuclear grade epoxy coatings.  Other corrosion resistant materials may also be used.


11.2.1.10      Control of Inadvertent Releases


Releases as a result of equipment failures or malfunctions are discussed in <Section 11.2.1.5>.  Another way in which unintentional releases could occur would be as a result of operator errors either allowing a tank to overflow or pumping the contents of the wrong tank to the discharge tunnel entrance structure.  Provisions for control of tank overflows are discussed in <Section 11.2.1.8>.  Provisions for preventing the contents of the wrong tank from being discharged are discussed below.


All LRW system discharges are directed to the Unit 1 emergency service water discharge pipe.  All pipe lines going to the discharge point are routed through one central discharge flow control station, where the liquid can be directed through a flow control station.  The flow control valve is remote‑manually adjusted from the LRW system control panel.  Between the control valve station and each sample tank that can be discharged is a power operated shutoff valve that must be opened before a tank can actually be drained to the discharge point.


As protection against inadvertent discharges, an administratively controlled, manual, normally locked closed valve with position indicating limit switches is provided in series with each discharge isolation valve.


11.2.2      SYSTEM DESCRIPTION


11.2.2.1      Input Streams


The LRW system is designed and sized to simultaneously handle all radioactive liquid wastes for both units of the Perry Nuclear Power Plant, based on each unit having a condensate polishing treatment system as discussed in <Section 10.4.6>.


The input streams for the system are shown on the detailed process flow diagram in <Figure 11.2‑1 (1)>, <Figure 11.2‑1 (2)>, <Figure 11.2‑1(3)>, and <Figure 11.2‑1 (4)>.  For these streams, normal and expected maximum quantities of significant radioactive nuclides and total flow quantities are given in <Table 11.2‑10>.


11.2.2.2      Separation of Inputs


Incoming streams of liquid waste are collected and treated in one of four separate process streams according to their composition.  These four subdivisions are high purity/low conductivity wastes (primarily 


equipment drains), medium‑to‑low purity/medium conductivity wastes (primarily floor drains), high conductivity chemical wastes, and detergent drains.


In addition to handling these four categories of liquid waste, the LRW system collects spent resin slurries and filter backwash slurries prior to being sent to the SRW disposal system.


11.2.2.3      Previous Experience


The type of process equipment used in the system described herein has been used effectively in many previous BWR units, including Dresden Units 1, 2 and 3, Quad Cities Units 1 and 2, Oyster Creek, and Nine Mile Point.  Justification for the decontamination factors used for this equipment is based on available data from several operating units, equipment manufacturer’s data, topical reports, and standards given in (Reference 1), (Reference 2), (Reference 3), (Reference 4), (Reference 5), (Reference 6), (Reference 7), (Reference 8), (Reference 9), (Reference 10), (Reference 11), (Reference 12), (Reference 13), (Reference 14), (Reference 15), (Reference 16), (Reference 17), (Reference 18), (Reference 19), (Reference 20), (Reference 21), (Reference 22), (Reference 23), (Reference 24), and (Reference 25).


11.2.2.4      Treatment of High Purity/Low Conductivity Wastes


Input streams to this subsystem consist of equipment drains, cask pit drawdown, suppression pool water (normally diverted to suppression pool cleanup system), blowdown of reactor water (normally directed to hotwell), rinse water from condensate demineralizers, and residual heat removal system flush/test.  These inputs are collected in one of two waste collector tanks, each sized to hold one day’s maximum normal input.  With the exception of equipment drains, these waste streams can be diverted to the floor drain collector tanks if water quality or flow 


conditions warrant.  After a batch of waste is collected, it is sent through a traveling belt filter to remove suspended solids, and then a mixed‑bed demineralizer to remove dissolved solids.  Alternate flow paths for treatment of these wastes are discussed in <Section 11.2.2.13>.  Two waste sample tanks, each sized to hold one batch of waste, are provided for sampling, mixing and temporary storage of the treated effluent.  After a batch is sampled, it may be recycled to the waste collector tank for further treatment, sent to the condenser Hotwell (normal path), the condensate storage system or discharged.  The system is completely redundant, either through backup equipment or cross‑ties with identical equipment in one of the other subsystems.


The major inputs to the high purity subsystem are equipment drains.  The embedded drainage piping system for collecting this waste water is described in <Section 9.3.3>.  The equipment drain piping in each structure housing radioactive (or potentially radioactive) fluid systems is routed to a sump located at the lowest elevation of the building.  After one of these sumps is filled, one of two redundant, vertical sump pumps automatically pumps the contents to the waste collector tanks in the LRW system.


11.2.2.5      Treatment of Medium‑to‑Low Purity/Medium Conductivity Wastes


Input streams to this subsystem consist of floor drains, decantate from the backwash settling tanks, decantate from the solid radwaste disposal system and backwash from the radwaste and condensate demineralizers.  These inputs are collected in one of two floor drain collector tanks, each sized to hold approximately three days’ maximum normal input.  With the exception of floor drains, these waste streams can be diverted to the waste collector tanks if water quality or flow conditions warrant.  After a batch is collected, it is normally filtered, demineralized and re‑used.  Alternate flow paths for treatment of these wastes are discussed in <Section 11.2.2.13>.  Two floor drain sample tanks, each 


sized to hold one batch of waste, are provided for sampling and temporary storage of treated effluent.  After sampling, a batch is either recycled for further treatment, sent to condenser hotwell (normal path), the condensate storage system or discharged.  The system is completely redundant, either through backup equipment or cross‑ties with identical equipment in one of the other subsystems.


The major inputs to the medium‑to‑low purity subsystem are floor drains, which consist of miscellaneous unidentified equipment leakage and floor washdown.  The embedded drainage piping system for collecting this waste water is described in <Section 9.3.3>.  The floor drain piping in each structure housing radioactive (or potentially radioactive) fluid systems


is routed to a sump located at the lowest elevation of the building.  After one of these sumps is filled, one of two redundant, vertical sump pumps automatically sends the contents to the floor drain collector tanks in the LRW system.


11.2.2.6      (Deleted)

Flow paths for treatment of these wastes are discussed in <Section 11.2.2.13>.


11.2.2.7      Treatment of Detergent Drains


Inputs to this subsystem consist of personnel decontamination solutions and floor drains from nonradioactive areas of the control complex.  Cleaning of protective clothing will be performed onsite and/or 


contracted offsite.  All waste inputs are collected in the laundry and floor drains sump located at the lowest elevation of the control complex.  When this sump is filled, one of two redundant sump pumps automatically transfers the contents to the LRW system detergent drains tanks.  This waste is then collected and manually drained to the Radwaste Floor Drain so that it can be processed.


11.2.2.8      Treatment of Spent Resins


Spent resins from the mixed‑bed condensate demineralizers, waste demineralizer, floor drains demineralizer, and suppression pool 


demineralizer are collected in two spent resin storage tanks.  Each tank is sized to hold the resins for six months.  The spent resins are transferred to the SRW disposal system as a water slurry.


11.2.2.9      Treatment of Filter/Demineralizer Backwash


Backwash slurries from the condensate filter, fuel pool filter/demineralizer and RWCU filter/demineralizer backwash receiving tanks are pumped to settling tanks located in the radwaste building.  The sludge is allowed to settle to the bottom of these tanks while relatively clean water is drawn off the top and pumped to the floor drain collector tanks or waste collector tanks for further treatment.  Periodically, the sludge is transferred to the SRW disposal system as a water slurry.


11.2.2.10      Detailed Component Design


Piping and instrumentation for the LRW system are shown in <Figure 11.2‑1>.  For a definition of symbols used on this system diagram, see <Figure 1.2‑22>.  Design data for all LRW system components is given in <Table 11.2‑2>, <Table 11.2‑3>, <Table 11.2‑4>, <Table 11.2‑5>, <Table 11.2‑6>, and <Table 11.2‑7>.  The safety class 


for equipment and piping in the system is given in <Table 3.2‑1>.  Also shown in this table are the seismic classifications and principal construction codes for LRW system components and for the radwaste building.


a.
Collection Tank Design



All collection tanks are atmospheric, cylindrical, stainless steel tanks and are either horizontal or vertical.  Vertical tanks have closed tops and dished bottoms for easy drainage.  Vent, overflow, recycle, and drain lines are provided for each tank.  A level 


sensor is provided on each tank for remote level indication, level recording and alarm/control functions.


b.
Pump Design



LRW pumps other than sump pumps are horizontal, centrifugal type, driven by 460 volt drip proof motors.  Each pump is provided with inlet and outlet shutoff valves for maintenance and a discharge pressure sensor with readout in the radwaste building control room (RWBCR).  All pump seals are single or double mechanical type.  In addition, filter aid pumps (waste collector and floor drain collector) are positive displacement.


c.
Waste Collector Filter/Floor Drains Filter



Each filter is a flatbed, continuous belt type, precoat filter unit rated at 100 to 150 gpm when used to filter waste water.  Each unit can also be used to dewater resin or filter backwash slurries, for which case the process rate is 50 gpm.



For improved filtration efficiency, provisions are made for body feed of precoat material to the filter influent.  During periods of non‑use, water is continuously recirculated through the filter to prevent deterioration of the filter precoat.



Upon completion of a filtration run, the precoat material and accumulated crud is partially dried by air and the filter belt is indexed, causing the semi‑dry cake to fall off the end of the belt and down a stainless steel chute into a waste mixing/dewatering tank in the SRW disposal system.



Each filter has a filtration surface area of 68 square feet.  Operating differential pressure varies from 2 to 13 psi.  Design differential pressure is 15 psi.


d.
Waste Demineralizer/Floor Drains Demineralizer



These demineralizers are identical 200 gpm mixed bed units, using a mixture of cation and anion resins.  Each demineralizer is designed for a process flow rate of 6 to 8 gpm per square foot.  They are cross‑tied by manual valves to achieve redundancy in both subsystems.


Maximum pressure differential at rated flow is 22.5 psi.  A demineralizer run may be terminated on a high differential pressure or a high conductivity signal.  The spent resin is then transferred to one of the spent resin tanks.


e.
(Deleted)

f.
(Deleted)


g.
Settling Tanks



All settling tanks are vertical, atmospheric, cylindrical, stainless steel tanks with closed tops and dished bottoms.  Each tank is provided with vent, overflow, drain, recycle, and decant lines.  Manways are provided on the settling tanks, which are located above the overflow line.  The manways may be left open to support operational practices.  Connections for flushwater and sparging air or condensate are also provided.



Four ultrasonic level indicators are provided on each tank to indicate in the RWBCR when the sludge level is at 25, 50, 75, or 100 percent of the maximum permissible level.  The tanks are designed so that this maximum level is below the elevation of the decant lines.  Each tank is also provided with a liquid level sensor for remote level indication and alarm/control functions.


h.
Spent Resin Tanks



Two vertical, atmospheric, cylindrical, stainless steel spent resin tanks are provided.  Each tank has a closed top and dished bottom and is provided with vent, drain, overflow, recycle, and flush lines.  The entrance to the overflow line is provided with a wire mesh screen to prevent resins from entering the overflow.



Each tank is provided with a liquid level sensor for remote level indication and alarm/control functions.


i.
Concentrated Waste Tanks



Two vertical, atmospheric, cylindrical, Incoloy concentrated waste tanks are provided.  Each tank has a closed top, dished bottom and vent, overflow, drain, and recycle lines.  All lines normally containing concentrated waste are heat traced and insulated to prevent solidification of the concentrate.  Each tank is provided with a heating element to maintain the tank temperature between 120(F and 150(F.  A level sensor is provided for remote indication and alarm/control functions.  Temperature elements are provided to monitor and record temperature in the tanks and activate an alarm in the RWBCR if the temperature exceeds 150(F or falls below 120(F.


j.
Sample Tanks



The waste sample tanks and floor drains sample tanks are vertical, atmospheric, cylindrical, stainless steel tanks.  The chemical waste distillate tanks are horizontal, atmospheric, cylindrical, stainless steel tanks.  All tanks have vent, overflow, drain, and recycle lines.  Each tank has a level sensor for remote level indication, level recording and alarm/control functions.


k.
Sumps



Radioactive floor and equipment drains are collected in sumps located in the basement of all structures housing radioactive fluid systems.  These sumps range in size from 50 to 1,000 gallons.  With the exception of those sumps that are normally nonradioactive, all sumps are lined with stainless steel for leakage control and to facilitate decontamination.



Many sumps are provided with a small recessed “boot” in the area of the bottom from which the sump pump takes suction.  This ensures that the pump suction is submerged at all times while allowing most of the sump to be drained completely to minimize buildup of radioactive sludge and to facilitate decontamination.



All sumps are covered with grating or solid plates.  Solid plates are used where shielding is needed, or if the sump is in an open area where litter could end up in the sump.


Each sump is provided with level switches for alarm and control functions.  Sumps inside containment have additional instrumentation for leak rate detection as discussed in <Section 7.6>.  The quantity of waste water sent to the LRW system from each sump is monitored on the RWBCR panel using digital, sump pump elapsed running time counters.


l.
Sump Pumps



Except for the annulus sump, which is expected to be used very infrequently, all sumps have redundant, duplex sump pumps.  Vertical turbine pumps are used in sumps containing relatively clean water.  Standard vertical, open impeller, centrifugal sump pumps are used in sumps where trash could accumulate.  All sump pumps are provided with suction strainers to prevent refuse from clogging or damaging the pump impeller.



Pump motors are totally enclosed and fan cooled to prevent contamination of the motor internals.


11.2.2.11      Field Routed Pipe


Routing of piping and tubing in the LRW system that normally carry radioactive fluids is shown on piping drawings to ensure proper 


protection of operating personnel against exposure to radiation.  Therefore, there will be no field routed radioactive piping or tubing for which shielding design criteria or controls will be necessary.


11.2.2.12      System Control and Operating Procedures


a.
General



All pumps and normally used valves are controlled from a control panel in the RWBCR.  A semi‑graphic mimic is provided on this panel showing the operating status (off/on) of all system pumps and the position (open/closed) of all power operated valves.  Important system parameters such as tank levels, pump discharge pressures, etc. are also indicated and/or recorded on this control panel.  An annunciator on the panel sounds an alarm if abnormal conditions such as high tank level or high discharge activity should occur.



Additional control panels are located near the radwaste filters and demineralizers for use when reconditioning this equipment.  After a filter has received a fresh precoat or a demineralizer has been refilled with new resin, control of this equipment is returned to the main LRW system control panel.


b.
Programmable Logic Controller



The control logic for the LRW system is controlled by two programmable logic controllers (PLC’s).  Separate power sources are provided to the PLC’s and separate logic is provided for train A and train B components to the extent possible.



The manual mode will be used to control the LRW system.


c.
Normal Control of Discharges



Except for detergent wastes, all liquid effluents from the LRW system are normally routed to the condensate storage system or main condenser for reuse in the plant.  This is done on a batch basis after a sample of the effluent is taken to determine if it is suitable for reuse.  If the sample does not meet the water quality standards for condensate makeup given in <Table 11.2‑11> the batch is either recycled for further treatment or discharged through the discharge tunnel entrance structure, depending on the chemical content and activity level.



All streams to be discharged, with the exception of the atmospheric drain line from the Turbine Building supply plenums are routed through one central flow control station, where a flow control valve is used.  These valves are modulated remote‑manually from the RWBCR to achieve the desired flow rate.  The stream is then monitored for gross gamma activity and routed to the discharge tunnel entrance structure, which discharges to the environment at the point shown in <Figure 1.2‑18>.



For each batch discharged, the activity monitor is set to actuate an alarm in the RWBCR if the activity level exceeds a preselected value.  This value is calculated for each batch based on the activity level of a sample taken from the batch and on the flow rate of the dilution flow at the time that it is desired to discharge the batch.  The value is set so that after dilution, the concentration will be substantially below the limits as defined by <10 CFR 20>.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


11.2.2.13      Selection of Normal and Alternate Flow Paths


Normal flow paths for all input streams to the liquid radwaste system are described in <Section 11.2.2.4>, <Section 11.2.2.5>, <Section 11.2.2.6>, <Section 11.2.2.7>, <Section 11.2.2.8>, and <Section 11.2.2.9>.  However, because of the variable nature of these input streams, alternate flow paths for their treatment may sometimes be necessary.  In <Figure 11.2‑2>, the normal and alternate flow paths for each input stream are summarized.  For each flow path, the percentages of total flow are given for expected normal operation, design and sizing of equipment and calculation of quantities of radioactivity discharged.  Explanation of each flow path used is given in <Table 11.2‑12>.


Water discharged from the atmospheric drain line from the Turbine Building supply plenums will be periodically monitored with grab samples.  This source is from a radiologically clean area but does have the potential to condense radioactive tritium that has been recycled back into this plenum from the plant gaseous vents.  Detectable tritium in this pathway can also be from naturally occurring tritium production from cosmic radiation.  The fluids condensed in this pathway have already been evaluated for compliance with limits defined by <10 CFR 20> via the pathway analysis for gaseous vents.


11.2.2.14      Performance Tests


Prior to plant startup, all equipment in the radwaste system will be tested for operability.


Reports in the literature on performance tests for this equipment are given in (Reference 1), (Reference 2), (Reference 3), (Reference 4), (Reference 5), (Reference 6), (Reference 7), (Reference 8), 


(Reference 9), (Reference 10), (Reference 11), (Reference 12), (Reference 13), (Reference 14), (Reference 15), (Reference 16), (Reference 17), (Reference 18), (Reference 19), (Reference 20), 


(Reference 21), (Reference 22), (Reference 23), (Reference 24), and (Reference 25).


11.2.3      RADIOACTIVE RELEASES


11.2.3.1      Description


The criteria for recycle, treatment and discharge of radioactive wastes is discussed in <Section 11.2.2>.  In calculating the radioactive releases to the environment it was assumed that 10 percent of the high purity, chemical waste streams and 25 percent of the low purity waste stream are discharged.


11.2.3.2      Dilution Factors


The liquid waste discharged to the environment from LRW systems is diluted by the service water and/or ESW of Unit 1.


Values in <Table 11.2‑13> were calculated using the normal minimum dilution flow of 30,000 gpm.  During certain operating conditions or certain seasons, flows may be less than the normal minimum flows indicated.  However, flows will exceed the normal minimum flow a substantial portion of the year, thus the values in <Table 11.2‑13> are a valid conservative estimate of annual discharges.


11.2.3.3      Release Points


Releases to the environment are by way of the discharge tunnel entrance structure or to the plant storm drains for the discharge from the atmospheric drain line on the Turbine Building supply plenums.  The discharge tunnel entrance structure is shown on the process flow diagram in <Figure 11.2‑2> and the site plot plan in <Figure 1.2‑18>.


11.2.3.4      Estimated Releases


The release rate of radioactive materials in liquid effluents is presented in <Table 11.2‑13> and <Table 11.2‑14>.  These values were calculated with the GALE Code and are based on the assumptions and parameters provided in <NUREG‑0016> (BWR‑GALE Code) and <Table 11.2‑15>.  As shown in <Table 11.2‑13>, the estimated releases are a small fraction of the limits as defined by <10 CFR 20>, and are considered as low as reasonably achievable.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  The estimated offsite doses for the Perry site and a comparison with the design objectives of <10 CFR 50, Appendix I> and the dose limits of <40 CFR 190> are presented in <Section 5.2.4> of the PNPP Environmental Report.


Subsequent to the original evaluation discussed above, modifications have been made to the condensate cleanup and liquid radwaste systems which could result in liquid effluents which are different in quantity or activity concentration than those predicted in the original analysis.  


The control of the liquid radwaste system effluents, as described in <Section 11.2.2.12>, remains unchanged and ensures that liquid effluent releases remain within the design objectives of <10 CFR 50, Appendix I> and substantially below the limits as defined by <10 CFR 20>.


The release of condensate from the atmospheric drain line from the Turbine Building supply plenums may also contain radioactive tritium due to the recycle of released air from the gaseous effluent vents.  The release of radioactive tritium in the gaseous vents is analyzed in <Section 11.3>.
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TABLE 11.2‑1


SINGLE EQUIPMENT ITEM MALFUNCTION EVALUATION


Equipment


    Design


  Item   
  Malfunction
   Consequences
  Precautions
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flow
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downstream of the


control
throttle flow
discharge could
flow control valve


valve

exceed limits of
signals flow




<10 CFR 20>.
control valve to close.  Monitor has high radiation alarm to alert the control room operator.  Remote manual isolation of discharge can be initiated using redundant valves.


Discharge
Improperly
Activity of liquid
Monitor has down


radiation
calibrated or
discharged to
scale alarm to


monitor
power failure
environment is not
warn operator in




monitored or
control room of




recorded.
of loss of power.





Recycle line is





provided on sample





tank to permit





each batch of





waste being dis‑





charged to be





sampled for iso‑





topic content





prior to release.


Discharge
Improperly
Quantity of liquid
Level recorder on


flow
calibrated or
being discharged to
sample tank pro‑


monitor
power failure
environment is not
vides indirect




monitored or
record of quantity




recorded.
of liquid





released.


TABLE 11.2‑1 (Continued)


Equipment


    Design


  Item   
  Malfunction
   Consequences
  Precautions


Service
Flow through
Radioactive isotope
Flow sensor on


water
line is blocked
concentration in
weir of discharge


discharge
or lost.
discharge could
structure signals


header flow

exceed limits of
power operated




<10 CFR 20>.
valve in LRW





discharge line to





close on loss of





dilution water





flow.


TABLE 11.2‑2


DESIGN DATA FOR LIQUID RADWASTE SYSTEM SUMPS






Stainless




Operating

  Steel



 Number per
Capacity
  Type of
  Liner


Sump Description
Unit of PNPP
  (gal)  
Cover Plate
Provided 


Drywell Equipment
   1
  500
Shielding
   Yes


Drains


Plate


Containment
   1
  440
Checkered
   Yes


Equipment Drains


Plate


Radwaste Building
   1(1)
  500
Checkered
   Yes


Equipment Drains


Plate


Intermediate
   1(1)
  500
Grating
   Yes


Building Equipment


Drains


Turbine Power
   1
1,000
Checkered
   Yes


Complex Equipment


Plate


Drains


Control Complex
   1(1)
  500
Checkered
   Yes


Equipment Drains


Plate


Drywell Floor Drains
   1
  125
Shielding
   Yes





Plate


Containment Floor
   1
  390
Checkered
   Yes


Drains


Plate


Annulus Floor Drains
   1
   50
Checkered
   No





Plate


Intermediate
   1(1)
  500
Grating
   Yes


Building Floor


Drains


Auxiliary Building
   1
345/675
Checkered
   Yes


Floor/Equipment


Plate


Drains


Turbine Power
   1
1,000
Checkered
   Yes


Complex Floor Drains


Plate


TABLE 11.2‑2 (Continued)






Stainless




Operating

  Steel



 Number per
Capacity
  Type of
  Liner


Sump Description
Unit of PNPP
  (gal)  
Cover Plate
Provided 


Turbine Laydown
   1
  450
Checkered
   No


Area Floor Drains


Plate


Radwaste Building
   1(1)
  500
Checkered
   Yes


Floor Drains


Plate


Turbine Lube Oil
   1
  750
Checkered
   No


Area Floor Drains


Plate


Heater Bay Floor
   1
  270
Checkered
   Yes


Drains


Plate


Turbine Power
   1
  270
Grating
   Yes


Complex Chemical


Drains


Control Complex
   1(1)
  500
Checkered
   Yes


Laundry and Floor


Plate


Drains


NOTE:


(1)
Common sump serves both Unit 1 and Unit 2.


TABLE 11.2‑3


DESIGN DATA FOR LIQUID RADWASTE SYSTEM SUMP PUMPS










 Max.





Design
Design
 Design
 TDH @
Shutoff
Fluid





Press.
Temp.
Flow Rate
 Design
 Head
Temp.

   Tag


    Sump Pump
 Type
Quantity
(psig)
 ((F) 
  (gpm)  
Pt. (ft)
 (ft)  
((F) 
Material
  Number


Drywell Equipment Drain
Duplex
    2
 100
 200
    50
   60
  80
 150
   CI
1G61C001A


Sump Pumps
V.T.(1)








1G61C001B


Containment Equipment Drain
Duplex
    2
 100
 200
    50
   60
  80
 150
   CI
1G61C002A


Sump Pumps
V.T.(1)








1G61C002B


Radwaste Bldg. Equipment
Duplex
    2
 100
 150
    50
   65
  82
 100
   CI
G61C003A


Drain Sump Pumps
V.T.(1)








G61C003B


Intermediate Bldg.
Duplex
    2
 100
 150
    50
   65
  82
 100
   CI
G61C004A


Equipment Drain Sump Pumps
V.T.(1)








G61C004B


Turbine Power Complex
Duplex
    2
 100
 150
   100
  110
 140
 100
   CI
1G61C007A


Equipment Drain Sump Pumps
V.T.(1)








1G61C007B


Drywell Floor Drain
Duplex
    2
 100
 150
    50
   65
  82
 100
   CI
1G61C008A


Sump Pumps
V.T.(1)








1G61C008B


Containment Floor Drain
Duplex
    2
 100
 150
    50
   65
  88
 100
   CI
1G61C009A


Sump Pumps









1G61C009B


Annulus Floor Drain
Single
    2
 100
 150
    25
   55
  58
 100
   CI
1G61C010


Sump Pumps









2G61C010


Intermediate Bldg. Floor
Duplex
    2
 100
 150
    50
   60
  80
 100
   CI
G61C011A


Drain Sump Pumps









G61C011B


Auxiliary Bldg. Floor
Duplex
    2
 100
 150
   100
   70
  82
 100
   CI
1G61C012A


Drain Sump Pumps









1G61C012B


Turbine Power Complex
Duplex
    2
 100
 150
   100
   85
 109
 100
   CI
1G61C014A


Floor Drain Sump Pumps









1G61C014B


Turbine Power Complex
Single
    1
 100
 150
   750
  130
 170
 100
   CI
1G61C014C


Floor Drain Sump Pumps
V.T.(1)

TABLE 11.2‑3 (Continued)










 Max.





Design
Design
 Design
 TDH @
Shutoff
Fluid





Press.
Temp.
Flow Rate
 Design
 Head
Temp.

   Tag


    Sump Pump
 Type
Quantity
(psig)
 ((F) 
  (gpm)  
Pt. (ft)
 (ft)  
((F) 
Material
  Number


Turbine Laydown Area
Duplex
    2
 100
 150
   50
   25
  32
 100
   CI
1G61C015A


Floor Drain Sump Pumps









1G61C015B


Radwaste Bldg. Floor
Duplex
    1
 100
 150
   50
   60
  82
 100
   CI
0G61C016A


Drain Sump Pumps
Duplex
    1
 100
 150
   50
   65
  88
 100
   CI
0G61C016B


Turbine Lube Oil Area
Duplex
    2
 100
 150
   50
   50
  75
 100
   CI
1G61C005A


Floor Drain Sump Pumps









1G61C005B


Heater Bay Floor Drain
Duplex
    2
 100
 150
   25
   95
  98
 100
   CI
1G61C019A


Sump Pumps









1G61C019B


Control Complex Equipment
Duplex
    2
 100
 150
   50
   65
  82
 100
   CI
G61C013A


Drain Sump Pumps
V.T.(1)








G61C013B


Turbine Power Complex
Duplex
    2
 100
 150
   25
   60
  64
 100
   SS
1G61C017A


Chemical Drain Sump









1G61C017B


Pumps


Control Complex Laundry
Duplex
    2
 100
 175
   50
   75
  96
 150
   CI
G61C018A


and Floor Drain Sump









G61C018B


Pumps


Auxiliary Bldg. Equipment
Duplex
    2
 100
 150
  250
   70
 104
 100
   CI
1G61C020A


Drain Sump Pumps
V.T.(1)








1G61C020B


NOTE:


(1)
V.T. ‑ Abbreviation for “vertical turbine.”


TABLE 11.2‑4


DESIGN DATA FOR LIQUID RADWASTE SYSTEM TANKS






Design
Design

 Operating



Quantity

  Head
Press.
Temp.

Capacity(1)
   Tag


          Tank
(2 Units)
  Type  
 Design
(Psig)
 ((F) 
Mat’l 
   (Gal.)  
 Number



Waste Collector Tanks
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  36,500
G50‑A001A





Dish. Bot.




G50‑A001B


Waste Sample Tanks
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  34,000
G50‑A002A





Dish. Bot.




G50‑A002B


Floor Drain Collector Tanks
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  36,500
G50‑A003A





Dish. Bot.




G50‑A003B


Floor Drain Sample Tanks
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  34,000
G50‑A004A





Dish. Bot.




G50‑A004B


Chemical Waste Tanks
    2
Vertical
Flat Top,
Atmos.
 150
316 SS
  19,650
G50‑A005A





Dish. Bot.




G50‑A005B


Concentrated Waste Tanks
    2
Vertical
Flat Top,
Atmos.
 200
Incoloy
   4,900
G50‑A006A





Dish. Bot.


  825

G50‑A006B


Chemical Waste Distillate
    2
Horiz.
Shallow
Atmos.
 150
304 SS
  19,100
G50‑A007A


Tank


Dished




G50‑A007B


Detergent Drains Tanks
    2
Horiz.
Shallow
Atmos.
 150
304 SS
   1,550
G50‑A008A





Dished




G50‑A008B


Spent Resin Tanks
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
   9,500
G50‑A009A





Elip. Bot.




G50‑A009B


Condensate Filter Backwash
    2
Horiz.
Shallow
Atmos.
 150
304 SS
   9,900
G50‑A010


Receiving Tank


Dished




G50‑A010


Condensate Filter Backwash
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  17,600
G50‑A011A


Settling Tanks


Dish. Bot.




G50‑A011B


RWCU F/D Backwash
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
   4,400
G50‑A013A


Settling Tanks


Dish. Bot.




G50‑A013B


TABLE 11.2‑4 (Continued)






Design
Design

 Operating



Quantity

  Head
Press.
Temp.

Capacity(1)
   Tag


          Tank
(2 Units)
 Type
 Design
(Psig)
 (°F) 
  Mat’l
   (Gal.)  
  Number


Fuel Pool F/D Backwash
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
  17,600
G50‑A014A


Settling Tanks


Dish. Bot.




G50‑A014B


LRW Filter Precoat Tank
    2
Vertical
Flat Top,
Atmos.
 150
304 SS
   1,475
G50‑A015





Dish. Bot.


(Plasite








 lined)


LRW Demineralizer Resin
    1
Vertical
Flat Top,
Atmos.
 150
  CS
     825
G50‑A016


Feed Tank


Cone Bot.


(Koroseal








 lined)


LRW Filter Aid Tank
    1
Vertical
Flat Top,
Atmos.
 150
304 SS
   1,000
G50‑A017





Dish. Bot.


Fuel Pool F/D Backwash
    1
Horiz.
Shallow
Atmos.
 150
304 SS
   9,400
G50‑A022


Receiving Tank


Dished


LRW Phosphate Tank
    1
Vertical
Flat Top,
Atmos.
 100
304 SS
     250
G50‑A023





Flat Bot.


LRW Hot Water Heater
    1
Vertical
ASME
 130
 200
  CS
     500
G50‑B003





Dished


(Phenolic








 Lining)


Waste Collector
    1
Vertical
Flat Top,
Atmos.
 150
304 SS
     400
G50‑A024


Filtrate Tank


Dish Bot.


Floor Drains
    1
Vertical
Flat Top,
Atmos.
 150
304 SS
     400
G50‑A025


Filtrate Tank


Dish Bot.


NOTE:


(1)
Operating capacity is arbitrarily defined herein to be the volume of that portion of the tank up to 6 inches below the lowest point in the overflow line.


TABLE 11.2‑5


DESIGN DATA FOR LIQUID RADWASTE SYSTEM PUMPS










 Max.





Design
Design
 Design
 TDH @
Shutoff
Fluid





Press.
Temp.
Flow Rate
 Design
 Head
Temp.

   Tag


       Pump
 Type
Quantity
(psig)
 ((F) 
  (gpm)  
Pt. (ft)
 (ft)  
((F) 
Material
  Number


Waste Collector
Horz.
    2
 125
 150
  150
  175
 205
 140
316 SS
G50‑C001A


Transfer Pumps
Cent.








G50‑C001B


Waste Sample Pumps
Horz.
    2
 125
 150
  200
  110
 122
 100
316 SS
G50‑C002A



Cent.








G50‑C002B


Floor Drains Collector
Horz.
    2
 125
 150
  150
  175
 205
 100
316 SS
G50‑C003A


Transfer Pumps
Cent.








G50‑C003B


Floor Drains Sample
Horz.
    2
 125
 150
  200
  110
 122
 100
316 SS
G50‑C004A


Pumps
Cent.








G50‑C004B


Chemical Waste Pumps
Horz.
    2
 125
 150
  120
  110
 125
 100
Alloy
G50‑C005A



Cent.







20 SS
G50‑C005B


Chemical Waste
Horz.
    2
 125
 150
  200
  110
 122
 120
316 SS
G50‑C006A


Distillate Pumps
Cent.








G50‑C006B


Detergent Drains Pumps
Horz.
    2
 125
 150
   50
  110
 114
 140
316 SS
G50‑C007A



Cent.








G50‑C007B


Spent Resin Pumps
Horz.
    2
 125
 150
  400
  135
 160
 100
316 SS
G50‑C008A



Cent.








G50‑C008B


Condensate Backwash
Horz.
    2
 125
 150
  450
   80
  90
 100
316 SS
1G50‑C009A


Transfer Pumps
Cent.








1G50‑C009B


Cond. Sludge Discharge
Horz.
    2
 125
 150
  400
  180
 208
 100
316 SS
G50‑C010A


Mixing Pumps
Cent.








G50‑C010B


Condensate Sludge
Horz.
    2
 125
 150
  450
   75
  81
 100
316 SS
G50‑C011A


Decant Pumps
Cent.








G50‑C011B


RWCU Backwash
Horz.
    1
 125
 150
  350
   95
 105
 120
316 SS
1G50‑C012


Transfer Pumps
Cent.


TABLE 11.2‑5 (Continued)










 Max.





Design
Design
 Design
 TDH @
Shutoff
Fluid





Press.
Temp.
Flow Rate
 Design
 Head
Temp.

   Tag


         Pump
 Type
Quantity
(psig)
 ((F) 
  (gpm)  
Pt. (ft)
 (ft)  
((F) 
Material
  Number


RWCU Sludge Discharge
Horz.
    2
 125
 150
  200
  175
 182
 120
316 SS
G50‑C013A


Mixing Pumps
Cent.








G50‑C013B


RWCU Sludge Decant Pumps
Horz.
    2
 125
 150
   50
   55
  60
 120
316 SS
G50‑C014A



Cent.








G50‑C014B


Fuel Pool Sludge
Horz.
    2
 125
 150
  400
  180
 208
 100
316 SS
G50‑C015A


Discharge Mixing Pumps
Cent.








G50‑C015B


Fuel Pool Sludge
Horz.
    2
 125
 150
  450
   75
  86
 100
316 SS
G50‑C016A


Decant Pumps
Cent.








G50‑C016B


Waste Collector
Horz.
    1
 125
 150
  150
  100
 120
 140
  CI
G50‑C017


Filtrate Pump
Cent.


Floor Drains
Horz.
    1
 125
 150
  150
  100
 120
 100
  CI
G50‑C018


Filtrate Pump
Cent.


Waste Collector Filter
Positive
    1
 125
 150
0.12 to
  134
  ‑
 100
316 SS
G50‑C019


Aid Pump
Displnt.



  1.2


Floor Drains Filter
Positive
    1
 125
 150
0.12 to
  134
  ‑
 100
316 SS
G50‑C020


Aid Pump
Displnt.



  1.2


Radwaste Precoat Pumps
Horz.
    2
 150
 150
  350
   55
  65
 100
  CI
G50‑C021A



Cent.








G50‑C021B


Spent Resin Transfer
Horz.
    1
 125
 150
  200
  175
 182
 100
316 SS
1G50‑C022


Pumps
Cent.


WEC Concentrate Pumps
Horz.
    4
 125
 250
   45


 220
Alloy
G50‑C023A



Cent.







20 SS
G50‑C023B












G50‑C023C












G50‑C023D


WEC Distillate Pumps
Canned
    2
 125
 150
  31.2


 120
316 SS
G50‑C024A












G50‑C024B


TABLE 11.2‑5 (Continued)










 Max.





Design
Design
 Design
 TDH @
Shutoff
Fluid





Press.
Temp.
Flow Rate
 Design
 Head
Temp.

   Tag


         Pump
 Type
Quantity
(psig)
 ((F) 
  (gpm)  
Pt. (ft)
 (ft)  
((F) 
Material
  Number


Concentrated Waste
Horz.
    2
 125
 200
  150
  150
 180
 150
Alloy
G50‑C026A


Transfer Pumps
Cent.







20 SS
G50‑C026B


Fuel Pool F/D Backwash
Horz.
    1
 125
 150
  450
  120
 135
 100
316 SS
G50‑C027


Transfer Pump
Cent.


TABLE 11.2‑6


DESIGN DATA FOR LIQUID RADWASTE SYSTEM PIPING


  Pipe Line


Specification

Design Code
Material


Schedule or Wall



G18‑4

ANSI B31.1
Stainless steel
0.065” wall









tubing; ASTM A213,









Gr TP316



L1‑3


ASME Code,
Carbon steel;

Sch. 80 (2” and






Section III,
ASME SA 160 Gr B
  less)






Class 3





Sch. 40 (2‑1/2”













  thru 10”)



L1‑4


ANSI B31.1
Carbon steel;

Sch. 80 (2” and









ASTM A106 Gr B

  less)













Sch. 40 (2‑1/2”













  thru 10”)



L2‑3


ASME Code

Stainless steel;
Sch. 40S






Section III,
ASME SA 312 or






Class 3

SA 376 TP 304



L2‑4


ANSI B31.1
Stainless steel;
Sch. 40S









ASTM A 312 or









A 376 TP 304



L6‑4


ANSI B31.1
Yoloy (nickel/

Sch. 80 (2” and









copper alloy

  less)









steel);


Sch. 40 (2‑1/2”









ASTM A53


  to 20”)



L7‑3


ASME Code,
Alloy 20 stain‑
Sch. 40S






Section III,
less steel, ASME






Class 3

SB 464



L7‑4


ANSI B31.1
Alloy 20 stain‑
Sch. 40S









less steel;









ASTM B‑464



N13‑4

ANSI B31.1
Polypropylene

Std. wall









lined carbon









steel pipe per









ASTM A53


TABLE 11.2‑7


DESIGN DATA FOR LIQUID RADWASTE SYSTEM PROCESS EQUIPMENT





Design
Design
 Design




Quantity
Press.
Temp.
Flow Rate
 
  Tag


Equipment
  Type
(2 Units)
(psig)
 ((F) 
  (gpm)  
    Material    
 Number


Waste Demineralizer
Mixed bed
    1
 125
 150
150 to 200
304 and 316 SS
G50‑D003


Floor Drains
Mixed bed
    1
 125
 150
150 to 200
304 and 316 SS
G50‑D004


Demineralizer


Waste Collector
Precoat;
    1
 See Note(2) 150
100 to 150
304 SS
G50‑D001


Filter
Flat bed


Floor Drains Filter
Precoat
    1
 See Note(2) 150
100 to 150
304 SS
G50‑D002


Waste Evaporator/
Horizontal;
    2
  50
 300
    30
Incoloy 825
G50‑B001A


Condensers(3)
bowed tube;




(evaporator
G50‑B001B



waste on




section); 304 SS
(evaporator)



shell side;




condenser section)
G50‑B002A



forced





G50‑B002B



recirculation





(condenser)


Detergent(1)
Cartridge
    2
 125
 175
    50
304 SS (vessel)
G50‑D005A


Drains





Epoxy impregnated
G50‑D005B


Filters





cellulose (element)


NOTES:


(1)
Detergent drain filters are abandoned in place.


(2)
Enclosure designed to operate at atmospheric pressure; filter shells are designed to cycle up to 15 psig during periodic blowdown/cleaning.


(3)
Evaporators steam supply has been cut and capped, rendering the evaporators inoperable for the waste processing function.  Condensers in service.


TABLE 11.2‑8


SUMMARY OF LIQUID RADWASTE SYSTEM


EQUIPMENT REDUNDANCY





   Maximum




Normal Collecting
 Collecting



Degree of
  or Processing
or Processing


  Equipment
Redundancy
     Capacity    
  Capacity



Equipment Drain
None
Varies (440 to
Varies (440 to


Sump

1,000 gal.)
1,000 gal.)


Equipment Drain
100%
Varies (50 to
Varies (100 to


Sump Pump

250 gpm)
500 gpm)


Waste Collector
100%
36,500 gal.
73,000 gal.


Tank


Waste Sample
100%
34,000 gal.
68,000 gal.


Tank


Waste Collector
100%
150 gpm
150 gpm


Transfer Pump


Waste Sample
100%
200 gpm
200 gpm


Pump


Waste
100%(1)
Varies (150 to
Varies (150 to


Demineralizer

200 gpm)
200 gpm)


Waste Collector
100%(2)
150 gpm
150 gpm


Filter


Floor Drains
None
Varies (50 to
Varies (50 to


Sump

1,000 gal.)
1,000 gal.)


Floor Drains
100%(3)
Varies (25 to
Varies (50 to


Sump Pump

750 gpm)
750 gpm)


Floor Drains
100%
36,500 gal.
73,000 gal.


Collector Tank


Floor Drains
100%
34,000 gal.
68,000 gal.


Sample Tank


Floor Drain
100%
150 gpm
150 gpm


Collector


Transfer Pump


TABLE 11.2‑8 (Continued)





   Maximum




Normal Collecting
 Collecting



Degree of
  or Processing
or Processing


  Equipment
Redundancy
     Capacity    
  Capacity



Floor Drains
100%
200 gpm
200 gpm


Sample Pump


Floor Drains
100%(1)
Varies (150 to
Varies (150 to


Demineralizer

200 gpm)
200 gpm)


Floor Drains
100%(2)
150 gpm
150 gpm


Filter


Chemical Drains
None
270 gal.
270 gal.


Sump


Chemical Drains
100%
25 gpm
50 gpm


Sump Pump


Chemical Waste
100%
19,650 gal.
39,300 gal.


Tank


Waste Evaporator(5)

Chemical Waste
100%
19,100 gal.
38,200 gal.


Distillate Tank


Chemical Waste
100%
200 gpm
400 gpm


Distillate Pump


Laundry and
None
500 gal.
500 gal.


Floor Drains


Sump


Laundry and
100%
50 gpm
100 gpm


Floor Drains


Sump Pump


Detergent Drains
100%
1,550 gal.
3,100 gal.


Tank


Detergent Drains(4)
100%
50 gpm
100 gpm


Pump


TABLE 11.2‑8 (Continued)





   Maximum




Normal Collecting
 Collecting



Degree of
  or Processing
or Processing


  Equipment
Redundancy
     Capacity    
  Capacity



Detergent Drains(4)
100%
50 gpm
100 gpm


Filter


Chemical Waste
100%
120 gpm
240 gpm


Pump


NOTES:


(1)
Waste demineralizer and floor drains demineralizer can be cross tied.


(2)
Waste collector filter and floor drains filter can be cross tied.


(3)
Except for annulus floor drain sump pump.


(4)
Detergent drain filters are abandoned in place.  Detergent drain pump can only be used to recycle or transfer waste between detergent drain tanks.  Detergent drain tank waste is drained and processed via radwaste floor drain system.


(5)
Steam supply to the Waste Evaporators has been permanently severed.


TABLE 11.2‑9


EVALUATION OF LIQUID RADWASTE SYSTEM CAPACITY FOR HANDLING LARGE WASTE INPUT VOLUMES





Input
  Input
Total per
Frequency





Rate,
Duration,
Occurrence
   of


       Waste Input Description       (gpm)     (Minutes)    (Gal./day)      Occurrence       Disposition of Waste Input



 1.
High purity (equipment drains)



subsystem:



a.
Max. normal quantity of
50 to
Inter‑
   33,000
158 days
Collect in one waste collector tank




miscellaneous equipment
500
mittent

per year
and process.  Total process time is




leakage




approximately 8 hours per occurrence.



b.
Maximum quantity of
50 to
Inter‑
   73,100
14 days
Collect in both waste collector




miscellaneous equipment
500
mittent

per year
tanks and process.  Total process time




leakage (estimated




is approximately 16 hours per




quantity taken from




occurrence.




ANSI N197‑1976)(1)


c.
Condensate polishing
200
207
   41,500
60 days
Collect in two waste collector tanks




demineralizer rinse



per year
(or FDCT) and process.  Total process




during condenser tube




time is approximately 10 hours per




leak period or plant




occurrence.




startup.(3)


d.
Reactor blowdown via
300
180
   54,000
Rare
Collect in both waste collector




reactor water cleanup




tanks and process.  Total process




system during startup




time is approximately 12 hours per




(normally directed to




occurrence.




main condenser)(3)


e.
Suppression pool drain
1,000
1,000
1,000,000
Once every
Collect in one waste collector




(for decontamination,

(Inter‑

10 years
tank and one floor drain




inspection and

mittently)


collector tank in 34,000 gallon




maintenance of pool)(2)(3)




batches as these tanks become









available.  Total process time is









approximately 150 hours per occurrence.



f.
Spent fuel shipping
200
235
   47,000
18 days
Collect in two waste collector




cask pit drawdown(3)



per year
tanks and process.  Total process









time is approximately 10 hours.



g.
RHR flush/test(3)
2,000
20.4
   40,800
24 days
Collect in two waste collector








per year
tanks and process.  Total process









time is approximately 10 hours.


TABLE 11.2‑9 (Continued)





Input
  Input
Total per
Frequency





Rate,
Duration,
Occurrence
   of


       Waste Input Description       (gpm)     (Minutes)    (Gal./day)      Occurrence       Disposition of Waste Input


2.
Low purity (floor drains)



subsystem:



a.
Max. normal quantity of
25 to
Inter‑
   13,000
158 days
Collect in one floor drain collector




miscellaneous floor
750
mittent

per year
tank and process.  Total process




drainage




time is approximately 3 hours per









occurrence.



b.
Maximum quantity of
25 to
Inter‑
   67,600
14 days
Collect in both floor drain




miscellaneous drainage
750
mittent

per year
collector tanks and process.  Total




(Estimated quantity taken




process time is approximately




from ANSI N197‑1976)(1)




15 hours.



c.
Decant from backwash
450
90
   39,200
60 days
Collect in both floor drains




settling tanks for reactor

(Inter‑

per year
collector tanks in 8,000 gallon




water cleanup filter/

mittently)


batches and process.  Total process




demineralizers and




time is approximately 9 hours.




condensate polishing




filters during startup or




condenser tube leak period.


3.
Chemical waste subsystem:



a.
Condensate polishing
200
65
   13,000
60 days
Collect in one chemical waste tank




demineralizer



per year
and process.  Total process time




regeneration solutions




is approximately 8 hours.




during startup(4) or




condenser tube leak




period.


NOTES:


(1)
The maximum leak rate used here is for the drywell.  It is assumed to occur in both drywells simultaneously, even though the probability of this happening is very low.  This maximum leak rate could also occur in the containment, turbine power complex, auxiliary bldg., radwaste bldg., control complex, or intermediate bldg.  However, the probability of simultaneous leakage in these areas while the maximum leakage rate is assumed in both drywells is extremely low.  Since these areas are accessible, it is assumed that repairs could be made quickly enough to avoid such multiple failures.


TABLE 11.2‑9 (Continued)


NOTES:  (Continued)


(2)
The total volume of water in the suppression pool is approximately 1,000,000 gallons.  Since the reactor will be completely shut down while the pool is being inspected, the condenser hotwell can be used to store a portion of this volume (approximately 500,000 gallons).  The remaining portion of the pool inventory will be pumped to the LRW system as tankage in this system becomes available to collect and process this waste.  (It is assumed that one reactor will still be operating, requiring half of the LRW system processing capacity to be available for handling waste from the operating unit.)


(3)
These inputs can be diverted to the low purity (floor drains) subsystem if processing conditions warrant.


(4)
Condensate demineralizers are no longer regenerated.


TABLE 11.2‑10


PROCESS FLOW DATA FOR LIQUID RADWASTE SYSTEM







 Solids/
  Normal


Stream
         Stream
  Normal
  Maximum
Gallons/
  Batch
  Gal./Yr
   Isotopic


Number
       Description         
Batches/Day
Batches/Day
 Batch 
(Pounds)
(Both Units)
  Activity(1)



1‑a
Drywell Floor Drains
      2.82
    113.3
   255
  N/A
   525,000

M



(each unit)


1‑b
Containment Floor Drains
      2.56
     38.5
   390
  N/A
   729,000

M



(each unit)


1‑c
Turbine Building Floor
      2.0
      2.0
 1,000
  N/A
 1,460,000

S



Drains (each unit)


1‑d
Radwaste Building Floor
      2.0
      2.0
   500
  N/A
   365,000

R



Drains (common)


1‑e
Auxiliary Building Floor
    1/1.72
     43.5
   345
  N/A
   146,000

M



Drains (each unit)


1‑f
Heater Bay Floor Drains
       ‑
      1.0
   270
  N/A
     ‑

S



(each unit)


1‑g
Annulus Floor Drains
       ‑
    1/5.0
    50
  N/A
     ‑
 (S+M)/2



(each unit)


1‑h
Intermediate Building
      3.2
     20.0
   500
  N/A
   584,000

M



Floor Drains (common)


2
Decantate from SRW
      1.0
       ‑
   250
  N/A
    91,000
   S/4



Disposal System


3
RHR Flush/Test (each unit)
   1/30
      2.0
40,800
  N/A
   993,000
Negligible


7
Floor Drains Effluent
    1/2.65
       ‑
35,000
  N/A
 4,821,000



to Condenser


8
Floor Drains Effluent
       ‑
    1/5.3
35,000
  N/A
 2,410,000
<Table 11.2‑15>



Design Discharge




 (max.)


9‑a
Recirc. Pumps & Valves in
      8.6
     57.8
   360
  N/A
 2,260,000

M



Drywell (each unit)


TABLE 11.2‑10 (Continued)







 Solids/
  Normal


Stream
         Stream
  Normal
  Maximum
Gallons/
  Batch
  Gal./Yr
   Isotopic


Number
       Description         
Batches/Day
Batches/Day
 Batch 
(Pounds)
(Both Units)
  Activity(1)



9‑b
Drywell Steam Valves and
      8.6
     57.8
   140
  N/A
   879,000
       S



Coolers in Drywell (each



unit)


9‑c
Misc. Pumps, Valves and
      9.64
     35.86
   265
  N/A
 1,865,000
       M



RCIC Equip. in Containment



(each unit)


9‑d
Steam Valves in Containment
      9.64
     35.86
    50
  N/A
   352,000
       S



(each unit)


9‑e
RWCU Sample Drains in
      9.64
     35.86
   125
  N/A
   880,000
       M



Containment (each unit)


9‑f
Radwaste Building
      1.0
      1.0
   500
  N/A
   182,000
       R



Equipment Drains (common)


9‑g
Turbine Building
      5.76
      5.76
 1,000
  N/A
 4,205,000
       S



Equipment Drains (each unit)


9‑h
Auxiliary Building
   1/11.2
    1/3.0
   675
  N/A
    44,000
   M x 102


Equipment Drains (each unit)


9‑j
Intermediate Building
   1/10.0
    1/5.0
   500
  N/A
    18,000
       R



Equipment Drains (common)


9‑k
Control Complex Equipment
    1/5.0
      1.0
   500
  N/A
    37,000
Negligible



Drains (common)


10
Cond. Demin. Rinse (each
   1/14.6
    1/2.0
41,500
  N/A
 2,075,000
     S/4



unit)


11
Reactor Blowdown via RWCU
       ‑
    Rare
   ‑
   ‑
     ‑
     ‑



(each unit)


13‑g
W.D. Effluent Design
       ‑
    1/4.5
35,000
  N/A
 2,839,000
<Table 11.2‑15>



Discharge




 (max.)


13‑h
W.D. Effluent to Condenser
      1.12
       ‑
35,000
  N/A
14,308,000


TABLE 11.2‑10 (Continued)







 Solids/
  Normal


Stream
         Stream
  Normal
  Maximum
Gallons/
  Batch
  Gal./Yr
   Isotopic


Number
       Description         
Batches/Day
Batches/Day
 Batch 
(Pounds)
(Both Units)
  Activity(1)



14
Cond. Mixed Bed Demin.
   1/14.6
    1/2.0
13,000
  N/A
   650,000
See Note(3)


Regeneration Solutions


15
Chemical Drains (each unit)
      1.1
      1.1
   500
  N/A
   401,000
     M/4


24
Radioactive Chemical Waste
       ‑
   1/36.5
15,360
  N/A
   154,000
<Table 11.2‑14>



Effluent Design Discharge




    (max.)


25
Hot Shower and Detergent
      3.0
      3.0
   500
   ‑
   547,000
Negligible



Drains


27
Detergent Waste Effluent
      1.48
      2.65
 1,600
   ‑
   864,000
Negligible


30
Floor Drains Demin.
   1/30.5
   1/22.35
 1,455
 1,970
    17,000
Buildup on



Spent Resins Transfer





F.D. Demin.


31
Waste Demineralizer Spent
   1/35
   1/15.35
 1,455
 1,970
    15,000
Buildup on Waste



Resins Transfer





Demineralizer


34‑a
Cond. Demin. Spent Resins
    6/3.6 yrs
    6/3.6 yrs
 9,970
12,090
    17,000
<Table 11.4‑4>



to SRW Disposal (both



units)


TABLE 11.2‑10 (Continued)







 Solids/
  Normal


Stream
         Stream
  Normal
  Maximum
Gallons/
  Batch
  Gal./Yr
   Isotopic


Number
       Description         
Batches/Day
Batches/Day
 Batch 
(Pounds)
(Both Units)
  Activity(1)



34‑b
W.D., F.D. and S.P.D.
   1/83.5
   1/31.6
 9,980
11,700
   44,000
<Table 11.4‑4>



Spent Resins to SRW



Disposal


35
Condensate Filter Backwash
    1/3.0
      8.0
 5,200
   360
1,265,000
See Note(5)

40
Cond. Filter Sludge to
   2/36.0
    1/2
 7,000
 4,350
  142,000
<Table 11.4‑2(6)>



SRW Disposal


43
Avg. CBST Decantate
    1/1.5
      8.0
 4,610
   N/A
1,122,000
     S/6


45
RWCU F/D Backwash (each unit)
    1/6.5
      1.0
 2,400
    70
  270,000
See Note(7)

48
RWCU F/D Sludge to SRW
   2/97.5
   5/30
 2,150
 1,040
   16,000
<Table 11.4‑4(8)>



Disposal


51
Avg. RBST Decantate
    1/3.25
      1.0
 2,300
   N/A
  258,000
     M/4


53
Fuel Pool F/D Backwash
    1/5.2
    1/5.2
 2,160
    65
  152,000
See Note(2)

62
Fuel Pool F/D Sludge to
  1/348
   1/30
 7,000
 4,350
    7,000
<Table 11.4‑2(9)>



SRW Disposal


65
Decantate from Fuel Pool
    1/5.2
    1/5.2
 2,055
   N/A
  144,000
Negligible



Filter Backwash


81
Cask Pit Drawdown
   1/20.3
       ‑
47,000
   N/A
  845,000
Negligible


84
Suppression Pool
       ‑
   1/10 yrs  1,000,000
   N/A
    ‑
Negligible



Maintenance Drain


86
Cond. Mixed Bed Demin.
    6/3.6 yrs
    6/3.6 yrs
 4,950
 5,750
   16,000
See Note(4)


Spent Resins Transfer


87
Suppression Pool Cleanup
   1/30
   1/15
 1,750
 2,365
   21,000
Buildup on



Demin. Spent Resins





Suppression Pool



Transfer





Cleanup Demin.


TABLE 11.2‑10 (Continued)


NOTES:


(1)
M = maximum concentration in reactor water.



S = maximum concentration in condensate.



R = maximum concentration in radwaste sump.


(2)
Activity for this stream is 1.0 Curie/year, based on operating data from Nine Mile Point Nuclear Station, Unit No. 1.


(3)
Activity is calculated on basis of 1.38 x 108 gallons of water treated by the condensate demineralizers every 90 days.


(4)
Activity is calculated on basis of 1.38 x 108 gallons of water treated by the condensate demineralizers every 90 days plus M/4 times the demineralizer backwash volume.


(5)
Activity is calculated on the basis of the filter buildup per batch (0.98 curies) plus S/6 times the backwash volume.


(6)
Activity is calculated on the basis of the filter buildup for 8 days at the normal condensate flow rate (6.5 curies), a fill time of 4 days, and a decay time of 2 days.


(7)
Activity is calculated on the basis of the filter buildup per batch (355 curies) plus M/4 times the backwash volume.


(8)
Activity is calculated on the basis of the RWCU buildup per batch (355 curies) plus M/4 times the backwash volume, a fill time of 60 days, and a decay time of 60 days.


(9)
Activity is calculated on the basis of the filter buildup per batch, a fill time of 100 days and a decay time of 100 days.


TABLE 11.2‑11


QUALITY REQUIREMENTS FOR CONDENSATE MAKEUP


a.
Specific Conductivity at 25(C



<1.0 µmho/cm


b.
pH at 25(C







5.3 to 7.5


c.
Chloride (as Cl‑)





<0.05 ppm


TABLE 11.2‑12


CRITERIA FOR SELECTION OF PROCESS FLOW


PATH FOR LIQUID RADWASTE SYSTEM INPUTS







   Description



Selecting Process


Subsystem



Process Flow Path(1)


  Flow Path(1)



High purity/

a.
Collect, Sample and

a.
Batch is within


low conductivity

Reuse.




the limit for con‑













densate makeup













given in













<Table 11.2‑11>.






b.
Collect, Sample,

b.
Batch is above







Body Feed, Filter,


any limit given in







Demineralize, and


<Table 11.2‑11>.







Reuse.




Conductivity













<100 (mho/cm






c.
Collect, Sample,

c.
Batch is above any







Body Feed, Filter,


limit given in







Demineralize, and


<Table 11.2‑11>.







Discharge or Reuse.


Conductivity













>100 (mho/cm


Medium‑to‑low

a.
Collect, Sample,

a.
Conductivity


purity/medium


Body Feed, Filter,


<100 (mho/cm


conductivity


Demineralize, and







Reuse.






b.
Collect, Sample,

b.
Conductivity







Body Feed, Filter,


>100 (mho/cm







Demineralize, and







Reuse or Discharge.


Detergent


a.
Collect drain to 

a.
Always

Drains



floor drains.

NOTE:


(1)
Depending on actual processing conditions, these flow paths and processing criteria may change.


TABLE 11.2‑13


SIGNIFICANT NUCLIDE


ANNUAL RELEASE TO DISCHARGE TUNNEL







 <10 CFR 20,



Annual Release
Concentration


 Appendix B>



  to Discharge
  In Plant


  Effluent



    Tunnel
 Discharge
  MPC
Fraction
Concentration
 Fraction of


Nuclide
 (Ci/yr/unit) 
  ((Ci/cc)   
((Ci/cc)
 of MPC 
   ((Ci/cc)  
Effluent Conc.


Na‑24
.023
3.9‑10
3‑5
1.3‑5
5E‑5
7.8E‑6


P‑32
.0022
3.7‑11
2‑5
1.9‑6
9E‑6
4.1E‑6


Cr‑51
.057
9.5‑10
2‑3
4.7‑7
5E‑4
1.9E‑6


Mn‑54
.00071
1.2‑11
1‑4
1.2‑7
3E‑5
4.0E‑7


Mn‑56
.00075
1.3‑11
1‑4
1.3‑7
7E‑5
1.9E‑7


Co‑58
.0023
3.9‑11
9‑5
4.3‑7
2E‑5
1.9E‑6


Co‑60
.0047
7.9‑11
3‑5
2.6‑6
3E‑6
2.6E‑5


Fe‑55
.012
2.1‑10
2‑3
1.0‑7
1E‑4
2.1E‑6


Fe‑59
.00035
5.9‑12
5‑5
1.2‑7
1E‑5
5.9E‑7


Ni‑63
.00001
1.6‑13
7‑4
2.3‑10
1E‑4
1.6E‑9


Cu‑64
.06
1.0‑9
2‑4
5.0‑6
2E‑4
5.0E‑6


Zn‑65
.01221
2.0‑10
1‑4
4.0‑7
5E‑6
4.0E‑5


Zn‑69m
.0045
7.6‑11
6‑5
1.3‑6
6E‑5
1.3E‑6


Zn‑69
.0048
8.0‑11
2‑3
4.0‑8
8E‑4
1.0E‑7


Np‑239
.053
8.9‑10
1‑4
8.9‑6
2E‑5
4.4E‑5


Br‑83
.00003
5.0‑13
3‑6
1.7‑7
9E‑4
5.5E‑10


Sr‑89
.0012
2.1‑11
3‑6
6.9‑6
8E‑6
2.6E‑6


Sr‑90
.00007
1.2‑12
3‑7
3.9‑6
5E‑7
2.4E‑6


Y‑90
.00002
3.4‑13
2‑5
1.7‑8
7E‑6
4.9E‑8


Sr‑91
.0048
8.0‑11
5‑5
1.6‑6
2E‑5
4.0E‑6


Y‑91m
.0031
5.2‑11
3‑3
1.7‑8
2E‑3
2.6E‑8


Y‑91
.00074
1.2‑11
3‑5
4.2‑7
8E‑6
1.5E‑6


Y‑92
.0019
3.1‑11
6‑5
5.2‑7
4E‑5
7.7E‑7


TABLE 11.2‑13 (Continued)







 <10 CFR 20,



Annual Release
Concentration


 Appendix B>



  to Discharge
  In Plant


  Effluent



    Tunnel
 Discharge
  MPC
Fraction
Concentration
 Fraction of


Nuclide
 (Ci/yr/unit) 
  (µCi/cc)   
(µCi/cc)
 of MPC 
   (µCi/cc)  
Effluent Conc.


Y‑93
.0054
9.0‑11
3‑5
3.0‑6
2E‑5
4.5E‑6


Zr‑95
.00008
1.3‑12
6‑5
2.2‑8
2E‑5
6.5E‑8


Nb‑95
.00008
1.3‑12
1‑4
1.3‑8
3E‑5
4.3E‑8


Zr‑97
.00001
1.6‑13
2‑5
8.2‑9
9E‑6
1.8E‑8


Nb‑97
.00001
1.6‑13
9‑4
1.8‑10
3E‑4
5.3E‑10


Mo‑99
.016
2.7‑10
4‑5
6.7‑6
2E‑5
1.3E‑5


Tc‑99m
.023
3.9‑10
3‑3
1.3‑7
1E‑3
3.9E‑7


Ru‑103
.00023
3.9‑12
8‑5
4.8‑8
3E‑5
1.3E‑7


Rh‑103m
.00023
3.9‑12
1‑2
3.9‑10
6E‑3
6.5E‑10


Ru‑105
.00031
5.2‑12
1‑4
5.2‑8
7E‑5
7.4E‑8


Rh‑105
.0016
2.7‑11
1‑4
2.7‑7
5E‑5
5.4E‑7


Ru‑106
.00003
5.0‑13
1‑5
5.0‑8
3E‑6
1.7E‑7


Rh‑106
.00003
5.0‑13
3‑6
1.7‑7
1E‑4
5.0E‑9


Aq‑110m
.00001
1.6‑13
3‑5
5.4‑9
6E‑6
2.7E‑8


W‑187
.0013
2.2‑11
6‑5
3.7‑7
3E‑5
7.3E‑7


Te‑129m
.00046
7.7‑12
2‑5
3.9‑7
7E‑6
1.1E‑6


Te‑129
.00029
4.9‑12
8‑4
6.1‑9
4E‑4
1.2E‑8


Te‑131m
.00053
8.9‑12
4‑5
2.2‑7
8E‑6
1.1E‑6


I‑131
.06
1.0‑9
3‑7
3.4‑3
1E‑6
1.0E‑3


Te‑132
.00009
1.5‑12
2‑5
7.4‑8
9E‑6
1.7E‑7


I‑132
.00035
5.9‑12
8‑6
7.4‑7
1E‑4
5.9E‑8


I‑133
.083
1.4‑9
1‑6
1.4‑3
7E‑6
2.0E‑4


Cs‑134
.0077
1.3‑10
9‑6
1.4‑5
9E‑7
1.4E‑4


I‑135
.012
2.1‑10
4‑6
5.2‑5
3E‑5
7.0E‑6


Cs‑136
.0047
7.9‑11
6‑5
1.3‑6
6E‑6
1.3E‑5


Cs‑137
.018
3.0‑10
2‑5
1.5‑5
1E‑6
3.0E‑4


Ba‑137m
.017
2.8‑10
3‑6
9.4‑5
NA
NA


Ba‑140
.0043
7.3‑11
2‑5
3.6‑6
8E‑6
9.1E‑6


TABLE 11.2‑13 (Continued)







 <10 CFR 20,



Annual Release
Concentration


 Appendix B>



  to Discharge
  In Plant


  Effluent



    Tunnel
 Discharge
  MPC
Fraction
Concentration
 Fraction of


Nuclide
 (Ci/yr/unit) 
  (µCi/cc)   
(µCi/cc)
 of MPC 
   (µCi/cc)  
Effluent Conc.


La‑140
.002
3.4‑11
2‑5
1.7‑6
9E‑6
3.8E‑6


La‑141
.00007
1.2‑12
3‑6
3.9‑7
5E‑5
2.4E‑8


Ce‑141
.00039
6.5‑12
9‑5
7.3‑8
3E‑5
2.2E‑7


Ce‑143
.00017
2.8‑12
4‑5
7.0‑8
2E‑5
1.4E‑7


Pr‑143
.00045
7.6‑12
5‑5
1.5‑7
2E‑5
3.8E‑7


Ce‑144
.00003
5.0‑13
1‑5
5.0‑8
3E‑6
1.7E‑7


Pr‑144
.00003
5.0‑13
3‑6
1.7‑7
6E‑4
8.3E‑10


Nd‑147
.00003
5.0‑13
6‑5
8.4‑9
2E‑5
2.5E‑8


All others
.00001
1.6‑13
  ‑
  ‑
  ‑
   ‑


(except H‑3)


Total
.5098
8.3‑9
  ‑
5.0‑3
  ‑
1.8E‑3


(except H‑3)


H‑3
47
7.9‑7
3‑3
2.6‑4
1E‑3
7.9E‑4


NA ‑ Not Applicable


TABLE 11.2‑14


ANNUAL RELEASE BY STREAM TO DISCHARGE TUNNEL(1)



                Releases to Discharge Tunnel               

 Adjusted




   High Purity

Low Purity
 Chemical

Total LWS

  Total

 Total


Nuclide
     (Curies) 

 (Curies) 
 (Curies)

(Curies) 

 (Ci/yr) 

(Ci/yr)


Na24
0.01122
0.00468
See Note(1)
0.01589
0.02273
0.02300


P32
0.00108
0.00045
See Note(1)
0.00153
0.00219
0.00220


Cr51
0.02804
0.01169
0.00002
0.03975
0.05684
0.05700


Mn54
0.00035
0.00015
See Note(1)
0.00049
0.00071
0.00071


Mn56
0.00037
0.00015
See Note(1)
0.00053
0.00075
0.00075


Fe55
0.00582
0.00243
0.00001
0.00825
0.01180
0.01200


Fe59
0.00017
0.00007
See Note(1)
0.00024
0.00035
0.00035


Co58
0.00115
0.00048
See Note(1)
0.00163
0.00233
0.00230


Co60
0.00233
0.00097
See Note(1)
0.00330
0.00472
0.00470


Ni63
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Cu64
0.02949
0.01230
See Note(1)
0.04178
0.05975
0.06000


Zn65
0.00605
0.00262
See Note(1)
0.00867
0.01221
0.01221


Zn69m
0.00221
0.00092
See Note(1)
0.00313
0.00447
0.00450


Zn69
0.00237
0.00099
See Note(1)
0.00336
0.00481
0.00480


W187
0.00064
0.00027
See Note(1)
0.00091
0.00130
0.00130


Np239
0.02630
0.01096
See Note(1)
0.03726
0.05328
0.05300


Br83
0.00002
0.00001
See Note(1)
0.00002
0.00003
0.00003


Sr89
0.00058
0.00024
See Note(1)
0.00082
0.00117
0.00120


Sr90
0.00003
0.00001
See Note(1)
0.00005
0.00007
0.00007


Y90
0.00001
See Note(1)
See Note(1)
0.00002
0.00002
0.00002


Sr91
0.00239
0.00099
See Note(1)
0.00338
0.00483
0.00480


Y91m
0.00154
0.00064
See Note(1)
0.00218
0.00312
0.00310


Y91
0.00037
0.00015
See Note(1)
0.00052
0.00074
0.00074


Sr92
0.00010
0.00004
See Note(1)
0.00014
0.00019
0.00019


Y92
0.00091
0.00038
See Note(1)
0.00130
0.00185
0.00190


Y93
0.00265
0.00110
See Note(1)
0.00375
0.00536
0.00540


TABLE 11.2‑14 (Continued)




                Releases to Discharge Tunnel               

 Adjusted




   High Purity

Low Purity
 Chemical

Total LWS

  Total

 Total


Nuclide
     (Curies) 

 (Curies) 
 (Curies)

(Curies) 

 (Ci/yr) 

(Ci/yr)


Zr95
0.00004
0.00002
See Note(1)
0.00006
0.00008
0.00008


Nb95
0.00004
0.00002
See Note(1)
0.00006
0.00008
0.00008


Zr97
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Nb97m
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Nb97
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Mo99
0.00804
0.00335
See Note(1)
0.01140
0.01629
0.01600


Tc99m
0.01116
0.00465
See Note(1)
0.01581
0.02261
0.02300


Ru103
0.00011
0.00005
See Note(1)
0.00016
0.00023
0.00023


Rh103m
0.00011
0.00005
See Note(1)
0.00016
0.00023
0.00023


Ru105
0.00015
0.00006
See Note(1)
0.00021
0.00031
0.00031


Rh105m
0.00015
0.00006
See Note(1)
0.00021
0.00031
0.00031


Rh105
0.00077
0.00032
See Note(1)
0.00110
0.00157
0.00160


Ru106
0.00002
0.00001
See Note(1)
0.00002
0.00004
0.00003


Rh106
0.00002
0.00001
See Note(1)
0.00002
0.00004
0.00003


Ag110m
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Te129m
0.00023
0.00009
See Note(1)
0.00032
0.00046
0.00046


Te129
0.00014
0.00006
See Note(1)
0.00021
0.00029
0.00029


Te131m
0.00026
0.00011
See Note(1)
0.00037
0.00053
0.00053


Te131
0.00005
0.00002
See Note(1)
0.00007
0.00010
0.00010


I131
0.02786
0.01162
0.00214
0.04162
0.05951
0.06000


Te132
0.00004
0.00002
See Note(1)
0.00006
0.00009
0.00009


I132
0.00018
0.00007
See Note(1)
0.00025
0.00035
0.00035


I133
0.04119
0.01717
0.00001
0.05838
0.08348
0.08300


Cs134
0.00174
0.00364
0.00001
0.00539
0.00771
0.00770


I135
0.00573
0.00239
See Note(1)
0.00812
0.01161
0.01200


Cs136
0.00107
0.00224
See Note(1)
0.00331
0.00474
0.00470


Cs137
0.00408
0.00850
0.00001
0.01259
0.01800
0.01800


TABLE 11.2‑14 (Continued)




                Releases to Discharge Tunnel               

 Adjusted




   High Purity

Low Purity
 Chemical

Total LWS

  Total

 Total


Nuclide
     (Curies) 

 (Curies) 
 (Curies)

(Curies) 

 (Ci/yr) 

(Ci/yr)


Ba137m
0.00381
0.00795
0.00001
0.01177
0.01683
0.01700


Ba140
0.00215
0.00089
See Note(1)
0.00304
0.00435
0.00430


La140
0.00100
0.00042
See Note(1)
0.00142
0.00203
0.00200


La141
0.00004
0.00001
See Note(1)
0.00005
0.00007
0.00007


Ce141
0.00019
0.00008
See Note(1)
0.00027
0.00039
0.00039


Ce143
0.00008
0.00003
See Note(1)
0.00012
0.00017
0.00017


Pr143
0.00022
0.00009
See Note(1)
0.00032
0.00045
0.00045


Ce144
0.00002
0.00001
See Note(1)
0.00002
0.00004
0.00003


Pr144
0.00002
0.00001
See Note(1)
0.00002
0.00004
0.00003


Nd147
0.00002
0.00001
See Note(1)
0.00002
0.00003
0.00003


All Others
0.00001
See Note(1)
See Note(1)
0.00001
0.00001
0.00001


Total


 (Except
0.23694
0.11675
0.00224
0.35593
0.50876
0.50981


 Tritium)


Tritium
47 Curies per year


Release


NOTE:


(1)
Less than .00001 Ci.


TABLE 11.2‑15


INPUT PARAMETERS FOR CALCULATING LIQUID RELEASES (GALE)


MAXIMUM CORE THERMAL POWER ‑ 3758 MWt


REACTOR COOLANT CLEANUP SYSTEM


Average flow rate ‑ 1.54 x 105 lb/hr


Demineralizer type ‑ powdered resin


CONDENSATE DEMINERALIZERS


Average flow rate ‑ 10.5 x 106 lb/hr


Demineralizer type ‑ deep bed


Number and size (ft3) of demineralizers ‑ six condensate demineralizers each containing 260 cubic feet of mixed resin


Regeneration frequency ‑ 3.5 days per demineralizer for a total regeneration time of 21 days(5)

Regenerant volume ‑ 12,000 gallons/batch(5)

TABLE 11.2‑15 (Continued)


LIQUID WASTE PROCESSING SYSTEMS






  Holdup





Fraction of
  Times




Flow(1)
  Primary
Collection/
Fraction




 Rates
  Coolant
 Discharge
Assumed


Name
    Sources
 (gpd) 
 Activity  
  (days)  
Discharge


High
Equipment Drains


 Purity
 Drywell
 4300
  1.0
1.7/.65
   0.1


 Waste
 Containment
 2550
   .01
1.7/.65
   0.1



 Radwaste



  Building
  500
   .01
1.7/.65
   0.1



 Turbine Building
 5760
   .01
1.7/.65
   0.1



 Auxiliary



  Building
   60
   .01
1.7/.65
   0.1



 Intermediate



  Building
   25
   .01
1.7/.65
   0.1



 Control Complex
   50
Negligible
1.7/.65
   0.1



Drywell and



 Containment



 Steam Valves
 1685
   .01
1.7/.65
   0.1



Cond. Demin.



 Rinse
 1230
   .002
1.7/.65
   0.1



RHR Flush/Test
  340
Negligible
1.7/.65
   0.1


Low
Floor Drains


 Purity
 Drywell
  720
  1.0
1.7/.65
   0.25


 Waste
 Containment
 1000
   .01
1.7/.65
   0.25



 Turbine Building
 2000
   .01
1.7/.65
   0.25



 Radwaste



  Building
  500
   .01
1.7/.65
   0.25



 Auxiliary



  Building
  200
   .01
1.7/.65
   0.25



 Intermediate



  Building
  800
   .01
1.7/.65
   0.25



Decantate
 2210
   .002
1.7/.65
   0.25


Chemical
Chemical Drains
  275
   .02
6.1/.37(2)
   0.1


 Waste


Regene‑
Cond. Mixed Bed


 rant
 Demin. Reg. Sol.
  820
   (3)
6.1/.37(2)
   0.1


 Waste(5)

TABLE 11.2‑15 (Continued)






   Decontamination






       Factors






Halogens/Cs, Rb/Other


   Name
     Component
        Capacity
       Nuclides



High
Waste Collector Tank
 35,000 gallons
         N/A


 Purity
Waste Sample Tank
 35,000 gallons
         N/A


 Waste
Waste Collector Filter
144,000 gpd
        1/1/1



Waste Demineralizer
288,000 gpd
     102/10/102

Low
Floor Drains Collector


 Purity
 Tank
 35,000 gallons
         N/A


 Waste
Floor Drains Sample



 Tank
 35,000 gallons
         N/A



Floor Drains Filter
144,000 gpd
        1/1/1



Floor Drains



 Demineralizer
288,000 gpd
     102/2/102

Chemical
Chemical Waste Tank
 20,000 gallons
         N/A


 Waste
Chemical Waste



 Distillate Tank
 20,000 gallons
         N/A



Waste or Floor Drains



 Demineralizer
288,000 gpd
     102/2/102

Regenerant(4)(5)

Waste


NOTES:


(1)
Values based on one‑half of the total flow for two units.


(2)
Collection time is based on total flow for chemical waste and regenerant waste since they utilize a common tank.


(3)
Value calculated internally in BWR‑GALE Code.


(4)
Part of chemical waste system.


(5)
Waste no longer generated.

TABLE 11.2‑16


TANKS LOCATED OUTSIDE THE CONTAINMENT WHICH CONTAIN POTENTIALLY


RADIOACTIVE FLUID








   Tank Level(2)
   High Level(2)



Tank
Quantity(1)
Location
   Monitoring
   Annunication
Overflow Control(3)

Waste Mixing

2
Radwaste Bldg.
SRW control panel
SWR and LRW Local
Level switch 


Dewatering tanks





control panels
discontinues flow into


(G51‑A001 A+B)






tanks on high level


Fuel Pool Surge

2
Intermediate
Control Room
Control Room
CRW


Tank



Bldg.


RWCU Filter/Demin

2
Radwaste Bldg.
LRW Control Panel
LRW Control Panel
DRW


Backwash settling


tank


Floor Drain Collector

2
Radwaste Bldg.
LRW Control Panel
LRW Control Panel
DRW


Tanks


Waste Collector Tanks

2
Radwaste Bldg.
LRW Control Panel
LRW Control Panel
CRW


LRW Filter Aid Tank

1
Radwaste Bldg.
LRW Control Panel
LRW Control Panel
DRW








TBF Control Panel
TBF Control Panel


LRW Precoat Tank

1
Radwaste Bldg.
TBF Control Panel
LRW Control Panel
DRW









TBF Control Panel


Floor Drains Filtrate

1
Radwaste Bldg.
TBF Control Panel
LRW Control Panel
DRW


Tank






TBF Control Panel


Waste Collector Filtrate

1
Radwaste Bldg.
TBF Control Panel
LWR Control Panel
Waste Collector Tank


Tank






TBF Control Panel









(CRW)


Backwash Rinse Receiving

1
Turbine Bldg.
Local Panel
Control Room
DRW


Tank


Regen. Chemical Receiving

1
Turbine Bldg.
Local Panel
Control room
DRW


Tank


Cond. Demin. Hot

1
Turbine Bldg.
     None
None
Closed System


Water Tank


TABLE 11.2‑16 (Continued)








   Tank Level(2)
   High Level(2)



Tank
Quantity(1)
Location
   Monitoring
   Annunication
Overflow Control(3)

Moisture Separator

4
Turbine Bldg.
Local Panel
CRT
Bypass to H.P.


Drain Tank






Condenser


1st Stage Drain

4
Turbine Bldg.
     None
Control Room
Bypass to H.P.


Tank






& CRT
Condenser


2nd Stage Drain

4
Turbine Bldg.
     None
Control Room
Bypass to H.P.


Tank






& CRT
Condenser


Condensate Storage

1
Yard
Control Room
CRT
Catch Basin


Tank


Fuel Transfer Tube

1
Intermediate
     None
Control Room
Contents Pumped to


Drain Tank


Bldg.


Surge Tank on Hi Level


Floor Drain Sample

2
Radwaste Bldg.
LRW Control Panel
LRW Control Panel
DRW


Tanks


Waste Sample Tanks

2
Radwaste Bldg.
LRW Panel
LRW Control Panel
CRW


Chemical Waste Distillate

2
Radwaste Bldg.
LRW Panel
LRW Control Panel
CRT


Tanks


Detergent Drain Tanks

2
Radwaste Bldg.
LRW Panel
LRW Control Panel
CWT B


Chemical Waste Tanks

2
Radwaste Bldg.
LRW Panel
LRW Control Panel
DRW


Concentrated Waste Tanks

2
Radwaste Bldg.
LRW Panel
LRW Control Panel 
CWT B


Spent Resin Tanks

2
Radwaste Bldg.
LRW Panel
LRW Control Panel
DRW


Condensate Filter

1
Turbine Bldg.
LRW Panel
LRW Control Panel
DRW


Backwash Receiving


Tanks


Condensate Filter

2
Radwaste Bldg.
LRW Panel
LRW Panel
DRW


Backwash Settling


Tanks


TABLE 11.2‑16 (Continued)








Tank Level(2)
 High Level(2)



Tank
Quantity(1)
Location
Monitoring
 Annunication
Overflow Control(3)

Fuel Pool Filter

1
Intermediate
Local Panel
LRW Panel
DRW


Demineralizer


Bldg.
LRW Panel


Backwash Receiving


Tank


Fuel Pool F/D

2
Radwaste Bldg.
LRW Panel
LRW Panel
DRW


Backwash Settling


Tanks


Condensate Return

2
Radwaste Bldg.
On Tanks
LRW Control Panel
Start 2nd drain pump


Tanks






On Hi‑Hi


Blowdown Tank

1
Auxiliary Bldg.
    None
None
DRW


Deaerator

1
Auxiliary Bldg.
On Tank ‑ Local
Local Panel
Directed to Blowdown








Panel

Tank


RF Pumps Seal

1
Heater Bay
Local Panel
Control Room
CRW


Leakoff Drain Tanks


Precoat Slurry Tank

1
Turbine Bldg.
    None
None
Close inlet valve on










Hi Signal (DRW)


Mix and Hold Tank

1
Turbine Bldg.
    None
None
Closed System


Anion Regeneration Tank

1
Turbine Bldg.
    None
None
Closed System


Cation Regen. Tank

1
Turbine Bldg.
    None
None
Closed System


NOTES:


(1)
Unit 1, and common tanks counted Unit 2, are identical to Unit 1.


(2)
Local panels are located in the same area (building) as the tank unless specified otherwise.


(3)
CRW and DRW indicate clean and dirty radwaste collection systems.
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11.3      GASEOUS WASTE MANAGEMENT SYSTEMS


11.3.1      DESIGN BASES


11.3.1.1      Design Objective


The objective of the gaseous waste management system is to process and control the release of gaseous radioactive effluents to the site environs to maintain as low as reasonably achievable, the exposure of persons in unrestricted areas to radioactive gaseous effluents to <10 CFR 50, Appendix I>.  This is to be accomplished while maintaining occupational exposure as low as reasonably achievable and without limiting plant operation or availability.


11.3.1.2      Design Criteria


The gaseous effluent treatment systems are designed to limit the dose to offsite persons from routine station releases to significantly less than the limits specified in <10 CFR 20> and to operate within the emission rate limits established in the Offsite Dose Calculation Manual.


In addition, the Offgas Treatment System limits the dose to offsite persons from a Control Rod Drop Accident <Section 15.4.9> to significantly less than the limits specified in <10 CFR 100>.


As a design basis for this system, an annual average noble radiogas source term (based on 30 minute decay) of 100,000 (Ci/sec of the “1971 Mixture” will be used.  <Table 11.3‑1a> indicates the design basis noble radiogas source terms referenced to 30 minute decay with the charcoal temperature at 0(F.  <Table 11.3‑1b>, <Table 11.3‑1c>, and <Table 11.3‑1d> indicate source terms referenced to 30 minute decay with the charcoal temperature at temperatures, 20(F, 40(F and 70(F, respectively.


The annual average exposure at the site boundary during normal operation from gaseous sources is not expected to exceed the dose objectives of to <10 CFR 50, Appendix I> in terms of actual doses to actual persons.  The radiation dose design basis for the treated offgas is to delay the gas until the required fraction of the radionuclides has decayed and the daughter products are retained by the charcoal and the HEPA filters.


The gaseous radwaste equipment is selected, arranged and shielded to maintain occupational exposure as low as reasonably achievable in accordance with <Regulatory Guide 8.8>, and <10 CFR 20>.


The gaseous effluent treatment system is designed to the requirements of the General Design Criteria that follow.


General Design Criterion 60


The system has sufficient capacity to reduce the offgas activity to permissible levels for release during normal operation, including anticipated operational occurrences, and to avoid any termination of releases or limitation of plant operation due to unfavorable site environmental conditions.


General Design Criterion 64


Continuous monitoring of activity levels in the system upstream of the delay line provides advance notice of any potentially significant increase in releases.  Continuous monitoring of the system effluent, with automatic isolation at activity levels corresponding to administrative release limits and annunciation at lower levels, along with continuous monitoring of the plant vent release, provide assurance that activity releases to the environment will in all events be maintained within established limits.


11.3.1.3      Equipment Design Criteria


A list of the offgas system major equipment items which includes materials, rates, process conditions, number of units supplied, and the design codes is provided in <Table 11.3‑2>.  These equipment items are designed such that they provide no ignition source.  Equipment and piping are also designed and constructed in accordance with the requirements of the applicable codes as given in <Table 3.2‑1> and <Table 3.2‑2>.


The quality group classifications of the various systems are shown in <Table 3.2‑1>.  Seismic category, safety class, quality assurance requirements, and principal construction codes information is contained in <Section 3.2>.  The system is designed to Quality Group Classification D, with additional quality requirements as recommended in <Regulatory Guide 1.143>.


The failure of the offgas system is analyzed in <Section 15.7.1>.  The related failure of the steam jet air ejector lines and the gland seal offgas lines are also analyzed in <Section 15.7.1>.


The reactor building, turbine building and radwaste building contain radioactive sources.  The design bases for the ventilation systems for these buildings are discussed in <Section 9.4>.


11.3.2      SYSTEM DESCRIPTION


The offgas from the main condenser steam jet air ejector is treated by a system using catalytic recombination and low temperature charcoal adsorption (RECHAR system).  Descriptions of the major process components including design temperature and pressure are given in <Table 11.3‑2> and in the sections that follow.


11.3.2.1      Main Condenser Steam Jet Air Ejector Low‑Temp RECHAR System


Noncondensible radioactive offgas is continuously removed from the main condenser by the air ejector during plant operation.


The air ejector offgas will normally contain activation gases, principally N‑16, O‑19 and N‑13.  The N‑16 and O‑19 have short half‑lives and are readily decayed.  The 10 minute half‑life N‑13 is present in small amounts that are further reduced by decay.


The air ejector offgas will also contain radioactive noble gases including parents of biologically significant Sr‑89, Sr‑90, Ba‑140, and Cs‑137.  The concentration of these noble gases depends on the amount of tramp uranium in the coolant and on the cladding surfaces (usually extremely small) and the number and size of fuel cladding leaks.


11.3.2.1.1      Process Description


A main condenser offgas treatment system has been incorporated in the plant design to reduce the gaseous radwaste emission from the station.  The offgas system uses a catalytic recombiner to recombine radiolytically dissociated hydrogen and oxygen.  After cooling (to approximately 130(F) to strip the condensibles and reduce the volume, the remaining noncondensibles (principally air with traces of krypton and xenon) will be delayed in the nominal 10 minute holdup system.  The gas is cooled to 45(F and filtered through a HEPA filter.  The gas is then passed through a desiccant dryer that reduces the dewpoint between 0(F and ‑40(F and is then chilled between 0(F and +40(F.  Charcoal adsorption beds, normally operating in a refrigerated vault between 40(F and 0(F, selectively adsorb and delay the xenons and kryptons from the bulk carrier gas (principally dry air).  After the delay, the gas is again passed through a HEPA filter and discharged to the environment through the offgas building vent.


11.3.2.1.1.1      Process Flow Diagram


<Figure 11.3‑1> is the process flow diagram for the system.  The process data for startup and normal operating conditions are on <Figure 11.3‑1 (2)>.


Information supporting the process data is presented in (Reference 1).  The vent is the single release point for this system and is located on the offgas building.  The vent is indicated on <Figure 11.3‑1> and <Figure 11.3‑2>.


11.3.2.1.2      Noble Gas Radionuclide Source Term and Decay


The design basis isotopic source terms for the annual average activity input of the main condenser offgas treatment system are given in <Table 11.3‑1> at t = 30 minutes.  The system is mechanically capable of processing three times the source terms of <Table 11.3‑1> without affecting delay time of the noble gases.


11.3.2.1.3      Piping and Instrumentation Diagram (P&ID)


The P&ID is shown in <Figure 11.3‑2>.  The main process routing is indicated by a heavy line.


11.3.2.1.4      Recombiner Sizing


The basis for sizing the recombiner is to maintain the hydrogen concentration by volume, below 4 percent (including steam) at the inlet and below 1 percent at the outlet on a dry basis.  The exit hydrogen concentration is normally well below the 1 percent maximum allowed.  The hydrogen generation rate of the reactor is based on data from nine BWRs.  The hydrogen generation rate is given in the process flow diagram, <Figure 11.3‑1 (2)>.


11.3.2.1.5      Process Design Parameters


The Kr and Xe holdup time is closely approximated by the following equation:
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where:



T  =
holdup time of a given gas



KD =
dynamic adsorption coefficient for the given gas



M  =
weight of charcoal



V  =
flow rate of the carrier gas in consistent units.


Dynamic adsorption coefficient values for xenon and krypton were reported by Browning (Reference 2).  General Electric has performed pilot plant tests at their Vallecitos Laboratory and the results were reported at the 12th AEC Air Cleaning Conference (Reference 3).  Moisture has a detrimental effect on adsorption coefficients.  The fully redundant ‑90(F dewpoint, adsorbent air dryers are supplied to prevent moisture from reaching the charcoal.  There are redundant moisture analyzers that will alarm on breakthrough of the drier beds; however, breakthrough is not expected since the drier beds will be regenerated on a time basis.  The system is slightly pressurized which, together with very stringent leak rate requirements, prevents leakage of moist air into the charcoal.


Carrier gas is the air inleakage from the main condenser after the radiolytic hydrogen and oxygen are removed by the recombiner.  The air inleakage design basis is conservatively sized at 30 scfm total.  The Sixth Edition of Heat Exchange Institute Standards for Steam Surface Condensers (Reference 4), Par. Sl(c) (2), indicates that with certain conditions of stable operation and suitable construction, 


noncondensibles (not including radiological decomposition products) should not exceed 6 scfm for large condensers.  Dresden 2, Monticello, Fukushima 1, Tsuruga, and KRB have all operated at 6 scfm or below after initial startup.  Dilution air is not added to the system unless the air inleakage is less than 6 scfm.  In that event, 6 scfm is added to provide for dilution of residual hydrogen from the recombiner.  An initial bleed of oil‑free air is added on startup until the recombiner comes up to temperature.


11.3.2.1.6      Charcoal Adsorbers


11.3.2.1.6.1      Charcoal Temperature


The charcoal adsorbers normally operate between 40(F and 0(F.  The decay heat is sufficiently small that, even in the no‑flow condition, there is no significant loss of adsorbed noble gases due to temperature rise in the adsorbers.  The adsorbers are located in a shielded room, and are maintained at a constant temperature by a redundant vault refrigeration system.  Failure of the refrigeration system will actuate an alarm in the control room.  In addition, a radiation monitor is provided to monitor the radiation level in the charcoal bed vault.  High radiation will actuate an alarm in the control room.


Limited operations of the charcoal adsorbers above 40(F may occur during maintenance activities on the refrigeration system, provided gaseous effluents are verified to be within the limits of the Offsite Dose Calculation Manual.


When Unit 1 and Unit 2 are operating simultaneously, temperatures of the refrigeration system must be reduced to +20(F, which will comply with the concluding statement of the regulatory staff to <10 CFR 50, Appendix I>.  The calculated annual air dose at the reactor’s site, will not exceed 10 mrads for gamma, and 20 mrads for beta.


11.3.2.1.6.2      Gas Channeling in the Charcoal Adsorber


Channeling in the charcoal adsorbers is prevented by supplying an effective flow distributor on the inlet, having long columns and having a high bed‑to‑particle diameter ratio of approximately 500.  Underhill has stated that channeling or wall effects may reduce efficiency of the holdup bed if this ratio is not greater than 12 (Reference 5).  During transfer of the charcoal into the charcoal adsorber vessels, radial sizing of the charcoal will be minimized by pouring the charcoal (by gravity or pneumatically) over a cone or other instrument to spread the granules over the surface.


11.3.2.1.6.3      Charcoal Bypass Mode


A bypass line, isolated with double block and bleed valves, is provided to bypass the charcoal adsorbers.  The main purpose of this bypass is to protect the charcoal during preoperation and startup testing when gas activity is zero or very low.


It may be desirable to use the bypass for short periods during startup or normal operations.  This bypass mode would not be used for normal operation unless some unforeseen system malfunction would necessitate shutting down the power plant or operating in the bypass mode and remaining within limits.  The activity release is controlled by a process monitor upstream of the vent isolation valve that will cause the bypass valve to close on a high radiation alarm.  This interlock can be defeated only by a keylock switch.  The alarm setting is set below the Offsite Dose Calculation Manual limit.


In addition, there is a high high‑high alarm on the same monitor that will cause the offgas system to be isolated from the vent if established release limits are exceeded.


11.3.2.1.7      Leakage of Radioactive Gases


Leakage of radioactive gases from the system is limited by welding piping connections where possible and using bellows stem seals or equivalent valving.  The system operates at a maximum of 7 psig during startup and less than 2 psig during normal operation so that the differential pressure to cause leakage is small.


11.3.2.1.8      Hydrogen Concentration


Hydrogen concentration or gases from the air ejector is kept below the flammable limit by maintaining adequate process steam flow for dilution at all times.  This steam flow rate is monitored and alarmed.  Furthermore, hydrogen concentration is monitored by the redundant hydrogen analyzers prior to the holdup process.  If the hydrogen concentration exceeds 2 percent, an alarm is set to annunciate in the control room.


11.3.2.1.9      Field Run Piping


No piping in this system is field routed.  This includes major process piping, drain lines, steam lines, and sample lines which are shown on <Figure 11.3‑2>.


11.3.2.1.10      Liquid Seals


There are several liquid loop seals to prevent gas escape through drains shown on <Figure 11.3‑2>.  These seals are protected against loss of liquid by automatic shutoff valves downstream of the loop seals.  If liquid level drops due to leakage in the cooler condenser, prefilter, and holdup line loop seals, the level sensors will initiate closure of 


these automatic shutoff valves which will mitigate the consequences of the loss of loop seals, and provide a Control Room low level alarm.


Each seal has a manual valve that can be used to fill the loop.


Seals are also equipped with solenoid valves that close if radioactive release from this system exceeds established limits.


11.3.2.1.11      System Performance


Noble gas activity release is about 50‑60 (Ci/sec from the exit of the steam jet air ejector offgas system based upon 30 scfm air inleakage and an input of 100,000 (Ci of 30 minute old “1971 Mixture.”  The isotopic composition is given in <Table 11.3‑1a>, <Table 11.3‑1b>, <Table 11.3‑1c>, and <Table 11.3‑1d> in units of (Ci/sec and Ci/yr for charcoal temperatures of 0(F, 20(F, 40(F, and 70(F.


Iodine input into the offgas system is small by virtue of its retention in reactor water and condensate.  The iodine remaining is essentially removed by adsorption in the charcoal.  This is supported by the fact that charcoal filters remove 99.9 percent of the iodine in 2 inches of charcoal, whereas this system has approximately 74 feet of charcoal in the flow path.


Particulates are removed with a 99.95 percent efficiency by a HEPA filter as gas exits the nominal 10 minute holdup.  The noble gas decays within the interstices of the activated charcoal and daughters are entrapped there.  The charcoal serves as an excellent filter for other particulates and essentially no particulates exit from the charcoal.  


The charcoal is followed with a HEPA filter which is a safeguard against escape of charcoal dust.  Particulate activity discharged from this system is essentially zero.


11.3.2.1.12      Isotopic Inventory


The isotopic inventory of each equipment piece is given in <Table 15.7‑3A> for the Design Basis and Normal (Realistic) operating conditions.


11.3.2.1.13      Previous Experience


Performance of a similar system operating at ambient temperatures and the results of experimental testing performed by General Electric have been submitted in the General Electric Company proprietary topical report, (Reference 1).  Non‑proprietary portions of this information are reported in (Reference 3).


11.3.2.1.14      Single Failures and Operator Errors


Design provisions are incorporated which preclude the uncontrolled release of radioactivity to the environment as a result of any single operator error or of any single equipment malfunction short of the catastrophic equipment failures described in <Chapter 15>.  An analysis of single equipment piece malfunctions is provided in <Table 11.3‑4>.


Design precautions taken to prevent uncontrolled releases of activity include the following:


a.
The system design minimizes ignition sources so that a hydrogen detonation is highly unlikely even in the event of a recombiner failure.


b.
Even though measures are taken to avoid a possible detonation, the system pressure boundary is designed to be detonation‑resistant.


c.
All discharge paths to the environment are monitored.


d.
Dilution steam flow to the steam jet air ejector is monitored and alarmed, and valving is such that loss of dilution steam cannot occur without coincident loss of motive steam, so that the process gas is sufficiently diluted if it is flowing at all.


11.3.2.1.15      Other Radioactive Gas Sources


Radioactive gases are present in the power plant buildings as a result of process leakage and steam discharges.  The process leakage is the source of the radioactive gases in the air discharged through the ventilation system.  The design of the ventilation system is discussed in <Section 9.4>.  The building volumes and ventilation flow rates are discussed in <Section 12.2.2>.


The activity released to the suppression pool from steam discharges is discussed in <Section 12.2.2>.  A tabulation of the expected frequency and the quantity of steam discharged to the suppression pool is provided in <Table 11.3‑5>.


11.3.2.1.16      Cost‑Benefit Ratio


In accordance with <10 CFR 50, Appendix I>, Section II, Paragraph D, a cost‑benefit analysis is not required for this system because it satisfies the Guides on Design Objectives for Light‑Water‑Cooled Nuclear Power Reactors proposed in the Concluding Statement of Position of the Regulatory Staff in Docket RM‑50‑2.


11.3.2.1.17      Maintainability of Gaseous Radwaste System


Design features which reduce or ease required maintenance include the following:


a.
Redundant components for all active, in‑process equipment pieces.


b.
No rotating equipment in the process stream.


c.
Rotating equipment is located in the system only where maintenance can be performed while the system is in operation.


Design features which reduce leakage and releases of radioactive material include the following:


a.
Extremely stringent leak rate requirements placed upon all equipment, piping and instruments, and enforced by system integrity testing as discussed in <Section 11.3.2.2.1.7>.


b.
Use of welded joints wherever practicable.


c.
Specification of valve types with extremely low leak rate characteristics, i.e., bellows seal, double stem seal or equal.


d.
Use of loop seals with automatic shutoff valves to prevent loss of liquid due to siphoning.


e.
Specification of stringent seat leakage characteristics for valves and lines discharging to the environment through other systems.


11.3.2.2      System Design Description


11.3.2.2.1      Main Condenser Steam Jet Air Ejector Offgas Low‑Temp System


11.3.2.2.1.1      Quality Classification and Construction and Testing Requirements


Equipment and piping are designed and constructed in accordance with the requirements of the applicable codes as given in <Table 11.3‑6> and will comply with the welding and material requirements and the system construction and testing requirements as follows.


11.3.2.2.1.2      Seismic Design


11.3.2.2.1.2.1      Equipment


Equipment and components used to collect, process or store gaseous radioactive waste are not designed as Seismic Category I.


11.3.2.2.1.2.2      Buildings Housing Gaseous Radioactive Waste Processing Systems


That portion of the offgas system upstream of the gas dryer prefilters is housed in the turbine building, which is a non‑seismic, nonsafety class, reinforced concrete structure.  The remaining portion of this system is located in the offgas building, which is a Safety Class 3, Seismic Category I, reinforced concrete structure.  A detailed discussion of the seismic design for this building is given in <Section 3.7>.


11.3.2.2.1.3      Quality Control


A program is established that is sufficient to assure that the design, construction and testing requirements are met.  The following areas are included in the program:


a.
Design and Procurement Document Control ‑ Procedures are established to ensure that requirements are specified and included in design and procurement documents and that deviations from these documents are controlled.


b.
Control of Purchased Material, Equipment and Services ‑ Procedures are established to ensure that purchased material, equipment and construction services conform to the procurement documents.


c.
Inspection ‑ A program for inspection of activities affecting quality is established and executed by or for the organization performing the activity to verify conformance with the applicable documented instructions, procedures and drawings.


d.
Handling, Storage and Shipping ‑ Procedures are established to control the handling, storage, shipping, cleaning, and preservation of material and equipment in accordance with work and inspection instructions to prevent damage or deterioration.


e.
Inspection, Test and Operating Status ‑ Procedures are established to provide for the identifications of items which have satisfactorily passed required inspections and tests.


f.
Corrective Action ‑ Procedures are established to ensure that conditions adverse to quality, such as failures, malfunctions, deficiencies, deviations, defective material and equipment, and nonconformances are promptly identified and corrected.


11.3.2.2.1.4      Welding


All welding constituting the pressure boundary of pressure retaining components is performed by qualified welders employing qualified welding procedures per <Table 11.3‑6>.


11.3.2.2.1.5      Materials


Materials for pressure retaining components of process systems were selected from those covered by the material specifications listed in Section II, Part A, of the ASME Boiler and Pressure Vessel Code, except that malleable, wrought or cast‑iron materials are not used.  The components satisfy all of the mandatory requirements of the material specifications with regard to manufacture, examination, repair, testing, identification, and certification.


A description of the major process equipment including the design temperature and pressure and the materials of construction is given in <Table 11.3‑2>.


Impact testing of carbon steel equipment, piping and valves operating at cold temperatures is in accordance with Paragraph UG84, Section VIII, of ASME Boiler and Pressure Vessel Code, Division 1.  However, Code exceptions are not permitted for equipment.


11.3.2.2.1.6      Construction of Process Systems


Pressure retaining components of process systems utilize welded construction to the maximum practicable extent.  Process piping systems include the first root valve on sample and instrument lines.  Process lines are not less than 3/4 inch nominal pipe size.  Sample and instrument lines are not considered as portions of the process systems.  Flanged joints or suitable rapid disconnect fittings are not used, except where maintenance requirements clearly indicate that such 


construction is preferable.  Screwed connections in which threads provide the only seal are not used.  Screwed connections backed up by seal welding or mechanical joints are used only on lines of 3/4 inch nominal pipe size.  However, seal welding is not possible on the 3/4 inch connections on the level sensors for the hold‑up line, prefilter, and cooler condenser moisture separator loop seals.  Thread sealant is used on these joints.  In lines 3/4 inch or greater, but less than two and one‑half inch nominal pipe size, socket type welds are used.  In lines of two and one‑half inch nominal pipe size and larger, pipe welds are of the butt joint type.  However, the Dryer Chiller drain line strainers are 3 inch nominal size to maximize strainer screen surface area resulting in socket weld connections larger than two and one half inches.

11.3.2.2.1.7      System Integrity Testing


Completed process systems are pressure tested to the maximum practicable extent.  Piping systems are hydrostatically tested during the construction phase in their entirety, using available valves or temporary plugs at atmospheric tank connections.  Hydrostatic testing of piping systems is performed at a pressure 1.5 times the design pressure, but in no case at less than 75 psig.  The test pressure is held for a minimum of 30 minutes with no leakage indicated.  Pneumatic testing may be substituted for hydrostatic testing in accordance with the applicable codes.  A helium leak test is performed on the entire, as‑installed after construction, gaseous radwaste process system.


After the initial pressure test and helium leak test (i.e., during the Operations phase) helium leak tests shall be performed on modifications/repairs whenever practicable.  All welds performed during such modifications/repairs shall be subject to non‑destructive examination (e.g., radiography or liquid penetrant exam).


11.3.2.2.1.8      Instrumentation and Control


This system is monitored by flow, temperature, pressure, and humidity instrumentation, and by hydrogen analyzers to ensure correct operation


and control.  <Table 11.3‑7> lists the process parameters that are instrumented to alarm in the control room.  It also indicates whether the parameters are recorded or indicated.  The operator is in control of the system at all times.


This system has redundant hydrogen analyzers to monitor the hydrogen concentrations in the offgas system prior to the holdup process.  If the hydrogen concentration exceeds 2 percent, an alarm will be annunciated in the control room.  To support operation of the Hydrogen Water Chemistry (HWC) System, the offgas system also has redundant oxygen analyzers.  During operation of the Hydrogen Water Chemistry (HWC) System, a stoichiometric amount of oxygen is added upstream of the recombiner to recombine the hydrogen in the offgas system.  These redundant oxygen analyzers monitor and control the oxygen addition for HWC operation.


A radiation monitor after the offgas condenser continuously monitors radioactivity release from the reactor and input to the charcoal adsorbers.  This radiation monitor is used to provide an alarm on high radiation in the offgas.


A radiation monitor is also provided at the outlet of the charcoal adsorbers to continuously monitor the rate from the adsorber beds.  This radiation monitor is used to isolate the offgas system on high radioactivity to prevent treated gas of unacceptably high activity from entering the vent.


The activity of the gas entering and leaving the offgas treatment system is continuously monitored.  Thus, system performance is known to the operator at all times.  Provision is made for sampling and periodic analysis of the influent and effluent gases for purposes of determining their compositions.


Environmental monitoring is used; however, at the estimated low dose levels, it is doubtful that the measurements can distinguish doses from the plant from normal variation in background radiation.


11.3.2.2.1.9      Detonation Resistance


Even though the system is designed to be free of ignition sources, the process pressure boundary of the system is detonation resistant.  The pressure vessels are designed to withstand 350 psig static pressure, and piping and valving are designed to resist dynamic pressures encountered in long runs of piping at the design temperature (Reference 6).


By the procedure described in (Reference 6), a designer can obtain the required wall thickness of a specific equipment design, which normally or possibly contains a detonable mixture of hydrogen and oxygen.  This wall thickness is then translated to the corresponding detonation‑containing, static equipment pressure rating by using an appropriate code calculation.


11.3.2.2.1.10      Operator Exposure Criteria and Controls


The system is normally operated from the main control room.  Equipment and process valves containing radioactive fluid are placed in shielded cells maintained at a pressure less than that of normally occupied areas.


11.3.2.2.1.11      Equipment Malfunction


Malfunction analysis, indicating consequences and design precautions taken to accommodate failure of various components of the system, is given in <Table 11.3‑4>.


11.3.2.2.1.11.1      Previous Experience


A system with similar equipment is in service at the KRB plant in Germany.  Its performance is reviewed in (Reference 1).  The Tsuruga and Fukushima I plants in Japan have similar recombiners in service.


Similar systems (ambient temperature charcoal) are in service at Dresden 2 and 3, Pilgrim, Quad Cities 1 and 2, Nuclenor, Hatch, Browns Ferry 1, 2 and 3, and Duane Arnold.


11.3.2.3      Operating Procedure


11.3.2.3.1      Treated (Delayed) Radioactive Gas Sources


11.3.2.3.1.1      Main Condenser Steam Jet Air Ejector Offgas Low‑Temp RECHAR System


11.3.2.3.1.1.1      Prestartup Preparations


Prior to starting the main steam jet air ejectors (SJAE), the charcoal vault is cooled between 40(F and 0(F, the glycol cooler is chilled to near 35(F and glycol is circulated through the cooler condenser, a desiccant dryer is regenerated and valved in, the offgas condenser cooling water is valved in, and the recombiner heaters are turned on.


11.3.2.3.1.1.2      Startup


As the reactor is pressurized, preheater steam is supplied and air is bled through the preheater and recombiner.  The recombiner is preheated to at least 225(F with this air bleed and/or by admitting steam to the final stage of the SJAE.  With the recombiners preheated, and the desiccant drier and charcoal adsorbers valved in, the SJAE string is started.  The bleed air is terminated.  As the condenser is pumped down and the reactor power increases, the recombiner inlet stream is diluted with a fixed steam supply to less than four percent hydrogen by volume and the offgas condenser outlet is maintained at less than one percent hydrogen by volume.


11.3.2.3.1.1.3      Normal Operation


After startup, the noncondensibles pumped by the SJAE will stabilize.  Recombiner performance is closely followed by the recorded temperature profile in the recombiner catalyst bed.  The hydrogen effluent concentration is measured by a hydrogen analyzer.


Normal operation is terminated following a normal reactor shutdown or a scram by terminating steam to the SJAEs and the preheater.


11.3.2.3.1.1.4      Previous Experience


Previous experience is reviewed in <Section 11.3.2.2.1.12>.


11.3.2.4      Performance Tests


11.3.2.4.1      Treated (Delayed) Radioactive Gas Sources


11.3.2.4.1.1      Main Condenser Steam Jet Air Ejector Offgas Low‑Temp RECHAR System


This system is used on a routine basis and does not require specific testing to assure operability.  Monitoring equipment will be calibrated and maintained on a specific schedule and on indication of malfunction.


11.3.2.4.1.1.1      Recombiner


Recombiner performance is continuously monitored and recorded by thermocouples that monitor the catalyst bed temperature profile and by a hydrogen analyzer that measures the hydrogen concentration of the effluent.


During operation of the Hydrogen Water Chemistry (HWC) System, a stoichiometric amount of oxygen must be added upstream of the recombiner to recombine the hydrogen in the offgas system.  Redundant oxygen analyzers monitor and control the oxygen addition for HWC operation.


11.3.2.4.1.1.2      Prefilter


These particulate filters are tested at the time of initial filter installation using DOP (dioctylphthalate) aerosol to determine whether an installed filter meets the minimum inplace efficiency of 99.95 percent retention.


The DOP from filter testing is not allowed into the desiccant or the activated charcoal.  This equipment is isolated during filter DOP testing and is bypassed until the process lines have been purged clear of test material.


Because the DOP would have a detrimental effect on the desiccant and charcoal, this filter is not periodically tested.  This is justified because the main function of this prefilter is to prevent the long-lived daughters of the radioactive xenons generated in the holdup pipe, from depositing in the downstream equipment, thereby minimizing contamination.  Leakage through the filter has no effect on environmental release.


11.3.2.4.1.1.3      Desiccant Gas Drier


Desiccant gas drier performance is continuously monitored by an onstream humidity analyzer.


11.3.2.4.1.1.4      Charcoal Performance


The ability of the charcoal to delay the noble gases can be continuously evaluated by comparing activity measured and recorded by the process activity monitors at the exit of the offgas condenser and at the exit of the charcoal adsorbers.


Experience with boiling water reactors has shown that the calibration of the offgas and vent effluent monitors changes with isotopic content.  


Isotopic content can change depending on the presence or absence of fuel cladding leaks in the reactor and the nature of the leaks.  Because of this possible variation, the monitors are periodically calibrated against grab samples, and whenever the radiation monitor after the offgas condenser shows significant variation in noble gas activity indicating a significant change in plant operations.


Grab sample points are located upstream and downstream of the first charcoal bed and downstream of the last charcoal bed.  They can be used for periodic sampling if the monitoring equipment indicates degradation of system delay performance.


11.3.2.4.1.1.5      Post Filter


On installation and replacements, these particulate filters will be tested using a DOP smoke test or equivalent.


11.3.2.4.1.1.6      Previous Experience


Previous experience is reviewed in <Section 11.3.2.2.1.11.1>.


11.3.3      RADIOACTIVE RELEASES


11.3.3.1      Release Points


A simplified flow diagram of the radioactive gas flow and treatment for the containment, the control complex, the auxiliary building, the fuel handling building, the radwaste building, the intermediate building, the turbine building, and the offgas building is presented in <Figure 11.3‑3>.  The physical location and elevation of the release points are shown on <Figure 1.2‑18>.


The discharge from the condenser steam jet air ejector is processed by the low TEMP RECHAR System prior to release through the offgas building vent.  <Section 11.3.2> discusses the low TEMP RECHAR System.


<Table 11.3‑8a> provides the vent dimensions, effluent velocity and effluent gas temperature for each of the release points.  <Table 11.3‑8b>, <Table 11.3‑8c>, and <Table 11.3‑8d> provide parameters for charcoal temperatures at 20(F, 40(F and 70(F.


11.3.3.2      Dilution Factors


The atomospheric dilution factors associated with normal plant releases are based upon the average annual meteorological conditions applicable to the site as well as the effective release height of the effluent discharge pathway.  The site meteorological conditions are defined in <Section 2.3.5>.  Also included in <Table 2.3.27> are the average annual long term dilution factors (x/Q).


11.3.3.3      Estimated Releases and Dose Rates


The release rates of radioactive materials in gaseous effluents are presented in <Table 11.3‑9a>, <Table 11.3‑9b>, <Table 11.3‑9c>, <Table 11.3‑9d>, <Table 11.3‑10a>, <Table 11.3‑10b>, <Table 11.3‑10c>, <Table 11.3‑10d>, <Table 11.3‑11a>, <Table 11.3‑11b>, and <Table 11.3‑11c>.  These values were calculated with the GALE computer code and are based on the assumptions and parameters provided in <NUREG‑0016> and <Table 11.3‑8a>, <Table 11.3‑8b>, <Table 11.3‑8c>, and <Table 11.3‑8d>.  As shown in <Table 11.3‑9a>, <Table 11.3‑9b>, <Table 11.3‑9c>, and <Table 11.3‑9d>, the estimated releases are a small fraction of the limits of <10 CFR 20>, and are as low as reasonably achievable.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases 


modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  The estimated offsite doses for the Perry site and a comparison with the design objectives of <10 CFR 50, Appendix I> and the dose limits of <10 CFR 20> are presented in Section 5.2.4 of the PNPP Environmental Report.
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TABLE 11.3‑1a


ESTIMATED AIR EJECTOR OFFGAS RELEASE RATES PER UNIT(1)

(Charcoal Temperature = 0(F)





 T=30
   Normal Discharge from





Minutes
     Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/Sec
(Ci/sec
(Ci/sec
Ci/yr(3)

Kr‑83m
 1.86 hr
3.4E+03
2.9E+03
   ‑
   ‑


Kr‑85m
 4.4  hr
6.1E+03
5.6E+03
5.3E‑01
1.5E+01


Kr‑85(4)
10.74 yr
2.0E+01
2.0E+01
2.0E+01
5.7E+02


Kr‑87
76    min
2.0E+04
1.5E+04
   ‑
   ‑


Kr‑88
 2.79 hr
2.0E+04
1.8E+04
   ‑
   ‑


Kr‑89
 3.18 min
1.3E+05
1.8E+02
   ‑
   ‑


Kr‑90
32.3  sec
2.8E+05
   ‑
   ‑
   ‑


Kr‑91
 8.6  sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑92
 1.84 sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑93
 1.29 sec
9.3E+04
   ‑
   ‑
   ‑


Kr‑94
 1.0  sec
2.3E+04
   ‑
   ‑
   ‑


Kr‑95
 0.5  sec
2.1E+03
   ‑
   ‑
   ‑


Kr‑97
 1    sec
1.4E+01
   ‑
   ‑
   ‑


Xe‑131m
11.96 day
1.5E+01
1.5E+01
6.5E‑01
1.8E+01


Xe‑133m
 2.26 day
2.9E+02
2.8E+02
   ‑
   ‑


Xe‑133
 5.27 day
8.2E+03
8.2E+03
6.6E+00
1.9E+02


Xe‑135m
15.7  min
2.6E+04
6.9E+03
   ‑
   ‑


Xe‑135
 9.16 hr
2.2E+04
2.2E+04
   ‑
   ‑


Xe‑137
 3.82 min
1.5E+05
6.7E+02
   ‑
   ‑


Xe‑138
14.2  min
8.9E+04
2.1E+04
   ‑
   ‑


Xe‑139
40    sec
2.8E+05
   ‑
   ‑
   ‑


Xe‑140
13.6  sec
3.0E+05
   ‑
   ‑
   ‑


TABLE 11.3‑1a (Continued)





 T=30
   Normal Discharge from





Minutes
     Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/Sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Xe‑141
 1.72 sec
2.4E+05
   ‑
   ‑
   ‑


Xe‑142
 1.22 sec
7.3E+04
   ‑
   ‑
   ‑


Xe‑143
 0.96 sec
1.2E+04
   ‑
   ‑
   ‑


Xe‑144
 9    sec
5.6E+02
   ‑
   ‑
   ‑



TOTALS
2.4E+06
1.0E+05
2.8E+01
 7.9E+02


NOTES:


(1)
Release rates are based on the 1971 mixture.


(2)
30 scfm in‑leakage.


(3)
Plant Capacity Factor = 0.9.


(4)
10 to 20 (Ci/sec estimated from experimental observations.


TABLE 11.3‑1b


ESTIMATED AIR EJECTOR OFFGAS RELEASE RATES PER UNIT(1)

(Charcoal Temperature = 20(F)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Kr‑83m
 1.86 hr
3.4E+03
2.9E+03
   ‑
   ‑


Kr‑85m
 4.4  hr
6.1E+03
5.6E+03
1.0E+00
2.9E+01


Kr‑85(4)
10.74 yr
2.0E+01
2.0E+01
2.0E+01
5.7E+02


Kr‑87
76    min
2.0E+04
1.5E+04
   ‑
   ‑


Kr‑88
 2.79 hr
2.0E+04
1.8E+04
   ‑
   ‑


Kr‑89
 3.18 min
1.3E+05
1.8E+02
   ‑
   ‑


Kr‑90
32.3  sec
2.8E+05
   ‑
   ‑
   ‑


Kr‑91
 8.6  sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑92
 1.84 sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑93
 1.29 sec
9.3E+04
   ‑
   ‑
   ‑


Kr‑94
 1.0  sec
2.3E+04
   ‑
   ‑
   ‑


Kr‑95
 0.5  sec
2.1E+03
   ‑
   ‑
   ‑


Kr‑97
 1    sec
1.4E+01
   ‑
   ‑
   ‑


Xe‑131m
11.96 day
1.5E+01
1.5E+01
7.8E‑01
2.2E+01


Xe‑133m
 2.26 day
2.9E+02
2.8E+02
   ‑
   ‑


Xe‑133
 5.27 day
8.2E+03
8.2E+03
9.9E+00
2.8E+02


Xe‑135m
15.7  min
2.6E+04
6.9E+03
   ‑
   ‑


Xe‑135
 9.16 hr
2.2E+04
2.2E+04
   ‑
   ‑


Xe‑137
 3.82 min
1.5E+05
6.7E+02
   ‑
   ‑


Xe‑138
14.2  min
8.9E+04
2.1E+04
   ‑
   ‑


Xe‑139
40    sec
2.8E+05
   ‑
   ‑
   ‑


Xe‑140
13.6  sec
3.0E+05
   ‑
   ‑
   ‑


TABLE 11.3‑1b (Continued)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Xe‑141
 1.72 sec
2.4E+05
   ‑
   ‑
   ‑


Xe‑142
 1.22 sec
7.3E+04
   ‑
   ‑
   ‑


Xe‑143
 0.96 sec
1.2E+04
   ‑
   ‑
   ‑


Xe‑144
 9    sec
5.6E+02
   ‑   
   ‑   
   ‑___




TOTALS
2.4E+06
1.0E+05
3.2E+01
9.0E+02


NOTES:


(1)
Release rates are based on the 1971 mixture.


(2)
30 scfm in‑leakage.


(3)
Plant Capacity Factor = 0.9.


(4)
10 to 20 (Ci/sec estimated from experimental observations.


TABLE 11.3‑1c


ESTIMATED AIR EJECTOR OFFGAS RELEASE RATES PER UNIT(1)

(Charcoal Temperature = 40(F)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_

Kr‑83m
 1.86 hr
3.4E+03
2.9E+03
   ‑
   ‑


Kr‑85m
 4.4  hr
6.1E+03
5.6E+03
9.3E+00
2.6E+02


Kr‑85(4)
10.74 yr
2.0E+01
2.0E+01
2.0E+01
5.7E+02


Kr‑87
76    min
2.0E+04
1.5E+04
   ‑
   ‑


Kr‑88
 2.79 hr
2.0E+04
1.8E+04
7.2E‑01
2.0E+01


Kr‑89
 3.18 min
1.3E+05
1.8E+02
   ‑
   ‑


Kr‑90
32.3 sec
2.8E+05
   ‑
   ‑
   ‑


Kr‑91
 8.6  sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑92
 1.84 sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑93
 1.29 sec
9.3E+04
   ‑
   ‑
   ‑


Kr‑94
 1.0  sec
2.3E+04
   ‑
   ‑
   ‑


Kr‑95
 0.5  sec
2.1E+03
   ‑
   ‑
   ‑


Kr‑97
 1    sec
1.4E+01
   ‑
   ‑
   ‑


Xe‑131m
11.96 day
1.5E+01
1.5E+01
1.8E+00
5.0E+01


Xe‑133m
 2.26 day
2.9E+02
2.8E+02
   ‑
   ‑


Xe‑133
 5.27 day
8.2E+03
8.2E+03
6.5E+01
1.8E+03


Xe‑135m
15.7  min
2.6E+04
6.9E+03
   ‑
   ‑


Xe‑135
 9.16 hr
2.2E+04
2.2E+04
   ‑
   ‑


Xe‑137
 3.82 min
1.5E+05
6.7E+02
   ‑
   ‑


Xe‑138
 14.2 min
8.9E+04
2.1E+04
   ‑
   ‑


Xe‑139
 40   sec
2.8E+05
   ‑
   ‑
   ‑


Xe‑140
 13.6 sec
3.0E+05
   ‑
   ‑
   ‑


TABLE 11.3‑1c (Continued)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Xe‑141
 1.72 sec
2.4E+05
   ‑
   ‑
   ‑


Xe‑142
 1.22 sec
7.3E+04
   ‑
   ‑
   ‑


Xe‑143
 0.96 sec
1.2E+04
   ‑
   ‑
   ‑


Xe‑144
 9    sec
5.6E+02
       
       
_______



TOTALS
2.4E+06
1.0E+05
9.7E+01
2.7E+03


NOTES:


(1)
Release rates are based on the 1971 mixture.


(2)
30 scfm in‑leakage.


(3)
Plant Capacity Factor = 0.9.


(4)
10 to 20 (Ci/sec estimated from experimental observations.


TABLE 11.3‑1d


ESTIMATED AIR EJECTOR OFFGAS RELEASE RATES PER UNIT(1)

(Charcoal Temperature = 70(F)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Kr‑83m
 1.86 hr
3.4E+03
2.9E+03
1.1E‑01
3.1E+00


Kr‑85m
 4.4  hr
6.1E+03
5.6E+03
7.6E+01
2.2E+03


Kr‑85(4)
10.74 yr
2.0E+01
2.0E+01
2.0E+01
5.7E+02


Kr‑87
76    min
2.0E+04
1.5E+04
   ‑
   ‑


Kr‑88
 2.79 hr
2.0E+04
1.8E+04
2.0E+01
5.7E+02


Kr‑89
 3.18 min
1.3E+05
1.8E+02
   ‑
   ‑


Kr‑90
32.3  sec
2.8E+05
   ‑
   ‑
   ‑


Kr‑91
 8.6  sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑92
 1.84 sec
3.3E+05
   ‑
   ‑
   ‑


Kr‑93
 1.29 sec
9.3E+04
   ‑
   ‑
   ‑


Kr‑94
 1.0  sec
2.3E+04
   ‑
   ‑
   ‑


Kr‑95
 0.5  sec
2.1E+03
   ‑
   ‑
   ‑


Kr‑97
 1    sec
1.4E+01
   ‑
   ‑
   ‑


Xe‑131m
11.96 day
1.5E+01
1.5E+01
3.9E+00
1.1E+02


Xe‑133m
 2.26 day
2.9E+02
2.8E+02
2.4E‑01
6.9E+00


Xe‑133
 5.27 day
8.2E+03
8.2E+03
3.9E+02
1.1E+04


Xe‑135m
15.7  min
2.6E+04
6.9E+03
   ‑
   ‑


Xe‑135
 9.16 hr
2.2E+04
2.2E+04
   ‑
   ‑


Xe‑137
 3.82 min
1.5E+05
6.7E+02
   ‑
   ‑


Xe‑138
14.2  min
8.9E+04
2.1E+04
   ‑
   ‑


Xe‑139
40    sec
2.8E+05
   ‑
   ‑
   ‑


Xe‑140
13.6  sec
3.0E+05
   ‑
   ‑
   ‑


TABLE 11.3‑1d (Continued)






 T=30
  Normal Discharge from






 min
    Charcoal Adsorbers(2)

Isotope
Half‑Life
T=0 (Ci/sec
(Ci/sec
(Ci/sec
Ci/yr(3)_


Xe‑141
 1.72 sec
2.4E+05
   ‑
   ‑
   ‑


Xe‑142
 1.22 sec
7.3E+04
   ‑
   ‑
   ‑


Xe‑143
 0.96 sec
1.2E+04
   ‑
   ‑
   ‑


Xe‑144
 9    sec
5.6E+02
       
       
_______



TOTALS
2.4E+06
1.0E+05
5.1E+02
1.4E+04


NOTES:


(1)
Release rates are based on the 1971 mixture.


(2)
30 scfm in‑leakage.


(3)
Plant Capacity Factor = 0.9.


(4)
10 to 20 (Ci/sec estimated from experimental observations.


TABLE 11.3‑2


OFFGAS SYSTEM MAJOR EQUIPMENT ITEMS


Offgas Preheaters ‑ 2 required.


Construction:  Stainless steel tubes and carbon steel shell.  350 psig design pressure, 1,000 psig tube design pressure 40(F/450(F shell design temperature, 40(F/575(F tube design temperature.


Catalytic Recombiners ‑ 2 required.


Construction:  Carbon steel cartridge, carbon steel shell.  Catalyst cartridge containing a precious metal catalyst on metal base or porous non‑dusting ceramic.  Catalyst cartridge to be replaceable without removing vessel.  350 psig design pressure.  900(F design temperature.


Offgas Condenser ‑ 1 required.


Construction:  Low alloy steel shell.  Stainless steel tubes.  350 psig shell design pressure.  250 psig tube design pressure.  900(F shell design temperature.  150(F tube design temperature.


Water Separator ‑ 1 required.


Construction:  Carbon steel shell, stainless steel wire mesh.  350 psig design pressure.  250(F design temperature.


Cooler‑Condenser ‑ 2 required.


Construction:  Carbon or stainless steel shell.  Stainless steel tubes.  100 psig tube design pressure.  350 psig shell design pressure.  150°F tube design temperature 32(F/150(F shell design temperature.


Moisture Separators (Downstream of cooler‑condenser) ‑ 2 required.


Construction:  Carbon steel shell, stainless steel wire mesh.  350 psig design pressure 32(F/150(F design temperature.


Desiccant Dryer ‑ 4 required.


Construction:  Carbon steel shell packed with Linde Mol Sieve or equivalent.  350 psig design pressure, 32(F/500(F design temperature.


Desiccant Regeneration Skid ‑ 2 required.(1)

Dryer Chiller ‑ 2 required.(1)

Construction:  Carbon steel shell, stainless steel tubes, design temperature 32(F/500(F.  Design pressure 50 psig.


TABLE 11.3‑2 (Continued)


Regenerator Blower ‑ 2 required.(1)

Construction:  Cast iron, design pressure 50 psig, design temperature 32(F/150(F.  Seller’s standard.


Dryer Heater ‑ 2 required.


Construction:  Carbon steel, design temperature 32(F/500(F, design pressure 50 psig.


Gas Cooler ‑ 2 required.


Construction:  Carbon or stainless steel material.  1,050 psig tube design temperature.  ‑50(F/150(F design temperature.


Glycol Cooler Skid ‑ 1 required.(1)

Glycol Storage Tank ‑ 1 required.(1)

Construction:  Carbon steel 3,000 gallon.  Water‑filled hydrostat static design pressure.  32(F design temperature.  API‑650.


Glycol Solution Refrigerators and Motor Drives ‑ 3 required.(1)

Construction:  Conventional refrigeration units.  Glycol solution exit temperature 35(F.  Seller’s standard.


Glycol Pumps and Motor Drives ‑ 3 required.(1)

Construction:  Cast iron, 3 inch connections 0°F design temperature.  Seller’s standard.


Prefilters and After Filters ‑ 2 required of each type.


Construction:  Carbon steel shell.  High‑efficiency, moisture‑resistant filter element.  Flanged shell.  350 psig design pressure.  ‑50(F/150(F design temperature.


Charcoal Adsorbers ‑ 8 beds.


Construction:  Carbon steel.  Approximately 4‑ft od x 21‑ft vessels each containing approximately 4 tons of activated carbon.  Design pressure 350 psig.  Design temperature ‑50(F/250(F.


NOTE:


(1)
Not located within the boundary of the portion of the N64 system that actively processes radioactive materials and which is required to be detonation resistant.


<TABLE 11.3‑3>


(DELETED)


TABLE 11.3‑4


EQUIPMENT MALFUNCTION ANALYSIS


  Equipment


         Design


    Item   
   Malfunction
         Consequences
       Precaution


Steam jet air
Low flow of motive
When the hydrogen and oxygen
Alarm provided on steam for


  ejector
high pressure steam
concentration exceed 4 and
low steam flow.  Recombiner




5 vol %, respectively, the
temperature alarm.




process gas may become




flammable, if insufficient




steam is supplied.




Inadequate steam flow will
Steam flow to be held at




cause overheating and
constant maximum flow




deterioration of the
regardless to plant level.




catalyst.
Recombiner temperature alarm.



Wear of supply
Increased steam flow to
Low temperature alarms on



steam nozzle of
recombiner.  This would
preheater exit (recombiner



ejector
reduce degree of recombination
inlet).  Recombiner H2



at low power levels.
analyzers.


Preheaters
Steam leak
Would further dilute process
Spare preheater.




offgas.  Steam consumption




would increase.



Low pressure steam
Recombiner performance would
Low‑temperature alarms on



supply
fall off at low power level,
preheater exit (recombiner




and hydrogen content of
inlet).  Recombiner outlet




recombiner gas discharge may
H2 analyzers.




increase, eventually to a




combustible mixture.


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


Recombiners
Catalyst gradually
Temperature profile changes
Temperature probes in



deactivates
through catalyst.  Eventually
recombiner H2 analyzer




excess H2 would be detected by
provided spare recombiner.




H2 analyzer or by a flowmeter.




Eventually the stripped gas




could become combustible.



Catalyst gets wet at
H2 conversion falls off and H2
Condensate drains,



start
is detected by downstream
temperature probes in




analyzers.  Eventually the
recombiner.  Air bleed system




gas could become combustible.
at startup.  Recombiner





thermal blanket, spare





recombiner and heater,





hydrogen analyzer.


Offgas
Cooling water leak
The coolant (reactor
None.


condenser

condensate) would leak to the




process gas (shell) side.




This would be detected if




drain well liquid level




increases.  Moderate leakage




would be of no concern from




a process standpoint.  (The




process condensate drains to




the hotwell.)


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


Offgas
Liquid level
If both drain valves fail to
Two independent drain


condenser
instruments fail
open, water will build up in
systems, each provided with


(Cont.)

the condenser and pressure
high and low level alarms.




drop will increase.




The high delta P, if not




detected by instrumentation




could cause pressure buildup




in the main condenser and




eventually initiate a reactor




scram.  If a drain valve




fails to close, gas will




recycle to the main condenser,




increase the load on the




SJAE, and increase operating




pressure of the main




condenser.


Water
Corrosion of wire
Higher quantity of water
Stainless steel mesh


separator
mesh element
collected in holdup line and
specified.




routed to radwaste.


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


Cooler
Corrosion of tubes
Glycol‑water solution would
Stainless‑steel tubes


condensers

leak into process (shell)
specified.  Low level alarm




side and be discharged to
glycol tank level.  Spare




clean radwaste.  If not
cooler condenser provided.




detected as radwaste, the




glycol solution would




discharge to reactor




condensate system.



Icing up of tubes
Shell side of cooler could
Design glycol‑H2 solution




plug up with ice, gradually
temperature well above




building up pressure drop.
freezing point. Spare unit




If this happens, the spare
provided.  Temperature




unit could be activated.
indication and low alarms




Complete blockage of both
on glycol temperature and




units.
process gas temperature.


Glycol
Mechanical
If both spare units fail to
Two spare refrigerators


refrigeration

operate, the glycol solution
during normal operation


machines

temperature will rise and the
are provided.  Glycol




dehumidification system
solution temperature




performance will deteriorate.
alarms provided.  Gas




This will require rapid
moisture detectors




regeneration cycles for the
provided downstream of




desiccant beds and may
gas driers.




raise the gas dewpoint as




it is discharged from the




drier.


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


Moisture
Corrosion wire mesh
Increased moisture would be
Stainless steel mesh


separators
element
retained in process gas routed
specified.  Spare unit




to gas driers.  Over a long
provided.  High delta P




period, the desiccant drier
alarm on prefilter.




cycle period would




deteriorate as result of




moisture pickup.  Pressure




drop across prefilter may




increase if filter media is




wetted.


Prefilters
Loss of integrity
More radioactivity would
Spare unit provided in



of filter
deposite in the drier desiccant.
separate vault.  Delta P




This would increase radiation
instrumentation provided.




level in the drier vault and




make maintenance more




difficult, but would not




affect releases to the




environment.


Desiccant
Moisture breakthrough
Moisture would freezeout in
Drier cycles on time.


drier

gas cooler and would result
Redundant gas humidity




in increased system pressure
analyzers and alarms




drop.  Gas with a high
supplied.  Redundant drier




dewpoint temperature would
system supplied gas drier




reach charcoal bed.
and first charcoal bed can





be bypassed through alternate





drier to second charcoal bed.


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


Desiccant
Mechanical failure
Inability to regenerate
Redundant, shielded desiccant


regeneration

desiccant.
beds and drier equipment


equipment


supplied.


Charcoal
Charcoal accumulates
Charcoal performance will
Highly instrumented,


absorbers
moisture
deteriorate gradually as
mechanically simple gas




moisture deposits.  Holdup
dehumidification system




times for kryton and xenon
with redundant equipment.




would decrease, and plant




emissions would increase.




Provisions made for drying




charcoal as required during




annual outage.


Vault
Mechanical failure
If temperature exceeds
Spare refrigeration unit


refrigeration

approximately 40(F, increased
provided.  Charcoal adsorber


units

emission could occur.
vaults A and B temperature





instrumentation provided.



After filter
Loss of integrity of
Probably of no real
Delta P instrumentation



filter media
consequence, the charcoal
provided.  Spare unit




media itself should be a
provided.




good filter at the low air




velocity.


TABLE 11.3‑4 (Continued)


  Equipment


         Design


    Item   
    Malfunction
         Consequences
       Precaution


System
Internal detonation
Release of radioactivity if
Main process equipment and




pressure boundary fails.
piping are designed to





contain a detonation.


System
Earthquake damage
Release of radioactivity.
Dose consequences are within





<10 CFR 20> limits.  Analysis 





is included in (Reference 6).


TABLE 11.3‑5


FREQUENCY AND QUANTITY OF STEAM DISCHARGED TO SUPPRESSION POOL




Frequency
Quantity of Steam



              Event(1)
Category_
___lbs/event)____


1.
RCIC Test (Monthly)
Moderate

 27,600


2.
Inadvertent RCIC Injection
Moderate

  4,600


3.
SRV Test (each valve)
Moderate

  3,900


4.
SRV Flow Capacity Test



(each valve)
Infrequent

 15,300


5.
Total SRV Leakage



(19 valve max.)
Continuous
    380/Hr


6.
Trip of Both Recirc. Pump Motor
Moderate

 30,000


7.
Turbine Trip
Moderate

 30,000


8.
Generator Load Rejection
Moderate

 30,000


9.
Pressure Regulator Failure,



Open
Moderate

374,000(2)

10.
Recirc. Controller Failure
Moderate

 30,000


11.
Loss of All Feedwater Flow
Moderate

 30,000


12.
Inadvertent MSIV Closure
Moderate

374,000(2)

13.
Loss of Condenser Vacuum
Moderate

374,000(2)

14.
Feedwater Control Failure,



Max. Demand
Moderate

 30,000


15.
Loss of Auxiliary Transformer
Moderate

934,000(2)

16.
Loss of All Grid Connections
Moderate

934,000(2)

17.
Turbine Trip w/o Bypass
Infrequent

374,000(2)

18.
Generator Load Rejection



w/o Bypass
Infrequent

374,000(2)

19.
Stuck Open SRV
Moderate

641,000


NOTES:


(1)
Bases and assumptions for the listed events are as follows:



(a)
Events 1 and 2 are based on steam flow rate during test mode per RCIC System Process Diagram 762E421C, for 60 and 10 minutes, respectively.



(b)
Event 3 assumes test SRV opened 30 seconds maximum at 300‑500 psig vessel pressure.



(c)
Event 4 assumes tested SRV opened 30‑60 seconds at 1,000 psig vessel pressure.



(d)
Event 5 is based on maximum average SRV leakage rate of 20 lb/hr/valve.


TABLE 11.3‑5 (Continued)


NOTES:  (Continued)



(e)
Events 6 through 18 are based on event descriptions from <Chapter 15>.



(f)
Event 19 is based on vessel depressurized to 100 psia with two additional SRV’s opened 10 minutes following scram.


(2)
Isolation event.  Except for Events 15 and 16, it is assumed that SRV actuation is terminated 30 minutes into the event whereupon the reactor is depressurized at 100°F/hr via RHR steam condensing mode.  For Events 15 and 16, it is assumed that loss of plant air prevents availability of RHR steam condensing mode and normal SRV opening, vessel depressurized via ADS SRV’s.


TABLE 11.3‑6


GASEOUS RADWASTE EQUIPMENT DESIGN REQUIREMENTS





   Welder



Design and

Qualification
Inspection



Fabrication
Materials(1)_
and Procedure
and Testing


Pressure
ASME Code
ASME Code
ASME Code
ASME Code


Vessels
Section VIII
Section II
Section IX
Section VIII



Div 1


Div 1


Atmos‑
ASME Code(2)
ASME Code
ASME Code
ASME Code(2)

pheric
Section III
Section II
Section IX
Section III


or 0‑15
Class 3, API


Class 3, API


psig
620;650, AWWA


620;650,


Tanks
D‑100


AWWA






D‑100


Heat
ASME Code
ASME Code
ASME Code
ASME Code


Ex‑
Section VIII
Section II
Section IX
Section VIII


changers
Div 1; and


Div 1



TEMA


Piping
ANSI B 31.1
ASTM OR ASME
ASME Code
ASME Code(2)

and

Code
Section IX


Valves

Section II


Pumps
Manufacturers(3)
ASME Code
ASME Code
ASME Code(2)


Standards
Section II
Section IX
Section III




or Manufac‑
(as required)
Class 3; and




turer’s

Hydraulic




Standard

Institute


NOTES:


(1)
Material manufacturer’s certified test reports should be obtained whenever possible.


(2)
ASME Code stamp and material traceability not required.


(3)
Manufacturer’s standard for the intended service.  Hydrotesting should be 1.5 times the design pressure.


TABLE 11.3‑7


OFFGAS SYSTEM ALARMED PROCESS PARAMETERS





Control Room



Parameters
Indicated
Recorded


Air ejector discharge pressure ‑ high
X


Preheater discharge temperature ‑ low
X


Recombiner catalyst temperature ‑ high/low

X


Offgas condenser water level (dual) ‑


high/low (LOCAL)


Offgas condenser gas discharge temperature ‑


high (LOCAL)


H2 analysis (offgas condenser discharge) ‑


dual ‑ high

X


Offgas condenser discharge radiation ‑ high
X
X


Gas flow ‑ high/low

X


Moisture separator discharge temperature ‑


high/low

X


Glycol solution temperature ‑ high/low

X


Glycol solution level ‑ low


Gas drier discharge humidity ‑ high (LOCAL)


Prefilter dP ‑ high
X


Charcoal adsorber temperature ‑ high

X


Carbon vault A & B temperature ‑ high/low
X
X


Carbon train flow ‑ high/low

X


After filter dP ‑ high
X


Offgas (carbon bed discharge) radiation ‑ high
X
X


Steam flow ‑ low


Carbon train dP ‑ high
X


TABLE 11.3‑8a


INPUT PARAMETERS USED FOR CALCULATING GASEOUS RELEASES


(charcoal temperatuare = 0(F)


Maximum core thermal power ‑ 3,758 MWt


Total main steam flow rate ‑ 16.3x106 lb/hr


Mass of reactor coolant in the reactor vessel ‑ 5.28x105 lb


Mass of steam in the reactor vessel ‑ 1.93x104 lb


Holdup Times



Charcoal delay (krypton) ‑ 2.47 days



Charcoal delay (xenon)   ‑ 54.2 days


Mass of charcoal in the offgas system ‑ approximately 32 tons


Operating and dew point temperatures of offgas system ‑ 0(F and ‑20(F, respectively


Dynamic adsorption coefficient for Xe and Kr is proprietary (General Electric)


Ventilation and Exhaust Systems





    Purge Rate and



Decontamination
  DF
  Frequency (Reactor


Building
__Factors (DF) 
 Bases
    Building Only)  

Reactor(1)
      100
HEPA
 5,000 cfm, continuous(4)


       10
Charcoal
approximately 25,000 cfm,





refueling


Auxiliary(1)
      100
HEPA



       10
Charcoal


Radwaste(1)
      100
HEPA



       10
Charcoal


Turbine(2)
        1
   ‑



        1
   ‑


Offgas(3)
      100
HEPA



       10
Charcoal


TABLE 11.3‑8a (Continued)





Effluent Gas



Effluent Velocity
   Vent
Temperature


  Release Points
____(ft/min)_____
Dimensions
__(maximum)_


Unit 1


   Plant Vent
      4,100
 48”x90”
    105(F


   Turbine Building/
      4,000
120”x120”
    115(F


     Heater Bay Vent


   Offgas Vent
      2,100
 34”x34”
    105(F


Unit 2


   Plant Vent
      3,500
 48”x90”
    105(F


   Turbine Building/
      4,000
120”x120”
    115(F


     Heater Bay Vent


   Offgas Vent
      1,900
 34”x34”
    105(F


NOTES:


(1)
The reactor building, auxiliary building and radwaste building releases are through the plant vent.


(2)
The turbine building releases are through the turbine building/heater bay vent.


(3)
The offgas building releases are through the offgas vent.


(4)
Assuming a continuous reactor building purge provides an enveloping dose estimate for routine gaseous releases.


TABLE 11.3‑8b


INPUT PARAMETERS USED FOR CALCULATING GASEOUS RELEASES


(charcoal temperature = 20(F)


Maximum core thermal power ‑ 3,758 MWt


Total main steam flow rate ‑ 16.3x106 lb/hr


Mass of reactor coolant in the reactor vessel ‑ 5.28x105 lb


Mass of steam in the reactor vessel ‑ 1.93x104 lb


Holdup Times



Charcoal delay (krypton) ‑ 2.30 days



Charcoal delay (xenon)   ‑ 51.1 days


Mass of charcoal in the offgas system ‑ approximately 32 tons


Operating and dew point temperatures of offgas system +20(F and ‑20(F, respectively


Dynamic adsorption coefficient for Xe and Kr is proprietary (General Electric)


Ventilation and Exhaust Systems





    Purge Rate and



Decontamination
  DF
  Frequency (Reactor


Building
__Factors (DF) 
 Bases
    Building Only)  

Reactor(1)
      100
HEPA
 5,000 cfm, continuous(4)


       10
Charcoal
30,000 cfm, refueling


Auxiliary(1)
      100
HEPA



       10
Charcoal


Radwaste(1)
      100
HEPA



       10
Charcoal


Turbine(2)
        1
   ‑



        1
   ‑


Offgas(3)
      100
HEPA



       10
Charcoal


TABLE 11.3‑8b (Continued)


NOTES:


(1)
The reactor building, auxiliary building and radwaste building releases are through the plant vent.


(2)
The turbine building releases are through the turbine building/heater bay vent.


(3)
The offgas building releases are through the offgas vent.


(4)
Assuming a continuous reactor building purge provides an enveloping dose estimate for routine gaseous releases.


TABLE 11.3‑8c


INPUT PARAMETERS USED FOR CALCULATING GASEOUS RELEASES


(charcoal temperature = 40(F)


Maximum core thermal power ‑ 3,758 MWt


Total main steam flow rate ‑ 16.3x106 lb/hr


Mass of reactor coolant in the reactor vessel ‑ 5.28x105 lb


Mass of steam in the reactor vessel ‑ 1.93x104 lb


Holdup Times



Charcoal delay (krypton) ‑ 1.72 days



Charcoal delay (xenon)   ‑ 36.8 days


Mass of charcoal in the offgas system ‑ approximately 32 tons


Operating and dew point temperatures of offgas system +40(F and ‑20(F, respectively


Dynamic adsorption coefficient for Xe and Kr is proprietary (General Electric)


Ventilation and Exhaust Systems





    Purge Rate and



Decontamination
  DF
  Frequency (Reactor


Building
__Factors (DF) 
 Bases
    Building Only)  


Reactor(1)
      100
HEPA
 5,000 cfm, continuous(4)


       10
Charcoal
30,000 cfm, refueling


Auxiliary(1)
      100
HEPA



       10
Charcoal


Radwaste(1)
      100
HEPA



       10
Charcoal


Turbine(2)
        1
   ‑



        1
   ‑


Offgas(3)
      100
HEPA



       10
Charcoal


TABLE 11.3‑8c (Continued)


NOTES:


(1)
The reactor building, auxiliary building and radwaste building releases are through the plant vent.


(2)
The turbine building releases are through the turbine building/heater bay vent.


(3)
The offgas building releases are through the offgas vent.


(4)
Assuming a continuous reactor building purge provides an enveloping dose estimate for routine gaseous releases.


TABLE 11.3‑8d


INPUT PARAMETERS USED FOR CALCULATING GASEOUS RELEASES


(charcoal temperature = 70(F)


Maximum core thermal power ‑ 3,758 MWt


Total main steam flow rate ‑ 16.3x106 lb/hr


Mass of reactor coolant in the reactor vessel ‑ 5.28x105 lb


Mass of steam in the reactor vessel ‑ 1.93x104 lb


Holdup Times



Charcoal delay (krypton) ‑ 1.16 days



Charcoal delay (xenon)   ‑ 23.1 days


Mass of charcoal in the offgas system ‑ approximately 32 tons


Operating and dew point temperatures of offgas system +70(F and ‑20(F, respectively


Dynamic adsorption coefficient for Xe and Kr is proprietary (General Electric)


Ventilation and Exhaust Systems





    Purge Rate and



Decontamination
  DF
  Frequency (Reactor


Building
__Factors (DF) 
 Bases
    Building Only)  


Reactor(1)
      100
HEPA
 5,000 cfm, continuous(4)


       10
Charcoal
30,000 cfm, refueling


Auxiliary(1)
      100
HEPA



       10
Charcoal


Radwaste(1)
      100
HEPA



       10
Charcoal


Turbine(2)
        1
   ‑



        1
   ‑


Offgas(3)
      100
HEPA



       10
Charcoal


TABLE 11.3‑8d (Continued)


NOTES:


(1)
The reactor building, auxiliary building and radwaste building releases are through the plant vent.


(2)
The turbine building releases are through the turbine building/heater bay vent.


(3)
The offgas building releases are through the offgas vent.


(4)
Assuming a continuous reactor building purge provides an enveloping dose estimate for routine gaseous releases.


TABLE 11.3‑9a


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 1


(Ci/year)





  Unit 1
    Unit 1



  Unit 1
   Unit 1
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
     7
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
See Note(1)
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
     8
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   142
     250
    85
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
   113
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.9‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.5‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  9.6‑5
    1.3‑2
     ‑
See Note(1)

Mn‑54
  3.6‑4
    6.0‑4
     ‑
See Note(1)

Fe‑59
  1.6‑4
    5.0‑4
     ‑
See Note(1)

Co‑58
  5.7‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  1.1‑3
    2.0‑3
     ‑
See Note(1)

Zn‑65
  5.5‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  6.3‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  3.1‑6
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.5‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.7‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  1.3‑4
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  1.1‑5
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  2.0‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  9.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.8‑5
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
    13
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 0(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑9b


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 1


(Ci/year)





  Unit 1
    Unit 1



  Unit 1
   Unit 1
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
    13
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
See Note(1)
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    10
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   142
     250
   130
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
   113
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.9‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.5‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  9.6‑5
    1.3‑2
     ‑
See Note(1)

Mn‑54
  3.6‑4
    6.0‑4
     ‑
See Note(1)

Fe‑59
  1.6‑4
    5.0‑4
     ‑
See Note(1)

Co‑58
  5.7‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  1.1‑3
    2.0‑3
     ‑
See Note(1)

Zn‑65
  5.5‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  6.3‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  3.1‑6
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.5‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.7‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  1.3‑4
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  1.1‑5
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  2.0‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  9.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.8‑5
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
   43
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 20(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑9c


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 1


(Ci/year)





  Unit 1
    Unit 1



  Unit 1
   Unit 1
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
   120
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
     9
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    23
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   142
     250
   840
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
   113
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.9‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.5‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  9.6‑5
    1.3‑2
     ‑
See Note(1)

Mn‑54
  3.6‑4
    6.0‑4
     ‑
See Note(1)

Fe‑59
  1.6‑4
    5.0‑4
     ‑
See Note(1)

Co‑58
  5.7‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  1.1‑3
    2.0‑3
     ‑
See Note(1)

Zn‑65
  5.5‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  6.3‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  3.1‑6
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.5‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.7‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  1.3‑4
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  1.1‑5
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  2.0‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  9.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.8‑5
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
    83
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 40(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑9d


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 1


(Ci/year)





  Unit 1
    Unit 1



  Unit 1
   Unit 1
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
   990
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
   260
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    51
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
     3
See Note(1)

Xe‑133
   142
     250
 5,100
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
   113
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.9‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.5‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  9.6‑5
    1.3‑2
     ‑
See Note(1)

Mn‑54
  3.6‑4
    6.0‑4
     ‑
See Note(1)

Fe‑59
  1.6‑4
    5.0‑4
     ‑
See Note(1)

Co‑58
  5.7‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  1.1‑3
    2.0‑3
     ‑
See Note(1)

Zn‑65
  5.5‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  6.3‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  3.1‑6
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.5‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.7‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  1.3‑4
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  1.1‑5
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  2.0‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  9.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.8‑5
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
   160
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 70(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑10a


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 2


(Ci/year)





  Unit 2
    Unit 2



  Unit 2
   Unit 2
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
     7
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
See Note(1)
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
     8
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   132
     250
    85
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
    68
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.4‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.4‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  6.0‑6
    1.3‑2
     ‑
See Note(1)

Mn‑54
  6.0‑5
    6.0‑4
     ‑
See Note(1)

Fe‑59
  8.0‑6
    5.0‑4
     ‑
See Note(1)

Co‑58
  1.2‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  2.0‑4
    2.0‑3
     ‑
See Note(1)

Zn‑65
  4.0‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  1.8‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  1.0‑7
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.0‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.0‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  8.0‑5
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  6.0‑6
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  1.1‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  8.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.0‑6
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
    13
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 0(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% <NUREG‑0016>.


TABLE 11.3‑10b


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 2


(Ci/year)





  Unit 2
    Unit 2



  Unit 2
   Unit 2
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
    13
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
See Note(1)
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    10
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   132
     250
   130
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
    68
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.4‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.4‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  6.0‑6
    1.3‑2
     ‑
See Note(1)

Mn‑54
  6.0‑5
    6.0‑4
     ‑
See Note(1)

Fe‑59
  8.0‑6
    5.0‑4
     ‑
See Note(1)

Co‑58
  1.2‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  2.0‑4
    2.0‑3
     ‑
See Note(1)

Zn‑65
  4.0‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  1.8‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  1.0‑7
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.0‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.0‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  8.0‑5
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  6.0‑6
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  1.1‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  8.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.0‑6
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
    43
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 20(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% <NUREG‑0016>.


TABLE 11.3‑10c


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 2


(Ci/year)





  Unit 2
    Unit 2



  Unit 2
   Unit 2
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
   120
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
     9
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    23
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑133
   132
     250
   840
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
    68
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.4‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.4‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  6.0‑6
    1.3‑2
     ‑
See Note(1)

Mn‑54
  6.0‑5
    6.0‑4
     ‑
See Note(1)

Fe‑59
  8.0‑6
    5.0‑4
     ‑
See Note(1)

Co‑58
  1.2‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  2.0‑4
    2.0‑3
     ‑
See Note(1)

Zn‑65
  4.0‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  1.8‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  1.0‑7
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.0‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.0‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  8.0‑5
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  6.0‑6
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  1.1‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  8.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.0‑6
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
    83
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 40(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% <NUREG‑0016>.


TABLE 11.3‑10d


CALCULATED RELEASE OF RADIOACTIVE MATERIALS IN GASEOUS


EFFLUENTS ‑ UNIT 2


(Ci/year)





  Unit 2
    Unit 2



  Unit 2
   Unit 2
  Offgas
  Mech. Vac.


Nuclide
Plant Vent
Turbine Bldg.
Bldg. Vent(2)(3)
Pump Discharge


Kr‑83m
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Kr‑85m
    6
     68
   990
See Note(1)

Kr‑85
See Note(1)
See Note(1)
   260
See Note(1)

Kr‑87
    6
     130
See Note(1)
See Note(1)

Kr‑88
    6
     230
   260
See Note(1)

Kr‑89
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑131m
See Note(1)
See Note(1)
    51
See Note(1)

Xe‑133m
See Note(1)
See Note(1)
     3
See Note(1)

Xe‑133
   132
     250
 5,100
   2,300


Xe‑135m
    92
     650
See Note(1)
See Note(1)

Xe‑135
    68
     630
See Note(1)
    350


Xe‑137
See Note(1)
See Note(1)
See Note(1)
See Note(1)

Xe‑138
    14
    1,400
See Note(1)
See Note(1)

I‑131
  3.4‑2
    1.9‑1
See Note(1)
   3.0‑2


I‑133
  1.4‑1
    7.6‑1
See Note(1)
See Note(1)

Cr‑51
  6.0‑6
    1.3‑2
     ‑
See Note(1)

Mn‑54
  6.0‑5
    6.0‑4
     ‑
See Note(1)

Fe‑59
  8.0‑6
    5.0‑4
     ‑
See Note(1)

Co‑58
  1.2‑5
    6.0‑4
     ‑
See Note(1)

Co‑60
  2.0‑4
    2.0‑3
     ‑
See Note(1)

Zn‑65
  4.0‑5
    2.0‑4
     ‑
See Note(1)

Sr‑89
  1.8‑6
    6.0‑3
     ‑
See Note(1)

Sr‑90
  1.0‑7
    2.0‑5
     ‑
See Note(1)

Zr‑95
  8.0‑6
    1.0‑4
     ‑
See Note(1)

Sb‑124
  4.0‑6
    3.0‑4
     ‑
See Note(1)

Cs‑134
  8.0‑5
    3.0‑4
     ‑
   3.0‑6


Cs‑136
  6.0‑6
    5.0‑5
     ‑
   2.0‑6


Cs‑137
  1.1‑4
    6.0‑4
     ‑
   1.0‑5


Ba‑140
  8.0‑6
    1.1‑2
     ‑
   1.1‑5


Ce‑141
  2.0‑6
    6.0‑4
     ‑
See Note(1)

C‑14
    ‑
      ‑
    9.5
     ‑


Ar‑41
    25
      ‑
   160
     ‑


H‑3
    47
      ‑
     ‑
     ‑


NOTES:


(1)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(2)
Charcoal temperature = 70(F.


(3)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% <NUREG‑0016>.


TABLE 11.3‑11a


AVERAGE ANNUAL CONCENTRATIONS OF GASEOUS EFFLUENTS AT


EXCLUSION BOUNDARY






  <10 CFR 20,






  Appendix B>






   Effluent
 Fraction of



  Annual Release
  MPC

Concentrations
   Effluent


Nuclide
(Ci/yr ‑ two units)(3)(4)
((Ci/cc)
Fraction of MPC(1)
   ((Ci/cc)   
Concentrations(1)

Kr‑83m
 See Note(2)
 3.‑8
       ‑
5E‑5
  ‑


Kr‑85m
        162
 1.‑7
     1.4‑4
1.‑7
1.4‑4


Kr‑85
        520
 3.‑7
     1.5‑4
7E‑7
6.4E‑5


Kr‑87
        272
 2.‑8
     1.2‑3
2.‑8
1.2‑3


Kr‑88
        472
 2.‑8
     2.0‑3
9E‑9
4.4E‑3


Kr‑89
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑131m
         16
 4.‑7
     3.4‑6
2E‑6
6.8E‑7


Xe‑133m
 See Note(2)
 3.‑7
       ‑
6E‑7
  ‑


Xe‑133
      5,544
 3.‑7
     1.6‑3
5E‑7
9.6E‑4


Xe‑135m
      1,484
 3.‑8
     4.2‑3
4E‑8
3.1E‑3


Xe‑135
      2,141
 1.‑7
     1.8‑3
7E‑8
2.6E‑3


Xe‑137
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑138
      2,828
 3.‑8
     8.1‑3
2E‑8
1.2E‑2


I‑131
        .51
 1.‑8
     4.4‑6
2E‑10
2.2E‑4


I‑133
        1.8
 7.‑9
     2.2‑5
1E‑9
1.5E‑4


Cr‑51
       1.3‑2
 8.‑8
     1.4‑8
3E‑8
3.7E‑8


Mn‑54
       1.6‑3
 1.‑9
     1.4‑7
1.‑9
1.4‑7


Fe‑59
       1.2‑3
 2.‑9
     5.1‑8
5E‑10
2.0E‑7


Co‑58
       1.3‑3
 2.‑9
     5.6‑8
1E‑9
1.1E‑7


Co‑60
       5.3‑3
 3.‑10
     1.5‑6
5E‑11
9.0E‑6


Zn‑65
       5.0‑4
 2.‑9
     2.1‑8
4E‑10
1.0E‑7


Sr‑89
       1.2‑2
 1.‑9
     1.0‑6
2E‑10
5.0E‑6


Sr‑90
       4.3‑5
 2.‑10
     1.8‑8
6E‑12
6.0E‑7


Zr‑95
       2.2‑4
 1.‑9
     1.9‑8
4E‑10
4.7E‑8


Sb‑124
       6.1‑4
 3.‑8
     1.7‑9
3E‑10
1.7E‑7


Cs‑134
       8.1‑4
 4.‑10
     1.7‑7
2E‑10
3.4E‑7


Cs‑136
       1.2‑4
 6.‑9
     1.7‑9
9E‑10
1.1E‑8


Cs‑137
       1.5‑3
 5.‑10
     2.6‑7
2E‑10
6.5E‑7


Ba‑140
       2.2‑2
 1.‑9
     1.9‑6
2E‑9
9.5E‑7


Ce‑141
       1.2‑3
 5.‑9
     2.1‑8
8E‑10
1.3E‑7


C‑14
         19
 1.‑7
     1.6‑5
3E‑9
5.3E‑4


Ar‑41
         76
 4.‑8
     1.6‑4
1E‑8
6.4E‑4


H‑3
         94
 2.‑7
     4.0‑5
1E‑7
8.0E‑5


NOTES:


(1)
Based on an average annual (/Q of 2.7‑6 sec/m3.


(2)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(3)
Offgas system charcoal temperature = 0(F.


(4)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑11b


AVERAGE ANNUAL CONCENTRATIONS OF GASEOUS EFFLUENTS AT


EXCLUSION BOUNDARY






  <10 CFR 20,






  Appendix B>






   Effluent
 Fraction of



  Annual Release
  MPC

Concentrations
   Effluent


Nuclide
(Ci/yr ‑ two units)(3)(4)
((Ci/cc)
Fraction of MPC(1)
   ((Ci/cc)   
Concentrations(1)

Kr‑83m
 See Note(2)
 3.‑8
       ‑
5E‑5
  ‑


Kr‑85m
        174
 1.‑7
     1.5‑4
1.‑7
1.5‑4


Kr‑85
        520
 3.‑7
     1.5‑4
7E‑7
6.4E‑5


Kr‑87
        272
 2.‑8
     1.2‑3
2.‑8
1.2‑3


Kr‑88
        472
 2.‑8
     2.0‑3
9E‑9
4.4E‑3


Kr‑89
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑131m
         20
 4.‑7
     4.3‑6
2E‑6
8.6E‑7


Xe‑133m
 See Note(2)
 3.‑7
       ‑
6E‑7
  ‑


Xe‑133
      5,634
 3.‑7
     1.6‑3
5E‑7
9.6E‑4


Xe‑135m
      1,484
 3.‑8
     4.2‑3
4E‑8
3.1E‑3


Xe‑135
      2,141
 1.‑7
     1.8‑3
7E‑8
2.6E‑3


Xe‑137
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑138
      2,828
 3.‑8
     8.1‑3
2E‑8
1.2E‑2


I‑131
        .51
 1.‑8
     4.4‑6
2E‑10
2.2E‑4


I‑133
        1.8
 7.‑9
     2.2‑5
1E‑9
1.5E‑4


Cr‑51
       1.3‑2
 8.‑8
     1.4‑8
3E‑8
3.7E‑8


Mn‑54
       1.6‑3
 1.‑9
     1.4‑7
1.‑9
1.4‑7


Fe‑59
       1.2‑3
 2.‑9
     5.1‑8
5E‑10
2.0E‑7


Co‑58
       1.3‑3
 2.‑9
     5.6‑8
1E‑9
1.1E‑7


Co‑60
       5.3‑3
 3.‑10
     1.5‑6
5E‑11
9.0E‑6


Zn‑65
       5.0‑4
 2.‑9
     2.1‑8
4E‑10
1.0E‑7


Sr‑89
       1.2‑2
 1.‑9
     1.0‑6
2E‑10
5.0E‑6


Sr‑90
       4.3‑5
 2.‑10
     1.8‑8
6E‑12
6.0E‑7


Zr‑95
       2.2‑4
 1.‑9
     1.9‑8
4E‑10
4.7E‑8


Sb‑124
       6.1‑4
 3.‑8
     1.7‑9
3E‑10
1.7E‑7


Cs‑134
       8.1‑4
 4.‑10
     1.7‑7
2E‑10
3.4E‑7


Cs‑136
       1.2‑4
 6.‑9
     1.7‑9
9E‑10
1.1E‑8


Cs‑137
       1.5‑3
 5.‑10
     2.6‑7
2E‑9
6.5E‑7


Ba‑140
       2.2‑2
 1.‑9
     1.9‑6
8E‑10
9.5E‑7


Ce‑141
       1.2‑3
 5.‑9
     2.1‑8
3E‑9
1.3E‑7


C‑14
         19
 1.‑7
     1.6‑5
1E‑8
5.3E‑4


Ar‑41
        136
 4.‑8
     2.9‑4
1E‑8
1.2E‑3


H‑3
         94
 2.‑7
     4.0‑5
1E‑7
8.0E‑5


NOTES:


(1)
Based on an average annual (/Q of 2.7‑6 sec/m3.


(2)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(3)
Offgas system charcoal temperature = 20(F.


(4)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑11c


AVERAGE ANNUAL CONCENTRATIONS OF GASEOUS EFFLUENTS AT


EXCLUSION BOUNDARY






  <10 CFR 20,






  Appendix B>






   Effluent
 Fraction of



  Annual Release
  MPC

Concentrations
   Effluent


Nuclide
(Ci/yr ‑ two units)(3)(4)
((Ci/cc)
Fraction of MPC(1)
   ((Ci/cc)   
Concentrations(1)

Kr‑83m
 See Note(2)
 3.‑8
       ‑
5E‑5
  ‑


Kr‑85m
        388
 1.‑7
     3.3‑4
1.‑7
3.3‑4


Kr‑85
        520
 3.‑7
     1.5‑4
7E‑7
6.4E‑5


Kr‑87
        272
 2.‑8
     1.2‑3
2.‑8
1.2‑3


Kr‑88
        490
 2.‑8
     2.1‑3
9E‑9
4.7E‑3


Kr‑89
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑131m
         46
 4.‑7
     9.8‑6
2E‑6
2.0E‑6


Xe‑133m
 See Note(2)
 3.‑7
       ‑
6E‑7
  ‑


Xe‑133
      7,054
 3.‑7
     2.0‑3
5E‑7
1.2E‑3


Xe‑135m
      1,484
 3.‑8
     4.2‑3
4E‑8
3.1E‑3


Xe‑135
      2,141
 1.‑7
     1.8‑3
7E‑8
2.6E‑3


Xe‑137
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑138
      2,828
 3.‑8
     8.1‑3
2E‑8
1.2E‑2


I‑131
        .51
 1.‑8
     4.4‑6
2E‑10
2.2E‑4


I‑133
        1.8
 7.‑9
     2.2‑5
1E‑9
1.5E‑4


Cr‑51
       1.3‑2
 8.‑8
     1.4‑8
3E‑8
3.7E‑8


Mn‑54
       1.6‑3
 1.‑9
     1.4‑7
1.‑9
1.4‑7


Fe‑59
       1.2‑3
 2.‑9
     5.1‑8
5E‑10
2.0E‑7


Co‑58
       1.3‑3
 2.‑9
     5.6‑8
1E‑9
1.1E‑7


Co‑60
       5.3‑3
 3.‑10
     1.5‑6
5E‑11
9.0E‑6


Zn‑65
       5.0‑4
 2.‑9
     2.1‑8
4E‑10
1.0E‑7


Sr‑89
       1.2‑2
 1.‑9
     1.0‑6
2E‑10
5.0E‑6


Sr‑90
       4.3‑5
 2.‑10
     1.8‑8
6E‑12
6.0E‑7


Zr‑95
       2.2‑4
 1.‑9
     1.9‑8
4E‑10
4.7E‑8


Sb‑124
       6.1‑4
 3.‑8
     1.7‑9
3E‑10
1.7E‑7


Cs‑134
       8.1‑4
 4.‑10
     1.7‑7
2E‑10
3.4E‑7


Cs‑136
       1.2‑4
 6.‑9
     1.7‑9
9E‑10
1.1E‑8


Cs‑137
       1.5‑3
 5.‑10
     2.6‑7
2E‑10
6.5E‑7


Ba‑140
       2.2‑2
 1.‑9
     1.9‑6
2E‑9
9.5E‑7


Ce‑141
       1.2‑3
 5.‑9
     2.1‑8
8E‑10
1.3E‑7


C‑14
         19
 1.‑7
     1.6‑5
3E‑9
5.3E‑4


Ar‑41
        216
 4.‑8
     4.6‑4
1E‑8
1.8E‑3


H‑3
         94
 2.‑7
     4.0‑5
1E‑7
8.0E‑5


NOTES:


(1)
Based on an average annual (/Q of 2.7‑6 sec/m3.


(2)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(3)
Offgas system charcoal temperature = 40(F.


(4)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.


TABLE 11.3‑11d


AVERAGE ANNUAL CONCENTRATIONS OF GASEOUS EFFLUENTS AT


EXCLUSION BOUNDARY






  <10 CFR 20,






  Appendix B>






   Effluent
 Fraction of



  Annual Release
  MPC

Concentrations
   Effluent


Nuclide
(Ci/yr ‑ two units)(3)(4)
((Ci/cc)
Fraction of MPC(1)
   ((Ci/cc)   
Concentrations(1)

Kr‑83m
 See Note(2)
 3.‑8
     5.7‑6
5E‑5
3.4E‑9


Kr‑85m
      2,128
 1.‑7
     1.8‑3
1.‑7
1.8‑3


Kr‑85
        520
 3.‑7
     1.5‑4
7E‑7
6.4E‑5


Kr‑87
        272
 2.‑8
     1.2‑3
2.‑8
1.2‑3


Kr‑88
        992
 2.‑8
     4.2‑3
9E‑9
9.3E‑3


Kr‑89
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑131m
        102
 4.‑7
     2.2‑5
2E‑6
4.4E‑6


Xe‑133m
          6
 3.‑7
     1.7‑6
6E‑7
8.5E‑7


Xe‑133
     15,574
 3.‑7
     4.4‑3
5E‑7
2.6E‑3


Xe‑135m
      1,484
 3.‑8
     4.2‑3
4E‑8
3.1E‑3


Xe‑135
      2,141
 1.‑7
     1.8‑3
7E‑8
2.6E‑3


Xe‑137
 See Note(2)
 3.‑8
       ‑
1E‑9
  ‑


Xe‑138
      2,828
 3.‑8
     8.1‑3
2E‑8
1.2E‑2


I‑131
        .51
 1.‑8
     4.4‑6
2E‑10
2.2E‑4


I‑133
        1.8
 7.‑9
     2.2‑5
1E‑9
1.5E‑4


Cr‑51
       1.3‑2
 8.‑8
     1.4‑8
3E‑8
3.7E‑8


Mn‑54
       1.6‑3
 1.‑9
     1.4‑7
1.‑9
1.4‑7


Fe‑59
       1.2‑3
 2.‑9
     5.1‑8
5E‑10
2.0E‑7


Co‑58
       1.3‑3
 2.‑9
     5.6‑8
1E‑9
1.1E‑7


Co‑60
       5.3‑3
 3.‑10
     1.5‑6
5E‑11
9.0E‑6


Zn‑65
       5.0‑4
 2.‑9
     2.1‑8
4E‑10
1.0E‑7


Sr‑89
       1.2‑2
 1.‑9
     1.0‑6
2E‑10
5.0E‑6


Sr‑90
       4.3‑5
 2.‑10
     1.8‑8
6E‑12
6.0E‑7


Zr‑95
       2.2‑4
 1.‑9
     1.9‑8
4E‑10
4.7E‑8


Sb‑124
       6.1‑4
 3.‑8
     1.7‑9
3E‑10
1.7E‑7


Cs‑134
       8.1‑4
 4.‑10
     1.7‑7
2E‑10
3.4E‑7


Cs‑136
       1.2‑4
 6.‑9
     1.7‑9
9E‑10
1.1E‑8


Cs‑137
       1.5‑3
 5.‑10
     2.6‑7
2E‑10
6.5E‑7


Ba‑140
       2.2‑2
 1.‑9
     1.9‑6
2E‑9
9.5E‑7


Ce‑141
       1.2‑3
 5.‑9
     2.1‑8
8E‑10
1.3E‑7


C‑14
         19
 1.‑7
     1.6‑5
3E‑9
5.3E‑4


Ar‑41
        370
 4.‑8
     7.9‑4
1E‑8
3.2E‑3


H‑3
         94
 2.‑7
     4.0‑5
1E‑7
8.0E‑5


NOTES:


(1)
Based on an average annual (/Q of 2.7‑6 sec/m3.


(2)
Less than 1 Ci/yr noble gas, less than 10‑4 Ci/yr iodine.


(3)
Offgas system charcoal temperature = 70(F.


(4)
Design based on 51,300 (Ci/sec at T = 30 min, plant capacity factor, 80% per <NUREG‑0016>.
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11.4      SOLID RADIOACTIVE WASTE MANAGEMENT SYSTEM


11.4.1      DESIGN BASES


11.4.1.1      Power Generation Design Objectives


The primary design objective of the solid radioactive waste (SRW) system is to control, collect, handle, process, and package all wet and dry solid radioactive waste generated by PNPP as a result of normal operation, and to store these wastes until they are shipped to authorized receiving and storage areas offsite.  This will be done in such a manner that, for all anticipated quantities of waste produced, the availability of the power plant for power generation will not be adversely affected.


The types of solid radioactive waste to be processed, anticipated quantities and curie content are given in <Table 11.4‑1> for the original design basis of the solid radioactive waste system.  Waste quantities and curie content by isotope are given in <Table 11.4‑2>, <Table 11.4‑3>, and <Table 11.4‑4>.


Subsequent to the original design of the SRW system, modifications have been made to the condensate cleanup and liquid radwaste systems which could result in quantities or activities of solid radioactive waste which are different than those in the original design basis.  The control, processing and packaging of the solid radioactive waste remains unchanged.  The ALARA design features, as discussed in <Section 11.4.1.5>, and the safety precautions, as discussed in <Section 11.4.1.6> are unaffected by the changes to the quantities or activities of the waste to be processed.


11.4.1.2      Radiological Design Objectives


Packaging of solid radioactive material is accomplished in a manner which ensures that no radioactive material will be released to the environment during shipment of the waste to offsite burial or storage facilities.  The SRW system is designed to limit exposures to both operating personnel and the general public to as low as reasonably achievable.


11.4.1.3      Design Criteria


a.
The SRW system components, piping and the structure that houses the system are designed and fabricated in accordance with the codes, standards, seismic categories, and quality group classifications given in <Table 3.2‑1>.


b.
The SRW system design is in compliance with the guidance provided by <Regulatory Guide 1.143> and Branch Technical Position ETSB 11‑3.


c.
All wet radioactive waste (filter backwash slurries and spent resins) are processed per the Process Control Program (Reference 1) prior to shipment offsite.  Packaging and transporting of radioactive wastes is performed in conformance with <10 CFR 71> and applicable ICC and DOT regulations.


d.
The SRW system design and shielding provisions ensure that (during all phases of processing, handling and shipment of radioactive waste) exposure to operating personnel and the general public is within the applicable limits of <10 CFR 20>, <49 CFR 173> and as low as is reasonably achievable in accordance with <Regulatory Guide 8.8>.


e.
The Process Control Program (Reference 1) provides a means to verify the absence of free liquid in the containers in accordance with Branch Technical Position ETSB 11‑3.


f.
The SRW system design, equipment sizing and equipment redundancy ensure that the maximum expected quantities of all radioactive waste inputs during any 30 day period can be prepared for shipping via the Process Control Program (Reference 1) and temporarily stored onsite without affecting plant availability.  Design quantities of radioactive waste inputs to the SRW system are presented in <Table 11.4‑1>.


11.4.1.4      Component Design Parameters


With the exception of normal wearing parts, such as seals and bearings, all pumps, valves, piping, tanks, and other components in the SRW system are fabricated from materials which are intended to provide a minimum service life of 40 years without replacement.  In selecting materials to meet this criterion, due consideration is given to:  a) the corrosive nature of both the process medium and the external environment, b) decontaminability of the material, and c) wall thickness requirements dictated by design pressures, flow rates and corrosion rates.  The design classifications of SRW system equipment items are given in <Table 3.2‑1>.


11.4.1.5      ALARA Design Features


Numerous features have been incorporated into the design of both the SRW system and the building housing this system to ensure that exposures of operating personnel to radiation will be kept within ALARA guidelines.  See <Section 11.2.1.9> for a listing of the most significant ALARA design features.


11.4.1.6      Safety Precautions


All tanks, pumps and other equipment containing radioactive liquids are located in shielded cubicles or pipe chases.  All access to these areas is strictly controlled by administrative procedures.


11.4.2      SYSTEM DESCRIPTION


11.4.2.1      Treatment of Wet Solid Radioactive Waste


NOTE:
Mobile radioactive waste processing is used in combination with portions of the SRW system described in this Chapter.  The details of the mobile SRW package and its interface with the SRW processing described in this chapter are contained in the Perry Process Control Program (Reference 1).


The types, anticipated quantities and expected activity levels of wet solid radioactive waste to be processed are identified in <Table 11.4‑1>.


The system diagram is presented in <Figure 11.4‑1>.  This diagram shows the process flow routes, process flow conditions, equipment capacities, instrumentation, and system design data.


Instrumentation, controls, alarms, and protection devices are discussed under <Section 11.4.2.4>.


The SRW system is designed to process spent resin slurry, precoat‑type filter backwash slurry, and traveling belt discharge cake.  These waste streams are transferred from the LRW system 


collection tanks to a vendors dewatering system.  After this transfer, the fill isolation valve is closed and the fill line is backflushed to the tank from which the waste stream originated.  


Processing of the waste is controlled from the SRW control panel and vendor system control panel.  Using selector switches on this panel, the operator selects which waste storage tank to take waste from filling the waste container is controlled from the vendor system control panel.

The method of waste processing is detailed in the Process Control Program.


Once onsite processing of the waste is complete, the overhead bridge crane picks up the container and takes it either to a short term storage area or to a truck bay where it is loaded for transfer to an authorized receiving, reprocessing, or storage area.


11.4.2.1.1      Component Failure and System Malfunctions


The SRW system is designed to preclude the accidental release of radioactive waste into the solid waste packaging area due to component failure or system malfunctions.  Instrumentation and controls monitor each phase of the packaging operation, serving to detect possible system malfunctions and terminate the packaging operation as required to prevent inadvertent releases of radioactive waste into the solid waste packaging area.  Full operator surveillance is maintained during the entire packaging operation through CCTV monitors located on and adjacent to the control panel.  Means are provided for the operator to terminate the 


packaging operation in instances of component failures which may cause the release of radioactive materials from the SRW system.  The possibility of component failures is considered very low because of the low pressures at which the packaging operation occurs.


The interface between the vendor’s system and permanent plant equipment is evaluated for accidental releases of radioactivity before the mobile system is approved for use.


The air flow patterns in the drumming station are such that any radioactive gases released would pass into the radwaste ventilation system, and be treated by a series of roughing, HEPA and charcoal filters prior to release to the environs <Figure 9.4‑7>.


11.4.2.2      Treatment of Dry Solid Radioactive Waste


A dry solid radwaste subsystem is provided for processing dry filter media (ventilation filters), contaminated clothing, equipment, tools and glassware, and miscellaneous radioactive wastes that are not amenable to solidification prior to packaging.


Potentially radioactively contaminated waste is collected throughout the RRA and brought to one of two main processing areas:  the Waste Abatement and Reclamation Facility (WARF) or the DAW handling area on the 623’‑6” elevation of the radwaste building.  Other areas may be established temporarily based on operational needs.


The types, anticipated quantities and expected activity levels of dry solid radioactive wastes are identified in <Table 11.4‑1>.  These numbers are based on operating plant data.


11.4.2.2.1      Compressible Dry Solid Radioactive Waste


Contaminated cloth, paper, glass, floor sweepings, and similar low‑level activity wastes are accumulated in designated storage areas.  The waste is stored until a sufficient amount accumulates to warrant shipment to an authorized processing and storage area located offsite.  All interim stored DAW is kept in metal containers or areas protected by fire suppression systems while onsite.

11.4.2.2.2      Incompressible Dry Solid Radioactive Waste


Spent filter cartridges, air filter elements, contaminated tools, and similar incompressible solid wastes are packaged in various size shipping containers depending on their size.  Shielding is provided around the shipping container as required.  Highly radioactive material is centered in the shipping container and solidification agent is added, thus providing additional shielding.


11.4.2.2.3      Segregation of Clean and Contaminated Loose Wastes


Normally segregation of clean and contaminated loose wastes is contracted to a licensed offsite vendor.  Should it be necessary to perform these activities on site the following processes can be performed:  A gamma/beta sensitive sorting system is utilized to segregate clean from contaminated loose waste (plastic, paper, visquene, etc.).  Potentially contaminated waste will be monitored for radioactivity levels above background before disposal as clean.  Material exhibiting any level of radioactivity above background, as demonstrated by the use of this equipment (or other equipment utilizing the same type of sensitive monitors) will either be decontaminated or disposed of as radioactive waste.  An aggregate of this sorted clean waste and other clean waste from the RRA will be monitored before disposal as clean.  This program is in compliance with <NRC Notice 85‑92>.


11.4.2.3      Detailed Component Design


All items under this Section address the permanent plant equipment that will interface with a vendor’s mobile system.


a.
Collection Tank Design



These tanks are treated as a part of the LRW system; refer to <Section 11.2.2.10.a>, for this information.


b.
General Pump Design



All pumps, whether centrifugal or positive displacement, are designed to the requirements of the Hydraulic Institute Standards for rating, testing, application, and materials.  For pumps handling radioactive fluids, shafts are sealed with mechanical seals which are balanced, single (or double if process fluid necessitates) seals with a carbon stationary insert, ceramic rotating seal ring, silicone or “EPR” elastomer O‑rings, 316L SS metal parts, flushing connection, vent and drain connection, and throttle bushing (for single mechanical seals only).  The vent and drain connections and the throttle bushings are provided to permit installation of a drain for the fluid that leaks from a worn seal.  The bearing lubrication that may leak out of the lubrication system will be allowed to accumulate on the pump base separate from the pump shaft seal drain piping.  A solenoid operated shutoff valve is provided for control of seal water to each pump with mechanical seals.  This valve is designed to open when the pump is started, to close when the pump is stopped, and to fail open on loss of power.


c.
Waste Mixing/Dewatering Tanks



Two redundant mixing/dewatering tanks are provided in shielded cubicles at Elevation 630’‑0”.  Each tank is an atmospheric, 



750 gallon, vertical, cone bottomed, 316L stainless steel vessel mounted off the floor on carbon steel support legs.  Connections are provided for vent/overflow, concentrate and slurry waste feeds, flushwater, level monitors, traveling belt filter chute discharge, dewatering, and drain.


A tank mixer is mounted on top of the tank and is controlled from the SRW control panel.  A manway with hinged cover is also located on top of the tank.  Inside the tank are the tank washdown nozzles, mixer blades all constructed of 316 or 316L stainless steel.

d.
Waste Dewatering Pumps



The dewatering pump is mounted on a base plate attached to the legs of the mixing/dewatering tank.  It is a 10 gpm, motor driven centrifugal pump, controlled from the SRW control panel.  The pump has two suction connections.  The upper connection is not used.  When used to drain the tank, it takes suction from a connection near the bottom of the tank.  The dewatering pump is constructed of 316 stainless steel.  Pump seals are single mechanical type.


e.
Waste Feed Pumps



The waste feed pump is mounted on a skid plate attached to the legs of the mixing/dewatering tank.  It is a progressing cavity, positive displacement, metering pump built to food industry standards.  It is driven by an SCR variable speed, dc motor and is controlled from the SRW control panel.  The SCR controller can be reset to adjust the pump flow rate from 15 to 40 gpm.  Portions of the feed pump in contact with radioactive fluids are constructed of 316L stainless steel.  Seals are double mechanical type.


f.
Overhead Bridge Crane



The bridge crane has a rated capacity of 15 tons and a span of 34’‑3”.  It is mounted on 60 pound ASCE rails that allow full travel of the crane in the north‑south direction between column lines RW‑A and RW‑D, permitting full access to the truck bay, temporary storage facility and processing gallery.



The unit is controlled entirely from the SRW control panel.  A 3‑position digital indexing and readout system on the control panel indicates where the bridge, trolley and hoist are at all times.  In addition to this system, the operator can view all movements of the crane on a closed circuit TV monitor.  For maintenance purposes, a local control station is provided, with controls for bridge, hoist and trolley.



The bridge, trolley and hoist have both high and low speeds; the former is for rough positioning and the latter is for accurate final positioning.  High/low speeds for the bridge, trolley and hoist are approximately 58/5.8, 50/5.0 and 22.5/2.25 fpm, respectively.  The bridge and trolley drives have full magnetic soft start electric starting controls to minimize drive wear.  The 



crane travel controls are such that when the load is not fully up, the bridge and trolley are permitted to move only when the hoist override control switch is turned “On”.  Bridge rail end stops are provided to limit travel of the bridge so that the load cannot hit the end walls.



All necessary controls, relays, etc., for controlling a power‑operated container uprighting mechanism are wired into the bridge crane and control panel for use in the event that one is purchased for future use.


g.
Shipping Containers



Normally, large containers will be used as shipping containers for processed waste.  The exact size varies from vendor to vendor.  Standard DOT 17H steel drums and steel boxes that comply with DOT Industrial Packaging requirements are used as shipping containers for compacted or non‑compacted waste.


h.
Dry Solid Radioactive Waste Hydraulic Compactor



Normally compactable waste is shipped to an offsite vendor for segregation and disposal.  If necessary, Perry can utilize two DAW compactors:  a 55‑gallon drum compactor and a 96 ft3 box compactor.  The following discussion addresses each compactor.



The dry active waste hydraulic drum compactor is designed specifically to compact paper, cloth, glass, floor sweepings, and other low‑level dry waste in standard 55‑gallon drums.  This equipment is located in the dry active waste handling facility on the 623’ 6” elevation of the radwaste building.


The hydraulic system operates at the relatively low pressure of 780 psi for long life.  However, the compacting piston is capable of giving a total force of 30,000 pounds.



The drum extension space is evacuated by a built‑in fan to prevent the dust from escaping into the room.  The air to the fan is drawn through a roughing filter and then a 0.3 micron HEPA filter, effectively trapping the dust.  Differential pressure gauges tell the operator when the filters need changing.  The used filters can be dropped into a drum in the compactor without being touched by hand.



Ram motion and direction are controlled by large heavy‑duty operating levers located at the operator’s station, as is the drum extension cylinder.  Control pushbuttons and indicating lights are also mounted in this location.  A NEMA 12 electrical box complete with disconnect switch, wired to all compactor electrical components is built into the right side of the machine.



The dry active waste hydraulic shredder/compactor is designed to specifically shred and then compact paper, plastic, wood, light metals, etc. into 96 ft3 standard metal boxes.  This equipment is located in the Waste Abatement and Reclamation Facility (WARF) located immediately east of the Emergency Service Water Pumphouse.



The hydraulic system operates at a hydraulic pressure of approximately 2,200 psi to provide sufficient compaction force and to power hydraulic cylinders and pumps for efficient, smooth movement of the box and its contents.  The compacting piston is capable of giving a total force of 340,000 pounds.



The shredder, filling and compaction chambers are kept at negative pressure to prevent the escape of radioactive dust into the facility.  The air to the exhaust fan is processed through a roughing filter and then a 0.12 micron ULPA (Ultra Low Penetration Air) filter (99.9995% efficient).  Differential pressure gauges tell the operator when the filters need changing.  The used filters can be replaced in a “bag‑in, bag‑out” arrangement.



Anti‑spring back devices are capable of being remotely loaded into the boxes without opening the filling chamber.  This allows for ease of insertion without the possibility of the operator becoming contaminated while putting the devices into the box of waste.  This also allows personnel radiation exposure to be maintained ALARA.



All operations of the shredder/compactor can be performed at the remote control panel located adjacent to the unit.  The filling and compaction operations can be viewed remotely via a camera.  The camera is capable of full maneuverability allowing for waste and box inspections without entering the compaction or filling chambers.


i.
Solidified Waste Storage Vault



A shielded area located adjacent to the radwaste truck bay on the 620’ elevation of the radwaste building, measuring 50’‑6” long by 25’‑6” wide by 13’‑4” high (usable height) is used to provide temporary onsite storage of packaged waste.  This allows for further decay time and lessens the effect on plant operations of such events as a trucker’s strike or temporary shutdown of a burial site.


j.
Interim/Temporary Storage of Radioactive Wastes



The interim/temporary storage of radioactive wastes were evaluated for compliance with <Generic Letter 81‑38>.  Radioactive waste collected onsite awaiting disposal off‑site is called temporary storage or staged waste.  Any radioactive waste remaining on‑site greater than 90 days is determined to be interim storage will have waste form and container selection considered for impact and must comply with <Generic Letter 81‑38>.



Radioactive waste may be stored anywhere within the generating facility, under the direction and approval of the Radiation 



Protection Manager.  A Radiation Protection Instruction (RPI) outlines the methods and protocol for storing and inspecting radioactive waste outside the RRA and/or the generating facility.


11.4.2.4      Instrumentation, Controls, Alarms, and Protective Devices


11.4.2.4.1      Controls


The SRW system is controlled entirely from the SRW panel and an adjacent control panel during all normal operations.  The control panel is equipped with the following:  a semi‑graphic display of the processing system; control switches for all normally used valves; control switches for all motor driven equipment; status lights for all power operated valves, pumps, indexing controls and readout for the bridge crane; readout of certain process parameters (levels); add a CCTV monitoring system of the processing gallery, storage vault and truck bay.  The control panel contains a solid state programmable controller to control the processing system.  In general terms, the process is controlled as explained in the following paragraphs:


To begin filling a waste container the operator verifies that the vendor system is installed properly and all necessary connections have been made to the permanent plant systems.  An empty waste container is placed in the waste process area and the vendor dewatering system fill head is placed on the waste container.  Valves are aligned to the LRW system necessary to select one of the following waste streams; spent resin, filter/demineralizer sludge or RWCU sludge.  Filling of the waste container is controlled from the vendor system control panel.  After filling the waste container the process lines are backflushed to the LRW tank from which the waste container was filled.

a.
(Deleted)

b.
(Deleted)

c.
(Deleted)

11.4.2.4.2      Instrumentation


a.
Waste Mixing/Dewatering Tanks



Each of these tanks has an ultrasonic level transmitter for level readout and high/low alarms on the control panel, and for control interlocking functions.  A back‑up high level probe is provided for control interlocking.

b.
Waste Feed Pumps



Each discharge line has a magnetic flowmeter for flow recording on the control panel.


11.4.3      REFERENCES FOR SECTION 11.4.


1.
Letter from M. R. Edelmen, CEI, to B. J. Youngblood, NRC, August 28, 1985 (PY‑CEI/NRR‑0329L).


TABLE 11.4‑1


MAXIMUM MONTHLY RADIOACTIVE WASTE INPUTS TO SOLID RADIOACTIVE WASTE SYSTEM





                      Quantity(8)


Maximum








Activity
     Method
Container





 Vol. per
Max. Batches
    Max. Vol
 Level
       of
Size to be



Waste Inputs
Batch (ft3)
 per Month 
per Month (ft3)
(Ci/ft3)
   Processing
Used (ft3)


2.
Spent resin slurry



from:



a.
Condensate




demineralizers




Dewater
50 or 200





  813 (Free Water)(2)

  813 (Free Water)
(per ft3 resin)




1,333 (Total)
    0.14
1,333 (Total)


b.
Radwaste
  504 (Wet Resin)(1)

  504 (Wet Resin)
2 x 10‑1 (per
Same as for
50 or 200




demineralizers
  830 (Free Water)(2)

  830 (Free Water)
ft3 resin)
condensate demin.





1,334 (Total)
    1
1,334 (Total)

resins.


3.
Backwash slurry from:  



a.
Condensate
  333 (Sludge)

 5,000 (Sludge)
5.15 x 10‑2
Dewater
50 or 200




filters
  600 (Free Water)(2)

 9,000 (Free Water)
per ft3 sludge)





  933 (Total)
   15
14,000 (Total)



b.
Reactor Water
   80 (Sludge)(3)

  400 (Sludge)
9.9 (per
Same as for
50




Cleanup F/D
  207 (Free Water)(2)

1,035 (Free Water)
ft3 sludge)
condensate filter




(Powdered resins)
  287 (Total)
    5
1,435 (Total)

sludge.



c.
Fuel Pool F/D
  333 (Sludge)(3)

  333 (Sludge)
1.55 x 10‑2
Same as for
50 or 200




(Powered resins)
  600 (Free Water)(2)

  600 (Free Water)
(per ft3 sludge)
condensate filter





  933 (Total)
    1
  933 (Total)

sludge.


TABLE 11.4‑1 (Continued)





                      Quantity(8)


Maximum








Activity
     Method
Container





 Vol. per
Max. Batches
    Max. Vol
 Level
       of
Size to be



Waste Inputs
Batch (ft3)
 per Month 
per Month (ft3)
(Ci/ft3)
   Processing
Used (ft3)


4.
Traveling belt
  0.133(4)
   65
    8.65
1.55 x 10‑2
Dewater
50 or 200



cake

5.
Dry compressible
     ‑
    ‑
3,000(5)
50 x 10‑6 
Compaction into
7.3 (55 gal.)



waste (clothing,



mCi/ft3(6)
waste drums



paper, general trash)


6.
Dry incompressible
     ‑
    ‑
 800(5)
5 x 10‑6
Packaged into
7.3 or 50



waste (tools, pipe,



mCi/ft3(6)(7)
waste drums high



filter elements, trash)



activity items are









surrounded by









solidification agent


NOTES:


(1)
Density of wet resin mixture is approximately 71.5 lb/ft3, of which, weight of resin is 23.25 lb and weight of absorbed and interstitial water is 48.25 lb.


(2)
The term “free water” is used here to mean the volume of water in excess of the sum of the amount absorbed in the resins sludge and the amount occupying the void spaces in the settled resin sludge volume.


(3)
Density of powdered resin sludge is approximately 66 lb/ft3, of which, weight of powdered resin is 13 lb, and weight or absorbed and interstitial water is 53 lb.


(4)
Backwash from TBF is a moist cake, containing approximately 15.3 lb of diatomaceous earth and crud, and up to 35.7 lb of water.


(5)
The average expected volumes of dry solid wastes are 1,650 ft3/mo. (compressible) and 500 ft3/mo. (noncompressible).


(6)
The isotopes present are expected to consist primarily of miscellaneous fission products proportional to those found in the reactor coolant.


(7)
Certain filters may attain much higher activity levels depending on the fluid stream being filtered; these will be packaged within the solidified waste.


(8)
Volumes are based on the process flow data for the liquid radwaste system.


(9)
The Evaporators steam supply has been permanently cut.

TABLE 11.4‑2


SOLID RADWASTE SYSTEM INFLUENT NUCLIDE ACTIVITIES







   Condensate


  Radwaste Filter







 Filter Sludge(1)

     Sludge(2)


Isotope


 ____(Ci/cc_____

  ____(Ci/cc_____



Na‑24



2.9‑3



Negligible



P‑32




4.6‑3



   9.7‑6



Cr‑51



1.4‑1



   4.6‑3



Mn‑54



1.2‑2



   8.8‑3



Co‑58



1.4+0



   3.7‑1



Co‑60



1.6‑1



   1.3‑1



Fe‑59



2.2‑2



   2.7‑3



Zn‑65



6.2‑4



   4.0‑4



Zn‑69m



3.1‑5



Negligible



Ag‑110m



1.8‑2



   1.2‑2



Ag‑110



1.8‑2



   1.2‑2



W‑187



2.0‑2



Negligible



TOTAL



1.8+0



   5.5‑1


NOTES:


(1)
Activity based on 4 days accumulation of 8 batches followed by a 2 day decay period.


(2)
Activity based on 100 days accumulation of 149 batches of filter sludge from the waste collector and floor drain systems followed by a 100 day decay period.


TABLE 11.4‑3 (Deleted)

TABLE 11.4‑4


SOLID RADWASTE SYSTEM DEMINERALIZER ACTIVITIES



RWCU Filter/



Demineralizer
  Condensate
  Radwaste



   Sludge
 Demineralizer
Demineralizer


Isotope
__((Ci/cc)___
 __((Ci/cc)___
__((Ci/cc)___


P‑32
2.1‑2

‑‑

‑‑


Cr‑51
3.5+0

‑‑

‑‑


Mn‑54
2.1+0

‑‑

‑‑


Co‑58
1.4+2

‑‑

‑‑


Co‑60
3.1+1

‑‑

‑‑


Fe‑59
1.3+0

‑‑

‑‑


Zn‑65
1.0‑1

‑‑

‑‑


Br‑83
  ‑‑

‑‑
6.5‑4


Br‑84
  ‑‑
  ‑‑
1.2‑4


I‑131
8.7‑1
6.6‑7
2.9‑1


I‑134
  ‑‑

‑‑
1.8‑3


Sr‑89
7.0+1
2.2‑2
4.1‑1


Tc‑101
  ‑‑
  ‑‑
2.2‑4


Cs‑134
1.1+1
1.8‑2
5.3‑2


Cs‑136
1.0‑1
3.2‑7
4.1‑3


Cs‑138
  ‑‑
  ‑‑
7.0‑4


Ba‑139
  ‑‑
  ‑‑
2.5‑3


Sr‑90
1.7+1
3.2‑2
8.1‑2


Y‑90
1.7+1
3.2‑2
6.5‑2


Sr‑92
  ‑‑

‑‑
6.0‑3


Y‑92
  ‑‑
 
‑‑
9.2‑3


TABLE 11.4‑4 (Continued)



RWCU Filter/



Demineralizer
  Condensate
  Radwaste



   Sludge
 Demineralizer
Demineralizer


Isotope
__((Ci/cc)___
 __((Ci/cc)___
__((Ci/cc)___


Mo‑99
2.3‑5

‑‑
1.6‑1


Tc‑99m
2.5‑5

‑‑
8.1‑2


Ru‑103
3.0‑1
5.5‑5
2.1‑3


Rh‑103m
2.9‑1
5.3‑5
1.1‑3


Ru‑106
1.6‑1
2.3‑4
7.6‑4


Rh‑106
1.6‑1
2.3‑4
6.0‑4


Ag‑110m
2.9+0

‑‑

‑‑


Ag‑110
2.9+0

‑‑

‑‑


Te‑132
5.2‑4

‑‑
3.9‑1


I‑132
5.2‑4

‑‑
2.3‑2


I‑135
  ‑‑
  ‑‑
3.8‑2


Cs‑137
1.8+1
3.4‑2
8.1‑2


Ba‑137m
1.8+1
3.4‑2
6.5‑2


Ba‑140
6.6+0
1.2‑5
3.2‑1


La‑140
7.7+0
1.4‑5
6.5‑2


Ba‑142
  ‑‑

‑‑
2.1‑4


La‑142
  ‑‑

‑‑
7.6‑4


Ce‑143
  ‑‑

‑‑
1.1‑4


Pr‑143
3.8‑2

‑‑
1.5‑3


Ce‑144
2.1+0
2.9‑3
9.7‑3


Pr‑144
2.1+0
2.9‑3
7.6‑3


Nd‑147
5.6‑3

‑‑
4.2‑4


TABLE 11.4‑4 (Continued)



RWCU Filter/



Demineralizer
  Condensate
  Radwaste



   Sludge
 Demineralizer
Demineralizer


Isotope
__((Ci/cc)___
 __((Ci/cc)___
__((Ci/cc)___


Pm‑147
9.4‑3
3.4‑6
2.5‑5


Np‑239
1.3‑5

‑‑
1.4+0


Pu‑239
2.2‑3
4.5‑7
6.5‑1


Br‑85
  ‑‑

‑‑
9.2‑6


Sr‑91
  ‑‑
  ‑‑
3.8‑2


Y‑91m
  ‑‑
 
‑‑
3.6‑3


Y‑91
1.3+0
1.9‑4
2.7‑1


Zr‑95
1.1+0
5.3‑4
6.5‑3


Nb‑95m
2.4‑2
1.1‑5
8.7‑5


Nb‑95
1.9+0
9.8‑4
8.1‑3


Zr‑97
  ‑‑
 
‑‑
4.2‑5


Nb‑97m
  ‑‑

‑‑
3.0‑6


Nb‑97
  ‑‑
 
‑‑
4.9‑6


Te‑129m
4.9‑1
6.1‑5
3.8‑3


Te‑129
  ‑‑

‑‑
8.7‑6


I‑129
  ‑‑

‑‑
4.8‑6


I‑133
  ‑‑
  ‑‑
1.4‑1


Ba‑141
  ‑‑

‑‑
3.5‑4


La‑141
  ‑‑

‑‑
2.8‑3


Ce‑141
1.2+0
1.4‑4
2.4+0


Totals
3.6+2
1.8‑1
7.1+0
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11.5      PROCESS AND EFFLUENT RADIOLOGICAL MONITORING AND SAMPLING SYSTEMS


The process and effluent radiological monitoring and sampling systems are provided to allow determination of the content of radioactive material in various gaseous and liquid process and effluent streams.  The design objective and criteria are primarily determined by the system designation of either:


a.
Instrumentation systems required for safety, or


b.
Instrumentation systems required for plant operation.


11.5.1      DESIGN BASES


11.5.1.1      Design Objectives


11.5.1.1.1      Systems Required for Safety


The main objective of radiation monitoring systems required for safety is to initiate appropriate protective action to limit the potential release of radioactive materials from the reactor vessel and primary and secondary containment, if predetermined radiation levels are exceeded in major process/effluent streams.  An additional objective is to provide control room personnel with an indication of the radiation levels in the major process/effluent streams, plus alarm annunciation if high radiation levels are detected.


Main steam line and containment ventilation exhaust radiation monitoring is provided to meet these objectives.


11.5.1.1.2      Systems Required for Plant Operation


The main objective of radiation monitoring systems required for plant operation is to provide operating personnel with measurement of the content of radioactive material in all effluent and important process streams.  This complies with plant normal operational limits by providing gross radiation level monitoring and collection of halogens and particulates on filters (gaseous effluents) as required by <Regulatory Guide 1.21>.  Additional objectives are to initiate discharge valve isolation on the offgas or liquid radwaste systems if predetermined release rates are exceeded and to provide for sampling at certain radiation monitor locations to allow determination of specific radionuclide content.


The radiation monitoring provided to meet these objectives are:


a.
For gaseous effluent streams



1.
Unit Vent



2.
Offgas Vent Pipe



3.
Turbine Building/Heater Bay Vent


b.
For liquid effluent streams



1.
Radwaste discharge



2.
Emergency service water system (Loops A and B)


c.
For gaseous process streams



1.
Offgas pretreatment



2.
Offgas post‑treatment



3.
Carbon bed vault



4.
Annulus exhaust



5.
Steam packing exhauster


d.
For liquid process streams



1.
Underdrain



2.
Nuclear closed cooling water


11.5.1.2      Design Criteria


11.5.1.2.1      Systems Required for Safety


The design criteria for the safety‑related radioactivity monitoring systems are that the systems:


a.
Withstand the effect of natural phenomena (e.g., earthquakes) without loss of capability to perform their functions.


b.
Perform their intended safety function in the environment resulting from normal and postulated accident conditions.


c.
Meet the reliability, testability, independence, and failure mode requirements of engineered safety features.


d.
Provide continuous outputs on control room panels.


e.
Permit checking of the operational availability of each channel during reactor operation with provision for calibration function and instrument checks.


f.
Assure an extremely high probability of accomplishing their safety functions in the event of anticipated operational occurrences.


g.
Initiate prompt protective action prior to exceeding plant limits.


h.
Provide warning of increasing radiation levels indicative of abnormal conditions by alarm annunciation.


i.
Insofar as practical, provide self‑monitoring of components to the extent that power failure or component malfunction causes annunciation and channel trip.


j.
Maintain full scale output if radiation detection exceeds full scale.


k.
Have sensitivities and ranges compatible with anticipated radiation levels.


The applicable General Design Criteria are 63 and 64.  The systems meet the design requirements for Safety Class 2, Seismic Category I systems, along with the quality assurance requirements of <10 CFR 50, Appendix B>.


11.5.1.2.2      Systems Required for Plant Operation


The design criteria for operational radiation monitoring systems are that the systems:


a.
Provide continuous indication of radiation levels in the control room.


b.
Provide warning of increasing radiation levels indicative of abnormal conditions by alarm annunciation.


c.
Insofar as practical, provide self‑monitoring of components to the extent that power failure or component malfunction causes annunciation and, for systems initiating discharge isolation, channel trip.


d.
Monitor a sample representative of the bulk stream or volume.


e.
Have provisions for calibration, function and instrumentation checks.


f.
Have sensitivities and ranges compatible with anticipated radiation levels.


g.
Maintain full scale output if radiation detection exceeds full scale.


The instrument channels monitoring discharges from the gaseous and liquid radwaste treatment systems have provisions to alarm and to initiate automatic closure of the waste discharge valve on the affected treatment system prior to exceeding the normal operation limits as required by <Regulatory Guide 1.21>.


The applicable General Design Criteria are 60, 63 and 64.


11.5.2      SYSTEM DESCRIPTION


11.5.2.1      Systems Required for Safety


Information on the system monitors is presented in <Table 11.5‑1> and the arrangements shown in <Figure 11.5‑1 (1)>, <Figure 11.5‑1 (2)>, <Figure 11.5‑1 (3)>, <Figure 11.5‑1 (4)>, <Figure 11.5‑1 (5)>, <Figure 11.5‑1 (6)>, <Figure 11.5‑1 (7)>, <Figure 11.5‑1 (8)>, <Figure 11.5‑1 (9)>, <Figure 11.5‑1 (10)>, <Figure 11.5‑1 (11)>, and <Figure 11.5‑1 (12)>.


11.5.2.1.1      Main Steam Line Radiation Monitoring System


This system monitors the gamma radiation level exterior to the main steam lines.  The normal radiation level is produced primarily by coolant activation gases plus smaller quantities of fission gases being transported with the steam.  In the event of a gross release of fission products from the core, this monitoring system provides channel trip signals for isolation of the CRVICS reactor water sample valves.


The system consists of four redundant instrument channels.  Each channel consists of a local detector (gamma‑sensitive ion chamber) and a control room ratemeter with an auxiliary trip unit.  Power for the two channels (A and C) is supplied from the reactor protection system (RPS) bus A and for the other two channels (B and D) from RPS bus B.  Channels A and C are physically and electrically independent of channels B and D.


The detectors are physically located in separate pipe wells which extend into the steam tunnel near the main steam lines just downstream of the outboard main steam line isolation valves.  The detectors are geometrically arranged so that this system is capable of detecting significant increases in radiation level with any number of main steam lines in operation.  <Table 11.5‑2> lists the range of the detectors.


Each radiation monitor has two upscale (high‑high and high), one downscale and one inoperative trip circuits.  Each trip is visually displayed on the affected radiation monitor.  A high‑high or inoperative trip in the radiation monitor results in a channel trip, which is an input to the CRVICS.  A logic trip from a one‑out‑of‑two twice MSL channel trip results in initiation of reactor water sample valve closure.  A logic trip from one‑out‑of‑two MSL channels “A” or “C” results in initiation of condenser air removal pump shutdown, and closure of the condenser air removal pump isolation valve.  A high trip actuates a MSL high radiation control room annunciator.  A downscale trip actuates a MSL downscale control room annunciator common to all channels.  High and low trips do not result in a channel trip.  Each radiation monitor visually displays the measured radiation level.


11.5.2.1.2      Containment Ventilation Exhaust Radiation Monitors


This system monitors the radiation level exterior to the containment ventilation system exhaust duct.  A high activity level in the ductwork could be due to fission gases from a leak or an accident.


The system consists of four redundant instrument channels.  Each channel consists of a local detection assembly (containing a Geiger‑Mueller (GM) tube and electronics) and a control room ratemeter.  Power for two channels (A and C) is supplied from RPS bus A and for the other two channels (B and D) from RPS bus B.  Channels A and C are physically and electrically independent of channels B and D.  One two‑pen recorder powered from an inverter on the 125 volt dc non‑divisional bus allows the output of two channels to be recorded by the use of selection switches.  The detection assemblies are physically located outside and adjacent to the exhaust ducting downstream of the containment discharge isolation valves.


Each radiation monitor provides both an analog output signal and a contact which opens on upscale (high‑high) radiation or an inoperative 


circuit.   Two‑out‑of‑two upscale/inoperative trips in channels A and D initiate closure of the containment ventilation outboard isolation valves and the drywell outboard isolation valves.  The same condition for channels B and C initiates closure of the containment inboard valves and drywell inboard valves.


An upscale/inoperative trip is visually displayed on the affected radiation monitor ratemeter and actuates a containment and drywell ventilation exhaust high‑high inoperative radiation control room annunciator.  A downscale trip is also visually displayed on the radiation monitor ratemeter.  Containment and drywell vent high radiation and downscale trip control annunciators common to all channels and are generated from the analog signal.  Each radiation monitor ratemeter visually displays the measured radiation level.  <Table 11.5‑2> lists the range of the detectors.


11.5.2.2      Systems Required for Plant Operation


Information on these systems is presented in <Table 11.5‑1>, <Table 11.5‑2>, and <Table 11.5‑3> and the arrangements are shown in <Figure 11.5‑1>.


11.5.2.2.1      Offgas Pretreatment Radiation Monitor


This system monitors radioactivity in the condenser offgas at the inlet to the holdup piping after it has passed through the offgas condenser and moisture separator.  The monitor detects the radiation level which is attributable to the fission gases produced in the reactor and transported with steam through the turbine to the condenser.


A continuous sample is extracted from the offgas pipe via a sample line.  It is then passed through a sample chamber and a sample panel before being returned to the suction side of the steam jet air ejector (SJAE).  The sample chamber is a stainless steel pipe which is internally 


polished to minimize plateout.  It can be purged with room air to check detector response to background radiation by using a three‑way solenoid operated valve.  The valve is controlled by a switch located in the control room.  The sample panel measures and indicates sample line flow.  A detector (GM tube) is positioned adjacent to the vertical sample chamber and is connected to a ratemeter in the control room.


Power is supplied from an inverter on the 125 volt dc non‑divisional bus for the radiation monitor, detector and recorder; power is also supplied from a 120 volt ac miscellaneous distribution panel for the sample and vial sampler panels which can be transferred to a diesel bus.


The radiation monitor has three trip circuits:  one upscale and one downscale in the radiation monitor itself, and one upscale in the recorder.


The trip outputs are used for alarm function only.  The ratemeter trip functions are visually displayed and all trip outputs actuate control room annunciators for each of the following:  offgas high, offgas recorder and offgas downscale/inoperative.  High or low sample line flow measured at the sample panel actuates a control room offgas post‑treatment sample high‑low flow annunciator.


The radiation level output by the monitor can be directly correlated to the concentration of the noble gases by using the semiautomatic vial sampler panel to obtain a grab sample.  To draw a sample, a serum bottle is inserted into a sampler chamber, the sample lines are evacuated and a solenoid‑operated sample valve is opened to allow offgas to enter the bottle.  The bottle is then removed and the sample is analyzed in the


counting room with a multichannel gamma pulse height analyzer to determine the concentration of the various noble gas radionuclides.  A correlation between the observed activity and the monitor reading permits calibration of the monitor.


11.5.2.2.2      Offgas Post‑Treatment Radiation Monitor


This system monitors radioactivity in the offgas piping downstream of the offgas system charcoal adsorbers and upstream of the offgas system discharge valve.  A continuous sample is extracted from the offgas system piping, passed through the offgas post‑treatment sample panel for monitoring and sampling, and returned to the offgas system piping.  The sample panel has a pair of filters (one for particulate collection and one for halogen collection) in parallel (with respect to flow) with two identical continuous gross radiation detection assemblies.  Each gross radiation assembly consists of a shielded chamber, a set of GM tubes and a check source.  Two radiation monitor ratemeters in the control room analyze and visually display the measured gross radiation level.


The sample panel shielded chambers can be purged with room air to check detector response to background radiation by using a solenoid valve operated from the control room.  The sample panel measures and indicates sample line flow.  A solenoid operated check source for each detection assembly operated from the control room can be used to check operability of the gross radiation channel.


Power is supplied from an inverter on the 125 volt dc non‑divisional bus for the radiation monitors and recorders, and from a 120 volt ac miscellaneous distribution panel for the sample panel purge circuit.


Each radiation monitor has three trip circuits:  two upscale (high‑high‑high and high), and one downscale (low/inoperative).  Each trip is visually displayed on the radiation monitor.  These three trips actuate corresponding control room annunciators:  offgas post‑treatment 


high‑high‑high radiation, offgas post‑treatment high radiation and offgas post‑treatment downscale/inoperative.  A trip circuit on the 


recorder actuates an offgas post‑treatment high‑high radiation annunciator.  High or low sample flow measured at the sample panel actuates a control room offgas post‑treatment sample panel high‑low flow annunciator.


An auxiliary trip unit in the control room takes the high‑high‑high (HHH) and downscale trip outputs and, if its logic is satisfied, initiates closure of the offgas system discharge and drain valves.  The logic is satisfied if two HHH, one HHH and one downscale, or two downscale trips occur.  The HHH trip setpoints are determined such that valve closure is initiated prior to exceeding release rate limits.  Any one high upscale trip initiates closure of offgas system bypass line valve and permits opening of the treatment line valve.


A vial sampler panel similar to the pretreatment sampler panel is provided for grab sample collection to allow isotopic analysis and gross monitor calibration.


11.5.2.2.3      Carbon Bed Vault Radiation Monitor


Carbon vault A and B are monitored for gross gamma radiation level.  Each channel includes detector, a ratemeter and a locally mounted auxiliary unit.  The ratemeter is located in the control room.  The channel provides for sensing and readout, both local and remote of gamma radiation over a range of six logarithmic decades (1 to 106 mR/hr).


The ratemeter has one adjustable upscale trip circuit for alarm and one downscale trip circuit for instrument trouble.  The trip circuits are capable of operational verification by means of test signals or through the use of portable gamma sources.  Power is supplied from an inverter on the 125 volt dc non‑divisional bus.


11.5.2.2.4      Plant Vent Radiation Monitor


This unit monitors a sample of the plant vent effluent discharge <Figure 9.4‑18> for particulate, iodine and gas radioactivity and also provides samples of the collected particulate and halogen for laboratory analysis.  A representative sample is continuously extracted from the plant vent through an isokinetic probe in accordance with ANSI N13.1‑1969 with the additional feature of manually regulating the sample flow in proportion to the vent stack flow.  The sample is supplied through a 1 inch sample line which is also used to supply a representative sample to the postaccident effluent radiation monitors.  This sample line is heat traced to preclude any condensation.  A portion of this representative sample is taken by another isokinetic probe and passed through the shielded particulate, iodine and gas detector assemblies which are provided with scintillation detectors and check sources.  The ratemeters in the control room analyze and visually display the measured radiation level for the particulate (gross Beta), gas (gross Beta) and Iodine cartridge (gamma).


Power is supplied from the non‑1E 120 volt ac miscellaneous distribution panel for the radiation monitor ratemeters and recorders.  The 480 volt ac 3(/non‑1E diesel backed bus supplies power for the sample pumps.  Power for the isokinetic sample pump is non‑1E diesel backed to ensure system availability.


Each of the ratemeters has two upscale and one downscale trip circuits which are visually displayed on the ratemeter and annunciated in the control room.  The noble gas ratemeter has an alarm detection circuit which activates at full scale and shuts off the high voltage and sample pump.   High or low differential pressure across the filters at the sample panel are annunciated in the control room.


11.5.2.2.5      Turbine Building/Heater Bay Vent Radiation Monitor


This unit monitors a sample of the turbine building/heater bay vent discharge for particulate, iodine and gas radioactivity and also provides samples of the collected particulate and halogen for laboratory analysis.  A representative sample is continuously extracted from the turbine building/heater bay discharge vent downstream of the exhaust fans shown in <Figure 9.4‑9>.  Sampling and monitoring is as described for the plant vent radiation monitor.


Power is supplied from the non‑1E 120 volt ac miscellaneous distribution panel for the ratemeters and recorders.  The 480 volt ac 3(/non‑1E diesel backed bus supplies power for the sample pumps.  Power for the isokinetic sample pump is non‑1E diesel backed to ensure system availability.


Each of the ratemeters has two upscale and one downscale trip circuits which are displayed on the ratemeters and annunciated in the control room.  The noble gas ratemeter has an alarm detection circuit which activates at full scale and shuts off the high voltage and sample pump.  High or low differential pressure across the filters at the sample panel are annunciated in the control room.


11.5.2.2.6      Offgas Vent Pipe Monitor


This unit monitors a sample of the offgas vent pipe discharge downstream of the exhaust fans <Figure 9.4‑10> for particulate, iodine and gas activity and also provides samples of the collected particulate and halogen for laboratory analysis.  A representative sample is continuously extracted from the offgas vent pipe and monitored as described for the plant vent radiation monitor.


Power is supplied from non‑1E 120 volt ac miscellaneous distribution panel for the radiation monitor ratemeters and recorders.  480 volt ac 


3(/non‑1E diesel backed bus supplies power for the sample pumps.  Power for the isokinetic sample pump is non‑1E diesel backed to assure system availability.


Each of the ratemeters has two upscale and one downscale trip circuits which are visually displayed on the ratemeters and annunciated in the control room.  The noble gas ratemeter has an alarm detection circuit which activates at full scale and shuts off the high voltage and sample pump.   High or low differential pressure across the filters, measured at the sample panel, are annunciated in the control room.


11.5.2.2.7      Annulus Exhaust Radiation Monitor


These units monitor the annulus exhaust for gas activity (gross Beta) and provides samples of collected particulate and halogen for laboratory analysis. The units are identified as Annulus Exhaust ‑ Train A Radiation Monitor and Annulus Exhaust ‑ Train B Radiation Monitor.  A sample is continuously extracted from the annulus exhaust duct downstream of the annulus exhaust filter trains A and B through an isokinetic probe <Figure 6.5‑1>.  The sample is passed through a fixed particulate sample filter, a fixed halogen collection cartridge, and through a shielded scintillation detector with a check source.  The detector monitors the gross Beta gas activity.  Ratemeters in the control room analyze and visually display the measured gas activity.


Power is supplied from the non‑1E 120 volt ac miscellaneous distribution panel for the ratemeters and recorders while the sample pumps are


supplied by the 480 volt ac 3(/non‑1E diesel backed bus. 


The ratemeter has two upscale and one downscale trip circuits which are visually displayed on the ratemeter and annunciated in the control room.  High or low differential pressure measured across the filters in the sample panel are annunciated in the control room.


11.5.2.2.8      Steam Packing Exhauster Radiation Monitor


The discharge from the steam packing exhauster is monitored for radioactivity by a shielded inline detector assembly which is provided with a scintillation detector and a check source.  The detector assembly is located on the steam packing exhauster effluent line which discharges to the offgas vent pipe as shown in <Figure 10.1‑10>.  A ratemeter in the control room analyzes and visually displays the measured radiation (gross Gamma).


Power is supplied from the non‑1E 120 volt ac miscellaneous distribution panel for the ratemeter and recorder.


The ratemeter has two upscale and one downscale trips which are displayed on the ratemeter and are annunciated in the control room.


11.5.2.2.9      Liquid Process and Effluent Monitoring Systems


These systems, listed in <Table 11.5‑3>, monitor the gamma radiation levels of liquid process and effluent streams.  With the exception of the radwaste system effluent, the streams monitored normally contain only background levels of radioactive materials.  Increases in radiation level may be indicative of heat exchanger leakage or equipment malfunction.


Power is supplied from an inverter on the 125 volt dc non‑divisional buses for the radiation monitors and recorders, and from a 120 volt ac local bus for the sample panels.  The underdrain liquid monitors are powered by a non‑1E 120 volt bus.


Each radiation monitor has three trip circuits:  two upscale (high‑high and high) and one downscale (low).  Each trip is visually displayed on the affected radiation monitor.  Two of these trips actuate corresponding control room annunciators:  one upscale (high‑high 


radiation) and the downscale for the affected liquid monitoring channel.  High or low sample flow measured at the sample panel actuates a control room flow annunciator for the affected liquid channel.


For each liquid monitoring location, except for the underdrain system, a continuous sample is extracted from the liquid process pipe, passed through a liquid sample panel which contains a detection assembly for gross gamma radiation monitoring, and returned to the process pipe.  The detection assembly consists of a scintillation detector mounted in a shielded sample chamber equipped with a check source.  A ratemeter in the control room displays the measured gross radiation level and the analog signal is recorded.


The sample panel chamber and lines can be drained to allow assessment of radiation background.  The panel measures and indicates sample line flow.  A solenoid operated check source operated from the control room can be used to check operability of the channel.


11.5.2.2.9.1      Radwaste Effluent Radiation Monitor


This system consists of one channel, the radwaste effluent to ESW discharge pipe, which monitors the radioactivity in the radwaste effluent prior to its discharge <Figure 11.2‑1>.


Liquid waste can be discharged from several radwaste processed water tanks such as the floor drain sample tanks, waste sample tanks, chemical waste distillate tanks, or detergent drain tanks.  These tanks contain liquids that have been processed through one or more treatment systems such as evaporation, filtration and ion exchange.  Prior to discharge from any tank, the liquid in the appropriate tank is sampled and analyzed.  Based upon this analysis, discharge is permitted at a specified release rate and dilution rate.


The upscale trip on the radwaste effluent radiation monitor is used to initiate closure of the radwaste system discharge valve.  The trip point is set such that closure is initiated prior to exceeding limits for liquid effluents.  When the channel is inoperable, an override switch is used to allow discharging to continue.  Prior to the switch being in OVERRIDE, additional sampling is performed.  Annunciation will occur when the switch is in OVERRIDE.  The upscale trip also actuates an annunciator in the control room.


11.5.2.2.9.2      Emergency Service Water Radiation Monitoring


This system consists of two channels <Figure 9.2‑1>:  one for monitoring downstream of equipment in emergency service water system Loop A and the other for Loop B.  If a high radiation level is detected, the affected emergency service water line can be manually isolated.


11.5.2.2.9.3      Nuclear Closed Cooling System Radiation Monitoring


This system has a channel for monitoring downstream of equipment in the nuclear closed cooling water system <Figure 9.2‑4>.


11.5.2.2.9.4      Underdrain System Radiation Monitor


The condition where amounts of radioactive material resulting in radionuclide concentration in the underdrain system approaching significant levels has been analyzed and is considered highly unlikely <Section 2.4.13.3>.  However, radiation monitors will be located inside the gravity discharge system manholes, at the point where the lower subsystem liquid effluent discharges into the gravity drain system, to continuously monitor and detect gross amounts of radioactive concentrations in the groundwater of the underdrain system.


These radiation monitors are mounted where the underdrain service and backup pumps discharge into the manhole <Figure 2.4‑71>.  One monitor 


will be located in the east gravity discharge system manhole and one monitor will be located in the west gravity discharge system manhole.


Each radiation monitor will transmit a preamplified signal to its associated ratemeter located in the control room.  When the level of radioactivity at either radiation monitor exceeds a preset value, the associated channel will alarm in the control room, alerting the operator, and automatically stop the service pumps, and the backup pumps in the underdrain system.  Radioactive concentrations of the magnitude as postulated by the failure of a waste collector tank <Section 15.7.2> and <Section 15.7.3>, can be detected and alarmed by these radiation monitors.


Continuous monitoring of the liquid effluent discharge from the underdrain system will ensure that the limits of <10 CFR 20, Appendix B> are not exceeded, and that early detection of abnormalities is achieved.


11.5.2.3      Inspection, Calibration and Maintenance


11.5.2.3.1      Inspection and Tests


During reactor operation, daily checks of system operability are made by observing channel behavior.  At periodic intervals during reactor operation, the detector response (of each monitor provided with a remotely positioned check source) will be recorded together with the instrument background count rate to ensure proper functioning of the monitors.  Any detector whose response cannot be verified by observation during normal operation or by using the remotely positioned check source 


will have its response checked with a portable check source.  A record will be maintained showing the background radiation level and the detector response.


Appropriate channels are tested in accordance with plant procedures.  Verification of valve operation, ventilation diversion or other trip function will be done at the time of testing if it can be done without jeopardizing the plant safety.  The tests will be documented.


11.5.2.3.1.1      Detailed Inspection and Tests


a.
The following monitors have alarm trip circuits which can be tested by using test signals or portable gamma sources:



1.
Main steam line



2.
Containment ventilation exhaust



3.
Offgas pretreatment



4.
Carbon bed vault


b.
The following monitors include built‑in check sources which can be operated from the control room:



1.
Offgas post‑treatment



2.
Annulus exhaust



3.
Offgas Vent Pipe



4.
Unit Vent



5.
Turbine Building/Heater Bay Vent



6.
Steam packing exhauster



7.
Radwaste effluent to ESW



8.
Emergency service water



9.
Nuclear closed cooling water


11.5.2.3.2      Calibration


The radiation monitor’s calibration is traceable to certified National Institute of Standards and Technology (NIST) or commercial radionuclide standards.  The source‑detector geometry during primary calibration is identical to the sample‑detector geometry in actual use.  Secondary standards which were counted in reproducible geometry during the primary calibration may be used with each monitor for calibration after installation.  A calibration can also be performed by using liquid or gaseous radionuclide standards or by analyzing particulate, iodine or gaseous grab samples with laboratory instruments.


11.5.2.3.3      Maintenance


The detectors, electronics, recorders, and sample pumps are serviced and maintained to ensure reliable operations.  Such maintenance includes cleaning, lubrication and assurance of free movement of the recorder in addition to the replacement or adjustment of components required after performing a test or calibration check.  If work is performed which would affect the calibration, a recalibration is performed at the completion of the work.


11.5.2.3.4      Audits and Verifications


Independent audits and verifications of test, calibration and maintenance records and procedures are conducted as described in <Section 17.2>.


11.5.3      EFFLUENT MONITORING AND SAMPLING


11.5.3.1      Implementation of General Design Criterion 64


All potentially radioactive effluent discharge paths are continuously monitored for gross radiation level.  Liquid releases are monitored for gross gamma with the exception of the Turbine Building atmospheric drain line from the Turbine Building supply plenum.  The Turbine Building atmospheric drain line will be monitored with grab samples as established in <Table 11.5‑6>.  Solid waste shipping containers are monitored with gamma sensitive portable survey instruments.  Gaseous releases are monitored for gross gamma, gamma, and gross beta.  Gaseous batch releases from low radioactivity areas needed to support maintenance activities, plant surveillances, or recovery from a potentially hazardous chemical atmosphere, where discharge through the normal effluent points is not practical, are controlled and monitored in accordance with the methodology of the ODCM for inoperable gaseous effluent monitors.  The following gaseous effluent paths are sampled and monitored:


a.
Unit Vent


b.
Offgas Vent Pipe


c.
Turbine Building/Heater Bay Vent


The following liquid effluent paths are sampled and monitored:



Liquid Radwaste System



Emergency Service Water (Loops A and B)


The monitors and ranges are listed in <Table 11.5‑2>.


For the atmospheric drain line on the Turbine Building supply plenum, periodic samples are taken for isotopic and tritium analysis to monitor this pathway.


An isotopic analysis is performed periodically on samples obtained from each effluent release path in order to verify the adequacy of effluent processing to meet the discharge limits to unrestricted areas.


This effluent monitoring and sampling program is used to provide the information for the effluent measuring and reporting programs required by <10 CFR 50.36a>, <10 CFR 50, Appendix A> (General Design Criterion 64), <10 CFR 50, Appendix I> and <Regulatory Guide 1.21> in annual reports to the NRC.  The frequency of the periodic sampling and analysis described herein is a minimum and will be increased if effluent levels approach limits.  <Table 11.5‑4>, <Table 11.5‑5>, <Table 11.5‑6>, and <Table 11.5‑7> present the sample schedules.


11.5.4      PROCESS MONITORING AND SAMPLING


11.5.4.1      Implementation of General Design Criterion 60


The potentially significant radioactive discharge paths are equipped with a control system to automatically isolate the discharge on indication of a high radiation level.  These include:


a.
Offgas post‑treatment


b.
Containment ventilation exhaust


c.
Liquid radwaste effluent


The effluent isolation functions for each monitor are given in <Table 11.5‑1> and <Table 11.5‑3>.


11.5.4.2      Implementation of General Design Criterion 64


Radiation levels in radioactive and potentially radioactive process streams are monitored by the following process monitors:


a.
Main steam line


b.
Offgas pretreatment


c.
Offgas post‑treatment


d.
Carbon bed vault


e.
Nuclear closed cooling water


f.
Underdrain


g.
Steam packing exhauster


h.
Annulus exhaust


Airborne radioactivity in the containment, drywell, fuel handling building, and other areas are monitored as described in <Section 12.3.4> as these are used to monitor in‑plant airborne radioactivity.


The area radiation monitors described in <Section 12.3.4> detect abnormal radiation levels in the various process equipment rooms.


Batch releases are sampled and analyzed prior to discharge in addition to the continuous effluent monitoring.  The radwaste process monitoring systems are listed in <Table 11.5‑2>.


TABLE 11.5‑1


GASEOUS AND AIRBORNE PROCESS AND EFFLUENT RADIATION MONITOR


Radiation Monitor(1)
    Sample Point
Instrument Channels
      Function
   Location


1D17K610 A,B,C,D
Pipewells in steam
Ion chambers ‑
Control Room alarms
Steam Tunnel,


2D17K610 A,B,C,D
tunnel downstream
redundant channels
and indication.
Auxiliary


Main Steam Line
of outer isolation

Isolates Reactor
Building



valve

Water Sample Valves
630’





and Condenser Air





Removal Lines


1D17K612
Sample from the
Geiger‑Mueller
Control Room alarms
Turbine


2D17K612
offgas water

and indication
Building


Offgas Pretreatment
separator effluent


577’


1D17K601 A,B
Sample from carbon
Geiger‑Mueller
Control Room alarms
Offgas


2D17K601 A,B
vault discharge
Redundant channels
and indication.
Building


Offgas Post‑


Isolates Offgas
584’


treatment


System


1D17K611 A,B
Detectors view Carbon
Geiger‑Mueller
Control Room
Offgas


2D17K611 A,B
Bed Vault’s A and B

indication and
Building


Carbon Bed Vault
Refrigeration Ductwork

alarms
603’


1D17K609 A,B,C,D
Ventilation duct
Geiger‑Mueller
Control Room
Intermediate


2D17K609 A,B,C,D
downstream of
Redundant channels
indication and
Building,


Containment
Containment

alarms.  Close
Containment


Ventilation Exhaust
Isolation Valve

Containment and
Ventl. Exh.





Drywell Purge
Duct





Ventl. System valves
672’


TABLE 11.5‑1 (Continued)


Radiation Monitor(1)
    Sample Point
Instrument Channels
      Function
   Location


1D17K690 A,B
Isokinetic sample
Beta scintillation
Local and Control
Intermediate


2D17K690 A,B
downstream of filter
channel for gases
Room alarms and
Building


Annulus Exhaust
trains
and sample filters
indication
620’


Train A and Train B

for particulate and




halogen with sample




pump


1D17K780
Isokinetic sample
3‑Channel, Gas‑
Local and Control
Intermediate


2D17K780
from Unit Vent
Halogen‑Particulate,
Room alarms and
Building


Unit Vent
Auto‑isokinetic
scintillation type
indication
682’



sampler
with sample pump


1D17K850
Isokinetic sample
3‑Channel, Gas‑
Local and Control
Heater Bay


2D17K850
from HB/TB Vent
Halogen‑Particulate,
Room alarms and
Equipment


Turbine Building/
Auto‑isokinetic
scintillation type
indication
House 667’


Heater Bay Vent
sampler
with sample pump


1D17K830
Isokinetic sample
3‑Channel, Gas‑
Local and Control
Turbine


2D17K830
from Offgas Vent
Halogen‑Particulate,
alarms and
Building


Offgas Vent Pipe
Pipe Auto‑isokinetic
scintillation type
indication
620’



sampler
with sample pump


1D17K840
Steam packing
Inline gas
Control Room alarms
Turbine


2D17K840
exhauster effluent
scintillation
and indication
Building


Steam Packing
line
channel

624’


Exhauster


NOTE:


(1)
Tag numbers with 1D17K‑‑‑ are associated with Unit 1, 2D17K‑‑‑ are associated with Unit 2, and 



D17K‑‑‑ are common to Unit 1 and Unit 2.


TABLE 11.5‑2


PROCESS AND EFFLUENT RADIATION MONITORING SYSTEM CHARACTERISTICS






No. of Trips


     Monitoring
Number of
      Detector
  Instrument
  Upscale ‑
High (Trip)
Prealarm


      Systems  
Units(1)
     Sensitivity
 Range (Scale)
  Downscale 
Setpoint(2)
Setpoint(2)

Main Steam Lines
 4‑IC
3.7 x 10‑10 amp/R/hr
1 to 106 mr/hr
     2‑1
ORM
Above Full








Power








Background


Offgas Pretreatment
 1‑GM
        ‑
1 to 106 mr/hr
     2‑1
ORM
Variable


Offgas Post‑
 2‑GM
1.2 x10‑4 µCi/cc 
10 to 106 
     3‑1
ORM
Variable


Treatment

(Kr‑85)
counts/min




Carbon Bed Vault
 2‑GM
        ‑
1 to 106 mr/hr
     1‑1
     NA
Above








Background


Containment Ventl.
 4‑GM
        ‑
.01 to 100 mr/hr
     2‑1
Technical
Above


Exhaust


(each channel)

Specification
Background


Annulus Exhaust
 2‑BSD‑G
1x10‑6 µCi/cc 
10 to 106
     2‑1
Variable
Above




(Xe‑133)
counts/min


Background


Unit Vent Exhaust
 1‑BSD‑G
4.7x10‑7 µCi/cc
10 to 106
     2‑1




  (Kr‑85)
counts/min



 1‑BSD‑P
2.7 x 10‑11 µCi/cc
(each channel)

See Note(3)
See Note(3)



  (Cs‑137)



 1‑GSD‑H
1.6 x 10‑11 µCi/cc




  (I‑131)


Turbine Bldg./
 1‑BSD‑G
4.7x10‑7 µCi/cc 
10 to 106
     2‑1


Heater Bay Vent
 
  (Kr‑85)
counts/min



 1‑BSD‑P
2.7 x 10‑11 µCi/cc
(each channel)

See Note(3)
See Note(3)



  (Cs‑137)



 1‑GSD‑H
1.6 x 10‑11 µCi/cc




  (I‑131)


Offgas Vent Pipe
 1‑BSD‑G
4.7x10‑7 µCi/cc
10 to 106
     2‑1




  (Kr‑85)
counts/min



 1‑BSD‑P
2.7 x 10‑11 µCi/cc
(each channel)

See Note(3)
See Note(3)



  (Cs‑137)



 1‑GSD‑H
1.6 x 10‑11 µCi/cc




  (I‑131)


TABLE 11.5‑2 (Continued)






No. of Trips


     Monitoring
Number of
      Detector
  Instrument
  Upscale ‑
High (Trip)
Prealarm


      Systems  
Units(1)
     Sensitivity
 Range (Scale)
  Downscale 
Setpoint(2)
Setpoint(2)

Steam Packing
 1‑BSD‑G
3.8 x 10‑6 (Ci/cc
10 to 106
     2‑1
Variable
Variable


Exhauster

  (Xe‑133)
counts/min.


Emergency Service
 1‑GSD‑L
1 x 10‑6 (Ci/cc
10 to 106
     1‑1
Variable
Variable


Water Loop A

  (Cs‑137)
counts/min


Emergency Service
 1‑GSD‑L
1 x 10‑6 (Ci/cc
10 to 106
     1‑1
Variable
Variable


Water Loop B

  (Cs‑137)
counts/min.


Nuclear Closed
 1‑GSD‑L
1 x 10‑6 (Ci/cc
10 to 106
     1‑1
Variable
Variable


Cooling Water

  (Cs‑137)
counts/min.


Plant Radwaste
 1‑GSD‑L
1 x 10‑6 (Ci/cc
10 to 106
     1‑1
ODCM
   ‑


Discharge ‑ ESW

  (Cs‑137)
counts/min.

See Note(3)

Discharge







Underdrain
 1‑GSD‑L
8.5 x 10‑6 (Ci/cc
10 to 106
     2‑1
Variable
Variable




  (I‑GSD‑L)
counts/min.


NOTES:


(1)
Types of detectors are designated as follows:



 GM
‑ Geiger‑Mueller detector



 IC
‑ Ion chamber detector



 BSD‑G ‑ Beta scintilation detector ‑ Gas Channel



 BSD‑P ‑ Beta scintilation detector ‑ Particulate Filter



 GSD‑A ‑ Gamma scintilation detector ‑ Halogen Cartridge



 GSD‑L ‑ Gamma scintilation detector ‑ Liquid Channel


(2)
Setpoints to be revised as required to be compatible with limits established and current calibrated sensitivity of the applicable channel.


(3)
Basis for setpoint calculations:



a.
For noble gas channels, setpoints calculated in accordance with the Offsite Dose Calculation Manual based on compliance 





with <10 CFR 20> limits for unrestricted areas.



b.
For particulate and iodine channels, setpoints are variable.


TABLE 11.5‑3


LIQUID PROCESS AND EFFLUENT RADIATION MONITORS


Radiation Monitor(1)
    Sample Point
Instrument Channels
  Function
Location


1D17K604 ‑ 2D17K604
ESW ‑ Loop A
Gamma ‑ scint.,
Control Room
Auxiliary


Emergency Service
downstream of RHR
        offline
indication and alarm
Building


Water Loop A
Heat Exchanger
with sample pump

568’ ‑ East






and West


1D17K605 ‑ 2D17K605
ESW ‑ Loop B
Gamma ‑ scint.,
Control Room
Auxiliary


Emergency Service
downstream of RHR
        offline
indication and alarm
Building


Water Loop B
Heat Exchanger
with sample pump

568’ ‑ West






and East


D17K607
Downstream of
Gamma ‑ scint.,
Control Room
Control


Nuclear Closed
nuclear closed
        offline
indication and alarm
Complex


Cooling System
Cooling Heat
with sample pump

599’



Exchangers


D17K606
Radwaste line
Gamma ‑ scint.,
Control Room and
Auxiliary


Radwaste Effluent
downstream of
        offline
Radwaste Control Room
Building


to ESW ‑ Discharge
discharge valves
with sample pump
indication and
620’ ‑ East



G50‑F153 and

alarm.  Close



G50‑F155

discharge valve on





high trip.


D17K820 A&B
Gravity Drain System
Gamma ‑ scint.,
Control Room
Gravity Drain


Underdrain System
discharge lines
        INLINE
indication and
System Manhole





alarm.  Stop
No. 20 & 23,





underdrain pumps on
608’





high trip.


TABLE 11.5‑3 (Continued)


NOTE:


(1)
Tag numbers with 1D17K‑‑‑ associated with Unit 1, 2D17K‑‑‑ associated with Unit 2, and D17K‑‑‑ are common to Unit 1 and Unit 2.


TABLE 11.5‑4


RADIOLOGICAL ANALYSIS SUMMARY OF LIQUID PROCESS SAMPLES




   Grab




  Sample

   LLD



Sample Description
 Frequency
   Analysis
 ((Ci/ml) 
        Purpose


1.
Reactor Coolant
31 days
Iodine Dose
 5 x 10‑7
Evaluate fuel cladding



<Figure 5.1-1>

Equivalent

  integrity




72 hours
Gamma Spectrum
 5 x 10‑7
Determine radionuclides







  present in system







(activity referenced in





<Table 11.1‑1>, 







<Table 11.1‑2>, 







<Table 11.1‑3>, 







<Table 11.1‑4>, 







<Table 11.1‑5>, and 






<Table 11.1‑6>


2.
Reactor Water Cleanup
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate cleanup efficiency



System <Figure 5.4‑16>,



(typical demineralizer



<Figure 5.4‑17>



activity referenced in







<Table 11.4‑4>)


3.
Condensate Demineralizer



<Figure 10.1‑6>



  Influent
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate demineralizer







  performance



  Effluent
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate demineralizer







  performance







<Table 11.2‑10>


4.
Condensate Storage Tank ‑
Weekly
Gamma Spectrum
 1 x 10‑6
Tank inventory



Unit 1 (500,000 gal.)


TABLE 11.5‑4 (Continued)




   Grab




  Sample

    LLD



Sample Description
 Frequency
   Analysis
 ((Ci/ml) 
       Purpose


5.
Condensate Storage Tank ‑
Weekly
Gamma Spectrum
 1 x 10‑6
Tank inventory



Unit 2 (500,000 gal.)


6.
Fuel Pool Filter



Demineralizer



  Inlet and Outlet
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate system performance



  (~1,000 gpm)


7.
Waste Collector Tank
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate system performance



(36,500 gal. nominal cap.)


8.
Floor Drain Collector
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate system performance



Tank (36,500 gal. nominal



cap.)


9.
Chemical Waste Tank
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate system performance



(19,650 gal. capacity)


TABLE 11.5‑4 (Continued)




   Grab




  Sample

    LLD



Sample Description
 Frequency
   Analysis
 ((Ci/ml) 
        Purpose


11.
Evaporator Distillate
Periodically
Gamma Spectrum
 1 x 10‑6
Evaluate evaporator



Tanks (2; 20,000 gal. 



performance



each)


12.
Nuclear Closed Cooling
Quarterly
Gamma Spectrum
 1 x 10‑6
Evaluate system integrity



(<Figure 9.2‑4>



(Normal activity



system flow 23,000 gpm)



negligible)


TABLE 11.5‑5


RADIOLOGICAL ANALYSIS SUMMARY OF GASEOUS PROCESS SAMPLES




 Sample

   LLD



   Sample Description
Frequency
   Analysis
 ((Ci/ml) 
      Purpose


1.
Offgas Pre‑Treatment

Gamma Isotopic(2)
1 x 10‑4
Determine offgas



Sample



activity(1)


a. Downstream of Offgas
Monthly


Isotopic composition



   Condenser



and fuel performance


2.
Offgas Post‑treatment Sample
Gamma Isotopic(2)
1 x 10‑4
Determine offgas







system cleanup







performance(1)


a. Upstream of Charcoal
Periodically



   Adsorber



b. Downstream of First 
Periodically


Evaluate Charcoal



   Charcoal Adsorber



Noble Gas Delay



c. Downstream of all
Monthly


Determine Noble Gas release



   Charcoal Beds



rate from charcoal beds.


NOTES:


(1)
Anticipated process flow is 6‑30 cfm; compositions are referenced in <Table 11.3‑1>.


(2)
Principal emitters for LLD are Kr‑85m, Kr‑87, Kr‑88, Xe‑133, Xe‑135, Xe‑138.


TABLE 11.5‑6


RADIOLOGICAL ANALYSIS SUMMARY OF LIQUID EFFLUENT SAMPLES




   Sample

   LLD



   Sample Description
Frequency(2)
   Analysis
 ((Ci/ml) 
           Purpose


1.
Floor Drain Sample Tank
Batch(1)
Gamma Isotopic(5)
  5 x 10‑7
Effluent discharge record



(34,000 gal. capacity)

Dissolved Gas(4)
  1 x 10‑5
<Table 11.2‑15>





I‑131
  1 x 10‑6

2.
Waste Sample Tanks
Batch(1)
Gamma Isotopic(5)
  5 x 10‑7
Effluent discharge record



(34,000 gal. capacity)

Dissolved Gas(4)
  1 x 10‑5
<Table 11.2‑15>





I‑131
  1 x 10‑6

3.
Chemical Waste Distillate
Batch(1)
Gamma Isotopic(5)
  5 x 10‑7
Effluent discharge record



Tanks (19,100 gal. 

Dissolved Gas(4)
  1 x 10‑5
<Table 11.2‑15>



capacity)

I‑131
  1 x 10‑6

4.
Detergent Drain Tank
Batch(1)
Gamma Isotopic(5)
  5 x 10‑7
Effluent discharge record



(1,550 gal. capacity)

Dissolved Gas(4)
  1 x 10‑5
(normal activity





I‑131
  1 x 10‑6
negligible)


5.
Liquid Radwaste Effluents



(<Table 11.2‑10> for



flow and activities)



  Composite of all
Monthly
Tritium
  1 x 10‑5
Effluent discharge record



  tanks discharged(3)

Gross Alpha
  1 x 10‑7



Quarterly
Sr‑89/90
  5 x 10‑8



Quarterly
Fe‑55
  1 x 10‑6

TABLE 11.5‑6 (Continued)




 Sample

   LLD



   Sample Description
Frequency
   Analysis
 ((Ci/ml) 
           Purpose


6.
Circulating Water
Quarterly
Gamma Isotopic
  5 x 10‑7
Effluent discharge record



Cooling Tower Blowdown



(8,200 gpm)


7.
Underdrain sumps
Quarterly
Gamma Isotopic
  5 x 10‑7
Effluent discharge record



(~80 gpm)



(negligible normal







activity)







<Section 15.7.3.5>


8.
Discharge canal
Weekly
Gamma Isotopic
  5 x 10‑7
Effluent discharge record



(~67,000 gpm)



<Table 11.2‑13>


9.
Emergency Service Water

Gamma Isotopic(5)
 5 x 10‑7
Effluent discharge record



Loops A and B, outlet
Weekly(6)
Dissolved Gas(4)
 1 x 10‑5


of RHR Heat Exchangers

I‑131
 1 x 10‑6


Composite of all
Monthly
Tritium
 1 x 10‑5


Tanks Discharged

Gross Alpha
 1 x 10‑7



Quarterly
Sr‑89/90
 5 x 10‑8




Fe‑55
 1 x 10‑6

10.
Atmospheric drain line
Weekly(7)(10)
Gamma Isotopic(5)
 5 x 10‑7
Effluent discharge record



from Turbine Building
Monthly(7)
Dissolved Gas(8)
 1 x 10‑5


supply plenums
Monthly(9)
Tritium
 1 x 10‑5




Gross Alpha
 1 x 10‑7



Quarterly(9)
Sr‑89/90
 5 x 10‑8




Fe‑55
 1 x 10‑6

TABLE 11.5‑6 (Continued)


NOTES:


(1)
If tank is to be discharged, analyses will be performed on each batch.  If tank is not to be discharged, analyses will be performed periodically to evaluate equipment performance.


(2)
If no discharge event occurs during the period frequency shall be so adjusted.


(3)
Refer to <Table 11.2‑8> for equipment flows.


(4)
Analysis is run on one batch release per month.


(5)
Principal gamma emitters for which the LLD specification applies:  Mn‑54, Fe‑59, Co‑58, Co‑60, Zn‑65, Mo‑99, Cs‑134, Cs‑137, Ce‑141, and Ce‑144.  (Note:  The LLD for Ce‑144 is 5 x 10‑6)


(6)
Samples will be drawn every 12 hours during operation if activity is greater than LLD.  Samples are normally drawn daily and composited weekly for analysis.


(7)
Sampling is only required when the drains have been directed to storm drains.


(8)
Analysis is run on one grab sample per month.


(9)
Composite sample from weekly grab samples.


(10)
Samples are normally drawn daily when the drains have been directed to storm drains and composited weekly for analysis.


TABLE 11.5‑7


RADIOLOGICAL ANALYSIS SUMMARY OF GASEOUS EFFLUENT SAMPLES




 Sample

     LLD



   Sample Description
Frequency
   Analysis
   ((Ci/ml) 
         Purpose


1.
Unit Vents, Heater Bay/
 Weekly
Principal gamma
   1x10‑11
     Effluent Record(5)


Turbine Building Vents,

emitters(1)


Offgas Vent Pipe(4)

for at least





I‑131 and





Ba‑La‑140





I‑131(2)
   1x10‑12




I‑133(2)
   1x10‑10



 Monthly
Principal gamma
   1x10‑4



 Grab
emitters(3)



 Monthly
Gross Alpha(1)
   1x10‑11



 Composite




 Quarterly
Sr‑89, 90
   1x10‑11



 Composite




 Monthly
Tritium
   1x10‑6

NOTES:


(1)
On particulate filter ‑ Principal gamma emitters are Mn‑54, Fe‑59, Co‑58, Co‑60, Zn‑65, Mo‑99, I‑131, Cs‑134, Cs‑137, Ce‑141, and Ce‑144.


(2)
On charcoal cartridge.


(3)
Gas samples ‑ Principal gamma emitters are Kr‑87, Kr‑88, Xe‑133m, Xe‑133, Xe‑135, and Xe‑138.


(4)
Effluent flow rates are referenced in <Figure 11.3‑3>.


(5)
Compositions are listed in <Table 11.3‑9> and <Table 11.3‑10>.
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12.0      RADIATION PROTECTION


12.1      ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW AS REASONABLY ACHIEVABLE (ALARA)


12.1.1      POLICY CONSIDERATIONS


The management of the FirstEnergy Nuclear Operating Company (FENOC) recognizes its responsibility and authority to operate and maintain the Perry Nuclear Power Plant in a manner that provides for the safety of plant personnel and the public.  In accordance with the regulations, the company will maintain the policy of keeping radiation exposure as low as reasonably achievable (ALARA).


It is the intent of the ALARA Program to demonstrate that reasonable measures have been taken to maintain the radiation exposure of plant personnel and members of the public as far below the regulatory limits as reasonably obtainable.


The Manager, Radiation Protection is responsible for the radiation health and safety of PNPP.  To implement his responsibilities, the Manager, Radiation Protection ensures:  the necessary supervisory and technical support is available to provide radiation protection program oversight for monitoring radiological work activities during plant operation, maintenance, and refueling; the planning of the radiological work activities is accomplished to minimize worker doses; and the necessary actions are taken to reduce radiation sources within the plant ensuring occupational radiation doses are maintained ALARA during all radiological work activities.


The Director of the Site Engineering Department has the responsibility to assure that all design work includes appropriate ALARA considerations for installation, operation and maintenance of each design package.


The Director, Site Operations Department, and the Director, Performance Improvement Department have the complete responsibility for all onsite activities in connection with the safe and efficient operation and maintenance of the PNPP.  They are responsible for managing the affairs of the plant to ensure reliable, efficient and safe operation.


The Director, Site Operations Department, Director, Perry Engineering Department, and the Radiation Protection Manager work in concert to implement the Company’s ALARA policy.  However, it is the responsibility of all supervision to enforce the requirements for keeping radiation doses ALARA, and the responsibility of each individual to comply with these requirements.


12.1.2      DESIGN CONSIDERATIONS


12.1.2.1      Design Features


Ensuring that occupational radiation doses are ALARA was begun during the early design of PNPP.  By familiarizing design engineers with ALARA concepts, and by providing review of the design by radiation protection personnel, the operation of the PNPP will result in personnel doses that are ALARA and will fulfill the intent of <Regulatory Guide 8.8>, <Regulatory Guide 8.10>, and <10 CFR 20>.


The following design criteria have been, and will continue to be, adhered to:


a.
Access labyrinths are provided for rooms housing equipment that contain high radiation sources to preclude a direct radiation path from the equipment to accessible areas.


b.
Piping penetrations, ducts and voids in radiation shield walls are located to preclude the possibility of streaming from a high to low radiation area or otherwise will be adequately shielded.


c.
Shielding discontinuities caused by shield plugs, concrete hatch covers and shield doors to high radiation areas are provided with offsets to reduce radiation streaming.


d.
Radioactive piping is routed through high radiation areas where practicable, or in shielded pipe chases in low radiation areas.


e.
Sufficient work area and clearance space is provided around equipment to permit ease of servicing.


f.
Instruments requiring in situ calibration are not normally located in high radiation areas.


g.
Non‑radioactive equipment which requires servicing is not normally located in proximity with potentially radioactive equipment.


h.
Spread of contamination from radioactive spillage is minimized by providing a floor drain system which collects and routes the liquid to the liquid waste processing system for proper handling. 



Decontamination of an area is facilitated by use of materials and coatings which lend themselves to cleaning by standard methods.


i.
Natural traps which could be potential pockets for corrosion product activity are minimized in pipe and ducts by avoiding sharp bends, rough finishes and cracks.


j.
Shielding is provided for equipment which is anticipated to be normally radioactive.  The dose levels are designed not to exceed <10 CFR 20> requirements under the worst operating conditions of the plant.


k.
Temporary shielding, such as lead blankets, is available on the site in case it is ever needed.


l.
Remote handling of radioactive materials is provided wherever it is needed and practicable.


m.
Process piping that may contain radioactive fluids is routed and dimensioned on piping system drawings, thereby minimizing any field run radioactive piping.


n.
Redundant components for the radwaste processing system have been supplied to increase flexibility in plant operations and decrease radiation doses during maintenance.


o.
Most radioactive components can be flushed to decrease radiation levels and subsequent personnel doses from maintenance.


p.
The radwaste handling system is designed to the extent practicable to be remotely operated and have remote‑manual overrides in case a failure occurs.


12.1.2.2      Utilization of Experience Gained from Operating Facilities to Ensure that Radiation Doses are ALARA


An important aspect in the design of a nuclear facility is the feedback information obtained from plants currently operating.  For this design feedback, information has been obtained directly from operating facilities and from governmental and industrial publications.  The following areas of information represent the type of feedback useful in plant design:


a.
Operational radiation levels.


b.
Trends in radiation levels associated with years of operation based on plant type, plant size, power levels, and plant design.


c.
Radiation zones as determined by occupancy requirements and actual radiation levels.


d.
Location of components with respect to plant operability.


e.
Reliability of components.


f.
Adequacy of plant layout in terms of traffic patterns, and space allocation, such as around radioactive components requiring maintenance, inspections and pipe routing.


g.
Number of plant employees associated with different tasks and the resulting person‑rem doses.


Feedback information is used in the design of the plant to identify potential problem areas.  Such problems are reviewed with regard to current design and, where applicable, modifications made to the design to eliminate or decrease the potential for such problems to arise.


12.1.2.3      Design Guidance Given to Individual Designers


The following design guidance has been given to individual designers of systems associated with radiation protection:


a.
Follow guidance given in <Regulatory Guide 8.8> and <Regulatory Guide 8.10>.


b.
Use maximum realistic source strengths in all calculations.


c.
Consider all sources that significantly contribute to the dose at a particular point.


d.
Place instrument readouts and items needing routine surveillance or attention in as low as practicable radiation zone.


e.
Make the design sensitive to the expected procedures of plant personnel under normal operation and anticipated occurrences.


12.1.2.4      Design Review Procedures


Independent design reviews are performed by competent specialists to assess the implementation of the design criteria and further ensure that the final design is compatible with maintaining occupational radiation doses ALARA.  All designs influencing radiological control in the plant are reviewed by competent professionals in the area of radiation protection.


As indicated in <Section 12.1.2.3>, personnel associated with design aspects influencing radiation protection have been given the basic ALARA principles.  After the preliminary design and layout of the system, a shielding engineer analyzes the various radiation sources and specifies shielding as necessary to conform to the appropriate radiation zone requirements.  Radiation protection personnel review the system in terms of the total plant operation and specify necessary changes to keep occupational radiation doses ALARA.  Radiation protection personnel are part of the overall design team and report their findings directly to the design project management for the PNPP.  These findings are considered in conjunction with design requirements from disciplines not directly associated with radiation control to determine what modifications, if any, should be made to promote ALARA radiation doses.


12.1.2.5      Decommissioning Design Considerations


The radiation protection aspects of the plant design are described in <Section 12.1.2> and <Section 12.3.1>.  While these features assure that the plant can be operated and maintained with ALARA exposures, they will 


also aid in the ALARA aspects of decommissioning.  These include shielding, accessibility criteria, equipment separation, decontamination features, and system design considerations.


In addition, a detailed study was performed for the plant that designates the required removal paths for major equipment located within structures of the nuclear island and secondary plant.  The report contains the following information.


a.
A list of path numbers by building and floor elevation including minimum path size and floor loading (PSF ‑ live load) for each designated path.


b.
Identification of major equipment for each structure on a floor‑by‑floor basis including total equipment and component weights, as applicable.


c.
Where removal requirements were defined, required route numbers are indicated for each piece of equipment.  Where elevators are used in the removal scheme, elevations are indicated for loading and unloading points.


d.
Plant layout drawings are also provided showing the major equipment and removal routes for each floor elevation.


12.1.3      OPERATIONAL CONSIDERATIONS


The site ALARA Committee is comprised of plant staff personnel representing the various disciplines, such as Radiation Protection, Operations, Maintenance, and Nuclear Engineering.  The site ALARA Committee is responsible for the overall coordination of the Station ALARA Program and for advising site management in matters relating to ALARA in accordance with <Regulatory Guide 8.8>.


Responsibilities of the site ALARA Committee shall include:


a.
Ensure that a program is established with a management philosophy to maintain occupational exposures ALARA, with specific goals and objectives for implementation,


b.
Ensure that an effective measurement system is established and used to determine the degree of success achieved by station operations with regard to the program goals and specific objectives;

c.
Ensure that the measurement system results are reviewed on a periodic basis and that corrective actions are taken when attainment of the specific objectives appears to be jeopardized;

d.
Ensure that the authority for providing procedures and practices by which the specific goals and objectives will be achieved is delegated; and

e.
Ensure that the resources needed to achieve goals and objectives to maintain occupational radiation exposures ALARA are made available.


12.1.3.1      ALARA Training Program


The Radiation Worker Training (RWT) at PNPP will help implement the Company’s ALARA policy in accordance with <10 CFR 20>.  RWT will help 


workers understand how radiation protection relates to their jobs and all workers will have frequent opportunities to discuss radiation safety with the Radiation Protection Section personnel when the need arises.


A Radiation Work Permit (RWP) will be initiated for work activities based on the radiation, removable contamination and/or airborne activity levels to be encountered and by the area of the plant where the work will take place.  An RWP is also required for work which involves open radioactive systems or when required by Radiation Protection.


The Radiation Work Permit will help implement the Company’s ALARA policy in accordance with <10 CFR 20> by defining the radiological hazards and requiring specific radiological precautions.  The RWP also becomes a record of how various jobs were performed and the radiological problems associated with specific jobs.  By reviewing expired RWP’s, recommendations can be made to change procedures or equipment that will result in lower radiation exposures in the future.


Training and RWP requirements will help ensure that the Company’s ALARA policy is fulfilled.  Some techniques that may be used are:


a.
Temporary shielding may be used.  Temporary shielding will be used only if total exposure, which includes installation and removal of the shielding, will be effectively reduced.


b.
Prior to performing maintenance work, consideration will be given to flushing and/or chemically decontaminating in order to reduce crud levels and personnel exposure.


c.
Dry run training will be used for jobs with exceptional radiological problems to familiarize personnel with the work they must perform at the job site.  These techniques will assist in 



improving efficiency and minimize the amount of time spent in radiation areas.  These efforts will be documented to improve future efforts.


d.
As much as practicable, work will be performed outside radiation areas.  This includes items such as reading instruction manuals or procedures, adjusting tools or jigs, repairing valve internals, and prefabricating components.


e.
For long term repair jobs, consideration will be given to establishing remote observation stations to assist supervising personnel in monitoring work progress from a lower radiation area.


f.
On some jobs, special tools or jigs will be used so that work will be performed more efficiently to reduce errors, thus minimizing the time spent in a radiation area.  Special tools may be used to increase the distance from a radiation source to the worker, thereby reducing the exposure.


g.
Entry and exit control points will be established in areas with low levels of radiation to limit the exposure of personnel donning protective equipment or generally preparing to work in such areas.  The access control points will be designed to minimize the spread of contamination from the work areas.


h.
Protective clothing and respiratory protection equipment will be selected to minimize the discomfort of workers and to minimize the Total Effective Dose Equivalent (TEDE) of the workers.  Efficiency will increase and less time will be spent in radiation areas.


i.
Personnel will be assigned self reading dosimeters to estimate exposure during a work assignment.


j.
On jobs where general area radiation levels are high, radiation protection coverage may be required during the period of work.


k.
On intricate jobs, especially those which involve high radiation levels, preplanning will include estimation of the person‑rem needed to complete the job.  At the completion of the work, a debriefing session may be held with the personnel that performed the work (when practical) in an effort to determine how the work could have been completed more efficiently and with less radiation exposure.


12.1.3.2      Radiation Zoning and Access Control


During normal full power operation, the design maximum whole body dose rates within the plant that might be received by operating personnel, contractors and authorized visitors will depend upon the following zone designations:













Dose Rate


Zone



Designation




(mrem/hr)


I


Unlimited Occupancy




  (0.5


II


Normal Continuous Occupancy


  (2.5


III


Controlled, Limited Access (4hr/wk)
  (25


IV


Controlled, Limited Access (1hr/wk)
  (100


V


Controlled, Limited Access (<1 hr/wk)
  >100


12.1.3.2.1      Zone I


Zone I areas can be occupied by station personnel or visitors on an unlimited time basis.  Health hazards due to ionizing radiation in Zone I are absolutely minimal.  Access control to Zone I areas is due to security considerations.


12.1.3.2.2      Zone II


Design allows Zone II areas to have a higher dose rate than Zone I areas but still allows normal, continuous occupancy.  Areas where radiation levels exist such that a major portion of the body could receive in any one hour a dose of 0.5 mrem or more.


12.1.3.2.3      Zone III


Zone III areas are designed for a maximum dose rate of 25 mrem/hr and for limited access of less than or equal to 4 hr/wk.  Areas in which there exists radiation at such levels that a major portion of the whole body could receive in one hour a dose in excess of 5 mrem at 30 cm from the radiation source or from any surface that the radiation penetrates, will be designated as Radiation Areas.  Access to a Zone III, Zone IV or a Zone V area will require personnel monitoring and a Radiation Work Permit.


12.1.3.2.4      Zone IV


Zone IV areas are designed for limited access of less than or equal to 1 hr/wk and a maximum dose rate of 100 mrem in 1 hour at 30 cm from the radiation source or from any surface that the radiation penetrates.  Zone IV areas will be designated as Radiation Areas as described in <Section 12.1.3.2.3> above.

12.1.3.2.5      Zone V


Zone V areas are designated as High Radiation Areas (greater than 100 mrem in 1 hour at 30 cm from the Radiation Source or from any surface that the radiation penetrates).  Access shall 


not occur unless absolutely necessary.  High Radiation Areas with general area dose rates greater than 1,000 mrem/hr or Very High Radiation Area where radiation levels could result in an individual receiving an absorbed dose in excess of 500 RADs in 1 hour at 1 meter from a radiation source or from any surface that the radiation penetrates, will be controlled in accordance with Perry Technical Specification 5.7.

12.1.3.2.6      General Guidelines for Maintenance in High Radiation Areas


a.
Work will be performed in accordance with Regulatory Guide 8.8, Information Relevant To Ensuring That Occupational Radiation Exposures at Nuclear Power Stations Will Be As Low As Reasonably Achievable and in accordance with the applicable Radiation Protection Nuclear Operating Procedures.

(DELETED)

(DELETED)




Revision 14



12.1‑1
October, 2005





Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

other pages.


TM - 1.2”

LM – 1.1”

HD - 0.7”

Page setup for Landscape


BM - 0.5”

RM - 1”

FT - 0.7”

pages 24-27.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


12.2      RADIATION SOURCES


12.2.1      CONTAINED SOURCES


12.2.1.1      Source Terms


With the exception of the vessel and drywell shields, shielding designs are based on fission product and activation product sources consistent with <Section 11.1>.  For shielding, it is conservative to design for fission product sources at peak values rather than an annual average, even though experience supports a lower annual average than the design average (Reference 1).  It should be noted that activation products, principally Nitrogen‑16, control shielding calculations in most of the primary system.  In areas where fission products are significant, conservative allowance is made for transit decay, while at the same time providing for transient increase of the noble gas source, daughter product formation and energy level of emission.  Areas where fission products are significant relative to Nitrogen‑16 include:  the condenser offgas system downstream of the steam jet air ejector, liquid and solid radwaste equipment, portions of the reactor water cleanup system, and portions of the feedwater system downstream of the hotwell including condensate treatment equipment.


For application, the design sources are grouped first by location and then by equipment type (e.g., reactor building, core sources).  The following paragraphs represent the source data in various pieces of equipment throughout the plant.  General locations of equipment are shown in the general plant arrangement drawings of <Section 1.2> and <Section 12.3>.


12.2.1.2      Reactor Building


12.2.1.2.1      Radiation Sources from the Reactor Core


The information in this section defines a reactor vessel model and the associated gamma and neutron radiation sources.  This section is designed to provide the data required for calculations beyond the vessel.  The data selected were not chosen for any given program, but were chosen to provide information for any of several shield program types.  In addition to the source data, calculated radiation dose levels are provided at locations surrounding the vessel.  This data is given as a potential check point for calculations by shield designers.


12.2.1.2.1.1      Physical Data


<Table 12.2‑1> presents the physical data required to form the model in  <Figure 12.2‑1>.  This model was selected to contain as few separate regions as possible to adequately portray the reactor.  <Table 12.2‑1> provides nominal dimensions and material volume fractions for each boundary and region in the reactor model.  To describe the reactor core, <Table 12.2‑1> provides thermal power, power density, core dimensions, core average material volume fractions, and reactor power distributions.  The reactor power distributions are given for both radial and axial distributions.  This data contains uncertainties in the volume regions near the edge of the core.  The level of uncertainties for these regions is estimated at 20 percent.


12.2.1.2.1.2      Core Boundary Neutron Fluxes


<Table 12.2‑2> presents peak axial neutron multigroup fluxes at the core equivalent radius.  The core equivalent radius is a hypothetical boundary enclosing an area equal to the area of the fuel bundles and the coolant space between them.  The peak axial flux occurs adjacent to the 


portion of the core with the greatest power.  As shown by the data in


<Table 12.2‑1>, this point is below the core mid‑plane.  Since this data is calculated with a core equivalent radius, the flux represents a mean flux in the azimuthal angle around the core.  While the flux within any given energy group is not known within a factor of 2, the total calculated core boundary flux is estimated to be within (50 percent.


12.2.1.2.1.3      Gamma Ray Source Energy Spectra


Reactor core gamma ray source energy spectra are as follows:


a.
Core Spectrum



<Table 12.2‑3> presents average gamma ray energy spectra per watt of reactor power in both core and non‑core regions.  In <Table 12.2‑3>, Item A, the energy spectrum in the core is presented.  The energy spectrum in the core represents the average gamma ray energy released by energy group per watt of core thermal power.  The energy spectrum in MeV per second per watt can be used with the total core power and power distributions to obtain the source in any part of the core.



The gamma ray energy spectrum includes the fission gamma rays, the fission product gamma rays and the gamma rays resulting from inelastic neutron scattering and thermal neutron capture.  The total gamma ray energy released in the core is estimated to be accurate to within (10 percent.  The energy release rate above 6 MeV may be in error by as much as a factor of (2.


b.
Post‑Operation Gamma Ray Energy Spectrum



<Table 12.2‑3>, Item B, gives a gamma ray energy spectrum in MeV per second per watt in spent fuel as a function of time after operation.  The data was prepared from tables of fission product 


decay gamma fitted to integral measurements for operation times of 108 seconds or approximately 3.2 years.  To obtain shutdown sources in the core, the gamma ray energy spectrum is combined with the core thermal power and power distributions.  Shutdown sources in a single fuel element can be obtained by using the gamma ray energy spectrum and the thermal power that the element contained during operation.


c.
Non‑Core Gamma Ray Energy Spectra



In <Table 12.2‑3>, Item C, the gamma ray energy spectra in the cylindrical regions of the reactor from the core through the vessel are given.  The energy spectra are given in terms of MeV per sec‑watt‑cm3 at the inside surface and outside surfaces of the region.  This energy spectrum multiplied by the core thermal power is the gamma ray source.  The point on the inside surface of the region is the maximum point within the region.  In the radial direction, the variation in source intensity may be approximated by an exponential fit to the data on the inside and outside surfaces of the region.  The axial variation in a region can be estimated by using the core axial variation.  The uncertainty in the gamma ray energy spectra is due primarily to the uncertainty in the neutron flux in these regions.  The uncertainty in the neutron flux is estimated to vary from approximately (50 percent at the core boundary to a factor of (3 at the outside of the vessel.  The calculations were carried out with voids beyond the vessel.  The presence of shield materials beyond the vessel will cause an increase in the gamma source on the outside of the vessel.


12.2.1.2.1.4      Gamma Ray and Neutron Fluxes Outside Vessel


<Table 12.2‑4> presents the maximum axial neutron and gamma ray fluxes outside the vessel.  The maximum axial flux occurs on the vessel opposite the elevation of the core with the maximum power level.  This 


elevation can be located using the data from <Table 12.2‑1>.  The fluxes at this elevation are based on a mean radius core and do not show azimuthal angle variations.  The calculational model for these fluxes assumed no shield materials beyond the vessel wall.  The presence of shield materials will significantly alter the neutron fluxes in the lower end of the neutron energy spectrum.  The gamma ray calculations include gamma ray sources from all of the cylindrical regions between the center of the core and the edge of the vessel.  While the uncertainties in a given energy group flux may be a factor of (3, the uncertainties in the total integral flux are estimated to be within a factor of 2.


12.2.1.2.2      Radioactive Sources in the Reactor Water, Steam and Offgas


The radioactive sources in the reactor water, steam and offgas are discussed in <Section 11.1>.  This material provides the concentrations during normal operation of the radioisotopes in the reactor vessel or leaving the reactor vessel.


12.2.1.2.3      Reactor Water Cleanup System


The radioactive sources in the reactor water cleanup system are the result of the activity in the reactor water in transit through the system or accumulation of radioisotopes removed from the water.  Components for this system include regenerative and non‑regenerative heat exchangers, pumps, valves, filter demineralizers, and the backwash receiving tank.  The system is described in <Section 5.4.8>.  The accumulated sources in the filter demineralizers, backwash receiving tanks and heat exchangers are given in <Table 12.2‑5>.


The source is present in the filters and receiving tank during all modes of operation.  Therefore, backwashing capability is provided to remove the residual activity for effective radwaste handling.


12.2.1.2.4      Main Steam System


All radioactive materials in the main steam system result from radioactive sources carried over from the reactor during plant operation.  In most of the components carrying live steam, the source is dominated by N‑16.  In components where the N‑16 has decayed, the other activities carried by the steam become significant.  During plant shutdown, there is a residual activity resulting from prior plant operations.


12.2.1.2.5      Radioactive Sources in the Spent Fuel


The radiation source for spent fuel is given in <Table 12.2‑3> in terms of MeV per second per watt.  The design calculation is carried out for a mean element for an appropriate time after shutdown.


12.2.1.2.6      Other Radioactive Sources


Additional radioactive sources in the reactor building are:


a.
Traversing Incore Probe (TIP)



The TIP system gamma detector and its drive cable become radiation sources following activation by neutrons in the reactor.  The level of radiation sources depend upon the material composition of the components, the irradiation history and the decay time.  The material composition of the gamma TIP is shown in <Table 12.2‑6>.  The radiation levels from the detector and the cable are shown in <Table 12.2‑7> for a range of decay times after the TIP is retracted from the reactor vessel.


b.
Reactor Startup Sources



The reactor startup sources were shipped to the site in a special cask designed for shielding.  The sources were transferred under water while in the cask and were then loaded into the reactor while remaining under water.  The sources will be removed after the initial operating cycle and will be stored in the fuel storage pools for later handling and removal.  The removal of sources will be handled in accordance with approved procedures and specified shielding requirements.


12.2.1.3      Auxiliary Building


12.2.1.3.1      Radioactive Sources in the RHR and RCIC systems


The basic sources in the safeguard systems are the result of the radioactive materials in the reactor water or steam being transported to the system.  The design basis sources for this equipment assume the total activity is the concentration of reactor water or steam decayed for the appropriate time interval times the total volume of steam or water in the equipment.


The gamma source strengths in the residual heat removal (RHR) and reactor core isolation cooling (RCIC) systems were evaluated for the shutdown cooling mode of operation.


The sources in the RHR and RCIC systems are the Nitrogen‑16 activities in the volumes of reactor steam contained in these systems.  These sources are provided in <Table 12.2‑5>.


The design gamma source strengths from fission products in the engineered safeguard systems following shutdown is typified by the source strength and fission product inventories for the system given in <Table 12.2‑5>.  In the shutdown mode the RHR system recirculates 


reactor coolant to remove decay heat.  The system is operated from approximately 2‑4 hours after shutdown until the end of the refueling period.  The source in the RHR system is the activity in the volume of reactor water contained in the system.  This includes the increase of activity as a result of depressurization.


The system includes three RHR pumps and two heat exchangers.  The highest radiation levels during reactor shutdown occur at the heat exchangers during the cooldown period.  At other times or in other modes of operation, except hot standby, the sources are considerably decreased.


Source strengths of equivalent concentration in downstream piping are conservative for use in layout and shielding design of pipe chases.


12.2.1.4      Intermediate Building


12.2.1.4.1      Radioactive Sources in the Spent Fuel


The radiation source for spent fuel is given in <Table 12.2‑3> in terms of MeV per second per watt.


12.2.1.4.2      Fuel Pool Cooling and Cleanup System


Sources in the fuel pool cooling and cleanup (FPCC) system are a result of transfer of radioactive isotopes from the reactor coolant into the spent fuel pool during refueling operations.


The FPCC system removes fission products and activated corrosion products as well as decay heat from the spent fuel pool.  This system consists of surge tanks, pumps, heat exchangers, and precoat filter demineralizers.  The activities in the FPCC components are given in <Table 12.2‑5>.


12.2.1.5      Turbine Building


12.2.1.5.1      Turbine Building Sources


The radioactive sources in the turbine building are the result of the carryover of radioisotopes in the steam.  These isotopes are distributed throughout the equipment in the turbine building.  During power operation of the equipment, the most significant radioisotope source is N‑16.  Both the concentration and the energy per disintegration of N‑16 contribute to the importance of this isotope during operation.  Fission product sources are not important except in equipment where the steam or condensate passage time is sufficiently long to permit the N‑16 to decay or where the physical processes preferentially separate the fission product isotopes.


Turbine component N‑16 inventories are listed in <Table 12.2‑10>.


12.2.1.5.2      Turbine Power Complex Sources


The radioactive sources in the turbine power complex are primarily fission products and activated corrosion products carried over from the steam.  These sources are contained in condensate lines, filters and demineralizers and associated tanks.  Activities in the condensate system are listed in <Table 12.2‑5>.


12.2.1.6      Radwaste Building


The source of activity which enters the radwaste system is the activity in the reactor coolant including activation and fission products.  The sources used for shielding radwaste system components are listed in <Table 12.2‑5>.


In general, the maximum activity possible, even though remote, has been used in most pieces of equipment.  For example, in the liquid radwaste 


system reactor coolant has been used in each tank of the collector subsystems because of the interconnections of these tanks.  In normal practice, undiluted reactor water would not be present in the subsystem.


12.2.1.7      Offgas Building


Radioactive sources in the offgas treatment system result from the decay of the noble gases and radioisotopes carried with the noncondensible gases.  Radioactive sources entering the system have been defined at the design basis of an annual average release of 100,000 (Ci/sec after a 30 minute holdup.  An expected noble gas delay time of one minute was used from the vessel nozzle to the exit of the steam jet air ejector.  It was assumed that the solid fission product isotopes were washed out in the main condenser.  The N‑16 activity at this point is primarily the result of the driving steam to the air ejector.  Partitioning of other coolant activities is assumed to be like the N‑16 with the distribution in the main condenser equivalent to the mass flows of the steam.


The radioactive sources in the gas treatment system are a function of the sources entering the system, the operational mode of the equipment piece and the residence time of the gas in the equipment.  As a guide to the sources (other than N‑16) in the gas treatment system, the licensing topical report NEDO‑10734 “A General Justification for Classification of Effluent Treatment System Equipment as Group D” was used.  Since this report was prepared as a conservative justification for a more conventional classification of the equipment, the conservative sources used in the report represent source levels which would be reached only after long term operation with design basis release rates.


The sources contained in the components of the offgas system are listed in <Table 12.2‑5>.


12.2.1.8      Sources Resulting From Design Basis Accidents


The radiation sources from design basis accidents are discussed in <Chapter 15.0>.


12.2.2      AIRBORNE RADIOACTIVE MATERIAL SOURCES


The airborne radioactivity sources that contribute to the plant effluent releases through the radioactive waste management system and the plant ventilation system are described in <Section 11.3>.  The primary sources of airborne radionuclides are leakage of reactor coolant and main steam.  Contributions to the airborne radionuclide concentrations in plant buildings due to leakage from the radioactive waste management system are small compared to the contribution from primary coolant.


12.2.2.1      Reactor Building (Outside of Drywell)


The main sources of activity leakage to the reactor building atmosphere during normal operation are conservatively estimated to be 2,000 lbs/hr of steam leakage from the safety/relief valves and 34,000 lb/month of steam from the RCIC turbine exhaust.  The path for the resultant activity to reach the containment atmosphere is through the suppression pool.  Other sources of leakage can be identified in the RWCU equipment vaults but these are normally inaccessible areas.  The halogen and noble gas concentrations in the steam are taken from <Section 11.1>.  The reactor building free volume is assumed to be 1.165 x 106 ft3.  <Table 12.2‑11> lists other parameters used in the analysis.


Various scenarios can be assumed for the operation of an intermittent purge system including varying the frequency and the duration of purge.  During full power plant operation, the purge system will be used to control potential airborne radioactive materials based on actual plant radiation monitor readings and radiation protection surveys.  The need for purge will be a function of required accessibility, extent of fuel 


cladding failure and leakage of reactor coolant and main steam.  Analyses have been performed based on a typical scenario to determine the maximum expected peak airborne concentrations in the reactor building during normal power operation.  The specific case evaluated assumes a 12 hour buildup period followed by a 4 hour purge.  The results are presented in <Table 12.2‑12>.


During refueling it is anticipated that the only major contribution to airborne activity in the reactor building will be from radioiodides.  The fuel pool cooling and cleanup system is designed to clean and purify the water in the spent fuel pool and the upper fuel pools in the containment.  The iodine activity in the pools will be reduced by passing the water through a 1,000 gpm filter demineralizer.  The resultant airborne concentrations of iodine in the reactor building are expected to be less than 2 percent of the equilibrium values during normal operation.  For the purposes of calculating operating exposures in <Section 12.4>, a value of 2 percent of the normal operation thyroid dose rate is assumed.


Transfer of the steam dryer and steam separator during refueling are performed with both the dryer and the separator partially out of water.  This creates a potential source of airborne contamination.  Administrative controls will be established to minimize exposure to airborne radioactive materials while performing the transfer.


Another source of potential airborne contamination in the reactor building is the activity release through relief valve discharge to the suppression pool.  These are classified as Type 1 and Type 2 events.  Type 1 events are of minor consequences because of the relatively short duration of the blowdown ((15 seconds).  Type 2 events are of more concern because they involve isolation and depressurization of the system.  The expected frequency of the Type 2 events is 2.5 times per year.  (Reference 2) provides the source terms used to determine the 


containment airborne concentrations following a Type 2 event and the methodology used to determine operational doses following the event.  <Section 12.4.3> presents the anticipated operator exposures per event.


12.2.2.2      Radwaste Building


Leakage to the radwaste building is assumed to be 2,000 gallons per day at 10 percent of the primary coolant iodine activity.  The airborne noble gas activity in the radwaste building is negligible.  A partition factor of .001 is assumed for iodine.  The radwaste building free volume is 1.1 x 106 ft3 and the purge rate is 30,000 cfm.


<Table 12.2‑13> presents the calculated airborne concentrations in the radwaste building.


12.2.2.3      Turbine Building


Leakage to the turbine building atmosphere is assumed to be 1,700 lb/hr of steam at main steam activity.  A partition factor of 1 is assumed for both noble gases and halogens.  The turbine building free volume is assumed to be 3.2 x 106 ft3 and the purge rate is 1.8 x 105 cfm.


<Table 12.2‑14> presents the calculated airborne concentrations in the turbine building.


12.2.2.4      Fuel Handling Area of the Intermediate Building


Leakage to the fuel handling area atmosphere is based on evaporation from the spent fuel pool.  The evaporation rate is calculated to be 320 lb/hr assuming the building is at 90(F and 50 percent relative humidity, and the pool is at 120(F.  The equilibrium I‑131 concentration


in the pool was conservatively taken at 1x10‑6 (Ci/cc based on information given in (Reference 3).  The building free volume is assumed to be 1.5x106 ft3 and the purge rate is 30,000 cfm.


<Table 12.2‑15> presents the calculated airborne concentration for I‑131 and proportional values for I‑133 and I‑135.


12.2.2.5      Other Buildings


Other plant buildings are expected to have negligible noble gas and iodine airborne activity concentrations.
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TABLE 12.2‑1


BASIC REACTOR DATA


(Data used in the Original Design of the Nuclear Island Shields)


A.
Reactor thermal power, MW





3,579


B.
Average power density, watts/cm3




   54.07


C.
Physical dimensions(1)













  Radii














  _(in)



1.
Core equivalent







92.58



2.
Inside shroud








99.90



3.
Outside shroud








101.90



4.
Inside vessel (nominal)






119.0



5.
Outside vessel (nominal)






125.0



6.
Outside vessel (reinforced ‑ nominal)



125.75



7.
Shroud head inside







192.0



8.
Vessel top head inside






119.0



9.
Vessel bottom head inside





130.19














 Distance














  _(in)



10.
Outside of vessel bottom head





‑7.75



11.
Inside of vessel bottom head





‑0.25



12.
Vessel bottom head tangent





129.94



13.
Bottom of core support plate





202.56



14.
Top of core support plate





204.56



15.
Bottom of active fuel






213.50



16.
Top of reinforced vessel wall





210.00



17.
Top of active fuel







363.5



18.
Bottom of top guide







371.31


TABLE 12.2‑1 (Continued)














Distance














  (in)



19.
Top of fuel channel







377.87



20.
Shroud head tangent







424.23



21.
Inside of shroud head






452.27



22.
Outside of shroud head






454.27



23.
Normal vessel water level





566.6



24.
Top of steam dryer







720.63



25.
Vessel top head tangent






727.0



26.
Inside of vessel top head





846.0



27.
Outside of vessel top head





849.0


D.
Material Densities, gm/cm3


Region(2)

Coolant

UO2

Zircaloy
    340 Stainless



A
0.740
0.0
0.0
0.178



B
0.338
0.0
0.0
4.349



C
0.318
2.3
0.978
0.056



C‑1
0.597
0.0
0.166
1.697



C‑2
0.234
0.0
1.099
0.255



D
0.240
0.0
1.004
1.209



E
0.390
0.0
0.0
0.0



F
0.669
0.0
0.0
0.200



G
0.036
0.0
0.0
0.0



H
0.740
0.0
0.0
0.0



I
0.740
0.0
0.0
0.26


TABLE 12.2‑1 (Continued)


E.
Typical Core Power Distributions











Axial Power Distribution




Radial Power Distribution

(Typical end‑of‑life)



   Percent of




   Distance(3)


Equivalent Radius
Relative Power
   __(in)_____
 Relative Power




 0



1.2


‑75


0.343




20



1.2


‑68


0.755




35



1.19


‑60


1.055




50



1.17


‑48


1.190




60



1.15


‑36


1.200




70



1.12


‑24

 
1.190




80



1.05


‑12


1.170




85



0.995

  0


1.155




90



0.778

 12


1.140




92.5



0.590

 24


1.105




95.0



0.430

 36


1.055




97.0



0.375

 48


0.945




98.0



0.395

 60


0.715




99.0



0.432

 68


0.462



    100.0



0.518

 75


0.212


NOTES:


(1)
Relative locations of dimensions are shown in <Figure 12.2‑1>.


(2)
Region locations are shown in <Figure 12.2‑1>.


(3)
Distances are measured from the mid‑plane of the core.


TABLE 12.2‑2


CORE BOUNDARY NEUTRON FLUXES


(Data used in the Original Design of the Containment Shields)













  Neutron



Energy Bounds






(neutrons/cm2 ‑ sec) _




16.5
MeV







3.9 E+10




10.00
MeV







5.5 E+11




6.065
MeV







2.0 E+12




3.679
MeV







3.8 E+12




2.231
MeV







4.4 E+12




1.353
MeV







3.9 E+12




820.8
KeV







3.8 E+12




497.9
KeV







2.6 E+12




302.0
KeV







2.3 E+12




183.2
KeV







3.2 E+12




67.38
KeV







2.2 E+12




24.79
KeV







2.2 E+12




9.119
KeV







2.0 E+12




3.355
KeV







2.0 E+12




1.234
KeV







1.9 E+12




454.0
eV







2.0 E+12




167.0
eV







1.9 E+12




61.44
eV







1.8 E+12




22.60
eV







8.8 E+11




13.71
eV







8.8 E+11




8.315
eV







8.2 E+11




5.043
eV







8.4 E+11




3.059
eV







8.3 E+11


TABLE 12.2‑2 (Continued)













  Neutron



Energy Bounds






(neutrons/cm2 ‑ sec)_




1.855
eV







8.2 E+11




1.125
eV







8.8 E+11




0.616
eV







3.2 E+13




0.00
eV


TABLE 12.2‑3


GAMMA RAY SOURCE ENERGY SPECTRA


(Data used in the Original Design of the Containment Shields)


A.
Gamma ray sources in the core during operation



   Energy







Gamma Ray Source



Bounds (MeV)






 (MeV/sec‑watt)  _




16.5








8.0 E+8




8.0








7.3 E+9




6.0








5.9 E+10




4.0








5.8 E+10




3.0








5.2 E+10




2.6








6.7 E+10




2.2








7.2 E+10




1.8








8.3 E+10




1.4








9.1 E+10




1.0








7.5 E+10




0.75








6.8 E+10




0.5








6.0 E+10




0.25








9.8 E+10




0.003


B.
Post‑operation gamma sources in core(1) (MeV/sec ‑ watt)



   Energy




Time After Shutdown



Bounds (MeV)
 0 Sec.
 1 Day

1 Week

1 Month




6.0

8.2 E+9  
<1.0 E+6

<1.0 E+6

<1.0 E+6




4.0

1.8 E+10
 7.0 E+6

 4.6 E+6

<1.0 E+6




3.0

1.1 E+10
 5.7 E+6

 3.7 E+6

<1.0 E+6




2.6

1.7 E+10
 2.9 E+8

 1.7 E+8

<2.0 E+7




2.2

2.1 E+10
 4.5 E+8

 4.0 E+7

 4.0 E+7




1.8

3.3 E+10
 3.1 E+9

 2.1 E+9

 6.4 E+8




1.4

3.7 E+10
 2.3 E+9

 1.6 E+9

 1.1 E+9




0.9

5.1 E+10
 7.5 E+9

 3.8 E+9

 2.1 E+9




0.4

1.2 E+10
 1.8 E+9

 8.7 E+8

 3.6 E+8




0.1


TABLE 12.2‑3 (Continued)


C.
Gamma ray sources in non‑core regions during operation 
(MeV/cm3‑sec‑watt)



  Energy



Region H



Shroud



Bounds (MeV)

Inside
Outside

Inside
Outside




16.5


2.8 E‑1
3.6 E‑2

2.5 E+2
4.1 E+1




8.0


2.5

3.0 E‑1

8.2 E+2
1.3 E+2




6.0


4.8 E‑3
6.2 E‑4

2.4 E+2
3.9 E+1




4.0


2.3 E‑2
4.1 E‑3

1.1 E+2
1.9 E+1




3.0


1.0 E‑3
1.4 E‑4

4.3 E+1
1.3 E+1




2.6


2.3 E+2
4.9 E+1

2.4 E+1
4.5




2.2


5.4 E‑3
1.0 E‑3

2.7 E+1
5.4




1.8


6.3 E‑5
8.1 E‑6

7.1 E+1
1.3 E+1




1.4


2.6 E‑3
5.0 E‑4

3.3 E+1
6.5




1.0


7.5 E‑3
1.4 E‑3

3.9 E+1
9.9




0.75


4.6 E‑4
5.8 E‑5

2.9 E+1
4.7




0.5


   ‑

   ‑


1.2 E+2
1.9 E+1




0.25


   ‑

   ‑


9.3 E+1
1.5 E+1




0.003



  Energy


Region I (Jet Pumps)

Vessel



Bounds (MeV)

Inside
Outside

Inside
Outside




16.5


1.4

2.2 E‑2

2.2 E‑1
2.1 E‑4




8.0


4.6

6.9 E‑2

2.1

1.6 E‑3




6.0


1.3

2.0 E‑2

5.6 E‑1
1.6 E‑3




4.0


6.3 E‑1
9.3 E‑3

2.8 E‑1
2.0 E‑3




3.0


2.6 E‑1
3.7 E‑3

1.0 E‑1
1.2 E‑3




2.6


6.1

4.7 E‑2

4.7 E‑2
1.1 E‑3




2.2


1.8 E‑1
2.4 E‑3

5.3 E‑2
1.4 E‑3




1.8


4.2 E‑1
6.0 E‑3

1.8 E‑1
1.1 E‑3




1.4


2.1 E‑1
2.9 E‑3

7.5 E‑2
9.3 E‑4




1.0


3.2 E‑1
3.6 E‑3

9.1 E‑2
5.5 E‑3




0.75


1.6 E‑1
2.4 E‑3

6.4 E‑2
4.2 E‑5




0.50


6.6 E‑1
9.9 E‑3

2.5 E‑1
2.0 E‑4




0.25


5.1 E‑1
7.6 E‑3

1.9 E‑2
1.8 E‑4




0.003


NOTE:


(1)
Operating history of 3.2 years.


TABLE 12.2‑4


GAMMA RAY AND NEUTRON FLUXES OUTSIDE THE VESSEL WALL


(Data used in the Original Design of the Containment Shields)


A.
Neutron fluxes



Energy Bounds





Neutrons/cm2‑sec.




16.5
MeV





   5.8 E+6




10.00
MeV





   2.9 E+7




6.065
MeV





   2.2 E+7




3.679
MeV





   4.5 E+7




2.231
MeV





   7.5 E+7




1.353
MeV





   1.1 E+8




820.8
KeV





   1.6 E+8




497.9
KeV





   1.5 E+8




302.0
KeV





   9.1 E+7




183.2
KeV





   1.1 E+8




67.38
KeV





   1.2 E+7




24.79
KeV





   6.7 E+7




9.119
KeV





   1.4 E+7




3.355
KeV





   8.6 E+6




1.234
KeV





   6.4 E+6




454.0
eV





   2.9 E+6




167.0
eV





   4.2 E+6




61.44
eV





   3.9 E+6




22.60
eV





   1.9 E+6




13.71
eV





   2.0 E+6




8.315
eV





   1.8 E+6




5.043
eV





   1.6 E+6




3.059
eV





   1.5 E+6


TABLE 12.2‑4 (Continued)


A.
Neutron fluxes (Continued)



Energy Bounds





Neutrons/cm2‑sec.




1.855
eV





   1.4 E+6




1.125
eV





   7.9 E+5




0.616
eV





   6.0 E+5




0.000
eV


B.
Gamma ray energy fluxes



Energy Bounds



_____(MeV)   _





MeV/cm2‑sec2 




16.5






   1.0 E+9




8.0






   3.4 E+9




6.0






   3.3 E+9




4.0






   1.7 E+9




3.0






   7.0 E+8




2.6






   1.0 E+9




2.2






   6.9 E+8




1.8






   6.1 E+8




1.4






   5.3 E+8




1.0






   3.2 E+8




0.75






   4.2 E+8




0.50






   4.0 E+8




0.25






   1.5 E+8




0.003


TABLE 12.2‑5


RADIATION SHIELDING SOURCE TERMS




Source

        Shielding Sources ((/cc‑sec)




Volume


     Equipment Identification
 (cc) 
0.2 MeV
0.6 MeV
1.0 MeV
1.6 MeV
2.4 MeV
3.4 MeV
5.0 MeV
6.1 MeV
7.1 MeV


A.
AUXILIARY BUILDING



E12B001
RHR hx shutdown mode
8.4+6
1.4+4
1.2+4
1.1+4
8.2+3
1.0+3
4.9+1
2.2‑1



E12C002
RHR pump
1.4+5
1.4+4
1.2+4
1.1+4
8.2+3
1.0+3
4.9+1
2.2‑1



E12C001
LPCS pump
1.4+5
1.4+4
1.2+4
1.1+4
8.2+3
1.0+3
4.9+1
2.2‑1



E51C002
RCIC pump turbine
2.8+5
3.4+3
1.6+3
1.2+3
2.1+3
2.3+2
1.2+2
5.3+1
4.6+4
3.3+3



G33C001
RWCU pump
1.1+4
1.4+5
6.6+4
6.3+4
7.9+4
8.8+3
3.4+3
1.5+3
1.2+5
8.5+3


B.
REACTOR BUILDING



G33B002
RWCU hx
2.5+5
1.4+5
6.6+4
5.3+4
7.9+4
8.8+3
3.4+3
1.5+3
2.2+4
1.6+3



G36A003
RWCU F/D bkwsh.




rec. tk
1.8+6
5.3+6
2.6+6
1.4+6
1.1+6
6.7+4
1.3+3
1.7+1



G36C001
RWCU F/D holding




pump
1.1+4
1.4+5
6.6+4
5.3+4
7.9+4
8.8+3
3.4+3
1.5+3
2.2+4
1.6+3



G36D001
RWCU F/D
1.4+6
1.9+7
9.0+6
4.7+6
4.0+6
2.4+5
7.4+3
1.6+3
2.2+4
1.6+3



G50C012
RWCU bkwsh.




trans. pump
1.4+4
5.3+6
2.6+6
1.4+6
1.1+6
6.7+4
1.3+3
1.7+1


C.
INTERMEDIATE BUILDING



G41A002
Fuel pool surge tk.
2.8+7
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41A003
Fuel trans. tube




drn. tk.
6.1+6
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41B001
Fuel pool HX
1.9+6
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41C001
Fuel pool F/D




holding pump
7.0+3
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41C003
Fuel pool circ. pump
7.7+4
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41C004
Cask pool drn. pump
1.3+4
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41C005
Fuel trans. tube




drn. pump
7.0+3
1.2+4
4.2+3
1.7+1
3.0+0
3.0+0
1.8‑1



G41D001
Fuel pool F/D
9.5+6
4.5+5
3.3+5
1.9+5
1.5+5
6.6+3



G50A022
Fuel pool F/D bkwsh.




rec. tk.
2.6+7
4.5+5
3.3+5
1.9+5
1.5+5
6.6+3



G50C027
Fuel pool F/D bkwsh.




trans. pump
2.8+4
4.5+5
3.3+5
1.9+5
1.5+5
6.6+3


TABLE 12.2‑5 (Continued)




Source

        Shielding Sources ((/cc‑sec)




Volume


     Equipment Identification
 (cc) 
0.2 MeV
0.6 MeV
1.0 MeV
1.6 MeV
2.4 MeV
3.4 MeV
5.0 MeV
6.1 MeV
7.1 MeV


D.
RADWASTE BUILDING



G50A001
Liquid waste coll. tk.
1.3+8
4.4+4
2.9+4
3.3+4
2.4+4
2.9+ 3
2.2+2
2.7+0



G50A002
Liquid waste sample 




tk.
1.3+8
4.4+4
2.9+4
3.3+4
2.4+4
2.9+ 3
2.2+2
2.7+0



G50A003
Floor drns. coll. tk.
1.3+8
4.4+4
2.9+4
3.3+4
2.4+4
2.9+ 3
2.2+2
2.7+0



G50A004
Floor drns. sample tk.
1.3+8
4.4+4
2.9+4
3.3+4
2.4+4
2.9+ 3
2.2+2
2.7+0



G50A005
Chemical waste tk.
8.8+7
5.5+4
4.9+4
2.4+4
2.0+4
7.5+ 2
4.5+1
6.7+1



G50A006
Concentrated waste tk.
1.9+7
2.3+6
2.0+6
1.0+6
8.4+3
3.1+ 1
1.9+3
2.8+1



G50A007
Chem. waste dist. tk.
7.5+7
5.6+0
5.0+0
2.5+0
2.1+0



G50A009
Spent resin tk.
3.3+7
3.9+6
1.9+6
2.2+6
9.3+5
4.1+ 4
9.6+2
6.6+0



G50A011
Cnds. F/D settling tk.
3.6+7
4.4+6
4.3+6
1.9+6
1.7+6
6.6+ 4
4.1+3
6.1+1



G50A013
RWCU settling tk.
5.9+6
1.9+7
9.0+6
4.7+6
4.0+6
2.4+ 5
7.9+3
1.6+3



G50A014
Waste sludge settling




tk.
8.0+7



G50A024
Waste coll. filtrate




tk.
1.5+6
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50A025
Floor drains,




filtrate tk.
1.5+6
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50Z001
Waste evap. condenser
5.7+7
2.3+6
2.0+6
1.0+6
8.4+5
3.1+4
1.9+3
2.8+1



G50C001
Waste collector




trans. pump
1.2+4
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C002
Waste sample pump
7.3+3
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C003
Floor drns. coll.




pump
1.2+4
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C004
Floor drns. sample




pump
7.0+3
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C005
Chemical waste pump
7.0+5
5.5+4
4.9+4
2.4+4
2.0+4
7.5+2
4.5+1
6.7+1



G50C006
Chemical waste dist.




pump
1.2+4
5.6+0
5.0+0
2.5+0
2.1+0



G50C008
Spent resin pump
1.2+4
8.2+6
3.5+6
2.6+6
1.6+6
9.9+4
2.4+3
1.6+1



G50C010
Cond. sludge disch.




mix pump
1.2+4
1.0+6
9.6+5
4.3+5
3.9+5
1.5+4
9.3+2
1.4+1



G50C011
Cond. sludge decant




pump
1.2+4
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C013
RWCU sludge disc.




mix pump
1.2+4
7.3+6
3.5+6
1.8+6
1.5+6
9.3+4
3.1+3
6.1+2



G50C014
RWCU sludge decant




pump
2.9+3
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C015
Waste sludge disc.




mix pump
1.2+4
7.3+6
3.5+6
1.8+6
1.5+6
9.3+4
3.1+3
6.1+2


TABLE 12.2‑5 (Continued)




Source

        Shielding Sources ((/cc‑sec)




Volume


     Equipment Identification
 (cc) 
0.2 MeV
0.6 MeV
1.0 MeV
1.6 MeV
2.4 MeV
3.4 MeV
5.0 MeV
6.1 MeV
7.1 MeV


D.
RADWASTE BUILDING (Continued)



G50C016
Waste sludge decant




pump
1.2+4
4.4+4
2.4+4
3.3+4
2.4+4
2.9+3
2.2+2
2.7+0



G50C017
Waste coll. filtrate




pump
4.7+3
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3
2.2+2



C50C018
Floor drns. filtrate




pump
4.7+3
4.4+4
2.9+4
3.3+4
2.4+4
2.9+3



G50C026
Conc. waste trans.




pump
1.2+4
2.3+6
2.0+6
1.0+6
8.4+5
3.1+4
1.9+3
2.8+1



G50D001
Waste collector filter
7.1+5
2.0+7
8.4+6
6.4+6
3.4+6
2.4+5
5.7+3
3.9+1



G50D002
Floor drains filter
7.1+5
2.0+7
8.4+6
6.4+6
3.9+6
3.9+6
5.7+3
3.9+1



G50D003
Waste demin.
2.3+6
2.0+7
8.4+6
6.4+6
3.9+6
3.9+6
5.7+3
3.9+1



G50D004
Floor drns. demin.
2.3+6
2.0+7
8.4+6
6.4+6
3.9+6
3.9+6
5.7+3
3.9+1


E.
TURBINE POWER COMPLEX



N23D001
Condensate filter
5.0+5
4.4+6
4.3+6
1.9+6
1.7+6
6.6+4
4.1+3
6.1+1



N24A001
Conds. demin. cation




regen. tk.
7.4+6
3.4+5
3.0+5
1.5+5
1.3+5
4.6+3
2.8+2
4.1+3



N24A002
Conds. demin. anion




regen. tk.
3.7+6
3.4+5
3.0+5
1.5+5
1.3+5
4.6+3
2.8+2
4.1+3



N24A003
Conds. demin. mix &




hold tk.
7.4+6
7.6+1
3.3+2
5.2+2
1.5+2
1.3+1
3.5+0
5.4+2



N24A004
Conds. demin. bkwsh.




rec. tk.
1.9+7
3.4+5
3.0+5
1.5+5
1.3+5
4.6+3
2.8+2
4.1+3



N24A005
Conds. demin. regen.




chem. rec. tk.
4.5+7
5.5+4
4.9+4
2.4+4
2.0+4
7.5+2
4.5+1
6.7+1



N24C001
Waste transfer pump
7.3+3
5.5+4
4.9+4
2.4+4
2.0+4
7.5+2
4.5+1
6.7+1



N24D001
Condensate demin.
7.4+6
3.4+5
3.0+5
1.5+5
1.3+5
4.6+3
2.8+2
4.1+0



G50A010
Cnds. F/D bkwsh.




rec. tk.
2.0+7
1.1+5
1.1+5
4.7+4
4.3+4
1.6+3
1.0+2
4.1+0



G50C009
Cond. bkwsh. trans.




pump
2.8+4
1.1+5
1.1+5
4.7+4
4.3+4
1.6+3
1.0+2
1.5+0


F.
TURBINE BUILDING



N64B001
Offgas preheater
5.1+5
1.7+5
6.3+4
4.0+4
3.2+4
1.5+4
5.4+3
2.8+2
2.4+5



N64B002
Offgas condenser
9.6+5
3.8+6
1.9+6
1.1+6
8.7+5
4.5+5
9.9+4
5.8+4
1.4+6



N64D005
Offgas catalytic




recombiner
2.4+6
4.1+4
1.6+4
9.8+3
7.8+3
3.8+3
1.3+3
8.2+1
5.3+4


TABLE 12.2‑5 (Continued)




Source

        Shielding Sources ((/cc‑sec)




Volume


     Equipment Identification
 (cc) 
0.2 MeV
0.6 MeV
1.0 MeV
1.6 MeV
2.4 MeV
3.4 MeV
5.0 MeV
6.1 MeV
7.1 MeV


G.
OFFGAS BUILDING



N64B010
Offgas Cooler
1.2E+5
7.8+6
4.0+6
2.0+6
3.0+6
2.2+6
1.9+5
1.3+5




Condenser



N64D011
Offgas Prefilter
2.7E+5
9.40E+5
1.06E+6
1.09E+6
1.19E+6
5.78E+5
1.19E+5



N64D012
Offgas Charcoal
7.2E+6
4.03E+6
1.39E+6
1.64E+5
7.7E+5
1.26E+6
5.50E+4




Absorber



N64D016
Offgas After‑filter
2.7E+5
6.40E+4
9.43E+3
9.90E‑2
2.15E+3
9.55E+3
3.26E+0



N64D003
Gas Dryer
7.5E+5
1.71E+6
7.28E+5
1.49E+5
5.46E+5
4.43E+5
3.03E+4


NOTE:


(1)
Source model geometry for all calculations is cylindrical in shape.


TABLE 12.2‑6


MATERIAL COMPOSITION OF THE TIP DETECTORS AND CABLES


A.
Detector Region




Material






  Quantity



304L stainless (Co ( 0.014%)




4.92gm



Titanium








0.662gm



Alumina








0.885gm



Nickel‑iron alloy






0.248gm



Copper








0.021gm


B.
Cable Region




Material






  Quantity



304L stainless (Co ( 0.014%)




0.43gm/in.



AISI 1070 steel






2.16gm/in.



Magnesium oxide (Insulation)




0.0798gm/in.


TABLE 12.2‑7


RADIATION LEVELS FROM THE TIP DETECTOR AND CABLES(1)


Decay Time


_

Dose Rate, R/hr

_



_  Days   _


Detector(2)   



Cable(3)



0.0014



5.6





54.




0.0035



4.7





53.




0.021




3.7





47.




0.042




3.2





41.




0.083




2.4





32.




0.17




1.4





18.




0.50




0.17





2.2




1.00




0.013





0.10




2.00




0.0038




0.018


NOTES:


(1)
Based on three years of simulated use consisting of one hour of detector exposure in core semi‑monthly.


(2)
At one meter.


(3)
At one meter from the midpoint of the 12 foot length of irradiated cable adjacent to the detector.


TABLE 12.2‑8


TRAVERSING INCORE PROBE DETECTOR

DECAY GAMMA ACTIVITIES OF MATERIALS IN THE DETECTOR(1)   


Decay Time = 0 Seconds


Activation Time = 102 Seconds




Activated








Activity




(Isotope)








__((Ci)_




 Fe‑59








1.1 + 1




 Mn‑56








1.7 + 5




 Cr‑51








7.0 + 1




 Mn‑54








2.1 + 0




 Co‑58M








3.5 + 3




 Co‑58








2.2 ‑ 2




 Ni‑57








1.1 ‑ 1




 Co‑57








6.0 ‑ 7




 Ni‑65








4.0 + 2




 Co‑60M








7.6 + 3




 Co‑60








1.8 ‑ 3




 Co‑61








9.6 + 0




 Si‑31








2.9 + 1


NOTE:


(1)
Excluding U‑235.


TABLE 12.2‑9


DECAY GAMMA ACTIVITIES OF MATERIALS IN THE CABLE


Decay Time = 0 Seconds


Activation Time = 102 Seconds




Activated







Activity




_Isotope_







((Ci/in)




 Fe‑59







8.2 + 0




 Mn‑56







7.4 + 4




 Cr‑51







3.7 + 0




 Mn‑54







1.6 + 0




 Co‑58M







1.0 + 2




 Co‑58







6.5 ‑ 4




 Ni‑57







3.3 ‑ 3




 Co‑57







1.8 ‑ 8




 Ni‑65







1.2 + 1




 Co‑60M







2.2 + 2




 Co‑60







5.1 ‑ 5




 Co‑61







2.8 ‑ 1




 Si‑31







8.7 ‑ 1


TABLE 12.2‑10


TYPICAL TURBINE COMPONENT N‑16 INVENTORIES














Inventory




System/Components






_(Curies)


1.
Main steam line and header system





263


2.
High pressure turbine







  6.4


3.
Low pressure turbines (6 flow machine)




  9.8


4.
Moisture separator shell‑side steam




 53


5.
Moisture separator shell‑side liquid




 41


6.
Moisture separator drain system





 56


7.
First stage reheat system(1)






 33


8.
Second stage reheat system(1)






 32


9.
First stage reheat drain system(2)





  1.4


10.
Second stage reheat drain system(2)




  
  1.1


11.
Crossover pipe system







 59


12.
Crossaround pipe system







 17


13.
Feedwater heater and extraction system  




First Stage(3)








 26




Second Stage(3)







 
 23




Third Stage(3)








 27




Fourth Stage(3)







 
 15




Fifth Stage(4)








  0.6




Sixth Stage(5)








 42




Condenser(6)








286


14.
Hotwell(7)









 
 18


15.
SJAE first stage system(8)






  
  0.6


16.
Recombiner system








  0.4


17.
Separate steam system(9)







  0.9


18.
Feedwater turbine system(9)





    ___8.8_



Total









   1,021


TABLE 12.2‑10 (Continued)


NOTES:


(1)
Includes inventory in liquid and steam in reheat tubes and in steam supply line.


(2)
Includes total inventory beyond reheater outlet.


(3)
Includes total inventory beyond extraction point.  Distribution of this will depend on equipment arrangement and sizing.


(4)
Excludes moisture separator drain system activity listed in Item 6.


(5)
Excludes first and second stage reheat drain system activities listed in Items 7, 8.


(6)
Excludes residual activity returned from feedwater turbine.


(7)
Excludes residual activity returned from feedwater turbine.


(8)
Includes inventory in steam supply system.


(9)
Includes total inventory beyond inlet at steam supply line.


TABLE 12.2‑11


PARAMETERS AND ASSUMPTIONS USED IN CALCULATING


REACTOR BUILDING AIRBORNE ACTIVITY




Initial iodine partition factor



.00086




in suppression pool




Iodine halving time in





1,000 hours




suppression pool




Initial noble gas partition




0.5




factor in suppression pool




Noble gas halving time in




96 hours




suppression pool




Suppression pool cleanup demineralizer


100




decontamination factor for iodine


TABLE 12.2‑12


REACTOR BUILDING AIRBORNE ACTIVITY




Nuclide






Concentration ((Ci/cc)




Kr‑85m







  2.6‑7




Kr‑85







  5.7‑9




Kr‑87







  2.6‑7




Kr‑88







  5.7‑7




Kr‑89







  7.0‑8




Xe‑131m







  3.5‑9




Xe‑133m







  4.4‑8




Xe‑133







  1.7‑6




Xe‑135m







  7.0‑8




Xe‑135







  1.6‑6




Xe‑137







  9.8‑8




Xe‑138







  2.2‑7




I‑131







  1.1‑9




I‑132







  4.8‑10




I‑133







  3.8‑9




I‑134







  2.6‑10




I‑135







  2.0‑9


TABLE 12.2‑13


RADWASTE BUILDING AIRBORNE ACTIVITY




Nuclide





Concentration ((Ci/cc)




I‑131






  1.4‑11




I‑132






  1.5‑10




I‑133






  1.0‑10




I‑134






  2.2‑10




I‑135






  1.5‑10


TABLE 12.2‑14


TURBINE BUILDING AIRBORNE ACTIVITY




Nuclide





Concentration ((Ci/cc)




Kr‑83m






  3.9‑9




Kr‑85m






  7.6‑9




Kr‑85






  2.8‑11




Kr‑87






  2.2‑8




Kr‑88






  2.4‑8




Kr‑89






  3.4‑8




Xe‑131m






  1.9‑11




Xe‑133m






  3.5‑10




Xe‑133






  1.1‑8




Xe‑135m






  1.9‑8




Xe‑135






  2.8‑8




Xe‑137






  4.7‑8




Xe‑138






  6.7‑8




I‑131






  1.0‑11




I‑132






  1.2‑10




I‑133






  7.5‑11




I‑134






  2.0‑11




I‑135






  1.2‑10


TABLE 12.2‑15


FUEL HANDLING AREA AIRBORNE ACTIVITY




Nuclide






Concentration ((Ci/cc)




I‑131







  3.2‑12




I‑133







  1.4‑11




I‑135







  1.1‑11
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12.3      RADIATION PROTECTION DESIGN FEATURES


12.3.1      FACILITY DESIGN FEATURES


The PNPP has been designed to attain as low as is reasonably achievable radiation doses to plant personnel as well as personnel located around the facility.  The guidance of <Regulatory Guide 8.8> has been used in designing the facility to result in radiation doses that are only a small fraction of the limits given in <10 CFR 20>.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


12.3.1.1      Equipment and Facility Design Features


The plant restricted area is established in accordance with <10 CFR 20> and is separated into five controlled access zones to aid in the design of radiation protection features and plant operation.  An access zone designation is assigned to each area of the plant for each of two operating conditions:  normal operation and shutdown/refueling. <Figure 1.2‑1> lists the Perry equipment names and numbers.  


<Figure 12.3‑1>, <Figure 12.3‑2>, <Figure 12.3‑3>, <Figure 12.3‑4>, <Figure 12.3‑5>, <Figure 12.3‑6>, <Figure 12.3‑7>, <Figure 12.3‑8>, <Figure 12.3‑9>, <Figure 12.3‑10>, and <Figure 12.3‑11> show the plant layout.  These maps furnish design guidance for normal operating and shutdown plant dose rates.  They provide the basis for decision making for locating and designing shielding and equipment in accordance with ALARA design principles.  Design reviews include a review of actual in‑plant conditions to verify that the intended design and installation 


is in keeping with ALARA principles and the design guidance provided in these figures.  <Figure 12.3‑1>, <Figure 12.3‑2>, <Figure 12.3‑3>, <Figure 12.3‑4>, <Figure 12.3‑5>, <Figure 12.3‑6>, <Figure 12.3‑7>, <Figure 12.3‑8>, <Figure 12.3‑9>, <Figure 12.3‑10>, and <Figure 12.3‑11> include:


a.
Locations of the sources described in <Section 12.2> and <Chapter 11>.


b.
Shield wall thicknesses.


c.
Design radiation zones for normal operation and refueling.


d.
Personnel and equipment decontamination areas.


e.
Locations of health physics facilities.


f.
Control panels for radioactive waste treatment equipment.


g.
Onsite laboratories for analysis of chemical and radioactive samples.


h.
Counting room.


These figures also illustrate locations of airborne radioactivity and area monitors.


The counting room is located so that the background radiation levels will be low enough to allow for continuous occupancy and to provide an accurate analytical environment under normal operating conditions and anticipated operational occurrences.  The counting room is sized to provide adequate space for the required instrumentation.  See <Section 12.5> for a discussion of instrumentation in the counting room.


Nonradioactive equipment that may require maintenance is located, when possible, in either Zone I or Zone II.  Adjacent areas containing potentially radioactive systems are designed to maintain a radiation level less than the Zone IV maximum (100 mrem/hr) during required maintenance.


Equipment located in Zone IV or Zone V is designed to minimize required maintenance and to be operated remotely.  Shield wall penetrations for remote operating devices, electrical equipment, pipes, and ventilation ducts are designed and located at positions that prevent a direct line of sight to any significant source, thereby minimizing radiation streaming.


The primary defense against corrosion product buildup and associated neutron activation in the reactor vessel followed by crud transport is to minimize the input of impurities (i.e., iron, cobalt) in the feedwater.  The Perry Plant design includes both full flow condensate filters and deep bed demineralizers.  This design provides maximum removal of both suspended and dissolved impurities.  In addition, an extensive condenser sampling and analysis system is provided to ensure prompt detection of small condenser leaks.  Condensate demineralizers are provided to measure water quality in the bed effluent as described in <Section 10.4.6.2>.


The following design considerations have been given to reduce radiocobalt production and crud buildup in normally radioactive systems:


a.
System materials are specified for low corrosion and erosion rates and for low neutron activation source characteristics.  Hardfacing materials which have high cobalt content, such as Stellite, are used only where substitute materials cannot satisfy performance requirements.


b.
Packless valves are specified for systems which normally handle radioactive fluids.  Where packed valves are specified, they are provided with positive backseats, lantern ring leakoffs to the liquid waste management system and special close tolerance graphoil packing in lieu of conventional packing.


c.
System design considers decontamination of components.  Isolation, vent and drain valves are provided in suitable locations to facilitate local decontamination of system components.


d.
Piping systems are of all welded construction with minimum use of flanged and socket weld connections.


Design practices will allow, whenever practicable, the separation of radioactive piping from nonradioactive piping, electrical equipment and personnel passageways.


The following examples illustrate specific design features that aid in minimizing exposure levels:


a.
Components containing radioactive materials will be separated, when practicable, to reduce radiation doses associated with maintenance.


b.
Cubicles are sized to provide adequate space around components for anticipated maintenance operations and for ease of entry and exit.


c.
The service mode of operation for the waste filters proceeds automatically after operator initiation from the radwaste building control room.  Backwashing and precoating are done from a local control panel outside the filter cubicles.


d.
Both regenerable and nonregenerable demineralizers have provisions for remote removal of radioactive contents (spent resins or regenerative solutions) to the waste management systems.


e.
Activated carbon adsorber media can be removed from the filter plenums by a portable vacuum removal system.  Adsorber media can be removed without entering the filter plenum.


f.
Particulate filters can be bagged during removal and sealed as the filters are removed from the plenums.  Filters are covered with plastic during the entire change.


g.
Tanks containing potentially radioactive fluids are vented and can be drained to the waste management systems.  Tanks containing fluids at atmospheric pressure are designed to withstand a pressure equivalent to a full tank of water.  Static heads will be somewhat less due to overflow lines near the top of tanks.


h.
Evaporators have provisions for removal of noncondensibles to the waste management systems.  Flush and rinse features permit decontamination before maintenance.


12.3.1.2      Illustrative Examples of Plant Design Features to Minimize Occupational Doses


Plant design features represent a comprehensive effort to achieve minimization of radiation exposure.  These features include:


a.
Radiation shielding of individual items of equipment.


b.
Accumulation of associated items of nonsafety‑related equipment within contiguous areas of plant structures.


c.
Shielded chases for pipe runs between equipment cells and elsewhere about the plant.


d.
Other structural design relative to minimizing radiation exposure to operating and maintenance personnel.


Individual shielding means that the person approaching the location of a radioactive component is shielded from direct and most scattered radiation from both the item of equipment he is approaching (until he enters the equipment area) and all other items of radioactive equipment in the path to, and in the near vicinity of, the equipment being approached.


A semi‑automated solid radwaste packaging and handling system has been included in the PNPP design to minimize the radiation doses associated with this routine operation.  This system is discussed thoroughly in <Section 11.4>.  As mentioned in <Section 12.4>, the anticipated person‑rem dose from waste processing for PNPP is only a small fraction of that being experienced in the industry at the time of submittal of the original FSAR.


The Mark III containment design includes a water filled suppression pool that provides the following functions:


a.
A heat sink for safety/relief valve (SRV) discharges,


b.
A heat sink for hot standby operation,


c.
A means to condense steam released to the drywell during a LOCA, and


d.
A continuing long term source of water for the emergency core cooling system.


The surface of the suppression pool is open to the containment so that some fractions of radionuclides discharged to the suppression pool from safety/relief valve operation and other sources can evolve into the containment atmosphere.  Previous studies of the radiological consequences have concluded that the expected exposures of operation personnel are within the limits of <10 CFR 20>.  (Radiological 


assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  However, there is a need to achieve exposures as low as reasonably achievable (ALARA) during normal operation and following normally expected transients.


There are occasional plant upset events that result in steam release from the SRVs.  One such event is a complete depressurization of the reactor to the suppression pool following a power isolation transient.  During such a transient there may be sufficient increase in radioactivity within the containment to require egress of all personnel.  In an effort to reduce these operator exposures at the PNPP, the following change was made during the design process:


a.
Addition of a suppression pool cleanup system



This system uses a mixed bed non‑regenerative demineralizer (1,000 gpm).  The main benefit of the system is to significantly reduce operator exposure to radioiodides which would evolve relatively slowly from the pool after the transient.  In addition, the system will improve plant availability by allowing earlier operator re‑entry without the use of respiratory equipment following a power isolation event.


12.3.2      SHIELDING


12.3.2.1      Design Objectives


The design objectives of the plant radiation shielding are:


1.
To ensure that during normal operation, including anticipated operational occurrences, the radiation dose to plant personnel and authorized site visitors is as low as reasonably achievable and within the limits set forth in <10 CFR 20>.


2.
To provide the necessary protection for plant operating personnel following a reactor accident to maintain habitability of the control room as specified in <10 CFR 50, Appendix A>, Criterion 19.  (For the design basis LOCA analysis, the licensing basis limit is 5 rem TEDE).


3.
To limit offsite exposures to the general public to meet the dose requirements of <10 CFR 100> for postulated accident conditions (for the design basis LOCA analysis, the licensing basis limit is 25 rem TEDE) and to maintain exposures as low as reasonably achievable, a small fraction of the <10 CFR 20> limits during normal operation.


4.
To protect certain components from excessive radiation damage or activation.


12.3.2.2      Design Description


12.3.2.2.1      Plant Shielding Description


Detailed layout drawings showing all plant structures are shown in <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, 


<Figure 1.2‑11>, <Figure 1.2‑12>, <Figure 1.2‑13>, <Figure 1.2‑14>, <Figure 1.2‑15>, <Figure 1.2‑16>, and <Figure 1.2‑17>.  A general description of the major shielding in the buildings housing radioactive process equipment and fluids is outlined as follows:


a.
Reactor building complex



The reactor building complex shielding includes the biological shield wall, drywell shield walls and the shield building wall.



The purpose of the biological shield is to minimize gamma heating in the drywell shield wall, to provide access to the drywell during shutdown and to reduce activation of drywell equipment and materials.  The design dose rate used in sizing this shield is to maintain a radiation level in the drywell below 100 rem/hr at full power operation.



The drywell shield wall maintains the major area outside the drywell at Zone II level except for some individual cubicles housing radioactive process equipment and piping, such as cubicles for the reactor water cleanup system and the chase for the main steamline pipes.  The shielding for these is sized to maintain a Zone II level outside of each respective cubicle.



Areas in containment routinely visited during power operation include the following systems:  SLC(C41), RWCU(G33), CRD(C11), and TIP(C51).  The expected occupancy requirements to these areas and the average personnel exposures is provided in <Table 12.4‑7>.  Their respective locations are shown on <Figure 12.3‑2>, <Figure 12.3‑3>, <Figure 12.3‑4>, and <Figure 12.3‑6>.  Routine surveillance and control functions are all accomplished from Zone II areas where the design basis gamma dose rate is 


(2.5 mrem/hr.  The design neutron dose rate in these areas is negligible due to shielding provided by the five foot thick concrete drywell shield wall.



There are several major penetrations through the drywell shield wall.  These as well as all other plant penetrations are located and/or designed to preclude the possibility of streaming from high to low radiation areas, or otherwise will be adequately shielded.  Details of the personnel access lock and shield door and the equipment hatch are shown on <Figure 3.8‑31> and <Figure 3.8‑32>, respectively.  <Figure 12.3‑2> provides their orientation in the plant layout.



The shield building completely surrounds the steel containment vessel and ensures that levels outside the building are less than 0.5 mrem/hr (Zone I) during normal plant operation.  In addition, the building serves to attenuate radiation to plant personnel and the general public in the event of an accident.


b.
Turbine room and heater bay



The major source of radiation in the turbine room and heater bay are the N‑16 gammas.  Shielding is provided around the radioactive equipment in the following systems to ensure that the dose levels are consistent with the access requirements:



1.
Condensate and feedwater



2.
Condensate filtration and demineralizer



3.
High pressure heater drains and vents



4.
Turbine



5.
Steam seal



6.
Condenser and auxiliaries



7.
Offgas



Areas within the shield enclosures will normally be restricted access.


c.
Turbine skyshine



The 016 (n, p) N16 reaction is of interest in the boiling water reactor because of the coolant activation induced by the high energy end of the fission neutron spectrum.  The N16 present in the steam of a direct cycle boiling water reactor is carried with the steam into the turbine, moisture separators and associated equipment of the secondary cycle.  Although the N16 decays with a half life of 7.35 seconds, the gamma emission can present a radiation dose problem to the site boundary as a result of the high energy gamma scatter from structures and atmosphere.  Relative to this, turbine building gamma ray air scattering (skyshine) analyses with the Morse (Reference 1) Monte‑Carlo code and the G‑3 (Reference 2) code were made to evaluate the site boundary dose contribution from the N16 radiation.  The Morse Code results, as presented in (Reference 3), were normalized in the G‑3 code.  The G‑3 point kernel procedure which was then used to perform the site boundary dose rate calculations is based on application of the Klein Nishina scattering formula to the uncollided flux in a predetermined scattering grid.  Normal scattering in air was approximated by use of water buildup factors on the scattered leg from each point in the scattered grid.  This approach as well as previous work cited in literature has shown this method yields 


results in very close agreement with Monte‑Carlo (for example, above cited Morse Code) air scattering calculations and with measurements.



The turbine component N‑16 inventories are presented in <Table 12.2‑4> and the layout of the turbine building walls and floors is presented in the general arrangement drawings, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, and <Figure 1.2‑12>.  The major shields are:



1.
A three foot thick outer turbine building wall extending above the moisture separator reheaters.



2.
A steel shield plate at the ends of the high and low pressure turbines with a labyrinth entry into the turbine area.



3.
A 6‑inch steel shield plate inboard of the moisture separator reheaters with labyrinth entry into the moisture separator reheater area.



4.
A one foot thick concrete floor slab extending between the turbine and the 6‑inch steel shield plate.



For distances beyond 300 feet, a single lumped source was assumed in the turbine building; for distances less than 300 feet, all major sources were considered separately.  A curve of the dose rate (mrem/hr) versus distance from the turbine building is presented in <Figure 12.3‑12>.


d.
Offgas building, auxiliary building, radwaste building, intermediate building, and fuel handling building.



The shielding provided in these buildings is designed to maintain the dose levels consistent with the plant zone designations given in <Section 12.3.1>.  As far as practicable, separation of radioactive equipment is provided in order that maintenance and repairs may be accomplished without the necessity of shutdown and decontamination of equipment in adjacent cubicles.



Permanent radiation shielding is provided around all areas of the inclined fuel transfer system (IFTS) to preclude the possibility of any direct radiation streaming to accessible areas of the plant.  <Figure 1.2‑4>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 9.1‑19> provide general arrangement drawings showing the plant areas through which the IFTS tubes (1F42‑D001 and 2F42‑D001) pass.  <Figure 12.3‑21> provides details of the shielding configuration and resultant maximum design dose rates during fuel transfer.



There are three Maintenance Access Areas.  All three areas are posted with a placard stating that potentially lethal radiation fields are possible during fuel transfer.



Access to these three maintenance access areas, where physical contact with the inclined fuel transfer tube (IFTT) may occur, is controlled through a key activated system.  In order to energize the IFTS, keys must be inserted into Panel 1H13‑P895 in the Control Room and Panel 1F42‑P003 in the Fuel Handling Building.  The keys must then be turned to the operate position.  In order to enter the valve room, the keys in the Control Room and Fuel Handling Building panels must be turned to the access position.  A key is used to unlock the access door to the valve room area.  Further, locking devices controlled by two independent locks, or other stricter control devices, are installed on the IFTS floor plugs providing access to the transfer tube areas, and the IFTS valve room shield doors.  The key activated system is fail safe when power is lost to 



IFTS system.  The IFTS is designed such that access to the valve room area is not possible when the system is in operation and it is not possible to operate the system if any of the three areas are unsecured.  Access is to be strictly controlled when the IFTS is in operation and during movement of irradiated components.  Two of the areas have concrete plugs with lock bars across the plug to prevent access.  The third area is the Valve Room Maintenance Access Area.



The valve room is controlled by a locked door.  If access is attempted during IFTS operation, an interlock secures the power to the IFTS.  The Valve Access Room’s panic button is incorporated into a crash bar on the door.  Pushing the crash bar will de‑energize the system and alarm in the Control Room, IFTS INOP ACCESS RMS OCCUPIED.  When the IFTS is energized, the door to the Valve Access Room is electrically locked, a rotating beacon inside the Valve Access Room is energized, and a warning light external to the room is illuminated.  In addition, if entry to the Valve Access Room is attempted, a loud alarm will sound locally.



The charcoal adsorber system, located in the offgas building, is comprised of two parallel trains with four vessels in each train.  The shielding for the system is accomplished by providing refrigerated vaults <Figure 1.2‑4>.  The first vessel in each train is isolated in a separate compartment and the remaining two compartments have three vessels each.



The first vessel in a train is separately shielded since over 80 percent of the total activity in the system is associated with this vessel.


e.
Control room



The control room shielding is designed to maintain the dose requirement of 5 rem whole body or its equivalent to any organ for the duration of the accident as specified in <10 CFR 50, Appendix A>, Criterion 19 (for the design basis LOCA analysis the licensing basis limit is 5 rem TEDE).  The analysis of the operator dose is presented in <Section 15.6.5>.



The control room emergency filter system used under accident conditions is described in <Section 6.4>.


12.3.2.2.2      General Design Criteria


The following design criteria are applied to the plant shielding to minimize personnel exposures and to fulfill the intent of <Regulatory Guide 8.8>.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


a.
Access labyrinths are provided for rooms housing equipment that contains high radiation sources to preclude a direct radiation path from the equipment to accessible areas.


b.
Piping penetrations, ducts and voids in radiation shield walls are located to preclude the possibility of streaming from a high to low radiation area, or otherwise will be adequately shielded.


c.
Shielding discontinuities caused by shield plugs, concrete hatch covers and shield doors to high radiation areas are provided with offsets to reduce radiation streaming.


d.
Radioactive piping is routed through high radiation areas where practicable, or in shielded pipe chases in low radiation areas.


e.
Sufficient work area and clearance space is provided around equipment to permit ease of servicing.


f.
Instruments requiring in situ calibration will not normally be located in high radiation areas.


g.
Non‑radioactive equipment which requires servicing will not normally be located in proximity with potentially radioactive equipment.


h.
Spread of contamination from radioactive spillage is minimized by providing a floor drain system which collects and routes the liquid to the liquid waste processing system for proper handling. 



Decontamination of an area is facilitated by use of materials and coatings which lend themselves to standard cleaning methods.


i.
Natural traps which could be potential pockets of corrosion product activity are minimized in pipe and ducts by avoiding sharp bends, rough finishes, cracks, etc.


j.
Shielding is provided for all equipment which is anticipated to be normally radioactive.  The dose levels are designed not to exceed <10 CFR 20> requirements under the worst operating conditions of the plant.


k.
Temporary shielding such as lead blankets, will be available on the site in the event it is ever needed.


l.
Remote handling of radioactive materials is provided wherever it is needed and practicable.


m.
The guidance of <Regulatory Guide 1.69> has been used with regard to design of concrete radiation shields.


12.3.2.2.3      Calculation Methods


Shielding calculations are performed using the following computer codes:


a.
SDC (Reference 4)



This code is used for calculations involving relatively simple source configurations such as cylinders, spheres, slabs, disks, or rod clusters.


b.
QAD6G (Reference 5)



This code is used for performing shielding calculations with complex geometries.


c.
G‑3B (Reference 2)



This code is used to calculate scattering dose rates.


d.
ANISIN (Reference 6)



This code is used to calculate the reactor neutron and gamma flux spectra through shield walls.


e.
Microshield (Reference 7)



This code is used to calculate shielding for modifications which involve relatively simple source configurations such as cylinders, spheres, truncated cones, disks, and slabs.


f.
Microskyshine (Reference 8)



This code is used to calculate shielding for modifications which require complex calculations to account for air scatter.


The source terms used in these computer codes are described in <Section 12.2.1>.  In general, the maximum activity possible, even though remote, has been used in most pieces of equipment.


Beyond a conservative choice of source strengths, several simplifying assumptions have been used in the shielding analysis.  Normally energy degradation (softening) of the radiation spectrum by the shielding is not considered.  Thus, the calculated dose averaged energy is higher than would actually be the case with the given unshielded source.


Effects of structural steel (e.g., rebar) are neglected in shield walls.  Instead, a uniform density of ordinary concrete of 2.35 grams/cc is assumed.


Design dose rates are generally calculated on the centerline of the piece of equipment and 6 inches from the outside of the shield wall.  In the case of a floor slab, the dose rate is calculated 2 feet above the floor on the equipment centerline.  (Design dose rates, after October 4, 1993, will be calculated on the centerline of the piece of equipment and 30 cm from the radiation source or from any surface that the radiation penetrates with the exception of dose rates that equal or exceed 500 RAD/hr.  Dose rates that equal or exceed 500 RAD/hr will be calculated on the centerline of the piece of equipment and 100 cm from 


the radiation source or from any surface that the radiation penetrates.)  Further attenuation as the receiver moves farther from the shield is neglected.


The resultant design radiation shielding thicknesses provided to maintain Zone II levels are given in <Table 12.3‑2> for the radioactive components.


12.3.3      VENTILATION


12.3.3.1      Design Bases


The plant ventilation systems are designed to accomplish the following:


a.
Maintain the required ambient air temperature to prevent extreme thermal environmental conditions for operating personnel and equipment.


b.
Protect the operating personnel against possible airborne radioactive contamination in areas where this may occur.


c.
Ensure that maximum airborne radioactivity levels for normal and emergency operations, including anticipated operational occurrences, are within the limits of <10 CFR 20, Appendix B>, for areas within plant structures and the restricted areas on the plant site where construction workers and visitors are permitted.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  The maximum levels correspond to design bases reactor coolant inventory.


d.
Provide a suitable environment for continuous personnel occupancy in the control room under normal and postaccident conditions in accordance with <10 CFR 50, Appendix A>, Criterion 19.


Those aspects of the plant design that transfer airborne radioactivity into the effluent control systems from equipment cubicles, corridors and operating areas normally occupied by operating personnel are described in <Section 11.3>.


The guidelines used to meet the intended design objectives for the plant ventilation systems are as follows:


a.
Air movement patterns are generally from areas of lesser radioactive contamination to areas of progressively greater radioactive contamination prior to final exhaust.


b.
Slightly negative pressures are maintained in specific areas such as the annulus between the containment and shield building to prevent uncontrolled release of contamination.  The control room is maintained at slightly positive pressure during normal operation to prevent infiltration of potential contaminants.


c.
Valves and equipment are as leak tight as practicable to prevent leakage of radioactive fluids and subsequent airborne contamination.


d.
Individual air supplies are provided for each building to keep potentially contaminated air flows separate from noncontaminated air.


e.
In general, potentially radioactive air is exhausted through filter trains consisting of roughing, HEPA and charcoal filters to reduce onsite and offsite radiation levels.  Filtered and monitored exhausts are provided in all buildings that could potentially 


contain radioactive airborne contamination, with the exception of the turbine building, which does not have a filtered exhaust.  In the turbine building, air exhausted from the heater bay and turbine operating floor is monitored for radioactivity and then directly discharged to the atmosphere through the turbine building/heater bay vent.


f.
Roughing, HEPA and charcoal filters are used for filtration of the recirculated air of the control room and associated offices during accident and other abnormal conditions.


g.
Radiation exposures will be kept as low as practicable while servicing ventilation equipment by the following provisions (incorporated in the plant design):



1.
The ventilation equipment is not located in normally high radioactive areas.



2.
Suitable access doors and service aisles are provided to permit ease in servicing and maintenance.



3.
The roughing and HEPA filters in the ESF filter trains and the HEPA filters in the non‑ESF filter trains are serviced on the downstream side of the filter to minimize personnel exposure.



4.
The activated charcoal adsorber is bulk loaded into the permanently installed, seal welded and gasketless adsorber section with the exception of the Intermediate Building Sub‑Exhaust plenum which utilizes tray type adsorber cells.  Spent charcoal adsorber material is vacuumed from the bottom or top of the plenums and loaded directly into drums for shipment offsite, with new charcoal adsorber material being 


added at the top of the adsorber section.  Thus, personnel are not directly exposed to potentially contaminated charcoal during the changing operation.


h.
Control of airborne contaminants during maintenance operations is accomplished by the ventilation system, in accordance with the requirements of <10 CFR 20> as follows:



1.
Equipment redundancy is provided where practicable and idle equipment is isolated by dampers so that these components can be serviced without disrupting the operation of the system.



2.
Ventilation is accomplished in potentially contaminated areas by supplying air to the clean areas (corridors) and drawing it into the rooms through doorways and/or wall openings so that the air flow is normally from clean to contaminated areas.  This normally precludes any air flow reversal or air flow pattern disruption when doors of access hatches are opened for maintenance operations.


i.
Ventilation ducts enter potentially radioactive areas at least 7 feet above the floor where practical.  This minimizes direct exposure to personnel from radiation streaming.  Penetration criteria are discussed in <Section 12.3.2>.


j.
Ventilation equipment and ductwork are located in low exposure areas where practical.  Therefore, automatic dampers, manual dampers and fire dampers can be maintained with minimum exposure to radiation.  In potentially high radiation areas, only manual balancing dampers on the inlet and outlet registers require attention.  These were adjusted and set in position prior to plant operation and require little further maintenance or adjustment.


k.
Interior surfaces of ducts are designed to minimize the buildup of dust.  Shop made duct joints are welded and field joints are gasketed with bolted connections.  Ductwork joints, therefore, do not have gaps where dust could settle.



The air flow velocity in the ductwork is generally high enough to keep dust suspended in the air stream.  For the type of dust expected (light particles from clean surfaces in most auxiliary building areas), an air flow velocity of 1,500 to 2,000 fpm is sufficient.


l.
Access panels allow cleaning and inspection of ductwork.  When ductwork needs cleaning, vacuum cleaning should usually be adequate.  Where practical, ductwork is accessible for service and maintenance.


m.
Exhaust air from vacuum cleaning or special ventilation can be ducted to an inlet connection in the building exhaust air system in most cases.  In radioactive waste areas and the charcoal cleaning plenum areas, inlet connections are close to the expected cleaning equipment location.  This minimizes extensive lengths of temporary ducting.


<Figure 12.3‑13>, <Figure 12.3‑14>, <Figure 12.3‑15>, <Figure 12.3‑16>, <Figure 12.3‑17>, <Figure 12.3‑18>, <Figure 12.3‑19>, <Figure 12.3‑20>, and <Figure 12.3‑22> illustrate typical activated carbon adsorber plenum designs, showing filter mountings, access doors, aisle space, service galleries, and provisions for testing, isolation and decontamination.


The criteria established for changing of ESF air filters and adsorbers in the charcoal cleaning systems, and a discussion of compliance with <Regulatory Guide 1.52> is included in <Section 6.5.1>.  Roughing and HEPA filters in non‑ESF‑activated carbon adsorber plenums are replaced when the pressure loss across the filter exceeds its design dirty value 


(which is less than twice the initial clean value stated in <Section 12.3>).  The pressure loss is measured by permanently installed differential pressure indicators.  Non‑ESF‑activated carbon adsorber beds are changed when laboratory tests of representative samples show that the adsorber fails to satisfy the testing requirements of Table 2 of <Regulatory Guide 1.140>.  Design features of non‑ESF filters are compared to the recommendations of <Regulatory Guide 1.140> in <Table 12.3‑3>.


Design bases and methods of operation for the plant ventilation system are discussed in <Section 6.4>, <Section 6.5>, and <Section 9.4>.  For many plant ventilation systems protection of operating personnel from airborne radioactivity is not a limiting design consideration.  These ventilation systems maintain a temperature suitable for continuous equipment operation only.


The assumptions and analysis regarding the sources and amount of radioactivity that surround and leak into the control room (to adequately meet the radiation control requirements of <10 CFR 50, Appendix A>, Criterion 19) are discussed in <Section 15.6.5>.


Assumptions used in the analysis of the plant ventilation systems are given in <Table 11.3‑8> and <Section 12.2.2>.  Maximum expected airborne radioactivity levels in the plant structures and building free volumes are also discussed in <Section 12.2.2>.


12.3.4      AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING INSTRUMENTATION


Area monitoring instrumentation aids in minimizing personnel exposure to radiation.  In addition, area monitors located in selected plant areas can provide useful information to the reactor operator following an incident, thereby enhancing the operators’ ability to determine the nature and extent of the incident.  Area monitors have a range of 0.1 to 


10,000 mR/hr.  This instrumentation also aids the operator in making correct decisions in directing personnel in the event of an incident involving high radiation.  The system is used to monitor and demonstrate conformance with the guidelines of <Regulatory Guide 8.8> and <10 CFR 20>.


Airborne radiation monitoring instrumentation monitors for airborne radioactivity with sufficient sensitivity to provide information to the reactor operator to permit assessment of the radiological conditions within the plant.  The system also aids in maintaining personnel exposure as low as reasonably achievable (ALARA).  The system is used to monitor and demonstrate conformance with the guidelines of <10 CFR 20>, and <Regulatory Guide 8.8>.


To ensure system availability, the nonsafety radiation monitoring channels, which are non‑movable, receive electrical power from an emergency diesel backed instrument bus.  This supply is not available immediately following a LOCA.


Radiation monitoring provided in accordance with <Regulatory Guide 1.97> and as referenced to General Design Criterion 64 is discussed in <Section 7.6.1> and <Table 7.1‑3>.


Portable instrumentation and laboratory analysis of manual samples are used to assist in the determination of a course of action for major plant incidents.


12.3.4.1      Area Radiation Monitoring


The objective of the area radiation monitoring system is to indicate and record gamma radiation levels in areas where radioactive material may be present, stored, handled, or inadvertently introduced.  These monitors will alarm when administrative limits are close to being exceeded.


12.3.4.1.1      Design Bases


The area radiation monitoring system is designed to:


a.
Provide plant personnel with a system that will indicate that the radiation levels are below those requiring special monitoring equipment.


b.
Provide a system which can aid in minimizing personnel exposure to radiation and maintain occupational radiation exposure ALARA.


c.
Provide instrumentation for the reactor operator to monitor selected plant area gamma radiation levels following an incident, thereby enhancing his ability to determine the nature and extent of the incident.


d.
Augment and supplement other monitoring systems, such as the leak detection system and the airborne radiation monitoring system, in the detection of incidents involving release of radioactive material.


e.
Provide alarms (alert and high radiation) to warn personnel when the gamma radiation level of selected areas increases substantially.


f.
Provide a record of radiation levels as a function of time at key strategic areas within the plant.


g.
Provide the reactor operator with alert, high radiation and circuit failure alarms for each channel.


h.
Aid the operator in personnel deployment decisions following an incident involving high radiation.


i.
Assist in the detection of unauthorized or inadvertent movement of radioactive material in the plant.


j.
Warn of excessive gamma radiation levels in areas where special nuclear material is stored or handled.


k.
Warn personnel of high radiation in areas prior to entry.


A criticality accident alarm system is not required based on the guidelines of <10 CFR 50.68(b)>.  However, gamma sensitive area radiation monitors have been installed in the fuel handling and storage areas.


12.3.4.1.2      System Description


The area radiation monitoring system provides continuous detection, measurement and indication of the ambient gamma radiation level through the use of gamma sensitive detectors located in selected areas of the plant.  This system supplements radiological protection for plant personnel, helps to minimize personnel exposure to radiation, and aids the reactor operator by providing instrumentation which may be used for monitoring radiation levels throughout the plant during normal operation and following an incident.  Data derived from these monitors is used in demonstrating compliance with ANSI N 13.2, <Regulatory Guide 8.2> and <10 CFR 20>.  The Nuclear Regulatory Commission’s Safety Evaluation Report (SER) which accompanied Amendment 62 to the Perry Nuclear Power Plant (PNPP) Operating License (Technical Specifications) approved the de‑classifying of three radiation monitors (1D21N080, D21N320, and D21N330) as criticality monitors.  The SER stated that these monitors would continue to be utilized as area radiation monitors to alert personnel if radiation levels exceeded the monitors’ setpoints.  The system consists of independent channels strategically located throughout the plant in areas where radioactive material may be present or inadvertently introduced, in areas where high radiation levels may 


develop, or in areas where the operator may gain information regarding the nature and extent of an incident.  Most of the instrument channels use centralized control from rack mounted ratemeters (readout modules) located in the control room.  Other instrument channels are local self‑contained units that have no readout in the control room.


Channels associated with Unit 1 <Table 12.3‑4> have instrumentation readout modules located in the Unit 1 control room.  Channels associated with Unit 2 <Table 12.3‑5> have instrumentation readout modules located in the Unit 2 control room.  Channels associated with the common areas <Table 12.3‑6> of the plant have readout modules located on a common area radiation monitoring panel located in the Unit 1 control room.  Channels associated with the waste processing and the radwaste building (except OD21N280) have remote alarms and meter indication on the radwaste control panel located in the radwaste building.


Most channels are operated from the control room panels.  Each of these channels consists of three basic components:  detector, alarm indicator unit and a control room readout module.  Channels for the personnel air lock, TIP drive area and the upper pool area have additional remote alarm indicator units.  The control room channel is provided with a detector and readout module and has no alarm indicator unit.


Local instrument channels <Table 12.3‑7> consist of the detector, and an enclosure containing a single channel ratemeter, alarm light and horn.  The portable drywell area monitor is an enclosure with a single channel ratemeter.  This monitor will actuate the drywell evacuation alarm in a high radiation condition.


The detectors are wall mounted gamma sensitive devices located in the specific area of concern.  The alarm indicator unit is located nearby to provide plant personnel in the area with radiation dose rate level 


indication, visual alarms and an audible alarm.  Where necessary, remote warning units are provided in addition to the local alarm and indicator units.


Each channel has two warning functions at the local alarm indicator unit:  an amber warning light corresponds to an alert radiation level and a red warning light, with an associated audible alarm, corresponds to a high radiation level.  The only exception is the TIP drive area radiation monitoring channel which uses a flashing (stroboscopic) blue warning light to indicate a high radiation level in lieu of a red warning light.  Each channel has visual alarm indication of alert, high radiation and channel failure on the readout module.  In addition, all channels (except local channels) are recorded on multipoint recorders located in the control room.


Components of the area radiation monitoring system are classified as nonsafety‑related.  Because of the relative importance of this system regarding plant personnel safety and information available to the reactor operator, the components of this system are high quality, reliable, stable, and capable of operating in the expected environments at the installed location as provided through the augmented quality program.


During refueling operations in the containment, a postulated fuel bundle drop in the upper pool would cause gamma radiation dose levels in the drywell (at Elevation 655’‑0”) to reach approximately 1 Rem/hr.  Since personnel will be in the drywell for maintenance and test operations during the refueling period, a portable area radiation monitoring system is provided during this time <Table 12.3‑7>.


The instrument channel consists of a detector, local alarm indicator unit, and a connection for interface with the drywell evacuation alarm.  The alarm interface is utilized whenever irradiated fuel or irradiated reactor components are removed from the vessel and transferred to the 


upper pools, and when irradiated fuel and irradiated reactor components are transferred from the upper pools and placed into the vessel.  The channel components are portable, and are placed in the drywell prior to refueling.  After refueling is completed, they are removed from the drywell.  Electrical power, interconnecting cabling and connection boxes are permanently installed in the drywell.  To install the portable components, personnel must place the detector on a wall bracket provided on the side of the primary reactor shield wall at Elevation 655’‑0”, and place the alarm and indicator unit at Elevation 629’‑0”.  Connection boxes are mounted near the mounting brackets.  Electrical power for each channel is provided by the local 120‑volt ac supply.


Channels 1D21N030, 1D21N080, 2D21N030, and 2D21N080 have an additional alarm indicator unit remotely located and in full view just outside the respective containment personnel locks.  This additional alarm provides plant personnel with containment radiation level status at the point of entry.


Channel 1D21N060 has a remote alarm indicator unit and an additional remote meter mounted on the TIP drive control panel in the Unit 1 computer room, in order to provide the TIP operator with continuous indication of radiation dose‑rate in the TIP drive area of the containment.


Channels D21N250, D21N260, D21N270, and D21N290 have an additional remote meter and an alarm window in the radwaste control room in order to provide the radwaste control room operator with radiation level information relative to certain areas of the radwaste building.


Channels D21N370 and D21N380 are associated only with the radwaste control panel.


Area radiation monitoring for the solid radwaste drumming and storage area (Elevation 623’ 6” of the radwaste building) is provided by using 


two permanently mounted local channels.  These channels indicate and alarm locally, and on the radwaste control panel, to warn personnel when gamma radiation levels exceed predetermined limits.  Each channel consists of a wall mounted detector, local alarm indicator unit and a meter and alarm on the radwaste control panel.  Each alarm indicator unit provides circuitry to activate an amber alert warning light, a red high radiation warning light and a single klaxon horn providing an alarm.  The channels and horn are powered by local 120‑volt ac supply.


A detailed description of area radiation monitoring equipment is as follows:


a.
Detectors



The detector is a gamma sensitive device housed in a sealed container separated from the local alarm indicator unit.  A halogen quenched Geiger‑Mueller tube is coupled with a preamplifier to convert the incident gamma radiation into an electrical signal which is transmitted to the readout module.  Design information for the detector is listed in <Table 12.3‑8>.  The detector assembly is wall mounted and strategically located so as to effectively survey the area for gamma radiation.  The unit can be easily removed from its mounting for calibration or repair.  The unit contains a radioactive check source which can be activated from the associated readout module to provide a verification of channel response.  Radiation monitor detectors with Geiger‑Mueller tubes use circuitry which, upon saturation of the detector, maintain a continuous upscale reading.


b.
Local Alarm Indicator Unit



All channels, except the control room channels (1D21N400 and 2D21N400) and the local channels (1D21N340, 2D21N340, D21N380, and 


D21N370), are equipped with an alarm indicator unit located near the detector assembly.



The local alarm indicator unit consists of a wall mounted NEMA enclosure containing the following:



1.
A readout meter.



2.
A high radiation alarm light visible on a 180 degree horizontal azimuth from the wall and protected by a watertight red glass cover and a metal cage.  The light receives 120‑volt ac, 60‑Hertz, electrical power from the readout module.




Channel 1D21N060 utilizes a flashing (stroboscopic) blue high radiation alarm light visible on a 180 degree horizontal azimuth from the containment TIP drive warning gates and fence.  The light receives 120‑volt ac, 60‑Hertz, electrical power from the readout module.



3.
An alert alarm light visible on a 180 degree horizontal azimuth from the wall and protected by a watertight amber glass cover and a metal cage.  The light receives 120‑volt ac, 60‑Hertz, electrical power from the readout module.



4.
A klaxon horn providing an audible alarm in conjunction with the high radiation alarm.  The horn receives 120‑volt ac, 60‑Hertz, electrical power from the readout module.  The audible alarm is capable of being silenced at the associated readout module in the control room.


c.
Remote Warning Unit



Channels 1D21N030, 1D21N060, 1D21N080, 2D21N030, and 2D21N080 have remote warning units in addition to alarm indicator units.  The remote warning units are identical to the alarm indicator unit except that no audible alarm is required.



Channel 1D21N060 has an additional remote radiation dose‑rate (mrem/hr) indicator on the TIP drive control panel located in the Unit 1 computer room.



A remote warning light (required for Channels 1D21N060, 1D21N160 and 2D21N160 in addition to alarm indicator units) is provided.  The light is an incandescent wall mounted, 120‑volt ac, 60‑Hertz, 75 watt device powered from the associated alarm indicator unit.  The light is mounted on a NEMA 12 enclosure.  The remote warning light (high radiation alarm) is visible on a 180 degree horizontal azimuth from the wall and is protected by a watertight red glass cover and a metal cage.  The only exception is Channel 1D21N060 which has two remote warning lights which are flashing (stroboscopic) blue lights instead of red lights.


d.
Readout Module



The readout module contains most of the electronic circuitry for system operation.  The module consists of compact, solid state circuitry, a modular design which allows up to 3 modules to be arranged side‑by‑side in a rack mounted chassis located in the area radiation monitoring panel.  The module contains alarm circuitry, a functional control switch and signal processing amplifiers for dose rate indication.  Each module contains an independently fused regulated power supply.  The modular compact design allows removal of the module from the chassis for replacement or repair.  Circuit alignment can be accomplished while the system is energized.



The front panel of the readout module has the following features:



1.
Three and one‑half inch meter with meter range of 0.1 mR/hr to 104 mR/hr.



2.
High level alarm lamp.



3.
Alert alarm lamp.



4.
Failure alarm lamp.



5.
Switching capability with the following functions:




(a)
Function switch with off, operate and alarm positions.




(b)
Alarm trip test.




(c)
Check source actuate.




(d)
Horn silence.




(e)
Alarm acknowledge which changes module alert or high level alarm lamp from “flashing” to “on” state, and returns module alarm output contacts to normal.



Design information for the readout module is listed in <Table 12.3‑9>.


e.
Recorders



Multi‑point strip chart recorders, located on the area radiation monitoring recorder panels, provide a permanent record of the 


radiation levels at the selected locations throughout the plant.  Each centralized radiation monitoring channel provides an input to one of the recorders <Table 12.3‑4> and <Table 12.3‑5>.


f.
Power Supply



The area radiation monitoring system channels utilizing control from the centralized control room panels receive electrical power from two sources.  The 120‑volt ac power to the readout module electronics is supplied from non‑Class 1E ac instrument bus which is emergency diesel generator backed through a transfer switch (except during a LOCA).  The second power source is used to supply 120‑volt ac power for all horns and alarm lamps.  This power is supplied from a miscellaneous 120‑volt ac distribution panel and is not diesel backed.


g.
System Setpoints



The alarm setpoints which are not controlled by other licensing requirements are adjustable and are set and revised as necessary based on operational experience gained throughout plant maturation.  These setpoints will normally be placed at values consistent with other requirements of the radiation protection program, in order that significant changes in area radiation levels will be alarmed.  Based on this philosophy, the resulting operationally meaningful alarms may then be used to direct further investigation or survey activities, as appropriate, in order to ascertain the cause of the change in radiation level.


h.
Calibration



Area radiation monitors are to be calibrated on a routine basis and after any major maintenance work is performed on the detector or its associated ratemeter.  Detector calibration is obtained by 


exposure of the detector to a radioactive source with its activity or radiation exposure rate traceable to a National Institute of Standards and Technology (NIST).  Frequency of routine calibration will be established in accordance with plant procedures.


12.3.4.2      Airborne Radioactivity Monitoring


One of the design objectives for plant ventilation systems is to minimize the accumulation of airborne radioactivity in areas within the plant by maintaining proper air movement patterns.  This design objective aids in providing protection for plant operating personnel against airborne radioactive material exposure, and aids in maintaining personnel occupational radiation exposure ALARA.  The airborne radiation monitoring system supplements the design objective of the plant ventilation systems by monitoring for airborne radioactive contamination in the gaseous, iodine or particulate form, in plant ventilation system exhaust paths and in the atmosphere of certain areas of the plant, in order to demonstrate compliance with <10 CFR 20, Appendix B>.  The airborne radiation monitoring system also provides information to the reactor operator that permits an assessment of the radiological conditions to be encountered within the many areas of the plant.


The system complies with <Regulatory Guide 8.8> and <10 CFR 20> to ensure that personnel exposures are maintained ALARA.  The system aids the reactor operator in determining the nature and extent of incidents involving the release of radioactivity by augmenting and supplementing the reactor coolant pressure boundary leak detection system and the area radiation monitoring system.  Data are recorded to provide a permanent record of plant airborne radioactivity levels.  The instrument channels of this system provide control room indication, alarm and control functions as required to limit the dispersal of radioactive material within ventilation systems.


Localized airborne activity monitoring is used for sampling selected work areas as determined by administrative radiological protection procedures to ensure compliance with the requirements of <10 CFR 20, Appendix B>.


12.3.4.2.1      Design Basis


The airborne radiation monitoring system is designed to:


a.
Furnish quantitative information (based on representative sampling) to the reactor operator and to operations personnel on the level of airborne radioactivity in plant ventilation systems and selected areas of the plant.


b.
Provide a system which can aid in minimizing personnel exposure to airborne radioactivity and maintain occupational radiation exposure ALARA.


c.
Furnish information to substantiate radiation surveys as required by <10 CFR 20>, and provide supporting documentation of working environments.


d.
Provide instrumentation for the reactor operator to monitor plant ventilation systems, and selected areas of the plant for level of radioactivity during and following an incident, thereby enhancing the ability to determine the nature and extent of the incident.


e.
Supplement the leak detection system in detecting leakage from the reactor coolant pressure boundary.


f.
Provide overall plant monitoring of airborne radioactivity and reasonable assurance that the ambient airborne radiation levels are below those requiring special monitoring equipment.


g.
Supplement other monitoring systems, such as the area radiation monitoring system, in the detection of incidents involving release of radioactive material.


h.
Aid in the protection of the plant personnel from exposure to airborne radioactive materials in excess of the levels allowed by <10 CFR 20, Appendix B>.


i.
Provide the reactor operator with alarms for each channel (alert, high radiation or channel failure) and alarms for each subsystem (sample flow low).


j.
Provide the operations staff with a hard copy record of radioactivity levels in the monitored systems.


k.
Continuously monitor the plant ventilation systems for airborne radioactivity in order to permit an assessment to be made of the radiological hazards to be encountered within various regions of plant buildings, and to call attention to equipment malfunction or component failure resulting in the release of radioactivity.


l.
Provide instrumentation for use as the basis for initiating actions related to the plant radiation emergency plan.


m.
Provide instruments of sufficient range so as to monitor the radioactivity levels postulated for accident events.


12.3.4.2.2      System Description


The airborne radiation monitor typically consists of a particulate measuring channel, an iodine measuring channel and a gas measuring channel.  These monitors provide supporting data for the surveillance of plant radioactive levels as recommended by ANSI N13.2 and <Regulatory Guide 8.2> and <Regulatory Guide 8.8> and documentation for 


demonstrating compliance with the requirements of <10 CFR 20>.  Instrumentation is provided to monitor the locations listed in <Table 12.3‑10>.


A typical airborne radiation monitor subsystem is as follows:


A representative sample of air from a ventilation duct is drawn through a sample line to the airborne monitor unit by means of a Roots‑type air blower.  Sampling of the ducts is achieved by the use of an isokinetic sample probe placed in the air stream.  The area of the probe tip(s) is sized so that the velocity of the sample at the probe tip(s) equals the velocity of the air at the design flow rates in the duct.  The line is a 1‑inch stainless steel pipe with a minimum number of bends and kept short to minimize loss of particulates due to gravity deposition.  Sampling guidelines, as outlined in ANSI N13.1 (1969), are used where applicable.  <Table 12.3‑11> indicates channels which use isokinetic probes.


Sampling points on ventilation ducts are taken, whenever possible, a minimum of five duct diameters downstream from abrupt changes in flow direction or flow entry, and a minimum of three duct diameters upstream of abrupt changes in flow direction; points are chosen such that the ventilation flow is fully developed and mixing is complete.


Sample line flowrate is such that particulate losses are limited due to gravity settling or turbulent flow.  Bends in sample lines are of large radius (approximately 10 times line diameter).


The sample passes through a particulate, iodine and gas channel in series.  Each channel is independent.  In the particulate channel, the sample air passes through a fixed or moving filter which collects particulates and is monitored by a beta scintillation detector, the output of which is preamplified and transmitted to a ratemeter located in the control room.  The detector and filter are enclosed in a 


4‑Pi lead shield to reduce the background radiation effects.  In the iodine channel, the sample passes through an activated charcoal cartridge which traps the radioactive iodine.  A 4‑Pi shielded gamma scintillation detector monitors the cartridge.  The output signal is preamplified and transmitted to a ratemeter located in the control room.  In the gas channel, the sample enters a 4‑Pi shielded volume monitored by a beta sensitive scintillation detector.  The output signal is preamplified and transmitted to a ratemeter in the control room.


The gas is exhausted back to the ventilation duct.  Differential pressure switches across the filter and charcoal cartridges are provided to give a low flow alarm at the unit and in the control room.  Flow regulation is used to maintain a constant flow through the filters of approximately 1‑CFM.  A flow indicator, flow fault alarms and log ratemeter indication and alarms are also provided on the unit enclosure.


General system design requirements are as follows:


a.
Equipment located outside the control room is housed in NEMA Type 12 ventilated enclosures.


b.
Setpoint adjustment devices are protected to prevent inadvertent operation.


c.
Readout modules are accessible for test, alignment, changing setpoints, and calibration or inspection without interrupting power to the module.


d.
The detectors used in the airborne radiation monitoring system are scintillation detectors.  The entire detector assembly is built into a housing which serves as a shield against changes due to light photons or electrostatic or magnetic fields.  The housing extends entirely over the base of the assembly, making a single unit.  The detector assembly is covered by 4‑Pi shielding.  The 


design is such that the detector and source geometry are reproducible.  The beta sensitive scintillation detector employs a phosphor with low sensitivity to gamma radiation, and the gamma scintillation subsystem resolution does not exceed 10 percent at full width at half maximum of the 0.661 MeV photopeak.


e.
The detector preamplifier is contained within the detector housing.  Preamplifiers are drift‑free, linear and ensure a high signal‑to‑noise ratio.


f.
High and alert radiation level alarm trip setpoints are adjustable over the entire range at the readout module.


g.
Equipment is designed to be capable of withstanding an integrated gamma dose of 104 rads.


h.
Remote actuated check sources provided with the detector assembly are Cesium‑137 for beta scintillation detectors, and Barium‑133 for gamma scintillation detectors.


The overall accuracy of the system is as follows:


The instrument error shall not exceed (20 percent of reading over the upper 80 percent of its range, with the error defined as:
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where:




RT =
true quantity based on the signal leaving a pulse rate signal generator.




RR = indicated quantity based on the linear recorder output signal.


Particulate filter media have a particulate collection efficiency of approximately 99 percent for aerosol particulates of 0.3 micron and larger.


Activated charcoal cartridges or filters provide a minimum of 95 percent efficiency for field iodine retention (elemental and organic).


Sensitivity Requirements:


a.
Sensitivity of particulate channels equipped with fixed filter:



The approximate sensitivity is 2.7 x 10‑11 (Ci/cc for Cs137 and is understood as being the concentration of airborne radioactivity which will produce, after 8 hours sampling, a count rate twice the count rate caused by a background radiation of 1 x 10‑10 (Ci/cc Radon in equilibrium with daughters plus an ambient field of 2.5 mR/hr (Cs137, gamma) incident on the 4‑Pi shielded sampler subassembly.


b.
Sensitivity of particulate channels equipped with moving filter:



The approximate sensitivity is 4.1 x 10‑10 (Ci/cc for Cs137 and is understood as being the concentration of airborne radioactivity which will produce, at equilibrium, a count rate twice the count rate caused by a background radiation of 1 x 10‑10 (Ci/cc Radon in equilibrium with daughters plus an ambient field of 2.5 mR/hr (Cs137, gamma) incident on the 4‑Pi shielded sampler subassembly.


c.
Sensitivity of iodine channels:



The approximate sensitivity is 1.6 x 10‑11 (Ci/cc for I131 and is understood as being the concentration of I131 (elemental or methyl iodide) which will produce, after 8 hours sampling, a count rate (with analyzer on differential) equal to the count rate due to background radiation caused by an ambient field of 2.5 mR/hr (Cs137, gamma) incident on the 4‑Pi shielded sampler subassembly.


d.
Sensitivity of gas channels:



The approximate sensitivity is 4.7 x 10‑7 (Ci/cc for Kr85 and is understood as being the concentration of airborne radioactivity which will produce a count rate equal to the count rate caused by a background radiation of an ambient field of 2.5 mR/hr (Cs137, gamma) incident on the 4‑Pi shielded sampler subassembly.


Detectors:


a.
Particulate monitoring channel:



The detector is a photomultiplier tube coupled to a beta sensitive plastic scintillator.


b.
Iodine monitoring channel:



The detector is a photomultiplier tube coupled to a gamma sensitive NaI (Tl) scintillator.


c.
Gas monitoring channel:



The detector is a photomultiplier tube coupled to a beta sensitive plastic scintillator.


Readout Module:


a.
The readout module contains most of the electronic circuitry for system operation.  The module consists of compact, solid state circuitry and modular design which provides for modules to be arranged side by side in a standard 19‑inch rack mounted chassis.  The readout modules are located in the control room airborne radiation monitoring instrument panels, except for readout modules associated with the “movable” subsystems.  These readout modules are located on the movable equipment enclosure.


b.
The readout module has a time constant which is inversely proportional to the count rate with the probable statistical error “E” less than 15 percent: 
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where RC = instrument time constant, min.


c.
Each readout module contains its own independent fused regulated power supply suitable for 120‑volt ac, 60‑Hertz power input.


d.
Each readout module has provision for determining voltages essential for proper channel operation.


e.
The readout modules have the following features (front panel):



1.
Range:  10 to 106 cpm logarithmic



2.
Meter Size:  4‑1/2”; (2% full scale accuracy



3.
Meter Scales:  10 to 106 cpm







High voltage 500 to 2,500 volts dc;







Calibration check point.



4.
Alarm Lamps:




(a)
High level.




(b)
Alert.




(c)
Failure.



5.
Switching capability with the following functions:




(a)
Function switch:  OFF‑Calibrate‑High Voltage‑Operate.




(b)
Check source actuate.




(c)
Alarm trip test.




(d)
Alarm acknowledge.



6.
Iodine channel readout modules have a single channel analyzer circuit to provide energy discrimination for selectively monitoring the 364 KeV I131 photopeak.  These modules are used in conjunction with the iodine sampling subassemblies.  Switching is provided on these modules for “Integral” or “Differential” mode.  The differential and integral modes differ as follows:  The differential mode selects the I131 photopeak; the integral mode provides for gross counting of all photopeaks present.  The window and baseline of the analyzer is adjustable to allow differential measurement over the complete photopeak.


f.
The readout module has the following features:



1.
Independent regulated power supply.



2.
High level alarm contacts (nonlatching).



3.
Alert alarm contacts (nonlatching).



4.
Failure alarm contacts (nonlatching).



5.
Buffered output for computer (0 to 10 volts dc isolated, positive signal).



6.
Output for recorder (0 to 10 mV dc).



7.
Output for remote readout meter(s).



8.
Fixed circuit failure alarm setpoint.



9.
Alert level alarm setpoint adjustment (variable over full range).



10.
High level alarm setpoint adjustment (variable over full range).



11.
Test points (MCA and signal generator jacks).


g.
Special features:



1.
Both the high level and the alert level alarm lamps “flash” in an alarm condition.  These lamps change from the “flashing” state to a “steady on” state when the module alarm acknowledge button is depressed.



2.
Switching capability for alarm setpoint trip adjustment is provided such that, when operated, the meter will indicate the alarm setpoint and the alarm trip circuitry will actuate.  Alarm point adjustment can also be made at this position.



3.
Switching capability for check source operation is provided such that, when the pushbutton is depressed, a radioactive source is actuated at the detector assembly to provide a response check of the channel.  In addition, the circuitry incorporates an alarm defeat provision such that when the check source is actuated, the alert and high level alarm will not actuate.  The check source returns to the retracted position upon loss of power.



4.
The failure alarm will actuate upon loss of detector voltage, loss of line voltage, loss of amplifier output signal, or loss of detector input signal.



5.
The readout module alert level alarm circuit and high level alarm circuit will be manually reset when the initiating signal returns to normal.  The failure alarm circuit will automatically reset when the initiating signal returns to normal.



6.
Alarm outputs:




(a)
Alarm outputs have a DPDT contact for use with external control and annunciator circuitry.




(b)
Alarm relays are fail safe.  The alarm relay remains energized until an alarm signal causes the relay to de‑energize.



7.
An accessible test point or connector is provided for input of a signal generator to the circuit for calibrating the alarm trip setpoint circuit.  Capability is provided for disconnection of the detector input signal during pulse generator test.  In addition, a test point or connector is provided for scaler readout at a point after the discriminator circuit.



8.
Each readout module has two separate alert and two separate high level setpoint adjustment circuits, either setpoint of which may be inserted into the alarm circuit.  This provides two levels of alert and two levels of high alarm capability.



9.
The readout module is provided with four connectors for termination of wiring on the module.  One is provided for termination of electrical power supplied to the module, one provided for termination of field wiring (excluding high voltage), one for termination of high voltage, and one is used for termination of module output circuits (which includes alarm outputs, recorder and computer signals).



10.
Power supply:




The airborne radiation monitoring channels utilizing control room readout modules receive electrical power from two sources.  The 120‑volt ac power to the readout module electronics is supplied from non‑Class 1E ac instrument bus which is emergency diesel generator backed through a transfer switch (except during a LOCA).  The second power source is used to supply 120‑volt ac non‑Class 1E power for local horns and alarm lamps.  This power is fed from miscellaneous 120‑volt ac distribution panels and is not diesel backed.  Air sample pumps are fed from the 480‑volt ac 3 phase bus.



11.
Calibration:




Each channel is calibrated routinely by exposure to N.B.S. traceable sources for verification of initial calibration.  Calibration of the monitors is also performed following any major required maintenance of the detectors.


<Table 12.3‑10> contains a summary of plant airborne radioactivity monitoring.  Airborne monitors used as effluent monitors are described in <Section 11.5>.  A general description of each unit follows:


a.
Reactor Building:



1.
Drywell Atmospheric Radiation Monitor (1D17K670 and 2D17K670)




The purpose of the drywell atmospheric radiation monitor is to provide airborne radiological monitoring during periods of drywell entry as well as indicate drywell activity to the operator during reactor operation.  This unit monitors for particulate, iodine and gaseous airborne radioactivity and utilizes a moving particulate filter.  Alarms and level indication are provided in the control room and at the monitor which is located outside of the containment.  A high radiation alarm on any of the three channels will actuate the drywell evacuation alarm system.




A high radiation alarm on the noble gas channel will close hydrogen purge isolation Valves M51‑F090 and M51‑F110.  This monitor complies with <Regulatory Guide 1.45> for reactor coolant pressure boundary leak detection systems, whereas the channel components are qualified to function during and after a safe shutdown earthquake.  Therefore, the monitor is classified as Seismic Category I.




The sample pump motor is powered from the diesel backed Bus F1D08 to ensure system availability.




Isolation valves are provided at all containment penetrations as required for drywell and containment isolation.  The intake valves are motor operated ball valves and the discharge valves are solenoid operated.  These valves automatically close on a LOCA isolation signal.  Valve control switches and indication lights are located in the control room.



2.
Containment Atmospheric Radiation Monitor (1D17K680 and 2D17K680)




The purpose of the containment atmospheric radiation monitor is to alert the operator and personnel entering the containment of the airborne activity levels in the containment.  This unit monitors the containment recirculated air for particulates, iodine and gaseous activity <Figure 9.4‑16> and is located outside the containment.  Local and control room alarms and level indication are associated with this unit.  High radiation alarm will actuate the containment and drywell evacuation alarm system.  In the event of reactor building isolation, this unit will provide iodine, particulate and gaseous monitoring capability when it is feasible to re‑open the containment isolation valves.




Isolation valves are provided at all containment penetrations as required for drywell and containment isolation.  These valves automatically close on a LOCA isolation signal.  Sample line intake valves are motor operated ball valves.  Valve control switches and indication lights are located in the control room.



3.
(Deleted)



4.
Containment Vessel and Drywell Purge Exhaust Radiation Monitor (1D17K660 and 2D17K660)




This unit provides particulate, iodine and gaseous monitoring of the containment exhaust airstream <Figure 9.4‑17>.




An isokinetic probe at a point outside the containment upstream of the exhaust filter trains is used to obtain the monitored air sample.  Local and control room alarms and level indication are available.  High radiation alarm will actuate the containment and drywell evacuation alarm.


b.
Radwaste Building:



Radwaste Building Ventilation Exhaust Radiation Monitor (D17K720)



The unit provides monitoring of the exhaust airstream for iodine, particulate and gaseous activity at a point upstream of the building exhaust filter trains <Figure 9.4‑7>.



A common plenum discharges to either of two filter/exhaust fan trains.  One isokinetic probe is located in each suction duct to a filter/exhaust fan train.  Each probe line terminates at a common sample delivery line to provide a sample flow of approximately 1‑CFM to the monitor unit.  Motor operated ball valves (one per line) are installed in each probe line and are interlocked to open when the corresponding exhaust fan train is operated.



Interlocks stop the radwaste building ventilation supply fans (M31C001A & B) upon a high alarm from the gaseous monitoring channel.  Alarms and indications are provided locally, in the control room, and on the radwaste control panel.


c.
Auxiliary Building:



Auxiliary Building Ventilation Exhaust Radiation Monitor (1D17K700 and 2D17K700)



This unit provides monitoring of the building exhaust airstream for iodine, particulate and gaseous activity.  An isokinetic probe at a point upstream of the building exhaust filter trains <Figure 9.4‑5> is used to obtain a 1‑CFM air sample.  Interlocks stop the auxiliary building ventilation supply fans (M38C001A,B) upon a high alarm from the gaseous monitoring channel.  Alarms and indications are provided locally and in the control room.  A high level warning light is provided on the local ventilation control panel.


d.
Control Complex:



Control Room Airborne Radiation Monitor (D17K770)



This unit is used to monitor the control room atmosphere for particulates, iodine and gaseous radioactivity in order to maintain control room habitability as required by <10 CFR 50, Appendix A>, Criterion 19.  An isokinetic probe is used to obtain a 1‑CFM air sample from a point downstream of the common supply plenum <Figure 6.4‑1>.  High gaseous radioactivity initiates a signal to isolate the control room from the outside environment and places the control room ventilation system into the emergency recirculation mode.  The system also monitors the recirculated air.  Alarms and indication are provided locally and in the control room.



A postulated design basis accident (LOCA) could result in airborne activity entering the control room through the ventilation system.  Since a LOCA signal will also place the control room ventilation system into the emergency recirculation mode, and isolate the control room from the environment; and considering the fact that a 


LOCA signal itself incorporates sufficient redundancy, the airborne radiation monitor signal is considered a “diverse” signal, and does not require redundancy.  Electrical isolation is utilized to disassociate safety class and nonsafety class circuits.


e.
Intermediate Building:



Intermediate Building Ventilation Exhaust Radiation Monitor (D17K730)



This unit is used to provide monitoring for gaseous activity in the building exhaust airstream.  An isokinetic probe is used at a point downstream of the building exhaust fan <Figure 9.4‑18> to obtain a 1‑CFM air sample.  Iodine and particulate filters are available for sampling purposes and laboratory analysis.  Interlocks are provided to stop the intermediate building ventilation supply fan (M33C001) upon a high alarm.  Alarms and indications are provided locally and in the control room.  A high radiation alarm will also energize a radiation trouble light on the local intermediate building ventilation control panel.


f.
Fuel Handling Building:



Fuel Handling Area Ventilation Exhaust Radiation Monitor (D17K710)



This unit is used to provide monitoring for iodine, particulate and gaseous activity in the fuel handling area ventilation exhaust airstream.  An isokinetic probe upstream of the filter exhaust plenums <Figure 9.4‑4> is used to obtain a 1‑CFM air sample.  Interlocks are provided to stop the fuel handling building ventilation supply fans (M40C001A,B) upon a high alarm from the gaseous monitoring channel.  Alarms and level indication are provided locally and in the control room.  High radiation actuates the fuel handling area evacuation alarm system.


g.
(Deleted)


h.
Offgas Building:



Offgas Building Ventilation Exhaust Radiation Monitor (1D17K760 and 2D17K760)



This unit is used to provide monitoring of the building exhaust for iodine, particulate and gaseous activity.  An isokinetic probe is used at a point upstream of the exhaust filter trains <Figure 9.4‑10> to provide a 1‑CFM air sample.  Alarms and indications are provided locally and in the control room.


12.3.4.3      Detection of MPC (DAC) Levels of Airborne Radioactivity


The function of the airborne radioactivity monitoring system is to monitor the air within a particular enclosure, or the exhaust air from an enclosure, for airborne radioactivity, and to indicate to the operator the level of airborne radioactivity.  In performing this function, the system will assist plant operating personnel in maintaining the essentials of personnel industrial hygiene and in maintaining airborne radioactive contamination levels ALARA.  The adequacy of the system and the necessity for the particular location of airborne radioactivity monitoring units is based on the following analysis:


The particular radioisotopes considered to be representative of typical airborne activities associated with BWR operation are Cs137, I131, Xe135, Xe133, Kr87, Kr85m, I132, I133, and I135.  Of these isotopes, Cs137 can be considered to be representative of the particulate group, I131 as representative of the iodine (halogen) group and Kr85 can be considered to be representative of the noble gas group for the purpose of the calculation which follows.  To determine the adequacy of the radiation 


monitoring system, the dilution of the airborne radioactivity, as it is mixed with the building ventilation system, must be considered. One MCP (maximum permissible concentration) per <10 CFR 20, Appendix B> of the above mentioned radioisotopes was postulated separately for each subcompartment throughout the plant during normal operation, and the capability of detecting this radioactivity was determined.  The term MPC was replaced with the term DAC (derived air concentration) when the revised <10 CFR 20> was implemented in 1993.  The DAC values in the revised <10 CFR 20> differ from the MPC values from the older <10 CFR 20> for many isotopes.  The DAC values that are equivalent to the older MPC values used in design basis calculations are provided in parentheses.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  The following data were used in the analysis (<Table 12.3‑12>, <Table 12.3‑13>, <Table 12.3‑14>, <Table 12.3‑15>, <Table 12.3‑16>, <Table 12.3‑17>, <Table 12.3‑18>, and <Table 12.3‑19>, inclusive):


a.
Assume a constant one MPC (or DAC equivalent) level of either Cs137, I131 or Kr85 in any subcompartment during normal operation.


b.
Exhaust flowrate from the subcompartment.


c.
Air dilution factor relative to the airborne radiation monitor sampling point is:
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d.
Typical sensitivity of airborne radiation monitor as referenced in <Section 12.3.4.2.2>.


e.
Airborne radioactivity concentration at radiation monitor sampling point.
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As a result of the analysis, the following conclusions were reached:


a.
Reactor Building:



1.
The containment vessel and drywell purge radiation monitor can detect 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) level of Cs137 in any reactor building subcompartment listed in <Table 12.3‑12>.



2.
The containment vessel and drywell purge monitor can detect during purge a noble gas concentration of 1 MPC (0.1 DAC) in the drywell (drywell at purge); containment pool area (refueling operation); containment free space, and the RWCU HX area (normal operation).



3.
In the following locations, a noble gas concentration of 10 MPC (1 DAC) can be detected by the containment vessel and drywell purge exhaust radiation monitor:




(a)
RWCU fill and drain backwash receiver tank area




(b)
654’‑0”, RWCU valve nest area




(c)
RWCU fill and drain holding pump room




(d)
RWCU fill and drain room




These areas are radiation Zone V areas and as such are not normally entered.



4.
With the use of the containment atmospheric radiation monitor (D17K680), sufficient radiological surveillance is available for the information of personnel in the reactor building.



5.
During refueling operations when the reactor is opened, radioactive substances from the reactor coolant may locally contaminate the air and not be detectable for some time on the exhaust monitor.  Radiation Protection performs localized surveys as deemed necessary to ensure airborne radioactivity is controlled per <10 CFR 20>.


b.
Radwaste Building:



1.
The radwaste building ventilation exhaust radiation monitor can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 in any radwaste building subcompartment listed in <Table 12.3‑13>.



2.
The radwaste building ventilation exhaust radiation monitor can detect a 10 MPC (1 DAC) level of noble gas in any radwaste building subcompartment listed in <Table 12.3‑13> except in the RWCU sludge decant pump room A where a 20 MPC (2 DAC) level can be detected.




To assess the relative potential for airborne radioactivity in the areas where there are potential sources, it was assumed, that in a small subcompartment with a low exhaust flowrate, the following conditions exist:




(a)
Cold primary coolant in the system.




(b)
A concentration in the subcompartment for any of the following isotopes:  1 MPC (0.45 DAC) I131, 1 MPC (1.0 DAC) Cs137, and 1 MPC (0.1 DAC) noble gas Kr85.




(c)
Partition factor:  10‑3 for iodine, 10‑4 for particulates, 1.0 for noble gases.




Using these assumptions, it was determined by calculation that the amount of leakage from equipment and components required to yield a concentration of 1 MPC (1 DAC) for Cs137 or 1 MPC (0.1 DAC) noble gas Kr85 was unlikely.  However, the leak rate required to yield a 1 MPC (0.45 DAC) level of I131 was found to be approximately 31.6 gal/hr.  This leak rate is considered abnormal yet in any event, a 1 MPC (0.45 DAC) level of I131 in any subcompartment listed in <Table 12.3‑13> can be detected by the exhaust radiation monitor.  Indication of abnormal leakage from equipment is provided through the use of floor drains and sumps.  Sump level alarms are provided to alert the operator when abnormal leakage conditions exist.  Abnormal leakage conditions will also be monitored by periodic patrolling of the building by shift personnel.


c.
Auxiliary Building:



1.
The auxiliary building ventilation exhaust radiation monitor can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 in any building subcompartment listed in <Table 12.3‑14>.



2.
The auxiliary building ventilation exhaust radiation monitor can detect a 1 MPC (0.1 DAC) level of noble gas in building subcompartments as listed in <Table 12.3‑14>, except for some of pump room B where less than 10 MPC (1 DAC) can be detected.


d.
Intermediate Building:



The radiation Zone V areas in the intermediate building consist of spent fuel pool cooling and cleanup system equipment areas.  These areas are exhausted through the fuel handling area ventilation system.  The equipment located in the subcompartments listed in <Table 12.3‑15> present no airborne radiological hazard to personnel occupying the intermediate building.  Administrative controls for radiation Zone V areas, ventilation flow patterns and absence of potential sources where open access is permitted, will limit personnel exposure to airborne radioactivity.



The intermediate building ventilation exhaust monitor is considered adequate for personnel protection.


e.
Fuel Handling Area:



1.
The fuel handling area ventilation exhaust radiation monitoring system can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 in any subcompartment listed in <Table 12.3‑16>.



2.
The fuel handling area ventilation exhaust radiation monitors can detect a 1 MPC (0.1 DAC) level of noble gas in the cask storage pool, spent fuel pool and fuel transfer pool area as listed in <Table 12.3‑16>.  A less than 10 MPC (1 DAC) level of noble gas can be detected in the radiation Zone V spent fuel cooling and cleanup system equipment areas.


f.
Heater Bay:



1.
The heater bay ventilation exhaust radiation monitors can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 on any floor level in the building <Table 12.3‑17>.



2.
A noble gas concentration of 1 MPC (0.1 DAC) on the following floors can be detected.




(a)
Elevation 580’6”




(b)
Elevation 600’6”



3.
A 1 MPC (0.1 DAC) level of noble gas at Elevation 620’‑6” can be detected in summer and less than 15 MPC (1.5 DAC) in winter operation due to differences in the dilution factors.  Less than 15 MPC (1.5 DAC) can be detected in the FDW Lube Oil purifier room in summer or winter operation.



4.
A 25 MPC (2.5 DAC) level of noble gas at Elevation 647’‑6” hallway can be detected in winter operation and less than 2 MPC (0.2 DAC) can be detected in summer operation.


g.
Turbine Building:



1.
The turbine building ventilation exhaust radiation monitor can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 in all three areas of interest in <Table 12.3‑18>.



2.
A noble gas concentration of 1 MPC (0.1 DAC) can be detected by the exhaust radiation monitors in all subcompartments except in the condenser vacuum pump and sample extraction areas where less than 25 MPC (2.5 DAC) can be detected.


h.
Offgas Building:



1.
The offgas building ventilation exhaust radiation monitor can detect a 1 MPC (0.45 DAC) level of I131 or 1 MPC (1 DAC) of Cs137 in any subcompartment listed in <Table 12.3‑19>.



2.
A noble gas concentration of 1 MPC (0.1 DAC) can be detected in areas listed in <Table 12.3‑19> by the offgas building ventilation exhaust radiation monitor with the exception of the following areas where 10 MPC (1 DAC) can be detected:




(a)
Elevation 584’‑0”




(b)
Elevation 568’‑0”, Filter and demineralizer cubicles




(c)
Elevation 548’‑6”, condensate demineralizer backwash receiving tank area and condensate filter backwash receiving tank area




(d)
Elevation 602’‑6”, desiccant dryer area after‑filter, prefilter room




(e)
Elevation 624’‑0”, hydrogen/oxygen analyzer area




These areas are either radiation Zone V areas, which are normally not entered, or Zone II areas.


In summary, the analysis of the adequacy of the airborne radioactivity monitoring system resulted in the following conclusions.  A one MPC (1 DAC) level (equivalent to less than 10 MPC hours) of Cs137 or one MPC (0.45 DAC) level (equivalent to less than 10 MPC hours [4.5 DAC hours]) of I131 in any subcompartment can be detected by the airborne radioactivity monitoring system.  These radioisotopes are representative of the iodine and particulate groups of concern in considering airborne radiation monitoring.  Kr85 was considered to be representative of the noble gas group of radioisotopes, although noble gases are considered to be an external airborne hazard.  A one MPC (0.1 DAC) level of Kr85 cannot be detected in certain areas by the airborne radioactivity monitoring system.  These areas in most cases are either radiation Zone II or radiation Zone V areas.  Areas throughout the plant were considered in detail for their potential in presenting airborne radioactive hazards.  It should be emphasized that radiation Zone II areas (normal continuous occupancy areas) contain little or no equipment, components or piping capable of presenting a credible fixed or airborne radiation hazard.


Areas where the dose rate is greater than 100 mrem in one hour at 30 cm from the radiation source or from any surface that the radiation penetrates are High Radiation Areas.  Areas greater than 100 mrem/hr, but less than 1,000 mrem/hr are barricaded and areas greater than 1,000 mrem/hr are locked, guarded or identified with a flashing light.  An air sample of the area will be taken if the Radiation Protection Section suspects the airborne radioactivity exceeds 0.25 MPC (0.30 DAC).


Areas where the dose rate is greater than 500 RAD/hr at one meter from the radiation source or from any surface that the radiation penetrates are Very High Radiation Areas.  These areas are double locked, guarded or identified with a flashing light.


Radiation Zone IV areas (controlled, limited access) in the radwaste and offgas building ventilation systems were analyzed for their potential for presenting an airborne radioactivity hazard.  It was determined that an MPC (DAC) level of Cs137 or Kr85 was unlikely.  However, an abnormal leak could result in an MPC (DAC) level of I131, yet the radiation monitoring system and sump systems in the building would provide indication to alert the operator of this abnormality.


<Table 12.3‑10> lists the ventilation system, by identification number and name and the corresponding airborne monitors and sample points associated with each system.  <Table 12.3‑11> gives calculated system flow rates which can vary as much as (15 percent with no major effects upon the detectability of radioactive contaminants in the air.


On the basis of the above discussion, the airborne radioactivity monitoring system is adequate to ensure conservatively sufficient surveillance of airborne radioactive concentrations.  The system will provide indication to the operator that an airborne hazard exists, should that hazard be manifest.


The use of portable air samplers will allow radiation protection personnel to locate the airborne radioactivity by sampling the particular subcompartments in that area.


The combination of the airborne radioactivity monitoring system in conjunction with administrative controls restricting and limiting personnel access, standard radiation protection practices, ventilation flow patterns throughout the plant, plant equipment layout, lack of significant sources in generally accessible radiological controlled 

areas, and restricted and locked, guarded or identified (with flashing lights) High Radiation Areas, is sufficient to ensure that airborne radioactivity levels will be conservatively acceptable in terms of the required duration of personnel access through each area of the plant.  A general review of these concepts follows:


a.
High radiation areas, where whole body dose levels may exceed 100 mrem in 1 hour at 30 cm, but less than 1,000 mrem/hr, shall be barricaded and conspicuously posted as a high radiation area.  Entrance shall be controlled by requiring issuance of a Radiation Work Permit.  High radiation areas, where whole body dose levels are 1,000 mrem/hr or greater shall be locked, guarded or identified with a flashing light and conspicuously posted.  Entrance shall be controlled by requiring issuance of a Radiation Work Permit.


b.
Air flow patterns are consistent with the basic ventilation design criteria of the plant.  Clean, filtered outside air is supplied to continuous occupancy areas (corridors, clean areas); these areas are exhausted into rooms and areas of successively higher potential for airborne contamination.  Air flow is such that reversal or exfiltration from potentially contaminated areas is normally precluded.  This ventilation arrangement essentially eliminates the possibility of personnel exposure to airborne radioactivity in continuous occupancy areas <Section 12.3.3>.


c.
Administrative and physical controls are provided for access to areas in which potential sources of hazardous levels of airborne radioactivity from piping and equipment are located.  Access shall require a Radiation Work Permit should airborne activity levels warrant one.


d.
Maintenance, in a radiologically restricted area, requires a RWP.

e.
Radiation protection programs are discussed in <Section 12.5>.


Additional comments are as follows:


a.
Auxiliary Building Ventilation Exhaust:



A major hazard has not been identified in this building; however, a monitor is provided for prompt detection of any unusual releases.  With the sensitivity as discussed in <Section 12.3.4.2.2>, the monitor will provide direct indication of excessive release.  Analysis of the particulate and halogen filters will allow evaluation of the potential airborne hazards and indicate the need for respiratory equipment, if warranted.  With a weekly analysis of the activity build‑up on the sampling filters, a gross sensitivity of approximately 1.5 x 10‑11 (Ci/cc can be interpreted.  This level is well within <10 CFR 20> limits.


b.
Radwaste Building Ventilation Exhaust:



The monitor sensitivity is as discussed in <Section 12.3.4.2.2>.  The hazard condition referenced in <Section 15.7.2> will release 6.40 x 10‑3 curies of I131.  With an approximate room volume of 4,000 ft3, a ventilation turn‑over rate of 6/hour and a total building exhaust of 30,000 CFM, the concentration of I131 in the building exhaust is expected to be within the detection range of the monitor.  At this level, respiratory equipment may be required to enter the hazardous area.


c.
Reactor Building Purge Exhaust:



The failure of an instrument line has been identified as a possible hazard as indicated in <Section 15.6.2>.  With a purge air flow, an I131 activity of 2 x 10‑2 (Ci/g in the reactor coolant, an instantaneous mixing of the leaked activity in the whole containment volume and a monitor sensitivity for iodine of approximately 2 x 10‑9 (Ci/cc (for five minute sampling), a high radiation alarm can be obtained in the control room following the leakage of less than 10 gallons.  A plate out factor of 2 is taken into consideration for this evaluation.



With a reactor coolant pressure of 1,000 psi, and a flow restrictor of 1/4 inch, the initial flow rate through the break, assuming 100 percent flashing will be in excess of 10 gpm.  Thus a monitor response to the potential hazard of less than 10 minutes is expected.


d.
Fuel Handling Building Exhaust:



The drop of a channeled spent fuel bundle has been identified in <Section 15.7.4> as a hazard for personnel in this building.



Assuming that 7.49 x 102 Ci of Kr85 <Table 15.7‑34> are released and mixed instantaneously into the whole volume of the fuel handling building, the resulting concentration is expected to be 1.7 x 10‑2 (Ci/cc.  This activity level is well within the range capability of the monitor.



The response time of the monitor is inversely proportional to the activity level and is expected to be negligible at the high anticipated levels which may be reached during this calculable fuel handling accident.


The particulate and iodine filters are removable for laboratory analysis to verify and identify activity levels and to provide a backup to the continual monitoring of the areas of surveillance.


Portable air samplers with appropriate filters will be used to determine localized exposure levels and to permit the proper selection of respiratory protective equipment for the occupied portions of these buildings.


Radiation monitors located in each of the auxiliary, radwaste, reactor, and fuel handling buildings take representative samples of the building exhaust air.  Iodine and particulate filters are used to collect samples, and will accommodate the identification of specific types of contamination which can be localized and cleaned up.  Radiation protection personnel will maintain a regular sampling routine in these areas to complement the radiation monitors.


12.3.4.4      System Setpoints


The alarm setpoints are adjustable and are set and revised as necessary based on ALARA, licensing requirements and operational experience gained throughout plant maturation.  Those setpoints, which do not cause plant equipment actuations and are not fixed by other licensing requirements, will normally be placed at values consistent with other requirements of the radiation protection program, in order that significant changes in airborne radiation levels will be alarmed.  Based on this philosophy, the resulting operationally meaningful alarms may then be used to direct further investigation or survey activities, as appropriate, in order to ascertain the cause of the change in radiation level.
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TABLE 12.3‑1


RADIATION ZONE DESIGNATIONS AND CODE


(DELETED)


TABLE 12.3‑2


RADIATION SHIELD THICKNESSES













Shield Thickness



Equipment Identification





(ft of concrete)


a.
AUXILIARY BUILDING



E12B001
RHR heat exchanger
2



E12C002
RHR pump
2



E21C001
LPCS pump
2



E22C001
HPCS pump
2



E51C001
RCIC pump
2



G33C001
RWCU pump
3


b.
REACTOR BUILDING



G33B001
RWCU heat exchanger (regen.)
4



G33B002
RWCU heat exchanger (non‑regen.)
4



G36A003
RWCU fill and drain backwash receiving tank
3



G36C001
RWCU fill and drain holding pump
2



G36D001
RWCU fill and drain
3‑1/2



G50C012
RWCU backwash transfer pump
2


c.
INTERMEDIATE BUILDING



G41A002
Fuel pool surge tank
1



G41A003
Fuel transfer tube drain tank
2



G41B001
Fuel pool heat exchanger
2



G41C003
Fuel pool circulating pump
2



G41C005
Fuel transfer tube drain pump
2



G41D001
Fuel pool fill and drain
2‑1/2



G50A022
Fuel pool fill and drain backwash




receiving tank
2‑1/2



G50C027
Fuel pool fill and drain transfer pump
2‑1/2


d.
RADWASTE BUILDING



G50A001
Liquid waste collection tank
2



G50A002
Liquid waste sample tank
2



G50A003
Floor drains collection tank
2



G50A004
Floor drains sample tank
2



G50A005
Chemical waste tank
2



G50A006
Concentrated waste tank
2‑1/2



G50A007
Chemical waste distribution tank
1



G50A009
Spent resin tank
3



G50A011
Condensate fill and drain settling tank
3



G50A013
RWCU settling tank
3



G50A014
Waste sludge settling tank
2



G50A024
Waste collection filtrate tank
2



G50A025
Floor drains filtrate tank
2


TABLE 12.3‑2 (Continued)













Shield Thickness



Equipment Identification





(ft of concrete)


d.
RADWASTE BUILDING (Continued)



G50C001
Waste collector transfer pump
1



G50C002
Waste sample pump
1



G50C003
Floor drains collector pump
1



G50C004
Floor drains sample pump
1



G50C005
Chemical waste pump
1



G50C006
Chemical waste distribution pump
1



G50C008
Spent resin pump
2



G50C010
Condensate sludge discharge mix pump
1



G50C011
Condensate sludge decant pump
1



G50C013
RWCU sludge discharge mix pump
2



G50C014
RWCU sludge decant pump
1



G50C015
Waste sludge discharge mix pump
1



G50C016
Waste sludge decant pump
1



G50C017
Waste collection filtrate pump
1



G50C018
Floor drains filtrate pump
1



G50C026
Conc. waste transfer pump
2



G50D001
Waste collector filter
2



G50D002
Floor drains filter
2



G50D003
Waste demineralizer
2‑1/2



G50D004
Floor drains demineralizer
2‑1/2



G50Z001
Waste evaporator cond.
2‑1/2


e.
TURBINE POWER COMPLEX



N23D001
Condensate filter
2‑1/2



N24A001
Condensate demineralizer cation regen. tank
2‑1/2



N24A002
Condensate demineralizer anion regen. tank
2‑1/2



N24A003
Condensate demineralizer mix and hold tank
2‑1/2



N24D001
Condensate demineralizer
2‑1/2


f.
OFFGAS BUILDING



N64B010
Offgas cooler condenser
3



N64D011
Offgas prefilter
3



N64D012
Offgas charcoal absorber
3



N64D016
Offgas after‑filter
1



N64D030
Offgas desiccant dryer
3


g.
TURBINE ROOM



N25B001
Moisture separator reheater
3



N31C001
Main turbine
3



N64B001
Offgas preheater
4



N64B002
Offgas condenser
4



N64D005
Offgas catalytic recombiner
4


TABLE 12.3‑2 (Continued)













Shield Thickness



Equipment Identification





(ft of concrete)


h.
HEATER BAY



N21B003
Compressure feedwater heater no. 3
2



N21B004
Direct contact heater
2‑1/2



N27B001
Intermediate pressure feedwater heater no. 5
2



N27B002
High pressure feedwater heater no. 6
2



N27B003
Heater no. 5 drain cooler
1‑1/2



N27C003
Main feedwater pump drive turbine
2(1)



N33B002
Steam seal evaporator
2


NOTE:


(1)
Except at knockout opening in north wall of the “A” feedpump turbine room due to the distance from sources in the room.  No shielding is required at this opening to meet radiation zoning criteria on <Figure 12.3‑4>.  This exception does not apply to the “B” feedpump turbine room.


TABLE 12.3‑3


COMPARISON OF NON‑ESF CHARCOAL FILTER SYSTEMS TO


<REGULATORY GUIDE 1.140> CRITERIA



  Regulatory



   Position


System Design Feature




1.a

The design conforms with this position.




1.b

The design conforms with this position.




1.c

The design conforms with this position.




1.d

The design conforms with this position.




2.a

All non‑ESF charcoal plenums are Seismic Category I and consist of the following components in sequence:  prefilters, HEPA charcoal and HEPA.  Fans, ducts, dampers, and related instrumentation are also provided.




2.b

The design conforms with this position except that HEPA filter arrangements are not always 3 high by 10 wide.




2.c

The design conforms with the intent of Section 5.6 of ERDA 76‑21.




2.d

The design conforms with this position.




2.e

The design conforms with this position.




2.f

The design conforms with this position.  Duct and housing leak tests will be performed in accordance with Section 6 of ANSI N510‑1980 instead of ANSI N510‑1975.




3.a

The relative humidity of exhaust air for the non‑ESF charcoal filter systems is not expected to exceed 70 percent.




3.b

The design conforms with this position.




3.c

The design conforms with this position.




3.d

The design conforms with the intent of Section 4.4 of ERDA 76‑21.




3.e

The design conforms with this position.


TABLE 12.3‑3 (Continued)



  Regulatory



   Position


System Design Feature




3.f

The design conforms with this position.




3.g

The design conforms with this position.  The original or replacement batch of impregnated activated carbon shall meet the qualification and batch test results summarized in Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of this Regulatory Guide.




3.h

The design conforms with this position.  The adsorbent shall meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.




3.i

The design conforms with this position.




3.j

The design conforms with this position.




3.k

The design conforms with this position.




3.l

The design conforms with this position.




4.a

The design conforms with the intent of the recommendations of Section 2.3.8 of ERDA 76‑21 and Section 4.7 of ANSI N509‑1976.




4.b

The maximum length of component plus 2 ft 6 inches is provided due to space limitations imposed by equipment room size.  It was determined that this is adequate for the replacement of the prefilters and HEPA filters, and is consistent with the manufacturer’s recommendation.




4.c

The design conforms with this position.




4.d

Preoperational Phase Testing meets the intent of this position.  The testing will be performed while active construction is in progress on the project, but sufficiently complete to ensure that the installed HEPA filters and charcoal are not subjected to airflow that would invalidate inplace testing.


TABLE 12.3‑3 (Continued)



  Regulatory



   Position


System Design Feature




5.a

Testing procedures will meet the intent of this position.  Visual inspection will be performed in accordance with the provisions of Section 5 of ANSI N510‑1980 instead of ANSI N510‑1975.




5.b

Testing procedures will meet the intent of this position.  The airflow distribution testing will be performed in accordance with the provisions of Section 8.3.2 of ANSI N510‑1980 instead of ANSI N510‑1975.




5.c

Testing procedures will meet the intent of this position.  The inplace leak test on upstream HEPA filter banks will be performed in accordance with the provisions of Section 10 of ANSI N510‑1980 instead of ANSI N510 1975.  In addition Section 10 of ANSI N510‑1980 requires Sections 8 and 9 to be performed as prerequisites to the inplace leak test on the HEPA filter bank and the Section 8 and 9 testing will be performed in accordance with the provisions of Sections 8 and 9 of ANSI N510‑1980.  Inplace leak testing on downstream HEPA filter banks will not be performed.  Testing frequency will meet the intent of the provision but may be based upon refueling outage intervals for systems M14 and M38.




5.d

Testing procedures will meet the intent of this position.  The inplace leak test on the charcoal adsorber stage will be performed in accordance with the provisions of Section 12 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition Section 12 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the charcoal adsorber stage and the Section 8 and 9 testing will be performed in accordance with the provisions of Section 8 and 9 of ANSI N510‑1980. Testing frequency will meet the intent of the provision but may be based upon refueling outage intervals for systems M14 and M38.




6.a(1)
Testing procedures will meet the intent of this position per 5.d above.


TABLE 12.3‑3 (Continued)



  Regulatory



   Position


System Design Feature




6.a(2)
Initially installed charcoal will conform with the requirements of this position.  New activated carbon meets the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 1, <Regulatory Guide 1.140>, March, 1978.




6.a(3)
Plant operating procedures will conform with the requirements of this position.  Laboratory testing for non‑ESF adsorbers will be conducted in accordance with the specification for testing of ESF adsorbers.  Non‑ESF adsorbers are tested with no test parameter exceptions.  Testing frequency will meet the intent of the provision but may be based upon refueling outage intervals for systems M14 and M38.




6.b

The design conforms to this position.  The preoperational testing procedures conform to this position.  The plant operating procedures conform to this position, with the exception that utilization of adsorbent samples removed from the subject bed may be used to refill the samplers.  The new unused activated carbon used to replace a bed on failure to meet the applicable tests of Table 2 will meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 1 of <Regulatory Guide 1.140>, March 1978. Testing frequency will meet the intent of the provision but may be based upon refueling outage intervals for systems M14 and M38.


TABLE 12.3‑4


DETECTORS ASSOCIATED WITH UNIT 1(1)

Detector(4)

Channel(2)




Location(5)

1D21N030(3)
Personnel air lock
Containment at Elev. 600’‑6”


1D21N040
CRD HCU west
Containment at Elev. 620’‑6”


1D21N050
RWCU fill and drain
Containment at Elev. 642’‑0”



  receiver tank area
  east


1D21N060(3)
TIP drive area
Containment at Elev. 600’‑6”


1D21N070
RWCU fill and drain area
Containment at Elev. 664’‑7”


1D21N080(3)(6)
Upper pool area
Containment at Elev. 689’‑6”


1D21N110
Auxiliary building,
Auxiliary building at



  574’ east
  Elev. 574’‑10” east


1D21N120
Auxiliary building,
Auxiliary building at



  574’ west
  Elev. 574’‑10” west


1D21N130
Turbine room east
Turbine room at Elev. 647’‑6”




  east


1D21N140
CRD HCU east
Containment at Elev. 620’‑6”


1D21N160(3)
Turbine room west
Turbine room at Elev. 647’‑6”




  west


1D21N170
Turbine building, 605’
Turbine building at




  Elev. 605’‑6”


1D21N180
Hotwell pump area
Turbine building at




  Elev. 577’‑6”


1D21N190
Turbine building sump
Turbine power complex at



  area
  Elev. 548’‑6”


1D21N200
Offgas building, 584’
Offgas building at




  Elev. 584’‑0”


1D21N210
Condensate filter pump
Turbine power complex at



  area
  Elev. 568’‑6”


1D21N220
Offgas after‑filter area
Offgas building at




  Elev. 602’‑6”


TABLE 12.3‑4 (Continued)


Detector(4)

Channel(2)




Location(5)

1D21N230
High pressure feedwater
Heater bay at Elev. 600’‑6”



  heater area


1D21N240
Feedpump area
Heater bay at Elev. 647’‑6”


1D21N400
Control room
Control complex at




  Elev. 654’‑6”


1D21N410
Offgas holdup area
Turbine building at




  Elev. 577’‑6”


NOTES:


(1)
Readout modules located on Panel 1H13‑P803 and recorded on Panel 1H13‑P600.


(2)
All channels have a local alarm and indicating unit except 1D21N400.


(3)
In addition to a local alarm and indicating unit, Channels 1D21N030, 1D21N060 and 1D21N080 have remote warning units, and Channel 1D21N160 has a remote warning light.  Channel 1D21N060 also has a remote meter mounted on the TIP drive control panel and uses flashing (stroboscopic) blue high radiation alarm lights.


(4)
Range of detectors is 0.1 to 104 mR/hr.


(5)
Detector and local alarm and indicating units located inside containment are housed in unpainted aluminum NEMA Type 4 enclosures.  All other equipment is housed in NEMA Type 12 enclosures.


(6)
(Reference 9) and (Reference 10) should be reviewed prior to making any modification that would impact this instrument’s ability to be used as an area radiation monitor.


TABLE 12.3‑5


DETECTORS ASSOCIATED WITH UNIT 2(1)

Detector(4)

Channel(2)




Location(5)

2D21N030
Personnel air lock
Containment at Elev. 600’‑6”


2D21N040
CRD HCU west
Containment at Elev. 620’‑6”


2D21N050
RWCU fill and drain
Containment at Elev. 642’‑0”



  receiver tank area
  east


2D21N060
TIP drive area
Containment at Elev. 600’‑6”


2D21N070
RWCU fill and drain area
Containment at Elev. 664’‑7”


2D21N080(3)
Upper pool area
Containment at Elev. 689’‑6”


2D21N110
Auxiliary building,
Auxiliary building at



  574’ east
  Elev. 574’‑10” east


2D21N120
Auxiliary building,
Auxiliary building at



  574’ west
  Elev. 574’‑10” west


2D21N130
Turbine room east
Turbine room at 




  Elev. 647’‑6” east


2D21N140
CRD HCU east
Containment at Elev. 620’‑6”


2D21N160(3)
Turbine room west
Turbine room at 




  Elev. 647’‑6” west


2D21N170
Turbine building, 605’
Turbine building at




  Elev. 605’‑6”


2D21N180
Hotwell pump area
Turbine building at




  Elev. 577’‑6”


2D21N190
Turbine building sump
Turbine power complex at



  area
  Elev. 548’‑6”


2D21N200
Offgas building, 584’
Offgas building at




  Elev. 584’‑0”


2D21N210
Condensate filter pump
Turbine power complex at



  area
  Elev. 568’‑6”


2D21N220
Offgas after‑filter area
Offgas building at




  Elev. 602’‑6”


TABLE 12.3‑5 (Continued)


Detector(4)

Channel(2)




Location(5)

2D21N230
High pressure feedwater
Heater bay at Elev. 600’‑6”



  heater area


2D21N240
Feedpump area
Heater bay at Elev. 647’‑6”


2D21N400
Control room
Control complex at




  Elev. 654’‑6”


2D21N410
Offgas holdup area
Turbine building at




  Elev. 577’‑6”


NOTES:


(1)
Readout modules located on Panel 2H13‑P083 and recorded on Panel 2H13‑P600.


(2)
All channels have a local alarm and indicating unit except 2D21N400.


(3)
In addition to a local alarm and indicating unit, channels 2D21N030 and 2D21N080 have remote warning units, and channel 2D21N160 has a remote warning light.


(4)
Range of detectors is 0.1 to 104 mR/hr.


(5)
Detector and local alarm and indicating units located inside containment are housed in unpainted aluminum NEMA Type 4 enclosures.  All other equipment is housed in NEMA Type 12 enclosures.


TABLE 12.3‑6


DETECTORS ASSOCIATED WITH COMMON AREAS(1)

Detector(4)

Channel(2)




Location


D21N250(3)
Radwaste 574’ west
Radwaste building at




  Elev. 574’‑10” west


D21N260(3)
Radwaste 574’ east
Radwaste building at




  Elev. 574’‑10” east


D21N270(3)
Radwaste 602’
Radwaste building at




  Elev. 602’‑0”


D21N280
Process sample room
Radwaste building at




  Elev. 623’‑6”


D21N290(3)
Radwaste evaporator area
Radwaste building at




  Elev. 623’‑6”


D21N310
Fuel pool cleanup fill
Intermediate building at



  and drain area
  Elev. 599’‑0”


D21N320(5)
Fuel preparation pool
Intermediate building at




  Elev. 620’‑6”


D21N330(5)
Spent fuel storage pool
Intermediate building at




  Elev. 620’‑6”


D21N420
Fuel pool cooling
Intermediate building at



  circulating pump area
  Elev. 574’‑10”


NOTES:


(1)
Readout modules located on Panel H13‑P906 and recorded on Panel H13‑P907.


(2)
All channels have an alarm and indicating unit.


(3)
In addition to an alarm and indicating unit, Channels D21N250, D21N260, D21N270, and D21N290 have a remote meter and remote alarm contacts for annunciation on Panel H51‑P031.


(4)
Range of detectors is 0.1 to 104 mR/hr.


(5)
(Reference 9) and (Reference 10) should be reviewed prior to making any modification that would affect these instruments’ ability to be used as area radiation monitors.


TABLE 12.3‑7


DETECTORS ASSOCIATED WITH LOCAL CHANNELS


Detector(3)

Channel




Location(4)

1D21N340
Unit 1 drywell
Containment at Elev. 655’‑0”



  (portable)
 (Azimuth approximately




  160()


2D21N340
Unit 2 drywell
Containment at Elev. 655’‑0”



  (portable)
 (Azimuth approximately




  200()


D21N380(1)
Waste compactor area
Radwaste building at




  Elev. 623’‑6”


D21N370(1)
Solid radwaste drumming
Radwaste building at



  area
  Elev. 623’‑6”


NOTES:


(1)
Channels D21N380 and D21N370 are locally mounted channels and have a remote meter on Panel H51‑P031 and a remote alarm window.


(2)
(Deleted)


(3)
Range of detectors is 0.1 to 104 mR/hr.


(4)
Detector and alarm and indicator units located inside containment are housed in unpainted aluminum NEMA Type 4 enclosures.  All other equipment is housed in NEMA Type 12 enclosures.


TABLE 12.3‑8


DETECTOR DESIGN REQUIREMENTS


Type







G‑M tube


Range, mR/hr





0.1 to 104

Energy dependence




(15% (80 KeV to 1.5 MeV)


Circuitry






Solid state preamplifier


Mounting






Wall bracket


Remote Capability




Up to 1,500 feet


Exposure






Capability of withstanding a total integrated dose of 105 rads


Enclosure






NEMA 12 (NEMA 4 in containment)


Dead Time






20 (sec.


TABLE 12.3‑9


READOUT MODULE DESIGN REQUIREMENTS


Response Time
Meter response is approximately 2.5 seconds for full scale deflection.  Time constant of 60, 6, .06 seconds at 0.01, 0.1, 1 mR/hr respectively.


Susceptibility
The input signal is shielded to prevent gross fluctuations and false trips due to normal electromagnetic interference caused by electric motors, circuit breaker closure, welding.


Stability
Drift is less than (3% of the measured point over a period of 30 days at environmental design center.



The system is capable of operation on 120 volt ac, 60 hertz and will operate within specifications under voltage or frequency changes of (10%.



For the operating temperature range the shift due to temperature will be less than 0.5% per (C.


Accuracy
The overall accuracy of the system will be the actual reading relative to the true reading within (25% of any decade at a reference energy in the range of 0.1 to 2.5 MeV.


Precision
The precision will be (10% of any single measurement level at the environmental design center.


TABLE 12.3‑10


AIRBORNE RADIATION MONITOR SUBGROUP


UNIT 1 AND UNIT 2


      Radiation Monitor

Instrument


          Subsystem(2)           
     Sample Point     
Channels(1)(3)
    Function of Subsystem      
    Location



D17K720


Radwaste Building Ventilation
Ventilation ductwork
GSP
Local, control room and radwaste
Radwaste Bldg.


Exhaust Radiation Monitor
upstream of filter
HSP
control room indication and
623’‑6” East



trains
PSP
alarms.  Ventilation supply fan





trip on high radiation.


1D17K700, 2D17K700


Auxiliary Building Ventilation
Ventilation ductwork
GSP
Local and control room alarms and
Aux. Bldg.


Exhaust Radiation Monitor
upstream of filter
HSP
indication.  Ventilation supply
620’‑6” West



trains
PSP
fan trip on high radiation.


D17K730


Intermediate Building Ventilation
Ventilation ductwork
GSP
Local and control room alarms and
Intermediate Bldg.


Exhaust Radiation Monitor
downstream of exhaust
H&P Filters
indication.  Supply fan trip on
682’‑6” S.W.



fan

high radiation.


D17K710


Fuel Handling Area Ventilation
Ventilation ductwork
GSP
Local and control alarms and
Intermediate Bldg.


Exhaust Radiation Monitor
upstream of the
HSP
indication.  Supply fan trip on
682’‑6” N.W.



exhaust filters
PSP
high radiation.  Fuel handling





area evac. alarm on high rad.


1D17K760, 2D17K760


Offgas Building Ventilation
Ventilation ductwork
GSP
Local and control room alarms
Offgas Bldg.


Exhaust Radiation Monitor
upstream of exhaust
HSP
and indication.
635’‑0”



filter trains
PSP


1D17K660, 2D17K660


Containment Vessel and Drywell
Ventilation ductwork
GSP
Local and control room alarms
Intermediate Bldg.


Purge Exhaust Radiation Monitor
outside containment
HSP
and indication.  Drywell and
654’‑6”



upstream of exhaust
PSP
containment evac. alarm.



filter trains


D17K770


Control Room Airborne Radiation
Ventilation supply
GSP
Local and control room alarms and
Control Complex


Monitor
duct downstream of
HSP
indication.  High radiation on
679’‑6”



common supply plenum
PSP
gas channel shifts ventilation





into emergency recirculation mode.


TABLE 12.3‑10 (Continued)


      Radiation Monitor

Instrument


          Subsystem(2)          
     Sample Point     
Channels(1)(3) 
    Function of Subsystem      
    Location



1D17K670, 2D17K670


Drywell Atmospheric Monitor
Drywell, 617’‑3” Elev.
GSP
Local and control room indication
Fuel Handling Bldg.




HSP
and alarms and drywell evacuation
620’‑6”




PSP
alarm.  Isolation of hydrogen





purge Valves M51F090 and M51F110





upon noble gas high alarm.


1D17K680, 2D17K680


Containment Atmospheric
Recirculated contain‑
GSP
Local and control room indication
Intermediate Bldg.


Monitor
ment air, 674’ Elev.
HSP
and alarms and containment and
665’‑0”




PSP
drywell evac. alarm.


NOTES:


(1) Analog signals are recorded.


(2)
Tag Numbers prefixed by 1D17 are components associated with Unit 1.



Tag Numbers prefixed by 2D17 are components associated with Unit 2.



Tag Numbers prefixed by D17 are components associated with the common



  areas of the plant.


(3)
GSP = Gas chamber scintillator‑photomultiplier



HSP = Halogen cartridge scintillator‑photomultiplier



PSP = Particulate filter scintillator‑photomultiplier



H   = Halogen



P   = Particulate


TABLE 12.3‑11


ISOKINETIC PROBES


UNIT 1 & UNIT 2


 Monitor
Isokinetic
  Duct
   Flow


                Ventl. System               
  No.(1)  
Probe No.(1)
(inches)
    CFM



M14  Containment Vessel and Drywell Purge
1D17K660
1D17N661A
48 x 48
 5,000




1D17N661B
48 x 48
25,000


M15  Reactor Bldg. Annulus Exhaust Gas Treatment
1D17K690A
1D17N691A
14 x 16
   400min(2)


1D17K690B
1D17N691B
14 x 16
   400min(2)

M36  Offgas Bldg. Vent. System
1D17K760
1D17N761
30 x 46
16,700(3)

M38  Auxiliary Bldg. Vent. System
1D17K700
1D17N701
30 x 90
29,325


COMMON TO UNIT 1 AND UNIT 2


M25  Control Room HVAC and Emerg. Recirc. System
 D17K770
 D17N771
38 x 32
11,540


M31  Radwaste Bldg. Vent. System
 D17K720
 D17K721A
32 x 90
30,000




 D17K721B
32 x 90
30,000


M33  Intermediate Bldg. Vent. System
 D17K730
 D17N731
46 x 46
27,400


M40  Fuel Handling Area Vent. System
 D17K710
 D17N711
40 x 60
30,000


NOTES:


(1)
Unit 1 has 1 preceding the number, i.e., 1D17K‑‑‑.



Unit 2 has 2 preceding the number.


(2)
With no recycle to the annulus space, 2,000 CFM is possible.


(3)
Based on total Offgas Vent Stack flow.


TABLE 12.3‑12


REACTOR BUILDING SUBCOMPARTMENT VENTILATION DATA


M11, M14 SYSTEMS



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor



Normal Reactor Operation:
 5,000
   ‑


642’ level, RWCU F/D backwash rec.
   500(1)
0.10 max.



tank area (radiation Zone 5 area)


654’ level east RWCU valve area
   200(1)
0.04 max.



(radiation Zone 5 area)


664’ level, RWCU F/D valve & holding
   750(1)
0.15 max.



pump room (radiation Zone 5 area)


664’ level, RWCU F/D room (2)
   120(1) (each)
0.024 max.



(radiation Zone 5 area)


664’ level north, RWCU HX
 2,300(1)
0.46 max.



(radiation Zone 5 area)


Reactor Shutdown Mode of Operation:
25,000
  ‑


Drywell area
16,500
0.66


Containment free space
 8,500
0.34


642’ level, RWCU F/D backwash rec.
   500(1)
0.017 max.



tank area (radiation Zone 5 area)


664’ level north, RWCU HX
 2,300(1)
0.077 max.



(radiation Zone 5 area)


654’ level east RWCU F/D valve nest
   200(1)
0.007 max.



area (radiation Zone 5 area)


664’ level, RWCU F/D valve & holding
   750(1)
0.025 max.



pump room (radiation Zone 5 area)


664’ level, RWCU F/D room
   120(1) (each)
0.004 max.



(radiation Zone 5 area)


NOTE:


(1)
Exhaust flow rate is a result of M11 Supply Air.


TABLE 12.3‑13


RADWASTE BUILDING SUBCOMPARTMENT VENTILATION DATA


M31 SYSTEM



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor  


Normal Operation
30,000
‑


574’‑0” Level:



Floor drain collection pump room A and B
   400 (each)
0.013



Fuel pool sludge decant pump room
   200
0.0066



Equipment drain sump pump
   200
0.0066



RWCU sludge decant pump room A
   100
0.0033



RWCU sludge decant pump room B
   200
0.0066



Floor drain sump room
   200
0.0066



Condensate sludge decant pump room
   400
0.013



Waste sample pump room
   600
0.02



Floor drain sample pump room
   600
0.02



Chemical waste pump room A and B
   600 (each)
0.02



Corridor
 1,700
0.0567



Waste collector transfer pump



room A and B
   400 (each)
0.03


Radiation Zone 5 Areas:



Fuel pool sludge discharge mixing pump



  area A and B
   400 (each)
0.013



RWCU sludge discharge mixing pump area



  A and B
   400 (each)
0.013



Condensate sludge discharge mix pump



  area A and B
   400 (each)
0.013



Fuel pool F/D backwash settling tank room



  area A and B
   400 (each)
0.013



RWCU F/D backwash settling tank A and B
   400 (each)
0.013



Condensate filter backwash settling tank



  A and B
   400 (each)
0.013


602’ Level:



Chemical waste distillate tank area
   900
0.03



Detergent drain tank & pump area
   300
0.01



Corridor
 1,800
0.06


Radiation Zone 5 Areas:



Spent resin pump area A and B
   400 (each)
0.013



Concentrated waste transfer pump area



  A and B
   400 (each)
0.013



Floor drain collection tank area



A and B
   600 (each)
0.02


TABLE 12.3‑13 (Continued)



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor



Radiation Zone 5 Areas:  (Continued)



Waste collection tank area A and B
   700 (each)
0.023



Spent resin tank area A and B
   400 (each)
0.013



Concentrated waste tank area A and B
   400 (each)
0.013



Chemical waste tank area A and B
   700 (each)
0.023



Floor drain sample tank area A
   300
0.01



Floor drain sample tank area B
   600
0.02



Waste sample tank area A
   600
0.02



Waste sample tank area B
   300
0.01


623’ Level:



Process sample room
 2,250
0.075



Radwaste control panel area
Air Supplied Only
  ‑



Dry Active Waste Handling Area
 3,500
0.1167



Corridor
 6,600
0.2200



Loading and drum storage area
 3,610
0.1203



Reverse osmosis unit room
   300
0.01



Chemical treatment room
   300
0.01



Ventilation exhaust equipment room
 1,200
0.04



Exhaust system area
 1,000
0.033



Valve station
   130
0.0043


Radiation Zone 5 Area:



Chemical waste evaporator rooms A and B
   900 (each)
0.0333



Waste demineralizer area
   140
0.0047



Floor drain demineralizer area
   140
0.0047



Waste cement mixing pump room A and B(1)
   400 (each)
0.0133



Waste mixing dewatering tank room A and B
   400 (each)
0.0133


646’ Level:



Filter, precoat pump and tank room
 1,540
0.0513



Waste collector filtrate pump room
   200
0.0067



Waste collector filtrate room
   570
0.0190



Floor drain filtrate pump room
   200
0.0067



Floor drain filtrate room
   570
0.0190


616’ Level:



Full drum storage area
 2,000
0.0667



Decontamination area
   500
0.0167


NOTE:


(1)
Either portions or all of the equipment located in these areas are abandoned.  However, the M31 System is operational.  Therefore, this information is being retained in this table.


TABLE 12.3‑14


AUXILIARY BUILDING SUBCOMPARTMENT VENTILATION DATA


M38 SYSTEM



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor



Normal Operation
29,325
‑


574’ level ‑ Corridor
 1,800
0.061


Radiation Zone 5 Areas



568’ level:  LPCS pump room
 2,280
0.078




RHR‑A pump room
 5,415
0.185




RCIC pump room
 2,105
0.072




RHR‑C pump room
 1,545
0.053




RHR‑B pump room
 5,420
0.185




HPCS pump room
 2,280
0.078


599’ level ‑ Corridor and containment



vessel/turbine building water



chiller area

 9,885
0.337


599’ level ‑ RWCU pump room A
 3,175
0.108



           RWCU pump room B
   915
0.031


614’ level ‑ Steam tunnel
 4,000
0.136


620’ level ‑ Northwest corridor
 3,615
0.123


Northeast corridor and



ventilation supply equipment area
 8,240
0.281



‑ pipe chase access room
   910
0.031


TABLE 12.3‑15


INTERMEDIATE BUILDING SUBCOMPARTMENT VENTILATION DATA


M33 SYSTEM



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor



Normal Operation
27,400
‑


574’ level‑General area
   900
0.033


Tool Decon Area
 1,100
0.040


Tool Storage Area
   900
0.033


599’ level‑General area
 5,400
0.197



Control complex controlled access entry
   100
0.004



Electrical equipment room
 1,200
0.044


620’ level
 8,300
0.303



Annulus exhaust gas treatment



  rooms (4)
   500 (each)
0.018


654’ level‑General area & recombiner area
 4,800
0.175



Containment vessel & drywell purge (2)
 1,000 (each)
0.036



Containment vessel & drywell purge (2)
 1,200 (each)
0.044


682’ level‑General area
 6,000
0.218



Fuel handling area exhaust



  filter rooms (3)
   800 (each)
0.029


TABLE 12.3‑16


FUEL HANDLING AREA SUBCOMPARTMENT VENTILATION DATA


M40 SYSTEM



   Exhaust
 Dilution


      Subcompartment       
Flow Rate (CFM)
  Factor



Normal Operation
30,000
‑


574’ level



Corridor, north and south
 1,000 (each)
0.033


Radiation Zone 5 Areas:



Control rod drive pump room,
 2,500 (each)
0.083




north and south



Fuel pool cooling and cleanup




circulating pump
   300
0.01



Fuel pool cooling and cleanup F/D




transfer pump room
   200
0.0067



Fuel pool cooling and cleanup F/D




backwash rec. tank room
   250
0.0083



Intermediate building floor and equipment




drain sump pump room
   250
0.0083



Postaccident sample room
   300
0.01


599’ level



Corridor, north and south
 1,000 (each)
0.033



Control rod drive maintenance area
 8,100
0.27


Radiation Zone 5 Areas:



Pool Area:



(Cask storage pool, spent fuel pool,



Fuel transfer pool)
15,300
0.51



Fuel pool cooling and cleanup




heat exchanger
   400
0.0133



Fuel pool cooling and cleanup F/D




room A, B
   200
0.0067



Fuel pool cooling and cleanup F/D




room C, D
   200
0.0067



Hot I&C repair room
   500
0.0167


TABLE 12.3‑17


HEATER BAY SUBCOMPARTMENT VENTILATION DATA


M41 SYSTEM



   SUMMER OPERATION(1)   
    WINTER OPERATION(2)



   Exhaust
Dilution
  Exhaust
 Dilution


  Subcompartment    
Flow Rate (CFM) Factor
Flow Rate (CFM)  Factor


Normal Operation
360,000
   ‑
198,000
 ‑


560’ level (Heater area)
107,000
0.30
 53,500
0.27



DC feedwater heater, 



MCV access area


580’ level (Hot water
 97,000
0.269
 48,500
0.245



heating equipment)



Rad. Zone 5 areas:



DC feedwater heaters



and auxiliary boiler



evaporator
120,000
0.333
 60,000
0.303


600’ level (Hallway)
 28,500
0.0792
 14,250
0.072



Rad. Zone 5 areas:



intermediate feedwater



heater, HP feedwater



heater
158,500
0.440
 79,250
0.400


620’ level (Hallway)
 21,500
0.0597
    750
0.004



FDW Lube Oil Purifier



Room
  1,500
0.004
    750
0.004



Rad. Zone 5 area:



Auxiliary Condenser
166,000
0.461
 79,600
0.402


647’ level (Hallway)
 14,000
0.0389
    400
0.002



Rad. Zone 5 areas:



Steam seal evaporator
 83,000
0.23
 39,800
0.20



Feedwater pump area (2)
 41,500
0.11
 19,900
0.10




 (each)

 (each)



Feedwater heater area
 60,000
0.17
 22,400
0.11


NOTES:


(1)
With louvers open.


(2)
With louvers closed.


TABLE 12.3‑18


TURBINE BUILDING SUBCOMPARTMENT VENTILATION DATA


M35 SYSTEM



  SUMMER OPERATION(1)  
    WINTER OPERATION(2)



   Exhaust
Dilution
  Exhaust
 Dilution


  Subcompartment    
Flow Rate (CFM) Factor
Flow Rate (CFM)  Factor


Normal Operation
360,000
   ‑
198,000
 ‑


Condenser bay area
 96,000
0.27
 96,000
0.48



(radiation Zone 5)


Turbine operating floor
180,000
0.50
118,000
0.60


Hot well pump & L.P.


heater area
 25,500
0.07
 25,500
0.129


Condenser vacuum pump area
    300
0.001
    300
0.002


Sample extraction area
    600
0.002
    600
0.003


Steam seal exhaust area
 24,700
0.07
 24,700
0.125


NOTES:


(1)
With louvers open


(2)
With louvers closed


TABLE 12.3‑19


OFFGAS BUILDING VENTILATION EXHAUST SUBCOMPARTMENT VENTILATION DATA


M36 SYSTEM



   Exhaust
Dilution


  Subcompartment    
Flow Rate (CFM)
 Factor



Normal Operation
15,400
‑


(Based on total Offgas Vent Stack flow)
16,700


548’ level


Radiation Zone 5 areas:



Turbine power complex



a.
Condensate demineralizer




backwash rec. tank
   600
0.035



b.
Condensate filter backwash rec.




tank area
   700
0.041


568’ level



Turbine power complex, corridor
 2,200
0.131



Turbine power complex,



condensate filter pump area
 1,500
0.089



Condensate demin. cubicles (6)
   500 (total)
0.029



Condensate filter cubicles (8)
   500 (total)
0.029



Caustic & acid storage tank room
 2,000
0.119



Offgas exhaust plenum area
   600
0.035


Radiation Zone 5 area:



Turbine power complex,



Cation regen. tank area
   500
0.029


577’ level



(Radiation Zone 5 area)



Turbine building, holdup pipe area
 1,000
0.059


584’ level



Offgas building, corridor
   700
0.041


TABLE 12.3‑19 (Continued)



   Exhaust
Dilution


  Subcompartment    
Flow Rate (CFM)
 Factor



Radiation Zone 5 areas:



Offgas cooler condenser room
  200
0.011



Offgas regenerator room A and B
  250
0.014





(each)



Charcoal absorber rooms
1,000
0.059





(Total)


602’ level



Radiation Zone 5 areas:



Offgas building, corridor
 1,500
0.089



Desiccant dryer area
   450
0.026



After filter and prefilter rooms (3)
   200
0.011





 (each)


605’ level



Radiation Zone 5 areas:



Steam jet air ejector room A and B
  800
0.047





 (each)



Preheater area
  800
0.047


620’ level



Offgas building, floor area
 2,500
0.149


  Offgas sample panels
   400
0.023





(Total)


624’ level



Turbine building, lab. hoods
 2,000
0.119





 (Total)



Turbine building, hydrogen oxygen 




analyzer area (A and B)
   300
0.017





 (each)
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12.4      DOSE ASSESSMENT


The estimates of exposure use both design radiation zones and the associated occupancy times described in <Section 12.3.1>, along with operational data gathered from similar BWR plants.  Design radiation levels used have been developed from conservative assumptions which indicate maximum radiation levels and not those anticipated for normal plant operation.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  During normal plant operation, the site ALARA Committee has the responsibility to determine the annual person‑rem exposure for the Perry Nuclear Power Plant.  This will be done based on anticipated routine and outage conditions, work loads and number of personnel on site.


12.4.1      ESTIMATES OF PERSONNEL OCCUPANCY REQUIREMENTS


Occupancy requirements throughout the plant are based on operating experience and project manpower needs, and were considered in the establishment of the design radiation zones described in <Section 12.3.1>.  To estimate occupancy requirements, plant personnel are categorized into five groups according to work function.  Feedback information from operating facilities indicates that contract workers will be called upon to do some tasks as indicated in <Table 12.4‑3>.  Essentially all of the dose received by contract personnel will be from maintenance activities.  <Table 12.4‑1> lists the estimated size of each group and the estimated occupancy requirements for each group in Zones I, II and III.  Personnel requirements are for both Unit 1 and Unit 2.  Estimates were not made for Zones IV and V since routine occupancy is not anticipated in these zones during normal operation or during anticipated operational occurrences.


12.4.2      ESTIMATES OF ANNUAL PERSON‑REM DOSES


Annual doses to plant personnel are estimated based on the assumption of 2,000 hours per year work for each employee.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  It is anticipated that the general radiation levels for each zone will be less than the design values stated for the zone, although isolated higher levels will exist in certain areas within the zone.


The estimated person‑rem doses for the various categories of plant personnel discussed in <Section 12.4.1> are listed in <Table 12.4‑2>.  <Table 12.4‑3> and <Table 12.4‑4> list the percentages of exposures by job function and work function, respectively, as reported by operating nuclear power plants for the year 1982 (Reference 1).  The total annual dose for plant operation is conservatively estimated to be 598.3 person‑rem/unit of which 183.8 person‑rem/unit will be received by contract personnel.  <Table 12.4‑5> lists several of the larger operating BWR facilities and the associated person‑rem dose for the years 1980, 1981 and 1982 (Reference 1).  This indicates that the person‑rem dose does vary considerably but is generally higher than the estimated person‑rem dose for PNPP operation.


A further estimate of the person‑rem doses has been made by identifying specific tasks anticipated to occur at the plant.  Various data from operating plants and in current publications (Reference 1), (Reference 2), (Reference 3), (Reference 4), (Reference 5), (Reference 6), (Reference 7), and (Reference 8) were used to identify these tasks, the manpower effort required to complete each task and the radiation levels associated with performing each task.  The guidance of 


<Regulatory Guide 8.19> has been followed to complete these dose estimates.  <Table 12.4‑6>, <Table 12.4‑7>, <Table 12.4‑8>, <Table 12.4‑9>, <Table 12.4‑10>, <Table 12.4‑11>, and <Table 12.4‑12> summarize the person‑rem doses per tasks.  These tables give person‑rem estimates on a per unit basis.  <Table 12.4‑6> indicates that special maintenance tasks represent a relatively small percentage of the annual person‑rem dose. Routine maintenance and refueling make up approximately 70 percent of the annual person‑rem dose at operating facilities.  Disagreement in the estimated values for PNPP and industry averages can be partially accounted for by design changes at PNPP <Section 12.2.1>, and in the way various tasks have been categorized.


Particular mention should be made regarding feedwater sparger repair.  This task is a very special maintenance task and may not occur during the projected life of the plant.  However, a person‑rem dose has been added for this task under the assumption that it will occur once during the 40 year life of the plant.  For other special maintenance tasks it has been assumed that frequency of occurrence will coincide with refueling outages.  In actuality, the frequency or special maintenance will be quite variable.


In addition to the facility design aspects that will promote ALARA, both the ALARA‑oriented radiation protection program <Section 12.5> and the utilization of applicable operational data and guidance will be very important in ensuring that personnel doses are ALARA.


12.4.3      ESTIMATED INHALATION DOSES


Radiation doses associated with airborne radioactivity have not been analyzed in terms of tasks due to the lack of sufficient industry data.  Inhalation doses were estimated using the airborne sources of radioactivity described in <Section 12.2.2>.  The ventilation system has generally been designed to move air from areas of unlimited occupancy (no potential airborne radioactivity sources) to areas of limited 


occupancy (potential airborne radioactivity sources).  Appropriate health physics procedures will be established to measure the radiological conditions in areas with potential airborne contamination, ensuring that radiation doses are maintained ALARA.  Where required, respirators will be used to further reduce inhalation doses.


<Table 12.4‑13> lists specific areas of the plant where airborne activity may be present in quantities that would result in a measurable dose to the whole body and, as a result of gaseous iodines, a dose to the thyroid.  The areas included are the reactor building (during normal operation and during refueling), the fuel handling building, the radwaste building, and the turbine building.  For each area man‑hours per work function have been estimated using (Reference 4) and (Reference 6).  The exposure rates have been determined from specific activities listed in <Section 12.2.2>.  Sources of airborne activity will be primarily from valve and pump leakage.  During refueling operations the refueling and spent fuel pools will release small amounts of airborne activity to the reactor building and the fuel handling building, respectively.  However, as a result of pool cleanup systems, it is anticipated that contributions from these sources will be minimal.  The resulting annual person‑rem doses per unit are listed in <Table 12.4‑13>.


An additional airborne activity source will come from the actuation of the safety/relief valves after an isolation scram (Type 2 event).  Type 1 and Type 2 events of steam discharges to the suppression pool are discussed in <Section 12.2>.  <Table 12.4‑14> gives the resulting doses to personnel in the reactor building as they exit after a Type 2 event.  It has been assumed that at the initiation of the isolation scram, an operator is located at the TIP drive floor.  The operator egress is at the personnel airlock 180( from the TIP floor area at the same elevation.  Operator egress is conservatively assumed to take four minutes.


The dose rates used are those calculated for the immediate area above the suppression pool.  Normal ventilation is assumed and airborne concentrations are not corrected for plate out on walls.  The dose assessment methodology including pool retention factors and average radiohalogen carry‑over factors as referred to in <Section 12.2.2.1>.


No dose calculations regarding Type 1 events are presented since resulting personnel doses would be negligible.


12.4.4      ESTIMATED ANNUAL DOSE OUTSIDE THE NUCLEAR FACILITY AT THE BOUNDARY OF THE RESTRICTED AREA


Potential direct radiation doses to individuals outside the nuclear facility will arise from the following:


a.
Skyshine and direct dose from turbines


b.
Direct dose from stored radwaste


c.
Direct dose from the external surfaces of buildings


d.
Dose from the gaseous radioactive plume


12.4.4.1      Skyshine and Direct Dose from Turbines


The dose analyses for normal operation of both units were based on an 80 percent load factor, and 50 and 24 percent occupancy factors for offsite and onsite exposures, respectively.  For distances beyond 300 feet, a single lumped source was assumed in the turbine building; for distances less than 300 feet, all major sources were considered separately.  The resultant doses at selected locations are given in <Table 12.4‑15> and a curve of the dose rate (mrem/hr) versus distance from the turbine building is presented in <Figure 12.3‑12>.


It is anticipated that non‑plant personnel could receive a radiation dose when Unit 1 is in commercial operation and Unit 2 is still being completed.  A recent study (Reference 9) has analyzed several two unit stations where construction personnel are completing a unit next to an operating one.  This study indicated that construction personnel are likely to receive radiation doses that are not distinguishable from background radiation levels.  For the PNPP, however, a conservative dose analysis for non‑plant personnel has been performed based on the following assumptions:


a.
The activities scheduled during this period on Unit 2 can be divided into three basic categories:  completion of construction, startup/testing and site engineering.  The total duration of these activities is scheduled to be 74 months between commercial operation of Unit 1 and Unit 2.


b.
The relative orientation of the structures is as shown on <Figure 1.2‑1>.


c.
The startup/testing activities on Unit 2 consist of such items as fuel loading, preoperational testing and startup and power testing.  The bulk of this work will be accomplished in the last 24 of the 74 month period between commercial operation of Unit 1 and Unit 2.


d.
The occupational composition and size for the startup/testing work for a single shift is conservatively assumed as follows:



1.
Engineers ‑ 25 required



2.
Electricians ‑ 20 required



3.
Pipe fitters ‑ 20 required



4.
Crane operators ‑ 4 required



5.
Operating engineers ‑ 4 required



6.
Utility personnel ‑ 20 required



7.
Laborers ‑ 10 required



8.
Technicians ‑ 50 required


e.
There will be three 9‑hour shifts per day.


f.
During any shift, the following time schedules are assumed:



1.
A portion of the work force (25 percent) spends 5 hours on the turbine building operating floor, 2 hours outside all plant structures and 2 hours inside plant structures.  It is conservatively assumed that while inside a plant structure, the individuals are shielded by a minimum of two feet of concrete and are located at a distance of 300 feet from the Unit 1 turbine building.



2.
The remainder of the work force spends 2 hours outside all plant structures and 7 hours inside plant structures.


g.
The completion of construction activities on Unit 2 consists of installation of equipment and piping, electrical wiring, closing of concrete construction openings, completion of painting and architectural items and completion of final roadways and landscaping in the area around Unit 2.


h.
The size of the work force needed for the completion of Unit 2 construction, based on present schedule resource loading, is given on <Figure 12.4‑1>.


i.
The work force is assumed to be composed of the occupational crafts listed in <Table 12.4‑16>.


j.
During a working day, the following time schedules are assumed:



1.
A portion of the work force (40 percent) spends 2 hours outside all plant structures and 7 hours inside plant structures.  It is conservatively assumed that while inside a plant structure, the individuals are shielded by a minimum of two feet of concrete and are located at a distance of 300 feet from Unit 1 turbine building.



2.
The remaining 60 percent of the work force is conservatively assumed to spend all 9 hours of the work shift outside plant structures.


k.
The site organization is a field engineering group housed onsite to complete portions of the final design and handle field construction problems.  The estimate of the work force does not include operations, radiation protection, maintenance, and I&C personnel since their occupational exposures are discussed in <Section 12.4.2>.


l.
The size of the site organization work force is shown on <Figure 12.4‑2>.


m.
During the working day, the following schedule is assumed:  the average worker spends 5 hours inside the warehouse/office, 2 hours outside all plant structures and 2 hours inside plant structures.


The radiation dose to the startup/test personnel, construction personnel and site organization personnel will arise from radiation levels at the external surfaces of buildings <Section 12.4.4.3>, from the gaseous radioactive plume <Section 12.4.4.4> and from the predominant source 


(skyshine).  A summary of direct doses from these sources is given in <Table 12.4‑17>.  The resulting person‑rem information is summarized in <Table 12.4‑18>.


12.4.4.2      Direct Doses From Stored Radwaste


The interim/temporary storage of radioactive wastes were evaluated for compliance with the NRC <Generic Letter 81‑38>.  Facilities and structures utilized for the interim storage of radioactive waste have been designed to assure that such storage does not result in an exposure (direct and skyshine) to the nearest site boundary greater than an additional 1 millirem per year above normal plant operations.


12.4.4.3      Direct Doses From the External Surfaces of Buildings


All external walls of buildings have been designed to attenuate radiation sources from within to comply with Zone I conditions (0.5 mrem/hr).  For calculational purpose, an expected radiation dose of 0.25 mrem/hr has been used.  It has been assumed that the dose rate at the surface of the building decreases inversely proportional to the distance from the wall.  In addition to distance, air attentuation also will decrease the doses.  <Table 12.4‑18> lists distances from the building and associated direct dose rates and annual doses out to the exclusion boundary.  Assumed occupancies are also given in <Table 12.4‑19>.


12.4.4.4      Doses From Gaseous Radioactive Plume


A small direct dose will result from noble gases released from Unit 1 and Unit 2.  The methodology used to calculate this dose has been taken from <Regulatory Guide 1.109>.  The meteorological data has been taken from <Section 2.3> and the quantity of nuclides released from <Section 11.3.3>.  An 80 percent load factor and 50 and 24 percent 


occupancy factors for offsite and onsite exposures, respectively, were again assumed in calculating the expected annual dose from this source <Table 12.4‑20>.
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TABLE 12.4‑1


ESTIMATED MANPOWER NEEDS AND OCCUPANCY REQUIREMENTS,


UNIT 1 AND UNIT 2









Zone I
Zone II

Zone III




Group

Number
_(%) _
_ (%) _

_ (%)  _


Administrative


  100
  97

   3


   0


Radiation Protection
   90
  80

  18.5

   1.5


Technical Section

  200
  93

   6


   1


Operations Section

  200
  86

  13


   1


Maintenance Section

  200
  70

  28.5

   1.5


Contractors


  300
  75

  24


   1



Total


1,090


TABLE 12.4‑2


PERSON‑REM ESTIMATES FOR NORMAL PLANT OPERATIONS,


ANTICIPATED OPERATIONAL OCCURRENCES AND ROUTINE MAINTENANCE,


UNIT 1 AND UNIT 2








Zone I

Zone II

  Zone III



Group


 (0.5 mrem/hr)
  (2.5 mrem/hr)
(25 mrem/hr)


Administrative



 48.5

  0



 0


Radiation Protection

 36.0

 41.6


33.8


Technical Section


 93.0

 30.0


50.0


Operations Section


 86.0

 65.0


50.0


Maintenance Section


 70.0

142.5


75.0


Contractors



112.6

180.0


75.0



Subtotals:  828.9 person‑rems (station personnel)





  367.6 person‑rems (contract personnel)



   Total:
1,196.5 person‑rems


TABLE 12.4‑3


BOILING WATER REACTORS


PERCENTAGES OF EXPOSURE BY JOB FUNCTION(1)

Job


Function



Utility


Contractor

Total


Maintenance


 22.6


   55.8


78.4


Operations


  6.4


    0.9


 7.3


Radiation Protection
  2.9


    3.1


 6.0


Supervisory


  1.6


    0.4


 2.0


Engineering


 _2.6


   _3.7

    _ 6.2



Totals


 36.1


   63.9

    100


NOTE:


(1)
<NUREG‑0713> (Reference 1).


TABLE 12.4‑4


BOILING WATER REACTORS


PERCENTAGES OF EXPOSURE BY WORK FUNCTION(1)

  Work


Function




Utility

Contractor

Total


Reactor Operations


 8.5


   2.5


 11


Routine Maintenance


 4.0


   5.0


  9


Inservice Inspection

 2.8


   7.2


 10


Special Maintenance


 0.4


   1.6


  2


Waste Processing


 0.5


   0.5


  1


Refueling




34.7


  32.3

    __67



Totals



50.9


  49.1

     100


NOTE:


(1)
<NUREG‑0713> (Reference 1).


TABLE 12.4‑5


YEARLY OPERATIONAL PERSON‑REM FOR


SELECTED BWR PLANTS(1)








1980


1981


1982


1.
Dresden 1, 2 & 3


2,105

2,802

2,923


2.
Monticello



  531

1,004

  993


3.
Nine Mile Point


  591

1,592

1,264


4.
Peach Bottom 2 & 3


2,302

2,506

1,977


5.
Quad Cities 1 & 2


4,838

3,146

3,757


6.
Vermont Yankee



1,338

  731

  205




Ave. Person‑rem/Unit
1,170

1,178

1,112


NOTE:


(1)
<NUREG‑0713> (Reference 1).


TABLE 12.4‑6


SUMMARY OF TOTAL OCCUPATIONAL RADIATION


EXPOSURE ESTIMATES BY TASK









Dose


Percentage of Total



Function


 (person‑rems/yr‑unit)
 person‑rem dose___


Routine operation



43




11


Routine maintenance



38




10

Waste processing



 3




 1


Refueling




    251




66

Inservice inspection


39




10


Special maintenance


      6




 2



Total person‑rems/yr‑unit    380

TABLE 12.4‑7


OCCUPATIONAL DOSE ESTIMATES DURING ROUTINE


OPERATIONS AND SURVEILLANCE






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Control room
0.1
6,000
2
‑
1.2


Walking and checking:


  Turbine and


  feedwater
100
0.1

1/shift
10.0


  heat exchanger
     1.0
1.0
1
1/shift
1.0


Containment cooling


  system
1.0
1.0
1
1/day
0.36


Standby liquid


  control system
1.0
1.0
1
1/day
0.36


ECCS and process


  equip
1.0
1.0
1
1/shift
1.0


C&I panels and equip


  in containment
1.0
1.0
1
1/shift
1.0


Fuel pool system
1.0
0.4
1
1/day
0.1


RWCU
1.0
0.5
1
1/shift
0.6


CRD system
1.0
0.5
1
1/shift
0.6


Recirc flow control
1.0
0.6
1
1/day
0.22


Misc auxiliary


  building
1.0
1.0
1
1/shift
1.0



100
0.1
1
1/shift
10.0


Traversing incore


  probe system
10
0.1
1
1/shift
1.2


Misc. in containment
1.0
1.0
1
1/day
0.4


Instrument calibration


  in containment
1.0
0.6
1
1/week
0.03


TABLE 12.4‑7 (Continued)






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Radiochemistry
1.0
1.0
2
1/day
0.73


Radiation protection


  surveys
1.0
4.0
1
1/day
1.46



15
1.0
1
1/day
5.48



100
0.5
1
1/week
2.6


Sample stations in


  reactor building
5.0
0.5
1
1/shift
2.7


Other local samples
5.0
0.1
1
1/day
0.15


Remote sampling
1.0
0.3
1
1/day
0.1


Containment personnel
1.0
0.05
3
1/shift
0.16


  lock


    Total




43


TABLE 12.4‑8


OCCUPATIONAL DOSE ESTIMATES DURING ROUTINE MAINTENANCE






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


RWCU filter precoat
1.0
2.0
1
1/week
0.1


RWCU pump and valve
150
1.5
2
1/week
23.4

TIP system
10
2.0
2
1/month
0.5


CRD
2.5
10.0
1
1/week
1.3

HVAC systems
1.0
8.0
1
1/week
0.4


Sample stations
5.0
1.5
1
1/day
2.7

Misc. auxiliary
2.0
4.0
2
1/week
0.8


  building pumps
25.0
0.2
2
1/week
0.5


  (LPCS, HPCS,


  RCIC, etc.)


Feedwater and
25.0
0.5
2
1/week
1.3


  condensate pumps
1.0
1.5
2
2/weeks
0.3


  valves and heat


  exchangers


Condensate
1.0
1.5
2
1/day
1.1

  demineralizer


  and heat


  exchangers filters


    Total




32.4

TABLE 12.4‑9


OCCUPATIONAL DOSE ESTIMATES DURING WASTE PROCESSING






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Operation of liquid
0.2
112
1
1/week
1.1


  waste processing


  system


Operation of solid
1.0
30
1
1/week
1.5


  waste processing


  system


    Total




3


TABLE 12.4‑10


OCCUPATIONAL DOSE ESTIMATES DURING REFUELING






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Reactor pressure
60
40
10
1/year
27


  vessels head and


  internals ‑ removal


  and installation


Refueling operations
10
100
15
1/year
18.0


Fuel sipping
2.0
100
2
1/year
0.4


CRD replacement
260
35
5
1/year
54


CRD repair
15
200
6
1/year
20


Low Power range
95
20
4
1/year
9


  monitor


MSIV repair
75
100
6
1/year
52


RHR system
50
27
8
1/year
11


RWCU pump
180
35
3
1/year
22


RWCU valve and
110
45
6
1/year
36


  heat exchanger


Turbine inspection
3
80
10
1/3 years
0.8


Turbine overhaul
3
250
20
1/20 years
0.75


Total




251


TABLE 12.4‑11


OCCUPATIONAL DOSE ESTIMATES DURING INSERVICE INSPECTION






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Providing access:
200
10
4
1/year
8


  installation of


  platforms, ladders,


  etc., removal of


  thermal insulation


Drywell
100
50
6
1/year
30


Reactor building
5
50
2
2/year
1


    Total




39


TABLE 12.4‑12


OCCUPATIONAL DOSE ESTIMATES DURING SPECIAL MAINTENANCE






  Average
Exposure
Number


   Dose






 Dose Rate
  Time
  of


(person‑rem/



Activity

 (mrem/hr)
__(hr)__
Workers
Frequency
   year)____


Feedwater sparger
800
60
244
1/40 years
6


Special cleaning evolutions or



See Note(1)

one‑time plant modifications 


of radiological significance 


as defined by the Perry staff.


     Total




6


Note:


(1)
No dose is specified for activity.  Dose will be estimated on a case‑by‑case basis based upon the specific radiological conditions, task duration, and manpower requirements to accomplish the activity.


TABLE 12.4‑13


PERSONNEL RADIATION DOSES FROM AIRBORNE ACTIVITY












Yearly Person‑rem










   Dose Rates
Doses (person‑rem/



  Routine
 Routine
Instrument
Main


  Total
      (rem/hr)      
     yr‑unit)




Surveillance
Operation
Calibration
tenance
Refueling
ISI
man‑hrs/yr
WB
Thyroid
WB
Thyroid


Reactor building
5,000
1,100
70
2,200
‑‑‑
‑ ‑
8,370
1.8 x 10‑4
4.3 x 10‑3
1.5
36.0


(during operation)


Reactor building
‑‑‑
‑‑‑
40
2,600
1,500
440
4,580
Neg(1)
3.8 x 10‑4
Neg
1.7


(refueling)


Fuel handling
  150
‑‑‑
20
  300
1,500
‑ ‑
1,970
Neg
1.5 x 10‑5
Neg
3.0 x 10‑2

building


Radwaste building
  150
7,400
20
  300
‑‑‑
‑ ‑
7,870
Neg
1.2 x 10‑4
Neg
9.4 x 10‑1

Turbine building
1,200
‑‑‑
40
5,000
‑‑‑
‑ ‑
6,240
2.5 x 10‑4
9.0 x 10‑5
1.6
5.6 x 10‑1

    Total









3.1
37.7


NOTE:


(1)
Negligible.


TABLE 12.4‑14


SAFETY/RELIEF VALVE DISCHARGERS


DOSE FOR TYPE 2 EVENT





Organ





Dose




 Whole body + eye (()


150 mrem/event




 Skin (()





440 mrem/event




 Thyroid





.87 mrem/event


TABLE 12.4‑15


ESTIMATED SKYSHINE DOSES(1)


Distance (ft)


Occupancy Factor(2)  

Dose (mrem/yr)




500




   0.19



258



   1,500




   0.19



 19









(40 hrs/wk)



   2,900




    .4



1.6


    (Exclusion boundary)


(50% occupancy)


NOTES:


(1)
Two units operating.


(2)
Plant factor (80 percent) times percentage occupancy.


TABLE 12.4‑16


WORK FORCE BY OCCUPATIONAL CRAFTS











Approximate Percentage



Occupational Craft




___of Work Force (%)__



Boilermakers







 7



Electricians







18



Ironworkers







 9



Pipe fitters







15



Painters








 7



Laborers








11



Operating engineers






 6



Carpenters







 9



All other crafts





     18




Total






    100


TABLE 12.4‑17


SUMMARY OF DIRECT DOSES(1)







_______________Distance (ft)_______














  2,900














Exclusion




Source


500


1500


 Boundary



Skyshine



258


19


1.6



Surfaces of buildings
7.2 x 10‑1

6.3 x 10‑2

2.6 x 10‑3







See Note(2)

See Note(2)


Radioactive plume

13.6


7.8


1.1


NOTES:


(1)
Doses in mrem/yr.


(2)
Estimated from <Table 12.4‑18>.


TABLE 12.4‑18


DOSE TO NON‑PLANT PERSONNEL



Direct Dose
Radioactive


Dose Per Job


       Function/Location  
 Buildings 
   Plume   
Skyshine
Daily Dose
  Duration



A.
Startup/test





(mrem/hr)
 (mrem/hr)
(mrem/hr)
(mrem/day)
(person‑rem)



1.
25% of work force




5 hrs/day in turbine




building(1)
Negligible
Negligible
0.046
0.23
2.0




2 hrs/day inside




plant(2)
Negligible
Negligible
0.0016
0.0032
0.028




2 hrs/day outside




plant(3)
0.0008
0.025
0.16
0.37
3.2



2.
75% of work force




2 hrs/day outside




plant(3)
0.0008
0.025
0.16
0.37
9.6




7 hrs/day inside




plant(2)
Negligible
Negligible
0.0016
0.0112
0.29








Total
15.1 person‑rem


B.
Construction workers(5)


1.
40% of work force




2 hrs/day outside




plant(4)
0.00026
0.008
0.06
0.14
111.8




7 hrs/day inside




plant(2)
Negligible
Negligible
0.0016
0.0112
8.9


TABLE 12.4‑18 (Continued)



Direct Dose
Radioactive


Dose Per Job


       Function/Location         
 Buildings 
   Plume   
Skyshine
Daily Dose
  Duration




2.
60% of work force




9 hrs/day outside(4)
0.00026
0.008
0.06
0.61
731.0








Total
851.7 person‑rem


C.
Site Organization(5)
(mrem/hr)
(mrem/hr)
(mrem/hr)
(mrem/day)
(person‑rem)



2 hrs/day inside



plant(2)
Negligible
Negligible
0.0016
0.0032
2.8



2 hrs/day outside



plant(3)
0.0008
.025
.16
.37
327.6



5 hrs/day at



warehouse office(6)
0.00026
0.008
.02
.14
124.0








Total
454.4 person‑rem


NOTES:


(1)
Assume Unit 2 turbine is 666 feet from Unit 1 turbine.


(2)
Assume 300 feet from any radiation source plus 2 feet concrete shielding.


(3)
Assume 300 feet from any radiation source.


(4)
Assume 600 feet from any radiation source.


(5)
Values based on one 9 hour shift per day, 5 days per week.


(6)
Assume 600 feet from radiation source for direct dose and plenum, and 1,000 feet for skyshine.


TABLE 12.4‑19


DIRECT DOSE FROM THE EXTERNAL


SURFACES OF BUILDINGS



Distance


Dose Rate


Occupancy

Annual Dose



__(ft)  


(mrem/hr)


_Factor(1)

_(mrem/yr)




  100


2.0 x 10‑3

  
  0.19


3.3



  300


7.8 x 10‑4

  
  0.19


1.3



  600

     2.6 x 10‑4

  
  0.19

4.3 x 10‑1


1,200


5.6 x 10‑5

  
  0.19

9.3 x 10‑2


2,000

 
8.0 x 10‑6

  
  0.19

1.3 x 10‑2


2,900


7.3 x 10‑7

  
  0.4

2.6 x 10‑3


(Exclusion



Boundary)


NOTE:


(1)
Plant factor (80%) times percentage occupancy.


TABLE 12.4‑20


DOSE FROM GASEOUS RADIOACTIVE PLUME







   ____________________Distance (ft)________








  500
   1,500



2,900



Expected dose rate     8.0 x 10‑3
2.2 x 10‑3


7.0 x 10‑4


(mrem/hr)


   See Note(1)
See Note(2)


See Note(3)


Expected annual dose    13.6

7.8



1.1



(mrem)


NOTES:


(1)
A X/Q at 200 meters is used.


(2)
A X/Q at 400 meters is used.


(3)
A X/Q at 800 meters is used.
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12.5      RADIATION PROTECTION PROGRAM


12.5.1      ORGANIZATION


The Manager, Radiation Protection Section is designated as the Radiation Protection Manager defined in <Regulatory Guide 1.8>.  He is responsible for directing all activities associated with radiation protection and other radiological control services required to support plant operation and maintenance activities.  This includes all radiation protection activities and for conducting the plant radiological survey activities required to ensure that personnel exposure to radiation and radioactive materials is maintained within regulatory guidelines and that such exposure is kept as low as reasonably achievable (ALARA).  The Manager, Radiation Protection reports to the Director, Site Operations Department.


Reporting to the Radiation Protection Manager are the Radiation Protection Supervisors.  The Radiation Protection Supervisors are responsible for the oversight of the Radiation Protection Technicians and the implementation of the operational Radiation Protection Program.  


The Radiation Protection Technicians perform the various radiological surveys and associated analysis to ensure compliance with the radiation protection program.  At least one Radiation Protection Technician is provided for each shift.


Qualification and training requirements for the Radiation Protection Section’s supervisory positions are described in <Section 13.1.2.2>, <Section 13.1.3.2>, and <Section 13.2.3>.


12.5.2      EQUIPMENT, INSTRUMENTATION AND FACILITIES


12.5.2.1      Facilities


Radiation protection and chemistry facilities are located on Elevations 599’0” and 620’6” of the Control Complex.  These facilities include but are not limited to the following rooms and areas at Elevation 599’0”:


a.
Oil Lab


b.
Chemistry Office


c.
(Deleted)


d.
Chemistry Counting Room


e.
Low Level Chemistry Laboratory


f.
High Level Chemistry Laboratory


g.
Respirator Cleaning


h.
(Deleted)


i.
Men’s and Women’s Locker Rooms and Lavatories


j.
(Deleted)


k.
Personnel Decontamination Room


l.
Lunch Room


m.
(Deleted)


n.
Respirator Issue Room


See <Figure 1.2‑4> for the arrangement of these facilities.


These facilities include, but are not limited to the following rooms and areas at elevation 620’‑6”:


a.
Health Physics Storage & Frisking Room


b.
Health Physics and Radiation Protection Offices and Support Facilities


c.
Audio/Visual Room


d.
Whole Body Counting Room


e.
RRA Access Control Point


See <Figure 1.2‑5> for the arrangement of these facilities.


Portable radiation survey equipment, airborne radiation monitoring equipment and other miscellaneous equipment, will be stored in the Radiation Protection Service Room, and other areas designated by Radiation Protection.  Respiratory protective equipment will be repaired at locations determined by Radiation Protection and cleaned in the Respirator Cleaning and Issue Area.


Locker and lavatory facilities for men and women shall contain personal effects lockers for workers as well as toilet, washroom and shower accommodations.  Protective clothing may be issued from clothing storage areas in the plant and/or any local access control point, as may be warranted.  The protective clothing storage areas will be located at various places throughout the plant.


Health physics sample counting equipment is readily available and is generally located in the Health Physics Storage & Frisking Room.  Equipment includes beta counters, an alpha counter, an iodine counting system, and radiation check sources and equipment.


The Radiochemistry Low Level and High Level Laboratories are adjacent to the Chemistry Counting Room.  Analysis capabilities will include gamma isotopic analysis, beta and alpha low level analysis and other miscellaneous special sample counting analyses.


Personnel decontamination will be performed in the Radiation Protection Personnel Decontamination Room which is designed for decontamination.  Standup showers, hand sinks and other personnel decontamination equipment are located in this room.


Contaminated equipment may be decontaminated in the small tool decontamination facility located in the Service Building Hot Shop.  Shop equipment necessary for proper decontamination, e.g., Freon hi‑pressure ultrasonic degreasers, liquid abrasive bead blaster, wash sinks, etc., will be provided.  Ventilation systems will be designed to maintain a habitable environment for personnel performing decontamination.  Drainage from the decontamination areas will be collected or directed to radwaste.


12.5.2.2      Access and Egress to Radiation Protection Controlled Areas


Access to and from the plant shall normally be via the Health Physics RRA Access Control Point, through the double doors and the Service Building hall.  Additional access points may be established as deemed necessary.  Contaminated materials and radioactive samples are normally brought to the Service Building Hot Shop through the Service Building hall.  Contamination detection instrumentation is strategically located for personnel contamination surveys.


12.5.2.3      Health Physics Instrumentation


12.5.2.3.1      Laboratory Instruments


Instrumentation located in the Counting Room, Alternate Counting Room, Health Physics Storage & Frisking Room, Low Level Chemistry Laboratory, and High Level Chemistry Laboratory, will allow radiation protection personnel to ascertain the radioactive material concentrations in survey samples.  Typical samples would be:  contamination survey smears, airborne survey particulate filters and charcoal halogen cartridges.  Typical laboratory instruments are listed on <Table 12.5‑1>.  Each counting system will be checked and calibrated at regular intervals with radioactive sources traceable to National Institute of Standards and Technology (NIST) in accordance with Health Physics and Chemistry Instructions.  Counting efficiency, background count rates and detector voltage settings will be checked periodically.  Instrumentation will also be calibrated after repair.


12.5.2.3.2      Portable Survey Instruments


Portable instruments are normally stored in the Health Physics Storage & Frisking Room and, as required, at any inplant access control point for plant maintenance and/or repair.  These instruments allow radiation protection personnel to perform alpha, beta, gamma, and neutron surveys, for area radiation, airborne and surface contamination monitoring.


Each portable instrument will be calibrated according to Health Physics Instructions when in use, or prior to use after repair.  Sufficient quantities of portable instrumentation will be available to permit calibration, maintenance or repair to instruments without causing a shortage of operational equipment.  Typical portable equipment is listed in <Table 12.5‑2>.


A large, heavily shielded, self‑contained, multi‑source calibrator is provided for calibrating gamma dose rate instrumentation.  Other sources will be provided as required.  Instruments may also be calibrated by a qualified consultant.  All sources used for calibration will be traceable to NBS.


12.5.2.3.3      Personnel Monitoring Instruments


Personnel monitoring shall be provided by use of thermoluminescent dosimeters (TLDs), direct reading pocket ionization dosimeters and/or direct reading electronic dosimeters.  All personnel entering a Radiologically Restricted Area will be issued personnel monitoring.  TLDs will be used to measure exposure to beta‑gamma radiation.  This badge will contain thermoluminescent chips or cards with suitable energy filters.  TLDs will be evaluated and processed by a processor holding a current National Voluntary Laboratory Accreditation Program (NVLAP) accreditation at least annually for personnel records.  Personnel doses will be ascertained as prescribed by Health Physics Instructions.  The exposure history established by the TLD readings shall constitute the official record of personnel exposure at PNPP.  To meet the requirements of <Regulatory Guide 8.4>, direct reading dosimeters may constitute the official record when used for the measurement of x‑ray or gamma radiation for plant visitors who must enter a Radiologically Restricted Area.


Anytime an individual is expected to enter a neutron radiation area, neutron dose should be calculated by using a methodology of determination of neutron dose equivalent rates as measured by a neutron rem meter instrument and known occupancy times or the neutron to gamma ratio methodology until the TLD results for the period of time for the exposure is received.


Direct reading dosimeters are issued to personnel as necessary for indication of dose.  These dosimeters provide “up‑to‑the‑minute” 


indication of radiation exposure.  These dosimeters may also be used to monitor the extremities.  The dosimeters will be calibrated semi‑annually, or anytime damage is suspected.


TLD results greater than 100 millirems are compared to the pocket dosimeter readings upon receipt.  Discrepancies between the pocket dosimeter readings and TLD results of greater than 25 percent are evaluated by the Radiation Protection Section.


Annually or as required by the Radiation Protection Manager, an analysis of dose by task is performed to determine which operations or tasks can be modified to reduce exposure.


Personnel contamination survey instruments shall include Geiger‑Mueller friskers and portal monitors.  These instruments will be calibrated according to Health Physics Instructions at least annually when in use, or prior to use after repair.  Personnel internal exposures will be evaluated by a bioassay program as described in <Section 12.5.3.6.2>.


Typical personnel monitoring instruments are listed on <Table 12.5‑3>.


12.5.2.3.4      Radiation Protection Equipment


Portable air samplers are used to determine airborne radioactive material concentrations.  Portable air samplers will be calibrated for flow semi‑annually in accordance with <Regulatory Guide 8.25> and Health Physics Instructions.  Typical surveys will be performed for particulate and radioiodine airborne concentrations.


Portable continuous air monitors will be used in various plant locations, to provide local information and trending data.  Alarm setpoints are variable in accordance with Health Physics Instructions.  Audible and visual alarms are provided to warn local personnel of airborne radioactive concentrations in excess of specified limits.


Respiratory equipment will be provided and stored in the Respirator Cleaning and Issue Area or any remote controlled access point in the plant, as required.  Emergency respiratory equipment shall be stored at strategic locations within the plant.  The equipment will be maintained and used in accordance with applicable plant procedures and Health Physics Instructions.  These instructions are prepared in accordance with <10 CFR 20>.


Protective clothing will be provided for personnel working in contaminated areas.  Specific requirements for clothing will be prescribed by radiation protection personnel based on actual or anticipated radiological conditions.  An adequate inventory of protective clothing will be maintained and available at in‑plant clothing storage areas and access control points.  This clothing includes:  lab coats, coveralls, booties, hoods, rubber overshoes, rubber gloves, cotton glove liners, and waterproof suits.  All respiratory equipment complies with <10 CFR 20>.


Typical contamination control supplies will include:  cleaning cloths, drum liners, plastic bags, wet/dry vacuum cleaners, step‑off pads, masking tape, radiation tape, radiation rope, various signs, mops, sponges, smears, and other supplies necessary for good radiological housekeeping.


A typical listing of radiation protection equipment is provided in <Table 12.5‑4>.


12.5.2.3.5      Other Radiation Protection Instruments


The Area Radiation Monitoring system (ARMS) is installed in areas where it is desirable to have constant dose rate indication.  Area monitors display the dose rates of strategic plant locations locally and on Control Room panel modules.  The Area Monitors provide audible and visual alarm indication when a preset dose rate is exceeded.  Airborne 


Radioactivity Monitors (ABRMs) are provided for strategic plant locations when personnel exposure to airborne gaseous and particulate radionuclides and radioiodine may be anticipated.


12.5.2.3.6      Emergency Equipment


Sufficient radiation protection equipment will be available to personnel responding to an accident.  The equipment includes dosimeters, portable survey meters, respiratory protection devices, protective clothing, and air samplers.  The equipment will be stored in strategic locations in the plant and the Emergency Response Facilities.  This equipment will be inventoried and checked for operability at regular scheduled intervals.


12.5.3      HEALTH PHYSICS INSTRUCTIONS


Adherence to PNPP procedures will help ensure that personnel radiation exposures are kept ALARA, and within the limits of <10 CFR 20>.  Plans and procedures used at PNPP will meet the criteria provided in <Regulatory Guide 1.33>, <Regulatory Guide 8.2>, <Regulatory Guide 8.8>, and <Regulatory Guide 8.10>.


12.5.3.1      Radiation and Contamination Surveys


Radiation Protection personnel will normally perform radiation and contamination surveys of all accessible areas in the plant.  The surveys will be performed on an appropriate frequency, depending on the probability of radiation and contamination levels changing, and the frequency with which the areas are occupied.  Surveys related to specific operations and maintenance activities may be performed prior to, during, and/or after the activity, based on information required to keep radiation exposures ALARA.


12.5.3.2      Procedures and Methods Ensuring ALARA


<Section 12.1.3> describes the operational considerations to keep radiation exposures ALARA.


Procedures and instructions address the requirements of <10 CFR 20>, and <Regulatory Guide 1.33>, <Regulatory Guide 8.2>, <Regulatory Guide 8.8>, and <Regulatory Guide 8.10>, as discussed in <Section 1.8>.


Records to keep radiation exposures ALARA are maintained in accordance with <Regulatory Guide 8.7>.


Methods to maintain exposures ALARA will not only be included in Radiation Work Permits, but will also be contained in applicable procedures.  Some examples of methods that will be used to maintain exposures ALARA are discussed for the following operations:


12.5.3.2.1      Refueling


After the reactor coolant system is depressurized, it will be degassed and sampled to verify that the gaseous activity is minimized prior to removing the reactor head.  After flooding the reactor well and the refueling pool, purification of the pool water shall be continued to maintain minimal radioactivity in the water and, therefore, radiation exposures ALARA.


Movement of spent fuel assemblies will be done with the assemblies under a sufficient depth of water to provide shielding to keep radiation exposures ALARA.


12.5.3.2.2      Inservice Inspection


Review of system drains; maintenance inspection histories, photographs, slides, and radiological survey reports may be required as preparation 


for entering radiologically restricted areas.  RWPs, if required, will be used to specify the radiological protection measures required to keep personnel exposures ALARA.


12.5.3.2.3      Radwaste Handling


Radiation exposure to personnel handling radwaste will be ALARA due to plant design.  Liquids, spent filter media and resins are remotely processed in shielded cubicles.


12.5.3.2.4      Spent Fuel Handling, Loading and Shipping


All movements of spent fuel will be done under at least eight feet of water to provide shielding and cooling.  The water is purified to reduce the concentration of radioactive materials.  After the fuel is loaded into the shipping cask, the cask will be decontaminated once it is removed from the pool.


12.5.3.2.5      Normal Operations


Major radiation hazards in the plant are minimized by plant design.  Equipment and piping containing large quantities of radioactive materials are housed in shielded cubicles and pipe chases.  Most equipment is operated remotely to keep operator radiation exposures ALARA.


An Area Radiation Monitoring (ARM) system is provided so personnel can move about and work in the plant with reasonable assurance that radiation levels are below those requiring special monitoring precautions.  The ARM system indicates, alarms and records abnormal gamma radiation levels in areas where radioactive materials may be present, stored, handled, or inadvertently introduced.


The plant ventilation system is designed to keep areas of possible radioactive contamination at a negative air pressure to minimize the spread of contamination.  Airflow from most areas is monitored for particulate, iodine and gaseous radioactivity.  The Airborne Radioactivity Monitoring system indicates, alarms and records abnormal airborne radioactivity levels, allowing personnel to move about and work in the plant with reasonable assurance that airborne radioactivity concentrations are below those requiring special monitoring.


12.5.3.2.6      Routine Maintenance


All maintenance work at PNPP that involves systems that contain, collect, store, or transport radioactive materials and may cause radiation exposure will require an RWP, as determined by Radiation Protection, based on currently determined radiation, contamination or airborne activity levels.  The RWP will specify radiological hazards associated with a job and the protective measures required for performing the job.


When applicable, procedures will specify portions of radioactive systems or components which are to be isolated, flushed and/or drained.  This will reduce the radiation levels in the maintenance area.


Where applicable, special tools will be used for remote handling of components.  This will help keep radiation exposures ALARA by increasing the distance between the workers and the sources of radiation, and by decreasing the workers exposure time.  Temporary shielding will be used as deemed necessary.


12.5.3.2.7      Sampling


Periodic sampling and analysis of process streams will identify radiation sources, help verify that process stream monitors are providing accurate information and thus help maintain exposures ALARA.


Most of the sampling of radioactive systems will be performed in chemical fume hoods.  The fume hoods provide negative air pressure and minimize the possible spread of contamination.  RWP requirements, if necessary, will specify appropriate protective measures to be taken during sampling.  The possibility of radioactive spills and radiation exposure will be maintained ALARA during sample transport by the use of special shielded or remote handling and transportation devices.


12.5.3.2.8      Calibration


Periodic calibration of radiation detection instruments will help keep radiation exposures ALARA by assuring that the instruments are accurate and are providing reliable information.  Portable radiation detection instruments are calibrated in accordance with manufacturers recommendations and Health Physics Instructions.


Portable survey meters will be calibrated using an enclosed and shielded calibrator.


Portable sources used to calibrate fixed instruments like the Area Radiation Monitoring system are in shielded containers that slip over the detectors, keeping radiation exposure to personnel ALARA.


12.5.3.2.9      Plant Cleanliness


Plant cleanliness is maintained in accordance with <Regulatory Guide 1.39> as discussed in <Section 1.8> and <Section 17.2>.


12.5.3.3      Controlling Access and Stay Time


Personnel who have not satisfactorily demonstrated comprehension of the information presented in Plant Access Training and Radiation Worker  


Training will not be allowed to enter radiologically restricted areas unless escorted by someone who has satisfactorily completed the training.


All maintenance work performed on systems that contain, collect, store, or transport radioactive materials and may cause radiation exposure, will require an RWP, as determined by Radiation Protection, based on currently determined radiation, loose contamination or airborne activity levels. 


The RWP will specify the radiological hazards associated with a job, including the radiation exposure rate.  If necessary, full time radiation protection coverage will be provided and appropriate “stay time” will be used to maintain radiation exposures ALARA.


For additional details, see <Section 12.5.2.2>.


12.5.3.4      Contamination Control


Contamination surveys will be performed as described in <Section 12.5.3.1>.  Contamination limits for areas, tools and clothing are described in the plant procedures and instructions.


Plant design will also help prevent the spread of contamination.  The ventilation systems keep a negative air pressure in areas of possible high contamination.  By keeping air flow into these areas, the possibility of airborne contamination leaving these areas will be minimized.


Contamination detection instrumentation will be placed at strategic locations throughout the plant.  Step‑off pads may be used to differentiate between contaminated areas and clean areas.  After removing protective clothing, workers will monitor themselves for 


contamination.  If contamination is found, personnel will be decontaminated as quickly as possible to minimize the radiation exposure and prevent the spread of the contamination.


All tools used in contaminated areas will not be taken from radiologically restricted areas unless surveyed and released by radiation protection personnel.


12.5.3.5      Training Programs


All individuals working in or frequenting any portion of a radiologically restricted area shall be kept informed of the storage, transfer or use of radioactive materials and/or of radiation levels in the areas, and will be instructed in conformity with <10 CFR 19.12> in the following areas:


a.
The health protection problems associated with radiation or radioactive materials


b.
The precautions or procedures to minimize exposure


c.
The purpose and use of protective devices


d.
The appropriate response to warning signals made in the event of an unusual occurrence or malfunction at the plant


e.
Applicable sections of the license and Title 10 of the Code of Federal Regulations for the protection of personnel from exposures to radiation or radioactive materials.


As a minimum, the above listed information and the requirements of <Regulatory Guide 8.13> and <10 CFR 20> will be presented in general employee training.  Personnel who have not satisfactorily demonstrated 


comprehension of the information presented in the Plant Access Training and Radiation Worker Training will not be allowed to enter radiologically restricted areas unless escorted by someone who has satisfactorily completed the training.


PNPP shall provide current copies of the following documents at designated locations:


a.
A notice describing the following documents including where they may be examined:



1.
<10 CFR 19>



2.
<10 CFR 20>



3.
PNPP licenses



4.
PNPP Operating Procedures applicable to licensed activities


b.
Any notice of violation involving radiological working conditions, any proposed or actual imposition of civil penalty, and order issued for imposing requirements or for modifying, suspending or revoking a license, and any response from PNPP.


c.
Form NRC‑3.


At the request of a worker, the PNPP Radiation Protection Section shall supply:


a.
A report of the total effective dose equivalent received by that worker during the previous full year from January 1 through December 31.


b.
A report of the total effective dose equivalent received by a terminated worker while that worker was engaged in activities pursuant to PNPP licenses.


c.
A report of the actual or estimated total effective dose equivalent received by a terminated worker during the final calendar year or portion thereof that the worker was engaged in activities pursuant to PNPP licenses.  In addition, a worker shall be provided a report of any exposure reported to the NRC for that specific worker.


12.5.3.6      Personnel Dosimetry


12.5.3.6.1      Personnel External Exposures


Personnel monitoring will be assigned to any individual entering a radiologically restricted area as per <10 CFR 20>.


Thermoluminescent dosimeters (TLDs) are the primary and official method of measuring an individual’s occupational radiation exposure to the whole body; however, direct reading dosimeters may be used as the official record when used for the measurement of x‑ray or gamma radiation.


Exposure data for all personnel will be recorded on Form NRC‑5, or the equivalent.  These records will be maintained by FENOC and will be preserved indefinitely or until the NRC authorizes their disposal.  Current exposure status will be made available to each supervisor and individual, as required, to assist in keeping individual radiation exposures ALARA.  Each worker shall receive exposure reports in accordance with <10 CFR 19.13>.


Personnel monitoring, and equipment for personnel monitoring and surveys, will be in conformance with the requirements of <10 CFR 20> and <Regulatory Guide 8.4>, <Regulatory Guide 8.9> and <Regulatory Guide 8.28>, as discussed in <Section 1.8>.


12.5.3.6.2      Internal Exposures


The bioassay program, composed of an internal screening component and a diagnostic bioassay component to determine individual doses, is implemented in accordance with <Regulatory Guide 8.26> and <10 CFR 20>.


All personnel who take part in the respiratory protection program are routinely screened for internal contamination during each exit from the radiologically restricted area and/or the protected area.  If an individual alarms an exit monitor, the individual is evaluated for external contamination and decontaminated as necessary.  After decontamination, if continued exit monitor alarms are being experienced, the radiation protection staff will perform a diagnostic bioassay of the individual to determine and evaluate the extent of internal contamination.  The evaluation will identify and quantify the radionuclides in the body and determine the committed effective dose equivalent (CECE) resulting from internal contamination.  CEDE exceeding 10% of the annual limit on intake (ALI) will be summed with the deep dose equivalent (DDE) and become part of the individual’s annual dose record.


Training in the use and care of respiratory protection devices are given by qualified and experienced instructors.  The training program is based on the hazards to be encountered and the types of respirators to be worn.  Training will be given to personnel who will use respirators.


All personnel who are expected to continue using respirators will be retrained at least annually to retain a high degree of proficiency and help maintain radiation exposures ALARA.


12.5.3.7      Evaluation and Control of Potential Airborne Radioactivity


Fixed continuous air monitors and portable air monitors and air samplers are used to determine the concentrations of airborne radioactivity throughout the plant.


The fixed air monitors, described in <Section 12.3.4>, provide continuous data to indicate trends throughout the various plant areas.  Particulate filters and charcoal cartridges are removed periodically to identify the specific nuclides encountered.


Portable air samplers are used to collect particulate and charcoal grab samples of areas of specific concern, for example, in preparation and conduct of specific work functions, to verify significant indicated changes by one or more fixed air monitors, or periodic air sampling throughout the plant.


In‑plant iodine analysis is accomplished by collection of iodine samples utilizing charcoal cartridges with particulate prefilters and low volume air samplers.  The cartridges and filters are analyzed by gamma spectroscopy and gross beta methods.


In the event the counting facilities are lost due to high background counting levels, an alternate counting room is established in the Technical Support Center, located in the service building.  Noble gas interference is reduced by using silver zeolite cartridges or by flushing activated charcoal iodine cartridges with air.


<Table 12.5‑4> lists the quantities of air samplers available.  <Table 12.3‑10> lists the airborne radiation monitors.


12.5.3.8      Radioactive Material Handling and Storage Methods


Handling of radioactive samples is described in <Section 12.5.3.2.7>.  Various other types and quantities of radioactive sources are used to calibrate equipment.  Recognized methods for the safe handling of radioactive materials, such as those recommended by the National Council on Radiation Protection and Measurements, will be used to maintain potential total effective dose equivalents ALARA.


All radioactive sources will be used or handled by, or under the direction of, Radiation Protection personnel.  Individuals using these sources will be familiar with the radiological restrictions, regulations and limitations placed on their use.  These limitations will help protect both the user, the source integrity and other personnel in the work vicinity.


Special Nuclear Material is maintained, handled and stored in accordance with <10 CFR 70>, excluding adherence to <10 CFR 70.24>.  Instead, PNPP has chosen to comply with <10 CFR 50.68(b)>.


TABLE 12.5‑1


LABORATORY EQUIPMENT


Type
Quantity
Range
Sensitivity/Accuracy
Remarks


Alpha Counter
   1
1‑106 cpm
30% of 2( (Cm‑244)
Propor‑






tional






Counter


Beta Counter
   2
1‑106 cpm
>10% (Cs‑137)
G‑M tube


Gamma Spectro‑
   1
220 counts/
>15% (Co60)
HPGe


meter (Iodine

channel
2.3 KeV (FWHM) Co60

counter)


TABLE 12.5‑2


PORTABLE SURVEY INSTRUMENTS





Sensitivity/


Type
Quantity
Range
_ Accuracy _
Remarks


G‑M Pancake
As required
0‑50k cpm
>10% (Cs‑137)
    ‑


G‑M Hand
As required
0‑50k cpm
>10% (Cs‑137)
mR/hr and






cpm


G‑M mR/hr
As required
0.1‑2,000
(10% of
Wide Range




mR/hr
Full Scale


Ion Chamber
As required
1‑1,000
±10% From
    ‑


mR/hr

mR/hr
60 KeV to





1.3 MeV


mR/hr Tele‑
As required
0.01 R/hr ‑
(15% From
    ‑


scoping

999 R/hr
70 KeV to





1.3 MeV


Ion Chamber
As required
1 mR/hr ‑
(15% of
    ‑


R/hr

19.99 kR/hr
Full Scale


mrem/hr
As required
0‑5k mrem/hr
.025 eV
    ‑


Neutron


(Thermal) to





approx. 10 MeV


R‑Chamber
As required
0‑250R
       ‑
For






calibration


Alpha‑
As required
0‑50,000 cpm
28% of 2 (
    ‑


Scintillation


TABLE 12.5‑3


PERSONNEL MONITORING INSTRUMENTS





Sensitivity/


Type
Quantity
Range
Accuracy


TLD
As required
10mR‑3000R
(30%


Dosimeter, Pocket
As required
0‑500mR
(20%


Dosimeter, Pocket
As required
0‑5R
(20%


Dosimeter, Pocket
As required
0‑100R
(20%


Dosimeter Charger
As required
N/A
N/A


Portal Monitors
As required
N/A
200 nano Ci, (20%


Personnel Friskers
As required
0‑50k cpm
(10%


TABLE 12.5‑4


RADIATION PROTECTION EQUIPMENT


Type
Quantity
Range
Remarks


Large Calibrator
    1
approx.
Cs‑137




500R/hr
traceable to NIST




maximum


High Vol. Air Sampler
    3
Approx. 11




cfm


Low Vol. Air Sampler
    3
Variable to




4 cfm


Self‑Contained
   10
<50 MPC(D)
10,000(PD)


Breathing Apparatus


Full Face Masks
  200
N/A
CF Mode


Full Face Filters
  300
N/A
     ‑


Respirator Hoses
   20
N/A
     ‑


Respirator Junction
    3
N/A
To 4 Respirators


Box


Per Junction Box


Waterproof Suits
   30
N/A
     ‑


Clothing Sets
2,500
N/A
     ‑


(Coveralls, Hoods)


Booties
5,000
N/A


Rubbers (Pr.)
3,000
N/A
     ‑


Rubber Gloves (Pr.)
5,000
N/A
     ‑


Cotton Gloves (Pr.)
2,000
N/A
     ‑



Doz.


Vacuum Cleaners
    1
N/A


Portable HEPA
    3
N/A


Filter Units
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12.6      DESIGN REVIEW OF PLANT SHIELDING FOR SPACES/SYSTEMS WHICH MAY BE USED IN POSTACCIDENT OPERATIONS OUTSIDE CONTAINMENT


12.6.1      INTRODUCTION


An accident equivalent to that described in <Regulatory Guide 1.3> would release large fractions of the nuclear core fission product inventory.  Once released these fission products could be transferred to various areas in the plant creating high radiation areas and limiting personnel access.  This review determines if these postaccident radiation fields unduly limit personnel access to areas necessary for mitigation of an accident.  Corrective actions for problems identified are also determined.  This design review of plant shielding for spaces and systems required for postaccident operations outside containment is in accordance with “TMI‑2 Lessons Learned Task Force Status Report and Short Term Recommendations” <NUREG‑0578> Section II.B.2, as clarified by <NUREG‑0660> and <NUREG‑0737>.


The review is based on the following guidelines:


(Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


a.
The postaccident dose rate in areas requiring continuous occupancy should not exceed 15mR/hr (control room and onsite technical support center.)


b.
The postaccident dose rate in areas which do not require continuous occupancy should be such that the dose to an individual during a required access period is less than 5 rem whole body (total effective dose equivalent) or its equivalent (sample stations, panels, motor control centers, etc.)


c.
The integrated dose to safety equipment as a result of the accident should be less than the dose for which the equipment has been qualified to ensure that the capability of the equipment to perform its safety function has not been degraded.


d.
The minimum radioactive source term used in the evaluation should be equivalent to the source term recommended in the <Regulatory Guide 1.3>.


The occupancy and radiation design objectives for this review are given in <Table 12.6‑1>.


12.6.2      RADIOACTIVE SOURCE RELEASE


The initial core inventory is shown in <Table 12.6‑2>.  The percents of radioactive fission product core inventory assumed to be released from the fuel rods are:


a.
Noble gas (Kr, Xe)



100%


b.
Halogens (I, Br)



 50%


c.
Alkali metal (Cs, Rb)


 50%


d.
Others





  1%


This release is assumed to occur and be distributed instantaneously at the start of the accident.


12.6.3      RADIOACTIVE SOURCE DISTRIBUTION


The following radioactive source distributions were used to determine the shielding review concentration:


a.
Source A ‑ Liquid in the suppression pool and other systems not isolated from the core at the start of the accident and containing only liquid from a depressurized source is assumed to contain the following percents of core inventory of radioactive fission products:



1.
Noble gases (Kr, Xe)

 0%



2.
Halogens (I, Br)


50%



3.
Alkali metals (Cs, Rb)

50%



4.
Others




 1%



These fission products are assumed to be uniformly mixed in a volume of 117,105 cubic feet which is the low level water volume of the suppression pool.


b.
Source B ‑ For evaluating vital areas, the drywell atmosphere is assumed to contain the following percents of radioactive fission product core inventory:



1.
Noble gases (Kr, Xe)

100%



2.
Halogens (I, Br)


 25%



3.
Others




  0%



These fission products are assumed to be uniformly mixed in volume of the drywell air space of 277,685 cubic feet.


c.
Source C ‑ For evaluating vital areas, the primary containment atmosphere is assumed to contain the following percents of radioactive fission product core inventory:



1.
Noble gases (Kr, Xe)

100%



2.
Halogens (I, Br)


 25%



3.
Others




  0%



These fission products are assumed to be uniformly mixed in the free volume of the containment of 1,141,014 cubic feet.


d.
Source D ‑ Until the reactor vessel is depressurized, gases in the steam lines and any other vapor containing lines not isolated from the reactor coolant system are assumed to contain the following percents of radioactive fission product core inventory:



1.
Noble gases (Kr, Xe)

100%



2.
Halogens (I, Br)


 25%



3.
Others




  0%



These fission products are assumed to be uniformly mixed in the volume of the reactor coolant system steam space (9,189 cubic feet).  This is a highly conservative source estimate because steam usage would deplete this source shortly after the start of the accident.


e.
Source E ‑ For equipment qualification inside containment, the larger of the two following source terms are used:



1.
Source terms:




a)
Noble gases (Kr, Xe)

100%




b)
Halogens (I, Br)


 50%




c)
Alkali metals (Cs, Rb)

 50%




d)
Others




  1%





These fission products are assumed to be released to the containment atmosphere.



2.
Source terms:




a)
Noble gases (Kr, Xe)

100%




b)
Halogens (I, Br)


 50%




c)
Alkali metals (Cs, Rb)

 50%




d)
Others




  1%





These fission products are assumed to be uniformly mixed in a volume no greater than the liquid volume of the reactor coolant system (11,838 cubic feet).


f.
Source F ‑ For qualification of equipment inside containment for non‑LOCA events which do not depressurize the primary system, the following source terms are used:



1.
Noble gases (Kr, Xe)

 10%



2.
Halogens (I, Br)


 10%



3.
Others




  0%



These fission products are assumed to be uniformly mixed in the volume of the reactor coolant system (11,838 cubic feet).


The initial radioactive source terms used are given in <Table 12.6‑3>.


12.6.4      SYSTEMS CONTAINING RADIOACTIVE SOURCES


A review of PNPP identified systems which were likely to contain highly radioactive fluid following a design basis LOCA.  The radioactive material is assumed to be instantaneously mixed in those systems connected either to the reactor coolant or to the containment atmosphere, that are not isolated at the start of the accident.  Non‑essential systems that are isolated and have no postaccident function are not considered in this review.


12.6.4.1      LPCS, HPCS, RHR (LPCI mode), RCIC Systems


Following an accident, the LPCS, HPCS, RHR (LPCI mode), and RCIC (water side) systems draw water from the suppression pool and inject it into the reactor vessel for emergency core cooling.  The suppression pool water is assumed to be the only injection water source, although the


HPCS and RCIC systems would initially draw water from the condensate storage tank.  The RCIC (steam side) system draws main steam from the reactor vessel until the reactor is depressurized.


12.6.4.2      RHR (Shutdown Cooling Mode)


After reactor depressurization, the RHR system cools recirculating reactor water.  Essentially all noble gas would be released from the reactor water upon depressurization.  Therefore, it is assumed there are no noble gases in the RHR system while it is performing its shutdown cooling function.  Also, no reactor water dilution by the condensate storage tank or suppression pool water is assumed.


12.6.4.3      RHR (Suppression Pool Cooling Mode)


The suppression pool cooling function of the RHR system maintains the correct temperature of the suppression pool water by circulating it through the RHR heat exchanger and returning it to the suppression pool.


12.6.4.4      RWCU


The RWCU system is designed to automatically isolate following a low reactor water level signal caused by a LOCA.  Since the system is not designated for post‑LOCA recovery cleanup operations, it is not included in the LOCA review.


Since the RWCU system would not receive a low reactor water level signal following a high energy line break accident (HELBA) that did not depressurize the reactor coolant system, it would not automatically isolate.  Therefore, it is assumed to contain the non‑LOCA equipment qualification HELBA source (Source F).


12.6.4.5      Liquid Radwaste System


The liquid radwaste system is automatically isolated from parts of the system that may contain highly contaminated postaccident water.  Therefore, the liquid radwaste system is not included in this review.


12.6.4.6      Sampling System


Following an accident it is necessary to obtain and perform radioisotopic and chemical analyses of reactor coolant and containment atmosphere samples.  The samples are taken at the 574’ 10” elevation of the intermediate building and analyzed in the control complex count room as shown on <Figure 12.6‑1>.  The postaccident sampling system and count room are shielded such that an operator may collect and analyze samples under degraded core conditions without excessive radiation exposures.


12.6.4.7      Offgas System


The offgas system removes noncondensible fission gases from the main condenser.  Since the condenser is isolated from the primary system following an accident, the offgas system is also isolated and is not included in this review.


12.6.4.8      Annulus Exhaust Gas Treatment System (AEGTS)


The AEGTS processes the air in the annular space between the shield building and the primary containment to limit radioactive releases to the environment during an accident.  This system is assumed to be operating after a LOCA and to contain the design basis leakage from the primary containment atmosphere.


12.6.4.9      Feedwater Leakage Control System


The Feedwater Leakage Control (FWLC) system consists of two subsystems designed to eliminate through‑line air leakage in the feedwater piping by providing a positive seal for the stem, bonnet and seat of the outboard isolation valve on each feedwater line.  FWLC is initiated post‑LOCA as described in <Section 6.9>.  The water supply is the suppression pool via the Low Pressure Core Spray/Residual Heat Removal A water leg pump for Division 1 and Residual Heat Removal B/C water leg 


pump for Division 2.  The source term for the suppression pool water is given in <Table 12.6‑3> and was increased 2% in accordance with <Regulatory Guide 1.49>.


12.6.5      SHIELDING REVIEW


After determining the systems and postaccident source distribution to be used for the shielding review, the SDC (Reference 1) and SPOT 1 (Reference 2) shielding codes were used to calculate the associated postaccident radiation doses.


Each compartment radiation level is calculated at what is judged to be maximum radiation dose point.  This point is on the surface of the major system component and includes contributions from piping and other simultaneously operating components in that compartment.


Calculated radiation levels in corridors include contributions from:


a.
Unattenuated radiation penetrating adjacent compartments’ shield walls.


b.
Direct radiation from piping or equipment.


c.
Radiation scattered over or around shield walls.


Potential dose contributions not considered in this review are:


a.
Normal operating sources which may exist at the time of the accident.


b.
Airborne sources from equipment leakage.


12.6.6      AREAS REQUIRING PERSONNEL ACCESS


Areas which may require occupancy to permit an operator to aid in the mitigation of an accident are vital areas.  The evaluation to determine the necessary vital areas included the control room, technical support center, post‑LOCA hydrogen control system, containment isolation system, sampling and sample analysis areas, remote shutdown panel, ECCS alignment functions, motor control centers, instrument panels, emergency power supplies, central alarm station, and radwaste control panels.


A study at PNPP determined that several of the areas considered were not vital areas.  The post‑LOCA hydrogen control system is located inside the reactor building and is remotely operated from the control room.  


The containment isolation reset controls and ECCS alignment controls are initiated from the control room.  The safety‑related motor control centers are located in the control complex.  They require no local actions but are accessible for infrequent occupancy, if required.  The radwaste control panel is excluded, because the radwaste system is automatically isolated in the event of an accident and is not designed to process accident wastes.  The emergency power supply areas (standby diesel generators) are not vital areas, because the required functions are initiated from the control room and require no local action, however, they are accessible for infrequent occupancy, if required.


The security center is not a vital area, because after an accident, security functions will be implemented from the secondary alarm station in the control room.


The vital areas for PNPP assumed to require postaccident personnel access to bring the plant to cold shutdown and to implement the emergency plan include:


a.
For continuous occupancy ‑ the Control Room and Technical Support Center.


b.
For frequent occupancy ‑ the Remote Shutdown Panel, if required.


c.
For infrequent occupancy ‑ the Sampling Station, Sample Analysis Area, Auxiliary Building elevation 620’ east end in area of 1P57F0565B (outboard MSIV accumulator safety‑related air isolation valve) and the Remote Shutdown Panel.


These areas meet the occupancy and radiation design objectives given in <Table 12.6‑1>.


12.6.7      POSTACCIDENT RADIATION ZONE DRAWINGS AND SUMMARY


Postaccident radiation zone drawings are given in <Figure 12.6‑1>, <Figure 12.6‑2>, <Figure 12.6‑3>, <Figure 12.6‑4>, <Figure 12.6‑5>, <Figure 12.6‑6>, and <Figure 12.6‑7>.  These radiation zones represent the maximum expected radiation dose rate for each area at the start of the accident in either unit.  These levels would not exist simultaneously in both units.  Normal operating dose levels which may exist at the time of the accident are not shown on these drawings.  A summary of major locations and accident dose rates is given in <Table 12.6‑4>.


12.6.7.1      Radiation Dose Rates as a Function of Time Following an Accident


The decay curves for radiation dose rates as a function of time following an accident for the auxiliary and intermediate buildings are given in <Figure 12.6‑8> and <Figure 12.6‑9>.  These curves may be used along with the radiation zone drawings and summary table to predict radiation dose rates at a given time after the accident.


12.6.8      REFERENCES FOR SECTION 12.6


1.
Arnold, E. D. and Maskewitz, B. F., “SDC‑Shield Design Calculation Code for Fuel Handling Facilities,” ORNL‑3041, March 1966.


2.
Kamphouse, J. L., “SPOT1 Shield Code,” Gilbert Associates, Inc., October 1979.


3.
A. Tobia, Data for the Calculation of Gamma Radiation Spectra and Beta Heating from Fission Products, Revision 3, Central Electricity Generating Board, RD/B/M2666, CNDC (73) P4, June 1973.


TABLE 12.6‑1


OCCUPANCY AND RADIATION DESIGN OBJECTIVES


Required Occupancy


Dose Rate Limit
Integrated Dose












   Objective


Continuous



15 mR/hr


5 rem for duration


Frequent




100 mR/hr


5 rem for all












activities


Infrequent



500 mR/hr


5 rem per activity


Accessway




5000 mR/hr

Included in above












doses


TABLE 12.6‑2


INITIAL CORE INVENTORY




ISOTOPE





(Ci/WATT




I‑131





2.7 + 4




I‑132





3.8 + 4




I‑133





5.5 + 4




I‑134





5.9 + 4




I‑135





5.1 + 4




Kr‑83m





   ‑




Kr‑85m





7.2 + 3




Kr‑85





2.9 + 2




Kr‑87





1.2 + 4




Kr‑88





1.8 + 4




Sr‑89





2.4 + 4




Sr‑90





2.3 + 3




Y‑90






2.4 + 3




Sr‑91





3.0 + 4




Y‑91






3.1 + 4




Sr‑92





3.3 + 4




Y‑92






3.3 + 4




Sr‑93





3.8 + 4




Y‑93






3.9 + 4




Y‑94






4.1 + 4




Rh‑105m





5.1 + 3


TABLE 12.6‑2 (Continued)




ISOTOPE





(Ci/WATT




Ru‑106





1.6 + 4




Rh‑106





1.7 + 4




Rh‑107





1.6 + 4




Sb‑127





2.8 + 3




Te‑127





3.6 + 3




Sb‑128





4.1 + 3




Sn‑128





2.6 + 3




Sb‑129





9.0 + 3




Te‑129m





1.6 + 3




Cs‑139





4.9 + 4




Ba‑139





5.0 + 4




Ba‑140





4.8 + 4




La‑140





5.0 + 4




Ba‑141





4.6 + 4




La‑141





4.6 + 4




Ce‑141





4.6 + 4




Pr‑142





3.5 + 3




Ba‑142





3.9 + 4




La‑142





4.2 + 4




Xe‑131m





   ‑




Xe‑133m





1.5 + 3




Xe‑133





5.5 + 4




Xe‑135m





9.7 + 3


TABLE 12.6‑2 (Continued)




ISOTOPE





(Ci/WATT




Xe‑135





7.4 + 3




Xe‑138





4.7 + 4




Br‑83





2.7 + 3




Br‑84





5.4 + 3




Br‑88





1.8 + 4




Rb‑88





2.3 + 4




Br‑89





2.3 + 4




Y‑95






4.4 + 4




Zr‑95





4.5 + 4




Nb‑95





4.5 + 4




Zr‑97





4.6 + 4




Nb‑97





4.6 + 4




Mo‑99





5.1 + 4




Tc‑99m





4.5 + 4




Mo‑101





4.6 + 4




Ru‑103





4.4 + 4




Rh‑103m





4.3 + 4




Tc‑103





3.5 + 4




Ru‑105





2.4 + 4




Rh‑105





2.4 + 4




Te‑129





8.6 + 3




Sb‑130





1.3 + 4




Sb‑131





2.2 + 4


TABLE 12.6‑2 (Continued)




ISOTOPE





(Ci/WATT




Te‑131





2.4 + 4




Te‑131m





4.3 + 3




Te‑132





3.8 + 4




Te‑133





2.4 + 4




Te‑133m





3.2 + 4




Te‑134





4.9 + 4




Cs‑134





2.0 + 3




Cs‑137





3.3 + 3




Ba‑137m





3.0 + 3




Cs‑138





5.0 + 4




Ce‑143





4.1 + 4




Pr‑143





4.0 + 4




Ce‑144





3.5 + 4




Pr‑144





3.5 + 4




Pr‑145





2.3 + 4




Pr‑146





2.3 + 4




Pr‑147





1.7 + 4




Nd‑147





1.8 + 4




Pm‑148





3.8 + 3




Nd‑149





1.0 + 4




Pm‑149





1.5 + 4




Pm‑151





5.4 + 3




Eu‑156





4.8 + 3


TABLE 12.6‑3


INITIAL RADIOACTIVE SOURCE TERMS (GAMMAS/CC‑SEC)


GAMMA‑ENERGY
SOURCE
SUPPRESSION
RWCU
STEAM
REACTOR BLDG
REACTOR COOLANT


GROUP (MEV)(1)

    POOL
SYSTEM
DOME
 ATMOSPHERE
    SYSTEM




%CORE NOBLE GAS
 0
10
100
100
100



%CORE HALOGENS
50
10
 25
 25
 50



% CORE SOLIDS
1/50 (Cs‑Rb)
 0
  0
  0
1/50 (Cs‑Rb)


0.1 ‑ 0.5

1.86 +9
5.46 +9
2.06 +10
1.34 +8
4.69 +10


0.5 ‑ 1.0

6.84 +9
1.33 +10
3.32 +10
2.15 +8
7.17 +10


1.0 ‑ 1.5

3.26 +9
3.26 +9
4.41 +10
2.86 +8
3.48 +10


1.5 ‑ 2.0

6.63 +8
1.48 +9
1.18 +10
7.69 +7
1.09 +10


2.0 ‑ 2.5

4.57 +8
1.16 +9
8.50 +9
5.52 +7
1.43 +10


2.5 ‑ 3.0

9.31 +7
1.94 +8
1.29 +10
8.36 +7
2.72 +9


3.0 ‑ 3.5

1.49 +7
2.39 +6
2.28 +9
1.48 +7
1.49 +8


3.5 ‑ 4.0

2.76 +7
3.87 +7
1.14 +8
7.41 +5
2.76 +8


4.0 ‑ 5.0

7.74 +5
5.80 +5
1.80 +6
1.16 +4
7.74 +6


Note:


(1)
(Reference 3) of <Section 12.6.8>


TABLE 12.6‑4


DOSE RATES












Time 0












Dose Rate






Location




(mR/hr)






AUXILIARY BUILDING






Steam Tunnel



2.10E+9






RWCU Pump Cubicle


4.83E+8






LPCS Pump Cubicle


3.89E+8






RCIC Pump Cubicle


1.37E+9






RHR HX Cubicle



5.57E+8






Corridor






  Outside RCIC Pump


3.5E+4






  Outside RHR HX







@ Elev. 599’‑0”

1.61E+7






@ Elev. 568”‑4”

2.84E+4


TABLE 12.6‑4 (Continued)






  Outside RWCU Pump


1.68E+2






  Outside LPCS Pump


4.41E+3






INTERMEDIATE BUILDING






   Above Elev. 646”‑0”

3.11E+4






   Elev. 620’‑6”


1.67E+4






   Elev. 599’‑0” 


2.72E+4






   Elev. 574’‑10”


1.34E+3






DIESEL GENERATOR BUILDING
5.09E+0






CONTROL COMPLEX


<15(1)






Control Room


<15(1)





CENTRAL ALARM STATION

3.23E+2(1)





GUARD HOUSE



1.11E+2(1)





TECHNICAL SUPPORT CENTER

<15(1)

NOTE:


(1)
Represents average dose rate for 30 days.




Revision 12



12.6-1
January, 2003




Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 12.


TABLE OF CONTENTS


Section




   Title





Page


12.0


RADIATION PROTECTION





12.1‑1


12.1


ENSURING THAT OCCUPATIONAL RADIATION EXPOSURES





ARE AS LOW AS REASONABLY ACHIEVABLE (ALARA)

12.1‑1


12.1.1

POLICY CONSIDERATIONS





12.1‑1


12.1.2

DESIGN CONSIDERATIONS





12.1‑2


12.1.2.1

Design Features






12.1‑2


12.1.2.2

Utilization of Experience Gained from Operating





Facilities to Ensure that Radiation Doses are





ALARA








12.1‑4


12.1.2.3

Design Guidance Given to Individual Designers
12.1‑5


12.1.2.4

Design Review Procedures





12.1‑6


12.1.2.5

Decommissioning Design Considerations


12.1‑6


12.1.3

OPERATIONAL CONSIDERATIONS




12.1‑7


12.1.3.1

ALARA Training Program





12.1‑8


12.1.3.2

Radiation Zoning and Access Control


12.1‑11


12.2


RADIATION SOURCES






12.2‑1


12.2.1

CONTAINED SOURCES






12.2‑1


12.2.1.1

Source Terms







12.2‑1


12.2.1.2

Reactor Building






12.2‑2


12.2.1.3

Auxiliary Building






12.2‑7


12.2.1.4

Intermediate Building





12.2‑8


12.2.1.5

Turbine Building






12.2‑9


12.2.1.6

Radwaste Building






12.2‑9


12.2.1.7

Offgas Building






12.2‑10


12.2.1.8

Sources Resulting From Design Basis Accidents
12.2‑11


12.2.2

AIRBORNE RADIOACTIVE MATERIAL SOURCES


12.2‑11


12.2.2.1

Reactor Building (Outside of Drywell)


12.2‑11


12.2.2.2

Radwaste Building






12.2‑13


12.2.2.3

Turbine Building






12.2‑13


12.2.2.4

Fuel Handling Area of the Intermediate Building
12.2‑13


12.2.2.5

Other Buildings






12.2‑14


12.2.3

REFERENCES FOR SECTION 12.2




12.2‑14


TABLE OF CONTENTS (Continued)


Section




   Title





Page


12.3


RADIATION PROTECTION DESIGN FEATURES


12.3‑1


12.3.1

FACILITY DESIGN FEATURES





12.3‑1


12.3.1.1

Equipment and Facility Design Features


12.3‑1


12.3.1.2

Illustrative Examples of Plant Design Features





to Minimize Occupational Doses



12.3‑5


12.3.2

SHIELDING








12.3‑8


12.3.2.1

Design Objectives






12.3‑8


12.3.2.2

Design Description






12.3‑8


12.3.3

VENTILATION







12.3‑19


12.3.3.1

Design Bases







12.3‑19


12.3.4

AREA RADIATION AND AIRBORNE RADIOACTIVITY





MONITORING INSTRUMENTATION




12.3‑24


12.3.4.1

Area Radiation Monitoring




12.3‑25


12.3.4.2

Airborne Radioactivity Monitoring



12.3‑36


12.3.4.3

Detection of MPC (DAC) Levels of Airborne





Radioactivity







12.3‑54


12.3.4.4

System Setpoints






12.3‑67


12.3.5

REFERENCES FOR SECTION 12.3




12.3‑68


12.4


DOSE ASSESSMENT






12.4‑1


12.4.1

ESTIMATES OF PERSONNEL OCCUPANCY REQUIREMENTS
12.4‑1


12.4.2

ESTIMATES OF ANNUAL PERSON-REM DOSES


12.4‑2


12.4.3

ESTIMATED INHALATION DOSES




12.4‑3


12.4.4

ESTIMATED ANNUAL DOSE OUTSIDE THE NUCLEAR





FACILITY AT THE BOUNDARY OF THE RESTRICTED AREA
12.4‑5


12.4.4.1

Skyshine and Direct Dose from Turbines


12.4‑5


12.4.4.2

Direct Doses From Stored Radwaste



12.4‑9


12.4.4.3

Direct Doses From the External Surfaces of





Buildings








12.4‑9


12.4.4.4

Doses From Gaseous Radioactive Plume


12.4‑9


12.4.5

REFERENCES FOR SECTION 12.4




12.4‑10


TABLE OF CONTENTS (Continued)


Section




   Title





Page


12.5


RADIATION PROTECTION PROGRAM




12.5‑1


12.5.1

ORGANIZATION







12.5‑1


12.5.2

EQUIPMENT, INSTRUMENTATION AND FACILITIES

12.5‑2


12.5.2.1

Facilities







12.5‑2


12.5.2.2

Access and Egress to Radiation Protection





Controlled Areas






12.5‑4


12.5.2.3

Health Physics Instrumentation



12.5‑5


12.5.3

HEALTH PHYSICS INSTRUCTIONS




12.5‑9


12.5.3.1

Radiation and Contamination Surveys


12.5‑9


12.5.3.2

Procedures and Methods Ensuring ALARA


12.5‑10


12.5.3.3

Controlling Access and Stay Time



12.5‑13


12.5.3.4

Contamination Control





12.5‑14


12.5.3.5

Training Programs






12.5‑15


12.5.3.6

Personnel Dosimetry






12.5‑17


12.5.3.7

Evaluation and Control of Potential Airborne





Radioactivity







12.5‑19


12.5.3.8

Radioactive Material Handling and Storage





Methods








12.5‑20


12.6


DESIGN REVIEW OF PLANT SHIELDING FOR SPACES/





SYSTEMS WHICH MAY BE USED IN POSTACCIDENT





OPERATIONS OUTSIDE CONTAINMENT



12.6‑1


12.6.1

INTRODUCTION







12.6‑1


12.6.2

RADIOACTIVE SOURCE RELEASE




12.6‑2


12.6.3

RADIOACTIVE SOURCE DISTRIBUTION



12.6‑3


12.6.4

SYSTEMS CONTAINING RADIOACTIVE SOURCES


12.6‑6


12.6.4.1

LPCS, HPCS, RHR, (LPCI mode), RCIC Systems

12.6‑6


12.6.4.2

RHR (Shutdown Cooling Mode)




12.6‑7


12.6.4.3

RHR (Suppression Pool Cooling Mode)


12.6‑7


12.6.4.4

RWCU









12.6‑7


12.6.4.5

Liquid Radwaste System





12.6‑7


12.6.4.6

Sampling System






12.6‑8


12.6.4.7

Offgas System







12.6‑8


12.6.4.8

Annulus Exhaust Gas Treatment System (AEGTS)

12.6‑8


12.6.4.9

Feedwater Leakage Control System



12.6‑8

12.6.5

SHIELDING REVIEW






12.6‑8a

TABLE OF CONTENTS (Continued)


Section




   Title





Page


12.6.6

AREAS REQUIRING PERSONNEL ACCESS



12.6‑9


12.6.7

POSTACCIDENT RADIATION ZONE DRAWINGS AND





SUMMARY








12.6‑11


12.6.7.1

Radiation Dose Rates as a Function of Time





Following an Accident





12.6‑11


12.6.8

REFERENCES FOR SECTION 12.6




12.6‑11


LIST OF TABLES


Table




   Title





Page


12.2‑1

Basic Reactor Data






12.2‑15


12.2‑2

Core Boundary Neutron Fluxes




12.2‑18


12.2‑3

Gamma Ray Source Energy Spectra



12.2‑20


12.2‑4

Gamma Ray and Neutron Fluxes Outside the Vessel





Wall









12.2‑22


12.2‑5

Radiation Shielding Source Terms



12.2‑24


12.2‑6

Material Composition of the TIP Detectors





and Cables







12.2‑28


12.2‑7

Radiation Levels From the TIP Detector





and Cables







12.2‑29


12.2‑8

Traversing Incore Probe Detector Decay Gamma





Activities of Materials in the Detector


12.2‑30


12.2‑9

Decay Gamma Activities of Materials in the Cable
12.2‑31


12.2‑10

Typical Turbine Component N‑16 Inventories

12.2‑32


12.2‑11

Parameters and Assumptions Used in Calculating





Reactor Building Airborne Activity



12.2‑34


12.2‑12

Reactor Building Airborne Activity



12.2‑35


12.2‑13

Radwaste Building Airborne Activity


12.2‑36


12.2‑14

Turbine Building Airborne Activity



12.2‑37


12.2‑15

Fuel Handling Area Airborne Activity


12.2‑38


12.3‑1

(Deleted)








12.3‑69


12.3‑2

Radiation Shield Thicknesses




12.3‑70


12.3.3

Comparison of Non‑ESF Charcoal Filter Systems to





Regulatory Guide 1.140 Criteria



12.3‑73


12.3‑4

Detectors Associated with Unit 1



12.3‑77


12.3‑5

Detectors Associated with Unit 2



12.3‑79


LIST OF TABLES (Continued)


Table




   Title





Page


12.3‑6

Detectors Associated with Common Areas


12.3‑81


12.3‑7

Detectors Associated with Local Channels

12.3‑82


12.3‑8

Detector Design Requirements




12.3‑83


12.3‑9

Readout Module Design Requirements



12.3‑84


12.3‑10

Airborne Radiation Monitor Subgroup Unit 1





and Unit 2







12.3‑85


12.3‑11

Isokinetic Probes






12.3‑87


12.3‑12

Reactor Building Subcompartment Ventilation 





Data M11, M14 Systems





12.3‑88


12.3‑13

Radwaste Building Subcompartment Ventilation 





Data M31 System






12.3‑89


12.3‑14

Auxiliary Building Subcompartment Ventilation 





Data M38 System






12.3‑91


12.3‑15

Intermediate Building Subcompartment 





Ventilation Data M33 System




12.3‑92


12.3‑16

Fuel Handling Area Subcompartment Ventilation





Data M40 System






12.3‑93


12.3‑17

Heater Bay Subcompartment Ventilation





Data M41 System






12.3‑94


12.3‑18

Turbine Building Subcompartment Ventilation 





Data M35 System






12.3‑95


12.3‑19

Offgas Building Ventilation Exhaust 





Subcompartment Ventilation Data M36 System

12.3‑96


12.4‑1

Estimated Manpower Needs and Occupancy 





Requirements, Unit 1 and Unit 2



12.4‑12


12.4‑2

Person‑rem Estimates for Normal Plant Operations,





Anticipated Operational Occurrences and Routine





Maintenance, Unit 1 and Unit 2



12.4‑13


12.4‑3

Boiling Water Reactors Percentages of





Exposure by Job Function





12.4‑14


LIST OF TABLES (Continued)


Table




   Title





Page


12.4‑4

Boiling Water Reactors Percentages of





Exposure by Work Function




12.4‑15


12.4‑5

Yearly Operational Person‑rem for Selected 





BWR Plants







12.4‑16


12.4‑6

Summary of Total Occupational Radiation 





Exposure Estimates by Task




12.4‑17


12.4‑7

Occupational Dose Estimates During Routine





Operations and Surveillance




12.4‑18


12.4‑8

Occupational Dose Estimates During Routine





Maintenance







12.4‑20


12.4‑9

Occupational Dose Estimates During Waste





Processing







12.4‑21


12.4‑10

Occupational Dose Estimates During Refueling

12.4‑22


12.4‑11

Occupational Dose Estimates During Inservice





Inspection







12.4‑23


12.4‑12

Occupational Dose Estimates During Special





Maintenance







12.4‑24


12.4‑13

Personnel Radiation Doses From Airborne





Activity








12.4‑25


12.4‑14

Safety/Relief Valve Dischargers Dose for





Type 2 Event







12.4‑26


12.4‑15

Estimated Skyshine Doses





12.4‑27


12.4‑16

Work Force by Occupational Crafts



12.4‑28


12.4‑17

Summary of Direct Doses





12.4‑29


12.4‑18

Dose to Non‑Plant Personnel




12.4‑30


12.4‑19

Direct Dose from the External Surfaces 





of Buildings







12.4‑32


12.4‑20

Dose from Gaseous Radioactive Plume


12.4‑33


12.5‑1

Laboratory Equipment





12.5‑21


LIST OF TABLES (Continued)


Table




   Title





Page


12.5‑2

Portable Survey Instruments




12.5‑22


12.5‑3

Personnel Monitoring Instruments



12.5‑23


12.5‑4

Radiation Protection Equipment



12.5‑24


12.6‑1

Occupancy and Radiation Design Objectives

12.6‑12


12.6‑2

Initial Core Inventory





12.6‑13


12.6‑3

Initial Radioactive Source Terms





(Gammas/cc‑sec)






12.6‑17


12.6‑4

Dose Rates







12.6‑18




Revision 12



12-i
January, 2003





Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

page.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


13.0      CONDUCT OF OPERATIONS


13.1      ORGANIZATIONAL STRUCTURE OF APPLICANT


13.1.1      MANAGEMENT AND TECHNICAL SUPPORT ORGANIZATION


This section provides a description of the corporate organization, its functions and responsibilities, and the qualifications of select personnel participating in the design, design review, design approval, construction management, testing, and operation of the plant.  <Figure 13.1‑1> and <Figure 13.1‑2> show the overall FirstEnergy Nuclear Operating Company (FENOC) organizational structure and the Perry organizational structure.


13.1.1.1      Design and Construction Responsibilities


This section is historical information.


13.1.1.1.1      Design and Construction Activities (Project Phase) Interrelationships with Contractors and Suppliers


a.
Gilbert Associates, Inc. (GAI) engineers and consultants, was the architect‑engineer for Perry Unit 1 and Unit 2.  The company has its main office in Reading, Pennsylvania.  In 1973, Gilbert Associates acquired Commonwealth with offices in Jackson, Michigan.  Throughout the past 70 years, Gilbert Associates has progressively grown in size and in scope of activity.  The collective experience and capabilities of the firm offer complete consulting and engineering services to both investor‑owned utilities and general industry in such diverse fields as:  nuclear and conventional power 



generation; transmission, substation and distribution systems; economic engineering and management consulting service, steel making and processing; cement and mineral processing; chemical and general industrial facilities; water desalination plants; institutional and commercial installations; environmental and solid waste treatment; and water production projects.  Projects undertaken have ranged from large electric power generating plants and production facilities to small industrial boiler plants and allied service facilities.



Since 1942, Gilbert Associates has been responsible for the design of well over 100 thermal generating units, both fossil and nuclear power, representing approximately 50,000,000 kW of new generating capacity.  The company’s experience includes one of the first reheat units, one of the first once‑through boiler units and one of the first supercritical steam pressure units.  Individual unit designs have ranged in ratings up to 1,200,000 kW, and stations have varied in complexity ‑ nuclear, mine‑mouth, closed cycle cooling tower, base‑load, peaking, and others.



Since 1950, Gilbert Associates has played an active and important role in the development of nuclear energy for private utilities, industry and governmental agencies.  Gilbert Associates projects include complete programs of nuclear power development involving analysis of sites, complete evaluation of proposals, contract and fuel program assistance, preparation of license applications, containment vessel design concepts, and complete plant design and procurement.  More than a score of studies, cost estimates, evaluations, concept developments, and preliminary plant designs have been prepared since 1953 for various utility customers and other clients.  At the time of the submittal of the original FSAR, Gilbert had over 17,000,000 kW of generation under design, of which 10,600,000 kW was nuclear.


Gilbert Associates, Inc. is qualified to provide the required services for engineering and plant design.


b.
The General Electric Company (GE) was awarded the contract to design, fabricate, deliver, and install the single‑cycle, boiling water nuclear steam supply system, to fabricate the first core of nuclear fuel and to provide technical direction for installation and startup of this equipment.  General Electric has engaged in the development, design, construction, and operation of boiling water reactors (BWR) since 1955.  Thus, General Electric has substantial experience, knowledge and capability to design, manufacture and furnish technical assistance for the installation and startup of the reactors.


c.
The General Electric Company (GE) was responsible for the design, fabrication and delivery of the turbine generator as well as for providing technical assistance for installation and startup of this equipment.  General Electric has a long history in the application of turbine generators in nuclear power stations which goes back to the inception of nuclear facilities for the production of electrical power.  General Electric furnished the turbine generator units for most of its BWR nuclear steam supply contracted stations.  At the time of the original submittal of the FSAR, General Electric had firm orders to supply numerous turbine generator units for use in nuclear facilities, similar to the Perry Nuclear Power Plant.  The inlet pressure of these units varied from 750 psig to 1,500 psig and the inlet temperature varied from saturation to approximately 40(F superheat.  The ratings of these units ranged from 500,000 kW to 1,224,000 kW.  Thus, General Electric is technically qualified to design, fabricate and deliver the turbine generator and to provide technical assistance for the installation and startup of the turbine generator.


d.
Raymond Kaiser Engineers, Incorporated (RKE) was engaged to assist in the construction management effort.  At Perry, the construction management function was performed by an integrated team of experienced construction personnel from both CEI and RKE with overall supervision by CEI.  Key individuals from each company performed vital tasks of the management program with the assistance, cooperation and direct efforts of the other.



Raymond Kaiser Engineers is one of the major engineering and construction firms that has continuously served a wide range of industrial clients in the aluminum, chemical, power, steel, and other industries throughout the world since 1914.


e.
The NUS Corporation was employed in the performance of environmental studies for preconstruction and construction monitoring.



NUS Corporation was established in 1960 to meet industrial and governmental needs in important sectors of nuclear technology.  A significant activity of the firm through the years has been technical support in the analysis of environmental and process control factors associated with other facilities which employ nuclear materials.  This has involved the evaluation of alternative sites and associated environmental factors, definition of the potential or actual nuclear pollutant source and the analysis of the release, transport, diffusion, and deposition of the pollutant materials, and their effects on the plant environment.  In conjunction with this in‑depth capability to analyze the pollutant chain, NUS has formulated waste system designs, established site and area monitoring and meteorological programs to assess the pollutant burden attributed to plant operation and its effects on the environment; and participated in negotiations with state and federal regulatory agencies.



NUS has been active in multiple discipline and environmental analysis.  Diffusion meteorology, hydrology and limnology (thermal effects and waste dispersion), ecology, geology and seismology, and population studies have been utilized in assessing the effects of plant operations and release of pollutants.  These efforts have played a major role in the site evaluation services NUS has performed for a number of utilities as well as the preparation of the Safety Analysis Reports for a number of nuclear power plants.


13.1.1.1.1.1      Principal Site‑Related Engineering Work


Principal site‑related engineering work in the areas of geology, seismology and hydrology was performed by the project architect engineer, Gilbert Associates, Incorporated (GAI), with input in some specific areas from the NUS Corporation, the project environmental consultant.  Meteorologic and demographic studies, and assessment of environmental effects were performed by the NUS Corporation.  Work in all the aforementioned areas was initiated in 1972.  Ongoing environmental assessments by NUS and CEI during plant construction were made according to the established Construction Environmental Monitoring Program that terminated in mid‑1981.  A demographic study of the area was completed in 1980.  Radiation monitoring required for fuel load began early in 1981.  The latest meteorological reports are maintained by CEI.


13.1.1.1.1.2      Design of Plant and Ancillary Systems


Overall plant and system design was performed by GAI.  General Electric was responsible for the design of the nuclear steam supply system.


13.1.1.1.1.3      Review and Approval of Plant Design Features


The plant design features were prepared by GAI for review by the CEI’s onsite Nuclear Engineering Department personnel in accordance with the Perry Corporate Nuclear Quality Assurance Program.


13.1.1.1.1.4      Site Layout with Respect to Environmental Effects and Security Provisions


Orientation of the plant on the site was done in such a manner as to minimize terrestrial impact, specifically minimizing the number of trees which had to be removed.  The wooded areas to the east and west of the plant were avoided as much as possible.


Security provisions have been accounted for in the layout of the site in accordance with applicable NRC regulations.  These provisions are discussed in <Section 13.6.2>.


13.1.1.1.1.5      Development of Safety Analysis Reports


FSAR preparation was coordinated by Perry Nuclear Licensing and Compliance Section personnel with primary input from GAI.  Where necessary, additional input was provided by GE and the NUS Corporation.


The USAR is prepared by the Perry departments.


13.1.1.1.1.6      Material and Component Specification Review and Approval


The Perry specifications were prepared by GAI for the majority of plant materials and components and were subject to review by CEI.  Material and component specifications for the NSSS were established by General Electric and were also subject to review by CEI.


Safety‑related specifications are reviewed in accordance with the Perry Corporate Nuclear Quality Assurance Program.


13.1.1.1.1.7      Procurement of Materials and Equipment


Material and equipment procurement solely for PNPP is performed by the PNPP Perry Services Department, an on‑site element of CEI’s Finance and Administration Group.


13.1.1.1.1.8      Management and Review of Construction Activities


From the beginning of construction on October 21, 1974, Project Management conducted regular meetings to review progress of construction activity and associated costs.


Personnel in the Cost and Schedules Section were responsible for developing the overall project budget, monitoring its financial status, and providing management with timely cost data.


Nuclear Construction Services Section personnel conducted field inspections on a daily basis to assure contractor compliance with the terms of their contract(s).  They also monitored all costs associated with construction contractors.


13.1.1.1.2      Preoperational Activities


13.1.1.1.2.1      Development of Human Engineering Design Objectives and Design Phase Review of Proposed Control Room Layouts


The design and layout of the control room was developed by CEI/GAI after much consideration of such factors as space, layout, access, color, lighting, audio vs. visual alarms, viewing angles, and instrumentation labeling.  Additionally, the BWR Owners Group Survey Team conducted a 


survey in September, 1981 to identify any human factor design deficiencies in the plant panels.  CEI utilized the Survey Report to identify those deficiencies requiring improvement.


The Perry Nuclear Engineering Department is responsible for implementing all corrections and improvements.


13.1.1.1.2.2      Development and Implementation of Staff Recruiting and Training Program


The Nuclear Test Section of the Perry Plant Operations Department was assigned the responsibility for preoperational and acceptance testing of systems turned over from construction.  The Nuclear Test Section developed procedures detailing the methods and requirements for indoctrinating, training and certifying test personnel.  These procedures were incorporated in the Nuclear Test Section’s Administrative Procedure matrix and were separate from the Training Program developed for the Perry operating organization and described in <Section 13.2>.


Recruiting of qualified personnel for staffing the Nuclear Test Section was accomplished with a combination of CEI and consultant personnel.


13.1.1.1.2.3      Development of Plans for Initial Testing


Planning for initial testing began in 1975 and included numerous discussions with consultants, other utility nuclear testing organizations and the NRC Region III Office of Inspection and Enforcement.  This planning effort resulted in the establishment of a testing organization within the Nuclear Engineering Department which was responsible for all aspects of acceptance and preoperational testing.  Startup testing, commencing with fuel loading, was the responsibility of the Plant Manager and was implemented by the plant staff with assistance from GE and personnel from the testing organization.  It was recognized 


that, because of other concurrent project activities, CEI could not provide the total testing organization resources from within, in the proper number and qualification of personnel, without affecting project objectives in other areas.  Therefore, an integrated CEI/consultant organization was developed which maximized overall project organization effectiveness.


Effective October 1, 1984, two plant operating departments, Perry Plant Operations Department and Perry Plant Technical Department were formed.  The action included the transfer of responsibility for acceptance and preoperational testing (Nuclear Test Section) to the Perry Plant Operations Department.  Planning and implementation of the Startup Test Program was the responsibility of the Perry Plant Technical Department.


To fill specific needs for fully qualified test personnel, the Nuclear Test Section had contracts, with seven separate testing service organizations, which identified the specific numbers, qualifications of, and timing for consultant additions to the Nuclear Test Section.  The Nuclear Test Section was allocated the necessary budget and resources to efficiently plan, organize, develop, and implement an effective testing program.


Administrative controls for the preoperational test program were written and approved.  For further details, refer to <Chapter 14>.


The startup test program was the responsibility of the Perry Plant Technical Department Manager and was implemented by the Startup Test Organization under the direction of the Startup Test Program Director, who reported directly to the Technical Superintendent.  The Startup Test Organization consisted of Plant staff personnel, General Electric Startup Test‑Design‑Analysis personnel and Nuclear Test Section personnel who had participated in preoperational test phase activities.


The Perry Operations Manual contained procedures which defined the administrative controls that governed implementation of the startup test program.  These procedures defined the responsibilities of organizations and personnel involved in the program.  Volume 5 of the Operations Manual contained the individual startup test instructions discussed in <Chapter 14>.  The test instructions to be used for each specific startup test were prepared by the Startup Test Organization, reviewed by PORC, GE and NQAD, and approved by the Plant Operations and Technical Department Managers.  For further details, refer to <Chapter 14>.


The initial test program for Unit 1 was concluded in November 1987.


13.1.1.1.2.4      Plant Maintenance Programs


Programs were developed to support plant maintenance activities during plant operations.


The maintenance staff is sized to perform activities associated with routine and preventive maintenance and will be supplemented as necessary by other internal personnel and/or outside contractor crews.  In all cases, maintenance and repairs of safety‑related equipment is performed under the direction of qualified supervision and in accordance with approved procedures, written instructions, vendor technical manuals, and applicable codes and regulations.  Routine training meetings are held to ensure safety awareness and emphasize the importance of quality workmanship.


All maintenance activities, with the exception of those resulting from emergency situations are preplanned.


13.1.1.1.3      Technical Support for Operations


Technical services and backup support for the operating organization have been established and are planned to continue throughout the life of the plant.


These services are designed to provide the necessary specialized expertise as needed in such areas as nuclear, mechanical, electrical, thermal‑hydraulic and instrumentation and controls engineering, power production, licensing, and quality assurance.  These services will be provided by on‑site and corporate personnel.  Additional expertise or services will be provided as required through the use of outside consultants and other available professional services.


Record keeping responsibilities are provided to the Vice President, Nuclear‑Perry and the FENOC President through the staff of FirstEnergy Corporate.


13.1.1.2      FENOC Corporate Arrangement


<Figure 13.1‑1> describes the relationship of the site organization to the offsite FENOC organization.  Responsibilities associated with positions depicted on the figure as they apply to the site are described as follows:


The FENOC Chief Nuclear Officer is responsible for establishing expectations and highest level direction of all nuclear generation activities for FirstEnergy, and for overseeing the operations and activities of FENOC.  The FENOC Chief Nuclear Officer also provides guidance with regards to company quality assurance policy.

The FENOC President is the chief operating officer responsible for providing top level direction of all activities associated with the safe and reliable operation of FENOC’s four nuclear power plants (Beaver Valley 1 and 2, Davis‑Besse, and Perry).  The FENOC President provides operational oversight of the four FENOC power plants, along with nuclear support, and provides the FENOC Chief Nuclear Officer the necessary flexibility to perform his assigned responsibilities.  The FENOC President ensures that budgeting, financial control, communication, long‑range strategic planning, and licensing for the site are provided to the Site Vice President.  The staff of the Vice President, Nuclear Support, who reports to the FENOC President, provides Access Authorization/Fitness for Duty Programs and Site Protection to the site.  The Site Vice Presidents report to the FENOC President.

The Vice President, Fleet Oversight, has the overall responsibility for quality assurance audits, the independent review committee, independent safety evaluations, and the employee concerns program.  The Vice President, Fleet Oversight maintains a line of communication with the Site Vice President and is responsible for establishing quality assurance program policies, goals, and objectives, for implementation of the quality assurance program, and for maintaining the Quality Assurance Program Manual.  Also included is responsibility for implementation of a Quality Control program for activities associated with plant maintenance and modifications.



The Manager, Fleet Oversight, is responsible for plant specific quality assurance activities at the site.  The manager maintains a line of communication with the Site Vice President, and has the authority and responsibility to escalate matters directly to the FENOC President or the FENOC Chief Nuclear Officer when needed.  Responsibilities are directed solely to quality assurance.  This includes controlling, verify the implementation and adequacy of the quality assurance program, implementing the quality assurance audit and surveillance program, quality control inspection program, and independent safety evaluations.


The Senior Vice President, Fleet Engineering, provides engineering services, including technical support and services related to reactor technology, fuel management, and core analysis for the site.  The Senior Vice President, Fleet Engineering, reports to the FENOC President.

The operating organization is discussed in <Section 13.1.2>.


13.1.1.2.1      Site Engineering Organization


The Site Engineering Department is shown on <Figure 13.1‑1>.


Director, Site Engineering Department


The Director, Site Engineering Department (SED) has responsibility for the technical and engineering support of Perry.  This Director provides assurance that these activities are accomplished in accordance with the appropriate plant and quality assurance policies and procedures.  The Director, SED reports to the Senior Vice President, Fleet Engineering and Services.


Manager, Design Engineering Section


The Manager, Design Engineering Section, responsibilities include but are not limited to, directing all activities associated with maintaining the integrity of the design basis, the long‑term modification and 


technical support of plant systems, analysis of overall plant response during transients, and the evaluation of results in support of operations.  The Manager, Design Engineering Section, reports to the Director, SED.


Manager, Technical Services Engineering Section


The Manager, Technical Services Engineering Section responsibilities include, but are not limited to, implementing the plant’s engineering programs, performing document and drawing control activities, and providing engineering records management.  This Manager is also responsible for project engineering activities for major modifications.  The Manager, Technical Services Engineering Section reports to the Director, SED.


Manager, Plant and Equipment Reliability Engineering Section

The Manager, Plant and Equipment Reliability Engineering Section responsibilities include, but are not limited to, directing all activities associated with providing technical support and services related to systems health; optimization evaluations on plant systems to maximize availability/reliability; and direct plant computer modification and operation.  The Manager, Plant and Equipment Reliability Engineering Section, reports to the Director, SED.


13.1.1.3      Qualifications of Director, Site Engineering Department


The Director, Site Engineering Department, who reports directly to the FENOC Senior Vice President, Fleet Engineering and Services, is that individual who normally determines when to call consultants and contractors for dealing with complex problems in technical support for operations beyond the scope of corporate personnel.  The criteria stipulated in ANSI N18.1‑1971 require that the Engineer‑in‑Charge, have a Bachelor’s degree in engineering and a minimum of 3 years of nuclear 


experience, and the Technical Manager have eight years of power plant experience with a minimum of 1 year of nuclear experience.  The Director, Site Engineering Department, meets both of these criteria.


13.1.2      OPERATING ORGANIZATION


This section describes the structure and functions of the onsite organization established to operate and maintain Perry.


The operating organization consists of the Site Vice President ‑ Perry, and departments whose functions are described in <Section 13.1.2.2>.  The departments are:  the Site Operations Department (SOD), the Site Performance Improvement Department (PID), and the Site Maintenance Department (SMD).

13.1.2.1      Perry Organization


The onsite Perry organization is shown on <Figure 13.1‑2>.  The NRC shall be notified of changes to the plant department’s organization.  These organization charts indicate the title of each position and reporting responsibilities.  The minimum number of personnel required for operating shift positions (including common or duplicate positions), reporting responsibilities and the positions requiring NRC licenses are discussed in <Section 13.1.2.3>.  All functional positions were filled by the time of initial fuel loading of Unit 1.


Additional consultant and contract personnel may be required to support normal crewing during outages and will be utilized as workloads dictate.


13.1.2.2      Perry Personnel Functions and Authorities


The functions and authorities of selected Perry positions are summarized briefly in the following paragraphs.


13.1.2.2.1      Site Operations Department


Director, Site Operations Department


The Director, Site Operations Department (SOD) is the Plant Manager and performs the duties as described in the Technical Specifications.  The Director, SOD, has overall responsibility for the safe operation of the plant including, but not limited to, plant operations, chemistry control, radiation protection, and fire protection.  The Director, SOD, is responsible for compliance with the plant’s operating license, regulations and the FENOC Quality Assurance Program Manual.  The Director, SOD, reports to the Site Vice President, Perry.


Manager, Site Operations Section


The Manager, Site Operations Section responsibilities include, but are not limited to, directing daily operation of the plant including all mechanical and electrical equipment, fire brigades, planning and scheduling of operations and radwaste activities including tests, startups and shutdowns, and directing the development and review of required procedures and instructions dealing with plant operations to assure that the plant is operated in accordance with the requirements of the Operating License and the Perry Operations Manual.  The Manager, Site Operations Section reports to the Director, SOD.


Manager, Site Chemistry Section


The Manager, Site Chemistry Section responsibilities include, but are not limited to directing activities associated with the control of radioactive effluents, environmental monitoring and compliance, and chemistry monitoring and controls to meet regulatory commitments.  The environmental activities include the monitoring of the effects of plant 


operation upon the environment, obtaining appropriate state and federal permits for air and water, and reporting as necessary to demonstrate compliance with applicable environmental regulations.  The chemistry activities include development and implementation of the chemistry program, wet chemistry, plant process chemistry, system operations performed by chemistry and monitoring of all plant systems for chemical parameters to ensure compliance with regulatory requirements and industry guidance.  The Manager, Site Chemistry, reports to the Director, SOD.


Manager, Site Radiation Protection Section


The Manager, Site Radiation Protection Section is designated as the Radiation Protection Manager defined in <Regulatory Guide 1.8>.  His responsibilities include, but are not limited to, directing all activities associated with radiation protection and other radiological control services required to support plant operation and maintenance activities.  This includes conducting the plant radiological survey activities required to ensure that personnel exposure to radiation and radioactive materials is maintained within regulatory guidelines and that such exposure is kept as low as reasonably achievable (ALARA).  The Manager, Site Radiation Protection reports to the Director, SOD.


Manager, Site Outage Management Section

The Manager, Site Outage Management Section, responsibilities include, but are not limited to, directing the scheduling and coordination of all plant outages.  The Manager, Site Outage Management Section, reports to the Director, SOD.


Manager, Site Work Management Section

The Manager, Site Work Management Section, responsibilities include, but are not limited to directing the scheduling for maintenance and testing performed during power operations.  The Manager, Site Work Management Section, reports to the Director, SOD.


13.1.2.2.2      Site Performance Improvement Department


Director, Site Performance Improvement Department

The Director, Site Performance Improvement Department (SPID) has the overall responsibility for site training, compliance with the plant operating license and regulations, emergency planning activities, and monitoring the site’s performance of the Corrective Action Program.  The Director, SPID reports to the Site Vice President – Perry.


Manager, Site Regulatory Compliance Section

The Manager, Site Regulatory Compliance Section responsibilities include, but are not limited to general regulatory compliance activities, and managing the Corrective Action Program.  The Manager, Site Regulatory Compliance Section reports to the Director, SPID.


Manager, Emergency Response Section


The Manager, Emergency Response Section responsibilities include, but are not limited to, coordinating efforts toward developing and maintaining onsite and offsite emergency response procedures for Perry’s emergency planning zone and maintaining the emergency plan.  The Manager, Emergency Response Section reports to the Director, SPID.

Manager, Site Training Section

The Manager, Site Training Section responsibilities include, but are not limited to developing a Perry Training Program based on the input of the Perry departments, government regulations, and industry standards; scheduling training activities; and maintaining documentation of training completed.  The Manager, Site Training Section reports to the Director, SPID.


13.1.2.2.3      Site Maintenance Department


Director, Site Maintenance Department

The Director, Site Maintenance Department (SMD) has the overall responsibility for planning and support directing maintenance repairs, overhauls, preventative maintenance on plant equipment, and the upkeep of site grounds and directing general building maintenance.  The Director, SMD reports to the Site Vice President – Perry.

Manager, Site Maintenance Section

The Manager, Site Maintenance Section, responsibilities include, but are not limited to, directing maintenance repairs, overhauls, and preventive maintenance activities on plant equipment; and the Fix‑It‑Now (FIN) process.  The scope of plant equipment includes mechanical, electrical, instrument and control systems, various microprocessor‑based equipment, and also, control of tools and Measuring and Test Equipment.  The Manager, Site Maintenance Section, reports to the Director, SMD.

13.1.2.2.5      Operating Shift Crews


Procedures and instructions are issued to delineate the responsibilities and authorities of the Shift Managers and shift operating crews for:


a.
Adhering to the plant Technical Specifications and the Perry Operations Manual.


b.
Observing and responding to instrument indications unless proven false.


c.
Shutting down the reactor when it is determined that safety of the reactor is in jeopardy or when operating parameters exceed any of the reactor protection setpoints and automatic shutdown does not occur.


d.
Determining the circumstance, cause and limits under which operations can safely proceed, before returning the reactor to power following a trip or an unscheduled or unexplained power reduction.


e.
Reviewing routine operating data to assure safe operation.


f.
Meeting the requirements of <10 CFR 50.54(i)>, <10 CFR 50.54(j)>, <10 CFR 50.54(k)>, <10 CFR 50.54(l)>, and <10 CFR 50.54(m)> pertaining to reactor operator and senior reactor operator licensed personnel.


g.
Departing from approved procedures and instructions in cases of emergency, if necessary to prevent injury to personnel and/or the public or to prevent damage to the plant facility.


h.
Identifying and providing feedback for desired modifications to plant procedures and instructions.


The functions and responsibilities of the various shift crew positions are summarized as follows:


Superintendent, Shift Operations


The Superintendent, Shift Operations is responsible for supervising the Shift Managers and for assisting the Manager, Operations Section in the efficient and reliable operation of the plant.  This includes coordinating operating and refueling activities, performing analyses of plant operations, developing methods to ensure effective operating practices, and coordinating investigations of plant equipment damage and malfunctions.  The Superintendent, Shift Operations reports to the Manager, Operations Section.


Shift Manager


The Shift Manager on duty is responsible for operating the plant in compliance with licensing requirements, administrative controls and operating instructions.  This includes, when warranted, approving on‑shift operations that deviate from established procedures and instructions, evaluating operating experiences and providing on‑shift technical advice to the Unit Supervisors.


Administrative procedures have been written to clearly define the Shift Manager’s command and control responsibilities and authorities and to emphasize responsibility for safe operation of the plant.  Those functions which clearly detract from responsibility for assuring safe operation of the plant will be assigned to other personnel.


The Shift Manager reports to the Superintendent, Shift Operations, Operations Section.


Unit Supervisor


The Unit Supervisor is responsible for assisting the Shift Manager on duty in operating the plant in a safe and dependable manner.  This includes supervising the reactor operators, plant operators, attendants and assistants required to operate the unit, instructing the shift operating crew concerning temporary and permanent changes to the Perry Operations Manual, and assisting the Shift Manager in administrative duties.  The Unit Supervisor reports to the Shift Manager.


Reactor Operator


The Reactor Operator is responsible for directing the activities of the non‑licensed shift employees including plant operators, attendants, 



assistants, and others as may be assigned for special tasks to insure proper operation and monitoring of plant systems and equipment.  The Reactor Operator reports to the Unit Supervisor.


Plant Operator


The Plant Operator is the senior non‑exempt operating person on each shift.  The Plant Operator performs routine inspections and operations on plant equipment outside the control room at the direction of the Reactor Operator, Unit Supervisor or Shift Manager.


13.1.2.2.6      Succession of Authority


The Director, Site Operations, has overall responsibility for all plant activities during normal operations.  In the event of unexpected contingencies of a temporary nature, when the Director, Site Operations  is unavailable, responsibility will be delegated to the following positions in the order listed:


a.
Manager, Perry Operations Section


b.
Superintendent, Shift Operations


c.
Shift Manager


Administrative procedures have been written to limit access to the control room and to establish a clear line of authority, responsibility and succession in the control room.


13.1.2.2.7      Technical Specification Equivalent Positions


The improved Technical Specifications (Amendment 69) introduced the concept of generic position descriptions with the intent that the USAR



would provide a list of the equivalent Perry‑specific titles.  Hence, as used in the Technical Specifications, the following equivalences are applied.


Technical Specification description:
Perry equivalent:


corporate executive responsible for
Site Vice President, Perry


overall plant nuclear safety


plant manager





Director, Site Operations


shift supervisor




Shift Manager


shift technical advisor



Shift Engineer


auxiliary operator




Plant Operator


auxiliary operator




Plant Operator Assistant


radiation protection manager


Manager, Radiation Protection 










Section


radiation protection supervisor

Radiation Protection Supervisor


radiation protection technician

Radiation Protection Technician


13.1.2.3      Operating Shift Crews


Perry normally has a minimum of five operating shift crews.  During plant shutdown conditions, the number of shift crews may be less than five in order to better accommodate outage workload and scheduling requirements.  Each operating shift crew is qualified to carry out 



activities related to plant operations.  Position titles, license requirements and their equivalent to positions listed in ANSI N 18.1‑1971 are as follows:


Perry Position or Title
   License
ANSI N 18.1‑1971  Equivalent


Shift Manager
SRO
Supervisor requiring NRC license


Unit Supervisor
SRO
Supervisor requiring NRC license


Reactor Operator
RO
Operator


Plant Operator
 ‑
               ‑


Plant Operator Assistant
 ‑
               ‑


Plant Attendant
 ‑
               ‑


Radiation Protection


Technician
 ‑
Technician


Chemistry Technician
 ‑
Technician


I & C Technician
 ‑
Technician


Shift Engineer
 ‑
               ‑


The provision of Technical Specification 5.2.2.c does not permit any shift crew position to be unmanned upon shift change due to an oncoming shift crewman being late or absent.  The Perry operating shift crews are staffed in accordance with Technical Specifications, Section 5.2.2 and with the following:


		MINIMUM SHIFT CREW COMPOSITION





		Position

		NUMBER OF INDIVIDUALS REQUIRED


           TO FILL POSITION        



		

		MODE 1, 2, or 3

		MODE 4 or 5



		Shift Manager

		
1

		
1



		Unit Supervisor

		
1

		
None





		MINIMUM SHIFT CREW COMPOSITION (Continued)





		Position

		NUMBER OF INDIVIDUALS REQUIRED


           TO FILL POSITION        



		

		MODE 1, 2, or 3

		MODE 4 or 5





		Shift Engineer

		
1(1)

		
None



		Reactor Operator

		
2

		
1



		Plant Operator

		
1

		
1



		Plant Operator Assistant

		
1(2)

		
None



		Radwaste Supervising Operator

		
1

		
1



		Radiation Protection Technician

		
1

		
1



		Chemistry Technician

		
1

		
1



		I&C Technician

		
1

		
1

		





NOTES:


(1)
The Shift Engineer position may be filled by an on‑shift Shift Manager or Senior Reactor Operator provided the individual meets the qualification requirements.


(2)
The Plant Operator Assistant position may be filled by a Plant Operator.


All CORE ALTERATIONS shall be observed and directly supervised by either a licensed Senior Operator or licensed Senior Operator Limited to Fuel Handling who has no other concurrent responsibilities during this operation.


An around‑the‑clock radiation protection program will be implemented by the presence of at least one individual qualified in radiation protection.   Additional personnel will be scheduled as required to cover special jobs or work loads as determined by radiation protection supervision.  During normal work days, the radiation protection 


personnel report to radiation protection supervision.  During off shifts and weekends, the radiation protection personnel will report to radiation protection supervision or to the Shift Manager.


A Shift Engineer (Shift Technical Advisor) is on shift reporting to the Shift Manager and available to provide technical support to the Shift Manager, including advising him on the safety status of the plant, diagnosing plant accidents and recommending actions to mitigate the consequences of accidents.  In addition, the Shift Engineer shall meet the qualifications specified by the Commission Policy Statement on Engineering Expertise on shift.  The Shift Engineer shall have a bachelor’s degree or equivalent in a scientific or engineering discipline and shall have received specific training in the response and analysis of the unit for transients and accidents, and in unit design and layout, including the capabilities of instrumentation and controls in the control room.  The Shift Engineer position may be filled by an on‑shift Shift Manager or Senior Reactor Operator provided the individual meets the Commission Policy Statement on Engineering Expertise on shift.  The Shift Engineer provides on shift reactor engineering support, if qualified.  Administrative procedures require all planned control rod movements be performed as specified by a qualified reactor engineer.


Administrative procedures have been written to limit maximum working hours for those personnel performing safety‑related functions.


13.1.3      QUALIFICATIONS OF PERSONNEL


Qualifications for personnel are described in the following sections.


13.1.3.1

Qualification Requirements


Perry follows the guidelines set forth in <Regulatory Guide 1.8> for selection and training of management personnel, as discussed in <Section 1.8>.  <Table 13.1-1> lists select members of the plant staff and designates equivalent ANSI N 18.1-1971 titles as a comparison.


13.1.3.2      Qualifications of Plant Personnel


The qualifications for positions equivalent to ANSI N18.1‑1971 are met except as noted on <Table 13.1‑1>.


Members of the staff possess the combined education and expertise to reasonably ensure that decisions and actions required from design through operating phases will not result in a hazard to the health and safety of employees and the public.


13.1.4
  REFERENCES


1.
NRC Safety Evaluation Report dated June 27, 1995 accompanying Amendment 70 to the Technical Specifications.


TABLE 13.1‑1


SELECT PERRY STAFF TITLES AND ANSI N18.1‑1971 EQUIVALENT


Perry Position or Title



ANSI N18.1‑1971 Equivalent


Director, Site Operations 


Plant Manager(1)

  Department


Director, Site Performance Improvement
Technical Manager


  Department


Director, Site Engineering


Engineer In Charge(1)

  Department





Technical Manager(1)

Manager, Site Operations Section

Operations Manager(1)(2)

Manager, Site Chemistry Section

Technical Manager


Superintendent, Shift Operations

Operations Manager


Shift Managers





Supervisors requiring NRC License(1)

Unit Supervisors




Supervisors requiring NRC License(1)

Reactor Operators




Operators(1)

Manager, Site Maintenance Section

Maintenance Manager(1)

Manager, Site Work Management Section
Maintenance Manager(1)

Manager, Site Outage Management 

  Section






Maintenance Manager(1)

Superintendents, Maintenance Units

Supervisor not requiring NRC License(1)

TABLE 13.1‑1 (Continued)


SELECT PERRY STAFF TITLES AND ANSI N18.1‑1971 EQUIVALENT


Perry Position or Title



ANSI N18.1‑1971 Equivalent


Manager, Design Engineering Section
Technical Manager


Manager, Plant and Equipment 


Technical Manager


  Reliability Engineering Section


Reactor Engineer




Professional‑Technical, Reactor Engineering and Physics(1)

Manager, Site Radiation Protection 
Technical Manager


  Section


NOTES:


(1)
Denotes the ANSI N18.1‑1971 positions and the corresponding Perry Supervisory and Operating Staff titles that fill those positions.  Additional staff positions and ANSI equivalents have been shown to identify the depth and qualifications of the Perry staff.


(2)
If the Manager, Perry Operations Section does not have a Senior Reactor Operator (SRO) license, an operations middle manager (e.g., Superintendent, Shift Operations) shall maintain an SRO license.  This individual shall meet the qualifications described in Section 4.3.8 of ANSI/ANS‑3.1‑1993.
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13.2      TRAINING PROGRAM


13.2.1      PERRY STAFF TRAINING PROGRAM


The Perry Staff Training Program has been developed and implemented to:


a.
Ensure that personnel are effectively trained and qualified to safely operate and maintain the plant throughout its design life.


b.
Meet or exceed all regulatory requirements.


c.
Meet or exceed current INPO Training Guidelines.


Development of the training program outlined in this section will meet or exceed the requirements of <10 CFR 50>, <10 CFR 55> and other applicable industry standards.  The training programs are developed using a systematic approach to training in that the specific objectives for all levels of instruction outlined in this section are derived from the job analysis for the applicable position.  Additionally, student and supervisor feedback and on‑the‑job performance are also factored into applicable training program content.


The Training Manager is responsible for the overall program.  He designates qualified individuals to prepare learning objectives, instructor guides, lectures, tests, and examinations, and to provide performance evaluations for various aspects of the training program.  The detailed program description which follows is divided into three sections relating to the categories of personnel being trained:  (1) Licensed Personnel, (2) Non‑Licensed Technical Personnel and (3) Plant Access Training Programs.


The programs outlined below are specifically written for Perry Unit 1.  The specific arrangement or structure of the training provided may vary from this section based upon feedback and changing requirements.


13.2.2      LICENSED OPERATOR TRAINING PROGRAM


The Licensed Operator Training Program has been developed to ensure that the individuals who operate the controls of the Perry Plant are competent to do so.  The Licensed Operator Training Program is taught at the Senior Reactor Operator level and provides training in job‑related knowledge requirements and skills.


Written and/or oral examinations are periodically given to students during the completion of the Licensed Operator Training Program.  These examinations are given to evaluate student performance and to assess the level of comprehension of the course material.


13.2.2.1      Initial Training


13.2.2.1.1      Academic Refresher Training


License candidates will receive classroom training in subjects covering science and engineering (such as heat transfer, fluid flow, thermodynamics).


13.2.2.1.2      Systems Operation Training


License candidates will receive classroom instruction on Nuclear Steam Supply Systems (NSSS) and selected Balance of Plant (BOP) Systems important to safety over which the licensed control room operator has control or cognizance.  This training also includes instruction on the normal operating procedures for the operation of the plant.


13.2.2.1.3      Simulator Training


License candidates participate in a Simulator Training Course which prepares the individual to proficiently conduct routine evolutions and carry out abnormal/emergency actions from the control room.  The 


simulator utilized in this program will have operating characteristics and control room design similar to those of the Perry Plant.


The simulator training courses prepare the student to operate Perry under normal conditions as well as provide extensive training in transients and casualty response.


Exercises involving multiple failures and/or operator error are also included.  Utilization of applicable plant procedures and Technical Specifications during training exercises are emphasized.


Students are evaluated on a periodic basis and provided feedback in order to improve their performance.  A final review and evaluation will be given as described in <Section 13.2.2.1.5.2>.


13.2.2.1.4      Operating Practices Training


License candidates gain experience in plant operation and casualty response through a combination of in‑plant, on‑shift training and classroom presentations/discussions.  This training includes Administrative Requirements Training, Plant Operation and Casualty Response Training.


13.2.2.1.4.1      Administrative Requirements Training


License candidates receive training in the plant administrative procedures, policies, practices, and Technical Specifications which affect the licensed control room operator.


13.2.2.1.4.2      Plant Operation and Casualty Response Training


License candidates and applicable Operations Management Staff receive classroom training on the following subjects:


a.
Abnormal and emergency operating procedures.


b.
Plant transients and accident analysis.


c.
Recognition and mitigation of the consequences of core damage.


d.
Site Emergency Plan including applicable Emergency Implementing Instructions.


13.2.2.1.4.3      On‑The‑Job Training


License candidates spend time on shift in a training status, with no concurrent duties, under the supervision and guidance of a licensed reactor operator or senior reactor operator, as appropriate.  The intent of this training period is for each candidate to gain experience in the routine operation of the nuclear power plant.  During this period, the candidate will perform duties of the licensed reactor operator or senior reactor operator, as appropriate, including reactivity manipulations.  These duties will be evaluated by the licensed operator or senior operator to ensure the duties are performed correctly and in accordance with approved procedures and in other standards which may be promulgated.  A Qual Card will be used to verify progress and correct performance of the duties.


13.2.2.1.5      License Examination Preparation


Prior to the proposed NRC examination date, each license candidate’s progress in the training program is evaluated to assess the candidate’s 


ability to safely and competently operate the plant.  The license examination preparation period includes a simulator refresher period (when required), an Audit examination and a Management Board review.


13.2.2.1.5.1      Audit Examination


License candidates are administered NRC‑style, comprehensive, written, oral, and performance examinations.  The standards for these examinations are those in current use by the NRC at the time of the examination.  The intent of these examinations is to determine the individual’s ability to operate the plant in a safe and competent manner.  If the candidate’s performance is unsatisfactory, the candidate’s weaknesses are evaluated, and a remedial training program may be developed to correct those weaknesses.  Alternatively, the candidate will not be allowed to take the NRC license examination.


13.2.2.1.5.2      Management Board


Prior to the actual NRC license examination, the candidate’s overall performance in the Licensed Operator Training Program is reviewed by a Management Board.  The Management Board verifies that the NRC examination prerequisites are satisfied, that the operator training program has been completed, and that the candidate can safely operate the plant.  If the Management Board determines that the candidate’s performance is satisfactory and that the candidate meets all prerequisites, the candidate will be recommended for NRC License Examination to the Vice President, Nuclear ‑ Perry who is responsible for certifying the competency of each license candidate.


13.2.2.1.6      SRO Upgrade


Candidates for Senior Operator who currently hold an Operator’s license on PNPP will complete an SRO Upgrade Training Program to upgrade their knowledge and skills to those required of Senior Operators.


13.2.2.1.7      Direct Senior Operator Training Program


Direct Senior Operators (those who have not previously held an operators license) will complete a program as developed and implemented in accordance with the Training Manual.


13.2.2.1.8      Licensed Operator Training Program Instructors


Instructors for the Licensed Operator Training Program who teach systems, integrated plant response, transients, and simulator courses to license candidates or NRC licensed personnel shall either complete an instructor certification program or be a guest presenter in accordance with the Training Manual.


13.2.2.1.9      Previous Nuclear Training


An individual’s participation in nuclear training programs at this or other facilities or previous education that satisfied the intent of the program outlined in <Section 13.2.2.1> may be substituted for portions of the training outlined for reactor operator and senior reactor operator candidates.  The individual’s successful completion of these other training programs will be verified prior to excusing the individual from segments of the program described in <Section 13.2.2.1>.  In cases where objective evidence is not available to document completion of other training programs, procedures have been established to verify the individual’s knowledge through written or oral examinations.


Substitutions of previous training will not be authorized for special PNPP equipment operations training (e.g., Emergency Diesel Generator Operations Training) unless such training is on identical equipment.


13.2.2.1.10      Diesel Generator Training for Licensed and Non‑Licensed Personnel


13.2.2.1.10.1      Diesel Generator Operation Training


All licensed and non‑licensed operators responsible for the safe operation of the emergency diesel generators shall successfully complete a course covering the operation of the emergency diesel generators.


13.2.2.1.10.2      Diesel Generator Maintenance Training


Maintenance personnel responsible for the performance of maintenance on the emergency diesel generator shall successfully complete a course covering the maintenance repair and troubleshooting of the emergency diesel generator.


13.2.2.2      Retraining and Requalification Programs


13.2.2.2.1      Licensed Operator Requalification Training Program


A continuing requalification training program for licensed operators and senior operators has been implemented in accordance with <10 CFR 55>.  Licensed operators and senior operators are required to participate in the requalification program as described in this section. The Licensed Operator Requalification Program consists of regularly scheduled lectures, simulator training, examinations, and accelerated requalification (when necessary).  Each of these elements is discussed in the paragraphs below.


13.2.2.2.1.1      Regularly Scheduled Lectures


The Requalification Program includes preplanned lectures given throughout the requalification period.  Emphasis shall be placed on those areas where plant operating experience, industry experience, design or procedure change, or Operator and Senior Operator written examinations indicate that an increase in scope and depth of coverage is needed.


13.2.2.2.1.2      Simulator Training


Licensed Operators and Senior Operators will participate in a preplanned Simulator Training Program during the period of the Requalification Program.


13.2.2.2.1.3      Examinations and Evaluations


Requalification examinations are given to each licensed operator and senior operator.  A comprehensive written examination is administered at least every two years, while the operating test (typically consisting of a simulator evaluation and job performance measures) is given annually.  The results of each of these examinations will be determined using the NRC criteria prevailing at the time of the particular examination.


13.2.2.2.1.4      Accelerated Requalification


Individuals who perform unsatisfactorily on the requalification examinations described in <Section 13.2.2.2.1.3> will not be allowed to perform licensed duties until they successfully complete an accelerated requalification program as described in the Training Manual. 


13.2.2.2.1.5      Requalification of Inactive Operators and Senior Operators


Any Licensed Operator or Licensed Senior Operator who, for any reason, has not been actively performing the functions of an Operator or Senior Operator for a calendar quarter or longer will, prior to resuming activities for which that individual is licensed, demonstrate knowledge of facility operation.  This demonstration will be accomplished by having a qualified member of the station management verify that:


a.
The qualifications and status of the licensee are current and valid.


b.
The licensee has completed a minimum of 40 hours of shift functions under the direction of a Licensed Operator or Senior Operator as appropriate.  During this time, a complete tour of the plant and all required shift turnover procedures will be completed.


c.
For Senior Operators limited to fuel handling, one entire shift must be completed under the direction of a Senior Operator or Senior Operator limited to fuel handling.


13.2.3      TRAINING PROGRAMS FOR NON‑LICENSED PERSONNEL


Training programs for management, supervisory, professional, and technical personnel not requiring NRC licenses are provided.  Trainee performance in these programs will be evaluated to ensure that the trainees have obtained an adequate knowledge of the subject matter.  The individual programs are evaluated to ensure they are providing the training necessary for the personnel to fulfill their job functions.  


Training for individuals in these categories is based upon the individual’s background, experience, ability, and the position duties and responsibilities.  This training is accomplished through a combination of vendor‑supplied courses and courses developed and instructed by the PNPP Training Staff.  In addition, Non‑Licensed Technical Personnel will participate in a Continuing Training Program applicable to their job certification.


13.2.3.1      Non‑Licensed Operator Training Program


The Non‑Licensed Operator Training Program contains training programs for the various non‑licensed operator positions.  The initial training program is an entry level program, and is designed to lead individuals to ultimately become Perry Plant Operators (PPO).  The training typically consists of classroom presentations on power plant fundamentals, power plant theory, and systems.  The program also includes on‑shift training in the plant.


13.2.3.2      Shift Engineer (Shift Technical Advisor) (STA) Training


              Program


The Shift Engineer Training Program is designed to ensure that individuals assigned to this position are prepared to make evaluations concerning plant safety and provide technical assistance to the operating shift.  The Shift Engineer Training Program will be taught to the Senior Operator Level and may contain the elements described in <Section 13.2.2.1.2>, <Section 13.2.2.1.3>, and <Section 13.2.2.1.4>.  Additionally, Shift Engineers receive training that relates to their function during power operation and outages.  This typically covers the process computer, reactor behavior, thermal hydraulics, Technical Specifications, core thermal limit calculations, core reactivity, and the procedures that directly involve the functions of the Shift Engineer.


13.2.3.3      Instrument and Control Technician Training Programs


The Instrument and Control Technician Training Program consists of classroom presentations, laboratory training and on‑the‑job training.  The classroom presentations include fundamentals relevant to the discipline, I&C procedures training and discussion of Technical Specifications.  The Instrumentation and Control Technician Training Program is supplemented, when required, by special I&C courses (such as Diesel Generators, RCIS, Nuclear Instrumentation) presented by equipment vendors.


13.2.3.4      Maintenance Personnel Training Program


Training programs for Maintenance Technicians (Mechanical and Electrical) are provided to ensure that these technicians have or acquire appropriate job‑related knowledge and skills.  Each training program (Mechanical and Electrical) consists of classroom presentations, laboratory training and on‑the‑job training.  The classroom presentations include fundamentals relevant to the discipline, maintenance procedures training and discussion of Technical Specifications.  The Maintenance Personnel Training Programs are supplemented, when required, by special maintenance courses (e.g., emergency diesel generator maintenance, control rod drive maintenance, SRVs, MSIVs, Reactor Recirc Pump Seals) presented by equipment vendors and/or FENOC Training Staff.


13.2.3.5      Chemistry Training Program


The Chemistry Training Program consists of classroom lectures and on‑the‑job training.  The classroom training typically includes theory, practical application, procedures, applicable Technical Specifications, and selected PNPP systems training.  The Chemistry Training Program is supplemented, when required, by courses presented by equipment vendors.


13.2.3.6      Radiation Protection Technician Training Program


The Radiation Protection Technician Training Program consists of classroom lectures and on‑the‑job training.  The classroom training typically includes health physics technology, theory procedures, applicable Technical Specifications, introduction to Perry systems, and concepts of ALARA.  The Radiation Protection Training Program is supplemented, when required, by courses presented by equipment vendors.


13.2.3.7      Engineering Support Personnel Training Program


The Engineering Support personnel Training Program consists of classroom lectures, simulator training, and position‑specific on‑the‑job training.  The curriculum provides both a broad‑based education in nuclear fundamentals and position‑specific training necessary for engineering staff enrolled in the program to be able to perform their jobs competently.  The Engineering Support Personnel Training Program is supplemented, when required, with courses presented by vendors.


13.2.3.8      Management Supervisory Training


Plant management will attend supervisory courses applicable for the job position assigned.


13.2.4     PLANT ACCESS TRAINING


The Plant Access Training Program provides individuals with an indoctrination in the general requirements necessary to gain access to the plant.  This program enhances employee effectiveness and safety by covering plant organization, security, safety regulations, radiation fundamentals, and the emergency plan.  All individuals who require unescorted access to the protected area of Perry must complete Plant Access Training.


In addition to Plant Access Training for gate access, Radiation Worker Training is provided for employees who will work in radiation areas.  This course covers basic radiation theory, exposure controls, safe work practices, and worker’s rights and responsibilities.  Specialized training is also provided for individuals who will wear respiratory equipment in the performance of their jobs.


13.2.5      FIRE PROTECTION TRAINING


The primary purpose of fire protection training is to develop a group of plant employees knowledgeable in fire prevention, fire fighting techniques and equipment, first aid procedures, and emergency response who are trained and equipped to function as a team for the fighting of fires.  The plant fire protection organization, consisting of a fire prevention staff, fire brigade and on‑shift personnel, is intended to be self‑sufficient with respect to fire fighting activities.  A fire brigade consisting of a brigade leader with either a reactor operator’s license or equivalent knowledge of plant safety‑related systems (simulator certification with plant systems familiarity) and four other personnel will be available on all shifts.  Two of the four other personnel shall have sufficient training in or knowledge of plant safety‑related systems to understand the effect of fire and fire suppressants on safe shutdown capability.  Fire brigade members will have no duties during a fire except those directly related to manual fire fighting.


Prior to assignment to the fire brigade, and annually thereafter, each member will receive a physical examination that will ensure that no physical conditions exist that would prevent proper performance of strenuous fire fighting activities.


The fire brigade will be equipped with sufficient quantities of personal protective equipment, manual suppression equipment and other equipment necessary for effective fire fighting.  Equipment will meet criteria stipulated in <10 CFR 50, Appendix R>, Section H.


13.2.5.1      Fire Brigade Training (X8)


The fire brigade training program provides for classroom training, practice sessions and drills and meets the criteria stipulated in <10 CFR 50, Appendix R>, Section III.I.


The initial fire brigade receives classroom training in the fundamentals of fire fighting, fire prevention, fire protection equipment, fire brigade organization, hazard recognition, implementing procedures, and individual responsibilities.


A periodic training program will be conducted for all designated brigade members and replacements, on a regularly scheduled basis in conjunction with operation periodic training.  The periodic training program will be repeated on a two‑year cycle and includes instruction on:


a.
The plant fire brigade organization and plan of implementation, including individual responsibilities and specific response procedures.


b.
Basic fire fighting principles such as the chemistry of fire, first aid and rescue procedures, forcible entry methods and salvage techniques.


c.
Identification of the location of various fire fighting equipment throughout the plant, access and egress routes, latest plant modifications that affect fire protection, and current fire fighting procedures.


d.
The proper use of available fire fighting equipment including both permanent and portable systems such as deluge systems, detection and alarm systems, sprinklers, fire hoses, extinguishers, ladders, communication, lighting, ventilation, and emergency breathing equipment.


e.
Identification of the fire hazards and associated types of fires that could occur in the plant, probable locations and the correct methods of fighting each type of fire.  Included are electrical fires, cable tray fires, flammable gas fires, flammable liquid fires, record file fires, and other ordinary combustible fires.


Fire brigade leaders will be provided additional training in directing and coordinating fire fighting activities.  The NFPA Fire Protection Handbook, NFPA National Fire Codes and others are used as references for conducting all training activities.  Classroom training is provided by qualified individuals knowledgeable and experienced in fire fighting and in using the types of equipment available in a nuclear plant.  Members of the fire protection staff and fire brigade leaders are responsible for conducting this training.


Practice sessions are held for fire brigade members annually.  These sessions will be utilized to provide instruction in the proper methods of fighting various types of fires and will include practical exercises in extinguishing actual fires.  During these exercises, brigade members will don protective equipment including self‑contained breathing apparatus.


Fire drills are conducted in the plant so that the fire brigade can practice as a team.  Drills are conducted at regular intervals, that will not exceed three months for each fire brigade.


Fire brigade drills shall be performed quarterly per shift with intervening intervals no more than five months nor less than one month 


for any given shift.  At least one drill per year for each fire brigade is unannounced.  Drills are preplanned to provide experience for each team in fighting fires in various areas of the plant with emphasis on safety‑related areas containing significant hazards.


The drills are selected to simulate as realistically as practical the size, type and location of potential fires which could occur in the plant and to provide as much experience as possible in the use of the various fire fighting equipment available.  Each drill is critiqued to evaluate the entire brigade response and how well the objectives were met.  Fire alarm response time, leaders’ direction of the effort, each individual members’ response, selection, placement, and use of equipment are assessed by the critique.


13.2.5.2      Fire Protection Staff Training


Training for the fire protection staff members includes courses in design and maintenance of fire detection, suppression and extinguishing systems, fire prevention and manual fire fighting techniques, and procedures for plant personnel and the fire brigade.


13.2.5.3      On‑Shift Personnel


Sufficient on‑shift personnel to meet the requirements of <10 CFR 50, Appendix R> will receive fire fighting training.  These on‑shift personnel will be available and trained to assist members of the fire brigade as necessary.


13.2.5.4      Offsite Fire Department


Public fire department response is limited to assistance outside the restricted (protected) area or as additional manpower under the direct supervision and control of responsible plant personnel inside the restricted area.


Training sessions for these personnel will be available periodically to cover basic radiation principles, typical radiation hazards, precautions for fires involving radioactive materials, station layout, fire hydrant locations outside the restricted area, basic emergency plans, and plant security procedures.
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13.3      EMERGENCY PLANNING


A detailed emergency plan document describing the plans for coping with emergency situations is provided in the Emergency Plan for the Perry Nuclear Power Plant (Reference 1).  The Emergency Plan’s conformance to applicable codes, Regulatory Guides and standards is discussed in <Section 2.4.1> of the Plan.


The Plan has as its objectives the protection of the health and safety of the public, including Perry employees, and the limitation of damage to facilities or property in the event of an accident occurring at the Perry Nuclear Power Plant.


The Emergency Plan sets forth the objectives and the methods for achieving them.  It describes the related emergency organization, including assignments of authority and responsibility.  The Plan provides for the following activities:  detecting and evaluating emergency conditions; establishing protective action levels and protective measures when such levels are exceeded; communications; postaccident reentry and recovery; liaison with offsite support groups, including federal, state and local governmental authorities; document review and control; periodic emergency preparedness assessment; drills and training of the participating personnel.


The Plan provides that detailed instructions be prepared for dealing with a spectrum of incidents.  It also provides the bases for actions to be taken in providing for decontamination, administering of first aid and for diagnosis and treatment of persons injured as a result of a nuclear incident occurring at Perry.


Detailed implementing instructions for the Emergency Plan have been prepared for accomplishing appropriate emergency functions at Perry.


13.3.1      REFERENCE FOR SECTION 13.3


 1.
“Emergency Plan for Perry Nuclear Power Plant.”
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13.4      REVIEW AND AUDIT


A program for review, including in‑plant and independent review, has been established to ensure that operation of Perry is in accordance with written procedures, instructions and license provisions which have been reviewed and approved by established authorities.  This program provides for:


a.
Review of significant proposed plant changes, tests and procedures.


b.
Verification that reportable events, as defined in <10 CFR 50.73>, are promptly investigated and corrected in a manner which reduces the probability of recurrence of such events.


c.
Detection of trends which may not be apparent to a day‑to‑day observer.


d.
Examination of plant operating characteristics, design and operating experience information that may indicate areas for improving plant safety.


Three organizations have been established to accomplish the review and audit function.  Reviews at the plant operating level are the responsibility of the Plant Operations Review Committee (PORC).  Independent reviews are the responsibility of the Company Nuclear Review Board (CNRB) and the FENOC Oversight Department, which are independent of direct responsibility for plant operation.


A program for audits of activities affecting plant safety during the operational phase has also been established to verify that such activities are performed in accordance with company policy and rules, approved operating procedures, license provisions, and quality assurance


requirements.  Audits of plant operations will be administered and performed as discussed in USAR <Section 17.2>.


Guidance in the development of the review and audit programs was derived from <Regulatory Guide 1.33>.


13.4.1      PLANT OPERATIONS REVIEW COMMITTEE


The review functions of the on‑site review organization, which is known as the Plant Operations Review Committee (PORC), are described in ANSI N18.7‑1976, which is committed to as delineated in the FENOC Quality Assurance Program Manual (QAPM).  The specific details related to the activities of PORC are set forth in administrative procedures.
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13.4.2      COMPANY NUCLEAR REVIEW BOARD


The description, responsibilities, and functions of the independent review organization, which is known as the Company Nuclear Review Board (CNRB), are described in ANSI N18.7‑1976, which is committed to as delineated in the FENOC Quality Assurance Program Manual (QAPM).  The specific details related to the activities of CNRB are set forth in administrative procedures.
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13.4.4      FENOC OVERSIGHT DEPARTMENT


The FENOC Oversight Department shall conduct audits of the Perry operational phase activities as described in USAR <Section 17.2>.  Audit frequencies of specific safety‑related activities as listed in  USAR <Section 17.2> are based on the safety significance of each activity, and are consistent with <Regulatory Guide 1.33>.  Written reports of such audits shall be directed to the CNRB and appropriate management for review and assessment.
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13.5      PLANT PROCEDURES


The safe, efficient and reliable operation of the Perry Nuclear Power Plant is dependent upon the knowledge and performance of trained and qualified personnel and upon effective management and direction of these personnel.  A series of documents, collectively entitled the Perry Operations Manual, clearly delineates the methods used to train, manage and direct Perry personnel.  This manual is prepared to document and communicate approved methods for complying with corporate commitments to the Technical Specifications, Operational Quality Assurance Program, Updated Safety Analysis Report, and <Regulatory Guide 1.33>.


The Perry Operations Manual is established as a complete management document addressing all aspects of plant management including administrative, technical, quality, safety, personnel, and environmental.


Individual procedures and instructions shall be prepared and reviewed by plant or consultant personnel knowledgeable in the subject matter to be presented.  When required by <10 CFR 50.59>, each review shall include a determination of whether or not an unreviewed safety question is involved.


All plant procedures and instructions are approved by procedurally authorized individuals.


Procedures and instructions shall be prepared, reviewed, and approved as described in the Nuclear Operating and Plant Administrative Procedures.


13.5.1      PROCEDURES AND INSTRUCTIONS


13.5.1.1      Conformance with <Regulatory Guide 1.33>


Plant procedures and instructions shall be prepared to address the applicable systems, activities and subjects identified in Appendix A of <Regulatory Guide 1.33>, “Quality Assurance Program Requirements (Operation),” and shall be contained in the Perry Operations Manual.


Specific systems, activities and subjects identified in Appendix A may be deleted, combined or separated, as appropriate, to conform with plant configuration and the procedures for the Perry Operations Manual.  Procedures and instructions shall address all aspects of subject activities including administrative, technical and quality.


13.5.1.2      Preparation of Procedures and Instructions


Safety‑related procedures and instructions shall be prepared in accordance with the Perry Operations Manual.  All safety‑related activities performed by the Perry departments shall be performed in accordance with approved, written procedures or instructions.  Procedures and instructions required for fuel loading were written and approved for use prior to initial fuel loading.  Procedures and instructions which address plant operation under normal and emergency conditions were written, to the extent practical, for use during the initial test program to familiarize plant operating and technical personnel with the operation of the plant, to verify the adequacy of content and to provide sufficient time, prior to initial fuel loading, for any necessary revisions resulting from the initial test program.


Responsibility for preparation, review, approval and implementation of the Operations Manual documents shall be addressed in applicable Plant Administrative or Nuclear Operating Procedures.


Nuclear Operating Procedures (NOPs), which can be administrative or technical, Plant Administrative Procedures (PAPs), and Instructions shall be independently reviewed prior to approval and implemented by plant staff personnel knowledgeable in the requirements applicable to the activity being described.

Interdepartmental activities are described in plant procedures and instructions.  These documents define the interface responsibilities of departments involved in operational activities.


Subsequent distribution or alteration shall be controlled in accordance with Nuclear Operating and Plant Administrative Procedures.  Proposed changes which conflict with the intent of the operating license shall not be made without prior review of the PORC and authorization from the Company Nuclear Review Board and the Nuclear Regulatory Commission as required by existing regulations.


13.5.1.3      Procedures


PAPs and NOPs are the top level documents within the Perry Operations Manual and delineate the quality assurance policies and controls which implement the Perry Operational Quality Assurance Program.  They define department, section and unit responsibilities; assign authority to the section and unit supervisors; and, in most cases, address activities which involve two or more Perry department sections and/or units.

PAPs and/or NOPs shall address such subjects as:


a.
Standing orders to operations Shift Managers and personnel including proper shift relief and turnover procedures.


b.
Authority and responsibilities of reactor operators and senior reactor operators including succession in the control room.


c.
Responsibility to meet licensed operator requirements as described in <10 CFR 50.54(i)>, <10 CFR 50.54(j)>, <10 CFR 50.54(k)>, <10 CFR 50.54(l)>, and <10 CFR 50.54(m)>.  The areas associated with the “at the controls” concept as discussed in the above articles of <10 CFR 50.54> and in the guidance in <Regulatory Guide 1.114> is shown in <Figure 13.5‑1> as the Surveillance Area.  In the event of an emergency affecting the safety of operations, the “operator at the controls” may enter the Operations Area to verify receipt of an annunciator alarm or to initiate corrective actions depicted on <Figure 13.5‑1>.  In extreme emergencies, such as situations threatening the operator’s personal well being, or situations which require evacuation of the control room, relocation to the Remote Shutdown Panel will be allowed.


d.
Special orders of a temporary or self‑canceling nature.


e.
Equipment, modification and maintenance control.


f.
Surveillance testing and scheduling.


g.
Logbook and signed checklist usage and control to assure staff knowledge of critical plant parameters and system status, availability and alignment.


h.
Temporary procedure issuance and control.


i.
Fire Protection Program.


13.5.2      OPERATING AND MAINTENANCE INSTRUCTIONS


13.5.2.1      Operating Instructions


Instructions described in this USAR Section are implemented primarily by operators or reflect operating personnel actions in the performance of their work.


Preparation and maintenance responsibilities of the following operating instructions are as follow:


Shared among the Operations, Radiation Protection, and Radwaste, Environmental, and Chemistry section heads ‑ System Operating Instructions, Valve Lineups, and Alarm Response Instructions.


Operations section head ‑ Electrical Lineups, Integrated Operating Instructions, Off Normal Instructions, Plant Emergency Instructions, Plant Rounds, and Perry Specific Technical Guidelines.


13.5.2.1.1      System Operating Instructions


System Operating Instructions shall be written to provide guidance for operating the various plant systems.  These instructions shall provide 


the operator with the steps necessary for safe startup, operation and shutdown of plant equipment and systems.


These instructions’ format shall provide for the instruction title, scope, precautions and limitations, prerequisites, startup, operation, shutdown, other operations, and references.


13.5.2.1.2      Electrical Lineups


Electrical lineups shall be established to provide guidance in identifying the necessary electrical component positions required as prerequisite conditions for plant startup.  


13.5.2.1.3      Valve Lineups


Valve lineups shall be established to provide guidance in identifying the necessary valve positions required as prerequisite starting conditions for each system.  


13.5.2.1.4      Integrated Operating Instructions


Detailed operating instructions shall be written to provide operating personnel with step‑by‑step instructions for changing modes of operation.  These instructions shall ensure the operator has information required to safely operate the plant from initial startup to power operation and return to a shutdown condition within the limits and conditions specified in the Technical Specifications and Operating License.  These instructions shall reference other instructions or 


documents as required for changing modes.  They shall contain check‑off provisions for verifying various items as appropriate.


These instructions’ format shall provide for the instruction title, scope, precautions and limitations, prerequisites, and detailed procedural steps.


13.5.2.1.5      Off‑Normal Instructions


Off‑Normal Instructions shall be prepared to address correction of off‑normal plant conditions which, in themselves, do not constitute an actual emergency condition, but which could degenerate into an emergency condition if positive actions were not initiated.


These instructions’ format shall provide for the instruction title, symptoms, automatic actions, immediate operator actions, and subsequent actions.


13.5.2.1.6      Perry Specific Technical Guidelines


Perry Specific Technical Guidelines (PSTG), shall be prepared as the Perry specific technical document which serves as the licensing basis for the plant Emergency Instructions.  The PSTG is derived from the BWROG Emergency Procedure Guidelines (EPG) and includes plant specific deviations from the generic owner’s group guidance.


13.5.2.1.7      Emergency Operating Procedures

Emergency Operating Procedures (EOPs) shall be prepared to ensure that the PSTG’s evaluated actions are taken in response to emergency conditions or malfunctions.  Revisions and changes to the EOPs are evaluated from a <10 CFR 50.59> aspect using the PSTG as their licensing basis.  Changes to the EOPs that deviate from the PSTG require a 10 CFR 50.59 Review to be performed.  These instructions shall provide 


symptom oriented guidance to the operators for reacting to emergency situations, as necessary, to either verify that the plant is in, or place the plant in, a safe condition with the minimum effect on the safety of the general public, site personnel or plant equipment.


These instructions’ format provides for the instruction title, scope, entry conditions and operator actions.


13.5.2.1.8      Plant Rounds Instructions


Plant rounds shall be prepared to provide directions to monitor equipment operation, direct performance of actions in accordance with an approved procedure, or direct skill‑of‑the‑craft tasks.


13.5.2.1.9      Startup Test Instructions


These instructions have been canceled.


13.5.2.1.10      Alarm Response Instructions


Alarm Response Instructions shall be prepared to provide operators with the necessary information to respond to actuation of all significant annunciator and alarm indications in the control room.


These instructions’ format shall provide for the instruction title, identity of the alarm, its panel location and setpoint, probable cause, automatic actions, immediate operator actions, and subsequent operator actions.


13.5.2.1.11     Temporary Instructions


Temporary instructions may be issued to direct operations during testing or maintenance, to provide guidance in unusual situations not within the normal scope of operating instructions and to ensure orderly and uniform 


operation for short periods when the plant, a system or component is being operated in a manner not covered by existing documents.  Temporary instructions shall also be prepared to address one time or infrequently performed tests or experiments not described in the USAR which might affect the safe operation of the plant.  Each temporary instruction shall identify its period or condition of effectiveness.  When appropriate, portions of temporary instructions may be included in revisions to permanent instructions before being canceled.


The format for temporary instructions shall be the same as that of an appropriate permanent instruction, depending on the use and circumstance involved.


13.5.2.2      Other Plans, Manuals, Descriptions, Procedures, and Instructions


This section describes the remainder of the Perry Operations Manual, including procedures and instructions, and specific plans, manuals, descriptions, and plant data that management believes sufficiently important to address as part of the Perry Operations Manual.


13.5.2.2.1      Administrative Instructions


Administrative Instructions shall be prepared to provide detailed instructions necessary to implement activities outlined in the various Plant Administrative Procedures.


13.5.2.2.2      Test Instructions


Test Instructions shall be prepared to cover Technical Specification surveillances, inservice inspections and periodic test instructions.  A master surveillance schedule shall identify responsibility for, and coordinate efforts for these instructions.  The instructions shall 


address surveillance activities to be performed by plant personnel responsible for monitoring specific operations, instrument, maintenance, reactor engineering, chemistry and radiochemistry, radiation protection, and environmental activities or equipment.  A Ten‑Year Inservice Inspection Program Plan shall identify components subject to inservice inspections and establish a schedule for performance of the inspections for each 10 year inspection interval.  A Pump and Valve Inservice Testing Program Plan shall identify pumps and valves subject to inservice testing and establish frequencies for performance of tests.


13.5.2.2.3      Instrument Calibration/Maintenance Instructions


Instructions shall be prepared to provide guidance to plant calibration personnel in the performance of plant system, plant instrument and measuring and test equipment calibration and maintenance.


13.5.2.2.4      Maintenance Instructions


Maintenance Instructions shall be prepared to provide maintenance personnel with a maintenance planning guide, as well as detailed instructions for general, preventive and corrective maintenance applicable to the electrical and mechanical activities.  Preventive maintenance periodicities are established based on manufacturer’s recommendations, qualified personnel judgments and past experiences with similar equipment.  The Director, Perry Nuclear Maintenance Department is responsible for preparation and maintenance of this instruction type.


13.5.2.2.5      Material Control Instructions


Stores and Material Control Instructions shall be prepared to address receiving, inspection, warehousing, storage, material and parts requisition and issue; including any special handling, storage or shipping requirements to be implemented.


13.5.2.2.6      Fuel and Technical Instructions


Fuel and Technical Instructions shall be written to provide direction for performing reactor engineering activities, fuel and core analysis, application and usage of process and offline computers, special nuclear material accountability, refueling and related activities, and technical engineering activities.


13.5.2.2.7      Health Physics Instructions


Plant Health Physics Instructions shall be written and included in the Perry Operations Manual.  These instructions account for radioactive material and implement the radiation protection program described in <Chapter 12>.


13.5.2.2.8      Chemistry Instructions


Instructions to implement the Chemistry Program shall provide direction for laboratory techniques, reagent preparation, laboratory equipment calibration, obtaining samples, performing chemical and radiochemical analyses, and arriving at chemical and radiochemical determinations.


13.5.2.2.9      Radwaste Instructions


Instructions shall be written to address liquid and solid radioactive waste management, radwaste system operation and alarm response actions.  These instructions shall provide appropriate plant personnel with details necessary to control radwaste discharge, handling, storage and shipping, and to determine the activity of packaged radwaste. 


13.5.2.2.10      Training Manual


Instructions shall be written to describe the training and qualification activities for the personnel described in <Section 13.2>. 


13.5.2.2.11      Emergency Plan and Instructions


The Emergency Plan and Instructions shall provide an orderly program for dealing with plant emergencies.  Step‑by‑step methods shall be presented for evaluating emergency conditions.  The individual and collective responses required to mitigate or terminate the emergency conditions will also be included.  Instructions shall address actions to be taken by specific plant personnel in responding to Unusual Event, Alert, Site Area, and General Emergency situations.


The Perry Emergency Plan will be maintained as an individual document under separate cover.


13.5.2.2.12      Security Plans and Instructions


The Security Plan, Security Personnel Training and Qualification Plan and Instructions shall be prepared to describe implementation and maintenance of the Security Plan discussed in <Section 13.6>.  The instructions shall address routine administration, implementation, equipment inspections, maintenance and tests; and records as required to implement, maintain and document the security program.


The Security Plan, and the Security Personnel Training and Qualification Plan will be maintained under separate cover.


13.5.2.2.13      Fire Protection Instructions/Safety and Fire Instructions


Fire Protection Instructions shall be prepared to provide plant personnel with pre‑fire plans for specific types and locations of fires.  These may be based on characteristics of each specific location, including such things as type of equipment, layout, access, combustible materials, and available means of fire suppression.  In addition, Safety 


and Fire Instructions shall be prepared to address the detailed instructions of the safety program and aspects of the Fire Protection Program which are not within the scope of <10 CFR 50, Appendix R>.


13.5.2.2.14      Plant Data Book


A Plant Data Book shall be prepared and controlled to provide plant personnel with specific information and data such as tank capacity curves and equipment performance curves.
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13.6      INDUSTRIAL SECURITY


13.6.1      SECURITY PLAN


A Security Plan has been prepared which describes the comprehensive physical security program for the Perry Nuclear Power Plant.  The plan was prepared in accordance with ANSI N.18.17‑1973 to meet the intent of <10 CFR 73> and <Regulatory Guide 1.17> 1973, which references ANSI N18.17 and GSA Specification W‑A‑00450 B(GSA‑FSS).


The security plan contains a summary description of vehicle control measures that are required pursuant to <10 CFR 73.55(c)(7)> and <10 CFR 73.55(c)(8)>.


Pursuant to provisions of <10 CFR 2.790(b)>, and <10 CFR 9.5>, this Security Plan will be filed separately and is exempt from public disclosure.


13.6.2      SECURITY ORGANIZATION


The Director, Nuclear Security Department (FENOC) is responsible for the overall security at Perry.  Reporting directly to the Director, Nuclear Security Department is the Manager, Site Protection Section who is responsible for administration of the Security Plan, including the selection and training of a security force that meets the requirements of <10 CFR 73, Appendix B> with respect to suitability, physical and mental qualification and training.


13.6.3      SECURITY PROCEDURES


Detailed procedures have been prepared to cover implementation of the Security Plan including procedures for investigation, resolution and reporting of each security incident.


The Plan applies jointly to Unit 1 and Unit 2 and specifically addresses procedures required during the interim period involving Unit 1 operation and Unit 2 construction.
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14.0      INITIAL TEST PROGRAM


14.1      SPECIFIC INFORMATION TO BE INCLUDED IN PRELIMINARY SAFETY ANALYSIS REPORTS


The test program’s overall test objectives and general prerequisites were previously provided in the PSAR.  The technical aspects of the test program are described in <Section 14.2> in sufficient detail to show that the test program adequately verifies the functional requirements of plant structures, systems and components so that the safety of the plant is not dependent on untested structures, systems or components.
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14.2      PERRY NUCLEAR POWER PLANT TEST PROGRAM


14.2.1      SUMMARY OF TEST PROGRAM AND OBJECTIVES


14.2.1.1      Initial Test Program Summary


The initial test program consists of three phases categorized into initial checkout and run‑in, preoperational and startup test phases.  Construction verification is performed prior to initial checkout and run‑in.  The three test phases are:


a.
Initial checkout and run‑in test phase



The purpose of the initial checkout and run‑in (IC&R) test phase is to conduct various prerequisite checkout activities which are necessary to prepare systems for the preoperational test phase.  IC&R testing activities include functional check outs, calibration, initial component operation, motor and pump run‑ins, valve operability, final flushing, logic checks, etc.  These tests demonstrate that system components are correctly installed and operational.


b.
Preoperational test phase



Preoperational tests are performed prior to fuel loading and after the individual components in a system have been tested.  They are conducted on an integrated system or subsystem basis to verify that the systems are capable of operating in a safe and efficient manner compatible with the system design bases.



During the preoperational test phase, two types of tests are performed.  Preoperational tests are performed to demonstrate the ability of nuclear safety‑related and selected nonsafety‑related systems to meet operational system performance requirements. 


Acceptance tests were performed to demonstrate the operational acceptability of selected nonsafety‑related systems or equipment as designed, manufactured, and constructed.  Since the objectives of both types of tests were similar, the scope, format and testing method were similar for both preoperational and acceptance tests.



Preoperational phase testing was conducted on those systems that:



1.
Are relied upon for safe shutdown and cooldown of the reactor under normal plant conditions.



2.
Are relied upon for safe shutdown and cooldown of the reactor under transient and postulated accident conditions.



3.
Are relied upon for establishing conformance with safety limits or limiting conditions for operation that are included in the facility’s technical specifications.



4.
Are classified as safety‑related systems or are relied upon to support or ensure the operation of safety‑related systems within design limits.



5.
Are assumed to function, or for which credit is taken, in the accident analysis for the facility.



6.
Are used to process, store or limit the release of radioactive material.



Upon completion of the IC&R testing, preoperational tests and acceptance tests for selected nonsafety systems were performed to verify, as nearly as possible, the performance of the systems under existing operating conditions.  The program included testing and verification of system operating modes to ensure that initial fuel loading, approach to criticality and subsequent power operations



could be performed safely.  The preoperational test phase may end at the commencement of fuel loading; however, some system tests were completed after fuel loading.  These tests were conducted during the startup test phase.  Special tests such as RPV Hydro, ILRT, degraded voltage and cold functionals were performed during the initial test program.



During construction and testing of Perry Unit 1 cleanliness was controlled by administrative procedures in compliance with <Regulatory Guide 1.39> and ANSI Standard N45.2.3.  Nuclear Test Section (NTS) or its support organization maintained responsibility for all routine corrective and preventive maintenance after system turnover to NTS, i.e., cleaning of panels, lubricating, etc.  This included all routine cleaning to remove dirt, condensed moisture or other foreign objects in electrical components (e.g., relays, switches, breakers).  Maintenance activities were performed by Perry Plant Operations Department personnel or others as defined by NTS.  Comparable controls will be implemented during construction and testing of Perry Unit 2.


c.
Startup test phase



With the exception of a few selected startup tests, which were used to obtain pre‑fuel load baseline data, the startup tests were performed beginning with fuel loading and continued through initial criticality, low power testing and power ascension testing.  Startup tests ensured fuel loading was accomplished in a safe manner, confirmed the design bases, demonstrated, where practical, that the plant was capable of withstanding anticipated transients and postulated accidents, and ensured that the plant could be safely brought to rated capacity and sustained power operation.  The startup test phase concluded with the completion of all applicable testing.


Design features which are installed to prevent or mitigate anticipated transients without scram (ATWS) were included in the test program.


The PNPP Test Program meets the guidelines of <Regulatory Guide 1.68> as discussed in <Section 1.8>.


14.2.1.2      Initial Test Program Objectives


The objectives of the initial test program are delineated below by test phase.  To the extent practical, the objectives of the preoperational test phase were to:


a.
Verify the adequacy of plant design.


b.
Verify that plant construction is in accordance with design.


c.
Demonstrate proper system/component response to postulated accidents and malfunctions.


d.
Confirm the adequacy of plant operating and emergency procedures.


e.
Familiarize the plant operating, technical and maintenance personnel with plant operation.


In addition to a continuation of the above, the objectives of the startup test phase were to:


a.
Accomplish a controlled, orderly and safe initial fuel load.


b.
Accomplish a controlled, orderly and safe initial criticality.


c.
Conduct low power testing sufficient to ensure that design parameters are satisfied, and that safety analysis assumptions are correct or conservative.


d.
Perform a controlled, orderly and safe power ascension with requisite testing, terminating at plant rated conditions.


14.2.1.3      Initial Test Program ‑ Testing Criteria


Testing criteria, to verify design specification requirements, have been incorporated into the Test Specifications.  Where FSAR test abstracts reference “design specifications,” the actual criteria for testing are as specified in the acceptance criteria of the Test Specifications.


14.2.2      ORGANIZATION AND STAFFING


For Perry Unit 1, the Nuclear Test Section (NTS) was responsible for the initial checkout and run‑in (IC&R) test phase and the preoperational test phase whereas the Perry Plant Technical Department was responsible for the startup test phase.  NTS was a composite organization made up of CEI personnel from the Perry Plant Operations Department, other departments within CEI, and consultant personnel.  NTS had the authority necessary to test the Perry Nuclear Power Plant during its phases of responsibility.  NTS Test Personnel were certified to the appropriate level of ANSI N45.2.6 and qualified to ANSI N18.1 as required.


The Manager, Perry Plant Operations Department was responsible for completion of the Perry Unit 1 Initial Checkout and Run‑In and Preoperational test phases and reported to the Vice‑President, Nuclear Operations Division.  The Nuclear Test Section (NTS) was supervised by the General Supervising Engineer, NTS who directed, controlled and coordinated the activities of five elements:  Mechanical Test, Administration, Instrument and Control Test, Turnover, and Electrical Test.  Each element was supervised by an Element Supervisor/Lead who directed the activities of the units within the element.  The specific units were supervised by Lead Test Engineers or Unit Supervisors as determined by element needs.  The GSE, NTS reported to the Manager, 


Perry Plant Operations Department.  <Figure 14.2‑2> illustrates the Nuclear Test Section Organization.


The Manager, Perry Plant Technical Department was responsible for the Perry Unit 1 Startup Test Program beginning at fuel load and continuing through the startup test phase.  The Plant Operations Manager or Plant Technical Manager accepted systems from NTS after the preoperational or acceptance test results were reviewed and evaluated.


The Plant Operations Review Committee, described in <Section 13.4.1>, was organized to assist the Plant Operations/Technical Department Managers in reviewing startup tests, procedures, results and reports, and evaluating plant operating conditions.  This committee began functioning prior to fuel loading, and continues during commercial operation of the plant.


The Perry Plant Operations/Technical Department supervisors were responsible for assigning plant personnel to assist NTS in performing IC&R and preoperational tests, providing technical expertise to review NTS test procedures and results as required, and to perform the Startup test phase of the Initial Test Program.  The Operations Section personnel staffed the control room for preoperational tests and kept the NTS personnel informed of their operational decisions and requirements.


The plant Chemistry staff and the Radiation Protection Section were responsible for performing chemical, radio‑chemical and radiation protection activities required to support testing.  Specialized training required for site testing personnel in radiation protection, emergency plans and security was conducted by the Perry Plant Training Section.


The Startup Test Element had the responsibility and authority to conduct all startup testing for PNPP Unit 1 and Unit 2.  The Startup Test Element was a functional organization within the Perry Plant Technical Department and was directed by the Startup Test Program Director.  The 


Startup Test Element was a composite organization made up of CEI and consultant personnel.  The GE Site Operations Manager provided advice, assistance and consultation.  The Startup Test Organization is shown in <Figure 14.2‑3>.  The number of Test Coordinators, Test Directors and Test Engineers varied to support testing requirements.


All members of the Startup Test Element qualified as Test Directors or Test Engineers met the requirements of ANSI N18.1‑1971 as endorsed by <Regulatory Guide 1.8>.  In addition, personnel involved in pipe vibration testing, as specified in plant administrative procedures, met the requirements of ANSI N45.2.6‑1978.


14.2.2.1      Manager, Perry Plant Operations Department


The Manager, Perry Plant Operations Department reported to the Vice‑President, Nuclear Operations Division as the final responsible authority for the NTS Test Program.  He was primarily concerned with the program schedules, cost administration and budget, NTS staffing and the overall development and conduct of a satisfactory program.  In the performance of his duties, he considered the suggestions of advisory groups such as the Test Program Review Committee (TPRC) of which he was the Chairman.  NTS, through the GSE‑NTS, reported to the Manager, Perry Plant Operations Department.


14.2.2.2      General Supervising Engineer, Nuclear Test Section (GSE, NTS)


The General Supervising Engineer, NTS was in charge of NTS and reported to the Perry Plant Operations Manager.  The GSE, NTS or his alternate or designee was directly responsible for IC&R and preoperational test activities for the Perry Nuclear Power Plant.  The GSE, NTS ensured that the objectives of the test program for which he was responsible were achieved with maximum assurance of safety and reliability.  The GSE, NTS ensured that:  the Test Program was implemented, manpower support within 


NTS was coordinated, system turnovers from Nuclear Construction Administration Section (NCAS) to NTS and NTS to Perry Plant Operations Departments were completed, preoperational test procedures and results were reviewed and approved, the overall Test Schedule up to Unit 1 fuel load was generated and maintained, and guidance for resolving discrepancies and deficiencies that arose during the IC&R and preoperational test phases was provided.  The GSE, NTS served as vice‑chairman of the Test Program Review Committee.


14.2.2.3      General Electric Site Operations Manager


The General Electric Site Operations Manager (SOM) reported to the Manager, Perry Plant Operations Department during the IC&R and preoperational test phases of PNPP Unit 1 and reported to the Startup Test Program Director during the startup test phase.  The SOM was responsible for advising and assisting in the administration and conduct of NSSS testing.


The General Electric Site Operations Manager had the following specific responsibilities:


a.
Provided liaison with The General Electric Company on testing matters involving General Electric supplied equipment.


b.
Reviewed preoperational and startup tests that related to General Electric NSSS systems.


c.
Advised the Manager, Perry Plant Operations Department in all matters relating to the preoperational testing phases and advised the Startup Test Program Director in all matters relating to the startup testing phase.


d.
Assisted and advised in data reduction, interpretation and analysis of NSSS preoperational and startup tests.


e.
Provided administrative support to General Electric site personnel involved in testing and operation of General Electric supplied systems.


f.
Served as a member of the Test Program Review Committee.


g.
Performed other duties as assigned by the Manager, Perry Plant Operations Department or the Manager, Perry Plant Technical Department.


14.2.2.4      Test Program Review Committee (TPRC)


The Test Program Review Committee was a technical committee consisting of NTS and other support organization personnel.  The TPRC was responsible for review and approval of Test Program procedures and activities which affected Preoperational Tests; releasing Preoperational Tests for performance, and review of Preoperational Test results.


The TPRC consisted of the following:



(
Perry Plant Operations Department Manager ‑
Chairman



(
General Supervising Engineer ‑


Vice‑Chairman




Nuclear Test Section



(
Supervisor ‑ Systems Engineering


Member




Response Team



(
General Supervising Engineer ‑


Member




Technical Section (Perry Plant




Technical Department)



(
General Supervising Engineer ‑


Member




Operational Quality Assurance



(Non‑Voting)



(
Element Supervisor ‑ Administrative

Member/




Designee 







Secretary













(Non‑Voting)



(
GE ‑ Site Operations Manager



Member



(
Licensing Representative




Member













(Non‑Voting)


TPRC Voting Members were qualified to the requirements of ANSI N18.1‑1971.


The TPRC Chairman and other members of the TPRC directed participation in TPRC meetings of other test personnel as required.


The Test Program Review Committee had the following functions and responsibilities:



(
Reviewed and approved test procedures, procedure changes and revisions, and test results for preoperational tests and associated Initial Check‑Out and Run‑In Tests, where required.



(
Reviewed system classifications and approved level of testing required (preoperational or acceptance).



(
Reviewed the disposition of preoperational test exceptions.



(
Released preoperational tests for performance.



(
Assisted in resolving discrepancies and deficiencies that may have arisen during the test program.


When a system was accepted by the Perry Plant Staff, the GSE, NTS, and TPRC were relieved of responsibility for that system.  Control was then administered by the Perry Plant Staff using their administrative procedures and controls.


14.2.2.5      NTS Staff


The NTS Staff consisted of the Element Supervisors and the Test Coordinators.  They reported directly to the GSE, NTS and were responsible for implementation of the test program as directed by the GSE, NTS.  They are described as follows:


14.2.2.5.1      Element Supervisor, Electrical Test Element


The Element Supervisor, Electrical Test Element planned, directed and controlled the electrical and initial check‑out and run‑in testing on all PNPP systems.


He also planned, directed and controlled acceptance and preoperational testing of PNPP Electrical systems.


14.2.2.5.2      Lead Support Test Engineer, Instrumentation and Control


The Lead Support Test Engineer/Lead System Test Engineer, Instrumentation and Control planned, directed and controlled the instrumentation and control on all PNPP systems.  He also planned, directed and controlled acceptance and preoperational testing of PNPP Instrumentation and Control systems.


14.2.2.5.3      Element Supervisor, Mechanical Test


The Element Supervisor, Mechanical Test coordinated the overall PNPP system testing effort.  He planned, directed and controlled the 


mechanical initial checkout and run‑in, acceptance and preoperational testing of PNPP Balance of Plant, and the Nuclear Steam Supply Systems.


14.2.2.5.4      Element Supervisor, Administrative


The Element Supervisor, Administrative was responsible for the overall administrative effort required to support the NTS preoperational testing phase program.  This included coordination of the NTS training and certification program, supervision of NTS support efforts in the areas of compliance programs, NTS records control and the preoperational/acceptance test procedures technical review.  He also served as the TPRC Secretary (non‑voting).  He was supported in these efforts by the Unit Supervisor Procedures, the Unit Supervisor Programs, the Unit Supervisor Administrative Support, the Unit Supervisor Compliance, the Unit Supervisor Work Coordination, and the Unit Lead, Performance Evaluation Team.


14.2.2.5.5      Element Supervisor, Turnover


The Element Supervisor, Turnover was responsible for coordinating the NTS release for test and test completion process.  In addition, responsibilities included supervision of the turnover process from construction to NTS and from NTS to the Perry Plant Staff.


14.2.2.5.6      Shift Test Directors


The Shift Test Directors were responsible for assisting Shift Supervisors in coordinating test and operations activities and functioned as an interface between the STES/planners and Shift Supervisors.


14.2.2.5.7      Test Coordinator


The Test Coordinator coordinated and expedited inter‑system activities as required by the test program.  He provided direction to control room personnel as necessary to support NTS testing.


14.2.2.6      Lead Test Engineers/Lead Engineers/Unit Supervisors


The Lead Test Engineers, Lead Engineers and Unit Supervisors reported to the respective staff level element supervisors.  They provided direction to various personnel in conducting the test program.  They are described as follows:


14.2.2.6.1      Lead Test Engineer, NSSS Unit


The Lead Test Engineer, NSSS Unit was responsible for supervising the activities of the System Test Engineers assigned to NSSS Systems.   He was the General Electric Site Operations Superintendent.


He was responsible for preparation and review of NSSS test procedures and test results evaluation.  He developed schedules and priorities for the Test Engineers and assisted them with test deficiency resolution.


14.2.2.6.2      Lead Test Engineer, BOP Unit


The Lead Test Engineer, BOP Unit was responsible for supervising the activities of the System Test Engineers assigned to certain Balance of Plant systems.


His duties for BOP systems were similar to those of the Lead Test Engineer, NSSS Unit.  In addition, he was responsible for administration and tracking of mechanical IC&R testing and flushing programs.


14.2.2.6.3      Lead Test Engineer, Electrical Test Element


The Lead Test Engineer, Electrical Test Element was responsible for supervising the activities of Test Support Engineers/Leaders, System Test Engineers, Test Support Technicians, and craft personnel.  His system duties were similar to those described for the Lead Test Engineer NSSS Unit.


14.2.2.6.4      Lead Support Test Engineer, Instrument and Control (I&C)


The Lead Instrument & Control Test Engineer was responsible for supervising the activities of the Test Support Engineers, Test Support Leaders, Test Support Technicians, and craft personnel.  His system duties were similar to those described for the Lead NSSS Test Engineer.


14.2.2.6.5      Lead Systems Engineer, I&C


The Lead Systems Engineer, I&C was responsible for supervising the activities of the System Test Engineers in I&C.  He was responsible for preparation and review of I&C systems test procedures and test results evaluation.  He set priorities for the System Test Engineers and assisted them with test deficiency resolution.


14.2.2.6.6      Lead Engineer Planning/Scheduling


The Lead Engineer Planning/Scheduling was responsible for supervising the activities of the Planning/Scheduling Unit.


The Lead Engineer was responsible for integrated NTS test activity planning and providing information required to support the schedule.


14.2.2.6.7      Lead Test Engineer, HVAC Unit


The Lead Test Engineer, HVAC Unit was responsible for supervising the activities of the System Test Engineers assigned to HVAC systems.


He was responsible for preparation and review of HVAC testing procedures and test results evaluation.  He developed schedules and priorities for the System Test Engineer and assisted them with test deficiency resolution.


14.2.2.6.8      Unit Supervisor, Administration (NTS)


The Unit Supervisor, Administration was responsible for document control, licensing interface, training and certification, and records processing.


14.2.2.6.9      Unit Supervisor, Test Specifications/Procedures (NTS)


The Unit Supervisor, Test Specifications/Procedures was responsible for software status tracking for NTS, document processing, coordinating TPRC review of test procedures as applicable and for the technical review of preoperational and acceptance tests prior to approval and review of test results when tests were completed.  He was also responsible for coordinating required test specification addenda for issuance.


14.2.2.6.10      Unit Supervisor, Work Coordination


The Unit Supervisor Work Coordination was responsible for work authorization tracking, configuration control, and monitoring the master deficiency list.


14.2.2.6.11      Unit Supervisor, Turnover


The Unit Supervisor, Turnover coordinated the turnover of PNPP systems, subsystems, and components from construction to NTS for preoperational and acceptance testing and then to the Perry Plant Staff.


14.2.2.7      NTS Test Support Leader(s)


Test Support Leaders were responsible for the supervision of Test Support Engineers assigned to their subunit.  Test Support Leaders reported to the Lead Test Engineer and sometimes functioned as a Test Support Engineer in addition to Test Support Leader.


14.2.2.8      NTS System Test Engineer


System Test Engineers (STE) were assigned overall responsibility for system testing within NTS.  Each STE reported to a Lead Test Engineer.


On assigned systems, the STE followed construction activities, prepared test procedures, prepared system boundary identification, scheduled and planned IC&R testing, conducted preoperational and acceptance testing and evaluated test data.


14.2.2.9      NTS Test Support Engineers


NTS Test Support Engineers prepared and conducted IC&R tests, identified flushing boundaries, prepared and conducted flushing tests, and assisted STEs as needed in conducting tests.


These personnel reported to the Test Support Leaders or the Lead Test Engineers, as applicable.


14.2.2.10      NTS Test Support Technicians


These technicians worked for and performed tasks similar to those of the Test Support Engineers and System Test Engineers.


14.2.2.11      NTS Calibration Support Group


The Calibration Support Group was made up of I&C technicians whose major responsibility was with instrumentation and controls calibration support.


14.2.2.12      Startup Test Program Director


The Startup Test Program Director was responsible for supervision of the Startup Test Element and reported to the Superintendent, Technical Department.  The Startup Test Program Director or the alternate or designee, was directly responsible for all Startup Test Program activities for the Perry Nuclear Power Plant.  The Startup Test Program Director had complete authority to control the conduct of the Startup Test Program through acceptance and rejection of startup test procedures and results, by establishing and enforcing administrative controls and policies, and through general review and surveillance of Startup Test Program activities.


The Startup Test Program Director was responsible for preparation and approval of the startup test schedule; preparation and review of startup test procedures and results; conduct of startup testing; and, coordination of interfacing organizations in support of the Startup Test Program.


14.2.2.13      Startup Test Element Supervisor


The Startup Test Element Supervisor, under the direction of the Startup Test Program Director was responsible for startup test procedure 


preparation and for directing and coordinating the activities of the Test Coordinators, Test Directors, Test Engineers, and the GE Startup Test Design and Analysis personnel, for all startup tests.


14.2.2.14      Test Coordinators, Test Directors and Test Engineers


Test Coordinators were responsible for coordinating startup testing with other plant activities.  Test Directors, were responsible for individual startup test conduct and coordination and preparation and analysis of startup test results.  Test Engineers provided testing support as needed.  Unless specified otherwise, only qualified Test Directors or Test Engineers signed off the satisfactory completion of startup test steps.  When conduct of specific startup tests required more than one shift for completion, Test Directors were assigned to provide 24‑hour shift coverage for these tests.  These Test Directors obtained concurrence to conduct all startup tests from the Operations Unit 1 Unit Supervisor and kept the Unit Supervisor informed of the test and component status.  Test Coordinators and Test Engineers were assigned “as‑needed” to support the Startup Test Element Supervisor or Test Directors.


14.2.2.15      Perry Plant Operations/Technical Department Personnel


The Perry Plant Operations/Technical Departments are responsible for the operations phase of the PNPP and assumed responsibility for operation and maintenance of PNPP systems upon turnover from NTS to PPOD/PPTD.  The Manager of the Perry Plant Operations/Technical Departments had the necessary supervision and personnel reporting to them to efficiently execute this responsibility, as discussed in <Chapter 13>.


During the startup testing phase, PPOD/PPTD supervisors were responsible for assigning their section personnel to support the Startup Test Program and providing technical expertise, as required, to review startup test procedures and results.


The Operations Section was responsible for the safe operation of plant systems and handling of radwaste generated during the startup testing phase.  Each Test Director coordinated his efforts with the responsible Operations Unit Supervisor.  During periods of high test activity, one Test Director normally was assigned Lead Test Director to assist the Test Coordinators in the performance of tests and the coordination of test activities.  All system operations in support of the Startup Test Program were performed by Operations Section personnel using approved written procedures.


The Maintenance and I&C Sections were responsible for providing maintenance and repair support for the Startup Test Program to the maximum extent practical.


The Technical Section was responsible for providing technical support and services related to monitoring system performance and reactor technology in support of the Startup Test Program.


The Radiation Protection Section was responsible for all chemical, radiochemical and radiation protection services required to support the Startup Test Program.


Radiation protection, emergency plan and security training were provided to test personnel by the plant staff as required.


14.2.2.16      Plant Operations Review Committee


The Plant Operations Review Committee (PORC) is a Perry Plant Operations/Technical Department committee responsible for review of PNPP safety‑related operations phase activities, as described in <Chapter 13>.  During the startup test phase, this responsibility included the review of the startup test program, administrative controls contained in the Operations Manual, startup test instructions, startup test results, and startup test reports.


Based on plant system readiness, the PORC recommended approval for fuel load and all major step changes in the Startup Test Program.  During the startup test phase, the Startup Test Program Director recommended, based on his concurrence, and submitted applicable startup test documents for formal PORC review.


14.2.2.17      Interfacing Organizations


14.2.2.17.1      Nuclear Construction Department


For Perry Unit 1, the Manager Nuclear Construction Department (NCD) supervised and directed construction and contractor activities including construction verification testing and assured that contractors completed systems in accordance with the integrated project schedule.  Reporting to the Manager, NCD, were the GSE, Nuclear Construction Administrative Section, and the GSE, Nuclear Construction Engineering Section.


The Nuclear Construction Administrative Section was responsible for interface activities with the Nuclear Test Section and for completion of work items necessary to support test activities.


The Nuclear Construction Engineering Section was responsible for preparation of field storage maintenance procedures to be used during the test program.


14.2.2.17.2      Nuclear Licensing and Fuel Management Section


The NTS interface with Nuclear Licensing and Fuel Management Section was mainly in the area of coordinating Final Safety Analysis Report (FSAR) Change Requests that became necessary as a result of Preoperational Testing.  The NTS informed the System Engineering Response Team of the requested FSAR Deviation.  Ultimately, NTS was informed of the disposition of the FSAR Change Requests.


14.2.2.17.3

Gilbert Associates, Incorporated‑Technical Support Services (GAI‑TSS)


A group of personnel within GAI designated Technical Support Services (TSS) prepared test specifications for BOP systems.  TSS also prepared drafts of Preoperational and Acceptance Test Procedures.


14.2.2.17.4      GE Plant Startup and Test Personnel (San Jose)


This group prepared NSSS Test Specifications.


14.2.2.17.5      Systems Engineering Response Team (SERT)


This team consisted of Engineers from CEI, GAI, Kaiser, GE, PPD, and others and was supervised by the Supervisor ‑ Systems Engineering Response Team who reported to the GSE‑Nuclear Construction Engineering Section.  SERT was responsible to act as the interface with NTS concerning all Preoperational Test Program activities requiring Engineering response or action.  In that capacity, SERT communicated with other Engineering elements such as Nuclear Design and Analysis Section, Reliability and Design Assurance, the Onsite Design Team, or GAI Power Engineering Division.  The Supervisor, SERT served as a member of the TPRC.


14.2.2.17.6

Perry Plant Startup Test Unit ‑ Electrical Test Section (ETS), Construction and Maintenance Department


Personnel from ETS were assigned to the NTS to perform specific electrical testing activities.  This was achieved through the supervision of the ETS representative who received overall program direction from the Lead Test Engineer, Electrical Unit.  These personnel were administratively assigned to their parent department throughout the time that they were performing ETS activities for the NTS.


14.2.2.17.7      Nuclear Quality Assurance Department (NQAD)


Under the direction of a Manager, who reported directly to the Vice President Nuclear Group, NQAD had the authority and independence to plan and direct those activities which affected the overall CEI Quality Assurance Program for the Perry Nuclear Power Plant during Unit 1 preoperational testing.


The NQAD organization consisted of the Operational Quality Section, the Construction Quality Section and the Procurement and Administration Quality Section.


The Construction Quality Section (CQS) consisted of the following functional areas of responsibilities:  Instrumentation and Controls, Electrical and Mechanical/Civil.  The Section reviewed work authorizations, inspected maintenance or modification activity for both PNPP Units, reviewed work procedures and completed documentation.


The Operational Quality Section (OQS) consisted of these functional areas of responsibility:  Quality Audit; Operational Support and Program; and Nondestructive Examination.  The Section conducted internal quality assurance audits, surveys startup testing and operations, activities and administered nondestructive examination activity.


The Procurement and Administration Quality Section (PAQS) consisted of these functional areas of responsibility:  Procurement Quality; and Administration and Records.  The Section provided receipt inspection for equipment and material; provided quality assurance coverage of procurement activity, including external audits of suppliers’ facilities; administered tracking for nonconformance and deficiency reports; and coordinated department administrative activities.


14.2.3      TEST PROCEDURES


Administrative Procedures for completing the Preoperational Test Phase were contained in the Test Program Manual.  The Test Program Manual established the methods for preparing, reviewing and controlling IC&R test procedures, preoperational test procedures, acceptance test procedures, and test administrative procedures.


14.2.3.1      Test Procedure Preparation


The Test Program Manual specified test procedure format and preparation methods.  Generally, the format for preoperational and acceptance test procedures was as follows:






Section



Title






  1.0



Objectives






  2.0



References






  3.0



Test Equipment






  4.0



Limits and Precautions






  5.0



Prerequisites






  6.0



Test Procedure






  7.0



Acceptance Criteria






  8.0



Attachments‑‑(Lineup Lists,











Data Sheets, Figures and











Drawings)


Test procedures were prepared using information and requirements contained in documents such as USNRC Regulatory Guides, General Electric test specifications, Gilbert Associates’ design and test specifications, FSAR, technical manuals and applicable codes and standards.  Final approval of the offsite generated documents was made onsite.  Test specifications were used as the primary source for preparing the system test procedures.


Prior to release for test, preoperational and acceptance test procedures were reviewed and updated by system test engineers responsible for the test.  These test procedures were revised as necessary using the latest design information available to complete the requirements of each section of the procedure.


The PNPP Operations Manual specifies startup test instruction format and preparation methods.  Generally, the format for startup test procedures was as follows:






Section


Title



1.0
Purpose



2.0
Description



3.0
Acceptance Criteria



4.0
References



5.0
Precautions



6.0

Prerequisites and Initial Conditions



7.0
Test Equipment and Temporary




Installation Instructions



8.0
Test Instructions and Analysis



9.0
Supporting Information



10.0
Attachments


Startup test instructions were the responsibility of the Startup Test Element Supervisor and were prepared by the Test Directors, Test Engineers, Plant Staff, GE, or other consultant personnel using the latest design performance information available in project drawings, vendor manuals, design criteria, test specifications, and the FSAR.


14.2.3.2      Test Procedure Review, Acceptance and Approval


Preoperational test procedures were reviewed and approved by the Test Program Review Committee (TPRC).  The NTS‑GSE approved all acceptance 


test procedures for issuance and use.  The Test Program Manual specified the review/approval cycle for each type of test procedure.


The Test Program Manual and PNPP Operations Manual defined the controls for changing test procedures, documenting test changes, controlling the use of test changes and establishing the methods of test revision.


The review and approval process for startup test instructions originated with the responsible Startup Test Element Supervisor who forwarded them to reviewers within the Startup Test Element.  Once comments were resolved, the Startup Test Program Director, recommended the instruction as ready for PORC review.  The GE Site Operations Manager reviewed NSSS tests at this time also.  Startup test instructions cycled through this process until PORC recommended approval to the Plant Operations/Technical Managers who provided final approval.


14.2.4      CONDUCT OF TEST PROGRAM


The PNPP Unit 1 test program was conducted using approved written test procedures.  The administrative controls governing the conduct of the test program were established in the Test Program Manual and the PNPP Operations Manual.


When a system was acceptable, it was formally turned over to NTS along with its required turnover documentation.  A jurisdictional tagging system was used to indicate component and/or system custody during testing.


Throughout the test program, the Lead Test Engineers assigned various tests to test personnel.  System test personnel were responsible for planning and conducting the test in accordance with written, approved procedures according to the test schedule.  Once the Test Program Review Committee or Plant Operations Review Committee had approved and issued a 


test procedure for use, system test personnel were responsible for ensuring that all prerequisites were satisfactorily completed and allowable exceptions noted.


An approved test schedule was issued listing testing authorized for performance during a specified time period.  In general, the test schedule controlled test sequencing.


The Unit 2 electrical distribution system was completed to the extent required to insure proper operation of the Unit 1 distribution systems.


During Unit 2 testing (while Unit 1 is operating), electrical distribution of both units will be normal down through the Class 1E, 4,160 Vac distribution.  Perturbations to the Unit 2 electrical lineup as required to accomplish testing will not affect Unit 1 operations or Unit 1 electrical integrity/redundancy.


For Unit 2, a preoperational test will be performed on those systems that had Unit 1 tests performed on them.  Common systems will not be retested during the Unit 2 test program.  The following is a list of preoperational tests that will not be repeated for Unit 2:



1.
Fuel Handling and Vessel Servicing Equipment

 F11‑17



2.
Fuel Pool Cooling and Cleaning system


    G41



3.
Liquid Radwaste System





    G50



4.
Fuel Handling Area Crane





    L51



5.
Emergency Pump Area Cooling




    M28



6.
Fuel Handling Building Ventilation System

    M40



7.
Control Complex Chilled Water System


    P47



8.
Plant Foundation Underdrain System



    P72


Startup Test Number 36 will not be performed for Unit 2 as it is intended to be performed only on first of a kind GE BWR plants.


PNPP Unit 1 test data was recorded on data forms supplied with the procedure or on specially prepared data forms.  Test data sheets and applicable procedural steps were signed off by the System Test Engineer.  When the test was completed, the system test engineer evaluated the test data against the acceptance criteria and resolved any discrepancies in accordance with the Test Program Manual.


The Test Program Manual and PNPP Operations Manual defined controls for ensuring that plant modifications and repairs affecting systems which had already been tested were evaluated.  These controls included proper review of modifications by appropriate design organizations, verification to ensure modifications or repairs were completed, and retests as necessary to ensure proper operation.


Preoperational or Acceptance test procedure changes were divided into two categories, those changing the acceptance criteria, scope or intent of the procedure and those that did not change the acceptance criteria, scope or intent of the procedure.  The TPRC reviewed the changes either before the test changes were implemented for changes which affect the acceptance criteria, scope or intent of the preoperational test procedure, or after the test was completed for those changes which did not affect the acceptance criteria, scope or intent of the preoperational test procedure.  Governing administrative procedures clearly defined the methods of making preoperational or acceptance test procedure changes.


Upon completion of a preoperational system test, the system was submitted to the PPOD Operations General Supervisor for review and acceptance.  With the completion of the required preoperational testing of PNPP Unit 1, the Plant Operations Review Committee (PORC) recommended to the Plant Operations/Technical Managers that fuel loading and the startup test phase commence.  The Plant Operations Review Committee reviewed and recommended approval of the startup test results to the Plant Technical/Operations Managers who approved the test results for each power plateau prior to further power testing.


Beginning with initial fuel loading, changes or revisions to approved startup test procedures required review and approval in accordance with Perry Plant Department administrative procedures and the Technical Specifications.  Changes or revisions which did not alter the scope or intent of startup test procedure were made on the spot.  The change was approved and signed by two members of plant management, at least one of whom held a senior reactor license on the affected unit.  Changes or revisions, which altered the scope or intent of a startup test procedure, required after test initiation necessitated termination of affected parts of the test until review and approval was granted by the responsible organizations which had reviewed and approved the original startup test procedure.


14.2.5      REVIEW, EVALUATION AND APPROVAL OF TEST RESULTS


On completion of a Preoperational or Acceptance test on PNPP Unit 1, the system test engineer reviewed the data for completeness and compatibility with the test acceptance criteria.  The test data and results were then submitted to the responsible Lead Test Engineer who reviewed them for accuracy and acceptability and submitted Preoperational test results for review by the Test Program Review Committee, and acceptance test results to the GSE‑NTS for review and approval.  The Test Program Review Committee reviewed preoperational test results and, if acceptable, approved the results.  The acceptance 


test results review was as determined by the GSE‑NTS and as a minimum was subject to the NTS Administrative Unit’s technical review prior to approval of results by the GSE‑NTS.  Preoperational and Acceptance test results were then submitted as part of final system acceptance by the Perry Plant Staff.  Each test procedure contained sign‑offs for each stage of the review/approval processes.


Selected preoperational test results were reviewed by General Electric.  NSSS Startup Test results were reviewed by General Electric.


When the acceptance criteria for a test was not met, the responsible Lead Test Engineer reviewed the results and determined the appropriate course of action in accordance with the Test Program Manual.


Startup test results were reviewed by the Test Director and the Startup Test Element Supervisor or designee and for NSSS tests, the GE Site Operations Manager.  This review process was coordinated by the Startup Test Element Supervisor.  The Startup Test Program Director forwarded the test results to the PORC for review and recommendation of acceptance, rejection or retesting to the Plant Operations/Technical Managers who provided final approval.


When all test results, required for each set of power test conditions, were satisfactorily reviewed within the Startup Test Organization, the Startup Test Program Director recommended to the PORC, readiness to proceed to the next startup test power plateau or test condition (test conditions as described in <Table 14.2‑2> and depicted on <Figure 14.2‑4>.  PORC reviewed for satisfactory completion of testing and recommended readiness to proceed to the next startup test power plateau or test condition to the Plant Operations/Technical Managers who provided final approval.


Any modifications, maintenance or rework to correct deficiencies or retesting required to further define any test deficiencies or prove 


satisfactory resolution of deficiencies were performed in accordance with approved procedures and as directed by the PORC and the Plant Operations/Technical Managers.


14.2.6      TEST RECORDS


Preoperational and startup test procedures and component safety‑related test documentation, such as completed data forms, instrument calibration data, chart recordings, photographs, etc., are retained by the Perry Records Management System in accordance with approved record retention requirements.


14.2.7      CONFORMANCE OF THE TEST PROGRAM WITH REGULATORY GUIDES


It was the intent of The Cleveland Electric Illuminating Company to conduct the Unit 1 Test Program in accordance with regulatory guides as discussed in <Section 1.8>.  This intent will be maintained during the Unit 2 Test Program.


14.2.8      UTILIZATION OF REACTOR OPERATING AND TESTING EXPERIENCES IN THE DEVELOPMENT OF THE TEST PROGRAM


The Cleveland Electric Illuminating Company receives and maintains nuclear operating reports (SERs and SOERs) which describe operating and testing problems in other nuclear facilities.  The NSSS supplier, General Electric, through its evolutionary BWR product line design and from the information it gathers from operating plants, has factored industry experience into its design and testing programs.  The review of operating and testing experiences is accomplished on a continuing basis by reviewing information received by CEI through established channels.  This information first receives a review for applicability to the Perry Nuclear Plant.  If applicable, the information was assigned to the appropriate responsible section or department for further evaluation and determination of impact on the initial test program.


14.2.9      TRIAL USE OF PLANT OPERATING AND EMERGENCY PROCEDURES


As much as possible throughout the preoperational and startup test phases, test procedures utilized operating, surveillance and emergency procedures where applicable in the performance of tests.  The use of these procedures was intended to accomplish the following:


a.
Determine whether the specific procedure is correct or illustrate changes which may be required.


b.
Provide training of plant personnel in the use of these procedures.


c.
Increase the level of knowledge of plant personnel on the systems being tested.


Test procedures used these operating, surveillance and emergency procedures in several ways:  the test procedure may have referenced the procedure directly; the test procedure may have extracted a series of steps from the procedure; the test procedure may have used a combination of the first two methods.  The development of the plant procedures is discussed in <Section 13.5>.


14.2.10      INITIAL FUEL LOADING AND INITIAL CRITICALITY


Initial fuel loading was conducted using an approved startup test procedure.  The fuel loading prerequisites provided assurances that the progress of the test program and overall condition of the unit was such that fuel could be safely and efficiently loaded to full core size.  To the extent practical, cold functional testing on a plant integrated basis was completed and approved.  Routine surveillance testing was within the applicable surveillance interval prior to entering an operational condition for which it was required.  A startup checklist delineating items that were required to be completed prior to fuel load or initiation of specific steps after fuel load was developed.  The 


checklist included preoperational tests, work requests, engineering change notices, nonconformance reports and retests that were to be completed.


Antimony‑Berylium and Californium neutron sources, fuel loading chambers, and intermediate range and source range neutron monitoring instrumentation provided capability for neutron monitoring.  Proper fuel assembly installation was verified by visual inspection.  Subcriticality checks were performed by rod withdrawal for each just‑loaded fuel cell as the core was loaded.  A shutdown margin check was performed during fuel loading after 144 bundles were loaded, and again after fuel load was completed.  Inverse multiplication plots were maintained during fuel loading.  The partially loaded core was, at all times, subcritical by at least 0.38 ( k/k with the analytically strongest rod withdrawn.


Initial criticality was achieved during the full core shutdown margin test.  This test was conducted with the reactor vessel open and with the required intermediate and source range neutron monitoring instrumentation operable in a non‑coincidence mode to scram on high neutron level.  Criticality was achieved by withdrawing control rods in the withdrawal sequence which contained the analytically highest worth rod.


Initial fuel loading and criticality were performed using procedures developed from General Electric Company supplied test specifications.  Core alterations were made with neutron instrumentation response of at least 0.7 counts per second and a signal‑to‑noise ratio of at least 2.0.


The Operating License, technical specifications and plant operating procedures, supplemented by startup test procedures, governed plant operation to ensure that the plant operated safely and as designed.


14.2.11      TEST PROGRAM SCHEDULE


The Test Program Schedule was a detailed precedence network schedule which used a computerized scheduling program to perform calculations.  Information from the Test Program was input into the Integrated Project Schedule such that Construction and Test activities were compatible.


The general sequence showing major Testing Milestones is given in <Figure 14.2‑5>.  A Test Sequence Document showing detailed testing activity interface was prepared and distributed at the Perry site.  This document was available for review at the Perry site during the Unit 1 Test Program.


Preoperational and acceptance testing was scheduled to be complete prior to fuel load.  PNPP Unit 1 preoperational and acceptance testing was completed and the results reviewed, evaluated and approved prior to the time that a system, subsystem or component was relied on to maintain the plant in a safe condition, and prior to entering an operating condition for which a system, subsystem or component was required to be operable.  For tests deferred until after fuel load, the following information and justification was provided to the NRC:  (1) a list of all tests or portions of tests involved; (2) technical justification for these portions; and (3) a schedule for completion of each test.


Preoperational or acceptance tests that were completed or partially completed after fuel load were subject to the operations phase administrative controls except that the procedure did not need to be revised to accommodate any format requirements.


Perry Unit 1 completed the Initial Test Program in November 1987.  Changes made were in accordance with <10 CFR 50.59> and were reported to the NRC in accordance with <10 CFR 50.59(b)> within one month.


14.2.12      INDIVIDUAL TEST DESCRIPTIONS


14.2.12.1      Preoperational Test Procedures


The following general descriptions are the objectives of each preoperational test.  During the final construction phase, it was necessary to modify the preoperational test methods as operating and preoperational test procedures were developed.  Consequently, methods described in the following descriptions are general, not specific.


General acceptance criteria for each preoperational test were in accordance with the design and performance requirements for equipment in those systems.  The tests demonstrated the functional adequacy of the installed equipment and systems.


Testing of ECCS systems did not include operation at pump runout conditions as recommended by <Regulatory Guide 1.68>, Appendix A.1.h.(1)(c) because all ECCS operations are known to be within the capabilities of the pumps based on the system design, which prevents the pumps from being subjected to the runout condition.


Initial checkout and run‑in test results were referenced in the preoperational test procedure to satisfy test specification and acceptance criteria requirements.


The following is a list of systems on which preoperational tests were performed.  Test descriptions (abstracts) are provided in the indicated sections.


Master Parts


_List (MPL)_
_         System Name          _

_Reference_


B21
Nuclear Boiler System
<Section 14.2.12.1.1>


B33
Reactor Recirculation System
<Section 14.2.12.1.2>


Master Parts


_List (MPL)_
_         System Name          _

_Reference_


C11
Control Rod Drive System
<Section 14.2.12.1.3>


C34
Feedwater Control System
<Section 14.2.12.1.4>


C41
Standby Liquid Control System
<Section 14.2.12.1.5>


C51
Neutron Monitoring System
<Section 14.2.12.1.6>


C51
Traversing Incore Probe System
<Section 14.2.12.1.7>


C61
Remote Reactor Shutdown System
<Section 14.2.12.1.8>


C71
Reactor Protection System
<Section 14.2.12.1.9>


D17
Plant Process Radiation 



Monitoring System
<Section 14.2.12.1.10>


D21
Area Radiation Monitoring System
<Section 14.2.12.1.11>


D23
Containment Atmosphere 



Monitoring System
<Section 14.2.12.1.12>


E12
Residual Heat Removal System
<Section 14.2.12.1.13>


E21
Low Pressure Core Spray System
<Section 14.2.12.1.14>


E22
High Pressure Core Spray System
<Section 14.2.12.1.15>


E31
Leak Detection System
<Section 14.2.12.1.16>


E32
Main Steam Isolation Leakage 



Control System
<Section 14.2.12.1.17>


E51
Reactor Core Isolation Cooling 



System
<Section 14.2.12.1.18>


F42
Fuel Transfer Equipment
<Section 14.2.12.1.19>


G33, G36
Reactor Water Cleanup System
<Section 14.2.12.1.20>


G41
Fuel Pool Cooling and Cleaning



System
<Section 14.2.12.1.21>


G43
Suppression Pool Makeup System
<Section 14.2.12.1.22>


G50
Liquid Radwaste System
<Section 14.2.12.1.23>


M15
Annulus Exhaust Gas Treatment



System
<Section 14.2.12.1.24>


M25, M26
Control Room HVAC and Emergency



Recirculation System
<Section 14.2.12.1.25>


Master Parts


_List (MPL)_
_         System Name          _

_Reference_


M43
Diesel Generator Building 



Ventilation System
<Section 14.2.12.1.26>


N64
Offgas System
<Section 14.2.12.1.27>


P42
Emergency Closed Cooling System
<Section 14.2.12.1.28>


P45
Emergency Service Water System
<Section 14.2.12.1.29>


R42
Class 1E 125‑Volt DC System
<Section 14.2.12.1.30>


R43
Standby Diesel Generator System
<Section 14.2.12.1.31>


R76
ECCS Integrated Initiation with



Preferred Source of Offsite 



Power Available and During a 



Loss of Offsite Power
<Section 14.2.12.1.32>


B13
Reactor Vessel Flow Inducted 



Vibration Test and Visual 



Inspection Without Fuel
<Section 14.2.12.1.33>


P72
Plant Foundation Underdrain 



System 
<Section 14.2.12.1.34>


M23,M24
MCC, SWGR and Misc. Area HVAC 



and Battery Room Exhaust System
<Section 14.2.12.1.35>


M28
Emergency Closed Cooling Pump 



Area Cooling System
<Section 14.2.12.1.36>


M32
ESW Pumphouse Ventilation System
<Section 14.2.12.1.37>


M36
Offgas Building Exhaust System
<Section 14.2.12.1.38>


M39
ECCS Pump Room Cooling System
<Section 14.2.12.1.39>


M40
Fuel Handling Building 



Ventilation System
<Section 14.2.12.1.40>


M51
Combustible Gas Control System
<Section 14.2.12.1.41>


P47
Control Complex Chilled Water



System
<Section 14.2.12.1.42>


E66
Drywell Structural Integrity
<Section 14.2.12.1.44>


F11‑F17
Fuel Handling and Vessel 



Servicing Equipment
<Section 14.2.12.1.45>


Master Parts


_List (MPL)_
_         System Name          _

_Reference_


M16
Drywell Vacuum Relief System
<Section 14.2.12.1.46>


M17
Containment Vacuum Relief System
<Section 14.2.12.1.47>


P57
Safety‑Related Instrument Air 



System
<Section 14.2.12.1.48>


R22, R23,


R24, R25
Emergency AC Power Distribution
<Section 14.2.12.1.49>


C11a
Rod Control and Information 



System 
<Section 14.2.12.1.50>


L51
Reactor Building Polar Crane
<Section 14.2.12.1.51>


L51
Fuel Handling Area Crane
<Section 14.2.12.1.52>


M11
Containment Vessel Cooling 



System
<Section 14.2.12.1.54>


M13
Drywell Cooling System
<Section 14.2.12.1.55>


P41
Cooling Tower Makeup Isolation 



System
<Section 14.2.12.1.56>


P49
Emergency Service Water Screen 



Wash System
<Section 14.2.12.1.57>


G51
Solid Radwaste Disposal System
<Section 14.2.12.1.58>


C22
Redundant Reactivity Control 



System
<Section 14.2.12.1.59>


D19
Postaccident Radiation 



Monitoring System
<Section 14.2.12.1.60>


N27B
Feedwater Leakage Control System
<Section 14.2.12.1.61>


P53
Penetration Pressurization 



System
<Section 14.2.12.1.62>


P87
Postaccident Sampling System
<Section 14.2.12.1.63>


R14A
ATWS Class 1E Uninterruptible 



Power Supply
<Section 14.2.12.1.64>


R71
Emergency and Essential Lighting



System
<Section 14.2.12.1.65>


Master Parts


_List (MPL)_
_         System Name          _

_Reference_


M15, M26,


M40
Engineered Safety Features 



Systems Air Cleaning Units
<Section 14.2.12.1.66>


M99
Plant Environmental Conditions
<Section 14.2.12.1.67>


The Containment Structural Integrity Test is described in <Section 3.8.2.7.1>.


The Containment Integrated Leak Rate Test is described in <Section 6.2.6.1> and <Section 3.8.2.7.2>.


The Local Leak Rate Test is described in <Section 6.2.6.2> and <Section 3.8.2>.


The Drywell Leakage Test is described in <Section 6.2.6.5.1>.


14.2.12.1.1      Nuclear Boiler System Preoperational Test


a.
Test Objective



To verify the ability of the Nuclear Boiler System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete and have been approved.



2.
Instrument calibration is complete.



3.
Instrument air is available.



4.
Electrical power is available.



5.
Reactor vessel is available to receive water if actual level is to be checked.



6.
The reactor coolant system pressure is atmospheric for the ADS valve actuations.


c.
Test Procedure



1.
Water level instrumentation and system operation are tested using simulated signals and by variations in actual vessel level.



2.
Pressure instrumentation is checked and system operation verified using simulated signals.



3.
Main steam isolation valves are tested for proper operation.  Accumulator capacity is checked.  MSIV closure times are measured including delays of initiation logic.



4.
Main steam relief valves are tested for proper operation.



5.
Nuclear steam supply shutoff system operation is verified, including containment isolation initiation logic for the following signals; RPV Low Level, High Drywell Pressure, MSL Space High Temperature, MSL High Radiation, MSL High Flow, MSL Low Pressure, Reactor Building Vent Exhaust High Radiation, and manual actuation.



6.
Automatic depressurization logic functions are verified.



7.
Each ADS valve is actuated five times with the associated accumulator charging air isolated.


d.
Acceptance Criteria



1.
Controls, alarms and computer points perform per design specification.



2.
Nuclear steam supply shutoff system performs within design specification, including initiation of containment isolation for the following signals; RPV Low Level, High Drywell Pressure, MSL Space High Temperature, MSL High Radiation, MSL High Flow, MSL Low Pressure, Reactor Building Vent Exhaust High Radiation, and manual actuation.



3.
Automatic depressurization logic performs within specification.



4.
Main steam isolation valves perform within specification.  MSIV valve operating times including delays of initiating logic are within limits of design specifications.



5.
Main steam relief valves perform within specification.



6.
RPV instrumentation performs in accordance with design specifications.



7.
Each ADS accumulator is capable of opening the associated ADS valve five times with the drywell at atmospheric pressure and with the accumulator charging air isolated.


14.2.12.1.2      Reactor Recirculation System Preoperational Test


a.
Test Objective



1.
To verify proper flow path is established within the recirculation loops.



2.
To verify proper operation of system equipment such as Flow Control Valves, pump suction and discharge valves, sensors, alarms, and interlocks.



3.
To verify the low speed motor generator sets operate within design specifications.



4.
To verify proper jet pump performance.



5.
To verify proper operation of the Recirculation Flow Control System.  Subsequent operation of the system during the Startup Test Phase will demonstrate that the system will control flow at operating conditions up to and including rated volumetric flow.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available in the reactor vessel for recirculation.



5.
The reactor vessel is available for recirculation of water.



6.
Nuclear closed cooling water system is available.


c.
Test Procedure



1.
Proper operation of the shutoff and flow control valves is verified including the following:




(a)
Valve operating speeds.




(b)
Position indication and interlocks.




(c)
Hydraulic power unit operation.



2.
Proper operation of the low speed motor generator sets is verified including the following:




(a)
Starting sequence interlocks, timing and controls.




(b)
Motor generator set protective trips and interlocks.




(c)
Verification of proper motor generator set speed, voltage and current.



3.
Flow is established through the recirculation loops by operating the recirculation pumps at high and low speed.



4.
Verification of proper jet pump flow and a check of jet pump vibration is made.



5.
System controls, logic and annunciators, including all sensors, is checked for correct calibration, indication and function.



6.
The Recirculation Flow Control System is verified capable of controlling flow within the plant operating constraints imposed during the preoperational test phase.  Final fine 




tuning and demonstration of Recirculation Flow Control System capabilities, up to and including full system flow at rated operating temperature and pressure, is conducted during the startup test phase.


d.
Acceptance Criteria



1.
Controls, annunciators and logic perform within design specification.



2.
Motor generator performs within design specification.



3.
Jet pumps perform within design specification.



4.
Recirculation Flow Control System modulates flow within constraints and limits imposed for preoperational testing.


14.2.12.1.3      Control Rod Drive System (CRD) Preoperational Test


a.
Test Objectives



1.
To verify the ability of the Control Rod Drive Hydraulic Control System to perform properly.



2.
To adjust flow control valves to obtain proper system parameters.



3.
To compile initial system performance data to assist in future system evaluation.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration has been completed.



3.
Demineralized water is available.



4.
Instrument air is available.



5.
Nitrogen supply is available.



6.
Electrical power is available.



7.
Reactor protection system is available.



8.
Reactor vessel is available to receive water.


c.
Test Procedure



1.
The CRD hydraulic system is placed in operation utilizing the flow and pressure control stations.



2.
CRD notch control is demonstrated including latching and position indication.



3.
Scram testing of control rods at atmosphere is performed.



4.
Scram discharge level switches and CRD position indication, alarms and interlocks are functionally tested.



5.
The operation of valves from appropriate selector switches, interlocks or trip signals is functionally tested including:




(a)
Scram valves and scram solenoid pilot valves.




(b)
Backup scram pilot valves.




(c)
Scram volume dump and vent valves.




(d)
Direction control valves, and withdraw and insert controls.



6.
Directional control valves are adjusted for proper drive speed.



7.
System performance data is gathered to include:




(a)
Cooling water flows.




(b)
Total system flow.




(c)
System pressures.




(d)
Transient response of system during insertion and withdrawal operations and following scrams.


d.
Acceptance Criteria



1.
Control rod drive water pumps provide adequate flow and discharge pressure.



2.
Control rod drive speeds and scram speeds are within preoperational test specifications.



3.
Flow and pressure control stations supply water at acceptable flow and pressure to the hydraulic control units.



4.
Proper rod response is achieved for all operator rod selection and motion requests.



5.
Scram discharge volume capacity and level trips are within specified limits.



6.
System alarms operate properly.


14.2.12.1.4      Feedwater Control System Preoperational Test


a.
Test Objective



To demonstrate the ability of the Feedwater Control System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration has been completed.



3.
Electrical power is available.



4.
Instrument air is available.


c.
Test Procedure



Simulated signals are injected at appropriate points to verify the following:



1.
The feedwater control system operates within design specifications in its various modes with normal signals.



2.
System response to abnormal signals and transients is within design specifications.



3.
System alarms, trips and interlocks perform within design specifications.


d.
Acceptance Criteria



1.
The feedwater control system performs within design specifications.


14.2.12.1.5      Standby Liquid Control System (SLCS) Preoperational Test


a.
Test Objective



To demonstrate that the Standby Liquid Control System performs within design specifications.


b.
Prerequisites



1.
Individual component tests are completed.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available.



5.
Service air is available.



6.
Reactor vessel is available to receive demineralized water.


c.
Test Procedure



Demineralized water is used to perform the following tests:



1.
System controls, interlocks, indications, and alarms are functionally tested.



2.
Performance of the standby liquid control pumps is determined by pumping demineralized water to the test tank.



3.
The pumps are operated in the test mode recirculating water to the test tank.



4.
Each loop is manually initiated using the keylock switch to fire the explosive valve, start the injection pumps and inject demineralized water to the reactor vessel.  The interlock associated with the Reactor Water Cleanup System is functionally tested.



5.
Relief valve setpoints are determined.



6.
Neutron absorber solution is prepared and the solution volume and concentration determined.


d.
Acceptance Criteria



1.
Standby liquid control pumps meet acceptable values of flow and discharge pressure.



2.
System controls, alarms and interlocks operate properly.



3.
Standby liquid control storage tank contains the specified neutron absorber solution volume and concentration.



4.
Relief valve maximum accumulation and reset pressures are within specified values.


14.2.12.1.6      Neutron Monitoring System (NMS) Preoperational Test


a.
Test Objective



To demonstrate the capability of the source range (SRM), intermediate range (IRM), local power range (LPRM), and average power range (APRM) monitoring systems to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Rod control and information subsystem is available.



5.
Reactor protection system is available.



6.
The under‑vessel service platform is aligned and locked to allow for unobstructed operation of SRM and IRM detector drives.


c.
Test Procedure



The neutron monitoring system is functionally tested as follows:



1.
Each source and intermediate range detector is positioned from its fully inserted position to its fully retracted position to demonstrate the operability of the insert/retract mechanisms.



2.
Using simulated input signals, each source and intermediate range detector loop is tested to demonstrate meter indication, trip circuit operation, retract and insert permissives, associated rod block signals, and alarm operation.



3.
Each LPRM channel is tested using simulated signals to its tripping, alarm or indicating function.



4.
Each APRM channel is tested for its tripping, alarm or indicating function using simulated signals from the LPRM.



5.
Simulated recirculation flow signals are utilized to provide the bias for varying the rod block and trip setpoints.


d.
Acceptance Criteria



1.
Source and intermediate range drive systems are capable of positioning each detector through its full length of travel.



2.
Source range and intermediate range neutron flux level and rate circuits indicate properly.



3.
Source range and intermediate range trip signals operate properly.



4.
Source range and intermediate range selector switch logic and insert/retract permissives operate properly.



5.
Source range and intermediate range rod block signals are generated per design.



6.
The local power range neutron flux circuits operate properly and are capable of providing signals to the average power range monitor system, the process computer and to the local power range monitor system indicating meters, and auxiliary devices.



7.
LPRM and APRM system trip signals operate properly.



8.
Average power range power level circuits operate properly.



9.
System alarms operate properly.


14.2.12.1.7      Traversing Incore Probe System (TIP) Preoperational Test


a.
Test Objective



To demonstrate the capability of the Traversing Incore Probe (TIP) System to meet design requirements.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Plant process computer functions for reading TIP inputs and TIP interlocks are available.


c.
Test Procedure



The Traversing Incore Probe System is functionally tested as follows:



1.
The system is operated in manual, automatic and hand crank modes.



2.
Indexer cross‑channel interlock and purging operations are conducted.



3.
System manual automatic controls and alarms are actuated.  The ability to override automatic functions is demonstrated.


d.
Acceptance Criteria



1.
The automatic and manual modes function in the correct designed sequence.



2.
System drive mechanisms, including position indication, and the drive interlocks and time delays operate properly.



3.
System channels, indicators and recorders operate properly.



4.
The system indexing mechanism and its interlocks operate properly.


14.2.12.1.8      Remote Reactor Shutdown System Preoperational Test


a.
Test Objective



1.
To demonstrate that Division 1 of the Remote Shutdown System is capable of transferring functional control of selected systems, valves and indication to Division 1 remote shutdown station outside the control room.



2.
To demonstrate that Division 2 of the remote shutdown system is capable of functional control of selected systems, valves and indication from Division 2 remote shutdown locations outside the control room.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Electrical power is available.



3.
Instrument calibration is complete.



4.
The following systems are available:




(a)
Reactor Core Isolation Cooling System




(b)
Residual Heat Removal System




(c)
Emergency Closed Cooling System




(d)
Emergency Service Water




(e)
Nuclear Boiler (safety/relief valves)




(f)
Containment Atmospheric Monitoring




(g)
Automatic Depressurization System (ADS)


c.
Test Procedure



1.
Proper operation of instruments, controls, valves, and pumps from the remote shutdown panel is functionally tested.



2.
Demonstrate that remote shutdown panel operation takes precedence over control room operation.  (Division 1 only)


d.
Acceptance Criteria



1.
Component control and status indication devices function satisfactorily from the remote shutdown panel.



2.
Operation of systems from the remote reactor shutdown panel takes precedence over operation from the control room when the emergency position is selected on the remote shutdown transfer switches.  (Division 1 only)



3.
Division 2 remote shutdown valves can be positioned open or closed from their respective Division 2 remote control switches.



4.
Division 2 remote shutdown control switches are capable of starting and stopping RHR Pump B and ESW Pump B.



5.
Control transfer switches for Division 1 or control switches for Division 2 annunciate a control room alarm whenever they are placed out of the normal position.


14.2.12.1.9      Reactor Protection System (RPS) Preoperational Test


a.
Test Objective



To verify the ability of the Reactor Protection System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.


c.
Test Procedure



1.
The ability of the Reactor Protection System motor generator sets to perform within design specification is verified.



2.
Proper operation of all system sensors is verified.



3.
Proper operation of system logic is verified.  This will include testing in all modes to verify interlocks and bypasses.



4.
Response timing is conducted on all channels of each trip function as required by the technical specifications.  These include the following functions:  IRM, APRM, CRD scram discharge volume, MSIV closure, drywell high pressure, reactor vessel high pressure, reactor vessel low level, reactor vessel 




high level, MSL high radiation, turbine control valve fast closure, turbine stop valve closure, MSIV closure, and CRD scram discharge.




Sensor response time is the elapsed time delay for the sensor to produce a tripped output state from the time that the process variable reached the trip setpoint value at the sensor input.  Most electronic sensors, e.g., neutron monitoring system detectors, main steam line detectors etc., are considered to operate so fast that the response times cannot be measured and consequently the response time of these sensors is considered negligible.  However, the electronics the sensors feed do contribute to the response and their response time can be measured.




The sensor trip function is performed and the lapse time measured from the initial trip to various points along the “scram chain.”  This measured response time is added to an allowance for instrument line delay, as appropriate, for each application.



5.
Proper system operation from normal and alternate power supplies is verified.


d.
Acceptance Criteria



1.
System motor generator sets perform within design specification.



2.
System logic and interlock functions are within design specification.



3.
System time response is within design specification.



4.
System operation from normal and alternate power supplies is acceptable.


14.2.12.1.10      Plant Process Radiation Monitoring System (PPRMS) Preoperational Test


a.
Test Objective



To verify the ability of the Plant Process Radiation Monitoring System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Check sources have been installed where appropriate.  All radiation monitors are tested using a check source.



4.
Electrical power is available.


c.
Test Procedure



Proper operation of the following subsystems is demonstrated:



1.
Main Steam Line Monitors including local indicators, annunciators, recorders, and reactor protection interface.



2.
Containment Ventilation Exhaust Monitors including recorders, annunciators and Nuclear Steam Supply Shutoff System interface.



3.
Offgas System Monitors including pretreatment and post‑treatment monitors, recorders, annunciators, sample equipment, and tripping functions.



4.
Plant Underdrain System Monitors including recorders, annunciators and pump tripping functions.



5.
Radwaste Liquid Effluent Monitors including recorders, annunciators, sample equipment, and tripping functions.



6.
Emergency Service Water Monitors including recorders, annunciators and sample equipment.



7.
Nuclear Closed Cooling Monitors including recorders, annunciators and sample equipment.


d.
Acceptance Criteria



1.
Process Radiation Monitoring Subsystems perform within the design specifications.



2.
Process Radiation Monitor interface with the Reactor Protection System performs within the design specifications.



3.
Process Radiation Monitor sample equipment performs within the design specifications.


14.2.12.1.11      Area Radiation Monitoring System (ARMS) Preoperational Test


a.
Test Objective



To verify the ability of the Area Radiation Monitoring System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Check sources have been installed where appropriate.



4.
Electrical power is available.


c.
Test Procedure



1.
Proper performance of control room operated channels is  demonstrated including local alarms and indication, control room alarms and indication and recorders.



2.
Proper performance of locally operated channels is demonstrated including local alarms and readouts.



3.
Proper performance of portable units is demonstrated including alarms and indication.


d.
Acceptance Criteria



Area Radiation Monitor channels perform within design specifications.


14.2.12.1.12      Containment Atmosphere Monitoring System Preoperational Test


a.
Test Objectives



To verify the ability of the Containment Atmosphere Monitoring System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.


c.
Test Procedure



1.
Proper operation of the instruments is verified.



2.
Indicators, recorders and annunciators are checked for proper operation.



3.
Operability of containment isolation valves is verified.


d.
Acceptance Criteria



1.
Instruments, indications and annunciators perform within design specification.



2.
System containment isolation valves perform correctly.


14.2.12.1.13      Residual Heat Removal System (RHR) Preoperational Test


a.
Test Objective



To verify the ability of the Residual Heat Removal System to perform within design specifications in various modes of operation.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available in the suppression pool, the spent fuel pool and the reactor vessel.



5.
The reactor vessel is available to receive water.


c.
Test Procedures



1.
Logic and interlock tests are performed for all modes of operation to verify proper operation.  These tests are performed with the pumps locked out and include actuation from each possible source.  All associated events are monitored.



2.
The residual heat removal pumps are tested to verify their performance is within design specifications.  Pump head flow characteristics and NPSH are checked for consistency with design specifications for the various modes of operation.



3.
The system is aligned and flow established for each of the following modes or functions:




(a)
Low pressure coolant injection.  A simulated automatic initiation signal is used for this test.




(b)
Suppression pool cooling.




(c)
Shutdown cooling.




(d)
Test mode.




(e)
Augmented fuel pool cooling.



4.
Flow through the containment spray nozzles is verified by conducting an air‑flow test using flow paths which meet or overlap the boundaries of the water‑flow test paths to demonstrate that there is no blockage in the flow path.



5.
Performance of the water leg pump is verified to be within design specifications.



6.
Flow out of all siphon breakers associated with the augmented fuel pool cooling mode is observed.


d.
Acceptance Criteria



1.
Logic, interlock and alarm functions perform within design specifications.



2.
RHR pumps perform within design specifications.  The basis for the criteria is to assure that the pump meets the flow requirements of its ESF function as well as pump operability considerations including NPSH requirements.



3.
Proper flow is established for the specified modes.



4.
The water leg pump performs within design specifications.



5.
All siphon breakers associated with the augmented fuel pool cooling mode are unobstructed.


14.2.12.1.14      Low Pressure Core Spray System (LPCS) Preoperational Test


a.
Test Objective



To verify that the Low Pressure Core Spray System performs within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration has been completed.



3.
Electrical power is available.



4.
Demineralized water is available in the suppression pool.



5.
The reactor vessel is available to receive water.


c.
Test Procedure



1.
Controls, alarms, interlocks, and logic are checked for proper operation in all modes.



2.
The low pressure core spray pump is tested to verify performance is within design specification.  Pump head flow characteristics and NPSH are checked for consistency with design specifications for the various modes of operation.



3.
Flow is satisfactorily established in the following modes:




(a)
Test mode with discharge flow to the suppression pool.




(b)
Normal mode with discharge flow to the reactor vessel.




(c)
Full flow test mode with suction and discharge to the reactor vessel.



4.
Core spray pattern is verified.



5.
Performance of the water leg pump is verified to be within design specification.



6.
Accident conditions are simulated and times are measured from initiation signal through full injection flow from the suppression chamber or the RPV and with spray into the RPV.


d.
Acceptance Criteria



1.
Controls, alarms, trips, and logic perform within design specification in the modes tested.



2.
System pumps perform within design specification.  The basis for the criteria is to assure that the pump meets the flow requirements of its ESF function as well as pump operability considerations including NPSH requirements.



3.
Satisfactory flow is established in all modes.



4.
Core spray pattern is satisfactory.



5.
The water leg pump performs within design specifications.



6.
Time limitations are met from initiation signal to full flow conditions, for normal auxiliary power and also for emergency power including diesel generator time for starting and for reaching operating voltage.


14.2.12.1.15      High Pressure Core Spray System (HPCS) Preoperational Test


a.
Test Objectives



1.
High Pressure Core Spray System (excluding HPCS diesel generator)




(a)
To verify the ability of the High Pressure Core Spray System to perform within design specifications in all modes.




(b)
To verify the proper operation of all controls, interlocks, alarms, and logic (including automatic initiation).



2.
High Pressure Core Spray Diesel Generator




(a)
To demonstrate that the HPCS diesel generator is capable of providing reliable electrical power during normal and simulated accident conditions.




(b)
To demonstrate the operability of the HPCS diesel generator auxiliary systems (e.g., starting air, fuel oil, jacket water, lube oil, intake air supply, and exhaust system).


b.
Prerequisites



1.
High Pressure Core Spray System (excluding HPCS diesel generator)




(a)
Individual component tests are complete.




(b)
Instrument calibration has been completed.




(c)
Electrical power is available.




(d)
The suppression pool and condensate storage tank are filled above the low water level to provide suction to the pump.




(e)
The reactor vessel is available to receive water.



2.
High Pressure Core Spray Diesel Generator




(a)
Individual component tests are complete and have been approved.




(b)
Instrumentation is available, calibrated and operable.




(c)
Sufficient diesel fuel is available.




(d)
Engine liquid levels are sufficient to allow operation, e.g., lubrication oil and jacket water.




(e)
The following systems and/or components are available:





(1)
Pneumatic sources.





(2)
Emergency service water.





(3)
Electrical power.





(4)
HPCS diesel generator room fire protection.





(5)
HPCS diesel generator room ventilation.





(6)
HPCS diesel generator auxiliary systems are available.


c.
Test Procedure



1.
High Pressure Core Spray System (excluding HPCS diesel generator)




(a)
Controls, alarms and interlocks are functionally tested.




(b)
System operation is conducted in all modes of operation and includes automatic transfer of pump suction from the condensate storage tank to the suppression pool for both modes of initiation (high suppression pool level and low condensate storage tank level).




(c)
Pump head flow characteristics and NPSH are checked for consistency and design specifications for the various modes of operation.




(d)
System performance is determined.




(e)
Simulated signals are used to demonstrate emergency initiation.




(f)
The water leg pump is operated to maintain a full HPCS pump discharge line.



2.
High Pressure Core Spray Diesel Generator




(a)
Manual and automatic operation is performed which includes operation of the auxiliary system.




(b)
The largest single load and subsequently all loads are tripped from the HPCS diesel generator.




(c)
The required consecutive start and load tests are performed.




(d)
Full‑load operation of the HPCS diesel generator is performed for at least 24 hours.




(e)
The rate of fuel consumption is measured.




(f)
Controls, alarms and interlocks are functionally tested.


d.
Acceptance Criteria



1.
High Pressure Core Spray System (excluding HPCS diesel generator)




(a)
System automatic initiation operates properly.




(b)
Controls affecting the transfer of the HPCS pump suction water supplies operate properly.




(c)
System alarms operate properly.




(d)
System flow rates are within design specifications and NPSH is within specified limits for the various modes of operation.




(e)
Core spray pattern is acceptable.




(f)
Automatic systems function as per design specifications including valve sequencing, cycle times and automatic initiation.




(g)
The water leg pump is capable of maintaining a full HPCS pump discharge line.



2.
High Pressure Core Spray Diesel Generator




(a)
Auxiliary systems operate properly.




(b)
HPCS diesel generator is automatically started on a simulated automatic actuation signal and attains required voltage and frequency within an acceptable time period.




(c)
Specified speeds and voltages are not exceeded during required load rejections.




(d)
HPCS diesel generator operates properly during the 24‑hour load tests and temperatures are acceptable.  This includes 2 hours at 110 percent of continuous rated load.




(e)
HPCS diesel generator maintains the required voltage and frequency during the 24‑hour load test and a successful start functional capability test is performed at the completion of the 24‑hour load test (within approximately 5 minutes).




(f)
HPCS diesel generator successfully completes the consecutive start and load tests.




(g)
HPCS diesel generator synchronization and load transfer operate properly.  This includes proper operation when tripped from the surveillance test mode.




(h)
Electrical interlocks between the HPCS diesel generator and its associated 4.16 kV bus operate properly.




(i)
The HPCS diesel generator is capable of being stopped and started manually from local and remote locations.




(j)
The rate of fuel consumption is such that the 7 day fuel storage inventory requirement is met.


14.2.12.1.16      Leak Detection System (LDS) Preoperational Test


a.
Test Objective



To verify the ability of the Leak Detection System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests have been completed.



2.
Instrument calibration is complete.



3.
Electrical power is available.


c.
Test Procedure



1.
Simulated inputs are used to verify proper operation of the following areas of leak detection:




(a)
Equipment room ambient and differential temperatures.




(b)
Valve stem leaks.




(c)
Pool liner and bellows seal leakage.




(d)
Reactor vessel head flange leakage.




(e)
RCIC/RHR steam line leak detection.




(f)
Reactor water cleanup leakage.




(g)
Drywell and containment radwaste sump instrumentation.




(h)
LPCS, RHR and HPCS line breakage detection.




(i)
Main steam line breakage.




(j)
Drywell air cooler leakage.



2.
The operation of indicators, recorders, annunciators, and trips is verified.



3.
Logic interfaces with the Nuclear Steam Supply Shutoff System are verified.


d.
Acceptance Criteria



1.
Leak detection equipment performs within design specification.



2.
Logic interfaces with the Nuclear Steam Supply Shutoff System perform within design specification.


14.2.12.1.17      Main Steam Isolation Valve Leakage Control System Preoperational Test


a.
Test Objective



To verify that the Main Steam Isolation Valve Leakage Control System performs within the design specifications.


b.
Prerequisites



1.
Construction is complete.



2.
Individual component and instrument calibration is complete.



3.
Electrical power and compressed air are available.



4.
Main steam lines are drained and are available.


c.
Test Procedure



1.
The main steam isolation valve leakage control systems valves, blowers, heaters, and controls are operated.



2.
Highest volume inboard and all outboard subsystem depressurization times are checked.



3.
Inboard and outboard logic interlocks, permissives and timers are tested for proper operation in all modes.


d.
Acceptance Criteria



1.
Inboard MSIV‑LCS heaters operate properly.



2.
Inboard and outboard system timers, interlocks, permissives, and logic operate proper.



3.
Inboard and outboard blowers meet applicable capacity and vacuum requirements.



4.
Inboard and outboard motor‑operated valves meet the specified operating times.


14.2.12.1.18      Reactor Core Isolation Cooling System (RCIC) Preoperational Test


a.
Test Objective



To verify that the performance of the Reactor Core Isolation Cooling System and the testable check valve hydraulic control system are within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available in the condensate storage tank and suppression pool.



5.
Auxiliary steam is available to the RCIC turbine.



6.
The reactor vessel is available to receive water.


c.
Test Procedure



1.
Controls, alarms, trips, and interlocks are checked for proper operation.



2.
Operate the reactor core isolation cooling pump and turbine and evaluate pump head and flow characteristics.



3.
Flow is established on the following modes:




(a)
Suction lined up to the condensate storage tank with flow to the reactor vessel.




(b)
Suction lined up to the suppression pool with flow to the reactor vessel.




(c)
Test mode with suction from the condensate storage tank and flow back to the condensate storage tank.



4.
Operate the water leg pump and evaluate the capability of the pump to fill the system.



5.
Establish RCIC system operation without the aid of ac power with the exception of the RCIC dc/ac inverters.



6.
Evaluate the limits of system operation with extended loss of ac power and support systems with the exception of the RCIC dc/ac inverters.



7.
Exercise the testable feature of the ECCS testable check valves.


d.
Acceptance Criteria



1.
System controls, alarms, trips, and interlocks function properly.



2.
System pumps head and flow requirements are met.



3.
System flow is established satisfactorily in all modes.



4.
The water leg pump adequately fills the RCIC system.



5.
System startup to rated flow satisfactory without the aid of ac power with the exception of RCIC dc/ac inverters.



6.
The testable check valve hydraulic control system satisfactorily opens and closes the ECCS testable check valves.


14.2.12.1.19      Fuel Transfer Equipment Preoperational Test


a.
Test Objective



To verify the ability of the Fuel Transfer Equipment to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Fuel storage pool is available.



5.
Reactor cavity and core structure are available.



6.
Refueling bridges are available.


c.
Test Procedure



1.
Refueling bridge logic and interlock functions are tested for proper operation.



2.
Inclined fuel transfer system logic and interlock functions are tested for proper operation.



3.
The inclined fuel transfer system is tested for proper operation with dummy fuel bundles.


d.
Acceptance Criteria



The fuel transfer equipment performs within design specifications.


14.2.12.1.20      Reactor Water Cleanup System (RWCU) Preoperational Test


a.
Test Objectives



To verify the ability of the Reactor Water Cleanup System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Reactor vessel water is available to the suction of the RWCU pumps.



5.
Nuclear closed cooling system is available.



6.
Instrument air is available.


c.
Test Procedure



1.
Control, logic and interlock functions are checked for proper operation.



2.
Flow is established in the following paths:




(a)
To the reactor bypassing the filter/demineralizer.




(b)
To the reactor through the filter/demineralizer.




(c)
To the condenser hotwell.




(d)
To the radwaste system.



3.
Filter/demineralizer operation is verified in the following modes:




(a)
Precoat




(b)
Normal operation




(c)
Hold




(d)
Backwash


d.
Acceptance Criteria



1.
Control, logic and interlock functions perform within design specification.



2.
Filter/demineralizer operation is satisfactory.



3.
Flow is satisfactorily established in all modes.


14.2.12.1.21      Fuel Pool Cooling and Cleanup System (FPCC) Preoperational Test


a.
Test Objective



To verify the ability of the Fuel Pool Cooling and Cleanup System to perform within the design specifications, and to demonstrate the fuel pool gates are operable with acceptable leakage rates.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Condensate storage and transfer equipment is available.



5.
Nuclear closed cooling system is available.


c.
Test Procedure



1.
Controls, annunciators, logic, and interlocks are tested for proper operation.



2.
Fuel pool filter/demineralizer performance is verified in the following modes:




(a)
Precoat




(b)
Backwash




(c)
Standby recirculation




(d)
Normal operation



3.
Flow to the spent fuel pool is established and system ability to maintain level is verified.



4.
The ability of the containment isolation valves to perform within design specification is verified.



5.
Fuel pool cooling and cleanup pump performance is verified to be within design specification.



6.
Flow out of the all FPCC siphon breakers is observed.



7.
The fuel pool gates are subjected to full hydrostatic head and leakage is determined.


d.
Acceptance Criteria



1.
Controls, annunciators, logic, and interlocks perform within design specification.



2.
System pumps and valves perform within design specification.



3.
All siphon breakers associated with the FPCC system are unobstructed.



4.
Leakage past the fuel pool gates is within specified limits.


14.2.12.1.22      Suppression Pool Makeup System Preoperational Test


a.
Test Objectives



To verify the ability of the Suppression Pool Makeup System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available in the upper containment pool.



5.
Suppression pool has sufficient volume available to accept water.


c.
Test Procedure



1.
System logic and interlocks are checked for proper operation.



2.
Valve opening time is verified to be within design specification.



3.
Flow capability for each transfer line is verified by making a timed dump.


d.
Acceptance Criteria



1.
System logic and interlocks perform within design specification.



2.
Valve opening times are within design specification.



3.
System flow capability for each transfer line is within design specification.


14.2.12.1.23      Liquid Radwaste System (LRW) Preoperational Test


a.
Test Objective



1.
To demonstrate the capability of the waste collector subsystem to receive, transfer and process potentially contaminated low conductivity liquid wastes.



2.
To demonstrate the capability of the floor drain collector subsystem to receive, transfer and process potentially contaminated high conductivity liquid wastes.



3.
To demonstrate the capability of the chemical waste subsystem to receive, transfer and process potentially corrosive liquid wastes.



4.
To demonstrate the capability of the detergent waste subsystem to receive, transfer and process liquid detergent wastes.


b.
Prerequisites



1.
Individual component tests have been completed and approved.



2.
Instrument calibration and loop checks are complete.



3.
Both ac and dc electrical power are available.



4.
Two‑bed demineralizer system is available.



5.
Service air system is available.



6.
Instrument air system is available.



7.
Condensate storage and transfer system is available.



8.
Radwaste building ventilation system is available.



9.
Proper resin is available and/or loaded as applicable.


c.
Test Procedure



1.
The liquid radwaste system is operated with nonradioactive waste influent.



2.
Power operated valves associated with the Liquid Radwaste System are cycled manually using the control switch.



3.
System pumps are operated manually using the control switch.



4.
System alarms are functionally tested by using actual or simulated conditions where practical.



5.
The radwaste demineralizers are backwashed, recharged and placed into operation.



6.
The radwaste filters are precoated, backwashed, recirculated, and placed into operation.



7.
The effluent of each filter/demineralizer is sampled.


d.
Acceptance Criteria



1.
System pumps and power operated valves operate properly when controlled through the programmable logic controller.



2.
Flow paths are verified and flow capabilities are acceptable.



3.
The waste collector and floor drain collector systems produce condensate quality water.



4.
The detergent waste subsystem produces water of acceptable quality to discharge to the environment.



5.
The contents of the chemical waste tanks can be mixed and neutralized before discharge for processing.



6.
System alarms operate properly.


14.2.12.1.24      Annulus Exhaust Gas Treatment System (AEGTS) Preoperational Test


a.
Test Objective



To demonstrate the ability of the Annulus Exhaust Gas Treatment System to function properly.


b.
Prerequisites



1.
Individual components test are complete.



2.
Permanently installed instrumentation is properly installed, calibrated and operable.



3.
Test instrumentation is available and properly calibrated.



4.
Instrument air is available.



5.
Clean filters may be installed.



6.
Fire protection system should be operational.


c.
Test Procedure



1.
The AEGTS fans, heaters, dampers, interlocks, trips, permissives and controls are functionally tested.  (Except response to loss of power and reset after actuation feature are tested during Loss of Offsite Power testing.)



2.
The AEGT system is operated to maintain a negative pressure differential in annulus between the containment vessel and the inside of the shield building relative to the atmosphere, and the minimum flow required is determined.



3.
System alarms are actuated.



4.
HEPA filter and charcoal adsorber air cleaner units are tested per the requirements of <Section 6.5.1.4.2>.


d.
Acceptance Criteria



1.
Fan, heater and damper interlocks, trips, permissives, and controls function properly.



2.
With flow to the station vent less than or equal to allowable, the annulus area is maintained at an acceptable negative pressure relative to the atmosphere.



3.
System alarms operate properly.



4.
Results of the HEPA filters and charcoal adsorber beds inplace efficiency testing is acceptable.



5.
The relative humidity control heaters are operable.



6.
The AEGT subsystems, both singularly and in combination, operate properly to maintain the annulus at an acceptable negative differential pressure with respect to atmospheric pressure.


14.2.12.1.25      Control Room Heating, Ventilating, Air Conditioning, and Emergency Recirculation Preoperational Test


a.
Test Objective



To verify the ability of the Control Room Heating, Ventilating, Air Conditioning (HVAC) and Emergency Recirculation Systems to perform within design specifications.


b.
Prerequisites



1.
Individual component tests have been completed and are approved.



2.
Permanently installed instrumentation is properly installed, calibrated and operable.



3.
Instrument air is available.



4.
Appropriate ac and dc power sources are available.



5.
Test instrumentation is available and properly calibrated.



6.
The following systems are operational:




(a)
Control Complex Chilled Water System




(b)
Adequate fire protection is available




(c)
Emergency Closed Cooling System




(d)
Battery Room Exhaust System




(e)
Standby Diesel Generator System




(f)
Nuclear Closed Cooling System


c.
Test Procedure



1.
Control Room HVAC




(a)
Verify fan, damper and air conditioner interlocks, trips, permissives, and control functions.




(b)
Verify system is automatically aligned to the proper configuration by emergency signals.




(c)
Verify that the control room is maintained at a positive pressure with respect to surrounding areas.




(d)
Verify operation times for isolation dampers.




(e)
Verify system response to manual isolation and automatic isolation signals.



2.
Emergency Recirculation




(a)
Verify fan, heater, damper, and air handler interlocks, trips, permissives, and control function.




(b)
Verify system is automatically activated by emergency signals.




(c)
Verify that the control room envelope inleakage criteria is not exceeded.




(d)
Verify system response to manual isolation and automatic isolation signals.




(e)
Verify HEPA filters and charcoal absorber beds perform to meet the requirements of <Section 6.5.1.4.2>.


d.
Acceptance Criteria



1.
Fan, heater, damper, and air conditioner interlocks, trips, permissives, and controls function within design specifications.



2.
Systems respond to emergency signals automatically in accordance with design specifications.



3.
Ensure that:




(a)
The control room is maintained at a positive pressure with respect to surrounding areas in accordance with design specifications (Normal Operations).




(b)
Inleakage criteria of the control room envelope is not exceeded (Emergency Recirculation).



4.
Operating times for isolation dampers are within design specifications.



5.
System isolation response is within design specifications limits.



6.
HEPA filters and charcoal beds function within design specification limits.


14.2.12.1.26

Diesel Generator Building Ventilation System Preoperational Test


a.
Test Objective



To verify the ability of the Diesel Generator Building Ventilation System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are completed and have been approved.



2.
Instrumentation calibration and loop checks are complete.



3.
Test instrumentation is available and properly calibrated.



4.
Appropriate electrical power is available.


c.
Test Procedure



1.
Verify fan, damper and louver interlocks, trips, permissives, and controls function properly.



2.
Verify diesel generator fans and exhaust louvers start in response to their associated diesel generator starting.



3.
Verify the operability of temperature controls of mixing dampers in suction ducts.



4.
Verify fan flow rates meet design requirements.  The system is verified capable of maintaining the area temperatures within design range by running all area loads in an actual demonstration.


d.
Acceptance Criteria



1.
All fan, damper and louver interlocks, trips, permissives, and controls function within design specifications.



2.
Diesel generator fans and exhaust louvers start in response to their associated diesel generator starting.



3.
Temperature control of suction mixing dampers meets design specifications.



4.
System capacity and maximum room temperatures are within design limits.


14.2.12.1.27      Offgas System Preoperational Test


a.
Test Objective



To verify the ability of the Offgas System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Turbine building closed cooling system is available.


c.
Test Procedure



1.
Proper operation of alarms, controls and interlocks is verified.



2.
Operation of mechanical equipment such as offgas vents, sampling and monitoring points is verified.



3.
Manual isolation between the main condenser and offgas system is verified.


d.
Acceptance Criteria



Alarms, controls and logic functions perform within design specification.


14.2.12.1.28      Emergency Closed Cooling (ECC) System Preoperational Test


a.
Test Objective



To verify the ability of the Emergency Closed Cooling System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Demineralized water is available.


c.
Test Procedure



1.
Controls, logic and interlocks are verified to perform correctly.



2.
Simulated LOCA signals are used to verify proper flow paths during LOCA conditions.



3.
Performance of the emergency closed cooling pumps is verified to be within design specification.  Pump head flow characteristics and NPSH are checked for consistency with design specifications for the various modes of operation.



4.
Fill from the demineralized water system and the Emergency Service Water System is verified.


d.
Acceptance Criteria



1.
Controls, logic, interlocks, and annunciators operate within design specifications.



2.
Emergency closed cooling pumps perform within design specification.  The basis for the criteria is to assure that the pump meets the flow requirements of its ESF function as well as pump operability considerations including NPSH requirements.



3.
Proper change of flow paths occurs with receipt of LOCA signal.


14.2.12.1.29      Emergency Service Water System (ESW) Preoperational Test


a.
Test Objective



To verify the ability of the Emergency Service Water System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Residual heat removal heat exchangers are available.



5.
Emergency closed cooling heat exchangers are available.



6.
High‑pressure core spray diesel is available to receive cooling water.



7.
HPCS pump room cooler is available.



8.
Fire service water system is available to receive water.



9.
Division 1 and Division 2 standby diesels are available to receive cooling water.


c.
Test Procedure



1.
Appropriate valves are tested to verify response to LOCA signals.



2.
Emergency Service Water pump head and flow characteristics are checked for the various modes of operation.



3.
Proper flow is established on the following loops and modes:




(a)
Residual heat removal heat exchangers.




(b)
Emergency closed cooling heat exchangers.




(c)
High‑pressure core spray diesel cooling.




(d)
Fuel pool cooling and cleanup surge tank makeup.




(e)
Fire service water.




(f)
Division 1 and Division 2 standby diesels.




(g)
HPCS pump room cooler.



4.
Automatic sluice gate operation is verified.



5.
Alternate standpipe flow path is verified.


d.
Acceptance Criteria



1.
Each of the emergency service water pumps meets the flow requirements of its ESF function.



2.
Proper flow is established in the modes tested.



3.
Valves respond to LOCA signals.



4.
Automatic sluice gate operation is satisfactorily demonstrated.


14.2.12.1.30      Class 1E 125 Volt DC System Preoperational Test


a.
Test Objective



To verify the capability of each Class 1E battery to supply its safety‑related load demand without support of the chargers for a specified time without dropping below minimum battery and cell voltage.  To verify the capability of the battery chargers to restore the battery from the duty cycle discharge state to its fully charged state within a specified time period while supplying normal steady‑state loads.  To verify that each Class 1E division’s dc bus can be energized independently of the other division’s dc bus.  To verify that the undervoltage relay and associated alarm operate within the design specification.


b.
Prerequisites



1.
The component testing procedures as required for this test are completed and the data is reviewed.



2.
All the necessary permanently installed instrumentation is properly calibrated and operable.



3.
All the necessary test instrumentation is available and properly calibrated.



4.
Appropriate ac power sources available.



5.
Class 1E switchgear and battery room ventilation available.


c.
Test Procedure



1.
Perform a service test by loading each battery with its battery duty cycle and without support of the battery charger, verify that the battery delivers the design requirements of the dc system for a specified time without dropping below minimum battery and cell voltage, and verify that the undervoltage relay and the associated alarm operate within the design specification.



2.
With the battery at the duty cycle discharge state, verify that the battery charger fully charges the battery within a specified time period while supplying normal steady‑state load.



3.
Verify that the dc system load is consistent with battery sizing assumptions.



4.
Demonstrate that each Class 1E division’s dc bus can be energized independently of the other division’s dc bus.


d.
Acceptance Criteria



1.
Each battery supports its duty cycle without support of its charger for the specified time without dropping below minimum battery and cell voltage.



2.
Battery charger fully charges the battery within a specified time period from the duty cycle discharge state while supporting normal steady‑state load.



3.
The undervoltage relay and associated alarm operate within the design specification.



4.
Each Class 1E division’s dc bus can be energized independently of the other division’s dc bus.


e.
Battery testing is supplemented by voltage drop calculations.  These calculations include both 125 Vdc control and power circuits.  Battery voltage consistent with the expected operating time of the equipment is used for the calculations.  Corrective actions are taken for devices determined to have less than their minimum required voltage.


14.2.12.1.31      Standby Diesel Generator Preoperational Test


a.
Test Objectives



1.
To demonstrate the capability of the standby diesel generator power sources.



2.
To provide assurance that the system is capable of providing emergency electrical power during normal and simulated accident conditions.



3.
To demonstrate the system’s ability to pickup emergency loads during simulated accident conditions.



4.
To demonstrate the operability of the diesel generator auxiliary systems, e.g., diesel fuel oil transfer, diesel‑generator starting air supply, jacket water, and lube oil.


b.
Prerequisites



1.
Individual component tests are complete and have been approved.



2.
Instrumentation available and properly calibrated.



3.
The following system and/or components are available:




(a)
Pneumatic sources.




(b)
Emergency service water.




(c)
Electrical power.




(d)
Fire protection system in diesel generator building.




(e)
Diesel generator building ventilation.




(f)
DC power source.



4.
Sufficient diesel fuel on site to perform tests.


c.
Test Procedure



1.
Demonstrate proper manual and automatic operation of the diesel generators and that they can start automatically upon simulated loss of ac voltage and attain the required frequency and voltage within the specified limits.



2.
Demonstrate proper response and operation for design‑basis accident loading sequence to design‑basis load requirements, and verify that voltage and frequency are maintained within specified limits.



3.
Demonstrate proper operation of the diesel generator during load shedding, load sequencing and load rejection.  Include a test of the loss of the largest single load while maintaining 




voltage and frequency within design limits, and a test of the complete loss of load in which overspeed limits are not exceeded.



4.
Demonstrate full‑load carrying capability of the diesel generators for a period of not less than 24 hours, at a load equivalent to the continuous rating of the diesel generator.  Verify that voltage and frequency are maintained within design limits, that the diesel cooling systems function within design limits, and the diesel generator HVAC system maintains the diesel generator room within design limits.



5.
Demonstrate functional capability at operating temperature conditions by reperforming “the automatic response” tests for Items 1 and 2 above, immediately (within 5 minutes) after completion of the 24‑hour load test per Item 4 above.



6.
Demonstrate the ability to:




(a)
Synchronize the diesel generators with offsite power while connected to the emergency load.




(b)
Transfer the load from the diesel generators to the offsite power.




(c)
Isolate the diesel generators and restore them to standby status.



7.
Demonstrate that the rate of fuel consumption while operating at the design‑basis accident load is such that the requirements for 7‑day storage inventory are met for each diesel generator.



8.
Demonstrate starting reliability by means of any 69/n consecutive valid starting tests without failure (per plant), where n is equal to the number of diesel generator units of the same design and size.



9.
Auxiliary system instrumentation and equipment are tested using actual or simulated conditions to verify performance within design specifications.


d.
Acceptance Criteria



1.
System construction and operation meet design criteria.



2.
Auxiliary systems function in accordance with design specifications.



3.
The automatic sequence logic circuitry loads the generator in the proper sequence and time interval.



4.
Verify that the required voltage and frequency are attained and maintained for a specified time period at design load.



5.
Load rejection does not result in exceeding specified speeds and nominal voltage and frequency are restored within the specified time.


14.2.12.1.32      ECCS Integrated Initiation With Preferred Source of Offsite Power Available and During a Loss of Offsite Power Preoperational Test


a.
Test Objective



1.
Demonstrate that each Class 1E, 4.16 kV bus equipment responds to a simulated bus undervoltage condition as follows:




(a)
The standby diesel generator automatically starts, the bus properly clears and the DG output breaker automatically closes when the DG reaches rated speed and voltage.




(b)
All relaying and interlocks involved with the undervoltage condition, including shedding/sequencing of sources and loads operate properly.




(c)
Once preferred offsite power is restored, demonstrate that it can be synchronized to each 4.16 kV bus and that the DG can be unlocked and disconnected without affecting running loads.



2.
Demonstrate that the diesel generators start and pick up all loads and also demonstrate the ECCS’s ability to inject into the reactor pressure vessel.



3.
Demonstrate the independence and redundancy of the safety‑related electrical, mechanical and instrumentation of the ECCS and the standby and offsite power source.



4.
Demonstrate the maintenance of the required minimal dc voltage on the 125 Vdc system during loss of offsite power.



5.
Demonstrate integrated ECCS operation to a simulated LOCA signal.




The minimum voltage demonstration is verified on a selected component basis during the IC&R test phase.


b.
Prerequisites



1.
Preoperational/acceptance testing of systems as required for this test is complete and the data has been reviewed.



2.
Permanently installed instrumentation properly calibrated and operable.



3.
Necessary test instrumentation available and properly calibrated.



4.
Appropriate ac and dc power sources available.



5.
The Class 1E buses are energized from the preferred source of offsite power.



6.
Class 1E switchgear and battery room ventilation systems available.



7.
Class 1E buses are loaded with their normal plant demands.



8.
Standby diesel generators and associated systems available.



9.
Emergency pump rooms ventilation system available.



10.
Emergency service water system available.



11.
RHR system available.



12.
HPCS system (including HPCS diesel generator) available.



13.
LPCS system available.



14.
Condensate storage tank and suppression pool water available for ECCS operation.


c.
Test Procedure



1.
Initiate a Class 1E, Division 1, 4 kV bus undervoltage and verify the following:




(a)
Automatic starting of the diesel generator with its associated dc system energized and its automatic connection to a properly cleared bus when the diesel generator reaches rated speed and voltage.




(b)
Proper operation of all relaying and interlocks involved with this undervoltage condition including shedding/sequencing of sources and loads.




(c)
Ability to manually operate and restore normal loads to the 4 kV, Class 1E buses.





Repeat the above procedure for Division 2 and Division 3 Class 1E, 4 kV buses.



2.
With normal power available simulate a LOCA signal and test ECCS integrated response.  Test return mode ECCS loads are maintained for a period of time to verify system stability and performance.



3.
With Division 1 electrical systems out‑of‑service, normal power available to Division 2 and Division 3, simulate a LOOP followed immediately by a LOCA and verify the following:




(a)
Automatic starting of the diesel generator with its associated dc system energized and its automatic connection to a properly cleared bus when the diesel generators reach rated speed and voltage.




(b)
Power operation of all relaying and interlocks involved with the undervoltage/LOCA condition, including shedding/sequencing of sources and loads.




(c)
That Division 2 and Division 3 equipment operating conditions can be stabilized that no adverse conditions develop to Division 2 and Division 3 equipment such as overheating, etc., that there is sufficient instrumentation operable to properly monitor and control Division 2 safety‑related equipment.




(d)
Verify that isolated buses remain de‑energized.





Repeat the above procedure for Division 2 and Division 3 electrical systems out‑of‑service.



4.
Simulate a LOOP followed immediately by LOCA, and verify that the diesel generators start simultaneously, load shedding takes place, preferred and/or alternate preferred source breakers are tripped and diesel generators accept the sequenced loads.


d.
Acceptance Criteria



1.
Upon loss of Class 1E, 4.16 kV bus power, the source and load breakers are tripped.  The standby diesel generator starts and attains rated speed and voltage, automatically closes the output breaker within 10 seconds, and accepts restored loads as they are sequenced on the bus.



2.
Upon a LOCA signal with preferred power available, the RHR/LPCI, LPCS and HPCS start within the time specified and the LOCA logic relays operate all required loads.



3.
The independence and redundancy of Division 1, Division 2 and Division 3 safety‑related electrical, mechanical and instrument systems are demonstrated.



4.
The ECCS response to a concurrent LOOP/LOCA signal demonstrate that the standby diesel generator and HPCS diesel generator start automatically, attain rated speed/voltage, and automatically close their output breakers within 10 seconds at which time the RHR/LPCI, LPCS and HPCS start within the times specified and inject rated flow into the reactor vessel within the time specified.



5.
All Class 1E 125 Vdc voltages are (105 Vdc throughout testing.



6.
The LOOP and/or LOCA relays initiate or disconnect all required loads.


14.2.12.1.33      Reactor Vessel Flow Induced Vibration Test and Visual Inspection Without Fuel Preoperational Test


a.
Test Objective



The purpose of this test is to provide needed information to verify the adequacy of the reactor internals design with respect to flow induced vibration.  The recirculation system is operated at varying flow rates up to and including 100 percent rated volumetric core flow.  Perry is the first GE BWR/6 238 plant and will be considered a prototype as defined in <Regulatory Guide 1.20>, and will be tested accordingly.


b.
Prerequisites



1.
Install and properly torque the shroud head and reactor vessel head.



2.
Reactor control rod blades are removed or positioned fully withdrawn and locked out.



3.
Incore instruments, neutron sources, blade guides and fuel are not installed.



4.
Reactor vessel surveillance specimen holders and specimens are installed.



5.
Instrument calibration is complete.



6.
The Pre‑Flow Test Inspection is complete.


c.
Test Procedure



1.
Place the system in the flow configuration specified by each test point, record the operating conditions and obtain sensor data by using the chart and magnetic tape recorders for each test point.



2.
Depressurize the RPV and conduct the Post‑Flow Test Inspection.


d.
Acceptance Criteria



1.
Minimum accumulation time at rated volumetric core flow with two recirculation pumps at balanced flow.



2.
Minimum accumulation time of single loop operation for each individual recirculation loop.



3.
The test points with balanced flow provide verification of the maximum volumetric flow capability in accordance with vibration criteria in the Vibration Measurement Program.


14.2.12.1.34      Plant Foundation Underdrain System Preoperational Test


a.
Test Objective



1.
To demonstrate that seven service pumps and two backup underdrain pumps perform within design specifications for capacity and discharge head.



2.
To demonstrate that the service and backup underdrain pumps start and stop due to water level changes in their respective manholes and that when the backup pumps start a high ground water level alarm occurs.



3.
To demonstrate that the pressure monitoring points indicate that the plant foundation water level has reached equilibrium below Elevation 568 feet.



4.
To demonstrate that the piping is free of obstructions by performing a visual inspection of all gravity drain piping.



5.
To demonstrate that water flows across the porous concrete mat and thereby establishes that the underdrain system can reduce the hydrostatic pressure on building foundations to the desired level.



6.
To verify that water builds‑up and draws down at the monitoring point and thereby establish that the underdrain system can, in fact, reduce the hydrostatic pressure on building foundations to the desired level.


b.
Prerequisites



1.
Individual component tests covered under the Initial Check‑out and Run‑in Test are complete and approved (This includes installation verification of pump discharge check valves).



2.
Instrument calibration is complete.



3.
The Fire Protection System or Service Water System is capable of supplying water into the underdrain pump manholes.



4.
Electrical power is available.



5.
The porous concrete and Class A fill are saturated and water level has been stabilized at Elevation 570’‑0” ((12”, ‑0”) or 48 hours.



6.
Plugs are installed in the 12” porous pipe at the north and south ends.


c.
Test Procedure



1.
Record the building mat piezometer readings and record prior to start of test and periodically during water level changes and equilibrium conditions.



2.
Start east side pumps and establish an outflow of about 50 gpm and verify a water level decrease on the west side.



3.
Feed water to the west side at a rate equal to east side outflow and establish equilibrium water level conditions on the east and west side.  Make adjustments as necessary to establish a level of 566’‑0” on the east side prior to establishing equilibrium.  Maintain equilibrium for at least 15 minutes.



4.
Repeat above Steps 1‑3 at equilibrium flow conditions of 100 gpm and at additional 50 gpm increments until one of the following occurs:




(a)
West side regulating valves are fully open.




(b)
East site throttling valve is fully open.




(c)
Uniform water level on west side reaches Elevation 570’‑0”.  The final condition should be adjusted and maintained for a minimum of 30 minutes.



5.
Repeat Steps 1‑4 in the opposite direction.



6.
Verify that the underdrain service and backup service pumps operate within design specification for capacity and discharge head.



7.
All controls, interlocks and alarms (including high ground water) are verified for proper operation.


d.
Acceptance Criteria



1.
The service and backup underdrain pumps perform within design specifications for capacity and discharge head.



2.
The service and backup underdrain pumps start and stop automatically due to water level changes in their respective manholes and manually at their respective local control panel.



3.
The pressure monitoring points indicate water level in the underdrain system reaches equilibrium below Elevation 568 feet and water flows across the porous concrete mat.



4.
Visual inspection of the gravity drain piping shows no obstructions.



5.
The control room panel alarm signals and computer alarm signals are received when the backup service pump and service pumps are started respectfully.  High ground water level alarm occurs when the backup pump starts.


14.2.12.1.35      Motor Control Center, Switchgear, Miscellaneous Area Heating Ventilation, Air Conditioning, and Battery Room Exhaust Preoperational Test


a.
Test Objective



To verify the ability of the MCC, Switchgear and Miscellaneous Area HVAC and Battery Room Exhaust Systems to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.



6.
Control Complex Chilled Water System is operational.


c.
Test Procedure



1.
Verify fan, damper interlocks, trips, permissives, and control functions.



2.
Verify system response to manual isolation.



3.
Verify system automatically activates by emergency signal.



4.
Verify that system capacity is adequate to maintain the area temperatures according to design.  The heat removal rate of the system is determined via standard heat balance measuring and calculation techniques.


d.
Acceptance Criteria



1.
Fan, damper interlocks, trips, permissives, and controls function within design specifications.



2.
System isolation response is within design specifications for manual isolation signals.



3.
Systems respond to emergency signals automatically in accordance with design specifications.



4.
System capacity meets design requirements.


14.2.12.1.36      Emergency Closed Cooling Pump Area Air Conditioning Preoperational Test


a.
Test Objective



To verify the ability of the Emergency Closed Cooling Pump Area AC System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are completed.



2.
Instrument calibration is completed.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Control Complex Chilled Water is operational.


c.
Test Procedure



1.
Verify fan, interlocks, trips, and control functions.



2.
Verify system responds to automatic initiate signal.



3.
Verify that system capacity is adequate to maintain the area temperatures according to design.  The heat removal rate of the system is determined via standard heat balance measuring and calculation techniques.


d.
Acceptance Criteria



1.
Fan, interlocks, trips, and controls function within design specifications.



2.
System capacity meets design requirements.


14.2.12.1.37      Emergency Service Water Pumphouse Ventilation Preoperational Test


a.
Test Objective



To verify the ability of the ESW Pumphouse Ventilation System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Electrical power is available.


c.
Test Procedure



1.
Verify fan, damper interlocks, trips, and control functions.



2.
Verify system response to automatic initiate signal.



3.
Verify fan flow rates meet design requirements.  The system is verified capable of maintaining the area temperatures within design range by running all area loads in an actual demonstration.


d.
Acceptance Criteria



1.
Fan, interlocks, trips, and controls function are within design specifications.



2.
System capacity and maximum room temperatures are within design limits.


14.2.12.1.38      Offgas Building Exhaust System Preoperational Test


a.
Test Objective



To verify the Offgas Building Exhaust System performs within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.



6.
Adequate fire protection is available.


c.
Test Procedure



1.
Verify fan, damper interlocks, trips, and control functions.



2.
Verify system response during normal and automatic operation.


d.
Acceptance Criteria



Fans, interlocks, trips, and controls function within design specifications.


14.2.12.1.39

Emergency Core Cooling System Pump Room Cooling System Preoperational Test


a.
Test Objective



To verify the ability of the ECCS Pump Room Cooling Systems to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are completed.



2.
Electrical power is available.



3.
Following systems in operation:




(a)
Emergency Service Water




(b)
Emergency Closed Cooling


c.
Test Procedure



1.
Verify fan interlocks, trips and control functions.



2.
Verify system responds to automatic initiate signal.



3.
Verify that system capacity is adequate to maintain the area temperatures according to design.  The heat removal rate of the system is determined via standard heat balance measuring and calculation techniques.  This is accomplished as Startup Test Number 134 as described in <Section 14.2.12.2.59>.


d.
Acceptance Criteria



1.
Fan, interlocks, trips, and controls function within design specifications.



2.
System capacity meets design requirements.


14.2.12.1.40      Fuel Handling Building Ventilation System Preoperational Test


a.
Test Objective



To verify the ability of the Fuel Handling Building Ventilation System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.


c.
Test Procedure



1.
Verify fan, damper interlocks, trips, and control functions.



2.
Verify system responds to automatic signals.



3.
Verify HEPA filters and charcoal adsorbers beds perform to meet the requirements of <Section 6.5.1.4.2>.


d.
Acceptance Criteria



1.
Fan, interlocks, trips, and controls function within design specifications.



2.
HEPA filters and charcoal beds function within design specification limits.


14.2.12.1.41      Combustible Gas Control System Preoperational Test


a.
Test Objectives



1.
To demonstrate the Combustible Gas Mixing System is operable.



2.
To demonstrate the Hydrogen Purge Backup System flow control is operable.



3.
To demonstrate the Hydrogen Analyzer Packages provide accurate analysis of containment oxygen and hydrogen content.



4.
To demonstrate the Hydrogen Recombiners are operable (actual hydrogen‑oxygen recombination process is not demonstrated at this time).


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Electrical power is available.



5.
Emergency Closed Cooling System is operational.



6.
Annulus Exhaust Gas Treatment System is operational.



7.
RHR system is operational (for mixing compressor test only).


c.
Test Procedures



1.
The Combustible Gas Mixing System is operated and flow rates and pressures are determined.



2.
The Hydrogen Purge Backup system flow control valve is operated under simulated accident conditions.



3.
The Hydrogen Analyzer Packages are operated using known concentrations of oxygen and hydrogen and sample flow rates are determined.



4.
The Hydrogen Recombiner System is operated and system flow rates are determined.



5.
Systems controls and alarms are actuated.


d.
Acceptance Criteria



1.
The Combustible Gas Mixing System meets acceptable values of flow, temperature and pressure.



2.
The purge flow control valve operates satisfactorily to limit flow below a specified maximum under simulated accident conditions.



3.
The Hydrogen Analyzer Packages operate properly.



4.
The Hydrogen Recombiners meet acceptable values of flow and temperature.



5.
Systems’ alarms operate properly.


14.2.12.1.42      Control Complex Chilled Water System Preoperational Test


a.
Test Objective



To verify the ability of the Control Complex Chilled Water System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Electrical power is available.



5.
Nuclear closed cooling is operational.



6.
Emergency closed cooling is operational.


c.
Test Procedure



1.
Verify the chillers, pumps and control functions.



2.
Verify system response to automatic isolation/change over signals.


d.
Acceptance Criteria



Chillers, pumps and controls function within design specifications.


14.2.12.1.43      (Deleted)


14.2.12.1.44      Drywell Structural Integrity


a.
Test Objective



1.
Measure the structural response of the drywell as it is subjected to internal pressures from atmospheric to design pressure and back to atmospheric.



2.
Demonstrate that the structural responses of the principal strength elements due to these internal pressures are in conformance with the stated acceptance criteria.


b.
Prerequisites



1.
Unit 1 and Unit 2 Instrument Air Systems are available.



2.
Unit 1 and Unit 2 Service Air Systems are available.



3.
Service Water System is available.



4.
Nuclear Closed Cooling Water System is available.



5.
Drywell Cooling System is available.



6.
The Leak Rate Test System is available to support pressurization and depressurization of the drywell.



7.
Drywell Structural Integrity Test instrumentation is installed.



8.
Instrument calibration is complete.



9.
Electrical power is available.



10.
Crack inspection areas are established.



11.
Suppression Pool vents are plugged.



12.
Drywell equipment hatch and personnel airlock are secured, with the personnel airlock outer door open.



13.
Containment vessel is open to atmosphere.



14.
Pressure sources inside the drywell are removed or vented.


c.
Test Procedure



The following parameters are measured as the drywell is pressurized and depressurized in incremental steps from atmospheric pressure to design pressure back to atmospheric pressure:



1.
Strain gauge readings.



2.
Displacement readings.



3.
Temperature.



4.
Crack size.


d.
Acceptance Criteria



1.
Strain gauge readings are below specified values.



2.
Displacements are below specified values.



3.
Crack widths are less than specified values.



4.
Deflection recovery is greater than a specified value.


14.2.12.1.45      Fuel Handling and Vessel Servicing Equipment


a.
Test Objective



To verify the interlocks, limits, logic, and performance of the fuel handling and vessel servicing equipment.


b.
Prerequisites



1.
Component IC&R complete.



2.
Instrument calibration complete.



3.
Electrical power is available.



4.
Refueling Platform is available.



5.
Fuel Preparation Machine is available.



6.
Fuel Racks are available.



7.
Reactor Vessel is available.


c.
Test Procedure



1.
Interlocks, limits and logic tests are performed for all equipment operations.



2.
Functional Tests are performed on the following equipment as deemed necessary (prior to use):




(a)
Containment Building Fuel Preparation Machine.



(b)
(Deleted)




(c)
Fuel Building Fuel Preparation Machine




(d)
Service (Auxiliary) Platform and Platform Support




(e)
Refueling Platform




(f)
Fuel Handling Platform (Fuel Building)




(g)
Actuator Pole




(h)
Underwater Lighting




(i)
Underwater Servicing Equipment




(j)
Peripheral Orifice Servicing




(k)
Control Rod Assembly Servicing




(l)
Instrument Servicing




(m)
In‑Vessel Fuel Bundle Servicing




(n)
Reactor Vessel Service Tools




(o)
Dryer and Separator Strongback




(p)
Steam Line Plugs




(q)
Head Strongback Carousel and Head Holding Pedestal




(r)
New Fuel Inspection Stand




(s)
Control Rod Drive Servicing Equipment


d.
Acceptance Criteria



The Fuel Handling and Vessel Servicing Equipment performs within the design specifications.


14.2.12.1.46      Drywell Vacuum Relief System


a.
Test Objective



To verify the ability of the Drywell Vacuum Relief System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electric power is available.



4.
Test instruments are available and calibrated.



5.
Instrument air is available.


c.
Test Procedure



1.
Verify performance of the controls, annunciation, logic, and interlocks.



2.
Verify operating time for valve closing in response to containment isolation signal.


d.
Acceptance Criteria



The Drywell Vacuum Relief System operation performs in accordance with design specifications.


14.2.12.1.47      Containment Vacuum Relief System


a.
Test Objective



To verify the ability of the Containment Vacuum Relief System to perform within the design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electric power is available.



4.
Test instruments are available and calibrated.



5.
Instrument air is available.


c.
Test Procedure



1.
Verify performance of the controls, annunciators, logic, and interlocks.



2.
Verify operating time for valve closing in response to containment isolation signal.


d.
Acceptance Criteria



The Containment Vacuum Relief System operation performs in accordance with design specifications.


14.2.12.1.48      Safety‑Related Instrument Air Preoperational Test


a.
Test Objective



To verify the ability of the Safety‑Related Instrument Air system to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.


c.
Test Procedure



1.
The air compressor package is verified capable of providing compressed air to pressurize the Safety‑Related Instrument Air system.



2.
The controls and operation of the system are verified.



3.
The loss of instrument air is tested by simulating both pipe break and moisture freezing.


d.
Acceptance Criteria



1.
The air compressor is capable of pressurizing the receiver tank to maximum system operating pressure.



2.
System pressure capability is within design specification.



3.
The inline receivers are capable of maintaining the ADS accumulators properly charged for the required time period.



4.
For both sudden and slow loss of air pressure, system capability is maintained.


14.2.12.1.49      Emergency AC Power Distribution Class 1E Preoperational Test


a.
Test Objective



1.
To demonstrate the capability of the 4.16 kV Class 1E system to provide reliable electrical service to the 4.16 kV Class 1E busses (Division 1, Division 2 and Division 3).



2.
To demonstrate the capability of the 480V Class 1E load centers to provide reliable power to the connected 480V loads and motor control centers (Division 1, Division 2 and Division 3).



3.
To demonstrate the capability of the 480V Class 1E motor control centers to provide reliable power to the connected 480V loads and the Class 1E power distribution panels (480/120V ac) (Division 1, Division 2 and Division 3).



4.
To demonstrate divisional electrical independence of the Class 1E distribution system.


b.
Prerequisites



1.
4.16 kV Class 1E Distribution




(a)
Individual component checkout and run‑in tests are complete.




(b)
13.8 kV power and 125V dc control power are available.




(c)
Loads that cannot be cycled are removed and supplied with temporary power.



2.
480V Class 1E Load Centers




(a)
Individual component checkout and run‑in tests are complete.




(b)
4.16 kV, Class 1E busses are available to energize the 480V Class 1E load centers and 125 Vdc control power is available.




(c)
Loads that cannot be cycled are removed and supplied with temporary power.



3.
480V Class 1E Motor Control Centers




(a)
Individual component checkout and run‑in tests are complete.




(b)
480V Class 1E load centers are available for energizing the 480V Class 1E motor control centers and 125V dc control power is available.




(c)
Loads that cannot be cycled are removed and supplied with temporary power.


c.
Test Procedures



1.
4.16 kV Class 1E Distribution




(a)
The 4.16 kV Class 1E busses are energized.




(b)
System alarms and controls, both manual and automatic, are actuated.




(c)
Each Division’s voltage is recorded while one Division is de‑energized for all combinations.



2.
480V Class 1E Load Centers




(a)
Breakers are operated to energize the 480V Class 1E load center and motor control centers.




(b)
System alarms and controls, both manual and automatic, are actuated.




(c)
Each Division’s voltage is recorded while one Division is de‑energized for all combinations.



3.
480V Class 1E Motor Control Centers




(a)
Breakers are operated to energize the 480V Class 1E motor control centers.




(b)
Systems alarms and controls, both manual and automatic are actuated.




(c)
Each Division’s voltage is recorded while one Division is de‑energized for all combinations.


d.
Acceptance Criteria:



1.
4.16 kV Class 1E Distribution




(a)
System breakers operate properly.




(b)
System bus voltages are acceptable.




(c)
Systems alarms operate properly.




(d)
Feeder breaker interlocks operate properly.




(e)
Each Division is electrically independent of the other two Divisions.



2.
480V Class 1E Load Center




(a)
System breakers operate properly.




(b)
System bus voltages are acceptable.




(c)
System alarms operate properly.




(d)
Each Division is electrically independent of the other two Divisions.



3.
480V Class 1E Motor Control Centers




(a)
System breakers operate properly.




(b)
System bus voltages are acceptable.




(c)
System alarms operate properly.




(d)
Each Division is electrically independent of the other two Divisions.


14.2.12.1.50      Rod Control and Information System (RCIS) Preoperational Test


a.
Test Objective



To demonstrate the capability of the Rod Control and Information System including the rod pattern controller, control circuitry and interlocks, control valves, indicators, and the reactor mode switch to meet system design requirements.


b.
Prerequisites



1.
Individual component tests are complete.



2.
AC and dc electrical power is available.



3.
Applicable portions of the annunciator system, neutron monitoring system and control rod drive hydraulic system are available to support test.


c.
Test Procedure



Controls are operated and simulated signals are applied to functionally check the following:



1.
Position indication at each control rod on all channels.



2.
Rod position status information including rod drift and overtravel.



3.
LPRM status and level information.



4.
Rod assignments to gangs, groups and sequence for each channel and operational mode.



5.
Actuation of all rod blocks and a representative sample of rod pattern constraints for the different modes, power levels and for all positions of the Reactor Mode Switch.



6.
System response to operator requests for data display, rod selection, rod drive commands, and system mode commands.



7.
Control rod drive Directional Control Valve actuation and timing sequence.



8.
Control rod drive Hydraulic Control Unit status information.



9.
Control rod bypass provisions.



10.
System self‑test and data quality checks.



11.
Rod test/insert function.



12.
RCIS outputs to the scram time panel.



13.
CRD temperature recorder.


d.
Acceptance Criteria



1.
Correct rod position and rod status is properly displayed.



2.
All rod blocks function properly.



3.
All rod movement and a representative sample of rod pattern restraints are applied and/or removed under the specified conditions of power level and position of the Reactor Mode Switch.



4.
LPRM level and status is properly displayed.



5.
Rod group, gang and sequences are as specified.



6.
Rod bypass provisions function properly.



7.
The Directional Control Valve timing sequence is correct within specified accuracies.



8.
System annunciators operate properly.


14.2.12.1.51      Reactor Building Polar Crane and Preoperational Test


a.
Test Objective



1.
To demonstrate interlocks, limit switches and operation of the Reactor Building Polar Crane under no load conditions.



2.
To demonstrate the handling capacity of the Reactor Building Polar Crane by load testing the main and auxiliary hoists to 125 percent of the rated load.


b.
Prerequisites



1.
Individual Component tests are complete and approved.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
The hoist cables have not been reeved on the hoist drums and blocks.



5.
NDE of the load hooks is successfully completed.



6.
Certified test weights are available.


c.
Test Procedure



1.
Operation of the ladder walkway lights, bridge lights, bridge warning bell, abnormal condition warning lights, pendant limit switches, pendant, main hoist auxiliary, hoist trolley, bridge motion checkout, controls, and stop pushbutton interlock are tested.



2.
The main and auxiliary hoists are reeved followed by a no load testing of hoist speed control, limit switch and position indicator operation.



3.
Trolley and bridge speed controls are no load tested.



4.
The main and auxiliary hoists are load tested to 125 percent of their rated load.  The full range of normal bridge and trolley travel is tested with the main hoist carrying 125 percent of the rated load.  The holding capacity of each hoist brake is tested by releasing the supporting redundant brake.


d.
Acceptance Criteria



1.
Individual component tests are satisfactorily completed.



2.
Operation of the Reactor Building Polar Crane is satisfactorily demonstrated by verifying interlocks and no load testing of the bridge trolley, main and auxiliary hoists.



3.
The material handling capacity of the Reactor Building Polar Crane is satisfactorily verified by load testing the main and auxiliary hoists to 125% percent of the rated load.


14.2.12.1.52      Fuel Handling Area Crane Preoperational Test


a.
Test Objective



1.
To demonstrate interlocks, limit switches and operation of the Fuel Handling Area Crane under no‑load conditions.



2.
To demonstrate the handling capacity of the Fuel Handling Area Crane by load testing the main and auxiliary hoists to 125 percent of the rated load.


b.
Prerequisites



1.
Individual component tests are complete and approved.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
The hoist cables have not been reeved on the hoist drums and blocks.



5.
NDE of the load locks is successfully completed.



6.
Certified test weights are available.


c.
Test Procedure



1.
The ladder walkway, bridge lights, bridge warning bell, abnormal condition warning lights, and pendant motion are tested.



2.
The main hoist, auxiliary hoist, trolley, and bridge motion are no load tested.



3.
The main hoist and auxiliary hoist are reeved followed by limit switch, position indicator and hoist speed control testing.



4.
The main hoist, auxiliary hoist and stop pushbutton interlocks are tested.



5.
The main and auxiliary hoists are load tested to 125 percent of their rated load.  The full range of normal bridge and trolley travel is tested with the main hoist carrying 125 percent of the rated load.  The holding capacity of each hoist brake is tested by releasing the supporting redundant brake.


d.
Acceptance Criteria



1.
Individual component tests are satisfactorily completed.



2.
Operation of the Fuel Handling Area Crane is satisfactorily demonstrated by verifying interlock and no load testing of bridge, trolley, main, and auxiliary hoists.



3.
The material handling capacity of the Fuel Handling area crane is satisfactorily verified by load testing main and auxiliary hoist to 125 percent of the rated load.


14.2.12.1.53      (Deleted)


14.2.12.1.54      Containment Vessel Cooling System Preoperational Test


a.
Test Objective



To verify the ability of the Containment Vessel Cooling System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Containment chilled water system is available.



5.
Instrument air is available.



6.
Test instruments are available and calibrated.



7.
System airflow balance is complete.


c.
Test Procedure



1.
The capability of system fans to deliver the required flow is verified by airflow measurement in all modes of operation.



2.
Fan damper interlocks are verified by system actuation.



3.
System alarms are verified by simulation of actuating signals.


d.
Acceptance Criteria



1.
Fans deliver required airflow per design requirements.



2.
System interlocks perform per design requirements.



3.
System alarms function per design requirements.


14.2.12.1.55      Drywell Cooling System Preoperational Test


a.
Test Objective



1.
To verify the Drywell Cooling fans operating parameters are within design specifications.



2.
To verify the resistance to air flow across the roughing filters are within design specifications.



3.
To demonstrate the auto start interlocks of standby fans function as designed.



4.
To demonstrate system alarms function properly.


b.
Prerequisites



1.
The Initial Check‑out and Run‑in Test is complete.



2.
Electrical power is available.



3.
Nuclear Closed Cooling System is available.



4.
Clean filters are installed.



5.
Test instruments are available and calibrated.


c.
Test Procedure



1.
Actual fan operating parameters of discharge air flow rates, fan static pressures, vibrations, and motor currents/voltages are verified.



2.
Actual resistance to airflow across the roughing filters is verified.



3.
Auto‑start of unit standby fans is verified by simulation of initiating signals.



4.
Proper operation of system alarms is verified by simulation of initiating signals.


d.
Acceptance Criteria



1.
Fan operating parameters are as designed.



2.
Differential pressure across the roughing filters are as designed.



3.
Auto‑start of unit standby fans perform as designed.



4.
System alarms perform as designed.


14.2.12.1.56      Cooling Tower Makeup Isolation Preoperational Test


a.
Test Objective



To demonstrate that the Safety‑Related Cooling Tower Makeup Isolation Valves close on a simulated high water level in the Unit 1 Turbine Building under conditions of full makeup flow to the Unit 1 Cooling Tower.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Unit 1 Cooling Tower is available to accept water.



4.
At least 2 service water pumps are running.


c.
Test Procedure



1.
Establish full makeup flow to the Unit 1 Cooling Tower with the upstream and downstream isolation valves open.



2.
Manually actuate the level switch for the upstream isolation valve and verify that the valve fully closes and no water is flowing to the Unit 1 Cooling Tower.



3.
Re‑Open the upstream valve so that full makeup is again flowing to the Unit 1 Cooling Tower.



4.
Manually actuate the level switch for the Downstream Isolation Valve and verify that the valve fully closes and no water is flowing to the Unit 1 Cooling Tower.


d.
Acceptance criteria



The safety‑related cooling tower makeup isolation valves close on a simulated high water level in the Unit 1 Turbine Building under conditions of full makeup flow to the Unit 1 Cooling Tower.


14.2.12.1.57      Emergency Service Water Screen Wash System Preoperational Test


a.
Test Objective



To verify the ability of the Emergency Service Water Screen Wash System to perform within design specification.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument Air System is available.


c.
Test Procedure



1.
Performance of the ESW Screen Wash pumps is verified to be within design specification.  Pump head is checked for consistency with design specifications.



2.
Proper system response to LOCA signals is verified.



3.
Even spray from the traveling screens’ spray nozzles verified.



4.
Spray from the trough wash nozzles is verified.



5.
Performance of the ESW Screen Wash Traveling Screens is verified to be within design specifications.  Proper screen slow and fast speed travel rates are verified.



6.
Proper operation of system alarms and control functions is verified.


d.
Acceptance Criteria



1.
ESW Screen Wash pumps meet their discharge head requirements and perform within the specified operating limits.



2.
ESW Screen Wash Traveling Screens meet the required fast and slow speed travel rates.


14.2.12.1.58      Solid Radwaste Disposal System Preoperational Test


a.
Test Objective



To verify the ability of the Solid Radwaste Disposal System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are completed and approved.



2.
All permanently installed instrumentation is properly installed, calibrated and operable.



3.
Electrical power sources are available.



4.
Instrument Air System is available.



5.
Service Air System is available.



6.
Liquid Radwaste System is available.



7.
Radwaste Building Ventilation System is available.



8.
Condensate Storage and Transfer System is available.


c.
Test Procedure



1.
Demonstrate that the control functions, interlocks, permissives, and automatic operation performs under dynamic conditions.



2.
Verify by demonstration that the Solid Radwaste System Waste Transfer Pump operates satisfactorily.



3.
Verify by demonstration that the Solid Radwaste System remotely operated valves operate under dynamic conditions.


d.
Acceptance Criteria



1.
All interlocks and automatic operations perform within design specifications.



2.
All system components and operations of the Solid Radwaste System perform within the design specifications.


14.2.12.1.59      Redundant Reactivity Control Systems Preoperational Test


a.
Test Objective



To demonstrate the capability of the Redundant Reactivity Control System (RRCS) to mitigate the potential consequences of an Anticipated Transient Without Scram (ATWS) event.


b.
Prerequisites



1.
Construction is complete to the extent necessary to perform this test.



2.
RRCS controls and instrumentation are calibrated and operable.



3.
Electrical power is available as required.



4.
The following systems are available to the extent necessary to accept RRCS logic outputs as applicable.




(a)
Reactor Recirculation System




(b)
Control Rod Drive System




(c)
Standby Liquid Level Control System




(d)
Neutron Monitoring System




(e)
Feedwater Control System



5.
Communications are established as required to perform this test.


c.
Test Procedure



1.
Each division’s logic channels and controls are initiated using simulated signals as necessary to create a trip condition, while the redundant divisional panel is out‑of‑service.  This includes operation of the RRCS with normal power and loss of normal power.



2.
All seal‑ins, resets and timing functions are functionally tested.



3.
The self‑test system is functionally tested.



4.
RRCS alarms and status indications are functionally tested.


d.
Acceptance Criteria



1.
Alarms and status indications operate properly per the approved drawings.



2.
Seal‑ins, reset features and timing functions operate properly per the approved drawings.



3.
Each division of the RRCS, independently, properly initiates or demonstrates the occurrence and timing of the following events based on type of initiation signal.




(a)
Recirculation Pump Trip or shift to low speed.




(b)
Standby Liquid Level Control Pump Trip.




(c)
Control Rod Alternate Rod Insertion.




(d)
Feedwater System Runback.




(e)
Nuclear Boiler System input response times as specified.




(f)
Low Frequency Motor Generator Sets start and/or trip.




(g)
SLC System Pump interlocks.


14.2.12.1.60      Postaccident Radiation Monitoring System Preoperational Test


a.
Test Objective



To demonstrate the operability of the postaccident radiation monitoring system.


b.
Prerequisites



1.
Component tests and calibrations are complete to the extent necessary to perform this test for the following items:




(a)
Particulate and Iodine sampler.




(b)
TSC and EOF airborne monitors.




(c)
TSC and EOF radiation monitors.




(d)
High range monitors.




(e)
Plant effluent gaseous airborne monitors.



2.
Instrument air is available.



3.
Electric power is available.



4.
HVAC system in the TSC is operable.


c.
Test Procedure



1.
The postaccident radiation monitoring system is demonstrated by the integrated operation of the channel trip unit, alarm annunciators, lights, and recorders (as applicable) for the following:




(a)
Particulate and Iodine sampler.




(b)
TSC and EOF airborne monitors.




(c)
TSC and EOF radiation monitors.




(d)
High range monitors.




(e)
Plant effluent gaseous airborne monitors.



2.
System interlocks are actuated or simulated signals injected as required.


d.
Acceptance Criteria



1.
Sample and purge flows are within specified ranges for the particulate and Iodine sampler.



2.
TSC and EOF airborne monitors indicate the specified count rate.



3.
TSC and EOF area monitor failure and alarm lights perform as specified.



4.
High range area monitor indicator display values agree with acceptable display values.



5.
The effluent gaseous monitor system is able to receive and execute commands, as specified, from the operator via the microcomputer.



6.
Interlocks function correctly as specified.


14.2.12.1.61      Feedwater Leakage Control System (FWLCS) Preoperational Test


a.
Test Objectives



To demonstrate the operability of the FWLCS.


b.
Prerequisites



1.
System component tests and instrument calibrations are complete to the extent necessary to perform this test.



2.
Electrical power is available.



3.
The reactor vessel and feedwater headers are available to receive water.



4.
The following valves are operable, B21‑F065A and B, B21‑F032A and B and B21‑F059A and B.



5.
LPCS and RHR waterleg headers and pumps are available.



6.
The suppression pool is available to supply water to the LPCS and RHR waterleg pumps.


c.
Test Procedure



1.
System valve interlocks, permissives, controls, and status indications are functionally tested.



2.
Seal water flow is established to each injection point from the LPCS and/or the RHR waterleg pumps as applicable.


d.
Acceptance Criteria



1.
The FWLC system controls, interlocks, permissives, and status indication operate properly.



2.
The LPCS and RHR waterleg pumps can provide seal water to the inboard and outboard isolation seals, as applicable, using the suppression pool as a source.


14.2.12.1.62      Penetration Pressurization System Preoperational Test


a.
Test Objectives



1.
To determine the leak rates associated with the two Containment Air Locks, Drywell Air Lock, Containment Equipment Hatch, Drywell Equipment Hatch, and each piping penetration with expansion bellows.



2.
To demonstrate the operability of all personnel air locks.


b.
Prerequisites



1.
The automatic leak rate monitors are operable and calibrated.



2.
Electrical power and instrument air are available.



3.
Instrumentation and controls are calibrated and operable to the extent necessary to perform this test.


c.
Test Procedure



1.
Airlock doors are operated in both the entering and exiting sequence.



2.
Each automatic leakage monitor is operated.



3.
The leak rate is measured for each personnel airlock, equipment hatch and piping penetration with expansion bellows.



4.
Controls, alarms and indication are functionally tested.


d.
Acceptance Criteria



1.
Measured leak rates are less than or equal to allowable limits.



2.
Airlock doors, door interlocks, door status indications, local and remote alarms, and automatic valves operate properly.



3.
Automatic leak rate monitors function properly and provides alarms for excessive leak rates.


14.2.12.1.63      Postaccident Sampling System Preoperational Test


a.
Test Objective



To demonstrate the operability of the postaccident sampling system.


b.
Prerequisites



1.
System component tests and instrument calibrations are complete to the extent necessary to perform this test.



2.
Electrical power is available



3.
Sampling points are available.



4.
Demineralized flush water and nitrogen purge are available.



5.
Liquid Radwaste Sump System is available to receive P87 panel waste.


c.
Test Procedure



1.
System components and status indication are functionally tested.



2.
Actual sample flows are established from each sample point, analyzed as required, and compared to appropriate grab samples.


d.
Acceptance Criteria



1.
System sample pumps and sample return pumps provide adequate sample flows.



2.
The liquid sample coolers maintain proper sample temperatures.



3.
Component controls and status indication devices function properly.



4.
The system is capable of obtaining process samples from all specified sampling points and the sample lines are flushed or purged as applicable.



5.
The system is capable of performing and/or supporting chemical and radiochemical analysis as specified.


14.2.12.1.64      ATWS Class 1E Uninterruptible Power Supply Preoperational Test


a.
Test Objective



To demonstrate proper operation of the ATWS Class 1E uninterruptible ac power system.


b.
Prerequisites



1.
System component test and instrument calibrations are complete to the extent necessary to perform this test.



2.
DC power is available to dc distribution panels.



3.
AC power is available.


c.
Test Procedure



1.
Operation of the Manual Bypass and Static Transfer Switches is functionally tested.


d.
Acceptance Criteria



1.
Division 1 and Division 2 ATWS inverters are capable of supplying power within specified limits while receiving power from the station batteries.



2.
The Manual Bypass Switch associated with each inverter allows transfer and retransfer of power source without interruption of power to the supplied load.



3.
Upon loss of inverter output source, the static transfer switch transfers the load to the ac Bypass Loop within specified time requirements.



4.
Upon restoration of inverter output source the load is automatically transferred from the ac Bypass Loop to the inverter output without interruption of power to the load.


14.2.12.1.65      Emergency and Essential Lighting Systems Preoperational Test


a.
Test Objectives



To demonstrate the ability of the essential and emergency lighting systems to provide minimum illumination levels during loss of normal lighting.


b.
Prerequisites



1.
Individual component initial checkout and run‑in tests are complete.



2.
Unit 1 and Unit 2 non‑Class 1E 125 Vdc systems (R42) are available for service.



3.
The non‑Class 1E 480V motor control center (R24) is available for service.


c.
Test Procedure



1.
The essential lighting is energized from its normal source, then normal lighting is turned off and illumination levels are determined.



2.
A simulated loss of power to all emergency lights is performed to verify that each emergency light comes “ON” with loss of power and turn “OFF” when power is restored.  Lighting levels are determined.



3.
A simulated loss of power for eight (8) hours is performed to verify that each self‑contained emergency battery lighting unit comes “ON” with loss of power and goes “OFF” when power is restored.  Lighting levels are determined.



4.
Each of the self‑contained emergency battery lighting units battery chargers is tested to verify proper operation.


d.
Acceptance Criteria



1.
All essential lights function properly and provide minimum illumination at equipment required for shutdown and in corridors, passageways and stairways.



2.
All emergency lights automatically come “ON” during a simulated loss of power and conversely go “OFF” when power is restored.  The emergency lights provide minimum illumination at equipment required for shutdown and in corridors, passageways and stairways.



3.
All self‑contained emergency battery lighting units automatically turn “ON” during a simulated loss of power and conversely turn “OFF” when power is restored.  The 




self‑contained emergency battery lighting units provide minimum illumination at equipment required for shutdown and in corridors, passageways and stairways for a minimum of eight (8) hours after loss of power.



4.
Each self‑contained emergency battery lighting unit battery charger recharges the battery to its rated capacity or greater within acceptable time limits.


14.2.12.1.66      Engineered Safety Features (ESF) Systems Air Cleaning Units Preoperational Tests


a.
Test Objective



1.
To demonstrate that ESF Air Cleaning Units satisfy the Inplace Testing Criteria and the Laboratory Testing Criteria for Activated Carbon as required by <Regulatory Guide 1.52> Revision 2, with exceptions per <Table 1.8‑1>.


b.
Prerequisites



1.
Construction activities are complete to the extent necessary to assure that the inplace leakage testing is not invalidated.



2.
Testing personnel are qualified per Section 4.3 of ANSI N510‑1980 prior to conducting this test.



3.
Housing Leak Tests are complete per Section 6 of ANSI N510‑1980.



4.
Mounting Frame Pressure Leak Tests are complete per Section 7 of ANSI N510‑1980.



5.
The system Air Balance is complete.



6.
Airflow capacity Tests are complete per Section 8.3.1 of ANSI N510‑1980 except the HEPA filters, charcoal and roughing filters are not installed.  Clean and dirty pressure drops are simulated.


c.
Test Procedure



1.
A visual inspection of the air cleaning system and all associated components is made in accordance with the provisions of Section 5 of ANSI N510‑1980 before the inplace airflow distribution test.



2.
The airflow distribution to each HEPA filter bank and to each charcoal adsorber is tested in accordance with the provisions of Section 8 of ANSI N510‑1980.



3.
The Air‑Aerosol Mixing Uniformity test is completed in accordance with the provisions of Section 9 of ANSI N510‑1980 prior to inplace leak tests.



4.
An inplace leak test for the HEPA filter banks is performed in accordance with Section 10 of ANSI N510‑1980.



5.
An inplace leak test for the charcoal adsorber is tested in accordance with Section 12 of ANSI N510‑1980.



6.
The following conditions are documented:




(a)
The loaded activated charcoal meets the qualification and batch test results summarized in Table 5.1 of ANSI N509‑1976.




(b)
Representative samples of loaded activated charcoal are contained in the sample canister.


d.
Acceptance Criteria



1.
The airflow distribution to the HEPA filter bank and the charcoal adsorber stage is within (20% of the average flow through the air cleaning unit.



2.
The inspection and sample parts are located and identified such that the air‑aerosol mixing is acceptable (the maximum and minimum concentration readings are (20% of the average concentration reading) or properly designed sample or injection manifolds or multiple point sampling is used for the inplace leak tests.



3.
HEPA filter bank penetration is <.05% at the air cleaning units rated airflow.



4.
The charcoal adsorber stage bypass leakage through the adsorber is <.05% (i.e., penetration <.05%).



5.
The visual inspection is acceptable.



6.
The laboratory testing requirements of the loaded charcoal are verified acceptable.



7.
Representative samples of the loaded charcoal are contained in the sample canisters and the sample canisters are installed.


14.2.12.1.67      Plant Environmental Conditions Preoperational Test


a.
Test Objective



1.
To demonstrate that the direction of air flow for Unit 1 and common zones is from areas of low potential radioactivity to 




areas of higher potential radioactivity during plant operation, excluding containment.



2.
To demonstrate the offgas building and heater bay ventilation systems exhaust fans maintain a negative pressure within the areas from which these exhaust fans take a suction.


b.
Prerequisites



1.
Communications are established between the control room and personnel performing the test.



2.
HVAC systems preoperational and acceptance tests are complete.



3.
Plant is structurally complete and in a normal operating configuration.


c.
Test Procedure



1.
Unit 1 and common HVAC systems are operated in their normal configurations (summer and winter modes).



2.
Smoke generators are actuated at specified points in the Unit 1 and common areas and direction of airflow is observed and recorded.



3.
The offgas building and heater bay ventilation areas differential pressure with respect to contiguous areas is measured.


d.
Acceptance Criteria



1.
Direction of air flow for Unit 1 and common zones is from areas of low potential radioactivity to areas of higher potential radioactivity.



2.
The offgas building exhaust and heater bay ventilation systems exhaust fans maintain a negative differential pressure with respect to contiguous areas.


14.2.12.2      Startup Test Procedures


All tests comprising the startup test phase <Table 14.2‑2> are discussed in this section.  For each test, a description is provided for test objective, test prerequisites and initial conditions, test instruction and statement of test acceptance criteria, where applicable.


a.
Certain tests which are not considered “Startup Tests” but which are needed to support startup testing, i.e., control system tune‑ups, are performed as Periodic Test Instructions (PTI’s).  The intent of these PTI’s is to provide optimal control system performance and response to transient conditions purposely injected by:



1.
Permanently installed switches designed to inject a control signal step change, or



2.
A step generator designed for adjustability, easy installation into a test circuit box installed in the control loop with the ability to pass the permanent plant control system signal from the main control room with a small bias, or



3.
A ramping change in the control signal by creating a controller setpoint and feedback signal deviation in the 




“Manual” mode and then placing the controller in the “Automatic” mode.


b.
The PTI’s are performed to support the startup testing effort and any of the three previously mentioned methods is used when initiating transient conditions throughout the performance of the following PTI’s:



1.
PTI‑B33‑P0001 ‑ Recirculation System Tune‑up



2.
PTI‑C34‑P0001 ‑ Feedwater Control System Tune‑up



3.
PTI‑C85‑P0001 ‑ Pressure Control System Tune‑up



4.
PTI‑E12‑P0001 ‑ RHR Steam Condensing Mode Tune‑up



5.
PTI‑C11‑P0001 ‑ CRD Hydraulic System Tune‑up



6.
PTI‑E51‑P0001 ‑ RCIC System Tune‑up


c.
The PTI’s are in Volume 7C of the Operations Manual and are reviewed and approved in accordance with plant administrative procedures and are based on control system tune‑up instructions provided by General Electric.



During startup transient testing, selected safety‑related Emergency Response Information System parameters were monitored.



In describing the purpose of a test, an attempt is made to identify those operating and safety oriented characteristics of the plant which are being explored.  Where applicable, a definition of the relevant acceptance criteria for the test is given and is designated either Level 1, Level 2 or Level 3.



1.
Acceptance Criteria for Level 1




If a Level 1 test criterion is not satisfied, the plant is placed in a hold condition that is judged to be satisfactory and safe, based upon prior testing.  Plant operating or test procedures, or the Technical Specifications, may guide the decision on the direction to be taken.  Startup tests consistent with this hold condition are continued.  Resolution of the problem is immediately pursued by appropriate equipment adjustments or through engineering support by offsite personnel if needed.  Following resolution, the applicable test portion is repeated to verify that the Level 1 requirement is satisfied.  A description of the problem resolution is included in the report documenting the successful test.



2.
Acceptance Criteria for Level 2




If a Level 2 test criterion is not satisfied, plant operating or startup test plans are not necessarily altered.  The limits stated in this category are usually associated with expectations of system transient performance, and whose characteristics can be improved by equipment adjustments.  An investigation of the related adjustments, as well as the measurement and analysis methods, is initiated.




If all Level 2 requirements in a test are ultimately met, there is no need to document a temporary failure in the test report; unless there is an educational benefit involved.  Following resolution, if equipment adjustments or corrective actions are required to fix the problems then the test is repeated to verify that the Level 2 requirement is satisfied.




If a certain controller‑related Level 2 criterion is not satisfied after a reasonable effort, then the control engineers may choose to document that result with a full explanation of their recommendations.  This report discusses alternatives of action, as well as the concluding recommendation, so that it can be evaluated by all related parties.



3.
Acceptance Criteria for Level 3




If Level 3 performance is not satisfied, plant operating or startup test plans are not necessarily altered.  The numerical limits stated in this category are associated with expectations of plant subsystem, individual component or inner control loop transient performance.  Because overall system performance is a mathematical function of its individual components, one component whose performance is slightly worse than specified is accepted if a system adjustment elsewhere positively overcomes this small deficiency.  Level 3 performance is not specified in fuel or vessel protective systems.




If all Level 1 and Level 2 criteria are satisfied, then it is not required to repeat the transient test to satisfy Level 3 performance.  The occurrence is documented in the test report.


d.
Control System Operating Modes



Specific control systems operating modes were required for the performance of various startup tests.  <Table 14.2‑7> provides a description of control system operating modes referenced in the startup test descriptions.


e.
Plateau Instructions



A controlling instruction was written for each test plateau which identified those startup tests scheduled for each test plateau and for each test condition within these plateaus and provided a means to ensure that all outstanding items were satisfactorily completed before entering the next test condition/plateau.  These plateau instructions followed the same format and approval process as the other startup tests.


14.2.12.2.1      Test Number 1 ‑ Chemical and Radiochemical


a.
Test Objective



This test collects chemical and radiochemical data for use in analyzing plant operations.  During various plant conditions data is collected from the following systems:  Reactor Water, Condensate, Feedwater, Control Rod Drive Water, Condensate Demineralizer, Reactor Water Cleanup, Main Steam, and Liquid Radwaste.  Using established methods and approved procedures, the analysis of the samples is conducted and the results reviewed.



Chemistry data is collected prior to fuel load, prior to heatup, during heatup, power ascension, and during the “No RWCU” test.  The radiation doses at selected locations on Recirculation Piping and RWCU piping are measured after plant shutdown to identify any buildup of radioactive crud in the piping.



General Chemistry data is collected at various test conditions to gain baseline data to be analyzed and used for future plant testing.



The purpose for testing the chemical and radiochemical parameters of the plant are first; to verify that chemical parameters of the 



reactor coolant and selected support systems meet acceptable limits and second; to determine, using approved plant procedures, the adequacy of sampling equipment and analytical procedures/techniques for sampling.  Additional objectives for this test are to evaluate fuel performance, confirmation of condenser integrity, demonstrate proper steam separation‑dryer operation, and to measure and calibrate certain process instrumentation.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The following systems are available for operation:  Reactor water cleanup, condensate demineralizers, fuel pool cooling, and cleanup.  Chemistry personnel are available to draw and analyze samples and sample systems are operational.


c.
Test Instruction



Prior to fuel loading, samples are taken to determine initial concentrations.  Subsequent to fuel loading during reactor heatup and at each major power level change, samples are taken and measurements are made to determine the chemical and radiochemical quality of reactor water, chemical quality of reactor feedwater, gaseous activities at the offgas charcoal bed inlet, and performance of filters/demineralizers.  Also, if necessary, NaOH is injected into the reactor water to increase the Na‑24 activity levels to aid in determining moisture carryover in the steam at the reactor exit.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
Chemical factors defined in the Operational Requirements Manual Fuel Warranty are maintained within the limits specified.



2.
The activity of gaseous and liquid effluents conform to license limitations.



3.
Water quality is known at all times and remains within the guidelines of the Water Quality Specifications.



Acceptance Criteria for Level 2:



1.
Moisture carry‑over should be less than 0.1%.


14.2.12.2.2      Test Number 2 ‑ Radiation Monitoring


a.
Test Objective



The purposes of this test are to determine the background radiation levels in the plant environs prior to operation for baseline data on activity buildup and to monitor radiation at selected power levels to assure the protection of personnel during plant operation.


b.
Prerequisites



The preoperational tests are complete as applicable.  The appropriate instruments are calibrated.  Radiation Base Point 



Identifiers are placed in the specified locations.  Source checks are performed on the required instruments during the previous 24 hours.


c.
Test Instruction



A survey of natural background radiation throughout the plant is made prior to fuel loading.  Subsequent to fuel loading, during reactor heatup and at nominal power levels of 20‑25 percent, 60 percent, and 100 percent of rated power, gamma dose rate measurements, and where appropriate, neutron dose rate measurements are made at significant locations throughout the plant.  All potentially high‑radiation areas are surveyed.



Surveys are also performed before and after a Reactor Water Cleanup resin transfer and during transfer of the startup neutron sources through the inclined transfer tube.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The radiation doses of plant origin and the occupancy times of personnel in radiation zones are controlled consistent with the guidelines of the Standards for Protection Against Radiation outlined in <10 CFR 20>.


14.2.12.2.3     Test Number 3 ‑ Fuel Loading


a.
Test Objective



The purpose of this test is to load fuel safely and efficiently to the full core size.


b.
Prerequisites and Initial Conditions



Prerequisites to fuel loading are established in <Section 14.2.10> and the tests required thereby are implied in those prerequisites.  The PORC reviews the recommendation to load fuel and approval to load fuel is given by the Plant Manager.


c.
Test Instruction



Fuel loading commences with the loading of four fuel assemblies around the central neutron source.  Loading continues per a specific loading plan until all assemblies are loaded.



During fuel loading, the fuel loading chamber’s response is monitored and recorded and utilized to maintain inverse multiplication plots.



Control rod functional tests, subcriticality checks and a partial core shutdown margin demonstration are performed periodically during the loading.



The subcriticality, shutdown margin, and SRM tests performed during fuel load are considered physics tests since these tests either verify proper operation of the reactor instrumentation, or verify fundamental nuclear characteristics.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The partially loaded core is subcritical by at least 0.38 percent ( k/k with the analytically strongest rod fully withdrawn.


14.2.12.2.4      Test Number 4 ‑ Full Core Shutdown Margin


a.
Test Objective



The purpose of this test is first to demonstrate that the reactor is subcritical throughout the first fuel cycle with any single control rod fully withdrawn and second to determine quantitatively the shutdown margin of the as‑loaded core.


b.
Prerequisites and Initial Conditions



The fuel loading procedure is complete.  All operable Source Range and Intermediate Range Monitors are fully inserted.  The reactor is subcritical and all control rods are fully inserted.


c.
Test Instruction



This test is performed in the fully loaded core in the xenon‑free condition during open vessel testing.  The control rods are withdrawn in sequence until all Group 1 and Group 2 control rods are fully withdrawn, at which point reactor subcriticality demonstrates that required shutdown margin exists throughout the entire first cycle.  Afterwards, control rod withdrawals resume until criticality is reached.  At the time of criticality, the stable reactor period is determined using the Source Range Monitor (SRM) Log Count Rate meters or measured using a stop watch.  With reactivity adjustments for the reactor period, moderator temperature, and the peak reactivity point in the cycle, the minimum shutdown margin for the first cycle is determined quantitatively.  During the shutdown margin calculation, adjustment is made for the difference between the measured Keff and the calculated Keff.



This test is considered a physics test since shutdown margin is a fundamental nuclear characteristic.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The shutdown margin of the fully loaded, cold (68(F), xenon‑free core occurring at the most reactive time during the cycle is at least 0.38% ( k/k with the analytically strongest rod (or its reactivity equivalent) withdrawn.  If the shutdown margin is measured at some time during the cycle other than the most reactive time, compliance with the above criteria is shown by demonstrating that the shutdown margin is 0.38% ( k/k plus an exposure dependent increment which adjusts the shutdown margin at that time to the minimum shutdown margin.



Acceptance Criteria for Level 2:



1.
Criticality occurs within (1.0 percent ( k/k of the predicted critical.


14.2.12.2.5      Test Number 5 ‑ Control Rod Drive System


a.
Test Objective



The purposes of the control rod drive system test are to demonstrate that the control rod drive (CRD) system operates properly over the full range of reactor coolant temperatures and pressures from ambient to operating, and to determine the initial operating characteristics of the entire CRD system.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  Fuel loading is complete for the fuel cell associated with the control rod drive to be tested.  Communications are established between the control room and hydraulic control unit associated with the control rod drive to be tested.


c.
Test Instruction



The CRD tests performed during the startup test program are designed as an extension of the tests performed during the preoperational CRD system tests.  Thus, after it is verified that all control rod drives operate properly when installed, they are tested periodically during heatup to assure that there is no significant binding caused by thermal expansion of the core components.  The control rod drive tests performed during startup testing include coupling, friction and timing tests.  The timing tests check scram times, and both single and ganged rod insertion and withdrawal times.  The friction tests are done by recording a differential pressure trace during control rod insertion.



The components of CRD systems are designed, fabricated, and installed to provide the stipulated scram performance at a reactor pressure of 1,085 psig, measured at the bottom head.  At lower reactor pressures, scram times may not exceed those at 1,085 psig.



The timing tests are considered physics tests since reactivity addition rates are a fundamental nuclear characteristic.








          Test Conditions




  Reactor Pressure with Core Loaded




            psig (kg/cm2)



Action
0    600(42.2)    800(56.2)    Rated



Position Indication
all



Insert/Withdraw



a) Single CRD Continuous



   Modes
all



b) Gang Groups Continuous



   Modes
all



Coupling
all



Friction
all


50%(3)


Cooling Water Flow Rates



(Total)



  1



Individual CRD Scram
all
4(1)
4(1)
 all



Individual CRD scram



  4(2)



Single CRD scrams are performed with the charging valve 
closed.


NOTES:


(1)
Refers to four CRDs selected for continuous monitoring based on slow normal accumulator pressure scram times as determined from preoperational testing, or unusual operating characteristics.  The “four selected CRDs” are compatible with the requirements of both the withdrawal sequence and the installed rod movement limitation systems.


(2)
Scram times of the four slowest CRDs that are fully withdrawn are determined at Test Conditions 1, 6, and 8 before or during planned reactor scrams.


(3)
Rods tested are chosen by the Test Director.  If hot test pressure for one or more drives exceeds maximum allowable pressure, test all drives and perform corrective action on all drives exceeding maximum allowable pressure.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
Each CRD has a normal withdraw speed less than or equal to 3.6 inches per second, indicated by a full 12‑foot stroke in greater than or equal to 40 seconds.



2.
The scram insertion time of each control rod from the fully withdrawn position, based on opening of contacts of main scram contactor (de‑energization of the scram pilot valve solenoids) at time zero, does not exceed the acceptance criteria provided in the General Electric Startup Test Specifications.  This includes the limit that the total number of “slow” drives (per the General Electric Startup Test Specification) does not exceed 7.



Acceptance Criteria for Level 2:



1.
Each CRD has a normal insert and withdraw speed of 3.0(0.6 inches per second, indicated by a full 12 foot stroke in 40 to 60 seconds.



2.
With respect to the control rod drive friction tests, if the differential pressure variation exceeds 15 psid for a con-tinuous drive in, a settling test is performed, in which case, the differential settling pressure is not less than 30 psid nor does it vary by more than 10 psid over a full stroke.




NOTE:
For Perry, the differential setting pressure is nominally 5 psid higher at the 00 position than at any other position due to the functioning of the spring actuated buffer piston located at the top of the drive.



3.
The CRD’s total cooling water flow rate is between 0.28 and  0.34 gpm times the total number of drives.



4.
For vessel pressures below 950 psig, the maximum scram time of individual fully withdrawn CRD’s complies with the criteria given in the GE Startup Test Specifications.



5.
Buffer time (pickup of position indicator probe switch “52” to drop out of “52”) is not less than 10 milliseconds when scram testing at nominal accumulator conditions with the reactor open to the atmosphere and 15 milliseconds at nominal accumulator conditions with the reactor at rated pressure.



6.
In the continuous ganged rod mode, the rods move together so that all rods are within two notches of all other rods.



Acceptance Criteria for Level 3:



1.
Upon receipt of a simulated or actual scram signal, the Flow Control Valve (FCV) closes to its minimum position within 10 to 30 seconds.



2.
The CRD system flow does not change by more than (3.0 gpm as reactor pressure varies from atmospheric to rated pressure.



3.
The decay ratio of any oscillatory controlled variable is less than 0.25 for any flow setpoint changes or for system disturbances caused by the CRD’s being stroked.


14.2.12.2.6      Test Number 6 ‑ SRM Performance and Control Rod Sequence


a.
Test Objective



The purpose of this test is to demonstrate that the neutron sources, SRM instrumentation and rod withdrawal sequences provide adequate information to achieve criticality and increase power in a safe and efficient manner.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The Source Range Monitor (SRM) and Intermediate Range Monitor (IRM) systems are calibrated and functionally checked.  The IRM system is connected to the reactor protection system.  The SRM’s are in the non‑coincidence scram mode.


c.
Test Instruction



The SRM’s are functionally tested when they are first used to monitor neutron flux.  This occurs, during the fuel loading phase in conjunction with Test Number 3, Fuel Loading, and is done with the neutron sources installed and with all control rods inserted.  During the functional test, the SRM’s are checked to verify that the neutron signal count‑to‑noise count ratio is at least 2:1 and to verify a minimum count rate of 0.7 counts/second (cps) on the required operable SRM’s.


During plant heatup a non‑saturation check of the SRM’s is performed.



Movement of rods in a prescribed sequence is monitored by the Rod Control and Information System which enforces specific rules 



regarding rod movement based on power level, rod sequence and rod group.  Rod movement is made within the guidelines enforced by the Rod Pattern Control System.



This test is considered a physics test since it verifies proper operation of the reactor instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
There is a neutron signal count‑to‑noise count ratio of at least 2 to 1 on the required operable SRM’s.



2.
There is a minimum count rate of 0.7 counts/second on the required operable SRM’s.


14.2.12.2.7      Test Number 8 ‑ Rod Sequence Exchange


a.
Test Objective



The purpose of this test is to perform a representative sequence exchange of control rod patterns at a significant power level.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The rod movement sequence is available from Reactor Engineering.  The Traversing Incore Probe (TIP) system is operable.  The process computer is operable.  Core power is reduced such that all nodal powers are at an acceptable level below operating limits for the exchange.


c.
Test Instruction



Rod patterns are periodically exchanged during plant operations to more nearly equalize fuel assembly exposures.  This test is performed as an example of the exchanges which are made throughout plant life, and is provided to illustrate the principles involved.  It is performed as close as possible to 1,000 MWD/T core exposure.  The control rod sequence exchange begins on the 100 percent load line by reducing core flow and reducing thermal power to a lower value to keep nodal powers below limits during the sequence exchange.  Also, in reducing thermal power, care is taken to avoid exceeding the design limits of the core total peaking factor.  The ensuing steps involve utilizing the process computer, specifically P1 and Subprograms OD‑1, 2, 3, 7, 8 and 14g, followed by Average Power Range Monitor (APRM) data and extensive utilization of the TIP machines.  The exchange is performed a row or column at a time.



Acceptance Criteria for Level 1:



1.
Complete the exchange of one rod pattern for the complimentary pattern with continual satisfaction of all licensed core limits.


14.2.12.2.8      Test Number 10 ‑ Intermediate Range Monitor Performance


a.
Test Objective



The purpose of this test is to adjust the IRM system to obtain an optimum overlap with the SRM and APRM systems.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  SRM’s are in the non‑coincidence scram mode (only one SRM scram signal needed to 



scram) prior to demonstrating IRM response to neutron flux and full‑core shutdown margin.  The IRM’s are fully inserted.


c.
Test Instruction



Initially the IRM system is set to the values of gain determined during preoperational testing.  During the initial startup all IRM’s are verified to respond to neutron flux.  During the condition when the reactor power is sufficient to produce adequate counts/second on the SRM’s, SRM‑IRM overlap is verified.



At a condition between reactor critical and rated temperature, the IRM range correlation adjustment is verified.  During the power increase to test condition Heatup, IRM‑ARPM overlap is verified.  With the IRM’s fully inserted, the IRM’s are not reading near the upscale trip on the highest range when the APRM’s are reading near their downscale trip, 3 to 5 percent rated power.  There is approximately one decade overlap of IRM’s with the APRM’s.  If any gain adjustments are made during this verification, SRM‑IRM overlap is verified again at the first opportunity.  After the first LPRM calibration the IRM‑APRM overlap is rechecked at the first opportunity.



This test is considered a physics test since it verifies proper operation of the reactor instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
Each IRM channel is on scale before the SRM’s exceed their rod block setpoint.  Each APRM is on scale before the IRM’s exceed their rod block setpoint.



Acceptance Criteria for Level 2:



1.
Each IRM channel is adjusted so that a half decade overlap with the SRM’s and one decade overlap with the APRM’s are assured.


14.2.12.2.9      Test Number 11 ‑ LPRM Calibration


a.
Test Objective



The purpose of this test is to calibrate the local power range monitoring system and to verify the LPRM flux response.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The Traversing Incore Probe (TIP) system is operable.



Steady‑state equilibrium xenon conditions are attained.  Prior to the first LPRM calibration, the gain of each LPRM amplifier is set at the specified value.


c.
Test Instruction



Using TIP data, the LPRM channels are calibrated to make the LPRM readings proportional to the neutron flux in the LPRM water gap at the chamber elevation.  Calibration factors are obtained through the use of either an offline or a process computer calculation that relates the LPRM reading to average fuel assembly power at the chamber height.



The LPRM system is calibrated during the initial startup test program at the power levels of the various tests during the power ascent.



This test is considered a physics test since it verifies proper operation of the reactor instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Each LPRM reading is within 10 percent of its calculated value.


14.2.12.2.10      Test Number 12 ‑ APRM Calibration


a.
Test Objective



The purpose of this test is to calibrate the average power range monitor system.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The LPRM system and the process computer (or other means for determining the heat balance) are operable.  The APRM flow biased scram and rod block are set to the specified level.  The reactor is operating at constant power and flow conditions.


c.
Test Instruction



At a power level high enough to obtain an accurate heat balance, a heat balance is done periodically and after each major power level change.  Each APRM channel reading is adjusted to be consistent with the core thermal power as determined from the heat balance.  Before the APRM’s are calibrated at power, they are set at maximum gain with reduced scram and rod block settings to provide 



conservatism prior to the calibration.  During nuclear heatup the APRM’s are calibrated using a constant heatup rate heat balance.  A more accurate heat balance is performed in the power range when adequate feedwater indication is available.



This test is considered a physics test since it verifies proper operation of the reactor instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The APRM channels are calibrated to read equal to or greater than the actual core thermal power.



2.
Technical Specification and Fuel Warranty Limits on APRM scram and rod block are not exceeded.



3.
In the startup mode, all APRM channels produce a scram at less than or equal to 15 percent of rated thermal power.



Acceptance Criteria for Level 2:



1.
If the above criteria are satisfied, then the APRM channels are considered to be reading accurately if they agree with the heat balance, (to within +2, ‑2 percent of rated power as required by the Technical Specifications) or the value required by the Technical Specifications (based on the ratio of CMFLPD to FRTP).


14.2.12.2.11      Test Number 13 ‑ NSSS Process Computer


a.
Test Objective



The purpose of this test is to verify the performance of the NSSS Process Computer and online NSSS computer programs under plant operating conditions.


b.
Prerequisites and Initial Conditions



Computer hardware is checked out and operational.  The computer stored data is compared to the GE supplied NSSS data.  The TIP system is operable and the reactor power distribution is constant.  The control rod pattern has octant symmetry.


c.
Test Instruction



The process computer system program verifications and calculational program validations at static and at simulated dynamic input conditions are preoperationally tested.  Following fuel loading, during plant heatup, and the ascension to rated power, the nuclear steam supply system and the balance‑of‑plant system process variable values sensed by the computer as digital or analog signals are verified to be received correctly.  The results of performance calculations of the nuclear steam supply system and the balance‑of‑plant using these variable values, are also verified correct.



The process computer to TIP interfacing and the OD‑1 program are checked out at static input conditions after fuel loading and prior to the initial heatup.  At Test Condition HU, the proper TIP alignment is adjusted as necessary to allow for system expansion.  At steady‑state power of Test Conditions 1 or 2, 3, 5, and 6, selected phases of the Dynamic System Test Case (DSTC) are 



performed.  The DSTC checks the operation of the online NSSS programs using actual plant operating values of NSSS process variables.  At Test Condition 1 or 2, operability checks of Programs OD‑2, OD‑9 and OD‑18 are made.  Data is collected using OD‑12 for transmittal to General Electric NEBO for evaluation.  The P1 program is tested in various symmetry modes to verify consistency.



At Test Condition 6, full power data is collected for transmittal to General Electric NEBO for evaluation.  At the steady‑state operating state of the various test conditions, a comparison of heat balance and core thermal limit calculations is made between the online programs and offline heat balance calculation along with the offline program BUCLE.  BUCLE is used to verify core performance until the online programs are validated.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



Programs OD‑1, P1 and OD‑6 are considered operational when:



1.
The MCPR calculated by BUCLE and these programs either:




(a)
Are in the same fuel assembly and do not differ in value by more than 2%, or,




(b)
For the case in which the MCPR calculated by these programs are in a different assembly than that calculated by BUCLE, for each assembly, the MCPR and CPR calculated by the two methods agree within 2%.



2.
The maximum LHGR calculated by BUCLE and these programs either:




(a)
Are in the same fuel assembly and do not differ in value by more than 2%, or,




(b)
For the case in which the maximum LHGR calculated by these programs are in a different assembly than that calculated by BUCLE, for each assembly, the maximum LHGR and LHGR calculated by the two methods agree within 2%.



3.
The MAPLHGR calculated by BUCLE and these programs either:




(a)
Are in the same fuel assembly and do not differ in value by more than 2%, or,




(b)
For the case in which the MAPLHGR calculated by these programs are in a different assembly than that calculated by BUCLE, for each assembly, the MAPLHGR and APLHGR calculated by the two methods agree within 2%.



4.
The LPRM calibration factors calculated by the independent method and the process computer agree within 2%.



5.
The remaining programs are considered operational upon successful completion of the static and dynamic testing.


14.2.12.2.12
   Test Number 14 ‑ RCIC System


a.
Test Objective



The purpose of this test is to verify the proper operation of the reactor core isolation cooling (RCIC) system over its expected operating pressure range and to demonstrate reliability at power conditions and during RCIC startup.


b.
Prerequisites



The preoperational tests are complete as applicable.  The ERIS System is operable and the main turbine is offline for vessel injections.  Temporary modifications have been made to install a test box and step generator for the specified sections.


c.
Test Instruction



The RCIC system is designed to be tested in two ways:  (1) by flow injection into a test line leading to the Condensate Storage Tank (CST), and (2) by flow injection directly into the reactor vessel.  When testing by flow to the CST a valve is throttled to provide a pump discharge pressure at rated flow of approximately 100 psi greater than vessel pressure to simulate flow to the vessel.



The proper operation and reliability of the system is demonstrated in three basic ways:  (1) by reactor vessel/CST injections in the automatic mode, (2) by inputting test signals to the speed and flow controllers and observing the stability of the loop response, and (3) by an extended operation demonstration.  The injection stability tests are performed at both 150 psig and rated reactor pressure thus showing capability over the full range of required 



operation.  Two consecutive successful vessel injections from cold conditions, which is defined as no operation for 72 hours, are required to show reliability.  The cold vessel injections and stability demonstrations are performed with final controller settings.



A set of benchmark cold quick starts with flow to the CST are performed with final controller settings for comparison with future surveillance tests.



The testing is performed in a building block manner starting with operability checks using flow to the CST when reactor vessel pressure initially reaches 150 psig.  Calibration data for the steam flow isolation signal is also obtained and verified.



The test sequence is summarized below:




Action

Test Conditions



1.
Condensate storage tank
A.
150 psig reactor




injection, manual start.

pressure.





B.
Rated reactor pressure, RCIC discharge 100 psi above RPV.



2.
Condensate storage
A.
Immediately after




injections step changes in

action with 1 RCIC




flow for controller

discharge to condensate




adjustments.

storage tank.  Manual and automatic control modes.



3.
Condensate storage tank
A.
Rated reactor pressure,




injection Hot quick start.

RCIC discharge 100 psi






above RPV.





B.
150 psig reactor pressure, RCIC discharge 100 psi above RPV.




Action

Test Conditions



4.
Condensate storage tank
A.
Rated reactor pressure,




injection extended operation

RCIC discharge 100 psi




demonstration.

above RPV.



5.
Reactor vessel injection,
A.
Rated reactor pressure.




manual start, followed by

Manual and automatic




stability demonstration.

modes.





B.
150 psig reactor pressure.  Manual and automatic modes.



6.
Reactor vessel injection hot
A.
Rated reactor




quick start.

pressure.





B.
150 psig reactor pressure.  Manual and automatic modes.



7.
Confirmatory reactor
A.
Rated reactor pressure.




injection, cold quick start.

Final RCIC controller settings.



8.
Second consecutive confirmatory
A.
Same as 7A.




reactor vessel injection, cold




quick start.



9.
Condensate storage tank
A.
Rated reactor pressure,




injection for surveillance test

Final controller




base data, cold quick start.

settings RCIC discharge approximately 100 psi above RPV.





B.
150 psig reactor pressure, Final controller settings, RCIC discharge approximately 100 psi above RPV



10.
Condensate storage tank manual
A.
Rated reactor pressure,




injection from remote shutdown

RCIC discharge 100 psi




panel.  Followed by stability

above RPV.




demonstration


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The average pump discharge flow is equal to or greater than the 100 percent rated value after 30 seconds have elapsed from automatic initiation (or RCIC manual push button start) at any reactor pressure between 150 psig and rated.



2.
The RCIC turbine does not trip or isolate during auto or manual start tests.



If Level 1 Criterion No. 1 is not met, the reactor is only allowed to operate up to a restricted power level defined by <Figure 14.2‑7> until the problem is resolved.



Acceptance Criteria for Level 2:



1.
The turbine gland seal system is capable of preventing steam leakage to the atmosphere.



2.
The delta P switches for the RCIC steam supply line high‑flow isolation trip are calibrated to actuate at the value specified in the plant Technical Specifications (about 300%).



3.
The speed and flow control loops are adjusted so that the decay ratio of any RCIC system related variable is not greater than 0.25.



4.
In order to provide an overspeed and isolation trip avoidance margin, the transient start first and subsequent speed peaks do not exceed 5 percent above the rated RCIC turbine speed.


14.2.12.2.13      Test Number 16A ‑ Selected Process Temperatures


a.
Test Objective



The purpose of this test is to assure that the measured bottom head drain temperature corresponds to bottom head coolant temperature during normal operation, to identify any reactor operating modes that cause temperature stratification, to determine the minimum position of the flow control valves which prevent coolant temperature stratification in the reactor pressure vessel bottom head region, and to familiarize plant personnel with the temperature differential limitations of the reactor system.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  System instrumentation is calibrated.


c.
Test Instruction



The adequacy of bottom drain line temperature sensors is determined by comparing it with recirculation loop coolant temperature when core flow is approximately 100% of rated.



During initial heatup while at hot standby conditions, the bottom drain line temperature, recirculation loop suction temperature and applicable reactor parameters are monitored as the recirculation flow is slowly lowered to either minimum stable flow or the low recirculation flow control valve position, whichever is the greater.  Utilizing this data it is determined whether coolant temperature stratification occurs when the recirculation pumps are on and if so, what minimum recirculation flow prevents it.



Monitoring the preceding information during planned pump trips determines if temperature stratification occurs in the idle recirculation loops or in the lower plenum when one or more loops are inactive.



Data is analyzed to determine if changes in operating procedures are required.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The reactor recirculation pumps are not started nor is flow increased unless the coolant temperatures between the steam dome and bottom head drain are within 100(F.



2.
The recirculation pump in an idle loop is not started, active loop flow is not raised, and power is not increased unless the idle loop suction temperature is within 50(F of the active loop suction temperature.  If two pumps are idle, the loop suction temperature is within 50(F of the steam dome temperature before pump startup.



Acceptance Criteria for Level 2:



1.
During two pump operation at rated core flow, the bottom head temperature as measured by the bottom head drain line thermocouple is within 30(F of the recirculation loop temperatures.


14.2.12.2.13.1      Test Number 16B ‑ Water Level Reference Leg Temperature


a.
Test Objective



The purpose of this test is to measure the reference leg temperature at rated temperature and pressure and steady‑state, and ensure recalibration of the instruments if the measured temperature is different than the value assumed during the initial calibration.  Temperature data is also taken during heatup testing to verify acceptance criteria for the shutdown range water level instrumentation.  The fuel range reference leg temperatures are not verified since this range is calibrated at 0 psig with saturated water and steam conditions in the reactor vessel and drywell.


b.
Prerequisites and Initial Conditions



Containment and drywell cooling systems are in normal operation and the temperature in the vicinity of the reference legs is steady‑state.  The preoperational tests are complete as applicable and system instrumentation has been calibrated.


c.
Test Procedure



To monitor the reactor vessel water level, five level instrument systems are provided.  These are:



1.
Shutdown Range



2.
Narrow Range



3.
Wide Range



4.
Fuel Range



5.
Upset Range



These systems are used respectively as follows:



1.
Water level measurement in cold, shutdown conditions.



2.
Feedwater flow and water level control functions.



3.
Safety functions.



4.
Postaccident indication.



5.
Level indication during transients.



As clarified in the test objective, the test is done at rated temperature and pressure and under steady‑state conditions and verifies that the reference leg temperature of the instrument is the value assumed during initial calibration.  The atmosphere in the vicinity of the reference legs is measured.  This is considered to be the temperature of the reference legs.  Data taken during heatup testing is used to verify the acceptance criteria for the shutdown range level instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The difference between the actual reference leg temperature(s) and the value(s) assumed during initial calibration is less than that amount which results in a scale end point error of 1 percent of the instrument span for each range, excepting the fuel range water level instrumentation.


14.2.12.2.14      Test Number 17 ‑ System Expansion


a.
Test Objective



The purpose of this test is to confirm that safety‑related pipe suspension systems and other systems as identified are working as designed and that the pipe is free of obstructions that could constrain free pipe movement.


b.
Prerequisites and Initial Conditions



Instrumentation to monitor displacements and temperatures is installed and calibrated.  All construction work and suspension system installation on the affected piping is completed, inspected, and adjusted in accordance with specifications.  The ERIS system is available.


c.
Test Instruction



The thermal expansion tests consist of measuring displacements and temperatures of piping during various operating modes.  This is accomplished by verifying proper thermal movements of snubbers and spring hangers by direct visual monitoring during the initial heatup of the systems whose operating temperature exceeds 250(F.  When radiation precludes visual monitoring, direct piping movement is verified using remote sensors.  The first power level used to verify expansion is as low as practicable.  Thermal movement and temperature measurements are recorded at the following test points:



1.
Reactor pressure vessel heatup and hold at one intermediate temperature before reaching normal operating temperature; at this time the drywell piping and suspension are inspected for obstruction or inoperable supports;



2.
Reactor pressure vessel heatup and hold at normal operating temperature;



3.
Main steam and recirculation piping heatup and hold at normal operating temperature;



4.
On three separate heatup/cooldown cycles, measurements are recorded at the operating and shutdown temperatures to measure possible shake down effects.



The piping considered to be within the boundary of this test is listed below:



1.
Main steam:  Steam lines including the RCIC piping on Line A are tested.  Those portions within the scope of the test are bounded by the reactor pressure vessel nozzles and the penetration head fittings.



2.
Relief valve discharge piping:  The piping attached to the main steam lines and bounded by the relief valve discharge flange and the first downstream anchor are within the scope of the test.



3.
Recirculation piping:  The recirculation piping, bounded by the reactor pressure vessel nozzles, is within the scope of the test.  The RHR suction line from the branch connection to the penetration head fitting is also monitored during the tests.



4.
Small attached piping:  Small branch piping attached to those portions of piping within the scope of the test is bounded by the large pipe branch connection and the first downstream 




guide or anchor.  Small branch pipes that cannot be monitored because of limited access are excluded from the scope of this test.


d.
Acceptance Criteria



The thermal expansion acceptance criteria are based upon the actual movements being within a prescribed tolerance of the movements predicted by analysis.  Measured movements are not expected to precisely correspond with those mathematically predicted.  Therefore, a tolerance is specified for differences between measured and predicted movement.  The tolerances are based on consideration of measurement accuracy, suspension free play, and piping temperature distribution.  If the measured movement does not vary from the predictions by more than the specified tolerance, the piping is expanding in a manner consistent with predictions and is therefore acceptable.  Tolerances are the same for all operating test conditions.  For the locations to be monitored, actual measurements are compared with predicted displacements.



Acceptance Criteria for Level 1:



1.
The Level 1 movement tolerances, which are obtained from GE and included in the test instruction, are intended to set bounds on thermal movement, which if exceeded, require that the test be placed on hold.  Pipe does not necessarily converge smoothly to predicted movements with increase in operating temperature:  During the first part of the test, vessel movements often move the pipe in a direction opposite of stress report predictions; the pipe also advances in a stepwise fashion due to friction constraint.  Level 1 criteria discounts spurious movement measurements that result in unnecessary test holds but still maintains safe limits on movement.




To assure that the criteria is applied at relevant test conditions, the criteria is not applied before the vessel and piping temperatures are at meaningful values.  In addition a voting logic is used to discount spurious movements due to instrument malfunction.  If the free thermal expansion of the piping is obstructed, movement discrepancies occur at multiple locations because of coupling effects; therefore, in specified cases, if only one instrument out of a pair indicates movements are not within Level 1 criteria, that measurement is discounted as spurious.



Acceptance Criteria for Level 2:



1.
Transducer alignment and Level 2 tolerances are obtained from GE and specified in the test instruction.  The predicted movements for the various system operating modes are contained in the applicable piping stress reports.



Correlation of Test Data and Analysis:



The predicted movements are based on mathematical calculations that are dependent on assumed nozzle movements and temperature distributions.  The measured temperatures and nozzle movements are compared with those assumed in the analysis to determine which analysis condition corresponds to the test condition.  Only corresponding conditions are used to evaluate test results.  If the test conditions do not correspond to any of those assumed in the analysis, the evaluating Piping Design Engineer finds it necessary to calculate movements based on measurements and compare the predicted movements with the measured movements to establish acceptability.


14.2.12.2.15      Test Number 18 ‑ Core Power Distribution


a.
Test Objective



The purpose of this test is to determine the reproducibility of the TIP system readings.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The TIP system and process computer are operable.  The plant is operating at steady‑state power and flow.  The local and average power range monitor systems are operable.


c.
Test Instruction



TIP reproducibility consists of a random noise component and a geometric component.  The geometric component is due to variation in the water gap geometry from TIP location to location.  Measurement of these components is obtained by taking repetitive TIP readings at a single TIP location, and by analyzing pairs of TIP readings taken at TIP locations which are symmetrical about the core diagonal of fuel loading symmetry.



One set of TIP data is taken at 75% power or above.



The TIP data is taken with the reactor operating with an octant symmetric rod pattern and at steady‑state conditions.



The total TIP reproducibility is obtained by dividing the standard deviation of the symmetric TIP pair nodal ratios by 
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.  The nodal TIP ratio is defined as the nodal BASE value of the TIP in the lower right half of the core divided by its symmetric counterpart 



in the upper left half.  The total TIP reproducibility value that  is compared with the test criterion is the average value of the data sets taken.



The random noise uncertainty is obtained from successive TIP runs made at the common TIP location, with each of the TIP machines making six runs.  The standard deviation of the random noise is derived by taking the square root of the average of the variances at nodal Levels 5 through 22, where the nodal variance is obtained from the fractional deviations of the successive TIP values about their nodal mean value.



The geometric component of TIP reproducibility is obtained by algebraically subtracting the random noise component from the total TIP reproducibility.



This test is considered a physics test since it verifies proper operation of the reactor instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



None



Acceptance Criteria for Level 2:



1.
The total TIP uncertainty (including random noise and geometrical uncertainties) obtained by averaging the uncertainties for all data sets is less than 6.0%.


14.2.12.2.16      Test Number 19 ‑ Core Performance


a.
Test Objective



The purposes of this test are to evaluate the core thermal power and core flow and to evaluate the following core performance parameters:



1.
Maximum linear heat generation rate (MLHGR).



2.
Minimum critical power ratio (MCPR).



3.
Maximum average planar linear heat generation rate (MAPLHGR).


b.
Prerequisites and Initial Conditions



Reactor power and recirculation flow are constant.  The Local Power Range Monitor System is calibrated.


c.
Test Instruction



In accomplishing the objectives of this test, the core thermal power, flow and thermal hydraulic parameters are determined by using the online NSSS computer programs or the offline computer or, for core thermal power only, by the manual heat balance method.  The thermal hydraulic parameters that are evaluated are MLHGR, MCPR and MAPLHGR.  The online NSSS programs are used as the primary means to obtain these parameters after it meets the acceptance criteria of Test Number 13.  In the interim, prior to acceptance of these programs and during any period when they are out‑of‑service, the manual heat balance method and the offline computer method, Back Up Core Limits Evaluation (BUCLE), are used to determine the core performance parameters.



The data obtained as part of this instruction is analyzed onsite.  The analyzed data results are compared against the test criteria.



This test is considered a physics test since the core thermal limits are a fundamental nuclear characteristic.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The maximum linear heat generation rate (MLHGR) of any rod during steady‑state conditions does not exceed the limit specified by the plant technical specifications.



2.
The steady‑state minimum critical power ratio (MCPR) exceeds the limits specified by the plant technical specifications.



3.
The maximum average planar linear heat generation rate (MAPLHGR) does not exceed the limits specified by the plant technical specifications.



4.
Steady‑state reactor power is limited to 3,579 MWt and values on or below the minimum of either rated thermal power or the bounding licensed load line.


14.2.12.2.17      Test Number 20 ‑ Steam Production Startup Test


a.
Test Objective



To demonstrate that the reactor steam production rate is sufficient to satisfy all appropriate warranties as defined in the contract.


b.
Prerequisites and Initial Conditions



All plant instrumentation used in performing the test is calibrated.  Steady‑state conditions are required for the four hours preceding the test.  Reactor power is constant during the test.


c.
Test Instruction



Compliance with the steam output warranty is demonstrated by a steam output performance test of 100 hours duration.  At two separate times during the test, when it is determined that all plant conditions are stabilized, the steam production rate is measured during a 2‑hour period at conditions prescribed in the nuclear steam generating system warranty.  Test instrumentation and the process computer are used to gather heat balance data.  Moisture carryover is determined using radiochemical analysis.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The NSSS parameters as determined by using normal operating procedures are within the appropriate license restrictions.




The NSSS is capable of supplying steam in an amount and quality corresponding to the final feedwater temperature and other conditions shown on the Rated Steam Output Curve in the NSSS technical description.  The Rated Steam Output Curve provides the warrantable reactor vessel steam output as a function of feedwater temperature, as well as warrantable steam conditions at the outboard main steam isolation valves.




Thermodynamic parameters are consistent with the 1967 AMSE Steam Tables.  Correction techniques for conditions that differ from the preceding are mutually agreed to prior to the performance of the test.


14.2.12.2.18      Test Number 21 ‑ Core Power‑Void Mode Response


a.
Test Objective



The purpose of this test is to measure the stability of the core power‑void dynamic response and to demonstrate that its behavior is within specified limits.


b.
Prerequisites and Initial Conditions



The Steam Bypass Regulating System and Reactor Recirculation Flow Control System are sufficiently tuned up to run this test.  ERIS is available.  The Neutron Monitoring System is operable.


c.
Test Instruction



A fast change in the reactivity balance is obtained by a pressure regulator step change (performed in Test Number 22).  Both local flux and total core response is evaluated by monitoring selected LPRMS and the APRMS during the transient.



This test is considered a physics test since the core power void loop response is a fundamental nuclear characteristic.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any system‑related variable to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
The decay ratio for any oscillatory modes of response is less than or equal to 0.25.


14.2.12.2.19      Test Number 22 ‑ Pressure Regulator


a.
Test Objective



The purposes of this test are:



1.
To demonstrate the optimum settings for the pressure control loop by analysis of the transients induced in the reactor pressure control system by means of the pressure regulator.



2.
To demonstrate the takeover capability of the backup pressure regulator via simulated failure of the controlling regulator.



3.
To demonstrate smooth pressure control transition between the control valves and bypass valves when reactor steam generation exceeds steam used by the turbine.



4.
To demonstrate that other affected parameters are within acceptable limits during pressure regulator induced transients.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The ERIS system is available.  The turbine generator is on line.  The Pressure Control System Tuneup Procedure is complete at the applicable Test Condition.


c.
Test Instruction



The pressure setpoint is decreased rapidly and then increased rapidly by about 10 psi and the response of the system is measured in each case.  It is desirable to accomplish the setpoint change in less than 1 second.  At specified test conditions the load limit setpoint is set so that the transient is handled by control valves, bypass valves and both.  The backup regulator is tested by simulating a failure of the operating regulator so that the backup regulator takes over control.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any pressure control system related variable to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
Pressure control system related variables may contain oscillatory modes of response.  In these cases, the decay ratio for each controlled mode of response is less than or equal to 0.25.



2.
The pressure response time from initiation of pressure setpoint change to the turbine inlet pressure peak is (10 seconds.



3.
Pressure control system deadband, delay, etc., is small enough that steady‑state limit cycles (if any) produce steam flow variations no larger than (0.5 percent of rated steam flow.



4.
For all pressure regulator transients the peak neutron flux and/or peak vessel remain below the scram settings by 7.5 percent and 10 psi respectively (maintain a plot of power versus the peak variable values along the bounding license rod line).



5.
The variation in incremental regulation (ratio of the maximum to the minimum value of the quantity, “incremental change in pressure control signal/incremental change in steam flow,” for each flow range) meets the following:




% of Steam Flow Obtained




_With Valves Wide Open__


Variation





  0 to 85%



(4:1





 85% to 97%



(2:1





 85% to 99%



(5:1



Acceptance Criteria for Level 3:



1.
Additional dynamics of the control system, outside of the regulator compensation filters, is equivalent to a time constant no greater than 0.10 second.  This also includes any dead time which may exist.



2.
Control or bypass valve motion responds to pressure inputs with deadband (insensitivity) no greater than ±0.1 psi.


14.2.12.2.20      Test Number 23 ‑ Feedwater System


14.2.12.2.20.1      Test Number 23A ‑ Feedwater Control System


a.
Test Objective



The purpose of this test is to verify that the feedwater system is adjusted to provide acceptable reactor water level control.


b.
Prerequisites and Initial Conditions



Instrumentation is checked or calibrated as appropriate.  The reactor water level is in its normal operating band.


c.
Test Instruction



Reactor water level setpoint changes of approximately 3 to 6 inches are used to evaluate and adjust, if necessary, the feedwater control system settings for all power and feedwater pump modes.  The level setpoint changes also demonstrate core stability to subcooling changes.  Also, step changes are made in turbine driven feedwater pump speed and in flow control valve actuator position of the motor‑driven feedwater pump to demonstrate acceptable open loop response.  The response of the system is monitored and compared to the Acceptance Criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any level control system‑related variable to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
Level control system‑related variables may contain oscillatory modes of response.  In these cases, the decay ratio for each controlled mode of response is less than or equal to 0.25.



2.
The open loop dynamic flow response of each feedwater actuator (turbine or valve) to small (<10%) step disturbances is:




(a)
Maximum time to 10% of a step disturbance
(1.1 sec




(b)
Maximum time from 10% to 90% of a step





disturbance






(1.9 sec




(c)
Peak overshoot (% of step disturbance)

(15%




(d)
Setting time, 100%(5%




(14 sec



3.
The average rate of response of the feedwater actuator to large (>20% of pump flow) step disturbances is between 10 percent and 25 percent rated feedwater flow/second.  This average response rate is assessed by determining the time required to pass linearly through the 10 percent and 90 percent response points.



Acceptance Criteria for Level 3:



1.
The dynamic response of each individual level or flow sensor is as fast as possible.  Bandwidth is at least 2.0 radians/second (faster than 0.5 second equivalent time constant), except for the steam flow sensors which have a bandwidth of at least 1.0 radian/second (faster than a 1.0 second equivalent time constant)(1).



2.
Vessel level, feedwater flow and steam flow sensors are installed with sufficiently short lines and proper damping adjustment so that no resonances exist(1).



3.
Initial settings of the function generators should give a straight line.  The function generators are adjusted so that the change in slope (actual fluid flow change divided by demand change for small disturbances) does not exceed a factor of 2 to 1 (maximum slope versus minimum slope) over the entire 20 percent to 100 percent feed flow range.  Also, the function generators are used to minimize the differences between feedwater actuators (pumps and/or valves).



4.
All auxiliary controls which have direct impact on reactor level and feedwater control (e.g., feedpump minimum recirculation flow valve control) are functional, responsive and stable.  For example, testing demonstrates the minimum flow valve controls are fast enough to avoid pump trips and yet slower than the feedwater startup level controller to avoid possible reactor flux scram due to a cold water slug(1).


NOTE:


(1)
Criteria may be verified prior to power ascension testing.


14.2.12.2.20.2      Test Number 23B ‑ Loss of Feedwater Heating


a.
Test Objective



The purpose of this test is to demonstrate adequate response to feedwater temperature loss.


b.
Prerequisites and Initial Conditions



Reactor power is between 80 percent and 90 percent.  All feedwater heaters should be in normal operation however, at least the 6A or 6B feedwater heater is in operation.  Core flow is within 5 percent of rated flow.  The recirculation control system is in the flux manual mode of operation.  The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



This test simulates a high‑high level in one of the Number 6 feedwater heaters by simulating a closure of the high level switch.  This signal results in closure of the extraction steam supply valve and the reheater drain tank drain isolation valves which isolate all steam supplies to the heater.  This event, loss of steam supply to one of the Number 6 heaters, has been analyzed to result in the largest reduction in feedwater temperature due to a single component failure or operator error.



The loss of feedwater heating is performed with the plant operating between 80 percent and 90 percent core thermal power and near rated core flow.  The transient response of the plant is compared to predictions to verify the actual response is not more severe than assumed in the safety analysis.  Actual reduction in feedwater 



inlet temperature is extrapolated to rated power to confirm it is less severe than the assumption of a 100°F loss, and the resultant MCPR is verified to be greater than the fuel thermal safety limit.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
For the feedwater heater loss test, the maximum feedwater temperature decrease due to a single failure case is (100°F.  The resultant MCPR is greater than the fuel thermal safety limit.



2.
The increase in simulated heat flux does not exceed the predicted Level 2 value by more than 2%.  The predicted value is based on the actual test values of feedwater temperature change and power level.



Acceptance Criteria for Level 2:



1.
The increase in simulated heat flux does not exceed the predicted value referenced to the actual feedwater temperature change and power level.


14.2.12.2.20.3      Test Number 23C ‑ Feedwater Pump Trip


a.
Test Objective



The purpose of this test is to demonstrate the capability of the automatic core flow runback feature to prevent low water level scram following the trip of one feedwater pump.


b.
Prerequisites and Initial Conditions



Test Numbers 23A and 23D are complete.  Reactor power and core flow are greater than or equal to 95 percent rated.  The ERIS system is available and the motor‑driven feed pump is operable.


c.
Test Instruction



At approximately 100 percent power, one of the turbine‑driven reactor feed pumps is tripped.  The feedwater system responds with an auto start of the motor‑driven feed pump, and the automatic recirculation runback circuit acts to reduce the power to within the capacity of the remaining feedwater pumps.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



The reactor avoids low water level scram by three inches margin from an initial water level halfway between the high and low level alarm setpoints.


14.2.12.2.20.4

Test Number 23D ‑ Maximum Feedwater Runout Capability


a.
Test Objective



The purpose of the test is to determine the maximum feedwater runout capability.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.  The ERIS 



system is available.  The condensate‑feedwater system is in its normal lineup.  Feedwater Heater 6A or 6B may be bypassed, if required.


c.
Test Instruction



Pressure, flow and controller data is taken at various power levels as necessary to allow the determination of the maximum feedwater runout capability.  This data is compared with the FSAR values and the impact on thermal parameters determined.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The maximum speed attained does not exceed the speeds which give the following flows with the normal complement of pumps operating:




(a)
130 percent flow at 1,080 psia dome pressure.




(b)
130 + 0.2 (1,080 ‑ P rated) percent NBR at P rated psia.




NOTE:

During startup testing it was determined that 143% was actually a possibility through calculation.  This value has been used in subsequent Fuel Reload Analyses as included in <Appendix 15B> of the USAR.  As such future testing using Test 23D methodology shall use 143% versus 130% as listed above.



Acceptance Criteria for Level 2:



1.
The maximum speed is greater than the calculated speeds required to supply:




(a)
115 percent NBR at 1,080 psia dome pressure with rated complement of pumps.




(b)
80 percent NBR at 1,024 psia dome pressure with one feedwater pump tripped.


14.2.12.2.21      Test Number 24 ‑ Turbine Valve Surveillance


a.
Test Objective



The purpose of this test is to demonstrate acceptable procedures and maximum power levels for recommended periodic surveillance testing of the main turbine control, stop, intermediate, and bypass valves without producing a reactor scram.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The ERIS system is available.


c.
Test Instruction



During power operations, periodic surveillance testing of the main turbine valves is required to insure functional reliability.  It is desirable though not required, to perform these surveillance tests at the highest possible power level maintaining an ample margin to parametric scram setpoints.



Valve testing is performed at increasing power levels along the bounding licensed load line.  First, testing is performed between 75 percent and 90 percent reactor power using main turbine control and bypass valves.  Results are extrapolated to a maximum power level where the main turbine control, stop, intermediate, and bypass valve testing is performed.  Using this test data, an extrapolation is performed to yield a maximum power level at which valve testing is performed while just satisfying the limits specified in the Level 2 Acceptance Criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Peak neutron flux is at least 7.5 percent below the scram trip setting.  Peak vessel pressure remains at least 10 psi below the high pressure scram setting.  Peak heat flux remains at least 5 percent below its scram trip point.



2.
Peak steam flow in each line remains 10 percent below the high flow isolation trip setting.


14.2.12.2.22      Test Number 25 ‑ Main Steam Isolation Valves


14.2.12.2.22.1      Test Number 25A ‑ Main Steam Isolation Valves Function Tests


a.
Test Objective



The purposes of this test are:



1.
To functionally check the main steam line isolation valves (MSIVs) for proper operation at selected power levels,



2.
To determine isolation valve closure times, and



3.
To determine maximum power at which full closures of a single valve is performed without a scram.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



At approximately 5% and greater reactor power levels, individual fast closure of each MSIV is performed to verify their functional performance and to determine closure times.  The MSIV closure times are determined from the MSL isolation data.  MSIV closure time equals the interval from de‑energizing solenoids until the valve reaches the 90% closed position, plus a calculated time to travel the remainder of its stroke.  This calculated time is based on the average speed from 10% closed position to the 90% closed position.  The timing calculations use the actual positions of the 10% and 90% limit switches located on each MSIV.



To determine the maximum power level at which full individual closures is performed without a scram, actuation is performed between 40 and 65% power and used to extrapolate to the next test point between 60 and 85% power, and ultimately to the maximum power test condition with ample margin to scram.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The MSIV stroke time (ts) is no faster than 3.0 seconds (average of the fastest valve in each steam line), and for any individual valve, 2.5 seconds (ts (5 seconds.  Total effective closure time for any individual MSIV is tsol plus the maximum instrumentation delay time as determined in the preoperational test and is (5.5 seconds.



Acceptance Criteria for Level 2:



1.
During full closure of individual valves peak vessel pressure is 10 psi below scram, peak neutron flux is 7.5% below scram, and steam flow in individual lines is 10% below the isolation trip setting.  The peak heat flux is 5% less than its trip point.



2.
The reactor does not scram or isolate.


14.2.12.2.22.2      Test Number 25B ‑ Full Reactor Isolation


a.
Test Objective



The purpose of this test is to determine the reactor transient behavior that results from the simultaneous full closure of all MSIVs.


b.
Prerequisites and Initial Conditions



The ERIS system is available and the RCIC and HPCS systems are operable.  All personnel are evacuated from the primary 



containment.  The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



A test of the simultaneous full closure of all MSIVs is performed at >95 percent of rated thermal power.  Correct performance of the RCIC and relief valves is shown.  Reactor process variables are monitored to determine the transient behavior of the system during and following the main steam line isolation.  A comparison between vessel pressure behavior and safety/relief valve actuations is made to confirm the open/close setpoints and proper operation.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The positive change in vessel dome pressure occurring within 30 seconds after closure of all MSIV valves does not exceed the Level 2 criteria by more than 25 psi.  The positive change in simulated heat flux does not exceed the Level 2 criteria by more than 2% of rated value.



2.
Feedwater control system settings prevent flooding of the steam lines.



3.
The reactor scrams to limit the severity of the neutron flux and simulated fuel surface heat flux transient.



4.
The recorded MSIV full closure times meet the previously stated timing specifications (Test 25A).



5.
If any safety/relief valves open, no more than one valve reopens after the first blowdown.



Acceptance Criteria for Level 2:



1.
The temperature measured by thermocouples on the discharge side of the safety/relief valves return to within 10(F of the temperature recorded before the valve opens.  If pressure sensors are available, they return to their initial state upon valve closure.



2.
For the full MSIV closure from full power, predicted analytical results based on beginning of cycle design basis analysis, assuming no equipment failures and applying appropriate parametric corrections, are used as the basis to which the actual transient is compared.  The vendor transient predictions specify the upper limits of reactor pressure and heat flux increase during the first 30 seconds following initiation of the transient.  The predictions, as well as data used in parametric corrections for actual plant response, are provided in the Transient Safety Analysis Design Report (TSADR).



3.
Initial action of RCIC and HPCS is automatic if low water level (L2) is reached, and system performance is within specification.



4.
Total recirculation pump trip is initiated if low water level (L2) is reached.  Recirculation pump power shifts to the low frequency motor generators if low water level (L3) is reached.



5.
The total number of safety/relief valve opening cycles of the low‑low set valve after initial blowdown does not exceed three times during the initial five minutes following isolation.



6.
If the low‑low set pressure relief logic functions, the open/close actions of the SRV’s occur within (15 psi and (20 psi of their design setpoints, respectively.


14.2.12.2.22.3      Test Number 25C ‑ Main Steamline Flow Venturi Calibration


a.
Test Objective



The purpose of this test is to calibrate the main steam flow venturis at selected power levels over the entire core flow range, the final calibration taking place with the data accumulated along the 100 percent rod line.


b.
Prerequisites and Initial Conditions



The preliminary calibration of the differential pressure cells associated with the flow venturis is complete.  The ERIS system is available. The reactor water cleanup dump flow is zero.


c.
Test Instruction



Plant data is collected during power ascension and descent along the 100 percent rod line.  The accumulated data is then compared against the calibration curves and calibrated feedwater flow to verify that the steam flow indication is accurate.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The accuracy of the main steamline flow venturi relative to the calibrated feedwater flow is at least (5 percent of rated 




flow at flow rates between 20 and 120 percent of rated.  The repeatability/noise is within (5 percent of rated flow.


14.2.12.2.23      Test Number 26 ‑ Relief Valves


a.
Test Objective



The purposes of this test are:



1.
To verify that the primary system relief valves function properly (can be opened and closed manually).



2.
To verify that the discharge piping contains no major blockage.



3.
To verify proper seating following operation.


b.
Prerequisites and Initial Conditions



The feedwater system is in the AUTO mode and RHR is operable in the suppression pool cooling mode.  All safety/relief valves are in the AUTO mode.  The suppression pool is operable.  The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



The safety/relief valves provide over‑pressure protection to the reactor.  This test demonstrates the operability of these valves by manual cycling each relief valve from the control room and monitoring the results of the evolution.  Each relief valve is cycled open for approximately 10 seconds to allow turbine valves and generator output response to stabilize.  The data gathered 



verifies that each relief valve and its associated tailpipe contain no blockages.  Tailpipe temperatures are monitored after relief valve actuation to verify each valve has reseated properly.



This test is performed twice during the program.  Relief valves are actuated at low pressure (250 psig) and at Test Condition 1 or 2 (rated pressure).  Core power, and therefore the steam generation rate, are maintained constant during the low pressure test.  The pressure control system closes the bypass valves an amount proportional to the relief valve steam flow to maintain reactor pressure constant.  The rated pressure portion of this test is performed by comparison of generator output response to relief valve operation.  The change in generator output when compared to all relief valves shows any malfunction of the valve which affects flow capacity.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
There is a positive indication of steam discharge during the manual actuation of each valve.



Acceptance Criteria for Level 2:



1.
Pressure control system ‑ related variables may contain oscillatory modes of response.  In these cases, the decay ratio for each controlled mode of response is less than or equal to 0.25.



2.
The temperature measured by thermocouples on the discharge side of the valves returns to within 10(F of the temperature recorded before the valve was opened.



3.
During the 250 psig functional test, the steam flow through each relief valve does not differ by more than 10 percent from the average relief valve steam flow as measured by bypass valve position.



4.
During the rated pressure test the steam flow through each relief valve, as measured by MWe, is not less than 0.5 percent of rated MWe less than the average of all the valve responses.


14.2.12.2.24      Test Number 27 ‑ Turbine Trip and Generator Load Rejection


a.
Test Objective



The purpose of this test is to demonstrate the response of the reactor and its control systems to protective trips in the turbine and generator.


b.
Prerequisites and Initial Conditions



The HPCS and RCIC systems are operable.  ERIS is available.  The Steam Bypass and Pressure Control System is in the NORM mode of operation.  The preoperational tests are complete as applicable.


c.
Test Instruction



Turbine trip (closure of the main turbine stop valves within 0.1 seconds) and generator load rejection (closure of the main turbine control valves in about 0.1 to 0.2 seconds) are performed at selected power levels during the Startup Test Program.  At low power levels (<40 percent), reactor protection is provided by high neutron flux and high vessel pressure scrams.  At higher power levels (>40 percent), the reactor scrams by stop valve limit switch actuation or by sensing loss of control valve hydraulic fluid 



pressure in anticipation of valve closure.  Backup scram action is provided by high neutron flux and high vessel pressure.



A generator load rejection or turbine trip is performed at low power level, such that nuclear boiler steam generation is within bypass valve capacity, to demonstrate scram avoidance.  A generator load rejection is also performed at near 100% power.


Generator load rejections are initiated by opening the generator output breakers.  The resultant automatic plant actions (e.g., turbine control valve fast closure, recirculation pump trip, reactor trip) are analyzed for proper response.



It should be noted that above 40 percent power, the recirculation pump trip (RPT) feature automatically trips both recirculation pumps in response to both a turbine trip and a generator trip.  The transient pressure rise is limited by opening the bypass valves initially, and the safety/relief valves later, if required.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
For turbine and generator trips at power levels greater than 50 percent NBR, there is a delay of less than 0.1 second following the beginning of control or stop valve closure before the beginning of bypass valve opening.  The bypass valve is opened to a point corresponding to greater than or equal to 80 percent of their capacity within 0.3 second from the beginning of control or stop valve closure motion.



2.
Feedwater system settings prevent flooding of the steam line following these transients.



3.
The two pump drive flow coastdown transient during the first 3 seconds is bounded by the criteria that is specified in Test 30 <Section 14.2.12.2.27>.



4.
The positive change in vessel dome pressure occurring within 30 seconds after either generator or turbine trip does not exceed the Level 2 criteria by more than 25 psi.




The positive change in simulated heat flux does not exceed the Level 2 criteria by more than 2 percent of rated value.



5.
If any safety/relief valves open, no more than one valve reopens after the first blowdown.



Acceptance Criteria for Level 2:



1.
There is no MSIV closure during the first three minutes of the transient and operator action is not required during this period to avoid MSIV trip.  (The operator may take action as he desires after the first three minutes, including switching out of run mode.  The operator may also switch out of run mode in the first three minutes if he confirms from measured data that this action does not prevent MSIV closure.)



2.
The positive change in vessel dome pressure and in simulated heat flux, which occur within the first 30 seconds after the initiation of either generator or turbine trip, do not exceed the predicted values.




(Predicted values are referenced to actual test conditions of initial power level and dome pressure and use BOL [beginning of life] nuclear data.  Worst case design or technical specification values of all hardware performance are used in 




the prediction, with the exception of control rod insertion time and the delay from beginning of turbine control valve or stop valve motion to the generation of the scram signal.  The predicted pressure and heat flux are corrected for the actual measured values of these two parameters.)



3.
For the generator trip within the bypass valve’s capacity, the reactor does not scram for initial thermal power values within that bypass valve capacity.



4.
The measured bypass capability (in percent of rated power) is equal or greater than that used for the FSAR analysis.



5.
Low water level total recirculation pump trip, HPCS and RCIC is not initiated.



6.
Recirculation low frequency MG sets take over after the initial recirculation pump trips, and (adequate vessel temperature difference) is maintained.



7.
Feedwater level control avoids loss of feedwater due to high level (L8) trip during the event.



8.
If the low‑low set pressure relief logic functions, the open/close actions of the SRVs occur within (15 psi and (20 psi of their design setpoints, respectively.



9.
The temperature measured by thermocouples on the discharge side of the safety/relief valves return to within 10(F of the temperature recorded before the valve was opened.


14.2.12.2.25      Test Number 28 ‑ Shutdown From Outside the Control Room


a.
Test Objective



To demonstrate that the reactor is brought from a normal initial steady‑state power level to the point where cooldown is initiated and under control with reactor vessel pressure and water level controlled from outside the control room.  The reactor is brought from power operation to shutdown cooling mode from outside the control room.


b.
Prerequisites and Initial Conditions



A trial walkthrough of the procedure is performed.  Communications are established between the control room and Unit 1 remote shutdown panel.  The preoperational tests are complete as applicable.  Additional personnel are available as identified in the instruction.


c.
Test Instruction



The Shutdown from Outside the Control Room Test is divided into two parts.  In the first part, the reactor is manually scrammed from outside of the control room.  The minimum shift complement required by Technical Specifications is then used to carry out the immediate actions, per the plant instructions, to place the plant into hot standby.



In the second part of the test, the capability to cool down the plant from outside the control room is demonstrated.  Additional personnel normally “on‑call” and available to support the plant cooldown are utilized during this part of the test.



Throughout the test, additional personnel are available to assume control of the plant if an emergency or unsafe condition occurs which is not managed by the personnel utilizing the equipment outside of the control room.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
During a simulated control room evacuation, the reactor is brought to the point where cooldown is initiated and under control and the reactor vessel pressure and water level are controlled using equipment and controls outside the control room.


14.2.12.2.26      Test Number 29 ‑ Recirculation Flow Control


14.2.12.2.26.1      Test Number 29A ‑ Valve Position Control


a.
Test Objective



The purpose of this test is to demonstrate the recirculation flow control system’s capability while in the loop flow manual mode.


b.
Prerequisites and Initial Conditions



The ERIS system is available and communications are set up between test locations.  The preoperational tests are complete as applicable.  All controls are checked and instrumentation calibrated as appropriate.


c.
Test Instruction



The testing of the Recirculation Flow Control System follows a “building block” approach while the plant is ascending from low to high power levels.  Components and inner control loops are tested first, followed by flow and power maneuvers to demonstrate outer control loop performance.  This test instruction covers the performance testing of the flow control components and inner (valve position) control loop.  The outer loops (flow, flux and master control loops) performance is demonstrated, after the position control loop testing, during the performance of STI‑B33‑029B, Recirculation Flow Control ‑ Flow Loop.  The initial testing of the flow control components is performed during the open vessel test phase, followed by the position control loop and deadband tests conducted at Test Condition 1.  Subsequent valve position control testing at Test Condition 3 demonstrates satisfactory system performance with the recirculation pumps operating from the high speed power supply in support of outer control loop testing.  Additionally, testing at Test Condition 3 demonstrates the neutron flux and flow biased simulated thermal power (heat flux) margin to scram during single loop flow ramps controlled by the reactor operator.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any recirculation system‑related variables to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
Recirculation system related variables contain oscillatory modes of response.  In these cases, the decay ratio for each controlled mode of response is less than or equal to 0.25.



2.
Maximum rate of change of valve position is 10(1 percent/second.



3.
During TC‑3 while operating on the high speed (60 Hz) source, gains and limiters are set to obtain the following response.




(a)
Delay time for position demand step is:





For step inputs of 1.0% to 5% (0.2 second




(b)
Response time for position demand step is:





For step inputs of 1.0% to 5% (0.5 second



4.
Overshoot after a small position demand input (1 to 5 percent) step is <10 percent of magnitude of input.



5.
The trip avoidance margins are at least the following:




(a)
For APRM, (7.5%




(b)
For simulated heat flux, (5.0%



6.
The flow control valve duty cycle in any operating mode does not exceed 0.2 percent Hz.  Flow control valve duty cycle is defined as:


Integrated Valve Movement in Percent (% Hz)







2 x Time Span in Seconds



Acceptance Criteria for Level 3:



1.
Gains are set to give as fast a response as possible for small position demand input within the overshoot criterion (see previous Item 4) and without additional valve duty cycle.



2.
Position loop deadband is <0.2 percent of full valve stroke.


14.2.12.2.26.2      Test Number 29B ‑ Recirculation Flow Control‑Flow Loop


a.
Test Objective



The purposes of this test are:



1.
To demonstrate the core flow system’s control capability over the entire flow control range, including both flow loop and neutron flux loop modes of operation, and



2.
To determine that all electrical compensators and controllers are set for desired system performance and stability.


b.
Prerequisites and Initial Conditions



The ERIS system is available and communications are established between the test stations.  The pressure regulation system is tuned 



up.  The preoperational tests are completed as applicable and all controls are checked and instrumentation calibrated as appropriate.


c.
Test Instruction



Following the initial position mode tests of 29A the final adjustment of the position loop gains, flow loop gains and preliminary values of the flux loop adjustments is made on the midpower line.  This is the most extensive testing of the recirculation control system.  The core power distribution is adjusted by control rods to permit broader range of maneuverability.  In general, the controller dials and filter devices are set to meet the maneuvering performance objectives, which maximize stability margins and to minimize equipment wear by avoiding controller overactivity.



The fast flow maneuvering adjustments are performed along a mid power rod line, and an extrapolation made to the expected results along the bounding licensed rod line.


d.
Acceptance Criteria



Flow Loop Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any recirculation system‑related variable to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
The decay ratio of the flow loop response to any test input is <0.25.



2.
Flow loops are for the purpose of maintaining steady‑state flow equal in the two loops.  Flow loop gains are set to correct a flow imbalance in less than 25 seconds.



3.
The delay time for flow demand step ((5 percent) is 0.5 seconds or less.



4.
The response time for flow demand step ((5 percent) is 1.2 seconds or less.



5.
The maximum allowable flow overshoot for step demand of (5 percent of rated is 6 percent of the demand step.



6.
The flow demand step settling time is (6 seconds.



7.
The flow control Auto Flow Demand Limiter is adjusted to limit the maximum core flow by limiting the flow control valve opening position.



Acceptance Criteria for Level 3:



1.
Incremental gain from function generator for valve position demand input to sensed drive flow does not vary by more than 2 to 1 over the entire flow range.



Flux Loop Criteria



Acceptance Criteria for Level 1:



1.
The flux loop response to test inputs does not diverge.



Acceptance Criteria for Level 2:



1.
Flux overshoot to a flux demand step does not exceed 2 percent of rated for a step demand of (20 percent of rated.



2.
The delay time for flux response to a flux demand step is (0.9 seconds.



3.
The response time for flux demand step is (2.6 seconds.



4.
The flux settling time is (15 seconds for a flux demand step (20 percent of rated.



Scram Avoidance and General Criteria



Acceptance Criteria for Level 2:



1.
For any one of the above loops test maneuvers, the trip avoidance margins are at least the following:




(a)
For APRM (7.5 percent.




(b)
For simulated heat flux (5.0 percent.



Flux Estimator Test Criteria



Acceptance Criteria for Level 2:



1.
Switching between estimated and actual flux does not exceed 5 times/5 minutes at steady‑state.



2.
During a flux step transient there is no switching to actual flux or if switching does occur, it switches back to estimated flux within 20 seconds of the start of the transient.



Flow Control Valve Duty Test Criteria



Acceptance Criteria for Level 2:



1.
The flow control valve duty cycle in any operating mode tested does not exceed 0.2 percent ‑ Hz.


14.2.12.2.27      Test Number 30 ‑ Recirculation System


14.2.12.2.27.1      Test Number 30A ‑ One Pump Trip


a.
Test Objective



The purposes of this test are:



1.
To obtain recirculation system performance data during the pump trip, flow coastdown and pump restart, and



2.
To verify that the feedwater control system satisfactorily controls water level without a resulting turbine trip/scram.


b.
Prerequisites and Initial Conditions



Core flow is (95 percent rated and the ERIS system is available.  The preoperational tests are complete as applicable.


c.
Test Instruction



Each recirculation pump is tripped at designated power levels while reactor operating parameters including water level, simulated heat flux and APRM level is recorded during the transient to determine that adequate margins exist with respect to the threat of a high level turbine/feedwater pump trip.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The reactor does not scram during the one pump trip recovery.



Acceptance Criteria for Level 2:



1.
The reactor water level margin to avoid a higher level trip is (3.0 inches during the one pump trip.



2.
The simulated heat flux margin to avoid a scram is (5.0 percent during the one pump trip for recovery.



3.
The APRM margin to avoid a scram is (7.5 percent during the one pump trip recovery.



4.
The time from zero pump speed to full pump speed is greater than 3 seconds.


14.2.12.2.27.2      Test Number 30B ‑ RPT Trip of Two Pumps


a.
Test Objective



The purpose of this test is to record and verify acceptable performance of the recirculation two‑pump trip circuitry and to demonstrate satisfactory recirculation loop flow coastdown.


b.
Prerequisites and Initial Conditions



Core flow is (95 percent NBR.  ERIS is available to monitor the LPRM channels near the limiting fuel bundles.  The preoperational tests are complete.


c.
Test Instruction



With the reactor operating between 55 percent and 65 percent core power, a turbine control valve fast closure is simulated.  The recirculation pumps automatically transfer from the 60 Hz power supply to the low frequency motor generator supply.  The transient is recorded, analyzed and compared to the acceptance criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The two pump drive flow coastdown transient during the first 3 seconds is bounded by the limiting curves provided by GE in the test specification.


14.2.12.2.27.3      Test Number 30C ‑ System Performance


a.
Test Objective



The purpose of this test is to record recirculation system parameters during the power test program.


b.
Prerequisites and Initial Conditions



The ERIS system is available.  Differential pressure transmitters specified in the procedure are adjusted.  The preoperational tests are complete as applicable.


c.
Test Instruction



Recirculation system parameters are recorded at several power‑flow conditions and in conjunction with single‑pump trip recoveries and internals vibration testing.  Power‑flow data is obtained during 



plant operations and the results verified to be consistent with expected power‑flow operating characteristics.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The core flow shortfall does not exceed 5 percent at rated power.



2.
The measured core (P is not >0.6 psi above prediction.



3.
The calculated jet pump M ratio is not <0.2 points below prediction.



4.
The drive flow shortfall does not exceed 5 percent at rated power.



5.
The measured recirculation pump efficiency is not >8 percent below the vendor tested efficiency.



6.
The nozzle and riser plugging criteria are not exceeded.



7.
The peak to peak core plate (P shall not exceed 3.2 psi during single loop operation.



8.
The peak to peak APRM noise shall not exceed 30% of rated during single loop operation.


14.2.12.2.27.4      Test Number 30D ‑ Test Deleted


14.2.12.2.27.5      Test Number 30E ‑ Recirculation System Cavitation


a.
Test Objective



The purpose of this test is to verify that no recirculation system cavitation occurs in the operable region of the power‑flow map.


b.
Prerequisites and Initial Conditions



The ERIS system is available and the recirculation flow control system is in the flux manual mode.  The preoperational tests are complete as applicable.


c.
Test Instruction



Both the jet pumps and the recirculation pumps cavitate at conditions of high flow and low power where NPSH demands are high and little feedwater subcooling occurs.  However, the recirculation flow automatically runbacks upon sensing a decrease in subcooling (as measured by the difference between the steam and recirculation loop temperature), to lower the reactor power.  The maximum recirculation flow is limited by appropriate stops which run back the recirculation flow away from the possible cavitation region.  It is verified that these limits are sufficient to prevent operation where recirculation pump or jet pump cavitation is predicted to occur.  With reactor power between 50 and 65 percent and core flow (95 percent, reactor power is reduced via control rod insertion until cavitation occurs or the interlock is reached.  Also, to test the Flow Control Valve (FCV) cavitation interlock, reactor power is reduced via control rods with the FCV’s at their minimum position until FCV cavitation occurs or the interlock is reached.  Additionally, the procedural limit to prevent cavitation 



during single loop operation will be verified by reducing reactor power via control rod insertion until cavitation occurs or the limit is reached.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Recirculation cavitation interlock has settings adequate to prevent operation in areas of potential cavitation.



2.
Cavitation shall not occur during single loop operation while operating above the procedural limit defined by the following:





% Power = 3 x (% core flow) ‑ 110


14.2.12.2.28      Test Number 31 ‑ Loss of Turbine Generator and Offsite Power


a.
Test Objective



The purpose of this test is to determine the reactor transient performance during the loss of the main generator and all offsite power, and to demonstrate acceptable performance of the plant electrical supply system.  Loss of offsite power is maintained for sufficient time to demonstrate that necessary equipment, controls, and indications are available following loss of offsite power to remove decay heat from the core using only emergency power supplies and distribution systems.


b.
Prerequisites and Initial Conditions



ECCS equipment, including diesel generators, is in “standby.”  The turbine has operated at (10 percent for at least three hours and 



feedwater is being controlled by the Master Level Controller.  The preoperational tests are complete as applicable.  Containment is evacuated.  All dc electrical systems are available.


c.
Test Instruction



The transient is initiated by manually tripping the main turbine simultaneously with a manual trip of the Unit 1 and Unit 2 startup supply breakers simulating a loss of offsite power.  Auto start of the diesel generators is verified.  The loss of auxiliary power test is performed at 20 percent to 30 percent of rated power.  The proper response of reactor plant equipment, automatic switching equipment and the proper alignment of the diesel generator load are checked.  Appropriate reactor parameters are recorded during the resultant transient.  Offsite power is not restored for at least 30 minutes.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
Reactor protection system actions prevent violation of fuel thermal limits.



2.
All safety systems, such as the Reactor Protection System, the diesel‑generators, and HPCS function properly without manual assistance, and HPCS and/or RCIC system action, if necessary, keep the reactor water level above the initiation level of LPCS, LPCI, Automatic Depressurization System, and MSIV closure.  Diesel generators start automatically.



3.
The turbine steam bypass valves remain operable until the MSIV’s are closed or until the low condenser vacuum signal closes the bypass valves.



4.
If any safety/relief valves open, no more than one valve reopens after the first blowdown.



5.
An MSIV isolation trip event due to RPS MG set coastdown does not occur for at least 2 seconds after the initiation of the transient.



Acceptance Criteria for Level 2:



1.
Proper instrument display to the reactor operator is demonstrated, including power monitors, pressure, water level, control rod position, suppression pool temperature, and reactor cooling system status.  Displays are not dependent on specially installed instrumentation.



2.
If the low‑low set pressure relief logic functions, the open/close actions of the SRV’s occur within (15 psi and (20 psi of their design setpoints, respectively.



3.
If safety/relief valves open, the temperature measured by thermocouples on the discharge side of the safety/relief valves returns to within 10°F of the temperature recorded before the valve was opened.  If pressure sensors are available, they return to their initial state upon valve closure.


14.2.12.2.29      Test Number 33 ‑ Drywell Piping Vibration


a.
Test Objective



The purpose of this test is to verify that the main steam, recirculation, and RCIC steam piping vibration is within acceptable limits and to verify during operating transient loads that pipe stresses are within code limits.


b.
Prerequisites and Initial Conditions



Strain gauges, vibration instrumentation and temperature instruments as necessary, are installed.  The ERIS system is available.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



This test is an extension of Test Number 17, system expansion as described in <Section 14.2.12.2.14>, and the preoperational vibration tests.  Refer to <Section 14.2.12.2.14> for piping considered within the scope of testing.  Small attached piping is not subject to vibration testing.



Visual observation is performed at low power levels and in conjunction with Test Number 17.  At higher power levels there is limited access due to high radiation.  No visual observation is required during this phase of startup testing.  Remote measurements of piping vibration are made during the following steady‑state conditions:



1.
Main steam flow at 20%‑30% of rated;



2.
Main steam flow at 45%‑55% of rated;



3.
Main steam flow at 70%‑80% of rated;



4.
Main steam flow at 98%‑100% coincident with RECIRC flow at maximum;



5.
RCIC turbine steam flow at 98%‑100% of rated;



6.
RHR suction piping at 98%‑100% of rated flow in the shutdown cooling mode;



7.
Recirc at minimum flow and coincident temperature;



8.
Recirc at 45%‑55% of rated flow and at operating temperature;



9.
Recirc at 70%‑80% of rated flow and at operating temperature;



10.
Recirc at maximum flow and at operating temperature.



During the operating transient load testing the amplitude of displacement and number of cycles per transient of the main steam and recirculation piping are measured, and the displacements compared with acceptance criteria.  Remote vibration measurements are taken during the following transients:



1.
Recirculation pump start;



2.
Recirculation one pump trips from maximum flow and restarts; Recirculation two pump trips from maximum flow.



3.
Turbine stop valve or control valve closure at 98%‑100% power;



4.
Manual discharge of each SRV valve at (920 psig and at planned  tests that result in SRV discharge.



Predicted displacements and actual measurements are compared for the locations monitored.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
Operating Transients:  Level 1 limits on piping displacements and strain are supplied by the vendor.  These limits are based on keeping the loads on piping and suspension components within safe limits.  If any one of the transducers indicates that these movements are exceeded, the test is placed on hold.



2.
Operating Vibration:  Level 1 limits on piping strain and  displacement are supplied by the vendor.  These limits are based upon keeping piping stresses and pipe mounted equipment accelerations within safe limits.  If any one of the transducers indicate that the prescribed limits are exceeded, the test is placed on hold.



Acceptance Criteria for Level 2:



1.
Operating Transients:  Transducers are placed near points of maximum anticipated movement.  Where movement values are predicted, tolerances are prescribed for differences between measurements and predictions of strain and vibration.  Tolerances are based on instrument accuracy and suspension free play.



2.
Operating Vibration:  Acceptable levels of operating vibration and strain are supplied by the vendor.  The evaluation criteria consists of limits on vibratory displacement and strain.  The limits are set based on consideration of analysis, operating experience and protection of pipe mounted components.


14.2.12.2.30      Test Number 34 ‑ Vibration Measurement


a.
Test Objective



To obtain vibration measurements on the reactor internal components to demonstrate the mechanical integrity of the system to flow‑induced vibration.


b.
Prerequisites and Initial Conditions



Reactor internals vibration sensors are installed and checked out.  The vibration signal conditioning and data recording equipment are installed.  The preoperational tests are complete as applicable.


c.
Test Instruction



This test consists of measurements taken after fuel load and prior to initial nuclear heatup and at various power levels during power ascension.  During non‑nuclear heatup the thermal shock interlocks may be bypassed, if required, to place the recirculation pumps on fast speed.



Sensors used for the measurements are resistance wire strain gauges, linear variable differential transformers (LVDT), and accelerometers with double integrating output signal conditioning.  Sensors are installed in a manner to indicate the most probable mode of vibration as indicated by analysis.



Vibration measurements are obtained for various flows up to maximum flow.  Maximum flow is the highest flow at which operation is permissible, and is established by a vibrational limit or by an operational limit such as pump motor current, cavitation, core differential pressure, etc.



Vibration amplitudes and frequencies obtained from the sensors mounted on the various components are monitored and recorded.  The measured amplitudes and frequencies are compared to the acceptance criteria to assure that all measured vibration amplitudes are within acceptable levels.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The peak stress intensity may exceed 10,000 psi (single amplitude) when the component is deformed in a manner corresponding to one of its normal or natural modes.  But the fatigue usage factor does not exceed 1.0.



Acceptance Criteria for Level 2:



1.
The peak stress intensity does not exceed 10,000 psi (single amplitude) when the component is deformed in a manner corresponding to one of its normal or natural modes.  This is the low stress limit which is suitable for sustained vibration in the reactor environment for the design life of the reactor components.


14.2.12.2.31      Test Number 35 ‑ Recirculation System Flow Calibration


a.
Test Objective



The purpose of this test is to perform complete calibration of the installed recirculation system flow instrumentation.


b.
Prerequisites and Initial Conditions



Core flow is greater than or equal to 90 percent (TC‑3) or 95 percent (TC‑6) of rated.  The plant is operating at steady‑state.  The recirculation flow control system is in the Loop Flow Manual mode.  The preoperational tests are complete as applicable.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



During the testing program at operating conditions which allow the recirculation system to be operated as would be required to achieve rated flow at rated power, the jet pump flow instrumentation is adjusted to provide correct flow indication based on the jet pump flow.  After the relationship between drive flow and core flow is established, the flow biased APRM system is adjusted to match this relationship.  Data is taken and then used to calibrate the jet pump flow instrumentation.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Jet pump flow instrumentation is adjusted such that the jet pump total flow recorder provides a correct core flow indication at rated conditions.



2.
The APRM flow‑bias instrumentation is adjusted to function properly at rated conditions.


14.2.12.2.32      Test Number 36 ‑ Isolated Reactor Stability


a.
Test Objective



The purposes of this test are a) to demonstrate that an isolated reactor has satisfactory dynamic stability at very low power and medium‑to‑high‑pressure conditions, and b) to determine any higher pressure operating restrictions due to isolated reactor instability.



Test Number 36 is only done on first‑of‑a‑kind GE BWR plants.  The lead BWR/4 plant was Browns Ferry‑1, the lead BWR/5 plant was Tokai‑2, and the lead BWR/6 plant was Grand Gulf‑1.  This test was therefore deleted from the Perry Startup Test Program.


b.
Prerequisites and Initial Conditions



The preoperational tests are completed.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



1.
To enable use of several BWR alternative operational capabilities, each reactor first demonstrates its dynamic capability in the hot isolated situation.  To be able to perform a black startup without external power, or to operate the RHR system in the steam condensing mode, any operating upper boundary on isolated reactor pressure is determined.  This test serves to demonstrate the reactor stability and to help define related operating procedures and limits.



2.
To take transient data, the plant simulates the MSIV closed situation by closing both the main turbine stop valves and 




bypass valves at about 600 psig reactor pressure.  Transient data is recorded, knowing that the pressure setpoint can be quickly lowered to go on BPV control to stabilize any unexpected oscillations and thus avoid a plant trip and subsequent test delays.



3.
Two dynamic disturbances are used to observe the isolation reactor transient.  One is to move a control rod in and out, and the second is to trip open one BPV and reclose it.  These maneuvers are performed with the reactor at very low power (less than 2 percent) and at two pressure conditions (about 600 psi and again at 895 to 940 psi).  The main feedwater pumps are off and makeup water is supplied by the RCIC and/or CRD Systems.  The recirculation pumps are also off and the MSIVs are opened.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



Not applicable.



Acceptance Criteria for Level 2:



1.
The transient response of any system‑related variable to any test input does not diverge.



2.
For expected small‑ and medium‑sized inputs or disturbances, the reactor does not diverge beyond a scram trip setting in less than 3 minutes.



3.
Any steady pressure limit cycle does not exceed (100 psi.  For those limit cycles whose period is less than 10 seconds, the allowed maximum is (20 psi.


14.2.12.2.33      Test Number 70 ‑ Reactor Water Cleanup System


a.
Test Objective



The purpose of this test is to demonstrate specific aspects of the mechanical ability of the reactor water cleanup system.  (This test, performed at rated reactor pressure and temperature, is actually the completion of the preoperational testing that could not be done without nuclear heating.)


b.
Prerequisites and Initial Conditions



The RWCU is operating in the mode specified in each section of the Test Instruction.


c.
Test Instruction



With the reactor at rated temperature and pressure, process variables are recorded during steady‑state operation in three modes as defined by the system process diagram:  Blowdown, hot standby and normal.  A comparison of the bottom head flow indicator and the RWCU inlet flow indicator is made.



The calibration of the bottom head flow indicator is checked.  With the RWCU system taking flow from only the RPV bottom head and using the RWCU flow indicator as standard, five data points from zero to rated flow are observed and recorded by varying the flow through the appropriate valve.  Hot standby flow rate in the bottom head drain line section of the RWCU is not exceeded.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
With rated process flow in the Normal and Blowdown modes, the NRHX’s tube side outlet temperature does not exceed 120(F and 130(F, respectively.



2.
In the “Hot Shutdown” mode (defined by the process flow diagram) the available pump NPSH is not less than 13 feet.



3.
The cooling water supplied to the non‑regenerative heat exchangers does not exceed 106 percent of rated flow.  Rated cooling water flow corresponds to the flow rate necessary to operate the NRHX at capacity, assuming a maximum cooling water outlet temperature of 150(F.  The NRHX capacity is defined by the process flow diagram.



4.
Pump vibration does not exceed 2 mils peak‑to‑peak measured in any direction.



5.
Recalibrate bottom head flow indicator against RWCU flow indicator if the deviation is greater than 25 gpm.


14.2.12.2.34      Test Number 71 ‑ Residual Heat Removal System


a.
Test Objective



The purpose of this test is to demonstrate the ability of the residual heat removal (RHR) system to:



1.
Remove heat from the reactor system so that the refueling and nuclear system servicing can be performed.



2.
Condense steam while the reactor is isolated from the main condenser.


b.
Prerequisites and Initial Conditions



The RHR control system tuneup is performed.


c.
Test Instruction



Three modes of RHR operation are addressed in this test:  (1) Suppression Pool Cooling, (2) Steam Condensing, and (3) Shutdown Cooling.



The Suppression Pool Cooling Mode is performed when a temperature differential exists between the suppression pool and emergency service water.  These initial conditions may be established by heating the suppression pool through various modes of operation (i.e., relief valve operation or RCIC operation).  This section of the procedure is run for each RHR loop and demonstrates the system’s ability to remove heat from the suppression pool.



The Steam Condensing Mode is performed in two parts.  In the system performance portion (with the reactor in power operation) the heat exchanger capacity is determined, and step changes are made to heat exchanger level and pressure to demonstrate stable system response.  Both simultaneous and single loop operation of the RHR system is performed during the system performance portion.  In the second portion (with the final controller settings) each loop is placed into steam condensing with the reactor in an isolated condition.  The Shutdown Cooling mode is performed when a sufficient amount of decay heat is present.  When the reactor pressure is less than 135 psig, the RHR pumps take suction from recirculation loop B and send the water through the RHR heat exchangers.  The water is then 



returned to the reactor.  Data is recorded at regular intervals to demonstrate system operability.  Each RHR loop is tested individually and with both loops operating simultaneously.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The transient response of any system‑related variable to any test input does not diverge.



Acceptance Criteria for Level 2:



1.
The RHR System is capable of operating in the Steam Condensing Mode at 150.4 MBTU/Hr for single heat exchanger operation.  The simultaneous operation of both RHR loops and single loop operation is tested in this mode.



2.
The RHR System is capable of operating in the Suppression Pool Cooling Mode.  Each RHR loop is independently tested in this mode(1).



3.
The RHR System is capable of operating in the Shutdown Cooling Mode.  Dual loop operation and single loop operation are tested in this mode(1).



4.
System‑related variables may contain oscillatory modes of response.  In these cases, the decay ratio for each controlled mode of response is less than or equal to 0.25.


NOTE:


(1)
It is demonstrated with either suction from the Reactor Vessel or  Suppression Pool that each heat exchanger can remove 166.4 x 106 BTU/Hr when the inlet and outlet conditions in Mode B‑1 of <Figure 5.4‑14> exist.


14.2.12.2.35      Test Number 74 ‑ Offgas System


a.
Test Objective



The purpose of this test is to verify the proper operation of the offgas system over its expected operating parameters and to determine the performance of the activated carbon adsorbers.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  Instrumentation is checked or calibrated as appropriate.


c.
Test Instruction



At startup flow and again at normal flow, the pressures at selected locations are recorded and checked to see that they are within design specifications.  The hydrogen analyzer, relative humidity, temperature, recombiner performance, dilution steam flow, radionuclide residence times, and pre‑ and after‑filters are checked periodically throughout the plant startup while at steady‑state conditions.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The release of radioactive gaseous and particulate effluents does not exceed the limits specified in ODCM.



2.
Flow of dilution steam to the noncondensing stage does not fall below 92 percent of the specified normal value when the steam jet air ejectors are pumping.



Acceptance Criteria for Level 2:



1.
The system flow, pressure, temperature, and dewpoint complies with the process data sheets.  The catalytic recombiner, the hydrogen analyzer, the desiccant dryers, the activated carbon beds, and the filters are working properly during operation, i.e., there is no gross malfunctioning of these components.


14.2.12.2.36      Test Number 99 ‑ ERIS


a.
Test Objective



The purpose of this test is to verify that the BASIC ERIS and scram timing software and hardware are correctly installed and calibrated.  The test also ensures that certain data needed from plant operation are incorporated into the plant specific data bases.


b.
Prerequisites and Initial Conditions



The ERIS test activities, which validate the data base and calibrate the input channels, are complete.


c.
Test Instruction



In order to accomplish its purpose, the test is divided into four parts.



1.
Plant Specific Constant Recalculation:




This test defines those constants that need to have their values recalculated when plant operation at power allows the 




necessary measurements.  This allows the actual final values instead of initial “best estimates” to be input to the data base.



2.
Validated Parameter Verification:




This test compares the calculated ERIS validated plant parameters with measured plant data.  The comparison verifies that the processor’s algorithms, plant specific constants, composed and measured point data bases are correctly set up/installed.



3.
Event Target Verification:




This test verifies that selected ERIS event markers correctly reflect actual plant conditions.



4.
Scram Timing Verification:




This test verifies that the ERIS clock accurately times to the selected notch positions and that the hardware (scram timing modules), software and data bases are compatibly set up to produce the desired results and meets the technical specification requirements.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
All ERIS validated data agrees with actual plant data within (3 percent (of rated).



2.
All ERIS validated data on the various BASIC ERIS displays (taken as near simultaneously as possible) agrees with each other within a 2( deviation.



3.
Selected BASIC ERIS event targets (e.g., safety/relief valve position, MSIV position, scram) agree with actual plant status.



4.
The control rod scram timing function properly indicates selected control rod status.



5.
The control rod scram timing function indicates scram times of selected rods to the appropriate notch positions to within (.01 second of an independent measurement.


14.2.12.2.37      Test Number 100 ‑ Integrated HVAC


a.
Test Objective



To demonstrate the ability of ventilation systems to maintain specified Unit 1 and common area temperatures and relative humidity within specified limits during plant operation.


b.
Prerequisites and Initial conditions



Applicable preoperational tests are complete.  Ventilation systems are lined‑up and operating.  Outside atmospheric conditions are stable. Required test equipment is available and calibrated.


c.
Test Instruction



First at a low power level (approximately 15%), and then at a high power level (approximately 100%), data is recorded to demonstrate proper operation of plant ventilation systems.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Recorded data is compared to GAI specified temperature and relative humidity limits <Section 3.11>.


14.2.12.2.38      Test Number 113 ‑ Service Water System


a.
Test Objective



The purpose of this test is to demonstrate that the service water system can provide a sufficient amount of cooling water to the heat loads it supplies.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The plant is operating at greater than or equal to 95 percent of rated power and core flow.  Specified equipment is in service to provide heat loads.  The plant is at steady‑state conditions.  The required instruments are calibrated.


c.
Test Instruction



Data is gathered to measure and verify the system performance.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The service water system is capable of maintaining the specified heat exchangers and coolers within the temperature limits supplied in the GAI test specification.


14.2.12.2.39      Test Number 114 Emergency Closed Cooling System


a.
Test Objective



To demonstrate that the emergency closed cooling system provides sufficient heat removal capability for those components specified by GAI.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  Specified equipment is in service to provide a heat load.  The supplied heat loads have achieved steady‑state conditions.  The required instruments are calibrated.


c.
Test Instruction



With the specified equipment in operation to provide a heat load, data is recorded to ensure that this system is supplying sufficient cooling water to those components specified by GAI.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The Emergency Closed Cooling System maintains its heat loads within the temperature limits specified by the vendor <Section 9.2.2>.


14.2.12.2.40      Test Number 115 ‑ Nuclear Closed Cooling System


a.
Test Objective



To demonstrate that the Nuclear Closed Cooling System (NCCS) provides sufficient heat removal to the heat loads it supplies.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The plant is operating at greater than or equal to 95 percent power and core flow.  Specified equipment is in service to provide a heat load.  The NCCS and associated heat loads have reached steady‑state conditions.  The required instruments are operable.


c.
Test Instruction



Flow and temperature data are recorded to verify the acceptance criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The NCCS maintains its heat loads within the limits specified by the vendor.


14.2.12.2.41

Test Number 116 ‑ Turbine Building Closed Cooling System


a.
Test Objective



To demonstrate that the Turbine Building Closed Cooling System (TBCCS) provides sufficient heat removal to the heat loads it supplies.


b.
Prerequisites and Initial Conditions



The plant is operating at greater than or equal to 95 percent rated power and core flow.  Specified equipment is in operation to provide a heat load.  The TBCCS and its heat loads are operating at steady‑state conditions.  The required instruments are operable.


c.
Test Instruction



Data is collected to verify adequate system performance.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The Turbine Building Closed Cooling System maintains its heat loads within the limits specified in the GAI Test Specification.


14.2.12.2.42      Test Number 117 ‑ Emergency Service Water


a.
Test Objective



To demonstrate that the Emergency Service Water System provides sufficient heat removal capability for those components specified by GAI.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  Specified equipment is in service to provide a heat load.  The required instruments are calibrated.


c.
Test Instruction



Flow and temperature data are gathered with the maximum possible heat load on the Emergency Service Water System to verify its performance.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The Emergency Service Water System is capable of maintaining its heat loads within the limits specified by the vendor <Section 9.2.1>.


14.2.12.2.43      Test Number 118 ‑ Circulating Water System


a.
Test Objective



To demonstrate that the Circulating Water System provides sufficient heat removal to its heat loads.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The unit is operating near 100 percent power with specified equipment in operation.  The circulating water system and its heat loads have reached steady‑state conditions.  The required instruments are calibrated.


c.
Test Instruction



Temperature and flow data is recorded and used to verify the acceptance criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The Circulating Water System maintains parameters within the specified limits.


14.2.12.2.44      Test Number 119 ‑ Suppression Pool Cleanup System


a.
Test Objective



To ensure that the Suppression Pool Cleanup System (SPCU) maintains water quality in the Suppression Pool and at the SPCU demineralizer outlet within specified limits.


b.
Prerequisites and Initial Conditions



The suppression pool is filled to its normal operating level.  SPCU system has been in operation at least 4 hours.


c.
Test Instructions



Water samples are taken at the demineralizer influent and effluent.  The samples are analyzed and the results are compared with specified limits.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Demineralizer influent and effluent limits for conductivity, chlorides, pH and suspended solids are within vendor specified limits.  Radiation levels are within specified limits.


14.2.12.2.45      Test Number 120 ‑ Feedwater System


a.
Test Objective



To demonstrate operation of the feedwater system and to demonstrate the automatic start capabilities of the motor‑driven feedwater pump.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The plant is at the specified power level.  Required instrumentation is calibrated.


c.
Test Instruction



Various system parameters are recorded during low and high power operation, and during a feedwater pump trip, to verify proper operation of the feedwater system.  The automatic start capabilities of the motor‑driven feedwater pump are demonstrated during a trip of an operating turbine‑driven pump in Test Number 23C, Feedwater Pump Trip.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The feedwater system operating parameters are within tolerances as specified by the vendor.


14.2.12.2.46      Test Number 121 ‑ Extraction Steam System


a.
Test Objective



To demonstrate that the Extraction Steam System supplies steam to its heat loads.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  Reactor power and core flow are at least 95 percent of rated.  Temporary temperature indicators are installed at the specified test points.  The required instrumentation is calibrated.


c.
Test Instruction



Data (flows, temperatures, levels, etc.) is recorded to verify that the system is supplying steam to its designated loads.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The collected data adequately demonstrates steam flow as specified by the vendor.


14.2.12.2.47      Test Number 122 ‑ BOP Piping Expansion and Vibration


a.
Test Objective



The purpose of this test is to verify transient induced pipe vibrations and steady‑state vibrations are within acceptable limits, that piping/piping supports expand thermally without 



obstruction for selected BOP piping and that snubber and spring hanger expansion are within acceptable limits.


b.
Prerequisites and Initial Conditions



The system piping tested is supported and restrained in conformance with the design drawings.  Instrumentation is installed and calibrated.  ERIS is operable.  A qualified GAI piping engineer is available.


c.
Test Instruction



During startup testing, selected system large bore piping is visually inspected for vibration.  If visual inspection detects questionable vibration, the system is checked using a vibration analyzer.  During initial system heatup, piping thermal movements at selected points are instrumented, monitored and recorded.  Some additional pipe hangers and snubbers not instrumented are visually inspected.  Visual inspection is made of selected small bore piping and instrumentation piping for vibration.  Selected piping is monitored with remote sensors during steady‑state and transient vibration.  Clearance between piping and obstructions is monitored.


d.
Acceptance Criteria



1.
Acceptance Criteria for Level 1




Remotely monitored thermal expansion and steady‑state vibration are within vendor limits.



2.
Acceptance Criteria for Level 2




Remotely monitored piping steady‑state and transient vibration are within the limitations of the vendor supplied acceptance 




criteria for designated portions of the BOP systems identified in the vendor Test Specification.


14.2.12.2.48      Test Number 123 ‑ Concrete Temperature Survey


a.
Test Objective



The purpose of this test is to demonstrate the ability of natural heat transfer to cool the concrete surrounding selected pipe penetrations in the secondary containment wall.


b.
Prerequisites and Initial Conditions



The Annulus Exhaust Gas Treatment and the Steam Tunnel Cooling Systems are operable as required by plant operating conditions.


c.
Test Instruction



The penetration concrete temperature survey test consists of measuring concrete temperatures surrounding selected main steam and reactor water cleanup suction piping penetrations through the shield building.  Measurements from temperature sensors on the concrete are recorded at various power levels.  The measured temperatures are compared, and proven to be acceptable with respect to the design criteria.



Temperatures are recorded during initial heatup and at each major power level during the power ascension test phase.


d.
Acceptance Criteria



Acceptance Criteria for Level 1:



1.
The concrete temperature adjacent to the selected containment penetrations does not exceed 200(F.


14.2.12.2.49      Test Number 124 ‑ Main and Reheat Steam System


a.
Test Objective



The purpose of this test is to demonstrate that the Nuclear Steam Supply System and the Moisture Separator/Reheaters maintain a balanced steam flow to the high pressure and low pressure turbines during steady‑state operations and during turbine valve testing; and to demonstrate that the appropriate valves function properly subsequent to a main turbine trip.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The main turbine is at approximately 100 percent load.  The steam systems are at steady‑state operating conditions.


c.
Test Instructions



With the main turbine operating at approximately 100 percent steady‑state load, the main turbine stop valves are exercised individually while indications are monitored.  Finally, the main turbine is tripped from high power while the moisture separator/reheater system reaction is monitored.  The trip is performed during one of the planned trips for other startup tests.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Main steam flow and extraction steam temperatures are balanced as specified by the vendor.  Automatic valve action occurs as designed during a trip of the main turbine.


14.2.12.2.50      Test Number 125 ‑ Condensate System


a.
Test Objective



The purpose of this test is to demonstrate proper operation of the condensate system.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  Core thermal power is greater than 95 percent rated.  Temporary temperature indicators are installed at the specified test points.


c.
Test Instructions



Pressure, level and temperature data is recorded for various components in this system to verify satisfactory performance.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Condensate system parameters are maintained within the limits specified by the vendor.


14.2.12.2.51

Test Number 126 ‑ Main, Reheat Extraction and Miscellaneous Drains


a.
Test Objective



The purpose of this test is to demonstrate that the drains for the first MSIV before seat drain, second MSIV before seat drain, shutoff valve before seat drain, and main steam line drains are operating properly.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  Steam flow rate is within the specified range and control switches for the valves being tested are in the AUTO mode.


c.
Test Instruction



During operation, temperatures are obtained from various drain lines.  With the unit operating at approximately 50 percent rated steam flow, this instruction documents that the following valves close:



1.
1B21‑F069, outboard MSIV’s before seat normal drain valve.



2.
1N22‑F450, shutoff valve before seat normal drain valve.



The temperature in the first MSIV before seat drain line is verified to the limit specified by GAI.


d.
Acceptance Criteria



Acceptance Criteria for Level 3:



1.
The steam line drain temperatures are less than a specified limit for the valves specified in the procedure.


14.2.12.2.52      Test Number 127 ‑ LP/HP Heater Drains and Vents


a.
Test Objective



The purpose of this test is to demonstrate that the low pressure and high pressure heater drains and vents systems are capable of maintaining the water levels in their respective components within limits.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete as applicable.  The condensate and feedwater systems are in normal operation.  The Building Heating and Extraction Steam Systems are in normal operation.


c.
Test Instruction



Heater and drain tank high and low level alarms are observed for actuation while the plant is operating.  The data is used to verify the acceptance criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 3:



1.
The high and low pressure heater drains and vents systems satisfactorily maintain water level in the heaters and drain tanks within the specified limits.


14.2.12.2.53      Test Number 128 ‑ Condensate Demineralizer System


a.
Test Objective



The purpose of this test is to verify that the Condensate Demineralizer System provides condensate in sufficient amount and sufficient quality.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The required instruments are calibrated.


c.
Test Instruction



Flow, pressure and water chemistry data is collected to verify the proper operation of this system.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Conductivity, pH, soluble iron and copper, silica and chloride concentrations are within specified limits.


14.2.12.2.54      Test Number 129 ‑ Steam Seal System


a.
Test Objective



The purpose of this test is to demonstrate operability of the steam seal evaporator when supplied with steam from the main steam system and extraction steam system.


b.
Prerequisites and Initial Conditions



The condensate and steam seal systems are in normal operation.  The preoperational tests are completed.  The plant is near 100 percent power for the baseline data section.


c.
Test Instruction



The various level and pressure controlling valves are demonstrated operable by slowly opening and closing the bypass valve associated with each steam seal control valve to verify that the control valve automatically responds to maintain the parameter.  Steam seal evaporator supply valves operation is verified by documenting automatic opening of these valves as turbine power increases.


d.
Acceptance Criteria



Acceptance Criteria for Level 3:



1.
The specified automatic valves perform properly.  The steam seal evaporator level is maintained within proper limits.  Other steam seal system parameters are within limits specified by the vendor.


14.2.12.2.55      Test Number 130 ‑ Condenser Air Removal System


a.
Test Objective



To demonstrate automatic actions of the steam jet air ejector (SJAE) air suction valves.  To demonstrate that one SJAE can maintain sufficient vacuum in the condensers to operate the unit at approximately 100 percent power.


b.
Prerequisites and Initial Conditions



The condenser circulating water, steam seal, main and reheat steam, condensate seal, and offgas systems are available.  The preoperational tests are complete.


c.
Test Instruction



The Condenser Air Removal System is tested in two ways:  (1) with the main turbine generator and both feed pump turbines on the turning gear, the SJAE second stage ejector flow is established and then throttled down to verify alarm annunciator and air suction valve closure at the specified value.  Flow is reestablished to verify that the air suction valves open.  (2) With Unit 1 near 100 percent power and with the specified SJAE in service, the water level in the loop seal as well as the vacuum in the low pressure, intermediate pressure, high pressure and auxiliary condensers is measured to assure they meet the specified criteria.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Each SJAE maintains condenser vacuum at the value specified by the vendor.  The SJAE suction valves and alarm perform as 




designed.  The level control valves of the SJAE maintain the proper level of water in each intercondenser loop seal.


14.2.12.2.56      Test Number 131 ‑ Offgas Vault Refrigeration System


a.
Test Objective



The purpose of this test is to demonstrate that the Offgas Vault Refrigeration System properly cools, and maintain cooled, the main offgas process stream and the offgas charcoal vaults.


b.
Prerequisites and Initial Conditions



The preoperational tests are complete.  The Instrument Air, Turbine Building Closed Cooling, and Offgas Exhaust Systems are in operation.  Instrumentation required for the test is calibrated.


c.
Test Instruction



Pressure, temperature and airflow data is taken during offgas operation to verify that the Offgas Vault Refrigeration System is operating properly to cool its heat loads.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The Offgas Vault Refrigeration System is capable of maintaining its heat loads within the temperature limits specified by the vendor.  The specified temperature controllers modulate their associated control valves as designed.


14.2.12.2.57      Test Number 132 ‑ Turbine Plant Sampling


a.
Test Objective



To compare conductivity, dissolved oxygen, pH, and sodium concentration readings with grab sample analysis.


b.
Prerequisites and Initial Conditions



The preoperational tests are completed.  The Turbine Plant Sampling System has been in operation for at least one hour.  Main and Reheat Steam System heat load is available.


c.
Test Instruction



With the Turbine Plant Sampling System in operation, water samples are taken at various sampling stations.  The results are compared with instrument indications as well as specified limits.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Conductivity, oxygen, pH, and sodium instrumentation readouts agree with grab samples within the specified tolerances.


14.2.12.2.58      Test Number 133 ‑ Loose Parts Monitoring System


a.
Test Objective



To obtain a full range of baseline data for the Loose Parts Monitoring System (LPMS).


b.
Prerequisites and Initial Conditions



The preoperational test is complete.  The LPMS is lined up for manual operation.


c.
Test Instruction



During steady‑state operation at various power levels baseline data is taken on all 12 channels of the Loose Parts Monitoring System.  This includes a cassette recording and a waveform plot for each power level.  The system is placed in the manual mode of operation and, using the appropriate operating procedure for guidance, the required data is obtained.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
Baseline data is satisfactorily obtained at the specified power levels.


14.2.12.2.59      Test Number 134 ‑ Equipment Area Cooling


a.
Test Objective



The purpose of this test is to verify that the RCIC, LPCS, HPCS, and RHR “A,” “B” and “C” room coolers are capable of removing the postulated postaccident design heat loads.


b.
Prerequisites



The preoperational tests are complete and the PORC has approved the test procedures and initiation of testing.


c.
Test Procedure



In conjunction with the RCIC, LPCS, HPCS, and RHR “A,” “B” and “C” pumps running under nuclear heat conditions, perform a heat balance on the associated room coolers and extrapolate the results to postaccident design heat load conditions.


d.
Acceptance Criteria



Acceptance Criteria for Level 2:



1.
The RCIC, LPCS, HPCS, and RHR “A,” “B” and “C” room coolers are capable of removing the postulated postaccident design heat loads.


14.2.12.3      Acceptance Test Procedures


Acceptance test procedures were prepared, and conducted similarly to the preoperational test procedures.  The acceptance tests were reviewed and approved by the NTS‑GSE and Quality Assurance overview was not required.  The acceptance test review was conducted for the NTS‑GSE by the same 


review group that performed the technical review of the preoperational tests and the NTS‑GSE approved all acceptance tests procedures and revisions.  The following is a partial list of systems on which acceptance tests were performed:


_MPL_
__________System Name___________
_______Reference_____

C85
Steam Bypass System
<Section 14.2.12.3.2>


D51
Seismic Monitoring System
<Section 14.2.12.3.3>


G61
Liquid Radwaste Sumps System
<Section 14.2.12.3.4>


M14
Containment Vessel and Drywell



Purge System
<Section 14.2.12.3.5>


M21
Controlled Access HVAC System
<Section 14.2.12.3.6>


_MPL_
__________System Name___________
_______Reference______

M27
Computer Room HVAC System
<Section 14.2.12.3.7>


N21
Condensate System
<Section 14.2.12.3.8>


N23
Condensate Filtration System
<Section 14.2.12.3.9>


N24
Condensate Demineralizer System
<Section 14.2.12.3.10>


N27
Feedwater System
<Section 14.2.12.3.11>


N33/N34/N35
Process Sampling System
<Section 14.2.12.3.12>


N62
Condenser Air Removal
<Section 14.2.12.3.13>


N71
Circulating Water System
<Section 14.2.12.3.14>


P41
Service Water System
<Section 14.2.12.3.15>


P43
Nuclear Closed Cooling System
<Section 14.2.12.3.16>


P44
Turbine Building Closed Cooling



System
<Section 14.2.12.3.17>


P50
Containment Vessel Chilled Water



System
<Section 14.2.12.3.18>


P52
Instrument Air System
<Section 14.2.12.3.19>


R50
Outside Radio Communications 



System
<Section 14.2.12.3.20>


R51/R52/R53
Onsite Plant Communications System
<Section 14.2.12.3.21>


R10
Normal AC Power Distribution 



System
<Section 14.2.12.3.22>


P46
Turbine Building Chilled Water 



System
<Section 14.2.12.3.23>


‑
Process Computer Acceptance Test
<Section 14.2.12.3.24>


Test descriptions for the above tests are provided in the following sections.  In addition, the Fire Protection System is an acceptance test with Quality Assurance requirements applied as described in <Chapter 17> for fire protection subsystems serving safety‑related areas.


A general description of the Fire Protection acceptance test is as follows.


14.2.12.3.1      Fire Protection Systems Acceptance Test


a.
Test Objective



To verify the ability of the Fire Protection System to perform within design specifications.


b.
Prerequisites



1.
The required individual component tests are complete and approved.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument and service air are available.



5.
The emergency service water intake structure is complete to provide suction for fire water pumps.


c.
Test Procedure



1.
Proper operation of alarms, controls and interlocks are functionally tested.



2.
CO2 containment isolation valves are tested to verify response to containment isolation signals.



3.
The performance of the motor‑driven fire pump, diesel‑driven fire pump and the jockey pump are functionally tested.



4.
Proper operation of the CO2 system is functionally tested.



5.
Flow paths of the Fire Protection System are functionally tested.



6.
Proper operation of the seismically qualified alternate supply of water for the Fire Protection System is verified during the Emergency Service Water System preoperational test <Section 14.2.12.1.34>.



7.
All tests are performed in accordance with manufacturer’s recommendations and Fire Insurance Underwriters specifications.


d.
Acceptance Criteria



1.
Alarms, controls and logic functions perform within design specifications.



2.
System containment isolation valves perform correctly.



3.
All Fire Protection System pumps start and meet the head and flow requirements.



4.
The CO2 system performs within design specifications to meet the required concentration levels.



5.
The Fire Protection System flow capability is within design specifications.


14.2.12.3.2      Steam Bypass and Pressure Regulation System Acceptance Test


a.
Test Objective



1.
To verify the capability of the Steam Bypass and Pressure Regulation System (SB & PR) to perform within design specifications.



2.
To verify that the SB & PR system is initially aligned and fully functional to support integrated operation with other systems during the startup test phase.


b.
Prerequisites



1.
The Hydraulic Power Unit (HPU) installation is complete, flushing and hydrostatic testing is complete, and the HPU is operational.



2.
Steam bypass valves are installed, electrical and hydraulic control power is available for valve operation.



3.
Electrical power is available.



4.
Individual instrument calibration is complete and the initial channel calibration and lineup on the SB & PR control panel is complete.



5.
The Turbine Building Closed Cooling System is available.


c.
Test Procedure



1.
Proper operation of the HPU is verified as follows:




(a)
The hydraulic pumps are operated to determine head and flow characteristics.




(b)
Proper alarm, indication and interlock functions on the HPU are verified.




(c)
Proper hydraulic fluid flow paths, pressure and distribution to the steam bypass valves is verified.




(d)
Proper hydraulic fluid chemistry is verified.



2.
Proper SB & PR instrument channel logic is verified as follows:




(a)
Proper power supply voltage, distribution, protective functions, and backup power sources are verified.




(b)
Proper system controls, indications and alarms are verified to function correctly.




(c)
Channel fault detector logic and self checking features are verified to function correctly.




(d)
System interface outputs to the Reactor Recirculation Control System and the Turbine Control System function correctly.  (The Load Demand signal output to the Reactor Recirculation system is functionally checked in the Reactor Recirculation Control System preoperational test.)



3.
Bypass valves are exercised to demonstrate proper speed and stroke timing, opening sequence, valve opening and closing overlap, and total valve position versus demand.



4.
Integrated system tests are performed to demonstrate proper instrument setpoint alignment, interlocks, inputs, and outputs with interfacing plant equipment and components.



5.
Bypass Valve versus Turbine Control Valve coordination is demonstrated during simulated turbine and generator trips.



6.
Open loop dynamic tests are performed on bypass valves and control circuits to verify that system dynamic parameters initially fall within predicted values and that no divergences or instabilities exist prior to integrated operation with other plant systems.  Fine tuning and optimum adjustments of system gain, lead and lag time constants, etc. are conducted during the startup test phase.


c.
Acceptance Criteria



1.
System indications, alarms, interlocks, and controls function as designed.



2.
System instrument controls and setpoints are calibrated and adjusted to the requirements of the design specifications.



3.
Bypass valves operate properly with respect to position, speed, timing, and in proper coordination with the Turbine Control Valves.



4.
The Hydraulic Power Unit functions to provide cooled and cleaned fluid at the proper pressure and flow rate over the full operating range of the bypass valves.



5.
The SB & PR system initial alignment results in no divergences or gross instabilities in system dynamic parameters.


14.2.12.3.3      Seismic Monitoring System Acceptance Test


a.
Test Objectives



1.
To verify operational capability of the system.



2.
To verify operation of the system in the test modes.


b.
Test Procedure



1.
The Strong Motion Accelerograph System is checked as follows:




(a)
The battery and power supply are checked by system operation.




(b)
The accelerometer test loop is tested by placing the system in the test mode and recording the results on the system cassette recorders.




(c)
The playback system is checked by printing the results of the test loop check ((b) above).




(d)
The seismic switches and triggers are tested by displacing the sensors and verifying proper system and annunciator response.


c.
Acceptance Criteria



1.
The seismic monitoring system functions properly in the test, record and playback modes.



2.
Proper annunciation is received when the seismic switches and triggers are displaced.


14.2.12.3.4      Liquid Radwaste Sump System Acceptance Test


a.
Test Objective



To verify the ability of the Liquid Radwaste Sump System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Instrument air is available.



4.
Electrical power is available.



5.
Water is available.



6.
Main Condenser and Liquid Radwaste System are available to receive water.


c.
Test Procedure



1.
Sequential operating capability and level switch interlocks for sump pumps are demonstrated by filling the sumps with water, until proper response is obtained for control switch positions.



2.
Pressure switch interlocks are tested by isolating discharge piping from appropriate pumps.  When the pumps are in operation, the pressure switch is verified to trip the pumps on high pressure.



3.
Flow is verified to appropriate receivers while the pumps are in operation.



4.
The Liquid Radwaste System Flood Protection level switches and alarms are demonstrated by manually tripping the level switches and observing their alarm functions in the Main Control Room.


d.
Acceptance Criteria



1.
Sequence operating capability of Liquid Radwaste Sump Pumps are demonstrated.



2.
System interlocks function within design tolerances.



3.
Flow from Liquid Radwaste Sumps to appropriate receivers is demonstrated.



4.
The Liquid Radwaste Sump System Flood Protection level switches and alarms function as designed.


14.2.12.3.5      Containment Vessel and Drywell Purge System Acceptance Test


a.
Test Objectives



To verify the ability of the Containment Vessel and Drywell Purge System to perform within design specifications.


b.
Prerequisites



1.
Individual component testing is complete.



2.
Instrument calibration and loop checks are completed.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.


c.
Test Procedure



1.
Proper operation of the Containment Vessel and Drywell Purge System is verified as follows:




(a)
Fan capacities are verified in intermittent mode of operation.




(b)
Fan capacities are verified in refueling mode of operation.




(c)
Proper system controls, indications and alarms are verified to function correctly.




(d)
The interlocks between the fan and the damper function correctly.




(e)
Fan automatic trip signals function correctly.




(f)
Damper alignment and operation function correctly for the different modes of operation.


d.
Acceptance Criteria



1.
System fans perform satisfactorily and deliver specified air quantities.



2.
System instruments controls function per design requirements.



3.
System interlocks function as required and designed.


14.2.12.3.6      Controlled Access HVAC System Acceptance Test


a.
Test Objective



To verify the ability of the Controlled Access HVAC System to perform within design specifications.


b.
Prerequisites



1.
Individual component testing is complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.


c.
Test Procedure



1.
Proper operation of the Controlled Access HVAC System is verified as follows.




(a)
Fan capacities are verified in normal mode of operation.




(b)
Proper system controls, indications and alarms are verified to function correctly.




(c)
Damper alignment and operation function correctly for the different modes of operation.




(d)
Fan automatic trip signals function correctly.


d.
Acceptance Criteria



1.
System fans perform satisfactorily and deliver specified air quantities.



2.
System instrument controls function per design requirements.



3.
System interlocks function as required and designed.


14.2.12.3.7      Computer Room HVAC System Acceptance Test


a.
Test Objective



To verify the ability of the Computer Room HVAC System to perform within design specifications.


b.
Prerequisites



1.
Individual component testing is complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instruments are available and calibrated.



4.
Instrument air is available.



5.
Electrical power is available.


c.
Test Procedure



1.
Proper operation of the Computer Room HVAC system is verified as follows:




(a)
Fan capacities are verified in normal mode of operation.




(b)
Proper system controls, indications and alarms are verified to function correctly.




(c)
Fan auto‑trip and auto‑start signals function correctly.




(d)
Space humidification is maintained at acceptable level.


d.
Acceptance Criteria



1.
System fans perform satisfactory and delivered specified air quantities.



2.
System instrument controls function per design requirements.



3.
System interlocks function as required and designed.


14.2.12.3.8      Condensate System Acceptance Test


a.
Test Objective



1.
To demonstrate that the condensate system pumps are capable of supplying the designed flow of condensate at designed head.



2.
To demonstrate that the condensate system is capable of maintaining the condenser hotwell within normal operating units.



3.
To operationally verify the interlocks and alarms associated with the hot surge tank.



4.
To demonstrate that the NPSH available exceeds NPSH required for the condensate system pumps.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Demineralized water is available.



5.
Instrument air is available.



6.
The turbine building closed cooling, condensate transfer and storage and feedwater systems are available.


c.
Test Procedure



1.
The hotwell pumps and the condensate booster pumps are operated to verify that each pump supplies design flow at design head.



2.
The hotwell level control functions are verified by varying the hotwell level.



3.
The hot surge tank level instrumentation is verified relative to alarms and associated interlocks by varying the hot surge tank level.



4.
The condensate system is operated at full flow and pump suction pressures are corrected for the worst case condition relative to verification of NPSH available.


d.
Acceptance Criteria



1.
The hotwell level control system maintains the level in the hotwell within normal operating limits.



2.
The interlocks and alarms associated with the hot surge tank actuate at the design values.



3.
The hotwell pumps and condensate booster pumps develop design total dynamic head when operated at design flow conditions.



4.
The NPSH available exceeds the NPSH required for the condensate system pumps.


14.2.12.3.9      Condensate Filtration System Acceptance Test


a.
Test Objective



1.
To demonstrate the ability of the condensate filtration system to maintain condensate feedwater chemistry and proper operation of system controls.


b.
Prerequisites



1.
Instrumentation and controls are calibrated and operable.



2.
The condensate system is operable and lined up to recirculate water to the hotwell.



3.
Instrument and service air is available.



4.
Electrical power is available.



5.
Condensate storage and transfer is available with enough water to support this test.



6.
Backwash receiving tank is available.



7.
The process sampling system is available.


c.
Test Procedure



1.
The filter units are placed in operation and their controls are operated.



2.
Effluent water purity is determined.



3.
System flow rates are measured for each filter unit.


d.
Acceptance Criteria



1.
Each filter unit produces effluent water of the proper quality.



2.
The condensate filtration bypass valve operates properly, based on flow during test conditions, to maintain specified differential pressure.



3.
The online, hold and backwash process operates properly for each filter unit.



4.
System controls, interlocks and alarms operate properly.


14.2.12.3.10      Condensate Demineralizer System Acceptance Test


a.
Test Objective



1.
To demonstrate the ability of the condensate demineralizer system to maintain condensate feedwater chemistry and the operability of the regeneration system.


b.
Prerequisites



1.
Instrumentation and controls are calibrated and operable.



2.
The condensate system is operable and lined up to recirculate water to the hotwell.



3.
Instrument and service air is available.



4.
Electrical power is available.



5.
Condensate storage and transfer is available with enough water to support this test.



6.
Backwash rinse and regeneration receiving tanks are available.



7.
The process sampling system is available.


c.
Test Procedure



1.
The demineralizers are placed in operation and their controls are operated.



2.
Effluent water purity is determined.



3.
System flow rates are measured for each demineralizer, and regeneration flow paths are exercised.



4.
At least one demineralizer regeneration is performed.


d.
Acceptance Criteria



1.
Each demineralizer produces effluent water of the proper quality.



2.
The condensate demineralizer bypass valve operates properly, based on flow during test conditions, to maintain specified differential pressure.



3.
The Inservice, Standby, Resin Transfer, and Resin Regeneration Modes associated with the system operate properly.



4.
The system pneumatic valves operate properly.



5.
System controls and interlocks operate properly.


14.2.12.3.11      Feedwater System Acceptance Test


a.
Test Objective



To demonstrate component operability and performance.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
The condensate system is available.



6.
The turbine building closed cooling system is available.


c.
Test Procedure



The feedwater system is operated under limited conditions and simulated or actual signals injected where necessary to verify the following:



1.
That the feedwater booster pumps each provide the design flow, total dynamic head and have sufficient suction head available.



2.
That the sealing water systems supply sealing water to all required components.



3.
That all reactor feed pump oil systems supply oil as required.



4.
That the feedwater booster pumps and motor‑driven feed pump minimum recirculation controls are operationally verified to prevent pump overheating.



5.
That the steam driven feed pump minimum flow valve operates to open and close from a simulated input.



6.
That system alarms, trips, interlocks, and controls function properly.


d.
Acceptance Criteria



1.
The feedwater booster pumps meet design flow, total dynamic head and have sufficient suction head available.



2.
The seal water injection system demonstrates to supply seal water to the feed pumps.



3.
The feedwater booster and motor‑driven feed pumps minimum recirculation controls operate to prevent pump overheating.



4.
The steam driven feed pump minimum recirculation controls function properly.



5.
That all oil pumps supply the proper oil pressures to the feedwater turbines and pumps.



6.
Startup and limited operation of the reactor feed turbines have been successfully demonstrated.



7.
The system alarms, trips, interlocks, and controls function properly.


14.2.12.3.12      Process Sampling System Acceptance Test


a.
Test Objective



1.
To demonstrate the process sampling system provides adequate process samples to the various installed analytical monitoring equipment and grab sample stations.


b.
Prerequisites



1.
Instrumentation and controls are calibrated and operable.



2.
Electrical power is available.



3.
Applicable sample cooling water is available.



4.
Applicable waste receiving is available.



5.
Service air is available.


c.
Test Procedure



1.
Each sample station is operated as available.



2.
Grab samples are drawn from all grab sample points as available.



3.
System alarms are actuated.


d.
Acceptance Criteria



1.
Sample lines are unobstructed and provide adequate sample flows.



2.
Grab sample valves operate properly.



3.
System alarms operate properly.



4.
Sample pressures and temperatures are maintained with specified values.  (Certain sample pressures, temperatures and flowrates are deferred until after fuel load such that more representative process samples are available.)




NOTE:
Chemical fume hoods are tested for proper flow during the applicable HVAC test.


14.2.12.3.13      Condenser Air Removal Acceptance Test


a.
Objectives



1.
To demonstrate the operability of the condenser air removal system.


b.
Prerequisites



1.
The condensate system is operable and lined up to recirculate water to the condenser.



2.
The auxiliary boilers are operable and lined up to supply sealing steam.



3.
The main and auxiliary condensers are available.



4.
Instruments and controls are calibrated and operable.



5.
Instrument air is available.



6.
Electrical power is available.



7.
The Offgas Building Exhaust System is available.



8.
The Turbine Building Closed Cooling Water System is available.


c.
Test Procedures



1.
The mechanical vacuum pumps are operated to establish an initial vacuum.



2.
The mechanical vacuum pumps interlocks are functionally tested.



3.
Various performance parameters are measured.



4.
The condenser vacuum breakers are operated.



5.
Simulated high radiation signals are used to initiate isolation.



6.
The steam jet air ejectors (SJAE) intercondenser level control valves are functionally tested.


d.
Acceptance Criteria



1.
The mechanical vacuum pumps pull an acceptable vacuum.



2.
The SJAE intercondenser level control valves maintain proper water level in the SJAE’s intercondenser loop seal.



3.
The system controls, interlocks and alarms operate properly.



4.
The condenser vacuum pumps trip and the suction valves close on simulated high main steam line radiation.


14.2.12.3.14      Circulating Water System Acceptance Test


a.
Objective



To demonstrate the ability of the circulating water system and associated condenser mechanical cleaning equipment (Amertap) to perform within design specification.


b.
Prerequisites:



1.
Individual component initial checkout and run‑in tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air system is available.



5.
Service water system is available.



6.
Acid addition system is available.



7.
Chlorination to circulating water system is available.


c.
Test Procedure:



1.
Fill the circulating water system by operating the service water system.



2.
Measure circulating water pump head and flow.



3.
Test condenser waterbox drain tank sump and level control.



4.
Check electrical interlocks for turbine building flood protection, cooling tower basin level, pump bearing lubrication low flow, and differential pressure across Amertap strainer.



5.
Verify circulating water system chemistry control for conductivity, pH and chlorine.



6.
Test main condenser and auxiliary condenser mechanical cleaning equipment in NORMAL, BACKWASH and EMERGENCY BACKWASH modes.



7.
Operationally verify cooling tower flow paths.


d.
Acceptance Criteria



1.
Circulating water pumps head and flow meet the design requirement.



2.
Waterbox drain pump maintains water level in the waterbox drain tank.



3.
Turbine building high water level signal automatically trips circulating water pumps and closes L.P. condenser inlet valves.



4.
Circulating water pump bearing lubrication low flow prevents pump from starting.



5.
Circulating water system conductivity, pH and chlorine levels are controlled.



6.
Main condenser and auxiliary condenser mechanical cleaning equipment functions properly in NORMAL, BACKWASH and EMERGENCY BACKWASH modes.



7.
Cooling tower flow paths are operational.


14.2.12.3.15      Service Water System Acceptance Test


a.
Test Objective



To demonstrate component operability, performance and that the system can provide cooling water flows to system components.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.


c.
Test Procedure



The service water system is operated and simulated signals injected where necessary to verify the following:



1.
That the service water pumps meet flow and total design head requirements.



2.
Flow paths to heat exchangers and coolers.



3.
That the service water strains backwash automatically in the proper sequence.



4.
That system alarms and interlocks function properly.


d.
Acceptance Criteria



1.
The service water system with screens, strainers and cycle makeup in service is capable of providing cooling water flows to each of the system heat exchangers and coolers.



2.
Each service water pump supplies design head and flow.



3.
The strainer backwash automatically starts at the design differential pressure and the strainers sequence in the correct order.



4.
The system pressure and flow alarms operate at the design setpoints.


14.2.12.3.16      Nuclear Closed Cooling System Acceptance Test


a.
Test Objective



To verify the ability of the Nuclear Closed Cooling System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Demineralized water is available.



6.
Service water system is available.


c.
Test Procedure



1.
The nuclear closed cooling pumps are operated and the system is flow balanced to provide the required cooling to the related equipment at the design pump total design head.



2.
During the flow balancing operation, the capability of the throttle valves to control flow is demonstrated.



3.
Demineralized water makeup to the surge tank is demonstrated.


d.
Acceptance Criteria



1.
System pumps head and flow requirements are met.



2.
System pumps supply the required cooling water flow rates to major components supplied by the nuclear closed cooling system.



3.
System valves control the flow to the related equipment.


14.2.12.3.17      Turbine Building Closed Cooling System Acceptance  Test


a.
Test Objective



To verify the ability of the Turbine Building Closed Cooling System to perform within design specifications.


b.
Prerequisites



1.
Individual component tests are complete.



2.
Instrument calibration is complete.



3.
Electrical power is available.



4.
Instrument air is available.



5.
Demineralized water is available.



6.
Service water system is available.


c.
Test Procedure



1.
The Turbine Building Closed Cooling Pumps are operated to demonstrate the capability to provide the required system flow rate at the design pump total design head.



2.
Demonstrate demineralized water makeup flow to the surge tank.



3.
Demonstrate that the surge tank high and low level alarms operate as required.



4.
Demonstrate that the system low flow alarm operates as required.



5.
Demonstrate the chemical addition tank flow paths.


d.
Acceptance Criteria



1.
Pump head and system flow requirements are met.



2.
System low flow and surge tank high and low level alarms operate within design specifications.



3.
Demineralized water makeup flow to the surge tank is demonstrated.



4.
Chemical addition tank flow paths are demonstrated.


14.2.12.3.18      Containment Vessel Chilled Water System


a.
Test Objective



To verify the ability of the Containment Vessel Chilled Water System to perform within design specifications.


b.
Prerequisites



1.
Individual component testing is complete.



2.
Instrument calibration and loop checks are complete.



3.
Test instrumentation is available and is calibrated.



4.
Instrument air is available.



5.
Electrical power is available.



6.
Nuclear closed cooling water system is available.



7.
Containment vessel cooling ventilation system is available.



8.
Inservice inspection room ventilation system is available.


c.
Test Procedure



1.
Proper operation of the Containment Vessel Chilled Water System is verified as follows:




(a)
Chilled water pump capacities are verified for design gpm.




(b)
Containment isolation valves function correctly and operate within prescribed time.




(c)
System responds correctly to manual isolation signal.




(d)
System responds correctly to automatic isolation signal.




(e)
Proper system controls, indications and alarms are verified to function correctly.


d.
Acceptance Criteria



1.
System pumps perform satisfactorily and deliver specified water flows.



2.
System instruments control function per design requirements.


14.2.12.3.19      Nonsafety‑Related Instrument Air and Loss of Instrument Air Acceptance Tests


14.2.12.3.19.1      Nonsafety‑Related Instrument Air Acceptance Test


a.
Test Objectives



1.
Verify the instrument air (IA) system is capable of supplying air at the required flow, pressure, temperature, and dew point.



2.
Verify proper operation and control for the manual and automatic modes of operation of the IA compressor.



3.
Verify proper operation of redundant components.


b.
Prerequisites



1.
Instrument calibration complete.



2.
Electric power available.



3.
Required support systems are available.



4.
Individual initial checkout and run‑in component tests are complete.



5.
Cleanliness requirements are verified during initial checkout and run‑in testing.


c.
Test Procedure



1.
Demonstrate that the IA compressor supplies instrument air at the required design flow, pressure and temperature.



2.
Demonstrate that the IA compressor functions properly in the manual and automatic modes of operation.



3.
Demonstrate that the failure or loss of function of redundant components does not prevent proper operation of the others.



4.
Demonstrate proper operation of the IA dryers to supply air at the required dew point.


d.
Acceptance Criteria



1.
IA compressor flow, pressure and temperature requirements are met.



2.
IA compressor requirements for manual and automatic operation are met.



3.
IA dryers air dew point requirements are met.



4.
Requirements for failure or loss of function of redundant components so as to not jeopardize proper operation of the other components are met.


14.2.12.3.19.2

Nonsafety‑Related Instrument Air System Loss of Instrument Air Acceptance Test


a.
Test Objective



1.
Upon sudden depressurization (simulated pipe break) of the instrument air supply verify that the air operated components fail from their normal operating position in a manner maintaining continued capability to provide system safety functions.



2.
Upon slow depressurization (simulated pipe plugging by freezing) of the instrument air supply verify that the air operated components fail from their normal operating position in a manner maintaining continued capability to provide system safety functions.


b.
Prerequisites



1.
Instrument calibration and initial checkout and run‑in testing is complete on pneumatic operated components to be tested.



2.
The Instrument Air System and required support systems are available to supply instrument air to the components being tested.


c.
Test Procedure



1.
Pressurize the instrument air header.



2.
Position the components being tested in the test branch to their normal operating position and record position on data sheet.



3.
Isolate the instrument air branch to be tested.



4.
(a)
Rapidly depressurize the test branch and record the failed position of the components being tested.




(b)
Monitor system responses and interaction and record any unexpected characteristics.



5.
After all the component’s failed positions have been recorded, open the isolation valve to the test branch to re‑pressurize.



6.
If the components do not return to their normal operating position, reposition them (in the test branch) the same as in Step 2 and record position.



7.
Isolate the test branch.



8.
(a)
Slowing depressurize the test branch and record the failed position of the components being tested.




(b)
Monitor system responses and interaction and record any unexpected characteristics.



9.
Proceed to the next branch to be tested and perform Steps 1 through 8.



10.
After all branches are tested, return system to the required status.


d.
Acceptance Criteria



1.
Upon rapid depressurization of the instrument air supply, the requirements for the air operated components to fail in the designed position are met and no unexpected system interactions are observed.



2.
Upon slow depressurization of the instrument air supply, the requirements for the air operated components to fail in the designed position are met and no unexpected system interactions are observed.


14.2.12.3.20      Outside Radio Communications System Acceptance Test


a.
Test Objective



To demonstrate the capability of establishing voice communications between the Perry Nuclear Power Plant and the CEI System Operations Center and the Lake County Sheriff’s Office.


b.
Prerequisites



1.
The initial system checkout and run‑in are performed and any deficiencies which would affect this test are resolved.



2.
Power is available from the appropriate ac power sources.


c.
Test Procedure



1.
Verify that two‑way voice communication is made between the Unit 1 control room and the CEI System Operation Center using the microwave equipment and the backup power pool radio service radio.



2.
Verify that two‑way voice communications is made between the Central Security Office and the Lake County Sheriff’s Office.



3.
Verify that the microwave equipment performs on the stand‑by transmitter and receiver when the primaries are in a simulated failure mode.



4.
Verify that the microwave and radio equipment functions when the normal ac is interrupted.


d.
Acceptance Criteria



1.
Each outside radio communication system is capable of providing two‑way communication.



2.
The radio and microwave communication system is capable of functioning upon loss of ac power to the equipment at the Perry Nuclear Power Plant.


14.2.12.3.21      Onsite Plant Communications Systems Acceptance Test


a.
Test Objective



1.
To verify the operation of the Intra‑Plant Communication System by testing handset stations, speakers for proper operation and ability to achieve sound pressure levels over ambient levels.



2.
To verify operation of Maintenance and Calibration Communication System by testing headsets, jack stations and the control of the patch panel.



3.
To verify the capability of the Exclusion Area Paging System to broadcast a prerecorded or spoken message over the exclusion area.


b.
Prerequisites



1.
The initial system checkout and run‑in are performed and any deficiencies which would affect this test are resolved.



2.
Power is available from the appropriate ac power sources.


c.
Test Procedure



1.
With the Intra‑Plant Communication System energized, perform the following tests:




(a)
Verify page throughout plant.




(b)
Verify page of each handset and appropriate muting of speakers.




(c)
Verify each party line position for proper operation.




(d)
Verify that sound pressure levels are increased to overcome ambient noise.




(e)
Verify that the radiation emergency alarm and fire alarm are broadcasted by the primary and backup tone generator.



2.
With the Maintenance and Calibration Communications System energized, perform the following tests:




(a)
Verify that each portable headset works properly.




(b)
Verify that each jack station operates properly by achieving audible communications.




(c)
Verify that each power supply operates properly by achieving audible communication.



3.
With the Exclusion Area Paging System energized, perform the following tests:




(a)
Verify that the Exclusion Area Paging System broadcasts a pre‑recorded and live spoken message.




(b)
Verify that the Exclusion Area Paging System is capable of producing a clearly distinguishable message along the exclusion area boundary and at a level sufficient to be perceived above projected operational noise levels within the exclusion area.


d.
Acceptance Criteria



1.
The operation of the page and party line of each handset is verified on the Intra‑Plant Communication System.



2.
The sound pressure levels are sufficient to be perceived over ambient levels when using the Intra‑Plant Communication System.



3.
The operation of the emergency alarms of the Intra‑Plant Communication System perform in both the primary and back‑up modes.



4.
The operation of the headsets, jack stations and power supplies provide audible communications for the Maintenance and Calibration System.



5.
The operation of the Exclusion Area Paging System produces a clearly distinguishable message along the exclusion area boundary and at a level sufficient to be perceived above projected operational noise levels within the exclusion area.


14.2.12.3.22      Normal AC Power Distribution System Acceptance Test


a.
Test Objective



To demonstrate that the integrated power system performs as designed, under load conditions, to a loss of power.


b.
Prerequisites



1.
The initial checkout test phase, <Section 14.2.1.1a>, using generic component test procedures as required for this test are complete and the data is reviewed.



2.
Instrument and relay calibration complete.



3.
The Unit 1 Power Distribution System is loaded.  (13.8 kV, 4 kV, 480V and 120V Power Distribution.)


c.
Test Procedure



1.
All busses and load centers are loaded.



2.
Simulate loss of unit auxiliary transformer feeds (generator).



3.
Simulate loss of Unit 1 startup transformer.



4.
Simulate loss of inter‑bus transformer “B”.



5.
Simulate loss of inter‑bus transformer “C”.



6.
Note all anomalies and perturbations.


d.
Acceptance Criteria



1.
All transfers occur as designed:




(a)
13.8 kV Busses L11 and L12 to startup source on generator trip.




(b)
13.8 kV L10 to the Unit 2 startup transformer on startup transformer trip.




(c)
4.16 kV Bus H11 or H12 to the inter‑bus transformer normally feeding Bus H12 or H11.


14.2.12.3.23      Turbine Building Chilled Water System Acceptance Test


a.
Test Objective



To verify the ability of the Turbine Building Chilled Water System to perform within design specifications.


b.
Prerequisites



1.
Individual Component Testing is complete.



2.
Instrument Calibration and Loop Checks are complete.



3.
Test Instrumentation is available and is calibrated.



4.
Instrument Air is available.



5.
Electrical Power is available.



6.
Nuclear Closed Cooling Water System is available.



7.
Demineralized Water is available.



8.
Turbine Building, Turbine Power Complex and Steam Tunnel Ventilation Systems are available.


c.
Test Procedure



1.
Proper operation of the Turbine Building Chilled Water System is verified as follows:




(a)
Chilled water pump capacities are verified for design GPM.




(b)
Proper system controls, indications, alarms, and interlocks are verified to function correctly.




(c)
Ventilation coil supply temperature is verified for design temperature during component testing.


d.
Acceptance Criteria



1.
System pumps perform satisfactorily and deliver specified flows.



2.
System instruments control function per design requirements.


14.2.12.3.24      Process Computer Acceptance Test


a.
Test Objective



To demonstrate the proper operation of computer input/output logic, including operator displays.


b.
Prerequisites



1.
Computer systems installed and operational.



2.
Electrical power is available.



3.
Computer software for input/output channels is operable to the extent necessary for performance of this test.


c.
Test Procedure



1.
Input signals are either simulated at the Input/Output cabinet or transmitted by installed instrumentation.



2.
Output signals are either monitored at the Input/Output cabinet or by actuation of field devices.


d.
Acceptance Criteria



1.
The computer responds correctly to input signals.



2.
Computer outputs operate properly.



3.
Operator displays are satisfactory.


14.2.12.4      Special Test Procedures


Special tests were those tests which did not fall clearly into the preoperational or startup test categories.  For example:  they may have begun during the preoperational test phase and continued through the startup test phase.  The following general descriptions define the objectives for each special test.


14.2.12.4.1      Special Test Number 1 ‑ System Vibration Special Test


a.
Test Objective



The purpose of this test is to verify transient induced pipe vibrations and steady‑state vibrations are within acceptable limits for BOP piping designated as follows:



1.
ASME Code Class 1, 2 and 3 piping systems.



2.
High energy piping systems inside Seismic Category I Structures.



3.
High energy portions of systems whose failure could reduce the functioning of Seismic Category I plant features to an unacceptable level.



4.
Seismic Category I portions of moderate energy piping systems located outside containment.




NOTE:
Due to the system characteristics and/or infrequent use of some of the above systems, the requirement for vibrational testing selected portions may be waived by the engineer.


b.
Prerequisites



The system piping to be tested is supported and restrained in conformance with the design drawings.  Test equipment is available and calibrated.  A Qualified Piping Engineer of Gilbert Commonwealth, Inc. is present to witness the test.


c.
Test Procedure



During preoperational, acceptance and other system testing, the system piping is visually inspected for vibration.  If visual inspection detects questionable vibration, the system is checked using a vibration monitor.


d.
Acceptance Criteria



1.
Piping steady‑state and transient vibrations for BOP piping identified in the Test Objective, as a result of cyclic vibration in the range of 108 to 109 cycles is limited to 1/2 of the fatigue endurance limit, at 106 cycles, as defined in the ASME Code Appendix I.  For those piping systems which the plant life cycle vibrations are expected to be 106 cycles or less, stress limits of the ASME Code Appendix I are applied.



2.
The total stress due to dynamic loading, plus all other combined stresses, do not exceed ASME Section III or ANSI B.31.1 allowable stresses, as applicable.


14.2.12.4.2      Special Test Number 2 (Deleted)


(See Startup Test 123, <Section 14.2.12.2.48>)


14.2.12.4.3      Special Test Number 3 ‑ System Thermal Expansion Test


a.
Test Objectives



The purpose of this test is to verify that designated piping/piping supports of selected systems, or applicable portions thereof, can expand without obstruction during hot functional testing.


b.
Prerequisites



The system piping to be tested is supported and restrained in conformance with the latest design drawings.  No obstruction to pipe movement exists other than designed.


c.
Test Procedure



During a non‑nuclear heatup of the selected systems, piping and pipe supports are visually inspected for thermal growth.


d.
Acceptance Criteria



1.
The thermal growth of the selected systems, or applicable portions thereof, is unobstructed by obstacles other than designed piping supports.



2.
Snubbers do not become fully extended or retracted.



3.
Spring hangers are not unloaded or have not reached the end of their available movement range.


14.2.12.4.4      Special Test 4 ‑ Reactor Pressure Vessel and Connecting Piping Hydrostatic Test


a.
Test Objective



The purpose of this test is to satisfy the requirements for a System Hydrostatic Test in accordance with the ASME Code, Section III, Division I, for all field installed piping and components connected to the Reactor Pressure Vessel.


b.
Prerequisites



1.
The Reactor Pressure Vessel field installation is complete with the exception of field installed internals.



2.
Field installation of all piping systems directly connected to the Reactor Pressure Vessel to the outermost containment isolation valve is complete and adequately supported for the test.



3.
The Reactor Pressure Vessel and connecting piping are filled with demineralized water.



4.
The Reactor Pressure Vessel metal temperatures are greater than 100°F prior to pressurization.


c.
Test Procedure



The Reactor Pressure Vessel is filled with demineralized water after completion of flushing.  The Reactor Vessel closure head is installed and the studs tensioned.  The Residual Heat Removal System is utilized to heat the Reactor Pressure Vessel to a temperature greater than 100(F.  The system is then pressurized to a minimum pressure of 1,563 psig.  This test pressure is held for a minimum of ten (10) minutes and then reduced to 1,250 psig.  The system is then inspected for leakage.


d.
Acceptance Criteria



1.
The system is subjected to a minimum test pressure of 1,563 psig for at least ten (10) minutes.



2.
The system is inspected for leakage at a minimum pressure of 1,250 psig in accordance with the ASME Code.


<TABLE 14.2‑1>


DELETED


TABLE 14.2‑2


STARTUP TESTS




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



1

Chemical & Radiochemical(2)
X
X
X
X
X

X
X
    OR X


2

Radiation Measurements(2)
X
X
X

X


X


3

Fuel Loading
X


4

Full Core Shutdown Margin
X


5

CRD
X
X
X




X

X


6

SRM Perf. & Control Rod




Seq.
X
X


8

Rod Sequence Exchange







X


10

IRM Performance
X
X
X  OR X


11

LPRM Calibration

X
X

X


X


12

APRM Calibration

X
X
X
X

X
X


13

Process Computer
X
X
X  OR X
X

X
X


14

RCIC

X
X  OR X  OR X
   OR X


16A

Selected Process




Temperatures

X


X
X

X


TABLE 14.2‑2 (Continued)




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
    TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



16B

Water Level Reference Leg




Temperature

X





X


17

System Expansion

X  OR X


18

Core Power Distribution







X


19

Core Performance


X
X
X
X

X
X
X


20

Steam Production







X
    OR X


21

Core Power‑Void Mode




Response








X


22

Pressure Regulator


X
X
X


X
X
X


23

FW System










23A

Feedwater Control

X  OR X
X
X

X
X
X
X


23B

Loss of Feedwater Heating







X


23C

Feedwater Pump Trip







X


23D

Maximum Feedwater Runout




Capability






X
X


24

Turbine Valve Surveillance








X
X


TABLE 14.2‑2 (Continued)




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
    TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



25

Main Steam Isolation




Valves


25A

MSIV Functional Test

 X

X  OR X



X
X


25B

Full Reactor Isolation









X


25C

Main Steamline Flow




Venturi Calibration







X


26

Relief Valves:

X
X  OR X


27

Turbine Stop Valve Trip



X
X


X




and Generator Load




Rejection


28

Shutdown From Outside




Control Room(3)


X







29

Recirculation Flow Control




System:


29A

Valve Position Control
X

X

X




X


29B

Recirc. Flow Control




X


X

X


30

Recirc. System:


30A

One Pump Trip




X


X


TABLE 14.2‑2 (Continued)




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
    TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



30B

RPT Trip of Two Pumps




X


30C

System Performance




X
X

X

X


30D

Test Deleted


30E

Recirculation System




Cavitation



X
X
    OR X


31

Loss of T‑G Offsite Power



X


33

Drywell Piping Vibration

X
X
X
X

X
X

X


34

RPV Internals Vibration

X


X
X
X
X
X
X


35

Recirc. Sys. Flow




Calibration




X


X


36

Isolated Reactor Stability(4)

X


70

Reactor Water Cleanup




System

X
X

X   OR X


71

Residual Heat Removal




System


X  OR X



X

X


74

Offgas System

X
X




X


99

ERIS
X
X
X

X
    OR X
X

X


TABLE 14.2‑2 (Continued)




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
    TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



100

Integrated HVAC


X




X


113

Service Water







X


114

Emergency Closed Cooling




Water


X


115

Nuclear Closed Cooling




Water







X


116

Turbine Building Closed




Cooling Water

X
X




X


117

Emergency Service Water


X


118

Circulating Water







X


119

Suppression Pool Cleanup
X

X  OR X





X


120

Feedwater


X




X


121

Extraction Steam







X


122

BOP Piping Expansion




and Vibration

X
X
X


X
X

X


123

Concrete Temp. Survey

X
X

X


X


124

Main and Reheat Steam







X

X


TABLE 14.2‑2 (Continued)




COLD


STI

TEST OF
HEAT
                TEST CONDITIONS(1)(5)





NO.
    TEST NAME
OPEN RPV
 UP 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8



125

Condensate







X


126

Main, Reheat Extraction




and Miscellaneous Drains




X


X


127

LP/HP Heaters Drains and




Vents







X


128

Condensate Filters/




Demineralizers







X


129

Steam Seal

X


X


X


130

Condenser Air Removal

X





X


131

Offgas Vault Refrigeration







X


132

Turbine Plant Sampling







X


133

Loose Parts Monitoring




System

X
X
X
X
X
X
X
X
X


134

Equipment Area Cooling


X


NOTES:


(1)
See <Figure 14.2‑4> for Test Conditions region map.


(2)
Portions of these tests are performed prior to commencing fuel loading to obtain baseline data.


TABLE 14.2‑2 (Continued)


NOTES:  (Continued)


(3)
The cooldown portion of this test may be performed at a later test condition due to insufficient decay heat.


(4)
This test is not performed since Perry is not the lead BWR‑6 plant <Section 14.2.12.2.32.a.>.


(5)
An “OR” indicates that all scheduled testing is performed at either or both test conditions.


<TABLE 14.2‑3>


<TABLE 14.2‑4>


<TABLE 14.2‑5>


<TABLE 14.2‑6>


DELETED


TABLE 14.2‑7


CONTROL SYSTEM OPERATING MODES


(
The Pressure Control System has only a single operating mode and, therefore, is generally not mentioned as a unique condition under the test condition description.


(
The Feedwater Control System is in the three element mode during most tests, except as specifically noted such as in a portion of the feedwater controller testing.


(
Unless otherwise specified the recirculation system is in the Flow Command Mode of operation.


(
In all cases the abbreviation NORM indicates that reactor systems are in the mode that is appropriate to the power and flow conditions of the test.


(
Since operating modes of the recirculation flow control system can vary from test to test a description of each mode is given below.


Load Control
Flux Control  Flow Control


  Description


M/A Station_
M/A Station_  M/A Station_

  of the Operational Mode


Manual

Manual
   Manual


Local Position Command Mode Operation











(POS) The individual valve position command is from the manual control signal at the individual flow control loop M/A station.


Manual

Manual
   Automatic

Combined Flow Command Mode Operation











(FLO) The total drive flow control is from the manual control signal at the flux control loop M/A station.


Manual

Automatic
   Automatic

Flux Command Mode Operation (FLX)











The neutron flux command is from the manual control signal at the load control M/A station.
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15.0      ACCIDENT ANALYSES


15.0      GENERAL


In this chapter the effects of anticipated process disturbances and postulated component failures are examined to determine their consequences and to evaluate the capability built into the plant to control or accommodate such failures and events.


The situations analyzed include anticipated (expected) operational occurrences (e.g., loss of electrical load), abnormal operational (unexpected) transients that induce system operating condition disturbances, postulated accidents of low probability (e.g., the sudden loss of integrity of a major component), and hypothetical events of extremely low probability (e.g., an anticipated transient without the operation of the entire control rod drive system).


These analyses were originally performed to evaluate plant operation within the standard power‑flow operating map <Figure 4.4‑2>.  Subsequently, analyses were performed which extended the analyzed operating region and allowed operation with certain equipment out‑of‑service.  These modes of operation are discussed in general in <Section 15.0.5>.  Specific discussions and analyses are presented in the following Chapter 15 Appendices:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


For power uprate to 3,758 MWt core thermal power, some of the baseline transient analyses are re‑evaluated.  Specifically, per Appendix E of (Reference 10), analyses are performed for the limiting transient 


events, which includes all events that establish the core thermal operating limits and the events that show bounding conformance to the other transient protection criteria (e.g., ASME overpressure limits). 


Transient events that are re‑analyzed at the uprated power are labeled “at 3,758 MWt core power.”  The transient events that are not re‑analyzed are preserved without any updates or labels.  The key input conditions for the 3,758 MWt core power cases are listed in <Table 15.0‑1> along with the values for the original baseline analyses.


For partial arc operation, a limiting cases evaluation is used similar to power uprate.  For the limiting events, full arc operation is assumed in the analyses which is more limiting than partial arc operation.  Non‑limiting events are not re‑analyzed for partial arc and are preserved without any updates.


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  A discussion of the reload safety analysis process is presented in <Section 15.0.6>.  The methods, input conditions, and results for the current cycle are presented in <Appendix 15B> of this Chapter.


15.0.1      ANALYTICAL OBJECTIVE


The spectrum of postulated initiating events is divided into categories based upon the type of disturbance and the expected frequency of the initiating occurrence; the limiting events in each combination of category and frequency are quantitatively analyzed.  The plant safety analysis evaluates the ability of the plant to operate within regulatory guidelines, without undue risk to the public health and safety.


This chapter addresses two types of operating conditions addressed by the Code of Federal Regulations.  It compares the radiation releases from anticipated operational transients to the <10 CFR 20> limits on the 


“anticipated average radiation levels.”  The consequences of very unlikely events (faulted events) are compared to the <10 CFR 100> limits (for the design‑basis RAST LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE).  The analyses described in this chapter show that the consequences for these two types of events are less severe than the corresponding 10 CFR limits.


Unless otherwise identified, it is assumed that all equipment (safety grade or nonsafety grade) is available to mitigate the transients described and analyzed in this chapter.  However, only safety grade equipment is assumed to be used to mitigate accidents and safely shut down the reactor.


15.0.2
ANALYTICAL CATEGORIES


Transient and accident events contained in this chapter are discussed in individual categories as required by <Regulatory Guide 1.70>.  The results of the analyses of these events are summarized in <Table 15.0‑2a> and <Table 15.0‑2b> for events in the main text of <Chapter 15>.  <Appendix 15D>, <Appendix 15E> and <Appendix 15F> present summary tables for partial feedwater heating, ME0D and single loop operation respectively.  <Appendix 15B>, Reload Safety Analysis presents these results for the events analyzed for each reload.  Each event is assigned to one of the following categories:


a.
Decrease in Reactor Coolant Temperature:



Reactor vessel water (moderator) temperature reduction results in an increase in core reactivity.  This could lead to fuel cladding damage.


b.
Increase in Reactor Pressure:



Excessive reactor pressure increases could result in rupture of the reactor coolant pressure boundary (RCPB).  Increasing pressure also collapses moderator voids thereby increasing core reactivity and power level which could result in fuel cladding failure from overheating.


c.
Decrease in Reactor Coolant System Flow Rate:



A reduction in the core coolant flow rate could cause overheating of the fuel cladding if the coolant becomes unable to adequately remove the heat generated by the fuel.


d.
Reactivity and Power Distribution Anomalies:



Transient events included in this category are those which cause rapid increases in power due to increased core flow disturbances.  Increased core flow reduces the void content of the moderator, thereby increasing core reactivity and power level.


e.
Increase in Reactor Coolant Inventory:



Increasing coolant inventory could result in excessive moisture carryover to the main turbine, feedwater turbines, etc.


f.
Decrease in Reactor Coolant Inventory:



Reductions in coolant inventory could threaten the fuel as the coolant becomes less able to remove the heat generated in the core.


g.
Radioactive Release from a Subsystem or Component:



Loss of integrity of a component containing radioactivity is postulated in this category.


h.
Anticipated Transients Without Scram:



In order to determine the capability of plant design to accommodate an extremely low probability event, a multi‑system maloperation situation is postulated.


In order to address all of the credible transient events in these eight categories, the initial operating licenses for BWR plants are based on the analysis of a spectrum of approximately 20 to 25 USAR events, assignable to one of the above categories.  In this manner, the most severe transient events relative to LHGR, CPR, and reactor coolant system pressure are identified.  A review of these transient results was used to determine which transients have the potential for being limiting.  From this General Electric has established that the limiting transients will always be within a set of transients identified in <Section 15.0.6>.


15.0.3      EVENT EVALUATION


15.0.3.1      Identification of Causes and Frequency Classification


Conditions which lead to the initiating events analyzed in this chapter are described within the categories designated above.  The frequency of 


occurrence of each event was determined based upon available operating data at the time of analysis as described below:


a.
Incidents of moderate frequency ‑ these are incidents that may occur once during a calendar year to once every 20 years for a 


particular plant.  This event is referred to as an “anticipated (expected) operational transient.”


b.
Infrequent incidents ‑ these are incidents that may occur during the life of the particular plant (spanning once in 20 years to once in 100 years).  This event is referred to as an “abnormal (unexpected) operational transient.”


c.
Limiting faults ‑ these are occurrences that are not expected to occur but are postulated because their consequences may result in the release of significant amounts of radioactive material.  This event is referred to as a “design basis (postulated) accident.”


d.
Normal operation ‑ operations of high frequency are not discussed here but are examined along with (a), (b) and (c) above in the Nuclear Systems Operational Analyses in <Appendix 15A>.


15.0.3.1.1      Unacceptable Results for Incidents of Moderate Frequency [Anticipated (Expected) Operational Transients]


The following are considered to be unacceptable safety results for incidents of moderate frequency (anticipated operational transients):


a.
A release of radioactive material to the environs that exceeds the limits of <10 CFR 20>.


b.
Reactor operation induced fuel cladding failure.


c.
Nuclear system stresses in excess of that allowed for the transient classification by applicable industry codes.


d.
Containment stresses in excess of that allowed for the transient classification by applicable industry codes.


15.0.3.1.2      Unacceptable Results for Infrequent Incidents [Abnormal (Unexpected) Operational Transients]


The following are considered to be unacceptable safety results for infrequent incidents (abnormal operational transients):


a.
Release of radioactivity which results in dose consequences that exceed a small fraction of <10 CFR 100>.


b.
Fuel damage that would preclude resumption of normal operation after a normal restart.


c.
Generation of a condition that results in consequential loss of function of the reactor coolant system.


d.
Generation of a condition that results in a consequential loss of function of a necessary containment barrier.


15.0.3.1.3      Unacceptable Results for Limiting Faults [Design Basis (Postulated) Accidents]


The following are considered to be unacceptable safety results for limiting faults (design basis accidents):


a.
Radioactive material release which results in dose consequences that exceed the guideline values of <10 CFR 100> (for the alternative source term LOCA analysis, the offsite dose limit is 25 rem TEDE, and for the Fuel Handling Accident, the offsite dose limit is 6.3 rem TEDE).


b.
Failure of fuel cladding which would cause changes in core geometry such that core cooling would be inhibited.


c.
Nuclear system stresses in excess of those allowed for the accident classification by applicable industry codes.


d.
Containment stresses in excess of those allowed for the accident classification by applicable industry codes when containment is required.


e.
Radiation exposure to plant operations personnel in the main control room in excess of 5 rem whole body, 30 rem inhalation and 75 rem skin (5 rem TEDE for the alternative source term LOCA and Fuel Handling Accident analyses).


15.0.3.2      Sequence of Events and Systems Operation


Each transient or accident is discussed and evaluated in terms of:


a.
A step‑by‑step sequence of events from initiation to final stabilized condition.


b.
The extent to which normally operating plant instrumentation and controls are assumed to function.


c.
The extent to which plant and reactor protection systems are required to function.


d.
The credit taken for the functioning of normally operating plant systems.


e.
The operation of engineered safety systems that is required.


f.
The effect of a single failure or an operator error on the event.


15.0.3.2.1      Single Failure and Operator Error Criteria


15.0.3.2.1.1      General


This section discusses application of “single failure” and “single operator error” criteria to the analyses of the postulated events in 


this chapter.  Single active component failure (SACF) criteria are applied to design basis accident categories only.


Transient evaluations are judged against a criteria of one single equipment failure “or” one single operator error as the initiating event with no additional single failure assumptions to the protective sequences (although a great majority of these protective sequences utilize safety systems which can accommodate SACF criteria).  Even under these postulated events, the plant damage allowances or limits are much the same as those for normal operation.


15.0.3.2.1.2      Initiating Event Analysis


Initiating event analysis consists of the following:


a.
The undesired opening or closing of any single valve (a check valve is not assumed to close against normal flow), or


b.
the undesired starting or stopping of any single component, or


c.
the malfunction or maloperation of any single control device, or


d.
any single electrical component failure, or


e.
any single operator error.


Operator error is defined as an active deviation from written operating procedures or nuclear plant standard operating practices.  A single operator error is the set of actions that is a direct consequence of a single erroneous decision.  The set of actions is limited as follows:


a.
Those actions that could be performed by one person.


b.
Those actions that would have constituted a correct procedure had the initial decision been correct.


In addition, actions subsequent to the initial operator error which have an effect on the designed operation of the plant, but are not necessarily directly related to the operator error, may be included.


Examples of single operator errors are as follows:


a.
An increase in power above the established flow control power limits by control rod withdrawal out of specified sequences.


b.
The selection and complete withdrawal of a single control rod out of sequence.


c.
An incorrect calibration of an average power range monitor.


d.
Manual isolation of the main steam lines as a result of operator misinterpretation of an alarm or indication.


15.0.3.2.1.3      Single Active Component Failure or Single Operator Failure Analysis


Single active component failure or single operator failure analysis is as follows:


a.
The undesired action or maloperation of a single active component, or


b.
Any single operator error where operator errors are defined as in <Section 15.0.3.2.1.2>.


15.0.3.3      Core and System Performance


15.0.3.3.1      Introduction


<Section 4.4>, “Thermal and Hydraulic Design,” describes the various fuel failure mechanisms.  Avoidance of unacceptable Results 1 and 2 <Section 4.4.1.4> for incidents of moderate frequency is verified statistically with consideration given to data calculation, manufacturing, and operating uncertainties.  An acceptable criterion was determined to be that 99.9 percent of the fuel rods in the core would not be expected to experience boiling transition (Reference 1).  This criterion is met by demonstrating that incidents of moderate frequency do not result in a minimum critical power ratio (MCPR) less than the MCPR Safety Limit for the initial and reload cores.  The reactor steady‑state CPR operating limit is derived by determining the decrease in MCPR for the most limiting event.  All other events result in smaller MCPR decreases and are not reviewed in depth in this chapter.  The MCPR during significant abnormal events is calculated using a transient core heat transfer analysis computer program.  The computer program is based on a multinode, single channel thermal‑hydraulic model which requires simultaneous solution of the partial differential equations for the conservation of mass, energy and momentum in the bundle, and which accounts for axial variation in power generation.  The primary inputs to the model include a physical description of the bundle, and channel inlet flow and enthalpy, pressure and power generation as functions of time.


A detailed description of the analytical model may be found in Appendix C of (Reference 3).  The initial condition assumed for all full power transient MCPR calculations is that the fuel bundle is operating at or above the MCPR Operating Limit for the initial and subsequent reload cores.  Maintaining MCPR greater than the MCPR Safety Limit for the initial and subsequent reload cores is a sufficient, but 


not necessary condition to assure that no fuel damage occurs.  This is discussed in <Section 4.4>, “Thermal and Hydraulic Design.”


For situations in which fuel damage is sustained, the extent of damage is determined by correlating fuel energy content, cladding temperature, fuel rod internal pressure, and cladding mechanical characteristics.


These correlations are substantiated by fuel rod failure tests and are discussed in <Section 4.4>, “Thermal and Hydraulic Design,” and <Section 6.3>, “Emergency Core Cooling System.”


15.0.3.3.2      Input Parameters and Initial Conditions for Analyzed Events


In general, the events analyzed within this chapter have values for input parameters and initial conditions as specified in <Table 15.0‑1>.  The input parameters and initial conditions for the analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service are presented in tables contained in the following Chapter 15 appendices:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


Certain limiting or potentially limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input parameters and initial conditions for each transient reanalyzed as part of the reload are presented in <Appendix 15B> of this Chapter.  Analyses which assume data inputs different than these values are designated accordingly in the appropriate event discussion.


15.0.3.3.3      Initial Power/Flow Operating Constraints


The analytical basis for most of the initial core transient safety analyses is the thermal power at rated core flow (100 percent) corresponding to 105 percent nuclear boiler rated (NBR) steam flow.  This operating point is the apex of a bounded operating power/flow map which, in response to any classified abnormal operational transients, will yield the minimum pressure and thermal margins of any operating point within the bounded map.  Referring to <Figure 15.0‑1>, the apex of the bounded power/flow map is point A, the upper bound is the design flow control line (104.2 percent rod line A‑D), the lower bound is the zero power line H‑J, the right bound is the rated core flow line A‑H, and the left bound is the natural circulation line D‑J.


The power/flow map, A‑D‑J‑H‑A, represents the acceptable operational constraints for abnormal operational transient evaluations.


Any other constraint which may truncate the bounded power/flow map must be observed, such as the pump cavitation regions, the licensed power limit and other restrictions based on pressure and thermal margin criteria.  For instance, if the licensed power is 100 percent nuclear boiler rated (NBR), the power/flow map is truncated by the line B‑ C and reactor operation must be confined within the boundary B‑ C‑ D‑ J‑ L‑ K‑ B.


If the maximum operating power level has to be limited, such as point F, to satisfy pressure margin criteria, the upper constraint on power/flow is correspondingly reduced to the rod line, such as line F G, which intersects the power/flow coordinate of the new operating basis.  In this case, the operating bounds would be F‑ G‑ J‑ L‑ K‑ F.  Operation would not be allowed at any point along line F‑ M, removed from point F, at the derated power but at reduced flow.  If, however, operating limitations are imposed by GETAB (Reference 1) derived from transient data with an operating basis at point A, the power/flow boundary for 


100 percent NBR licensed power would be B‑ C‑ D‑ J‑ L‑ K‑ B.  This power/flow boundary would be truncated by the MCPR operating limit for which there is no direct correlation to a line on the power/flow map.  Operation is allowed within the defined power/flow boundary and within the constraints imposed by GETAB.  If operation is restricted to point F by the MCPR operating limit, operation at point M would be allowed provided the MCPR limit is not violated.


Consequently, the upper operating power/flow limit of a reactor is predicated on the operating basis of the analysis and the corresponding constant rod pattern line.  This boundary may be truncated by the licensed power and the GETAB operating limits.


Certain localized events are evaluated at other than the above mentioned conditions.  These conditions are discussed pertinent to the appropriate event.  Reactor operation up to the APRM rod block line, which is above the power levels corresponding to the design flow control line except at low drive flows, is assumed for ECCS analysis.


15.0.3.3.4      Results


The results of analytical evaluations are provided for each event.  In addition critical parameters are shown in <Table 15.0‑2a> and <Table 15.0‑2b>.  From the data in these tables and the other similar tables an evaluation of the limiting event for that particular category and parameter can be made. 


Similar tables are provided for each of the extended operating domain/modes of operation <Appendix 15D>, <Appendix 15E> and <Appendix 15F>; partial feedwater heating, MEOD and single loop operation respectively).  <Appendix 15B>, Reload Safety Analysis contains a summary table for all reanalyzed reload events.  In <Table 15.0‑3> a summary of applicable accidents is provided.  This 


table compares the GE calculated amount of failed fuel to that used in worst case radiological calculations.


15.0.3.4      Barrier Performance


This section evaluates the performance of the reactor coolant pressure boundary (RCPB) and the containment system during transients and accidents.


During transients that occur with no release of coolant to the containment, only RCPB performance is considered.  If release to the containment occurs as in the case of limiting faults, then challenges to the containment are evaluated as well.


15.0.3.4.1      Reactor Coolant Pressure Boundary Performance


The significant areas of interest for internal pressure damage are the high pressure portions of the reactor coolant pressure boundary (the reactor vessel and the high pressure pipelines attached to the reactor vessel).  The overpressure below which no damage can occur is defined as the pressure increase over design pressure allowed by the applicable ASME Boiler and Pressure Vessel Code Section III for the reactor vessel and the high pressure nuclear system piping.  Because this ASME Code permits pressure transients up to 10 percent over design pressure for upset events, (Reference 4) the design pressure portion of the reactor coolant pressure boundary meets the design requirement if peak nuclear system pressure remains below 1,375 psig (110 percent x 1,250 psig).  Comparing the events considered in this section with those used in the mechanical design of equipment reveals that either the accidents are the same or that the accident in this section results in less severe stresses than those assumed for mechanical design.


The Low‑Low Set (LLS) Relief Function, armed upon relief actuation of any safety/relief valve; will cause a greater magnitude blowdown, in 


the relief mode, for certain specified safety/relief valves and a subsequent cycling of a single low set valve.  The effect of the LLS design on reactor coolant pressure is demonstrated, in <Chapter 5>, on the MSIV closure event.  This is considered bounding for all other pressurization events and, therefore, is not simulated in the analysis presented in this chapter.


A sensitivity study was also performed to support higher analytical limits for relief valve setpoints.  The study shows an increase of 20 psi in the relief valve setpoint causes less than 20 psi increase in reactor peak pressures.  However, these reactor peak pressures are still well below the ASME code limit (1,375 psig).  Also, the increase of 20 psi in the relief setpoints does not have any effect on the peak surface heat flux, since all safety/relief valves open after the occurrence of MCPR during transients.  Therefore, the analytical limits for relief valve setpoints in the Technical Specifications were 20 psi higher than those listed in <Table 15.0‑1>.


The analytical limits used for the relief valve setpoints for the current reload analysis are listed on <Table 15B.15.0‑1> for the pressurization transients and on <Table 15B.5.2‑1> for the overpressurization transients.  The analytical values are the basis for the deviation of the Technical Specification value.


15.0.3.5      Radiological Consequences


In this chapter, the consequences of radioactivity release during the three types of events:  incidents of moderate frequency (anticipated operational transients), infrequent incidents (abnormal operational transients) and limiting faults (design basis accidents) are considered.  For all events whose consequences are limiting a detailed quantitative evaluation is presented.  For non‑limiting events a qualitative evaluation is presented or results are referenced from a more limiting or enveloping case or event.


For limiting faults (design basis accidents) two quantitative analyses are considered:


a.
The first is based on conservative assumptions for the purposes of worst case bounding of event consequences to determine the adequacy of the plant design to meet <10 CFR 100> guidelines (for the alternative source term LOCA analysis, the licensing basis limit is 25 rem TEDE, and for the Fuel Handling Accident, the licensing basis limit is 6.3 rem TEDE (offsite) and 5 rem TEDE (control room).  This analysis is referred to as the “design basis analysis.”


b.
The second is based on realistic assumptions to reflect expected radiological consequences.  This analysis is referred to as the “realistic analysis.”  The “realistic analysis” is not performed for the LOCA analysis, or the Fuel Handling Accident.


Results for both are shown to be within NRC guidelines.


Doses resulting from the events in <Chapter 15> are determined either manually or by computer code.  Doses associated with Offgas System Failure <Section 15.7.1.1> are evaluated using GASPAR II <NUREG/CR‑4653> (Reference 8).  Time dependent releases are evaluated with the TACT computer code (Reference 2)(Reference 6).  Instantaneous or “puff” type releases are evaluated by methods based on those presented in <Regulatory Guide 1.3>, <Regulatory Guide 1.183>, and <NUREG‑1465>.  The General Electric NEDO‑31400 analysis (Reference 7) also is utilized in determining doses associated with a Control Rod Drop Accident <Section 15.4.9>.  Dose conversion factors and breathing rates are presented in <Table 15.0‑4>.


15.0.4      NUCLEAR SAFETY OPERATIONAL ANALYSIS (NSOA) RELATIONSHIP


<Appendix 15A> is a comprehensive, total plant, system‑level, qualitative failure modes and effects analysis, relative to all the <Chapter 15> events considered, the protective sequences utilized to 


accommodate the events and their effects, and the systems involved in protective actions. Interdependency of analysis and cross‑referral of protective actions are integral to this chapter and the appendices.


Contained in <Appendix 15A> is a summary table which classifies events by frequency only (i.e., not just within a given category such as decrease in core coolant temperature).


15.0.5
  EXTENDED OPERATING DOMAINS AND MODES OF OPERATION


The Perry Nuclear Power Plant (PNPP) has been analyzed for the modes of operation described in the appendices listed below:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The reload methodology is discussed in general is in <Section 15.0.6> and the current cycle results are presented in <Appendix 15B> of this chapter.


A brief summary of the operating domains and modes of operation is provided below.  <Table 15.0‑5> provides a summary listing of those transients/accidents analyzed under the above appendices.


15.0.5.1
  Partial Feedwater Heating (PFH) Operation


<Appendix 15D> presents the results of a safety and impact evaluation for the operation of Unit 1 of the Perry Nuclear Power Plant (PNPP) with partial feedwater heating at steady‑state conditions during the operating cycle and beyond the end‑of‑cycle conditions.  This evaluation was performed at 3,758 MWt for core power and is applicable for subsequent reload cycles.  The results of this evaluation justify PNPP 


operation at 100% thermal power under steady‑state conditions with a rated feedwater temperature ranging from 425.5(F to 325.5(F, and operation under beyond end‑of‑cycle conditions with a rated feedwater temperature ranging from 425.5(F to 255.5(F.


Operation with partial feedwater heating (PFH) occurs in the event that (1) certain stage(s) or string(s) or individual heater(s) becomes inoperable, or (2) by intentionally valving out the extraction steam to the feedwater heaters at the end of an operating cycle.


A discussion of potential modifications to the Technical Specification MCPR limits necessary to implement partial feedwater heating is provided in <Section 15.0.5.2>.


15.0.5.2
  Maximum Extended Operating Domain (MEOD) Operation


<Appendix 15E> presents the results of a safety and impact evaluation for operation of Unit 1 of the Perry Nuclear Power Plant (PNPP) in an expanded operating envelope called the Maximum Extended Operating Domain.  This permits improved power ascension capability to full power as well as provide additional flow range at rated power including an increased flow region to compensate for reactivity reduction due to exposure during an operating cycle.


The Maximum Extended Operating Domain (MEOD) is shown in <Figure 15E.2‑1>.  The extended load line region (ELLR) boundary is limited by 81% core flow at 100% power and the MEOD Boundary Line as defined in USAR 15E.2.  The Increased Core Flow Region (ICFR) is bounded by the 105% core flow line.


The MEOD appendix also justifies Partial Feedwater Heating (PFH) operation as described in <Appendix 15D> for rated feedwater temperature ranging from 425.5(F to 325.5(F during and beyond the operating cycle in 


the MEOD (ELLR and ICFR), and for a feedwater temperature ranging from 325.5(F to 255.5(F for beyond end‑of‑cycle conditions in the ICFR.


Modifications to the Technical Specification MCPR limits may be required each cycle to define the operating limit MCPR for each temperature regime.  A summary of the rated operating limit MCPR values for various modes of operation is presented in <Appendix 15B>, Reload Safety Analysis for the current reload cycle.


15.0.5.3
  Recirculation System Single‑Loop Operation


<Appendix 15F> justifies that Unit 1 of the Perry Nuclear Power Plant can safely operate with a single recirculation loop out‑of‑service at up to approximately 67% of rated thermal power.  This evaluation is applicable to initial and reload cycle operation with normal feedwater heating and within the standard operating domain shown in <Figure 4.4‑2> of the USAR.


Single‑loop operation (SLO) is desirable in the event a recirculation pump problem or other component maintenance renders one loop inoperative.  To justify single‑loop operation, accidents and abnormal operational transients associated with power operation, as presented in <Chapter 6> and <Chapter 15>, were reviewed with one recirculation pump in operation.  Increased uncertainties in the total core flow and traversing in‑core probe (TIP) readings result in a small increase in the fuel cladding integrity safety limit MCPR.


SLO can also result in changes to plant response during a LOCA.  These changes are accommodated by the application of reduction factors to the two‑loop operation MAPLHGRs if required.  MAPLHGR reduction factors are evaluated on a plant‑by‑plant and fuel type dependent basis.  In each subsequent reload, reduction factors are checked for validity and, if new fuel types are added, new reduction factors may be needed in order 


to maintain the validity of the SLO analysis.  MAPLHGR reduction factors for the current reload cycle (as needed) are provided in the Reload Safety Analysis, <Appendix 15B>.


15.0.6
  RELOAD SAFETY ANALYSIS


For each cycle, analyses are performed to ensure that with the new fuel and core arrangement, operation will occur within the specified operating limits, margin is demonstrated for anticipated operational occurrences (transients), and unacceptable consequences will not result for design basis events.  If the results of these analyses demonstrate that the above criteria may not be met, adjustments are made to the operating limits to ensure the plant will continue to meet its’ licensing safety analysis basis.  For reload analysis purposes, a subset of the original FSAR events is reanalyzed to confirm that the plant will continue to meet the requirements of the safety analysis.


15.0.6.1
  Determination of the Limiting Transients


In order to address all of the credible transient events in the eight categories, the initial operating licenses for BWR plants are based on the analysis of a spectrum of approximately 20 to 25 USAR events, assignable to one of the above categories.  In this manner, the most severe transient events relative to LHGR, CPR, and reactor coolant system pressure are identified.  To determine the limiting transient events to be analyzed for each reload, a generic approach as documented and described in GESTAR (Reference 5) was followed.


This generic approach involved examining the relative dependency of critical power ratio (CPR) on various thermal‑hydraulic parameters.  Sensitivity studies were performed generically to determine the effect of changes in bundle power, flow, subcooling, R‑factors, and pressure on CPR for different fuel designs.  It was found that the CPR is most dependent on the R‑factor and bundle power.  A slight sensitivity to 


pressure and flow changes and relative independence to changes in inlet subcooling was also shown.  The R‑factor is a function of bundle geometry and local power distribution and is assumed to be constant throughout the transient.  Therefore, transients which would be limiting in CPR would primarily involve significant changes in power.


A review of these transient results (e.g., pressure, power, flow, was used to determine which transients have the potential for being limiting.  From this, General Electric has established that the limiting transients will always be within a certain set of transients, identified below.  These are the transients which involve significant effects on power, heat flux and reactor vessel pressure peaks.


Based on results of this sensitivity study, it was concluded that the anticipated operational occurrences most likely to limit operation because of MCPR considerations for a BWR are:


1.
Limiting Decrease in Reactor Coolant Temperature Event:



 Loss of Feedwater Heating (Manual Control) ‑ <Section 15.1.1>


2.
Limiting Temperature Decrease/Pressurization Event:



 Feedwater Controller Failure (Maximum Demand) ‑ <Section 15.1.2>


3.
Limiting Pressurization Events:



 Pressure Regulator Failure Downscale – <Section 15.2.1>



 [BWR/6 only]



 Generator Load Rejection Without Bypass ‑ <Section 15.2.2>






or



 Turbine Trip Without Bypass – <Section 15.2.3>


4.
Reactivity and Power Distribution Anomalies:



 Rod Withdrawl Error at Power ‑ <Section 15.4.2>


General Electric in the reload topical report (Reference 5) established and the NRC concurred in their Safety Evaluation Report (Reference 5) that most of the events analyzed as part of the USAR need not be reanalyzed or reassessed for plant‑specific reload core licensing applications.  Therefore, only the above limiting or potentially limiting transients are reanalyzed each cycle.  A discussion of the reload process, input conditions, transients, and results is presented in <Appendix 15B>, Reload Safety Analysis.  If Exposure‑Dependent MCPR Limits are used, the pressurization transients are analyzed for each exposure interval.


<Table 15.0‑5> provides a summary listing of those transients/accidents typically evaluated as part of the reload safety analysis.


15.0.6.2
  MCPR Operating Limit Calculational Procedure


A plant and cycle unique MCPR operating limit is established to provide adequate assurance that the fuel cladding integrity or MCPR safety limit for that plant is not exceeded for any moderate frequency, transient.  This operating requirement is obtained by addition of the maximum DCPR value for the most limiting transient (including any imposed adjustment factors) from conditions postulated to occur at the plant to the MCPR safety limit.
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TABLE 15.0‑1


INPUT PARAMETERS AND INITIAL CONDITIONS FOR TRANSIENTS(8)










Baseline
3,758 MWt

1.
Thermal Power Level, MWt



  Warranted Value
3,579
-



  Analysis Value
3,729
3,758


2.
Steam Flow, lbs per hr



  Warranted Value
15.40 x 106
-



  Analysis Value (nominal)(1)(3)(4)
16.17 x 106
16.30 x 106

3.
Core Flow, lbs per hr
104 x 106
109.2 x 106(9)

4.
Feedwater Flow Rate, lb per sec



  Warranted Value (NBR)
4,269
-



  Analysis Value (nominal)(1)
4,483
4,528


5.
Feedwater Temperature, (F
425
425.5


6.
Vessel Dome Pressure, psig
1,045
1,025


7.
Vessel Core Pressure, psig
1,056
1,041


8.
Turbine Bypass Capacity, % NBR
35(7)
23.63


9.
Core Coolant Inlet Enthalpy,



  Btu per lb(4)
529.9
-



  Btu per lb(3)
528.9
528.5(3)

10.
Turbine Inlet Pressure, psig
960
967


11.
Fuel Lattice
P8x8R
GE10







GE11







GE12


12.
Core Average Gap Conductance,



  Btu/sec‑ft2‑(F(4)
0.1546
-



  Btu/sec‑ft2‑(F(3)
0.1892
.4257(3)

13.
Core Leakage Flow, %(4)
12.9
-




                 %(3)
11.0
15.4(3)

14.
Required MCPR Operating Limit
1.18
1.29


15.
MCPR Safety Limit for Incidents of



Moderate Frequency  
1.06
1.09


TABLE 15.0‑1 (Continued)











Baseline
3,758 MWt

16.
Doppler Coefficient (‑)¢/(F



  Analysis Data(4)(5)




0.132
.145(3)(10)

17.
Void Coefficient (‑)¢/% Rated Voids



  Analysis Data for Power



  Increase Events(4)(5)



14.0
11.12



  Analysis Data for Power



  Decrease Events(4)(5)



4.0
-


18.
Core Average Rated Void



  Fraction, %(4)(5)




42.54
44.0


19.
Scram Reactivity, $(K



  Analysis Data(4)(5)


<Figure 15.0‑2>
Same


20.
Control Rod Drive Speed,



  Position versus time

<Figure 15.0‑3>
Same


21.
Nuclear Characteristics used in



ODYN Simulations




EOEC(6)
EOC


22.
Jet Pump Ratio, M




2.257
2.257


23.
Safety/Relief Valve Capacity, % NBR



  @ 1,210 psig(4)




111.4
-



  @ 1,210 psig(3)




110.8
98.0(11)


  Manufacturer





Dikker
Dikker



  Quantity Installed



19
19


24.
Relief Function Delay, seconds

0.4
0.4


25.
Relief Function Response



a.
Time Constant, seconds


0.1
-



b.
Stroke Time, seconds


-
0.15


26.
Safety Function Delay, seconds

0.0
0.0


27.
Safety Function Response



a.
Time Constant, seconds


0.2
-



b.
Stroke Time, seconds


-
0.30


TABLE 15.0‑1 (Continued)











Baseline
3,758 MWt

28.
Setpoints for Safety/Relief Valves



  Safety Function, psig



1,175, 1,185, 1,195, 











1,205, 1,215, 











1,200, 1,216, 1,226











1,153, 1,143, 1,133



  Relief Function, psig



1,125, 1,135, 1,145, 











1,155


29.
Number of Valve Groupings Simulated



  Safety Function, No.



5
3



  Relief Function, No.



4
3


30.
Safety/Relief Valve Reclosure 



Setpoint both Modes (% of setpoint)



  Maximum Safety Limit



  (used in analysis)



98
97



  Minimum Operational Limit


89
-


31.
High Flux Trip, % NBR



  Analysis setpoint (122 x 1.042), 



  % NBR






127.2
122.0


32.
High Pressure Scram Setpoint, psig
1,095
1,095


33.
Vessel Level Trips, Feet Above



  Separator Skirt Bottom



  Level 8 ‑ (L8), feet



5.89
5.94



  Level 4 ‑ (L4), feet



4.04
3.87



  Level 3 ‑ (L3), feet



2.165
2.08



  Level 2 ‑ (L2), feet            (‑) 1.739         -2.39


34.
APRM Simulated Thermal Power 



Trip Scram, % NBR



  Setpoint % NBR




118.8
115.0



  Time Constant, sec



7
6.6


35.
RPT Delay, seconds




0.14
0.14


36.
RPT Inertia Time



  Constant for Analysis(2),



  Maximum ‑ sec




5
6



  Minimum ‑ sec




3
-


37.
Total Steamline Volume, ft3


3,850
4,681(12)

TABLE 15.0‑1 (Continued)











Baseline
3,758 MWt

38.
Set Pressure of Anticipated 



Transient



  Pump Trip ‑



  psig (nominal)




1,135
1,113


NOTES:


(1)
Actual analysis value is within (0.2%.


(2)
The inertia time constant is defined by the expression:
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where




t  = inertia time constant (sec).




Jo = pump motor inertia (lb‑ft2).




n  = rated pump speed (rps).




g  = gravitational constant (ft/sec2).




To = pump shaft torque (lb‑ft).


(3)
Used only for ODYN.


(4)
Used only for REDY.


(5)
For transients simulated on the ODYN computer model, this input is calculated by ODYN and shown in the plot for each simulated transient.


(6)
EOEC ‑ End of equilibrium cycle.


(7)
See <Table 15.0‑2a> and <Section 10.2.1>.


(8)
These input parameters and initial conditions for transients pertain to those transients discussed within the main text of Chapter 15.  The Chapter 15 Appendices for the current cycle reload safety analysis <Appendix 15B> and those to support extended operating modes and operation with equipment out‑of‑service <Appendix 15D>, <Appendix 15E> and <Appendix 15F> provide input parameters and initial conditions for their specific operating regimes.


(9)
All but ELL transients were run at ICF conditions.  ICF core flow is 105% of rated which is 1.05 x 104E6 = 109.2 x 10E6


(10)
ICF conditions – 100%P / 105%F


(11)
Capacity at OPL‑3 reference pressure of 1080 psig.


(12)
Total steamline volume from vessel to TSV not including bypass leg.


TABLE 15.0‑2a


SUMMARY OF EVENTS










Maximum









 Core


     Duration of









Average


       Blowdown








Maximum
Maximum
Surface





Maximum
Maximum
Vessel
 Steam
 Heat


      No. of
     Duration





Neutron
 Dome
Bottom
 Line
 Flux


      Valves
        of


Section
Figure

 Flux
Pressure
Pressure
Pressure
 (% of
 (CPR(4) 
 Frequency   Initially
Blowdown


  No.  
  No. 
     Description     
(% NBR)
 (psig) 
 (psig) 
 (psig) 
Initial)
   ‑  
 Category(1)  Actuated(5)     (sec)



15.1

DECREASE IN REACTOR




COOLANT TEMPERATURE


15.1.1
15.1‑1
Loss of Feedwater
111.5
1,045
1,087
1,034
105.8
See Note(2)

a
         0
         0




Heating, AFC


15.1.1
15.1‑2
Loss of Feedwater
124.2
1,060
1,102
1,047
113.7
0.12(7)(8) 

a
         0
         0




Heating, MFC (9)


15.1.2
15.1‑3
Feedwater Control
124.3
1,163
1,193
1,159
105
0.10(5)(7)(8)

a
        19
         5




Failure, Max Demand (10)

15.1.3
15.1‑4
Pressure Regulator
104.2
1,138
1,161
1,136
100
(2)

a
        10
         5




Failure ‑Open,




130% Flow


15.2

INCREASE IN REACTOR




PRESSURE


15.2.1
15.2‑1
Pressure Regulator
156.8
1,187
1,221
1,181
102.6
0.09(8)

a
        19
         7




Downscale Failure (11)

15.2.2
15.2‑2
Generator Load
128.2
1,160
1,189
1,157
100
0.05

a
        19
         5




Rejection, Bypass‑On


15.2.2
15.2‑3
Generator Load
198.7
1,203
1,233
1,202
102.7
0.08(7)(8)

b
        19
         7




Rejection, Bypass‑Off(12)

15.2.3
15.2‑4
Turbine Trip, Bypass‑
114.5
1,158
1,188
1,155
100
0.05 

a
        19
         5




On


TABLE 15.0‑2a (Continued)









Maximum









 Core


     Duration of









Average


       Blowdown









Maximum
Maximum
Surface





Maximum
Maximum
Vessel
 Steam
 Heat


      No. of
     Duration





Neutron
 Dome
Bottom
 Line
 Flux


      Valves
        of


Section
Figure

 Flux
Pressure
Pressure
Pressure
 (% of
(CPR(4) 
 Frequency   Initially
Blowdown


  No.  
  No. 
     Description     
(% NBR)
 (psig) 
 (psig) 
 (psig) 
Initial)
   ‑  
 Category(1)  Actuated(5)
  (sec)


15.2.3
15.2‑5
Turbine Trip, Bypass‑
179.4
1,202
1,231
1,201
101.3
0.05

b
        19
         7




Off (13)

15.2.4
15.2‑6
Main Steam Line
105.3
1,177
1,207
1,174
100
See Note(2)

a

19
    5




Isolation, Position




Scram (14)

15.2.5
15.2‑7
Loss of Condenser
120.0
1,157
1,186
1,153
100
See Note(2)

a

19
    5




Vacuum at 2 inches




per sec


15.2.6
15.2‑8
Loss of Auxiliary
104.2
1,175
1,190
1,173
100
See Note(2)

a

 1
    5




Power Transformer


15.2.6
15.2‑9
Loss of All Grid
111.0
1,159
1,184
1,156
100
See Note(2)

a

19
    7




Connections


15.2.7
15.2‑10
Loss of All Feed‑
104.2
1,045
1,086
1,034
100
See Note(2)

a

 0
    0




water Flow


15.3

DECREASE IN REACTOR




COOLANT SYSTEM FLOW




RATE


15.3.1
15.3‑1
Trip of One
104.3
1,046
1,087
1,035
100
See Note(2)

a

 0
    0




Recirculation Pump




Motor


15.3.1
15.3‑2
Trip of Both
104.2
1,141
1,155
1,139
100
See Note(2)

a

10
    5




Recirculation Pump




Motors


15.3.2
15.3‑3
Fast Closure of One 
104.2
1,049
1,087
1,037
100
See Note(2)

a

10
    5




Recirc. Valve ‑




60%/sec


TABLE 15.0‑2a (Continued)









Maximum









 Core


     Duration of









Average


       Blowdown









Maximum
Maximum
Surface





Maximum
Maximum
Vessel
 Steam
 Heat


   No. of
   Duration





Neutron
 Dome
Bottom
 Line
 Flux


   Valves
      of


Section
Figure

 Flux
Pressure
Pressure
Pressure
 (% of
(CPR(4)
 Frequency    Initially
Blowdown


  No.  
  No. 
     Description     
(% NBR)
 (psig) 
 (psig) 
 (psig) 
Initial)
   ‑  
 Category(1)   Actuated(5)
  (sec)


15.3.2
15.3‑4
Fast Closure of Two
104.2
1,142
1,151
1,139
100
See Note(2)

a

10
    5




Main Recirc. Valves




11%/sec


15.3.3
15.3‑5
Seizure of One
104.2
1,139
1,153
1,137
100
See Note(2)

c

10
    5




Recirculation Pump


15.4

REACTIVITY AND POWER




DISTRIBUTION ANOMALIES


15.4.4
15.4‑1
Startup of Idle
100.0
  988
1,002
  983
148.7
See Note(3)

a

0
    0




Recirculation Loop


15.4.5
15.4‑2
Fast Opening of One
215.0
  978
  993
  974
135
See Note(3)

a

0
    0




Recirculation Valve


15.4.5
15.4‑3
Fast Opening of Two
149.0
  974
  990
  971
123.4
See Note(3)

a

0
    0




Recirc. Valves ‑




11%/sec


15.5

INCREASE IN REACTOR




COOLANT INVENTORY


15.5.1
15.5‑1
Inadvertent HPCS Pump
104.2
1,045
1,087
1,034
100
See Note(2)

a

0
    0




Start


NOTES:


(1)
a = incidents of moderate freq; b = infrequent incidents; c = limiting faults


(2)
No significant change in CPR.


(3)
Not start from full power.


(4)
Option A (CPR adjustment factor is included as specified in the NRC staff safety evaluation for the General Electric Topical Report ‑ Qualification of the One‑Dimensional Core Transient Model for BWR, NEDO‑24154 and NEDE‑24154‑P is applicable.


(5)
Expected number of SRV actuations based on analytical prediction.


(6)
Analysis has been performed to conclude that turbine bypass capacity as low as 25% NBR does not affect the bounding (CPR results.  See Reference <Appendix 15D.11‑6>.


TABLE 15.0‑2a (Continued)


SUMMARY OF EVENTS

NOTES:


(7)
This transient was performed as part of the Partial Feedwater Heating, Maximum Extended Operating Domain and/or Single Loop Operation Analyses.  For the initial conditions, required operating states and results of these analyses refer to <Appendix 15D>, <Appendix 15E>, and <Appendix 15F> respectively.


(8)
This transient is reperformed as part of the current cycle reload safety analysis.  <Appendix 15B> presents the results of the Reload Safety Analysis.  These results supersede previous transient analyses <Chapter 15> and Note 7 performed at the same power, flow, feedwater temperature, and cycle exposure conditions.

(9)
The loss of Feedwater Heater event is re‑analyzed at 3,758 MWt core power.  The event is documented in <Section 15.1.1> and <Appendix 15D>.


(10)
The Feedwater Controller Failure event is re‑analyzed at 3,758 MWt core power with feedwater temperature reduction.  The re‑analysis is discussed in <Appendix 15D>.


(11)
The Pressure Regulator Downscale Failure event is re‑analyzed at 3,758 MWt core power with both normal and reduced feedwater temperature.  The event with normal feedwater temperature is documented in <Table 15.0‑2b>.  The event with reduced feedwater temperature is bounded by the event with normal feedwater temperature.


(12)
The Generator Load Rejection event is re‑analyzed at 3,758 MWt core power with both normal and reduced feedwater temperature.  The event with normal feedwater temperature is documented in <Table 15.0‑2b>.  The event with reduced feedwater temperature is documented in <Appendix 15D>.


(13)
The Turbine Trip event is re‑analyzed at 3,758 MWt core power with normal feedwater temperature.  The event is documented in <Table 15.0‑2b>.


(14)
The Main Steamline Isolation Valve Closure – Flux Scram event is re‑analyzed at 3,758 MWt core power with normal feedwater temperature but at 102% power.  The event is documented in <Table 15.0‑2b>.


TABLE 15.0‑2b


SUMMARY OF EVENTS ANALYZED AT POWER UPRATE CONDITIONS









Steam


Analysis
Analysis
Transient  Output
ODYN
SUB
Power
Flow
Flow


  ID

Name

File Names (.*)

PID

EVENTS

  %

  %

  %


CYC8A01
ICF/HBB
006EC_E00000_T02_ODYNV09_LRNBP
0BC2F
2RVOS
100.0
105.0
100.0


CYC8A01
ICF/HBB
006EC_E00000_T03_ODYNV09_TTNBP
04255
2RVOS
100.0
105.0
100.0


CYC8A01
ICF/HBB
006EC_E00000_T04_ODYNV09_PRFDS
01D5A
2RVOS
100.0
105.0
100.0


CYC8A01
ICF/HBB
006EC_E00000_T05_ODYNV09_MSIVF
02FE8
OPP     6SVOS
102.0
105.0
102.3






PEAK
PEAK
MAX
MAX






FLUX
FLUX
INTGR
NET


TRANSIENT
ODYN
ANALYSIS
EXPOSURE
(N)
(Q/A)
QFUEL
REACT
DCPR
DCPR
DCPR


NAME

PID

   ID

 Mwd/st

% ref

% init

  PU

   $

G1246I
G1136

G1036



LRNBP
0BC2F
CYC8A01
E00000
291.74
109.00
0.32
0.67
0.1837
0.1382
0.0766



TTNBP
04255
CYC8A01
E00000
250.43
106.52
0.26
0.63
0.1706
0.1260
0.0622


PRFDS
01D5A
CYC8A01
E00000
139.11
104.39
0.00
0.25
0.0771
0.0560
0.0424


TRANSIENT
ODYN
ANALYSIS
EXPOSURE
     G1246I

      G1136

      G1036


NAME

PID

   ID

 Mwd/st

DCPRB

DCPRA

DCPRB

DCPRA

DCPRB 
DCPRA


LRNBP
0BC2F
CYC8A01
E00000

0.1991

0.1524

0.0828


TTNBP
04255
CYC8A01
E00000

0.1848

0.1400

0.0682


PRFDS
01D5A
CYC8A01
E00000

0.0894

0.0681

0.0513


TABLE 15.0‑2b (Continued) 






PEAK
PEAK DOME
PEAK
PEAK
PEAK
 MIN
 MIN
 MIN






FLUX
PRESSURE
PRESSURE
PRESSURE
PRESSURE
DELTA
DELTA
DELTA


TRANSIENT
ODYN
ANALYSIS
EXPOSURE
Q/A
RATE
DOME
P(V)
P(SL)
P(UCL)
P(SSV)
P(ECL)


NAME

PID

   ID

 Mwd/st

% init

psi/sec

psig

psig

psig

 psi

 psi

 psi



LRNBP
0BC2F
CYC8A01
E00000
109.00
232.3
1199.4
1228.7
1191.6
146.3

271.3


TTNBP
04255
CYC8A01
E00000
106.52
236.9
1198.7
1228.0
1190.7
147.0

272.0


PRFDS
01D5A
CYC8A01
E00000
104.39
100.4
1186.5
1219.3
1180.3
155.7

280.7


MSIVF
02FE8
CYC8A01
E00000
120.10
222.9
1267.7
1295.3
1264.3
 79.7

204.7


TABLE 15.0‑3


SUMMARY OF ACCIDENTS











      Failed Fuel Pins













 GE

  NRC Worst











  Calculated 
    Case


Section




Title

    Value   
 Assumption


<Section 15.3.3>
Seizure of One 



Recirculation Pump
None


<Section 15.3.4>
Recirculation Pump Shaft 



Break
None


<Section 15.4.9>
Control Rod Drop Accident
<770
770


<Section 15.6.2>
Instrument Line Break
None
None


<Section 15.6.4>
Steam System Pipe Break 



Outside Containment
None
None


<Section 15.6.5>
LOCA Within RCPB
None
100%


<Section 15.6.6>
Feedwater Line Break
None
None


<Section 15.7.1.1>
Main Condenser Offgas 



Treatment System Failure
N/A
N/A


<Section 15.7.3>
Liquid Radwaste Tank 



Failure
N/A
N/A


<Section 15.7.5>
Spent Fuel Cask Drop 



Accident
None
None


<Section 15.7.6>
Fuel Handling Accident 



Inside Containment (GE12



and GE14 fuel w/triangular



mast
151


<Section 15.8>
ATWS
SPECIAL EVENT


TABLE 15.0‑4


DOSE CONVERSION FACTORS(1)






Thyroid



 Whole Body


Isotope



(rem/Ci)



0.25xMeV/dis


I‑131



1.49E+6



8.72E‑2


I‑132



5.35E+4



5.13E‑1


I‑133



3.97E+5



1.55E‑1


I‑134



2.54E+4



5.32E‑1


I‑135



1.24E+5



4.21E‑1


Kr‑83m








5.02E‑6


Kr‑85








3.72E‑2


Kr‑85m








5.25E‑4


Kr‑87








1.87E‑1


Kr‑88








4.64E‑1


Kr‑89








5.25E‑1


Xe‑131m








2.92E‑3


Xe‑133m








8.00E‑3


Xe‑133








9.33E‑3


Xe‑135m








9.92E‑2


Xe‑135








5.72E‑2


Xe‑137








4.53E‑2


Xe‑138








2.81E‑1


Breathing Rates


Time Period







Breathing Rate


   (hr)    







   (m(3)/sec)













LOCA


FHA

   0‑8








3.47E‑4(2)

3.5E‑4(2)

   8‑24








1.75E‑4

1.8E‑4


  24‑720








2.32E‑4

2.3E‑4


NOTES:

(1)
The following dose conversion factors (DCF’s) are used in the alternative source term analyses;



LOCA - DCF’s for inhalation:  EPA Federal Guidance Report 11 ‑ 1988 (Reference 9)



FHA ‑ CEDE:
EPA Federal Guidance Report 11 – 1989 (Reference 11)




DDE/EDE:
MACCS2 computer code (Reference 12), which used Federal Guidance Report 12 – 1993 (Reference 13).


(2)
This breathing rate was used for the duration of the Control Room radiological consequence analyses.


TABLE 15.0‑5


SUMMARY OF LIMITING TRANSIENT ANALYSES FOR


EXTENDED OPERATING MODES (MEOD, PFH AND SLO)


OR REPERFORMED FOR EACH RELOAD ANALYSIS











  Also Analyzed in these USAR












Chapter 15 Appendices


Transient/Accident

USAR

MEOD
PFH
SLO
RELOAD


Analysis

   

Section
15E
15D
15F
15B


Thermal‑Hydraulic


Stability Analysis

<Section 4.4.4.6>
YES
YES
YES

YES


Overpressurization


Protection (MSIV


Closure‑Flux Scram)

<Section 5.2.2>
YES
NO
NO

YES


ECCS Performance

<Section 6.3.3>


Evaluation (LOCA)

<Section 15.6.5>
YES
YES
YES

YES


Loss of Feedwater


Heating ‑ 100°F


(LFWH)



<Section 15.1.1>
YES
YES
NO

YES


Feedwater Controller


Failure‑Maximum


Demand (FWCF)


<Section 15.1.2>
YES
YES
YES

YES


Pressure Regulator


Failure (Downscale)

<Section 15.2.1>
YES
NO
NO

YES


Generated Load


Rejection with


Bypass Failure


(LRNBP)



<Section 15.2.2>
YES
YES
YES

YES


Rod Withdrawal


Error at Power


(RWE)



<Section 15.4.2>
YES
YES
YES

YES


Anticipated Transients


Without Scram (ATWS)

<Section 15.8>
YES
YES
YES
NO
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15.1      DECREASE IN REACTOR COOLANT TEMPERATURE


15.1.1      LOSS OF FEEDWATER HEATING


This transient was performed as part of the initial cycle analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service, results of which are presented in the following Chapter 15 appendices:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input conditions, and results for the current cycle for the loss of feedwater heating event are presented in <Appendix 15B> of this chapter.


The initial cycle analyses used a point model methodology and the results concluded that, for this event, the automatic control is less severe than in manual control <Figure 15.1‑1> and <Figure 15.1‑2>.  The documentation of this original analyses is preserved in this section.


The re‑analysis at 3,758 MWt core power used a 3‑dimensional, coupled nuclear-thermal hydraulics core simulator computer model.  The methodology and results of this re‑analysis are documented in <Appendix 15D>.


15.1.1.1      Identification of Causes and Frequency Classification


15.1.1.1.1      Identification of Causes


A feedwater heater can be lost in at least two ways:


a.
Steam extraction line to heater is closed,


b.
Steam is bypassed around heater.


The first case produces a gradual cooling of the feedwater.  In the second case, the steam bypasses the heater and no heating of that feedwater occurs.  In either case the reactor vessel receives cooler feedwater.  The maximum number of feedwater heaters which can be tripped or bypassed by a single event represents the most severe transient for analysis considerations.  This event has been conservatively estimated to result in a reduction of up to 100(F in core inlet temperature.  This increases core power due to the negative void reactivity coefficient.  The event can occur with the reactor in either the automatic or manual control mode.  In automatic control, some compensation of core power is realized by modulation of core flow, so the event is less severe than in manual control.


15.1.1.1.2      Frequency Classification


The probability of this event is considered low enough to warrant it being categorized as an infrequent incident.  However, because of the lack of a sufficient frequency data base, this transient disturbance is analyzed as an incident of moderate frequency.  This event is analyzed under worst case conditions of a 100(F loss at full power.


15.1.1.2      Sequence of Events and Systems Operation


15.1.1.2.1      Sequence of Events


<Table 15.1‑1> and <Table 15.1‑2> list the sequence of events for this transient and its effect on various parameters is shown in <Figure 15.1‑1> and <Figure 15.1‑2>.


15.1.1.2.1.1      Identification of Operator Actions


In the automatic flux/flow control mode, the reactor settles out at a lower recirculation flow with no change in steam output.  An average power range monitor (APRM) neutron flux or thermal power alarm will alert the operator that he should insert control rods to get back down to the rated flow control line, or that he should reduce flow if in the manual mode.  Operating procedures describe turbine generator operation with feedwater heaters out‑of‑service.  If reactor scram occurs, as it does in manual flow control mode, the operator must monitor the reactor water level and pressure controls.


15.1.1.2.2      Systems Operation


In establishing the expected sequence of events and simulating the plant performance, it was assumed that normal functioning occurred in the plant instrumentation and controls, plant protection and reactor protection systems.  This event results in a slow prolonged power increase without flux spikes.


The flow biased thermal power monitor (TPM) is the primary protection system trip in mitigating the consequences of this event.


The TPM conservatively estimates thermal power by passing the APRM signal through a six second time constant (as compared to the actual fuel time constant of seven to ten seconds).  A scram is initiated when thermal power exceeds the flow‑biased function shown in <Figure 15.1‑5>.  For a slow transient this limit will be reached before the APRM scram because of its 6 to 8 percent lower setpoint.  As can be seen from <Figure 15.1‑5>, the flow‑biased trip setpoint is equal to 114 percent NBR maximum.  Since the transients in this chapter are analyzed at 104.2 percent NBR power, the scram setpoints are 1.042 times higher than shown in <Figure 15.1‑5>, or 114% x 1.042 = 118.8% NBR, as shown on <Table 15.0‑1>.


The TPM is a safety grade system and is designed to be single failure proof.  Surveillance testing of the TPM is included in the technical specifications.


Required operation of Engineered Safety Features (ESF) is not expected for either of these transients.


15.1.1.2.3      The Effect of Single Failures and Operator Errors


These two events generally lead to an increase in reactor power level.  The TPM mentioned in <Section 15.1.1.2.2> is the mitigating system and is designed to be single failure proof.  See <Appendix 15A> for additional discussion of this subject.


15.1.1.3      Core and System Performance


15.1.1.3.1      Mathematical Model


The predicted dynamic behavior has been determined using a computer model of a generic direct‑cycle BWR.  This model is described in detail in (Reference 1).  This computer model has been verified through extensive comparisons with actual BWR test data.  Some of the significant features of the nonlinear model are:


a.
A point kinetic model is assumed with reactivity feedbacks from control rods (absorption), voids (moderation) and Doppler (capture) effects.


b.
The fuel is represented by three four‑node cylindrical elements, each enclosed in a cladding node.  One of the cylindrical elements is used to represent core average power and fuel temperature conditions, providing the source of Doppler feedback.  The other two are used to represent “Hot Spots” in the core, to simulate peak fuel center temperature and cladding temperature.


c.
Four primary system pressure nodes are simulated.  The nodes represent the core exit pressure, vessel dome pressure, steam line pressure (at a point representative of the safety/relief valve location), and turbine inlet pressure.


d.
The active core void fraction is calculated from a relationship between core exit quality, inlet subcooling and pressure.  This relationship is generated from multinode core steady‑state calculations.  A second‑order void dynamic model with the void boiling sweep time calculated as a function of core flow and void conditions is also utilized.


e.
Principal controller functions such as feedwater flow, recirculation flow, reactor water level, pressure, and load demand are represented together with their dominant nonlinear characteristics.


f.
The ability to simulate necessary reactor protection system functions is provided.


15.1.1.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.  The loss of feedwater heating transient was analyzed for the end of equilibrium cycle.  This is the most limiting core condition with highest void coefficient and lowest scram reactivity.


The same void reactivity coefficient conservatism used for pressurization transients is applied since a more negative value conservatively increases the severity of the power increase.  The values for both the feedwater heater time constant and the feedwater volume between the heaters and the spargers are adjusted to reduce the time delays since they are not critical to the calculation of this transient.  


The transient is simulated by programming a change in feedwater enthalpy corresponding to a 100(F loss in feedwater heating.


15.1.1.3.3      Results


In the automatic flux/flow control mode, the recirculation flow control system responds to the power increase by reducing core flow so that steam flow from the reactor vessel to the turbine remains essentially constant.  In order to maintain the initial steam flow with the reduced inlet temperature, reactor thermal power increases above the initial value and settles at about 110 percent NBR (106 percent of initial power), below the flow‑referenced APRM thermal power scram setting, and core flow is reduced to approximately 80 percent of rated flow.  The MCPR reached in the automatic control mode is greater than for the more limiting manual flow control mode.  This method of control is not currently in use.


The increased core inlet subcooling aids thermal margins, and smaller power increase makes this event less severe than the manual flow control case given below.  Nuclear system pressure does not change and consequently the reactor coolant pressure boundary is not threatened.  If scram occurs, the results become very similar to the manual flow control case.  This transient is illustrated in <Figure 15.1‑1>.


In manual mode, no compensation is provided by core flow and thus the power increase is greater than in the automatic mode.  A scram on high APRM thermal power occurs.  Vessel steam flow increases and the initial system pressure increase is slightly larger.  Peak heat flux is 114 percent of its initial value and the average fuel temperature increases 120(F.  The increased core inlet subcooling aids core thermal margins and minimum CPR is 1.07.  Therefore, the design basis is satisfied.  The transient responses of the key plant variables for this mode of operation are shown in <Figure 15.1‑2>.


If the reactor scrams, water level drops to the low level trip point (L2).  This initiates recirculation pump trip as shown in <Table 15.1‑2>.


This transient is less severe from lower initial power levels for two main reasons:  lower initial power levels will have initial values greater than the limiting initial value assumed, and the magnitude of the power rise decreases with lower initial power conditions.  Therefore, transients from lower power levels will be less severe.


15.1.1.3.4      Considerations of Uncertainties


Important factors (such as reactivity coefficient, scram characteristics, magnitude of the feedwater temperature change) are assumed to be at the worst configuration so that any deviations seen in the actual plant operation reduce the severity of the event.


15.1.1.4      Barrier Performance


As noted above and shown in <Figure 15.1‑1> and <Figure 15.1‑2>, the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed; therefore, these barriers maintain their integrity and function as designed.


15.1.1.5      Radiological Consequences


Since this event does not result in any additional fuel failures or any release of primary coolant to either the secondary containment or to the environment, there are no radiological consequences associated with this event.


15.1.2      FEEDWATER CONTROLLER FAILURE ‑ MAXIMUM DEMAND


This transient was performed as part of initial cycle analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service, results of which are presented in the following Chapter 15 appendices:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input conditions, and results for the current cycle for the feedwater controller failure‑maximum demand event are presented in <Appendix 15B> of this chapter.


This event was re‑analyzed at 3,758 MWt core power conditions shown in <Table 15.0‑1>, but with feedwater temperature of 255.5(F  The results of the new analysis are reported in <Appendix 15D>.


15.1.2.1      Identification of Causes and Frequency Classification


15.1.2.1.1      Identification of Causes


This event is postulated on the basis of a single failure of a control device, specifically one which can directly cause an increase in coolant inventory by increasing the feedwater flow.  The most severe applicable event is a feedwater controller failure during maximum flow demand.  The feedwater controller is forced to its upper limit at the beginning of the event.


15.1.2.1.2      Frequency Classification


This event is considered to be an incident of moderate frequency.


15.1.2.2      Sequence of Events and Systems Operation


15.1.2.2.1      Sequence of Events


With excess feedwater flow the water level rises to the high level reference point at which time the feedwater pumps and the main turbine are tripped and a scram is initiated.  <Table 15.1‑3> lists the sequence of events for <Figure 15.1‑3>.  The figure shows the changes in important variables during this transient.


15.1.2.2.1.1      Identification of Operator Actions


The operator should:


a.
Observe that feedwater pump trip has terminated the failure event.


b.
Switch the feedwater controller from auto to manual control in order to try to regain a correct output signal.


c.
Identify causes of the failure and report all key plant parameters during the event.


15.1.2.2.2      Systems Operation


In order to properly simulate the expected sequence of events, the analysis of this event assumes normal functioning of plant instrumentation and controls, plant protection and reactor protection systems.  Important system operational actions for this event are high level scram and tripping of the main turbine and feedwater pumps, recirculation pump trip (RPT) and low water level initiation of the 


reactor core isolation cooling system and the high pressure core spray system to maintain long term water level control following tripping of feedwater pumps.


15.1.2.2.3      The Effect of Single Failures and Operator Errors


In <Table 15.1‑3> the first sensed event to initiate corrective action to the transient is the vessel high water level (L8) scram.  Scram trip signals from Level 8 are designed such that a single failure will neither initiate nor impede a reactor scram trip initiation.  Therefore, single failures are not expected to result in a more severe event than analyzed.  See <Appendix 15A> for a detailed discussion of this subject.


15.1.2.3      Core and System Performance


15.1.2.3.1      Mathematical Model


The predicted dynamic behavior has been determined using a computer model of a generic direct‑cycle BWR (Reference 2).  This computer model has been improved and verified through extensive comparison of its predicted results with actual BWR test data.


This nonlinear computer model is designed to predict associated transient behavior of this reactor.  Some of the significant features of the model are:


a.
An integrated one‑dimensional core model is assumed which includes a detailed description of hydraulic feedback effects, axial power shape changes and reactivity feedbacks.


b.
The fuel is represented by an average cylindrical fuel and cladding model for each axial location in the core.


c.
The steam lines are modeled by eight pressure nodes incorporating mass and momentum balances which will predict any wave phenomena present in the steam line during pressurization transients.


d.
The core average axial water density and pressure distribution is calculated using a single channel to represent the heat active flow and a single channel to represent bypass flow.  A model, representing liquid and vapor mass and energy conservation, and mixture momentum conservation, describes the thermal hydraulic behavior.  Changes in the flow split between the bypass and active channel flow are accounted for during transient events.


e.
Principal controller functions such as feedwater flow, recirculation flow, reactor water level, pressure, and load demand are represented together with their dominant nonlinear characteristics.


f.
The ability to simulate necessary reactor protection system functions is provided.


g.
The control systems and reactor protection system models are, for the most part, identical to those employed in the point reactor model, which is described in detail in (Reference 1) and used in analysis for other transients.


15.1.2.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with the plant conditions tabulated in <Table 15.0‑1>.


End of equilibrium cycle (all rods out) scram characteristics are assumed.  The safety/relief valve action is conservatively assumed to occur with higher than nominal setpoints.  The transient is simulated by 


programming an upper limit failure in the feedwater system such that 130 percent NBR feedwater flow occurs at a system design pressure of 1,065 psig.


15.1.2.3.3      Results


The simulated feedwater controller transient is shown in <Figure 15.1‑3>.  The high water level turbine trip and feedwater pump trip are initiated at approximately 12 seconds.  Scram occurs almost simultaneously, and limits the neutron flux peak and fuel thermal transient so that no fuel damage occurs.  MCPR remains above safety limit.  The turbine bypass system opens to limit peak pressure in the steam line near the safety/relief valves to 1,159 psig and the pressure at the bottom of the vessel to about 1,193 psig.


The level will gradually drop to the low level reference point (Level 2), activating the RCIC/HPCS systems for long term level control.


A drop in feedwater temperature with an increase in feedwater flow will occur.  However, the feedwater heater usually has a large time constant (minutes, not seconds) so the feedwater temperature change is very slow.  In addition, there is a long transport delay time before the lower temperature feedwater will reach the vessel.  Thus, it is expected that this feedwater temperature change during the first part of the feedwater controller failure (maximum demand) transient is insignificant, and its effect on transient severity is minimal.


15.1.2.3.4      Consideration of Uncertainties


All systems utilized for protection in this event were assumed to have the most conservative allowable response (e.g., relief setpoints, scram stroke time and reactivity characteristics).  Expected plant behavior is, therefore, expected to lead to a less severe transient.


15.1.2.4      Barrier Performance


As noted above the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed; therefore, these barriers maintain their integrity and function as designed.


15.1.2.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.1.3      PRESSURE REGULATOR FAILURE ‑ OPEN


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.1.3.1      Identification of Causes and Frequency Classification


15.1.3.1.1      Identification of Causes


The total steam flow rate to the main turbine and through the turbine bypass valves resulting from a pressure regulator malfunction is limited by a maximum flow limiter imposed at the turbine controls.  This limiter is set to limit maximum steam flow to approximately 130 percent NB rated.


If both the controlling pressure regulator and the backup regulator fail to the open position, the turbine admission valves and the turbine bypass valves can be opened until the maximum steam flow is established.


15.1.3.1.2      Frequency Classification


This transient disturbance is categorized as an incident of moderate frequency.


15.1.3.2      Sequence of Events and Systems Operation


15.1.3.2.1      Sequence of Events


<Table 15.1‑4> lists the sequence of events for <Figure 15.1‑4>.


15.1.3.2.1.1      Identification of Operator Actions


When regulator trouble is preceded by spurious or erratic behavior of the controlling device, it may be possible for the operator to transfer to the backup controller in time to prevent the full transient.  However, if such efforts are not successful and the event occurs, no operator actions are required to maintain adequate fuel thermal margin.  If the depressurization is not stopped by automatic isolation (e.g., if the mode switch is not in RUN), then the operator shall manually control the cooldown so as not to exceed the approved cooldown rate.  If this is not possible, the operator shall then terminate the cooldown by manually shutting the MSIVs.  Longer term operator safety actions may be required after reactor isolation has occurred.  Suppression pool cooling may be needed to maintain suppression pool temperature within its required limits if significant safety relief flow occurs after the isolation.


15.1.3.2.2      Systems Operation


In order to properly simulate the expected sequence of events, the analysis of this event assumes normal functioning of plant instrumentation and controls, plant protection and reactor protection systems except as otherwise noted.


Initiation of HPCS and RCIC system functions will occur when the vessel water level reaches the L2 setpoint.  Normal startup and actuation can take up to 30 seconds before effects are realized.  If these events occur, they will follow sometime after the primary concerns of fuel thermal margin and overpressure effects have occurred and are expected to be less severe than those already experienced by the system.


15.1.3.2.3      The Effect of Single Failures and Operator Errors


This transient leads to a loss of pressure control such that the increased steam flow demand causes depressurization.  The course of the event can follow more than one sequence:


a.
The sequence given in <Table 15.1‑4> and <Figure 15.1‑4> represents the most probable course of the event (especially when initial power is below rated).  The initial part of the depressurization is abrupt enough to cause a rapid reactor water level swell and initiation of high water (level 8) reactor scram and trip of the main turbine and feedwater pumps.  Tripping of the main turbine will initiate another scram signal and will initiate a signal to open the turbine bypass valves (at this point the valves will go full open and be held full open due to the pressure regulator failure).  The turbine trip will cause a temporary pressure increase which will be quickly mitigated by the open turbine bypass valves and SRV actuations.



All of the high level instrumentation is designed to be single failure proof, but these high level functions are not vital to protection in this event since the level increase is momentary.  Termination of the event occurs when the depressurization has been isolated.  The <Table 15.1‑4> sequence shows the MSIV isolation to automatically occur (with no operator action) when the steam line pressure falls to its initiation setpoint, terminating the 



potentially rapid depressurization and cooldown.  Instruments for sensing low turbine inlet pressure are also designed to be single failure proof for initiation of MSIV closure.



However, since there is a period of time between the high water level trips and the low steam line pressure isolation (about 28 seconds in <Table 15.1‑4>), there is a possibility that an operator could react to the high level scram and make a reactor mode switch transfer from RUN to SHUTDOWN.  Such rapid action would deactivate the automatic MSIV isolation on low pressure since it is only active in the RUN mode.  If this should occur the operator shall control the cooldown rate so as not to exceed 100(F during any one‑hour period.  If this is not possible the operator should terminate the cooldown by manually shutting the MSIVs.


b.
At high power (with a smaller mismatch between actual steam flow and the maximum steam flow that results from the failure) it is possible that the course of the event may miss the high water level trips discussed above.  Then the depressurization proceeds more simply to the low pressure MSIV isolation.  Scram is directly associated with the valve closure, and no operator mode switch interaction is anticipated before the MSIV closure.


Reactor scram sensing, whether originating from high reactor water level or the limit switches on the main steam line isolation valves, is designed to be single failure proof.


See <Appendix 15A>, Event 23, for a detailed discussion of this subject.


15.1.3.3      Core and System Performance


15.1.3.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate this event.


15.1.3.3.2      Input Parameters and Initial Conditions


This transient is simulated by setting the regulator output to a high value, which causes the turbine admission valves and the turbine bypass valves to open.  A regulator failure with 130 percent steam flow was simulated as a worst case.


A 5‑second isolation valve closure instead of a 3‑second closure is assumed when the turbine pressure decreases below the turbine inlet low pressure setpoint for main steamline isolation initiation.  This is within the specification limits of the valve and represents a conservative assumption.


The primary sequence shown in <Table 15.1‑4> includes high reactor water level (level 8) scram and trip of the main turbine and feedwater pumps shortly after the rapid depressurization begins (at about 3 seconds into the event).  The upper analytical limits for the high water level setpoints are used.  Isolation follows significantly later (after about 28 seconds) when continued flow through the turbine bypass valves re‑establishes depressurization.


If the high level trips are not reached, then a reactor scram would be initiated when the main steamline isolation valves reach the 10 percent closed position (closure initiated when pressure reaches the setpoint for the main steam line low pressure isolation).  This is the maximum travel from the full open position allowed by specification.


This analysis has been performed, unless otherwise noted, with the plant conditions listed in <Table 15.0‑1>.


15.1.3.3.3      Results


<Figure 15.1‑4> shows graphically that the high water level trip and isolation valve closure stop vessel depressurization and produce a normal shutdown of the isolated reactor.


The rapid depressurization results in formation of steam voids in the reactor coolant and causes a rapid decrease in reactor power almost immediately.  The steam void formation also produces a water level increase that is shown to reach the high water level trip setpoint (level 8) about 3 seconds into the event.  This produces a reactor scram and trip of the main turbine and feedwater pumps.  The turbine valve closure causes a brief pressurization, lifting safety/relief valves, but they reclose quickly as the depressurization continues due to the pressure control failure that holds the turbine bypass valves wide open.  The main steam line isolation valves automatically close at approximately 28 seconds when pressure at the turbine decreases below 783 psig.  Reactor vessel isolation limits the duration and severity of the depressurization so that no significant thermal stresses are imposed on the reactor coolant pressure boundary.


After the rapid portion of the transient is complete and the isolation effective, the nuclear system safety/relief valves operate intermittently to relieve the pressure rise that results from decay heat generation.  No significant reductions in fuel thermal margins occur.  Because the transient results in only momentary depressurization of the nuclear system, cooldown stresses of the components remain within design allowances for upset category events.  The safety/relief valves need only to relieve the pressure increase caused by the turbine trip (initiated after power has decreased due to the initial depressurization), and provide long term decay heat removal following isolation.  The reactor coolant pressure boundary is not threatened by high internal pressure.


15.1.3.3.4      Considerations of Uncertainties


If the maximum flow limiter were set higher or lower than normal, there would result a faster or slower loss in nuclear steam pressure.  The rate of depressurization may be limited by the bypass capacity, but it is unlikely.  For example, the turbine valves will open to the valves‑wide‑open state admitting slightly more than the rated steam flow, and with the limiter in this analysis set to fail at 130 percent it is expected that something less than 23 percent flow would be bypassed.  This is not a limiting factor on this plant.


Depressurization at slower rates may also be terminated by other protective actions, e.g., the low pressure MSIV isolation.


15.1.3.4      Barrier Performance


Barrier performance analyses were not required since the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which fuel, pressure vessel or containment are designed.  Peak pressure in the bottom of the vessel reaches 1,162 psig which is below the ASME code limit of 1,375 psig for the reactor coolant pressure boundary.  Minimum vessel dome pressure of 790 psig occurs at about 30 seconds.


15.1.3.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.1.4      INADVERTENT SAFETY/RELIEF VALVE OPENING


15.1.4.1      Identification of Causes and Frequency Classification


15.1.4.1.1      Identification of Causes


Cause of inadvertent opening is attributed to malfunction of the valve or an operator initiated opening.  Opening and closing circuitry at the individual valve level (as opposed to groups of valves) is subject to a single failure.  It is therefore simply postulated that a failure occurs and the event is analyzed accordingly.  Detailed discussion of the valve design is provided in <Chapter 5>.


This transient is similar to the incident of a safety/relief valve sticking open.  This is the only operational transient that requires operator action to attempt to reclose the valve or shut down the plant when suppression pool temperature exceeds the technical specification limit.


15.1.4.1.2      Frequency Classification


This transient disturbance is categorized as an infrequent incident but due to a lack of a comprehensive data basis, it is being analyzed as an incident of moderate frequency.


15.1.4.2      Sequence of Events and Systems Operation


15.1.4.2.1      Sequence of Events


<Table 15.1‑5> lists the sequence of events for this event.


15.1.4.2.1.1      Identification of Operator Actions


Control room alarms from the safety/relief valve open/close monitor, or from the suppression pool temperature monitor, will provide the operator pertinent information for his action.  The plant operator must reclose the valve as soon as possible and check that reactor and T‑G output return to normal.  If the valve cannot be closed, plant shutdown should be initiated.  The elapsed time the operator has depends on the temperature of the suppression pool water at the onset of the event.  However, the operator is required to scram the reactor when the suppression pool temperature reaches the technical specification limit.


15.1.4.2.2      Systems Operation


This event assumes normal functioning of normal plant instrumentation and controls, specifically the operation of the pressure regulator and level control systems.


15.1.4.2.3      The Effect of Single Failures and Operator Errors


Failure of additional components (e.g., pressure regulator, feedwater flow controller) is discussed elsewhere in <Chapter 15>.  In addition, a detailed discussion of such effects is given in <Appendix 15A>.


15.1.4.3      Core and System Performance


15.1.4.3.1      Mathematical Model


The reactor model briefly described in <Section 15.1.1.3.1> was previously used to simulate this event in earlier FSARs.  This model is discussed in detail in (Reference 1).  It was determined that this event is not limiting from a core performance standpoint.  Therefore, a qualitative presentation of results is described below.


15.1.4.3.2      Input Parameters and Initial Conditions


It is assumed that the reactor is operating at an initial power level corresponding to 102 percent of rated core power conditions when a safety/relief valve is inadvertently opened.  Manual recirculation flow control is assumed.  Flow through the relief valve at normal plant operating conditions stated above is approximately 7 percent of rated steam flow.


15.1.4.3.3      Qualitative Results


The opening of a safety/relief valve allows steam to be discharged into the suppression pool.  The sudden increase in the rate of steam flow leaving the reactor vessel causes a mild depressurization transient.


The pressure regulator senses the nuclear system pressure decrease and within a few seconds closes the turbine control valve far enough to stabilize reactor vessel pressure at a slightly lower value and reactor power settles at nearly the initial power level.  Thermal margins decrease only slightly through the transient, and no fuel damage results from the transient.  MCPR is essentially unchanged and therefore, the safety limit margin is unaffected.


15.1.4.4      Barrier Performance


As discussed above, the transient resulting from a stuck open relief valve is a mild depressurization which is within the range of normal load following and therefore, has no significant effect on RCPB and containment design pressure limits.


15.1.4.5      Radiological Consequences


While the consequence of this event does not result in fuel failure it does result in the discharge of normal coolant activity to the 


suppression pool via SRV operation.  Since this activity is contained in the primary containment there will be no exposures to operating personnel.  Since this event does not result in an uncontrolled release to the environment the plant operator can choose to leave the activity bottled up in the containment or discharge it to the environment under controlled release conditions.  If purging of the containment is chosen the release will be in accordance with technical specifications; therefore, this event, at the worst, would only result in a small increase in the yearly integrated exposure level.


15.1.5      SPECTRUM OF STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE OF CONTAINMENT IN A PWR


This event is not applicable to BWR plants.


15.1.6      INADVERTENT RHR SHUTDOWN COOLING OPERATION


15.1.6.1      Identification of Causes and Frequency Classification


15.1.6.1.1      Identification of Causes


At design power conditions no conceivable malfunction in the shutdown cooling system could cause temperature reduction.


In startup or cooldown operation, if the reactor were critical or near critical, a very slow increase in reactor power could result.  A shutdown cooling malfunction leading to a moderator temperature decrease could result from misoperation of the cooling water controls for the RHR heat exchangers.  The resulting temperature decrease would cause a slow insertion of positive reactivity into the core.  If the operator did not act to control the power level, a high neutron flux reactor scram would terminate the transient without violating fuel thermal limits and without any measurable increase in nuclear system pressure.


15.1.6.1.2      Frequency Classification


Although no single failure could cause this event, it is conservatively categorized as an event of moderate frequency.


15.1.6.2      Sequence of Events and Systems Operation


15.1.6.2.1      Sequence of Events


A shutdown cooling malfunction leading to a moderator temperature decrease could result from misoperation of the cooling water controls for RHR heat exchangers.  The resulting temperature decrease causes a slow insertion of positive reactivity into the core.  Scram will occur before any thermal limits are reached if the operator does not take action.  The sequence of events for this event is shown in <Table 15.1‑6>.


15.1.6.2.2      System Operation


A shutdown cooling malfunction causing a moderator temperature decrease must be considered in all operating states.  However, this event is not considered while at power operation since the nuclear system pressure is too high to permit operation of the RHR shutdown cooling system.


No unique safety actions are required to avoid unacceptable safety results for transients as a result of a reactor coolant temperature decrease induced by misoperation of the shutdown cooling heat exchangers.  In startup or cooldown operation, where the reactor is at or near critical, the slow power increase resulting from the cooler moderator temperature would be controlled by the operator in the same manner normally used to control power in the source or intermediate power ranges.


15.1.6.2.3      Effect of Single Failures and Operator Action


No single failures can cause this event to be more severe.  If the operator takes action, the slow power rise will be controlled in the normal manner.  If no operator action is taken, scram will terminate the power increase before thermal limits are reached <Appendix 15A>.


15.1.6.3      Core and System Performance


The increased subcooling caused by misoperation of the RHR shutdown cooling mode could result in a slow power increase, due to the reactivity insertion.  This power rise would be terminated by a flux scram before fuel thermal limits are approached.  Therefore, only qualitative description is provided here.


15.1.6.4      Barrier Performance


As noted above, the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed.  Therefore, these barriers maintain their integrity and function as designed.


15.1.6.5      Radiological Consequences


Since this event does not result in any fuel failures, no analysis of radiological consequences is required for this event.


15.1.7      REFERENCES FOR SECTION 15.1
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“Qualification of the One‑Dimensional Core Transient Model for BWR,” October 1978, NEDO‑24154.


TABLE 15.1‑1


SEQUENCE OF EVENTS FOR <FIGURE 15.1‑1>



Time‑sec
Event



0
Initiate a 100(F temperature reduction in the feedwater system.



5
Initial effect of unheated feedwater starts to raise core power level but AFC system automatically reduces core flow to maintain initial steam flow.



100
Reactor variables settle into new steady‑state.


TABLE 15.1‑2


SEQUENCE OF EVENTS FOR <FIGURE 15.1‑2>



Time‑sec
Event



  0
Initiate a 100(F temperature reduction into the feedwater system.



  5
Initial effect of unheated feedwater starts to raise core power level and steam flow.



  7
Turbine control valves start to open to regulate pressure.



 36
APRM initiates reactor scram on high thermal power.



 53
Wide Range (WR) sensed water level reaches Level 2 (L2) setpoint.



 53
Recirculation pump trip initiated due to Level 2 trip.



>80
HPCS/RCIC flow enters vessel (not simulated).



(est.)



>90
Reactor variables settle into limit cycle.



(est.)


TABLE 15.1‑3


SEQUENCE OF EVENTS FOR <FIGURE 15.1‑3>



Time‑sec
Event



  0
Initiate simulated failure of 130% upper limit at system design pressure of 1,065 psig on feedwater flow.



 11.8
L8 vessel level setpoint initiates reactor scram and trips main turbine and feedwater pumps.



 11.9
Recirculation pump trip (RPT) actuated by stop valve position switches.



 11.9
Main turbine bypass valves opened due to turbine trip.



 13.2
Safety/relief valves open due to high pressure.



 18.2
Safety/relief valves close.



>20
Water level dropped to low water level setpoint (L2).



(est.)



>50
RCIC and HPCS flow into vessel (not simulated).



(est.)


TABLE 15.1‑4


SEQUENCE OF EVENTS FOR <FIGURE 15.1‑4>



Time‑sec
Event



  0
Simulate maximum limit on steam flow to main turbine.



  2.1
Turbine control valves wide open.



  2.28
Vessel water level (L8) trip initiates reactor scram and main turbine and feedwater pump turbine trips.



  2.28
Turbine trip initiates turbine bypass valve operation to full flow.



  2.29
Main turbine stop valves reach 90% open position and initiate recirculation pump trip (RPT) to low speed.



  2.38
Turbine stop valves closed.  Turbine bypass valves opening to full flow.



  2.4
Recirculation pump motor circuit breakers open causing decrease in core flow to low speed operation.



  5.2
Group 1 pressure relief valves actuated.



  9.0
Group 1 pressure relief valves close (turbine bypass valves still open).



 25
Vessel water level reaches Level 2 (L2) setpoint.  HPCS and RCIC logic initiated.  Complete trip of recirculation pumps.



 28
Main steam line isolation on low turbine inlet pressure (783 psig).



 33
MSIVs closed.  Bypass valves remain open, exhausting steam in steamlines downstream of MSIVs.



 55
RCIC and HPCS systems flow into vessel (not simulated).



(est.)


TABLE 15.1‑5


SEQUENCE OF EVENTS FOR INADVERTENT SAFETY/RELIEF VALVE OPENING



Time‑sec
Event



  0
Initiate opening of 1 safety/relief valve.



  0.5
Relief flow reaches full flow.



   (est.)



 15
System establishes new steady‑state operation.



   (est.)


TABLE 15.1‑6


SEQUENCE OF EVENTS FOR INADVERTENT RHR SHUTDOWN COOLING OPERATION


Approximate


Elapsed Time
Event



0
Reactor at states B or D <Appendix 15A> when RHR shutdown cooling inadvertently activated.



0‑10 min
Slow rise in reactor power.



+ 10 min
Operator may take action to limit power rise.  Flux scram will occur if no action is taken.
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15.2      INCREASE IN REACTOR PRESSURE


15.2.1      PRESSURE REGULATOR FAILURE ‑ CLOSED


This transient was performed as part of initial cycle analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service, results of which are presented in <Appendix 15E> ‑ Maximum Extended Operating Domain Analysis.


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input conditions, and results for the current cycle for the pressure regulator failure‑closed event are presented in <Appendix 15B> of this chapter.


This event was re‑analyzed at 3,758 MWt core power conditions shown in <Table 15.0‑1>.  The results of the new analysis are reported in this section.


15.2.1.1      Identification of Causes and Frequency Classification


15.2.1.1.1      Identification of Causes


Two identical pressure regulators are provided to maintain primary system pressure control.  They independently sense pressure just upstream of the main turbine stop valves and compare it to two separate setpoints to create proportional error signals that produce each regulator output.  One regulator is selected to be the controlling regulator for the main turbine control valves.


It is assumed for purposes of this transient analysis that a single failure occurs which erroneously causes the controlling regulator to close the main turbine control valves and thereby increase reactor pressure.  If this occurs, the backup regulator is ready to take control.


It is also assumed, for purposes of this transient analysis, that a single failure occurs which causes a downscale failure of the pressure regulator demand to zero.  Should this occur, it could cause full closure of turbine control valves as well as an inhibit of steam bypass flow and thereby increase reactor power and pressure.  When this occurs, reactor scram will be initiated when the high neutron flux scram setpoint is reached.


15.2.1.1.2      Frequency Classification


a.
One Pressure Regulator Failure ‑ Closed



This event is treated as a moderate frequency event.


b.
Pressure Regulator Downscale Failure



This event is treated as a moderate frequency event.


15.2.1.2      Sequence of Events and Systems Operation


15.2.1.2.1      Sequence of Events


a.
One Pressure Regulator Failure ‑ Closed



A failure of the primary or controlling pressure regulator in the closed mode as discussed in <Section 15.2.1.1.1> will cause the turbine control valves to close momentarily.  The pressure will increase, because the reactor is still generating initial steam flow.  The backup regulator will reopen the valves and re‑establish steady‑state operation.


b.
Pressure Regulator Downscale Failure



<Table 15.2‑1> lists the sequence of events for <Figure 15.2‑1>.


15.2.1.2.2      Identification of Operator Actions


a.
One Pressure Regulator Failure ‑ Closed



The operator should verify that the backup regulator assumes proper control.  However, these actions are not required to terminate the event as discussed in <Section 15.2.1.2.4.a>.


b.
Pressure Regulator Downscale Failure



The operator should:



1.
Monitor that all rods are in.



2.
Monitor reactor water level and pressure.



3.
Observe that the safety/relief valves open at their setpoint.



4.
Monitor reactor water level and continue cooldown per the normal procedure.



5.
Complete the scram report and initiate a maintenance survey of pressure regulator before reactor restart.


15.2.1.2.3      Systems Operation


a.
One Pressure Regulator Failure ‑ Closed



Normal plant instrumentation and controls are assumed to function.  This event requires no protection or safeguard system operation.


b.
Pressure Regulator Downscale Failure



Analysis of this event assumes normal functioning of plant instrumentation and controls, and plant protection and reactor protection systems.



Specifically this transient takes credit for high neutron flux scram to shut down the reactor.  High system pressure is limited by safety/relief valve operation.


15.2.1.2.4      The Effect of Single Failures and Operator Errors


a.
One Pressure Regulator Failure ‑ Closed



The nature of the first assumed failure produces a slight pressure increase in the reactor until the backup regulator gains control, since no other action is significant in restoring normal operation.  If the backup regulator fails at this time, the control valves will start to close causing reactor pressure to increase, and a flux scram trip would be initiated to shut down the reactor.  This event is similar to a pressure regulator failure closed.  Detailed discussions on this subject can be found in <Appendix 15A>.


b.
Pressure Regulator Downscale Failure



This transient leads to a loss of pressure control such that the zero steam flow demand causes a pressurization.  The high neutron flux scram is the mitigating system and is designed to be single failure proof.  Therefore, single failures are not expected to result in a more severe event than analyzed.  Detailed discussions on this subject can be found in <Appendix 15A>.


15.2.1.3      Core and System Performance


15.2.1.3.1      Mathematical Model


The nonlinear, dynamic model (ODYN) described briefly in <Section 15.1.2.3.1> is used to simulate this event.


15.2.1.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


15.2.1.3.3      Results


a.
One Pressure Regulator Failure ‑ Closed



Pressure at the turbine inlet increases quickly (less than approximately 2 seconds) due to the sharp closing action of the turbine control valves which reopen when the backup regulator gains control.  This pressure disturbance in the vessel is not expected to exceed flux or pressure scram trip setpoints.


b.
Pressure Regulator Downscale Failure



A pressure regulation downscale failure is simulated at 100 percent NB rated steam flow condition in <Figure 15.2‑1>.



Neutron flux increases rapidly because of the void reduction caused by the pressure increase.  When the sensed neutron flux reaches the high neutron flux scram setpoint, a reactor scram is initiated.  The neutron flux increase is limited to 139 percent NB rated by the reactor scram.  Peak fuel surface heat flux does not exceed 



104.4 percent of its initial value.  MCPR for this transient is still above the safety MCPR limit.  Therefore, the design basis is satisfied.


15.2.1.3.4      Consideration of Uncertainties


All systems utilized for protection in this event were assumed to have the most conservative allowable characteristic (e.g., relief setpoints, scram stroke time and worth characteristics).  Expected plant behavior is, therefore, expected to reduce the actual severity of the transient.


15.2.1.4      Barrier Performance


15.2.1.4.1      One Pressure Regulator Failure ‑ Closed


As noted above, the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel and containment are designed; therefore, these barriers maintain their integrity and function as designed.


15.2.1.4.2      Pressure Regulator Downscale Failure


Peak pressure at the safety/relief valves reaches 1,180 psig.  The peak nuclear system pressure reaches 1,219 psig at the bottom of the vessel, well below the reactor coolant system transient pressure limit of 1,375 psig.


15.2.1.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in 


<Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.2      GENERATOR LOAD REJECTION


The generator load rejection with bypass failure transient was performed as part of initial cycle analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service, results of which are presented in the following Chapter 15 appendices:


‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


This event was re‑analyzed at 3,758 MWt core power conditions shown in <Table 15.0‑1>.  The results of the new analysis are reported in this section.


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input conditions, and results for the current cycle for the generator load rejection with bypass failure event are presented in <Appendix 15B> of this chapter.


15.2.2.1      Identification of Causes and Frequency Classification


15.2.2.1.1      Identification of Causes


Fast closure of the turbine control valves (TCV) is initiated whenever electrical grid disturbances occur which result in significant loss of electrical load on the generator.  The turbine control valves are required to close as rapidly as possible to prevent excessive overspeed of the turbine generator rotor.  Closure of the main turbine control valves initiates a scram signal and will cause a sudden reduction in steam flow which results in an increase in system pressure.


15.2.2.1.2      Frequency Classification


a.
Generator Load Rejection



This event is categorized as an incident of moderate frequency.


b.
Generator Load Rejection with Bypass Failure



This event is categorized as an infrequent incident with the following characteristics:




Frequency:





0.0036/plant year




Mean time between events (MTBE):

278 years



Frequency Basis:  Thorough searches of domestic plant operating records have revealed three instances of bypass failure during 628 bypass system operations.  This gives a probability of bypass failure of 0.0048.  Combining the actual frequency of a generator load rejection with the failure rate of the bypass yields a frequency of a generator load rejection with bypass failure of 0.0036 event/plant year.



However, PNPP is committed to compare the consequences of this transient with the allowable MCPR of a moderate frequency event.


15.2.2.2      Sequence of Events and Systems Operation


15.2.2.2.1      Sequence of Events


a.
Generator Load Rejection ‑ Turbine Control Valve Fast Closure



A loss of generator electrical load from high power conditions produces the sequence of events listed in <Table 15.2‑2>.


b.
Generator Load Rejection with Failure of Bypass



A loss of generator electrical load at high power with bypass failure produces the sequence of events listed in <Table 15.2‑3>.


15.2.2.2.1.1      Identification of Operator Actions


The operator should:


a.
Verify proper bypass valve performance.


b.
Observe that the feedwater/level controls have maintained the reactor water level at a satisfactory value.


c.
Observe that the pressure regulator is controlling reactor pressure at the desired value.


d.
Record peak power and pressure.


e.
Verify relief valve operation.


15.2.2.2.2      Systems Operation


a.
Generator Load Rejection with Bypass



In order to properly simulate the expected sequence of events, the analysis of this event assumes normal functioning of plant instrumentation and controls, plant protection and reactor protection systems unless stated otherwise.



Turbine control valve (TCV) fast closure initiates a scram trip signal for power levels greater than 38 percent NB rated.  In addition, recirculation pump trip (RPT) is initiated.  Both of 



these trip signals satisfy single failure criteria and credit is taken for these protection features.



The pressure relief system which operates the relief valves independently when system pressure exceeds relief valve instrumentation setpoints is assumed to function normally during the time period analyzed.


b.
Generator Load Rejection with Failure of Bypass



The sequence of events for this failure is the same as above except that failure of the main turbine bypass valves is assumed for the entire transient.


15.2.2.2.3      The Effect of Single Failures and Operator Errors


Mitigation of pressure increase is accomplished by the reactor protection system functions.  Turbine control valve trip scram and RPT are designed to satisfy the single failure criteria.  An evaluation of the most limiting single failure (i.e., failure of the bypass system) was considered in this event.  Details of single failure analysis can be found in <Appendix 15A>.


15.2.2.3      Core and System Performance


15.2.2.3.1      Mathematical Model


The computer model described in <Section 15.1.2.3.1> was used to simulate this event.


15.2.2.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with the plant conditions tabulated in <Table 15.0‑1>.


The turbine electrohydraulic control system (EHC) detects load rejection before a measurable speed change takes place.


The closure characteristics of the turbine control valves are assumed such that the valves operate in the full arc (FA) mode and have a full stroke closure time, from fully open to fully closed, of 0.15 seconds.  This is consistent with the design specification limit <Section 10.2>.  Full arc operation is more limiting than partial arc.


Auxiliary power is independent of any turbine generator overspeed effects and is continuously supplied at rated frequency, assuming automatic fast transfer to auxiliary power supplies.  However, overspeed effects on recirculation pumps are included in the analysis.


The reactor is operating in the manual flow‑control mode when load rejection occurs.  Results do not significantly differ if the plant had been operating in the automatic flow‑control mode.


The bypass valve opening characteristics are simulated using the specified delay together with the specified opening characteristic required for bypass system operation.


Events caused by low water level trips, including initiation of HPCS and RCIC core cooling system functions, are not included in the simulation.  Should these events occur, they will follow sometime after the primary concerns of limiting fuel thermal margin and overpressure effects have occurred.


15.2.2.3.3      Results


a.
Generator Load Rejection with Bypass



<Figure 15.2‑2> shows the results of the generator trip from 105 percent NB rated power.  Peak neutron flux rises 24 percent above initial conditions.



The average surface heat flux shows no increase from its initial value and MCPR does not significantly decrease below its initial value.


b.
Generator Load Rejection with Failure of Bypass



For the case of bypass failure, peak neutron flux reaches about 292 percent of rated, average surface heat flux reaches 109 percent of its initial value <Figure 15.2‑3>.



MCPR stays above 1.10 for this event.


15.2.2.3.4      Consideration of Uncertainties


The full stroke closure time of the turbine control valve of 0.15 seconds is conservative (the less time it takes to close, the more severe the pressurization effect).  Typically, the actual closure time is more like 0.2 seconds.


All systems utilized for protection in this event were assumed to have the most conservative allowable response (e.g., relief setpoints, scram stroke time and worth characteristics).  Expected plant behavior is, therefore, expected to reduce the actual severity of the transient.


15.2.2.4      Barrier Performance


15.2.2.4.1      Generator Load Rejection


Peak pressure remains within normal operating range and no threat to the barrier exists.


15.2.2.4.2      Generator Load Rejection with Failure of Bypass


Peak pressure at the safety/relief valves reaches 1,192 psig.  The peak reactor coolant system pressure reaches 1,229 psig at the bottom of the vessel, well below the reactor coolant system transient pressure limit of 1,375 psig.


15.2.2.5      Radiological Consequences


While the consequences of the events identified previously do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.3      TURBINE TRIP


The turbine trip with failure of the bypass event was re‑analyzed at 3,758 MWt core power conditions shown in <Table 15.0‑1>.  The results of the new analysis are reported in this section.


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.2.3.1      Identification of Causes and Frequency Classification


15.2.3.1.1      Identification of Causes


A variety of turbine or nuclear system malfunctions will initiate a turbine trip.  Some examples are moisture separator high level, high vibrations, operator lock out, loss of control fluid pressure, low condenser vacuum, and reactor high water level.


15.2.3.1.2      Frequency Classification


15.2.3.1.2.1      Turbine Trip


This transient is categorized as an incident of moderate frequency.  In defining the frequency of this event, turbine trips which occur as a byproduct of other transients such as loss of condenser vacuum or reactor high level trip events are not included.  However, spurious low vacuum or high level trip signals which cause an unnecessary turbine trip are included in defining the frequency.  In order to get an accurate event‑by‑event frequency breakdown, this type of division of initiating causes is required.


15.2.3.1.2.2      Turbine Trip with Failure of the Bypass


This transient disturbance is categorized as an infrequent incident.  Frequency is expected to be as follows:



Frequency:

0.0064/plant year



MTBE:


156 years


Frequency Basis:  As discussed in <Section 15.2.2.1.2.b>, the failure rate of the bypass is 0.0048.  Combining this with the turbine trip frequency of 1.33 events/plant year yields the frequency of 0.0064/plant year.


However, PNPP is committed to compare the consequences of this transient with the allowable MCPR of a moderate frequency event.


15.2.3.2      Sequence of Events and Systems Operation


15.2.3.2.1      Sequence of Events


a.
Turbine Trip



Turbine trip at high power produces the sequence of events listed in <Table 15.2‑4>.


b.
Turbine Trip with Failure of the Bypass



Turbine trip at high power with bypass failure produces the sequence of events listed in <Table 15.2‑5>.


15.2.3.2.1.1      Identification of Operator Actions


The operator should:


a.
Verify auto transfer of buses supplied by generator.  If automatic transfer does not occur, manual transfer must be made.


b.
Monitor and maintain reactor water level at required level.


c.
Depending on conditions, initiate normal operating procedures for cooldown, or maintain pressure for restart purposes.


d.
Put the mode switch in the shutdown position before the reactor pressure decays to <850 psig.


e.
Secure the RCIC operation if reactor water level can be maintained above Level 2 without RCIC in operation.


f.
Prevent reactor vessel water level from dropping to MSIV isolation signal (Level 1).


g.
Monitor control rod drive positions and insert both the IRMs and SRMs.


h.
Investigate the cause of the trip, make repairs as necessary, and complete the scram report.


15.2.3.2.2      Systems Operation


a.
Turbine Trip


All plant control systems maintain normal operation unless specifically designated to the contrary.


Turbine stop valve closure initiates a reactor scram trip via position signals to the protection system.  Credit is taken for successful operation of the reactor protection system.


Turbine stop valve closure initiates recirculation pump trip (RPT) thereby reducing core flow.


The pressure relief system which operates the relief valves independently when system pressure exceeds relief valve instrumentation setpoints is assumed to function normally during the time period analyzed.


Below 38 percent NB rated power level, main stop valve scram trip and recirculation pump trip inhibit signals derived from the first stage pressure of the turbine, are activated.  This is because below the 38 percent power level, the neutron flux scram or reactor pressure scram functions alone can provide adequate core protection, should the turbine bypass valves fail to open.  This power level is not related to installed bypass capacity; however, the installed bypass capacity is sufficient to accommodate a turbine trip without the necessity of shutting down the reactor.


b.
Turbine Trip with Failure of the Bypass


This sequence of events is the same as (a) above except that failure of the main turbine bypass system is assumed.


15.2.3.2.3      The Effect of Single Failures and Operator Errors


a.
Turbine Trips at Power Levels Greater Than 38 Percent NBR


Mitigation of pressure increase is accomplished by the reactor protection system functions.  Main stop valve closure scram trip and RPT are designed to satisfy single failure criteria.


b.
Turbine Trips at Power Levels Less Than 38 Percent NBR


This sequence is the same as in (a) above, with the exception that reactor pump trip and stop valve closure scram trip are normally bypassed at these power levels.  Protection is still available from other reactor protection channels such as, high flux and high pressure to scram the reactor, should a single failure occur.


15.2.3.3      Core and System Performance


15.2.3.3.1      Mathematical Model


The computer model described in <Section 15.1.2.3.1> was used to simulate these events.


15.2.3.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


Turbine stop valves full stroke closure time is 0.1 second.  This is consistent with the design specification limit given in <Section 10.2>.


A reactor scram is initiated by position switches on the stop valves when the valves are less than 90 percent open.  (This stop valve scram trip signal is automatically bypassed when the reactor is below 40 percent NB rated power level.)


Reduction in core recirculation flow is initiated by position switches on the main stop valves, which actuate trip circuitry which trips the recirculation pumps.  (This trip signal is also bypassed below 40% NB rated power level.)


15.2.3.3.3      Results


a.
Turbine Trip



A turbine trip with the bypass system operating normally is simulated at 105 percent NB rated steam flow conditions in <Figure 15.2‑4>.



Neutron flux increases rapidly because of the void reduction caused by the pressure increase.  However, the flux increase is limited to 114.5 percent of rated by the stop valve scram and the RPT system.  Peak fuel surface heat flux does not exceed its initial value.


b.
Turbine Trip with Failure of Bypass



A turbine trip with failure of the bypass system is simulated at 100 percent NB rated steam flow conditions in <Figure 15.2‑5>.



Peak neutron flux reaches 250 percent of its rated value, and average surface heat flux reaches 106.5 percent of initial value.  Therefore, this transient is less severe than the generator load 



rejection with failure of bypass transient as described in <Section 15.2.2.3.3.b>.


c.
Turbine Trip with Bypass Failure, Low Power



This transient is less severe than a similar one at high power.  Below 38 percent of rated power, the turbine stop valve closure and turbine control valve closure scrams, and the end of cycle recirculation pump trip, are automatically bypassed.  The scram which terminates the transient is initiated by high neutron flux or high vessel pressure.  The bypass valves are assumed to fail; therefore, system pressure will increase until the safety/relief setpoints are reached.  At this time, because of the relatively low power of this transient event, relatively few relief valves will open to limit reactor pressure.  Peak pressures are not expected to greatly exceed the safety/relief valve setpoints and will be significantly below the reactor coolant system transient pressure limit of 1,375 psig.  Peak surface heat flux and peak fuel center temperature remain at relatively low values and MCPR remains well above the GETAB safety limit <Section 15.0.3.3.3>.


15.2.3.3.4      Consideration of Uncertainties


Uncertainties in these analyses involve protection system settings, system capacities and system response characteristics.  In all cases, the most conservative values are used in the analyses.  For example:


a.
Slowest allowable control rod scram motion is assumed.


b.
Scram worth shape for all‑rods‑out end‑of‑equilibrium cycle conditions is assumed.


c.
Minimum specified valve capacities are utilized for overpressure protection.


d.
Setpoints of the safety/relief valves include errors (high) for all valves.


15.2.3.4      Barrier Performance


15.2.3.4.1      Turbine Trip


Peak pressure in the bottom of the vessel reaches 1,188 psig, which is below the ASME code limit of 1,375 psig for the reactor coolant pressure boundary.  Vessel dome pressure does not exceed 1,158 psig.  The severity of turbine trips from lower initial power levels decreases to the point where a scram can be avoided if auxiliary power is available from an external source and the power level is within the bypass capability.


15.2.3.4.2      Turbine Trip with Failure of the Bypass


The safety/relief valves open and close sequentially as the stored energy is dissipated and the pressure falls below the setpoints of the valves.  Peak nuclear system pressure reaches 1,228 psig at the vessel bottom; therefore, the overpressure transient is clearly below the reactor coolant pressure boundary transient pressure limit of 1,375 psig.  Peak dome pressure does not exceed 1,199 psig.


15.2.3.4.2.1      Turbine Trip with Failure of Bypass at Low Power


Qualitative discussion is provided in <Section 15.2.3.3.3.c>.


15.2.3.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in 


<Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.4      MSIV CLOSURE


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.  A similar event, MSIV closure with a flux scram is analyzed for overpressure protection purposes only, as part of the reload safety analysis discussed in <Appendix 15B>.


The results of the original MSIV closure event analysis are preserved in this section.  The MSIV closure with a flux scram event was re‑analyzed at 3,758 MWt core power conditions shown in <Table 15.0‑1>.  The event is described in detail in <Appendix 15B>, and the results are reported in <Table 15.0‑2b> and <Figure 15.2‑6b>.


15.2.4.1      Identification of Causes and Frequency Classification


15.2.4.1.1      Identification of Causes


Various steam line and nuclear system malfunctions, or operator actions, can initiate main steam isolation valve (MSIV) closure.  Examples are low steam pressure, high steam flow, low water level, or manual action.


15.2.4.1.2      Frequency Classification


a.
Closure of All Main Steam Isolation Valves



This event is categorized as an incident of moderate frequency.  To define the frequency of this event as an initiating event and not the byproduct of another transient, only the following contribute to the frequency:  manual action (purposely or inadvertent); spurious signals such as low pressure, low reactor water level or 



low condenser vacuum, and finally, equipment malfunctions such as faulty valves or operating mechanisms.  A closure of one MSIV may cause an immediate closure of all the other MSIVs depending on reactor conditions.  If this occurs, it is also included in this category.  During the main steam isolation valve closure, position switches on the valves provide a reactor scram if the valves in three or four main steam lines are less than 90 percent open (except for interlocks which permit proper plant startup).  Protection system logic, however, permits the test closure of one valve without initiating scram from the position switches.


b.
Closure of One Main Steam Isolation Valve



This event is categorized as an incident of moderate frequency.  One MSIV may be closed at a time for testing purposes, this is done manually.  Operator error or equipment malfunction may cause a single MSIV to be closed inadvertently.  If reactor power is greater than about 80 percent when this occurs, a high flux scram may result.  (If all MSIVs close as a result of the single closure, the event is considered as a closure of all MSIVs.)


15.2.4.2      Sequence of Events and Systems Operation


15.2.4.2.1      Sequence of Events


<Table 15.2‑6> lists the sequence of events for <Figure 15.2‑6a>.


15.2.4.2.1.1      Identification of Operator Actions


The following is the sequence of operator actions expected during the course of the event assuming no restart of the reactor.  The operator should:


a.
Observe that all rods have inserted.


b.
Observe that the relief valves have opened for reactor pressure control.


c.
Continue operation of RCIC until decay heat diminishes to a point where the RHR system can be put into service.


d.
(Deleted)


e.
When the reactor vessel level has recovered to a satisfactory level, secure HPCS.


f.
When the reactor pressure has decayed sufficiently for RHR operation, put it into service per procedure.


g.
Do not reset and open MSIVs unless conditions warrant and be sure the pressure regulator setpoint is above vessel pressure.


h.
Survey maintenance requirements and complete the scram report.


15.2.4.2.2      Systems Operation


a.
Closure of All Main Steam Isolation Valves



MSIV closures initiate a reactor scram trip via position signals to the reactor protection system.  Credit is taken for successful operation of the reactor protection system.



The pressure relief system which initiates opening of the relief valves when system pressure exceeds relief valve instrumentation setpoints is assumed to function normally during the time period analyzed.



All plant control systems maintain normal operation unless specifically designated to the contrary.


b.
Closure of One Main Steam Isolation Valve



Closure of a single MSIV at any given time will not initiate a reactor scram.  This is because the valve position scram trip logic is designed to accommodate single valve closure and testability during normal reactor operation at limited power levels.  Credit is taken for the operation of the pressure and flux signals to initiate a reactor scram.



All plant control systems maintain normal operation unless specifically designated to the contrary.


15.2.4.2.3      The Effect of Single Failures and Operator Errors


Mitigation of pressure increase is accomplished by initiation of a reactor scram via MSIV position switches and the reactor protection system.  Relief valves also operate to limit system pressure.  These functions are designed to single failure criteria.


Failure of a single relief valve to open is not expected to have any significant effect.  Such a failure is expected to result in less than a 5 psi increase in the maximum vessel pressure rise.  The peak pressure will still remain considerably below 1,375 psig.  The design basis and performance of the pressure relief system is discussed in <Section 5.0>.


15.2.4.3      Core and System Performance


15.2.4.3.1      Mathematical Model


The computer model described in <Section 15.1.2.3.1> was used to simulate these transient events.


15.2.4.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


The main steam isolation valves close in 3 to 5 seconds.  The worst case, the 3 second closure time, is assumed in this analysis.


Position switches on the valves initiate a reactor scram when the valves are less than 90 percent open.  Closure of these valves inhibits steam flow to the feedwater turbines terminating feedwater flow.


Because of the loss of feedwater flow, water level within the vessel decreases sufficiently to initiate trip of the recirculation pump and initiate the HPCS and RCIC systems.


15.2.4.3.3      Results


a.
Closure of All Main Steam Isolation Valves



<Figure 15.2‑6a> shows the changes in important nuclear system variables for the simultaneous isolation of all main steam lines while the reactor is operating at 105 percent of NB rated steam flow.  Peak neutron flux and fuel surface heat flux show no increase.



Water level decreases sufficiently to cause a recirculation system trip and initiation of the HPCS and RCIC systems at some time greater than 10 seconds.  However, there is a delay up to 30 seconds before the water supply enters the vessel.  Nevertheless, there is no change in the thermal margins.


b.
Closure of One Main Steam Isolation Valve



Only one isolation valve is permitted to be closed at a time for testing purposes to prevent scram.  Normal test procedure requires an initial power reduction to approximately 75 to 80 percent of design conditions in order to avoid high flux scram, high pressure scram or full isolation from high steam flow in the “live” lines.  With a 3 second closure of one main steam isolation valve during 105 percent rated power conditions, the steam flow disturbance raises vessel pressure and reactor power enough to initiate a high neutron flux scram.  Since this transient is considerably milder than closure of all MSIV’s at full power, no quantitative analysis is furnished for this event.  However, no significant change in thermal margins is experienced and no fuel damage occurs.  Peak pressure remains below SRV setpoints.



Inadvertent closure of one or all of the isolation valves while the reactor is shut down (such as operating state C, as defined in <Appendix 15A>) will produce no significant transient.  Closures during plant heatup (operating state D) will be less severe than the maximum power cases (maximum stored and decay heat) discussed in <Section 15.2.4.3.3.a>.


15.2.4.3.4      Consideration of Uncertainties


Uncertainties in these analyses involve protection system settings, system capacities and system response characteristics.  In all cases, the most conservative values are used in the analyses.  For example:


a.
Slowest allowable control rod scram motion is assumed.


b.
Scram worth shape for all‑rod‑out end‑of‑equilibrium cycle conditions is assumed.


c.
Minimum specified valve capacities are utilized for overpressure protection.


d.
Setpoints of the safety/relief valves are assumed to be 1 to 2 percent higher than the valve’s nominal setpoint.


15.2.4.4      Barrier Performance


15.2.4.4.1      Closure of All Main Steam Isolation Valves


The nuclear system relief valves begin to open at approximately 2.7 seconds after the start of isolation.  The valves close sequentially as the stored energy is dissipated but continue to discharge intermittently due to decay heat.  Peak pressure at the vessel bottom reaches 1,207 psig, clearly below the pressure limits of the reactor coolant pressure boundary.  Peak pressure in the main steam line is 1,174 psig.


15.2.4.4.2      Closure of One Main Steam Isolation Valve


No significant effect is imposed on the RCPB, since if closure of the valve occurs at an unacceptably high operating power level, a flux or pressure scram will result.  The main turbine bypass system will continue to regulate system pressure via the other three “live” steam lines.


15.2.4.5      Radiological Consequences


15.2.4.5.1      General Observations


The radiological impact of many transients and accidents involves the consequences which do not lead to fuel rod damage as a direct result of the event itself.  Additionally, many events do not lead to the depressurization of the primary system but only the venting of sensible 


heat and energy via fluids at coolant loop activity through relief valves to the suppression pool.  In the case of previously defective fuel rods, a depressurization transient will result in considerably more fission product carryover to the suppression pool than will hot standby transients.  The time duration of the transient varies from several minutes to greater than four hours, further increasing the variation in activity release.


The above observations lead to the conclusion that radiological events can involve a broad spectrum of results.  For example:


a.
Where appropriate operator action (seconds) results in quick return (minutes) to planned operation, little radiological impact results.


b.
Where major RCPB equipment failure requires immediate plant shutdown and its attendant depressurization under controlled shutdown (4 hours), the radiological impact is greater.


In order to envelope the potential radiological impact of MSIV closure, a worst case like major equipment failure (b) is described below.  However, it should be noted that most transients involve appropriate operator action and the analysis conservatively over‑predicts the actual radiological impact by a factor greater than 100.


15.2.4.5.2      Depressurization ‑ Shutdown Evaluation


15.2.4.5.2.1      Fission Product Release from Fuel


While no fuel rods are damaged as a consequence of this event, fission product activity associated with normal coolant activity levels as well as that released from previously defective rods will be released to the suppression pool as a consequence of SRV actuation and vessel 


depressurization.  The release of activity from previously defective rods is based in part upon measurements obtained from operating BWR plants (Reference 1).


Those transients identified previously which cause SRV actuation will result in various vessel depressurization and steam blowdown rates.  The transient evaluated in this section is that which maximizes the radiological consequences for all transients of this nature.  This transient is the closure of all main steam line isolation valves.  The specific models and assumptions used in the evaluation are described in (Reference 2).  The activity released to the environs is presented in <Table 15.2‑7> which was used in evaluating the radiological dose consequences in this section.


15.2.4.5.2.2      Fission Product Release to Environment


Since this event does not result in the immediate need to purge the containment, it is assumed that purging of the containment through the containment vessel and purge system occurs under average annual meteorological conditions and commences 8 hours after initiation of the event.


15.2.4.5.2.3      Offsite Dose


As noted above, purging of the containment is assumed to occur under average annual meteorological conditions.  To simplify the radiological calculation, it is assumed the radiological dose commitment is proportional to the average annual X/Q value, which is 2.7E‑6 sec/m3.  The breathing rate is assumed to be 347 cc/sec and the dose recipient is located at one position for the entire release period.  The radiological doses for this event are 0.24 mrem whole body and 0.007 mrem thyroid.


15.2.4.5.2.4      Onsite Dose


The onsite radiological consequences of this event are presented in <Section 12.2.2>.


15.2.5      LOSS OF CONDENSER VACUUM


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.2.5.1      Identification of Causes and Frequency Classification


15.2.5.1.1      Identification of Causes


Various system malfunctions which can cause a loss of condenser vacuum due to some single equipment failure are designated in <Table 15.2‑9>.


15.2.5.1.2      Frequency Classification


This event is categorized as an incident of moderate frequency.


15.2.5.2      Sequence of Events and Systems Operation


15.2.5.2.1      Sequence of Events


<Table 15.2‑10> lists the sequence of events for <Figure 15.2‑7>.


15.2.5.2.1.1      Identification of Operator Actions


The operator should:


a.
Verify auto transfer of buses supplied by generator to incoming power; if automatic transfer has not occurred, manual transfer must be made.


b.
Monitor and maintain reactor water level at required level.


c.
Depending on conditions, initiate normal operating procedures for cooldown, or maintain pressure for restart purposes.


d.
Put the mode switch in the “shutdown” position before the reactor pressure decays to <850 psig.


e.
If auto initiation occurred due to low water level, and RCIC is no longer required, secure RCIC operation.


f.
Monitor control rod drive positions and insert both the IRMs and SRMs.


g.
Investigate the cause of the trip, make repairs as necessary and complete the scram report.


15.2.5.2.2      Systems Operation


In establishing the expected sequence of events and simulating the plant performance, it was assumed that normal functioning occurred in the plant instrumentation and controls, plant protection and reactor protection systems.


Tripping functions associated with loss of main turbine condenser vacuum are designated in <Table 15.2‑11>.


15.2.5.2.3      The Effect of Single Failures and Operator Errors


This event does not lead to an increase in reactor power level.


Failure of the integrity of the condenser gas treatment system is considered to be an accident situation and is described in <Section 15.7.1>.


Single failures will not effect the vacuum monitoring and turbine trip devices which are redundant.  The protective sequences of the anticipated operational transient are shown in <Appendix 15A> to be single failure proof.


15.2.5.3      Core and System Performance


15.2.5.3.1      Mathematical Model


The computer model described in <Section 15.1.1.3.1> was used to simulate this transient event.


15.2.5.3.2      Input Parameters and Initial Conditions


This analysis was performed with plant conditions tabulated in <Table 15.0‑1> unless otherwise noted.


Turbine stop valves full stroke closure time is 0.1 seconds.


A reactor scram is initiated by position switches on the stop valves when the valves are less than 90 percent open.  This stop valve scram trip signal is automatically bypassed when the reactor is below 40 percent NB rated power level.


The analysis presented here is a hypothetical case with a conservative 2 inches Hg per second vacuum decay rate.  Thus, the bypass system is available for several seconds since the bypass is signaled to close at a vacuum level of about 10 inches Hg less than the stop valve closure.


15.2.5.3.3      Results


Under this hypothetical 2 inches Hg per second vacuum decay condition, the turbine bypass valve and main steam isolation valve closure would follow main turbine and feedwater turbine trips about 5 seconds after 


they initiate the transient.  This transient, therefore, is similar to a normal turbine trip with bypass.  The effect of main steam isolation valve closure tends to be minimal since the closure of main turbine stop valves and subsequently the bypass valves have already shut off the main steam line flow.  <Figure 15.2‑7> shows the transient expected for this event.  It is assumed that the plant is initially operating at 105 percent of NB rated steam flow conditions.  Peak neutron flux reaches 120 percent of NB rated power while average fuel surface heat flux shows no increase.  Safety/relief valves open to limit the pressure rise, then sequentially reclose as the stored energy is dissipated.


15.2.5.3.4      Consideration of Uncertainties


The reduction or loss of vacuum in the main turbine condenser will sequentially trip the main and feedwater turbines and close the main steam line isolation valves and bypass valves.  While these are the major events occurring, other resultant actions will include scram (from stop valve closure) and bypass opening with the main turbine trip.  Because the protective actions are actuated at various levels of condenser vacuum, the severity of the resulting transient is directly dependent upon the rate at which the vacuum pressure is lost.  Normal loss of vacuum due to loss of cooling water pumps or steam jet air ejector problem produces a very slow rate of loss of vacuum (minutes, not seconds) <Table 15.2‑9>.  If corrective actions by the reactor operators are not successful, then simultaneous trips of the main and feedwater turbines, and ultimately complete isolation by closing the bypass valves (opened with the main turbine trip) and the MSIVs, will occur.


A faster rate of loss of the condenser vacuum would reduce the anticipatory action of the scram and the overall effectiveness of the bypass valves since they would be closed more quickly.


Other uncertainties in these analyses involve protection system settings, system capacities and system response characteristics.  In all cases, the most conservative values are used in the analyses.  For example:


a.
Slowest allowable control rod scram motion is assumed.


b.
Scram worth shape for all‑rods‑out condition is assumed.


c.
Minimum specified valve capacities are utilized for overpressure protection.


d.
Setpoints of the safety/relief valves are assumed to be 1 to 2 percent higher than the valve’s nominal setpoint.


15.2.5.4      Barrier Performance


Peak nuclear system pressure is 1,182 psig at the vessel bottom, below the reactor coolant system transient pressure limit of 1,375 psig.  Vessel dome pressure does not exceed 1,154 psig.  A comparison of these values to those for turbine trip with bypass failure at high power shows the similarities between these two transients.  The prime differences are the loss of feedwater and main steam line isolation, and the resulting low water level trips.


15.2.5.5      Radiological Consequences


While the consequences of loss of condenser vacuum events do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.6      LOSS OF AC POWER


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.2.6.1      Identification of Causes and Frequency Classification


15.2.6.1.1      Identification of Causes


a.
Loss of Auxiliary Power Transformer



Causes for interruption or loss of the auxiliary power transformer can arise from normal operation or malfunctioning of transformer protection circuitry, including high transformer oil temperature, reverse or high current operation or operator error which trips the transformer breakers.


b.
Loss of All Grid Connections



Loss of all grid connections can result from major shifts in electrical loads, loss of loads, lightning, storms, wind, etc., which contribute to electrical grid instabilities.  These instabilities will cause equipment damage if unchecked.  Protective relay schemes automatically disconnect electrical sources and loads to mitigate damage and regain electrical grid stability.


15.2.6.1.2      Frequency Classification


a.
Loss of Auxiliary Power Transformer



This transient disturbance is categorized as an incident of moderate frequency.


b.
Loss of All Grid Connections



This transient disturbance is categorized as an incident of moderate frequency.


15.2.6.2      Sequence of Events and Systems Operation


15.2.6.2.1      Sequence of Events


a.
Loss of Auxiliary Power Transformer



<Table 15.2‑12> lists the sequence of events for <Figure 15.2‑8>.


b.
Loss of All Grid Connections



<Table 15.2‑13> lists the sequence of events for <Figure 15.2‑9>.


15.2.6.2.1.1      Identification of Operator Actions


The following are operator actions expected during the course of the events when no immediate restart is assumed.  The operator should:


a.
Following the scram, verify all rods in.


b.
Check that emergency diesel generators start and carry the vital loads.


c.
Check that relays on the reactor protection system (RPS) drop out.


d.
Check that both RCIC and HPCS start when reactor vessel level drops to the initiation point after the relief valves open.


e.
Break vacuum before loss of sealing steam occurs.


f.
Check turbine generator auxiliaries during coastdown.  Verify that the turbine dc oil pump is operating satisfactorily to prevent turbine bearing damage.


g.
When both the reactor pressure and level are under control, secure both HPCS and RCIC as necessary after it has been verified that initiation is not due to a LOCA.


h.
Continue cooldown per the normal procedure.


i.
Complete the scram report and survey the maintenance requirements.


15.2.6.2.2      Systems Operation


a.
Loss of Auxiliary Power Transformer



This event, unless otherwise stated, assumes and takes credit for normal functioning of plant instrumentation and controls, plant protection and reactor protection systems.



The reactor is subjected to a complex sequence of events when the plant loses auxiliary power.  Estimates of the responses of the various reactor systems (assuming loss of the auxiliary transformer) provide the following simulation sequence:



1.
Recirculation pumps are tripped at a reference time (t=0), with normal coastdown times.



2.
Within 8 seconds, the loss of main condenser circulating water pumps causes condenser vacuum to drop to the main turbine and feedwater turbine trip setting, causing stop valve closure and scram when the stop valves are less than 90 percent open, assuming 0.5 in. Hg/sec vacuum decay rate.  However, scram, main turbine and feedwater turbine tripping may occur earlier 




than this time, if water level reaches the high water level (L8) setpoint before 8 seconds.



3.
At approximately 28 seconds, the loss of condenser vacuum is expected to reach the bypass valves closure setpoint and main steam line isolation setpoint.



Following main steam line isolation the reactor pressure is expected to increase until the safety/relief valve setpoints are reached.  The valves subsequently operate in a cyclic manner to discharge the decay heat to the suppression pool.



Operation of the HPCS and RCIC system functions are not simulated in this analysis.  Their operation occurs at some time beyond the primary concerns of fuel thermal margin and overpressure effects.


b.
Loss of All Grid Connections



Same as <Section 15.2.6.2.2.a> with the following additional concern.



The loss of all grid connections is another feasible, although improbable, way to lose all auxiliary power.  This event would add a generator load rejection to the above sequence at time t=0.  The load rejection immediately forces the turbine control valves closed, causes a scram and initiates recirculation pump trip  (already tripped at t=0).


15.2.6.2.3      The Effect of Single Failures and Operator Errors


Loss of the auxiliary power transformer in general leads to a reduction in power level due to rapid pump coastdown with pressurization effects due to turbine trip occurring after the reactor scram has occurred.  Failures of the reactor protection systems have been considered and 


satisfy single failure criteria; no change in analyzed consequences is expected.  See <Appendix 15A> for details on single failure analysis.


15.2.6.3      Core and System Performance


15.2.6.3.1      Mathematical Model


The computer model described in <Section 15.1.1.3.1> was used to simulate this event.


15.2.6.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1> and under the assumed systems constraints described in <Section 15.2.6.2.2>, for both loss of auxiliary power transformer and all grid connections.


15.2.6.3.3      Results


a.
Loss of Auxiliary Power Transformer



<Figure 15.2‑8> shows the simulated transient.  The initial portion of the transient is similar to the recirculation pump trip transient.  At 2 seconds, scram and main steam isolation valve closure occur.



Sensed level drops to the RCIC and HPCS initiation setpoint at approximately 20 seconds after loss of auxiliary power.  Reactor pressure is controlled by use of the relief valves.



There is no significant increase in fuel temperature or decrease in the operating MCPR value; fuel thermal margins are not threatened and the design basis is satisfied.


b.
Loss of All Grid Connections



Loss of all grid connections is a more general form of loss of auxiliary power.  It essentially takes on the characteristic response of the standard full load rejection discussed in <Section 15.2.2>.  <Figure 15.2‑9> shows the simulated event.  Peak neutron flux reaches 111 percent of NB rated power while fuel surface heat flux shows no increase.


15.2.6.3.4      Consideration of Uncertainties


The most conservative characteristics of protection features are assumed.  Any actual deviations in plant performance are expected to make the results of this event less severe.


Operation of the RCIC or HPCS systems is not included in the simulation of the first 50 seconds of this transient.  Startup of these pumps occurs in the latter part of this time period but these systems have no significant effect on the results of this transient.


15.2.6.4      Barrier Performance


15.2.6.4.1      Loss of Auxiliary Power Transformer


The consequences of this event do not result in any significant temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed; therefore, these barriers maintain their integrity and function as designed.


15.2.6.4.2      Loss of All Grid Connections


Safety/relief valves open in the pressure relief mode of operation as the pressure increases beyond their setpoints.  The pressure in the 


vessel bottom is limited to a maximum value of 1,182 psig, well below the vessel pressure limit of 1,375 psig.


15.2.6.5      Radiological Consequences


While the consequences of the events identified previously do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>; therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.7      LOSS OF FEEDWATER FLOW


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.  The plant type generic analyses documented in (Reference 6) concluded that “All BWR/4, 5, and 6 plants will maintain adequate water level for loss of feedwater flow transients for uprated power operation.”


15.2.7.1      Identification of Causes and Frequency Classification


15.2.7.1.1      Identification of Causes


A loss of feedwater flow could occur from pump failures, feedwater controller failures, operator errors, or reactor system variables such as high vessel water level (L8) trip signal.


15.2.7.1.2      Frequency Classification


This transient disturbance is categorized as an incident of moderate frequency.


15.2.7.2      Sequence of Events and Systems Operation


15.2.7.2.1      Sequence of Events


<Table 15.2‑14> lists the sequence of events for <Figure 15.2‑10>.


15.2.7.2.1.1      Identification of Operator Actions


The following is the sequence of operator actions expected during the course of the event when no immediate restart is assumed.  The operator should:


a.
Verify all rods in, following the scram.


b.
Verify that the recirculation pumps trip on reactor low low level.


c.
Verify HPCS and RCIC initiation. 


d.
Secure HPCS when reactor level and pressure are under control.


e.
Continue operation of RCIC until decay heat diminishes to a point where the RHR system can be put into service.


f.
Monitor turbine coastdown and turbine generator auxiliaries; break vacuum as necessary.


g.
Complete scram report and survey maintenance requirements.


15.2.7.2.2      Systems Operation


Loss of feedwater flow results in a proportional reduction of vessel inventory causing the vessel water level to drop.  The first corrective action is the low level (L3) scram trip actuation.  The reactor protection system responds within 1 second after this trip to scram the 


reactor.  The low level (L3) scram trip function meets single failure criteria.


Containment isolation, when it occurs, would also initiate a main steam isolation valve position scram trip signal as part of the normal isolation event.  The reactor, however, is already scrammed and shut down by this time.


15.2.7.2.3      The Effect of Single Failures and Operator Errors


The nature of this event, as explained above, results in a lowering of vessel water level.  Key corrective efforts to shut down the reactor are automatic and designed to satisfy single failure criteria; therefore, any additional failure in these shutdown methods would not aggravate or change the simulated transient.  See <Appendix 15A> for details.


15.2.7.3      Core and System Performance


15.2.7.3.1      Mathematical Model


The computer model described in <Section 15.1.1.3.1> was used to simulate this event.


15.2.7.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


15.2.7.3.3      Results


The results of this transient simulation are shown in <Figure 15.2‑10>.  Feedwater flow terminates at approximately 5 seconds.  Subcooling decreases causing a reduction in core power level and pressure.  As power level is lowered, the turbine steam flow starts to drop off 


because the pressure regulator is attempting to maintain pressure for the first 5 seconds or so.  Water level continues to drop until the vessel level (L3) scram trip setpoint is reached whereupon the reactor is shut down.  Vessel water level continues to drop to the L2 trip.  At this time, the recirculation system is tripped and HPCS and RCIC operation is initiated.  MCPR remains considerably above the safety limit since increases in heat flux are not experienced.


15.2.7.3.4      Consideration of Uncertainties


End‑of‑cycle scram characteristics are assumed.


This transient is most severe from high power conditions, because the rate of level decrease is greatest and the amount of stored and decay heat to be dissipated are highest.


Operation of the RCIC or HPCS systems is not included in the simulation of the first 50 seconds of this transient since startup of these pumps occurs in the latter part of this time period and these systems have no significant effect on the results of this transient.


15.2.7.4      Barrier Performance


Peak pressure in the bottom of the vessel reaches 1,087 psig, which is below the ASME Code limit of 1,375 psig for the RCPB.  Vessel dome pressure does not exceed 1,045 psig.  The consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed; therefore, these barriers maintain their integrity and function as designed.


15.2.7.5      Radiological Consequences


The consequences of this event do not result in any fuel failure.  Therefore, no analysis of the radiological consequences is required.


15.2.8      FEEDWATER LINE BREAK


Refer to <Section 15.6.6>.


15.2.9      FAILURE OF RHR SHUTDOWN COOLING


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


Normally, in evaluating component failure considerations associated with the RHR ‑ shutdown cooling mode, active pumps or instrumentation (all of which are redundant for safety system portions of the RHR system) would be selected for a single failure.  For purposes of worst case analysis, a recirculation loop suction valve to the redundant RHR loops is assumed to fail closed.  This failure would still leave two complete RHR loops for LPCI, pool and containment cooling, minus the normal RHR ‑ shutdown cooling loop connection.  Although the isolation valve could be manually opened, it is assumed failed indefinitely.  If it is now assumed that the single active failure criterion is applied, the plant operator has one complete RHR loop available with the further selective worst case assumption that the other RHR loop is lost.


Recent analytical evaluations of this event have required additional worst case assumptions.  These included:


a.
Loss of all offsite ac power.


b.
Utilization of safety shutdown equipment only.


c.
No operator involvement until 10 minutes after accident initiation.


These assumptions certainly would change the initial incident (malfunction of RHR suction valve) from a moderate frequency incident to a design basis accident.  However, the event is evaluated as a moderate frequency event.


15.2.9.1      Identification of Causes and Frequency Classification


15.2.9.1.1      Identification of Causes


The  plant is operating at 102 percent rated power when a long term loss of offsite power occurs, causing multiple safety/relief valve actuation <Section 15.2.6> and subsequent heatup of the suppression pool.  Reactor vessel depressurization is initiated to bring the reactor pressure to approximately 100 psig.  Concurrent with the loss of offsite power, an additional (divisional) single failure occurs which prevents the operator from establishing the normal shutdown cooling path through the RHR shutdown cooling lines.  The operator then establishes a shutdown cooling path for the vessel through the ADS valves.


15.2.9.1.2      Frequency Classification


This event is evaluated as a moderate frequency event.  However, for the following reasons it could be considered an infrequent incident:


a.
No RHR valves have failed in the shutdown cooling mode in BWR total operating experience.  Note, the PNPP Heat Exchanger Bypass Valve 1E12F0048A has two documented failures.


b.
The set of conditions evaluated is for multiple failure as described above, and is only postulated (not expected) to occur.


15.2.9.2      Sequence of Events and Systems Operation


15.2.9.2.1      Sequence of Events


The sequence of events for this event is shown in <Table 15.2‑15>.


15.2.9.2.1.1      Identification of Operator Actions


For the early part of the transient, the operator actions are identical to those described in <Section 15.2.6> (loss of offsite power event with isolation/scram).  The operator should do the following:


a.
At 13 minutes into the transient, initiate suppression pool cooling (for purposes of this analysis, it is assumed that only one RHR heat exchanger is available).


b.
All of the feedwater inventory in the feedwater piping after the No. 5 heater is assumed to be injected into the vessel.


c.
Initiate RPV depressurization by manual actuation of ADS valves.


d.
After the RPV is depressurized to approximately 100 psig, the operator should attempt to open the RHR shutdown cooling suction valve that lost power (these attempts are assumed unsuccessful).


e.
At 100 psig RPV pressure, the operator establishes a closed cooling path as described in the notes for <Figure 15.2‑11>.


15.2.9.2.2      System Operation


Plant instrumentation and control is assumed to function normally except as noted.  In this evaluation, credit is taken for the plant and reactor protection systems and/or the ESF utilization.


15.2.9.2.3      The Effect of Single Failures and Operator Errors


The worst case single failure (loss of division power) has already been analyzed in this event.  Therefore, no single failure or operator error can make the consequences of this event any worse.  See <Appendix 15A> for a discussion of this subject.


15.2.9.3      Core and System Performance


15.2.9.3.1      Methods, Assumptions and Conditions


An event that can directly cause reactor vessel water temperature increase is one in which the energy removal rate is less than the decay heat rate.  The applicable event is loss of RHR shutdown cooling.  This event can occur only during the low pressure portion of a normal reactor shutdown and cooldown, when the RHR system is operating in the shutdown cooling mode.  During this time MCPR remains high and nucleate boiling heat transfer is not exceeded at any time.  Therefore, the core thermal safety margin remains essentially unchanged.  The 10 minute time period assumed for operator action is an estimate of how long it would take the operator to initiate the necessary actions; it is not a time by which he must initiate action.


15.2.9.3.2      Mathematical Model


In evaluating this event, the important parameters to consider are reactor depressurization rate and suppression pool temperature.  Models used for this evaluation are described in (Reference 3) and (Reference 4).


15.2.9.3.3      Input Parameters and Initial Conditions


<Table 15.2‑16> shows the input parameters and initial conditions used in evaluation of this event.


15.2.9.3.4      Results


For most single failures that could result in loss of shutdown cooling, no unique safety actions are required.  In these cases, shutdown cooling is re‑established using other, normal shutdown cooling equipment.  In cases where both of the RHR shutdown cooling suction valves cannot be opened, alternate paths are available to accomplish the shutdown cooling function <Figure 15.2‑12>.  An evaluation has been performed assuming the worst single failure that could disable a RHR shutdown cooling valve.


The analysis demonstrates the capability to safely transfer fission product decay heat and other residual heat from the reactor core at a rate such that specified acceptable fuel design limits and the design conditions of the reactor coolant pressure boundary are not exceeded.  The evaluation assures that, for onsite electric power system operation (assuming offsite power is not available) and for offsite electric power system operation (assuming onsite power is not available), the safety function can be accomplished, assuming a worst case single failure.


The alternate cooldown path chosen to accomplish the shutdown cooling function utilizes the RHR and ADS or normal relief valve systems (Reference 5) and <Figure 15.2‑11>.


The alternate shutdown systems are capable of performing the function of transferring heat from the reactor to the environment using only safety grade systems.  Even if it is additionally postulated that all of the ADS or relief valves discharge piping also fails, the shutdown cooling function would eventually be accomplished as the cooling water would run directly out of the ADS or safety/relief valves, flooding into the drywell.


The systems have suitable redundancy in components such that, for onsite electrical power operation (assuming offsite power is not available) and 


for offsite electrical power operation (assuming onsite power is not available), the systems’ safety function can be accomplished assuming an additional single failure.  The systems can be fully operated from the main control room.


The design evaluation is divided into two phases:  (1) full power operation to approximately 100 psig vessel pressure, and (2) approximately 100 psig vessel pressure to cold shutdown (14.7 psia and 200(F) conditions.


15.2.9.3.4.1      Full Power to Approximately 100 psig


Independent of the event that initiated plant shutdown (whether it be a normal plant shutdown or a forced plant shutdown), the reactor is normally brought to approximately 100 psig using either the main condenser or, in the case where the main condenser is unavailable, the RCIC/HPCS systems, together with the nuclear boiler pressure relief system.


For evaluation purposes, however, it is assumed that plant shutdown is initiated by a transient event (loss of offsite power), which results in reactor isolation and subsequent relief valve actuation and suppression pool heatup.  For this postulated condition, the reactor is shut down and the reactor vessel pressure and temperature are reduced to and maintained at saturated conditions at approximately 100 psig.  The reactor vessel is depressurized by manually opening selected safety/relief valves.  Reactor vessel makeup water is automatically provided via the RCIC/HPCS systems.  While in this condition, the RHR system (suppression pool cooling mode) is used to maintain the suppression pool temperature within shutdown limits.


These systems are designed to routinely perform their functions for both normal and forced plant shutdown.  Since the RCIC/HPCS and RHR systems 


are divisionally separated, no single failure, together with the loss of offsite power, is capable of preventing reaching the 100 psig level.


15.2.9.3.4.2      Approximately 100 psig to Cold Shutdown


The following assumptions are used for the analyses of the procedures for attaining cold shutdown from a pressure of approximately 100 psig:


a.
The vessel is at 100 psig and saturated conditions;


b.
A worst case single failure is assumed to occur (i.e., loss of a division of emergency power); and


c.
There is no offsite power available.


In the event that the RHR shutdown suction line is not available because of single failure, the first action to be taken will be to maintain the 100 psig level while personnel gain access and effect repairs.  For example, if a single electrical failure caused the suction valve to fail in the closed position, a hand wheel is provided on the valve to allow manual operation.  Nevertheless, if for some reason the normal shutdown cooling supply cannot be restored, the capabilities described below will satisfy the normal shutdown cooling requirements and thus fully comply with GDC 34.


The RHR shutdown cooling line valves are in two divisions (Division 1 = the outboard valve, and Division 2 = the inboard valve) to satisfy containment isolation criteria.  For evaluation purposes, the worst case failure is assumed to be the loss of a division of emergency power, since this also prevents actuation of one shutdown cooling line valve.  Safety system equipment available for accomplishing the shutdown cooling function includes (for the selected path):



ADS (DC Division 1 and DC Division 2)



RHR Loop A (Division 1 emergency diesel power)



RHR Loop B (Division 2 emergency diesel power)



RHR Loop C (Division 2 emergency diesel power)



HPCS (Division 3 emergency diesel power)



RCIC (DC Division 1)



LPCS (Division 1 emergency diesel power)


Since availability or failure of Division 3 equipment does not affect the normal shutdown mode, normal shutdown cooling is available through equipment powered from only Division 1 and Division 2.  It should be noted that, conversely, the HPCS system is always available for coolant injection if either of the other two divisions fails.  For failure of Division 1 or Division 2 emergency diesel power, the following systems are assumed functional:


Case A.
Division 1 fails, Division 2 and Division 3 functional:





Failed systems


Functional systems





RHR loop A


HPCS





LPCS




ADS










RHR loops B and C










RCIC




Assuming the single failure is a failure of Division 1 emergency power, the safety function is accomplished by establishing the cooling loops described in Activity Cl of <Figure 15.2‑11>.


Case B.
Division 2 fails, Division 1 and Division 3 functional:





Failed systems


Functional systems





RHR loops B and C

HPCS










ADS










RHR loop A










RCIC










LPCS




Assuming the single failure is the failure of Division 2 emergency diesel power, the safety function is accomplished by establishing the cooling loops described in Activity C2 of <Figure 15.2‑11>.  Simplified RHR flow diagrams are shown in <Figure 15.2‑14 (1)>, <Figure 15.2‑14 (2)>, <Figure 15.2‑15 (1)>, and <Figure 15.2‑15 (2)>.




Using the above assumptions and following the depressurization rate shown in <Figure 15.2‑16>, the suppression pool temperature is shown in <Figure 15.2‑17>.


15.2.9.4      Barrier Performance


As noted above, the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment are designed.  Note that the containment structural analysis includes margin for two thermal cycles over 150(F but less than 185(F.  Release of coolant to the containment occurs via SRV actuation.  Release of radiation to the environment is described below.


15.2.9.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.2.10      LOSS OF INSTRUMENT AIR


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.2.10.1      Event Evaluation


Loss of the instrument air system during normal plant operation could occur as a result of a major line break in the system or as a result of mechanical or electrical failure of the normal air supply from the service air system and the backup instrument air compressor.


15.2.10.2      Analysis of Effects and Consequences


Loss of the instrument air system will result in shutdown of the reactor due to closing of the main steam isolation valves.  Failure of instrument air will not interfere with safe shutdown of the reactor since all equipment using instrument air is designed to fail to a position that is consistent with safe shutdown of the plant.


Air operated equipment that must be available for use in the event of an instrument air system failure, is provided with backup accumulators to provide the required air supply.


15.2.10.3      Barrier Performance


As noted above, the consequences of this event do not result in any temperature or pressure transient in excess of the criteria for which the fuel, pressure vessel or containment is designed.  Therefore, these barriers maintain their integrity and function as designed.


15.2.10.4      Radiological Consequences


Since this event does not result in any fuel failures or any release of primary coolant to either the secondary containment or to the environment, there are no radiological consequences associated with this event.


15.2.11      REFERENCES FOR 15.2


1.
Brutschy F. G., et al, “Behavior of Iodine in Reactor Water During Plant Shutdown and Startup,” (NEDO‑10585).


2.
Tschaeche, A. N., “Mark III Suppression Pool Source Terms,” 22A6215 (July 1978).


3.
Fukushima, T. Y., “HEX01 User Manual,” July 1976 (NEDE‑23014).


4.
Bilanin, W. I., Bodily, R. J., and Cruz, G. A., “The General Electric Mark III Pressure Suppression Containment System Analytical Model (Supplement 1),” September 1975 (NEDO‑20533, Supplement 1).


5.
Letter ‑ R. S. Boyd to I. F. Stuart; dated November 12, 1975, Subject:  Requirements Delineated for RHRS ‑ Shutdown Cooling System‑‑Single Failure Analysis.


6.
GE Nuclear Energy, “Generic Evaluations of General Electric Boiling Water Reactor Power Uprate,” Licensing Topical Report NEDC‑31984P, Class III (Proprietary), July 1991.


TABLE 15.2‑1


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑1>


PRESSURE REGULATOR DOWNSCALE FAILURE



Time‑sec
Event



0
Simulate zero steam flow demand to main turbine and bypass valves.



0
Turbine control valves start to close.



.98
Neutron flux reaches high flux scram setpoint and initiates a reactor scram.



1.68
Recirculation pump drive motors are tripped due to high dome pressure.



2.77
Safety/relief valves open due to high pressure.



NA
Vessel water level (L8) trip initiates main turbine and feedwater turbine trips.



3.76
Main turbine stop valves closed.



5.0
Safety/relief valves close.



7.20
Group 1 safety/relief valves open again to relieve decay heat.



>9
Group 1 safety/relief valves close.



(est.)


TABLE 15.2‑2


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑2>


GENERATOR LOAD REJECTION



Time‑sec
Event



(‑)0.015
Turbine generator detection of loss of electrical load.



(approx.)



0
Turbine generator power load unbalance (PLU) devices trip to initiate turbine control valve fast closure.



0
Fast control valve closure (FCV) initiates scram trip.



0
Fast control valve closure (FCV) initiates a recirculation pump trip (RPT).



0.07
Turbine control valves closed.



0.1
Turbine bypass valves start to open.



1.5
Safety/relief valves open due to high pressure.



4.0
Vessel water level (L8) trip initiates trip of the feedwater turbines.



6.9
Safety/relief valves close.


TABLE 15.2‑3


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑3>


GENERATOR LOAD REJECTION, TRIP SCRAM, BYPASS‑OFF



Time‑sec
Event



(‑)0.015
Turbine generator detection of loss of electrical load.



(approx.)



0
Turbine generator power load unbalance (PLU) devices trip to initiate turbine control valve fast closure.



0
Turbine bypass valves fail to operate.



0
Fast control valve closure (FCV) initiates scram trip.



0
Fast control valve closure (FCV) initiates a recirculation pump trip (RPT).



0.001
Turbine control valves closed.



1.49
Safety/relief valves open due to high pressure.



NA
Vessel water level (L8) trip initiates trip of the feedwater turbines.



4.5
Safety/relief valves close.



>6
Group 1 safety/relief valves open again to relieve decay heat.



>6
Group 1 safety/relief valves close again.



(est.)


TABLE 15.2‑4


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑4>


TURBINE TRIP, TRIP SCRAM, BYPASS AND RPT‑ON



Time‑sec
Event



0
Turbine trip initiates closure of main stop valves.



0
Turbine trip initiates bypass operation.



0.01
Main turbine stop valves reach 90% open position and initiate reactor scram trip.



0.01
Main turbine stop valves reach 90% open position and initiate a recirculation pump trip (RPT).



0.1
Turbine stop valves close.



0.1
Turbine bypass valves start to open.



1.6
Safety/relief valves open due to high pressure.



4.0
Vessel water level (L8) trip initiates trip of the feedwater turbines.



6.9
Safety/relief valves close.


TABLE 15.2‑5


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑5>


TURBINE TRIP, TRIP SCRAM, BYPASS‑OFF, RPT‑ON



Time‑sec
Event



0
Turbine trip initiates closure of main stop valves.




Turbine bypass valves fail to operate.



0.01
Main turbine stop valves reach 90% open position and initiate reactor scram trip.



0.01
Main turbine stop valves reach 90% open position and initiate a recirculation pump (RPT) trip.



0.1
Turbine stop valves close.



1.55
Safety/relief valves open due to high pressure.



NA
Vessel water level (L8) trip initiates trip of the feedwater turbines.



4.5
Safety/relief valves close.



>6
Group 1 safety/relief valves open again to relieve decay heat.



>6
Group 1 safety/relief valves close again.



(est.)


TABLE 15.2‑6


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑6a>


THREE SECOND CLOSURE OF ALL MAIN STEAM LINE


ISOLATION VALVES WITH POSITION SWITCH SCRAM TRIP



Time‑sec
Event



0
Initiate closure of all main steam line isolation valves (MSIV).



0.3
MSIVs reach 90% open.



0.3
MSIV position trip scram initiated.



1.9
Recirculation pump drive motors are tripped due to low water Level 3 (L3) trip.



2.7
Safety/relief valves open due to high pressure.



8.1
Safety/relief valves close.



9.1
Group 1 safety/relief valves open again to relieve decay heat.



>10
Group 1 safety/relief valves close again.



(est.)



>10
Vessel water level reaches L2 setpoint.



(est.)



>40
HPCS and RCIC flow into vessel (not included in



(est.)
simulation).


TABLE 15.2‑7


CLOSURE OF ALL MAIN STEAM ISOLATION VALVES


ACTIVITY RELEASED TO THE ENVIRONMENT (CURIES)



I-131
7.3E‑4



132
1.9E‑3



133
6.5E‑4



134
1.8E‑5



135
3.4E‑4



Kr-83m
1.4E+1



85
5.4E‑1



85m
7.7E+1



87
5.7E+0



88
1.0E+2



Xe‑131m
3.7E+0



133m
3.0E+1



133
1.4E+3



135m
2.3E‑2



135
4.8E+2


<TABLE 15.2‑8>


DELETED


TABLE 15.2‑9


TYPICAL RATES OF DECAY FOR CONDENSER VACUUM





Cause




Estimated Vacuum Decay Rate


a.
Failure or Isolation of Steam


<1 inch Hg/minute



Jet Air Ejectors


b.
Loss of Sealing Steam to Shaft

~1 to 2 inches Hg/minute



Gland Seals


c.
Opening of Vacuum Breaker Valves

~2 to 12 inches Hg/minute


d.
Loss of One or More Circulating

~4 to 24 inches Hg/minute



Water Pumps


TABLE 15.2‑10


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑7>



Time‑sec
Event



 ‑3.0
Initiate simulated loss of condenser vacuum at 2 inches



(est.)
of Hg per second.



0.0
Low condenser vacuum main turbine trip actuated.



(est.)



0.0
Low condenser vacuum feedwater trip actuated.



(est.)



0.01
Main turbine trip initiates recirculation pump trip (RPT) and scram.



1.8
Safety/relief valves open due to high pressure.



5.0
Low condenser vacuum initiates main steam isolation valve closure.



5.0
Low condenser vacuum initiates bypass valve closure.



6.9
Safety/relief valves close.



8.0
Group 1 safety/relief valves open again to relieve decay heat.



13.0
Group 1 safety/relief valves close again.



13.7
Water level reaches Level 2 setpoint and initiates HPCS and RCIC.



15.7
Group 1 safety/relief valves open again to relieve decay heat.



22.5
Group 1 safety/relief valves close again.



27.5
Group 1 safety/relief valves open again to relieve decay heat.



32.8
Group 1 safety/relief valves close again.



41.7
Group 1 safety/relief valves open again to relieve decay heat.


TABLE 15.2‑10 (Continued)



Time‑sec
Event



 43.7
HPCS and RCIC flow enters vessel (not in simulation).



(est.)



 46.7
Group 1 safety/relief valves close again.


TABLE 15.2‑11


TRIP SIGNALS ASSOCIATED WITH LOSS OF CONDENSER VACUUM


Vacuum (inches of


_
Hg absolute)

Protective Action Initiated



 4 to 5
Alarm



 7 to 10
Main turbine trip and feedwater turbine trip (stop valve closures).



20 to 23
Main steam isolation valve (MSIV) closure and bypass valve closure.


TABLE 15.2‑12


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑8>



Time‑sec
Event



  0
Loss of auxiliary power transformer occurs.



  0
Recirculation system pump motors are tripped.



  0
Hotwell and condensate booster pumps are tripped.



  0
Condenser circulating water pumps tripped.



  2.0
Main steam isolation valves close due to loss of power causing a reactor scram.



  4.0
Feedwater pump turbines are tripped.



  5.1
Safety/relief valves open due to high pressure.



 10.1
Safety/relief valves close.



 20.1
Vessel water level reaches Level 2 setpoint.



 50.1
HPCS and RCIC flow enters vessel (not simulated).



(est.)


TABLE 15.2‑13


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑9>



Time‑sec
Event



(‑)0.015
Loss of grid causes turbine generator to detect a loss of



(approx.)
electrical load.



  0
Turbine control valve fast closure is initiated.



  0
Turbine generator power load unbalance (PLU) trip initiates main turbine bypass system operation.



  0
Recirculation system pump motors are tripped.



  0
Fast control valve closure (FCV) initiates a reactor scram trip.



  0.08
Turbine control valves closed.



  0.1
Turbine bypass valves open.



  1.7
Safety/relief valves open due to high pressure.



  2.0
Main steam isolation valves close due to loss of power.



  4.0
Feedwater pumps trip due to MSIV closure.



 18.6
Safety/relief valves close.



 20.4
Vessel water level reaches Level 2 setpoint.



 28.0
Closure of turbine bypass valves is initiated via low condenser vacuum.



 50.4
HPCS and RCIC flow enters vessel (not simulated).


TABLE 15.2‑14


SEQUENCE OF EVENTS FOR <FIGURE 15.2‑10>



Time‑sec
Event



  0
Trip of all feedwater pumps initiated.



  5
Feedwater flow decays to zero.



  7.0
Vessel water level (L3) trip initiates scram trip and recirculation flow runback.



 14.9
Vessel water level reaches Level 2.



 15.1
Recirculation pumps trip due to Level 2 trip.



(est.)



 44.9
HPCS and RCIC flow enters vessel (not simulated).



(est.)


TABLE 15.2‑15


SEQUENCE OF EVENTS FOR FAILURE OF RHR SHUTDOWN COOLING


(at 3729 MWt)


Approximate


Elapsed Time
Event



0
Reactor is operating at 104.2% rated power when loss of offsite power occurs initiating plant shutdown.



0
Concurrently loss of division power (i.e., loss of one diesel generator) occurs.



10 min
Suppression pool cooling initiated to prevent overheating from SRV actuation(1).



10 min
Controlled depressurization initiated (100(F/hr) using selected safety/relief valves



128 min
Blowdown to approximately 100 psig completed.



158 min
Personnel are sent to open RHR shutdown cooling suction valve; this fails.



163 min
ADS valves are opened to complete blowdown to suppression pool, and RHR pump discharge is redirected from pool to vessel via LPCI line.  Alternate shutdown cooling path has now been established.


NOTE:


(1)
See <Table 15.2‑12> for earlier detailed sequence of events for loss of ac power transient.


TABLE 15.2‑15a


SEQUENCE OF EVENTS FOR FAILURE OF RHR SHUTDOWN COOLING


(at 3833 MWt)


Approximate


Elapsed Time
Event



0
Reactor is operating at 102% rated power when loss of offsite power occurs initiating plant shutdown.



0
Concurrently loss of division power (i.e., loss of one diesel generator) occurs.



13 min
Suppression pool cooling initiated to prevent overheating from SRV actuation(1).



15 min
Controlled depressurization initiated (100(F/hr) using selected safety/relief valves.



135 min
Blowdown to approximately 100 psig completed.



165 min
Personnel are sent to open RHR shutdown cooling suction valve; this fails.



170 min
ADS valves are opened to complete blowdown to suppression pool, and RHR pump discharge is redirected from pool to vessel via LPCI line.  Alternate shutdown cooling path has now been established.


NOTE:


(1)
See <Table 15.2‑12> for earlier detailed sequence of events for loss of ac power transient.


TABLE 15.2‑16


INPUT PARAMETERS FOR EVALUATION OF FAILURE


OF RHR SHUTDOWN COOLING


(at 3729 MWt)


Initial power corresponding to 104.2% rated power


Initial Suppression pool mass, lbm
6,301,000(1)

RHR, KHX value, Btu/sec/(F
440


Initial vessel conditions


Pressure, psia
1,060


Temperature, (F
552


Initial primary fluid inventory, lbm
564,080


Initial pool temperature, (F
95


Emergency service water temperature, (F
85


Vessel heat capacity, Btu/lbm/(F
0.125


HPCS water level, ft



on
40.22



off
48


HPCS flow rate, lbm/sec
834


LPCI flow rate per loop, lbm/sec
987


LPCS flow rate, lbm/sec
834


NOTE:


(1)
A new strainer design, which has the strainer resting on the floor of the suppression pool, replaces the individual strainers for the ECCS and RCIC system pumps in response to <NRC Bulletin 96‑03>.  The new strainer displaces ~426ft3 of suppression pool water.  Analysis has shown that the displacement of the water has a negligible effect on the existing analyses.


TABLE 15.2‑16a


INPUT PARAMETERS FOR EVALUATION OF FAILURE


OF RHR SHUTDOWN COOLING


(at 3833 MWt)


Initial power corresponding to 102% rated power


Initial Suppression pool mass, lbm
6,386,000(1)

RHR, KHX value, Btu/sec/(F
440


Initial vessel conditions


Pressure, psia
1,060


Temperature, (F
552


Initial primary fluid inventory, lbm
564,080


Initial pool temperature, (F
95


Emergency service water temperature, (F
85


Vessel heat capacity, Btu/lbm/(F
0.125


HPCS water level, ft



on
40.45



off
48.78


HPCS flow rate, lbm/sec
973


LPCI flow rate per loop, lbm/sec
1,098


LPCS flow rate, lbm/sec
973


NOTE:


(1)
A new strainer design, which has the strainer resting on the floor of the suppression pool, replaces the individual strainers for the ECCS and RCIC system pumps in response to <NRC Bulletin 96‑03>.  The new strainer displaces ~426ft3 of suppression pool water.  Analysis has shown that the displacement of the water has a negligible effect on the existing analyses.
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15.3      DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE


15.3.1      RECIRCULATION PUMP TRIP


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.3.1.1      Identification of Causes and Frequency Classification


15.3.1.1.1      Identification of Causes


Recirculation pump trip (RPT) is provided by design to mitigate transient effects on core and RCPB design margins.  RPT will occur in response to:


a.
Reactor vessel water level L2 setpoint trip.


b.
Failure to scram high pressure setpoint trip.


c.
Motor branch circuit over‑current protection.


d.
Motor overload protection.


e.
Suction or discharge valves not fully open.


f.
Auto transfer sequence incomplete (40 sec).


Unintended RPT will occur in response to:


a.
Operator error.


b.
Loss of electrical power to the pumps.


c.
Equipment or sensor failures and malfunctions which initiate the above design trips.


15.3.1.1.2      Frequency Classification


Trip of one or both recirculation pumps is categorized as an event of moderate frequency.


15.3.1.2      Sequence of Events and Systems Operation


15.3.1.2.1      Sequence of Events


a.
Trip of One Recirculation Pump



<Table 15.3‑1> lists the sequence of events for <Figure 15.3‑1>.


b.
Trip of Two Recirculation Pumps



<Table 15.3‑2> lists the sequence of events for <Figure 15.3‑2>.


c.
Identification of Operator Actions



1.
Trip of One Recirculation Pump




Since no scram occurs for trip of one recirculation pump, no immediate operator action is required.  As soon as possible, the operator should verify that no operating limits are being exceeded, and reduce flow of the operating pump to conform to the single pump flow criteria.  Also, the operator should determine the cause of failure prior to returning the system to normal and follow the restart procedure.



2.
Trip of Two Recirculation Pumps




The operator should ascertain that the reactor scrams with the turbine trip resulting from reactor water level swell.  The operator should regain control of reactor water level through RCIC operation, or by restart of a feedwater pump, monitoring reactor water level and pressure after shutdown.  When both reactor pressure and level are under control, the operator should secure both HPCS and RCIC as necessary.  The operator should also determine the cause of the trip prior to returning the system to normal.


15.3.1.2.2      Systems Operation


a.
Trip of One Recirculation Pump



Tripping a single recirculation pump requires no protection system or safeguard system operation.  This analysis assumes normal functioning of plant instrumentation and controls.


b.
Trip of Two Recirculation Pumps



Analysis of this event assumes normal functioning of plant instrumentation and controls, and plant protection and reactor protection systems.



Specifically this transient takes credit for vessel level (L8) instrumentation to trip the turbine.  Reactor shutdown relies on scram trips from the turbine stop valves.  High system pressure is limited by SRV operation.


15.3.1.2.3      The Effect of Single Failures and Operator Errors


a.
Trip of One Recirculation Pump



Since no corrective action is required per <Section 15.3.1.2.2.a>, no additional effects of single failures need be discussed.  If additional SACF or SOE are assumed (for envelope purposes the other pump is assumed tripped) then the following two pump trip analysis is provided.  Refer to <Appendix 15A> for specific details.


b.
Trip of Two Recirculation Pumps



<Table 15.3‑2> lists the vessel level (L8) scram as the first response to initiate corrective action in this transient.  This scram trip signal is designed such that a single failure will neither initiate nor impede a reactor scram trip initiation.  See <Appendix 15A> for specific details.


15.3.1.3      Core and System Performance


15.3.1.3.1      Mathematical Model


The nonlinear, dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate this event.


15.3.1.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


Pump motors and pump rotors are simulated with minimum specified rotating inertias.


15.3.1.3.3      Results


a.
Trip of One Recirculation Pump



<Figure 15.3‑1> shows the results of losing one recirculation pump.  The tripped loop diffuser flow reverses in approximately 5.6 seconds.  However, the ratio of diffuser mass flow to pump mass flow in the active jet pumps increases considerably and produces approximately 130 percent of normal diffuser flow and 54 percent of rated core flow.  MCPR remains above the safety limit and the fuel thermal limits are not violated.  During this transient, level swell is not sufficient to cause turbine trip and scram.


b.
Trip of Two Recirculation Pumps



<Figure 15.3‑2> shows this transient with minimum specified rotating inertia.  MCPR remains unchanged.  No scram is initiated directly by pump trip.  The vessel water level swell due to rapid flow coastdown is expected to reach the high level trip thereby shutting down the main turbine and feed pump turbines, and scramming the reactor.  Subsequent events, such as main steam line isolation and initiation of RCIC and HPCS systems, occur late in this event and have no significant effect on the results.


15.3.1.3.4      Consideration of Uncertainties


Initial conditions chosen for these analyses are conservative and tend to force analytical results to be more severe than expected under actual plant conditions.


Actual pump and pump motor drive line rotating inertias are expected to be somewhat greater than the minimum design values assumed in this simulation.  Actual plant deviations regarding inertia are expected to lessen the severity as analyzed.  Minimum design inertias were used as 


well as the least negative void coefficient since the primary interest is in the flow reduction.


15.3.1.4      Barrier Performance


15.3.1.4.1      Trip of One Recirculation Pump


<Figure 15.3‑1> indicates a basic reduction in system pressures from initial conditions.  Therefore, the RCPB barrier is not threatened.


15.3.1.4.2      Trip of Two Recirculation Pumps


The results shown in <Figure 15.3‑2> indicate peak pressures stay well below the 1,375 psig limit allowed by the applicable code.  Therefore, the reactor coolant pressure boundary is not threatened.


15.3.1.5      Radiological Consequences


While the consequences of the events identified previously do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.3.2      RECIRCULATION FLOW CONTROL FAILURE ‑ DECREASING FLOW


This transient was not reanalyzed for the current reload as it had been determined to be less limiting and bounded by the analyzed transients.


15.3.2.1      Identification of Causes and Frequency Classification


15.3.2.1.1      Identification of Causes


Master controller malfunctions can cause a decrease in core coolant flow.  A downscale failure of either the master controller or the flux controller will generate a zero flow demand signal to both recirculation flow controllers.  Each individual valve actuator has a velocity limiter which limits the maximum valve stroking rate to 11 percent per second.  A postulated failure of the input demand signal, which is utilized in both loops, can decrease core flow at the maximum valve stroking rate established by the loop limiter.


Failure within either loop’s controller can result in a maximum valve stroking rate as limited by the capacity of the valve hydraulics.


15.3.2.1.2      Frequency Classification


This transient disturbance is categorized as an incident of moderate frequency.


15.3.2.2      Sequence of Events and Systems Operation


15.3.2.2.1      Sequence of Events


a.
Fast Closure of One Main Recirculation Valve



<Table 15.3‑3> lists the sequence of events for <Figure 15.3‑3>.


b.
Fast Closure of Two Main Recirculation Valves



<Table 15.3‑4> lists the sequence of events for <Figure 15.3‑4>.


c.
Identification of Operator Actions



1.
Fast Closure of One Main Recirculation Valve




Since no scram occurs, no immediate operator action is required.  As soon as possible, the operator should verify that no operating limits are being exceeded.  The operator should determine the cause of failure prior to returning the system to normal.



2.
Fast Closure of Two Main Recirculation Valves




As soon as possible, the operator must verify that no operating limits are being exceeded.  If they are, corrective actions must be initiated.  Also, the operator must determine the cause of the trip prior to returning the system to normal.


15.3.2.2.2      Systems Operation


a.
Fast Closure of One Main Recirculation Valve



Normal plant instrumentation and control is assumed to function.  No protection system operation is required.


b.
Fast Closure of Two Main Recirculation Valves



Normal plant instrumentation and control is assumed to function.  Credit is taken for scram in response to vessel high water level (L8) trip.


15.3.2.2.3      The Effect of Single Failures and Operator Errors


The single failure and operator error considerations for this event are the same as discussed in <Section 15.3.1.2.3.b>.  The fast closure of 


two recirculation valves instead of one would be the envelope case for the additional SACF or SOE.  Refer to <Appendix 15A> for details.


15.3.2.3      Core and System Performance


15.3.2.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate these transient events.


15.3.2.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions listed in <Table 15.0‑1>.


The least negative void coefficient in <Table 15.0‑1> was used for these analyses.


a.
Fast Closure of One Main Recirculation Valve



Failure within either loop controller can result in a maximum stroking rate of 60 percent per second as limited by the valve hydraulics.


b.
Fast Closure of Two Main Recirculation Valves



A downscale failure of either the master controller or the flux controller will generate a zero flow demand signal to both recirculation flow controllers.  Each individual valve actuator circuitry has a velocity limiter which limits maximum valve stroking rate to 11 percent per second.  Recirculation loop flow is allowed to decrease to approximately 25 percent of rated.  This is the flow expected when the flow control valves are maintained at a minimum open position.


15.3.2.3.3      Results


a.
Fast Closure of One Recirculation Valve



<Figure 15.3‑3> illustrates the maximum valve stroking rate which is limited by hydraulic means.  It is similar in most respects to the trip of one recirculation pump transient.  The design limit on maximum valve stroking rate is intended to make this transient event less severe than the one pump trip, and fuel thermal limits are not threatened.


b.
Fast Closure of Two Recirculation Valves



<Figure 15.3‑4> illustrates the expected transient which is similar to a two‑pump trip.  This analysis is very similar to the two‑pump trip described in <Section 15.3.1>.  The design limit on actuator velocity is intended to render this transient to be less severe than the two‑pump trip.  MCPR remains greater than the safety limit therefore, no fuel damage occurs.


15.3.2.3.4      Consideration of Uncertainties


Initial conditions chosen for these analyses are conservative and tend to force analytical results to be more severe than otherwise expected.


15.3.2.4      Barrier Performance


15.3.2.4.1      Fast Closure of One Recirculation Valve


<Figure 15.3‑3> indicates a reduction in system pressure and no increases are expected.


15.3.2.4.2      Fast Closure of Two Recirculation Valves


The narrow‑range level rises to the high level trip setpoint causing scram and trip of the feedwater pumps and main turbine.  Safety/relief valves open in the pressure relief mode and briefly discharge steam to the suppression pool.  Pressure in the vessel bottom is limited to 1,151 psig, well below the ASME code limit.  At approximately 28 seconds, the wide range level falls to the low water level trip setpoint, causing trip of the recirculation pumps and initiation of HPCS and RCIC system.  However, there is a delay of up to 30 seconds before the water supply from HPCS and RCIC system enters the vessel.


15.3.2.5      Radiological Consequences


While the consequences of the events identified previously do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV actuation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.3.3      RECIRCULATION PUMP SEIZURE


This accident was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed accidents.  A discussion of the recirculation pump seizure accident and why it is less severe then the LOCA is provided in GESTAR (Reference 1).


15.3.3.1      Identification of Causes and Frequency Classification


The seizure of a recirculation pump is considered as a design basis accident event.  It is a very mild accident in relation to other design 


basis accidents such as the LOCA.  The analysis has been conducted for both single and two loop operation.


Refer to <Chapter 5> for specific mechanical considerations and <Chapter 8> for electrical aspects.


The seizure event postulated ordinarily would not be the mode failure of such a device.  Safe shutdown components (e.g., electrical breakers, protective circuits) would preclude an instantaneous seizure event.


15.3.3.1.1      Identification of Causes


The case of recirculation pump seizure represents the extremely unlikely event of instantaneous stoppage of the pump motor shaft of one recirculation pump.  This event produces a very rapid decrease of core flow as a result of the large hydraulic resistance introduced by the stopped rotor.


15.3.3.1.2      Frequency Classification


This event is considered to be a limiting fault but results in effects which can easily satisfy an event of greater probability (i.e., infrequent incident classification).


15.3.3.2      Sequence of Events and Systems Operations


15.3.3.2.1      Sequence of Events


<Table 15.3‑5> lists the sequence of events for <Figure 15.3‑5>.


15.3.3.2.1.1      Identification of Operator Actions


The operator should ascertain that the reactor scrams from reactor water level swell.  The operator should regain control of reactor water level 


through RCIC operation or by restart of a feedwater pump; and he should monitor reactor water level and pressure control after shutdown.


15.3.3.2.2      Systems Operation


In order to properly simulate the expected sequence of events, the analysis of this event assumes normal functioning of plant instrumentation and controls, plant protection and reactor protection systems.


Operation of safe shutdown features, though not included in this simulation, is expected to be utilized in order to maintain adequate water level.


15.3.3.2.3      The Effect of Single Failures and Operator Errors


Single failures in the scram logic originating via the high vessel level (L8) trip are similar to the considerations in <Section 15.3.1.2.3.b>.


Refer to <Appendix 15A> for further details.


15.3.3.3      Core and System Performance


15.3.3.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate this event.


15.3.3.3.2      Input Parameters and Initial Conditions


This analysis has been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


For the purpose of evaluating consequences to the fuel thermal limits, this transient event is assumed to occur as a consequence of an unspecified, instantaneous stoppage of one recirculation pump shaft while the reactor is operating at 105 percent NB rated steam flow.  Also, the reactor is assumed to be operating at thermally limited conditions.


The void coefficient is adjusted to the most conservative value, that is, the least negative value in <Table 15.0‑1>.


15.3.3.3.3      Results


<Figure 15.3‑5> presents the results of the accident.  MCPR does not decrease significantly before fuel surface heat flux begins dropping enough to restore greater thermal margins.  The level swell produces a trip of the main turbine and feedwater pumps and scram at 3.4 seconds into the transient.  The scram conditions impose no threat to thermal limits.  Additionally, the momentary opening of the bypass valves and some of the safety/relief valves limit the pressure well within the range allowed by the ASME vessel code.  Therefore, the reactor coolant pressure boundary is not threatened by overpressure.


15.3.3.3.4      Consideration of Uncertainties


Consideration of uncertainties is included in the GETAB analysis <Section 15.0.3.3.3>.


15.3.3.4      Barrier Performance


The bypass valves and momentary opening of some of the safety/relief valves limit the pressure well within the range allowed by the ASME vessel code.  Therefore, the reactor coolant pressure boundary is not threatened by overpressure.


15.3.3.5      Radiological Consequences


While the consequences of the events identified previously do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV activation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.3.4      RECIRCULATION PUMP SHAFT BREAK


This accident was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed accidents.  A recirculation pump shaft break is bounded by the more limiting case of a recirculation pump seizure which is discussed in <Section 15.3.3> and in GESTAR (Reference 1).


15.3.4.1      Identification of Causes and Frequency Classification


The breaking of the shaft of a recirculation pump is considered as a design basis accident event.  It has been evaluated as a very mild accident in relation to other design basis accidents such as the LOCA.  The analysis has been conducted for both single and two loop operation.


Refer to <Chapter 5> for specific mechanical considerations and <Chapter 8> for electrical aspects.


This postulated event is bounded by the more limiting case of recirculation pump seizure.  Quantitative results for this more limiting case are presented in <Section 15.3.3>.


15.3.4.1.1      Identification of Causes


Recirculation pump shaft breakage represents the extremely unlikely event of instantaneous stoppage of one recirculation pump motor.  This event produces a very rapid decrease of core flow as a result of the pump shaft break.


15.3.4.1.2      Frequency Classification


This event is considered a limiting fault but results in effects which can easily satisfy an event of greater probability (i.e., infrequent incident classification).


15.3.4.2      Sequence of Events and Systems Operations


15.3.4.2.1      Sequence of Events


A postulated instantaneous break of the recirculation pump motor shaft will cause the core flow to decrease rapidly resulting in water level swell in the reactor vessel.  When the vessel water level reaches the high water level setpoint (L8), reactor scram, main turbine trip and feedwater pump trip will be initiated.  Subsequently, the remaining recirculation pump trip will be initiated due to the turbine trip.  Eventually, the vessel water level will be controlled by HPCS and RCIC flow.


15.3.4.2.1.1      Identification of Operator Actions


The operator should ascertain that the reactor scrams resulting from reactor water level swell.  The operator should regain control of reactor water level through RCIC operation or by restart of a feedwater pump; and he should monitor reactor water level and pressure after shutdown.


15.3.4.2.2      Systems Operation


Normal operation of plant instrumentation and control is assumed.  This event takes credit for vessel water level (L8) instrumentation to scram the reactor and trip the main turbine and feedwater pumps.  High system pressure is limited by SRV operation.


Operation of the HPCS and RCIC systems is expected in order to maintain adequate water level control.


15.3.4.2.3      The Effect of Single Failures and Operator Errors


Effects of single failures in the high vessel level (L8) trip are similar to the considerations in <Section 15.3.1.2.3.b>.


Assumption of single active component failure (SACF) or SOE in other equipment has been examined; it was concluded that no other credible failure exists for this event.  Therefore, the bounding case has been considered.


Refer to <Appendix 15A> for more details.


15.3.4.3      Core and System Performance


The severity of this pump shaft break event is bounded by the pump seizure event described in <Section 15.3.3>.  Since this event is less limiting than <Section 15.3.3>, only qualitative evaluation is provided.


15.3.4.3.1      Qualitative Results


If this extremely unlikely event occurs, core coolant flow will drop rapidly.  The level swell produces a reactor scram and trip of the main and feedwater turbines.  Since heat flux decreases much more rapidly than the rate at which heat is removed by the coolant, there is no 


threat to thermal limits.  Additionally, the bypass valves and momentary opening of some of the safety/relief valves limit the pressure well within the range allowed by the ASME vessel code.  Therefore, the reactor coolant pressure boundary is not threatened by overpressure.


The severity of this pump shaft break event is bounded by the pump seizure event <Section 15.3.3>.  In either of these two events, the recirculation drive flow of the affected loop decreases rapidly.  In the case of the pump seizure event, the loop flow decreases faster than the normal flow coastdown as a result of the large hydraulic resistance introduced by the stopped rotor.  For the pump shaft break event, the hydraulic resistance caused by the broken pump shaft is less than that of the stopped rotor for the pump seizure event.  Therefore, the core flow decrease following a pump shaft break is slower than the pump seizure event.


15.3.4.4      Barrier Performance


The bypass valves and momentary opening of some of the safety/relief valves limit the pressure well within the range allowed by the ASME vessel code.  Therefore, the reactor coolant pressure boundary is not threatened by overpressure.


15.3.4.5      Radiological Consequences


While the consequences of this event do not result in any fuel failures, radioactivity is nevertheless discharged to the suppression pool as a result of SRV activation.  However, the mass input, and hence activity input, for this event is much less than those consequences identified in <Section 15.2.4.5>.  Therefore, the radiological exposures noted in <Section 15.2.4.5> cover the consequences of this event.


15.3.5

REFERENCES FOR SECTION 15.3


1.
General Electric Company “General Electric Standard Application for Reactor Fuel,” including the United States Supplement, NEDE‑24011‑P‑A and NEDE‑24011‑P‑A‑US (latest approved revision).


TABLE 15.3‑1


SEQUENCE OF EVENTS FOR <FIGURE 15.3‑1>



Time‑sec
Event



0
Trip of one recirculation pump initiated.



5.6
Jet pump diffuser flow reverses in the tripped loop.



40
Core flow and power level stabilize at new equilibrium conditions.


TABLE 15.3‑2


SEQUENCE OF EVENTS FOR <FIGURE 15.3‑2>



Time‑sec
Event



0
Trip of both recirculation pumps initiated.



4.1
Vessel water level (L8) trip initiates scram, turbine trip and feedwater pump trip.



4.2
Turbine trip initiates bypass operation.



6.6
Safety/relief valves open due to high pressure.



11.6
Safety/relief valves close.



25.0
Vessel water level (L2) setpoint reached.



55
HPCS and RCIC flow enters vessel (not simulated).


TABLE 15.3‑3


SEQUENCE OF EVENTS FOR <FIGURE 15.3‑3>



Time‑sec
Event



0
Initiate fast closure of one main recirculation valve.



1.5
Jet pump diffuser flow reverses in the affected loop.



30
Core flow and power approach new equilibrium conditions.


TABLE 15.3‑4


SEQUENCE OF EVENTS FOR <FIGURE 15.3‑4>



Time‑sec
Event



0
Initiate fast closure of both main recirculation valves.



6.5
Vessel level (L8) trip initiates scram and turbine trip.



6.5
Feedwater pumps tripped off.



6.6
Turbine trip initiates bypass operation.



28.1
Vessel water level reaches Level 2 setpoint.



58.1
HPCS and RCIC flow enters vessel (not simulated).


TABLE 15.3‑5


SEQUENCE OF EVENTS FOR <FIGURE 15.3‑5>



Time‑sec
Event



0
Single pump seizure initiated.



0.6
Jet pump diffuser flow reverses in seized loop.



3.4
Vessel level (L8) trip initiates scram.



3.4
Vessel level (L8) trip initiates turbine trip.



3.4
Feedwater pumps are tripped off.



3.5
Turbine trip initiates bypass operation.



3.5
Turbine trip initiates recirculation pumps trip.



6.1
Safety/relief valves open due to high pressure.



11.3
Safety/relief valves close.



23.2
Main bypass valves close to regain pressure regulator control.



24.5
Vessel water level reaches Level 2 setpoint.



54.5
HPCS/RCIC flow enters the vessel (not simulated).
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15.4      REACTIVITY AND POWER DISTRIBUTION ANOMALIES


15.4.1      ROD WITHDRAWAL ERROR ‑ LOW POWER


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.  This transient is less severe when initiated from the uprate power level and results in a slightly lower change in MCPR.


15.4.1.1      Control Rod Removal Error During Refueling


15.4.1.1.1      Identification of Causes and Frequency Classification


The event considered here is inadvertent criticality due to the complete withdrawal or removal of the most reactive rod during refueling.  The probability of the initial causes alone is considered low enough to warrant its being categorized as an infrequent incident, since there is no postulated set of circumstances which results in an inadvertent rod withdrawal error (RWE) while in the refuel mode.


15.4.1.1.2      Sequence of Events and Systems Operation


a.
Initial Control Rod Removal Or Withdrawal



During refueling operations safety system interlocks provide backup to procedural controls to ensure inadvertent criticality does not occur because a control rod has been removed or is withdrawn in coincidence with another control rod.


b.
Fuel Insertion With Control Rod Withdrawn



To minimize the possibility of loading fuel into a cell containing no control rod, it is required that all control rods are fully inserted when fuel is being loaded into the core.  This requirement 



is backed up by refueling interlocks on rod withdrawal and movement of the refueling platform.  When the mode switch is in the “refuel” position, the interlocks prevent the platform from being moved over the core if a control rod is withdrawn and fuel is on the hoist.  Likewise, if the refueling platform is over the core and fuel is on the hoist, control rod motion is blocked by the interlocks.


c.
Second Control Rod Removal or Withdrawal



When the platform is not over the core (or fuel is not on the hoist) and the mode switch is in the “refuel” position, only one control rod can be withdrawn.  Any attempt to withdraw a second rod results in a rod block by the refueling interlocks.  Since the core is designed to meet shutdown requirements with the highest worth rod withdrawn, the core remains subcritical even with one rod withdrawn.


d.
Control Rod Removal Without Fuel Removal



Finally, the design of the control rod, incorporating the velocity limiter, does not physically permit upward removal of the control rod without the simultaneous or prior removal of the four adjacent fuel bundles.  This precludes any hazardous condition.


e.
Identification of Operator Actions



No operator actions are required to preclude this event since the plant design, as discussed above, prevents its occurrence.  If refueling interlock(s) are inoperable (other than the one‑rod‑out interlock), this event is precluded by the insertion of a continuous rod withdrawal block, to replace the conditional block provided by the interlocks.


f.
Effect of Single Failure and Operator Errors



If any one of the operations involved in initial failure or error, is followed by any other single equipment failure (SEF) or single operator error (SOE), the necessary safety actions (e.g., scram or refueling interlock rod block) are automatically taken prior to limit violation.  Refer to <Appendix 15A> for details.


15.4.1.1.3      Core and System Performances


Since the probability of inadvertent criticality during refueling is precluded, the core and system performances were not analyzed.  The withdrawal of the highest worth control rod during refueling will not result in criticality.  This is verified experimentally by performing shutdown margin checks.  (See <Section 4.3.2> for a description of the methods and results of the shutdown margin analysis.)  Additional reactivity insertion is precluded by interlocks <Section 7.6>.  As a result, no radioactive material is ever released from the fuel, making it unnecessary to assess any radiological consequences.


No mathematical analysis is required for this event.  Input parameters, initial conditions and consideration of uncertainties are not applicable.


15.4.1.1.4      Barrier Performance


An evaluation of barrier performance was not made for this event since there is not a postulated set of circumstances for which this event could occur.


15.4.1.1.5      Radiological Consequences


An evaluation of radiological consequences was not made for this event since no radioactive material is released from the fuel.


15.4.1.2      Continuous Rod Withdrawal During Reactor Startup


15.4.1.2.1      Identification of Causes and Frequency Classification


The probability of this event is considered low enough to warrant its being categorized as an infrequent incident.  The probability of further single failure postulated for this event is considerably lower because it is contingent upon the simultaneous failure of two redundant inputs to the rod control and information system (RC&IS), concurrent with a high worth rod, out‑of‑sequence rod selection, plus operator non‑acknowledgement of continuous alarm annunciations prior to safety system actuations.


15.4.1.2.2      Sequence of Events and Systems Operation


15.4.1.2.2.1      Sequence of Events


Out‑of‑sequence control rod withdrawal errors are not considered credible in the startup and low power ranges.  The RC&IS prevents the operator from selecting and withdrawing an out‑of‑sequence control rod.


Out‑of‑sequence continuous control rod withdrawal errors during reactor startup are precluded by the RC&IS.  The RC&IS prevents the withdrawal of an out‑of‑sequence control rod in the 100 percent to 75 percent control rod density range, and limits rod movement to the banked position mode of rod withdrawal from the 75 percent rod density to the preset power level.  With these RC&IS interlocks, there is no basis for a continuous out‑of‑sequence control rod withdrawal error in the startup and low power range.  See <Section 15.4.2> for description of continuous control rod withdrawal above the preset power level.  The bank position mode of the RC&IS is described in (Reference 1).


15.4.1.2.2.2      Identification of Operator Actions


No operator actions are required to preclude this event since the plant design prevents its occurrence.


15.4.1.2.2.3      Effects of Single Failure and Operator Errors


If any one of the operations involved in initial failure or error, is followed by another single active component failure (SACF) or single operator error (SOE), the necessary safety actions [e.g., rod pattern controller (a subsystem of RC&IS) generated block] are automatically taken prior to any limit violation.  Refer to <Appendix 15A> for details.


15.4.1.2.3      Core and System Performance


The performance of the RC&IS prevents erroneous selection and withdrawal of an out‑of‑sequence control rod.  Thus, core and system performance is not affected by such an operator error.


No mathematical analysis is required for this event.  Input parameters, initial conditions and consideration of uncertainties are not applicable.


15.4.1.2.4      Barrier Performance


An evaluation of barrier performance was not made for this event since there is no postulated set of circumstances for which this error could occur.


15.4.1.2.5      Radiological Consequences


An evaluation of radiological consequences is not required for this event since no radioactive material is released from the fuel.


15.4.2      ROD WITHDRAWAL ERROR AT POWER


This transient was performed as part of initial cycle analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service results of which are presented in the following Chapter 15 appendices:


 ‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


 ‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


 ‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


For BWR 6’s the rod withdrawal error at power event is analyzed generically or may be analyzed on a cycle‑specific basis.  The applicability of the generic analysis is reverified when the power operating level is increased, and as new fuel designs, methodologies, or correlations are developed, e.g., GE11 fuel type, GEXL‑PLUS, etc.  If the generic analysis cannot be confirmed, then a cycle‑specific analysis is performed until an adequate database exists to perform generic analyses using methods previously approved by the NRC.  Cycle‑specific evaluations are presented in <Appendix 15B> of this chapter.


15.4.2.1      Identification of Causes and Frequency Classification


15.4.2.1.1      Identification of Causes


The rod withdrawal error (RWE) transient results from a procedural error by the operator in which a single control rod or a gang of control rods is withdrawn continuously until the rod withdrawal limiter (RWL) function of the rod control and information system (RC&IS) blocks further withdrawal.


15.4.2.1.2      Frequency Classification


The frequency of occurrence for the RWE is considered to be moderate, since definite data do not exist.  The frequency of occurrence diminishes as the reactor approaches full power by virtue of the reduced


number of control rod movements.  A statistical approach, using appropriate conservative acceptance criteria, shows that consequences of a majority of RWEs would be very mild.


15.4.2.2      Sequence of Events and Systems Operation


15.4.2.2.1      Sequence of Events


The sequence of events for this transient is presented in <Table 15.4‑1>.


15.4.2.2.2      System Operations


While operating in the power range, in a normal mode of operation, the reactor operator makes a procedural error and withdraws the maximum worth control rod continuously until the RWL inhibits further withdrawal.  (The RWL utilizes rod position indications of the selected rod as input.)


During the course of this event, normal operation of plant instrumentation and controls is assumed, although no credit is taken for this except as described above.  No operation of any engineered safety feature (ESF) is required during this event.


15.4.2.2.3      The Effect of Single Failures and Operator Errors


The effect of operator errors has been discussed above.  It was shown that operator errors (which initiated this transient) cannot impact the consequences of this event due to the RC&IS system.  The RC&IS system is 


designed to be single failure proof; therefore, termination of this transient is assured <Appendix 15A>.


15.4.2.3      Core and System Performance


15.4.2.3.1      Mathematical Model


The consequences of an RWE are calculated utilizing a three dimensional, coupled‑nuclear‑thermal hydraulics computer program (Reference 2).  This model calculates the changes in power level, power distribution, core flow, and critical power ratio under steady‑state conditions, as a function of control blade position.  For this transient, the time for reactivity insertion is greater than the fuel thermal time constant and core‑hydraulic transport times, so that the steady‑state assumption is adequate.


15.4.2.3.2      Input Parameters and Initial Conditions


The reactor core is assumed to be on MCPR and MLHGR technical specification limits prior to RWE initiation.  A statistical analysis of the rod withdrawal error (Reference 9) and (Reference 10) initiated from a wide range of operating conditions (exposure, power, flow, rod patterns, xenon conditions, etc.) has been performed, establishing allowable rod withdrawal increments applicable to all BWR/6 plants.  These rod withdrawal increments were determined such that the (CPR (change in critical power ratio) for rod withdrawal errors initiated from the technical specification operation limits and mitigated by the RWL system withdrawal restrictions, provides a 95% probability at the 95% confidence level that any randomly occurring RWE will not result in violation of the MCPR (minimum critical power ratio) safety limit <Table 15.0‑1>.  MCPR was verified to be the limiting thermal performance parameter and therefore was used to establish allowable withdrawal increments.  The 1% plastic strain limit on the clad was always a less limiting parameter.


15.4.2.3.3      Results


The calculated results demonstrate that, should a rod or gang be withdrawn a distance equal to the allowable rod withdrawal increment, there exists a 95% probability at the 95% confidence level that the MCPR safety limit will not be violated.  Furthermore, the peak LHGR will be substantially less than that calculated to yield 1% plastic strain in the fuel clad.


These results of the generic analyses in (Reference 10) show that a control rod or gang can be withdrawn in increments of 12 in. at power levels ranging from 70‑100% of rated, and 24 in. at power levels ranging from 20‑70%.  See <Section 15.4.1.2> for RWE’s below 20% reactor power.  The 20% and 70% reactor core power levels correspond to the Low Power Setpoint (LPSP) and High Power Setpoint (HPSP) of the RWL.


15.4.2.3.4      Consideration of Uncertainties


The most significant uncertainty for this transient is the initial control rod pattern and the location of the rods or gangs improperly selected and withdrawn.  Because of the near‑infinite combinations of control patterns and reactor states, all possible states cannot be analyzed.  However, because only high worth gangs were included in the statistical analysis, enough points have been evaluated so as to clearly establish the 95%/95% confidence level.  This effectively bounds the results from any actual operator error of this type with the indicated probabilities.


Quasi‑steady‑state conditions were assumed for thermal hydraulic conditions.  Although the uncertainty introduced by this assumption is not conservative, the magnitude of the effects neglected is insignificant relative to the result of the transient.


15.4.2.4      Barrier Performance


An evaluation of the barrier performance was not made for this event, since this is a localized event with very little change in gross core characteristics.  Typically, an increase in total core power for RWE’s initiated from rated conditions is less than 4 percent and the changes in pressure are negligible.


15.4.2.5      Radiological Consequences


An evaluation of the radiological consequences was not made for this event, since no radioactive material is released from the fuel.


15.4.3      CONTROL ROD MALOPERATION (SYSTEM MALFUNCTION OR OPERATOR ERROR)


This event is covered by evaluations cited in <Section 15.4.1> and <Section 15.4.2>.


15.4.4      ABNORMAL STARTUP OF IDLE RECIRCULATION PUMP


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.4.4.1      Identification of Causes and Frequency Classification


15.4.4.1.1      Identification of Causes


This action results directly from the operator’s manual action to initiate pump operation.  It assumes that the remaining loop is already operating.


a.
Normal Restart of Recirculation Pump at Power



This transient is categorized as an incident of moderate frequency.


b.
Abnormal Startup of Idle Recirculation Pump



This transient is categorized as an incident of moderate frequency.


15.4.4.2      Sequence of Events and Systems Operation


15.4.4.2.1      Sequence of Events


<Table 15.4‑3> lists the sequence of events for <Figure 15.4‑1>.


15.4.4.2.1.1      Identification of Operator Actions


The normal sequence of operator actions expected in starting the idle loop is as follows.  The operator should:


a.
Adjust rod pattern as necessary for new power level following idle loop start.


b.
Determine that the idle recirculation pump suction and discharge block valves are open and that the flow control valve in the idle loop is at minimum position.  If not, place them in this configuration.


c.
Readjust flow of the running loop downward to less than half of the rated flow.


d.
Determine that the temperature difference between the two loops is no more than 50(F.


e.
Start the idle loop pump and adjust flow to match the adjacent loop flow.  Monitor reactor power.


f.
Readjust power, as necessary, to satisfy plant requirements per standard procedure.



NOTE:
The time to do the above work is approximately 1/2 hour.


15.4.4.2.2      Systems Operation


This event assumes and takes credit for normal functioning of plant instrumentation and controls.  No protection systems action is anticipated.  No ESF action occurs as a result of the transient.


15.4.4.2.3      The Effect of Single Failures and Operator Errors


Attempts by the operator to start the pump at higher power levels will result in a reactor scram on flux <Appendix 15A>.


15.4.4.3      Core and System Performance


15.4.4.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate this event.


15.4.4.3.2      Input Parameters and Initial Conditions


This analysis has been performed unless otherwise noted with plant conditions tabulated in <Table 15.0‑1>.


One recirculation loop is idle and filled with cold water (100(F).  (Normal procedure when starting an idle loop with one pump already running requires that the indicated idle loop temperature be no more 


than 50(F lower than the indicated active loop temperature.  The MEOD and thermal limit analysis assume a 50(F delta temperature limit between the active and the idle recirculation loops.  This limit ensures not only thermal stresses but also thermal limits are not exceeded during an idle loop start event) (Reference 12).


The active recirculation loop is operating with the flow control valve position that produces about 85 percent of normal rated jet pump diffuser flow in the active jet pumps.


The core is receiving 33 percent of its normal rated flow.  The remainder of the coolant flows in the reverse direction through the inactive jet pumps.


The idle recirculation pump suction and discharge block valves are open and the recirculation flow control valve is closed to its minimum open position.  (Normal procedure requires leaving an idle loop in this condition to maintain the loop temperature within the required limits for restart.)


15.4.4.3.3      Results


The transient response to the incorrect startup of a cold, idle recirculation loop is shown in <Figure 15.4‑1>.  Shortly after the pump begins to move, a surge in flow from the started jet pump diffusers causes the core inlet flow to rise.  The motor approaches synchronous speed in approximately 3 seconds because of the assumed minimum pump and motor inertia.


A short‑duration neutron flux peak is produced as the colder, increasing core flow reduces void volume.  Surface heat flux follows the slower response of the fuel and peaks at 81 percent of rated before decreasing after the cold water is pumped out of the loop at about 19 seconds.  No 


damage occurs to the fuel barrier and MCPR remains above the safety limit as the reactor settles out at its new steady‑state condition.


15.4.4.3.4      Consideration of Uncertainties


This particular transient is analyzed for an initial power level that is much higher than that expected for the actual event.  The much slower thermal response of the fuel mitigates the effects of the rather sharp neutron flux spike.  Even in this high range of power, no threat to thermal limits is possible.


15.4.4.4      Barrier Performance


No evaluation of barrier performance is required for this event since no significant pressure increases are incurred during this transient <Figure 15.4‑1>.


15.4.4.5      Radiological Consequences


An evaluation of the radiological consequences is not required for this event since no radioactive material is released from the fuel.


15.4.5      RECIRCULATION FLOW CONTROL FAILURE WITH INCREASING FLOW


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.4.5.1      Identification of Causes and Frequency Classification


15.4.5.1.1      Identification of Causes


Failure of the master controller or neutron flux controller can cause an increase in the core coolant flow rate.  Failure within a loop’s flow controller can also cause an increase in core coolant flow rate.


15.4.5.1.2      Frequency Classification


This transient disturbance is classified as an incident of moderate frequency.


15.4.5.2      Sequence of Events and Systems Operation


15.4.5.2.1      Sequence of Events


a.
Fast Opening of One Recirculation Flow Control Valve



<Table 15.4‑4> lists the sequence of events for <Figure 15.4‑2>.


b.
Fast Opening to Two Recirculation Flow Control Valves



<Table 15.4‑5> lists the sequence of events of <Figure 15.4‑3>.


c.
Identification of Operator Actions



Initial action by the operator should include:



1.
Transfer flow control to manual and reduce flow to minimum.



2.
Identify cause of failure.



Reactor pressure will be controlled as required, depending on whether a restart or cooldown is planned.  In general, the corrective action would be to hold reactor pressure and condenser vacuum for restart after the malfunctioning flow controller has been repaired.  The following is the sequence of operator actions 



expected during the course of the event, assuming restart.  The operator should:



1.
Observe that all rods are in.



2.
Check the reactor water level and maintain above low Level (L1) trip to prevent MSIVs from isolating.



3.
Switch the reactor mode switch to the “startup” position.



4.
Continue to maintain vacuum and turbine seals.



5.
Transfer the recirculation flow controller to the manual position and reduce setpoint to zero.



6.
Survey maintenance requirements and complete the scram report.



7.
Monitor the turbine coast down and auxiliary systems.



8.
Establish a restart of the reactor per the normal procedure.




NOTE:
Time required from first trouble alarm to restart would be approximately 1 hour.


15.4.5.2.2      Systems Operation


The analysis of this transient assumes and takes credit for normal functioning of plant instrumentation and controls, and the reactor protection system.  Operation of engineered safeguards is not expected.


15.4.5.2.3      The Effect of Single Failures and Operator Errors


Both of these transients lead to a quick rise in reactor power level.  Corrective action first occurs in the high flux trip which, being part 


of the reactor protection system, is designed to single failure criteria <Appendix 15A>.  Therefore, shutdown is assured.  Operator errors are not of concern here in view of the fact that automatic shutdown events follow so quickly after the postulated failure.


15.4.5.3      Core and System Performance


15.4.5.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.1.3.1> is used to simulate this event.


15.4.5.3.2      Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with plant conditions tabulated in <Table 15.0‑1>.


In each of these transient events the most severe transient results when initial conditions are established for operation at the low end of the rated flow control rod line.  Specifically, this is 54 percent NB rated power and 33 percent core flow.  The maximum stroking rate of the recirculation loop valves for a master controller failure driving two loops is limited by individual loop controls to 11 percent per second.


Maximum stroking rate of a single recirculation flow control valve for a loop controller failure is limited by hydraulics to 30 percent per second.


15.4.5.3.3      Results


a.
Fast Opening of One Recirculation Flow Control Valve



<Figure 15.4‑2> shows the analysis of a failure where one recirculation loop main valve is opened at its maximum stroking rate of 30 percent per second.



The rapid increase in core flow causes a sharp rise in neutron flux initiating a reactor scram at approximately 1.4 seconds.  The peak neutron flux reached was 215 percent of NB rated value, while the accompanying average fuel surface heat flux reaches 71 percent of NB rated at approximately 2.3 seconds.  MCPR remains considerably above the safety limit and the average fuel temperature increases only 104(F.  Reactor pressure is discussed in <Section 15.4.5.4>.


b.
Fast Opening of Two Recirculation Flow Control Valves



<Figure 15.4‑3> illustrates the failure where both recirculation loop flow control valves are opened at a maximum stroking rate of 11 percent per second.  It is very similar to the above transient.  Flux scram occurs at approximately 1.9 seconds, peaking at 149 percent of NB rated while the average surface heat flux reaches 66 percent of NB rated at approximately 2.6 seconds.  MCPR remains considerably above the safety limit and average fuel center temperature increases 78(F.


15.4.5.3.4      Consideration of Uncertainties


As indicated above, this is the most severe set of conditions under which this transient may occur.  The results expected from an actual occurrence of this transient will be less severe than those calculated.


15.4.5.4      Barrier Performance


15.4.5.4.1      Fast Opening of One Recirculation Valve


This transient results in a very slight increase in reactor vessel pressure as shown in <Figure 15.4‑2> and therefore represents no threat to the RCPB.


15.4.5.4.2      Fast Opening of Two Recirculation Flow Control Valves


This transient results in a very slight increase in reactor vessel pressure as shown in <Figure 15.4‑3> and therefore represents no threat to the RCPB.


15.4.5.5      Radiological Consequences


An evaluation of the radiological consequences is not required for this event since no radioactive material is released from the fuel.


15.4.6      CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTIONS


Not applicable to BWRs.


15.4.7      MISPLACED BUNDLE ACCIDENT


Analysis of the misplaced bundle accident (fuel loading error) for the 3,758 MWt core considered only the mislocated bundle accident.  For reload cores, refer to <Appendix 15B>, Reload Safety Analysis, for evaluation of the mislocated bundle accident and the misoriented bundle accident.


15.4.7.1      Identification of Causes and Frequency Classification


15.4.7.1.1      Identification of Causes


The event discussed in this section is the improper loading of a fuel bundle and subsequent operation of the core.  Three errors must occur for this event to take place in the initial core loading.  First, a bundle must be misloaded into a wrong location in the core.  Second, the bundle which was supposed to be loaded where the mislocation occurred would have to be overlooked and also put in an incorrect location.  


Third, the misplaced bundles would have to be overlooked during the core verification performed following initial core loading.


15.4.7.1.2      Frequency of Occurrence


This event occurs when a fuel bundle is loaded into the wrong location in the core.  It is assumed the bundle is misplaced to the worst possible location, and the plant is operated with the mislocated bundle.  This event is categorized as an infrequent incident based on an expected frequency of 0.004 events/operating cycle according to past experience.  The only misloading events that have occurred in the past were in reload cores where only two errors are necessary.  Therefore, the frequency of occurrence for initial cores is even lower since three errors must occur concurrently.


15.4.7.2      Sequence of Events and Systems Operation


The postulated sequence of events for the misplaced bundle accident (MBA) is presented in <Table 15.4‑6>.


Fuel loading errors, undetected by in‑core instrumentation following fueling operations, may result in undetected reductions in thermal margins during power operations.  No detection is assumed, and therefore, no corrective operator action or automatic protection system functioning occurs.


15.4.7.2.1      Effect of Single Failures and Operator Errors


This analysis already represents the worst case (i.e., operation of a misplaced bundle with three SACF or SOE) and there are no further operator errors which can make the event results any worse.  This section is not applicable to this event; refer to <Appendix 15A> for further details.


15.4.7.3      Core and System Performance


15.4.7.3.1      Mathematical Model


A three‑dimensional BWR simulator model is used to calculate the core performance resulting from this event.


15.4.7.3.2      Input Parameters and Initial Conditions


The initial core consists of bundles with average enrichments that are high, medium or low with correspondingly different gadolinia concentrations.  The fuel bundle loading error with the severest consequences occurs at beginning‑of‑cycle (BOC) when a low‑enriched bundle (which should be loaded at the periphery) is interchanged with a high‑enriched bundle located adjacent to an LPRM which is predicted to have the highest LHGR and/or lowest CPR in the core.  After the loading error is made and has gone undetected, it is assumed for purposes of conservatism that the operator uses a control rod pattern that places the limiting bundle in the four bundle array containing the misplaced bundle, on design thermal limits as recorded by the LPRM.


As a result of loading the low‑enriched bundle in an improper location, the reading of the adjacent LPRM decreases.  Consequently, because there are no instruments in the 3 mirror images of this four bundle array, the operator believes these arrays are operating at the same power as the instrumented one, when in fact they are not (since no loading error occurred in these quadrants).  As a result of placing the instrumented array on limits, the 3 mirror‑image arrays exceed the design limit.  By replacing the high‑enriched bundle with the greatest power peaking, by the low‑enriched bundle, it is assured that the difference in power peaking between the instrumented and the non‑instrumented arrays is maximum, or rather, that the (CPR and (LHGR is the upper bound for this error.


Other input parameters assumed are given in <Table 15.4‑7> and <Figure 15.4‑4>.


15.4.7.3.3      Results


Results of analyzing the worst fuel bundle loading error are reported in <Table 15.4‑8>.  As can be seen, MCPR remains well above the point where boiling transition would be expected to occur, and the MLHGR does not exceed the 1 percent plastic strain limit for the clad.  Therefore, no fuel damage occurs as a result of this event.


15.4.7.3.4      Consideration of Uncertainties


In order to assure the conservatism of this analysis, major input parameters are taken as a worst case, i.e., the bundle is placed in location with the highest LHGR and/or the lowest CPR in the core.  This assures that the minimum CPR and maximum LHGR are conservatively bounded.


15.4.7.4      Barrier Performance


An evaluation of the barrier performance was not made for this event since it is a very mild and highly localized event.  No perceptible change in reactor pressure would occur.


15.4.7.5      Radiological Consequences


An evaluation of radiological consequences is not required for this event since no radioactive material is released from the fuel.


15.4.8      SPECTRUM OF ROD EJECTION ACCIDENTS


Not applicable to BWRs.


The BWR has precluded this event by incorporating into its design mechanical equipment which restricts any movement of the control rod drive system assemblies.  The control rod drive housing support assemblies are described in <Chapter 4>.


15.4.9      CONTROL ROD DROP ACCIDENT (CRDA)


Certain limiting safety analyses are reperformed each operating cycle to determine and/or verify safety margins.  The methods, input conditions, and results for the current cycle for the control rod drop accident are presented in <Appendix 15B> ‑ Reload Safety Analysis.


The NRC approved generic bounding Control Rod Drop Accident (CRDA) analysis for Banked Position Withdrawal Sequence (BPWS) plants (such as PNPP) described in GESTAR (Reference 9) is applied and therefore, the CRDA is not reanalyzed on a reload ‑ specific basis.  As new fuel designs, methodologies or correlations are developed (e.g., GEMINI methods) the applicability of the generic analysis is reverified.  For the second cycle the CRDA was reverified due to GEMINI methods being used.  The impact of GEMINI methods on the results of the generic analysis is negligible.  Also, the effect of increasing core thermal power to 3,758 MWt on the generic CRDA analysis is negligible due to the considerable margin present in the generic analysis.


15.4.9.1      Identification of Causes and Frequency Classification


15.4.9.1.1      Identification of Causes


The control rod drop accident is the result of a postulated event in which a high worth control rod, within the constraints of the banked position rod control and information system (RC&IS), drops from the fully inserted or intermediate position in the core.  The high worth rod becomes decoupled from its drive mechanism.  The mechanism is withdrawn but the decoupled control rod is assumed to be stuck inplace.  At a 


later moment, the control rod suddenly falls free and drops to the control rod drive position.  This results in a localized power excursion.


A more detailed discussion is given in (Reference 3).


It is important to note that, because of Perry’s rod pattern control system (RPCS) <Section 7.6.1.5>, the consequences of a rod drop become insignificant.  The fission product release would be so small that no reactor isolation is expected to occur.  This is based on analysis of similar control systems as described in (Reference 1).  Therefore, due to RPCS a control rod drop accident resulting in radiological consequences even remotely approaching <10 CFR 100> guidelines is not considered credible at Perry.  The radiological calculations which follow are presented for information only and are based on a hypothetical design basis rod drop accident without RPCS.


15.4.9.1.2      Frequency Classification


The CRDA is classified as a limiting fault because it is not expected to occur during the lifetime of the plant; but if postulated to occur, it has consequences that include the potential for the release of radioactive material from the fuel.


15.4.9.2      Sequence of Events and Systems Operation


15.4.9.2.1      Sequence of Events


Before the control rod drop accident (CRDA) is possible, the sequence of events presented in <Table 15.4‑9> must occur.  No operator actions are required to terminate this transient.


15.4.9.2.2      Systems Operation


The unlikely set of circumstances, referenced above, makes possible the rapid removal of a control rod.  The dropping of the rod results in high reactivity in a small region of the core.  For large, loosely coupled cores, this would result in a highly peaked power distribution and subsequent operation of shutdown mechanisms.  Significant shifts in the spatial power generation would occur during the course of the excursion.


The rod control and information system (RC&IS) limits the worth of any control rod which could be dropped by regulating the withdrawal sequence.  This system prevents the movement of an out‑of‑sequence rod in the 100 to 75 percent rod density range, and from the 75 percent rod density point to the preset power level.  The RC&IS will only allow bank position mode rod withdrawals or insertions.


The RC&IS uses redundant input to provide absolute assurance on control rod drive position.  If either of the diverse inputs were to fail, the other would provide the necessary information.


The termination of this excursion is accomplished by automatic safety features or inherent shutdown mechanisms.  Therefore, no operator action during the excursion is required.  Although other normal plant instrumentation and controls are assumed to function, no credit for their operation is taken in the analysis of this event.


15.4.9.2.3      Effect of Single Failures and Operator Errors


Systems mitigating the consequences of this event are RC&IS and APRM scram.  The RC&IS is designed as a redundant system and therefore provides single failure protection.  The APRM scram system is also designed to single failure criteria.  Therefore, termination of this transient within the limiting results discussed below is assured.


No operator error (in addition to the one that initiates this event) can result in a more limiting case since the reactor protection system will automatically terminate the transient.


<Appendix 15A> provides a detailed discussion on this subject.


15.4.9.3      Core and System Performance


15.4.9.3.1      Mathematical Model


The analytical methods, assumptions and conditions for evaluating the control rod drop accident are described in detail in (Reference 3), (Reference 4), (Reference 5), and (Reference 11).  They are considered to provide a realistic yet conservative assessment of the associated consequences.  The bounding analyses are presented in (Reference 6).  Compliance checks are made to verify that the maximum rod worth does not exceed 1 percent (k, so that the maximum local core power increase cannot cause more than the number of fuel rod failures assumed in the following radiological evaluations.


15.4.9.3.2      Input Parameters and Initial Conditions


The core at the time of rod drop is assumed to be at the point in cycle which results in the highest incremental rod worth, to contain no xenon, to be in a hot startup condition, and to have the control rods in sequence A at 50 percent rod density (Groups 1‑4 withdrawn).  Removing xenon, which has a high neutron absorption cross section, increases the fraction of neutrons absorbed, or worth of the control rods.  The 50 percent control rod density which nominally occurs at the hot startup condition, ensures that withdrawal of a rod results in the maximum increment of reactivity.


<Table 15.4‑10> provides other input parameters and initial conditions for the CRDA analysis.


15.4.9.3.3      Results


The radiological evaluations are based on the assumed failure of 1,107 fuel pins for GE14 fuel.  The number of pins which exceed the damage threshold is less than 1,107 for all plant operating conditions, provided the peak enthalpy is less than the 280 calories per gram design limit.


The results of the compliance check calculation, as shown in the <Table 15.4‑11>, indicate that the maximum incremental rod worth is well below the worth required to cause a CRDA which would result in 280 calories per gram peak fuel enthalpy (Reference 3) (Reference 4) (Reference 5).  The conclusion is that the 280 calories per gram design limit is not exceeded and the assumed failure of 1,107 pins for the radiological evaluation is conservative for GE14 fuel.


15.4.9.4      Barrier Performance


An evaluation of the barrier performance was not made for this accident since this is a highly localized event with no significant change in reactor temperature or pressure.


15.4.9.5      Radiological Consequences


Two separate radiological analyses are provided for this accident:


a.
The first analysis assumes the accident occurs at a low reactor power level with the mechanical vacuum pumps in operation or at any power level with a coincident loss of offsite power.  This is referred to as Scenario 1.


b.
The second analysis assumes the accident occurs at a higher reactor power level with the Steam Jet Air Ejectors in operation such that 



the condenser gases are processed through the Offgas filtration system.  This is referred to as Scenario 2.



Each analysis is based on conservative assumptions considered to be acceptable to the NRC for the purpose of determining adequacy of the plant design to meet <10 CFR 100> guidelines and is referred to as the “Design Basis Analysis.”


A schematic of the leakage path for each analysis is shown in <Figure 15.4‑5>.


15.4.9.5.1      Scenario 1 Analysis


The Scenario 1 analysis is based on the NRC’s Standard Review Plan 15.4.9 (Reference 8) where a loss of offsite power (LOOP) occurs coincident with the CRDA.  The LOOP condition results in the automatic closure of the MSIVs, thereby stopping the transport of the fission products to the condenser.  Radioactive release to the environment follows due to the condenser leakage.  Alternatively, if the mechanical vacuum pumps are in operation (i.e., low reactor power level) at the time of the CRDA and a LOOP does not occur, the high radiation condition will be detected by the MSLRMs causing an automatic isolation of the operating mechanical vacuum pump line.  Once again, the radioactive release to the environment will occur as a function of condenser leakage.  The specific models, assumptions and the program used for computer evaluation are described in (Reference 7).  Specific parametric values used in the evaluation are presented in <Table 15.4‑12>.


15.4.9.5.1.1      Fission Product Release from Fuel


The failure of 1,107 fuel pins is used for this analysis.  The mass fraction of the fuel in the damaged rods which reaches or exceeds the initiation temperature of fuel melting (taken as 2,842(C) is estimated to be 0.0077.


Fuel reaching melt conditions is assumed to release 100 percent of the noble gas inventory and 50 percent of the iodine inventory.  The remaining fuel in the damaged pins is assumed to release 10 percent of both the noble gas and iodine inventories.


A maximum equilibrium inventory of fission products in the core is based on 1,000 days of continuous operation at 3,833 MWt.  No delay time is considered between departure from the above power condition and the initiation of the accident.


15.4.9.5.1.2      Fission Product Transport to the Environment


The transport pathway is shown in <Figure 15.4‑5> and consists of carryover with steam to the turbine condenser and leakage from the condenser to the environment.  No credit is taken for decay during retention in the turbine building.


Of the activity released from the fuel, 100 percent of the noble gases and 10 percent of the iodines are assumed to be carried to the condenser.


Of the activity reaching the condenser, 100 percent of the noble gases and 10 percent of the iodines (due to partitioning and plateout) remain airborne.  The activity airborne in the condenser is assumed to leak directly to the environment at a rate of 1.0 percent per day.  Radioactive decay is accounted for during residence in the condenser, however, it is neglected after release to the environment.


The activity airborne in the condenser is presented in <Table 15.4‑13>.


15.4.9.5.1.3      Results


The calculated exposures from the Scenario 1 design basis analysis are presented in <Table 15.4‑14> and are well within the guidelines of <10 CFR 100>.


15.4.9.5.2      Scenario 2 Analysis


The Scenario 2 analysis is based on the NRC’s Standard Review Plan 15.4.9 (Reference 8) with the exception that a LOOP is not assumed to occur.  The specific models, assumptions and the program used for computer evaluation are described in (Reference 7).  Specific parametric values used in the evaluation are presented in <Table 15.4‑12>.


15.4.9.5.2.1      Fission Product Release from Fuel


The fission product release from fuel is the same as presented in <Section 15.4.9.5.1.1> for Scenario 1.


15.4.9.5.2.2      Fission Product Transport to the Environment


The transport pathway is shown in <Figure 15.4‑5> and consists of carryover with steam to the turbine condenser and leakage from the condenser to the environment via the Offgas System.


Of the activity released from the fuel, 100 percent of the noble gases and 10 percent of the iodines are assumed to be carried to the condenser.


Of the activity reaching the condenser, 100 percent of the noble gases and 10 percent of the iodines (due to partitioning and plateout) remain airborne.  The activity airborne in the condenser is processed by the Offgas filtration system prior to release to the environment.


Radioactive decay is accounted for during residence in the condenser and the Offgas System, however, it is neglected after release to the environment.


The activity airborne in the condenser is presented in <Table 15.4‑13>.


15.4.9.5.2.3      Results


The calculated exposures from the Scenario 2 design basis analysis are presented in <Table 15.4‑16> and are well within the guidelines of <10 CFR 100>.
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TABLE 15.4‑1


SEQUENCE OF EVENTS ‑ RWE IN POWER RANGE



Elapsed



Time

Event



0
Core is assumed to be operating at rated conditions.



0
Operator selects and withdraws the maximum worth single control rod or rod gang.



~1 sec
The total core power and the local power in the vicinity of the control rod increase.



~6 sec
The RWL mode blocks withdrawal.



~25 sec
Reactor core stabilizes at slightly higher core power level.



~45 sec
Operator re‑inserts control rod to reduce core power level.



~60 sec
Core stabilizes at rated conditions.


<TABLE 15.4‑2>


DELETED


TABLE 15.4‑3


SEQUENCE OF EVENTS FOR <FIGURE 15.4‑1>



Time‑sec
Event



0
Start pump motor.



0.73
Jet pump diffuser flows on started pump side become positive.



3.1
Pump motor at full speed and drive flow at about 21% of rated.



17.6
Last of cold water leaves recirculation drive loop.



(est.)



18.0
Peak value of core inlet subcooling.



(est.)



50
Reactor variables settle into new steady‑state.


TABLE 15.4‑4


SEQUENCE OF EVENTS FOR <FIGURE 15.4‑2>



Time‑sec
Event



0
Initiate failure of single loop control.



1.4
Reactor APRM high flux scram trip initiated.



3.4
Turbine control valves start to close upon falling



(est.)
turbine pressure.



12.0
Turbine control valves closed.  Turbine pressure



(est.)
below pressure regulator setpoints.



14.0
Vessel water level reaches Level 2 (L2) setpoint.



(est.)



14.0
Recirculation pump drive motors trip due to L2.



(est.)



>100
Reactor variables settle into new steady‑state.


TABLE 15.4‑5


SEQUENCE OF EVENTS FOR <FIGURE 15.4‑3>



Time‑sec
Event



0
Initiate failure of master controller.



1.9
Reactor APRM high flux scram trip initiated.



3.7
Turbine control valves start to close upon falling



(est.)
turbine pressure.



9.0
Turbine control valves closed.  Turbine pressure



(est.)
below pressure regulator setpoints.



9.0
Vessel water level reaches Level 2 (L2) setpoint.



9.0
Recirculation pump drive motors trip due to L2.



>100
Reactor variables settle into new steady‑state.



(est.)


TABLE 15.4‑6


SEQUENCE OF EVENTS FOR MISPLACED BUNDLE ACCIDENT


1.
During core loading operation, bundle is placed in the wrong location.


2.
Subsequently, the bundle intended for this location is placed in the location of the previous bundle.


3.
During core verification procedure, error is not observed.


4.
Plant is brought to full power operation without detecting misplaced bundle.


5.
Plant continues to operate.


TABLE 15.4‑7


INPUT PARAMETERS AND INITIAL CONDITIONS


FOR FUEL BUNDLE LOADING ERROR


(3758 MWt Core)


1.
Power, % rated
100


2.
Flow, % rated
91.7


3.
MCPR
1.378


4.
MLHGR, kW/ft
10.01


5.
Average core exposure, MWd/t
11,900


6.
Location of minimum CPR bundle
(12, 15)


7.
Location of maximum LHGR bundle
(8, 13)


8.
Control Rod Pattern
<Figure 15.4‑4>


NOTE:


(1)
Core conditions are assumed to be normal for a hot, operating core near EOC.


TABLE 15.4‑8


MISPLACED BUNDLE ANALYSIS


Bundle (11, 13) Replaced with Fresh Bundle









MCPR



MCPR



With Misplaced Bundle


(CPR



1.378




1.253



‑0.125








   MLHGR



MLHGR


With Misplaced Bundle


(LHGR



10.01 kW/ft



10.92 kW/ft



0.91 kW/ft


TABLE 15.4‑9


SEQUENCE OF EVENTS FOR ROD DROP ACCIDENT


Approximate


Elapsed Time




Event





Reactor is operating at 50% rod density pattern.





Maximum worth control rod blade becomes decoupled from the CRD.





Operator selects and withdraws the control rod drive of the decoupled rod either individually or along with other control rods assigned to the RC&IS group.





Decoupled control rod sticks in the fully inserted or an intermediate bank position.



0

Control rod becomes unstuck and drops to the drive position at the nominal measured velocity plus three standard deviations.


<1 second

Reactor goes on a positive period and the initial power increase is terminated by the Doppler coefficient.


<1 second

APRM 120% power signal scrams reactor.


<5 seconds
Scram terminates accident.


TABLE 15.4‑10


INPUT PARAMETERS AND INITIAL CONDITIONS


FOR ROD WORTH COMPLIANCE CALCULATION


1.
Reactor power, % rated
100


2.
Reactor flow, % rated
100


3.
Core average exposure, MWd/t
8.0


4.
Control rod density, percent
~50


5.
Average fuel temperature, (C
286


6.
Average moderator temperature, (C
286


7.
Xenon state
No xenon


TABLE 15.4‑11


INCREMENTAL WORTH OF THE MOST REACTIVE ROD USING BPWS(1)

 Control

Banked
Control

Increase


   Rod

  At
  Rod
 Drops
   In


 Group(2)

Notch
_(I, J)_
From‑To

keff  



10
4
(30, 55)
0(8
0.0010



10
8
(30, 55)
0(12
0.0022



10
12
(30, 55)
0(48
0.0042



10
48
(30, 55)
0(48
0.0005


NOTES:


(1)
Sequence A, Rod Groups 1‑4 withdrawn.


(2)
For definition of rod groups, see (Reference 5).


TABLE 15.4‑12


CONTROL ROD DROP ACCIDENT


EVALUATION PARAMETERS



Scenario 1
Scenario 2



Assumptions
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents.



A.
Power level
3,833 MWt
3,833 MWt



B.
Burnup
N/A
N/A



C.
Fuel damaged
1,107 rods(1)
770 rods



D.
Release of activity by




nuclide
<Table 15.4‑13>
N/A



E.
Iodine fractions, %




(1)
Organic
0
0




(2)
Elemental
100
100




(3)
Particulate
0
0



F.
Reactor coolant activity




before the accident.
N/A
N/A


II.
Data and assumptions used to



estimate activity released.



A.
Condenser leak rate (%/day)
1.0
N/A



B.
Turbine building leak




rate (%/day)
N/A
N/A



C.
Valve closure time (sec)
N/A
5



D.
Adsorption and filtration




efficiencies




(1)
Organic iodine
N/A
N/A




(2)
Elemental iodine
N/A
N/A




(3)
Particulate iodine
N/A
N/A




(4)
Particulate fission





products
N/A
N/A



E.
Recirculation system




parameters




(1)
Flow rate
N/A
N/A




(2)
Mixing efficiency
N/A
N/A




(3)
Filter efficiency
N/A
N/A



F.
Containment spray 




parameters (flow rate, 




drop size, etc.)
N/A
N/A



G.
Containment volumes
N/A
N/A


TABLE 15.4‑12 (Continued)



Scenario 1
Scenario 2



Assumptions
Assumptions



H.
All other pertinent data 




and assumptions.
None
Holdup Time in 







Offgas Pretreat-







ment System 







<Table 11.3‑8a>:







a. Xe = 54.2 days







b. Kr = 59.3 hours


III.
Dispersion Data



A.
Boundary and LPZ




distances (m)
863/4,002
863/4,002



B.
X/Q’s (sec/m3) for time




intervals of:




(1)
0‑2 hr ‑ SB/LPZ
4.3E‑4/4.8E‑5
4.3E‑4/4.8E‑5




(2)
2‑8 hr ‑ LPZ
4.8E‑5
4.8E‑5




(3)
8‑24 hr ‑ LPZ
3.3E‑5
3.3E‑5




(4)
1‑4 days ‑ LPZ
1.4E‑5
1.4E‑5




(5)
4‑30 days ‑ LPZ
4.1E‑6
4.1E‑6


IV.
Dose Data



A.
Method of dose calculation
<Section 15.0.3.5>
<Section 15.0.3.5>



B.
Dose conversion assumptions
<Section 15.0.3.5>
<Section 15.0.3.5>



C.
Peak activity concentrations
<Table 15.4‑13>
<Table 15.4‑13>




in condenser



D.
Doses

<Table 15.4‑14>
<Table 15.4‑16>


NOTE:


(1)
GE14 Fuel.


TABLE 15.4‑13


CONTROL ROD DROP ACCIDENT ‑ SCENARIO 1


(DESIGN BASIS ANALYSIS)


ACTIVITY AIRBORNE IN CONDENSER (CURIES)(1)


Activity



Isotope
_Curies_



I‑131
1.9E+3



I‑132
3.3E+3



I‑133
3.0E+3



I‑134
5.6E+3



I‑135
4.5E+3



Kr‑83m
3.3E+4



Kr‑85
1.6E+3



Kr‑85m
7.8E+4



Kr‑87
1.7E+5



Kr‑88
2.3E+5



Kr‑89
3.0E+5



Xe‑131m
1.3E+3



Xe‑133m
5.1E+4



Xe‑133
3.2E+5



Xe‑135m
8.6E+4



Xe‑135
3.0E+4



Xe‑137
4.5E+5



Xe‑138
4.6E+5


NOTE:


(1)
GE14 Fuel @ 3,833 MWt.


TABLE 15.4‑14


CONTROL ROD DROP ACCIDENT ‑ SCENARIO 1


(DESIGN BASIS ANALYSIS)


RADIOLOGICAL EFFECTS(1)








Whole Body

Inhalation









Dose (rem)

Dose (rem)


Exclusion area


(863 Meters)




5.43E‑2


5.92E‑1


Low population zone


(4,002 Meters)




1.49E‑2


8.02E‑1


NOTE:


(1)
The above radiological effects have been updated to reflect the scaled increases associated with Power Uprate to 3,758 MWt.


<TABLE 15.4‑15>


DELETED


TABLE 15.4‑16


CONTROL ROD DROP ACCIDENT ‑ SCENARIO 2


(DESIGN BASIS ANALYSIS)


RADIOLOGICAL EFFECTS









Whole Body

Inhalation









Dose (rem)

Dose (rem)


Exclusion area


(863 Meters)




3.0E‑3


Negligible(1)

Low population zone


(4,002 Meters)




N/A(2)



Negligible(1)

NOTES:


(1)
Iodine releases are negligible because of their retention in the charcoal beds of the Offgas Treatment System as noted in NEDO‑31400.


(2)
Whole Body Dose at the LPZ is not calculated in the NEDO‑31400 analysis.
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15.5      INCREASE IN REACTOR COOLANT INVENTORY


15.5.1      INADVERTENT HPCS STARTUP


This transient was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed transients.


15.5.1.1      Identification of Causes and Frequency Classification


15.5.1.1.1      Identification of Causes


Manual startup of the HPCS system is postulated for this analysis, i.e., operator error.


15.5.1.1.2      Frequency Classification


This transient disturbance is categorized as an incident of moderate frequency.


15.5.1.2      Sequence of Events and Systems Operation


15.5.1.2.1      Sequence of Events


<Table 15.5‑1> lists the sequence of events for <Figure 15.5‑1>.


15.5.1.2.1.1      Identification of Operator Actions


With the recirculation system in either the automatic or manual mode, relatively small changes would be experienced in plant conditions.  The operator should, after hearing the alarm that the HPCS has commenced operation, check reactor water level and drywell pressure.  If conditions are normal, the operator should shut down the system.


15.5.1.2.2      Systems Operation


In order to properly simulate the expected sequence of events, the analysis of this event assumes normal functioning of plant instrumentation and controls, specifically, the pressure regulator and the vessel level control which respond directly to this event.


Required operation of engineered safeguards other than what is described is not expected for this transient event.


The recirculation system is assumed to be in the manual flow control mode of operation.


15.5.1.2.3      The Effect of Single Failures and Operator Errors


Inadvertent operation of the HPCS results in a mild depressurization.  Corrective action by the pressure regulator and/or level control is expected to establish a new stable operating state.  The effect of a single failure in the pressure regulator will aggravate the transient depending upon the nature of the failure.  Pressure regulator failures are discussed in <Section 15.1.3> and <Section 15.2.1>.


The effect of a single failure in the level control system has rather straightforward consequences including level rise or fall by improper control of the feedwater system.  Increasing level will trip the turbine and automatically trip the HPCS system off.  This trip signature is already described in the failure of feedwater controller with increasing flow.  Decreasing level will automatically initiate scram at the L3 level trip and will have a signature similar to loss of feedwater control ‑ decreasing flow.


15.5.1.3      Core and System Performance


15.5.1.3.1      Mathematical Model


The nonlinear dynamic model described briefly in <Section 15.1.2.3.1> is used to simulate this transient.


15.5.1.3.2      Input Parameter and Initial Conditions


This analysis has been performed unless otherwise noted with plant conditions tabulated in <Table 15.0‑1>.


The water temperature of the HPCS system was assumed to be 40(F with an enthalpy of 11 Btu/lb.


Inadvertent startup of the HPCS system was chosen to be analyzed since it provides the greatest auxiliary source of cold water into the vessel.


15.5.1.3.3      Results


<Figure 15.5‑1> shows the simulated transient event for the manual flow control mode.  It begins with the introduction of cold water into the upper core plenum.  Within 3 seconds the full HPCS flow is established at approximately 5.1 percent of rated feedwater flow rate.  This flow is nearly 102 percent of the HPCS flow at rated pressure.  No delays were considered because they are not relevant to the analysis.


Addition of cooler water to the upper plenum causes a reduction in steam flow which results in some depressurization as the pressure regulator responds to the event.  In the automatic flow control mode, following a momentary decrease, neutron power settles out at a level slightly above operating level.  In manual mode the flux level settles out slightly below operating level.  In either case, pressure and thermal variations


are relatively small and no significant consequences are experienced.  MCPR remains above the safety limit and therefore fuel thermal margins are maintained.


15.5.1.3.3.1      Consideration of Uncertainties


Important analytical factors including reactivity coefficient and feedwater temperature change have been assumed to be at the worst conditions so that any deviations in actual plant parameters will produce a less severe transient.


15.5.1.4      Barrier Performance


<Figure 15.5‑1> indicates a slight pressure reduction from initial conditions, therefore, no further evaluation is required as RCPB pressure margins are maintained.


15.5.1.5      Radiological Consequences


Since no activity is released during this event, a detailed evaluation is not required.


15.5.2      CHEMICAL VOLUME CONTROL SYSTEM MALFUNCTION (OR OPERATOR ERROR)


This section is not applicable.


15.5.3      BWR TRANSIENTS WHICH INCREASE REACTOR COOLANT INVENTORY


These events are discussed and considered in <Section 15.1> and <Section 15.2>.


TABLE 15.5‑1


SEQUENCE OF EVENTS FOR <FIGURE 15.5‑1>



Time‑sec



   Event



  0

Initiate HPCS cold water injection.



  3

Full flow established for HPCS.



  5

Depressurization effect stabilized.
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15.6      DECREASE IN REACTOR COOLANT INVENTORY


15.6.1      INADVERTENT SAFETY/RELIEF VALVE OPENING


This event is discussed and analyzed in <Section 15.1.4>.


15.6.2      INSTRUMENT LINE PIPE BREAK


This event involves the postulation of a small steam or liquid line pipe break inside containment.  In order to bound the event, it is assumed that a small instrument line, instantaneously and circumferentially, breaks at a location where it may not be isolated and where immediate detection is not automatic or apparent.


Obviously, this event is far less limiting than the postulated events in <Section 15.6.4>, <Section 15.6.5> and <Section 15.6.6>.  Accordingly, this accident was not reanalyzed for the current reload as it has been determined to be less limiting and bounded by the analyzed accidents described in the previously listed sections for the initial core.


This postulated event represents the envelope evaluation for small line failure inside containment, relative to sensitivity to detection.


15.6.2.1      Identification of Causes and Frequency Classification


15.6.2.1.1      Identification of Causes


There is no specific event or circumstance identified which results in the failure of an instrument line.  These lines are designed to high quality, engineering standards, seismic, and environmental requirements.  However, for the purpose of evaluating the consequences of a small line rupture, the failure of an instrument line is assumed to occur.


A circumferential rupture of an instrument line which is connected to the primary coolant system is postulated to occur outside the drywell but inside the containment structure.  This failure results in the release of primary system coolant to containment until the reactor is depressurized.  This event could also conceivably occur in the drywell.  However, the associated effects would not be as significant as those from a failure in the containment.


15.6.2.1.2      Frequency Classification


This event is categorized as a limiting fault.


15.6.2.2      Sequence of Events and Systems Operation


15.6.2.2.1      Sequence of Events


The sequence of events for this accident is shown in <Table 15.6‑1>.


15.6.2.2.1.1      Identification of Operator Actions


The operator should isolate the affected instrument line.  Depending on which line is broken, the operator should determine whether to continue plant operation until a scheduled shutdown can be made or to proceed with an immediate, orderly plant shutdown.


As a result of increased radiation, temperature, humidity, fluid, and noise levels within the containment, operator action can be initiated by any one or any combination of the following:


a.
Operator comparing readings with several instruments monitoring the same process variable such as reactor level, jet pump flow, steam flow, and steam pressure.


b.
By annunciation of the control function, either high or low in the main control room.


c.
By a half‑channel scram if rupture occurred on a reactor protection system instrument line.


d.
By a general increase in the area radiation monitor readings.


e.
By an increase in the ventilation process radiation monitor readings.


f.
By increases in area temperature monitor readings in the containment.


g.
Leak detection system actuations.


Upon receiving one or more of the above signals and having made the decision to shut down the plant, the operator should proceed to shut down in an orderly manner.


15.6.2.2.2      Systems Operation


Normal plant instrumentation and controls are assumed to be fully operational during the entire plant transient to ensure positive identification of the break and safe shutdown of the plant.  Minimum reactor and plant protection system operations are assumed for the analysis, e.g., minimum ECCS flow, and pool cooling capability.  As a consequence of the accident, the reactor is scrammed and the reactor vessel cooled and depressurized over a 5 hour period.


15.6.2.2.3      The Effect of Single Failures and Operator Errors


The initiating event is handled by a protection sequence which can accommodate additional single failures.  See <Appendix 15A> for a more detailed discussion of this subject.


15.6.2.3      Core and System Performance


15.6.2.3.1      Qualitative Summary ‑ Results


Instrument line breaks, because of their small size, are substantially less limiting from a core and systems performance standpoint than the events examined in <Section 15.6.4>, <Section 15.6.5> and <Section 15.6.6>.  Consequently instrument line breaks are considered to be bounded specifically by the steam line break, <Section 15.6.4>.  Details of this calculation, including those pertinent to core and system performance are discussed in detail in <Section 15.6.4.3>.


Since instrument line breaks result in a slower rate of coolant loss and are bounded by the calculations referenced above, the results presented here are qualitative rather than quantitative.  Since the rate of coolant loss is slow, an orderly reactor system depressurization follows reactor scram and the primary system is cooled down and maintained without ECCS actuation.  No fuel damage or core uncovery occurs as a result of this accident.


15.6.2.3.2      Quantitative Results


Instrument line breaks, because of their small size, are substantially less limiting from a core and system performance standpoint than the steam line break outside containment.  Similarly, instrument line breaks are considered within the spectrum considered in ECCS performance calculations discussed in detail in <Section 6.3.3>.


Therefore, all information concerning ECCS models employed, input parameters and detailed results for a more limiting (steam line break) event may be found in <Section 6.3>.


15.6.2.3.3      Consideration of Uncertainties


The approach toward conservatively analyzing this event is discussed in detail for a more limiting case in <Section 6.3>.


15.6.2.4      Barrier Performance


15.6.2.4.1      General


The release of primary coolant through the orificed instrument line could result in an increase in containment pressure and the potential for isolation of the normal ventilation system.


The following assumptions and conditions are the basis for the mass loss during the 5 hour reactor shutdown period of this event:


a.
Shutdown and depressurization initiated at 10 minutes after break occurs.


b.
Normal depressurization and cooldown of reactor pressure vessel.


c.
Line contains a 1/4‑inch diameter flow restricting orifice inside the drywell.


d.
Moody critical blowdown flow model (Reference 1) is applicable and flow is critical at the orifice.


The total integrated mass of fluid released into the containment via the break during the blowdown is 25,000 pounds.  Of this total, 6,000 pounds flash to steam.  Release of this mass of coolant results in a containment pressure which is well below the design pressure.


15.6.2.4.2      Containment Effects


Following the postulated failure of an instrument line in the containment, the containment pressure will rise due to the release of primary system fluid and will continue until the reactor is depressurized.  The containment pressure increase is evaluated based on the calculated mass release.  The calculation is based on the assumptions outlined above and includes the heat losses to the containment structures that will occur.


15.6.2.5      Radiological Consequences


15.6.2.5.1      Design Basis Analysis


While the NRC has developed a standard review plan (Reference 2) for this event, a specific regulatory guide calculation method has not been issued.  For this reason, only the realistic bases will be provided.


15.6.2.5.2      Realistic Analysis


The realistic analysis is based on a realistic but still conservative assessment of this accident.  The specific models, assumptions and the program used for evaluation are described in <Section 15.0.3.5>.  Specific values of parameters used in the evaluation are presented in <Table 15.6‑2>.


15.6.2.5.2.1      Fission Product Release from Fuel


The quantity of activity released as a consequence of reactor scram and vessel depressurization is based in part on measurements during plant shutdowns (Reference 3).  These measurements have been used to develop an empirical model which predicts, during the depressurization transient, I‑131 releases of 0.42 Ci/bundle at the 50th percentile to 2.14 Ci/bundle at the 95th percentile.  For the purpose of this evaluation, the 95th percentile values are used.  The release of other iodine isotopes is considered to be proportional to the fission yields, that is
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The activity airborne in the break location structure is presented in <Table 15.6‑3>.


15.6.2.5.2.2      Fission Product Release to the Environment


The fission product activity released to the environment as a result of this accident is based upon the methods and assumptions outlined below:


a.
The failure of an instrument line results in a relatively small release of activity to the containment over a blowdown period of approximately 5 hours.  Therefore, it is conservatively assumed that the total iodine activity airborne inside containment presented in <Table 15.6‑3> is instantaneously released to the environs through the containment purge exhaust system.


b.
Charcoal filter efficiency for the containment purge exhaust system is conservatively assumed to be 90 percent for iodine.


15.6.2.5.2.3      Results


The calculated inhalation doses for the realistic analysis are 2.03 rem at the exclusion area boundary (863 meters) and 0.249 rem at the low population zone boundary (4,002 meters).


15.6.3      STEAM GENERATOR TUBE FAILURE


This section is not applicable to the BWR.


15.6.4      STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT


The accident was not reanalyzed for the current reload since the original analysis is still applicable.


This event involves the postulation of a large steam line break outside containment.  It is assumed that the largest steam line, instantaneously and circumferentially, breaks at a location downstream of the outboard containment isolation valve <Figure 15.6‑1>.  The plant is designed to immediately detect such an occurrence, initiate isolation of the broken line and actuate the necessary protective features.  This postulated event represents the envelope evaluation of steam line failures outside containment.


15.6.4.1      Identification of Causes and Frequency Classification


15.6.4.1.1      Identification of Causes


A main steam line break is postulated without the cause being identified.  These lines are designed to high quality engineering codes and standards, and to restrictive seismic and environmental 


requirements.  However, for the purpose of evaluating the consequences of a postulated large steam line rupture, the failure of a main steam line is assumed to occur.


15.6.4.1.2      Frequency Classification


This event is categorized as a limiting fault.


15.6.4.2      Sequence of Events and Systems Operation


15.6.4.2.1      Sequence of Events


Accidents that result in the release of radioactive materials directly outside the containment are the results of postulated breaches in the reactor coolant pressure boundary or the steam power conversion system boundary.  A break spectrum analysis for the complete range of reactor conditions indicates that the limiting fault event for breaks outside the containment is a complete severance of one of the four main steam lines.  The sequence of events is given in <Table 15.6‑6>.


15.6.4.2.1.1      Identification of Operator Actions


Normally the reactor operator will maintain reactor vessel water inventory and, therefore, core cooling with the RCIC system.  Without operator action, the RCIC would initiate automatically on low water level following isolation of the main steam supply system (i.e., MSIV closure).  The core would be covered throughout the accident and there would be no fuel damage.  Without taking credit for the RCIC water makeup capability and assuming HPCS failure, the ADS will automatically initiate on low water level to ensure termination of the accident without fuel damage.


15.6.4.2.2      Systems Operation


A postulated guillotine break of one of the four main steam lines outside the containment results in mass loss from both ends of the break.  The flow from the upstream side is initially limited by the flow restrictor upstream of the inboard isolation valve.  Flow from the downstream side is initially limited by the total area of the flow restrictors in the three unbroken lines.  Subsequent closure of the MSIVs further limits the flow when the valve area becomes less than the restrictor area and finally terminates the mass loss when full closure is reached.


A discussion of plant and reactor protection system action and ESF action is given in <Section 6.3>, <Section 7.2>, <Section 7.3>, and <Section 7.6>.


15.6.4.2.3      The Effect of Single Failures and Operator Errors


The effect of single failures has been considered in analyzing this event.  The ECCS aspects are covered in <Section 6.3>.  The break detection and isolation considerations are defined in <Section 7.3> and <Section 7.6>.  All of the protective sequences for this event are capable of SACF and SOE accommodation and yet completion of the necessary safety action.  Refer to <Appendix 15A> for further details.


15.6.4.3      Core and System Performance


Quantitative results (including mathematical models, input parameters and consideration of uncertainties) for this event are given in <Section 6.3>.  The temperature and pressure transients resulting as a consequence of this accident are insufficient to cause fuel damage.


15.6.4.3.1      Input Parameters and Initial Conditions


Refer to <Section 6.3> for initial conditions.


15.6.4.3.2      Results


There is no fuel damage as a consequence of this accident.


Refer to <Section 6.3> for ECCS analysis.


15.6.4.3.3      Consideration of Uncertainties


<Section 6.3> and <Section 7.3> contain discussions of the uncertainties associated with ECCS performance and the containment isolation systems, respectively.


15.6.4.4      Barrier Performance


Since this break occurs outside the containment, barrier performance within the containment envelope is not applicable.


The following assumptions and conditions are used in determining the mass loss from the primary system from the inception of the break to full closure of the MSIVs:


a.
The reactor is operating at the power level associated with maximum mass release.


b.
Nuclear system pressure is 1,060 psia and remains constant during closure.


c.
An instantaneous circumferential break of the main steam line occurs.


d.
Isolation valves start to close at 0.5 seconds on high flow signal and are fully closed at 5.5 seconds.


e.
The Moody critical flow model (Reference 1) is applicable.


f.
Level rise time is conservatively assumed to be 1.0 second.  Mixture quality is conservatively taken to be a constant 7.0 (steam weight percentage) during mixture flow.


Initially only steam will issue from the broken end of the steam line.  The flow in each line is limited by critical flow at the limiter to a maximum of 200 percent of rated flow for each line.  Rapid depressurization of the RPV causes the water level to rise resulting in a steam‑water mixture flowing from the break until the valves are closed.  The total integrated mass leaving the RPV through the steam line break is 141,687 pounds of which 127,376 pounds is liquid and 14,311 pounds is steam.


15.6.4.5      Radiological Consequences


Two separate radiological analyses are provided for this accident:


a.
The first is based on conservative assumptions considered to be acceptable to the NRC for the purpose of determining adequacy of the plant design to meet <10 CFR 100> guidelines.  This analysis is referred to as the “design basis analysis.”


b.
The second is based on assumptions considered to provide a realistic conservative estimate of the radiological consequences.  This analysis is referred to as the “realistic analysis.”


A schematic of the release path is shown in <Figure 15.6‑1>.


15.6.4.5.1      Design Basis Analysis


The design basis analysis is based on NRC Standard Review Plan 15.6.4 and NRC <Regulatory Guide 1.5>.  The specific models, assumptions and the program used for computer evaluation are described in <Section 15.0.3.5>.  Specific values of parameters used in the evaluation are presented in <Table 15.6‑9>.


15.6.4.5.1.1      Fission Product Release from Fuel


There is no fuel damage as a result of this accident.  The only activity available for release from the break is that which is present in the reactor coolant and steam lines prior to the break.  This level of activity is consistent with an offgas release rate of 100 (Ci per second ‑ MWt after 30 minutes delay (~375,800 (Ci per second).  The iodine concentration in the reactor coolant is then given by ((Ci per gram):



I‑131


7.5E ‑ 2



I‑132


9.7E ‑ 1



I‑133


5.5E ‑ 1



I‑134


1.8E + 0



I‑135


8.9E ‑ 1


Because of its short half‑life, N‑16 is not considered in the analysis.


15.6.4.5.1.2      Fission Product Transport to the Environment


The transport pathway is a direct unfiltered release to the environment.  The MSIV detection and closure time of 5.5 seconds results in a discharge of 14,311 pounds of steam and 127,376 pounds of liquid from the break.  Assuming all the activity in this discharge becomes airborne, the release of activity to the environment is presented in <Table 15.6‑7>.


15.6.4.5.1.3      Results


The calculated exposures for the design basis analysis are presented in <Table 15.6‑8> and are a small fraction of the guidelines of <10 CFR 100>.


15.6.4.5.2      Realistic Analysis


The realistic analysis is based on a realistic but still conservative assessment of this accident.  The specific models, assumptions and the program used for computer evaluation are described in <Section 15.0.3.5>.  Specific values of parameters used in the evaluation are presented in <Table 15.6‑9>.


15.6.4.5.2.1      Fission Product Release from Fuel


There is no fuel rod damage as a consequence of this event, therefore, the only activity released to the environment is that associated with the steam and liquid discharged from the break.


15.6.4.5.2.2      Fission Product Transport to the Environment


The activity released from the accident is a function of the coolant activity, valve closure time and mass of coolant released.  A portion of the released coolant exists as steam prior to the blowdown, and as such does not contain the same concentration per unit of mass as does the steam generated as a consequence of the blowdown.  Therefore, it is necessary to subtract the initial steam mass from the total mass released and assign to it only 2 percent of the iodine activity contained by an equivalent mass of primary coolant.


The following assumptions are used in the calculation of the quantity and types of radioactive material released from the reactor coolant pressure boundary.


a.
The amount of coolant discharged is that calculated in the analysis of the nuclear system transient.


b.
The concentrations of biologically significant radionuclides contained in the primary coolant is given by µCi per gram as follows:




I‑131


2.0E ‑ 2




I‑132


2.6E ‑ 1




I‑133


1.5E ‑ 1




I‑134


4.8E ‑ 1




I‑135


2.4E ‑ 1



Measurements made on current generation BWRs show the activity ratio between the main turbine condensate and reactor coolant is on the order of 0.5 percent to 2 percent.  For the purpose of this evaluation the conservative assumption is made that the activity per pound of steam is equal to 2 percent of the activity per pound of reactor water.


c.
The noble gas discharge rate, after 30 minutes holdup, is assumed to be 0.1 Ci per second, an unusually high normal discharge rate.  This assumption permits direct computation of the amount of noble gas activity leaving the reactor vessel at the time of the accident.  The result is that 0.45 Ci of noble gas activity leaves the reactor vessel during each second that the isolation valve is open.


d.
Because of the short half‑life of Nitrogen‑16, the radiological effects from this isotope are of no major concern and are not considered in the analysis.


Based on the above considerations, the amount of activity which is available for atmospheric dispersion is presented in <Table 15.6‑10>.


15.6.4.5.2.3      Results


The calculated exposures for this event are presented in <Table 15.6‑11>.  As noted, these values are a small fraction of <10 CFR 100>.


15.6.5      LOSS‑OF‑COOLANT ACCIDENTS (RESULTING FROM SPECTRUM OF POSTULATED PIPING BREAKS WITHIN THE REACTOR COOLANT PRESSURE BOUNDARY) ‑ INSIDE CONTAINMENT


This accident was evaluated as part of the analyses supporting PNPP operation in various operating modes and/or with equipment out‑of‑service results of which are presented in the following Chapter 15 appendices:


 ‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


 ‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


 ‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


This accident was re‑analyzed for cycle 8 using the SAFER/GESTR‑LOCA methodology.  Subsequent fuel cycles will be re‑analyzed to ensure the new fuel types remain bounding with the initial (Cycle 8) SAFER/GESTR‑LOCA analysis.  The results for these cycles with respect to the loss‑of‑coolant accident are presented in <Appendix 15B> of this chapter.


This event involves the postulation of a spectrum of piping breaks inside containment varying in size, type and location.  The break type includes steam and/or liquid process system lines.  This event is also coincident with an SSE earthquake.


The event has been analyzed quantitatively in <Section 3.6>, <Section 6.2>, <Section 6.3>, <Section 7.3>, and <Section 8.3>.  Therefore, the following discussion provides only new information not presented in the subject sections.  All other information is covered by cross‑referencing.


The postulated event represents the envelope evaluation for liquid or steam line failures inside containment.


15.6.5.1      Identification of Causes and Frequency Classification


15.6.5.1.1      Identification of Causes


There are no realistic, identifiable events which would result in a pipe break inside the containment of the magnitude required to cause a loss‑of‑coolant accident coincident with safe shutdown earthquake plus SACF requirements.  The subject piping is designed of high quality for severe seismic and environmental conditions to strict codes and standards.  However, since such an accident provides an upper limit estimate to the resultant effects for this category of pipe breaks, it is evaluated without the causes being identified.


15.6.5.1.2      Frequency Classification


This event is categorized as a limiting fault.


15.6.5.2      Sequence of Events and Systems Operation


15.6.5.2.1      Sequence of Events


The sequence of events associated with this accident is shown in <Table 6.3‑2> for ECCS performance and <Table 6.2‑9> for barrier (containment) performance.


Following the pipe break and scram, the low‑low water level (Level 2) or high drywell pressure signal will initiate RCIC and HPCS systems at time 0 plus approximately 30 seconds, and the MSIVs will begin closing on the low‑low‑low level (Level 1) signal.  LPCS and LPCI systems will begin injecting once a pressure permissive is reached.


15.6.5.2.1.1      Identification of Operator Actions


Since automatic actuation and operation of the ECCS is a system design basis, no operator actions are required for the accident.  However, the operator should perform the following described actions.


The operator should, after assuring that all rods have been inserted, determine plant condition by observing the annunciators.  After observing that the ECCS flows are initiated, the operator should check that the diesel generators have started and are on standby condition.  When possible (less than half an hour later), the operator should initiate operation of the RHR system heat exchangers in the suppression pool cooling mode and check that the emergency service water system has been automatically initiated.  After the RHR system and other auxiliary systems are in proper operation, the operator should monitor the hydrogen concentration in the drywell for proper activation of the recombiner and mixer, if necessary.  The operator should initiate the Feedwater Leakage Control System as described in <Section 6.9.2>.


15.6.5.2.2      Systems Operations


Accidents that could result in the release of radioactive fission products directly into the containment are the results of postulated reactor coolant pressure boundary pipe breaks.  Possibilities for all pipe breaks sizes and locations are examined in <Section 6.2> and <Section 6.3>, including the severance of small process system lines, the main steam lines upstream of the flow restrictors and the recirculation loop pipelines.  The most severe nuclear system effects and the greatest release of radioactive material to the containment result from a complete circumferential break of one of the two recirculation loop pipelines.  The minimum required functions of reactor and plant protection systems are discussed in <Section 6.2>, <Section 6.3>, <Section 7.3>, <Section 7.6>, <Section 8.3>, and <Appendix 15A>.


15.6.5.2.3      The Effect of Single Failures and Operator Errors


Single failures and operator errors have been considered in the analysis of the entire spectrum of primary system breaks.  The consequences of a LOCA with consideration of single failures are shown to be fully accommodated without the loss of any required safety function.  See <Appendix 15A> for further details.


15.6.5.3      Core and System Performance


15.6.5.3.1      Mathematical Model


The analytical methods and associated assumptions which are used in evaluating the consequences of this accident are considered to provide conservative assessment of the expected consequences of this very improbable event.


The details of these calculations, their justification, and bases for the models are developed in <Section 6.3>, <Section 7.3>, <Section 7.6>, <Section 8.3>, and <Appendix 15A>.


15.6.5.3.2      Input Parameters and Initial Conditions


Input parameters and initial conditions used for ECCS analysis of this event are given in <Table 6.3‑1>.


15.6.5.3.3      Results


Results of this event are given in detail in <Section 6.3>.  The temperature and pressure transients resulting as a consequence of this accident are insufficient to cause perforation of the fuel cladding.  Therefore, no fuel damage results from this accident.  Postaccident tracking instrumentation and control is assured.  Continued long term core cooling is demonstrated.  Radiological release is minimized and within limits.


15.6.5.3.4      Consideration of Uncertainties


This event was conservatively analyzed; see <Section 6.3>, <Section 7.3>, <Section 7.6>, <Section 8.3>, and <Appendix 15A> for details.


15.6.5.4      Barrier Performance


The design basis for the containment is to maintain its integrity, as defined by ASME Code Criteria <Section 3.8.2.5>, after the instantaneous rupture of the largest single primary system piping within the structure while also accommodating the dynamic effects of the pipe break at the same time an SSE is occurring.  Therefore, any postulated 


loss‑of‑coolant accident does not result in exceeding the containment 


design limits.  For details and results of the analyses, see <Section 3.8>, <Section 3.9> and <Section 6.2>.


15.6.5.5      Radiological Consequences


Two separate radiological analyses are provided for this accident:


a.
The “design basis analysis” is based on the revised accident source term methodology of <NUREG‑1465>.  This conservative analysis is used for the purpose of determining adequacy of the plant design to meet the licensing basis limits for offsite consequences and control room consequences (25 rem TEDE and 5 rem TEDE, respectively).  This analysis is referred to as the “design basis analysis.”


b.
The post‑LOCA equipment qualification, vital area access, and PASS access analyses are based on the “original licensing basis analysis”.  This “original licensing basis analysis” is based on the source terms and methodology of <Regulatory Guide 1.3>, Revision 2 and <Regulatory Guide 1.7>, Revision 2 and SRP 15.6.5 (Reference 2).


15.6.5.5.1      Design Basis Analysis


<10 CFR 100> required, in support of the reactor siting, that a fission product release into containment be postulated and that offsite radiological consequences be evaluated against the guideline dose values specified in that regulation.  The fission product releases into containment are used for evaluating the acceptability of both the plant site and the effectiveness of Engineered Safety Feature (ESF) components and systems.  As discussed in <Section 15.6.5.1.1>, there are no realistic, identifiable events which would result in a pipe break inside the containment of the magnitude required to cause a loss‑of‑coolant accident coincident with safe shutdown earthquake plus SACF 


requirements.  In addition, the analysis in <Section 6.3> demonstrates that even in such an unlikely event, the event does not result in failed fuel.  However, since such an accident provides an upper limit estimate to the resultant effects for this category of pipe breaks, it is evaluated without the causes being identified.  The analysis even assumes (without the cause being identified) that ECCS water makeup does not reach the core for two hours postaccident.  This produces a source term comparable in quantity to the original licensing basis source term, but different in the timing of the releases and the radionuclide composition (Reference 14).  The “original” licensing basis source term (based on Standard Review Plan 15.6.5, <Regulatory Guide 1.3>, and <Regulatory Guide 1.7>) was taken from information published in 1962 by the U.S. Atomic Energy Commission in Technical Information Document (TID) 14844, “Calculation of Distance Factors for Power and Test Reactors” (TID source term).


The Revised Accident Source Term (RAST), which is still a very conservative assessment, is based on the advances in the understanding of the timing, magnitude, and chemical forms of fission product releases from severe reactor accidents as published in <NUREG‑1465>, February 1995 (Reference 9).  This NUREG reflects the extensive research and experience that culminated in the development of the revised accident source term.  In addition, due to the nature of the analysis that uses a spectrum of postaccident isotopes, the RAST dose analysis is evaluated using a Total Effective Dose Equivalent (TEDE) methodology.  The acceptance criteria for the LOCA is 25 rem TEDE, offsite, and 5 rem TEDE to the control room operators.  As a pilot application of the RAST, there were no Regulatory Guides available at the time the RAST methodology was approved by the NRC for use at PNPP.  At PNPP, the RAST is considered the new design basis analysis for the radiological consequences of a LOCA.


The RAST analysis was pursued initially to support an increase in the main steam line leak rate to 250 scfh and to eliminate the MSIV Leakage Control System.


The RAST analysis is based on the following:


(
using a reactor accident source term developed from <NUREG‑1465>, 


(
relying on natural deposition of fission product aerosol in the drywell,


(
relying on natural deposition of fission product aerosol in the main steam lines,


(
controlling the pH of the water in the containment to prevent iodine re‑evolution,


(
operating the containment spray system for up to 24 hours <Section 6.5.2.3>,


(
not crediting iodine removal by charcoal adsorbers in the Annulus Exhaust Gas Treatment System (AEGTS),


(
delaying actuation of the control room emergency recirculation system for up to 30 minutes,


(
decreasing elemental and organic iodine removal efficiencies of control room emergency recirculation system charcoal adsorbers from 95 percent to 50 percent,


(
increasing the engineered safety feature system leakage outside primary containment, and


(
increasing the maximum allowable secondary containment bypass leakage by 50 percent.


The RAST analysis considers the following four potential fission product release pathways following the design basis LOCA:


(
main steam isolation valve leakage,


(
containment leakage,


(
secondary containment bypass leakage, and


(
post‑LOCA water leakage from engineered safety features systems outside containment.



The fission product transport model used to calculate radiological consequences is shown in <Figure 15.6‑2>.  The results of the radiological consequence analyses are provided in <Table 15.6‑15>.  <Table 15.6‑12a>, <Table 15.6‑12b>, <Table 15.6‑12c>, <Table 15.6‑12d>, and <Table 15.6‑12e> summarize the input parameters for the RAST analysis.


For the RAST analysis it is assumed that the fraction of core inventory given in Table 5‑1 of (Reference 9) are released from an equilibrium core operating at a power level of 3,758 MWt for 1600 days prior to the accident.  This assumed release of the core activity implies substantial fuel damage.  Even though this condition is inconsistent with operation of the ECCS systems <Section 6.3>, it is assumed applicable for the evaluation of this accident.  Of this release, 100 percent of the noble gases and five percent of the iodine are gaseous.  The remainder of the activity released is assumed to be in particulate form as stated in (Reference 9).  (Reference 9) also establishes that the spectrum of sources need to be considered as opposed to the limited isotopes of a TID‑14844 evaluation.


15.6.5.5.1.1
Main Steam Isolation Valve Leakage Pathway


There are four main steam lines; each line has an inboard MSIV, an outboard MSIV, and a third isolation valve.  These valves isolate the reactor coolant system in the event of a break in a steam line outside the primary containment, a design basis LOCA, or other events requiring containment isolation.  These MSIVs along with the main steam lines, up to and including the third isolation valve, are designed as Seismic Category I.


The analysis conservatively assumes that the fission product leakage from the main steam lines is released directly into the environment.  The leakage past the MSIVs is conservatively assumed to begin immediately after the accident.  In actuality, the three intact steam lines would contain trapped steam which would be relatively cooler and more dense as compared to the atmosphere in the reactor vessel upper head during the overheating of the core.  This condition would greatly inhibit mixing between the activity released from the core and the steam leaking through the three intact steam lines and the three associated sets of MSIVs.  However, for conservatism, all of the lines are assumed to be leaking contaminated drywell atmosphere.


Other significant conservatisms in the analysis of steam line transport include:


(1)
No consideration of reduced steam line mass leak rate with decreasing drywell pressure,


(2)
No consideration of steam line mass leak rate for two closed MSIVs in series, and


(3)
No consideration of particulate removal and even plugging of the extremely small MSIV leak paths due to particulate deposition at the entrance to or within the leak path as the gas flow accelerates to sonic or near‑sonic conditions.


Two configurations were analyzed to cover all single‑failure possibilities.  In the first configuration (Configuration 1), the inboard MSIV on the affected line was assumed to fail open, and this line was assumed to leak at 100 scfh.  The three intact lines were then assumed to leak at 100 scfh, 50 scfh, and 0 scfh to maximize flow rates through the lines, which in turn maximizes the activity release.  At 20 minutes after the start of release the third safety‑related and seismically‑qualified isolation valves (just outboard of the outboard 


MSIVs) were assumed to be manually closed in all four lines.  This configuration was evaluated to be less limiting than a second configuration (Configuration 2) in which all MSIVs successfully closed, 


but in which the third isolation valves remained open due either to operator error or a failure of the common power supply.


In both cases (i.e., Configuration 1 and Configuration 2) particulate deposition is credited in all volumes of the steam line upstream of closed isolation valves.  This is in accordance with Section 5.2.3 of (Reference 18).  For the more limiting Configuration 2 this means deposition is considered in the space between the closed MSIVs for the affected line and between the reactor vessel and the closed inboard MSIVs as well as between the closed MSIVs in the three intact lines.  As with Configuration 1, the affected line is assumed to leak at 100 scfh and the three intact lines at 100, 50, and 0 scfh.


For the three intact steam lines, the space between the reactor vessel and the inboard MSIV is assumed to be well‑mixed and the Polestar Applied Technology, Inc. “STARNAUA” computer code is used to calculate the effective filtration provided by this portion of the intact steam lines.  For all four lines, the space between closed MSIVs is considered to exhibit plug flow as long as unequal cooling of the line does not create the potential for internal circulation (as compared to the magnitude of the plug flow velocity).  As the cooling of the line continues and this potential is approached, the effective length of the line between the MSIVs is assumed to be “shortened” so as to ignore the portion where circulation may be occurring and, therefore, to avoid any potential for overestimating the filtration effect of this portion of the steam line.  A simple integrable model (similar to the DEPOSITION computer code, (Reference 16)) is used to treat the plug flow.  For both models, the input, time‑dependent particulate flow rates and the particle size distributions are taken from the results of the “upstream” STARNAUA analyses.


Elemental iodine retention efficiency is based on a comparison of deposition and resuspension rates from (Reference 17) and is conservatively set at 50%.  All of the “unfiltered” iodine is conservatively assumed to be released in organic form.  Additionally, the main steam line aerosol removal efficiency (the ability of the steam lines to retain aerosol fission products) was slightly reduced in the analysis.  This aerosol removal efficiency is equivalent to an increase in aerosol penetration of 10 percent.  This was done to further increase the dose from the main steam line pathway.


15.6.5.5.1.2
Fission Product Transport in Drywell


The most limiting DBA, with respect to the offsite and control room radiological consequences, is considered a large‑break LOCA as a result of a double guillotine pipe rupture in one of the four main steam lines upstream of the inboard MSIV.  It is further conservatively assumed that all fission products are released directly to the drywell and leaked into the primary containment and into the main steam lines, bypassing the suppression pool.  The analysis also assumes that at a point two hours after accident initiation (when the ECCS is assumed to be able to reach the core and reflood it) the fission products are homogeneously distributed between the drywell and the primary containment.  The objective of this well mixed approach is to achieve an appropriate balance for the design of drywell leakage mitigative devices such as the MSIVs as well as containment leakage mitigative features such as the annulus exhaust gas treatment system.


As characterized in <NUREG‑1465>, the gap releases and the early in‑vessel fission product releases terminate 2 hours after accident initiation.  For the fission product releases to terminate, the reactor vessel would need to be reflooded.  In lieu of evaluating all of the potential steaming rates due to various reflooding scenarios, the analysis assumes that a substantial amount of fission products will end up in the primary containment as well as in the drywell, and as such, 


mitigative features such as the HEPA filters in the annulus effluent gas treatment system are designed to accommodate a significant portion of the source term.  The 2‑hour assumption for the homogeneous mixture of the source term between the drywell and the containment is used since it provides an appropriate balance, because the “worst 2 hours” are considered for the EAB radiological dose results, as opposed to simply the first 2 hours as was done when the TID source term was used.


The radiological consequences are dependent upon the drywell bypass leakage prior to the termination of fission product release at 2 hours.  Because of this sensitivity, the analysis uses a steaming rate of an 


intact core without relocation to the lower head region, on the order of 3,000 cfm.  For the period prior to 2 hours, the analysis conservatively does not credit steaming due to relocation, cooling from alternative water sources, or the release of hydrogen gas, all of which would provide a higher steaming rate and remove more of the fission products from the drywell region.


15.6.5.5.1.3
Aerosol Deposition Within the Drywell


Activity released to the drywell as a result of the design basis loss‑of‑coolant‑accident is initially airborne and can be removed from the atmosphere in one of four ways:


(1)
Convection from the drywell to the containment


(2)
Natural removal within the drywell (e.g., particulate sedimentation)


(3)
Leakage into the broken steam line and through the MSIVs


(4)
Leakage back into the reactor vessel and through the MSIVs


The leakage contribution is small by design; and therefore, the two principal mechanisms for depletion of activity in the drywell atmosphere (other than by radioactive decay) is convection from the drywell to the containment and natural removal within the drywell.


Convection is conservatively calculated (i.e., minimized) by taking into account only a very low estimate of the post‑LOCA boiloff of residual water inside the reactor vessel following the start of core damage.  This assumes that the ECCS is initially ineffective in preventing core damage.  The boiloff is assumed to begin at the start of the fuel release phase of the accident, as defined in Section 5.2.1 of (Reference 18).  The value calculated is 4.4 lbm/sec.


Following the fuel release phase of the accident, the restoration of ECCS (thus arresting further core damage) would quench the core debris, and results in a rapid sweep‑out of the drywell into the containment as discussed in Section 5.2.3 of (Reference 18).


For the design basis analysis, a negotiated licensing basis was established for the transport of activity between the containment and the drywell.  The negotiated basis in effect mixes activity between the regions and does not consider a sweep‑out of the activity after two hours.  The negotiated parameters are in <Table 15.6‑12b>.


Natural removal of activity due to physical processes (i.e., other than by radioactive decay) can be associated with many effects, including sedimentation, diffusiophoresis, and thermophoresis.  Only sedimentation processes (described in Section 5.2.3 and Appendix E of (Reference 18) are credited in this analysis.  The Polestar Applied Technology “STARNAUA” computer code (Reference 15) is used for the calculation of natural particulate removal in the drywell.  The key input assumptions are given on <Table 15.6‑12d> and the removal rates (“lambdas”, as calculated by STARNAUA) are shown on <Table 15.6‑12e>.  These removal 


rates are also assumed to apply to elemental iodine (see Section 5.2.3 of (Reference 18)).  Note that the STARNAUA analysis considers flow out of the drywell and sedimentation simultaneously.  In this way the removal rates (which improve with increasing particulate concentration) are not overestimated.  The particulate release from the drywell (associated with the drywell‑to‑containment convection discussed above) becomes the input for the STARNAUA calculation for the sprayed region of the containment <Section 6.5.2.3> after being reduced by a factor of 2.44 to account for the fact that the sprayed region is only 41% of the containment free volume.  Here again, the intent is to ensure that the particulate concentration (and therefore, the rate of particulate removal) in the sprayed region of the containment is not overestimated.


15.6.5.5.1.4
Containment Leakage Pathway


The primary containment consists of a drywell, a wetwell, and supporting systems to limit fission product leakage during and following the postulated LOCA with isolation of the containment boundary penetrations.  The design basis leak rate of the primary containment is 0.2 volume percent per day.  The analysis conservatively assumes the design basis leak rate stays constant for the entire duration of the accident (30 days).


The secondary containment (shield building) which surrounds the primary containment will collect and retain fission product leakage from the primary containment and will release fission products to the environment in a controlled manner through the AEGTS.  AEGTS will maintain the secondary containment pressure negative following a DBA by the time the gap release could migrate outside the containment structure.  Therefore, if a short period of time exists post‑LOCA when the annulus pressure is not negative, the dose calculations would not be affected.


Although the primary containment is enclosed by the secondary containment, there are systems that penetrate both the primary 


containment and the shield building boundaries that could create potential pathways through which fission products in the primary containment could bypass the leakage collection and filtration systems associated with the shield building.  The analysis conservatively assumes 10.08% of the primary containment leakage bypasses the secondary containment (the Technical Specifications limit bypass leakage to a lower limit).


The analysis assumes 89.92 percent of the primary containment leak rate goes into the secondary containment for its radiological consequence analysis.  This leakage is collected in the shield building and processed through the AEGTS HEPA filters before being released into the 


environment.  The remaining 10.08 percent of the primary containment leak rate is assumed to bypass the shield building and to be released directly to the environment for the entire duration of the postulated LOCA.


15.6.5.5.1.5
Annulus Exhaust Gas Treatment System


The AEGTS is an engineered safety features system and is designed to collect, process, and release the fission product leakage from the primary containment into the shield building.  The AEGTS is a redundant system consisting of two 100 percent capacity subsystems.  Each subsystem has a design capacity of 2000 cfm and consists of, among other things, a HEPA pre‑filter, one 4‑inch deep charcoal adsorber, and a HEPA post‑filter.  The system is designed to Seismic Category I standards and is located in a Seismic Category I structure.


The system is operated continuously during normal plant operation, and it maintains a slight negative pressure in the shield building.  The analysis assumes a 99 percent removal efficiency for fission products in aerosol form for HEPA filters.  The analysis however does not consider any fission product removal by the charcoal adsorbers in the AEGTS.


15.6.5.5.1.6      Containment Spray


The containment sprays are an engineered safety feature mode of RHR, designed to provide containment cooling, pressure reduction and fission product removal in the containment following a postulated LOCA.  The containment sprays consists of two redundant and independent loops.  Each loop has a design spray water flow capacity of 5250 gpm.  The system is designed to Seismic Category I standards and is located in a Seismic Category I structure.  No chemical additives are used in the containment sprays, other than the pH buffering chemical (boron solution) from the existing Standby Liquid Control System <Section 3.4> following a LOCA.


The analyses assume a mixing rate of 6.3 unsprayed volumes per hour between the sprayed and unsprayed portions of the containment atmosphere by operation of the containment sprays.  This mixing rate is higher than the two turnovers of the unsprayed region per hour specified in the Standard Review Plan Section 6.5.2.  This mixing rate was accepted on the basis that the PNPP calculations demonstrated an adequate mixing flow will exist between unsprayed and sprayed regions by natural convection.


To support the analysis, the containment sprays will be operated post‑LOCA for up to 24 hours based upon plant emergency guidelines <Section 6.5.2.3>.  The containment sprays will be initiated manually postaccident based on readings from the containment high range radiation monitor.  Otherwise, the containment sprays will automatically initiate 10 minutes following a LOCA signal if containment pressure exceeds the high pressure setpoint.


See <Section 6.5.2> for additional design basis of the containment sprays.


15.6.5.5.1.7      Post‑LOCA Leakage Pathway from Engineered Safety Features Outside Containment


Any leakage of water from ESF components located outside the primary containment releases fission products during the recirculation phase of long‑term core cooling following a postulated LOCA.  The PNPP administrative controls limit this leakage to less than half of the value used in the radiological dose calculations.  The analysis is conservatively based on a leakage rate of 15 gallons per hour of ESF leakage for the entire duration of the accident (30 days).  Additionally, leakage from a gross failure of a passive component is assumed to occur at a rate of 50 gpm starting 24 hours into the accident and lasting for 30 minutes.  Ten percent of iodine (all forms) contained in the leakage is assumed to be released directly to the environment and the pH of water leakage is assumed to be above 7.


15.6.5.5.1.8      Postaccident Containment Water Chemistry Management


<NUREG‑1465> concludes that iodine entering the containment from the reactor coolant system during an accident would be composed of at least 95 percent cesium iodide (CsI), with no more than 5 percent of iodine (I) and hydrogen iodide (HI).  Once in the containment, highly soluble cesium iodide will readily dissolve in water pools forming iodide (I‑) in solution.  The NUREG also considers the radiation‑induced conversion of iodide in water into elemental iodine (I2,) to be strongly 


dependent on the pH.  The NUREG identifies that without pH control, a large fraction of iodide dissolved in water pools in ionic form will be converted to elemental iodine and will be released into the containment atmosphere if the pH is less than 7.  On the other hand, if the pH is maintained above 7, very little (less than 1 percent) of the dissolved iodides will be converted to elemental iodine.


The Standby Liquid Control System (SLCS) is used for controlling and maintaining long‑term suppression pool water pH levels to 7 or above 


following the postulated DBA.  The SLCS is a safety‑related system and designed as a Seismic Category I system.  Its primary function is as a reactivity control system to provide backup capability to be able to shut down the reactor if the normal control rods become inoperable.  The system is manually initiated from the main control room to pump a boron neutron absorber solution into the reactor.


The SLCS contains a borax‑boric acid solution.  Such boron solutions act as pH buffers.  Buffering will cause only a small decrease in pH with addition of an acid so long as the buffer capacity is not exceeded.  The analysis used a containment water pool volume (which includes the suppression pool and reactor coolant inventory) of 1.3E+6 gallons and assumed all cesium iodide released into the drywell is directly deposited in the containment water pool.  The analysis of pH levels in the containment water pool considered the following factors:


(1)
cesium hydroxide formed from the fission products released from the core (basic‑raises pH)


(2)
the addition of the boron solution from SLCS (buffer)


(3)
nitric acid produced by irradiation of water and air in the containment (acid‑lowers pH)


(4)
hydrochloric acid generated from electrical cable degradation (acid‑lowers pH)


The analyses demonstrate that with the amount of the boron solution provided in the containment, the pH of the postaccident water in the containment will remain above 7 for the duration of the postulated LOCA.


15.6.5.5.1.9      Control Room Habitability


Upon receipt of an ESF actuation system signal or high radiation, the control room Heating, Ventilation, and Air Conditioning (HVAC) system is designed to automatically switch to the emergency recirculation mode of operation (CRERS).  The analysis conservatively assumes a 30‑minute delay in actuation of the CRERS.


The CRERS is a redundant system and each subsystem has a design flow capacity of 30,000 cfm.  The analysis uses a conservative recirculation flow rate of 27,000 cfm.  Each subsystem consists of, among other things, a High‑Efficiency Particulate Air (HEPA) filter, charcoal adsorbers, and a HEPA post‑filter.  The analysis also uses a conservative HEPA filter efficiency of 95 percent for aerosol particulate and a 50 percent charcoal filter removal efficiency for iodine in elemental and organic forms.


During normal operation, the HVAC system is designed to pressurize the control room envelope with 45,000 cfm recirculation airflow and with 6,000 cfm outside makeup air.  During an emergency, when the system 


operates in the emergency recirculation mode, the outside makeup air is isolated and the control room envelope is not pressurized relative to adjacent areas.  To be conservative, the analysis uses 1,375 cfm inleakage to the control room during the emergency recirculation mode for the entire duration of the accident.  The major parameters and assumptions used in the analysis are listed in <Table 15.6‑14>.


An exemption was granted by the NRC from the control room dose acceptance criterion of <10 CFR 50, Appendix A>, General Design Criteria 19, “Control Room.”  The exemption permits use of a 5 rem TEDE acceptance criteria in lieu of “5 rem whole body, or its equivalent to any part of the body,” as currently stated in GDC 19 for the control room.


15.6.5.5.1.10      Atmospheric Relative Concentrations at Control Room, Exclusion Area Boundary and Low Population Zone



The atmospheric dispersion factors used in the Control Room Habitability analysis were determined based on several analyses including NRC ARCON96 calculations in conjunction with the NUS Tracer Gas Study (Reference 8).  The NUS Tracer Gas Study was performed to characterize the atmospheric dispersion within the building complex at PNPP.  Prior estimates of atmospheric relative dispersion (X/Q) values had been made for postulated releases to the control room using the Murphy‑Campe methodology referenced in Standard Review Plan 6.4.  The objective of conducting the tracer gas tests was to demonstrate more site specific/realistic control room air intake X/Q values.


The NRC reviewed and compared the results of the tracer gas study with calculations made using the ARCON96 methodology described in <NUREG/CR‑6631>, Revision 1, “Atmospheric Relative Concentrations in Building Wakes” (Reference 13).


For the postulated release point resulting in the largest X/Q values, the calculated X/Q values from the tracer gas study were as much as 


50 times lower than the original X/Q values calculated using the Murphy‑Campe methodology.  For the same postulated release point, X/Q values using the ARCON96 methodology were approximately two times lower than the Murphy‑Campe values.


The ARCON96 methodology assumes that the effluent travels the shortest distance possible between the postulated release point and the control room air intake.  While the model calculates dispersion within building complexes, it is not intended to provide an exact model of postulated scenarios for complex site‑specific flow paths around obstructions.  Meander and building effects are implicitly factored in, based on the field test studies used in the development of ARCON96.


At PNPP, the effluent from a release postulated from the plant vent or containment building would need to disperse over or around an obstruction, down the side of a building and around a missile shield to be drawn into the control room air intake.  For the limiting case, the X/Q values calculated from field tests performed by the licensee are about a factor of two or three lower for the control room air intake than for measurements made at the top of the building on which the intake is located.  Thus, it was determined that results using ARCON96 would overestimate X/Q values for this scenario at PNPP.


The tracer gas field tests were conducted over a period of approximately one week in September 1985.  While care was taken to assure that the tests were made under adequately limiting meteorological conditions, there is some likelihood that testing may not have captured the full range of poor dispersion conditions.  Also, the field measurements may include some off centerline conditions, and due to solar heating in the building complex, better dispersion may have occurred during the tests than might occur at some other times of the year.


After discussing the tracer gas test limitations with the NRC, the X/Q values in <Table 15.6‑13> were accepted as the PNPP design basis.


The RAST analysis also reevaluated the X/Q’s for the EAB and LPZ.  The analyses are based upon the <Regulatory Guide 1.145>.  The dispersion factors used in the analyses for the offsite dose analysis are in <Table 15.6‑13>.


15.6.5.5.1.11      Results


The calculated exposures for the design basis analysis are presented in <Table 15.6‑15> and are within the licensing basis limits of 25 rem TEDE (offsite) and 5 rem TEDE (control room).


15.6.6      FEEDWATER LINE BREAK ‑ OUTSIDE CONTAINMENT


This accident was not reanalyzed for the current reload since the original analysis is still applicable.


In order to evaluate large liquid process line pipe breaks outside containment, the failure of a feedwater line is assumed to evaluate the response of the plant to this postulated event.  The postulated break of the feedwater line, representing the largest liquid line outside containment, provides the envelope evaluation relative to this type of occurrence.  The break is assumed to be instantaneous, circumferential and upstream of the outermost isolation valve.


A more limiting event from a core performance evaluation standpoint (feedwater line break inside containment) has been quantitatively analyzed in <Section 6.3>, “Emergency Core Cooling Systems.”  Therefore, the following discussion provides only new information not presented in <Section 6.3>.  All other information is covered by cross‑referencing to appropriate topics in <Section 6.3>.


15.6.6.1      Identification of Causes and Frequency Classification


15.6.6.1.1      Identification of Causes


A feedwater line break is assumed without the cause being identified.  The subject piping is designed to high quality, to strict engineering codes and standards and to severe seismic environmental requirements.


15.6.6.1.2      Frequency Classification


This event is categorized as a limiting fault.


15.6.6.2      Sequence of Events and Systems Operation


15.6.6.2.1      Sequence of Events


The sequence of events is shown in <Table 15.6‑19>.


15.6.6.2.1.1      Identification of Operator Actions


Since automatic actuation and operation of the ECCS is a system design basis, no operator actions are required for this accident.  However, the operator should perform the following actions:


a.
Determine that a line break has occurred and evacuate the area of the turbine building.


b.
The operator is not required to take any action to prevent reactor coolant loss, but should ensure that the reactor is shutdown and that RCIC and/or HPCS are operating normally.


c.
Implement appropriate emergency procedures.


d.
If possible, shut down the feedwater system and de‑energize any electrical equipment which may be damaged by water from the feedwater system in the turbine building.


e.
Continue to monitor reactor water level and performance of the ECCS systems while emergency procedures are being implemented, and begin normal reactor cooldown.


f.
When the reactor pressure has decreased below 150 psia, initiate RHR in the shutdown cooling mode to continue cooling the reactor.


The above operations occur over an elapsed time of 3‑4 hours.


15.6.6.2.2      Systems Operations


It is assumed that the normally operating plant instruments and controls, reactor protection, ADS, containment and reactor vessel isolation, ECCS and RHR systems function properly to assure a safe shutdown as described in <Appendix 15A>.


15.6.6.2.3      The Effect of Single Failures and Operator Errors


The feedwater line outside the containment is a special case of the general loss‑of‑coolant accident break spectrum considered in detail in <Section 6.3>.  The general single‑failure analysis for loss‑of‑coolant accidents is discussed in <Section 6.3.3.3>.  For the feedwater line break outside containment, since the break is isolable, either the RCIC or the HPCS can provide adequate flow to the vessel to maintain core cooling and prevent fuel rod clad failure.  A single failure of either the HPCS or the RCIC would still provide sufficient flow to keep the core covered with water.  See <Section 6.3> and <Appendix 15A> for detailed analysis.


15.6.6.3      Core and System Performance


15.6.6.3.1      Qualitative Summary


The accident evaluation qualitatively considered in this section is considered to be a conservative, envelope assessment of the consequences of the postulated failure (severance) of one of the feedwater lines external to the containment.  The accident is postulated to occur at the input parameters and initial conditions in <Table 6.3‑1>.


15.6.6.3.2      Qualitative Results


The feedwater line break outside the containment is less limiting than either of the steam line breaks outside the containment (analysis 


presented in <Section 6.3> and <Section 15.6.4> or the feedwater line break inside the containment (analysis presented in <Section 6.3.3>.  It is far less limiting than the design basis accident (the recirculation line break analysis presented in <Section 6.3.3> and <Section 15.6.5>.


The reactor vessel is isolated on low‑low‑low water level (L1), and HPCS restores reactor water level to the normal elevation.  The fuel is covered throughout the transient and there are no pressure or temperature transients sufficient to cause fuel damage.


15.6.6.3.3      Consideration of Uncertainties


This event was conservatively analyzed and uncertainties were adequately considered <Section 6.3>.


15.6.6.4      Barrier Performance


Accidents that result in the release of radioactive materials outside the containment are the results of postulated breaches in the reactor coolant pressure boundary or the steam power conversion system boundary.  A break spectrum analysis for the complete range of reactor conditions indicates that the limiting fault event for breaks outside the containment is a complete severance of one of the main steam lines as described in <Section 15.6.4>.  The feedwater system pipe break is less severe than the main steam line break.


15.6.6.5      Radiological Consequences


15.6.6.5.1      Design Basis Analysis


The NRC provides no specific regulatory guidelines for the evaluation of this accident, therefore, no design basis analysis will be presented.


15.6.6.5.2      Realistic Analysis


The realistic analysis is based on a realistic, but still conservative assessment of this accident.  The specific models, assumptions and the program used for computer evaluation are described in (Reference 6).  Parameters used in the evaluation are presented in <Table 15.6‑20>.  A schematic diagram of the leakage path for this accident is shown in <Figure 15.6‑3>.


15.6.6.5.2.1      Fission Product Release


There is no fuel damage as a consequence of this accident.  In addition, an insignificant quantity of activity (compared to that existing in the main condenser hotwell prior to occurrence of the break) is released from the contained piping system prior to isolation closure.


The iodine concentration in the main condenser hotwell is consistent with an offgas release rate of 100,000 (Ci/sec at 30 minutes delay, and is 0.02 (2 percent carryover) times the concentration in the reactor coolant.  Noble gas activity in the condensate is negligible since the air ejectors remove practically all noble gas from the condenser.


15.6.6.5.2.2      Fission Product Transport to the Environment


The transport pathway consists of liquid release from the break, carryover to the turbine building atmosphere due to flashing and unfiltered release to the environment through the turbine building ventilation system.


The total integrated mass of coolant leaving the break is 1.454 E6 lbs of condensate.  For the purposes of this evaluation, the conservative assumption is made that the activity of iodine per pound of steam is equal to 2 percent of the activity per pound of water.


Taking no credit for holdup, decay or plateout during transport through the turbine building, the release of activity to the environment is presented in <Table 15.6‑21>.  The total release is assumed to take place within 2 hours of the occurrence of the break.


15.6.6.5.2.3      Results


The calculated exposures for the realistic analysis are presented in <Table 15.6‑22> and are a small fraction of <10 CFR 100> guidelines.


15.6.6.5.2.4      Sensitivity Analysis


As described in <Section 6.2.4.2.2.1.a.1>, should a break occur in a feedwater line, the control closure check valves prevent significant loss of reactor coolant inventory and provide immediate isolation.  A sensitivity analysis was performed to estimate the amount of leakage that would have to occur through the control closure check valves in order for the consequences of a feedwater line break outside containment event to exceed the consequences of the main steam line break outside containment.  The results of the sensitivity analysis are that the leakage through the control closure check valves would have to exceed 200 gallons per minute for each feedwater line (400 gallons per minute total) for 2 hours in order for the consequences of the feedwater line break outside containment to exceed the consequences of the main steam line break outside containment <Table 15.6‑8> and <Table 15.6‑11>.  The alternative non‑Type C testing performed on these check valves per the Inservice Testing Program will verify proper closure of these valves to prevent significant leakage of this order of magnitude.  The “exercise closed” (EC) testing will include a water leak rate test with an acceptance criterion of (200 gallons per minute per Feedwater penetration, when tested at (1.1 Pa), with no significant valve seat orifice defects [those large enough to result in leakage greater than the 200 gpm limit (400 gpm total) during a high pressure transient].
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TABLE 15.6‑1


SEQUENCE OF EVENTS FOR INSTRUMENT LINE BREAK



Time




   Event



 0


Instrument line fails.



0‑10 minutes
Identification of break.



10 minutes
Activate RHR and initiate orderly shutdown.



5 hours

Reactor vessel depressurized and break flow terminated.


TABLE 15.6‑2


INSTRUMENT LINE BREAK ACCIDENT ‑ PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES



   Design
 Realistic



   Basis
   Basis



Assumptions
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents



A.
Power level
None
N/A



B.
Burn‑up

None
N/A



C.
Fuel damaged
None
None



D.
Release of activity by




nuclide

None
<Table 15.6‑3>



E.
Iodine fractions, %




 (1)
Organic
None
0




 (2)
Elemental
None
100




 (3)
Particulate
None
0



F.
Reactor coolant activity
None
<Section 15.6.2.5.2.1>




before the accident


II.
Data and assumptions used to



estimate activity released



A.
Primary containment leak




rate (%/day)
None
N/A



B.
Secondary containment




leak rate (%/day)
None
N/A



C.
Valve movement times
None
N/A



D.
Adsorption and filtration




efficiencies




 (1)
Organic iodine
None
90




 (2)
Elemental iodine
None
90




 (3)
Particulate iodine
None
90




 (4)
Particulate fission
None
N/A





products



E.
Recirculation system parameters




 (1)
Flow rate
None
N/A




 (2)
Mixing efficiency
None
N/A




 (3)
Filter efficiency
None
N/A



F.
Containment spray




parameters (flow rate,
None
N/A




drop size, etc.)



G.
Containment volumes
None
N/A



H.
All other pertinent data
None
None




and assumptions


TABLE 15.6‑2 (Continued)



   Design
 Realistic



   Basis
   Basis



Assumptions
Assumptions


III.
Dispersion Data



A.
Boundary and LPZ




distance (m)
None
863/4002



B.
X/Q’s (sec/m3) for time




intervals of




 (1)
0‑2 hr ‑ SB/LPZ
None
6.7E‑4/8.2E‑5




 (2)
2‑8 hr ‑ LPZ
None
8.2E‑5




 (3)
8‑24 hr ‑ LPZ
None
5.2E‑5




 (4)
1‑4 days ‑ LPZ
None
1.9E‑5




 (5)
4‑30 days ‑ LPZ
None
4.7E‑6


IV.
Dose Data



A.
Method of dose calculation
N/A
<Section 15.0.3.5>



B.
Dose conversion assumptions
N/A
<Section 15.0.3.5>



C.
Peak activity
N/A
<Section 15.6.2.3>




concentrations in






containment



D.
Doses

N/A
<Section 15.6.2.5>


TABLE 15.6‑3


INSTRUMENT LINE FAILURE (REALISTIC ANALYSIS)


ACTIVITY AIRBORNE IN INSTRUMENT LINE BREAK STRUCTURE (CURIES)



Isotope
Activity 



I‑131
7.46E + 1



I‑132
1.15E + 2



I‑133
1.79E + 2



I‑134
1.97E + 2



I‑135
1.70E + 2


<TABLE 15.6‑4>


<TABLE 15.6‑5>


DELETED


TABLE 15.6‑6


SEQUENCE OF EVENTS FOR STEAM LINE BREAK


OUTSIDE CONTAINMENT



Time‑sec



   Event



 0

Guillotine break of one main steam line outside primary containment.



~0.5

High steam line flow signal initiates closure of main steam isolation valves.



<1.0

Reactor begins scram.



(5.5

Main steam isolation valves fully closed.



 18

Safety/relief valves open on high vessel pressure.  The valves open and close to maintain vessel pressure at approximately 1,000 psi.



 43

RCIC and HPCS initiate on low‑low water level (RCIC considered unavailable, HPCS assumed single failure and therefore, not available).



340

ADS signal to initiate on low‑low‑low water level.



379

Reactor water level begins to drop slowly due to loss of steam through the safety/relief valves.  Reactor pressure still at approximately 1,000 psi.



460

ADS initiated, vessel depressurizes rapidly.



611

Low pressure ECCS systems initiated.  Reactor fuel



<Section
uncovered partially.



6.3.3>



<Section
Core effectively reflooded and clad temperature



6.3.3>
heatup terminated.  No fuel rod failure.


TABLE 15.6‑7


STEAM LINE BREAK ACCIDENT


(DESIGN BASIS ANALYSIS)


ACTIVITY RELEASE TO ENVIRONMENT (CURIES)



Isotope
Activity



I‑131
4.83E + 0



I‑132
6.24E + 1



I‑133
3.54E + 1



I‑134
1.16E + 1



I‑135
5.72E + 1



Kr‑83m
7.59E ‑ 2



Kr‑85m
1.33E ‑ 1



Kr‑85
5.19E ‑ 4



Kr‑87
4.14E ‑ 1



Kr‑88
4.26E ‑ 1



Kr‑89
1.77E + 0



Xe‑131m
4.23E ‑ 4



Xe‑133m
6.33E ‑ 3



Xe‑133
1.78E ‑ 1



Xe‑135m
5.19E ‑ 1



Xe‑135
4.80E ‑ 1



Xe‑137
2.34E + 0



Xe‑138
1.77E + 0


TABLE 15.6‑8


STEAM LINE BREAK ACCIDENT


(Iodine Concentration in Coolant = 4.0 (Ci/gm dose – equivalent I‑131)


RADIOLOGICAL EFFECTS(1)








Whole Body

Inhalation









Dose (rem)

Dose (rem)


Exclusion area


(863 Meters)
9.21E ‑ 1
8.92E + 1


Low population zone


(4,002 Meters)
1.13E ‑ 1
1.09E + 1


NOTE:


(1)
The above radiological effects have been updated to reflect the scaled increases associated with Power Uprate to 3,758 MWt.


TABLE 15.6‑9


STEAM LINE BREAK ACCIDENT ‑ PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES



   Design
 Realistic



   Basis
   Basis



Assumptions
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents



A.
Power level
N/A
N/A



B.
Burn‑up

N/A
N/A



C.
Fuel damaged
None
None



D.
Release of activity by
<Table
<Table




nuclide

15.6‑7>
15.6‑10>



E.
Iodine fractions




 (1)
Organic
0
0




 (2)
Elemental
1
1




 (3)
Particulate
0
0



F.
Reactor coolant activity
<Section
<Section 




before the accident
15.6.4.5.1.1>
15.6.4.5.2.1>


II.
Data and assumptions used to



estimate activity released



A.
Primary containment leak
N/A
N/A




rate (%/day)



B.
Secondary containment
N/A
N/A




leak rate (%/day)



C.
Isolation valve closure
5
5




time (sec)



D.
Adsorption and filtration




efficiencies




 (1)
Organic iodine
N/A
N/A




 (2)
Elemental iodine
N/A
N/A




 (3)
Particulate iodine
N/A
N/A




 (4)
Particulate fission





products
N/A
N/A



E.
Recirculation system




parameters




 (1)
Flow rate
N/A
N/A




 (2)
Mixing efficiency
N/A
N/A




 (3)
Filter efficiency
N/A
N/A



F.
Containment spray




parameters (flow rate,
N/A
N/A




drop size, etc.)


TABLE 15.6‑9 (Continued)



  Design
 Realistic



  Basis
   Basis



Assumptions
Assumptions



G.
Containment volumes
N/A
N/A



H.
All other pertinent
None
None




data and assumptions


III.
Dispersion Data



A.
Boundary and LPZ




distance (m)
863/4002
863/4002



B.
X/Q’s for total dose ‑




SB/LPZ (sec/m3)
6.7E‑4/8.2E‑5
6.7E‑4/8.2E‑5


IV.
Dose Data



A.
Method of dose
<Section
<Section




calculation
15.0.3.5>
15.0.3.5>



B.
Dose conversion
<Section
<Section




assumptions
15.0.3.5>
15.0.3.5>



C.
Peak activity
N/A
N/A




concentrations in




containment



D.
Doses

<Table
<Table







15.6‑8>
15.6‑11>


TABLE 15.6‑10


STEAM LINE BREAK ACCIDENT


(REALISTIC ANALYSIS)


ACTIVITY RELEASE TO ENVIRONMENT (CURIES)



Isotope
Activity



I‑131
1.29E + 0



I‑132
1.67E + 1



I‑133
9.65E + 0



I‑134
3.09E + 1



I‑135
1.54E + 1



Kr‑83m
2.53E ‑ 2



Kr‑85m
4.43E ‑ 2



Kr‑85
1.73E ‑ 4



Kr‑87
1.38E ‑ 1



Kr‑88
1.42E ‑ 1



Kr‑89
5.89E ‑ 1



Xe‑131m
1.41E ‑ 4



Xe‑133m
2.11E ‑ 3



Xe‑133
5.92E ‑ 2



Xe‑135m
1.73E ‑ 1



Xe‑135
1.60E ‑ 1



Xe‑137
7.80E ‑ 1



Xe‑138
5.89E ‑ 1


TABLE 15.6‑11


STEAM LINE BREAK ACCIDENT


(Iodine Concentration in Coolant = 0.2 (Ci/gm dose – equivalent I‑131)


RADIOLOGICAL EFFECTS(1)








Whole Body

Inhalation









Dose (rem)

Dose (rem)


Exclusion area


(863 Meters)
4.78E ‑ 2
4.56E + 0

Low population zone


(4,002 Meters)
5.85E ‑ 3
5.58E ‑ 1


NOTE:


(1)
The above radiological effects have been updated to reflect the scaled increases associated with Power Uprate to 3,758 MWt.


TABLE 15.6‑12a


LOSS-OF-COOLANT ACCIDENT PARAMETERS AND ASSUMPTIONS


USED IN RADIOLOGICAL CONSEQUENCE CALCULATIONS


MAIN STEAM ISOLATION VALVE LEAKAGE PATHWAY



Parameter
Value


Reactor power
3758 MWt



Drywell volume
2.765 x 105 ft3


Wetwell volume
1.165 x 105 ft3


Volume of one main steam line




between MSIV’s
146 ft3


Volumetric flow rate, drywell to all




main steam lines (total leakage)
298 cfh from t = 0





to t = 7484 seconds





247 cfh from





t = 7484 seconds to





30 days



Volumetric flow rate (maximum), one




main steam line to environment
191 cfm


TABLE 15.6‑12b


LOSS-OF-COOLANT ACCIDENT PARAMETERS AND ASSUMPTIONS


USED IN RADIOLOGICAL CONSEQUENCE CALCULATIONS


CONTAINMENT LEAKAGE PATHWAY



Parameter
Value

Reactor power
3758 MWt


Volume of sprayed region
4.81 x 105 ft3

Volume of unsprayed region
6.84 x 105 ft3

Flow rate from drywell to unsprayed region




0 – 2 hours
3000 ft3/min




2 hours – 30 days
2.765 x 105 ft3/min


Flow rate from unsprayed region to drywell




0 – 2 hours
0 ft3/min




2 hours – 30 days
2.765 x 105 ft3/min


Flow rate between drywell and sprayed region
0 ft3/min


Flow rate from sprayed region to unsprayed region
71,400 ft3/min


Flow rate from unsprayed region to sprayed region
71,400 ft3/min


Containment leak rate to environment



from sprayed region




0 – 40 seconds
0.67 ft3/min




40 seconds – 30 days
0.0675 ft3/min


Spray removal rate for particulate
90 percent





uncertainty





distribution


Spray fall height
53.2 ft


Spray removal rate for elemental iodine
<Table 6.5-11>



(sprayed region only)


Containment leak rate to environment from



unsprayed region




0 – 40 seconds
1.34 ft3/min




40 seconds – 30 days
0.135 ft3/min


Containment leak rate to annulus from



sprayed region




0 – 40 seconds
0 ft3/min




40 seconds – 30 days
0.603 ft3/min


Containment leak rate to annulus from



unsprayed region




0 – 40 seconds
0 ft3/min




40 seconds – 30 days
1.205 ft3/min


Annulus volume
1.96 x 105 ft3

Flow rate from annulus to environment
2000 ft3/min


Annulus exhaust gas treatment system



filter efficiency




particulate
99 percent




elemental and organic iodine
0


TABLE 15.6‑12c


LOSS-OF-COOLANT ACCIDENT PARAMETERS AND ASSUMPTIONS


USED IN RADIOLOGICAL CONSEQUENCE CALCULATIONS


ENGINEERED SAFETY FEATURE (ESF) LEAKAGE PATHWAY


ECCS Leakage Model



Parameter
Value


Plant power
3758 MWt



Release fractions and timing
As specified for BWR in <NUREG‑1465> (gap and early in‑vessel iodine releases only)



Release location
Directly to suppression pool



Suppression pool water volume
114,379 ft3


ECCS leak rate




0 – 24 hours
15 gph




24 – 24.5 hours
15 gph and 50 gpm for 





   30 minutes




24.5 hours – 30 days
15 gph



Partition factor
10


TABLE 15.6‑12d


INPUT PARAMETERS FOR THE DRYWELL NATURAL SEDIMENTATION ANALYSIS


Drywell pressure, psig
0 – 630 seconds:
17.3



630 – 1830 seconds:
17.3 to 5.3



1830 – 7333 seconds:
5.3



7333 - 7454 seconds:
17.3



7454 – 86400 seconds:
15.3



86400 – 106 seconds:
15.3 to 5.3


Drywell temperature, F
0 – 10800 seconds:
330



10800 - 21600 seconds:
320



21600 – 86400 seconds:
250



86400 – 106 seconds:
250 to 150


Drywell free volume, ft3

2.765 x 105

Drywell sedimentation area, ft2

8712


Geometric mean particle size for


incoming aerosol, cm

4.4 x 10-5

Geometric mean standard deviation

1.81


Particle density, gram/cc(1)
CsOH:
3.675



CsI:
4.51



Te:
6.24



BaO:
5.72



SrO:
4.7



CeO2:
7.3



La2O3:
6.51



Ru:
12.6




Struct:
5.6


No wall condensation


No condensation on particles


No consideration of particle hygroscopicity


NOTE:


(1)
Average density during gap release phase = approx 3.8 grams/cc



Average density during fuel release phase = approx 4.7 grams/cc


TABLE 15.6‑12e


ELEMENTAL IODINE AND PARTICULATE REMOVAL RATES FOR


DRYWELL NATURAL SEDIMENTATION



From t=0 to t=30 seconds -
0/hour



From t=30 to t=66 seconds -
0.084/hour



From t=66 to t=1867 seconds -
0.184/hour



From t=1867 to t=3203 seconds -
0.25/hour



From t=3203 to t=4384 seconds -
0.35/hour



From t=4384 to t=5862 seconds -
0.45/hour



From t=5862 to t=7333 seconds -
0.54/hour



From t=7333 to t=7484 seconds -
0.58/hour



From t=7484 to t=9254 seconds -
0.54/hour



From t=9254 to t=15881 seconds -
0.45/hour



From t=15881 to t=30669 seconds -
0.35/hour



From t=30669 to t=51639 seconds -
0.25/hour



From t=51639 to t=100000 seconds -
0.16/hour



From t=100000 to end -
0/hour


TABLE 15.6‑13


METEOROLOGICAL DATA


Exclusion Area Boundary



Time (hr)
X/Q (sec/m3)



0-720
4.3x10-4

Low Population Zone Distance



Time (hr)
X/Q (sec/m3)



0-8
4.8x10-5


8-24
3.3x10-5


24-96
1.4x10-5


96-720
4.1x10-6

Control Room



Time (hr)
X/Q (sec/m3)



0-8
3.5x10-4


8-24
2.1x10-4


24-96
1.1x10-5


96-720
5.8x10-5

TABLE 15.6‑14


CONTROL ROOM MODEL



Parameter
Value


Volume
3.44 x 105 ft3


Flow rate – unfiltered inleakage
1375 ft3/min



Flow rate – exhaust
1375 ft3/min



Recirculation flow rate




0 – 0.5 hour
0




0.5 hour – 30 days
2.7 x 104 ft3/min



Recirculation filter efficiencies




particulate
95%




elemental and organic iodine
50%


TABLE 15.6‑15


LOSS‑OF‑COOLANT ACCIDENT


(DESIGN BASIS ANALYSIS)


RADIOLOGICAL EFFECTS(1)












 Licensing









Dose (Expressed
Basis Limit









 as TEDE, Rem) 
(TEDE, Rem)



1.
Offsite Doses




Exclusion area




(863 Meters)
21.2
25




Low population zone




(4,002 Meters)
10.1
25



2.
Control Room Doses




(0‑30 days)
4.3
5


NOTE:


(1)
The above radiological effects have been updated to reflect the scaled increases associated with Power Uprate to 3,758 MWt.


<TABLE 15.6‑16>


<TABLE 15.6‑17>


<TABLE 15.6‑18>


DELETED


TABLE 15.6‑19


SEQUENCE OF EVENTS FOR FEEDWATER LINE BREAK


OUTSIDE CONTAINMENT



  Time 



   Event



  0 seconds

One feedwater line breaks.



  0+ seconds
Feedwater line check valves isolate the reactor from the break.



<30 seconds
At low water level, the reactor would scram.  At low‑low water level, RCIC would initiate, HPCS would initiate and recirculation pumps would trip.  MSIVs will close at water Level 1.



~2 minutes
The safety/relief valves would cycle open and close to maintain reactor vessel pressure at approximately 1,100 psig.



1 to



2 hours

Normal reactor cooldown procedure established.


TABLE 15.6‑20


FEEDWATER LINE BREAK ACCIDENT ‑ PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES



  Design
 Realistic



   Basis
   Basis



Assumptions
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents



A.
Power level
N/A
N/A



B.
Burn‑up

N/A
N/A



C.
Fuel damaged
N/A
None



D.
Release of activity by nuclide
N/A
<Table 15.6‑21>



E.
Iodine fractions




 (1)
Organic
N/A
0




 (2)
Elemental
N/A
1




 (3)
Particulate
N/A
0



F.
Reactor coolant activity
N/A
<Section




before the accident

15.6.6.5.2.1>


II.
Data and assumptions used to



estimate activity released



A.
Primary containment leak
N/A
N/A




rate (%/day)



B.
Secondary containment leak
N/A
N/A




rate (%/day)



C.
Isolation valve closure time
N/A
N/A




(sec)



D.
Adsorption and filtration




efficiencies




 (1)
Organic iodine
N/A
N/A




 (2)
Elemental iodine
N/A
N/A




 (3)
Particulate iodine
N/A
N/A




 (4)
Particulate fission





products
N/A
N/A



E.
Recirculation system




parameters




 (1)
Flow rate
N/A
N/A




 (2)
Mixing efficiency
N/A
N/A




 (3)
Filter efficiency
N/A
N/A



F.
Containment spray parameters
N/A
N/A




(flow rate, drop size, etc.)



G.
Containment volumes
N/A
N/A


TABLE 15.6‑20 (Continued)



   Design
 Realistic



   Basis
   Basis



Assumptions
Assumptions


II.
Data and assumptions used to



estimate activity released



(Continued)



H.
All other pertinent
N/A
None




data and assumptions


III.
Dispersion Data



A.
Boundary and LPZ
863/4002
863/4002




distance (m)



B.
X/Q’s for total dose ‑




SB/LPZ (sec/m3)
6.7E‑4/8.2E‑5
6.7E‑4/8.2E‑5


IV.
Dose Data



A.
Method of dose calculation
N/A
<Section








15.0.3.5>



B.
Dose conversion assumptions
N/A
<Section








15.0.3.5>



C.
Peak activity
N/A
N/A




concentrations in




containment



D.
Doses

N/A
<Table 15.6‑22>


TABLE 15.6‑21


FEEDWATER LINE BREAK


(REALISTIC ANALYSIS)


ACTIVITY RELEASE TO ENVIRONMENT (CURIES)



Isotope
Activity



I‑131
2.64E ‑ 1



I‑132
3.42



I‑133
1.98



I‑134
6.33



I‑135
3.17


TABLE 15.6‑22


FEEDWATER LINE BREAK


RADIOLOGICAL EFFECTS











Inhalation











Dose (rem)


EXCLUSION AREA


(863 Meters)






9.37E ‑ 1


Low population zone


(4,002 Meters)






1.147E ‑ 1


NOTE:


These results do not account for feedwater check valve leakage.  Refer to <Section 15.6.6.5.2.4> for sensitivity analysis.
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15.7      RADIOACTIVE RELEASE FROM SUBSYSTEMS AND COMPONENTS


15.7.1      RADIOACTIVE GAS WASTE SYSTEM LEAK OR FAILURE


This accident is not affected by the reload analysis.


The following radioactive gas waste system components are examined under several failure mode conditions:


a.
Main condenser gas treatment system failure.


b.
Malfunction of main turbine gland sealing system.


c.
Failure of air ejector lines.


15.7.1.1      Main Condenser Offgas Treatment System Failure


15.7.1.1.1      Identification of Causes and Frequency Classification


Those events which could cause a gross failure in the offgas treatment system are:


a.
A seismic occurrence exceeding the seismic capabilities of the equipment.


b.
A hydrogen detonation which ruptures the system pressure boundary.


c.
A fire in the filter assemblies.


d.
Failure of adjacent equipment which could subsequently compromise offgas equipment.


The seismic event is considered to be the most probable and is the only conceivable event which could cause significant system damage.


The equipment and piping are designed to contain any hydrogen‑oxygen detonation which has a reasonable probability of occurring.  A detonation is not considered as a possible failure mode.


The decay heat on the filters is insignificant and cannot serve as an ignition source for the filters.


The system is isolated from other systems or components which could cause any serious interaction or failure.


The design basis, description and performance evaluation of the subject system is given in <Section 11.3>.


This seismic event, more severe than the design requirements, is categorized as a limiting fault.


15.7.1.1.2      Sequence of Events and Systems Operation


a.
Sequence of Events



The probable sequence of events following this failure is shown in <Table 15.7‑1>.



1.
Identification of Operator Actions




Gross failure of this system may require manual isolation of this system from the main condenser.  This isolation results in high condenser pressure and a reactor scram.  The operator should monitor the turbine generator auxiliaries and break vacuum as soon as possible.  The operator should notify personnel to evacuate the area immediately and notify




radiation protection personnel to survey the area and determine requirements for reentry.  The time needed for these actions is about 2 minutes.


b.
Systems Operation



In analyzing the postulated offgas system failure, no credit is taken for the operation of plant and reactor protection systems, or of engineered safety features.  Credit is taken for functioning of normally operating plant instruments and controls and other systems only in assuming the following:



1.
Capability to detect the failure itself as indicated by an alarmed increase in radioactivity levels seen by the area radiation monitoring system, an alarmed loss of flow in the offgas system, and an alarmed increase in activity at the vent release.



2.
Capability to isolate the system and shutdown the reactor.



3.
Operational indicators and annunciators in the main control room.


c.
The Effect of Single Failure and Operator Errors



The seismic event which is assumed to occur beyond the present plant design basis for nonsafety equipment will cause the tripping of the turbine or will lead to a load rejection.  This will initiate a scram and negate a need for the operator to initiate a reactor shutdown via system isolation.  However, for conservatism, the SJAE will be assumed to continue pumping process gas for 30 minutes.


15.7.1.1.3      Core and System Performance


The postulated failure results in a system isolation necessitating reactor shutdown because of loss of vacuum in the main condenser.  This transient has been analyzed in <Section 15.2.5>.


15.7.1.1.4      Barrier Performance


The postulated failure is the rupture of the offgas system pressure boundary.  No credit is taken for performance of secondary barriers, except to the extent inherent in the assumed equipment release fractions discussed in the next section.


15.7.1.1.5      Radiological Consequences


Two separate radiological analyses are provided for the seismic accident:


a.
The first analysis is based on conservative assumptions considered to be acceptable to the NRC for the purpose of determining adequacy of the plant design to meet <10 CFR 100> guidelines.  This analysis is referred to as the “design basis analysis.”


b.
The second is based on assumptions considered to provide a realistic conservative estimate of radiological consequences.  This analysis is referred to as the “realistic analysis.”


Both are based on the following equipment characteristics with respect to retention of radioactive solid daughter products during normal operation of the offgas system.


a.
Offgas condenser ‑ 100 percent retained and continuously washed out with condensate.


b.
Water separator ‑ (included with offgas condenser).


c.
Holdup pipe ‑ 60 percent retained and continuously washed out with condensate.


d.
Cooler condenser ‑ 100 percent retained and continuously washed out with condensate.


e.
Moisture separator ‑ (included with cooler condenser).


f.
Prefilter ‑ 100 percent retained, element changed annually.


g.
Desiccant dryer ‑ 100 percent retained, desiccant replaced approximately once every five years.


h.
Charcoal adsorbers ‑ 100 percent retained.


i.
After‑filter ‑ 100 percent retained, element changed annually.


Components not listed are assumed to have zero retention of solid daughter products.


Both analyses assume that the SJAE continues to pump the process gas out of a break near the failed component for 30 minutes after the accident.  The release rates for breaks at the holdup pipe exit are given in <Table 15.7‑3>.


a.
Design Basis Analysis



1.
Fission Product Release Assumptions




The activity in the offgas system is based on 2 scfm air inleakage and 100,000 (Ci/sec noble gas after 30 minutes delay 




for a period of 11 months, followed by 1 month of 350,000 (Ci/sec at 30 minutes.




Depending upon the assumptions as to radionuclide release fractions for each equipment piece, the assumed single failure of any one of several components could be controlling with respect to dose consequences.  The assumed release fractions for the design basis analysis are found in <Table 15.7‑4>.  The bases for the failure assumptions of that equipment expected to have the worst dose consequences follow.




(a)
Charcoal Adsorbers and Desiccant Vessel





These vessels are designed with thick walls for detonation resistance.  The only credible failure that could result in loss of carbon is a vessel nozzle failure due to excessive nozzle loads during the seismic event.  Assuming the vessel supports fail along with the nozzle failure, it is expected that no more than 10‑15 percent of the carbon would be displaced from the vessel.  This percentage of the carbon is assumed to be from the top of the first bed, and therefore, would contain virtually all of the activity stored in the beds.  Because iodine is strongly bonded to the charcoal, it is not expected to be removed by exposure to the air.  However, the conservative assumption is made that 1 percent of the iodine activity contained in the adsorber tank is released to the vault containing the offgas equipment.  Additionally, the conservative assumption is made that 1 percent of the solid daughters retained in the charcoal is released.





It is further assumed that 10 percent of the noble gas activity is released from a failed vessel because of the small fraction of carbon exposed to the air.  Measurements made at KRB (plant in Germany) indicate that offgas is about 30 percent richer in Kr than air.  Therefore, if this carbon is exposed to air, it will eventually reach equilibrium with the noble gases in the air.  However, the first few inches of carbon will blanket the underlying carbon from the air.




(b)
Prefilters





Because of the design features of the prefilter vessel, (approximately 24 inch diameter, 4 feet height, 350 psig design pressure, 1/2 inch wall thickness, and collapsible filter media) a failure mechanism cannot be postulated that will result in emission of filter media or daughter products from this vessel.  However, to illustrate the consequences of a radioactivity loss from this vessel, one percent release of particulate activity is assumed.




(c)
Holdup pipe





Pipe rupture and depressurization of the holdup pipe is considered.  For the design basis analysis, 100 percent of the noble gases and all of the remaining solid daughters after a 60 percent washout are assumed to be released.



2.
Fission Product Transport to the Environment




The transport pathway consists of direct release of fission products from the failed component to the environment through the building ventilation system based on the design basis 




release fractions given in <Table 15.7‑4>.  The inventory of activities (design basis values) in each component, before the assumed failure, is presented in <Table 15.7‑3a>.  The release rates due to the continued operation of the SJAE are given in <Table 15.7‑3>.



3.
Results




Dose consequences due to failure of the worst single component [the holdup pipe] and assuming the SJAE continues to pump for 30 minutes after the break are presented in <Table 15.7‑5>.  The doses are a small fraction of the limits specified in <10 CFR 100>.


b.
Realistic Analysis



The realistic analysis is still a conservative assessment of this accident.  The specific models, assumptions and the program used for computer evaluation are described in (Reference 5).  Specific values of parameters used in the evaluation are presented in <Table 15.7‑6>.



1.
Fission Product Release Assumptions




The activity in the offgas system is based on normal operating conditions of 30 scfm air inleakage and 100,000 (Ci/sec noble gas after 30 minutes delay.




The activity stored in the various components before failure is given in <Table 15.7‑3a> (Normal/Realistic Values).




The assumed release fractions for the realistic analysis are found in <Table 15.7‑4>.  The basis for the failure assumptions of those components which could have the worst dose consequence are as follows:




(a)
Charcoal Adsorbers and Desiccant Vessel





Assumptions are the same as the design basis analysis except for the solid daughters.  There is no reason to believe that any of the solid daughter products formed and retained within the micropore structure of the carbon will be released.  Hence, no such release is assumed for the realistic analysis.




(b)
Holdup pipe





Pipe rupture and depressurization of the pipe is considered.  Normally, the pipe will operate at less than 16 psia and depressurize to 14.7 psia.  The possible loss of solid daughters and noble gases is conservatively taken as 20 percent.  The model used assumes retention and washout of 60 percent of the particulate daughters for the calculation of the holdup pipe inventory.




(c)
Prefilter





Same as design basis analysis.



2.
Fission Product Transport to the Environment




The release of activity to the environment is determined by applying the Realistic release fractions in <Table 15.7‑4> to the Normal Value inventories in <Table 15.7‑3a>.  The release rates from the holdup pipe due to the continued operation of 




the SJAE are given in <Table 15.7‑3>.  The release of the indicated radioisotopes is assumed to continue for 30 minutes after the postulated break at the rates indicated in this table.



3.
Results




The calculated exposures for the realistic analysis <Table 15.7‑7> are due to the failure of the holdup pipe and continued operation of the SJAE for 30 minutes after the postulated failure.


15.7.1.2      Malfunction of Main Turbine Gland Sealing System


15.7.1.2.1      Identification of Causes and Frequency Classification


Plausible malfunctions of the turbine gland sealing system include the failure of the steam seal evaporator and its backup steam supply, failure of the steam packing exhauster fan and excessive pressure in the steam seal header.


This event is categorized as a limiting fault.


15.7.1.2.2      Sequence of Events and Systems Operation


It is assumed that the system fails near the condenser.  This results in activity normally processed by the offgas treatment system being discharged directly to the turbine building and subsequently through the ventilation system to the environment.


The operator should initiate normal shutdown of the reactor to reduce the gaseous activity being discharged.  A loss of main condenser vacuum will result in a turbine trip and reactor shutdown.


See <Appendix 15A> for further details on single failures and operator errors.


15.7.1.2.3      Core and System Performance


The failure of this power‑conversion system does not directly affect the nuclear steam supply system (NSSS).  It will, of course, lead to decoupling of the NSSS and the power‑conversion system.


The tripping of the main turbine via main condenser signals will result in an anticipated operational transient examined earlier in <Chapter 15>.


This failure has no applicable effect on the core or the NSSS safety performance.


15.7.1.2.4      Barrier Analysis


This release occurs outside the containment and does not involve any barrier integrity aspects.  However, a discussion of the release of the radioactivity to the environment is presented in order to assess the radiological impact relative to applicable safety limits.


15.7.1.2.5      Radiological Consequences


Failure of the steam seal evaporator and its backup steam supply would result in air leakage through the low pressure shaft seals to the condenser and in the discharge of a small amount of contaminated steam from the high pressure shaft seals to the steam packing exhauster.  The loss of seal steam to the low pressure seals requires that the turbine be shut down to prevent excessive cooling of the turbine shaft.  The small amount of contaminated steam that would be discharged to the atmosphere during the short period before the turbine shutdown is assumed to be inconsequential.


Failure of the steam packing exhauster fan results in the escape of clean steam from the high pressure and low pressure shaft seals.  The most undesirable result of operating in this condition is that some condensate from the escaping seal steam could leak into the lube oil system.


Excessive pressure in the sealing steam header as a result of a malfunction of the seal steam evaporator or the backup steam supply valve is prevented by a relief valve so that there is no detrimental effect on the operation of the shaft seals.


15.7.1.3      Failure of Main Turbine Steam Air Ejector Lines


15.7.1.3.1      Identification of Causes and Frequency Classification


Those events which could cause a failure in the main turbine steam air ejector system are:


a.
Failure of the steam line to the air ejectors.


b.
Failure of the air ejector suction line.


c.
Failure of the air ejector discharge line to the offgas system.


In each of these failures it is assumed that the worst case condition exists and that the failure is in a section of line common to both air ejectors so as to negate the use of the standby air ejector.


This event is categorized as a limiting fault.


15.7.1.3.2      Sequence of Events and Systems Operation


<Table 15.7‑31> lists the sequence of events.


Failure of the steam line to the air ejectors would result in loss of condenser vacuum and the discharge of radioactive steam to the atmosphere.  The high air activity would result in an alarm on the atmospheric radiation monitors and loss of condenser vacuum would result in a turbine trip and a reactor scram.


Failure of the air ejector suction line would result in the loss of condenser vacuum which would result in a turbine trip and a reactor scram.


Failure of the air ejector discharge line to the offgas system would result in the discharge of radioactive gas into the atmosphere.  This failure would result in a “loss‑of‑flow to the offgas system” after which the operator should initiate shutdown of the reactor to reduce the amount of gaseous activity being discharged to the atmosphere.


See <Appendix 15A> for further details on single failures and operator errors.


15.7.1.3.3      Core and System Performance


The failure of this power‑conversion system does not directly affect the nuclear steam supply systems (NSSS).  It will, of course, lead to decoupling of the NSSS and the power‑conversion system.


Tripping of the main turbine via main condenser pressure signals will result in an anticipated operational transient examined earlier in <Chapter 15>.


This failure has no applicable effect on the core or the NSSS safety performance.


15.7.1.3.4      Barrier Analysis


This release occurs outside the containment and does not involve any barrier integrity aspects.  However, a discussion of the release of the radioactivity to the environment is presented in order to assess the radiological impact relative to applicable safety limits.


15.7.1.3.5      Radiological Consequences


15.7.1.3.5.1      Fission Product Release


Of the three lines considered to fail in <Section 15.7.1.3.1>, the most severe radiological consequences offsite would be due to failure of the air ejector discharge line.  The assumptions used in calculating the amount of gaseous radioactive materials released from this break follow:


a.
Loss of flow in the offgas system will be indicated by an alarm in the control room.  It is conservatively assumed that it takes 15 minutes after the break for the operators to shut down the plant.


b.
During this period, the noble gas activity is conservatively assumed to be released from the break at the same rate it is released from the reactor vessel (i.e., no credit is taken for decay of the isotopes while in transit from the reactor to the point of the break).


c.
The iodine activity released from the break is based on 2 percent carryover from the reactor water to the steam and a mass loss of approximately 1,725 pounds through the break before termination of the accident.


d.
No credit is taken for plateout of radioiodine.


e.
It is assumed that an equilibrium coolant concentration consistent with an offgas release rate of 100,000 µCi/second after 30 minutes exists prior to the accident.


15.7.1.3.5.2      Fission Product Transport to the Environment


The following assumptions are used in calculating the amount of activity released to the environs:


a.
It is conservatively assumed that all of the iodine and noble gas activity released from the break is instantaneously released to the environment via the offgas building ventilation system where it is treated by a series of roughing, HEPA and charcoal filters.


b.
The charcoal filter efficiency is assumed to be 90 percent for the removal of iodine.


c.
All other assumptions relating to this event are tabulated in <Table 15.7‑8>.  The activity released to the environment is presented in <Table 15.7‑9>.


15.7.1.3.5.3      Results


The calculated exposures for this analysis are presented in <Table 15.7‑10> and are a very small fraction of <10 CFR 100> guidelines.


15.7.2      RADIOACTIVE LIQUID WASTE SYSTEM FAILURES (RELEASE TO ATMOSPHERE)


This accident is not affected by the reload analysis.


15.7.2.1      Identification of Causes and Frequency Classification


The liquid radwaste treatment systems are classified as quality Group D.  Radioactive releases considered include rupture of radwaste tanks, equipment malfunction or small leaks in the system process lines that transport liquid radwaste.


15.7.2.2      Sequence of Events and Systems Operations


The sequence of events and systems operations is as follows:


a.
Event begins ‑ postulated failure of system component occurs.


b.
Area radiation alarms alert plant personnel.  No credit for any operator action is considered in evaluating this event.


15.7.2.3      Core and System Performance


This event has no effect on the core or NSSS safety functions.


15.7.2.4      Barrier Performance


This release occurs outside the containment, hence does not involve any barrier integrity aspects.


15.7.2.5      Radiological Consequences


The assumptions used to evaluate the failure of the liquid radwaste system are given in <Table 15.7‑11>, and the radioactive inventory in the system is listed in <Table 15.7‑12>.


The amount of activity airborne from this event is negligible.  <Section 15.7.3> evaluates the radiological consequences due to liquid releases.


15.7.3      POSTULATED RADIOACTIVE RELEASES DUE TO LIQUID‑CONTAINING TANK FAILURES


This accident is not affected by the reload analysis.


15.7.3.1      Identification of Causes and Frequency Classification


It is considered highly improbable for significant cracks to develop in the Seismic Category I safety class buildings containing radioactive waste materials and equally improbable for a waste tank to fail.  However, it is postulated that an unspecified event causes a failure of a tank in the radwaste building and subsequent failure of the radwaste building.


This failure is classified as a limiting fault.


15.7.3.2      Sequence of Events and Systems Operation


The sequence of events and systems operations follows:


a.
Failure occurs ‑ contents of failed component is released into the radwaste building.


b.
Area radiation alarms alert plant personnel.


c.
For the evaluation of this failure no credit is taken for operator action and it is assumed that liquid leaks from the building into the ground.  However, the plant operating procedures require that upon indication of a seismic event or unexpected high radiation levels in the radwaste building, the service and backup underdrain pumps are manually tripped with a positive, safety‑related cutoff switch.  In addition, radiation monitors located in the underdrain system effluent discharge will alarm in the control room and automatically stop the service and backup underdrain pumps upon 



detection of high radioactivity <Section 11.5>.  The radwaste building is then inspected to determine whether a gross failure of any components housing radioactive liquids has occurred.  If no failure has occurred, the underdrain pumps are reactivated.  If failure is discovered, the pumps will not be reactivated until it can be determined that contaminated water has not entered the underdrain system.  If radioactivity has been released to the underdrain system, the pumps will not be reactivated, and the groundwater will be allowed to rise to the gravity drain discharge system (Elevation 582.6’).


15.7.3.3      Core and System Performance


The failure of these radwaste components does not directly affect the core or NSSS safety function.


15.7.3.4      Barrier Performance


This event does not involve any containment barrier integrity.


15.7.3.5      Radiological Consequences


The following methods and assumptions are applied in the analysis of the offsite exposures resulting from the release of liquids to the groundwater from a failure in the liquid radwaste system:


a.
For each piece of failed equipment, it is conservatively assumed that 80 percent of the design capacity is immediately released from the building, i.e., no credit is taken for retention of any of the released liquids in the Seismic Category I radwaste building.  The radioactive inventories in the system are listed in <Table 15.7‑12>.  The system is operated as provided in (Reference 8).

b.
After the liquids leave the building, they enter the porous concrete mat and are mixed with clean, non‑contaminated groundwater.  Activity bound up in solids such as resins is assumed to remain in the Radwaste Building.


c.
The time required for groundwater to reach gravity drain discharge elevation is approximately 14.9 days.  During this time, credit is taken for radioactive decay of the released radioisotopes.  The quantity of clean groundwater available for dilution at this time is conservatively calculated to be 1.72 million gallons.


d.
This decayed and diluted mixture then drains, via the gravity drain system to the emergency service water pumphouse bay area at a rate of 80 gpm (design groundwater flow rate into underdrain system).


e.
For all postulated tank ruptures, the isotopic concentrations are then further reduced by mixing with a conservative emergency service water flow of 19,000 gpm.  No credit is assumed for any dilution with the non‑contaminated water in the emergency service water pumphouse bay.


f.
The emergency service water pump would normally discharge to Lake Erie, via the plant discharge tunnel, where the radioactive liquids would be well mixed (diluted) with the non‑contaminated lake water. In the event of a collapse or blockage of the non‑seismic portion of the ESW discharge piping, however, the emergency service water system will discharge via a standpipe to the yard outside of the 



auxiliary building.  At this location a grass swale is provided to carry the flow from the auxiliary building area, between the cooling towers, to the minor stream diversion on the east side of the plant.  This water then flows in the stream diversion over the sediment control dam and ultimately enters Lake Erie at the shoreline.  If this path were used by the effluents following the postulated accident, dilution of the radioactive liquids would occur in the minor stream diversion and in Lake Erie with the non‑contaminated lake water.  In calculating the resultant individual exposures from this pathway, it was conservatively assumed that no dilution occurred in the grass swale.


g.
No credit is taken for any settling or plating out of the radioisotopes.


h.
The dose conversion factors for the isotopes considered are taken from (Reference 7).


i.
For the purposes of calculating the average fraction of <10 CFR 20, Appendix B> effluent concentration, the total release of the radioisotopes into the lake is averaged over a one year period.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)


j.
The resultant ingestion exposure is calculated for an individual drinking potentially contaminated water for a period of one year at a rate of 2,000 cc/day.  The isotopic concentrations in this water are conservatively assumed to be the concentrations calculated at the nearest drinking water intake.


k.
Credit is taken for dilution in the lake to the nearest drinking water intake (0.5 miles ENE of the plant) as presented in Table 5.1‑10 of the Perry Nuclear Power Plant Environmental Report (Operating License Stage).


The resulting exposures from liquid releases to the groundwater are presented in <Table 15.7‑14>.


The individual isotopic concentrations and fraction of effluent water concentrations (FEWC) for the radionuclides released by a postulated failure of the condensate filter backwash setline tank are given in <Table 15.7‑15a>.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20> dated October 4, 1993.)  A summary of the total isotopic concentration and total FENOC for each component postulated to fail is given in <Table 15.7‑16>.


As indicated by these results the concentrations are well within the <10 CFR 20> effluent concentration limits for unrestricted areas <10 CFR 20, Appendix B>. Likewise, the resultant exposures are a small fraction of acceptable limits for this type of event.


15.7.4      FUEL HANDLING ACCIDENT OUTSIDE CONTAINMENT


This accident is not reanalyzed as part of the reload analyses as the fuel handling accident inside containment analysis is bounding <Section 15.7.6>.  Radiological exposures were recalculated incorporating GE12 and GE14 fuel resulting in exposures within the licensing basis limits of 6.3 rem TEDE (offsite) and 5 rem TEDE (control room).


15.7.4.1      Identification of Causes and Frequency Classification


15.7.4.1.1      Identification of Causes


The fuel handling accident is assumed to occur as a consequence of a failure of the fuel assembly lifting mechanism resulting in the dropping of a raised fuel assembly onto stored fuel bundles.


15.7.4.1.2      Frequency Classification


This event has been categorized as a limiting fault.


15.7.4.2      Sequence of Events and Systems Operation


15.7.4.2.1      Sequence of Events


The most severe fuel handling accident from a radiological release viewpoint is the drop of a channeled spent fuel bundle onto unchanneled spent fuel in the spent fuel racks in the fuel handling building.  The sequence of events which is assumed to occur is as follows:













Approximate






Event

 



Elapsed Time


a.
Channeled fuel bundle is being handled by a



crane over spent fuel pool.  Crane motion



changes from horizontal to vertical and the



fuel grapple releases, dropping the bundle.



The channeled bundle strikes unchanneled



bundles in the rack.
0


b.
Some rods in both the dropped and struck



bundles fail, releasing radioactive gases



to the pool water.
0


c.
Gases pass from the water to the fuel



handling building.
0


d.
The fuel handling building ventilation



system high radiation alarm alerts plant



personnel.
<1 Min


15.7.4.2.1.1      Identification of Operator Actions


The accident analysis does not assume any operator actions for the mitigation of this event.


15.7.4.2.2      Systems Operation


Operation of plant, reactor protection or ESF systems is not taken into account.


15.7.4.2.3      The Effect of Single Failures and Operator Errors


The FHAES is designed to single failure criteria and safety requirements.  No credit is taken for the FHAES.


15.7.4.3      Core and System Performance (Initial Cycle)


15.7.4.3.1      Mathematical Model


The analytical methods and associated assumptions used to evaluate the consequences of this accident are considered to provide a realistic, yet conservative assessment of the consequences for the initial cycle.


The kinetic energy acquired by a falling fuel assembly may be dissipated in one or more impacts.


To estimate the expected number of failed fuel rods in each impact, a conservation of energy approach is used.  The fuel assembly is expected to impact on the spent fuel racks at a small angle from the vertical, 


possibly inducing a bending mode of failure on the fuel rods of the dropped assembly.  It is assumed that each fuel rod resists the imposed bending load by a couple consisting of two equal, opposite concentrated forces.  Therefore, fuel rods are expected to absorb little energy prior to failure as a result of bending.  Actual bending tests with concentrated point‑loads show that each fuel rod absorbs approximately 1 ft‑lb prior to cladding failure.  Each rod that fails as a result of gross compression distortion is expected to absorb approximately 250 ft‑lb before cladding failure (based on 1 percent uniform plastic deformation of the rods).


The energy of the dropped assembly is conservatively assumed to be absorbed by only the cladding and other pool structures.  Because an unchanneled fuel assembly consists of 76 percent fuel, 19 percent cladding and 5 percent other structural material by weight, the assumption that no energy is absorbed by the fuel material results in considerable conservatism in the mass‑energy calculations that follow.


The energy absorption on successive impacts is estimated by considering a plastic impact.  Conservation of momentum under a plastic impact shows that the fractional kinetic energy absorbed during impact is:
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where M1 is the impacting mass and M2 is the struck mass.


15.7.4.3.2      Input Parameters and Initial Conditions (Initial Cycle)


The assumptions used in the analysis of this accident are listed below:


a.
The fuel assembly is dropped from the maximum height allowed by the fuel handling equipment.


b.
The entire amount of potential energy, referenced to the top of the spent fuel racks, is available for application to the fuel assemblies involved in the accident.  This assumption neglects the dissipation of some of the mechanical energy of the falling fuel assembly in the water above the rack and requires the complete detachment of the assembly from the fuel hoisting equipment.  This is only possible if the fuel assembly handle, the fuel grapple or the grapple cable breaks.


c.
None of the energy associated with the dropped fuel assembly is absorbed by the fuel material (uranium dioxide).


15.7.4.3.3      Results (Initial Cycle)


a.
Energy Available



Dropping a fuel assembly onto the spent fuel racks from the maximum assumed height of 10 ft (actual height is 8 ft), results in an impact velocity of 25.4 ft/sec.



The kinetic energy acquired by the falling fuel assembly is less than 8,000 ft‑lb and is dissipated in one or more impacts.


b.
Energy Loss Per Impact



Based on the fuel geometry in the spent fuel rack, two fuel assemblies are struck by the impacting assembly.  The fractional energy loss on the first impact is approximately 63 percent.



The second impact is expected to be less direct.  The broad side of the dropped assembly impacts approximately 22 more fuel assemblies, so that after the second impact only 88 ft‑lb (approximately 2 percent of the original kinetic energy), is available for a third impact.  Because a single fuel rod is capable of absorbing 



250 ft‑lb in compression before cladding failure, it is unlikely that any fuel rod will fail on a third impact.  In calculating the activity release, however, it is conservatively assumed that one rod fails on the third impact.



If the dropped fuel assembly strikes only one fuel assembly on the first impact, the energy absorption by the fuel rack support structure results in approximately the same energy dissipation on the first impact as in the case where two fuel assemblies are struck.  The energy relations on the second and third impacts remain approximately the same as in the original case.  Thus, the calculated energy dissipation is as follows:




First impact

63 percent




Second impact

35 percent




Third impact

2 percent (no cladding failures)


c.
Fuel Rod Failures (Initial Cycle)



1.
First Impact Failures




The first impact dissipates 0.63 x 8,000 or 5,040 ft‑lb of energy.  It is assumed that 50 percent of this energy is absorbed by the dropped fuel assembly and that the remaining 50 percent is absorbed by the struck fuel assemblies in rack.  Because the fuel rods of the dropped fuel assembly are susceptible to the bending mode of failure and because 1 ft‑lb of energy is sufficient to cause cladding failure as a result of bending, all 62 rods of the dropped fuel assembly are assumed to fail.  Because the 8 tie rods of each struck fuel assembly are more susceptible to bending failure than the other 54 fuel rods, it is assumed that they fail on the first impact.  Thus 2 x 8 = 16 tie rods (total in 2 assemblies) are assumed to fail.




Because the remaining fuel rods of the struck assemblies are held rigidly in place in the spent fuel racks, they are susceptible only to the compression mode of failure.  To cause cladding failure of one fuel rod as a result of compression, 250 ft‑lb of energy is required.  To cause failure of all the remaining rods of the 2 struck assemblies, 250 x 54 x 2 or 27,000 ft‑lb of energy would have to be absorbed in cladding alone.  Thus, it is clear that not all the remaining fuel rods of the struck assemblies can fail on the first impact.  The number of fuel rod failures caused by compression is computed as follows:







[image: image2.wmf]8


250


5


19


19


040


,


5


5


.


0


=


+


´


´






Thus, during the first impact, fuel rod failures are as follows:





Dropped assembly

62 rods (bending)





Struck assemblies

16 tie rods (bending)





Struck assemblies

 8 rods (compression)










86 failed rods



2.
Second Impact Failures




Because of the less severe nature of the second impact and the distorted shape of the dropped fuel assembly, it is assumed that in only 2 of the 22 struck assemblies are the tie rods subjected to bending failure.  Thus 2 x 8 = 16 tie rods are assumed to fail.  The number of fuel rod failures caused by compression on the second impact is computed as follows:
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Thus, during the second impact the fuel rod failures are as follows:





Struck assemblies

16 tie rods (bending)





Struck assemblies

 5 rods (compression)










21 failed rods



3.
Total Failures




The total number of failed rods resulting from the accident is as follows:





First impact


 86 rods





Second impact


 21 rods





Third impact


  1 rods










108 total failed rods (initial














   cycle)




151 total failed rods are assumed for GE14 fuel.


15.7.4.3.4      Results (Current Cycle)


The total number of failed fuel rods for the bounding fuel handling accident is given in <Section 15.7.6.3>.


15.7.4.4      Barrier Performance


This failure occurs in the fuel handling building outside the normal barriers (RCPB and containment).  Therefore, this section is not directly applicable.  The transport of fission products to the environment is discussed in the next section.


15.7.4.5      Radiological Consequences


The analysis is based on conservative assumptions considered to be acceptable to the NRC for the purpose of determining adequacy of the plant design to meet <Regulatory Guide 1.183> dose criteria.  This analysis is referred to as the “design basis analysis,” and is based on a 24 hour radioactive decay period of the fuel.  The design basis analysis is based on assumptions and methods contained in NRC <Regulatory Guide 1.183>.


When comparing a fuel handling accident inside containment with a fuel handling accident in the Fuel Handling Building, the inside containment event would be bounding due to higher kinetic energy and the greater number of fuel pins damaged.  The assumption is made that the activity which escapes from the pool is released immediately and directly to the environment.  Thus, for this analysis, refer to <Section 15.7.6.4> on the bounding analyses for the fuel handling accident inside containment.


The fission product inventory in the fuel rods assumed to be damaged is based on operation at 3,833 MWt.


15.7.4.5.1      Design Basis Analysis Assuming 24 Hour Radioactive Decay 


 of the Fuel


15.7.4.5.1.1      Fission Product Release from Fuel


Refer to <Section 15.7.6.4.1>.


15.7.4.5.1.2      Fission Product Transport to the Environment


Refer to <Section 15.7.6.4.1>.


15.7.4.5.1.3      Results


The calculated exposures for the bounding fuel handling accident are presented in <Table 15.7‑35> and are within the dose criteria of <Regulatory Guide 1.183>.


15.7.5      SPENT FUEL CASK DROP ACCIDENTS


This accident is not affected by the reload analysis.


15.7.5.1      Cask Drop from Transport Vehicle


In the unlikely event that the fuel cask falls from the transport vehicle, the maximum height which the cask will drop should be in general less than 10 ft.  Since the cask is designed to withstand a 30 ft drop onto a non‑yielding surface without failure, the fall from the transport vehicle will cause no failure of the cask.


15.7.5.2      Cask Drop from Crane


The Mark III containment design includes a separate fuel handling building.  The spent fuel storage pools in this building are arranged so that the overhead crane which handles the cask cannot possibly move the cask above the spent fuel storage pool.  This precludes the possibility of the cask falling on the stored spent fuel bundles.  Also, the pools are arranged so that a rupture of the cask loading pool floor will not drain water from the spent fuel storage pool.  The cask loading area design and operating procedures are specifically formulated so that a cask drop will not result in failure of the cask.


15.7.6      FUEL HANDLING ACCIDENT INSIDE CONTAINMENT


The radiological exposures were recalculated incorporating GE12 and GE14 Fuel and power uprate analysis resulting in exposures within the licensing basis limits of 6.3 rem TEDE (offsite) and 5 rem TEDE (control room).


The analysis in <Section 15.7.6.4> assumes a 24 hour decay time prior to the accident occurring, i.e., the fuel has not been in a critical reactor core within the previous 24 hours.  The 24 hour value forms the definition of “recently irradiated fuel” as identified in the Technical Specifications.  This analysis is reviewed each cycle to verify that the 24 hour assumption is valid.  As a result of this review, the definition of “recently irradiated fuel” may change, and would be reflected herein.  Note that although the Technical Specifications retain the term “recently irradiated fuel” and could be interpreted to permit fuel handling before 24 hours if certain buildings and ventilation systems are operable, this is not the case.  Handling of “recently irradiated fuel” is prohibited, because no dose calculations exist to address a fuel handling accident within the first 24 hours after the core is subcritical.


15.7.6.1      Identification of Causes and Frequency Classification


15.7.6.1.1      Identification of Causes


Various mechanisms for fuel failure during refueling have been investigated.  Procedural controls, backed up by the refueling interlocks, impose restrictions on the movement of refueling equipment and control rods, to prevent an inadvertent criticality during refueling operations.  In addition, the reactor protection system is able to initiate a reactor scram in time to prevent fuel damage for errors or malfunctions occurring during planned criticality tests with the reactor vessel head off.  It is concluded that the accident that results in the release of significant quantities of fission products during this mode 


of operation with the greatest analyzed radiological consequences is one resulting from the accidental dropping of a fuel bundle onto the top of the core.


The movement of non‑fuel items over irradiated fuel inside containment will be administratively controlled such that the radiological consequences associated with their accidental dropping with or without primary or secondary containment will remain bounded by that of a dropped fuel bundle.


15.7.6.1.2      Frequency Classification


This event has been categorized as a limiting fault.


15.7.6.2      Sequence of Events and Systems Operation


15.7.6.2.1      Sequence of Events


The sequence of events which is assumed to occur is as follows:













Approximate






Event





Elapsed Time


a.
Channeled fuel bundle being removed from



reactor vessel by the refueling crane.  Fuel 



bundle is dropped from maximum height allowed 



by the refueling equipment.  Fuel bundle 



strikes core.
0


b.
Some rods in both dropped and struck



bundles fail releasing radioactive gases



to pool water.
0


c.
Gases pass from water immediately to building.
0


d.
Containment vessel and drywell purge



ventilation system isolates due to high



radiation signal.  Not credited in the dose



analysis.
20 sec


15.7.6.2.1.1      Identification of Operator Actions


The accident analysis does not assume any operator actions for the mitigation of this event.


15.7.6.3      Core and System Performance


The methods used for this evaluation are the same as those presented in <Section 15.7.4.3>, for the initial cycle.  The analysis credits 151 failed fuel rods based on GE methodology for GE12 and GE14 bundles and a triangular fuel handling mast.


15.7.6.4      Radiological Consequences


Three separate radiological cases are provided for this accident:


a.
The first is based on conservative assumptions considered to be acceptable to the NRC for the purpose of determining adequacy of the plant design to meet <Regulatory Guide 1.183> dose criteria.  This analysis is based on a 24 hour radioactive decay period of the fuel.  This is considered the base case and takes no credit for engineered safety features, isolations, or filtration.


b.
The second case is identical to the first case but was performed to determine the effect of control room isolation and fresh air intake.  The control room dose was calculated assuming that once the available activity is introduced into the control room, the fresh air intake was isolated without any additional inleakage.  At two hours, outside ventilation air is re‑established and continues for the remainder of the 30‑day dose analysis.


c.
The third case is also identical to the first case but was performed to determine the effect of control room isolation and emergency recirculation filtering.  The control room dose was calculated assuming that once the available activity is introduced into the control room, the fresh air intake was isolated without any additional inleakage.  At two hours, the control room emergency recirculation system was assumed to initiate and continue for the remainder of the 30‑day dose analysis.  A filtration efficiency for the charcoal of 50% was assumed in order to be consistent with <Table 15.6‑14>.


NOTE:
The second and third cases were performed to examine the flexibility the control room operators have in using ventilation, to ensure that there were no dose outliers. The results show that even if the operators take 2 hours to initiate an action, (i.e., re‑initiate normal intake or utilize recirculation filtration) the doses remain below the licensing basis limits.


For all cases, the fission product inventory in the fuel rods assumed to be damaged is based on operation at 3,833 MWt.  Specific values for parameters used are provided in <Table 15.7‑32>.


An additional scenario was reviewed in the event a fuel bundle was dropped when travelling through the refueling shield inside containment.  This reduces the amount of water coverage resulting in a lower decontamination factor.  The resultant dose is less than the cases described above when considering that the damage is limited to the number of rods in one fuel bundle.


15.7.6.4.1      Design Basis Analysis Assuming 24 Hour Radioactive Decay 


 of the Fuel


a.
Fission Product Release from Fuel



The fission product activity released from the fuel damaged as a result of a fuel handling accident is calculated using the methods below:



1.
The fuel rod gap activity is assumed to consist of 5% of the total halogen and noble gas activity in the rods at the time of the accident, except for KR‑85, which is assumed to be 10% and I‑131 which is assumed to be 8%.



2.
Twelve percent of the alkali metals are available for release but are retained in the water.



A total of 151 fuel rods fail as a result of the accident given a core loaded with GE12 and GE14 fuel, while using a triangular fuel handling mast.


b.
Fission Product Activity Released



The following assumptions and initial conditions are used in calculating the fission product activity released to the environs.



1.
The iodine gap inventory is composed of elemental species (99.85 percent) and organic species (0.15 percent).



2.
The minimum water depth between the top of the damaged fuel rods and the containment pool surface is 23 feet.



3.
The pool decontamination factors for the elemental and organic species of iodine are 500 and 1, respectively, giving an overall effective decontamination factor of 200 (i.e., 99.5 percent of the total iodine released from the damaged rods is retained by the pool water).  This difference in decontamination factors for elemental and organic iodine species results in the iodine above the fuel pool being composed of 57 percent elemental and 43 percent organic species.



4.
The retention of noble gases in the pool is negligible (i.e., decontamination factor of 1).  Particulate radionuclides are assumed to be retained by the water.



5.
The effects of plateout and fallout are neglected.



6.
The activities within the failed rods are assumed to have been decayed 24 hours prior to the accident.



7.
All activity released from the pool to the containment is released directly to the environment (i.e., filtering and containment integrity is not credited).



Based on these assumptions, the activity released from the pool to the environment is listed in <Table 15.7‑34>.


c.
Results



Based on these assumptions, the Total Effective Dose Equivalent (TEDE) at the exclusion boundary, low population zone and control room are summarized in <Table 15.7‑35>.  The doses at these distances are within the licensing basis limits of 6.3 rem TEDE (offsite) and 5 rem TEDE (control room).
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TABLE 15.7‑1


PROBABLE SEQUENCE OF EVENTS FOR MAIN CONDENSER GAS


TREATMENT SYSTEM FAILURE


Approximate


Elapsed Time



   Events



 0 sec

Event begins ‑ system fails



 0 sec

Noble gases are released



<1 min

Area radiation alarms alert plant personnel



<1 min

Operator actions begin with






a)
initiation of appropriate system isolations






b)
manual scram actuation






c)
assurance of reactor shutdown cooling.


TABLE 15.7‑2


RECHAR SYSTEM SJAE PIPE BREAK ACTIVITY RELEASE RATE


INPUT:  100,000 (Ci/sec Mix


Isotope
(Ci/sec
Isotope
(Ci/sec
Isotope
(Ci/sec


T‑3
1.128E+0
SE‑88
2.307E‑3
ZR‑95
4.084E‑5


N2‑13
3.691E+3
BR‑88
6.702E+0
NB‑95m
8.958E‑7


A‑13m
9.577E+0
KR‑88
2.231E+4
NB‑95
4.039E‑5


NO‑13
5.922E‑2
RB‑88
2.873E‑1
ZR‑97
3.208E‑4


C‑14
1.037E‑1
SE‑89
4.997E‑7
NB‑97m
1.221E‑1


N2‑16
8.270E+6
BR‑89
2.942E+0
NB‑97
3.986E‑3


A‑16m
3.623E+4
KR‑89
2.356E+5
ZR‑99
9.221E‑2


NO‑16
8.801E+1
RB‑89
3.572E+0
NB‑99m
2.746E‑2


N2‑17
1.373E+3
SR‑89
2.533E‑3
NB‑99
1.583E‑1


A‑17m
7.679E+0
Y‑89m
1.297E‑8
MO‑99
3.149E‑4


NO‑17
3.422E‑2
BR‑90
4.051E‑1
TC‑99m
1.685E‑1


F‑18
4.952E+0
KR‑90
5.912E+5
TC‑99
2.382E‑8


O‑19
7.677E+2
RB‑90m
3.748E+0
MO‑101
1.654E‑2


NA‑24
2.294E‑3
RB‑90
4.749E‑1
TC‑101
2.114E‑1


P‑32
2.288E‑5
SR‑90
1.442E‑4
MO‑102
1.744E‑2


CR‑51
5.852E‑4
Y‑90m
4.208E‑9
TC‑102m
1.815E‑1


MN‑54
4.566E‑5
Y‑90
1.361E‑6
TC‑102
5.549E‑5


MN‑56
5.873E‑2
BR‑91
1.702E‑3
TC‑103
1.310E‑1


CO‑58
5.822E‑3
KR‑91
5.157E+5
RU‑103
2.225E‑5


FE‑59
9.343E‑5
RB‑91
1.576E+2
RH‑103m
2.442E‑3


CO‑60
5.511E‑4
SR‑91
7.977E‑2
MO‑104
2.996E‑2


NI‑65
3.524E‑4
Y‑91m
1.855E‑3
TC‑104
7.260E‑2


ZN‑65
2.263E‑6
Y‑91
2.067E‑5
MO‑105
1.962E‑2


ZN‑69m
3.442E‑5
BR‑92
6.636E‑8
TC‑105
4.045E‑2


AS‑83
1.306E‑2
KR‑92
2.316E+4
RU‑105
1.996E‑4


SE‑83m
7.043E‑3
RB‑92
2.364E+2
RH‑105m
6.637E‑3


SE‑83
4.631E‑4
SR‑92
2.785E‑1
RH‑105
2.874E‑5


BR‑83
2.583E+0
Y‑92
9.591E‑4
TC‑106
1.621E‑2


KR‑83m
4.449E+3
KR‑93
1.809E+3
RU‑106
1.579E‑6


AS‑84
8.704E‑3
RB‑93
4.965E+1
AG‑110m
6.876E‑5


SE‑84
1.056E‑2
SR‑93
8.862E‑1
SB‑129
1.207E‑4


BR‑84m
9.329E‑2
Y‑93
6.444E‑4
TE‑129m
5.988E‑6


BR‑84
5.602E+0
ZR‑93
6.726E‑11
TE‑129
7.822E‑4


AS‑85
2.242E‑3
NB‑93m
7.577E‑12
I‑129
1.574E‑8


SE‑85m
1.378E‑2
KR‑94
7.887E‑6
SB‑131
4.986E‑3


SE‑85
1.680E‑2
RB‑94
2.165E‑1
TE‑131m
2.522E‑5


BR‑85
5.481E+0
SR‑94
2.759E‑1
TE‑131
5.295E‑3


KR‑85m
6.625E+3
Y‑94
1.670E‑2
I‑131
1.878E+0


KR‑85
1.680E+1
KR‑95
2.787E‑2
XE‑131m
3.481E+1


AS‑87
8.716E‑5
RB‑95
1.176E‑3
TE‑132
2.010E‑4


TABLE 15.7‑2 (Continued)


Isotope
(Ci/sec
Isotope
(Ci/sec
Isotope
(Ci/sec


SE‑87
3.002E‑2
SR‑95
2.931E‑1
I‑132
2.399E+1


BR‑87
7.509E+0
Y‑95
2.907E‑2
SB‑133
2.915E‑2


KR‑87
2.287E+4


TE‑133m
3.983E‑3
CS‑137
1.493E‑4
LA‑142
3.687E‑3


TE‑133
1.170E‑2
BA‑137m
1.706E‑4
XE‑143
3.099E‑4


I‑133m
3.476E‑1
XE‑138
1.332E+5
CS‑143
1.462E‑1


I‑133
1.378E+1
CS‑138m
1.037E‑2
BA‑143
3.556E‑1


XE‑133m
3.430E+2
CS‑138
9.669E‑1
LA‑143
2.127E‑2


XE‑133
8.360E+3
XE‑139
6.076E+5
CE‑143
1.830E‑4


TE‑134
8.721E‑3
CS‑139
1.597E+1
PR‑143
5.178E‑5


I‑134m
1.901E+0
BA‑139
1.078E‑1
XE‑144
5.810E+0


I‑134
4.388E+1
XE‑140
5.723E+5
CS‑144
1.937E‑1


XE‑134m
2.155E‑1
CS‑140
1.445E+2
BA‑144
4.804E‑1


I‑135
2.207E+1
BA‑140
8.676E‑3
LA‑144
1.787E‑1


XE‑135m
3.965E+4
LA‑140
6.328E‑5
CE‑144
2.418E‑5


XE‑135
2.486E+4
XE‑141
1.447E+4
ND‑147
2.155E‑5


CS‑135m
2.390E‑5
CS‑141
6.001E+1
P‑147m
5.395E‑6


CS‑135
1.922E‑9
BA‑141
4.697E‑1
ND‑149
5.058E‑4


TE‑136
5.217E‑2
LA‑141
1.373E‑3
P‑149m
2.339E‑5


I‑136m
7.170E+0
CE‑141
4.086E‑5
W‑187
3.523E‑3


I‑136
1.086E+1
XE‑142
1.086E+3
NP‑239
2.440E‑1


I‑137
9.789E+0
CS‑142
3.082E+1


XE‑137
2.755E+5
BA‑142
7.785E‑1
Total
1.141E+7


TABLE 15.7‑3


RECHAR SYSTEM HOLDUP PIPE BREAK ACTIVITY RELEASE RATE


INPUT:  100,000 (Ci/sec Mix


Isotope
(Ci/sec
Isotope
(Ci/sec
Isotope
(Ci/sec


T‑3
1.893E‑2
SE‑88
0.
ZR‑95
2.841E‑15


N0‑13
2.108E‑3
BR‑88
2.760E‑11
NB‑95m
6.113E‑17


A‑13m
1.070E‑1
KR‑88
2.144E+4
NB‑95
2.758E‑15


NO‑13
2.319E‑12
RB‑88
1.923E+3
ZR‑97
2.179E‑14


C‑14
3.488E‑2
SE‑89
0.
NB‑97m
1.769E‑14


N0‑16
3.874E‑14
BR‑89
1.157E‑34
NB‑97
3.089E‑13


A‑16m
3.320E‑18
KR‑89
4.045E+4
ZR‑99
0.


NO‑16
2.826E‑29
RB‑89
1.016E+4
NB‑99m
2.072E‑13


N0‑17
2.484E‑32
SR‑89
3.465E‑1
NB‑99
5.507E‑22


A‑17m
2.718E‑36
Y‑89m
5.511E‑28
MO‑99
2.258E‑14




BR‑90
0.
TC‑99m
1.133E‑11


F‑18
2.821E‑2
KR‑90
1.908E+1
TC‑99
1.627E‑18


O‑19
5.452E‑5
RB‑90m
5.417E+2
MO‑101
7.727E‑13


NA‑24
1.557E‑13
RB‑90
3.442E+3
TC‑101
9.883E‑12


P‑32
1.562E‑15
SR‑90
1.572E‑3
MO‑102
7.224E‑13


CR‑51
3.996E‑14
Y‑90m
2.792E‑19
TC‑102m
3.571E‑12


MN‑54
3.119E‑15
Y‑90
8.503E‑7
TC‑102
0.


MN‑56
3.870E‑12
BR‑91
0.
TC‑103
1.152E‑14


CO‑58
3.976E‑13
KR‑91
4.464E‑11
RU‑103
1.598E‑15


FE‑59
6.381E‑15
RB‑91
1.960E+1
RH‑103m
1.511E‑13


CO‑60
3.764E‑14
SR‑91
2.814E+0
MO‑104
6.388E‑14


NI‑65
2.320E‑14
Y‑91m
6.607E‑2
TC‑104
3.712E‑12


ZN‑65
1.546E‑16
Y‑91
2.820E‑5
MO‑105
2.816E‑15


ZN‑69m
2.335E‑15
BR‑92
0.
TC‑105
1.427E‑12


AS‑83
1.758E‑23
KR‑92
0.
RU‑105
3.224E‑14


SE‑83m
5.018E‑15
RB‑92
1.541E‑31
RH‑105m
7.955E‑17


SE‑83
2.691E‑14
SR‑92
4.758E‑5
RH‑105
2.075E‑15


BR‑83
1.257E‑2
Y‑92
4.682E‑7
TC‑106
1.376E‑16


KR‑83m
4.205E+3
KR‑93
0.
RU‑106
1.087E‑16


AS‑84
7.202E‑38
RB‑93
2.757E‑28
AG‑110m
4.696E‑15


SE‑84
1.375E‑13
SR‑93
3.335E‑7
SB‑129
8.072E‑15


BR‑84m
1.873E‑4
Y‑93
1.645E‑9
TE‑129m
4.090E‑16


BR‑84
2.380E‑2
ZR‑93
1.148E‑20
TE‑129
4.958E‑14


AS‑85
0.
NB‑93m
5.175E‑22
I‑129
7.961E‑11


SE‑85m
2.328E‑20
KR‑94
0.
SB‑131
2.675E‑13


SE‑85
2.277E‑16
RB‑94
0.
TE‑131m
1.746E‑15


BR‑85
4.016E‑3
SR‑94
2.628E‑13
TE‑131
3.121E‑13


KR‑85m
6.446E+3
Y‑94
1.384E‑12
I‑131
9.498E‑3


KR‑85
1.669E+1
KR‑95
0.
XE‑131m
3.446E+1


AS‑87
0.
RB‑95
0.
TE‑132
1.371E‑14


TABLE 15.7‑3 (Continued)


Isotope
(Ci/sec
Isotope
(Ci/sec
Isotope
(Ci/sec


SE‑87
3.154E‑38
SR‑95
5.534E‑17
I‑132
1.165E‑1


BR‑87
9.678E‑5
Y‑95
1.531E‑12
SB‑133
1.973E‑13


KR‑87
2.112E+4


TE‑133m
2.606E‑13
CS‑137
1.822E‑2
LA‑142
3.552E‑8


TE‑133
5.813E‑13
BA‑137m
1.830E‑3
XE‑143
0.


IM‑133
1.532E‑19
XE‑138
8.926E+4
CS‑143
0.


I‑133
6.941E‑2
CS‑138m
1.046E‑13
BA‑143
6.023E‑22


XE‑133m
3.391E+2
CS‑138
5.981E+3
LA‑143
1.221E‑12


XE‑133
8.274E+3
XE‑139
1.376E+2
CE‑143
1.431E‑14


TE‑134
5.219E‑13
CS‑139
6.160E+3
PR‑143
3.537E‑15


IM‑134
2.060E‑3
BA‑139
1.939E+2
XE‑144
0.


I‑134
2.000E‑1
XE‑140
1.334E‑5
CS‑144
0.


XE‑134m
0.
CS‑140
9.379E+1
BA‑144
8.949E‑22


I‑135
1.101E‑1
BA‑140
2.898E‑1
LA‑144
1.356E‑13


XE‑135m
2.733E+4
LA‑140
2.492E‑4
CE‑144
1.896E‑15


XE‑135
2.470E+4
XE‑141
0.
ND‑147
1.472E‑15


CS‑135m
1.470E‑15
CS‑141
3.358E‑8
P‑147m
3.685E‑16


CS‑135
4.303E‑8
BA‑141
7.230E‑5
ND‑149
3.275E‑14


TE‑136
4.662E‑19
LA‑141
7.350E‑7
P‑149m
1.620E‑15


I‑136m
2.613E‑5
CE‑141
3.300E‑11
W‑187
2.397E‑13


I‑136
1.096E‑3
XE‑142
0.
NP‑239
1.664E‑11


I‑137
6.587E‑8
CS‑142
0.


XE‑137
6.439E‑4
BA‑142
1.270E‑7
Total
3.388E+5


TABLE 15.7‑3a


OFFGAS SYSTEM COMPONENT INVENTORY ACTIVITIES


DESIGN BASIS AND NORMAL VALUES(1)

Design Basis Values in Ci(2)

OFFGAS PREHEATER


N16
9.81E‑00
KR87
8.20E‑02
TOTAL = 1.62E+01


KR88
8.24E‑02
KR89
6.25E‑01
KR90
1.40E‑00


RB90
2.13E‑02
KR91
6.82E‑01
RB91
4.35E‑02


XE133
2.87E‑02
XE135M
1.22E‑01
XE135
9.49E‑02


XE137
7.66E‑01
XE138
4.35E‑01
XE139
1.21E‑00


XE140
8.76E‑01
CS140
4.87E‑02


RECOMBINER


N16
1.10E+01
AM16
3.99E‑02
TOTAL = 1.74E+01


KR87
1.36E‑01
KR88
9.67E‑02
KR89
1.25E‑01


KR90
1.29E‑00
RB90
2.95E‑02
KR91
7.23E‑01


RB91
5.84E‑02
XE133
3.37E‑02
XE135M
1.43E‑01


XE135
1.11E‑01
XE137
8.95E‑01
XE138
5.10E‑01


XE139
1.38E‑00
XE140
9.60E‑01
CS140
6.62E‑02


OFFGAS CONDENSER


N16
1.08E+02
AM16
4.25E‑01
TOTAL = 3.90E+02


KR85M
1.52E‑00
KR87
5.02E‑00
KR88
5.04E‑00


KR89
3.49E+01
RB89
1.47E‑00
KR90
4.15E+01


RB90M
6.89E‑01
RB90
8.49E‑01
KR91
9.60E‑00


RB91
6.59E‑00
XE133
1.77E‑00
XE135M
7.31E‑00


XE135
5.82E‑00
XE137
4.34E+01
XE138
2.61E+01


XE139
4.83E+01
CS139
3.42E‑00
XE140
1.81E+01


CS140
1.03E+01
N13
6.61E‑01


WATER SEPARATOR


N13
3.10E‑01
N16
8.36E‑01
TOTAL = 9.50E+01


KR83M
5.29E‑01
KR85M
9.62E‑01
KR87
2.83E‑00


KR88
2.86E‑00
KR89
1.71E+01
RB89
3.95E‑01


KR90
9.64E‑00
RB90M
8.45E‑02
RB90
1.06E‑00


KR91
1.75E‑01
RB91
6.62E‑02
XE133
9.72E‑01


XE135M
3.95E‑00
XE135
3.21E‑00
XE137
2.13E+01


XE138
1.38E+01
CS138
1.53E‑01
XE139
1.29E+01


CS139
9.84E‑01
XE140
1.10E‑00
CS140
3.11E‑01


TABLE 15.7‑3a (Continued)


OFFGAS HOLDUP PIPE


N13
7.52E‑00
N16
3.97E‑02
TOTAL = 4.01E+03


KR83M
8.35E+01
KR85M
1.64E+02
KR87
3.89E+02


KR88
5.03E+02
RB88
4.99E+02
KR89
1.44E+02


RB89
1.60E+02
KR90
1.03E+01
RB90M
2.11E‑00


RB90
1.68E+01
RB91
1.40E‑01
XE133M
9.30E‑00


XE133
2.13E+02
XE135M
1.65E+02
XE135
6.80E+02


XE137
2.19E+02
XE138
5.21E+02
CS138
5.12E+02


XE139
1.82E+01
CS139
3.06E+01
BA139
1.89E+01


COOLER CONDENSER


N13
2.86E‑03
KR83M
8.67E‑00
TOTAL = 3.12E+02


KR85M
2.20E+01
KR87
3.26E+01
KR88
6.05E+01


RB88
3.36E+01
KR89
1.63E‑01
RB89
5.22E‑01


XE133M
1.45E‑00
XE133
3.36E+01
XE135M
6.25E‑00


XE135
8.00E+01
XE138
1.30E‑00
CS138
1.63E+01


BA139
1.68E‑00


MOISTURE SEPARATOR


KR83M
2.86E‑01
KR85M
7.52E‑01
TOTAL = 8.89E‑00


KR87
1.05E‑00
KR88
2.04E‑00
XE133M
5.03E‑02


XE133
1.09E‑01
XE135M
3.14E‑01
XE135
3.44E‑00


XE138
2.80E‑02


OFFGAS PREFILTER ‑ GAS COMPONENT


KR83M
1.63E‑00
KR85M
4.84E‑00
TOTAL = 5.61E+01


KR87
5.39E‑00
KR88
1.24E+01
XE133M
3.55E‑01


XE133
8.23E‑00
XE135
2.32E+01
XE138
3.75E‑02


OFFGAS PREFILTER ‑ ONE YEAR MEDIA COMPONENT


RB88
4.08E+01
CS138
1.07E+01
TOTAL = 4.12E+01


OFFGAS DRYER


KR83M
1.30E+01
KR85M
3.61E+01
TOTAL = 4.91E+02


KR87
4.54E+01
KR88
9.55E+01
RB88
6.90E+01


XE133
5.88E+01
XE135
1.69E+02


TABLE 15.7‑3a (Continued)


CHARCOAL BEDS


KR83M
5.08E+01
KR85M
3.98E+02
TOTAL = 1.27E+04


KR87
1.07E+02
KR88
6.16E+02
RB88
6.45E+02


XE133M
2.22E+02
XE133
6.60E+03
XE135
4.01E+03


AFTER-FILTER ‑ GAS COMPONENT


XE131M
1.81E‑02
XE133M
5.54E‑03
TOTAL = 5.45E‑00


XE133
5.21E‑00
XE135
9.67E‑02


AFTER-FILTER ‑ ONE YEAR MEDIA COMPONENT


RB88
1.33E‑09
I133
1.52E‑09
TOTAL = 8.69E‑07


CS135
8.51E‑07


TABLE 15.7‑3a (Continued)


Normal Values in Ci(3)

OFFGAS PREHEATER


N16
4.40E‑00
KR87
1.83E‑02
TOTAL = 6.66E‑00


KR88
1.79E‑02
KR89
1.87E‑01
KR90
4.37E‑01


RB90
8.21E‑03
KR91
1.91E‑02
RB91
1.91E‑02


XE133
6.62E‑03
XE135M
2.67E‑02
XE135
1.96E‑02


XE137
2.18E‑01
XE138
1.06E‑01
XE139
4.56E‑01


XE140
3.72E‑01
CS140
2.07E‑02


RECOMBINER


N16
4.54E‑00
AM16
1.99E‑02
TOTAL = 7.10E‑00


KR87
2.14E‑02
KR88
2.10E‑02
KR89
2.19E‑01


KR90
4.98E‑01
RB90
1.14E‑02
KR91
3.18E‑01


RB91
2.57E‑02
XE133
7.77E‑03
XE135M
3.15E‑02


XE135
2.30E‑02
XE137
2.55E‑01
XE138
1.24E‑01


XE139
5.23E‑01
XE140
4.08E‑01
CS140
2.81E‑02


OFFGAS CONDENSER


N16
4.83E+01
AM16
2.18E‑01
TOTAL = 1.43E+02


KR85M
3.25E‑01
KR87
1.12E‑00
KR88
1.09E‑00


KR89
1.04E+01
RB89
4.38E‑01
KR90
1.60E+01


RB90M
2.65E‑01
RB90
1.23E‑01
KR91
4.22E‑00


RB91
1.90E‑00
XE133
4.06E‑01
XE135M
1.62E‑00


XE135
1.20E‑00
XE137
1.24E+01
XE138
6.35E‑00


XE139
1.82E+01
CS139
1.29E‑00
XE140
7.72E‑00


CS140
4.37E‑00


WATER SEPARATOR


N13
7.02E‑03
N16
6.77E‑02
TOTAL = 2.76E‑00


KR83M
8.29E‑03
KR85M
1.33E‑02
KR87
4.56E‑02


KR88
4.48E‑02
KR89
3.89E‑01
RB89
1.82E‑02


KR90
3.58E‑01
RB90M
1.04E‑02
RB90
1.23E‑01


KR91
1.34E‑02
RB91
8.64E‑02
XE133
1.67E‑02


XE135M
6.50E‑02
XE135
4.92E‑02
XE137
4.70E‑01


XE138
2.55E‑01
CS138
5.31E‑03
XE139
4.60E‑01


CS139
5.26E‑02
XE140
6.51E‑02
CS140
1.35E‑01


TABLE 15.7‑3a (Continued)


OFFGAS HOLDUP PIPE


N13
1.20E‑00
N16
3.06E‑01
TOTAL = 2.91E+02


KR83M
1.78E‑00
KR85M
2.90E‑00
KR87
9.69E‑00


KR88
9.70E‑00
RB88
2.78E‑00
KR89
4.18E+01


RB89
1.55E+01
KR90
7.96E‑00
RB90M
1.93E‑00


RB90
1.80E+01
RB91
3.58E‑00
XE133
3.66E‑00


XE135M
1.21E+01
XE135
4.92E‑02
XE137
5.64E+01


XE138
4.69E+01
CS138
8.08E‑00
XE139
1.26E+01


CS139
1.43E+01
BA139
9.46E‑01
XE140
5.91E‑01


CS140
6.54E‑00


COOLER CONDENSER


N13
1.40E‑01
KR83M
2.76E‑01
TOTAL = 2.66E+01


KR85M
4.57E‑01
KR87
1.48E‑00
KR88
1.52E‑00


RB88
4.41E‑01
KR89
2.30E‑00
RB89
2.14E‑00


RB90M
1.43E‑01
RB90
8.13E‑01
XE133
5.83E‑00


XE135M
1.57E‑00
XE135
1.73E‑00
XE137
3.80E‑00


XE138
6.00E‑00
CS138
1.32E‑00
CS139
1.32E‑00


BA139
1.62E‑00
CS140
1.67E‑02


MOISTURE SEPARATOR


N13
4.69E‑03
KR83M
9.64E‑03
TOTAL = 6.65E‑01


KR85M
1.60E‑02
KR87
5.17E‑02
KR88
5.30E‑02


RB89
7.02E‑02
XE133M
8.42E‑04
XE133
2.05E‑02


XE135M
5.37E‑02
XE135
6.05E‑02
XE137
1.91E‑01


XE138
2.04E‑01


OFFGAS PREFILTER ‑ GAS COMPONENT


N13
2.18E‑02
KR83M
6.66E‑02
TOTAL = 3.90E‑00


KR85M
1.11E‑01
KR87
3.55E‑01
KR88
3.68E‑01


KR89
2.99E‑01
XE133M
5.90E‑03
XE133
1.43E‑01


XE135M
3.40E‑01
XE135
4.24E‑01
XE138
1.28E‑00


OFFGAS PREFILTER ‑ ONE YEAR MEDIA COMPONENT


BR83
2.26E‑02
RB88
2.84E‑00
TOTAL = 2.34E+01


RB89
2.90E‑00
SR89
3.16E‑00
I131
1.38E‑00


I132
1.97E‑01
I133
1.10E‑00
I134
1.27E‑01


I135
5.51E‑01
CS137
2.50E‑01
BA137M
6.04E‑02


CS138
1.07E+01


TABLE 15.7‑3a (Continued)


OFFGAS DRYER


N13
2.18E‑01
KR83M
4.79E‑01
TOTAL = 3.17E+01


KR85M
7.89E‑01
KR87
2.56E‑00
KR88
2.64E‑00


RB88
2.12E‑01
KR89
2.80E‑00
RB89
2.62E‑01


XE133M
4.21E‑02
XE133
1.02E‑00
XE135M
2.56E‑00


XE137
4.93E‑00
XE138
9.70E‑00
CS138
4.38E‑01


CHARCOAL BEDS


KR83M
2.98E+01
KR85M
7.55E+01
TOTAL = 1.34E+03


KR87
1.20E+02
KR88
2.07E+02
RB88
2.09E+02


KR89
3.22E‑00
RB89
4.43E‑00
XE133M
5.47E‑00


XE133
1.36E+02
XE135M
2.37E+01
XE135
3.48E+02


XE137
7.74E‑00
XE138
8.24E+01
CS138
8.84E+01


AFTER-FILTER ‑ GAS COMPONENT


KR83M
1.14E‑02
KR85M
5.34E‑02
TOTAL = 6.53E‑01


KR87
2.64E‑02
KR88
1.14E‑01
XE133M
5.54E‑03


XE133
1.40E‑01
XE135
3.02E‑01


AFTER-FILTER ‑ ONE YEAR MEDIA COMPONENT


RB88
1.29E‑03
SR89
8.90E‑03
TOTAL = 1.11E‑02


CS137
4.62E‑04
BA139
4.00E‑04


NOTES:


(1)
Component activity inventories are based on operation of the charcoal adsorbers at 0(F utilizing the corresponding dynamic adsorption coefficients of charcoal for retention of krypton and xenon.  At temperatures greater than 0(F, the adsorption coefficients decrease, resulting in a reduction in radionuclide inventory in the charcoal adsorbers.  Thus, the inventory activities utilized are based on maximum inventories, i.e., operation at 0(F.


(2)
The design basis case source terms are based on 2 scfm flow, 100,000 (Ci/sec mix for 11 months plus 350,000 (Ci/sec mix for 30 days, total buildup time of 1 year.  This case represents abnormal operating conditions of low flow and an activity release spike of 250,000 (Ci/sec for 30 days.


(3)
The normal case is based on 30 scfm flow, 100,000 (Ci/sec mix, and 1 year buildup time.  This case represents the normal design offgas system operating conditions.


TABLE 15.7‑4


EQUIPMENT FAILURE RELEASE ASSUMPTIONS


RELEASE FRACTIONS ASSUMED FOR DESIGN BASIS/


REALISTIC ANALYSIS


Equipment Piece

Noble Gases
Solid Daughters
Radioiodine


Preheater



 1.00/1.00
   1.00/1.00


N/A


Catalytic Recombiner
 1.00/1.00
   1.00/1.00


N/A


Offgas Condenser

 1.00/1.00
   1.00/l.00


N/A


Water Separator

 1.00/1.00
   1.00/l.00


N/A


Holdup Pipe


 1.00/0.20
   1.00/0.20


N/A


Cooler Condenser

 1.00/1.00
   1.00/l.00


N/A


Moisture Separator

 1.00/1.00
   1.00/l.00


N/A


Desiccant Dryer

 1.00/0.10
   0.01/0.01


N/A


Prefilter



 1.00/1.00
   0.01/0.01


N/A


Charcoal Adsorbers

 0.10/0.10
   0.01/0.0

 0.01/0.01


After-filter


 1.00/1.00
   0.01/0.01


N/A


TABLE 15.7‑5


GASEOUS RADWASTE SYSTEM FAILURE


HOLDUP PIPE


(DESIGN BASIS ANALYSIS)


OFFSITE RADIOLOGICAL ANALYSIS (mrem)





Distance


Whole





   (m)  


 Body

Thyroid





  863


338


2.07E‑2





4,002


41.2


2.53E‑3


TABLE 15.7‑6


GASEOUS RADWASTE SYSTEM FAILURE ‑ PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES




Realistic



Design Basis
  Basis



Assumptions 
Assumptions


I.
Data and assumptions used to



estimate radioactive source



postulated accidents



A.
Power level
N/A
N/A



B.
Burn‑up

N/A
N/A



C.
Fuel damage
None
None



D.
Inventory of activity by
<Table 15.7‑3a>
<Table 15.7‑3a>




nuclide



E.
Iodine fractions, %




 (1)
Organic
0
0




 (2)
Elemental
100
100




 (3)
Particulate
0
0



F.
Reactor coolant activity




before the accident
N/A
N/A


II.
Data and assumptions used to



estimate activity released



A.
Containment leak rate (% day)
N/A
N/A



B.
Secondary containment leak




rate (% day)
N/A
N/A



C.
Isolation valve closure




time (sec)
N/A
N/A



D.
Adsorption and filtration




efficiencies:
N/A
N/A




(1)
Organic iodine
N/A
N/A


TABLE 15.7‑6 (Continued)




Realistic



Design Basis
  Basis



Assumptions 
Assumptions




(2)
Elemental iodine
N/A
N/A




(3)
Particulate Iodine
N/A
N/A




(4)
Particulate fission





products
N/A
N/A



E.
Recirculation system




parameters
N/A
N/A




(1)
Flow rate
N/A
N/A




(2)
Mixing Efficiency
N/A
N/A




(3)
Filter Efficiency
N/A
N/A



F.
Containment spray parameters




(flow rate, drop size, etc.)
N/A
N/A



G.
Containment volumes
N/A
N/A



H.
All other pertinent data
None
None




and assumptions


III.
Dispersion data



A.
Boundary and LPZ




distances (m)
863/4002
863/4002



B.
X/Q’s for SB/LPZ (sec/m3)
6.7E‑4/8.2E‑5
3.8E‑5/3.8E‑6


IV.
Dose Data



A.
Method of dose calculation
N/A



B.
Dose conversion assumptions
(Reference 5)
(Reference 5)



C.
Peak activity concentrations




in containment
N/A
N/A



D.
Doses

<Table 15.7‑5>
<Table 15.7‑7>


TABLE 15.7‑7


GASEOUS RADWASTE SYSTEM FAILURE


HOLDUP PIPE


(REALISTIC ANALYSIS)


OFFSITE RADIOLOGICAL ANALYSIS (mrem)





Distance


Whole





   (m)  


 Body

Thyroid





  863


3.34


7.33E‑4





4,002


0.334

7.33E‑5


TABLE 15.7‑8


FAILURE OF THE AIR EJECTOR LINE ‑ PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES




Realistic



Design Basis
 Basis



Assumptions 
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents



A.
Power level
None
N/A



B.
Burn‑up

None
N/A



C.
Fuel damage
None
None



D.
Release of activity by
None
<Table 15.7‑9>




nuclide



E.
Iodine fractions, %




(1)
Organic
None
0




(2)
Elemental
None
100




(3)
Particulate
None
0



F.
Reactor coolant activity




before the accident
None
<Section 15.6.4.5.2.2>


II.
Data and assumptions used to



estimate activity released



A.
Containment leak rate (% day)
None
N/A



B.
Secondary containment leak




rate (% day)
None
N/A



C.
Isolation valve closure
None
N/A




time (sec)



D.
Adsorption and filtration




efficiencies:




(1)
Organic iodine
None
N/A


TABLE 15.7‑8 (Continued)




Realistic



Design Basis
 Basis



Assumptions 
Assumptions




(2)
Elemental iodine
None
N/A




(3)
Particulate Iodine
None
N/A




(4)
Particulate fission





products
None
N/A



E.
Recirculation system




parameters




(1)
Flow rate
None
N/A




(2)
Mixing Efficiency
None
N/A




(3)
Filter Efficiency
None
N/A



F.
Containment spray parameters




(flow rate, drop size, etc.)
None
N/A



G.
Containment volumes
N/A



H.
All other pertinent data




and assumptions
None
N/A


III.
Dispersion data



A.
Boundary and LPZ




distances (m)
None
863/4,002



B.
X/Q’s for total dose ‑




SB/LPZ

None
6.7E‑4/8.2E‑5


IV.
Dose Data



A.
Method of dose calculation
None
<Section 15.0.3.5>



B.
Dose conversion assumptions
None
<Section 15.0.3.5>



C.
Peak activity concentrations




in containment
None
N/A



D.
Doses

None
<Table 15.7‑10>


TABLE 15.7‑9


FAILURE OF AIR EJECTOR LINE


(REALISTIC ANALYSIS)


ACTIVITY RELEASE TO ENVIRONMENT (CURIES)






Isotope


Activity






I‑131


3.13E‑5






I‑132


4.07E‑4






I‑133


2.35E‑4






I‑134


7.51E‑4






I‑135


3.75E‑4






Kr‑83m


3.79E+0






Kr‑85


2.59E‑2






Kr‑85m


6.64E+0






Kr‑87


2.07E+1






Kr‑88


2.12E+1






Kr‑89


8.83E+1






Xe‑131m


2.12E‑2






Xe‑133m


3.17E‑1






Xe‑133


8.87E+0






Xe‑135m


2.59E+1






Xe‑135


2.39E+1






Xe‑137


1.17E+2






Xe‑138


8.83E+1


TABLE 15.7‑10


FAILURE OF AIR EJECTOR LINE


(REALISTIC ANALYSIS)


RADIOLOGICAL EFFECTS









Whole Body

Inhalation









Dose (rem)

Dose (rem)



Exclusion Area



  6.33E‑2


  1.11E‑4



(863 Meters)



Low Population Zone


  7.75E‑3


  1.32E‑5



(4,002 Meters)


TABLE 15.7‑11


LIQUID WASTE SYSTEM FAILURE PARAMETERS


TABULATED FOR POSTULATED ACCIDENT ANALYSES




Realistic



Design Basis
  Basis



Assumptions 
Assumptions


I.
Data and assumptions used to



estimate radioactive source



from postulated accidents



A.
Power level
None
N/A



B.
Burn‑up

None
N/A



C.
Fuel damage
None
None



D.
Inventory of activity by




nuclide

None
<Table 15.7‑12>



E.
Iodine fractions




(1)
Organic
None
0




(2)
Elemental
None
1




(3)
Particulate
None
0



F.
Reactor coolant activity
None
15 (Ci/MWt‑sec




before the accident based on


II.
Data and assumptions used to



estimate activity released



A.
Primary containment leak rate




(% day)

None
N/A



B.
Secondary containment leak rate




(% day)

None
N/A



C.
Isolation valve closure




time (sec)
None
N/A



D.
Adsorption and filtration




efficiencies ‑ radwaste bldg.




(1)
Organic iodine
None
N/A


TABLE 15.7‑11 (Continued)




Realistic



Design Basis
  Basis



Assumptions 
Assumptions




(2)
Elemental iodine
None
N/A




(3)
Particulate iodine
None
N/A




(4)
Particulate fission
None
N/A





products



E.
Recirculation system




parameters




(1)
Flow rate
None
N/A




(2)
Mixing efficiency
None
N/A




(3)
Filter efficiency
None
N/A



F.
Containment spray parameters




(flow rate, drop size, etc.)
None
N/A



G.
Containment volumes
None
N/A



H.
All other pertinent data




and assumptions
None
(Reference 8)

III.
Dispersion data



A.
Boundary and LPZ




distances (m)
None
N/A


B.
X/Q’s for total dose ‑




SB/LPZ

None
N/A

IV.
Dose Data



A.
Method of dose calculation
None
15.0.3.5



B.
Dose conversion assumptions
None
(1)


C.
Peak activity concentrations




in containment
None
N/A


TABLE 15.7‑11 (Continued)




Realistic



Design Basis
  Basis



Assumptions 
Assumptions



D.
Doses

None
<Table 15.7‑14>


NOTE:


(1)
The dose conversion factors for the other isotopes considered are taken from (Reference 7).


TABLE 15.7‑12


INVENTORY OF ACTIVITIES FOR LIQUID RADWASTE SYSTEM COMPONENTS

(microcuries)


		

		

		

		

		

		

		

		

		Condensate

		Condensate

		Fuel Pool

		

		



		

		

		Floor

		

		Floor

		

		Chemical

		RWCU

		Filter

		Filter

		Filter/Demin

		

		



		

		Waste

		Drain

		Waste

		Drains

		Chemical

		Waste

		Backwash   

		Backwash

		Backwash

		Backwash

		Spent

		



		

		Collector

		Collector

		Sample

		Storage

		Waste

		Distillate

		Setting

		Receiving

		Setting

		Receiving

		Resin

		



		Isotope 

		Tank

		Tank

		WST

		Tank

		Tank

		Tank

		Tank(1)

		Tank(1)

		Tank(1)(2)

		Tank(1)

		Tank(1)

		



		F‑18

		6.02E+06

		6.02E+06

		5.57E+06

		5.57E+06

		3.30E+06

		3.47E+04

		1.50E+04

		2.08E+03

		1.90E-02

		0.00E+00

		6.64E+04

		



		Na‑24

		3.01E+05

		3.01E+05

		2.79E+05

		2.79E+05

		1.65E+05

		1.58E+02

		6.14E+03

		7.78E+01

		7.78E+03

		2.80E-01

		2.72E+04

		



		P‑32

		3.01E+03

		3.01E+03

		2.79E+03

		2.79E+03

		1.65E+03

		1.58E+00

		1.47E+03

		1.78E+01

		1.78E+03

		3.00E+01

		5.98E+03

		



		Cr‑51

		7.53E+03

		7.53E+03

		6.97E+04

		6.97E+04

		4.13E+04

		3.94E+01

		7.54E+04

		8.60E+02

		8.62E+04

		9.60E+02

		2.54E+05

		



		Mn‑54

		6.02E+03

		6.02E+03

		5.57E+03

		5.57E+03

		3.30E+03

		3.15E+00

		6.28E+04

		3.32E+02

		7.80E+04

		9.60E+01

		6.18E+04

		



		Mn‑56

		7.53E+06

		7.53E+06

		6.97E+06

		6.97E+06

		4.13E+06

		3.94E+03

		2.64E+04

		3.34E+02

		3.34E+04

		0.00E+00

		1.17E+05

		



		Co‑58

		7.53E+05

		7.53E+05

		6.97E+05

		6.97E+05

		4.13E+05

		3.94E+02

		1.94E+06

		2.02E+04

		2.20E+06

		1.10E+04

		4.52E+06

		



		Co‑60

		7.53E+04

		7.53E+04

		6.97E+04

		6.97E+04

		4.13E+04

		3.94E+01

		2.26E+06

		5.16E+03

		5.34E+06

		1.20E+03

		9.32E+05

		



		Fe‑59

		1.20E+04

		1.20E+04

		1.11E+04

		1.11E+04

		6.60E+03

		6.30E+00

		1.97E+04

		2.18E+02

		2.22E+04

		1.72E+02

		5.56E+04

		



		Ni‑65

		4.52E+04

		4.52E+04

		4.18E+04

		4.18E+04

		2.48E+04

		2.36E+01

		1.55E+02

		1.96E+00

		1.96E+02

		0.00E+00

		6.86E+02

		



		Zn‑65

		3.01E+02

		3.01E+02

		2.79E+02

		2.79E+02

		1.65E+02

		1.58E+01

		2.50E+03

		1.55E+01

		3.04E+03

		4.80E+00

		2.92E+03

		



		Zn‑69m

		4.52E+03

		4.52E+03

		4.18E+03

		4.18E+03

		2.48E+03

		2.36E+00

		8.44E+01

		1.07E+00

		1.07E+02

		1.94E+03

		3.74E+02

		



		I‑131

		1.81E+06

		1.81E+06

		1.67E+06

		1.67E+06

		9.90E+05

		1.89E+04

		4.78E+05

		1.20E+05

		6.00E+05

		2.20E+04

		2.10E+06

		



		I‑134

		3.77E+07

		3.77E+07

		3.48E+07

		3.48E+07

		2.06E+07

		3.94E+05

		4.48E+04

		1.14E+04

		5.68E+04

		0.00E+00

		1.99E+05

		



		Sr‑89

		4.07E+05

		4.07E+05

		3.76E+05

		3.76E+05

		2.23E+05

		2.13E+02

		7.52E+05

		8.22E+03

		8.50E+05

		5.60E+03

		2.02E+06

		



		Cs‑134

		2.11E+04

		2.11E+04

		1.95E+04

		1.95E+04

		1.16E+04

		1.10E+01

		4.26E+05

		1.35E+03

		6.54E+05

		3.40E+02

		2.46E+05

		



		Cs‑136

		1.39E+04

		1.39E+04

		1.28E+04

		1.28E+04

		7.59E+03

		7.25E+00

		6.12E+03

		7.54E+01

		7.54E+03

		1.32E+02

		2.56E+04

		



		W‑187

		4.52E+05

		4.52E+05

		4.18E+05

		4.18E+05

		2.48E+05

		2.36E+02

		1.46E+04

		1.86E+02

		1.86E+04

		1.32E+01

		6.50E+04

		



		Sr‑90

		3.01E+04

		3.01E+04

		2.79E+04

		2.79E+04

		1.65E+04

		1.58E+01

		1.16E+06

		2.14E+03

		4.34E+06

		4.80E+02

		3.86E+05

		



		Y‑90

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		1.15E+06

		2.10E+03

		4.34E+06

		4.80E+02

		3.74E+05

		



		Sr‑92

		1.66E+07

		1.66E+07

		1.53E+07

		1.53E+07

		9.08E+06

		8.67E+03

		6.10E+04

		7.74E+02

		7.74E+04

		0.00E+00

		2.70E+05

		



		Y‑92

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		6.10E+04

		7.74E+02

		7.74E+04

		0.00E+00

		2.70E+05

		



		Mo‑99

		3.01E+06

		3.01E+06

		2.79E+06

		2.79E+06

		1.65E+06

		1.58E+03

		2.70E+05

		3.42E+03

		3.42E+05

		4.40E+03

		1.20E+06

		



		Tc‑99m

		1.14E+07

		1.14E+07

		1.06E+07

		1.06E+07

		6.27E+06

		5.99E+03

		3.28E+05

		4.22E+03

		4.22E+05

		3.00E-05

		1.48E+06

		



		Ru‑103

		2.56E+03

		2.56E+03

		2.37E+03

		2.37E+03

		1.40E+03

		1.34E+00

		3.68E+03

		4.12E+01

		4.16E+03

		3.40E+01

		1.09E+04

		



		Rh‑103m

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		3.68E+03

		4.12E+01

		4.16E+03

		3.40E+01

		1.09E+04

		



		Ag‑110m

		9.04E+03

		9.04E+03

		8.36E+03

		8.36E+03

		4.95E+03

		4.73E+00

		7.70E+04

		4.68E+02

		9.34E+04

		1.46E+02

		8.80E+04

		



		Te‑132

		1.81E+06

		1.81E+06

		1.67E+06

		1.67E+06

		9.90E+05

		9.46E+02

		1.92E+05

		2.44E+03

		2.44E+05

		4.00E+03

		8.52E+05

		



		I‑132

		1.81E+07

		1.81E+07

		1.67E+07

		1.67E+07

		9.90E+06

		1.89E+05

		2.48E+05

		1.68E+04

		3.16E+05

		4.20E+03

		1.10E+06

		



		I‑135

		1.81E+07

		1.81E+07

		1.67E+07

		1.67E+07

		9.90E+06

		1.89E+05

		1.62E+05

		4.12E+04

		2.06E+05

		6.80E-04

		7.20E+05

		



		Cs‑137

		3.16E+04

		3.16E+04

		2.93E+04

		2.93E+04

		1.73E+04

		1.66E+01

		1.22E+06

		2.24E+03

		4.60E+06

		5.20E+02

		4.06E+05

		



		Ba‑140

		1.16E+06

		1.16E+06

		1.07E+06

		1.07E+06

		6.35E+05

		6.07E+02

		5.02E+05

		6.14E+03

		6.14E+05

		1.10E+04

		2.08E+06

		



		La‑140

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		5.06E+05

		6.14E+03

		6.14E+05

		1.26E+04

		2.08E+06

		



		Ce‑143

		4.67E+03

		4.67E+03

		4.32E+03

		4.32E+03

		2.56E+03

		2.44E+00

		2.10E+02

		2.66E+00

		2.66E+02

		7.20E-01

		9.30E+02

		



		Pr‑143

		4.97E+03

		4.97E+03

		4.60E+03

		4.60E+03

		2.72E+03

		2.60E+00

		2.52E+03

		3.06E+01

		3.06E+03

		4.80E+01

		1.03E+04

		





TABLE 15.7‑12 (Continued)


		

		

		

		

		

		

		

		

		Condensate

		Condensate

		Fuel Pool

		

		



		

		

		Floor

		

		Floor

		

		Chemical

		RWCU

		Filter

		Filter

		Filter/Demin

		

		



		

		Waste

		Drain

		Waste

		Drains

		Chemical

		Waste

		Backwash   

		Backwash

		Backwash

		Backwash

		Spent

		



		

		Collector

		Collector

		Sample

		Storage

		Waste

		Distillate

		Setting

		Receiving

		Setting

		Receiving

		Resin

		



		Isotope 

		Tank

		Tank

		WST

		Tank

		Tank

		Tank

		Tank(1)

		Tank(1)

		Tank(1)(2)

		Tank(1)

		Tank(1)

		



		Ce-144

		4.52E+03

		4.52E+03

		4.18E+03

		4.18E+03

		2.48E+03

		2.36E+00

		4.32E+04

		2.42E+02

		5.32E+04

		7.20E+01

		4.54E+04

		



		Nd-147

		1.81E+03

		1.81E+03

		1.67E+03

		1.67E+03

		9.90E+02

		9.46E-01

		6.64E+02

		8.20E+00

		8.20E+02

		1.62E+01

		2.82E+03

		



		Pr-147

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		1.67E+02

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		



		Np-239

		3.16E+07

		3.16E+07

		2.93E+07

		2.93E+07

		1.73E+07

		1.66E+04

		2.42E+06

		3.08E+04

		3.08E+06

		3.20E+04

		1.08E+07

		



		Pu-239

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		3.42E+02

		6.00E-01

		1.49E+03

		0.00E+00

		1.06E+02

		



		Sr-91

		9.94E+06

		9.94E+06

		9.19E+06

		9.19E+06

		5.45E+06

		5.20E+03

		1.28E+05

		1.63E+03

		1.63E+05

		7.60E-02

		5.70E+05

		



		Y-91m

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		7.30E+04

		1.54E+03

		0.00E+00

		7.60E-02

		0.00E+00

		



		Y-91

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		1.44E+05

		0.00E+00

		1.63E+05

		0.00E+00

		3.62E+05

		



		Zr-95

		5.27E+03

		5.27E+03

		4.88E+03

		4.88E+03

		2.89E+03

		2.76E+00

		1.23E+04

		1.30E+02

		1.40E+04

		7.60E+01

		3.00E+04

		



		Nb-95

		5.42E+03

		5.42E+03

		5.01E+03

		5.01E+03

		2.97E+03

		2.84E+00

		1.92E+04

		1.98E+02

		2.18E+04

		2.40E+02

		4.16E+04

		



		Zr-97

		4.37E+03

		4.37E+03

		4.04E+03

		4.04E+03

		2.39E+03

		2.29E+00

		1.00E+02

		1.27E+00

		1.27E+02

		1.12E-02

		4.46E+02

		



		Nb-97

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		1.00E+02

		1.27E+00

		1.27E+02

		0.00E+00

		4.46E+02

		



		Te-129m

		4.52E+04

		4.52E+04

		4.18E+04

		4.18E+04

		2.48E+04

		2.36E+01

		5.52E+04

		6.24E+02

		6.28E+04

		5.40E+02

		1.74E+05

		



		Te-129

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		3.48E+04

		3.92E+02

		3.94E+04

		0.00E+00

		1.09E+05

		



		I-133

		1.22E+07

		1.22E+07

		1.13E+07

		1.13E+07

		6.68E+06

		1.28E+05

		3.46E+05

		8.74E+04

		4.38E+05

		2.60E+02

		1.53E+06

		



		Ce-141

		5.12E+03

		5.12E+03

		4.74E+03

		4.74E+03

		2.81E+03

		2.68E+00

		2.00E+04

		2.26E+02

		2.26E+04

		6.80E+01

		6.36E+04

		



		Ru-106

		3.46E+02

		3.46E+02

		3.20E+02

		3.20E+02

		1.90E+02

		1.81E-01

		4.16E+03

		1.98E+01

		5.28E+03

		5.40E+00

		3.66E+03

		



		Br-83

		2.11E+06

		2.11E+06

		1.95E+06

		1.95E+06

		1.16E+06

		2.21E+04

		6.84E+03

		1.74E+03

		8.68E+03

		0.00E+00

		3.04E+04

		



		Br-84

		4.37E+06

		4.37E+06

		4.04E+06

		4.04E+06

		2.39E+06

		4.57E+04

		3.14E+03

		7.98E+02

		3.98E+03

		0.00E+00

		1.40E+04

		



		Br-85

		2.71E+06

		2.71E+06

		2.51E+06

		2.51E+06

		1.49E+06

		2.84E+04

		1.76E+02

		4.46E+01

		2.24E+02

		0.00E+00

		7.82E+02

		



		Tc-101

		2.41E+07

		2.41E+07

		2.23E+07

		2.23E+07

		1.32E+07

		1.26E+04

		7.80E-03

		9.82E+01

		9.82E+03

		0.00E+00

		3.44E+04

		



		Cs-138

		3.16E+07

		3.16E+07

		2.93E+07

		2.93E+07

		1.73E+07

		1.66E+04

		2.30E+04

		2.92E+02

		2.92E+04

		0.00E+00

		1.02E+05

		



		Ba-139

		2.56E+07

		2.56E+07

		2.37E+07

		2.37E+07

		1.40E+07

		1.34E+04

		4.80E+04

		6.12E+02

		6.12E+04

		0.00E+00

		2.14E+05

		



		Rh-106

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		4.16E+03

		1.98E+01

		5.28E+03

		5.52E+00

		3.66E+03

		



		Ba-137m

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		1.15E+06

		2.12E+03

		4.36E+06

		5.20E+02

		3.84E+05

		



		Ba-141

		3.01E+07

		3.01E+07

		2.79E+07

		2.79E+07

		1.65E+07

		1.58E+04

		1.25E+04

		1.58E+02

		1.58E+04

		0.00E+00

		5.54E+04

		



		Ba-142

		2.86E+07

		2.86E+07

		2.65E+07

		2.65E+07

		1.57E+07

		1.50E+04

		6.90E+03

		8.80E+01

		8.80E+03

		0.00E+00

		3.08E+04

		



		La-142

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		6.90E+03

		8.80E+01

		8.80E+03

		0.00E+00

		3.08E+04

		



		Pr-144

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		3.52E+04

		2.42E+02

		5.32E+04

		0.00E+00

		4.54E+04

		



		Pm-147

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		0.00E+00

		4.76E+02

		1.28E+00

		8.10E+02

		0.00E+00

		2.18E+02

		





NOTES:


(1)
This activity shown for these tanks is for the liquid portion of the tank contents only.  Activity bound up in solids residing in these tanks will not travel through the porous concrete mat into the underdrain system/volume and therefore is not considered part of the Liquid Radwaste rupture source term.

(2)
These values are also applicable to the Fuel Pool F/D Backwash Settling Tank as the tanks can be utilized interchangeably.

<TABLE 15.7‑13>


DELETED


TABLE 15.7‑14


ANNUAL INTEGRATED


RADIOLOGICAL DOSES FROM INGESTION OF


WATER FOR FAILURES IN THE QUALITY GROUP D


PORTION OF THE LIQUID RADWASTE SYSTEM(1)









Whole Body
Thyroid










Exposure

Exposure




Component




  (mrem)  
 (mrem)



1.
Condensate Filter Backwash

  1.4E+0

5.5E‑1



Settling Tank(2)




  7.5E+0

2.9E+0

2.
Condensate Filter Backwash

  5.6E-3

1.5E‑2


Receiving Tank


3.
Chemical Waste Distillate Tank
  1.1E‑4

2.0E‑3

4.
Concentrated Waste Tank(3)


  


Deleted

5.
RWCU Backwash Settling Tank

  2.4E+0

1.1E+0

6.
Fuel Pool F/D Backwash


  1.4E‑3

2.9E‑3


Receiving Tank


7.
Waste Collector Tank


  9.0E‑2

2.3E‑1


8.
Waste Sample Tank



  8.4E‑2

2.1E‑1


9.
Floor Drains Collector Tank

  9.0E‑2

2.3E‑1


10.
Floor Drain Sample Tank


  8.4E‑2

2.1E‑1


11.
Spent Resin Tank



  9.7E‑1

6.4E‑1

12.
Chemical Waste Tank



  5.0E‑2

1.3E-1

NOTES:


(1)
Doses are based on the isotopic concentrations calculated to be present at the nearest drinking water intake.


(2)
Radiological doses from rupture of condensate filter backwash settling tank are calculated assuming two different sources of activity.  The first set of values is based on sludge activities from the condensate filters via the condensate filter backwash receiving tank.  The second set of values is based on sludge activities from the Waste Collector/Floor Drain filters via the dewatering tank.  These are also applicable to the fuel pool filter/demin backwash settling tank.

(3)
This tank is no longer used as originally designed.  Further evaluation would be needed prior to use.

TABLE 15.7‑15a


RADIONUCLIDE CONCENTRATIONS AT NEAREST DRINKING WATER INTAKE 
FOR FAILURE OF CONCENTRATED WASTE TANK(1)


 Instantaneous
  <10 CFR 20,
   Fraction


 Radionuclide
  Appendix B>
 of Effluent


 Concentration
   Effluent
    Water

Isotope
 (micro Ci/cc) 
Concentration
Concentrations


F‑18
2.58E-75
7.00E-04
3.68E-72

Na‑24
8.10E-18
5.00E-05
1.62E-13

P‑32
1.39E-11
9.00E-06
1.55E-06

Cr‑51
9.56E-10
5.00E-04
1.91E-06

Mn‑54
1.22E-09
3.00E-05
4.05E-05

MN‑56
1.78E-51
7.00E-05
2.55E-47

Co‑58
3.06E-08
2.00E-05
1.53E-03

Co‑60
8.56E-08
3.00E-06
2.85E-02

Fe‑59
2.84E-10
1.00E-05
2.84E-05

Ni‑65
2.30E-55
1.00E-04
2.30E-51

Zn‑65
4.70E-11
5.00E-06
9.39E-06

Zn‑69m
2.32E-20
6.00E-05
3.87E-16

I‑131
1.51E-09
1.00E-06
1.51E-03

I‑134
4.94E-133
4.00E-04
1.23E-129

Sr‑89
6.30E-09
8.00E-06
7.87E-04

Cs‑134
5.86E-09
9.00E-07
6.52E-03

Cs‑136
3.12E-11
6.00E-06
5.20E-06

W‑187
8.80E-15
3.00E-05
2.93E-10

Sr‑90
3.94E-08
5.00E-07
7.88E-02

Y‑90
8.20E-10
7.00E-06
1.17E-04

Sr‑92
8.02E-50
4.00E-05
2.00E-45

Y‑92
1.08E-40
4.00E-05
2.70E-36

Mo‑99
7.22E-11
2.00E-05
3.61E-06

Tc‑99m
4.67E-27
1.00E-03
4.67E-24

Ru‑103
2.91E-11
3.00E-05
9.69E-07

Rh‑103m
1.71E-126
6.00E-03
2.85E-124

Ag‑110m
1.44E-09
6.00E-06
2.41E-04

Te‑132
9.27E-11
9.00E-06
1.03E-05

I‑132
3.70E-56
1.00E-04
3.70E-52

I‑135
9.05E-26
3.00E-05
3.02E-21

Cs‑137
4.18E-08
1.00E-06
4.18E-02

Ba‑140
2.49E-09
8.00E-06
3.11E-04

La‑140
1.16E-11
9.00E-06
1.29E-06

Ce‑143
1.30E-15
2.00E-05
6.52E-11

Pr‑143
1.30E-11
2.00E-05
6.48E-07

Ce‑144
4.66E-10
3.00E-06
1.55E-04

Nd‑147
2.91E-12
2.00E-05
1.45E-07

Pr‑147
0.00E+00
1.00E-03
0.00E+00

Np‑239
3.43E-10
2.00E-05
1.71E-05

Pu-239
1.35E-11
2.00E-08
6.75E-04

Sr-91
6.58E-21
2.00E-05
3.29E-16

TABLE 15.7‑15a


RADIONUCLIDE CONCENTRATIONS AT NEAREST DRINKING WATER INTAKE 
FOR FAILURE OF CONCENTRATED WASTE TANK(1)



 Instantaneous
  <10 CFR 20,
   Fraction



 Radionuclide
  Appendix B>
 of Effluent



 Concentration
   Effluent
    Water


Isotope
 (micro Ci/cc) 
Concentration
Concentrations


Y‑91m
0.00E+00
2.00E-03
0.00E+00


Y-91
1.24E-09
8.00E-06
1.55E-04


Zr-95
1.08E-10
2.00E-05
5.40E-06


Nb-95
1.47E-10
3.00E-05
4.92E-06


Zr-97
4.80E-19
9.00E-06
5.34E-14


Nb-97
2.07E-102
3.00E-04
6.89E-99


Te-129m
4.20E-10
7.00E-06
5.99E-05


Te-129
3.83E-103
4.00E-04
9.56E-100


I-133
2.60E-14
7.00E-06
3.72E-09


Ce-141
1.49E-10
3.00E-05
4.98E-06


Ru-106
4.67E-11
1.00E-08
4.67E-03


Br-83
5.93E-56
9.00E-04
6.59E-53


Br-84
1.19E-214
4.00E-04
2.96E-211


Br-85
0.00E+00
2.00E-09
0.00E+00


Tc-101
0.00E+00
2.00E-03
0.00E+00


Cs-138
2.93E-211
4.00E-04
7.33E-208


Ba-139
7.54E-88
2.00E-04
3.77E-84


Rh-106
0.00E+00
2.00E-09
0.00E+00


Ba-137m
0.00E+00
2.00E-09
0.00E+00


Ba-141
0.00E+00
3.00E-04
0.00E+00


Ba-142
0.00E+00
7.00E-04
0.00E+00


La-142
1.19E-78
1.00E-04
1.19E-74


Pr-144
0.00E+00
6.00E-04
0.00E+00


Pm-147
7.28E-12
7.00E-05
1.04E-07


Total


1.66E‑01


NOTE:


(1)
These values are also applicable to the Fuel Pool F/D Backwash settling tank.


<TABLE 15.7-15b>


DELETED


TABLE 15.7‑16


SUMMARY OF TOTAL CONCENTRATION AND TOTAL FEWC AT 


NEAREST DRINKING WATER INTAKE FOR FAILURES

OF QUALITY GROUP D EQUIPMENT













   Fraction of









Instantaneous

   <10 CFR 20,









Radionuclide

   Appendix B> 








Concentration

 Effluent Water



Component



  ((Ci/cc)   

  Concentration



1.
Waste Collector Tank

  3.1E‑8



8.2E‑3


2.
Waste Sample Tank


  2.9E‑8



7.6E‑3


3.
Floor Drains Collector Tank
  3.1E‑8



8.2E‑3


4.
Floor Drains Sample
Tank

  2.9E‑8



7.6E‑3


5.
Chemical Waste



  1.6E‑9



5.3E‑5


Distillate Tank


6.
Condensate Filter


  8.5E‑10



4.5E‑4


Backwash Receiving Tank


7.
Condensate Filter


  3.2E‑8



3.2E‑2



Backwash Settling Tank(1)

  2.3E‑7



1.7E‑1

8.
Chemical Waste Tank


  7.6E‑7



6.4E‑3

9.
Concentrated Waste Tank(2)






Deleted

10.
RWCU Backwash Settling Tank
  1.1E‑7



5.7E‑2


11.
Fuel Pool F/D Backwash

  3.6E‑10



1.1E‑4


Receiving Tank


12.
Spent Resin Tank


  1.3E‑7



3.4E‑2

NOTES:


(1)
Total concentration and Fraction of Effluent Water Concentration for the Condensate Filter Backwash Settling Tank are calculated assuming two different sources of activity.  The first set of values is based on sludge activities from the condensate filters via the condensate backwash receiving tank.  The second set of values is based on sludge activities from the waste collector/floor drain filters via the dewatering tank.  These values also apply to the Fuel Pool F/D Backwash Settling Tank.

(2)
This tank has been abandoned and cannot be used without an evaluation to ensure limits are not exceeded.
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TABLE 15.7‑31


SEQUENCE OF EVENTS FOR FAILURE OF MAIN STEAM AIR EJECTOR LINES



Time, sec



   Events




0

Air ejector lines fail




0+

Air begins to be accumulated in condenser.  Condenser pressure rises




3

High condenser pressure trips turbine (plant scrams)




3+

Bypass opens, further increasing condenser pressure




8

High condenser pressure trips MSIV’s


TABLE 15.7‑32


FUEL HANDLING ACCIDENT INSIDE CONTAINMENT


PARAMETERS TABULATED FOR POSTULATED ACCIDENT ANALYSIS


(ASSUMING 24 HOUR RADIOACTIVE DECAY)







Design Basis








Assumptions 


I.
Data and assumptions used to 



estimate radioactive source from



postulated accidents



A.
Power level
3,833 MWt




B.
Burn‑up

- Peak rod exposure is less than







  62,000 MWD/MT







- Between 54,000 and 62,000 MWD/MT,







  the maximum linear heat generation







  rate does not exceed 6.3 KW/Ft 







  peak rod average exposure.




C.
Fuel damage (GE14)
151 rods



D.
Release of activity to




containment pool by nuclide, 




per failed rod
<Section 15.7.6.4.1>



E.
Iodine fractions ‑ organic
.0015






      ‑ elemental
.9985



F.
Radial peaking factor
2.0


II.
Data and assumptions used to 



estimate activity released



A.
Primary containment
Instantaneous total release




leak rate

of all activity leaving pool 







to environment



B.
Secondary containment 
N/A




leak
rate




C.
Isolation valve closure 
N/A




times



D.
Filtration efficiencies
N/A


TABLE 15.7‑32 (Continued)



Design Basis




Assumptions 



E.
Recirculation systems 
N/A




parameters (flow rates vs. 




time, mixing factor, etc.)




F.
Containment spray parameters
N/A




parameters (flow rate, drop 




size, etc.)



G.
Containment volumes
N/A



H.
Pool removal (overall  
200




effective decontamination




factor)




I.
All other pertinent data 
<Section 15.7.6>




and assumptions



J.
Activity released 
<Table 15.7‑34>




to environment



K.
Control room parameters
See below




1.
Volume (ft3)
367,070 ft3



2.
Design  


Emergency





Flow (cfm)
Intake
Exhaust (Air Purge)
Recirculation




Case 1
6600 (Normal +10%)
5400 (Normal -10%)
0





Case 2
6600
5400
0






Isolated after
Started after 






activity intro-
2 hrs






duced into 






control room





Case 3
6600
0
27,000(Normal -10%)






Isolated after

Started after






activity intro-

2 hrs






duced into 

Filter Efficiency =






control room

50%


TABLE 15.7‑32 (Continued)



Design Basis




Assumptions 


III.
Dispersion Data



A.
Boundary and LPZ 
863/4002




distances (m)



B.
Offsite X/Q’s (Corresponding 
4.3E‑4/4.8E‑5




to 7 year meteorological 




data for 0‑2 hr for 




SB/0‑8 hr 
for LPZ)




C.
Control Room X/Q’s (0‑8 hr)
3.5E‑4


IV.
Dose Data



A.
Method of dose
<Section 15.0.3.5>




calculation



B.
Dose conversion





assumptions




1.
Dose conversion 
<Table 15.0‑4>





assumptions (Offsite)




2.
Dose Conversion
<Table 15.0‑4>





Assumptions (Control 





Room)



C.
Peak activity concentrations 
N/A




in containment



D.
Doses


<Table 15.7‑35>


<TABLE 15.7-33>


DELETED


TABLE 15.7‑34


FUEL HANDLING ACCIDENT INSIDE CONTAINMENT


ASSUMING 24 HOUR RADIOLOGICAL DECAY OF THE FUEL


DESIGN BASIS ANALYSIS


ACTIVITY RELEASED TO THE ENVIRONMENT (CURIES)(1)









Design Basis











Source Terms





Isotope
  


  Activity  



I‑129
6.27E‑6



I‑130
1.37E+0



I‑131
1.82E+2



I‑132
1.45E+2



I‑133
1.14E+2



I‑134
6.00E‑6



I‑135
1.88E+1



Kr‑83m
1.15E+1



Kr‑85
7.49E+2



Kr‑85m
1.49E+2



Kr‑87
2.42E‑2



Kr‑88
4.61E+1



Xe‑129m
2.08E‑1



Xe‑131m
2.74E+2



Xe‑133m
1.40E+3



Xe‑133 
4.60E+4



Xe‑135m
6.00E+2



Xe‑135 
1.27E+4



Br‑82
5.58E‑1



Br‑83
1.49E‑2



Rb‑87
0(2)


Rb‑88
0(2)


Cs‑135
0(2)

NOTES:

(1)
GE12 and GE14 Fuel @ 3,833 MWt


(2)
Retained completely in the pool


TABLE 15.7‑35


FUEL HANDLING ACCIDENT INSIDE CONTAINMENT


ASSUMING 24 HOUR RADIOLOGICAL DECAY OF THE FUEL


DESIGN BASIS ANALYSIS RADIOLOGICAL EFFECTS


DESIGN BASIS SOURCE TERM



TEDE Dose (rem)
Licensing Limit (rem)


Exclusion Area
1.44
6.3


(863 Meters)


Low Population Zone
0.161
6.3


(4002 Meters)


Control Room:


Case 1
1.03
5


Case 2
2.81
5


Case 3
2.97
5
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15.8      OTHER EVENTS


15.8.1      ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS)


This transient was performed as part of analyses supporting PNPP operation in various operating modes and/or with equipment out of service results of which are presented in the following Chapter 15 appendices:


 ‑  <Appendix 15D>
Partial Feedwater Heating Operation Analysis


 ‑  <Appendix 15E>
Maximum Extended Operating Domain Analysis


 ‑  <Appendix 15F>
Recirculation System Single‑Loop Operation Analysis


The Perry design utilizes diverse, highly redundant and very reliable equipment to effect a scram.  This equipment is frequently tested and would insert the control rods even if multiple component failures should occur, thus making the possibility of an anticipated transient without scram (ATWS) event extremely remote.


The NRC has established requirements to further reduce the risk to the public resulting from such an event.  These requirements are specified in <10 CFR 50.62>, “Requirements for Reduction of Risk from Anticipated Transients Without Scram (ATWS) Events for Light‑Water‑Cooled Nuclear Power Plants.”  For the BWR, <10 CFR 50.62> requires an alternate rod insertion (ARI) system, a manual standby liquid control scram (SLCS) and an automatic recirculation pump trip (RPT).  The Perry design satisfies the ATWS design requirements of <10 CFR 50.62>.


The Perry design meets the general design criteria of Title 10 of the Code of Federal Regulations <Section 3.1>.  ATWS requirements are “normal scram” failure additional to the “single failure criteria” incorporated in the general design criteria.  This philosophy of more 


than one “single failure criteria” is clearly beyond the design basis events discussed in <Chapter 15>.  Consequently, the discussion of ATWS is discussed in <Appendix 15C>. 


15.8.2  STATION BLACKOUT (SBO)


The Station Blackout (SBO) event is defined as a complete loss of AC power to the essential and nonessential switchgear buses.  This involves a loss of offsite power concurrent with a turbine trip and failure of the onsite emergency AC power system.  The SBO event does not include the loss of AC power to buses fed from station batteries through inverters or the loss of AC power from alternate AC power sources.  It also does not assume any other concurrent single failure or design basis accident.  The loss of offsite power followed by the loss of more than one standby electrical division involves assumptions which are beyond the “single failure criteria” incorporated in the general design criteria of <10 CFR 50, Appendix A> <Section 3.1>.  This philosophy of more than one “single failure” is clearly a beyond design basis event.  However, the NRC has established requirements to further reduce the risk to the public resulting from an SBO event.  These requirements are specified in <10 CFR 50.63>, “Loss of All Alternating Current Power.”  Additional guidance is contained in <Regulatory Guide 1.155>, Revision 0 Dated August 1988, “Station Blackout.”


The SBO rulemaking specifies preventive and mitigative measures for this event, i.e., maintaining a highly reliable AC power system and having procedures in place and operators trained to these procedures to enable the plant to restore from the loss of offsite and onsite AC power.  It also requires analysis to show that the plant is able to “cope” with a SBO for a specified time period.  The SBO “coping” time is a function of the utility’s grid reliability, weather conditions associated with the location of the plant and actual station design.  PNPP is a “4‑hour” coping plant.


Based upon NRC evaluation of PNPP, the NRC stated that the staff agrees with the position that PNPP is a “4‑hour” coping station.  Furthermore, the NRC stated that PNPP conforms to the SBO rule, <10 CFR 50.63>.


A discussion of the SBO event is contained in <Appendix 15H>.
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APPENDIX 15A


PLANT NUCLEAR SAFETY OPERATIONAL ANALYSIS (NSOA)


(A System‑Level/Qualitative Type Plant FMEA)


15A.1      OBJECTIVES


The objectives of the Nuclear Safety Operational Analysis (NSOA) are cited below.


The NSOA was developed and included in the PNPP Unit 1 Safety Analysis Report in accordance with <Regulatory Guide 1.70> Revision 3, 11/78.  The NSOA represented a systematic methodology which was developed to identify a minimum bounding set of design basis events, and the safety structures that mitigate each of these events.  Safety‑related functions, structures and systems are a subset of the safety functions, structures and systems identified in the NSOA.  The NSOA captured generic developments including the design, testing and operating experience of the early BWR product lines.  The repair time rule discussion in <Appendix 15A.5.3> was used as an assumption in early reliability analyses of BWR systems, and has been superceded by subsequent licensing basis documents which have undergone revision to reflect individual plant operating practices (e.g., the PNPP Technical Specifications and implementation of the Maintenance Rule).  The NSOA identifies on a generic system level basis, those systems which were originally identified for inclusion in the technical specifications, and the safety systems utilized during the different modes of plant operation.


15A.1.1      ESSENTIAL PROTECTIVE SEQUENCES


Identify and demonstrate that essential protection sequences needed to accommodate the plant normal operations, anticipated and abnormal operation transients and design basis accidents are available and 


adequate.  In addition, each event considered in the plant safety analysis <Chapter 15> is further examined and analyzed.  Specific essential protective sequences are identified.  The appropriate sequence is discussed for all BWR operating modes.


15A.1.2      DESIGN BASIS ADEQUACY


Identify and demonstrate that the safety design basis of the various structures, systems or components, needed to satisfy the plant essential protection sequences are appropriate, available and adequate.  Each protective sequence identifies the specific structures, systems or components performing safety or power generation functions.  The interrelationships between primary systems and secondary (or auxiliary equipment) in providing these functions are shown.  The individual design bases (identified throughout the FSAR for each structure, system or component) are brought together by the analysis in this section.  In addition to the individual equipment design basis analysis, the plant‑wide design bases are examined and presented here.


15A.1.3      SYSTEM‑LEVEL/QUALITATIVE TYPE FMEA


Identify a system level/qualitative‑type Failure Modes and Effects Analysis (FMEA) of essential protective sequences to show compliance with the Single Active Component Failure (SACF) or Single Operator Error (SOE) criteria.  Each protective sequence entry is evaluated relative to SACF or SOE criteria.  Safety classification aspects and interrelationships between systems are also considered.


15A.1.4      NSOA CRITERIA RELATIVE TO PLANT SAFETY ANALYSIS


Identify the systems, equipment or components’ operational conditions and requirements essential to satisfy the nuclear safety operational criteria utilized in the <Chapter 15> plant events.


15A.1.5      TECHNICAL SPECIFICATION OPERATIONAL BASIS


Establish limiting operating conditions, testing and surveillance bases relative to plant technical specifications.


15A.2      APPROACH TO OPERATIONAL NUCLEAR SAFETY


15A.2.1      GENERAL PHILOSOPHY


The specified measures of safety used in this analysis are referred to as “unacceptable consequences.”  They are analytically determinable limits on the consequences of different classifications of plant events.  The nuclear safety operational analysis is thus an “event‑consequence” oriented evaluation.  Refer to <Figure 15A.2‑1> for a description of the systematic process by which these unacceptable results are converted into safety requirements.


15A.2.2      SPECIFIC PHILOSOPHY


The following guidelines are utilized to develop the NSOA.


a.
Scope and Classification Of Plant Events



1.
Normal (Planned) Operations




Normal operations which are under planned conditions in the absence of significant abnormalities.  Operations subsequent to an incident (transient, accident or special event) are not considered planned operations until the procedures being followed or equipment being used are identical to those used during any one of the defined planned operations.  Specific events are described further in <Table 15A.6‑1>.



2.
Anticipated (Expected) Operational Transients




Anticipated Operational Transients are deviations from normal conditions which are expected to occur at a moderate frequency, and as such the design should include capability to withstand the conditions without operational impairment.




Included are incidents that result from a single operator error, control malfunction and others as described in <Table 15A.6‑2>.



3.
Abnormal (Unexpected) Operational Transients




Abnormal Operational Transients are deviations from normal conditions which occur infrequently.  The design should include a capability to withstand these conditions without operational impairment.  Refer to <Table 15A.6‑3> for description of events included within this classification.



4.
Design Basis (Postulated) Accidents




Design Basis Accident (DBA) is a hypothesized accident, the characteristics and consequences of which are utilized in the design of those systems and components pertinent to the preservation of radioactive material barriers and the restriction of radioactive material release from the barriers.  The potential radiation exposures resulting from a design basis accident are greater than for any similar accident postulated from the same general accident assumptions.  Specific events are described in <Table 15A.6‑4>.



5.
Special (Hypothetical) Events




Special Events are postulated to demonstrate some special capability of the plant in accordance with NRC requirements.  For analyzed events within this classification see <Table 15A.6‑5>.


b.
Safety and Power Generation Aspects



Matters identified with “safety” classification are governed by regulatory requirements.  Safety functions include:



1.
The accommodation of abnormal operational transients and postulated design basis accidents.



2.
The maintenance of containment integrity.



3.
The assurance of ECCS.



4.
The continuance of reactor coolant pressure boundary (RCPB) integrity.



Safety classified aspects are related to <10 CFR 100> dose limits, infrequent and low probability occurrences, SACF criteria, worst case operating conditions and initial assumptions, automatic (10 minute) corrective action, significant unacceptable dose and environmental effects, and the involvement of other coincident (mechanistic or nonmechanistic) plant and environmental situations.



Power generation classified considerations are related to continued plant power generation operation, equipment operational matters, component availability aspects, and to long term offsite public effects.



Matters identified with “power generation” classification are also covered by regulatory guidelines.  Power generation functions include:



1.
The accommodation of planned operations and anticipated operational transients.



2.
The minimization of radiological releases to appropriate levels.



3.
The assurance of safe and orderly reactor shutdown, and/or return to power generation operation.



4.
The continuance of plant equipment design conditions to ensure long term reliable operation.



Power generation is related to <10 CFR 20> and <10 CFR 50, Appendix I> dose limits, moderate and high probability occurrences, normal operating conditions and initial assumptions, allowable immediate operator manual actions, and insignificant unacceptable dose and environmental effects.


c.
Frequency of Events



Consideration of the frequency of the initial (or initiating) event is reasonably straight‑forward.  Added considerations (e.g., such as further failures or operator errors) certainly influence the classification grouping.  The events in this appendix are initially grouped per initiating frequency occurrence.  The imposition of further failures necessitates further classification to a lower frequency category.



The introduction of SACF or SOE into the examination of planned operation, anticipated operational transients or abnormal operational transient evaluations has not been previously considered a design basis or evaluation prerequisite.  It is provided and included here to demonstrate the plant’s capability to accommodate the new requirement.


d.
Conservative Analysis ‑ Margins



The unacceptable consequences established in this appendix relative to the public health and safety aspects are in themselves in strict and conservative conformance to regulatory requirements.



Restrictive Operations on hypothetical limits established by further operational limits (e.g., setpoint margins) leads to disrespect for true safety aspects.


e.
Safety Function Definition



First, the essential protective sequences shown for an event in this appendix list the minimum structures and systems required to be available to satisfy the SACF or SOE evaluation aspects of the event.  Other protective “success paths” exist in some cases than are shown with the event.



Second, not all the events involve the same natural, environmental or plant conditional assumptions.  For example LOCA and SSE are associated with Event 39.  In Event 35, Control Rod Drop Accident CRDA is not assumed to be associated with any SSE or OBE occurrence.  Therefore, seismic safety function requirements are not considered for Event 35.  Some of the safety function equipment associated with the Event 35 protective sequence are also capable of handling more limiting events, such as Event 39.



Third, containment may be a safety function for some event (when uncontained radiological release would be unacceptable) but for other events it may not be applicable (e.g., during refueling).  The requirement to maintain the containment in postaccident recovery is only needed to limit doses to less than <10 CFR 100> (for the design‑basis RAST LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE). 



After radiological sources are depleted with time, further containment is unnecessary.  Thus, the “time domain” and “need for” aspects of a function should be and are taken into account and considered when evaluating the events in this appendix.



Fourth, the operation of Engineered Safety Feature (ESF) equipment, for normal operational events should not be misunderstood to mean that ESF equipment requirements apply to this event category.



Likewise the interpretation of the use of ESF‑SACF capable systems for anticipated operational transient protective sequences should not imply that these equipment requirements (seismic, redundancy, diversity, testable, IEEE, etc.) are appropriately required for anticipated operational transients.


f.
Envelope and Actual Event Analysis



The event analyses presented in <Chapter 15> do not include event frequency considerations.  It does present an “envelope analysis” evaluation based on expected situations.  Study of the actual plant occurrences, their frequency, their actual impact are reflected in their categorization in this appendix.  This places the plant safety evaluations and impressions into a better perspectus by focusing attention on the “envelope analysis” with more appropriate understanding.


15A.2.2.1      Consistency of the Analysis


<Figure 15.A.2‑2> illustrates three inconsistencies.  Panel A shows the possible inconsistency resulting from operational requirements being placed on separated levels of protection for one event.  If the second and sixth levels of protection are important enough to warrant operational requirements, then so are the third, fourth and fifth levels.  Panel B shows the possible inconsistency resulting from 


operational requirements being arbitrarily placed on some action thought to be important to safety.  In the case shown, scram represents different protection levels for two similar events in one category; if the fourth level of protection for Event B is important enough to warrant an operational requirement, then so is the fourth level for Event A.  Thus, to simply place operational requirements on all equipment needed for some action (scram, isolation, etc.) could be inconsistent and unreasonable if different protection levels are represented.  Panel C shows the possible inconsistency resulting from operational requirements being placed on some arbitrary level of protection for any and all postulated events.  Here the inconsistency is not recognizing and accounting for different event categories based on cause or expected frequency of occurrence.


Inconsistencies of the types illustrated in <Figure 15A.2‑2> are avoided in the NSOA by directing the analysis to “event‑consequences” oriented aspects.  Analytical inconsistencies are avoided by treating all the events of a category under the same set of functional rules.  Applying another set of functional rules to another category and by having a consistent set of rules between categories.  Thus, it is valid to compare the results of the analyses of the events in any one category and invalid to compare events of different category, and thus different rules, to the other category.  An example of this is the different rules (limits, assumptions, etc.) of accidents compared to anticipated transients.


15A.2.3      COMPREHENSIVENESS OF THE ANALYSIS


The analysis must be sufficiently comprehensive in method that (1) all plant hardware is considered; and, (2) that the full range of plant operating conditions are considered.  The tendency to be preoccupied with “worst cases” (those that appear to give the most severe consequences) is recognized; however, the protection sequences essential to lesser cases may be different (more or less restrictive) from the 


worst case sequence.  To assure that operational and design basis requirements are defined and appropriate for all equipment essential to attaining acceptable consequences, all essential protection sequences must be identified for each of the plant safety events examinations.  Only in this way is a comprehensive level of safety attained.  Thus, the NSOA is also “protection sequence” oriented to achieve comprehensiveness.


15A.2.4      SYSTEMATIC APPROACH TO THE ANALYSIS


In summary, the systematic method utilized in this analysis contributes to both the consistency and comprehensiveness of the analysis mentioned above.  The desired characteristics representative of a systematic approach to selecting BWR operational requirements are listed as follows:


a.
Specify measures of safety‑unacceptable consequences.


b.
Consider all normal operations.


c.
Systematic event selection.


d.
Common treatment analysis of all events of any one type.


e.
Systematic identification of plant actions and systems essential to avoiding unacceptable consequences.


f.
Emergence of operational requirements and limits from system analysis.


<Figure 15A.2‑1> illustrates the systematic process by which the operational and design basis nuclear safety requirements and technical specifications are derived.  The process involves the evaluation of carefully selected plant events relative to the unacceptable 


consequences (specified measures of safety).  Those limits, actions, systems, and component level found to be essential to achieving acceptable consequences are the subjects of operational requirements.


15A.2.5      RELATIONSHIP OF NUCLEAR SAFETY OPERATIONAL ANALYSIS TO SAFETY ANALYSES OF CHAPTER 15


One of the main objectives of the operational analysis is to identify all essential protection sequences and to establish the detailed equipment conditions essential to satisfying the nuclear safety operational criteria.  The spectrum of events examined in <Chapter 15> represent a complete set of plant safety considerations.  The main objective of the earlier analyses of <Chapter 15>, is, of course, to provide detailed “worst case” (limiting or envelope) analysis of the plant events.  The “worst cases” are correspondingly analyzed and treated likewise in this appendix but in light of frequency of occurrence, unacceptable consequences, assumption categories, and etc.


The detailed discussion relative to each of the events covered in <Chapter 15> will not be repeated in this appendix.  Refer to the specific section in <Chapter 15> as cross‑correlated in <Table 15A.6‑1>, <Table 15A.6‑2>, <Table 15A.6‑3>, <Table 15A.6‑4>, and <Table 15A.6‑5>.


<Table 15A.6‑1>, <Table 15A.6‑2>, <Table 15A.6‑3>, <Table 15A.6‑4>, and <Table 15A.6‑5> provides cross‑correlation between the NSOA event, its protection sequence diagram and its safety evaluation in <Chapter 15>, or other USAR sections.


15A.2.6      RELATIONSHIP BETWEEN NSOA AND OPERATIONAL REQUIREMENTS, TECHNICAL SPECIFICATIONS, DESIGN BASIS, AND SACF ASPECTS


By definition, “an operational requirement” is a requirement or restriction (limit) on either the value of a plant variable or the operability condition associated with a plant system.  Such requirements 


must be observed during all modes of plant operation (not just at full power) to assure that the plant is operated safely (to avoid the unacceptable results).  There are two kinds of operational requirements for plant hardware:


a.
Limiting condition for operation:  the required condition for a system while the reactor is operating in a specified state.


b.
Surveillance requirements:  the nature and frequency of tests required to assure that the system is capable of performing its essential functions.


Operational requirements are systematically selected for one of two basic reasons:


a.
To assure that unacceptable consequences are mitigated following specified plant events by examining and challenging the system design.


b.
To assure the consequences of a transient or accident is acceptable with the existence of a SACF or SOE criteria.


The individual structures and systems which perform a safety function are required to do so under design basis conditions including environmental consideration and under single active component failure assumptions.  The NSOA confirms the previous examination of the individual equipment (See “Evaluations” subsection) requirement conformance analyses.


15A.2.7      UNACCEPTABLE CONSEQUENCES CRITERIA


<Table 15A.2‑1>, <Table 15A.2‑2>, <Table 15A.2‑3>, <Table 15A.2‑4>, and <Table 15A.2‑5> identify the unacceptable consequences associated with different event categories.  In order to prevent or mitigate them, they 


are recognized as the major bases for identifying system operational requirements as well as the bases for all other safety analyses vs. criteria throughout the SAR.


15A.2.8      GENERAL NUCLEAR SAFETY OPERATIONAL CRITERIA


The following general nuclear safety operational criteria are used to select operational requirements:


Applicability
Nuclear Safety Operational Criteria


Planned operation
The plant shall be operated so as to avoid


anticipated, abnormal
unacceptable consequences.


operational transients,


design basis accidents,


and additional special


plant capability events


Anticipated and abnormal
The plant shall be operated in such a way


operational transients
that no Single Active Component Failure


and design basis
(SACF) can prevent the safety actions


accidents
essential to avoiding the unacceptable consequences associated with anticipated or abnormal operational transients or design basis accidents.  However, this requirement is not applicable during structure, system or component repair if the availability of the safety action is maintained either by restricting the allowable repair time or by more frequently testing a redundant structure, system or component.


The unacceptable consequences associated with the different categories of plant operation and events are dictated by:


a.
Probability of occurrence.


b.
Allowable limits (per the probability) ‑ related to radiological, structural, environmental, etc., aspects.


c.
Coincidence of other related or unrelated disturbances.


d.
Time domain of event and consequences consideration.


TABLE 15A.2‑1


UNACCEPTABLE CONSEQUENCES CRITERIA


PLANT EVENT CATEGORY:  NORMAL OPERATION


Unacceptable Consequences


1‑1

Release of radioactive material to the environs that exceed the limits of either <10 CFR 20> or <10 CFR 50>.


1‑2

Fuel failure to such an extent that, if the freed fission products were released to the environs via the normal discharge paths for radioactive material, the limits of <10 CFR 20> would be exceeded.


1‑3

Nuclear system stress in excess of that allowed for planned operation by applicable industry codes.


1‑4

Existence of a plant condition not considered by plant safety analyses.


TABLE 15A.2‑2


UNACCEPTABLE CONSEQUENCES CRITERIA


PLANT EVENT CATEGORY:  ANTICIPATED OPERATIONAL TRANSIENTS


Unacceptable Consequences


2‑1

Release of radioactive material to the environs that exceeds the limits of <10 CFR 20>.


2‑2

Any fuel failure calculated as a direct result of the transient analyses.


2‑3

Nuclear system stress exceeding that allowed for transients by applicable industry codes.


2‑4

Containment stress exceeding that allowed for transients by applicable industry codes when containment is required.


TABLE 15A.2‑3


UNACCEPTABLE CONSEQUENCES CRITERIA


PLANT EVENT CATEGORY:  ABNORMAL OPERATIONAL TRANSIENTS


Unacceptable Consequences


3‑1

Radioactive material release exceeding the guideline values of a small fraction of <10 CFR 100>.


3‑2(1)

Failure of the fuel barrier as a result of exceeding mechanical or thermal limits.


3‑3

Nuclear system stress exceeding that allowed for transients by applicable industry codes.


3‑4

Containment stresses exceeding that allowed for transients by applicable industry codes when containment is required.


NOTE:


(1)
Failure of the fuel barrier means gross core‑wide fuel cladding  perforations.


TABLE 15A.2‑4


UNACCEPTABLE CONSEQUENCES CRITERIA


PLANT EVENT CATEGORY:  DESIGN BASIS ACCIDENTS


Unacceptable Consequences


4‑1

Radioactive material release exceeding the guideline values of <10 CFR 100> (for the alternative source term LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE, and for the Fuel Handling Accident, the licensing basis offsite dose limit is 6.3 rem TEDE).


4‑2(1)

Failure of the fuel barrier as a result of exceeding mechanical or thermal limits.


4‑3

Nuclear system stresses exceeding that allowed for accidents by applicable industry codes.


4‑4

Containment stresses exceeding that allowed for accidents by applicable industry codes when containment is required.


4‑5

Overexposure to radiation of plant main control room personnel.


NOTE:


(1)
Failure of the fuel barrier includes fuel cladding fragmentation (loss‑of‑coolant accident) and excessive fuel enthalpy (control rod drop accident).


TABLE 15A.2‑5


UNACCEPTABLE CONSEQUENCES CONSIDERATIONS


PLANT EVENT CATEGORY:  SPECIAL EVENTS


Special Events Considered


A.

Reactor shutdown from outside the main control room


B.

Reactor shutdown without control rods


C.

Reactor shutdown with anticipated transient without scram (ATWS)


D.

Spent Fuel Cask Drop


Capability Demonstration


5‑1

Ability to shutdown reactor by manipulating controls and equipment outside the main control room.


5‑2

Ability to bring the reactor to the cold shutdown condition from outside the main control room.


5‑3

Ability to shutdown the reactor independent of control rods.


5‑4

Ability to contain radiological contamination.


5‑5

Ability to limit radiological exposure.


15A.3      METHOD OF ANALYSIS


15A.3.1      GENERAL APPROACH


The NSOA is performed on the plant as designed.  The end products of the analysis are the nuclear safety operational requirements and the restrictions on plant hardware and its operation that must be observed (1) to satisfy the nuclear safety operational criteria, and (2) to show compliance of the plant safety and power generation systems with plant wide requirements.  <Figure 15A.2‑1> shows the process used in the analysis.  The following inputs are required for the analysis of specific plant events:


a.
Unacceptable Consequences Criteria <Appendix 15A.2.7>.


b.
General Nuclear Safety Operational Criteria <Appendix 15A.2.8>.


c.
Definition of BWR Operating States <Appendix 15A.3.2>.


d.
Selection of Events for Analysis <Appendix 15A.3.3>.


e.
Rules for Event Analysis <Appendix 15A.3.5>.


With this information, each selected event can be evaluated to determine systematically, the actions, the systems and the limits essential to avoiding the defined unacceptable consequences.  The essential plant components and limits so identified are then considered to be in agreement with and subject to nuclear operational, design basis requirements and technical specification restrictions.


15A.3.2      BWR OPERATING STATES


Four BWR operating states in which the reactor can exist are defined in <Appendix 15A.6.2.4> and summarized in <Table 15A.3‑1>.  The main 


objective in selecting operating states is to divide the BWR operating spectrum into sets of initial conditions to facilitate consideration of various events in each state.


Each operating state includes a wide spectrum of values for important plant parameters.  Within each state, these parameters are considered over their entire range to determine the limits on their values necessary to satisfy the nuclear safety operational criteria.  Such limitations are presented in the sections of the USAR that describe the systems associated with the parameter limit.  The plant parameters to be considered in this manner include the following:


Reactor coolant temperature


Reactor vessel water level


Reactor vessel pressure


Reactor vessel water quality


Reactor coolant forced circulation flow rate


Reactor power level (thermal and neutron flux)


Core neutron flux distribution


Feedwater temperature


Containment temperature and pressure


Suppression pool water temperature and level


Spent fuel pool water temperature and level


15A.3.3      SELECTION OF EVENTS FOR ANALYSIS


15A.3.3.1      Normal Operation


Operations subsequent to an incident (transient, accident or additional plant capability event) are not considered planned operations until the actions taken or equipment used in the plant are identical to those that would be used had the incident not occurred.  As defined, the planned 


operations can be considered as a chronological sequence:  refueling outage, achieving criticality, heatup, power operation, achieving shutdown, cooldown, and refueling outage.


The normal operations are defined below.


a.
Refueling outage:  Includes all the planned operations associated with a normal refueling outage except those tests in which the reactor is taken critical and returned to the shutdown condition.  The following planned operations are included in refueling outage:



1.
Planned, physical movement of core components (fuel, control rods, etc.)



2.
Refueling test operations (except criticality and shutdown margin tests).



3.
Planned maintenance.



4.
Required inspection.


b.
Achieving criticality:  Includes all the plant actions normally accomplished in bringing the plant from a condition in which all control rods are fully inserted to a condition in which nuclear criticality is achieved and maintained.


c.
Heatup:  Begins when achieving criticality ends and includes all plant actions normally accomplished in approaching nuclear system rated temperature and pressure by using nuclear power (reactor critical).  Heatup extends through warmup and synchronization of the main turbine generator.


d.
Power operation:  Begins when heatup ends and includes continued plant operation at power levels in excess of heatup power.


e.
Achieving shutdown:  Begins when the main generator is unloaded and includes all plant actions normally accomplished in achieving nuclear shutdown (more than one rod subcritical) following power operation.


f.
Cooldown:  Begins when achieving nuclear shutdown ends and includes all plant actions normal to the continued removal of decay heat and the reduction of RPV temperature and pressure.


The exact point at which some of the planned operations end and others begin cannot be precisely determined.  It will be shown later that such precision is not required, for the protection requirements are adequately defined in passing from one state to the next.  Dependence of several planned operations on the one rod subcritical condition provides an exact point on either side of which protection (especially scram) requirements differ.  Thus, where a precise boundary between planned operations is needed, the definitions provide the needed precision.


Together, the BWR operating states and the planned operations define the full spectrum of conditions from which transients, accidents and special events are initiated.  The BWR operating states define only the physical condition (pressure, temperature, etc.) of the reactor; the planned operations define what the plant is doing.  The separation of physical conditions from the operation being performed is deliberate and facilitates careful consideration of all possible initial conditions from which incidents may occur.


15A.3.3.2      Anticipated Operational Transients


To select anticipated operational transients, eight nuclear system parameter variations are considered as potential initiating causes of 


threats to the fuel and the reactor coolant pressure boundary.  The parameter variations are as follows:


a.
Reactor pressure vessel pressure increase.


b.
Reactor pressure vessel water (moderator) temperature decrease.


c.
Control rod withdrawal.


d.
Reactor pressure vessel coolant inventory decrease.


e.
Reactor core coolant flow decrease.


f.
Reactor core coolant flow increase.


g.
Core coolant temperature increase.


h.
Excess of coolant inventory.


These parameter variations, if uncontrolled, could result in damage to the reactor fuel or reactor coolant pressure boundary, or both.  A nuclear system pressure increase threatens to rupture the reactor coolant pressure boundary from internal pressure.  A pressure increase also collapses voids in the moderator, causing an insertion of positive reactivity that threatens fuel damage as a result of overheating.  A reactor vessel water (moderator) temperature decrease results in an insertion of positive reactivity as density increases.  This could lead to fuel overheating.  Positive reactivity insertions are possible from causes other than nuclear system pressure or moderator temperature changes.  Such reactivity insertions threaten fuel damage caused by overheating.  Both a reactor vessel coolant inventory decrease and a reduction in coolant flow through the core threatens the integrity of the fuel as the coolant becomes unable to adequately remove the heat generated in the core.  An increase in coolant flow through the core 


reduces the void content of the moderator, and results in an insertion of positive reactivity.  Core coolant temperature increase threatens the integrity of the fuel; such a variation could be the result of a heat exchanger malfunction during operation in the shutdown cooling mode.  An excess of coolant inventory could be the result of malfunctioning water level control equipment; such a malfunction can result in a turbine trip, which causes an expected increase in nuclear system pressure and power.


Anticipated operational transients are defined as transients resulting from a single active component failure, SACF, or single operator error, SOE, that can be reasonably expected (moderate probability of occurrence once per day to once in 20 years) during any mode of plant operation.  Examples of single operational failures or operator errors in this range of probability are:


a.
Opening or closing any single valve (a check valve is not assumed to close against normal flow).


b.
Starting or stopping any single component.


c.
Malfunction or maloperation of any single control device.


d.
Any single electrical failure.


e.
Any single operator error.


An operator error is defined as an active deviation from nuclear plant standard operating practices.  A single operator error is the set of 


actions that is a direct consequence of a single reasonably expected erroneous decision.  The set of actions is limited as follows:


a.
Those actions that could be performed by only one person.


b.
Those actions that would have constituted a correct procedure had the initial decision been correct.


c.
Those actions that are subsequent to the initial operator error and that affect the designed operation of the plant, but are not necessarily directly related to the operator error.


Examples of single operator errors are as follows:


a.
An increase in power above the established flow control power limits by control rod withdrawal in the specified sequences.


b.
The selection and complete withdrawal of a single control rod out of sequence.


c.
An incorrect calibration of an average power range monitor.


d.
Manual isolation of the main steam lines caused by operator misinterpretation of an alarm or indication.


The various types of a single operator error or a single active component failure are applied to various plant systems with a consideration for a variety of plant conditions to discover events directly resulting in an undesired parameter variation.  Once discovered, each event is evaluated for the threat it poses to the integrity of the radioactive material barriers.


15A.3.3.3      Abnormal Operational Transients


To select abnormal operational transients, eight nuclear system parameter variations are considered as potential initiating causes of gross core‑wide fuel failures and threats of the reactor coolant pressure boundary.  The parameter variations are as follows:


a.
Reactor pressure vessel pressure increase.


b.
Reactor pressure vessel water (moderator) temperature decrease.


c.
Control rod withdrawal.


d.
Reactor vessel coolant inventory decrease.


e.
Reactor core coolant flow decrease.


f.
Reactor core coolant flow increase.


g.
Core coolant temperature increase.


h.
Excess of coolant inventory.


The eight parameter variations listed above include all effects within the nuclear system caused by abnormal operational transients that threaten gross core‑wide reactor fuel integrity or seriously affect reactor coolant pressure boundary.  Variation of any one parameter may cause a change in another listed parameter; however, for analysis purposes, threats to barrier integrity are evaluated by groups according to the parameter variation originating the threat.


Abnormal operational transients are defined as incidents resulting from single or multiple equipment failures and/or single or multiple operator errors that are not reasonably expected (less than one event in 20 years 


to one in 100 years) during any mode of plant operation.  Examples of single or multiple operational failures and/or single or multiple operator errors are:


a.
Failure of major power generation equipment components.


b.
Multiple electrical failures.


c.
Multiple operator errors.


d.
Combinations of equipment failure and an operator error.


Operator error is defined as an active deviation from nuclear plant standard operating practices.  A multiple operator error is the set of actions that is a direct consequence of several unexpected erroneous decisions.


Examples of multiple operator errors are as follows:


a.
Inadvertent loading and operating a fuel assembly in an improper position.


b.
Unauthorized movement of a control rod during refueling operations.


The various types of single errors and/or single malfunctions are applied to various plant systems with a consideration for a variety of plant conditions to discover events directly resulting in an undesired parameter variation.  Once discovered, each event is evaluated for the threat it poses to the integrity of the various radioactive material barriers.


15A.3.3.4      Design Basis Accidents


Accidents are defined as hypothesized events that affect the radioactive material barriers and are not expected during plant operations.  These are plant events, equipment failures, combinations of initial conditions which are of extremely low probability (once in 100 years to once in 10,000 years).  The postulated accident types considered are as follows:


a.
Mechanical failure of a single component leading to the release of radioactive material from one or more barriers.  The components referred to here are not those that act as radioactive material barriers.  Examples of mechanical failure are breakage of the coupling between a control rod drive and the control rod.


b.
Arbitrary rupture of any single pipe up to and including complete severance of the largest pipe in the reactor coolant pressure boundary.  This kind of accident is considered only under conditions in which the nuclear system is pressurized.


For purposes of analysis, accidents are categorized as those events that result in releasing radioactive material:


a.
From the fuel with the reactor coolant pressure boundary, reactor building and auxiliary building initially intact.  (Event 35)


b.
Directly to the containment.  (Event 37)


c.
Directly to the reactor, auxiliary or turbine buildings with the containment initially intact.  (Events 35, 38, 39, 40)


d.
Directly to the reactor or auxiliary buildings with the containment not intact.  (Events 36, 45)


e.
Directly to the spent fuel containing facilities.  (Event 36)


f.
Directly to the turbine building.  (Events 41, 42)


g.
Directly to the environs.  (Events 43, 44)


The effects of various accident types are investigated, with consideration for the full spectrum of plant conditions, to examine events that result in the release of radioactive material.


15A.3.3.5      Special Events


A number of additional events are evaluated to demonstrate plant capabilities relative to special arbitrary nuclear safety criteria.  These special events involve extremely low probability occurrence situations.  As an example, the adequacy of the redundant reactivity control system is demonstrated by evaluating the special event:  “reactor shutdown without control rods.”  Another similar example, the capability to perform a safe shutdown from outside the main control room is demonstrated by evaluating the special event “reactor shutdown from outside the main control room.”


15A.3.4      APPLICABILITY OF EVENTS TO OPERATING STATES


The first step in performing an operational analysis for a given “incident” (transient, accident or special event) is to determine in which operating states the incident can occur.  An incident is considered applicable within an operating state if the incident can be initiated from the physical conditions that characterize the operating state.  Applicability of the “normal operations” to the operating states follows from the definitions of planned operations.  A planned operation is considered applicable within an operating state if the planned operation can be conducted when the reactor exists under the physical conditions defining the operating state.


15A.3.5      GUIDELINES FOR EVENT ANALYSIS


The following functional guidelines are followed in performing SACF, operational and design basis analyses for the various plant events:


a.
An action, system or limit shall be considered essential only if it is essential to avoiding an unacceptable result or satisfying the nuclear safety operational criteria.


b.
The full range of initial conditions (as defined in (c) below) shall be considered for each event analyzed so that all essential protection sequences are identified.  Consideration is not limited to “worst cases” because lesser cases sometimes may require more restrictive actions or systems different from the “worst cases.”


c.
The initial conditions for transients, accidents and additional plant capability events shall be limited to conditions that would exist during planned operations in the applicable operating state.


d.
For normal operations, consideration shall be made only for actions, limits and systems essential to avoiding the unacceptable consequences during operation in that state (as opposed to transients, accidents and additional plant capability events, which are followed through to completion).  Normal operations are treated differently from other events because the transfer from one state to another during planned operations is deliberate.  For events other than normal operations, the transfer from one state to another may be unavoidable.


e.
Limits shall be derived only for those essential parameters that are continuously monitored by the operator.  Parameter limits associated with the required performance of an essential system are considered to be included in the requirement for the operability of the system.  Limits on frequently monitored process parameters are 


called “envelope limits,” and limits on parameters associated with the operability of a safety system are called “operability limits.”  Systems associated with the control of the envelope parameters are considered nonessential if it is possible to place the plant in a safe condition without using the system in question.


f.
For transients, accidents and special events, consideration shall be made for the entire duration of the event and aftermath until some planned operation is resumed.  Normal operation is considered resumed when the procedures being followed or equipment being used are identical to those used during any one of the defined planned operations.  Where “Extended Core Cooling” is an immediate integral part of the event, it will be included in the protection sequence.  Where it may be an eventual part of the event it will not be directly added but of course can be implied to be available.


g.
Credit for operator action shall be taken on a case‑by‑case basis depending on the conditions that would exist at the time operator action would be required.  Because transients, accidents and special events are considered through the entire duration of the event until normal operation is resumed, manual operation of certain systems is sometimes required following the more rapid or automatic portions of the event.  Credit for operator action is taken only when the operator can reasonably be expected to accomplish the required action under the existing conditions.


h.
For transients, accidents and special events, only those actions, limits and systems shall be considered essential for which there arises a unique requirement as a result of the event.  For instance, if a system that was operating prior to the event (during planned operation) is to be employed in the same manner following the event and if the event did not affect the operation of the system, then the system would not appear on the protection sequence diagram.


i.
The operational analyses shall identify all the support or auxiliary systems essential to the functioning of the front‑line safety systems.  Safety system auxiliaries whose failure results in safe failure of the front‑line safety systems shall be considered nonessential.


j.
A system or action that plays a unique role in the response to a transient, accident or special event shall be considered essential unless the effects of the system or action are not included in the detailed analysis of the event.


15A.3.6      STEPS IN AN OPERATIONAL ANALYSIS


All information needed to perform an operational analysis for each plant event has been presented <Figure 15A.2‑1>.  The procedure followed in performing an operational analysis for a given event (selected according to the event selection criteria) is as follows:


a.
Determine the BWR operating states in which the event is applicable.


b.
Identify all the essential protection sequences (safety actions and front‑line safety systems) for the event in each applicable operating state.


c.
Identify all the safety system auxiliaries essential to the functioning of the front‑line safety systems.


The above three steps are performed as indicated in <Appendix 15A.6>.


To derive the operational requirements and technical specifications for the individual components of a system included in any essential protection sequence, the following steps are taken:


a.
Identify all the essential actions within the system (intrasystem actions) necessary for the system to function to the degree necessary to avoid the unacceptable consequences.


b.
Identify the minimum hardware conditions necessary for the system to accomplish the minimum intrasystem actions.


c.
If the single‑failure criterion applies, identify the additional hardware conditions necessary to achieve the plant safety actions (scram, pressure relief, isolation, cooling, etc.) in spite of single failures.  This step gives the nuclear safety operational requirements for the plant components so identified.


d.
Identify surveillance requirements and allowable repair times for the essential plant hardware <Appendix 15A.5>.


e.
Simplify the operational requirements determined in Steps (c) and (d) so that technical specifications may be obtained that encompass the true operational requirements and are easily used by plant operations and management personnel.


TABLE 15A.3‑1


BWR OPERATING STATES(1)


Conditions






States










A

B

C

D


Reactor vessel head off



X

X


Reactor vessel head on







X

X


Shutdown






X



X


Not shutdown







X



X


Definition


Shutdown:  Keff sufficiently less than 1.0 that the full withdrawal of any one control rod could not produce criticality under the most restrictive potential conditions of temperature, pressure, core age, and fission product concentrations.


NOTE:


(1)
Further discussion is provided in <Appendix 15A.6.2.4>.


15A.4      DISPLAY OF OPERATIONAL ANALYSIS RESULTS


15A.4.1      GENERAL


To fully identify and establish the requirements, restrictions and limitations that must be observed during plant operation, plant systems and components must be related to the needs for their actions in satisfying the nuclear safety operational criteria.  This appendix displays these relationships in a series of block diagrams.  System level activation as defined in the figures are not sequential order, but only show participation in the event.


<Table 15A.3‑1>, <Table 15A.6‑1>, <Table 15A.6‑2>, <Table 15A.6‑3>, <Table 15A.6‑4>, and <Table 15A.6‑5> indicates which operating states each event is applicable.  For each event, a block diagram is presented showing the conditions and systems required to achieve each essential safety action.  The block diagrams show only those systems necessary to provide the safety actions such that the nuclear safety operational and design basis criteria are satisfied.  The total plant capability to provide a safety action is generally not shown, only the minimum capability essential to satisfying the operational criteria.  It is very important to understand that only enough protective equipment is cited in the diagram to provide the necessary action.  Many events can utilize many more paths to success than are shown.  These operational analyses involve the minimum equipment needed to prevent or avert an unacceptable consequence.  Thus, the diagrams depict all essential protection sequences for each event with the least amount of protective equipment needed.  Once all of these protection sequences are identified in block diagram form, system requirements are derived by considering all events in which the particular system is employed.  The analysis considers the following conceptual aspects:


a.
The BWR operating state.


b.
Types of operations or events that are possible within the operating state.


c.
Relationships of certain safety actions to the unacceptable consequences and to specific types of operations and events.


d.
Relationships of certain systems to safety actions and to specific types of operations and events.


e.
Supporting or auxiliary systems essential to the operation of the front‑line safety systems.


f.
Functional redundancy.  (The single‑failure criterion applied at the safety action level.  This is, in effect, a qualitative, system level, FMEA‑type analysis.)


Each block in the sequence diagrams represents a finding of essentiality for the safety action, system or limit under consideration.  Essentiality in this context means that the safety action, system or limit is needed to satisfy the nuclear safety operational criteria.  Essentiality is determined through an analysis in which the safety action, system or limit being considered is completely disregarded in the analyses of the applicable operations or events.  If the nuclear safety operational criteria are satisfied without the safety action, system or limit, then the safety action, system or limit is not essential, and no operational nuclear safety requirement would be indicated.  When disregarding a safety action, system or limit results in violating one or more nuclear safety operational criteria, the safety action, system or limit is considered essential, and the resulting operational nuclear safety requirements can be related to specific criteria and unacceptable consequences.


15A.4.2      PROTECTION SEQUENCE AND SAFETY SYSTEM AUXILIARY DIAGRAMS


Block diagrams illustrate essential protection sequences for each event requiring unique safety actions.  These protection sequence diagrams show only the required front‑line safety systems.  The format and conventions used for these diagrams are shown in <Figure 15A.4‑1>.


The auxiliary systems essential to the correct functioning of front‑line safety systems are shown on safety system auxiliary diagrams.  The format used for these diagrams is shown in <Figure 15A.4‑2>.  The diagram indicates that auxiliary systems A, B and C are required for proper operation of front‑line safety system X.


Total plant requirements for an auxiliary system or the relationships of a particular auxiliary system to all other safety systems (front‑line and auxiliary) within an operating state are shown on the commonality of auxiliary diagrams.  The format used for these diagrams is shown in <Figure 15A.4‑3>.  The convention employed in <Figure 15A.4‑3> indicates that auxiliary system A is required:


a.
To be single‑failure proof relative to system ( in State A‑events X, Y; State B‑events X, Y; State C‑events X, Y, Z; State D‑events X, Y, Z.


b.
To be single‑failure proof relative to the parallel combination of systems ( and ( in State A‑events U, V, W; State B‑events V, W; State C‑events U, V, W, X; State D‑events U, V, W, X.


c.
To be single‑failure proof relative to the parallel combination of system ( and system ( in series with the parallel combination of systems ( and ( in State C‑events Y, W, Z.  As noted, system ( is part of the combination but does not require auxiliary system A for its proper operation.


d.
For system ( in State B‑events Q, R; State D‑events Q, R, S.


With these three types of diagrams, it is possible to determine for each system the detailed functional requirements and conditions to be observed regarding system hardware in each operating state.  The detailed conditions to be observed regarding system hardware include such nuclear safety operational requirements as test frequencies and the number of components that must be operable.


15A.5      BASES FOR SELECTING SURVEILLANCE TEST FREQUENCIES


15A.5.1      NORMAL SURVEILLANCE TEST FREQUENCIES


After the essential nuclear safety systems and engineered safeguards have been identified by applying the nuclear safety operational criteria, surveillance requirements are selected for these systems.  In this selection process, the various systems are considered in terms of relative availability, test capability, plant conditions necessary for testing, and engineering experience with the system type.


15A.5.2      ALLOWABLE REPAIR TIMES


Allowable repair times are selected by computation using appropriate availability analysis methods for redundant standby systems.  The resulting maximum average allowable repair times assure that a system’s long term availability, including allowance for repair, is not reduced below the theoretical availability that would be achieved if repairs could be made in zero time.


15A.5.3      REPAIR TIME RULE


A safety system can be repaired while the reactor is in operation if the repair time is equal to or less than the maximum allowable average repair time.  If repair is not complete when the allowable repair time expires, the plant must be placed in its safest mode (with respect to the protection lost).


To maintain the validity of the assumptions used to establish the above repair time rule, the following restrictions must be observed:


a.
The allowable repair time should only be used as needed to restore failed equipment to operation, not for routine maintenance.  Using this time should be an event as rare as failure of the equipment itself.  Routine maintenance should be scheduled when the equipment is not needed.


b.
At the conclusion of the repair, the repaired component must be retested and placed in service.


c.
Once the need for repair of a failed component is discovered, repairs should proceed as quickly as possible consistent with good craftmanship.


Alternatively, if a system is expected to be out of repair for an extended time, the availability of the remaining systems can be maintained at the prefailure level by testing them more often.  This technique is fully developed in (Reference 1), <Appendix 15A.9>.


15A.6      OPERATIONAL ANALYSES


Results of the operational analyses are discussed in the following paragraphs and displayed on <Figure 15A.6‑1>, <Figure 15A.6‑2>, <Figure 15A.6‑3>, <Figure 15A.6‑4>, <Figure 15A.6‑5>, <Figure 15A.6‑6>, <Figure 15A.6‑7>, <Figure 15A.6‑8>, <Figure 15A.6‑9>, <Figure 15A.6‑10>, <Figure 15A.6‑11>, <Figure 15A.6‑12>, <Figure 15A.6‑13>, <Figure 15A.6‑14>, <Figure 15A.6‑15>, <Figure 15A.6‑16>, <Figure 15A.6‑17>, <Figure 15A.6‑18>, <Figure 15A.6‑19>, <Figure 15A.6‑20>, <Figure 15A.6‑21>, <Figure 15A.6‑22>, <Figure 15A.6‑23>, <Figure 15A.6‑24>, <Figure 15A.6‑25>, <Figure 15A.6‑26>, <Figure 15A.6‑27>, <Figure 15A.6‑28>, <Figure 15A.6‑29>, <Figure 15A.6‑30>, <Figure 15A.6‑31>, <Figure 15A.6‑32>, <Figure 15A.6‑33>, <Figure 15A.6‑34>, <Figure 15A.6‑35>, <Figure 15A.6‑36>, <Figure 15A.6‑37>, <Figure 15A.6‑38>, <Figure 15A.6‑39>, <Figure 15A.6‑40>, <Figure 15A.6‑41>, <Figure 15A.6‑42>, <Figure 15A.6‑43>, <Figure 15A.6‑44>, <Figure 15A.6‑45>, <Figure 15A.6‑46>, <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51> and in <Table 15A.6‑1>, <Table 15A.6‑2>, <Table 15A.6‑3>, <Table 15A.6‑4>, and <Table 15A.6‑5>.


15A.6.1      SAFETY SYSTEM AUXILIARIES


<Figure 15A.6‑1> and <Figure 15A.6‑2> show the safety system auxiliaries essential to the functioning of each front‑line safety system.  Commonality of auxiliary diagrams are shown in <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51>.


15A.6.2      NORMAL OPERATIONS


15A.6.2.1      General


Requirements for the normal or planned operations normally involve limits (L) on certain key process variables and restrictions (R) on certain plant equipment.  The control block diagrams for each operating state <Figure 15A.6‑3>, <Figure 15A.6‑4>, <Figure 15A.6‑5>, and <Figure 15A.6‑6> show only those controls necessary to avoid unacceptable safety consequences, 1‑1 through 1‑4 of <Table 15A.2‑1>.  <Table 15A.6‑1> summarizes additional information for Normal Operation.


Following is a description of the planned operations (Events 1 through 6), as they pertain to each of the four operating states.  The description of each operating state contains a definition of that state, a list of the planned operations that apply to that state and a list of the safety actions that are required to avoid the unacceptable safety consequences.


15A.6.2.2      Event Definitions


a.
Event 1 ‑ Refueling Outage



Refueling outage includes all the planned operations associated with a normal refueling outage except those tests in which the reactor is made critical and returned to the shutdown condition.  The following planned operations are included in refueling outage:



1.
Planned, physical movement of core components (fuel, control rods, etc.).



2.
Refueling test operations (except criticality and shutdown margin tests).



3.
Planned maintenance.



4.
Required inspection.


b.
Event 2 ‑ Achieving Criticality



Achieving criticality includes all the plant actions normally accomplished in bringing the plant from a condition in which all control rods are fully inserted to a condition in which nuclear criticality is achieved and maintained.


c.
Event 3 ‑ Reactor Heatup



Heatup begins where achieving criticality ends and includes all plant actions normally accomplished in approaching nuclear system rated temperature and pressure by using nuclear power (reactor critical).  Heatup extends through warmup and synchronization of the main turbine generator.


d.
Event 4 ‑ Power Operation ‑ Electric Generation



Power operation begins where heatup ends and includes continued plant operation at power levels in excess of heatup power or steady‑state operation.  It also includes plant maneuvers such as:



1.
Daily electrical load reduction and recoveries.



2.
Electrical grid frequency control adjustment.



3.
Control rod movements.



4.
Power generation surveillance testing involving:




(a)
Turbine stop valve closing.




(b)
Turbine control valve adjustments.




(c)
MSIV exercising.


e.
Event 5 ‑ Achieving Reactor Shutdown



Achieving shutdown begins where the main generator is unloaded and includes all plant actions normally accomplished in achieving nuclear shutdown (more than one rod subcritical) after power operation.


f.
Event 6 ‑ Reactor Cooldown



Cooldown begins where achieving shutdown ends and includes all plant actions normal to the continued removal of decay heat and the reduction of nuclear system temperature and pressure.


15A.6.2.3      Required Safety Actions/Related Unacceptable Consequences


The following paragraphs describe the safety actions for planned operations.  Each description includes a selection of the operating states that apply to the safety action, the plant system affected by limits or restrictions and the unacceptable consequence that is avoided.  The four operating states are defined in <Table 15A.3‑1>.  The unacceptable consequences criteria are tabulated in <Table 15A.2‑1>.


15A.6.2.3.1      Radioactive Material Release Control


Radioactive materials may be released to the environs in any operating state; therefore, radioactive material release control is required in 


all operating states.  Because of the significance of preventing excessive release of radioactive materials to the environs, this is the only safety action for which monitoring systems are explicitly shown.  The offgas vent radiation monitoring system provides indication for 


gaseous release through the main vent.  Gaseous releases through other vents are monitored by the ventilation monitoring system.  The process liquid radiation monitors are not required, because all liquid wastes are monitored by batch sampling before a controlled release.  Limits are expressed on the offgas vent system, liquid radwaste system and solid radwaste system so that the planned releases of radioactive materials comply with the limits given in <10 CFR 20>, <10 CFR 50> and <10 CFR 71> (related unacceptable safety result l‑1).


15A.6.2.3.2      Core Coolant Flow Rate Control


In State D, when above approximately 10 percent Nuclear Boiler (NB) rated power, the core coolant flow rate must be maintained above certain minimums (i.e., limited) to maintain the integrity of the fuel cladding (1‑2) and assure the validity of the plant safety analysis (1‑4).


15A.6.2.3.3      Core Power Level Control


The plant safety analyses of accidental positive reactivity additions have assumed as an initial condition that the neutron source level is above a specified minimum.  Because a significant positive reactivity addition can only occur when the reactor is less than one rod subcritical, the assumed minimum source level need be observed only in States B and D.  The minimum source level assumed in the analyses has been related to the counts/sec readings on the source range monitors (SRM); thus, this minimum power level limit on the fuel is expressed as a required SRM count level.  Observing the limit assures validity of the plant safety analysis (1‑4).  Maximum core power limits are also expressed for operating States B and D to maintain fuel integrity (1‑2) and remain below the maximum power levels assumed in the plant safety analysis (1‑4).


15A.6.2.3.4      Core Neutron Flux Distribution Control


Core neutron flux distribution must be limited in State D, otherwise core power peaking could result in fuel failure (1‑2).  Additional limits are expressed in this state, because the core neutron flux distribution must be maintained within the envelope of conditions considered by plant safety analysis (1‑4).


15A.6.2.3.5      Reactor Vessel Water Level Control


In any operating state, the reactor vessel water level could, unless controlled, drop to a level that will not provide adequate core cooling; therefore, reactor vessel water level control applies to all operating states.  Observation of the reactor vessel water level limits protects against fuel failure (1‑2) and assures the validity of the plant safety analysis (1‑4).


15A.6.2.3.6      Reactor Vessel Pressure Control


Reactor vessel pressure control is not needed in States A and B because vessel pressure cannot be increased above atmospheric pressure.  In State C, a limit is expressed on the reactor vessel to assure that it is not hydrostatically tested until the temperature is above the NDT temperature plus 60(F; this prevents excessive stress (1‑3).  Also, in States C and D a limit is expressed on the residual heat removal system to assure that it is not operated in the shutdown cooling mode when the reactor vessel pressure is greater than approximately 135 psig; this prevents excessive stress (1‑3).  In States C and D, a limit on the reactor vessel pressure is necessitated by the plant safety analysis (1‑4).


15A.6.2.3.7      Nuclear System Temperature Control


In operating States C and D, a limit is expressed on the reactor vessel to prevent the reactor vessel head bolting studs from being in overtension when the temperature is less than 70(F to avoid excessive stress (1‑3) on the reactor vessel flange.  This limit does not apply in States A and B because the head will not be bolted in place during criticality tests or during refueling.  In all operating states, a limit is expressed on the reactor vessel to prevent an excessive rate of change of the reactor vessel temperature to avoid excessive stress (1‑3).  In States C and D, where it is planned operation to use the feedwater system, a limit is placed on the reactor fuel so that the feedwater temperature is maintained within the envelope of conditions considered by the plant safety analysis (1‑4).  For State D, a limit is observed on the temperature difference between the recirculation system and the reactor vessel to prevent the starting of the recirculation pumps.  This operating restriction and limit prevents excessive stress in the reactor vessel (1‑3).


15A.6.2.3.8      Nuclear System Water Quality Control


In all operating states, water of improper chemical quality could produce excessive stress as a result of chemical corrosion (1‑3).  Therefore, a limit is placed on reactor coolant chemical quality in all operating states.  For all operating states where the nuclear system can be pressurized (States C and D), an additional limit on reactor coolant activity assures the validity of the analysis of the main steam line break accident (1‑4).


15A.6.2.3.9      Nuclear System Leakage Control


Because excessive nuclear system leakage could occur only while the reactor vessel is pressurized, limits are applied only to the reactor vessel in States C and D.  Observing these limits prevents vessel damage due to excessive stress (1‑3) and assures the validity of the plant safety analysis (1‑4).


15A.6.2.3.10      Core Reactivity Control


In State A during refueling outage, a limit on core loading (fuel) to assure that core reactivity is maintained within the envelope of conditions considered by the plant safety analysis (1‑4).  In all states, limits are imposed on the control rod drive system to assure adequate control of core reactivity so that core reactivity remains within the envelope of conditions considered by the plant safety analysis (1‑4).


15A.6.2.3.11      Control Rod Worth Control


Any time the reactor is not shutdown and is generating less than 20 percent power (State D), a limit is imposed on the control rod pattern to assure that control rod worth is maintained within the envelope of conditions considered by the analysis of the control rod drop accident (1‑4).


15A.6.2.3.12      Refueling Restriction


By definition, planned operation Event 1 (refueling outage) applies only to State A.  Observing the restrictions on the reactor fuel and on the operation of the control rod drive system within the specified limit maintains plant conditions within the envelope considered by the plant safety analysis (1‑4).


15A.6.2.3.13      Containment Pressure and Temperature Control


In States C and D, limits are imposed on the suppression pool temperature to maintain containment pressure within the envelope considered by plant safety analysis (1‑4).  These limits assure an environment in which instruments and equipment can operate correctly within the containment.  Limits on the pressure suppression pool apply to the water temperature and water level to assure that it has the capability of absorbing the energy discharged during a safety/relief valve blowdown.


15A.6.2.3.14      Stored Fuel Shielding, Cooling and Reactivity Control


Because both new and spent fuel will be stored during all operating states, stored fuel shielding, cooling and reactivity control apply to all operating states.  Limits are imposed on the spent fuel pool storage positions, water level, fuel handling procedures, and water temperature. 


Observing the limits on fuel storage positions assures that spent fuel reactivity remains within the envelope of conditions considered by the plant safety analysis (1‑4).  Observing the limits on water level assures shielding in order to maintain conditions within the envelope of conditions considered by the plant safety analysis (1‑4) and provides the fuel cooling necessary to avoid fuel damage (1‑2).  Observing the limit on water temperature avoids excessive fuel pool stress (1‑3).


15A.6.2.4      Operational Safety Evaluations


State A


In State A, the reactor is in a shutdown condition, the vessel head is off and the vessel is at atmospheric pressure.  The applicable events for planned operations are refueling outage, achieving criticality and cooldown (Events 1, 2 and 6, respectively).


<Figure 15A.6‑3> shows the necessary safety actions for planned operations, the corresponding plant systems and the event for which these actions are necessary.  As indicated in the diagram, the required safety actions are as follows:






Safety Actions




Radioactive material release control




Reactor vessel water level control




Nuclear system temperature control




Nuclear system water quality control




Core reactivity control




Refueling restrictions




Stored fuel shielding, cooling and reactivity control


State B


In State B, the reactor vessel head is off, the reactor is not shutdown and the vessel is at atmospheric pressure.  Applicable planned operations are achieving criticality and achieving shutdown (Events 2 and 5, respectively).


<Figure 15A.6‑4> relates the necessary safety actions for planned operations, the plant systems and the event for which the safety actions are necessary.  The required safety actions for planned operation in State B are as follows:






Safety Actions




Radioactive material release control




Core power level control




Reactor vessel water level control




Nuclear system temperature control




Nuclear system water quality control




Core reactivity control




Rod worth control




Stored fuel shielding, cooling and reactivity control


State C


In State C, the reactor vessel head is on and the reactor is shutdown.  Applicable planned operations are achieving criticality and cooldown (Events 2 and 6, respectively).


Sequence diagrams relating safety actions for planned operations, plant systems and applicable events are shown in <Figure 15A.6‑5>.  The required safety actions for planned operation in State C are as follows:






Safety Actions




Radioactive material release control




Reactor vessel water level control




Reactor vessel pressure control




Nuclear system temperature control




Nuclear system water quality control




Nuclear system leakage control




Core reactivity control




Containment building pressure and temperature control




Spent fuel storage shielding, cooling and reactivity control


State D


In State D, the reactor vessel head is on and the reactor is not shutdown.  Applicable planned operations are achieving criticality, heatup, power operation, and achieving shutdown (Events 2, 3, 4, and 5, respectively).


<Figure 15A.6‑6> relates safety actions for planned operations, corresponding plant systems and events for which the safety actions are necessary.  The required safety actions for planned operation in State D are as follows:






Safety Actions




Radioactive material release control




Core coolant flow rate control




Core power level control




Core neutron flux distribution control




Reactor vessel water level control




Reactor vessel pressure control




Nuclear system temperature control




Nuclear system water quality control




Nuclear system leakage control




Core reactivity control




Rod worth control




Containment building pressure and temperature control




Spent fuel storage shielding, cooling and reactivity control


15A.6.3      ANTICIPATED OPERATIONAL TRANSIENTS


15A.6.3.1      General


The safety requirements and protection sequences for anticipated operational transients are described in the following paragraphs for Events 7 through 29.  The protection sequence block diagrams show the sequence of front‑line safety systems <Figure 15A.6‑7>, <Figure 15A.6‑8>, <Figure 15A.6‑9>, <Figure 15A.6‑10>, <Figure 15A.6‑11>, <Figure 15A.6‑12>, <Figure 15A.6‑13>, <Figure 15A.6‑14>, <Figure 15A.6‑15>, <Figure 15A.6‑16>, <Figure 15A.6‑17>, <Figure 15A.6‑18>, <Figure 15A.6‑19>, <Figure 15A.6‑20>, <Figure 15A.6‑21>, <Figure 15A.6‑22>, <Figure 15A.6‑23>, <Figure 15A.6‑24>, <Figure 15A.6‑25>, <Figure 15A.6‑26>, <Figure 15A.6‑27>, <Figure 15A.6‑28>, and <Figure 15A.6‑29.).  The auxiliaries for the front‑line safety systems are indicated in the auxiliary diagrams <Figure 15A.6‑1> and <Figure 15A.6‑2> and the commonality of auxiliary diagrams <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51>.


15A.6.3.2      Required Safety Actions/Related Unacceptable Consequences


The following list relates that safety actions for anticipated operational transients to mitigate or prevent the unacceptable safety consequences.  Refer to <Table 15A.2‑2> for the unacceptable consequences criteria.



  Related



Unacceptable



Consequences


Safety Action
__Criteria  
Reason Action Required


Scram and/or
2‑2
To prevent fuel damage and to


RPT
2‑3
limit RPV system pressure rise.


Pressure
2‑3
To prevent excessive RPV system


Relief

pressure rise.


Core and              2‑1, 2‑2
To prevent fuel and containment


Containment
2‑4
damage in the event that normal


Cooling

cooling is interrupted.


Reactor Vessel
2‑2
To prevent fuel damage by


Isolation

reducing the outflow of steam




and water from the reactor 




vessel, thereby limiting the




decrease in reactor vessel water




level.


Restore ac Power
2‑2
To prevent fuel damage by




restoring ac power to systems




essential to other safety




actions.


Prohibit Rod
2‑2
To prevent exceeding fuel limits


Motion

during transients.


Containment          2‑1, 2‑4
To minimize radiological


Isolation

effects.


15A.6.3.3      Event Definitions and Operational Safety Evaluations


a.
Event 7 ‑ Manual or Inadvertent SCRAM



The deliberate manual or inadvertent automatic SCRAM due to single operator error is an event which can occur under any operating conditions.  Although assumed to occur here for examination purpose, multi‑operator error or action is necessary to initiate such an event.



While all the safety criteria apply, no unique safety actions are required to control the planned‑operation‑like event after effects of the subject initiation actions.  In all operating states, the safety criteria are therefore met through the basis design of the plant systems.  <Figure 15A.6‑7> identifies the protection sequences for this event.


b.
Event 8 ‑ Loss‑of‑Plant Instrument or Service Air System



Loss of all plant instrument or service air system causes the closure of isolation valves and reactor shutdown.  Although these actions occur, they are not a requirement to prevent unacceptable consequences in themselves.  Multi‑equipment failures would be necessary in order to cause the deterioration of the subject system to the point that the components supplied with instrument or service air would cease to operate “normally” and/or “fail‑safe.”  The resulting actions are identical to the Event 14 described later.



Isolation of the main steam lines can result in a transient for which some degree of protection is required only in operating States C and D.  In operating States A and B, the main steam lines are continuously isolated.



Isolation of all main steam lines is most severe and rapid in operating State D during power operation.



<Figure 15A.6‑8> and <Figure 15A.6‑14> show how scram is accomplished by main steam line isolation through the actions of the reactor protection system and the control rod drive system.  The nuclear boiler pressure relief system provides pressure relief.  Pressure relief, combined with loss of feedwater flow, causes reactor vessel water level to fall.  Either high‑pressure core 


cooling system supplies water to maintain water level and to protect the core until normal steam flow (or other planned operation) is established.



Adequate reserve instrument air supplies are maintained in accumulator tanks for the continual operation of the ADS safety/relief valves until reactor shutdown is accomplished.


c.
Event 9 ‑ Inadvertent HPCS Pump Start (Moderator Temperature Decrease)



An inadvertent pump start (temperature decrease) is defined as an unintentional start of any nuclear system pump that adds sufficient cold water to the reactor coolant inventory to cause a measurable decrease in moderator temperature.  This event is considered in all operating states because it can potentially occur under any operating condition.  Since the HPCS pump operates over nearly the entire range of the operating states and delivers the greatest amount of cold water to the vessel, the following analysis will describe its inadvertent operation rather than other NSSS pumps (e.g., RCIC, RHR, LPCS).



While all the safety criteria apply, no unique safety actions are required to control the adverse effects of such a pump start (i.e., pressure increase and temperature decrease in States A and C).  In these operating states, the safety criteria are met through the basic design of the plant systems, and no safety action is specified.  In States B and D, where the reactor is not shutdown, the operator or the plant normal control system can control any power changes in the normal manner of power control.



<Figure 15A.6‑9> illustrates the protection sequence for the subject event.  Single failures to the normal plant control system pressure regulator or the feedwater controller systems will result 


in further protection sequences.  These are shown in Events 22 and 23.  The single failure (SF) aspects of their protection sequences will, of course, not be required.


d.
Event 10 – Inadvertent Startup of Idle Recirculation Pump



The cold‑loop startup of an idle recirculation pump can occur in any state and is most severe and rapid for those operating states in which the reactor may be critical (States B and D).  When the transient occurs in the range of 10 to 60 percent power operation, no safety action response is required.  Reactor power is normally limited to approximately 60 percent design power because of core flow limitations while operating with one recirculation loop working.  Above about 60 percent power, a high neutron flux scram is initiated.  <Figure 15A.6‑10> shows the protective sequence for this event.


e.
Event 11 ‑ Recirculation Flow Control Failure (Increasing Flow)



A recirculation flow control failure causing increased flow is applicable in States C and D.  In State D, the resulting increase in power level is limited by a reactor scram.  As shown in <Figure 15A.6‑11>, the scram safety action is accomplished through the combined actions of the neutron monitoring, reactor protection and control rod drive systems.


f.
Event 12 ‑ Recirculation Flow Control Failure (Decreasing Flow)



This recirculation flow control malfunction causes a decrease in core coolant flow.  This event is not applicable to States A and B because the reactor vessel head is off and the recirculation pumps normally would not be in use.


The number and type of flow controller failure modes determine the protection sequence for the event.  For flow control valve control systems, the fast closure of one or two control valves results in the protective sequence of <Figure 15A.6‑12>.


g.
Event 13 ‑ Trip of One or Both Recirculation Pumps



The trip of one recirculation pump produces a milder transient than does the simultaneous trip of two recirculation pumps.



The transient resulting from this two‑loop trip is not severe enough to require any unique safety action.  The transient is compensated for by the inherent nuclear stability of the reactor.  This event is not applicable in States A and B because the reactor vessel head is off and the recirculation pumps normally would not be in use.  The trip could occur in States C and D; however, the reactor can accommodate the transient with no unique safety action requirement.  <Figure 15A.6‑13> provides the protection sequence for the event for one or both pump trip actuations.



In fact, this event constitutes an acceptable operational technique to reduce or minimize the effects of other event conditions.  To this end, an engineered recirculation pump trip capability is included in the plant operational design to reduce pressure and thermohydraulic transient effects.  Operating States C and D are involved in this event.



Tripping a single recirculation pump requires no protection system operation.



A two pump trip results in a high water level trip of the main turbine which further causes a stop valve closure and its subsequent SCRAM actuation.  Main steamline isolation soon occurs after the initiation of the RCIC/HPCS systems on water Level 2.  Relief valve actuation will follow.


h.
Event 14 ‑ Isolation of One or All Main Steam Lines



Isolation of the main steam lines can result in a transient for which some degree of protection is required only in operating States C and D.  In operating States A and B, the main steam lines are continuously isolated.



Isolation of all main steam lines is most severe and rapid in operating State D during power operation.



<Figure 15A.6‑14 (1)>, shows how scram is accomplished by main steam line isolation through the actions of the reactor protection system and the control rod drive system.  The nuclear system pressure relief system provides pressure relief.  Pressure relief, combined with loss of feedwater flow, causes reactor vessel water level to fall and high‑pressure core and RCIC cooling systems supply water to maintain water level and to protect the core until normal steam flow (or other planned operation) is established.



Isolation of one main steam line causes a significant transient only in State D during high power operation.  Scram is the only unique action required to avoid fuel damage and nuclear system overpressure.  Because the feedwater system and main condenser remain in operation following the event, no unique requirement arises for core cooling.



As shown in <Figure 15A.6‑14 (2)>, the scram safety action is accomplished through the combined actions of the neutron monitoring, reactor protection and control rod drive systems.


i.
Event 15 ‑ Inadvertent Opening of the Safety/Relief Valve



The inadvertent opening of a safety/relief valve is possible in any operating state.  The protection sequences are shown in <Figure 15A.6‑15>.  In States A, B and C, the water level cannot be lowered far enough to threaten fuel damage; therefore, no safety actions are required.



In State D, there is a slight decrease in reactor pressure following the event.  The pressure regulator closes the main turbine control valves enough to stabilize pressure at a level slightly below the initial value.  There are no unique safety system requirements for this event.



If the event occurs when the feedwater system is not active in State D, a loss in the coolant inventory results in a reactor vessel isolation.  The low water level signal initiates reactor vessel isolation.  The nuclear boiler pressure relief system provides pressure relief.



Core cooling is accomplished by the RCIC and HPCS systems which are automatically initiated by the incident detection circuitry (IDC).  The automatic depressurization system (ADS) or the manual relief valve system remain as the backup depressurization system if needed.  After the vessel has depressurized, long term core cooling is accomplished by the LPCI, LPCS and HPCS, which are initiated on low water levels by the IDC system or are manually operated.  Containment‑suppression pool cooling is manually initiated.


j.
Event 16 ‑ Control Rod Withdrawal Error During Refueling and Startup Operations



Because a control rod withdrawal error resulting in an increase of positive reactivity can occur under any operating condition, it must be considered in all operating states.  For this specific event situation, only States A and B apply.



Refueling



No unique safety action is required in operating State A for the withdrawal of one control rod because the core is more than one control rod subcritical.  Withdrawal of more than one control rod is precluded by the protection sequence shown in <Figure 15A.6‑16>.  During core alterations, the mode switch is normally in the REFUEL position, which allows the refueling equipment to be positioned over the core and also inhibits control rod withdrawal.  This transient, therefore, applies only to operating State A.



No safety action is required because the total worth (positive reactivity) of one fuel assembly or control rod is not adequate to cause criticality.  Moreover, mechanical design of the control rod assembly prevents physical removal without removing the adjacent fuel assemblies.



Startup



During low power operation (State B), the neutron monitoring system via the RPS will initiate SCRAM if necessary <Figure 15A.6‑16>.


k.
Event 17 ‑ Control Rod Withdrawal Error (During Power Operation)



Because a control rod withdrawal error resulting in an increase of positive reactivity can occur under any operating condition, it must be considered in all operating states.  For this specific event situation, only States C and D apply.



During power operation (Power Range State D), a number of plant protective devices of various designs prohibit the control rod motion before critical levels are reached <Figure 15A.6‑17>.



Systems in the power range (0 to 100 percent NBR) prevent the selection of an out‑of‑sequenced rod movement by using the Rod Pattern Control System (RPCS) which uses either Banked Position or Grouped Notch Withdrawal sequences.  In addition, the movement of the rod is monitored and limited within acceptable intervals either by neutronic effects or actual rod motion.  The RC&IS provides movement surveillance.  Beyond these rod motion control limits are the fuel/core SCRAM protection systems.  In State C, no protective actions are described above.


l.
Event 18 ‑ Loss of Shutdown Cooling



The loss of RHRS shutdown cooling can occur only during the low pressure portion of a normal reactor shutdown and cooldown.



As shown in <Figure 15A.6‑18>, for most single failures that could result in primary loss of shutdown cooling capabilities, no unique safety actions are required; in these cases, shutdown cooling is simply reestablished using redundant shutdown cooling equipment.  In the cases where the RHRS‑shutdown cooling suction line becomes inoperative, a unique arrangement for cooling arises.  In States A and B, in which the reactor vessel head is off, the LPCI, LPCS or HPCS can be used to maintain reactor vessel water level.  In 



States C and D, in which the reactor vessel head is on and the system can be pressurized, the automatic depressurization system (ADS) or manual operation of relief valves in conjunction with any of the ECCS and the RHRS suppression pool cooling mode (both manually operated) can be used to maintain water level and remove decay heat.  Suppression pool cooling is actuated to remove heat energy from the suppression pool system.


m.
Event 19 ‑ RHR Shutdown Cooling ‑ Increased Cooling



An RHR shutdown cooling malfunction causing a moderator temperature decrease must be considered in all operating states.  However, this event is not considered in States C and D if RPV system pressure is too high to permit operation of the shutdown cooling (RHRS) <Figure 15A.6‑19>.  No unique safety actions are required to avoid the unacceptable safety consequences for transients as a result of a reactor coolant temperature decrease induced by misoperation of the shutdown cooling heat exchangers.



In States B and D, where the reactor is at or near critical, the slow power increase resulting from the cooler moderator temperature would be controlled by the operator in the same manner normally used to control power in the source or intermediate power ranges.


n.
Event 20 ‑ Loss of All Feedwater Flow



A loss of feedwater flow results in a net decrease in the coolant inventory available for core cooling.  A loss of feedwater flow can occur in States C and D.  Appropriate responses to this transient include a reactor scram on low water level and restoration of RPV water level by RCIC and HPCS.  In State C the reactor water low (Level 3) scram can be bypassed when the plant mode switch is in the ‘SHUTDOWN’ position.



As shown in <Figure 15A.6‑20>, the reactor protection and control rod drive systems effect a scram on water Level 3.  The primary containment and reactor vessel isolation control system (PCRVICS) and the main steam line isolation valves act to isolate the reactor vessel on water Level 1.  After the main steam line isolation valves close, decay heat slowly raises system pressure to the lowest relief valve setting.  Pressure is relieved by the RPV pressure relief system.  Either the RCIC or HPCS system can maintain adequate water level for initial core cooling and to restore and maintain water level.  For long term shutdown and extended core coolings, containment/suppression pool cooling systems are manually initiated.



The requirements for operating State C is the same as for State D except that the scram action is not required in State C.


o.
Event 21 ‑ Loss of a Feedwater Heater



Loss of a feedwater heater must be considered with regard to the nuclear safety operational criteria only in operating State D because significant feedwater heating does not occur in any other operating state.



A reduction of feedwater heating causes a transient that requires no protective actions when the reactor is initially on automatic recirculation flow control.  If the reactor is on manual flow control, however, the neutron flux increase associated with this event will reach the scram setpoint.  As shown in <Figure 15A.6‑21>, the scram safety action is accomplished through actions of the neutron monitoring, reactor protection and control rod drive systems.


p.
Event 22 ‑ Feedwater Controller Failure ‑ Maximum Demand



A feedwater controller failure, causing an excess of coolant inventory in the reactor vessel, is possible in all operating states.  Feedwater controller failures considered are those that would give failures of automatic flow control, manual flow control or feedwater bypass valve control.  In operating States A and B, no safety actions are required since the vessel head is removed and the moderator temperature is low.  In operating State D, any positive reactivity effects by the reactor caused by cooling of the moderator can be mitigated by a scram.  As shown in <Figure 15A.6‑22>, the accomplishment of the scram safety action is satisfied through the combined actions of the neutron monitoring, reactor protection and control rod drive systems.  Pressure relief is required in States C and D and is achieved through the operation of the RPV pressure relief system.  Initial restoration of the core water level is by the RCIC and HPCS systems.  Prolonged isolation may require extended core cooling and containment/suppression pool cooling.


q.
Event 23 ‑ Pressure Regulator Failure (Open Direction)



A pressure regulator failure in the open direction, causing the opening of the turbine control valves and opening of all of the turbine bypass valves, applies only in operating States C and D, because in other states the pressure regulator is not in operation.  From the viewpoint of rapid depressurization, a pressure regulator failure is most severe and rapid in operating State D at low power.  From the viewpoint of fuel and post‑isolation conditions, it is most limiting at full power.



The various protection sequences giving the safety actions are shown in <Figure 15A.6‑23>.  Depending on plant conditions existing prior to the event, scram will be initiated either on high reactor water level (L8) or on closure of the MSIV’s due to low pressure in the steam lines.  The sequence resulting in reactor vessel isolation also depends on initial conditions.  With the mode switch in “Run,” isolation is initiated when main steam line pressure decreases to the low pressure setpoint.  Under other conditions, isolation if necessary can be manually initiated.  After isolation is completed, decay heat will cause reactor vessel pressure to increase until limited by the operation of the safety/relief valves.  Core cooling following isolation can be provided by the RCIC or HPCS.  Shortly after reactor vessel isolation, normal core cooling can be reestablished via the main condenser and feedwater systems or if prolonged isolation is necessary, extended core and containment cooling will be manually actuated.


r.
Event 24 ‑ Pressure Regulator Failure ‑ Closed



A pressure regulator failure in the closed direction (or downscale), causing the closing of turbine control valves, applies only in operating States C and D, because in other states the pressure regulator is not in operation.



A single pressure regulator failure downscale would result in little or no effect on the plant operation.  The second pressure regulator would provide turbine‑reactor control.  If the second unit failed this would result in the worst situation, yet it is much less severe than Events 25, 27, 30, and 31.  The dual pressure regulator failures are most severe and rapid in operating State D at high power.



The various protection sequences giving the safety actions are shown in <Figure 15A.6‑24>.  Upon failure of one pressure regulator downscale, normally a backup regulator will maintain the plant in the present status upon the initial regulator downscale failure. 



An additional single active component failure of the backup regulator will result in a high flux or pressure SCRAM, system isolation and subsequent extended isolation core cooling system actuations.


s.
Event 25 ‑ Main Turbine Trips (With Bypass System Operation)



A main turbine trip can occur only in operating State D (during heatup or power operation).  A turbine trip during heatup is not as severe as a trip at full power because the initial power level is less than 38 percent, thus minimizing the effects of the transient and enabling return to planned operations via the bypass system operation.  For a turbine trip above 38 percent power, a scram will occur via turbine stop valve closure as will a recirculation pump trip (RPT).  Subsequent relief valve actuation will occur.  Eventual main steam line isolation will result at water Level 1 and RCIC and HPCS system initiation will result from water Level 2.  <Figure 15A.6‑25> depicts the protection sequences required for main turbine trips.  Main turbine trip and main generator trip are similar anticipated operational transients and, although main turbine trip is a more severe transient than main generator trip due to the rapid closure of the turbine stop valves, the required safety actions are the same.


t.
Event 26 ‑ Loss of Main Condenser Vacuum (Turbine Trip)



A loss of vacuum in the main turbine condenser can occur any time steam pressure is available and the condenser is in use; it is applicable to operating States C and D.  This nuclear system 



pressure increase transient is the most severe of the pressure increase transients.  However, scram protection in State C is not needed since the reactor is not coupled to the turbine system.



For State D above 38 percent power, loss of condenser vacuum will initiate a turbine trip with its attendant stop valve closures (which leads to SCRAM) and a recirculation pump trip (RPT) and will also initiate isolation, pressure relief valve actuation, RCIC, and HPCS initial core cooling.  A scram can also be initiated by MSIV closure to prevent fuel damage and is accomplished with the actions of the reactor protection system and control rod drive system.  Below 38 percent power (State D) scram is initiated by a high neutron flux signal.  <Figure 15A.6‑26> shows the protection sequences.  Decay heat will necessitate extended core and suppression pool cooling.  When the RPV depressurizes sufficiently, the low pressure core cooling systems provide core cooling until a planned operation via RHRS shutdown cooling is achieved.


u.
Event 27 ‑ Main Generator Trip (With Bypass System Operation)



A main generator trip with bypass system operation can occur only in operating State D (during heatup or power operation).  Fast closure of the main turbine control valves is initiated whenever an electrical grid disturbance occurs which results in significant loss of electrical load on the generator.  The turbine control valves are required to close as rapidly as possible to prevent excessive overspeed of the main turbine generator rotor.  Closure of the turbine control valves will cause a sudden reduction in steam flow which results in an increase in system pressure.  Above 38 percent power, scram will occur as a result of fast control valve closure.  Turbine tripping will actuate the recirculation pump trip (RPT).  Subsequently main steam line isolation can result, pressure relief and initial core cooling by RCIC and HPCS will take place.  Prolonged shutdown of the turbine generator unit 



will necessitate extended core and containment cooling.  A generator trip during heatup (<38 percent) is not severe because the turbine bypass system can accommodate the decoupling of the reactor and the turbine generator unit, thus minimizing the effects of the transient and enabling return to planned operations.  <Figure 15A.6‑27> depicts the protection sequences required for a main generator trip.  Main generator trip and main turbine trip are similar anticipated operational transients.  Although the main generator trip is a less severe transient than a turbine trip due to the rapid closure of the turbine stop valves, the required safety actions for both are the same sequence.


v.
Event 28 ‑ Auxiliary Transformer Failure



There is a variety of possible plant electrical component failures which could affect the reactor system.  The loss of auxiliary power transformer results in a sequence of events similar to that resulting from a loss of feedwater flow.  The most severe situation occurs in State D during power operation.  <Figure 15A.6‑28> shows the safety actions required to accommodate a loss of normal onsite power in the States A, B, C, and D.



The reactor protection and control rod drive systems effect a scram on main turbine trip or loss of reactor protection system power sources.  The turbine trip will actuate a recirculation pump trip (RPT).  The primary containment and reactor vessel isolation control system (PCRVICS) and the main steam line isolation valves act to isolate the reactor vessel.  After the main steam line isolation valves (MSIV) close, decay heat slowly raises system pressure to the lowest relief valve setting.  Pressure is relieved by the RPV pressure relief system.  With continued isolation, decay heat may cause increased RPV pressure, and periodically lift relief 



valves which will cause reactor vessel water level to decrease.  The core and containment cooling sequences shown in <Figure 15A.6‑28> denote the short and long term actions for achieving adequate cooling.


w.
Event 29 ‑ Loss of Offsite Power ‑ Grid Loss



There is a variety of plant‑grid electrical component failures which can affect reactor operation.  The loss of both onsite and offsite auxiliary power sources results in a sequence of events similar to that resulting from a loss of feedwater flow (see Event 20).  The most severe case occurs in State D during power operation.  <Figure 15A.6‑29> shows the safety actions required for a total loss of offsite power in all States A, B, C, and D.



The reactor protection and control rod drive systems effect a scram from main turbine trip or loss of reactor protection system power sources.  The turbine trip will initiate recirculation pump trip (RPT).  The primary containment and reactor vessel isolation control system (PCRVICS) and the main steam line isolation valves (MSIV) act to isolate the reactor vessel.  After the main steam line isolation valves close, decay heat slowly raises system pressure to the lowest relief valve setting.  Pressure is relieved by the nuclear system pressure relief system.  After the reactor is isolated and feedwater flow has been lost, decay heat continues to increase RPV pressure, periodically lifting relief valves and causing reactor vessel water level to decrease.  The core and containment cooling sequence shown in <Figure 15A.6‑29> shows the short and long term sequences for achieving adequate cooling.


15A.6.4      ABNORMAL OPERATIONAL TRANSIENTS


15A.6.4.1      General


The safety requirements and protection sequences for abnormal operational transients are described in the following paragraphs for Events 30 through 34.  The protection sequence block diagrams show the sequence of front‑line safety systems <Figure 15A.6‑30>, <Figure 15A.6‑31>, <Figure 15A.6‑32>, <Figure 15A.6‑33>, and <Figure 15A.6‑34>.  The auxiliaries for the front‑line safety systems are indicated in the auxiliary diagrams <Figure 15A.6‑1> and <Figure 15A.6‑2> and the commonality of auxiliary diagrams <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51>.


15A.6.4.2      Required Safety Actions/Related Unacceptable Consequences


The following list relates the safety actions for abnormal operational transients to mitigate or prevent the unacceptable safety consequences cited in <Table 15A.2‑3>.



  Related



Unacceptable



Consequences


Safety Action
__Criteria__
Reason Action Required


Scram and/or
3‑2
To limit gross core‑wide fuel


RPT
3‑3
damage and to limit nuclear




system pressure rise.


Pressure Relief
3‑3
To prevent excessive nuclear




system pressure rise.


Core, Suppression
3‑2
To limit further fuel and


Pool and
3‑4
containment damage in the event


Containment

that normal cooling is


Cooling

interrupted.



  Related



Unacceptable



Consequences


Safety Action
__Criteria__
Reason Action Required


Reactor Vessel
3‑2
To limit further fuel damage by


Isolation 

reducing the outflow of steam




and water from the reactor




vessel, thereby limiting the




decrease in reactor vessel




water level.


Restore ac
3‑2
To limit initial fuel damage by


Power

restoring ac power to systems




essential to other safety




actions.


Containment
3‑1
To limit radiological effects.


Isolation


15A.6.4.3      Event Definition and Operational Safety Evaluation


a.
Event 30 ‑ Main Generator Trip (Without Bypass System Operation)



A main generator trip without bypass system operation can occur only in operating State D (during heatup or power operation).  A generator trip during heatup without bypass operation results in the same situation as the power operation case.  <Figure 15A.6‑30> depicts the protection sequences required for a main generator trip.  The event is basically the same as that described in Event 27 at power levels above 40 percent.  A scram, RPT, isolation, relief valve, and RCIC and HPCS operation will immediately result in prolonged shutdown, which will follow the same pattern as Event 27.



The thermohydraulic and thermodynamic effects on the core, of course, are more severe than with the bypass operating.  Since the event is of lower probability than Event 27, the unacceptable consequences are less limiting.



The load rejection and turbine trip are similar abnormal operational transients and, although main generator trip is a less severe transient than a turbine trip due to the rapid closure of the turbine stop valves, the required safety actions are the same.


b.
Event 31 ‑ Main Turbine Trip (Without Bypass System Operation)



A main turbine trip without bypass can occur only in operating State D (during heatup or power operation).  <Figure 15A.6‑31> depicts the protection sequences required for main turbine trips.  Main turbine trip at plant operation above or below 40 percent power, with bypass system failure, will result in the same transient effects:  a scram, a RPT, an isolation, subsequent relief valve actuation, and immediate RCIC and HPCS actuation.  After initial shutdown, extended core and containment cooling will be required as noted previously in Event 25.



Turbine trips without bypass system operations results in very severe thermohydraulic impacts on the reactor core.  The allowable limit or acceptable calculational techniques for this event is less restrictive since the event is of lower probability of occurrence than the turbine trip with a bypass operation event.


c.
Event 32 ‑ Inadvertent Loading and Operation with Fuel Assembly in Improper Position



Operation with a fuel assembly in the improper position is shown in <Figure 15A.6‑32> and can occur in all operating states.  No protection sequences are necessary relative to this event.  Calculated results of worst fuel handling loading error will not cause fuel cladding integrity damage.  It requires three independent equipment/operator errors to allow this situation to develop.


d.
Event 33 ‑ Recirculation Loop Pump Seizure



A recirculation loop pump seizure event considers the instantaneous stoppage of the pump motor shaft of one recirculation loop pump.  The case involves operation at design power in State D.  A main turbine trip will occur as vessel water level swell exceeds the turbine trip setpoint.  This results in a trip scram and a RPT when the turbine stop valves close.  Relief valve opening will occur to control pressure and temperature.  RCIC or HPCS systems will maintain vessel water level.  Prolonged isolation will require core and containment cooling and possibly some radiological effluent control.



The protection sequence for this event is given in <Figure 15A.6‑33>.


e.
Event 34 ‑ Recirculation Loop Pump Shaft Break



A recirculation loop pump shaft break event considers the degraded, delayed stoppage of the pump motor shaft of one recirculation loop pump.  The case involves operation at design power in State D.  A main turbine trip will occur as vessel water level swell exceeds the turbine trip setpoint.  This results in a trip scram and a RPT when the turbine stop valves close.  Relief valve opening will occur to control pressure and temperature.  RCIC or HPCS systems will maintain vessel water level.  Prolonged isolation will require core and containment cooling and possibly some radiological effluent control.



The protection sequence for this event is given in <Figure 15A.6‑34>.


15A.6.5      DESIGN BASIS ACCIDENTS


15A.6.5.1      General


The safety requirements and protection sequences for accidents are described in the following paragraphs for Events 35 through 45.  The protection sequence block diagrams show the safety actions and the sequence of front‑line safety systems used for the accidents (refer to <Figure 15A.6‑35>, <Figure 15A.6‑36>, <Figure 15A.6‑37>, <Figure 15A.6‑38>, <Figure 15A.6‑39>, <Figure 15A.6‑40>, <Figure 15A.6‑41>, <Figure 15A.6‑42>, and <Figure 15A.6‑43>).  The auxiliaries for the front‑line safety systems are indicated in the auxiliary diagrams <Figure 15A.6‑1> and <Figure 15A.6‑2> and the commonality of auxiliary diagrams <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51>.


15A.6.5.2      Required Safety Actions/Unacceptable Consequences


The following list relates the safety actions for design basis accident to mitigate or prevent the unacceptable consequences cited in 


<Table 15A.2‑4>.



  Related



Unacceptable



Consequences


Safety Action
__Criteria__
Reason Action Required


Scram
4‑2
To prevent fuel cladding



4‑3
failure(1) and to prevent




excessive nuclear system




pressures.


Pressure Relief
4‑3
To prevent excessive nuclear




system pressure.


Core Cooling
4‑2
To prevent fuel cladding




failure.


Reactor Vessel
4‑1
To limit radiological effect to


Isolation

not exceed the guideline values




of <10 CFR 100>.



  Related



Unacceptable



Consequences


Safety Action
__Criteria__
Reason Action Required


Establish Reactor
4‑1
To limit radiological effects to


Containment

not exceed the guideline values




of <10 CFR 100>.


Containment
4‑4
To prevent excessive pressure in


Cooling

the containment when containment




is required.


Stop Rod Ejection
4‑2
To prevent fuel cladding




failure.


Restrict Loss of
4‑2
To prevent fuel cladding


Reactor Coolant

failure.


(passive)


Control Room
4‑5
To prevent overexposure to


Environmental

radiation of plant personnel in


Control

the control room.


Limit Reactivity
4‑2
To prevent fuel cladding failure


Insertion Rate
4‑3
and to prevent excessive nuclear


(passive)

system pressure.


NOTE:


(1)
Failure of the fuel barrier includes fuel cladding fragmentation (loss‑of‑coolant accident) and excessive fuel enthalpy (control rod drop accident).


15A.6.5.3      Event Definition and Operational Safety Evaluations


a.
Event 35 ‑ Control Rod Drop Accident (CRDA)



The control rod drop accident (CRDA) results from an assumed failure of the control rod‑to‑drive mechanism coupling after the control rod (very reactive rod) becomes stuck in its fully inserted position.  It is assumed that the control rod drive is then fully 



withdrawn before the stuck rod falls out of the core.  The control rod velocity limiter, an engineered safeguard, limits the control rod drop velocity.  The resultant radioactive material release is maintained far below the guideline values of <10 CFR 100>.



The control rod drop accident is applicable only in operating State D.  The control rod drop accident cannot occur in State B because rod coupling integrity is checked on each rod to be withdrawn if more than one rod is to be withdrawn.  No safety actions are required in States A or C where the plant is in a shutdown state by more than the reactivity worth of one rod prior to the accident.



<Figure 15A.6‑35> presents the different protection sequences for the control rod drop accident.  As shown in <Figure 15A.6‑35>, the reactor is automatically scrammed and isolated.  For all design basis cases, the neutron monitoring, reactor protection and control rod drive systems will provide a scram from high neutron flux.  After the reactor has been scrammed, core cooling is accomplished by either the RCIC or the HPCS or the normal feedwater system.


b.
Event 36 ‑ Fuel Handling Accident Outside Containment



Because a fuel‑handling accident can potentially occur any time when fuel assemblies are being manipulated in the fuel handling building, this accident is considered in all operating states.  Considerations include mechanical fuel damage caused by drop impact and a subsequent release of fission products.  The protection sequences pertinent to this accident are shown in <Figure 15A.6‑36>.  


c.
Event 37 ‑ Loss‑of‑Coolant Accidents Resulting from Postulated Piping Breaks Within RPCB Inside Containment (DBA‑LOCA)



Pipe breaks inside the containment are considered only when the nuclear system is significantly pressurized (States C and D).  The result is a release of steam and water into the containment.  Consistent with NSOA criteria, the protection requirements consider all size line breaks including larger liquid recirculation loop piping down to small steam instrument line breaks.  The most severe cases are the circumferential break of the largest (liquid) recirculation system pipe and the circumferential break of the largest (steam) main steam line.



As shown in <Figure 15A.6‑37>, in operating State C (reactor shut down, but pressurized), a pipe break accident up to the DBA can be accommodated within the nuclear safety operational criteria through the various operations of the main steam line isolation valves, emergency core cooling systems (HPCS, ADS, LPCI, and LPCS, containment and reactor vessel isolation control system, reactor/shield/auxiliary buildings, annulus exhaust gas treatment system, control room heating, cooling and ventilation system, MSIV‑LCS, emergency service water systems, hydrogen control system, equipment cooling systems, and the incident detection circuitry.  For small pipe breaks inside the containment, pressure relief is effected by the nuclear system pressure relief system, which transfers decay heat to the suppression pool.  For large breaks, depressurization takes place through the break itself.  In State D (reactor not shut down, but pressurized), the same equipment is required as in State C but, in addition, the reactor protection system and the control rod drive system must operate to scram the reactor.  The limiting items, on which the operation of the above equipment is based, are the allowable fuel cladding temperature and the containment pressure capability.  The control rod drive housing supports are considered necessary whenever the system is 



pressurized to prevent excessive control rod movement through the bottom of the reactor pressure vessel following the postulated rupture of one control rod drive housing (a lesser case of the design basis loss‑of‑coolant accident and a related preventive of a postulated rod ejection accident).



After completion of the automatic action of the above equipment, manual operation of the RHRS (suppression pool cooling mode) and ADS or relief valves (controlled depressurization) is required to maintain containment pressure and fuel cladding temperature within limits during extended core cooling.


d.
Events 38, 39, 40 ‑ Loss‑of‑Coolant Accidents (LOCA) Resulting from Postulated Pipe Breaks ‑ Outside Containment



Pipe break accidents outside the containment are assumed to occur any time the nuclear system is pressurized (States C and D).  This accident is most severe during operation at high power (State D).  In State C, this accident becomes a subset of the State D sequence.



The protection sequences for the various possible pipe breaks outside the containment are shown in <Figure 15A.6‑38>.  The sequences also show that for small breaks (breaks not requiring immediate action) the reactor operator can use a large number of process indications to identify the break and isolate it.



In operating State D (reactor not shut down, but pressurized), scram is accomplished through operation of the reactor protection system and the control rod drive system.  Reactor vessel isolation is accomplished through operation of the main steam line isolation valves and the containment and reactor vessel isolation control system.



For a main steam line break, initial core cooling is accomplished by either the HPCS or the automatic depressurization system (ADS) or manual relief valve operation in conjunction with the LPCS or LPCI.  These systems provide parallel paths to effect initial core cooling, thereby satisfying the single‑failure criterion.  Extended core cooling is accomplished by the single‑failure proof, parallel combination of LPCS, HPCS and LPCI systems.  The ADS or relief valve system operation and the RHRS suppression pool cooling mode (both manually operated) are required to maintain containment pressure and fuel cladding temperature within limits during extended core cooling.


e.
Event 41 ‑ Gaseous Radwaste System Leak or Failure



It is assumed that the line leading to the steam jet air ejector fails near the main condenser.  This results in activity normally processed by the offgas treatment system being discharged directly to the turbine building and subsequently through the ventilation system to the environment.  This failure results in a loss‑of‑flow signal to the offgas system.  This event can be considered only under States C and D, and is shown in <Figure 15A.6‑39>.



The reactor operator initiates shutdown of the reactor to reduce the gaseous activity being discharged.  A loss of main condenser vacuum will result (timing depending on leak rate) in a main turbine trip and ultimately a reactor shutdown.  Refer to Event 26 for reactor protection sequence <Figure 15A.6‑26>.


f.
Event 42 ‑ Augmented Offgas Treatment System Failure



An evaluation of those events which could cause a gross failure in the offgas system has resulted in the identification of a 


postulated seismic event, more severe than the one for which the system is designed, as the only conceivable event which could cause significant damage.



The detected gross failure of this system will result in manual isolation of this system from the main condenser.  The isolation results in high main condenser pressure and ultimately a reactor scram.  Protective sequences for the event are shown in <Figure 15A.6‑40>.



The undetected postulated failure soon results in a system isolation necessitating reactor shutdown because of loss of vacuum in the main condenser.  This transient has been analyzed in Event 26 <Figure 15A.6‑26>.


g.
Event 43 ‑ Radioactive Liquid Waste System Failure (Release to Atmosphere)



Releases which could occur inside and outside of the containment, not covered by Events 35, 36, 37, 38, 39, 40, 42, and 50 will include equipment leaks and failures inside structures housing the subject process equipment.  Conservative values for releases have been assumed and evaluated.



The protective sequences for this event are provided in <Figure 15A.6‑41>.


h.
Event 44 ‑ Postulated Radioactive Releases Due to Liquid Containing Tank Failures



The postulated events that could cause release of the radioactive inventory of a waste tank include a tank failure and/or an operator error.  The possibility of a tank failure and consequent release rates receives primary consideration in system and component 



design.  The tanks and piping to the first isolation valve are Safety Class 3, Quality Group C components and are designed to Seismic Category I.  The concentrator waste tanks are designed to operate at atmospheric pressure and 200(F maximum temperature so the possibility of failure is considered small.  A liquid radwaste release caused by operator error is also considered a remote possibility.  Operating techniques and administrative procedures emphasize detailed system and equipment operating instruction.  A positive action interlock system is provided to prevent inadvertent opening of a drain valve.  Should a release of liquid radioactive wastes occur, floor drain sump pumps in the floor of the radwaste building will receive a high water level alarm, activate automatically and remove the spilled liquid to a contained storage tank.



The protective sequences for this event are provided in <Figure 15A.6‑42>.


i.
Event 45 ‑ Fuel Handling Accident Inside Containment



A fuel‑handling accident inside containment can only occur when fuel assemblies are being manipulated over the reactor core.  Therefore, this accident is only considered in operating State A.  Considerations include mechanical fuel damage caused by drop impact and a subsequent release of fission products.  The protection sequences pertinent to this accident are shown in <Figure 15A.6‑43>.  


15A.6.6      SPECIAL EVENTS


15A.6.6.1      General


Additional special events are postulated to demonstrate that the plant is capable of accommodating off‑design occurrences.  (Refer to Events 46 through 49.)  As such, these events are beyond the safety requirements of the other event categories.  The safety actions shown on the sequence diagrams <Figure 15A.6‑44>, <Figure 15A.6‑45>, and <Figure 15A.6‑46> for the additional special events follow directly from the requirements cited in the demonstration of the plant capability.


Auxiliary system support analyses are shown in <Figure 15A.6‑1>, <Figure 15A.6‑2>, <Figure 15A.6‑47>, <Figure 15A.6‑48>, <Figure 15A.6‑49>, <Figure 15A.6‑50>, and <Figure 15A.6‑51>.


15A.6.6.2      Required Safety Action/Unacceptable Consequences


The following list relates the safety actions for special events to prevent the unacceptable consequences cited in <Table 15A.2‑5>:



  Related



Unacceptable



Consequences


Safety Action
__Criteria__
Reason Action Required


Manually Initiate
5‑1
Local panel control has been


All Shutdown
5‑2
provided and is available


Controls from

outside control room.


Local Panels


Manually Initiate
5‑3
Standby Liquid Control System to


SLCS 

control reactivity to cold




shutdown is available.


15A.6.6.3      Event Definitions and Operational Safety Evaluation


a.
Event 46 ‑ Spent Fuel Cask Drop



Due to the redundant nature of the plant crane, the cask drop accident is not considered to be a credible accident and therefore is not analyzed.


b.
Event 47 ‑ Reactor Shutdown ‑ ATWS



Reactor shutdown from a plant transient occurrence (e.g., turbine trip) without the use of mechanical control rods is an event which has been evaluated to determine the capability of the plant to be safely shutdown.  The event is applicable in any operating state.  <Figure 15A.6‑44> shows the protection sequence for this extremely improbable and demanding event in each operating state.  In State A, no sequence is shown because the reactor is already in the condition finally required by definition.



State D is the most limiting case.  Upon initiation of the plant transient situation (turbine trip), a scram will be initiated but no control rods are assumed to move.  The recirculation pumps will be tripped by the initial turbine trip signal.  If the nuclear system becomes isolated from the main condenser, low power neutron heat can be transferred from the reactor to the suppression pool via the relief valves.  The incident detection circuitry initiates operation of the HPCS on low water level which maintains reactor vessel water level.  The standby liquid control system will be manually initiated and the transition from low power neutron heat to decay heat will occur.  The RHR suppression pool cooling mode is used to remove the low power neutron and decay heat from the suppression pool as required.  When RPV pressure falls to 100 to 200 psig level, the RHRS shutdown cooling mode is started and 


continued to cold shutdown.  Various single failure analytical exercises can be examined to further show additional capabilities to accommodate further plant system degradations.


c.
Event 48 ‑ Reactor Shutdown From Outside the Control Room



Reactor shutdown from outside the control room is an event investigated to evaluate the capability of the plant to be safely shutdown and cooled to the cold shutdown state from outside the main control room.  The event is applicable in any operating States A, B, C, and D.



<Figure 15A.6‑45> shows the protection sequences for this event in each operating state.  In State A, no sequence is shown because the reactor is already in the condition finally required for the event.  In State C, only cooldown is required since the reactor is already shutdown.



A scram from outside the control room can be achieved by opening the ac supply breakers for the reactor protection system.  If the nuclear system becomes isolated from the main condenser, decay heat is transferred from the reactor to the suppression pool via the relief valves.  The incident detection circuitry initiates operation of the RCIC and HPCS systems on low water level which maintains reactor vessel water level, and the RHRS suppression pool cooling mode is used to remove the decay heat from the suppression pool if required.  When reactor pressure falls below 135 psig level, the RHRS shutdown cooling mode is started.


d.
Event 49 ‑ Reactor Shutdown Without Control Rods



Reactor shutdown without control rods is an event requiring an alternate method of reactivity control, the standby liquid control system.  By definition, this event can occur only when the reactor is not already shutdown.  Therefore, this event is considered only in operating States B and D.



The standby liquid control system must operate to avoid unacceptable consequence Criteria 5‑3.  The design bases for the standby liquid control system result from these operating criteria when applied under the most severe conditions (State D at rated power).  As indicated in <Figure 15A.6‑46>, the standby liquid control system is manually initiated and controlled in States B and D.


TABLE 15A.6‑1


NORMAL OPERATION


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




1
Refueling
<Figure 15A.6‑3>

‑
X




‑ Initial
<Figure 15A.6‑4>


X




‑ Reload
<Figure 15A.6‑5>


X





<Figure 15A.6‑6>


X



2
Achieving Criticality
<Figure 15A.6‑3>

‑
X
X
X
X





<Figure 15A.6‑4>


X
X
X
X





<Figure 15A.6‑5>


X
X
X
X





<Figure 15A.6‑6>


X
X
X
X



3
Heatup
<Figure 15A.6‑6>





X



4
Power Operation ‑ Generation
<Figure 15A.6‑6>

‑



X




‑ Steady-State




‑ Daily Load Reduction and




  Recovery




‑ Grid Frequency Control




  Response




‑ Control Rod Sequence Exchanges




‑ Power Generation Surveillance




  Testing




  ( Turbine Stop Valve




    Surveillance Tests




  ( Turbine Control Valve




    Surveillance Tests




  ( MSIV Surveillance Tests


TABLE 15A.6‑1 (Continued)


NORMAL OPERATION


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




5
Achieving Shutdown
<Figure 15A.6‑4>

‑

X

X





<Figure 15A.6‑6>



X

X



6
Cooldown
<Figure 15A.6‑3>

‑
X

X





<Figure 15A.6‑5>


X

X


TABLE 15A.6‑2


ANTICIPATED OPERATIONAL TRANSIENTS


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




7
Manual or Inadvertent SCRAM
<Figure 15A.6‑7>
<Section 7.2>
X
X
X
X



8
Loss of Plant Instrument or
<Figure 15A.6‑8>
<Section 9.3.1>
X
X
X
X




  Service Air Systems



9
Inadvertent Startup of HPCS Pump
<Figure 15A.6‑9>
<Section 15.5.1>
X
X
X
X



10
Inadvertent Startup of Idle
<Figure 15A.6‑10>
<Section 15.4.4>
X
X
X
X




  Recirculation Loop Pump



11
Recirculation Loop Flow Control
<Figure 15A.6‑11>
<Section 15.4.5>


X
X




  Failure with Increasing Flow



12
Recirculation Loop Flow Control
<Figure 15A.6‑12>
<Section 15.3.2>


X
X




  Failure with Decreasing Flow



13
Recirculation Loop Pump Trip
<Figure 15A.6‑13>
<Section 15.3.1>


X
X




‑ With One Pump




‑ With Two Pumps



14
Inadvertent MSIV Closure

<Section 15.2.4>




‑ With Four Valves
<Figure 15A.6‑14 (1)>



X
X




‑ With One Valve
<Figure 15A.6‑14 (2)>



X
X


TABLE 15A.6‑2 (Continued)


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




15
Inadvertent Operation of One
<Figure 15A.6‑15>
<Section 15.6.1>
X
X
X
X




  Safety/Relief Valve




‑ Opening/Closing




‑ Stuck Open



16
Continuous Control Rod
<Figure 15A.6‑16>
<Section 15.4.1>




  Withdrawal Error




‑ During Startup




X




‑ During Refueling



X



17
Continuous Control Rod
<Figure 15A.6‑17>
<Section 15.4.2>


X
X




  Withdrawal Rod Error at Power



18
RHRS ‑ Shutdown Cooling Failure
<Figure 15A.6‑18>
<Section 15.2.9>
X
X
X
X




  Loss of Cooling



19
RHRS ‑ Shutdown Cooling Failure
<Figure 15A.6‑19>
<Section 15.1.6>
X
X
X
X




  Increased Cooling



20
Loss of All Feedwater Flow
<Figure 15A.6‑20>
<Section 15.2.7>


X
X



21
Loss of Feedwater Heater
<Figure 15A.6‑21>
<Section 15.1.1>



X



22
Feedwater Controller Failure
<Figure 15A.6‑22>
<Section 15.1.2>
X
X
X
X




  Maximum Demand ‑ Low Power



23
Pressure Regulator Failure ‑ Open
<Figure 15A.6‑23>
<Section 15.1.3>


X
X


TABLE 15A.6‑2 (Continued)


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




24
Pressure Regulator Failure ‑ 
<Figure 15A.6‑24>
<Section 15.2.1>


X
X




  Closed



25
Main Turbine Trip with Bypass
<Figure 15A.6‑25>
<Section 15.2.3>



X




  System Operational



26
Loss of Main Condenser Vacuum
<Figure 15A.6‑26>
<Section 15.2.5>


X
X



27
Main Generator Trip (Load
<Figure 15A.6‑27>
<Section 15.2.2>



X




  Rejection with Bypass System




  Operational)



28
Loss of Plant Normal Onsite AC
<Figure 15A.6‑28>
<Section 15.2.6>
X
X
X
X




  Power ‑ Auxiliary Transformer




  Failure



29
Loss of Plant Normal Offsite AC
<Figure 15A.6‑29>
<Section 15.2.6>
X
X
X
X




  Power ‑ Grid Connection Failure


TABLE 15A.6‑3


ABNORMAL OPERATIONAL TRANSIENTS


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




30
Main Generator Trip (Load
<Figure 15A.6‑30>
<Section 15.2.2>



X




  Rejection with Bypass System




  Failure)



31
Main Turbine Trip with Bypass
<Figure 15A.6‑31>
<Section 15.2.3>



X




  System Failure



32
Inadvertent Loading and Operation
<Figure 15A.6‑32>
<Section 15.4.7>
X
X
X
X




  of a Fuel Assembly in an




  Improper Position



33
Recirculation Loop Pump Seizure
<Figure 15A.6‑33>
<Section 15.3.3>



X




  for One Loop



34
Recirculation Loop Pump Shaft
<Figure 15A.6‑34>
<Section 15.3.4>



X




  Break


TABLE 15A.6‑4


DESIGN BASIS ACCIDENTS


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




35
Control Rod Drop Accident
<Figure 15A.6‑35>
<Section 15.4.9>



X



36
Fuel Handling Accident Outside
<Figure 15A.6‑36>
<Section 15.7.4>
X
X
X
X




  Containment



37
Loss‑of‑Coolant Accident(1)
<Figure 15A.6‑37>
<Section 15.6.5>


X
X




  Resulting from Spectrum of




  Postulated Piping Breaks




  Within the RPCB Inside




  Containment



38
Small, Large, Steam, and Liquid
<Figure 15A.6‑38>
<Section 15.6.4>


X
X




  Piping Breaks Outside




  Containment



39
Instrument Line Break Outside
<Figure 15A.6‑38>
<Section 15.6.2>


X
X




  Drywell



40
Feedwater Line Break Outside
<Figure 15A.6‑38>
<Section 15.6.6>


X
X




  Containment



41
Gaseous Radwaste System Leak or
<Figure 15A.6‑39>
<Section 15.7.1>
X
X
X
X




  Failure


TABLE 15A.6‑4 (Continued)


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




42
Augmented Offgas Treatment System
<Figure 15A.6‑40>
<Section 15.7.1>
X
X
X
X




  Failure



43
Radioactive Liquid Waste System
<Figure 15A.6‑41>
<Section 15.7.2>
X
X
X
X




  Failures (Release to




  Atmosphere)



44
Postulated Radioactive Releases
<Figure 15A.6‑42>
<Section 15.7.3>
X
X
X
X




  Due to Liquid‑Containing Tank




  Failures



45
Fuel Handling Accident Inside
<Figure 15A.6‑43>
<Section 15.7.6>
X




  Containment


NOTE:


(1)

small, intermediate and large


TABLE 15A.6‑5


SPECIAL EVENTS


NSOA


Event







 NSOA Event

Safety Analysis
BWR Operating State


 No. 

Event Description


 Figure No.  

  Section No.  
A
B
C
D




46
Shipping Cask Drop
  N/A
<Section 15.7.5>
X
X
X
X




  ‑ Spent Fuel



47
Reactor Shutdown from Anticipated
<Figure 15A.6‑44>
<Section 15.8>
X
X
X
X




  Transient Without SCRAM (ATWS)



48
Reactor Shutdown from Outside
<Figure 15A.6‑45>
<Section 7.4>
X
X
X
X




  the Control Room



49
Reactor Shutdown Without Control
<Figure 15A.6‑46>
<Section 9.3.5>
X
X
X
X




  Rods


15A.7      REMAINDER OF NSOA


With the information presented in the protection sequence block diagrams, the auxiliary diagrams and the commonality of auxiliary diagrams, it is possible to determine the exact functional and hardware requirements for each system.  This is done by considering each event in which the system is employed and deriving a limiting set of operational requirements.  This limiting set of operational requirements establishes the lowest acceptable level of performance for a system or component, or the minimum number of components or portions of a system that must be operable in order that plant operation may continue.


The operational requirements derived using the above process may be complicated functions of operating states, parameter ranges and hardware conditions.  The final step is to simplify these complex requirements into technical specifications that encompass the operational requirements that can be used by plant operations and management personnel.


15A.8      CONCLUSIONS


It is concluded that the nuclear safety operational and plant design basis criteria are satisfied when the plant is operated in accordance with the nuclear safety operational requirements determined by the method presented in this appendix.


15A.9      LIST OF REFERENCES


1.
Hirsch, M. M., “Methods for Calculating Safe Test Intervals and Allowable Repair Times for Engineered Safeguard Systems,” January 1973 (NEDO‑10739).
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15C      ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS)


A generic assessment of BWR mitigation of ATWS has been analyzed in depth in GE topical report NEDO‑24222, “Assessment of BWR Mitigation of ATWS” (Reference 1).  A Perry specific assessment follows.


The Perry ATWS analysis was re‑performed for uprate to 3,758 MWt as discussed in the following sections.


15C.1      IDENTIFICATION OF CAUSES


The BWR scram systems are highly reliably and redundant.  They have been constantly improved over the years to ensure that the control rods will be inserted upon demand under all conditions of operation.  Therefore, the only postulated failure to scram would be an unforeseen, undetected simultaneous failure in the scram function resulting in a significant number of control rods failing to insert into the core upon demand.  Furthermore, consequences of concern will only occur if this failure to scram is combined simultaneously with a few particular plant transients.  These particular plant transients are also rare.


15C.2      FREQUENCY CLASSIFICATION


The probability of an ATWS event is extremely remote.  An ATWS event has never happened.


15C.3      SAFETY CRITERIA


The equipment described in <Appendix 15C.5> was designed to meet the following requirements of <10 CFR 50.62>.


1.
Installation of an Alternate Rod Insertion (ARI) system;


2.
Boron injection equivalent to 86 gpm into 251 inch inside diameter vessel;


3.
Installation of automatic Recirculation Pump Trip (RPT) logic (i.e., ATWS‑RPT).


Plant specific analysis have been performed (Reference 4) to assure that the following acceptance criteria have been met.


1.
Peak vessel bottom pressure less than ASME Service Level C limit (1,500 psig).


2.
Peak cladding temperature does not exceed the limit of <10 CFR 50.46> (2,200(F).


3.
Maximum cladding oxidation does not exceed the limit of <10 CFR 50.46> (17% of wall thickness).


4.
Maximum suppression pool temperature does not exceed its design temperature (185(F).


5.
Maximum containment pressure does not exceed its design pressure (15 psig).


15C.4      INITIAL CONDITIONS COMMON TO ALL EXAMINED CASES


Initial operating conditions used in the ATWS analyses for the Perry Nuclear Power Plant are contained in (Reference 4).


In all the transients analyzed and discussed hereafter, the scram system is postulated to have failed and ARI capability is not taken into account.  The operators in the control room are assumed to activate the 


SLCS promptly following the postulated event based on information available from the APRM’s, ATWS signals of the RRCS logic and the Emergency Operating Procedures (EOPs).


15C.5      DESCRIPTION OF SYSTEMS AND EQUIPMENT DESIGNED EXCLUSIVELY FOR ATWS PREVENTION AND MITIGATION


The following is a summary of plant system and equipment design added or modified exclusively for the mitigation of an ATWS event.  The scram discharge volume design has also been modified to minimize ATWS probability <Appendix 15C.6>.


The systems and features described below are tested to assure the functions required by <10 CFR 50.62> will be accomplished in a reliable manner.  These design functions, in conjunction with established emergency instructions, provide assurance that the Perry Nuclear Power Plant is capable of responding appropriately to any postulated ATWS event.


The Redundant Reactivity Control System (RRCS)


The Redundant Reactivity Control System (RRCS) is the system which controls ATWS mitigation functions.  This system consists of associated ATWS detection sensors (4 RPV dome high pressure sensors and 4 low vessel water level sensors) and the actuation logic to automatically initiate Alternate Rod Insertion (ARI), Recirculation Pump Trip (RPT) and Feedwater Runback.  The ATWS sensors and logic also provide indication and alarm in the control room.


The RRCS is activated by either of the two divisions of the ATWS detection sensors and detection logic.  The RRCS logic uses APRM signals (with appropriate time delay) to confirm the ATWS event.  The RRCS can also be manually initiated.


The RRCS exceeds the requirements of <10 CFR 50.62> by providing specific ATWS signals and alarms to facilitate prompt operator response, and by automating runback of the feedwater.  The RRCS is a highly reliable IE system which is electrically diverse from the RPS and built to IEEE‑279, IEEE‑323 (1974) and IEEE‑344 (1975).


Alternate Rod Insertion (ARI)


The function of the alternate rod insertion (ARI) system is to provide an electrically diverse scram logic independent of the RPS, to blow down the scram discharge air header through valves separate from the reactor protection system (RPS) scram valves, thereby providing a parallel path for control rod insertion.  ARI consists of redundant scram pilot air header exhaust valves which are actuated by the ATWS detection sensors of the RRCS logic.


The ARI system is Class 1E dc, built to IEEE‑279 standards.  (See <Section 7.6.1.12> for more details.)


Recirculation Pump Trip (RPT)


The recirculation pump motors are tripped by ATWS signals from the RRCS logic.  The purpose of the RPT design is to reduce thermal power level and limit pressure rise in the reactor vessel.


The RPT design shall meet the following requirements (see <Section 7.6.1.12> for more details):


a.
Meet IEEE 323‑1974 and 344‑1975, or be consistent with existing plant design requirements;


b.
Meet IEEE 279, 379 and 384 (except for the Low Frequency Motor/Generator breakers);


c.
Provide for inservice testability (except for action of final breakers).


Feedwater Runback


Feedwater flow is limited upon receipt of a high pressure signal and confirmed failures to scram from the RRCS logic, thereby reducing power and steam discharge to the supression pool without operator action.  The feedwater runback function uses control‑grade equipment and allows manual override to allow an increase in feedwater flow as appropriate.


Standby Liquid Control System


The Perry Standby Liquid Control (SLC) system has been evaluated to assure that it is capable of delivering the minimum flow rates required by the ATWS Rule <10 CFR 50.62>.  This will control the nuclear fission chain reaction and thereby maintain suppression pool temperatures within specified limits.  The boron solution is injected through the high pressure core spray piping to provide good mixing with core cooling water.  Simultaneous operation of both loops of the SLC system is initiated manually from the control room in accordance with emergency instructions.  The indicators and alarms provided by the RRCS and Rod Control and Information System assist the operator in determining that SLC initiation is appropriate.  (See <Section 9.3.5.2> for more details.)


The SLC system design shall:


a.
Provide a manual boron solution injection function for both loops simultaneously operated only from the Control Room;


b.
Provide for replenishment capability of the SLC tank with a mixed boron solution from outside the containment;


c.
Provide capability for periodic functional tests;


d.
Assure that no single active logic component failure can prevent its function; and


e.
Meet IEEE 323‑1974 and 344‑1975 or be consistent with existing plant design requirements.


15C.6      SCRAM DISCHARGE VOLUME MODIFICATIONS


Additionally, the control rod drive system scram discharge volume has been modified to minimize the potential for failure of the scram function from unavailability of this volume.  The design modification will consist of the addition of redundant instrument volume water level sensors to the control rod drive hydraulic system and instrument line piping modifications.  The design provides redundant 1E sensors, and redundant vent and drain valves.


15C.7      ATWS EVENT AND RESULTS


In order to study reactor responses with the injection of boron solution, the Alternate Rod Insertion (ARI) is deliberately ignored in 


this study, because with ARI there is no need for boron injection.  As a result of power uprate to 3,758 MWt, three events were evaluated:


1.
Main Steam Isolation Valve Closure,


2.
Pressure Regulator Failed – Open (Maximum Demand), and


3.
Inadvertent Open Relief Valve.


The Main Steam Isolation Valve Closure and Pressure Regulator Failed Open are the limiting events for the ATWS acceptance criteria.  The 


Inadvertent Open Relief Valve event is analyzed to provide a comparative peak suppression pool temperature for an event that does not isolate from the main condenser.


The key input parameters for the ATWS analysis are as follows:


1.
Reactor power at 3,758 MWt,


2.
Reactor dome pressure at 1,040 psia,


3.
SRV opening setpoints,


4.
ATWS high reactor pressure setpoint, and


5.
Assumption of two SRVs out of service.


Details of these parameters and other inputs are documented in (Reference 4).


For the limiting cases, SLCS manual initiation is assumed to occur at 120 seconds.  For the Inadvertent Open Relief Valve event, manual SLCS initiation is assumed to occur at the Boron Injection Initiation Temperature of 110(F in the suppression pool.


Each event was analyzed at beginning of cycle and end of cycle for various core flow conditions.  <Table 15C‑8> provides the maximum values of the key parameters from the limiting cases as compared to the ATWS acceptance criteria.


15C.8      CONCLUSIONS


The Perry unique study presented here, and in (Reference 4) have shown that, with the ATWS equipment described, PNPP can withstand the consequence of an ATWS and still meet the safety criteria in <Appendix 15C.3> even with the ARI ignored.  The summary of the ATWS results is given in <Table 15C‑8>.


15C.9      REFERENCES


1.
NEDE‑24222, “Assessment of BWR Mitigation of ATWS,” December 1979.


2.
GE Nuclear Energy, “Generic Evaluations of General Electric Boiling Water Reactor Power Uprate,” Licensing Topical Report NEDC‑31984P, Class III (Proprietary), July 1991; NEDO‑31984, Class I (Non‑proprietary), March 1992; and Supplements 1 & 2.


3.
GE Nuclear Energy, “Qualification of the One‑Dimensional Core Transient Model (ODYN) for Boiling Water Reactors (Supplement 1 – Volume 4),” Licensing Topical Report NEDC‑24154P Supplement 1, Class III, December 1997.


4.
GE‑NE‑A2200084‑44‑01‑R1, Revision 1, December 1999, Analysis Completion Notice, Task G1‑44:  Anticipated Transients Without Scram.
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TABLE 15C‑8


KEY ATWS RESULTS VS. ACCEPTANCE CRITERIA














 Limiting





Parameter


   Acceptance Criteria  Uprated Power














  Result


Peak Vessel Pressure (psig)
1,500
  1,251


Peak Cladding Temperature ((F)
2,200
  1,347


Peak Local Oxidation (%)
 17
   not




calculated(1)

Peak Suppression Pool Temperature ((F)
 185
   184


Peak Containment Pressure (psig)
 15
   9.6


NOTE:


(1)
Cladding oxidation is not explicitly calculated because the peak cladding temperature is below that at which significant metal‑water reaction begins and is well below the 17% limit.
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15D      PARTIAL FEEDWATER HEATING (PFH) OPERATION


15D.1      INTRODUCTION AND SUMMARY


This section presents the results of a safety and impact evaluation for the operation of the Perry Nuclear Power Plant (PNPP) with partial feedwater heating at a steady‑state condition during the operating cycle and beyond the end of cycle conditions.  This evaluation is performed on an equilibrium cycle basis and is applicable to its initial core and its subsequent reload cycles.  The results of this evaluation justify PNPP operation at 100% thermal power steady‑state conditions with rated feedwater temperature ranging from 425.5(F to 325.5(F, and also beyond the end of cycle with rated feedwater temperature ranging from 425.5(F to 255.5(F.


Operation with partial feedwater heating was also evaluated for the Maximum Extended Operating Domain (MEOD) operating region <Appendix 15E>.  The acceptability of partial feedwater heating for each cycle is reverified for the limiting transients as part of the reload safety analysis <Appendix 15B>.


Operation with partial feedwater heating (PFH) occurs in the event that (1) certain stage(s) or string(s) or individual heater becomes inoperable, or (2) intentionally valving out the extraction steam to the feedwater heaters at the end of an operating cycle.  <Chapter 15> has already evaluated the consequence of the transient with a sudden feedwater temperature loss of 100(F when initiated from 425.5(F rated feedwater temperature.  This appendix will justify the continued operation of PNPP at the steady‑state condition ranging from rated feedwater temperature of 425.5(F to 325.5(F during the operation cycle and, as low as 255.5(F beyond the normal operating cycle.


Initial evaluations required to justify PFH operation included abnormal operating transients, thermal hydraulic stability, the critical feedwater nozzle and sparger fatigue usage conditions, and the worst loss of coolant and containment response conditions.  The results are summarized below:


a.
The abnormal operating transients in <Chapter 15> were re‑evaluated to determine the required operating MCPR limits for PFH operation.  According to the worst limiting transient, the operating limit MCPR for the initial cycle needs to be increased by 0.01, that is 1.19 for the initial core and 1.20 for the reload core (based on extrapolating initial cycle conditions) during operating when the rated feedwater temperature is between 370(F and 320(F.  For operation beyond the end of normal cycle ranging from 320(F to 250(F rated feedwater temperature, the operating limit MCPR for the initial cycle needs to be increased by 0.03, that is, 1.21 for the initial core and 1.22 for the reload core (based on extrapolating initial cycle conditions).  The actual required operating limit MCPRs for the current reload cycle, for the various temperature regimes is presented in <Appendix 15B>, Reload Safety Analysis.


b.
The loss‑of‑coolant accident (LOCA) and containment response as described in <Chapter 6> were re‑evaluated for PFH operating condition.  It is found that the conditions with normal feedwater temperature at 420(F bound those at PFH conditions.


c.
Fuel integrity was evaluated with respect to General Design Criterion 12 <10 CFR 50, Appendix A>.  It is shown that PFH operation satisfies the stability criteria and fuel integrity is not compromised.


d.
The effect of acoustic and flow induced loads on the reactor shroud, shroud support and jet pumps were re‑investigated to assure that design limits are not exceeded.  The effect of PFH on feedwater nozzle and sparger fatigue usage factor was examined.  It was found that the increased fatigue usage in 40 years still meets the acceptance criteria.


A re‑analysis of the partial feedwater heating transient was performed at 3,758 MWt core power conditions summarized in <Table 15.0‑1>.  This re‑analysis considered the same Load Rejection and Feedwater Controller Failure transients presented here except at a feedwater temperature of 225.5(F.  The results of the re‑analysis are summarized in <Table 15D‑1b> and <Table 15D‑2b>, and <Figure 15D‑3b> and <Figure 15D‑6b>.


There are also other impact evaluations such as the feedwater piping, the effect of annulus pressurization and the consequences of Anticipated Transient Without Scram (ATWS).  These evaluations concluded that the Perry design is adequate for PFH operation.  Operation with feedwater heater(s) out‑of‑service during the operating cycle and operation at end of cycle with final feedwater temperature reduction are acceptable for PNPP.


15D.2      FUEL INTEGRITY ‑ MCPR OPERATING LIMIT


15D.2.1      ABNORMAL OPERATING TRANSIENTS


All normal operating transients in <Chapter 15> were investigated for PFH operation.  Three limiting abnormal operating transients are discussed here in detail.  They are:


a.
Generator Load Rejections with Bypass Failure (LRNBP)


b.
Feedwater Flow Controller Failure (FWCF)


c.
Loss of 100(F Feedwater Heating (LFWH)


The evaluations were initially performed at 3,729 MWt core power, 100% core flow with rated feedwater temperature of 370(F, 320(F, and 250(F at end of equilibrium cycle.  Initial conditions for partial feedwater heating consistent with the MEOD analyses and new GEMINI set of analysis methods are applied to the reload analyses.  Plant heat balance, core coolant hydraulic and nuclear transient data consistent with <Chapter 15> input were developed and used in the analyses.  Full arc (FA) turbine control valve closure characteristics were assumed in the analyses which is more limiting than partial arc.


The end of equilibrium cycle exposure point with all the control rods fully withdrawn is the most limiting point in the cycle with the worst scram reactivity worth characteristics.  A middle of the cycle point (2,000 MWd/t before end of equilibrium cycle) was also analyzed for 370(F and 320(F rated feedwater temperatures to demonstrate operation during the operating cycle at these feedwater temperatures.  This point is chosen because it is close enough to end of cycle such that the scram characteristics have not been significantly improved relative to earlier points in the cycle but the void reactivity characteristics are different than end of cycle.  Scram characteristics are significantly improved at exposure lower than this point and the transient responses will be bounded by the two point analyzed.  It is shown that the end of equilibrium cycle condition bounds the middle of cycle conditions.


The computer model described in (Reference 15D.11‑1) was used to simulate the transient a) and b) events.  The results for the bounding cases are summarized in <Table 15D‑1> and <Table 15D‑2>.  As shown in 


<Table 15D‑2>, the operating MCPR limit shall be 1.19 (for the initial cycle) for operation between rated feedwater temperature of 370(F and 320(F.  Operation between 320(F and 250(F rated feedwater temperature requires a rated operating limit of 1.21 (for the initial cycle).


Lower initial operating pressure and steam flow rate (due to lower feedwater temperature) provide better overpressure protection for the limiting MSIV closure flux scram event.  Hence, it is concluded that the pressure barrier integrity is maintained under partial feedwater heating (PFH) conditions.


The transient responses for transients a) and b) are presented in <Figure 15D‑1 (1)>, <Figure 15D‑1 (2)>, <Figure 15D‑2 (1)>, <Figure 15D‑2 (2)>, <Figure 15D‑3a>, <Figure 15D‑3b>, <Figure 15D‑4 (1)>, <Figure 15D‑4 (2)>, <Figure 15D‑5 (1)>, <Figure 15D‑5 (2)>, <Figure 15D‑6a (1)>, <Figure 15D‑6a (2)>, <Figure 15D‑6a (3)>, <Figure 15D‑6a (4)>, and <Figure 15D‑6b>.


The 100(F loss of feedwater heating transient for the initial cycle was evaluated at 3,729 MWt core power, 100% core flow with rated feedwater temperatures of 250(F and 420(F at the end of equilibrium cycle using the computer model described in (Reference 15D.11‑2) and methodology described in (Reference 15D.11‑3).  Results show that the 100(F loss of feedwater heating has less effect on colder feedwater than on the normal feedwater temperature of 420(F.  Thus, the (CPR results for the case with 250(F initial rated feedwater temperature are bounded by the 420(F rated normal case.  Moreover, it is less likely to have a sudden 100(F loss at an initial feedwater temperature of 250(F.


As part of the 3,758 MWt core power partial feedwater heating re‑analysis, the Loss of Feedwater Heater transient was re‑analyzed at a feedwater temperature loss of 100(F (from 425.5(F to 325.5(F).  The 


results of this transient are similar to those reported in the initial core analysis, and the transient is not the limiting transient for operating limit determination.


15D.2.2      ROD WITHDRAWAL ERROR


A rod withdrawal error analysis case consistent with the BWR/6 generic rod withdrawal error analysis as discussed in <Section 15.4.2> was performed at initial feedwater temperature of 250(F to bound all rated feedwater temperature conditions.  The analysis indicated that the initial steady‑state feedwater temperature has negligible effect with regard to (CPR in a random rod withdrawal error condition.  Thus, the (CPR values initiating from 250(F feedwater temperature condition fall within the statistical data base used to establish the Rod Withdrawal Limiter System setpoints.  Therefore, the generic Rod Withdrawal Error Analysis adequately bounds PFH operation conditions.


15D.3      FUEL INTEGRITY ‑ STABILITY


General Design Criterion 12 <10 CFR 50, Appendix A> states that power oscillations which result in exceeding specified acceptable fuel design limits be either not possible or be readily and reliably detected and suppressed.  Historically, compliance to GDC‑12 was demonstrated by assuring that neutron flux oscillations would not occur.  This eliminated the need to perform fuel integrity calculations under limit cycle conditions.  As a result of stability tests at operating BWRs and extensive development and qualification of GE analytical models, stability criteria have been developed, which also demonstrate compliance to GDC‑12.  (Reference 15D.11‑4) provides these stability compliance criteria for GE fueled BWRs operating in the vicinity of limit cycles.


Operation in the partial feedwater heating (PFH) mode is bounded by the fuel integrity analyses in (Reference 15D.11‑4).  In general, the effect of reduced feedwater temperature results in a higher initial CPR which yields even larger margins than those reported in (Reference 15D.11‑4).  The analyses are independent of the stability margin since the reactor is already assumed in limit cycle oscillations.  (Reference 15D.11‑4) 


also demonstrates that for neutron flux limit cycle oscillations just below the 120% neutron flux scram setpoint, fuel design limits are not exceeded for those GE BWR fuel designs contained in General Electric Standard Application for Reactor Fuel (Reference 15D.11‑5).  These evaluations demonstrate that substantial thermal/mechanical margin is available for the GE BWR fuel designs even in the unlikely event of very large oscillations.


To provide assurance that acceptable plant performance is achieved during operation in the least stable region of the power/flow map, as well as during all plant maneuvering and operating states, a generic set of operator recommendations has been developed and communicated to all GE BWRs.  These recommendations instruct the operator on how to reliably detect and suppress limit cycle neutron flux oscillations should they occur.  The recommendations were developed to conservatively bound the expected performance of all current product lines.


When operating in the partial feedwater heating mode during a cycle, the colder feedwater flow increases the core inlet subcooling and will also result in power distribution changes.  These changes result in reduced stability margin when operating in the high power/low flow region of the operating domain.  Tests performed at an overseas BWR/6 in October 1984 evaluated the effects of reduced feedwater temperature on stability margins.  The result shows that the reduction in stability margin is within the conservative basis of the operator recommendations and therefore the recommendations are applicable for partial feedwater heating during the cycle.


For operation at the end of the cycle with partial feedwater heating to extend the operating cycle, the power distribution approximates the target power shape (typically a Haling power distribution) with all control rods fully withdrawn.  Reducing the feedwater temperature at this point will result in an increased peak but at a higher elevation in the core.  The change in power shape partially offsets the reduced inlet enthalpy effect on stability and the result is a small change in stability margin.  The change in stability margin is well within the conservative basis of the operator recommendations and therefore, the recommendations are applicable to operation with PFH down to rated feedwater temperature of 250(F at the end of cycle conditions.


15D.4      LOSS‑OF‑COOLANT ACCIDENT ANALYSIS


Refer to <Appendix 15B> for a description of the LOCA analysis relative to feedwater temperature reduction.


15D.5      CONTAINMENT RESPONSE ANALYSIS


The impact of partial feedwater heating (PFH) on the containment LOCA response was evaluated.  Both Main Steam Line (MSL) break and recirculation line break were analyzed over the entire power/flow region.  Reduced feedwater temperature increases the subcooling of the coolant, and the mass flow rate from the postulated recirculation pipe break also increases, but is limited to the critical flow of the break.  The final outcome is that the peak drywell and containment pressures under the partial feedwater heating conditions are bounded by the design values in <Chapter 6>.


15D.6      ACOUSTIC LOAD AND FLOW INDUCED LOADS IMPACT ON INTERNALS


Acoustic loads are loads on vessel internals created by a sudden LOCA.  Acoustic loading is proportional to total pressure wave amplitude to the vessel due to LOCA.


Loads are created on the shroud, shroud support and jet pumps due to high velocity flow in the downcomer in a postulated recirculation line break.  These flow induced loads are affected by the critical mass flux rate out of the break.  Partial feedwater heating operation increases subcooling in the downcomer thus increases critical flow.  However, PFH also increases density.  The reactor internals most impacted by acoustic and flow induced loads are the shroud, shroud support and jet pump.  The impacts on these components were evaluated over the operating power flow region.  The analyses concluded that these components have been designed to handle the loading during reduced feedwater temperature conditions.


15D.7      FEEDWATER NOZZLE FATIGUE USAGE


An evaluation was performed on the PNPP feedwater nozzle with partial feedwater heating at rated feedwater temperature of 250(F for conservatism.  An 18 month operating cycle with partial feedwater heating based on an 80% capacity factor is equivalent of 438 full power days per cycle.  This results in an additional 0.0214 fatigue usage factor over 40 years of continuous operation at 250(F.  Furthermore, if we assume additional end of cycle operation with feedwater temperature between 420(F and 250(F for 41 full power days per cycle for 40 years, the resultant fatigue usage factor would increase by 0.001.  The total fatigue usage factor will still be less than 0.8, which is below the limit of 1.0.


The above assumption of 40 years of continuous partial feedwater heating operation is extremely conservative.  The nozzle fatigue is expected to be much less than the results presented above.  Hence, PFH operation is an acceptable mode even for the most “fatigue‑critical” vessel nozzle.


15D.8      FEEDWATER SPARGER IMPACT EVALUATION


An evaluation was performed to examine the impact of partial feedwater heating operation on the feedwater sparger for PNPP.  Six cases were analyzed to determine the number of days allowable per year (for 40 years) for partial feedwater heating operation without exceeding the feedwater sparger fatigue usage factor limit of 1.0.  Results of this study are presented in <Table 15D‑3>.  This table indicates the annual average number of days allowable for partial feedwater heating, reducing from normal 420(F to 370(F or to 320(F rated feedwater temperature with an additional 41 end of cycle days at 250(F.  For example, the feedwater sparger is designed to operate with 21 days of partial feedwater heating at rated 320(F during a fuel cycle and 41 days of partial feedwater heating at rated 250(F beyond the end of the fuel cycle for every fuel cycle for 40 years.  The feedwater sparger is acceptable for partial feedwater heating operation within these limits.


15D.9      REACTOR PROTECTION SYSTEM SETPOINTS


At reactor power levels where significant amounts of steam are being generated, the fast closure of turbine stop or control valves will result in rapid reactor vessel pressurization.  When pressure increases, power increases, especially if the bypass valves fail to open.  For this reason, scram occurs on turbine stop valve position and control valve fast closure to provide margin to the core thermal‑hydraulic safety limit.  At low power levels high neutron flux scram, vessel pressure scram and other normal scram functions provide sufficient protection. 


Therefore, below 38% rated power, turbine stop valve and control valve scram functions are bypassed.  The 38% NB rated power is sensed through the direct measurement of the turbine first stage pressure.


As feedwater temperature is reduced, steam flow decreases.  If the core thermal power is maintained with partial feedwater heating, the steam flow change means that the turbine first‑stage pressure versus power relationship is altered.  Thus, it is necessary to readjust turbine stop and control valve scram bypass setpoints (sensed from turbine first stage pressure) for partial feedwater heating operation.  A new setpoint is established for the trip units prior to commencement of each partial feedwater heating operation at each operating cycle.


15D.10      MISCELLANEOUS IMPACT EVALUATION


15D.10.1      FEEDWATER SYSTEM PIPING


The impact of partial feedwater heating operation on the feedwater system piping up to the first feedwater guide lug outside the containment has been evaluated for feedwater temperature at 250(F.  Results of the study show that with the additional partial feedwater heating operations, the feedwater piping fatigue usage factor still meets the allowable limit of 1.0.


15D.10.2      IMPACT ON ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS)


An impact evaluation performed for PNPP shows that reducing feedwater temperature helps to reduce the consequences of an ATWS event.  As a result of reduced feedwater temperature, steam flow and core average void fraction are reduced.  This results in lower void coefficient and greater CPR margin which corresponds to milder transients.


15D.10.3      ANNULUS PRESSURIZATION LOAD (APL) IMPACT


A boundary analysis was performed to determine the impact of partial feedwater heating operation on annulus pressurization loads (APL).  It is found that partial feedwater heating has a small impact on annulus pressurization loads and is bounded by the normal operation APL limits.


15D.10.4      FUEL MECHANICAL PERFORMANCE


Evaluations were performed to determine the acceptability of PNPP partial feedwater heating operation on GE‑6 fuel rod and assembly thermal/mechanical performance.  Component pressure differential and fuel rod overpower values were determined for anticipated operational occurrences with partial feedwater heating conditions.  These values were found to be bounded by those applied in the fuel rod and assembly design bases and therefore, PNPP with partial feedwater heating operation is acceptable and consistent with the fuel design basis.


15D.11      REFERENCES


15D.11‑1
“Qualification of the One‑Dimensional Core Transient Model for Boiling Water Reactors,”  NEDO‑24154, October 1978.


15D.11‑2
“Three Dimensional BWR Core Simulator,”  NEDO‑20953‑A, January 1977.


15D.11‑3
Letter, J. S. Charnley (GE) to F. J. Miraglia (NRC),  “Loss of Feedwater Heating Analysis,”  July 5, 1983 (MFN‑125‑83).


15D.11‑4
“Compliance of the General Electric Boiling Water Reactor Fuel Designs to Stability Licensing Criteria,”  NEDE‑22277‑P, December 1982.


15D.11‑5
General Electric Company “General Electric Standard Application for Reactor Fuel,” including the US Supplement, NEDE‑24011‑P‑A and NEDE‑24011‑P‑A‑US (latest approved revision).


15D.11‑6
Letter, David T. Shen (GE) to Eileen Buzzelli “Perry Transient Analysis Assuming 25% Steam Bypass,” October 28, 1987.


TABLE 15D‑1a


SUMMARY OF TRANSIENT PEAK VALUE RESULTS


FOR 3729 MWt CORE POWER, 100% CORE FLOW














    Maximum





   Expo‑
   Rated
 Maximum
Maximum
Maximum  Steam‑





   sure
   Fdwtr.
 Neutron
Dome

Vessel   line





   Point
   Temp.
 Flux
Pressure
Pressure Pressure


   Transient      (MWd/t)    ((F)   % (NBR)   (psig)    (psig)   (psig)




EOEC(1)
250
235
1,193
1,221
1,189


Load Rejec‑


tion With
EOEC
320
246
1,198
1,224
1,201


Bypass Failure



EOEC
370
245
1,202
1,230
1,209



EOEC
250
174
1,128
1,150
1,127


Feedwater


Controller
EOEC
320
139
1,145
1,167
1,145


Failure



EOEC
370
144
1,160
1,187
1,158


NOTE:


(1)
End of equilibrium cycle


TABLE 15D‑1b


3758 MWt CORE POWER


SUMMARY OF TRANSIENT PEAK VALUE RESULTS


100% POWER, 105% FLOW














    Maximum





   Expo‑
   Rated
 Maximum
Maximum
Maximum  Steam‑





   sure
   Fdwtr.
 Neutron
Dome

Vessel   line





   Point
   Temp.
 Flux
Pressure
Pressure Pressure


   Transient      (MWd/t)    ((F)   % (NBR)   (psig)    (psig)   (psig)



Load Rejec‑
EOC
255.5
282.9
1165.1
1191.4
1164.7


tion With


Bypass Failure


Feedwater
EOC
255.5
221.7
1125.9
1150.0
1125.2


Controller


Failure


TABLE 15D‑2a


INITIAL CYCLE


SUMMARY OF CRITICAL POWER RATIO RESULTS(1)

FOR 3729 MWt CORE POWER, 100% CORE FLOW




Feed-


End Of(4)


Expo‑
water
Req’d(4)

Tran‑



sure
Temp.
Initial

sient


   Transient   
Point
((F) 
 MCPR 
 (CPR(4)
 MCPR




EOEC(2)
250
1.18
0.11
1.07


Load Rejec‑


tion With
EOEC
320
1.18
0.11
1.07


Bypass Failure



EOEC
370
1.18
0.10
1.08


Feedwater
EOEC
250
1.21
0.15(3)
1.06


Controller


Failure
EOEC
320
1.19
0.13(3)
1.06



EOEC
370
1.18
0.11(3)
1.07


NOTES:


(1)
This table is applicable to initial core with a safety limit MCPR of 1.06.


(2)
End of equilibrium cycle.


(3)
Analysis has been performed to conclude that turbine bypass capacity as low as 25% NBR does not affect the bounding (CPR results (Reference 15D.11‑6).


(4)
The required initial MCPR, (CPR, and resulting end of transient MCPRs represent initial cycle results.  Results for the current reload cycle are presented in <Appendix 15B>, Reload Safety Analysis.


TABLE 15D‑2b


3758 MWt CORE POWER


SUMMARY OF CRITICAL POWER RATIO RESULTS

100% POWER, 105% FLOW



 Expo‑
Feed-


End Of



 sure
water
Req’d

Tran‑



 Point
Temp.
Initial

sient


   Transient   
(MWd/t)
((F) 
 MCPR 
 (CPR
 MCPR



Load Rejec‑
EOC
255.5
1.28
0.19
1.09


tion With


Bypass Failure


Feedwater
EOC
255.5
1.28
0.19
1.09


Controller


Failure


TABLE 15D‑3


SUMMARY OF FEEDWATER SPARGER FATIGUE ANALYSIS


(for 3729 MWt)


Feedwater Temperature reduction
Allowable Number of Days per Year(2)

    to 250(F for 41 days at    
     for 40 Years at Feedwater



End of each 18‑Month Cycle for
           Temperature of



           40 Years




370(F
320(F


     3 Step(1)
 127
  21


     7 Step(1)
 144
  24


No end of Cycle reduction
 256
  61


NOTES:


(1)
3 Step means ~3 average steps of feedwater temperature reduction from 420(F to 370(F or 320(F.



7 Step means ~7 average steps of feedwater temperature reduction from 420(F to 370(F or 320(F.


(2)
This evaluation assumes 70% capacity factor.  Allowable number of days which results in a feedwater sparger fatigue usage factor of 1.0.
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15E      MAXIMUM EXTENDED OPERATING DOMAIN


This appendix provides the justification that the operating domain as shown in <Figure 4.4‑2> can be extended <Figure 15E.2‑1> and still meets all the requirements established by the Code of Federal Regulations with PNPP’s 100% full power license conditions.


15E.1      DEFINITION OF THE CURRENT AND THE MAXIMUM EXTENDED POWER/FLOW OPERATING DOMAINS


The current power/flow operating domain as given in <Figure 4.4‑2> of <Chapter 4> can be regarded as a map bounded by the following restrictions:



1.
The 100% rated power limit.



2.
The 105% rated steam flow rod line.



3.
The 100% rated core flow condition.



4.
Low power recirculation system component cavitation restriction.



5.
Minimum core flow resultant from restrictions on pump speed and FCV position.


The Maximum Extended Operating Domain is essentially extending additional operational power/flow areas to the operating domain given in <Figure 4.4‑2>.  They are:


a.
The Extended Load Line Region (ELLR) ‑ the areas where higher power can be achieved at lower than rated core flow conditions.


b.
The Increased Core Flow Region (ICFR) ‑ the area where core flow up to 105% rated is utilized.


15E.2      INTRODUCTION AND SUMMARY


This appendix presents the results of a safety and impact evaluation for operation of the Perry Nuclear Power Plant (PNPP) in an expanded operating envelope called the Maximum Extended Operating Domain (MEOD) to permit improved power ascension capability to full power as well as to provide additional flow range at rated power, including an increased flow region to compensate for reactivity reduction due to exposure during an operating cycle.


MEOD operation is reevaluated for the limiting transients as part of the reload safety analysis <Appendix 15B>.


The total Maximum Extended Operating Domain is shown in <Figure 15E.2‑1>.  The extended load line region (ELLR) boundary (or MEOD Boundary Line) is limited by 81% core flow at 100% power and the maximum power allowed by the MEOD Boundary Line for a given core flow as defined by (Reference 15E.12‑11):


P = (22.191 +0.89714 * F – 0.0011905* F * F)*1.149


Where:
P = % Core Thermal Power




F = % Core Flow


This is determined based on a safety and impact evaluation in meeting thermal and reactivity margins.  The Increased Core Flow Region (ICFR) is bounded by the 105% core flow line.  This ICFR boundary is limited by plant recirculation system capability, acceptable flow induced vibration and force impact on the vessel internal components.


The MEOD evaluation for the initial cycle was performed for PNPP on an 18 month equilibrium cycle basis and is applicable to 12 month or 18 month cycle operation for both initial and reload cycles with the current GE 6 fuel design.  The acceptability of operation in the MEOD 


operating regime is reverified for the limiting transients (with the current fuel design) as part of the reload safety analysis in <Appendix 15B>.  The results of the initial cycle evaluation are:


a.
The limiting normal and abnormal operating transients in <Chapter 15> were reevaluated for the MEOD conditions.  It is also 




determined that the fuel mechanical limits are met for all transients occurring in the MEOD.


b.
The Loss‑of‑Coolant Accident and Containment responses as described in <Chapter 6> were reevaluated in the MEOD.  It is found that the responses are bounded by the current design analysis.


c.
Thermal hydraulic stability was evaluated for its adequacy with respect to the General Design Criterion 12 <10 CFR 50, Appendix A>.  It is shown that MEOD operation satisfies this stability criterion.


d.
The effect of increased flow induced loads due to increased core flow on the reactor internal components and fuel channels are assured for their design adequacy.  The effect of increased flow rate on the flow induced vibration response of the reactor internal will be monitored during startup testing and be evaluated to ensure the responses are within acceptable limits for PNPP.


e.
Several impact evaluations were also performed to justify operation in the MEOD.  It was found that acceptance criteria and design limits are met.


f.
This appendix also justifies Partial Feedwater Heating (PFH) operation described in <Appendix 15D> for rated feedwater temperature ranging from 425.5(F to 325.5(F during and beyond the operating cycle in the MEOD (ELLR and ICFR), and rated feedwater temperature ranging from 325.5(F to 255.5(F beyond the end of cycle in the ICFR.  All evaluations described in <Appendix 15D> were reevaluated or reviewed in the MEOD to ensure that PFH operation in this maximum extended operation region is safe and feasible with the required additional modifications to the Technical Specification MCPR limits.


g.
A summary of the rated operating limit MCPR values (for the initial cycle) for various modes of operation is tabulated in <Table 15E.2‑1>.


Even though the MEOD boundary is set at 105% rated core flow in the ICFR, the transient analyses covered in this appendix include core flow as high as 116% rated <Table 15E.3‑5>.  It is customary during the reactor startup test program to test the recirculation flow at the full‑open position of the recirculation flow control valve as long as no operating limit is exceeded.  For Perry, this high flow rate is estimated to be about 108% at 100% power and 112% at 56% power.


TABLE 15E.2‑1


Summary of Rated Operating Limit MCPR Values for the Initial Cycle(2)(3)










    Initial
Current












Cycle
Cycle


Mode of








Rated
Rated


Operation








OLMCPR(1)
OLMCPR


Original USAR Power Flow Map <Figure 4.4‑2>

 1.18
See Note(4)


PFH (420(F to 370(F rated FWT)



 1.18
See Note(4)


PFH (370(F to 320(F rated FWT)



 1.19
See Note(4)


PFH(5) (320(F to 250(F rated FWT)


 1.21
See Note(4)

MEOD Power Flow Map <Figure 15E.2‑1>


 1.18
See Note(4)


PFH (420(F to 370(F rated FWT) in ELLR

 1.18
See Note(4)


PFH (370(F to 320(F rated FWT) in ELLR

 1.19
See Note(4)


PFH (420(F to 370(F rated FWT) in ICFR

 1.19
See Note(4)


PFH(5) (320(F to 250(F rated FWT) in ICFR

 1.21
See Note(4)

NOTES:


(1)
All OLMCPRs are for initial core only.


(2)
All evaluations and results above are for the initial cycle with GE6 fuel for PNPP with EOC target Haling exposure distribution.


(3)
Nomenclature:



PFH =  Partial Feedwater Heating operation to be applied both during the operating cycle and beyond the end of cycle <Appendix 15D>



ELLR = Extended Load Line Region



ICFR = Increased Core Flow Region


(4)
For the current reload cycle rated OLMCPR for all temperature regimes see <Appendix 15B>, Reload Safety Analysis.


(5)
For beyond end of cycle only.


15E.3      MCPR OPERATING LIMIT


15E.3.1      ABNORMAL OPERATING TRANSIENTS


All abnormal operating transients described in <Chapter 15> were examined for Maximum Extended Operating Domain (MEOD) operation.  Three Limiting Abnormal Operating Transients are discussed here in detail.  They are:


a.
Generator Load Rejection With Bypass Failure (LRNBP)


b.
Feedwater Flow Controller Failure (FWCF)


c.
100(F Loss of Feedwater Heating


The reevaluations were performed at various MEOD bounding power flow conditions of <Figure 15E.2‑1> at the end of the 18 month equilibrium cycle.  Initial conditions for the reload safety analysis including MEOD re‑evaluation for the limiting transients are consistent with the GEMINI set of methods described in GESTAR (Reference 15E.12‑6).  For the current cycle initial conditions refer to <Appendix 15B>, Reload Safety Analysis.  Plant heat balance, core coolant hydraulics and nuclear transient parameter data were developed and used in the above transient analysis.  Full arc (FA) turbine control valve closure characteristics were assumed which is more limiting than partial arc.  The initial condition for the lowest and highest flow points at rated power are presented in <Table 15E.3‑1> and <Table 15E.3‑2>.  The computer model described in (Reference 15E.12‑1) was used to simulate both the Generator Load Rejection With Bypass Failure and Feedwater Controller Failure events.  The transient peak values results and critical power ratio (CPR) results for the two cases for the initial cycle analyzed at 3,729 MWt core power (lowest and highest flow) are summarized in <Table 15E.3‑3> and <Table 15E.3‑4> respectively.  The transient responses are presented in <Figure 15E.3‑1 (1)>, <Figure 15E.3‑1 (2)>,


<Figure 15E.3‑2 (1)>, <Figure 15E.3‑2 (2)>, <Figure 15E.3‑3 (1)>, <Figure 15E.3‑3 (2)>, <Figure 15E.3‑4 (1)>, and <Figure 15E.3‑4 (2)>.  Several other power flow conditions on the MEOD boundary rod line and the maximum core flow boundary were also analyzed.  <Table 15E.3‑5> identified these additional analyzed power flow points.  The results of this evaluation show that the (CPR results for all the cases analyzed in the MEOD for the initial cycle are bounded by the original Technical Specification limits.  See <Appendix 15E.11> for Partial Feedwater Heating Operation).  Technical Specification limits for the current reload cycle are describe in <Appendix 15B>, Reload Safety Analysis.


The 100(F Loss of Feedwater Heating (LFWH) Transient results in <Chapter 15> for the initial cycle are applicable to the MEOD.  The Perry plant specific 100(F LFWH analysis was performed at the most limiting exposure point in cycle using the computer models described in (Reference 15E.12‑2).  The critical power results are given in <Table 15E.3‑4>.  The results show that the LFWH event is not the limiting transient in the MEOD for the initial cycle.  The plant specific LFWH (CPR values are bounded by the value documented in <Chapter 15> for this event.  The LFWH transient is reperformed for each reload safety analysis.


Additionally, overpressure protection transient analysis using the computer model described in (Reference 15E.12‑1) is performed at the various power flow conditions <Table 15E.3‑5>.  The bounding MSIV closure flux scram event for the initial cycle resulted in a peak pressure of 1,273 psig at a postulated 110% core flow condition.  Therefore, it is shown that the peak vessel pressure for the MEOD is below the ASME code limit of 1,375 psig.  Hence, adequate pressure margin is present for the <Chapter 15> transients in the MEOD.  Over pressure protection analysis is reperformed for each reload safety analysis.


Furthermore, the pressure controller downscale failure event has been examined to show that establishing an operating limit MCPR value for this event is no longer necessary.  The PNPP specific steam bypass failure (when the turbine control valves close) is only possible if there is a short in the cabling for the ground of the bypass and the test card.  According to IEEE 500‑1984, “Reliability for Nuclear Power Generating Stations,” the probability for such unique and untimely failure is so remote that even an infrequent transient classification is too conservative.


15E.3.2      ROD WITHDRAWAL ERROR


The rod withdrawal error (RWE) transient documented in <Section 15.4.2> is analyzed using a statistical evaluation of the minimum critical power ratio (MCPR) and linear heat generation rate (LHGR) response to the withdrawal of ganged control rods throughout the operating power/flow map including the MEOD region.  Therefore, the current Technical Specification MCPR limit is adequate to protect the RWE in the MEOD.


TABLE 15E.3‑1


Input Parameters and Initial Conditions for(3)

Transients and Accidents for MEOD, 3729 MWt Core Power, 73.6% Flow


1.
Thermal Power Level, MWt




3,729.3 (104.2% rated)



Analysis Value


2.
Steam Flow, lb per sec




4,468 (104.4% rated)



Analysis Value


3.
Core Flow, lb per hr




76.5 x 106

4.
Feedwater Flow Rate, lb per sec


4,468



Analysis Value


5.
Feedwater Temperature, (F




425


6.
Vessel Dome Pressure, psig



1,044


7.
Core Exit Pressure, psig




1,052


8.
Turbine Bypass Capacity, % NBR


35(1)

9.
Core Coolant Inlet Enthalpy



520.2



Btu per lb


10.
Turbine Inlet Pressure, psig



960


11.
Fuel Lattice






P8x8R


12.
Core Leakage Flow, %




12.9


13.
Required MCPR Operating Limit



1.27



Initial Core


14.
MCPR Safety Limit for Incidents



of Moderate Frequency




Initial Core





1.06


15.
Doppler Coefficient (‑)¢/(F



0.132(2)


Analysis Data


16.
Void Coefficient (‑)¢/% Rated Voids



Analysis Data for Power




Increase Events




14.0(2)



Analysis Data for Power




Decrease Events




4.0(2)

TABLE 15E.3‑1 (Continued)


17.
Core Average Rated Void Fraction, %

48.7


18.
Jet Pump Ratio, M





2.25


19.
Safety/Relief Valve Capacity, % NBR




@1,210 psig





111.4




Manufacturer





Dikker




Quantity Installed




19


20.
Relief Function Delay, seconds


0.4


21.
Relief Function Response Time Constant,

0.1



sec.


22.
Analyses Inputs for Safety/Relief Valves




Safety Function, psig



1,175, 1,185, 1,195












1,205, 1,215




Relief Function, psig



1,145, 1,155, 1,165,












1,175


23.
Number of Valve Groupings Simulated




Safety Function, No.



5




Relief Function, No.



4


24.
High Flux Trip, % NBR Analysis




Setpoint (122x1.042), % NBR


127.2


25.
High Pressure Scram Setpoint, psig


1,095


26.
Vessel Level Trips, Feet Above Separator




Skirt Bottom




 Level 8 ‑ (L8), feet



5.89




 Level 4 ‑ (L4), feet



4.04




 Level 3 ‑ (L3), feet



2.165




 Level 2 ‑ (L2), feet


 (‑) 1.739


27.
APRM Thermal Trip Setpoint, % NBR


118.8


28.
RPT Delay, seconds





0.14


29.
RPT Inertia Time Constant for Analysis,

5



seconds


30.
Total Steamline Volume, ft3



3,850


TABLE 15E.3‑1 (Continued)


NOTES:


(1)
See <Section 10.2.1> and <Table 15E.3‑4>.


(2)
These values for (Reference 15E.12‑4) analysis only.  (Reference 15E.12‑1) values are calculated within the code.


(3)
These input parameters and initial conditions pertain to the initial cycle MEOD analysis based on initial cycle safety limit MCPR of 1.06.  The <Appendix 15B>, Reload Safety Analysis provides the values for the current cycle.


TABLE 15E.3‑2


Input Parameters and Initial Conditions for(3)

Transients and Accidents for MEOD, 3729 MWt Core Power, 105% Flow


1.
Thermal Power Level,  MWt



3,729.3 (104.2% rated)



Analysis Value


2.
Steam Flow, lb per sec




4,468 (104.4% rated)



Analysis Value


3.
Core Flow, lb per hr




109.2 x 106

4.
Feedwater Flow Rate, lb per sec


4,485



Analysis Value


5.
Feedwater Temperature, (F




425


6.
Vessel Dome Pressure, psig



1,045


7.
Core Exit Pressure, psig




1,057


8.
Turbine Bypass Capacity, % NBR


35(1)

9.
Core Coolant Inlet Enthalpy



529.4



Btu per lb


10.
Turbine Inlet Pressure, psig



960


11.
Fuel Lattice






P8x8R


12.
Core Leakage Flow, %




12.9


13.
Required MCPR Operating Limit



1.18



Initial Core


14.
MCPR Safety Limit for Incidents



of Moderate Frequency




Initial Core





1.06


15.
Doppler Coefficient (‑)¢/(F



0.132(2)


Analysis Data


16.
Void Coefficient (‑)¢/% Rated Voids



Analysis Data for Power




Increase Events




14.0(2)



Analysis Data for Power




Decrease Events




4.0(2)

TABLE 15E.3‑2 (Continued)


17.
Core Average Rated Void Fraction, %

41.7


18.
Jet Pump Ratio, M





2.25


19.
Safety/Relief Valve Capacity, % NBR




@1,210 psig





111.4




Manufacturer





Dikker




Quantity Installed




19


20.
Relief Function Delay, seconds


0.4


21.
Relief Function Response Time Constant,

0.1



seconds


22.
Analyses Inputs for Safety/Relief Valves




Safety Function, psig



1,175, 1,185, 1,195












1,205, 1,215




Relief Function, psig



1,145, 1,155, 1,165,












1,175


23.
Number of Valve Groupings Simulated




Safety Function, No.



5




Relief Function, No.



4


24.
High Flux Trip, % NBR Analysis




Setpoint (122x1.042), % NBR


127.2


25.
High Pressure Scram Setpoint, psig


1,095


26.
Vessel Level Trips, Feet Above Separator




Skirt Bottom




 Level 8 ‑ (L8), feet



5.89




 Level 4 ‑ (L4), feet



4.04




 Level 3 ‑ (L3), feet



2.165




 Level 2 ‑ (L2), feet


 (‑) 1.739


27.
APRM Thermal Trip Setpoint, % NBR


118.8


28.
RPT Delay, seconds





0.14


29.
RPT Inertia Time Constant for Analysis,

5



seconds


30.
Total Steamline Volume, ft3



3,850


TABLE 15E.3‑2 (Continued)


NOTES:


(1)
See <Section 10.2.1> and <Table 15E.3‑4>.


(2)
These values for (Reference 15E.12‑4) analysis only.  (Reference 15E.12‑1) values are calculated within the code.


(3)
These input parameters and initial conditions pertain to the initial cycle MEOD analysis based on initial cycle safety limit MCPR of 1.06.  The <Appendix 15B>, Reload Safety Analysis provides the values for the current cycle.


TABLE 15E.3‑3


Summary of Transient Peak Values Results ‑ 3729 MWt Core Power ‑ MEOD(1)








Peak


Peak


Peak


Peak









Neutron

Dome


Vessel

Steamline






Core Flow

Flux


Pressure

Pressure

Pressure


Transient


 (% NBR) 

(% NBR)(1)

 (psig) 

 (psig) 

  psig   

Figure


Load Rejection
107.2(2)
268
1,217
1,251
1,217
  ‑


With Bypass


Failure


Load Rejection
105.0
259
1,217
1,251
1,217
15E.3‑1


With Bypass


Failure


Load Rejection
 73.6
171
1,220
1,243
1,222
15E.3‑2


With Bypass


Failure


Feedwater 
107.2(2)
149
1,172
1,203
1,172
  ‑


Controller


Failure, Max.


Demand


Feedwater
105.0
148
1,172
1,203
1,171
15E.3‑3


Controller


Failure, Max.


Demand


TABLE 15E.3‑3 (Continued)









Peak


Peak


Peak


Peak









Neutron

Dome


Vessel

Steamline






Core Flow

Flux


Pressure

Pressure

Pressure


Transient


 (% NBR) 

(% NBR)(1)

 (psig) 

 (psig) 

  psig   

Figure


Feedwater
 73.6
111
1,175
1,195
1,172
15E.3‑4


Controller


Failure, Max.


Demand


NOTES:


(1)
Feedwater is at 425(F.


(2)
Maximum achievable core flow with 425(F feedwater.


TABLE 15E.3‑4


Summary of CPR Results ‑ 3729 MWt Core Power MEOD(1)







Core Flow


Transient




 (% NBR) 



ICPR(4)


(CPR(4)


MCPR(4)

Load Rejection 


 107.2(2)



1.18



0.11



1.07


With Bypass Failure


Load Rejection



 105.0



1.18



0.11



1.07


With Bypass Failure


Load Rejection



  73.6



1.27



0.06



1.21


With Bypass Failure


Feedwater Controller

 107.2(2)



1.18



0.09(3)


1.09


Failure, Max. Demand


Feedwater Controller

 105.0



1.18



0.09(3)


1.09


Failure, Max. Demand


Feedwater Controller

  73.6



1.27



0.09(3)


1.18


Failure, Max. Demand


Loss of Feedwater


 105.0



1.18



0.07



1.11


Heating (100(F)


Loss of Feedwater


 100.0



1.18



0.07



1.11


Heating (100(F)


TABLE 15E.3‑4 (Continued)








Core Flow


Transient




 (% NBR) 



ICPR(4)


(CPR(4)


MCPR(4)

Loss of Feedwater


  75.0



1.27



0.09



1.18


Heating (100(F)


NOTES:


(1)
Feedwater Temperature is 425(F


(2)
Maximum Achievable Core Flow With 425(F Feedwater


(3)
Analysis has been performed to conclude that turbine bypass capacity as low as 25% NBR does not affect the bounding (CPR results (Reference 15E.12‑9).


(4)
The required initial MCPR, (CPR, and resulting end of transient MCPRs represent initial cycle results based on initial cycle safety limit MCPR of 1.06.  Results for the limiting transients for the current reload cycle at bounding conditions, are presented in <Appendix 15B>, Reload Safety Analysis.


TABLE 15E.3‑5


Analysis Power‑Flow Points for


Perry Initial Cycle Bounding Transient Evaluation


Power (%)/Flow (%)



  Transients(1)


70/40





LRNBP










FWCF










CLDLP










FCVO



83/55





LRNBP



104.2/75





LRNBP










FWCF










FCVO



104.2/100





LRNBP










FWCF



104.2/110





LRNBP










FWCF



53.5/116





LRNBP










FWCF


NOTE:


(1)
LRNBP
Generator Load Rejection With Bypass Failure



FWCF
Feedwater Controller Failure (maximum demand)



CLDLP
Cold Loop Startup



FCVO
Flow Control Valve Opening



The LRNBP and FWCF transients are analyzed using (Reference 15E.12‑1) and the CLDLP and FCVO transients are analyzed using (Reference 15E.12‑4).



The CLDLP assumes a 50(F delta temperature between the active and idle recirculation loops.  This limit ensures not only thermal stresses but also thermal limits are not exceeded during an idle loop start event (Reference 10).


15E.4      FUEL INTEGRITY ‑ STABILITY


The General Electric company has established stability criteria to demonstrate compliance to requirements set forth in <10 CFR 50, Appendix A>, General Design Criteria (GDC) 10 & 12.  These stability compliance criteria consider potential limit cycle response within the limits of safety system or operator intervention and assure that for GE BWR fuel designs this operating mode does not result in specified acceptable fuel design limits being exceeded.  Furthermore, the onset of power oscillations for which corrective actions are necessary is reliably and readily detected and suppressed by operator actions and/or automatic system functions.  The stability compliance of those GE BWR fuel designs contained in the General Electric Standard Application for Reactor Fuel (Reference 15E.12‑6) is demonstrated on a generic basis in (Reference 15E.12‑5) (for operation in the normal as well as the extended operating domain).  The NRC has reviewed and approved this in (Reference 15E.12‑8) therefore, a specific analysis for each cycle is not required.


For operation in the Maximum Extended Operating Domain (MEOD) the stability margin (defined by the core decay ratio) is reduced as power increases for a given core flow.  However, the normal realistic operating region has the lowest stability margin at the rated pump speed/minimum valve position flow (minimum forced circulation) which corresponds to about 43% core flow for PNPP <Figure 15E.2‑1>.  Operating at this core flow relative to natural circulation results in adequate stability margin for the maximum extended operating domain as demonstrated by tests at operating BWRs.  Inadvertent operation below minimum forced circulation flows can only occur during transients, e.g., two recirculation pump trip.  Operation in the high power/low core flow corner of the power flow map is addressed in a set of GE operating recommendations (Reference 15E.12‑7) which have been approved by NRC and will be utilized at PNPP.


Stability tests were performed in the MEOD region in September and October of 1984 at an overseas BWR6 plant during the initial cycle startup testing.  The test objectives were to obtain stability data at high power/flow ratios, to obtain data at reduced feedwater temperature conditions and to evaluate the core behavior when the plant was operated beyond the inception point of limit cycle oscillations.  The tests were conducted under a range of power/flow conditions and data were recorded during the approach to limit cycles, during limit cycles, and during core flow changes once limit cycles were achieved.  The oscillations observed during the test conditions were compared to those analyzed in (Reference 15E.12‑5) and are shown to be bounded by the analyses.  Therefore, consistent with the analyses of (Reference 15E.12‑5), large margin to thermal/mechanical limits existed during the test conditions.


15E.5      LOSS‑OF‑COOLANT ACCIDENT ANALYSES


Refer to <Appendix 15B> for a description of the LOCA analysis relative to MEOD.


15E.6      CONTAINMENT RESPONSE ANALYSIS


A containment response analysis is performed with the most limiting postulated recirculation piping line break at the most limiting condition of MEOD for PNPP.  The results show that the peak drywell pressure and the peak containment pressure and temperature are still lower than the reported in <Chapter 6>.


15E.7      LOAD IMPACT ON INTERNALS


15E.7.1      ACOUSTIC AND FLOW INDUCED LOADS


The acoustic loads are loads on the vessel internals from propagation of the decompression wave created by a sudden vessel nozzle break.  The acoustic loading on the vessel internals is proportional to the total pressure wave amplitude in the vessel upon the postulated break.  The additional subcooling in the downcomer resulting from operating in the increased core flow region of MEOD leads to an increase in critical flow and, therefore, in flow induced loads.  However, the maximum subcooling in the MEOD is less than the partial feedwater heating operation described in <Appendix 15D.6>.  Therefore, it is concluded, based on analysis presented in <Appendix 15D.6>, the reactor internal components have enough margin to handle the acoustic and flow induced loads.


15E.7.2      REACTOR INTERNAL PRESSURE DIFFERENCE LOADS


A reactor internals pressure difference analysis is performed for the increased core flow region of MEOD.  The increased reactor internal pressure differences across the reactor internals are generated for the maximum core flow at normal, upset, emergency, and faulted conditions for the reactor internal impact evaluation.


15E.7.3      IMPACT ON REACTOR INTERNALS


The reactor internals most affected by pressure under increased core flow conditions are the core plate, guide tube, shroud head, upper shroud, lower shroud, shroud support ring, shroud top guide, fuel channel wall, grid, steam dryer, and jet pump.  These components are evaluated under normal, upset, emergency, and faulted conditions.  It is concluded that the pressure differences for these and other components during increased core flow operation produce stresses that are within the allowable limits.


15E.8      FLOW INDUCED VIBRATIONS


To ensure that the flow‑induced vibration response of the reactor internals is acceptable, Perry must undergo an extensive vibration test during initial plant startup in accordance with <Regulatory Guide 1.20>.  


PNPP startup test procedure will include flow induced vibration tests at increased core flow region to verify safe operation as defined in this appendix.


15E.9      IMPACT ON ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS)


An ATWS performance impact evaluation was performed for PNPP in the MEOD based on the MSIV closure event which is the limiting transient for ATWS.  Results show that all ATWS consequences from initial MEOD conditions satisfy the criteria for ATWS in <Appendix 15C>.  <Table 15E.9‑1> lists the initial conditions for the analysis.  <Table 15E.9‑2> summarizes the peak values for the MSIV closure event.  Furthermore, analysis was also conducted to assure that there is no unacceptable stability consequences if an ATWS were postulated from initial MEOD operating conditions.  Therefore, it is concluded that MEOD operation is acceptable from ATWS requirements including ATWS stability considerations.


TABLE 15E.9‑1


Initial Conditions Table for MSIV Closure Event










MEOD

Standard Case



Power (% NBR)




99.4


100



Core Flow (% NBR)



72.3


100



Dome Pressure (psia)


1039


1040



Void Coefficient (/%)


‑12.8

‑11.0



Void Fraction (%)



45.7


41.9



Inlet Subcooling (BTU/lb)

31


23


TABLE 15E.9‑2


Peak Value Summary Table for MSIV Closure Event









  MEOD
  Standard Case
Design









(100/72)
    (100/100)  
Limit


Peak Neutron Flux (%)


  799

  826

 N/A


Peak Vessel Pressure (psia)

  1330

  1319

1500


Peak Suppression Pool Temp. ((F)
  146

  145

190


Peak Average Heat Flux (%)

  152

  152

N/A


MCPR






  .8059

  .7828

N/A


ENRSBT (%) (1)




  20


  24


N/A


Peak Clad Temperature ((F)

  1627

  1542

2200


Peak Vol. Avg. Fuel Temp. ((F)

  2630

  2825

N/A


Peak Vol. Avg. Fuel Enthalpy 

[image: image1.wmf])


g


cal


(


 105


  113

280


Maximum Local Oxidation Fraction (%) <3


  <3


(17


NOTE:


(1)
ENRSBT, estimated number of rods subject to boiling transition.


15E.10      FUEL MECHANICAL PERFORMANCE


Evaluations were performed to determine the acceptability of PNPP MEOD operation on GE fuel rod and assembly thermal/mechanical performance.  Component pressure differentials and fuel rod overpower values were determined for anticipated operational occurrences initiated from MEOD conditions.  These values were found to be bounded by those applied as the fuel rod and assembly design bases and therefore, PNPP MEOD operation is acceptable and consistent with fuel design bases.


An evaluation was also performed which concluded that fuel channel bypass flow, creep and control blade interference are not impacted by operation in the MEOD.


15E.11     PARTIAL FEEDWATER HEATING (PFH) OPERATION IN THE MAXIMUM EXTENDED OPERATING DOMAIN


NOTE:
This section reflects the original analysis (i.e., 100% power = 3579 MWt and 104.2% power = 3729 MWt) prior to Power Uprate.


This section presents the results of the safety evaluation for operation of PNPP with partial feedwater heating at steady‑state condition during the operating cycle in the entire MEOD region and beyond the end of cycle in the Increased Core Flow Region (ICFR) of the MEOD as illustrated in <Figure 15E.2‑1>.  The evaluation is performed for the GE6 fueled PNPP on a equilibrium cycle basis and is applicable to initial and reload cycles operation.  Initial conditions for the reload safety analysis including MEOD operation with PFH for the limiting transients are consistent with the GEMINI set of methods described in GESTAR (Reference 15E.12‑6).  For the current cycle initial conditions refer to <Appendix 15B>, Reload Safety Analysis.  The conditions of operation are those of continued 100% thermal power operation during and beyond the operating cycle with rated feedwater temperature ranging from 420(F to 320(F in the entire MEOD region and beyond the operating cycle with rated feedwater temperature ranging from 320(F to 250(F in the increased core flow region up to 105% core flow.


All the impact evaluation described in <Appendix 15D> were reevaluated or reviewed in the entire MEOD for PFH operation.  Most conclusions made in <Appendix 15D> are directly applicable to the PFH operation in the extended region except the abnormal operating transients for which additional increase in operating limit MCPR values was required for PFH operation in the extended regions for the initial cycle.  MEOD operation with PFH is reevaluated for the limiting transients as part of the reload safety analysis <Appendix 15B>.  <Table 15E.2‑1> summarizes the required operating limit MCPR values for PFH modes of operation in various operating regions.


15E.11.1      ABNORMAL OPERATING TRANSIENTS


Two limiting abnormal operating transients (Load Rejection With Bypass Failure and Feedwater Controller Failure) were reevaluated for PFH operation in the extended operating region.  Furthermore, the PNPP plant specific analysis using the (Reference 15E.12‑2) model was also performed for the 100(F Loss of Feedwater Heating event for PFH in the extended operating regions.


The Load Rejection with Bypass Failure and Feedwater Controller Failure events were reanalyzed at:  250(F rated feedwater temperature beyond the end of cycle with 105% rated core flow, 370(F and 320(F rated feedwater temperatures at the end of cycle and also 2,000 MWd/t exposure before end of cycle in the MEOD condition.  Consistent assumptions and initial conditions in <Appendix 15D> are used in the analyses.  The transient peak value results are summarized in <Table 15E.11‑1> to <Table 15E.11‑3>.  The Critical Power Ratio (CPR) results are summarized in <Table 15E.11‑4>, <Table 15E.11‑5>, and <Table 15E.11‑6>.  The transient responses for the most limiting end of equilibrium cycle cases are presented in <Table 15E.11‑6>.


In <Appendix 15D.2.1> it was concluded that the 100(F LFWH event is less severe when initiated from lower initial feedwater temperature than from the rated feedwater temperature.  The analysis results in the extended operating regions also show that this trend is not affected by initial core flow.  Thus, the LFWH analysis for PFH operation in the MEOD is adequately bounded by the 420(F (CPR results given in <Table 15E.3‑4>.


The results of the evaluations show that the (CPRs for both the Load Rejection with Bypass Failure event and the Feedwater Controller Failure event exceeded the standard operating limit basis for the initial cycle analysis.  Therefore, a rated operating limit MCPR value of 1.19 (1.20 for reload cores) was required for PFH operation during the initial operating cycle and beyond the end of cycle in the MEOD for rated 


feedwater temperature in the range of 420(F and 320(F.  However, a rated operating limit MCPR value of 1.21 (1.22 for reload cores) was required for PFH operation beyond the end of the initial cycle in the increased core flow region (core flow >100% rated) for rated feedwater temperature in the range of 320(F to 250(F.  Operating limit MCPR values for the current cycle are presented in <Appendix 15B>, Reload Safety Analysis.


15E.11.2      OTHER EVALUATIONS, PFH OPERATION IN MEOD


All other evaluations described in <Appendix 15D> for PFH are directly applicable to the PFH operation in the extended operating Region.  The 100(F Loss of Feedwater Heating results are bounding for MEOD conditions.  The rod withdrawal error analysis described in <Appendix 15D> is directly applicable to the MEOD because the bounding generic RWE analysis is performed based on the MEOD.  The stability criteria are met at the PFH condition in the MEOD.  The stability discussion in <Appendix 15D.3> and <Appendix 15E.4> are directly applicable to PFH operation in the MEOD.  Both Loss‑of‑Coolant Accident and Containment Response Analysis are shown to be bounded by the design values of <Chapter 6>.  Acoustic and flow induced loads on the vessel internal are also demonstrated to be within limits.  Feedwater nozzle, sparger fatigue and system piping are independent of core flow rates.  Impact on ATWS, annulus pressurization loads and fuel mechanical performance are also shown to be acceptable for PFH operation in the extended operating region.


TABLE 15E.11‑1


Summary of Transient Peak Values Results ‑ Partial Feedwater Heating in MEOD


Beyond End of Equilibrium Cycle(1)









Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) 

 (psig) 

 (psig) 

 (psig)  

 ((F)



Load Rejection

  105.0


  286

 1,192

 1,220

 1,194

 252


With Bypass


Failure


Feedwater


  105.0


  191

 1,128

 1,151

 1,127

 252


Controller


Failure, Max.


Demand


NOTE:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature is 250(F.


TABLE 15E.11‑2


Summary of Transient Peak Values Results ‑ Partial Feedwater Heating in MEOD


Beyond End of Equilibrium Cycle(1)









Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) 

 (psig) 

 (psig) 

 (psig)  

 ((F)



Load Rejection

 108.7(2)


  304

 1,203

 1,233

 1,211

 373


With Bypass


Failure


Load Rejection

 100.0


  245

 1,202

 1,230

 1,209

 373


With Bypass


Failure


Load Rejection

  74.8


  172

 1,205

 1,225

 1,212

 373


With Bypass


Failure


Feedwater


 108.7(2)


  163

 1,159

 1,187

 1,159

 373


Controller


Failure, Max.


Demand


Feedwater


 100.0


  144

 1,160

 1,187

 1,158

 373


Controller


Failure, Max.


Demand


TABLE 15E.11‑2 (Continued)










Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) (1)
 (psig) 

 (psig) 

 (psig)  

 ((F)



Feedwater


  74.8


  116

 1,160

 1,179

 1,160

 373


Controller


Failure, Max.


Demand


Load Rejection

 110.0(2)


  303

 1,199

 1,227

 1,201

 322


With Bypass


Failure


Load Rejection

 100.0


  246

 1,198

 1,224

 1,201

 322


With Bypass


Failure


Load Rejection

  73.7


  162

 1,200

 1,218

 1,201

 322


With Bypass


Failure


Feedwater


 110.0(2)


  219

 1,151

 1,177

 1,151

 322


Controller


Failure, Max.


Demand


Feedwater


 100.0


  130

 1,145

 1,167

 1,145

 322


Controller


Failure, Max.


Demand


TABLE 15E.11‑2 (Continued)










Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) (1)
 (psig) 

 (psig) 

 (psig)  

 ((F)



Feedwater


  73.7


  120

 1,149

 1,167

 1,148

 322


Controller


Failure, Max.


Demand


NOTE:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature 370(F and 320(F.


(2)
Maximum achievable core flow for the given feedwater temperature.


TABLE 15E.11‑3


Summary of Transient Peak Value Results ‑ Partial Feedwater Heating in MEOD


2,000 MWd/t Before End of Equilibrium Cycle(1)









Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) 

 (psig) 

 (psig) 

 (psig)  

 ((F)



Load Rejection

  108.7


  104.2

 1,189

 1,217

 1,191

 373


With Bypass


Failure


Load Rejection

   74.8


  104.3

 1,192

 1,212

 1,196

 373


With Bypass


Failure


Feedwater


  108.7


  116.7

 1,139

 1,162

 1,137

 373


Controller


Failure, Max.


Demand


Feedwater


   74.8


  115.3

 1,149

 1,167

 1,148

 373


Controller


Failure, Max.


Demand


Load Rejection

  110.0


  104.2

 1,182

 1,206

 1,191

 322


With Bypass 


Failure


TABLE 15E.11‑3 (Continued)










Peak


Peak


Peak


Peak










Neutron

Dome


Vessel

Steamline

Fdwtr.






Core Flow


Flux


Pressure

Pressure

Pressure

Temp.


Transient


 (% NBR) 


 (% NBR) 

 (psig) 

 (psig) 

 (psig)  

 ((F)



Load Rejection

   73.7


  104.3

 1,189

 1,209

 1,190

 322


With Bypass 


Failure


Feedwater


  110.0


  122.6

 1,117

 1,141

 1,116

 322


Controller


Failure, Max.


Demand


Feedwater


   73.7


  119.5

 1,125

 1,142

 1,124

 322


Controller


Failure, Max.


Demand


NOTE:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature 370(F and 320(F.


TABLE 15E.11‑4


Summary of CPR Results ‑ Partial Feedwater Heating in MEOD


Beyond End of Equilibrium Cycle(1)



















Fdwtr.







Core Flow











Temp.


Transient



 (% NBR) 


ICPR(2)

(CPR(2)

MCPR(2)

 ((F)



Load Rejection


  105.0


1.19(3)

0.13


1.06


 252


With Bypass


Failure


Feedwater



  105.0


1.21(3)

0.15


1.06


 252


Controller


Failure, Max.


Demand


NOTE:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature is 250(F.


(2)
The required initial MCPR, (CPR, and resulting end of transient MCPRs represent initial cycle results.  Results for the limiting transients for the current reload cycle at bounding conditions, are presented in <Appendix 15B>, Reload Safety Analysis.


(3)
Requires operating limit CPR change.


TABLE 15E.11‑5


Summary of CPR Results ‑ Partial Feedwater Heating in MEOD


Beyond End of Equilibrium Cycle(1)



















Fdwtr.







Core Flow











Temp.


Transient



 (% NBR) 


ICPR(1)(3)(4)

(CPR(4)

MCPR(4)

 ((F)



Load Rejection


 108.7(2)


1.19(5)

0.13


1.06


 373


With Bypass


Failure


Load Rejection


 100



1.18


0.10


1.08


 373


With Bypass


Failure


Load Rejection


  74.8


1.27


0.06


1.21


 373


With Bypass


Failure


Feedwater



 108.7(2)


1.18


0.11


1.07


 373


Controller


Failure, Max. 


Demand


Feedwater



 100



1.18


0.11


1.07


 373


Controller


Failure, Max. 


Demand


Feedwater



  74.8


1.27


0.11


1.16


 373


Controller


Failure, Max. 


Demand


TABLE 15E.11‑5 (Continued)




















Fdwtr.







Core Flow











Temp.


Transient



 (% NBR) 


ICPR(1)(3)(4)

(CPR(4)

MCPR(4)

 ((F)



Load Rejection


 110.0(2)


1.19(5)

0.13


1.06


 322


With Bypass 


Failure


Load Rejection


 110.0


1.18


0.11


1.07


 322


With Bypass 


Failure


Load Rejection


  73.7


1.27


0.06


1.21


 322


With Bypass 


Failure


Feedwater 


 110.0(2)


1.19(5)

0.13


1.06


 322


Controller


Failure, Max.


Demand


Feedwater



 100



1.19(5)

0.13


1.06


 322


Controller


Failure, Max.


Demand


TABLE 15E.11‑5 (Continued)




















Fdwtr.







Core Flow











Temp.


Transient



 (% NBR) 


ICPR(1)(3)(4)

(CPR(4)

MCPR(4)

 ((F)



Feedwater



  73.7


1.27


0.12


1.15


 322


Controller


Failure, Max.


Demand


NOTES:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature 370(F and 320(F. 


(2)
Maximum achievable core flow for the given feedwater temperature. 


(3)
Based on initial core safety limit of 1.06.


(4)
The required initial MCPR, (CPR, and resulting end of transient MCPRs represent initial cycle results based on initial cycle safety limit MCPR of 1.06.  Results for the limiting transients for the current reload cycle at bounding conditions, are presented in <Appendix 15B>, Reload Safety Analysis.


(5)
Requires operating limit CPR change.


TABLE 15E.11‑6


Summary of CPR Results ‑ Partial Feedwater Heating in MEOD


2,000 MWd/t Before End of Equilibrium Cycle(1)




















Fdwtr.








Core Flow











Temp.


Transient




 (% NBR) 


ICPR(2)

(CPR(2)

MCPR(2)

 ((F)



Load Rejection With


Bypass Failure



  108.7


1.18


0.05


1.13


 373


Load Rejection With


Bypass Failure



   74.8


1.27


0.05


1.22


 373


Feedwater Controller


Failure, Max. Demand

  108.7


1.18


0.11


1.07


 373


Feedwater Controller


Failure, Max. Demand

   74.8


1.27


0.11


1.16


 373


Load Rejection


With Bypass Failure


  110.0


1.18


0.05


1.13


 322


Load Rejection


With Bypass Failure


   73.7


1.27


0.05


1.22


 322


Feedwater Controller



Failure, Max. Demand

  110.0


1.19(3)

0.13


1.06


 322


TABLE 15E.11‑6 (Continued)





















Fdwtr.








Core Flow











Temp.


Transient




 (% NBR) 


ICPR(2)

(CPR(2)

MCPR(2)

 ((F)



Feedwater Controller


Failure, Max. Demand

   73.7


1.27


0.12


1.15


 322


NOTE:


(1)
Initial power and heat flux is 104.2% NBR for analysis.  Rated feedwater temperature 370(F and 320(F.


(2)
The required initial MCPR, (CPR, and resulting end of transient MCPRs represent initial cycle results based on initial cycle safety limit MCPR of 1.06.  Results for the limiting transients for the current reload cycle at bounding conditions, are presented in <Appendix 15B>, Reload Safety Analysis.


(3)
Requires operating limit CPR change.
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15F      RECIRCULATION SYSTEM SINGLE LOOP OPERATION


This appendix justifies that PNPP can safely operate with a single recirculation loop up to approximately 70% of rated thermal power.  This appendix presents the results of a safety evaluation for operation of the Perry Nuclear Power Plant (PNPP) with a single recirculation loop operating.  This evaluation was performed for PNPP on an equilibrium cycle basis with the GE6 (8x8R) fuel design and is applicable to initial and reload cycles operation with normal feedwater heating and within the standard operating domain shown in <Figure 4.4‑2>.  The applicability of single loop operation for each cycle is reverified as part of the Reload Safety Analysis, <Appendix 15B>.


15F.1
INTRODUCTION AND SUMMARY


Single loop operation (SLO) is desirable in the event recirculation pump or other component maintenance renders one loop inoperative.  To justify single loop operation, accidents and abnormal operational transients associated with power operation, as presented in <Chapter 6> and <Chapter 15>, were reviewed with one recirculation pump in operation.  The safety limit minimum critical power ratio (SLMCPR) is determined using the General Electric Thermal Analysis Basis (GETAB), a statistical model that combines all of the uncertainties in operating parameters and the procedures used to calculate critical power.  During SLO, the total core flow and TIP readings uncertainty input to the GETAB model is slightly increased resulting in a small increase in the safety limit MCPR.


The results of the evaluation are summarized below:


a.
Accounting for the uncertainties in the core total flow and Traversing In‑Core Probe (TIP) readings, an increase is required in the minimum critical power ratio (MCPR) fuel cladding integrity 



safety limit during single loop operation.  For the current cycle MCPR safety limit value refer to <Table 15B.15.0‑1>.


b.
For the current cycle MCPR operating limit value refer to <Table 15B.15.0‑3>.


c.
The recirculation flow rate dependent rod block and scram setpoint equations given in the Technical Specifications for two loop operation must be adjusted for one‑pump operation.


d.
Thermal‑hydraulic stability was evaluated for its adequacy with respect to General Design Criterion (GDC) 12 <10 CFR 50, Appendix A>.  The increase in neutron noise observed during SLO is independent of system stability margin.  For the initial fuel cycles, operation with a single recirculation loop was acceptable based on avoiding the region of potential instability by adherence to the recommendations of SIL‑380.  For the current fuel cycle, stability is addressed in <Appendix 15B.4.4>.


e.
The Maximum Average Planar Linear Heat Generation Rate curves for two loop operation in the Core Operating Limits Report must be reduced (SLO MAPLHGR reduction factor of 0.84 for the initial cycle) for single loop operation.  The SLO MAPLHGR reduction factor is adjusted for each cycle as necessary, based on the results of the reload safety analysis.  See <Appendix 15B> for the current cycle value.


f.
The containment response for a Design Basis Accident (DBA) recirculation line break with single loop operation is bounded by the rated power two loop operation analysis presented in <Section 6.2>.  This conclusion covers all single loop operation power/flow conditions.


g.
The consequences of single loop operation on the Anticipated Transient Without Scram (ATWS) analysis are bounded by those from two loop operation.


h.
It was determined that the fuel will operate within the fuel mechanical design bases during normal steady‑state operation and anticipated operational occurrences during single recirculation loop operation.


i.
A recirculation pump drive flow limit of 48,500 gpm is imposed for SLO.  This is based on the analysis of reactor internals vibration testing data obtained during the startup test program at PNPP.


15F.1.1
SINGLE LOOP OPERATION POWER/FLOW OPERATING DOMAIN


The power/flow map for two recirculation loop operation within the standard operating domain is shown in <Figure 4.4‑2>.  The single recirculation loop operation power/flow operating domain is based on this map but is smaller due to restrictions placed on the maximum thermal power, core flow and avoiding jet pump cavitation while operating in the SLO mode.  The boundaries for single loop operation are as follows:


a.
Natural Circulation Line:  The operating state of the reactor moves along this line for the normal control rod withdrawal sequence in the absence of recirculation pump operation.


b.
105% Steam Flow Rod Line or Approximately 70% of Rated Power (whichever is less):  The 105% steam flow rod line passes through 104.2% power at 100% flow.  The operating state of the reactor follows this rod line (or similar ones) during recirculation flow changes with a fixed control rod pattern; however, 2500 Megawatts‑Thermal power (or approximately 70% of rated thermal power) may not be exceeded.


c.
Maximum Core Flow from a Single Operating Recirculation Loop or the Maximum Core Flow allowed by Reactor Internals Vibration Considerations (whichever is less):  The operating state of the reactor moves along this line for the normal control rod withdrawal sequence at the maximum core flow capable under single recirculation loop operation; however, the recirculation loop drive flow limit of 48,500 gpm determined from the reactor internals vibration analysis results for SLO may not be exceeded and operation may not occur below the cavitation protection line (see item d).


d.
Cavitation Protection Line:  This line results from the recirculation pump, flow control valve, and jet pump NPSH requirements during single recirculation loop operation.


15F.2      MCPR FUEL CLADDING INTEGRITY SAFETY LIMIT


The safety limit minimum critical power ration (SLMCPR) is determined using the General Electric Thermal Analysis Bases (GETAB) which is a statistical model that combines all of the uncertainties in operating parameters and the procedures used to calculate critical power.  Except for core total flow and TIP reading, the uncertainties used in statistical analysis to determine the MCPR fuel cladding integrity safety limit are not dependent on whether coolant flow is provided by one or two recirculation pumps.  Uncertainties used in the two loop operation analysis are documented in the USAR.  A 6% core flow measurement uncertainty has been established for single loop operation (compared to 2.5% for two loop operation).  As shown below, this value conservatively reflects the one standard deviation (one sigma) accuracy of the core flow measurement system documented in (Reference 15F.8‑1).  The random noise component of the TIP reading uncertainty was revised for single recirculation loop operation to reflect the operating plant test results given in <Appendix 15F.2.2>.  This revision resulted in a single loop operation process computer effective TIP uncertainty of 6.8% of initial cores and 9.1% for reload cores.  Comparable two loop process computer uncertainty values are 6.3% for initial cores and 8.7% for reload cores.  An analysis was performed to show the net effect of these two revised uncertainties is an increase in the required MCPR fuel cladding integrity safety limit.  For the current cycle MCPR safety limit value refer to <Table 15B.15.0‑1>.


15F.2.1      CORE FLOW UNCERTAINTY


15F.2.1.1      Core Flow Measurement During Single Loop Operation


The jet pump core flow measurement system is calibrated to measure core flow when both sets of jet pumps are in forward flow; total core flow is the sum of the indicated loop flows.  For single loop operation, however, some inactive jet pumps will be backflowing (when the active 


loop pump flow is above approximately 35%).  Therefore, the measured flow in the backflowing jet pumps must be subtracted from the measured flow in the active loop to obtain the total core flow.  In addition, the jet pump coefficient is different for reverse flow than for forward flow, and the measurement of reverse flow must be modified to account for this difference.


In single loop operation, the total core flow is derived by the following formula:
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Where C (= 0.95) is defined as the ratio of “Inactive Loop True Flow” to “Inactive Loop Indicated Flow.”  “Loop Indicated Flow” is the flow measured by the jet pump “single‑tap” loop flow summers and indicators, which are set to read forward flow correctly.  The 0.95 factor was the result of a conservative analysis to appropriately modify the single‑tap flow coefficient for reverse flow.  The analytical expected value of the “C” coefficient for PNPP is ~0.83.


15F.2.1.2      Core Flow Uncertainty Analysis


The uncertainty analysis procedure used to establish the core flow uncertainty for one‑pump operation is essentially the same as for two‑pump operation, with some exceptions.  The core flow uncertainty analysis is described in (Reference 15F.8‑1).  The analysis of one‑pump core flow uncertainty is summarized below.


For single loop operation, the total core flow can be expressed as follows <Figure 15F.2‑1>:
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Where:
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active loop flow, and
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By applying the “propagation of errors” method to the above equation, the variance of the total flow uncertainty can be approximated by:
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where:





[image: image7.wmf]c


W


s




=
uncertainty of total core flow;
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=
uncertainty systematic to both loops;
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random uncertainty of active loop only;
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=
random uncertainty of inactive loop only;
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uncertainty of “C” coefficient; and
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From an uncertainty analysis, the conservative, bounding values of
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are 1.6%, 2.6%, 3.5%, and 2.8%.


respectively.  Based on the above uncertainties and a bounding value of 0.36(1) for “a,” the variance of the total flow uncertainty is approximately:
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When the effect of 4.1% core bypass flow split uncertainty at 12% (bounding case) bypass flow fraction is added to the total core flow uncertainty, the active coolant flow uncertainty is:
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which is less than the 6% flow uncertainty assumed in the statistical analysis.


In summary, core flow during one‑pump operation is measured in a conservative way and its uncertainty has been conservatively evaluated.


NOTE:


(1)
This flow split ratio varies from about 0.13 to 0.36.  The 0.36 value   is a conservative bounding value.  The analytical expected value of the  flow split ratio for PNPP is ~0.28.


15F.2.2      TIP READING UNCERTAINTY


To ascertain the TIP noise uncertainty for single recirculation loop operation, a test was performed at an operating BWR.  The test was performed at a power level of 59.3% of rated with a single recirculation pump in operation (core flow 46.3% of rated).  A rotationally symmetric control rod pattern existed during the test.


Five consecutive traverses were made with each of five TIP machines, giving a total of 25 traverses.  Analysis of this data resulted in a nodal TIP noise of 2.85%.  Use of this TIP noise value as a component of the process computer total uncertainty results in a one‑sigma process computer total effective TIP uncertainty value for single loop operation of 6.8% for initial cores and 9.1% for reload cores.


There would be no significant difference in the TIP noise seen at 59.3% of rated thermal power and the TIP noise values that would be expected for SLO at 70% of rated thermal power.  This is because the major contributors to the TIP noise, as determined in previous GE generic BWR analyses, are geometric mislocation of the TIP detector and neighboring fuel channels with respect to their nominal design positions, and the random neutron, electronic and boiling noise in the reactor, as discussed in the GE licensing topical report, “Process Computer Performance Evaluation Accuracy” (Reference 15F.8‑12).  Additionally, the generic analyses were performed with neutron TIP detectors which are much more sensitive to geometric mislocation than the gamma TIP detectors currently inservice at Perry.  As a result the actual TIP noise uncertainty with gamma TIPs would even be less than the values assumed in the generic analyses.


15F.3      DETERMINATION OF THE MCPR OPERATING LIMIT


15F.3.1      ABNORMAL OPERATING TRANSIENTS


Operating with one recirculation loop results in a maximum power output which is about 30% below that which is attainable for two‑pump operation.  Therefore, the consequences of abnormal operational transients from one loop operation will be considerably less severe than those analyzed from a two loop operational mode.  The pressurization, flow increase, flow decrease, and cold water injection transients results presented in <Chapter 15> bound both thermal and overpressure consequences of one loop operation.


<Figure 15F.3‑1> shows the consequences of a typical pressurization transient (turbine trip) as a function of power level.  As can be seen, the consequences of one loop operation are considerably less because of the associated reduction in the operating power level (about 30% less than during one loop operation).


The consequences of flow decrease transients are also bounded by the full power analysis.  A single pump trip from one loop operation is less severe than a two‑pump trip from full power because of the reduced initial power level.  The one recirculation pump seizure accident has been reviewed for single loop operation.  As described within USAR <Section 15.3.3> and Section S.2.2.3.4 of the GE topical report GESTAR II (Reference 15F.8‑5) the recirculation pump seizure accident is very mild in relation to other accidents such as a design basis LOCA.  Because the recirculation pump seizure event is classified as an accident based on low probability of occurrence, a failure to scram (an ATWS) is not required to be postulated to occur in addition to a recirculation pump seizure.  However, redundant capability is available to insert control rods or inject borated water with the Standby Liquid Control System during a recirculation pump seizure without scram.  Results show that this accident poses no threats to thermal limits.


The worst flow increase transient results from recirculation flow controller failure, and the worst cold water injection transient results from the sudden loss of feedwater heating.  For the former, the MCPRf curve is derived assuming both recirculation loop flow controllers fail.  This condition produces the maximum possible power increase and, hence, the maximum delta CPR for transients initiated from less than rated power and flow.  When operating with only one recirculation loop, the flow and power increase associated with the recirculation flow controller failure with only one loop will be bounded by that associated with both loops; therefore, the MCPRf curve derived with the two‑pump assumption is conservative for single loop operation.  The latter event, sudden loss of feedwater heating, is generally the most severe cold water increase event with respect to increase in core power.  This event is caused by positive reactivity insertion from core inlet subcooling and it is relatively insensitive to initial power level.  A generic statistical loss of feedwater heating analysis using different initial power levels and other core design parameters concluded one‑pump operation with lower initial power level is conservatively bounded by the full power two‑pump analysis.


Inadvertent restart of the idle recirculation pump has been analyzed in <Section 15.4.4> and is still applicable for single loop operation.  The idle recirculation loop startup event discussed in <Section 15.4.4> and for the ATWS case discussed in the GE generic BWR ATWS evaluation document, “Assessment of BWR Mitigation of ATWS” (Reference 15F.8‑13) were both based on power levels less than 70%.  However, the event at the 70% power level is less severe than at the power levels assumed in these documents due to the power rise from beginning to peak being less for the 70% power case.  Also, the relative core flow change that would be caused by an idle recirculation loop startup at 70% power is smaller because the reactor is already operating at a higher core flow than it would be at for lower power levels.  The evaluations of (Reference 15F.8‑13) are bounding and therefore, the idle


recirculation loop startup event at 70% power need not be analyzed for ATWS.


From the above discussions, it is concluded that the transient consequences from one loop operation are bounded by the full power two loop analyses presented in the USAR.  The maximum power level that can be attained with one loop operation is restricted by one pump operation flow capability, MCPR and the overpressure limits established from the full‑power analysis.


In the following sections, two of the most limiting transients are discussed for single loop operation.  They are:


a.
feedwater flow controller failure (maximum demand), (FWCF)


b.
generator load rejection with bypass failure, (LRNBP),


The plant initial conditions are given in <Table 15F.3‑1>.


15F.3.1.1      Feedwater Controller Failure ‑ Maximum Demand


15F.3.1.1.1      Core and System Performance


Mathematical Model


The computer model described in (Reference 15F.8‑2) was used to simulate this event.


Input Parameters and Initial Conditions


The analysis has been performed with the plant conditions tabulated in <Table 15F.3‑1>, except the initial vessel water level is at level setpoint L4 for conservatism.  By lowering the initial water level, more cold feedwater will be injected before Level 8 is reached resulting in 


higher heat fluxes.  The initial conditions used in the analysis are consistent with those in <Table 15.0‑1> except those which are related to SLO.


End of cycle (all rods out) scram characteristics are assumed.  The safety/relief valve action is conservatively assumed to occur with higher than nominal setpoints.  The transient was simulated by programming an upper limit failure in the feedwater system such that 130% of rated feedwater flow (143% is assumed in the current cycle reload analyses based on startup test results) occurs at the reference pressure of 1,065 psig.


Results


The simulated feedwater controller transient is shown in <Figure 15F.3‑2> for the case of 69.9% power 53.2% core flow.  The high‑water level turbine trip and feedwater pump trip are initiated at approximately 4.4 seconds.  Scram occurs simultaneously from Level 8, and limits the peak neutron flux.  The turbine bypass system opens to limit peak pressure in the steamline near the safety valves to 1,046 psig and the pressure at the bottom of the vessel to about 1,059 psig.  MCPR is considerably above the safety limit.


15F.3.1.2      Generator Load Rejection With Bypass Failure


15F.3.1.2.1      Core and System Performance


Mathematical Model


The computer model described in (Reference 15F.8‑2) was used to simulate this event.


Input Parameters and Initial Conditions


These analyses have been performed, unless otherwise noted, with the plant conditions tabulated in <Table 15F.3‑1>.


The turbine electro‑hydraulic control system (EHC) power/load inbalance device detects load rejection before a measurable speed change takes place.


The closure characteristics of the turbine control valves are assumed such that the valves operate in the full arc (FA) mode and have a full stroke closure time, from fully open to fully closed, of 0.15 seconds.  Full arc mode is more limiting than partial arc.


Auxiliary power is independent of any turbine generator overspeed effects and is continuously supplied at rated frequency, assuming automatic fast transfer to auxiliary power supplies.


The reactor is operating in the manual recirculation flow‑control mode when load rejection occurs.  Results do not significantly differ if the plant had been operating in the automatic flow‑control mode.


Results


The simulated generator load rejection without bypass is shown in <Figure 15F.3‑3>.


<Table 15F.3‑2> shows for the case of bypass failure, peak neutron flux reaches about 70.1% of rated and peak pressure at the valves reaches 1,169 psig.  The peak nuclear system pressure reaches 1,180 psig at the bottom of the vessel, well below the nuclear barrier transient pressure limit of 1,375 psig.  The calculated MCPR is well above the safety limit.


15F.3.1.3      Summary and Conclusions


The peak value results of the above abnormal transients are summarized in <Table 15F.3‑2>.  The Critical Power Ratio (CPR) results are summarized in <Table 15F.3‑3>.  This table indicates that for the most 


limiting transient events analyzed here, the MCPRs are well above the single loop operation initial cycle MCPR safety limit value of 1.07.  For the current cycle MCPR safety limit value refer to <Table 15B.15.0‑1>.


For pressurization events, lower initial pressure at lower power during single loop operation assures that the bounding MSIV flux scram event is bounded by the full power analysis.  As expected, <Table 15F.3‑2> also indicates the peak pressures from the two limiting transients are well below the ASME code value of 1,375 psig.  Hence, it is concluded the pressure barrier integrity is maintained under single loop operation conditions.


15F.3.2      ROD WITHDRAWAL ERROR


The rod withdrawal error (RWE) transient for two loop operation documented in <Section 15.4.2> employs a statistical evaluation of the minimum critical power ratio (MCPR) and linear heat generation rate (LHGR) response to the withdrawal of ganged control rods for both rated and off‑rated conditions.  The required MCPR limit protection for the event is provided by the Rod Withdrawal Limiter (RWL) system.  This analysis covered all off‑rated conditions in the power/flow operating map with additional MCPR safety limit margin.  For the current cycle MCPR operating limit value refer to <Table 15B.15.0‑3>.


The Average Power Range Monitor (APRM) rod block system provides additional alarms and rod blocks when power levels are grossly exceeded.  Since the APRM rod block setpoints are recirculation drive flow biased, modification of the APRM rod block equation in the Technical Specification is required to maintain the two loop rod block versus power relationship when in one loop operation.  This is because the direct active‑loop flow measurement may not indicate the actual core flow due to backflow through the inactive jet pump during single loop 


operation.  Since the APRM scram trip settings are also recirculation drive flow biased, they are subject to the same modifications as the rod block settings.


15F.3.3      OPERATING LIMIT MCPR DISCUSSION


The increased uncertainties in total core flow and TIP readings result in an increase in the MCPR fuel cladding integrity safety limit during single loop operation.  For single loop operation at off‑rated conditions, the steady‑state operating limit MCPR is established by the SLO MCPRp and MCPRf curves.  This ensures that the 99.9% statistical limit requirement is always satisfied for any postulated abnormal operational occurrence.


For the current cycle MCPR operating limit value refer to <Table 15B.15.0‑3>.


TABLE 15F.3‑1


INPUT PARAMETERS AND INITIAL CONDITIONS FOR(4)

TRANSIENTS AND ACCIDENTS FOR SINGLE LOOP OPERATION


1.
Thermal Power Level
2,500 (69.9% Rated)



Analysis Value, MWt


2.
Steam Flow, lb/sec
2,834


3.
Core Flow, lb/hr
55.3x106 (53.2% Rated)


4.
Feedwater Flow Rate, lb/sec
2,834


5.
Feedwater Temperature, (F
392


6.
Vessel Dome Pressure, psig
970


7.
Vessel Core Pressure, psig
974


8.
Turbine Bypass Capacity, % NBR
35(1)

9.
Core Coolant Inlet Enthalpy, Btu/lb
507.4


10.
Turbine Inlet Pressure, psig
934


11.
Fuel Lattice
P8x8R


12.
Core Leakage Flow, %
12.9


13.
Required MCPR Operating Limit
1.42(2)



First Core


14.
MCPR Safety Limit for incident of



Moderate frequency during SLO




First Core
1.07(5)

15.
Doppler Coefficient (‑)¢/(F
0.132(3)


Analysis Data


16.
Void Coefficient (‑)¢/% Rated Voids



Analysis Data for Power Decrease



Events
4.0(3)


Analysis Data for Power Increase Events
14.0(3)

17.
Core Average Void Fraction, %
46.1(3)

TABLE 15F.3‑1 (Continued)


18.
Jet Pump Ratio, M
3.30


19.
Safety/Relief Valve Capacity, % NBR



1,210 psig
111.4



  Manufacturer
DIKKER



  Quantity Installed
19


20.
Relief Function Delay, Seconds
0.4


21.
Relief Function Response, Seconds
0.1


22.
Analyses Inputs for Safety/Relief Valves



  Safety Function, psig
1,175, 1,185, 1,195,





1,205, 1,215



  Relief Function, psig
1,145, 1,155, 1,165,





1,175


23.
Number of Valve Groupings Simulated




Safety Function, No.
5




Relief Function, No.
4


24.
High Flux Trip, % NBR Analysis



  Setpoint (1.21x1.043), % NBR
127.2


25.
High Pressure Scram Setpoint, psig
1,095


26.
Vessel Level Trips, Feet Above



  Separator Skirt Bottom



  Level 8 ‑ (L8), Feet
5.89



  Level 4 ‑ (L4), Feet
4.04



  Level 3 ‑ (L3), Feet
2.165



  Level 2 ‑ (L2), Feet
(‑) 1.739


27.
APRM thermal trip



  Setpoint, % NBR @ 100% Core Flow
118.8


28.
RPT Delay, Seconds
0.14


29.
RPT Inertia Time Constant for Analysis,



Seconds
5


30.
Total Steamline Volume, ft3
3,850


TABLE 15F.3‑1 (Continued)


NOTES:


(1)
See <Section 10.2.1> and <Table 15F.3‑3>.


(2)
This value corresponds to an operating limit MCPR of 1.18 at rated conditions.


(3)
Parameters used in (Reference 15F.8‑3) analysis only.  (Reference 15F.8‑2) values are calculated within the code for the end of cycle condition.


(4)
These input parameters and initial conditions are those used for the single loop analysis and correspond to the initial cycle values.  Single loop operation is bounded by the transient results of two loop operation for each cycle <Section 15F.3.1.3>, these values are representative of the values that would be used in later reload cycles if the single loop analysis were to be reperformed using the same analysis codes and methods.


(5)
Value corresponds to initial cycle only.  The single loop operation MCPR Safety Limit is calculated in the current reload analysis.  Refer to <Table 15B.15.0.1> for the single loop value.


TABLE 15F.3‑2


SUMMARY OF TRANSIENT PEAK VALUE RESULTS


SINGLE LOOP OPERATION





MAXIMUM
MAXIMUM
MAXIMUM
 MAXIMUM





NEUTRON
  DOME
 VESSEL
STEAMLINE





 FLUX
PRESSURE
PRESSURE
PRESSURE
FREQUENCY(1)

PARAGRAPH
FIGURE
DESCRIPTION
(% NBR)
 (psig) 
 (psig) 
 (psig) 
 Category





Initial Condition
 69.9
  970
  982
  982
   N/A


15F.3.1.1
15F.3.2
Feedwater flow
 83.7
1,047
1,059
1,046
    a




Controller Failure




(Maximum Demand)


15F.3.1.2
15F.3.3
Generator Load
 70.1
1,167
1,180
1,169
    b




Rejection With




Bypass Failure


NOTE:


(1)
a = Moderate frequency incident



b = infrequent


TABLE 15F.3‑3


SUMMARY OF CRITICAL POWER RATIO RESULTS ‑


SINGLE‑LOOP OPERATION











FWCF


LRNBP


Initial Operating Condition



69.9/53.2(6)
69.9/53.2(6)

  (% power/% flow)


MCPR Operating Limit at SLO Conditions

1.42(1)(5)

.42(1)(5)

  (Initial Condition)


DCPR








0.10(2)(5)

.00(3)(5)

Resulting Transient MCPR at SLO


1.32(5)

1.42(5)

SLMCPR for SLO for the Initial Cycle(4)

1.07


1.07


Margin Above the SLMCPR for the Initial

0.25(5)

0.35(5)

  Cycle


Frequency Category





Moderate

Infrequent











frequency

incident











incident


NOTES:


(1)
This value corresponds to an operating limit MCPR of 1.18 at rated conditions for the initial cycle.


(2)
Analysis has been performed to conclude that turbine bypass capacity as low as 25% NBR does not affect the bounding DCPR results (Reference 15F.8‑11).


(3)
DCPR is less than 0.002.


(4)
Values shown for initial cycle.  The single loop operation MCPR safety limit is calculated in the current reload analysis.  Refer to <Table 15B.15.0‑1> for the two‑loop value.


(5)
The operating limit MCPR, DCPR, resulting margin above the SLMCPR, and resulting end of transient MCPRs represent initial cycle values or results.  For the current cycle MCPR operating limit, refer to <Table 15B.15.0‑3>.


 (6)
Analysis concludes that an increase in core flow to 60% of rated does not reduce the margin to the safety limit (Reference 15F.8‑17).


15F.4      FUEL INTEGRITY ‑ STABILITY


Background


The stability licensing basis for all U.S. nuclear power plants is set forth in <10 CFR 50, Appendix A>, General Design Criterion (GDC) 12.  This requires assurance that power oscillations which can result in conditions exceeding specified acceptable fuel design limits are either not possible or can be reliably and readily detected and suppressed.  Historically, compliance to GDC‑12 was achieved by demonstrating that thermal‑hydraulic stability induced neutron flux oscillations were not expected.  More recently, operating experience indicates that the thermal‑hydraulic stability characteristics of a BWR are strongly influenced by a number of design and operating parameters which will vary depending upon the specific plant conditions at the time of the event.  This was recognized and recommendations for special operator actions were provided in GE Service Information Letter (SIL) 380 Revision 0 (August 11, 1982) and Revision 1 (February 10, 1984) (Reference 15F.8‑9a).  These recommendations were accepted by the NRC as providing adequate compliance with the detection and suppression provision of GDC‑12.


Following the March 9, 1988 LaSalle‑2 event, evaluations indicated that under certain conditions, margins to safety limits may be less than previously expected.  These findings were promptly reported to the NRC and interim corrective actions (ICAs) recommended by GE and the BWR Owners’ Group were implemented at all U.S. plants.


In 1994, the ICA’s were updated to incorporate subsequent industry experience.  In addition, a commitment was made to implement a long‑term solution to install the oscillation power range monitor (OPRM) instrumentation (Reference 15F.8‑20).  This system is capable of detecting and suppressing thermal‑hydraulic instability and is described in <Section 7.2.1> and <Appendix 15B>.


The OPRM System was installed for startup into Cycle 9 (May 2001).  Should the OPRMs become inoperable, Backup Stability Protection Guidelines (BSP) as described in <USAR 15B 4.4> will be implemented to comply with Technical Specification requirements.


Discussion


The least stable power/flow condition attainable under normal operating conditions (both reactor coolant system recirculation loops in operation) occurs at minimum flow and the highest achievable power level.  For all operating conditions, the least stable power/flow condition may correspond to operation with one or both recirculation loops not in operation.  The primary contributing factors to the stability performance with one or both recirculation loops not inservice are the power/flow ratio and the recirculation loop characteristics.  At natural circulation flow the highest power/flow ratio is achieved.  At forced circulation with one recirculation loop not in operation, the reactor core stability may be influenced by the inactive recirculation loop.  As core flow increases in SLO, the inactive loop forward flow decreases because the natural circulation driving head decreases with increasing core flow.  The reduced flow in the inactive loop reduces the resistance that the recirculation loops impose on reactor core flow perturbations thereby decreasing the stabilizing effect.  At the same time the increased core flow results in a lower power/flow ratio which is a stabilizing effect.  These two countering effects may result in smaller stability margin (higher decay ratio) initially as core flow is increased (from minimum) in SLO and then an increase in stability margin (lower decay ratio) as core flow is increased further and reverse flow in the inactive loop is established.


As core flow is increased further during SLO and substantial reverse flow is established in the inactive loop an increase in jet pump flow, core flow, and neutron flux noise is observed.  A cross flow is established in the annular downcomer region near the jet pump suction entrance caused by the reverse flow of the inactive recirculation loop.  This cross flow interacts with the jet pump suction flow of the active 


recirculation loop and increases the jet pump flow noise.  This effect increases the total core flow noise which tends to drive the neutron flux noise.


To determine if the increased noise was being caused by smaller stability margin as SLO core flow was increased, an evaluation was performed which phenomenologically accounts for single loop operation effects on stability (Reference 15F.8‑7).  Additionally, the cross flow established during reverse flow conditions was simulated analytically and shown to cause an increase in the individual and total jet pump flow noise, which is consistent with test data (Reference 15F.8‑7).  The results of these analyses and tests indicate that the stability characteristics for single loop operation are not significantly different than those for two loop operation.  At low core flows, SLO may be slightly less stable than two loop operation, but, as core flow is increased and reverse flow is established, the stability performance is similar.  At even higher core flows with substantial reverse flow in the inactive recirculation loop, the effects of cross flow on the flow noise results in an increase in system noise (jet pump, core flow and neutron flux noise).  These are consistent with observed behavior in stability tests at operating BWRs (Reference 15F.8‑8).


To provide assurance that acceptable plant performance is achieved during operation in the least stable region of the power/flow map, as well as during all plant maneuvering and operating states, the plant has in place the OPRM system, procedures and Technical Specifications.  The OPRM system is provided to detect the evidence of thermal‑hydraulic instability and respond appropriately (e.g., by scramming of control rods if specified conditions are met).  The OPRM system is described in <Section 7.2.1> and <Appendix 15B>.  Should the OPRM become unavailable, procedures and Technical Specifications provide actions to be taken which includes the BSP.  The stability BSP are also appropriate for operation in the single loop mode.


15F.5      LOSS‑OF‑COOLANT ACCIDENT ANALYSIS


Refer to <Appendix 15B> for a description of the LOCA analysis relative to single loop operation.


15F.6      CONTAINMENT RESPONSE ANALYSIS


A single loop operation containment analysis was performed for PNPP.  The peak wetwell pressure, peak drywell pressure, chugging loads, condensation oscillation, and pool swell containment response were evaluated over the entire single loop operation power/flow region.


The highest peak wetwell pressure during single loop operation occurred at the maximum power maximum flow condition.  The peak wetwell pressure decreased by about fifteen percent compared to the rated two loop operation pressure given in <Chapter 6>.  The peak drywell pressure evaluated at the worst power/flow condition during single loop operation was found to decrease by about 6 percent compared to the values given in <Section 6.2>.  The chugging loads, condensation oscillation download and pool swell velocity evaluated at the worst power/flow condition during single loop operation were also found to be bounded by the rated power analysis.


15F.7      MISCELLANEOUS IMPACT EVALUATION


15F.7.1      ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS) IMPACT EVALUATION


The principal difference between single loop operation (SLO) and normal two loop operation affecting Anticipated Transient Without Scram (ATWS) performance is that of initial reactor conditions.  The limiting ATWS events have been determined generically, based on part, on their relative severity, as described within the GE licensing topical report, Assessment of BWR Mitigation of ATWS (Reference 15F.8‑13).  For example, the report concluded that for ATWS events for a BWR‑6, the idle recirculation loop startup event is less severe than the recirculation flow controller failure with increasing flow event which in turn is less severe than the MSIV closure or turbine trip ATWS cases (a Perry specific MSIV closure case is analyzed in <Appendix 15C>).  PNPP specific event analysis within <Chapter 15> show the same relative severity.  Since the SLO initial power/flow condition is less than the rated condition used for the two loop ATWS analysis, the transient response is less severe and therefore, bounded by the two loop analyses.  All ATWS acceptance criteria are met during SLO.  Therefore, SLO is an acceptable mode of operation for ATWS considerations.


15F.7.2      FUEL MECHANICAL PERFORMANCE


The thermal and mechanical duty for the transients analyzed have been evaluated and found to be bounded by the fuel design bases.


It has been observed that due to the reverse flow established during SLO, both the Average Power Range Monitor (APRM) noise and core plate differential pressure noise are slightly increased.  Evaluations were performed to determine the acceptability of single loop operation on fuel rod and assembly thermal/mechanical performance.  Component pressure differential and fuel rod overpower values were determined for 


anticipated operational occurrences initiated from SLO conditions.  An


analysis has been carried out to show that the APRM fluctuation should not exceed a flux amplitude of (15% of rated and the core plate differential pressure fluctuation should not exceed 3.2 psi peak to peak to be consistent with the fuel rod and assembly design bases.  These values were found to be bounded by those applied in the fuel assembly design bases.  In addition, fuel rod performance was determined to be within the design basis and limits specified in (Reference 15F.8‑5).


15F.7.3      VESSEL INTERNALS VIBRATION


Maximum flow for two‑pump balanced operation is equal to rated volumetric core flow at normal reactor operating conditions.  Maximum flow for single recirculation pump operation is equal to the highest recirculation pump drive flow that is within acceptance criteria for reactor internals vibration, if not limited first by the runout capacity of a single operating recirculation pump.  The maximum drive flow for PNPP is 48,500 gpm (based on the vibration acceptance criteria).


The purpose of vibration monitoring is to confirm the structural integrity of major components in the reactor with respect to flow‑induced vibrations (FIVs) in accordance with requirements of Nuclear Regulatory Commission (NRC) <Regulatory Guide 1.20> for prototype plants.  <Regulatory Guide 1.20> states that “the level of cumulative fatigue damage should be identified.”  A simpler alternative to evaluating the cumulative fatigue damage is to show that the vibration stress amplitudes are below the endurance limit of the material.  This would indicate that the actual cumulative fatigue damage is zero.  This is done by comparing the measured vibration amplitudes (strain or displacement) against a set of acceptance criteria and showing that they are less than the criteria.  The acceptance criteria are basically a set of frequencies and corresponding allowable amplitudes (for each sensor) derived from an analytical model.  This ensures that the stresses everywhere are below the material allowable 


stress.  The structural integrity of components which exceed this simplified acceptance criteria can be demonstrated through evaluation of cumulative fatigue damage of the component undergoing FIV, as specified in <Regulatory Guide 1.20>.


The original report indicated that during two loop operation, all components met the simplified vibration acceptance criteria.  Various components were monitored during startup testing; including the core shroud, jet pumps, core spray lines, control rod and in‑core guide tubes.  Analysis in the original report used the simplified and conservative “absolute sum of all modal responses” method in developing the vibration criteria.  This method is known to be conservative in that the criteria are based on the assumption of vibration at a constant sustained maximum amplitude, whereas actual vibration amplitudes are generally random and seldom reach maximum recorded values. Components which satisfy this vibration acceptance criteria are expected to have an unlimited fatigue life, since the cyclic stress amplitudes are below the endurance limit.


Test results in the original report show that during SLO, all components met the simplified vibration acceptance criteria at drive flows up to 48,500 GPM, except for the in‑core guide tubes.  To allow operation at this flow rate, the fatigue usage of the in‑core guide tubes was evaluated using test data from the test point with the highest drive flow and thus the highest vibration amplitudes.


For components which exceed the simplified vibration criteria, the NRC <Regulatory Guide 1.20> specified cumulative fatigue analysis methodology can be used.  This method entails counting the number of stress cycles at a given stress level above the endurance limit.  The fatigue usage factor corresponding to that stress level and the number of cycles is then calculated.  The stress level is then increased and the fatigue usage factor is again calculated for the number of cycles corresponding to this second stress level.  This is done for all stress 


levels of interest.  Finally, the sum of the calculated usage factors is used as the cumulative usage factor for the period of interest.  A cumulative usage factor of 1 would indicate that crack initiation may occur in the component.


Using this cumulative usage factor method, it was found that the in‑core guide tubes would experience a fatigue usage factor of 0.11 for 1 year of operation in the single loop mode at 48,500 GPM (Reference 15F.8‑15).


The expected plant‑life fatigue usage for events other than single loop operation is 0.1.  This leaves a fatigue usage of 0.9 for SLO.  Thus;
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This evaluation indicates a fatigue life for the in‑core guide tubes of 8.18 years.  It can conservatively be concluded from these results that the in‑core guide tubes are structurally adequate to withstand flow‑induced vibrations caused by 8 years of single loop operation at a drive flow of 48,500 GPM.  All the other monitored reactor internal components have vibration stress amplitudes below the endurance limit at this flow condition (48,500 GPM) and thus are expected to have an unlimited fatigue life during SLO.  Based on these results the recirculation pump drive flow limit for SLO is 48,500 GPM.


Operation of the plant in the single loop mode at high drive flows has no impact on two loop operation, since the fatigue usage for other events was taken into account in the determination of the fatigue life of the in‑core guide tubes during SLO.
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<APPENDIX 15G>


CONTROL SYSTEM INTERACTIONS


15G      CONTROL SYSTEM INTERACTIONS


15G.1      INTRODUCTION AND SUMMARY


The analyses reported in <Chapter 15> of the USAR are intended to demonstrate the adequacy of safety systems to mitigate anticipated operational occurrences and accidents.  The <Chapter 15> analyses evaluated the worst failures of various system components.  However, <Chapter 15> did not specifically look at combinations of failures resulting from the possible additive effects of nonsafety systems, which could place the plant in a condition which has not been previously analyzed.  Therefore, to provide assurance that the conservative assumptions made in defining these design‑basis events result in adequate bounding of other, more fundamental credible failures, the following evaluation was performed.


This evaluation first identified those functions which are required in order to maintain the reactor in a safe condition.  These functions are:  reactivity, reactor vessel level, reactor system pressure, and decay heat removal.  Then all systems were identified (both safety and nonsafety) which are connected to and could significantly impact the required safety functions.


In order to identify the systems which impact reactor safety functions, a control volume of the reactor vessel was developed, showing all the systems which are connected to it.  Since PNPP has two safety‑related redundant trains powered by 1E qualified systems, only interactions between nonsafety and safety systems resulting from control or electrical failures in the nonsafety systems and propagating through the fluid process were considered.


If there appeared to be a system or combination of systems which could significantly impact the required safety functions, an investigation was made to determine whether any control or electrical dependencies existed


which could cause interactions among these systems and thereby affect their function.  Once the nonsafety‑related control system components were identified, locations were determined from plant layout drawings.  Components were then assigned to their respective environmental zones.  All equipment within a single zone was assumed failed and the impact on system alignments then determined.  The process was repeated for each environmental zone.


Potential system interactions were identified for further evaluation.  A plant walkdown was then performed to determine the location of high energy lines with respect to potentially affected components.  The results of the plant walkdown along with engineering analysis allowed determination of the consequences of each adverse condition.


15G.2      RESULTS


The following systems are Class 1E and did not require further evaluation for electrical or instrumentation control failures:



(1)
Automatic depressurization



(2)
Reactor core isolation cooling



(3)
Residual heat removal



(4)
High pressure core spray



(5)
Low pressure core spray



(6)
Control rod drive (scram portion)



(7)
Nuclear boiler instrumentation


For those systems with non‑Class 1E components, there is a spectrum of possible flow rates to and from the reactor vessel ranging from a few gpm for the sampling system to tens of thousands of gpm for the feedwater system.  The systems with the largest capacity will have the quickest and greatest potential impact on the required safety functions.  Each system was evaluated to determine whether the system capacity warranted further analysis.  The results of the evaluation are:



(1)
The standby liquid control system inserts negative reactivity into the core.  The insertion of negative reactivity is always a conservative step in an accident or transient analysis.  The SLC system cannot remove water; it is a manually initiated system which is strictly a backup to a redundant safety‑related system.  Its failure or malfunction will have no adverse impact on plant safety.



(2)
The control rod drive system is required to assure scram capability.  The components required to scram the reactor are redundant and Class 1E.  The control rod drive pumps are non‑1E and pump a relatively small quantity of fluid into the reactor compared with the feedwater system.  Any failure of the non‑1E portions will have no adverse impact on plant safety.



(3)
The reactor plant sampling system is a low capacity system which is manually controlled.  The system is automatically isolated by redundant Class 1E isolation valves.  There are no non‑1E failures associated with this system which could have an adverse impact on plant safety.



(4)
The reactor water cleanup system is a normally operating system with minimal capacity compared to the feedwater system.  The system is automatically isolated by redundant Class 1E




isolation valves on low reactor water level.  The failure or malfunction of non‑1E portions of this system will not seriously impact plant safety.



(5)
The head vent system valves are manually operated.  Valve position is not affected by a bus failure.


The conservatisms in the design of the safety‑related systems are adequate to absorb the small system effects from the above systems.  The systems remaining to be evaluated are:



(1)
Recirculation



(2)
Feedwater (including extraction steam)



(3)
Main steam



(4)
Turbine bypass (condenser vacuum)


These systems or their equivalents are the same ones which potentially cause problems in PWR’s.  Because of their large capacities, these systems, along with the subsystems which control them, are the key non‑1E systems which affect plant safety.


During the evaluation, it became clear that the control features of the systems were the key to system interactions.  The following control systems are the key contributors and have been evaluated extensively:



(1)
Recirculation valve flow control system



(2)
Steam bypass and pressure regulator system



(3)
Turbine driven feedwater pump control system



(4)
Extraction steam valve control system


The following adverse system alignments and operating states were analyzed for conditions which could result in a transient not analyzed in USAR <Chapter 15> analyses, i.e., any effect of these systems on the capability to maintain control of reactivity, reactor vessel water level, reactor system pressure, and decay heat removal.


Adverse Condition No. 1


Failure of 13.8 kV Bus L‑10, 1R22S001.


EVALUATION:  Loss of this bus could potentially cause a main turbine trip due to the loss of circulating water pump C and its subsequent effect on condenser vacuum.  This main turbine trip, without additional complications, is bounded by the <Chapter 15> load rejection analysis.


Adverse Condition No. 2


Failure of 13.8 kV Bus L11, 1R22S002, affects the following:



Recirculation Pump ‑ Trip



Feedwater Pumps ‑ Trip



Feedwater Booster Pumps ‑ Trip


The postulated scenario, inadvertent recirculation pump trip and concurrent reduced feedwater flow, is bounded by USAR <Chapter 15> analysis.  Normal water level will decrease to Level 3 at which time scram will be initiated.  After that, RCIC and HPCS will maintain water level.


Loss of this bus causes coast down of recirculation pump A and main turbine trip on low condenser vacuum due to loss of offgas refrigerators and circulation pump A.  Since partial loss of recirculation flow would


immediately start reducing reactor power, an immediate or delayed turbine trip would produce an equal or less severe transient than the load rejection event of <Chapter 15>.  Therefore, this event is bounded.


Adverse Condition No. 3


Failure of 13.8 kV Bus L12, 1R22S003, affects the following:



Recirculation Pump ‑ Trip



Recirculation Valves ‑ Lock in place



Feedwater Pumps ‑ Trip



Feedwater Booster Pumps ‑ Trip



Extraction Steam ‑ Valves Close


EVALUATION:  Loss of this bus or associated lower busses will produce some or all of the following effects:  Immediate main turbine trip and reduction in feedwater temperature, reduction in feedwater flow, recirculation flow decrease.  Of these, the only effect capable of causing a new positive reactivity insertion is the loss of feedwater heating.


Failure of Bus 1R25S012, ancillary to Bus 1R22S003, results in simultaneous main turbine trip and start of feedwater temperature reduction.  This event, immediate main turbine trip with start of feedwater temperature reduction, does not result in consequences more severe than the load rejection transient event of <Chapter 15>.  Therefore, this event is bounded.


Adverse Condition No. 4


Failure of 480V Bus F‑1‑D, 1R23S004, affects the following:



Feedwater Pumps ‑ Trip



Recirculation Valves ‑ Lock in place



Extraction Steam Valves ‑ Fail closed


EVALUATION:  There is no reactivity addition since there is no feedwater flow and recirculation flow remains constant.  The transient is covered by <Chapter 15> analysis.


Adverse Condition No. 5


Failure of the Unit Auxiliary Transformer, 1S11S003, affects the following:



Feedwater Pumps ‑ Trip



Extraction Steam Valves ‑ Closed



Recirculation Valves ‑ Lock in place



Recirculation Pumps ‑ Trip


EVALUATION:  In this state, the known failure mode of the extraction steam valves causes an increase in reactivity as a result of colder feedwater.  If the feedwater pump flow increases and/or recirculation flow increases, we have a transient not analyzed in <Chapter 15>.


However, the failure of this bus also trips the steam supply valves to one of the feedwater pumps and trips the feedwater booster pumps.  The net result is a loss of feedwater which means that the net adverse alignment, assuming the least favorable results, is an increase in recirculation flow, except that a recirculation pump also trips.  The postulated scenario, inadvertent recirculation pump trip and concurrent reduced feedwater flow, is bounded by USAR <Chapter 15> analysis.  Normal water level will decrease to Level 3 at which time scram will be initiated.  After that, HPCS will maintain water level (RCIC is also available but not required).


Adverse Condition No. 6


Failure of 480V Distribution Panel F1D12, 1R25S004, affects the following:



Recirculation Valves ‑ Lock in place



Extraction Steam Valves ‑ Closed


EVALUATION:  There is some reactivity addition from colder feedwater, but this addition is less severe than the reactivity addition analyzed in <Chapter 15>.


Adverse Condition No. 7


Failure of Control Complex 120 Vac Miscellaneous Distribution Panel K‑1‑R, 1R25S122, affects the following:



Recirculation Valves ‑ Lock in place



Extraction Steam Valves ‑ Closed


EVALUATION:  There is some reactivity addition from colder feedwater, but this addition is less severe than the reactivity addition analyzed in <Chapter 15>.


Adverse Condition No. 8


Failure of Static Transfer Switch, 1R14S008, or station normal 125V, Battery 1A, 1R42S001, or 125V DC Bus D‑1‑A, 1R42S021, affects the following:



Turbine Bypass Valves ‑ No effect



Feedwater Pumps ‑ Increase flow


EVALUATION:  Loss of this bus will result in an increase in feedwater flow and subsequent Level 8 trip causing main turbine trip.  This event is similar to and bounded by the feedwater runout event analyzed in <Chapter 15>.


Adverse Condition No. 9


Pipe break at Environmental Zone CT2(1) could affect the following:


INSTRUMENT
__PANEL__

_BUILDING_
ELEVATION
COORDINATES


1B33N001A(2)
1H22‑P025
Containment
620
C1/12


1B33N001B(2)
1H22‑P041
Containment
620
C1/17


1C34N003B(3)
1H22‑P025
Containment
620
C1/12


1C34N003D(3)
1H22‑P041
Containment
620
C1/17


NOTES:


(1) HIGH ENERGY LINE


_BUILDING_
ELEVATION
COORDINATES


   C11‑Control Rod Hydraulic
Containment
630
C1/11


   System


   C41‑Standby Liquid Control
Containment
602
C1/17


(2) Recirculation Valves ‑ Failure mode unknown.


(3) Feedwater Pumps ‑ Failure mode unknown.


All of the above instruments and high energy lines are located between the drywell and the reactor building wall.  Exact locations may be identified by referencing <Figure 3.6‑4>, <Figure 3.6‑6>, <Figure 3.6‑12>, and <Figure 3.6‑14> of the USAR.


EVALUATION:  Instruments 1B33N011B and 1C34N003D are located in Panel 1H22P041 between the drywell and containment wall on Level 620’.  The remaining two instruments are in Panel 1H22‑P025 on the same level.  


The only high energy piping in the vicinity of these panels are the control rod drive hydraulics.


High energy lines between the drywell and reactor building wall are restrained from whipping by pipe restraints.  Therefore, we may eliminate the effects of whipping pipe <Section 3.6>.  The control rod drive piping does not carry high temperature water so we can neglect increases in temperature in the area of these transmitters.  Therefore, a postulated CRD line break would not affect the operability of the instruments in this area.


Adverse Condition No. 10


Pipe break in the Heater Bay(1) could affect the following:


INSTRUMENT
  PANEL  

 BUILDING 

 ELEVATION
COORDINATES


1N27N156A(2)
1H51P1147
Heater Bay
600
B/01


1N27N156B(2)
1H51P098
Heater Bay
620
C/02


1N27N087A(2)
1H51P098
Heater Bay
620
C/02


1N27N087B(2)
1H51P098
Heater Bay
620
C/02


1N25N263A(3)
Heater 6A
Heater Bay
600
D/03


1N25N263B(3)
Heater 6B
Heater Bay
600
D/03


1N25N303A(3)
Heater 5A
Heater Bay
600
D/02


1N25N303B(3)
Heater 5B
Heater Bay
600
D/02


1N36N030A(3)
1H51P1305
Heater Bay
620
B/01


1N36N030B(3)
1H51P1330
Heater Bay
620
B/01


1N36N030C(3)
1H51P1330
Heater Bay
620
B/01


1N26N153A
Heater 3A
Heater Bay
647
D/03


1N26N153B
Heater 3B
Heater Bay
647
D/04


1N21N339
Heater 4
Heater Bay
580
C/02


NOTES:


(1) HEATER BAY HIGH ENERGY LINES

ELEVATION


   N22 Main, reheat extraction and


   misc. drains




580, 600, 620, 647


   N25 H.P. Htr. drain and vent

580, 600, 620


   N27 Feedwater system



580, 600, 620, 647


   N33 Steam seal system



600, 620, 647


   N36 Extraction steam system

600, 620, 647


   N11 Main steam system



620, 647


   P61 Auxiliary steam system


580, 600, 620, 647


   N21 Condensate system



600, 620, 647


(2) Feedwater Pumps ‑ Fail as is.


(3) Extraction Steam Valves ‑ Fail closed.


Refer to plant layout drawings, <Figure 1.2‑4> and <Figure 1.2‑5>, for the Heater Bay layout.


EVALUATION:  It was determined that the only high energy lines located in the vicinity of these instruments were feedwater lines.  Instruments 1N25N263A(B) and 1N25N303A(B) are isolated from the other instruments by a concrete wall.  Instrument 1N27N156A is also isolated from the other instruments by walls.


Therefore, that leaves only the remaining instruments that could cause multiple failures.  Instruments 1N27N156B and 1N27N087A(B), which are located in Panel H51‑P098, are located approximately forty feet from Panel H51‑P1330 which contains 1N36N030A, B and C.  Failure of 1N36N030A, B and C will cause a main turbine trip at the same time the extraction steam valves go closed.  Feedwater pumps would fail as is; this would not increase flow to the reactor.


This event is bounded by <Chapter 15> analysis.


Adverse Condition No. 11


Pipe break at Environmental Zone TB1 could affect the following:


INSTRUMENT
__PANEL__

_BUILDING(1)
ELEVATION
COORDINATES



1R25S002
TP
620
A/04



1R42S022
TP
620
C/06



1R11S004
TP
620
B/04



1R11S005
TP
620
B/02



1R14S008
TP
620
B/06



1R22S002
TP
620
A/04



1R22S003
TP
620
A/04



1R22S004
TP
647
A/05



1R22S005
TP
647
A/04



1R23S004
TP
647
B/06



1R23S006
TP
647
B/06



1R22S016
TP
620
A/03



1R23S017
TP
647
A/05



1R23S003
TP
647
B/05



1R24S034
TP
620
B/06



1R42S017
TP
620
C/06



1R42S021
TP
620
C/06



1R42S023
TP
620
C/07


1C85N001A

TB
593
E/16


1C85N001B

TB
593
E/16


1C85N002A
1H51P187
TB
647
G/08


1C85N002B
1H51P187
TB
647
G/08


1C85N002C
1H51P187
TB
647
G/08


NOTE:


(1)
TP
‑
Turbine Power Complex



TB
‑
Turbine Building


Refer to plant layout drawings, <Figure 1.2‑5> and <Figure 1.2‑6>.


EVALUATION:  The R‑system components are located in the Turbine Power Complex, which does not contain any high energy lines.  Therefore, the possibility of multiple failures due to a high energy line break does not exist.


15G.3      CONCLUSION


The failures of power sources, sensors or sensor impulse lines which provide power or signals to two or more control systems will not result in consequences outside the bounds of the <Chapter 15> analyses or beyond the capability of operators or safety systems to mitigate those consequences.


Multiple control system malfunctions, due to harsh environment caused by a high energy line break, do not result in consequences more severe than those analyzed in <Chapter 15> nor, are they beyond the capability of operators or safety systems to mitigate those consequences.
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15H      STATION BLACKOUT (SBO)


The Perry specific SBO assessment which conforms to the requirements of <10 CFR 50.63> and <Regulatory Guide 1.155> follows.


15H.1      BACKGROUND


Due to power uprate to 3,758 MWt, Station Blackout was re‑evaluated using the guidelines of NUMARC 87‑00.  The plant response and coping capabilities for a Station Blackout event are affected slightly by operation at the uprated power level due to the increase in decay heat.  There are no changes to the systems and equipment used to respond to the SBO, nor is the required coping time changed.  <Table 15H‑1> reflects the uprate analysis.


The term “Station Blackout” refers to the complete loss of alternating current (AC) electric power to the essential and nonessential switchgear buses.  Station Blackout therefore, involves the loss of offsite power concurrent with a turbine trip and failure of the onsite emergency AC power system, but not the loss of AC power to buses fed from plant batteries through inverters or from the loss of power from “alternate AC sources.”  Because many safety systems required for decay heat removal and containment heat removal are dependent upon AC power, the consequences of a SBO could be severe.


The concern about SBO arose because of the accumulated experience regarding the reliability of AC power supplies.  Many plants have experienced loss of offsite power events, but in almost every case, the onsite emergency AC power system was available to immediately supply power to safety equipment.  However, in some cases, either some or all of the emergency AC power supplies were not available.   It should be noted that during these loss of all AC power events, power was restored 


in a short time without any serious consequences.  In addition, there have been numerous instances when emergency diesel generators have failed to start and run in response to tests conducted at various operating nuclear plants.


The results of the Reactor Safety Study (Reference 1) showed that SBO could be an important contributor to the total risk from nuclear power plant accidents.  Though this total risk is small, the relative importance of SBO was established.  The accumulated diesel generator failure experience increased the concern about SBO.


Given the above, the NRC conducted an analysis of the SBO issue.  The results of the NRC analyses are contained in (Reference 2) (Reference 3) (Reference 4) (Reference 5) (Reference 6) (Reference 7).  In summary, the analyses show that SBO does not pose an undue risk to public health and safety.  The findings show that recovery from the event occurs in the most part in less than 4 hours, diesel generator reliability is high, and that given a SBO, core damage is more dependent upon decay heat removal systems that are not AC‑dependent.  However, plant design and operational characteristics plus site‑dependent factors (e.g., weather conditions) introduce a variability that warrants a need for plant specific analyses to provide greater assurance that core cooling can be maintained until power is restored.  Thus, the NRC amended <10 CFR 50> to incorporate <10 CFR 50.63>.


<10 CFR 50.63> requires all nuclear power plants to be capable of coping with a SBO for some specified time period.  The specific period of time for a plant is based on a comparison of the individual plant’s design with factors that have been identified as the main contributors to the risk of core damage should a SBO event occur.


On the basis of the SBO studies referenced above and the rule, the NRC issued <Regulatory Guide 1.155>, “Station Blackout,” to provide guidance on an acceptable method of compliance.  The regulatory guide provides 


guidance on selecting the appropriate SBO duration, which a plant need be capable of surviving without core damage, on maintaining a high level of diesel generator reliability, and on developing procedures to restore both onsite and offsite AC power should one or both become unavailable.


As part of <10 CFR 50.63>, licensees were required to submit to the NRC a proposed SBO duration, a description of SBO procedures, and a list of equipment and procedure modifications necessary to satisfy the rule.  The rule further stated that once the information had been received, the NRC would notify the licensee as to the adequacy of the information with respect to compliance with the rule.  (Reference 8) (Reference 9) (Reference 10) and (Reference 12) contain the Perry response to the SBO rule.  The NRC’s review and acceptance of the Perry response is contained in the NRC’s Safety Evaluation  and Supplemental Safety Evaluation, (Reference 11) and (Reference 13), respectively.


15H.2      ASSESSMENT


<Regulatory Guide 1.155>, “Station Blackout”, provides the guidance the NRC finds acceptable for satisfying the requirements of <10 CFR 50.63.>  The major items addressed by the regulatory guide are:


‑
determination of the facility’s “coping” period,


‑
evaluation of the facility’s capability to cope with an event,


‑
guidance for facility modifications necessary to enable the facility to cope with an event,


‑
evaluation on the need for developing procedures to permit personnel to respond and recover from an event, and


‑
guidance for quality assurance activities on nonsafety‑related equipment that may be used for coping with the event.


<10 CFR 50.63> requires each licensee to determine the duration of time a facility might be subjected to a SBO.  The term for this period is 


called the “coping” duration.  The determination of the coping duration involves consideration of a wide variety of factors that are unique to each nuclear facility.  The major factors are:


‑
redundancy of the onsite emergency AC power system,


‑
the reliability of each of the onsite emergency AC power sources,


‑
the expected frequency of loss of offsite power, and 


‑
the probable time needed to restore offsite power.


The coping duration analysis methodology is a five step process.  The five steps are:


‑
Step 1:
Determine the offsite power design characteristics.


‑
Step 2:
Classify the onsite emergency AC power supply system configuration.


‑
Step 3:
Determine the calculated diesel generator reliability.


‑
Step 4:
Determine the target diesel generator reliability.


‑
Step 5:
Determine the coping duration.


Once all five steps have been completed, the coping time of a facility will be known.


After the coping time is known, an evaluation of the facility will be prepared to determine the facility’s capability to withstand and recover from a SBO.  The major factors that need to be reviewed are:


‑
use of an alternate AC power source,


‑
sufficient condensate inventory available for decay heat removal,


‑
capacity of Class 1E batteries to support safe shutdown equipment,


‑
compressed air for air‑operated valves needed for safe shutdown,


‑
ventilation systems in areas needed to support safe shutdown equipment,


‑
ability to maintain the appropriate level of containment integrity, and


‑
ability to maintain adequate reactor coolant inventory.


Based upon the coping duration analysis and the evaluation of capability to cope with the SBO event, the facility may need to be modified.  The regulatory guide provides guidance for some of the modifications that could be expected to be performed by a facility in order to better cope with a SBO event.


The regulatory guide notes that procedures should be developed which provide the guidance necessary for plant personnel to respond to and recover from a SBO event.


The regulatory guide also provides guidance on quality assurance activities for nonsafety‑related equipment that a facility may need to use to cope with the SBO event.


15H.2.1      SBO COPING DURATION ANALYSIS


15H.2.1.1      Coping Duration Analysis Step 1


Step 1 of the methodology is a five part process which uses plant unique inputs to determine the offsite power design characteristics.  The five parts of this step with the PNPP inputs follows.


Part 1
Determine the site susceptibility to grid‑related loss of offsite power events.




PNPP is not expected to lose off‑site power more often than once per 20 years.  This is based upon the known reliability of the 345 KV grid.


Part 2
Estimate the frequency of loss of offsite power due to extremely severe weather.




The regulatory guide defines extremely severe weather as storms with wind velocities equal to or greater than 125 miles per hour.  The methodology is divided into five Extremely Severe Weather groups, each based upon a probability of experiencing this type of weather condition.  PNPP site specific data supports a probability factor of less than 0.000001 (Reference 14).  Applying this data to the methodology, PNPP is within Extremely Severe Weather Group 1.


Part 3
Estimate the frequency of loss of offsite power due to severe weather.




The regulatory guide uses four factors to determine which of two Severe Weather groups a facility falls in.  The four factors are:  annual expected snowfall, annual expectation of tornadoes, annual expectation of storms with wind velocities between 75 and 124 MPH, and annual expectations of hurricanes.  The annual snowfall for the vicinity of PNPP is 56.8 inches <Section 2.3.1.1.4>.  The expectation of a tornado is 0.000165 <Section 2.3.1.2.2>.  The expectation of storms with wind velocities between 75 and 124 mph is 0.01 (Reference 14).  The expectation for a hurricane is 0.0.  Using these values, PNPP is within Severe Weather Group 2.


Part 4
Evaluate the independence of offsite power systems.




The response to Part 4 is based upon the actual configuration of the facility’s tie‑in with offsite power and its use of offsite power.  The PNPP configuration is classified as I 1/2.


Part 5
Determine the offsite AC power design characteristic group.




Based upon the responses from the first four parts, PNPP is considered an Offsite Power Group P1.


15H.2.1.2      Coping Duration Analysis Step 2


Step 2 of the methodology is a three part process which is used to classify the emergency AC power configuration.  The three parts of this step with PNPP specific inputs follows.


Part 1
Determine the number of emergency AC power supplies not credited as alternate AC power sources.




PNPP has two dedicated diesel generators, Division 1 diesel generator and Division 2 diesel generator.


Part 2
Identify the smallest number of emergency AC power sources necessary for safe shutdown.




For PNPP, only one divisional diesel generator is necessary to operate safe shutdown equipment.  Either division has the capability to achieve and maintain the facility in a safe shutdown condition.


Part 3
Select the Emergency AC Power configuration.




Based upon the inputs from Parts 1 and 2, PNPP is in Emergency AC Power Configuration Group C.


15H.2.1.3      Coping Duration Analysis Step 3


Step 3 of the methodology is the determination of the calculated diesel generator reliability.  The regulatory guide requires the diesel 


generator reliability data be based upon the last 20, 50, and 100 demands and on the methodology contained in (Reference 15).  The results for Perry ending October 1993 are as follows:


                               Unit Average


                             Last 20      100%


                             Last 50      100%


                             Last 100      99%


15H.2.1.4      Coping Duration Analysis Step 4


Step 4 of the methodology is the determination of the target diesel generator reliability.  Given the configuration group determined in Step 2 and the calculated reliability numbers from Step 3, the target reliability number for PNPP is 0.95.


PNPP has committed to maintaining the target reliability number of 0.95 as documented in (Reference 10), (Reference 12), and (Reference 13), respectively.


15H.2.1.5      Coping Duration Analysis Step 5


Step 5 of the methodology is the determination of the coping duration.  Based upon the inputs from Steps 1 through 4, the coping duration for PNPP is 4 hours.  This duration was approved by the NRC as detailed in (Reference 12) and (Reference 13).


The PNPP SBO strategy is to remove decay heat from the fuel by providing makeup water from the High Pressure Core Spray (HPCS) system and transferring the heat through the SRVs to the suppression pool.  The HPCS system will be powered by the Division 3 (HPCS) diesel generator.  The condensate storage tank will be the primary source of makeup water.  


A dump of the upper containment pools will be used to moderate suppression pool temperatures.  Refer to <Table 15H‑1> for the SBO sequence of events.


The HPCS system will provide the means of decay heat removal.  The HPCS pump and its supporting components will be powered by the Division 3 (HPCS) Diesel Generator.  Additionally, the Division 3 diesel generator has enough excess capacity to power other components during a SBO event.  To accomplish this, a manual cross‑tie exists between the Division 2, and the Division 3 switchgears.  During normal plant operations, physical and electrical separation of the two divisions will be maintained through design features of the cross‑tie.  If a SBO event should occur, plant operator will manually perform the cross‑tie.  Although the NRC did not consider the HPCS diesel generator to fully satisfy the strict definition of an Alternate AC (AAC) power source, the NRC has evaluated the use of the HPCS diesel generator in the PNPP coping analysis as acceptable (Reference 11) (Reference 12).


The condensate inventory required for decay heat removal from the fuel and to makeup for reactor coolant leakage (a requirement of the regulatory guide) for a SBO event is less than 150,000 gallons.  The condensate storage tank maintains a minimum of 150,000 gallons dedicated for HPCS/RCIC use.  This is based upon the suction source of other systems which draw from the tank being at levels above the region dedicated for HPCS/RCIC use.  Additionally, approximately 1,000,000 gallons of recyclable water is available in the suppression pool and in the upper containment pools for use if needed.  Therefore, there is sufficient condensate water to cope with and recover from a SBO (Reference 11) (Reference 13).


The PNPP Class 1E battery system is capable of supporting the necessary SBO loads for 4 hours.  The class 1E system is comprised of four separate battery subsystems.  Two of the subsystems are associated with Unit 1, one for Division 1 and one for Division 2.  Similarly, Unit 2 


has the same battery configuration. The Unit 2 batteries have been put into service to support Unit 1 operations.  A maintenance cross‑tie exists between the divisional Unit 1 and Unit 2 batteries.  This cross‑tie provides the 4 hour battery capacity.  No Unit 1 load shedding was assumed in determining the capability to supply DC power to necessary loads during the 4 hour duration of the SBO event.


No air‑operated valves, other than safety/relief valves (SRVs) are relied upon during the 4 hour duration of the SBO event when using the HPCS System.  The SRVs will operate either on spring pressure for overpressure protection, or by manual operation by using air stored in the safety‑related air system.  Compressed air is also required for the operation of the Automatic Depressurization System (ADS) valves.  Each ADS valve is equipped with an air accumulator, which is capable of opening and holding the valves open against the maximum drywell pressure.  The accumulator capacity is sufficient to provide two actuations of each ADS valve against 70% of the maximum drywell pressure.


Loss of ventilation during the 4 hour duration of the SBO event will not cause temperature increases which impact the habitability and equipment qualification criteria in the areas containing equipment necessary for SBO.


The containment isolation valves which do not close as a result of the initiation of the SBO event and that must be either closed or operated (cycled) during the event can be properly positioned.  The cross‑tie between Division 2 and Division 3 will provide the necessary power to perform this function.  Refer to <Table 15H‑2> for a listing of these valves.


The HPCS System powered by the Division 3 diesel generator will maintain adequate reactor coolant inventory to ensure the reactor core is covered during the coping period.  The reactor coolant inventory evaluation 


includes a 18 gpm per Reactor Recirculation Pump seal leakage factor.  Consideration of this factor is a requirement of the regulatory guide.


15H.2.3      SBO PROCEDURES


Procedures have been implemented which provide the necessary guidance for site personnel to be able to respond to severe weather conditions, to respond to a SBO event, and to restore AC power if lost.


15H.2.4      SBO MODIFICATIONS


Two modifications were implemented as a result of the SBO analysis.  The first is the cross‑tie between the Division 2 and Division 3 switchgear described in <Appendix 15H.2.2>.  The second is the installation of battery powered lights at locations which would facilitate in‑plant operator actions.


15H.2.5      NRC REVIEW


As stated in <Appendix 15H.1>, the NRC reviewed the Perry SBO analysis and concluded that the Perry analysis is in compliance with the SBO rule.
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TABLE 15H‑1


STATION BLACKOUT SEQUENCE OF EVENTS


Time


Event


0 sec

Initial Conditions: USAR <Table 15.0‑1>.





Loss of All AC Transmission Lines, Plant Undervoltage Relays Initiate Diesel Starts for Division 1, Division 2, and Division 3.


10 sec

Division 1 and Division 2 Diesels Fail to Reach Design Conditions.


13 sec

Division 3 Diesel at Design Conditions, Division 3 (HPCS) AC Power Available.


36 sec

HPCS Initiates on Level 2.


28 min

Manual Depressurization, Suppression Pool at 120(F.


133 min

Suppression Pool at 180(F, Upper Pool Dumped to Suppression Pool.


137.5 min

Condensate Storage Tank Volume Depleted, HPCS Pump Suction Transferred to Suppression Pool.


142 min

Upper Pool Dump Completed, Suppression Pool at 165(F.


240 min

Suppression Pool at 184.6(F.





Division 1 or Division 2 AC Power Restored.  Normal Decay Heat Removal and Suppression Pool Cooling Established.


TABLE 15H‑2


CONTAINMENT ISOLATION VALVES THAT NEED ALTERNATE AC POWER


TO FUNCTION DURING A STATION BLACKOUT EVENT(1)

1G61‑F075

1P11‑F090

1G50‑F272


1E51‑F063

1G33‑F001


1B21‑F016


1G61‑F165

1G41‑F140


NOTE


(1)
This listing is based upon a SBO occurring with the plant in a normal, full power configuration.
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3.2‑69
12



3.2‑70
12



3.2‑71
12



3.2‑72
12



3.2‑73
12



3.2‑74
12



3.2‑75
12



3.2‑76
12



3.3‑1
12



3.3‑2
12



3.3‑3
12



3.3‑4
14



3.3‑5
14



3.3‑6
12



3.3‑7
12



3.3‑8
12



3.4‑1
12



3.4‑2
12



3.4‑3
12



3.4‑4
14



3.5‑1
12



3.5‑2
12



3.5‑3
12



3.5‑4
12



3.5‑5
12



3.5‑6
12



3.5‑7
12



3.5‑8
12



3.5‑9
12



3.5‑10
12



3.5‑11
13



3.5‑12
12



3.5‑13
12



3.5‑14
12



3.5‑15
12



3.5‑16
12



3.5‑17
12



3.5‑18
12



3.5‑19
12



3.5‑20
12



3.5‑21
12



3.5‑22
12



3.5‑23
13



3.5‑24
12



3.5‑25
12



3.5‑26
12



3.5‑27
12



3.5‑28
12



3.5‑29
12



3.5‑30
14



3.5‑31
12



3.5‑32
12



3.5‑33
12



3.5‑34
12



3.5‑35
12



3.5‑36
14



3.5‑37
12



3.5‑38
12



3.6‑1
12



3.6‑2
12



3.6‑3
12



3.6‑4
14



3.6‑5
12



3.6‑6
12



3.6‑7
14



3.6‑8
17


3.6‑9
12



3.6‑10
12



3.6‑11
12



3.6‑12
12



3.6‑13
12



3.6‑14
12



3.6‑15
12



3.6‑16
12



3.6‑17
12



3.6‑18
12



3.6‑19
12



3.6‑20
12



3.6‑21
12



3.6‑22
12



3.6‑23
12



3.6‑24
12



3.6‑25
14



3.6‑25a
14



3.6‑26
12



3.6‑27
12



3.6‑28
12



3.6‑29
12



3.6‑30
12



3.6‑31
12



3.6‑32
12



3.6‑33
12



3.6‑34
12



3.6‑35
12



3.6‑36
12



3.6‑37
12



3.6‑38
12



3.6‑39
12



3.6‑40
12



3.6‑41
12



3.6‑42
12



3.6‑43
12



3.6‑44
12



3.6‑45
12



3.6‑46
12



3.6‑47
12



3.6‑48
12



3.6‑49
12



3.6‑50
12



3.6‑51
12



3.6‑52
12



3.6‑53
12



3.6‑54
12



3.6‑55
12



3.6‑56
12



3.6‑57
12



3.6‑58
12



3.6‑59
12



3.6‑60
12



3.6‑61
12



3.6‑62
14



3.6‑63
13



3.6‑64
13



3.6‑65
14



3.6‑66
12



3.6‑67
12



3.6‑68
12



3.6‑69
12



3.6‑70
12



3.6‑71
12



3.6‑72
12



3.6‑73
12



3.6‑74
12



3.6‑75
12



3.6‑76
12



3.6‑77
12



3.6‑78
12



3.6‑79
12



3.6‑80
12



3.6‑81
12



3.6‑82
12



3.6‑83
12



3.6‑84
12



3.6‑85
12



3.6‑86
12



3.6‑87
12



3.6‑88
12



3.6‑89
12



3.6‑90
12



3.6‑91
12



3.6‑92
12



3.6‑93
12



3.6‑94
12



3.6‑95
12



3.6‑96
12



3.6‑97
12



3.6‑98
12



3.6‑99
12



3.6‑100
12



3.6‑101
12



3.6‑102
12



3.6‑103
12



3.6‑104
12



3.6‑105
12



3.6‑106
12



3.6‑107
12



3.6‑108
12



3.6‑109
12



3.6‑110
12



3.6‑111
12



3.6‑112
12



3.7‑1
12



3.7‑2
12



3.7‑3
12



3.7‑4
12



3.7‑5
12



3.7‑6
12



3.7‑7
12



3.7‑8
12



3.7‑9
12



3.7‑10
12



3.7‑11
12



3.7‑12
12



3.7‑13
12



3.7‑14
12



3.7‑15
12



3.7‑16
12



3.7‑17
12



3.7‑18
12



3.7‑19
12



3.7‑20
12



3.7‑21
12



3.7‑22
12



3.7‑23
12



3.7‑24
12



3.7‑25
12



3.7‑26
12



3.7‑27
12



3.7‑28
12



3.7‑29
12



3.7‑30
12



3.7‑31
12



3.7‑32
12



3.7‑33
12



3.7‑34
12



3.7‑35
12



3.7‑36
12



3.7‑37
12



3.7‑38
12



3.7‑39
12



3.7‑40
12



3.7‑41
12



3.7‑42
12



3.7‑43
12



3.7‑44
12



3.7‑45
12



3.7‑46
12



3.7‑47
12



3.7‑48
12



3.7‑49
12



3.7‑50
12



3.7‑51
12



3.7‑52
12



3.7‑53
12



3.7‑54
12



3.7‑55
12



3.7‑56
12



3.7‑57
12



3.7‑58
16


3.7‑59
12



3.7‑60
12



3.7‑61
12



3.7‑62
12



3.7‑63
12



3.7‑64
12



3.7‑65
12



3.7‑66
12



3.7‑67
12



3.7‑68
12



3.7‑69
12



3.7‑70
12



3.7‑71
12



3.7‑72
12



3.7‑73
12



3.7‑74
12


Volume 7



3.8‑1
12



3.8‑2
12



3.8‑3
12



3.8‑4
12



3.8‑5
12



3.8‑6
12



3.8‑7
12



3.8‑8
12



3.8‑9
12



3.8‑10
12



3.8‑11
12



3.8‑12
12



3.8‑13
12



3.8‑14
12



3.8‑15
12



3.8‑16
12



3.8‑17
12



3.8‑18
12



3.8‑19
12



3.8‑20
12



3.8‑21
12



3.8‑22
12



3.8‑23
12



3.8‑24
12



3.8‑25
12



3.8‑26
12



3.8‑27
12



3.8‑28
12



3.8‑29
12



3.8‑30
12



3.8‑31
12



3.8‑32
12



3.8‑33
12



3.8‑34
12



3.8‑35
12



3.8‑36
12



3.8‑37
12



3.8‑38
12



3.8‑39
12



3.8‑40
12



3.8‑41
13



3.8‑42
15


3.8‑43
13



3.8‑44
13



3.8‑45
12



3.8‑46
12



3.8‑47
12



3.8‑48
12



3.8‑49
15


3.8‑50
12



3.8‑51
12



3.8‑52
12



3.8‑53
12



3.8‑54
12



3.8‑55
12



3.8‑56
12



3.8‑57
12



3.8‑58
12



3.8‑59
12



3.8‑60
12



3.8‑61
12



3.8‑62
12



3.8‑63
12



3.8‑64
12



3.8‑65
12



3.8‑66
12



3.8‑67
12



3.8‑68
12



3.8‑69
12



3.8‑70
12



3.8‑71
12



3.8‑72
12



3.8‑73
12



3.8‑74
12



3.8‑75
12



3.8‑76
12



3.8‑77
12



3.8‑78
12



3.8‑79
12



3.8‑80
12



3.8‑81
12



3.8‑82
12



3.8‑83
12



3.8‑84
12



3.8‑85
12



3.8‑86
12



3.8‑87
12



3.8‑88
12



3.8‑89
12



3.8‑90
12



3.8‑91
12



3.8‑92
12



3.8‑93
12



3.8‑94
12



3.8‑95
12



3.8‑96
12



3.8‑97
12



3.8‑98
12



3.8‑99
12



3.8‑100
12



3.8‑101
12



3.8‑102
12



3.8‑103
12



3.8‑104
12



3.8‑105
12



3.8‑106
12



3.8‑107
14



3.8‑108
14



3.8-108a
14



3.8‑109
14



3.8‑110
12



3.8‑111
12



3.8‑112
12



3.8‑113
12



3.8‑114
12



3.8‑115
12



3.8‑116
12



3.8‑117
12



3.8‑118
12



3.8‑119
12



3.8‑120
12



3.8‑121
12



3.8‑122
12



3.8‑123
12



3.8‑124
12



3.8‑125
12



3.8‑126
12



3.8‑127
12



3.8‑128
12



3.8‑129
12



3.8‑130
12



3.8‑131
12



3.8‑132
12



3.8‑133
12



3.8‑134
12



3.8‑135
12



3.8‑136
12



3.8‑137
12



3.8‑138
12



3.8‑139
12



3.8‑140
12



3.8‑141
12



3.8‑142
12



3.8‑143
12



3.8‑144
12



3.8‑145
12



3.8‑146
12



3.8‑147
12



3.8‑148
12



3.8‑149
12



3.8‑150
12



3.8‑151
12



3.8‑152
12



3.8‑153
12



3.8‑154
12



3.8‑155
12



3.8‑156
12



3.8‑157
12



3.8‑158
12



3.8‑159
12



3.8‑160
12



3.8‑161
12



3.8‑162
12



3.8‑163
12



3.8‑164
12



3.8‑165
15


3.8‑166
12



3.8‑167
14



3.8-167a
14



3.8‑168
12



3.8‑169
12



3.8‑170
12



3.8‑171
12



3.8‑172
12



3.8‑173
12



3.8‑174
12



3.8‑175
12



3.8‑176
12



3.8‑177
12



3.8‑178
12



3.8‑179
12



3.8‑180
12



3.8‑181
12



3.8‑182
12



3.8‑183
12



3.8‑184
12



3.8‑185
12



3.8‑186
12



3.8‑187
12



3.8‑188
12



3.8‑189
12



3.8‑190
12



3.8‑191
12



3.8‑192
12



3.8‑193
12



3.8‑194
12



3.8‑195
12



3.8‑196
12



3.8‑197
12



3.8‑198
12



3.8‑199
12



3.8‑200
12



3.8‑201
12



3.8‑202
12



3.8‑203
12



3.8‑204
12



3.8‑205
12



3.8‑206
12



3.8‑207
12



3.8‑208
12



3.8‑209
12



3.8‑210
12



3.8‑211
12



3.8‑212
12



3.8‑213
12



3.8‑214
12



3.8‑215
12



3.8‑216
12



3.8‑217
12



3.8‑218
12



3.8‑219
12



3.8‑220
12



3.8‑221
14



3.8‑222
12



3.8‑223
12



3.8‑224
12



3.8‑225
12



3.8‑226
12



3.8‑227
12



3.8‑228
12



3.8‑229
12



3.8‑230
12



3.8‑231
12



3.8‑232
12



3.8‑233
12



3.8‑234
12



3.8‑235
12



3.8‑236
12



3.8‑237
12



3.8‑238
12



3.8‑239
12



3.8‑240
12



3.8‑241
12



3.8‑242
12



3.8‑243
12



3.8‑244
12



3.8‑245
12



3.8‑246
12



3.8‑247
12



3.8‑248
12



3.8‑249
12



3.8‑250
12



3.8‑251
12



3.8‑252
12



3.8‑253
12



3.8‑254
12



3.8‑255
12



3.8‑256
12



3.8‑257
12



3.8‑258
12



3.8‑259
12



3.8‑260
12



3.8‑261
12



3.8‑262
12



3.8‑263
12



3.8‑264
12



3.8‑265
12



3.8‑266
12



3.8‑267
12



3.8‑268
12



3.8‑269
12



3.8‑270
12



3.8‑271
12



3.8‑272
12



3.8‑273
12



3.8‑274
12



3.8‑275
12



3.8‑276
12



3.8‑277
12



3.8‑278
12



3.8‑279
12



3.8‑280
14



3.8‑281
12



3.8‑282
12



3.8‑283
12



3.8‑284
12



3.8‑285
12



3.8‑286
12



3.8‑287
12



3.8‑288
12



3.8‑289
12



3.8‑290
12



3.8‑291
12



3.8‑292
12



3.8‑293
12



3.8‑294
14



3.8‑295
14



3.8‑296
14



3.8‑297
14



3.8‑298
14



3.8‑299
14



3.8‑300
14



3.8‑301
14



3.8‑302
14



3.8‑303
17


3.8‑304
14



3.8‑305
14



3.8‑306
12



3.8‑307
12



3.8‑308
12



3.8‑309
12



3.8‑310
12



3.8‑311
12



3.8‑312
12



3.8‑313
14



3.8‑314
14


Volume 8



3.9‑1
12



3.9‑2
12



3.9‑3
12



3.9‑4
12



3.9‑5
12



3.9‑6
12



3.9‑7
12



3.9‑8
12



3.9‑9
12



3.9‑10
12



3.9‑11
12



3.9‑12
12



3.9‑13
12



3.9‑14
12



3.9‑15
12



3.9‑16
12



3.9‑17
12



3.9‑18
12



3.9‑19
12



3.9‑20
12



3.9‑21
12



3.9‑22
12



3.9‑23
12



3.9‑24
12



3.9‑25
12



3.9‑26
12



3.9‑27
12



3.9‑28
12



3.9‑29
12



3.9‑30
12



3.9‑31
12



3.9‑32
12



3.9‑33
12



3.9‑34
12



3.9‑35
14



3.9‑36
12



3.9‑37
12



3.9‑38
12



3.9‑39
12



3.9‑40
12



3.9‑41
12



3.9‑42
12



3.9‑43
12



3.9‑44
12



3.9‑45
12



3.9‑46
12



3.9‑47
12



3.9‑48
12



3.9‑49
12



3.9‑50
12



3.9‑51
12



3.9‑52
12



3.9‑53
12



3.9‑54
12



3.9‑55
12



3.9‑56
12



3.9‑57
12



3.9‑58
12



3.9‑59
12



3.9‑60
12



3.9‑61
12



3.9‑62
12



3.9‑63
12



3.9‑64
12



3.9‑65
12



3.9‑66
12



3.9‑67
12



3.9‑68
12



3.9‑69
12



3.9‑70
16


3.9‑71
12



3.9‑72
12



3.9‑73
12



3.9‑74
12



3.9‑75
12



3.9‑76
12



3.9‑77
12



3.9‑78
12



3.9‑79
12



3.9‑80
12



3.9‑81
12



3.9‑82
12



3.9‑83
12



3.9‑84
12



3.9‑85
12



3.9‑86
12



3.9‑87
12



3.9‑88
12



3.9‑89
12



3.9‑90
12



3.9‑91
12



3.9‑92
12



3.9‑93
12



3.9‑94
12



3.9‑95
12



3.9‑96
12



3.9‑97
12



3.9‑98
12



3.9‑99
12



3.9‑100
12



3.9‑101
12



3.9‑102
12



3.9‑103
12



3.9‑104
12



3.9‑105
12



3.9‑106
12



3.9‑107
12



3.9‑108
12



3.9‑109
12



3.9‑110
12



3.9‑111
12



3.9‑112
12



3.9‑113
12



3.9‑114
12



3.9‑115
12



3.9‑116
12



3.9‑117
12



3.9‑118
12



3.9‑119
12



3.9‑120
12



3.9‑121
12



3.9‑122
12



3.9‑123
12



3.9‑124
12



3.9‑125
14



3.9-125a
14



3.9‑126
12



3.9‑127
12



3.9‑128
12



3.9‑129
12



3.9‑130
13



3.9‑130a
13



3.9‑131
12



3.9‑132
12



3.9‑133
12



3.9‑134
13



3.9‑135
12



3.9‑136
12



3.9‑137
12



3.9‑138
12



3.9‑139
12



3.9‑140
12



3.9‑141
12



3.9‑142
12



3.9‑143
12



3.9‑144
12



3.9‑145
14



3.9-145a
14



3.9‑146
12



3.9‑147
12



3.9‑148
12



3.9‑149
12



3.9‑150
12



3.9‑151
12



3.9‑152
12



3.9‑153
12



3.9‑154
12



3.9‑155
12



3.9‑156
12



3.9‑157
12



3.9‑158
12



3.9‑159
12



3.9‑160
12



3.9‑161
12



3.9‑162
12



3.9‑163
12



3.9‑164
12



3.9‑165
12



3.9‑166
12



3.9‑167
12



3.9‑168
12



3.9‑169
17


3.9‑170
17


3.9‑170a
17



3.9‑171
14



3.9-171a
14



3.9‑172
12



3.9‑173
14



3.9‑174
16


3.9‑175
12



3.9‑176
12



3.9‑177
12



3.9‑178
14



3.9‑179
12



3.9‑180
14



3.9‑181
12



3.9‑182
12



3.9‑183
12



3.9‑184
12



3.9‑185
12



3.9‑186
12



3.9‑187
12



3.9‑188
12



3.9‑189
12



3.9‑190
12



3.9‑191
12



3.9‑192
12



3.9‑193
12



3.9‑194
12



3.9‑195
12



3.9‑196
12



3.9‑197
12



3.9‑198
12



3.9‑199
12



3.9‑200
12



3.9‑201
12



3.9‑202
12



3.9‑203
12



3.9‑204
12



3.9‑205
12



3.9‑206
12



3.9‑207
12



3.9‑208
12



3.9‑209
12



3.9‑210
12



3.9‑211
12



3.9‑212
12



3.9‑213
12



3.9‑214
12



3.9‑215
12



3.9‑216
12



3.9‑217
12



3.9‑218
12



3.9‑219
12



3.9‑220
12



3.9‑221
12



3.9‑222
12



3.9‑223
12



3.9‑224
12



3.9‑225
12



3.9‑226
12



3.9‑227
12



3.9‑228
12



3.9‑229
12



3.9‑230
12



3.9‑231
12



3.9‑232
12



3.9‑233
12



3.9‑234
12



3.9‑235
12



3.9‑236
12



3.9‑237
12



3.9‑238
12



3.9‑239
12



3.9‑240
12



3.9‑241
12



3.9‑242
12



3.9‑243
14



3.9‑244
14



3.9‑245
14



3.9‑246
14



3.9‑247
12



3.9‑248
12



3.9‑249
12



3.9‑250
12



3.9‑251
12



3.9‑252
12



3.9‑253
12



3.9‑254
12



3.9‑255
12



3.9‑256
12



3.9‑257
12



3.9‑258
12



3.9‑259
12



3.9‑260
12



3.9‑261
12



3.9‑262
12



3.9‑263
12



3.9‑264
12



3.9‑265
12



3.9‑266
12



3.9‑267
12



3.9‑268
12



3.9‑269
12



3.9‑270
12



3.9‑271
12



3.9‑272
12



3.9‑273
12



3.9‑274
12



3.9‑275
12



3.9‑276
12



3.9‑277
12



3.9‑278
12



3.9‑279
12



3.9‑280
12



3.9‑281
12



3.9‑282
12



3.9‑283
12



3.9‑284
12



3.9‑285
12



3.9‑286
12



3.9‑287
12



3.9‑288
12



3.9‑289
12



3.9‑290
12



3.9‑291
12



3.9‑292
12



3.9‑293
12



3.9‑294
12



3.9‑295
12



3.9‑296
12



3.9‑297
12



3.9‑298
12



3.9‑299
12



3.9‑300
12



3.9‑301
12



3.9‑302
12



3.9‑303
12



3.9‑304
12



3.9‑305
12



3.9‑306
12



3.9‑307
12



3.9‑308
12



3.9‑309
12



3.9‑310
12



3.9‑311
12



3.9‑312
12



3.9‑313
12



3.9‑314
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6.0      ENGINEERED SAFETY FEATURES


6.1      ENGINEERED SAFETY FEATURE MATERIALS


Materials used in the manufacture of engineered safety feature (ESF) components have been evaluated to ensure that material interactions will not occur that could potentially impair operation of the engineered safety features.  Materials have been selected to withstand environmental conditions encountered during normal operation as well as during postulated accidents.  Their compatibility with core and containment spray solutions has been considered and the effects of radiolytic decomposition products have been evaluated.


Coatings used on exterior surfaces within the primary containment are suitable for the environmental conditions expected.  Nonmetallic thermal insulation utilized is required to have the proper ratio of leachable sodium plus silicate ions to leachable chloride plus fluoride ions to minimize the possibility of stress corrosion cracking.


6.1.1      METALLIC MATERIALS


6.1.1.1      Materials Selection and Fabrication


6.1.1.1.1      Material Specifications


Principal pressure retaining materials and the material specifications for the reactor coolant pressure boundary components are listed in <Table 5.2‑5>.  <Table 6.1‑1> lists the principal pressure retaining materials and the material specifications for the engineered safety features components of the plant.  All materials have been provided with ASME Section III material tests as required by the applicable component safety classifications.  In addition, all Safety Class 2 carbon steel 


piping and valves installed in the main steam and feedwater systems meet the fracture toughness requirements specified in Subsection NB‑2300, Section III of the ASME Code.


6.1.1.1.2      Engineered Safety Features Construction Material


<Section 5.2.3> discusses compatibility of the reactor coolant with materials exposed to the reactor coolant.  These same materials are found in the engineered safety features components.


All ESF construction materials are resistant to stress corrosion in the presence of BWR coolant and containment spray.  Conservative corrosion allowances are provided for all exposed surfaces of carbon steel.  General corrosion of all other materials is negligible.  Demineralized water, with no additives, is used as the core cooling water and for containment spray.  Following a LOCA, this high purity water will have no detrimental effect on any of the ESF materials.  All of the materials listed in <Table 6.1‑1> are compatible.


6.1.1.1.3      Integrity of Engineered Safety Feature Components During Manufacture and Construction


6.1.1.1.3.1      Control of Sensitized Stainless Steel


Conformance with <Regulatory Guide 1.44> and <Regulatory Guide 1.31> is discussed in <Section 1.8> and <Section 5.2.3>.  The following controls were used to avoid severe sensitization of balance‑of‑plant (BOP) piping and to comply with the intent of <Regulatory Guide 1.44> and <NUREG‑0313>:


a.
Corrosion Resistant Material



All safety‑related Types 304, 316L and 347 modified stainless steel material used in the reactor coolant pressure boundary and ESF 



systems were obtained in the solution annealed condition.  Piping subject to hot bending is solution heat treated with all cold straightening limited to the two percent strain rule as specified by the ASME Section III Code.  All BOP piping exposed to reactor coolant uses socket seal welded fittings with controlled heat input and welding interpass temperatures are limited to 350(F.  Both the design of the weld and the weld procedure reduce the susceptibility of the material to crack sensitization.


b.
Other Methods



The methods employed include:



1.
Piping exposed to reactor coolant, within the scope of BOP piping, is included in four systems:  reactor recirculation, nuclear boiler, standby liquid control, and control rod drive.  The largest size piping used in these systems is 1‑1/2 inch diameter Schedule 40 or thicker.  Over 99 percent of the piping is one inch in diameter or less.  This piping is joined by socket welded fittings.  The design of the socket fittings, using fillet seal welds, limits the heat input into the pipe.  When combined with a limited voltage, amperage and travel speed, this prevents sensitization of the Type 304 austenetic stainless steel piping used.  The gas tungsten arc welds used in accordance with strict QA approved procedures result in a maximum of 45,000 joules per inch; shielded metal arc welds result in 56,000 joules per inch for all socket welded stainless steel pipe.  This limited heat input control, when combined with the heat sink effect of the socket seal weld connection design, provides maximum protection from sensitization of the metal adjacent to the seal weld.



2.
Using socket seal welds reduces the possibility of the welded portion of the pipe being exposed to the reactor coolant.  




This also eliminates the necessity of interior grinding since the interior surface of the pipe is not disturbed.



3.
Using weld heat input control to limit the material heat flux to a value that avoids the conditions that cause excessive sensitization.



4.
Limiting weld interpass temperatures to 350(F and the weld weave pattern to four times the core wire diameter to control the heat buildup that contributes to excessive sensitization.


6.1.1.1.3.2      Cleaning and Contamination Protection Procedures


Specifications for ESF piping and components specify requirements for cleanliness and contamination protection during fabrication, shipment and storage as recommended by <Regulatory Guide 1.44>.  Onsite and preoperational cleaning of ESF components is in accordance with the recommendations of <Regulatory Guide 1.37>.  General compliance to regulatory guides is discussed in <Section 1.8>.


Exposure to contaminants capable of causing stress corrosion cracking of austenitic stainless steel components was avoided by carefully controlling all cleaning and processing materials which contact the stainless steel during manufacture and construction.  Special care was exercised to ensure removal of surface contaminants prior to any heating operations.  Water quality for cleaning, rinsing, flushing, and testing was controlled and monitored.  Suitable packaging and protection was provided for components to maintain cleanliness during shipping and storage.


6.1.1.1.3.3      Cold Worked Stainless Steel


Austenitic stainless steel with a yield strength greater than 90,000 psi is not used in engineered safety features systems.


6.1.1.1.3.4      Nonmetallic Insulation


Nonmetallic thermal insulation materials in ESF systems are in accordance with the staff positions of <Regulatory Guide 1.36>.  They have the proper ratio of leachable sodium plus silicate ions, to leachable chloride plus fluoride ions.  A detailed discussion of the nonmetallic thermal insulation used inside containment is presented in <Section 6.1.2>.


6.1.1.1.4      Weld Fabrication and Assembly of Stainless Steel ESF Components


All ESF system components and piping have been constructed in accordance with the staff positions of <Regulatory Guide 1.31> or the interim positions specified in NRC Branch Technical Position MTEB 5‑1, “Control of Stainless Steel Welding.”  General compliance or alternate approach assessment for <Regulatory Guide 1.31> is discussed in <Section 1.8> and <Section 5.2.3>.


6.1.1.1.5      Weld Fabrication and Assembly of Ferritic Steel ESF Components


All ESF system components and piping have been constructed in accordance with <Regulatory Guide 1.50> and <Regulatory Guide 1.71> as delineated in <Table 1.8‑1>.  General compliance may also be found in <Section 1.8> and <Section 5.2.3.3>.  Moisture control on low hydrogen welding materials conforms to the requirements of Sections II and III of the Code.  Compliance to the Code is also addressed in <Section 5.2.3.3>.


6.1.1.2      
Composition, Compatibility and Stability of Containment and Core Spray Coolants


Demineralized water, with no additives, is employed in the core cooling water and containment sprays.  No detrimental effects will occur on any 


of the ESF materials from this high purity water.  In addition, following an accident, the containment and drywell atmospheres are maintained below 4 percent (by volume) hydrogen in accordance with <Regulatory Guide 1.7> <Section 6.2.5>.


No soluble acids or bases are stored within containment, except for the 5,150 gallon capacity borax‑boric acid solution storage tank.  This volume of borax‑boric acid will be injected into the reactor if a failure of the control rod drive system occurs.


Water used in the engineered safety features system is controlled to provide assurance against stress corrosion cracking of unstabilized austenitic stainless steel components.  Water used for emergency core cooling systems and spray systems is controlled to ensure the following limits:


a.
Conductivity = 3 to <10 (mhos/cm at 25(C


b.
Chloride (Cl‑) <0.50 ppm


c.
pH = 5.3 to 8.6 at 25(C


Water used in the ESF systems is stored in the suppression pool and the condensate storage tank.  Water quality is maintained by deep bed demineralizers or filter demineralizers.


The coating systems used inside containment comply with the staff positions of <Regulatory Guide 1.54> and have undergone a qualification program to verify integrity following a LOCA.  All coating materials (exceptions are noted in <Section 6.1.2>) used inside containment have been successfully tested at Oak Ridge National Laboratory for irradiation decontamination and DBA in accordance with the application specifications (Reference 1), (Reference 2), and (Reference 3).


The nonmetallic insulating system used inside containment (Owens‑Corning “Nu’K’on” Fiberglas blanket insulation) has also undergone a qualification program (Reference 4) to verify its performance following a LOCA.


6.1.2      ORGANIC MATERIALS


Many protective coatings that are common in industrial use can deteriorate in a postaccident environment and contribute substantial quantities of foreign solids and residue to the reactor building sump.  Therefore, protective coatings used inside the reactor building have demonstrated the ability to withstand postaccident conditions by satisfying all the criteria listed in ANSI N101.2 with minor exceptions as identified in <Table 6.1‑2>.  Also included in this qualification is the epoxy caulking material used to seal weld discontinuities, such as porosity and laminations prior to final application of the coating system.


The suitability of the reactor building coating systems to withstand the design‑basis accident (DBA) has been evaluated.  Coatings have been applied in accordance with manufacturer’s recommendations.  In addition, the guidance of <Regulatory Guide 1.54> is followed.


Organic coating materials for inside the reactor building are listed in <Table 6.1‑2>.  Stainless steels will not be placed in contact with organic coatings or cleaning materials that could contribute to stress corrosion cracking.  These materials are compounds containing unacceptable levels of leachable chlorides, fluorides, lead, zinc, copper, sulfur, or mercury.


Various nonmetallic materials are used as follows:  in bearings;  ethylene propylene, silicone or butyl rubber for O‑rings; wire wound asbestos for gaskets; and lubricants with less than 200 ppm leachable 


chlorides.  Cross‑linked polyethylene or ethylene propylene rubber is used for electrical cable insulation and chlorosulfonated polyethylene is used for cable jacketing.  The cabling was designed to withstand radiation dose.  There is approximately 330,000 ft of electrical cabling inside containment which results in less than 40,000 lbs of these materials.  Total exposed surface area of these materials is conservatively estimated to be 86,400 ft2 based on an equivalent cable diameter of 1.0 inch.  In addition, closed cell polyethylene is provided on chilled water lines in the wetwell areas in containment.  The amount is less than 130 lbs and approximately four gallons of contact cement is used to apply the insulation to carbon steel pipe.  The cement includes a chlorinated compound which is not leachable under either operating or LOCA temperatures.  Any plastics or elastomers used in a high radiation area are evaluated to determine service deterioration in accordance with ANSI N4.1.


Penetrants used in liquid penetrant testing contain not more than one percent total sulfur and one percent total halogens (Reference 5).


The only significant organic materials used on equipment supplied by General Electric are the protective coatings used on some carbon steel components.  These coatings are specified to meet the requirements of <Regulatory Guide 1.54> and are qualified using the standard ANSI tests.  However, because of the impracticability of using these special coatings on all equipment, certain small size equipment (e.g., electronic/electrical trim, covers, face plates, valve handles, etc.) may be coated with unqualified organic coatings.  In addition, certain touch‑up and repair applications (for which valid DBA tests per ANSI N101.2 are not available) were used during construction to repair previously applied qualified coatings.  The total coated area for these surfaces and this equipment is approximately 8,900 sq ft.


Heat insulation used within the containment (Owens Corning “Nu’K’on”) is 95‑100 percent inorganic.  Exterior cloth and Fiberglas insulating wool 


are the major components of the insulation.  Together they represent over 95 percent of the total mass of the insulation.


The insulation is comprised of a quilted, light density, semi‑rigid fiberous glass (pad) material, encapsulated in woven glass (cloth) to form a composite blanket.  The blankets use Velcro for ease of installation and removal.  The Velcro is made from two components:  Nomex nylon for the base mat and loops, and stainless steel for the hooks.


Insulation is encapsulated with rolled and formed 22 gauge (304) stainless steel jacketing, combining quick release stainless steel latches and closure handles.


For anti‑sweat insulation a closed cell polyethylene foam is used in limited quantity (less than 130 lbs) in areas of the wetwell above the Elevation 620’‑6” floor.


6.1.3      REFERENCES FOR SECTION 6.1


1.
Bechtel Corporation, “Standard Specification Coatings for Nuclear Power Plants,” Specification Numbers CP‑951, CP‑952, CP‑956.


2.
American National Standards Institute, “Protective Coatings (Paints) for Light Water Nuclear Reactor Containment Facilities,” ANSI N101.2, 1972.


3.
American National Standards Institute, “Protective Coatings (Paints) for the Nuclear Industry,” ANSI N5.12, 1974.


4.
Topical Report OCF‑1, “Nuclear Containment Insulation System,” dated August 1977.


5.
American Society of Mechanical Engineers, Section V, Article 6, “Liquid Penetrant Examination,” 1974 Edition With Addenda, up to and including Winter 1975.


TABLE 6.1‑1


PRINCIPAL ENGINEERED SAFETY FEATURES COMPONENTS


PRESSURE RETAINING MATERIALS


Principal Component
Form
Material
ASME Specification


RHR Heat Exchanger:



Shell, head and
Plate
Carbon steel
SA‑516, GR 70




channel



Tube sheet
Plate
Carbon steel
SA‑516, GR 70



Nozzles
Forging
Carbon steel
SA‑105



Flanges
Forging
Carbon steel
SA‑105



Tubes
Tubing
Stainless steel
SA‑249, Type 304L



Bolts
Bar
Low alloy steel
SA‑193, GR B7



Nuts
Forging
Low alloy steel
SA‑194, GR 7


RHR, HPCS and LPCS


Pumps:



Bowl assembly
Casting
Cast steel
A‑216, GR WCB (ASTM)



Discharge head
Plate
Carbon steel
SA‑516, GR 70




shell



Discharge head
Forging
Carbon steel
SA‑105




cover



Suction barrel
Plate 
Carbon steel
SA‑516, GR 70




shell and




dished head



Flanges
Forging
Carbon steel
SA‑105



Pipe
Plate
Carbon steel
SA‑516, GR 70





Pipe
Carbon steel
SA‑106, GR B



Shaft
Bar
Stainless steel
A‑276, Type 410







  (ASTM)



Impeller
Casting
Stainless steel
A‑351, GR CA6NM







  (ASTM)



Studs
Bolting
Alloy steel
SA‑193, GR B7



Nuts
Nut
Low alloy steel
SA‑194, GR 7



Cyclone separator
Bar
Stainless steel
SA‑479




body and cover


HPCS Valves:



Body, bonnet
Casting
Cast steel
SA‑216, WCB




and disc



Alternate disc
Forging
Carbon steel
SA‑105



Stem
Bar
Stainless steel
A‑479 or A276,







   Type 410 (ASTM)



Studs
Bar
Alloy steel
SA‑193, GR B7



Nuts
Bar
Steel
SA‑194, GR 2H


TABLE 6.1‑1 (Continued)


Principal Component
Form
Material
ASME Specification


Standby Liquid


Control Pump:



Fluid cylinder
Forging
Stainless steel
SA‑182, F304



Cylinder head,
Plate
Stainless steel
SA‑240, Type 304




valve, cover,




and stuffing




box flange plate



Cylinder head
Bar
Stainless steel
SA‑479, Type 304




extension, valve




stop, and




stuffing box



Stuffing box
Forging
Nickel alloy
SA‑564, Type 630




gland and




plungers



Studs
Bar
Alloy steel
SA‑193, GR B7



Nuts
Forging
Alloy steel
SA‑194, GR 7


Standby Liquid


Control Storage


Tank:



Tank
Plate
Stainless steel
SA‑240, Type 304



Fittings
Forgings
Stainless steel
SA‑182, Type F304



Pipe
Pipe
Stainless steel
SA‑312, Type 304



Welds
Electrodes
Stainless steel
SFA 5.4 and 5.9,







  Types 308, 308L,







  316, 316L


Control Rod
Casting
Stainless steel
A‑351, GR CF8 (ASTM)


Velocity Limiter


Other Components


Piping:





Pipe
Stainless steel
SA‑312, Type 304






Stainless steel
SA‑312, Type 316L






Stainless steel
SA‑358, Type 304,







  Cl‑2






Stainless steel
SA‑376, Type 304






Stainless steel
SA‑376, Type 347







  Modified






Stainless steel
SA‑403, GR WP304






Stainless steel
SA‑403, GR WP304H


TABLE 6.1‑1 (Continued)


Principal Component
Form
Material
ASME Specification






Carbon steel
SA‑155, GR KCF70,







  Cl‑2






Carbon steel
SA‑155, GRKCF70,







  Cl‑1






Carbon steel
SA‑234, GR WPB






Carbon steel
SA‑106, GR B






Alloy steel
SA‑335, GR P12






Alloy steel
SA‑335, GR P22






Alloy steel
SB‑464





Forgings
Stainless steel
SA‑182, GR F304






Stainless steel
SA‑182, GR F316






Carbon steel
SA‑105






Alloy steel
SA‑182, GR F12






Alloy steel
SA‑182, GR F22






Alloy steel
SA‑182, GR F22







  C1‑3





Plate
Stainless steel
SA‑240, Type 304





Bolting
Alloy steel
SA‑193, GR B7





Nuts
Carbon steel
SA‑194, GR 2H


Valves:





Castings
Stainless steel
SA‑351, GR CF8M






Stainless steel
SA‑351, GR CF8






Carbon steel
SA‑216, GR WCB






Stainless steel
SA‑351, GR CF3M






Alloy steel
SA‑217, GR WC9





Forgings
Stainless steel
SA‑182, GR F316






Stainless steel
SA‑182, GR F304






Alloy steel
SA‑182, GR F11






Alloy steel
SA‑182, GR F12






Alloy steel
SB‑462






Carbon steel
SA‑105






Alloy steel
SA‑182, GR F22






Alloy steel
SA‑182, GR F22







  C1‑3





Plate
Carbon steel
SA‑516, GR 70





Bolts
Stainless steel
SA‑564, Type 630






Alloy steel
SA‑193, GR BT





Nuts
Stainless steel
SA‑194, GR 8M






Carbon steel
SA‑194, GR 2H





Bar 
Stainless steel
SA‑479, Type 316L






Stainless steel
SA‑564, Type 630






(per Code Case 1773)


TABLE 6.1‑1 (Continued)


Principal Component
Form
Material
ASME Specification


Pumps:





Castings
Stainless steel
SA‑351, GR CF8M






Carbon steel
SA‑216, GR WCB





Plate
Stainless steel
SA‑240, Type 304






Carbon steel
SA‑515, GR 70





Pipe
Carbon steel
SA‑106, GR B






Carbon steel
SA‑155, GR C55





Bolts
Alloy steel
SA‑193, GR B7






Alloy steel
SA‑193, GR B8


Vessels:





Plate
Stainless steel
SA‑240, Type 304L






Carbon steel
SA‑283, GR C





Pipe
Stainless steel
SA‑312, Type 304L


Heat Exchangers:





Plate
Stainless steel
SA‑240, GR 304L






Carbon steel
SA‑285, GR C







SA‑306, GR 60







SA‑515, GR 70







SA‑516, GR 70





Pipe
Carbon steel
SA‑53, GR B





Forgings
Carbon steel
SA‑181, GR I





Extrusions
Stainless steel
SA‑249, GR 304L





(tubes)
Copper
SB‑359





Bolts
Alloy steel
SA‑193, GR B7





Nuts
Carbon steel
SA‑194, GR 2H


TABLE 6.1‑2


ORGANIC COATING MATERIALS INSIDE REACTOR BUILDING










      Material




   Area
  DFTmax
  Materials
  Weight

Total Weight


Surface
  _(ft2)_
  (mils)
    Type   
(oz./mil‑ft2)
    (lbs)  _


Steel(1)
842,954
 8
Polyamide ‑
0.15
63,222




cured epoxy


Concrete
 92,485
20
Polyamide ‑
0.15
17,341




cured epoxy






Total
80,563

Steel(2)
  8,939
 8
Water base and
0.15
   671




polyamide‑





cured epoxies


NOTES:


(1)
Includes pipe, structural steel, plate, and equipment (approx.).

(2)
Applicable DBA tests are not available.
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6.2      CONTAINMENT SYSTEMS


6.2.1      CONTAINMENT FUNCTIONAL DESIGN


6.2.1.1      Containment Structure


6.2.1.1.1      Design Bases


The pressure suppression containment system is designed to have the following functional capabilities:


a.
The containment and drywell have the capability to maintain functional integrity during and following peak transient pressures and temperatures which would occur following any postulated loss‑of‑coolant accident (LOCA).  The LOCA includes the worst single failure (which leads to maximum containment and drywell pressure and temperature) and is further postulated to occur simultaneously with loss of offsite power and a safe shutdown earthquake (SSE).  A detailed discussion of LOCA events is presented in <Section 6.2.1.1.3.3>.  A detailed discussion of mass and energy released is presented in <Section 6.2.1.3>.


b.
The containment, in combination with other accident mitigation systems, limits fission product leakage during and following the postulated design basis accident to values less than leakage rates that would result in offsite doses greater than those stated in <10 CFR 100> (for the design‑basis RAST LOCA analysis, the licensing basis limit is 25 rem TEDE).


c.
The containment system and drywell can withstand coincident fluid jet forces associated with the flow from the postulated rupture of any pipe within the containment or drywell.


d.
The containment design permits removal of fuel assemblies from the reactor core after the postulated LOCA.


e.
The containment system is protected from, or is designed to withstand, missiles from internal sources and excessive motion of pipes which could directly or indirectly endanger the integrity of the containment.


f.
The containment system provides means to channel the flow from postulated pipe ruptures in the drywell to the suppression pool.


g.
The containment system is designed to allow for periodically performing tests at the peak pressure calculated to result from the postulated design basis accident to confirm the leaktight integrity of the containment and containment penetrations.


6.2.1.1.2      Design Features


General layout drawings of the containment structure are provided by <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, and <Figure 1.2‑13>.


Design provisions for protection of the containment structure against internally and externally generated missiles are discussed in <Section 3.5>.  Protection against pipe rupture is discussed in <Section 3.6>.


Codes, standards and guides applicable to the design of the containment and internal structures are addressed in <Section 3.8.2> and <Section 3.8.3>.


The tests that demonstrate the functional capability of structural systems and components are discussed in <Section 6.2.1.6>.


The functional capability and frequency of operation of systems which maintain containment and subcompartment atmospheric conditions within limits during normal plant operation are discussed in <Section 9.4.6>.


Design provisions for protection of the containment structure against loss of integrity under external pressure loading conditions resulting from inadvertent operation of heat removal systems that could result in significant external structural loadings are described in <Sections 3.8.2> and <Section 6.2.1.1.4>.


6.2.1.1.3      Design Evaluation


6.2.1.1.3.1      Summary Evaluation


Key design parameters and the maximum calculated accident parameters for the pressure suppression containment are presented by <Table 6.2‑1>.  These design and maximum calculated accident parameters are not determined from a single accident event but from an envelope of accident conditions.  As a result, no single design basis accident (DBA) for this containment system exists.


It is assumed for analytical purposes that the primary system and containment are initially at the maximum normal operating conditions.  (Reference 1), (Reference 2), (Reference 3), and (Reference 4) describe relevant experimental verification of analytical models used to evaluate the containment system response.


6.2.1.1.3.2      Containment Design Parameters


<Table 6.2‑2> provides a listing of key design parameters for the primary containment system, including the design characteristics of the drywell, suppression pool and pressure suppression vent system.


<Table 6.2‑3> provides a listing of performance parameters for the related engineered safety feature systems which supplement the design conditions presented by <Table 6.2‑2> for containment cooling purposes during post‑blowdown, long term accident operation.  Performance parameters listed include those applicable to full capacity operation and to those conservatively reduced capacities assumed for containment analyses.


6.2.1.1.3.3      Accident Response Analysis


The containment functional evaluation is based upon consideration of several postulated accident conditions resulting in release of reactor coolant to containment.  These accidents include the following:


a.
Instantaneous guillotine rupture of a recirculation line.


b.
Instantaneous guillotine rupture of a main steam line.


c.
Rupture of an intermediate size liquid line.


d.
Rupture of a small size steam line.


Energy release resulting from these accidents is addressed in <Section 6.2.1.3>.  The accident response analyses are discussed in detail in (Reference 31).


6.2.1.1.3.3.1      Recirculation Line Break


Immediately following rupture of a recirculation line, flow from both sides of the break is the maximum value limited by critical flow considerations.  The total effective flow area is shown by <Figure 6.2‑1>.  On the side of the break adjacent to the suction nozzle, flow corresponds to critical flow in the pipe cross section.  On the side adjacent to the injection nozzle, flow corresponds to critical 


flow at the ten jet pump nozzles associated with the broken loop.  In addition, the cleanup line crosstie adds to the critical flow area.  <Table 6.2‑4> summarizes the break areas.  A penalty is added to the Peak Clad Temperature (PCT) to account for a flow path that is not in the base recirculation failure LOCA analysis.  This flow path is from the bottom head drain of the Reactor Pressure Vessel to the recirculation loop and only impacts the recirculation line failure LOCA analysis.  The penalty is added to the PCT values found in <Table 6.3‑4> and <Table 15B.6.3‑1>.


6.2.1.1.3.3.1.1      Assumptions for Reactor Blowdown


The response of the reactor coolant system during the blowdown period of the accident is analyzed using the following assumptions:


a.
Initial conditions for the recirculation line break accident are such that system energy is maximized and system mass is minimized.  These conditions are as follows:



1.
The reactor is operating at 102 percent of rated power.  This maximizes postaccident decay heat.



2.
Service water temperature is the maximum normal.



3.
Suppression pool mass is at the low water level with a maximum (positive) drywell‑to‑containment differential pressure (dP) for the long term analysis, and at the high water level with a minimum (negative) drywell‑to‑containment dP for the short term analysis.



4.
Suppression pool temperature is the maximum normal.


b.
The recirculation line is considered to be severed instantly.  This results in the most rapid coolant loss and depressurization of the reactor pressure vessel.  Coolant is discharged from both ends of the break.


c.
Reactor power generation ceases at the time of accident initiation as a result of void formation in the core region.  Scram occurs less than one second after receipt of the high drywell pressure signal.  The difference between shutdown times is negligible.


d.
Reactor pressure vessel depressurization flow rates are calculated using Moody’s critical flow model (Reference 3), assuming “liquid only” outflow since this assumption maximizes the energy release to the drywell.  “Liquid only” outflow implies that all vapor formed in the reactor pressure vessel by bulk flashing rises to the surface rather than being entrained in the existing flow.  In reality, some of the vapor would be entrained in the break flow which would significantly reduce reactor pressure vessel discharge flow rates.  Further, Moody’s critical flow model, which assumes annular, isentropic flow, thermodynamic phase equilibrium, and maximized slip ratio, accurately predicts reactor pressure vessel outflows through small orifices.  Actual rates through larger flow areas, however, are less than the model indicates because of the effects of a nearly homogeneous two phase flow pattern and phase nonequilibrium.  These effects are conservatively neglected in the analysis.


e.
Core decay heat and sensible heat released in cooling the fuel to initial average coolant temperature are included in the reactor pressure vessel depressurization calculation.  The rate of energy release is calculated using a conservately high heat transfer coefficient throughout the depressurization period.  The resulting high energy release rate causes the reactor pressure vessel to maintain nearly rated pressure for approximately 20 seconds.  The 



high reactor pressure vessel pressure increases the calculated blowdown flow rates.  This, again, is conservative for analytical purposes.  The sensible energy of the fuel stored at temperatures below the initial average coolant temperature is released to the reactor pressure vessel fluid along with the stored energy in the vessel and internals as vessel fluid temperatures decrease during the remainder of the transient calculation.


f.
The main steam isolation valves start closing at 0.5 seconds after the accident.  These valves are fully closed in the shortest possible time of three seconds following closure initiation.  Actually, the closure signal for the main steam isolation valves occurs as a result of low reactor water level.  Therefore, the valves do not receive a signal to close for more than four seconds and the closing time may be as long as five seconds.  By assuming rapid closure of the main steam isolation valves, the reactor pressure vessel is maintained at a high pressure which maximizes the calculated discharge of high energy water in the drywell.


g.
A complete loss of offsite power occurs simultaneously with the pipe break.  This condition results in the loss of power conversion system equipment and also requires that all vital systems for long term cooling be supported by onsite power supplies.


6.2.1.1.3.3.1.2      Assumptions for Containment Pressurization


The pressure response of the containment during the first 10 seconds of the accident is analyzed using the following assumptions:


a.
Thermodynamic equilibrium exists in the drywell and containment.  Since highly turbulent conditions are expected due to the blowdown flow, the analysis assumes complete mixing.


b.
Fluid flowing through the drywell to suppression pool vents is formed from a homogeneous mixture of the fluid in the drywell.  Use of this assumption results in complete carryover of the drywell air and a higher positive flow rate of liquid droplets which conservatively maximizes vent pressure losses.


c.
Fluid flow in the drywell to suppression pool vents is compressible, except for the liquid phase.


d.
No heat loss occurs from the gases inside containment.  Actually, condensation of some steam on the drywell surfaces would occur.


6.2.1.1.3.3.1.3      Assumptions for Long Term Cooling


Following the initial blowdown period, the emergency core cooling system (ECCS), discussed in <Section 6.3>, provides water for core flooding, containment spray and long term decay heat removal.  The containment pressure and temperature response during this period is analyzed using the following assumptions:


a.
The low pressure core injection (LPCI) pumps are used to flood the core prior to 600 seconds after the accident.  The high pressure core spray (HPCS) is available for the entire accident.


b.
The effects on suppression pool temperature decay energy, stored energy, sensible energy, energy added by ECCS pumps, and energy from the zirconium water reaction are considered.


c.
The suppression pool and the structures inside the containment are the only heat sinks available in the containment system.  After a certain period, makeup water from the upper containment pool is included.


d.
After approximately 1,980 seconds, the residual heat removal (RHR) heat exchangers are activated to remove energy from the containment by means of recirculation cooling of the suppression pool with the emergency service water system.  It is conservatively assumed that containment spray is not used.


Performance of the ECCS equipment during the long term cooling period is evaluated for each of the following cases of interest:


a.
Case A:  Offsite Power Available, All ECCS Equipment Operating.


b.
Case B:  Loss of Offsite Power, Minimum Diesel Power Available for 
ECCS.


6.2.1.1.3.3.1.4      Initial Conditions for Accident Analysis


<Table 6.2‑4> provides the initial conditions and numerical values assumed for the recirculation line break accident, as well as the sources of energy considered prior to the postulated pipe rupture.  The assumed conditions for the reactor blowdown are also provided.


<Table 6.2‑5> presents the initial reactor coolant system and containment conditions used in all the accident response evaluations.  This tabulation includes parameters for the reactor, drywell and containment.


Mass and energy release sources and rates for the containment response analyses are addressed in <Section 6.2.1.3>.


6.2.1.1.3.3.1.5      Short Term Accident Response


The calculated containment pressure and temperature responses for the recirculation line break are shown by <Figure 6.2‑2> and <Figure 6.2‑3>, respectively.  Following the break, drywell pressure increases rapidly 


due to the injection of the break flow.  The peak drywell pressure occurs during the vent clearing phase of the transient as suppression pool water is being cleared from the vents.  Following vent clearing, drywell pressure decreases as break flow decreases.


The containment is pressurized early in the transient by the carryover of noncondensibles from the drywell.  As the transient continues, break flow is injected into the suppression pool and the temperature of the suppression pool water increases, causing containment pressure to increase.  At the end of the blowdown, drywell pressure stabilizes at a slightly higher pressure than the containment, the difference being equal to the hydrostatic head of vent submergence.  During the reactor pressure vessel depressurization phase most of the noncondensible gases initially in the drywell are forced into containment.  However, following depressurization the noncondensibles are redistributed between the drywell and containment through the vacuum breaker system.  This redistribution occurs as steam in the drywell is condensed by the relatively cool ECCS water which begins to cascade from the break causing drywell pressure to decrease (drywell vacuum breaker operation for this condition is not an ESF function).


The ECCS supplies sufficient core cooling water to control core heatup and limit metal‑water reaction to less than one percent.  After the reactor pressure vessel is flooded to the height of the jet pump nozzles, the excess flow discharges through the recirculation line break into the drywell.  This flow of water (steam flow is negligible) transports the core decay heat out of the reactor pressure vessel through the broken recirculation line in the form of hot water.  This hot water flows into the suppression pool through the drywell to suppression pool vent system.


<Table 6.2‑6> lists the peak pressure, temperature and time parameters for the recirculation line break as predicted for the conditions presented by <Table 6.2‑4> and <Table 6.2‑5>, and corresponds with 


<Figure 6.2‑2> and <Figure 6.2‑3>.  <Figure 6.2‑2> includes the time dependent response of the drywell differential pressure.


During the blowdown period of the LOCA the pressure suppression vent system conducts the flow of the steam‑water gas mixture in the drywell to the suppression pool for condensation of the steam.  The pressure differential between the drywell and suppression pool controls this flow.  <Figure 6.2‑5> provides the mass flow through the vent system versus time relationship for this accident.


6.2.1.1.3.3.1.6      Long Term Accident Responses


To assess the adequacy of the containment following the initial blowdown transient, an analysis of the long term temperature and pressure response following the accident was performed.  The assumptions used in this analysis are those discussed in <Section 6.2.1.1.3.3.1.3> for the two cases of interest.


a.
Case A:  Offsite Power Available, All ECCS Equipment Operating (3729 MWt)



This case assumes that offsite ac power is available to operate all cooling systems.  During the first 1,800 seconds following the pipe break HPCS, low pressure core spray (LPCS), and all LPCI pumps are assumed to be operating.  All flow is injected directly into the reactor vessel.



After 1,980 seconds both RHR heat exchangers are activated to remove energy from the containment.  In this mode of operation LPCI flow is routed through both RHR heat exchangers where the fluid is cooled before being returned to the suppression pool.



The containment pressure response under this set of conditions is bounded by the maximum ECCS curve of <Figure 6.2‑6>.  Drywell and 



suppression pool temperature responses for Case A are bounded by the maximum ECCS curves of <Figure 6.2‑7> and shown on <Figure 6.2‑8> respectively.  After the initial blowdown and subsequent depressurization, core decay heat results in a gradual pressure and temperature rise in containment.  When the energy removal rate of the RHR System equals the energy addition rate from decay heat, containment pressure and temperature reach a second peak value and then decrease gradually.  <Table 6.2‑7> summarizes equipment operation, the peak long term containment pressure and the peak suppression pool temperature.


b.
Case B1:  Loss of Offsite Power, Minimum ECCS Equipment Operating (3729 MWt)



This case assumes that no offsite power is available following the accident and that only minimum diesel generator power is available.  After 1,980 seconds LPCI flow through one RHR heat exchanger is returned to the suppression pool.  The containment pressure response under this set of conditions is bounded by the minimum ECCS curve of <Figure 6.2‑6>.  Drywell and suppression pool temperature responses for Case B are bounded by the minimum ECCS curves of <Figure 6.2‑7> and shown on <Figure 6.2‑8> respectively.  A summary for this case is presented by <Table 6.2‑7>.



<Figure 6.2‑9> shows the rate at which the RHR heat exchanger removes heat from the suppression pool following a LOCA (<Section 6.2.2> describes the containment cooling mode of RHR System operation).  The heat removal rate is shown by both Case A and Case B.  The first case assumes that all ECCS equipment is available, including both RHR heat exchangers and the associated emergency service water pumps.  The second case assumes the very degraded minimum cooling condition that limits heat removal capacity to one heat exchanger.  For both cases it is conservatively assumed that all the time of the accident the 



emergency service water is at the maximum design temperature as defined by <Table 6.2‑3>.


c.
Case B2:  Loss of Offsite Power, Minimum ECCS Equipment Operating (3833 MWt)



Case B1 (above) is reanalyzed at 102% core thermal power.  <Figure 6.2‑6a>, <Figure 6.2‑7a>, and <Figure 6.2‑8a> show the corresponding results of that evaluation.


6.2.1.1.3.3.1.7      Energy Balance during Accident


The following energy sources and sinks are required to establish an energy distribution in containment as a function of time (short term, long term) for this accident:


a.
Blowdown energy release rates.


b.
Decay heat rate and fuel relaxation sensible energy.


c.
Sensible heat rate (vessel and internals).


d.
Pump heat rate.


e.
Rate of removal of heat from the suppression pool <Figure 6.2‑9>.


f.
Metal‑water reaction heat rate.


g.
Rate of heat transfer to structural heat sinks.


A further discussion of Items a. through d. and f. and g. above, is provided in <Section 6.2.1.3>.


6.2.1.1.3.3.1.8      Chronology of Accident Events


A complete description of the containment response to the recirculation line break is presented by <Section 6.2.1.1.3.3.1.5>, <Section 6.2.1.1.3.3.1.6>, and <Section 6.2.1.1.3.3.1.7>.  Results for this accident are illustrated by <Figure 6.2‑2>, <Figure 6.2‑3>, <Figure 6.2‑4>, and <Figure 6.2‑5>, <Figure 6.2‑8>, <Figure 6.2‑8a>, and <Figure 6.2‑9> and bounded by <Figure 6.2‑6>, <Figure 6.2‑6a>, <Figure 6.2‑7>, and <Figure 6.2‑7a>.


6.2.1.1.3.3.2      Main Steam Line Break


The postulated sudden rupture of a main steam line between the reactor pressure vessel and the flow limiter results in the maximum rate of primary system fluid flow and energy transfer to the drywell.  This, in turn, results in the maximum drywell differential pressure.  Steam flow immediately following rupture of a main steam line between the reactor pressure vessel and the break accelerates to the maximum allowed by the critical flow considerations.  On the side adjacent to the reactor pressure vessel the flow corresponds to critical flow in the main steam line break area.  Blowdown through the other side of the break occurs because the main steam lines are all interconnected by the bypass header at a point upstream of the turbine.  This interconnection allows primary system fluid to flow from the three unbroken steam lines through the header back into the drywell through the broken line.  Flow is limited by critical flow in the steam line flow restrictor.  The total effective flow area for the main steam line break is given by <Figure 6.2‑10>.


6.2.1.1.3.3.2.1      Assumptions for Reactor Blowdown


The response of the reactor coolant system during the blowdown period of the accident is analyzed using the assumptions listed in <Section 6.2.1.1.3.3.1.1> for the recirculation line break, with the following exceptions:


a.
Reactor pressure vessel depressurization flow rates are calculated using Moody’s critical flow model (Reference 3).  During the first second of blowdown the flow consists of saturated steam.



Immediately following the break the total steam flow rate leaving the reactor pressure vessel exceeds the rate of steam generation in the core.  This causes an initial depressurization of the reactor pressure vessel.  Void formation in the water within the reactor pressure vessel causes a rapid rise in vessel water level.  It is conservatively assumed that water level reaches the vessel steam nozzles one second after the break occurs.  The water level rise time of one second is the minimum that could occur under any reactor operating condition.  After one second, a two‑phase mixture is discharged from the break.


b.
The main steam isolation valves start to close at 0.5 seconds after the accident and are fully closed in the maximum time of five seconds after initiation of closure.  By assuming slow closure of these valves, a large effective break area is maintained for a longer period of time.  Peak drywell pressure occurs before the reduction in effective break area and is, therefore, insensitive to any additional delay in closure of the main steam isolation valves.


6.2.1.1.3.3.2.2      Assumptions for Containment Pressurization


The pressure response of the containment during the blowdown period of the accident is analyzed using the assumptions listed in <Section 6.2.1.1.3.3.1.2>.


6.2.1.1.3.3.2.3      Assumptions for Long Term Cooling


The containment pressure and temperature response during the period following blowdown is analyzed using the assumptions listed in <Section 6.2.1.1.3.3.1.3>.


6.2.1.1.3.3.2.4      Initial Conditions for Accident Analyses


<Table 6.2‑4> lists the initial conditions and numerical values assumed for the main steam line break accident, as well as the sources of energy considered prior to the postulated pipe rupture.  Assumed conditions for the reactor blowdown are also provided.


<Table 6.2‑5> lists the initial reactor coolant system and containment conditions used in all the accident response evaluations.  This tabulation includes parameters for the reactor, drywell and containment.


Mass and energy release sources and rates for the containment response analyses are presented in <Section 6.2.1.3>.


6.2.1.1.3.3.2.5      Short Term Accident Response


<Figure 6.2‑11> and <Figure 6.2‑12> show the pressure and temperature responses of the drywell and suppression pool during the first 10 seconds following the main steam line break accident.  <Figure 6.2‑13> shows the response of the drywell differential pressure and <Figure 6.2‑14> shows the vent mass flow versus time.


The drywell atmosphere temperature approaches a peak after approximately one second of primary system blowdown.  At that time, water level in the reactor pressure vessel reaches the steam line nozzle elevation and the blowdown flow changes to a two phase mixture.  This increased flow causes a more rapid drywell pressure rise.  The peak differential pressure occurs shortly after the vent clearing transient.  As the 


blowdown proceeds, the primary system pressure and fluid inventory decrease, resulting in reduced break flow rates.  As a consequence the flow rate in the vent system and the differential pressure between the drywell and suppression pool begin to decrease.


<Table 6.2‑6> presents the peak pressures, peak temperatures and times of this accident in comparison with similar parameters for the recirculation line break.


6.2.1.1.3.3.2.6      Long Term Accident Responses


After the primary system pressure has decreased to the drywell pressure, the blowdown is over.  At this time the drywell contains saturated steam and drywell and containment pressures stabilize.  The pressure difference corresponds to the hydrostatic pressure of vent submergence.


The drywell and suppression pool remain in this equilibrium condition until the reactor pressure vessel is reflooded.  During this period the ECCS pumps inject cooling water from the suppression pool into the reactor.  This injection of water eventually floods the reactor vessel to the level of the steam line nozzles.  At this point the ECCS flow spills into the drywell.  The water spillage condenses the steam in the drywell, reducing drywell pressure.  As drywell pressure drops below containment pressure the noncondensible gases from containment flow into the drywell until pressures in the two regions are equalized.


The long term containment pressure and temperature responses following the accident are identical to those described in <Section 6.2.1.1.3.3.1.6> for the recirculation line break.  The results are shown on or bounded by <Figure 6.2‑6>, <Figure 6.2‑7>, <Figure 6.2‑7a>, <Figure 6.2‑8>, <Figure 6.2‑8a>, and <Figure 6.2‑9>.  <Table 6.2‑7> summarizes cooling equipment operation, peak long term containment pressure and peak suppression pool temperature at 3729 MWt.  <Table 6.2-7a> summarizes the results at 3833 MWt.


6.2.1.1.3.3.2.7      Energy Balance during Accident


The following energy sources and sinks are required to establish an energy distribution in containment as a function of time (short term, long term) for this accident:


a.
Blowdown energy release rates.


b.
Decay heat and fuel relaxation sensible energy.


c.
Sensible heat rate (reactor pressure vessel and intervals).


d.
Pump heat rate.


e.
Rate of removal of heat from the suppression pool <Figure 6.2‑9>.


f.
Metal‑water reaction heat rate.


g.
Rate of heat transfer to structural heat sinks.


A further discussion of Items a. through d. and f. and g. above, is provided in <Section 6.2.1.3>.  A complete energy balance for the main steam line break accident is provided by <Table 6.2‑8> for the reactor system, containment and containment cooling systems at time zero, time of peak drywell pressure, time of end of reactor blowdown, and time of long term peak pressure in containment.


6.2.1.1.3.3.2.8      Chronology of Accident Events


A complete description of the containment response to the main steam line break is presented in <Section 6.2.1.1.3.3.2.5>, <Section 6.2.1.1.3.3.2.6>, and <Section 6.2.1.1.3.3.2.7>.  Results for this accident analysis are shown by <Figure 6.2‑6>, <Figure 6.2‑6a>, <Figure 6.2‑7>, <Figure 6.2‑7a>, and <Figure 6.2‑10>, <Figure 6.2‑11>,


<Figure 6.2‑12>, <Figure 6.2‑13>, and  <Figure 6.2‑14>.  A chronological sequence of events for this accident from time zero is provided by <Table 6.2‑9>.  This chronology is based on a power level of 3729 MWt.


6.2.1.1.3.3.3      Hot Standby Accident Analysis


This accident was not reanalyzed for power uprate since it was not the limiting case.  The analysis presented below is based on a power of 3729 MWt.


Both the short term and long term response of the containment system have been evaluated, assuming that the reactor has been operating in the hot standby mode prior to the LOCA.


The peak drywell pressure following a main steam line break is dependent upon the rise time of the reactor pressure vessel water level since this determines the time at which two phase blowdown begins.  A level rise time of one second is a conservative bounding condition for a main steam line break at a reduced reactor power level.  However, since a one second level rise time was conservatively assumed for the LOCA at 104.2 percent of rated power, the peak drywell pressure following a blowdown at hot standby will be no higher than shown by <Figure 6.2‑11>.


In the event of a recirculation line break, the short term blowdown flow rate is essentially independent of reactor power level if the same initial reactor pressure is assumed for all power levels.  In practice the lower reactor pressures associated with reduced reactor power result in lower blowdown flow rates and in peak drywell pressures lower than the value presented by <Figure 6.2‑2>.  The short term drywell response to either a main steam line or recirculation line break is insensitive to suppression pool water temperature.  This insensitivity is due to domination of the transient by the rate at which energy is transferred to the drywell and the rate at which vent clearing can be accomplished.  Neither is sensitive to suppression pool water temperature.


The long term suppression pool and containment transient is only affected very slightly by a period of hot standby operation prior to blowdown.  <Figure 6.2‑15> presents a comparison of suppression pool temperature transients following a blowdown under the following conditions:


a.
Maximum normal suppression pool water temperature and 104.2 percent of rated power.


b.
Approximately 700 seconds of hot standby operation.


Since in both cases containment cooling (RHR System) is initiated 1,980 seconds after the start of the event, the peak long term suppression pool temperature is about the same, as can be seen from <Figure 6.2‑15>.


6.2.1.1.3.3.4      Intermediate Size Breaks


This accident was not reanalyzed for power uprate since it was not the limiting case.  The analysis presented below is based on a power of 3729 MWt.


The classification, intermediate size breaks, includes those breaks, the blowdown from which results in reactor depressurization and operation of the ECCS.  This section describes the consequences to the containment of a 0.68 ft2 break below the reactor pressure vessel water level.  This break was chosen as being representative of the intermediate size break range.  Such breaks can involve either reactor steam or liquid blowdown.


Following the occurrence of the 0.68 ft2 break, drywell pressure increases at approximately one psi/sec.  This transient is sufficiently slow that the dynamic effect of the water in the vents is negligible and the vents clear when the drywell to containment differential pressure is equal to the vent submergence hydrostatic pressure.


<Figure 6.2‑16> and <Figure 6.2‑17> show the drywell and containment pressure and temperature response, respectively.  The ECCS response is discussed in <Section 6.3>.  Approximately five seconds after the 0.68 ft2 break occurs, air, steam and water start to flow from the drywell to the suppression pool.  The steam is condensed and the air enters the containment free space.  The continual purging of drywell air to the containment results in a gradual pressurization of both containment and drywell.  Containment pressure continues to gradually increase due to the long term suppression pool heatup.


The ECCS is initiated as a result of the 0.68 ft2 break and provides emergency cooling of the core.  Operation of the ECCS is such that the reactor is depressurized in approximately 600 seconds, terminating the blowdown phase of the transient.


In addition, the suppression pool temperature at the end of blowdown is the same as that of the main steam line break because essentially the same amount of primary system energy is released during the blowdown.  After reactor pressure vessel depressurization and reflood, water from the ECCS begins to flow out the break.  This flow condenses the drywell steam and eventually causes the drywell and containment pressures to equalize in the same manner as described for a main steam line break.


The subsequent long term suppression pool and containment heatup transient that follows is essentially the same as for the main steam line break.


6.2.1.1.3.3.5      Small Size Breaks


This accident was not reanalyzed for power uprate since it was not the limiting case.  The analysis presented below is based on a power of 3729 MWt.


6.2.1.1.3.3.5.1      Reactor System Blowdown Considerations


This section discusses the containment transient associated with small primary system blowdowns.  The sizes of primary system ruptures in this category are those blowdowns that do not result in reactor pressure vessel depressurization due either to loss of reactor coolant or automatic operation of ECCS equipment.  Following the occurrence of a break of this size, it is assumed that the reactor operators initiate an orderly plant shutdown and depressurization of the reactor system.  The thermodynamic process associated with blowdown of primary system fluid is one of constant enthalpy.  If the primary system break is below the water level, blowdown flow consists of reactor water.  Blowdown from reactor pressure to drywell pressure results in flashing of approximately one third of the blowdown water to steam.  Two thirds of the water remains liquid.  Both phases are at saturation conditions corresponding to the drywell pressure.  Thus, if the drywell is at atmospheric pressure, for example, the steam and liquid associated with a liquid blowdown would be at a temperature of 212(F.


If the primary system rupture is so located that the blowdown flow consists only of reactor steam, the resultant steam temperature in drywell is significantly higher than the temperature associated with liquid blowdown.  This is because the constant enthalpy depressurization of high pressure, saturated steam results in superheated conditions.  For example, decompression of saturated steam at 1,000 psia to atmospheric pressure results in superheated steam at 298(F (86(F of superheat).


A small reactor steam leak resulting in superheated steam imposes the most severe temperature conditions on the drywell structures and on the safety equipment in the drywell.  For larger steam line breaks, the superheat temperature is nearly the same as for small breaks but the duration of the high temperature condition is less for the larger break.  This is a result of the more rapid depressurization of the reactor 


pressure vessel through the larger breaks.  Depressurization is slower for the orderly shutdown assumed to terminate the small break.


6.2.1.1.3.3.5.2      Containment Response


For drywell design considerations, the following sequence of events is assumed to occur.  With the reactor and containment operating under normal maximum conditions, a small break occurs that allows blowdown of reactor steam to the drywell.  The resulting pressure increase in the drywell leads to a high drywell pressure signal that scrams the reactor and initiates the containment isolation logic.  Drywell pressure continues to increase at a rate dependent upon the size of the steam leak.  The pressure increase lowers the water level in the annulus until the level begins to clear the vents.  At this time, air and water start to enter the suppression pool.  The steam is condensed and the air carries over to the containment free space.  The air carryover results in a gradual pressurization of the containment at a rate dependent upon the size of the steam leak.  Once all of the drywell air is carried over into the containment, short term containment pressurization ceases and the system reaches an equilibrium condition.  The drywell contains only superheated steam and continued blowdown of reactor steam is condensed in the suppression pool.  Suppression pool temperature continues to rise until the RHR heat exchanger heat removal rate equals the decay heat release rate.


6.2.1.1.3.3.5.3      Recovery Operations


The reactor operators are alerted to the small size break incident by the high drywell pressure signal and reactor scram.  For purposes of evaluating the duration of the superheat condition in the drywell, it is assumed that the response of the operators is to shut down the reactor in an orderly manner, using the main condenser, while limiting the reactor cooldown rate to 100(F/hr.  This results in depressurization of the primary system within six hours.  At this time blowdown flow to the


drywell ceases and the superheat condition is terminated.  If the operators elect to cool down and depressurize the primary system more rapidly than at 100(F/hr, the duration of the drywell superheat condition is shorter.


6.2.1.1.3.3.5.4      Drywell Design Temperature Considerations


For drywell design purposes it is assumed that there is a blowdown of reactor steam for the six hour cooldown period.  The corresponding design temperature is determined by finding the combination of primary system pressure and drywell pressure that produces the maximum superheat temperature.  The maximum drywell steam temperature occurs when the primary system is at approximately 450 psig and the drywell pressure is maximum.  Thus, for design purposes, it is assumed that the drywell is at 15 psig.  This results in temperatures of 330(F for the first three hours of the cooldown period, and 310(F for the next three hours.


6.2.1.1.3.4      Accident Analysis Models


6.2.1.1.3.4.1      Short Term Pressurization Model


The analytical models, assumptions and methods used by GE to evaluate the containment response during the reactor pressure vessel blowdown phase of a LOCA are described in (Reference 1) and (Reference 2).


6.2.1.1.3.4.2      Long Term Cooling Model


Once the reactor pressure vessel blowdown phase of the LOCA is over, a fairly simple model of the drywell and containment is used.  During the long term post‑blowdown transient, the RHR containment cooling system flow path is a closed system and the suppression pool mass is constant.  The cooling loop model used for analysis is schematically illustrated by <Figure 6.2‑18>.


The analytical models, assumptions and methods used by GE to evaluate the containment response during the long term cooling phase of a LOCA are described in (Reference 2).


6.2.1.1.3.5      High Energy Line Rupture Inside Containment


Some primary system pipes are routed from the drywell through the containment to the auxiliary building (main steam lines for example).  If such pipes were unguarded, rupture within containment would result in direct release of primary system fluid to the containment atmosphere.  The pressure suppression features of the containment would thus be bypassed and the potential would exist for a pipe rupture to produce significant containment pressures.


Because of the potential for overpressurizing containment, all reactor coolant pressure boundary pipes of a size which would result in containment overpressurization and which pass through the containment except LPCI, HPCS and LPCS pipes, are provided with guard pipes that vent to the drywell.  Thus, in the event of rupture of a reactor coolant pressure boundary pipe, flow passes through the suppression pool vent system and the steam is condensed.


The LPCI, HPCS and LPCS pipes have check valves inboard of the drywell penetration that prevent blowdown to the containment.


The traversing incore probe, control rod drive insert and withdraw and instrument lines could discharge primary coolant to the containment in the event of a rupture.  The unisolatable instrument line rupture results in the maximum discharge of primary coolant to containment.  This accident is discussed in <Chapter 15>.  Each instrument line includes a 1/4 inch diameter flow restricting orifice to limit the containment pressure increase to values well below the design pressure.


The major components of the reactor water cleanup system are located within containment and system piping could also discharge primary coolant to the containment in the event of rupture.  The system suction line penetrates the drywell and is provided with a guard pipe.  System components located inside containment are provided with break detection and isolation systems that limit the total blowdown fluid flow to containment to acceptable values.


6.2.1.1.4      Negative Pressure Design Evaluation


6.2.1.1.4.1      Evaluation of Drywell Negative Differential Pressure


Following the blowdown phase of a LOCA, air initially contained in the drywell has been purged to the containment and the drywell is full of steam.  During this period the ECCS is injecting cooling water from the suppression pool into the reactor pressure vessel.  When the reactor pressure vessel is flooded to the level of the break, water begins spilling into the drywell, condensing the steam and causing rapid depressurization of the drywell.  A bounding calculation of the peak drywell negative differential pressure is based upon the following conservative assumptions:


a.
All air has been purged out of the drywell.


b.
Drywell vacuum breakers do not open.


c.
The suppression pool is at the design temperature of 185(F.


d.
The containment is at suppression pool temperature and 100 percent relative humidity.


e.
Steam in the drywell is cooled to suppression pool temperature.


Using the above assumptions, the final drywell pressure is equal to saturation pressure at 185(F or:



Pd = 8.38 psia


Based upon the initial conditions listed in <Table 6.2‑5>, the initial air masses in the drywell and containment are:



Md = 19,193 lbm  (145(F at drywell)



Mc = 78,106 lbm

Using the assumptions in Items a. through e., above, the final containment pressure for the purposes of determining the drywell negative differential pressure is calculated as the summation of the partial pressures of air and vapor:



Pc = 28.48 psia


Thus, the bounding negative pressure load across the drywell wall is:



(Pd = Pd ‑ Pc


(Pd = ‑20.1 psid


6.2.1.1.4.2      Evaluation of Containment Negative Pressure


If the containment spray system is activated during any period of time other than when it is designed to be operated, it is possible that a vacuum could be created inside the containment vessel.  If the containment spray system is accidently activated, an excessive vacuum is prevented from developing by means of vacuum breakers provided for this purpose.


Containment vacuum relief capability is necessary only to maintain containment integrity should the containment spray system be operated in such a way as to tend to create a vacuum inside containment.  Although the containment spray system is adequately protected against 


inadvertent, unintentional or incorrect operation by interlocks and administrative procedures <Section 6.2.2>, two hypothetical situations are considered, assuming these protective measures are bypassed in some manner and the spray is started:


a.
For the first situation, pressure and temperature conditions for the containment atmosphere are based on the following sequence of events:



1.
The atmosphere inside containment is at normal pressure and temperature.



2.
A 6‑inch reactor water cleanup (RWCU) line break occurs inside containment.



3.
Isolation of the RWCU line is complete at 40 seconds after the accident.  At this time, the containment pressure is 5 psig, temperature is 157(F, and the containment has been isolated.



4.
The vacuum breakers between the containment and drywell <Section 3.8.3> open to equalize the pressure of the containment and drywell.  During this pressure equalization period, a portion of the containment air is swept into the drywell through the drywell vacuum breakers and remains there when the vacuum breakers close.




The maximum amount of air drawn into the drywell from containment is simply the difference between the amount of air in containment during normal operation and the amount of air in containment after the RWCU line isolation, assuming a slightly conservative relative humidity of 100 percent.









Normal Operating

RWCU Line









   Conditions


Isolation



Pressure, psig
0.0
5.0



Temperature, (F
90.0
157.0



Relative Humidity, %
50.0
100.0



Mass of air, lbm
82,200.0
78,100.0



5.
The containment spray system is activated at a flow rate of 10,500 gpm and a temperature of 60(F (minimum suppression pool temperature).  Note:  System flow rates of 6,000 gpm per spray loop (12,000 gpm total) are possible.  A qualitative analysis indicated that the containment negative pressure analysis remains valid when considering an 87% spray efficiency for this event.



6.
The containment is depressurized as a result of steam being condensed by the containment spray; the spray droplets are assumed to have an efficiency of 100 percent.  Three cases are considered in sizing the containment vacuum breakers:




(a)
Condensation rate including heat transfer structures with initial temperature of 80(F.




(b)
Condensation rate including heat transfer structures with initial temperature of 90(F.




(c)
The effects of the internal surfaces on the condensation rate are not considered.  This is the limiting case.




The resulting pressure‑temperature history within containment is calculated using the digital computer code CONTEMPT (Reference 5).



7.
<Figure 6.2‑19> and <Figure 6.2‑20> present the results of the analyses for Cases a and b, respectively.  Curves are plotted on these figures showing the containment vapor pressure and temperature, the total vapor mass, and the surface temperature of the internal concrete and steel liner as a function of time after RWCU isolation.




<Figure 6.2‑21> presents the results for Case c.




As indicated by comparing these three figures the net effect of considering the internal surfaces is a lesser vacuum condition than when the effects of the internal surfaces are not considered.  The peak vacuum calculated is 0.70 psig.


b.
For the second situation, it is assumed that the containment depressurization is a result of accidental initiation of the containment spray system during normal plant operation.  The conditions present in the containment at the time of spray initiation are chosen to provide the most conservative results:



1.
Maximum temperature in containment during normal operation:  105(F.



2.
Minimum relative humidity in containment during normal operation:  30 percent.



3.
Minimum spray water temperature:  60(F.




The source for the containment spray system water is the suppression pool.  The normal water temperature in the pool is 90(F or equal to the normal operating temperature in the containment vessel outside the drywell.  The minimum temperature of 60(F for the suppression pool is based on the minimum ambient air temperature (60(F) in the drywell and 




containment vessel which could occur only under shutdown conditions.  As described in <Section 9.4.6>, the reactor building ventilation system is designed to assure that the temperature of the containment atmosphere never falls below 60(F.



4.
Spray system flow rate:  10,500 gpm  Note:  System flow rates of 6,000 gpm per spray loop (12,000 total) are possible.  A qualitative analysis indicated that the containment negative pressure analysis remains valid when considering a flow rate of 12,000 gpm combined with a 95(F initial containment temperature (limited by the Technical Specifications) and assuming an 87% spray efficiency for this event.



5.
During the evaporative cooling phase of the transient, the water drops sprayed into the containment absorb heat from the containment atmosphere and evaporate to contribute to saturating the containment atmosphere.  This process is generally very rapid for spray rates typical of containment spray systems, and therefore, the time to complete the evaporative cooling process is important to compare to the vacuum breaker response time.  In the calculations presented here the following assumptions are made:




(a)
Spray efficiency is 100 percent.




(b)
All of the spray water entering the containment is immediately vaporized and forms a homogeneous mixture with the containment atmosphere.  Because of this conservative assumption, no detailed analytical heat/mass transfer modeling of the spray droplets is required.




(c)
No heat is transferred back into the containment atmosphere from the structures during the transient.




(d)
The mass flow through two 24‑inch diameter containment vacuum relief lines as a function of pressure differential is shown on <Figure 6.2‑22>.




The equations used in the analyses are derived from the conservation of mass and energy and the equations of state of water and air.  Utilizing the above assumptions the equations can be written as:




(a)
Conservation of mass:
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The assumption of instantaneous evaporation of the spray water defines the following additional relationship:
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and therefore,
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(b)
Conservation of energy:





From these equations it can be seen that the equation for the conservation‑of‑energy includes the effect of evaporative cooling.  This equation is given as:
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For any addition of low enthalpy spray water, the heat required for evaporation lowers the total energy (temperature) of the vapor region, thereby lowering the partial pressure of the air (constant mass with decreasing temperature) while increasing the partial pressure of the vapor (result of increasing mass of vapor being more dominant than decreasing temperature).




(c)
Equation of state:
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Where:






ma  = Mass of air, lbm





mf  = Mass of liquid water, lbm





mg
= Mass of vapor, lbm
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= Rate of spray water, lbm/sec
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= Rate of evaporation, lbm/sec






ua
= Internal energy of air, Btu/lbm





uf
= Internal energy of liquid water, Btu/lbm





ug
= Internal energy of vapor, Btu/lbm





hf
= Enthalpy of spray water, Btu/lbm





pa
= Partial pressure of air, psi






pg
= Partial pressure of vapor, psi






Ra
= Gas constant of air, ft‑lbf/(R‑lbm





Rg
= Gas constant of vapor, ft‑lbf/(R‑lbm





T
= Temperature of the containment atmosphere, (R






V
= Volume of the containment, ft3




The Hamming’s modified predictor ‑ corrector method is used to obtain an approximate solution of the equations listed above (Reference 6).



6.
After the evaporative cooling phase of the analyses is complete, the pressure ‑ temperature history of the containment in the saturated condition is calculated utilizing the digital computer code CONTEMPT (Reference 5).




<Figure 6.2‑23> shows the pressure and temperature inside containment as a function of time after start of the containment spray system.  As indicated on this curve the resulting peak vacuum calculated is 0.72 psig.




In addition, <Figure 6.2‑24> shows a curve of initial containment temperature versus relative humidity which results in a peak calculated vacuum of approximately 0.7 psig.  This curve is used in establishing plant technical specifications.


As a result of these analyses, a value of 0.8 psi is selected as the design negative pressure differential between the outside atmosphere and containment atmosphere (acting inward on the containment vessel).


The containment vacuum relief system is available for any postulated situation requiring relief of a vacuum inside containment.  This would include the rupture of a RWCU line.  For this event, the containment vacuum relief isolation valves would initially be closed by high drywell pressure.  After initiation of the spray system differential pressure switches in the containment override the containment isolation signal and open the vacuum relief isolation valves when the outside to containment atmosphere differential pressure has decreased to 0.0 psid.  Vacuum breaker opening for other than the inadvertent containment spray actuation scenarios presented in this section is considered a non‑ESF actuation.  Conditions which result in changes to the containment 


atmosphere, (such as containment venting and cooling, suppression pool level changes and weather changes), and subsequently result in containment vacuum breaker operation, are considered normal and expected, and are bounded by the limiting inadvertent containment spray situations.  <Section 7.3.1> gives details of the instrumentation and logic for this system.


6.2.1.1.4.2.1      Vacuum Breaker Design


Two 24‑inch nominal diameter vacuum relief lines are provided to obtain the vacuum relief cross‑sectional area required to prevent the negative pressure inside containment from exceeding the design value of 0.8 psi during the hypothetical situations presented in this section.  Two additional 24‑inch nominal diameter vacuum relief lines are provided for redundancy.


Each vacuum relief line has a 24‑inch nominal diameter, free swinging, simple check valve inside containment.  This check valve serves as both the vacuum breaker device and the inner isolation valve for the vacuum relief line.  Outside containment, each vacuum relief line has a 24‑inch nominal diameter motor‑operated butterfly valve to serve as the outer isolation valve.


A combination of any two vacuum relief lines provides a 10 percent margin between the maximum calculated negative pressure and the design negative pressure.  If all four vacuum relief lines are assumed operable (i.e., no failures) this margin is increased to 80 percent.  These margins are considered satisfactory for the following reasons:


a.
When a design negative pressure differential is selected and an 
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ratio is calculated, sizing of the vacuum breakers depends entirely upon the K value used.  Precise, tested, k values are available from vacuum relief valve manufacturers.  In addition, a 



10 percent margin on friction losses is standard in sizing piping systems.


b.
The hypothetical situations used in the analyses are very conservative in that they assume during each of the occurrences that the suppression pool is at its minimum design temperature while the containment atmosphere is at its peak temperature.


6.2.1.1.4.2.2      Testing and Inspection


Periodically, each check valve is exercised to ensure that it is in proper working condition.  For this purpose, each check valve has an air cylinder for power operated exercising.  Testing and inspection of the containment isolation function of the check valves and the outer isolation valves are discussed in <Section 6.2.4.4> and <Section 6.2.1.6>.


6.2.1.1.4.2.3      Instrumentation Applications


The vacuum breaker check valves are normally closed.  They begin to open under a pressure differential of 0.1 psid and close by gravity.  The motor‑operated outer isolation valves are controlled remote‑manually from the control room or automatically, as discussed in <Section 6.2.4> and <Section 7.3.1>, and are open during normal plant operation.  Position indicators on the vacuum breaker check valves annunciate in the control room if any of these check valves stick open during normal plant operation.  If this occurs, the outer isolation valves are closed manually from the control room.


6.2.1.1.5      Steam Bypass of the Suppression Pool


6.2.1.1.5.1       Introduction


The concept of the pressure suppression reactor containment is that any steam released from the primary system is condensed by the suppression pool and does not have an opportunity to produce a significant pressurization effect on the containment.  This is accomplished by channeling the steam into the suppression pool through a vent system.  This arrangement forces steam released from the primary system to be condensed in the suppression pool.  Should a leakage path exist between the drywell and containment, the leaking steam would result in pressurization of the containment.  To mitigate the consequences of any steam bypassing the suppression pool, a high containment pressure signal automatically initiates the containment spray system any time after LOCA plus ten minutes.  Realignment logic and interlocks affecting operation of containment spray are discussed in <Section 7.3>.


<Section 6.2.1.1.5.2>, <Section 6.2.1.1.5.3>, <Section 6.2.1.1.5.4>. and <Section 6.2.1.1.5.5> present the results of calculations performed to determine the allowable leakage capacity between the drywell and containment.


6.2.1.1.5.2      Criteria


The allowable bypass leakage is defined as the amount of steam which could bypass the suppression pool without exceeding the design containment pressure.  In calculating this value, a stratified atmosphere model is used to ensure conservatism.


6.2.1.1.5.3      Analysis


The allowable drywell leakage capacity has been evaluated for the complete spectrum of credible primary system rupture areas.  This leakage capacity is expressed in terms of the parameter:
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Where:



A = Flow area of leakage path, ft2.



K = Geometric and friction loss coefficient.


The parameter 
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 is dependent only upon the geometry of drywell leakage paths and is a convenient numerical definition of the overall drywell leakage capacity.  It results from a consideration of the flow process in the leakage paths.  Assuming steady‑state, incompressible fluid flow theory to be applicable to the leakage flow, the pressure loss between the drywell and containment can be written as follows:
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Where:



Pd = Drywell pressure, psia.



Pc = Containment pressure, psia.



K =
Total loss coefficient of the flow path between the drywell and containment.  These losses include entrance, exit, discontinuities, and friction.  The latter is somewhat dependent upon the Reynolds number of the fluid flow but, for drywell leakage considerations, can be considered constant.


Where: (Continued)



V = 
Velocity of flow, ft/sec.



gc =
Gravitational constant, lbm‑ft/lbf‑sec2.



v =
Specific volume of fluid flowing in the leakage path, ft3/lbm.


Given the equation for flow rate of 
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 and the flow area is A ft2, the above equations can be 


rewritten to give:
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Thus for a given drywell to containment pressure differential, the


leakage flow (capacity) is dependent only upon 
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6.2.1.1.5.4      Bypass Capability with Containment Spray and Heat Sinks


An analysis has been performed which evaluates the bypass capability of the containment for small primary system breaks, considering containment spray and containment heat sinks as means for mitigating the effects of bypass leakage.


The flow rate of one containment spray loop is 5,250 gpm.  This flow is assumed to start not sooner than ten minutes after the accident.  The suppression pool water passes through the RHR heat exchanger and is injected into the upper containment region.  The spray rapidly condenses the stratified steam and, therefore, creates a homogeneous air‑steam mixture in containment.  The available containment heat sinks, listed in <Table 6.2‑10>, were considered with variable convective heat transfer coefficients, based upon the local instantaneous air‑steam ratio.  The cooldown rate was assumed to be 100(F/hr and the maximum design service 


water temperature <Table 6.2‑3> was used.   The cooldown rate corresponds to the maximum rate which does not thermally cycle the reactor pressure vessel.  


This analysis results in an allowable drywell leakage capability of 
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 of 1.68 ft2.  This allowable drywell leakage capability (1.68 ft2) is calculated to ensure that the containment design pressure of 15 psig (29.7 psia) will not be exceeded (Reference 37).  A similar pressure transient for an 
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 of 1.0 ft2 for a Mark III design (Reference 38) is provided in <Figure 6.2‑25>.


Assumptions for allowable bypass calculations using heat sinks are as follows:


a.
Following occurrence of a pipe line break within the drywell, the air is purged through the vents into containment.


b.
Prior to containment spray operation, the bypassed steam is assumed to stratify in the upper containment.


c.
Air in containment is compressed by incoming steam.


d.
Containment spray is activated 180 seconds after containment pressure reaches 9 psig or at LOCA plus 13 minutes, whichever occurs later.


e.
Efficiency of containment spray is based upon the local steam to air ratio.


f.
Following spray activation, the air and steam in containment become mixed.


g.
Heat is transferred to exposed concrete and steel containment.  The Uchida convective heat transfer coefficients used are based upon the local steam to air ratio.


h.
No energy is assumed to leave the containment, except through the RHR heat exchanger.


The following analysis provides an illustration of the methods used to calculate steam condensing capability under typical post‑LOCA conditions.  The condensation capability is calculated using the following equation:
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Where:
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=
Steam condensation rate, lbm/sec.
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=
Spray flow rate, lbm/sec (degraded flow of one RHR pump).



Ns
=
Spray efficiency.



Tc
=
Containment temperature, (F.



Ts
=
Spray temperature at the nozzles, (F.



Hfg
=
Latent heat of vaporization, Btu/lbm.



Cp
=
Constant pressure specific heat of water, Btu/(F‑lbm.


The spray water temperature is calculated from:
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Where:



Tp  = Suppression pool temperature, (F.



KHX = Heat exchanger effectiveness, Btu/sec ‑ (F (degraded).



Tsw = Service water temperature (F.


Containment spray has a significant effect on the allowable bypass capacity.  Use of spray increases the maximum allowable bypass rate by an order of magnitude and represents an effective backup means of condensing bypass steam.


A study was performed by GE NEDO‑10977 (Reference 4), of potential cracking of the reinforced concrete drywell due to shrinkage, thermal gradients, seismic events, small breaks, LOCAs, and combinations of these has been performed and indicates no significant cracking of the drywell walls.  The drywell liner is not required to maintain a leak tight barrier and the GE generic concrete crack analyses demonstrates that the maximum allowable bypass leakage will be maintained.  The study also concluded that there was no through cracking due to a large break DBA in a main steam or recirculation line plus SSE.


The conservatisms in the crack study as supplemented by CEI/GAI calculations, reinforcement ratios and penetration reinforcement practices provide a conservative bound on estimated crack widths and drywell bypass leakage flow paths.  Under an SBA, no bypass leakage flow paths are predicted through the drywell concrete.  Under a DBA, even with the extremely conservative assumption of concurrent peak drywell pressures, maximum SSE earthquake forces, concurrent SRV actuations, and precracks at all construction joints, the maximum predicted bypass leakage flow path is only 0.35 ft2 as compared to an allowable 5 ft2.


6.2.1.1.6      Suppression Pool Dynamic Loads


Following a design basis LOCA in the drywell, the drywell atmosphere is rapidly compressed due to blowdown mass and energy addition to the drywell volume.  This compression is transmitted to the water in the weir annulus in the form of a compressive wave which propagates through the horizontal vent system into the suppression pool.


Upon pressurization of the drywell, water in the weir annulus is depressed and forced out through the horizontal vent system into the suppression pool.  This movement of pool water can result in a vent clearing reaction force on the weir wall and a water jet impingement force on the containment wall.


Following vent clearing, the air‑steam‑water mixture flows from the drywell through the vents and is injected into the suppression pool.  A vent flow reaction load is imparted to the weir wall and a vent flow differential pressure loads the drywell wall.


During vent flow the steam component of the flow mixture condenses in the suppression pool while the air, since it is noncondensible, is released to the suppression pool in the form of high pressure air bubbles.  Initial air bubble loads are experienced by all suppression pool retaining and submerged structures.


The continued addition and expansion of air within the suppression pool causes pool volume to swell resulting in acceleration of the pool surface vertically upward.  This response of the suppression pool is referred to as bulk pool swell since the air is confined beneath the pool and is driving a solid ligament of water.  Bulk pool swell air bubble and flow drag loads are imparted to the drywell and containment walls and to structures, components, etc., which may be located at low elevations above the normal pool surface.  Bulk pool swell impact loads also result for low elevation structures and components.


Due to the effects of buoyancy, air bubbles rise faster than the suppression pool water mass and eventually break through the swollen surface and relieve the driving force beneath the pool.  This breakup of the water ligament leads to the upward expulsion of a two‑phase mixture of air and water and is referred to as pool swell in the froth mode.  Structures which are located at higher elevations above the initial pool surface, i.e., the hydraulic control unit (HCU) floors, experience a pool swell froth impingement load due to impact of two phase flow.


In the annular region between the drywell and containment walls where pool swell occurs, a flow restriction exists at the HCU floor level, 27’‑2” above the normal pool surface.  The volume between the normal suppression pool surface and the HCU level is referred to as the 


wetwell.  During pool swell in the froth mode, passage of the air‑water mixture through this restriction generates a two‑phase flow pressure drop and produces a wetwell pressurization load on the HCU floors.  Froth flow continues until the fluid kinetic energy is expended, followed by fallback of the water to the initial suppression pool level.  Water fallback loads are experienced by all previously mentioned structures and equipment in the wetwell.


Following the initial pool swell event, the suppression system settles into a generally coherent phase during which vent flow rates are maintained from the drywell to the suppression pool.  A resultant effect is the occurrence of vent flow steam condensation loads on pool retaining structures.  As the reactor coolant system inventory of mass and energy is depleted near the end of blowdown, venting rates to the suppression pool diminish, allowing recovering of each row of horizontal vents.  During phases of low vent mass flux, the suppression system behaves in an oscillatory manner, referred to as chugging.  This periodic clearing and subsequent recovering of vents occurs since the vent flow cannot sustain bulk steam condensation at the vent exit.  The resultant local fluctuations in pressure and water level generate chugging oscillation loads, predominantly on the drywell and weir wall.


Pool dynamic loading associated with relief valve operations has been identified in addition to loading associated with the design basis LOCA.  Pressure waves are generated within the suppression pool when, upon first opening, relief valves discharge air and steam into the pool water.  This phenomenon yields steam vent clearing loads which are imparted to pool retaining and submerged structures.  The design basis loads for the containment system due to pool swell and safety/relief valve actuation discussed in <Appendix 3A>.


6.2.1.1.7      Containment Environment Control


The functional capability of the normal containment ventilation systems to maintain the temperature, pressure and humidity in the containment and subcompartments within prescribed limits (maximum allowable containment conditions) are discussed in <Section 9.4.6>.


6.2.1.1.8      Postaccident Monitoring


The containment atmosphere monitoring system provides highly reliable instrumentation for detecting and possibly predicting abnormal occurrences in containment and for monitoring following postulated accidents.  Temperature and pressure sensors are furnished throughout the containment and drywell and are equipped with adjustable alarm features.  Instrumentation channels are of high quality and accuracy so that precise monitoring information is available to the operator.  The suppression pool is similarly instrumented for purposes of temperature monitoring.


Monitoring system components are considered to be safety‑related and are qualified in accordance with IEEE Standards 323 (Reference 7) and 344 (Reference 8).  Redundant channels are provided and independence is maintained in accordance with the criteria of IEEE Standards 279 (Reference 9) and 384 (Reference 10).  Redundant Train A and Train B components are used.


Precision trip/calibration units continuously monitor each channel to ensure accurate alarming and inplace calibration at any time.


Recording of all containment atmosphere monitoring safety‑related channels is accomplished at the postaccident monitoring panel in the control room.


Further details concerning the containment atmosphere monitoring system are presented in <Section 7.6>.


6.2.1.2      Containment Subcompartments


6.2.1.2.1      Design Bases


An analysis of the containment subcompartments containing high energy piping, in which breaks are postulated to occur, has been performed.  The breaks selected for a pressurization analysis are those which release the most energy into the subcompartments.


All of the breaks were assumed to be circumferential.  Appropriate restraints were used where applicable to limit the mass release while still producing conservative results.


Final design margins above the peak calculated pressure are given in the appropriate tables for each subcompartment analyzed.


6.2.1.2.2      Design Features


6.2.1.2.2.1      Analyses Performed


a.
Reactor Annulus Pressurization



The reactor annulus was analyzed for recirculation line breaks and for a feedwater line break.  Obstructions considered included feedwater piping, recirculation piping, instrument lines, and inservice inspection pins.


b.
Drywell Head Region Pressurization



A six inch reactor core isolation cooling (RCIC) spray line enters the head region of the drywell and is attached to the top of the reactor pressure vessel <Figure 6.2‑26>.  When this line breaks, the reactor pressure vessel blows down into the head region which 



is vented to the drywell through six 20‑inch holes in the bulkhead member.  The six inch RCIC line is not assumed to discharge any liquid since the RCIC outboard isolation valve is closed.


c.
Reactor Water Cleanup Rooms Pressurization



Four reactor water cleanup rooms, listed below, were analyzed:



1.
Heat exchanger room.



2.
Filter demineralizer valve room.



3.
Filter demineralizer room.



4.
Drain valve nest room.



Plan and elevation drawings of the above rooms are provided by <Figure 6.2‑27>.


d.
Steam Tunnel Pressurization



The steam tunnel was analyzed for the same break as were the reactor water cleanup rooms.  This break was used since the main steam lines are enclosed in guard pipes inside containment.  Plan and elevation drawings showing the steam tunnel and the break location are provided by <Figure 6.2‑27>.


e.
Bulkhead Plate (P Analysis



An analysis has been performed to determine the peak pressure differential across the drywell bulkhead plate resulting from the postulated rupture of a main steam line at the reactor vessel nozzle.  <Figure 6.2‑51a> presents a schematic of the model used for the pressurization analysis.


6.2.1.2.2.2      Subcompartment Volumes


Volumes of the subcompartments are discussed in <Section 6.2.1.2.3>.


6.2.1.2.2.3      Vent Areas


Vent areas are discussed in <Section 6.2.1.2.3>.


6.2.1.2.3      Design Evaluation


The computer code COMPARE (Reference 11) was used in all subcompartment analyses, except for the analysis of the reactor annulus.  The computer code RELAP4/MOD3 (Reference 12) was used in the analysis of the reactor annulus.


Initial conditions, along with nodal volumes, calculated peak pressure differentials and design pressure differentials, are presented by <Table 6.2‑12>, <Table 6.2‑13>, <Table 6.2‑14>, <Table 6.2‑15>, and <Table 6.2‑16>.


Descriptions of break locations are presented in <Section 3.6> and below:


a.
Reactor Annulus



Breaks were considered as follows:



1.
The recirculation suction line break is assumed to occur at the nozzle of the reactor pressure vessel.  A flow diverter with a 1 inch gap is constructed around the recirculation line as shown by <Figure 6.2‑28>.  This limits the amount of fluid discharged from the nozzle into the reactor annulus.



2.
The recirculation discharge line break is a guillotine break which occurs within the reactor annulus.



3.
The feedwater line break is a guillotine break which occurs in the reactor annulus area.


b.
Drywell Head Region



The break in the six inch RCIC spray line is at the top of the reactor pressure vessel where the line enters the vessel.


c.
Reactor Water Cleanup Rooms



All four reactor water cleanup rooms were conservatively analyzed using the blowdown flow for the same break.  The inlet to the first regenerative heat exchanger is the assumed rupture point.


d.
Steam Tunnel



The break used in the steam tunnel analysis is the same as that used for the reactor water cleanup rooms.


e.
Bulkhead Plate (P Analysis


Nodal boundaries are based on actual flow restrictions ensuring that no substantial pressure gradient exists within a node.  Nodalization information is as follows:


a.
Reactor Annulus



The nodalization schemes of the reactor annulus were developed to provide detailed information, especially in the region surrounding the break itself, concerning the spatial pressure variation within the reactor annulus.  These nodalization schemes for the 



recirculation and feedwater line breaks are similar in detail to those used in reactor annulus analyses for other plants.  The nodal schematic for the recirculation suction line break, which takes credit for symmetry is provided in <Figure 6.2‑29>, where Node 25 is the break node and Node 24 is the drywell.  The spatial pressure variation due to the mass and energy release from a recirculation discharge line using the recirculation suction model was also analyzed.  The nodal schematic for the feedwater line break is provided in <Figure 6.2‑30>, where Node 29 is the break node and Node 50 is the drywell.


b.
Drywell Head Region



The drywell head region model is a two node model.  Node 1 is the head region and Node 2 is the drywell.


c.
Reactor Water Cleanup Rooms



Four reactor water cleanup rooms are modeled as follows:



1.
The heat exchanger room is modeled using three nodes:  the heat exchanger room, corridor and containment.



2.
The filter demineralizer valve room is modeled using three nodes:  the filter demineralizer valve room, corridor and containment.



3.
The filter demineralizer room model is a two node model:  the filter demineralizer room and containment.



4.
The drain valve nest room is modeled using three nodes:  the drain valve nest room, corridor and containment.


d.
Steam Tunnel



The steam tunnel model is a two node model:  Node 1 is the steam tunnel, Node 2 is the containment.


e.
Bulkhead Plate (P Analysis



The COMPARE model used for the Bulkhead Plate (P Analysis is given in <Figure 6.2‑51a>.  Control Volumes 1 and 2 are the break nodes and Control Volume 5 models the drywell head region.  The nodal descriptions are given in <Table 6.2‑16a> and the flow path data is given in <Table 6.2‑24a>.


Graphs of pressure differential with respect to time are provided for the subcompartments by the figures indicated:


a.
Reactor annulus:



1.
Recirculation line breaks, <Figure 6.2‑31>, <Figure 6.2‑32>, <Figure 6.2‑33>, <Figure 6.2‑34>, <Figure 6.2‑35>, <Figure 6.2‑36>, and <Figure 6.2‑37>.



2.
Feedwater line break, <Figure 6.2‑38>, <Figure 6.2‑39>, <Figure 6.2‑40>, <Figure 6.2‑41>, <Figure 6.2‑42>, <Figure 6.2‑43>, <Figure 6.2‑44>, and <Figure 6.2‑45>.


b.
Drywell head region, <Figure 6.2‑46>.


c.
Reactor water cleanup rooms, <Figure 6.2‑47>, <Figure 6.2‑48>, <Figure 6.2‑49>, and <Figure 6.2‑50>.


d.
Steam tunnel, <Figure 6.2‑51>.


e.
Bulkhead Plate (P Analysis, <Figure 6.2‑51b> and <Figure 6.2‑51c>.


Mass and energy releases used in the analyses are presented in the tables indicated or as stated below.  All mass and energy as presented in the following tables is assumed to enter the break node.


a.
Reactor annulus:



1.
Recirculation suction line break, <Table 6.2‑17>.



2.
Recirculation discharge line break, <Table 6.2‑17>.



3.
Feedwater line break, <Table 6.2‑18>.


b.
Drywell head region:  flow rate, 390 lbm/sec; enthalpy, 1,190 Btu/lbm.


c.
Reactor water cleanup rooms, <Table 6.2‑19>.


d.
Steam tunnel inside reactor building.  The RWCU line is the source of pipe rupture (main steam lines are guard piped), <Table 6.2‑19>.


e.
Bulkhead plate (P analysis ‑ rupture of a main steam line in the drywell, <Table 6.2‑26>.



<Table 6.2‑20>, <Table 6.2‑21>, <Table 6.2‑22>, <Table 6.2‑23>, <Table 6.2‑24>, and <Table 6.2‑24a> provide flow path information.


a.
Reactor Annulus, <Table 6.2‑20> and <Table 6.2‑21>.



The compressible flow model as provided in (Reference 12) was used.



Special consideration has been given to the effect of the insulation attached to the biological shield wall following an accident within the reactor annulus.



The following assumptions have been used in determining nodal volumes and vent flow areas:



1.
The annulus area below the reactor vessel skirt is assumed to remain isolated during the break transient.



2.
Air seals which rupture at 15.0 psid separate the reactor annulus and the drywell.



3.
Nodal volumes and initial flow area were evaluated, assuming that the insulation remained in place.



4.
At the start of the accident all insulation within 120( of the break centerline is assumed to tear away from the biological shield wall and to catch on annulus piping and inservice inspection equipment.  A study was made considering three different distribution schemes to represent how the insulation panels might catch on annulus obstructions.  They are:




(a)
Insulation panels are distributed evenly from 0( to 150( from the break centerline.




(b)
Insulation panels are distributed evenly from 0( to 120( from the break centerline.




(c)
Insulation panels are assumed to preferentially catch on obstructions between 30( and 120(.




Results of this study indicate that the even distribution of insulation panels over the 0(‑120( range leads to a greater spatial pressure variation within the reactor annulus.



5.
Insulation panels are assumed not to collapse for purposes of calculating vent area reduction, with the exception of those panels caught on obstructions which border the break node; these panels are assumed to collapse only in the direction of direct flow.



6.
Flow blockage which occurs within the boundaries of a node is projected to the surrounding nodal junctions.


b.
Drywell head region, <Table 6.2‑22>



The flow models, as provided in the COMPARE (Reference 11) computer code, have been used.



Loss coefficients were calculated using the methods of (Reference 25) adjusted to the flow path minimum area.


c.
Reactor water cleanup rooms, <Table 6.2‑23>.



The flow models, as provided in the COMPARE computer code, have been used.



Loss coefficients were calculated using the methods of (Reference 25) adjusted to the flow path minimum area.


d.
Steam tunnel, <Table 6.2‑24>



The flow models, as provided in the COMPARE computer code, have been used.



Loss coefficients were calculated using the methods of (Reference 25) adjusted to the flow path minimum area.


e.
Bulkhead Plate (P Analysis, <Table 6.2‑24a>



The flow models, as provided in the COMPARE computer code have been used.  Loss coefficients were calculated using the methods of (Reference 25) adjusted to flow path minimum area.



Reactor vessel insulation is assumed to be blown away and to block the opening to the drywell head region located in Control Volume No. 1.


6.2.1.3      Mass and Energy Release Analyses for Postulated Loss‑ of‑Coolant Accident


This section presents information concerning the transient energy release rates from the reactor primary system to the containment system following a LOCA.  Where the emergency core cooling systems enter into the determination of energy released to the containment, the single failure criteria have been applied to maximize the release.


6.2.1.3.1      Mass and Energy Release Data


<Table 6.2‑25> provides the mass and enthalpy release data for the recirculation line break.  Blowdown steam and liquid flow rates approach zero in approximately 376 seconds and do not change significantly during the remainder of the 24‑hour period following the accident.  <Figure 6.2‑52> shows the blowdown flow rates for the recirculation line break.  These data were used in the containment pressure‑temperature transient analyses discussed in <Section 6.2.1.1.3.3.1>.


<Table 6.2‑26> provides the mass and enthalpy release data for the main steam line break.  Blowdown steam and liquid flow rates approach zero in approximately 360 seconds and do not change significantly during the remainder of the 24‑hour period following the accident.  <Figure 6.2‑53> shows the reactor pressure vessel blowdown flow rates for the main steam 


line break as a function of time after the postulated rupture.  This information was used in the containment response analyses discussed in <Section 6.2.1.1.3.3.2>.


6.2.1.3.2      Energy Sources


Reactor coolant system conditions prior to the line break are listed in <Table 6.2‑4> and <Table 6.2‑5>.  Reactor blowdown calculations for containment response analyses are based upon these conditions during a LOCA.


The energy released to containment during a LOCA is comprised of the following:


a.
Stored energy in the reactor system.


b.
Energy generated by fission product decay.


c.
Energy from fuel relaxation.


d.
Sensible energy stored in reactor structures.


e.
Energy being added by the ECCS pumps.


f.
Metal‑water reaction energy.


All of the above energies, except pump heat energy, are discussed or referenced in this section.  The pump heat rate used in evaluating the containment response to the LOCA is selected as an input of 5,267 Btu/sec to the system with all ECCS equipment operating and 3,393 Btu/sec for minimum ECCS equipment operating.


Following each postulated accident event, the stored energy in the reactor system and the energy generated by fission product decay is 


released.  The rate of release of core decay heat for the evaluation of the containment response to a LOCA is presented by <Table 6.2‑27> and <Table 6.2‑27a> as a function of time after accident initiation.


The analysis at 3729 MWt <Table 6.2‑27> used decay heat based on the ANS 5.0 (1973 standard) +20/10 (add 20% for the first 1000 seconds and 10% thereafter).  The long‑term analysis at 3833 MWt <Table 6.2‑27a> used the more realistic ANS/ANSI 5.1 (1979 standard) with 2 sigma uncertainty adders.


Following a LOCA, the sensible energy stored in the reactor primary system metal is transferred to the recirculating ECCS water, and thus, contributes to suppression pool and containment heatup.  <Figure 6.2‑54> shows the variation of the sensible heat content of the reactor pressure vessel and internal structures during a main steam line break accident, based upon the temperature transient responses.


6.2.1.3.3      Reactor Blowdown Model Description


The reactor primary system blowdown flow rates were evaluated using the model described in (Reference 1).


6.2.1.3.4      Effects of Metal‑Water Reaction


The containment systems are designed to accommodate the effects of metal‑water reactions and other chemical reactions which may occur following a LOCA.  The amount of metal water reaction which can be accommodated is consistent with the performance objectives of the ECCS.  <Section 6.2.5.3> provides a discussion of the generation of hydrogen within containment by metal‑water reaction.  In evaluating the containment response, 16,221 Btu/sec of heat from metal‑water reaction is included for the first 120 seconds.  The containment response is 


insensitive to the reaction time, even for the extremely conservative case where all the energy is included prior to the occurrence of peak drywell pressure.


6.2.1.3.5      Thermal Hydraulic Data for Reactor Analysis


Sufficient data to perform thermodynamic evaluations of the containment have been provided in <Section 6.2.1.1.3.3> and associated tables, in particular <Table 6.2‑5>.


6.2.1.4      Mass and Energy Release Analysis for Postulated Secondary System Pipe Ruptures Inside Containment (PWR)


This section is not applicable to PNPP.


6.2.1.5      Minimum Containment Pressure Analysis for Performance Capability Studies on Emergency Core Cooling System (PWR)

This section is not applicable to PNPP.


6.2.1.6      Testing and Inspection


Containment testing and inspection requirements are discussed in <Section 3.8.1>, <Section 3.8.2>, <Section 3.8.3>, and <Section 6.2.6>.  No other special tests of either the drywell or containment structure are planned.  Testing and inspection of other engineered safety features inside containment that interface with the containment structures are discussed in those sections which address the specific systems.


6.2.1.7      Instrumentation Requirements


The containment atmosphere monitoring system provides the operator with precise alarming, indicating and recording of the drywell and containment atmospheric conditions and suppression pool temperature 


before, during and after a design basis accident.  Additional details concerning the containment atmosphere monitoring system are provided in <Section 7.6>.


The drywell and containment vacuum relief system continuously monitors the drywell/containment and containment/atmosphere differential pressures and initiates automatic valve actuation as required.  Redundant instrumentation is provided.  Additional details concerning this system are presented in <Section 7.3>.


The combustible gas control system provides redundant hydrogen analyzers to monitor postaccident containment hydrogen concentration.  Additional details concerning the hydrogen analyzers are provided in <Section 6.2.5> and <Section 7.3>.


The plant and area radiation monitoring system provides indication of containment ventilation exhaust and area radiation levels.  Alarms are also provided.  Details concerning radiation monitoring are provided in <Section 11.5> and <Section 12.3.4>.


6.2.2      CONTAINMENT HEAT REMOVAL SYSTEM


6.2.2.1      Design Bases


The containment heat removal system, consisting of the suppression pool cooling and containment spray systems, is an integral part of the RHR system.  The purpose of this system is to prevent excessive containment temperatures and pressures, thus maintaining containment integrity following a LOCA, and to provide a mechanism to remove post‑LOCA airborne fission product activity.  To fulfill this purpose, the containment heat removal system meets the following safety design bases:


a.
The system limits the long term bulk temperature of the suppression pool to 185(F without spray operation when considering the energy 



additions to the containment following a LOCA.  These energy additions, as a function of time, are provided in <Section 6.2.1.3>.


b.
The single failure criteria applies to the system.


c.
The system is designed to safety grade requirements including the capability to perform its function following a safe shutdown earthquake.


d.
The system maintains operation during those environmental conditions imposed by the LOCA.


e.
Each active component of the system is testable during normal operation of the nuclear power plant.


6.2.2.2      System Design


The containment heat removal system is an integral part of the RHR system.  Water is drawn from the suppression pool, pumped through one or both pairs of RHR heat exchangers and delivered to the suppression pool or to the containment spray header.  The return flow penetrates containment through 18 inch lines at Elevation 603’‑6” which is 10’‑6” above normal water level.  After penetrating containment, the return line descends vertically to Elevation 588’‑6” where it turns and discharges horizontally into the pool.  Physical model testing of the suction and discharge arrangement was performed to assure adequate mixing of the return water with the total suppression pool inventory.  The large passive strainer installed in response to <NRC Bulletin 96‑03> changed the suction configuration which was used in the physical model testing, the discharge configuration was unchanged.  Analysis shows that pool mixing is not adversely affected by the new suction configuration.  Because the large passive strainer is located on the floor of the suppression pool, any possible short circuiting of the RHR discharge to 


its suction is not likely.  Additionally, the large passive strainer design has continuous suction capability for the full 360 degrees around the suppression pool.  During routine plant operation without significant quantities of debris present in the suppression pool, the majority of flow through the strainer to the RHR pumps will be from the strainer segments nearest the pump suction connection.  However, debris buildup on the strainer post‑LOCA will result in a more uniform flow distribution through the strainer along the entire length of the strainer (this has been confirmed by test).  Spreading the source of suction over the entire strainer surface enhances mixing.  Plan and section views are shown on <Figure 6.2‑55> and <Figure 6.2‑56>.


Water from the emergency service water system is pumped through the heat exchanger tube side to exchange heat with the processed water.  Two cooling loops are provided, each being mechanically and electrically separate from the other to achieve redundancy.  A process and instrumentation diagram is provided in <Section 5.4>.  The process diagram, including the process data, is provided in <Section 5.4> for all design operating modes and conditions.


All portions of the containment heat removal system are designed to withstand operating loads and loads resulting from natural phenomena.  All operating components can be tested during normal plant operation so that reliability can be assured.  Construction codes and standards are discussed in <Section 5.4.7>.


The containment spray subsystem is started manually or automatically.  The LPCI mode is automatically initiated from ECCS signals and the RHR system realigned for containment cooling by the plant operator after the reactor vessel water level has been recovered <Section 6.2.1>.


Suppression pool cooling is initiated in loop A or B by manually starting the emergency service water pump, closing the heat exchanger 


bypass valve, opening the service water valve at the heat exchangers, closing the LPCI injection valve, and opening the pool return valve.


If a single failure occurred and the action which the plant operator is taking does not result in system initiation, then the operator will place the other totally redundant system into operation by following the same initiation procedure.  If the operator chooses to utilize the containment spray, he must close the LPCI injection valves and open the spray valves.  The containment spray mode is also initiated automatically on high containment pressure.  Actual spray is delayed for 10 minutes and is initiated then only if LOCA and high drywell pressure signals are present.  Automatic initiation is provided to protect the containment in the event of suppression pool bypass leakage as is described in <Section 6.2.1.1.5.4>.


If containment pressure is below the “high containment pressure” setpoint, actuation of the containment spray system can be performed manually from the control room.


Preoperational tests are performed to verify individual component operation, individual logic element operation and system operation up to the containment spray header.  A sample of the nozzles are bench tested for flow rate versus pressure drop to evaluate the original hydraulic calculations.  Finally, the headers are tested by air and visually inspected to verify that all nozzles are clear.  Refer to <Section 5.4.7.4> for further discussion of preoperational testing.


Each ECCS pump takes suction directly from the suppression pool which does not have a sump.  To prevent foreign objects in the suppression pool from entering the ECCS flow path, a strainer is located on the ECCS suction lines in the suppression pool.


The suction piping strainer from the suppression pool is specified with 3/32 (0.094”) inch mesh openings capable of screening all foreign 


particles which are of sufficient size to clog the RHR pump seal cyclone separators which have 1/8 inch orifices.  The HPCS portion of the strainer uses the same mesh opening criteria as does the remainder of the strainer, however, an opening of 0.125 inch is allowed, which is sufficient to protect the HPCS pump’s cyclone separator which has a 0.136 inch orifice.  The large passive strainer is designed with sufficient strainer surface area to provide very low fluid approach velocities under all postulated debris loading conditions so that in the event the strainer becomes fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials), the minimum required NPSH is still provided to the RHR pumps during LPCI and suppression pool cooling modes.  At a design flow rate of 7,800 gpm, the large strainer has a maximum pressure drop of 3.3 feet with the strainer fully loaded.


The strainer completely circumscribes the suppression pool and is fabricated from stainless steel plate and perforated (3/32” holes) stainless steel plate.  The strainer is semi‑circular in cross‑section with two separate flow channels separated by an open central channel.  The three ECCS divisions which connect to the strainer are physically separated through the use of internal divider plates in the flow channels; two divider plates are installed at each divisional interface location.  The strainer rests on the floor of the suppression pool and the top of the strainer is approximately 3’‑2” above the suppression pool floor.  <Figure 6.2‑83> shows the general layout of the strainer.


The mechanism for transport of insulation from the drywell into the containment suppression pool following an accident involves a series of occurrences, as discussed below.


The following types of insulation are used for piping and equipment within the containment:


a.
Metal‑reflective insulation for the reactor pressure vessel.


b.
Metal‑jacketed fiberglass blanket (Nu“K”on) for all hot piping and equipment.  For those portions of hot piping and equipment where system configuration does not permit metal jacketing, only fiberglass blankets are installed.


c.
Polyethylene closed cell foam insulation on chilled water piping.


Metal‑reflective insulation is installed in sections with overlapping edges and quick release latches with keepers.


Metal‑jacketed fiberglass blanket insulation is installed in two‑foot sections with Velcro fasteners on the longitudinal seam for ease of installation and removal.  The blanket jacketing consists of a separate stainless steel sheath combining quick release latches and closure handles.


<Regulatory Guide 1.82> (Position 2.3.1.1) states that, consistent with the requirements of <10 CFR 50.46>, debris generation should be calculated for a number of postulated LOCAs of different sizes, locations, and other properties sufficient to provide assurance that the most severe postulated LOCAs are calculated.  <Regulatory Guide 1.82> (Position 2.3.1.2) states an acceptable method for determining the shape of the zone of influence (ZOI) of a break is described in <NUREG/CR‑6224>.  The volume contained within the zone of influence should be used to estimate the amount of debris generated by a postulated break.


PNPP utilized NEDO‑32686, Utility Resolution Guidance for ECCS Suction Strainer Blockage, <Section 3.2.1.2.3> (method 2) (Reference 34), to determine the size of a spherical ZOI.  PNPP selected worst case break configuration based on the latest available information contained in (Reference 34).  Specific pipe break locations were not used to identify the most severe zone of influence by a LOCA.  Instead, a graphical model of the drywell was used to locate the center of the most severe 


(largest) spherical zone of influence on the centerline of large bore drywell piping.  A number of locations were compared for the greatest volume of insulation affected.  The spherical zone size was determined independent of piping location, based on maximum pipe size (main steam piping diameter), and most severe offset and separation.  The zone takes no credit for any fraction of debris that is considered non‑transportable (i.e., all debris is 100% transportable).


(Reference 34) (Section 3.2.1.2.3, method 1) was used to calculate the volume of fibrous insulation available for transport.  The ZOI calculation produced a quantity of fiber debris that was less than the installed fibrous insulation.  The strainer design is based on the full drywell debris load and, therefore, is unaffected by changes in ZOI methodology, and conservative.


The quantity of “other” LOCA‑generated debris (debris resulting from painted surfaces, fibrous, cloth, plastic, or particulate materials within the zone of influence that may produce debris) is based on the recommendations contained in the (Reference 34).  The spherical ZOI was used to assess the mass of “other” drywell debris, and to demonstrate the safety margin available with the strainer design.  The debris quantities used in the strainer design are considered very conservative.


PNPP has only considered fiber insulation quantities with respect to transportable insulation materials from the drywell.  Stainless steel NUKON jacketing and reactor vessel metallic insulating materials and components at PNPP have been considered to be of sufficient density that they would sink to the bottom of the drywell or accumulate within the reactor vessel bioshield wall.  Based on the very low approach velocity of the strainer, the design is not sensitive to any volume of reflective metal insulation generated as the result of a LOCA.  Hence, the effects of pipe breaks inside the bioshield are bounded by the pipe breaks outside the bioshield which generate significantly greater amounts of fibrous insulation debris.


Due to low approach velocities associated with the large, passive strainer, metal tags and metallic insulation materials were assumed to settle in the Suppression Pool.  PNPP takes no credit for settling of fiber insulation material, corrosion products/sludge, paint or coating debris, and plastic debris materials at the onset of a LOCA; however, significant debris settling was observed in a test program utilizing a 1/4‑scale model of the strainer.  The settling observed in the testing program is considered prototypical of the settling which would occur in the suppression pool after chugging and condensation oscillation have ceased.


With respect to debris transport, 100% of the drywell fiber insulation is considered to be transported to the suppression pool, without credit for any holdup time in the drywell.  Similarly, the other amounts of debris are also assumed to be completely transported to the pool.  It is assumed that the hydrodynamic actions during the first few minutes of a LOCA are sufficient to completely mix all debris which enters the pool from the drywell and to fully disperse all pre‑existing debris resident in the suppression pool prior to LOCA occurrence.  PNPP utilized the methods prescribed in the (Reference 34) and plant specific data to establish the limits for pre‑LOCA debris in the suppression pool.


Prior to the initiation of suppression pool cooling, and once the suppression pool has settled from the initial hydrodynamic disturbances, the debris will either settle, be drawn to the strainer, or both.  Since the 0.02 fps design approach velocity of the strainer is approximately the same as fiber settling velocities, fiber will be drawn to the strainer locally or else settle, with minimal tangential movement of the debris.  This is potentially true to an even greater extent with the denser, particulate debris types such as ferrous materials, paint chips, etc. since their settling velocities are higher than fiber.  However, these materials are also basically attracted to the strainer because of their dispersion within the fiber debris.  Particulate materials which 


are initially resident in the pool water nearest the strainer may also be expected to be preferentially drawn to the strainer mesh surface in lieu of settling, to be trapped by the fiber material which forms there.


The strainer design is such that debris will tend to collect first on the surface near the source of suction.  As the debris bed thickness increases, the head loss will tend to increase through that portion of the strainer, and as a result the primary debris accumulation points will tend to migrate along the strainer, i.e., the strainer will be self‑regulating with regards to debris accumulation and head loss.  This process would continue until all debris has been captured by the strainer or has settled in the pool.  If less than the maximum quantity of debris is generated, portions of the strainer may remain uncovered.  Therefore, rate of accumulation of debris on the strainer is of no consequence. 


The large toroidal passive strainer has been designed in accordance with <Regulatory Guide 1.82>, Revision 2.  The suction strainer has been designed to preclude the potential for loss of NPSH caused by debris blockage during the period that the ECCS is required to maintain long‑term cooling.  The large toroidal passive strainer results in a very low approach velocity for water entering the strainer.  Debris collected on the strainer surface is not expected to compact significantly (due to the very low approach velocity), resulting in minimal head loss.  The testing of a 1/4‑scale model of the strainer design confirmed the performance of the strainer and the behavior of the postulated debris bed as a function of time after the postulated LOCA.  Because the debris bed will not be significantly compacted, flow will continue to pass through the debris (and the strainer) and thus the overall differential pressure will remain low.  Maintaining a low differential pressure will ensure adequate NPSH for the ECCS pumps.


A complete DBA analysis of the interaction of the Nu“K”on insulation with the ECCS systems is presented in Owens‑Corning Topical Report OCF‑1.


The chilled water anti‑sweat insulation is only located above the floor grating on the wetwell Elevation 620’‑6”.  If pieces were to reach the pool below, the pieces would float on the pool surface since the material has negligible water absorption capacity and weighs 2 lbs/ft3.


6.2.2.3      Design Evaluation


In the event of the postulated LOCA, the short term energy release from the reactor primary system will be dumped to the suppression pool.  This will cause a pool temperature rise of approximately 45(F.  Subsequent to the accident, fission product decay heat will result in a continuing energy input to the pool.  The containment cooling system will remove this energy which is released into the primary containment system, thus resulting in acceptable suppression pool temperatures and containment pressures.


To evaluate the adequacy of the RHR system, the following sequence of events is assumed to occur:


a.
The reactor initially operating at 104.2 percent of original rated power (3729 MWt), a LOCA occurs.


b.
A loss of offsite power occurs and one emergency diesel fails to start and remains out‑of‑service during the entire transient.  This is the worst single failure.


c.
Only three ECCS pumps are activated and operated as a result of Item b., above.


d.
After 30 minutes the plant operators activate one RHR heat exchanger in order to start containment heat removal.  Once containment cooling has been established, no further operator actions are required.


NPSH requirements of <Regulatory Guide 1.1> are found in <Section 6.3.2.2>.


6.2.2.3.1      Summary of Containment Heat Removal Analysis


When calculating the long term, post‑LOCA pool temperature transient, it is assumed that the initial suppression pool temperature and the emergency service water temperature are at their maximum values.  This assumption maximizes the heat sink temperature to which the containment heat is rejected and thus maximizes the containment temperature.  In addition, the RHR heat exchanger is assumed to be in a fouled condition at the time the accident occurs.  This conservatively minimizes the heat exchanger heat removal capacity.  The resultant suppression pool temperature transient is described in <Section 6.2.1.1.3.3.1> and is shown in <Figure 6.2‑7> and <Figure 6.2‑8>.  Even with the degraded conditions outlined above, the maximum temperature is only 182.7(F, which is below the design limit specified in <Section 6.2.2.1>.


It should be noted that when evaluating this long term suppression pool transient, all heat sources in the containment are considered with no credit taken for any heat losses other than through the RHR heat exchanger.  These heat sources are discussed in <Section 6.2.1.3>.  <Figure 6.2‑9> shows the actual heat removal rate of the RHR heat exchanger.


The conservative evaluation procedure described above clearly demonstrates that the RHR system in the suppression pool cooling mode limits the post‑LOCA containment temperature transient.


6.2.2.4      Tests and Inspections


The preoperational test program of the containment cooling system is described in <Section 6.2.2.2>.  Preoperational testing of the RHR system is discussed in <Section 5.4.7.4>.


6.2.2.5      Instrumentation Requirements


The details of the instrumentation are provided in <Section 7.3>.  The suppression pool cooling mode of the RHR system is manually initiated from the control room.


6.2.3      SECONDARY CONTAINMENT FUNCTIONAL DESIGN


6.2.3.1      Design Bases


The secondary containment system includes the shield building and the annulus exhaust gas treatment system (AEGTS).  Details of the AEGTS are given in <Section 6.5.3>.  The following are the design bases for the shield building:


a.
The shield building is designed to collect the fission product leakage from the primary containment during and following a postulated design basis accident and delay it until it can be released to the environs after processing through the annulus exhaust gas treatment system such that the resultant offsite doses are less than the values set forth in <10 CFR 100> and <10 CFR 50, Appendix A> General Design Criterion 19.  (For the design‑basis RAST LOCA analysis, the licensing basis dose limit is 25 rem TEDE offsite, and 5 rem TEDE for the control room.)


b.
The shield building is designed to withstand the peak transient pressures and temperatures which could occur due to the postulated design basis accident.


c.
The shield building is designed as a Seismic Category I structure.


d.
The shield building is maintained at a slight negative pressure relative to atmospheric pressure (approximately 0.40 inch water gauge) so any leakage through the shield building or the containment vessel is into this space.


e.
The design loads on the shield building are discussed in <Section 3.8.1>.


f.
The leak tightness of the shield building is continually verified by maintaining the annulus at a vacuum of 0.40 inch water gauge.  This constitutes a continuous testing program.  Inspection of the secondary containment structure will not be necessary as long as a vacuum can be maintained through normal operation of plant equipment.


6.2.3.2      System Design


The shield building is a cylindrical reinforced concrete structure with a spherical dome enclosing the containment vessel.  The internal diameter is 130 feet and the outside diameter is 136 feet.  There is an annulus width of five feet between the containment vessel and the inside of the shield building.  <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, <Figure 1.2‑12>, and <Figure 1.2‑13> show plan and elevation views of the shield building.


There are two doors allowing access to the annulus area, both of which are normally locked.  They are provided with position indicators and alarms which annunciate in the control room.


A tabulation of the design and performance data for the shield building is provided in <Table 6.2‑28>.


The performance objective of the shield building is to collect and retain any fission product leakage from the containment vessel during and following a design basis accident and, in conjunction with the annulus exhaust gas treatment system, process and release the fission products to the environs in a controlled manner.  This release is accomplished such that the resultant offsite doses to the general public are within the values given in <10 CFR 100> and the doses to the control room operators are within the values given in <10 CFR 50, Appendix A> General Design Criterion 19.  (For the design‑basis RAST LOCA analysis, the licensing basis dose limit is 25 rem TEDE offsite, and 5 rem TEDE for the control room.)


The principal construction codes, standards and guides used in the design of the shield building are described in <Section 3.8.1>.  In order to minimize the amount of radioactive material that leaks to the secondary containment following a design basis accident, primary containment penetrations are provided with redundant, ASME Code, Section III, Class 2, Seismic Category I isolation valves, one inside of the primary containment and one outside of the shield building, or some other acceptable configuration such as a closed system outside of containment.  The piping out to the outboard containment isolation valve or in the closed system is also ASME Code, Section III, Class 2.  This isolation valve arrangement functions to minimize “through‑line” leakage, which is limited by leak rate testing as described below.  The containment isolation system is discussed in more detail in <Section 6.2.4>.  The containment and reactor vessel isolation control system is discussed in more detail in <Section 7.3.1>.


The containment boundary and all penetrations except for penetrations with guard pipes terminate in the annulus.  Therefore, containment shell leakage and penetration leakage are considered to be totally directed to the annulus.  The sources listed in <Table 6.2‑33> are a summary of potential leakage paths that could bypass the AEGTS.  The containment design basis accident leakage is 0.2 percent by weight of the contained 


atmosphere in 24 hours.  The maximum test leakage rate permitted from the sources listed in <Table 6.2‑33> is 5.04 percent of the total containment leakage.  This value will be the technical specification commitment for leakage bypassing the AEGTS as listed in the Technical Specifications.  In order to verify that the total amount of potential bypass leakage will be within this limit, a testing and evaluation program will be conducted on isolation valves, personnel airlocks and guard pipes as described in <Section 6.2.4.3.1>.


The expected leakage rates per valve have been calculated and are shown on <Table 6.2‑33> for the potential bypass leakage paths.  In these calculations, it was assumed that the onsite leakage limit per valve will be the same as the shop test limits given in the valve specifications.


The air‑filled lines penetrating primary containment that are not entirely contained in the secondary containment, and are potential bypass leakage paths, are identified in <Table 6.2‑33>.  The air supply lines to the ADS accumulators are not considered bypass leakage paths since they are safety‑related lines that remain pressurized post‑LOCA (at a pressure exceeding containment vessel design pressure).


6.2.3.3      Design Evaluation


All high energy lines which penetrate the containment wall and the shield wall are protected by guard pipes, with the exception of the control rod drive hydraulic supply <Table 6.2‑33>.  The CRD supply is a 2‑1/2 inch water line with a normal operating pressure of 1,850 psi.


The justifying logic allowing postulation of pipe rupture locations in other high energy lines penetrating the containment which require guard pipe protection does not apply to this line.  Guard pipes are used where the energy release rate of the postulated accident is such that the resulting pressurization must be confined to the drywell rather than 


allowed to pressurize the containment volume directly.  The energy release rate of an 1,850 psi fluid at a maximum of 140(F does not require that it be diverted from either the containment volume or from the annulus volume.  Release of such a fluid within the containment volume will not prevent the AEGTS from performing its function, since pressurization of the volume does not result.


In the case of high energy lines whose postulated rupture would jeopardize containment design pressure capacity, the pipe break location criteria in MEB 3‑1 were suspended and additional breaks postulated which could pose a hazard.  Since the consequences of a 2‑1/2 inch CRD line rupture are not significant with respect to hazard, the criteria of MEB 3‑1 apply and no rupture is postulated to occur within the penetration.  Due to line size being under 4 inches nominal, no longitudinal splits are considered to occur, only circumferential ruptures.


The postulation of a rupture in the 2‑1/2 inch line at either end of the penetration will not jeopardize the integrity of the penetration.  A break inside the containment structure will only load the penetration axially.  Any break outside of the shield building will not load the penetration at all since no flow issues from the containment side of such a rupture, but from the pump side only.


An analysis of the pressure response profile in the shield building annulus following the design basis was performed using a modified version of the CONTEMPT‑LT (Reference 5) computer code.


The following methods and assumptions were used in calculating the pressure response:


a.
Annulus design parameters given in <Table 6.2‑28>.


b.
During a LOCA, the containment vessel will expand due to the pressure and temperature change within containment.  It is included in the analysis by assuming that the volume expansion takes place as a function of Pressure and Temperature as shown in <Figure 6.2‑59a> and <Figure 6.2‑59b>.


c.
The annulus exhaust fan is assumed to purge at a rate of 2,000 cfm to the environment.


d.
The containment vessel and shield building were the only heat conducting structures considered in the analysis.  Conservative values are summarized as follows:










 Surface Area

   Thickness



Description

Material

 _  (ft2)   _

   _  (ft)
_


Containment Vessel
Carbon Steel

74,912


0.125



Shield Building
Concrete


74,912(1)


3.00



1.
The surface area of the containment vessel and shield building are assumed to be the same in the computer analysis.  The increased diameter of the annulus and concrete surface area of the containment fix at the annulus base are not included as this is conservative.


e.
The total heat transfer coefficient, ht, between the containment atmosphere and the steel containment vessel is given by:




ht = hc + hr


Where:




hc = 0.3 ((T)0.25, as given by (Reference 13).




hc = Convective film coefficient, Btu/hr‑ft2‑(Fabsolute



(T = Containment atmosphere temperature – initial containment vessel temperature, (F.  The containment temperature used is given by (Reference 26).  The steel vessel temperature is assumed to be 90(F.  The actual (T used is given in <Table 6.2‑31>.
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Where:




hr = Radiation coefficient, Btu/hr‑ft2‑(Fabsolute



(1 = Emissivity of steel = 0.7




(2 = Emissivity of air = 1.0




(  = Stefan‑Boltzmann constant, 0.1714 x 10‑8 Btu/hr‑ft2‑(Fabsolute



T1 = Higher temperature, (Fabsolute



T2 = Lower temperature, (Fabsolute



S  = Shape factor = 1.0



The radiation coefficients are given in <Table 6.2‑31> and assume the same relative temperatures used in calculating the convective film coefficient.



The total heat transfer coefficients as a function of time between the containment atmosphere and the steel containment vessel are listed in <Table 6.2‑31>.



The total heat transfer coefficient for the steel vessel to the annulus atmosphere and for the annulus atmosphere to the shield building is taken to be 1.2 Btu/hr‑ft2‑(Fabsolute.


f.
A schematic diagram of the model input into CONTEMPT is presented in <Figure 6.2‑57>.


The results of the annulus pressure response are presented in <Figure 6.2‑58>.  As shown on this figure the annulus exhaust fans are adequate to maintain the annulus pressure below atmospheric pressure following a DBA‑LOCA.


6.2.3.4      Tests and Inspections


The program for test and inspection of the containment isolation system is described in detail in <Section 6.2.4> and <Section 6.2.6>.  The program for the annulus exhaust gas treatment system is described in <Section 6.5.3>.


6.2.3.5      Instrumentation Requirements


Design details and logic of the instrumentation for the AEGTS are given in <Section 7.3.1>.


6.2.4      CONTAINMENT ISOLATION SYSTEM


6.2.4.1      Design Bases


The design objective for the containment isolation systems is to allow normal or emergency passage of fluids through the containment boundary while preserving the ability of the boundary to prevent or limit the escape of fission products that may result from postulated accidents so that site boundary dose guidelines specified by <10 CFR 100> are not exceeded (for the design‑basis RAST LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE).  This objective is achieved by provisions for automatic isolation of appropriate lines that penetrate the containment boundary.


The containment isolation systems are automatically actuated with input from the following signals:


a.
Low reactor pressure vessel water level (3 setpoints).


b.
High drywell pressure.


c.
High main steam line tunnel high ambient or differential temperature.


d.
Main steam line high area temperature, turbine building.


e.
(Deleted)


f.
High main steam line flow.


g.
Low main steam line pressure at turbine inlet.


h.
High radiation in containment and drywell purge exhaust.


i.
High reactor water cleanup system ambient or differential temperature.


j.
High temperature at outlet of reactor water cleanup system non‑regenerative heat exchanger.


k.
High differential flow in reactor water cleanup system.


l.
Low line pressure in the steam supply line to the reactor core isolation cooling system.


m.
High steam flow in steam line to reactor core isolation cooling turbines.


n.
High residual heat removal system ambient or differential temperature.


o.
High reactor core isolation cooling system ambient.


p.
High pressure at the reactor core isolation cooling turbine exhaust diaphragm.


q.
High steam flow in the steam supply line to the reactor core isolation cooling system.


r.
High reactor vessel pressure (one signal for RHR valves).


s.
Low main condenser vacuum.


t.
Containment to atmosphere differential pressure greater than 0.0 psid.


u.
Standby liquid control system activated.


v.
Closure of reactor core isolation cooling turbine trip and steam shutoff valves.


w.
High drywell atmospheric radiation.


x.
(Deleted)


y.
(Deleted)


z.
(Deleted)


aa.
(Deleted)


bb.
Containment spray initiated.


cc.
High reactor pressure vessel water level.


dd.
Injection flow rate above setpoint (minimum flow valve control) for low and high pressure core sprays, residual heat removal and reactor core isolation cooling systems.


ee.
Discharge pressure below setpoint (minimum flow valve control) for high pressure core spray system.


The containment isolation systems can also be manually actuated from other locations as specified in <Table 6.2‑32>.  After initiation of containment isolation, either automatically or manually, the function goes to completion.


Upon receipt of signals indicating low water level in the reactor vessel or high drywell pressure, containment isolation valves in systems not required for emergency shutdown are closed except for the main steam 


isolation, main steam line drain, and reactor water cleanup system isolation valves which do not close on high drywell pressure.  These signals also activate systems associated with emergency core cooling.


Those fluid system penetrations that support systems not required for emergency operation are closed by the containment isolation systems.  Fluid system penetrations that support engineered safety feature (ESF) systems have remotely operated isolation valves that may be closed from the control room if required.


The isolation criteria for determination of quantity, type and location of containment isolation valves for a particular system generally conform to the requirements of General Design Criteria (GDC) 54, 55, 56, and 57, and comply with the recommendations of <Regulatory Guide 1.11>.


Redundancy and physical separation are required in the electrical and mechanical design of the systems to ensure that no single failure in the containment isolation systems prevents performance of the intended functions.  Protection of system components from missiles and from the effects of postulated high and moderate energy line breaks is also a design consideration.


Instrument lines that penetrate the containment boundary conform to the requirements of GDC 55 and 56, and comply with the recommendations of <Regulatory Guide 1.11>.


Containment isolation valves and associated piping and penetrations satisfy the requirements of the ASME Code, Section III, Class 1 or Class 2, as applicable.  These components are also Seismic Category I.  Classification of systems and equipment is presented in <Table 3.2‑1>.


Upon loss of instrument air, air operated containment isolation valves fail in the position required for containment isolation.  Closure times and leak tightness of containment isolation valves are sufficient to 


ensure that the site boundary dose guidelines specified by <10 CFR 100> are not exceeded following a postulated accident (for the design‑basis RAST LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE).  The “B” Train of the safety‑related instrument air system provides postaccident makeup to the outboard MSIV accumulators to assure leak tightness of the outboard MSIVs.  A capability for rapid closure of all lines provides a containment barrier within the lines that is sufficient to maintain leakage within permissible limits.


6.2.4.2      System Design


6.2.4.2.1      General


A summary of containment isolation valves is presented in <Table 6.2‑32>.  Each valve is described, including penetration number, applicable GDC or regulatory guide, fluid system, fluid, line size, valve arrangement, location, valve type, actuation mode, valve position, initiating signal, power source, etc.  <Figure 6.2‑60> illustrates the various containment isolation valve arrangements.


Justification for containment isolation provisions which differ from the requirements of GDCs is presented in <Section 6.2.4.2.2>.


Containment isolation valve closure times <Table 6.2‑32> are established to prevent radiological effects from exceeding the guidelines specified by <10 CFR 100> (for the design‑basis RAST LOCA analysis, the licensing basis offsite dose limit is 25 rem TEDE).  A discussion of valve closure times, for those valves through which a direct path from containment to the environment could exist, is provided in <Chapter 15>.  Containment isolation for such lines is accomplished in accordance with NRC Branch Technical Position CSB 6‑4, “Containment Purging During Normal Plant Operations.”  Additional discussion of Branch Technical Position CSB 6‑4 is presented in <Section 6.2.4.2.3>.


Instrument lines which penetrate containment comply with the recommendations of <Regulatory Guide 1.11>.  A power operated remotely controlled isolation valve is provided just outside containment.  Instrument lines which penetrate both containment and drywell have a similar arrangement.  A power operated isolation valve is provided just outside containment.  Details of these arrangements are illustrated on <Figure 6.2‑60>.


Inside containment each instrument line is either sized to adequately restrict flow or is provided with a 0.25 inch orifice as close to the beginning of the line as possible.  In some cases a power operated valve is provided inside containment in lieu of a flow restriction.


Quality standards for containment isolation systems follow the recommendations of <Regulatory Guide 1.26>.  Additional discussion of <Regulatory Guide 1.26> is presented within <Section 3.2.2>.  Seismic classification is in accordance with the recommendations of <Regulatory Guide 1.29>.  Additional discussion of <Regulatory Guide 1.29> is presented in <Section 3.2.1>.  <Table 3.2‑1> addresses classification of specific systems and equipment.


Containment isolation valves, actuators and controls are protected against damage from missiles, jet impingement and pipe whip.  Potential sources of missiles and jet forces and locations of postulated pipe breaks are evaluated.  Where potential hazards exist, protection is provided by physical separation, missile or jet shields, etc.  These valves are located either inside containment, inside the intermediate building or inside the auxiliary building.  Both of these structures are designed to satisfy Seismic Category I requirements and the turbine missile design criteria stated in <Section 3.5>.


To prevent debris from entering lines and obstructing valve closure, screens are provided on the open ends of lines through which a direct path from containment to the environment could exist.


Isolation valves are designed to be operable under the most adverse environmental conditions, such as maximum differential pressures, extreme seismic occurrences, steam laden atmosphere, high temperature, and high relative humidity.  Normal and accident environmental conditions, for which the containment isolation valves and associated electrical equipment are designed, are discussed in <Section 3.11>.  Also, where necessary, a dynamic system analysis to determine the effects of rapid valve closure under operating conditions, is required by the design specifications for piping systems associated with containment isolation valves.  The valve operability assurance program for active, safety‑related valves is discussed in <Section 3.9>.


Electrical redundancy is provided for power operated valves.  Power for the operation of two isolation valves in a line (inside and outside containment) is supplied from two redundant, independent power sources without cross ties.  In general, isolation valves outside containment are powered from the Division 1 power supply while isolation valves within containment are powered from the Division 2 power supply.  Both Division 1 and Division 2 valves are generally powered from ac power sources.  Loss of power to each motor‑operated valve is annunciated.


Provisions for detecting leakage from remote‑manually controlled systems are discussed in <Section 5.2.5>.  Detection of leakage from containment is discussed in <Section 6.2.6>.


The fraction of the total containment leakage following a design basis accident/LOCA that could bypass the containment annulus exhaust gas treatment system is limited to the leakage from sources which constitute open systems or nonsafety‑related systems.  Safety class systems which are open systems are considered.  For example, for determination of potential bypass leakage pathways it is assumed, for nonsafety‑related systems (other than the feedwater lines, for approximately one hour following a LOCA), that the only portion of such a system remaining 


intact would be the containment isolation valves and the piping between these valves.  Additional leakage sources considered are the containment penetrations with guard pipes.


The containment boundary is surrounded by the annulus.  Containment penetrations, except those with guard pipes, terminate in the annulus.  Therefore, containment shell leakage and penetration leakage are totally directed into the annulus.


Containment design basis accident leakage is 0.2 percent, by weight, of the contained atmosphere in 24 hours.  The maximum permitted leakage rate from potential sources listed in <Table 6.2‑33> is 6.72 percent of the total containment leakage.  The maximum allowable combined test leakage rate from potential sources listed in <Table 6.2‑33> is 5.04 percent (0.75 times 6.72 percent) of the total containment leakage.  This value is the technical specification commitment for leakage bypassing the containment annulus exhaust gas treatment system.


To verify that the total amount of potential bypass leakage is within the established limit, the following test and evaluation program will be conducted in accordance with the Containment Leakage Rate Testing Program:


a.
Isolation Valves



Since it is assumed for determination of potential bypass leakage pathways that nonsafety‑related systems outside the containment isolation valves will not remain intact, (other than the feedwater lines, for approximately one hour following a LOCA), containment atmosphere must terminate at the outer containment isolation valve seat.  The same effect is possible for open ended safety class systems.  To assure that this potential source of bypass leakage is checked, isolation valves listed in <Table 6.2‑40> are included in the periodic “Type C” test program discussed in <Section 6.2.6>.  



The test method is also described within this section.  By measuring the time related pressure decay or by directly measuring the leakage flow rate, each valve is quantitatively evaluated for leak tightness.


b.
Guard Pipes



The basic configuration for guard pipes is to have one end open to the drywell and the other end welded closed to the process pipe outside the shield building.  The primary potential leakage path is at the outer end closure welds.  Secondary leakage paths may exist through discontinuities in the guard pipe material.   Leakage testing is performed concurrently with the initial containment integrated leak rate test.  Guard pipe leakage is detected by application of a soap bubble solution to 100 percent of the exposed guard pipe surface outside the shield building, including all weld connections.  Any leak detected as a result of bubble formation  will be eliminated (i.e., no detectable leakage) by performing the appropriate repair procedure.  This test will be repeated each time a “Type A” test (containment integrated leak rate test) is  performed <Section 6.2.6>.


c.
Personnel Air Locks



Containment atmosphere could potentially bypass the annulus exhaust gas treatment system by leaking past the double seals on each door of the personnel airlocks.  The personnel air lock leakage control system has been designed to eliminate this potential bypass leakage past the double seals on the outer doors <Section 6.2.6>.  In addition, a test of the leak tightness of the volume between the double seals is performed frequently.  By using the pressure decay method or leakage flow rate method, the actual leakage rate through the seals can be determined.


Results of “Type B” and “Type C” testing in accordance with the Containment Leakage Rate Testing Program are used to determine whether the 5.04 percent limit has been met.


Tests or analyses are also performed to demonstrate that the purge isolation valves function as specified.  These are as follows:


a.
Necessary prototype tests and/or analyses to satisfy the recommendations of <Regulatory Guide 1.48> relative to demonstrating the operability of the equipment under the specified loading combination.


b.
Hydrostatic test of the valve body in accordance with the ASME Code, Section III.


c.
Leak test of the valve assembly at maximum operating pressure in accordance with applicable requirements of <10 CFR 50, Appendix J> (Option B).


d.
Valve operator performance test for closure speed under maximum operating pressure.


Systems penetrating containment can be isolated by remote‑manual action as indicated in <Table 6.2‑32>.  Discussions of individual system isolations are presented in the sections which address the specific systems.


In the event of valve power failure, most motor‑operated containment isolation valves remain “as is.”  Air operated valves close upon loss of air.


Main steam line isolation valves are spring loaded, pneumatic, piston operated globe valves, designed to fail closed upon loss of air pressure or loss of power to the solenoid operated pilot valves.  Each main steam 


isolation valve is served by two independent pilot valves, each of which is powered from an independent source.  In addition, each main steam isolation valve is equipped with an air accumulator to assist in valve closure in the event of loss of air, loss of electrical power to the pilot valves and/or failure of the valve spring.  The separate and independent action of either air pressure or spring force is capable of closing a main steam isolation valve.


Pneumatic and motor‑operated containment isolation valves have status lights on the control switch in the control room to indicate open and closed position.  A subset of these valves also have position indicator lights on the control room isolation status panel.  Position of manual isolation valves is maintained by means of locking devices and/or administrative controls.


The containment isolation valves are designed in accordance with the requirements of Section III of the ASME Code.


6.2.4.2.2      Justification of Differences from General Design Criteria


The GDCs were not established specifically for BWR plants; rather, these criteria are intended to guide the design of all water cooled nuclear power plants.  As a result, the GDCs are generic in nature and subject to a variety of interpretations.  For this reason some cases exist with no “one‑to‑one” correspondence between the applicability of an individual GDC and plant design.  In such cases, GE has developed a design that meets the intent of the criteria.


The isolation criteria within the GDCs contain clauses, such as, “unless it can be demonstrated ... on some other defined bases,” which allows for an alternate design with reliability and performance capabilities that reflect the importance to safety of isolating the piping systems.  Such alternates are described in <Section 6.2.4.2.2.1>, <Section 6.2.4.2.2.2>, and <Section 6.2.4.2.2.3>.  The final measure by 


which GE is assured that the BWR design is in agreement with the GDCs is receipt of the Advisory Committee on Reactor Safeguards (ACRS) letters permitting construction and operation of previous plants with comparable valving arrangements.


6.2.4.2.2.1      Justification with Respect to General Design Criterion 55


The reactor coolant pressure boundary, as defined in <10 CFR 50.2(v)>, consists of the following:  reactor pressure vessel; pressure retaining appurtenances attached to the vessel; valves, and pipes which extend from the reactor pressure vessel to, and including, the outermost isolation valve.  The lines of the reactor coolant pressure boundary which penetrate containment are capable of isolating the containment, thereby precluding any significant release of radioactivity.  Similarly, for lines which do not penetrate containment, but which do comprise a portion of the reactor coolant pressure boundary, the design ensures that isolation of the reactor coolant pressure boundary can be achieved.  Items a, b and c, below, address influent lines, effluent lines and conclusions, respectively, with regard to GDC 55.


a.
Influent Lines



Influent lines which penetrate containment and the drywell directly to the reactor coolant pressure boundary are equipped with at least two isolation valves.  One valve is inside the drywell; the second is as close as possible to the external side of containment.  These isolation valves protect the environment.  Where needed, protection of the containment in the event of pipe rupture outside the drywell but within containment is further ensured by extension of the drywell by use of guard pipes.  These guard pipes, together with the isolation valves, assure protection in the event of an active failure between drywell and containment.  <Table 6.2‑34> lists 



those influent lines that comprise part of the reactor coolant pressure boundary and penetrate containment.  The purpose of this table is to summarize the design of each line with respect to the requirements of GDC 55.  Items 1 through 8, below, demonstrate that, although a word‑for‑word comparison with GDC 55 is not always practical, it is possible to demonstrate adequate isolation provisions on some other defined basis.



1.
Feedwater Penetrations (P121/P112 and P414/P410)




Feedwater lines are part of the reactor coolant pressure boundary since they penetrate both the containment and drywell and connect to the reactor pressure vessel.  Each line includes three isolation valves and is enclosed in a guard pipe.




The isolation valve inside the drywell is a control closure anti‑water hammer check valve.  The first isolation valve outside containment is also a control closure check valve and is located as close as possible to the outside containment wall.  The outermost valve is a motor‑operated gate valve.  The two control closure check valves are designed and tested to close with no reverse flow.




Extension of the drywell by means of the guard pipe protects the containment from overpressurization in the event of a feedwater line break between the drywell and containment walls.  The internal design temperature and pressure for the guard pipes which enclose the feedwater lines are the same as the design values specified for the enclosed feedwater lines.  Should a break occur in a feedwater line, the control closure check valves prevent significant loss of reactor coolant inventory and provide immediate isolation.  These check valves are tested in accordance with Technical Specification 5.5.6, 




Inservice Testing Program, to verify this closure function.  The outermost motor‑operated valve does not close automatically upon occurrence of a protection system signal since, during a LOCA accident, maintenance of reactor coolant makeup from all sources, including nonsafety sources, is desirable.  This valve, however, can be remotely closed from the control room to provide long term, high integrity leakage protection when, in the judgment of the operator, continued makeup from the feedwater system is no longer necessary.  Power to these motor‑operated valves can be provided from an alternate division under administrative controls, if necessary, following a LOCA.  In addition, after feedwater flow terminates, the operator will initiate the feedwater leakage control system <Section 6.9> to provide a positive water seal on the seat, stem and bonnet of the motor‑operated valve in each line.  The check valves, coupled with the single motor‑operated high integrity leakage protection gate valve on each line, provides an acceptable configuration for the feedwater lines.




A branch line connects to the feedwater line outboard of the second feedwater check valve, which is outboard of the containment.  This branch line provides the pathway for RWCU water and RHR shutdown cooling water to return to the reactor vessel.  For the RHR shutdown cooling return line, a safety‑related globe valve is treated as a high integrity containment isolation valve, similar to the feedwater gate valves.  The RHR system “outboard” of the globe valve is also treated as a closed system outside of containment, to control any leakage.  For the RWCU return line, the piping “outboard” of the RWCU branch line check valve leads directly back to containment penetration P132, and is ASME Code Class 2, Seismic Category I, protected from pipe whip, missiles and jet forces, and analyzed for “break exclusion”.  This line is also 




tested like a closed system outside of containment, i.e., per the Primary Coolant Sources Outside Containment Program (see <Table 6.2‑40> for testing details on containment penetrations).  The design of these branch lines also provides an acceptable configuration.



2.
High Pressure Core Spray Line (P410/P411)




The high pressure core spray line penetrates both the containment and the drywell and connects to the reactor pressure vessel.  Isolation is provided by a hydraulically testable check valve inside the drywell and a motor‑operated gate valve as close as possible to the outside of the containment wall.  This gate valve maintains long term leakage control.  Position indication for the hydraulically testable check valve is provided in the control room.  The gate valve is automatically and remote‑manually operated.  A guard pipe is not necessary since the high pressure core spray fluid is at an energy level during system operation that containment overpressurization cannot result should the line break between the containment and the drywell.



3.
Low Pressure Core Spray and Low Pressure Coolant Injection Lines (P112/P113, P113/P114, P412/P418, and P411/P417)




Isolation of the low pressure core spray and low pressure coolant injection system lines is accomplished by use of a hydraulically testable check valve and a motor‑operated gate valve.  The check valve is located as close as possible to the reactor vessel and is normally closed.  This valve protects against containment overpressurization in the event of a line break between the check valve and the containment wall by preventing high energy reactor coolant from entering containment.  The gate valves for the low pressure core spray and low pressure coolant injection line C are located outside 




containment and are automatically and remote‑manually operated and normally closed.  The gate valves for the low pressure coolant injection lines A and B are inside containment and function similarly.  All gate valves are automatically opened at the appropriate time to ensure that acceptable fuel design limits are not exceeded during a LOCA.  A guard pipe is not necessary since the system fluid during operation is at such a low energy level to preclude the possibility of containment overpressurization should a break occur.



4.
Control Rod Drive System Lines (P204/P302)




The control rod drive system, located between the reactor pressure vessel and containment, includes two types of influent lines:  the supply line that penetrates containment, and the insert and withdraw lines that penetrate the drywell.




Isolation of the supply line is accomplished by a check valve inside containment and a remote‑manually actuated motor‑operated block valve as close as possible to the outside of the containment wall.




The insert and withdraw lines are not part of the reactor coolant pressure boundary since these lines do not communicate directly to reactor coolant.  The basis upon which these lines are designed is commensurate with the importance to safety of maintaining the pressure integrity of these lines.  The classification of these lines is Quality Group B and they are designed in accordance with the ASME Code, Section III, Class 2.




In the design of the control rod drive system, it has been accepted practice to omit automatic valves for isolation purposes since inclusion of such a valve would introduce a 




possible failure mechanism into the shutdown (scram) function.  Manual shutoff valves are provided for isolation.  In the event of a break in these lines, the manual valves provide isolation capability.  In addition, a ball check valve in the control rod drive flange housing automatically seals the insert line in the event of a break.  Containment overpressurization will not result from a line break in containment since these lines contain small volumes of fluids, resulting in relatively small blowdown masses.




As shown in <Figure 6.2‑60 (1)>, Arrangement No. 4, the recirculation pump seal water supply line is connected to the control rod drive system downstream of the inboard containment isolation valve and is provided with check valve isolation both inside and outside the drywell.



5.
Residual Heat Removal Head Spray and Reactor Core Isolation Cooling Lines (P123/P117)




The residual heat removal head spray and reactor core isolation cooling lines join outside containment to form a common line which penetrates both the containment and the drywell and connects to the reactor pressure vessel.  A hydraulically testable check valve is provided inside the drywell as close as possible to the reactor pressure vessel.  Two valves, a check valve and a remote‑manually actuated, motor‑operated valve, are located outside containment in each line.  The line is also enclosed in a guard pipe.




The hydraulically testable check valve inside the drywell is normally closed.  The check valve(s) outside containment ensure immediate containment isolation in the event of a line break.  The motor‑operated valve in each line is remote‑manually actuated to provide long term leakage control.




The guard pipe provides protection against containment overpressurization in the event of a line break between the drywell and containment walls.  Should the check valve inside the drywell fail coincident with a line break, the guard pipe would direct the released fluid into the drywell.




Position indication lights are provided in the control room for the hydraulically testable check valves inside the drywell.



6.
Standby Liquid Control Line (NA)




The standby liquid control system is located between the containment and the drywell.  The standby liquid control line penetrates the drywell and connects to the reactor pressure vessel.  Isolation is provided by a check valve inside the drywell and a check valve and explosive valve outside the drywell.  The explosive valve provides an absolute seal for long term leakage control, as well as preventing leakage of boron solution into the reactor pressure vessel during normal reactor operation.  Since the standby liquid control line is normally an isolated, nonflowing line, rupture is extremely improbable.  However, should a break occur subsequent to actuation of the explosive valve, the check valves ensure isolation.



7.
Residual Heat Removal Shutdown Cooling Return Lines (P121/P112 and P414/P410)




The residual heat removal shutdown cooling return lines discharge into the feedwater line between the testable check valve and the motor‑operated gate valve outside of containment.  A check valve and a normally closed, 




motor‑operated, remote‑manually actuated globe valve provide for isolation of the residual heat removal shutdown cooling return lines.  See item 1 above for additional discussion.



8.
Reactor Water Cleanup System Line (P419/P432)




The discharge line from the reactor water cleanup pumps penetrates containment and serves the reactor water cleanup regenerative heat exchangers inside containment.  Automatically actuated motor‑operated gate valves, one inside, one outside containment, provide for isolation.


b.
Effluent Lines



Effluent lines that form part of the reactor coolant pressure boundary and penetrate containment and/or the drywell are equipped with at least two isolation valves.  One valve is inside the drywell, the other outside, but as close as possible to the containment.  Where needed, the containment is protected, in the event of a pipe rupture outside of the drywell but inside containment, by guard pipes which enclose the process lines, forming an extension of the drywell.  This combination of isolation valves and guard pipes assures protection in the event of a failure between drywell and containment walls.



<Table 6.2‑35> lists those effluent lines that comprise part of the reactor coolant pressure boundary and that penetrate containment and/or the drywell.  Items 1 through 4, below, address specifics of these lines.



1.
Steam Lines (P124/P116, P416/P414, P122/P115, and P415/P415)




Steam lines include main steam, main steam drain, and reactor core isolation cooling steam lines.




The main steam lines from the reactor pressure vessel to the turbine penetrate both drywell and containment.  Main steam line drains (one for each main steam line) in the drywell are headered together to form one line which penetrates both drywell and containment.  Isolation for the main steam lines and main steam drain line is provided by automatically actuated block valves, one inside the drywell and one outside containment except for that provided by the outboard MSIV drain valves, 1B21F067A, B, C, D, which are locked closed.




The steam supply line for the reactor core isolation cooling turbine branches from the main steam line inside the drywell.  Isolation for this line is provided by one normally open gate valve and one normally closed globe valve inside the drywell, and one normally open gate valve outside containment.  These motor‑operated valves are capable of automatic and remote‑manual actuation.




Use of guard pipes to enclose these steam lines prevents containment overpressurization in the event of line break between the drywell and containment walls.  The internal design temperature and pressure for the guard pipes which enclose these steam lines are the same as the design values specified for the enclosed lines.



2.
Reactor Water Cleanup Lines (P131/P132)




The reactor water cleanup pumps are located outside containment; the heat exchangers and filter demineralizers, are located inside containment, but outside the drywell.  The reactor water cleanup pump suction line from the reactor recirculation system lines and the reactor bottom head penetrates the drywell and containment.  Two automatically actuated, motor‑operated valves provide for isolation of this 




line.  One valve is just inside the drywell, the other is outside containment.  A guard pipe encloses the line between the drywell and containment walls.




The reactor water cleanup pump discharge line to the heat exchangers and filter demineralizers penetrates containment.  Two automatically actuated, motor‑operated valves (one inside and one outside containment) provide for isolation of this line.




A blowdown line from the filter demineralizers penetrates containment and divides to form separate lines to the condenser and radwaste system.  Automatically actuated, motor‑operated valves, one inside and one outside containment, provide for isolation of this line.




The return line from the filter demineralizers penetrates containment and connects to the feedwater line between the outboard feedwater gate valve and the outboard (feedwater) check valve.  Two automatically actuated, motor‑operated gate valves provide for isolation of this line.  One valve is inside, the other outside of containment.



3.
Residual Heat Removal Shutdown Cooling Line (P421/P406)




The residual heat removal shutdown cooling line branches from the B reactor recirculation loop and penetrates both the drywell and containment.  A check valve, in parallel with a normally closed, remote‑manually actuated, motor‑operated valve isolates the line inside the drywell; a normally closed, remote‑manually actuated, motor‑operated valve isolates the line outside containment.  A guard pipe encloses this line from the drywell wall to the containment wall to protect against containment overpressurization in the event of a line break.



4.
Recirculation System Sample Line (NA)




A sample line from the recirculation system penetrates the drywell.  This line is 3/4 inches in diameter and is designed in accordance with the requirements of the ASME Code, Section III, Class 2.  A sample probe with a 1/8 inch diameter hole is located inside one recirculation discharge line within the drywell.  In the event of a line break, this probe acts as a restricting orifice and limits escaping fluid flow.  Two air operated valves which fail closed are provided for isolation of this line.  Both sample isolation valves are located outside the drywell.


c.
Conclusions Concerning General Design Criterion 55



To assure protection against the consequences of accidents involving the release of radioactive material, piping which forms portions of the reactor coolant pressure boundary has been shown to provide adequate isolation capability on a case‑by‑case basis.  In all cases, a minimum of two barriers is shown to protect against release of radioactive materials.  Where necessary to protect the containment against overpressure, guard pipes are provided which enclose the process pipes between the drywell and containment walls.



In addition to satisfying the requirements of GDC 55, the pressure retaining components which comprise the reactor coolant pressure boundary are designed to satisfy other appropriate requirements which minimize the probability or consequences of an accident rupture.  Quality requirements for these components ensure that they are designed, fabricated and tested to the highest reactor plant component standards.  The classification of components which comprise the reactor coolant pressure boundary is Quality Group A; these components are designed in accordance with the ASME Code, 



Section III, Class 1.  Additional information concerning classification is presented by <Table 3.2‑1>.  The containment and reactor vessel isolation control system is addressed in <Section 7.3>.


6.2.4.2.2.2      Justification with Respect to General Design Criterion 56


GDC 56 requires that lines that penetrate containment and communicate with the containment interior must have two isolation valves, one valve inside containment, the other outside, unless it can be demonstrated that the containment isolation provisions for a specific class of lines are acceptable on some other basis.


<Table 6.2‑36> lists those lines that penetrate primary containment and connect to the drywell and suppression chamber.  The purpose of this table is to summarize the design of each listed line with respect to the requirements of GDC 56.  Although a word‑for‑word comparison with GDC 56 is, in some cases, not practical, it is possible to demonstrate adequate isolation provisions on some other defined basis.  It should be noted that this criterion does not reflect consideration of the BWR suppression pool design, since those lines which connect to the suppression pool would require placement of inside containment isolation valve under water.  All of the lines which connect to the suppression pool are to or from the individual watertight ECCS pump rooms.  Items a, b, c, d, e, and f, below, address influent lines to the suppression pool, effluent lines from the suppression pool, influent and effluent lines from the drywell and suppression pool free volume, airlock leakage control, inclined fuel transfer tube, and conclusions with respect to GDC 56, respectively.


a.
Influent Lines to the Suppression Pool (P105/P106 and P409/P409, and P407/P404 and P408/P405)



1.
Low Pressure Core Spray, High Pressure Core Spray, and Residual Heat Removal Test and Pump Minimum Flow Bypass Lines, Residual Heat Removal Heat Exchanger dump to Suppression Pool, and Suppression Pool Cleanup Return.




The low pressure core spray, high pressure core spray and residual heat removal test lines have isolation capability commensurate with the importance to safety of isolating these lines.  Each line has a normally closed, motor‑operated valve located outside containment.  Containment isolation requirements are satisfied on the basis that the test lines are normally closed, low pressure lines, constructed to the same quality standards as the containment.  Furthermore, the consequences of a break in one of these lines result in no significant effect on safety.  All of these lines terminate below the minimum suppression pool drawdown level, except for lines through Penetrations P408(RHR) and P409(HPCS).  These two lines terminate above the minimum suppression pool draw‑down level.  Penetration P409 has a vacuum breaker located above normal suppression pool level to mitigate water hammer effects.




The test return lines are also used for suppression pool return flow during other modes of operation.  This reduces the number of penetrations, minimizing the potential pathways for radioactive material release.  Typically, pump minimum flow bypass lines join the test return lines downstream of the test return isolation valve.  The bypass lines are isolated by motor‑operated valves and a restricting orifice is provided downstream of the valves.




The suppression pool cleanup return line via P105/P106 is used for suppression pool return flow during periods of suppression pool cleaning and mixing/cooling.  This system is isolated with two motor‑operated valves located outside containment.  Containment isolation requirements are satisfied on the basis that the return line isolation valve design satisfied GDC 56 (Reference 36), and it is constructed to the same quality standards as the containment.  These valves are normally closed when SPCU is not in operation.  The consequence of a break in this line results in no significant effect on safety.  Two motor‑operated valves with separate divisional power are required to meet GDC 56 for influent lines connected directly to the suppression pool which is not a closed system outside containment.



2.
Reactor Core Isolation Cooling Pump Minimum Flow Bypass, (P104/107)




The reactor core isolation cooling pump minimum flow bypass line discharges into the suppression pool and terminates above the pool minimum drawdown level.  A motor‑operated, remote‑manually actuated globe valve isolates the line outside containment.  The valve is located as close to containment as possible.



3.
Residual Heat Removal Heat Exchanger Vent and Relief Valve Discharge Lines (P118/P133, P107/P109, P431/P421, and P429/P419)




Residual heat removal heat exchanger vent lines discharge to the suppression chamber.  Two normally closed, remote‑manually actuated, motor‑operated valves outside containment, and a check valve, located between containment and the drywell, provide isolation, except for P431.




Penetration P431 has one normally closed, remote‑manually actuated, motor‑operated valve and one normally open, automatic closing, remote‑manually actuated, motor‑operated valve outside containment, and a check valve, located between containment and the drywell.




Relief valve discharge lines from the residual heat removal heat exchangers and various emergency core cooling system suction and discharge lines discharge to the suppression pool.  These vent lines are isolated by the relief valves.  The addition of block valves would defeat the purpose of the relief valves.  The relief valves set pressure is greater than 1.5 times containment design pressure.




A postaccident sampling system sample return line also ties into the relief valve discharge header and is isolated by two locked closed, remote‑manually actuated solenoid valves outside containment.


b.
Effluent Lines from the Suppression Pool (P103/P103 and P401/P401 and P101/P101; P102/P102 and P402/P402 and P403/P403)



The low pressure core spray, high pressure core spray, reactor core isolation cooling, and residual heat removal suction lines are equipped with remote‑manually actuated, motor‑operated gate valves outside containment.  These valves provide the ability to isolate in the event of a line break and also provide long term leakage control.



In addition, suction piping from the suppression pool is considered an extension of containment since this piping must be available for long term use following a design basis LOCA.  Therefore, this piping is designed to the same quality standards as the containment.  Thus, the need for isolation is obviated to some 



degree by providing a high‑quality system and by the fact that the piping runs to the water‑tight ECCS pump rooms.  Also, the emergency core cooling system discharge line fill system (emergency core cooling system waterleg pumps) takes suction from the respective emergency core cooling system pump effluent line from the suppression pool downstream of the isolation valve.  The emergency core cooling system discharge line fill system suction line includes a manual valve provided for operational purposes.  This system is isolated from containment by the respective emergency core cooling system pump suction valve from the suppression pool <Table 6.2‑32>.



Also, each ECCS pump room is provided with leak detection capabilities as discussed in <Section 9.3.3>.  If leakage from a seal or gasket is detected in one of the pump rooms during normal plant conditions, the remotely operated valve installed in the pump suction line would be closed, thereby isolating the leaking component from the suppression pool water <Section 6.3.2.6>.  No seals or gaskets are installed between the containment penetration and the isolation valve.  The only potential path for leakage of suppression pool water into the ECCS pump rooms is through the pumps’ suction lines, since these are the only lines penetrating the containment at an elevation below the suppression pool water level.  See <Section 3.6.2.3.5.2> for discussion of unisolable/isolable leaks during non‑accident (normal operation) and accident conditions.



Therefore, the need to size the ECCS pump rooms so that the volume of suppression pool water needed to fill the ECCS pump room would not reduce the suppression pool level below the minimum drawdown level is not required due to the leak detection and isolation capabilities incorporated in the design.  The potential reduction in suppression pool water inventory before detection and isolation 



of a leaking seal or gasket in the pump room would be insignificant.  Suppression pool makeup water during normal plant conditions is from the condensate water storage tank.


c.
Influent and Effluent Lines from Drywell and Suppression Pool Free Volume



1.
Combustible Gas Control and Post‑LOCA Atmosphere Sampling Lines (P302/P211 and P318/P422, P423 and P425/P219)




The combustible gas control system backup purge line which penetrates containment includes two normally closed, remote‑manually actuated valves, one inside and one outside containment.  The post‑LOCA hydrogen sampling system lines which penetrate containment and connect to the drywell and suppression chamber air volume are equipped with a normally closed, solenoid operated isolation valve outside containment, and a 0.25 inch orifice inside containment.  The design provides assurance of isolation of these lines.




The piping outside containment is a closed loop and is considered an extension of containment since it must be available for long term use following a design basis LOCA.  Therefore, it is designed to the same quality standards as containment.



2.
Containment Purge and Exhaust Lines (V313/V216 and V314/V214)




The containment purge and exhaust lines are each equipped with four automatically actuated isolation valves.  One valve is outside containment, one valve is in a large normally closed branch line inside containment, and two inseries valves are in a smaller intermittently used branch line.



3.
Reactor Core Isolation Cooling Turbine Exhaust Line and Turbine Exhaust Vacuum Relief Line (P106/P108 and P115/P111)




The RCIC Turbine Exhaust Line (P106) and the associated vacuum break line (P115) share common containment isolation valves:




The first containment isolation valves for the penetrations are:  E51F068 (automatic) and E12F102 (locked closed).  The second containment isolation valve downstream of E51F068 is nozzle check valve E51F040 (not a simple check).




Downstream of E12F102 is the RHR Relief Lines to the Suppression Pool (P107 and P429).  The first isolation valves/barriers for the RHR Relief Lines (P107 and P429) are also the second isolation valves/barriers for the RCIC Turbine Exhaust Line and the Vacuum Break Line (P106 and P115).  These valves/barriers are:  E12F005, E12F025A, E12F025B, E12F025C, E12F055A, E12F055B, E21F018, N27F751, P87F264 and spectacle flanges 1E12D015A and 1E12D015B.


d.
Containment Airlock Leakage Control System (P305/P312)



These lines serve a leakage control function by processing leakage past an inflatable seal.  They are designed such that the open position of the valves provides a position of greater safety.  Filtration of leakage is provided by means of an engineered safety feature system (AEGTS).


e.
Inclined Fuel Transfer Tube (P205)



When the Inclined Fuel Transfer System (IFTS) blind flange is removed in Operating Mode 1, 2, or 3, the containment boundary inside the containment building is made by the remaining portion of the transfer tube containment isolation assembly, containment 



bellows, and steel containment penetration, and outside the containment building by the transfer tube, drain line, drain valve, and local leak rate test valve (Reference 35).


f.
Conclusions Concerning General Design Criterion 56



To assure protection against the consequences of accidents involving the release of significant amounts of radioactive material, piping that penetrates containment has been shown to provide adequate isolation capability on a case‑by‑case basis in accordance with GDC 56.



In addition to satisfying the isolation requirements specified by GDC 56, the pressure retaining components of these systems are designed, fabricated and tested in accordance with the requirements of the ASME Code, Section III.  In some cases, provision of a high quality system obviates the need for isolation valves due to the diminished probability of a rupture in such a system.  Additional information concerning classification is presented by <Table 3.2‑1>.  The containment and reactor vessel isolation control system is addressed in <Section 7.3>.


6.2.4.2.2.3      (Deleted)


6.2.4.2.3      Consideration of NRC Branch Technical Position CSB 6‑4, “Containment Purging during Normal Plant Operations”


The containment vessel and drywell purge system is designed to achieve the objectives stated in Branch Technical Position CSB 6‑4.  Purge system containment isolation valves are capable of isolating containment within five seconds.  The containment purge system is described in <Section 9.4.6>.


Radiological consequences of a postulated LOCA during containment purge system operation have been evaluated in accordance with Branch Technical Position CSB 6‑4.  Since drywell purge system (approximately 25,000 cfm capacity) operation is restricted to reactor cold shutdown conditions and refueling operations, only the containment purge system (5,000 cfm capacity) was assumed to be operating at the start of the LOCA.  The calculated site boundary doses are 0.9 rem to the thyroid and 162 mrem whole body.  These doses are a small fraction of the <10 CFR 100> guideline values.  This analysis is separate from the radiological dose analysis performed in <Chapter 15> for the limiting design basis LOCA and is not impacted by implementation of the revised accident source term in License Amendment No. 103.


Major assumptions used in the dose analysis are as follows:


a.
A double ended guillotine break of the recirculation line was assumed to occur instantaneously.  This accident was chosen because it represents the worst break and, consequently, the highest doses.


b.
Purge system isolation valve closure will isolate containment within five seconds (includes valve closure time of four seconds and an additional maximum time of one second for conservatism).  During this period reactor coolant blowdown was conservatively estimated to be 109,766 pounds <Table 6.2‑25>.


c.
Forty percent of the blowdown was assumed to flash to steam.  It was conservatively assumed that the entire iodine activity in the flashed fraction of the total blowdown was instantaneously released to the containment atmosphere at the instant the accident occurred.  Plate out of iodine was ignored.  Retention of iodines in the suppression pool was also ignored although, actually, the flashed activity would first be dumped into the suppression pool and would then slowly evolve into containment.


d.
Specific activity in the reactor coolant was conservatively assumed to be 6.56 µCi/g of I‑131 and 34.9 µCi/g of Xe‑133, with other isotopes in proportionate quantities.  This corresponds to spike conditions.


e.
Turbulence resulting from the high blowdown rates and operation of fan coolers in containment was assumed to ensure good mixing in the entire containment volume.


f.
Containment air was assumed to be released through two 18 inch purge lines, one supply and one exhaust, for five seconds.  Constant flow rates through the open purge lines corresponding to the maximum containment pressure of approximately 3.0 psig during the release period <Figure 6.2‑2> were used to determine a total flow to the environment of 1,020 pounds.  This value is conservative since it ignores lower flow rates due to lower containment pressures and partial closure of the purge isolation valves at times prior to five seconds.


g.
No credit was allowed for iodine removal by the 99 percent efficient charcoal adsorbers in the containment purge exhaust lines.


h.
Site boundary (/Q <Table 15.6‑12> was used in the dose calculation.


6.2.4.3      Design Evaluation


6.2.4.3.1      General Evaluation


To ensure the accomplishment of the design objective stated in <Section 6.2.4.1>, redundancy is provided in all design aspects of the containment isolation systems.  Mechanical components are redundant and each isolation valve is protected, by separation and/or adequate barriers, against the consequences of potential missiles.  Also, system 


design specifications require each containment isolation valve to be operable under the most severe operating conditions to which it may be exposed.  A program of testing is inplace to ensure valve operability and leak tightness.  Isolation valve arrangements provide backup in the event of accident and satisfy the requirements of GDC 54, 55, 56, and 57, and follow the recommendations of <Regulatory Guide 1.11>.  Electrical redundancy is provided by valve arrangements which eliminate dependence upon one power source to achieve isolation.  Electrical cables for isolation valves in the same line are routed separately.  Cables are selected with consideration of the specific environmental conditions to which they may be subjected, such as magnetic fields, high radiation, high temperature, and high relative humidity.  The containment isolation valve arrangements, with appropriate instrumentation, are illustrated by <Figure 6.2‑60>.  Modes of valve actuation are also redundant.  The primary mode is automatic; the secondary mode is remote‑manual.  No active failure of a single valve or other component can prevent containment isolation.


All nonpowered isolation valves are administratively controlled and/or locked to ensure that position is known and maintained.  The position of all power operated isolation valves is indicated in the control room.  Instrumentation and controls associated with the containment isolation systems are discussed in <Chapter 7>.


6.2.4.3.2      Failure Mode and Effects Analyses


A single failure can be defined as a failure of some component in any safety system which results in a loss or degradation of the capability of the system to perform the safety function.  Active components are defined as components that must perform a mechanical motion in the process of accomplishing a system safety function.  <10 CFR 50, Appendix A> requires that electrical systems also be designed against 


passive single failures, as well as active single failures.  <Chapter 3> describes the implementation of these requirements, as well as GDCs 17, 21, 35, 41, 44, 54, 55, 56, and 57.


In single failure analysis of electrical systems, no distinction is made between mechanically active or passive components.   All fluid system components, such as valves, are considered “electrically active,” whether or not “mechanical” action is required.


Electrical systems, as well as mechanical systems, are designed to satisfy the single failure criterion for both mechanical active and passive fluid system components that are required to perform a safety action.


6.2.4.4      Tests and Inspections


The containment isolation systems are scheduled to undergo periodic testing during reactor operation.  Functional capabilities of power operated isolation valves are tested remote‑manually from the control room.  By observing position indicators and changes in the operation of the affected system, the operability of a particular isolation valve is verified.


Hydraulically testable check valves are used in certain systems, such as in the low pressure core spray, high pressure core spray and residual heat removal influent lines.  These valves, located inside containment, are tested from a local panel to ensure functional capability when required to operate.


Leakage testing is addressed in <Section 6.2.4.2.1> and <Section 6.2.6>.


Instrument isolation valves inside and outside containment can be exercised from the control room and can be locally tested.  An inservice inspection program for valves forming parts of the reactor coolant pressure boundary is described in <Section 5.2.4>.


6.2.5      COMBUSTIBLE GAS CONTROL IN CONTAINMENT


The control of combustible gas following a LOCA will be accomplished by mixing volumes of relatively high combustible gas concentration with those of low concentration.  Prior to the time when the amount of combustible gas reaches critical mixture, electrical hydrogen recombiners are placed in operation.  This controls any additional gas produced and subsequently reduces the hydrogen gas inventory.  To aid in the long‑term cleanup, the containment atmosphere can be purged through the annulus exhaust gas treatment system.


6.2.5.1      Design Bases


6.2.5.1.1      Safety Design Bases


The safety design bases are:


a.
To evaluate the hydrogen concentration as a function of time following the hypothetical LOCA, the hydrogen generation from the metal‑water reaction and core and sump radiolysis is based on parameters found in <Regulatory Guide 1.7>.


b.
Hydrogen generated from the metal‑water reaction, radiolysis and the corrosion of aluminum and zinc is assumed to evolve to the drywell atmosphere and form a homogeneous mixture.  Several natural forces support this assumption.  These natural forces include molecular diffusion and natural convection.  Natural convection is promoted by temperature gradients existing in the drywell and the 



cascading effect of the ECCS water exiting through the break.  These forces offset the natural buoyancy force of hydrogen and promote mixing in the drywell.  Mixing is promoted in the containment by these same natural forces.  In addition, the initiation of the containment sprays will create turbulence in the containment and enhance mixing.


c.
The system design complies with all applicable requirements of <10 CFR 50, Appendix A> (Criterion 41) and <Regulatory Guide 1.7>.


d.
The system is capable of sampling and measuring the hydrogen concentration in both the drywell and containment vessel, and provide remote indication and alarms in the control room.


e.
The system is capable of mixing areas of high hydrogen concentration with areas of low hydrogen concentration to control combustible gas concentration in the drywell and containment vessel without reliance on purging.


f.
To control the long term buildup of hydrogen in the containment, recombiners are provided.  Since there are two 100 percent capacity recombiners per unit, no sharing of recombiners between units is required.


g.
Capability to purge the containment vessel and drywell atmospheres through a fission product removal system is also provided and available for long‑term cleanup.


h.
The mixing subsystem and the electrical hydrogen recombiners meet the quality assurance, redundant instrumentation and power availability requirements assigned to an engineered safety feature system <Table 3.2‑1>.


i.
All components in the mixing and hydrogen control systems are of Seismic Category I design and are capable of withstanding the temperature and pressure transients resulting from a LOCA.  They can also withstand the humidity conditions and radiation environment in which the combustible gas control system components are located <Section 3.11>.


j.
Protection from postulated missiles and pipe whip is provided as required to ensure proper system operation.  All active components of the drywell purge and hydrogen control systems are located in the containment outside the drywell.  The major system components and associated performance data are listed in <Table 6.2‑37>.


k.
Since operation of only one of the two independent combustible gas control systems is required, a single failure will not prevent the system from fulfilling its design function.  The combustible gas control system failure analysis is presented in <Table 6.2‑38>.


l.
The capability to periodically inspect and test systems and system components is discussed in <Section 6.2.5.4>.


m.
The hydrogen recombiners are freestanding units located in the containment.  Therefore, the protection of personnel from radiation in the vicinity of the recombiners is not required.


n.
In accordance with <Regulatory Guide 1.7>, the concentration of hydrogen is the controlling factor for the combustible gas control system since the oxygen concentration is greater than five percent by volume.


o.
The combustible gas control system is placed in operation in accordance with Emergency Operating Procedures (EOPs).


6.2.5.2      System Design


A tabulation of the design and performance data for each system component is located in <Table 6.2‑37>.  A detailed discussion of instrumentation features is provided in <Section 7.3>.


6.2.5.2.1      Hydrogen Analysis Subsystem


The hydrogen analyzer is a thermal conductivity device that measures the percentage of hydrogen by volume by detecting changes in thermal conductivity.  These changes are found by first measuring the thermal conductivity of a sample.  The sample is then passed through a catalytic reactor which causes the hydrogen to react and be removed as water.  The conductivity of the sample is measured again.  The difference between the first and second conductivity measurement is the amount of hydrogen initially present in the sample.  These analyses are designed to provide an accuracy of +10 percent to ‑1 percent of atomic hydrogen concentration.  Tests have been conducted to qualify the analyzer in accordance with IEEE 323 (Reference 7), 334 (Reference 14) and 344 (Reference 8).  Refer to <Section 3.10> and <Section 3.11>.


Since hydrogen is much lighter than air it diffuses rapidly and tends to form a uniform mixture.  Because of this, it is unlikely that areas of higher concentrations could form.  Any such concentrations would tend to form first at the high points, but only if the hydrogen release point were near the ceiling of an enclosed area and no circulation of atmosphere were to occur (Reference 15).  These conditions will not be present after the LOCA since pressure and temperature transients due to the release of steam to the containment and drywell, as well as operation of the ECCS systems, will cause considerable turbulence throughout the area.


Since this turbulence will result in a relatively homogeneous mixture of hydrogen, the hydrogen sample locations are representative of the 


containment and drywell atmosphere.  Redundant sample lines from the space between the reactor vessel head and the drywell dome, the top of the drywell area and the containment dome are connected to redundant hydrogen analyzers.


Piping and instrumentation for the hydrogen analysis subsystem is presented in <Section 7.3>.  Design of the subsystem is Safety Class 2, Seismic Category I.


The analyzer panels are located in the auxiliary building at Elevation 620’‑0” and in the intermediate building at Elevation 654’‑6” <Figure 1.2‑5> and <Figure 1.2‑7>.  The hydrogen analysis subsystem operates independently of any other subsystem in the containment combustible gas control system.


Shielding and remotely operated valves are provided for the sample station to limit radiation exposure of plant personnel.  The two redundant hydrogen analyzers and sample systems ensure that no single failure will prevent continuous monitoring of the hydrogen concentrations in the drywell and containment following a LOCA.


The analyzers and sample systems are manually initiated by the operator from the control room following a LOCA.  The required presence of the operator in the control room and the relatively slow buildup of hydrogen concentrations in containment make delayed startup of these analyzers acceptable.  Delaying initiation 15 minutes to 1 hour after a LOCA also subjects the analyzer to less severe sample conditions than the maximum LOCA conditions, for which they are designed, thereby increasing the probability of their successful operation.  <Figure 6.2‑61> indicates that hydrogen concentrations approach three percent in approximately 17 hours after a LOCA, providing more than sufficient time to initiate manual action.  However, since the Three Mile Island event, 


<NUREG‑0737>, <Regulatory Guide 1.97>, and <10 CFR 50.44> have established additional requirements on the use and performance of the hydrogen analyzers <Appendix 1A, Item II.F.1.6>.


6.2.5.2.2      Hydrogen Mixing Subsystem


Initial control of the hydrogen concentration following a LOCA will be accomplished by mixing volumes of potentially high and low hydrogen concentrations.  Mixing is accomplished by means of redundant, 500 scfm, centrifugal air compressors which take suction from the containment volume just below the service floor (Elevation 689’‑6”) and at the containment dome and discharge into the drywell.  This pressurizes the drywell sufficiently to provide increase in drywell bypass leakage and uncover the upper row of suppression pool vents.


The drywell allowable bypass leakage is much larger than the capacity of the compressors.  There is a possibility that the drywell will not be pressurized sufficiently to uncover the upper row of suppression pool vents.


If the system can be pressurized to uncover the upper row of suppression pool vents, the best mixing is obtained by this method.  This is due to the fact that the drywell volume is dispersed to the containment uniformly from around the entire circumference of the drywell at the lowest possible point, while the return to the drywell is from areas just below the service floor and the containment dome.  If drywell bypass leakage accounts for the entire flow from the drywell, mixing should still be adequate due to the location of the two suction intakes just below the service floor and at the containment dome.  This arrangement precludes any possibility of short circuiting the mixing subsystem.


Piping and instrumentation from the mixing subsystem are shown in <Figure 6.2‑62>.  Locations of the mixing compressors are shown in <Figure 1.2‑8>.


Physical separation of components in the hydrogen mixing system assures proper operation despite pipe whip, missiles and jet impingement.  There are two systems supplying air to the drywell.  Supply piping and compressors are on adjacent quadrants outside the drywell.  Hence, no single pipe break, missile or jet can disable both systems.  This arrangement meets the criteria of <Regulatory Guide 1.46>.  The piping is designed for the maximum differential pressure loads and is seismically supported.  No ductwork is used in the system.  This subsystem is designed as Safety Class 2, Seismic Category I.  A prototype drywell purge compressor has been tested under LOCA conditions to ensure operation following a LOCA.  The seismic qualification procedure for mechanical and electrical equipment is addressed in <Section 3.10>, and environmental qualification is described in <Section 3.11>.


6.2.5.2.3      Hydrogen Recombination System


The hydrogen control system is fully redundant and consists of two 100 percent capacity hydrogen recombiners for each unit.  Therefore, no sharing is required between the two nuclear units.  <Figure 6.2‑61> depicts hydrogen concentration in the drywell and containment as a function of time.


a.
Each recombiner subsystem consists of a control panel and a power supply cabinet located in the control complex.  The recombiner is located in containment, outside the drywell, at floor Elevation 664’‑7”.  Air flows by natural convection through the unit.  The recombiner is a completely passive device.


b.
The power supply cabinet contains an isolation transformer plus a controller to regulate the power to the recombiner.  The controls for the power supply are located in the separate control panel and are manually actuated.


c.
Each hydrogen recombiner consists of the following design features:



1.
A preheater section consisting of a shroud placed around the central heaters to take advantage of heat conduction through the central walls for preheating incoming air.



2.
An orifice plate to regulate the rate of air flow through the unit.



3.
A heater section consisting of five banks of metal sheathed electric resistance heaters to heat the air flowing through it to hydrogen‑oxygen recombination temperatures.  Each bank contains 60 individual U‑type heating elements.



4.
A mixing chamber which mixes and dilutes the hot effluent with containment air to lower the temperature of the discharge stream.



5.
An outer enclosure to protect the unit from impingement by containment spray.



6.
Except for electrical power, there is no need of any plant support service.


d.
Containment atmosphere is heated within the recombiner in a vertical duct causing it to rise by natural convection.  As it rises, replacement air is drawn through intake louvers downward through a preheater section which will temper the air and lower its relative humidity.  The preheated air then flows through an orifice 



plate, sized to maintain a 100 scfm flow rate, to the heater section.  The air flow is heated to a temperature above 1,150(F, the reaction temperature for the hydrogen‑oxygen reaction, and any free hydrogen present reacts with atmospheric oxygen to form water vapor.  After passing through the heater section, the flow enters a mixing section which is a louvered chamber where the hot gases are mixed and cooled with containment atmosphere before the gases are discharged directly into the containment.  The air discharge louvers are located on three sides of the recombiner.  To avoid short circuiting of previously processed air, no discharge louvers are located on the intake side of the recombiner.


Tests have verified that the hydrogen‑oxygen recombination is not a catalytic surface effect associated with the heaters, but occurs due to the increased temperature of the process gases.  As the phenomenon is not a catalytic effect, saturation of the unit cannot occur.  Results of testing a prototype and production electric hydrogen recombiner are given in (Reference 16), (Reference 17), (Reference 18), (Reference 19), and (Reference 22).  No differences exist between the recombiner system on which the qualification tests were conducted and the recombiner system which was supplied for Perry.  For environmental qualification see <Section 3.11>.  The system is designed to Class 1E, Seismic Category I requirements.  The system is shown on <Figure 6.2‑63>.


6.2.5.2.4      Purge Subsystem


A purge subsystem is provided to aid in the long‑term cleanup of combustible gas from containment and drywell provided that the site release rate is expected to remain below the plant limits.  The purge subsystem is also used as a means to provide pressure relief from the drywell during startup and normal plant operation.  Purging is accomplished by passing air from the drywell through the annulus exhaust gas treatment system (AEGTS) filters before being discharged to the outside atmosphere.  The combustible gas purge subsystem consists of a 


flow control valve, two isolation valves, and interconnecting pipe.  The isolation valves, one inside and one outside containment, are motor‑operated to isolate the containment vessel during a LOCA.  The flow control valve is in the fail open position to maximize flow for drywell pressure control.  Those portions of the purge subsystem associated with containment isolation are designed to meet Safety Class 2, Seismic Category I requirements.  The system is shown on <Figure 6.2‑62>.


6.2.5.3      Design Evaluation


The design evaluation of the combustible gas control system follows the guidelines of NRC Branch Technical Position CSB 6‑2, “Control of Combustible Gas Concentrations in Containment Following a Loss‑of‑Coolant Accident,” and is as follows:


a.
Generation of hydrogen from the corrosion of zinc and aluminum exposed to neutral water occurs in the following manner:
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b.
The rate of hydrogen generated from these corrosion equations is defined as follows:



1.
Zinc:
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Where:




T = Temperature in K.




R = The hydrogen generation rate in lb‑mole/ft2‑hr



2.
Aluminum:





R = 1.79 x 10‑7 (Reference 23)




Where:





R = The hydrogen generation rate in lb‑mole/ft2‑hr




This rate is valid throughout the temperature range to which the aluminum is exposed during an accident.


c.
The corrodible surface areas and masses inside the containment and drywell are listed below:



1.
Drywell:




Area



  Mass





Galvanized Steel
 64,025 ft2


 8,710 lbs



2.
Containment:





Galvanized Steel
128,589 ft2


17,034 lbs



Aluminum surface areas and masses are not shown, since engineering analysis shows that the production of hydrogen from the corrosion of aluminum is negligible compared to other hydrogen generation sources.  Additions of aluminum to the plant are evaluated for impact on hydrogen control analyses.


d.
The mass of the Zircaloy fuel cladding to a depth of 0.23 mils as specified in <Regulatory Guide 1.7> is 574 pounds.


e.
The integrated production of hydrogen for the containment and drywell due to radiolysis of water and corrosion of zinc is shown in <Figure 6.2‑64>.  The production of hydrogen from the corrosion of aluminum is negligible compared to the other sources.


f.
Negligible hydrogen and oxygen is contained in the reactor coolant system with respect to the other components of hydrogen generation following a LOCA.


g.
The total fission product decay power as a fraction of operating power versus time is given in <Table 6.2‑27>.


h.
The fission product distribution model is discussed in <Section 12.2>.


i.
The integrated production of hydrogen in the drywell due to the zirconium‑water reaction is 12.6 lb‑moles for the first two minutes.  There is no zirconium‑water reaction after this time.


j.
The hydrogen concentration in containment plotted as a function of time is shown in <Figure 6.2‑61> for a design basis LOCA.


k.
Two methods of hydrogen control are available.  They are hydrogen mixing and hydrogen recombination.  <Table 6.2‑39> shows the design and operating parameters.


l.
Since hydrogen is much lighter than air, it diffuses rapidly, tending to form a uniform mixture.  Because of this, it is unlikely that areas of higher concentrations could form; however, any such concentrations would tend to form at the high points of containment, where the containment spray lines and mixing system suction lines are located.  The initiation of these systems would create turbulence and enhance mixing.


m.
The hydrogen mixing system piping is designed for the maximum differential pressure loads and is seismically supported.  No ductwork is used in the system.


6.2.5.4      Testing and Inspection


The combustible gas control system is visually inspected in accordance with ASME Code Section XI.  Compressors are tested by turning them on from the control room and measuring flow.  Isolation valves are exercised periodically and position checked on indicators in the control room.


Testing of the hydrogen analyzers is done periodically by injecting a calibration gas into the sample lines and comparing the known concentration with the analyzer readout.


The hydrogen recombiners are tested in accordance with the Technical Specifications to check the calibration of the unit and proper operation of the heaters by energizing the unit and allowing temperatures to stabilize at the operating conditions.


Preoperational tests of the combustible gas control system are conducted during the final stages of plant construction prior to initial startup <Section 14.2>.  These tests ensure correct functioning of all controls, instrumentation, compressors, recombiners, piping, and valves.  System reference characteristics, such as pressure differentials and flow rates, are documented during the preoperational tests and are used as base points for measurements in subsequent operational tests.


In addition, inservice inspection of all ASME, Section III, Class 3 components is done in accordance with <Section 6.6>.


6.2.5.5      Instrumentation Requirements


Operation of the combustible gas control system is performed manually.  On‑off status of compressors and position of valves are indicated in the control room.  Hydrogen concentration recorders and alarms, low flow, system bypassed alarms, and control switches are located in the control room.


The hydrogen analyzer recorder/switching station is located in the control room.  The analyzer switching station allows the operator to manually select one of the four sample areas previously discussed.  Both Hydrogen Analyzers annunciate high hydrogen concentration by volume at two levels.  The setpoints have been selected to assist the Control Room operators in performance of hydrogen control functions.  The high alarm is set to alert the operator that the hydrogen concentrations are increasing and that the minimum design concentration for operation of the hydrogen recombiners has been reached.  The high‑high alarm is set to alert the operator that hydrogen concentrations are continuing to increase and that several actions including operation of the Combustible Gas Mixing System is required prior to reaching four percent hydrogen concentration.


All lines in the system that connect the drywell with the containment vessel have isolation valves which close automatically on LOCA signal.  Manual initiation and test operation are overridden by the LOCA signal.  During normal plant operation, these isolation valves are closed.  The hydrogen recombiners do not require any instrumentation inside the drywell or containment for proper operation after a LOCA.  A thermocouple readout instrument is provided in the control complex for convenience in test and periodic checkout of the recombiner.  A controller is operated from the control complex to regulate the power supply to the recombiner.  Proper recombiners operation after an accident is determined by monitoring a watt‑meter in the control complex.


Design details of the combustible gas control system instrumentation and controls are discussed in <Section 7.3>.


6.2.6      CONTAINMENT LEAKAGE TESTING


This section presents the testing program for determination of the primary reactor containment integrated leakage rate (Type A tests), primary containment penetration leakage rates (Type B tests) and primary containment isolation valve leakage rates (Type C tests) that complies with <10 CFR 50, Appendix J>.  Testing requirements for piping penetration barriers and valves have been established using the intent of <10 CFR 50, Appendix J> (Option B).  Exceptions taken to <10 CFR 50, Appendix J> for Type A, B or C tests are described and justified in <Table 6.2‑40> and <Table 6.2‑41>.  This section also presents the testing program for determination of the drywell integrated leakage rate.  The integrated leak rate test system is shown in <Figure 6.2‑65>.


The primary containment leakage rates shall be demonstrated at the test schedule specified in accordance with the Containment Leakage Rate Testing Program.


Periodic Type A, B and C tests are performed to assure that leakage through the primary reactor containment and systems and components that penetrate the primary containment do not exceed allowable leakage rate values as specified in technical specifications.  These periodic tests also ensure that proper maintenance and repairs are performed during the service life of the plant.


6.2.6.1      Primary Reactor Containment Integrated Leakage Rate Test


During the construction phase, localized leakage testing is employed <Section 3.8> to detect leaks which may affect containment integrity or the results of the initial integrated leak rate test.


Structural integrity test of the containment structure for strength requirements, described in <Section 3.8.1> and <Section 3.8.2>, must be satisfactorily completed prior to performance of the preoperational integrated leakage rate tests.


Upon completion of construction of the primary reactor containment including installation of all portions of mechanical, fluid, electrical, and instrumentation systems penetrating containment or associated with containment integrity, and upon satisfactory completion of the structural integrity test for strength described above, the preoperational containment integrated leakage rate test is performed to verify that the actual containment leakage rate does not exceed the design limits.


The preoperational integrated leakage rate tests are performed at the design basis accident pressure (Pa) to determine the measured leakage rate (Lam). (Operational integrated leakage rate tests are performed in accordance with the Technical Specifications).


The leakage rate, Lam, at test pressure, Pa, shall be less than 0.75 of La.  Other pertinent test data, including test pressures, test duration and definition of terms are presented in <Table 6.2‑41>.


Type A testing will be performed in accordance with the Containment Leakage Rate Testing Program <Section 6.2.6.6>.


The quantity and types of sensors associated with the primary containment integrated leakage rate instrumentation are listed in <Table 6.2‑42>.


6.2.6.2      Containment Penetration Leakage Rate Test


Containment penetrations whose design incorporates resilient seals, gaskets or sealant compounds; air locks; equipment and access hatch 


seals; and electrical penetrations receive preoperational and periodic Type B leakage rate tests in accordance with <10 CFR 50, Appendix J> (Option B).  A list of all containment penetrations subject to Type B tests is provided in <Table 6.2‑40>.


Containment personnel air lock door seals will receive periodic Type B tests.


All Type B tests are performed in accordance with the Containment Leakage Rate Testing Program <Section 6.2.6.6>.


a.
Personnel Air Lock Leakage Control System



The personnel air lock leakage control system controls leakage by placing a vacuum on the space between the pair of door seals on the outer doors of the personnel air locks.  The vacuum between the door seals is created by routing a small line into the containment annulus.  The containment annulus is kept at a slight negative pressure by the annulus exhaust gas treatment system.  Any bypass leakage past the personnel air lock outer door seals is routed back into the containment annulus where it is sent to the annulus exhaust gas treatment system.  This system is classified as Safety Class 2 and is designed to survive and function through a single active failure.


6.2.6.3      Containment Isolation Valve Leakage Rate Tests


Those containment isolation valves which are Type C tested in accordance with <10 CFR 50, Appendix J> (Option B) are listed in <Table 6.2‑40>.


See <Section 6.2.6.6> for the Containment Leakage Rate Testing Program.


6.2.6.4      Scheduling of Periodic Tests


The periodic leakage rate test schedules for Type A, B and C tests are given in the Containment Leakage Rate Testing Program.  Scheduling exemptions are provided in (Reference 33) and (Reference 40).


Type B and C tests may be conducted at any time during normal plant operations or during shutdown periods as long as the time interval between tests for any individual Type B or C test does not exceed the maximum allowable interval specified in the Containment Leakage Rate Testing Program.  Each time a Type B or C test is completed the overall total leakage rate for all required Type B and C tests is updated to reflect the most recent test results.  


6.2.6.5      Special Testing Requirements


6.2.6.5.1      Drywell Leakage Rate Test


Following the drywell structural integrity test described in <Section 3.8.3>, the drywell leakage rate is measured at drywell design pressure.  A drywell leakage rate test is also performed at reduced pressure.  Subsequently, periodic drywell leakage rate tests are performed at an initial differential pressure of 2.5 psi.  The reduced pressure tests verify that drywell to containment leakage does not exceed the allowable suppression pool bypass limits specified in technical specifications.  The combination of the design pressure and reduced pressure leakage rate tests also verifies that the drywell will perform adequately for the full range of postulated primary system break sizes.  The allowable drywell leakage rate, Ld, is 10 percent of the allowable bypass leakage for the small break accident with containment spray.  The allowable bypass leakage is that leakage corresponding to a drywell 
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 = 1.68 ft2  <Section 6.2.1.1.5>.  La is then the leakage rate corresponding to 0.168 ft2.


Drywell leakage rate tests are performed with the drywell isolation valves and system lineups in their postaccident position with the following exceptions:


a.
Emergency core cooling systems (ECCS) injection line valves are closed to prevent venting the drywell to the suppression pool.


b.
Air supply line isolation valves are closed to prevent the introduction of nonmetered air into the drywell.


c.
Control rod drive hydraulic system water supply valves remain open to maintain water flow through the control rod drives.  The water flow prevents accumulation of crud in the control rod drives.  Also, reactor water cleanup system valves are left open.  The reactor water cleanup system is used to maintain reactor vessel level.


d.
Root valves for drywell pressure transmitter instrumentation interlocked with ECCS are closed to prevent ECCS actuation.


Any paths for equalizing drywell and containment pressure open during the Type A test are isolated.  The containment air space external to the drywell is vented to atmosphere or to the annulus.


Preoperational drywell tests are performed as late as is practical in the construction sequence, but prior to initial operation.


For high pressure tests, the upper containment pool is filled to normal water level, the horizontal vents are plugged in order to achieve design pressure, and the suppression pool is filled.


After preoperational testing is satisfactorily completed, the drywell vent plugs can be removed and the suppression pool refilled.  All subsequent periodic tests are conducted at a reduced pressure (less than that required to bubble drywell air through the top row of vents).


For all of the above tests, the drywell atmosphere is allowed to stabilize for one hour after attaining test pressure.  When the steady‑state conditions are achieved the drywell leakage rate is determined by metering the makeup air flow required to maintain the constant test pressure.  Acceptance criteria are specified in technical specifications.  Periodic drywell leakage rate tests are performed at the intervals specified in technical specifications.


The maximum allowable leakage rate into the annulus and the means to verify that the rate has not exceeded the bypass leakage rate is discussed in <Section 6.2.4>.


6.2.6.6
Primary Containment Leakage Rate Testing Program


The Primary Containment Leakage Rate Testing Program implements the leakage rate testing of the primary containment as required by <10 CFR 50.54(o)> and <10 CFR 50, Appendix J> (Option B) as modified by approved exemptions.  This option allows the testing frequency for Type A, B, and C tests to be extended based on the leakage rate performance history of the components in the <10 CFR 50, Appendix J> program.


This Program is in accordance with the guidelines contained in <Regulatory Guide 1.163>, “Performance‑Based Containment Leak‑Test Program,” dated September 1995, with the exceptions as identified in the Program and in USAR <Table 1.8‑1>.


6.2.7      SUPPRESSION POOL MAKEUP SYSTEM


Following a LOCA, the suppression pool makeup system provides water from the upper containment pool to the suppression pool by gravity flow.  The quantity of water provided is sufficient to account for all conceivable postaccident entrapment volumes (i.e., places where water can be stored while maintaining long term drywell vent water coverage).


6.2.7.1      Design Bases


The following criteria were used in the design of the suppression pool makeup system:


a.
The system is redundant with two 100 percent capacity lines.  The redundant lines are physically separated and all electrical power and control is separated into two divisions in accordance with IEEE Standard 279.


b.
The system is Safety Class 2, Seismic Category I.


c.
The minimum long term postaccident suppression pool water coverage over the top of the top drywell vent is 2’‑0”.


d.
The minimum normal operation low water level (LWL) suppression pool height above the top drywell vent centerline is 6’‑9.5”.


e.
The maximum normal operation high water level (HWL) suppression pool height above the top drywell vent centerline is 7’‑6”.


f.
The suppression pool volume, between normal LWL and the minimum postaccident pool level, plus the makeup volume from the upper pool is adequate to supply all possible postaccident entrapment volumes for suppression pool water, and keep the suppression pool at an acceptable water level.


g.
The postaccident entrapment volumes causing suppression pool level drawdown include:



1.
The free volume inside and below the top of the drywell weir wall.



2.
The added water volume needed to fill the vessel from a condition of normal power operation to a postaccident complete fill of the vessel including top dome.



3.
Volume in the steam lines out to the first MSIV for three lines and out to the second MSIV on one line.



4.
An allowance for containment spray holdup on equipment and structural surfaces.


h.
No credit for feedwater or HPCS injection from the condensate storage tank is taken in calculating minimum postaccident suppression pool level.


i.
Piping components which would be wetted in the event of a drywell flooding transient (from inadvertent dump of the upper pool (SPMU) with the suppression pool at maximum operating level and under negative drywell pressure conditions) have been analyzed and would not result in adverse consequences to these components.


j.
The minimum normal operation suppression pool volume at LWL is adequate to act as a short term energy sink without taking credit for upper pool dump.


k.
The long term containment pressure and suppression pool temperature takes credit for the volume added postaccident from the upper containment pool.


l.
The system gravity dump time through one of the two redundant lines is less than or equal to the minimum pump time; pump time is determined by dividing pumping volume (upper pool makeup volume plus volume in the suppression pool stored between LLWL and minimum top vent coverage) by the total maximum runout flow rate from all five ECCS pumps.


6.2.7.2      System Design


The piping system consists of two lines which penetrate the separator storage section of the upper containment pool through the side walls.  One line is located on either side of the separator pool.  From there, each line is routed down to the suppression pool on opposite sides of the steam tunnel.  The elevation of the separator pool penetrations will limit the volume of water which can be dumped to the lower pool.  This volume limitation along with adequate weir wall freeboard ensures that no excessive drywell flooding over the weir wall will occur for inadvertent opening of the valves on the suppression pool makeup lines.


The volume of the upper containment pool, which is available for suppression pool makeup, is equivalent to the volume of an 8.25‑feet thick slice across the entire upper pool surface area, plus the separator pool volume between the top of the separator wall and the makeup system penetration to the upper pool.  This requires that the refueling gate between the reactor well and the dryer storage pool be removed during power operation.  The fuel transfer gate may be in place or removed during power operations (Reference 32).


The volume of water available for dump from the upper containment pool, when combined with the suppression pool, is adequate to supply all postaccident entrapment volumes and keep the suppression pool at an acceptable level (2 feet above the top of the horizontal drywell vents) to condense steam exiting the vents, and to ensure continuous coverage of the RHR A/B Test Return Line postaccident.  The need to provide for 


this sufficient volume of “entrapment” water results in the operating limit for the minimum suppression pool level being 17’‑9.5”, plus a suppression pool level adjustment factor when a positive differential pressure exists between the drywell and the containment.  This adjustment factor varies between 0.0” at 0.0 psid and 4.6” at 2.0 psid (the 2.0 psid value results in a minimum suppression pool level of approximately 18’‑2”).  This requirement for applying a limit of 17’‑9.5” plus the level adjustment factor for positive differential pressures is quite different than the input assumptions for the containment response analyses, which assumed a minimum suppression pool water level of 17’‑6” concurrent with the maximum drywell‑to‑containment operating limit of 2.0 psid <Table 6.2‑5>.  Although the containment response analysis showed that the smaller water volume was sufficient for containment cooling purposes, that smaller volume did not meet the entrapment volume design basis for the SPMU system.


The upper containment pool water level is required to be maintained during Operational Conditions 1, 2 and 3 at a level of 22’‑9” above the RPV flange.  The upper pool level may be reduced to 22’‑5”, as long as the suppression pool water level is raised 2.20 inches above the minimum allowable suppression pool water level of 17’‑9.5” to compensate.  Raising the minimum required suppression pool water level provides the same effective volume of water (by transferring a portion of the upper pool dump volume to the suppression pool) and ensures that after a suppression pool make‑up system dump, adequate water coverage over the uppermost drywell horizontal vents and the long‑term energy sink capability of the suppression pool are maintained (Reference 32).


In addition, when the inclined fuel transfer system blind flange is removed in Operational Conditions 1, 2, or 3, the upper containment pool water level is required to be maintained at a minimum level of 22’‑9” above the reactor vessel flange and the suppression pool water level is required to be maintained at a minimum level of 17’‑11.7”.  This is to 


ensure adequate suppression pool make up inventory in the event of an accident (Reference 39).


Each suppression pool makeup line has two normally closed valves in series.  The valves on one line are on the same electrical division.  Valves on the other line are on a different electrical division.  All valves are powered from an onsite emergency power source which has divisional separation and redundancy.


The upper pool is dumped by gravity flow after opening the two normally closed series valves in each line.  The valves on both lines receive divisionally separate but simultaneous signals to open.  The open signal for each division is derived from either of two suppression pool level sensors.  There are a total of four level sensors, two per division.  There is also a series permissive signal permitting valve opening only when the LOCA signal exists.  This LOCA signal is the same signal which actuates the ECCS pumps.  This combination provides high reliability that the upper containment pool will be dumped when required but not dumped inadvertently by spurious signals.


The dump of the upper pool on low‑low suppression pool level ensures adequate water volume to keep the suppression pool vents covered for all break sizes.  In addition to the suppression pool level dump signal, the upper pool will also be dumped automatically from a timer set for LOCA + 30 minutes.  This upper pool dump at 30 minutes postaccident insures that adequate heat sink is available long term regardless of break size or energy dump sequence.


The suppression pool makeup system will always operate following a DBA‑LOCA as long as only one simultaneous equipment failure or operator error is postulated to occur.  The suppression pool makeup system is specifically designed with redundant piping, valves and instrumentation to preclude failure to operate if a DBA‑LOCA and any single equipment failure or operator error occurs <Figure 6.2‑67>.  Each of the two dump systems is independent and safety class.


The two series valves on each of two makeup system dump lines are located above the top of the drywell and outside the range of pool swell effect.  The end of each line terminates in a configuration which provides an unobstructed free fall to the suppression pool.  Pool level transmitters are located in the auxiliary building, protected from suppression pool dynamic effects.


6.2.7.3      Design Evaluation


6.2.7.3.1      Initiation


The opening of the makeup system valves is signaled by a series combination of low‑low suppression pool level and a LOCA signal permissive (further discussion in <Section 6.2.7.2>).  The low‑low level signal is 16 inches below the normal LWL.  Since maximum ECCS pump flow lowers the suppression pool at a rate of approximately 0.88 feet per minute, there is a minimum 1‑1/2 minute delay between start of ECCS flow and dumping of the upper pool.  The delay is actually longer than this because some vessel inventory mass is added to the suppression pool during blowdown steam condensation.


The makeup system dump valves can also be signaled to open by a LOCA signal in series with a 30 minute timer where the timer itself is started by the LOCA signal.  This path of initiation logic is independent of suppression pool level and is specifically directed towards ensuring that the combined upper pool and suppression pool volumes are available as a heat sink for “small” breaks which do not lower the suppression pool to the LLWL trip, but continue to dump vessel blowdown energy into the pool.  The minimum suppression pool volume, without upper pool dump, is adequate to meet all heat sink requirements for any combination sequence of vessel blowdown energy and decay heat energy out to 30 minutes.


A pool dump initiated from the LOCA +30 minute timer could result in higher vent submergence than the initial maximum of 7’‑6”.  No problem exists in terms of pool swell since all the air would have been purged out of the drywell by the small break flow and only a small steam suppression pool vent flow would persist out to 30 minutes.  Note that action of the drywell vacuum breakers which might reintroduce air into the drywell prior to 30 minutes postaccident will occur only after complete vessel depressurization and drywell steam condensation on the 


“cold” ECCS break overflow of a relatively large break.  The hypothesized high vent submergence would also have no effect on peak drywell pressure since the high submergence would only occur during small break flow events and after suppression pool vent clearing had already been established.


6.2.7.3.2      Flow


The suppression pool makeup volume is dumped in less than 10 minutes through one of two lines.  The valves on the suppression pool makeup lines are fully open within 35 seconds of opening signal application.


6.2.7.3.3      Inadvertent Dump


The design of the opening signal circuitry for the suppression pool makeup valves assures high probability that no inadvertent dump will occur.  The suppression pool level signal (LLWL) to open the valves is in series with a permissive which only allows the open signal to pass through when a LOCA signal exists on that division.  Only a simultaneous signal of either suppression pool LLWL combined with LOCA, or LOCA with a 30‑minute time delay will open both valves to allow gravity drain of the upper pool to the suppression pool.  Even manual action is incapable of opening both series valves unless the administratively key locked dump test permissive switch is in the test mode or a LOCA permissive signal exists.  The LOCA signal plus the timer signal after 30 minutes would dump the upper pool.  However, the LOCA signal itself is a one out of two twice combination of high drywell pressure and low vessel water level <Figure 6.2‑68> and a double failure is required to give a spurious LOCA signal.


Four level sensors indicate suppression pool water level with two sensors per electrical division.  The two level sensors in one division are paralleled so that either sensor will initiate suppression pool makeup flow (pending LOCA permissive) from the makeup line whose series 


valves are on the same electrical division as the level sensors.  Level sensors on one electrical division cannot initiate flow from the makeup line where valves are in a separate electrical division.


There is a remote possibility that a single failure of a suppression pool level sensor and a concurrent LOCA event could initiate suppression pool makeup flow from one line such that the makeup flow started at the instant of LOCA.  The flow from one makeup line will raise the suppression pool level at a rate of 0.538 feet per minute following full opening of the valves which normally prevent flow.


For a large break DBA, the peak drywell pressure occurs at about one second after the break with the pressure being reduced to the steady flow submergence of the top vent by about 30 seconds.  Any pool swell associated loading would occur during the first few seconds while drywell air purge is taking place.  Thus, the structural loading which would occur following a DBA would occur prior to any significant flow of water from a makeup line which was erroneously signaled to open at the same instant as the DBA.


The peak structural loadings associated with breaks smaller than the DBA are all less than the DBA case and only slightly extended in time.  The drywell pressure for all size breaks is reduced to steady flow top vent submergence by one minute after the break.


The conclusion is that no increase in maximum structural loading due to a LOCA when an erroneous signal to initiate suppression pool makeup flow occurs at the instant of LOCA.


An inadvertent dump of the upper pool during any period of plant operation with a pressurized vessel does not represent, in and of itself, any hazard to the public, the plant operating personnel or any plant equipment.  The drywell weir wall has sufficient freeboard height between the suppression pool surface and the top of the weir wall to 


store most of the upper pool makeup volume on top of the normal suppression pool HWL with limited flooding over the weir wall into the drywell under negative drywell pressure conditions.  The piping components which would be affected in this event have been analyzed for the floodings affect, and this event could not initiate a LOCA.  The dumped upper pool makeup volume can be transferred back to the upper pool via several flow paths, thus restoring the initial suppression pool water level.


No fuel is stored in the upper pool during plant operations, therefore, depth of water shielding over fuel is not a concern for the inadvertent dump of the upper pool during plant operation.  The Suppression Pool Makeup system valve initiation logic is designed with a keylocked system mode selector switch so that neither automatic nor manual action can open the suppression pool makeup valves while the plant is in the refueling mode.

6.2.7.4      Tests and Inspections


The suppression pool makeup valves will be manually tested periodically, one at a time, during plant power operation.  An interlock prevents this manual testing unless the other valve in series on the same line is closed.  The test will verify that the valve will open and close.  Also, instruments will be periodically tested and inspected.


Preoperational testing will include a complete flow test of the system including a timed dump of the required makeup volume.  Similar flow testing could be performed at any plant shutdown outage; however, the need for such testing occurs only a few times in the plant lifetime.


6.2.7.5      Instrumentation Requirements


Suppression pool water level sensors provide a signal to open the suppression pool makeup system valves.  Four level instruments, two in each division, are provided.  These instruments are the same analog instruments which measure normal water level variation with an extended range for LLWL <Section 7.3.1.>.


A level indication for the upper pool is also provided to alert the plant operating personnel if the level drops below that needed for the makeup volume.  Level in the upper pool is normally maintained by a continuous overflow of level control weirs.  The level is expected to stay constant during plant power operation, except for periods when level is purposely reduced, such as discussed in <Section 6.2.7.2>.


The upper pool and suppression pool temperature are monitored to ensure that the temperature does not exceed technical specification values.  This ensures adequate heat sink capability of the suppression pool water, both short and long term.


A functional control diagram for the suppression pool makeup system is presented in <Section 7.3>.


6.2.8      HYDROGEN CONTROL SYSTEM


The accident at Three Mile Island ‑ Unit 2, in 1979, involved a metal‑water reaction in the core resulting in the release of amounts of hydrogen beyond the NRC’s design basis accident requirements.  Following the TMI accident, the NRC required a number of design improvements to all light water reactors.  These TMI‑related design improvements were for the purpose of further reducing the likelihood and effects of degraded core accidents, beyond the inherent design capability of the plants.  Pursuant to these TMI‑related items, the NRC staff required that plants with Mark III containments improve the hydrogen control capability by providing a system to control hydrogen generated from a postulated 75% metal‑water reaction.


The final hydrogen control rule to address improved hydrogen control capability was published as an amendment to <10 CFR 50.44> on January 25, 1985, at 50 Federal Register 3498.  For the PNPP Mark III containment design, the new rule requires a hydrogen control system capable of handling, without loss of containment structural integrity, an amount of hydrogen equivalent to that generated from a 75 percent metal‑water reaction of the active fuel cladding during recoverable degraded core events.  In addition, systems and components necessary to establish and maintain safe shutdown and containment integrity must be capable of performing their functions during and after exposure to the environmental conditions created by the burning of hydrogen.


The hydrogen control system, designed to control large amounts of hydrogen, is a distributed igniter system.  The system burns hydrogen at low concentrations, thereby maintaining the concentration of hydrogen below levels which could potentially threaten containment integrity or equipment survivability.


6.2.8.1      Design Bases


6.2.8.1.1      Safety Design Bases


The safety design bases are:


a.
The hydrogen control system (HCS) will burn hydrogen at low volumetric concentrations.  The igniters are designed to ensure controlled burning of hydrogen equivalent to that generated from a 75% metal‑water reaction of the active fuel cladding (2,475 pounds mass) as a result of a postulated recoverable degraded core accident.


b.
The HCS will be placed in operation upon reactor vessel water level decreasing to the top of active fuel (TAF) or upon hydrogen concentration in the drywell or containment reaching minimum detectable level.  The HCS is secured automatically if power to the igniter is lost and manually when hydrogen concentrations inside the drywell or containment cannot be determined to be below predetermined limits.


c.
The HCS is designed with suitable redundancy to ensure that no single active component failure, including power supply failures, will prevent functioning of the system.


d.
Once activated, the igniters are designed to reliably ignite hydrogen for up to seven days.


e.
The HCS is designed as a safety grade system, and is capable of operating for the duration of the hydrogen generation event.


f.
The HCS igniter assemblies are classified and designed as electrical Class 1E and Seismic Category I.  Each igniter is 



powered from a Class 1E power supply which can be powered from the associated division diesel generator.


g.
All components in the HIS are capable of withstanding the temperature and pressure transients resulting from a LOCA.  They can also withstand the humidity conditions and radiation environment in which the components are located.  Environmental qualification of the hydrogen igniter assemblies is addressed in <Section 3.11>, and dynamic qualification is addressed in <Section 3.10>.


h.
HCS components located within the containment are demonstrated to survive the expected hydrogen combustion thermal environment where they are located.


i.
Igniter locations were based on criteria that considered potential hydrogen release locations, appropriate spacing in open areas, redundancy and potential for pocketing in enclosed regions.  Based on these criteria, igniters are located in a ring above the suppression pool and throughout the containment and drywell.  The igniters are located approximately every 30 feet with alternating divisional power supplies, such that a distance of approximately 60 feet may exist if only one emergency power division is available.  In some cases, a distance of 35 feet and 70 feet may exist if adequate supports are not available or interference exists in the area of interest.  These criteria were used except in the open area above the refueling floor in the upper containment and in the reflood region in the drywell.  Two igniters, one from each power division, are located in enclosed areas within containment which would be subject to possible hydrogen pocketing.


6.2.8.2      System Design


A tabulation of the design and performance data for each system component is located in <Table 6.2‑43>.  A detailed discussion of instrumentation features is provided in <Section 7.6>.


The hydrogen control system (HCS) consists of 102 igniters distributed throughout the drywell and containment.  The igniters are designed to ensure controlled burning of hydrogen produced during a hydrogen generation event.


The igniter is a thermal ignition device that when activated (by an electric current) produces a resistance at the element (or tip) and an increase in temperature of at least 1,700(F.  This tip temperature is sufficient to cause combustion of the surrounding hydrogen gases at relatively low concentrations.  The 102 igniters are glow plugs of the type commonly used in diesel engines.


The igniter is mounted in an igniter assembly or housing with only the top (glow plug) exposed.  The housing is constructed of stainless steel and contains a transformer with multiple taps to step down the voltage to each igniter from 120 volt ac, a terminal block for connection of internal wiring, and all of the associated electrical wiring required to make the assembly functional.  The housing (assembly) is designed with a spray shield which extends over the glow plug tip, to protect against a reduction in tip temperature caused by the direct impingement of containment spray.  A junction box is attached to the exterior of the assembly and contains the cable termination.  Gasketing material and sealant are provided to ensure leak‑tightness of the igniter enclosure and junction box.


The 120 volt ac, 60 Hz, Class 1E power is supplied to the ignitor assemblies through hydrogen ignitor isolation panels.  These isolation panels receive their power from Class 1E 480V motor control 


centers (MCC) through 15 kVA transformers, rated 480‑208/120 volt ac, 60 Hz, 3‑phases with grounded neutrals, and a fuse panel.  The fuse panel consists of a 40 ampere and 45 ampere fuse in series for each line to the hydrogen ignitor isolation panels.  Each transformer is fed from a Class 1E MCC which is capable of being powered from one of the standby diesel generators.  The 102 igniters are divided into six groups of approximately equal number, three groups in Division 1 and three groups in Division 2.  Each group is powered from a separate hydrogen ignitor isolation panel.  Disconnect devices are provided for maintenance and are normally closed (NC) so the igniters can be energized by operating the control room handswitches.


The HCS is manually energized by means of two handswitches located in the control room.  There is one handswitch for the three Division 1 groups and one for the three Division 2 groups.


The instrumentation and controls for the HCS are discussed in <Section 7.6>.


The hydrogen igniters are arranged in several rings at different elevations within the drywell and containment.  At least two igniters are located in each enclosed volume or area within the containment that are subject to possible hydrogen pocketing; each of the two igniters is powered from a separate power division to maintain divisional redundancy.  <Figure 6.2‑82> shows the locations of the igniter assemblies within containment.


6.2.8.3      Design Evaluation


A preliminary evaluation of the PNPP hydrogen control system has been completed.  This evaluation meets and exceeds the requirements of <10 CFR 50.44> for preliminary analysis.  The details of the analysis are provided in (Reference 29).  The program included definition of hydrogen generation events, determination of hydrogen and steam release 


histories for recoverable degraded cores, definition of hydrogen combustion thermal environments, and preliminary analyses of the survivability of essential equipment when exposed to the thermal and pressure environment inside containment during hydrogen combustion.  An additional program of test and analysis has been conducted to support the final evaluation which will be submitted to the NRC in accordance with <10 CFR 50.44>.


The preliminary evaluation is based on the analyses of two degraded core accident scenarios.  One scenario involved a stuck‑open relief valve (SORV) accompanied by a failure of ECCS.  The second scenario involved a small steam line break in the drywell (DWB).  These two scenarios were selected to define temperature and pressure responses in the containment and drywell.  The SORV transient scenario was considered to be the more probable event and to create a more thermally limiting environment in the containment.  The drywell break scenario was chosen only because of the potential for hydrogen combustion in the drywell and therefore a limiting thermal environment in the drywell.


For the two cases analyzed (using the CLASIX‑3 code), the peak calculated containment pressure was approximately 21 psig and brief duration temperature peaks ranged from 643(F in the drywell to 760(F in the containment to 1,762(F in the wetwell.  The results are provided in <Table 6.2‑46>.


The peak calculated containment pressure is significantly below the containment pressure vessel capability <Section 3.8.2.3.6>.


A preliminary evaluation was performed to identify equipment inside containment that is required to survive a hydrogen burn.  A list of equipment required to survive a hydrogen burn was established using the following criteria:


a.
Equipment and systems which must function to mitigate the consequences of the event.


b.
Equipment and structures required to maintain the integrity of the containment pressure boundary.


c.
Systems and components required to maintain the core in a safe shutdown condition.


d.
Instrumentation and systems which are used to monitor the course of the event and provide guidance to the operator for initiating actions in accordance with the emergency procedures.


e.
Components whose failure could preclude the ability of the above systems to fulfill their intended functions.


The list of equipment required to survive a hydrogen burn is found in <Table 6.2‑44> and <Table 6.2‑45>.


Preliminary equipment survivability was demonstrated by showing that the equipment survivability analyses performed for the Grand Gulf Nuclear Station (GGNS) are applicable to PNPP.  The GGNS analyses had been previously reviewed and approved by the NRC.


Equipment thermal survivability was demonstrated by comparing the temperature profiles, thermal response analysis and equipment list of PNPP to those of GGNS.  The temperature profiles of the PNPP and GGNS CLASIX‑3 containment response analyses are comparable with the exception of minor differences.  Further analysis of the thermal response of the 


hydrogen igniter assembly showed that the PNPP CLASIX‑3 temperature profile produced a lower maximum equipment temperature than the GGNS CLASIX‑3 temperature profile.  It was also shown that the list of equipment identified for PNPP was similar to that of GGNS.  Therefore, it was concluded that the GGNS analyses are applicable to PNPP and that PNPP equipment will survive the temperatures produced during a hydrogen burn.


Equipment pressure survivability was demonstrated by comparing the qualification or design pressure to calculated peak pressures.  The qualification or design pressures of required equipment bound the calculated peak pressures <Table 6.2‑46> in all cases.


6.2.8.4      Testing and Inspection


The hydrogen control system (HCS) is tested by energizing each igniter assembly, verifying a surface temperature of at least 1,700(F for each accessible igniter and verifying by measurement, sufficient current/voltage to develop a surface temperature of 1,700(F for each of the remaining igniters.


Surveillance testing is periodically done by energizing all the igniter assemblies and performing a current and voltage measurement of each circuit to identify any inoperable igniters (see Technical Specifications).


6.2.8.5      Instrumentation Requirements


Operation of the hydrogen control subsystems is performed manually.  The controls are in the control room.  The igniters are energized by means of two handswitches.  There is one handswitch for the three Division 1 groups and one for the three Division 2 groups.  The switch positions 


are OFF‑NORM‑ON with red‑green indication lights.  Input is provided to the hydrogen control system out‑of‑service annunciator in the control room on loss of control or motive power.
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TABLE 6.2‑1


KEY DESIGN AND MAXIMUM ACCIDENT PARAMETERS FOR


PRESSURE SUPPRESSION CONTAINMENT













   Maximum










Design

  Calculated




Parameter




Value 

Accident Value


Containment Pressure, psig



15


6.4


Suppression Pool Temperature, (F


185


181.3


Drywell Pressure, psig




30


23.45


Drywell Temperature, (F




330


329.0


TABLE 6.2‑2


CONTAINMENT DESIGN PARAMETERS










Drywell


Containment


Drywell and Containment



Negative Design Pressure, psig
    ‑21.0



 ‑0.8



Positive Design Pressure, psig

30



 15



Design Temperature, (F


    330



185



Maximum Allowable Leak Rate



[image: image28.wmf]K


/


A


 = 1.68 ft2 
   0.2%/day



Suppression Pool Depth, ft




Low Level




     17.79


 17.79




High Level



     18.5



 18.5


Vent System



Number of Vents








120



Nominal Vent Diameter, ft






  2.29



Total Vent Area, ft2








495



Vent Centerline Submergence



(low level), ft




Top Row









  6.5




Middle Row








 11.0




Bottom Row








 15.5



Vent Loss Coefficient (varies



with number of vents open)






2.5‑3.5


TABLE 6.2‑3


ENGINEERED SAFETY FEATURE SYSTEMS


PERFORMANCE PARAMETERS FOR CONTAINMENT RESPONSE ANALYSES









  Full
Containment Analysis Value









Capacity
Case A


Case B


Containment Spray



Number of RHR Pumps



 2
    0


    0



Number of Lines



 2
    0


    0



Number of Heat Exchangers

 2
    0


    0



Flow Rate, gpm/pump


  5,250
    0


    0


Containment Cooling System



Number of RHR Pumps



 2
    2


    1



Pump Capacity, gpm/pump

  7,100
7,100


7,100



RHR Heat Exchangers




Type



   Inverted U‑tube, single pass shell,








   multipress tube, vertical mounting




Number




 2
    2


    1




Heat Transfer Area,




ft2/unit



 14,850
    ‑


    ‑




Overall Heat Transfer




Coefficient,




Btu/hr‑ft2‑(F/unit

    200
    ‑


    ‑




Emergency Service Water




Temperature,(F





Minimum Design


32
    ‑


    ‑





Maximum Design


85
   85


   85


TABLE 6.2‑3 (Continued)









  Full
Containment Analysis Value









Capacity
Case A


Case B




Containment Heat Removal




Capability (using 85(F




emergency service water




and 185(F pool




temperature),




Btu/hr/unit


158.4E+06
    ‑


    ‑


TABLE 6.2‑4


ACCIDENT ASSUMPTIONS AND INITIAL CONDITIONS FOR


CONTAINMENT RESPONSE ANALYSES

(at 3833 MWt)


Components of Effective Break Area


(Recirculation Line Break), ft2


Recirculation Line







2.127



Cleanup Line








0.080



Jet Pumps









0.468


Primary Steam Energy Distribution(1), 106 Btu



Steam Energy








23.6



Liquid Energy








299.6



Sensible Energy




Reactor Vessel







89.62




Reactor Internals (less core)




51.59




Primary System Piping





35.55




Fuel(2)








7.3


Other Assumptions Used in Analysis



Main Steam Closure Time, sec




Recirculation Break






3.5




Main Steam Line Break





5.5



Scram Time, sec






        <1


NOTES:


(1)
All energy values, except fuel, are based upon a 32(F datum.


(2)
Fuel energy is based upon a datum of 285(F.


TABLE 6.2‑5


INITIAL CONDITIONS EMPLOYED IN


CONTAINMENT RESPONSE ANALYSES


(at 3833 MWt)


Drywell Free Volume, ft3
279,528


Containment Free Volume, ft3
1.156 x 106

Drawdown makeup system capacity, ft3
32,573


Temperature of makeup water, (F
110


Suppression Pool Volume for Long Term


  Response Calculations, ft3 (assumes


  initial pool level of 17.79 feet when


  drywell‑to‑containment dP is 2.0 psig,


  and includes the upper pool dump volume.)
144,292


Suppression Pool Volume for Short Term


  Response Calculations, ft3 (assumes


  initial pool level of 18.5 feet when


  drywell‑to‑containment dP is ‑0.5 psig.)
118,131


Horizontal Vent I.D., inches
27.5


Total Number of Vents
120


Weir Annulus Width, inches
27.25


Submergence of Vent Centerline ‑ 1st vent, ft
7.5 (HWL‑STR)



6.5 (LWL‑LTR)


Submergence of Vent Centerline ‑ 2nd vent, ft
12.0‑STR



11.0‑LTR


Submergence of Vent Centerline ‑ 3rd vent, ft
16.5‑STR



15.5‑LTR


Net Vent Area, ft2
495


Drywell Air Temperature, (F
60‑145(2)


(145 for long‑term



 response; 135 for



 short‑term response)


TABLE 6.2‑5 (Continued)


Drywell Pressure, psig
‑0.5 to 2.0(2)


(2.0 for long‑term



 response; 0.5 for 




 short‑term response)


Drywell Humidity, %
normal; 40‑50;



  (40)(2)

Containment Air Temperature, (F
normal; 95



  (104)(2)

Containment Pressure, psig
‑0.1 to 1.0(2)


(0 for long‑term



response; 1 for 



short‑term response)


Containment Humidity, %
normal; 50‑60;



  (50)(2)

Reactor Primary System Data


Reactor Power, MWt
3,833


Vessel Steam Output, lbm/hr
16,689,000


Steam Dome Pressure, psia
1,060


Total Reactor Fluid Inventory, lbm
5.641E5


Total Mass of Vessel and Internal


  Structures, lb (not including fuel)
2.764E6


Total Mass of UO2 in core, lbm
3.416 x 105

Total Mass of Active Zircaloy in core, lbm
80,694


Main Steam Line Isolation Valve Closure


  Period, sec
4 ( 1(1)

NOTES:


(1)
For mass release calculations, 0.5 seconds must be added to account for instrumentation time needed to initiate main steam line isolation valve closure.


(2)
The analyses are valid for the values and ranges shown.  Values actually used in the analyses are shown in parentheses.


TABLE 6.2‑6


SUMMARY OF SHORT TERM CONTAINMENT RESPONSES TO


RECIRCULATION LINE AND MAIN STEAM LINE BREAKS


(up to 30 seconds)











Recirculation
Main Steam











  Line Break 
Line Break


Peak Drywell Pressure, psig




22.84
23.45


Peak Drywell Differential Pressure, psid

21.07
21.35


Time of Peak Pressure, sec




1.79
1.80


Peak Drywell Temperature, (F




308.3
329.0


Peak Wetwell Pressure, psig




6.6
11.4


Time of Peak Wetwell Pressure, sec



3.0
3.0


Calculated Drywell Margin, %




23.9
21.8


TABLE 6.2‑7


SUMMARY OF LONG TERM CONTAINMENT RESPONSES TO


RECIRCULATION LINE OR MAIN STEAM LINE BREAK


(at 3729 MWt)











  Case A(1)

  Case B1(2)

Peak Containment Pressure, psig



5.8


7.8


Time of Peak Containment Pressure, sec


67,953

99,853


Peak Suppression Pool Temperature, (F


178.6


182.7


Calculated Containment Margin, %



61.4

    48.3


HPCS Flow Rate, gpm






6,000


6,000


LPCS Flow Rate, gpm






6,000


6,000


RHRS Flow Rate, gpm





14,200(3)


7,100(3)











7,100(4)


7,100(4)

NOTES:


(1)
Case A ‑ Offsite Power Available, All ECCS Equipment Operating.


(2)
Case B1 ‑ Loss‑of‑Offsite Power, Minimum ECCS Equipment Operating.


(3)
Suppression Pool Cooling Flow; None for First 30 minutes.


(4)
LPCI Mode of RHR.


TABLE 6.2‑7a


SUMMARY OF LONG TERM CONTAINMENT RESPONSES TO


RECIRCULATION LINE OR MAIN STEAM LINE BREAK


(at 3833 MWt)











  Case B2(1)

Peak Containment Pressure, psig



6.4


Time of Peak Containment Pressure, sec


31,308


Peak Suppression Pool Temperature, (F


181.3


Calculated Containment Margin, %



    56.7


HPCS Flow Rate, gpm






7,000


LPCS Flow Rate, gpm






7,000


RHRS Flow Rate, gpm






7,100(2)











7,100(3)

NOTES:


(1)
Case B2 ‑ Loss‑of‑Offsite Power, Minimum ECCS Equipment Operating.


(2)
Suppression Pool Cooling Flow; None for First 30 minutes.


(3)
LPCI Mode of RHR.


TABLE 6.2‑8


ENERGY BALANCE FOR


MAIN STEAM LINE BREAK ACCIDENT


(at 3729 MWt)






 



 Energy (Btu)











  Initial
    Drywell
  End of
 Long Term Peak






(time zero) Peak Pressure Blowdown Wetwell Pressure



Reactor Coolant
  3.2E+08

2.9E8
  1.8E8

 1.7E8


Fuel and Cladding



Fuel


  7.3E6

7.2E+06
  0


 0



Cladding

  3.4E+06

3.4E+06
  3.1E6

 1.4E6


Core Internals

  8.4E7

8.4E7
  7.4E7

 3.5E7


Reactor Vessel

  9.0E7

9.0E7
  8.4E7

 4.6E7


Metal


Reactor Coolant

Included in “Core Internals”, above.


System Piping, Pumps,


and Valves


Blowdown Enthalpy



Liquid

  0


0

  0


 0



Steam

  0


3.4E7
  4.1E8

 4.1E9


Decay Heat

  0


1.4E6
  8.1E7

 3.2E9


Metal‑Water


Reaction Heat

  0


6.1E4
  1.9E6

 1.9E6


Drywell Structures
  4.3E7

4.3E7
  4.5E7

 8.2E7


Drywell Air

  2.0E6

4.5E5
  0


 0


Drywell Steam

  1.1E6

1.4E7
  1.8E7

 2.2E7


Containment Air
  7.6E+06

9.7E6
  1.0E+07

 1.0E7


Containment Steam
  1.9E6

2.5E+06
  2.7E6

 9.8E6


Suppression Pool
  4.0E8

4.3E8
  7.7E8

 1.2E9


Water


TABLE 6.2‑8 (Continued)






 


 
Energy (Btu)











  Initial
    Drywell
  End of
 Long Term Peak






(time zero) Peak Pressure Blowdown Wetwell Pressure



Upper Pool Dump
  1.6

1.6
  
  1.6

 0


Inventory


Energy Transferred
  0


0

  0


 3.9E+08


by Heat Exchangers


Passive Heat Sinks(1)  6.4E7

6.4E7
  6.4E7

 8.4E7


(in Containment


 Airspace and


 Suppression Pool)


NOTE:


(1)
A new strainer design, which has the strainer resting on the floor of the suppression pool, replaces the individual strainers for the ECCS and RCIC system pumps in response to <NRC Bulletin 96‑03>.  The new strainer adds ~426 ft3 of steel to the suppression pool, however, the strainer displaces ~426 ft3 of suppression pool water.  Analysis has shown that the addition of the strainer’s steel and displacement of the water results in a negligible effect on the passive heat sinks available in the suppression pool and does not invalidate existing analyses.


TABLE 6.2‑9


ACCIDENT CHRONOLOGY FOR


MAIN STEAM LINE BREAK ACCIDENT


(at 3729 MWt)










 

   Time (sec)













All ECCS


Minimum ECCS


Event






in Operation

  Available



First Row Vent Cleared




0.934


0.934


Second Row Vent Cleared




1.171


1.171


Third Row Vent Cleared




1.550


1.550


Drywell Reaches Peak Pressure



3.733


3.733


Maximum Positive Differential


Pressure Occurs





1.28



1.28


Third Row Vent Recovered




28.4



28.4


Initiation of ECCS Operation



30



30


Second Row Vent Recovered



47.8



47.8


End of Blowdown





319



360


First Row Vent Recovered




344



344


Initiation of RHR Heat Exchanger


Operation







1,980



1,980


Containment Peak Pressure Reached


67,953



99,853


TABLE 6.2‑10


AVAILABLE CONTAINMENT HEAT SINKS











      Surface


Item





Volume (ft3)
    Area (ft2)
   Material


Drywell Structures


   4,556


 54,891
   Concrete


Containment Shell


   9,122


 72,975
   Steel


Miscellaneous Steel Structures


and Equipment



   7,512(1)   

169,189
   Steel


Miscellaneous Concrete


Structures



  38,836


 21,360
   Concrete


NOTE:


(1)
A new strainer design, which has the strainer resting on the floor of the suppression pool, replaces the individual strainers for the ECCS and RCIC system pumps in response to <NRC Bulletin 96‑03>.  The new strainer adds ~426 ft3 of steel to the suppression pool, however, the strainer displaces ~426 ft3 of suppression pool water.  Analysis has shown that the addition of the strainer’s steel and displacement of the water results in a negligible effect on the passive heat sinks available in the suppression pool and does not invalidate existing analyses.


<TABLE 6.2‑11>


DELETED


TABLE 6.2‑12


REACTOR ANNULUS


a.  Recirculation Suction Line












Biological












Shield Wall


Control



 Volume
 Bottom
        Initial Conditions        
Calculated
  Design


Volume

Height
Volume
Flow Area
Elevation
Temperature
Pressure

Peak (P(1)(2)
Pressure(2)


  No.  
   Description
 (ft) 
 (ft3)
  (ft2)  
  (ft)   
   ((F)    
 (psia) 
Quality
   (psid)   
  (psid)



   1
Volume 1 ‑ Level 1
 5.81
 91.56
  16.80
  6.83
   212.0
 14.696
 0.926
   22.06
   28.78


   2
Volume 2 ‑ Level 1
 8.71
138.46
  16.80
  6.83
   212.0
 14.696
 0.926
    9.44
   12.59


   3
Volume 3 ‑ Level 1
 8.71
142.96
  16.80
  6.83
   212.0
 14.696
 0.926
    5.66
    8.81


   4
Volume 4 ‑ Level 1
 8.71
205.13
  25.20
  6.83
   212.0
 14.696
 0.926
    2.06
    3.43


   5
Volume 5 ‑ Level 1
 8.71
212.77
  25.20
  6.83
   212.0
 14.696
 0.926
    0.40
    0.71


   6
Volume 6 ‑ Level 2
 5.81
 82.56
  16.80
 18.44
   212.0
 14.696
 0.926
    8.13
   10.37


   7
Volume 7 ‑ Level 2
 8.71
128.13
  16.80
 15.54
   212.0
 14.696
 0.926
    4.44
    5.71


   8
Volume 8 ‑ Level 2
 8.71
132.63
  16.80
 15.54
   212.0
 14.696
 0.926
    3.65
    5.38


   9
Volume 9 ‑ Level 2
 8.71
195.00
  25.20
 15.54
   212.0
 14.696
 0.926
    1.23
    2.07


  10
Volume 10 ‑ Level 2
 8.71
210.31
  25.20
 15.54
   212.0
 14.696
 0.926
    0.15
    0.31


  11
Volume 11 ‑ Level 3
 6.875
100.64
  16.80
 24.25
   212.0
 14.696
 0.926
    6.02
    8.34


  12
Volume 12 ‑ Level 3
 6.875
112.45
  16.80
 24.25
   212.0
 14.696
 0.926
    3.39
    5.01


  13
Volume 13 ‑ Level 3
 6.875
112.45
  16.80
 24.25
   212.0
 14.696
 0.926
    2.61
    4.14


  14
Volume 14 ‑ Level 3
 6.875
166.72
  25.20
 24.25
   212.0
 14.696
 0.926
    0.68
    1.16


  15
Volume 15 ‑ Level 3
 6.875
174.59
  25.20
 24.25
   212.0
 14.696
 0.926
    0.09
    0.21


  16
Volume 16 ‑ Level 4
 6.925
147.00
  25.20
 31.125
   212.0
 14.696
 0.926
    3.13
    4.94


  17
Volume 17 ‑ Level 4
 6.925
158.88
  25.20
 31.125
   212.0
 14.696
 0.926
    1.63
    2.60


  18
Volume 18 ‑ Level 4
 6.925
166.76
  25.20
 31.125
   212.0
 14.696
 0.926
    0.36
    0.63


  19
Volume 19 ‑ Level 4
 6.925
174.57
  25.20
 31.125
   212.0
 14.696
 0.926
    0.03
    0.10


  20
Volume 20 ‑ Level 4
13.66
297.69
  25.20
 38.05
   212.0
 14.696
 0.926
    0.00
    0.04


  21
Volume 21 ‑ Level 4
13.66
325.41
  25.20
 38.05
   212.0
 14.696
 0.926
    0.10
    0.22


  22
Volume 22 ‑ Level 4
13.66
316.20
  25.20
 38.05
   212.0
 14.696
 0.926
    0.00
    0.04


  23
Volume 23 ‑ Level 4
13.66
344.37
  25.20
 38.05
   212.0
 14.696
 0.926
    0.00
    0.00


  24
Volume 24 ‑ Drywell
90.00 139,000.0
1544.0
  0.0
   212.0
 14.696
 0.52
    ‑
    ‑


  25
Volume 25 ‑ Blowdown



  Node
 5.80
 71.48
  16.80
 12.64
   212.0
 14.696
 0.926
   17.10
   22.90


  26
Volume 26 ‑ Level 5
 6.50
188.25
  25.20
 51.71
   212.0
 14.696
 0.926
    0.00
    0.01


  27
Volume 27 ‑ Level 5
 6.50
178.42
  25.20
 51.71
   212.0
 14.696
 0.926
    0.00
    0.03


  28
Volume 28 ‑ Level 5
 6.50
178.42
  25.20
 51.71
   212.0
 14.696
 0.926
    0.00
    0.00


  29
Volume 29 ‑ Level 5
 6.50
188.25
  25.20
 51.75
   212.0
 14.696
 0.926
    0.00
    0.00


TABLE 6.2‑12 (Continued)


b.  Recirculation Discharge Line












Biological












Shield Wall


Control



 Volume
 Bottom
        Initial Conditions        
Calculated
  Design


Volume

Height
Volume
Flow Area
Elevation
Temperature
Pressure

Peak (P(1)(2)
Pressure(2)


  No.       Description
 (ft) 
 (ft3)
  (ft2)  
  (ft)   
   ((F)    
 (psia) 
Quality
   (psid)   
  (psid)



   1
Volume 1 ‑ Level 1
 5.81
 91.56
  16.80
  6.83
   212.0
 14.696
 0.926
   31.49
   44.09


   2
Volume 2 ‑ Level 1
 8.71
138.46
  16.80
  6.83
   212.0
 14.696
 0.926
   11.80
   16.51


   3
Volume 3 ‑ Level 1
 8.71
142.96
  16.80
  6.83
   212.0
 14.696
 0.926
    8.19
   11.47


   4
Volume 4 ‑ Level 1
 8.71
205.13
  25.20
  6.83
   212.0
 14.696
 0.926
    3.03
    4.23


   5
Volume 5 ‑ Level 1
 8.71
212.77
  25.20
  6.83
   212.0
 14.696
 0.926
    0.65
    0.91


   6
Volume 6 ‑ Level 2
 5.81
 82.56
  16.80
 18.44
   212.0
 14.696
 0.926
   12.79
   17.89


   7
Volume 7 ‑ Level 2
 8.71
128.13
  16.80
 15.54
   212.0
 14.696
 0.926
    5.90
    8.26


   8
Volume 8 ‑ Level 2
 8.71
132.63
  16.80
 15.54
   212.0
 14.696
 0.926
    4.27
    5.96


   9
Volume 9 ‑ Level 2
 8.71
195.00
  25.20
 15.54
   212.0
 14.696
 0.926
    1.74
    2.44


  10
Volume 10 ‑ Level 2
 8.71
210.31
  25.20
 15.54
   212.0
 14.696
 0.926
    0.28
    0.39


  11
Volume 11 ‑ Level 3
 6.875
100.64
  16.80
 24.25
   212.0
 14.696
 0.926
    8.98
   12.57


  12
Volume 12 ‑ Level 3
 6.875
112.45
  16.80
 24.25
   212.0
 14.696
 0.926
    4.74
    6.64


  13
Volume 13 ‑ Level 3
 6.875
112.45
  16.80
 24.25
   212.0
 14.696
 0.926
    3.55
    4.96


  14
Volume 14 ‑ Level 3
 6.875
166.72
  25.20
 24.25
   212.0
 14.696
 0.926
    1.05
    1.47


  15
Volume 15 ‑ Level 3
 6.875
174.59
  25.20
 24.25
   212.0
 14.696
 0.926
    0.20
    0.28


  16
Volume 16 ‑ Level 4
 6.925
147.00
  25.20
 31.125
   212.0
 14.696
 0.926
    4.41
    6.16


  17
Volume 17 ‑ Level 4
 6.925
158.88
  25.20
 31.125
   212.0
 14.696
 0.926
    2.26
    3.16


  18
Volume 18 ‑ Level 4
 6.925
166.76
  25.20
 31.125
   212.0
 14.696
 0.926
    0.56
    0.78


  19
Volume 19 ‑ Level 4
 6.925
174.57
  25.20
 31.125
   212.0
 14.696
 0.926
    0.10
    0.13


  20
Volume 20 ‑ Level 4
13.66
297.69
  25.20
 38.05
   212.0
 14.696
 0.926
    0.04
    0.06


  21
Volume 21 ‑ Level 4
13.66
325.41
  25.20
 38.05
   212.0
 14.696
 0.926
    0.20
    0.28


  22
Volume 22 ‑ Level 4
13.66
316.20
  25.20
 38.05
   212.0
 14.696
 0.926
    0.04
    0.06


  23
Volume 23 ‑ Level 4
13.66
344.37
  25.20
 38.05
   212.0
 14.696
 0.926
    0.00
    0.00


  24
Volume 24 ‑ Drywell
90.00 139,000.0
1544.0
  0.0
   212.0
 14.696
 0.52
    ‑
    ‑


  25
Volume 25 ‑ Blowdown



  Node
 5.80
 71.48
  16.80
 12.64
   212.0
 14.696
 0.926
   28.19
   39.47


  26
Volume 26 ‑ Level 5
 6.50
188.25
  25.20
 51.71
   212.0
 14.696
 0.926
    0.02
    0.03


  27
Volume 27 ‑ Level 5
 6.50
178.42
  25.20
 51.71
   212.0
 14.696
 0.926
    0.03
    0.04


  28
Volume 28 ‑ Level 5
 6.50
178.42
  25.20
 51.71
   212.0
 14.696
 0.926
    0.00
    0.00


  29
Volume 29 ‑ Level 5
 6.50
188.25
  25.20
 51.75
   212.0
 14.696
 0.926
    0.00
    0.00


NOTES:


(1)
With respect to drywell.


(2)
Biological shield wall design pressures are for time‑step 0.024 seconds.  A study was performed to determine which pressure loading would cause maximum shear and moment at the base of the structure.  The controlling time‑step pressures (0.024 sec for recirculation discharge break) were then used as the design loading case.


TABLE 6.2‑13


REACTOR ANNULUS


FEEDWATER LINE BREAK












Biological












Shield Wall


Control



 Volume
 Bottom
        Initial Conditions        
Calculated
  Design


Volume

Height
Volume
Flow Area
Elevation
Temperature
Pressure

Peak (P(1)(2)
Pressure(2)


  No.       Description
 (ft) 
 (ft3)
  (ft2)  
  (ft)   
   ((F)    
 (psia) 
Quality
   (psid)   
  (psid)



   1
Volume 1 ‑ Level 1
 9.44
137.31
  16.93
   5.5
   212.0
 14.696
 0.926
   14.04
   19.66


   2
Volume 2 ‑ Level 1
 9.44
205.27
  25.39
   5.5
   212.0
 14.696
 0.926
   14.03
   19.64


   3
Volume 3 ‑ Level 1
 9.44
272.93
  33.86
   5.5
   212.0
 14.696
 0.926
   14.05
   19.66


   4
Volume 4 ‑ Level 1
 9.44
280.55
  33.86
   5.5
   212.0
 14.696
 0.926
   14.29
   20.01


   5
Volume 5 ‑ Level 1
 9.44
284.02
  33.86
   5.5
   212.0
 14.696
 0.926
   14.11
   19.75


   6
Volume 6 ‑ Level 1
 9.44
282.10
  33.86
   5.5
   212.0
 14.696
 0.926
   14.00
   19.60


   7
Volume 7 ‑ Level 1
 9.44
179.28
  25.39
   5.5
   212.0
 14.696
 0.926
   14.04
   19.66


   8
Volume 8 ‑ Level 2
 9.44
121.97
  16.93
  14.94
   212.0
 14.696
 0.926
   17.49
   24.49


   9
Volume 9 ‑ Level 2
 9.44
200.65
  25.39
  14.94
   212.0
 14.696
 0.926
   16.81
   23.53


  10
Volume 10 ‑ Level 2
 9.44
272.93
  33.86
  14.94
   212.0
 14.696
 0.926
   15.65
   21.91


  11
Volume 11 ‑ Level 2
 9.44
293.93
  33.86
  14.94
   212.0
 14.696
 0.926
   14.27
   19.98


  12
Volume 12 ‑ Level 2
 9.44
292.15
  33.86
  14.94
   212.0
 14.696
 0.926
   14.38
   20.12


  13
Volume 13 ‑ Level 2
 9.44
266.93
  33.86
  14.94
   212.0
 14.696
 0.926
   15.07
   21.10


  14
Volume 14 ‑ Level 2
 9.44
189.49
  25.39
  14.94
   212.0
 14.696
 0.926
   16.50
   23.10


  15
Volume 15 ‑ Level 3
 6.50
 94.81
  16.93
  24.38
   212.0
 14.696
 0.926
   16.35
   22.89


  16
Volume 16 ‑ Level 3
 6.50
149.73
  25.39
  24.38
   212.0
 14.696
 0.926
   17.19
   24.07


  17
Volume 17 ‑ Level 3
 6.50
207.92
  33.86
  24.38
   212.0
 14.696
 0.926
   15.55
   21.77


  18
Volume 18 ‑ Level 3
 6.50
219.92
  33.86
  24.38
   212.0
 14.696
 0.926
   13.60
   19.04


  19
Volume 19 ‑ Level 3
 6.50
219.63
  33.86
  24.38
   212.0
 14.696
 0.926
   14.55
   20.37


  20
Volume 20 ‑ Level 3
 6.50
201.92
  33.86
  24.38
   212.0
 14.696
 0.926
   15.34
   21.46


  21
Volume 21 ‑ Level 3
 6.50
146.89
  25.39
  24.38
   212.0
 14.696
 0.926
   16.52
   23.13


  22
Volume 22 ‑ Level 4
 6.50
 99.81
  16.83
  30.88
   212.0
 14.696
 0.926
   17.37
   24.32


  23
Volume 23 ‑ Level 4
 6.50
149.87
  30.88
  30.88
   212.0
 14.696
 0.926
   16.97
   23.76


  24
Volume 24 ‑ Level 4
 6.50
202.63
  33.86
  30.88
   212.0
 14.696
 0.926
   15.14
   21.18


  25
Volume 25 ‑ Level 4
 6.50
220.09
  33.86
  30.88
   212.0
 14.696
 0.926
    9.83
   13.76


  26
Volume 26 ‑ Level 4
 6.50
220.09
  33.86
  30.88
   212.0
 14.696
 0.926
   14.83
   20.75


  27
Volume 27 ‑ Level 4
 6.50
220.63
  33.86
  30.88
   212.0
 14.696
 0.926
   15.23
   21.32


  28
Volume 28 ‑ Level 4
 6.50
154.83
  35.39
  30.88
   212.0
 14.696
 0.926
   13.57
   19.00


  29
Volume 29 ‑ Level 5
 6.50
 93.88
  17.33
  37.38
   212.0
 14.696
 0.926
   69.59
   97.43


  30
Volume 30 ‑ Level 5
 6.50
120.07
  17.33
  37.38
   212.0
 14.696
 0.926
  159.01
  222.61


  31
Volume 31 ‑ Level 5
 6.50
194.00
  17.33
  37.38
   212.0
 14.696
 0.926
   16.14
   22.60


  32
Volume 32 ‑ Level 5
 6.50
211.46
  17.33
  37.38
   212.0
 14.696
 0.926
    0.58
    0.81


  33
Volume 33 ‑ Level 5
 6.50
209.67
  17.33
  37.38
   212.0
 14.696
 0.926
    8.56
   11.98


  34
Volume 34 ‑ Level 5
 6.50
182.96
  17.33
  37.38
   212.0
 14.696
 0.926
   12.88
   18.03


  35
Volume 35 ‑ Level 5
 6.50
134.20
  17.33
  37.38
   212.0
 14.696
 0.926
   21.52
   30.13


  36
Volume 36 ‑ Level 6
 6.50
102.43
  17.33
  43.88
   212.0
 14.696
 0.926
   15.22
   21.31


  37
Volume 37 ‑ Level 6
 6.50
157.45
  17.33
  43.88
   212.0
 14.696
 0.926
   12.95
   18.13


  38
Volume 38 ‑ Level 6
 6.50
212.51
  17.33
  43.88
   212.0
 14.696
 0.926
    1.71
    2.39


TABLE 6.2‑13 (Continued)












Biological












Shield Wall


Control



 Volume
 Bottom
        Initial Conditions        
Calculated
  Design


Volume

Height
Volume
Flow Area
Elevation
Temperature
Pressure

Peak (P(1)(2)
Pressure(2)


  No.       Description
 (ft) 
 (ft3)
  (ft2)  
  (ft)   
   ((F)    
 (psia) 
Quality
   (psid)   
  (psid)



  39
Volume 39 ‑ Level 6
 6.50
220.01
  17.33
  43.88
   212.0
 14.696
 0.926
    0.00
    0.00


  40
Volume 40 ‑ Level 6
 6.50
219.86
  17.33
  43.88
   212.0
 14.696
 0.926
    4.68
    6.55


  41
Volume 41 ‑ Level 6
 6.50
212.51
  17.33
  43.88
   212.0
 14.696
 0.926
   15.49
   21.69


  42
Volume 42 ‑ Level 6
 6.50
155.98
  17.33
  43.88
   212.0
 14.696
 0.926
   21.30
   29.82


  43
Volume 43 ‑ Level 7
 6.50
102.43
  16.93
  50.38
   212.0
 14.696
 0.926
    0.02
    0.0


  44
Volume 44 ‑ Level 7
 6.50
142.39
  25.39
  50.38
   212.0
 14.696
 0.926
    0.00
    0.0


  45
Volume 45 ‑ Level 7
 6.50
204.82
  33.86
  50.38
   212.0
 14.696
 0.926
    0.00
    0.0


  46
Volume 46 ‑ Level 7
 6.50
212.32
  33.86
  50.38
   212.0
 14.696
 0.926
    0.40
    0.56


  47
Volume 47 ‑ Level 7
 6.50
219.86
  33.86
  50.38
   212.0
 14.696
 0.926
    0.12
    0.17


  48
Volume 48 ‑ Level 7
 6.50
186.82
  33.86
  50.38
   212.0
 14.696
 0.926
    0.00
    0.0


  49
Volume 49 ‑ Level 7
 6.50
148.79
  25.39
  50.38
   212.0
 14.696
 0.926
    0.00
    0.0


  50
Volume 50 ‑ Drywell
90.0     278,000
3089.0
   0.0
   212.0
 14.696
 0.52
    ‑
   ‑


NOTES:


(1)
With respect to drywell.


(2)
Biological shield wall design pressures are for time‑step 0.500 seconds.  A study was performed to determine which time‑step pressures would cause maximum shear and moment at the base of the structure.  The controlling time‑step pressures (at 0.500 sec for feedwater break) were then used as the design loading case.


TABLE 6.2‑14


DRYWELL HEAD REGION ANALYSIS




          Initial Conditions       
Calculated
 Design


 Control

Volume
Temperature
Pressure
Rel. Hum.
Peak (P(1)
Pressure


Volume No.
Description
 (ft3) 
   ((F)    
 (psia) 
   (%)   
  (psid)  
  (psid) 



   1
Drywell Head
7,610
    150
 14.696
   100
   6.6
   9.2


   2
Drywell
2.70E+05
    150
 14.696
     0
    ‑
    ‑


NOTE:


(1)
Calculated peak pressure differentials are with respect to containment.


TABLE 6.2‑15


STEAM TUNNEL





         Initial Conditions         
Calculated
 Design


 Control

Volume
Temperature
Pressure
Rel. Hum.
Peak (P(1)
Pressure


Volume No.
Description
 (ft3) 
   ((F)    
 (psia) 
   (%)   
  (psid)  
 (psid)



   1
Steam Tunnel
8,950
    144
 14.696
   100
   0.88
   1.6



Inside Contain‑



ment


   2
Containment
1.156E+06
    120
 14.696
   100
    ‑
    ‑


NOTE:


(1)
Calculated peak pressure differentials are with respect to containment.


TABLE 6.2‑16


REACTOR WATER CLEANUP ROOMS ANALYSIS




          Initial Conditions         
Calculated
 Design


 Control

Volume
Temperature
Pressure
Rel. Hum.
Peak (P(1)
Pressure


Volume No.
Description
 (ft3)  
  ((F)    
 (psia) 
   (%)   
  (psid)  
 (psid)


   1
RWCU Heat
12,600
    120
 14.696
  100.0
   8.05
   10.9



Exchanger Room


   2
Corridor
   412
    120
 14.696
  100.0
    ‑
     ‑


   3
Containment
1.156+6
    120
 14.696
  100.0
    ‑
     ‑


   1
RWCU Filter



Demineralizer



Valve Room
 6,580
    120
 14.696
  100.0
   7.18
    9.3


   2
Corridor
   302
    120
 14.696
  100.0
    ‑
     ‑


   3
Containment
1.156+6
    120
 14.696
  100.0
    ‑
     ‑


   1
RWCU Filter



Demineralizer



Room
 3,430
    120
 14.696
  100.0
   4.89
    6.3


   2
Containment
1.156+6
    120
 14.696
  100.0
    ‑
     ‑


   1
RWCU Drain



Valve Nest Room
 2,915
    120
 14.696
  100.0
   8.33
   10.8


   2
Corridor
   179
    120
 14.696
  100.0
    ‑
     ‑


   3
Containment
1.156+6
    120
 14.696
  100.0
    ‑
     ‑


NOTE:


(1)
Calculated peak pressure differentials are with respect to containment.


TABLE 6.2‑16a


DRYWELL BULKHEAD PLATE (P ANALYSIS


VOLUME DESCRIPTION





         Initial Conditions

Calculated
 Design


 Control

Volume
Temperature
Pressure
Rel. Hum.
Peak (P(1)
Pressure


Volume No.
Description
 (ft3) 
   ((F)    
 (psia) 
   (%)   
  (psid)  
 (psid)


   1
252( to 288(
   365
   145
 14.696
   50
  28.0
   30.0


   2
217( to 252(
   364
   145
 14.696
   50
  27.8
   30.0


   3
288( to 72(
 1,499
   145
 14.696
   50
   4.0
   30.0


   4
72( to 217(
 1,491
   145
 14.696
   50
   4.0
   30.0


   5
Head Region
 7,610
   145
 14.696
   50


   6
Inside Bio‑Wall
10,367
   145
 14.696
   50


   7
Remainder of



Drywell          255,990
   145
 14.696
   50


NOTE:


(1)
Differential pressure across bulkhead plate.


TABLE 6.2‑17


MASS AND ENERGY RELEASES


a.
From Recirculation Suction Line Break With One Inch Flow Diverter


Time


Into Annulus


Into Drywell

  Enthalpy


(sec) 

 (lbm/sec)  


 (lbm/sec)  

  (Btu/lbm)


0


  2,642.6



   1,570.2


533


1.0


  2,638.2



   1,567.6


533


2.0


  2,635.2



   1,568.2


533


b.
Into Annulus from Recirculation Discharge Break




Time


 Mass Flow Rate


Enthalpy




(Sec)

   (lbm/sec)   


(Btu/lbm)




 0.0



3,802.5



  551.5




 2.0



3,802.5



  551.5


TABLE 6.2‑18


MASS AND ENERGY INTO REACTOR ANNULUS DUE


TO FEEDWATER BREAK USED FOR ANALYSIS



Time




   Mass



   Enthalphy



(Sec)



 (lbm/sec)


   (Btu/lbm)



0.0
5,515.0
497.4



0.00075
11,575.0
497.4



0.00175
9,833.3
497.4



0.00875
9,050.0
497.4



0.01105
9,270.0
497.4



0.0401
11,023.3
497.4



0.0521
12,421.7
497.4



0.0761
 12,421.7
497.4



0.1001
13,423.3
497.4



0.1961
12,613.3
497.4



0.4941
13,596.7
497.4



0.7376
13,880.0
497.4



1.0
 13,240.0
497.4



2.0
13,240.0
497.4


TABLE 6.2‑19


REACTOR WATER CLEANUP SYSTEM


DOUBLE ENDED PIPE BREAK(1) LIQUID BLOWDOWN


Time




Total Flow Rate



Enthalpy


(sec)



   (lbm/sec)   



(Btu/lbm)



0
582
528.53


1.34
1163
528.53



18
1163
528.53



20
1018
528.35



21
945
528.35



22
872
528.35



23
800
528.35



24
727
528.35



25
654
528.35



26
582
528.35



28
436
528.35



30
291
528.35



32
145
528.35



34
0
-


NOTE:


(1)
Suction line pipe size is 6‑inch Schedule 80; discharge line pipe size is 4‑inch Schedule 80.


TABLE 6.2‑20


REACTOR ANNULUS RECIRCULATION LINE BREAK






 Minimum
Inertia

        Head Loss,K





Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2)   
(ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

    1
  1
 2
  9.74
  12.03
 0.558
0.15
 0.0235
    ‑
  ‑
 0.20


    2
  1
25
 12.64
  14.23
 0.544
  ‑
 0.0226
    ‑
  ‑
 0.05


    3
  2
 3
 11.19
  20.45
 0.324
0.15
 0.0235
    ‑
  ‑
 0.20


    4
  2
 7
 15.59
   0.10
 0.639
  ‑
 0.0226
    ‑
  ‑
 0.05


    5
  2
25
 14.09
   0.01
 0.820
0.15
 0.0235
    ‑
  ‑
 0.20


    6
  3
 4
 11.19
  14.89
 0.580
0.15
 0.0235
    ‑
  ‑
 0.20


    7
  3
 8
 15.54
   3.57
 0.592
  ‑
 0.0226
    ‑
  ‑
 0.05


    8
  4
 5
 11.19
  18.09
 0.461
0.15
 0.0235
    ‑
  ‑
 0.20


    9
  4
 9
 15.54
   0.10
 0.457
  ‑
 0.0226
    ‑
  ‑
 0.05


   10
  5
10
 15.54
  19.64
 0.343
  ‑
 0.0226
    ‑
  ‑
 0.05


   11
  6
 7
 21.35
   9.88
 0.629
0.15
 0.0235
    ‑
  ‑
 0.20


   12
  6
11
 24.25
  11.64
 0.710
  ‑
 0.0226
    ‑
  ‑
 0.05


   13
  6
25
 18.44
  11.64
 0.706
  ‑
 0.0226
    ‑
  ‑
 0.05


   14
  7
 8
 19.90
   7.54
 0.392
0.15
 0.0235
    ‑
  ‑
 0.20


   15
  7
12
 24.25
  14.38
 0.695
  ‑
 0.0226
    ‑
  ‑
 0.05


   16
  7
25
 16.99
   0.01
 0.820
0.15
 0.0235
    ‑
  ‑
 0.20


   17
  8
 9
 19.90
   9.52
 0.673
0.15
 0.0235
    ‑
  ‑
 0.20


   18
  8
13
 24.25
  14.38
 0.695
  ‑
 0.0226
    ‑
  ‑
 0.05


   19
  9
10
 19.90
  10.74
 0.925
0.15
 0.0235
    ‑
  ‑
 0.20


   20
  9
14
 24.25
  20.30
 0.485
  ‑
 0.0226
    ‑
  ‑
 0.05


   21
 10
15
 24.25
  24.79
 0.307
  ‑
 0.0226
    ‑
  ‑
 0.05


   22
 11
12
 27.69
  15.03
 0.518
0.15
 0.0235
    ‑
  ‑
 0.20


   23
 11
16
 31.125
   3.14
 0.588
  ‑
 0.0226
    ‑
  ‑
 0.05


   24
 12
13
 27.69
  11.74
 0.427
0.15
 0.0235
    ‑
  ‑
 0.20


   25
 12
16
 31.125
   5.41
 0.406
  ‑
 0.0226
    ‑
  ‑
 0.05


   26
 12
17
 31.125
   0.62
 0.390
  ‑
 0.0226
    ‑
  ‑
 0.05


   27
 13
14
 27.69
  15.03
 0.776
0.15
 0.0235
    ‑
  ‑
 0.20


   28
 13
17
 31.125
  12.14
 0.390
  ‑
 0.0226
    ‑
  ‑
 0.05


TABLE 6.2‑20 (Continued)






 Minimum
Inertia
 
        Head Loss, K





Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2)   
(ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

   29
 14
15
 27.69
  15.33
 0.519
0.15
 0.0235
    ‑
  ‑
 0.20


   30
 14
18
 31.125
  15.81
 0.310
  ‑
 0.0226
    ‑
  ‑
 0.05


   31
 15
19
 31.125
  24.35
 0.339
  ‑
 0.0226
    ‑
  ‑
 0.05


   32
 16
17
 34.59
   3.04
 0.618
0.15
 0.0235
    ‑
  ‑
 0.20


   33
 16
20
 38.05
   0.10
 1.328
  ‑
 0.0226
    ‑
  ‑
 0.05


   34
 17
18
 34.59
  17.42
 0.774
0.15
 0.0235
    ‑
  ‑
 0.20


   35
 17
21
 38.05
  12.24
 0.882
  ‑
 0.0226
    ‑
  ‑
 0.05


   36
 18
19
 34.59
  14.53
 0.580
0.15
 0.0235
    ‑
  ‑
 0.20


   37
 18
22
 38.05
   8.58
 0.970
  ‑
 0.0226
    ‑
  ‑
 0.05


   38
 19
23
 38.05
  20.06
 0.933
  ‑
 0.0226
    ‑
  ‑
 0.05


   39
 20
21
 44.885
  19.71
 0.494
0.15
 0.0235
    ‑
  ‑
 0.20


   40
 20
26
 51.71
   6.73
 0.397
  ‑
 0.0226
    ‑
  ‑
 0.05


   41
 21
22
 44.885
  16.73
 0.454
0.15
 0.0235
    ‑
  ‑
 0.20


   42
 21
27
 51.71
  12.39
 0.565
  ‑
 0.0226
    ‑
  ‑
 0.05


   43
 22
23
 44.885
  26.29
 0.473
0.15
 0.0235
    ‑
  ‑
 0.20


   44
 22
28
 51.71
   5.36
 0.565
  ‑
 0.0226
    ‑
  ‑
 0.05


   45
 23
29
 51.71
  15.80
 0.397
  ‑
 0.0226
    ‑
  ‑
 0.05


   46
 26
27
 54.96
  17.33
 0.549
0.15
 0.0235
    ‑
  ‑
 0.20


   47(2)
 26
24
 54.96
  70.41
 0.036
  ‑
    ‑
   1.0
  ‑
 1.00


   48
 27
28
 54.96
   5.77
 1.209
0.15
 0.0235
    ‑
  ‑
 0.20


   49(2)
 27
24
 54.96
  66.72
 0.037
  ‑
    ‑
   1.0
  ‑
 1.00


   50
 28
29
 54.96
  17.33
 0.549
0.15
 0.0235
    ‑
  ‑
 0.20


   51(2)
 28
24
 54.96
  66.72
 0.037
  ‑
    ‑
   1.0
  ‑
 1.00


   52(2)
 29
24
 54.96
  70.41
 0.036
  ‑
    ‑
   1.0
  ‑
 1.00


   53
  0
25
 15.44
   1.00
 0.0
  ‑
    ‑
    ‑
  ‑
 0.0


   54
  0
24
 15.54
   1.00
 0.0
  ‑
    ‑
    ‑
  ‑
 0.0


NOTES:


(1)
All horizontal flow paths are assumed to have a K of 0.20; all vertical flow paths are assumed to have a K of 0.05.


(2)
Air seals rupture at 15 psid.


TABLE 6.2‑21


REACTOR ANNULUS


FEEDWATER LINE BREAK






 Minimum
Inertia
 

Head Loss, K



Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2) 
(ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

    1
  1
 2
 10.22
  18.43
 0.701
0.084
 0.019
    ‑
  ‑
 0.20


    2
  1
 7
 10.22
  13.94
 0.777
0.084
 0.019
    ‑
  ‑
 0.20


    3
  1
 8
 14.94
   0.01
 2.125
  ‑
 0.0244
    ‑
  ‑
 0.05


    4
  2
 3
 10.22
  16.01
 0.875
0.112
 0.026
    ‑
  ‑
 0.20


    5
  2
 9
 14.94
   0.01
 0.820
  ‑
 0.0199
    ‑
  ‑
 0.05


    6
  3
 4
 10.22
  14.49
 1.732
0.112
 0.029
    ‑
  ‑
 0.20


    7
  3
10
 14.94
   0.01
 0.593
  ‑
 0.0173
    ‑
  ‑
 0.05


    8
  4
 5
 10.22
  19.97
 1.258
0.112
 0.029
    ‑
  ‑
 0.20


    9
  4
11
 14.94
  12.26
 0.592
  ‑
 0.0173
    ‑
  ‑
 0.05


   10
  5
 6
 10.22
  19.67
 1.387
0.112
 0.029
    ‑
  ‑
 0.20


   11
  5
12
 14.94
  14.43
 0.675
  ‑
 0.0173
    ‑
  ‑
 0.05


   12
  6
 7
 10.22
  14.50
 1.132
0.112
 0.026
    ‑
  ‑
 0.20


   13
  6
13
 14.94
   0.01
 0.597
  ‑
 0.0173
    ‑
  ‑
 0.05


   14
  7
14
 14.94
   0.01
 1.086
  ‑
 0.0199
    ‑
  ‑
 0.05


   15
  8
 9
 19.66
   8.01
 0.968
0.084
 0.019
    ‑
  ‑
 0.20


   16
  8
14
 19.66
   7.36
 0.875
0.084
 0.019
    ‑
  ‑
 0.20


   17
  8
15
 24.38
  13.27
 0.471
  ‑
 0.0206
    ‑
  ‑
 0.05


   18
  9
10
 19.66
   8.68
 1.241
0.112
 0.026
    ‑
  ‑
 0.20


   19
  9
16
 24.38
  22.39
 0.341
  ‑
 0.0168
    ‑
  ‑
 0.05


   20
 10
11
 19.66
   8.68
 1.870
0.112
 0.029
    ‑
  ‑
 0.20


   21
 10
17
 24.38
  30.86
 0.271
  ‑
 0.0146
    ‑
  ‑
 0.05


   22
 11
12
 19.66
  18.02
 1.628
0.112
 0.029
    ‑
  ‑
 0.20


   23
 11
18
 24.38
  33.53
 0.235
  ‑
 0.0146
    ‑
  ‑
 0.05


   24
 12
13
 19.66
   8.01
 2.248
0.112
 0.029
    ‑
  ‑
 0.20


   25
 12
19
 24.38
  33.20
 0.235
  ‑
 0.0146
    ‑
  ‑
 0.05


   26
 13
14
 19.66
   7.35
 1.581
0.112
 0.026
    ‑
  ‑
 0.20


   27
 13
20
 24.38
  25.85
 0.275
  ‑
 0.0146
    ‑
  ‑
 0.05


   28
 14
21
 24.38
  16.72
 0.374
  ‑
 0.0168
    ‑
  ‑
 0.05


TABLE 6.2‑21 (Continued)






 Minimum
Inertia
 

Head Loss, K




Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2)  
 (ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

   29
 15
16
 27.63
   5.93
 0.679
0.084
 0.023
    ‑
  ‑
 0.20


   30
 15
21
 27.63
   9.02
 0.511
0.084
 0.023
    ‑
  ‑
 0.20


   31
 15
22
 30.88
   7.92
 0.689
  ‑
 0.0168
    ‑
  ‑
 0.05


   32
 16
17
 27.63
   5.93
 1.310
0.112
 0.031
    ‑
  ‑
 0.20


   33
 16
23
 30.88
  11.98
 0.614
  ‑
 0.0137
    ‑
  ‑
 0.05


   34
 17
18
 27.63
   9.35
 3.144
0.112
 0.035
    ‑
  ‑
 0.20


   35
 17
24
 30.88
  21.08
 0.253
  ‑
 0.0119
    ‑
  ‑
 0.05


   36
 18
19
 27.63
  15.89
 1.553
0.112
 0.035
    ‑
  ‑
 0.20


   37
 18
25
 30.88
  33.19
 0.243
  ‑
 0.0119
    ‑
  ‑
 0.05


   38
 19
20
 27.63
   7.91
10.548
0.112
 0.035
    ‑
  ‑
 0.20


   39
 19
26
 30.88
  31.64
 0.355
  ‑
 0.0119
    ‑
  ‑
 0.05


   40
 20
21
 27.63
   0.71
 7.449
0.112
 0.031
    ‑
  ‑
 0.20


   41
 20
27
 30.88
  22.74
 0.260
  ‑
 0.0119
    ‑
  ‑
 0.05


   42
 21
28
 30.88
  16.65
 0.358
  ‑
 0.0137
    ‑
  ‑
 0.05


   43
 22
23
 34.13
  11.50
 0.941
0.084
 0.023
    ‑
  ‑
 0.20


   44
 22
28
 34.13
   6.64
 0.666
0.084
 0.023
    ‑
  ‑
 0.20


   45
 22
29
 37.38
   8.59
 0.828
  ‑
 0.0168
    ‑
  ‑
 0.05


   46
 23
24
 34.13
   6.71
 2.192
0.112
 0.031
    ‑
  ‑
 0.20


   47
 23
30
 37.38
   0.01
 0.655
  ‑
 0.0137
    ‑
  ‑
 0.05


   48
 24
25
 34.13
  12.55
 0.796
0.112
 0.035
    ‑
  ‑
 0.20


   49
 24
31
 37.38
  14.70
 0.660
  ‑
 0.0119
    ‑
  ‑
 0.05


   50
 25
26
 34.13
  17.33
 0.796
0.112
 0.035
    ‑
  ‑
 0.20


   51
 25
32
 37.38
  28.41
 0.493
  ‑
 0.0119
    ‑
  ‑
 0.05


   52
 26
27
 34.13
   7.77
 1.259
0.112
 0.035
    ‑
  ‑
 0.20


   53
 26
33
 37.38
  27.41
 0.565
  ‑
 0.0119
    ‑
  ‑
 0.05


   54
 27
28
 34.13
  17.33
 0.703
0.112
 0.031
    ‑
  ‑
 0.20


   55
 27
34
 37.38
  11.97
 0.703
  ‑
 0.0119
    ‑
  ‑
 0.05


   56
 28
35
 37.38
  11.48
 0.782
  ‑
 0.0137
    ‑
  ‑
 0.05


   57
 29
30
 40.63
   5.87
 0.701
0.084
 0.023
    ‑
  ‑
 0.20


   58
 29
35
 40.63
  12.55
 0.943
0.084
 0.023
    ‑
  ‑
 0.20


TABLE 6.2‑21 (Continued)






Minimum
Inertia
 

Head Loss, K




Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2)  
 (ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

   59
 29
36
 43.88
  13.37
 0.459
  ‑
 0.0168
    ‑
  ‑
 0.05


   60
 30
31
 40.63
   0.01
 1.382
0.112
 0.031
    ‑
  ‑
 0.20


   61
 30
37
 43.88
   1.34
 0.406
  ‑
 0.0137
    ‑
  ‑
 0.05


   62
 31
32
 40.63
   4.00
 1.793
0.112
 0.035
    ‑
  ‑
 0.20


   63
 31
38
 43.88
  21.49
 0.422
  ‑
 0.0119
    ‑
  ‑
 0.05


   64
 32
33
 40.63
  13.00
 1.623
0.112
 0.035
    ‑
  ‑
 0.20


   65
 32
39
 43.88
  28.41
 0.422
  ‑
 0.0119
    ‑
  ‑
 0.05


   66
 33
34
 40.63
   2.33
 2.052
0.112
 0.035
    ‑
  ‑
 0.20


   67
 33
40
 43.88
  27.85
 0.482
  ‑
 0.0119
    ‑
  ‑
 0.05


   68
 34
35
 40.63
   0.99
 1.602
0.112
 0.031
    ‑
  ‑
 0.20


   69
 34
41
 43.88
  18.76
 0.433
  ‑
 0.0119
    ‑
  ‑
 0.05


   70
 35
42
 43.88
  15.88
 0.419
  ‑
 0.0137
    ‑
  ‑
 0.05


   71
 36
37
 47.13
  11.90
 0.663
0.084
 0.023
    ‑
  ‑
 0.20


   72
 36
42
 47.13
  15.44
 0.511
0.084
 0.023
    ‑
  ‑
 0.20


   73
 36
43
 50.38
  10.53
 0.479
  ‑
 0.0168
    ‑
  ‑
 0.05


   74
 37
38
 47.13
  11.90
 1.198
0.112
 0.031
    ‑
  ‑
 0.20


   75
 37
44
 50.38
   8.31
 0.549
  ‑
 0.0137
    ‑
  ‑
 0.05


   76
 38
39
 47.13
  13.33
 1.149
0.112
 0.035
    ‑
  ‑
 0.20


   77
 38
45
 50.38
  23.75
 0.234
  ‑
 0.0119
    ‑
  ‑
 0.05


   78
 39
40
 47.13
  16.67
 1.543
0.112
 0.035
    ‑
  ‑
 0.20


   79
 39
46
 50.38
  30.41
 0.338
  ‑
 0.0119
    ‑
  ‑
 0.05


   80
 40
41
 47.13
  15.00
 1.641
0.112
 0.035
    ‑
  ‑
 0.20


   81
 40
47
 50.38
  31.19
 0.312
  ‑
 0.0119
    ‑
  ‑
 0.05


   82
 41
42
 47.13
  13.55
 1.056
0.112
 0.031
    ‑
  ‑
 0.20


   83
 41
48
 50.38
  19.75
 1.222
  ‑
 0.0119
    ‑
  ‑
 0.05


   84
 42
49
 50.38
  15.06
 0.322
  ‑
 0.0137
    ‑
  ‑
 0.05


   85
 43
44
 53.63
   1.66
 1.345
0.084
 0.023
    ‑
  ‑
 0.20


   86
 43
49
 53.63
  11.37
 0.511
0.084
 0.023
    ‑
  ‑
 0.20


   87(2)
 43
50
 53.63
  38.17
 0.054
  ‑
   ‑
   1.00
  ‑
 1.00


   88
 44
45
 53.63
   1.66
 1.172
0.112
 0.031
    ‑
  ‑
 0.20


TABLE 6.2‑21 (Continued)






Minimum
Inertia
 

Head Loss, K




Junction
From
To
Elevation
Flow Area
 (L/A)

Friction

Contrac‑


   No.  
 CV 
CV
  (ft)   
  (ft2)  
 (ft-1) 
Bends
 (fL/D)  
Expansion
  tion 
Total(1)

   89(2)
 44
50
 53.63
  53.54
 0.043
  ‑
   ‑
   1.00
  ‑
 1.00


   90
 45
46
 53.63
   2.62
 2.036
0.112
 0.035
    ‑
  ‑
 0.20


   91(2)
 45
50
 53.63
  83.11
 0.033
  ‑
   ‑
   1.00
  ‑
 1.00


   92
 46
47
 53.63
  14.11
 1.543
0.112
 0.035
    ‑
  ‑
 0.20


   93(2)
 46
50
 53.63
  88.59
 0.032
  ‑
   ‑
   1.00
  ‑
 1.00


   94
 47
48
 53.63
  10.92
 2.386
0.112
 0.035
    ‑
  ‑
 0.20


   95(2)
 47
50
 53.63
  91.34
 0.031
  ‑
   ‑
   1.00
  ‑
 1.00


   96
 48
49
 53.63
   0.01
 3.555
0.112
 0.031
    ‑
  ‑
 0.20


   97(2)
 48
50
 53.63
  72.09
 0.035
  ‑
   ‑
   1.00
  ‑
 1.00


   98(2)
 49
50
 53.63
  56.70
 0.041
  ‑
   ‑
   1.00
  ‑
 1.00


   99
  0
29
 40.69
   1.00
 0.0
  ‑
   ‑
    ‑
  ‑
 0.0


NOTES:


(1)
All horizontal flow paths are assumed to have a K of 0.20.



All vertical flow paths are assumed to have a K of 0.05.


(2)
Air seals rupture at 15.0 psid.


TABLE 6.2‑22


DRYWELL HEAD FLOW PATH DATA




Minimum

         Entrance Head Losses, K(1)         
                Exit Head Losses, K(1)



 Junc‑


 Flow   Inertia

 Fric‑




 Fric‑


 tion
From
To
 Area
 L/A

 tion
Expan‑
Contrac‑


 tion
Expan‑
Contrac‑


  No.  
 CV 
CV
 (ft2)
(ft‑1) 
Bends
(f L/D) 
 sion 
  tion  
Total
Bends
(f L/D) 
 sion 
  tion    Total


   1
  1
2
  13.1
 0.77
  ‑
   ‑
    ‑
    0.5
 0.5
  ‑
  0.02
  1.0
   ‑
  1.02


NOTE:


(1)
Head loss terms are with respect to minimum flow area.


TABLE 6.2‑23


REACTOR WATER CLEANUP ROOMS FLOW PATH DATA





 
Minimum


Entrance Head Losses, K(1)         
                Exit Head Losses, K(1)



 Junc‑


 Flow   Inertia

 Fric‑




 Fric‑


 tion
From
To
 Area
 L/A

 tion
Expan‑
Contrac‑


 tion
Expan‑
Contrac‑


 No.(2) 
 CV 
CV
(ft2)
(ft‑1) 
Bends
(f L/D) 
 sion 
  tion  
Total
Bends
(f L/D) 
 sion 
  tion    Total


a. 1

  1
2
 16.25
 0.444
0.000
 0.000
  0.000
   0.500
0.500
0.497
 0.021
 0.080
 0.000
  0.598


   2

  2
3
 16.93
 0.356
0.683
 0.023
  0.000
   0.225
0.931
0.000
 0.000
 1.000
 0.000
  1.000


b. 1

  1
2
 16.25
 0.247
0.000
 0.000
  0.000
   0.500
0.500
0.390
 0.007
 0.120
 0.000
  0.517


   2

  2
3
 24.43
 0.175
0.000
 0.016
  0.000
   0.000
0.016
0.882
 0.000
 1.000
 0.150
  2.032


c. 1

  1
2
 17.7
 0.258
0.300
 0.029
  0.000
   0.500
0.829
0.000
 0.000
 1.000
 0.000
  1.000


d. 1

  1
2
 16.93
 0.717
0.780
 0.025
  0.000
   0.189
0.994
0.000
 0.012
 0.000
 0.195
  0.207


   2

  2
3
 16.25
 0.191
0.719
 0.012
  0.000
   0.000
0.731
0.000
 0.000
 1.000
 0.051
  1.051


NOTES:


(1)
Head loss terms are with respect to minimum flow area.


(2)
RWCU rooms are as follows:



a.
Heat Exchanger Room



b.
Filter Demineralizer Valve Room



c.
Filter Demineralizer Room



d.
Drain Valve Nest Room


TABLE 6.2‑24


STEAM TUNNEL FLOW PATH DATA





 
Minimum


Entrance Head Losses, K(1)         
                Exit Head Losses, K(1)



 Junc‑


 Flow
Inertia

 Fric‑




 Fric‑


 tion
From
To
 Area
 L/A

 tion
Expan‑
Contrac‑


 tion
Expan‑
Contrac‑


  No.  
 CV 
CV
(ft2)
(ft‑1)
Bends
(f L/D) 
 sion 
  tion  
Total
Bends
(f L/D) 
 sion 
  tion    Total


   1
  1
2
  16.76
 0.92
1.53
  0.06
    ‑
   0.51
 2.1
  ‑
   ‑
   1.0
   ‑
  1.0


   2
  1
2
  25.8
 0.24
  ‑
   ‑
    ‑
   0.5
 0.5
  ‑
  0.16
   1.0
   ‑
  1.16


NOTE:


(1)
Head loss terms are with respect to minimum flow area.


TABLE 6.2‑24a


DRYWELL BULKHEAD PLATE (P ANALYSIS FLOW PATH DESCRIPTION





 Minimum
Inertia
     Forward Direction    
     Reverse Direction



Junction
From
To
Flow Area
  L/A
Entrance Loss
Exit Loss
Entrance Loss
Exit Loss


  No.   
 CV 
CV
  (ft2)  
(ft-1) 
     (K)     
   (K)   
     (K)     
   (K)



  1
1
2
27.8
0.234
0.173
0.086
0.173
0.086


  2
1
3
27.8
0.550
0.202
0.086
0.202
0.086


  3
1
6
14.5
0.992
0.365
0.053
0.152
0.232


  4
1
7
37.9
0.126
0.007
0.401
0.324
0.0


  5
2
4
39.4
0.536
0.091
0.0
0.091
0.0


  6
2
6
19.55
0.983
0.365
0.053
0.155
0.229


  7
2
7
38.4
0.128
0.007
0.398
0.323
0.0


  8
3
4
27.8
0.887
0.339
0.176
0.339
0.176


  9
3
5
 5.17
0.285
0.493
0.923
0.501
0.893


 10
3
6
97.0
0.244
0.286
0.0
0.076
0.177


 11
3
7    197.8
0.031
0.007
0.421
0.331
0.0


 12
4
5
 7.4
0.344 
0.494
0.939
0.499
0.915


 13
4
6
97.0
0.244
0.304
0.006
0.094
0.183


 14
4
7    192.4
0.031
0.416
0.007
0.330
0.0


TABLE 6.2‑25


REACTOR BLOWDOWN DATA FOR RECIRCULATION SUCTION LINE BREAK


(at 3729 MWt)




Reactor




Vessel
  Liquid
   Liquid

 Steam

 Steam


 Time
Pressure
   Flow
   Enthalpy
  Flow

Enthalpy


 (sec)
(psia)
(lbs/sec)
   (Btu/lb)
(lbs/sec)

(Btu/lb)



0
1060.
19380.
530.0



0.003
1060.
29070.
530.0



1.00
1050.
28460.
530.0
‑‑‑
‑‑‑



2.00
1039.
24220.
530.0
‑‑‑
‑‑‑



2.01
1039.
22202.
549.0
‑‑‑
‑‑‑



2.50
1036.
21990.
548.0
‑‑‑
‑‑‑



3.06
1036.
21990.
548.0
‑‑‑
‑‑‑



6.06
1062.
22240.
551.9
‑‑‑
‑‑‑



8.00
1075.
22370.
553.9
‑‑‑
‑‑‑



10.87
1081. 
22430.
554.8
‑‑‑
‑‑‑



19.29
1021.
21850.
545.8
‑‑‑
‑‑‑



19.30
1020.
11490.
545.8
3025.
1192.1



24.66
767.
9192.
503.9
2457.
1200.3



26.04
  712.
 8705.
493.8
2318.
1201.6



30.73
  550.
 7312.
461.0
1856.
1204.3



35.73
  413.
 6398.
427.6
1399.
1204.7



40.10
  330.
 5807.
403.7
1106.
1203.6



50.45
   193.
 5006.
352.4
598.3
1197.9



60.45
   126.
 4815.
316.7
330.3
1191.3



70.95
95.8
 4842.
295.4
204.8
1186.4



100.65
   64.8
 4736.
267.4
82.2
1179.1



149.65
   54.7
 4756.
256.1
36.9
1175.8



200.65
   54.8
 4892.
256.2
23.5
1165.9



300.25
40.9
4168.
237.5
7.6
1170.2



375.91
31.2
65.0
221.2
0.06
1164.9



375.94
31.2
‑‑‑
‑‑‑
‑‑‑
‑‑‑


TABLE 6.2‑26


REACTOR BLOWDOWN DATA FOR MAIN STEAM


LINE BREAK ‑ Minimum ECCS


(at 3729 MWt)




Reactor




Vessel
Liquid
   Liquid

 Steam

 Steam


 Time
Pressure
Flow

   Enthalpy
  Flow

Enthalpy


 (sec)
(psia)
(lbs/sec)
   (Btu/lb)
(lbs/sec)

(Btu/lb)



0
1060.
0
551.6
9850.
1190.7



0.05
1056.
0
551.0
11440.
1190.8



0.22
1047.
0
549.7
8259.
1191.1



0.999
1018.
0
545.4
8025.
1192.3



1.000
1018.
27000.
545.3
1094.
1192.3



2.01
1017.
26670.
545.2
1200.
1192.3



4.01
1011.
25890.
544.2
1419.
1192.5



6.00
1007.
19730.
543.6
1273.
1192.7



8.03
1001.
19130.
542.7
1425.
1192.9



10.03
985.
18430.
540.2
1560.
1193.5



15.03
908.
16340.
528.0
1805.
1196.1



20.03
789.
14040.
507.8
1880.
1199.7



25.03
658.
11810.
492.7
1794.
1201.7



30.03
542.
9877.
492.3
1634.
1201.8



50.06
202.
5769.
356.5
652.6
1198.5



70.06
96.1
5132.
295.7
230.6
1186.5



90.15
72.0
5083.
274.7
125.7
1181.1



 100.9
62.5
4984.
265.0
91.0
1178.4



 119.9
56.2
4980.
257.8
62.9
1176.4



 140.4
53.8
5022.
254.9
47.7
1175.5



 200.4
53.8
5213.
255.0
29.1
1175.5



 300.3
40.2
4450.
236.5
10.2
1170.9



 350.9
30.9
1207.
220.7
1.6
1164.7



 359.9
30.2
112.3
219.3
0.14
1164.3


TABLE 6.2‑27


CORE DECAY HEAT FOLLOWING LOSS‑OF‑COOLANT


ACCIDENT FOR CONTAINMENT ANALYSIS


(at 3729 MWt)












Normalized



Time (sec)






Core Heat(1)


0
1.084



2.0
0.5574



6.0
0.5491



10.0
0.3856



20.0
0.125



60.0
0.04692



100.0
0.0426



120.0
0.041



200.0
0.0358



800.0
0.026



1,000.0
0.0245



8,000.0
0.013



20,000.0
0.0101



60,000.0
0.00739



200,000.0
0.00512



600,000.0
0.0036



2,000,000.0
0.00237


NOTE:


(1)
Normalized to 3729 MWt; includes fuel relaxation energy.


TABLE 6.2‑27a


CORE DECAY HEAT FOLLOWING LOSS‑OF‑COOLANT


ACCIDENT FOR LONG‑TERM CONTAINMENT ANALYSIS


(at 3833 MWt)



Time (sec)






Core Heat(1)


0
1.0000



2.0
0.1554



4.0
0.07437



10.0
0.05306



20.0
0.04611



60.0
0.03741



100.0
0.03373



150.0
0.03124



200.0
0.02960



800.0
0.02249



1,000.0
0.02130



8,000.0
0.01162



20,000.0
0.009216



60,000.0
0.007025



100,000.0
0.006116


NOTE:


(1)
Using decay heat standard ANSI/ANS 5.1‑1979 and two sigma.  Does not include heat from metal‑water reactions or sensible heat stored in fuel and structure.


TABLE 6.2‑28


ADDITIONAL INFORMATION TO BE PROVIDED FOR


DUAL CONTAINMENT PLANTS


I.
Secondary Containment Design



A.
Free volume, ft3




392,548



B.
Pressure, inches water gauge




1.
Normal operation 



‑0.4




2.
Postaccident




‑0.4 to ‑0.24



C.
Leak rate at postaccident pressure,




%/day






100



D.
Exhaust fans




1.
Number





2




2.
Type






Centrifugal



E.
Filters




1.
Number





2




2.
Type
  Charcoal filter train consisting of a demister, roughing filter, electric heating coil, HEPA filters, charcoal filters (4 inches deep), and HEPA filter.


II.
Transient Analysis



A.
Initial annulus conditions




1.
Pressure, psia





14.682




2.
Temperature, (F





106




3.
Outside air temperature, (F


95




4.
Thickness of secondary





containment wall, inches



36




5.
Thickness of primary containment





wall, inches





1.5


TABLE 6.2‑28 (Continued)



B.
Thermal characteristics




1.
Primary containment wall





a.
Coefficient of linear






expansion, in/in‑(F






at 185(F





6.34 x 10‑6




b.
Modulus of elasticity, psi






at 185(F





27.7 x 106




c.
Thermal conductivity,






Btu/hr-ft-(F




26





d.
Thermal capacitance,






Btu/ft3-(F





51




2.
Secondary containment wall





a.
Thermal conductivity,






Btu/hr-ft-(F




0.8





b.
Thermal capacitance,






Btu/ft3-(F





30




3.
Heat transfer coefficients





a.
Primary containment atmos‑






phere to primary containment






wall, Btu/hr-ft2-(Fabsolute


<Table 6.2‑31>





b.
Primary containment wall to






secondary containment






atmosphere, Btu/hr-ft2-(Fabsolute

1.2





c.
Secondary containment wall to






secondary containment






atmosphere, Btu/hr-ft2-(Fabsolute

1.2


TABLE 6.2‑29


DELETED

TABLE 6.2‑30


DELETED


TABLE 6.2‑31


OVERALL HEAT TRANSFER COEFFICIENTS


AS A FUNCTION OF TIME(1)







   hc

   
    hr
         hT

   Time

 
 (T

(Btu/hr/   
 (Btu/hr/

 (Btu/hr/


 (hours)


((F)
   ft2/(Fabsolute)
    ft2/(Fabsolute)    ft2/(Fabsolute)





0.0
0.0
0.0
0.0
0.0



2.788E‑04
5.0
0.449
0.808
1.257



5.556E‑04
10.0
0.533
0.819
1.372



8.333E‑04
15.0
0.590
0.830
1.420



1.389E‑03
25.0
0.671
0.853
1.524



1.667E‑03
30.0
0.702
0.865
1.567



2.778E‑03
33.1
0.720
0.872
1.592



4.167E‑03
36.9
0.739
0.881
1.620



5.556E‑03
40.8
0.758
0.890
1.648



8.333E‑03
48.5
0.792
0.909
1.701



1.250E‑03
60.0
0.835
0.937
1.772



1.389E‑02
60.3
0.836
0.938
1.774



2.778E‑02
63.5
0.847
0.946
1.793



5.556E‑02
69.8
0.867
0.962
1.829



8.333E‑02
76.1
0.886
0.978
1.864



1.111E‑01
82.4
0.904
0.995
1.889



1.389E‑01
88.7
0.921
1.012
1.933



1.677E‑01
95.0
0.937
1.028
1.965



2.778E‑01
95.0
0.937
1.028
1.965


 
24.0
95.0
0.937
1.028
1.965


NOTE:


(1)
Values support original analysis.  Changes to input parameters affecting these values are reviewed to ensure analysis results remain valid.
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TABLE 6.2‑33


POTENTIAL SECONDARY CONTAINMENT BYPASS LEAKAGE PATHS(1)(2)(4)(5)(9)(10)(14)

Primary Containment



Line
Bypass
  Expected


  Penetration No.  



Size
Leakage
 Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)  Rate (SCCM)



P106

RCIC Turbine
E51‑F0068
Gate
O
12.00
10(b)
190.0





Exhaust, RCIC
E51‑F0040
Noz.Chk.
O
10.00
10(b)
2.0





Turbine Exhaust





Vacuum Relief, and
E12‑F102
Glb.
O
 1.5
10(a)
23.8





RHR A&B Relief       





Valve Discharge to
N27‑F751
Glb.
O
 1.0
37
0.08





Suppression Pool
P87‑F083
Glb.
O
 0.50
57
0.0






P87‑F264
Glb.
O
 0.50
57
0.0






See Note(15)


P108
P424
Condensate Supply
P11‑F060
Btf.
O
12.00
27(a)
  0.63






P11‑F545
Chk.
I
12.00
27(a)
384.48



P109
P428
ILRT Blowdown Line
See Note(6)
 ‑
‑
 8.00
35
  0.00



P111
P426
Condensate Return
P11‑F080
Btf.
O
10.00
27(b)
  0.52






P11‑F090
Btf.
I
10.00
27(b)
  0.52



P114
P121
Containment Vacuum
M17‑F015
Btf.
O
24.00
19
  3.60





Relief
M17‑F010
Chk.
I
24.00
19
  3.40







O‑rings
I
24.00
19
See Note(13)


P115

See P106



P117
P413
Nitrogen Supply to
P86‑F002
Glb.
O
 2.00
41
 64.88





CRD
P86‑F528
Chk.
I
 2.00
41
 64.88



P119
P429
ILRT Pressure
See Note(6)
‑
‑
 0.50
35
  0.00





Indicating Line


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
 Expected


  Penetration No.  



Size
Leakage
Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)
Rate (SCCM)



P120
P427
ILRT Pressurization
See Note(6)
‑
‑
 8.00
35(b)
0.00





Line


 P422

RCIC Turbine Supply
E51‑F0063
Gate
I
10.00
 1(c)
158.3






E51‑F0064
Gate
O
10.00
 1(c)
158.3






E51‑F0076
Glb.
I
 1.00
 1(c)
15.8



P131
P132
RWCU Pump Suction
G33‑F001
Gate
I
 6.00
49
192.24






G33‑F004
Gate
O
 6.00
49
192.24



P201
P218
Drywell Atm. Rad.
D17‑F079A
Glb.
O
 1.00
52
  0.58





Monitor Line
D17‑F079B
Glb.
I
 1.00
52
  0.58






D17‑F071A
Ball
O
 1.00
52
0.06






D17‑F071B
Ball
I
 1.00
52
0.06



P203
P301
Fuel Pool Cooling
G41‑F100
Btf.
O
 8.00
26(a)
0.42





Supply
G41‑F522
Chk.
I
 8.00
26(a)
256.32



P204
P302
CRD Supply
C11‑F083
Gate
O
 2.50
 3
 80.10






C11‑F122
Chk.
I
 2.50
 3
 80.10



P205
P304
Fuel Transfer Tube
See Note(6)(16)
‑
‑
  ‑
36
  0.00






F42-F003
Ball
O
 4.00
36
0.00



P208
P122
Containment Vacuum
M17‑F025
Btf.
O
24.00
19
3.60





Relief
M17‑F020
Chk.
I
24.00
19
3.40






O‑rings

I
24.00
19
See Note(13)


P210
P206
CO2 to Fire
P54‑F340
Gate
O
 4.00
42
128.16





Protection System
P54‑F1098
Chk.
I
 4.00
42
128.16


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
 Expected


  Penetration No.  



Size
Leakage
Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)
Rate (SCCM)



P301
P222
Fuel Pool Cooling
G41‑F145
Btf.
O
10.00
26(b)
0.52





Return
G41‑F140
Btf.
I
10.00
26(b)
0.52






G41-F801
Chk.
I
 0.75
26(b)
See Note(17)


P305
P205
Containment
P53‑F536/
Glb.
O(18)/
 1.00
56
 32.04





Personnel Air
  F570

O





Locks(8)
P53‑F579A
Ball
O
 1.00
56
-






P53‑F579B
Ball
I(18)
 1.00
56
-






P53‑F580A
Ball
O(18)
 1.00
56
-






P53‑F580B
Ball
I
 1.00
56
-






P53‑F581
Relief
I(18)
 1.00
56
-






P53‑F582
Relief
I
 1.00
56
-






P53‑F010
Glb.
O
 0.75
‑
‑






P53‑F015
Glb.
O(18)
 0.75
‑
‑






P53‑F070
Glb.
O
 0.75
‑
‑






P53‑F556
Glb.
I
 0.5
‑
‑



P306
P204
Instrument Air
P52‑F200
Glb.
O
 2.00
34
64.88






P52‑F550
Chk.
I
 1.50
34
 15.00



P308
P203
Service Air
P51‑F150
Glb.
O
 2.50
32
  0.13






P51‑F530(19)
Chk.
I
 2.50
32
 80.10



P309
P207
Demineralized
P22‑F010
Gate
O
 3.00
29
 96.12





Water
P22‑F577
Chk.
I
 3.00
29
 96.12



P310
P202
NCC Water Supply
P43‑F055
Btf.
O
12.00
25(a)
  0.63






P43‑F721
Chk.
I
12.00
25(a)
384.48


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
 Expected


  Penetration No.  



Size
Leakage
Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)
Rate (SCCM)



P311
P201
NCC Water Return
P43‑F140
Btf.
O
12.00
25(b)
0.63






P43‑F215
Btf.
I
12.00
25(b)
0.63






P43-F851
Relief
I
 0.25
25(b)
See Note(17)


P312
P215
Containment
P53‑F541/
Glb.
O(18)/
 1.00
56
32.04





Personnel Air
  F571

O





Locks(8)
P53‑F593A
Ball
O
 1.00
56
-






P53‑F593B
Ball
I(18)
 1.00
56
-






P53‑F594A
Ball
O(18)
 1.00
56
-






P53‑F594B
Ball
I
 1.00
56
-






P53‑F595
Relief
I(18)
 1.00
56
-






P53‑F596
Relief
I
 1.00
56
-






P53‑F020
Glb.
O
 0.75
‑
‑






P53‑F025
Glb.
O(18)
 0.75
‑
‑






P53‑F075
Glb.
O
 0.75
‑
‑






P53‑F561
Glb.
I
 0.5
‑
‑



V313
V216
Containment Purge
M14‑F040
Btf.
O
42.00
30(a)
6.30





Supply
M14‑F045
Btf.
I
42.00
30(a)
6.30






M14‑F190
Btf.
I
18.00
30(a)
2.70






M14‑F195
Btf.
I
18.00
30(a)
2.70



V314
V214
Containment Purge
M14‑F090
Btf.
O
42.00
30(b)
6.30





Exhaust
M14‑F085
Btf.
I
42.00
30(b)
6.30






M14‑F200
Btf.
I
18.00
30(b)
2.70






M14‑F205
Btf.
I
18.00
30(b)
2.70



P315
P310
Standby Liquid
C41‑F518
Glb.
O
 2.00
60
0.16





Control
C41‑F520
Chk.
I
 2.00
60
0.16


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
 Expected


  Penetration No.  



Size
Leakage
Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)
Rate (SCCM)



P317
P217
Containment Radia‑
D17‑F089A
Glb.
O
 1.00
54
0.00





tion Monitoring
D17‑F089B
Glb.
I
 1.00
54
  0.00





Supply and Return
D17‑F081A
Ball
O
 1.00
54
  0.00






D17‑F081B
Ball
I
 1.00
54
  0.00





ILRT Instrumentation






See Note(6)





E61‑F549
Glb.
I
 0.50

 16.02






E61‑F550
Glb.
I
 0.75

 24.03



P318
P422
Postaccident
P87‑F065
Sol. Glb.
O
 0.50
58 (b)
  0.43




P423
Sampling
P87‑F071
Sol. Glb.
O
 0.50
58 (b)
  0.43






P87‑F074
Sol. Glb.
O
 0.50
58 (b)
  0.43






P87‑F077
Sol. Glb.
O
 0.50
58 (b)
  0.43



P319
P442
ILRT
E61‑F551
Glb.
I
 0.75

 24.03





Instrumentation
E61‑F552
Glb.
I
 0.50

 16.02









See Note(6)


P401
P401
Postaccident
P87‑F037
Sol. Glb.
O
 0.75
55
See Note(12)




Sampling



P404
P104
Chilled Water
P50‑F060
Btf.
O
 6.00
28(a)
  0.32





Supply
P50‑F539
Chk.
I
 6.00
28(a)
192.24



P405
P105
Chilled Water
P50‑F150
Btf.
O
 6.00
28(b)
  0.32





Return
P50‑F140
Btf.
I
 6.00
28(b)
  0.32






P50-F606
Relief
I
 0.25
28(b)
See Note(17)


P406
P208
Fire Protection
P54‑726
Gate
O
 4.00
51
128.16





Water
P54‑727
Gate
I
 4.00
51
128.16


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
 Expected


  Penetration No.  



Size
Leakage
Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)
Rate (SCCM)



P413
P124
Postaccident
P87‑F049
Sol. Glb.
I
 0.75
61
0.43





Sampling
P87‑F055
Sol. Glb.
O
 0.75
61
  0.43






P87‑F046
Sol. Glb.
I
 0.75
61
  0.43






P87‑F052
Sol. Glb.
O
 0.75
61
  0.43






P87-F277
Relief
I
 0.25
61
0.0



P417
P128
Drywell and
G61‑F080
Gate
O
 3.00
40
96.12





Containment Equip
G61‑F075
Gate
I
 3.00
40
96.12





Sump to Radwaste
G61‑F0655
Check
I
 0.75
40
0.0



P418
P127
Drywell and
G61‑F170
Gate
O
 3.00
43
96.12





Containment
G61‑F165
Gate
I
 3.00
43
96.12





Floor Drain Sump
G61-F657
Chk.
I
 0.75
43
See Note(17)




to Radwaste



P419
P432
RWCU Pump Discharge
G33‑F054
Gate
O
 4.00
48
128.16






G33‑F053
Gate
I
 4.00
48
128.16



P420
P412
RWCU Backwash
G50‑F277
Gate
O
 4.00
46
128.16





Transfer Pump to
G50‑F272
Gate
I
 4.00
46
128.16





Radwaste



P423
P423
Main Steam Line
B21‑F019
Gate
O
 3.00
 1(b)
90.78





Drain
B21‑F016
Gate
I
 3.00
 1(b)
90.78



P424
P420
RWCU to Main
G33‑F034
Gate
O
 4.00
14
128.16





Condenser and
G33‑F028
Gate
I
 4.00
14
128.16





Radwaste
G33‑F0646
Relief
I
 0.25
14
0.0


TABLE 6.2‑33 (Continued)


Primary Containment



Line
Bypass
  Expected


  Penetration No.  



Size
Leakage
 Air Leakage


Unit 1
Unit 2
   Description   
Valve No.
Valve Type
Loc.
(in.)
Barrier(3)  Rate (SCCM)



P428
P309
Containment Vacuum
M17‑F035
Btf.
O
24.00
19
3.60





Relief
M17‑F030
Chk.
I
24.00
19
3.40






O-rings

I
24.00
19
See Note(13)


P429
P419
RHR A&B Relief





Valve Discharge to





Suppression Pool,





RCIC Turbine





Exhaust and RCIC





Pump Turbine





Exhaust Vacuum





Relief






E12‑F102
Glb.
O
 1.5
10(a)
23.8






E51‑F068
Gate
O
12.00
10(b)
190.0






N27‑F751
Glb.
O
 1.0
37
  0.08






P87‑F083
Glb.
O
 0.50
57
  0.0






P87‑F264
Glb.
O
 0.50
57
  0.0






See Note(15)


P436
P416
Containment Vacuum
M17‑F045
Btf.
O
24.00
19
  3.60





Relief
M17‑F040
Chk.
I
24.00
19
  3.40






O‑rings

I
24.00
19
See Note(13)

TABLE 6.2‑33 (Continued)











  Size of Line







   Expected











   Penetrating




   Bypass

   Leakage











     Primary

Termination
   Leakage
     Rate











Containment (in.)
   Region  
   Barrier
    (SCCM)
 


Lines Enclosed by Guard Pipes



Main Steam
38
Environment
Welded Conn.
0



Main Steam Drains
14
Environment
Welded Conn.
0



Feedwater
32
Environment
Welded Conn.
0



Reactor Core Isolation Cooling Steam Supply
22
Environment
Welded Conn.
0



Reactor Core Isolation Cooling Pump Discharge



  and Residual Heat Removal Head Spray
18
Environment
Welded Conn.
0



Reactor Water Cleanup Pump Suction
18
Environment
Welded Conn.
0



Low Pressure Core Spray Pump Suction from



  Suppression Pool
36
Environment
Welded Conn.
0



High Pressure Core Spray Pump Suction from



  Suppression Pool
36
Environment
Welded Conn.
0



Residual Heat Removal A, B and C Suction



  from Suppression Pool
36
Environment
Welded Conn.
0



Reactor Core Isolation Cooling Suction from



  Suppression Pool
18
Environment
Welded Conn.
0



Residual Heat Removal Shutdown Supply Suction
32
Environment
Welded Conn.
0



Reactor Water Cleanup Pump Discharge
16
Environment
Welded Conn.
0



Reactor Water Cleanup from Regenerative Heat



  Exchanger to Feedwater
16
Environment
Welded Conn.
0


Personnel Airlocks(8)
9’‑7”
Environment
Resilent Seals
0


TABLE 6.2‑33 (Continued)


NOTES:


(1)
A Technical Specification commitment of 5.04 percent of total design containment leakage is made for the maximum test leakage bypassing the containment annulus exhaust gas treatment system (for leakage sources in lines penetrating primary containment and personnel airlocks).


(2)
Expected bypass water leakage sources from components that circulate core cooling water following LOCA:



a.
Pumps ‑
expected total leakage of 5 gal./day from residual heat removal, high pressure core spray, and low pressure core spray pumps.



b.
Valves ‑
expected total valve stem leakage of 300 cc/hr from systems handling reactor fluid outside containment.



c.
FW‑LCS, ECCS and RCIC Branch Lines ‑ expected total leakage of 1.663 gal./hr.


(3)
Bypass leakage barrier arrangement is shown on the designated detail of <Figure 6.2‑60>.


(4)
Closed Systems Outside Containment



Piping systems which penetrate containment and are closed outside containment are tested for potential water leakage under the guidance of <NUREG‑0737> Item III.D.1.1.  The expected bypass water leakage from these systems is identified in Note 2 above.  The limit on bypass water leakage is identified in <Section 15.6.5.5.1.2.b>.  Valves in closed systems outside containment, which are potential air leakage sources, are identified in the text of <Table 6.2‑33>.



The redundant containment isolation provisions for each penetration consist of an isolation valve and a closed system outside containment which are in compliance with <10 CFR 50, Appendix A>, Criteria 54, and with GDCs 55 and 56, utilizing the “other defined basis” provision.  The closed system is missile protected, Seismic Category I, Safety Class 2, and has a temperature and pressure rating in excess of that for containment.


TABLE 6.2‑33 (Continued)


NOTES:  (Continued)



The following penetrations lead to closed systems outside containment:



Unit 1:
P101, P102, P103, P104, P105, P107, P112, P113, P118, P121(a), P123, P132, P401, P402, P403, P407, P408, P409, P410, P411, P412, P414(a), P421, P429, P431.



Unit 2:
P101, P102, P103, P107, P106, P108, P109, P113, P114, P111, P117, P133, P408, P401, P402, P403, P404, P405, P407, P409, P411, P417, P418, P406, P419, P421.


NOTE:


(a)
These feedwater penetrations have a branch line leading to the RHR Shutdown Cooling Return Line and the RWCU Return Line:


‑
The RHR Shutdown Cooling Return Line leads to RHR, which is considered a closed system outside containment.  The branch line leading to RHR is examined for external leakage from mechanical joints (e.g., valve stem or bonnet, seals or gaskets).


‑
The RWCU Return Line leads back into the containment, and is tested like a closed system outside containment, with the specific acceptance criteria that leakage exterior to the piping will be eliminated.


‑
See <Table 6.2‑40> for testing details on containment penetrations.


(5)
Instrument Lines



Instrument lines penetrating containment are assumed to allow zero bypass leakage.  Valves in instrument lines penetrating containment are open post‑LOCA in order to fulfill the instruments’ functions.  The instruments are designed to allow zero bypass leakage.  Penetrations containing instrument lines appear below:



Unit 1:  P102, P318, P320, P401, P402, P425, P433, P434



Unit 2:  P102, P422, P423, P401, P402, P219, P220, P221


TABLE 6.2‑33 (Continued)


NOTES:  (Continued)


(6)
Spectacle or Blind Flanges



Penetrations which contain lines isolated by spectacle or blind flanges are assumed to allow zero bypass leakage.  Spectacle and blind flanges are type C tested.  Any leakage determined by type C tests will be eliminated by tightening and/or re‑sealing the flange.  Penetrations whose lines are isolated by spectacle or blind flanges appear below:



Unit 1:
P109, P119, P120, P205, P317, P319



Unit 2:
P428, P429, P427, P304


(7)
Leakage Control System



The feedwater system has a dedicated leakage control system <Section 6.9> which provides seal water to the bonnet, stem, and seat of the outboard gate valves (B21‑F065A/B).  Water leakage from the Feedwater Leakage Control System (FWLCS) piping, and from the bonnet, stem, and seat of the outboard gate valves, are controlled under the Primary Coolant Sources Outside Containment Program, Technical Specification 5.5.2.  Outboard gate valve bonnet and stem leakage identified during the system walkdown at pressures >1000 psig will be eliminated.  The gate valves will be closed during this check.  Gate valve seat water leakage measured at (1.1 Pa will be limited by the Program, which restricts allowable leakages to half of that assumed in the dose calculations <Section 15.6.5.5.1.2.b>.  This water leakage is not added into the secondary containment bypass air leakage totals.  The FWLCS seals the feedwater lines going through the following penetrations:



Unit 1:
P121, P414



Unit 2:
P112, P410



The leakage control systems meet single failure criteria, are missile protected, Seismic Category I, Safety Class 2, and have temperature and pressure ratings in excess of that for the containment.


TABLE 6.2‑33 (Continued)


NOTES:  (Continued)


(8)
The personnel airlock door seals are not considered a bypass leakage path when the outer door is 



operable because all leakage through the outer door seals is routed back into the annulus area



between the annulus shield wall and containment where it is treated by the Annulus Exhaust Gas



Treatment System.



All direct leakage paths associated with the barrel/doors which may bypass the outer door seals under the various modes of operation/availability are assigned as bypass.



Unit 1:
P305, P312



Unit 2:
P205, P215


(9)
The air supply lines to the ADS accumulators and personnel air lock door seal accumulators are not considered bypass leakage paths since they are safety‑related lines that remain pressurized post‑LOCA (at a pressure exceeding containment vessel design pressure.):



Unit 1:
P116, P304, P305, P312



Unit 2:
P125, P303, P205, P215


(10)
The following penetrations contain lines from more than one system, and therefore, may appear more than once in this table and in its notes:



Unit 1:
P102, P305, P312, P317, P319, P320, P401, P402, P425, P434



Unit 2:
P102, P205, P215, P217, P422, P423, P401, P402, P219, P221


(11)
(Deleted)


(12)
If valves leak, they will leak water.  Expected leakage:  none.
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NOTES:  (Continued)


(13)
It is necessary to break O‑ring seals to test the isolation valves for this penetration.  After the valve test, the O‑rings will be reinstalled and Type B tests performed.  If the O‑rings leak, they will be fixed to eliminate leakage.


(14)
The Alternate Hydrogen Purge System line (Unit 1:  P302, Unit 2:  P211) is not a bypass leakage path because it ties into the Annulus Exhaust Gas Treatment System.


(15)
Leakage from test spacers E12D015A & E12D015B are considered bypass leakage.


(16)
The IFTS penetration (P205) is not normally considered a bypass leakage path because all leakage through the bellows and bellows assembly flange joints, is routed to the annulus area between the shield wall and containment where it is treated by the annulus exhaust gas treatment system.  Any leakage into the IFTS tube is still considered a potential secondary containment bypass leakage path.  With the blind flange removed, the bypass leakage path is the IFTS tube and the drain line and drain valve, 1F42‑F003.


(17)
Leakage limits established per the ASME OM Code IST Program.


(18)
“Location” (see column title) of these valves inside (I) and outside (O) of containment varies depending on whether the inner or outer air lock door is open and/or inoperable.


(19)
P51‑F0530 is a 2.0” valve installed in the 2.5” line via reducers.


TABLE 6.2‑34


REACTOR COOLANT PRESSURE BOUNDARY INFLUENT LINES THAT PENETRATE CONTAINMENT/DRYWELL



        Isolation Devices(s)(1)





Between



Inside
Drywell and
Outside


Influent Line
Drywell
Containment
Containment
Reference Section


Feedwater Lines
CV
GP
CV, MOV
<Section 6.2.4.2.2.1.a.1>


High Pressure Core Spray Line
TCV
‑
MOV
<Section 6.2.4.2.2.1.a.2>


Low Pressure Core Spray and Low Pressure


Coolant Injection C Lines
TCV
‑
MOV
<Section 6.2.4.2.2.1.a.3>


Low Pressure Coolant Injection A and B Lines
TCV
MOV
MOV
<Section 6.2.4.2.2.1.a.3>


Control Rod Drive Supply Line
‑
CV
MOV
<Section 6.2.4.2.2.1.a.4>


Reactor Core Isolation Cooling Return and


Residual Heat Removal Head Spray Lines
TCV
GP
TCV, MOV
<Section 6.2.4.2.2.1.a.5>


Standby Liquid Control Lines(2)
CV
EV
‑
<Section 6.2.4.2.2.1.a.6>


Residual Heat Removal Shutdown Cooling


Return Lines
‑
‑
CV, MOV
<Section 6.2.4.2.2.1.a.7>


Reactor Water Cleanup Discharge to


Heat Exchangers
‑
MOV
MOV
<Section 6.2.4.2.2.1.a.8>


NOTES:


(1)
Isolation devices:
CV ‑ Check valve

GP  ‑ Guard pipe







EV ‑ Explosive valve
MOV – Motor‑operated valve












TCV ‑ Testable check valve


(2)
These lines do not penetrate containment.
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REACTOR COOLANT PRESSURE BOUNDARY EFFLUENT LINES THAT PENETRATE CONTAINMENT/DRYWELL



        Isolation Devices(s)(1)





Between



Inside
Drywell and
Outside


Effluent Line
Drywell
Containment
Containment
Reference Section


Main Steam Lines
AOV
GP
AOV
<Section 6.2.4.2.2.1.b.1>


Main Steam Drains
MOV
GP
MOV
<Section 6.2.4.2.2.1.b.1>


Reactor Core Isolation Cooling Steam


Supply
MOV
GP
MOV
<Section 6.2.4.2.2.1.b.1>


Reactor Water Cleanup to Pumps
MOV
GP
MOV
<Section 6.2.4.2.2.1.b.2>


Reactor Water Cleanup to Condenser and


Radwaste
‑
MOV
MOV
<Section 6.2.4.2.2.1.b.2>


Reactor Water Cleanup from Regenerative


Heat Exchangers to Feedwater
‑
MOV
MOV
<Section 6.2.4.2.2.1.b.2>


Residual Heat Removal Shutdown Cooling Line
MOV,CV
GP
MOV
<Section 6.2.4.2.2.1.b.3>


Recirculation System Sample Line
‑
AOV(2)
‑
<Section 6.2.4.2.2.1.b.4>


NOTE:


(1)
Isolation devices:




AOV ‑ Air operated valve
MOV – Motor‑operated valve




GP  ‑ Guard pipe
CV  ‑ Check valve


TABLE 6.2‑36


PRIMARY CONTAINMENT ISOLATION FOR LINES THAT PENETRATE CONTAINMENT


AND CONNECT TO THE SUPPRESSION POOL



Isolation



Device(s)(1)


 Outside


Line
Containment
 Reference Section 

Influent Lines


Low Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.a.1>


Minimum Flow Line












Low Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.a.1>


Test Line












High Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.a.1>


Minimum Flow Line












High Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.a.1>


Test Line












Residual Heat Removal
MOV
<Section 6.2.4.2.2.2.a.1>


Suppression Pool Cooling 


and Test Line








Residual Heat Removal Heat
MOV
<Section 6.2.4.2.2.2.a.1>


Exchanger Dump to







Suppression Pool



Residual Heat Removal
MOV
<Section 6.2.4.2.2.2.a.1>


Minimum Flow Lines










Reactor Core Isolation
MOV, CV
<Section 6.2.4.2.2.2.a.2>


Cooling Minimum Flow Line









Reactor Core Isolation
MOV, CV, RV
<Section 6.2.4.2.2.2.c.3>


Cooling Turbine Exhaust Line







Residual Heat Removal Heat
MOV
<Section 6.2.4.2.2.2.a.3>


Exchanger Vent to Suppression


Pool


Relief Valve Discharge
RV, MOV
<Section
6.2.4.2.2.2.a.3>


Lines











Effluent Lines


Low Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.b>


Suction Line


TABLE 6.2‑36 (Continued)



Isolation



Device(s)(1)


 Outside


Line
Containment
 Reference Section 

Influent Lines (Continued)


High Pressure Core Spray
MOV
<Section 6.2.4.2.2.2.b>


Alternate Suction Line









Reactor Core Isolation
MOV
<Section 6.2.4.2.2.2.b>


Cooling System Alternate





Suction Line





Residual Heat Removal
MOV
<Section 6.2.4.2.2.2.b>


Suction Line











NOTE:


(1)
Isolation devices:



CV  ‑ Check valve



MOV – Motor‑operated valve



RV  ‑ Relief valve


TABLE 6.2‑37


COMBUSTIBLE GAS CONTROL SYSTEM


EQUIPMENT DESIGN AND PERFORMANCE DATA


a.
Combustible Gas Mixing Units



1.
Compressor




  
Centrifugal




Max inlet pressure, psia




23.3




Max discharge pressure, psia



29.13




Max inlet temperature, (F




185




Max discharge temperature, (F



238




Relative humidity (inlet), %



100




Capacity, scfm (Minimum)




500




Power requirement, BHP (Maximum)


60



2.
Heat Exchanger (After Cooler) ‑ Isolated




from cooling water flow rate via closure




of 1M51‑F591A(B) valve.




Cooling Water Pressure (tube side),




psig








160




Air Temperature in/out, (F


 238/238




Cooling Water Temp. in/out, (F


 140/140



3.
Material




Compressor





Casing





cast steel





Shroud





aluminum





Impeller





17‑4 ph S.S.




Heat Exchanger





Tube






304 S.S.



4.
Manufacturer





Turbonetics


TABLE 6.2‑37 (Continued)


b.
Combustible Gas Purging Drywell



Isolation Valves




Type







globe




Body







SA‑216, GR, WCB




Stem







SA‑564




Disc







SA‑351, GR CF8M




Seating Surface




Stellite No. 6


c.
Hydrogen Recombiner



1.
Material




Outer Structure




Type 300 series S.S.




Inner Structure




Incoloy 800




Heater Element Sheath



Incoloy 800




Base Skid






Type 300 series S.S.



2.
Power




Maximum, kW





75




Nominal, kW





50



3.
Capacity, scfm (min.)



100



4.
Temperatures




Gas in, (F






60 to 185




Outlet of heater section, (F


1,150 to 1,450




Exhaust, (F





~50 above ambient
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5.
Heaters




Number






5 banks




Max. heat flux, watts/in2



5.8




Max. sheath temperature, (F


1,550



6.
Manufacturer





Westinghouse


d.
Piping



Material







Carbon Steel


TABLE 6.2‑38


COMBUSTIBLE GAS CONTROL SYSTEM


FAILURE ANALYSIS


Component


Malfunction



Comments


Drywell purge

Failure of compressor

Should operating


compressors

resulting in inability

subsystem compressor






to purge the drywell

fail, will be






of combustible gases

manually shutdown.  Redundant subsystem will maintain system capabilities.


Valve


Failure of valve control

Should valve control


control power

power resulting in


power fail, valves






inability to open valves

will remain shut: redundant subsystem will maintain system capabilities.


Hydrogen


Failure of recombiner to

Should recombiner


recombiner

operate resulting in loss
fail, redundant






of hydrogen removal


recombiner will






capability



maintain system capabilities.


Hydrogen analyzer
Failure of analyzer or

Should the analyzer or






sample system



sample system fail, redundant analysis or sample system will maintain system capabilities.


TABLE 6.2‑39


DESIGN AND OPERATING PARAMETERS FOR


HYDROGEN CONTROL





 







System Used


  System




System Design


For Analysis


Drywell/


Containment


Atmosphere


Mixing

   


Two‑500 scfm


One‑500 scfm








compressors


compressor


Hydrogen


Recombiner
  


Two‑100 scfm


One‑100 scfm








recombiner


recombiner


TABLE 6.2‑40


PRIMARY REACTOR CONTAINMENT PENETRATION AND CONTAINMENT ISOLATION VALVE 


LEAKAGE RATE TEST LIST



Inboard
Outboard



Containment
Containment


Penetration
Pene‑
Inboard
Isolation Barrier
Outboard
Isolation Barrier


No. Unit 1/
tration
Barrier
Barrier Description/
Barrier
Barrier Description/


  Unit 2   
   Description   
 Test  
  Test 
      Valve No.     
References
  Test  
       Valve No.      
References


P202/P306
Equipment hatch
B

Double O‑ring
See Note(1)
‑
‑
‑


P305/P205
Lower Personnel




Airlock Barrel
B

Inner door
See Note(2)

Outer door
See Note(2)




 
Inflatable gaskets
See Note(1)
 
Inflatable gaskets
See Note(1)







C
P53F536/F570
See Note(3)(32)




 


C
P53F015/F070
See Note(32)/‑





C
P53F556

C
P53F035
See Note(7)




C
P53F579B
See Note(32)
C
P52F160
‑





C
P53F580B

C
P53F010
‑





C
P53F581
See Note(32)
C
P53F030
‑





C
P53F582

C
P53F579A
-








C
P53F580A
See Note(32)

P312/P215
Upper Personnel


Inner door
See Note(2)

Outer door
See Note(2)



Airlock Barrel
B

Inflatable gaskets
See Note(1)

Inflatable gaskets
See Note(1)







C
P53F541/F571
See Note(3)(32)







C
P53F025/F075
See Note(32)/-





C
P53F561

C
P53F045
See Note(7)




C
P53F593B
See Note(32)
C
P52F170
‑





C
P53F594B

C
P53F020
‑





C
P53F595
See Note(32)
C
P53F040
‑





C
P53F596

C
P53F593A
-








C
P53F594A
See Note(32)

P205/P304
Fuel transfer tube
B

Double gasket
See Note(1)(12)
‑
‑
‑








C
F42F003
See Note(30)

P124/P116
Main steam line A
B
C
B21F022A
See Note(3)(4)(12)(13)
C
B21F028A
See Note(4)(13)

P416/P414
Main steam line B
B
C
B21F022B
See Note(3)(4)(12)(13)
C
B21F028B
See Note(4)(13)

P122/P115
Main steam line C
B
C
B21F022C
See Note(3)(4)(12)(13)
C
B21F028C
See Note(4)(13)

P415/P415
Main steam line D
B
C
B21F022D
See Note(3)(4)(12)(13)
C
B21F028D
See Note(4)(13)

TABLE 6.2‑40 (Continued)



Inboard
Outboard



Containment
Containment


Penetration
Pene‑
Inboard
Isolation Barrier
Outboard
Isolation Barrier


No. Unit 1/
tration
Barrier
Barrier Description/
Barrier
Barrier Description/


  Unit 2   
   Description   
 Test  
  Test 
      Valve No.     
References
  Test  
       Valve No.      
References


P121/P112
Feedwater A, RHR,
B
-
N27F559A
See Note(5)(13)
-
B21F032A
See Note(5)(13)


RWCU Return to




C
B21F065A
See Note(5)(13)


Reactor Pressure




C
E12F053A
See Note(7)(13)(31)


Vessel




-
RWCU Closed System
See Note(13)(31)

P414/P410
Feedwater B, RHR,
B
-
N27F559B
See Note(5)(13)
-
B21F032B
See Note(5)(13)


RWCU Return to




C
B21F065B
See Note(5)(13)


Reactor Pressure




C
E12F053B
See Note(7)(13)(31)


Vessel




-
RWCU Closed System
See Note(13)(31)

P102/P102
RHR pump A suction
‑
C
E12F004A
See Note(9)(13)(17)
‑
Closed system
See Note(7)







‑
‑


P402/P402
RHR pump B suction
‑
C
E12F004B
See Note(9)(13)(17)
‑
Closed system
See Note(7)








‑
‑


P403/P403
RHR pump C suction
‑
C
E12F105
See Note(9)(13)(17)
‑
Closed system
See Note(7)







‑
‑


P421/P406
RHR shutdown
B
C
E12F009
See Note(12)(18)
C
E12F008
See Note(18)


cooling suction

C
E12F550
See Note(18)

P105/P106
RHR A min. flow &
‑
C
E12F011A
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


test; LPCS pump min.

C
E12F064A
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


flow & test; RHR Heat

C
E12F024A
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


Exchanger Dump to

C
E12F609
See Note(9)(13)
C
E12F610



Suppression Pool;

B
E12D003A
‑
‑
‑



SPCU Return Line




‑
‑





C
E21F011
See Note(9)(13)(16)
‑
Closed system (LPCS)
See Note(7)




C
E21F012
See Note(9)(13)(16)
‑
Closed system (LPCS)
See Note(7)





      

‑
‑


P407/P404
RHR B test and min.
‑
C
E12F011B
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


flow; RHR Heat

C
E12F064B
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


Exchanger Dump to

C
E12F024B
See Note(9)(13)(16)
‑
Closed system (RHR)
See Note(7)


Suppression Pool

B
E12D003B
‑
‑
‑








‑
‑








‑
‑
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P408/P405
RHR C pump test,
‑
C
E12F064C
See Note(6)(13)(16)
‑
Closed system (RHR)
See Note(7)


and minimum flow

C
E12F021
See Note(13)(16)
‑
Closed system (RHR)
See Note(7)


line




‑
‑








‑
‑








‑
‑


P107/P109
RHR A relief valve
‑
C
E12F025B
See Note(8)(13)
‑
Closed system
See Note(7)


discharge to

C
E12F025C
See Note(8)(13)
‑
Closed system
See Note(7)


suppression pool

C
E12F005
See Note(8)(13)
‑
Closed system
See Note(7)




C
E12F055B
See Note(8)(13)
‑
Closed system
See Note(7)







‑
‑





C
E12F055A
See Note(8)(13)
‑
Closed system
See Note(7)




C
E12F025A
See Note(8)(13)
‑
Closed system
See Note(7)




B
E12D015A
‑
‑
‑





B
E12D015B
‑
‑
‑








‑
‑








‑
‑





C
E12F102
See Note(3)(13)(26)
C
E51F068
‑





C


‑
‑





C
E21F018
See Note(8)(13)
‑
Closed system
See Note(7)




C
N27F751
See Note(3)(13)
B
N27D006
See Note(13)




C
P87F264
See Note(3)
C
P87F083
See Note(3)

P429/P419
RHR B relief valve
‑
‑
Same as penetration


Same as penetration



discharge to


P107/P109


P107/P109



suppression pool


P422/P407
Steam supply to
B
C
E51F063
See Note(3)(12)
C
E51F064
‑



RCIC turbine

C
E51F076
See Note(3)
C


P118/P133
RHR heat exchanger
‑
C
E12F558A
See Note(13)
C
E12F073A
See Note(13)


vents to suppres-

C



sion vessel


P431/P421
RHR heat exchanger
‑
C
E12F558B
See Note(13)
C
E12F073B
See Note(13)


vents to suppres-

C



sion vessel
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P123/P117
RCIC and RHR to RPV
B
C
E51F066
See Note(12)(13)(25)


head spray




C
E51F013
See Note(13)(25)







C
E12F023
See Note(3)(13)(25)

P113/P114
LPCI A to reactor
‑
C
E12F042A
See Note(13)(25)
C
E12F027A
See Note(13)(25)



and RHR to cont.

C
E12F037A
See Note(3)(13)(25)



spray and cont. pool 

C
E12F028A
See Note(13)(25)


cooling


P412/P418
LPCI B to reactor
‑
C
E12F042B
See Note(13)(25)
C
E12F027B
See Note(13)(25)


and RHR to cont.

C
E12F037B
See Note(3)(13)(25)



spray and cont. pool

C
E12F028B
See Note(13)(25)



cooling


P411/P417
LPCI C to Reactor
‑
C
E12F041C
See Note(13)(25)
C
E12F042C
See Note(13)(25)








C


P104/P107
RCIC pump minimum
‑



‑
‑
‑



flow line to

C
E51F019
See Note(3)(13)(16)
‑
Closed system
See Note(7)


suppression pool


P101/P101
RCIC pump suction
‑
C
E51F031
See Note(9)(13)(17)
‑
Closed system
See Note(7)







‑
‑
‑


P106/P108
RCIC turbine exhaust
‑
C
E51F068
See Note(13)(26)



‑
C
E12F102
See Note(3)(13)(26)










C
E12F025B
See Note(8)(13)(26)







C
E12F025C
See Note(8)(13)(26)







C
E12F005
See Note(8)(13)(26)







C
E12F055B
See Note(8)(13)(26)







C
E12F055A
See Note(8)(13)(26)







C
E12F025A
See Note(8)(13)(26)







B
E12D015A
See Note(26)







B
E12D015B
See Note(26)







C
E21F018
See Note(8)(13)(26)







C
N27F751
See Note(8)(13)(26)







C
P87F264
See Note(3)(26)







C
E51F0040
See Note(26)
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P115/P111
RCIC pump turbine
‑
C
E51F068
See Note(13)(26)




exhaust vacuum
‑
C
E12F102
See Note(3)(13)(26)
C
E12F025B
See Note(8)(13)(26)


relief




C
E12F025C
See Note(8)(13)(26)







C
E12F005
See Note(8)(13)(26)







C
E12F055B
See Note(8)(13)(26)







C
E12F055A
See Note(8)(13)(26)







C
E12F025A
See Note(8)(13)(26)







B
E12D015A
See Note(26)







B
E12D015B
See Note(26)







C
E21F018
See Note(8)(13)(26)







C
N27F751
See Note(3)(13)(26)







C
P87F264
See Note(3)(26)







C
E51F0040
See Note(26)

P401/P401
HPCS pump suction
‑
C
E22F015
See Note(9)(13)(17)
‑
Closed system
See Note(7)







‑
‑
‑


P410/P411
HPCS pump discharge
‑
C
E22F005
See Note(13)(25)
C
E22F004
See Note(13)(25)


to RPV


P409/P409
HPCS min. flow and
‑
C
E22F012
See Note(13)(16)
‑
Closed system
See Note(7)


test line to

C
E22F035
See Note(8)(13)(16)
‑
Closed system
See Note(7)


suppression pool

C
E22F023
See Note(13)(16)
‑
Closed system
See Note(7)

P103/P103
LPCS pump suction
‑
C
E21F001
See Note(9)(13)(17)
C
Closed system
See Note(7)









‑


P112/P113
LPCS pump discharge
‑
C
E21F006
See Note(13)(25)
C
E21F005
See Note(13)(25)


to RPV


P423/P423
Main steam line
B
C
B21F016
See Note(3)(12)
C
B21F019
‑



drain


P131/P132
RWCU pump suction
B
C
G33F001
See Note(12)(13)
C
G33F004
See Note(13)

P419/P432
RWCU pump discharge
‑
C
G33F053
‑
C
G33F054
‑


P132/P408
RWCU return to
‑
C
G33F040
‑
C
G33F039
‑



feedwater
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P424/P420
RWCU to main
‑
C
G33F028
‑
C
G33F034
‑



condenser and

C
G33F0646
See Note(8)




radwaste


P203/P301
Fuel pool cooling
‑
C
G41F522
‑
C
G41F100
‑



and cleanup supply


P301/P222
Fuel pool cooling
‑
C
G41F140
‑
C
G41F145
‑



and cleanup system

C
G41F801
-



return


V313/V216
Containment purge
‑



supply

C
M14F045
See Note(3)
C
M14F040
‑





C
M14F190
See Note(3)




C
M14F195
See Note(3)(28)

V314/V214
Containment purge
‑
C
M14F200
See Note(3)
C
M14F090
‑



exhaust

C
M14F085
See Note(3)




C
M14F205
See Note(3)(28)

P404/P104
Chilled water
‑
C
P50F539
See Note(13)
C
P50F060
See Note(13)


supply


P405/P105
Chilled water
‑
C
P50F140
See Note(13)
C
P50F150
See Note(13)


return

C
P50F606
See Note(8)

P417/P128
Drywell and con‑
‑
C
G61F075
See Note(3)
C
G61F080
See Note(3)


tainment equipment

C
G61F0655



drain sump pump 



discharge


P418/P127
Drywell and con‑
‑
C
G61F165
See Note(3)
C
G61F170
See Note(3)


tainment floor

C
G61F657
-



drain sump pump 



discharge


P309/P207
Demineralized water
‑
C
P22F577
‑
C
P22F010
‑



supply to containment
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P420/P412
RWCU backwash
‑
C
G50F272
‑
C
G50F277
‑



transfer pump 



discharge to radwaste


P310/P202
Nuclear closed
‑
C
P43F721
See Note(13)
C
P43F055
See Note(13)


cooling water



supply


P311/P201
Nuclear closed
‑
C
P43F215
See Note(13)
C
P43F140
See Note(13)


cooling water

C
P43F852
See Note(8)


return


P108/P424
Condensate supply
‑
C
P11F545
‑
C
P11F060
‑


P111/P426
Condensate return
‑
C
P11F090
‑
C
P11F080
‑


P116/P125
Air supply to ADS
‑
C
P57F524B
See Note(15)
C
P57F015B
See Note(15)


accumulators


P304/P303
Air supply to ADS
‑
C
P57F524A
See Note(15)
C
P57F015A
See Note(15)


accumulators


P308/P203
Service air
‑
C
P51F530
See Note(33)
C
P51F150
‑


P306/P204
Instrument Air
‑
C
P52F550
‑
C
P52F200
‑


P114/P121
Containment Vacuum
‑
C
M17F010
‑
C
M17F015
‑



Relief


P208/P122
Containment Vacuum
‑
C
M17F020
‑
C
M17F025
‑



Relief


P428/P309
Containment Vacuum
‑
C
M17F030
‑
C
M17F035
‑



Relief


P436/P416
Containment Vacuum
‑
C
M17F040
‑
C
M17F045
‑



Relief


P434/P221
Containment Vacuum
‑
A
M17F055 and ¼” orifice
See Note(14)
‑
‑
‑



Relief
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P320/P423
Containment Vacuum
‑
A
M17F065 and ¼” orifice
See Note(14)
‑
‑
‑



Relief


P406/P208
Fire Protection
‑
C
P54F727
‑
C
P54F726
‑



Water


P210/P206
CO2 to Fire
‑
C
P54F1098
‑
C
P54F340
‑



Protection


P302/P211
Backup H2 Purge
‑
C
M51F090
‑
C
M51F110
‑


P425/P219
Post‑LOCA H2
‑
C
M51F210A
See Note(3)(14)(21)(23)
‑
‑
‑



Analyzer

C
M51F220A
See Note(3)(14)(22)(23)




C
M51F230A
See Note(3)(14)(22)(23)




C
M51F240A
See Note(3)(14)(21)(23)




C
M51F250A
See Note(3)(14)(21)(23)

P315/P310
SLC Tank Refill
‑
C
C41F520
‑
C
C41F518
‑


P318/P422,
Post‑LOCA H2
‑
C
M51F210B
See Note(3)(14)(21)(23)
‑
‑
‑


P423
Analyzer

C
M51F220B
See Note(3)(14)(22)(23)




C
M51F230B
See Note(3)(14)(22)(23)




C
M51F240B
See Note(3)(14)(21)(23)




C
M51F250B
See Note(3)(14)(21)(23)




C
P87F071
See Note(3)(14)(23)




C
P87F065
See Note(3)(14)(23)



-
C
P87F077
See Note(3)(14)(23)




C
P87F074
See Note(3)(14)(23)

P109/P428
ILRT Vent
‑
B
E61D017
‑
B
E61D003
‑





B
Blind flange


P120/P427
ILRT Pressurization
‑
B
E61D016
‑
B
E61D001
‑



Line

B
Blind flange


P119/P110
ILRT Instrumentation
‑
B
E61D014
‑
B
E61D015
‑
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P317/P217
ILRT Instrumentation
‑
C
E61F549
See Note(3)(13)(23)
B
E61D007
See Note(13)(23)




B
Pipe cap
See Note(13)(23)
B
E61D006
See Note(13)(23)




C
E61F550
See Note(3)(13)(23)




B
Pipe cap
See Note(13)(23)

P319/P220
ILRT Instrumentation
‑
C
E61F551
See Note(3)(13)(23)
B
E61D005
See Note(13)(23)




B
Pipe cap
See Note(13)(23)




C
E61F552
See Note(3)(13)(23)
B
E61D004
See Note(13)(23)




B
Pipe cap
See Note(13)(23)

P117/P413
N2 Supply to CRD
‑
C
P86F528
‑
C
P86F002
‑


P204/P302
CRD to Reactor
‑
C
C11F122
See Note(13)
C
C11F083
See Note(13)


Pressure Vessel


P201/P218
Drywell Atmosphere
‑
C
D17F071B
See Note(3)(23)
C
D17F071A
See Note(3)


Radiation Monitor

C
D17F079B
See Note(23)





C
D17F079A
‑


P413/P124
PASS
‑
C
P87F049
See Note(3)(23)
C
P87F055
See Note(3)(23)





C
P87F046
See Note(3)(23)
C
P87F052
See Note(3)(23)




C
P87F277
See Note(8)(23)

P317/P217
Containment Atmos-
‑
C
D17F081B
See Note(3)(23)
C
D17F081A
See Note(3)


phere Radiation
‑
C
D17F089B
See Note(23)
C
D17F089A
‑



Monitor


P319/P422
Containment Atmos-
‑
A
¼” orifice and
See Note(14)(23)
‑
‑
‑



phere Monitoring


D23F030B





A
¼” orifice and
See Note(14)(23)





D23F040B


P320/P423
Containment Atmos-
‑
A
¼” orifice and
See Note(14)(23)
‑
‑
‑



phere Monitoring


D23F020B





A
¼” orifice and
See Note(14)(23)






D23F010B


P425/P219
Containment Atmos-
‑
A
¼” orifice and
See Note(14)
‑
‑
‑



phere Monitoring


D23F050
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P433/P220
Containment Atmos-
‑
A
¼” orifice and
See Note(14)(23)
‑
‑
‑



phere Monitoring


D23F030A





A
¼” orifice and
See Note(14)(23)





D23F040A


P434/P221
Containment Atmos-
‑
A
¼” orifice and
See Note(14)(23)
‑
‑
‑



sphere Monitoring


D23F010A





A
¼” orifice and
See Note(14)(23)





D23F020A


P102/P102
Suppression Pool
‑
A
G43F050A
See Note(14)(23)
‑
‑
‑



Makeup

C





C


P402/P402
Suppression Pool
‑
A
G43F050B
See Note(14)(23)
‑
‑
‑



Makeup

C





C


P401/P401
Suppression Pool
‑
A
G43F060
See Note(14)(23)
‑
‑
‑



Makeup

C





C





C
P87F037
See Note(3)(9)(14)(23)




C


Various
Spares
‑
A
Capped
‑
‑
‑
‑


Various
Electrical
‑
B
Double O‑rings
See Note(11)
‑
‑
‑


NOTES:


(1)
Penetration is sealed by a blind flange or door with double O‑ring or double gasket seals.  The gaskets or O‑rings are leak checked by pressurizing the space between them.


(2)
Personnel air lock volume is pressurized to pressure (Pa) as given in technical specifications.  During the airlock test, tie downs are installed on the inner door since it is not designed to withstand the full differential pressure across the door in the reverse direction.  Pressurizing the air lock barrel also tests the air lock mechanical and electrical penetrations.


(3)
Leak testing direction for valves having a functional differential pressure of 15 psi or less will be in accordance with the ASME Code for Operation and Maintenance of Nuclear Power Plants (ASME OM Code).
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(4)
MSIV seat leakage rate shall not exceed 100 scfh for any main steam  line with maximum total leakage for all four main steam lines less than or equal to 250 scfh.



MSIV leakage is not included in the 0.60 La Type B and C test totals (Reference 33).


(5)
The <10 CFR 50, Appendix J> Type C test for the feedwater lines is provided by the Type C hydrostatic tests performed on the long term, high integrity leakage protection valves, i.e., the motor‑operated gate valves (B21‑F065A/B).  Water leakage from the Feedwater Leakage Control System (FWLCS) piping, and from the bonnet, stem and seat of the motor‑operated gate valves, are controlled under the Primary Coolant Sources Outside Containment Program, Technical Specification 5.5.2.  Outboard gate valve bonnet and stem leakage identified during the system walkdown at pressure >1000 psig will be eliminated.  The gate valves will be closed during this check.  Gate valve seat water leakage measured at ( 1.1 Pa will be limited by the program, which restricts allowable leakages to half of that assumed in the dose calculations <Section 15.6.5.5.1.2.b>.  This water leakage is not redundantly added into the Type C 0.60 La totals, secondary containment bypass air leakage totals or the hydrostatic test program totals.  The feedwater check valves (N27‑F559A/B and B21‑F032A/B) utilize an alternate non‑Type C water leak testing methodology per the Inservice Testing Program, to verify proper closure (see <Section 15.6.6.5.2.4>).


(6)
System remains water filled post‑LOCA.  Isolation valve tested with water to a pressure not less than 1.10 Pa.  Isolation valve leakage not included in 0.60 La Type B and C test totals.


(7)
The redundant containment isolation provisions for this penetration consist of an isolation valve and a closed system outside containment which is in compliance with <10 CFR 50, Appendix A>, GDC 54, and with GDCs 55 and 56, utilizing the “other defined basis” provision.  A single active failure can be accommodated.  The closed system is missile protected, Seismic Category I, Safety Class 2, and has a temperature and pressure rating in excess of that for the containment.  Closed system integrity is maintained and verified during system leak tests <NUREG‑0737>, Item III.D.1.1.



However, the portions of the Personnel Airlock Leakage Control System designated as closed systems to secondary containment (see P305 and P312) are not given closed system leak tests for the following reason.  The closed system piping is routed to the annulus.  The Annulus Exhaust Gas Treatment System maintains the annulus at a vacuum.  Any post‑LOCA containment atmosphere in the airlock leakage control lines will flow into the annulus.  As a result, no containment atmosphere will bypass the annulus.  Therefore, closed system tests at Pa on the airlock leakage control lines are unnecessary.


(8)
Relief valve.


(9)
System is sealed from the primary containment atmosphere because its line terminates below the water level of the suppression pool.  Isolation valve is tested with water to a pressure not less than 1.10 Pa.  Leakage is not included in 0.60 La Type B and C test totals.


(10)
(Deleted)


(11)
Modular type electrical penetration with header plate bolted to penetration nozzle.  Double 0‑ring seals with test connection is provided at interface.


(12)
Penetration design utilizes a double bellows for containment isolation.  The bellows is leak checked by pressurizing the space between the inner and outer bellows.  The fuel transfer tube bellows is sealed on both ends with double gasketed flange joints.  These joints are leak checked by pressurizing the space between the double gaskets.  The fuel transfer tube has a bellows assembly installed in the annulus to permit confirmatory leak testing of the fuel transfer tube bellows.  The fuel transfer tube bellows is leak checked by pressurizing the annular space between the IFTS tube and the bellows assembly via a test connection on the bellows assembly.


(13)
System is not vented and drained for Type A test.  This allowance for main steam lines is provided by (Reference 33).
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(14)
Isolation valving for instrument lines which penetrate the containment conform to the requirements of <Regulatory Guide 1.11>.  The ISI program will provide assurance of the operability and integrity of the isolation provisions.  Type C testing will not be performed on the instrument line isolation valves.  The instrument lines will be within the boundaries of the Type A test, open to the media (containment atmosphere or suppression pool water) to which they will be exposed under postulated accident conditions.  Three exceptions to the above are Penetrations P401, P318 and P425.  Isolation valves for the three penetrations include H2 Analyzer and Postaccident Sampling System Valves.  The valves are normally closed post‑LOCA, open only intermittently, and will therefore receive Type C tests.


(15)
System remains pressurized with air post‑LOCA.


(16)
These lines are always filled with water on the outboard side of the containment, thereby forming a water seal.  They are maintained at a pressure that is always higher than primary containment pressure by jockey pumps or hydrostatic head, thus precluding any outleakage from primary containment.  However, even if outleakage did occur, it would be into an ESF system which forms a closed loop outside primary containment.  Thus, any leakage from primary containment would return to primary containment through this closed loop.



A system leakage test <NUREG‑0737>, Item III.D.1.1. will be performed as described below to ensure the leak‑tightness of the ECCS and RCIC systems.  The systems will be pressurized with water to a minimum pressure of 1.10 Pa (8.58 psig).  A leakage rate for the entire system will then be determined and compared to an acceptance limit.


(17)
The ECCS and RCIC suction lines are normally filled with water on both the inboard and outboard side of containment, thereby forming a water seal to the containment environment.  The valves are open during post‑LOCA conditions to supply a water source for the ECCS pumps.  Since a break in an ECCS line need not be considered in conjunction with a DBA, the only possible situation requiring one of these valves to be closed during a DBA is an unacceptable leakage in an emergency core cooling system.  However, because these ECCS systems are constantly monitored for excessive leakage, this is not a credible event.


(18)
During Type A test, this penetration is operational to provide shutdown cooling via the RHR system.


(19)
(Deleted)


(20)
(Deleted)


(21)
Post LOCA H2 Analyzer – Containment


(22)
Post LOCA H2 Analyzer – Drywell


(23)
Penetration contains more than one line


(24)
(Deleted)


(25)
Waterleg pumps provide water seals up to the injection line inboard isolation valves for RHR LPCI loops A and B, and up to the outboard isolation valves for RHR LPCI loop C, HPCS, LPCS, and RCIC.  Electrical Division 1 supplies the LPCI A, LPCS and RCIC waterleg pumps; Division 2 supplies the LPCI B and C waterleg pumps; and Division 3 supplies the HPCS waterleg pump.  The injection valves will be Type C tested with air.  Leakages will be added together and grouped as follows:  1) LPCI A + LPCS + RCIC, 2) LPCI B + LPCI C and 3) HPCS.  A divisional failure will be assumed in the group with the largest leakage, and the leakage will be added into the Type B and C test total.  Leakages from the remaining two groups will not be added into the B and C test total.


TABLE 6.2‑40 (Continued)


NOTES:  (Continued)


(26)
Valve E12F102 serves as a first isolation barrier for P107 and P429.  Valve E51F068 serves as a second isolation barrier for P107 and P429.



The RCIC Turbine Exhaust Line (P106) and the associated vacuum break line (P115) share common containment isolation valves:



The first containment isolation for the penetrations are:  E51F068 (automatic) and E12F102 (locked closed).  The second containment isolation valve downstream of E51F068 is nozzle check valve E51F040 (not a simple check).



Downstream of E12F0102 is the RHR Relief Lines to the Suppression Pool (P107 and P429).  The first isolation valves/barriers for the RHR Relief Lines (P107 and P429) are also the second isolation valves/barriers for the RCIC Turbine Exhaust Line and the Vacuum Break Line (P106 and P115).  These valves/barriers are:  E12F005, E12F025A, E12F025B, E12F025C, E12F055A, E12F055B, E21F018, N27F751, P87F264 and spectacle flanges 1E12D015A and 1E12D015B.


(27)
(Deleted)


(28)
The containment purge 18‑inch supply and exhaust lines are provided with double inboard isolation valves.  For each 18‑inch line, both inboard valves are Type C tested and the highest leakage is designated as the inboard barrier leakage.  Leakage through the test connection between the 18‑inch isolation valves is summed with the innermost 18‑inch valve leakage.


(29)
(Deleted)


(30)
The portion of the large transfer tube piping outboard of the blind flange and down to the drain line valve 1F42‑F003 (the portion of the tube which becomes exposed to containment air during the draining portion of the IFTS operation) will also be part of the leakage rate test boundary and will be tested with air.


(31)
The RWCU and RHR lines return water to the Reactor Vessel via the feedwater lines.  The piping “outboard” of the containment is ASME Code Class 2, Seismic Category I, protected from pipe whip, missiles and jet forces, and analyzed for “break exclusion”.  The branch line leading to the RHR closed system outside containment is examined for external leakage from mechanical joints (e.g., valve stem or bonnet, seals, and gaskets).  The RWCU branch line leads directly back to containment penetration P132, and contains only mechanical joints, including the packing on the outboard containment isolation valve (G33‑F039) for penetration P132 (see the P132 entry).  This outboard valve (G33‑F039), including the stem and bonnet, is already part of the air leak rate test program.  The remainder of the RWCU piping between the feedwater line and penetration P132 will be added to the Technical Specification 5.5.2 Primary Coolant Sources Outside Containment Program, with a specific leakage acceptance limit of zero (0) external water leakage when tested at > 1000 psig.


(32)
“Barrier Description” of these valves inside (I) or outside (O) of containment varies depending on whether the inner or outer airlock door is open and/or inoperable.


(33)
P51F0530 is a 2.0” valve installed in the 2.5” line via reducers.


TABLE 6.2‑41


CONTAINMENT LEAK RATE TEST DATA


Type A Test Definitions


A.
Peak Test Pressure




Pa = 7.80 psig



The calculated peak containment



internal pressure related to the



design basis accident.


B.
Maximum Allowable Leakage Rate



at Pa







La = 0.2% by weight of the contained atmosphere in 24 hrs.


C.
Measured Leakage Rate at Pa


Lam


The total measured containment leakage



rate at pressure Pa obtained from



testing the containment with components



and systems in the station as close as



practical to that which would exist



under design basis accident conditions.


D.
Imposed Leakage Rate



Lo


The known leakage rate superimposed



on the containment during the



verification test.


E.
Composite Test Leakage Rate


Lc


The composite leakage rate measured



using the ILRT instruments after Lo


is superimposed.


F.
Test Duration



1.
After the containment atmosphere




has stabilized, the integrated




leakage rate test period begins.




The duration of the test period is




sufficient to enable adequate data




to be accumulated and statistically




analyzed so that leakage rate and




upper confidence limit can be




accurately determined.


TABLE 6.2‑41 (Continued)


Type A Test Definitions (Continued)



2.
A Type A test shall last a minimum




of eight hours after stabilization




and shall have a total of not less




than 20 sets of data points at




approximately equal time intervals.



3.
A Type A test cannot be success‑




fully terminated until the




acceptance criteria of <Chapter 16>




are met.


G.
Containment Atmosphere Temperature

40(‑120(F



Limits During Type A Test


H.
Containment Free Air Volume


1,441,900 ft3 (includes drywell free air volume)


I.
Drywell Free Air Volume



276,500 ft3

TABLE 6.2‑42


PRIMARY CONTAINMENT INTEGRATED LEAKAGE RATE INSTRUMENTATION






   No.


Item



Available



Description


PIT‑N120,


    2

Precision pressure gauge


PIT‑N121





  Range:
0‑100 psia










Accuracy:
0.015% of reading (.002% of full scale or better









  Repeatability:
0.002% of full scale


TE‑N001


   34

Resistance temperature detectors


through TE‑N034




Usable Range:
‑100 to 250(F










Accuracy:
(0.1(F or better










Repeatability:
(.05(F


ME‑N080


   13

Dewpoint temperature detectors


through ME‑N092




Range:
0‑100(F










Accuracy:
(0.54(F or better










Sensitivity:
(0.5(F over the range of 40 to 120(F


FT‑N130,


    2

Mass flow transmitter


FT‑N131






Range:
0‑10 scfm










Accuracy:
(1% full scale including linearity










Repeatability:
(0.2% full scale


R‑133


    1

Pressure Indicator










Range:
0‑50 psig










Accuracy:
Combined linearity and hysteresis within (0.1% full scale


TABLE 6.2‑43


HYDROGEN CONTROL SYSTEM


EQUIPMENT DESIGN AND PERFORMANCE DATA


1.
Number of Igniters




‑
Drywell



 17




‑
Wetwell



 12




‑
Enclosed Areas


 22




‑
Containment


 51





Total



102


2.
Igniter Location Criteria

1 ESF Division operable:



(except drywell below


60 foot spacing not to exceed



weir wall and containment

70 feet



above refueling floor)










2 ESF Divisions operable 30 foot spacing not to exceed 35 feet


3.
Igniter Assembly



Power Systems Division of



Manufacturer




Morris Knudson


4.
Igniter Operating Temperature

1,700(F @ 12 volt ac


5.
Igniter Transformer



0.2 KVA Dongan Model 52‑20‑472


6.
Igniter Qualification


345(F for 3 hours



Temperature


7.
Igniter Qualification Pressure
33 psig


8.
System Operation



Manually via 2 control room handswitches (1 switch per division)


9.
Power Supply




120 Vac +/‑ 10% from ESF Power Panels powered off of motor control centers from ESF buses (onsite and offsite AC power supplies)


TABLE 6.2‑44


CONTAINMENT EQUIPMENT SURVIVABILITY LIST



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1B21N044C
Pressure Transmitter
Rx Vessel Level
622’‑4”
120(
43’‑3”
318
73
Rosemount
1153




(Fuel Zone)


1B21N044D
Pressure Transmitter
Rx Vessel Level
634’‑8”
305(
47’‑6‑1/2”
318
73
Rosemount
1153




(Fuel Zone)


1B21N091A
Pressure Transmitter
Rx Vessel Level
622’‑7”
53(
52’‑0”
318
73
Rosemount
1153




(Wide Range)


1B21N091B
Pressure Transmitter
Rx Vessel Level
622’‑1”
225(
43’‑6”
318
73
Rosemount
1153




(Wide Range)


1B21N062A
Pressure Transmitter
Rx Vessel Pressure
624’‑6”
53(
53’‑2”
318
73
Rosemount
1153


1B21N062B
Pressure Transmitter
Rx Vessel Pressure
622’‑1”
230(
43’‑6”
318
73
Rosemount
1153


1D23N130A
Containment RTD
Containment
720’‑6”
280(
60’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N130B
Containment RTD
Containment
720’‑6”
100(
60’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N140A
Containment RTD
Containment 
689’‑4”
45(
58’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N140B
Containment RTD
Containment
689’‑4”
210(
58’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N150A
Containment RTD
Containment
647’‑0”
54(
56’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N150B
Containment RTD
Containment
645’‑6”
251(
56’
340(1)
70
Weed
611




Temperature




Monitoring


1D23N160A
Containment RTD
Containment
613’‑0”
69(
56’
340(1)
70
Weed
611




Temperature




Monitoring 


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1D23N160B
Containment RTD
Containment
613’‑0”
251(
56’
340(1)
70
Weed
611




Temperature




Monitoring


1E12F028A
Containment Spray
Containment
643’‑6”
37(
55’‑6”
340
105
Limitorque
SMB‑1



Inboard Isolation
Spray



Valve (MO)


1E12F028B
Containment Spray
Containment
643’‑9”
335(
56’‑3”
340
105
Limitorque
SMB‑1



Inboard Isolation
Spray



Valve (MO)


1E12F042A
LPCI Inboard
Low Pressure
628’‑0”
41(
44’‑0”
340
105
Limitorque
SMB‑2



Isolation Valve (MO)
Coolant Injection


1E12F042B
LPCI Inboard
Low Pressure
628’‑0”
315(
55’‑6”
340
105
Limitorque
SMB‑2



Isolation Valve (MO)
Coolant Injection


1E12F537A
Containment Spray
Containment
692’‑0”
40(
58’‑0”
340
105
Limitorque
SMB‑1



Valve (MO)
Spray


1E12F537B
Containment Spray
Containment
692’‑0”
320(
58’‑0”
340
105
Limitorque
SMB‑1



Valve (MO)
Spray


1G41F140
FPCC Inboard
Containment
629’‑5”
228(
59’
340
105
Limitorque
SMB‑000



Isolation Valve (MO)
Venting


1M17F010
Containment Vacuum
Containment
693’‑0”
 58(
60’
250
 30
Limitorque
LD240‑337



Relief System
Vacuum Relief




Check Valve


1M17F020
Containment Vacuum
Containment
693’‑0”
150(
60’
250
 30
Limitorque
LD240‑337



Relief System
Vacuum Relief




Check Valve


1M17F030
Containment Vacuum
Containment
693’‑0”
302(
60’
250
 30
Limitorque
LD240‑337



Relief System
Vacuum Relief




Check Valve


1M17F040
Containment Vacuum
Containment
693’‑0”
315(
60’
250
 30
Limitorque
LD240‑337



Relief System
Vacuum Relief




Check Valve


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M51C001A
Hydrogen Mixing
Hydrogen Mixing
664’‑7”
300(
24’
192
 80
Turbonetics
SC‑6



Compressor and






Compressor 



Motor






Reliance Motor
405TS


1M51C001B
Hydrogen Mixing
Hydrogen Mixing
664’‑7”
245(
25’
192
 80
Turbonetics
SC‑6



Compressor and






Compressor



Motor






Reliance Motor
405TS


1M51D001A
Hydrogen Recombiner
Removal of
664’‑7”
304(
31’
1,700 ‑
45.3
Westinghouse
Model A




Hydrogen by



1,750




Hydrogen and



(Heater




Oxygen



Element)




Recombination


1M51D001B
Hydrogen Recombiner
Removal of
664’‑7”
236(
30’
1,700 ‑
45.3
Westinghouse
Model A




Hydrogen by



1,750




Hydrogen and



(Heater




Oxygen



Element)




Recombination


1M51F010A
Hydrogen Mixing
Drywell Isolation
667’‑7”
309(
25’‑6”
340
105
Limitorque
SMB‑00‑5



Compressor Isolation



Valve (MO)


1M51F010B
Hydrogen Mixing
Drywell Isolation
667’‑7”
245(
22’
340
105
Limitorque
SMB‑00‑5



Compressor Isolation



Valve (MO)


1M51F020A
Combustible Gas
Compressor
666’‑0”
300(
32’
340
105
Limitorque
SMB‑000‑2



Control System
Cooling Water



Supply Valve (MO)


1M51F020B
Combustible Gas
Compressor
666’‑0”
255(
30’
340
105
Limitorque
SMB‑000‑2
Control System
Cooling Water



Supply Valve (MO)


1M51F501A
Hydrogen Mixing
Check Valve
666’‑0”
305(
27’
350
300
TRW Mission
K15 ACEF‑V73



Compressor
for Drywell Purge



Check Valve
Compressor


1M51F501B
Hydrogen Mixing
Check Valve
665’‑3”
250(
23’
350
300
TRW Mission
K15 ACEF‑V73



Compressor
for Drywell Purge



Check Valve
Compressor


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S001
Hydrogen Ignition
Hydrogen Ignition
611’‑6”
352(
48’‑6”
345
33
Power System
6043



System






Division


1M56S002
Hydrogen Ignition
Hydrogen Ignition
612’‑6”
4(
49’‑0”
345
33
Power System
6043



System






Division


1M56S003
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
69(
54’‑6”
345
33
Power System
6043
System






Division


1M56S004
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
89(
54’‑3”
345
33
Power System
6043



System






Division


1M56S005
Hydrogen Ignition
Hydrogen Ignition
662’‑6”
34(
57’‑0”
345
33
Power System
6043



System






Division


1M56S006
Hydrogen Ignition
Hydrogen Ignition
687’‑4”
36(
52’‑3”
345
33
Power System
6043



System






Division


1M56S023
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
54(
54’‑0”
345
33
Power System
6043



System






Division


1M56S024
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
116(
52’‑0”
345
33
Power System
6043



System






Division


1M56S025
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
150(
51’‑7”
345
33
Power System
6043



System






Division


1M56S026
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
185(
51’‑8”
345
33
Power System
6043



System






Division


1M56S027
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
221(
51’‑9”
345
33
Power System
6043 
System






Division


1M56S028
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
251(
53’‑8”
345
33
Power System
6043



System






Division


1M56S029
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
289(
53’‑4”
345
33
Power System
6043



System






Division


1M56S030
Hydrogen Ignition
Hydrogen Ignition
619’‑6”
324(
53’‑3”
345
33
Power System
6043



System






Division


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S031
Hydrogen Ignition
Hydrogen Ignition
638’‑0”
359(
41’‑6”
345
33
Power System
6043



System






Division


1M56S032
Hydrogen Ignition
Hydrogen Ignition
640’‑0”
155(
46’‑0”
345
33
Power System
6043



System






Division


1M56S033
Hydrogen Ignition
Hydrogen Ignition
640’‑0”
187(
46’‑0”
345
33
Power System
6043
System






Division


1M56S034
Hydrogen Ignition
Hydrogen Ignition
640’‑0”
324(
53’‑6”
345
33
Power System
6043



System






Division


1M56S035
Hydrogen Ignition
Hydrogen Ignition
640’‑4‑3/4”
61(
51’‑6”
345
33
Power System
6043



System






Division


1M56S036
Hydrogen Ignition
Hydrogen Ignition
640’‑5‑1/2”
118(
51’‑6”
345
33
Power System
6043



System






Division


1M56S037
Hydrogen Ignition
Hydrogen Ignition
640’‑5”
227(
46’‑0”
345
33
Power System
6043



System






Division


1M56S038
Hydrogen Ignition
Hydrogen Ignition
639’‑4”
261(
54’‑0”
345
33
Power System
6043



System






Division


1M56S039
Hydrogen Ignition
Hydrogen Ignition
651’‑1”
286(
41’‑6”
345
33
Power System
6043



System






Division


1M56S040
Hydrogen Ignition
Hydrogen Ignition
647’‑4”
2(
41’‑6”
345
33
Power System
6043



System






Division


1M56S041
Hydrogen Ignition
Hydrogen Ignition
650’‑6‑3/4”
41(
50’‑6”
345
33
Power System
6043
System






Division


1M56S042
Hydrogen Ignition
Hydrogen Ignition
650’‑6”
87(
49’‑0”
345
33
Power System
6043
System






Division


1M56S043
Hydrogen Ignition
Hydrogen Ignition
651’‑0”
101(
49’‑0”
345
33
Power System
6043



System






Division


1M56S044
Hydrogen Ignition
Hydrogen Ignition
660’‑0”
86(
44’‑6”
345
33
Power System
6043



System






Division
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Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S045
Hydrogen Ignition
Hydrogen Ignition
660’‑6”
95(
48’‑6”
345
33
Power System
6043



System






Division


1M56S046
Hydrogen Ignition
Hydrogen Ignition
664’‑0”
54(
51’‑0”
345
33
Power System
6043



System






Division


1M56S047
Hydrogen Ignition
Hydrogen Ignition
665’‑0”
114(
52’‑0”
345
33
Power System
6043



System






Division


1M56S048
Hydrogen Ignition
Hydrogen Ignition
662’‑6”
147(
53’‑0”
345
33
Power System
6043



System






Division


1M56S049
Hydrogen Ignition
Hydrogen Ignition
662’‑7‑3/4”
218(
51’‑0”
345
33
Power System
6043



System






Division


1M56S050
Hydrogen Ignition
Hydrogen Ignition
664’‑7”
251(
49’‑6”
345
33
Power System
6043



System






Division


1M56S051
Hydrogen Ignition
Hydrogen Ignition
661’‑6”
289(
50’‑0”
345
33
Power System
6043



System






Division


1M56S052
Hydrogen Ignition
Hydrogen Ignition
661’‑6”
324(
49’‑6”
345
33
Power System
6043



System






Division


1M56S053
Hydrogen Ignition
Hydrogen Ignition
669’‑6”
0(
54’‑6”
345
33
Power System
6043



System






Division


1M56S054
Hydrogen Ignition
Hydrogen Ignition
684’‑9”
355(
52’‑6”
345
33
Power System
6043



System






Division


1M56S055
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
75(
48’‑0”
345
33
Power System
6043



System






Division


1M56S056
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
85(
47’‑0”
345
33
Power System
6043



System






Division


1M56S057
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
95(
47’‑0”
345
33
Power System
6043



System






Division


1M56S058
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
105(
48’‑0”
345
33
Power System
6043
System






Division


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S059
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
75(
35’‑0”
345
33
Power System
6043



System






Division


1M56S060
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
105(
35’‑0”
345
33
Power System
6043



System






Division


1M56S061
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
45(
48’‑0”
345
33
Power System
6043



System






Division


1M56S062
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
133(
41’‑0”
345
33
Power System
6043



System






Division


1M56S063
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
229(
48’‑0”
345
33
Power System
6043



System






Division


1M56S064
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
252(
43’‑6”
345
33
Power System
6043



System






Division


1M56S065
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
289(
43’‑0”
345
33
Power System
6043



System






Division


1M56S066
Hydrogen Ignition
Hydrogen Ignition
689’‑6”
310(
48’‑6”
345
33
Power System
6043



System






Division


1M56S067
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
359(
58’‑9”
345
33
Power System
6043



System






Division


1M56S068
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
27(
58’‑9”
345
33
Power System
6043



System






Division


1M56S069
Hydrogen Ignition
Hydrogen Ignition 
715’‑6”
62(
58’‑9”
345
33
Power System
6043



System






Division


1M56S070
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
87(
58’‑9”
345
33
Power System
6043



System






Division


1M56S071
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
119(
58’‑9”
345
33
Power System
6043



System






Division


1M56S072
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
151(
58’‑9”
345
33
Power System
6043



System






Division


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S073
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
178(
58’‑9”
345
33
Power System
6043



System






Division


1M56S074
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
209(
58’‑9”
345
33
Power System
6043



System






Division


1M56S075
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
241(
58’‑9”
345
33
Power System
6043



System






Division


1M56S076
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
273(
58’‑9”
345
33
Power System
6043



System






Division


1M56S077
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
300(
58’‑9”
345
33
Power System
6043



System






Division


1M56S078
Hydrogen Ignition
Hydrogen Ignition
715’‑6”
331(
58’‑9”
345
33
Power System
6043



System






Division


1M56S079
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
359(
48’‑0”
345
33
Power System
6043



System






Division


1M56S080
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
34(
48’‑0”
345
33
Power System
6043



System






Division


1M56S081
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
72(
48’‑0”
345
33
Power System
6043



System






Division


1M56S082
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
102(
48’‑0”
345
33
Power System
6043



System






Division


1M56S083
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
143(
48’‑0”
345
33
Power System
6043



System






Division


1M56S084
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
180(
48’‑0”
345
33
Power System
6043



System






Division


1M56S085
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
216(
48’‑0”
345
33
Power System
6043



System






Division


1M56S086
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
252(
48’‑0”
345
33
Power System
6043



System






Division


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S087
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
287(
48’‑0”
345
33
Power System
6043



System






Division


1M56S088
Hydrogen Ignition
Hydrogen Ignition
745’‑6”
324(
48’‑0”
345
33
Power System
6043



System






Division


1M56S089
Hydrogen Ignition
Hydrogen Ignition
757’‑0”
0(
 1’‑0”
345
33
Power System
6043



System






Division


1M56S090
Hydrogen Ignition
Hydrogen Ignition
757’‑0”
180(
 1’‑0”
345
33
Power System
6043



System






Division


1M56S091
Hydrogen Ignition
Hydrogen Ignition
645’‑7”
168(
60’‑0”
345
33
Power System
6043



System






Division


1M56S092
Hydrogen Ignition
Hydrogen Ignition
645’‑0”
172(
58’‑0”
345
33
Power System
6043



System






Division


1M56S093
Hydrogen Ignition
Hydrogen Ignition
613’‑4”
7(
44’‑0”
345
33
Power System
6043



System






Division


1M56S094
Hydrogen Ignition
Hydrogen Ignition
612’‑5”
13(
42’‑8”
345
33
Power System
6043



System






Division


1M56S095
Hydrogen Ignition
Hydrogen Ignition
612’‑6”
344(
42’‑6”
345
33
Power System
6043



System






Division


1M56S096
Hydrogen Ignition
Hydrogen Ignition
612’‑3”
351(
43’‑6”
345
33
Power System
6043



System






Division


1M56S097
Hydrogen Ignition
Hydrogen Ignition
638’‑8”
289(
49’‑6”
345
33
Power System
6043



System






Division


1M56S098
Hydrogen Ignition
Hydrogen Ignition
685’‑6”
342(
53’‑0”
345
33
Power System
6043



System






Division


1M56S099
Hydrogen Ignition
Hydrogen Ignition
685’‑6”
17(
50’‑6”
345
33
Power System
6043



System






Division


1M56S100
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
75(
25’‑0”
345
33
Power System
6043



System






Division


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S101
Hydrogen Ignition
Hydrogen Ignition
686’‑0”
105(
25’‑0”
345
33
Power System
6043



System






Division


1R72S001
Electrical Penetrations
Containment
659’‑0”
221(
60’
340
108
Westinghouse
WX33328




Boundary


1R72S002
Electrical Penetrations
Containment
659’‑0”
228(
60’
340
108
Westinghouse
WX33328




Boundary


1R72S003
Electrical Penetrations
Containment
656’‑3”
221(
60’
340
108
Westinghouse
WX33329




Boundary


1R72S004
Electrical Penetrations
Containment
657’‑1‑1/2”
248(
60’
340
108
Westinghouse
WX33329




Boundary


1R72S005
Electrical Penetrations
Containment
656’‑3”
228(
60’
340
108
Westinghouse
WX33330




Boundary


1R72S006
Electrical Penetrations
Containment
657’‑1‑1/2”
242(
60’
340
108
Westinghouse
WX33331




Boundary


1R72S007
Electrical Penetrations
Containment
651’‑6”
221(
60’
340
108
Westinghouse
WX33332




Boundary


1R72S008
Electrical Penetrations
Containment
649’‑9”
221(
60’
340
108
Westinghouse
WX33333




Boundary


1R72S009
Electrical Penetrations
Containment
651’‑6”
248(
60’
340
108
Westinghouse
WX33332




Boundary


1R72S010
Electrical Penetrations
Containment
649’‑9”
248(
60’
340
108
Westinghouse
WX33333




Boundary


1R72S011
Electrical Penetrations
Containment
657’‑1‑1/2”
235(
60’
340
108
Westinghouse
WX33334




Boundary


1R72S012
Electrical Penetrations
Containment
651’‑6”
228(
60’
340
108
Westinghouse
WX33335




Boundary


1R72S013
Electrical Penetrations
Containment
649’‑9”
228(
60’
340
108
Westinghouse
WX33333




Boundary


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1R72S014
Electrical Penetrations
Containment
651’‑6”
242(
60’
340
108
Westinghouse
WX33335




Boundary


1R72S015
Electrical Penetrations
Containment
649’‑9”
242(
60’
340
108
Westinghouse
WX33333




Boundary


1R72S016
Electrical Penetrations
Containment
643’‑3”
221(
60’
340
108
Westinghouse
WX33336




Boundary


1R72S017
Electrical Penetrations
Containment
641’‑6”
221(
60’
340
108
Westinghouse
WX33337




Boundary


1R72S018
Electrical Penetrations
Containment
643’‑3”
228(
60’
340
108
Westinghouse
WX33338




Boundary


1R72S019
Electrical Penetrations
Containment
641’‑6”
228(
60’
340
108
Westinghouse
WX33339




Boundary


1R72S020
Electrical Penetrations
Containment
643’‑3”
248(
60’
340
108
Westinghouse
WX33336




Boundary


1R72S021
Electrical Penetrations
Containment
641’‑6”
241(
60’
340
108
Westinghouse
WX33363




Boundary


1R72S022
Electrical Penetrations
Containment
643’‑3”
242(
60’
340
108
Westinghouse
WX33340




Boundary


1R72S023
Electrical Penetrations
Containment
641’‑6”
248(
60’
340
108
Westinghouse
WX33341




Boundary


1R72S024
Electrical Penetrations
Containment
643’‑3”
235(
60’
340
108
Westinghouse
WX33342




Boundary


1R72S025
Electrical Penetrations
Containment
651’‑6”
235(
60’
340
108
Westinghouse
WX33337




Boundary


1R72S026
Electrical Penetrations
Containment
638’‑4”
221(
60’
340
108
Westinghouse
WX33343




Boundary


1R72S027
Electrical Penetrations
Containment
638’‑4”
228(
60’
340
108
Westinghouse
WX33344




Boundary


TABLE 6.2‑44 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1R72S028
Electrical Penetrations
Containment
641’‑6”
223(
60’
340
108
Westinghouse
WX33345




Boundary


1R72S029
Electrical Penetrations
Containment
656’‑3”
223(
60’
340
108
Westinghouse
WX34147




Boundary


1R72S030
Electrical Penetrations
Containment
643’‑3”
223(
60’
340
108
Westinghouse
WX34488




Boundary


1R72S031
Electrical Penetrations
Containment
649’‑9”
223(
60’
340
108
Westinghouse
WX34489




Boundary


1R72S032
Electrical Penetrations
Containment
657’‑1‑1/2”
241(
60’
340
108
Westinghouse
WX33331




Boundary


1R72S033
Electrical Penetrations
Containment
649’‑9”
235(
60’
340
108
Westinghouse
WX34490




Boundary


1R72S035
Electrical Penetrations
Containment
641’‑6”
242(
60’
340
108
Westinghouse
WX34491




Boundary


1R72S036
Electrical Penetrations
Containment
649’‑9”
241(
60’
340
108
Westinghouse
WX34492




Boundary


1R72S038
Electrical Penetrations
Containment
651’‑6”
241(
60’
340
108
Westinghouse
WX34493




Boundary



Upper Personnel

692’‑10”
225(
60’
330
60
J. Woolley



Airlock Seal



Lower Personnel

599’‑9”
241(
60’
330
60
J. Woolley



Airlock Seal



Equipment Hatch Seal

620’‑6”
133(
60’
330
60



Control Cable and

Various Locations


346
113
Rockbestos
EKB‑2



Small Power Cable



Instrument Cable

Various Locations


346(2)
113
Brand‑Rex
EKC‑1


NOTES:


(1)
RTD qualified to 485(F for 30 seconds and then 340(F for 3 hours.


(2)
Instrument cable qualified to 385(F for 12 minutes and then 346(F for 3 hours.


TABLE 6.2‑45


DRYWELL EQUIPMENT SURVIVABILITY LIST



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1B21F041A
Automatic Depressuri‑
RPV Pressure
636’‑5”
51(
20’
355
 60
Dikkers
G471‑
zation System Valve
Relief/ADS






6/125.04


1B21F041B
Automatic Depressuri‑
RPV Pressure
636’‑5”
277(
26”
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F041E
Automatic Depressuri‑
RPV Pressure
636’‑5”
31(
21’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F041F
Automatic Depressuri‑
RPV Pressure
636’‑5”
289(
26’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F047D
Automatic Depressuri‑
RPV Pressure
636’‑5”
308(
20’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F047H
Automatic Depressuri‑
RPV Pressure
636’‑5”
322(
21’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F051C
Automatic Depressuri‑
RPV Pressure
636’‑5”
88(
25’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F051G
Automatic Depressuri‑
RPV Pressure
636’‑5”
71(
26’
355
 60
Dikkers
G471‑



zation System Valve
Relief/ADS






6/125.04


1B21F410A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F410B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F411A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F411B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


TABLE 6.2‑45 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1B21F411A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F414B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F415A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F415B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F422A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F422B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F425A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F425B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F442A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F442B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1B21F444A
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


TABLE 6.2‑45 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1B21F444B
Automatic Depressuri‑
RPV Pressure
Location Same as


355
 50
Seitz
6A39



zation System Valve
Relief/ADS
ADS Valve



Solenoid


1D23N100A
Drywell RTD
Drywell Temperature
653’‑8”
315(
17’
340(1)
 70
Weed
611




Monitoring


1D23N100B
Drywell RTD
Drywell Temperature
653’‑8”
135(
16’
340(1)
 70
Weed
611




Monitoring


1D23N110A
Drywell RTD
Drywell Temperature
634’‑0”
308(
36’‑6”
340(1)
 70
Weed
611




Monitoring


1D23N110B
Drywell RTD
Drywell Temperature
634’‑0”
145(
36’‑6”
340(1)
 70
Weed
611




Monitoring


1D23N120A
Drywell RTD
Drywell Temperature
605’‑0”
308(
36’‑6”
340(1)
 70
Weed
611




Monitoring


1D23N120B
Drywell RTD
Drywell Temperature
604’‑6”
150(
36’‑6”
340(1)
 70
Weed
611




Monitoring


1M56S008
Hydrogen Ignition
Hydrogen Ignition
629’‑1‑1/2”
12(
36’‑6”
345
 33
Power Systems
6043



System


1M56S009
Hydrogen Ignition
Hydrogen Ignition
637’‑0”
41(
36’‑6”
345
 33
Power Systems
6043



System


1M56S010
Hydrogen Ignition
Hydrogen Ignition
636’‑3‑1/2”
90(
36’‑6”
345
 33
Power Systems
6043



System


1M56S011
Hydrogen Ignition
Hydrogen Ignition
636’‑7”
137(
36’‑6”
345
 33
Power Systems
6043



System


1M56S012
Hydrogen Ignition
Hydrogen Ignition
632’‑3”
180(
36’‑6”
345
 33
Power Systems
6043



System


1M56S013
Hydrogen Ignition
Hydrogen Ignition
631’‑5”
221(
36’‑6”
345
 33
Power Systems
6043



System


1M56S014
Hydrogen Ignition
Hydrogen Ignition
636’‑10”
273(
36’‑6”
345
 33
Power Systems
6043



System


TABLE 6.2‑45 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   

1M56S015
Hydrogen Ignition
Hydrogen Ignition
630’‑9‑1/2”
322(
36’‑6”
345
 33
Power Systems
6043



System


1M56S016
Hydrogen Ignition
Hydrogen Ignition
660’‑0”
0(
31’‑6”
345
 33
Power Systems
6043



System


1M56S017
Hydrogen Ignition
Hydrogen Ignition
659’‑8”
57(
29’‑6”
345
 33
Power Systems
6043



System


1M56S018
Hydrogen Ignition
Hydrogen Ignition
659’‑8”
114(
30’‑0”
345
 33
Power Systems
6043



System


1M56S019
Hydrogen Ignition
Hydrogen Ignition
659’‑8”
172(
30’‑0”
345
 33
Power Systems
6043



System


1M56S020
Hydrogen Ignition
Hydrogen Ignition
659’‑8”
225(
28’‑0”
345
 33
Power Systems
6043



System


1M56S021
Hydrogen Ignition
Hydrogen Ignition
660’‑0”
280(
30’‑0”
345
 33
Power Systems
6043



System


1M56S022
Hydrogen Ignition
Hydrogen Ignition
660’‑0”
317(
31’‑0”
345
 33
Power Systems
6043



System


1M56S102
Hydrogen Ignition
Hydrogen Ignition
670’‑0”
350(
13’‑0”
345
 33
Power Systems
6043



System


1M56S103
Hydrogen Ignition
Hydrogen Ignition
670’‑0”
4(
13’‑0”
345
 33
Power Systems
6043



System



Control Cable and

Drywell


346
113
Rockbestos
EKB‑2



Small Power Cable


(Various Locations)



Instrument Cable


(Various Locations)

346(2)
113
Brand‑Rex
EKC‑1



Drywell Personnel
Containment
599’‑9”
105(
36’‑6”
330
 60
W.J. Wooley



Airlock Seal
Boundary


TABLE 6.2‑45 (Continued)



Equipment
Rx

Qualification


Identification
Equipment

Centerline

Pressure



Number


Description


Function

Elevation
Azimuth

Distance

Temp (F)
 (psig) 
 Manufacturer  

 Model   


Drywell Equipment
Containment 
599’‑9”
227(
36’‑6”
330

Newport News



Hatch Seal
Boundary





Industrial Corp.


NOTES:


(1)
RTD qualified to 485(F for 30 seconds and then 340(F for 3 hours.


(2)
Instrument cable qualified to 385(F for 12 minutes and then 346(F for 3 hours.


TABLE 6.2‑46


PERRY CLASIX‑3 RESULTS









 SORV(2)



DWB(3)

Number of burns

DW(1)

    0


    0 [1]







WW

   32


   30 [8]







CT

    2


    0 [1]


Total H2 Burned (lbm)
DW

    0


    0 [117]







WW

1,220


1,361 [472]







CT

  791


    0 [340]


H2 Remaining (lbm)

DW

   15


  692 [203]







WW

  293


  151 [41]







CT

  294


  409 [81]


Peak Temp. ((F)

DW

  191 (154)

  
  251 [643]







WW

1,762 (1,364)

1,201 [1,763]







CT

  760 (236)

  192 [587]


Peak Pressure (psig)
DW

   15.9 (10.7)

   13.8 [17.3]







WW

   21.1 (12.6)

   12.2 [19.4]







CT

   21.2 (9.9)

   10.9 [19.4]


NOTES:


(1)
Drywell, wetwell and containment are abbreviated as DW, WW and CT.


(2)
( )
Maxima due to wetwell burns.


(3)
[ ]
Values due to extension past end of hydrogen release.


[This equation is derived from experimental data as defined in (Reference 22).]
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TABLE 6.2‑32


CONTAINMENT ISOLATION VALVE SUMMARY(1)(2)


                     GDC/                                               Line               Figure        System           Type                             Actuation          Valve Position                                        Power     Norm.


Penetration No.(3)    Reg.                                               Size     Essential 6.2-60      and Valve           C      Pipe          Valve         Mode             Shut    Post    Power    Isolation       Closure     Source    Flow


UNIT 1   UNIT 2     Guide         System Number             Fluid       (in)     System(4)
  Arr. No.      Number     Loc(5) Test   Length(6)   Type    Oper.  Pri. Sec.  Norm     down    Acc.    Fail(7)    Signal(8)     Time(sec)(9)  1E Bus(10)   Dir. 




P101
P101
GDC56
RCIC Pump Suction
Water
6
Yes(23)
21
E51F031
O
Yes
20’‑8”
Gate
EM
E
M
CL
CL
OP or CL
AI
RMs,T,J,K,M,
30
1
Out






















F,V,Q


P102
P102
GDC56,
RHR A Pump Suction
Water
24
Yes
13
E12F004A
O
Yes
18’‑4”
Gate
EM
E
M
OP
CL
OP
AI
RMs
Std.
1
Out




RG1.11
Suppression Pool Makeup
Water
   3/4
Yes
55
G43F050A
O
No
<10”
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
 ‑


P103
P103
GDC56
LPCS Pump Suction
Water
24
Yes
 6
E21F001
O
Yes
14’‑7”
Gate
EM
E
M
OP
OP
OP
AI
RMc
Std.
1
Out


P104
P107
GDC56
RCIC Pump Discharge
Water
 2
Yes(23)
18
E51F019
O
Yes
NA
Globe
EM
E
M
CL
CL
OP or CL
AI
RMs,BB,FF,EE
 8
1
In





Min. Flow to Sup. Pool


P105
P106
GDC56
RHR A Min. Flow & Test;
Water
18
Yes
15
E12F024A
O
Yes
15’‑9”
Globe
EM
E
M
CL
CL
OP or CL
AI
C,G,RMs,AA
100/Std.(18)
1
In





LPCS Pump Min. Flow & Test;
Water
 4
Yes
15
E12F011A
O
Yes
18’‑9”
Globe
EM
E
M
CL
CL
CL
AI
C,G,RMS
Std.
1
In





RHR Heat Exchanger
Water
12
Yes
15
E21F012
O
Yes
21’‑9”
Globe
EM
E
M
CL
CL
CL
AI
C,G,RMc
Std.
1
In





Dump to Suppression Pool
Water
 4
Yes
15
E21F011
O
Yes
24’‑0”
Gate
EM
E
M
OP
OP
OP or CL
AI
RMc,BB
23.5
1
In





Suppression Pool Cleanup
Water
 6
Yes
15
E12F064A
O
Yes
77’‑7”
Gate
EM
E
M
OP
OP
OP or CL
AI
RMs,BB
15/<8(18)
1
In





Return
Water
 6
No
56
E12F609
O
Yes

Gate
EM
E
M
CL 
CL
CL
AI
B,G,RMc
Std.
1
In






Water
 6
No
56
E12F610
O
Yes

Gate
EM
E
M
CL 
CL
CL
AI
B,G,RMc
Std.
2
In






Cont. Atmos.
18
Yes
15
E12D003A
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P106
P108
GDC56
RCIC Turbine Exhaust
Cont. Atmos.
12
Yes(23)
10(b)
E51F068
O
Yes
13’‑0”
Gate
EM
E
M
OP
OP
CL
AI
RMs,J,G
65
1
In






Cont. Atmos. 
1‑1/2
Yes
10(a)
E12F102
O
Yes
48’‑8”
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
‑






Cont. Atmos.
10
Yes(23)
10(b)
E51F040
O
Yes
NA         Noz.Chk
‑
M
‑
CL
CL
OP or CL
‑
‑
‑
‑
In






Water
2
Yes
37
E12F025A
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
2
Yes
57
E12F025B
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
2
Yes
57
E12F025C
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
6
Yes
37
E12F055A
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
6
Yes
57
E12F055B
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
1‑1/2
Yes
57
E12F005 
O
Yes(16)
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
2
Yes
37
E21F018
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
1
Yes(23)
37
N27F751
O
Yes
NA
Globe
M
M
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
  1/2
No
57
P87F264
O
Yes
NA
Globe
S
E
‑
CL
CL
OP or CL
AI
RMP
<3
‑
In






Cont. Atmos.
1
Yes(23)
37
E12D015A
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Cont. Atmos.
1
Yes(23)
57
E12D015B
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In


P107
P109
GDC56
RHR A Loop Relief Line
Water
 2
Yes
37
E12F025A
O
Yes
29’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In





to Sup. Pool
Water
 2
Yes
57
E12F025B
O
Yes
45’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 2
Yes
57
E12F025C
O
Yes
39’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 6
Yes
37
E12F055A
O
Yes
77’‑3”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 6
Yes
57
E12F055B
O
Yes
92’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 1‑1/2
Yes
57
E12F005
O
Yes
91’‑9”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Cont. Atmos.
 1
Yes(23)
37
N27D0027
O
No(16)

‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Water
 2
Yes
37
E21F018
O
Yes
73’‑1”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 1
Yes(23)
37
N27F751
O
Yes
NA
Globe
M
M
‑
CL
CL
CL
AI
‑
‑
‑
In






Cont. Atmos.
 12   
Yes(23)
10(b)
E51F068
O
Yes
NA       
Gate
EM
E
M
OP
OP
CL      
AI 
RMs,J,G
Std.    
1  
In






Water
   1/2
No
57
P87F083
O
Yes
12’
Globe
S
E
‑
CL
CL
OP or CL
AI
RMp
<3
‑
In






Water
   1/2
No
57
P87F264
O
Yes
NA
Globe
S
E
‑
CL
CL
OP or CL
AI
RMp
<3
‑
In






Cont. Atmos.,






Water, Steam
1‑1/2
Yes
10(a)
E12F102
O
Yes
135’‑1”
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
‑






Cont. Atmos.
1
Yes(23)
37
E12D015A
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Cont. Atmos.
1
Yes(23)
57
E12D015B
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In


P108
P424
GDC56
Condensate Supply
Cond.
12
Yes(23)
27(a)
P11F060
O
Yes
10’‑9”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
1
In







12
Yes(23)
27(a)
P11F545
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P109
P428
GDC56
Containment Leak Rate
Cont. Atmos.
 8
No
35(b)
Spect. Flange
O
No(16)
12’‑9‑1/2”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out





Test Connection Blowdown
Cont. Atmos.
 6
No
35(b)
Spect. Flange
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out





Line
Cont. Atmos.
 8
No
35(b)
Blind Flange
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out


P111
P426
GDC56
Condensate Return
Nitrogen(24)
10
No
27(b)
P11F080
O
Yes
12’‑0”
B’fly
EM
E
M
CL
CL
CL
AI
B,G,RMc
30
1
Out





(Containment Pool Drain
Nitrogen(24)
10
No
27(b)
P11F090
I
Yes
NA
B’fly
EM
E
M
CL
CL
CL
AI
B,G,RMc
35
2
Out





Line)


P112
P113
GDC55
LPCS Pump Discharge to
Water
12
Yes
 7
E21F005
O
Yes
29’‑0”
Gate
EM
E
M
CL
CL
OP
AI
RMc
32(19)
1
In





Reactor Pressure Vessel
Water
12
Yes
 7
E21F006
I
Yes
NA
Chk
P
See Note(11)
‑
CL
CL
OP
‑
Rev. Flow
‑
‑
In


P113
P114
GDC55
LPCI A to Reactor and RHR
Water
12
Yes
11
E12F027A
O
Yes
25’‑9”
Gate
EM
E
M
OP
OP
OP
AI
RMs
Std.
1
In





to Containment Spray and
Water
12
Yes
11
E12F042A
I
Yes
NA
Gate
EM
E
M
CL
CL
OP
AI
RMs,AA
32/27(18)(19)
1
In





Containment Pool Cooling
Water
12
Yes
11
E12F037A
I
Yes
NA
Globe
EM
E
M
CL
OP
OP or CL
AI
A,U,M,RMs
Std.
1
In







12
Yes
11
E12F028A
I
Yes
NA
Gate
EM
E
M
CL
CL
OP
AI
RMs
<90/Std.(18)
1
In


P114
P121
GDC56
Containment Vacuum
Atmos.
24
Yes
19
M17F015
O
Yes
2’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,X,RMc
5
1
In





Relief
Atmos.
24
Yes
19
M17F010
I
Yes
NA
Chk
P
V
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P115
P111
GDC56
RCIC Turbine Exhaust
Cont. Atmos.
1‑1/2
Yes
10(a)
E12F102
O
Yes
33’‑3”
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
‑





Vacuum Relief
Water
2
Yes
37
E12F025A
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
2
Yes
57
E12F025B
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
2
Yes
57
E12F025C
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
6
Yes
37
E12F055A
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
6
Yes
57
E12F055B
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
1‑1/2
Yes
57
E12F005 
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Cont. Atmos.
1
Yes(23)
37
E12D015A
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Cont. Atmos.
1
Yes(23)
57
E12D015B
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Water
2
Yes
37
E21F018
O
Yes
NA
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
1
Yes(23)
37
N27F751
O
Yes
NA
Globe
M
M
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
  1/2
No
57
P87F264
O
Yes
NA
Globe 
S
E
‑
CL
CL
OP or CL
AI
RMp
<3
‑
In






Cont. Atmos.
12   
Yes(23)
10(b)
E51F068
O
Yes
18’‑0”
Gate 
EM
E
M
OP
OP
CL
AI
RMs,J,G
Std.
1 
In






Cont. Atmos.
10   
Yes(23)
10(b)
E51F040
O
Yes
NA
Noz. Chk
EM
E
M
CL
CL
OP or CL
AI
‑      
‑   
‑
In


P116
P125
GDC57
Air Supply to  ADS
Air
 1
Yes
33
P57F524B
I
Yes
NA
Chk
P
P
‑
OP
OP

‑
Rev. Flow
‑
‑
In





Accumulator
Air
 1
Yes
33
P57F015B
O
Yes
10’
Globe
EM
E
M
OP
OP
OP
AI
RMc
Std.
2
In


P117
P123
GDC56
Nitrogen Supply to
Nitrogen
 2
No
41
P86F002
O
Yes
<20’
Globe
EM
E
M
CL
CL
CL
AI
B,G,RMc
Std.
1
In





Control Rod Drive
Nitrogen
 2
No
41
P86F528
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P118
P133
GDC56
RHR Heat Exchanger Vent
Noncondens.
 1
Yes
45
E12F073A
O
Yes
13’‑9”
Globe
EM
E
M
CL
CL
CL
‑
RMc
Std.
1
In





to Suppression Pool

 1
Yes
45
E12F558A
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P119
P110
GDC56
Containment Leak Rate
Cont. Atmos.
   1/2
No
35
Spect. Flange
O
No(16)
19’‑9‑3/16”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out





Test PI
Cont. Atmos.
   1/2
No
35
Spect. Flange
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out


P120
P427
GDC56
Containment Leak Rate ‑
Air
 8
No
35(b)
Spect. Flange
O
No(16)
12’‑9‑1/2”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In





Pressurization Line
Air
 6
No
35(b)
Spect. Flange
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Air
 8
No
35(b)
Blind Flange
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In


P121
P112
GDC55
Feedwater A, RHR, and
Water
20
Yes(23)
 2
B21F065A
O
Yes
26’‑9‑5/8”
Gate
EM
E
M
OP
CL
OP or CL
AI
RMc
Std.
1(20)
In





RWCU Return to Reactor
Water
20
Yes(23)
 2
B21F032A
O
No(21)
NA
Chk
P
P
‑
OP
CL
OP or CL
‑
Rev. Flow
‑
‑
In





Pressure Vessel
Water
20
Yes(23)
 2
N27F559A
I
No(21)
NA
Chk
P
P
‑
OP
CL
OP or CL
‑
Rev. Flow
‑
‑
In






Water
12
Yes
 2
E12F053A
O
Yes
39’-7-2/8”
Globe
EM
E
M
CL
OP
CL
AI
RMc,A,U
33
1
In


P122
P115
GDC55
Main Steam Line C
Steam
26
Yes(23)
 1(a)
B21F028C
O
Yes
17’‑2‑3/4”
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out






Steam
26
Yes(23)
 1(a)
B21F022C
I
Yes
NA
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out


P123
P117
GDC55
RCIC Pump Discharge and
Water
 6
Yes(23)
 5
E51F066
I
Yes
NA
Chk
P
See Note(11)
‑
CL
CL
OP or CL
‑
Rev. Flow
‑
‑
In





RHR Head Spray
Water
 6
Yes(23)
 5
E51F013
O
Yes
43’‑6”
Gate
EM
E
M
CL
CL
OP or CL
AI
RMs,EE,FF
15
1
In






Water
 6
Yes
 5
E12F023
O
Yes
50’‑5”
Globe
EM
E
M
Cl
Cl
OP or CL
AI
A,M,U,RMs
Std.
1
In


P124
P116
GDC55
Main Steam Line A
Steam
26
Yes(23)
 1(a)
B21F028A
O
Yes
16’‑5‑7/8”
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out






Steam
26
Yes(23)
 1(a)
B21F022A
I
Yes
NA
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out


P131
P132
GDC55
RWCU Pump  Suction
Water
 6
Yes(23)
49
G33F001
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
L,B,F,H,Y,RMc
20/15(18)
2
Out






Water
 6
Yes(23)
49
G33F004
O
Yes
14’‑0”
Gate
EM
E
M
OP
OP
CL
AI
L,B,F,H,W,Y,
20/15(18)
1
Out






















RMc,RMf

P132
P408
GDC55
RWCU Line from Regenerative
Water
 6
Yes(23)
44
G33F040
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
L,B,F,H,RMc
27
2
Out





Heat Exchanger to Feedwater
Water
 6
Yes(23)
44
G33F039
O
Yes
10’‑9”
Gate
EM
E
M
OP
OP
CL
AI
B,F,H,L,RMc
27
1
Out


P201
P218
GDC56
Drywell Atmosphere
Drywell Atmos.
 1
No
52
D17F079A
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
AI
B,G,RMc
<3
1
In





Radiation Monitor Line
Drywell Atmos.
 1
No
52
D17F079B
I
Yes
<10’
Globe
S
E
‑
OP
OP
CL
AI
B,G,RMc
<3
2
In






Drywell Atmos.
 1
No
52
D17F071A
O
Yes
<10’
Ball
EM
E
M
OP
OP
CL
FC
B,G,RMc
<3
1
Out






Drywell Atmos.
 1
No
52
D17F071B
I
Yes
<10’
Ball
EM
E
M
OP
OP
CL
FC
B,G,RMc
<3
2
Out


P203
P301
GDC56
Fuel Pool Cooling Supply
Water
 8
No
26(a)
G41F100
O
Yes
10’‑9”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
1
In






Water
 8
No
26(a)
G41F522
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P204
P302
GDC55
Control Rod Drive to Reactor
Condensate
 2‑1/2
Yes(23)
 3
C11F083
O
Yes
18’‑0”
Gate
EM
E
M
OP
OP
CL
AI
RMc
Std.
1
In





Pressure Vessel
Condensate
 2‑1/2
Yes(23)
 3
C11F122
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P205
P205
GDC56
Fuel Transfer Tube
Water
24
No
36
Double gasket
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑










See Note(14)

See Note(14)

P208
P122
GDC56
Containment Vacuum
Atmos.
24
Yes
19
M17F025
O
Yes
2’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,X,RMc
 5
1
In





Relief
Atmos.
24
Yes
19
M17F020
I
Yes
NA
Chk
P
V
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P210
P206
GDC56
Carbon Dioxide to Fire
CO2
 4
No
42
P54F340
O
Yes
12’‑6”
Gate
EM
E
M
CL
CL
CL
AI
B,G,RMc
20
1
In





Protection System
CO2
 4
No
42
P54F1098
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P301
P222
GDC56
Fuel Pool Cooling
Water
10
No
26(b)
G41F145
O
Yes
13’‑0”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
1
Out





Return
Water
10
No
26(b)
G41F140
I
Yes
NA
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
2
Out






Water
3/4
No
26(b)
G41F801
I
Yes
NA
Check
P
P
-
CL
CL
OP or CL
-
Rev. Flow
-
-
-


P302
P211
GDC56
Backup Hydrogen
Drywell Atmos.
 2
Yes
39(b)
M51F110
O
Yes
18’‑0”
Globe
EM
E
M
CL
OP
CL
AI
C,G,GG,RMc
Std.
1
Out





Purge System













or CL






Drywell Atmos.
 2
Yes
39(b)
M51F090
I
Yes
NA
Globe
EM
E
M
CL
OP
CL
AI
C,G,GG,RMc
Std.
2
Out


P304
P303
GDC56
Air Supply to ADS
Air
 1
Yes
33
P57F015A
O
Yes
10’‑6”
Globe
EM
E
M
OP
OP
OP
AI
RMc,RMf
Std.
1
In





Accumulators
Air
 1
Yes
33
P57F524A
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
‑
‑
‑
In


P305
P205
GDC56
Lower Personnel Airlock
Air
   3/4
Yes(23)
56
P53F010
O
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
B,G,RMc
<3
2
In






Air
   3/4
Yes(23)
56
P53F015
O(22)
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
B,G,RMc
<3
2
In






Air
   3/4
Yes(23)
56
P53F070
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
FC
B,G,RMc
<3
1
In






Air
   3/4
Yes(23)
56
P53F030
O
Yes
<10”
Globe
S
E
‑
OP
OP
OP
AI
RMc,B,G
<3
1
Out






Air
   3/4
No
56
P53F035
O
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
RMc,B,G
<3
1
Out






Air
   3/4
Yes(23)
56
P52F160
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
FC
RMc,B,G
<3
1
In






Air
   3/4
Yes(23)
56
Inflatable
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑










gaskets






Air
   3/4
No
‑
P53F556
I
Yes
<10’
Globe
M
M
‑
OP
OP
OP
AI
‑
‑
‑
‑ 









Air 
 1
No
-
P53F536
O(22)
Yes
<10’
Globe
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F570
O
Yes
<10’
Globe
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F579A
O
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F579B
I(22)
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F580A
O(22)
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F580B
I
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F581
I(22)
Yes
<10’
Relief
-
-
-
CL
CL
CL
AI
-
-
-
In






Air
 1
No
-
P53F582
I
Yes
<10’
Relief
-
-
-
CL
CL
CL
AI
-
-
-
In


P306
P204
GDC57
Instrument Air
Air
 2
Yes(23)
34
P52F200
O
Yes
24’‑6”
Globe
EM
E
M
OP
OP
CL
AI
C,G,RMc
Std.
1
In






Air
 1‑1/2
Yes(23)
34
P52F550
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In
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P308
P203
GDC56
Service Air
Air
 2‑1/2
No
32
P51F150
O
Yes
11’‑3”
Globe
A
A
M
OP
OP
CL
FC
B,G,RMc
15
‑
In






Air
 2‑1/2
No
32
P51F530(26)
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P309
P207
GDC56
Demineralized Water
Demin. Wtr.
 3
No
29
P22F010
O
Yes
17’‑3”
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
22 Max.
1
In






Demin. Wtr.
 3
No
29
P22F577
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P310
P201
GDC56
Nuclear Closed Cooling
Water
12
No
25(a)
P43F055
O
Yes
8’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
C,G,RMc
35
1
In





Water Supply
Water
12
No
25(a)
P43F721
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P311
P202
GDC56
Nuclear Closed Cooling
Water
12
No
25(b)
P43F140
O
Yes
8’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
C,G,RMc
30
1
Out





Water Return
Water
12
No
25(b)
P43F215
I
Yes
NA
B’fly
EM
E
M
OP
OP
CL
AI
C,G,RMc
35
2
Out






Water
1/4
No
25(b)
1P43F851
I
Yes
NA
Relief
P
P
-
CL
CL
OP or CL
-
-
-
-
-


P312
P215
GDC56
Upper Personnel Airlock
Air
   3/4
Yes(23)
56
P53F020
O
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
B,G,RMc
<3
2
In






Air
   3/4
Yes(23)
56
P53F025
O(22)
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
B,G,RMc
<3
2
In






Air
   3/4
Yes(23)
56
P53F075
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
FC
B,G,RMc
<3
1
In






Air
   3/4
Yes(23)
56
P53F040
O
Yes
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc,B,G
<3
1
Out






Air
   3/4
No
56
P53F045
O
Yes
<10’
Globe
S
E
‑
CL
CL
CL
AI
RMc,B,G
<3
1
Out






Air
   3/4
Yes(23)
56
P52F170
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
FC
B,G,RMc
<3
1
In






Air
   3/4
Yes(23)
56
Inflatable
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑










gaskets






Air
   3/4
No
‑
P53F561
I
Yes
<10’
Globe
M
M
‑
OP
OP
OP
AI
‑
‑
‑
‑ 


















Air 
 1
No
-
P53F541
O(22)
Yes
<10’
Globe
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F571
O
Yes
<10’
Globe
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F593A
O
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F593B
I(22)
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F594A
O(22)
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F594B
I
Yes
<10’
Ball
M
M
-
CL
CL
CL
AI
-
-
-
-






Air
 1
No
-
P53F595
I(22)
Yes
<10’
Relief
-
-
-
CL
CL
CL
AI
-
-
-
In






Air
 1
No
-
P53F596
I
Yes
<10’
Relief
-
-
-
CL
CL
CL
AI
-
-
-
In


V313
V216
GDC56
Containment Purge
Cont. Atmos.
42
No
30(a)
M14F040
O
Yes
2’‑0”
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
In





Supply
Cont. Atmos.
42
No
30(a)
M14F045
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
In






Cont. Atmos.
18
No
30(a)
M14F190
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
In






Cont. Atmos.
18
No
30(a)
M14F195
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
In


V314
V214
GDC56
Containment Purge
Cont. Atmos.
42
No
30(b)
M14F090
O
Yes
2’‑0”
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
Out





Exhaust
Cont. Atmos.
42
No
30(b)
M14F085
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
Out






Cont. Atmos.
18
No
30(b)
M14F200
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
Out






Cont. Atmos.
18
No
30(b)
M14F205
I
Yes
NA
B’fly
A
A
‑
CL
OP
CL
FC
B,G,RMc,Z
4
‑
Out


P315
P310
GDC56
SLC Tank Refill
Sodium
 2
Yes(23)
60
C41F518
O
Yes
29’
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
In






Pentaborate



C41F520
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In






Solution


P317
P217
GDC56
Containment Atmosphere
Cont. Atmos.
 1
No
54
D17F089A
O
Yes
<10’
Globe
S
E
‑
OP
OP
CL
AI
B,G,RMc
<3
1
In





Radiation Monitor Line
Cont. Atmos.
 1
No
54
D17F089B
I
Yes
NA
Globe
S
E
‑
OP
OP
CL
AI
B,G,RMc
<3
2
In






Cont. Atmos.
 1
No
54
D17F081A
O
Yes
<10’
Ball
EM
E
M
OP
OP
CL
FC
B,G,RMc
<3
1
Out






Cont. Atmos.
 1
No
54
D17F081B
I
Yes
NA
Ball
EM
E
M
OP
OP
CL
FC
B,G,RMc
<3
2
Out




GDC56
Containment Leak Rate
Cont. Atmos.
   1/2
No
35
Spect. Flange
O
No(16)
12’‑2‑1/4”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   1/2
No
35
Pipe Cap
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   3/4
No
35
Spect. Flange
O
No(16)
12’‑2‑1/4”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   3/4
No
35
Pipe Cap
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   3/4
No
35
E61F550
I
Yes
NA
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
Out



















or OP






Cont. Atmos.
   1/2
No
35
E61F549
I
Yes
NA
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
Out



















or OP


P318
P422,
RG1.11
Combustible Gas Control
Cont.  Atmos.
   1/2
Yes
58(b)
M51F210B
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
<3
2
Out



P423

Postaccident Hydrogen
Drywell Atmos.
   1/2
Yes
58(b)
M51F220B
O
Yes
F10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
<3
2
Out





Analyzer
Drywell Atmos.
   1/2
Yes
58(b)
M51F230B
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
<3
2
Out






Sup. Pool Atmos.   1/2
Yes
58(b)
M51F240B
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
<3
2
Out






Analyzer






Exhaust
   1/2
Yes
58(b)
M51F250B
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
FC
RMc
<3
2
In






Sup. Pool






Atmos.
   1/2
No
58(b)
P87F071
O
Yes
<15
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Gas Sample






Return
   1/2
No
58(b)
P87F065
O
Yes
<15
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
In






Drywell Atmos.
   1/2
No
58(b)
P87F077
O
Yes
<15
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Cont. Atmos.
   1/2
No
58(b)
P87F074
O
Yes
<15
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out


P319
P422
RG1.11
Containment Atmosphere
Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F030B
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑





Monitoring
Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4 orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑







Drywell Atmos.
   3/4
Yes(23)
38(a)
D23F040B
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑






Drywell Atmos.
   3/4
Yes(23)
38(a)
1/4” orifice
I
No
NA
‑    
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑




GDC56
Containment Leak Rate
Cont. Atmos.
   3/4
No
35
Spect.Flange
O
No(16)
14’‑11”
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   3/4
No
35
E61F551
I
Yes
NA
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
Out



















or OP






Cont. Atmos.
   3/4
No
35
Pipe Cap
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   1/2
No
35
Spect. Flange
O
No(16)
15’‑11”
‑    
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out






Cont. Atmos.
   1/2
No
35
E61F552
I
Yes
NA
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
Out



















or OP






Cont. Atmos.
   1/2
No
35
Pipe Cap
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Out


P320
P423
GDC56
Containment Vacuum Relief
Cont. Atmos.
   3/4
Yes
59
M17F065
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑






Cont. Atmos.
   3/4
Yes
59
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑




RG1.11
Containment Atmosphere
Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F020B
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑





Monitoring
Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑






Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F010B
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑






Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P401
P401
GDC56
HPCS Pump Suction
Water
24
Yes
 8
E22F015
O
Yes
18’‑3”
Gate
EM
E
M
CL
CL
OP or CL
AI
RMc
24
3
Out




RG1.11
Suppression Pool Makeup
Water
   3/4
Yes
55
G43F060
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
‑
‑





Postaccident





Sampling (PASS)
Water
   3/4
No
55
P87F037
O
Yes
<15’
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out


P402
P402
GDC56
RHR B Pump Suction
Water
24
Yes
13
E12F004B
O
Yes
17’‑8/16”
Gate
EM
E
M
OP
CL
OP
AI
RMc
Std.
2
Out




RG1.11
Suppression Pool Makeup
Water
   3/4
Yes
55
G43F050B
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
2
‑


P403
P403
GDC56
RHR C Pump Suction
Water
24
Yes
13
E12F105
O
Yes
20’‑11/16”
Gate
EM
E
M
OP
CL
OP
AI
RMc
Std.
2
Out


P404
P104
GDC56
Chilled Water Supply
Water
 6
Yes
28(a)
P50F060
O
Yes
9’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
30
1
In






Water
 6
Yes
28(a)
P50F539
I
Yes
NA
Chk
P
P
‑
OP
OP
CL
‑
Rev. Flow
‑
‑
In


P405
P105
GDC56
Chilled Water Return
Water
 6
Yes
28(b)
P50F150
O
Yes
10’‑3”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
1
Out






Water
 6
Yes
28(b)
P50F140
I
Yes
NA
B’fly
EM
E
M
OP
OP
CL
AI
B,G,RMc
35
2
Out






Water
   1/4
No
28(b)
P50F606
I
Yes
NA
Relief
P
P
-
CL
CL
OP or CL
-
-
-
-
-


P406
P208
GDC56
Fire Protection Water
Nitrogen(24)
 4
No
51
P54F726
O
Yes
13’‑3”
Gate
M
M
‑
LC
LC
LC
‑
‑
‑
‑
In






Nitrogen(24)
 4
No
51
P54F727
I
Yes
NA
Gate
M
M
‑
LC
LC
LC
‑
‑
‑
‑
In


P407
P404
GDC56
RHR B Test and Pump
Water
18
Yes
17
E12F024B
O
Yes
20’‑3”
Globe
EM
E
M
CL
CL
OP or CL
AI
C,G,RMc,AA
100/Std.(18)
2
In





Minimum Flow Line,
Water
 4
Yes
17
E12F011B
O
Yes
15’‑9”
Globe
EM
E
M
CL
CL
CL
AI
C,G,RMc
Std.
2
In





RHR Heat Exchanger
Water
 6
Yes
17
E12F064B
O
Yes
78’‑0”
Gate
EM
E
M
OP
OP
OP or CL
AI
RMc,BB
15/<8(18)
2
In





Dump to Suppression Pool
Cont. Atmos.
18
Yes
17
E12D003B
I
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P408
P405
GRDC56
RHR C Test and Pump
Water
18
Yes
23
E12F021
O
Yes
18’‑7‑1/2”
Globe
EM
E
M
CL
CL
CL
AI
C,G,RMc
90
2
In





Minimun Flow Line
Water
 6
Yes
22
E12F064C
O
Yes
97’‑0”
Gate
EM
E
M
OP
OP
OP or CL
AI
RMc,BB
15/8(18)
2
In


P409
P409
GRD56
HPCS Minimum Flow
Water
12
Yes
24
E22F023
O
Yes
27’‑9”
Globe
EM
E
M
CL
CL
CL
AI
B,G,RMc
Std.
3
In





Line and Test Line to
Water
12
Yes
24
E22F012
O
Yes
17’‑0”
Gate
EM
E
M
CL
CL
OP or CL
AI
RMc,BB,CC
8/5(18)
3
In





Suppression Pool
Water
 2
Yes
24
E22F035
O
Yes
29’‑8‑1/2”
Relief
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P410
P411
GDC55
HPCS to Reactor
Water
12
Yes
 9
E22F004
O
Yes
22’‑0”
Gate
EM
E
M
CL
CL
OP
AI
RMc,DD
16/14(18)(19)
3
In





Pressure Vessel
Water
12
Yes
 9
E22F005
I
Yes
NA
Chk
P
See Note(11) 
‑
CL
CL
OP
‑
Rev. Flow
‑
‑
In


P411
P417
GDC55
LPCI C to Reactor
Water
12
Yes
12
E12F042C
O
Yes
22’‑9”
Gate
EM
E
M
CL
CL
OP
AI
RMc
32/27(18)(19)
2
In






Water
12
Yes
12
E12F041C
I
Yes
NA
Chk
P
See Note(11)
‑
CL
CL
OP
AI
Rev. Flow
‑
‑
In


P412
P418
GDC55
LPCI B to Reactor and
Water
12
Yes
11
E12F027B
O
Yes
19’‑3”
Gate
EM
E
M
OP
OP
OP
AI
RMc
Std.
2
In





RHR to Containment
Water
12
Yes
11
E12F042B
I
Yes
NA
Gate
EM
E
M
CL
CL
OP
AI
RMc,AA
32/27(18)(19)
2
In





Spray and Containment
Water
12
Yes
11
E12F037B
I
Yes
NA
Globe
EM
E
M
CL
OP
OP or CL
AI
A,M,U,RMc
Std.
2
In





Pool Cooling
Water
12
Yes
11
E12F028B
I
Yes
NA
Gate
EM
E
M
CL
CL
OP
AI
RMc
<90/Std.(18)(19) 
2
In


P413
P124
GDC56
PASS
Water
   3/4
No
61
P87F049
I
Yes
NA
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Water
   3/4
No
61
P87F055
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Air(24)
   3/4
No
61
P87F046
I
Yes
NA
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Air(24)
   3/4
No
61
P87F052
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP or CL
FC
RMp
<3
‑
Out






Water
   1/4
No
61
P87F277
I
Yes
NA
Rel
P
P
‑
CL
CL
OP or CL
-
-
-
‑
Out


P414
P410
GDC55
Feedwater B, RHR and
Water
20
Yes(23)
 2
B21F065B
O
Yes
26’‑9‑5/8”
Gate
EM
E
M
OP
CL
OP or CL
AI
RMc
Std.
1(20)
In





RWCU Return to Reactor
Water
20
Yes(23)
 2
B21F032B
O
No(21)
NA
Chk
P
P
‑
OP
CL
OP or CL
‑
Rev. Flow
 ‑
‑
In





Pressure Vessel
Water
20
Yes(23)
 2
N27F559B
I
No(21)
NA
Chk
P
P
‑
OP
CL
OP or CL
‑
Rev. Flow
 ‑
‑
In






Water
12
Yes
 2
E12F053B
O
Yes
39’-7-3/8”
Globe
EM
E
M
CL
OP
CL
AI
RMc,A,U
33
2
In


P415
P415
GDC55
Main Steam Line D
Steam
26
Yes(23)
 1(a)
B21F028D
O
Yes
16’‑5‑7/8”
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out






Steam
26
Yes(23)
 1(a)
B21F022D
I
Yes
NA
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out


P416
P414
GDC55
Main Steam Line B
Steam
26
Yes(23)
 1(a)
B21F028B
O
Yes
17’‑4‑3/4”
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out






Steam
26
Yes(23)
 1(a)
B21F022B
I
Yes
NA
Globe
A
A
SP
OP
CL
CL
FC
C,E,F,S,N,P,RMc
See Note(13)
‑
Out


P417
P128
GDC56
Drywell and Containment
Water
 3
No
40
G61F080
O
Yes
26’‑6”
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
22
1
Out





Equipment Drain Sump to
Water
 3
No
40
G61F075
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
22
2
Out





Radwaste
Water
   3/4
No
40
G61F0655
I
Yes
NA
Check
P
P
‑
CL
CL
OP or CL
‑
Rev. Flow
‑
‑
‑


P418
P127
GDC56
Drywell and Containment
Water
 3
No
43
G61F170
O
Yes
28’‑3”
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
22
1
Out





Floor Drain Sump to
Water
 3
No
43
G61F165
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
22
2
Out





Radwaste
Water






Water
3/4
No
43
G61F657
I
Yes
NA
Check
P
P
-
CL
CL
OP or CL
-
Rev. Flow
-
-
 -


P419
P432
GDC55
RWCU Pump Discharge
Water
 4
No
48
G33F054
O
Yes
10’‑6”
Gate
EM
E
M
OP
OP
CL
AI
L,B,F,H,RMc
15.5/15(18)(25)
1
In






Water
 4
No
48
G33F053
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
L,B,F,H,RMc
15.5/15(18)(25)
2
In


P420
P412
GDC56
RWCU Backwash Transfer
Water
 4
No
46
G50F277
O
Yes
12’‑0”
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
Std.
1
Out





Pump to Radwaste
Water
 4
No
46
G50F272
I
Yes
NA
Gate
EM
E
M
OP
OP
CL
AI
B,G,RMc
Std.
2
Out


P421
P406
GDC55
RHR Reactor Shutdown
Water
20
Yes
20
E12F008
O
Yes
14’‑0”
Gate
EM
E
M
CL
OP
CL
AI
U,A,M,RMs
<33
1
Out





Cooling Suction
Water
20
Yes
20
E12F009
I
Yes
NA
Gate
EM
E
M
CL
OP
CL
AI
U,A,M,RMs
<33
2
Out






Water
   3/4
Yes
20
E12F550
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
Out


P422
P407
GDC55
RCIC Steam Supply
Steam
10
Yes(23)
 1(c)
E51F063
I
Yes
NA
Gate
EM
E
M
OP
CL
OP or CL
AI
J,F,K,M,T,RMs,
20
2
Out






















V,Q






Steam
10
Yes(23)
 1(c)
E51F064
O
Yes
13’‑2”
Gate
EM
E
M
OP
CL
OP or CL
AI
J,F,K,M,T,RMs,
20
1
Out






















V,Q






Steam
 1
Yes(23)
 1(c)
E51F076
I
Yes
NA
Globe
EM
E
M
CL
CL
CL
AI
J,F,K,M,T,RMs,
Std.
2
Out






















V,Q


P423
P129
GDC55
Main Steam Line Drain
Water
 3
No
 1(b)
B21F019
O
Yes
13’‑0”
Gate
EM
E
M
OP
CL
CL
AI
C,E,F,S,N,P,
25
1
Out






















RMc,RMf





Water
 3
No
 1(b)
B21F016
I
Yes
NA
Gate
EM
E
M
OP
CL
CL
AI
C,E,F,S,N,P,RMc
25
2
Out


P424
P420
GDC55
RWCU to Main Condenser
Water
 4
No
14
G33F034
O
Yes
8’‑6”
Gate
EM
E
M
CL
CL
CL
AI
L,B,F,H,RMc
20/15(18)(25)
1
Out





and Radwaste
Water
 4
No
14
G33F028
I
Yes
NA
Gate
EM
E
M
CL
CL
CL
AI
L,B,F,H,RMc
20/15(18)(25)
2
Out






Water
   1/4
No
14
G33F0646
I
Yes
NA
Rel 
P
P
‑
CL
CL
OP or CL
‑
‑
‑
‑
‑



P425
P219/
RG1.11
Combustible Gas Control
Cont. Atmos.
   1/2
Yes
58(a)
M51F210A
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
3
1
Out



P422

Postaccident Hydrogen
Drywell





Analyzer
Atmos.
   1/2
Yes
58(a)
M51F220A
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
3
1
Out





Drywell





Atmos.

   1/2
Yes
58(a)
M51F230A
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
3
1
Out





Sup. Pool Atmos.

   1/2
Yes
58(a)
M51F240A
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
AI
RMc
3
1
Out





Analyzer





Exhaust
   
   1/2
Yes
58(a)
M51F250A
O
Yes
<10’
Globe
S
E
‑
CL
CL
OP
FC
RMc
3
1
In



  
RG1.11
Containment Atmosphere
Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F050
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
3
3
‑





Monitoring
Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P428
P309
GDC56
Containment Vacuum
Atmos.
24
Yes
19
M17F035
O
Yes
2’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,X,RMc
5
2
In





Relief
Atmos.
24
Yes
19
M17F030
I
Yes
NA
Chk
P
V
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In


P429
P419
GDC56
RHR Relief Line to
Water
 2
Yes
37
E12F025A
O
Yes
29’‑6”
Rel
P
P
‑
Cl
Cl
CL
AI
‑
‑
‑
In





Suppression Pool
Water
 2
Yes
57
E12F025B
O
Yes
45’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 2
Yes
57
E12F025C
O
Yes
39’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 6
Yes
37
E12F055A
O
Yes
77’‑3”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 6
Yes
57
E12F055B
O
Yes
92’‑6”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 1‑1/2
Yes
57
E12F005
O
Yes
91’‑9”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Cont. Atmos.
 1
Yes(23)
37
N27D006
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Water
 2
Yes
37
E21F018
O
Yes
73’‑1”
Rel
P
P
‑
CL
CL
CL
AI
‑
‑
‑
In






Water
 1
Yes(23)
37
N27F751
O
Yes
NA
Globe
M
M
‑
CL
CL
CL
AI
‑
‑
‑
In






Cont. Atmos.
12
Yes(23)
10(b)
E51F068
O
Yes
NA     
Gate
EM
E
M
OP
OP
CL
AI
RMs,J,G
Std.
1
In






Water
   1/2
No
57
P87F083
O
Yes
12’
Globe
S
E
‑
CL
CL
OP or CL
AI
RMp
<3
‑
In






Water
   1/2
No
57
P87F264
O
Yes
NA
Globe
S
E
‑
CL
CL
OP or CL
AI
RMp
<3
‑
In






Cont. Atmos.






Water, Steam
1‑1/2
Yes
10(a)
E12F102
O
Yes
221’‑8”
Globe
M
M
‑
CL
CL
CL
‑
‑
‑
‑
‑






Cont. Atmos.
 1
Yes(23)
37
E12D015A
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In






Cont. Atmos.
 1
Yes(23)
57
E12D015B
O
No(16)
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
In


P431
P421
GDC56
RHR Heat Exchanger Vent
Noncondens.,
 1
Yes
45
E12F073B
O
Yes
12’‑9”
Globe
EM
E
M
OP
CL
CL
AI
RMc,A,G,M
Std.
2
In





to Suppression Pool
Steam 
 1
Yes
45
E12F558B
I
Yes
NA
Chk
P
P
‑
CL
CL
CL
‑
Rev. Flow
‑
‑
In





SDC Header Leak‑off


P433
P220
RG1.11
Containment Atmosphere
Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F030A
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
‑





Monitoring System
Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑






Drywell Atmos.
   3/4
Yes(23)
38(a)
D23F040A
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
‑






Drywell Atmos.
   3/4
Yes(23)
38(a)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P434
P221
RG1.11
Containment Atmosphere
Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F010A
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
‑





Monitoring
Cont. Atmos.
   3/4
Yes(23)
38(b)
1/4” orifice
I
NO
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑






Cont. Atmos.
   3/4
Yes(23)
38(b)
D23F020A
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
‑






Cont. Atmos.
   3/4
Yes(23)
38(a)
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑




GDC56
Containment Vaccum
Cont. Atmos.
   3/4
Yes(23)
59
M17F055
O
No
<10’
Globe
S
E
‑
OP
OP
OP
AI
RMc
<3
1
‑





Relief
Cont. Atmos.
   3/4
Yes(23)
59
1/4” orifice
I
No
NA
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑


P436
P416
GDC56
Containment Vaccum
Atmos.
24
Yes
19
M17F045
O
Yes
2’‑6”
B’fly
EM
E
M
OP
OP
CL
AI
B,G,X,RMc
5
2
In





Relief
Atmos.
24
Yes
19
M17F040
I
Yes
NA
Chk
P
V
‑
CL
CL
CL
NA
Rev. Flow
‑
‑
In


TABLE 6.2‑32 (Continued)


NOTES:


(1)
Through line leakage classification is discussed in <Section 6.2.3>.


(2)
Abbreviations used are as follows:



A
‑
Air
LPCS
‑
Low Pressure Core Spray System



ADS
‑
Automatic Depressurization System
M
‑
Manual
  



AI
‑
As is
NA
‑
Not applicable



B’fly
‑
Butterfly valve
OP
‑
Open



Chk
‑
Check valve
P
‑
Process fluid



Cl
‑
Closed
RCIC
‑
Reactor Core Isolation Cooling System



E
‑
Electric
Rel
‑
Relief Valve





EH
‑
Electrohydraulic
RHR
‑
Residual Heat Removal System





EM
‑
Electric Motor
RWCU
‑
Reactor Water Cleanup System



FC
‑
Fail Closed
S
‑
Solenoid



H
‑
Hydraulic
SLC
‑
Standby Liquid Control System





HPCS
‑
High Pressure Core Spray System
SP
‑
Spring



LC
‑
Locked or Sealed in Closed Position
V
‑
Vacuum in containment



LPCI
‑
Low Pressure Coolant Injection System





(3)
Penetrations not listed are spares and are capped, except penetrations P202 (Unit 1)/P306 (Unit 2) which are the equipment hatches.


(4)
Essential systems are engineered safety feature systems which are required for shutdown.


(5)
Location inside (I) or outside (O) of containment.


(6)
Length of pipe from containment to outermost isolation valve.


(7)
All motor‑operated isolation valves remain in last position upon failure of valve power.  All air operated valves close upon loss of motive air.


(8)
Remote‑manual (RM) valves can be opened or closed by remote‑manual switch operation during any mode of reactor operation, except when an automatic signal is present.  All remote‑manual valves have position indicator lights at the remote‑manual switch, and a subset of these valves have an additional set of position indicating lights at the control room isolation status panel.  Isolation signals are defined as follows:



Signal
Description



A
Reactor vessel low water level ‑ Level 3.  (A scram occurs at this level.  This is the highest of the three isolation low water level signals.)



B
Reactor vessel low water level ‑ Level 2.  (This is the second of the three low water level signals.  The reactor core isolation cooling and high pressure core spray systems are activated at this level.)



C
Reactor vessel low water level ‑ Level 1.  (This is the lowest of the three water level signals.  Main steam line isolation occurs at this level.  The low pressure core spray and low pressure coolant injection systems are also activated at this level.)



D
Spare.



E
Line break ‑ main steam line (steam line high steam flow).



F
Line break ‑ main steam line (main steam line tunnel high space ambient high temperature).



G
High drywell pressure.


 
H
Line break in reactor water cleanup system (high ambient high temperature).



J
Line break in the steam supply line to reactor core isolation cooling system (low steam line pressure).



K
Line break in reactor core isolation cooling system steam line to turbine (high steam flow).



L
High differential flow in the reactor water cleanup system.



M
Line break in residual heat removal system (high ambient high temperature).



N
Low main condenser vacuum.



P
Low main steam line pressure at inlet to turbine (RUN mode, only).



Q
Line break in reactor core isolation cooling system (high ambient).



S
High main steam line temperature, turbine building.


TABLE 6.2‑32 (Continued)



NOTES: (Continued)



Signal
Description



T
High pressure reactor isolation cooling turbine exhaust diaphragm.



U
High reactor vessel pressure ‑ close residual heat removal ‑ shutdown cooling valves and head cooling valves.



V
Line break in the steam supply line to reactor core isolation cooling system (high steam flow).



W
High temperature at outlet of cleanup system nonregenerative heat exchanger.



X
Containment to atmosphere differential pressure greater than 0.0 psid.



Y
Standby liquid control system actuated.



Z
High radiation, containment and drywell ventilation exhaust.



RMc
Remote‑manual switch from control room.  (All automatically actuated containment isolation valves are capable of remote operation from the control room.)



RMf
Remote‑manual switch from motor control center.  (Provided for control room isolation and remote shutdown of the valve.  In case a fire occurs inside the control room per <10 CFR 50, Appendix R>, Method A.



RMs
Remote‑manual switch from shutdown panel.  (Provided in addition to RMc, noted above, on selected valves as indicated.)



RMp
Remote‑manual switch from Postaccident Sampling System panel.  Switches are keylocked closed.



AA
Containment spray initiated.



BB
Injection flow above setpoint (minimum flow valve control).



CC
Discharge pressure below setpoint (minimum flow valve control).



DD
Reactor vessel high water level ‑ Level 8.



EE
E51F510 closes.



FF
E51F045 closes.



GG
High drywell atmospheric radiation


(9)
Standard (Std) closure time, based upon nominal pipe diameter, is approximately 12 inches/minute for gate valves and approximately 4 inches/minute for globe valves.  The standard closure time for butterfly valves is 30 to 60 seconds.


(10)
AC motor‑operated valves required for isolation functions are powered from the ac standby power buses.  DC operated isolation valves are powered from the batteries.


(11)
Testable check valves are designed for remote opening with zero differential pressure across the valve seat.  The valves close under reverse flow conditions, even if the test switch is positioned to open.  The valves open when pump pressure exceeds reactor pressure, even if the test switch is positioned to close.


(12)
(Deleted)


(13)
Main steam line isolation valves require that both solenoid pilots be de‑energized to close.  Accumulator air pressure plus spring act to close valves when both pilots are de‑energized.  Voltage failure at only one pilot does not cause valve closure.  These valves are designed to close fully in 2.5 to 5 seconds <Section 5.4.5.3>.


(14)
During reactor operation, a blind flange is installed on the outboard end of the transfer tube as the containment boundary.  The IFTS containment isolation assembly receives a Type B test.  When the blind flange is removed in Mode 1, 2, or 3, the containment boundary inside the containment building is made by the remaining portion of the transfer tube containment isolation assembly, containment bellows, and steel containment penetration, and outside the containment building by the transfer tube, drain line, drain valve, and local leak rate test valve.  The portion of the tube outside of the blind flange receives a Type C test out to the drain line valve 1F42‑F003.  Opening of the drain line valve during Mode 1, 2, or 3 with the blind flange removed is addressed by administrative controls.  These require a designated individual to take manual action to close the valve in the event of an accident.


(15)
(Deleted)


(16)
This receives a Type B test.


(17)
(Deleted)


(18)
Valve stroke times are specified as Unit 1/Unit 2.  (If only one time is indicated, it applies to both units.)


(19)
The ECCS response time requirement for these injection valves is met with the valves partially opened.  Times shown in this table are for full (100%) valve strokes.


(20)
Division 3 power is also available by postaccident operator manual action (procedurally controlled).


(21)
The feedwater check valves utilize an alternate non‑type water leak testing methodology per the Inservice Testing Program to verify their proper closure.


(22)
“Location” (see Note 5) of these valves inside (I) or outside (O) of containment varies depending on whether the inner or outer airlock door is open and/or inoperable.


(23)
Non‑ESF systems that would be desirable to use to mitigate the consequence of an accident.


(24)
Applicable in Operational Modes 1, 2 and 3.


(25)
Time delay associated with these valves.  Maximum time to close (stroke time and delay) is 60 seconds or less.


(26)
P51F0530 is a 2.0” spring assist piston check valve installed in the 2.5” line via reducers.
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6.3      EMERGENCY CORE COOLING SYSTEMS


6.3.1      DESIGN BASES AND SUMMARY DESCRIPTION


<Section 6.3.1> provides the design bases for the emergency core cooling systems (ECCS), a summary description of the several systems as an introduction to the more detailed design descriptions provided in <Section 6.3.2>, and the performance analysis provided in <Section 6.3.3>.  <Appendix 15B>, Reload Safety Analysis provides the results of a performance analysis for the new (reload) fuel designs.


6.3.1.1      Design Bases


6.3.1.1.1      Performance and Functional Requirements


The ECCS is designed to provide protection against postulated loss‑of‑coolant accidents (LOCA) caused by ruptures in primary system piping.  The functional requirements (for example, coolant delivery rates) specified in detail in <Table 6.3‑1> are such that the system performance under all LOCA conditions postulated in the design satisfies the requirements of <10 CFR 50.46>, “Acceptance Criteria for Emergency Core Cooling System for Light Water Cooled Nuclear Power Reactors”.  These requirements, the most important of which is that the post‑LOCA peak cladding temperature be limited to 2,200(F, are summarized in <Section 6.3.3.2>.  In addition, the ECCS is designed to following requirements:


a.
Protection is provided for any primary system line break up to and including the double‑ended break of the largest line.


b.
Two independent phenomenological cooling methods (flooding and spraying) are provided to cool the core.


c.
One high pressure cooling system is provided which is capable of maintaining water level above the top of the core and eliminating the need for automatic depressurization system actuation for line breaks of less than 1 inch nominal diameter.


d.
No operator action is required until 10 minutes after an accident to allow for operator assessment and decision.


e.
The ECCS is designed to satisfy all criteria specified in this section for any normal mode of reactor operation.


f.
A sufficient water source and the necessary piping, pumps and other hardware are provided so that the containment and reactor core can be flooded for possible core heat removal following a LOCA.


6.3.1.1.2      Reliability Requirements


The following reliability requirements apply:


a.
The ECCS conforms to licensing requirements, and good design practices of isolation, separation and common mode failure considerations.


b.
To meet the above requirements, the ECCS network shall have built‑in redundancy so that adequate cooling can be provided, even in the event of specified failures.  As a minimum, the following equipment shall make up the ECCS:



1.
1 High Pressure Core Spray (HPCS)



2.
1 Low Pressure Core Spray (LPCS)



3.
3 Low Pressure Coolant Injection (LPCI) Loops



4.
1 Automatic Depressurization System (ADS)


c.
The system is designed so that a single active or passive component failure, including power buses, electrical and mechanical parts, cabinets and wiring will not disable the ADS.


d.
In the event of a break in a pipe that is not a part of the ECCS, no single active component failure in the ECCS shall prevent automatic initiation and successful operation of less than the following combination of ECCS equipment:



1.
3 LPCI loops, the LPCS and the ADS (i.e., HPCS failure); or



2.
2 LPCI loops, the HPCS and the ADS (i.e., failure of diesel generator supplying LPCS/LPCI); or



3.
1 LPCI loop, the LPCS, the HPCS, and ADS (i.e., “diesel generator” failure).


e.
In the event of a break in a pipe that is a part of the ECCS, no single active component failure in the ECCS shall prevent automatic initiation and successful operation of less than the following combination of ECCS equipment:



1.
2 LPCI loops and the ADS; or



2.
1 LPCI loop, the LPCS and the ADS; or



3.
1 LPCI loop, the HPCS and the ADS; or



4.
The LPCS, the HPCS and ADS.



These are the minimum ECCS combinations which result after assuming any failure (from Item 4, above) and assuming that the ECCS line break disables the affected system.


f.
Long term (10 minutes after the initiation signal) cooling requirements call for the removal of decay heat via the emergency service water system.  In addition to the break which initiated the loss‑of‑coolant event, the system is able to sustain one failure, either active or passive and still have at least one low pressure ECCS pump operating with a heat exchanger and 100 percent emergency service water flow.


g.
Offsite power is the preferred source of power for the ECCS network and every reasonable precaution must be made to assure its high availability.  However, onsite emergency power shall be provided with sufficient diversity and capacity so that all the above requirements can be met even if offsite power is not available.


h.
The onsite diesel fuel reserve shall be in accordance with IEEE Standard 308‑1974 criteria.


i.
Diesel‑load configuration shall be as follows:



1.
1 LPCI loop (with heat exchanger) and the LPCS connected to a single diesel generator.



2.
2 additional LPCI loops (1 loop with heat exchanger) connected to a single diesel generator.



3.
The HPCS connected to a single diesel generator.


j.
Systems which interface with, but are not part of, the ECCS are designed and operated such that failure(s) in the interfacing systems shall not propagate to and/or affect the performance of the ECCS.


k.
Non‑ECCS systems interfacing with the ECCS buses shall automatically be shed from and/or be inhibited from the ECCS buses when a LOCA signal exists and offsite ac power is not available.


l.
No more than one storage battery shall be connectable to a dc power bus.


m.
Each system of the ECCS including flow rate and sensing networks is capable of being tested during shutdown.  All active components are capable of being tested during plant operation, including logic required to automatically initiate component action.


n.
Provisions for testing the ECCS network components (electronic, mechanical, hydraulic, and pneumatic, as applicable) are installed in such a manner that they are an integral and nonseparable part of the design.


o.
The ECCS is designed to withstand the passive failure of valve stem packings and pump seals following a LOCA.


6.3.1.1.3      ECCS Requirements for Protection from Physical Damage


The emergency core cooling system piping and components are protected against damage from movement, from thermal stresses, from the effects of the LOCA, and the safe shutdown earthquake (SSE).


The ECCS is protected against the effects of pipe whip which might result from piping failures up to and including the design basis event LOCA.  This protection is provided by separation, pipe whip restraints or energy absorbing materials if required.  One of these three methods is applied to provide protection against damage to piping and components of the ECCS which otherwise could result in a reduction of ECCS effectiveness to an unacceptable level.


The ECCS piping and components located outside the reactor building are protected from internally and externally generated missiles by the reinforced concrete structure of the auxiliary building ECCS pump rooms.  In addition, the watertight construction of the ECCS pump rooms when required protects against mass flooding of redundant ECCS pumps.


Mechanical separation outside the drywell is achieved as follows:


a.
The ECCS is separated into three functional groups:



1.
HPCS



2.
LPCS + 1 LPCI + 100% emergency service water and heat exchanger



3.
2 LPCI pumps + 100% emergency service water and heat exchanger


b.
The equipment in each group is separated from that in the other two groups.  In addition, the HPCS and RCIC (which is not part of the ECCS) are separated.


c.
Separation barriers are constructed between the functional groups as required to assure that environmental disturbances such as fire, pipe rupture, falling objects, etc., affecting one functional group will not affect the remaining groups.  In addition, separation barriers are provided as required to assure that such disturbances do not affect both the RCIC and the HPCS.


6.3.1.1.4      ECCS Environmental Design Basis


Each emergency core cooling system, and the RCIC system, has a safety‑related injection/isolation testable check valve located in piping within the drywell.  In addition, the RCIC system has an 


isolation valve in the drywell portion of its steam supply piping.  All valves are located above the highest water level expected in the drywell during any accident.  The valves are qualified for the following environmental conditions:


a.
Normal and upset plant operating ambient temperatures, relative humidities and pressures for each area of the drywell.


b.
Envelope‑of‑accident conditions for temperature, relative humidity and pressure within the drywell for various time periods following the accident.


c.
Normal and envelope‑of‑accident radiation environment (gamma and neutron).


The portions of ECCS and RCIC piping and equipment located outside the drywell and within the secondary containment are qualified for the following environmental conditions:


a.
Normal and upset plant operating ambient temperatures, relative humidities and pressures.


b.
Envelope‑of‑accident conditions for temperature, relative humidity and pressure for various time periods following the accident.


c.
Normal and envelope‑of‑accident radiation environment (gamma and neutron).


6.3.1.2      Summary Descriptions of ECCS


The ECCS injection network comprises a high pressure core spray (HPCS) system, a low pressure core spray (LPCS) system and the low pressure coolant injection (LPCI) mode of the residual heat removal (RHR) System.  


These systems are briefly described here as an introduction to the more 


detailed system design descriptions provided in <Section 6.3.2>.  The automatic depressurization system (ADS) which assists the injection network under certain conditions is also briefly described.  Boiling water reactors which employ the same ECCS design are listed in <Table 1.3‑3>.


6.3.1.2.1      High Pressure Core Spray


The HPCS pumps water through a peripheral spray ring sparger mounted above the reactor core.  Coolant is supplied over the entire range of system operation pressures.  The primary purpose of HPCS is to maintain reactor vessel inventory after small breaks which do not depressurize the reactor vessel.  HPCS also provides spray cooling heat transfer during breaks in which core uncovery is calculated.


6.3.1.2.2      Low Pressure Core Spray


The LPCS is an independent loop similar to the HPCS, the primary difference being the LPCS delivers water over the core at relatively low reactor pressures.  The primary purpose of the LPCS is to provide


inventory makeup and spray cooling during large breaks in which the core is calculated to uncover.  Following ADS initiation, LPCS provides inventory makeup following a small break.


6.3.1.2.3      Low Pressure Coolant Injection


LPCI is an operating mode of the residual heat removal system.  Three pumps deliver water from the suppression pool to the bypass region inside the shroud through three separate reactor vessel penetrations to provide inventory makeup following large pipe breaks.  Following ADS initiation, LPCI provides inventory makeup following a small break.


6.3.1.2.4      Automatic Depressurization System


The ADS uses a number of the reactor safety/relief valves to reduce reactor pressure during small breaks in the event of a postulated HPCS failure.  When the vessel pressure is reduced to within the capacity of the low pressure systems (LPCS and LPCI), these systems provide inventory makeup so that acceptable postaccident temperatures are maintained.


6.3.2      SYSTEM DESIGN


A more detailed description of the individual systems including individual design characteristics of the systems are covered in detail in <Section 6.3.2.1>, <Section 6.3.2.2>, <Section 6.3.2.3>, and <Section 6.3.2.4>.  <Table 6.3‑7> provides a list of significant ECCS design parameters along with their design bases.  The following discussion provides details of the combined systems; in particular, those design features and characteristics which are common to all systems are discussed.


6.3.2.1      Schematic Piping and Instrumentation Diagrams


The piping and instrumentation diagrams (P&IDs) for the ECCS are identified in <Section 6.3.2.2>.  The process diagrams which identify the various operating modes of each system are also identified in <Section 6.3.2.2>.


6.3.2.2      Equipment and Component Descriptions


The starting signal for the ECCS comes from at least two independent and redundant sensors of drywell pressure and low reactor water level.  The ECCS is actuated automatically and requires no operator action during the first 10 minutes following the accident.  A time sequence for starting of the systems is provided in <Table 6.3‑2>.


Electric power for operation of the ECCS is from the regular ac power sources.  Upon loss of the regular power, operation is from onsite standby ac power sources.  Standby sources have sufficient diversity and capacity so that all ECCS requirements are satisfied.  The HPCS is powered from one ac supply bus.  The LPCS and one LPCI loop are powered from a second ac supply bus and the two remaining LPCI loops are powered from a third and separate ac supply bus.  The HPCS has its own diesel generator as its alternate power supply.  The LPCS and one LPCI loop


switch to one site backup power supply and the other two LPCI loops switch to a second site backup power supply.  <Section 8.3> contains a more detailed description of the power supplies for the ECCS.


a.
<Regulatory Guide 1.1>, Net Positive Suction Head for Emergency Core Cooling and Containment Heat Removal System Pumps.



General Compliance or Alternate Approach Assessment



This guide prohibits design reliance on pressure and/or temperature transients expected during a LOCA for assuring adequate NPSH.  The guidelines of this Regulatory Guide are applicable to the HPCS, LPCS, and LPCI pumps.



The BWR design conservatively assumes 0 psig containment pressure and maximum expected temperatures of the pumped fluids.  Thus, no reliance is placed on pressure and/or temperature transients to assure adequate NPSH.



Requirements for NPSH are available at the centerline of the pump suction nozzles for each pump and are given in <Figure 6.3‑1> (HPCS), <Figure 6.3‑2> (LPCS), <Figure 6.3‑3> (LPCI).  Pump characteristic curves are given in <Figure 6.3‑4> (HPCS), <Figure 6.3‑5> (LPCS) and <Figure 6.3‑6> (LPCI).


b.
<Regulatory Guide 1.82>, Water Sources for Long‑Term Recirculation Cooling Following a Loss‑of‑Coolant Accident



General Compliance or Alternate Approach Assessment



The design of the large toroidal passive ECCS suction strainer was evaluated against the regulatory positions contained in <Regulatory Guide 1.82>, Revision 2.



The suction strainer is designed to preclude the potential for loss of NPSH caused by debris blockage during the period that the ECCS is required to maintain long‑term cooling.  The large toroidal passive strainer results in a very low approach velocity for water entering the strainer.  Debris collected on the strainer surface is not expected to compact significantly (due to the very low approach velocity), resulting in minimal head loss.  A 1/4‑scale model of the strainer design was tested to confirm the performance of the strainer and the behavior of the postulated debris bed as a function of time after the postulated LOCA.  Because the debris bed will not be significantly compacted, flow will continue to pass through the debris (and the strainer) and thus the overall differential pressure will remain low.  Maintaining a low differential pressure will ensure adequate NPSH for the ECCS pumps.



The size of the openings in the suppression pool suction strainer material has been chosen based on the minimum restrictions found in systems served by the suppression pool.



The ECCS pump suctions are designed to prevent degradation of pump performance through air ingestion and other adverse hydraulic effects.  All of the suction piping remains below the surface of the suppression pool, and due to the very low approach velocity design of the strainer and the depth of the strainer in the pool, 



vortexing will not be present.  The strainer is located at the bottom of the suppression pool, below the elevation of the SRV quencher arms.  Because of the physical size of the strainer, some encroachment into the recommended exclusion zone around the quenchers occurs.  However, the strainer design is such that any air that may enter the strainer will be released through the strainer mesh before traveling to the pump suction plenums; that is, air entrainment in the strainer will be minimized.



The strainer does not involve any modification in the arrangement of drains from upper floors in the containment.  In addition, there are no floor or equipment drains from the containment or reactor building that drain directly into the suppression pool with the exception of one normally closed 3” diameter refueling bellows drain line, two normally closed small bore Control Rod Drive system scram discharge volume drain lines, and one normally closed 6” diameter Condensate and Refueling Water system drain line.  Because of the water quality and cleanliness level of the systems these lines are considered to contribute very little or no debris to the suppression pool.  The Suppression Pool Makeup dump lines discharge upper containment pool water into the suppression pool following a LOCA.  The upper containment pools are maintained in a clean condition by operation of the Fuel Pool Cleanup system and through the foreign material exclusion program.  Therefore, debris from these lines will be limited to any corrosion products present in the dump lines carried along by the dump flow.  In addition, the strainer is located at the bottom of the suppression pool such that it is highly unlikely that any debris from drains from the upper regions of the containment could impinge directly on the suction strainer.



The suction strainer is designed such that its support structure will protect it from the effects of large debris.  The strainer is 



designed so that it is capable of withstanding LOCA‑induced hydrodynamic loads.  PNPP utilizes GESSAR II methods combined with acoustic methodology which demonstrates that the strainer can withstand the LOCA‑induced hydrodynamic loads.  Missile protection was evaluated and determined to be of no concern based on the location of the strainer and the postulated missile sources for Perry.  The maximum force that the perforated plate material could withstand without breach has been defined, such that appropriate controls are in place on handling and use of potentially damaging large objects taken in containment.



The suction strainer was evaluated and shown to be able to withstand loads associated with design basis seismic events without loss of structural integrity.  In addition, the design incorporates provisions so that bolts do not lose torque during any vibratory motion, and incorporates restraints to preclude radial and axial movement of the strainer.



Low carbon 304 stainless steel is used as the primary material for ECCS suction strainer to prevent corrosive degradation during periods of inactivity and normal operation.



Perry has established a containment cleanliness program for the control of foreign materials, and other programs to minimize the potential for strainer fouling from operations generated debris.



Perry takes no credit for LOCA generated debris hold up in the drywell, and the design does not include debris interceptors of any kind.



The strainer design requires no operator actions in response to debris accumulations or to otherwise assure availability of adequate NPSH for the ECCS pumps.  Perry has control room 



indication for the RHR A, RHR B, and HPCS pumps’ suction pressure, and control room annunciation for low suction pressure for RHR A, RHR B and HPCS.  ECCS pump suction pressure is addressed in the Emergency Operating Procedures (EOPs).  Accordingly, no additional safety‑related instrumentation is required.



The design of the ECCS suction strainer is passive.



Perry conducts comprehensive inspections during refueling outages to evaluate the cleanliness of the suppression pool.  The strainer is periodically monitored by visual inspection for evidence of structural degradation or debris fouling.  The frequency of



suppression pool inspection and cleaning activities is determined based on plant specific debris collection data.



The large toroidal passive strainer does not require operator actions to prevent the accumulation of debris on the strainer or to mitigate the consequences of debris accumulation.  The design of the strainer provides sufficient area to accommodate the maximum quantity of debris that is expected to be produced following a design basis LOCA combined with postulated in situ debris quantities.  The Emergency Operating Procedures (EOPs) contain guidance to the operator on the use of alternate water sources to provide a diverse means of providing long‑term cooling to the core.



See USAR <Section 6.2.2.2> for a discussion of the ECCS suction strainer compliance with <Regulatory Guide 1.82> as it pertains to debris generation and transport.



NPSH available to the ECCS pumps has been determined in accordance with <Regulatory Guide 1.1>.  Pressure drop across the suction strainer is based on results from testing and conservative analysis.  The vapor pressure for suppression pool water used in 



NPSH calculations for events where significant debris generation is expected is based on a suppression pool bulk water temperature of 185(F, which is the maximum design temperature of the containment.  Analyses show maximum suppression pool temperatures to be less than the containment design temperature of 185(F.  Containment pressure is assumed to be atmospheric in accordance with <Regulatory Guide 1.1> requirements.



Tests have quantified head loss caused by debris blockage on the strainer.  Head loss measured during the testing accounts for the possible filtration of particulates by the debris bed.  Tests were conducted to determine the performance characteristics of the passive strainer for the quantities and types of debris predicted



following postulated accidents.


6.3.2.2.1      High Pressure Core Spray (HPCS) System


The high pressure core spray (HPCS) system consists of a single motor‑driven centrifugal pump located outside the primary containment, a spray sparger in the reactor vessel located above the core (separate from the LPCS sparger) and associated system piping, valves, controls, and instrumentation.  The system is designed to operate from normal offsite auxiliary power or from a standby diesel generator supply if offsite power is not available.  The piping and instrumentation diagram, <Figure 6.3‑7> for the HPCS, shows the system components and their


arrangement.  The HPCS system process diagram, <Figure 6.3‑1>, shows the design operating modes of the system.  A simplified system flow diagram showing system injection into the reactor vessel is in <Figure 6.3‑1>.  The HPCS pump curves are included in <Figure 6.3‑75>.


The principal active HPCS equipment is located outside the primary containment.  Suction piping is provided from the condensate storage tank and the suppression pool.  In the event that the condensate storage


water supply becomes exhausted or is not available, automatic switchover to the suppression pool water source will ensure a closed cooling water supply for continuous operation of the HPCS system.  HPCS pump suction is also automatically transferred to the suppression pool if the suppression pool water level exceeds a prescribed value.  The condensate storage tank reserves water just for use by the HPCS and RCIC.  When the Control Room is notified of the issuance of a tornado warning for the vicinity of the plant, or if a tornado is sighted in the immediate vicinity of the plant, administrative controls require the HPCS suction to be aligned to the tornado missile protected suppression pool.


After the HPCS injection piping enters the vessel, it divides and enters the shroud at two points near the top of the shroud.  A semicircular 


sparger is attached to each outlet.  Nozzles are spaced around the spargers to spray the water radially over the core and into the fuel assemblies.


The HPCS discharge line to the reactor is provided with two isolation valves.  One of these valves is a hydraulically testable check valve located inside the drywell as close as practical to the reactor vessel.  HPCS injection flow causes this valve to open during LOCA conditions (i.e., no power is required for valve actuation during LOCA).  If the HPCS line should break outside the containment, the check valve in the line inside the drywell will prevent loss of reactor water outside the containment.  The other isolation valve (which is also referred to as the HPCS injection valve) is a motor‑operated gate valve located outside the primary containment as close as practical to HPCS discharge line penetration into the containment.  This valve is capable of opening with the maximum differential pressure across the valve expected for any system operating mode including HPCS pump shutoff head.  The valve will reach the position required to deliver rated flow within 29 seconds following the initiation of a LOCA signal per the design basis analysis.  This valve is normally 


closed to back up the inside testable check valve for containment integrity purposes.  A test line is provided between the two valves.  The test connection line is normally closed with two valves to assure containment integrity.


Remote controls for operating the motor‑operated components and diesel generator are provided in the main control room.  The controls and instrumentation of the HPCS system are described, illustrated and evaluated in detail in <Chapter 7>.


The location and type of the manual valves in the HPCS system are detailed in <Table 6.3‑7> <Figure 6.3‑7>.  Design considerations are given to protect the system’s safety functions from an undetected, incorrect positioning of any of these manual valves.  Administrative controls likewise serve to minimize the possibility of such errors.  These design/operations features are outlined in <Table 6.3‑8> <Section 6.3.2.8>.


The system is designed to pump water into the reactor vessel over a wide range of pressures.  For small breaks that do not result in rapid reactor depressurization, the system maintains reactor water level and depressurizes the vessel.  For large breaks the HPCS system cools the core by a spray.


If a LOCA should occur, a low water level signal or a high drywell pressure signal initiates the HPCS and its support equipment.  The system can also be placed in operation manually.


The HPCS system is capable of delivering rated flow into the reactor vessel within 29 seconds following receipt of an automatic initiation signal.


When a high water level in the reactor vessel is signaled, the HPCS is automatically stopped by a signal to the injection valve to close.


The HPCS system also serves as a backup to the RCIC system in the event the reactor becomes isolated from the main condenser during operation and feedwater flow is lost.


If normal auxiliary power is not available, the HPCS pump motor is driven by its own onsite power source.  The HPCS standby power source is discussed in <Section 8.3>.


The HPCS pump head flow characteristic used in LOCA analyses is shown in <Figure 6.3‑4>.  When the system is started, initial flow rate is established by primary system pressure.  As vessel pressure decreases, flow will increase.  When vessel pressure reaches 200 psid (differential pressure between the reactor vessel and the suction source) the system reaches rated core spray flow.  The HPCS motor size is based on peak horsepower requirements.


The elevation of the HPCS pump (suction nozzle centerline at Elevation 571’‑7”) is sufficiently below the water level of both the condensate storage tank and the suppression pool to provide a flooded pump suction.


The minimum net positive suction head (NPSH) requirement specified by the manufacturer at the maximum allowed runout flow of 7,655 gpm is 4.5 feet at a location three feet above the pump mounting flange for pump suction from both the suppression pool and condensate storage tank.


NPSH requirements are met by providing adequate suction head and suction line size.  The available NPSH, calculated in accordance with <Regulatory Guide 1.1>, is based on the following design conditions:


a.
Pump maximum runout flow from the suppression pool and the condensate storage tank.

b.
Containment at atmospheric pressure.  Condensate storage tank (CST) at atmospheric pressure.


c.
Maximum suppression pool temperature of 185(F.  Maximum CST temperature of 125(F.


d.
CST at automatic transfer water level of Elevation 626’‑8”.  Suppression pool at minimum drawdown water level of Elevation 589’‑0”.


e.
HPCS pump suction piping arrangement as shown on <Figure 6.3‑7>.


f.
Suction strainer fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials at bounding conditions) with an approximate 6.25 ft pressure drop.


The available NPSH at the time immediately preceding automatic transfer from the condensate storage tank to the suppression pool is approximately 67 feet, based on the above design conditions.


The available NPSH with suction taken from the suppression pool is approximately 19 feet, at 3 feet above the pump mounting flange, based on the above design conditions.


If the SPCU system is in operation during HPCS initiation, there is a brief period of time that flow could be to both the HPCS pump and to the SPCU system (occurs due to the overlap in SPCU system isolation valve closure time and the HPCS initiation time).  The NPSH requirements of the HPCS pump during this brief period of concurrent operation are satisfied when calculated in accordance with <Regulatory Guide 1.1>.


The final design calculations, based on the <Regulatory Guide 1.1> position, indicate an available NPSH for the HPCS system sufficient to ensure pump performance capable of accomplishing the required safety functions in both modes.


For preoperational testing the HPCS pump is provided with a test line back to the condensate storage tank.  During preoperational testing the HPCS pump was tested for flow capacity and suction pressure, since the condensate storage tank is pumped down to the low level transfer point.  From this test the flow capacity and NPSH were compared to the vendor data, and visual observations were made for vortexing.


A motor‑operated valve is provided in the suction line from the suppression pool.  The valve is located as close to the suppression pool penetration as practical.  This valve is used to isolate the suppression pool water source when the HPCS system suction is from the condensate storage system and to isolate the system from the suppression pool in the event a leak develops in the HPCS system.


The HPCS pump characteristics, head, flow, horsepower, and required NPSH are shown in <Figure 6.3‑75>.


The design pressure and temperature of the system components are established based on the ASME Section III Boiler and Pressure Vessel Code.  The design pressures and temperatures, at various points in the system can be obtained from the miscellaneous information blocks on the HPCS process diagram, <Figure 6.3‑1>.


A check valve, flow element and restricting orifice are provided in the HPCS discharge line from the pump to the injection valve.  The check valve is located below the minimum suppression pool water level and is provided so the piping downstream of the valve can be maintained full of water by the discharge line fill system <Section 6.3.2.2.5>.  The flow element is provided to measure system flow rate during LOCA and test conditions and for automatic control of the minimum low flow bypass gate valve.  The measured flow is indicated in the main control room. 


The restricting orifice is sized during preoperational testing of the system to limit system flow to acceptable values as described on the HPCS system process diagram, <Figure 6.3‑1>.


A low flow bypass line with a motor‑operated gate valve connects to the HPCS discharge line upstream of the check valve on the pump discharge line.  The line bypasses water to the suppression pool via the 12‑inch full‑flow test return line to prevent pump damage due to overheating when other discharge line valves are closed.  The valve automatically closes when flow in the main discharge line is sufficient to provide the required pump cooling.  Water hammer effects due to opening of this line into the 12‑inch full‑flow test return line are prevented by a vacuum breaker inside containment, which ensures the test return line is filled with air.


The HPCS system incorporates relief valves to protect the components and piping from inadvertent overpressure conditions.  One relief valve, set to relieve at 1,560 psig, is located on the discharge side of the pump downstream of the check valve to relieve thermally expanded fluid.  A second relief valve is located on the suction side of the pump and is set at 100 psig with a capacity of >10 gpm ‑ 10% accumulation.  To relieve thermally expanded fluid between the two isolation valves of the test line to the condensate storage tank, a bypass line and check valve are installed around the inboard isolation valve (F010).  Relief valve F035 of the HPCS system discharges to the 12‑inch full‑flow test return line, which terminates below the surface of the suppression pool.  For this valve, the dynamic loads such as thrust and momentum caused by relief valve opening are calculated for the discharge piping and include such effects as backpressure caused by submergence of the discharge piping in the suppression pool.  The dynamic loads have been included in the piping stress analysis.


The discharge line is supported as Seismic Category I piping, which includes waterhammer effects in the dynamic analysis of the piping.  The discharge line is supported as deemed necessary by the piping analysis to preclude any adverse effects from waterhammer.


The HPCS components and piping are positioned to avoid damage from the physical effects of design basis accidents, such as pipe whip, missiles, high temperature, pressure, and humidity.


The HPCS equipment and support structures are designed in accordance with Seismic Category I criteria <Section 3.2>.  The system is assumed to be filled with water for seismic analysis.


Provisions are included in the HPCS system which permits the HPCS system to be tested.  These provisions are:


a.
All active HPCS components are testable during normal plant operation.


b.
A full flow test line is provided to route water from and to the condensate storage tank without entering the reactor pressure vessel.  The suction line from the condensate tank also provides reactor grade water to fully test the HPCS including injection into the RPV during shutdown.


c.
A full flow test line is provided to route water from and to the suppression pool without entering the reactor pressure vessel.


d.
Instrumentation is provided to indicate system performance during normal test operations.


e.
All motor‑operated valves are capable of either local or remote‑manual operation for test purposes.


f.
System relief valves are removable for bench‑testing during plant shutdown.


6.3.2.2.2      Automatic Depressurization System (ADS)


If the RCIC and HPCS cannot maintain the reactor water level, the automatic depressurization system, which is independent of any other ECCS, reduces the reactor pressure so that flow from LPCI and LPCS systems enters the reactor vessel in time to cool the core and limit fuel cladding temperature.


The automatic depressurization system employs the nuclear system pressure relief valves to relieve high pressure steam to the suppression pool.  The design, number, location, description, operational characteristics, and evaluation of the pressure relief valves are discussed in detail in <Section 5.2.2>.  The operation of the ADS is discussed in <Section 7.3.1>.


6.3.2.2.3      Low Pressure Core Spray (LPCS) System


The low pressure core spray system consists of:  a centrifugal pump that can be powered by normal auxiliary power or the standby ac power system; a spray sparger in the reactor vessel above the core (separate from the HPCS sparger); piping and valves to convey water from the suppression pool to the sparger; and associated controls and instrumentation.  <Figure 6.3‑8>, the LPCS system P&ID, presents the system components and their arrangement.  The LPCS system process diagram, <Figure 6.3‑2>, shows the design operating modes of the system.  <Figure 6.3‑2> includes a simplified system flow diagram showing injection into the reactor vessel by the LPCS system.  The LPCS pump curves are included in <Figure 6.3‑76>.


When low water level in the reactor vessel or high pressure in the drywell is sensed, the low pressure core spray system automatically 


starts.  When reactor pressure is below LPCS system design pressure, the


injection valve opens and the system sprays water into the top of the fuel assemblies to cool the core.  The LPCS injection piping enters the vessel, divides and enters the core shroud at two points near the top of the shroud.  A semicircular sparger is attached to each outlet.  Nozzles 


are spaced around the sparger to spray the water radially over the core and into the fuel assemblies.


The LPCS is designed to provide cooling to the reactor core only when the reactor vessel pressure is low, as is the case for large LOCA break sizes.  However, when the LPCS operates in conjunction with the ADS the effective core cooling capability of the LPCS is extended to all break sizes because the ADS will rapidly reduce the reactor vessel pressure to within the LPCS operating range.  The system head flow characteristic assumed for LOCA analyses is shown in <Figure 6.3‑5>.


The low pressure core spray pump and all motor‑operated valves can be operated individually by manual switches located in the control room.  Operating indication is provided in the control room by a flowmeter and valve indicator lights.


The location and type of the manual valves in the LPCS system are detailed in <Table 6.3‑9> <Figure 6.3‑8>.  Design considerations are given to protect the system’s safety functions from an undetected, incorrect positioning of any of these manual valves.  Administrative controls likewise serve to minimize the possibility of such errors.  These design/operations features are outlined in <Table 6.3‑9> <Section 6.3.2.8>.


To assure continuity of core cooling, signals to isolate the containment do not operate any low pressure core spray system valves.


The LPCS discharge line to the reactor is provided with two isolation valves.  One of these valves is a hydraulically testable check valve

located inside the drywell as close as practical to the reactor vessel. 


LPCS injection flow causes this valve to open during LOCA conditions (i.e., no power is required for valve actuation during LOCA).  If the 


LPCS line should break outside the containment the check valve in the line inside the drywell will prevent loss of reactor water outside the containment.


The other isolation valve (which is also referred to as the LPCS injection valve) is a motor‑operated gate valve located outside the primary containment as close as practical to LPCS discharge line penetration into the containment.  This valve is capable of opening with the maximum differential across the valve expected for any system operating mode.  The valve is capable of opening against a differential pressure equal to normal reactor pressure minus the minimum LPCS system shutoff pressure.  The valve will reach a position required to deliver rated flow within 32 seconds following receipt of the pressure permissive following a maximum recirculation line break accident.  This valve is normally closed to back up the inside testable check valve for containment integrity purposes.  A test line is provided between the two valves.  The test connection line is normally closed with two valves to assure containment integrity.


The LPCS system components and piping are arranged to avoid unacceptable damage from the physical effect of design‑basis accidents, such as pipe whip, missiles, high temperature, pressure, and humidity.


All principal active LPCS equipment is located outside the primary containment.


A check valve, flow element and restricting orifice are provided in the LPCS discharge line from the pump to the injection valve.  The check valve is located below the minimum suppression pool water level and is provided so the piping downstream of the valve can be maintained full of

water by the discharge line fill system <Section 6.3.2.2.5>.  The flow element is provided to measure system flow rate during LOCA and test conditions and for automatic control of the minimum low flow bypass


gate valve.  The measured flow is indicated in the main control room.  The restricting orifice is sized during preoperation test of the system to limit system flow to acceptable values as shown on <Figure 6.3‑2>.


The LPCS pump (pump performance test results) characteristics, head, flow, horsepower, and required NPSH are shown in <Figure 6.3‑5> and <Figure 6.3‑76>.


A low flow bypass line with a motor‑operated gate valve connects to the LPCS discharge line upstream of the check valve on the pump discharge line.  The line bypasses water to the suppression pool to prevent pump damage due to overheating when other discharge line valves are closed or reactor pressure is greater than the LPCS system discharge pressure following system initiation.  The valve automatically closes when flow in the main discharge line is sufficient to provide required pump cooling.


LPCS flow passes through a motor‑operated pump suction valve that is normally open.  This valve can be closed by a remote‑manual switch (located in the control room) to isolate the LPCS system from the suppression pool should a leak develop in the system.  This valve is located in the core spray pump suction line as close to the suppression pool as practical.  A closed loop is established for the spray water escaping from the break.


The design pressure and temperature of the system components are established based on the ASME Section III boiler and pressure vessel code.  The design pressures and temperatures at various points in the system can be obtained from the miscellaneous information blocks on the LPCS process diagram <Figure 6.3‑2>.


The LPCS pump is located in the auxiliary building sufficiently below the water level in the suppression pool to assure a flooded pump suction and to meet pump NPSH requirements are met with the containment at


atmospheric pressure and the suction strainer fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials).  A pressure gauge is provided to indicate the suction head.  The available NPSH, calculated in accordance with <Regulatory Guide 1.1>, is based on the following design conditions:


a.
Pump design maximum runout flow of 7,800 gpm


b.
Atmospheric containment pressure


c.
Maximum suppression pool water temperature of 185(F


d.
Suppression pool minimum design water level at Elevation 589’‑0”


e.
LPCS pump suction nozzle centerline at Elevation 571’‑7”


f.
Suction strainer fully loaded (3.0 feet).


The minimum NPSH requirement is, as specified by the manufacturer, 5 feet at a point 2 feet above the top of the pump mounting flange.  This reference point is two feet, 1‑1/4 inches above the pump suction nozzle.  The calculated minimum available NPSH for the LPCS pump is 28.4 feet.  The LPCS pump characteristics are shown on <Figure 6.3‑76>.  The LPCS system incorporates relief valves to prevent the components and piping from inadvertent overpressure conditions.  One relief valve, located on the pump discharge, is set at approximately 600 psig with a capacity of 100 gpm at 10 percent accumulation.  The second relief valve is located on the suction side of the pump and is set for 100 psig at a capacity of 10 gpm at 10 percent accumulation.  Relief Valve F018 of the LPCS system has a discharge line terminating below the surface of the suppression pool.  For this valve, the dynamic loads such as thrust and 


momentum caused by relief valve opening are calculated for the discharge piping and include such effects as backpressure caused by submergency of the discharge piping in the suppression pool.  The dynamic loads have been included in the piping stress analysis.


The discharge line is supported as Seismic Category I piping, which includes waterhammer effects in the dynamic analysis of the piping.  The discharge line is supported as deemed necessary by the piping analysis to preclude any adverse effects from waterhammer.


The LPCS system piping and support structures are designed in accordance with Seismic Category I criteria <Section 3.2>.  The system is assumed to be filled with water for seismic analysis.


Provisions are included in the LPCS system which permits the LPCS system to be tested.  These provisions are:


a.
All active LPCS components are testable during normal plant operation.


b.
A full flow test line is provided to route water from and to the suppression pool without entering the reactor pressure vessel.


c.
A suction test line supplying reactor grade water is provided to test pump discharge into the reactor pressure vessel during normal plant shutdown.


d.
Instrumentation is provided to indicate system performance during normal and test operations.


e.
All motor‑operated valves and check valves are capable of operation for test purposes.


f.
Relief valves are removable for bench testing during plant shutdown.


6.3.2.2.4      Low Pressure Coolant Injection (LPCI) System


The low pressure coolant injection subsystem is an operating mode of the RHR system.  The LPCI system is automatically actuated by low water level in the reactor or high pressure in the drywell and uses the three RHR motor‑driven pumps to draw suction from the suppression pool and inject cooling water flow into the reactor core and accomplish cooling of the core by flooding.  Each loop has its own suction and discharge piping and separate vessel nozzle which connects with the core shroud to deliver flooding water on top of the core.  The system is a high volume core flooding system.


The LPCI system, like the LPCS system, is designed to provide cooling to the reactor core only when the reactor vessel pressure is low, as is the case for large LOCA break sizes.  However, when the LPCI operates in conjunction with the ADS then the effective core cooling capability of the LPCI is extended to all break sizes because the ADS will rapidly reduce the reactor vessel pressure to the LPCI operating range.  The head flow characteristics assumed in the LOCA analyses for the LPCI pumps are shown in <Figure 6.3‑6>.  The LPCI pump curves are included in <Figure 6.3‑77>.


<Figure 6.3‑3> shows a process diagram and process data for the RHR system, including LPCI.  The RHR pumps receive power from ac power buses having standby power source backup supply.  Two RHR pump motors and the associated automatic motor‑operated valves receive ac power from one bus, while the LPCS pump and the other RHR pump motor and valves receive power from another bus <Section 8.3>.


The pump, piping, controls, and instrumentation of the LPCI loops are separated and protected so that any single physical event, or missiles generated by rupture of any pipe in any system within the drywell, cannot make all loops inoperable.


To assure continuity of core cooling, signals to isolate the primary containment do not operate any RHR system valves which interfere with the LPCI mode of operation.


Each LPCI discharge line to the reactor is provided with two isolation valves.  The valve inside the drywell is a testable check valve and the valve outside the drywell is a motor‑operated gate valve.  No power is required to operate the check valve inside of the drywell; rather, it opens as a result of LPCI injection flow.  If a break were to occur outboard of the check valve it would close to isolate the reactor from the line break.


The motor‑operated valve outside of the drywell is called the LPCI injection valve and is located as close as practical to the drywell wall.  It is capable of opening against the maximum differential expected for the LPCI modes (i.e., normal reactor pressure minus the upstream pressure with the RHR pump running at minimum flow).


The valve will reach a position required to deliver rated flow within 32 seconds following a maximum recirculation line break accident and receipt of the pressure permissive.


The process diagram <Figure 6.3‑3> and P&ID <Figure 5.4‑13> indicate a great many flow paths are available other than the LPCI injection line.  However, the low water level or high drywell pressure signals which automatically initiate the LPCI mode are also used to isolate all other modes of operation and revert other system valves to the LPCI lineup.


The heat exchanger bypass valves will receive a signal to automatically open 110 seconds after a LOCA in order to provide rated LPCI flow to the reactor pressure vessel.  During standby LPCI lineup, these valves are positioned full open and hence are not affected by the 110 second delay to auto open.  During operation in the suppression pool cooling or test return mode, the 110 second time delay will allow the suppression pool test return valve to close under nominal flow rate conditions prior to auto opening the heat exchanger bypass valves.


The heat exchanger outlet valves also receive a signal to automatically open 110 seconds after a LOCA and are controlled in a manner similar to the heat exchanger bypass valves.  The heat exchanger inlet valves receive no automatic signals to open, however, these valves are administratively maintained in a full open position to provide flow to the heat exchangers and ensure LPCI mode operability.


Design considerations have been given to protect the LPCI mode safety functions from an undetected, incorrect positioning of the manual valves in the system.  Administrative controls likewise serve to minimize the possibility of such errors.  The location and type of these valves as well as the design/operations features are outlined in <Table 6.3‑10> and <Section 6.3.2.8>.


A check valve in the pump discharge line is used together with a discharge line fill system <Section 6.3.2.2.5> to prevent water hammer resulting from pump start against a potential shutoff condition.  A flow element in the pump discharge line is used to provide a measure of system flow and to originate automatic signals for control of the pump minimum flow valve.  The minimum flow valve permits a small flow to the suppression pool in the event no discharge valve is open, or in the case of a LOCA, the vessel pressure is higher than pump shutoff head.


Using the suppression pool as the source of water for the LPCI establishes a closed loop for recirculation of LPCI water escaping from the break.

The design pressures and temperatures at various points in the system, during each of the several modes of operation of the RHR subsystems, can be obtained from the miscellaneous information blocks on the LPCI process diagram, <Figure 6.3‑3>.


LPCI pumps and equipment are described in detail in <Section 5.4.7>, which also describes the other functions served by the same pumps if not needed for the LPCI function.


The heat exchangers are discussed in <Section 6.2.2>.  The portions of the RHR required for accident protection including support structures are designed in accordance with Seismic Category I criteria <Section 3.2>.  The LPCI pump characteristics are shown in <Figure 6.3‑6>.


The LPCI system incorporates a relief valve on each of the pump discharge lines which protects the components and piping from inadvertent overpressure conditions.  These valves,  E12‑F025A, B and C, are set to relieve pressure at 485 psig, which is below the system design pressure of 500 psig.  The following relief valves in the RHR system have discharge lines terminating below the surface of the suppression pool:


a.
F055A & B


b.
F025A, B & C


c.
F005


For these valves, the dynamic loads such as thrust and momentum caused by relief valve opening are calculated for the discharge piping and 


include such effects as backpressure caused by submergence of the discharge piping in the suppression pool.  The dynamic loads have been included in the piping stress analysis.


The discharge lines are supported as Seismic Category I piping, which includes waterhammer effects in the dynamic analysis of the piping.  The discharge lines are supported as deemed necessary by the piping analysis to preclude any adverse effects from waterhammer.


Provisions are included in the LPCI system to permit testing of the system.  These provisions are:


a.
All active LPCI components are designed to be testable during normal plant operation.


b.
A discharge test line is provided for the three pump loops to route suppression pool water back to the suppression pool without entering the reactor pressure vessel.


c.
A suction test line, supplying reactor grade water, is provided to test loop “C” discharge into the reactor pressure vessel during normal plant shutdown.


d.
Instrumentation is provided to indicate system performance during normal and test operations.


e.
All motor‑operated valves and check valves are capable of manual operation for test purposes.


f.
Shutdown lines taking suction from the recirculation system are provided for loops “A” and “B” to test pump discharge into the reactor pressure vessel after normal plant shutdown and to provide for shutdown cooling.


g.
All relief valves are removable for bench‑testing during plant shutdown.


6.3.2.2.5      ECCS Discharge Line Fill System


A requirement of the core cooling systems is that cooling water flow to the reactor vessel be initiated rapidly when the system is called on to perform its function.  This quick‑start system characteristic is provided by quick‑opening valves, quick‑start pumps and standby ac power source.  The lag between the signal to start the pump and the initiation of flow into the RPV can be minimized by keeping the core cooling pump discharge lines full.  Additionally, if these lines were empty when the systems were called for, the large momentum forces associated with accelerating fluid into a dry pipe could cause physical damage to the piping.  Therefore, the ECCS discharge line fill system is designed to maintain the pump discharge lines in a filled condition.  The systems are filled and vented to remove any potentially damaging air or non‑condensables.

Since the ECCS discharge lines are elevated above the suppression pool, check or stop‑check valves are provided near the pumps to prevent back flow from emptying the lines into the suppression pool.  Past experience has shown that these valves will leak slightly, producing a small back flow that will eventually empty the discharge piping.  To ensure that this leakage from the discharge lines is replaced and the lines are always kept filled, a water leg pump is provided for each of the three ECCS divisions.  The power supply to these pumps is classified as essential when the main ECCS pumps are deactivated.


The fill system, typical for each of the three ECCS divisions, consists of a jockey pump that takes suction from the corresponding ECCS division’s pump suction line(s) from the suppression pool and discharges downstream of the check valves on the ECCS pump discharge line.  The P&ID’s for the fill systems are shown on <Figure 5.4‑13>, <Figure 6.3‑7>, and <Figure 6.3‑8>.


Each jockey pump will ensure that the discharge lines are full up to the isolation valves considering conservative estimates of expected leakage through the boundary valves.  A typical performance curve for the jockey pumps, defined by parameters of 32.5 psi and 40 gpm, is given in <Figure 6.3‑74>.  For each ECCS division, the minimum keep‑fill pressure and flow requirements have been determined, assuming conservative estimates of leakage from the systems.  A significant difference exists between these minimum keep‑fill flow and pressure requirements and the flows and pressures to which the pumps are permitted to degrade under the ASME Code required pump testing program.  This difference is adequate to meet an unexpected increase in leakage due to equipment deterioration, etc.  To prevent overheating of the jockey pumps if the discharge lines valves do not leak, a low‑flow bypass line is provided to continuously circulate water back to the ECCS pump suction lines.


Initial filling of the piping systems is accomplished using the combination of jockey pumps, condensate water supply lines (located a minimum distance from filled system boundary valves), maintenance drains, vents, and test connections that are available, as shown on the P&ID’s.  All potentially damaging air is eliminated from the ECCS pump discharge lines when the fill system is placed into service by opening vents at all piping high points until water begins to flow from the vents.  A high point venting procedure is repeated, after initial fill of the system, any time the jockey pump is stopped and restarted, and following any indication of low discharge line pressure.  Pressure instrumentation provided on the jockey pump’s discharge line initiates an alarm in the control room when pressure in the discharge line is less than the hydrostatic head required to maintain the line full.  Indication is also provided in the control room as to when the jockey pumps are operating.


If maintenance on a particular ECCS loop requires draining, the other loops in the system are protected by the isolation of the loop being drained by that lines isolation valves.


The fill system, in accordance with surveillance procedures, is tested to ensure that the discharge lines are full as required.  Calibration and functional testing of the pressure switches and associated alarms are performed to ensure their continued ability to perform their desired function.


A small amount of dissolved gas may come out of solution during the interval between surveillance tests and accumulate at the high point vent(s) even though the jockey pump system is functioning properly.  This is considered to be a normal phenomenon that will not compromise the system integrity.


6.3.2.3      Applicable Codes and Classifications


The applicable codes and classification of the ECCS are specified in <Section 3.2>.  All piping systems and components (pumps, valves, etc.) for the ECCS comply with applicable codes, addenda, code cases, and errata in effect at the time the equipment is procured.  The piping and components of each ECCS within the containment and out to and including the pressure retaining injection valve are Safety Class 1.  The remaining piping and components are Safety Class 2, 3 or non‑code as indicated in <Section 3.2>, and as indicated on the individual system P&ID.  The equipment and piping of the ECCS are designed to the requirements of Seismic Category I.  This seismic designation applies to 


all structures and equipments essential to the core cooling function.  IEEE codes applicable to the controls and power supplies are specified in <Section 7.1>.


6.3.2.4      Material Specifications and Compatibility


Materials specifications and compatibility for the ECCS are presented in <Section 6.1> and <Section 3.2>.  Nonmetallic materials such as lubricants, seals, packings, paints, and primers, insulation, as well as 


metallic materials, etc., are selected as a result of an engineering review and evaluation for compatibility with other materials in the system and the surroundings with concern for chemical, radiolytic, mechanical, and nuclear effects.  Materials used are reviewed and evaluated with regard to radiolytic and pyrolytic decomposition and attendant effects on safe operation of the ECCS.


6.3.2.5      System Reliability


A single failure analysis shows that no single failure prevents the starting of the ECCS when required, or the delivery of coolant to the reactor vessel.  No individual system of the ECCS is single failure proof with the exception of the ADS; hence, it is expected that single failures will disable individual systems of the ECCS.  The most severe effects of single failures with respect to loss of equipment occur if the LOCA occurs in combination with an ECCS pipe break coincident with a loss of offsite power.  The consequences of the most severe single failures are shown in <Table 6.3‑3>.


6.3.2.6      Protection Provisions


Protection provisions are included in the design of the ECCS.  Protection is afforded against missiles, pipe whip and flooding.  Also accounted for in the design are thermal stresses, loadings from a LOCA and seismic effects.


The ECCS piping and components located outside the drywell are protected from internally and externally generated missiles by the reinforced concrete structure of the ECCS pump rooms.


The ECCS is capable of withstanding the passive failure of valve stem packings and pump seals following a LOCA.  The water tight construction of these ECCS pump rooms would contain any system leakage within the 


affected ECCS room, thereby preventing common mode flooding of the ECCS rooms, as described in <Section 9.3.3>.  The maximum leakage due to a failure of this nature would be 23 gpm or less from an HPCS, LPCS or RHR pump seal failure.  Valve stem leakage would be significantly less than this leakage.  Each ECCS pump room is provided with leak detection capabilities <Section 9.3.3> and <Section 6.2.4.2.2.2> which would identify the faulted ECCS with an alarm system in the control room.  The operator would then remotely isolate the influent and effluent 


containment isolation valves for the affected system.  Based on operator action 30 minutes after the alarm, a total of 690 gallons would be spilled in the affected ECCS room.  This reduction in suppression pool water inventory is insignificant and would not reduce the suppression pool water level below the minimum drawdown level.  The design of the ECCS suction valves, which are flexible wedge gate valves, is such that the valve seal (packing) is isolated from the system when the valve is closed.  See <Section 3.6.2.3.5.2> for discussion of unisolable/isolable leaks during non‑accident (normal operation) and accident conditions.


The ECCS is protected against the effects of pipe whip, which might result from piping failures up to and including the design basis event LOCA.  This protection is provided by separation, pipe whip restraints and energy absorbing materials.  These three methods are applied to provide protection against damage to piping and components of the ECCS which otherwise could result in a reduction of ECCS effectiveness to an unacceptable level.  See <Section 3.6> for criteria on pipe whip.


The component supports which protect against damage from movement and from seismic events are discussed in <Section 5.4.14>.  The methods used to provide assurance that thermal stresses do not cause damage to the ECCS are described in <Section 3.9>.


6.3.2.7      Provisions for Performance Testing


Periodic system and component testing provisions for the ECCS are described in <Section 6.3.2.2> as part of the individual system descriptions.


6.3.2.8      Manual Actions


The ECCS is actuated automatically and requires no operator action during the first 10 minutes following the accident.  During the long term cooling period (after 10 minutes), the operator will take action as specified in <Section 6.2.2> to place the containment cooling system into operation.


The operator has multiple instrumentation available in the control room to assist him in assessing the post‑LOCA conditions.  This instrumentation provides reactor vessel pressures, water levels, containment pressure, temperature, and radiation levels as well as indicating the operation of the ECCS.  ECC system flow indication is the primary parameter available to assess proper operation of the system.  Other indications such as position of valves, status of circuit breakers and essential power bus voltage are also available to assist him in determining system operating status.  The electrical and instrumentation complement to the ECCS is discussed in detail in <Section 7.3>.  Other available instrumentation is listed in the P&IDs for the individual systems.  Much of the monitoring instrumentation available to the operator is discussed in more detail in <Chapter 5> and <Section 7.3>.


6.3.3      PERFORMANCE EVALUATION


This section provides the results of the ECCS Loss‑of‑Coolant Accident (LOCA) evaluation.  Note, the initial core through Cycle 7 used the SAFE/REFLOOD/CHASTE methodology (Reference 1).  Cycle 8 and 


subsequent operating cycles are based on the SAFER/GESTR‑LOCA methodology (Reference 4).  (Reference 5) documents the analysis based on the SAFER/GESTR‑LOCA methodology in support of cycle 8 at a core power level of 3,579 MWt for a new licensing basis.  The licensing results have been revised and included in (Reference 18).  The limiting case is reanalyzed for cycle 8 at a core power level of 3,758 MWt and results are documented in (Reference 18).


The SAFER/GESTR‑LOCA methodology evaluates the short‑term and long‑term reactor vessel blowdown response to a pipe rupture, the subsequent fuel heatup, and core reflooding by the ECCS.  The reactor vessel pressure and water levels, ECCS performance, and other primary thermal‑hydraulic phenomena are predicted as a function of time.  These predictions are then used to determine the fuel cladding temperature under various accident conditions.


The SAFER/GESTR‑LOCA application methodology consists of three main parts.  First, potentially limiting LOCA cases are determined by applying realistic (nominal) analytical models across the entire break spectrum of postulated breaks.  Second, limiting LOCA cases are analyzed with an Appendix K model (inputs and assumptions) which incorporates the required features of <10 CFR 50, Appendix K>.  For the most limiting cases, a Licensing Basis Peak Cladding Temperature (PCT) is calculated based on the nominal PCT with an adder to account statistically for the differences between the nominal and <10 CFR 50, Appendix K> assumptions.  Finally, a statistically derived Upper Bound PCT is calculated to demonstrate the conservatism of the Licensing Basis PCT.  The Licensing Basis PCT conforms to all the requirements of <10 CFR 50.46> and <10 CFR 50, Appendix K>.


The performance of the ECCS with the new (reload) fuel types is presented in <Appendix 15B>, Reload Safety Analysis.


The ECCS performance is evaluated for the entire spectrum of break sizes for postulated LOCA’s.  The accidents, as listed in <Chapter 15>, for which ECCS operation is required are:


a.
Feedwater line break


b.
Steam system piping break outside of containment


c.
Loss‑of‑coolant accidents


<Chapter 15> provides the radiological consequences of the above listed events.


6.3.3.1      ECCS Bases for Technical Specifications


The maximum average planar linear heat generation rates (MAPLHGRs) calculated in this performance analysis provide the basis for technical specifications designed to ensure conformance with the acceptance criteria of <10 CFR 50.46>.  Minimum ECCS functional requirements are specified in <Section 6.3.3.4> and <Section 6.3.3.5> and testing requirements are discussed in <Section 6.3.4>.  Limits on minimum suppression pool water level are discussed in <Section 6.2>.


6.3.3.2      Acceptance Criteria for ECCS Performance


The applicable acceptance criteria, extracted from <10 CFR 50.46>, “Acceptance Criteria for Emergency Core Cooling Systems for Light‑Water‑Cooled Nuclear Power Reactors,” are listed below.



Criterion 1 – Peak Cladding Temperature:  The calculated maximum fuel element cladding temperature shall not exceed 2200(F.



Criterion 2 – Maximum Cladding Oxidation:  The calculated total local oxidation shall not exceed 0.17 times the total cladding thickness before oxidation.



Criterion 3 – Maximum Hydrogen Generation:  The calculated total amount of hydrogen generated from the chemical reaction of the cladding with water or steam shall not exceed 0.01 times the hypothetical amount that would be generated if all the metal in the cladding cylinder surrounding the fuel, excluding the cladding surrounding the plenum volume, were to react.



Criterion 4 – Coolable Geometry:  Calculated changes in core geometry shall be such that the core remains amenable to cooling.



Criterion 5 – Long‑Term Cooling:  After any calculated successful initial operation of the ECCS, the calculated core temperature shall be maintained at an acceptably low value and decay heat shall be removed for the extended period of time required by the long‑lived radioactivity remaining in the core.


The conformance with Criteria 1 through 3 is presented in (Reference 5) and summarized in <Section 6.3.3.7.3>.  As discussed in (Reference 1), Section III.A, and presented in (Reference 5), conformance to Criterion 4 is demonstrated by conformance to Criteria 1 and 2.  Conformance to Criterion 5 is demonstrated generically for General Electric BWRs in (Reference 1), Section III.A. (Reference 5).  This remains unchanged by application of SAFER/GESTR‑LOCA methodology.


6.3.3.3      Single Failure Considerations


The functional consequences of potential operator errors and single failures (including those which might cause any manually controlled electrically operated valve in the ECCS to move to a position which 


could adversely affect the ECCS), and the potential for submergence of valve motors in the ECCS are discussed in <Section 6.3.2>.  There it was shown that all potential single failures are no more severe than one of the single failures identified in <Table 6.3‑3>.  Therefore, it is only necessary to consider each of these single failures in the performance analyses.  For large breaks, failure of one of the diesel standby generators is in general the most severe failure.  For small breaks, the HPCS is the most severe failure.


6.3.3.4      System Performance During the Accident


In general, the system response to an accident can be described as:


a.
receiving an initiation signal,


b.
a small lag time (to open all valves and have the pumps up to rated speed) and


c.
the ECCS flow entering the vessel.


Key ECCS initiating signals and time delays for all the ECC systems are provided in <Table 6.3‑1>.  The minimization of the delay from the receipt of signal until the ECCS pumps have reached rated speed is limited by the physical constraints on accelerating the diesel generators and pumps.  The delay time due to valve motion in the case of high pressure system provides a suitably conservative allowance for valves available for this application.  In the case of the low pressure system, the time delay for valve motion is such that the pumps are at rated speed prior to the time the vessel pressure reaches the pump shutoff pressure.


The flow delivery rates analyzed in <Section 6.3.3> can be determined from the head‑flow curves in <Figure 6.3‑4>, <Figure 6.3‑5>, and 


<Figure 6.3‑6> of <Section 6.3.2>.  The ECCS leakage flow is accounted for in the analysis.  The ECCS piping inside the vessel (between the vessel wall and shroud) has various leakage paths through slip joints and vent holes.  Some of the ECCS water injected into the vessel is lost through these leakage paths into the downcomer region before reaching the region inside the shroud.  The standard system leakage rates assumed are 80 gpm per LPCI pump and 100 gpm for HPCS and for LPCS.


For the low pressure ECCS, there are two logic paths in SAFER that determine the time of flow injection.  The first path is the system startup time and is governed by the diesel start time, electrical load sequencing, pump start time, and injection valve stroke time.  The second path is governed by valve pressure permissive and injection valve stroke time.  The limiting (longest) delays for the system startup and pressure permissive paths are determined and used for the analysis.  In specific, for low pressure ECCS, no injection flow is assumed until 32 seconds following receipt of the low pressure injection valve pressure permissive.  For high pressure ECCS, a 29 second system delay time from the accident initiation signal is assumed, encompassing the diesel start time plus time for the injection valve to open.

Simplified piping and instrumentation and functional control diagrams for the ECCS are provided in <Section 6.3.2>.  The operational sequence of ECCS for the DBA is presented in <Table 6.3‑2>.


Operator action is not required, except as a monitoring function, during the short term cooling period following the LOCA.  During the long term cooling period, the operator will take action as specified in <Section 6.2.2> to place the containment cooling system into operation.


6.3.3.5      Use of Dual Function Components for ECCS


With the exception of the LPCI system, the systems of the ECCS are designed to accomplish only one function:  to cool the reactor core 


following a loss of reactor coolant.  To this extent, components or portions of these systems (except for pressure relief) are not required for operation of other systems which have emergency core cooling


functions, or vice versa.  Because either the ADS initiating signal or the overpressure signal opens the safety/relief valve, no conflict exists.


The LPCI subsystem, however, uses the RHR pumps and some of the RHR valves and piping.  When the reactor water level is low, the LPCI subsystem has priority through the valve control logic over the other RHR subsystems for containment cooling or shutdown cooling.  Immediately following a LOCA, the RHR system is directed to the LPCI mode.


6.3.3.6      Limits on ECCS System Parameters


The limits on the ECC system parameters are discussed in <Section 6.3.3.1> and <Section 6.3.3.7.1>.


Any number of components in any given system may be out‑of‑service, up to and including the entire system.  The maximum allowable out‑of‑service time is a function of the level of redundance and the specified test intervals as generally discussed in <Appendix 15A.5>.


6.3.3.7      ECCS Analyses for LOCA


6.3.3.7.1      LOCA Analysis Procedures and Input Variables


The methodology used for the SAFER/GESTR‑LOCA analysis is documented in (Reference 4).  A summary of the set of codes used in this analysis is given below.


The significant input parameters are contained in <Table 6.3‑1> and on <Figure 6.3‑10>.


The Shroud Head Stud Assembly Mechanism (SHSAM) leakage flow, ECCS leakage flow and the flow path of vessel Bottom Head Drain (BHD) connection to the broken recirculation line are accounted for in the analysis.


Short‑Term Thermal‑Hydraulic Model (LAMB)


The LAMB model (Reference 1) analyzes the short‑term blowdown phenomena for postulated large pipe breaks in which nucleate boiling is lost before the water level drops sufficiently to uncover the active fuel.  The LAMB output (most importantly, core flow as a function of time) is used in the SCAT/TASC model for calculating blowdown heat transfer and fuel dryout time.


Transient Critical Power Model (SCAT/TASC)


The SCAT model (Reference 1) completes the transient short‑term thermal‑hydraulic calculation for large recirculation line breaks.  The time and location of boiling transition are predicted during the period 


of recirculation pump coastdown.  When the core inlet flow is low, SCAT also predicts the resulting bundle dryout time and location.  The calculated fuel dryout time is an input to the long‑term thermal‑hydraulic transient model, SAFER.  For GE11 and later fuel, an improved SCAT model (designated “TASC”) is used to predict the time and location of boiling transition and dryout time.  This model explicitly models the axially varying flow areas and heat transfer surface resulting from the GE11 part length fuel rods, and incorporates the critical power correlation for GE11 and GE12 (Reference 6) and (Reference 7).


Thermal‑Mechanical Model (GESTR‑LOCA)


The GESTR‑LOCA (Reference 8) model provides the parameters to initialize the fuel stored energy and fuel rod fission gas inventory at the onset 


of a postulated LOCA for input to SAFER.  GESTR‑LOCA also establishes the initial transient pellet‑cladding gap conductance for input to both SAFER and SCAT/TASC.


Long Term Thermal‑Hydraulic Model (SAFER)


The SAFER model (Reference 9), (Reference 10), (Reference 11), (Reference 12), and (Reference 13) calculates the long‑term system response of the reactor over a complete spectrum of hypothetical break sizes and locations.  SAFER is compatible with the GESTR‑LOCA fuel rod model for gap conductance and fission gas release.  SAFER calculates the core and vessel water levels, system pressure response, ECCS performance, and other primary thermal‑hydraulic phenomena occurring in the reactor as a function of time.  SAFER realistically models all regimes of heat transfer that occur inside the core, and provides the PCT and the heat transfer coefficients (which determine the severity of 


the temperature change) as a function of time.  Part length fuel rods, found in GE11 and later fuel types, are modeled as full‑length rods, which conservatively overestimates the hot bundle power.


6.3.3.7.2      Accident Description


A detailed description of the LOCA methodology is provided in (Reference 4).  The analysis is documented in (Reference 18).  For convenience, a short description of the major events during the design basis accident (DBA) is included here.


Immediately after the postulated double‑ended recirculation line break, vessel pressure and core flow begin to decrease.  The initial pressure response is governed by the closure of the main steam isolation valves and the relative values of energy added to the system by decay heat and energy removed from the system by the initial blowdown of fluid from the downcomer.  The initial core flow decrease is rapid because the recirculation pump in the broken loop ceases to pump almost immediately 


because it has lost suction.  The pump in the intact loop coasts down relatively slowly.  This pump coastdown governs the core flow response for the next several seconds.  When the jet pump suctions uncover, calculated core flow decreases to near zero.  When the recirculation 


pump suction nozzle uncovers, the energy release rate from the break increases significantly and the pressure begins to decay more rapidly.  As a result of the increased rate of vessel pressure loss, the initially subcooled water in the lower plenum saturates and flashes up through the core, increasing the core flow.  This lower plenum flashing continues at a reduced rate for the next several seconds.


The core water level is restored during the rapid depressurization following uncovery of the break, and then begins dropping again due to the mass loss out of the break.  Once the pressure drops below the shutoff head of the low pressure systems they begin injecting water into 


the vessel and rapidly restore the water level in the core.  In the analysis, no credit is taken for flow until the injection valve is fully open and the reactor pressure is below the system shutoff head.  The uncovery duration is shorter because the injection of LPCI water into the bypass region makes it possible to reflood the core before the lower plenum subcools.


The calculated fuel cladding temperature results show that the first peak heatup occurs during the early boiling transition (early dryout) period, which is due to the initial stored energy or gap conductance.  The second peak heatup is caused by core uncovery which is slower, being governed by decay heat and heat transfer rate.  Finally the heatup is terminated when the core is recovered by the accumulation of ECCS water.


6.3.3.7.3

Break Spectrum Calculations – Recirculation Line Breaks


Several break sizes are analyzed to determine the limiting single failure <Section 6.3.3.3> using nominal assumptions documented in (Reference 5) and (Reference 18) and the inputs discussed in 


<Section 6.3.3.7.1>.  The drain line flow path between the vessel bottom head and the broken recirculation line is considered in the analysis.  The analysis reported in (Reference 18) established the shape of the PCT versus break area curve (break spectrum) to determine the limiting break.  This ensures the limiting combination of break size, location, and single failure had been identified, and is similar to that 


determined in the generic evaluation (Reference 4).  The trend of PCT with break size is consistent with the trend observed in the generic break spectrum.


Once the Design Basis Accident (DBA) which includes the limiting single failure has been determined using nominal assumptions, the event is then analyzed using the <10 CFR 50, Appendix K> methodology.  The <10 CFR 50, Appendix K> calculations validate the limiting conditions and provides inputs into the calculation of the licensing and upper bound PCTs.


The Perry analysis demonstrates that the DBA is the recirculation suction line break with a coincident HPCS Diesel Generator (DG) failure.  This event results in the same first peak PCT as for LPCI DG and LPCS DG failures using the nominal assumptions.  However, the DBA suction break with HPCS DG failure results in a more severe second peak PCT than for the other two single failures for the plant using the nominal assumptions.


The nominal calculations <Figure 6.3‑9> show that for large breaks (i.e., ( 1.0 ft2) the calculated PCTs remain flat and decrease with decreasing break size from the DBA to the 1.0 ft2 range due to the first peak PCT limiting resulted from early boiling transition (dryout).  In the small break range (i.e., < 1.0 ft2), where the depressurization of the reactor depends on the Automatic Depressurization System (ADS), the calculated PCT increases first with decreasing break size and then decreases again.  For small breaks, which do not experience early dryout, the calculated PCT occurs during the core uncovery.  A 0.1 ft2 suction line break is limiting as shown in the representative small break spectrum.


The <10 CFR 50, Appendix K> calculations demonstrated that the DBA recirculation suction line break with HPCS DG failure remains the limiting case.


A summary of the results of the break spectrum calculations is shown in tabular form in <Table 6.3‑4> and graphically in <Figure 6.3‑9>.


6.3.3.7.4

Calculations for Non‑Recirculation Line Breaks


Non‑recirculation line breaks are analyzed for the limiting fuel type, using nominal assumptions (Reference 4).  The analysis considers the HPCS line break, steam line break inside and outside the containment, feedwater line break and LPCI line break.  For all of these events the 


calculated PCTs do not exceed the steady state value during normal operation, and thus are bounded by the recirculation line breaks results.


6.3.3.7.5

Compliance Evaluations


Conformance to the acceptance criteria of <10 CFR 50.46> and <10 CFR 50, Appendix K> is demonstrated by the Licensing Basis PCT.  The Licensing Basis PCTs for the plant specific fuel types are calculated for the DBA suction line break with the limiting HPCS DG failure using the results presented in (Reference 18) and the methodology documented in (Reference 4), (Reference 5), and (Reference 18).  An adder is added to the nominal PCT to generate the Licensing Basis PCT.  The adder incorporates features required by <10 CFR 50, Appendix K> which are not already included in the nominal calculations.  Plant variable uncertainties included backflow leakage, ECCS water temperature, ECCS initiation signal, stored energy, gap pressure, and ADS time delay are considered in the plant specific adder.  The Licensing Basis PCT is required not to exceed 2200(F.


Finally, the conservatism of the Licensing Basis PCT is demonstrated by comparison to a statistically derived Upper Bound PCT.  The statistical based Upper Bound PCT is a function of the limiting case nominal PCT, modeling bias and plant specific variable uncertainties.  The evaluation method in (Reference 4) is used to determine the uncertainty term which involves stored energy, decay heat, PLHGR, break flow and the initial 


MCPR.  The Upper Bound PCT is then conservatively determined by adjusting the plant specific difference between the nominal and the derived PCT.  The Upper Bound PCT is required to be less than the Licensing Basis PCT.


<Table 6.3‑5> provides the Licensing Basis PCT results for the limiting DBA recirculation line suction break.


6.3.3.7.6

Alternate Operating Mode Considerations


The SAFER/GESTR‑LOCA analysis was applied to three alternate operating modes:  Maximum Extended Operating Domain (MEOD), feedwater temperature reduction, and single loop operation.  Details of these operating modes 


are contained in USAR <Appendix 15D>, <Appendix 15E>, and <Appendix 15F>, respectively.  SAFER/GESTR‑LOCA results are fuel type specific and, as such, are contained in USAR <Appendix 15B>, Reload Analysis.


6.3.3.8      Conclusions

The Perry SAFER/GESTR‑LOCA analysis results provided in <Section 6.3.3.7.3> (Reference 18) demonstrate that a sufficient number of plant‑specific PCT points have been evaluated to establish the shape of both the nominal and Appendix K PCT versus break size curves.  The analysis also demonstrates that the limiting Licensing Basis PCT occurs for the recirculation suction line DBA.


Compliance with the applicable acceptance criteria provided in <Section 6.3.3.2> is provided in <Table 6.3‑5>.  With the verification that the Licensing Basis PCT is greater than the Upper Bound PCT, the level of safety and conservatism of this analysis meets the NRC approved acceptance criteria of <10 CFR 50.46> and <10 CFR 50, Appendix K>.


6.3.4      TESTS AND INSPECTIONS


6.3.4.1      ECCS Performance Tests


All systems of the ECCS are tested for their operational ECCS function during the preoperational and/or startup test program.  Each component is tested for power source, range, direction of rotation, set point, limit switch setting, torque switch setting, etc.  Each pump is tested 


for flow capacity for comparison with vendor data (this test is also


used to verify flow measuring capability).  The flow tests involve the same suction and discharge source, i.e., suppression pool or condensate storage tank.


All logic elements are tested individually and then as a system to verify complete system response to emergency signals including the ability of valves to revert to the ECCS alignment from other positions.


Finally, the entire system is tested for response time and flow capacity taking suction from its normal source and delivering flow into the reactor vessel.  This last series of tests is performed with power supplied from both offsite power and onsite emergency power.


See <Chapter 14> for a detailed discussion of preoperational testing for these systems.


6.3.4.2      Reliability Tests and Inspections


The average reliability of a standby (non‑operating) safety system is a function of the duration of the interval between periodic functional tests.  The factors considered in determining the periodic test interval of the ECCS are:  the desired system availability (average reliability), the number of redundant functional system success paths, the failure rates of the individual components in the system, and the schedule of periodic tests (simultaneous versus uniformly staggered versus randomly staggered).  For the ECCS the above factors were used to determine safe test intervals utilizing the methods described in (Reference 2).


All of the active components of the HPCS system, LPCS system and LPCI systems are designed so that they may be tested during normal plant operation.  Full flow test capability is provided by a test line back to the suction source.  The full flow test is used to verify the capacity 


of each ECCS pump loop while the plant remains undisturbed in the power generation mode.  In addition, each individual valve may be tested


during normal plant operation.  Input jacks are provided so that each ECCS loop can be tested for response time during racking out of the injection valve breaker.


All of the active components of the ADS system except the safety/relief valves and their associated solenoid valves are designed so they may be tested during normal plant operation.  The safety/relief valves and associated solenoid valves are all tested on a Technical Specification specified frequency during plant startup following a refueling outage.  Safety/relief valves and their associated solenoid valves which have been overhauled during a plant outage are tested during the startup following that outage.


Testing of the initiating instrumentation and controls portion of the ECCS is discussed in <Section 7.3.1>.  The emergency power system, which supplies electrical power to the ECCS in the event that offsite power is unavailable, is tested as described in <Section 8.3.1>.  The frequency of testing is specified in technical specifications.  Visual inspections of all the ECCS components located outside the drywell can be made at any time during power operation.  Components inside the drywell can be visually inspected only during periods of access to the drywell.  When the reactor vessel is open, the spargers and other internals can be inspected.


6.3.4.2.1      HPCS Testing


The HPCS can be tested at full flow with condensate storage tank water at any time during plant operation except when the reactor vessel water level is low, when the condensate level in the condensate storage tank is below the reserve level or when the valves from the suppression pool 


to the pump are open.  If an initiation signal occurs while the HPCS is being tested, the system returns automatically to the operating mode.


The two motor‑operated valves in the test line to the condensate storage system are interlocked closed when the suction valve from the suppression pool is open.


The functional test of the HPCS pump is performed at a single pressure and flow calculated to satisfy all design bases flows and pressures.  The test is performed by pumping water from either the condensate storage tank, through the full flow test return line, and back to the condensate storage tank or from the suppression pool to the suppression pool.


The suction valve from the unused source and the discharge valve to the reactor remain closed.  These valves are tested separately to ensure their operability.


The HPCS test conditions are tabulated on the HPCS process flow diagram, Figure 6.3‑1.


The HPCS pre‑operational testing was conducted in all modes of operation and included automatic transfer of pump suction from the condensate storage tank to the suppression pool for both modes of initiation (high suppression pool level and low condensate storage tank level).  The pump head flow characteristics and NPSH were checked for consistency and design specifications for the various modes of operation.  See Section 14.2.12.1.15 for details.


6.3.4.2.2      ADS Testing


The ADS valves are fully tested during the time when the reactor is at reduced pressure prior to or following a refueling outage.  This testing includes simulated automatic actuation of the system throughout its emergency operating sequence.  Each individual ADS valve is manually actuated.


During plant operation the ADS system can be checked as discussed in <Section 7.3.1>.


6.3.4.2.3      LPCS Testing


The LPCS pump and valves are tested periodically during reactor operation.  With the injection valve closed and the return line open to the suppression pool, full flowing pump capability is demonstrated.  The injection valve and the check valve are tested in a manner similar to


that used for the LPCI valves.  The system test conditions during reactor shutdown are shown on the LPCS system process diagram, <Figure 6.3‑2>.


6.3.4.2.4      LPCI Testing


Each LPCI loop can be tested during reactor operation.  The test conditions are tabulated in <Figure 6.3‑3>.  During plant operation, this test does not inject cold water into the reactor because the injection valve is not opened.  The injection line portion is tested during the shutdown cooling mode of operation.  This prevents unnecessary thermal stresses.


To test an LPCI pump at rated flow, the test line valve to the suppression pool is opened, the pump suction valve from the suppression 


pool is opened (this valve is normally open) and the pumps are started using the remote‑manual switches in the control room.  Correct operation is determined by observing the instruments in the control room.


If an initiation signal occurs during the test, the LPCI system returns to the operating mode.  The valves in the test bypass lines are closed automatically to assure that the LPCI pump discharge is correctly routed to the vessel.


6.3.4.2.5      ECCS Check Valves


ECCS check valves in the discharge side of the RHR/LPCI, HPCS and LPCS systems perform an isolation function that they protect low pressure systems from full reactor pressure.  These ECCS check valves, as identified below, will be classified Category AC per the ASME OM Code with leak testing for this class of valve being performed to code specifications.


System


Valve Identification


USAR Figure


RHR/LPCI



F041A, B, C



<Figure 5.4‑13>


HPCS




F005





<Figure 6.3‑7>


LPCS




F006





<Figure 6.3‑8>


The necessary test provisions (test connections, block valves, etc.) to leak test each valve have been incorporated in the design, as shown on <Figure 5.4‑13>, <Figure 6.3‑7>, and <Figure 6.3‑8>.


Leak testing will be performed at each refueling after the valves have been exercised.


The required leak test schedule and leak detection criteria are provided in technical specifications.


6.3.5      INSTRUMENTATION REQUIREMENTS


Design details including redundancy and logic of the ECCS instrumentation are discussed in <Section 7.3>.


All instrumentation required for automatic and manual initiation of the HPCS, LPCS, LPCI, and ADS is discussed in <Chapter 7> and is designed to meet the requirements of IEEE Standard 279 and other applicable regulatory requirements.  The HPCS, LPCS, LPCI, and ADS can be manually initiated from the control room.


The HPCS, LPCS and LPCI are automatically initiated on low reactor water level or high drywell pressure (see <Table 6.3‑1> for specific initiation levels for each system).  The ADS is automatically actuated by sensed variables for reactor vessel low water level plus indication that at least one LPCI or LPCS pump is operating.  The HPCS, LPCS and LPCI automatically return from system flow test modes to the emergency core cooling mode of operation following receipt of an automatic initiation signal.  The LPCS and LPCI system injection into the RPV begin when reactor pressure decreases to system discharge shutoff pressure.


HPCS injection begins as soon as the HPCS pump is up to speed and the injection valve is open since the HPCS is capable of injecting water into the RPV over a pressure range from 1,200 psid (differential pressure between RPV and pump suction source) to 0 psid.
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TABLE 6.3‑1


PARAMETERS USED IN PERRY SAFER/GESTR‑LOCA ANALYSIS


A.
PLANT PARAMETERS




<10 CFR 50,


Plant Parameters
Nominal
Appendix K>


Core Thermal Power (MWt)(1)
3758
3833


Corresponding Power (% of 3758 MWt)
100
102


Vessel Steam Output (Mlb/hr)
16.30
16.63


Vessel Steam Output (% rated)
100
102


Core Flow (Mlb/hr)
104.0
104.0


Core Flow (% rated)
100
100


Vessel Steam Dome Pressure (psia)
1040
1060


Maximum Recirculation Suction Line
2.73
2.73


Break Area (ft2)


Bottom Head Drain Line Break Area (ft2)
0.0155
0.0155


B.
ECCS PARAMETERS


1.
Low Pressure Coolant Injection (LPCI) System



Variable
Units
Analysis





Value



a.
Maximum vessel pressure at which
psid (vessel
225




pumps can inject flow
to drywell)



b.
Minimum rated flow (into shroud)




(
Vessel pressure at which below
psid (vessel
20





listed flow rates are quoted
to drywell)




(
One (1) LPCI pump injecting 
gpm
6500





into shroud




(
Two (2) LPCI pumps injecting 
gpm
13000





into shroud




(
Three (3) LPCI pumps injecting
gpm
19500





into shroud
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B.
ECCS PARAMETERS (Continued)



Variable
Units
Analysis





Value



c.
Run-out flow at 0 psid (vessel to




drywell)




(
One (1) LPCI pump injecting 
gpm
7000





into shroud




(
Two (2) LPCI pumps injecting 
gpm
14000





into shroud




(
Three (3) LPCI pumps injecting
gpm
21000





into shroud



d.
Initiating signals




(
Low‑low water level, or

inches above
373.4






vessel “zero”




(
High drywell pressure
psig
2.0



e.
Vessel pressure at which injection




valve may open
psia
450



f.
Time from initiating signal
sec
27




(Item 1.d) to pump at rated speed




and capable of rated flow with




emergency (diesel) power including




sequencing delays



g.
Time from initiating signal
sec
10




(Item 1.d) to power at injection




valves



h.
Injection valve stroke time‑opening
sec
32


2.
Low Pressure Core Spray (LPCS) System



Variable
Units
Analysis





Value



a.
Maximum vessel pressure at which 
psid (vessel
289




pumps can inject flow
to drywell)


TABLE 6.3‑1 (Continued)


2.
Low Pressure Core Spray (LPCS) System (Continued)



Variable
Units
Analysis





Value



b.
Minimum rated flow at vessel‑to
gpm
6000




‑drywell pressure (into shroud)
psid
122



c.
Run-out flow at 0 psid (vessel to
gpm
6600




drywell)



d.
Initiating signals
inches above
373.4





vessel “zero”




(
Low‑low water level, or




(
High drywell pressure

psig
2.0



e.
Run-out flow at 0 psid (vessel to
gpm
6600




drywell)



f.
Vessel pressure at which injection 
psig
450




valve may open



g.
Injection valve stroke time‑opening
sec
32



h.
Time from initiating signal 
sec
10




(Item 2.d) to power at injection 




valves



i.
Time from initiating signal 
sec
27




(Item 2.d) to pump at rated speed 




with emergency (diesel) power 




including sequencing delays


3.
High Pressure Core Spray (HPCS) System



Variable
Units
Analysis





Value



a.
Vessel pressure at which flow 
psid
1200




may commence



b.
Minimum rated flow and vessel 
gpm/psid
517/1200




pressure

1550/1147





(vessel to





source of 
6000/200





suction)
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3.
High Pressure Core Spray (HPCS) System (Continued)



Variable
Units
Analysis





Value



c.
Run-out flow at 0 psid (vessel
gpm
6000




to source of suction)



d.
Initiating signals
inches above
485.4





vessel “zero”




(
Low‑low water level, or




(
High drywell pressure

psig
2.0



e.
Maximum allowable time delay 
seconds
29




from initiating signal until 



rated flow is available through




the injection valve


4.
Automatic Depressurization System (ADS)



Variable
Units
Analysis





Value



a.
Total number of valves with 

8




ADS function available



b.
Number of ADS valves assumed in

8




the analysis



c.
Pressure at which below listed 
psig
1080




capacity is quoted



d.
Minimum flow capacity at pressure
lb/hr
6.724x106



given in 4.c with all available 




ADS valves open



e.
Initiating signals
inches above
373.4




vessel “zero”




(
Low‑low water level, and




(
ADS Timer Delay from initiating
sec
120





signal completed to the time 





valves are open
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C.
FUEL PARAMETERS




Analysis Value



Fuel Parameter

GE11


PLHGR (kW/ft)


- <10 CFR 50, Appendix K>
14.4x1.02







- Nominal


13.8


MAPLHGR (kW/ft)

- <10 CFR 50, Appendix K>
13.4x1.02







- Nominal


12.9


Initial Operating MCPR
– <10 CFR 50, Appendix K>
1.16







- Nominal


1.20


Axial Peaking Factor




1.4


Number of Fuel Rods per Bundle


74


NOTE:


(1)
The nominal core thermal power (3758 MWt) corresponds to the current licensed rated power value.  A conservative core thermal power of 3833 MWt which corresponds to 102% of the rated power was used for the <10 CFR 50, Appendix K> evaluation.


TABLE 6.3‑2


OPERATIONAL SEQUENCE OF EMERGENCY CORE COOLING SYSTEMS FOR


DESIGN BASIS ACCIDENT(1)(2)

Time


(sec)




   Events


  0


Design basis loss‑of‑coolant accident assumed to start; normal auxiliary power assumed to be lost.


 ~0


Drywell high pressure and reactor low water level reached.  All diesel generators signaled to start; scram; HPCS, LPCS, and LPCI signaled to start on high drywell pressure.

 ~4


Reactor low‑low water level reached.  HPCS receives second signal to start.


 ~6


Reactor low‑low‑low water level reached.  Second signal to start LPCI and LPCS; auto‑depressurization sequence begins; main steam isolation valve signaled to close.


 <10


Division 1 and 2 diesel generators ready to load; begin energizing LPCI and LPCS pump motors.


 ~28


Pressure permissive for LPCI and LPCS injection valve reached.


 ~29


HPCS pump at rated speed and injection valve open sufficient to pass required flow.


 ~60


LPCI and LPCS pumps at rated speed, and LPCI and LPCS injection valves open sufficient to pass required flow.


 ~150

Core reflooded assuming worst single failure; heatup terminated.


>10 min

Operator shifts to containment cooling.


NOTES:


(1)
For the purpose of all but the next to last entry on this table, all ECCS equipment is assumed to function as designed.  Performance analysis calculations consider the effects of single equipment failures <Section 6.3.2.5> and <Section 6.3.3.3>.  The recirculation suction line break DBA with limiting HPCS DG failure case using <10 CFR 50, Appendix K> assumptions is used.


(2)
Credit is taken in LOCA analyses for ECCS starts on high drywell pressure signal.


TABLE 6.3‑3


PERRY SINGLE FAILURE EVALUATION

The table below shows the various combinations of Automatic Depressurization System (ADS), High Pressure Core Spray (HPCS) System, Low Pressure Coolant Injection (LPCI) System and Low Pressure Core Spray (LPCS) System which might be operable in an assumed design basis accident situation.  In performing the ECCS performance analysis with SAFER/GESTR‑LOCA, it is assumed that no postulated single active component will result in less than certain minimum combinations of systems remaining operable.


The following single, active failures will be considered in the ECCS performance evaluation for recirculation suction line break:


		Assumed Failure(1)

		Systems Remaining(2)

		



		LPCI Emergency Diesel Generator (D/G)

		All ADS, HPCS, LPCS, 1 LPCI

		



		LPCS Emergency DG

		All ADS, HPCS, 2 LPCI

		



		HPCS Emergency DG

		All ADS, LPCS, 3 LPCI

		



		One ADS Valve

		All ADS minus one, HPCS, LPCS, 3 LPCI

		





NOTES:


(1)
Other postulated failures are not specifically considered because they all result in at least as much ECCS capacity as one of the above assumed failures.


(2)
Systems remaining, as identified in this table, are applicable to all non‑ECCS line breaks.  For a LOCA from an ECCS line break, the systems remaining are those listed, less the ECCS system in which the break is assumed.


TABLE 6.3‑4


SUMMARY OF RECRICULATION LINE BREAK RESULTS


FOR PERRY SAFER/GESTR ANALYIS FOR CYCLE 8(1)

		Break Size &


Recirc Break Location




		Single


Failure(2)

		

		GE11(3)

1st/2nd peak


PCT ((F)

		

		



		Nominal:




		

		

		

		

		



		 DBA, Suction




		HPCS DG

		

		907/809

		

		



		 1.0 ft2, Suction




		HPCS DG

		

		891/590

		

		



		 0.1 ft2



		HPCS DG

		

		650

		

		



		<10 CFR 50, Appendix K>:




		

		

		

		

		



		 DBA, Suction




		HPCS DG

		

		1130/1328

		

		



		 1.0 ft2



		HPCS DG

		

		1144/1021

		

		



		 0.1 ft2

		HPCS DG

		

		835

		

		





NOTES:


(1)
Table does not include values associated with MEOD, feedwater temperature reductions, or single loop operations.


(2)
Only the results for the most limiting single failure are presented in this Table.


(3)
The calculated FCT results for the limiting fuel (GE11) would be bounding for GE10 and GE12 fuels.


TABLE 6.3‑5


SAFER/GESTR‑LOCA RESULTS FOR PERRY


		1.




		Limiting Fuel Type (Cycle 8)

		GE11 Fuel

		

		



		2.




		Limiting Break

		DBA


Suction




		Acceptance


Criteria

		



		3.




		Limiting Failure

		HPCS DG

		-

		



		4.




		Peak Cladding Temperature


(Licensing Basis)




		< 1370(3)

		( 2200(1)

		



		5.




		Upper Bound PCT

		< 1250(3)

		( 1600(F(2)

		



		6.




		Maximum Local Oxidation

		< 0.2%

		( 17%(1)

		



		7.




		Core-Wide Metal-Water


Reaction




		< 0.1%

		( 1,0%(1)

		





NOTES:


(1)
Acceptance criteria is from <10 CFR 50.46>.


(2)
Acceptance criteria is from NRC SER written for SAFER/GESTR‑LOCA methodology.


(3)
SAFER/GESTR‑LOCA Licensing Basis PCT for MEOD.  The licensing result for the limiting fuel (GE11) would be bounding for GE10 and GE12 fuels.


TABLE 6.3‑6


KEY TO FIGURES

		- Recirculation Break


- Break Size


- Location


- Failure


- Assumption




		Limiting Large Break


DBA


Suction


HPCS DG


Nominal

		Intermediate Break


1.0 ft2

Suction


HPCS DG


Nominal

		Typical Small Break


0.1 ft2

Suction


HPCS DG


Nominal

		



		Water Level in Hot & Average Channels




		<Figure 6.3-11 (1)>

		<Figure 6.3-12 (1)>

		<Figure 6.3-13 (1)>

		



		Reactor Vessel Pressure




		<Figure 6.3-11 (2)>

		<Figure 6.3-12 (2)>

		<Figure 6.3-13 (2)>

		



		Peak Cladding Temperature(1)



		<Figure 6.3-11 (6)>

		<Figure 6.3-12 (6)>

		<Figure 6.3-13 (6)>

		



		Heat Transfer Coefficient(1)



		<Figure 6.3-11 (7)>

		<Figure 6.3-12 (7)>

		<Figure 6.3-13 (7)>

		



		ECCS Flow




		<Figure 6.3-11 (5)>

		<Figure 6.3-12 (5)>

		<Figure 6.3-13 (5)>

		



		Core Inlet Flow




		<Figure 6.3-11 (10)>

		

		

		



		Minimum Critical Power Ratio




		<Figure 6.3-11 (11)>

		

		

		





TABLE 6.3‑6 (Continued)


		- Recirculation Break


- Break Size


- Location


- Failure


- Assumption




		Limiting Large Break


DBA


Suction


HPCS DG


<10 CFR 50, Appendix K>

		Intermediate Break


1.0 ft2

Suction


HPCS DG


<10 CFR 50, Appendix K>

		Typical Small Break


0.1 ft2

Suction


HPCS DG


<10 CFR 50, Appendix K>

		



		Water Level in Hot & Average Channels




		<Figure 6.3-14 (1)>

		<Figure 6.3-15 (1)>

		<Figure 6.3-16 (1)>

		



		Reactor Vessel Pressure




		<Figure 6.3-14 (2)>

		<Figure 6.3-15 (2)>

		<Figure 6.3-16 (2)>

		



		Peak Cladding Temperature(1)



		<Figure 6.3-14 (6)>

		<Figure 6.3-15 (6)>

		<Figure 6.3-16 (6)>

		



		Heat Transfer Coefficient(1)



		<Figure 6.3-14 (7)>

		<Figure 6.3-15 (7)>

		<Figure 6.3-16 (7)>

		



		ECCS Flow




		<Figure 6.3-14 (5)>

		<Figure 6.3-15 (5)>

		<Figure 6.3-16 (5)>

		



		Core Inlet Flow




		<Figure 6.3-14 (10)>

		

		

		



		Minimum Critical Power Ratio




		<Figure 6.3-14 (11)>

		

		

		





NOTE:


(1)
Plots are for GE11 fuel only.


TABLE 6.3‑7


ECCS DESIGN PARAMETERS




Design


System
Parameter
Value_
Basis


LPCS
Pool suction line
100 psig
Nominal value, suction



design pressure

from RPV (shutdown test)


RHR
Pool suction line
100 psig
Nominal value, suction



design pressure

from RPV (shutdown test)


HPCS
Design pressure
100 psig
Nominal value, suction



for suction from

from condensate tank



condensate storage


RHR
Shutdown suction
200 psig
Max vessel cut in



line pressure

pressure + max. vessel water level above pump


LPCS
Pump discharge
600 psig(1)
Shutoff head + max.



line pressure

suction pressure


RHR (LPCI)
Pump discharge
500 psig(1)
Shutoff head + max.



line pressure

suction pressure


HPCS
Pump discharge
1,575 psig
Shutoff head + max.



line pressure

suction pressure


LPCS
Pump suction &
185(F
Maximum expected



discharge temp.

temperature of pumped





fluid (i.e., maximum





containment design





temperature)





<Regulatory Guide 1.1>


HPCS
Pump suction &
185(F
Maximum expected



discharge temp.

temperature of pumped





fluid (i.e., maximum





containment design





temperature) <Regulatory Guide 1.1>


TABLE 6.3‑7 (Continued)




Design


System
Parameter
Value_
Basis


RHR (LPCI)
Pool suction
185(F
Maximum expected





temperature of pumped





fluid (i.e., maximum





containment design





temperature) <Regulatory Guide 1.1>


RHR
Shutdown line
358(F
Max shutdown suction



temperature

temperature (satura‑





tion @ 135 psig)


LPCS
Rated flow
6,000 gpm
<Table 6.3‑1>




@122 psid




(over




drywell)


RHR (LPCI)
Rated flow
6,500 gpm/
<Table 6.3‑1>




loop ‑




3 loops




@20 psid




(over




drywell)


HPCS
Rated Flow
6,000 gpm
<Table 6.3‑1>




@200 psid
(value selected to provide adequate core cooling, all design basis events)


LPCS
RPV pressure at
289 psid
<Table 6.3‑1>



beginning flow
(over
(value selected to




drywell)
provide adequate core cooling all design basis events)


RHR (LPCI)
RPV pressure at
225 psid
<Table 6.3‑1> (value



beginning flow
(over
selected to provide




drywell)
adequate core cooling for all design basis events)


TABLE 6.3‑7 (Continued)




Design


System
Parameter
Value_
Basis


HPCS
RPV pressure
1,200 psid
<Table 6.3‑1>





(value selected to provide adequate core cooling for all design basis events)


LPCS
Time to rated
27 sec
<Table 6.3‑1>



speed

(value selected to provide adequate core cooling for all design basis events)


RHR (LPCI)
Time to rated
27 sec
<Table 6.3‑1> (value


pump
speed

selected to provide adequate core cooling for all design basis events)


HPCS
Time to rated
27 sec
<Table 6.3‑1> (value


Pump
speed

selected to provide adequate core cooling for all design basis events)


LPCS
Injection valve
32 sec(2)
<Table 6.3‑1> (value



open sufficient
(after 
selected to provide



to pass rated 
pressure
adequate core cooling



flow
permissive)
for all design basis




events)


RHR (LPCI)
Injection valve
32 sec(2)
<Table 6.3‑1> (value



open sufficient
(after
selected to provide



to pass rated 
pressure
adequate core cooling



flow
permissive)
for all design basis 




events)


HPCS
Injection valve
29 sec(3)
<Table 6.3‑1> (value



open sufficient

selected to provide


to pass rated 

adequate core cooling



flow

for all design basis




events)


TABLE 6.3‑7 (Continued)


NOTES:


(1)
Discharge piping design rating is based on ASME code Section III criteria; applicable pressure/temperature rating is 720 psig (@100(F) to 625 psig (@500(F).


(2)
Calculated valve stroke time is 32 seconds.  Required flow will be established prior to the valve reaching full open, providing margin for considerations such as diesel generator operation at minimum allowable frequency and voltage.

(3)
Calculated injection valve stroke time is 29 seconds including the time to start the emergency diesel generator.  Required flow will be established prior to reaching full open, providing margin for considerations such as diesel generator operation at minimum allowable frequency and voltage.  Design basis analysis assumes HPCS injection begins at 29 seconds.

TABLE 6.3‑8


MANUAL VALVES IN HPCS SYSTEM(1)






Methods for Minimizing


Valve No.
  Type
Location
Service
    Function
Positioning Error(2)


  F036
12” Gate
Drywell
Main Process
Main Process Line
NO; position indications





Line
Block Valve
light (control room mounted)


  F026
6” Gate
Aux. Bldg.
Flushing
Backflush Line By‑
NC; closed






passing Check Valve






(F024)


  F031
6” Gate
Aux. Bldg.
Flushing
Flushing Water Supply
NC; backed by check valve






line to HPCS pump
F003






Discharge


  F034
2” Globe
Aux. Bldg.
Jockey Pump
Jockey Pump suction
NO; during HPCS operation,





Lines
isolation valve
position is not critical;







closed


  F033
1” Globe
Aux. Bldg.
Jockey Pump
Jockey Pump minimum
NO; during HPCS operation,





Lines
flow line to HPCS pump
position is not critical






suction


  F006
1‑1/2” Stop
Aux. Bldg.
Jockey Pump
HPCS Jockey Pump
NO; HPCS operation would not



Check

Lines
Discharge isolation
be affected by this valves






valve
position (closed)


  F019
6” Gate
Aux. Bldg.
Flushing and
HPCS Pump suction line
NC





Servicing
Drain to Radwaste






System


TABLE 6.3‑8 (Continued)


NOTES:

(1)
Piping low point drains, high point vents and test connections are provided with dual isolation.


(2)
NO = Normally open



NC = Normally closed



Backed by . . ., =
Double valve arrangement precluding impact on system operation without two position errors and/or a non‑manual valve failure.



Closed =
Indicates valve is in line that forms closed loop with piping that, without a double positioning error, would have no effect on system functioning.


TABLE 6.3‑9


MANUAL VALVES IN LPCS SYSTEM(1)







Methods for Minimizing


Valve No.
  Type
Location
Service
   Function
Positioning Error(2)



  F007
12” Gate
Drywell
Main Process
Main Process line
NO; position indicating





Line
block valve
light (control room mounted)


  F025
6” Gate
Aux. Bldg.
Flushing
Flushing water supply
NC; backed by a blind flange






to LPCS pump discharge






piping to vessel


  F004
6” Gate
Aux. Bldg.
Flushing
Back flush line
NC; Closed






bypassing check valve






F003


  F008
6” Gate
Aux. Bldg.
Flushing and
LPCS pump suction line
NC; Closed





Servicing
drain to radwaste system


  F032
2” Globe
Aux. Bldg.
Jockey Pump
LPCS Jockey pump suction
NO; LPCS operation would not





Lines
isolation valve
be affected by this valves







position (closed)


  F035
3/4” Globe
Aux. Bldg.
Jockey Pump
Jockey Pump minimum
NO; LPCS operation would not





Lines
flow to LPCS suction
be affected by this valves






lines
position (closed)


  F034
1‑1/2” Globe
Aux. Bldg.
Jockey Pump
LPCS Jockey pump
NO; LPCS operation would not



Stop Check

Lines
Discharge isolation
be affected by this valves






valve
position (closed)


TABLE 6.3‑9 (Continued)


NOTES:


(1)
Piping low point drains, high point vents and test connections are provided with dual isolation.


(2)
NO = Normally open



NC = Normally closed



Backed by . . ., =
Double valve arrangement precluding impact on system operation without two position errors and/or a non‑manual valve failure.



Closed =
Indicates valve is in line that forms closed loop with piping that, without a double positioning error, would have no effect on system functioning.


TABLE 6.3‑10


MANUAL VALVES IN LPCI (RHR) SYSTEM(1)






Methods for Minimizing


Valve No.
  Type
Location
Service
    Function
Positioning Error(2)


F029 A,B,C
 18” Gate
Aux. Bldg.
Main Process
Block Valves on RHR
NO; See Note(3)




Line
Pumps discharge lines


F039 A,B,C
 12” Gate
Drywell
Main Process
Process Line Block
NO; position indicating





Line
Valve for leak testing
light (control room mounted)






check valves A,B,C


F066 A,B
 10” Gate
Aux. Bldg.
Fuel Pool
From spent fuel pool
NC; position monitoring





Cooling
to RHR pumps A, B
switches






suction


F067
 18” Gate
Aux. Bldg.
Main Process
Shutdown suction to
NC





Line
Pump C


F099 A,B
 10” Gate
Aux. Bldg.
Fuel Pool
Return to spent fuel
NC





Cooling
after heat exchanger






pass


F552 A,B
 10” Stop
Aux. Bldg.
Flushing
RHR Line flushing
NO



 Check


F018 A,B,C
 6” Gate
Aux. Bldg.
Minimum flow
Minimum flow line to
Locked in throttled





and standby
suppression pool from
position






RHR pumps A,B,C






discharges


F047A,B
18” Gate
Aux. Bldg.
Main Process
RHR Heat exchanger
NO; position indicating





Line
isol. valve
light (control room mounted)







See Note(4)

TABLE 6.3‑10 (Continued)







Methods for Minimizing


Valve No.
  Type
Location
Service
    Function
Positioning Error(2)



F071 A,B
 8” Gate
Aux. Bldg.
Flushing
RHR A,B Pump suction
NC






line drains to radwaste






system


F072 A,B
 8” Gate
Aux. Bldg.
Flushing
RHR A,B Pump discharge
NC






Line drains to Radwaste






system


F511 A,B
 8” Gate
Aux. Bldg.
Flushing
RHR A,B,C pump drains
LO; backed by NC valves






to radwaste system
F071 A,B,C and F072 A,B,C


F010
 20” Gate
Drywell
Main Process
Decay Heat Removal
NO; position indicating





Line

light (control room mounted)


F071C
 8” Gate
Aux. Bldg.
Flushing
RHR C pump suction line
NC; backed by NC valve F072C






drains to radwaste






system


F072C
 8” Gate
Aux. Bldg.
Flushing
RHR C pump discharge
NC; backed by NC valves






line drains to Radwaste
F071C and F511B






system


F082
 2” Globe
Aux. Bldg.
Jockey Pump
RHR loop B,C Jockey
NO; during LPCI operation,





Lines
pump suction isolation
position is not critical;







closed


F085 A,B,C
 1‑1/2”
Aux. Bldg.
Jockey Pump
RHR loop A,B,C Jockey
NO



 Globe Stop

Lines
pump discharge



 Check


isolation


TABLE 6.3‑10 (Continued)







Methods for Minimizing


Valve No.
  Type
Location
Service
    Function
Positioning Error(2)


F502 A,B,
 6” Gate
Aux. Bldg.
Flushing
RHR Heat exchanger line
NC; backed by F503 A,B,C,D.


C,D



Flushing


F503 A,B,
 6” Gate
Aux. Bldg.
Flushing
RHR Heat exchanger line
NC; backed by F502, A,B,C,D.


C,D



Flushing


F504
8” Gate
Aux. Bldg.
Flushing
RHR Loop B pump
NC; backed by F104






discharge flushing line


F102
1‑1/2”
Aux. Bldg.
Main Process
RCIC Turb. Exh. Vac.
NO; backed by F078



Globe

Line
RLF to RHR


NOTES:


(1)
Piping low point drains, high point vents and test connections are provided with dual isolation.


(2)
NO = Normally open



NC = Normally closed



Backed by . . ., =
Double valve arrangement precluding impact on system operation without two position errors and/or a non‑manual valve failure.



Closed =
Indicates valve is in line that forms closed loop with piping that, without a double positioning error, would have no effect on system functioning.


(3)
The incorrect positioning of F029 A,B,C would also be detected during normal plant operations when LPCI flow capacity verification tests are periodically conducted.


(4)
Electrically operated valve with no automatic open function administratively controlled to ensure it is open.
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6.4      HABITABILITY SYSTEMS


Control room systems are designed in accordance with the design bases described in <Section 6.4.1> so that habitability of the control room can be maintained under normal and accident conditions.  The general guidance contained in General Design Criterion 19 of <10 CFR 50, Appendix A>, and the specific guidance contained in <Regulatory Guide 1.78> is reflected throughout this section.


6.4.1      DESIGN BASES


The design bases for control room habitability systems are as follows:


a.
Control Room Envelope



The control room envelope includes most areas located on Elevation 654’‑6” of the control complex, with the exception of the elevator area, the stairwell, and the mechanical and electrical chase areas.  Housed within this control room envelope are the monitoring equipment, instrumentation and control panels required for safe operation and shutdown of the plant.  The control room envelope is provided with fire protection equipment, adequate lighting, communications equipment, kitchen, sanitary, administrative and storage facilities, and spaces necessary to perform the normal plant operations required to maintain the plant in a safe condition following an accident.  The control room envelope ambient atmosphere is normally maintained at the conditions presented in <Figure 3.11‑17>.


b.
Period of Habitability



The control room envelope is equipped to sustain seven people for a period of seven days following an accident.


c.
Capacity



The normal occupancy level of the control room is six people following an accident.


d.
Food, Water, Medical Supplies, and Sanitary Facilities



First aid equipment, food and water are provided to sustain seven people for seven days following an accident.  Chemical toilet facilities are provided for use in the event that normal sanitary facilities become inoperative.


e.
Radiation Protection



Radiation protection, as required by <10 CFR 50, Appendix A>, Criterion 19, is provided by shield walls on the four exposures, shield slabs at floor and ceiling, radiation monitoring equipment, and emergency filtering systems.  The control room atmosphere is monitored for radiation.  When required, the control room atmosphere can be recirculated through the emergency filter system to remove contaminants.  This filter system consists of roughing, high efficiency particulate air (HEPA) and charcoal filters.  Assumptions and analyses regarding sources and amounts of radioactivity which may surround or leak into the control room and related shielding requirements are discussed in <Chapter 12> and <Chapter 15>.  The radiation monitoring system is discussed in <Section 12.3.4>.


f.
Noxious Gas Protection



Smoke detectors located in the control room air supply duct and in the emergency filter system discharge duct actuate alarms to indicate the presence of smoke in these locations.  Additionally,



the control room can be purged with outside air if required.  Conformance with the guidelines given in <Regulatory Guide 1.78> is discussed in <Section 2.2.3>.


g.
Toxic Gas Protection



Based on the data in <Section 2.2.2>, the control room HVAC system is provided with oxygen monitors which alarm upon detecting a loss of oxygen in the air due to carbon dioxide buildup.  No other toxic gas detectors or interlocks are considered necessary for ensuring control room habitability <Section 2.2.3.1.2.1>.


h.
Respiratory Protection



Breathing protection apparatus are provided for control room occupants.  Breathable air is provided by 10 compressed air cylinders located in the service building at Elevation 620’‑6”.  This air system supplies six breathable air stations with five connections on each station located in each control room.  Self‑contained breathing apparatus (SCBA) are provided for control room occupants.  These SCBA can be supplied with air from the six breathable air stations in each control room or their own one hour compressed air bottle.  The capacity of the 10 compressed air cylinders is sufficient to supply seven men for approximately six hours, plus each man has a one hour supply in his SCBA bottle.  The SCBA bottles and the large air cylinders can be filled by a breathable air compressor located onsite or via offsite services.


i.
Habitability System Operation during Emergencies



Operation of the habitability system during emergencies is discussed in <Section 6.4.3>.


j.
Emergency Monitors and Control Equipment



Emergency monitors and control equipment are discussed in the PNPP Emergency Plan.


6.4.2      SYSTEM DESIGN


6.4.2.1      Definition of Control Room Envelope


The control room envelope comprises those areas to which the control room operator could require access during an emergency.  It includes the following:


a.
Control room main control board and monitoring panel area ‑ continuous occupancy required.


b.
Chart and storage room ‑ infrequent access required.


c.
Conference Room ‑ infrequent access required.


d.
Kitchen facility ‑ infrequent access required.


e.
Toilet room ‑ infrequent access required.


f.
Corridors/Hallway – infrequent access required.


The envelope includes those components that provide a boundary between the environment inside the control room and surrounding atmosphere.  The components include the control room ventilation system, structural penetrations (electrical and mechanical), access doors (plenum, duct, personnel), door seals, as well as the walls, ceiling, and floor of the 654’ elevation of the control complex and duct chase.  <Figure 6.4‑1> and <Figure 6.4‑2>


The equipment to which the control room operator could require access during an emergency is listed in <Table 6.4‑1>.


6.4.2.2      Ventilation System Design


The heating, ventilating and air conditioning (HVAC) and the emergency filtration systems for the control room are shown schematically in 


<Figure 6.4‑1 (1)>.  This figure illustrates components, ducts, dampers, instrumentation, and normal and emergency air flow rates, and consists of the following:


a.
Control room HVAC system


b.
Control room emergency recirculation system


The components are not subject to the effects of catastrophic weather, internal or external missiles.  Pipe whip, jet impingement and flooding effects are discussed in <Section 3.6> and are insufficient to cause a loss of system redundancy.


<Figure 6.4‑2> presents a layout drawing of the control room, indicating doors, corridors, stairwells, and shielded walls.


The location of potential radioactive gas releases and their effect upon control room operation, and the monitoring instrumentation and controls located therein are discussed in <Chapter 11>.


6.4.2.2.1      Control Room HVAC System


The function of this system is to provide cooling, heating, ventilation, and, when required, smoke removal for the control room equipment areas and office during normal plant operation, plant shutdown, loss of offsite power, and during periods of emergency (loss‑of‑coolant accident or high radiation conditions).


This system operates continuously to supply 45,000 cfm of conditioned air, including 6,000 cfm outside air for ventilation, to the control room to dissipate the internal heat load generated and maintain the control room ambient air at the conditions presented in <Figure 3.11‑17>.


During normal plant operation, the system supply (M25‑C001A or B) and return fans (M25‑C002A or B) run continuously, the outside air intake dampers (M25‑F010A or B, M25‑F020B or A), and the return damper (M25‑F110A or B) are open, and the exhaust air damper (M25‑F130A or B) is closed.  Either the “A” set or the “B” set of supply and return components is in operation with the idle redundant equipment as backup.  The emergency recirculation system is idle and closed off from the HVAC system by its closed discharge (M26‑F040A or B) damper; see <Section 6.4.2.2.2> for further details on the operation of this system.  Normally, 4,900 cfm is assumed to exfiltrate from the control room through normal openings, thereby ensuring a positive pressure inside the room.


Electric heating coils (with SCR controllers) in the branch supply ducts to the various zones in the control room are provided to control the final ambient air temperature in each zone.  An electronic thermostat in each zone is used to provide a signal to the SCR controller which will control the heating coil, depending upon final room temperature.


Humidification during the winter is also provided by the control and computer rooms humidification system.  An electronic humidity controller, with local indication, is located in the general area of the control room to modulate the electric motor‑operated valve on the humidifier (M29‑B002A, B).  For further details in the operation of the humidification system see <Section 9.4.12>.


In the event of a LOOP condition the radiation monitors go to the fail safe condition, thereby ensuring that the running train shifts to the emergency recirculation mode and the standby train starts in the emergency recirculation mode so that both sets “A” and “B” are running.  Power is supplied by the standby diesel generators.  The operator may shut down one of the trains after it has been established that both are operating satisfactorily.


The instrument air system which supplies control air to the pneumatic dampers is not connected to the emergency bus.  In the event of loss of offsite power (without LOCA) coupled with subsequent loss of control air, the pneumatic dampers assume their failed position as shown in <Figure 6.4‑1 (1)>.  This places the system in the recirculation mode with back flow prevented by check damper (M25‑F551A, B).


In the event of high smoke condition, except during a LOOP/LOCA condition, the smoke can be purged by manually setting the mode selector switch in the “smoke clear” mode.


The main components of this system are located in the control complex at Elevation 679’‑6” and consist of two redundant supply plenums (M25‑B001A and B001B), two redundant supply fans (M25‑C001A, C001B) and two redundant return fans (M25‑C002A, C002B), each rated at 100 percent of the total required capacity.


Each supply plenum includes roughing filters and chilled water coils.  Each outside air intake duct is provided with redundant dampers (M25‑F010A or F010B and M25‑F020A or F020B) in series to reduce the outside air inleakage when the system is in the emergency recirculation mode.  A check damper (M25‑F510A or F510B) is provided in the discharge duct of each supply fan.  In addition, manually operated balancing dampers for balancing, and fire dampers for fire protection, are provided.


Each return unit consists of a centrifugal fan (M25‑C002A or C002B), an exhaust air isolation damper (M25‑F130A or F130B), a return air isolation damper (M25‑F110A or F110B), manually operated balancing


dampers, and fire dampers.  The exhaust isolation damper (M25‑F130A or F130B) is normally closed and the return isolation damper (M25‑F110A or F110B) is normally open.


The fans, filter elements, coils, and dampers are of standard industrial design manufactured in accordance with the Quality Assurance (QA) requirements of Safety Class 3, Seismic Category I items.  The filter racks and plenums are specially designed to satisfy system space requirements and also meet the above QA requirements.  However, the electric duct heating coils and the humidifiers are nonsafety‑related items.  Design information for the major components in this system is listed in <Table 6.4‑2>.


6.4.2.2.2      Control Room Emergency Recirculation System


This system provides the necessary supplementary particulate and halogen filtration of the air supplied to the control room areas and offices during emergency periods and other abnormal conditions for personnel protection.


This system is automatically activated by an emergency signal (such as LOCA), or high radiation, or by manually setting the mode selector switch to the emergency recirculation mode.  While the system is automatically activated, no credit is taken in the RAST analysis during the first 30 minutes following a design basis LOCA.  As a result of a LOOP condition the system will automatically activate in the emergency recirculation mode when power is restored to the emergency busses.  The operator may shut down one of the trains after it has been established that both are operating satisfactorily.  In addition, the receipt of the emergency signal causes dampers in the control room HVAC system to be automatically positioned to the emergency recirculation mode of operation (see Note 4 of <Figure 6.4‑1 (2)>, for the damper positions).The vortex damper operator (M25‑F260A, B) of the supply fan (M25‑C001A, B) is then automatically de‑energized allowing the operator


spring to partially close the variable inlet vanes to reduce the supply air flow to 30,000 cfm.  This flow reduction is required so that the supply fan and recirculation fan flow rates are compatible.  Return fan 


(M25‑C002A or B) is also deactivated and the electric heating coil in the charcoal filter train is automatically energized upon receipt of an emergency signal.


The emergency recirculation system causes the supply air to be filtered through the charcoal filter train (M26‑D001A, B) before being distributed to the control room.  This system is idle during normal plant operation.  During periods of loss of offsite power, emergency power will be supplied by the standby diesel generators.


The degree to which the recommendations of <Regulatory Guide 1.52> are followed is given in <Table 6.5‑1>.


The main components of this system are located in the control complex at Elevation 679’‑6” and consist of two 100 percent capacity filter trains.  Each filter train includes the following sequential components:  demisters, roughing filters, electric heating coil, HEPA prefilters, charcoal filters, HEPA after filters, centrifugal fan, isolation damper, and check damper.


The fans, filter elements and dampers are of standard industrial design, manufactured in accordance with Quality Assurance (QA) requirements of Safety Class 3, Seismic Category I items.  The filter racks, frames and housing are specially designed to satisfy the system space requirements and also meet the above QA requirements.


Design information for the major components in this system is listed in <Table 6.4‑3>.


6.4.2.3      Leak Tightness


The control room system is designed so that, when operating in a normal mode (admitting outside air), the system automatically maintains a positive differential pressure between the control room and the outside 


and thus, between the control room and adjacent spaces.  During an 


emergency, when the system operates in the recirculation mode (no designed admittance of outside air), no attempt is made to pressurize the control room.  In the recirculation mode, the potential paths of air infiltration to the control room include (1) outside air dampers and relief air dampers, (2) openings around supply and return ducts in the control room walls and in duct chase floors, (3) openings for electrical conduit and cables in the control room and chase walls and floors, (4) doors, and (5) piping.


A review of these paths, summarized as follows, indicates that infiltration through these paths during the recirculation mode is minimal:


a.
The outside air is sealed from the control room by two 40 inch wide by 48 inch high dampers in series, both gasketed and arranged to close in the recirculation mode and to fail closed upon loss of control air or power.  While either damper can be used for isolation, the outermost isolation damper from the control room provides the boundary of the envelope.  The maximum leakage is 29 cfm through a single 42‑inch by 48‑inch outside air damper in the recirculation mode, at an estimated pressure differential across the damper of 0.25 inches of water.  Maximum leakage through two closed dampers in series is approximately 20 cfm.  This estimate conservatively assumes no pressurization in the control room.  If the control room were pressurized, the pressure differential across the dampers would decrease.  The duct pressure loss calculations for the control room system indicate that, during operation in the recirculation mode and with control room ambient pressure assumed to be 0 psig, the pressure at the inside of the outside air inlet damper would be 0.25 inches of water.


b.
Exhaust isolation is provided by a normally closed bubble tight damper and a normally open damper that closes on recirculation.  During recirculation, a check damper also provides isolation in the exhaust duct.


c.
Openings around supply and return ducts in the walls and floors of the control room and chases are sealed with expanded silicone foam with a fire resistance rating of three hours.  These openings are air tight.


d.
Openings for electrical conduit and cables in the walls and floors of the control room and chases are sealed in the same manner as the openings noted in Item c, above.


e.
Doors from the control room to the chase area and stairwells are three hour fire rated doors with closures.  The maximum anticipated total air gap around each door is 0.27 ft2.


f.
Piping to plumbing fixtures, drains and potable water leaving the control room are sealed in the manner noted in Item c, above.


None of the control room doors lead directly to the outside.  All doors lead to closed chase spaces, closed stairwells or closed corridor space.  Thus, neither outside wind conditions nor other ventilation system cause infiltration or leakage into the control room.


Various plant activities may require a temporary degradation of the control room boundary and consequently, increase the inleakage.  This is discussed in more detail in <Section 6.4.4.1>.


6.4.2.4      Interaction With Other Zones and Pressure Containing Equipment


The control room ventilation system does not communicate with other building areas where potential for radioactivity exists.  


There are no pressure containing pipes or equipment containing hazardous chemicals in the control room chases.


The normal operating mode of the control room ventilation system maintains a positive pressure differential between the control room and adjacent spaces.  The likelihood of infiltration is therefore further reduced.  A radiation monitor sensing control room atmospheric radioactivity immediately causes the ventilation system to shift into the recirculation mode upon detection of high gaseous activity.  Thus, the potential for entry of outside airborne material into the control room is reduced.  The control room ventilation system can also be used to purge the control room with outside air at a constant flow rate of 30,000 cfm.


6.4.2.5      Shielding Design


The control room shielding design is discussed in <Section 12.1>.


6.4.3      SYSTEM OPERATIONAL PROCEDURES


The control room is served by redundant normal and redundant emergency HVAC systems.  The emergency systems provide for operation in the recirculation mode, the smoke clearing mode during loss of offsite power and for activation of the carbon dioxide fire protection system and charcoal water spray system.


The normal control room HVAC system operates continuously to provide heating, ventilating and cooling to various equipment and personnel areas in the control room.


The control room emergency recirculation system is idle except when activated by an emergency signal or when the mode selector switch is manually set to “EMER. RECIRC.”  During periods of emergency, such as a 


LOCA or high radiation, the dampers automatically are positioned for the recirculation mode.  Also, following this type of emergency the return fan (M25‑C002A or B) stops, both emergency recirculation fans (M26‑C001A & B) and the control room HVAC supply fans (M25‑C001A & B) start simultaneously, and subsequently, one fan train may be manually stopped.


The control room has a smoke removal mode of operation used to purge the control room with outside air when smoke is detected.  This is accomplished by remote‑manually positioning the mode selector switch located on panel H13‑P904 to “SMOKE‑CLEAR.”  Operation of this switch positions the related dampers to the purge mode and automatically positions the variable inlet vanes of the supply and return fans at 30,000 cfm flow.


The position of system dampers during the normal, emergency recirculation and smoke clearing mode is indicated by Note 4 of <Figure 6.4‑1 (2)>.


If loss of offsite power occurs (without LOCA), emergency power is provided by the standby diesel generators and the system operates with dampers in the emergency recirculation mode.  At this time, both supply fans (M25‑C001A & B) and both emergency recirculation fans (M26‑C001A & B) start automatically.


If excess temperature occurs in emergency filter plenums (as indicated by a high‑high temperature alarm), the fire protection water spray system in the filter plenum can be activated manually.  This action also energizes the solenoid valve (M26‑F081A or B) and opens the drain valve (M26‑F080A or B).  Deactivating the spray deluge valve de‑energizes the solenoid valve (M26‑F081A or B); however, the drain valve remains open until it is manually closed by a manual override lever.


6.4.4      DESIGN EVALUATION


Each of the operating systems which ensures control room habitability is discussed in detail in other sections.  These systems, and the section in which they are discussed, are as follows:


a.
Control room ventilation system, <Section 6.4.2>.


b.
Fire protection system, <Section 9.5.1>.


c.
Communications system, <Section 9.5.2>.


d.
Lighting system, <Section 9.5.3>.


e.
Offsite power system, <Section 8.2>.


f.
Onsite power system, <Section 8.3>.


g.
Radiation monitoring system, <Section 12.3.4>.


A summary evaluation of control room habitability based on selected considerations is presented in <Section 6.4.4.1>, <Section 6.4.4.2>, <Section 6.4.4.3>, <Section 6.4.4.4>,<Section 6.4.4.5>, and <Section 6.4.4.6>.


6.4.4.1      Radiological Protection


The evaluation of radiological exposures to control room operators following a design basis loss‑of‑coolant accident is presented in <Section 15.6.5>.


The analysis in <Section 15.6.5> assumes a constant unfiltered control room inleakage value of 1375 cfm for the duration of the LOCA accident.  


Normally, the control room boundary inleakage is maintained at a value consistent with pre‑operational testing such that the actual inleakage is substantially less than 1375 cfm.


Throughout the life of the plant, various plant activities may need to be performed which temporarily degrade the control room boundary such that the unfiltered inleakage significantly exceeds 1375 cfm.  If a postulated LOCA were to occur under these conditions, parametric analyses have shown that it is acceptable to delay the restoration of the control room boundary, provided that once it is restored, the actual unfiltered inleakage would be reduced below 1375 cfm for the remainder of the accident.  This allows for temporary degradations of the boundary to occur without impacting overall accident dose to the control room operators.  Administrative controls are utilized during planned degradations to ensure the boundary can be restored within the bounding parameters of the analyses <Figure 6.4‑4 (1)> and <Figure 6.4‑4 (2)>.


6.4.4.2      Toxic Gas Protection


No toxic materials which could interfere with control room occupancy are stored in the plant.  Sodium hypo‑chlorite, rather than chlorine, is used as a biocide.  No chlorine is stored on site.  The potential effects of offsite and onsite hazardous materials are discussed in <Section 2.2.2> and <Section 2.2.3>.  Protection against offsite toxic gases are detailed in <Section 6.4.1.g>.


6.4.4.3      Control Room Emergency Recirculation System


The general arrangement and control of the control room emergency recirculation system is as described in <Section 6.4.2.2.2>.  Detailed information concerning the emergency filter is presented in <Section 6.5.1>.  The equipment is shielded, housed in a Seismic Category I structure, separated, redundant, and powered from the 


Class 1E electrical system.  It is equipped with filters designed in accordance with the requirements of <Regulatory Guide 1.52> <Section 6.5.1>.


No single failure results in loss of system function.


In case of loss of offsite power, redundant emergency power will be provided by the standby diesel generators and the fans will be automatically started.


The electric heating coils for the emergency recirculation system are connected to the standby diesel generators to allow operation of the coils during loss of offsite power.  The power supply to each filter train heating coil is from a separate safety division bus.


Single component failure analysis of the control room emergency filter system is discussed in <Table 6.4‑4>.


Implementation of scheduled field testing, inspection and maintenance programs ensure that each filtering system performs in accordance with design requirements.


6.4.4.4      Control of the Control Room Thermal Environment


The control room air handling system operates during normal and emergency periods to maintain an environment suitable for personnel and equipment.  The conditions maintained and general system description are 


presented in <Section 6.4.2.2.1>.  The system satisfies the single failure criteria by providing redundant, separated and shielded air handling and cooling water systems (see <Section 9.4.9> for details on the cooling water system).  Thus, the integrity and operability of this system during normal and emergency periods is ensured.


Each portion of the system is sized for its maximum anticipated internal cooling load, considering outdoor summer design conditions expected for no more than 2.5 percent of the year.  Additional margin is provided in equipment selection to allow for degradation of coil surfaces, films and changes in system air flow during operation.  Scheduled maintenance procedures assure that each system performs in accordance with design requirements.


6.4.4.5      Fire Protection


Protection against fire hazards is provided by fire hose cabinets, CO2 extinguishers and dry chemicals in the control room and adjacent areas.  These fire suppression devices are provided in accordance with requirements of the National Fire Codes of the National Fire Protection Association (NFPA), the requirements of American Nuclear Insurers (ANI), the applicable regulations of the State of Ohio, and the requirements of the Occupational Safety and Health Administration (OSHA).  The state of readiness of the fire protection system is maintained by enforcing a program of listing, inspection and maintenance.  Further evaluation of the fire protection system is presented in <Section 9.5.1>.


6.4.4.6      Food, Water and Sanitation


A seven day supply of food is provided in the control room for emergency use.  If the emergency requires confinement for periods longer than seven days, additional food will be brought onsite in protected containers.  Site accessibility will be determined by the Radiation Protection Manager.


Potable water is normally available from the potable water system described in <Section 9.2.4>.  Should this system become unavailable during an emergency period, stored, bottled water is available in an area immediately adjacent to the control room.  Additional bottled water could be brought into the control room, if required.


Normal sanitation facilities are available as described in <Section 9.2.4>.  Chemical toilets are also available in these areas for use in the event that the normal facilities become inoperative following an emergency.


6.4.5      TESTING AND INSPECTION


The equipment which maintains control room habitability includes the emergency filter system, the control room air handling system and the chilled water system.


Components of these systems are subjected to documented preoperational test procedures to verify proper wiring, system integrity and leak tightness, proper function of system components and control devices under normal and emergency conditions, and to establish system air and water balance in accordance with design requirements.  Those not in accordance with design requirements are evaluated or repaired/replaced prior to final acceptance.


The main components of the control room HVAC system, control room emergency recirculation system and the control complex chilled water system are readily accessible for inspection, testing and maintenance during normal plant operation or shutdown.  Redundancy in the system enables inspection, maintenance and testing to be performed without interrupting the normal operation of the systems.


Periodic tests will be performed on the control room emergency filter system.  These tests will include measurement of differential pressure 


across the filter units and determination of filter efficiency to demonstrate that aging, weathering or poisoning of the filters has not significantly degraded the adsorption material in the charcoal and HEPA filters.


After system startup, test and balance procedures have been completed, the system will be periodically and routinely tested, checked and/or inspected as follows:


a.
Inspections are made for signs of corrosion, metal fatigue, excess vibration, and tightness of isolation dampers.


b.
Filter pressure drops are checked and recorded.


c.
Water and air flow rates in main pipes or main ducts are checked and verified against the design flow rates.


d.
Functions of dampers, valves or control devices necessary for component isolation or changeover from normal to emergency mode are verified.


e.
Charcoal filter canisters are laboratory tested in accordance with the recommendations of <Regulatory Guide 1.52>.


f.
Bearings are lubricated.


g.
The redundant components of the system are switched from the standby mode to the operating mode.


h.
As part of the Control Room Envelope Habitability Program, the unfiltered air in‑leakage into the control room envelope will be measured in accordance with the recommendations of <Regulatory Guide 1.197>.


i.
An assessment of the Control Room Envelope Habitability Program will be performed in accordance with the frequencies specified in <Regulatory Guide 1.197>.


6.4.6      INSTRUMENTATION REQUIREMENTS


Habitability systems instrumentation and control equipment provides for control and monitoring of performance and status during system operation and testing.  The instrumentation and control provisions for each of the 


systems used to ensure control room habitability are discussed in other sections.  A list of these systems and the sections in which they are discussed is presented in <Section 6.4.4>.  A summary discussion is presented in <Section 6.4.6.1>, <Section 6.4.6.2>, <Section 6.4.6.3>, and <Section 6.4.6.4>.


6.4.6.1      Control Room HVAC System


Operation of this system is initiated manually from the Unit 1 control room, such that either the “A” or the “B” set of supply and return components is operating, with the redundant set of components idle as backup.


The control room HVAC system (exclusive of the emergency recirculation fans, ducts and filters) is provided with controls for temperature, flow and humidity.  This system is provided with alarms, status lights and indicators in the Unit 1 control room to provide the operator with sufficient information to determine the status and operation of the system from the control room.  The system is also equipped with sensors and detectors to detect, alarm and monitor smoke and radiation.  The details of the instrumentation and controls for this system are presented in <Section 7.3.1>.


6.4.6.2      Control Room Emergency Recirculation System


Operation of this system is initiated automatically upon receipt of an emergency signal or manually via the mode selector switch.  During emergency recirculation mode of operation, one of the two fans (the one related to the active control room HVAC system) operates continuously.


The control room emergency recirculation system is provided with controls for automatic or manual initiation.  This system has sensors, instruments and indicators to monitor flow, pressure drop across filters, humidity, and charcoal filter temperature.  Alarms, status lights and indicators located in the Unit 1 control room provide the operator sufficient information to determine system status and operation.  The system instrumentation is designed essentially to conform with <Regulatory Guide 1.52>.  No recorders are provided since this system is intended for infrequent use (periodic testing and emergency periods only), and operability and reliability difficulties 


become a factor for recorders that are infrequently used.  Complete details of the system instrumentation and controls are presented in <Section 7.3.1>.


6.4.6.3      Lighting System


Actuation of the control room emergency dc lighting system occurs automatically if the ac lighting system power is lost.


6.4.6.4      Offsite and Onsite Power Systems


Operator control and monitoring of the status of onsite power, as well as offsite power feeds, are performed from control panels in the control room.  Automatic actuation of each onsite ac emergency diesel generator occurs when an undervoltage condition is sensed on the associated bus.


TABLE 6.4‑1


EQUIPMENT WHICH COULD REQUIRE CONTROL ROOM OPERATOR


ACCESS DURING AN EMERGENCY


Item or Equipment




Location Within Control










Room Envelope


Control and Monitoring Panels


Identified on <Figure 6.4‑2> and <Figure 6.4‑3>


Portable Radiation Measuring


Hallway outside control room



Instruments


Emergency Procedures, Manuals


Operator’s work station



and Drawings


Self‑Contained Breathing Apparatus

Store room


Communications Equipment



Operator’s work station


Fire Extinguishing Equipment


Identified on <Figure 6.4‑3>


Food Supplies





Kitchen


TABLE 6.4‑2


DESIGN DATA FOR CONTROL ROOM HVAC SYSTEM MAJOR COMPONENTS


A.
PLENUMS



No. of plenums



    2 for Unit 1 & Unit 2 (each 100%)



Manufacturer



    AAF


B.
SUPPLY FAN



No. of fans



    2 for Unit 1 & Unit 2 (each 100%)



Manufacturer



    Westinghouse



Fan type




    Centrifugal, SWSI



Fan size (wheel diameter), in.    49



Arrangement



    No. 3



Discharge position


    Upblast



Air quantity required, cfm
    45,000 per fan



Static pressure required,



  in. w.g.



    5 per fan



Motor horsepower, hp

    60 per fan



Motor location



    Direct driven



Motor speed, rpm


    860



Motor electrical characteristics  460V, 3 phase, 60 Hertz


C.
RETURN FAN



No. of fans



    2 for Unit 1 & Unit 2 (each 100%)



Manufacturer



    Westinghouse



Fan type




    Centrifugal, SWSI



Fan size (wheel diameter), in.    49



Arrangement



    No. 3



Discharge position


    Upblast


TABLE 6.4‑2 (Continued)



Air quantity required, cfm

39,000 per fan



Static pressure required,



  in. w.g.




3 per fan



Motor horsepower, hp


60 per fan



Motor location




Direct Driven



Motor speed, rpm



900



Motor electrical characteristics
460V, 3 phase, 60 Hertz


D.
COOLING COILS



No. of coil bank



1 per plenum



Type of coil




Horizontal finned tubes










  air‑water counter flow



Cooling capacity, tons


155 per coil bank



Entering water temperature, (F
45



Leaving water temperature, (F

54.30



Chilled water flow rate (max.),



  gpm





400 per coil bank



Max. coil face velocity, fpm

600 per coil bank


E.
DUCT REHEAT COILS



No. of coils




9 for Unit 1 & Unit 2



Type






Electric



Type of Controller



SCR



Quantity and kW rating


2 ‑ 2.5 kW










1 ‑ 3 kW










4 ‑ 30 kW










2 ‑ 35 kW



Electrical characteristics

480V, 3 phase, 60 Hertz


TABLE 6.4‑2 (Continued)


F.
ROUGHING FILTERS



No. of filter banks



1 per plenum



Manufacturer and Model


AAF, Varicel 9‑2424‑12 (or










equal)



Material





Glass fiber with aluminum










  separators



No. of cells per bank


25



Rated flow per cell, cfm


2,000



Efficiency, %




90 (per ASHRAE 52‑68)



Max resistance, in. w.g.


0.55 (clean)


TABLE 6.4‑3


DESIGN DATA FOR CONTROL ROOM EMERGENCY RECIRCULATION SYSTEM


MAJOR COMPONENTS


A.
PLENUMS



No. of plenums



    2 for Unit 1 & Unit 2 (each 100%)



Manufacturer



    CVI


B.
FAN



No. of fans



    1 ‑ 100% capacity per plenum



Manufacturer



    Westinghouse



Fan type




    Centrifugal, SWSI



Fan size (wheel diameter), in.    36‑1/2



Arrangement



    No. 8



Discharge position


    Upblast



Motor location



    Direct Driven



Motor speed, rpm


    1,800 (Nominal)



Air quantity required, cfm
    30,000 per fan



Static pressure required,



  in. w.g.



    8 per fan



Motor horsepower, hp

    100 per fan



Motor electrical characteristics  460V, 3 phase, 60 Hertz


C.
FILTERS



1.
Demisters




Manufacturer and Model
    ACS 101‑55




No. of demister bank
    1 per plenum




No. of cells/bank

    21


TABLE 6.4‑3 (Continued)




Rated flow per cell, cfm

1,600




Max. resistance at rated

0.97 (clean)




  flow, in. w.g.



2.
Roughing Filters




No. of filter banks


1 per plenum




Manufacturer and Model

Flanders, 00A‑0‑02‑03NL (or










  equal)




No. of cells/bank


21




Rated flow per cell, cfm

2,000




Material




Glass fiber without separators




Efficiency, %



90 (per ASHRAE 52‑68)




Max. resistance at rated

0.49 (clean)




  flow, in. w.g.



3.
HEPA Prefilters and After‑filters




No. of filter banks


2 per plenum




Manufacturer and Model

Flanders, 007‑0‑02‑03‑NU (or










  equal)




No. of cells per bank

21




Rated flow per cell, cfm

1,500




Material




Continuous pleated web of glass   fiber without separators




Efficiency, %



99.97 for particles 0.3 microns   and larger




Max. resistance at rated

1.2 (clean)




  flow, in. w.g.


TABLE 6.4‑3 (Continued)



4.
Charcoal Filters




Manufacturer and Model

CVI, HECA Module




No. of filter banks/plenum
1




No. of beds per banks

15 ‑ 2” thick beds




Rated flow per bed, cfm

2,000




Material




Activated coconut charcoal     impregnated with KI




Efficiency, %



99.9 on elemental iodine 97 on     methyl iodide at 86(F and     95 percent RH




Max. resistance at rated




  flow, in. w.g.


1.4 (clean)




Charcoal ignition




  temperature (F


626



5.
Electric Heating Coil




No. of coil banks


2 per plenum




Heating capacity, kW

50 each




Electrical characteristics
480V, 3 phase, 60 Hertz


TABLE 6.4‑4


SINGLE FAILURE ANALYSIS


A.
CONTROL ROOM EMERGENCY FILTER SYSTEM


Component

Malfunction



Comments


Fan


Failure of operating
Two 100 percent capacity fans





fan resulting in

are provided.  If the operating





loss of air flow

fan fails, resultant loss of air flow in the duct actuates the alarm in the control room and the standby fan will be started manually by the operator.


HEPA filters
Release of DOP


After initial installation of





resulting in con‑

the HEPA filters and periodi‑





tamination of


cally thereafter, the filter





charcoal filters

bank leak integrity will be determined by using DOP.  On the basis of testing each HEPA filter element individually, a maximum of approximately 2.82 micrograms of DOP will be retained in each HEPA filter element.  The control room emergency filter system has one HEPA filter element upstream of the charcoal filter and one HEPA filter element downstream of the charcoal filter.  It is possible that the DOP can be released 


TABLE 6.4‑4 (Continued)


Component

Malfunction



Comments










from the HEPA filter as the filter temperature increases.  However, the charcoal adsorber being a poor particulate filter would retain a negligible quantity of DOP released in this manner.










Combining I‑131 with the retained DOP in the HEPA filter results in an insignificant amount of methyl iodine formed.  The system has enough charcoal capacity to adsorb the maximum loading of both radioactive and non‑radioactive isotopes of iodine and bromine.  Also, the temperature of this system is substantially below the 410(F flash point of DOP.


Charcoal

High temperature in

Two 100 percent capacity filter


filters

the charcoal beds

trains are provided in this system.  In addition, temperature indicators and switches are provided in each charcoal cell bed to alarm in the control room and give an indication (readout) on rising


TABLE 6.4‑4 (Continued)


Component

Malfunction



Comments










charcoal temperature.  Also, since the air flowing through the charcoal is at a low temperature (75(‑80(F), this air will keep the charcoal filter temperature from rising to the critical value (250(‑300(F desorption temperature).










However, should the temperature reach 250(F, an alarm is set in the control room to signal the operator.  Actions can then be initiated to activate the charcoal water spray system and prevent the charcoal beds from desorbing.  Also at this time, the standby charcoal filter train will be activated so that operation of the emergency recirculation system is not interrputed.


Filter train
Failure resulting

High differential pressure





in high differential
across filters results in low





pressure across HEPA
air flow which is alarmed in the





or charcoal filters

control room.  Operator may switch to the redundant train.


TABLE 6.4‑4 (Continued)


Component

Malfunction



Comments





Failure resulting

High temperature is annunciated





in high temperatures
in the control room.  High‑high





in the charcoal bed

temperature is alarmed in the control room to signal operator.  Actions can then be taken to initiate the deluge system.  Initiation of the deluge system is indicated in the control room and the operator may switch to the redundant train.


Dampers

Loss of control air

The dampers are spring assisted to position them in the safety or emergency mode of operation on loss of control air.


Ducting

Duct failure resulting
This system is designed with





in restriction or loss
separate and redundant ducting





of air flow


and dampers.


B.
CONTROL ROOM HVAC SYSTEM


Fan


Failure of operating
Two 100 percent capacity fans





fan resulting in loss
are provided.  If the operating





of air flow.


fan fails, resultant loss of air flow in the duct actuates the alarm in the control room and the standby fan will be started manually by the operator.


TABLE 6.4‑4 (Continued)


Component

Malfunction



Comments


Supply

Failure resulting

High differential pressure


Plenum

in high differential
across filter or coil results in





pressure across

low air flow which is alarmed in





roughing filter or

the control room.  Operator may





cooling coil.


switch to the redundant train.





Failure resulting

High control room temperature is





in high control room
monitored in control room.





temperature due to

Operator may manually start





loss of chilled water
standby control water flow





flow through cooling
complex chiller and pump and





coil.



redundant air handling train.


Humidifier
Failure resulting in
Humidity is indicated in control





low or high humidity
room.  Humidifier and associated





in control room.

air handling train may be 










started by the operator upon 










indication of high or low










control room humidity.


Dampers

Loss of control air

The dampers are spring assisted





or electronic signal.
to position them in the safety 










or emergency mode of operation 










on loss of control signal.


Ducting

Duct failure resulting
This system is designed with





in restriction or

separate and redundant ducting





loss of air flow.

and dampers.
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6.5      FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS


6.5.1      ENGINEERED SAFETY FEATURES (ESF) FILTER SYSTEMS


The control room emergency recirculation system (CRERS), the exhaust subsystem of Fuel Handling Area Ventilation System (FHAVS) known as the Fuel Handling Area Exhaust Subsystem (FHAES), and the annulus exhaust gas treatment system (AEGTS) are the ESF filter systems that reduce the concentration of airborne radioactive contaminants following a design basis accident (DBA).


6.5.1.1      Design Bases


Design bases for the charcoal adsorber plenums of the CRERS, FHAES and the AEGTS are as follows:


a.
Design Criteria



The CRERS, FHAES and AEGTS are safety‑related.  System design conforms with the requirements of General Design Criteria (GDC) 1, 2, 3, 4, 19, 60, and 61 of <10 CFR 50, Appendix A>.  To satisfy the requirements of these GDCs, the guidance presented in <Regulatory Guide 1.3>, <Regulatory Guide 1.13>, <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.47>, and <Regulatory Guide 1.52> has been considered in the design of these systems.


b.
Need for Filtration



The remote possibility of airborne radioactive contaminants entering the control room following a LOCA and the requirements of GDC 19 establish the need for the CRERS for filtration of control room air.  GDC 19 requires, in part, that adequate radiation protection be provided to permit access to, and occupancy of, the control room under accident conditions for the duration of the 



accident without radiation exposure to personnel in excess of 5 rem, whole body (5 rem TEDE for the design basis LOCA and the fuel handling accident).



The remote possibility of release of airborne radioactive contaminants due to a fuel handling accident, the requirements of GDC 61, and the recommendations of <Regulatory Guide 1.13> establish the need for the FHAES to accomplish fuel pool area air filtration.  GDC 61 requires, in part, that fuel storage and handling, and radioactive waste and other systems that may contain radioactivity be designed to ensure adequate safety under normal and postulated accident conditions and that appropriate filtering systems be provided.  However, no accident dose calculations credit the FHAES <Section 15.7.4> and <Section 15.7.6>.



The AEGTS is provided to reduce the radiological consequences of fission product releases in the containment from a LOCA, or fuel handling accident involving recently irradiated fuel, although credit is no longer taken for AEGTS filtration in the FHA dose calculation <Section 15.7.6>.  AEGTS collects and filters the leakage from containment.  Also, the AEGTS is designed to maintain a negative pressure in the annulus relative to the outside which minimizes ground level release of airborne radioactivity due to containment exfiltration during normal and postaccident conditions.


c.
Component System Sizing



Two 100 percent capacity filter units are provided for the CRERS.  Air flow rate for the CRERS is 30,000 cfm per plenum.  Based on this assumed air flow rate and the assumed charcoal adsorber efficiencies and factors discussed in <Section 15.6>, the overall dose to the operators following an accident has been shown to satisfy the requirements of GDC 19, or the 5 rem TEDE dose limit used for the design basis LOCA dose calculations.



Three 50 percent capacity filter units are provided for the FHAES.  The FHAES provides exhaust flow from the fuel handling area, the fuel pool cooling equipment rooms, the control rod drive maintenance area, and the control rod drive pump areas.  Flow is 30,000 cfm.  Of this quantity, 15,300 cfm is exhausted directly from the fuel pool area.  This air flow rate is based on flow patterns that should entrain contaminants escaping from the fuel pool area.



Two 100 percent capacity AEGTS filter units are provided for each reactor unit.  Air flow rate for the AEGTS is 2,000 cfm per plenum.  Based on this flow rate, the negative pressure in the annulus is maintained at ‑0.25 inches of water gauge minimum continuously.



Components of these filter systems have been sized to handle system air flow based on the recommendations of <Regulatory Guide 1.52>, ERDA 76‑21 and general engineering practice.


d.
Fission Product Removal Capability



The fission product removal capability of the activated charcoal adsorber material used in the CRERS, FHAES and AEGTS is based on the recommendations of <Regulatory Guide 1.52>.



The decontamination efficiency of the AEGTS charcoal adsorber is 99 percent for both elemental iodine and organic species of iodine. For the alternative source term LOCA and fuel handling accident analyses, no credit was taken for the removal of elemental and organic iodines by the charcoal filters in the AEGTS.  The AEGTS charcoal adsorber bed is 4 inches deep with annulus exhaust air maintained at less than 70 percent relative humidity.



The decontamination efficiencies of the CRERS and FHAES charcoal adsorbers are 99 percent for elemental iodine and 95 percent for 



organic species of iodine.  For the CRERS, the alternative source term LOCA analysis and one fuel handling accident sensitivity case assumed an elemental and organic removal efficiency of only 50% for the charcoal adsorbers.  For the FHAES, the alternative source term FHA analysis took no credit for the charcoal adsorbers.  The CRERS and FHAES charcoal adsorber beds are 2 inches deep.  Exhaust air for both plenums is maintained at less than 70 percent relative humidity.



The HEPA filter efficiency of all the plenums is 99.97 percent on particles 0.3 microns and larger.  However, no credit was taken for the HEPA filters in the alternative source term analysis for the fuel handling accident.



Additional bases for the design of the CRERS, FHAES and AEGTS are presented in <Section 6.4>, <Section 9.4.2>, and <Section 6.5.3> respectively.


6.5.1.2      System Design


The design features of the CRERS, FHAES and AEGTS are compared to the recommendations of <Regulatory Guide 1.52> in <Table 6.5‑1>, <Table 6.5‑2>, and <Table 6.5‑3> respectively.


Design of the activated charcoal adsorber plenums used in the CRERS, FHAES and AEGTS follows the guidelines of <Regulatory Guide 1.52> and ERDA 76‑21.


Each charcoal adsorber plenum contains the following:


a.
Demisters to remove large particles and water droplets (about 1 micron diameter).


b.
Roughing filters to remove large particles (about 1 micron).


c.
HEPA filters to remove small particles (0.3 to 1 micron), including fission product aerosols (particulates).


d.
Electric heater coils to maintain the relative humidity of the exhaust air at 70 percent or less.


e.
Gasketless activated charcoal adsorber beds to remove gaseous elemental and organic iodines.


f.
HEPA filters downstream of the charcoal beds to remove charcoal particles that may be entrained in the air stream.


g.
A fan external to the plenum.


h.
Instrumentation.


i.
Test ports.


j.
Water deluge system for fire protection.


Plenum housings and filter support frames are shop fabricated.  Potential leakage and bypass paths are closed by seal welding.  No caulking or sealant is used.  Housings are fabricated of carbon steel sheet.  Filter support frames are of unpainted stainless steel.


Roughing and HEPA filters are mounted in frames in accordance with the recommendations of ERDA 76‑21.


The activated charcoal adsorber is bulk loaded into the permanently installed, gasketless adsorber section which is seal welded to the housing and support frames of the plenum.  Tray type activated charcoal adsorber units are not used.


Spent charcoal adsorber material is vacuumed from the bottom or top of the plenum and is loaded into 55 gallon drums for shipment off site.  New charcoal adsorber material is added at the top of the adsorber section.  Personnel are not directly exposed to potentially contaminated adsorber material during the changing procedure.


Roughing and HEPA filters are replaced when pressure drop across a filter exceeds the technical specification value.  Pressure drop is measured by permanently installed differential pressure indicators.  Charcoal adsorber material is changed when laboratory test results from representative samples show that the adsorber fails to satisfy the requirements of the Ventilation Filter Test Program.


Essential services, such as power and electrical control cables associated with ESF filter systems, are protected as described in <Section 8.3.1.4>.


The charcoal adsorber portion of each filter train is provided with a high temperature detection and water spray system to allow flooding of the charcoal bed in the unlikely event of high temperature in the charcoal (to preclude the possibility of iodine desorption).


6.5.1.3      Design Evaluation


Design and safety evaluations of the CRERS, FHAES and AEGTS are presented in <Section 6.4>, <Section 9.4.2>, and <Section 6.5.3> respectively.


The charcoal adsorber plenums are not exposed to conditions that can impair plenum efficiency.  The exhaust air flowing through the charcoal plenums is maintained at 70 percent relative humidity by operation of the electric heating coils during abnormal conditions.


The FHAES and AEGTS are normally operated continuously during plant operation.  


The CRERS is operated for at least 10 hours each month as recommended by <Regulatory Guide 1.52>; during this operation of CRERS, the exhaust air is free of radioactive contaminants.  Air exhausted or circulated through the charcoal adsorber plenums is not expected to contain enough 


radioactive contaminants following a DBA to develop decay heat that could ignite the charcoal adsorber material.


The charcoal adsorber plenums are redundant, physically separated and powered from separate Class 1E electrical systems.


In the event smoke from a fire is exhausted through any charcoal filter, the filter will be tested for any degradation in charcoal performance as a result of the smoke.  This testing will be performed in accordance with the Ventilation Filter Testing Program.  If the testing indicates that degradation has occurred beyond acceptable limits, the charcoal will be replaced.  For charcoal filters in systems needed to mitigate the consequences of a LOCA, namely the annulus exhaust gas treatment system (AEGTS), the filters will be tested and the charcoal replaced, if required, within a period specified in the technical specifications.


6.5.1.4      Tests and Inspections


Tests and inspections of the CRERS, FHAES and AEGTS charcoal adsorber plenums are performed prior to startup and on a periodic basis thereafter.  Other tests and inspections of these filter systems are discussed in <Section 6.4>, <Section 9.4.2>, and <Section 6.5.3> respectively.


6.5.1.4.1      Filter and Charcoal Adsorber Tests


HEPA filters are individually tested by an appropriate filter test facility at 100 percent and 20 percent of rated flow, in accordance with the recommendation of <Regulatory Guide 1.52>.  Original or replacement HEPA filters used in the CRERS, FHAES and AEGTS are tested as indicated above.


Each batch of charcoal adsorber material satisfies the “acceptable results” recommended by <Regulatory Guide 1.52>.  Since the charcoal 


adsorber material is expected to be replaced several times during the 40 year life of the plant, test methods used may change.  Therefore, only “acceptable results” of the tests are specified.


6.5.1.4.2      Inplace Testing


After all the air cleaning units for CRERS, FHAES and AEGTS are installed, preoperational and inplace tests are performed as described in <Chapter 14> and <Table 1.8‑1>, with respect to <Regulatory Guide 1.52>.


6.5.1.4.3      Operation


Periodic testing and inspection of CRERS, FHAES and AEGTS shall be performed in accordance with the Ventilation Filter Testing Program described in the plant technical specifications.


6.5.1.5      Instrumentation Requirements


Instrumentation and actuation requirements for the CRERS, AEGTS and FHAES are discussed in <Section 6.4.6.2>, <Section 7.3.1.1.9>, and <Section 7.3.1.1.16> respectively.


Each of the activated charcoal adsorber plenums has locally mounted differential pressure indicators to show the pressure drop across each filter bank in a plenum.  These indicators permit the operator to determine when prefilters and HEPA filters should be changed.


Each charcoal adsorber bed is provided with a permanently installed temperature sensing device and temperature switches which actuate alarms upon detection of a bed temperature of 225(F and 250(F.  The water deluge fire protection system is manually actuated upon subsequent verification of a plenum fire.


6.5.1.6      Materials


Estimated quantities of materials used in the activated charcoal adsorber plenums for CRERS, FHAES and AEGTS are listed in <Table 6.5‑4>, <Table 6.5‑5>, and <Table 6.5‑6> respectively.  The governing specifications for the various materials are also listed and provide information regarding chemical composition of materials used.


There are no radiolytic or pyrolytic decomposition products from the ESF filter systems.  Actuation of the activated charcoal adsorber plenum water deluge fire protection systems will extinguish a charcoal fire before pyrolytic decomposition products are formed.  None of these systems are located in areas where gamma radiation sources are sufficiently strong to cause radiolytic decomposition products.  Therefore, decomposition products do not affect any engineered safety features.


6.5.2      CONTAINMENT SPRAY SYSTEM


6.5.2.1      Design Bases


a.
The containment spray system (CSS) is a part of the residual heat removal (RHR) system.


b.
The CSS provides containment cooling following a loss‑of‑coolant accident, in addition to being a fission product removal mechanism.  Refer to <Section 6.2.2> for the heat removal function of the CSS.


c.
The CSS consists of two completely redundant and independent loops.  (Loops “A” & “B”)


d.
The CSS is designed to remain operable in the containment accident environment, which is discussed in <Section 3.11>.


e.
The CSS is designed such that a single failure of any active component will not degrade the ability of the system to fulfill design objectives.  Each loop of the CSS receives power from a separate emergency diesel generator, in the event that offsite power is unavailable during an accident.  The two loops are physically separate from each other, so that a failure in one loop will not result in failure of the other loop due to fire, flooding, pipe breaks, or missiles.


f.
The CSS is designed to Seismic Category I requirements.  System components as appropriate are designed to meet ASME Code Section III, Class 2 requirements.


g.
The CSS is designed to permit periodic testing as described in <Section 6.2.2> and <Section 6.5.2.4>.


6.5.2.2      System Design


The source of water supply for the CSS during all phases of system operation is the suppression pool.  The water is pumped by the RHR pumps through the RHR heat exchangers to the containment spray headers.  The CSS is shown on <Figure 5.4‑14 (3)>.


Each loop of the containment spray system consists of three concentric spray ring headers with equally spaced spray nozzles.  Loop “A” consists of 104 nozzles on the top ring, 113 nozzles on the middle rings and 129 nozzles on the bottom ring.  Loop “B” consists of 102 nozzles on the top, 113 nozzles on the middle and 129 nozzles on the bottom ring.  The system diagram for the containment spray system is shown in <Figure 6.5‑3>.


The spray nozzles used are SPRACO 1713A hollow‑cone ramp bottom nozzles each of which is capable of a flow of 15.2 gpm with a pressure drop of 40 psid.  These nozzles have an approximately 3/8‑inch spray orifice and 


are not subject to clogging by particles less than 1/4 inch in maximum dimension.  Each nozzle header is independently oriented to ensure efficient coverage of the containment volume.


The minimum water supply flow rate to the containment spray system is 5,250 gpm.


There are no spray additives for the CSS (other than the pH buffering chemical, boron solution, from the standby liquid control system, which is injected into the reactor vessel and suppression pool following a design basis LOCA).  The CSS will automatically initiate after 10 minutes of a LOCA signal if containment pressure exceeds the high pressure setpoint.  If containment pressure is less than high pressure setpoint, the control room operator can actuate the system manually.


The sprayed and unsprayed volumes and regions of the containment, with their associated mixing rates, are discussed in <Section 15.6.5>.


The CSS takes no credit for ventilation.


6.5.2.3      Design Evaluation


The containment spray mode of the RHR system is safety‑related and is designed to operate following the postulated design basis loss‑of‑coolant accident.  A high degree of system reliability is maintained through system quality control, by general equipment arrangement to provide access for inspection and maintenance and by periodic testing.  A single failure analysis of the RHR system is given in <Section 6.2.2>.


Because of the large volume of the containment atmosphere swept by the sprays, the spray mode serves as a removal mechanism for fission products postulated to be dispersed in the containment atmosphere following an accident.  Radioiodine in its various forms is the fission 


product of primary concern in the evaluation of a loss‑of‑coolant accident.  The major benefit of the containment spray is its capacity to collect and remove particulate iodine from the containment atmosphere and thus reduce its release to the environment.  Offsite and control room operator doses are a function of both the rate of removal and the final equilibrium decontamination factor.  The dose calculation assumes (non‑mechanistically) that the containment spray will operate for up to 24 hours.  However, the dose calculations also expand on this assumption, noting the following:


1)
The dose calculations assume the sprays are run for the first 24 hours, then are suspended.  This is the most important time period for scrubbing of radiation down into the suppression pool.  However, in an actual event, spray use would not necessarily be suspended at 24 hours, if appropriate conditions for their use still existed.  Therefore, the phrase “up to” is not intended to be interpreted to stop using sprays after 24 hours.


2)
The phrase “up to” is intended to mean that in an actual event, the sprays will be run when it is appropriate, and not necessarily the entire time during the first 24 hours of a LOCA.  This does not invalidate the assumptions in the dose calculations.  The accident guidance to operators must be written to be symptom based, rather than event based.  Most postulated LOCAs will not result in large radiation releases.  Therefore, it would not be appropriate to run containment sprays for 24 hours following such an event.  Another critical factor in spray use is containment pressure.  Use of the sprays will work to reduce containment pressures, due to steam condensation and the containment heat removal function that they provide.  In the majority of cases, if a high radiation signal is present from the containment radiation monitor and pressures are elevated in containment, the sprays would be run.  However, if containment pressure gets reduced to near zero and use of the sprays is terminated by the operators, this does not have an 



adverse impact on offsite doses (or the dose calculations) since the driving pressure for containment and MSIV leakage has been eliminated.  The dose calcs assume that the maximum allowable leakage (La) corresponding to the peak postaccident pressure (Pa) remains during the entire 24 hours period, so if containment pressure actually gets reduced to substantially less than Pa, a reduction in leakage and the resultant offsite doses will follow.


6.5.2.3.1      Iodine Removal Performance Evaluation


The iodine removal analysis is based on the assumptions presented below and in <Table 6.5‑9>.


The analysis uses the flow associated with only one RHR pump operating in the containment spray mode.  It is conservatively assumed that the containment spray system directly sprays approximately 41 percent of the total containment free volume (excluding the drywell).  <Section 15.6.5> provides a description of the volumes and flow paths used in the analyses.


The calculated iodine removal rates for the containment sprays are given in <Table 6.5‑11> for the elemental and particulate iodines as well as other particulates.  Because of the large surface area of the initially airborne particulate, the elemental iodine is assumed to be adsorbed onto the particulate and to be removed with it.


It has been conservatively assumed in these evaluations of spray removal effectiveness that organic iodine forms are not removed by the sprays.


6.5.2.3.2      Evaluation of Analytical Assumptions


6.5.2.3.2.1      Iodine Retention by Spray Solution


The equilibrium between the concentrations of iodine in the liquid and vapor phases is given by the partition coefficient, H, which is a 


function of iodine concentration, pH and temperature.  In accordance with (Reference 3) re‑evolution of iodine does not have to be considered, (i.e., H will be very large) as long as the pH of the suppression pool is maintained greater than or equal to 7.0 postaccident.


6.5.2.3.2.2      Elemental Iodine and Particulate Removal Constant


The calculational model used to determine the elemental and particulate iodine removal constant is Polestar Applied Technology’s “STARNAUA” computer code (Reference 4) which incorporates the spray removal 


modeling features given in Appendix E of (Reference 3).  The input data required by the computer code is given in <Table 6.5‑9>.  The mean drop fall height of 53.2 feet was calculated by taking a weighted average of the height of each ring above the operating floor and the associated spray flow rate as follows:



h
=
(h1m1 + h2m2 + h3m3) / (m1 + m2 + m3)


where:



h1
=
45.75’



h2
=
54.75’



h3
=
61.0’


and m = ring flow rate = number of nozzles x flow rate per nozzle


or
m1
=
129 x 15.22 gpm
=
1963



m2
=
114 x 15.22 gpm
=
1735



m3
=
102 x 15.22 gpm
=
1552


The spatial and temporal distributions are derived from analysis using the USNRC’s computer code “SPIRT” (Reference 1).


The removal constants for the STARNAUA analysis are presented in <Table 6.5‑11>.  These removal constants, applicable to both elemental iodine and particulate, may be compared to a range of values of 2.5/hour to 10.9/hour calculated for elemental iodine only with SPIRT.


6.5.2.4      Tests and Inspections


The CSS spray nozzles will be verified unobstructed following maintenance which could result in nozzle blockage.  The test may be performed using an inspection of the nozzle or an air or smoke flow test.  Further testing and inspection of the CSS is described in <Section 6.2.2>.


6.5.2.5      Instrumentation Requirements


Instrumentation requirements for the CSS are discussed in <Section 7.3.1.1.4>.


6.5.2.6      Materials


No spray additives are used in the CSS other than the pH buffering chemical (boron solution) from the standby liquid control system, which is injected into the reactor vessel and suppression pool following a design basis LOCA.


6.5.3      FISSION PRODUCT CONTROL SYSTEMS


6.5.3.1      Primary Containment


The primary containment vessel is a hybrid pressure retaining structure composed of a steel cylinder and ellipsoidal dome secured to a steel lined reinforced concrete foundation mat.  The containment vessel is designed to contain radioactive material that might be released during an accident and to ensure leak tightness during normal operating and 


accident conditions.  Details of the primary containment vessel design are discussed in <Section 3.8>, and a section layout of containment vessel is shown on <Figure 3.8‑1>.  The primary containment pressure suppression concept uses the General Electric Mark III design.


The primary containment vessel steel shell, mechanical penetrations, isolation valves, hatches, and locks will limit release of radioactive materials (subsequent to postulated accidents) such that the resulting offsite doses are less than the licensing basis limits.  Primary containment parameters affecting fission product release accident analyses are given in <Table 6.5‑7>.


Long term primary containment pressure response to the design basis accident is discussed in <Section 6.2.1>.


Redundant, safety‑related hydrogen recombiners are provided in the primary containment as the primary means of controlling postaccident hydrogen concentrations.  A hydrogen purge system is provided for alternate hydrogen control.  Details of the postaccident hydrogen control system are discussed in <Section 6.2.5>.


During normal operation, the primary containment may be intermittently vented through a charcoal filter train.  These normal primary containment ventilation supply and exhaust system penetrations are automatically isolated in response to LOCA signals (high drywell pressure and low reactor water level) and high radiation signals.


The penetrations are provided with redundant, Seismic Category I, air operated, fail‑closed, ASME Code Section III, Class 2 butterfly valves which assure prompt and tight closure of the openings.  <Section 9.4.6> presents a detailed discussion of the containment purge system.


6.5.3.2      Secondary Containment


The secondary containment (shield building) is a reinforced concrete structure consisting of a flat foundation mat, a cylindrical wall and a shallow dome.  The secondary containment boundary consists of the volume between the shield building and the primary containment vessel steel shell.  Details of the shield building structural design are discussed in <Section 3.8> and the boundary region is shown in <Figure 3.8‑1>.


The annulus exhaust gas treatment system (AEGTS) processes the ambient air in the annular space between the shield building and the primary containment vessel to limit the release to the environment of radioisotopes which may leak from the primary containment under accident conditions.  The AEGTS is a recirculation type system with split flow.  Some of the filtered air extracted from the annulus space is recirculated and some is discharged to the unit vent.  An analysis indicating the effectiveness of this system in controlling contamination releases is presented in <Section 15.6.5>.


6.5.3.2.1      Design Bases


Design bases for the annulus exhaust gas treatment system are as follows:


a.
The AEGTS is classified as Safety Class 2, Seismic Category I.  The design of this system complies with the requirements of General Design Criteria (GDC) 1, 2, 3, 4, and 5 of <10 CFR 50, Appendix A>, and <10 CFR 50, Appendix B> concerning ground level accident releases.  The recommendations of <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.47>, <Regulatory Guide 1.52>, <Regulatory Guide 1.53>, and <Regulatory Guide 3.2>, National Fire Protection Association (NFPA) 90A, and Branch Technical Position APCSB 9.5‑1 have also been considered in the system design and equipment procurement.


b.
The AEGTS is:



1.
Required to function during normal, shutdown and refueling operations, loss of offsite power periods and following a LOCA.



2.
Started manually from the control room with the redundant system started automatically when low system air flow is indicated.



3.
Designed to continuously maintain a negative pressure differential of 0.25 inches of water gauge minimum between the containment vessel annulus ambient and the outside (sensed in the auxiliary, intermediate and fuel handling buildings).  The design parameters of this system include the leakage through the shield building (100 percent of the annulus volume per day), leakage from the containment vessel following an accident (0.2 percent of the containment volume per day), increased annulus temperature following an accident, increased annulus air pressure resulting from the containment vessel expansion following an accident, and the discharge from the hydrogen purge subsystem.



4.
Designed to direct the exhaust flow from the annulus through a charcoal filter plenum to ensure that the release of radioactivity to the environment is below permissible discharge limits.



5.
Designed so that the exhaust inlet points from the annulus are remotely located from the return air to the annulus, thus promoting mixing of the annulus air.



6.
Continuously monitored in the control room to indicate system operating status, system malfunction, high radiation in fan 




discharges, high smoke in fan discharges, temperatures in the charcoal plenums, and annulus to outside ambient pressure differential (sensed in the auxiliary, intermediate and fuel handling buildings).



7.
Provided with redundant and separated equipment, control and power supplies so that a single active component failure will not prevent satisfactory system operation.



8.
Designed with system operating components located in equipment areas not affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high or moderate energy piping.


6.5.3.2.2      System Description


The AEGTS is shown on <Figure 6.5‑1>.  This system functions continuously during normal, shutdown and refueling operations, during loss of offsite power periods and following a LOCA to maintain a negative pressure differential between the containment vessel annulus ambient and the outside.


The system includes two 100 percent capacity filter plenums (M15‑D001A, B), two 100 percent capacity centrifugal fans (M15‑C001A, B), and redundant supply, recirculation and exhaust ductwork systems for Unit 1 and Unit 2.  The plenums and fans are located in the intermediate building at Elevation 620’‑6”.  Each unit is provided with “A” equipment and “B” equipment, located in separate rooms.  The duct distribution systems in the annulus are arranged so that the annulus ambient air is continuously circulated and mixed throughout the annulus space and then directed to the charcoal filter plenum.  Air is extracted at one location and returned at another remote location to ensure adequate mixing of the recirculated air with the annulus volume.  Also, adequate distribution ductwork is provided.  The main exhaust header draws air 


from various regions of the annulus and the recirculation header returns the recirculated air at a different region.  The exhaust header and the recirculation headers are located at appropriate distance from each other to assure that adequate mixing occurs in the annulus <Figure 6.5‑2>.  A portion of this filtered air is then discharged to the unit vent and the remaining portion is returned to the annulus.  The continuous circulation and mixing ensures that any inleakage to the annulus ambient will be mixed with this ambient before being filtered and discharged.  The amount of air discharged to the plant vent and the amount returned to the annulus is automatically controlled so that the negative differential pressure is maintained.


The total extraction rate from the annulus is 2,000 cfm and the design maximum discharge rate to the atmosphere is 2,000 cfm.  During normal operation the expected discharge to the unit vent is approximately 700 cfm, based on test data leakage through the shield building into the annulus (100 percent of annulus volume per day) at a negative pressure differential of 0.66 inches of water gauge.  The 0.66 inches of water gauge pressure differential is provided to maintain the 0.25 inches of water gauge minimum pressure differential required due to instrument location, to meet plant post‑LOCA conditions, and to adjust for all environmental conditions.  During an accident, the maximum expected discharge rate is approximately 1,000 cfm.  This takes into consideration a postulated leakage from the containment vessel to the annulus of 1.6 cfm (equivalent to 0.2 percent of containment volume per day at a containment pressure of 15 psi), the air expansion due to increase in temperature during the accident, and the increase in annulus air pressure due to the expansion of the containment steel shell.  However, the discharge and recirculation dampers will modulate to vary the discharge flow from the expected maximum (approximately 1,000 cfm) to the design maximum (2,000 cfm), as required, to achieve and maintain a negative pressure differential of 0.66 inches of water gauge between the annulus and the atmosphere (sensed in the auxiliary, intermediate and fuel handling buildings).


Two pressure differential transmitters, each located 180( apart, are provided for each filter plenum and fan.  These transmitters are used to monitor the negative pressure differential in the annulus and send appropriate signals to the differential pressure controllers and recorders located in the control room.  The differential pressure controller will modulate the discharge and recirculation dampers accordingly.


Regular ac offsite power sources are provided for this system.  If loss of offsite power occurs during a LOCA, redundant emergency power is available from the diesel generators.  Inactive circulating and filtering components are isolated from the annulus space and the unit by check dampers, and by automatically controlled duct dampers.  The redundant system automatically starts upon indication of low air flow from the operating system.


Design information for the annulus exhaust gas treatment system components is listed in <Table 6.5‑8>.


6.5.3.2.3      Safety Evaluation


The AEGTS maintains a negative pressure differential between the containment vessel annulus and the outside so that leakage from the containment vessel will be detained in the annular space, mixed with the annulus space air, diluted with air leakage into the annular space and filtered before release to the unit vent.


The mixing and dilution of the annulus air is ensured by the supply and exhaust duct arrangement which includes distribution ducts with multiple supply and exhaust outlets along the circumference of the annulus space.  The supply distribution ducts are near the bottom of the annulus (approx. Elevation 599’‑0”) and the exhaust distribution ducts are near the top of the annulus (approx. Elevation 742’‑0”).  The annulus width is five feet.  This resultant volume is the space in which containment 


vessel leakage is mixed with annulus space air before being directed to the filter plenum.


The maximum exhaust flow rate from the annulus space directed to the filter is 2,000 cfm and the maximum expected amount of the filtered air released to the unit vent is 1,000 cfm.  The remaining 1,000 cfm is circulated back to the annulus space for subsequent refiltering.  This arrangement of duct systems, and the high proportion of recirculated and refiltered air, assures maximum mixing of leakage and maximum filtering before release to the unit vent.


Minimum release of contamination after filtering is further assured by the filter plenum components which include a roughing filter, a demister, an electric heating coil for lowering of relative humidity, HEPA prefilters, 4‑inch deep charcoal filters, and HEPA after‑filters.  When the system is operating at normal meteorological conditions (wind velocity up to 30 mph), the annulus is maintained at a negative pressure differential of 0.25 inches water gauge minimum relative to the outside by modulating the exhaust and recirculation dampers (sensed in the auxiliary, intermediate and fuel handling buildings).


Operation of the system is monitored with alarms in the control room for system malfunctions including high temperature in ducts and plenums, high smoke, high radiation, loss of negative differential pressure, and high relative humidity of the exhaust air.


Malfunctioning system components which affect sytem operation are stopped and isolated and redundant components are automatically placed in service.  This assures maintenance of the negative differential pressure in the annulus at all times.


The main components of the system are located in separate rooms.  No unguarded high energy lines pass through the annulus space or in the AEGTS equipment areas.


Redundancy in this system provides capability to maintain a negative differential pressure and to remove contaminants when considering failure of an active or passive component.


If decay heat in the charcoal filter section raised the charcoal temperature to 250(F, a control room alarm would alert the operator so that the charcoal filter deluge system could be manually activated upon verification of a plenum fire.


6.5.3.2.4      Inspection and Testing Requirements


The various components of the AEGTS are accessible for inspection and testing during normal plant operation.  The ability to isolate an idle redundant component enables inspection maintenance and testing to be performed while the system is in normal operation.  Periodic tests, as recommended by <Regulatory Guide 1.52>, will be performed on the systems.  These tests will include measurement of differential pressure across the filter banks and field and laboratory determination of filter leakage and efficiency.  This will demonstrate that aging, weathering or poisoning of the filters has not significantly degraded the filter mounting or adsorptive material in the charcoal banks.


These tests will also include verification of the functional performance of fans, dampers, controls, and other safety devices to ensure that these components perform their function reliably.


6.5.3.2.5      Instruments, Controls and Protective Devices


Operation of the AEGTS is initiated by manually starting (from the control room) one of the two exhaust fans which then operates continuously.  The details of the instrumentations and controls for this system are discussed in <Section 7.3.1>.


6.5.4      ICE CONDENSER AS A FISSION PRODUCT CLEANUP SYSTEM


This section is not applicable to PNPP.


6.5.5      REFERENCES FOR SECTION 6.5


1.
Postma, A. K.; Sherry, R. R.; Tam, P. S.; “Technological Bases for Models of Spray Washout of Airborne Contaminants in Containment Vessels,” <NUREG/CR‑0009>, October 1978.


2.
ANSI/ANS‑56.3‑1979, “American National Standard for PWR and BWR Containment Spray System Design Criteria.”


3.
Electrical Power Research Institute, “Generic Framework for Application of Revised Accident Source Terms to Operating Plants,” TR‑105909, Interim Report, November, 1995.


4.
Polestar Applied Technology, Inc., “STARNAUA, A Code for Evaluating Severe Accident Aerosol Behavior in Nuclear Power Plant Containments:  A Code Description and Validation and Verification Report,” PSAT C101.02, Revision 1, February 23, 1996.


TABLE 6.5‑1


COMPARISON OF CONTROL ROOM EMERGENCY RECIRCULATION(1)

SYSTEM WITH <REGULATORY GUIDE 1.52> POSITIONS


Regulatory Position



System Design Feature



1.a



The design conforms with this position.



1.b



The design conforms with this position.



1.c



The design conforms with this position.



1.d



The design conforms with this position.



1.e



The design conforms with this position.



2.a



The design conforms with this position.



2.b



The design conforms with this position.



2.c



The design conforms with this position.



2.d



The filter units are not exposed to pressure surges from the postulated DBA.



2.e



The design conforms with this position.



2.f



The design conforms with this position.



2.g



Pressure drops and flow rates are not monitored in the control room.



2.h



The design conforms with this position.



2.i



The design conforms with this position.



2.j



The design conforms with the intent of this position.  See <Section 12.1> for a discussion of conformance with <Regulatory Guide 8.8>.



2.k



The design conforms with this position.



2.l



The design conforms with this position.  Duct and housing leak tests will be performed in accordance with Section 6 of ANSI N510‑1980 instead of ANSI N510‑1975.



3.a



The design conforms with this position.



3.b



The design conforms with this position.







Heater sizing conforms with Section 5.5 of ANSI N509‑1980 rather than ANSI N509‑1976.


TABLE 6.5‑1 (Continued)


Regulatory Position



System Design Feature



3.c



The design conforms with this position.



3.d



The design conforms with this position.



3.e



The design conforms with this position.



3.f



The design conforms with this position.



3.g



The design conforms with this position.



3.h



The design conforms with the intent of the recommendations of Section 4.5.8 of ERDA 76‑21.



3.i



The design conforms with this position.  The impregnated activated carbon shall meet the qualification and batch test results summarized in Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



3.j



The design conforms with this position.  The adsorbent shall meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI 509‑1976.



3.k



The design of the charcoal adsorber section considers possible radioactivity‑induced fires.  Water spray deluge fire protection system is provided.



3.l



The design conforms with the intent of the recommendations of Sections 5.7 and 5.8 of ANSI N509‑1976.



3.m



The design conforms with this position.



3.n



The design conforms with the recommendations of Section 5.10 of ANSI N509‑1976.



3.o



The design conforms with this position.


TABLE 6.5‑1 (Continued)


Regulatory Position



System Design Feature



3.p



The design conforms with the intent of the recommendations of Section 5.9 of ANSI N509‑1976.



4.a



The design conforms with the intent of the recommendations of Section 2.3.8 of ERDA 76‑21 and Section 4.7 of ANSI N509‑1976.



4.b



The maximum length of component plus 2’‑6”, approximately, is provided due to space limitation imposed by equipment room size.  It was determined that this is adequate for the replacement of the roughing and HEPA filters and is consistent with the manufacturer’s recommendations.



4.c



The design conforms with this position.



4.d



The operating procedures will meet the intent of this position.  The plenum heaters (relative humidity control heaters) will be operated as required by the plant technical specifications.



4.e



Preoperational Phase Testing meets the intent of this position.  The testing will be performed while active construction is in progress on the project but sufficiently complete to assure that the installed HEPA filters and charcoal are not subjected to airflow that would invalidate inplace testing.



5.a



Testing procedures will meet the intent of this position.  Visual inspection will be performed in accordance with the provisions of Section 5 of ANSI N510‑1980 instead of ANSI N510‑1975.


TABLE 6.5‑1 (Continued)


Regulatory Position



System Design Feature



5.b



Testing procedures will meet the intent of this position.  The airflow distribution testing will be performed in accordance with the provisions of Section 8.3.2 of ANSI N510‑1980 instead of ANSI N510‑1975.



5.c



Testing procedures will meet the intent of this position.  The inplace leak test on HEPA filter banks will be performed in accordance with the provisions of Section 10 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 10 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the HEPA filter bank and the Section 8 and 9 testing will be performed in accordance with the provisions of Sections 8 and 9 of ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the filters.



5.d



Testing procedures will meet the intent of this position.  The inplace leak test on the charcoal adsorber stage will be performed in accordance with the provisions of Section 12 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 12 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the charcoal adsorber stage and the Section 8 and 9 testing will be performed in accordance with the


TABLE 6.5‑1 (Continued)


Regulatory Position



System Design Feature



5.d (Cont.)

provisions of Section 8 and 9 of ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the adsorbers.



6.a(1)


Testing procedures will meet the intent of this position per 5.d above.



6.a(2)


Initially installed charcoal will conform with the requirements of this position.  New activated carbon meets the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



6.a(3)


Plant operating procedures will conform with the requirements of this position.  Laboratory testing for ESF adsorbers will be conducted in accordance with the edition of ASTM D3803 currently approved by engineering.  The currently approved edition of ASTM D3803 and exceptions to the test parameters of the edition will be documented in the Ventilation Filter Test Program.  Future revisions of ASTM D3803, or other industry approved standards may be used with engineering evaluation and approval.  Adsorbent samples will meet the laboratory test requirements of the Ventilation Filter Test Program.



6.b



The design conforms to this position.  The preoperational testing procedures conform to this position.  The plant operating procedures


TABLE 6.5‑1 (Continued)


Regulatory Position



System Design Feature



6.b (Cont.)

conform to this position, with the exception that utilization of adsorbent samples removed from the subject bed may be used to refill the samplers.  The new unused activated carbon used to replace a bed on failure to meet the applicable tests of Table 2 will meet the requirements of Table 5‑1 or ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.  Adsorbent samples will meet the requirements of the Ventilation Filter Test Program in lieu of the applicable tests of Table 2 of <Regulatory Guide 1.52>.


NOTE:


(1)
As discussed in <Section 15.6.5.5.1.9>, the design basis LOCA (RAST analysis) only credits a 50% removal efficiency of elemental and organic iodines by the charcoal filters in the CRERS.


TABLE 6.5‑2


COMPARISON OF FUEL HANDLING AREA EXHAUST


SUBSYSTEM WITH <REGULATORY GUIDE 1.52> POSITIONS


Regulatory Position



System Design Feature



1.a



The design conforms with this position.



1.b



The design conforms with this position.



1.c



The design conforms with this position.



1.d



The design conforms with this position.



1.e



The design conforms with this position.



2.a



The design conforms with this position.



2.b



The design conforms with this position.



2.c



The design conforms with this position.



2.d



The filter units are not exposed to pressure surges from the postulated DBA.



2.e



The design conforms with this position.



2.f



The design conforms with this position.



2.g



Pressure drops and flow rates are not monitored in the control room.



2.h



The design conforms with this position.



2.i



The design conforms with this position.



2.j



The design conforms with the intent of this position.  See <Section 12.1> for a discussion of conformance with <Regulatory Guide 8.8>.



2.k



The design conforms with this position.



2.l



The design conforms with this position.  Duct and housing leak tests will be performed in accordance with Section 6 of ANSI N510‑1980 instead of ANSI N510‑1975



3.a



The design conforms with this position.



3.b



The design conforms with this position.



3.c



The design conforms with this position.


TABLE 6.5‑2 (Continued)


Regulatory Position



System Design Feature



3.d



The design conforms with this position.



3.e



The design conforms with this position.



3.f



The design conforms with this position.



3.g



The design conforms with this position.



3.h



The design conforms with the intent of the recommendations of Section 4.5.8 of ERDA 76‑21.



3.i



The design conforms with this position.  The impregnated activated carbon shall meet the qualification and batch test results summarized in Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



3.j



The design conforms with this position.  The adsorbent shall meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



3.k



The design of the charcoal adsorber section considers possible radioactivity‑induced fires.  Water spray deluge fire protection system is provided.



3.l



The design conforms with the intent of the recommendations of Sections 5.7 and 5.8 of ANSI N509‑1976.



3.m



The design conforms with this position.



3.n



The design conforms with the recommendations of Section 5.10 of ANSI N509‑1976.



3.o



The design conforms with this position.


TABLE 6.5‑2 (Continued)


Regulatory Position



System Design Feature



3.p



The design conforms with the intent of the recommendations of Section 5.9 of ANSI N509‑1976.



4.a



The design conforms with the intent of the recommendations of Section 2.3.8 of ERDA 76‑21 and Section 4.7 of ANSI N509‑1976.



4.b



The maximum length of component plus 2’‑6”, approximately, is provided due to space limitation imposed by equipment room size.  It was determined that this is adequate for the replacement of the roughing and HEPA filters.



4.c



The design conforms with this position and is consistent with the manufacturer’s recommendations.



4.d



The operating procedures will meet the intent of this position.  The plenum heaters (relative humidity control heaters) will be operated as required by the plant technical specifications.



4.e



Preoperational Phase Testing meets the intent of this position.  The testing will be performed while active construction is in progress on the project but sufficiently complete to assure that the installed HEPA filters and charcoal are not subjected to airflow that would invalidate inplace testing.



5.a



Testing procedures will meet the intent of this position.  Visual inspection will be performed in accordance with the provisions of Section 5 of ANSI N510‑1980 instead of ANSI N510‑1975.


TABLE 6.5‑2 (Continued)


Regulatory Position



System Design Feature



5.b



Testing procedures will meet the intent of this position.  The airflow distribution testing will be performed in accordance with the provisions of Section 8.3.2 of ANSI N510‑1980 instead of ANSI N510‑1975.



5.c



Testing procedures will meet the intent of this position.  The inplace leak test on HEPA filter banks will be performed in accordance with the provisions of Section 10 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 10 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the HEPA filter bank and the Section 8 and 9 testing will be performed in accordance with the provisions of Sections 8 and 9 of ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the filters.



5.d



Testing procedures will meet the intent of this position.  The inplace leak test on the charcoal adsorber stage will be performed in accordance with the provisions of Section 12 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 12 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the charcoal adsorber stage and the Section 8 and 9 testing will be performed in accordance with the provisions of Section 8 and 9 of 


TABLE 6.5‑2 (Continued)


Regulatory Position



System Design Feature



5.d (Cont.)

ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the adsorbers.



6.a(1)


Testing procedures will meet the intent of this position per 5.d above.



6.a(2)


Initially installed charcoal will conform with the requirements of this position.  New activated carbon meets the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



6.a(3)


Plant operating procedures will conform with the requirements of this position.  Laboratory testing for ESF adsorbers will be conducted in accordance with the edition of ASTM D3803 currently approved by engineering.  The currently approved edition of ASMT D3803 and exceptions to the test parameters of the edition will be documented in the Ventilation Filter Test Program.  Future revisions of ASTM D3803, or other industry approved standards may be used with engineering evaluation and approval.  Adsorbent samples will meet the laboratory test requirements of the Ventilation Filter Test Program.


TABLE 6.5‑2 (Continued)


Regulatory Position



System Design Feature



6.b



The design conforms to this position.  The preoperational testing procedures conform to this position.  The plant operating procedures conform to this position, with the exception that utilization of adsorbent samples removed from the subject bed may be used to refill the samplers.  The new unused activated carbon used to replace a bed on failure to meet the applicable tests of Table 2 will meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.  Adsorbent samples will meet the requirements of the Ventilation Filter Test Program in lieu of the applicable tests of Table 2 of <Regulatory Guide 1.52>.


TABLE 6.5‑3


COMPARISON OF ANNULUS EXHAUST GAS TREATMENT(1)

SYSTEM WITH <REGULATORY GUIDE 1.52> POSITIONS


Regulatory Position



System Design Feature



1.a



The design conforms with this position.



1.b



The design conforms with this position.



1.c



The design conforms with this position.



1.d



The design conforms with this position.



1.e



The design conforms with this position.



2.a



The design conforms with this position.



2.b



The design conforms with this position.



2.c



The design conforms with this position.



2.d



The filter units are not exposed to pressure surges from the postulated DBA.



2.e



The design conforms with this position.



2.f



The design conforms with this position.



2.g



Pressure drops and flow rates are not monitored in the control room.



2.h



The design conforms with this position.



2.i



The design conforms with this position.



2.j



The design conforms with the intent of this position.  See <Section 12.1> for a discussion of conformance with <Regulatory Guide 8.8>.



2.k



The design conforms with this position.



2.l



The design conforms with this position.  Duct and housing leak tests will be performed in accordance with Section 6 of ANSI N510‑1980 instead of ANSI N510‑1975



3.a



The design conforms with this position.



3.b



The design conforms with this position.



3.c



The design conforms with this position.


TABLE 6.5‑3 (Continued)


Regulatory Position



System Design Feature



3.d



The design conforms with this position.



3.e



The design conforms with this position.



3.f



The design conforms with this position.



3.g



The design conforms with this position.



3.h



The design conforms with the intent of the recommendations of Section 4.5.8 of ERDA 76‑21.



3.i



The design conforms with this position.  The impregnated activated carbon shall meet the qualification and batch test results summarized in Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



3.j



The design conforms with this position.  The adsorbent shall meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



3.k



The design of the charcoal adsorber section considers possible radioactivity‑induced fires.  Water spray deluge fire protection system is provided.



3.l



The design conforms with the intent of the recommendations of Sections 5.7 and 5.8 of ANSI N509‑1976.



3.m



The design conforms with this position.



3.n



The design conforms with the recommendations of Section 5.10 of ANSI N509‑1976.



3.o



The design conforms with this position.


TABLE 6.5‑3 (Continued)


Regulatory Position



System Design Feature



3.p



The design conforms with the intent of the recommendations of Section 5.9 of ANSI N509‑1976.



4.a



The design conforms with the intent of the recommendations of Section 2.3.8 of ERDA 76‑21 and Section 4.7 of ANSI N509‑1976.



4.b



The maximum length of component plus 2’‑6”, approximately, is provided due to space limitation imposed by equipment room size.  It was determined that this is adequate for the replacement of the roughing and HEPA filters and is consistent with the manufacturer’s recommendations.



4.c



The design conforms with this position.



4.d



The operating procedures will meet the intent of this position.  The plenum heaters (relative humidity control heaters) will be operated as required by the plant technical specifications.



4.e



Preoperational Phase Testing meets the intent of this position.  The testing will be performed while active construction is in progress on the project but sufficiently complete to assure that the installed HEPA filters and charcoal are not subjected to airflow that would invalidate inplace testing.



5.a



Testing procedures will meet the intent of this position.  Visual inspection will be performed in accordance with the provisions of Section 5 of ANSI N510‑1980 instead of ANSI N510‑1975.


TABLE 6.5‑3 (Continued)


Regulatory Position



System Design Feature



5.b



Testing procedures will meet the intent of this position.  The airflow distribution testing will be performed in accordance with the provisions of Section 8.3.2 of ANSI N510‑1980 instead of ANSI N510‑1975.



5.c



Testing procedures will meet the intent of this position.  The inplace leak test on HEPA filter banks will be performed in accordance with the provisions of Section 10 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 10 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the HEPA filter bank and the Section 8 and 9 testing will be performed in accordance with the provisions of Sections 8 and 9 of ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the filters.



5.d



Testing procedures will meet the intent of this position.  The inplace leak test on the charcoal adsorber stage will be performed in accordance with the provisions of Section 12 of ANSI N510‑1980 instead of ANSI N510‑1975.  In addition, Section 12 of ANSI N510‑1980 requires Sections 8 and 9 be performed as prerequisites to the inplace leak test on the charcoal adsorber stage and the Section 8 and 9 testing will be performed in accordance with the provisions of Section 8 and 9 of 


TABLE 6.5‑3 (Continued)


Regulatory Position



System Design Feature



5.d (Cont.)

ANSI N510‑1980.  Testing will be performed following painting, fire or chemical release only if these conditions could have an adverse affect on the adsorbers.



6.a(1)


Testing procedures will meet the intent of this position per 5.d above.



6.a(2)


Initially installed charcoal will conform with the requirements of this position.  New activated carbon meets the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.



6.a(3)


Plant operating procedures will conform with the requirements of this position.  Laboratory testing for ESF adsorbers will be conducted in accordance with the edition of ASTM D3803 currently approved by engineering.  The currently approved edition of ASTM D3803 and exceptions to the test parameters of the edition will be documented in the Ventilation Filter Test Program.  Future revisions of ASTM D3803, or other industry approved standards may be used with engineering evaluation and approval.  Adsorbent samples will meet the laboratory test requirements of the Ventilation Filter Test Program.



6.b



The design conforms to this position.  The preoperational testing procedures conform to this position.  The plant operating procedures conform to this position, with the exception


TABLE 6.5‑3 (Continued)


Regulatory Position



System Design Feature



6.b (Cont.)

that utilization of adsorbent samples removed from the subject bed may be used to refill the samplers.  The new unused activated carbon used to replace a bed on failure to meet the applicable tests of Table 2 will meet the requirements of Table 5‑1 of ANSI N509‑1980, which meets or exceeds the requirements of Table 5‑1 of ANSI N509‑1976.  Adsorbent samples will meet the requirements of the Ventilation Filter Test Program in lieu of the applicable tests of Table 2 of <Regulatory Guide 1.52>.


NOTE:


(1)
As discussed in <Section 15.6.5.5.1.6>, the design basis LOCA (RAST analysis) does not credit any removal of elemental and organic iodines by the charcoal filters in the AEGTS.


TABLE 6.5‑4


CONTROL ROOM EMERGENCY RECIRCULATION SYSTEM


MATERIALS LIST (DESIGN DATA)


Filter Unit Housing



Number of filter units



2 for Unit 1 & Unit 2



Manufacturer





CVI‑Pennwalt



Filter holding frame



Stainless steel, ASTM A 479, Type 304


Demisters



Number, per filter unit



21



Manufacturer & model no.



ACS, 101‑55



General standards




MSAR‑71‑45



Frame Material





Stainless steel, ASTM A 479, Type 304



Media






Stainless steel and fiberglass woven mesh


Roughing Filters



Number, per filter unit



21



Manufacturer





Flanders (or equal)



Model number





00A‑0‑02‑03NL



General standards




UL 900











Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material (MIL‑F‑51079B)


TABLE 6.5‑4 (Continued)



Adhesives






Fire retardant polyurethane and rubber based adhesives



Gaskets






Sponge Neoprene (SCE‑43)



Weight, per filter, lbs




Steel, approx.




25




Glass and Miscellaneous




  Material, approx.



10




Total





35


HEPA Filters Upstream and Downstream



Number, per filter unit



42



Manufacturer





Flanders (or equal)



Model number





007‑0‑02‑03NU



General standards




MIL‑F‑51068D; UL 900 Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material (MIL‑F‑51079)



Adhesives






Fire retardant solid urethane



Gaskets






Sponge Neoprene (SCE‑43) (ASTM D1056)



Weight, per filter, lb




Steel, approx.




25




Glass and miscellaneous




  material, approx.



15




Total





40


TABLE 6.5‑4 (Continued)


Activated Charcoal Adsorber



Manufacturer





CVI‑Pennwalt



Type of media





New, activated coconut shell charcoal



Impregnant





Potassium iodide (KI) and elemental iodine type



Weight of carbon, lb



5,700



Adsorber enclosure




Stainless steel, ASTM A240, Type 304


Electric Heating Coil



Manufacturer





CVI‑Pennwalt



Frame material





Stainless steel



Heating element




Stainless steel sheathed elements


TABLE 6.5‑5


FUEL HANDLING AREA EXHAUST SUBSYSTEM


MATERIALS LIST (DESIGN DATA)


Filter Unit Housing



Number of filter units



3 for Unit 1 & Unit 2



Manufacturer





CVI‑Pennwalt



Filter holding frame



Stainless steel, ASTM A479, Type 304


Demisters



Number per filter unit



12



Manufacturer & model no.



ACS, 101‑55



General standards




MSAR‑71‑45



Frame material





Stainless steel, ASTM A479, Type 304



Media






Stainless steel and fiberglass woven mesh


Roughing Filters



Number, per filter unit



12



Manufacturer





Flanders (or equal)



Model number





00A‑0‑02‑03NL



General standards




UL 900 Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material



Adhesives






Fire retardant polyurethane and rubber based adhesives


TABLE 6.5‑5 (Continued)



Gaskets






Sponge Neoprene (SCE‑43)



Weight, per filter, lbs




Steel, approx.




25




Glass and miscellaneous




  material, approx.



10




Total





35


HEPA Filters Upstream and Downstream



Number, per filter unit



24



Manufacturer





Flanders (or equal)



Model number





007‑0‑02‑03NU



General standards




MIL‑F‑51068D; UL 900 Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material (MIL‑F‑51079)



Adhesives






Fire retardant solid urethane



Gaskets






Sponge Neoprene (SCE‑43) (ASTM D1056)



Weight, per filter, lb




Steel, approx.




25




Glass and miscellaneous




  material, approx.



15




Total





40


TABLE 6.5‑5 (Continued)


Activated Charcoal Adsorber



Manufacturer





CVI‑Pennwalt



Type of media





New, activated coconut shell charcoal



Impregnant





Potassium iodide (KI) and elemental iodine type



Weight of carbon, lb



3,040



Adsorber enclosure




Stainless steel, ASTM A240, Type 304


Electric Heating Coil



Manufacturer





CVI‑Pennwalt



Frame material





Stainless steel



Heating element




Inconel steel sheathed elements


TABLE 6.5‑6


ANNULUS EXHAUST GAS TREATMENT SYSTEM


MATERIALS LIST (DESIGN DATA)


Filter Unit Housing



Number of filter units



2 for Unit 1











2 for Unit 2



Manufacturer





CVI‑Pennwalt



Filter holding frame



Stainless steel, ASTM A479, Type 304


Demisters



Number, per filter unit



2



Manufacturer & model no.



ACS, 101‑55



General standards




MSAR‑71‑45



Frame material





Stainless steel, ASTM A479, Type 304



Media






Stainless steel and fiberglass woven mesh


Roughing Filters



Number, per filter unit



2



Manufacturer





Flanders (or equal)



Model number





00A‑0‑02‑03NL



General standards




UL 900 Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material


TABLE 6.5‑6 (Continued)



Adhesives






Fire retardant polyurethane and rubber based adhesives



Gaskets






Sponge Neoprene (SCE‑43)



Weight, per filter, lbs




Steel, approx.




25




Glass and miscellaneous




  material, approx.



10




Total





35


HEPA Filters Upstream and Downstream



Number, per filter unit



4



Manufacturer





Flanders (or equal)



Model number





007‑0‑02‑03NU



General standards




MIL‑F‑51068D; UL 900 Class 1; UL 586



Frame material





14‑gauge Type 409 Stainless Steel



Filter material




95 percent boron silicate fiberglass, 5 percent organic material (MIL‑F‑51079)



Adhesives






Fire retardant solid urethane



Gaskets






Sponge Neoprene (SCE‑43) (ASTM D1056)



Weight, per filter, lb




Steel, approx.




25




Glass and miscellaneous




  material, approx.



15




Total





40


TABLE 6.5‑6 (Continued)


Activated Charcoal Adsorber



Manufacturer





CVI‑Pennwalt



Type of Media





New, activated coconut shell charcoal



Impregnant





Potassium iodide (KI) and elemental iodine type



Weight of carbon, lb



804



Adsorber enclosure




Stainless steel, ASTM A240, Type 304


Electric Heating Coil



Manufacturer





CVI‑Pennwalt



Frame material





Stainless steel



Heating element




Inconel steel sheathed elements


TABLE 6.5‑7


PRIMARY CONTAINMENT OPERATION FOLLOWING A DESIGN BASIS ACCIDENT


Type of structure




Steel cylinder with ellipsoidal dome secured to a steel lined reinforced concrete foundation mat.


Internal fission product removal

None


systems


Free volume of primary


containment, ft3




1.16 x 106 (excluding drywell)


Hydrogen purge system operation

<Section 6.2.5>


Containment leakage rate,


Vol%/day






0.20


Effectiveness of internal fission

Not applicable


product removal systems


TABLE 6.5‑8


DESIGN DATA FOR ANNULUS EXHAUST GAS TREATMENT SYSTEM COMPONENTS


Plenums (M15‑D001A, 1B)


No. of plenums





2 for Unit 1










2 for Unit 2


Manufacturer





CVI Corporation


Demisters


Manufacturer and model



ACS, 101‑55


No. of banks per plenum



1


No. of cells per bank



2


Material






Stainless steel mesh


Rated flow per cell, cfm



1,600


Max. resistance at rated flow,


in. w.g.






0.97 (clean)


Roughing Filters


Manufacturer and model



Flanders, 00A‑0‑02‑03NL (or equal)


No. of filter banks per plenum

1


No. of cells per bank



2


Rated flow per cell, cfm



2,000


Material






Glass fiber without separators


Efficiency, %





90 (per ASHRAE 52‑68)


Max. resistance at rated flow,


in. w.g.






0.49 (clean)


TABLE 6.5‑8 (Continued)


HEPA Filters


Manufacturer and model



Flanders, 007‑0‑02‑03NU (or equal)


No. of filter banks per plenum

2


No. of cells per bank



2


Rated flow per cell, cfm



1,500


Material






Glass fiber without separators


Efficiency, %





99.97 (on particles 0.3 micron or larger)


Max. resistance at rated flow,


in w.g.






1.2 (clean)


Charcoal Filters


Manufacturer and Model



CVI, HECA module


No. of charcoal beds per plenum

2 (4 inches thick)


Rated flow per bed, cfm



1,000


Material






Activated coconut charcoal impregnated with KI


Efficiency, %





99.9 on elemental Iodine 97 on methyl iodide at 86°F and 95 percent RH


Maximum resistance at rated flow,


in w.g.






2.5 (clean)


Heating Coil


Manufacturer





CVI‑Pennwalt


No. of coils per plenum



1


TABLE 6.5‑8 (Continued)


Heating Coil (Continued)


Heating capacity per coil, kW


20


Electrical characteristics


480V, 3 phase, 60 Hertz


Fans (M15‑C001A, 1B)


No. required





2 for Unit 1










2 for Unit 2


Manufacturer





Westinghouse


Fan type






Centrifugal SISW


Fan size (wheel diameter), in.

15‑1/2


Arrangement





No. 8


Discharge position




Upblast


Air quantity required per fan, cfm

2,000


Static pressure required, in w.g.

11


Fan motor horsepower



15


Motor electrical characteristics

460V, 3 phase, 60 Hertz


TABLE 6.5‑9


INPUT PARAMETERS FOR THE SPRAY REMOVAL ANALYSIS


Containment minimum pressure, psig




1


Containment minimum temperature, (F




100


Total containment net free volume, ft3



1.1654 x 106

Sprayed containment volume, F3





481174


Unsprayed containment volume, F3




684226


Mean spray fall height, ft





53.2


Number of spray pumps operating




1


Spray flow rate, gpm






5,250


Spray solution pH







7.0


Number of drop size groups





56


Geometric mean drop size for spatial



4.95 x 10‑2

distribution, cm


Geometric mean standard deviation




2.9


Geometric mean particle size for incoming


4.4 x 10‑5

aerosol, cm


Geometric mean standard deviation




1.81


No wall condensation


No condensation on water droplets


No consideration of particle hygroscopicity


<TABLE 6.5‑10>


DELETED


TABLE 6.5‑11


ELEMENTAL IODINE AND PARTICULATE REMOVAL RATE FOR CONTAINMENT SPRAY



From t=0 to t=690 seconds – 0/hour



From t=690 to t=728 seconds – 8.13/hour



From t=728 to t=924 seconds – 4.32/hour



From t=924 to t=1317 seconds – 3.02/hour



From t=1317 to t=1710 seconds – 2.52/hour



From t=1710 to t=1897 seconds – 14.3/hour



From t=1897 to t=2070 seconds – 8.76/hour



From t=2070 to t=2529 seconds – 5.07/hour



From t=2529 to t=3141 seconds – 3.84/hour



From t=3141 to t=4030 seconds – 3.25/hour



From t=4030 to t=5339 seconds – 3.22/hour



From t=5339 to t=6702 seconds – 3.30/hour



From t=6702 to t=7377 seconds – 6.55/hour



From t=7377 to t=7760 seconds – 3.30/hour



From t=7760 to t=11724 seconds – 1.19/hour



From t=11724 to t=17469 seconds – 0.50/hour



From t=17469 to t=30823 seconds – 0.27/hour



From t=30823 to t=40039 seconds – 0.23/hour



From t=40039 to t=69513 seconds – 0.20/hour



From t=69513 to t=87090 seconds – 0.19/hour



From t=87090 seconds to end – 0/hour
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6.6      INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS


6.6.1      COMPONENTS SUBJECT TO EXAMINATION


All Quality Group B and Quality Group C components will be examined in accordance with Section XI of the ASME Code.  The edition and addenda will be in accordance with <10 CFR 50.55a> as indicated in the Inservice Examination Program.


The Inservice Examination Program covers Class 2 and 3 systems and components as described in Section XI.  Exceptions for those portions of systems that cannot be examined to fully meet the requirements of Section XI, if any, are fully identified and the reasons for the exceptions given in the program.  The program also defines a schedule for examinations.


6.6.2      ACCESSIBILITY


The design and arrangement of Class 2 system components provide adequate clearances to conduct the required examinations at the code required inspection interval, and the design and arrangement of Class 3 system components also provides adequate clearances.


6.6.3      EXAMINATION TECHNIQUES AND PROCEDURES


The Inservice Examination Program describes the scope of the examinations and includes isometric drawings and component sketches.  The drawings show weld locations in the various piping systems and on components.  Boundary diagrams and classification tables are 


incorporated into the program to delineate systems boundaries.  The program specifies the type of examinations to be performed and the total extent of the examination coverage for each system component.


Detailed procedures for volumetric (ultrasonic), surface penetrant and visual examinations are used in support of the program.  Accompanying drawings include diagrams of calibration blocks and unique designations for each block to be used in the examination procedure.


6.6.4      INSPECTION INTERVALS


An inspection schedule for Class 2 system components is developed in accordance with the guidance of Section XI, Subarticle IWC‑2400, and a schedule for Class 3 system components is developed according to Subarticle IWD‑2400.


6.6.5      EXAMINATION CATEGORIES AND REQUIREMENTS


The inservice examination categories and requirements for Class 2 components are in agreement with Section XI, Subarticle IWC‑2500.  Inservice examination categories and requirements for Class 3 components are in agreement with Section XI, Subarticle IWD‑2500.


6.6.6      EVALUATION OF EXAMINATION RESULTS


The evaluation of Class 2 component examination results will comply with the requirements of Article IWC‑3000 of Section XI.  The method to be used in the evaluation of examination results for Class 3 components will comply with the requirements of Article IWD‑3000 of Section XI.  The repair procedures for Class 2 components will comply with the requirements of Article IWC‑4000 of Section XI.  The procedures to be used for repair of Class 3 components will be in agreement with Article IWD‑4000 of Section XI.


6.6.7      SYSTEM PRESSURE TESTS


The program for Class 2 system pressure testing will comply with the criteria of Code Section XI, Article IWC‑5000.  The program for Class 3 system pressure tests will comply with the criteria of Article IWD‑5000.


6.6.8      AUGMENTED INSERVICE INSPECTION TO PROTECT AGAINST POSTULATED PIPING FAILURES


An Augmented Inservice Examination Program for high energy piping in containment penetration break exclusion regions <Section 3.6.2.1.7> is included in the Inservice Examination Program.  It  follows the same general outline as the Inservice Examination Program and includes areas subject to examination, method of examination, and extent and frequency of examinations.
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6.7      MAIN STEAM LINE ISOLATION VALVE LEAKAGE CONTROL SYSTEM


The main steam line isolation valve leakage control system (MSIVLCS) has been eliminated and is abandoned in place.
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6.8      SAFETY‑RELATED INSTRUMENT AIR SYSTEM


6.8.1      DESIGN BASES


The function of the safety‑related instrument air system is to continuously supply clean, dry, oil‑free air for the initial charge and recharging of the automatic depressurization system (ADS) safety relief valve accumulators when the depressurization function of the safety relief valves is used.  The “B” Train safety‑related instrument air system also provides postaccident makeup to the outboard MSIV air accumulators.  Air receiver tanks are sized by volume to provide a sufficient quantity of air for recharging the ADS accumulators, outboard MSIV accumulators and the low‑low set relief valve accumulator under accident conditions.  In addition, the tanks contain a sufficient volume of air to provide makeup for system leakage for a period of seven days after an accident occurs.  After this initial seven‑day period, the system can be recharged with the air compressors or commercially available compressed air bottles, thus assuring the required 100 days of operation of the ADS valves and a continued pneumatic source for the outboard MSIVs.  As long as the ADS valves remain open the reactor will not repressurize and low pressure ECCS pumps will be able to maintain cooling flow to the reactor.


6.8.2      SYSTEM DESIGN


The safety‑related instrument air system is shown on <Figure 6.8‑1>.  The system is designed to provide clean, dry air continuously at 160 to 170 psig to the ADS and low‑low set relief valve accumulators and at an approximate setting of 85 psig (45 psig minimum) for the outboard MSIV accumulators.  The system stores air at 160 to 170 psig in receiver 


tanks downstream of the purifier package.


One reciprocating type air compressor and air dryer is provided for each unit.  The compressor supplies nominal 21.3 scfm and is automatically operated by a pressure switch on the compressor.  The compressor automatically starts and stops to maintain a tank pressure of approximately 160 to 170 psig.  The compressor unloads automatically after it shuts off.


The system has a connection for recharging the receiver tanks or safety relief valve accumulators directly to supplement compressor recharging in emergency and normal situations when the compressor is out‑of‑service.


One large, low pressure air receiver tank is provided for safety‑related air storage in each of two supply lines for the ADS and low‑low set relief valve accumulators.


The “B” Train safety‑related instrument air system also provides post‑accident makeup to the outboard MSIV air accumulators.


Two small air receiver tanks are also provided in each supply line to supply nonsafety air storage to minimize compressor cycling.  The six tanks are of welded steel construction and are designed in accordance with ASME Section III, Division 1, of the Boiler and Pressure Vessel Code.  However, only the large air receiver tanks are designated as Safety Class 3; the small air receiver tanks are designated as Nonsafety Class.


Air receiver tank pressure in the large air receiver tanks is sensed and transmitted to the control room.  An alarm is sounded in the control room if the receiver tank pressure in the large air receiver tanks decreases to 155 psig.


Each large tank is of the vertical, cylindrical type, measuring 10 feet in diameter and 24 feet in height.  The smaller tanks are 18 inches in diameter and six feet in height.  The tanks are equipped with relief and drain valves.  The relief valves are set to relieve at 180 psig for the larger tank and 2,750 psig for the smaller tanks.


Motor‑operated containment and drywell isolation valves are also provided for the safety‑related instrument air system.


6.8.3      DESIGN EVALUATION


The air system is Safety Class 2 and 3, except for the section upstream of the dual isolation check valves which are upstream of the large safety‑related air receiver tanks; this section is nonsafety <Figure 6.8‑1>.


Each unit has one compressor for supplying air to the air receiver tanks, which in turn supply air to the ADS, outboard MSIVs and low‑low set relief valve accumulators.


Physically separate air lines are employed to distribute air at 160 to 170 psig to ADS and low‑low set relief valve accumulators and at an approximate setting of 85 psig (45 psig minimum) for the outboard MSIV Accumulators.  Each of the two physically separate air lines supplies eight ADS valve accumulators.  The “A” Train air storage tank also supplies the low‑low set relief valve accumulator.  The “B” Train also supplies the outboard MSIV accumulators.  Check valves are provided 


between each division’s large safety‑related receiver tank and the compressor to assure no backflow from the receiver tanks to the compressor.


The storage capacity (1,350 cubic feet water volume) for each division’s safety‑related receiver tank is based on the requirements established by the General Electric Company for the operation of the safety relief valves as well as sufficient storage capacity to allow for leakage from ADS/SRV valves and the outboard MSIVs over seven days.  This capacity is based on a minimum tank pressure of 150 psig.


The selection of piping and valves in the safety‑related Class 2 and 3 portion of the system is based on a design pressure of 200 psig.  Relief valves are provided on the air receiver tanks to ensure that the system does not exceed the design pressure.  The valves are set to relieve at 180 psig.  The design pressure for portions of the system not protected by a relief valve has been increased to 210 psig to address thermal overpressure concerns.

A relief valve set at 150 psig is installed downstream of pressure regulator 1P57‑F002B.


6.8.4      TESTS AND INSPECTIONS


Operator action during normal operation consists of periodically checking that system pressure is maintained within the correct range, and servicing the compressor and air dryer as necessary.  This includes checking the compressor and air dryer visual indicators which signal when filter replacement is necessary.  When the alarm in the control room indicates low receiver tank pressure, the air compressor is manually operated and runs until the system pressure is returned to the operating range.


Scheduled checks will be made to assure that the air receiver tanks have retained their pressure integrity.

A scheduled program of testing and inspection will be maintained to ensure that all system components and their control systems are in good working condition.  Air quality will be tested on a yearly basis downstream of the air dryer for dewpoint and particulate contamination.  The required air quality to safety‑related components supplied from this system is:  zero particulates larger than 40 microns and a dewpoint less than 0(F for ADS valves and MSIVs.


All instrumentation, control and alarm devices will be tested and calibrated at regular intervals.  Manufacturer recommendations will be observed for inspection, and preventive and inservice maintenance.


6.8.5      INSTRUMENTATION REQUIREMENTS


Instrumentation provided on the compressor control panel includes a high air temperature switch, and a discharge pressure switch.


Pressure indication is provided locally and in the control room.  An alarm is sounded in the control room when the safety‑related receiver tank pressure decreases to 155 psig.


Manual switches with status lights are provided in the control room for closing motor‑operated containment and drywell isolation valves if a LOCA condition occurs.  No automatic closure signal is provided.


Relief valves are provided upstream of the double check valves on the air receiver tanks and downstream of the MSIV source line pressure regulator to ensure that the system does not exceed the design pressure of each section of the system.
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6.9      FEEDWATER LEAKAGE CONTROL SYSTEM


6.9.1      DESIGN BASES


a.
The feedwater leakage control system (FWLC) is designed in accordance with Seismic Category I and quality group classification requirements to comply with <Regulatory Guide 1.26> and <Regulatory Guide 1.29>.  The system meets the intent of <Regulatory Guide 1.96>, where applicable <Table 3.2‑1>.


b.
The FWLC system is designed with sufficient redundancy, separation, reliability, and capacity as a safety‑related system consistent with the need to maintain containment integrity for as long as postulated LOCA conditions require.


c.
The FWLC system is capable of performing its intended safety function following a loss of all offsite power coincident with the postulated design basis LOCA.


d.
The FWLC system is designed with sufficient capacity and capability to prevent leakage through the feedwater lines consistent with containment integrity under the conditions associated with the postulated design basis LOCA.


e.
The FWLC system is provided with interlocks actuated from appropriately designed safety systems or circuits to prevent inadvertent system operation.


f.
The FWLC system is designed to permit testing of the operability of controls and actuating devices as well as the complete functioning of the system during plant shutdowns.


g.
The FWLC system is designed so that effects resulting from a system single active component failure will not affect the integrity of the feedwater lines or the operability of containment isolation valves.


h.
The FWLC system is protected from the effects of internally generated missiles, pipe break failures and adverse environments associated with a LOCA.


i.
The normal power supply to the feedwater penetration motor‑operated gate valves is from Division 1.  The licensing basis for the feedwater penetrations is that the gate valves are successfully closed by the control room operator.  Power is also available to these gate valves from Division 3 (alternate power source connected per plant procedures).  This improves the reliability of the penetration in the event of a total loss of both the normal and emergency AC power from Division 1.  Physical and electrical separation between Division 1 and Division 3 will be maintained during normal operation by employing two features:



1.
Normally open, fused disconnect switches at both ends of the circuit, and



2.
Fuses normally stored out of the circuit.


6.9.2      SYSTEM DESCRIPTION


The FWLC consists of piping, valves and instrumentation as shown in <Figure 6.9‑1>.  The system components are designed to the requirements of <Table 3.2‑1>, Item XLIX.


The FWLC system consists of two subsystems designed to eliminate through‑line leakage in the feedwater piping by providing a positive seal for the stem, bonnet and seat of the outboard isolation valve on 


each line.  The Division 2 subsystem uses the residual heat removal (RHR) waterleg pump and the Division 1 subsystem uses the low pressure core spray (LPCS) waterleg pump to supply sealing water through the bonnets of the MOVs.  Following closure of the MOVs, the sealing water seals the stems, bonnets and seats, and isolates the feedwater lines.


Following a LOCA, the FWLC system is manually initiated from the control room.  The operator first verifies feedwater unavailability through low feedwater pressure (approximately 30 psig), then closes the outboard containment isolation (motor‑operated gate) valves with the keylock switches, and opens one of the motor‑operated FWLC system valves from the control room.  The suppression pool sealing water from one of the  waterleg pumps (or both if they are available) is routed to both MOVs.  


Since the source of sealing water is the suppression pool, a 30‑day water supply is ensured.  Operation of the FWLC system will not affect the function of the suppression pool since the allowed valve leakage outside of the containment is very small, and inleakage to containment would eventually return to the pool when the drywell is flooded back over the weir wall.


When the FWLC system is initiated manually following a LOCA, there should be no demand for keep‑fill water in the RHR and LPCS systems since these systems will be operating.  Therefore, the waterleg pump should be totally dedicated to provide sealing water to the FWLC system.  A single waterleg pump has the capacity to provide the necessary sealing water to the FWLC system.


The feedwater system will not be completely drained since the system will be intact and operating initially post‑LOCA.


The feedwater design includes a backup flow path through a motor driven pump.  When the turbine driven feed pumps lose driving steam and trip on 


vessel Level 2 post‑LOCA, flow is automatically diverted through the motor driven pump.  The motor driven feed pump and/or the feedwater booster pumps will continue to pump water into containment post‑LOCA.


The pumps will continue to operate for about 10 minutes before the feedwater booster pumps trip on low water level.  During this time, no extraction heating is available and cold water from the condenser hotwell is being pumped into the vessel which cools down the feedwater and the piping.  When feedwater flow is finally stopped, feedwater flashing is not expected to occur.  Therefore, a significant voiding of the piping is not expected.


In the case where the feedwater lines do not remain completely water filled, the feedwater system can be operated to ensure positive pressurization up to the motor‑operated gate valve, and thus leakage is into the reactor vessel (or drywell if the LOCA is a feedwater line break inside the drywell).  The FWLC system will be initiated and begin to fill the volume in the bonnet and seat of the motor‑operated gate valve.  When the volumes fill up, the pressure will increase and the water seal will be established.


If a divisional failure is assumed, the redundant waterleg pump would still be available for providing a water seal on the feedwater line.  Under these conditions, calculations show it would take less than 9 minutes to fill and maintain a feedwater water seal.


Based on the conservative assumptions listed above, the FWLC system will provide an adequate seal within approximately one hour following a LOCA.  If a loss of offsite power is assumed at this time, one or both of the FWLC subsystems will maintain the volume of water on the stem, bonnet and seat of the outboard motor‑operated gate valves, thus maintaining the feedwater line isolation.  During this first hour, operation of the feedwater system will maintain a system pressure higher than the drywell pressure, thus ensuring water leakage into the vessel.


In the event that the feedwater system becomes inoperable during the rapid vessel depressurization following a LOCA, the water in the feedwater piping will begin to flash into the drywell.  It is expected that a water seal would remain for a sufficient length of time following the accident until the operator remotely isolates the motor‑operated valve.  Thus, a water seal would exist in the piping beyond (outboard) of the motor‑operated valve.  Initiation of the FWLCS to the bonnet, stem and seats of the motor‑operated valve will then provide the water seal for the remainder of the 30 days.


6.9.3      DESIGN EVALUATION


The FWLC system is designed to prevent the release of radioactivity through the feedwater line isolation valves by providing a supplemental water seal following a loss of all offsite power coincident with the postulated design basis loss‑of‑coolant accident.  The two redundant subsystems are physically separated to the maximum amount practical in order to minimize the exposure of the system components to missiles and to the effects of pipe whip or jet impingement from high energy line breaks.  The common piping segments are physically protected from these postulated effects.


The FWLC system is Seismic Category I and is capable of performing its intended function following an active component failure.  Each subsystem is powered from a different division of the ESF power supply.  The possibility of a single active failure of one of the feedwater system motor‑operated valves (which are a part of the feedwater system rather than the Feedwater Leakage Control System) is addressed in <Table 6.9‑1>.


Double series isolation valves are provided in the FWLCS supply lines to ensure that no single active failure will affect the integrity of the feedwater lines.


Non‑seismic systems and components in the area of the FWLC system have been analyzed for the effects of their failure.  Additional supports or protection by barriers is provided to assure the FWLC system is not jeopardized by non‑seismic failures during an earthquake.  A single failure analysis of the FWLC system is contained in <Table 6.9‑1>.


6.9.4      TESTS AND INSPECTIONS


The FWLC system is hydrostatically tested prior to startup.  The complete functioning of the system, including operability of controls and actuating devices, can be tested during periods of plant shutdown, but in no case at intervals greater than two years.


6.9.5      INSTRUMENTATION REQUIREMENTS


Each FWLC subsystem is manually initiated from the control room following a postulated LOCA.  Independent pressure instrumentation is provided for each FWLC subsystem in order to prevent operation while the feedwater lines are pressurized.  Division 1 of the FWLC system is interlocked to preclude initiation unless the motor‑operated shutoff valves are closed.  The operation of Division 2 is controlled by plant procedures/instructions.


TABLE 6.9‑1


SINGLE FAILURE ANALYSIS OF FEEDWATER LEAKAGE CONTROL SYSTEM


COMPONENT/EQUIPMENT

MALFUNCTION


CONSEQUENCES


RHR waterleg pump

Either pump fails to
One subsystem is


LPCS waterleg pump

operate



inoperative.  System requirements met by redundant pump and associated subsystem.


Motor‑operated valve on
Either valve fails to
One subsystem is


either waterleg pump
open




inoperative.  System


discharge line







requirements met by redundant subsystem.


Division 1 AC


Total loss of both the
Division 3 electrical


electrical power

normal and emergency
power is made avail-







Division 1 AC


able to the feedwater







electrical power

system motor‑operated







sources



gate valves by manual operator action per plant procedure.  The Division 2 FWLC subsystem is then utilized to provide the water seal on the MOV.


Feedwater shutoff

Feedwater shutoff valve
The Feedwater Leakage


valve



fails to close


Control System is vulnerable to this extremely unlikely event.  However, the licensing basis for the feedwater penetrations is that a water seal in the feedwater piping outboard of the shutoff valves would remain for a sufficient length of time following the accident until the control room operator successfully isolates the motor‑operated valves.  Therefore, 


TABLE 6.9‑1 (Continued)


COMPONENT/EQUIPMENT

MALFUNCTION


CONSEQUENCES












these valves are assumed to work.  Also, each feedwater line contains two check valves which are classified as containment isolation valves on this penetration, and they provide a redundant containment isolation function.  The proper closure of the check valves is verified per the Inservice Testing Program.




Revision 12



6.9-1
January, 2003




Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 12.


TABLE OF CONTENTS


Section




   Title





Page


6.0


ENGINEERED SAFETY FEATURES




6.1‑1


6.1


ENGINEERED SAFETY FEATURE MATERIALS


6.1‑1


6.1.1

METALLIC MATERIALS






6.1‑1


6.1.1.1

Materials Selection and Fabrication


6.1‑1


6.1.1.2

Composition, Compatibility and Stability of





Containment and Core Spray Coolants


6.1‑5


6.1.2

ORGANIC MATERIALS






6.1‑7


6.1.3

REFERENCES FOR SECTION 6.1




6.1‑9


6.2


CONTAINMENT SYSTEMS






6.2‑1


6.2.1

CONTAINMENT FUNCTIONAL DESIGN




6.2‑1


6.2.1.1

Containment Structure





6.2‑1


6.2.1.2

Containment Subcompartments




6.2‑46


6.2.1.3

Mass and Energy Release Analyses for





Postulated Loss‑of‑Coolant Accident


6.2‑55


6.2.1.4

Mass and Energy Release Analysis for





Postulated Secondary System Pipe Ruptures





Inside Containment (PWR)





6.2‑58


6.2.1.5

Minimum Containment Pressure Analysis for





Performance Capability Studies on Emergency





Core Cooling System (PWR)




6.2‑58


6.2.1.6

Testing and Inspection





6.2‑58


6.2.1.7

Instrumentation Requirements




6.2‑58


6.2.2

CONTAINMENT HEAT REMOVAL SYSTEM



6.2‑59


6.2.2.1

Design Bases







6.2‑59


6.2.2.2

System Design







6.2‑60


6.2.2.3

Design Evaluation






6.2‑68


6.2.2.4

Tests and Inspections





6.2‑70


6.2.2.5

Instrumentation Requirements




6.2‑70


6.2.3

SECONDARY CONTAINMENT FUNCTIONAL DESIGN


6.2‑70


6.2.3.1

Design Bases







6.2‑70


6.2.3.2

System Design







6.2‑71


6.2.3.3

Design Evaluation






6.2‑73


6.2.3.4

Tests and Inspections





6.2‑77


6.2.3.5

Instrumentation Requirements




6.2‑77


TABLE OF CONTENTS (Continued)


Section




   Title





Page


6.2.4

CONTAINMENT ISOLATION SYSTEM




6.2‑78


6.2.4.1

Design Bases







6.2‑78


6.2.4.2

System Design







6.2‑82


6.2.4.3

Design Evaluation






6.2‑109


6.2.4.4

Tests and Inspections





6.2‑111


6.2.5

COMBUSTIBLE GAS CONTROL IN CONTAINMENT


6.2‑112


6.2.5.1

Design Bases







6.2‑112


6.2.5.2

System Design







6.2‑115


6.2.5.3

Design Evaluation






6.2‑121


6.2.5.4

Testing and Inspection





6.2‑124


6.2.5.5

Instrumentation Requirements




6.2‑125


6.2.6

CONTAINMENT LEAKAGE TESTING




6.2‑126


6.2.6.1

Primary Reactor Containment Integrated Leakage





Rate Test








6.2‑126


6.2.6.2

Containment Penetration Leakage Rate Test

6.2‑127


6.2.6.3

Containment Isolation Valve Leakage Rate Tests
6.2‑128


6.2.6.4

Scheduling and Reporting of Periodic Tests

6.2‑129


6.2.6.5

Special Testing Requirements




6.2‑129


6.2.6.6

Primary Containment Leakage Rate Testing 





Program








6.2‑131


6.2.7

SUPPRESSION POOL MAKEUP SYSTEM



6.2‑132


6.2.7.1

Design Bases







6.2‑132


6.2.7.2

System Design







6.2‑134


6.2.7.3

Design Evaluation






6.2‑137


6.2.7.4

Tests and Inspections





6.2‑141


6.2.7.5

Instrumentation Requirements




6.2‑141


6.2.8

HYDROGEN CONTROL SYSTEM





6.2‑142


6.2.8.1

Design Bases







6.2‑143


6.2.8.2

System Design







6.2‑145


6.2.8.3

Design Evaluation






6.2‑146


6.2.8.4

Testing and Inspection





6.2‑149


6.2.8.5

Instrumentation Requirements




6.2‑149


6.2.9

REFERENCES FOR SECTION 6.2




6.2‑150


TABLE OF CONTENTS (Continued)


Section




   Title





Page


6.3


EMERGENCY CORE COOLING SYSTEMS



6.3‑1


6.3.1

DESIGN BASES AND SUMMARY DESCRIPTION


6.3‑1


6.3.1.1

Design Bases







6.3‑1


6.3.1.2

Summary Descriptions of ECCS




6.3‑7


6.3.2

SYSTEM DESIGN







6.3‑9


6.3.2.1

Schematic Piping and Instrumentation Diagrams
6.3‑9


6.3.2.2

Equipment and Component Descriptions


6.3‑9


6.3.2.3

Applicable Codes and Classifications


6.3‑36


6.3.2.4

Material Specifications and Compatibility

6.3‑36


6.3.2.5

System Reliability






6.3‑37


6.3.2.6

Protection Provisions





6.3‑37


6.3.2.7

Provisions for Performance Testing



6.3‑39


6.3.2.8

Manual Actions







6.3‑39


6.3.3

PERFORMANCE EVALUATION





6.3‑39


6.3.3.1

ECCS Bases for Technical Specifications


6.3‑41


6.3.3.2

Acceptance Criteria for ECCS Performance

6.3‑41


6.3.3.3

Single Failure Considerations




6.3‑42


6.3.3.4

System Performance During the Accident


6.3‑43


6.3.3.5

Use of Dual Function Components for ECCS

6.3‑44


6.3.3.6

Limits on ECCS System Parameters



6.3‑45


6.3.3.7

ECCS Analyses for LOCA





6.3‑45


6.3.3.8

Conclusions







6.3‑51


6.3.4

TESTS AND INSPECTIONS





6.3‑52


6.3.4.1

ECCS Performance Tests





6.3‑52


6.3.4.2

Reliability Tests and Inspections



6.3‑53


6.3.5

INSTRUMENTATION REQUIREMENTS




6.3‑57


6.3.6

REFERENCES FOR SECTION 6.3




6.3‑58


6.4


HABITABILITY SYSTEMS





6.4‑1


6.4.1

DESIGN BASES







6.4‑1


6.4.2

SYSTEM DESIGN







6.4‑4


6.4.2.1

Definition of Control Room Envelope


6.4‑4


6.4.2.2

Ventilation System Design




6.4‑4a


TABLE OF CONTENTS (Continued)


Section




   Title





Page


6.4.2.3

Leak Tightness







6.4‑9


6.4.2.4

Interaction with Other Zones and Pressure





Containing Equipment





6.4‑11


6.4.2.5

Shielding Design






6.4‑12


6.4.3

SYSTEM OPERATIONAL PROCEDURES




6.4‑12


6.4.4

DESIGN EVALUATION






6.4‑14


6.4.4.1

Radiological Protection





6.4‑14


6.4.4.2

Toxic Gas Protection





6.4‑15


6.4.4.3

Control Room Emergency Recirculation System

6.4‑15


6.4.4.4

Control of the Control Room Thermal Environment
6.4‑16


6.4.4.5

Fire Protection






6.4‑17


6.4.4.6

Food, Water and Sanitation




6.4‑17


6.4.5

TESTING AND INSPECTION





6.4‑18


6.4.6

INSTRUMENTATION REQUIREMENTS




6.4‑19a

6.4.6.1

Control Room HVAC System





6.4‑20


6.4.6.2

Control Room Emergency Recirculation System

6.4‑20


6.4.6.3

Lighting System






6.4‑21


6.4.6.4

Offsite and Onsite Power Systems



6.4‑21


6.5


FISSION PRODUCT REMOVAL AND CONTROL SYSTEMS

6.5‑1


6.5.1

ENGINEERED SAFETY FEATURES (ESF) FILTER SYSTEMS
6.5‑1


6.5.1.1

Design Bases







6.5‑1


6.5.1.2

System Design







6.5‑4


6.5.1.3

Design Evaluation






6.5‑6


6.5.1.4

Tests and Inspections





6.5‑7


6.5.1.5

Instrumentation Requirements




6.5‑8


6.5.1.6

Materials








6.5‑9


6.5.2

CONTAINMENT SPRAY SYSTEM





6.5‑9


6.5.2.1

Design Bases







6.5‑9


6.5.2.2

System Design







6.5‑10


6.5.2.3

Design Evaluation






6.5‑11


6.5.2.4

Tests and Inspections





6.5‑15


6.5.2.5

Instrumentation Requirements




6.5‑15


6.5.2.6

Materials








6.5‑15


TABLE OF CONTENTS (Continued)


Section




   Title





Page


6.5.3

FISSION PRODUCT CONTROL SYSTEMS



6.5‑15


6.5.3.1

Primary Containment






6.5‑15


6.5.3.2

Secondary Containment





6.5‑17


6.5.4

ICE CONDENSER AS A FISSION PRODUCT CLEANUP





SYSTEM








6.5‑24


6.5.5

REFERENCES FOR SECTION 6.5




6.5‑24


6.6


INSERVICE INSPECTION OF CLASS 2 AND 3





COMPONENTS







6.6‑1


6.6.1

COMPONENTS SUBJECT TO EXAMINATION



6.6‑1


6.6.2

ACCESSIBILITY







6.6‑1


6.6.3

EXAMINATION TECHNIQUES AND PROCEDURES


6.6‑1


6.6.4

INSPECTION INTERVALS





6.6‑2


6.6.5

EXAMINATION CATEGORIES AND REQUIREMENTS


6.6‑2


6.6.6

EVALUATION OF EXAMINATION RESULTS



6.6‑2


6.6.7

SYSTEM PRESSURE TESTS





6.6‑3


6.6.8

AUGMENTED INSERVICE INSPECTION TO PROTECT





AGAINST POSTULATED PIPING FAILURES



6.6‑3


6.7


MAIN STEAM LINE ISOLATION VALVE LEAKAGE CONTROL





SYSTEM








6.7‑1


6.8


SAFETY‑RELATED INSTRUMENT AIR_SYSTEM


6.8‑1


6.8.1

DESIGN BASES







6.8‑1


6.8.2

SYSTEM DESIGN







6.8‑1


6.8.3

DESIGN EVALUATION






6.8‑3


6.8.4

TESTS AND INSPECTIONS





6.8‑4


6.8.5

INSTRUMENTATION REQUIREMENTS




6.8‑5


TABLE OF CONTENTS (Continued)


Section




   Title





Page


6.9


FEEDWATER LEAKAGE CONTROL SYSTEM



6.9‑1


6.9.1

DESIGN BASES







6.9‑1


6.9.2

SYSTEM DESCRIPTION






6.9‑2


6.9.3

DESIGN EVALUATION






6.9‑5


6.9.4

TESTS AND INSPECTIONS





6.9‑6


6.9.5

INSTRUMENTATION REQUIREMENTS




6.9‑6


LIST OF TABLES


Table




   Title





Page


6.1‑1

Principal Engineered Safety Features





Components Pressure Retaining Materials


6.1‑11


6.1‑2

Organic Coating Materials Inside Reactor





Building








6.1‑15


6.2‑1

Key Design and Maximum Accident Parameters For





Pressure Suppression Containment



6.2‑154


6.2‑2

Containment Design Parameters




6.2‑155


6.2‑3

Engineered Safety Feature Systems Performance





Parameters for Containment Response Analyses

6.2‑156


6.2‑4

Accident Assumptions and Initial Conditions





for Containment Response Analyses (at 3833 MWt)
6.2‑158


6.2‑5

Initial Conditions Employed in Containment





Response Analyses (at 3833 MWt)



6.2‑159


6.2‑6

Summary of Short Term Containment Responses





to Recirculation Line and Main Steam Line





Breaks (up to 30 seconds)




6.2‑161


6.2‑7

Summary of Long Term Containment Responses to





Recirculation Line or Main Steam Line Break





(at 3729 MWt)







6.2‑162


6.2-7a

Summary of Long Term Containment Responses to





Recirculation Line or Main Steam Line Break





(at 3833 MWt)







6.2-163


6.2‑8

Energy Balance for Main Steam Line Break





Accident (at 3729 MWt)





6.2‑164


6.2‑9

Accident Chronology for Main Steam Line





Break Accident
(at 3729 MWt)




6.2‑166


6.2‑10

Available Containment Heat Sinks



6.2‑167


6.2‑11

(Deleted)








6.2‑168


6.2‑12

Reactor Annulus






6.2‑169


6.2‑13

Reactor Annulus Feedwater Line Break


6.2‑171


LIST OF TABLES


Table




   Title





Page


6.2‑14

Drywell Head Region Analysis




6.2‑173


6.2‑15

Steam Tunnel







6.2‑174


6.2‑16

Reactor Water Cleanup Rooms Analysis


6.2‑175


6.2‑16a

Drywell Bulkhead Plate (P Analysis Volume





Description







6.2‑176


6.2‑17

Mass and Energy Releases





6.2‑177


6.2‑18

Mass and Energy Into Reactor Annulus Due





to Feedwater Break Used for Analysis


6.2‑178


6.2‑19

Reactor Water Cleanup System Double Ended





Pipe Break Liquid Blowdown




6.2‑179


6.2‑20

Reactor Annulus Recirculation Line Break

6.2‑180


6.2‑21

Reactor Annulus Feedwater Line Break


6.2‑182


6.2‑22

Drywell Head Flow Path Data




6.2‑186


6.2‑23

Reactor Water Cleanup Rooms Flow Path Data

6.2‑187


6.2‑24

Steam Tunnel Flow Path Data




6.2‑188


6.2‑24a

Drywell Bulkhead Plate (P Analysis Flow





Path Description






6.2‑189


6.2‑25

Reactor Blowdown Data for Recirculation





Suction Line Break (at 3729 MWt)



6.2‑190


6.2‑26

Reactor Blowdown Data for Main Steam Line





Break ‑ Minimum ECCS (at 3729 MWt)



6.2‑191


6.2‑27

Core Decay Heat Following Loss‑of‑Coolant





Accident for Containment Analysis (at 3729 MWt)
6.2‑192


6.2-27a

Core Decay Heat Following Loss‑of‑Coolant





Accident for Long‑Term Containment Analysis





(at 3833 MWt)







6.2‑193


6.2‑28

Additional Information to be Provided





for Dual Containment Plants




6.2‑194


LIST OF TABLES (Continued)


Table




   Title





Page


6.2‑29

(Deleted)








6.2‑196


6.2‑30

(Deleted)








6.2‑197


6.2‑31

Overall Heat Transfer Coefficients as a





Function of Time






6.2‑198


6.2‑32

Containment Isolation Valve Summary


6.2‑199


6.2‑33

Potential Secondary Containment Bypass





Leakage Paths







6.2‑208


6.2‑34

Reactor Coolant Pressure Boundary Influent





Lines that Penetrate Containment/Drywell

6.2‑221


6.2‑35

Reactor Coolant Pressure Boundary Effluent





Lines that Penetrate Containment/Drywell

6.2‑222


6.2‑36

Primary Containment Isolation for Lines that





Penetrate Containment and Connect to the





Suppression Pool






6.2‑223


6.2‑37

Combustible Gas Control System Equipment





Design and Performance Data




6.2‑225


6.2‑38

Combustible Gas Control System Failure





Analysis








6.2‑228


6.2‑39

Design and Operating Parameters for Hydrogen





Control








6.2‑229


6.2‑40

Primary Reactor Containment Penetration and





Containment Isolation Valve Leakage Rate





Test List








6.2‑230


6.2‑41

Containment Leak Rate Test Data



6.2‑243


6.2‑42

Primary Containment Integrated Leakage Rate





Instrumentation






6.2‑245


6.2‑43

Hydrogen Control System Equipment Design and





Performance Data






6.2‑246


6.2‑44

Containment Equipment Survivability List

6.2‑247


6.2‑45

Drywell Equipment Survivability List


6.2‑259


LIST OF TABLES (Continued)


Table




   Title





Page


6.2‑46

Perry CLASIX‑3 Results





6.2‑264


6.3‑1

Parameters Used in Perry SAFER/GESTR‑LOCA





Analysis








6.3‑61


6.3‑2

Operational Sequence of Emergency Core





Cooling Systems for Design Basis Accident

6.3‑66


6.3‑3

Perry Single Failure Evaluation



6.3‑67


6.3‑4

Summary of Recirculation Line Break Results





for Perry SAFER/GESTR Analysis for Cycle 8

6.3‑68


6.3‑5

SAFER/GESTR‑LOCA Licensing Results for Perry

6.3‑69


6.3‑6

Key to Figures







6.3‑70


6.3‑7

ECCS Design Parameters





6.3‑72


6.3‑8

Manual Valves in HPCS System




6.3‑76


6.3‑9

Manual Valves in LPCS System




6.3‑78


6.3‑10

Manual Valves in LPCI (RHR) System



6.3‑80


6.4‑1

Equipment Which Could Require Control Room





Operator Access During an Emergency


6.4‑22


6.4‑2

Design Data for Control Room HVAC System





Major Components






6.4‑23


6.4‑3

Design Data for Control Room Emergency





Recirculation System Major Components


6.4‑26


6.4‑4

Single Failure Analysis





6.4‑29


6.5‑1

Comparison of Control Room Emergency





Recirculation System with Regulatory





Guide 1.52 Positions





6.5‑25


6.5‑2

Comparison of Fuel Handling Area Exhaust





Subsystem with Regulatory Guide 1.52





Positions








6.5‑31


6.5‑3

Comparison of Annulus Exhaust Gas Treatment





System with Regulatory Guide 1.52 Positions

6.5‑37


LIST OF TABLES (Continued)


Table




   Title





Page


6.5‑4

Control Room Emergency Recirculation System





Materials List (Design Data)




6.5‑43


6.5‑5

Fuel Handling Area Exhaust Subsystem





Materials List (Design Data)




6.5‑46


6.5‑6

Annulus Exhaust Gas Treatment System





Materials List (Design Data)




6.5‑49


6.5‑7

Primary Containment Operation Following a





Design Basis Accident





6.5‑52


6.5‑8

Design Data for Annulus Exhaust Gas Treatment





System Components






6.5‑53


6.5‑9

Input Parameters for the Spray Removal Analysis
6.5‑56


6.5‑10

(Deleted)








6.5‑57

6.5‑11

Elemental Iodine and Particulate Removal Rate





for Containment Spray





6.5‑58


6.9‑1

Single Failure Analysis of Feedwater Leakage





Control System







6.9‑7




Revision 12



6-ii
January, 2003







Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages with page numbers.


TM - 1.3”

LM – 0.5”

HD - 0.7”

Page setup for 


BM - 0.5”

RM – 0.5”

FT - 0.7”

tables 7.1-3.


TM - 1.3”

LM – 1”

HD - 0.7”

Page setup for 


BM - 0.5”

RM – 1”

FT - 0.7”

tables 7.1-4.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


7.0      INSTRUMENTATION AND CONTROLS SYSTEMS


7.1      INTRODUCTION


Chapter 7 presents specific detailed design and performance information for instrumentation and control of safety‑related and major plant control systems utilized throughout the plant.  The design and performance considerations of these systems, safety function and their mechanical aspects are described in other chapters.  See <Section 1.7.1> for a listing of electrical schematics, <Section 1.2> for plant layout drawings and <Section 3.2> for equipment classification.


7.1.1      IDENTIFICATION OF SAFETY‑RELATED SYSTEMS


The systems presented in Chapter 7 are classified according to the NRC <Regulatory Guide 1.70>, Revision 3; namely, Reactor Protection (Trip) System, Engineered Safety Feature Systems, Safe Shutdown Systems, Safety‑Related Display Instrumentation, Other Systems Required for Safety, and Control Systems Not Required for Safety.  <Table 7.1‑1> lists safety‑related systems and identifies the designer and/or the supplier.  Nonsafety‑related systems are listed in <Table 7.7‑1>.  <Table 7.1‑2> identifies instrumentation and control systems that are identical to those of a nuclear power plant of similar design that has recently received NRC design or operation approval through the issuance of either a construction permit or an operating license.  Differences are also identified in <Table 7.1‑2>.


The following is a brief description of Reactor Protection (Trip) System, Engineered Safety Feature Systems, Safe Shutdown Systems, Safety‑Related Display Instrumentation, and Other Systems Required for Safety as described in Chapter 7.


a.
Reactor Protection (Trip) System (RPS) ‑ instrumentation and controls initiate reactor shutdown by automatic control rods


 
insertion (scram) if selected variables exceed pre‑established limits.  This action prevents fuel damage, limits nuclear system pressure and restricts the release of radioactive material.


b.
Containment and Reactor Vessel Isolation Control System (CRVICS) ‑ instrumentation and controls initiate automatic closure of various reactor pressure boundary and containment isolation valves if monitored system variables exceed pre‑established limits.  This action limits the loss‑of‑coolant from the reactor coolant pressure boundary and the release of radioactive materials from either the reactor coolant pressure boundary or the containment.


c.
Emergency Core Cooling Systems (ECCS) ‑ instrumentation and controls provide automatic initiation and control of specific core cooling systems, namely, High Pressure Core Spray system (HPCS), automatic depressurization system (ADS), Low Pressure Core Spray system (LPCS), and the Low Pressure Coolant Injection (LPCI) mode of RHR.  This provides adequate core cooling following a loss‑of‑coolant accident to prevent fuel cladding failure from excessive temperatures.


d.
Neutron Monitoring System (NMS) ‑ instrumentation and controls use incore neutron detectors to monitor core neutron flux.  The neutron monitoring system provides signals to the RPS trip channels to scram the reactor.  The Oscillation Power Range Monitors (OPRM) are used to detect and suppress the evidence of reactor thermal‑hydraulic instability in a pre‑determined region of the core power versus flow map.  Average neutron flux or average simulated thermal power (APRM) is used as the overpower indicator during power operation.  Intermediate Range Monitors (IRM) are used as power indicators during startup and shutdown.  The neutron monitoring system also provides power level indication during planned operation.


e.
Process Radiation Monitoring System (PRM) ‑ instrumentation and controls include a number of radiation monitors and monitoring subsystems which are provided on process liquid and gas lines that may serve as discharge routes for radioactive materials.


f.
Control Complex HVAC System ‑ instrumentation and controls are provided to monitor the habitability of the control complex and to maintain it in a habitable condition by means of recirculation of the control complex air, during abnormal occurrences.


g.
Emergency Water System (EWS) ‑ consists of the emergency closed cooling system and the emergency service water system.  Instrumentation and controls provide for manual or automatic initiation of the emergency water system.  Emergency water system pumps are provided with remote‑manual controls in the control room and external to the control room.  Sufficient instrumentation is provided to enable the operator to assess the correct operation of the system.


h.
Combustible Gas Control System ‑ consists of four subsystems:  the hydrogen analysis system, the mixing system, the hydrogen recombination system, and the purge system.  Instrumentation and controls are provided to detect the concentration of free hydrogen in the drywell and containment and to reduce the free hydrogen concentrations by dilution, recombination and purging.


i.
The Reactor Core Isolation Cooling System (RCIC) ‑ instrumentation and controls provide initiation and control of makeup water to the reactor vessel, in the event that the reactor becomes isolated from the main condensers during normal plant operation by a closure of the main steam line isolation valves.


j.
The Standby Liquid Control System (SLCS) ‑ instrumentation and controls provide manual initiation of a backup reactivity control system which can shut the reactor down from rated power to the cold condition in the event that all withdrawn control rods cannot be inserted manually by the rod control and information system to achieve reactor shutdown.


k.
The Leak Detection System (LDS) uses various temperature, pressure, radiation, level, and flow sensors to detect, annunciate and isolate (in certain cases) water and steam leakage paths in selected reactor systems.


l.
The RHRS Reactor Shutdown Cooling Mode (RSCM) is manually initiated to provide cooling to remove the decay and sensible heat from the reactor vessel so that the reactor can be refueled and serviced.


m.
The Fuel Pool Cooling System (FPCS) ‑ instrumentation and controls monitor water temperature and controls cooling of the fuel pool.


n.
Containment Atmospheric Monitoring System ‑ provides instrumentation for detecting and predicting the progression of abnormal occurrences in the containment and for monitoring after postulated accidents.  Containment and Drywell temperature and pressure monitoring is provided by instrumentation with adjustable alarm features.  The containment atmospheric monitoring system also provides suppression pool temperature monitoring instrumentation.  Containment atmosphere monitoring for radioactivity and radiation is provided by the process and area radiation monitoring systems.  Hydrogen analysis instrumentation is provided by the combustible gas control system.  Suppression pool level instrumentation is provided by the suppression pool make‑up system.


o.
Annulus Exhaust Gas Treatment System ‑ Filters, monitors and exhausts any gases leaking from the containment vessel to the annulus by maintaining the area at a slight negative pressure.


p.
(Deleted)


q.
The Safety‑Related Display Instrumentation is provided to inform the reactor operator when a manual safety action should be taken or is required and allows assessment of safety system status.


r.
The RHRS ‑ Containment Spray Cooling Mode (CSCM) is an automatic or manually initiated subsystem of the RHR system that is provided to condense steam in the containment following a loss‑of‑coolant accident.


s.
The Remote Shutdown System (RSS) provides the capability to assure safe shutdown of the reactor in the event that the control room should become uninhabitable.


t.
Recirculation Pump Trip (RPT) system ‑ instrumentation and controls are provided to reduce the severity of thermal transients on fuel due to turbine generator trip and load rejection events by tripping the recirculation pumps early in the event, thus rapidly reducing core flow and increasing void content and thereby reducing reactivity in conjunction with the control rod scram.


u.
RHRS Suppression Pool Cooling Mode (SPCM) is a manually initiated subsystem of the RHR system that is provided to cool suppression pool water to avoid elevated pool temperatures.


v.
Suppression Pool Makeup System ‑ instrumentation and controls are provided for the transfer of water from the upper fuel transfer pool to the lower suppression pool when required.  Suppression pool level monitoring is provided by this system.


w.
Pump Rooms Cooling System ‑ provides instrumentation to maintain each of the pump rooms within the design temperature range and provide for the monitoring of airflow and temperature.


x.
ESF Building and Area HVAC System ‑ provides instrumentation to control and monitor the heating, cooling, ventilation, and purification of areas such as the MCC, switchgear and miscellaneous electrical areas, battery rooms, and diesel generator building.


y.
Fuel Handling Area Ventilation System ‑ instrumentation and controls monitor and control the supply of filtered and tempered air to various operating areas.  Exhaust air is passed through charcoal filters prior to discharge.


z.
Offgas Building Exhaust System ‑ provides instrumentation to monitor and control exhaust air from potentially contaminated areas such as the steam jet air ejector and various areas in the offgas building.


aa.
Rod Pattern Control System ‑ instrumentation and controls are provided to reduce the consequences of the postulated rod drop accident by preventing control rod movement into unacceptable rod patterns.


bb.
Containment Vacuum Relief System ‑ instrumentation and controls provide valve actuation signals and position indication in the control room for each valve in the vacuum relief lines.


cc.
Standby Power Support Systems ‑ instrumentation and controls ensure the adequacy and availability of the diesel fuel oil and starting air systems.  Manual controls for diesel startup are provided locally at the diesel generators and remotely in the control room.


dd.
Redundant Reactivity Control System ‑ instrumentation and controls provide detection and actuation logic for input to the recirculation system, feedwater system and the alternate rod insertion function in order to mitigate the potential consequences of an anticipated transient without scram <Section 15.8> and <Appendix 15C>.


ee.
Hydrogen Control System is a manually initiated system operated from switches located in the control room, designed to control large amounts of hydrogen by burning it at low concentrations, thereby maintaining the concentration of hydrogen below levels which could potentially threaten containment integrity or equipment survivability.


7.1.2      IDENTIFICATION OF SAFETY CRITERIA


Instrumentation and control equipment design are based on the need to have the system perform its intended function while meeting the requirements of applicable General Design Criteria (GDC), Regulatory Guides, industry standards, and other documents.  Refer to <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6> for discussion of design bases for each safety‑related system.


7.1.2.1      Regulatory Requirements


The plant safety‑related systems have been examined with respect to specific regulatory requirements which are applicable to the instrumentation and controls of these systems.  These regulatory requirements include:


a.
Title 10 Code of Federal Regulations, Part 50 <10 CFR 50>


b.
Industry Codes and Standards


c.
Regulatory Guides


The specific regulatory requirements pertaining to each system’s instrumentation and control is specified in <Table 7.1‑3>.  For a discussion of the degree of conformance, see the individual systems analysis portions in <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>.


7.1.2.2      Regulation Conformance ‑ <10 CFR 50, Appendix A>


The following is a discussion of those GDC’s which apply equally to all safety‑related systems described in Chapter 7.  Those GDCs which do not apply equally to all safety‑related systems are discussed for each system in the analysis portion of <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>.


a.
General Design Criterion 1 ‑ Quality Standards and Records



The quality assurance program is discussed in <Chapter 17>.



Documents are maintained for each safety‑related system which demonstrate that all the requirements of the quality assurance program are being satisfied.


b.
General Design Criterion 2 ‑ Design Bases for Protection Against Natural Phenomena



Wind and tornado loadings are discussed in <Section 3.2>, flood design is described in <Section 3.4> and seismic qualification of safety‑related instrumentation and electrical equipment is discussed in <Section 3.10>.


c.
General Design Criterion 3 ‑ Fire Protection



The fire protection system and its design basis are discussed in <Section 9.5.1>.  Fire protection in safety‑related cable systems is described in <Section 8.3.3>.


d.
General Design Criterion 4 ‑ Environmental and Missile Design Bases



The safety‑related systems are designed to accommodate the effects of and to be compatible with the environmental conditions associated with normal operation, maintenance, testing, and postulated accidents, including loss‑of‑coolant accidents.



The safety‑related systems are appropriately protected against dynamic effects including the effects of missiles, pipe whipping and discharging fluids that may result from equipment failures.  Missile protection is discussed in <Section 3.5>, pipe whip in <Section 3.6> and environmental qualification of equipment is discussed in <Section 3.11.2>.


e.
General Design Criterion 5 ‑ Sharing of Structures, Systems and Components



Shared facilities do not impair the ability of safety equipment of either unit to perform their safety functions.


f.
General Design Criterion 10 ‑ Reactor Design



The safety‑related systems are designed to monitor certain reactor parameters, sense abnormalities and to initiate protective actions to prevent fuel design limits from being exceeded, and to limit the release of radioactive material during conditions of normal or anticipated operational occurrences.


g.
General Design Criterion 13 ‑ Instrumentation and Controls



The safety‑related instrumentation and controls monitor variables over their anticipated ranges for normal operation, anticipated occurrences and accident conditions and initiate protective systems to limit or prevent fuel damage and maintain the integrity of the reactor coolant pressure boundary.


h.
General Design Criterion 15 ‑ Reactor Coolant System Design



The safety‑related systems provide sufficient margin to assure that the design conditions of the reactor coolant pressure boundary are not exceeded during any condition of normal operation, including anticipated operational occurrences.  If the monitored variables exceed their predetermined settings, automatic safety actions are provided.


i.
General Design Criterion 19 ‑ Control Room



A centralized location for safely operating the plant is provided by the control rooms.


j.
General Design Criterion 50 ‑ Containment Design Basis



The containment electrical penetrations are designed to accommodate the calculated pressure and temperature conditions resulting from a loss‑of‑coolant accident.  See <Section 7.1.2.3.b>, for discussion of conformance to IEEE Standard 317.


k.
General Design Criteria 54, 55 and 56 ‑ Isolation Criteria



All process lines penetrating the containment are provided with isolation valves in accordance with specified criteria.  Refer to <Section 6.2>.


7.1.2.3      Conformance to IEEE Standards


The following is a discussion of those IEEE Standards which apply equally to all safety‑related systems described in Chapter 7.  Those IEEE Standards which do not apply equally to all safety‑related systems are discussed for each system in the analysis portion of <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>:


a.
Conformance to IEEE Standard 308 ‑ Class 1E Power Systems for Nuclear Power Generating Stations



Conformance to IEEE Standard 308 is described in <Section 8.3>.


b.
Conformance to IEEE Standard 317 ‑ Electric Penetration Assemblies in Containment Structures



Penetration assemblies meet the requirements of IEEE Standard 317 and Criterion 50 of <10 CFR 50, Appendix A>.  All containment electrical penetration assemblies used for Class 1E and non‑Class 1E circuits are designed to withstand, without loss of containment integrity, the maximum postulated overcurrent versus time conditions.  For additional description see <Section 8.3.1.4.5>.


c.
Conformance to IEEE Standard 323 ‑ Qualifying Class 1E Equipment for Nuclear Power Generating Stations



Conformance to IEEE Standard 323 is discussed in <Section 3.11>.


d.
Conformance to IEEE Standard 336 ‑ Installation, Inspection and Testing Requirements for Instrumentation and Electric Equipment During the Construction of Nuclear Power Generating Stations



Where applicable, purchase and contract specifications define installation, inspection and testing requirements for plant instrumentation and controls.  Conformance to IEEE Standard 336 is discussed in <Table 8.1‑2>.


e.
Conformance to IEEE Standard 338 ‑ Periodic Testing of Nuclear Power Generating Stations



Conformance to IEEE Standard 338 is presented on a system basis in the analysis portions of <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6> as part of the discussion of <Regulatory Guide 1.22> compliance, and as modified by Power Systems Branch Technical Position PSB-1 for the degraded voltage protection scheme.


f.
Conformance to IEEE Standard 344 ‑ Seismic Qualification of Class 1E Equipment



All safety‑related instrumentation and control equipment is classified as Seismic Category I, designed to withstand the effects of the safe shutdown earthquake (SSE) and remain functional during normal and accident conditions.  Qualification and documentation procedures used for Seismic Category I equipment and systems are identified in <Section 3.10>.


g.
Conformance to IEEE Standard 379 ‑ Application of Single‑Failure Criterion to Nuclear Power Generating Stations



The extent to which the single failure criteria of IEEE Standard 379 is satisfied is specifically covered for each system in the analysis of IEEE Standard 279, Paragraph 4.2 in <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>.


h.
Conformance to IEEE Standard 384 ‑ Independence of Class 1E Equipment and Circuits



The safety‑related systems described in <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6> meet the independence and separation criteria for redundant systems in accordance with IEEE Standard 279, Paragraph 4.6.



The criteria and bases for the independence of safety‑related instrumentation and controls, electrical equipment, cable, cable routing, marking, and cable derating are discussed in <Section 8.3.1>.  Fire detection and protection in the areas where wiring is installed is described in <Section 9.5.1>.


i.
Conformance to IEEE Standard 387 ‑ Diesel‑Generator Units Applied as Standby Power Supplies for Nuclear Power Generating Stations



Conformance to IEEE Standard 387 is discussed in <Section 8.3>.


7.1.2.4      Conformance to Regulatory Guides


The following is a discussion of regulatory guides which apply equally to all safety‑related systems described in Chapter 7.  Those Regulatory Guides which do not apply equally to all safety‑related systems are discussed for each system in the applicable analysis portion of <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>, and <Section 1.8>.


a.
Conformance to <Regulatory Guide 1.6>



Independence is maintained between redundant (onsite) sources and between their distribution systems in accordance with <Regulatory Guide 1.6>.  Further discussion is presented in <Section 8.3.1>.


b.
Conformance to <Regulatory Guide 1.11>



All instrument lines penetrating or connected directly to the containment atmosphere, which are part of safety‑related systems, meet the requirements of Regulatory Position C.1.  This is accomplished by redundancy, independence and by allowing for safety system testability, by line orificing or sizing and by including automatic line shutoff capability if line integrity is lost.  Refer also to <Section 6.2.4>.



All other instrument lines that penetrate containment or are connected directly to the containment atmosphere meet Regulatory Position C.2 with the exception of the return lines associated with the Hydrogen Analysis sub‑system of the Containment Combustible Gas Control System.  The failure state of isolation valves 1M51F0250A/B is in the closed position.

c.
Conformance to <Regulatory Guide 1.29>



All safety‑related instrumentation and control equipment is classified as Seismic Category I, designed to withstand the effects of the safe shutdown earthquake (SSE) and remain functional during normal and accident conditions.  Qualification and documentation procedures used for Seismic Category I equipment and systems are identified in <Section 3.10> and <Section 3.2>.


d.
Conformance to <Regulatory Guide 1.30>



The quality assurance requirements of IEEE Standard 336 (see discussion in <Section 7.1.2.3.d>, above) are applicable during the plant design and construction phases and will also be implemented as an operational QA program during plant operation in response to <Regulatory Guide 1.30>.  The specific requirements of <Regulatory Guide 1.30> are met as discussed in <Section 17.2>.


e.
Conformance to <Regulatory Guide 1.32>



The systems are designed to the requirements of <Regulatory Guide 1.32> and IEEE Standard 308 <Section 8.3>.


f.
Conformance to <Regulatory Guide 1.40>



Conformance to <Regulatory Guide 1.40> is discussed in <Section 1.8>, <Section 3.11> and <Section 8.1>.


g.
Conformance to <Regulatory Guide 1.47>



The system of bypass indication is designed to satisfy the requirements of IEEE Standard 279, Paragraph 4.13 and <Regulatory Guide 1.47>.  The design of the bypass indication system allows testing during normal operation and is used to supplement administrative procedures by providing indications of safety systems status.



The bypass indication system is designed and installed in a manner which precludes the possibility of adverse affects on the plant safety system.  These portions of the bypass indication system, which when faulted could reduce the independence between redundant safety systems, are electrically isolated from the protection circuits.



Typically, the following bypasses or inoperabilities cause actuation of system level (and component level) annunciation for the affected system:



1.
Pump motor breaker not in OPERATE position



2.
Loss of pump motor control power



3.
Loss of motor operated valve control power/motive power



4.
Logic power failure



5.
Logic in test



6.
System lineup improper



7.
Bypass or test switches actuated



Auxiliary supporting system inoperability or bypass resulting in the loss of other safety‑related systems will cause actuation of system level annunciators for the auxiliary supporting system as well as those safety‑related systems affected.


h.
Conformance to <Regulatory Guide 1.63>



See <Section 1.8> and <Section 8.3.1>.


i.
Conformance to <Regulatory Guide 1.68>



See <Section 1.8>.


j.
Conformance to <Regulatory Guide 1.70>



See <Section 1.8>.


k.
Conformance to <Regulatory Guide 1.75>



See <Section 8.1.1>.


l.
Conformance to <Regulatory Guide 1.80>



See <Section 1.8>.


m.
Conformance to <Regulatory Guide 1.89>



Qualification of Class 1E equipment is discussed in <Chapter 3>.  For discussion of conformance, see <Section 3.11.2>.


n.
Conformance to <Regulatory Guide 1.97>



Detailed conformance is discussed in <Table 7.1‑4>.


o.
Conformance to <Regulatory Guide 1.100>



See <Section 1.8>.


p.
Conformance to <Regulatory Guide 1.105>



The trip setpoint (instrument setpoint) is contained in the Operational Requirements Manual and the allowable value (technical specification limit) is contained in Perry Technical Specifications.  These parameters are all appropriately separated from each other based on instrument accuracy, calibration capability and design drift (estimated) allowance data.  The setpoints are within the instrument accuracy range.  The established setpoints provide margin to satisfy both safety requirements and plant availability objectives.


q.
Conformance to <Regulatory Guide 1.118>



See <Section 1.8>.


7.1.3      PLANT PROTECTION SYSTEM‑ELECTRONIC TRIP SYSTEM


This section is provided to describe the analog transmitter/trip unit system (AT/TU).  The AT/TU system is a plant protection system design feature generically applied to the Perry Nuclear Power Plant reactor 


protection (Trip) system, engineered safety feature systems, reactor core isolation cooling system (see GE Licensing Topical Report, NEDO‑21617‑1, January 1978).  The AT/TU is part of the plant protection system instrumentation and controls and, therefore, complies with the regulations, regulatory guides and industry standards applicable to the instrumentation and controls of the plant protection system.


7.1.3.1      General Description


The AT/TU system uses analog instrument channels to monitor important plant variables, e.g., reactor water level, reactor pressure, drywell pressure, process flow, etc.  The analog transmitter converts the process variable sensed to a 4 to 20 mA linear signal.  The minimum and maximum process variable level is within the 4 to 20 mA signal range.  The signal is transmitted to electronic trip units located in the control room.  The trip units compare the transmitted signal to a fixed reference signal.  When the transmitted signal increases above or decreases below the fixed reference signal, the trip unit trips an associated relay.  The relay is selected to either open or to close on receipt of the trip signal.


The AT/TU system consists of master trip assemblies, slave trip assemblies and calibration units.  The master trip unit also contains a panel meter that displays transmitter current and is scaled in the units of the process variable being monitored.  A selector switch internal to the master trip unit allows for selection of either high trip point or low trip point.  This allows trip relays to be either energized or de‑energized during normal operation.


The slave trip unit is used in conjunction with a master trip unit when different setpoints from a common transmitter are desired.  The slave trip unit receives its input signal from the analog output of a master trip unit.  There is no direct connection to any 4‑ to 20‑mA transmitter and no analog output signals are generated by the slave unit.


The calibration unit furnishes the means by which an in situ calibration check of the master and slave trip units can be performed.  The calibrator contains a stable current source and a transient current source.  The stable current is for verification of the calibration point of any given channel.  The transient current source is used to provide a step current input into a selected trip unit such that the response time of that channel can be determined.


TABLE 7.1‑1


DESIGN AND SUPPLY RESPONSIBILITY OF SAFETY‑RELATED SYSTEMS



  GE
  GE



Design
Supply
Others


Reactor Protection Trip System


Reactor Protection Trip System (RP)
X
X


Engineered Safety Features Systems


Emergency Core Cooling Systems (ECCS)
X
X


  High Pressure Core Spray (HPCS)


  Automatic Depressurization System (ADS)


  Low Pressure Core Spray System (LPCS)


  RHR Low Pressure Coolant Injection (LPCI)


Containment and Reactor Vessel Isolation


  Control System (CRVICS)
X
X
X


Process Radiation Monitoring System (PRM)


  (Portion used for CRVICS)
X
X
X


Emergency Water Systems


  Emergency Closed Cooling Water (ECCW)


X


  Emergency Service Water (ESW)


X


Control Complex Heating Ventilation and


X


  Air Condition System


Combustible Gas Control System


X


Annulus Exhaust Gas Treatment System (AEGTS)

X


ESF Building and Area HVAC and


X


  Purification System


Containment Vacuum Relief System


X


Suppression Pool Makeup System


X


RHRS Containment Spray Cooling Mode
X
X


RHRS Suppression Pool Cooling Mode
X
X


Standby Power Systems
X
X
X


Pump Room Cooling Systems


X


Fuel Handling Ventilation System


X


Systems Required for Safe Shutdown


Standby Liquid Control System (SLCS)
X
X


RHR Reactor Shutdown Cooling Mode
X
X


Remote Shutdown System (RSS)
X
X
X


Reactor Core Isolation Cooling


  System (RCIC)
X
X


TABLE 7.1‑1 (Continued)



  GE
  GE



Design
Supply
Others


Safety‑Related Display Instrumentation
X
X
X


All Other Safety‑Related Systems


Process Radiation Monitoring System


X


Neutron Monitoring System
X
X


  Intermediate Range Monitor (IRM)


  Average Power Range Monitor (APRM)


  Local Power Range Monitor (LPRM)


Leak Detection
X
X
X


Rod Pattern Control System (RPCS)
X
X


Recirculation Pump Trip (RPT)
X
X


Fuel Pool Cooling System (FPCS)


X


Offgas Building Exhaust


X


Containment Atmosphere Monitoring


  System


X


High Pressure ‑ Low Pressure


  Systems Interlocks
X
X


Redundant Reactivity Control System
X
X


Hydrogen Control System


X


TABLE 7.1‑2


SIMILARITY TO LICENSED REACTORS ‑ SAFETY‑RELATED SYSTEMS



Plants Applying



for or Having



Construction



  Permit or


     Instrumentation and Controls
  Operating
Similarity


     ___________System___________
___License___
of design_


1.
Reactor Protection Trip System
Grand Gulf
See Note(2a);





see Item 4


2.
Containment and Reactor Vessel
Grand Gulf
See Note(2a)


Isolation Control System


3.
Emergency Core Cooling System
Grand Gulf
See Note(2a) (2b)

4.
Neutron Monitoring System
Grand Gulf
See Note (2d); PNPP has 4 SRM channels Grand Gulf has 6


5.
Rod Pattern Control System
Grand Gulf
See Note (2d)

6.
Process Radiation Monitoring
Grand Gulf
See Note (2c) (differences



System

due to extent of system)


7.
Annulus Exhaust Gas
See Note (1)
See Note (1)


Treatment System (AEGTS)


8.
Control Complex Heating,
See Note (1)
See Note (1)


Ventilating and Air



Conditioning System


9.
Emergency Water Systems
See Note (1)
See Note (1)

10.
Combustible Gas Control



System
See Note (1)
See Note (1)

11.
Reactor Core Isolation
Grand Gulf
See Note (2a) (2b)


Cooling System


12.
Standby Liquid Control System
Grand Gulf
See Note (2a)

13.
Containment Atmospheric
See Note (1)
See Note (1)


Monitoring System


TABLE 7.1‑2 (Continued)




Plants Applying




for or Having




Construction




  Permit or



Instrumentation and Controls
  Operating
Similarity



___________System___________
___License___
of design_


14.
Leak Detection Systems
Grand Gulf
Same for PNPP


15.
RHRS ‑ Reactor Shutdown



Cooling Mode
Grand Gulf
See Note (2b)

16.
Fuel Pool Cooling System
See Note (1)
See Note (1)

17.
(Deleted)


18.
Safety‑Related Display
Grand Gulf
See Note (2a) (2b)


Instrumentation


19.
Containment Vacuum Relief



System
See Note (1)
See Note (1)

20.
RHRS ‑ Containment Spray
Grand Gulf
See Note (2b) (2c)


Cooling Mode

(2e); Grand Gulf has one containment spray loop, PNPP has two


21.
Remote Shutdown System
Hanford
Interface 
valves of significance may vary but same control and instrument functions are provided


22.
Recirculation Pump Trip
Grand Gulf
Same for PNPP


23.
RHR System ‑ Suppression Pool
Grand Gulf
See Note (2b) (2c)


Cooling Mode


24.
Suppression Pool Makeup System
See Note (1)
See Note (1)

25.
Pump Rooms Cooling System
See Note (1)
See Note (1)

TABLE 7.1‑2 (Continued)




Plants Applying




for or Having




Construction




  Permit or



Instrumentation and Controls
  Operating
Similarity



___________System___________
___License___
of design_


26.
ESF Bldg & Area HVAC System
See Note (1)
See Note (1)

27.
Fuel Handling Area Ventilation
See Note (1)
See Note (1)


System


28.
Offgas Building Exhaust System
See Note (1)
See Note (1)

29.
Standby Power Systems
See Note (1)
See Note (1)

NOTES:


(1)
None; new design.


(2)
System designs are similar except for/that:



a.
Differences in instrumentation ranges and/or trip setting to accommodate difference in reactor vessel size.  Instrument zero is 363.5 inches (TAF) and 533.00 inches above vessel zero for PNPP and Grand Gulf, respectively.



b.
Differences in equipment capacity to accommodate difference in reactor vessel size and/or supporting auxiliary equipment.



c.
Differences in physical configuration and/or the amounts of associated controls.  PNPP has two containment spray loops and Grand Gulf has one.



d.
Differences due to difference in core size.



e.
Differences due to the use of multifunction equipment that has been sized to accommodate different vessel size.  Pump sizing priority is based on the most rigid of duty requirements.


TABLE 7.1‑3


CODES AND STANDARDS APPLICABILITY INDEX


FOR CONTROLS AND INSTRUMENTATION(1)


GDC NO.


30
29
28
27
26
25
24
23
22
21
20
19
15
13
12
10
5
4
3 2 1



X



X
X
X
X
X
X
X
X
X
X
X
X
X
X X X
Reactor Protection (Trip) System ‑ RPS


X
X




X
X
X
X
X
X

X


X
X
X X X
CRVICS


X
X




X
X
X
X
X
X
X
X

X
X
X
X X X
ECCS


X
X




X
X
X
X
X
X

X
X
X
X
X
X X X
NMS



X
X

X

X




X

X

X
X
X
X X X
Rod Pattern Control System



X




X
X
X
X
X
X

X

X
X
X
X X X
Process Radiation Monitoring













X

X


X
X
X X X
Annulus Exhaust Gas Treatment System



X




X
X
X
X
X
X

X


X
X
X X X
Control Complex HVAC













X

X


X
X
X X X
Standby Power Systems



X




X
X
X
X
X
X

X


X
X
X X X
Emergency Water Systems


X





X
X
X
X
X
X
X
X

X
X
X
X X X
RCIC


X
X









X

X


X
X
X X X
Standby Liquid Control System













X

X


X
X
X X X
Containment Atmospheric Monitoring System


X





X
X
X
X
X
X

X

X
X
X
X X X
Leak Detection Systems


X
X









X
X
X





RHRS Shutdown Cooling Mode













X

X


X
X
X X X
Fuel Pool Cooling System












X
X

X


X
X
X X X
Containment Vacuum Relief












X
X

X


X
X
X X X
Drywell Vacuum Relief System



X




X
X
X
X
X
X

X


X
X
X X X
RHRS Containment Spray Cooling Mode








X




X

X


X
X
X X X
Remote Shutdown System



X




X
X
X
X
X
X

X

X
X
X
X X X
Recirculation Pump Trip








X
X
X
X

X

X


X
X
X X X
RHRS Suppression Pool Cooling Mode



X




X
X
X
X
X
X

X


X
X
X X X
Suppression Pool Makeup System



X




X
X
X
X
X
X

X


X
X
X X X
Pump Rooms Cooling System



X




X
X
X
X
X
X

X


X
X
X X X
ESF Building and Area HVAC System















X


X
X
X X X
Fuel Handling Area Ventilation















X


X
X
X X X
Offgas Building Exhaust System



X




X
X
X
X
X
X

X


X
X
X X X
Combustible Gas Control System


TABLE 7.1‑3 (Continued)


GDC NO.


64
63
61
60
57
56
55
54
50
46
45
43
41
40
38
37
35
34
33





















Reactor Protection (Trip) System ‑ RPS







X
X
X











CRVICS







X
X
X







X
X
X
X
ECCS





















NMS





















Rod Pattern Control System


X


















Process Radiation Monitoring





















Annulus Exhaust Gas Treatment System





















Control Complex HVAC





















Standby Power Systems











X
X



X
X
X
X

Emergency Water Systems





















RCIC





















Standby Liquid Control System













X







Containment Atmospheric Monitoring





















System









X








X
X

Leak Detection Systems







X
X
X









X

RHRS Shutdown Cooling Mode



X
X
















Fuel Pool Cooling System





















Containment Vacuum Relief





















Drywell Vacuum Relief System







X
X
X





X
X

X


RHRS Containment Spray Cooling Mode





















Remote Shutdown System





















Recirculation Pump Trip









X
X




X
X




RHRS Suppression Pool Cooling Mode


















X


Suppression Pool Makeup System





















Pump Rooms Cooling System





















ESF Building and Area HVAC System





















Fuel Handling Area Ventilation





















Offgas Building Exhaust System














X






Combustible Gas Control System


TABLE 7.1‑3 (Continued)


IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE
IEEE


 279
 308
 317
 323
 336
 338
 344
 379
 384
 387



X

X
X
X
X
X
X
X

Reactor Protection (Trip) System ‑ RPS



X

X
X
X
X
X
X
X

CRVICS



X

X
X
X
X
X
X
X

ECCS



X


X

X
X
X
X

NMS



X









Rod Pattern Control System



X


X


X
X
X

Process Radiation Monitoring



X


X
X
X
X



Annulus Exhaust Gas Treatment System



X


X


X



Control Complex HVAC



X
X







X
Standby Power System



X


X

X
X



Emergency Water System



X


X

X
X
X
X

RCIC



X


X

X
X
X
X

Standby Liquid Control System



X


X

X
X
X
X

Containment Atmospheric Monitoring System



X


X
X
X
X
X
X

Leak Detection Systems



X

X
X
X
X
X
X
X

RHRS Shutdown Cooling Mode



X


X


X



Fuel Pool Cooling System



X









Containment Vacuum Relief



X









Drywell Vacuum Relief System



X

X
X
X
X
X
X
X

RHRS Containment Spray Cooling Mode













Remote Shutdown System



X

X
X
X
X
X
X
X

Recirculation Pump Trip



X


X

X
X



RHRS Suppression Pool Cooling Mode



X


X

X
X
X
X

Suppression Pool Makeup System



X


X


X



Pump Rooms Cooling System



X


X

X




ESF Building & Area HVAC System



X


X

X




Fuel Handling Area Ventilation



X


X

X
X



Offgas Building Exhaust System



X


X

X
X
X
X

Combustible Gas Control System


TABLE 7.1‑3 (Continued)


<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory


  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide


   1.6>  
   1.7>  
   1.11>  
   1.21>  
   1.22>  
   1.29>  
   1.30>  
   1.32>  
   1.40>  
   1.45>  







X
X
X



Reactor Protection (Trip) System ‑ RPS







X
X
X



CRVICS



X

X

X
X
X
X


ECCS







X
X




NMS













Rod Pattern Control System






X
X
X




Process Radiation Monitoring







X





Annulus Exhaust Gas Treatment System







X





Control Complex HVAC













Standby Power Systems







X





Emergency Water Systems



X

X

X
X
X



RCIC







X
X




Standby Liquid Control System







X
X




Containment Atmospheric Monitoring System







X
X
X


X
Leak Detection Systems



X

X

X
X




RHRS Shutdown Cooling Mode








X




Fuel Pool Cooling System






X






Containment Vacuum Relief







X





Drywell Vacuum Relief System



X

X

X
X




RHRS Containment Spray Cooling Mode













Remote Shutdown System







X
X
X



Recirculation Pump Trip







X





RHRS Suppression Pool Cooling Mode


TABLE 7.1‑3 (Continued)


<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory


  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
 Guide


   1.6>  
   1.7>  
   1.11>  
   1.21>  
   1.22>  
   1.29>  
   1.30>  
   1.32>  
   1.40>  
__1.45>  






X





Suppression Pool Makeup System







X





Pump Rooms Cooling System







X





ESF Building & Area HVAC System







X





Fuel Handling Area Ventilation













Offgas Building Exhaust System




X
X

X
X




Combustible Gas Control System


TABLE 7.1‑3 (Continued)


<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory


  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  Guide


   1.47>  
   1.53>  
   1.56>  
   1.62>  
   1.63>  
   1.67>  
   1.68>  
   1.70>  
   1.73>  



X
X

X



X

Reactor Protection (Trip) System ‑ RPS



X
X

X



X
X
CRVICS



X
X

X



X
X
ECCS



X
X





X

NMS










X


Rod Pattern Control System



X
X





X


Process Radiation Monitoring



X
X

X



X


Annulus Exhaust Gas Treatment System



X
X

X



X

Control Complex HVAC










X

Standby Power Systems



X
X

X



X


Emergency Water Systems



X
X

X



X
X
RCIC



X
X

X



X


Standby Liquid Control System




X





X


Containment Atmospheric Monitoring System



X
X





X

Leak Detection Systems



X
X

X



X


RHRS Shutdown Cooling Mode




X

X



X


Fuel Pool Cooling System



X
X

X



X


Containment Vacuum Relief



X
X

X



X


Drywell Vacuum Relief System



X
X

X



X


RHRS Containment Spray Cooling Mode










X

Remote Shutdown System



X
X





X


Recirculation Pump Trip



X
X

X



X


RHRS Suppression Pool Cooling Mode



X
X

X



X


Suppression Pool Makeup System



X
X

X



X


Pump Rooms Cooling System



X
X

X



X


ESF Building & Area HVAC System




X





X


Fuel Handling Area Ventilation




X





X


Offgas Building Exhaust System



X
X

X



X


Combustible Gas Control System


TABLE 7.1‑3 (Continued)


<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory
<Regulatory



  Guide
  Guide
  Guide
  Guide
  Guide
  Guide
  


   1.75>  
   1.78>  
   1.80>  
   1.89>  
   1.95>  
   1.96>  
  


X


X


Reactor Protection (Trip) System ‑ RPS



X


X


CRVICS



X


X


ECCS



X


X


NMS



X


X


Rod Pattern Control System



X


X


Process Radiation Monitoring









Annulus Exhaust Gas Treatment System




X


X

Control Complex HVAC









Standby Power Systems









Emergency Water Systems



X


X


RCIC



X


X


Standby Liquid Control System



X


X


Containment Atmospheric Monitoring System



X





Leak Detection Systems



X


X


RHRS Shutdown Cooling Mode



X





Fuel Pool Cooling System









Containment Vacuum Relief









Drywell Vacuum Relief System



X


X


RHRS Containment Spray Cooling Mode



X





Remote Shutdown System



X


X


Recirculation Pump Trip









RHRS Suppression Pool Cooling Mode



X


X


Suppression Pool Makeup System









Pump Rooms Cooling System









ESF Building & Area HVAC System









Fuel Handling Area Ventilation









Offgas Building Exhaust System



X


X


Combustible Gas Control System


TABLE 7.1‑3 (Continued)


 <Regulatory
 <Regulatory
 <Regulatory
 <Regulatory


  Guide
  Guide
  Guide
  Guide


  1.118>  
  1.105>  
  1.100>  
   1.97>  



X
X
X
X
Reactor Protection (Trip) System ‑ RPS



X
X
X
X
CRVICS



X
X
X
X
ECCS



X
X
X
X
NMS



X
X
X
X
Rod Pattern Control System



X
X
X
X
Process Radiation Monitoring



X
X
X

Annulus Exhaust Gas Treatment System



X
X
X

Control Complex HVAC






X
Standby Power Systems



X
X
X
X
Emergency Water Systems



X
X
X
X
RCIC



X
X
X
X
Standby Liquid Control System



X
X
X
X
Containment Atmospheric Monitoring System



X
X
X

Leak Detection Systems



X
X
X

RHRS Shutdown Cooling Mode



X
X
X
X
Fuel Pool Cooling System



X
X
X

Containment Vacuum Relief



X
X
X

Drywell Vacuum Relief System



X
X
X
X
RHRS Containment Spray Cooling Mode







Remote Shutdown System



X
X
X

Recirculation Pump Trip



X
X
X

RHRS Suppression Pool Cooling Mode



X
X
X
X
Suppression Pool Makeup System



X
X
X

Pump Rooms Cooling System



X
X
X

ESF Building & Area HVAC System



X
X
X

Fuel Handling Area Ventilation



X
X
X

Offgas Building Exhaust System



X
X
X
X
Combustible Gas Control System


TABLE 7.1‑3 (Continued)



BTP
BTP
BTP
BTP
BPT


Branch Technical Position (BTP) No.
26 
22 
21 
20 
 3




X
X


Reactor Protection (Trip) System ‑ RPS




X
X


CRVICS




X
X

X
ECCS




X
X


NMS




X



Rod Pattern Control System




X
X


Process Radiation Monitoring




X
X


Annulus Exhaust Gas Treatment System




X
X


Control Complex HVAC




X
X


Standby Power Systems




X
X


Emergency Water Systems




X
X


RCIC




X
X


Standby Liquid Control System




X
X


Containment Atmospheric Monitoring System




X
X


Leak Detection Systems




X
X
X
X
RHRS Shutdown Cooling Mode





X


Fuel Pool Cooling System




X
X


Containment Vacuum Relief




X
X


Drywell Vacuum Relief System




X
X


RHRS Containment Spray Cooling Mode








Remote Shutdown System



X
X
X


Recirculation Pump Trip




X
X


RHRS Suppression Pool Cooling Mode




X
X


Suppression Pool Makeup System




X
X


Pump Rooms Cooling System




X
X


ESF Building and Area HVAC System




X
X


Fuel Handling Area Ventilation





X


Offgas Building Exhaust System




X
X


Combustible Gas Control System


NOTE:


(1)
This table provides information as to the applicability of requirements to the systems.  For degree of conformance of those requirements, refer to the analysis portions of <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, <Section 7.6>, or <Section 7.1.2>.


TABLE 7.1‑4


SUMMARY INFORMATION INDICATING DEGREE OF COMPLIANCE WITH


<REGULATORY GUIDE 1.97>, REV. 2 (NSSS DESIGN)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15) 
fication
Assurance(2)  
dancy
  Range  
 Supply 
  Display  
   Remarks



Reactor Water



Level
A,B(16)


Wide Range

1
See Note(1)
   Yes
Three
5” to 230”
1E
Control Room
See Note(29)







Channels
above TAF

Panel & ERIS



Fuel Zone

1
See Note(1)
   Yes
Three
150” below
1E
Control Room
See Note(4)







Channels
TAF to 50”

Panel & ERIS








above TAF


Reactor Pressure
A,B,C(16)
1
See Note(1)
   Yes
Two
0‑1,500
1E
Control Room
See Note(5)







Channels
psig

Panel & ERIS


Neutron Flux
B



Average Power

2
See Note(1)
   Yes
Eight
1012‑1014
IE &
Control Room
See Note(6)


Range




Channels
NV (1014
Uninter‑
Panel & ERIS









NV >100(
ruptible










power)


Control Rod Pos.
B
3
N/A
Commercial
One
Full in
Uninter‑
Control Room







Grade
Display
to Full
ruptible
Panel & ERIS








for Each
out








Control Rod


Drywell Sump
B,C
3
N/A
Commercial
One
0‑25 gpm
Instr.
Control Room
See Note(8) (28)

(Equip. Drain‑



Grade
Channel

bus
Panel & ERIS


Ident.)


Drywell Sump
B,C
3
N/A
Commercial
One
0‑5 gpm
Instr.
Control Room
See Note(8) (28)

(Floor Drain‑



Grade
Channel

bus
Panel & ERIS


Unindent.)


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)  
fication
Assurance(2)  
dancy
  Range  
 Supply 
  Display  
   Remarks
  


Feedwater Flow
D
3
N/A
Commercial
One
0‑20x106
Instr.
Control Room







Grade
Channel
lb/hr
bus
Panel & ERIS








(Two loops








summed)


Containment Spray
D
2
See Note(1)
Yes
One
0‑10,000
1E
Control Room
See Note(9)


Flow




Channel
gpm,

Panel & ERIS








per loop
open/closed


Safety Relief
D
2
See Note(1)
Yes
One
Open/
1E
Control Room



Valve Position




Channel
closed

Panel & ERIS








per SRV


RCIC System Flow
D
2
See Note(1)
Yes
One
0‑800
125 Vdc
Control Room








Channel
gpm
1E
Panel & ERIS


HPCS System Flow
D
2
See Note(1)
Yes
One
0‑10,000
1E
Control Room








Channel
gpm

Panel & ERIS


LPCS System Flow
D
2
See Note(1)
Yes
One
0‑10,000
1E
Control Room








Channel
gpm

Panel & ERIS


RHR System Flow &
D
2
See Note(1)
Yes
One
0‑10,000
1E
Control Room
See Note(9)


Low Pressure




Channel
gpm

Panel & ERIS



Coolant Injection




per loop



System Flow


Standby Liquid
D
2
See Note(1)
Yes
One

1E
Control Room
See Note(11)


Control System




Channel
0‑1,800

Panel & ERIS



Pressure





psig


Standby Liquid
D
2
See Note(1)
Yes
One
0‑5,300 gal.
1E
Control Room



Control System




Channel
outlet

Panel & ERIS



Tank Level





nozzle to









overflow










nozzle


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)  
fication
Assurance(2)  
dancy
  Range  
 Supply 
  Display  
   Remarks
   


RHR System
D
2
See Note(1)
Yes
One
0‑10,000
1E
Control Room
See Note(12)


Service Water




Channel
gpm

Panel & ERIS



Flow




per loop


BWR Core
B,C
1
N/A
N/A
N/A
N/A
N/A
N/A
See Note(18)


Thermocouple


TABLE 7.1‑4 (Continued)


SUMMARY INFORMATION INDICATING DEGREE OF COMPLIANCE WITH


<REGULATORY GUIDE 1.97>, REV. 2 (OTHERS)




Cate‑
Quali‑
  Quality
Redun‑

 Power


     Variable    
 Type 
gory(15)
fication
Assurance(14)
dancy
  Range  
 Supply 
  Display  
   Remarks
   


Containment and
A,C(16)
1
See Note(1)
Yes
Two
0‑10( H2
1E
Control Room


Drywell Hydrogen




Channels


Panel & ERIS


Concentration




(four








locations








each)


Drywell Pressure
A,B,C,D(16)


Narrow Range

1
See Note(1)
Yes
Two
10” Hg to
1E
Control Room








Channels
5 psig

Panel & ERIS



Wide Range

1
See Note(1)
Yes
Two
30” Hg to
1E
Control Room








Channels
35 psig

Panel & ERIS


Suppression Pool
A,D(16)
1
See Note(1)
Yes
Two
30‑230(F
1E
Control Room


Water Temperature




Channels


Panel & ERIS








(eight








locations








each)








See Note(23)

Suppression Pool
A,C,D(16)

Water Level




Narrow Range

1
See Note(1)
Yes
Two
16.0‑19.0
1E
Control Room








Channels
ft

Panel & ERIS



Wide Range

1
See Note(1)
Yes
Two
2.0‑24.0 ft
1E
Control Room








Channels


Panel & ERIS


Primary Contain‑
A,B,C


ment Pressure



Normal Range

1
See Note(1)
Yes
Two
10” Hg to
1E
Control Room








Channels
20 psig

Panel & ERIS



Wide Range

1
See Note(1)
Yes
Two
10” Hg to
1E
Control Room








Channels
60 psig

Panel & ERIS


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


     Variable    
 Type 
gory(15)
fication
Assurance(14)
dancy
  Range  
 Supply 
  Display  
   Remarks
   


Primary Contain‑
B
1
See Note(1)
Yes
Two valves,
Open/Closed
1E
Control Room
See Note(7) (22)

ment Isolation




open &


Panel & ERIS


Valve Position




closed








switches








each valve


Containment
C
3
N/A
Commercial
One
10‑6‑10‑2
Diesel 
Control Room
See Note(25)

Effluent



Grade
Channel
µCi/cc
backed 
Panel & ERIS


Radioactivity‑Noble





non 1E


Gases


Radiation Exposure
C
2
See Note(1)
Yes
Two
1‑107 R/hr
1E
Control Room
See Note(24)

Rate (inside bldgs.




Channels


Panel & ERIS


or areas which are


in direct contact


with primary


containment where


penetrations and


hatches are located)


Effluent Radiation
C
2
See Note(1)
Yes
One
10‑6‑105
1E
Control Room
See Note(17) (25)

Noble Gases




Channel
(Ci/cc
See
Panel & ERIS








See Note(25)

Note(17)

Condensate Storage
D
3
N/A
Commercial
One
20,000‑470,000
Uninter‑
Control Room


Tank Level



Grade
Channel
gal.

ruptible
Panel & ERIS


Drywell Atmosphere
A,D
1
See Note(1)
Yes
Two
40‑440(F
1E
Control Room


Temperature




Channels


Panel & ERIS








(three








locations








each)


Containment Atmos‑
A
1
See Note(1)
Yes
Two
50‑300(F
1E
Control Room


phere Temperature




Channels


Panel & ERIS








(Four








locations








each)


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)   fication
Assurance(14)  
dancy
  Range  
 Supply 
  Display  
   Remarks
   


High Radioactivity
D


Liquid Tank Level



Fuel Pool Filter/

3
N/A
Commercial
One
0‑10,000
Uninter‑
ERIS



Demineralizer




Grade
Channel
gal.
ruptible



Backwash Receiver



Tank



Condensate Filter

3
N/A
Commercial
One
0‑10,000
Uninter‑
ERIS



Backwash Receiver



Grade
Channel
gal.
ruptible



Tank



RWCU Filter/

3
N/A
Commercial
One
0‑3,300
Uninter‑
ERIS



Demineralizer



Grade
Channel
gal.
ruptible



Backwash Receiver



Tank


Safety‑Related
D
2
See Note(1)
Yes
Two
0‑300
1E
Control Room


Supply Pressure




Channels
psig

Panel & ERIS


to ADS


Cooling Water
D


Temperature to ESF


Systems Components



Emergency Closed

2
See Note(1)
Yes
One
50‑150(F
1E
Control Room



Cooling Loop




Channel


Panel & ERIS



Temperature




per loop



ESW Loop Inlet

2
See Note(1)
Yes
One
0‑100(F
1E
Control Room



Temperature




Channel


Panel & ERIS








per loop


Emergency Vent
D
2
See Note(1)
Yes
Open &
Open/Closed
1E
Control Room


Damper Position




closed


Panel & ERIS








switches








each damper


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)   fication
Assurance(14)  
dancy
  Range  
 Supply 
  Display  
   Remarks
   


Status of Standby
D
2
See Note(1)
Yes
One
Various:
1E
Control Room


Power and Other




Channel
Voltage &

Panel & ERIS


Energy Sources




per energy
Current, &


Important to Safety




source
Breaker









Status


Primary Containment
E
1
See Note(1)
Yes
Two
1‑107 R/hr
1E
Control Room


Area Radiation




Channels


Panel & ERIS


Hi‑Range


Reactor Building
E
1
See Note(1)
Yes
Two
1‑107 R/hr
1E
Control Room


Area Radiation




Channels


Panel & ERIS


Radiation Exposure
E
3
N/A
Commercial
One
10‑4‑104
Diesel
Control Room
See Note(21)

Rate (inside bldgs.



Grade
Channel
R/hr
backed
Panel & Local


or areas where






non 1E


access is required


to service equipment


important to safety)


Airborne Radioactive
E
2
See Note(1)
Yes
One
10‑6‑105
1E
Control Room
See Note(17) (25)

Materials Released




Channel
(Ci/cc
See
Panel & ERIS


From Plant




See Note(25)

Note(17)

Particulates and
E
3
N/A
Commercial
One
10‑3‑102
Diesel
None
See Note(25)

Halogens all



Grade
Channel
(Ci/cc
backed


Identified






non 1E


Plant Release


Points with


Onsite Analysis


Capability


Radioactivity
C
3
N/A
Commercial
N/A
1/2 Tech
Uninter‑
None
See Note(27) (31)

Concentration or



Grade
(Sample)
Spec Limit
ruptible


Radiation Level





to 100 times


in Circulating





Tech Spec


Primary Coolant





limit, R/hr


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)  
fication
Assurance(14) 
dancy
  Range  
 Supply 
  Display  
   Remarks
   


Accident Sampling








See Note(32)



Capability


Analysis of Primary
C
3
N/A
Commercial
N/A
10 (Ci/gm‑
Uninter‑
None
See Note(20) (31)

Coolant



Grade
(Sample)
10 Ci/gm or
ruptible









TID 14844









source term









in coolant









volume


Cooling Water Flow
D


to ESF Systems


Components



Emergency Closed

2
See Note(1)
Yes
One
0‑2,500 gpm
1E
Control Room



Cooling Loop Flow




Channel


Panel & ERIS








per loop



ESW Flow to ECCS

2
See Note(1)
Yes
One
0‑3,000 gpm
1E
Control Room



HX




Channel


Panel & ERIS








per loop



ESW Flow to HPCS

2
See Note(1)
Yes
One
0‑1,000 gpm
1E
Control Room



Diesel HX




Channel


Panel & ERIS



ESW Flow to Stdby

2
See Note(1)
Yes
One
0‑1,200 gpm
1E
Control Room



Diesel HX




Channel


Panel & ERIS








per loop


Airborne 
E
3
N/A
Commerical
Three
Air sampling
N/A
None


Radiohalogens and



Grade
Portable
10‑9‑10‑3

Particulates Portable



Units
µCi/cc at


Sampling with On‑site




analysis


Analysis Capability





facility


Plant & Environs
E
3
N/A
Commercial
Two
10‑3‑104
N/A
None


Radiation (Portable



Grade
Portable
R/hr


Instrumentation)




Detector








Units


TABLE 7.1‑4 (Continued)




Cate‑
Quali‑
  Quality
Redun‑

 Power


Variable    
 Type 
gory(15)  
fication
Assurance(14) 
dancy
  Range  
 Supply 
  Display  
   Remarks
   


Plant & Environs
E
3
N/A
Commercial
One Unit
Multi‑
Instr.
Local


Radioactivity



Grade

Channel
bus









Gamma Ray









Spectrometer


Meteorology
E



Wind Direction

3
N/A
Commercial
System “A”
0‑540(
N/A
Control Room,
See Note(30)






Grade
System “B”


Local Plant












Computer System



Wind Speed

3
N/A
Commercial
System “A”
10m,
N/A
Control Room,
See Note(30)






Grade
System “B”
0‑100 mph,

Local Plant 









60m,

Computer System









0‑100 mph



Estimation of

3
N/A
Commercial
System “A”
‑20 to 100(F
N/A
Control Room,
See Note(30)


Atmospheric



Grade
System “B”
Delta T

Local Plant



Stability





‑6( to +12(F

Computer System









(60‑10m)


Containment &
C
1
N/A
N/A
N/A
N/A
N/A
N/A
See Note(13)

Drywell Oxygen


Concentration


Drywell Spray
D
2
N/A
N/A
N/A
N/A
N/A
N/A
See Note(26)

Flow


Isolation Condenser
D
2
N/A
N/A
N/A
N/A
N/A
N/A
See Note(19)

System Shell‑Side


Water Level


Isolation Condenser
D
2
N/A
N/A
N/A
N/A
N/A
N/A
See Note(19)

System Valve


Position


Radiation Exposure
E
‑
N/A
N/A
N/A
N/A
N/A
N/A
See Note(18)

Meters (Continuous


Indication at Fixed


Locations)


TABLE 7.1‑4 (Continued)


NOTES:


(1)
Environmental and seismic qualification of Category 1 and 2 variables is in accordance with the PNPP Equipment Qualification Program.


(2)
Yes indicates that quality assurance is in accordance with NEDO‑11209, NEBG BWR QA Program Description.


(3)
(Deleted).


(4)
Two existing fuel zone monitors have been upgraded to Category 1 requirements and one additional fuel zone monitor has been included.


(5)
Pressure indicating switches located on control room backpanels H13‑P693 or H13‑P694 will be utilized to verify reactor vessel pressure when the two channel readings disagree.


(6)
Neutron flux monitoring instrumentation (average power range), at PNPP is installed in accordance with the requirements set forth for Type B, Category 2 variables.  This was determined to be acceptable per NEDO‑31558‑A (March 1993), CEI letter PY‑CEI/NRR‑1669L dated February 7, 1994, and NRC letter from J. B. Hopkins to R. A. Stratman dated February 23, 1994. 


(7)
Primary containment isolation valve position is displayed in the Control Room by in/out lights.  Recorders are not utilized for display of this variable.


(8)
Drywell sump level or drywell drain sump level (identified/unidentified leakage) is not considered a “key variable” since they neither automatically initiate safety‑related systems nor do they alert the operator to take safety‑related actions.  The level of the drain sumps can be a direct indication of breach of the reactor coolant system pressure boundary, but may be ambiguous because there is water in the sumps during normal operation.  There is other instrumentation required by <Regulatory Guide 1.97> that would indicate leakage in the drywell, such as, drywell pressure, drywell temperature and primary containment area radiation.  <Regulatory Guide 1.97> requires instrumentation to function during and after an accident.  The drywell sump systems are deliberately isolated at the primary containment penetration upon receipt of an accident signal to establish containment integrity.  Therefore, by design, drywell level instrumentation serves no useful accident‑monitoring function.  Based on the above, this variable will be implemented at PNPP in accordance with Category 3 instead of Category 1 requirements.


(9)
RHR system valve position lineup will be displayed in the Control Room to verify flow through the containment spray flow loops.  Valve position instrumentation will also be implemented using Catetory 2 design criteria.


(10)
(Deleted)


(11)
Stand‑by liquid control system discharge pump pressure and SLCS tank level, in lieu of flow, will be monitored at PNPP simultaneously to meet the intent of <Regulatory Guide 1.97>.


(12)
RHR service water flow will be monitored in lieu of RHR heat exchanger outlet temperature to verify system operation.  Heat exchanger bypass valve position will also be verified by Control Room display.


TABLE 7.1‑4 (Continued)


NOTES:  (Continued)


(13)
The containment and drywell oxygen concentrate variable is not applicable to PNPP’s design since PNPP does not utilize an inerted containment.  Therefore, this variable will not be implemented per <Regulatory Guide 1.97>, Rev. 2.


(14)
Instruments designated as “yes” implements applicable Regulatory Guide requirements for Quality Assurance in <Regulatory Guide 1.97>, Rev. 2.


(15)
All Category 1 variables shall have at least one channel continuously recorded.


(16)
Variables, identified as Type A, have been selected based on developed BWROG generic emergency operating procedures.


(17)
A portion of the channel will utilize an existing monitor with a range of 10‑6 to 10‑2 µCi/cc which is designed nonsafety‑related, non‑Class 1E.  This monitor is provided with diesel backed non‑Class 1E power.  (Revision 2 of <Regulatory Guide 1.97>, Subnote 9, permits the preceding.)  Instrumentation for the remaining portion of the channel utilizes 2 monitors which expand the range from 1.7 x 10‑3 to 105 (Ci/cc, and which are designated safety‑related, Class 1E.


(18)
BWR core thermocouples and radiation exposure meters (continuous indication at fixed locations) will not be implemented based on direction provided by Supplement 1 of <NUREG‑0737>.


(19)
The isolation condensor system shell‑side water level and valve position variables are not applicable to PNPP’s design.


(20)
The Postaccident Sampling System, as designed to Category 3 requirements, will be utilized for this variable.


(21)
Existing instrumentation (10‑1mR/hr to 104mR/hr) will be utilized for the lower end of the required range.  Portable survey instruments (10‑1R/hr to 104R/hr) will be utilized for the entire range specified in <Regulatory Guide 1.97>.


(22)
The primary containment isolation valve position variable is covered by both the NSSS and the BOP scope.


(23)
Suppression pool water temperature has eight sub‑channels of temperature individually monitored on each recorder.


(24)
Area radiation Hi‑Range monitors located in the Primary Containment are utilized to meet the requirements of this variable.


(25)
Each channel monitors the following four plant vents:  Turbine Bay/Heater Bay exhaust vent, Offgas Building Vent Pipe, Unit 1 exhaust vent, and Unit 2 exhaust vent.  Each channel consists of 3 detectors as described in Note 17.


(26)
The drywell spray flow variable is not applicable to PNPP’s design.


(27)
<Regulatory Guide 1.97> specifies measurement of the radioactivity of the circulating primary coolant (coolant in active contact with the fuel) as the key variable in monitoring fuel cladding status during isolation of the NSSS.  The subject of concern in the <Regulatory Guide 1.97> requirement is assumed to be an isolated NSSS.  This assumption is justified as current monitors in the condenser offgas and main steam lines provide reliable and accurate information on the status of fuel cladding when the plant is not isolated.  Based on the above, the postaccident sampling system (PASS), designed to Category 3 requirements, will provide an accurate status of coolant radioactivity.


TABLE 7.1‑4 (Continued)


NOTES:  (Continued)


(28)
Drywell sump equipment and floor drain leakage will be displayed in the control room as a leakage rate instead of level.


(29)
Instrumentation meeting Category 3 design requirements is considered adequate to monitor water levels above the top of the wide range instruments.


(30)
Reference USAR <Section 2.3.3.1>, <Section 2.3.3.2> and <Section 2.3.3.3> for a description of the preoperational program and <Section 2.3.3.4> for a description of the current operational program.


(31)
Samples obtained via the Postaccident Sampling System (PASS) can be analyzed by use of either onsite or offsite analytical instruments.


(32)
Refer to <Table 1A‑1>, Item II‑B.3 for an explaination of this postaccident sampling capability.
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7.2      REACTOR TRIP SYSTEM ‑ REACTOR PROTECTION SYSTEM (RPS)


7.2.1      DESCRIPTION


7.2.1.1      System Description


a.
RPS Function



The RPS is designed to cause rapid insertion of control rods (scram) to shut down the reactor when specific variables exceed predetermined limits.



A completely separate and diverse system, the redundant reactivity control system, is provided to mitigate the effects of a postulated Anticipated Transient Without Scram <Section 7.6.1.12>.


b.
RPS Operation



Schematic arrangements of RPS mechanical equipment and information displayed to the operator are shown in <Figure 7.2‑1> (RPS IED).  The RPS instrumentation is shown in <Table 7.2‑1>.  Sensor channel arrangements are shown in <Figure 7.2‑1>.  RPS elementary diagrams are listed in <Section 1.7.1>; plant layout drawings are shown in <Section 1.2>.  The RPS power supply is discussed in <Chapter 8>.



The RPS instrumentation is divided into trip channels, trip logics and trip actuator logics.



During normal operation, all trip channel relays essential to safety are energized; channels, logics and actuators are energized.



There are at least four trip channels for each variable.  The trip channels are designated as A, C, B, and D.  Each trip channel is associated with the trip logic of the same designation.



Trip logics A and C outputs are combined in a one‑out‑of‑two logic arrangement to control the “A” pilot scram valve solenoid in each of the four rod groups (a rod group consists of approximately 25 percent of the total of control rods).  Trip logic B and D control the “B” pilot scram valve solenoids in each of the four rod groups.



When a trip channel relay de‑energizes, the trip logic de‑energizes the trip actuator logic which de‑energizes the pilot scram valves associated with that trip actuator logic.  The other pilot scram valves for each rod must also be de‑energized before the scram valves provide a reactor scram.



There is one dual coil pilot scram valve and two scram valves for each control rod.  The pilot scram valve is solenoid operated, with the solenoids normally energized.  The pilot scram valve controls the air supply to the scram valves for each control rod.  With either pilot scram valve coil energized, air pressure holds the scram valves closed.  The scram valves control the supply and discharge paths for control rod drive water.



When trip logics A or C and B or D are tripped, air is vented from the scram valves and allows control rod drive water to act on the control rod drive piston.  Thus, all control rods are scrammed.  The water displaced by the movement of each rod piston is exhausted into a scram discharge volume.



To restore the RPS to normal operation following any single actuator logic trip or a scram, the trip actuators must be reset manually.  After a 10‑second delay, reset is possible only if the



conditions that caused the scram have been cleared.  The trip actuators are reset by operating switches in the control room.  Four reset switches (1 per trip channel) are provided.



There are two 125 Vdc solenoid operated backup scram valves that provide a second means of controlling the air supply to the scram valves for all control rods.  When the solenoid for either backup scram valve is energized, the associated backup scram valve vents the air supply for the scram valves.  This action initiates insertion of any withdrawn control rods regardless of the action of the scram pilot valves.  The backup scram valves solenoids are energized (initiate scram) when trip logic A or C and B or D are both tripped.



Sensor trip channel inputs to the RPS causing reactor scram are discussed in the following paragraphs:



1.
Neutron Monitoring System (NMS)




Neutron flux is monitored and initiates a reactor scram when predetermined limits are exceeded.




NMS instrumentation is described in <Section 7.6>.  The NMS sensor channels are part of the NMS and not the RPS; however, the NMS logic is part of the RPS.  Each NMS‑IRM logic receives its signals from one IRM channel, each APRM logic receives its signal from one APRM channel and each OPRM logic receives its signals from one OPRM channel.  The output logic of the OPRM, APRM and the IRM are individually connected to actuate the RPS trip circuit.




The NMS logics are arranged so that failure of any one logic cannot prevent the initiation of a high neutron flux or simulated thermal scram.  As shown in <Figure 7.6‑2(1)>,




eight NMS logics are associated with the reactor protection system.  Each reactor protection system trip channel receives inputs from two neutron monitoring system logics.




For the initial fuel load, high‑high flux trip inputs from each SRM are combined with IRM and APRM trips to produce a noncoincident reactor neutron monitoring system trip.  Following the initial fuel loading, this noncoincident trip is removed.




The NMS logic contacts for IRM, APRM, and OPRM can be bypassed by selector switches located in the control room.  APRM Channels A, C, E, and G bypasses are controlled by one selector switch and Channels B, D, F, and H bypasses are controlled by a second selector switch.  Each selector switch will bypass only one APRM channel at any time.




IRM Channels A, C, E, and G and Channels B, D, F, and H are bypassed in the same manner as the APRM channels.




Each OPRM (A through H) bypass has a separate bypass switch and is independent of the others.




Bypassing either 1 (out of 4) OPRM, or 1 (out of 4) APRM or 1 (out of 4) IRM channel will not inhibit the neutron monitoring system from providing protective action when required.




(a)
Intermediate Range Monitors (IRM)





The IRM’s monitor neutron flux between the upper portion of the SRM range to the lower portion of the APRM range.  The IRM detectors are positioned in the core by remote control from the control room.





The IRM is divided into two groups of four IRM channels.  Two IRM channels are associated with each of the trip channels of the RPS.  The arrangement of IRM channels allows one IRM channel in each group to be bypassed.





Each IRM channel includes four trip circuits.  One trip circuit is used as an instrument trouble trip.  It operates on three conditions:  (1) when the high voltage drops below a preset level, (2) when one of the modules is not plugged in or (3) when the OPERATE‑CALIBRATE switch is not in the OPERATE position.  Each of the other trip circuits is specified to trip when preset downscale or upscale levels are reached.





The trip functions actuated by the IRM trips are indicated in <Table 7.6‑1>.  The reactor mode switch determines whether IRM trips are effective in initiating a reactor scram.  With the reactor mode switch in REFUEL or STARTUP, an IRM upscale or inoperative trip signal actuates a neutron monitoring system trip of the RPS.  Only one of the IRM channels must trip to initiate an NMS trip of the associated RPS trip channel.




(b)
Average Power Range Monitors (APRM)





The APRM channels receive and average input signals from the Local Power Range Monitor (LPRM) channels and provide a continuous indication of average reactor power from a few percent to greater than rated reactor power.





The APRM’s supply trip signals to the RPS.  <Table 7.2‑2> lists the APRM trip functions.  The APRM upscale thermal power scram trip setpoints vary as a function of reactor recirculation loop flow.  Each APRM channel receives a





flow signal representative of total recirculation flow.  This signal is provided by summing the flow signals from the two recirculation loops.  These flow signals are sensed from four pairs of elbow taps, two in each recirculation loop.  The APRM signal for the thermal 


power scram trip is passed through a circuit with specified time constant to simulate thermal power.  A faster response (approx. 0.09 seconds) APRM upscale trip has a fixed setpoint, not variable with recirculation flow.  Any APRM upscale or inoperative trip initiates a neutron monitoring system trip in the RPS.  Only the trip logic associated with that APRM is affected.  At least one APRM channel in each trip system of the RPS must trip to cause a scram.  The operator can only bypass one APRM channel in each trip system of the RPS.





In addition to the IRM upscale trip, an instantaneous APRM trip function with a setpoint of 15 percent power is active when the reactor mode switch is in the “startup” position.





Diversity of trip initiation for excursions in reactor power is provided by the neutron monitoring system trip signals and reactor vessel high pressure trip signals.  An increase in reactor power will initiate protective action from the neutron monitoring system as discussed in the above paragraphs.  This increase in power results in a reactor pressure increase due to a higher rate of steam generation.  The turbine control valve will stay open until the load limit of the turbine generator occurs.  Once the pressure control limits are reached, reactor pressure will increase until the resulting reactor vessel high pressure trip.  These variables are independent of one another and provide diverse protective action for this condition.




(c)
Oscillation Power Range Monitor (OPRM)





The OPRM channels receive input signals from the LPRM channels and provide continuous monitoring of the reactor core for evidence of thermal‑hydraulic instability.  Above a pre‑determined thermal power level and below a pre‑determined core flow value, the OPRM system will provide a scram signal to the RPS if the instability is of sufficient magnitude.





The OPRM system consists of four (4) trip channels, each channel consisting of two (2) OPRM modules, located in the control room.  Each OPRM channel receives existing LPRM signals.  These LPRM signals are grouped together such that the resulting OPRM response provides adequate coverage for monitoring regional oscillations.  The two modes of oscillation observed in operating BWR’s are “core‑wide” and “regional oscillations”.  The core‑wide oscillations (where the entire core oscillates in phase) are readily detected by the APRMs.  The regional oscillations are detected by the OPRMs.  For example, a simple case of regional oscillations in which one‑half the core oscillates 180( out‑of‑phase with the other half, results in the cancellation of the low and high LPRM signals at the APRMs and consequently the APRMs produce a non‑conservative representation of the local power range magnitudes surrounding the fuel bundles.





During low power operations less than 23.8% rated thermal power, oscillations are not probable in the region of the core where the LPRMs are not sufficiently on‑scale to detect.  If instability were to occur, the instability would not be expected to develop large enough to threaten the Minimum Critical Power Ratio (MCPR) safety limit.





The OPRM system is designed with sufficient redundancy, independence and separation, equipment qualification, testing/calibration capability and other criterions to meet industry standards and regulatory requirements.  This is documented in detail in the ABB‑Combustion Engineering, Generic Topical Report for an ABB Option III OPRM system, dated May 1995.





The OPRMs provide trip signals to the RPS.  <Table 7.2‑2a> of the USAR lists the OPRM trip functions.



2.
Reactor Vessel High Pressure




A reactor vessel pressure increase during reactor operation compresses the steam voids and results in increased reactivity; this causes increased core heat generation that could lead to fuel barrier failure and reactor overpressurization.  A scram counteracts a pressure increase by quickly reducing core fission heat generation.  The reactor vessel high pressure scram works in conjunction with the pressure relief system to prevent reactor vessel pressure from exceeding the maximum allowable pressure.  The reactor vessel high pressure scram setting also protects the core from exceeding thermal hydraulic limits that result from pressure increases during events that occur when the reactor is operating below rated power and flow.




Reactor pressure is monitored by four redundant pressure transmitters, each of which provides a reactor high pressure signal input to one of the four RPS trip logics.



3.
Reactor Vessel Low Water Level




Decreasing water level while the reactor is operating at power decreases the reactor coolant.  Should water level decrease too far, fuel damage could result as steam voids form around fuel rods.  A reactor scram reduces the fission heat generation within the core.




Reactor vessel water level is monitored by four redundant differential pressure transmitters each of which provides a reactor vessel low water level (Trip Level 3) signal input to one of the four RPS trip logics.




Diversity of trip initiation for breaks in the reactor coolant pressure boundary is provided by high drywell pressure trip signals.




An operating bypass of the Level 3 scram signal is provided by 4 keylock Emergency Operating Procedure (EOP) control switches (1C71A‑S10A‑D) located on panels 1H13P0691‑P0694 (one control switch per panel).  These control switches will be positioned to the ‘NORMAL’ position during plant operation.  These control switches will have no effect on the plant when positioned to ‘NORMAL’.  If any of these switches are taken to the ‘BYPASS’ position, an annunciator will alarm.  This is to alert the operator at the controls of the EOP switch position.  The 4 EOP control switches will have no effect on the RPS logic circuits unless the mode switch is in the ‘SHUTDOWN’ position.  An operating bypass of the reactor vessel low water level trip is provided with the EOP keylock switches in the ‘BYPASS’ positions and the mode switch in the ‘SHUTDOWN’ position.  The interlock wit the mode switch will ensure that the reactor is in the shutdown condition prior to 




bypassing the reactor water level 3 scram.  The RPS reactor water level 3 scram function is required during plant power operation.



4.
Reactor Vessel High Water Level




Increasing water level while the reactor is at power indicates an increase in feed water flow and impending power increase.  The high water level trip causes scram prior to significant power increase, limiting neutron flux and thermal transients so that fuel design basis is satisfied.




Reactor vessel high water level is monitored by four redundant differential pressure transmitters each of which provides a reactor vessel high water level (Trip Level 8) signal input to one of the four RPS trip logics.  These are the same transmitters that provide the reactor vessel low water level trip.




Diversity of trip initiation for reactor vessel high water level is provided by reactor vessel high pressure trip signals and neutron monitoring system trip signals.




An operating bypass of the reactor vessel high water level trip is provided in all reactor operating modes, except RUN.



5.
Turbine Stop Valve Position




A turbine trip will initiate closure of the turbine stop valves which can result in a significant addition of positive reactivity to the core as the reactor vessel pressure rise causes steam voids to collapse.  The turbine stop valve closure scram initiates a scram earlier than either the neutron monitoring system or reactor vessel high pressure to provide required margin below core thermal‑hydraulic limits for this category of abnormal operational transients.  The scram counteracts the addition of positive reactivity caused by increasing pressure by inserting negative reactivity with control rods.  Although the reactor vessel high pressure scram, in conjunction with the pressure relief system, is adequate to preclude overpressurizing the reactor system, the turbine stop valve closure scram provides additional margin to the reactor vessel pressure limit.




Turbine stop valve closure inputs to the RPS originate from eight redundant valve stem position switches mounted on the four turbine stop valves.  Each switch opens before the valve is closed more than as specified in Technical Specifications to provide positive indication of closure.  Each switch provides an input signal to one of the four RPS sensor trip channels.  The logic is arranged so that closure of three or more valves is required to initiate a scram.  The switches are arranged so that no single failure can prevent a turbine stop valve closure scram.




Diversity of trip initiation for increases in reactor vessel pressure due to termination of steam flow by turbine stop valve or control valve closure is provided by reactor vessel high pressure and high neutron flux trip signals.




Turbine stop valve closure trip bypass is effected by four pressure transmitters sensing turbine first stage pressure.  The turbine stop valve closure scram is automatically bypassed if the turbine first stage pressure is less than that corresponding to approximately 38 percent of rated reactor power.  The bypass is automatically removed above 38 percent of reactor power.



6.
Turbine Control Valve Position




Generator load rejection with the turbine power above approximately 38 percent power or a turbine trip automatically initiates fast closure of the turbine control valves which results in a significant addition of positive reactivity to the core as nuclear system pressure rises.  The turbine control valve fast closure scram initiates a scram earlier than either the neutron monitoring system or reactor vessel high pressure to provide required margin below core thermal‑hydraulic limits for this category of abnormal operational transients.  The scram counteracts the addition of positive reactivity resulting from increasing pressure by inserting negative reactivity with control rods.  Although the reactor vessel high pressure scram, in conjunction with the pressure relief system, is adequate to preclude overpressurizing the reactor vessel, the turbine control valve fast closure scram provides additional margin to the reactor vessel pressure limit.  The turbine control valve fast closure scram setting is selected to provide timely indication of control valve fast closure.




Turbine control valve fast closure inputs to the RPS originate from oil line pressure switches on each of four fast acting control valve hydraulic mechanisms.  Each pressure switch




provides an input signal to one of the four RPS trip channels.  If hydraulic oil pressure is lost, a turbine control valve fast closure scram is initiated.




Automatic turbine control valve fast closure scram bypass is provided as described above for the turbine stop valve.



7.
Main Steam Line Isolation Valves Position




The main steam line isolation valve closure can result in a significant addition of positive reactivity to the core as reactor vessel pressure rises.




Two redundant position switches mounted on each of the eight main steam line isolation valves provide a main steam line isolation valve closure signal to the RPS.  Each switch is arranged to open before the valve is closed at or greater than the setpoint specified in Perry Technical Specifications to provide the earliest positive indication of closure.  Either of the two channels sensing isolation valve position signal valve closure.




Each RPS sensor trip channel receives signals from the valves associated with two steam lines.  The arrangement of signals within each channel requires partial closure of at least one valve in each of the two steam lines associated with that logic to cause a trip of that logic.  Closure of at least one valve in three or more steam lines is required to initiate a scram.




At plant shutdown and during plant startup, a bypass is required for the main steam line isolation valve closure scram trip in order to properly reset the reactor protection system.  This bypass is in effect when the mode switch is in the SHUTDOWN, REFUEL or STARTUP position.  The bypass allows plant operation when the main steam line isolation valves are closed during low power operation.  The operating bypass is removed when the mode switch is placed in RUN.




Diversity of trip initiation due to main steam isolation is provided by reactor vessel high pressure and reactor power trip signals.



8.
Scram Discharge Volume Water Level




Water displaced by the control rod drive pistons during a scram goes to the scram discharge volume.  If the scram discharge volume fills with water so that insufficient capacity remains for the water displaced during a scram, control rod movement would be hindered during a scram.  To prevent this situation, the reactor is scrammed when the water level in the discharge volume is high enough to verify that the volume is filling up, yet low enough to ensure that the remaining capacity in the discharge volume can accommodate a scram.




Four non‑indicating float type level switches (one for each channel) provide scram discharge volume (SDV) high water level inputs to the four RPS channels.  In addition, a level transmitter and trip unit for each channel provide redundant SDV high water level inputs to the RPS.  This arrangement provides diversity, as well as redundancy, to assure that no single event can prevent a scram caused by high SDV water level.




The scram discharge volume high water level trip bypass is controlled by the manual operation of four keylocked bypass switches and the model switch.  The mode switch must be in the SHUTDOWN or REFUEL position to allow manual bypass of this trip.  This bypass allows the operator to reset the reactor protection system scram relays so that the scram discharge volume may be drained.  Resetting the trip actuators opens the scram discharge volume vent and drain valves.  An annunciator in the control room indicates the bypass condition.



9.
Drywell Pressure




High pressure inside the drywell may indicate a break in the reactor coolant pressure boundary.  Scram is initiated to minimize the possibility of fuel damage.




Drywell pressure is monitored by four pressure transmitters.  Each transmitter provides an input to one of the four RPS trip logics.



10.
Main Steam Line Radiation Monitors




Monitor input to the scram function has been deleted based on analysis presented in NEDO‑31400A.



11.
Manual Scram




A scram can be initiated manually.  There are four manual scram switches (A, B, C, and D); one for each of the four RPS trip channels.  Activating manual scram switch A or C will de‑energize the “A” scram pilot solenoid for all rods.  Activating manual scram switch B or D will de‑energize the “B” scram pilot solenoid for all rods.  To manually initiate a full scram, manual scram switch A or C and B or D must be 


activated.  By operating the manual scram switch for one logic at a time and then resetting that logic, each actuator logic can be tested for manual scram capability.



12.
Reactor Mode Switch Manual Scram




Even though the action is not a safety function, reactor scram can be initiated by placing the mode switch in the shutdown position.  The mode switch consists of four electrically independent contact blocks.  A “Shutdown” position contact from each of the four contact blocks provide an input to one of the four RPS trip channels.  The scram signal, initiated by placing the mode switch in SHUTDOWN, is automatically bypassed after 10 seconds by a timer which allows the control rod drive hydraulic system valve lineup to be restored to normal before the control room operator can reset the RPS trip logic.


7.2.1.2      Design Basis Information


The RPS is designed to provide timely protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  <Chapter 15> identifies and evaluates events that jeopardize the fuel barrier and reactor coolant pressure boundary.  The methods of assessing barrier damage and radioactive material releases, along with the methods by which abnormal events are identified, are presented in <Chapter 15>.  The Technical Specifications require that numerous Reactor Protection Instrumentation channels meet response time criteria.  <Table 7.2‑3> provides the acceptable response times for these channels along with any clarifying information.


The following variables are monitored in order to provide protective actions to the RPS indicating the need for reactor scram:


a.
Variables Monitored to Provide Protective Actions.



1.
Neutron Flux



2.
Reactor Vessel High Pressure



3.
Reactor Vessel Low Water Level



4.
Reactor Vessel High Water Level



5.
Turbine Stop Valve Closure



6.
Turbine Control Valve Fast Closure



7.
Main Steam Line Isolation



8.
Scram Discharge Volume High Level



9.
Drywell High Pressure



The plant conditions which require protective action involving the RPS are described in <Chapter 15> and <Appendix 15A>.


b.
Location and Minimum Number of Sensors



Neutron flux is the only essential variable of significant spatial dependence that provides inputs to the reactor protection system.  



The basis for the number and locations is discussed below.



Two transient analyses are used to determine the minimum number and physical location of required LPRM’s for each APRM.



The first analysis is performed with operating conditions of 100 percent reactor power and 100 percent recirculation flow using a continuous rod withdrawal of the maximum worth control rod.  In the analysis, LPRM detectors are mathematically removed from the APRM channels.  This process is continued until the minimum numbers and locations of detectors needed to provide protective action are determined for this condition.



The second analysis is performed with operating conditions of 100 percent reactor power and 100 percent recirculation flow using a reduction of recirculation flow at a fixed design rate.  Again, LPRM detectors are mathematically removed from the APRM channels.  This process is continued until the minimum numbers and locations of detectors needed to provide protective action are determined for this condition.



The results of the two analyses are analyzed and compared to establish the actual minimum number and location of LPRM’s needed for each APRM channel.  A minimum of 14 LPRMs per APRM channel and a minimum of 2 LPRM inputs per level are required to provide adequate protective action.


c.
Prudent Operational Limits



Prudent operational limits for each safety‑related variable trip setting are selected with sufficient margin so that a spurious scram is avoided.  It is then verified by analysis that the release of radioactive material, following postulated gross failures of the 



fuel or the reactor coolant pressure boundary, is kept within acceptable bounds.  Design basis operational limits are based on operating experience and constrained by the safety design basis and the safety analyses.  The selection of tentative scram trip settings has been developed through analytical modeling, experience, historical use of initial setpoints, and adoption of new variables and setpoints as experience was gained.  The initial setpoint selection method provided for settings which were sufficiently above the normal operating levels (to preclude the possibilities of spurious scrams or difficulties in operation), but low enough to protect the fuel barrier and RCPB.  As additional information became available or systems were changed, additional scram variables were provided using the above method for initial setpoint selection.  The selected scram settings are analyzed to verify that they are conservative and that the fuel barriers and RCPB are adequately protected.  In all cases, the specific scram trip point selected is a conservative value that prevents damage to the fuel or reactor coolant pressure boundary.


d.
Margin



The margin between operational limits and the limiting conditions of operation (scram) for the reactor protection system are accounted for in Technical Specifications.


e.
Levels



Levels requiring protective action are provided in Technical Specifications.


f.
Range of Transient, Steady‑State and Environmental Conditions



Environmental conditions for proper operation of the RPS components are discussed in <Section 3.11>.  The RPS power supply range of steady‑state and transient conditions are provided in <Chapter 8>.


g.
Malfunctions, Accidents and Other Unusual Events Which Could Cause Damage to Safety Systems



Unusual events are defined as malfunctions, accidents and others which could cause damage to safety systems.  <Chapter 15> and <Appendix 15A> describe the following credible accidents and events; floods, storms, tornadoes, earthquakes, fires, LOCA, pipe break outside containment, feedwater line break, and missiles.  Each of these events is discussed below for the RPS.



All components essential to the operation of the RPS are designed, fabricated and mounted into appropriate seismically qualified structures.  However, even though the sensors initiating reactor scram which monitor turbine stop valve position and turbine control valve fast closure are designed and purchased to Quality Class 1, Seismic Class I, they are physically mounted on equipment which is not Seismic Class I/Quality Class 1, and are located in the turbine generator building which is not Seismic Class I.  For this reason, other diverse variables (reactor pressure and neutron flux trips) can be relied upon for reactor scram if components in the turbine generator building fail.



1.
Floods




The buildings containing RPS components have been designed to meet the PMF (Probable Maximum Flood) at the site location.  This ensures that the buildings will remain water tight under PMF including wind generated wave action and wave runup.



2.
Storms and Tornadoes




The buildings containing RPS components except the turbine generator building have been designed to withstand all credible meteorological events and tornadoes as described in <Section 3.3>.



3.
Earthquakes




The structures containing RPS components except the turbine building have been seismically qualified as described in <Section 3.7> and <Section 3.8> and will remain functional during and following a safe shutdown earthquake (SSE).



4.
Fires




To protect the RPS in the event of a postulated fire, the system has been divided into four separate panels.  If a fire were to occur within one of the panels or in the area of one of the panels, the RPS functions would not be prevented by the fire.  Use of separation and fire barriers ensures that, even though some portion of the system may be affected, the RPS will continue to provide the required protective action <Section 9.5.1>.



5.
LOCA




The following RPS system components are located inside the drywell and would be subjected to the effects of a design basis loss‑of‑coolant accident (LOCA).




(a)
Neutron monitoring system (NMS) cabling from the detectors to the control room.




(b) 
MSIV (inboard) position switches.




(c)
Reactor vessel pressure and reactor vessel water level instrument taps and sensing lines, which terminate outside the drywell.




(d)
Drywell pressure instrument taps.




These items have been environmentally qualified to remain functional during and following a LOCA as discussed in <Section 3.11>.



6.
Pipe Break Outside Secondary Containment Protection is described in <Section 3.6>.




(a)
Feedwater Line break





This condition will not affect the operation of the RPS.



7.
Missiles




Protection from missiles is described in <Section 3.5>.


h.
Minimum Performance Requirements



See Technical Specifications.


7.2.1.3      Final System Drawings


The instrument and electrical drawings have been provided for the RPS in this section.


RPS elementary diagrams are listed in <Section 1.7.1> and plant layout drawings are shown in <Section 1.2>.


7.2.2      ANALYSIS


The RPS is designed such that loss of plant instrument air, a plant load rejection or a turbine trip will not prevent the completion of the safety function.


7.2.2.1      Conformance to <10 CFR 50, Appendix A> ‑ General Design Criteria


The following is a discussion of conformance to those General Design Criteria which apply specifically to the RPS.  Refer to <Section 7.1.2.2> for a discussion of General Design Criteria which apply equally to all safety‑related systems.


a.
General Design Criterion 12 ‑ Suppression of Reactor Power Oscillations



The system design provides protection from excessive fuel cladding temperatures and protects the reactor coolant pressure boundary from excessive pressures which threaten the integrity of the system.  Abnormalities are sensed, and, if protection system limits are reached, corrective action is initiated through an automatic scram.


b.
General Design Criterion 15 ‑ Reactor Coolant System Design



The RPS provides sufficient margin to assure that the design conditions of the reactor coolant pressure boundary are not exceeded during any condition of normal operation, including anticipated operational occurrences.  If the monitored variables exceed their predetermined settings, the system automatically responds to maintain the variables and systems within allowable design limits.


c.
General Design Criterion 20 ‑ Protection System Functions



The RPS monitors the appropriate plant variables to maintain the fuel barrier and reactor coolant pressure boundary and initiates a scram automatically when the variables exceed predetermined limits.


d.
General Design Criterion 21 ‑ Protection System Reliability and Testability



The RPS is designed with two groups of redundant trip channels and four independent and separated output channels.  No single failure can prevent a scram, and removal from service of any component or channel will not result in loss of required minimum redundancy.


e.
General Design Criterion 22 ‑ Protection System Independence



The redundant portions of the RPS are separated, except the turbine scram inputs which originate from the non‑seismic category turbine building, such that no single failure or credible natural disaster can prevent a scram.  Reactor pressure and power are diverse to the turbine scram variables.  In addition, drywell pressure and vessel water level are diverse variables.


f.
General Design Criterion 23 ‑ Protection System Failure Modes



The RPS is designed (including logic and actuated devices) to be fail safe.  A loss of RPS electrical power or RPS air supply will result in a reactor scram.  Postulated adverse environments will not prevent a scram.


g.
General Design Criterion 24 ‑ Separation of Protection and Control Systems



The RPS has no common components with any plant control system whose failure would significantly impair safety.  The RPS does receive inputs from the reactor mode switch and the neutron monitoring system which also provide inputs to plant control systems through isolation devices.


h.
General Design Criterion 25 ‑ Protection System Requirements for Reactivity Control Malfunctions



The RPS provides protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  Any monitored variable which exceeds the scram setpoint will initiate an automatic scram and not impair the remaining variables from being monitored, and if one channel fails, the remaining portions of the Reactor Protection System will function.


i.
General Design Criterion 29 ‑ Protection Against Anticipated Operational Occurrences



The RPS is highly reliable and will provide a reactor scram in the event of anticipated operational occurrences.


7.2.2.2      Conformance to IEEE Standards


The following is a discussion of conformance to those IEEE standards which apply specifically to the RPS system.  Refer to <Section 7.1.2.3> for a discussion of IEEE standards which apply equally to all safety‑related systems.  The non‑essential RPS power and its electrical protection assembly (EPA) are discussed in <Section 8.3.1.1.5.1>.


a.
IEEE Standard 279 Criteria for Protection Systems for Nuclear Power Generating Stations ‑ The RPS design complies with the requirements of IEEE‑279.  The following is a discussion of specific conformance.



1.
General Functional Requirement (IEEE Standard 279, Paragraph 4.1)




The RPS automatically initiates the appropriate protective actions, whenever the conditions described in <Section 7.2.1.1.b> reach predetermined limits, with precision and reliability assuming the full range of conditions and performance discussed in <Section 7.2.1.2>.



2.
Single Failure Criterion (IEEE Standard 279, Paragraph 4.2)




Each of the conditions (variables) described in <Section 7.2.1.1.b> is monitored by redundant sensors supplying input signals to redundant trip logics.  Independence of redundant RPS equipment, cables, instrument tubing, etc. is maintained and single failure criteria preserved through the application of the PNPP separation criteria as described in <Section 8.3.1> to assure that no single credible event can prevent the RPS from accomplishing its safety function.



3.
Quality of Components and Modules (IEEE Standard 279, Paragraph 4.3)




For a discussion of the quality of RPS components and modules, refer to <Section 3.11>.



4.
Equipment Qualification (IEEE Standard 279, Paragraph 4.4)




All safety‑related equipment as defined in <Section 3.10> and <Section 3.11> is designed to meet its performance requirements under the postulated range of operational and environmental constraints.  Detailed discussion of qualification is contained in <Section 3.10> and <Section 3.11>.



5.
Channel Integrity (IEEE Standard 279, Paragraph 4.5)




For a discussion of RPS channel integrity under all extremes of conditions described in <Section 7.2.1.2>, refer to <Section 3.10>, <Section 3.11>, <Section 8.2.1>, and <Section 8.3.1>.



6.
Channel Independence (IEEE Standard 279, Paragraph 4.6)




RPS channel independence is maintained through the application of the PNPP separation criteria as described in <Section 8.3.1>.



7.
Control and Protection System Interaction (IEEE 279, Paragraph 4.7)




See <Section 7.2.2.1.g>.



8.
Derivation of System Inputs (IEEE Standard 279, Paragraph 4.8)




The RPS trip variables are direct measures of a reactor over‑pressure condition, a reactor over‑power condition, a 




gross fuel damage condition, or abnormal conditions within the reactor coolant pressure boundary except as follows:




(a)
Due to the normal throttling action of the turbine control valves with changes in the plant power level, measurement of control valve position is not an appropriate variable from which to infer the desired variable, which is “rapid loss of the reactor heat sink.”  Consequently, measurement of a control valve fast closure trip is used as the trip signal (indicative of a load rejection).




(b)
Protection system design practice has discouraged use of rate sensing devices for protective purposes.  In this instance, it was determined that detection of hydraulic actuator operation would be a more positive means of determining fast closure of the control valves.




(c)
Loss of hydraulic pressure in the EHC oil lines which initiates fast closure of the control valves is monitored.  These measurements provide indication that fast closure of the control valves is imminent.




(d)
This measurement is adequate and a proper variable for the protective function taking into consideration the reliability of the chosen sensors relative to other available sensors and the difficulty in making direct measurements of control‑valve fast closure rate.



9.
Capability for Sensor Checks (IEEE Standard 279, Paragraph 4.9)




Refer to the discussion of <Regulatory Guide 1.22> in <Section 7.2.2.3.a>.



10.
Capability for Test and Calibration (IEEE Standard 279, Paragraph 4.10)




Refer to the discussion of <Regulatory Guide 1.22> in <Section 7.2.2.3.a>.



11.
Channel Bypass or Removal from Operation (IEEE Standard 279, Paragraph 4.11)




The following RPS trip variables have no provision for sensor removal from service because of the use of valve position limit switches as the channel sensor:




(a)
Main steam line isolation valve closure trip




(b)
Turbine stop valve closure trip




During periodic test of any one trip channel, a sensor or trip unit may be removed from service and returned to service under administrative control procedures.  Since only one sensor or trip unit is removed from service at any given time during the test interval, protective action capability for RPS automatic initiation is maintained through the remaining redundant instrument channels.




A sufficient number of IRM channels has been provided to permit any one IRM channel in a given trip system to be manually bypassed and still ensure that the remaining operable IRM channels comply with the IEEE Standard 279 single failure design requirements.




One IRM manual bypass switch has been provided for each RPS trip system.  The mechanical characteristics of this switch permit only one of the four IRM channels of that trip system 


to be bypassed at any time.  In order to accommodate a single failure of this bypass switch, electrical interlocks have also been incorporated into the bypass logic to prevent bypassing of more than one IRM in that trip system at any time.  Consequently, with any IRM bypassed in a given trip system, three IRM channels remain in operation to satisfy the protection system requirements.




In a similar manner, one APRM manual bypass switch has been provided for each RPS trip system to permit one of the four APRM’s to be bypassed at any time.  Mechanical interlocks have been provided with the bypass switch and electrical interlocks have been provided in the bypass circuitry to accommodate the possibility of switch failure.  With the maximum number of APRM’s bypassed by the switches, sufficient APRM channels remain in operation to provide the necessary protection for the reactor.




The mode switch produces operating bypasses which need not be annunciated because they are removed by normal reactor operating sequence.



12.
Operating Bypasses (IEEE Standard 279, Paragraph 4.12)




For a discussion of RPS operating bypasses, refer to <Section 7.2.1.1.b.1>, <Section 7.2.1.1.b.4>, <Section 7.2.1.1.b.5>, <Section 7.2.1.1.b.6>,and <Section 7.2.1.1.b.7>.



13.
Indication of Bypasses (IEEE Standard 279, Paragraph 4.13)




For a discussion of bypass and inoperability indication, refer to <Section 7.1.2.4.g> <Regulatory Guide 1.47>.



14.
Access to Means for Bypassing (IEEE Standard 279, Paragraph 4.14)




Access to means of bypassing any safety action or function for the RPS is under the administrative control of the control room operator.  The operator is alerted to bypasses as described in <Section 7.1.2.4.g> <Regulatory Guide 1.47>.




Control switches which allow system bypasses are keylocked.  All keylock switches in the control room are designed such that their key can only be removed when the switch is in the safe position.  All keys will normally be removed from their respective switches during operation and maintained under the control of the shift supervisor.



15.
Multiple Setpoints (IEEE Standard 279, Paragraph 4.15)




The reactor mode switch implements more restrictive scram trip setpoints when it is shifted from RUN to STARTUP.  As the mode switch is moved to STARTUP . . .




(a)
The APRM upscale neutron scram trip is replaced by the restrictive APRM setdown scram trip at 15 percent power.




(b)
The IRM range switch dependent scram trips are enabled.




Each IRM range switch enables successively more restrictive scram trip setpoints as it is ranged down.




In addition to the mode switch dependent multiple setpoints, the flow channels which supply control and reference signals for the APRM upscale thermal scram continually vary the scram setpoint as flow changes.  A sensed reduction in flow results in more restrictive scram trip setpoints.




The devices used to prevent improper use of the less restrictive setpoints (the mode switch, IRM range switches, the IRM and APRM signal conditioning equipment, and the flow channels) are designed in accordance with criteria regarding the performance and reliability of protection system equipment.



16.
Completion of Protective Action Once it is Initiated (IEEE Standard 279, Paragraph 4.16)




Once the RPS trip logic has been de‑energized as a result of a trip channel becoming tripped, or the actuation of a manual scram switch, the trip‑logic seal‑in contact opens and completion of protection action is achieved without regard to the state of the initiating sensor trip channel.




After initial conditions (variable trip and logic de‑energization) return to normal, deliberate operator action is required to return (reset) the RPS logic to normal (energized).



17.
Manual Initiation (IEEE Standard 279, Paragraph 4.17)




Refer to the discussion of <Regulatory Guide 1.22> in <Section 7.2.2.3.a>.



18.
Access to Setpoint Adjustments, Calibration and Test Points (IEEE Standard 279, Paragraph 4.18)




During reactor operation, access to setpoint or calibration controls is not possible for the following RPS trip variables:




(a)
Main steam line isolation valve closure trip




(b)
Turbine stop valve closure trip




(c)
Turbine control valve fast closure trip




Access to setpoint adjustments, calibration controls and test points for all other RPS trip variables are under the administrative control of the control room operator.



19.
Identification of Protective Actions (IEEE Standard 279, Paragraph 4.19)




When any one of the RPS sensed variables exceeds its trip unit setpoint value, a control room annunciator is initiated to identify that variable and a typed record is available from the process computer.



20.
Information Readout (IEEE Standard 279, Paragraph 4.20)




The RPS is designed to provide the operator with accurate and timely information pertinent to its status.  It does not give anomalous indications confusing to the operator.



21.
System Repair (IEEE Standard 279, Paragraph 4.21)




During periodic testing of the RPS sensor channels (except as noted below) the operator can determine defective components and replace them during plant operation.




During reactor operation, the control room operator is able to determine failed sensors for the following RPS trip variables, but subsequent repair can only be accomplished during reactor shutdown:




(a)
Main steam line isolation valve closure trip.




(b)
Neutron monitoring (APRM) system trip.




(c)
Neutron monitoring (IRM) system trip.




(d)
Neutron monitoring (OPRM) system trip.




Replacement of IRM and LPRM detectors must be accomplished during plant shutdown.  Repair of the remaining portions of the neutron monitoring system may be accomplished during plant operation by appropriate bypassing of the defective instrument channel.  The design of the system facilitates rapid diagnosis and repair.



22.
Identification of Protection Systems (IEEE Standard 279, Paragraph 4.22)




The identification scheme for the RPS system is discussed in <Section 8.3.1>.


7.2.2.3      Conformance to NRC Regulatory Guides


The following is a discussion of conformance to those Regulatory Guides which apply specifically to the RPS.  Refer to <Section 7.1.2.4> for a discussion of Regulatory Guides which apply equally to all safety‑related systems.


a.
<Regulatory Guide 1.22> ‑ Periodic Testing of Protection System Actuation Function



The RPS can be tested during reactor operation by the following separate tests:



The manual scram test.  The total test verifies the ability to de‑energize the scram pilot valve solenoids without scram by using 



the manual scram push button switches.  By actuating the manual scram switches, the trip logic is de‑energized, opening contacts in the trip actuator logic.  After the first trip channel is reset, the second trip channel is tripped manually and so forth for the four manual scram switches.  In addition to control room annunciator and computer printout indications, scram group indicator lights verify that the trip actuator contacts have opened and interrupted power to the scram solenoids.



The single rod scram test verifies capability of each rod to scram.  It is accomplished by operating two toggle switches on the hydraulic control unit for the particular control rod drive.  Timing traces can be made for each rod scrammed.



The sensor test involves applying a test signal to each RPS sensor or trip unit in turn and observing the trip channel trip results.  The test signals can be applied to the processing sensing instrumentation (pressure and differential pressure) through calibration taps.



A test of individual scram discharge volume water level sensors can be performed during full power operation by valving out the sensor and injecting water into a test tap.  At plant shutdown, the level sensors may be calibrated by introducing a fixed volume of water into the discharge volume and observing that all level sensors operate at the specified trip points.



During plant operation, the operator can set the turbine stop valve or MSIV closure logic test switch in test position and actuate the other valve which completes the respective channel trip with annunciation and computer logging.  The operator can then confirm that the main steam line isolation and turbine stop valve limit switches operate during valve motion, from full open to full closed and vice versa.  This may be accomplished by comparing the time 



that the RPS channel trip occurs with the time that the valve position indicator lights in the control room signal that the valve is fully open and fully closed.  This test does not confirm the exact setpoint, but does provide the operator with an indication that the limit switch operates between the limiting positions of the valve.  During reactor shutdown, calibration of the main steam line isolation and turbine stop valve limit switch at a valve position of less than or equal to 15 and 10 percent (analytical limit) closure respectively is possible by physical observation of the valve stem.



During reactor operation, a test and calibration of the individual EHC oil line pressure sensors associated with turbine control valve fast closure when the plant is operating above 40 percent of rated power may be accomplished by valving one sensor out‑of‑service at a time and introducing a test pressure input.



The APRM’s are calibrated to reactor power by using a reactor heat balance.  Information pertaining to single recirculation loop operation is provided in <Appendix 15F>.  LPRM gain settings are determined from the local flux profiles measured by the TIP system once the total reactor heat balance has been determined.  The OPRMs are calibrated using cycle specific analysis data and Technical Specifications provide the appropriate system trip parameters.



The gain adjustment factors for the LPRMs are produced as a result of the process computer nuclear calculations involving the reactor heat balance and the TIP flux distributions.  These adjustments, when incorporated into the LPRMs permit the nuclear calculations to be completed for the next operating interval and establish the APRM calibration relative to reactor power.



Operation of the reactor mode switch from one position to another may be employed to confirm certain aspects of the RPS trip channels 



during periodic test and calibration at shutdown only.  During tests of the trip channels, proper operation of the mode switch contacts can be easily verified by noting that certain sensors are connected into the RPS logic and that other sensors are bypassed in the RPS logic in an appropriate manner of the given position of the mode switch.



In the STARTUP and RUN modes of plant operation, procedures may be used to confirm that scram discharge volume high water level trip channels cannot be bypassed as a result of the operating bypass switch.  In the SHUTDOWN and REFUEL modes of plant operation, a similar procedure may be used to bypass all four scram discharge volume trip channels.  In the STARTUP, REFUEL and RUN modes of plant operation, procedures may be used to confirm that reactor water low (Level 3) trip channels cannot be bypassed as a result of the operating bypass switches.  In the SHUTDOWN mode of plant operation, a similar procedure may be used to bypass all four reactor water low (Level 3) trip channels.  Due to the discrete on‑off nature of the bypass function, calibration is not meaningful.



Administrative control must be exercised to valve one turbine first stage pressure sensor out‑of‑service for the periodic test.  During this test, a variable pressure source may be introduced to operate the sensor at the setpoint value.  When the condition for bypass has been achieved on an individual sensor under test, the control room annunciator for this bypass function will be initiated.  If the RPS trip channel associated with this sensor had been in its tripped state, the process computer will log the return to normal state for the RPS trip logic.  When the plant is operating above approximately 38 percent of rated power, testing of the turbine stop valve and control valve fast closure trip channels will confirm that the bypass function is not in effect.



A manual scram switch permits each individual trip logic and trip actuator logic to be tested on a periodic basis.  Operation of the reset switch following a trip of each RPS trip channel will confirm that the switch is performing its intended function.  (Calibration of the time response of the trip channel, relays and trip actuators may be accomplished by connection of external test equipment.)


b.
<Regulatory Guide 1.53> ‑ Application of the Single‑Failure Criterion to Nuclear Power Plant Protection Systems



See the discussion of IEEE Standard 279, Paragraph 4.2, in <Section 7.2.2.2>.


c.
<Regulatory Guide 1.62> ‑ Manual Initiation of Protective Actions



Means are provided for manual initiation of the RPS at the system level through the use of four armed pushbutton switches located on the control room benchboard.



Operation of two switches (one in each trip system) accomplishes the initiation of all actions performed by the automatic initiation circuitry.



Placing the reactor mode switch in the SHUTDOWN position will also cause a system level initiation.


TABLE 7.2‑1


REACTOR PROTECTION SYSTEM INSTRUMENTATION














  Normal










 Calibrated

  Number


Scram






 Instrument

    of


Function


Instrument

 __Range___
 
 Channels


Reactor Vessel

 Pressure


0‑1,500 psig


4


High Pressure

 Sensor


Drywell High

 Pressure


‑1‑4 psig



4


Pressure


 Sensor


Reactor Vessel

 Level


165”‑230”



4


Low Water


 Sensor


Level 3


Reactor Vessel

 Level


165”‑230”



4


High Water

 Sensor


Level 8


Scram Discharge
 Level


Volume High

 Sensor


Water Level






 a. Trip unit

0‑56 in.



4






 b. Level switch
0‑2.31 in.


4


Turbine Stop

 Position


0‑100%



4(1)


Valve Closure

 Sensor


Turbine Control
 Pressure


300‑1,100



4


Valve Fast

 Sensor


psig


Closure


Main Steam Line
 Position


0‑100%



4(2)


Isolation Valve
 Sensor


Closure


Neutron Monitoring
 <Section







8


System


 7.6.1.4>


TABLE 7.2‑1 (Continued)














  Normal










 Calibrated

  Number


Scram






 Instrument

    of


Function


Instrument

 __Range___
 
 Channels


Bypass Function


Discharge Volume
 N/A



N/A


High Water Level


Trip Bypass


Turbine Stop Valve
 Pressure


0‑701.5 psig


4


and Control Valve
 Switch


equivalent to


Fast Closure





0‑100% reactor


Trip Bypass





power


Main Steam Line
 Pressure


N/A



   N/A


Isolation Valve
 Switch


Closure Trip


Bypass


Reactor Vessel

 N/A



N/A




4


Low Water


Level 3


NOTES:


(1)
Two (2) sensors per channel.


(2)
Four (4) sensors per channel.


TABLE 7.2‑2


APRM SYSTEM TRIPS


Trip Function


Trip Point Range

   Action


APRM downscale


2% to full scale

Rod block,












annunciator,












white light display


APRM upscale


Setpoint varied

Rod block







with flow, slope

annunciator,







adjustable, inter‑

amber light display







cepts separately







adjustable


APRM upscale(1)


Setpoint varied

Scram, annunciator,







with flow, slope

red light display







adjustable, inter‑







cepts separately







adjustable


APRM upscale


2% to full scale

Scram, annunciator,












red light display


APRM




Calibrate switch

Scram, rod block,


inoperative


or few inputs


annunciator, white












light display


APRM bypass


Manual switch


White light display


APRM upscale


2% to full scale

Rod block,


alarm (not in







annunciator, amber


RUN mode)








light display


NOTE:


(1)
APRM signal passes through a specified time constant circuit to simulate heat flux.


TABLE 7.2‑2a


OPRM SYSTEM TRIPS


Trip Function


Trip Point Range

Action


OPRM Trip
Thermal Power >23.8% RTP and
Scram, Annunciator,



recirculation drive flow
Red Light Displayed



< the value corresponding to
on module



60% of core flow and one



of the three detection



algorithms sensing a valid



oscillation which exceeds



OPRM setpoints/variables.




OPRM Alarm
Thermal Power >23.8% RTP and
Annunciator, Amber



recirculation drive flow
Light Displayed on



< the value corresponding to
module



60% of core flow and



oscillation detection



algorithm (ODA) exceeding



OPRM alarm count variable.


OPRM Bypass
Bypass Switch in Bypass
Annunciator


OPRM INOP
Operate/Test switch in
Annunciator, Red



Test or insufficient valid
Light Displayed on



inputs or failure of OPRM
module



module self test routine.


OPRM Trip Enable
Thermal Power >23.8% RTP and
Annunciator, Green



recirculation drive flow
Light Displayed on



< the value corresponding to
module



60% of core flow.


TABLE 7.2‑3


REACTOR PROTECTION SYSTEM RESPONSE TIME TABLE



Functional Unit


Response Time (seconds)
Notes


1.
Average Power Range Monitors:





See Note(1)


a.
Flow Biased Simulated




Thermal Power ‑ High


(0.09


See Note(2)


b.
Neutron Flux ‑ High



(0.09


2.
Reactor Vessel Steam Dome



Pressure ‑ High




(0.35


See Note(3)

3.
Reactor Vessel Water Level ‑




Low, Level 3





(1.05


See Note(3)

4.
Reactor Vessel Water Level ‑




High, Level 8





(1.05


See Note(3)

5.
Main Steam Line Isolation



Valve ‑ Closure




(0.06


6.
Turbine Stop Valve ‑ Closure


(0.06


7.
Turbine Control Valve Fast Closure,



Valve Trip System Oil Pressure ‑ Low
(0.07


See Note(4)

8.
Oscillation Power Range Monitors

(0.450 

See Note(5)

NOTES:


(1)
Neutron detectors are exempt from response time testing.  Response time shall be measured from the detector output or from the input of the first electronic component in the channel.


(2)
Not including the simulated thermal power time constant specified in the COLR.


(3)
The sensor is not included in the response time testing for these circuits.  Response time testing for the remaining channel including trip unit and relay logic is required.


(4)
Measured from start of turbine control valve fast closure.


(5)
Neutron detectors are exempt from response time testing.  The LPRM amplifier cards inputting to the OPRM are excluded from the OPRM response time testing.
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7.3      ENGINEERED SAFETY FEATURE SYSTEMS


7.3.1      DESCRIPTION


Section 7.3 describes the instrumentation and controls of the following plant Engineered Safety Features (ESF) systems:


a.
Emergency Core Cooling Systems (ECCS)


b.
Containment and Reactor Vessel Isolation Control Systems (CRVICS)


c.
(Deleted)


d.
RHRS‑Containment Spray Cooling Mode (RHRS‑CSCM)


e.
RHRS‑Suppression Pool Cooling Mode (RHRS‑SPCM)


f.
Emergency Water Systems (EWS)(1)

g.
Control Complex HVAC System(1)

h.
ESF Building and Area HVAC System(1)

i.
Annulus Exhaust Gas Treatment System (AEGTS)


j.
Pump Room Cooling System(1)

k.
Containment Combustible Gas Control System


l.
Suppression Pool Makeup System


m.
Containment Vacuum Relief


n.
Standby Power Support Systems(1)

o.
Fuel Handling Area Exhaust Subsystem(2)


NOTE:



1.
The following systems are considered to be ESF support systems not ESF systems in accordance with the guidance provided in <NUREG‑0800>, Section 7.3.  These systems will continue to be treated as safety‑related for design, construction, maintenance, testing, and other operational purposes.  Independent actuation of any one of these systems will not be reported per <10 CFR 50.73(a)(2)(iv)>.




a.
Emergency Closed Cooling Water (ECC) (P42)




b.
Control Complex Chilled Water (CCCW) (P47)




c.
ESF Building and Area HVAC Systems (M23)(M24)(M43)




d.
Pump Room Cooling Systems (M28)(M32)(M39)




e.
Standby Power Support Systems (R44)(R45)(R46)(R47)(R48)



2.
Only the exhaust subsystem of the fuel handling area ventilation system is ESF.


The sources which supply power to the engineered safety feature systems originate from onsite ac and/or dc safety‑related busses or, as in the case of the CRVICS failsafe logic, from the nonsafety‑related RPS MG sets.  Refer to <Chapter 8> for a complete discussion of the ESF systems power sources.


7.3.1.1      System Description


7.3.1.1.1      Emergency Core Cooling Systems (ECCS) ‑ Instrumentation and Controls


The Emergency Core Cooling System is a network of the following subsystems <Section 6.3.1> and <Section 6.3.2>.


a.
High Pressure Core Spray System (HPCS).


b.
Automatic Depressurization System (ADS).


c.
Low Pressure Core Spray System (LPCS).


d.
Low Pressure Coolant Injection (LPCI) mode of the Residual Heat Removal System (RHRS).


The purpose of ECCS instrumentation and control is to initiate appropriate responses from the system to ensure that the fuel is adequately cooled in the event of a design basis accident (DBA).  The cooling provided by the system restricts the release of radioactive materials from the fuel by preventing or limiting the extent of fuel damage following situations in which coolant is lost from the reactor coolant pressure boundary.


The ECCS instrumentation detects a need for core cooling systems operation, and the trip systems initiate the appropriate response.


Included in this section is a discussion of protective considerations which are taken between the high pressure reactor coolant system and the low pressure ECCS system.  The high pressure/low pressure interlocks are examined in <Section 7.6.1.2>.


The following plant variables are monitored and provide automatic initiation of the ECCS when these variables exceed predetermined limits:


a.
Reactor Vessel Water Level



A low water level in the reactor vessel could indicate that reactor coolant is being lost through a breach in the reactor coolant pressure boundary and that the core is in danger of becoming overheated as the reactor coolant inventory diminishes.  Refer to <Figure 5.1‑3> for a schematic arrangement of reactor vessel instrumentation.


b.
Drywell Pressure



High pressure in the drywell could indicate a breach of the reactor coolant pressure boundary inside the drywell and that the core is in danger of becoming overheated as reactor coolant inventory diminishes.


7.3.1.1.1.1      High Pressure Core Spray (HPCS) System ‑ Instrumentation and Controls


a.
HPCS Function



The HPCS system supplies sufficient coolant flow following a reactor scram in the event of a loss‑of‑coolant accident.  The HPCS system supplies makeup water to the reactor vessel in the event of reactor isolation and failure of the reactor core isolation cooling (RCIC) system <Section 6.3.2.2.1>.


b.
HPCS Operation



Schematic arrangements of system mechanical equipment are shown in <Figure 6.3‑7>.  HPCS system component control logic is shown in 



<Figure 7.3‑1>.  Elementary diagrams are listed in <Section 1.7.1>.  Plant layout drawings are shown in <Section 1.2>.  Operator information displays are shown in <Figure 6.3‑7> and <Figure 7.3‑1>.



The HPCS is initiated automatically by either reactor vessel low water level (Trip Level 2) or drywell high pressure.  The system is designed to operate automatically for at least 10 minutes without any actions required by the control room operator.  Once initiated, the HPCS logic seals‑in and can be reset by the operator if reactor water level has been restored even if the high drywell pressure condition exists.  Refer to <Figure 7.3‑1> for a schematic representation of the HPCS system initiation logic.



Reactor vessel water level (Trip Level 2) is monitored by four redundant level transmitters.  Each transmitter provides an input to a trip unit.  The trip unit relay contacts are arranged in a one‑out‑of‑two twice logic arrangement to assure that no single event can prevent the initiation of the HPCS.



Initiation diversity is provided by drywell pressure which is monitored by four redundant pressure transmitters.  The trip unit relay contacts are electrically connected in a one‑out‑of‑two twice logic arrangement to assure that no single instrument failure can prevent the initiation of the HPCS.



The HPCS components respond to an automatic initiation signal as follows (actions are simultaneous unless stated otherwise):



1.
The HPCS diesel generator is signaled to start.



2.
Following an initiation signal and if no loss of offsite power has occurred, the HPCS pump is automatically started after a time delay.  If a loss of offsite power occurs concurrent with 




an initiation signal, the HPCS pump is automatically started immediately, once power is available at the bus.



3.
The pump suction from the condensate storage tank valve E22F001, is signaled to open, provided the suppression pool suction valve E22F015 is not full open.



4.
The test return valves E22F010, E22F011 and E22F023 are signaled closed.



5.
The HPCS injection valve E22F004 is signaled to open.



The HPCS pump discharge flow and pressure are monitored by pressure transmitters.  If pump discharge pressure is normal but discharge flow is low enough that pump overheating may occur the minimum flow return line valve E22F012 is signaled open.  The valve is automatically closed if flow is normal.  The HPCS reaches its rated flow in 27 seconds.



If the water level in the condensate storage tank falls below a predetermined level, the suppression pool suction valve E22F015 automatically opens.  When E22F015 is fully open, the condensate storage tank suction valve E22F001 automatically closes.  Two level transmitters are used to detect low water level in the condensate storage tank.  Either transmitter can cause automatic suction transfer.  The suppression pool suction valve also automatically opens if high water level is detected in the suppression pool.  Two level transmitters monitor suppression pool water level and either transmitter can initiate opening of the suppression pool suction valve.  During the automatic CST to suppression pool suction transfer, to prevent losing suction to the pump, the suction valves are interlocked so that the suppression pool suction valve must be open before the CST suction valve automatically closes.



The HPCS provides makeup water to the reactor until the vessel water level reaches the high level trip (Trip Level 8) at which time the injection valve E22F004 is automatically closed even if a high drywell pressure signal still exists.  The pump will continue to run on minimum flow recirculation.  The injection valve will automatically reopen if vessel level again drops to the low level (Trip Level 2) initiation point.



The HPCS pump motor and injection valve are provided with manual override controls.  These controls permit the reactor operator to manually control the system following automatic initiation.


7.3.1.1.1.2      Automatic Depressurization System (ADS) ‑ Instrumentation and Controls


a.
ADS System Function



The automatic depressurization system is designed to provide automatic depressurization of the reactor vessel by activating eight safety/relief valves.  These valves vent steam to the suppression pool in the event that the HPCS cannot maintain the reactor water level following a LOCA.  ADS reduces the reactor pressure so that flow from the RHRS‑LPCI mode and LPCS, can inject into the reactor vessel in time to cool the core and limit fuel barrier temperature.  Refer also to <Section 6.3.2>.  Refer to <Section 7.6.1.11> for the relief function of the safety/relief valves.


b.
ADS Operation



Schematic arrangements of system mechanical equipment are shown in <Figure 5.1‑3>.  ADS component control logic is shown in <Figure 7.3‑3>.  Elementary diagrams are listed in <Section 1.7.1>.  



Plant layout drawings are shown in <Section 1.2>.  Operator information displays are shown in <Figure 5.1‑3> and <Figure 7.3‑3>.



The ADS consists of two redundant and independent trip systems, trip systems A and B.  The ADS trip system A actuates the “A” solenoid air pilot valve on each ADS safety/relief valve.  Similarly, the ADS trip system B actuates the “B” solenoid air pilot valve on each ADS safety/relief valve.  Actuation of either solenoid pilot valve causes the ADS safety/relief valve to open and provide depressurization.  To prevent inadvertent actuation of the ADS, two channels of logic for each ADS trip system (A & B) are used.  Both channels must be activated to actuate an ADS trip system.



One channel of each trip system includes two differential pressure transmitter inputs monitoring reactor vessel low water level (Trip Level 3 and Trip Level 1).  The low water Level 3 trip provides confirmation of a reactor vessel low water level condition.  The second channel is redundant except the low water level confirmation signal is omitted.  A manual inhibit switch is provided to allow the operator to prevent automatic ADS initiation.



To assure that adequate makeup water is available after the vessel has been depressurized, each trip channel includes a pump discharge pressure permissive signal indicating LPCI or LPCS system availability for vessel water makeup.  Any one of the three LPCI pumps or the LPCS pump available for reactor coolant makeup is sufficient to permit automatic depressurization.



After receipt of the initiation signals and after a delay provided by timers, each of the two solenoid air pilot valves are energized.  This allows pneumatic pressure from the accumulator to act on the air cylinder operator.  Each ADS trip system has a time delay that 



can be reset manually to delay system initiation.  The time delay is selected to be within a period that allows the HPCS to perform its function prior to ADS initiation.  In the event of HPCS failure, the time delay period is selected to allow initiation of ADS, LPCI and LPCS in time to maintain the fuel barrier temperature within acceptable limits.  If reactor vessel water level is restored by HPCS prior to the end of the time delay, ADS initiation will be prevented.



Once initiated, the ADS logic seals‑in and can be reset by the control room operator only when vessel water level returns to normal.



Two control switches (one for each trip system solenoid) are located in the control room for each safety/relief valve associated with the ADS.  Each switch controls one of the two solenoid pilot valves.


7.3.1.1.1.3      Low Pressure Core Spray (LPCS) ‑ Instrumentation and Controls


a.
LPCS Function



The purpose of the LPCS is to provide low pressure reactor vessel core spray following a loss‑of‑coolant accident when the vessel has been depressurized and vessel water level has not been restored by the HPCS.  The LPCS is functionally diverse to the LPCI mode of the residual heat removal system <Section 6.3.2>.


b.
LPCS Operation



Schematic arrangements of system mechanical equipment are shown in <Figure 6.3‑8>.  LPCS component control logic is shown in <Figure 7.3‑4>.  Elementary diagrams are listed in <Section 1.7.1>.  



Plant layout drawings are shown in <Figure 1.2>.  Operator information displays are shown in <Figure 6.3‑8> and <Figure 7.3‑4>.



The LPCS is initiated automatically by either reactor vessel low water level (Trip Level 1) and/or drywell high pressure.  The system is designed to operate automatically for at least 10 minutes without any actions required by the control room operator.  Once initiated, the LPCS logic seals‑in and can be reset by the control room operator only when the initial conditions return to normal.  Refer to <Figure 7.3‑4> for a schematic representation of the LPCS system initiation logic.



Reactor vessel water level (Trip Level 1) is monitored by two redundant level transmitters.  Drywell pressure is monitored by two redundant pressure transmitters.  The vessel level trip unit relay contacts and the drywell pressure trip unit relay contacts are connected in a one‑out‑of‑two twice logic arrangement so that no single instrument failure can prevent initiation of LPCS (i.e., LPCS will be initiated when either both level channels, both pressure channels, or one level channel and one pressure channel are tripped).



The LPCS components respond to an automatic initiation signal simultaneously (or sequentially as noted) as follows:



1.
The Division 1 diesel generator is signaled to start.



2.
The normally closed test return line to the suppression pool valve E21F012 is signaled closed.



3.
Following a LOCA initiation signal and if no loss of offsite power has occurred, the LPCS pump is automatically started after a time delay.  If a loss of offsite power occurs concurrent with a LOCA initiation signal, the LPCS pump is automatically started immediately, once power is available at the bus.



4.
Reactor pressure is monitored by a pressure transmitter which senses pressure on the vessel side of the LPCS injection valve E21F005.  When the pressure is low enough to protect the LPCS from overpressure and power is available to the pump motor bus, the injection valve is signaled to open.  A blue indicating lamp, labeled “Pressure Permissive,” is installed above the LPCS injection valve manual control switch which will illuminate to inform the operator that the injection pressure is low enough to prevent over pressurization of the LPCS piping.


The LPCS pump discharge flow is monitored by a differential pressure transmitter.  When the pump is running and discharge flow is low enough to cause pump overheating to occur, the minimum flow return line valve E21F011 is opened.  The valve is automatically closed if flow is normal.




The LPCS pump suction from the suppression pool valve E21F001 is normally open, the control switch is keylocked in the open position, and thus requires no automatic open signal for system initiation.




The LPCS pump and injection valve are provided with manual override controls.  These controls permit the operator to manually control the system subsequent to automatic initiation.


7.3.1.1.1.4      RHRS ‑ Low Pressure Coolant Injection (LPCI) Mode ‑ Instrumentation and Controls


a.
LPCI Function



Low pressure coolant injection (LPCI) is an operating mode of the residual heat removal system (RHRS) <Section 5.4.7>.  The purpose 



of the LPCI system is to provide low pressure reactor vessel coolant makeup following a loss‑of‑coolant accident when the vessel has been depressurized and vessel water level is not restored by the HPCS <Section 6.3.2>.


b.
LPCI Operation



Schematic arrangements of system mechanical equipment is shown in <Figure 5.4‑13>.  LPCI component control logic is shown in <Figure 7.3‑5>.  Elementary diagrams are listed in <Section 1.7.1>.  Plant layout drawings are shown in <Section 1.2>.  Operator information displays are shown in <Figure 5.4‑13> and <Figure 7.3‑5>.



The LPCI system is initiated automatically by either reactor vessel low water level and/or by drywell high pressure.  The system is designed to operate automatically for at least 10 minutes without any actions required by the control room operator.  Once initiated, the LPCI logic seals‑in and can be reset by the control room operator only when initial conditions return to normal.



Reactor vessel water level (Trip Level 1) is monitored by two redundant differential pressure transmitters.  Drywell pressure is monitored by two redundant pressure transmitters.



To initiate the Division 2 LPCI (Loops B and C), the vessel level trip unit relay contacts and the two drywell pressure trip unit relay contacts are connected in a one‑out‑of‑two‑twice arrangement so that no single instrument failure can prevent initiation of LPCI (i.e., LPCI will be initiated when either both level channels, both pressure channels, or one level channel and one pressure channel are tripped).



The Division 1 LPCI (Loop A) receives its initiation signal from the LPCS logic.



The LPCI system components respond to an automatic initiation signal simultaneously (or sequentially as noted) as follows (the loop A components are controlled from the Division 1 logic; the loop B and C components are controlled from the Division 2 logic):



1.
The Division 2 diesel generator is signaled to start from the loop B and C initiation logic.



2.
When the offsite power or the diesel generators are providing power to the pump motor buses, sequential loading is provided.  This is accomplished by delaying the start of LPCI pumps A and B by 5 seconds while allowing the LPCI pump C to start immediately.  The LPCS pump start is delayed when offsite power is providing power to the bus.  If power is supplied by the diesel generators, the LPCS pump will start immediately.



3.
The following normally closed valves are signaled closed to ensure proper system lineup:




(a)
(Deleted)




(b)
The RHR heat exchanger flush to suppression pool valves E12F011 A, B.




(c)
(Deleted)




(d)
(Deleted)




(e)
The test return line to the suppression pool valves E12F024 A, B and E12F021.




(f)
The containment spray valves E12F028 A, B.



4.
Reactor pressure is monitored by pressure transmitters which sense pressure on the vessel side of LPCI injection valves.  When the pressure is low enough to protect the LPCI lines from overpressure and power is available to the pump motor buses, the injection valves are signaled to open.  A blue indicating lamp, labeled “Pressure Permissive,” is installed above the LPCI injection valve manual control switch which will illuminate to inform the operator that the injection pressure is low enough to prevent over pressurization of the LPCI piping.




The heat exchanger bypass throttle valves E12F048 A, B and the heat exchanger outlet throttle valves E12F003 A, B are signaled to fully open after 110 second time delay.  The open signal is automatically removed 10 minutes after system initiation to allow the operator to manually control these valves.  This automatic opening function is designed to operate whenever these valves are controlled from the control room.  The automatic opening function does not operate when control of these valves is transferred to the remote shutdown station.




Each LPCI pump discharge flow is monitored by a differential pressure transmitter which, when the pump is running and following an 8 second time delay, opens the minimum flow return line valve E12F064 A, B, C if flow is low enough that pump overheating may occur.  The valve is automatically closed if flow is normal.




The three RHR pump suction valves from the suppression pool valves E12F004 A and B and F105 have their control switches keylocked in the open position, and thus require no automatic open signal for system initiation.  The RHR heat exchanger 




inlet valves E12F047 A and B are administratively controlled to ensure that they are open and therefore do not require an automatic signal.




The upper pool shutdown cooling valves E12F037 A, B, the two series RHR heat exchanger vent valves E12F073 A and F074 A, B and the RHR shutdown cooling mode suction valves E12F006A, B are all normally closed and thus require no automatic close signal for system initiation.  RHR heat exchanger vent valve 1E12F073B is normally open and thus requires an automatic signal to close.




The LPCI pump motors and injection valves are provided with manual override controls.  These controls permit the operator to manually control the system subsequent to automatic initiation.


7.3.1.1.2      Containment and Reactor Vessel Isolation Control System (CRVICS) ‑ Instrumentation and Controls


a.
CRVICS Function



The CRVICS, also known as nuclear steam supply shutoff system (NSSSS), includes the instrument channels, trip logics and actuation circuits that automatically initiate valve closure providing isolation of the containment and/or reactor vessel, and initiation of systems provided to limit the release of radioactive materials.



See <Section 6.2.4> and <Table 6.2‑32> for a complete description of primary containment and reactor vessel process lines and isolation signals applied to each.  The Technical Specifications require that several CRVICS Instrumentation channels for the Main 



Steam Line Isolation Valves meet response time criteria.  <Table 7.3‑1> provides the acceptable response for these channels along with any clarifying information.


b.
CRVICS Operation



Schematic mechanical arrangements of containment isolation valves and other components initiated by CRVICS are shown in <Figure 5.4‑13>, <Figure 5.1‑3>, <Figure 5.4‑16>, and <Figure 5.4‑2>.  CRVICS component control logic is shown in <Figure 7.3‑3>, <Figure 7.3‑5> and <Figure 7.3‑6>.  Elementary diagrams are listed in <Section 1.7.1>.  Plant layout drawings are shown in <Section 1.2>.  Operator information displays are shown in <Figure 5.1‑3> and <Figure 7.3‑3>.



During normal plant operation, the isolation control system sensors and trip logic that are essential to safety are energized.  When abnormal conditions are sensed, instrument contacts open, de‑energize the trip logic and initiate an isolation.  Once initiated, the CRVICS trip logics seal‑in and may be reset by the operator only when the initial conditions return to normal.



Each main steam line isolation valve (MSIV) has two control solenoids. Each solenoid receives inputs from two redundant logics.  A signal from either can de‑energize the solenoid.  For any one valve to close automatically, both of its solenoids must be de‑energized.



The main steam line isolation valve logic has a minimum of four redundant instrument channels for each measured variable.  One channel of each variable is connected to one trip logic.  One group of redundant logics (A, C) is used to control one solenoid of both inboard and outboard valves of all four main steam lines and the other group of redundant logics (B, D) is used to control the other 



solenoid of both inboard and outboard valves.  The four CRVICS trip logics are arranged in a one‑out‑of‑two twice logic combination (Trip Logic A or C and B or D).



Except for the main steam line drain valves and RHR isolation valves (reactor vessel pressure) the remaining containment and vessel isolation valves also operate in pairs.  The remaining inboard isolation valves close if both of the Division 2 and Division 3 logics (B and C) are tripped, and the outboard valves close if the Division 1 and Division 4 logics (A and D) are tripped.


Main steam line drain outboard valves close if Channels A and D isolation logic is tripped, while an inboard valve closes if Channels B and C logic is tripped.  The RHR outboard valves close if Channel A or D isolation logic is tripped, while the inboard valves close if Channel B or C logic is tripped.



The following variables provide inputs to the CRVICS logics for initiation of reactor vessel and containment isolation, as well as the initiation or trip of other plant functions when predetermined limits are exceeded.  Combinations of these variables, as necessary, provide initiation of various isolating and initiating functions as described in <Table 6.2‑32> and below:



1.
Reactor Vessel Low Water Level




A low water level in the reactor vessel could indicate that reactor coolant is being lost through a breach in the reactor coolant pressure boundary and that the core is in danger of becoming overheated as the reactor coolant inventory diminishes.




Reactor vessel low water level initiates closure of various valves.  The closure of these valves is intended to isolate a breach of the pipelines, conserve reactor coolant by closing off process lines, and limit the escape of radioactive materials from the containment through process lines that communicate with the primary coolant boundary or containment.




Reactor vessel water level is monitored by four redundant level transmitters.  Each instrument provides a low water level input to one of the four CRVICS trip channels.


Three reactor vessel low water level isolation trip settings are used to complete the isolation of the containment and the reactor vessels.  The first (and highest) Level 3 reactor vessel low water level isolation trip setting initiates closure of RHR isolation valves, the second reactor vessel low water level (Level 2) initiates closure of all valves in major process pipeline except the main steam lines and associated drains, the nuclear closed cooling system isolation valves and the instrument air system isolation valves for the MSIV’s air supply.  The main steam lines are left open to allow the removal of heat from the reactor core.  The third, and lowest (Level 1) reactor vessel low water level, completes the isolation of the containment and pressure vessel by initiating closure of the main steam line isolation valves, main steam line drain valves, nuclear closed cooling system isolation valves, and the instrument air system isolation valves for the MSIV’s air supply.




The instrument air containment isolation valve 1P52‑F200 and drywell isolation valve 1P52‑F646 are provided with manual override control.  This control permits the operator to override the RHR LOCA isolation signal to open the valves as directed by the Emergency Operating Procedures (EOPs).  The reactor



vessel low water level (Level 1) MSIV isolation signal can be bypassed manually in accordance with the Emergency Operating Procedures (EOPs) from the control room by actuating four keylocked switches.




Diversity of trip initiation for low reactor vessel water level from pipe breaks inside the drywell is provided by drywell high pressure.



2.
Drywell High Pressure




High pressure in the drywell could indicate a breach of the reactor coolant pressure boundary inside the drywell and that the core is in danger of becoming overheated as reactor coolant inventory diminishes.




Drywell pressure is monitored by four redundant pressure transmitters.  Each transmitter trip unit provides an input to one of the four trip channels.



3.
Main Steam Line‑High Radiation




The main steam line radiation monitoring senses the gross release of fission products from the fuel and initiates alarms and automatic actions to contain the released fission products.  Monitor input to isolate MSIV’s and associated drain valves has been deleted based on analysis presented in NEDO‑31400A.




Four redundant detectors monitor the gross gamma radiation from the main steam lines.  Each provides an input to one of the four CRVICS trip channels.




Each radiation monitoring channel consists of a gamma‑sensitive ion chamber and a log radiation monitor.  Each log radiation monitor has four alarm/trip circuits.  One upscale trip circuit is used to initiate an alarm and a trip signal to the associated CRVICS trip logic.  The second circuit is used for an alarm and is set at a level below that of the first circuit.  The third circuit is a downscale trip that actuates an instrument trouble alarm.  The fourth circuit is the instrument inoperative trip which produces an alarm and a trip signal to the associated CRVICS trip logic.  Annunciator indicating lights are located in the control room.




When the main steam line radiation level exceeds a predetermined value, CRVICS initiates closure of the reactor water sample valves.  The high radiation or instrument inoperative trip signals from main steam line radiation monitors A or C also trip the offgas system mechanical vacuum pump(s) and isolate the mechanical vacuum pump lines.



4.
Main Steam Line‑Tunnel and Pipe Routing in Turbine Building High Ambient Temperature and Differential Temperature




High ambient temperature in the tunnel and pipe routing areas in the turbine building in which the main steam lines are located outside of the primary containment could indicate a leak in a main steam line.  Such a leak may also be indicated by high differential temperature between the outlet and inlet ventilation air for the MSL tunnel.  The automatic closure of valves prevent the excessive loss of reactor coolant and the release of a significant amount of radioactive material from the reactor coolant pressure boundary.


Four redundant main steam line high ambient temperature sensors are provided in the main steam tunnel and four in the 


steam line area of the turbine building.  Four redundant differential temperature sensors monitor the outlet and inlet ventilation air ducts of the main steam line tunnel.  Each main steam line trip isolation logic is de‑energized by high ambient temperature in the main steam tunnel or the steam line area of the turbine building.  Four other ambient temperature sensors are located in the turbine power complex and provide alarm capability.


When a predetermined increase in main steam line tunnel ambient temperature, or the steam line area of the turbine building temperature is detected, trip signals initiate closure of all main steam line isolation and drain valves.  In addition, MSL tunnel high ambient temperature will cause RWCU and RCIC system isolation initiations.




Diversity of trip initiation signals for main steam line tunnel ambient temperature is provided by main steam line high flow, and steam line low pressure instrumentation.



5.
Main Steam Line‑High Flow




Main steam line high flow could indicate a breach in a main steam line.  Automatic closure of isolation valves prevents excessive loss of reactor coolant and release of significant amounts of radioactive material from the reactor coolant pressure boundary.




Sixteen redundant differential pressure transmitters, four for each main steam line, monitor the main steam line flow.  Four differential pressure transmitter trip units for each main 




steam line provide inputs to each of the four trip channels.  When a significant increase in main steam line flow is detected, trip signals initiate closure of all main steam line isolation and drain valves.



6.
Main Turbine Inlet ‑ Low Steam Pressure




Low steam pressure at the turbine inlet while the reactor is operating could indicate a malfunction of the nuclear system pressure regulator in which the turbine control valves or turbine bypass valves become fully open, and causes rapid depressurization of the reactor vessel.




Four redundant pressure transmitters, one for each main steam line, monitor main steam line pressure and each provides an input to one of the four trip channels.




When a decrease in main steam line pressure below a preselected value is detected, the CRVICS initiates closure of all main steam line isolation and drain valves.




The main steam line low pressure trip is bypassed by the reactor mode switch in the Shutdown, Refuel and Startup modes of reactor operation.  In the Run mode, the low pressure trip function is operative.



7.
Containment and Drywell Purge and Vent Exhaust Radiation Monitor




The containment and drywell purge and vent exhaust radiation monitor consists of four sensor and trip units.  Each channel has two trips. The upscale trip indicates high radiation and the downscale trip indicates instrument trouble.




The containment and drywell purge and vent exhaust radiation monitor senses reactor building exhaust to the release point.  In the event that radiation levels exceed predetermined limits, the containment and drywell purge system inboard and outboard isolation valves are closed.



8.
Reactor Water Cleanup (RWCU) System‑High Differential Flow




High differential flow in the reactor water cleanup system could indicate a breach of the system pressure boundary of the cleanup system.  The flow at the inlet to the system (suction from recirculation lines) is compared with the flow at the outlets of the system (flow return to feedwater or flow to the main condenser and/or radwaste).




Two redundant differential flow sensors compare the reactor water cleanup system inlet‑outlet flow.  Each of the flow monitoring sensors provides an input to one of the two (inboard or outboard) logic trip channels.




When an increase in reactor water cleanup system differential flow is detected, the CRVICS initiates closure of all reactor water cleanup system isolation valves.




Diversity of trip initiation signals for reactor water cleanup system line break is provided by instrumentation for reactor water level, differential flow, and ambient or differential temperature in RWCU equipment areas.


The reactor water cleanup system high differential flow trip is bypassed by an automatic timing circuit during normal reactor water cleanup system surges.  This time delay bypass prevents inadvertent system isolations during system operational changes.



9.
Reactor Water Cleanup (RWCU) System‑Area High Ambient Temperature and Differential Temperature




High temperature in the equipment room areas of the reactor water cleanup system could indicate a breach in the reactor coolant pressure boundary in the cleanup system.




Sixteen ambient temperature and sixteen differential temperature instruments monitor the RWCU system area temperatures.  Eight ambient and eight differential temperature switches are associated with the same logic channel.  The remaining instrument channels are associated with a different logic channel.  Two ambient temperature elements are located as shown in <Figure 7.6‑1>.  Two pairs of differential temperature elements are appropriately located to measure inlet and outlet temperatures of the above locations.




When a significant increase in reactor water cleanup system area ambient temperature is detected the CRVICS initiates closure of all reactor water cleanup system isolation valves.




The output trip signal of each sensor initiates a channel trip and closure of either the inboard or outboard reactor water cleanup system isolation valve.


Diversity of trip initiation signals for temperature is provided by two ambient temperature elements for each reactor water cleanup system area.  One differential temperature element and its differential temperature switch and an ambient temperature element and its temperature switch in an RWCU area are associated with one of two logic channels.




The RWCU isolation signals can be bypassed manually from the control room by actuating a keylocked switch.



10.
RHR System‑Area High Ambient Temperature and Differential Temperature




See Section 7.6.1.3.



11.
High Temperature at the Outlet of the RWCU Nonregenerative Heat Exchanger




A high temperature signal for coolant at the discharge of the nonregenerative heat exchanger indicates the potential for damage to the filter demineralizer resins.




A temperature controller monitors nonregenerative heat exchanger temperature and provides an output signal to a CRVICS trip channel for closing outboard RWCU isolation valve G33‑F004.



12.
SLCS Actuation




Based on the need to prevent removal of the boron solution from the vessel after SLCS injection, RWCU isolation valves G33‑F001 and G33‑F004 are actuated closed by the CRVICS logic on inputs from SLCS pump A and pump B actuation respectively.



13.
Reactor Vessel Pressure




Operation of the RHR system at a high reactor vessel pressure could result in exceeding the design pressure of the system resulting in damage to piping and components and loss of reactor coolant.




Reactor vessel pressure is monitored by four redundant pressure transmitters.  Each transmitter trip unit provides an input to one of the four trip channels.



14.
Main Condenser Vacuum Trip




The main turbine condenser low vacuum signal could indicate a leak in the condenser.  Initiation of automatic closure of various valves will prevent excessive loss of reactor coolant and the release of significant amounts of radioactive material.




Four redundant pressure transmitters monitor the main condenser vacuum.  The output trip signal of each instrument channel initiates a channel trip.  The output trip signal of the channel logics are combined in one‑out‑of‑two twice logic for MSIV’s and two‑out‑of‑two logic for drain valves.




When a significant decrease in main condenser vacuum is detected, the CRVICS initiates closure of all main steam line isolation and drain valves.




Main condenser low vacuum trip can be bypassed manually from the control room by actuating a keylocked switch.


7.3.1.1.3      (Deleted)


7.3.1.1.4      RHRS‑Containment Spray Cooling Mode (RCSCM) ‑ Instrumentation and Controls


a.
Containment Spray Cooling Mode Function



The containment spray cooling mode is an operating mode of the RHR system.  It is designed to provide the capability of condensing steam in the containment atmosphere, removing fission products 



(primarily radioactive iodine in the containment atmosphere) and reducing the suppression pool temperature.  The system is automatically or manually initiated when necessary.


b.
Containment Spray Cooling Mode Operation



Schematic arrangements of system mechanical equipment is shown in <Figure 5.4‑13>.  RHR system component control logic is shown in <Figure 7.3‑5>.  Elementary diagrams are listed in <Section 1.7.1>.  Plant layout drawings are shown in <Section 1.2>.  Operator information displays are shown in <Figure 5.4‑13> and <Figure 7.3‑5>.


The containment spray cooling mode is initiated automatically or manually.  LPCI flow is diverted to the containment by opening valves E12F028A and B, E12F537A and B, and closing E12F042A, B, E12F048A, B, E12F024A and B.



The following conditions must exist before containment spray can be initiated automatically:



1.
The LOCA signal which automatically initiated LPCI must still exist.



2.
Drywell high pressure is monitored by two redundant pressure transmitters.  One of the two transmitters must indicate high pressure.



3.
The containment pressure must equal or exceed 9 psig.



4.
A 10‑minute delay after LOCA is detected.



Initiation of the containment spray automatically closes the LPCI injection valve E12F042 A, B.



Manual initiation is provided at the system level by separate armed push button switches.  High drywell pressure sensors in a one out of two configuration provide a permissive for the manual initiation.  Manual bypass of the high drywell pressure permissive is provided by keylocked bypass switches in the control room.  Bypass operation is also annunciated in the control room.



The start of the “B” loop is delayed by 90 seconds after initiation, while the “A” loop starts immediately after initiation.


7.3.1.1.5      RHRS Suppression Pool Cooling Mode (RSPCM) ‑ Instrumentation and Controls


a.
RHRS‑SPCM Function



The suppression pool cooling mode is an operating mode of the residual heat removal system.  It is designed to prevent suppression pool temperature from exceeding predetermined limits following a reactor blowdown of the ADS or safety/relief valves.


b.
SPCM Operation



Schematic arrangements of system mechanical equipment is shown in <Figure 5.4‑13>.  Component control logic is shown in <Figure 7.3‑5>.  Plant layout drawings and elementary diagrams are identified in <Section 1.7.1>.  Operator information displays are shown in <Figure 5.4‑13> and <Figure 7.3‑5>.



The suppression pool cooling mode is initiated by the control room operator either during normal plant operation or following a LOCA, when the containment atmosphere monitoring system <Section 7.6.1.8> indicates that suppression pool temperature may exceed a predetermined limit.



During normal plant operation, the operator initiates the SPCM as follows:



1.
The RHR Pump (A or B) is started.  The emergency service water pump is started and the RHR heat exchanger service water discharge valve is opened.



2.
The RHR test return line valve E12F024 A, B is opened.



3.
The RHR heat exchanger inlet and outlet valves E12F047 A, B and E12F003A, B are open.  The heat exchanger bypass valve E12F048 A, B and valve E12F003 A, B are throttled as necessary.



Subsequent to a LOCA, the operator initiates the SPCM as follows:



1.
Once reactor vessel water level has been restored, the LPCI flow must be terminated by closing the LPCI injection valve E12F042 A, B.  Closing the injection valve causes the LOCA initiation logic to be overridden and allows operator control of the valve.



2.
The RHR test return line valve E12F024 A, B control logic also has LOCA signal override provisions.  This allows the operator to open the valve.  The valves have provisions for throttling capability in order to support the operation of the M51 combustible gas mixing compressors.



3.
The RHR heat exchanger inlet and outlet valves E12F047 A, B and E12F003 A, B are open.  The heat exchanger bypass valve E12F048 A, B, can be closed after a time delay (a ten minute timer keeps this valve open following a LOCA).  Valves E12F003 A, B are throttled as necessary (the same ten minute timer keeps this valve open following a LOCA).


7.3.1.1.6      Emergency Water System (EWS) Instrumentation and Controls


a.
EWS Function



The purpose of the emergency water systems instrumentation and controls is to initiate appropriate responses from the systems to ensure the ECCS system receives adequate cooling water in the event of a design basis accident.  The emergency water systems consists of two subsystems:



1.
Emergency Service Water (ESW) System



2.
Emergency Closed Cooling (ECC) System



Emergency water systems are also used during plant shutdown, hot standby condition and when running the RHR pumps and diesel generators.


b.
ESW System Operation



The control and instrumentation equipment for the emergency service water system is located in the auxiliary building, diesel‑generator building, service water pumphouse, and the intermediate building <Figure 9.2‑1>.  The emergency service water system consists of three independent loops A, B and C, each with one pump and strainer.  Loop A and loop B are automatically initiated with the automatic initiation of the RHR or LPCS systems.  Loop A is also automatically initiated with automatic initiation of RCIC system.  Loop A supports the RCIC, RHR and LPCS, while loop B supports the RHR only (LPCI mode).  Loop C is automatically initiated with the automatic initiation of HPCS.  When shutting down loop operation, the initiation signal is remote‑manually initiated.


The motor‑operated isolation valves from the RHR heat exchangers are operated remote‑manually by a selector switch in the control room (loop A valves can also be controlled at the remote reactor shutdown panel) and open automatically upon receipt of a signal from ECCS or ESW pump start.  The pump discharge isolation valves operate from the same remote‑manual signal or the automatic signal used to initiate pump operation.  Motor‑operated sluice gates are automatically opened upon receipt of a signal from level switches in the emergency service water pumphouse forebay.  When elevated lake temperatures may cause the ESW forebay temperature to approach its maximum allowable design limit of 85(F, the sluice gate seals are inflated and the automatic opening feature is disabled.  Differential pressure switches across the emergency service water strainers start the strainer backwash operation on high differential pressure.



The flow, temperature and pressure transmitters are used to provide flow, temperature and pressure indication in the control room.  Flow, temperature and pressure switches are provided to give alarms in the control room.  Radiation monitors provide alarm signals in the event there is a leak of radioactive water into the emergency service water system (loop A and loop B) from the RHR heat exchangers.


c.
ECC System Operation



The ECC system provides the required cooling water for the emergency core cooling support components, i.e., RHR pump and room coolers, LPCS room cooler, RCIC room cooler, control complex chillers and the hydrogen analyzers.  The system is designed to provide the required cooling without compromising the independence of the redundant core cooling systems.



The control and instrumentation equipment for the emergency closed cooling system is located in the intermediate building, auxiliary building, control complex building, and the control room <Figure 9.2‑3>.



The ECC system automatic initiation circuits (ESF) are interlocked with the ECCS automatic initiation circuit (ESF).  Whenever an automatic signal (ESF signal) is provided to initiate the ECCS, the emergency closed cooling system is initiated.  When shutting down loop operation, the signal is remote‑manually initiated.  The level in each ECC system surge tank is maintained automatically by an air operated makeup valve.  The solenoid valve that supplies air to the water makeup valve is actuated by high and low level switches on each ECC system surge tank.



An electro‑hydraulic operator positions a three‑way valve at the inlet of each ECC heat exchanger.  The electro‑hydraulic operator controls this valve based on the ECC system water temperature downstream of the heat exchangers so as to maintain the ECC water temperature within acceptable limits.



The outlet of each control complex chiller contains a flow element that supplies a differential pressure signal to a flow switch.  Each flow switch trips the individual chiller when the ECC system flow rate to that particular chiller reaches a predetermined low value.



The bypass provided around the control complex chillers is employed only during maintenance and testing conditions.  At all other times, both trains of the ECCW system are aligned in their post 



accident configuration.  The following events occur automatically after a LOOP or LOCA signal:



1.
Emergency service water pumps start to supply cooling water to ECC system heat exchangers.



2.
ECC system pumps start.



3.
Motor‑operated valves on nuclear closed cooling system supply and return lines to the fuel pool coolers (Unit 2) are closed (0P42‑F380A, B, 0P42‑F440, 0P42‑F390A, B, and 0P42‑F445).



The valves associated with the fuel pool heat exchangers have isolation functions only.  Stroke times associated with these valves are not dependent upon other interactions.


No operator action is required on the ECC system for 10 minutes following initiation of a LOOP or LOCA signal.  At the end of the 10 minute period, the system continues to run.  Manual control of the ECC pumps may be assumed at any time by operating their control switch.  The operator cannot change the position of any motor operated valve that receives a LOCA or a LOOP signal until after the signal has been cleared.


7.3.1.1.7      Control Complex HVAC System


a.
System Function



The purpose of the control complex HVAC system instrumentation and controls is to monitor the control complex atmosphere and to initiate appropriate responses from the system to ensure the continued habitability of the control complex.  The instrumentation and controls for this system are shown on <Figure 6.4‑1>, <Figure 9.4‑1> and <Figure 9.4‑20>.



The Control Complex HVAC System consists of two subsystems:



1.
Control room HVAC system



2.
Control complex chilled water system


b.
System Operation



The control room HVAC system consists of two independent control loops; the power for each loop is supplied from the Class 1E electrical system.



The control room HVAC system is normally manually initiated.  Change over to the emergency recirculation mode is manually or automatically initiated by high drywell pressure, low reactor water 



level, high radiation signal from the system radiation monitor, or as a result of a LOOP condition.  Change over to the smoke clear mode is manually initiated.



Status lights on the control panel indicate that the motor driven fans are energized.  All dampers are provided with limit switches to provide indication of their opened or closed position on the control panel.  During emergency recirculation mode of operation, one or both of the fans operate continuously.



The instrumentation and controls for the control complex chilled water system are shown in <Figure 9.4‑20>.



The control complex chilled water system has two loops.  Loop A provides chilled water to the control room cooling coil A, and motor control center area and miscellaneous areas cooling coil A.  Loop B provides chilled water to the control room cooling coil B, and the motor control center area and miscellaneous areas cooling coil B.  The two loops (A and B) are served by three 100 percent capacity circulating pumps and three 100 percent capacity chillers (A, B and C).



The circulating pumps and associated chillers are powered from the Class 1E electrical system.



A control complex chilled water chiller is automatically shut down upon loss of chilled water or cooling water flow through the chiller.



The Control Complex Chilled Water C chiller which is not diesel backed can be operated as a front line chiller, and chiller A and B can be used as standby chillers.  During a LOOP/LOCA event, the 



Control Complex Chilled Water C chiller and its associated pump are tripped.  The A and B chiller and pumps are automatically started upon receiving a LOOP/LOCA signal.



The system valve lineup and operation will be the same for normal and post‑LOOP or LOCA conditions.



The operation of the system, with the exception of the automatic chiller shutdowns, is remote‑manual.



Separation within the control complex chilled water system is such that no single failure will cause the complete loss of the chilled water system.   The circulating pumps and associated chiller and control equipment have the following power division arrangements:



Division 1 (Unit 1)   Division 2 (Unit 1) 
Division 1 (Unit 2)



Circulating Pump A
  Circulating Pump B
Circulating Pump C



Chiller A


  Chiller B


Chiller C



Controls & Instr. A
  Controls & Instr. B
Controls & Instr. C


7.3.1.1.8      ESF Building and Area HVAC System ‑ Instrumentation and Control


a.
System Function



The ESF building and area HVAC systems provide and maintain suitable environmental conditions for ESF or ESF supporting 



equipment building compartments.  The ESF Building and Area HVAC system consist of:



1.
Motor control center (MCC), switchgear and miscellaneous electrical equipment area HVAC System.



2.
Battery room exhaust system.



3.
Diesel generator building ventilation system.


b.
System Operation



The MCC, switchgear and miscellaneous electrical equipment area HVAC system consists of two redundant trains of fans, filters, plenums, and ductwork Refer to <Figure 9.4‑1>.



The MCC, switchgear and miscellaneous electrical equipment area HVAC system is normally manually initiated from a local panel.  During normal operation, one of the two trains of redundant components operate continuously.  A LOOP or combined LOCA signal consisting of low reactor water level or high drywell pressure will automatically initiate the standby train.  In addition, automatic switch over to the standby train on low flow is provided as an operator convenience during normal operation.



Smoke detectors are installed in each supply and return fan discharge duct to give alarm indication on the local panel and to alarm in the control room upon detection of smoke.



Each room (total of 21 rooms) is provided with a temperature element which alarms and indicates on a temperature monitoring system in the control room.  In addition, all fan motors are provided with status indicating lights in the control room.



The battery room exhaust system consists of two redundant subsystems or trains <Figure 9.4‑1>.



The battery room exhaust system is normally manually initiated from a local panel.  During normal operation, one of the two trains of redundant components operate continuously.  A LOOP or a combined LOCA signal consisting of low reactor water level or high drywell pressure will automatically initiate the standby train.  In addition, automatic switchover to the standby train on low flow is provided as an operator convenience during normal operation.



Smoke detector in the outlet duct of each fan to give alarm indication on the local panel and to alarm in the control room upon detection of smoke.



All components are controlled from a local panel.  All fan motors are provided with indicating or status lights in the control room.



The diesel generator building ventilation system has two 100 percent capacity redundant supply fans for each division diesel generator room <Figure 9.4‑14>.



The diesel generator building ventilation system is normally idle, except for the auxiliary exhaust fan, which operates automatically when the diesel is not operating to promote further cooling in the diesel generator room.  The system is automatically initiated when the respective diesel generator is started.  See <Chapter 8> for diesel generator initiation signals.  The supply fans can be started and stopped remote‑manually from the control room.  All of the DGBVS fans are interlocked to prevent their operation when the fire protection CO2 system is activated.



Each diesel generator room is provided with two 100 percent capacity redundant supply fans.  Each system is supplied power from the diesel generator it serves.  Because cooling is not required, unless the diesel generator is operating, redundant power supplies are not required.



The diesel generator building ventilation system supply fans are remote‑manually controlled from the control room.  The mixing and exhaust louvers are interlocked with their respective fans.  The mixing louvers are modulated by a temperature controller when the corresponding fan is running and assume their failed positions when the fan is stopped.  When both fans are stopped, the mixing louvers modulate to promote natural ventilation.  The exhaust louvers open when either supply fan is running and close when both supply fans stop.  However, the exhaust louver closest to the auxiliary exhaust fan is maintained open during exhaust fan operation.  The supply fans and exhaust louvers are provided with status lights.  Control room switches permit operation of the ventilation systems independently of the diesel generators for testing or other purposes.  The auxiliary exhaust fans operate automatically when the diesel generator is not operating to promote further cooling in the associated diesel room, and can be started and stopped manually from their local control panels.



The indications and alarms provided in the control room allow the operator to monitor and control the operation of each system.  The redundant supply fans in each diesel generator room permit maintenance and testing without affecting diesel generator availability.


7.3.1.1.9      Annulus Exhaust Gas Treatment System (AEGTS)


a.
System Function



The AEGTS maintains a negative pressure differential between the containment vessel annulus and the outside so that leakage from the containment vessel will be detained in the annular space, mixed with the annulus space air, diluted with air leakage into the annular space, and filtered before release to the unit vent <Section 6.5.3>.


b.
System Operation



The AEGTS consist of two independent and redundant systems.  One system operates during normal plant operation and the standby system is automatically initiated by a LOCA signal or abnormal low air flow.



During normal operation, the system creates a small negative pressure in the annular region, exhausting gases which may leak from the containment through the filter system to the plant vent thereby eliminating the possibility of uncontrolled ground level releases of radioactive gases through containment leaks.  Each system is powered from a separate Class 1E power supply.



Two pressure differential transmitters, spaced 180( apart, transmit signals to record in the control room the pressure differential between the annulus and the outdoor air.  The differential pressure transmitters also transmit signals to a differential pressure signal modifier which is wired to a controller located in the control room.  The differential pressure signal modifier selects the least pressure differential signal and transmits a signal to the controller which sequentially modulates the discharge damper and the recirculation damper in order to maintain a (negative) 



pressure differential in the annulus of 0.66 inch w.g.  The 0.66 inches of water gauge pressure differential is provided to maintain the 0.25 inches of water gauge minimum pressure differential required due to instrument location, to meet plant post‑LOCA conditions, and to adjust for all environmental conditions.  The controller, located in the control room, has an AUTO/MANUAL switch to allow manual operation of the motor‑operated dampers in case of controller malfunction.



The AEGTS operation will be under administrative control so that the units may be maintained as required by the maintenance schedule and procedures.  Low flow alarms, pressure drop indicators, temperature indicators, and radiation monitor indicators are located in the control room and will give indication of the performance of the operational unit.



The AEGTS can be controlled remote‑manually from the control room.  All dampers and fan motors are provided with status indicating lights in the control room.


7.3.1.1.10      Pump Room Cooling System ‑ Instrumentation and Controls


a.
System Function



The purpose of the pump room cooling systems instrumentation and controls is to provide indication of proper cooling operation and to provide controls to put the cooling system into operation.



The instrumentation for the following systems is shown on <Figure 9.4‑11>, <Figure 9.4‑12>, and <Figure 9.4‑13>.


b.
System Identification



The pump rooms cooling system consists of the following subsystems:



1.
The emergency core cooling system pump room cooling systems (ECCSCS)




(a)
High pressure core spray pump room cooling system.




(b)
Low pressure core spray pump room cooling system.




(c)
Residual heat removal C pump room cooling system.




(d)
Residual heat removal pump A room and residual heat removal pump A heat exchanger room cooling system.




(e)
Residual heat removal pump room B and residual heat removal pump B heat exchanger room cooling system.




(f)
Reactor core isolation cooling pump room cooling system.



2.
The emergency service water pumphouse ventilation system (ESWVS).



3.
The emergency closed cooling pump area cooling system (ECPCS).



The power supplied to each system instrumentation and controls is the same as the associated pump.


c.
System Operation



1.
ECCSCS




The fan cooling unit for the reactor core isolation cooling pump room will run in conjunction with the RCIC pump because it is interlocked with the RCIC turbine steam admission valve.  The other ECCS pump room fan cooling units are interlocked with their respective pump motor circuits and will run whenever their associated pump runs.




A temperature element in each ECCS pump room and heat exchanger room alarms and gives readout in the control room when a preset high temperature is exceeded.




A differential pressure switch across each fan alarms in the control room and indicates locally on low air flow with the fan in operation.



2.
ESWVS




The electric motor‑operated outside and return air dampers in each fan mixing box are controlled by a temperature controller.  The outside air dampers fail closed and the return air dampers fail open on loss of control signal.  When the corresponding fan is stopped, the dampers are in their fail position.  When the corresponding fan is started, the dampers are permitted to modulate.




A differential pressure switch across each fan alarms in the control room on low air flow as a result of high or low differential pressure with fan in operation.


Temperature elements in the pump area alarm in the control room when the room temperature falls below or rises above a preset low and high temperature set points.




The fan cooling units are interlocked with the corresponding pump motor circuits and will run whenever their associated pump runs.




The power for the instrumentation and controls on each fan cooling unit is provided from the same ESF division as the corresponding ESW pump.



3.
ECPCS




The fan cooling units are interlocked with the associated pump motor circuits and will run whenever their associated pump runs.




Temperature elements in the pump area alarm and give readout in the control room when a preset high temperature is exceeded.




A differential pressure switch across each air handling unit fan alarms in the control room and indicates low air flow on local panel with the fan or associated pump in operation.




The power supply to the instrumentation and controls for each fan cooling unit is from the same ESF division as the corresponding pump.


7.3.1.1.11      Containment Combustible Gas Control System


a.
Containment Combustible Gas Control System Function



The purpose of the combustible gas control in containment system is to monitor for the presence of free hydrogen gas within the drywell and containment following the unlikely event of a LOCA and to provide a means of controlling the buildup of this gas in the containment.  Upon the detection of predetermined concentrations of hydrogen, the mixing system, and recombiner system will be manually started to mix the atmosphere within the drywell and containment, and to reduce the concentration of hydrogen within the drywell and containment.  The combustible gas purge system can also be manually placed in operation from the control room to vent the drywell <Figure 6.2‑62> and <Figure 7.3‑8>.



The CCGCS consists of four subsystems:



1.
Hydrogen Analysis System



2.
Hydrogen Mixing System



3.
Hydrogen Recombination System



4.
Combustible Gas Purge System


b.
System Operation



The hydrogen analysis system consists of two completely redundant hydrogen analyzers each with control room recorders and switch stations.  One is located in the auxiliary building at Elevation 620’‑6” and the other in the intermediate building at Elevation 654’‑6” <Figure 1.2‑5> and <Figure 1.2‑7>.  One is supplied by Division 1, the other by Division 2.  Each analyzer 



samples from four redundant sample lines:  one from above the suppression pool, one from the space between the reactor vessel head and the drywell dome, one from the top of the drywell area, and one from the top of the dome of the containment vessel <Figure 7.3‑8>.



Each sample point is manually selected for continuous sampling.  After passing through the analyzers, the gas samples and any associated moisture are returned to the containment in an area above the suppression pool <Figure 7.3‑8>.  Each analyzer has the capability to measure a range of 0‑10% hydrogen concentration and is provided with reference and calibration gases as required.  Each analyzer has alarms to annunciate in the control room for the following conditions; high and high‑high hydrogen concentration, low sample flow, and system failure.  The sample isolation valves are closed during normal plant operation.  They are opened by an administratively controlled key operated switch prior to starting the hydrogen analyzers following a LOCA.



The hydrogen mixing system consists of two completely independent redundant systems located in adjacent quadrants of the containment building.  Each system consists of one air compressor and related ductwork.



Low discharge pressure for the compressor will be annunciated in the control room.  Isolation valves between the drywell and containment vessel are motor‑operated and have position indication in the control room.  The compressor discharge control valve is interlocked to open when the compressor is started and closed when the compressor is stopped.  Selector switches in the control room are provided for remote‑manual control of these valves.



The system is normally idle except for periodic testing.  Following a LOCA, each mixing system is started manually on high hydrogen concentration in the drywell.  Manual initiation is acceptable because high hydrogen concentration will not be reached for at least a number of hours after the LOCA.



The hydrogen recombination system consists of two completely redundant systems located in the containment.  Each system consists of a recombiner unit, a power supply cabinet and control panel which are separately mounted.  The power supply cabinet and control panel are located outside containment.  A wattmeter and thermocouple readout are provided on the control panel to monitor performance.



The hydrogen recombiners are remote‑manually initiated from the control complex.  Except for periodic testing, the recombiners are idle during normal operation.



The combustible gas purge system is designed to aid in the cleanup of hydrogen.  This purge system is manually operated from the control room.  The system is designed to utilize the annulus gas treatment unit to exhaust the hydrogen laden air from the drywell/containment.  The system is provided with two containment isolation valves and a flow control valve failed in the open position which allows straight through flow to the AEGTS filters.  The AEGTS is normally in service.  The combustible gas purge system is normally used for drywell pressure control during plant startup and operation.  For additional hydrogen control, refer to <Section 7.6.1.9>, Hydrogen Control System.


7.3.1.1.12      Suppression Pool Makeup (SPMU) System ‑ Instrumentation and Controls


a.
System Function



The suppression pool makeup (SPMU) system instrumentation and controls are designed to allow transfer of a portion of the water from the upper pool to the suppression pool.  It will ensure long term drywell vent water coverage for all conceivable postaccident entrapment volumes, by gravity flow from the upper pool in accordance with the design basis described in <Section 6.2.7>.


b.
System Operation



Four motor operated valves are furnished, two for each line, along with appropriate piping to route water from the upper pool to the suppression pool when the occasion demands it.  Four narrow range (16‑19 ft) suppression pool level measuring sensors are provided which will signal the need for water when the “low‑low” water level (LLWL) is reached following a LOCA.  Additionally, automatic makeup occurs following a LOCA plus a time delay.  System logic is shown in <Figure 7.3‑9>.  For system P&ID, see <Figure 6.2‑67>.  <Section 7.5.1.4.2.4.d> provides a further discussion of the suppression pool water level instrumentation.



One narrow range channel per division is indicated and recorded in the control room.  In addition, the LLWL set point both annunciates and provides a signal to actuate the suppression pool makeup flow.



Level sensor actuation signals for suppression pool makeup in a single electrical division are parallel such that either level sensor provides a signal to open the series valves on only the suppression pool makeup line in the same electrical division as the level sensors.



Each level sensor is a differential pressure cell.  The instrument water level sensing lines run from the suppression pool to the sensors located outside of containment with the sensor static reference lines returning to containment atmosphere.



The suppression pool makeup system is not required for normal operations.  The suppression pool level instrumentation channels will provide the operator with suppression pool level information during normal operation, and will also be available for postaccident tracking of suppression pool level.



The suppression pool makeup system controls do not require operator action to initiate the correct responses.  However, the control room operator can manually initiate the system in modes requiring use.  Alarms and indications in the control room allow the operator to interpret any situation that requires the suppression pool makeup system and to verify the responses of the system.


7.3.1.1.13      Containment Vacuum Relief (CVR) System


a.
System Function



The CVR system is provided to limit the buildup of negative pressure inside the containment vessel in the event that one or both of the containment spray loops are inadvertently actuated <Figure 7.3‑10>.


b.
System Operation



The check valves are normally closed while the motor operated isolation valves are normally open.  Both valves can be operated from the control room.  The motor‑operated isolation valve is closed automatically by a containment isolation signal.  If vacuum relief is required during containment isolation, differential 



pressure devices provide an isolation override and automatically open the valve as required.  The control logic for this system is shown in <Figure 7.3‑11>.  Isolation valve position indicating lights and system bypassed, inoperative alarms in the control room provide the operator sufficient information to monitor the status of the system and its devices.


7.3.1.1.14      Drywell Vacuum Relief (DVR) System


Refer to <Section 7.7.1.12>


7.3.1.1.15      Standby Power Support Systems ‑ Instrumentation and Controls


The standby power support systems consist of the HPCS and standby diesel generator support systems <Section 8.3.2>.


a.
System Function



The purpose of the diesel generator support system instrumentation and control is to ensure the availability of an adequate fuel oil supply and starting air pressure to start and operate the diesel generators and to ensure that the ventilation fans are available to carry away heat from the diesel generators and prevent heat buildup in the room.  Additionally, lubricating oil level and temperature and coolant temperature are maintained and monitored to assure quick start capability.  The diesel generator ventilation system is discussed in <Section 7.3.1.1.8>.



The diesel generator support systems for each of the standby and HPCS diesel generators include the following five subsystems:



1.
Diesel generator fuel oil system.



2.
Diesel generator starting air system.



3.
Diesel generator ventilation system.



4.
Lubricating oil system.



5.
Cooling water system.


b.
System Operation



1.
Diesel Generator Fuel Oil System




The instrumentation and controls for the diesel generator fuel oil storage and transfer system are provided to ensure that fuel is always available in the day tank and to alert the plant operators to any conditions which might jeopardize that objective so that corrective action can be taken.




Level switches are provided to automatically start and stop the fuel transfer pumps to maintain the fuel oil level in the day tanks within predetermined limits.  Abnormal level conditions within the fuel tanks are annunciated in the control room.  Pressure and level indicators are provided locally at the equipment as shown on <Figure 9.5‑8>.




The diesel generator fuel oil transfer system has two motor‑driven fuel transfer pumps per day tank.  These pumps are normally operated automatically, although manual operation is possible from the local control panel for functional checkout or instrumentation calibration.  In the automatic mode, a “low” level switch on the day tank starts the primary online pump.  A separate “low‑low” level switch starts the standby pump and annunciates this condition on the standby diesel generator local control panel and in the control room 




by actuating the general diesel generator trouble alarm.  Both pumps are stopped by individual “high” level switches.  Additional level switches on the day tanks annunciate alarms on the standby diesel generator local control panel and in the control room if the tank level should continue to rise past the high level pump cutoff point or drop below the standby pump start level.  Overflow is diverted back to the main storage tank.




Level switches are provided on the main storage tank to annunciate when fuel oil inventory drops below minimum required levels.  Separate alarms are provided, both on the standby diesel generator local control panel and in the main control room, for level corresponding to a seven day supply of fuel oil and for level corresponding to a 24 hour supply of fuel oil.  Alarms are also provided for the standby diesel generators only on the local diesel generator control panel for fuel oil transfer pump strainer high pressure drop.  Actuation of any of the alarms on the local control panel annunciate the diesel generator trouble alarm in the control room.




Control room indication is provided for the storage and day tank levels.  Local indication is provided for transfer pump discharge pressure, fuel oil strainer pressure drop and standby diesel generator day tank level.




A discussion of diesel generator engine protection interlocks is contained in <Section 8.3>.  The detailed description of the fuel oil day tanks, storage tank and fuel transfer system is provided in <Section 9.5.4> for the standby diesel generator, and <Section 9.5.9.1> for the HPCS diesel generators.



2.
Diesel Generator Starting Air System




The diesel generator starting air system instrumentation and controls are provided to ensure that an adequate supply of compressed air is always available during plant operation.  Alarms are provided to alert the plant operators to lack of adequate air pressure in either of each diesels redundant air start systems so that corrective action can be taken.  The starting air system is completely described in <Section 9.5.6> for the standby diesel generators and <Section 9.5.9.3> for the HPCS diesel generators and is shown on <Figure 9.5‑10>.  Control of each engine’s two independent air compressors is through controls mounted on a local panel.  The compressor may be operated manually by use of a selector switch but the normal mode is automatic operation.  The automatic controls cycle the compressor as required to maintain the required receiver tank pressure.  A local pressure indicator is provided for each receiver tank.




To provide for monitoring of starting air availability and interfacing with the standby diesel generator engine controls, a pressure sensing line is routed from just upstream of each pair of air admission solenoid valves on the engine to the local diesel generator control panel.  In the control panel these lines connect to the following instrumentation:




(a)
Pressure switches, two pair of switches per air start system, one pair of switches will actuate common starting air pressure low alarms on the local diesel generator control panel and in the control room if either air start receiver reaches the low setpoint.  Actuation of the local alarm also actuates the diesel generator trouble alarm in the control room.  The second pair of switches 





will actuate the diesel generator out of service alarm in the control room if either air start receiver reaches the low low setpoint.




(b)
Pressure switches, one per air start system, which interlock with the diesel generator LOCA and bus under/degraded voltage start circuit.  Inadequate starting air pressure will prevent the corresponding start air admission solenoid valves from opening.  This condition is applicable to LOCA and bus under/degraded voltage starts.



(c)
Pressure switches, one per air start system, which control each air compressor.




(d)
Pressure gauges, one per air start system.




A discussion of engine generator protection interlocks is contained in <Section 8.3>.



3.
Diesel Generator Lubrication System




The diesel engine lubrication oil system is provided with sensors, controls and alarms as required to ensure complete monitoring of satisfactory system performance, safe engine operation and to alert the plant operators to abnormal conditions requiring investigation and corrective action.  For the standby diesel generators, this system is instrumented as shown on <Figure 9.5‑11>.  For the standby diesel generators, instrumentation and controls are provided to monitor system pressures at important points, lubrication oil temperatures in and out of the engine, sump tank level, and provide automatic operation of the keepwarm circulating pump and heater.  The HPCS diesel generator lubricating oil system is detailed in <Section 9.5.9.4>.




To alert the plant operators of abnormal conditions which should be investigated for corrective action on the standby diesel generators, alarms are provided for the following parameters:




(a)
Sump Tank Level Low




(b)
Lube Oil Pressure Low




(c)
Right Bank Turbocharger Oil Pressure Low




(d)
Left Bank Turbocharger Oil Pressure Low




(e)
Lube Oil Filter Pressure Drop High




(f)
Lube Oil Strainer Pressure Drop High




(g)
Lube Oil into Engine Temperature Low




(h)
Lube Oil into Engine Temperature High




(i)
Lube Oil from Engine Temperature Low




(j)
Lube Oil from Engine Temperature High




(k)
Keepwarm Oil Pump/Heater Control Switch not in “AUTO”




(l)
Engine Trip due to Low Lube Oil Pressure




(m)
Engine Trip due to Low Turbocharger Oil Pressure




(n)
Engine Trip due to High Lube Oil Temperature




With the exception of the Control Switch not in Auto alarm (Item k.), each condition annunciates a separate alarm on the local diesel generator control panel.  The local alarm for Item k. is shared with other control switches which are normally to be in an AUTO position.  Actuation of any of the local alarms also annunciate a common diesel generator trouble alarm in the control room.  Additionally, those parameters which cause an engine trip (Items l, m, n) are separately annunciated in the control room.


The three engine trip functions (low lube oil pressure, low turbocharger oil pressure, high lube oil temperature) are only available when the engine is started for non‑emergency purposes, e.g., periodic surveillance testing, and serve to trip the engine during normal operation long before damage might occur.  When the engine is started by a LOCA or a bus under/degraded voltage signal these three trips are de‑activated but not their corresponding alarms.  This allows the plant operators to evaluate the operating condition of the engine against overall plant requirements and then make a decision as to whether or not to shut down the diesel generator.


A bypass of the nonessential trips for the Division 1 diesel generator is provided by a keylock switch (1R43‑S122SS) in the Division 1 Engine Control Panel (1H51P054A).  This bypass switch will be positioned in the ‘OFF’ position during normal plant operation.  This switch will have no effect on the plant when positioned in the ‘OFF’ position because this causes the switch contacts to be in an open condition.  The switch will only be placed in the ‘ON’ position in the event of a Control Room fire, and there is a need to restart the diesel generator following a high temperature trip.




On the standby diesel generator, the keepwarm oil pump is provided with controls permitting automatic or manual operation.  Except for testing or maintenance situations the pump is operated in the AUTO mode and is interlocked with the diesel generator so that the pump runs whenever the diesel generator is not running.  The keepwarm heater control is interlocked with the pump so that the heater can only be energized when the pump is running.




When the standby diesel generator keepwarm pump is running, the heater cycles on and off as demanded by a lubricating oil thermostat located on the engine.




Separate indicators are provided on the standby diesel generator local control panel for lubricating oil pressure, right bank and left bank turbocharger oil pressure and lubricating oil filter differential pressure.  Thermocouples in the lubricating oil piping feed signals corresponding to lubricating oil temperature into and from the engine to the multiple position selector switch on the local control panel.  Through the use of this switch, which also receives signals from the combustion air intake and exhaust system and the engine cooling water system, these temperatures may be displayed on the digital temperature indicator on the local control panel.




Another set of thermocouples in the lubricating oil piping feed oil temperature in and out of the engine signals to a slow speed temperature recorder in the local control panel.  This recorder operates continuously and provides a continuous record of important engine temperature for performance monitoring, trending and engine diagnostics.



4.
Diesel Generator Cooling Water System




The diesel engine cooling water system is designed to remove the heat loads of the engine air intercooler, oil cooler and water jacket.  Additional information on this system is provided in <Section 9.5.5> for the standby diesel generators and <Section 9.5.9.2> for the HPCS diesel generators.


7.3.1.1.16      Fuel Handling Area Exhaust Subsystem


The Fuel Handling Area Exhaust Subsystem (FHAES) is a subsystem of the Fuel Handling Area Ventilation System (FHAVS).  The FHAES is an ESF System.


a.
FHAES Function



The purpose of the exhaust subsystem is to exhaust air from potentially contaminated areas.  The air is filtered and passed through a charcoal filter train prior to discharge to atmosphere via the unit vent.


b.
FHAES Operation



The exhaust subsystem consists of three‑50 percent capacity exhaust fans and three‑50 percent capacity charcoal filter trains.  These filter trains include demisters, roughing filters, electric heating coils, HEPA prefilters, charcoal filters, and HEPA after‑filters.



Schematic arrangements of mechanical equipment and instrumentation for the ESF and non‑ESF portions of the Fuel Handling Area Ventilation System are shown on <Figure 9.4‑4>.



Fuel Handling Area Exhaust Subsystem instrumentation is provided for indication in the control room of the following:



1.
Indication of which exhaust fans are energized (status light).



2.
Low air flow with exhaust fan in operation (alarm).



3.
Smoke in exhaust fan common discharge ducts (alarm).



4.
High radiation in the exhaust duct (alarm).



5.
High and high‑high temperature in the charcoal beds (alarm).



6.
FHB HVAC system overload/power lost (alarm).



7.
Continuous carbon bed temperature indication on panel H13‑P904.



8.
Exhaust air high moisture (alarm).


This system is manually initiated from the control room.  During normal operation one supply fan and two exhaust fans operate.  High radiation upstream of the charcoal exhaust units alarms in the control room and shuts down the supply fan.  The exhaust units continue to run exhausting air through the charcoal filter units.


7.3.1.2      Design Basis


The ESF systems are designed to provide timely protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  <Chapter 15> identifies and evaluates events that jeopardize the fuel barrier and reactor coolant pressure boundary.  The methods of assessing barrier damage and radioactive material releases, along with the methods by which abnormal events are identified, are presented in that chapter.


a.
Variables Monitored to Provide Protective Action



The following variables are monitored in order to provide protective actions to the ESF systems:



1.
HPCS




(a)
Reactor Vessel Low Water Level (Trip Level 2)




(b)
Drywell High Pressure



2.
ADS




(a)
Reactor Vessel Low Water Level (Trip Level 3)




(b)
Reactor Vessel Low Water Level (Trip Level 1)



3.
LPCS and LPCI




(a)
Reactor Vessel Low Water Level (Trip Level 1)




(b)
Drywell High Pressure



4.
CRVICS




(a)
Reactor Vessel Low Water Level (Trip Level 3)




(b)
Reactor Vessel Low Water Level (Trip Level 2)




(c)
Reactor Vessel Low Water Level (Trip Level 1)




(d)
Main Steam Line High Radiation




(e)
Main Steam Line Area High Ambient and Differential Temperature (MSL Tunnel), MSL Area High Ambient Temperature (Turbine Bldg).




(f)
Main Steam Line High Flow




(g)
Turbine Inlet Low Steam Pressure




(h)
Containment and Drywell Purge and Vent Exhaust High Radiation




(i)
RWCU High Differential Flow




(j)
RWCU Area High Ambient Temperature and Differential Temperature




(k)
RHR Area High Ambient Temperature and Differential Temperature




(l)
Main Condenser Low Vacuum




(m)
High Drywell Pressure




(n)
RWCU Heat Exchanger Outlet High Temperature




(o)
SLCS Actuation




(p)
Reactor Vessel Pressure



5.
(Deleted)



6.
RHRS‑CSCM




(a)
Drywell High Pressure




(b)
Reactor Vessel Water Level (Trip Level 1)




(c)
Containment High Pressure



7.
RHRS‑SPCM




(a)
Suppression Pool Temperature




(b)
Drywell High Pressure




(c)
Reactor Vessel Low Water Level (Trip Level 1)



8.
Emergency Water Systems:  ESW and ECC




(a)
RHR, LPCS, RCIC, or Diesel Generator Start




(b)
HPCS Start (just Loop “C” of ESW is needed)



9.
Containment Combustible Gas Control System




(a)
Containment hydrogen concentration



10.
Standby Power Systems




(a)
HPCS and Standard Diesel Generator Systems





(1)
Refer to <Section 8.3.2>




(b)
Diesel Generator Support Systems





(1)
Fuel Oil Day Tank Level





(2)
Fuel Oil Main Storage Tank Level





(3)
Starting Air Receiver Pressure





(4)
Standby or HPCS Diesel Start



11.
Annulus Exhaust Gas Treatment System (AEGTS)




(a)
Reactor Vessel Low Water Level (Trip Level 1 or 2)




(b)
Drywell High Pressure




(c)
Annulus to Outside Air Differential (AEGTS only)




(d)
Low Flow (Fan Failure) on the Operating Train



12.
Suppression Pool Makeup System




(a)
Reactor Vessel Low Water Level (Trip Level 1)




(b)
Drywell High Pressure




(c)
Suppression Pool Low‑Low Level



13.
Containment Vacuum Relief System




(a)
Reactor Vessel Low Water Level (Trip Level 2)




(b)
High Drywell Pressure




(c)
Low Containment to Outside Air Differential Pressure



14.
ESF Building and Area HVAC System




(a)
Reactor Vessel Low Water Level (Trip Level 1)




(b)
High Drywell Pressure




(c)
Diesel Generator Start Signals (Diesel Generator Building Ventilation System only)



15.
Pump Room Cooling Systems




(a)
ECCS Pump Motor Running




(b)
RCIC Steam Admission valve Open.  (RCIC Pump Room only)



16.
Control Complex HVAC




(a)
Reactor Vessel Low Water Level (Trip Level 1)




(b)
Drywell High Pressure




(c)
High Radiation




(d)
Loss of Offsite Power



17.
Fuel Handling Area Ventilation System




(a)
Charcoal Filter Inlet High Radiation



The plant conditions which require protective action involving the ESF systems are described in <Chapter 15> and <Appendix 15A>.


b.
Location and Minimum Number of Sensors



Where applicable in Technical Specifications, the minimum number of sensors is specified to monitor safety‑related variables.  There are no sensors in the ESF systems which have a spatial dependence.


c.
Prudent Operational Limits



Operational limits for each safety‑related variable trip setting are selected with sufficient margin so that a spurious ESF system initiation is avoided.  It is then verified by analysis that the release of radioactive materials, following postulated gross failures of the fuel or the nuclear system process barrier, is kept within acceptable bounds.


d.
Margin



The margin between operational limits and the limiting conditions of operation of ESF systems are accounted for in Technical Specifications.


e.
Levels



Levels requiring protective action are established in Technical Specifications.


f.
Range of Transient, Steady‑State and Environmental Conditions



Environmental conditions for proper operation of the ESF components are discussed in <Section 3.11>.


g.
Malfunctions, Accidents and Other Unusual Events Which Could Cause Damage to Safety System



<Chapter 15> describes the following credible accidents and events:  floods, storms, tornadoes, earthquakes, fires, LOCA, pipe break outside containment.  Each of these events is discussed below for the ESF systems.



1.
Floods




The buildings containing ESF systems components have been designed to meet the PMF (Probable Maximum Flood) at the site location.  This ensures that the buildings will remain water‑tight under PMF conditions including wind generated wave action and wave runup.  For a discussion of internal flooding protection, refer to <Section 3.4.1> and <Section 3.6>.



2.
Storms and Tornadoes




The buildings containing ESF systems components have been designed to withstand meteorological events described in <Section 3.3>.



3.
Earthquakes




The structures containing ESF systems components have been seismically qualified as described in <Section 3.7> and <Section 3.8>, and will remain functional during and following a safe shutdown earthquake (SSE).  Seismic qualification of instrumentation and electrical equipment is discussed in <Section 3.10>.



4.
Fires




To protect the ESF systems in the event of a postulated fire, the redundant portions of the systems are separated by fire barriers.  If a fire were to occur within one of the sections or in the area of one of the panels, the ESF systems functions would not be prevented by the fire.  The use of separation and fire barriers ensures that even though some portion of the systems may be affected, the ESF systems will continue to provide the required protective action.



5.
LOCA




The ESF systems components functionally required during and/or following a LOCA have been environmentally qualified to remain functional as discussed in <Section 3.11>.



6.
Pipe Break Outside Secondary Containment




This condition will not affect the ESF systems.  Refer to <Section 3.6>.



7.
Missiles




Protection for safety‑related components is described in <Section 3.5>.


h.
Minimum Performance Requirements



Minimum performance requirements for ESF instrumentation and controls are provided in Technical Specifications.


7.3.1.3      Final System Drawings


The final system drawings, including piping and instrumentation diagrams, flow diagrams and functional control diagrams control logic diagrams, have been provided or referenced for the ESF systems in this section.


ESF systems elementary diagrams are listed in <Section 1.7.1>.


7.3.2      ANALYSIS


7.3.2.1      ESF Systems ‑ Instrumentation and Controls


<Chapter 15> evaluates the individual and combined capabilities of the ESF systems.


The ESF systems are designed such that a loss of instrument air, a plant load rejection or a turbine trip will not prevent the completion of the safety function.


7.3.2.1.1      Conformance to <10 CFR 50 Appendix A>


The following is a discussion of conformance to those General Design Criteria which apply specifically to the ESF systems.  Refer to <Section 7.1.2.2> for a discussion of General Design Criteria which apply equally to all safety‑related systems.


a.
Criterion 33



See <Section 7.3.1.1.1> (HPCS).


b.
Criterion 34



See <Section 7.3.1.1.1> (ECCS) and <Section 7.3.1.1.6> (EWS).


c.
Criterion 35



See <Section 7.3.1.1.1> (ECCS) and <Section 7.3.1.1.6> (EWS).


d.
Criterion 37, 46



See <Section 7.3.2.1.3> <Regulatory Guide 1.22>.


e.
Criterion 38



See <Section 7.3.1.1.4> (RHRS‑CSCM), <Section 7.3.1.1.5> (RHRS‑SPCM) and <Section 7.3.1.1.6> (EWS).


f.
Criterion 40



See <Section 7.3.1.1.4> (RHR‑CSCM) and <Section 7.3.1.1.5> (RHRS‑SPCM).


g.
Criterion 41



See <Section 7.3.1.1.11> (CCGC) and <Section 7.3.1.1.9> (AEGTS).


h.
Criterion 44



See <Section 7.3.1.1.6> (EWS)


i.
Criterion 64



See <Section 7.3.1.1.4> (CRVICS).


7.3.2.1.2      Conformance to IEEE Standards


The following is a discussion of conformance to those IEEE standards which apply specifically to the ESF systems.  Refer to <Section 7.1.2.3> for a discussion of IEEE standards which apply equally to all safety‑related systems.


a.
IEEE Standard 279 Criteria for Protection Systems for Nuclear Power Generating Stations



1.
General Functional Requirement (IEEE Standard 279, Paragraph 4.1)




The ESF systems automatically initiates the appropriate protective actions, whenever the parameters described in <Section 7.3.1.2.a> reach predetermined limits, with precision and reliability, assuming the full range of conditions and performance discussed in <Section 7.3.1.2>.



2.
Single Failure Criterion (IEEE Standard 279, Paragraph 4.2)




ESF systems are not required to meet single failure criteria on an individual system (division) basis.  However, on a network basis, the single failure criteria does apply to assure the completion of a protective function.  Redundant sensors, wiring, logic, and actuated devices are physically and electrically separated such that a single failure will not prevent the protective function.  Refer to <Section 8.3.1.4> for additional discussion of the PNPP separation criteria.



3.
Quality Components (IEEE Standard 279, Paragraph 4.3)




For a discussion of the quality of ESF system components and modules, refer to <Section 3.11>.



4.
Equipment Qualification (IEEE Standard 279, Paragraph 4.4)




Qualification tests of the relay panels are conducted to confirm their adequacy for this service.  In situ operational testing of these sensors, channels and other entire protection system will be performed during the preoperational test phase.




For a complete discussion of ESF equipment qualification, refer to <Section 3.2>, <Section 3.10> and <Section 3.11>.



5.
Channel Integrity (IEEE Standard 279, Paragraph 4.5)




For a discussion of ESF systems channel integrity under all extremes of conditions described in <Section 7.3.1.2>, refer to <Section 3.10>, <Section 3.11>, <Section 8.2.1>, and <Section 8.3.1>.



6.
Channel Independence (IEEE Standard 279, Paragraph 4.6)




ESF systems channel independence is maintained through the application of the PNPP separation criteria as described in <Section 8.3.1.4>.



7.
Control and Protection Interaction (IEEE Standard 279, Paragraph 4.7)




There are no ESF system and control system interactions.



8.
Derivation of System Inputs (IEEE Standard 279, Paragraph 4.8)




The ESF variables are direct measures of the desired variables requiring protective actions.  Refer to <Section 7.3.1.1>.



9.
Capability of Sensor Checks (IEEE Standard 279, Paragraph 4.9)




Refer to <Section 7.3.2.1.3>, <Regulatory Guide 1.22>.



10.
Capability for Test and Calibration (IEEE Standard 279, Paragraph 4.10)




Refer to <Section 7.3.2.1.3>, <Regulatory Guide 1.22>.



11.
Channel Bypass or Removal from Operation (IEEE Standard 279, Paragraph 4.11)




During periodic test of any one ESF system channel, a sensor or trip unit may be taken out‑of‑service and returned to service under the administrative control procedures.  Since only one sensor or trip unit is taken out‑of‑service at any 




given time during the test interval, protective action capability for ESF system automatic initiation is maintained through the remaining redundant instrument channels.



12.
Operating Bypasses (IEEE Standard 279, Paragraph 4.12)




The ESF systems contain the following operating bypasses.




The CRVICS has four bypasses:




(a)
Main steam line low pressure operating bypass which is imposed by means of the mode switch.  In all modes except run, the mode switch cannot be left in this position above 10 percent of rated power without initiating a scram.  Therefore, the bypass is removed by the normal reactor operating sequence.




(b)
The low condenser vacuum bypass which is imposed by means of a manual bypass switch.




(c)
The RWCU bypass which is imposed by means of a manual bypass switch.  This bypass applies to the RWCU isolation signal originating from the leak detection system.




(d)
The reactor vessel low water (Level 1) MSIV isolation bypass which is imposed by means of manual key locked bypass switches.



13.
Indication of Bypasses (IEEE Standard 279, Paragraph 4.13)




For a discussion of bypass and inoperability indication, refer to <Section 7.1.2.4>, <Regulatory Guide 1.47>.



14.
Access to Means for Bypassing (IEEE Standard 279, Paragraph 4.14)




Access to means of bypassing any safety action or function for the ESF systems is under the administrative control of the control room operator.  The operator is alerted to bypasses as described in <Section 7.1.2.4>, <Regulatory Guide 1.47>.




Control switches which allow system bypasses are keylocked.  All keylock switches in the control room are designed such that the key can only be removed when the switch is in the safe position.  All keys will normally be removed from their respective switches during operation and maintained under the control of the Shift Manager.



15.
Multiple Trip Settings (IEEE Standard 279, Paragraph 4.15)




There are no multiple set points within the ESF systems.



16.
Completion of Protective Action Once Initiated (IEEE Standard 279, Paragraph 4.16)




Each of the automatically initiated ESF system control logics seal‑in electrically and remain energized after initial conditions return to normal.  Deliberate operator action is required to return (reset) an ESF system logic to normal.



17.
Manual Initiation (IEEE Standard 279, Paragraph 4.17)




Refer to the discussion of <Regulatory Guide 1.62> in <Section 7.3.2.1.3>.



18.
Access to Setpoint Adjustments (IEEE Standard 279, Paragraph 4.18)




All access to ESF system set point adjustments, calibration controls and test points are under the administrative control of the control room operator.  Setpoint adjustments for all safety‑related trip units are located in the control room behind keylocked tamper guards.



19.
Identification of Protective Actions (IEEE Standard 279,  Paragraph 4.19)




ESF protective actions are directly indicated and identified by annunciators located in the control room and a typed record is available from the process computer.



20.
Information Readout (IEEE Standard 279), Paragraph 4.20)




The ESF systems are designed to provide the operator with accurate and timely information pertinent to their status.  They do not introduce signals that could cause anomalous indications confusing to the operator.



21.
System Repair (IEEE Standard 279, Paragraph 4.21)




The ESF systems are designed to permit repair or replacement of components.




Recognition and location of a failed component will be accomplished during periodic testing or by annunciation in the control room.



22.
Identification of Protection Systems (IEEE Standard 279, Paragraph 4.22)




The identification scheme for the ESF system is discussed in <Section 8.3.1>.


7.3.2.1.3      Conformance to Regulatory Guides


The following is a discussion of conformance to those regulatory guides which apply specifically to the ESF systems.  Refer to <Section 7.1.2.4> for a discussion of regulatory guides which apply equally to all safety‑related systems.


a.
<Regulatory Guide 1.7>



For Control of Combustible Gas Concentrations in Containment following LOCA, refer to <Section 1.8>.


b.
<Regulatory Guide 1.22>



The ESF systems instrumentation and controls are capable of being tested during normal plant operation, unless that testing is detrimental to plant availability, to verify the operability of each system component.  Testing of safety‑related sensors is accomplished by valving out each sensor, one at a time, and applying a test pressure source.  The main steam line radiation sensors may be removed and test sources applied.  The combustible gas control system sensors are tested by introducing sample gases of known analysis.  This verifies the operability of the sensor and the associated logic components in the control room.  Functional operability of temperature sensors may be verified by readout comparisons, applying a heat source to the locally mounted temperature sensing elements or by continuity testing.



For the HPCS, LPCS and LPCI, testing for functional operability of the control logic relays can be accomplished by use of plug‑in test jacks and switches in conjunction with single sensor tests.


Four test jacks are provided to allow ADS logic testing one for each logic channel.  During testing, only one logic should be 


actuated at a time.  However, when the test plug is plugged into one channel, the complement channel of that trip system is automatically rendered inoperative.  Therefore, inadvertent ADS actuation cannot occur even if both channels are improperly placed in the test mode simultaneously.  An alarm is provided if a test plug is inserted in either channel in a division.  Operation of the test plug switch and the permissive contacts will close one of the two series relay contacts in the valve solenoid circuit.  This will cause a panel light to come on indicating proper channel operation.



Annunciation is provided in the control room whenever a test plug is inserted in a jack to indicate to the operator that an ECCS is in a test status.



Operability of air operated, solenoid operated and motor‑operated valves is verified by actuating the valve control switches and monitoring the position change by position indicating lights at the control switch.



The ESF systems are provided with indications, status displays, annunciation, and computer printouts which aid the control room operator during period system tests to verify component operability.


c.
<Regulatory Guide 1.53>



Refer to IEEE Standard 279 Paragraph 4.2, <Section 7.3.2.1.2>.


d.
<Regulatory Guide 1.62> ‑ Manual Initiation of Protective Actions



The HPCS, LPCS and the Division 2 LPCI system are manually initiated at the system level from the control room by actuation of a switch.  The LPCS switch also initiates the Division 1 LPCI system.



The ADS and the CRVICS are manually initiated at the system (division) level by actuation of two switches (one for each logic channel).



The RHRS containment spray cooling mode is manually initiated at the system (division) level by actuation of the RHR pump start control switch and by opening the Containment Spray or Suppression Chamber Spray valves.



The RHRS suppression pool cooling mode is manually initiated from the main control room by actuation of system pump and valve controls.



All ESF and ESF supporting systems are provided with manual actuation at the system and or component level.  These actuations are discussed in the system operation section for each system.



The actuation of the system level manual initiation switches simulate all the actions of automatic or manual (individual equipment initiation) system actuation.


e.
<Regulatory Guide 1.73> ‑ Qualification Testing of Electric Motor Operators installed Inside the Containment of Nuclear Power Plants



See <Section 3.10> and <Section 3.11> for discussion of compliance.


f.
<Regulatory Guide 1.95> ‑ Protection of Nuclear Power Plant Control Room Operators Against an Accidental Chlorine Release



See <Section 1.8> for discussion of compliance.


g.
<Regulatory Guide 1.96> ‑ Design of Main Steam Isolation valve Leakage Control System for Boiling Water Reactor Nuclear Power Plants



MSIV‑LCS has been eliminated and is abandoned in place.


TABLE 7.3‑1


ISOLATION SYSTEM INSTRUMENTATION RESPONSE TIME TABLE


Trip Function




  Response Time (seconds)
Notes


MAIN STEAM LINE ISOLATION


1.
Reactor Vessel Water Level



‑ Low, Level 1





(1.0


See Note (1)(2)(3)

2.
Main Steam Line Pressure ‑ Low

(1.0



See Note (1)(2)(3)

3.
Main Steam Line Flow ‑ High


(0.5



See Note (1)(2)(3)

NOTES:


(1)
Isolation system instrumentation response time specified for the Trip function actuating each containment isolation valve shall be added to the isolation time for each valve to obtain ISOLATION SYSTEM RESPONSE TIME for each valve.


(2)
Isolation system instrumentation response time for MSIVs only.  No diesel generator delays assumed.


(3)
The sensor is not included in the response time testing for these circuits.  Response time testing for the remaining channel including trip unit and relay logic is required.
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7.4      SYSTEMS REQUIRED FOR SAFE SHUTDOWN


7.4.1      DESCRIPTION


This section discusses the instrumentation and controls of the following systems required for safe plant shutdown:


a.
Reactor Core Isolation Cooling (RCIC) System


b.
Standby Liquid Control System (SLCS)


c.
RHRS Shutdown Cooling Mode (RSCM)


d.
Remote Shutdown System (RSS)


The sources which supply power to the safe shutdown systems originate from onsite ac and/or dc safety‑related buses.  Refer to <Chapter 8> for a complete discussion of the safety‑related power sources.


7.4.1.1      Reactor Core Isolation Cooling (RCIC) System


a.
RCIC System Function



The reactor core isolation cooling system <Section 5.4.6> instrumentation is designed to maintain or supplement reactor vessel water inventory during the following conditions:



1.
When the reactor vessel is isolated from its primary heat sink (the main condenser) and maintained in the hot standby condition.



2.
When the reactor vessel is isolated and accompanied by a loss of normal coolant flow from the reactor feedwater system.



3.
When the plant is being shutdown and normal coolant flow from the feedwater system is lost before the reactor is depressurized to a level where the reactor shutdown cooling mode of the RHR system can be placed into operation.


b.
RCIC System Operation



Schematic arrangements of system mechanical equipment is shown in <Figure 5.4‑9>.  RCIC system component control logic is shown in <Figure 7.4‑1>.  Plant layout drawings are shown in <Section 1.2> and elementary diagrams are listed in <Section 1.7.1>.  Operator information displays are shown in <Figure 5.4‑9> and <Figure 7.4‑1>.



The RCIC system can be initiated either manually or automatically.  The control room operator can initiate RCIC by operating the manual initiation switch which simulates an automatic initiation or by activating each piece of equipment sequentially as required.



RCIC is automatically initiated by four redundant differential pressure transmitters/trip relay contacts, arranged in a one‑out‑of‑two‑twice logic configuration, which sense reactor vessel low water trip (trip Level 2).



The RCIC steam line isolation motor‑operated (MO) inboard valve, the RCIC steam line isolation MO outboard valve, and the turbine exhaust to the suppression pool MO valve are in the open position and they require no change of position for automatic system initiation.



The RCIC system responds to an automatic initiation signal and reaches design flow rate within 30 seconds as follows (actions are simultaneous unless stated otherwise):



1.
The pump suction from the condensate storage tanks valve E51F010 is signaled open.



2.
To ensure that pump discharge flow is directed to the reactor vessel only, the test return line to the condensate storage tank valves E51F022 and E51F059 are signaled closed.



3.
The turbine steam inlet valve 1E51F0045 is signaled to open.



4.
When the turbine steam inlet valve E51F045 starts to open, the RCIC pump discharge to reactor vessel valve E51F013 is signaled open.  Valve E51F013 is prohibited from opening or, if open, automatically closes when E51F045 or the turbine trip and throttle valve is closed.



5.
The turbine gland seal compressor is signaled to start.



6.
When valve E51F045 leaves the closed position, the RCIC turbine speed accelerates until the automatic flow controller set point is reached and the system discharge flow is controlled by the turbine electronic governor mechanism.



If water level in the condensate storage tanks becomes low, RCIC pump suction is automatically transferred from the condensate storage tank to the suppression pool by opening valve E51F031.  When the Control Room is notified of the issuance of a tornado warning for the vicinity of the plant, or if a tornado is sighted in the immediate vicinity of the plant, administrative controls 



require the RCIC suction to be aligned to the tornado missile protected suppression pool.  Once valve F031 is fully open, the condensate storage tank valve E51F010 is automatically closed. 



The RCIC system includes design features which provide system equipment protection or accomplish containment isolation if certain types of abnormal events occur.  The turbine is either manually trip actuated by the control room operator or automatically shut down by closing the turbine trip and throttle valve if any of the following conditions are detected:



1.
Turbine overspeed



2.
High turbine exhaust pressure



3.
RCIC isolation signal



4.
Low pump suction pressure



To protect the RCIC pump from overheating during low flow conditions, the pump discharge flow and pressure are monitored.  If the pump discharge pressure transmitter indicates that the pump is running and the pump discharge flow transmitter indicates low flow, the minimum flow return line valve E51F019 is automatically opened.  The minimum flow valve is automatically closed when flow is normal or when either the turbine trip and throttle valve or the steam inlet valve E51F045 is closed.



High water level in the reactor vessel indicates that the RCIC system has performed satisfactorily in providing make up water to the reactor vessel.  Further increase in level could result in RCIC system turbine damage caused by gross carry‑over of moisture.  To prevent this, a high water level trip is used to initiate closure 



of steam supply valve E51F045, to shut off the steam to the turbine


and halt RCIC operation.  The system will automatically reinstate if the water level decreases to the reactor water low level trip point.



Air operated (AO) valves E51F025, F026, and F054, and a condensate drain pot are provided in a drain pipeline arrangement just upstream of the turbine supply valve.  The water level in the steam line drain condensate pot is controlled by a level switch and valve E51F054 which energizes to allow condensate to flow out of the drain pot by bypassing the steam trap.  The drainage path is isolated by closing E51F025 and E51F026 upon receipt of an RCIC initiation signal.



RCIC steam turbine exhaust line vacuum breaker valves E51F077, E51F078 and turbine exhaust to suppression pool MO E51F068 are normally open but close automatically following system trip on low steam line pressure if drywell pressure exceeds the setpoint.



Detection of abnormal conditions by redundant leak detection portions of the RCIC system will cause system isolation as follows:



1.
Division 1 circuitry will override the manual control switches and signal the outboard steamline isolation valve F064 and pump suction to suppression pool valve F031 to close.



2.
Division 2 circuitry will override the manual control switches and signal the inboard steamline isolation valve F063 and steamline warmup valve F076 to close.



The conditions that will initiate the isolation are:



1.
RCIC low steamline pressure.



2.
RCIC steam supply line high differential pressure.



3.
Main steam tunnel high ambient or differential (inlet/outlet) ventilation air temperature.



4.
RHR equipment area high ambient or differential (inlet/outlet) ventilation air temperature.  Differential temperature instrumentation is required to provide the leak detection isolation signal only when the room coolers are running.



5.
RCIC turbine exhaust diaphragm high pressure.



6.
RCIC equipment area high ambient temperature.


For a complete description of the RCIC system leak detection isolation signals, see <Section 7.6.1>.


The RCIC system may be isolated after initiation by the control room operator by actuation of a switch which causes the outboard steamline isolation valve to close.


7.4.1.2      Standby Liquid Control System (SLCS)


a.
SLCS Function



The standby liquid control system <Section 9.3.5> instrumentation is designed to manually initiate injection of a liquid neutron absorber into the reactor.  Other instrumentation is provided to maintain this liquid chemical solution well above saturation temperature in readiness for injection.


The SLCS is a backup independent method of manually shutting down the reactor to cold shutdown conditions from normal operation or from anticipated transient conditions when control rod insertion capability is lost.


b.
SLCS Operation



Schematic arrangements of system mechanical equipment is shown in <Figure 9.3‑19>.  SLCS component control logic is shown in <Figure 7.4‑2>, with applicable drawings listed in <Section 1.7.1>.  Operator information displays are shown in <Figure 9.3‑19> and <Figure 7.4‑2>.



The SLCS is initiated by the control room operator by turning a keylocked switch for system A, or a different keylocked switch for system B to the “ON” position.  The key is removable in the “OFF” position.  Should the selected pump fail to start, the other key switch may be used to select the alternate pump loop.



When the SLCS is initiated, the explosive‑operated valve in the selected loop fires and the tank discharge valve starts to open immediately.  The pump that has been selected for injection will not start until the tank discharge valve is fully open.



Pumps are interlocked so that either the storage tank discharge valve or the test tank discharge valve must be open for the pump to run unless the pumps are being tested using the momentary contact pump test switch.  When SLCS system A is initiated the outboard RWCU isolation valve is automatically closed and when SLCS system B is initiated the inboard RWCU isolation valve is automatically closed.


7.4.1.3      RHRS/Reactor Shutdown Cooling Mode (RSCM)


a.
RSCM Function



The Reactor Shutdown Cooling Mode <Section 5.4.7> of the RHR System is used during a normal reactor shutdown.


The RSCM consists of instrumentation designed to provide decay heat removal capability for the reactor core by accomplishing the following:



1.
Reactor cooling during shutdown operation after the vessel pressure is reduced to approximately 130 psig.



2.
Cooling the reactor water to a temperature at which reactor refueling and servicing can be accomplished.



3.
Diverting part of the shutdown flow to the reactor vessel head to condense the steam generated from the hot walls of the vessel while it is being flooded.


b.
RSCM Operation



The reactor shutdown cooling system contains two loops.  Either loop is sufficient to satisfy the cooling requirements for shutdown cooling.  However, both loops share a common suction line with two suction valves in series.  In the event that one of the suction valves fails closed and normal shutdown cooling is not available, an alternate shutdown cooling loop may be established.  The normal shutdown suction path may be bypassed by manually switching to take suction water from the suppression pool, returning through the LPCI line and manually opening the ADS valves to allow reactor water to flow back through the SRV discharge line to the suppression pool.  



The ADS valves may be actuated by either Division 1 or Division 2 power, thus providing redundancy in the event of a divisional power failure.



See <Section 5.4.7> for a complete description of the RSCM operation.


7.4.1.4      Remote Shutdown System (RSS)


a.
RSS Function



The RSS is designed to achieve a cold reactor shutdown from outside the control room following these postulated conditions:



1.
The plant is at normal operating conditions and all plant personnel have been evacuated from the control room and it is inaccessible.



2.
The initial event that causes the control room to become inaccessible is assumed to be such that the reactor operator can manually scram the reactor before leaving the control room.  Two backup means of scramming the reactor from outside the control room are available.  This can be accomplished by opening the output breakers at ATWS UPS distribution panels EVIA and EVIB or by opening the output breakers of the RPS MG sets.



3.
Under normal conditions, the main turbine pressure regulators may be controlling reactor pressure via the bypass valves.  It is assumed that this turbine generator control panel function is also lost.  In the event of a pressure decrease to the MSIV isolation setpoint, the inboard MSIV’s will be shut from the 




Division 1 remote shutdown panel.  Increases in reactor pressure will be relieved through the safety relief valves to the suppression pool.



4.
The reactor feedwater system which is normally available is also assumed to be inoperable.  Reactor vessel water inventory is provided by the RCIC system.


The RSS is required only during times of control room inaccessibility when normal plant operating conditions exist (i.e., no transients or accidents are occurring).


b.
Remote Shutdown System Operation



Some of the existing systems used for normal reactor shutdown operation are also utilized in the remote shutdown capability to shut down the reactor from outside the control room.  The Division 1 remote shutdown capability is designed to control the required shutdown systems from outside the control room irrespective of hot shorts, open circuits, or shorts to ground in the associated control room circuits that may have resulted from an event causing an evacuation (for example, a damaging fire in the control room).  The functions needed for Division 1 remote shutdown control are provided with manual transfer switches at the remote shutdown panel which override controls from the control room, provide complete electrical isolation of the associated control room circuits, and transfer the controls to the Division 1 remote shutdown panel.  Division 1 remote shutdown control is not possible without actuation of the transfer devices.  All necessary power supplies and control logic are also transferred.  Operation of the transfer devices used to transfer control of devices from the control room to the Division 1, remote shutdown panel, causes an alarm in the control room.  Access to the Division 1 remote shutdown panel is administratively and procedurally controlled.  




Most system equipment (i.e., valves and pumps) necessary for proper system lineup and complete system control are located on the Division 1 



remote shutdown panel.  Additional equipment required for remote shutdown capability are provided with combination transfer/control switches located on associated MCC doors (valves) and local panels (fans, chillers, pumps).  Operation of these transfer/control switches causes an alarm in the control room by de‑energizing voltage monitor relays.  Equipment required for remote shutdown capability that has only voltage monitoring and/or indicating light circuits in the control room are provided with isolating fuses.



Redundant remote shutdown capability is provided using the Division 2 remote shutdown controls.  These controls are designed to parallel the controls from the control room.  All signals required for the Division 2 remote shutdown panel will be supplied from the ERIS data acquisition cabinet.  An indicating panel for the Division 2 remote shutdown system is located in the Division 2 switchgear room.  The Division 2 remote shutdown is controlled by pull‑to‑lock switches mounted on the switchgear and MCC panels.  The pull‑to‑lock switches are used to control pumps and valves of associated essential safe shutdown systems.



Manual activation of safety relief valves and the initiation of the reactor core isolation cooling (RCIC) system will maintain reactor water inventory and bring the reactor to a hot shutdown condition after scram.  In the case of the Division 2 remote shutdown system, assume that automatic initiation of HPCS has occurred, thereby providing for RCIC system backup.  During this phase of shutdown, the suppression pool will be cooled by operating the residual heat removal (RHR) system in the suppression pool cooling mode.  Reactor pressure will be controlled and core decay and sensible heat rejected to the suppression pool by relieving steam pressure through the relief valves.



This procedure will cool the reactor and reduce its pressure at a controlled rate until reactor pressure becomes so low that the RCIC 



system is unable to sustain operation.  The RHR system will then be operated in the shutdown cooling mode using the RHR system heat exchanger to cool reactor water and bring the reactor to the cold low pressure condition.



1.
Reactor Core Isolation Cooling (RCIC) System




The following RCIC System equipment/functions have transfer and control switches located on the Division 1 remote shutdown control panel:




E51‑F010:  Motor‑operated valve (pump suction from condensate storage)




E51‑F013:  Motor‑operated valve (RCIC injection shutoff)




E51‑F019:  Motor‑operated valve (minimum flow to suppression pool)




E51‑F022:  Motor‑operated valve (test bypass to condensate storage)




E51‑C004:  Gland seal system air compressor




E51‑F031:  Motor‑operated valve (pump suction from suppression pool)




E51‑F045:  Motor‑operated valve (steam to turbine)




E51‑F059:  Motor‑operated valve (test bypass to condensate storage)




E51‑F063:  Motor‑operated valve (steam supply line isolation inboard)




E51‑F064:  Motor‑operated valve (steam supply line isolation, outboard)




E51‑F068:  Motor‑operated valve (turbine exhaust to suppression pool)




E51‑F076:  Motor‑operated valve (steam line warmup line isolation)




E51‑F077:  Motor‑operated valve (vacuum breaker isolation outboard)




E51‑F078:  Motor‑operated valve (vacuum breaker isolation inboard)




E51‑F510:  Motor‑operated valve (turbine trip and throttle valve)




See <Figure 5.4‑10>.




The following RCIC system instrumentation is provided on the Division 1 remote shutdown control panel:




C61‑R001:  RCIC flow controller and indicator




C61‑R003:  RCIC turbine speed indicator




Indicating lights are provided for conditions of turbine tripped, turbine bearing oil low pressure, turbine governor bearing oil temperature high, and turbine coupling end bearing oil temperature high.




Valve position and pump status indicators are also provided.



2.
Residual Heat Removal (RHR) System




The following RHR system loop A equipment/functions have transfer and control switches located at the Division 1 remote shutdown control panel:




E12‑C002A:  Residual heat removal pump




E12‑F003A:  Motor‑operated valve (heat exchanger shell side outlet)




E12‑F004A:  Motor‑operated valve (RHR pump suction)




E12‑F006A:  Motor‑operated valve (shutdown cooling)




E12‑F006B:  Motor‑operated valve (shutdown cooling)




E12‑F008:   Motor‑operated valve (outboard shutdown isolation)




E12‑F009:   Motor‑operated valve (inboard suction isolation)




E12‑F011A:  Motor‑operated valve (RHR heat exchanger flow to suppression pool)




E12‑F023:   Motor‑operated valve (reactor head spray)




E12‑F024A:  Motor‑operated valve (RHR test line)




E12‑F027A:  Motor‑operated valve (injection shutoff)




E12‑F028A:  Motor‑operated valve (containment spray)




E12‑F037A:  Motor‑operated valve (shutoff upper pool cooling)




E12‑F042A:  Motor‑operated valve (RHR injection)




E12‑F047A:  Motor‑operated valve (heat exchanger shell side inlet)




E12‑F048A:  Motor‑operated valve (heat exchanger shell side bypass)




E12‑F040:   Motor‑operated valve (discharge to radwaste)




E12‑F053A:  Motor‑operated valve (RHR injection)




E12‑F064A:  Motor‑operated valve (RHR pump minimum flow)




E12‑F609:

Motor‑operated valve (SPCU to RHR second outboard isolation)




The following RHR system loop B equipment/functions have control switches located at their respective motor control centers or switchgear panels:




E12‑C002B:  Residual heat removal pump




E12‑F003B:  Motor‑operated valve (heat exchanger shell side outlet)




E12‑F004B:  Motor‑operated valve (RHR pump suction)




E12‑F011B:  Motor‑operated valve (RHR heat exchanger flow to suppression pool)




E12‑F024B:  Motor‑operated valve (RHR test line)




E12‑F027B:  Motor‑operated valve (injection shutoff)




E12‑F028B:  Motor‑operated valve (containment spray)




E12‑F037B:  Motor‑operated valve (shutoff upper pool cooling)




E12‑F042B:  Motor‑operated valve (RHR injection)




E12‑F047B:  Motor‑operated valve (heat exchanger shell side inlet)




E12‑F048B:  Motor‑operated valve (heat exchanger shell side bypass)




E12‑F053B:  Motor‑operated valve (RHR injection)




E12‑F064B:  Motor‑operated valve (RHR pump minimum flow)




See <Figure 5.4‑13>.




The following RHR instrumentation is located on the Division 1 remote shutdown control panel:




C61‑R005:  RHR flow indicator for loop A




The following RHR instrumentation is located on the Division 2 remote shutdown indicating panel:




C61‑R025:  RHR flow indicator for loop B.




Valve position status indication and pump status indication.



3.
Nuclear Boiler System




The following functions have transfer and control switches located at the Division 1 remote shutdown control panel and control switches at the Division 2 remote shutdown control panel:




B21‑F051C:  Air operated safety relief valve




B21‑F051G:  Air operated safety relief valve




B21‑F051D:  Air operated safety relief valve




The following functions have transfer and control switches located at the Division 1 remote shutdown control panel:




B21‑F022A:  Inboard main steam line A isolation valve.




B21‑F022B:  Inboard main steam line B isolation valve.




B21‑F022C:  Inboard main steam line C isolation valve.




B21‑F022D:  Inboard main steam line D isolation valve.




The following function has transfer/control switches located on the associated MCC compartment door:




B21‑F019:  Motor‑operated valve (main steam line drain isolation)




The following nuclear boiler instrumentation is provided on the Division 1 remote shutdown control panel:




C61‑R012:  Reactor pressure/level recorder




C61‑R010:  Reactor level indicator




C61‑R011:  Reactor pressure indicator




The following nuclear boiler instrumentation is provided on the Division 2 remote shutdown control panel:




C61‑R030:  Reactor level indicator




C61‑R031:  Reactor pressure indicator




Valve position status indicators.




See <Figure 5.1‑3>



4.
Reactor Water Cleanup System




The following function has transfer/control switches located on the associated MCC compartment door:




G33‑F004:  Motor‑operated valve (reactor water cleanup discharge isolation).



5.
Emergency Service Water System




The following loop A emergency service water system equipment/functions have transfer and control switches located at the remote shutdown control panel:




P45‑F014A:  Motor‑operated valve (RHR heat exchanger isolation)




P45‑F068A:  Motor‑operated valve (RHR heat exchanger isolation)




P45‑F130A:  Motor‑operated valve (pump discharge shutoff)




P45‑C001A:  Emergency service water pump




The following loop B emergency service water system equipment/functions have control switches located on the associated motor control centers and switchgear panels:




P45‑F014B:  Motor‑operated valve (RHR heat exchanger isolation)




P45‑F068B:  Motor‑operated valve (RHR heat exchanger isolation)




P45‑F130B:  Motor‑operated valve (pump discharge shutoff)




P45‑C001B:  Emergency service water pump




See <Figure 9.2‑1>.




The following emergency service water system instrumentation is provided on the Division 1 remote shutdown control panel:




P45‑R033A:  Flow indicator (RHR heat exchanger A)




P45‑R055A:  Flow indicator (ECC system heat exchanger A)




The following emergency service water system instrumentation is provided on the Division 2 remote shutdown control panel:




P45‑R033B:  Flow indicator (RHR heat exchanger B)




P45‑R055B:  Flow indicator (ECC system heat exchanger B)




Valve position and pump status indicators.



6.
Emergency Closed Cooling System




The following loop A emergency closed cooling system equipment has transfer and control switches located at the Division 1 remote shutdown control panel:




P42‑C001A:  Emergency closed cooling pump A




The following loop B emergency closed cooling system has control switches located on the associated switchgear panel in the Division 2 switchgear room:




P42‑C001B:  Emergency closed cooling pump B




Pump status indicators.  See <Figure 9.2‑3>.




The following emergency closed cooling system instrumentation is provided on the Division 1 remote shutdown control panel:




P42‑R045A:  Flow indicator (ECC system heat exchanger A)




The following emergency closed cooling system instrumentation is provided on the Division 2 remote shutdown control panel:




P42‑R045B:  Flow indicator (ECC system heat exchanger B)



7.
Instrument Power




The following instrument 120 Vac power systems have a transfer switch located at the Division 1 remote shutdown panel:




R41‑K050:  120 Vac instrument power



8.
Containment Atmosphere Monitoring System




The following containment atmosphere monitoring system instrumentation is provided on the Division 1 remote shutdown control panel:




D23‑R230:  Recorder (drywell pressure/temperature)




D23‑R240:  Recorder (suppression pool level/temperature)




The following containment atmosphere monitoring system instrumentation is provided on the Division 2 remote shutdown panel:




D23‑R260:  Drywell temperature indicator




D23‑R270:  Suppression pool temperature indicator




D23‑R280:  Drywell pressure indicator




G43‑R102:  Suppression pool level indicator



9.
MCC, Switchgear and Miscellaneous Electrical Equipment Area HVAC Systems/Battery Room Exhaust System




The following loop A MCC, switchgear, and miscellaneous electrical equipment area HVAC Systems, and battery room exhaust system equipment have a common transfer/control switch located on the 480V switchgear panel EF1AO1




M23‑C001A:  MCC, switchgear and miscellaneous electrical equipment area HVAC supply fan A




M23‑C002A:  MCC, switchgear and miscellaneous electrical equipment area HVAC return fan A




M24‑C001A:  Battery room exhaust fan A




P47‑F045A:  MCC, SWGR and miscellaneous electrical equipment area train “A” chilled water temperature control MOV



10.
Emergency Closed Cooling Pump Area Cooling System




The following loop A emergency closed cooling pump area cooling system equipment has fuse isolation provided for control room indication, voltage monitoring and annunciation circuits:




M28‑B001A:  Emergency closed cooling pump area cooling system ventilation fan “A”.



11.
Emergency Service Water Pumphouse Ventilation System




The following loop A emergency service water pumphouse ventilation system equipment have a common transfer/control switch and manual control units (for dampers) located in the emergency service water pumphouse ventilation system remote shutdown panel:




M32‑C001A:  Emergency service water pumphouse system ventilation Unit “A”




M32‑F070A:  Emergency service water pumphouse system pump house wall louver “A”




M32‑F040A:  Emergency service water pumphouse system fan inlet air damper “A”




M32‑F050A:  Emergency service water pumphouse system mixing air damper “A”



12.
Emergency Closed Cooling System Pump Room Cooling System




The following emergency closed cooling system pump room cooling system equipment have fuse isolation provided for control room indication and voltage monitoring circuits:




M39‑B001A:  Emergency closed cooling system pump room cooling system RHR pump “A” and heat exchanger cooler.




M39‑B004:   Emergency closed cooling system pump room cooling system RCIC pump room cooler.



13.
Diesel Generator Building Ventilation System




The following loop A diesel generator building ventilation system equipment is isolated from the control room by diesel generator A control transfer switch, located on the diesel generator A control panel, and actuated by an engine running interlock located in the diesel generator A engine control panel.  The dampers are controlled by a setpoint station located on the Division 1 remote shutdown control panel which receives an input from a separate temperature transmitter used only for remote shutdown:




M43‑C001A:  Diesel generator building ventilation system ventilation fan A




M43‑F020A:  Diesel generator building ventilation system outside air damper




M43‑F030A:  Diesel generator building ventilation system return (recirculation) air damper




M43‑F031A:  Diesel generator building ventilation system return (recirculation) air damper




M43‑F070A:  Diesel generator building ventilation system exhaust damper




M43‑F071A:
Diesel generator building ventilation system exhaust damper



14.
Control Complex Chilled Water System




The following loop A control complex chilled water system equipment have individual transfer/control switches located on the associated switchgear panels in the Division 1 switchgear room and local control panel at the chiller.




P47‑B001A:
Control complex chilled water system control complex chiller A




P47‑C001A:
Control complex chilled water system chilled water pump A



15.
Emergency Service Water Screen Wash System




The following emergency service water screen wash system equipment has fuse isolation provide for control room auto start and voltage monitoring circuits:




P49‑D001A:
Emergency service water screen wash system screen control



16.
Safety‑related Instrument Air System




The following loop A safety‑related instrument air system equipment have transfer/control switches located on the associated MCC compartment doors:




P57‑F015A:  Motor‑operated valve (containment isolation)




P57‑F020A:  Motor‑operated valve (drywell isolation)



17.
Standby Diesel Generator System




The following Division 1 standby diesel generator (R43‑S001A) components are provided with fuse and transfer switch isolation from the control room:




Voltage regulator control and indicating light




Generator field metering



18.
Diesel Generator Fuel Oil System




The following diesel generator fuel oil system equipment is provided with fuse isolation for control room voltage monitoring circuit:




R45‑C001A:
Diesel generator fuel oil system fuel oil transfer pump A


7.4.1.5      Design Basis


The safe shutdown systems are designed to provide timely protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  <Chapter 15> identifies and evaluates events that jeopardize the fuel barrier and reactor coolant pressure boundary.  The methods of assessing


barrier damage and radioactive material releases, along with the methods by which abnormal events are identified, are also presented in <Chapter 15>.


a.
Variables monitored to provide protective actions



RCIC ‑ Reactor vessel low water level (trip Level 2) is monitored in order to provide protective actions to the safe shutdown systems.  All other safe shutdown systems are initiated by operator actions.



The plant conditions which require protective action involving safe shutdown are described in <Chapter 15> and <Appendix 15A>.


b.
Location and Minimum Number of Sensors



Technical Specifications will discuss the minimum number of sensors required to monitor safety‑related variables.  There are no sensors in the safe shutdown systems which have a spatial dependence.


c.
Prudent Operational Limits



Prudent operational limits for each safety‑related variable trip setting are selected with sufficient margin so that a spurious safe shutdown system initiation is avoided.  It is then verified by analysis that the release of radioactive materials, following postulated gross failures of the fuel or the nuclear system process barrier, is kept within acceptable bounds.


d.
Margin



The margin between operational limits and the limiting conditions of operation of safe shutdown systems are accounted for in Technical Specifications.


e.
Levels



Levels requiring protective action are established in Technical Specifications.


f.
Range of Transient, Steady‑State and Environmental Conditions



Refer to <Section 3.11> for environmental conditions.  Refer to <Section 8.2.1> and <Section 8.3.1> for the maximum and minimum range of energy supply to the safe shutdown systems instrumentation and controls.  All safety‑related instrumentation and controls are specified and purchased to withstand the effects of these energy supply ranges.


g.
Malfunctions, Accidents and Other Unusual Events Which Could Cause Damage to Safety System



<Chapter 15> describes the following credible accidents and events:  floods, storms, tornadoes, earthquakes, fires, LOCA, pipe break outside containment, and feedwater line break.  Each of these events is discussed below for the safe shutdown systems.



1.
Floods




The buildings containing safe shutdown system components have been designed to meet the PMF (Probable Maximum Flood) at the site location.  This ensures that the buildings will remain water‑tight under PMF conditions including wind generated wave action and wave runup.  For a discussion of internal flooding protection, refer to <Section 3.4.1> and <Section 3.6>.



2.
Storms and Tornadoes




The buildings containing safe shutdown system components have been designed to withstand meteorological events described in <Section 3.3>.



3.
Earthquakes




The structures containing safe shutdown system components have been seismically qualified as described in <Section 3.7> and <Section 3.8>, and will remain functional during and following a safe shutdown earthquake (SSE).  Seismic qualification of instrumentation and electrical equipment is discussed in <Section 3.10>.



4.
Fires




To protect the safe shutdown systems in the event of a postulated fire, the redundant portions of the systems are separated by fire barriers or physical distance.  The use of separation and fire barriers ensures that even though some portion of the systems may be affected, the safe shutdown systems will continue to provide the required protective action.  See <Section 9.5.1> for a discussion of fire protection.



5.
LOCA




The safe shutdown systems components located inside the drywell and containment which are functionally required following a LOCA have been environmentally qualified to remain functional as discussed in <Section 3.11>.



6.
Pipe Break Outside Containment




This condition will not affect the safe shutdown systems.  Refer to <Section 3.6>.



7.
Missiles




Protection for safe shutdown systems is described in <Section 3.5>.


h.
Minimum Performance Requirements



Minimum performance requirements for safe shutdown systems instrumentation and controls are provided in Technical Specifications.


7.4.1.6      Final System Drawings


The final system drawings, including piping and instrumentation diagrams (P&ID) and functional control diagrams (FCD), have been provided or referenced for the safe shutdown systems.


7.4.2      ANALYSIS


The safe shutdown systems are designed such that loss of instrument air, a plant load rejection or a turbine trip will not prevent the completion of the safety function.


7.4.2.1      Conformance To <10 CFR 50, Appendix A> ‑ General Design Criteria


The following is a discussion of conformance to those general design criteria which apply specifically to the safe shutdown systems.  Refer 


to <Section 7.1.2.2> for a discussion of General Design Criteria which apply as indicated in <Table 7.1‑3>.


a.
General Design Criterion 19 ‑ Control Room



The remote shutdown system consists of equipment located outside the control room which is sufficient to provide and assure prompt hot shutdown of the reactor and to maintain safe conditions during hot shutdown.  The equipment also provides capability for subsequent cold shutdown of the reactor.


b.
General Design Criterion 34 ‑ Residual Heat Removal



The reactor shutdown cooling mode of the residual heat removal system removes residual heat from the reactor when it is shutdown and the main steamlines are isolated, to maintain the fuel and reactor coolant pressure boundary within design limits.  Redundant cooling routes are provided to meet the single failure criteria.


7.4.2.2      Conformance To IEEE Standards


The following is a discussion of conformance to those IEEE Standards which apply specifically to the safe shutdown systems.  Refer to <Section 7.1.2.3> for a discussion of IEEE Standards which apply equally to all safety‑related systems.


a.
IEEE Standard 279



The reactor shutdown cooling mode of the residual heat removal system uses the same equipment used by the LPCI mode.  Therefore, refer to <Section 7.3.2> for the RSCM standards and regulatory compliance.



Conformance of the remote shutdown system to IEEE Standards is provided in the analysis section for each system whose instrumentation and controls interface with and become part of the remote shutdown system after transfer of controls <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6>.



1.
General Functional Requirement (IEEE Standard 279, Paragraph 4.1)




RCIC is automatically initiated when reactor vessel water level is determined to be below a predetermined limit.




SLCS is initiated by the control room operator.  Display instrumentation in the control room provides the operator with information on reactor vessel water level, pressure, neutron flux level, control rod position, and scram valve status allowing assessment of the need for initiation of the SLCS.



2.
Single‑Failure Criterion (IEEE Standard 279, Paragraph 4.2)




The RCIC system is not required to meet the single‑failure criterion, since the HPCS system is capable of fulfilling the objectives of the RCIC system if it fails thus, the two meet single failure on a network basis.  The RCIC initiation sensors and associated logic do, however, meet the single‑failure criterion for automatic system initiation.  The single failure criteria is met through physical and electrical separation of equipment as described in <Section 8.3.1.4>.




SLCS serves as backup to the control rod drive (CRD) system for controlling reactivity if the CRD fails.  It is not necessary for SLCS to meet the single failure criterion.




The explosive values are redundant so that no single failure in these components will prevent initiation of SLCS.



3.
Quality of Components and Modules (IEEE Standard 279, Paragraph 4.3).




Refer to <Section 3.11> for RCIC and SLCS conformance.



4.
Equipment Qualification (IEEE Standard 279, Paragraph 4.4).




For a complete discussion of RCIC and SLCS equipment qualification refer to <Section 3.5>, <Section 3.6>, <Section 3.10>, and <Section 3.11>.



5.
Channel Integrity (IEEE Standard 279, Paragraph 4.5).




For a discussion of RCIC and SLCS Channel Integrity under all extremes of conditions described in <Section 7.4.1.5>, refer to <Section 3.11>.



6.
Channel Independence (IEEE Standard 279, Paragraph 4.6).




Channel independence is maintained through application of the PNPP separation criteria as described in <Section 8.3.1>.



7.
Control and Protection Interaction (IEEE Standard 279, Paragraph 4.7).




The RCIC and SLCS systems have no interaction with plant control systems.



8.
Derivation of System Inputs (IEEE Standard 279, Paragraph 4.8).




All inputs to the RCIC system that are essential to its operation are direct measures of appropriate variables.




Display instrumentation in the control room provides the operator with directly measured information on reactor vessel water level, pressure, neutron flux level, and control rod position.  Based on this information the operator can assess the need for SLCS.



9.
Capability for Sensor Checks (IEEE Standard 279, Paragraph 4.9).




Refer to <Section 7.4.2.3>, <Regulatory Guide 1.22>.



10.
Capability for Test and Calibration (IEEE Standard 279, Paragraph 4.10).




Refer to <Section 7.4.2.3>, <Regulatory Guide 1.22>.



11.
Channel Bypass or Removal from Operation (IEEE Standard 279‑1971, Paragraph 4.11).




Calibration of a sensor which introduces a single instrument channel trip will not cause a protective action without the coincident trip of a second channel.  Removal of a sensor from operation during calibration does not prevent the redundant instrument channel from functioning.




The SLC system is redundant to the CRD system, therefore, one pump may be removed from service during normal plant operation within the guidelines of the Technical Specifications.



12.
Operating Bypasses (IEEE Standard 279, Paragraph 4.12).




There are no operating bypasses within the RCIC system or the SLCS.



13.
Indication of Bypasses (IEEE Standard 279, Paragraph 4.13).




For a discussion of bypass and inoperability indication refer to <Section 7.1>, <Regulatory Guide 1.47>.



14.
Access to Means for Bypassing (IEEE Standard 279, Paragraph 4.14).




Access to means of bypassing any safety action or function for RCIC and SLCS is under the administrative control of the control room operator.  The operator is alerted to bypasses as described in <Section 7.1>, <Regulatory Guide 1.47>.




Control switches which allow system bypasses are keylocked.  All keylock switches in the control room are designed such that their key can only be removed when the switch is in the


safe position.  All keys will normally be removed from their respective switches during operation and maintained under the control of the Shift Manager.  Should a key be required to change a switch position, it will be obtained from the unit supervisor by approved key control procedures.



15.
Multiple Setpoints (IEEE Standard 279, Paragraph 4.15).




There are no multiple setpoints within the RCIC or SLCS systems.



16.
Completion of Protective Action Once it is Initiated (IEEE Standard 279‑1971, Paragraph 4.16).




Once RCIC is initiated by reactor vessel low water level, the logic seals‑in and system operation may be terminated by the operator when the water level returns to normal.  The system 




is automatically stopped on high vessel water level, system malfunction trip signals or if steam supply pressure drops below that necessary to sustain turbine operation.




The SLCS explosive valves remain open once fired.  The injection valves will not close and discharge pump motors will continue to run unless terminated by operator action or by storage tank low level.



17.
Manual Initiation (IEEE Standard 279, Paragraph 4.17).




Refer to <Section 7.4.2>, <Regulatory Guide 1.62>, for a discussion of the manual initiation of RCIC and SLCS.



18.
Access to Setpoint Adjustment (IEEE Standard 279, Paragraph 4.18).




All access to setpoint adjustments for RCIC are under administrative control.




The operation of SLCS is not dependent on or affected by any setpoint adjustment or calibration except SLC storage tank low level.



19.
Identification of Protective Actions (IEEE Standard 279, Paragraph 4.19).




Initiation of the RCIC system is indicated in the control room.




The explosive valve status of SLCS, once fired, is indicated in the control room.



20.
Information Readout (IEEE Standard 279, Paragraph 4.20).




The RCIC system is designed to provide the operator with accurate and timely information pertinent to its status.  It does not give anomalous indications confusing to the operator.




The SLCS discharge pressure of boron solution pumps and storage tank level for the SLCS is indicated in the control room.



21.
System Repair (IEEE Standard 279, Paragraph 4.21).




The RCIC and SLCS systems are designed to permit repair or replacement of components during normal plant operation.




Recognition and location of a failed component will be accomplished during periodic testing or by annunciation in the control room.



22.
Identification (IEEE Standard 279, Paragraph 4.22).




All controls and instruments for RCIC and SLCS are located in separate sections of the control room panel and clearly identified by nameplates.  Relays are located in separate panels for RCIC and SLCS use only.  Relays and panels are identified by nameplates.  All wiring and cabling is labeled to indicate its divisional assignment as well as its system assignments <Section 8.3.1.3>.


7.4.2.3      NRC Regulatory Guide Conformance


Regulatory guide conformance for remote shutdown control and instrumentation is provided in the analysis sections of Chapter 7 for each system whose instrumentation and controls interface with and become part of the remote shutdown system after transfer of control.


Conformance to regulatory guides for the RHR shutdown cooling mode is discussed in <Section 7.3.2>.


The following is a discussion of conformance to those regulatory guides which apply specifically to the RCIC system and/or the SLCS.  Refer to <Section 7.1.2.4> for a discussion of regulatory guides which apply equally to all safety‑related systems.


a.
<Regulatory Guide 1.22> ‑ Periodic Testing of Protection System Actuation Functions



The RCIC system is capable of being completely tested, except for the discharge valve to the head cooling spray nozzle, during normal plant operation to verify that each element of the system, is capable of performing its intended safety function.



All sensors for RCIC are installed with calibration taps and instrument valves to permit testing during normal plant operation by valving out the sensors and supplying a test pressure source.



The SLCS explosive valves may be tested during plant shutdown.  The explosive valve control circuits are continuously monitored and annunciated in the control room.  The remainder of the SLCS may be tested during normal plant operation to verify that each element is capable of performing its intended function.



Testing of RCIC system and SLCS sensors during normal plant operation is accomplished by taking each sensor from its process 



line and applying a test pressure source.  This verifies the operability of the sensor, its calibration range and the operability of associated control room logic components.


b.
<Regulatory Guide 1.53> ‑ Application of the Single‑Failure Criterion to Nuclear Power Plant Protection Systems



See IEEE Standard 279, Paragraph 4.2, located in <Section 7.4.2> of the USAR for RCIC and SLCS.


c.
<Regulatory Guide 1.62> ‑ Manual Initiation of Protective Actions



The RCIC system is initiated at the system level manually from the control room by actuation of an armed pushbutton which simulates an automatic initiation.



The SLCS is initiated manually at the system level from the control room by actuation of the system pump start switch which starts the pump and fires the associated squib valve.



<Regulatory Guide 1.73> ‑ Qualification Testing of Electric Motor Operators Installed Inside the Containment of Nuclear Power Plants.



See <Section 3.10> and <Section 3.11> for discussions of compliance.
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7.5      SAFETY‑RELATED DISPLAY INSTRUMENTATION


7.5.1      DESCRIPTION


7.5.1.1      General


This section describes the instrumentation which provides information to the operator to enable him to perform required safety functions.


The safety‑related display instrumentation (SRDI) is listed in <Table 7.5‑1>.  It tabulates equipment illustrated on the various system P&IDs, IEDs and FCDs located and described in <Section 7.2>, <Section 7.3>, <Section 7.4>, and <Section 7.6>.


The elementary diagrams illustrate separation of redundant display instrumentation and electrical isolation of redundant sensors and channels.  The P&IDs, IEDs, FCDs, and elementary diagrams adequately illustrate the redundancy of monitored variables and component sensors and channels.


The specific regulatory requirements applicable to SRDI are cited in <Table 7.1‑3>.


7.5.1.2      Normal Operation


The instrumentation and ranges were selected on the basis of giving the reactor operator the necessary information to perform all the normal plant startup, steady‑state maneuvers and to be able to track all the process variables pertinent to safety during expected operational perturbations.


7.5.1.2.1      Safe Shutdown


Instrumentation is available to provide the operator with adequate information to maintain the plant safely in a shutdown condition during all design basis events.


7.5.1.3      Abnormal Transient Occurrences


The ranges of indicators and recorders provided are capable of covering the extremes of process variables and provide adequate information for all abnormal transient events.


7.5.1.4      Accident Conditions


Information readouts are designed to accommodate all credible accidents from the standpoint of operator action, information and event tracking requirements, providing assurance that all other credible events or incidents requirements will be covered.


7.5.1.4.1      Initial Accident Event


The design basis of all engineered safety features to mitigate the accident event condition takes into consideration that no operator action or assistance is assumed for the first ten minutes of the event.  This requirement, therefore, makes it mandatory that all protective action necessary in the first ten minutes be “automatic”.  Thus, although continuous tracking of process variables is available, no operator action based on them is required.


7.5.1.4.2      Postaccident Tracking


No operator action (and therefore, postaccident information) is required for at least ten minutes following an accident, although the various 


monitoring devices are continuously tracking and indicating important parameter information and displaying it to the operator as well as recording appropriate data.


The DBA‑LOCA serves as the envelope accident sequence event to provide and demonstrate the plant’s postaccident tracking capabilities.  All other accidents have less severe and limiting tracking requirements.


The following process instrumentation provides information to the operator after a DBA‑LOCA to monitor reactor conditions.


The plant protection/ESF system electronic trip system <Section 7.1.3> provides continuous control room indication of each variable monitored by the RPS, ECCS, CRVICS, and RCIC.  Each variable is sensed by an analog transmitter that continuously transmits a signal proportional to the variable range, to a trip unit located in the control room.  A millimeter located on each trip unit displays the transmitted signal.  The ammeter allows visual cross‑checking between instrument channels to verify operability and variable level.


7.5.1.4.2.1      Reactor Water Level


Three wide range water level signals are transmitted from three independent differential pressure transmitters and are recorded on three, two‑pen recorders.  For two of the recorders, one pen records the wide range level and the other pen records the reactor pressure as stated in <Section 7.5.1.4.2.2>.  For the third recorder, again one pen records the wide range level and the other pen records the fuel zone


level as stated in <Table 7.1‑4>.  The range of the recorded level is from the top of the feedwater control range (above the high level turbine trip point) down to a point near the top of the active fuel.


7.5.1.4.2.2      Reactor Pressure


Two reactor pressure signals are transmitted from two independent differential pressure transmitters and are recorded on two, two‑pen recorders which are operable before and after a safe shutdown earthquake (SSE).  One pen records pressure and the other pen records the wide range level.  The range of recorded pressure is from 0 to 1,500 psig.


7.5.1.4.2.3      Reactor Shutdown, Isolation and Core Cooling Indication


7.5.1.4.2.3.1      Reactor Operator Information and Observations


The information furnished to the control room operator permits him to assess reactor shutdown, isolation and availability of emergency core cooling following the postulated accident.


a.
Operator verification that reactor shutdown has occurred may be made by observing one or more of the following indications:



1.
Control rod status lamps indicating each rod fully inserted.



2.
Control rod scram pilot valve status lamps (power available) indicating open valves.



3.
Neutron monitoring power range channels and recorders downscale and SRM recorders downscale.




There is no requirement for the power range channels and recorders downscale indication to remain available to the operator following a loss of offsite power.  However, APRM downscale may be used as an indication of reactor power level 




following a loss of offsite electrical power.  A loss of offsite power would result in all scram valve solenoids de‑energized and scramed.



4.
Annunciators for reactor protection system variables and trip logic in the tripped state.




The function of the annunciators is to supply information to the operator.  They are not protective systems in that they do not provide any trip signals.




Annunciators are only one means by which the operator can assess the status of a system.  It should be recognized that no operator action is required for the first ten minutes following an incident.  This gives the operator adequate time to review system status from operating lights, indicators and relay positions.



5.
Process computer logging of trips and control rod position log.  The power source is the computer power supply from the plant uninterruptable auxiliary ac bus.




The plant process computer provides no trip signals.  It provides thermal hydraulic information to the operator which he uses to keep the plant operating within Technical 




Specification limits.  If the computer is not working, there are backup procedures to provide the same information.  The process computer has no specific regulatory requirements.


b.
The reactor operator may verify reactor isolation by observing one or more of the following indications:



1.
Isolation valve position lamps indicating valve closure.



2.
Main steam line flow indication downscale.



3.
Annunciators for the containment and reactor vessel isolation system variables and trip logic in the tripped state.



4.
Process computer logging of trips.


c.
Operation of the emergency core cooling and the RCIC system following the accident may be verified by observing the following indications:



1.
Annunciators for high pressure core spray, low pressure core spray, residual heat removal, automatic depressurization system, and reactor core isolation cooling system sensor initiation logic trips.



2.
Flow and/or pressure indications for each emergency core cooling system are provided and are operable before and after a SSE.



3.
RCIC isolation valve position indicating open valves.



4.
Injection valve position lights indicating either open or closed valves.



5.
Relief valve initiation circuit status by open or closed indicator lamps.



6.
Process computer logging of trips in the emergency core cooling network.



7.
Relief valve discharge pipe temperature monitors.


7.5.1.4.2.4      Drywell and Containment Indications


Drywell and containment conditions are indicated and/or recorded by the instrumentation described below.


a.
Drywell and Containment Pressure Monitoring



Drywell/containment differential pressure is measured and indicated in the control room.  Separate annunciation is provided in the control room on high positive differential and high negative differential pressure.  Drywell pressure narrow range and wide range measurements are recorded in the control room and the narrow range measurement is indicated and annunciated in the control room.



Containment pressure is also measured with redundant channels, with each channel being indicated, recorded and annunciated in the control room.  Additional redundant channels of instruments are used for extended range measurement of containment pressure with the signals recorded in the control room.


b.
Drywell and Containment Temperature Monitoring



Temperature signals from sensors located in the drywell and the containment are recorded in the control room.  An alarm for high average drywell temperature per division and a common alarm for high containment temperature for each channel are annunciated in the control room.  One temperature sensor from each channel in the drywell and the containment has its signal indicated in the control room.


c.
Suppression Pool Temperature Monitoring



Each channel of the suppression pool temperature sensors transmits the sensors’ signals to temperature switches and then to two and 



four position selector switches located on the postaccident monitoring panel.  A suppression pool temperature is selected and indicated on a single indicator located on the ECCS benchboard.  A common alarm for each channel on high suppression pool temperature is annunciated in the control room.  Each channel is recorded in the control room.


d.
Suppression Pool Water Level



There are nine suppression pool level transmitters.  Four of the transmitters sense narrow‑range (16‑19 ft) and provide signals for annunciation, recording and automatic makeup to the suppression pool.  A fifth narrow range (16‑19ft) transmitter is provided for remote shutdown panel indication and recording.  Two accident monitoring suppression pool level transmitters sense and record wide range suppression pool level (2‑24ft) in the control room.  The remaining two suppression pool level transmitters are containment flood level transmitters and sense and record suppression pool level over the range of 16 to 96 feet.



The nine suppression pool level transmitters are arranged in two divisions, A and B.  There are five instruments in division A because the remote shutdown transmitter is in that division.  There are two narrow range instruments, one in each division, that 



provide narrow range control room indication and recording.  Additionally, all narrow range instruments are used to control automatic makeup to the suppression pool <Section 7.3.1.1.12>.



There are two wide range instruments, one in each division, that provide accident monitoring over the range of 2 to 24 feet.  The accident monitoring instruments are recorded in the control room and are used to satisfy the Accident Monitoring Instrumentation requirements of the Technical Specifications.



There are two containment flood level instruments, one in each division, that provide control room recording and annunciation.  They are used to monitor containment water level between the top of active fuel and the 641 foot elevation when containment flooding is necessary.



In addition to the nine suppression pool level transmitters, there are two upper pool level transmitters, one per division.  Each channel is recorded and indicated in the control room.  High and low upper pool level is also annunciated in the control room.


7.5.1.4.2.5      Control Room HVAC


The SRDI which provides the operators with the necessary information to ascertain system operation is listed in <Table 7.5‑1> and shown on <Figure 6.4‑1>.


7.5.1.4.2.6      Emergency Water Systems


The emergency water systems, emergency closed cooling and emergency service water operation can be verified by the SRDI indicating loop flow, pressure and temperature as well as flow and temperature indicators for each heat exchanger.  These indicators are listed in <Table 7.5‑1> and shown on <Figure 9.2‑1> and <Figure 9.2‑3>.


7.5.1.4.2.7      Annulus Exhaust Gas Treatment System


The SRDI that provides the operators with the necessary information to ascertain system operation is listed in <Table 7.5‑1> and shown on <Figure 6.5‑1>.


7.5.1.4.2.8      Combustible Gas Control System


The three subsystems of the combustible gas control system (CGCS) are provided with SRDI as shown on <Figure 6.2‑62> and listed on <Table 7.5‑1>.  These indicators and recorders provide sufficient information to determine the effectiveness of the CGCS following any DBA.


7.5.1.4.2.9      Standby Power Systems


The SRDI, which provides the operators with the necessary information to ascertain system operation, is listed in <Table 7.5‑1>.


7.5.1.4.2.10      Emergency Diesel Support Systems


These support systems have SRDI as indicated in <Table 7.5‑1>, shown on <Figure 9.4‑14> and discussed in <Section 9.5>.


7.5.1.4.2.11      ESF Building and Area HVAC Systems


These safety‑related systems have status and position lights for motors and dampers that provide sufficient information to monitor system operation.  These lights are powered from the same source as the device they monitor and are shown on <Figure 6.4‑1>, <Figure 9.4‑1>, <Figure 9.4‑4>, <Figure 9.4‑10>, <Figure 9.4‑11>, <Figure 9.4‑12>, and <Figure 9.4‑13>.


7.5.1.4.3      Safety Parameter Display System (SPDS)


The purpose of SPDS is to provide a concise display of critical plant variables to control room operators to help them rapidly and reliably determine the safety status of the plant.  The parameters selected for 


SPDS are sufficient to assess the safety status of each identified function for a wide range of events, which include symptoms of severe accidents.


The Perry SPDS is a subsystem of the Emergency Response Information System (ERIS).  ERIS was originally an independent computer system, but has now been integrated into the Integrated Computer System (ICS).  The original SPDS was developed and supplied by General Electric (GE), and was identical, in most respects, to the general GESSAR II SPDS (Refer <NUREG‑0979> Supplement 4 and NEDE‑30284‑P).  The design of the modified system, although implementing new hardware and software and updated display/MMI technology, has been carefully controlled to ensure that all prior commitments have been retained.


7.5.2      ANALYSIS


7.5.2.1      General


The SRDI provides adequate information to allow the reactor operator to perform the necessary manual safety functions.


All protective actions required under accident conditions for the NSSS equipment are automatic, redundant and decisive such that reactor operator intervention is unnecessary for the first ten minutes.


Information for postaccident protective actions is provided by safety classified instrumentation.


Information for other instrumentation systems will be assessed by the reactor operator on the basis of its reliability, verification by comparative means and by need for non‑standard control actions.


7.5.2.2      Normal Operation


<Section 7.5.1.2> describes the basis for selecting ranges for instrumentation and since abnormal, transient or accident conditions monitoring requirements exceed those for normal operation, the normal ranges are covered adequately.


7.5.2.3      Abnormal Transient Occurrences


These occurrences are not limiting from the point of view of instrument ranges and functional capability <Section 7.5.2.4.>.


The variety of indications, which may be used to verify that shutdown and isolation safety actions have been accomplished as required <Section 7.5.1.4.2.3>, meets the requirements of IEEE Standard 279.


7.5.2.4      Accident Conditions


The DBA‑LOCA is the most extreme operational event.  Information readouts are designed to accommodate this event from the standpoint of operator actions, information and event tracking requirements, and therefore, will cover all other design basis events or incident requirements.


7.5.2.4.1      Initial Accident Event


The design basis of all engineered safety features used to mitigate accident event condition takes into consideration that “no operator action or assistance is required or recommended for the first ten minutes of the event.”  This requirement therefore, makes it mandatory that all protective action necessary in the first ten minutes be “automatic.”  Therefore, although continuous tracking of variables is available, no operator action based on them is intended.


7.5.2.4.2      Postaccident Tracking


The SRDI listed below is in compliance with safety‑related system requirements <Section 7.1.2>.  Process instrumentation provides information to the operator after a DBA‑LOCA for his use in monitoring:


a.
Reactor Water Level and Pressure



Vessel water level and pressure sensor instrumentation described in <Section 7.5.2.1> is redundant, electrically independent and is qualified to be operable during and after a LOCA in conjunction with a SSE.  Power is from independent instrument buses supplied from the two divisional ac buses.  This instrumentation complies with the independence and redundancy requirements of IEEE Standard 279 and provides recorded outputs.



The sensors and recorders are designed to operate during normal operation and/or postaccident environmental conditions.  The design criteria that the instruments must meet are discussed in <Section 7.1.2>.  There are two complete and independent channels of wide range reactor water level and reactor vessel pressure with a channel of each parameter having its readout on a separate two‑pen recorder in the control room.  A third independent channel of wide range reactor water level is provided with indication on a two‑pen recorder in the control room shared with a fuel zone reactor water level channel.



The design, considering the accuracy, range and quality of the instrumentation, is adequate to provide the operator with accurate reactor water level and reactor pressure information during normal operation, abnormal, transient, and accident conditions.


b.
Suppression Pool Water Level and Temperature



This instrumentation complies with the requirements of IEEE Standard 279 and provides recorded outputs.  All equipment, except the recorders and indicators, will perform its required function during and after the seismic event.  Recorders and instrumentation perform their required function after the seismic event; however, pen or pointer flutter is expected to occur during the event.


c.
Drywell and Containment Pressure and Temperature



This instrumentation is redundant, electrically independent and is qualified to be operable during and after a LOCA.  Power is from independent buses and the instrumentation complies with the requirements of IEEE Standard 279 and provides recorded outputs.  All equipment except the recorders and indicators will perform their required function during and after a seismic event.  Recorders and instrumentation perform their required function after the seismic event; however, pen or pointer flutter is expected to occur during the event.


d.
Emergency Core Cooling Systems



Performance of emergency core cooling systems (ECCS) following an accident may be verified by observing redundant and independent indications as described in <Section 7.5.1.4.2.3.1.c> and fully satisfies the need for operator verification of operation of the system.



Redundancy of instrumentation within the individual systems is not provided.  However, redundancy is provided within the combination of ECCS network.  Each system is provided with system flow measuring indication and/or valve status indication allowing the operator to assess the operating conditions.


e.
Continued Shutdown Tracking



The various indications described in <Section 7.5.1.4.2> provide adequate information regarding status of the reactor vessel level and pressure to allow reactor operators to make proper decisions regarding core and containment cooling operations, and fully satisfies the need for postaccident surveillance of these variables.


f.
Non‑NSSS Engineered Safety Features and Auxiliary Supporting Systems



Performance of engineered safety features and auxiliary supporting systems may be verified by observing the various indications described in <Section 7.5.1.2>.  Displays showing the status of all ESF equipment and pertinent analog parameters are located on control room benchboards, in the same area as the associated ESF system controls, so that the operator can immediately assess the status of ESF systems and take whatever actions necessary under all plant conditions.  This instrumentation is redundant, electrically independent between ESF divisions and is qualified to be operable during and after a LOCA and before and after a seismic event.  Power is from independent buses and the instrumentation complies with the requirements of IEEE Standard 279.


7.5.2.4.3      Safe Shutdown Display


The safe shutdown display instrumentation in <Section 7.5.1> consists of control rod status lamps, scram pilot valve status lamps (power available) and neutron monitoring instrumentation.  These displays are expected to remain operable following an accident to indicate the occurrence of safe and orderly shutdown.


The displays provide redundancy by being in three separate systems and the rod position and neutron monitoring outputs are recorded (the former by the process computer).


7.5.2.4.4      Engineered Safety Feature Operation Display


The other operating instruments provide indication of operation of various safety systems but, except for the isolation valve status, do not constitute postaccident surveillance or safe shutdown display.  Isolation valve status indication is designed to perform as stated in <Section 7.5.2.4>.


7.5.2.5      System Drawings


The applicable safety‑related display instrumentation system schematics, electrical distribution drawings, functional control diagrams, instrument location drawings, and control room layout drawings have been provided and are listed in <Section 1.7>.  P&IDs are located in <Chapter 5>, <Chapter 6>, and <Chapter 9>.


7.5.2.6      Isolation Devices


The GESSAR II SPDS SER (Section III.G) addressed electrical and electronic isolation and concluded that the fiberoptics are acceptable for interfacing the original ERIS/SPDS with safety systems.   The fiberoptic cable system supplies the necessary electrical isolation to meet all requirements of maximum credible faults and electrical interference considerations.  The isolation equipment has been environmentally and seismically qualified in accordance with IEEE‑323‑1974 and IEEE‑344‑1975.


TABLE 7.5‑1


SAFETY‑RELATED DISPLAY INSTRUMENTATION (DISPLAY INSTRUMENTATION FOR SAFETY‑RELATED SYSTEMS)





 Number




Type of
   of

Readout


   System
      Parameter
Readout
Channels
    Range
Location


Rod Control
Control Rod Position
Lights
2 per rod
       N/A
   CR


   and


Information
Control Rod Scram
Lights
1 per valve
       N/A
   CR



Valves


Neutron
Power Range Neutron
Recorder
8 (2 per recorder)
    0 to 125%
   CR


Monitoring
Flux



Oscillation Power
Lights
    4
     N/A
   CR



Range Monitors



Source Range Count Rate
Recorder
4 (2 per recorder)
10‑1 to 106 cps
   CR


Nuclear
Reactor Vessel Pressure
Recorder
    2
0 to 1,500 psig
   CR


Boiler



Reactor Vessel Water



Level: Wide Range
Recorder
    3
5” to 230”
   CR



Fuel Zone
One recorder,
    3
‑150” to 50”
   CR




two meters



Relief Valve
Lights
    2
     N/A
   CR



Initiation Circuit



Relief Valve Discharge
Recorder
    1
0 to 600(F
   CR



Pipe Temperature


RCIC
RCIC Flow
Meter
    1
0 to 800 gpm
   CR



RCIC Isolation Valve
Lights
    2
     N/A
   CR



RCIC Discharge Pressure
Meter
    1
0 to 1,500 psig
   CR


Emergency
HPCS Flow
Meter
    1
0 to 10,000 gpm
   CR


Core Cooling



HPCS Discharge Pressure
Meter
    1
0 to 1,500 psig
   CR



LPCS Flow
Meter
    1
0 to 10,000 gpm
   CR



RHR Flow (LPCI and
Meter
1 per loop
0 to 10,000 gpm
   CR



Shutdown Cooling)


TABLE 7.5‑1 (Continued)





 Number




Type of
   of

Readout


   System
      Parameter
Readout
Channels
    Range
Location


Emergency Core


Cooling (Continued)



RHR Service Water Flow
Meter
1 per loop
0 to 10,000 gpm
   CR



ECCS Pumps
Status
1 set per pump
     N/A
   CR




Lights



ECCS Valves
Position
1 set per valve
     N/A
   CR




Lights


Containment
Drywell Pressure
Recorder
    2
30” Hg to 35 psig
   CR


Drywell
(Wide)


Monitoring



Drywell Pressure
Recorder/Meter
    2
10” Hg to +5 psig
   CR



(Narrow)



Containment Pressure
Recorder
    2
10” Hg to 60 psig
   CR



(Wide)



Containment Pressure
Recorder/Meter
    2
10” Hg to 20 psig
   CR



(Normal)



Containment/Drywell
Meter
    2
‑2.5 to +2.5 psig
   CR



Differential Pressure



Drywell Temperature
Recorder
2/(3 locations
40 to 440(F
   CR





   each)



Drywell Temperature
Meter
    2
40 to 440(F
   CR


TABLE 7.5‑1 (Continued)





 Number




Type of
   of

Readout


     System
      Parameter
Readout
Channels
  Range
Location


Containment


Drywell


Montoring


(Continued)



Containment Temperature
Recorder
2/(4 locations
50 to 300(F
   CR





each)



Containment Temperature
Meter
    2
50 to 300(F
   CR



Suppression Pool Level
Recorder/Meter
    2
16 to 19 feet
   CR



(Narrow)



Suppression Pool Level
Recorder
    2
2 to 24 feet
   CR



(Wide)



Containment Water
Recorder
    2
16 to 96 feet
   CR



Level



Suppression Pool
Recorder/
2/(8 locations
30 to 230(F
   CR
NOTE:  Single meter



Temperature
Meter
   each)



selectable on one









of 8 locations



Isolation Valves
Position
1 set per valve
     N/A
   CR




Lights


Emergency Water
ESW Loop Inlet
Meter
1 each loop
0 to 100(F
   CR


(Emergency
Temperature


Service Water,


(ESW); Emergency
ESW Loop Pressure
Meter
1 each loop
0 to 160 psig
   CR


Closed 


Cooling Water
ESW Flow to HPCS
Meter
1 each loop
0 to 1,000 gpm
   CR


(ECCW))
Diesel Hex



ESW Flow to Stby
Meter
1 each loop
0 to 1,200 gpm
   CR



Diesel Hex


TABLE 7.5‑1 (Continued)





 Number




Type of
   of

Readout


   System
      Parameter
Readout
Channels
      Range
Location


Emergency Water
ESW Flow to ECCW Hex
Meter
1 each loop
0 to 3,000 gpm
   CR


(Emergency


Service Water,
ESW Flow to RHR Hex
Meter
1 each loop
0 to 10,000 gpm
   CR


(ESW); Emergency


Closed 


Cooling, (ECCW))
ECCW Loop Pressure
Meter
1 each loop
0 to 160 psig
   CR


(Continued)



ECCW Loop Flow
Meter
1 each loop
0 to 2,500 gpm
   CR



ECCW Loop Temperature
Meter
1 each loop
50 to 150(F
   CR



ESW Pumps
Status
1 set per pump
     N/A
   CR




Lights



ESW Valves
Position
1 set per valve
     N/A
   CR




Lights



ECCW Pumps
Status
1 set per pump
     N/A
   CR




Lights



ECCW Valves
Position
1 set per valve
     N/A
   CR




Lights


Standby Diesel
Generator Field Current
Meter
1 each generator
0‑300 Amps
   CR


Generator



Generator Field Voltage
Meter
1 each generator
0‑300 Volts
   CR



Generator Reactive Power
Meter
1 each generator
0‑6,000 kVAR
   CR



Generator Power
Meter
1 each generator
0‑8,000 kW
   CR



Generator Current
Meter
1 each generator
0‑1,200 Amps
   CR



Generator Voltage
Meter
1 each generator
0‑5,250 Volts
   CR


TABLE 7.5‑1 (Continued)





 Number




Type of
   of

Readout


   System
      Parameter
Readout
Channels
      Range
Location


Standby Diesel


Generator (Continued)



Diesel Generator
Meter
1 each generator
0‑600 rpm
   CR



Engine Speed



Generator Synchroscope
Meter
1 each generator
Slow‑Fast
   CR



Standby Power Sources
Meter/
1 per source
Various and N/A
   CR



(Voltage/Current/Circuit
Status



Breaker Position)
Lights


Emergency and
Diesel Fuel Storage
Meter
1 each generator
0 to 100% level
   CR


Standby Diesel
Tank Level


Generator


Support Systems
Diesel Fuel Day
Meter
1 each generator
0 to 555 gal.
   CR



Tank Level


(HPCS gen.)






0 to 550 gal.






(Standby gen.)



Ventilation Fan
Status
1 set per fan
     N/A
   CR




Lights



Ventilation Outside
Position
1 set per damper
     N/A
   CR



Air Damper
Lights


Combustible
Hydrogen Concentration
Recorder
2/(4 locations
0‑10% H2
   CR


Gas Control


each)



Drywell Purge
Status
1 set per
     N/A
   CR



Compressor
Lights
compressor



Drywell Purge Valves
Position
1 set per valve
     N/A
   CR




Lights



Hydrogen Recombiner
Meter
    2
0‑2,000(F
   Local



Temperature

TABLE 7.5‑1 (Continued)





 Number




Type of
   of

Readout


   System
      Parameter
Readout
Channels
      Range
Location


Combustible


Gas Control


(Continued)



Hydrogen Recombiner
Meter
    2
0‑100 kW
   Local



Power



Hydrogen Recombiner
Status
1 set per
     N/A
   CR




Lights
recombiner



Backup Purge Valve
Position
1 set per valve
     N/A
   CR




Lights


Annulus Exhaust
Annulus/Outside
Recorder
2/(2 locations
0 to 5” H2O Vacuum
   CR


Gas Treatment
Atmosphere Differential

each)



Pressure



AEGTS Fans
Status
1 set per fan
     N/A
   CR




Lights



AEGTS Dampers
Position
1 set per damper
     N/A
   CR




Lights


Control Room
Control Room Fan
Status
1 set per fan
     N/A
   CR


HVAC

Lights



Control Complex Chiller
Status
1 set per chiller
     N/A
   CR




Lights



Control Room Dampers
Position
1 set per damper
     N/A
   CR




Lights


ESF Ventilation
ESF Ventilation Fan
Status
1 set per fan
     N/A
   CR




Lights



ESF Ventilation Dampers
Position
1 set per damper
     N/A
   CR




Lights
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7.6      ALL OTHER INSTRUMENTATION SYSTEMS REQUIRED FOR SAFETY


7.6.1      DESCRIPTION


<Section 7.6> describes the instrumentation and control systems required for safety not discussed in other sections.  The systems include:


a.
Process Radiation Monitoring System


b.
High Pressure/Low Pressure Systems Interlocks


c.
Leak Detection System (LDS)


d.
Neutron Monitoring System (NMS)‑(IRM, LPRM, APRM, OPRM)


e.
Rod Pattern Control System (RPCS)


f.
Recirculation Pump Trip System (RPT)


g.
Fuel Pool Cooling System


h.
Containment Atmosphere Monitoring System


i.
Hydrogen Control System


j.
Offgas Building Exhaust System


k.
Safety/Relief Valve‑Relief Function


l.
Redundant Reactivity Control System (RRCS)


The sources which supply power to the safety‑related systems described in this section originate from onsite ac and/or dc safety‑related buses 


or, as in the case of the fail‑safe logic NMS and portions of the LDS, 


from the nonsafety‑related RPS MG sets.  Refer to <Chapter 8> for a complete description of the safety‑related systems power sources.


7.6.1.1      Process Radiation Monitoring System ‑ Instrumentation and Controls


The safety‑related portions of the process radiation monitoring system are described in <Section 7.2.1> and <Section 7.3.1>.  The main steam line and containment ventilation exhaust radiation monitoring systems and all other systems are discussed in <Section 11.5>.


7.6.1.2      High Pressure/Low Pressure Interlocks


a.
Function



Instrumentation and controls are provided to prevent overpressurization of certain low pressure equipment.


b.
System Operation



Schematic arrangement of mechanical equipment involved is shown in <Figure 5.4‑13>.  Component control logic for the equipment involved is shown in <Figure 7.3‑5>.  Elementary diagrams are listed in <Section 1.7.1>.



The following high pressure/low pressure interlock equipment is provided:



 Interlocked



    Parameter



Process Line
Type
 Valve
     Sensed   Purpose



RHR Shutdown
 MO
 E12‑F009
    Reactor   Prevents valve opening



Cooling

 MO
 E12‑F008
    Pressure  until reactor pressure



Suction






    is below system design



Isolation






    pressure



 Interlocked



    Parameter



Process Line
Type
 Valve
     Sensed   Purpose



RHRS Shutdown
 MO
 E12‑F053A,B  Reactor   Prevents valve opening



Cooling




    Pressure  until reactor pressure



Injection






    is below system design











    pressure



RHRS Head

 MO
 E12‑F023
    Reactor   Prevents valve opening



Spray




    Pressure  until reactor pressure











    is below system design











    pressure



The shutdown cooling suction isolation valves, head spray valve, and shutdown cooling injection valve have redundant interlocks to prevent the valves from being opened when the primary system pressure is above the subsystem design pressure.


7.6.1.3      Leak Detection System ‑ Instrumentation and Controls


The safety‑related portions of the leak detection system are main steam line leak detection, RCIC system leak detection, RHR system leak detection, and reactor water cleanup system leak detection.


a.
Leak Detection System Function



The main portion of the leak detection system instrumentation and controls is designed to monitor leakage from the reactor coolant pressure boundary and initiate alarms and/or isolation when predetermined limits are exceeded <Section 5.2.5>.


b.
Leak Detection System Operation



Schematic arrangements of system mechanical equipment and operator information displays are shown in <Figure 7.6‑1>.  LDS component 



control logic is shown in <Figure 7.3‑5>, <Figure 7.4‑1>, and <Figure 7.3‑3>.  Plant layout drawings are shown in <Section 1.2> and elementary diagrams are listed in <Section 1.7.1>.



Systems or parts of systems which contain water or steam and which are in direct communication with the reactor vessel, are provided with leakage detection systems.



Each of the required leakage detection systems inside the drywell is designed with a capability to detect leakage less than established leakage rate limits.  Refer to Technical Specifications.



Major components within the drywell that by nature of their design are sources of leakage (e.g., pump seals, valve stem packing, equipment drains), are collected ultimately in an equipment drain sump.



Equipment associated with systems within the drywell (e.g., vessels, piping, fittings) share a common volume.  Steam or water leaks from such equipment are collected ultimately in the floor drain sumps.



Each sump is protected against overflowing to prevent leaks of an identified source from masking those from unidentified sources.



Outside the containment, the piping within each system monitored for leakage is in compartments or rooms separate from other systems, wherever feasible, so that leakage may be detected by sump level, ambient or differential area temperature or high process flow.



Sensors, wiring, and associated equipment of the leak detection system which are associated with the isolation valve logic are designed to withstand the conditions that follow a design basis loss‑of‑coolant accident <Section 3.11>.



The operator is kept aware of the status of the leak detection system variables through meters, digital displays and recorders which indicate the measured variables in the control room.  If a trip occurs, the condition is annunciated in the control room.



Discussions of the specific portions of the Leak Detection System are as follows:



1.
The MSL leak detection



2.
RCIC system leak detection



3.
RHR system leak detection



4.
Reactor water cleanup system leak detection


7.6.1.3.1      MSL Leak Detection


The MSL Leak Detection system is described in <Section 7.3.1>.


7.6.1.3.2      RCIC System Leak Detection


The steam lines of the RCIC system are monitored for leaks by the leak detection system.  Leaks from the RCIC will cause a change in at least one of the following monitored parameters:  sensed equipment area temperatures, steam flow rate, or steam pressure.  If the monitored variables indicate that a leak may exist, the detection system initiates an RCIC isolation signal.


The following is a description of each RCIC leak detection method:


a.
RCIC System Isolation – RCIC Equipment Area Temperature Monitoring (see item e. for the RHR Area description.)



High temperature in the RCIC equipment area could indicate a breach in the RCIC steam line reactor coolant pressure boundary.



Two redundant ambient area and differential temperature monitoring channels are provided.  The redundant ambient area instrument provides input to one of two logic channels (ESF Division 1 or Division 2).



Using 1 out of 2 logic for a division, an RCIC equipment area high area ambient temperature initiates an isolation of either the RCIC system inboard or outboard isolation valves.  The differential temperature is required to operate only when the RCIC room cooler is running and provides alarm only.



A bypass/test switch is provided in each logic channel for the purpose of testing the temperature monitor without initiating RCIC system isolation.



Diversity is provided by RCIC steam line flow and pressure monitoring.


b.
RCIC Flow Rate Monitoring



The steam line flow rate from the reactor vessel leading to the RCIC turbine is monitored by four differential pressure transmitters.  During high flow conditions, the flow rate trip unit initiates the auto‑isolation signal.  A time delay in each logic division prevents inadvertent system isolations due to pressure spikes <Section 7.4.1>.



High flow in the steam line initiates isolation of the RCIC system.



Diversity is provided by ambient temperature, differential temperature and RCIC steam line pressure monitoring.


c.
RCIC Pressure Monitoring



The steam line pressure from the reactor vessel leading to the RCIC turbine is monitored by two pressure transmitters.  In the presence of a leak, resulting in low line pressure, the RCIC pressure trip unit initiates the auto‑isolation signal <Section 7.4.1>.



Diversity is provided by ambient temperature, differential temperature and RCIC steam line flow monitoring.



Outputs from the two monitoring circuits are used to generate the RCIC auto‑isolation signals (one for each division) to isolate the inboard and outboard isolation valves.


d.
Main Steam Line Tunnel Area Temperature Monitoring



High temperature in the MSL tunnel could indicate a breach in the reactor coolant pressure boundary.



Two redundant MSL ambient temperature and ( temperature monitoring channels are provided.  Each redundant instrument provides input to one of two logic channels (Division 1 or Division 2).



Using 1 out of 1 logic for a division, a MSL tunnel high area ambient temperature initiates an isolation of either the RCIC inboard or outboard isolation valves.


e.
RCIC System Isolation – RHR Equipment Area Temperature Monitoring



High Temperature in the RHR Equipment Areas could indicate a breach in the RCIC steam line reactor coolant pressure boundary, because some RCIC steam piping remains in the RHR equipment areas even after elimination of the Steam Condensing Mode of RHR, as shown on USAR Figure 3.6‑70a.



Two redundant ambient temperature and ( temperature monitoring channels are provided for each of two RHR equipment areas.  Each redundant instrument provides input to one of two logic channels (Division 1 or Division 2).  Any high RHR equipment area ambient temperature for a division will initiate isolation of either the inboard or outboard RCIC isolation valves.



The differential temperature is required to operate only when the RHR room coolers are running.


7.6.1.3.3      RHR System Leak Detection


The RCIC steam supply line in the RHR heat exchanger rooms is monitored for leaks by the leak detection system as described above in Section 7.6.1.3.2.e.  Also, leaks from the RHR reactor coolant pressure boundary are detected by equipment area ambient temperature monitoring, and by low water level in the reactor vessel.  If the monitored parameters indicate that a leak exists, the LDS (ambient) initiates an RHR isolation signal.


Outputs from both circuits are used to generate the RHR auto‑isolation signal (one for each division) to isolate the inboard and outboard isolation valves.


The following is a description of each RHR leak detection method:


a.
RHR System Isolation – RHR Equipment Area Temperature Monitoring



High temperature in the equipment room areas of the RHR system could indicate a breach in the reactor coolant pressure boundary in the RHR system.



The RHR area temperature monitoring circuit is identical to the one described for the RCIC leak detection method <Section 7.6.1.3.2.e>.



Two redundant ambient and differential temperature monitoring channels are provided for each of two RHR equipment areas.  Each 



redundant instrument provides input to one of two logic channels (Division 1 or Division 2).



Any high RHR equipment area ambient temperature for a division will initiate an isolation signal closing either the RHR inboard or outboard isolation valves.



The differential temperature is required to operate only when the RHR room coolers are running and provides an alarm function only.


A bypass/test switch is provided in each logic channel for the purpose of testing the temperature monitor without initiating RHR system isolation.


Diversity is provided by Reactor Vessel Water Level – Low, Level 3 monitoring.


b.
RHR Flow Rate Monitoring



Flow rate monitoring is provided on the RCIC steam supply line to the RHR heat exchanger rooms by redundant differential pressure transmitters, which can initiate an isolation of the RCIC isolation valves, as described above in Section 7.6.1.3.2.b.


7.6.1.3.4      Reactor Water Cleanup System Leak Detection


The RWCU leak detection system monitors equipment area ambient and differential temperature and inlet and outlet differential flow.  Automatic isolation of the RWCU system isolation valves is initiated when monitored parameters indicate that leakage exists.


The following is a description of each RWCU leak detection method:


a.
RWCU Differential Flow Monitoring



Refer to <Section 7.3.1>.


b.
RWCU Area Temperature Monitoring



Refer to <Section 7.3.1>.


7.6.1.4      Neutron Monitoring System (NMS) ‑ Instrumentation and Controls


The safety‑related portions of the neutron monitoring system are the Intermediate Range Monitor (IRM), Local Power Range Monitor (LPRM), Average Power Range Monitor (APRM) and Oscillation Power Range Monitor (OPRM).


a.
Neutron Monitoring System Function



The neutron monitoring system instrumentation and controls are designed to monitor reactor power (neutron flux) from startup through full power operation.


b.
Neutron Monitoring System Operation



The neutron monitoring system uses incore detectors, either fixed (LPRM) or retractable (IRM), to determine neutron flux levels.



NMS will initiate a scram when predetermined limits are exceeded and provide operator information during and after accident conditions.



The NMS component control logic is shown in <Figure 7.6‑2>.


7.6.1.4.1      Intermediate Range Monitor (IRM)


a.
IRM Function



The IRM monitors neutron flux from the upper portion of the SRM range to the lower portion of the power range (APRM) as shown in <Figure 7.6‑3>.


b.
IRM Operation



The IRM has eight channels, each of which includes one detector that can be positioned in the core by remote control.  Refer to <Figure 7.6‑4>.  The detectors are inserted into the core for a reactor startup and are withdrawn after the reactor mode selector switch is placed in the RUN position.



Each detector assembly consists of a fission chamber attached to a low‑loss, quartz‑fiber‑insulated transmission cable.  The detector cable is connected underneath the reactor vessel to a triple‑shielded cable that is connected to the preamplifier.



The preamplifier converts current pulses to voltage pulses, modifies the voltage signal, and provides impedance matching.  The 



preamplifier output signal is then sent to the IRM signal conditioning electronics.



Each IRM channel input signal from the preamplifier can be amplified and attenuated.  IRM preamplification is selected by a remote range switch that provides 10 ranges of increasing attenuation (the first six are called low range, the last four are called high range).  As the neutron flux of the reactor core increases, the signal from the fission chamber is attenuated to keep the input signal to the inverter in the same range.  The output signal, which is proportional to neutron flux at the detector, is amplified and supplied to a locally mounted meter, a remote meter and recorder.



The IRM scram trip functions are discussed in <Section 7.2.1.1.b>.  The IRM trips are shown in <Table 7.6‑1>.



The IRM range switches must be upranged or downranged to follow increases and decreases in power within the range of the IRM to prevent either a scram or a rod block.  The IRM detectors should be inserted into the core whenever these channels are needed, and withdrawn from the core, when permitted, to prevent unnecessary burnup.


7.6.1.4.2      Local Power Range Monitor (LPRM)


a.
LPRM Function



The LPRMs provide localized neutron flux detection over the full power range for input to the APRM.


b.
LPRM Operation



The LPRM includes 164 detectors located at 41 locations at different axial heights in the core; each detector location contains four fission chambers.  <Figure 7.6‑5> shows the LPRM detector radial layout scheme.



The LPRM assembly consists of four neutron detectors installed in a housing <Figure 7.6‑6>.



The chambers are vertically spaced in a way that gives adequate axial coverage of the core, complementing the radial coverage given by the horizontal arrangement of the LPRM detector assemblies.



Each chamber consists of two concentric cylinders, which act as electrodes.  The inner cylinder (the collector) is mounted on insulators and is separated from the outer cylinder by a small gap.  The gas between the electrodes is ionized by the charged particles produced as a result of neutron fissioning of the uranium‑coated outer electrode.  The chamber is operated at a polarizing potential of approximately 100 Vdc.  The negative ions produced in the gas are accelerated to the collector by the potential difference maintained between the electrodes.  In a given neutron flux, all the ions produced in the ion chamber can be collected if the polarizing voltage is high enough.  When this situation exists, the ion chamber is considered to be saturated; output current is then independent of operating voltage.



Each location contains a calibration tube for a traversing incore probe.  The enclosing tube around the entire assembly contains holes that allow circulation of the reactor coolant water to cool the tubes containing the ion chambers.



The current signals from the LPRM detectors are transmitted to the LPRM amplifiers in the control room through coaxial cable.  The amplifier is a linear current amplifier whose voltage output is proportional to the current input and therefore proportional to the magnitude of the neutron flux.  Low level output signals are provided that are suitable as an input to the computer, APRM’s etc.  The output of each LPRM amplifier is isolated to prevent interference of the signal by inadvertent grounding or application of stray voltage at the signal terminal point.



When a central control rod is selected for movement, the output signals from the amplifiers associated with the nearest LPRM assembly are displayed on reactor control panel digital meters.  The four LPRM detector signals from the LPRM assembly are displayed on 4 separate digital meters.  The operator can readily obtain readings on any individual LPRM assembly by selecting an adjacent control rod.



The trip circuits for the LPRM provide trip signals to activate lights, instrument inoperative signals, and annunciators.  These trip circuits use the 24 Vdc power supply and are set to trip on loss of power.  They also trip when power is not available for the LPRM amplifiers.  <Table 7.6‑2> indicates the trips.



Each LPRM channel may be individually bypassed.  When the maximum number of bypassed LPRMs associated with any APRM channel has been exceeded, an inoperative trip is generated by that APRM.



Each individual chamber of the assembly is a moisture‑proof, pressure‑sealed unit.  The chambers are designed to operate at 575(F and 1,250 psig.



The detectors, cables and connectors are designed to remain accurately functional for drywell temperatures up to 330(F and 100 percent relative humidity.



Power for the LPRM is supplied by the two 120 Vac ATWS/UPS buses.  Approximately half of the LPRMs are supplied from each bus.  Each LPRM amplifier has a separate power supply (ICPS) in the control room, which furnishes the detector polarizing potential.  This power supply is adjustable from 75 to 200 Vdc.  The maximum current output is three milliamps.  This ensures that the chambers can be operated in the saturated region at the maximum specified neutron fluxes.  For maximum variation in the input voltage or line frequency, and over extended ranges of temperature and humidity, the output voltage varies no more than two volts.  Each page of amplifiers is supplied operating voltages from a separate low voltage power supply.


7.6.1.4.3      Average Power Range Monitor (APRM)


a.
APRM Function



The function of the APRM is to average signals from the LPRMs and provide a flow reference reactor scram when neutron flux exceeds predetermined flux.



APRM signal levels are sent to the redundant reactivity control system logic if additional reactivity control is necessary following an ATWS event.  The use of this signal is discussed in <Section 7.6.1.12>.


b.
APRM Operation



The APRM has eight redundant channels.  Each channel uses input signals from a number of LPRM channels.  Four APRM channels are associated with each trip system of the RPS.



The APRM channel uses electronic equipment that averages the output signals from a selected set of LPRMs, trip units that actuate 



automatic devices and signal readout equipment.  Each APRM channel can average the output signals from as many as 24 LPRMs.  Assignment of LPRMs to an APRM follows the pattern shown in <Figure 7.6‑6>.  Position A is the bottom position, Positions B and C are above Position A and Position D is the topmost LPRM detector position.  The pattern provides LPRM signals from all four core axial LPRM detector positions.



The APRM amplifier gain can be adjusted by combining fixed resistors and potentiometers to allow calibration.  The averaging circuit automatically corrects for the number of unbypassed LPRM amplifiers providing inputs to the APRM.



Refer to <Section 7.2.1> for a further description of the APRM inputs to the RPS.



The APRM channels receive power from the 120 Vac ATWS/UPS System.


7.6.1.4.4      Oscillation Power Range Monitor (OPRM)


a.
OPRM Function



The function of the OPRM is to detect and suppress evidence of reactor thermal‑hydraulic instability in the core by providing a scram when regional (neutron flux) oscillations in the core exceed predetermined levels.


b.
OPRM Operation



The OPRM system has four (4) redundant and independent trip channels and each channel contains two (2) OPRM modules.  Each OPRM channel receives signals from existing LPRM signals.  The assignment of the LPRM signals to each OPRM channel is grouped 



together such that the resulting OPRM response provides adequate coverage for monitoring regional oscillations.



The OPRM system is provided with a built‑in self‑test diagnostic program that is continuously performed on‑line, which checks system operability.  In addition, the self‑test is performed when the system is returned to service.



Configuration and setpoint changes to the OPRM system are made using a maintenance terminal which is key‑switch and password protected.



The OPRM trip circuits provide signals to the Reactor Protection System (RPS), activate local indication, and provide annunciator alarms.  The trip signals to the RPS utilize relay modules to provide electrical isolation and compatibility.  Local indicating lights are available on the OPRM modules.  Annunciator alarms are provided in the control room for the OPRM Trip, OPRM Alarm, OPRM Bypass, OPRM Trip Enable and OPRM Inop.  The OPRM Inop signal does not cause a scram nor does it affect the OPRM logic that interfaces with the RPS.



The OPRM system does not affect the other existing neutron monitoring (NMS) subsystems.


7.6.1.5      Rod Pattern Control System (RPCS) ‑ Instrumentation and Controls


a.
System Function



The Rod Pattern Control System (RPCS) is a subsystem of the RC&IS <Section 4.3.2.5>.  When the thermal power is less than or equal to the Low Power Setpoint (LPSP), the RPCS functions as the Rod 



Pattern Controller (RPC); when the thermal power is above the LPSP, the RPCS functions as the Rod Withdrawal Limiter (RWL).



The purpose of the RPC is to minimize the consequences of the postulated Control Rod Drop Accident (CRDA) by restricting control rod patterns to those which have been analyzed to result in acceptable increases in fuel enthalpy during the CRDA <Section 15.4.9>.  The RPC also reduces the potential for a fast period scram by restricting control rod withdrawal to single notches for certain groups of control rods.



For changes in licensed operating power level, the LPSP is rescaled such that the absolute value remains the same.



The purpose of the RWL is to mitigate the consequences of the Rod Withdrawal Error (RWE) by restricting the maximum control rod withdrawal increments to those which have been analyzed to ensure that neither the safety limit minimum critical power ratio (MCPR) nor the fuel licensing basis linear heat generation rate (LHGR) are exceeded during control rod withdrawal <Appendix 15B>.


b.
System Operation



Rods may be moved in either gang or single rod mode and in either single notch or continuous mode.



The RPCS is designed as a safety‑related system with dual channels that are redundant and divisionally separate.  Each channel consists of:



1.
A set of rod position information reed switches contained in a dual rod position probe in each rod drive.



2.
Separate cables to independent rod position multiplexers which are arranged one cabinet for each division.



3.
Separate rod action control cabinets which are arranged one cabinet for each division and which have the electronic circuits which contain the RPCS control logic.



Each channel of RPCS receives the following inputs:



1.
“Position” word which includes information on the following:




(a)
Core coordinate




(b)
Full in




(c)
Full out




(d)
Drifting




(e)
Overtravel




(f)
Axial rod position




(g)
Data fault




(h)
Position bypass



2.
“Request” word which includes information on the following:




(a)
Core coordinate




(b)
Insert




(c)
Withdraw




(d)
Continuously Withdrawn




(e)
Continuously Insert




(f)
Reset rod drift




(g)
Test rod drift




(h)
Gang mode




(i)
Enter substitute position




(j)
Raw position data




(k)
RPC sequence selection



3.
Alternate “rod” word which includes information of the following:




(a)
Core coordinate




(b)
Selected




(c)
Full in




(d)
Full out




(e)
Drifting




(f)
Overtravel




(g)
Axial rod position




(h)
Data fault




(i)
Position bypass




(j)
Substitute position data




(k)
RPC withdraw permit




(l)
RPC insert permit




(m)
Selected gang




(n)
Selected group




(o)
Selected half



4.
High power setpoint indication (HPSP),



5.
Low power setpoint indication (LPSP),



6.
Low power alarm point indication (LPAP),



7.
Selected and driving.



First stage turbine pressure is the measured parameter which is used to determine how the thermal power relates to the HPSP, LPSP and LPAP.  These trip function are input to the proper rod activity control cabinet.  Each channel enforces the control rod movement restriction that is appropriate for the thermal power sensed by the instruments in that channel.  The instruments that sense thermal power are continuously monitored with any out‑of‑service or gross failure being alarmed and indicated in the control room.



A means of comparing the outputs of the RPCS logic devices is provided as a way of monitoring the performance of the two 



channels.  Both channels must be operable and have identical outputs before rod motion is permitted.  Comparison failures and circuit failures or inoperative conditions are indicated in the control room.  RPCS outputs are transmitted to the two activity control sections of the RC&IS in the form of rod select and drive permissive interlocks.  The two RPCS channels provide inputs separately to the two separate activity controls.  These two inputs are then treated as other rod block interlocks and further compared in the non‑divisional rod drive portion of the RC&IS.



In addition to the periodic self‑test mode of system operation, the RC&IS can be routinely checked for correct operation by manipulating control rods using the various methods of control. 



Detailed testing and calibration can be performed by using standard test and calibration procedures for the various components of the reactor manual control circuitry.



Because of the possibility of failed rod position indication, provisions are made to substitute rod positions from one channel to the other.  Substitute rod positions may be entered into the RPCS according to the following restrictions:



1.
Substitute data shall not replace good data.



2.
Not more than one rod per gang may have substitute data at one time.



3.
Data from the other channel may not be used if it is substitute data.



4.
Good data received will replace substitute data.



Because of the possibility of failed drives or stuck rods, the capability is provided for drive bypassing one rod.  A drive bypassed rod will not move when selected in individual drive mode.



During shutdown, an approach alarm, called the low power alarm point (LPAP), is provided so that the operator may position the rods into a valid pattern for proper shutdown below the LPSP.  A control room annunciator is also provided to alert the operator that power is at or below the LPSP.



A keylocked switch and alarm is provided in the control room to override the LPSP interlock.  The override switch will only be used when:



1.
Reactor power is below the LPSP and the control rods are out of sequence as specified by the appropriate step in the Emergency Operating Procedures (EOPs).  The operator will rapidly insert control rods using the “In Timer Skip.”



2.
During a reactor shutdown utilizing the Improved BPWS Control Rod Insertion Process as described in USAR, <Section 4.3.2.5.2>.



All bypass switches are under keylock control.  All bypass conditions including unknown and substitute rod positions are indicated in the control room and are logged by the process computer (if available).


c.
RPCS Logic



The control logic and rod group identification information are in electronic Read Only Memory (ROM) circuits contained in the rod action control cabinets.  These ROMs are not site programmable except through engineering design change requiring new electronic circuit cards.  These circuit cards may be changed to reflect cycle‑dependent physics analysis.



The rod group identification is presented in <Figure 4.3‑27>, <Figure 4.3‑28>, <Figure 4.3‑29>, and <Figure 4.3‑30>.



The capability is provided for position bypassing up to 8 rods, with the bypass capacity of the system expandable up to a maximum of 20 rods.  Position bypassed rods are not be checked by either the RPC logic or the RWL logic; therefore, neither insert nor withdraw inhibits are generated for position bypassed control rods.



The RPCS does not generate insert inhibits for control rods that are Full In; nor does it generate withdraw inhibits for control rods that are Full Out.



The RWL logic does not generate any insert inhibits.  The RWL generates withdrawal inhibits when the position of the control rod or gang reaches a predetermined increment relative to the position at the time of selection.  Between the LPSP and the high power setpoint (HPSP), this increment is four notches; above the HPSP, this increment is two notches.  Also, while in continuous drive mode, the increment is one notch less than it would be otherwise.  This one notch reduction prevents overshoot of the original incremental withdrawal limit.



The RPC mitigates the consequences of the postulated control rod drop accident (CRDA) by enforcing the following bank position withdrawal sequence restrictions on the control rod movement:



NOTE:
For the sake of brevity, the restrictions on the converse groups are shown in parentheses.



1.
Groups 5, 6, 7, 8, 9, and 10 must be fully inserted before Group 1, 2, 3, or 4 can be moved.



2.
Groups 1 and 2 (3 and 4) must be fully inserted or fully withdrawn before Group 3 or 4 (1 or 2) can be moved.



3.
If Groups 1 and 2 (3 and 4) are fully inserted, Groups 3 and 4 (1 and 2) can be moved without banking at axial positions.



4.
If Groups 1 and 2 (3 and 4) are fully withdrawn, all rods in Groups 3 and 4 (1 and 2) must be banked at axial positions.



5.
For a group to be banked at axial positions, all control rods in a group must be between the same group axial bank limits, inclusive.



6.
After moving any Group 1, 2, 3, or 4 control rod, all control rods in that group must be either fully withdrawn or fully inserted before moving any control rod in any other group.



7.
The order of control rod movement within a group is arbitrary.



8.
Groups 1, 2, 3 and 4 must be fully withdrawn before Group 5, 6, 7, 8, 9, or 10 can be moved.



9.
For any rod in a banked group to be moved past an axial bank position, all rods in that group must be at the same axial bank limit.



10.
If Group 9 or 10 (7 or 8) is not full in, Groups 5 and 6 and either Group 9 or 10 (7 or 8) must be at or beyond axial bank Position 12 in order for Group 7 or 8 (9 or 10) to be moved.



See General Electric NEDO‑21231, January 1977, for additional information of the banked position withdrawal sequence.  Exception to General Electric NEDO‑21231, January 1977, may be taken for “Alternate” control rod scram time testing provided that the exception does not result in exceeding the bounding analysis 



criteria used in General Electric NEDO‑21231, January 1977.  The supporting analysis is documented in the following letters from General Electric:  TCL‑88039, TCL‑8905, TCL‑8910, and TCL‑9022.



The RPC reduces the potential for a fast period scram by enforcing the following reduced notch worth procedure restrictions on control rod movement:



NOTE:
For the sake of brevity, the restrictions on the converse groups are shown in parentheses.



1.
If Groups 1 and 2 (3 and 4) are fully withdrawn, Groups 5, 6,7, 8, 9, 10, and 3 and 4 (1 and 2) must be withdrawn in single notch mode below axial bank Position 12.



See General Electric Service Information Letter No. 316, November 1979, for additional information on reduced notch worth procedure.


7.6.1.6      Recirculation Pump Trip (RPT) System ‑ Instrumentation and Controls


a.
System Function



The recirculation trip system is designed to aid the RPS in protecting the integrity of the fuel barrier.  Turbine stop valve closure or turbine control valve fast closure will initiate a scram and concurrent recirculation trip in order to keep the core within the thermal hydraulic safety limits during operational transients.


b.
System Operation



Initiating circuitry is shown on <Figure 7.2‑1>.  RPS inputs sense turbine stop valve closure (turbine trip) or turbine control valve 



fast closure (load rejection).  These inputs utilize four‑division RPS logic and are combined into the two‑divisional two‑out‑of‑two systems utilized for RPT function.  The devices used to sense turbine trip and full load rejection are discussed in <Section 7.2.1>.



The basic logic arrangement is a two‑divisional two‑out‑of‑two design for the turbine control valve and the turbine stop valve.  It receives signals from each of four RPS divisions.  Initiation requires confirmation by sensors located in two or more RPS divisions.  Failure to initiate requires failure in more than two RPS divisions.  Inputs per division are combined in two‑out‑of‑two configurations.  The Technical Specifications require that the RPT Instrumentation channels meet response time criteria.  <Table 7.6‑3> provides the acceptable response times for these channels along with any clarifying information.



Each RPT division causes both recirculation pumps to trip off the main power supply.


7.6.1.7      Fuel Pool Cooling System (FPC) ‑ Instrumentation and Controls


a.
FPCS Function



The function of the FPC system is to remove decay heat from the spent fuel storage pool to ensure adequate cooling of irradiated stored fuel assemblies.  The FPC system also purifies the storage pool water, maintains water clarity for fuel handling operations, and fills and drains the fuel transfer canal <Section 9.1.3>.


b.
FPC System Operation



The FPC system consists of two redundant cooling loops.



Instrumentation is provided to monitor the pool temperature, pump suction and discharge pressures, and water conductivity to allow the control room operator to assess system operation.



The fuel pool cooling and cleanup system also provides cooling and cleanup of the pool located inside the containment.



During accident conditions, the containment pool cooling and cleanup operation is automatically isolated from the fuel pool cooling and cleanup system.



The circulating pumps are controlled manually from the control room.  The operating pump will be tripped by low‑low level in the surge tank.  Flow instrumentation monitors the flow rates through the system loops and remote‑manual adjustment of flow control valves is made to establish the required flow patterns.  Surge tank level is also indicated and annunciated in the control room for high and low level conditions.  Low circulating pump discharge pressure is also annunciated in the control room.



Fuel storage and preparation pool and spent fuel storage pool water level is monitored with both high and low water level conditions being annunciated in the control room.  Temperature for these pools is also monitored with indication and high temperature annunciation in the control room.



Cask pit drain pump high suction pressure is monitored and used as a permissive to start the pump.  Pump discharge flow is monitored with a flow switch to provide a pump trip interlock during low discharge flow conditions.



The fuel transfer tube drain pumps for the fuel transfer tube drain tank are controlled by high and low level switches on the fuel transfer tube drain tank.  Controls are supplied so that either one or both pumps may be actuated or deactuated by the level signals.  A high level signal will automatically start one or both pumps, depending on the operating position of the control switches.  The pump(s) are tripped by a signal from a low level switch on the tank.  Low and high level conditions are annunciated in the control room.



Redundant level and temperature instrumentation is provided to alarm in the control room for conditions of high or low water level and high water temperature in the containment pools.



The filter demineralizer flow controller senses flow out of the filter demineralizer and modulates the control valves to maintain the desired flow.  On low flow from the main system, the filter demineralizer is taken off stream by automatically closing the discharge valves, and the holding pump is automatically started to maintain the filter medium on the filter elements.  Filter precoating and backwashing are manually initiated automatic operations.  The valves which are required to ensure proper alignment of the system for each operating mode are provided with position indication on the local control panel.



The areas under the containment pools and fuel handling area pools are monitored for leaks with high leakage being alarmed in the control room.



Cooling water conductivity is monitored for water chemistry.



Surge tank level is interlocked with the circulating pumps to trip the operating pump on a low‑low level condition.



The containment pool cooling portion of the system is automatically isolated by a motor control valve upon receipt of an isolation signal for reactor vessel low‑low level or high drywell pressure.



During a LOCA, the fuel pool filter demineralizer system is automatically isolated from the cooling portion of the system.  The fuel pool filter/demineralizer system can be bypassed by means of a motor control valve controlled from the control room.  A hand operated bypass valve is also provided in parallel with a motor control bypass valve.


7.6.1.8      Containment Atmosphere Monitoring System ‑ Instrumentation and Controls


a.
System Function



The containment atmosphere monitoring system instrumentation and controls <Figure 7.6‑7> are intended to detect and aid in the prediction of the progression of abnormal occurrences inside the containment and to monitor the containment after postulated accidents.


b.
System Operation



All safety‑related pressure and temperature channels are recorded with the recorder appearing on the postaccident monitoring panel in the control room.



Redundant temperature sensors are located in the drywell, containment and suppression pool.  Each channel of suppression pool temperature sensors transmits the sensors’ signals to temperature switches and then to two and four position selector switches located on the postaccident monitoring panel for providing 



selection of suppression pool temperature indication on a single indicator located on the ECCS benchboard.  A common alarm for each channel for indication of high suppression pool temperature is annunciated in the control room.



Temperature signals from sensors located in the drywell and the containment are recorded in the control room.  An alarm for high average drywell temperature per division and a common alarm for high containment temperature for each channel are annunciated in the control room.  Average drywell temperature associated with each division is indicated in the Control Room.



One temperature sensor from each redundant channel in the containment has its signal indicated in the control room.



Drywell/containment differential pressure is measured and indicated in the control room for each channel.  Each channel also has separate annunciators in the control room for high positive differential and high negative differential pressure.  Drywell pressure narrow range and wide range measurements are recorded in the control room with the narrow range measurement also indicated and annunciated in the control room.



Containment pressure normal and wide range are also measured with redundant channels, with each normal range channel being indicated, recorded, and annunciated for high containment pressure in the control room, and each wide range channel being recorded in the control room.



All pressure sensing lines which penetrate the containment have an isolation valve inline which is controlled from the control room with valve position status lights indicated in the control room.



Redundant safety‑related channels exist for monitoring drywell temperature, drywell pressure, suppression pool temperature, and level for recording on the Division 1 and Division 2 remote shutdown panels.



Three suppression pool level sensing lines form part of the suppression pool makeup system.  However, the isolation valves for these lines are part of the containment atmosphere monitoring system.  Two redundant lines receive Division 1 and Division 2 power.  The third line senses suppression pool level for high pressure core spray system instrumentation and receives Division 3 power.  Containment humidity is determined by the plant computer system which receives electrical inputs from a nonsafety‑related temperature and a moisture sensor, each of which are located so as to detect general containment conditions.



Indicators, annunciators and recorders are located in the control room.  Temperature sensors are located inside the containment and drywell.  All controls, instrumentations and sensors have been selected to meet the normal, accident and postaccident worst case environmental conditions of temperature, pressure, humidity, radiation, and vibrations expected at their respective locations.  Refer to <Section 3.11> for equipment qualification.


7.6.1.9      Hydrogen Control System


a.
System Function



The hydrogen control system (HCS) consists of 102 igniter assemblies mounted throughout the containment and drywell.  Each igniter assembly is capable of igniting low volumetric concentrations of hydrogen present during a hydrogen generation event.  This postulated event creates large quantities of hydrogen 



which are controlled by burning before the hydrogen is allowed to pocket or increase to high concentrations which could threaten containment integrity or equipment survivability.  The igniters are located throughout the containment and drywell areas to avoid buildup of hydrogen in local areas.


b.
System Operation



The hydrogen control system is operated in accordance with the Emergency Operating Procedures (EOPs).  Prior to the hydrogen concentration reaching a predetermined hydrogen concentration (minimum detectable level) in the drywell or containment, or the reactor vessel water level reaching above top of active fuel, the hydrogen igniters are placed in service.  The igniters are energized by two OFF‑NORM‑ON handswitches located in the control room on panel H13‑P800.  Red‑green indication lights for each handswitch are provided.  There are no interlocks associated with the hydrogen control system.



After manual initiation, the igniters are capable of providing their functions for up to seven days.  The system is manually de‑energized by the operator turning both handswitches to “OFF” when the hydrogen generation event has passed.  The hydrogen igniters are secured automatically if power to the igniters is lost and manually if the hydrogen concentrations inside drywell or containment cannot be determined to be below predetermined hydrogen concentration limits.


7.6.1.10      Offgas Building Exhaust System


a.
System Function



The function of this system is to exhaust air from potentially contaminated areas through a charcoal filter train prior to discharging it to the atmosphere.


b.
System Operation



Schematic arrangement of mechanical equipment and instrumentation is shown on <Figure 9.4‑10>.



The main components of this system consist of two‑100 percent capacity charcoal filter trains and two‑100 percent capacity exhaust fans.



Instrumentation is provided for indication in the control room of the following:



1.
Indication of which fan is operating (status light).



2.
Low air flow with fan operating for each fan (alarm).



3.
High and high‑high temperature in the charcoal filter beds (alarm and readout).



4.
High radioactivity in the exhaust air before and after the filters (alarm).



5.
Smoke in each exhaust fan discharge duct (alarm).



6.
Motor overload or power loss for each fan (alarm).


The offgas exhaust system is manually initiated from the control room.  The standby fan is automatically started when differential pressure switches across the operating fan detect low flow.


7.6.1.11      Safety/Relief Valves (SRV) ‑ Relief Function


7.6.1.11.1      SRV Function


The relief function of the SRV’s is to relieve high pressure conditions in the nuclear system that could lead to the failure of the reactor coolant pressure boundary.  The system activates the safety/relief valves to vent steam to the suppression pool and reduce reactor pressure.  A low‑low set feature is also provided to enable the relief function of the SRV’s to meet the containment design basis.  The containment design basis requires that during the initial surge of an overpressure event, enough steam is vented so that subsequent surges during the same event shall require not more than one SRV to reopen.  See <Section 5.2.2> for further details.  Also, see <Section 7.3.1.1.1.2> for the ADS function of selected SRV’s.


7.6.1.11.2      SRV Operation


Schematic arrangement of system mechanical equipment is shown in <Figure 5.1‑3>.  The SRV component control logic is shown in <Figure 7.3‑5>.  Instrument location drawings and elementary diagrams are identified in <Section 1.7>.


The relief function of the SRV’s is provided by two redundant and independent trip systems “A” and “B”.  Relief trip system “A” actuates the “A” solenoid air pilot valve on each SRV.  Similarly, relief trip system “B” actuates the “B” solenoid pilot valve on each SRV.  Either or both solenoid actuations allow pneumatic pressure from the accumulator to act on the air cylinder operator, and open the valve.


Operation of the SRV’s is initiated by high reactor vessel pressure.  Redundant reactor vessel pressure channels are provided in each trip 


system which operate in a two‑out‑of‑two configuration in order to prevent inadvertent SRV actuation.  Each trip system provides the following capabilities:


a.
Over Pressure Relief Feature



Initiate operation of three groups (Low, Middle, High) of SRV’s, at three respective pressure setpoints.  This feature automatically adjusts the relief capacity to the size of the overpressure condition.  The reclose pressure setpoint (reset) for any group is separately adjusted, and adequate deadband is provided to eliminate rapid open/close operation and minimize system stresses.


b.
Low‑Low Set Point Relief Logic



In order to assure that no more than one relief valve reopens following a reactor isolation event, six SRV valves are provided with lower opening and closing setpoints.  These setpoints override the normal setpoints following the initial opening of the relief valves and act to hold these valves open longer, thus preventing more than a single valve from reopening subsequently.  This system logic is referred to as the low‑low setpoint relief logic and functions to ensure that the containment design basis of one safety/relief valve operating on subsequent actuations is met.  This logic is armed when two or more valves are signaled to open from their normal relief pressure switches.  At this time, the low‑low set logic automatically seals itself into control of the six selected valves.  This logic remains sealed in until manually reset by the operator.



Since the valves will already have opened from their original pressure relief signals, the low‑low set logic acts to hold them open past their normal reclose point until the pressure decreases 



to a predetermined low‑low setpoint.  Thus, these valves remain open longer than the other safety/relief valves.  This extended relief capacity assures that no more than one valve will reopen a second time.  Also, the sealed‑in logic provides the low‑low set valves with new reopening setpoints which are lower than their original S/R setpoints.  The “medium” low‑low set valve acts as a backup for the “low” low‑low set valve, should it mechanically fail.  See <Section 5.2.2> for further system description.



The low‑low set logic is designed with redundancy and single failure criteria, i.e., no single electrical failure will:  (1) prevent any low‑low set valve from opening, (2) cause inadvertent seal‑in of low‑low set logic.



The six valves associated with low‑low set are arranged in three independent secondary setpoint groups or ranges (low, medium, high).  The “low” and “medium” pressure ranges consist of one valve each, having both “reopen” and “reclose” setpoints independently and uniquely adjustable.  These are set considerably lower than their normal SRV setpoints.  The remaining valves are individually controlled by new pressure switches which have an independently adjustable “reclose” setpoint.  The SRV opening setpoints are unchanged for this valve group though reclose is extended in the low‑low set operating mode.



The pressure switches are arranged in two divisions for each low‑low set valve.  The single‑failure criterion is thus met for this function.



The SRV system has two low‑low setpoint logics, one in Division 1 and one in Division 2.  Either one can perform the low‑low set function.  A key‑locked switch, which has an “Off”, “Auto”  and an “Open” position is provided for each valve.  The key is removable only in the “Auto” position.  When the key is inserted and switched 


to “Off” an annunciator will alert the operator of the status.  A valve with its control switch in the “Off” position will not respond to the high reactor pressure signals should they occur.  Indicator lights are switched in series with the solenoid coils on the low‑low set valve to facilitate logic testing without actually actuating the valves.  The annunciator will not clear until the key is returned to the “Auto” or “Open” positions.


Manual system level initiation capability is included in each trip system.  Remote‑manual switches are installed in the control room.  Lights in the main control room indicate when the solenoid‑operated pilot valves are energized to open a safety/relief valve.


7.6.1.12      Anticipated Transient Without Scram (ATWS) ‑ Instrumentation & Controls


7.6.1.12.1      Redundant Reactivity Control System (RRCS)


The redundant reactivity control system is a system designed to mitigate the potential consequences of an anticipated transient without scram (ATWS) event.  The system consists of control panels, their associated ATWS detection sensors and actuation logic and the necessary interface logic for those systems required to perform specific functions in response to an ATWS event.


7.6.1.12.2      RRCS Operation


The RRCS consists of reactor pressure and reactor water level sensors, solid state logic, control room cabinets and indications, and interfaces with several systems actuated to mitigate an ATWS event <Figure 7.6‑8>.  The solid state logic is divided into Division 1 and Division 2 each of which is subdivided into Channels A and B.  The logic is energized to trip and both Channels A and B of either division must be tripped in order to initiate the RRCS protective actions.  The system can be 


manually initiated by depressing two pushbuttons (tripping both Channels A and B) in the same division.  This manual initiation function is designed so that no single operator action can result in an inadvertent initiation.  The pushbutton’s collar must be rotated to arm the switch before depressing will trip the logic.  The manual initiation pushbuttons are located in the control room near the RPS manual scram pushbuttons.  There are four RRCS manual initiation pushbuttons.  The RRCS is initiated either by manual initiation or when the RRCS detection sensors reach the reactor high dome pressure setpoint or the reactor low water Level 2 setpoint.  It is the initiation of the RRCS that causes the alternate rod insertion (ARI) to initiate a scram and the recirculation pump trip (RPT).


7.6.1.12.3      Alternate Rod Insertion (ARI)


The ARI group of valves provides an alternate means of accomplishing the scram (see <Figure 7.6‑9> for ARI valves).  The ARI trip logic performs the following functions:  (1) cutoff of instrument air supply to the scram pilot air header; (2) vent the scram pilot air header; and (3) isolate the scram discharge volume.  These ARI valves are controlled by the RRCS signals and therefore independent from the RPS signals which control the normal scram logic and the normal scram related valves.  Furthermore, the main scram valves are activated by de‑energization of the solenoids while the ARI valves are activated by the energization of its solenoids.  The ARI and RRCS are designed to allow insertion of all control rods to begin within 15 seconds.


7.6.1.12.4      Recirculation Pump Trip (RPT)


The RRCS sensors and logic are also designed to automatically initiate the RPT logic whenever the reactor pressure or the reactor water level 


reaches the RCCS sensor settings.  The low reactor water Level 2 signal will completely trip the recirculation pumps by tripping the 13.8 kV supply breakers and the low frequency motor generator (LFMG) supply breakers.  The high vessel pressure signal will trip the 13.8 kV supply breakers and transfer the recirculation pumps to the LFMG sets.  The LFMG supply breakers will then be tripped and feedwater runback will be initiated if the APRM upscale remains for 25 seconds.  The RPT is a Class 1E system.  Manual RRCS initiation does not initiate RPT or feedwater runback.


7.6.1.12.5      Other RRCS Features


The RRCS is continually checked by a solid state microprocessor based self‑test system.  This self‑test system checks the RRCS sensors, logic, protective devices, and itself.


Nuclear boiler system instrumentation is provided to monitor reactor vessel high dome pressure and low vessel water level.  The sensors, transducers and trip units are Class 1E, independent from the RPS, and environmentally qualified to perform their protective function during ATWS events.


The APRM’s provide a downscale trip signal to the RRCS permissive logic.  This signal is Class 1E and contains all available channels of input.  APRM signals from NMS Division 1 and Division 2 are routed to RRCS Division 1 through isolators, and APRM signals from NMS Division 3 and Division 4 are sent to RRCS Division 2 through isolators <Figure 7.6‑10>.  Loss of power to an APRM channel or an APRM INOP condition will result in an RRCS permissive signal.  Bypassing an APRM channel will prevent the bypassed APRM’s “not downscale” or INOP trip from supplying a permissive.


Each RRCS channel can be manually reset by depressing the RRCS reset pushbuttons (four, one for each tripped channel) provided that ARPM 


power is downscale and seal‑in period has elapsed.  When the RRCS is reset the following seal‑in signals are broken:


a.
Low water Level 2 recirculation trips


b.
Manual initiation


c.
High reactor pressure recirculation trips and feedwater runback signal.


The RRCS ARI function is reset by the RRCS ARI reset pushbuttons.  This second set of four pushbuttons (one for each channel) will enable the reset of the ARI logic 30 seconds after initiation of ARI provided that initiating signals have cleared.  This 30‑second time delay before the ARI reset permissive appears is designed to assure that the RRCS ARI scram goes to completion.


The RRCS is a two‑divisional system <Figure 7.6‑10>.  Separation is maintained between the redundant portions of the system to assure compliance with the separation and single failure criteria.  Two channels in a given division are kept separate until they terminate on a common device.  This separation is done to satisfy the single failure criterion.  The two divisions of RRCS logic are designed so that either can cause LFMG trip and feedwater runback when a sufficient power reduction has not occurred.  There is no RRCS bypass or operating bypass.  The RRCS meets IEEE 279‑1971 and <Regulatory Guide 1.75>, Revision 1.


7.6.1.13      Design Basis


The safety‑related systems described in <Section 7.5> are designed to provide timely protective action inputs to other safety systems to protect against the onset and consequences of conditions that threaten 


the integrity of the fuel barrier and the reactor coolant pressure boundary.  <Chapter 15> and <Appendix 15A> identify and evaluate events that jeopardize the fuel barrier and reactor coolant pressure boundary.  The methods of assessing barrier damage and radioactive material releases, along with the methods by which abnormal events are identified, are also presented in <Chapter 15>.


The station conditions which require protective actions are described in <Chapter 15> and <Appendix 15A>.


a.
Variables Monitored to Provide Protective Actions



The following variables are monitored in order to provide protective action inputs:



1.
High Pressure/Low Pressure Interlocks




(a)
Reactor pressure



2.
Leak Detection System




(a)
RCIC area temperatures ‑ ambient




(b)
RCIC steam line flow rate




(c)
RCIC steam line pressure




(d)
RHR area temperatures ‑ differential and ambient




(e)
RWCU area temperatures ‑ differential and ambient




(f)
RWCU differential flow




(g)
RHR/RCIC steam line flow rate




(h)
MSL tunnel temperatures ‑ differential and ambient




(i)
MSL temperatures, turbine building




(j)
MSL flow



3.
Neutron Monitoring System




(a)
IRM neutron flux




(b)
APRM neutron flux




(c)
OPRM neutron flux oscillations



4.
Rod Pattern Control System




(a)
Reactor Power Level




(b)
Control Rod Selection



5.
Recirculation Pump Trip System




(a)
Turbine Stop Valve Closure




(b)
Turbine Control Valve Fast Closure



6.
Fuel Pool Cooling System




(a)
Fuel Transfer Tube Drain Tank Level




(b)
High Drywell Pressure




(c)
Reactor Vessel Low Water Level (Level 1 & 2)




(d)
Low Demineralizer Flow




(e)
Fuel Pool High/Low Level (Alarm Only)




(f)
Fuel Pool High Temperature (Alarm Only)



7.
Containment Atmosphere Monitoring System




This system has no automatic protective actions.  Its function is to monitor conditions and provide information.



8.
Offgas Building Exhaust System




This system has no automatic protective actions.



9.
Safety/Relief Valves ‑ Relief Function




(a)
Reactor Vessel Pressure



10.
Redundant Reactivity Control System




(a)
Reactor Pressure




(b)
Reactor Vessel Water Level




(c)
Reactor Power



The plant conditions which require protective action involving the safety‑related systems discussed in <Section 7.6> are described in <Chapter 15> and <Appendix 15A>.


b.
Location and Minimum Number of Sensors



See Technical Specifications for the minimum number of sensors required to monitor safety‑related variables.  The IRM and LPRM detectors are the only sensors which have spatial dependence.


c.
Prudent Operational Limits



Operational limits for each safety‑related variable trip setting are selected with sufficient operating levels so that a spurious safety system initiation is avoided.  It is then verified by analysis that the release of radioactive materials, following postulated gross failures of the fuel or nuclear system process barrier, is kept within acceptable bounds.


d.
Margin



The margin between operational limits and the limiting conditions of operation of the safety‑related systems are accounted for in Technical Specifications.


e.
Levels



Levels requiring protective action are established in Technical Specifications.


f.
Range of Transient, Steady‑State and Environmental Conditions



Environmental conditions for proper operation of components of instrumentation systems required for safety are discussed in <Section 3.11>.



Environmental conditions for proper operation of the systems described in <Section 7.6> are discussed in <Section 3.10> and <Section 3.11>.


g.
Malfunctions, Accidents and Other Unusual Events Which Could Cause Damage to Safety Systems



<Chapter 15> and <Appendix 15A> describe the following credible accidents and events; floods, storms, tornadoes, earthquakes, fires, LOCA, pipe break outside containment, and missiles.



1.
Floods




The buildings containing safety‑related components have been designed to meet the PMF (probable maximum flood) at the site location.  This ensures that the buildings will remain water tight under PMF including wind generated wave action and wave runup.  Therefore, none of the functions are affected by flooding.  For a discussion of internal flooding protection refer to <Section 3.4.1> and <Section 3.6>.



2.
Storms and Tornadoes




The buildings containing safety‑related components have been designed to withstand all credible meteorological events and tornadoes as described in <Section 3.3>.



3.
Earthquakes




The structures containing safety‑related system components have been seismically qualified as described in <Section 3.7> and <Section 3.8>, and will remain functional during and following a safe shutdown earthquake (SSE).



4.
Fires




To protect the safety systems in the event of a postulated fire, the components have been separated by distance or fire barriers.  The use of separation and fire barriers ensures that, even though some portion of the system may be affected, the safety function will not be prevented <Section 9.5.1>.



5.
LOCA




The safety‑related systems components described in <Section 7.6> located inside the drywell and functionally required during and/or following a LOCA have been environmentally qualified to remain functional as discussed in <Section 3.11>.



6.
Pipe Break Outside Containment




Protection for these components is described in <Section 3.6>.



7.
Missiles




Protection for safety‑related components is described in <Section 3.5>.


h.
Minimum Performance Requirements



Minimum performance requirements for safety‑related systems instrumentation and controls are provided in the Technical Specifications.


7.6.1.14      Final System Drawings


The final system drawings including piping and instrumentation diagrams (P&ID), functional control diagrams (FCD)/control logic diagrams and instrument and electrical drawings (IED), have been provided or referenced for the safety‑related systems in this section.


Electrical interconnection and elementary diagrams are listed in <Section 1.7.1>.


7.6.2      ANALYSIS


7.6.2.1      Safety‑Related Systems ‑ Instrumentation and Controls


<Chapter 15> evaluates the individual and combined capabilities of the safety‑related systems described in <Section 7.6>.


The safety‑related systems described in <Section 7.6> are designed such that a loss of instrument air, a plant load rejection or a turbine trip will not prevent the completion of the safety function.


Analysis for Safety/Relief valves is covered in ADS analysis in <Section 5.2.2>.


7.6.2.2      Conformance to <10 CFR 50, Appendix A> ‑ General Design Criteria (GDC)


The following is a discussion of conformance to those General Design Criteria which apply specifically to the safety‑related systems described in <Section 7.6>.  Refer to <Section 7.1.2.2> for a discussion of General Design Criteria which apply equally to all safety‑related systems.


GDC’s for the NMS and process radiation monitoring system are discussed in <Section 7.2.2.1> and <Section 7.3.2.1.1>, respectively.


a.
Criterion 12 ‑ Suppression of Reactor Power Oscillations



The NMS provides protective actions to the RPS to assure that fuel design limits are not exceeded.


b.
Criterion 21



The RRCS is designed for high functional reliability and its logic can be tested for the safety functions to be performed.  No single failure in this two divisional, four channel protection system will result in the loss of the protective functions.


c.
Criterion 24



The RRCS protection system interfaces with control systems through isolation devices.  Specifically, the RRCS signals to the recirculation system pump and LFMG breakers and the signal to the feedwater system to initiate runback both pass through isolators.  This assures that electrical failures in the control systems cannot propagate back into the RRCS system and therefore cannot prevent other channels in the RRCS divisions from performing their protective functions.


d.
Criteria 30, 34, 35



The leak detection system provides means for detecting the source of reactor coolant leakage.


e.
Criterion 41



See <Section 7.6.1.9> (Hydrogen Control System)


7.6.2.3      Conformance to IEEE Standards


The following is a discussion of conformance to those IEEE standards which apply specifically to the safety‑related systems described in <Section 7.6>.  Refer to <Section 7.1.2.3> for a discussion of IEEE standards which apply equally to all safety‑related systems.


a.
IEEE Standard 279 ‑ Criteria for Protection Systems for Nuclear Power Generating Stations



1.
General Functional Requirement (IEEE Standard 279, Paragraph 4.1)




The safety‑related systems described in <Section 7.6> automatically initiate protective actions when a condition monitored reaches a preset level for all conditions described in the design bases <Section 7.6.1>.  For example, the leak detection system initiates containment isolation by closure of containment isolation valves when area temperatures exceed preset limits.



2.
Single Failure Criterion (IEEE Standard 279, Paragraph 4.2)




The safety‑related systems described in <Section 7.6> are not required to meet single failure criteria on an individual system basis.  However, on a network basis, the single failure criteria does apply to assure the completion of a protective function.  Redundant sensors, wiring, logic, and actuated devices are physically and electrically separated such that a single failure will not prevent the protective function.  Refer to <Section 8.3.1.4> for a complete description of the PNPP separation criteria.



3.
Quality of Components and Modules (IEEE Standard 279, Paragraph 4.3)




Refer to <Section 3.11> for a discussion of safety system component quality.



4.
Equipment Qualification (IEEE Standard 279, Paragraph 4.4)




All safety‑related equipment as defined in <Section 3.10> and <Section 3.11> is designed to meet its performance requirements under the postulated range of operational and environmental constraints.  Detailed discussion of qualification is contained in <Section 3.10> and <Section 3.11>.



5.
Channel Integrity (IEEE Standard 279, Paragraph 4.5)




For a discussion of channel integrity for the safety‑related systems described in <Section 7.6> under all extremes of conditions described in <Section 7.6.1>, refer to <Section 3.10>, <Section 3.11>, <Section 8.2.1>, and <Section 8.3.1>.



6.
Channel Independence (IEEE Standard 279, Paragraph 4.6)




System channel independence is maintained by application of the PNPP separation criteria as described in <Section 8.3.1.4>.



7.
Control and Protection System Interaction (IEEE Standard 279, Paragraph 4.7)




There are no control and protection system interactions for the systems described in <Section 7.6> except for the redundant reactivity control system.




The transmission of signals from RRCS protection system equipment for control system use is accomplished through isolation devices which are classified as part of the protection system and meet all the requirements of this standard.  No credible failure at these isolators will prevent the associated protection system channel from meeting its design requirements.



8.
Derivation of System Inputs (IEEE Standard 279, Paragraph 4.8)




The variables discussed in <Section 7.6> are direct measures of the desired variables indicating the need for protective action.



9.
Capability for Sensor Checks (IEEE Standard 279, Paragraph 4.9)




For a discussion of sensor checks for the safety‑related systems described in <Section 7.6>, refer to <Regulatory Guide 1.22> in <Section 7.6.2.4>.



10.
Capability for Test and Calibration (IEEE Standard 279, Paragraph 4.10)




For a discussion of the test and calibration capability of the safety‑related systems described in <Section 7.6>, refer to <Regulatory Guide 1.22> in <Section 7.6.2.4>.



11.
Channel Bypass or Removal from Operation (IEEE Standard 279, Paragraph 4.11)




See <Section 7.2.2.2> for NMS compliance with IEEE Standard 279.




The leak detection system logic is provided with a bypass/test switch for the purpose of testing temperature sensors without initiating associated system isolation.  Operation of one switch at a time will not prevent the remaining redundant isolation logic from providing system isolation if required.



12.
Operating Bypasses (IEEE Standard 279, Paragraph 4.12)




There are no operating bypasses for any of the safety‑related systems described in <Section 7.6>.



13.
Indication of Bypasses (IEEE Standard 279, Paragraph 4.13)




For a discussion of automatic bypass indication for the safety‑related systems described in <Section 7.6>, refer to <Section 7.1.2.4> <Regulatory Guide 1.47>.



14.
Access to Means for Bypassing (IEEE Standard 279, Paragraph 4.14)




Access to bypassing any safety action or function is under administrative control.  The operator is alerted to bypasses as described in <Section 7.1.2.4> <Regulatory Guide 1.47>.




The Redundant Reactivity Control System cannot be manually bypassed.



15.
Multiple Setpoints (IEEE Standard 279, Paragraph 4.15)




The neutron monitoring system has the APRM setdown function wherein the system auto‑selects a more restrictive scram trip setpoint when the reactor mode switch is not in the run mode.  Also, the IRM range switch establishes a more restrictive scram setpoint whenever it is ranged downward, in order to compensate for decreasing neutron flux in the core and to keep the scram trip setpoint within one decade of the actual flux level.  The devices used to prevent improper use of less restrictive setpoints are designed in accordance with criteria regarding performance and reliability of protection system equipment.




There are no other multiple setpoints within the safety‑related systems described in <Section 7.6>.



16.
Completion of Protective Action Once it is Initiated (IEEE Standard 279, Paragraph 4.16)




Except as indicated below, each control logic for the safety‑related systems described in <Section 7.6> seals‑in electrically and remains energized or de‑energized.  After initial conditions return to normal, deliberate operator action is required to return (reset) the safety system logic to normal.




Only the annunciators and local lights of IRM, APRM and OPRM are seal‑in type.  All other NMS, IRM and APRM, trips and alarms are of the non seal‑in type due to the nature of multiple setpoints and various upscales and downscales.




The fuel pool cooling system is initiated manually for continuous pool cooling when the pool contains spent fuel.



17.
Manual Initiation (IEEE Standard 279, Paragraph 4.17)




For a discussion of the manual initiation capability for the safety‑related systems described in <Section 7.6>, refer to <Regulatory Guide 1.62> in <Section 7.6.2.4>.



18.
Access to Setpoint Adjustments, Calibration and Test Points (IEEE Standard 279, Paragraph 4.18)




During reactor operation access to setpoint adjustments, calibration controls and test points for the safety‑related systems variables described in <Section 7.6> is under administrative control.



19.
Identification of Protective Actions (IEEE Standard 279, Paragraph 4.19)




When any sensor of the safety‑related systems described in <Section 7.6> exceeds its predetermined setpoint, a control room annunciator is initiated to identify that variable.



20.
Information Readout (IEEE Standard 279, Paragraph 4.20)




The safety‑related systems described in <Section 7.6> are designed to provide the operator with accurate and timely information pertinent to their status.  This information does not give anomalous indications confusing to the operator.



21.
System Repair (IEEE Standard 279, Paragraph 4.21)




During periodic testing of the safety‑related systems described in <Section 7.6> (except as noted) the operator can determine any defective component and replace it during plant operation.




Replacement of IRM and LPRM detectors must be accomplished during plant shutdown.  Repair of the remaining portions of the neutron monitoring channels may be accomplished during plant operation by appropriate bypassing of the defective instrument channel.  The design of the system facilitates rapid diagnosis and repair.



22.
Identification of Protection Systems (IEEE Standard 279, Paragraph 4.22)




The identifications scheme for the safety systems is discussed in <Section 8.3.1>.


7.6.2.4      Conformance to NRC Regulatory Guides


The following is a discussion of conformance to those Regulatory Guides which apply specifically to the safety‑related systems discussed in <Section 7.6>.  Refer to <Section 7.1.2.4> for a discussion of Regulatory Guides which apply equally to all safety‑related systems.


a.
<Regulatory Guide 1.21> ‑ Measuring, Evaluating and Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents from Light‑Water Cooled Nuclear Power Plants



The process radiation monitoring system is in compliance with the applicable requirements of this regulatory guide.


b.
<Regulatory Guide 1.22> ‑ Periodic Testing of Protection System Actuation Functions



See <Section 7.2.2.3> for NMS conformance.



The IRMs are calibrated by comparison with the APRMs.



The proper operation of the sensors and the logics associated with the leak detection systems is verified during the leak detection system preoperational test and during inspection tests that are provided for the various components during plant operation.  Each temperature switch, both ambient and differential types which provide isolation signals, is connected to one element of a dual thermocouple element.



Each temperature switch contains a trip light which illuminates when the temperature exceeds the setpoint.  To verify the thermocouple (sensor) input, a comparison of the redundant sensor readings, one from each trip channel, and the recorded channel is made.  The recorded channel monitors the second of the dual thermocouples.  The first element is part of the division one trip channel.  To test the temperature trips a simulated trip level signal is input to the device from an external source.  In addition, keylock test switches are provided so that instrument and logic channels can be tested without sending an isolation signal to the system involved.  Thus, a complete system check can be confirmed by checking actuation of the trip logic relay associated with each temperature switch.



The NUMAC Leak Detection Instrumentation has a self‑test capability and alerts the operator via an annunciator when a problem is detected.  The self‑test feature includes continuous monitoring of thermocouple input signals, power supplies and assuring that the monitor is not left in an inoperable condition.  NUMAC surveillance tests provide an overlapping set of tests to thoroughly test each channel without the need to disconnect inputs and outputs.



RWCU differential flow leak detection alarm units can be tested by inputting an electrical signal to simulate a high differential flow.  Alarm and indicator lights monitor the status of the trip circuit.



All other system instrumentation is tested and calibrated during normal reactor operation by valving out the instrumentation and supplying a test pressure source or by comparison of redundant analog channels and introducing a trip signal at the trip unit.


c.
<Regulatory Guide 1.45> ‑ Reactor Coolant Pressure Boundary Leakage Detection System



Provisions are made to monitor systems connected to the RCPB for signs of intersystem leakage, including radioactivity monitoring of 



process fluids (process radiation monitoring system) and reactor vessel water level monitoring (NSSS).



The leakage detection system is qualified for operation following an OBE.



Indicators and alarms for each leakage detection subsystem are provided in the control room.


d.
<Regulatory Guide 1.53> ‑ Application of the Single Failure Criterion to Nuclear Power Plant Protection Systems



See IEEE 279‑1971, Paragraph 4.2, <Section 7.6.2.3>.


e.
<Regulatory Guide 1.62> ‑ Manual Initiation of Protective Actions



The FPC system is manually initiated from the control room by actuation of system pump and valve controls.



Means are provided for manual initiation of the redundant reactivity control system protective actions.  The alternate rod insertion function is initiated upon depression of the RRCS manual initiation pushbutton.  The RRCS LFMG transfer, recirculation pump trip and feedwater runback are not initiated by manual initiation of the RRCS.  These may be manually initiated at the respective system control panels using system breaker control switches.


TABLE 7.6‑1


IRM SYSTEM TRIPS(1)


Trip Function






Trip Action



IRM upscale





Scram, annunciator, red light display



IRM inoperative




Scram and rod block, annunciator, red light display



IRM upscale





Rod block, annunciator, white light display



IRM downscale





Rod block (exception on most sensitive scale), annunciator, amber light display



IRM bypassed





White light display


NOTE:


(1)
IRM is inoperative if module interlock chain is broken, operate‑calibrate switch is not in operate position, or detector polarizing voltage is below 80 volts.


TABLE 7.6‑2


LPRM SYSTEM TRIPS


Trip Function


   Trip Range


Trip Action


LPRM downscale


2% to full scale

White light and annunciator


LPRM upscale


2% to full scale

Amber light and annunciator


LPRM bypass


Manual switch


White light and APRM averaging compensation


TABLE 7.6‑3


END‑OF‑CYCLE RECIRCULATION PUMP TRIP SYSTEM RESPONSE TIME TABLE



Trip Function


   



Response Time












(Milliseconds)


1.
Turbine Stop Valve ‑ Closure




( 140


2.
Turbine Control Valve ‑ 



Fast Closure







( 140
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7.7      CONTROL SYSTEMS NOT REQUIRED FOR SAFETY


7.7.1      DESCRIPTION


<Section 7.7> describes instrumentation and controls of major plant control systems whose functions are not essential for the safety of the plant.  The systems include:


a.
Leak Detection System


b.
Rod Control and Information (RC&IS)


c.
Recirculation Flow Control System


d.
Feedwater Control System


e.
Steam Bypass and Pressure Regulating System


f.
Refueling Interlocks


g.
Reactor Water Cleanup System


h.
Process Sampling System


i.
Gaseous Radwaste System


j.
NSSS Process Computer


k.
Drywell Vacuum Relief (DVR) System


Refer to <Table 7.7‑1> and <Table 7.7‑2> for system design and supply responsibility and similarity to licensed reactors, respectively.


7.7.1.1      Reactor Vessel Head Seal Leak Detection


Pressure between the inner and outer reactor vessel head seal ring is sensed by a pressure transmitter.  If the inner seal fails, the pressure at the pressure transmitter is the vessel pressure and the associated trip unit will trip and actuate an alarm.  The plant will continue to operate with the outer seal as a backup, and the inner seal can be repaired at the next outage when the head is removed.  If both the inner and outer head seals fail, the leak will be detected by an increase in drywell temperature and pressure.


7.7.1.1.1      Safety/Relief Valve Seal Leak Detection


Thermocouples are located in the discharge exhaust pipe of the safety/relief valve.  The temperature signal goes to a multipoint recorder with an alarm and will be activated by any temperature in excess of a set temperature signaling that one of the safety/relief valve seats has started to leak.


7.7.1.2      Rod Control and Information System (RC&IS) ‑ Instrumentation and Controls


a.
RC&IS Function



The RC&IS provides the operator with the means to make changes in nuclear reactivity by the operator manipulating control rods so that the reactor power level and power distribution can be controlled.



This system includes the interlocks that inhibit rod movement (rod block) under certain conditions.  The RC&IS does not include any of the circuitry or devices used to automatically or manually scram the reactor; these devices are discussed in <Section 7.2>.  In addition, the mechanical devices of the control rod drives and the 



control rod hydraulic system are not included in the RC&IS.  The latter mechanical components are described in <Section 4.6.1>.


b.
RC&IS Operation



The RC&IS includes the following:



1.
Control Rod Drive ‑ Control System



2.
Rod Block Interlocks



3.
Rod Position Probes



4.
Position Indication Electronics



The rod pattern control system, a subsystem of RC&IS, is safety‑related and discussed in <Section 7.6.1>.



<Figure 4.6‑5> and <Figure 4.6‑6> show the layout of the control rod drive‑hydraulic system.  <Figure 7.7‑1> shows the functional arrangement of devices for the control of components in the control rod drive hydraulic system.  Although the figures also show the arrangement of scram devices, these devices are not part of the RC&IS.  Control rods are moved by water pressure, from a control rod drive pump, on the appropriate end of the control rod drive cylinder.  The pressurized water moves a piston, attached by a connecting rod to the control rod.  Three modes of control rod operation are used:  insert, withdraw and settle.  Four solenoid‑operated valves are associated with each control rod to accomplish these actions.



When the operator selects a control rod for motion <Figure 7.7‑2> and operates the rod insertion pushbutton, independent messages are formulated in the Channel 1 and 2 portions of the rod interface 



system (RIS), a subsystem of RC&IS.  These independent messages (or “words”) consist of a serial transmission of electrical pulses which carry information from one part of RC&IS to another.  These messages are compared, bit by bit, and if identical, one is stored in a memory and the other is transmitted to all hydraulic control units (HCUs).  The digital word to the HCUs contains, (1) the identity or “address” of the HCU which corresponds to the rod selected by the operator, and (2) data communicating the action to be executed by the rod.  Only the HCU with an identical address to that contained in the transmitted digital word executes the rod movement command.



An operator request for withdrawal instead of insertion of a rod would be processed in a similar manner, except that the outgoing command word to the HCU’s would have the proper sequence of electrical pulses (bits) to instruct the rod to withdraw (HCU directional control valves are shown in <Figure 4.6‑6>.



Upon receipt of the command word, the selected HCU transponder transmits a digital acknowledge word back to the control room.  This acknowledgment contains (1) the identity (address) of the acknowledging HCU, (2) the actions currently being executed, and (3) status information of valve positioners, accumulator conditions and test switch positions.  Parts of this returning word are compared with the original command word stored in memory as a check to see that the selected rod is performing the designated action.



When a predetermined number of disagreements between the Channel 1 and Channel 2 formulated words or the returning acknowledge word is reached, further rod motion is terminated and the operator is notified that a problem exists (this rod motion block in no way prevents the reactor protection system from initiating and completing a SCRAM).



Continued rod motion depends on the HCU receiving a train of sequential words because the HCU insert, withdraw and settle valve control circuits are AC coupled; i.e., the system must operate in a dynamic manner to effect rod motion.  Thus, system failure (which generally results in static conditions) will terminate further rod motion.



In <Figure 7.7‑3>, three action loops of the solid state RC&IS are depicted:



1.
Loop A
The high speed loop (duration = 200 msec) alternately:




(a)
Commands the selected rod and




(b)
Either scans a rod for status information or directs a portion of a single HCU self‑test.



2.
Loop B
The medium speed loop (duration = 205 to 1,270 msec) alternately:




(a)
Monitors the status of all rods in order to update the RIS display and




(b)
Completes two seven step self checks of one HCU unit.



3.
Loop C
The low speed loop (duration = 36 to 234 sec) self‑tests all HCU’s one at a time to ensure correct execution of actions commanded.  These tests are of such short duration that the valves do not move.



If an HCU fails a test or the return digital word is altered by electrical noise, Loop B automatically performs additional self‑test checks.  If these tests obtain good results, the loops 



proceed as usual, but if a preset number of errors are detected the system stops all rod motion by removing the AC power supplied to the drive control valves.  Operator action is then necessary to restore the system to normal operation.



The rod selection circuitry is arranged so that a rod selection is sustained until either another rod is selected or separate action is taken to revert the selection circuitry to a no‑rod‑selection condition.  Initiating movement of the selected rod prevents the selection of any other rod until the movement cycle of the selected rod has been completed.  Reversion to the no‑rod‑selected condition is not possible (except for loss of control circuit power) until any moving rod has completed the movement cycle.



The direction in which the selected rod moves is determined by the position of four switches located on the reactor control panel.  These four switches, “insert,” “withdraw,” “continuous insert,” and “continuous withdraw” are pushbuttons which return by spring action to an off position.



A description of the operation of the reactor manual control system during an insert cycle follows.  The cycle is described in terms of the insert, withdraw and settle commands from the RC&IS.



With a control rod selected for movement, depressing the “insert” switch and then releasing the switch energizes the insert command for a limited time.  Just before the insert command is removed, the settle command is automatically energized and remains energized for a limited time.  The insert command time setting and the rate of drive water flow provided by the control rod drive hydraulic system determine the distance traveled by a rod.  The time setting results in a one‑notch (6‑in.) insertion of the selected rod for each momentary application of a rod‑in signal from the rod movement 



switch.  Continuous insertion of a selected control rod is possible by holding the “insert” switch.



A second switch can be used to affect insertion of a selected control rod.  This switch is the “continuous insert” switch.  By holding this switch “in,” the unit maintains the insert command in a continuous, energized state to cause continuous insertion of the selected control rod.  When released, the timers are no longer bypassed and normal insert and settle cycles are initiated to stop the drive.



A description of the operation of the RC&IS during a withdraw cycle follows.  The cycle is described in terms of the insert, withdraw and settle commands.



With a control rod selected for movement, depressing the “withdrawal” switch energizes the insert valves at the beginning of the withdrawal cycle to allow the collet fingers to disengage the index tube.  When the insert valves are de‑energized, the withdraw and settle valves are energized for a controlled period of time.  The withdraw valve is de‑energized, before motion is complete; the drive then settles until the collet fingers engage.  The settle valve is then de‑energized, completing the withdraw cycle.  This withdraw cycle is the same whether the withdraw switch is held continuously or momentarily depressed.  The timers that control the withdraw cycle provide a fixed timing cycle.  Flow control elements at each HCU DCV manifold are set so that the rod travels one notch (6‑in.) per cycle.  Provisions are included to prevent further control rod motion in the event of timer failure.



A selected control rod can be continuously withdrawn if the “withdraw” switch is held in the depressed position at the same time that the “continuous withdraw” switch is held in the depressed 



position.  With both switches held in these positions, the withdraw and settle commands are continuously energized.



The following is a description of the operation of the RC&IS during the ganged rod mode.



In the ganged rod mode of operation, more than one rod may be moved at a time.  This mode of operation facilitates plant startup and load following.  Ganged rod movement can be used for either “insert” or “withdrawal” and the operation of the HCUs is the same as described for the withdraw and insert cycle.  Ganged rod movement can be initiated at any power level and is subject to the constraints of the rod pattern control system.



To initiate ganged rod movement, the operator places the RC&IS in the gang drive mode by pushing the drive mode selector pushbutton on the operator control module.  To select a gang of rods for motion, the operator can select any rod in that gang and the other rods in the gang are automatically selected.  There are up to four rods in a gang.  The selected gang may be inserted or withdrawn in either the notch mode or the continuous mode.  Movement of the selected gang of rods is accomplished by operating the “insert” or “withdraw” pushbutton for single notch gang movement; and the simultaneous operation of the “continuous” pushbutton if continuous gang movement is desired.



The positions of all rods in a gang are continuously monitored by both channels of RC&IS and rod pattern control system.  Violation of rod pattern constraints will result in insert and withdraw blocks on all rods.  Correction of violation can be made by use of the single rod bypass function.



1.
Control Rod Drive‑Hydraulic System Control




One motor‑operated pressure control valve, two air‑operated flow control valves, and four solenoid‑operated stabilizer valve assemblies are included in the control rod drive hydraulic system to maintain smooth and regulated system operation.  These devices are shown in <Figure 4.6‑5> and <Figure 4.6‑6>.  The motor‑operated pressure control valve is positioned by manipulating a switch in the control room.  The switch for this valve is located close to the pressure indicators that respond to the pressure changes caused by the movement of the valve.  The air‑operated flow control valve in service is automatically positioned in response to signals from an upstream flow measuring device.  The stabilizer valves are automatically controlled by the energization of the insert and withdraw commands.  The control scheme is shown in <Figure 7.7‑1>.  There are two drive water pumps which are controlled by switches in the control room.  Each pump automatically stops on indication of low suction pressure.



2.
Rod Block Interlocks




A portion of the RC&IS, upon receipt of input signals from other systems and subsystems, inhibits movement or selections of control rods.




(a)
Grouping of Channels





The same grouping of neutron monitoring equipment (SRM, IRM and APRM) that is used in the reactor protection system is also used in the rod block circuitry.





Half of the total monitors (SRM, IRM and APRM) provide inputs to one of the RC&IS rod block logic circuits and 





the remaining half provide inputs to the other RC&IS rod block logic circuit.  Scram discharge volume high water level signals are provided as inputs into both of the two rod block logic circuits.  Both rod block logic circuits sense when the high water level scram trip for the scram discharge volume is bypassed.





The APRM rod block settings are varied as a function of recirculation flow.  Analyses show that the selected settings are sufficient to avoid both reactor protection system action and local fuel damage as a result of a single control rod withdrawal error.  Mechanical switches in the SRM and IRM detector drive systems provide the position signals used to indicate that a detector is not fully inserted.  The rod block from scram discharge volume high water level utilizes two differential transmitters installed on the scram discharge volume.  A





second trip unit on one transmitter provides a control room annunciation of increasing level below the level at which a rod block occurs.




(b)
Rod Block Functions





The following discussion describes the various rod block functions and explains the intent of each function.  The instruments used to sense the conditions for which a rod block is provided are discussed in the following sections.  <Figure 7.7‑1> shows all the rod block functions on a logic diagram.





(1)
With the mode switch in the REFUEL position, no control rod can be withdrawn except during the single rod test.  This enforces compliance with the intent of the shutdown mode.





(2)
The circuitry is arranged to initiate a rod block regardless of the position of the mode switch for the following conditions:






i.
Any APRM inoperative alarm.  This assures that no control rod is withdrawn unless the average power range neutron monitoring channels are either in service or correctly bypassed.






ii.
Scram discharge volume high water level.  This assures that no control rod is withdrawn unless enough capacity is available in the scram discharge volume to accommodate a scram.  The setting is selected to initiate a rod block earlier than the scram that is initiated on scram discharge volume high water level.






iii.
Scram discharge volume high water level scram trip bypassed.  This assures that no control rod is withdrawn while the scram discharge volume high water level scram function is out‑of‑service.






iv.
Rod pattern control system.  The purpose of the rod pattern control system is to limit the worth of any control rod such that no undesirable effects will result from a rod drop accident or a rod withdrawal error.  The rod pattern control system will enforce operational procedural controls by applying rod blocks before any rod motion can produce high worth rod patterns.  See <Section 7.6.1> for further discussion of this system.






v.
Rod position information system malfunction.  This assures that no control rod can be withdrawn unless the rod position information system is in service.






vi.
Rod measurement timer malfunction during withdrawal.  This assures that no control rod can be withdrawn unless the two independent timers agree and are in service.





(3)
With the reactor mode switch in the RUN position, any of the following conditions initiates a rod block.






i.
Any APRM downscale alarm.  This assures that no control rod will be withdrawn during power range operation unless the average power range neutron monitoring channels are operating correctly or are correctly bypassed.






ii.
Scram discharge volume high water level.  This assures that no control rod will be withdrawn unless enough capacity is available in the scram discharge volume to accommodate a scram.  The setting is selected to initiate a rod block earlier than the scram that is initiated on scram discharge volume high water level.






iii.
Scram discharge volume high water level scram trip bypassed.  This assures that no control rod is withdrawn while the scram discharge volume high water level scram function is out‑of‑service.






iv.
Any average power range monitor (APRM) flow biased upscale rod block.  The purpose of this rod block function is to avoid conditions that would require reactor protective system action if allowed to proceed.  The APRM high flow biased rod block setting is selected to intitiate a rod block before the APRM flow biased upscale scram setting is reached.





(4)
With the mode switch in the STARTUP or REFUEL position, any of the following condition initiates a rod block:






i.
Any IRM upscale alarm.  This assures that no control rod is withdrawn unless the intermediate range neutron monitoring equipment is correctly upranged during a reactor startup.  This rod block also provides a means to stop rod withdrawal in time to avoid conditions requiring reactor protection system action scram) in the event that a rod withdrawal error is made during low neutron flux level operations.






ii.
Any average power range monitor (APRM) upscale rod block alarm.  The purpose of rod block function is to avoid conditions that would require reactor protection system action if allowed to proceed.  The APRM upscale rod block alarm setting is selected to initiate a rod block before the APRM high neutron flux scram setting is reached.






iii.
Any IRM downscale alarm except when range switch is on the lowest range.  This assures that no control rod is withdrawn during low neutron flux level operations unless the neutron flux is being correctly monitored.  This rod block prevents the continuation of a reactor startup if the operator upranges the IRM too far for the existing flux level.  Thus, the rod block ensures that the intermediate range monitor is on scale if control rods are to be withdrawn.






iv.
Any IRM inoperative alarm.  This assures that no control rod is withdrawn during low neutron flux level operations unless neutron monitoring capability is available in that all IRM channels are in service or are correctly bypassed.






v.
Any source range monitor (SRM) detector not fully inserted into the core when the SRM count level is below the retract permit level and associated IRM switches are on either of the two lowest ranges.  This assures that no control rod is withdrawn unless all SRM detectors are correctly inserted when they must be relied on to provide the operator with neutron flux level information.






vi.
Any SRM upscale level alarm and associated IRM range switches are below Range “8”.  This assures that no control rod is withdrawn unless the SRM detectors are correctly retracted during a reactor startup.  The rod 







block setting is selected at the upper end of the range over which the SRM is designed to detect and measure neutron flux.






vii.
Any SRM downscale alarm and associated IRM range switches are on either of the two lowest ranges.  This assures that no control rod is withdrawn unless the SRM count rate is above the minimum prescribed for low neutron flux level monitoring.






viii.
Any SRM inoperative alarm and associated IRM range switches are below Range “8”.  This assures that no control rod is withdrawn during low neutron flux level operations unless proper neutron monitoring capability is available.






ix.
Any intermediate range monitor (IRM) detector not fully inserted into the core.  This assures that no control rod is withdrawn during low neutron flux level operations unless proper neutron monitoring capability is available.




(c)
Rod Block Bypasses





To permit continued power operation during repair or calibration of equipment for selected functions that provide rod block interlocks, a limited number of manual bypasses are permitted as follows:





(1)
1 SRM channel (1 on RPS Bus A or Bus B)





(2)
2 IRM channels (1 on Bus A and Bus B)





(3)
2 APRM channels (1 on Bus A and Bus B)





The permissible IRM and APRM bypasses are arranged in the same way as in the reactor protection system <Section 7.2.1>.  The IRMs are arranged as two groups of equal numbers of channels.  One manual bypass is allowed in each group.  The groups are chosen so that adequate monitoring of the core is maintained with one channel bypassed in each group.  The same type of grouping and bypass arrangement is used for the APRMs.  The arrangement allows the bypassing of one IRM and one APRM in each rod block logic circuit.





These bypasses are affected by positioning switches in the control room.  A light in the control room indicates the bypassed condition.





An automatic bypass of the SRM detector position rod block is effected as the neutron flux increases beyond a preset low level on the IRM instrumentation.



3.
Rod Position Probes




The position probe is a long cylindrical assembly that fits inside the control rod drive.  Each control rod drive has two sets of reed switches for redundant indication of all information.  These two sets of switches are electrically and mechanically separate within a common enclosure.  The reed switches are located along the length of the probe and operated by a permanent magnet fixed to the moving part of the hydraulic drive mechanism.  As the drive, and with it the control rod blade, moves along its length, the magnet causes 




reed switches to close as it passes over the switch locations.  The particular switch closed then indicates where the control rod drive, and hence the rod itself is positioned.




The switches are located as follows:  one at each of twenty‑five notch (even) positions; one at each of twenty‑four mid‑notch (odd) positions; two at the fully inserted position (approximately the same location as the “00” notch); one at the fully withdrawn position (approximately the same location as the “48” notch position); and, one at the overtravel or decoupled position.




All of the mid‑notch or odd switches are wired in parallel and treated as one switch (for purposes of external connections), and the two full‑in switches are wired in parallel and treated as one switch.  These and the remaining switches are wired in a 5 x 6 array (the switches short the intersections) and routed out in an 11‑wire cable to the processing electronics (the probe also includes a thermocouple which is wired out separate from the 5 x 6 array).



4.
Position Indication Electronics




The electronics consists of a set of probe multiplexer cards (one per 4‑rod group where the 4‑rod group is the same as the display grouping described above), a set of file control cards (one per 20 multiplexer cards), and one set of master control and processing cards serving the whole system.  All probe multiplexer cards are the same except that each has a pair of plug‑in daughter cards containing the identity code of one 4‑rod group (the probes for the corresponding 4 rods are connected to the probe multiplexer card).  The system operates on a continuous scanning basis with a complete cycle in approximately 60 milliseconds.




The operation is as follows:  The control logic generates the identity code of one rod in the set, and transmits it using time multiplexing to all of the file control cards.  These in turn transmit the identity with timing signals to all of the probe multiplexer cards.  The one multiplexer card with the matching rod identity will respond and transmit its identity (locally generated) plus the raw probe data for that rod back through the file control card to the master control and processing logic.  The processing logic does several checks on the returning data.  First, a check is made to verify that an answer was received.  Next, the identity of the answering data is checked against that which was sent.  Finally, the format of the data is checked for legitimacy.  Only a single even position or, full‑in plus position “00,” or full‑out plus position “48,” or odd, or overtravel, or blank (no switch closed) are legitimate.  Any other combination of switches is flagged as a fault.




If the data passes all of these tests, it is decoded and transmitted in multiplexed form to the displays in the main control panel, and loaded into a memory to be read by the computer as required.




As soon as one rod’s data is processed, the next rod’s identity is generated and processed and so on for all of the rods.  When data for all rods has been gathered, the cycle repeats.  The RC&IS is totally operable from the main control room.  Manual operation of individual control rods is possible with a pushbutton to effect control rod insertion, withdrawal or settle.  Rod position indicators, described below, provide the necessary information to ascertain the operating state and position of all control rods.  Conditions which prohibit control rod insertion are alarmed with the rod block annunciator.




A rod information display on the reactor control panel is patterned after a top view of the reactor core.  The display allows the operator to acquire information rapidly by scanning.  Digital windows provide an overall indication of rod pattern and allow the operator to quickly identify an abnormal indication.  The following information for each control rod is also presented in the display:




(a)
Rod full inserted (green)




(b)
Rod fully withdrawn (red)




(c)
Selected rod identification




(d)
Rod scram (green)




(e)
Rod position (numeric) of selected rods




(f)
Rod position (numeric) of all rods




Also dispersed throughout the display, in locations representative of the physical location of LPRM strings in the core, are LPRM lights as follows:




(a)
LPRM high flux (red)




(b)
LPRM string selected (yellow)




(c)
LPRM downscale (green)




A continuous core rod position display is provided from both of the rod position information system cabinets.  The data for the display is automatically alternated between the two RC&IS 




outputs at a rate that is visible to the operator so that position data faults are easily detected.




A separate, smaller display below the full core status display will provide the LPRM reading adjacent to the selected rod.  The associated LPRM for each rod in a gang may be selected and displayed so that the operator can easily observe core power response to the motion of the gang rods.  Proper gang motion can be further confirmed by observing rod position changes indicated by the full core display.




The position signals of selected control rods, together with a rod identification signal, are provided as inputs to the online performance monitoring system.  The acquisition of the rod position signal does not interrupt the rod position indication signal in the control room.  The performance monitoring system can, on demand, provide a full core printout of control rod positions.




The following control room lights are provided to allow the operator to know the conditions of the control rod drive hydraulic system and the control circuitry:




(a)
Insert command energized




(b)
Withdraw command energized




(c)
Settle command energized




(d)
Insert not permissive




(e)
Withdrawal not permissive




(f)
Insert required




(g)
Continuous withdrawal




(h)
Pressure control valve position




(i)
Flow control valve position




(j)
Drive water pump low suction pressure (alarm and pump trip)




(k)
Drive water filter high differential pressure (alarm only)




(l)
Charging water (to accumulator) low pressure (alarm only)




(m)
Control rod drive temperature (alarm only)




(n)
Scram discharge volume not drained (alarm only)




(o)
Scram valve pilot air header high/low pressure (alarm only)


7.7.1.3      Recirculation Flow Control System ‑ Instrumentation and Controls


a.
System Function



The recirculation flow control system controls reactor power level, over a limited range, by controlling the flow rate of the reactor recirculating water.


b.
System Operation



Reactor recirculation flow is varied by throttling the recirculation pumps discharge with control valves.  The 



recirculation pumps operate at constant speed, on either LFMG or normal 60‑cycle power.  By adjusting the position of the discharge throttling valves, the recirculation system can automatically change the reactor power level <Figure 7.7‑4> and <Figure 7.7‑5>.



An increase in recirculation flow temporarily reduces the void content of the moderator by increasing the flow of coolant through the core.  The additional neutron moderation increases reactivity of the core, which causes reactor power level to increase.  The increased steam generation rate increases the steam volume in the core with a consequent negative reactivity effect, and a new steady‑state power level is established.  When recirculation flow is reduced, the power level is reduced in the reverse manner.



Each recirculation system loop flow control valve has its individual manual control system as well as the capability of being controlled in unison by the master‑flux controllers.  The master controller output demands a certain neutron flux level in the reactor which is compared with a filtered measurement of neutron flux.  The resultant error is fed into a flux controller which, in turn, demands a drive flow in each loop.



Each loop has an individual flow controller that causes adjustment of valve position to meet a demanded change in loop flow and hence core flow and core power.  This process continues until the error existing at the input of the flux controller is driven to zero.  The flux controller can remain in automatic even though the master controller is in manual.



The reactor power change resulting from the change in recirculation flow causes the pressure regulator to reposition the turbine control valves.  If the original demand signal was a turbine load/speed error signal, the turbine responds to the change in 



reactor power level by adjusting the control valves, and hence its power output, until the load/speed error signal is reduced to zero.



1.
Pump Motor Control




Each reactor water recirculating pump drive motor is a four pole ac induction motor that will operate from the normal plant electrical supply during normal plant power operation.  At plant low‑power levels, the recirculation pump motor will operate from the electrical output of the low‑frequency motor generator (LFMG) set.  Since the LFMG set electrical output frequency is at approximately one‑fourth the normal plant electrical frequency, the recirculation pump motor will be driven at approximately one‑fourth of its rated speed.




The LFMG set is not intended to be capable of starting the recirculation pump motor with the motor initially at zero speed.  At low reactor power levels, the motor start is initiated on the normal plant electrical power supply.  As the motor speed approaches rated full load speed, it is automatically tripped.  When the motor speed coastdown is about 25 percent of rated full load speed, the motor will be reenergized from the LFMG set and driven at about 25 percent rated full load speed.  Preceding initiation of the recirculating pump motor, the plant operator may manually start the LFMG set.  If the LFMG set is not operating when the motor start is initiated, the LFMG will be automatically started.




If the recirculating pump motor start is initiated at higher reactor power levels, the LFMG set will not start automatically, and the pump/motor will continue to operate at rated full load speed.




Certain trip functions, as shown in <Figure 7.7‑4>, will trip the recirculating pump motor and automatically transfer it to the LFMG set.  Other trip functions will trip the motor without transfer to the LFMG set.




In addition to the normal drive motor trips, a high vessel pressure or low vessel level signals from the redundant reactivity control system, <Section 7.6.1.12>, will initiate a recirculation pump motor trip.  Each trip sensor and channel is separate and independent from the reactor protection system, and includes a testability feature that will allow testing of each trip sensor while the recirculation system is in operation.  The abnormal position of the test switch is annunciated.



2.
Low‑Frequency Motor‑Generator (LFMG) Set




The LFMG set consists of a 16‑pole ac induction motor driving a 4‑pole ac synchronous generator.  This arrangement provides one‑fourth normal plant frequency at the output of the generator.  The generator exciter is directly connected to generator to provide a brushless excitation system.  The voltage regulator for the excitation system is located in the auxiliary relay panel which is separate from the LFMG set.




Several permissives, shown in <Figure 7.7‑4>, must be satisfied before the recirculation pump/motor can be operated from either the normal plant electrical system or the LFMG set.  These permissives prohibit pump start until conditions assure there will be no damage to the system.  <Section 4.4.3> describes the regions of the operational map where operation is not permitted.



3.
Valve Position Control Components




The main flow regulating valves can be controlled individually or jointly.  The master controller, flux demand limiter, flux controller, and total drive flow limiter are common to the control of both valves.  The signal from these components is fed to two separate sets of control systems components, one for each limiter, a flow controller, a high‑low signal failure alarm, a loss of signal valve “motion inhibit” interlock, a drive flow feedback signal to each flow  controller, a valve actuator, and a limiter.  The limiter runs back the main flow regulating valve if one of the reactor feed pumps should trip, with a coincident or subsequent reactor vessel low water level.  This run back was intended to reduce reactor power to within the capacity of the remaining feedwater pump.  This limiter function may be bypassed during single recirculation loop operation, since reactor power is kept within the capacity of one feedwater pump.



4.
Master Controller




The manual/automatic master controller provides a signal to control reactor flux.  The automatic mode is not used at Perry.



5.
Flux Demand Limiter




The flux demand limiter is adjustable.  Its purpose is to limit the neutron flux demanded by the flux controller, keeping it sufficiently below the high flux scram point to prevent scrams during reactor power increases.



6.
Flux Controller




The flux controller supplies a total drive flow demand signal to a flow controller station, which in turn supplies each flow loop with a demand signal.  Under automatic control, the flux controller output is compared to the sensed loop flow from the feedback proportional amplifiers in each loop.  The error signal is fed via the flow controller amplifier to the valve position, resulting in a change of loop flow and therefore core power.




Neutron flux is sensitive to changes in core flow in the frequency range of approximately 0.015 to 0.31 Hertz.  The flux controller is a lag/lead compensated proportional‑integral (P‑I) controller.  The lag/lead compensation removes the flux overshoot and the P‑I controller provides a high gain output for low frequency input signal from feedwater or pressure disturbance.



7.
Drive Flow Limiter




The drive flow demand limiters are adjustable.  The high signal limiter establishes the maximum drive flow demand limit needed for the upper end of the automatic load‑following range.  The low signal limit is determined from a core stability criterion and defines the lower end of the automatic load‑following range.  There is no low flow limit and the valve can be closed to its minimum position when the flux controller is in manual mode operation.



8.
Flux Feedback Isolation Amplifier




The flux feedback isolation amplifier performs a dual function.  It is a secondary amplifier that completely 




isolates the reactor flow control system from the particular APRM that supplies its input signal.  It also filters process noise in the flux signal.  A failure in the amplifier cannot interfere with the protection system function of the APRMs.  Each of the two APRM channels available for flux feedback is further “isolated” or “buffered” by an additional “primary” isolation amplifier, so that the system complies with the requirements of Paragraph 4.7 of IEEE Standard 279.



9.
Manual/Automatic Transfer Stations




Switching between manual and automatic operations is done on the master, flux and individual flow controllers, using a manually operated switch.  To automatically control loop flow by the flux controller, the transfer switch on the flux and flow controllers must be in the automatic position.




Setting the master control transfer switch to the manual position provides “ganged” parallel manual operation of the flow control loops.  Switching to manual control on the master controller sets the cascade input or setpoint of the flux controller and hence the signal to the valve.  The individual flow controllers must be in automatic mode.  During startup, the flux controller output signal is determined by the manual signal level setting on the flux controller with the controller in manual mode.



10.
Flow Controller




The individual flow controller (one for each valve) transmits the signal that adjusts the valve position.  During automatic operation, the input signal is received from the flux controller.  During manual operation, each flow regulating 




valve can be manually positioned with the manual output signal raise/lower controls provided on each flow controller.



11.
Limiter




A limiting function is required (as briefly outlined in foregoing paragraphs).  Electronic limiting, with reasonable range adjustment, is provided in each main flow control loop.  This limiter is normally held bypassed by auxiliary devices such as relay contacts.  When the limiting permissive condition is reached, the main regulating valve control signal is limited to close the valve to the desired position.



12.
Valve Actuator




The valve actuator (one on each valve) is the electro‑hydraulic device that moves the flow control valve to the desired position and maintains it there.  The valve control system is designed to maintain the valve in the last position demanded if control power is lost.




The valve actuator has an inherent rate limiting feature that will keep the resultant rate of change of core flow and power to within safe limits in the event of upscale or downscale failure of the valve position or velocity control system.


7.7.1.4      Feedwater Control System ‑ Instrumentation and Controls


a.
System Function



The feedwater control system controls the flow of feedwater into the reactor vessel to maintain the vessel water level within predetermined limits during all normal plant operating modes.  The range of water level is based on the requirements of the steam 



separators (this includes limiting carryover, which affects turbine performance, and carryunder, which affects recirculation pump operation).  The feedwater control system uses vessel water level, steam flow and feedwater flow as a three‑element control <Figure 7.7‑6>.



Single‑element control is also available based on water level only.  Normally, the signal from the feedwater flow is equal to the steam flow signal; thus, if a change in the steam flow occurs, the feedwater flow follows.  The steam flow signal provides anticipation of the change in water level that will result from change in load.  The level signal provides a correction for any mismatch between the steam and feedwater flow which causes the level of the water in the reactor vessel to rise or fall accordingly.


b.
System Operation



During normal plant operation, the feedwater control system automatically regulates feedwater flow into the reactor vessel.  The system can be manually operated.



The feedwater flow control instrumentation measures the water level in the reactor vessel, the feedwater flow rate into the reactor vessel and the steam flow rate from the reactor vessel.  During automatic operation, these three measurements are used for controlling feedwater flow.



The optimum reactor vessel water level is determined by the requirements of the steam separators.  The separators limit water carry‑over in the steam going to the turbines and limit steam carry‑under in water returning to the core.  The water level in the reactor vessel is maintained within approximately (2 in. of the setpoint value during normal operation and within the high and low 



level trip setpoints during normal plant maneuvering transients.  This control capability is achieved during plant maneuvering transients.  This control capability is achieved during plant load changes by balancing the mass flow rate of feedwater to the reactor vessel with the steam flow from the reactor vessel.



The redundant reactivity control system in its automatic mode can initiate a feedwater runback, reducing flow to 0 percent within 30 seconds.  This runback is independent of the feedwater control operating mode, and overrides the loss‑of‑signal interlock which prohibits change of feedpump output under loss of control signal conditions.  Control of the feedwater system can be regained by the operator 30 seconds after the runback begins.  This runback is discussed in <Section 7.6.1.12>.  ATWS alarm lights are provided on the front of the feedwater control panel.



The following is a discussion of the variables sensed for system operation:



1.
Reactor Vessel Water Level




Reactor vessel narrow range water level is measured by three identical, independent sensing systems.  For each channel, a differential pressure transmitter senses the difference between the pressure caused by a constant reference column of water and the pressure caused by the variable height of water in the reactor vessel.  The differential pressure transmitter is installed on lines that serve other systems.




The control system automatically selects the median reactor level from the three level signals and uses it for feedwater control. 




Each narrow range level channel also functions to provide failure tolerant trips of the main turbine and feed pump prime movers.  All three narrow range reactor level signals and reactor pressure are indicated in the control room.  A fourth level sensing system (wide range) provides level information beyond the span of the narrow range devices.  The median narrow range water level and wide range water level signals are continually recorded in the control room.



2.
Main Steam Line Steam Flow




Steam flow is sensed at each main steam line flow restrictor by a differential pressure transmitter.  A signal proportional to the true mass steam flow rate is linearized and indicated in the main control room.  The signals are summed to produce a total steam flow signal for indication and feedwater flow control.  The total steam flow signal is recorded in the control room.



3.
Feedwater Flow




Feedwater flow is sensed at a flow element in each feedwater line by differential pressure transmitters.  Each feedwater signal is linearized and then summed to provide a total mass flow signal which is recorded in the control room.  In addition, feedwater flow through each pump is sensed.  The flow control loop subtracts the total feedwater flow from the setpoint provided by the level control loop to generate an error for the controller to act on.  Valve position control or turbine speed change are the flow adjustment techniques involved.




Three modes of feedwater flow control and thus level control are provided.




(a)
Startup automatic level control (1 Element Control)




(b)
Run mode automatic flow control (3 Element Control)




(c)
Manual control




Separate level controllers are provided for each automatic mode.  Each level control mode provides output indication as well as level setpoint and measured level.  In the 1 Element control mode, measured level is compared to level setpoint within the controller to develop a controller output signal.  In this mode, it is possible to have two feed pumps in automatic control.  A feed pump may be manually controlled by using the pump’s manual/auto station faceplate.




During normal operation three element automatic control is provided.  The total steam flow signal, modified by the conditioned level error signal, provides a flow demand signal to the feedwater flow control loop.  The demanded flow is compared to actual total feed flow from running pumps.  The resultant flow error signal, after conditioning by the proportional plus integral flow control loop changes the MFP valve position, and/or changes the turbine speed, zeroing the error signal.




Manual control is available by using the manual/auto station faceplates via the touch screen displays to accomplish the desired flow change.  Automatic inventory control is available with any single pump or any combination of two pumps.




The level control system also provides interlocks and control functions to other systems.  When one of the reactor feed pumps is lost and coincident or subsequent low water level exists, recirculation flow is reduced to within the power capabilities of the remaining reactor feed pumps.  This reduction aids in avoiding a low level scram by reducing the steaming rate.  Reactor recirculation flow is also reduced on sustained low feedwater flow coincident with low recirculation flow control valve position to ensure that adequate NPSH will be provided for the recirculation system.




Alarms are provided for high and low water level and reactor high pressure.  Interlocks will trip the plant turbine and feedwater pumps in the event of reactor high water level.




Feedwater is delivered to the reactor vessel through a parallel arranged combination of two turbine‑driven and one electric motor‑driven feedwater pumps.  The turbines are driven by steam from the reactor vessel.  The electric motor‑driven pump operates at constant speed and flow is controlled by a flow control valve.  During planned operation, the feedwater control signal from the level control system is fed to the turbine speed control systems, which adjust the speed of their associated turbines so that feedwater flow is proportional to the feedwater demand signal.  Each turbine can be controlled by its manual/automatic transfer station faceplates via the touch‑screen displays.  The 




feedwater controller, and the manual/auto transfer stations associated with each turbine speed controller, are the bumpless transfer types.


7.7.1.5      Steam Bypass and Pressure Regulating System ‑ Instrumentation and Controls


a.
System Function



As a direct cycle boiling water reactor, the turbine is slaved to the reactor in that all (except steam to the moisture separator reheaters) steam generated by the reactor is normally accepted by the turbine.  The operation of the reactor requires pressure regulation be employed to maintain a constant (within the range of the regulator controller proportional band setting) turbine inlet pressure with load following ability accomplished by variation of the reactor recirculation flow.



The turbine pressure regulator normally controls the turbine control valves to maintain constant (within the range of the regulator controller proportional band setting) turbine inlet pressure at a particular valve.  In addition, the pressure regulator also operates the steam bypass valves such that a portion of nuclear boiler rated flow can be bypassed when operating at steam flow loads above that which can be accepted by the turbine as well as during the startup and shutdown phase.



The overall turbine generator and pressure control system accomplishes the following:



1.
Control turbine speed and turbine acceleration.



2.
Control the steam bypass system to keep reactor pressure within limits and avoid large power transients.



3.
Control main turbine inlet pressure within the proportional band setting of the pressure regulator.


b.
System Operation



Pressure control is accomplished by controlling main steam pressure immediately upstream of the main turbine stop and control valves through modulation of the turbine‑control or steam‑bypass valves.  Command signals to these valves are generated by redundant control elements using the sensed turbine inlet pressure signals as the feedback.  For normal operation, the turbine control valves regulate steam pressure; however, when the total steamflow demand from the pressure regulator exceeds the capacity of the turbine control valves, the pressure control system sends the excess steam flow directly to the main condenser, through the steam bypass valves.  The plant ability to follow grid‑system load demands is enabled by adjusting reactor power level, by varying reactor recirculation flow (manually) or by manually moving control rods.  In response to the resulting steam production changes, the pressure control system adjusts the turbine control valve to accept the steam output change, thereby regulating steam pressure.



1.
Steam Pressure Control




During normal plant operation, steam pressure is controlled by the main turbine control valves, positioned in response to the pressure regulation demand signal.  The steam bypass valves are normally closed.




The output of one of the regulators is used to provide combined flow demand, and bypass demand signals and is continuously compared to the output of the other regulator.  If the difference between any two comparable signals exceeds 




the permissible value, the signal which has changed the least in the previous few seconds assumes control.




To minimize pressure regulator disturbance during main steam isolation valve testing or main turbine stop valve testing, a pressure tap is taken from each main steam line ahead of the turbine stop valves and routed into an instrument header pressure equalization manifold.  The pressure transmitters are connected to this manifold.




The turbine control valve (steam flow) demand signal is limited, after passage through the low value gate, to that required for full opening of the turbine control valves.  Thus, if the pressure control system requests additional steam flow from the reactor when the control valves reach wide open, the control signal error to the bypass valves will increase and cause bypass actuation.




Control for the turbine control valve is designed so that the valves will close upon loss of control system electric power or loss of hydraulic system pressure.



2.
Steam Bypass System




The steam bypass equipment is designed to control steam pressure when reactor steam generation exceeds turbine requirements such as during startup (pressure, speed ramping and synchronizing), sudden load reduction and cooldown.




The bypass capacity of the system is 35 percent (nominal) of NSSS rated steam flow; sudden load reductions of up to the capacity of the steam bypass can be accommodated without reactor scram.




Normally, the bypass valves are held closed and the pressure regulator controls the turbine control valves, directing all steam flow to the turbine.  If the speed governor or the load limiter restricts steam flow to the turbine, the regulator controls system pressure by opening the bypass valves.  If the capacity of the bypass valves is exceeded while the turbine cannot accept an increase in steam flow, the system pressure will rise and reactor protection system action will cause shutdown of the reactor.




The bypass valves are an automatically‑operated, regulating type which are proportionally controlled by the turbine pressure regulator and control system.




The turbine control system provides a signal to the bypass valves corresponding to the error between the turbine control valve opening required by the controlling pressure regulator and the turbine control valve position demanded by the output of the low value gate circuit.  An adjustable bias signal is provided to maintain the bypass valves closed for momentary differences during normal operational transients.



3.
Turbine Speed/Load Control System




The control signals supplied by the pressure regulator to the turbine control system and the signals which the pressure regulator requires from the turbine control system are shown in <Figure 7.7‑7>.  The turbine control system is designed to receive and supply the following signals:




(a)
Signal 1 ‑ The load demand signal varies from no load to rated load.




(b)
Signal 2 ‑ The pressure control demand signal varies from no load to rated load and is limited by the turbine flow limiter to place an upper bound on the total turbine and bypass flow demand.




(c)
Signal 3 ‑ The control valve position (flow) demand signal varies to close or open the valve.  The turbine flow limiter limits the pressure control demand signal so that it does not exceed the value corresponding to valves fully open.  Signal 3 is used by the pressure regulator as a turbine flow reference signal to operate the bypass valves when high steam pressure causes the pressure control signal, Signal 2, to be higher than Signal 3.



4.
Turbine Speed‑Load Control Interfaces




(a)
Normal Operation





During base‑load plant operation, the turbine load reference is held above the desired load, such that the pressure regulation demand governs the turbine control valves.




(b)
Behavior of Turbine Outside of Normal Operation





(1)
Turbine Startup.






Prior to turbine startup, sufficient reactor steam flow is generated to permit the steam bypass valves to maintain reactor pressure control while the turbine is brought up to speed and synchronized under its speed‑load control.





(2)
Partial Load Rejection.






During partial load rejection transients, which are apparent to the reactor as a reduction in turbine load demand resulting from an increase in generator (or grid) frequency above rated, the turbine‑pressure control scheme allows the reduced turbine speed‑load demand to bias the pressure regulation demand and thereby directly regulate the turbine control valves.





(3)
Turbine Shutdown or Turbine Generator Trip.






During turbine shutdown or turbine generator trip conditions, the main turbine stop valves and control valves are, or will be, closed.  Reactor steamflow will then be passed through the steam bypass valves under steam pressure control, and through the reactor safety/relief valves, as needed.





(4)
Steam Bypass Operation.






Fast opening of the steam bypass valves during turbine trips or generator load rejections requires coordinated action with the turbine control system.  When the turbine control valves are under pressure control, no bypass steamflow is demanded; conversely, when the turbine speed‑load demand falls below the pressure regulation demand, a net bypass flow demand is computed.  During turbine or generator trip events resulting in fast closure of the turbine stop or control valves, the turbine control valve demand is immediately tripped to zero 






as an anticipatory response, causing the bypass steamflow demand to equal the initial pressure regulation demand.





(5)
Loss of Turbine Control System Power.






Turbine controls and valves are designed so that the turbine stop and control valves will close upon loss of control system power or hydraulic pressure.


7.7.1.6      Refueling Interlocks ‑ Instrumentation and Controls


a.
Refueling Interlocks Function



The purpose of the refueling interlocks is to restrict the movement of control rods and the operation of refueling equipment.  This reinforces operational procedures that prevent the reactor from becoming critical during refueling operations.


b.
Refueling Interlocks Operation



The refueling interlocks circuitry senses the condition of the refueling equipment and the control rods to prevent the movement of the refueling equipment or withdrawal of control rods (rod block).  Redundant circuitry is provided to sense the following conditions:



1.
All rods inserted



2.
Refueling platform positioned near or over the core



3.
Refueling platform main hoist fuel‑loaded



4.
Reactor mode switch in “Refuel” position and not more than one rod withdrawn



The indicated conditions are combined in logic circuits to satisfy various restrictions on refueling equipment operations and control rod movement <Table 7.7‑3>.  A two‑channel circuit indicates that all rods are in.  For one channel, the rod‑in condition for each rod is established by the closure of a magnetically operated reed switch in the rod position indicator probe.  The rod‑in switch must be closed for each rod before the all‑rods‑in signal is generated.  RC&IS control circuitry must indicate “all‑rods‑in” to allow refueling equipment to be used.


During refueling operations, no more than one control rod is permitted to be withdrawn; this is enforced by a logic circuit that uses the all‑rods‑in signal and a rod selection signal from the RC&IS to prevent the selection of a second rod for movement with any other rod not fully inserted.  Control rod withdrawal is prevented by comparison between the A and B portions of the RC&IS for rod position with a subsequent rod withdrawal block if necessary.  The simultaneous selection of two control rods is prevented by the multiplexing action of the rod select circuitry and by feedback from the rod motion timer which latches the selected rod’s identity in a holding register.  With the mode switch in the REFUEL position, the circuitry prevents the withdrawal of more than one control rod and the movement of the loaded refueling platform over the core with any control rod withdrawn.



Operation of refueling equipment is prevented by interrupting the power supply to the equipment.  The refueling platform is provided with two mechanical switches attached to the platform, which are tripped open by a long, stationary rail, mounted adjacent to the platform rail.  The switches open before the platform or any of its hoists are physically located over the reactor vessel to indicate the approach of the platform toward its position over the core.



Load cell readout is provided for all hoists.  Indicators display given hoist loads directly to the operator.  Load sensing is done by a solid‑state type load sensing system.



Associated interlock and load functions are performed by a load cell monitor that senses the strain generated by the load.



The three hoists on the refueling platform are provided with solid state load sensing systems with contacts that open at their required settings.  The relay contacts for two of the hoists (monorail and frame) are set to open at a load weight that is lighter than that of a single fuel assembly.  Fuel can only be handled with the main fuel hoist of the refueling platform.



De‑energizing the fuel hoist load cell power supply opens the grapple load cell relay contact and gives a false indication that the grapple is loaded.  This interlock prevents control rod withdrawal with the mode switch in the STARTUP or REFUEL positions.



The rod block interlocks and refueling platform interlocks provide two independent levels of interlock action.  The interlocks which restrict operation of the main fuel hoist provide a third level of interlock action since they would be required only after a failure of a rod block and refueling platform interlock.



In the refueling mode, the control room operator has an indicator light for “Refueling Mode Select Permissive” whenever all control rods are fully inserted.  He can compare this indication with control rod position data from the computer as well as control rod in‑out status on the full core status display.  Whenever a control rod withdrawal block situation occurs, the operator receives annunciation and computer logs of the rod block.  The operator can compare these outputs with the status of the variable providing the rod block condition.  Both channels of the control rod withdrawal 



interlocks must agree that permissive conditions exist in order to move control rods; otherwise, a control rod withdrawal block occurs.  Failure of one channel may initiate a rod withdrawal block, and will not prevent application of a valid control rod withdrawal block from the remaining operable channel <Table 7.7‑3>.



In terms of refueling platform interlocks, the platform operator has a digital display for the platform x‑y position relative to the reactor core.



The position of each hoist is shown on locally mounted indicators or digital display.  Load cell indications of hoist loads are given for each hoist by locally mounted indicators or digital display.  Individual push button and joystick control switches are provided for local control of the platform and its hoists.  The platform operator can immediately determine whether the platform and hoists are responding to his local instructions, and can, in conjunction with the control room operator, verify proper operation of each of the three categories of interlocks listed previously.


7.7.1.7      Design Differences


Refer to <Table 7.7‑2> for a list of instrumentation and control system designs and their similarity to designs of other nuclear power plants.


7.7.1.8      Process Computer System ‑ Instrumentation


a.
System Function



The function of the plant process computers is to provide a quick and accurate determination of core thermal performance; to improve 



data reduction, accounting and logging functions; and to supplement procedural requirements for control rod manipulation during reactor startup and shutdown.


b.
System Operation



The Plant Process Computer is composed of two (2) CPU’s (Central Processing Units).  One CPU will be the primary and the second will be in standby.  The standby CPU will take over all scan/log/alarm functions should the primary CPU experience any kind of failure.



The system uses at least one of each of the following peripheral devices:  analog/digital I/O, operators CRT console, graphics workstation, alarm typer, log typer, line printer, magnetic tape unit, digital display, and trend pen recorder.



The analog/digital data acquisition hardware consists of an analog and digital inputs as well as digital outputs, corresponding I/O terminations, and signal conditioners.  The data acquisition hardware accepts analog signals from plant instrumentation and converts them to digital representation for use in the computer.  The digital signals sense plant contact actuations and are used to read status information from plant instrumentation, including alarms and binary coded signals.  Intermittent signals and pulse type inputs are sensed by sequence of event change detect hardware and allow immediate processing of information that might otherwise be lost if normal digital scanning were used.


During routine operation, the operator uses a keyboard and CRT located in the main control room and various other plant locations to enter information into the computer and to request various special functions from it.  Information from the computer can be 


directed by the operator to video terminal displays, digital displays and trend recorders located on 1H13‑P680, or hard copy terminals.



The process computer system has self‑checking provisions.  It performs diagnostic checks to determine the operability of certain portions of the system hardware and performs internal programming checks to verify that input signals and selected program computations are either within specific limits or within reasonable bounds.



The computer equipment, except peripherals, is designed for continuous duty from 59(F to 82(F, and 20% to 80% relative humidity.  The peripherals are designed to operate under less restrictive environmental conditions.  All CPU’s are installed in air‑conditioned rooms.



The processor is capable of checking each analog input variable against two types of limits for alarm purposes:



1.
Process alarm limits are either variable limits determined by the computer during computation or preprogrammed limits determined by the operator, and



2.
A reasonableness limit of the analog input signal level programmed.



The alarming sequence consists of an alarm typer and video monitor message for the variables that exceed process alarm limits.  A variable that is returning to normal is signified by a return to normal message.


The process computer provides to the operator a means of monitoring, displaying and recording both NSS and BOP events.  


These functions are performed by the following software 1) status alarm monitor, 2) sequence of events log, 3) digital trend, 4) archive data, 5) core performance calculations, and 6) balance of plant calculations.



The sequence of events log monitors up to 128 primary NSS variables and records to a resolution of 4 milliseconds in chronological order any change of state.  These events are logged on a line printer whenever 64 contact changes have been sensed or 30 seconds have elapsed since the first detected change.  Status designates the nature of the input event, description of the signal and time to the nearest millisecond.



The Free Format log allows the operator to define and print any additional logs that do not conveniently fall into any other log categories.  Logs can be created or modified that will gather plant data by point groups.  Print period and data gathering period are user selectable.  An immediate printout of any active free format log and the ability to stop data gathering and printing of a Free Format log is available on demand.



The Process Computer system supports data archiving.  Any point in the system can be set to archive its value and status upon a predetermined change in value from one reading to the next, and/or upon a change of status.  All points are archived once each hour. The core performance calculation is the total core thermal power calculated from a reactor heat balance.  Total power is then distributed to every six‑inch segment of each fuel assembly by calculation.  Using plant inputs of pressure, temperature, flow LPRM levels, control rod positions, and the calculated fuel exposure.  Interactive computational methods are used to establish a compatible relationship between the core coolant flow and core 



power distribution.  The results subsequently are interpreted as local power at specified axial segments for each fuel bundle in the core.



The core power distribution calculation sequence is completed periodically and on demand.  The sequence requires one to two minutes to execute.  After executing the program, the computer prints a periodic log for record purposes.



Flux level and position data from the traversing in‑core probe (TIP) equipment is read into the computer.  The computer evaluates the data and determines gain adjustment factors by which the LPRM amplifier gains can be altered to compensate for exposure‑induced sensitivity loss.  The LPRM amplifier gains are not to be physically altered except immediately prior to processing TIP data using 3DMONICORE.  This TIP data may be obtained just prior to physically altering the LPRM gains, such that an LPRM calibration requires only one set of TIP traverses. With up to ten TIP measurement locations inaccessible, data may be replaced by data as described in 1 or 2 below.



1.
TIP data for inaccessible measurement locations may be replaced by data obtained from that location’s symmetric counterpart if the substitute TIP data was obtained from an accessible measurement location, provided the reactor core is operating in a type A control rod pattern and the total core TIP uncertainty for the present cycle has been determined to be less than 8.7 percent (standard deviation).



2.
TIP data for inaccessible measurement locations may be replaced by data obtained from the on‑line core monitoring system (process computer), normalized with available operating measurements.



The gain adjustment factor computations help to indicate to the operator when such a calibration procedure is necessary.



Using the power distribution data, a distribution of fuel exposure increments from the time of previous power distribution calculation is determined and is used to update the distribution of cumulative fuel exposure.  Each fuel bundle is identified by batch and location, and its exposure is store for each of the axial segments used in the power distribution calculation.  These data are printed out on operator demand.



Exposure increments are determined periodically for each quarter length section of each control rod.  The corresponding cumulative exposure totals are periodically updated and printed out on operator demand.



The exposure increment of each local power range monitor is determined periodically and is used to update both the cumulative ion chamber exposures and the correction factors for exposure‑dependent LPRM sensitivity loss.  These data are printed out on operator demand.



The computer provides online capability to determine monthly and on‑demand isotopic composition for each one‑quarter‑length section of each fuel bundle in the core.  This evaluation consists of computing the weight of one neptunium, three uranium and five plutonium isotopes as well as the total uranium and total plutonium content.  The isotopic composition is calculated for each one‑quarter length of each fuel bundle and summed accordingly by bundles and batches.  The method of analysis consists of relating the computed fuel exposure and average void fraction for the fuel to computer stored isotopic characteristics applicable to the specific fuel type.



Balance of plant calculations provide a means of implementing calculations which give meaningful indications of various conditions/parameters, for example, nuclear steam supply, turbine, condenser, feedwater heater. moisture separator, and overall plant performance.  The program also will provide unit operating factor daily and monthly summaries.  Such summaries include plant capacity factor, average power level, gross electrical energy generated, and unit load factor.  All calculations will be executed and the results presented or stored every 10 minutes, provided the plant is online and power levels are high enough to ensure meaningful results.


7.7.1.9
   Reactor Water Cleanup System


Refer to <Section 5.4.8>


7.7.1.10      Process Sampling System


Refer to <Section 9.3.2.>


7.7.1.11      Gaseous Radwaste System


Refer to <Section 11.3.>


7.7.1.12      Drywell Vacuum Relief (DVR) System


a.
System Function



The DVR system equalizes pressure between the drywell and outer containment volume (portion of containment volume outside drywell).  The only safety function of the system is to provide drywell to containment isolation.


b.
System Operation



Both the check valves and the motor‑operated isolation valves are normally closed when the differential pressure between the containment and drywell is zero or positive.  When the differential pressure between the containment and drywell is negative, the motor‑operated isolation valves are opened electrically.  The check valves open in response to the differential pressure and thus provide vacuum relief.  The motor‑operated isolation valves also close automatically on a containment isolation signal which consists of reactor low‑low level or drywell high pressure.  The containment isolation signal is overridden and the motor‑operated isolation valves are automatically opened by a negative differential pressure signal.  The system diagram and control logic for the motor‑operated isolation valves are shown in <Figure 7.3‑10> and <Figure 7.7‑8>, respectively.



Isolation valve position indicating lights and system bypassed, inoperative alarms in the control room provide the operator sufficient information to monitor the status of the system and its devices.


7.7.2      ANALYSIS


7.7.2.1      Safety Function


Refer to the safety evaluations in <Chapter 15> and <Appendix 15A>.  <Chapter 15> shows that the systems described in <Section 7.7> are not used to provide any design basis accident safety function.  Safety functions are provided by other systems.


7.7.2.2      Failure Modes and Malfunctions


<Chapter 15> also evaluates all credible control system failure modes, the effects of those failures on plant functions, and the response of various safety‑related systems to those failures.


The PNPP electrical system used for achieving safe shutdown is a Class 1E redundant system.  Each redundant division contains its own power sources and separate controls and instrumentation.  The trains are both electrically independent, and physically separated.  Additionally, the PNPP is designed to <Regulatory Guide 1.75>, therefore, a failure of a non‑Class 1E electrical component or system cannot adversely impact the operation of the Class 1E electrical control system.  Instrumentation and controls required for operation of the safety‑related fluid systems are Class 1E, therefore, the only possible means of interaction between safety and nonsafety systems would be through the fluid process system.  The major plant control systems described above have no direct interface with any safety‑related systems and, thus, control system failures, other than those described in <Chapter 15>, have no effect on the safety‑related systems.  Analysis for additional control system interactions is discussed in <Appendix 15G>.


TABLE 7.7‑1


DESIGN AND SUPPLY RESPONSIBILITY FOR NONSAFETY‑RELATED SYSTEMS










    GE
    GE










  Design
  Supply
  Others


1.
Rod Control & Information System

X

X


2.
Recirculation Flow Control System

X

X


3.
Feedwater Control System



X

X

X


4.
Steam Bypass and Pressure


X

X

X



Regulating System


5.
Refueling Interlocks



X

X

X


6.
Reactor Water Cleanup System


X

X


7.
Process Sampling




X

X


8.
Gaseous Radwaste




X

X


9.
NSSS Process Computer



X

X

X


TABLE 7.7‑2


SIMILARITY TO LICENSED REACTORS FOR NONSAFETY‑RELATED SYSTEMS










Plants Applying










for or Having










Construction


Instrumentation and Controls


Permit or Opera‑
Similarity


__________(System)__________


ting License____
of Design 


1.
Rod Control and Information

Grand Gulf

Size diff‑



System









erence


2.
Recirculation Flow‑Control

Grand Gulf

Capacity



System









differences to accommo‑














date vessel size difference


3.
Feedwater Control System


Grand Gulf

Capacity differences


4.
Steam Bypass and Pressure

River Bend

Capacity



Regulating System







differences


5.
Refueling Interlocks 


Grand Gulf

Same for PNPP


6.
Reactor Water Cleanup


Grand Gulf


7.
Process Sampling


8.
Gaseous Radwaste



Grand Gulf


9.
NSSS Process Computer


Grand Gulf

NSSS base function similar


TABLE 7.7‑3


REFUELING INTERLOCK EFFECTIVENESS(1)



 Refueling
Refueling Platform Hoists



 Platform




Mode


Situation
 Position 
  TMH  
  FMH  
  FG  
Control Rods
Switch
   Attempt
      Result



1.
Not near core
   UL
   UL
  UL
All rods in
Refuel
Move refueling
No restrictions










platform over










core



2.
Not near core
   UL
   UL
  UL
All rods in
Refuel
Withdraw rods
Cannot withdraw more











than one rod



3.
Not near core
   UL
   UL
  UL
One rod
Refuel
Move refueling
No restrictions








withdrawn

platform over










core



4.
Not near core


  L
One rod
Refuel
Move refueling
Platform stopped








withdrawn

platform over
before over core










core



5.
Over core
   UL
   UL
  UL
All rods in
Refuel
Withdraw rods
Cannot withdraw more











than one rod



6.
Over core


  L
All rods in
Refuel
Withdraw rods
Rod block



7.
Not near core
   UL
   UL
  UL
All rods in
Startup
Move refueling
Platform stopped










platform over
before over core










core



8.
Not near core
   UL
   UL
  UL
All rods in
Startup
Withdraw rods
No restrictions



9.
Over core
   UL
   UL
  UL
All rods in
Startup
Withdraw rods
Rod Block


NOTE:


(1)
Table terminology is as follows:



TMH ‑
trolley mounted hoist (Monorail Hoist)



FMH ‑
frame mounted hoist (Frame Hoist)



FG ‑
fuel hoist



UL ‑
unloaded



L ‑
loaded
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8.0      ELECTRIC POWER


8.1      INTRODUCTION


The FirstEnergy service area in northern Ohio and western Pennsylvania (formerly the Cleveland Electric Illuminating Company, Ohio Edison Company, Toledo Edison Company, and Pennsylvania Power Company service area) encompasses approximately 13,200 square miles.  Presently, FirstEnergy has two transmission voltages:  138 kV and 345 kV.  The transmission system is shown in <Figure 8.1‑1>.


The Perry Nuclear Power Plant consists of one 1,261 MWe (net) operating unit which generates power at 22 kV.  The power from the unit is fed via an isolated phase bus to the unit’s main transformer, stepped up to 345 kV and delivered to the adjacent 345 kV switchyard.  The physical arrangement is further explained in <Section 8.2.1.2>.


The 345 kV switchyard includes four transmission circuit terminals.  The switchyard is arranged in a breaker‑and‑a‑half configuration and serves as the interface between the preferred source (two startup transformers) and the offsite transmission network.  The transmission system, switchyard and plant interfaces are further discussed in <Section 8.2.1>.


The loads connected to the Class 1E buses are normally supplied from the preferred offsite power system.  On complete loss of offsite power or system voltage degradation, the Class 1E bus safety system loads are automatically transferred to the onsite diesel generators.


The power required for non‑Class 1E station auxiliaries, during normal operation, is supplied from the generator through the unit auxiliary transformer.  Upon loss of the normal source, these loads are automatically transferred to the unit’s startup transformer.


8.1.1      SAFETY LOADS


The engineered safety feature power systems consist of three independent load groups per unit.  They are designated as Division 1, Division 2, and Division 3.  Each group consists of 4,160 volt, 480 volt, 120 volt ac, and 125 volt dc systems.  The redundant safety systems in Division 1, Division 2, and Division 3, required for safety functions, are listed in <Table 8.1‑1> as an introduction, and detailed as part of <Table 8.3‑1> for the ac loads and <Table 8.3‑7> for dc loads.


DC systems supply power for circuit breaker control, selected critical loads and for vital instrumentation and control.  Upon loss of offsite power, batteries supply stored energy to the dc systems until offsite power is restored, or until onsite standby generation is available. 


Critical 120 volt ac instrumentation and control is powered from the dc system through inverters to provide a reliable and transient free power supply.


Electric power systems and components essential for the plant’s safety are designated Class 1E and designed in accordance with IEEE Standard 308 (Reference 1).  The integrity is not impaired, either by the disturbances on the external electrical power system, or by the applicable design bases events defined in <10 CFR 50, Appendix A>, General Design Criteria 2, 3 and 4.  A discussion of compliance to related general design criteria can be found in <Section 3.1>.  <Table 8.1‑2> contains the publications which serve as design bases for a Class 1E power system and its components.


8.1.2      REFERENCES FOR SECTION 8.1


1.
Institute of Electrical and Electronic Engineers, “Criteria for Class 1E Electric Systems for Nuclear Power Generating Stations,” IEEE Std. 308.


TABLE 8.1‑1


VARIOUS REDUNDANT SAFETY SYSTEMS


Safety


Function

Division 1

Division 2

Division 3


Core Cooling
RHR System “A”

RHR Systems “B”
High Pressure





Low Pressure

  & “C”


 Core Spray





 Core Spray





Automatic


Automatic Depress.





 Depressurization
 System “B”





 System “A”


Containment
Outboard Valves
Inboard Valves


Isolation

Main Steam Shutoff
Main Steam Shutoff





 Valves “A”

 Valves “B”


Safe Shutdown
Standby Liquid

Standby Liquid





 Control “A”

 Control “B”





RCIC


Auxiliary

Emergency Closed
Emergency Closed
Emergency Service


Cooling

 Cooling “A”

 Cooling “B”

 Water “C”


Systems

Emergency Service
Emergency Service





 Water “A”

 Water “B”





Control Complex
Control Complex





 Chiller “A” & “C”
 Chiller “B”


Standby Power
D/G “A” Fuel Oil
D/G “B” Fuel Oil
HPCS D/G Fuel





 Transfer and Keep
 Transfer and Keep
 Oil Transfer





 Warm Systems

 Warm Systems


Safety‑Related
Annulus Exhaust “A”
Annulus Exhaust “B”
HPCS Room “C”


HVAC Systems
MCC, Switchgear
MCC, Switchgear,
HPCS D/G Room





Area “A”


Area “B”





Battery Room “A”
Battery Room “B”





Control Room “A”
Control Room “B”





ESW Pumphouse “A”
ESW Pumphouse “B”





Offgas Bldg. “A”
Offgas Bldg. “B”





RHR A Room

RHR B & C Rooms





RCIC, LPCS Rooms
Fuel Handling





Fuel Handling

Bldg. “B” Diesel





Bldg. “A” Diesel
Generator B Room





Generator A Room


Fuel Pool

Fuel Pool


Fuel Pool


Cooling

Cooling “A”

Cooling “B”


Combustible
Combustible Gas
Combustible Gas 


Gas Control
Mix. System “A”
Mix. System “B”


TABLE 8.1‑2


DESIGN BASES FOR CLASS 1E POWER SYSTEM


Publication






Discussion


<10 CFR 50, Appendix A>

Offsite and onsite electric power systems


General Design Criteria 17
are provided to ensure integrity of electric power service to Class 1E systems while withstanding a single failure.


<10 CFR 50, Appendix A>

Electric power system components and


General Design Criteria 18
systems are designed to permit periodic functional testing to ensure integrity of systems and operability of components.


IEEE Std. 279‑1971


Protection systems are designed in accordance with IEEE Std. 279‑1971.


IEEE Std. 308‑1974


The design of the Class 1E Power System is in accordance with IEEE Std. 308‑1974, as modified by <Regulatory Guide 1.32>.


IEEE Std. 317‑1976


Electrical penetration assemblies are designed and applied in accordance with IEEE Std. 317‑1976, as modified by <Regulatory Guide 1.63>.


IEEE Std. 323‑1974


All Class 1E equipment is qualified in accordance with IEEE Std. 323‑1974 with the exception of NSSS mild which was originally qualified to IEEE 323‑1971.  <Section 3.11> presents the details of the qualification program and compliance to IEEE Std. 323‑1974 (as modified by <Regulatory Guide 1.89>) for certain components and equipment.


IEEE Std. 334‑1971


Inside containment Class 1E motors are type tested in accordance with IEEE Std. 334‑1971, as modified by <Regulatory Guide 1.40>.  All Class 1E motors are qualified in accordance with IEEE Std. 323‑1971.


IEEE Std. 336‑1971


Methods for installation, inspection and testing of instrumentation and electric equipment are in accordance with IEEE Std. 336‑1971.


TABLE 8.1‑2 (Continued)


Publication






Discussion


IEEE Std. 338‑1977


Periodic testing of electric power and protection systems is in accordance with IEEE Std. 338‑1977, as modified by <Regulatory Guide 1.118> and described in the Technical Specifications, and as modified by Power Systems Branch Technical Position PSB‑1 for the degraded voltage protection scheme.


IEEE Std. 344‑1975


The seismic and dynamic qualification program for electrical equipment was designed to conform to the requirements of IEEE Standard 344‑1975.  BOP equipment meets IEEE 344‑1975 as modified by <Regulatory Guide 1.100>.  NSSS equipment in a harsh environment is qualified to IEEE Standard 344‑1975, while that equipment in a mild environment is qualified to IEEE Standard 344‑1971 and has been evaluated to the requirements of 344‑1975.

IEEE Std. 379‑1977


Single failure criteria is applied to Class 1E systems in accordance with IEEE Std. 379‑1977.


IEEE Std. 382‑1972


Qualification of electric valve operators is in accordance with IEEE Std. 382‑1972, as modified by <Regulatory Guide 1.73>.


IEEE Std. 383‑1974


Cables, field splices and connections are type tested in accordance with IEEE Std. 383‑1974.


IEEE Std. 384‑1974


Separation criteria for Class 1E equipment and circuits is in accordance with IEEE Std. 384‑1974, as modified by the discussion under <Regulatory Guide 1.75>.


IEEE Std. 387‑1977


Application of standby diesel generators to the Class 1E power system is in accordance with IEEE Std. 387‑1977.  Type testing modifications for the HPCS diesel generator units are described in GE Topical Report NEDO‑10905‑2 (High Pressure Core Spray Power Supply Unit, August 1979).


TABLE 8.1‑2 (Continued)


Publication






Discussion


IEEE Std. 415‑1976


Preoperational test programs for the Class 1E power system are in accordance with the guidelines in IEEE Std. 415‑1976 as described in <Chapter 14>.


TABLE 8.1‑2 (Continued)


Publication






Discussion


IEEE Std. 450‑1995


Maintenance, testing and replacement of Class 1E lead storage batteries are in accordance with or meet the intent of IEEE Std. 450‑1995.  The performance discharge test of battery capacity for a battery that shows signs of degradation or has reached 85% of expected service life is performed every 18 months as reflected in plant Technical Specifications.


IEEE Std. 484‑1975


Class 1E batteries are designed and installed in accordance with IEEE Std. 484‑1975.


<Regulatory Guide 1.6>

The independence among standby power sources and among their distribution systems is in accordance with <Regulatory Guide 1.6>.  HPCS system conformance to <Regulatory Guide 1.6> is discussed in <Section 8.3.1.2.3.4>.


<Regulatory Guide 1.9>

The standby diesel generators are selected in accordance with <Regulatory Guide 1.9>.  The detailed design and testing criteria for the HPCS diesel generators is described in GE Topical Reports NEDO‑10905 and NEDO‑10905‑2, and <Section 8.3.1.2.3.5>.


<Regulatory Guide 1.22>

The protective systems and components important to safety are designed to allow periodic testing in accordance with <Regulatory Guide 1.22>.


<Regulatory Guide 1.29>

The seismic design classification of electric equipment and components important to safety is in accordance with <Regulatory Guide 1.29>, as detailed in <Table 1.8‑1>.


<Regulatory Guide 1.30>

Instrumentation and electric equipment are installed, inspected and tested in accordance with <Regulatory Guide 1.30>.


TABLE 8.1‑2 (Continued)


Publication






Discussion


<Regulatory Guide 1.32>

The design of the Class 1E power system is in accordance with IEEE Std. 308‑1974, as modified by <Regulatory Guide 1.32> with the exception that the battery performance test may be performed in lieu of the battery service test at the once per 60‑month interval.


<Regulatory Guide 1.40>

Inside containment Class 1E motors are type tested in accordance with IEEE Std. 334‑1971, as modified by <Regulatory Guide 1.40>.


<Regulatory Guide 1.41>

Preoperational testing of the Class 1E power system is in accordance with <Regulatory Guide 1.41>.


<Regulatory Guide 1.47>

Bypass and inoperable status indication is provided in the plant control room in accordance with <Regulatory Guide 1.47>.


<Regulatory Guide 1.53>

Single failure criteria is applied to protection systems in accordance with <Regulatory Guide 1.53>.


<Regulatory Guide 1.63>

Electrical penetration assemblies are designed and applied in accordance with IEEE Standard 317‑1976 as modified by <Regulatory Guide 1.63>.  Three applications exist with two protective devices in series.








a.
The first type is the 13,800 volt reactor recirculation pump motor circuits, which are actually provided with three breakers in series.  These include the bus feeder breaker and two ATWS circuit breakers, one of which is sized for interrupting duty.








b.
The second type are circuits from the motor control centers to containment loads which were provided with two fuses in series both sized to protect the penetration.  The fuse banks for nonsafety loads of this type were located in a safety class structure.


TABLE 8.1‑2 (Continued)


Publication






Discussion








c.
Finally, other 120V circuits requiring dual protection have been provided with a fuse and a circuit breaker or two fuses in series both sized to protect the penetration.


<Regulatory Guide 1.68>

Preoperational and initial startup test programs are in accordance with <Regulatory Guide 1.68>, as discussed in <Chapter 14>.


<Regulatory Guide 1.73>

Qualification of electric valve operators is in accordance with IEEE Std. 382‑1972, as modified by <Regulatory Guide 1.73>.


<Regulatory Guide 1.75>

Separation criteria for Class 1E equipment and circuits is in accordance with IEEE Std. 384‑1974, as modified by <Regulatory Guide 1.75>, with the following design alternatives:








a.
Interrupting devices actuated only by fault current are not considered to be isolation devices, unless acceptable coordination can be verified by test.








b.
Associated circuits installed in accordance with Section 4.5(1) of IEEE Std. 384‑1974 will be subject to the requirements of Class 1E circuits for cable derating, environmental qualification, flame retardance, splicing restrictions, and raceway fill, unless it is demonstrated that the Class 1E circuits are not degraded below an acceptable level by the absence of such requirements.








c.
Non‑Class 1E instrumentation circuits may not be separated from associated circuits, provided they are not routed in the same raceway as power and control cables, or are not routed with associated cables of the redundant division.


TABLE 8.1‑2 (Continued)


Publication






Discussion








d.
A confined space, such as a cable tunnel, that is effectively unventilated may be used when justified as adequate separation of redundant circuits.








e.
The method of identification, as discussed in IEEE Std. 384‑1974, Section 5.1.2, will be simple and preclude the need to frequently consult reference material to distinguish between Class 1E and non‑Class 1E circuits, between non‑Class 1E circuits associated with different redundant Class 1E systems, and between redundant Class 1E systems.








f.
Position C.11 is implemented as follows:









“...and should preclude the need to frequently consult reference...”








g.
If the FW MOVs (1B21‑F065A/B) are closed using the alternate power supply from Division 3, electrical separation between Division 3 cables and Division 1 DC control cables may not be maintained.


<Regulatory Guide 1.81>

The recommendations in <Regulatory Guide 1.81> are followed for the Class 1E power systems.  Each unit has separate, independent electric systems capable of supplying ESF and safe shutdown loads, assuming a single failure and loss of offsite power.


TABLE 8.1‑2 (Continued)


Publication






Discussion


<Regulatory Guide 1.89>

Class 1E equipment is qualified in accordance with IEEE Standard 323‑1974, as endorsed by <Regulatory Guide 1.89> with the following specific exceptions:







a.
NSSS Class 1E equipment located in mild environmental zones was procured and qualified to IEEE Standard 323‑1971.








b.
Regulatory Position C2.  The basis for radiological source terms used is discussed in <Section 3.11.5.2.2>.








c.
Additional specific guidance for type testing of cables, field splices and terminations is provided by IEEE Standard 383‑1974, <Table 8.1‑2>.








d.
Specific criteria for assessing the acceptability of the environmental qualification program for safety‑related electrical equipment in a harsh environment is provided by <NUREG‑0588> Category 1.


(INTENTIONALLY BLANK)








e.
The acceptance criteria for the environmental qualification of safety‑related equipment located in a mild environment is the following:









1.
The documentation required to demonstrate qualification of safety‑related equipment in 
a mild environment is the “Design/Purchase” specifica-tions.  The specifications contain a description of the functional requirements for 
its specific environmental 
zone during normal and 
abnormal environmental conditions.  A well supported maintenance/surveillance program in conjunction with a good preventive maintenance program will ensure that equipment that meets the specifications is qualified 
for the designed life.









2.
The maintenance/surveillance program data and records will be reviewed periodically (not more than 24 months) to ensure that the design qualified life has not suffered thermal and cyclic degradation resulting from the accumulated stresses triggered by the abnormal environmental conditions and the normal wear due to its service condition.  Engineering judgment shall be used to modify the replacement program and/or replace the equipment deemed necessary.


TABLE 8.1‑2 (Continued)


Publication






Discussion


<Regulatory Guide 1.93>

The requirements of <Regulatory Guide 1.93> for Limiting Conditions for Operation are addressed in the technical specifications.


<Regulatory Guide 1.100>

All Class 1E electric equipment is seismically qualified in accordance with IEEE Std. 344‑1971.  <Section 3.10> presents the details of the seismic qualification program and describes further compliance to IEEE Std. 344‑1975 (as modified by <Regulatory Guide 1.100>) for certain components and equipment.


<Regulatory Guide 1.106>

The Class 1E power system does not include thermal overload relays to protect motor‑operated valves; therefore, this Regulatory Guide is not applicable to the design.


<Regulatory Guide 1.108>

The guidelines presented in <Regulatory Guide 1.108> are used in establishing preoperational and periodic test procedures for the standby and HPCS diesel generators.  One exception is that “first out” annunciation is not used.  The basis for this is individual protective trip alarms, which give the operator adequate information for correct action.  Additionally, periodic testing is performed as described in the NRC‑approved Technical Specifications, which meet the overall intent of Regulatory Position C.2, “Testing.”


TABLE 8.1‑2 (Continued)


Publication






Discussion


<Regulatory Guide 1.118>

Periodic testing of electric power and protection systems is in accordance with IEEE Std. 338‑1977, as modified by <Regulatory Guide 1.118>, and as modified by the Power Systems Branch Technical Position PSB‑1 for the degraded voltage protection scheme.


<Regulatory Guide 1.120>

Refer to <Section 9.5.1> for details.


<Regulatory Guide 1.128>

Class 1E batteries are designed and installed in accordance with IEEE Std. 484‑1975, as modified by <Regulatory Guide 1.128>, except that a hydrogen survey will not be performed.  Calculations indicate that the maximum hydrogen concentration in the battery area will be less than 0.003%.


<Regulatory Guide 1.129>

Class 1E batteries are maintained and tested in accordance with IEEE 450‑1995, a revision to IEEE 450‑1975 endorsed by <Regulatory Guide 1.129>.  The 60 month battery performance discharge test may be performed in lieu of the battery service test when they are scheduled coincidentally, as reflected in the plant








Technical Specifications.  The performance discharge test of battery capacity for a battery that shows signs of degradation or has reached 85% of expected service life is performed every 18 months, as reflected in the plant Technical Specifications.


Branch Technical


Position ICSB 2


Standby diesel generators are type qualified in accordance with ICSB 2.  The HPCS diesel generator is type qualified as described in <Section 8.3>.


Branch Technical


Position ICSB 8


As required by ICSB 8, onsite diesel generators will not be used for peaking service.


TABLE 8.1‑2 (Continued)


Publication






Discussion


Branch Technical


Position ICSB 11


Stability studies for the offsite power system, outlined in ICSB 11, have been performed and are further discussed in <Section 8.2.2.2>.


Branch Technical


Position ICSB 17


Standby diesel generator trip circuits comply with ICSB 17, in that, only engine overspeed and generator differential relaying trips are retained during accident conditions.  Note:  This is also true for bus under/degraded voltage conditions.

Branch Technical


Position ICSB 18


Single failure criteria is applied to the design at the safety system level; therefore, the provisions described in this position are not applicable.


Branch Technical


Position ICSB 21


The bypass and inoperable status indication system in the control room is in accordance with ICSB 21.
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8.2      OFFSITE POWER SYSTEM


8.2.1      DESCRIPTION


8.2.1.1      Transmission System


The Perry Nuclear Power Plant is integrated into the FirstEnergy transmission network through the transmission switchyard at the Perry site.  The FirstEnergy system supplies the offsite ac power for the starting, normal operation and safe shutdown of the Perry Plant.  Offsite power is available to the plant onsite electrical system from the 345 kV switchyard, as further discussed in <Section 8.2.1.2>.


Offsite power is available to the 345 kV switchyard from four 345 kV transmission circuits, with symbols, approximate lengths and destinations as follows:


a.
S‑5‑PY‑IN:

55.1 miles to the Inland 345 kV Substation



(Existing)


b.
S‑6‑PY‑HD:

55.0 miles to the Harding 345 kV Substation



(Existing)


c.
S‑8‑PY‑EL:

20.6 miles to the Eastlake Plant



(Existing)


d.
S‑29‑PY‑AT‑ERW:
44.1 miles via the Ashtabula Plant to the



(Existing)

Erie West Substation


Specific design features of the transmission system are as follows:


a.
The 345 kV transmission lines, their associated structures and interconnections between the switchyard and the system, are designed to withstand the loading conditions for climatic 



conditions prevalent in the area in regard to wind, temperature, lightning, flood, and ice loading.


b.
The 345 kV transmission circuits to Eastlake, Ashtabula and Inland/ Harding occupy separate right‑of‑way corridors, except within the vicinity of the plant.  The circuits to Inland/Harding occupy a corridor with existing transmission lines for approximately 35 miles of the length.


c.
The 345 kV system is protected from lightning by lightning protection equipment and overhead shield wires.


The transmission line layout in the plant vicinity is shown in <Figure 8.2‑1>.  The interconnection of the plant with neighboring transmission systems is shown on <Figure 8.1‑1>.


The design and construction of the transmission lines is consistent with the established practices of the FirstEnergy Corporation.  Experience has shown that these practices result in minimum line outages, as described in <Section 8.2.2.1>.


8.2.1.2      Preferred Power System


The preferred power system consists of at least two independent 345 kV circuits from the transmission network to the standby power distribution system.  This section describes the various components of the preferred power system.  Analysis of the system is discussed in <Section 8.2.2>.


8.2.1.2.1      Transmission Station


The 345 kV transmission station is a breaker‑and‑a‑half configuration, as shown on the main connection diagram, <Figure 8.2‑2>.  The plant’s two startup transformers are directly connected to the 345 kV main 


buses.  The two full capacity main buses are on opposite sides of the transmission station and are physically independent, as shown in <Figure 8.2‑3>.  Specific design features of the transmission station are as follows:


a.
345 kV circuit breakers are rated 3,000 A, 50,000 AIC, with an SF6 insulation system.  Breakers are independent‑pole tripping (mechanical and electrical) and gang closing.  There are two trip coils per pole for primary and backup relaying systems.


b.
Two separate 125‑volt dc systems provide separate trip/close power supplies for breakers associated with the two (or more) preferred sources.  Equipment for the two systems is located in the transmission station control house and is independent of the plant dc systems.


c.
AC auxiliary power is provided from the 4 kV non‑Class 1E plant power system with a backup power supply that is connectable (through a Class 1E isolation device) to the Division 2 Class 1E standby diesel generator.  This will ensure ac power to the transmission station for critical functions (battery chargers, breaker heaters, etc.) during extended outage non‑accident conditions.


d.
A data acquisition and control (DAC) system provides information and breaker control to the system switching authority.  Two separate DAC systems are provided for the transmission station, one for each of the preferred sources’ associated breakers.  The Unit 1 generator‑associated breakers (S‑610 and S‑611) are controlled only from the plant control room.  For the S‑620 and S‑622 breakers (future Unit 2 generator associated breakers) DAC control for the dispatcher is provided only during the construction phase.  These breakers are controlled only from the plant control room after the construction phase is completed.


e.
Physical design criteria for station and structures include:



1.
Structure wind pressure at 25 lb/ft2.



2.
Tap structure designed to National Electric Safety Code, Grade B construction.



3.
Ice loading is designed to National Electric Safety Code, Grade B construction in the heavy loading district, Section 26, Rule 261A,3 for structural steel.



4.
Bare wire icing at 1/2 inch per National Electric Safety Code.



5.
Grounding in accordance with CEI design standards.


f.
Equipment and components in the transmission station are not classified as nuclear safety‑related.  However, all materials are of the highest commercial grade quality, consistent with past practice in establishing improved reliability in similar transmission station applications.


8.2.1.2.2      Interface with Class 1E System


The interfaces between the transmission station and Class 1E power system consist of 345 kV transmission circuits, disconnect switches, startup transformers, circuits in cable tray and underground duct banks, interbus transformers, and 5 and 15 kV switchgear.  The overview of this interface is shown on <Figure 8.2‑3>.  The one line diagrams are shown in <Figure 8.3‑1> and <Figure 8.3‑2>.


Several additional paths from the transmission system to the Class 1E system are available as alternate offsite power sources if loss of a startup transformer occurs.  For example, for Unit 1, this includes 


feeding 15 kV Bus L10 from Buses L11 or L12, via the unit auxiliary


transformer.  A motor‑operated main generator disconnect switch is provided to facilitate the availability of this path.  Each operating contingency is reviewed with respect to <Regulatory Guide 1.32>.  In all cases, there are at least two separate paths, with sufficient capacity provided from the transmission network to the standby power distribution system, available in sufficient time, in accordance with General Design Criterion 17.


8.2.1.2.3      Surveillance


Surveillance methods for the preferred power system consist of information available at the transmission station control house, the system switching authority and the plant control room.  In the transmission station control house, local annunciators are provided at each circuit breaker panel and at a master panel to monitor key parameters (gas pressure, heaters, etc.).  High speed oscillographs (fault recorders) are also provided in the transmission station control house and plant control room.  Transmission substation alarms are transmitted to the system switching authority.  The system switching authority is responsible for corrective action when a “trouble” alarm is received.  For critical operations (such as any breaker trips, differential relaying operation, etc.), individual indicators are available to the control room, as listed in <Table 8.2‑1>.  Critical transmission station and plant electrical information is also available to the system switching authority.  Surveillance methods for other components in the preferred power system are also listed in <Table 8.2‑1>.


8.2.2      ANALYSIS


8.2.2.1      Availability


The preferred power system is designed in accordance with General Design Criterion 17, in that, at least two physically independent circuits are provided from the transmission network to the onsite electric distribution system, in sufficient time to assure that core cooling, containment integrity and other vital safety functions are maintained.  The availability of the preferred power system to provide power to the onsite system is substantial, based on the following design considerations:


a.
The 345 kV switchyard is directly connected to two independent generating stations (Eastlake Plant to the west and Ashtabula Plant to the east), the remaining FirstEnergy network (to the south) and the Pennsylvania‑New Jersey‑Maryland (PJM) network (to the east).  Thus, the loss of any single generating unit will have a negligible impact on the availability of the preferred source.


b.
Within the plant property, 345 kV transmission lines are supported on double circuit structures.  Any two of the four 345 kV circuits exiting the switchyard may be out‑of‑service with the unit operating, and the remaining circuits will be capable of carrying the units’ output.


c.
The 345 kV transmission lines approach the transmission substation on a common right‑of‑way corridor within 0.9 miles of the transmission substation.  The structures are set far enough apart to avoid the possibility of causing an outage of all lines due to postulated structural collapse of one line.  The transmission towers have been designed for worst case environmental conditions and tested beyond the governing National Electric Safety Code requirements.  The analysis and testing to this code show the 



structural failure of one tower will not result in the loss of the preferred power supply to the onsite electrical distribution system.  The Perry design meets the requirements of General Design Criterion 17.


d.
Beyond the plant boundary, the 345 kV transmission circuits (except Inland and Harding) are supported on independent structures.  The Inland and Harding circuits are supported on double circuit structures.  Both the Inland and Harding circuits may be interrupted with Unit 1 operating, and the remaining circuits will be capable of carrying the load.


e.
The switchyard components are arranged such that no single event will result in the loss of the unit and the availability of all offsite sources.  With both preferred sources available, no single event results in the loss of both the unit and the immediately available source(s).  If only one preferred source is available, no single event will result in the loss of the unit, and accessibility to the delayed source.



1.
Any transmission line can be cleared under normal or fault conditions without affecting any other transmission line.



2.
Any single circuit breaker can be isolated for maintenance without interrupting the power or protection to any circuit.



3.
Short circuits on a section of bus can be isolated without interrupting service to any circuits, other than those circuits connected to the faulted bus section.



4.
Short circuit failure of breaker S‑611‑PY‑TIE will result in loss of Unit 1 and the startup transformer No. 2 until the point of fault is isolated by disconnect switches.



5.
Short circuit failure of breaker S‑610‑PY‑TIE will result in loss of Unit 1 and S‑8‑PY‑EL until the point of fault is isolated by disconnect switches.



6.
Short circuit failure of breaker S‑612‑PY‑TIE will result in loss of the startup transformer No. 1 and S‑8‑PY‑EL until the point of fault is isolated by disconnect switches.



7.
Short circuit failure of breaker S‑650‑PY‑TIE will result in loss of the startup transformer No. 2 and S‑5‑PY‑IN until the point of fault is isolated by disconnect switches.



8.
Short circuit failure of breaker S‑652‑PY‑TIE will result in loss of S‑5‑PY‑IN and the startup transformer No. 1 until the point of fault is isolated by disconnect switches.



9.
Short circuit failure of breaker S‑661‑PY‑TIE will result in loss of S‑6‑PY‑HD and the startup transformer No. 2 until the point of fault is isolated by disconnect switches.



10.
Short circuit failure of breaker S‑660‑PY‑TIE will result in the loss of S‑6‑PY‑HD until the point of fault is isolated by disconnect switches.



11.
Short circuit failure of breaker S‑662‑PY‑TIE will result in loss of the startup transformer No. 1 until the point of fault is isolated by disconnect switches.



12.
Short circuit failure of breaker S‑621‑PY‑TIE will result in loss of startup transformer No. 2 and S‑29‑PY‑AT‑ERW until the point of fault is isolated by disconnect switches.



13.
Short circuit failure of breaker S‑620‑PY‑TIE will result in the loss of S‑29‑PY‑AT‑ERW until the point of the fault is isolated by disconnect switches.



14.
Short circuit failure of breaker S‑622‑PY‑TIE will result in the loss of the startup transformer No. 1 until the point of fault is isolated by disconnect switches.


f.
The switchyard design incorporates primary and backup relaying, separate dc systems and separate DAC information systems, all arranged such that the loss of one preferred system circuit will not result in loss of the redundant counterpart, or the loss of any standby power system sources.  Similarly, the redundant Class 1E switchgear is designed with separate incoming source breakers for the preferred power, the alternate preferred power and the standby power sources such that loss of any standby power source will not result in the loss of either of the preferred power sources (see <Section 8.3.1.1.2> for description of Class 1E power systems and <Section 8.3.1.2.1> for Class 1E system compliance with General Design Criteria 17).


The latest available statistics from the East Central Area Reliability (ECAR) council pertaining to the reliability of 345 kV circuits are contained in “ECAR Summary Report of Transmission Line Outages 1986.”  This report is a compilation of transmission line outages for the ECAR member companies.  It covers 1986 and includes a 1977‑1986 ten‑year summary.  The average availability of the 345 kV transmission lines in ECAR in 1986 was 99.34 percent.  The average availabilities of the 345 kV ECAR circuits during the ten‑year period ranged from a low of 98.65 percent in 1978 to a high of 99.34 percent in 1986.  Based on the above data and considering the design features described earlier, the availability of the preferred power system to supply power to the onsite distribution system is expected to be substantial.


8.2.2.2      Stability


Load flow and stability studies show that a full load trip of both units, or a tripping of one unit with the other online or offline, or the tripping of a double circuit line, will not impair the ability of the preferred source to provide power to the Class 1E system.


Results of stability studies indicate that three‑phase faults (with backup clearing for stuck phases on the independent pole breakers) on the 345 kV system will not impair the ability of the preferred source to provide power to the Class 1E system.  The conditions studied include faults which result in the outage of single circuits, two circuits or one circuit and the unit.  Both Perry bus faults and far‑end faults were considered.


ECAR has established certain criteria for evaluating the reliability of electrical power systems of its member companies.  These criteria were reviewed with respect to the Perry design.  The criteria applicable to FirstEnergy subsidiaries were tested.  For every case tested, the planned Perry transmission system met the ECAR Criteria or Evaluation and Simulated Testing of the ECAR Bulk Power Supply Systems.


Overall, the FirstEnergy system is planned and constructed such that no loss of power will occur to any part of the system with a coincident loss of any one EHV transmission line and any one generator, or of two generators or of two EHV transmission lines.


8.2.2.3      Capacity


Each of the circuits from the transmission network to the onsite electric distribution system has the capacity and capability to supply the loads during normal and abnormal operating conditions, accident conditions or plant shutdown conditions.  The most critically sized component is the startup transformer.  The maximum load could occur 


with one startup transformer out‑of‑service, an accident in one unit and a unit trip with shutdown in the other unit.  Under these assumptions, all auxiliary load is transferred to the remaining startup transformer; each startup transformer is sized based on this criteria.


8.2.2.4      Operating Units


The Unit’s rating is 1,446,700 kVA (capable of operating at 1,513,556 kVA) at 0.90 power factor and rated voltage of 22,000V with a tolerance of (5%.  The generator is designed to operate at or near 60 Hz ((5%) in synchronism with all other generators on the transmission system.  These limits determine the magnitude of the current which the machine must carry and, therefore, the sizing of components and cost of the machine.


The system operator adheres to the system voltage schedule in order to maintain predetermined voltage levels at certain critical buses on the transmission system.  This in turn supports the voltages on all other buses on the system.  The system operator provides for an adequate supply of reactive power for voltage support through his selection of generating units to be brought on line, switching on capacitor banks, etc.


System frequency is maintained on a continuous basis by the actions of system operators who maintain a balance of load and generation on the system.  During normal system operations, this consists of varying the power output of the generators via control of the steam (or water) to the turbines, with spinning reserve kept available on some or all of the machines.  The speed governor, which is a local continuous control device, is adjusted for the desired frequency within a narrow range around the loading level on the machine.  Under emergency conditions, i.e., system separation, where the system experiences an imbalance in load and generation, the generator will either speed up (generation exceeds load) or slow down (load exceeds generation).  Relays set to 


trip the unit on overspeed will initiate shutdown of the unit for the former case.  The latter case is handled by shedding load as necessary until generation and load are once again in balance.  If under emergency conditions frequency drops below the lowest acceptable machine level, relays will operate to trip the machine.


TABLE 8.2‑1


PREFERRED POWER SYSTEM SURVEILLANCE


METHODS IN PLANT CONTROL ROOM





 Indicating




  Breaker
   Lights




 Position
  & Breaker
Potential



Equipment
Indication
   Control 
  Lights 
 Annunciator
 SER
Meter
Computer


345kV Transmission Substation Breakers:


   S‑611
X
     X


   S‑610
X
     X


   S‑612
X


   S‑650
X


   S‑652
X


   S‑661
X


   S‑660
X


   S‑662
X


   S‑621
X


   S‑620
X
     X(1)

   S‑622
X
     X(1)

345kV Bus No. 1 and No. 2


   Differential Relaying




 

 X


   Voltage


    

   
X


     X


Startup Transformer 100 PY‑B, 200 PY‑B


   Relaying




 


X


   Trouble



X


   Amperes




    X


345kV Disconnect Switch
X


15kV Bus L10, L20 Volts


  X

    X


   Low Voltage (27)



X


   L1003

     X

X

 X


   L1004, L2001

     X

X

X (L1004 only)


   L2003

     X

X


   L2004, L1001

     X

X

X (L1001 only)


TABLE 8.2‑1 (Continued)





Indicating




  Breaker
  Lights




 Position
 & Breaker
Potential



Equipment
Indication
  Control 
  Lights 
Annunciator
SER
Meter
Computer


Interbus Transformer


   L1010, EH1101

    X

X

X (L1010 only)


   L2006, EH2101

    X

X


   Amperes




X


4.16kV Tie Buses TH1, TH21


    X


   Voltage




X
X


4.16kV Tie Buses TH2, TH12 Voltage


    X

X

4.16kV EH Buses Volts


    X

X


   EH1114, EH1115
    X


X

X


   EH1303, EH1302
    X


X

X


   EH1212, EH1213
    X


X

X


NOTES:


(1)
Presently controlled by the system switching authority.
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8.3      ONSITE POWER SYSTEMS


8.3.1      AC POWER SYSTEMS


8.3.1.1      Description


The onsite ac power system consists of two similar power distribution systems.  One system serves each unit and ties between units are minimized.  The power distribution system for each unit is comprised of the following three distinct subsystems:


a.
Startup and preferred power supply.


b.
Non‑Class 1E power system (unit auxiliary power system).


c.
Class 1E power system (engineered safety features power system).


<Figure 8.3‑1> and <Figure 8.3‑2> are the main one line diagrams for the onsite power system.


8.3.1.1.1      Non‑Class 1E AC Power System


Non‑Class 1E power is distributed at 13.8 kV from the unit auxiliary and startup transformers.  A startup transformer for each unit is designated as the preferred power source for that unit’s Class 1E buses.  Unit 1 auxiliary transformer is also designated as a preferred power source for Unit 1 Class 1E buses.  By virtue of physical and electrical separation, each startup transformer is designated as an alternate preferred power source for the Class 1E buses of the other unit (e.g., Unit 1 startup transformer is the preferred power source for Unit 1 Class 1E buses and the Unit 2 startup transformer is the alternate preferred power source for Unit 1 Class 1E buses).


Each startup transformer is sized to provide power for startup, normal operation (in the event of unit auxiliary transformer trouble), shutdown, and post shutdown requirements.  Adequate capacity is available to permit safe shutdown of the operating unit under all conditions with only one startup transformer in service, as discussed in <Section 8.2.1.2.2>.


The preferred source of power to Class 1E equipment is from the unit startup transformer through the 13.8 kV startup bus and one winding of the 13.8/4.16 kV, two winding secondary, interbus transformer.  One unit interbus transformer secondary winding feeds the 4.16 kV Class 1E load of the associated unit.  The other secondary winding of the interbus transformer feeds the 4.16 kV Class 1E load of the other unit through a normally closed circuit breaker.  In addition, the Class 1E system of each unit can be fed from the startup transformer associated with the other unit.  The Unit 1 Class 1E system can also be fed from the Unit 1 auxiliary transformer.  All power supply selections are accomplished manually from either the control room or from a remote location.  Both the startup transformers and the interbus transformers are sized to supply power to the associated unit Class 1E buses under LOCA conditions, and to supply power to the other unit Class 1E buses for use in safely shutting down that unit.  The startup transformer and interbus transformer impedances were selected with due consideration to the fault duty of the breakers and the voltage regulation on the Class 1E buses.


8.3.1.1.2      Class 1E Power System


The Class 1E power system is illustrated on <Figure 8.3‑1> and <Figure 8.3‑2>.  The system is designed with independent divisions having radial systems through all voltages at 4.16 kV and below.  Complete physical and electrical separation is maintained to ensure maximum integrity.  Note, Division 3 is capable of being manually cross‑tied to Division 2 during a station blackout to provide power to some Division 2 loads.  Refer to <Appendix 15H> for more information.  


Additionally, Division 3 is capable of being manually connected to Division 1 following a loss of coolant accident and a total loss of both the normal and emergency Division 1 AC electrical power sources, to provide power to the motor operated gate valves in the Feedwater lines.  Physical and electrical separation between Division 1 and Division 3 will be maintained during normal operations by employing normally open, fused disconnect switches at both ends of the circuit, and the fuses will normally be stored out of the circuit.  Switchgear associated with each division is housed in rooms within the control complex which are completely separate from rooms housing redundant division equipment.  <Figure 8.3‑3>, <Figure 8.3‑4>, and <Figure 8.3‑5> depict equipment locations.


Class 1E portions of the onsite power system are designed to satisfy the applicable criteria listed in <Table 8.1‑2>.


Engineered safety features loads are assigned to three independent load groups designated as Division 1, Division 2, and Division 3 (Note:  Unit 2 Division 2 and Division 3 switchgear have been removed.).  Division 1 and Division 2 are redundant while Division 3 supplies power for the high pressure core spray system (HPCS).  Each division consists of a 4.16 kV switchgear assembly, diesel generator standby power supply (with the exception of Unit 2, Division 1), 480‑volt double ended (Division 1 and Division 2) and single ended (Division 3) power centers and motor control centers (Division 1 and Division 2) and motor control center (Division 3), 120‑volt ac and 125‑volt dc distribution panels, battery, battery chargers, and interconnecting cables.  Engineered safety features loads are assigned to divisions in such a manner that loss of a single division from any cause does not affect redundant equipment.  However, the automatic restart of safety‑related HVAC and its supporting equipment after a LOOP does depend on proper operation of undervoltage relays in both Division 1 and Division 2.


8.3.1.1.2.1      Power Supply Feeders


Power is supplied to each of three 4.16 kV Class 1E buses from the interbus transformer.  The preferred power supply is the startup transformer through the unit interbus transformer.  The Unit 1 auxiliary transformer can also be a preferred power supply for the Unit 1 Class 1E system through the interbus transformer.  An alternate preferred supply is the startup transformer and interbus transformer associated with the other unit.  This alternate preferred power supply feeds the 4.16 kV Class 1E buses through a manually operated, normally open circuit breaker (alternate preferred source feeder breaker) for each division.  Three diesel generators fulfill onsite power requirements for the three load groups (Unit 1).


8.3.1.1.2.2      Supplied Loads


Safety system loads and loadings are listed in <Table 8.3‑1>.  Note that the common system engineered safety feature loads are supplied from the Unit 1 Class 1E power system.


8.3.1.1.2.3      Manual and Automatic Interconnections between Buses, Buses and Loads, and Buses and Power Supplies


No provision is made for automatic parallel operation of any onsite power supplies with other onsite power supplies.  Neither buses nor loads can be interconnected through the onsite supplies nor are there any provisions for interdivisional connections between onsite supplies and buses.  All three divisions receive power from the non‑Class 1E preferred power supply.  The diesel generator breaker EH1102 (Division 1), EH1201 (Division 2) and EH1301 (Division 3) as shown in the breaker logic diagram, cannot close automatically on the bus under an undervoltage or LOCA condition unless the preferred and alternate preferred source breakers are both open.  An interrupted manual transfer to the alternate preferred power supply can be accomplished by opening 


the preferred supply feeder breaker for each division and closing the alternate preferred supply feeder beaker.  Automatic transfer is not used.  Circuit breakers which feed each 4.16 kV Class 1E bus from the preferred power supply and alternate preferred power supply are interlocked with each other to preclude paralleling of the preferred and alternate preferred power supplies.


8.3.1.1.2.4      Interconnections between Safety‑Related and Nonsafety‑Related Buses


Interconnections are made at the 4.16 kV level between Division 1 and a non‑Class 1E bus, and between Division 2 and a non‑Class 1E bus.  These non‑Class 1E buses (“stub” buses) supply critical non‑Class 1E loads, such as the control rod drive pumps and nuclear closed cooling pumps <Figure 8.3‑10>.  Circuit breakers feeding the stub buses are qualified isolation devices, are housed in Class 1E switchgear, are tripped upon receipt of a LOCA signal, and satisfy the recommendations of <Regulatory Guide 1.75>.  A keylocked NORMAL‑BYPASS switch, one for each Division, enables the control room operator to override the LOCA signal and close the stub bus breaker for either Division using the breaker control switch <Figure 8.3‑9>.  Control of ESF safety function bypass is addressed in <Section 7.3.2.1.2.14>.


8.3.1.1.2.5      Equipment Capacities


Equipment capacities are listed in <Table 8.3‑2>.


8.3.1.1.2.6      Automatic Bus Loading and Stripping


The diesel generator for each division is automatically started upon receipt of a LOCA signal, an undervoltage signal or a degraded voltage signal at the associated division bus.  If the diesel generator is started by a LOCA signal only, the diesel generator is not connected to the bus but remains in standby operation, non‑Class 1E 4.16 kV buses 


(stub buses) fed from Division 1 and Division 2 buses are shed, and LOCA loads are started and fed from offsite power.  If an undervoltage or degraded voltage signal also exists, Class 1E bus feeder breakers, except the 0 time load breakers shown in <Table 8.3‑1>, are tripped by bus undervoltage or degraded voltage which is detected at each division bus by six single phase undervoltage relays arranged in 1 of 3 taken twice logic.  For Division 1 and Division 2, 4.16 kV load circuit breakers (except those protecting unit substations and LPCS Pump) are tripped; Division 3, 4.16 kV load circuit breakers remain closed following a 4.16 kV bus undervoltage signal.


If an undervoltage signal follows a LOCA, all 4.16 kV circuit breakers are tripped except for the low pressure core spray pump, high pressure core spray pump and those that protect the unit substations.  Certain loads are sequentially connected to the bus after the diesel generator has reached rated voltage and frequency and 4.16 kV bus voltage is available.  Loads are also sequentially started if an undervoltage condition occurs and a forced shutdown condition exists.  <Table 8.3‑1> lists load sequence times for either a forced shutdown or LOCA condition.


If a LOCA occurs following an undervoltage condition, LOCA loads are sequentially loaded and connected loads are not stripped from the buses.


When a diesel generator is started, the emergency service water pump discharge valve receives an open signal coincident to the diesel generator start signal since the emergency service water pump supplies diesel generator cooling water.  The emergency service water pump start is interlocked to this valve opening and starts automatically approximately 20 seconds for Division 1 and Division 2 and 33 seconds for Division 3 after the diesel generator breaker closes.


8.3.1.1.2.7      Safety‑Related Equipment Identification


Electrical equipment, cable, raceways, and associated items, designated as safety‑related, are so identified and the division of enforced segregation with which such equipment is associated is indicated.  Identification and segregation is accomplished by color coding equipment nameplates, cables, raceways, and associated items as detailed by <Table 8.3‑3>.


Switchgear, motor control centers, unit substations, and racks are equipped with color coded tags to indicate the division with which they are associated.  Field cable jackets or armor are color coded with the appropriate division marker color.  Either the outer jacket or armor of the cable is continuously colored or striped, or colored tags are installed at both ends of the cable and at a sufficient number of intermediate points to facilitate initial verification that the installation is in conformance with the separation criteria.


Wiring within control panels is either color coded or tagged with the appropriate division marker color.  Because wiring within switchgear, motor control centers and unit substations is generally associated with the same division inside the confines of each cubicle, such wiring is not color coded.  In cases where non‑Class 1E wiring exists with wiring that is predominantly Class 1E, the wiring is run separately and is tagged to identify it as non‑Class 1E.


Independence of Class 1E equipment and circuits is in accordance with IEEE Standard 384 (Reference 1), as clarified in <Table 8.1‑2>.


8.3.1.1.2.8      Instrumentation and Control Systems


DC control power for Class 1E switchgear is supplied from the same separation division as the switchgear being controlled.  A discussion of the Class 1E dc power system is presented in <Section 8.3.2>.


8.3.1.1.2.9      Electric Circuit Protection System Network


a.
Protective Relay Devices



Protective relay devices are provided for the interbus transformer, Class 1E 4.16 kV bus supply circuit breakers, standby power source, and load circuit breakers.  These devices are as follows:



1.
Interbus Transformer




(a)
Transformer Differential Protection (87T):  three phase, solid state




(b)
High Voltage Overcurrent Protection (50/51):  3‑single phase, electromechanical




(c)
Low Voltage Overcurrent Switchgear Protection (51):  3‑single phase, electromechanical




(d)
Low Voltage Ground Protection (51NT):  on each secondary neutral, electromechanical




(e)
High Voltage Overcurrent Protection (5IN):  a single phase ground overcurrent electromechanical



2.
Voltage Relaying




Two levels of undervoltage protection, “Degraded Voltage” and “Loss of Power”, are provided on each Class 1E 4160V bus to conform to the requirements of the NRC Branch Technical Position PSB‑1.




The first level is designed to protect the bus against a degraded grid voltage condition.  This system consists of two sets of three undervoltage relays, arranged in a 1‑of‑3 twice logic scheme, and associated time delay relays to perform the following if the 4 kV bus voltage degrades to a condition between the “Degraded Voltage” relay setpoint and the “Loss of Power” relay setpoint.




(a)
Degraded voltage alarms are initiated after a brief period of sustained degraded voltage.




(b)
The off site source breakers are tripped after an extended period of sustained degraded voltage without a concurrent LOCA, and the Class 1E bus is then energized from the diesel generator power supply.




(c)
If a LOCA occurs concurrent with the degraded voltage (between the “Degraded Voltage” relay setpoint and the “Loss of Power” relay setpoint), the offsite circuit breakers are tripped after only a brief period of time.




The second level is designed to protect the bus against loss of power.  This system consists of two sets of three undervoltage relays, arranged in a 1‑of‑3 twice logic scheme, and an associated time delay relay.  With a bus voltage below the “Loss of Power” relay setpoint, the offsite power source 




breakers will be tripped after several seconds, the diesel will be started, and the diesel generator will be connected to the bus.




The overall design adequacy of the undervoltage protection system has been tested as described in <Section 8.3.1.1.2.12>.



The use of the undervoltage protection system in the automatic bus loading and shedding scheme is discussed in <Section 8.3.1.1.2.6>.



3.
Preferred and Alternate Preferred Power Supply Bus Feeder Breakers




Bus feeder overcurrent protection for preferred and alternate preferred power supply bus feeder breakers consists of three single phase time overcurrent electromechanical relays (51) for each breaker and one ground overcurrent electromechanical relay (51N) for each breaker in Division 1 and Division 2 and one ground overcurrent solid state (50G) for each breaker in Division 3.



4.
Standby Power Sources




The standby power source consists of the diesel generators, one for Division 1, one for Division 2 and one HPCS diesel generator for Division 3.  Protective relaying for each diesel generator is comprised of the following:




(a)
Generator Differential Protection





Generator differential protection is provided by a solid state differential relay (87G).  This device uses dedicated CTs and is the only relay connected to trip the diesel generator in the LOCA or bus under/degraded voltage mode of operation.




(b)
Voltage‑Controlled, Overcurrent Protection





Protection against overcurrent in the event of a system fault is provided by two 3 phase, solid state relays.  An undervoltage relay (27B) is used to block the operation of a definite‑time overcurrent relay (50D) unless the low voltage condition typical of fault conditions is present.




(c)
Voltage Supervision





Protective relays block closure of the diesel generator breaker until sufficient generator output voltage is established.  Voltage supervision is provided by one 2 unit electromechanical voltage relay (59D) for each Division 1 and Division 2 diesel generator.  On Division 3, voltage supervision is provided by a single unit solid state voltage relay (27G).




(d)
Reverse Power Protection





Reverse power protection is provided by three single phase electromechanical reverse power relays (32).  These devices protect the system against loading by a fuel starved diesel engine.




(e)
Neutral Overvoltage Detection





Neutral overvoltage detection is provided by an electromechanical neutral overvoltage relay (59NG).  This device detects a stator or AC system ground fault.




(f)
Field Ground Detection





Field ground fault detection is provided via alarm by an electromechanical field ground relay (64F) (Division 1 and Division 2 only).




(g)
Load Test Overload Protection





Load test overload protection when load testing in parallel with the offsite power source is provided by a single unit solid state underfrequency relay (81).  Should an offsite power anomaly occur which overloads the diesel generator during load testing, this relay acts to trip the Class 1E offsite source breakers while leaving the diesel generator connected to the bus.



5.
Class 1E 4.16 kV Feeder Breakers




Feeder breakers are equipped with a solid state ground fault relay (50G), and three single phase time and instantaneous overcurrent electromechanical relays (50/51).  In addition to 




the 50G and 50/51 relays, motor feeders whose 50/51 relays are connected to current transformers (CT’s) with a ratio of 150/5 or smaller are provided with two additional instantaneous overcurrent electromechanical relays.  These two relays are connected to their own 400/5 CT’s and provide additional equipment protection should a high level fault condition occur on the affected motor feeder.



6.
Class 1E 480 Volt Unit Substations




(a)
Incoming Breakers





Incoming breakers are equipped with a solid state, long time and short time delay trip device.




(b)
Feeder Breakers





Feeder breakers serving motor control centers and distribution panels are manually operated and are equipped with a long time delay and short time delay and instantaneous tripping devices.





Feeder breakers serving motors are electrically operated and are equipped with a long time delay and instantaneous tripping device.



7.
Class 1E Motor Control Centers




Loads supplied from motor control centers are protected by fused combination motor starters or in some cases by fused disconnect switches.  Dual element (time delay) Class K5 or RK5 fuses are used to provide overload and short circuit 




protection.  Single speed non‑reversing motors are also protected by thermal overload devices located in the motor starter.




Thermal overload devices are not used for Class 1E motor-operated valve motors.



8.
Class 1E 120‑Volt AC Distribution Panels




Loads supplied from 120 volt ac distribution panels are protected by molded case circuit breakers or fuses.  The exceptions are the M56 Hydrogen ignitor isolation panels.  These panels are described in <Section 6.2.8.2>.



9.
Class 1E 125‑Volt DC Distribution Panels




Division 1 and Division 2 loads supplied from 125‑volt dc distribution panels are protected by fused disconnects with dual element (time delay) Class K5 or RK5 fuses for loads up to 600 ampere and with Class L fuses for loads above 600 ampere.  Division 3 125V dc distribution panel loads are protected by individual circuit breakers.


b.
Protective Relaying and Protective Device Setting Criteria



1.
Class 1E 4,160 and 480‑Volt Switchgear




Protective devices on the 4,160 and 480‑volt switchgear are set to meet the following criteria:




(a)
The primary downstream protective devices are set to clear the fault in the least amount of time and to protect the end device from damage.  These devices have 





been strategically located in the electrical system to isolate the smallest portion of the system during fault conditions.




(b)
In the event of a failure of a primary protective device, the backup devices are set to operate after a suitable coordination interval.  Backup devices clear a larger portion of the electrical system.




(c)
On Class 1E 4,160V pump motor circuits instantaneous overcurrent protection for phase and ground faults is provided.  In backup, time overcurrent protection is provided for phase faults.





The instantaneous phase overcurrent relays (1 per phase) are set at a pickup level approximately equal to twice (2x) the locked rotor current of the pump motor at 100% rated voltage within the constraints of available taps.  The 200% margin over the locked rotor current on starting is secure against false operations due to transient motor fault current contributions to bus faults and starting transients greater than predicted.





The instantaneous ground overcurrent relays (1 per circuit) are set at a pickup of 15 amperes primary and 2 cycles fixed time delay.  The ground relays use a window current transformer or ground sensor for detection of cable and motor ground faults.  This sensing arrangement in conjunction with the 15 ampere primary setting is inherently immune to false operations due to system disturbances.





Phase time overcurrent relays (1 per phase) are set at a pickup level approximately equal to one‑and‑one‑half (1‑1/2) times the full load current of the motor at 100% rated voltage within the constraints of available taps.  The time dial setting is selected to provide for normal motor acceleration and coordination with upstream protective devices.




(d)
On Class 1E 480V motor circuits solid state trip devices are provided with long time pickup and instantaneous pickup.  These trip devices are not continuously adjustable but have fixed tap settings.





The instantaneous pickup is set at approximately 230 percent of the locked rotor current, within the constraints of available taps.  The long time pickup is set at approximately 150% of full load current of the motor.





The protective relays are routinely checked per manufacturers instructions to verify operation and set points.



2.
Class 1E Motor Control Centers




Class K‑5 or RK‑5 dual element (time delay) fuses are selected based on approximately 125 percent of the full rated load current (FLA) for Class 1E loads other than valves.  When necessary for carrying a motor’s starting current, fuses for loads other than valves can be selected based on up to a maximum of 225 percent of FLA.




Motors which serve valves are fused as follows:




(a)
The fuse is selected so that the operating point is at least 200 percent of motor full load current during the normal operating time of the valve.




(b)
The fuse will withstand locked rotor current for five seconds and will withstand 150 percent of locked rotor current associated with the normal motor starting time of 0.25 seconds.



3.
Class 1E 120‑Volt AC Distribution Panels




Molded case circuit breakers are selected, based on interrupting capacities, voltage rating and load current capabilities.  Typically, load currents do not exceed 80 percent of the breaker current rating.



4.
Class 1E 125‑Volt DC Distribution Panels




Class K5 or RK5 dual element (time delay) or type TEB circuit breakers and Class L fuses are selected, based on interrupting capacities, voltage rating and load current capabilities, typically based on 125 percent of the full rated load current.



5.
Electrical Penetration Protection




See <Section 8.3.1.4.5>.


8.3.1.1.2.10      Class 1E Protection System Testing During Power Operation


The Class 1E protection system can be tested during plant operation.  Administrative procedures permit testing only one power division at a time.  Tests include the following:


a.
Protection System Response to an Undervoltage Signal



The system undervoltage test is performed in conjunction with the diesel generator loading test.  The preferred and alternate preferred power source circuit breakers, standby power source and 4.16 kV load circuit breakers are tested for response to an undervoltage signal.  During testing, interlocks prevent interference with other plant functions.



Undervoltage on the 4.16 kV bus is simulated by pulling the 4.16 kV bus PT secondary fuses in each set of undervoltage relay circuits.  Functional status of the undervoltage logic circuit is indicated in the control room.  The diesel generator is observed for response to a start signal and 4.16 kV circuit breakers are observed to trip (except those supplying unit substations).  Loading of the diesel generator is then tested.


b.
Standby Power Source Testing



Standby power source testing is discussed in <Section 8.3.1.1.2.12>.


c.
Engineered Safety Features Systems Testing



Testing of ESF systems is discussed in <Section 7.3> and <Section 7.4>.


8.3.1.1.2.11      Electrical Systems Shared between Units


No Class 1E ac power systems are shared between Units 1 and 2.  The interunit connections for the Class 1E dc power system are discussed in <Section 8.3.2.1.2.1>.


8.3.1.1.2.12      Preoperational and Initial Startup Testing of Class 1E 4.16 kV Standby Power Source


Testing of the standby power sources for Division 1 and Division 2 is treated separately from testing of the Division 3 standby power source.


a.
Division 1 and Division 2 Standby Power Source Testing



The two Class 1E 4.16 kV buses (EH11 and EH12), with associated feeder and load breakers, are designed to respond automatically to two abnormal voltage conditions and a LOCA condition.  These abnormal voltage conditions are a bus undervoltage condition corresponding to a loss of offsite power supplies or a bus degraded voltage condition.



Technical Specifications and approved test procedures verify the adequate performance of the integrated onsite power system.  (Also refer to <Chapter 14> for descriptions of applicable preoperational tests.)


b.
Division 3 HPCS Testing



The HPCS 4.16 kV bus (EH13), with associated feeder and load breakers, are designed to respond automatically to two abnormal voltage conditions, and a LOCA condition.  These abnormal voltage conditions are a bus undervoltage condition corresponding to a loss of offsite power supplies or a bus degraded voltage condition.  



Testing of Division 3 equipment is in accordance with the applicable design bases <Table 8.1‑2> and in particular <Regulatory Guide 1.68>.  It is designed to permit inspection and testing of all important areas and features, especially those whose operation is not normally demonstrated.  As detailed in the Technical Specifications, periodic component tests are supplemented by extensive functional tests during refueling outages, the latter based on actual accident simulated conditions.  These tests demonstrate the operability of diesel generator, station battery system components and logic systems and thereby verify the continuity of the system and the operation of components.  (Also refer to <Chapter 14> for applicable preoperational tests.)


8.3.1.1.3      Standby Power Sources


8.3.1.1.3.1      Description


Each division is provided with a diesel engine driven, 4.16 kV, 3 phase, 60 Hz synchronous generator <Figure 8.3‑1>.  The diesel generator sets are electrically and physically isolated from each other and are located in a Seismic Category I structure adjacent to the control complex.  Note, Division 3 is capable of being manually cross‑tied to Division 2 during a station blackout to provide power to some Division 2 loads.  Refer to <Appendix 15H> for more information.  Also note that Division 3 is capable of being manually connected to Division 1 following a loss of coolant accident and a total loss of both the normal and emergency Division 1 AC electrical power sources, to provide power to the motor‑operated gate valves in the Feedwater lines.  <Figure 8.3‑3> shows the locations of the standby power sources.


The Diesel‑Generators may be operated within a tolerance band per the Technical Specifications for frequency and voltage.  Various analyses/evaluations, as applicable, were performed documenting the effects of under‑frequency/under‑voltage to ensure that system 

response requirements (e.g., flow, ECCS injection times) are met.  Similarly, analyses/evaluations documenting the effects of over‑frequency/over‑voltage, as applicable, were performed to ensure system effects such as increased system pressure due to increased motor speeds remained within design parameters.


<Table 8.3‑1> lists loads required for various maximum loading conditions, such as loss of offsite power (forced shutdown) and LOCA.  The basis for the power required for each safety‑related load is the 


motor nameplate rating.


Safety‑related control power and instrument power for each diesel generator are supplied from the 125‑volt dc battery of the respective division.  Two control circuits are provided for engine starting to increase reliability.  These circuits are of the same division as the diesel generator with which they are associated.  Class 1E motors, associated with diesel generator auxiliary systems which require 480 volt, 3 phase ac power, are supplied from motor control centers associated with the same division as the diesel generator.  Motors associated with the diesel generator auxiliaries are listed in <Table 8.3‑1>.


8.3.1.1.3.2      Division 1 and Division 2 Diesel Generators


a.
Sizing Criteria



The continuous rating of the diesel generators (7,000 kW) is based upon the loading requirements indicated in <Table 8.3‑1>.  The short time rating of the units is 7,700 kW.



Application of the diesel generators complies with the recommendations of <Regulatory Guide 1.9>.  Diesel generator ratings are based upon the concept that the continuous load rating exceed the sum of conservatively rated loads required at one time <Table 8.3‑1>.  In the case of mechanical equipment, such as pumps, loads were calculated using conservative mechanical design characteristics and the continuous rating of each diesel generator (7,000 kW).  Loads are based upon equipment nameplate ratings.



Sequencing of large loads at five second intervals ensures that large motors will have attained rated speed and that voltage and frequency will have stabilized before succeeding loads are applied.


The decreases in frequency and voltage have been verified by qualification test to be not greater than 5 and 20 percent of nominal, respectively.



Recovery of voltage and frequency to 90 percent and 98 percent of nominal, respectively, has been verified to occur within 40 percent of the five second sequencing interval.



Diesel generator reliability has been substantiated by an extensive test program in accordance with IEEE Standard 387 (Reference 2).  This testing has verified the following:



1.
Diesel fast start capability.



2.
Load carrying capability.



3.
Load rejection capability.



4.
Margin capability.



5.
No load operating capability.



System reliability and qualification testing are discussed further in <Section 8.3.1.1.3.2.b.11>.


b.
Design Aspects



1.
Start Initiating Circuits




The diesel generators are automatically started upon receipt of a LOCA signal, an undervoltage signal or a degraded voltage signal from the associated bus.  The diesel generators can also be manually started remotely from the control room or locally at the diesel generators (in either the fast start or



slow start modes).  Note:  The Slow/Fast switch is maintained in ‘fast’ until slow start switch position and associated circuit is fully tested and functional.  A mode selector switch 




located at the diesel generator permits transfer of manual control capability to and from the control room.  <Figure 8.3‑6> presents the logic diagram for Division 1 and Division 2 diesel generators.  The diesel generators are capable of operating at rated speed and no load for seven days without degradation of engine performance or reliability.  If the diesel generator is started in the slow start mode and the mode selector switch is aligned for control from the control room, an emergency start signal will override the slow start mode and the engine will reach rated voltage and frequency as assumed in the accident analysis.  Note:  The Slow/Fast switch is maintained in ‘fast’ until slow start switch position and associated circuit is fully tested and functional.


2.
Starting Mechanism and System




The diesel generators are pneumatically started.  Redundant starting air supplies are provided for each engine.  Additional details concerning the starting air system are presented in <Section 9.5.6>.



3.
Tripping Devices




Only the generator differential and overspeed trip functions will shut down the diesel generators after a start resulting from a LOCA or bus under/degraded voltage signal.  The following additional, nonessential trip functions are bypassed upon receipt of a LOCA or bus under/degraded voltage signal but will shut down the diesel generators when operating in all other modes:




(a)
High jacket water temperature.




(b)
High engine bearing temperature.




(c)
Low turbocharger oil pressure.




(d)
Low lubricating oil pressure.




(e)
(Deleted)




(f)
High crankcase pressure.




(g)
Reverse power.




(h)
Voltage‑controlled overcurrent.




(i)
Lube oil temperature high.




The bypass circuits for items (g) and (h) above can be tested in accordance with NRC Branch Technical Position ICSB 17 (Reference 3) to ensure that these trip functions are not effective under accident conditions.*  A bypass test switch located at the diesel generator circuit breaker cubicle is used to remove the protective trips from the lockout relay circuit.  After expiration of a time delay, a protective trip is simulated causing actuation of the alarm.  Operability of the bypass circuit is verified by the absence of the alarm in the control room (DG TRIP DIFFERENTIAL RELAY LOCKOUT for Division 1 and Division 2).




A bypass of the nonessential trips for the Division 1 diesel generator is provided by a keylock switch (1R43‑S122SS) in the Division 1 Engine Control Panel (1H51P054A).  This bypass switch will be positioned in the ‘OFF’ position during normal plant operation.  This switch will have no effect on the plant when positioned in the ‘OFF’ position because this causes the switch contacts to be in an open condition.  The switch will only be placed in the ‘ON’ position in the event of a Control Room fire, and there is a need to restart the diesel generator following a high temperature trip.



    *NOTE:
These trip functions are also not effective during a bus under/degraded voltage condition.



4.
Interlocks




No interlocks are provided in the diesel generator starting circuits.  The diesel generator circuit breakers are interlocked with the associated preferred and alternate preferred power source circuit breakers.  Both the preferred and alternate preferred power source circuit breakers must be open before the diesel generator circuit breaker can be closed following receipt of either a LOCA or a bus undervoltage signal.  Interlocks also prevent the preferred and alternate preferred power source circuit breakers from being closed at the same time.  However, the diesel generator can be manually paralleled with either the preferred or alternate preferred power sources.



The engine can be started in a “slow start” mode of operation for testing.  This “slow start,” which is recommended by the manufacturer, extends the starting time of the diesel to minimize the aging effects associated with fast starts.  The Slow/Fast switch is maintained in ‘fast’ until slow start switch position and associated circuit is fully tested and functional.



5.
Permissives




Permissive conditions which must be satisfied for automatic diesel generator start are as follows:




(a)
Maintenance switch must be in the normal position.




(b)
Diesel generator differential relay lockout trip must be reset.




(c)
Starting air supply sufficient to override the inhibit automatic start signal.  (Pressure permissive, emergency only)




(d)
Local‑remote transfer switch must be in the remote position.




(e)
Diesel generator control switch must be in the auto position.



6.
Load Shedding Circuits




Load shedding circuits are discussed in <Section 8.3.1.1.2.6>.



7.
Testability




The diesel generators can be tested during normal plant operation or during plant shutdown periods.  Administrative controls allow testing of only one diesel generator at a time during normal plant operation.  At least once every ten years, during refueling outage, all three diesel generators will be tested simultaneously.




In order to achieve this optimum equipment readiness status, the following requirements should be met:




(a)
The surveillance instruction will have a requirement to load the diesel to a minimum of 25% full load for each diesel whenever the diesel is to be operated for more than 3 to 4 hours.  The manufacturer’s recommendations for no‑load and light load operation will be implemented.




(b)
A conflict between NRC guidelines in <Regulatory Guide 1.108> and the engine manufacturer’s operating requirements does not exist.




(c)
The preventative maintenance program will provide methods for data collection and review of any malfunction or discrepancies encountered.  This data will be maintained in a computerized equipment history file along with corrective maintenance information.





The computerized maintenance system will permit ease of access to information for trending and evaluation.  These evaluations will then be used to revise preventative and corrective maintenance practices and, as necessary, to initiate equipment repair, modification and replacement.




(d)
Upon completion of repairs or maintenance, the applicable valve and electrical lineup sheets for the affected diesel auxiliary systems, diesel starting air, diesel fuel oil, diesel jacket water, diesel lube oil, and diesel intake and exhaust, will be completed to return the unit to the correct standby mode.  A final equipment check will be made to assure that all electrical circuits are functional and all valves are properly positioned to permit a manual start of the equipment.  After a 





satisfactory manual startup and load test of the diesel generator unit, it will be placed in automatic standby service.




(e)
During troubleshooting, no load operation will be minimized.  If troubleshooting is extended beyond a 3 to 4 hour period, the engine shall be cleared in accordance with manufacturers recommendations for no‑load and light load operation.




The standby power system can be tested from either the diesel generator room or the control room.  When testing from the control room, circuitry is provided which overrides the test mode or slow start mode.  Note:  The Slow/Fast switch is maintained in ‘fast’ until slow start switch position and associated circuit is fully tested and functional.  In the event of a LOCA signal (high drywell pressure or reactor vessel Level 1) or bus under/degraded voltage.  The controls for the diesel generator are designed such that if a LOCA or bus under/degraded voltage start signal is initiated while the unit is undergoing its periodic exercise test, whether the unit is starting, running disconnected, running loading, tripping under a fault other than overspeed or generator differential, or coasting to a stop, the control system will cause the unit to return to rated speed and voltage, and will disarm all protection except overspeed and generator differential.  When the unit comes up to speed and voltage as required, an electrical signal will be generated to use in the loading sequence circuit.




Manual synchronization capability of each diesel generator to the offsite power sources is possible from the control room or diesel generator room.  From both of these locations, the 




diesel generator can be paralleled to the Class 1E 4.16 kV bus when either the preferred or alternate preferred offsite power source is supplying the bus.  When the diesel generator is the sole source of power supplying the bus, the Class 1E 




4.16 kV bus can be paralleled to either offsite power source from the control room, and can be paralleled to the preferred source from the diesel generator room.




Trip inputs which are in effect during diesel generator testing are indicated by <Figure 8.3‑6>.  Testability of bypassed trip inputs is discussed in <Section 8.3.1.1.3.2.b.10>.



8.
Fuel Oil Storage and Transfer System




The fuel oil storage and transfer system is discussed in <Section 9.5.4>.



9.
Cooling and Heating Systems




Cooling and heating systems associated with the diesel generators are discussed in <Section 9.5.5>.



10.
Instrumentation and Control Systems, Including Status Alarms and Indications




Safety‑related control power for the diesel generators is supplied from the division with which each diesel generator is associated.  There are no instrumentation and control power source interconnections between divisions.  Instrumentation which does not perform a safety function is supplied from a non‑Class 1E power supply.  Control and monitoring instrumentation for the standby diesel generators is installed on free standing floor mounted panels separate from the engine skids.




Local and remote alarms are provided to indicate diesel generator and associated auxiliary equipment status as follows:




(a)
A single out‑of‑service alarm annunciator window in the control room indicates the diesel generator is not capable of response to an emergency start signal.  One alarm is provided for each diesel generator.  The following conditions actuate this alarm:





(1)
Diesel generator maintenance switch in the inoperative position.





(2)
Starting air supply pressure less than 150 psig.





(3)
Engine‑generator lockout trip not reset.





(4)
Loss of engine dc control power.





(5)
Local‑remote switch not in the remote position.





(6)
Diesel generator circuit breaker not in operating position.





(7)
Loss of diesel generator circuit breaker dc control power.





(8)
Diesel generator unit not available ‑ emergency status.





(9)
Diesel generator fuel oil transfer pumps inoperable.





(10)
Diesel generator building ventilation system inoperable.





(11)
Emergency service water pump tripped or inoperable.




(b)
Individual annunciator windows are provided in the control room to alert the operator to the following abnormal conditions:





(1)
Emergency service water to diesel heat exchanger flow low.





(2)
Fuel transfer pump 1A strainer differential pressure high.





(3)
Fuel transfer pump 2A strainer differential pressure high.





(4)
(Deleted)





(5)
Lubricating oil temperature high.





(6)
Starting air pressure low.





(7)
Fuel day tank level high/low.





(8)
Crankcase pressure high trip.





(9)
Lubricating oil pressure low.





(10)
Fuel storage tank level low (7 day level).





(11)
Fuel storage tank 1A level low (1 day level).





(12)
Engine bearing temperature high.





(13)
Turbocharger oil pressure low.





(14)
Jacket water temperature high.





(15)
Diesel generator trouble.





(16)
Diesel generator protective relay lockout trip.





(17)
Diesel generator differential relay trip.





(18)
Diesel generator start signal received.





(19)
Diesel generator overspeed trip.





(20)
Diesel generator failure to start.





(21)
Diesel generator control in local.





(22)
Diesel generator out‑of‑service.





The above alarms are for Division 1; Division 2 alarms are similar.




(c)
Local alarms, as listed below, are also provided for each diesel generator:





(1)
Any switch not in the auto position.





(2)
Jacking device engaged.





(3)
Fuel oil booster pump strainer differential pressure high.





(4)
Fuel day tank level low.





(5)
Fuel transfer pump 2 running.





(6)
Lubricating oil filter differential pressure high.





(7)
Lubricating oil inlet temperature low.





(8)
Jacket water pressure low.





(9)
Jacket water inlet temperature low.





(10)
Loss of control air.





(11)
Fuel transfer pump 1 filter differential pressure high.





(12)
Fuel day tank level high.





(13)
Lubricating oil inlet temperature high.





(14)
Jacket water inlet temperature high.





(15)
Generator






‑  neutral overvoltage






‑  field ground





(16)
Starting air pressure low.





(17)
Fuel transfer pump 2A filter differential pressure high.





(18)
Fuel storage tank level low (7 day level).





(19)
Fuel pump strainer differential pressure high.





(20)
Field flashing 125‑volt dc power loss.





(21)
Generator stator temperature high.





(22)
Fuel filter differential pressure high.





(23)
Fuel storage tank level low (1 day level).





(24)
Turbocharger oil left bank pressure low.





(25)
Lubricating oil level low.





(26)
Lubricating oil outlet temperature low.





(27)
Jacket water standpipe level low.





(28)
Jacket water outlet temperature low.





(29)
Diesel generator failure to start.





(30)
Fuel oil pressure low.





(31)
Fuel pump/OS drive failure.





(32)
Turbocharger oil right bank pressure low.





(33)
Lubricating oil pressure low.





(34)
Lubricating oil outlet temperature high.





(35)
Jacket water outlet temperature high.





(36)
Diesel generator start signal received.





(37)
Diesel generator differential relay trip.





(38)
Diesel generator overspeed trip.





(39)
(Deleted)





(40)
Crankcase pressure high trip.





(41)
Turbocharger oil pressure low trip.





(42)
Lubricating oil pressure low trip.





(43)
Lubricating oil temperature high trip.





(44)
Engine bearing temperature high trip.





(45)
Jacket water outlet temperature high trip.





(46)
Lube oil strainer differential pressure high trip.





(47)
Protective relaying lost.





(48)
Jacket water pump/heater undervoltage ‑ loss of power.





(49)
Lubricating oil circulating pump/heater undervoltage ‑ loss of power.





(50)
125 Vdc Trouble.




(d)
Local and remote indication is provided to indicate the following parameters related to the standby power source:





(1)
Engine governor change.





(2)
Breaker close or trip.





(3)
Bus potential (light and meter).





(4)
Preferred power source circuit breaker position.





(5)
Non‑Class 1E bus (stub bus) isolating breaker position.





(6)
Alternate preferred power source circuit breaker position.





(7)
Interbus transformer circuit breaker position.





(8)
Synchronization (synchroscope).





(9)
Diesel generator speed (tachometer).





(10)
Watts and vars (meters).





(11)
Field current and voltage.





(12)
Phase current.





(13)
Division battery voltage.





(14)
DC bus voltage.





(15)
Alternate preferred power source voltage.





(16)
Generator phase voltage.





(17)
Out‑of‑service status (lights).





(18)
Fuel storage tank and day tank levels.





(19)
Jacket coolant flow.





(20)
Generator regulator change.



11.
Qualification Program




The diesel generator was tested in accordance with the requirements of IEEE Standard 387 as modified by <Regulatory Guide 1.9> and Branch Technical Position ICSB2.  The DeLaval Engine and Compressor Division performed the following qualification tests:




(a)
Starting Air System





(1)
Air Receiver






One starting air system was used in performing this test.  The compressor was locked out and eight consecutive diesel engine starts were performed using one receiver that was initially at rated pressure.





(2)
Air Compressor






The air compressor was operated to recharge the air receiver from a pressure equivalent to that in the receiver after the fifth consecutive start (see Item (1), above).  The compressor operated until receiver pressure reached the cutoff point.  Time to recharge the receiver was recorded.  Then five diesel engine starts were performed with the receiver initially at rated pressure and the compressor locked out.




(b)
Sequential Loading





Two sequential loading tests were performed.  The first was performed with the diesel generator in an initially unloaded condition.  The second was performed with the diesel generator operating at an initial load of 3,850 kW.  <Table 8.3‑4> presents test data.




(c)
Start and Load Acceptance Test





The start and load acceptance test (300 start test) was performed using a prototype diesel generator intended for use at Grand Gulf Nuclear Station.  The Grand Gulf standby power supplies are similar in continuous rating (7,000 kW) to the Perry Nuclear Power Plant diesel generators.  An analysis was performed to justify the difference (generator manufacturer) between the prototype unit and the Perry units.





During the 300 start test the diesel engine was cycled from standby lubricating oil and coolant temperature conditions for 270 starts.  The remaining 30 starts were performed with initial oil and coolant temperatures at half load values.  Prior to each start oil and coolant were force cooled to “keep warm” temperatures.  The engine was then operated until normal lubricating oil and coolant temperatures were reached.  The engine attained synchronous speed under a load of 3,500 kW in less than 7 seconds after each start.  The test was considered successful and was in accordance with the requirements of IEEE Standard 387.




(d)
Load Rejection Test





The diesel generator was loaded to 7,000 kW (resistive load) and operated at rated frequency, voltage and engine temperature.  All load was then removed simultaneously, placing the generator in a no load condition.  The engine governor successfully maintained the diesel generator within the required speed range during the transient.




(e)
Margin Tests





Two tests were performed to demonstrate the existence of adequate margin for the diesel generator to start and carry loads greater than the load resulting from the most severe step load change in the plant design loading sequence.  Margin test results are presented by <Table 8.3‑5>.




(f)
Overspeed Test





The diesel generator was started and a 3,500 kW load was applied.  Engine speed was then increased manually until the overspeed governor tripped the engine.  A Visicorder chart indicated maximum speed at time of trip was 115 percent of synchronous speed.




(g)
Starting and Loading Test





A starting and loading test was performed to demonstrate the ability of the diesel generator to operate under load without an engine jacket cooling water supply for 1.5 minutes without causing an alarm condition.  The diesel generator was started and loaded to 7,700 kW and was operated until temperatures stabilized.  It was then 





shut down and service water pumps were stopped.  A sequential load test was then performed with the service water pumps inoperable.  The engine operated for 1.5 minutes without service water and without any alarm condition.  <Table 8.3‑6> presents the load sequence used for this test.




(h)
Short Time Overload Test





The short time overload test was performed by operating the diesel generator at normal speed under a load of 7,700 kW (110 percent of continuous service rating) established by means of water rheostats.  The diesel generator was operated under these conditions for two hours without observation of abnormal engine parameters, noise or vibration.


8.3.1.1.3.3      Division 3 Diesel Generator, High Pressure Core Spray Power Supply


a.
Design Bases



The HPCS power system loads consist of the HPCS pump motor and associated 460‑volt ac auxiliaries, such as motor operated valves, engine cooling water pump and miscellaneous engine auxiliary loads.  <Figure 8.3‑7> is the basic one line diagram of the system.  <Figure 8.3‑8> illustrates the system logic.  <Table 8.3‑9> details the diesel generator specifications.



The HPCS power system is self‑contained, except for access to the preferred source of offsite power through the onsite ac power distribution system and the system actuation signal source.  The system is operable as an isolated system independent of electrical connection to any other system by using the HPCS diesel generator.  



Note, Division 3 is capable of being manually cross‑tied to Division 2 to provide power to certain Division 2 loads during a station blackout.  Refer to <Appendix 15H> for more information.  Also note that Division 3 is capable of being manually connected to Division 1 following a loss of coolant accident and a total loss of both the normal and emergency Division 1 AC electrical power sources, to provide power to the motor-operated gate valves in the Feedwater lines.  Class 1E auxiliary equipment, such as standby heaters and battery chargers, are supplied from the same source as the HPCS pump motor.  The diesel generator is compatible with power available from the onsite ac power system.



The HPCS diesel generator is capable of quickly restoring power to the HPCS pump motor in the event that offsite power is unavailable and can provide all power for startup and operation of the HPCS system.  The HPCS diesel generator starts automatically upon receipt of a signal from the plant protection system (low water level or high drywell pressure‑LOCA initiation signals) or upon detection of HPCS bus undervoltage or degraded voltage.  When the preferred power supply is unavailable, the HPCS diesel generator is automatically connected to the HPCS bus.



The HPCS electrical system is capable of functioning when subjected to design bases natural phenomena.  In particular, the system is designed in accordance with Seismic Category I requirements and is housed within a safety class structure.



The HPCS system and its power supply unit is part of the ECCS.  HPCS and the diesel generator by itself does not meet the single failure criterion, although the criterion is applicable at the ECCS level.



The HPCS diesel generator is provided with a separate fuel day tank and fuel storage tank of sufficient capacity to support operation 



of the standby power source while supplying maximum postaccident HPCS power requirements for a time sufficient to bring the plant to a safe condition.  Tank size is discussed in <Section 9.5.9.1>.



The HPCS diesel generator is provided with a cooling water system as described in <Section 9.5.9.2> and a lubrication system as described in <Section 9.5.9.4> and a combustion air intake and exhaust as described in <Section 9.5.9.5>.  A general description of the application of the diesel generator is to be found in NEDO‑10905 and supplements and a description of the HPCS system application is provided in <Section 7.3> <Table 8.3‑9>.  The HPCS diesel generator for the Perry project is a Stewart and Stephenson 1 X 20 cylinder EMD diesel generator equipped with a turbocharger driven by a heavy duty mechanical drive gear assembly.  The qualification tests described in NEDO‑10905‑3 are applicable to the Perry application.



The position of the local‑remote switch has no effect on response to an emergency start signal for the HPCS diesel generator.  Control is accomplished from either the control room or the HPCS diesel room.  The following conditions render the diesel generator incapable of responding to an automatic emergency start signal:



1.
Diesel generator electrical or mechanical trouble lockout relays not reset.



2.
Diesel generator engine mode switch in maintenance or test position.



3.
Loss of dc power to diesel generator controls.



4.
Loss of dc power to diesel generator output breaker control.



5.
Diesel generator insufficient starting air pressure.



6.
Diesel generator circuit breaker not in the operating position (not racked‑in).



7.
Diesel generator remote control switch in pull‑to‑lock position.



All the above conditions are displayed to the operator in the control room and to the diesel generator panel as described in <Section 8.3.1.1.3.3.b.10>.  A discussion of the air start system is in <Section 9.5.9.3>.



The Division 3 Class 1E dc power supply system provides dc power to the HPCS system for control and protection.



<Figure 9.5‑26> is a functional block diagram of the HPCS diesel generator.  The diesel generator is required to operate in four modes:



1.
To meet the periodic test requirements for the diesel generator.



2.
With loss of offsite power, starts and supplies power to the bus.



3.
In accident conditions with loss of offsite power, starts and supplies power to the bus.



4.
In accident conditions with no loss of power, starts and stands by.



The diesel generator is only used for emergencies and testing.  It is not used for peaking during normal operation of the station.



The turbocharger design currently installed complies with the recommendations of <NUREG/CR‑0660>.  It has light load service limits sufficiently high, that when reduced by a factor of 3, are not exceeded during normal operating or accident conditions over the service life of the turbocharger.



In Operating Mode 1 the diesel generator is not placed under no load or light load conditions for extended periods.  Indeed, the cumulative operating time under low load conditions should be very small compared with the cumulative time limit provided that operating procedures are followed (which includes compliance with <Regulatory Guide 1.108>).



In Operating Modes 2 and 3, the diesel generator is likely to operate under low load conditions but in this instance the event is extremely rare and easily documented.  To ensure adequate loading, the diesel generator shall be operated in accordance with the limitations and precautions of the manufacturer’s recommendations.  Operating procedures have been developed to assure operation through prevention of lubricant oil exhaust as well as in consideration of turbocharger problems.


b.
Design Aspects



1.
Start Initiating Circuits




The Division 3 (HPCS) diesel generator is started automatically upon receipt of a LOCA signal (high drywell pressure or reactor vessel Level 2) or associated bus undervoltage signal or degraded voltage signal.  Manual starting capability is provided in the control room (remote) and at the diesel generator (local).  A mode selector switch 




located in the control room transfers manual start‑stop capability between the diesel generator panel and the control room.  <Figure 8.3‑8> illustrates system logic.



2.
Starting Mechanism and System




The HPCS diesel generator is pneumatically started.  Redundant starting air supplies are provided for each engine.  Additional details concerning the starting air system are presented in <Section 9.5.9.3.>



3.
Tripping Devices




Only the generator differential and overspeed trip functions will shut down the diesel generator after a start resulting from LOCA signal.  The following additional, nonessential trip functions are bypassed upon receipt of a LOCA signal but will shut down the diesel generator when operating in all other modes:




(a)
High jacket water temperature.




(b)
Low lubricating oil pressure.




(c)
Voltage‑controlled, overcurrent.




(d)
Reverse power



4.
Interlocks




No engine and generator trip lockouts are provided in the HPCS diesel generator starting circuit.  The diesel generator circuit breaker is interlocked with the associated preferred and alternate preferred power source circuit breakers.  Both 




the preferred and alternate preferred power source circuit breakers must be open before the diesel generator circuit breaker can be closed following receipt of a bus undervoltage signal.  Also, the diesel engine no fuel start delay with concurrent emergency (undervoltage) start signal interlock contact must be closed before the diesel generator circuit breaker can be closed following the receipt of a bus undervoltage condition.  Interlocks also prevent the preferred and alternate preferred power source circuit breakers from being closed at the same time.  However, the diesel generator can be manually paralleled with either the preferred or alternate preferred power sources.



5.
Permissives




Permissive conditions which must be satisfied for automatic HPCS diesel generator start are as follows:




(a)
Engine mode switch must be in auto position.




(b)
Diesel generator remote control switch must be in auto position.




(c)
Engine and generator lockout relays must be reset.




(d)
HPCS diesel generator circuit breaker must be racked‑in.



6.
Load Shedding Circuits




Load shedding circuits are discussed in <Section 8.3.1.1.2.6>.



7.
Testing




(a)
Periodic surveillance testing will be performed in accordance with <Regulatory Guide 1.108> and the manufacturer’s operating manual, between which there are no conflicts.  However, accelerated testing as recommended in position C.2.d of <Regulatory Guide 1.108> is not included in the periodic surveillance testing.  <Generic Letter 94‑01> allowed the requirement for accelerated testing to be deleted from the Technical Specifications when a program to meet the Maintenance Rule <10 CFR 50.65> was implemented for the diesel generators.  It is not anticipated that the DG should experience no load or light load operation for extended periods during periodic testing <Section 8.3.1.1.3.3a>.  Normal operating procedures will include a precaution that the diesel generator be loaded to at least 25 percent of full load and run for a minimum of 30 minutes whenever a non‑surveillance start occurs that is not terminated within 2 minutes.  Normal preventative maintenance will be performed in accordance with the manufacturer and Regulatory Guide recommendations.





Equipment failures will be monitored by a maintenance history and periodically reviewed for failure rates and trends by the Plant Staff, as described in <Section 8.3.1.1.3.2.b.7>.




(b)
During troubleshooting, no load operation will be minimized.  If troubleshooting is extended beyond a 3 to 4 hour period, the engine shall be cleared in accordance with manufacturers’ recommendations for no‑load and light load operation.



8.
Fuel Oil Storage System




The HPCS diesel generator fuel oil storage system is discussed in <Section 9.5.4>.



9.
Cooling and Heating Systems




Cooling and heating systems associated with the HPCS diesel generator are discussed in <Section 9.5.5>.



10.
Instrumentation and Control Systems, Including Status Alarms and Indications




Safety‑related control power for the HPCS diesel generator is supplied from Division 3.  There are no interconnections with other divisions.




Alarms are provided to indicate HPCS diesel generator and associated auxiliary equipment status as follows:




(a)
A single alarm annunciator window in the control room (HPCS OUT‑OF‑SERVICE) indicates the HPCS diesel generator is not capable of response to an emergency start signal.  The following conditions actuate this alarm:





(1)
Engine‑generator lockout trips not reset.





(2)
HPCS diesel generator circuit breaker not in operating position.  (Not racked‑in)





(3)
Engine mode switch in maintenance or test.





(4)
Control room auto switch in the pull‑to‑lock position.





(5)
Loss of power or overload to HPCS:






(
Condensate Storage Tank (CST) suction valve






(
Injection valve






(
First test valve to CST






(
Pump minimum flow valve






(
Suppression pool suction valve






(
Test valve to suppression pool






(
Water leg pump






(
Emergency Service Water (ESW) pump






(
ESW pump discharge valve






(
Diesel generator room ventilation temperature process instrumentation






(
Diesel generator room ventilation fans






(
Diesel generator room ventilation louvers






(
Both HPCS diesel generator fuel oil transfer pumps





(6)
HPCS line break





(7)
HPCS Trip Unit in CAL or gross failure





(8)
HPCS Trip Unit out of file or power loss





(9)
HPCS logic power failure or in Test





(10)
HPCS inverter power failure or in Test





(11)
HPCS pump circuit breaker auto trip or loss of control power




(b)
Additional control room alarms are provided to alert the operator to the following HPCS diesel generator conditions:





(1)
Diesel generator trouble.





(2)
Emergency service water to diesel heat exchanger flow low.





(3)
Fuel transfer pump 1C strainer differential pressure high.





(4)
Fuel transfer pump 2C strainer differential pressure high.





(5)
HPCS day tank level high/low.





(6)
Lubricating oil pressure low.





(7)
HPCS fuel storage tank level low (7 day level).





(8)
HPCS fuel storage tank level low (1 day level).





(9)
Diesel generator lockout relay trip.





(10)
Jacket water temperature high.





(11)
Diesel generator differential relay trip.





(12)
Diesel generator control in local.





(13)
Diesel generator overspeed trip.





(14)
Starting air pressure low.





(15)
Diesel generator failure to start (signifying overcrank condition).





(16)
Diesel generator emergency start signal received.





(17)
Diesel generator protective relay trip.




(c)
Local alarms, as listed below, are also provided for the HPCS diesel generator:





(1)
Failure to start/run (signifying overcrank condition).





(2)
Charger failure.





(3)
Control power failure.





(4)
High water temperature.





(5)
Overspeed.





(6)
Low starting air pressure.





(7)
High stator temperature.





(8)
Low expansion tank water level.





(9)
Low fuel level.





(10)
Engine tripped.





(11)
Low turbocharger lubricating oil pressure.





(12)
Low cooling water pressure.





(13)
Crankcase pressure high.





(14)
Main fuel pump failure.





(15)
Reserve fuel pump failure.





(16)
Restricted fuel oil filter.





(17)
High lubricating oil temperature.





(18)
Low lubricating oil temperature.





(19)
Low lubricating oil pressure.





(20)
Restricted lubricating oil filter.





(21)
Protective relaying lost.





(22)
High dew point.





(23)
Circulating oil pump overload/power loss.





(24)
Starting air compressor overload/power loss.





(25)
Generator heater overload/power loss.





(26)
Generator neutral ground over voltage.





(27)
Jacket Water Heater Overload/Power loss




The HPCS diesel generator controls are installed on a free standing floor mounted panel, i.e., the DG control panel is separate from the engine skid.  The location of this panel and its design is such that it is able to withstand continuous vibrational stresses anticipated during operation.  Only sensors and other equipment which by their nature require attachment to the engine generator and associated equipment are to be found there.



11.
Qualification Program




The HPCS diesel generator qualification program is discussed in <Section 8.3.1.1.6.11>.


8.3.1.1.4      Design Criteria


8.3.1.1.4.1      Electric Motors


a.
Motor Size



Motors supplied with driven equipment are sized by the equipment vendor to ensure that the maximum required horsepower of the driven equipment does not exceed the motor nameplate horsepower rating.  Driven equipment, for which motors are supplied separately, consists of primarily pumps.  The pump motor is sized to ensure that the motor nameplate horsepower rating exceeds the maximum required brake horsepower of the pump.


b.
Minimum Motor Accelerating Voltage



The electric power system is designed so that the minimum voltage that will exist for Class 1E motor circuits is 75 percent of nominal.  This minimum may occur during the diesel generator loading sequence.  Motors, except those associated with valve 



operators and the standby liquid control pumps, are specified to be capable of starting from rest and accelerating the connected equipment with 75 percent of nominal voltage at the motor terminals.


c.
Motor Starting Torque



Motors, except those associated with valve operators and the standby liquid control pumps, are specified to produce starting torque well above that required by the driven equipment and to accelerate to full load speed at 75 percent of nominal voltage without injurious motor heating.


d.
Minimum Motor Torque Margin over Pump Torque through Acceleration Period



The minimum margin of motor torque over pump torque through the acceleration period is determined by comparison of the pump speed‑torque curve with the motor speed‑torque curve at 75 percent of nominal voltage at the motor terminals.  The pump motor assembly must attain rated speed with not less than 15 percent decrease in the torque margin.


e.
Motor Insulation



Motor insulation is selected based upon the specified ambient conditions (temperature, pressure, humidity, and radiation) to which the motor is expected to be exposed.  For Class 1E motors located inside containment, insulation is selected to withstand the postulated accident environment.  Motors inside containment have Class F insulation.  Motors outside containment have minimum Class B insulation.  Motors used as valve operator motors inside containment have Class H insulation.  Motors used as valve operator motors outside containment have minimum Class B insulation.

f.
Temperature Monitoring Devices in Large Horsepower Motors



Class 1E driven equipment motors supplied separately, rated 200 horsepower or more, are equipped with six embedded, standard accuracy, chromel‑constantan thermocouples for monitoring stator winding temperature.  These thermocouples are located so that at least one of the sensors will detect the winding hot spot temperature.  A chromel‑constantan thermocouple is provided for each bearing.


8.3.1.1.4.2
  Interrupting Capacity of Switchgear, Load Centers, Motor Control Centers, and Distribution Panels


Interrupting capacities of switchgear, load centers, motor control centers, and distribution panels are listed in <Table 8.3‑2>.


Switchgear interrupting capacities are greater than the maximum short circuit current available at the point of application.  Short circuit current in medium voltage systems is determined in accordance with ANSI C37.010 (Reference 4).  The power system, a single standby power source and running motor contributions are considered in determining the fault level.


Unit substation, motor control center and distribution panel interrupting capacities are greater than the maximum short circuit current available at the point of application.  The magnitude of short circuit currents in low voltage systems is determined in accordance with ANSI C37.13 (Reference 5).


8.3.1.1.4.3      Electric Circuit Protection


Electric circuit protection is discussed in <Section 8.3.1.1.2.9>.


8.3.1.1.4.4      Grounding Requirements


The grounding system provides a low resistance path to ground for all metallic parts, thereby limiting potential differences which may exist between metallic components and ground.  The system provides:  safety for personnel, instrument signal reference, lightning and surge protection, and limits line‑to‑ground voltages for single phase‑to‑ground faults.


The plant ground grid consists of buried metal steel plates, bare copper wire, steel pilings, and ground rods.  Steel plates are buried below the foundation mats of several buildings at the lowest available elevations in the plant.  Bare copper wire is buried in grid fashion within the plant and switchyard and around the perimeter fence.  The grid is concentrated in each area according to the fault current available in the area.  Steel pilings at the barge slip on Lake Erie add an underwater conductor to the system.  Copper clad ground rods are driven throughout the grid to achieve an overall ground resistance of 1 ohm or less from any test point to earth.


Bare stranded copper wire is arranged in loops around the interior perimeter of each building along routes of cable tray or building steel.  All metallic electrical raceways, including trays, boxes and conduit, are part of the plant ground system.


The number and type of terminations for grounding items or equipment are selected on the basis of the size of equipment or electrical service.  One or more ground pads provide a convenient location for ground connections to large items.  On smaller items the ground connection may be made at a mounting point.  Welded or bolted connections are used.


An instrument ground system provides a low impedance path to ground for process instrumentation.  This system consists of a radial network of 


bare copper buses located in the Control Room floor.  This network is connected directly to the plant ground grid via insulated cable.  This network is connected to building steel in the Control Room.  Local panels and equipment requiring instrument ground are connected to the instrument ground system by their own insulated cables.  The reactor vessel skirt which is connected to the plant ground grid is connected to the instrument ground system with insulated cable.  Bolted disconnect points for monitoring are available on the instrument ground system.


8.3.1.1.4.5      Logic and Schematic Diagrams


<Figure 8.3‑6>, <Figure 8.3‑8>, and <Figure 8.3‑9> indicate the logic for the standby power supply and the preferred and alternate preferred power supply circuit breakers.  One line drawings are provided by <Figure 8.3‑7>, <Figure 8.3‑10>, <Figure 8.3‑11>, <Figure 8.3‑12>, and <Figure 8.3‑13>.  <Figure 8.3‑1> and <Figure 8.3‑2> provide the main one line diagrams.


8.3.1.1.5      Reactor Protection System Power System


8.3.1.1.5.1      General


The reactor protection system (RPS) power system is designed to provide power to the logic system that is part of the RPS.  It prevents auxiliary power system switching transients from causing an inadvertent reactor scram due to a transient disturbance of power to the reactor scram logic.  The RPS power system includes two high inertia, alternating current, motor generator sets, and distribution equipment.


Each motor generator set supplies control power for independent trip systems of the nuclear steam supply shutoff system, power range neutron monitoring system, parts of process radiation monitoring system, and reactor protection trip system.  The RPS power is classified as 


nonessential because failure of the power supply causes a reactor scram.  However, the power feeds to independent divisions are physically separated and supply redundant logic.


Safety‑related signal cables, power cables and cable trays are identified by nameplates and/or color codes to distinguish them from nonsafety‑related equipment and to distinguish among redundant, safety‑related equipment.


Safety‑related instrument panels are identified by color coded nameplates to distinguish them from nonsafety‑related equipment and to distinguish among redundant, safety‑related equipment.


Since the RPS power is classified as nonessential, PNPP has electrical protective assemblies (EPAs) which consists of Class 1E protective circuitry between the RPS and each of the power sources.  Two EPAs provide redundant protection to each RPS bus by acting to disconnect the RPS from the power source circuits.


The EPA consists of a circuit breaker with a trip coil driven by logic circuitry which senses line voltage and frequency and trips the circuit breaker open on the conditions of overvoltage, undervoltage and under‑frequency.  Provision is made for setpoint verification, calibration and adjustment under administrative control.  After tripping, the circuit breaker must be reset manually.  Trip setpoints are based on providing 120 volt ac, 60 Hz power at the RPS logic cabinets.  The protective circuit functional range is (10% of nominal ac voltage and ‑5% of nominal frequency.


The EPA assemblies are packaged in an enclosure designed to be wall mounted.  The enclosures are mounted on a Seismic Category I structure separately from the motor generator sets and separate from each other.  Two EPAs are installed in series between each of the two RPS motor generator sets and the RPS busses and between the auxiliary power 


sources and RPS busses.  The block diagram in <Figure 8.3‑23> provides an overview of the four EPA units and their connections between the power sources and the RPS busses.  The EPA is designed as a Class 1E 


electrical component.  It is designed and fabricated to meet the quality assurance requirements of <10 CFR 50, Appendix B>.


The enclosures containing the EPA assemblies are located in equipment qualification zone CB‑2. The circuits within the enclosure are qualified to operate under accident conditions from 40(F to 137(F, at 10 to 95 percent relative humidity and survive a total integrated radiation dose of 2 x 105 rads.  The assemblies are seismically qualified to the Safe Shutdown Earthquake and Operating Base Earthquake acceleration response spectra and environmentally qualified.

8.3.1.1.5.2      Components


Each of the high inertia motor generator sets has a voltage regulator which is designed to respond to a step load change of 50 percent of rated load with an output voltage change of not more than 15 percent.  The motor generator sets require no manual operation or adjustment during the coastdown or acceleration period.  High inertia is provided by a flywheel.  The inertia is sufficient to maintain the voltage and the frequency of generated voltage within 5 percent of the rated values for at least 2 seconds following a total loss of power to the drive motor.


8.3.1.1.5.3      Sources


Power to each of the RPS buses is supplied from two 120‑volt ac sources.  The primary source of power is the motor generator sets.  The alternate source of 120‑volt ac power is the station non‑Class 1E power supply.  The two motor generator sets are supplied from separate 480 volt 


non‑Class 1E buses.  The alternate power switch design and arrangement prevents paralleling of the power sources.  Indicating lights are provided in the control room to monitor the status of both the motor generator sets and the alternate supply.


8.3.1.1.5.4      Operating Configuration


During operation, the RPS buses are energized by the respective motor generator sets.  Either motor generator set can be taken out‑of‑service by manually operating the power source selector switch which disconnects the motor generator set and connects the respective RPS bus to the alternate power source.  Provision is made to prevent connection of both RPS buses to the alternate source at the same time.  A loss of power to either motor generator set is monitored in the control room where the operator, upon detecting such a condition, can switch to the alternate power source.  A loss of RPS power supply results in a single RPS trip system trip.  A sustained loss of electrical power to both RPS buses results in a scram.


8.3.1.1.6      High Pressure Core Spray System Power System


8.3.1.1.6.1      General


Refer to <Section 8.3.1.1.3.3>.


8.3.1.1.6.2      Equipment Identification


Major HPCS power system equipment, such as the diesel generator, switchgear, motor control center, and transformers, is identified in accordance with <Section 8.3.1.1.2.9>.


8.3.1.1.6.3      HPCS Class 1E Electrical Equipment Capacity


HPCS power system electrical apparatus is sized on the basis of the most severe conditions to which it will be subjected, for either continuous or intermittent conditions in any mode of operation.  Intermittent loads are factored in on the basis of heating (e.g., short time peaks are not added directly to determine total continuous load imposed).  Adverse environmental conditions have been taken into consideration (e.g., derating of cable for temperatures higher than the basic rated values and use of multipliers on actual service hours for motors operated at higher than normal rated temperatures).


The HPCS load center transformer (EHF‑1‑E) is sized for the largest combination of continuous loads that it may be required to carry, plus an allowance for intermittent loads.


The switchgear ratings established are consistent with bus loading and interrupting capacity requirements and are compatible with maximum available short circuit current values at the points where feeders connect to Class 1E switchgear.  HPCS distribution system ratings are given in <Table 8.3‑2>.


The HPCS motors are designed to start and accelerate the pump loads with 75 percent voltage applied to the motor terminals.


The minimum difference between the motor torque and the pump torque at any given speed during acceleration is 10 percent of motor rated torque.


The HPCS motor is provided with thermocouples on bearings and in windings to verify that temperature rise is acceptable.


The HPCS motor is initially tested in accordance with NEMA MG‑1 (Reference 6).


The Division 3 HPCS diesel generator is capable of starting the HPCS motor within the required time although voltage and frequency drop will exceed the limits specified in <Regulatory Guide 1.9>.  See <Section 8.3.1.2.3.5> for a discussion of <Regulatory Guide 1.9> and the HPCS diesel generator.


8.3.1.1.6.4      HPCS 120 Volt AC Class 1E Instrument Power System


The Class 1E instrument power system consists of a distribution panel fed from a transformer connected to the Division 3 load centers.


All equipment associated with the Class 1E instrument power system is readily accessible for inspection and testing.  Service will be done on a routine basis in accordance with the manufacturer’s recommendations.  Testing is described in <Section 8.3.1.1.6.5.d>, HPCS Class 1E Electrical Equipment Testing.


8.3.1.1.6.5      HPCS Class 1E Electric Equipment Considerations


For Class 1E equipment aspects of the HPCS power system, the following guidelines are utilized:


a.
Physical Separation and Independence



Equipment of Division 3 is segregated from the equipment of other divisions in accordance with documents, codes and standards cited in the design basis.  In general, electrical equipment and wiring for the safeguards systems are segregated into separate divisions and separated so that no design basis event is capable of disabling 



sufficient equipment to prevent reactor shutdown, removal of decay heat from the core or isolation of the containment in the event of a design basis accident.


b.
Class 1E Electrical Equipment Design Bases and Criteria Aspects



Motors are sized in accordance with NEMA standards and manufacturers’ ratings to be at least large enough to produce the starting, pull‑in and driving torque calculated to be needed for the particular application, with due consideration for capabilities of the power sources.



Power sources, distribution system and branch circuits are designed to maintain acceptable voltage and frequency.



The selection of motor insulation from alternative types, such as Class F or Class B, is a design consideration based predominately upon environment.  Class F insulation is used for all ECCS motors.



Interrupting capacity of switchgear, motor control centers and distribution panels is compatible with the short circuit current available at the HPCS bus.  <Table 8.3‑2> lists equipment capacities.  The calculation of available short circuit currents in the HPCS power system is in accordance with ANSI C37.010 (Reference 7).


c.
HPCS Class 1E Electrical Equipment Circuit Protection



Circuit protection of the HPCS bus is coordinated with the design of the overall protection system for the plant auxiliary electrical system.  Protection of the HPCS diesel generator is described in <Section 8.3.1.1.3.3>.  The HPCS motor and load center supply breakers have instantaneous and inverse time overcurrent phase relaying and instantaneous ground overcurrent relaying.  These relays are coordinated so that motor or transformer protective trips are selectively coordinated with the source breakers for bus EH13.


d.
HPCS Class 1E Electrical Equipment Testing



Means are provided for periodically testing the chain of system elements from sensing devices through driven equipment to assure that Class 1E equipment is functioning in accordance with design requirements.



Startup of the HPCS diesel generator can be effected by simulation of LOCA signal or loss of power to the engineered safety feature power system.  Connection of the HPCS diesel generator to the HPCS bus takes place automatically upon loss of engineered safety feature power system to the HPCS bus.


8.3.1.1.6.6      HPCS Diesel Generator


The HPCS diesel generator supplies power to the HPCS system in the absence of the preferred power supplies.  <Figure 8.3‑1> shows the interconnections between the preferred power system and the HPCS diesel generator.  <Figure 8.3‑7> presents the HPCS 4.16 kV one line diagram and <Figure 8.3‑2> shows the 480 volt one line diagram for the HPCS system.  <Table 8.3‑1> lists HPCS diesel generator loads under forced shutdown and LOCA conditions.


The HPCS diesel engine is provided with a closed cooling water system containing immersion heaters, expansion tank, temperature regulating valve, and lubricating oil cooler.  The immersion heater is thermostatically controlled and, in conjunction with the temperature regulating valve, maintains the jacket water at a steady temperature.  Under engine shutdown conditions, jacket water heated by the immersion heater is circulated through the lubricating oil cooler by thermo‑syphon action to warm the lubricating oil which is circulated by an ac motor driven pump.  This “keep warm” feature provides the engine with the capability of quick start and load acceptance.  An engine low lube oil temperature condition is alarmed locally and annunciated on the main control room HPCS diesel generator trouble alarm.


The HPCS diesel generator is rated to have sufficient capacity to start and run the connected loads <Table 8.3‑1> and to start and supply the HPCS system loads within the time requirements described in <Section 6.3>.


8.3.1.1.6.7      HPCS Diesel Generator Starting, Lubricating and Fuel Oil Systems


The starting, lubricating and fuel oil systems for the HPCS diesel generator are discussed in <Section 9.5.9>.


8.3.1.1.6.8      HPCS Diesel Generator Control Power


DC control power for the HPCS diesel generator is supplied from its own 125‑volt dc system which consists of a battery and associated battery charger.  The battery charger is designed to carry the largest combination of steady‑state loads in any mode of operation in addition to battery charging requirements.  The dc system is discussed in <Section 8.3.2.1.3>.


8.3.1.1.6.9      HPCS Diesel Generator Actuation


Three signals automatically start the HPCS diesel generator.  The first is an undervoltage or degraded voltage condition at the HPCS bus.  The other two signals are LOCA signals (reactor low water level and/or high drywell pressure) which are described in detail in <Section 7.3.1>.  Upon reaching rated speed and voltage, the generator is automatically connected to the HPCS bus if the preferred power supply is not available.  Once the diesel generator has been started, it continues to operate until manually stopped or one of the protective devices causes it to trip.  Start logic for the HPCS diesel generator is illustrated by <Figure 8.3‑8>.


8.3.1.1.6.10      HPCS Diesel Generator Protective Devices


When the HPCS diesel generator is called upon to operate under accident conditions, only the emergency protective devices are functional.  These are the generator differential overcurrent relays and the engine overspeed trip device.  These trips are annunciated in the control room.  Other protective devices, such as reverse power, voltage‑controlled, overcurrent, high jacket water temperature, and low lubricating oil pressure, are used to protect the HPCS diesel generator during operation in parallel with the normal power system during periodic tests.  These relays are automatically blocked from the tripping circuits under accident conditions.


The generator differential overcurrent relays and overspeed trip device are retained under emergency conditions to protect against major faults which would cause immediate system failure and major damage.  All bypassed trip devices actuate alarms in the control room and provide the operator with sufficient information to take appropriate corrective action.  Since the HPCS diesel generator is performing a safety‑related 


core cooling function under accident conditions, these trip devices cannot be permitted to interrupt HPCS diesel generator operation.  The decision to operate the diesel generator under these abnormal conditions is left to the operator.


8.3.1.1.6.11      HPCS Diesel Generator Prototype Qualification Program


The HPCS diesel generator is a Stewart and Stevenson diesel generator package with one EMD 20 cylinder diesel engine.  A prototype diesel generator qualification program is described in NEDO‑10905‑3.  During this program, tests were performed at LaSalle.  The loads and environmental conditions found at Perry are similar.  As part of the program, the HPCS diesel generator <Section 7> and associated equipment (e.g., switchgear, MCC transformer) were qualified in accordance with IEEE Standard 323 1971 and IEEE Standard 344 1971.  Qualification of the diesel generator is in accordance with <Regulatory Guide 1.6>, <Regulatory Guide 1.9> and IEEE Standard 387 as described in <Section 8.3.1.2.3>.  A comprehensive discussion of the qualification program is provided in <Section 3.10> and <Section 3.11>.  Prior to initial fuel loading, the HPCS diesel generator was subject to preoperational testing as defined in the operating procedures and in accordance with <Regulatory Guide 1.68>.


8.3.1.1.6.12      Acceptability Criteria for HPCS Diesel Generator


The HPCS diesel generator is acceptable if it is capable of starting and accelerating the design load to the desired speed within the specified time while maintaining voltage and frequency within limits that will not degrade the performance of the system below requirements during load application and/or load removal and it demonstrates a torque margin, i.e., a torque capability 10 percent in excess of the starting period torque requirements.


8.3.1.2      Analysis


8.3.1.2.1      Compliance with General Design Criterion 17, Regulatory Guides, and Standards


The ESF onsite distribution system has been segregated into three separate and distinct load groups.  These load groups are Division 1, Division 2 and Division 3.  This arrangement complies with General Design Criterion (GDC) 17 and the recommendations of <Regulatory Guide 1.6>, in addition to other design bases described in <Table 8.1‑2>.  Each load group is complete with respect to 4.16 kV and 480‑volt switchgear, 120‑volt ac and 125‑volt dc equipment and standby power source.  Each load group also has access to the preferred power source and the alternate preferred power source.  Control power for operating circuit breakers in a particular division is supplied from the associated 125 volt battery.  These batteries are maintained at a constant voltage and are continuously monitored for voltage variations or undesired ground connections.  Each motor and distribution feeder is equipped with protective devices which disconnect the motor or feeder under abnormal or potentially damaging conditions to limit degradation of the Class 1E electric power system.  No provision exists for transfer of loads between the segregated load groups or for automatic switching which could parallel separate load groups except for the spent fuel pool area ventilation system.


The preferred power source and alternate preferred power source supply circuit breakers are manually operated either from the control room or a remote location.  These circuit breakers in each division are 


interlocked with each other and with the division standby power source supply circuit breaker.  Interlock contacts prevent the following:


a.
Closure, at the same time, of the preferred power source and alternate preferred power source supply circuit breakers.


b.
Automatic closure of the standby power source supply circuit breaker when either the preferred power source or alternate preferred power source supply circuit breaker is closed.


In addition, administrative controls prevent testing of more than one standby power source at any one time.


As shown by <Figure 8.3‑3> and <Figure 8.3‑4>, the 4.16 kV and 480‑volt switchgear, 120‑volt ac equipment, battery chargers, dc switchgear, dc distribution panels, batteries, and vital distribution panels for each division are located in separate rooms within the control complex.  IEEE Standard 308 (Reference 9) as modified in <Regulatory Guide 1.32> and <Regulatory Guide 1.6> are used for guidance in the design of electrical systems with the exceptions listed in <Table 1.8‑1>.  The criteria of IEEE Standard 387 and the recommendations of <Regulatory Guide 1.9> are adhered to in selecting the capacity and operating characteristics of the standby power sources (diesel generators), except as noted in <Section 8.3.1.2.3.5.d>.


8.3.1.2.2      Compliance with General Design Criterion 18


The Class 1E electric system will be tested and inspected periodically to determine that settings and adjustments are within specified design limits.  In addition to test facilities for switchgear, described in <Section 8.3.1.1.2.12>, required inservice testing of protective relaying and instrumentation is accomplished by use of test plugs or 


test switches associated with these devices.  These devices, in addition to the test facilities described, satisfy the intent of GDC 18, the recommendations of <Regulatory Guide 1.22> and the applicable design bases of <Table 8.1‑2>.


Automatic starting and loading of diesel generators and the ability to test such functions are an essential part of the ESF system design.  Testing of diesel generators is discussed in <Section 8.3.1.1.3.2.b(7)> and <Section 8.3.1.1.3.3.b(7)>.


8.3.1.2.3      High Pressure Core Spray Division 3 Compliance


The HPCS (Division 3) diesel generator unit supplies power for the HPCS system and associated equipment.  Failure of any single component does not prevent start and operation of any other standby power supply.  Thus, the requirements of GDC 17 and the recommendations of <Regulatory Guide 1.6> are satisfied.  The design of the HPCS diesel generator also conforms to applicable sections of IEEE Standard 308.


8.3.1.2.3.1      Compliance with General Design Criterion 17


Compliance of the HPCS power supply with GDC 17 is addressed in <Section 8.3.1.2.1>.


8.3.1.2.3.2      Compliance with General Design Criterion 18


The auxiliary electrical system is designed to permit inspection and testing of all important equipment and features, especially those that have a standby function and the operation of which is not normally demonstrated.  As detailed in the Technical Specifications, periodic component tests are supplemented by extensive functional tests during refueling outages.  These tests are based upon simulation of actual accident conditions and demonstrate the operability of the diesel 


generator set, battery system components and logic systems.  Thereby, the continuity of the system and the operation of components are verified.


Because the diesel generator is a standby unit, readiness is of prime importance.  Readiness is demonstrated by periodic testing.  The testing program is designed to test the ability to start the HPCS diesel generator and system loads, as well as to run under load long enough to bring all components of the system into equilibrium conditions.  This ensures that cooling and lubrication are adequate for extended periods of operation.  Full functional tests of the automatic control circuitry can be conducted as required on a periodic basis to demonstrate correct operation <Section 7.3.2>.


8.3.1.2.3.3      Compliance with General Design Criterion 21


The HPCS diesel generator supply is designed to be highly reliable and testable during reactor operation.  The HPCS diesel generator is the only onsite power supply for the high pressure core cooling function.  However, if it fails, the automatic depressurization feature will permit low pressure core cooling.


8.3.1.2.3.4      Conformance with <Regulatory Guide 1.6>


The HPCS diesel generator unit supplies power only for the HPCS system, including auxiliaries.  Therefore, failures within the HPCS diesel generator system cannot prevent the startup and operation of any other standby power supply.  Thus, the recommendations of <Regulatory Guide 1.6> are satisfied.


Conformance with <Regulatory Guide 1.6> is described for each regulatory position of Paragraph D of the guide as follows:


a.
Position 1 Conformance



The HPCS Class 1E loads are assigned to a single division of the load groups.  The assignment is determined by the nuclear safety functional redundancy of the loads so that loss of any one division does not prevent the minimum safety functions from being performed.


b.
Position 2 Conformance



The HPCS bus (Division 3 of the ac load group can be connected to two different (preferred) offsite power sources <Figure 8.3‑1>.  The HPCS bus can also be connected to the HPCS diesel generator which is the standby power source for Division 3.



The HPCS diesel generator breaker can be closed automatically only if all other source breakers to the HPCS bus are open.  There is no automatic connection to any other division load group.


c.
Position 3 Conformance



There is no automatic or manual connection of the HPCS system dc load group to any other load group except a maintenance tie to Unit 2 as described in <Section 8.3.2.1.3.1>.


d.
Position 4 Conformance



Position 4 conformance is as follows:



1.
The diesel generators connected to the divisions of load groups are physically and electrically independent of each other.  The diesel generator connected to the HPCS division of 




a load group cannot be automatically paralleled with the diesel generator that is connected to another division of the load group.



2.
The HPCS diesel generator is connected to one independent division (or load group).  No means exist for connecting the HPCS load group with any other.



3.
The HPCS load group is fed from only one diesel generator, as shown by <Figure 8.3‑1>.  No means are provided for transferring HPCS loads to any other diesel generator.



4.
No means exist for manually connecting the HPCS load group to another division.  The HPCS load group is physically and electrically independent of all others.


e.
Position 5 Conformance



To comply with the recommendations of Position 5, and those of <Regulatory Guide 1.108> as referenced in <Table 1.8>, the following starting and loading reliability tests are performed:



1.
Prior to initial reactor fuel loading, a series of tests were conducted to establish the capability of the HPCS diesel generator to consistently start and load within the required time.



2.
With the exception of those diesel engine/generator designs that are identical (minor changes may be justified by analysis) to the diesel generator(s) which have been previously qualified for the HPCS application, all other different diesel engine/generator combinations are individually qualified for reliable start and load acceptance requirements.



3.
An acceptable start and load reliability test is defined as follows:  A total of 69 valid starting and loading tests with no failures.  Failure of the diesel generator to successfully complete this series of tests as prescribed requires a review of system design adequacy, correction of the cause of the failure and continuation of the tests, until 69 consecutive starting and loading tests are achieved.



In the course of performing the 69 consecutive start and load tests, at least 90 percent of these tests are performed with the engine initially at or below normal operating temperature but above the “warm standby” engine temperature.



The remaining percentage of these tests are performed with the diesel generator set initially at “warm standby,” based upon jacket water and lubricating oil temperatures at or below values recommended by the engine manufacturer.  After load is applied, the diesel generator set will continue to operate until jacket water and lubricating oil temperatures are within (10°F of the normal engine operating temperatures for the corresponding load.  A minimum of five “warm standby” starts will be made during the 69 consecutive start and load tests.



In addition to the above reliability test, a test was conducted to demonstrate required load carrying capability of the HPCS diesel generator as follows:



1.
Engine cranking was begun upon receipt of the start signal, and the diesel generator set will accelerate to specified frequency and voltage within the required time interval.



2.
Immediately following Step No. 1 (Paragraph (a)) the diesel generator set accepted a single step load consisting of the main HPCS pump motor load (full loaded) and additional loads (inductive and/or resistive) as required to simulate the accident loading sequence of the HPCS diesel generator.



If the cause for failure to start or accept load in accordance with the preceding sequence falls under any of the categories listed below, that particular test may be disregarded, and the test sequence resumed without penalty following identification of the cause for the unsuccessful attempt:



1.
Unsuccessful start attempts which can definitely be attributed to operator error, including setting of alignment control switches, rheostats, potentiometers, or other adjustments that may have been changed inadvertently prior to that particular start test.



2.
A starting and/or loading test performed for verification of a scheduled maintenance procedure required during this series of tests.  This maintenance procedure is defined prior to conducting the start and load acceptance qualification tests and then becomes a part of the normal maintenance schedule after installation.



3.
Failure of any of the temporary service systems, such as dc power source, output circuit breaker, load, interconnecting piping, and any other temporary setup which is not part of the permanent installation.



4.
Failure to carry load which can be definitely attributed to loadings in excess of required loading.


8.3.1.2.3.5      Conformance with <Regulatory Guide 1.9>


Conformance with <Regulatory Guide 1.9> is described for each regulatory position of Paragraph C of the guide as follows:


a.
Position 1 Conformance



<Table 8.3‑1> shows that the continuous rating of the diesel generator is greater than the maximum coincidental steady‑state loads requiring power at any time (when considering actual HPCS loading verses nameplate).  Intermittent loads, such as motor operated valves, are not considered for long term loads.


b.
Position 2 Conformance



The short time HPCS diesel generator rating is greater than the maximum coincidental load as listed in <Table 8.3‑1>.


c.
Position 3 Conformance



Load requirements were verified and test data was provided following the preoperational tests.


d.
Position 4 Conformance



The HPCS diesel generator unit performance, with respect to voltage and frequency limits during the initial loading for a transient, is considered as a justifiable departure from literal conformance to <Regulatory Guide 1.9>.  The HPCS system consists of one large pump and motor combination which represents more than 90 percent of the total load.  Consequently, limiting the momentary voltage drop to 25 percent and the momentary frequency drop to 5 percent would not significantly enhance the reliability of HPCS operation.  To satisfy these regulatory guide recommendations, a diesel generator 



approximately two to three times as large as that required to carry the continuous rated load would be necessary.  However, all other recommendations, including the frequency and voltage overshoot requirements of <Regulatory Guide 1.9>, are satisfied.  A factory testing program on a production diesel generator has verified the following functions:



1.
System fast start capabilities.



2.
Load carrying capability.



3.
Load rejection capability.



4.
Ability of the system to accept and carry the required loads.



5.
The mechanical integrity of the diesel engine generator unit and all of the major system auxiliaries.



The design of the HPCS diesel generator conforms with the applicable sections of IEEE Standard 308.  In addition, see <Section 8.3.1.1.6.11>.


The generator has the capability of providing power for starting the required loads with operationally acceptable voltage and frequency recovery characteristics.  A partial or complete load rejection will not cause the diesel engine to trip on overspeed.


8.3.1.2.3.6      Conformance with <Regulatory Guide 1.29>


The HPCS power supply system is capable of functioning when subjected to the effects of design bases natural phenomena.  In particular, it is designed in accordance with Seismic Category I criteria and is housed in a safety class structure.


8.3.1.2.3.7      Conformance with <Regulatory Guide 1.32>


The design of the HPCS diesel generator conforms with the applicable sections of IEEE Standard 308.


8.3.1.2.3.8      Conformance with <Regulatory Guide 1.47>


All the bypassed trip devices actuate alarms in the control room so that conditions which can render the HPCS diesel generator system unavailable for automatic start are automatically annunciated in the control room.  See <Section 8.3.1.1.3.3.b(10)> for HPCS diesel generator alarms.


8.3.1.2.3.9      Conformance with <Regulatory Guide 1.62>


Manual controls are provided to permit the operator to select the most suitable power supply for the HPCS bus.  Provision is made for system level manual control and testing from the control room, as well as from a local panel.  Momentarily placing the engine mode switch in the test position allows a local start and blocks the auto start.  Once released the switch will return to the auto position which will allow an ECCS signal to override the test start signal.  Equipment common to manual and automatic control is limited to a practical minimum.


8.3.1.2.3.10      Conformance with <Regulatory Guide 1.75>


The HPCS diesel generator and supporting auxiliaries are Division 3 equipment separated from, and independent of, equipment of other divisions.  All major components are marked with a Division 3 name tag.  See <Section 8.3.1.1.2.7> for a discussion of safety‑related equipment identification.


8.3.1.2.3.11      Conformance with IEEE Standard 279


See <Section 7.3> for compliance of the HPCS system (including diesel generator) with IEEE Standard 279 (Reference 10).


8.3.1.2.3.12      Conformance with IEEE Standard 308


All electrical system components supplying power to the HPCS Class 1E electrical equipment are designed to perform functional requirements under the conditions produced by the design basis events.  All HPCS equipment is physically separated from other ESF equipment to maintain independence and reduce the possibility of a common mode failure.  All Class 1E HPCS equipment is located in Seismic Category I structures.


The HPCS equipment is uniquely identified by color coding of the components or identification tags as detailed in <Section 8.3.1.1.2.7>.


Surveillance of the Class 1E electric systems will be in compliance with IEEE Standard 308, as are all other aspects applicable to the station design.


8.3.1.2.3.13      Conformance with IEEE Standard 344


The HPCS power supply unit components are seismically qualified in accordance with IEEE Standard 344 (Reference 11) <Section 3.10.>.


8.3.1.2.3.14      Conformance with IEEE Standard 387


The HPCS diesel generator satisfies the applicable requirements of IEEE Standard 387.  The HPCS diesel generator is designed to satisfy the following requirements:


a.
Operate in the service environment during and after any design basis event without support from the preferred power source.


b.
Start, accelerate and be loaded with the design load within an acceptable time under the following conditions:



1.
From the normal standby condition.



2.
With no cooling available, for a time equivalent to that required to bring the cooling equipment into service with energy from the diesel generator.



3.
On a restart with an initial engine temperature equal to the continuous rating, full load engine temperature.


c.
Carry the design load for 2,000 hours.


d.
Maintain voltage and frequency within limits that will not degrade, below minimum requirements, the performance of any of the loads composing the design load, including the duration of transients caused by load application or load removal, except as noted in <Section 8.3.1.2.3.5.d>.


e.
Withstand any anticipated vibration and overspeed conditions.  No flywheel is coupled to the HPCS diesel generator.  The generator and exciter are designed to withstand 25 percent overspeed without damage.


The HPCS diesel generator has continuous and short term ratings consistent with the requirements of IEEE Standard 387, Section 5.1.


Mechanical and electrical system interactions between the HPCS diesel generator and other units of the standby power supply, the nuclear plant, the conventional plant, and the Class 1E electrical systems are coordinated so that the HPCS diesel generator design function and capability are realized for any design basis event, except failure of the HPCS diesel generator.


8.3.1.2.4      Safety‑Related Equipment in Hostile Environments


Safety‑related equipment that may be required to operate in a hostile environment and the corresponding specified normal and accident design environments are presented in <Section 3.11>.


Class 1E electrical cable for use inside the drywell and containment are qualified to satisfy the normal and accident conditions and are also discussed in <Section 3.11>.


Class 1E equipment, whether located inside or outside the containment, which must function during an accident is designed to withstand the temperature, humidity and other conditions expected at the specified location.

8.3.1.3      Physical Identification of Safety‑Related Equipment


Identification of safety‑related equipment is addressed in <Section 8.3.1.1.2.7>.


8.3.1.4      Independence of Redundant Systems


8.3.1.4.1      Physical Separation Requirements for Class 1E Equipment


8.3.1.4.1.1      General Requirements


Electrical equipment and wiring for Class 1E electrical systems are segregated into separate independent divisions, designated Division 1, Division 2 and Division 3, such that no single credible event is capable of disabling sufficient equipment to prevent reactor shutdown, removal 


of decay heat from the core and isolation of containment in the event of an accident.  Division separation requirements apply to equipment and wiring systems concerned.


Switchgear, batteries and similar major electrical equipment for each division are housed in separate rooms within the control complex and/or associated buildings, and are completely separate from redundant divisional equipment.

The design is in accordance with the criteria established in IEEE Standard 384 as modified by <Regulatory Guide 1.75> as described in <Table 8.1‑2>.


8.3.1.4.1.2      Cable Routing through Mechanical Damage Zones


Arrangement and/or protective barriers for cable trays are such that no locally generated force or missile impact can disable any ESF function.  The following rules are applicable:


a.
In rooms or compartments housing heavy rotating machinery, such as the main turbine generator or the reactor feed pumps, or in rooms containing high pressure feedwater piping or high pressure steam lines, such as the lines between the reactor and the turbine, separation consists of a concrete wall barrier to assure that the minimum ESF functions are preserved, regardless of any incident.


b.
In any compartment housing an operating crane, such as the turbine building main floor and the region above the reactor pressure vessel, the separation is designed to assure that the minimum ESF functions are preserved, regardless of any incident.


c.
A design basis event will not damage sufficient safety system cabling of redundant systems to impair the ability to perform the safety function required to mitigate the effects of the design basis event coincident with a single failure.


8.3.1.4.1.3      Cable Routing through Fire Hazard Areas


Routing of cable is arranged to eliminate, insofar as practical, the risk of fire damage to cables and to separate the divisions so that fire in one division will not propagate to another division.


Routing of cables for Class 1E system through rooms or spaces where there is potential for accumulation of large quantities (gallons) of oil or other combustible fluids, as a result of leakage from or rupture of lubricating oil or cooling systems, is avoided.  Where such routing is unavoidable, cables of only one division are allowed in any such space.


8.3.1.4.1.4      Cable Routing in General Plant Areas


In any room, compartment or area of the plant, except the cable spreading rooms, cable trays of different divisions have a minimum horizontal separation of 3 feet when there is no physical barrier between trays.  Where a horizontal separation of 3 feet is unattainable, the trays will be separated and protected by fire resistant materials.  Vertical stacking of cable trays of different divisions is avoided wherever possible.  In cases where trays requiring separation must be stacked one above another, a minimum vertical separation of 5 feet is maintained.  Where vertical separation of 5 feet cannot be maintained, the trays will be separated and protected by fire resistant materials.


In the case of a cross over of two trays of different divisions with separation of less than 5 feet, fire resistant materials are provided between trays.


Separation and independence criteria is in accordance with IEEE Standard 384 as described in <Table 8.1‑2>.


8.3.1.4.1.5      Cable Routing in Cable Spreading Rooms


The cable spreading rooms are provided to allow for the convergence and grouping of cables in the control room, prior to entering the respective panels or termination cabinets.


Physical separation and independence of cable trays is reduced to 1 foot minimum for horizontal and 3 foot minimum for vertical distances in accordance with IEEE Standard 384 as described in <Table 8.1‑2>. Where minimum separation cannot be maintained, the trays will be separated and protected by fire resistant materials.


8.3.1.4.1.6      Separation of Components and Wiring in Panels


No single control room panel, local panel or instrument rack includes wiring essential to the protective function of two redundant ESF systems, except as allowed below:


a.
Where two local panels or instrument racks containing circuits of different divisions are less than 3 feet apart, but not less than 1 inch, there is a steel barrier between the two panels or racks.  Panel ends, closed by steel end plates are acceptable barriers.  End plates separated by less than 1 inch must have terminal boards and wireways separated from the end plates by a minimum of 1 inch of air space or a thermal insulating barrier.



Where two control room panels containing circuits of redundant divisions are less than 1 foot apart but not less than 1 inch apart, a steel barrier or panel end, closed by steel end plates, are acceptable barriers.  Where two control room panels containing circuits of redundant divisions are less than 1 inch apart, panel 



ends closed by steel end plates is an acceptable barrier, provided that terminal boards and wireways are separated from the end plates by a minimum of 1 inch of air space or a thermal insulating barrier.


b.
Adjacent control room panels of different divisions mounted on a common cable chase are provided with vertical floor to panel fire resistant barriers between them.


c.
Penetration of separation barriers within a subdivided panel is permitted.  Such penetrations are sealed or otherwise treated so that an electrical fire cannot reasonably propagate from one section to another.


d.
Where, for operational reasons, locating manual control switches on separate panels is considered prohibitively (or unduly) restrictive to manual operation of equipment, then the switches are located on the same panel, provided no credible single event in the panel can disable both sets of redundant manual or automatic controls.  Wherever wiring of two different divisions exists in a single panel section, separate terminal boards are provided and spacing of terminal boards and wiring is such that the possibility of fire propagation from wiring of one division to that of another is precluded.  One of a redundant pair of devices in close proximity within a single panel is considered adequately separated from the other if wiring to one of the devices has flame retardant insulation and is totally enclosed, including outgoing terminals at the control panel boundary, as well as the device itself.  However, consideration is given to locating redundant switches on opposite sides of the barrier formed by the end closures of adjacent panels wherever operationally acceptable.


8.3.1.4.1.7      Separation of Class 1E and Non‑Class 1E Cables


A separate tray system, consisting of power, control and instrumentation trays, is used for non‑Class 1E circuits.  This nonsafety‑related tray system does not connect to any tray containing Class 1E circuits.  No Class 1E cables are installed in trays containing non‑Class 1E circuits.  Associated circuits are installed in trays containing Class 1E circuits.  This tray system is separated from Class 1E trays utilizing the same criteria as two Class 1E trays of the different divisions.


Separate safety‑related and nonsafety‑related tray systems, consisting of power, control and instrumentation trays are provided to ensure the independence and separation of Class 1E and non‑Class 1E circuits.  


The nonsafety‑related tray system does not connect to any tray containing Class 1E circuits.  Similarly, no Class 1E cables are installed in tray systems containing non‑Class 1E circuits.  Associated circuits designated as Class 1E are installed in safety‑related trays containing the same division of Class 1E circuits.


A separate safety‑related and nonsafety‑related conduit system comprising rigid and/or flexible metal conduit is installed to ensure the proper isolation and separation of Class 1E and non‑Class 1E circuits.  The separation is 1 inch minimum.  For Class 1E cables and non‑Class 1E cables less than 125V (such as heat tracing, cathodic protection, lighting or communications) run in conduit, the separation may be less than 1 inch provided there is no physical contact between the conduits.


Equipment internal wiring separation is to be a minimum of 6 inches for Class 1E and non‑Class 1E.  In areas where this separation cannot be maintained, additional barriers, raceways and/or enclosures shall be utilized.


The separation for tray to tray, conduit to conduit, conduit to tray and internal panel wiring is in accordance with the criteria established in IEEE Standard 384, as modified by <Regulatory Guide 1.75> as shown in <Table 8.1‑2>.


8.3.1.4.1.8      Special Cable Routing Requirements


The RPS and nuclear steam supply shutoff subsystem trip inputs have a minimum of four independent channels for each measured variable.  Field wiring for these independent channels is installed in four separate systems used for no other wiring.  The neutron monitoring system cables associated with the RPS are installed in four separate, enclosed metal raceway systems.


The 120V ac power supplies to the pilot scram valve solenoids are designated as non‑Class 1E.  Each valve contains two (2) actuating trip solenoids.  Solenoid valve A is powered from the RPS “A” bus and solenoid valve B is powered from the RPS “B” bus.  Although classified as non‑Class 1E, each pilot scram valve power feeder is isolated and separated with respect the RPS divisional grouping to ensure the independence and isolation of power circuits so that the proper operating functions and fail safe de‑energization can be accomplished.


8.3.1.4.2      Cable Tray Selection


Power and control cable trays are of the galvanized steel, ladder type with nominal 9 inch rung spacing, in widths of 9” to 36” trade sizes.  These trays have 4 or 6 inch side rails with a normal available loading depth of 3 or 5 inches, respectively.


Instrumentation cable trays are of the galvanized steel, solid bottom ladder type, in widths of 9” to 30” trade sizes.  All instrumentation trays with exception to applications in the cable spreading room are covered to minimize radio frequency and associated induced noise.  Available loading depths are restricted to 3 inches.


8.3.1.4.3      Cable Derating and Cable Tray Fill


Large power cables (4 AWG and larger) for Class 1E systems are primarily of interlocked armor construction, rated for 5 kV and with copper conductors having ampacities as listed in ICEA P‑54‑440 (Reference 12), for 1.0 inch cable depth.  This loading depth is used due to the as‑built, single layer arrangement of this size cable in the trays.  The ampacities listed in the standard were calculated assuming all cables will be fully loaded with no cable spacing or load diversities included.


Non‑armored 600‑volt copper conductor cable, 14 AWG to 4 AWG, is derated according to ICEA P‑54‑440 (Reference 12), Table 3, with a theoretical loading depth of 1.5 or 2.5 inches.  This loading depth is derived by dividing the area computed by summing the cable diameter squared for all cables by the width of the tray.  This value corresponds to a design objective of 50 percent of the 3 inch or 5 inch usable depth of the tray.


A tray fill of 50 percent, using the cable diameter squared for the cross sectional area is the design objective for instrument and control cable trays (this corresponds to approximately 40 percent tray fill using actual cable cross sectional area in the computation).


To assure that cable thermal limits and tray hanger structural limits are not exceeded, any increase in tray fill in excess of the 50 percent design objective is subject to approval by the Project Electrical Engineer.


8.3.1.4.4      Tray Allocation of Cables by Construction and Voltage Level


Non‑shielded, 5 kV class cable with interlocked armor is used for 4.16 kV feeders and large power (4 AWG and larger) 480‑volt feeders.  No other types of cable are run in these trays.


Non‑armored 600‑volt insulated power cables (4 AWG and smaller) and control cables are run in control trays.  Power cables are derated as specified in <Section 8.3.1.4.3>.  Low level signal cables are run in shielded raceways separated from power and control cables and from unshielded cables carrying digital or pulse type signals.


In continuous runs of vertically stacked cable trays the highest voltage cables are located at the highest tray level wherever practical.


8.3.1.4.5      Electrical Penetration Assemblies


Electrical penetration assemblies are designed, fabricated, tested, and installed in accordance with IEEE Standard 317 (Reference 14), thus assuring that the penetration assemblies will function satisfactorily during normal operation and all postulated design basis events.


Any deterioration of the epoxy insulation is monitored by a leakage monitoring system using nitrogen.  During normal operation, the nitrogen pressure will be kept at or above 10 psig, the Perry containment accident pressure plus margin.  This pressure is maintained in a very small volume between the seals of each penetration module to achieve high sensitivity in leak monitoring.  Penetration pressures will be routinely inspected during plant operation to assure prompt detection of leaky penetrations.


The electrical penetration assemblies are arranged in divisional groups <Figure 8.3‑19> to maintain separation of electrical cables to comply with the single failure criterion.  Within each divisional group, separate penetrations are provided for large power cables, small power and control cables, and instrument cables.  Individual penetration modules are provided for each of the RPS trip channels.


For those Class 1E and non‑Class 1E power circuits which penetrate the containment, the power system is designed such that it will isolate faults while subjected to a single random failure of a protective device without exceeding the penetration rating.  The rating is based on established criteria in IEEE Standard 317.  For 120Vac/125Vdc loads, fault isolation is accomplished by back‑up fusing or an analysis performed to demonstrate that the available fault currents are less than the penetration conductor I2t capability.


The fault isolation is accomplished by backup fusing for 480‑volt loads and by backup protective relaying on the 15kV ATWS circuit breaker for the reactor recirculation pump motors.  <Table 8.3‑11> lists each size of penetration conductor serving 480V and 13.8kV loads by voltage class and the type of protective device used.  Note that any combination of current limiting, UL Class K5, RK5 time delay, J non‑time delay, and 


J time delay fuses are used to provide primary and secondary fault current isolation for the penetrations, connected in series with 480V loads.


Power circuit protection has been analyzed by voltage class and meets the requirements of <Regulatory Guide 1.63>.


Power circuit field cables inside containment are connected to the containment penetrations as follows:


a.
Cables 8 AWG and larger are connected to penetration pigtails by inline splices.


b.
Cables less than 8 AWG in inaccessable locations and those in harsh environments are connected to penetration pigtails by inline splices.


c.
All other cables are connected using connectors and terminal blocks.


The connections have been qualified to IEEE Standard 323‑1974.  (Also refer to <Table 8.3‑11>.)  The documentation to support the electrical penetration table calculations and the environmental qualification (LOCA or SLB environment) are on file for staff review at the Perry site.


8.3.1.4.6      Fire Detection and Protection Equipment


Fire detection and protection equipment is installed in the diesel generator rooms, control room and in areas of heavy cable concentration <Section 9.5.1>.  Fire stops are provided at cable tray penetrations through floors and fire barrier walls.


8.3.2      DC POWER SYSTEMS


8.3.2.1      Description


Five independent 125‑volt dc power systems are provided for each unit.  Each of these systems consists of a battery, one or two battery chargers, dc load center, distribution panels, and associated equipment.  The five systems are identified as follows:


a.
Non‑Class 1E 125‑volt dc system A.


b.
Non‑Class 1E 125‑volt dc system B.


c.
Class 1E Division 1, 125‑volt dc system.


d.
Class 1E Division 2, 125‑volt dc system.


e.
Class 1E Division 3, 125‑volt dc system.


8.3.2.1.1      Non‑Class 1E 125‑Volt DC Systems


Non‑Class 1E 125‑volt dc system A supplies power for the inverter associated with the vital ac system, and for instrumentation and control type loads, such as the main annunciator and the fire detection system.  Non‑Class 1E 125‑volt dc system B supplies power for loads such as motors, switchgear and transformer controls, and emergency lighting.  This equipment is located in the turbine power complex.  There is no interaction between the non‑Class 1E 125‑volt dc systems and the Class 1E 125‑volt dc systems.


If the dc batteries are the only available power source, the maintenance tie circuit breakers may be closed to allow the Unit 1 ‑ Unit 2 batteries to be paralleled.


8.3.2.1.2      Class 1E Division 1 and Division 2, 125‑Volt DC Systems


8.3.2.1.2.1      General


The Class 1E, Division 1 and Division 2, 125‑volt dc systems are two completely redundant systems.  Each is capable of supplying required dc power to associated loads needed for safe shutdown.  (No non‑Class 1E loads are supplied from a Class 1E dc system).  Each system includes a 60 cell, 1260 ampere hour battery, a 400 ampere battery charger and a load center.  The Division 1 system also includes a motor control center and a distribution panel.  The Division 2 system has two distribution panels.  In addition, 400 ampere reserve battery charger is provided for each division.  These battery chargers are located with the equipment associated with Unit 1 but can be connected to the appropriate division of either the Unit 1 or Unit 2, Class 1E, 125‑volt dc system by means of the maintenance tie buses.  No interdivisional ties are provided between the divisions associated with Unit 1 or Unit 2.  Maintenance tie buses connect only the same divisions of the two units (i.e., Unit 1, Division 1 to Unit 2, Division 1).  If the dc batteries are the only available power source, the maintenance tie circuit breakers may be closed to allow the Unit 1 ‑ Unit 2 batteries to be paralleled.


<Figure 8.3‑21> illustrates the connection of batteries, battery chargers, load centers, motor control centers, and distribution panels of the Unit 1 Class 1E, Division 1 and Division 2, 125‑volt dc systems.  Each of these systems is of the two wire, ungrounded type.


Maintenance tie bus circuit breakers are normally open.  These circuit breakers are manually operated under administrative control.  They permit isolation of the battery and normal battery charger associated with either Unit 1 or Unit 2 for purposes of maintenance or equalizing the battery.  Independence of the individual Unit 1 Class 1E, Division 1 and Division 2, 125‑volt dc system is shown by <Figure 8.3‑21>.


The reserve battery charger in each division (Unit 1 only) is supplied from the associated Unit 1 480‑volt ac system.  The Division 1 and Division 2 reserve battery chargers are supplied from different 480‑volt switchgear sections than those which supply the normal battery chargers.  Thus, a single failure in the 480‑volt ac system will not disable both battery chargers.


Batteries, battery chargers and distribution equipment for the Class 1E, Division 1 and Division 2, 125‑volt dc systems are located in separate rooms in a Seismic Category I structure <Figure 8.3‑4>.  DC system safety‑related equipment is identified in accordance with <Section 8.3.1.1.2.7> and <Table 8.3‑3>.


Each Class 1E, 125‑volt dc system is equipped with a bus undervoltage relay and a battery undervoltage relay.  Upon detection of a battery undervoltage condition, a dc system trouble alarm is activated in the control room.  Two voltage relays are also provided for each dc bus for purposes of ground fault detection.  One of these relays is connected from positive to ground; the other, from negative to ground.  These relays are set so that a ground on either the positive or negative side of the system causes a voltage imbalance across the relay coils, resulting in actuation of a dc bus ground fault alarm in the control room.


8.3.2.1.2.2      Capacity


The Class 1E, Division 1 and Division 2, 125‑volt dc systems batteries are sized to supply the required dc loads <Table 8.3‑7> for a minimum of two hours and to meet the criteria given in IEEE Standard 308 and applicable design basis listed in <Table 8.1‑2>.  Sizing of the batteries (1.75 volts/cell) also includes a design margin of 1.15 and an aging factor of 1.25.  During normal operation the battery chargers supply the continuous dc load of the associated divisions while maintaining a float charge on the batteries.  The battery chargers are 

sized to supply the continuous load of both units while simultaneously recharging the 


battery to a fully charged condition from the design minimum charge of 1.75 volts/cell within 12 hours.  Since the maintenance tie buses connect the same safety divisions of each unit, the sources (batteries and battery chargers) are sized to provide dc power under LOCA conditions in the operating unit coincident with the continuous load of the other unit.  Switching required to make the reserve battery charger available in the event of failure of the normal division battery charger would be accomplished well within the two hour time limit.


8.3.2.1.2.3      Equipment


The 125‑volt dc system and the associated loads and controls supplied by the 125‑volt dc system are designed to operate from 140‑volt dc (maximum corrected equalizing charge) to the minimum device voltage consistent with the design basis battery voltage profile and device operating time.


a.
Batteries and Battery Racks



The storage batteries are of the large stationary, lead acid type and are suitable for float service.  Cell covers are equipped with flame arresting fused alumina vents.  The battery cells are mounted on steel two step, corrosion resistant, seismically designed racks.  Rack rails and retaining rods that connect the cells are covered with plastic channels to avoid high resistance grounding due to moisture.


b.
Battery Chargers



The solid state battery chargers each have a filtered dc output for float and equalizing modes.  Battery charger input is 3 phase, 480‑volt ac power.  Each battery charger is equipped with a dc voltmeter and ammeter, high voltage relay, and low voltage relay.  Battery charger malfunctions actuate alarms in the control room.



If the Division 1 reserve battery charger is in service, the alarm system is designed so that a malfunction actuates an alarm only in the control room of the unit which the reserve battery charger is serving.  The Division 2 reserve battery charger alarms in the Unit 1 control room if it is in service for either the Unit 1 or Unit 2 battery.


c.
DC Load Centers



The dc load center for each dc system consists of a metal enclosed switchgear lineup.  One cubicle of the line contains two drawout fuses for the battery connection.  Two cubicles house the alarm relays and local metering.  The remaining cubicles contain manually operated, drawout type, two pole circuit breakers with indicating flag, cell switches, auxiliary switches, and a fault trip alarm.


d.
DC Motor Control Centers



The dc motor control centers consist of totally enclosed, free standing vertical sections.  Motor control center compartments contain combination type starters.  All combination starters include a fusible disconnect switch with dual element (time delay), Class RK‑5 fuses.


e.
DC Distribution Panels



The dc distribution panels are comprised of a metal enclosed panel assembly of dead front construction.  Individual branch feeders are two pole, fusible disconnect switches with dual element (time delay), Class RK‑5 fuses.


8.3.2.1.2.4      Charging


The emergency power system battery chargers output voltage is adjusted to the proper float or equalize values at installation, and the sensing and control features of Thyristors, power diodes, resistors, and capacitors will control the output voltage to the set point value whether the batteries are connected or disconnected from the bus.


The equalize operation may require disconnection of the batteries from the system when the battery receives an equalize voltage in excess of the 140 volts dc maximum capability of connected equipment.  The direct current voltage equipment installed on the emergency power buses have been specified and tested to withstand a high voltage of 140 volts dc.  This value is in excess of the normal equalize voltage of the battery charger.  When the battery receives an equalize voltage in excess of 140 volts, the batteries are disconnected from the bus.  In the event of faulty regulation or operator error, a high voltage relay will activate an alarm in the control room.


8.3.2.1.3      High Pressure Core Spray ‑ Division 3 ‑ Engineered Safety Features DC System


8.3.2.1.3.1      General


The objective of the Division 3, 125‑volt dc power system is to provide a continuous and independent 125‑volt dc source of control and motive power as required for HPCS system logic, HPCS diesel generator control and protection and all Division 3 related 125‑volt dc control.  A normal and a reserve battery charger are provided.  The reserve battery charger is connected to the tie bus between Units 1 and 2.  The Division 3, 125‑volt dc system is classified as Class 1E.  The system is independent of all other divisional batteries and there is no manual or automatic connection to Division 1 and Division 2 battery systems.  A manually operated maintenance tie between Unit 1 and Unit 2 Division 3 dc systems

is provided for the purpose of maintenance or equalizing the battery.  If the dc batteries are the only available power source, the maintenance tie circuit breakers may be closed to allow the Unit 1 ‑ Unit 2 batteries to be paralleled.


8.3.2.1.3.2      High Pressure Core Spray DC Loads


Division 3, 125‑volt dc power is required for HPCS diesel generator field flashing, control logic and the control and switching function of circuit breakers.  <Table 8.3‑7> lists Division 3, 125‑volt dc loads.


8.3.2.1.3.3      Battery and Battery Charger


The 125‑volt dc system for the HPCS power supply has a 60 cell, lead calcium battery (250 ampere‑hours at 8 hours), one 50 ampere battery charger, one 50 ampere reserve battery charger, and a distribution panel with molded case circuit breakers.  <Figure 8.3‑22> shows the connection of batteries, battery chargers and distribution panel (Unit 1 only).


The 125‑volt dc system equipment is designed as Class 1E in accordance with the applicable clauses of IEEE Standard 308.  It is designed so that no single failure in the system will result in conditions that prevent safe shutdown of the plant.  The plant design and circuit layout of the dc systems provide physical separation of equipment, cabling and instrumentation essential to plant safety.


As shown by <Figure 8.3‑3>, the Unit 1 battery is located with the battery chargers.  All components of the Division 3, 125‑volt dc system are housed in a Seismic Category I structure.


8.3.2.1.3.4      System Identification


<Figure 8.3‑22> shows the Unit 1 Division 3, 125‑volt dc system.  The battery feeds into the distribution panel.  The battery charger is fed from the 480‑volt ESF motor control center which is supplied by the HPCS diesel generator bus.  The Division 3, 125‑volt dc system distribution panel serves the various HPCS system dc loads.


8.3.2.1.3.5      Battery Capacity


The ampere‑hour capacity and short time rating of the Division 3 battery are in accordance with criteria given in IEEE Standard 308 and applicable design bases listed in <Table 8.1‑2>.  The battery has sufficient stored energy to operate required connected essential loads for as long as each may be needed during a loss of the ac bus supplying the battery chargers under normal or emergency conditions.  The Division 3 battery charger is capable of recharging the Division 3 battery from a fully discharged condition in eight hours while also supplying the steady‑state dc bus loads.  Capacity is large enough to cope with LOCA conditions or any other emergency shutdown.  Each distribution circuit is capable of transmitting sufficient energy to start and operate all required loads in that circuit.  The Division 3, 125‑volt battery is sized in accordance with the principles set out in IEEE Standard 308.


8.3.2.1.3.6      Charging


The normal battery charger and the reserve battery charger for the Division 3 (HPCS) dc system are each capable of carrying the normal dc system load and, at the same time, keeping the battery in a fully charged condition.  Sizing of the battery chargers satisfies IEEE Standard 308.  Equipment protection during battery charging is discussed in <Section 8.3.2.1.2.4>.


The 480‑volt ac system feeds to the Unit 1 normal and reserve battery chargers are from the HPCS motor control center to maintain functional association.  Probability of a system failure resulting in prolonged loss of dc power is extremely low.  Important system components are either self‑alarming upon failure or are capable of being tested during service to detect faults.  It is inherent in the design of the battery chargers to include diodes which will prevent the ac supply source from becoming a load on the battery if the ac input power is lost.  All abnormal conditions of selected system parameters important to surveillance of the system are annunciated in the control room.


Control power for the circuit breakers in the HPCS switchgear is supplied from the Division 3 (HPCS) battery, ensuring the following:


a.
The unlikely loss of the HPCS system will not jeopardize the supply of offsite or onsite power to other ESF buses.


b.
The differential relays and all interlocks associated with HPCS are supplied from the Division 3 (HPCS) 125‑volt dc system only.  Thereby, any cross connections between the redundant dc systems are eliminated.


8.3.2.1.4      Ventilation


Complete details of battery room and dc equipment room ventilation systems are presented in <Section 9.4.1>.  Each room is provided with an ionization type smoke detector which, upon detection of smoke, actuates an alarm in the control room.


8.3.2.1.5      Maintenance and Test


Periodic maintenance tests will be performed on the 125‑volt dc systems to determine the condition of each individual component.  Batteries will be checked for electrolyte level, specific gravity, cell voltage, and 


visual indications of deterioration.  A performance discharge test of the batteries will be conducted regularly.  Battery chargers will be visually inspected and performance tests will be conducted on a regularly scheduled basis.


General maintenance and testing procedures will be in accordance with IEEE Standard 450 (Reference 15), for Class 1E equipment as detailed in the technical specifications.


8.3.2.2      Analysis


8.3.2.2.1      Compliance with General Design Criteria and Regulatory Guides


Design of the 125‑volt dc systems for the engineered safety features provided for this plant is based upon the criteria described in IEEE Standard 308, the recommendations of <Regulatory Guide 1.32> and applicable design bases described in <Table 8.1‑2>.


The 125‑volt dc systems, including the power supply, distribution system and load groups, are arranged to provide dc electric power for control and switching of the components of Class 1E systems.


Batteries consist of industrial type storage cells designed for the type of service in which they are to be used.  Ample capacity is available to serve the loads connected to the system for the duration of the time of the designed duty cycle.  Each division of Class 1E equipment is provided with a separate 125‑volt dc system, to avoid a single failure involving more than one system.


The battery charger has enough power output capacity for the steady‑state operation of connected loads required during normal or emergency operation (whichever is larger), while maintaining the associated battery in a fully charged state.  Each battery charger 


supply has enough capacity to restore the battery from the design minimum charge to a fully charged state while supplying normal steady‑state loads.  The normal and reserve battery charger supplies are from ESF motor control and load centers of the appropriate division.  Since the dc power systems are operated ungrounded, a ground detection feature is provided.  Indicators are provided to monitor the status of the battery charger supply.  This instrumentation includes indication of output voltages, output current, battery ground status, and main circuit breaker position.  Indications and alarms of the Division 1 and Division 2 Class 1E dc power systems status are provided in <Table 8.3‑10>.  Bus undervoltage is annunciated in the control room, to meet the requirements of IEEE Standard 279, Paragraph 4.13 and <Regulatory Guide 1.47> for auxiliary systems, as discussed in <Section 7.1.2>.  Battery chargers are provided with disconnecting means and feedback protection.  Periodic tests will be performed to assure the readiness of the system to deliver the power required.


8.3.3      FIRE PROTECTION FOR CABLE SYSTEMS


A detailed description of fire detection and suppression equipment and the measures employed for the prevention and suppression of fires in electrical cables is provided in <Section 9.5.1> and in (Reference 16).


Criteria for cable derating and cable tray fill are described in <Section 8.3.1.4.3>.


Criteria for separation between redundant cable trays and the use of fire barriers are described in <Section 8.3.1.4.1.3>, <Section 8.3.1.4.1.4>, and <Section 8.3.1.4.1.5>.
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TABLE 8.3‑1


CONNECTED, AUTOMATIC AND MANUAL LOADING AND UNLOADING OF SAFETY SYSTEM SWITCHGEAR


Maximum Operating Requirements Without Offsite Power Available










Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1


Safety System Loads



Low Pressure Core Spray



Pump (1E21‑C001)
1
1,400
1,750
1,443
‑
Cont
See Note(1)
 0 sec(15)
Cont
See Note(3)


Residual Heat Removal



Pump A (1E12‑C002A)
1
729(19)
900
748
‑
Cont
See Note(1)
 5 sec
Cont
See Note(3)


Emergency Service Water



Pump A (1P45‑C001A)
1
634
800
618
20 sec
Cont
See Note(2)
20 sec
Cont
See Note(2)


Emergency Closed Cooling



Pump A (1P42‑C001A)
1
82
100
710
 0 sec
Cont
See Note(3)
 0 sec
Cont
See Note(3)


Low Pressure Core Spray



and Residual Heat



Removal A



Water Leg Pump (1E21‑C002)
1
5
5
46
‑(8)
Cont
See Note(1)
-(8)
Cont
See Note(1)


Reactor Core Isolation



Cooling Water Leg Pump



(1E51‑C003)
1
5
5
46
‑(8)
Cont
See Note(1)
-(8)
Cont
See Note(1)


Standby Liquid Control



Pump A (1C41‑C001A)
1
33
40
256
‑
Cont
See Note(1)
-
Cont
See Note(1)


Fuel Pool Cooling and



Circulating Water



Pump A (0G41‑C003A)
1
162
200
1,450
‑(8)
Cont
See Note(1)
-(8)
Cont
See Note(1)


Diesel Room Supply Fans



(1M43‑C001A)(1M43‑C002A)
2
82
50
376(7)
 0 sec
Cont
See Note(3)(2)
 0 sec
Cont
See Note(3)(2)



Residual Heat Removal A



Pump Room Cooling Fan



(1M39‑B001A)
1
17
20
130
‑
Cont
See Note(2)
 5 sec
Cont
See Note(2)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1 (Continued)

Safety System Loads (Continued)



Low Pressure Core Spray



Pump Room Cooling Fan



(1M39‑B006)
1
17
20
130
‑
Cont
See Note(2)
 0 sec(15)
Cont
See Note(2)


Annulus Exhaust Fan A



(1M15‑C001A)
1
13
15
105
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(3)


Annulus Exhaust System



Heating Coil A (1M15‑D001A)
1
20
‑
‑
‑
Cycles
See Note(1)
 0 sec
Cycles
See Note(3)


Control Room Supply



Fan A (0M25‑C001A)
1
49
60
436
 0 sec
Cont
See Note(3)
 0 sec
Cont
See Note(3)


Control Complex Chiller A



(0P47‑B001A)
1
580
‑
540
81 sec
Cont
See Note(3)(13)
81 sec
Cont
See Note(3)(13)


Control Complex Chiller A



Oil Pump (0P47‑C5011A)
1
2
1.5
13.4
53 sec
Cont
See Note(3)
53 sec
Cont
See Note(3)


Control Complex Chilled



Water Pump A (0P47‑C001A)
1
82
100
710
35 sec
Cont
See Note(3)
35 sec
Cont
See Note(3)


Control Room Return Fan A



(0M25‑C002A)
1
49
60
436
‑
Cont
See Note(3)
‑
‑
See Note(3)


Control Room Recirculation



Fan A (0M26‑C001A)
1
82(23)
100
710(23)
 0 sec
Cont
See Note(3)
 0 sec
Cont
See Note(1)(3)


Control Room Emergency



Recirculation A Electric



Heating Coil (0M26‑D001A)
1
100
‑
‑
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(3)


Battery Room Exhaust



Fan A (0M24‑C001A)
1
9
10
80.3
15 sec
Cont
See Note(3)
15 sec
Cont
See Note(3)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1 (Continued)

Safety System Loads (Continued)



Motor Control Center,



Switchgear, and Battery



Room Supply Fan A



(0M23‑C001A)
1
81
100
660
25 sec
Cont
See Note(3)(2)
25 sec
Cont
See Note(2)


Motor Control Center and



Switchgear Room Return



Fan A (0M23‑C002A)
1
81
100
660
25 sec
Cont
See Note(3)
25 sec
Cont
See Note(3)


Emergency Closed Cooling



Pump Area Cooling Fan A



(0M28‑B001A)
1
17
20
130
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(2)


Offgas Building Vent



Fan A (1M36‑C001A)
1
33
40
255
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(2)


Fuel Handling Building



Supply Fan A (0M40‑C001A)
1
25
30
210
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building



Exhaust Fan A (0M40‑C002A)
1
33
40
255
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building



Exhaust Fan C (OM40‑C002C)
1
33
40
255
‑(8)
Cont
See Note(1)(11)
‑(8)
Cont
See Note(11)(1)


Fuel Handling Building



Exhaust Fan A Heating



Coil (0M40‑D001A)
1
50
‑
‑
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building



Exhaust Fan C Heating



Coil (0M40‑D001C)
1
50
‑
‑
‑(8)
Cont
See Note(11)
‑(8)
Cont
See Note(11)(1)


Reactor Core Isolation



Cooling Pump Room Cooling



Fan (1M39‑B004)
1
5
5
42.7
‑
Cont
See Note(1)
 0 sec
Cont
See Note(2)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1 (Continued)

Safety System Loads (Continued)



Emergency Service Water



Pumphouse Vent Supply



Fan A (1M32‑C001A)
1
25
30
290
20 sec
Cont
See Note(2)
20 sec
Cont
See Note(2)


Emergency Service Water



Pumphouse Intake Screen



Wash Pump A (0P49‑C002A)
1
41
50
362
‑
Cont
See Note(1)(5)
 0 sec
Cont
See Note(3)


Emergency Service Water



Pumphouse Traveling



Screen A (0P49‑D001A)
1
14
15
103
‑
Cont
See Note(1)(5)
 0 sec
Cont
See Note(3)


Emergency Service Water



Suction Sluice Gate A



(0P45‑D004A)
1
1
1
16
-
-
See Note(28)
-
-
See Note(28)


Diesel Generator Fuel Oil


Transfer Pump (1R45‑C001A)
1
12
15
116
12 min
Cycles(6)
See Note(2)
12 min
Cycles(6)
See Note(2)


Diesel Generator Fuel



Oil Transfer Backup Pump



(1R45‑C002A)
1
12
15
116
12 min
Cycles(6)
See Note(2)(14)
12 min
Cycles(6)
See Note(2)(14)


Diesel Generator Jacket



Water Keep Warm Pump



(1R46‑C005A)
1
3
3
32
‑
‑
See Note(12)
‑
‑
See Note(12)


Diesel Generator Jacket



Water Keep Warm Heater



(1R46‑D006A)
1
75
‑
‑
‑
‑
See Note(10)
‑
‑
See Note(10)


Diesel Generator Lube Oil



Keep Warm Pump (1R47‑C002A)
1
13
15
116
‑
‑
See Note(12)
‑
‑
See Note(12)


Diesel Generator Lube Oil


Keep Warm Heater (1R47‑D004A)
1
50
‑
‑
‑
‑
See Note(10)
‑
‑
See Note(10)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1 (Continued)

Safety System Loads (Continued)



125‑Volt DC Battery



Charger (1R42‑S006)
1
50
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


125‑Volt DC Reserve



Battery Charger (0R42‑S007)
1
50
‑
‑
‑
-
See Note(1)
‑
-
See Note(1)


Hydrogen Recombiner A



(1M51‑D001A)
1
75
‑
‑
‑
-
See Note(1)
‑
Cont
See Note(1)


Hydrogen Mixing



Compressor A (1M51‑C001A)
1
53
60
614
‑
-
See Note(1)
‑
Cont
See Note(1)


Emergency Service Water



Screen Wash Pump Discharge



Strainer A (0P49‑D003A)
1
1
.5
14.5
‑
Cont
See Note(1)(2)(5)
‑
‑
See Note(3)


Radiation Monitors




(1D19-P300, 1D19-P400, 2D19-P300)
3
10
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


Distribution Transformers(24)
5
36
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


Hydrogen Analyzer Control



Panel (1H51‑P022A)
1
1
1
‑
‑
-
See Note(1)
10 min
Cont
See Note(1)


Hydrogen Igniter



Transformer (1M56‑S201)
1
15
‑
‑
‑
-
See Note(1)
10 min
Cont
See Note(1)


Standby Liquid Control



System Transfer Pump



(0C41‑C002A)
1
5
5
46
‑
Cycles
See Note(1)(14)
‑
‑
See Note(1)(14)


Anticipated Transient With



Scram Uninterruptible Power



Supply (1R14‑S012)
1
8
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


Motor Operated Valves
‑(17)
‑(17)
‑(17)
‑(17)
‑(17)
30 sec
See Note(17)
‑(17)
30 sec
See Note(17)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 1 (Continued)

Safety System Loads (Continued)



Containment Isolation
2
1
.3(7)
‑
‑
30 sec
See Note(1)
‑
30 sec
See Note(1)


Valves (1D17-F071A, ‑F081A)



Emergency Closed Cooling System
1
1
.125
2.58
 0 sec
Cont
See Note(1)(2)(5)
 0 sec
Cont
See Note(1)(2)(5)


Temperature Control Valve



(1P42-F665A)


Nonsafety Feature Loads



Nuclear Closed Cooling



Pump A (0P43‑C001A)
1
553
700
585
 0 sec
Cont
See Note(3)
‑
‑
‑



Control Rod Drive Pump A



(1C11‑C001A)
1
324
400
312
‑
Cont
See Note(1)
‑
‑
‑



Control Room Lighting



Transformer (1R71‑S083)
1
45
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
See Note(3)







 Loss of Offsite Power (LOOP)





Time Sequence
Loss of Offsite Power (LOOP)
Loss‑of‑Coolant Accident (LOCA)


Cont.
Cyclic
Cont.
Cyclic

Subtotal, kW per Time Sequence
0 sec
1,031.4
0
1,899.2
55.1



5 sec
0
0
745.7
0



15 sec
9.0
0
9.0
0



20 sec
658.9
0
658.9
0



25 sec
161.3
0
161.3
0



35 sec
82.0
0
82.0
0



53 sec
1.6
0
1.6
0



81 sec
580.0
0
580.0
0



10 min
0
0
0
0




12 min
0
12.4
0
12.4



20 min
0
0
0
0

Total Automatic Continuous Load(21)
2,524.2

4,137.7

Total Automatic Cyclic Load(17)(21)


12.4

67.5

Total Automatic Load(21)

2,536.6

4,205.2

Total Manual Load(21)
566.7

1,403.5

Total Load (Auto & Manual)(21)
3,103.3

5,608.7


TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 

Safety System Loads



Residual Heat Removal



Pump B (1E12‑C002B)
1
729(19)
900
748
‑
Cont
See Note(1)
 5 sec
Cont
See Note(3)


Residual Heat Removal



Pump C (1E12‑C002C)
1
729(19)
900
748
‑
Cont
See Note(1)
 0 sec
Cont
See Note(3)


Emergency Service Water



Pump B (1P45‑C001B)
1
634
800
618
20 sec
Cont
See Note(2)
20 sec
Cont
See Note(2)


Emergency Closed Cooling



Pump B (1P42‑C001B)
1
82
100
710
 0 sec
Cont
See Note(3)
 0 sec
Cont
See Note(3)


Residual Heat Removal B



and C Water Leg Pump 


(1E12‑C003)
1
5
5
46
-(8)
Cont
See Note(1)
-(8)
Cont
See Note(1)


Standby Liquid Control



Pump B (1C41‑C001B)
1
33
40
256
‑
Cont
See Note(1)
‑
Cont
See Note(1)


Fuel Pool Cooling and



Circulating Water Pump B



(0G41‑C003B)
1
162
200
1,450
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Diesel Room Supply Fans



(1M43‑C001B) & (1M43‑C002B)
2
82
50
376(7)
 0 sec
Cont
See Note(3)(2)
 0 sec
Cont
See Note(2)(3)


Emergency Service Water



Screen Wash Pump Discharge



Strainer B (0P49‑D003B)
1
1
.5
14.5
‑
Cont
See Note(1)(2)(5)
‑
‑
See Note(3)


Residual Heat Removal B Pump


Room Cooling Fan (1M39‑B001B)
1
17
20
130
‑
Cont
See Note(2)
 5 sec
Cont
See Note(2)


Residual Heat Removal



Pump C Room Cooling Fan



(1M39‑B002)
1
17
20
130
‑
Cont
See Note(2)
 0 sec
Cont
See Note(2)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Safety System Loads (Continued)



Annulus Exhaust Fan B



(1M15‑C001B)
1
13
15
105
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(3)


Annulus Exhaust System



Heating Coil B (1M15‑D001B)
1
20
‑
‑
‑
Cycles
See Note(1)
 0 sec
Cycles
See Note(3)


Control Room Supply Fan B



(0M25‑C001B)
1
49
60
436
 0 sec
Cont
See Note(3)(2)
 0 sec
Cont
See Note(3)


Control Complex Chiller B



(0P47‑B001B)
1
580
‑
540
81 sec
Cont
See Note(3)(13)
81 sec
Cont
See Note(3)(13)


Control Complex Chiller B



Oil Pump (0P47‑C5011B)
1
2
1.5
13.4
53 sec
Cont
See Note(3)
53 sec
Cont
See Note(3)


Control Complex Chilled



Water Pump B (0P47‑C001B)
1
82
100
710
35 sec
Cont
See Note(3)
35 sec
Cont
See Note(3)


Control Room Return Fan B



(0M25‑C002B)
1
49
60
436
‑
Cont
See Note(1)(3)
‑
‑
See Note(3)


Control Room Recirculation



Fan B (0M26-C001B)
1
82(23)
100
710(23)
 0 sec
Cont
See Note(3)
 0 sec
Cont
See Note(1)(3)


Control Room Emergency



Recirculation B Electric



Heating Coil (0M26‑D001B)
1
100
‑
‑
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(3)


Battery Room Exhaust



Fan B (0M24‑C001B)
1
9
10
80.3
15 sec
Cont
See Note(3)
15 sec
Cont
See Note(3)


Motor Control Center,



Switchgear, and Battery



Room Supply Fan B 


(0M23‑C001B)
1
82
100
710
25 sec
Cont
See Note(3)
25 sec
Cont
See Note(2)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Safety System Loads (Continued)



Motor Control Center and



Switchgear Room Return



Fan B (0M23‑C002B)
1
81
100
660
25 sec
Cont
See Note(3)
25 sec
Cont
See Note(3)


Emergency Closed Cooling



Pump Area Cooling Fan B



(0M28‑B001B)
1
17
20
130
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(2)


Offgas Building Vent



Fan B (1M36‑C001B)
1
33
40
255
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(2)


Fuel Handling Building



Supply Fan B (0M40‑C001B)
1
25
30
210
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building



Exhaust Fan B (0M40‑C002B)
1
33
40
255
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building



Exhaust Fan C (0M40‑C002C)
1
33
40
255
‑(8)
Cont
See Note(1)(11)
‑(8)
Cont
See Note(11)(1)


Fuel Handling Building Exhaust


Fan B Heating Coil (0M40‑D001B)
1
50
‑
‑
‑(8)
Cont
See Note(1)
‑(8)
Cont
See Note(1)


Fuel Handling Building Exhaust


Fan C Heating Coil (0M40‑D001C)
1
50
‑
‑
‑(8)
Cont
See Note(1)(11)
‑(8)
Cont
See Note(11)(1)


Emergency Service Water Pumphouse


 Vent Supply Fan B (1M32‑C001B)
1
25
30
290
20 sec
Cont
See Note(2)
20 sec
Cont
See Note(2)


Emergency Service Water



Pumphouse Intake Screen



Wash Pump B (0P49‑C002B)
1
41
50
362
‑
Cont
See Note(1)(5)
 0 sec
Cont
See Note(3)


Emergency Service Water



Pumphouse Traveling



Screen B (0P49‑D001B)
1
14
15
103
‑
Cont
See Note(1)(5)
 0 sec
Cont
See Note(3)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Safety System Loads (Continued)



Emergency Service Water



Suction Sluice Gate B



(0P45‑D004B)
1
1
1
16
-
-
See Note(28)
-
-
See Note(28)


Diesel Generator Fuel Oil



Transfer Pump (1R45‑C001B)
1
12
15
116
12 min
Cycles(6)
See Note(2)
12 min
Cycles(6)
See Note(2)


Diesel Generator Fuel Oil



Transfer Backup Pump



(1R45‑C002B)
1
12
15
116
12 min
Cycles(6)
See Note(2)(14)
12 min
Cycles(6)
See Note(2)(14)


Diesel Generator Jacket



Water Keep Warm Pump



(1R46‑C005B)
1
3
3
32
‑
‑
See Note(12)
‑
‑
See Note(12)


Diesel Generator Jacket



Water Keep Warm Heater



(1R46‑D006B)
1
75
‑
‑
‑
‑
See Note(10)
‑
‑
See Note(10)


Diesel Generator Lube Oil



Keep Warm Pump (1R47‑C002B)
1
13
15
116
‑
‑
See Note(12)
‑
‑
See Note(12)


Diesel Generator Lube



Oil Keep Warm Heater



(1R47‑D004B)
1
50
‑
‑
‑
‑
See Note(10)
‑
‑
See Note(10)


125‑Volt DC Battery



Charger (1R42‑S008)
1
50
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


125‑Volt DC Reserve



Battery Charger (0R42‑S009)
1
50
‑
‑
‑
-
See Note(1)
‑
-
See Note(1)


Hydrogen Recombiner B



(1M51‑D001B)
1
75
‑
‑
‑
-
See Note(1)
‑
Cont
See Note(1)


Hydrogen Mixing



Compressor B (1M51‑C001B)
1
53
60
614
‑
-
See Note(1)
‑
Cont
See Note(1)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Safety System Loads (Continued)



Radiation Monitors



(1D19‑P500)
1
3
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


Hydrogen Igniter



Transformer (1M56‑S202)
1
15
‑
‑
‑
-
See Note(1)
10 min
Cont
See Note(1)


Hydrogen Igniter Control



Panel (1H51‑P022B)
1
1
1
‑
‑
‑
See Note(1)
10 min
Cont
See Note(1)


ATWS Uninterruptible Power



Supply (1R14‑S013)
1
8
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


SLCS Transfer Pump



(0C41‑C002B)
1
5
5
46
‑
Cycles
See Note(1)(14)
‑
‑
See Note(1)(14)


Motor Operated Valves
‑(17)
‑(17)
‑(17)
‑(17)
‑(17)
30 sec
See Note(17)
‑(17)
30 sec
See Note(17)


Containment Isolation
2
1
.3
‑
‑
30 sec
See Note(1)
‑
30 sec
See Note(1)


Valves (1D17-F071B, ‑F081B)



Distribution Transformers(24)
5
37
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


Emergency Closed Cooling



Temperature Control Valve
1
1
.125
2.58
 0 sec
Cont
See Note(1)(2)(5)
 0 sec
Cont
See Note(1)(2)(5)


(1P42-F665B)


Nonsafety System Loads



Nuclear Closed Cooling



Pump B (0P43‑C001B)
1
553
700
585
 0 sec
Cont
See Note(3)(2)
‑
‑
‑



Control Rod Drive Pump B



(1C11‑C001B)
1
324
400
312
‑
‑
See Note(1)
‑
‑
‑


TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Nonsafety System Loads



Service Water Pump B



(0P41‑C001B)
1
780
1,000
794
17 sec
Cont
See Note(3)(2)
‑
‑
‑



Standby Liquid Control



Operating Heater



(1C41‑D002)
1
10
‑
‑
 0 sec
Cont
See Note(2)
‑
‑
‑



Hydrogen Main Seal Oil



Pump (1N42‑C001)
1
16
20
145
 0 sec
Cont
See Note(1)
‑
‑
‑



Hydrogen Recirculating



Seal Oil Pump (1N42‑C002)
1
7
7.5
63.5
 0 sec
Cont
See Note(1)
‑
‑
‑



Hydrogen Seal Oil Vapor



Extractor (1N42‑C004)
1
2
2
25
 0 sec
Cont
See Note(1)
‑
‑
‑



Turbine Turning Gear



Motor (1N39‑C002)
1
51
60
435
30 sec
Cont
See Note(2)
‑
‑
‑



Turbine Turning Gear



Piggy Back Motor



(1N39‑C001)
1
10
10
94
 0 sec
Cont
See Note(2)
‑
‑
‑



Turbine Bearing



Lift Pumps(24)
9
47
5
46(7)
 0 sec
Cont
See Note(2)
‑
‑
‑



Turbine Lube Oil Motor



Suction Pump (1N34‑C006)
1
39
50
363
 0 sec
Cont
See Note(2)
‑
‑
‑



Turbine Turning Gear Oil



Pump (1N34‑C008)
1
39
50
363
 0 sec
Cont
See Note(2)
‑
‑
‑



Reactor Feedwater Pump



Turbine A Turning Gear



(1N27‑C009A)
1
2
1.5
23.4
 0 sec
Cont
See Note(2)
‑
‑
‑


TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Nonsafety System Loads



Reactor Feedwater Pump



Turbine B Turning Gear



(1N27‑C009B)
1
2
1.5
23.4
 0 sec
Cont
See Note(2)
‑
‑
-


Diesel Generator Starting



Air Compressors



(1R44‑C001A,B)



(1R44‑C002A,B)
4
99
30
217(7)
10 min
Cycles
See Note(2)
‑
‑
-


Diesel Generator Starting



Air Aftercoolers



(1R44‑B001A,B)



(1R44‑B002A,B)
4
4
1
15(7)
10 min
Cycles
See Note(2)
‑
‑
-


Reactor Protection System



Set A Motor Generator



(1C71‑S001A)
1
25
25
351
‑
Cont
See Note(1)
‑
‑
-


Reactor Water Cleanup



Pumps (1G33‑C001A,B)
2
85
60
362(7)
‑
Cont
See Note(1)
‑
‑
-


Lower Drywell Cooling



Fans (1M13‑C001A,B)
2
100
60
435(7)
 0 sec
Cont
See Note(2)
‑
‑
-


Middle Drywell Cooling



Fans (1M13‑C003A,B)
2
100
60
435(7)
 0 sec
Cont
See Note(2)
‑
‑
-


Upper Drywell Cooling



Fans (1M13‑C002A,B)
2
100
60
435(7)
 0 sec
Cont
See Note(2)
‑
‑
-


Diesel Driven Fire



Pump A Fan (0M46‑C009A)
1
7
7.5
63.5
 0 sec
Cont
See Note(2)
‑
‑
-


Local Rad. Monitoring &



Misc. Control Panels(24)
17
43
‑
‑
‑
Cont
See Note(1)
‑
‑
-

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Nonsafety System Loads



125‑Volt DC System A



Battery Charger



(1R42‑S005)
1
75
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



125‑Volt DC System A



Reserve Battery Charger



(0R42‑S026)
1
75
‑
‑
‑
-
See Note(1)
‑
‑
‑



125‑Volt DC System B



Battery Charger



(1R42‑S019)
1
38
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



Essential Lighting(24)
17
465
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



Vital AC Distribution



System Alternate Supply



Transformer (1R14‑S007)
1
50
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



Distribution Panel



Transformers(24)
7
104
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



SLCS Mixing Tank



(0C41‑C003)
1
2
2
5.3
‑
Cont
See Note(1)
‑
‑
‑



SLCS Transfer Tank



Immersion Heater



(0C41‑D010)
1
48
‑
‑
‑
Cycles
See Note(1)
‑
‑
‑



Drywell Floor Drains Sump



Pump (1P87‑C001)
1
4
5
43
‑
Cycles
See Note(1)
‑
‑
‑



Suppression Pool Sample



Pump (1P87‑C002)
1
4
5
43
‑
Cont
See Note(1)
‑
‑
‑



RCIC Testable Check Valve



Pump (1E51‑C005)
1
8
10
81
‑
Cont
See Note(1)
‑
‑
‑
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Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 2 (Continued)

Nonsafety System Loads



Pit Sump Pump (0G60‑C002)
1
2
1.5
24.6
 0 sec
Cycles
See Note(2)
‑
‑
‑



Refueling Platform



(1F15‑E003)
1
16
16
101.5
‑
-
See Note(1)
‑
‑
‑



CC Elevator (0L51‑E009)
1
24
30
100
‑
Cycles
See Note(1)
‑
‑
‑



Underdrain Backup Pump



(0P72‑C002A)
1
8
5
50
 0 sec
Cont
See Note(2)
‑
‑
‑



Fuel Pool Receptacle
1
6
‑
‑
 0 sec
Cont
See Note(4)
‑
‑
‑



Transmission Station
1
300
‑
4,320
 0 sec
Cont
See Note(2)
‑
‑
‑



TSC & SB AHU/Cond.(24)
11
480.7
‑
2,623
 0 sec
Cycles
See Note(2)
‑
‑
‑



TSC & SB Heaters(24)
8
112
‑
843
‑
Cycles
See Note(1)(2)
‑
‑
‑



Telephone System Battery



Charger (2R55‑S003 & 1R55-S003)
2
25(25)
‑
‑
 0 sec
Cont
See Note(2)
‑
‑
‑



TSC UPS Isolation



Transformer (1R15‑S003)
1
150
‑
3,600
 0 sec
Cont
See Note(4)
‑
‑
‑



Clearwell Pump A



(0P20‑C001A)
1
20
25
201
 0 sec
Cont
See Note(2)
‑
‑
‑



Motor Operated Valves
‑(17)
‑(17)
‑(17)
‑(17)
‑(17)
30 sec
See Note(17)
‑
‑
‑



CRD Aux Lube Oil Pump A,B



(1C11‑C002A,B)
2
2
0.33
4.2(7)
‑
‑
See Note(1)
‑
‑
‑


Security Lighting Transformer



(OR71‑S0132)
1
131
-
164.7
 0 sec
Cont
See Note(4)
-
-
-


Electrical Panel


(1H51-P00857)
1
1
-
2
 0 sec
Cont
See Note(4)
-
-
-


TABLE 8.3‑1 (Continued)








 Loss of Offsite Power (LOOP)





Time Sequence
Loss of Offsite Power (LOOP)
Loss‑of‑Coolant Accident (LOCA)


Cont.
Cyclic
Cont.
Cyclic

Subtotal, kW per Time Sequence
0 sec
1,174.2
81.0
1,153.6
0




5 sec
0
0
745.7
0




15 sec
8.6
0
8.6
0




17 sec
780.4
0
0
0




20 sec
658.9
0
658.9
0




25 sec
162.7
0
162.7
0




30 sec
51.0
0
0
0




35 sec
82.0
0
82.0
0




53 min
1.6
0
1.6
0




81 min
580.0
0
580.0
0




10 min
0
103.1
0
0




12 min
0
12.4
0
12.4




20 min
0
0
0
0


Total Automatic Continuous Load(21)
3,625.0

3,518.6


Total Automatic Cyclic Load(17)(21)


196.5

12.4

Total Automatic Load(21)
3,821.5


3,531.0


Total Manual Load(21)
2,985.0

3,226.7

Total Load (Auto & Manual)(21)
6,806.5

6,757.7










Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 3


Safety System Loads



High Pressure Core Spray



Pump (1E22‑C001)
1
2,397(19)
3,000
2,418
 0 sec(2)
Cont
See Note(2)
 0 sec(18)
Cont
See Note(3)


High Pressure Core Spray



Emergency Service Water


  Pump (1P45‑C002)
1
63
75
557
33 sec
Cont
See Note(2)
33 sec
Cont
See Note(2)


High Pressure Core Spray



Water Leg Pump (1E22‑C003)
1
5
5
46
 0 sec(8)
Cont
See Note(1)
 0 sec(8)
Cont
See Note(1)


High Pressure Core Spray



Pump Room Cooling Fan



(1M39‑B003)
1
17
20
130
 0 sec(2)
Cont
See Note(1)(2)
 0 sec(18)
Cont
See Note(2)
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Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 3 (Continued)

Safety System Loads (Continued)



High Pressure Core Spray



Diesel Generator Room



Fan (1M43‑COO2C)
1
41
50
376
 0 sec
Cont
See Note(2)
 0 sec
Cont
See Note(2)


High Pressure Core Spray



Diesel Generator Fuel Oil



Transfer Pump (1R45‑C001C)
1
12
15
116
40 min
Cycles(6)
See Note(2)
40 min
Cycles(6)
See Note(2)


High Pressure Core Spray



Diesel Generator Fuel Oil



Transfer Backup Pump



(1R45‑C002C)
1
12
15
116
40 min
Cycles(6)
See Note(2)(14)
40 min
Cycles(6)
See Note(2)(14)


125‑Volt DC Battery



Charger (1E22‑S006)
1
25
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)


High Pressure Core Spray



Diesel Generator Room Fan



(1M43‑C001C)
1
41
50
376
10 sec
Cont
See Note(2)
10 sec
Cont
See Note(2)


125‑Volt DC Reserve Battery



Charger (0R42‑S011)
1
25
‑
‑
‑
-
See Note(1)
‑
-
See Note(1)


Motor Operated Valves
-(17)
-(17)
-(17)
-(17)
-(17)
30 sec
See Note(17)
-(17)
30 sec
See Note(17)


High Pressure Core Spray



Diesel Generator Jacket



Water Heater (1E22‑D010)
1
15
‑
‑
‑
-
See Note(3)(10)
‑
‑
See Note(3)(10)


High Pressure Core Spray



Diesel Generator Space



Heater (1E22‑D011)
1
2
‑
‑
-(8)
-
See Note(3)(10)
‑
‑
See Note(3)(10)


Distribution Transformers



(1R25-S0029, 1R25-S0100)
2
17
‑
‑
 0 sec
Cont
See Note(4)
 0 sec
Cont
See Note(4)

TABLE 8.3‑1 (Continued)











Loss of Offsite Power (LOOP) &



Loss of Offsite Power (LOOP)
Loss-of-Coolant Accident (LOCA)



Number
Inrush
(9)(22)
Req’d
(9) (22)
Req’d




on
kW(16)
HP
Current
Time of
Running
Type of
Time of
Running
Type of


Equipment Description

Bus


Total

 Each

(Amperes)

Start


Time

Control


Start


Time

Control

Unit 1, Division 3 (Continued)

Safety System Loads (Continued)



High Pressure Core Spray



Diesel Generator Lube Oil



Circulating Pump



(1E22‑C007)
1
1
1
‑
-(8)
Cont
See Note(3)(10)
‑
‑
See Note(3)(10)


High Pressure Core Spray



Diesel Generator Starting



Air Compressor (1E22‑C004A)
1
9
10
80
 0 sec
Cycles
See Note(2)
‑
‑
See Note(3)


High Pressure Core Spray



Diesel Generator Starting



Air Compressor (1E22‑C004B)
1
9
10
84
 0 sec
Cycles
See Note(2)
‑
‑
See Note(3)







 Loss of Offsite Power (LOOP)





Time Sequence
Loss of Offsite Power (LOOP)
Loss‑of‑Coolant Accident (LOCA)


Cont.
Cyclic
Cont.
Cyclic

Subtotal, kW per Time Sequence
0 sec
2,454.3
17.3
2,454.3
0




10 sec
40.8
---
40.8
---




33 min
63.3
---
63.3
---




40 min
0
0
0
0


Total Automatic Continuous Load(21)
2,558.4
17.3
2,558.4


Total Automatic Cyclic Load(17)(21)



2,558.4

Total Automatic Load(21)

2,575.7


Total Manual Load(21)

62.6
58.9


Total Load (Auto & Manual)(21)
2,638.3

2,617.3


NOTES:


(1)
Type of control ‑ equipment energized manually.


(2)
Type of control ‑ equipment started automatically with associated equipment, instruments.


(3
Type of control ‑ equipment started or stopped automatically by LOCA signal, LOOP signal or high radiation signal.


(4)
Type of control ‑ equipment continuously energized; requires no manual or automatic operation.


(5)
This load is conservatively considered to be continuous.  Under Loop conditions the load may be manually cycled.


(6)
Cycles based on the time necessary to fill the fuel oil tank and deplete the supply in the tank.

(7)
Average value.


TABLE 8.3‑1 (Continued)


NOTES:  (Continued)


(8)
Manually operated load considered capable of starting at 0 seconds post‑LOOP or LOOP/LOCA.  Load kW included in 0 second Continuous Load Totals.


(9)
Zero seconds (0 sec) is the time that the 4.16 kV bus voltage is available after the diesel generator breaker closes.  The time period from diesel generator breaker to zero seconds includes undervoltage relay and auxiliary relay pickup and dropout items.  Load center transformers, which are not load shed, are energized immediately after diesel generator breaker closure.  Non‑safety stub bus loads will also restart following manual restoration of the stub bus post LOCA.  These loads are identified in calculations maintained by engineering and are included in the kW load totals, manually restored loads are considered to have a 20‑minute start time to account for operator response time.

(10)
For each diesel generator, the jacket water and lube oil keep warm heaters, and the Div. 3 lube oil circ. pump and space heater are prevented from operating in the event of a LOOP and/or a LOCA signal.


(11)
Fuel Handling Building Exhaust Fan C and Fan C Heating Coil are shown in Div. 1 and Div. 2 summaries but are key interlocked to be connected to only one division at a time.


(12)
For each diesel generator, the jacket water and lube oil keep warm circulating pumps are prevented from operating when the diesel generator is running at rated speed.


(13)
If chiller was running at time of accident, then restart time will be 150 seconds.


(14)
Not required, but can be used.


(15)
Time of start is 15 sec during a LOCA only, and 0 sec during a simultaneous LOOP and LOCA.


(16)
Rounded to the nearest whole number.


(17)
Motor‑Operated Valve (MOV) loads are cyclic and have widely varied post‑LOOP and/or LOCA starting times.  They are assumed to cycle for only the first 30 seconds post‑LOOP and/or LOCA as required.  They are not included in the net total load values due to the combined affect of their short operation period and their less than cyclic frequency of operation.

(18)
Time of start is 10 sec during a LOCA only, and 0 sec during a simultaneous LOOP and LOCA.


(19)
Actual test data has shown that the high pressure core spray and RHR pump loads at rated conditions are less than 2,330 and 725 kW respectively.


(20)
(Deleted)


(21)
These totals were obtained from calculations which are maintained by Engineering.


(22)
The start time is a nominal value.  Tolerance of the timing relays which control the equipment is indicated in the Master Setpoint List or General Electric instruction.


(23)
kW, and Inrush values are "worst case" (maximum) values, based on data from both the Reliance Electric and Westinghouse motors approved for use.


(24)
Equipment numbers of this load are shown in calculation which is maintained by Engineering.


(25)
Telephone system battery chargers 1R55‑S003 and 2R55‑S003 share the telephone system load equally.  Therefore, only one equipment load is included in the total kW and Full Load Current columns.


(26)
Consistent with USAR <Section 8.3.1.1.3.2.a>, the RHR Pump “A” and “B” motors (1E12-C002A and 1E12‑C002B) represent the only diesel generator Division 1 and Division 2 block loads that require load sequence times (set @ 5 seconds).


(27)
“‑” represents a manual load or a load which is not required to operate during a LOOP or a LOCA.  The system operating characteristics were not considered.


(28)
Not required for LOOP or LOOP/LOCA.  Functions upon loss of intake tunnel which is not postulated to occur with other events.


TABLE 8.3‑2


CLASS 1E EQUIPMENT CAPACITIES


Equipment









Capacity


4.16 kV Switchgear



Buses EH11, EH12




2,000 A, continuous rating; 350 mVA, interrupting



Bus EH13






1,200 A, continuous rating; 350 mVA, interrupting



Incoming Breakers (preferred


1,200 A, continuous rating;



source)






350 mVA, interrupting



Feeder Breakers




1,200 A, continuous rating; 350 mVA, interrupting



Incoming Breaker (alternate


2,000 A, continuous rating;



source)






350 mVA, interrupting



Standby Diesel Generator Breakers

2,000 A, continuous rating; 350 mVA, interrupting



HPCS Diesel Generator Breaker


1,200 A, continuous rating; 350 mVA, interrupting


TABLE 8.3‑2 (Continued)


Equipment









Capacity


480‑Volt Unit Load Center Substation



Transformers




Division 1 and Division 2

1,500/2,000 kVA (AA, FA rating) 3 phase, 60 Hz, 4.16 kV/480 volt




Division 3




300 kVA (AA rating), 3 phase, 60 Hz, 4.16 kV/480 volt



Buses, Division 1 and Division 2

3,000 A, continuous rating



Supply Breakers




3,000 A, continuous rating; 65,000 A, interrupting



Tie Breakers





1,600 A, continuous rating; 50,000 A, interrupting


480‑Volt Motor Control Centers



Horizontal Bus





600 A, continuous rating; 42,000 A, rms symmetrical



Vertical Bus





400 A, continuous rating


TABLE 8.3‑2 (Continued)


Equipment









Capacity


480‑Volt Motor Control Centers (Continued)



Fused Disconnect Switches


Class K5 or RK‑5 fuses, 200,000 A interrupting; switches rated 30 A to 200 A


Distribution Panels



120‑Volt AC Panels




Lugs only; mounted in 480 volt motor control center; 10,000 A, rms symmetrical; molded case load breakers



125‑Volt DC Panels




600 A, continuous rating; 50,000 A, short circuit rating Class L, K5 or RK‑5 fuses, 200,000 A, interrupting


TABLE 8.3‑3


SAFETY‑RELATED EQUIPMENT


IDENTIFICATION







Division Marker


Separation


  Color/Letter


_Category 


      Color    

System


Division 1


Yellow/Black

ESF Division 1, reactor protection system Channel A, and equipment fed directly from Division 1 buses.


Division 2


Blue (Med.)/

ESF Division 2, reactor







White(1)


protection system Channel B, and equipment fed directly from Division 2 buses.


Division 3


Green (Med.)/

ESF Division 3, reactor







White(1)


protection system Channel C, and equipment fed directly from Division 3 buses.


Division 4


Orange/Black

ESF Division 4 and reactor protection system Channel D.


Non-divisional


White/Black

Non‑Class 1E.


NOTE:


(1)
Black letters may be used where that color contrast provides better visibility.


TABLE 8.3‑4


DIESEL GENERATOR SEQUENTIAL LOADING


TEST DATA





   Voltage

  Frequency





Recovery Time
 Minimum
Recovery Time




Minimum
  to 90% of
Frequency
  to 98% of
Cumulative


Time (sec)
__Load__
Voltage
_Rated (sec)_
___(Hz)___
_Rated (sec)__
_Load (kW)


Test 1(1)


   7.3
2,500 hp
 3,450
     0.4
   57.5
     0.9
   2,300



2,252 kW


  12.3
1,000 hp
 3,800
     0
   59.3
     0
   3,200



  769 kW


  17.3
  300 hp
 4,100
     0
   59.8
     0
   3,400



  156 kW


  22.3
1,000 hp
 3,900
     0
   59.3
     0
   4,150



  668 kW


Test 2(2)


   0
3,850 kW
   ‑
     ‑
    ‑
     ‑
   3,850


  10.3
1,300 hp
 3,750
     0
   58.8
     0
   4,850



  875 kW


  15.3
1,000 hp
 3,800
     0
   59.0
     0
   5,500



  575 kW


  20.3
  700 hp
 3,950
     0
   59.0
     0
   6,100



  601 kW


TABLE 8.3‑4 (Continued)





   Voltage

  Frequency





Recovery Time
 Minimum
Recovery Time




Minimum
  to 90% of
Frequency
  to 98% of
Cumulative


Time (sec)
__Load__
Voltage
_Rated (sec)_
___(Hz)___
_Rated (sec)__
_Load (kW)


  25.3
  500 hp
 4,050
     0
   59.2
     0
   6,500



  668 kW


NOTES:


(1)
Test 1 performed from initially unloaded condition.


(2)
Test 2 performed with base load of 3,850 kW retained; all other load shed upon receipt of start
signal.


TABLE 8.3‑5


DIESEL GENERATOR MARGIN TEST RESULTS






   Voltage

  Frequency






Recovery Time
 Minimum
Recovery Time



Time

Minimum
  to 90% of
Frequency
  to 98% of
Cumulative


Test
(sec)
__Load__
Voltage
_Rated (sec)_
___(Hz)___
_Rated (sec)_
_Load (kW)


1
7.0
2,700 hp
 3,400
     0.5
   57.4
     1.1
   2,650




2,500 kW


2
7.0
2,700 hp
 3,400
     0.4
   57.3
     1.0
   2,800




2,500 kW


TABLE 8.3‑6


DIESEL GENERATOR STARTING AND LOADING TEST WITHOUT SERVICE WATER





   Voltage

  Frequency





Recovery Time
 Minimum
Recovery Time




Minimum
  to 90% of
Frequency
  to 98% of
Cumulative


Time (sec)
__Load__
Voltage
_Rated (sec)_
___(Hz)___
_Rated (sec)__
_Load (kW)


   6.2
2,500 hp
 3,250
     0.5
   59.7
     0
   2,600



2,252 kW


  11.2
1,000 hp
 3,850
     0
   59.2
     0
   3,550



  769 kW


  16.2
1,300 hp

     0
   58.8
     0
   4,800



  824 kW
 3,850


TABLE 8.3‑7


LOAD REQUIREMENTS, 125 VOLT DC CLASS 1E BATTERIES



          Amperes Required after A‑C Power Loss Coincident with LOCA


Load Description
0 to 1 Min
1 to 2 Min
2 to 3 Min
3 to 10 Min
10 to 11 Min
11 to 119 Min
119 to 120 Min


Division 1, Unit 1 Battery




See Note(6)

Reactor Core Isolation 

Cooling Isolation Valves


Residual Heat Removal 

Metering and Control


ATWS Uninterruptible 

Power System

Recirculation Pump Trip 

Control Logic


ATWS Panels


Reactor Core Isolation 

Cooling Control


Emergency Response 

Information System


Automatic Depressurization 

System Control


Class 1E to Non‑Class 1E 

Circuit Isolators


Deluge Valve Control, LOCA 

Relays, and Miscellaneous 

Instrumentation

TABLE 8.3‑7 (Continued)



          Amperes Required after A‑C Power Loss Coincident with LOCA


Load Description
0 to 1 Min
1 to 2 Min
2 to 3 Min
3 to 10 Min
10 to 11 Min
11 to 119 Min
119 to 120 Min


Division 1, Unit 1 Battery (Continued)


Analog Loop Instrumentation


Remote Shutdown Panel


Diesel Generator Control 

Panel


Diesel Generator Start 

Control


Diesel Generator Redundant 

Start Control


Diesel Generator Field Flash


Switchgear

Total Amperes per Interval
360
165
140
120
140
116
140


Division 2, Unit 1 Battery




See Note(6)

Residual Heat Removal 

Metering and Control


Recirculation Pump Trip 

Control Logic


ATWS Uninterruptible Power 

System


TABLE 8.3‑7 (Continued)



          Amperes Required after A‑C Power Loss Coincident with LOCA


Load Description
0 to 1 Min
1 to 2 Min
2 to 3 Min
3 to 10 Min
10 to 11 Min
11 to 119 Min
119 to 120 Min


Division 2, Unit 1 Battery (Continued)


Automatic Depressurization 

System Control


Class 1E to Non‑Class 1E 

Circuit Isolators


ATWS Panels


Deluge Valve Control, LOCA 

Relays, and Miscellaneous 

Instrumentation


Emergency Response 

Information System


Analog Loop Instrumentation


Diesel Generator Control 

Panel


Remote Shutdown


Diesel Generator Start 

Control


Diesel Generator Redundant 

Start Control


Diesel Generator Field Flash


Switchgear

TABLE 8.3‑7 (Continued)



          Amperes Required after A‑C Power Loss Coincident with LOCA


Load Description
0 to 1 Min
1 to 2 Min
2 to 3 Min
3 to 10 Min
10 to 11 Min
11 to 119 Min
119 to 120 Min


Division 2, Unit 1 Battery (Continued)


Total Amperes per Interval
210
105
125
105
125
105
125

Division 1, Unit 2 Battery(4)

(Deleted)


Division 2, Unit 2 Battery(5)

(Deleted)




   Amperes Required after A‑C Power Loss



0 to 1 Min
1 to 119 Min
119 to 120 Min


Division 3 Battery(3)

See Note(6)

Diesel Engine Control Cabinet


Generator Auxiliary Control


Control Room Panel


Field Flashing


Solenoid Valves


D.G. Protection Relay Panel


TABLE 8.3‑7 (Continued)




   Amperes Required after A‑C Power Loss



0 to 1 Min
1 to 119 Min
119 to 120 Min


Division 3 Battery(3) (Continued)


Indicator Lamps Control Room


Panel


Switchgear (Breakers Closing)


Diesel Standby Fuel Pump &


Turbo Charger Pump

Total Amperes per Interval
75
30
55

NOTES:


(1)
(Deleted)


(2)
(Deleted)


(3)
Division 3 battery capacity (for each unit):



a.
250 ampere ‑ hours at 8 hours



b.
303 ampere ‑ hours at 1 minute


(4)
See Unit 1, Division 1 battery load descriptions.  This Unit 2 battery may be connected to support Unit 1, Division 1 Loads.


(5)
See Unit 1, Division 2 battery load descriptions.  This Unit 2 battery may be connected to support Unit 1, Division 2 Loads.


(6)
See below the total ampere requirements for this battery.


TABLE 8.3‑8


POWER CONTROL SOURCES FOR SWITCHGEAR



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



L1102

D1B
D1B07(1)
 6



L1103

D1B
D1B06(1)
19



L1104

D1B
D1B06(1)
19



L1105

D1B
D1B06(1)
19



L1106

D1B
D1B06(1)
19



L1107

D1B
D1B06(1)
19



L1108

D1B
D1B06(1)
19



L1109

D1B
D1B06(1)
19



L1110

D1B
D1B06(1)
19



L1202

D1B
D1B07(1)
 8



L1203

D1B
D1B06(1)
21



L1204

D1B
D1B06(1)
21



L1205

D1B
D1B06(1)
21



L1206

D1B
D1B06(1)
21



L1207

D1B
D1B06(1)
21



L1208

D1B
D1B06(1)
21



L1209

D1B
D1B06(1)
21



L1210

D1B
D1B06(1)
21



L1001

D1B
D1B06(1)
17



L1003

D1B
D1B06(1)
17



L1004

D1B
D1B06(1)
17



L1006

D1B
D1B07(1)
16



L1007

D1B
D1B07(1)
16



L1008

D1B
D1B07(1)
16



L1009

D1B
D1B07(1)
16



L1010

D1B
D1B07(1)
16



L2001

D2B
D2B06
17



L2001

D2B
D2B07
16


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



L2003

D2B
D2B06
17



L2003

D2B
D2B07
16



L2004

D2B
D2B06
17



L2004

D2B
D2B07
16



L2006

D2B
D2B06
17



L2007

D2B
D2B06
17



L2008

D2B
D2B06
17



L2009

D2B
D2B06
17



L2010

D2B
D2B06
17



H1101

D1B
D1B07(1)
15



H1102

D1B
D1B07(1)
15



H1103

D1B
D1B06(1)
 3



H1104

D1B
D1B06(1)
 3



H1105

D1B
D1B06(1)
 3



H1106

D1B
D1B06(1)
 3



H1107

D1B
D1B06(1)
 3



H1108

D1B
D1B06(1)
 3



H1109

D1B
D1B06(1)
 3



H1110

D1B
D1B06(1)
 3



H1111

D1B
D1B06(1)
 3



H1112

D1B
D1B06(1)
 3



H1201

D1B
D1B07(1)
 5



H1202

D1B
D1B07(1)
 5



H1203

D1B
D1B06(1)
 5



H1204

D1B
D1B06(1)
 5



H1205

D1B
D1B06(1)
 5



H1206

D1B
D1B06(1)
 5



H1207

D1B
D1B06(1)
 5



H1208

D1B
D1B06(1)
 5


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



H1209

D1B
D1B06(1)
 5



H1210

D1B
D1B06(1)
 5



H1211

D1B
D1B06(1)
 5



H1212

D1B
D1B06(1)
 5



H1213

D1B
D1B06(1)
 5



H1214

D1B
D1B06(1)
 5



EH1101

D1B
D1B06(1)
12



EH1102

ED1A
ED1A06
24



EH1104

ED1A
ED1A06
23



EH1105

ED1A
ED1A06
23



EH1106

ED1A
ED1A06
23



EH1107

ED1A
ED1A06
23



EH1109

ED1A
ED1A06
23



EH1110

ED1A
ED1A06
23



EH1111

ED1A
ED1A06
23



EH1113

ED1A
ED1A06
23



EH1114

ED1A
ED1A06
24



EH1115

ED1A
ED1A06
24



EH1116

ED1A
ED1A06
24



XH1101

D1B
D1B06(1)
12



XH1102

D1B
D1B06(1)
12



EH1201

ED1B
ED1B06
22



EH1203

ED1B
ED1B06
21



EH1204

ED1B
ED1B06
21



EH1205

ED1B
ED1B06
21



EH1206

ED1B
ED1B06
21



EH1207

ED1B
ED1B06
21



EH1208

ED1B
ED1B06
21



EH1209

ED1B
ED1B06
21


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



EH1210

ED1B
ED1B06
21



EH1211

ED1B
ED1B06
21



EH1212

ED1B
ED1B06
22



EH1213

ED1B
ED1B06
22



EH1214

ED1B
ED1B06
22



XH1201

D1B
D1B07(1)
10



XH1202

D1B
D1B07(1)
10



XH1203

D1B
D1B07(1)
10



XH1204

D1B
D1B07(1)
10



EH1301

ED1C
11
N/A



EH1302

ED1C
11
N/A



EH1303

ED1C
11
N/A



EH1304

ED1C
11
N/A



EH1305

ED1C
11
N/A



EF1A03

ED1A
ED1A06
20



EF1A04

ED1A
ED1A06
19



EF1A05

ED1A
ED1A06
19



EF1A06
(Manual)
N/A
N/A
N/A



EF1A07
(Manual)
N/A
N/A
N/A



EF1A08
(Manual)
N/A
N/A
N/A



EF1A09
(Manual)
N/A
N/A
N/A



EF1A10

ED1A
ED1A06
19



EF1A11

ED1A
ED1A06
19



EF1A12
(Manual)
N/A
N/A
N/A



EF1B03

ED1A
ED1A06
20



EF1B04

ED1A
ED1A06
19



EF1B05

ED1A
ED1A06
19



EF1B06
(Manual)
N/A
N/A
N/A



EF1B07
(Manual)
N/A
N/A
N/A


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



EF1B08
(Manual)
N/A
N/A
N/A



ED1B09
(Manual)
N/A
N/A
N/A



EF1B10

ED1A
ED1A06
19



EF1B11
(Manual)
N/A
N/A
N/A



EF1B12
(Manual)
N/A
N/A
N/A



EF1B13
(Manual)
N/A
N/A
N/A



EF1C03

ED1B
ED1B06
20



EF1C04

ED1B
ED1B06
19



EF1C05

ED1B
ED1B06
19



EF1C06
(Manual)
N/A
N/A
N/A



EF1C07
(Manual)
N/A
N/A
N/A



EF1C08
(Manual)
N/A
N/A
N/A



EF1C09
(Manual)
N/A
N/A
N/A



EF1C10

ED1B
ED1B06
19



EF1C11

ED1B
ED1B06
19



EF1C12
(Manual)
N/A
N/A
N/A



EF1C13
(Manual)
N/A
N/A
N/A



EF1D03

ED1B
ED1B06
20



EF1D04

ED1B
ED1B06
19



EF1D05

ED1B
ED1B06
19



EF1D06
(Manual)
N/A
N/A
N/A



EF1D07
(Manual)
N/A
N/A
N/A



EF1D08
(Manual)
N/A
N/A
N/A



EF1D09
(Manual)
N/A
N/A
N/A



EF1D10

ED1B
ED1B06
19



EF1D11
(Manual)
N/A
N/A
N/A



EF1D12
(Manual)
N/A
N/A
N/A



F1A03

D1B
D1B07(1)
 7



F1A04
(Manual)
N/A
N/A
N/A



F1A05
(Manual)
N/A
N/A
N/A


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



F1A06
(Manual)
N/A
N/A
N/A



F1A07
(Manual)
N/A
N/A
N/A



F1A08
(Manual)
N/A
N/A
N/A



F1A09

D1B
D1B06(1)
 7



F1A10
(Manual)
N/A
N/A
N/A



F1A11

D1B
D1B06(1)
 7



F1A12
(Manual)
N/A
N/A
N/A



F1A13

D1B
D1B06(1)
 7



F1A14

D1B
D1B06(1)
 7



F1A15

D1B
D1B06(1)
 7



F1A16
(Manual)
N/A
N/A
N/A



F1A17
(Manual)
N/A
N/A
N/A



F1B03

D1B
D1B07(1)
 7



F1B04
(Manual)
N/A
N/A
N/A



F1B05
(Manual)
N/A
N/A
N/A



F1B06
(Manual)
N/A
N/A
N/A



F1B07
(Manual)
N/A
N/A
N/A



F1B08
(Manual)
N/A
N/A
N/A



F1B09

D1B
D1B06(1)
 7



F1B10

D1B
D1B06(1)
 7



F1B11

D1B
D1B06(1)
 7



F1B12
(Manual)
N/A
N/A
N/A



F1B13

D1B
D1B06(1)
 7



F1B14

D1B
D1B06(1)
 7



F1B15
(Manual)
N/A
N/A
N/A



F1B16

D1B
D1B06(1)
 7



F1C03

D1B
D1B07(1)
 9



F1C04

D1B
D1B06(1)
 9



F1C05

D1B
D1B06(1)
 9



F1C06
(Manual)
N/A
N/A
N/A


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



F1C07
(Manual
N/A
N/A
N/A



F1C08
(Manual)
N/A
N/A
N/A



F1C09

D1B
D1B06(1)
 9



F1C10
(Manual)
N/A
N/A
N/A



F1C11

D1B
D1B06(1)
 9



F1C12
(Manual)
N/A
N/A
N/A



F1C13

D1B
D1B06(1)
 9



F1C14

D1B
D1B06(1)
 9



F1C15

D1B
D1B06(1)
 9



F1C16

D1B
D1B06(1)
 9



F1C17
(Manual)
N/A
N/A
N/A



F1D03

D1B
D1B07(1)
 9



F1D04

D1B
D1B06(1)
 9



F1D05
(Manual)
N/A
N/A
N/A



F1D06
(Manual)
N/A
N/A
N/A



F1D07
(Manual)
N/A
N/A
N/A



F1D08
(Manual)
N/A
N/A
N/A



F1D09

D1B
D1B06(1)
 9



F1D10
(Manual)
N/A
N/A
N/A



F1D11

D1B
D1B06(1)
 9



F1D12
(Manual)
N/A
N/A
N/A



F1D13
(Manual)
N/A
N/A
N/A



F1D14

D1B
D1B06(1)
 9



F1D15

D1B
D1B06(1)
 9



F1D16

D1B
D1B06(1)
 9



F1E03

D1B
D1B07(1)
11



F1E04
(Manual)
N/A
N/A
N/A



F1E05
(Manual)
N/A
N/A
N/A



F1E06
(Manual)
N/A
N/A
N/A



F1E07

D1B
D1B06(1)
11


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



F1E08

D1B
D1B06(1)
11



F1E09
(Manual)
N/A
N/A
N/A



F1E10

D1B
D1B06(1)
11



F1E11

D1B
D1B06(1)
11



F1E12
(Manual)
N/A
N/A
N/A



F1E13

D1B
D1B06(1)
11



F1E14
(Manual)
N/A
N/A
N/A



F1E15
(Manual)
N/A
N/A
N/A



F1E16

D1B
D1B06(1)
11



F1F03

D1B
D1B07(1)
11



F1F04
(Manual)
N/A
N/A
N/A



F1F05
(Manual)
N/A
N/A
N/A



F1F06

D1B
D1B06(1)
11



F1F07

D1B
D1B06(1)
11



F1F08

D1B
D1B06(1)
11



F1F09

D1B
D1B06(1)
11



F1F10

D1B
D1B06(1)
11



F1F11

D1B
D1B06(1)
11



F1F12

D1B
D1B06(1)
11



F1F13
(Manual)
N/A
N/A
N/A



F1F14
(Manual)
N/A
N/A
N/A



F1F15
(Manual)
N/A
N/A
N/A



F1F16

D1B
D1B06(1)
11



F1F17
(Manual)
N/A
N/A
N/A



F1G03

D1B
D1B06(1)
13



F1G04
(Manual)
N/A
N/A
N/A



F1G05
(Manual)
N/A
N/A
N/A



F1G06

D1B
D1B06(1)
13



F1G08

D1B
D1B06(1)
13


TABLE 8.3‑8 (Continued)



Switchgear
Control Power Source (125Vdc)



(By Bus


Fused Disc



Nomenclature)
Bus
Breaker
Switch No.



F1G09

D1B
D1B06(1)
13



F1G10
(Manual)
N/A
N/A
N/A



XF1A01
(Manual)
N/A
N/A
N/A



XF1A02
(Manual)
N/A
N/A
N/A



XF1A03
(Manual)
N/A
N/A
N/A



XF1A04
(Manual)
N/A
N/A
N/A



XF1A05
(Manual)
N/A
N/A
N/A



XF1A06
(Manual)
N/A
N/A
N/A



XF1A07
(Manual)
N/A
N/A
N/A



XF1A08

D1B
D1B06(1)
14



Reactor Recirc.



  Brkr. 2A 1R22‑S010
D1B
D1B06(1)
20



Reactor Recirc.



  Brkr. 2B 1R22‑S011
D1B
D1B06(1)
20



Reactor Recirc.



  Brkr. 3A 1R22‑S012
ED1A
ED1A06
26



Reactor Recirc.



  Brkr. 3B 1R22‑S013
ED1A
ED1A06
26



Reactor Recirc.



  Brkr. 4A 1R22‑S014
ED1B
ED1B06
26



Reactor Recirc.



  Brkr. 4B 1R22‑S015
ED1B
ED1B06
26


NOTE:


(1)
Alternate source (maintenance breaker) at D1B04 breaker position shall be used during times when breaker D1B06 or D1B07 is periodically maintained.


TABLE 8.3‑9


HPCS DIESEL GENERATOR


DIESEL ENGINE/GENERATOR


Diesel engine



Type




Stationary, injection water cooled, turbocharged two stroke cycle inline, compression ignition type.



Auxiliaries


Compressed air starting systems (including compressor and accumulators), engine control panel; cool‑water system (including pump and heat exchanger, and standby heater with temperature control), lubrication oil system (including oil reservoir, pumps, strainer, filter, cooler and standby heaters with temperature control).


Diesel engine



Accessories


Fuel filter, intake air filter/silencer, exhaust muffler, ladders and catwalks, overspeed trip devices.


Generator



Voltage



4,160



Current



494 amps



Frequency



60 Hz



Auxiliaries


Generator control panel including exciter and voltage regulator; generator grounding system.



Accessories


Grounding compartment including grounding transformer and grounding resistor; resistance temperature detectors with common terminal box; current transformer.


Seismic classification

Class I


TABLE 8.3‑10


INDICATIONS AND ALARMS OF THE DIVISION 1 AND DIVISION 2


CLASS 1E DC POWER SYSTEMS


Battery current (ammeter‑charge/discharge)
Local and control room indication


Battery charger output current (ammeter)
Local indication


DC bus voltage (voltmeter)



Control room indication


Battery charger output voltage (voltmeter)
Local indication


Battery Voltage





Local and control room indication


DC bus undervoltage alarm



Control room alarm


DC bus ground alarm (for ungrounded system)
Control room alarm


Battery breaker(s) and fuse(s) open alarm
Common control room alarms


Battery charger input and output breakers
Common control room trouble alarm


Battery charger failure, undervoltage,

Local and common


overvoltage alarm





control room alarm


TABLE 8.3‑11


PENETRATION PROTECTION


Voltage Class






     Protection Type



   Nominal   


Conductor


Primary

Secondary


15,000 volts
1,000 MCM
50/51
50/51




relays in
relays in




circuit
circuit




breaker
breaker


   600 volts
4/0 AWG
Fuse
Fuse



2/0 AWG
Fuse
Fuse



1/0 AWG
Fuse
Fuse



2 AWG
Fuse
Fuse



4 AWG
Fuse
Fuse



6 AWG
Fuse
Fuse



8 AWG
Fuse
Fuse



10 AWG
Fuse
Fuse



12 AWG
Fuse
Fuse
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9.0      AUXILIARY SYSTEMS


9.1      FUEL STORAGE AND HANDLING


9.1.1      NEW FUEL STORAGE


9.1.1.1      Design Bases


9.1.1.1.1      Safety Design Bases ‑ Structural


Structural related safety design bases are as follows:


a.
The new fuel storage racks containing a full complement of fuel assemblies are designed to:  (1) withstand all credible static and dynamic loadings, (2) prevent damage to the structure of the racks, and therefore the contained fuel and (3) minimize distortion of the racks arrangement <Table 3.9‑3>.


b.
The racks are designed to protect the fuel assemblies from excessive physical damage which may cause the release of radioactive materials in excess of <10 CFR 20> and <10 CFR 100> requirements under normal or abnormal conditions caused by impacting from either fuel assemblies, bundles or other equipment.


c.
The racks are designed and constructed in accordance with the Quality Assurance requirements of <10 CFR 50, Appendix B>.


d.
The new fuel storage racks are categorized as Safety Class 2 and Seismic Category I.


e.
The design of the building containing the new fuel storage vault (new fuel storage facility) conforms to the guidelines of <Regulatory Guide 1.13>.  Thus it ensures that any deleterious



effects on fuel storage (fuel rack) integrity due to natural phenomena such as earthquakes, tornadoes, hurricanes, missiles, and floods will be precluded.


f.
The design of the external and internal structure associated with the handling and storage of new fuel fulfills the requirements of General Design Criteria 2, 3, 4, 5, 61, 62, and 63 and <Regulatory Guide 1.29>.


9.1.1.1.2      Safety Design Bases ‑ Nuclear


Nuclear related safety design bases are as follows:


a.
The new fuel storage racks are designed and maintained with sufficient spacing between the new fuel assemblies to assure that the array, when racks are fully loaded, will be subcritical by at least 5 percent (K, including allowance for calculational biases and uncertainties.  In the calculations performed to assure that keff (0.95, the standard lattice methods (Reference 1) used at General Electric are employed.  Under conditions where diffusion theory is valid, it is used in calculations.  Monte Carlo techniques are employed to “bench mark” the diffusion theory results to assure accuracy.


b.
The storage array is assumed to be infinite in all directions.  Since no credit is taken for leakage, the values reported as effective neutron multiplication factors are in reality infinite neutron multiplication factors.


c.
The biases between the calculated results and experimental results as well as the uncertainty involved in the calculations are taken into account as part of the calculational procedure to assure that the specified keff limits are met.


9.1.1.1.3      Power Generation Design Bases


New fuel storage racks are supplied for 24 percent of the full core fuel load in each unit.  New fuel storage racks are designed and arranged so that the fuel assemblies can be handled efficiently during refueling operations.


9.1.1.2      Facilities Description


An exemption was granted from the NRC (Reference 4) which permitted the receipt, inspection handling, and storing of unirradiated fuel in the fuel handling building without having a criticality monitoring system with two separate criticality detectors as required by <10 CFR 70.24>.  However, PNPP has chosen to comply with the requirements of <10 CFR 50.68(b)> rather than <10 CFR 70.24>.


In order to use the New Fuel Vaults, the requirements of <10 CFR 50.68(b)(2)> and <10 CFR 50.68(b)(3)> must be met.


Storage and handling of new fuel is accomplished in the east section of the intermediate building <Figure 1.2‑5>.  The working floor in the intermediate building is at Elevation 620’‑6”.  All new fuel enters the plant through the railhead area at the east end of the working floor.  New fuel containers are handled at that point by an auxiliary hoist mounted from the 125 ton hoist of the fuel handling area crane or forklift or side loader.  Each new fuel storage rack <Figure 9.1‑1> holds up to 10 channeled or unchanneled assemblies in a row.


Fuel spacing (seven inches nominal center‑to‑center within a rack, 12 inches minimum center‑to‑center between adjacent racks) within the rack and from rack‑to‑rack will limit the effective multiplication factor of the array (keff) to not more than 0.95.  The fuel assemblies are loaded into the rack through the top.  Each hole for a fuel assembly has adequate clearance for inserting or withdrawing the assembly 


channeled or unchanneled.  Sufficient guidance is provided to preclude damage to the fuel assemblies.  The upper tie plate of the fuel element rests against the rack to provide lateral support.  The design of the racks prevents accidental insertion of the fuel assembly in a position not intended for the fuel.  This is achieved by abutting the sides of each casting to the adjacently installed casting.  In this way, the only spaces in the assembly are those into which it is intended to insert fuel.  The weight of the fuel assembly is supported by the lower tie plate which is seated in a chamfered hole in the base casting.


The floor of each new fuel storage vault is sloped to a drain located at the low point.  This drain removes any water that may be accidentally and unknowingly introduced into the vault.  The drain is part of the equipment drain subsystem of the liquid radwaste system.


9.1.1.3      Safety Evaluation


9.1.1.3.1      Criticality Control


The calculations of keff are based on the geometrical arrangements of the fuel array and subcriticality does not depend on the presence of neutron absorbing materials.  The arrangement of fuel assemblies in the fuel storage racks results in keff below 0.95 in a dry condition or completely flooded with water which has a density of 1 g/cc.  To meet the requirements of General Design Criterion 62, geometrically‑safe configurations of fuel stored in the new fuel array are employed to assure that keff will not exceed 0.95 if fuel is stored in the dry condition or if the abnormal condition of flooding (water with a density of 1 g/cc) occurs.  In the dry condition, keff is maintained (0.95 due to under‑moderation.  In the flooded condition, the geometry of the fuel storage array assures the keff will remain (0.95 due to over‑moderation.


The floor of each vault is sloped to a drain at the low point to drain any water that may be introduced.  The design of the fuel, racks and 


vault ensures that water will not be retained in or around a channeled or unchanneled fuel bundle should the vault be flooded and drained.


The new fuel storage racks located in the new fuel storage vault are designed to store the fuel assemblies in an array which is sufficient to maintain a keff of 0.95 or less in the normal dry condition or abnormal completely water flooded condition.  The racks are not designed to maintain a keff of 0.98 or less under optimum moderation (foam, small droplets, spray, or fogging).  New Fuel may not be stored in the New Fuel Storage Vaults until such time a criticality analysis is completed which meets the requirements of <10 CFR 50.68(b)(2)> and <10 CFR 50.68(b)(3)>.

Perry’s procedure prohibits the storage of new fuel in the New Fuel Storage Vaults.


9.1.1.3.2      New Fuel Rack Design


New fuel rack design features are as follows <Figure 9.1‑1>:


a.
Each of the two new fuel storage vaults contain 18 sets of racks, each may contain up to 10 fuel assemblies.  A maximum of 360 fuel assemblies may be stored.


b.
The storage racks provide an individual storage compartment for each fuel assembly and are secured to the vault wall through associated hardware.  The fuel assemblies are stored in a vertical position, with the lower tie plate engaging in a captive slot in the lower fuel rack support casting.  Additional restraints are provided to restrict lateral movement.


c.
The weight of the fuel assembly is held by the lower support casting.


d.
The new fuel storage racks are made from aluminum.  Materials used for construction are specified in accordance with the applicable ASTM specifications.  The material choice is based on a consideration of the susceptibility of various metal combinations to electrochemical reaction.  When considering the susceptibility of metals to galvanic corrosion, aluminum and stainless steel are relatively close together insofar as their coupled potential is concerned.  The use of stainless steel fasteners in aluminum to avoid detrimental galvanic corrosion is a recommended practice and has been used successfully for many years by the aluminum industry.


e.
The minimum center‑to‑center spacing for the fuel assembly between rows is 12 inches.  The minimum center‑to‑center spacing within the rows is seven inches.  Fuel assembly placement between rows is not possible.


f.
Lead‑in and lead‑out guides at the top of the racks provide guidance of the fuel assembly during insertion or withdrawal.


g.
The rack is designed to withstand the impact force of 4,000 ft‑lbs while maintaining the safety design basis.  This impact force could be generated by the vertical free fall of a fuel assembly from the height of six feet.


h.
The storage rack is designed to withstand the pull‑up force of 4,000 lbs and a horizontal force of 1,000 lbs.  There are no readily available forces in excess of 1,000 lbs.  The racks are designed with lead‑outs to prevent sticking.  However, if a fuel assembly sticks, the maximum lifting force of the fuel handling platform grapple is limited to 1,100 ( 50 lbs by a load cell.


i.
The storage rack is designed to withstand horizontal combined loads up to 222,000 lbs, well in excess of expected loads.


j.
The maximum stress in the fully loaded rack in a faulted condition is 25.6 ksi.  This is significantly lower than the allowable stress.


k.
The fuel storage rack is designed to handle non‑irradiated, low emission radioactive fuel assemblies.  The expected radiation levels are well below the design levels.


l.
The fuel storage rack is designed using non‑combustible materials.  Plant procedures and inspections assure that combustible materials are restricted from this area.  Fire prevention by elimination of combustible materials and fluids is regarded as the prudent approach, rather than fire accommodation and the need for fire suppressant materials which could inhibit or negate criticality control assurances.  For these reasons, fire accommodation is not considered a problem.


m.
The fuel storage racks are provided protection from adverse environmental effects by proper design of the new fuel storage facility.


9.1.1.3.3      Safety Implication of Shared New Fuel Storage Facilities


The new fuel storage facility is shared between Unit 1 and Unit 2.  The major effect of the shared facility is that it essentially doubles the amount of time that portions of the fuel handling area crane and the fuel handling platform are in operation above the new fuel storage vaults.  The design factor of safety of 10 and Seismic Category I design used in the construction of the fuel handling area crane are sufficient to ensure an acceptable low accident probability.


9.1.1.3.4      Protection Features of Fuel Storage Facilities


Each new fuel storage vault is surrounded by a four inch reinforced concrete curb; this curb is covered by a four piece cover when not receiving or discharging new fuel.  Each piece consists of a rectangular frame made of standard steel channels and a channel strengthener down the long dimension.  A 1/8‑inch thick steel plate is welded to fill in the frame about two inches below the top of the channel.  Two‑inch thick gypsum plankboard is placed in the cavity between the top of the channel and steel plate.  A checkered grid plate is bolted to the channel frame to sandwich the gypsum.  The grid plate is also bolted to the curb embedment around the pit.  One cover can be removed at a time to permit movement of fuel within one‑quarter of the fuel rack.


9.1.2      SPENT FUEL STORAGE


Two kinds of spent fuel storage racks are used:  those achieving subcriticality by spacing in a loose packed geometric array, and those using a neutron absorber to achieve subcriticality in a close packed or dense geometric array.   The loose packed fuel storage racks (furnished by General Electric) are used in each containment.  The densified fuel storage racks (furnished by Programmed and Remote Systems, Inc.) are used in the spent fuel storage pits in the fuel handling and storage area of the intermediate building.


9.1.2.1      Design Bases


9.1.2.1.1      Structural ‑ GE Racks


Structural related safety design bases for General Electric racks are as follows:


a.
Each array of spent fuel storage racks inside Unit 1 and Unit 2 containment contains storage space sufficient for 25 percent of one 



full core of fuel assemblies; it is designed to withstand all credible static and dynamic loadings, thereby preventing damage to the structure of the racks and the contained fuel, and minimizing distortion of the racks arrangement <Table 3.9‑2>.


b.
The racks are designed to protect the fuel assemblies from excessive physical damage which may cause the release of radioactive materials in excess of <10 CFR 20> and <10 CFR 100> requirements under normal or abnormal conditions caused by impacting from other fuel assemblies.


c.
The racks are constructed in accordance with the Quality Assurance requirements of <10 CFR 50, Appendix B>.


d.
The spent fuel storage racks are categorized as Safety Class 2 and Seismic Category I.


e.
The spent fuel storage facility is designed in accordance with General Design Criteria 2, 3 and 4, and <Regulatory Guide 1.13>, <Regulatory Guide 1.29>, <Regulatory Guide 1.102>, and <Regulatory Guide 1.117>.  The design precludes any deleterious effects on spent fuel rack integrity due to natural phenomena such as earthquakes, tornadoes, hurricanes, missiles, and floods.  Compliance with <Regulatory Guide 1.13> is discussed in <Section 9.1.2.3.3> and <Section 1.8>.


9.1.2.1.2      Structural ‑ PAR Racks


Structural related safety design bases for Programmed and Remote Systems, Inc. (PAR) racks are as follows:


a.
The densified spent fuel storage racks are designed to withstand all credible static and dynamic loadings to prevent damage to the 



rack structure, thereby preserving the structural integrity of the contained fuel and minimizing distortion of its array in storage.


b.
The densified racks are designed to protect the spent fuel assemblies from excessive physical damage which might cause the release of radioactive materials in excess of <10 CFR 20> requirements under normal and abnormal conditions.


c.
The densified racks are constructed in accordance with the Quality Assurance requirements of <10 CFR 50, Appendix B>.


d.
The densified racks are categorized as Safety Class 2 and Seismic Category I.


e.
The densified racks provide storage spaces for a total of 4,020 spent fuel assemblies and 30 spaces for multi‑purpose storage of containers for failed fuel, channels or control rods.  The rack array in the fuel preparation and storage pool provides storage spaces for 1,620 spent fuel assemblies and 30 spaces for multi‑purpose storage.  The rack array in the spent fuel pool provides storage spaces for 2,400 spent fuel assemblies.


f.
The densified rack design precludes the possibility of placing fuel elements anywhere within the array other than in the storage spaces provided.


g.
The spent fuel storage facility is designed in accordance with General Design Criterion 2, 3 and 4, and <Regulatory Guide 1.13>, <Regulatory Guide 1.29>, <Regulatory Guide 1.102>, and <Regulatory Guide 1.117>.  This design precludes any deleterious effects on spent fuel rack integrity due to natural phenomena such as earthquakes, tornadoes, hurricanes, missiles, and floods.


9.1.2.1.3      Nuclear ‑ GE Racks


Nuclear related safety design bases for General Electric racks are as follows:


a.
The fuel array in the fully loaded spent fuel racks is designed to be subcritical, by at least 5 percent (K.  Geometrically safe configurations of fuel stored in the spent fuel array are employed to assure that keff will not exceed 0.95 under all normal and abnormal storage conditions.  The geometry of the spent fuel storage array is such that keff will be (0.95 due to over‑moderation.


b.
Standard General Electric lattice methods (Reference 1) and Monte Carlo techniques are employed in the calculations performed to assure that keff does not exceed 0.95 under all normal and abnormal fuel storage conditions.


c.
The storage array is assumed to be infinite in all directions.  Since no credit is taken for leakage, the values reported as effective neutron multiplication factors are in reality infinite neutron multiplication factors.


d.
The biases between the calculated results and experimental results as well as the uncertainty involved in the calculations are taken into account as part of the calculational procedure to ensure that the specified keff limits are met.


9.1.2.1.4      Nuclear ‑ PAR Racks


The fuel array in the fully loaded, densified spent fuel racks is designed to be subcritical by at least 5 percent (K.  Neutron absorber, sealed inside the rack’s structure, and geometry are employed to ensure that keff will not exceed 0.95 under all normal and abnormal storage 


conditions.  Neutron absorber is relied on to ensure that the keff of the spent fuel in storage is (0.95.


a.
1979 Study



The original criticality safety analysis was principally performed by means of a series of diffusion theory calculations.  The results of the analysis are compared with the results of an independent calculation using the multi‑group, multi‑dimensional Monte Carlo Neutron Transport Code KENO‑IV with 123 group AMPX cross section library.  The analysis assumed 8 by 8 fuel arrays with fuel segments (lattices) enriched up to 3.25 weight percent U‑235 with no gadolinia loaded.


b.
1995 Study 



The original criticality analysis was updated to incorporate higher fuel enrichments and various fuel arrays with credit taken for gadolinia poison.  Standard GE lattice methods (Reference 1) and Monte Carlo techniques are employed in the calculations.



The high enrichment compliance limit is based upon the 8 by 8 fuel array (3.25% U‑235) used in the original criticality analysis for the densified fuel racks and is valid for the 9 by 9 array and 10 by 10 array with fuel lattice enrichments of up to 4.5% U‑235 with no restrictions on gadolinia content.  The (K bias correction is calculated for the higher lattice enrichment and geometry, and can be used in conjunction with the (K calculated in the original analysis.


c.
2000 Study 



The criticality analysis for the High Density Storage Racks located in the Fuel Handling Building was re‑performed to allow storage of 



GE14 10 by 10 fuel with fuel lattices enriched up to 4.9 weight percent U‑235, (Reference 6), (GE14 Spent Fuel; Storage Rack Analysis for Perry Power Station).  This analysis assumed the fuel bundles contained the burnable poison Gadolinia.  The Gadolinia loading was designed such that the peak lattice reactivity of 10 by 10 array was equivalent to the original 8 by 8 array enriched to 3.25 weight percent U‑235 with no Gadolinia.  The combination of 10 by 10 arrays with maximum lattice enrichment of 4.9% U‑235 and Gadolinia loading created a peak lattice incore K‑infinity of 1.3746 (equivalent to the original 8 by 8 array).  The analysis then calculated an inrack K‑effective.  The inrack K‑effective plus required uncertainties was demonstrated to be less than Technical Specification limit of 0.95.  As a result of this analysis, any combination of lattice types, U‑235 enrichments and Gadolinia loadings such the peak lattice incore K‑infinity is less than 1.3746 is acceptable for storage at Perry.



It should be noted, it is not possible to build a lattice/bundle for use at Perry with a incore K‑infinity greater than 1.3746 because Perry’s fuel manufacturer has two licensing limits which must be satisfied.  First; the bundle must be certified for shipping in accordance with various government regulations.  The fuel manufacturer adds Gadolinia to reduce lattice K‑infinities to within the assumptions of the shipping container criticality analysis.  As such the required Gadolinia loading is greater than what was assumed in this study (Reference 6).  Second; the fuel manufacturer must comply with the GESTAR II, General Electric Standard Application for Reload Fuel, requirements.  Namely, in order to store fuel in GE designed racks and satisfy the GE rack criticality analysis, the peak lattice incore K‑infinity must be less than 1.30 (which less than what was used in the analysis).  



The 2000 Study assumed a fuel lattice geometry consisting of a GE14 fuel design with a uniform enrichment of 4.90 w% U235, consistent



with the plant’s geometry (BWR‑6; S‑Lattice).  The lattice was exposed to its peak cold reactivity point using standard GE lattice physics codes (Reference 6).  The spent fuel storage rack simulations incorporated lattices with as‑burned burnable poison and explicit fission product inventories associated with lattices peak cold, exposure‑dependent in core statepoints, for all designs considered.  Normal and abnormal spent fuel storage rack configurations were evaluated with two dimensional geometry models.  The analysis conditions and assumptions are in compliance with the requirements contained in the USNRC <Regulatory Guide 1.13>, Spent Fuel Storage Facility Design Basis, Rev. 2, and ANSI/ANS‑57.2‑1983, Design Requirements for Light Water Reactor Spent Fuel Storage Facilities at Nuclear Power Plants.



The 2000 Study recreated the results of the 1979 and 1995 Studies and demonstrated a negligible change in results arising from changes in the neutron cross section libraries, lattice physics codes, and Monte‑Carlo neutron transport techniques.  The study used TGBLA04 lattice physics code to determine the incore K‑infinity values and MCNPO1A to determine the inrack K‑effective values.  The methodology of determining the incore K‑infinity to confirm compliance with the inrack K‑effective limit is describes in GESTAR II Section 3.5 (Reference 7).  Implicit to this discussion is the use of GNF latest versions of lattice physics methods and Monte‑Carlo methods.  GE14 was verified to satisfy this methodology in NEDC‑32868P, Revision 1, “GE14 Compliance with Amendment 22 of NEDE‑24011‑P‑A (GESTAR II).”



The High Density Storage Racks located in the Fuel Handling Building were demonstrated to provide for a subcritical multiple factor, Keff, of <0.95 for all normal and abnormal material/geometry scenarios including all biases and uncertainties <Section 9.1.2.3.2>.



Criticality analyses assume that fuel assemblies can be stored in racks with or without channels.  These analyses conservatively include the impact of storing a channel in the storage cavities.



Validation of the criticality analysis is in accordance with ANSI N16.9.


d.
2006 Study



The 2006 Study, (Reference 8) analyzed the fuel pool configuration where a fuel bundle is loaded (dropped) into the pool such that it is outside the nominal PAR fuel pool storage rack but adjacent to a storage rack cell without an intervening Boral poison panel.  This study utilized the same high enrichment fuel bundle design as the 2000 Study and concluded that the basis and result of the 2000 Study (Reference 6) was conservative for this configuration.


9.1.2.1.5      Power Generation ‑ GE Racks


Power generation design bases for GE racks are as follows:


a.
Spent fuel storage space shall be provided in each of the two containments’ upper fuel pool.  The upper fuel pool of each containment will contain storage space for 25 percent of one full core fuel load.


b.
Spent fuel storage racks are designed and arranged so that the fuel assemblies can be handled efficiently during refueling operations.


9.1.2.2      Facilities Description


9.1.2.2.1      Facilities Description ‑ GE Racks


From north to south <Figure 1.2‑9>, the structural features provided in the Unit 1 containment at Elevation 689’‑6” to enable refueling activities are:  the moisture separator storage pool, the reactor well, the steam dryer pit, the spent fuel storage deep pit, and (adjacent to it to the east) the fuel transfer canal and inclined transfer tube between the fuel transfer canal in the containment and the fuel transfer pool in the intermediate building.  The structural features provided in the Unit 2 containment to enable refueling are identical to those in Unit 1, except that they proceed from south to north.


The moisture separator storage pool <Figure 1.2‑11> is separated from the reactor well by a partial height wall to Elevation 680’‑0”.  The steam dryer pool is separated from the reactor well by a partial height wall to Elevation 688’‑5”, which has a slot in it with bottom Elevation 666’‑4” to accommodate a water gate.  The fuel transfer canal is separated from the steam dryer pool and the spent fuel storage deep pit to its west by a partial height wall to Elevation 688’‑5”.  A slot near the south end of the west wall of the fuel transfer canal accommodates a water gate with bottom Elevation 666’‑4” to permit fuel transfers between it and spent fuel storage deep pit.  Elevation 664’‑7” is the bottom elevation of the moisture separator storage pool, the reactor well and the steam dryer pit.  Elevation 646’‑0” is the bottom elevation of the spent fuel storage deep pit and the fuel transfer canal.


Maximum and minimum water elevations of all the above pools during refueling operations are 688’‑8” and 688’‑5”, respectively.  The tops of spent fuel elements in storage are at Elevation 661’‑4” which provides a minimum of 27 feet, 1 inch over these elements for radiation shielding.  The gross normal water volumes in the wet pits in each of the containments are as follows:


a.
Moisture separator pool



20,020 ft3

b.
Reactor well





19,840 ft3

c.
Steam dryer pit and spent


27,808 ft3


fuel deep pit


d.
Fuel transfer canal




 5,850 ft3



Total





72,790 ft3

These structures and the working floor at Elevation 689’‑6” are all of reinforced concrete designed and constructed to Seismic Category I 


requirements <Section 3.8.2> and <Section 3.8.3>.  All pits are lined with 304 SS of all welded construction.  They are surrounded, from the outside to the inside, by a 3 inch deep by 4 inch wide trough in the concrete of the 689’‑6” main floor elevation and a 4 inch wide curb having a top elevation of 689’‑10”.  This will prevent contamination, by water from the main floor, of the areas immediately adjacent to the pools and the water in the pools.  Guardrails for personnel protection are mounted on top of the elevated curb.


Spent fuel storage racks provide a place in the upper fuel pool of each containment for storing spent fuel received from the reactor vessel.  These are top entry racks designed to maintain the spent fuel in a space geometry that precludes the possibility of criticality under normal and abnormal conditions.  The upper tie plate of the fuel element rests against the rack to provide lateral support.


Each standard spent fuel rack <Figure 9.1‑2> stores 10 fuel assemblies.  The racks are pinned to the rack support structure.  All racks are built with a common mounting dimension to facilitate rack rearrangement or replacement.


The rack arrangement is designed to prevent accidental insertion of fuel bundles between adjacent racks.  The storage rack structure is designed so that the upper tie plate casting cannot be lowered below the top of the upper rack.  This prevents any tendency of the fuel bundle jamming on insertion or removal from the rack.  The rack holddown bolt spacing will maintain minimum spacing of adjacent racks for geometric reactivity control.  The racks are designed to maintain a minimum fuel storage cell spacing of seven inches (center‑to‑center) within a rack and 12 inches (center‑to‑center) from rack to rack.


9.1.2.2.2      Facilities Description ‑ PAR Racks


Storage and handling of spent fuel is accomplished in the fuel handling area of the intermediate building <Figure 1.2‑5>.  The working floor elevation in the intermediate building is 620’‑6”.  The structural features provided in the fuel handling and storage area of the fuel handling building are:  the fuel cask decontamination pad; the cask pit, in which spent fuel is loaded under water into the fuel shipping cask; the two dry new fuel storage pits in which fresh fuel is stored in the GE racks; the spent fuel storage pool containing the PAR spent fuel storage racks; the fuel transfer pool for moving fresh and spent fuel into and out of the containments under water; and the fuel preparation pool which is used to store spent fuel in PAR racks and to channel and dechannel fuel in preparation for loading into the reactor.


The fuel transfer pool is separated from both the fuel preparation and storage pool and the spent fuel pool by full height walls.  Slots in the walls down to Elevation 594’‑6” allow the fuel handling platform’s fuel mast to pass through after the water‑tight gate in each wall has been removed.  The spent fuel pool is separated from the shipping cask storage pit by a full height wall with a slot down to Elevation 594’‑6” that is provided with a water‑tight gate.  Normal and minimum water elevations in all wet pools are 619’‑6” and 619’‑3”, respectively; with the exception of the step floor in the cask storage pit, which is at Elevation 599’‑0”, the bottoms of the wet pools are at Elevation 575’‑11”.


The top of spent fuel elements in the spent fuel storage racks are at Elevation 591’‑4” which provides a minimum of 28 feet of water over them for radiation shielding.  Spent control rods are stored, two to a hanger, on control rod hangers attached at Elevation 612’‑0” to the north and south walls of the fuel preparation and storage pool and to the north, south and west walls of the spent fuel pool.  During spent control rod transit, the minimum required submergence for shielding 


purposes will be maintained at no less than 6 feet ‑ 3 inches.  Once the spent control rod is resting on the hanger, the tops of the highest spent control rods in underwater storage are covered by a minimum of 6 feet ‑ 7 inches of water.  The gross water volumes in each of the wet pits in the intermediate building are as follows:


a.
Fuel preparation and storage pool


31,640 ft3

b.
Fuel transfer pool





11,000 ft3

c.
Spent fuel pool





39,100 ft3

d.
Shipping cask storage pit



10,800 ft3




Total





92,540 ft3

Arrays of densified spent fuel storage racks are provided in the fuel preparation and storage pool, and in the spent fuel pool located in the fuel handling area in the east section of the intermediate building.  Densified spent fuel storage racks provide medium term storage for spent fuel within the fuel handling and storage area of the intermediate building.  As mentioned previously, these racks are being designed and furnished by Programmed and Remote Systems Corporation (PAR).  The densified storage racks use neutron absorber and structural material in a densely packed, square array of storage spaces to achieve subcriticality.


The storage racks provide an individual storage compartment for each fuel assembly which are stored in the vertical position.  The racks are of the free standing design which does not require the fuel pool walls to carry any rack loads.  Rack loads will be completely carried by the floor anchorage system.


9.1.2.3      Safety Evaluation


9.1.2.3.1      Criticality Control ‑ GE Racks


The design of the spent fuel storage racks provides for a subcritical multiplication factor (keff) for both normal and abnormal storage conditions.  For normal and abnormal conditions, keff is equal to or less than 0.95.  Normal conditions exist when the fuel storage racks are located in the pool and are covered with a normal depth of water (about 27 feet above the stored fuel) for radiation shielding and with the maximum number of fuel assemblies or bundles in their design storage position.  The spent fuel is covered with water at all times by a minimum depth required to provide sufficient shielding.  An abnormal condition may result from accidental dropping of equipment or damage caused by the horizontal movement of fuel handling equipment without first disengaging the fuel from the hoisting equipment.  To meet the requirements of General Design Criterion 62, geometrically safe configurations of fuel stored in the spent fuel array are employed to assure that keff does not exceed 0.95 under all normal and abnormal storage conditions.  The geometry of the spent fuel storage array is such that keff is (0.95 due to over‑moderation.  To ensure that the design criteria are met, the following normal and abnormal spent fuel storage conditions are analyzed:


a.
Normal positioning in the spent fuel storage array.


b.
Eccentric positioning in the spent fuel storage array <Figure 9.1‑3>.


c.
Fuel stored in control rod racks (Figure 9.1‑4).


d.
Pool water temperature increases to 212(F.


e.
Two bundles placed side by side while separated from the storage rack area by 12 inches of water <Figure 9.1‑5>.


f.
Three‑bundle tee array separated from the storage rack area by 12 inches of water <Figure 9.1‑5>.


g.
Three‑bundle linear array separated from the storage rack area by 12 inches of water <Figure 9.1‑5>.


h.
Normal storage array of ruptured fuel.


i.
Abnormal condition of pool being drained and ruptured fuel containers being flooded.


j.
Moving fuel bundle between work rack and storage area.


k.
Moving fuel bundle in aisle between storage racks.


l.
Grapple drop displacing two fuel bundles.


m.
(Deleted)

n.
Dropped fuel assembly lying across the top of the rack.


9.1.2.3.2      Criticality Control ‑ PAR Racks


The storage racks are designed to maintain a keff of less than 0.95 for both normal and abnormal storage conditions of enriched fuel in demineralized water.


The criticality analysis accounts for:


a.
Lattice fuel enrichments up to and including 4.9% U‑235.


b.
Storage rack materials.


c.
Variation in fuel center‑to‑center spacing due to storage rack fabrication tolerances and clearances between the fuel assembly and storage cavities.


d.
Water density variations due to temperature and boiling within the temperature range established by the thermal hydraulic analysis.


e.
Storage rack basic geometry.


f.
Model and calculational uncertainties.


g.
Vibratory seismic responses which might reduce center‑to‑center spacing.


h.
Sensitivity to rack materials and fuel enrichment.


i.
Fuel data including 8 by 8, 9 by 9, 10 by 10 fuel arrays.


j.
A dropped assembly lying across the tops of the rack array.


k.
A dropped assembly standing beside an array in the space between the module and the fuel pool wall.


l.
The fuel was exposed to its peak cold reactivity point using standard GE lattice physics methods.


m.
Gadolinia is loaded such that the peak lattice incore K‑infinity is less than or equal 1.3746.


n.
Channeled and unchanneled fuel.


o.
Water replacing minor structural members.


p.
Normal positioning in the spent fuel storage array.


q.
Eccentric positioning in the spent fuel storage array.


r.
Fuel stored in control rod racks.


s.
Pool water temperature increases to 212(F.


t.
Two bundles placed side by side while separated from the storage rack area by 12 inches of water.


u.
Three‑bundle tee array separated from the storage rack area by 12 inches of water.


v.
Three‑bundle linear array separated from the storage rack area by 12 inches of water.


A radiological analysis, as a result of a fuel drop above the spent fuel pool racks is bounded by the analysis for a fuel drop inside containment.  <Section 15.7.4> and <Section 15.7.6> identify the causes of the accident, assumptions and starting conditions.  The fission product release from the fuel and the airborne activity released to the environs is calculated, and the corresponding radiological effects offsite are evaluated using the methods, assumptions and conditions in <Regulatory Guide 1.183>.


9.1.2.3.3      Spent Fuel Rack Design ‑ GE Racks


Spent fuel rack design features are as follows <Figure 9.1‑2>:


a.
Each containment spent fuel pool contains 19 sets of racks which may contain up to 190 fuel assemblies.  A maximum of 380 fuel assemblies may be stored in the two spent fuel pools.


b.
The storage racks provide an individual storage compartment for each fuel assembly and are secured to the pool wall through associated hardware.  The fuel assemblies are stored in a vertical position with the lower tie plate engaged on a captive slot in the lower fuel rack support casting.  Additional restraints are provided to restrict lateral movement.


c.
The weight of the fuel assembly is held by the lower rack support casting.


d.
The spent fuel storage racks are made from aluminum.  Materials used for construction are specified in accordance with the latest issue of applicable ASTM specifications.  The material choice is based on a consideration of the susceptibility of various metal combinations to electrochemical reaction.  When considering the susceptibility of metals to galvanic corrosion, aluminum and stainless steel are relatively close together insofar as their coupled potential is concerned.  The use of stainless steel fasteners in aluminum to avoid detrimental galvanic corrosion is a recommended practice and has been used successfully for many years by the aluminum industry.


e.
The minimum center‑to‑center spacing for the fuel assembly between rows is 12 inches.  The minimum center‑to‑center spacing within the rows is seven inches.  Fuel assembly placement between rows is not possible.


f.
Lead‑in and lead‑out guides at the top of the racks provide guidance of the fuel assembly during inserting or withdrawal.


g.
The rack is designed to withstand the impact force of 4,000 ft‑lbs while maintaining the safety design basis.  This impact force could be generated by the vertical free fall of a fuel assembly from the height of six feet.


h.
The storage rack is designed to withstand the pull‑up force of 4,000 lbs and a horizontal force of 1,000 lbs.  There are no readily available forces in excess of 1,000 lbs.  The racks are designed with lead‑outs to prevent sticking.  However, in case of a stuck fuel assembly, the lifting bail will yield at a pull‑up force less than 1,000 lbs.


i.
The storage rack is designed to withstand horizontal combined loads up to 220,000 lbs, well in excess of expected loads.


j.
The maximum stress in the full loaded rack in a faulted condition is 25.6 ksi <Table 3.9‑3>.  This is significantly lower than the allowable stress.


k.
The fuel storage racks are designed to handle irradiated fuel assemblies.  The expected radiation levels are well below the design levels.


l.
The spent fuel storage racks of each containment also have the capability of storing nine defective fuel storage containers.  These special castings prevent fuel from exceeding keff of 0.95 if they are in these positions.


The fuel storage facilities are designed to Seismic Category I requirements to prevent earthquake damage to the stored fuel.  The capability of the fuel storage facilities to prevent damage to the fuel racks due to flooding, tornadoes, hurricanes, and missiles is discussed in <Chapter 3>.


From the foregoing analyses, it is concluded that the spent fuel storage arrangement and design meet the safety design bases and satisfy the intent of <Regulatory Guide 1.13>, which precludes any deleterious effects on spent fuel storage integrity due to natural phenomena such as earthquakes, tornadoes, hurricanes, and floods.  The fuel storage pools 


have adequate water shielding for the stored spent fuel.  Adequate shielding for transporting the fuel is also provided.  Liquid level sensors are installed to detect a low pool water level.  Adequate makeup water is available to assure that the fuel will not be uncovered should a leak occur.


Since the fuel racks are made of noncombustible material and are stored under water, no potential fire hazard exists.  The large water volume also protects the spent fuel storage racks from potential pipe breaks and associated jet impingement loads.


The spent fuel storage racks require no periodic special testing or inspection for nuclear safety purposes.


9.1.2.3.4      Spent Fuel Racks Design ‑ PAR Racks


The first of two types of racks used <Figure 9.1‑6> provides a 10 by 10 square array of storage spaces with a nominal 6.625 inch center‑to‑center spacing between them.  The nominal center‑to‑center spacing between adjacent rows in adjacent racks is 9.375 inches.  The second type rack provides a 7 by 10 array of spent fuel storage spaces, <Figure 9.1‑7>, and a row of 5 multi‑purpose storage cavities.  Adjacent fuel storage spaces in the 7 by 10 part of the array are on a nominal 6.625 inch center‑to‑center spacing.  The five multi‑purpose storage cavities are on a nominal center‑to‑center spacing of 13.25 inches.  <Figure 9.1‑8> shows a cross section through a fuel element stored in the corner of a rack.


The high density spent fuel racks are of anodized aluminum construction.  They consist of six basic components <Figure 9.1‑6>:


a.
Top grid casting.


b.
Bottom grid casting.


c.
Neutron absorber canisters (poison cans).


d.
Side plates.


e.
Corner angle clips.


f.
Adjustable foot assembly.


The top and bottom grids are machined to accurately locate and support the fuel elements.  The castings have pockets cast in every other cavity opening into which the neutron absorber canisters nest.  With this arrangement, no structural loads are imposed on the neutron absorber canisters.  The neutron absorber canister (poison cans) consists of two concentric tubes with the neutron absorber plates located in the annular gap.  The outer tube is folded into the inner tube at the ends and totally seal welded to isolate the neutron poison from the pool water.  The grid structures are bolted and riveted together by four corner angles and four side shear panels.  Large leveling screws are located at the module corners to adjust for variations in pool floor level.


The neutron absorber plates “Boral” TM consist of boron carbide in an aluminum composite matrix which is clad with aluminum sheets.


A 0.125 inch lead‑in at the top of the rack provides guidance of the fuel assembly during insertion.


All fuel storage spaces will have sufficient internal clearance to limit insert and withdraw drag forces to less than 20 pounds.


The minimum clear space under the rack for water flow is 7.25 inches.


Six integral racks, consisting of 7 by 10 spaces for the storage of fuel, and five multi‑purpose storage cavities are provided <Figure 9.1‑7>.  The multi‑purpose storage cavities provide storage for 


defective fuel containers, guide tubes and control rods.  They consist of aluminum tubing located between top and bottom module castings similar to the poison cans.  The inside diameter (R) of these multi‑purpose cavities is 11.5 inches and the outside diameter (S) is 12 inches.


The nominal module overall dimensions and weight are as follows:














 Dry


Module Size
    “A” (in.)
   “B” (in.)
“C” (in.)
  Weight (lbs)


10 x 10

181.375‑182.875    68.875
 68.875

11,500


7 x 10&5MP
181.375‑182.875    68.875
 62.250

10,200


The rack is designed to withstand a lifting force of 4,000 pounds applied to the top at any fuel bundle location.  Also, the rack is designed to withstand a horizontal force of 1,000 pounds applied to the top of the rack at any fuel bundle location and at a varying angle from 0( to 45( from the horizontal.


The rack is designed to withstand the impact of a fuel bundle dropped from 18 inches above the racks on the middle of the top casting, on the corner of the top casting or through an empty cavity on the bottom casting without exceeding allowable stress limits.  Additionally, the rack is designed to withstand the impact of a fuel bundle dropped from seven feet above the rack on the middle of the largest top casting without causing rack deformation which would allow keff to exceed .95.


The capability of the spent fuel storage facilities to prevent damage to the fuel racks due to flooding, tornadoes, hurricanes, and missiles is discussed in <Chapter 3>.


Detail design of the densified storage racks is provided in (Reference 2).


The Subsequent Criticality Analysis performed for the densified fuel racks which includes the high enrichment compliance limit is provided in (Reference 5).


9.1.2.3.5      Spent Fuel Storage Facilities Protective Features ‑ GE





Racks


The polar crane and the 8 inch Schedule 40 pipe of the containment spray system are the only potential missiles of significant consequences that could effect the integrity of spent or new fuel in storage, or in transit within the containment.  The containment spray system piping is Safety Class 2, Seismic Category I and is of adequate structural integrity to withstand all design basis loads applied.  The polar crane is designed to Seismic Category I requirements and a safety factor of 5.  Both the bridge and trolley are equipped with earthquake restraints and brakes that prevent overturning during a seismic event and maintain them in a parked position whenever new or spent fuel is in transit.  Thus, the polar cranes have adequate structural integrity to withstand all design basis loads applied.


9.1.3      SPENT FUEL POOL COOLING AND CLEANUP SYSTEM


9.1.3.1      Design Bases


9.1.3.1.1      Safety Design Bases


The fuel pool cooling and cleanup system is designed to remove the decay heat from the fuel assemblies, maintain pool water level and remove radioactive materials from the pool, thus minimizing the release of radioactive elements stored in the containment upper pool and the pools in the fuel building.


The fuel pool cooling and cleanup system will:


a.
Minimize corrosion product buildup and will control water clarity, so that the fuel assemblies can be efficiently handled underwater.


b.
Minimize fission product concentration in the water which could be released from the pool to the refueling building environment.


c.
Monitor fuel pool water level and maintain a water level above the fuel sufficient to provide shielding for normal building occupancy.


d.
Maintain the pool water temperature below approximately 130(F under normal operating conditions.  This temperature is set to establish a minimum acceptable environment for personnel working in the vicinity of the fuel pool.  The maximum normal heat load from spent fuel stored in the fuel handling building pools is 26 x 106 Btu/hr.  This is the sum of the decay heat from 4,020 bundles discharged over a nine year period in accordance with the schedule noted in <Table 9.1‑1>.  Discharge batch sizes represent approximately 42 percent of a core.  All fuel has achieved a burnup of 28,440 MWd/MTU except for the final discharge which has a burnup of 18,000 MWd/MTU.  Both pumps and both heat exchangers are required to maintain the pool water temperature at approximately 130(F for this maximum normal condition.  If a faulted condition exists wherein one pump is lost, the pool temperature remains below 150(F.  For the unusual condition of loss of both a pump and a heat exchanger at the time the reactor is being refueled, the pool temperature would rise to a maximum of 154(F approximately 364 hours after shutdown, assuming the fuel has been unloaded in that time.  After approximately 27 days from shutdown, the pool temperature will fall below 150(F under the condition of only one pump and one heat exchanger in operation.  It should be noted that the expected refueling down time will be on the order of 30 days.  During this time, the RHR system of the shutdown reactor could be 



used to maintain the pool temperature below 150(F.  The RHR system will be used to supplement the fuel pool cooling and cleanup system under the maximum load condition as defined in <Section 9.1.3.3>.  Suitable redundancy, interconnections and isolation capabilities are provided in the cross connection to the RHR system <Figure 9.1‑9>.



Prior to Unit 2 operation, a seismic Class I source of cooling water is provided per <Section 9.1.3.3.4>, and the heat load is limited per <Section 9.1.3.2.2>.


e.
Maximum water purity for visual purposes.


Conformance with applicable GDCs is discussed in <Section 3.1>.


9.1.3.2      System Description


9.1.3.2.1      System Description ‑ Normal Operation


The fuel pool cooling and cleanup (FPCC) system <Figure 9.1‑9> maintains the containment pools, the spent fuel and cask storage pool and the fuel transfer pool below a desired temperature (i.e., at an acceptable radiation level and at a degree of clarity necessary to transfer and service the fuel bundles).  The FPCC also maintains the containment pool temperature, radiation level and clarity necessary to transfer and service the reactor internals and fuel bundles.


The FPCC system cools the spent fuel storage pools by transferring the spent fuel decay heat to the nuclear closed cooling system during normal plant operation as described in <Section 9.2.8>.  The maximum nuclear closed cooling system water temperature is 95(F.  The FPCC system consists of two parallel pumps and two parallel heat exchangers.  Both pumps delivering a total of 3,000 gpm and both heat exchangers, absorbing a total of 26 x 106 Btu/hr, are required to maintain the pool 


water temperature below approximately 130(F with the maximum normal heat load in the pool.  When the decay heat decreases to less than half the maximum normal output, the FPCC system will revert to single pump and single heat exchanger operation.  With two pumps operating, the entire inventory of water in the fuel handling building pools is circulated every seven hours.  The major portion of the equipment is located in the intermediate building near the fuel pools.


Water from the upper and lower pools is transferred through surface skimmers to the surge tanks in the fuel handling building.  Overflow from the tanks is channeled to the radwaste system.  The circulating pumps take suction from the bottom of the tanks and pump the water through the components of the system.


The FPCC System is designed to remove suspended or dissolved impurities from the following sources:


a.
Dust or other airborne particles.


b.
Surface dirt dislodged from equipment immersed in the pool.


c.
Crud and fission products emanating from the reactor during refueling.


d.
Debris from inspection or disposal operations.


e.
Residual cleaning chemicals or flushwater.


Clarity and purity of the pool water are maintained by a combination of filtration and demineralization.  The cleanup system will keep the water quality within the following limits:  conductivity, 3 µmho/cm at 25(C; chlorides (as Cl‑), 0.5 ppm; suspended solids, 1.0 ppm; total heavy elements (Fe, Cu, Ni), 0.1 ppm.  The pH range at 25(C will be 5.3 to 7.5 for compatibility with aluminum fuel storage racks and other equipment.  


Conductivity and other analysis will be performed on a periodic basis to ensure that the filter demineralizer is maintaining design water quality.  Isotopic analysis of the filter demineralizer effluent will be performed weekly.  The water quality will assure visual clarity of the pool water during normal fuel movements.


The cleanup system consists of two sets of filter demineralizers, each has its own piping and is capable of independent operation.  Each set of filter demineralizers is located in a separate shielded room in the fuel handling building with controls and instrumentation located outside the rooms to enable the system to be operated without unnecessary exposure to radiation.


The design flow rate of each set of filter demineralizers is 1,000 gpm.  Using both units simultaneously will provide a maximum capacity of 2,000 gpm.  A bypass line around the filter demineralizers allows the balance of the cooled system flow to enter the fuel storage pools.  Normally, only one of the filter demineralizers is operated; the second is used as a spare or is operated when additional capacity is needed.


Because the filter demineralizers are of the pressure precoat type, the system depends on flow to keep the filter medium on the filter elements.  Each filter demineralizer uses a holding pump to automatically maintain flow across the filter in case loss of flow from the main system occurs.  The filter demineralizer vessels are constructed of stainless steel.  The filter element is a replaceable porous, ceramic structure composed of aluminum oxide grains and the filter medium is cellulose fibers or a mixture of cellulose fibers and powdered resin.


The precoat tank in which the resins are mixed is a carbon steel tank lined with a phenolic coating.  The tank is equipped with an agitator used to mix a slurry.  The slurry is circulated through the system by the precoat pump until the resins coat over the filter elements.  The proportion of the resins to be mixed will be determined by water samples 


taken from the system.  The pressure drop across the filters is measured by pressure indicators.  When the resins are exhausted or the pressure drop across the filter becomes too great, the filter medium is backwashed from the elements with water from condensate storage into a storage tank and then transferred to the radwaste system.  A filter in the discharge line of each filter demineralizer limits the migration of filter medium downstream from the filter demineralizer vessels.  Pressure instrumentation is provided to determine when the filter should be replaced.


The circulation patterns within the containment and fuel handling building pools are established by placing the system discharge diffuser pipes near the bottom of the pools and on the opposite side from the surface skimmers.  This provides optimum mixing of heated and cooled water and also efficiently removes particles dislodged during refueling operation.  The system discharge pipes that return water to the pools are provided with a vent hole slightly below water level to provide a siphon break in case a pipe rupture occurs.


System instrumentation is provided for both automatic and remote‑manual operation.  Measured parameters include pressure, temperature, flow, and conductivity.


The containment pools and the spent fuel pool are equipped with redundant temperature instrumentation, each instrument having two setpoints.  Under abnormal conditions, the pool water temperature will be permitted to rise above the normal to approximately 150(F.  For this reason, the instruments are set to signal a high and a high‑high temperature.  Circulating water temperatures are measured before and after the heat exchangers and recorded on a temperature recorder.


Redundant level sensors are used to alarm high and low water levels in the upper and spent fuel pools and the system surge tank.  A separate level indicator is provided for the cask pool.  Redundant level 


instrumentation is provided for the surge tanks which alarm on high or low water level, and which alarm and trip the circulating pumps on a low‑low level.


Flow meters are provided to measure the flow through each demineralizer train, flow bypassing the demineralizers, and flow to the upper pools, lower pools or spent fuel pool.


A conductivity instrument is provided to analyze the conductivity of the discharge water from each set of demineralizers.


A gate is closed between the fuel pool and the cask pool to maintain the water level in the fuel pool when the cask pool is drained.  The water from the cask pool will be pumped to the waste collection tank in the radwaste building or drained to the equipment drains sump in the intermediate building.


The circulating pumps are controlled from the control room.  A low‑low level signal from the surge tank instrumentation automatically shuts off the pumps.  A pump low discharge pressure alarm is indicated in the control room.  The circulating pump motors receive power from the diesel generators if normal power is not available.  Circulating pump motor loads are considered non‑essential loads and will be operated under accident conditions as required.


The filter demineralizers are controlled from a local panel.  Differential pressure and conductivity instruments provided for each filter demineralizer set indicate when backwash is required.  Suitable alarms, differential pressure indicators and flow indicators monitor the condition of the filter demineralizers.


9.1.3.2.2      System Description ‑ Prior to Unit 2 Operation


Prior to Unit 2 operation, the maximum normal heat load from the spent fuel stored in the fuel handling building pools is 14 x 106 Btu/hr.  This is the sum of the decay heat from 4020 fuel bundles discharged over an 21 year period in accordance with the schedule noted in <Table 9.1‑1a>.  Discharge batch sizes represent approximately 42 percent of the core.  All fuel has achieved a burnup of 45,000 MWd/MTU.


9.1.3.3      Safety Evaluation


9.1.3.3.1      High Heat Load Condition Safety Evaluation


The maximum abnormal heat load is 46.8 x 106 Btu/hr.  This value is the sum of the decay heat from 3,388 bundles discharged over an eight year period, plus a sequential full core off‑load which fills the fuel handling pools in the area of the intermediate building (4,020 bundles) and stores 116 bundles in the containment pool <Table 9.1‑2>.  With both FPCC system pumps and heat exchangers operating, the pool temperature will rise to 154(F.  This value is derived from a conservative analysis which overestimates the heat loading by approximately 13%.  Under realistic conditions, the pool temperature will not exceed 150(F.  To prevent this condition, supplemental cooling capacity is available through a permanent cross tie to the RHR system which is no longer required to cool the shut down reactor.  The Perry Technical Specifications will not allow reactor startup whenever the RHR system for that unit is being used for spent fuel pool cooling except for shutdown margin demonstrations and training startup (less than or equal to 1% of rated thermal power and less than 200(F reactor coolant temperature).  The supplemental RHR cooling capacity, in conjunction with the fuel pool cooling capacity, will reduce the fuel pool water temperature to 106(F.  Any time the RHR system is used to supplement the spent fuel cooling system to maintain pool water temperature below 


150(F, the reactor of the unit whose RHR system is being used, will be placed and maintained in a cold shutdown condition or refueling mode as long as the RHR system is needed to supplement the FPCC system.  Except for a full core off‑load, the fuel pool cooling system is capable of maintaining the fuel pool at approximately 130(F without any assistance for all other heat loads that could conceivably occur under normal operating conditions.  The 150(F temperature limit is set to assure that the fuel handling area of the intermediate building environment does not exceed equipment environmental limits.  Fuel pool cooling pump motors are designed to operate in a 150(F environment.  The temperature limit for the fuel pool demineralizer resin is also 150(F.


9.1.3.3.2      Pool Design Safety Evaluation


The fuel storage pool is designed to ensure that no single failure of structures or equipment will cause inability to maintain irradiated fuel submerged in water, to re‑establish normal fuel pool water level or to remove decay heat from the pool.  The spent fuel pool walls with liner plates are designed to seismic Category I requirements as discussed in <Section 3.8.4>.  To limit the possibility of pool leakage around pool penetrations, the pool is lined with stainless steel to provide a high degree of integrity.  No outlets or drains are provided in the fuel pool that might permit the pool to be drained below a safe shielding level.  Inlet lines extending below this level are equipped with siphon breakers to prevent inadvertent pool drainage.  Interconnected drainage paths are provided behind the liner welds.  These paths are designed to prevent pressure buildup behind the liner plate, to prevent the uncontrolled loss of contaminated pool water to other relatively cleaner locations within the fuel handling area of the intermediate building and to provide expedient liner leak detection and measurement.  The paths are formed by welding channels behind the liner weld joints and are designed to permit gravity drainage to the radwaste system.


Failure to close the gate between the fuel pool and the cask pool while draining the cask pool will not uncover the fuel in the fuel pool.  Alarms will alert the operator if the water level in the fuel pool is low.  In addition, a concrete weir is provided between the pools to prevent uncovering of the fuel.  Whenever a gate is moved between its sealing position and storage position, precautions are taken to prevent the gate from falling into the spent fuel pool.  Lifting and moving is performed by the fuel handling platform.  The auxiliary hook (also known as monorail hoist assembly) on the platform attaches to the gate lifting lugs by a hook and sling arrangement.  Also, a full capacity safety line is secured to the gate during all periods of movement and seating.  This redundant arrangement precludes the possibility of the gate ever coming into contact with any portion of the spent fuel assemblies.  The gates are classified as Safety Class 2 equipment and are designed to Seismic Category I requirements.


Makeup water from the condensate storage tank is provided to the pool to replace evaporative and leakage losses.  If the failure of the normal makeup water system occurs, a permanent connected makeup supply is available from the Seismic Category I emergency service water system.  Two manually operated valves in the intermediate building must be opened to allow makeup water to enter the system.  The manually operated valves are locked closed to prevent accidental discharge of water from the emergency service water system into the fuel pool system.  Details of the emergency service water system are shown in <Figure 9.2‑1> and discussed in <Section 9.2.1>.


9.1.3.3.3      Piping Design Safety Evaluation


The fuel pool cooling and cleanup system is designed as Safety Class 3 and Seismic Category I except for the nonsafety class filter demineralizer system, cask pit drain subsystem and fuel transfer tube subsystem.


When a LOCA signal is received, the filter demineralizer system is automatically isolated with redundant safety class valves.  FPCC system flow is maintained through a Safety Class 3, Seismic Category I line which bypasses the filter demineralizer system.  The primary source of cooling water for the spent fuel pool heat exchangers comes from the nuclear closed cooling (NCC) system.  Since the NCC system is not Seismic Category I, it could be rendered inoperable by a DBA, and is thus automatically isolated from the FPCC heat exchangers under LOCA conditions.  To provide a backup source of cooling water that is Seismic Category I, the Unit 2 emergency closed cooling water system has been permanently connected to the heat exchanger cooling water supply lines <Section 9.2.2>.


Conformance with Branch Technical Position APCSB 3‑1 is discussed in <Section 3.6>.


9.1.3.3.4      Safety Evaluation Prior to Unit 2 Operation


Prior to Unit 2 operation, Unit 1 ESW is cross tied into the Unit 2 ECC supply to the FPCC heat exchangers <Section 9.2.1> and <Section 9.2.2> to provide a seismic Class I source of cooling water.  This safety evaluation only considers the heat load, and cooling water supply, as the rest of the FPCC system is unchanged from what is previously described.  The design basis event is a loss of coolant accident, a postulated earthquake condition, and a loss of normal AC power, coincident with a single failure that results in the loss of one division of safety equipment.  The heat load in the spent fuel pool is less than that which can be removed by the equipment in one division of safety equipment, including the use of that division for reactor decay heat removal <Section 9.2.1>.


Heat removal under conditions of maximum abnormal heat load (which includes a full core off‑load) is bounded by the analysis of <Section 9.1.3.3.1>.


The fuel handling area of the intermediate building is designed to preclude damage to the fuel within the pool from cyclonic winds or missiles generated by these winds.


From the foregoing discussion, it is concluded that the fuel pool cooling and cleanup system meets its safety design bases and satisfies the intent of <Regulatory Guide 1.13>.


9.1.3.4      Inspection and Testing Requirements


No tests are required because at least one pump and one heat exchanger are normally operating while fuel is stored in a pool.  A heatup rate evaluation shall be performed if it is necessary to secure the system while fuel is stored in the pool.  The spare unit is operated periodically to handle abnormal heat loads or to replace a unit for servicing.  Routine visual inspection of the system components, instrumentation and trouble alarms are adequate to verify system operability.


9.1.3.5      Radiological Considerations


The water level in the fuel storage pool is maintained at a height which is sufficient to provide shielding for normal building occupancy.  Radioactive particles removed from the fuel pool are stored in filter demineralizer units which are located in shielded cells.  For these reasons, the exposure of plant personnel to radiation from the fuel pool cooling and cleanup system is minimal.  Further details of radiological considerations for this system are described in <Chapter 12>.


9.1.4      FUEL HANDLING SYSTEM


9.1.4.1      Design Bases


The fuel handling system is designed to provide a safe and effective means for transporting and handling fuel from the time it reaches the plant until it leaves the plant after post‑irradiation cooling.  Safe handling of fuel includes design considerations for maintaining occupational radiation exposures as low as reasonable achievable during transportation and handling.


Design criteria for major fuel handling system equipment is provided in <Table 9.1‑3>, <Table 9.1‑4>, <Table 9.1‑5>, and <Table 9.1‑6> which list the safety class, quality group and seismic category.  Where applicable, the appropriate ASME, ANSI, industrial, and electrical codes are identified.


The transfer of new fuel assemblies between the new fuel unloading stand and the new fuel inspection stand and/or the new fuel storage vault is accomplished using an auxiliary hoist mounted from the 125 ton hoist of the fuel handling area crane equipped with a general purpose grapple or the fuel bundle lift hook.


The new fuel will be transferred from the new fuel vault or from the inspection stand to a 4‑bundle rack on the cask pool floor using either the fuel building crane equipped with a special purpose grapple or the 1,000 pound monorail hoist on the fuel handling platform.  From this point on, the fuel will be handled by the telescoping grapple on the fuel handling platform and transported to either the Spent Fuel Pool/ Fuel Prep Pool Storage Racks or the Fuel Prep Machines or the Incline Fuel Transfer System.  The fuel therefore is never more than six feet above the spent fuel storage racks ‑ thus minimizing the fresh fuel drop accident.  The fuel will be transported between the reactor and fuel handling area of the intermediate buildings 


by the fuel transfer system.  In the containment, the fuel will be handled by the telescoping grapple on the refueling platform.


These platforms are Safety Class 2 and Seismic Category I.  Allowable stress due to safe shutdown earthquake loading is 120 percent of yield or 70 percent of ultimate, whichever is least.  A dynamic analysis is performed on the structures using the response spectrum method with load contributions resulting from each of three earthquake components being combined by the SRSS procedure.  Working loads of the platform structures are in accordance with the AISC Manual of Steel Construction.  All parts of the hoist systems are designed to have a safety factor of five based on the ultimate strength of the material.  A redundant load path is incorporated in the fuel hoists so that no single component failure could result in a fuel bundle drop.  Maximum deflection limitations are imposed on the main structures to maintain relative stiffness of the platform.  Welding of the platforms is in accordance with AWS D14‑1 or ASME Boiler and Pressure Vessel Code Section 9.  Gears and bearings meet AGMA Gear Classification Manual and ANSI B3.5.  Materials used in construction of load bearing members are to ASTM specifications.  For personnel safety, OSHA Part 1910‑179 is applied.  Electrical equipment and controls meet ANSI CI, National Electric Code and NEMA Publication No. IC1, MG1.


The auxiliary fuel grapple and the main telescoping fuel grapples have redundant lifting features and an indicator which confirms positive grapple engagement.


The fuel grapple is used for lifting and transporting fuel bundles.  It is designed as a telescoping grapple that can extend to the proper work level and in the normal up position state can still maintain adequate water shielding over fuel.  The auxiliary fuel grapple and the monorail hoist of the fuel handling platform are designed to Seismic Category I requirements.


Redundant electrical interlocks preclude the possibility of raising radioactive material out of the water.  Full up travel and full down travel are set using encoders and PLC generated limits.  The full up travel stop is encoder/PLC based.  An independent limit switch is utilized as a backup.

Providing a separate cask loading pool, capable of being isolated from the fuel storage pool, will eliminate the potential accident of dropping the cask and rupturing the fuel storage pool.  Furthermore, limitation of the travel of the crane handling the cask will preclude transporting the cask over any fuel storage pool.  Refer to <Chapter 15.0> for accident considerations.


9.1.4.2      System Description


<Table 9.1‑7> lists typical tools and servicing equipment supplied with the nuclear system.  The sections that follow describe the use of some of the major tools and servicing equipment, and address safety aspects of the design where applicable.  Sections may be performed in parallel and not as listed.


9.1.4.2.1      Spent Fuel Shipping Cask


The designs of cask storage and handling facilities are based on a design cask weighing approximately 125 tons with approximate dimensions 21 feet long and 10 feet in diameter.  This size cask is expected to accommodate 24 to 32 fuel bundles.  A flatbed (railroad or truck) transports the cask to and from the fuel handling area of the intermediate building.  The flatbed is equipped with a cask cooling system and storage area for the cask yoke.  Overland offsite transportation of the cask conforms to transportation rules and regulations of <49 CFR 173>.


The cask is handled by a yoke which is attached to the cask lifting trunnions.  The yoke is provided with sufficient component redundancy 


and design safety features to ensure that, for all postulated credible component failures, a cask drop is precluded.


Each end of the cask is equipped with an energy‑absorbing crash cone.  The crash cones are constructed of a stainless steel honeycomb encased in aluminum.  The performance of the crash cone complies with the requirements of <49 CFR 173>.


9.1.4.2.2      Overhead Bridge Cranes


9.1.4.2.2.1      Containment Polar Crane


The containment polar crane is designed to Seismic Category I requirements.  The crane consists of two crane girders and a trolley.  The circular runway (rails) which supports the crane girders is supported from the containment walls at Elevation 721’‑0” <Figure 1.2‑11> and provides for 360( rotation of the crane girders.

The trolley travels laterally on the crane girders.  The main and auxiliary hoisting equipment (125 ton and 10 ton capacity, respectively) are located on the trolley.


The containment polar crane with the vessel head strongback will be used to handle the 90 ton RPV head.  The polar crane with the dryer/separator strongback will be used to handle the RPV internals.  Both strongbacks are designed so that no single component failure will cause the load to drop or swing uncontrollably out of an essentially horizontal attitude.


The vessel head strongback is cruciform‑shaped.  It attaches to the crane sister hook by means of an integral hook box and two hook pins.  Each pin is capable of carrying the rated load.  Each leg of the cruciform is capable of carrying the rated load.


On both ends of each leg are adjustable lifting rods, suspended vertically to attach the lifting legs to the RPV head.  These are for adjustment for even four point load distribution and allow for some flexibility in diametrical location of the lifting lugs on the head.


The maximum potential drop height is at the point where the head gets lifted vertically from the vessel and before moving it horizontally to the head storage pedestals.  The elevation difference from vessel flange to storage elevation is approximately 30 feet.


The shroud head load of 53 tons and the steam dryer load of 36.4 tons will both be lifted with the dryer/separator strongback.


This strongback is a cruciform shape with box‑shaped sockets at the four ends.  Each socket box is adjustable to accommodate the two different lug spacings on the dryer and on the shroud head.  Pneumatically operated lifting pins will penetrate the sockets to engage the lifting lugs and pneumatically operated hook box pins will engage the polar crane sister hook.

Each of the above strongbacks are load tested at 125 percent rated load or higher.  At this test, measurements are taken to verify that deflections are within acceptable limits.  A magnetic particle test of load bearing structural welds is performed after the load test to ensure structural integrity.


For lifting other loads over or near spent fuel, the Reactor Building polar crane auxiliary hoist is qualified for lifting light loads (loads less than 1048 lbs) over spent fuel, for lifting the IFTS gates near the spent fuel, as well as for other specified tools and components noted in (Reference 10) for loads up to 4,000 lbs. in accordance with administrative and maintenance procedures.  When the polar crane load blocks are moved over or near spent fuel in the racks or open reactor, the main hoist shall be electrically disabled.


The polar crane is also used for the erection of major pieces of equipment during the construction phase.  The containment polar crane is not used for fuel handling purposes.


9.1.4.2.2.2      Fuel Handling Area Crane


The primary purpose of the fuel handling area crane is to facilitate onsite handling of the fuel cask.  This is a bridge‑type crane, supported by reinforced concrete columns that spans the width of the fuel handling area.  Its range of service includes the new fuel storage site, cask storage pool and cask washdown area.  The fuel handling area crane rails do not extend over any portion of the spent fuel pool; thus, the cask cannot be transported over the spent fuel storage racks.  The main hook has a 125 ton capacity and the auxiliary hook has a 20 ton capacity.


9.1.4.2.3      Fuel Servicing Equipment


The fuel servicing equipment discussed in the sections that follow has been designed in accordance with the criteria listed in <Table 9.1‑3>.


9.1.4.2.3.1      Fuel Prep Machines


A fuel preparation machine, <Figure 9.1‑10> is mounted on the wall of the fuel storage pool and is used for stripping reusable channels from the spent fuel and for rechanneling of the new fuel.  The machine is also used with the fuel inspection fixture to provide an underwater inspection capability.


The fuel preparation machine consists of a work platform, a frame and a movable carriage.  The frame and movable carriage are located below the normal water level in the fuel storage pool, thus providing a water shield for the fuel assemblies being handled.  The fuel preparation machine carriage has a permanently installed up‑travel‑stop to prevent 


raising fuel above the safe water shield level.  The movable carriage is operated by a foot pedal controlled air hoist.  One fuel prep machines (1F11E001A) function has been changed to facilitate setting blade guides into the steam dryer pool for storage prior to installation into the reactor vessel.  The modification will not permit a fuel bundle to be inserted in the machine.


9.1.4.2.3.2      New Fuel Inspection Stand


The new fuel inspection stand, <Figure 9.1‑11>, serves as a support for the new fuel bundles undergoing receiving inspection and provides a working platform for technicians engaged in performing the inspection.


The new fuel inspection stand consists of a vertical guide column, a lift unit to position the work platform at any desired level, bearing seats, and upper clamps to hold the fuel bundles in position.


Although, there is not a specific criticality analysis for storing fresh fuel in the new fuel inspection stand, generic fuel vendor analysis demonstrates that an array of three un‑irradiated GE12/GE14 fuel bundles separated by 12 inches from other fuel is acceptable.  The analysis supporting fresh fuel assumes a 10 by 10 fuel rod matrix, channeled or un‑channeled, enriched to 5% U235 with sufficient Gadolinium loading to meet the minimum shipping requirements of the vendor supplied shipping crates.  This generic fuel vendor analysis supports the condition where two fuel bundles are stored in the new fuel inspection stand and a third bundle is brought near the new fuel inspection stand using either the bundle lift hook and fuel handling building crane or the Aux Hoist and the General Purpose Grapple on the Fuel Handling Platform.


9.1.4.2.3.3      Channel Bolt Wrench


The channel bolt wrench, <Figure 9.1‑12>, is a manually operated device approximately 12 feet (3.6 meters) in overall length.  The wrench is 


used for removing and installing the channel fastener assembly while the fuel assembly is held in the fuel preparation machine.


The channel bolt wrench has a socket which mates and captures the channel fastener capscrew.


9.1.4.2.3.4      Channel Handling Tool


The channel handling tool, <Figure 9.1‑13>, is used in conjunction with the fuel preparation machine to remove, install and transport fuel channels in the fuel storage pool.


The tool is composed of a handling bail, a lock/release knob, extension shaft, angle guides, and clamp arms which engage the fuel channel.  The clamps are actuated (extended or retracted) by manually rotating lock/release knob.


The channel handling tool is suspended by its bail from a spring balancer on the channel handling boom located on the fuel pool periphery.


9.1.4.2.3.5      Fuel Pool Sipper


(Historical Information – Fuel Sipping is typically performed using vendor supplied equipment).


The fuel pool sipper, <Figure 9.1‑14>, provides a means of isolating a fuel assembly in demineralized water in order to concentrate fission products in relation to a controlled background.


The fuel pool sipper consists of a control panel assembly and a sipping container cover.


9.1.4.2.3.6      Channel Gauging Fixture


The channel gauging fixture, <Figure 9.1‑15>, is a go/no‑go gauge used to evaluate the condition of a fuel channel, prior to rechanneling or when one is difficult to install.


The channel gauging fixture consists basically of a frame, gauging plate and gauging block.  The gauging plate is shimmed to correspond to the outside dimension of a usable fuel channel.  The gauging block conforms to the inside dimension of the lower end of a usable fuel channel.


The channel gauging fixture is installed in the vertical position, between the two fuel preparation machines and hangs from the fuel storage pool curb.


9.1.4.2.3.7      General Purpose Grapple


The general purpose grapple, <Figure 9.1‑16>, is a handling tool used generally with the fuel.


9.1.4.2.3.8      Deleted

9.1.4.2.3.9      Fuel Handling Platform


Refer to <Section 9.1.4.2.7.3> for a discussion of the fuel handling platform.


9.1.4.2.3.10      Channel Handling Booms


A channel handling boom, <Figure 9.1‑18>, with a spring‑loaded balance reel is used to assist the operator in supporting a portion of the weight of the channel after it is removed from the fuel assembly.  The boom is set between the fuel preparation machines.  With the channel handling tool attached to the reel, the channel may be conveniently moved between fuel preparation machines.


9.1.4.2.3.11      Fuel Transfer System


The inclined fuel transfer system <Figure 9.1‑19> is used to transfer fuel, control rods, defective fuel storage containers, and other small items between the containment and the fuel building pools by means of a carriage traveling in a transfer tube (a 23 inch I.D. stainless steel pipe).  At the containment upper pool, the transfer tube connects to pool penetration and to a sheave box.  Connected to the sheave box is a 24 inch flap valve, a vent pipe, cable enclosures, and a fill valve.  In the fuel building pool, the transfer tube connects to a 24 inch gate valve.  A bellows connects the building penetration to the valve and transfer tube to prevent water entrapment between the tube and penetration.  A four inch Weldolet located on the transfer tube approximately two feet above the fuel building pool water level and a motor‑operated valve are provided for connections to a drain pipe for water level control in the transfer tube.  A containment isolation assembly containing a blind flange and a bellows which connects from the containment penetration to the assembly are provided to make containment isolation.  A hand operated 24 inch gate valve is provided to isolate the reactor building pool water from the transfer tube so that the blind flange can be installed.  A hydraulically actuated upender is provided in each pool for rotating part of the carriage, the tilt tube, to the vertical position for loading and unloading and to the inclined position for transfer.  The carriage consists of the tilt tube and a follower connected with a pivot pin which allows upending of the tilt tube while 


maintaining the follower in the inclined position.  The carriage has rollers and wheels which ride on tracks within the transfer tube and upenders to ensure low friction, correct carriage orientation, and smooth transition across valves and between other components.  The tilt tube is designed to accept two different inserts:  a fuel bundle insert with a two‑bundle capacity, and a control rod insert for control rods, defective fuel storage container, and other small items.


A winch, located on the containment refueling floor, uses two cables attached to the lower end of the follower for pulling the carriage from the fuel building to the containment and for controlling the carriage descent velocity.  A slow winch speed is provided for starting and stopping the carriage to limit the acceleration on the fuel assemblies.  Cable underload and overload protection is provided by a load cell.  Carriage position readout is provided.  Cable enclosures, attached to the sheave box and projecting above the containment upper pool water level, provides the means for cable exit from the transfer tube while isolating the pool water from the tube.


A vent pipe with a fluid stop connected to the containment ventilation system isolates the displaced air in the tube during filling from the reactor building atmosphere and confines the water surge to the pool water.


A hydraulic power unit is provided in each building to actuate the cylinders attached to the upenders, the fill valve, the flap valve, and the fuel building gate valve.


In both buildings, the pool area in which the transfer system components are located is physically separated from the fuel storage area by a concrete wall which serves as a positive barrier to prevent fuel in the storage area from being uncovered in case pool water is lost through the transfer system.  In addition, these walls are provided with gates to 


allow drainage of the transfer pool areas for maintenance and/or removal of the transfer tube and components.


Control panels are provided in close proximity to each transfer pool area and are connected for voice and interlock communication.  Each panel has control buttons for actuating the upender, a button for initiating the transfer sequence to the other building and a stop button.  The transfer operation functions on an automatic basis with provision made for manual override.  Automatic sequencing is accomplished by use of an electronic controller located in the fuel building which utilizes sensors for confirming the successful completion of each step before initiating the next step.  The completion of a transfer sequence is signaled at the control panels.  The control panels also contain a programmable logic controller (PLC) driven touchscreen monitor to permit monitoring of the Inclined Fuel Transfer System (IFTS) equipment.  It is from these touchscreen monitors that the automatic sequence is initiated.  A touchscreen monitor on each of the fuel platforms will also permit monitoring and automatic transfer initiation.  All four (4) of these locations are equipped with emergency stop pushbuttons.


Interlocks assure the correct sequencing of the transfer system components and fuel handling equipment during automatic or manual override operation.  Interlocks prevent the refueling platform from moving into the reactor building transfer area unless the mast and associated load are at a clear elevation above the upender (7).  In addition, interlocks prevent upender movement if the platform is in the transfer area and the mast is not at a clear elevation (refer to <Figure 9.1‑19> for component and equipment locations).  An interlock prevents the fuel handling platform from moving into the fuel building IFTS transfer tube area unless the upender (31) is in the vertical position.  Another interlock prevents movement of the upender (31) if the fuel handling platform is in the lower IFTS transfer area.  The 


refueling interlocks instrumentation and control and other control safety aspects of the refueling system are described and evaluated in <Section 7.7>.


The operational sequence for the fuel transfer system <Figure 9.1‑19> is described as follows.  As a starting point, assume the carriage (24) is in the containment transfer pool with the tilt tube (24A) supported by the upender (7) in the vertical position.  In this position, the sheave box cover (11) and manual gate valve (17) are open with the fill valve (13), gate valve (25) and drain valve (27) closed.  The operational sequence is as follows:


a.
The automatic operation is started by selecting the Auto Run Start Monitor Touchbutton on the containment control panel or the Refuel Bridge monitor.  The hydraulic cylinder (9) is actuated to pull the tilt tube into the inclined position for transfer.


b.
The winch (1) starts unwinding the cables to lower the carriage (24).


c.
The sheave box cover (11) is closed.


d.
The carriage is stopped approximately 2 feet above the gate valve (25).


e.
The drain valve (27) is opened and water is drained to the level of drain pipe attachment to the transfer pipe (20).


f.
The gate valve (25) is opened and the drain valve (27) closed.


g.
The winch lowers the carriage until it is stopped and supported by the pivot arm framing (32).


h.
The hydraulic cylinder (9) is actuated to push the upender (31) and tilt tube (24A) to the vertical position then the auto sequence stops.


i.
Unload and load cargo.


j.
The automatic operation to return the carriage to the containment is started by selecting the Auto Run Start Monitor Touchbutton on the fuel handling control panel or the fuel handling bridge monitor.


k.
The hydraulic cylinder is actuated to lower the tilt tube and upender to the inclined position.


l.
The winch is started and pulls the carriage (24) to a position approximately two feet above the gate valve (25) where it is automatically stopped.


m.
The gate valve (25) is closed.


n.
The fill valve (3) is opened.


o.
The sheave box cover (11) is opened when sensors indicate that the transfer tube (20), sheave box (14), vent pipe (4), and cable enclosures (5) are filled with water.


p.
The carriage is pulled to the containment transfer pool (starting point).


q.
The hydraulic cylinder (9) is actuated to push the upender and tilt tube (7 and 24A) to the vertical position then the auto sequence stops.


r.
Load and unload fuel, control rods or other items into and from the tilt tube.


After transfer operations are completed, the carriage will be stored in the containment building transfer pool on the upender (7).  Containment isolation is then made as follows:


a.
Close the manual gate valve (17).


b.
Remove bolts from the containment isolation assembly (18) as required to allow insertion of the blind flange.  (Not all bolts will have to be removed.)  Loosen remaining bolts to allow adequate movement of the transfer tube flange.  In operating Modes 1, 2, or 3, the unbolted configuration of the blind flange is limited to 20 hours in a 12 month period.


c.
Compress the transfer tube bellows with the hydraulic cylinders (16).


d.
Insert the blind flange and install bolts.


e.
Relax the transfer tube bellows with the cylinders (16).


f.
Relieve pressure on the cylinders and tighten the bolts.


Containment is made by the containment isolation assembly and blind flange, containment bellows (19) and the steel containment penetration.  Special gaskets and double ply bellows are provided for leak checking to ensure containment isolation.  A bellows assembly with a test connection is installed to permit confirmatory leak testing of the double ply bellows <Table 6.2‑40>.  (When the blind flange is removed in operating Modes 1, 2, or 3, containment is made by the remaining portion of the containment isolation assembly, containment bellows (19), steel containment penetration, transfer tube, drain line, drain valve, and 


local leak rate test valve.)  A time restriction of 60 days per cycle exists for this configuration, i.e., the blind flange removed in operating Modes 1, 2, or 3.


Refer to <Table 9.1‑4> for component identification essential classifications, safety classifications, quality groups, and seismic categories.


9.1.4.2.3.12      4‑Bundle Rack


The 4‑Bundle Rack is a movable storage rack located in the Cask Pit in the Fuel Handling Building.  The 4‑Bundle Rack consist of four storage locations – each capable of holding one fuel bundle (channeled or un‑channeled).  Each storage location consists of an enclosed box approximately 5.6 inches on each side and approximately 14 feet tall.  Each storage location is open on the top and bottom.  The four storage locations are arranged in square configuration such that the fuel bundles are on 12 inch centers.  The 4‑Bundle Rack is made of 304 Stainless Steel.

The purpose of the 4‑Bundle rack is to allow transfer of fresh fuel from either the New Fuel Inspection Stand or New Fuel Storage Vaults to storage locations in the Spent Fuel Pool, Fuel Prep Pool, the Fuel Prep Machines, or the Inclined Fuel Transfer System.  First, fresh fuel is transferred from either the New Fuel Inspection Stand or New Fuel Storage Vaults using the Aux Hoist and the General Purpose Grapple on the Fuel Handling Platform to a storage location in the 4‑Bundle Rack.  Second the fuel is transferred from the 4‑Bundle Rack using the telescoping grapple on the Fuel Handling Platform to storage locations in the Spent Fuel Pool/Fuel Prep Pool or transferred to a Fuel Prep Machine or the Inclined Fuel Transfer System.


The 4‑Bundle Rack is qualified to Safety Class 2/Seismic Category I requirements.  The structural analysis assumed only two storage 


locations were in use.  Perry’s procedures limit the use of the 4‑Bundle to only contain two fuel bundles at a time.


Although, there is not a specific criticality analysis for storing either fresh or irradiated fuel in the 4‑Bundle Rack, generic fuel vendor analysis demonstrates that an array of three un‑irradiated GE12/GE14 fuel bundles separated by 12 inches from other fuel is acceptable.  The analysis supporting fresh fuel assumes a 10 by 10 fuel rod matrix, channeled or un‑channeled, enriched to 5% U235 with sufficient Gadolinium loading to meet the minimum shipping requirements of the vendor supplied shipping crates.  This generic fuel vendor analysis supports the condition where two fuel bundles are stored in the 4‑Bundle Rack and a third bundle is brought near the 4‑Bundle Rack using either the telescoping grapple on the Fuel Handling Platform or the Aux Hoist and the General Purpose Grapple on the Fuel Handling Platform.


9.1.4.2.3.13      New Fuel Unloading Stand


The New Fuel Unloading Stand is a tall platform bolted to the Fuel Handling Floor behind the New Fuel Inspection Stand.  The platform consists of four I‑beams on an approximately 3 foot by 3 foot square and approximately 16 feet tall.  There is a small platform located near the top.  Additionally, a channel handling boom is located on top of the Unloading stand.  The channel handling boom consists of an I‑beam approximately 15 feet tall, a swing arm, and a small electric hoist attached to the end of the swing arm.

The purpose of the New Fuel Unloading Stand is to hold the metal inner shipping container in the upright position while the new fuel bundles are removed from the inner shipping container.  The purpose of the channel handling boom is to allow channeling of new fuel bundles in the New Fuel Inspection Stand.  First, using the hoist on the swing arm, a channel is raised to the full up position.  Second, the swing arm is pulled over the new fuel bundle in the New Fuel Inspection Stand such 


that the channel is centered over the fuel bundle.  Third, the channel is lowered down over the fuel bundle.


If receiving channeled fuel assemblies, installation of the channel handling boom is optional.


The New Fuel Unloading Stand is qualified to Safety Class 2/Seismic Category I requirements.  The structural analysis assumes a fully loaded metal inner container with two bundles and a channel hanging from the channel handling boom.


Although, there is not a specific criticality analysis for fresh fuel in the New Fuel Unloading Stand, generic fuel vendor analysis demonstrates that an array of three unirradiated GE12/GE14 fuel bundles separated by 12 inches from other fuel is acceptable.  The analysis supporting fresh fuel assumes a 10 by 10 fuel rod matrix, channeled or un‑channeled, enriched to 5% U235 with sufficient Gadolinium loading to meet the minimum shipping requirements of the vendor supplied shipping crates.  This generic fuel vendor analysis supports the condition where two fuel bundles are stored in the New Fuel Unloading Stand and a third bundle is brought near the New Fuel Unloading Stand using the bundle lift hook and Fuel Handling Building Crane.


9.1.4.2.4      Servicing Aids


General area underwater lights are provided with a suitable reflector for illumination.  Suitable light support brackets are furnished to support the lights in the reactor vessel to allow the light to be positioned over the area being serviced independent of the platform.  Local area underwater lights are small diameter lights for additional illumination.  Drop lights are used for illumination where needed.


A radiation hardened designed underwater closed circuit television (CCTV) camera is provided.  The camera may be lowered into the reactor vessel and/or fuel storage pool to assist in the inspection and/or maintenance of these areas.


A general purpose, plastic viewing aid is provided to float on the water surface to provide better visibility.  The sides of the viewing aid are brightly colored to allow the operator to observe it in the event of filling with water and sinking.  Portable, submersible type, underwater vacuum cleaners are provided to assist in removing crud and miscellaneous particulate matter from the pool floors, or the reactor vessel.  The pump and the filter unit are completely submersible for extended periods.  The filter “package” is capable of being remotely changed, and the filters will fit into a standard shipping container for offsite burial.  Fuel pool tool accessories are also provided to meet servicing requirements.  A fuel assembly sampler may be used to detect defective fuel assemblies during open vessel periods while the fuel is in the core.


9.1.4.2.5      Reactor Vessel Servicing Equipment


The essentiality and safety classifications, the quality group and the seismic category for this equipment is listed in <Table 9.1‑5>.  The sections that follow describe the equipment designs in reference to <Table 9.1‑5>.


9.1.4.2.5.1      Reactor Vessel Service Tools


The following tools are used when the reactor is shut down and the reactor vessel head is being removed or reinstalled:


a.
Stud handling tool.


b.
Stud wrench.


c.
Nut runner.


d.
Stud thread protector.


e.
Thread protector mandrel.


f.
Bushing wrench.


g.
Seal surface protector.


h.
Stud elongation measuring rod.


i.
Dial indicator elongation measuring device.


j.
Head guide cap.


These tools are designed for a 40 year life in the specified environment.  Lifting tools are designed for a safety factor of 5 or better with respect to the ultimate strength of the material used.  When carbon steel is used, it is either hard chrome plated, parkerized or coated with an approved paint as specified in <Regulatory Guide 1.54>.


9.1.4.2.5.2      Steam Line Plugs


The steam line plugs are used during reactor refueling or servicing; they are inserted in the steam outlet nozzles from inside of the reactor vessel to prevent a flow of water from the reactor well into the main steam line during servicing of safety/relief valves, main isolation valves, or other components of the main steam lines, while the reactor water level is at the refueling level.  The steam line plug design provides two seals of different types.  Each one is independently capable of holding full head pressure and is seismically qualified.  The equipment is constructed on non‑corrosive materials.  All calculated safety factors are 5 or better.  The plug body is designed in accordance with the “Aluminum Construction Manual” by the Aluminum Association.


9.1.4.2.5.3      Shroud Head Bolt Wrenches


This is a hand held tool for operation of the shroud head bolts.  It is designed for a 40 year life and is made of aluminum for ease of handling and resistance to corrosion.  Testing has been performed to confirm the design.


9.1.4.2.5.4      Head Holding Pedestal


Three pedestals are provided for mounting on the refueling floor for supporting the reactor vessel head and strongback/carousel during periods of reactor service.  The pedestals have studs which engage three evenly spaced stud holes in the head flange.  The flange surface rests on replaceable wear pads made of aluminum.  When resting on the pedestals, the head flange is approximately three feet above the floor to allow access to the seal surface for inspection and O‑ring replacement.


The pedestal structure is a carbon steel weldment coated with an approved paint.  It has a base with bolt holes for mounting it to the concrete floor.


A seismic analysis was made to determine the seismic forces imposed onto the pedestals floor anchors, using the floor response spectrum method.  The structure is designed to withstand these calculated forces and meet the requirements of AISC.


9.1.4.2.5.5      Head Stud Rack


The head stud rack is used for transporting and storage of eight reactor pressure vessel studs.  It is suspended from the containment polar crane hook when lifting studs from the reactor well to the operating floor.


The rack is made of aluminum to resist corrosion, and it is designed for a safety factor of 5 with respect to the ultimate strength of the material.


The structure is designed in accordance with the “Aluminum Construction Manual” by the Aluminum Association.


9.1.4.2.5.6      Dryer and Separator Strongback


The dryer and separator strongback is a lifting device used for transporting the steam dryer or the shroud head with the steam separators between the reactor vessel and the storage pools.  The strongback is a cruciform shaped beam structure which has a hook box with two pneumatically operated hook pins in the center for engagement with the containment polar crane sister hook and it has a socket with a pneumatically operated pin on the end of each arm for engaging it to the four lift eyes on the steam dryer or shroud head.


The strongback has been designed such that one hook pin and one main beam of the cruciform will be capable of carrying the total load and so that no single component failure will cause the load to drop or swing uncontrollably out of an essentially level attitude.  The safety factor of all lifting members is 5 or better in reference to the ultimate breaking strength of the material.


The structure is designed in accordance with “The Manual of Steel Construction” by AISC.  The completed assembly is proof tested at 150 percent of rated load and all structural welds are magnetic particle inspected after load test.


9.1.4.2.5.7      Head Strongback/Carousel


The RPV head strongback/carousel is an integrated piece of equipment consisting of a cruciform shaped strongback, a circular monorail and a circular storage tray.


The strongback is a box beam structure which has a hook box with two hook pins in the center for engagement with the containment polar crane sister hook.  Each arm has a lift rod for engagement to the four lift lugs on the RPV head.  The monorail is mounted on extensions of the strongback arms and four additional arms equally spaced between the strongback arms.  The monorail circle matches the stud circle of the reactor vessel and it serves to suspend stud tensioners and nut handling devices.  The storage tray is suspended from the ends of the same eight arms and surrounds the RPV flange.  A manifold is mounted underneath the hook box for distributing hydraulic and pneumatic pressures to equipment traveling on the monorail.  The head strongback/carousel serves the following functions:


a.
Lifting of Vessel Head



The strongback, when suspended from the containment polar crane main hook, will transport RPV head plus the carousel with all its attachments between the reactor vessel and storage on the pedestals.


b.
Tensioning of Vessel Head Closure



The carousel, when supported on the RPV head on the vessel may carry up to eight tensioners, its own weight, the strongback, storage of nuts, washers, thread protectors, and associated tools and equipment.  The eight tensioners are suspended equally spaced from a monorail above the vessel stud circle.  Each tensioner has an air operated hoist with individual controls.


c.
Storage with RPV



The carousel, when stored with the RPV head on the head holding pedestals, carries the same load for Item b., above.  When in storage position, it accommodates nut cleaning and inspection.


d.
Storage without RPV Head



During reactor operation, the carousel is stored on the refueling floor, straddling the three pedestals.  Support cradles with a flat base are provided for supporting the four carousel legs on the floor.



The strongback with its lifting components is designed to meet the Crane Manufacturers Association of America, Specification No. 70.  The design provides a 15 percent impact allowance and a safety factor of 5 in reference to the ultimate strength of the material used.  After completion of welding and before painting, the lifting assembly is proof load tested and all load affected welds and lift pins are magnetic particle inspected.



The steel structure is designed in accordance with “The Manual of Steel Construction” by AISC.  Aluminum structures are designed in accordance with the “Aluminum Construction Manual” by the Aluminum Association.



The strongback is tested in accordance with ASME, American National Standard for overhead hoists ANSI B30.16 ‑ 1973, Paragraph 16‑1.2.2.2, and designed such that one hook pin and one main beam of the structure are capable of carrying the total load, and no single component failure will cause the load to drop or swing uncontrollably out of an essentially level attitude.


9.1.4.2.6      In‑Vessel Servicing Equipment


The instrument handling tool is attached to a refueling platform auxiliary hoist and is used for removing and installing neutron source holders and dry tubes.  Each in‑core instrumentation guide tube is sealed by an O‑ring on the flange and, if the seal needs to be replaced, an in‑core guide tube sealing tool is provided.  The tool is inserted into an empty guide tube and sits on the beveled guide tube entry in the vessel.  When the drain on the water seal cap is opened, hydrostatic pressure seats the tool.  The flange can then be removed for seal replacement.


The auxiliary hoists on the refueling platform are used with appropriate grapples to handle control rods, flux monitor dry tubes, sources, and other internals of the reactor.  Interlocks on both the grapple hoists and auxiliary hoist are provided for safety purposes; the refueling interlocks are described and evaluated in <Section 7.7.1.6>.


9.1.4.2.7      Refueling Equipment


Fuel movement and reactor servicing operations are performed from platforms which span the refueling, servicing and storage cavities.  The containment building is supplied with a refueling platform for fuel movement and servicing, and an auxiliary platform for servicing operations from the refueling floor level.  The fuel building is supplied with a fuel handling platform for fuel movement and servicing.


Administrative procedures prohibit movement of loads capable of developing a kinetic energy more than the kinetic energy being developed by one fuel assembly and its associated handling tool over fuel in the spent fuel racks, except when:


1.
moving gates in the Fuel Handling Building pools between their sealing position and storage position in accordance with approved procedures consistent with <Section 9.1.3.3.2>;


2.
the Reactor Building polar crane auxiliary hoist is used for handling IFTS gates, light loads (load less than 1048 lbs) as well as for other specified tools and components noted in (Reference 10) for loads up to 4,000 lbs.  The Reactor Building polar crane auxiliary hoist is qualified for lifting light loads (loads less than 1048 lbs) over spent fuel, for lifting the IFTS gates near the spent fuel, as well as for other specified tools and components noted in (Reference 10) for loads up to 4,000 lbs. in accordance with administrative and maintenance procedures.  When the polar crane load blocks are moved over or near spent fuel in the racks or open reactor, the main hoist shall be electrically disabled.


9.1.4.2.7.1      Refueling Platform


The refueling platform is a gantry crane which is used to transport fuel and reactor components to and from pool storage and the reactor vessel.  The platform spans the fuel storage and vessel pools on bedded tracks in the refueling floor.  A telescoping mast and grapple suspended from a trolley system is used to lift and orient fuel bundles for core, storage rack, fuel preparation machine, or upender placement.  The refueling grapple may include an underwater CCTV camera to assist the refueling platform operator/personnel with a close‑up view of the fuel assembly and the reactor core.  A safety railing adjacent to the pools is provided to keep personnel from entering the pool area.  Control of the platform is from various operator stations on the platform.


The platform control system permits variable‑speed, simultaneous operation of all three platform motions.  Maximum speeds are:


a.
Bridge


‑
50 fpm


b.
Trolley


‑
30 fpm


c.
Grapple Hoist

‑
40 fpm


A single operator can control all the motions of the platform required to handle the fuel assemblies during refueling.  Interlocks on the main grapple hoist prevent hoisting of a fuel assembly over the core with a control rod withdrawn; interlocks also prevent withdrawal of a control rod with a fuel assembly over the core attached to the main fuel grapple.  Interlocks block travel over the reactor in the startup mode.


The interlocks which block travel over the reactor when the reactor is in the startup mode may be bypassed provided appropriate administrative controls on the reactor mode switch are implemented to maintain it in an other than startup position.


The refueling platform contains a position indicating system and programmable logic controller (PLC) that indicates position of the fuel grapple over the core and prevents collisions with pool obstacles.  The readout on the computer display, in the operator’s cab, matches the reactor core arrangement cell identification numbers.  The position indicator is sufficiently accurate to minimize jogging required to correctly place the grapple over the core.


The grapple in its normal up position provide 6 feet 10 inches minimum water shielding over the grappled fuel bundle during transit.  The fuel grapple hoist has a redundant load path so that no single component failure will result in a fuel bundle drop.  Interlocks on the platform prevent unsafe operation over the vessel during control rod movements, prevent collision with the auxiliary platform, avoid unsafe 


operation in the transfer tube upender zone, limit travel of the fuel grapple, and interlock grapple hook engagement with hoist load and hoist up power.  Two half‑ton design load capacity auxiliary hoists (the Frame Hoist mounted on the main trolley and the Monorail Hoist mounted on the monorail trolley) are located on the refueling platform.  These hoists are provided for incore servicing such as detector module replacement, fuel support replacement, jet pump servicing, and control rod blade replacement.  These auxiliary hoists are administratively limited to 500 (50 pounds by overload cutoffs.  These cutoffs ensure that fuel handling by the auxiliary hoists is precluded.


9.1.4.2.7.2      Auxiliary and Vessel Platforms


An auxiliary platform is provided to allow versatility of operations.  This platform will operate over the reactor building pool and will provide an additional work area for reactor servicing.  A half‑ton design load capacity hoist is provided for reactor servicing tasks.  The hoist is administratively limited to 500 pounds.  The design of the auxiliary platform allows concurrent reactor servicing with fuel movements by the refuel platform.

9.1.4.2.7.3      Fuel Handling Platform


The fuel handling platform is a gantry crane which is used to transport fuel within the fuel building storage pool.  The platform spans the fuel storage and transfer tube upender pools on tracks bedded in the fuel building floor.  A telescoping mast and grapple is used to lift and orient fuel bundles for storage rack or upender placement.  Control of the platform is from various operator stations on the platform.  A vertical position indicating system is provided for the grapple.  Encoders and PLC based limits located on the end trucks prevent the platform from running into pool obstacles.  A 1,000 pound capacity auxiliary hoist is mounted on the monorail trolley and is used for moving new fuel from the new fuel vault to the rack in the cask pool and control rod transport.  Both main fuel hoist and monorail hoist have redundant load paths so that no single component failure will result in a fuel bundle drop.  During transfer of fuel, the grapple in its normal up position provides approximately 7 feet minimum water shielding (seven feet over the grappled bundle).


9.1.4.2.7.4      Portable Radiation Shield


The portable radiation shield is a temporary shielding device that is installed prior to transfer of spent fuel bundles from the reactor to the spent fuel pool.  The fuel bundles are passed through the shield which reduces radiation levels in the upper drywell area.  The shield is handled by the containment polar crane.  In the installed position, one 


end of the shield is supported by the reactor vessel flange and the other end is supported from the floor at Elevation 664’‑7”.  Following its use, the shield is stored in the separator storage pool.


9.1.4.2.8      Storage Equipment


Specially designed equipment storage racks are provided.  Additional storage equipment is listed in <Table 9.1‑7>.  For fuel storage racks description and fuel arrangement, see <Section 9.1.1> and <Section 9.1.2>.


Defective fuel assemblies may be placed in special fuel storage containers which are stored in the defective fuel storage rack.  These may be used to isolate leaking or defective fuel while in the fuel pool and during shipping.  Channels can also be removed from the fuel bundle while in a defective fuel storage container.  Defective fuel assemblies may be placed in fuel storage racks provided a channel is installed.


The fuel pool sipper may be used for out‑of‑core wet sipping at any time.  They are used to detect a defective fuel bundle while circulating water through the fuel bundle in a closed system.  The containers cannot be used for transporting a fuel bundle.  The bail on the container head is designed so it will not fit into the fuel grapple.


9.1.4.2.9      Under Reactor Vessel Servicing Equipment


The primary function of the under reactor vessel servicing equipment is to remove and install control rod drives, service thermal sleeve and control rod guide tube and install and remove the neutron detectors.  <Table 9.1‑6> lists the equipment and tools required for servicing.


The control rod drive handling equipment is designed for the removal and installation of the control rod drives from their housings.  This equipment is used in conjunction with the equipment handling platform.  It is designed in accordance with OSHA ‑ 1910.179, American Institute of Steel Construction, AISC.


The equipment handling platform provides a working surface for equipment and personnel performing work in the under vessel area.  It is a polar platform capable of rotating 360(.  This equipment is designed in accordance with the applicable requirements of OSHA (Vol. 37, No. 202, Part 1910N), AISC, ANSI‑C‑1 (National Electric Code).


The seal cap is designed to prevent leakage of primary coolant from incore detector housings during detector replacement.  It is designed to industrial codes, manufactured from non‑corrosive material.


The thermal sleeve installation tool locks, unlocks and lowers the thermal sleeve from the control rod drive guide tube. 


The incore flange seal test plug is used to determine the pressure integrity of the incore flange O‑ring seal.  It is constructed of non‑corrosive material.


The key bender is designed to install and remove the anti‑rotation key that is used on the thermal sleeve.


9.1.4.2.10      Description of Fuel Transfer


The integrated fuel handling system provides a safe and effective means for transporting and handling fuel from the time it reaches the plant until it leaves the plant after post‑irradiation cooling.  The following sections describe this system which ensures that the design bases of the fuel handling system and the requirements of <Regulatory Guide 1.13> are satisfied.


This Section describes a typical refueling and servicing sequence.  (Note:  The order of the steps may change slightly from one outage to the next.)  Fuel handling procedures are shown in <Figure 9.1‑21>, <Figure 9.1‑22>, <Figure 9.1‑23>, <Figure 9.1‑24>, and <Figure 9.1‑25>.  Typical fuel handling areas of the intermediate building and containment building are shown in <Figure 9.1‑26> and <Figure 9.1‑27>, and component drawings of the principal fuel handling equipment are shown in <Figure 9.1‑10>, <Figure 9.1‑11>, <Figure 9.1‑12>, <Figure 9.1‑13>, <Figure 9.1‑14>, <Figure 9.1‑15>, <Figure 9.1‑16>, <Figure 9.1‑17>, <Figure 9.1‑18>, and <Figure 9.1‑19>.


9.1.4.2.10.1      Arrival of Fuel on Site


New fuel comes to the site as either un‑channeled fuel bundles or as channeled fuel assemblies.


The new fuel arrives on site in shipping crates.  Each crate contains up to two fuel bundles or two fuel assemblies, enclosed in a metal shipping container which supports the entire length of the bundles/assemblies.  The crate is approximately 29 x 29 x 200 inches and weighs approximately 3,600 pounds.


The new fuel is delivered to a receiving station located within the fuel handling building loaded upon a flatbed transport vehicle.  As each crate is unloaded from the flatbed, it is examined for damage during shipment.  As an alternative, the flatbed transport vehicle can be located outside the Fuel Handling Building a forklift/side loader can be used to move the shipping crates into the building.

Once unloaded, each crate is opened and the shipping container is removed and placed in a storage area.  The shipping container is then opened, jockeyed to the upright position, and placed in the New Fuel Unloading Stand.  The fuel bundles/assemblies are then removed from the shipping container and placed into the new fuel inspection stand.  Both

the shipping crate and the shipping container are reusable.  The fuel handling area crane is used to perform all lifting during these activities.


<Section 9.1.4.2.10.2> describes the activities associated with the preparation of the new fuel.


9.1.4.2.10.2      New Fuel Preparation


9.1.4.2.10.2.1      Inspection of New Fuel


Inspection of the new un‑channeled fuel is done concurrently with the unloading of the fuel bundles.  Once located in the New Fuel Inspection Stand, the fuel bundles are dimensionally and visually inspected.  If the bundles pass this inspection, then bundles are channeled (after channeling fuel is called an assembly) using the channel handling boom attached to the New Fuel Unloading Stand.  Finally, the fuel assemblies are transferred to the 4‑Bundle Rack (located in the Cask Pit).  From the 4‑Bundle Rack, the fuel assemblies can be stored in either the Spent Fuel Pool/Fuel Prep Pool Racks or transferred to a Fuel Prep Machine or the Inclined Fuel Transfer System.

Inspection of the new channeled fuel is performed concurrently with the unloading of the channeled fuel assemblies.  Once located in the New Fuel Inspection Stand, the channeled fuel assemblies are visually inspected.  If the fuel assemblies pass this inspection, then the channeled fuel assemblies are transferred to the 4‑Bundle Rack (located in the Cask Pit).  From the 4‑Bundle Rack, the channeled fuel assemblies can be stored in either the Spent Fuel Pool/Fuel Prep Pool Racks or transferred to the Inclined Fuel Transfer System.


9.1.4.2.10.2.2      Channeling New Fuel


New un‑channeled fuel will be channeled using unirradiated channels.


Unirradiated channels will be installed when the fuel bundle is still in the new fuel inspection stand, as described in paragraph 9.1.4.2.10.2.1 above.

9.1.4.2.10.3      Reactor Shutdown


The reactor is shut down according to a prescribed plant operating procedure.  During cooldown, the reactor pressure vessel is vented and filled to above flange level to promote cooling.  With the reactor shut down, the containment isolation valve between the fuel handling building and the reactor building can be opened (if not previously opened per the 60 hour per cycle allowance).  At this time, channeled new fuel assemblies may be transferred to the containment pool where the refueling platform places them into containment pool storage racks.  These racks have a capacity for 25 percent of a core load of fuel.  When the reactor is sufficiently cooled, the gate separating the storage rack section of the upper containment pool from the reactor well is closed <Figure 9.1‑27>.  The reactor well water is drained by gravity through a pipe connection at the bottom of the reactor well to the hotwell.  The reactor well is drained in preparation for drywell head, vessel head and vessel internals removal.


9.1.4.2.10.4      Drywell Head Removal


Immediately after cooldown and deflooding, the work to unbolt the drywell head can begin.  The unbolted drywell head is lifted by the containment polar crane to its appointed storage space on the refueling floor <Figure 9.1‑27>.  Refer to <Figure 9.1‑21> for an illustration of the removal sequence.  The drywell seal surface protector is installed before any activity, that may cause sealing surface damage, proceeds in the reactor well area.  See <Section 9.1.4.2.2.1> for a description of the containment polar crane.


9.1.4.2.10.5      Reactor Well Servicing


When the drywell head has been removed, an array of piping is exposed that must be serviced.  Various vent piping penetrations through the reactor well must be removed and the penetrations made water tight.  Vessel head piping and the head insulation is removed and stored on the refueling floor.


Water level in the vessel is now lowered to flange level in preparation for head removal.


9.1.4.2.10.6      Reactor Vessel Head Removal


The combination head strongback and carousel stud tensioner is transported by the containment polar crane and positioned on the reactor vessel head.  Each stud is tensioned and its nut loosened and removed. The vessel head guide caps are installed.


Next, the strongback with the head and carousel attached is transported by the containment polar crane to the head holding pedestals on the refueling floor.  Refer to <Figure 9.1‑22> for an illustration of the vessel head removal sequence.  The head holding pedestals keep the vessel head elevated to facilitate inspection and O‑ring replacement.  The six studs in line with the fuel transfer canal are removed to provide a path for fuel movement.


9.1.4.2.10.7      Dryer Removal


The dryer/separator strongback is lowered by the containment polar crane and attached to the dryer lifting lugs.  The dryer is lifted from the reactor vessel and transported to its storage location in the dryer storage pool adjacent to the reactor well.  Refer to <Figure 9.1‑23> for an illustration of the dryer removal sequence.


9.1.4.2.10.8      Main Steam Line Plug Installation


Prior to removal of the steam separator, the main steam line plugs are installed in the four main steam nozzles from inside the vessel and inflated.


9.1.4.2.10.9      Separator Removal


In preparation for the separator removal, the separator is unbolted and unlatched from the shroud.  When the unbolting is accomplished, the dryer/separator strongback is lowered into the vessel and attached to the separator lifting lugs.  The separator is then lifted out of the vessel and transported to the separator storage area in the containment pool.  Refer to <Figure 9.1‑24> for an illustration of the Separator Removal Sequence.


9.1.4.2.10.10      Fuel Assembly Sampling


During reactor operation, the core offgas radiation level is monitored.  If a rise in offgas activity has been noted, fuel assemblies may be sampled to locate any leaking fuel assemblies.


9.1.4.2.10.11      Refueling and Reactor Servicing


The reactor well is filled to the level of the containment pools.  The gate isolating the containment pool from the reactor well is removed, thereby interconnecting the containment pool, the reactor well and the fuel transfer area.  The refueling of the reactor can now begin.


During a 24 month equilibrium outage, approximately 42 percent of the fuel is removed from the reactor vessel, the remaining fuel is shuffled in the core and 42 percent new fuel is installed.


The refueling platform transports the spent fuel from the core to the Inclined Fuel Transfer System (IFTS) upender.  (Refer to <Section 9.1.4.2.7.1> for a description of the refueling platform and <Section 9.1.4.2.3.11> for a description of IFTS.)  The IFTS transfers the spent fuel to the IFTS upender in the fuel handling pool.  The fuel handling platform then transports the spent fuel to its storage location within the spent fuel pool.


The fuel handling platform transports the new fuel to the upender in the fuel handling pool.  The IFTS transfers the new fuel to the upender in the containment pool.  The refueling platform places the new fuel either into the storage rack or into the core.  The refueling platform is also used to shuffle fuel within the core or within the containment pool.


The operation of the fuel handling platform, the refueling platform, and the IFTS will be administratively coordinated with each other to ensure a safe, continuous refueling process.


9.1.4.2.10.12      Vessel Closure


The following steps, when performed, will return the reactor to operating condition.  The procedures are the reverse of those described in the preceding sections (many steps are performed in parallel and not as listed):


a.
Install pool gate.


b.
Core verification.  The core position of each fuel assembly must be verified to ensure the desired core configuration has been attained.  Underwater CCTV camera with a video tape recorder may be used.


c.
Control rod drive tests.  The control rod drive timing, friction and scram tests are performed as required.


d.
Replace separator.


e.
Drain separator storage pool and reactor well.


f.
Remove the four steam line plugs.


g.
Remove drywell seal surface covering.


h.
Replace steam dryer.


i.
Replace vessel studs.


j.
Install reactor vessel head.


k.
Install vessel head piping and insulation.


l.
Hydro‑test vessel, if required.


m.
Install drywell head.  Leak check.


n.
Flood reactor well.


o.
Startup tests.  The reactor is returned to full power operation.  Power is increased gradually in a series of steps until the reactor is operating at rated power.  At specific steps during the approach to power, the in‑core flux monitors are calibrated.


9.1.4.2.10.13      Departure of Fuel from Site


The empty cask arrives at the fuel handling building on a specially designed shipping flatbed.  The personnel shipping barrier is removed and stored in the fuel handling building near the flatbed entrance.  If inspection shows that the radioactivity level of the cask exceeds <10 CFR 20> limits, the cask is washed with demineralized water.  When 


the fuel handling area crane is in operation, administrative controls ensure that the fuel handling platform is not operating in the cask handling area.  Warning of fuel handling area crane operation is given by signal lights and an audible alarm.  Cask handling operations are not performed during refueling.


The front cask crash cone is removed and stored near the flatbed.  The cask yoke is then removed from its flatbed storage area and attached to the cask trunnions.  The fuel handling area crane then upends the cask and transfers it to the cask storage pool.  It is not necessary to move the flatbed during these operations.  Although it is possible for the cask to pass over the new fuel storage vault, a cask drop accident on the new fuel storage racks is not a nuclear safety concern.  The normal path of cask travel does not include the new fuel storage vault and administrative controls ensure that the normal path of travel is followed.


As the cask is lowered into the pool, the water is drained so that the water level is maintained just below the yoke crossbar.  After the cask is set on the storage pool floor, the yoke and head seal are removed and stored.  The cask storage pool is then refilled and the pool separation gate is removed.


Once the cask is loaded and the gate is in place, the water level is lowered to the top of the cask.  The head seal and yoke are reattached to the cask.  As the cask is raised, the water level is maintained just below the top of the cask until the pool is filled and the cask is out of the water.


For normal operation, no cooling is necessary for the cask during transfer to the flatbed.  The cask design is such that cooling can be delayed for 8 to 12 hours before the heat generation exceeds allowable limits.  This situation can occur when power to the crane drive is lost or the drive itself becomes inoperative.  Should a cask crane hoist 


malfunction cause such a delay that it appears that the heat generation may exceed allowable limits, cooling water may be readily supplied to the cask at any point along its path of travel by connecting a flexible hose between the cask and a demineralizer water supply nozzle, located in the washdown area.


9.1.4.3      Safety Evaluation


Safety aspects (evaluation) of the fuel servicing equipment are discussed in <Section 9.1.4.2.3> and safety aspects of the refueling equipment are discussed throughout <Section 9.1.4.2.7>.  A description of fuel transfer, including appropriate safety features, is provided in <Section 9.1.4.2.10>.  In addition, the following summary safety evaluation of the fuel handling system is provided.


The fuel prep machine (except for 1F11E001A) removes and installs channels with all parts remaining underwater.  Mechanical stops prevent the carriage from lifting the fuel bundle or assembly to a height where water shielding is less than seven feet.  Irradiated channels, as well as small parts such as bolts and springs, are stored underwater.  The spaces in the channel storage rack have center posts which prevent the loading of fuel bundles into this rack.


There are no nuclear safety problems associated with the handling of new fuel bundles, singly or in pairs.  Equipment and procedures prevent an accumulation of more than two bundles in any location.


The refueling platform is designed to prevent it from toppling into the pools during a SSE.  Safety interlocks are provided to prevent accidentally running the grapple into stationary objects.  The grapple utilized for fuel movement is on the end of a telescoping mast.  At the normal up position of the mast, the fuel bundle is six feet ten inches (minimum) below the water surface, so there is no chance of raising a fuel assembly to the point where it is inadequately shielded by water.  


The grapple is hoisted by redundant cables inside of the mast; and is lowered by gravity.  The computer monitor is displayed to the operator, showing him the exact coordinates of the grapple over the core.


The mast is suspended and gimbaled from the trolley, near its top, so that the mast can be swung about the axis of platform travel, in order to remove the grapple from the water for servicing and for storage.


The grapple has two independent hooks, each operated by an air cylinder. Engagement is indicated to the operator.  Interlocks prevent grapple disengagement while a hoist loaded signal from the lifting cables indicates that the fuel assembly is loaded on the grapple.  The refueling grapple head may include an internally mounted underwater CCTV camera to provide close up viewing of the fuel assembly and the reactor core.


In addition to the main hoist on the trolley, there is an auxiliary hoist on the trolley and another hoist on its own monorail.  The bridge and trolley can only be operated from one control station at a time.  The two auxiliary hoists have load cells with interlocks which prevent the hoists from moving anything as heavy as a fuel bundle.


The two auxiliary hoists have electrical interlocks which prevent the lifting of their loads higher than six feet ten inches below the water surface.

The fuel handling system complies with General Design Criteria 2, 3, 4, 5, 61, 62, and 63, and applicable portions of <10 CFR 50>.  <Regulatory Guide 1.13> is complied with, since the refueling platform is designed to prevent toppling into the pool during an SSE.  Safety interlocks are provided to prevent accidentally running the fuel grapple into stationary objects.


A system level, qualitative type failure mode and effects analysis relative to this system is discussed in <Appendix 15A.6.5>.


The safety evaluation of the new and spent fuel storage is presented in <Section 9.1.1.3> and <Section 9.1.2.3>.


9.1.4.4      Inspection and Testing Requirements


Refueling and servicing equipment is subject to the strict controls of quality assurance, incorporating the requirements of <10 CFR 50, Appendix B>.  Components such as the fuel storage racks, refueling platforms and fuel transfer tube have an additional set of engineering specified, “quality requirements” that identify features which require specific QA verification of compliance to drawing requirements.


For components classified as ASME Section III, the shop operation must secure and maintain an ASME “N” stamp, which requires the submittal of an acceptable ASME quality plan and a corresponding procedural manual.


Additionally, the shop operation must submit to frequent ASME audits and component inspections by resident state code inspectors.


Prior to shipment, every component inspection item is reviewed by QA supervisory personnel and combined into a summary product quality checklist (PQL).  By issuance of the PQL, verification is made that all quality requirements have been confirmed and are on record in the product’s historical file.


Qualification testing is performed on refueling and servicing equipment prior to multi‑unit production.  Test specifications are defined by the responsible design engineer and may include:  sequence of operations, load capacity and life cycle tests.  These test activities are performed by an independent test engineering group and, in many cases, a full design review of the product is conducted before and after the 


qualification testing cycle.  Any design changes affecting function, that are made after the completion of qualification testing, are re‑qualified by test or calculation.


Functional tests are performed in the shop prior to the shipment of production units and generally include electrical tests, leak tests and sequence of operations tests.


When the unit is received at the site, it is inspected to insure no damage has occurred during transit or storage.  Prior to use and at periodic intervals, each piece of equipment is again tested to ensure the electrical and/or mechanical functions are operational.


Passive units (such as the fuel storage racks) and minor tools (such as underwater lights, poles, or magnetic retrievers) are visually inspected prior to use.


Fuel handling and vessel servicing equipment preoperational tests are described in <Section 14.2.12>.


9.1.4.5      Instrumentation Requirements


The refuel servicing equipment is manually operated and controlled by the operator’s visual observations.  This type of operation does not necessitate the need for a dynamic instrumentation system.  The refueling platform has the capability to perform manual and automatic movements in three axes.


There are several components that are essential to prudent operation that do have instrumentation and control systems.


9.1.4.5.1      Refueling Platform


The refueling platform has a nonsafety‑related X‑Y‑Z position indicator system that informs the operator which core fuel cell the fuel grapple is accessing.  Interlocks and control room monitor are provided to prevent the fuel grapple from operating in any fuel cell when a control rod is not in the proper orientation for refueling.  Refer to <Section 7.7.1.6> for discussion of refueling interlocks.


Additionally, a programmable logic controller (PLC) utilizes encoder position inputs and a series of mechanically activated switches and relays to provide monitor indications on the operator’s console for grapple limits, hoist and cable load conditions and confirmation that the grapple’s hook is either engaged or released.  The PLC also provides the necessary protective interlocks for three dimensional manual and automatic movements of the platform.


A series of load control units are installed to provide automatic stoppage of hoist raise power whenever threshold limits are exceeded on either the fuel grapple or the auxiliary hoist units.


9.1.4.5.2      Inclined Fuel Transfer Tube


The instrumentation sensors for this system provides the inputs to a programmable controller that automatically sequences the opening and closing of valves, the inclination and vertical upending of the fuel carriage, water levels, and the carriage traversing speeds.


The microprocessor control and proximity type sensors also provide monitor and status conditions of the fuel transfer operation on each of the two operator’s consoles, one located in the fuel building and the other on the RPV refueling floor.  There are remote operator stations on the fuel handling and refuel bridges.  Interlocks are provided to shutdown the system whenever personnel have access to radiation hazardous areas along the transfer tube’s route.


9.1.4.5.3      Fuel Support Grapple


The fuel support grapple has an instrumentation system consisting of mechanical switches and indicator lights.  This system provides the operator with a positive indication that the grapple is properly aligned and oriented and that the grappling mechanism is either extended or retracted.


9.1.4.5.4      Other


Refer to <Table 9.1‑7> for additional refueling and servicing equipment not requiring instrumentation.


9.1.4.5.5      Radiation Monitoring


The radiation monitoring equipment for the refueling and servicing equipment is discussed in <Section 12.3.4>.


9.1.5      CONTROL OF HEAVY LOADS OVER OR NEAR SPENT FUEL AND OTHER CRITICAL PLANT SYSTEMS/COMPONENTS


During the operational phase, the guidelines of <NUREG‑0612>, “Control of Heavy Loads at Nuclear Power Plants,” Section 5.1.1 (Phase I of <NUREG‑0612>, as defined in <Generic Letter 85‑11>), are complied with to reduce the potential of an uncontrolled movement or lowering of a heavy load, by adherence to the following procedures and requirements:


a.
Maintenance procedures provide the necessary guidelines to ensure safe handling of heavy loads over or in the vicinity of spent fuel, fuel in the core, and safe shutdown, and decay heat removal systems and equipment.


b.
Engineering evaluation and subsequent approval of a defined safe load path and rigging/lifting arrangement.


c.
Specified training/qualification of crane operators, periodic testing/inspection of lifting equipment and control of lifting devices in accordance with plant administrative procedures.


9.1.5.1      Introduction/Licensing Background


NRC <Generic Letter 80‑113> and <Generic Letter 81‑07> requested that Cleveland Electric Illuminating (CEI) review their controls for handling of heavy loads to determine the extent to which they met the guidelines in <NUREG‑0612>, “Control of Heavy Loads at Nuclear Power Plants.”


In a CEI letter, dated 6/19/1981, to NRC, (Reference 11), CEI documented completion of review of controls for the handling of heavy loads at the Perry Nuclear Power Plant (PNPP).  The conclusion of the CEI Perry Nuclear Plant Control of Heavy Loads Study, Revision 0, submitted by the 6/19/1981 letter, was that with the exception of specific procedures under development for the administrative control for handling heavy loads, crane inspection, testing and maintenance as well as operator qualification, there were no changes or modifications required to fully satisfy the requirements of <NUREG‑0612>.  Revision 1 of the Heavy Loads Study, which was submitted to the NRC on September 28, 1981, concluded that the result of the PNPP Heavy Load Study/Evaluation demonstrated that the estimated consequences of such a drop do not exceed the limits set by the evaluation criteria of <NUREG‑0612>.  Additional submittals from CEI were provided to the NRC on June 9, 1982; September 15, 1982; and November 8, 1982; and on January 14, 1983, (Reference 12), (Reference 13), (Reference 14), and (Reference 15).

In <Generic Letter 85‑11>, the NRC staff concluded that a detailed review of the <NUREG‑0612> Phase II guidelines (specifically guidelines in <Section 5.1.2>, <Section 5.1.3>, <Section 5.1.4>, <Section 5.1.5>, and <Section 5.1.6> was not necessary.  The staff based its conclusion on the improvements resulting from implementation of Phase I <Section 5.1.1> requirements and the findings through a pilot review of several Phase II responses.

In Perry SSER 5, the NRC staff and its consultant, Idaho National Engineering Laboratory (INEL), documented their review of the CEI submittals identified above.  As a result of the review, INEL issued a Technical Evaluation Report (TER) that was included as Appendix K of SSER 5.  The staff reviewed the TER and concurred with the TER conclusion that CEI has acceptably satisfied the guidelines of <NUREG‑0612>, <Section 5.1.1> (<NUREG‑0612> Phase I).  The staff also concluded in SSER 5 that CEI need not take any further action regarding <Section 5.1.2>, <Section 5.1.3>, <Section 5.1.4>, <Section 5.1.5>, and <Section 5.1.6> of <NUREG‑0612> (<NUREG‑0612> Phase II).


In NRC Bulletin (NRCB) 96‑02, “Movement of Heavy Loads Over Spent Fuel, Over Fuel in the Reactor Core, or Over Safety Related Equipment,” the staff noted concerns on specific instances of heavy load handling and requested that licensees provide information documenting their compliance with these guidelines and licensing bases.  The NRC issued NRCB 96‑02 for three principal reasons:


1.
Alert licensees to the importance of complying with existing regulatory guidelines associated with the control and handling of heavy loads at nuclear power plants,

2.
Request that all licensees review their plans and capabilities for handling heavy loads in accordance with existing regulatory guidelines and within their licensing basis as previously analyzed in the final safety analysis report, and

3.
Require licensees to report to the NRC whether and to what extent they have complied with the actions requested in this bulletin.

Also, the bulletin requested that licensees determine whether current activities were within the licensing basis.  

PNPP letter PY‑CEI/NRR‑2053L, dated May 13, 1996, provided the information required by NRCB 96‑02.  In a letter dated April 22, 1998, the NRC informed PNPP that the PNPP response to NRCB 96‑02 was acceptable and therefore, TAC No. M95625 was closed.


In October 2005, the NRC issued Regulatory Issue Summary (RIS) 2005‑25 followed by Supplement 1 on May 29, 2007.  The purpose of RIS 2005‑25 was to reemphasize the need to follow <NUREG‑0612> guidelines, and identify issues associated with inconsistent licensing bases, calculation methodologies, assumptions and predicted consequences of load drop events throughout the industry and issues associated with upgrade of existing non‑single‑failure‑proof cranes to meet the single‑failure‑proof criteria of <NUREG‑0554>.


In September, 2007, the Nuclear Strategic Issues Advisory Committee approved an industry initiative to address the NRC concerns identified in RIS 2005‑25 and its supplement.  In July 2008, NEI 08‑05 was issued to provide generic industry guidance for plants to use to ensure that heavy loads lifts continue to be conducted safely and that plant licensing bases accurately reflect plant practices.  Specifically, NEI 08‑05 provides criteria for performing vessel head load drop analyses and criteria for classification of existing cranes use for reactor vessel head lifts as equivalent to single‑failure‑proof cranes meeting <NUREG‑0554>.  In addition, NEI 08‑05 requires and provides guidance for updating the plant FSAR to provide a summary description of the basis for conducting safe heavy load movements.


In letters from W. Ruland (NRC) to T. Houghton (NEI) dated May 16 and May 27, 2008, the NRC endorsed the NEI 08‑05 guidelines as acceptable for implementation of the industry initiative and changes to plant licensing bases.

On September 5, 2008, the NRC issued a Safety Evaluation (SE) formally endorsing NEI 08‑05 with the exception that the NRC staff considers the



acceptance criteria of Appendix F to the ASME Boiler and Pressure Vessel (B&PV) Code, Section III, Division 1, appropriate for evaluation of coolant retaining component performance following a postulated reactor vessel head drop.  The NRC has noted in the SE “The approval of the NRC staff may be important for licensees that conclude use of an NRC approved method would allow implantation of the initiative without a license amendment, pursuant to the requirements of <10 CFR 50.59>.”

On December 1, 2008, the NRC issued RIS 2008‑28 to notify industry that the guidance of NEI 08‑05, as clarified by the NRC’s September 2008 SE, may be used as methods approved by the NRC staff for evaluating changes to a facility’s licensing basis related to reactor vessel head and other heavy load lifts.

To address concerns identified in RIS 2005‑25, PNPP has performed a new plant specific head drop analysis that follows the NEI 08‑05 guidance for reactor vessel head drop analyses.  This new evaluation is intended to supplement the generic analyses provided in GE report NEDE‑25525 (as applied to Perry in GE letter dated 9/17/1981), which was the prior PNPP design basis calculation for vessel head drop.


9.1.5.2      Safety Basis


The risk associated with load handling failures at PNPP is acceptably low based on:



(
PNPP compliance with the <NUREG‑0612> Phase I guidelines.


(
The PNPP‑specific reactor vessel head load drop analysis performed in accordance with the NRC‑endorsed NEI 08‑05 vessel head drop evaluation criteria demonstrates that fuel within the core remains covered and cooled.


(
PNPP procedures control movement of heavy loads over plant SSCs required for plant shutdown, decay heat removal, and loads over irradiated fuel. 


9.1.5.3      Scope of Heavy Load Handling Systems


The scope of heavy load handling systems applies to the Reactor Building Polar crane, Fuel Handling Building (FHB), Emergency Service Water (ESW) pump house, Radwaste overhead cranes, and numerous monorails in the safety‑related areas of the plant.  Refer to <Section 9.1.4.2.2> for crane descriptions.  GAI Report No. 2329, “Control of Heavy Loads Study – Perry Nuclear Power Plant Units 1 and 2,” Revision 2 provides the preapproved load paths and load handling system for major plant equipments.

9.1.5.4      Control of Heavy Loads Program


The Control of Heavy Loads Program consists of the following:


1.
PNPP response to <NUREG‑0612>, Phase I guidelines.

2.
For reactor vessel head lifts, a new plant specific load drop analysis that meets the criteria of NEI 08‑05 was performed.  The analysis demonstrates that the reactor pressure boundary is not breached and that the fuel remains fully covered.  Design inputs to this analysis which define the acceptable bounds of the load drop (i.e., lift height, load weight and medium present) were assumed to be beyond worst-case such that these design inputs bound what is physically possible in the plant.


3.
PNPP design configuration prevents overhead crane and spent fuel cask to travel over irradiated fuel pool.  Currently plant procedures do not provide for and do not support loaded spent fuel cask movements.

9.1.5.4.1

Licensee Response to <NUREG‑0612>, Phase I Elements


<NUREG‑0612>, <Section 5.1.1> (<NUREG‑0612>, Phase I) requires compliance with the following seven criteria.  These criteria are 



identified below with a brief description and/or reference to PNPP controlled documents which provide details regarding how each criterion is implemented at PNPP.


1.
Definition of Safe Load Path ‑ Safe Load Paths are defined for major pieces of equipment in GAI Report No. 2329, “Control of Heavy Loads Study – Perry Nuclear Power Plant Units 1 and 2,” Revision 2 and in the Perry Plant Equipment Removal Scheme.  PNPP procedure for “Control of Lifting Operations” requires heavy load movements to be conducted using the safe load path requirements within the Heavy Load Study and/or the Perry Plant Equipment Removal Scheme.  The procedure requires that any load path deviating from or not addressed in the Heavy Load Study or Plant Equipment Removal Scheme safe load paths be evaluated via a documented Engineering evaluation and a <10 CFR 50.59> review, as required.


2.
Development of Load Handling Procedures ‑ PNPP Procedure for “Control of Lifting Operations,” has been developed to provide for control and handling of heavy loads and load over irradiated fuel.  PNPP procedures, Control of Heavy Loads Study, and Equipment Removal Scheme covers handling of the loads in <Table 3‑1> of <NUREG‑0612> and includes:


(
Identification of required equipment and rigging devices,


(
Inspections and acceptance criteria required before movement of load, when required,


(
The steps and proper sequence to be followed in handling the load,


(
Definition of the safe load path, and


(
Other special precautions.

3.
Qualifications, training and special conduct of crane operators are addressed in PNPP “Control of Lifting Operations” Procedure.


4.
PNPP “Control of Lifting Operations” procedure requires special lifting devices to meet the requirements of ANSI N14.6‑1978.  In addition, as required in <NUREG‑0612>, the procedure requires that special lifting devices be designed for combined static and dynamic loads imparted on the lifting device based on crane characteristics.


5.
PNPP “Control of Lifting Operations” procedure requires lifting devices not specially designed are manufactured in accordance with the guidelines of ANSI/ASME B30 Series.


6.
PNPP procedures require the Reactor Building polar crane, Fuel Handling Building crane, the Emergency Service Water Pump House cranes and Radwaste Building crane are inspected in accordance with Chapter 2‑2 of ANSI B30.2‑1976.

7.
Perry cranes used to lift heavy loads within the jurisdiction of <NUREG‑0612> have been designed to meet CMAA‑70, “Specifications for Electric Overhead Travelling Cranes,” and ANSI B30.2‑1976, “Overhead and Gantry Cranes” <GAI Report 2329, “Control of Heavy Loads Study – Perry Nuclear Power Plant Units 1 and 2”>.

9.1.5.4.2

Reactor Pressure Vessel Head (RPVH) Lifting Procedures

PNPP procedures are used to control the lift (removal and installation) of the drywell head, reactor pressure vessel head, and reactor pressure internals.  These procedures, existing load drop analysis and an additional supplementary analysis for the reactor head load drop analysis, prepared using the guidance and acceptance criteria of NEI 08‑05 Industry Initiative on Control of Heavy Loads, provide additional assurance that the reactor pressure boundary is not breached and the core will remain covered and cooled in the unlikely event of a postulated reactor pressure vessel head drop.

Beyond worst‑case assumptions were used in the supplementary load drop analysis as follows.  The assumed load drop height of 40 feet is higher than the reactor polar crane is physically capable of lifting the head, the assumed load of 125 tons is greater than the actual lift weight of the combined vessel head, strongback, nut rack, tensioner carousel and lift block (approximately 118 tons) and the drop is conservatively assumed to occur totally in air such that the calculation takes no credit for fluid drag.  Accordingly, since assumptions in the revised load drop analysis bound the worst case actual conditions, these assumptions are not identified as limitations in vessel head lifting procedures.

9.1.5.4.3

Single Failure Proof Cranes for Spent Fuel Casks


The FHB crane is not a single failure crane.  The crane is used for preparation of outages and handling of plant equipment.  The crane is not used for spent fuel cask movements.

9.1.5.5      Safety Evaluation


Heavy loads are controlled and performed safely at PNPP.  The bases for this are:


(
Heavy load controls defined in <NUREG‑0612> Phase I elements make the risk of a load drop very unlikely, 

(
In the event of a postulated heavy load drop, the requirements of plant procedures and administrative controls provide defense‑in‑depth to ensure the consequences are acceptable.  For the reactor pressure head load drop, the revised load drop analysis performed in accordance with the NRC endorsed and accepted guidance within NEI 08‑05 demonstrated that the consequences of reactor head drop will not result in breach of reactor pressure boundary.  The analysis includes beyond 




worst‑case assumptions such that the assumed drop height, load weight and medium under the load bound the actual worst case physical conditions that can exist at PNPP.
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TABLE 9.1‑1


DUAL UNIT FUEL STORAGE SCHEDULE (NORMAL RELOADS)












 Time

Bundles






Event




(Hours)

Stored_


1.
Unit 1  Shuts down (0 year)
0



Unit 1  First assembly removed
24



Unit 1  310th bundle removal
120
310


2.
Unit 1  Shuts down (1.5 year)
13,140



Unit 1  First assembly removed
13,164



Unit 1  310th bundle removed
13,260
620


3.
Unit 2  Shuts down (2.0 years)
17,520



Unit 2  First assembly removed
17,544



Unit 2  310th bundle removed
17,640
930


4.
Unit 1  Shuts down (3 years)
26,280



Unit 1  First assembly removed
26,304



Unit 1  309th bundle removed
26,400
1,239


(Cycles Continue As Above On 1.5 Year Intervals)


5.
Unit 2  Shuts down (3.5 years)

1,548


6.
Unit 1  Shuts down (4.5 years)

1,857


7.
Unit 2  Shuts down (5.0 years)

2,166


8.
Unit 1  Shuts down (6.0 years)

2,475


9.
Unit 2  Shuts down (6.5 years)

2,784


10.
Unit 1  Shuts down (7.5 years)

3,093


11.
Unit 2  Shuts down (8.0 years)

3,402


(Sequential Reload)


12.
Unit 1  Shuts down (9.0 years)
78,840



Unit 1  First assembly removed
78,864



Unit 1  309th assembly removed
78,960
3,711


13.
Unit 2  Shuts down (9.0 years



  + 340 hours)
79,180



Unit 2  First assembly removed
79,204



Unit 2  309th assembly removed
79,544
4,020


TABLE 9.1‑1a


FUEL STORAGE SCHEDULE (UNIT 1 ONLY, PRIOR TO UNIT 2 OPERATION)












 Time

Bundles






Event




(Hours)

Stored_


1.
Unit 1  Shuts down (0 year)
0



Unit 1  First assembly removed
24



Unit 1  310th bundle removal
120
310


2.
Unit 1  Shuts down (1.5 year)
13,140



Unit 1  First assembly removed
13,164



Unit 1  310th bundle removed
13,260
620


3.
Unit 1  Shuts down (3.0 years)
26,280



Unit 1  First assembly removed
26,304



Unit 1  310th bundle removed
26,400
930


(Cycles Continue As Above On 1.5 Year Intervals)


4.
Unit 1  Shuts down (4.5 years)

1,239


5.
Unit 1  Shuts down (6.0 years)

1,548


6.
Unit 1  Shuts down (7.5 years)

1,857


7.
Unit 1  Shuts down (9.0 years)

2,166


(Cycles Continue As Above On 2.0 Year Intervals)


8.
Unit 1  Shuts down (11 years)

2,475


9.
Unit 1  Shuts down (13 years)

2,784


10.
Unit 1  Shuts down (15 years)

3,093


11.
Unit 1  Shuts down (17 years)

3,402


12.
Unit 1  Shuts down (19 years)

3,711


13.
Unit 1  Shuts down (21 years)
183,960



Unit 1  First assembly removed
183,984



Unit 1  309th assembly removed
184,664
4,020


TABLE 9.1‑2


DUAL UNIT FUEL STORAGE SCHEDULE (ABNORMAL OFF‑LOAD)












 Time

Bundles






Event




(Hours)

Stored_


1.
Unit 1  Shuts down (0 year)
0



Unit 1  First assembly removed
24



Unit 1  308th bundle removal
120
308


2.
Unit 1  Shuts down (1.5 year)
13,140



Unit 1  First assembly removed
13,164



Unit 1  308th bundle removed
13,260
616


3.
Unit 2  Shuts down (2.0 years)
17,520



Unit 2  First assembly removed
17,544



Unit 2  308th bundle removed
17,640
924


(Cycles Continue As Above On 1.5 Year Intervals)


4.
Unit 1  Shuts down (3.0 years)

1,232


5.
Unit 2  Shuts down (3.5 years)

1,540


6.
Unit 1  Shuts down (4.5 years)

1,848


7.
Unit 2  Shuts down (5.0 years)

2,156


8.
Unit 1  Shuts down (6.0 years)

2,464


9.
Unit 2  Shuts down (6.5 years)

2,772


10.
Unit 1  Shuts down (7.5 years)

3,080


11.
Unit 2  Shuts down (8.0 years)
70,080



Unit 2  First assembly removed
70,104



Unit 2  308th bundle removed
70,200
3,388


12.
Unit 1  Shuts down (8.0 years + 340 hrs)
70,420



Unit 1  First assembly removed
70,444



Unit 1  748th bundle removed
70,076
4,136(1)

NOTE:


(1)
116 bundles stored in upper containment pool of Unit 1.


TABLE 9.1‑3


FUEL SERVICING EQUIPMENT


Component

Essential
Safety
Quality
Seismic


   No.   

Identification

Classification(1)
Classification(2)
 Group 
Category



1
Fuel prep machine(5)
PE
3
E(3)
I



2
New fuel inspection stand(5)
PE
3
E
I



3
Channel bolt wrench
NE
0
E
NA(4)


4
Channel handling tool
NE
0
E
NA



5
Fuel pool sipper
NE
0
E
NA



6
Channel gauging fixture
NE
0
E
NA



7
General purpose grapple(5)
PE
2
E
I



8
Deleted


9
Fuel handling platform(5)
PE
2
E
I



10
Channel handling boom
NE
0
E
NA



11
4‑Bundle Rack
PE
2
E
I



12
New Fuel Unloading Stand
PE
2
E
I


NOTES:


(1)
NE ‑ Non‑essential



PE ‑ Passive essential


(2)
 0 ‑ Not Safety Class 1, 2 or 3


(3)
 E ‑ Industrial code applies


(4)
NA ‑ Not applicable


(5)
Will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, during the operations phase.


TABLE 9.1‑4


FUEL TRANSFER SYSTEM COMPONENTS


Component

Essential
Safety
Quality
Seismic


   No.   
    Identification    
Classification(1)
Classification(2)
Group(3) 
Category(4)


1
Winch
NE
0
E
NA



2
Hydraulic power supply
NE
0
E
NA



3
Fluid stop
NE
0
E
NA



4
Vent pipe
NE
0
D
NA



5
Cable enclosures
NE
0
D
NA



6
Top horizontal guide arms
NE
0
E
NA



7
Upper pool upender
NE
0
E
NA



8
Trunnion box
NE
0
D
NA



9
Hydraulic cylinder
NE
0
E
NA



10
Upper pool framing
NE
0
E
NA



11
Sheave box cover
NE
0
D
NA



12
Hydraulic cylinder
NE
0
E
NA



13
Fill valve
NE
0
D
NA



14
Sheave box
NE
0
D
NA



15
Sheave pipe
NE
0
D
I


TABLE 9.1‑4 (Continued)


Component

Essential
Safety
Quality
Seismic


   No.   
    Identification    
Classification(1)
Classification(2)
Group(3) 
Category(4)


16
Hydraulic cylinder
NE
0
E
NA



17
Manual gate valve
NE
0
D
I



18
Containment isolation(5)
PE
2
B
I



19
Containment bellows(5)
PE
2
B
I



20
Transfer tube(6)
NE
0
D
I



21
Hydraulic power supply
NE
0
E
NA(4)


22
Mid‑support
NE
0
D
I



23
Wire rope (cables)
NE
0
E
NA



24
Carriage
NE
0
E
NA



24A
Tilt tube
NE
0
E
NA



24B
Follower
NE
0
E
NA



25
Gate valve
NE
0
D
I



26
Bellows
NE
0
D
NA



27
Drain valve(6)
NE
0
D
I



28
Horizontal guide arms
NE
0
E
NA



29
Valve support structure
NE
0
D
I



30
Lower pool framing
NE
0
E
NA


TABLE 9.1‑4 (Continued)


Component

Essential
Safety
Quality
Seismic


   No.   
    Identification    
Classification(1)
Classification(2)
Group(3) 
Category(4)


31
Lower pool upender
NE
0
E
NA



32
Pivot arm framing
NE
0
E
NA



33
Control system
NE
0
I
NA



34
Local leak rate test




valve(6)
NE
0
D
I



35
Drain pipe(6)
NE
0
D
I


NOTES:


(1)
NE
‑
Non‑essential



PE ‑
Passive essential


(2)
 0 ‑
Not Safety Class 1, 2, or 3


(3)
 B ‑
ASME Code Section NAI, Class 2



 D ‑
ANSI B31.1



 E ‑
Industrial code applies



 I ‑
Electrical codes apply


(4)
NA ‑
Not applicable



 I ‑
Seismic Category I


(5)
Will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, during the operations phase.


(6)
Will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, during the operations phase, if the containment isolation blind flange (Component No. 18) is removed.  In this case:  these components are necessary to provide and maintain containment integrity.


TABLE 9.1‑5


REACTOR VESSEL SERVICING EQUIPMENT


Component

Essential
Safety
Quality
Seismic


   No.   
    Identification    
Classification(1)
Classification(2)
Group(3) 
Category(4)


1
Reactor Vessel Servicing
NE
0
E
NA




Tools



2
Steam Line Plug
PE
1
E
I(6)


3
Shroud Head Bolt Wrench
NE
0
E
NA



4
Head Holding Pedestal(5)
PE
0
E
I



5
Head Stud Rack
NE
0
E
NA



6
Dryer and Separator




Strongback(5)
PE
1
E
I



7
Head Strongback Carousel(5)
PE
0
E
NA(7)

NOTES:


(1)
NE ‑ Non‑essential



PE ‑ Passive essential


(2)
0  ‑ Not Safety Class 1, 2 or 3


(3)
E  ‑ Industrial codes apply


(4)
NA ‑ Not applicable


(5)
Will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, during the operations phase.


(6)
Seismically qualified by static evaluation.


(7)
The Head Strongback Carousel was not designed for seismic loads by the equipment supplier (General Electric).  However, the Test Load used for proof load testing by the equipment supplier was sufficient to account for the seismic load from the RPV head.

TABLE 9.1‑6


UNDER‑REACTOR VESSEL SERVICING EQUIPMENT AND TOOLS












Safety
    Seismic



Equipment/Tool


Classification

Class_
    Category


1.
CRD handling equipment
Non‑essential

NSC(1)


 NA(2)

2.
Equipment handling

Non‑essential

NSC


 NA



platform


3.
Water seal cap


Non‑essential

NSC


 NA


4.
Thermal sleeve removal
Non‑essential

NSC


 NA



tool


5.
In‑core flange seal

Non‑essential

NSC


 NA



test plug


6.
Key bender


Non‑essential

NSC


 NA


NOTES:


(1)
NSC ‑ Nonsafety class


(2)
NA  ‑ No seismic requirements


TABLE 9.1‑7


TOOLS AND SERVICING EQUIPMENT


a.
Fuel Servicing Equipment

d.
In‑Vessel Servicing Equipment



Channel handling boom


Instrument strongback



Fuel preparation machines

Control rod grapple



New fuel inspection stand

Control rod guide tube grapple



Channel bolt wrenches


Fuel support grapple



Channel handling tool


Grid guide



Fuel pool sipper



Control rod latch tool



Fuel assembly sampler


Instrument handling tool



Channel gauging fixture


Control rod guide tube seal



General purpose grapples


In‑core guide tube seals



Fuel handling platform


Blade guides



Incline fuel transfer


Fuel assembly sampler



  system grapple



Peripheral orifice grapple










Orifice holder


b.
Servicing Aids




Peripheral fuel support plug



Pool tool accessories



Actuating poles


e.
Refueling Equipment



General area underwater 



  lights



Local area underwater lights

Refueling platform



Drop lights




Auxiliary platform



Underwater TV monitoring 



  system



Underwater vacuum cleaner
f.
Storage Equipment


Viewing aids






Light support brackets


Fuel storage racks










Channel storage racks










Control rod storage racks


c.
Reactor Vessel Servicing


Defective fuel storage



Equipment





  containers










In‑vessel racks 



Reactor vessel servicing


Defective fuel storage racks



  tools





Control rod guide tube rack



Steam line plugs and


Equipment storage rack



  installation tools


Shroud head bolt wrenches


Head holding pedestals



Head stud rack



Dryer‑separator strongback



Head strongback/carousel 



  (incl. stud tensioners


TABLE 9.1‑7 (Continued)


g.
Under‑Reactor Vessel Servicing



Equipment



Control rod drive servicing



  tools



CRD hydraulic system tools



Water seal cap



Control rod drive handling



  equipment



Equipment handling platform



Thermal sleeve installation tool



In‑core flange seal test plug



  key bender




Revision 12



9.1‑2
January, 2003







Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for 


BM - 0.5”

RM - 1”

FT - 0.7”

most pages.


TM - 1.2”

LM – 0.9”

HD - 0.7”

Page setup for Landscape


BM - 0.5”

RM – 0.9”

FT - 0.7”

Tables 23 and 25.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


9.2      WATER SYSTEMS


9.2.1      EMERGENCY SERVICE WATER SYSTEM


9.2.1.1      Design Bases


The Emergency Service Water System (ESW) is designed to provide a reliable source of water to safety‑related components required for certain modes of normal reactor operation, as well as for accident conditions and loss of normal auxiliary power.  No operator action is required during the first ten minutes following a loss‑of‑coolant accident.  Specific components supplied with emergency service water are listed in <Table 9.2‑1>, <Table 9.2‑3>, <Table 9.2‑5> and <Table 9.2-7>.


The Emergency Service Water System (ESW) is capable of supplying water to:


a.
Flood the containment for postaccident recovery (loop B only).


b.
Provide emergency makeup to the fuel pool cooling and cleanup system surge tank (loops A and B).


c.
De‑ice the emergency service water pumphouse traveling screens (loops A and B).


d.
Provide emergency makeup to the emergency closed cooling system surge tanks (loops A and B).


e.
Provide a seismic backup water supply to fire protection system (loops A and B).


f.
Provide backup water supply to standby liquid control auxiliary mixing tank (loop B only).


g.
Provide emergency makeup source for the diesel jacket water cooling systems (Div. 1 and Div. 2).

<Table 9.2‑1>, <Table 9.2‑3>, <Table 9.2‑5>, and <Table 9.2‑7> define the system requirements for the various modes of operation.


The system is designed to have a “keep fill” feature to prevent drainage from the system piping during the time the system is shutdown.  This feature prevents water hammer transients, during system startup, due to air pockets in the piping.


The emergency service water system is designed as three separate open loops, “A”, “B” and “C,” each taking its suction directly from Lake Erie.  Sufficient quantity of water is provided at the pump intake structure to satisfy requirements for all modes of operation, with consideration given to operation under high and low water level conditions.


The system is designed such that the occurrence of any single active or passive failure will not reduce the safety‑related functional performance of the Emergency Core Cooling System (ECCS).  The Emergency Service Water System is capable of supplying cooling water to the equipment on any two of the three emergency service water loops, following a single failure.  The applicable safety class for all Emergency Service Water System equipment is Safety Class 3, except for the equipment that interfaces with the Residual Heat Removal System, which is Safety Class 2 (Containment Flooding Mode).  The appropriate seismic criteria are Seismic Category I.  The code for pumps, piping, valves, and strainers is ASME Boiler and Pressure Vessel Code, Section III‑3, Nuclear Power Plant Components.


The total system is designed to conform to <Regulatory Guide 1.48>.  Conformance with regulatory guides is discussed in <Section 1.8>.  Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with Branch Technical Position ASB3‑1 is discussed in <Section 3.6>.


Low water considerations are discussed in <Section 2.4.11.5>.  Heat sink dependability requirements are discussed in <Section 2.4.11.6>.


Dispersion, dilution and travel times of accidental releases of liquid effluents in surface waters is discussed in <Section 2.4.12>.


9.2.1.2      System Description


The emergency service water system is comprised of independent Loops A, B and C <Figure 9.2‑1>.


The loops are defined as follows, with each loop supplying emergency service water to the equipment listed.


_        Loop A       
       Loop B          

      Loop C   _


a.
RHR Heat


 a.
RHR Heat


 
a.
HPCS Diesel



Exchangers


Exchangers



Generator




A & C



B & D



Heat














Exchanger


b.
Standby Diesel

b.
Standby Diesel


b.
HPCS Pump



Generator A


Generator B



Room Cooler


c.
Emergency Closed
c.
Emergency Closed



Cooling Heat


Cooling Heat



Exchanger A


Exchanger B


d.
Fuel Pool Cooling
d.
Fuel Pool Cooling



Heat Exchanger A

Heat Exchanger B


These open loops take suction from Lake Erie.  Each loop is supplied by a separate pump which is operated from a preferred power source or a standby power source (diesel‑generator).  <Section 8.3> gives a description of the preferred and standby power sources.  The system incorporates the redundancy required of safety‑related systems with regard to the power supply and equipment.  In this manner, the operational objectives of the emergency core cooling system (ECCS) are 


satisfied.  Redundancy characteristics are discussed in greater detail in <Section 9.2.1.3>.


Initiation of the emergency service water system is accomplished by automatic signal or remote‑manual action, depending upon the operational requirements.  Specifically, all loops of the system are initiated automatically by LOCA signals or by loss of power to the associated 1E bus.  Loop C is initiated automatically with the initiation of the HPCS system.  Loop A is initiated automatically with the initiation of the RCIC system.  Remote‑manual action can be employed at any time, but is not necessary for normal over‑all plant operations.


Leakage containing radioactivity that could develop between the RHR system and the emergency service water system is detected by a radiation monitor on Loops A and B.  On a “high” alarm signal, the affected loop of the system may be isolated by operator action from the control room.


As a contingency measure, the ESW system can be lined up to provide cooling water to the Fuel Pool Cooling and Clean Up Heat Exchangers (FPCC HXs).  Under normal operations, any tube failures in the FPCC Hxs will be identified by the Nuclear Closed Cooling radiation monitors and can be repaired expeditiously.  Thus, it is unlikely that tube leaks will exist in the FPCC Hxs at the time ESW is valved into the FPCC Hxs.  When in this configuration, periodic sampling is done to monitor for any radioactive leakage.  In the unlikely event the FPCC Hxs are lined up with ESW and also develop a tube leak some potentially contaminated water could leak into the ESW system.  The affected FPCC HX can be isolated, if necessary, from the ESW system upon detection of any leakage.


Each loop is equipped with various indications of pressure, temperature, and flow in addition to alarms on the pump and other major components of the system.  These indications are monitored in the control room to 


substantiate that the emergency service water system is performing its intended function.


The emergency service water pumps, located in the emergency service water pumphouse, are of the vertical type.  Emergency service water to the pump intake structure is taken from Lake Erie.  The primary source of water to the emergency service water pumphouse is supplied by a branch tunnel taken off the main intake tunnel to the service water pumphouse.  A backup supply is available by means of a branch tunnel from the main discharge tunnel.  Self‑cleaning strainers on the pump discharge minimize the entrance of foreign particles 0.0625 in. and larger into the system.  The available NPSH is calculated based upon the conditions of low water level, emergency service water temperature and pressure of 85(F and 14.7 psia, respectively, and maximum system flow requirements.


Should normal emergency service water (ESW) supply from the intake tunnel be interrupted, sluice gates open automatically upon receiving a low water level signal from the ESW pumphouse forebay, allowing water from the discharge tunnel to flow into the forebay and supply the ESW system.  Upon indication on a control room panel that the sluice gates are open, manual valves will be administratively closed to prevent warm ESW from dumping to the discharge tunnel.  Leaving the manual valves open would create a recirculation loop that would cause an undesirable increase to the ESW forebay water temperature.  With the manual valves closed, the ESW system discharges to the swale.  Upon restoration of normal supply from the intake tunnel, the sluice gates are administratively closed and the valves are administratively opened to restore normal system operation.


During maintenance activities or other plant evolutions that require a sluice gate to be open, the ESW system will be pre-aligned for swale discharge for the following reason.  If an ESW sluice gate is open during accident mitigation with the ESW pumps removing accident heat 


loads, the ESW inlet temperature will eventually rise above its design basis limit of 85(F if the ESW system has not been pre-aligned to discharge to the swale.  Time does not permit for manual operator actions to be taken to close the sluice gates for all potential accident conditions, radiological conditions may not permit for manual alignment to the swale, and operator actions to assist in mitigating the postulated accident are not assumed.


The sluice gates provide a barrier between the discharge tunnel and the ESW pumphouse forebay to prevent recirculation of plant discharge water thereby maintaining the ESW forebay at or below its maximum allowable temperature of 85(F during all modes of plant operation including accident and transient mitigation.  The inflated sluice gate seals also form part of this barrier when elevated lake temperature may cause the ESW forebay to approach its design temperature limit.  During the summer months, the seals are required to be inflated and the sluice gate automatic opening feature is disabled.  Inflation of the seals and the disabling of the sluice gate automatic opening feature will be limited to no more than five months per year, when elevated lake temperatures may cause the ESW forebay temperature to approach its maximum allowable design limit of 85(F.  This operational configuration is deemed to be acceptable since it has been demonstrated that the probability of losing the normal intake tunnel is extremely low during the five-month period when the alternate ESW intake would be unavailable.  This justification is consistent with <Regulatory Guide 1.27> regarding the requirement for an alternate intake.  The closed ESW sluice gates and the inflated sluice gate seals perform a safety related function by providing the barrier that prevents mixing of the ESW pump inlet and plant discharge flows.


<Table 9.2‑1>, <Table 9.2‑3>, <Table 9.2‑5>, and <Table 9.2‑7> indicate the estimated heat loads dissipated to the emergency service water system for the various operating modes.  The major heat load to the system is derived from the RHR heat exchangers.  Approximate RHR heat 


exchanger outlet temperatures, based on the maximum expected emergency service water temperature of 85(F, are listed in <Table 9.2‑9>.  Performance of the RHR heat exchangers is determined by monitoring the inlet flow in the control room.  A low flow alarm indicates insufficient flow.  Temperature elements on the heat exchanger outlets are also provided.  The parameters of cooling water flow and temperature observed during normal shutdown give the operator sufficient tube side data to determine RHR heat exchanger function.  Additionally, the heat exchanger performance is periodically assessed per the commitments to <Generic Letter 89‑13>.


Emergency service water, loop B only, is interconnected to RHR loop B.  This arrangement provides a water supply to flood the containment for postaccident recovery.


A liquid biocide injection system is used, as required, to minimize algae and plant growth.  This is done on a regular basis at each individual pump suction.  Sample points are provided in the discharge piping to determine biocide concentrations.  Discharged effluent water quality will be maintained in accordance with Perry’s National Pollution Discharge Elimination System (NPDES) permit.


Loops A and B, emergency service water piping is provided to supply a Seismic Category I source of emergency makeup water to the respective A and B surge tanks associated with the emergency closed cooling systems 


and the fuel pool cooling systems.  Failure of the normal non‑seismic makeup system has no effect on the ability to provide makeup water to the emergency closed cooling system or the fuel pool cooling system from the Seismic Category I system. 


The emergency service water discharge piping from the auxiliary building empties into the discharge tunnel entrance structure.  A standpipe on the discharge piping inside the auxiliary building discharges to the yard outside the auxiliary building.  In the event of a collapse or blockage of the non‑seismic portion of the discharge tunnel piping, the standpipe serves as an alternate discharge point in the system.


The standpipe “A”, “B” and “C” Loops are the system highpoints and provide inlet for a “keep fill” function to prevent air pockets forming in the piping due to leakage from the system when it is shutdown in the standby mode of operation.  An interconnection with the normally operating service water system provides makeup water to the standpipe to compensate for system leakage and maintains the water levels in the standpipe.  Pressure gauges are located on the standpipes, so indication of adequate standpipe water fill is available.


A connection off the ESW system B loop is provided to accept a 1‑1/2 inch fire hose which can be connected to the standby liquid control transfer system.  This arrangement is to provide an emergency backup water supply to the standby liquid control auxiliary mixing tank.


The ESW system is provided with connections to the fire protection system.  This arrangement provides a backup water supply to hose stations in the vicinity of safety shutdown equipment.


The emergency service water piping from the emergency service water pumphouse to the plant is buried as shown on <Figure 9.2‑2 (1)> and <Figure 9.2‑2 (2)>.  The piping is protected by a primer, followed by coal tar enamel and bonded double asbestos felt wraps.  This is then 


electrically inspected for gaps in the piping protection in accordance with American Water Works Association C‑203 before water resistant white wash is applied.  In addition, cathodic protection is used.  Backfill is equally distributed on both sides of the pipe and tamped in layers from 4 to 12 inches.  Backfill of the trench is free of undesirable material such as rocks, debris, etc. and is of composition suitable for firm compaction.


Piping is founded on bearing materials as indicated in <Section 2.5.4>.  The buried pipe is designed to provide the capability for rotation and extension in joints between buildings and anchor points to preclude damage to the piping system.  Various load combinations include seismic loadings and significant soil settlements.  The design also considers differential movement of the buildings.  Joints which allow for differential movement at the connection to a structure are installed immediately adjacent to the structure.  Movement and rotational allowance is provided in the several joints to compensate for the differential movement of two structures or between structure and ground.  The articulated piping joints have limit stops to prevent joint separation during extension or rotation.  Where the emergency service water piping crosses the circulating water piping, provisions are made to preclude a loss of support due to washout.


Adequate physical separation is provided between the emergency service water piping associated with the three ESF divisions.  This is accomplished by having no two lines adjacent to each other.


The design of the emergency service water system considers the effects of surface loads on buried pipe.  The following maximum surface loads are established for design of the pipe:


a.
Railways






Cooper E70 locomotive


b.
Reactor haul road




100 psi tire pressure or











75 psi distributed load











(over 10 ft x 40 ft)


c.
Plant and access roads



H‑20 live load


d.
All other portions of buried pipe

50 psi tire pressure



(based on construction equipment



loads)


To ensure that icing of the traveling screens poses no problem to system operation, de‑icing lines are installed from the respective A and B loops for emergency service water outlets to the pump forebay area.  In this manner, redundancy is always available to accomplish the de‑icing function.  Manual valves are located on the de‑icing lines where they take‑off from the normal discharge lines.  The plant operator may open these valves as conditions require.


To prevent freezing of emergency service water piping, the pumphouse is maintained at a temperature no lower than 40(F.  In addition, buried portions of the piping are located at a sufficient depth below the frost line.


Details for the emergency service water system pumps are listed in <Table 9.2‑10>.  The conditions upon which the design for these pumps is based are listed in <Table 9.2‑11>.


The pumps are designed and constructed to Safety Class 3 and Seismic Category I requirements.  Assurance of operability requirements given in <Regulatory Guide 1.48> apply.  The pumps meet the requirement of a minimum of 30 day continuous operation following an SSE or OBE.


The emergency service water strainers are designed and constructed to Safety Class 3 and Seismic Category I requirements.  Details for these strainers are listed in <Table 9.2‑12>.


Traveling screens are designed to meet the requirements for Safety Class 3 and Seismic Category I equipment.  Applicable construction and design codes are:


a.
ASME B&PV Code, Section III, Nuclear Power Plant Components.


b.
AISC Specifications for Design, Fabrication and Erection of Structural Steel for Buildings ‑ 1969.


Details for the traveling screens are listed in <Table 9.2‑13>.


The emergency service water system during any mode of operation provides cooling to all equipment, whether cooling water is required or not.  No reliance is made on automatic flow control valves.  System flow is initially balanced and the manually operated butterfly or globe valves are controlled administratively in their respective positions.  This facilitates system operation and minimizes the possibility of system malfunction.


The emergency service water system is available for the modes of plant operations specified in <Table 9.2‑1>, <Table 9.2‑3>, <Table 9.2‑5>, and <Table 9.2‑7> and meets the flow requirements listed.  The description of operational modes of this system is:


a.
Hot Standby



Should the reactor be isolated from the turbine steam condenser, emergency service water is available to the following:



1.
RHR Heat Exchangers




Emergency service water is available so that the RHR heat exchangers can maintain the suppression pool temperature within acceptable limits by direct cooling.



2.
Standby Diesel Generators and HPCS Diesel Generator




For the hot standby mode accompanied by a loss of normal ac power, cooling water is required to dissipate heat from the diesel generators.



3.
Emergency Closed Cooling Heat Exchangers




The cooling water on the primary side of these heat exchangers is required for the RHR room coolers when the RHR system is required to directly cool the suppression pool.  In addition, the ECC system is used to cool the “A” and “B” Control Complex chillers.



4.
Fuel Pool Cooling Heat Exchangers




With a loss of preferred ac power, and loss of NCC, the ESW system can be manually aligned to the FPCC heat exchangers by opening valves to provide cooling to the fuel stored in the spent fuel storage pools.



5.
HPCS Room Cooler




HPCS room cooling is required if the HPCS pump operates to maintain reactor vessel water inventory.


b.
Normal Shutdown



Normal shutdown of the reactor plant requires that emergency service water be supplied to the following:



1.
RHR Heat Exchangers




Emergency service water to the RHR heat exchangers is required to remove residual heat from the nuclear boiler system in preparation for refueling or system maintenance.



2.
Emergency Closed Cooling Heat Exchangers




The primary cooling water side of these heat exchangers is required for the RHR pumps and RHR room coolers since the RHR system is required for normal plant shutdown.


c.
Postaccident (With Loss of Preferred AC Power)



For postaccident conditions emergency service water is supplied to the following:



1.
RHR Heat Exchangers




The LPCI function of the RHR system requires the operation of the RHR heat exchangers for removal of decay heat from the reactor vessel.



2.
Standby Diesel and HPCS Diesel Generator




The diesel generators are required for this condition and, therefore, require adequate emergency service water cooling.



3.
Emergency Closed Cooling Heat Exchangers




The primary side of these heat exchangers supplies the necessary cooling water to the ECCS and RCIC equipment, associated room coolers, and the control complex chillers.



4.
Fuel Pool Cooling Heat Exchangers




The ESW system is manually aligned to provide cooling to the fuel stored in the spent fuel storage pools.



5.
HPCS Room Cooler




As part of the ECCS network the HPCS room cooler is supplied with cooling water following a loss‑of‑coolant accident.


d.
Support Testing



The emergency service water system is available to support any plant testing of equipment in which the system provides service water directly or indirectly.  The initiation of the system is a manual operation and the frequency of operation is a function of the plant testing requirements.  Support testing of other systems will be planned and performed so as not to impair or preclude the ability of the ESW system to perform its intended function.


9.2.1.3      Safety Evaluation


In general, the emergency service water system is classified as Safety Class 3 and Seismic Category I, with the primary safety function being to support the emergency core cooling system.  At least one RHR heat exchanger train with 100 percent emergency service water flow is available to satisfy the performance objectives and the requirements for removal of decay heat from containment.


ESW System operation is intermittent over the full range of plant operations.  To ensure the availability of this system, scheduled inspection of this equipment will be performed.


The ESW system consists of three entirely independent loops, A, B and C.  Power for each loop is supplied from Class 1E electrical system. All loops are entirely independent with regard to system operation.  Adequate physical separation is provided in pump location and piping.


The design of the ESW system pump forebay incorporates traveling screens for removing submerged debris that may have entered through the intake structure.  The water inlet is located more than one quarter mile offshore and submerged more than 15’ below the surface of the lake.  Referring to <Figure 3.8‑65>, <Figure 3.8‑66>, <Figure 3.8‑67>, <Figure 3.8‑68>, <Figure 3.8‑69>, and <Figure 3.8‑70>, it can be seen 


that in order for debris to enter the ESW pumphouse, the debris would have to be submerged to the elevation of the intake heads, travel approximately 100’ vertically downward, travel approximately 3,000’ almost horizontally and then rise vertically approximately 100’ to the ESW pumphouse.  Also, the intake system is designed for an approach velocity of 0.5 fps which diminishes the uptake of debris.  Because of these design features, it is highly unlikely that any significant amount of debris will enter the ESW pumphouse and clog the screens.  Experience with the operation of ESW pumps prior to initial fuel load and during the first two years of commercial operation is supportive of this conclusion.


Two traveling screens are provided.  Each screen has the capacity to supply water with all ESW pumps and fire protection pumps operating and still maintain a relatively low approach velocity minimizing debris accumulation and clogging potential.  The maximum velocities were calculated assuming low lake level and 20’ of active screen height.


The ESW Screen Wash System (P49) traveling screens, P49‑D001A and B, and their associated screen wash pumps, are automatically started electrically by a LOCA signal and will run continuously until the signal is cleared.  The screen wash strainers are driven by 0.5 HP, nonsafety‑related motors from safety‑related power supplies.  Therefore, these motors are prohibited from being operated electrically by the same LOCA signal discussed above.  During a LOCA event, the screen wash strainer high differential pressure alarm will be monitored, and manual backwashing of the strainers will be performed as required.  During a LOOP event, system logic and annunciator power are lost, necessitating a manual system startup.  In the event of a LOCA concurrent with a LOOP,


the traveling screens and their associated pumps will automatically


start, and the screen wash strainers will be electrically prohibited from operating.  P49 is only used as a spray to remove debris from the 


traveling screens, and is not as sensitive to flow rate as P45.  For this reason, the backwashing of the P45 and P49 strainers can be done in series, with P45 being performed first.


The emergency service water strainers are driven by nonsafety‑related motors from nonsafety‑related power supplies.  Manual backwash will, therefore, be required after a LOOP.  Manual backwashing will be performed when required, as indicated by safety‑related flow indication.


Major parameters, specifically radiation levels, pressure, temperature, and flow, are monitored in the control room.  Appropriate alarms signal inconsistencies during system operation.  Parameters of the A loop can also be monitored at the remote reactor shutdown panel.  The operation of the A loop system is capable of initiation either automatically, manually from the control room, or manually from the remote shutdown panel.  In addition, the loop B parameters can be monitored and initiated from the redundant remote reactor shutdown system, or manually initiated from the control room.


The system is designed for the various combinations of plant conditions and natural phenomena.  It suffers no loss of safety functions under a loss‑of‑coolant accident and postulated earthquake condition.  Also, the above criteria are met, assuming the following:  a single failure within the system, the preferred power source is unavailable, and the safety function is accomplished using the standby power source.


The following failure analysis as it applies to the emergency service water system assumes a loss‑of‑coolant accident, a postulated earthquake condition and a loss of normal ac power.  These assumptions will result in the greatest heat rejection rate to the ultimate heat sink.  <Table 9.2‑25> provides a listing of the ESW system cooling duty loads following a DBA.


The design of the emergency service water system is such that any two of the three loops are required for safe shutdown of the reactor.  Each loop is part of a distinct ESF Division with no interdependency of loops present.


The design of the ESW system inlet and traveling screens is such that complete operability of the screen wash system (P49) is not required for the operability of the ESW system.


Electric power to the emergency service water system is such that Loops A, B and C receive power from ESF Division 1, Division 2 and Division 3, respectively.


In addition, the three loops of emergency service water system are adequately separated and protected to provide for the indirect consequences of pipe whip, jet forces and internally generated missiles.  The emergency service water pumps are located in the emergency service water pumphouse.  Their relative position is such that no two pumps of the same unit are adjacent to each other.  The pumps are designed to operate at relatively low speeds, at low pressure and at low temperature.  The pump motors, by construction, pose no potential missile threat.  The pump impellers are located in the submerged portion of the column.  Any missile threat created by a thrown impeller to incapacitate two pumps of the same unit is negated by the pump column, damping effects of the water, and separation of pumps.  No experiences of missiles generated from a pump and motor assembly of this type are known.  Also, potential missiles associated with the strainers, valving or piping within the pumphouse are not considered to exist.


Loops A, B and C must supply cooling water to equipment that is necessary for safe shutdown of the nuclear plant under the assumptions given for a single failure analysis.  It can be concluded from the system design that:


a.
A mechanical or electrical failure in the operation of any one ESW loop would not affect operation of the other two.


b.
Operation of only two loops is sufficient to support necessary safety‑related equipment.  Therefore, by single failure criteria, no active or passive failure of any component within the emergency service water system would prevent safe shutdown of the reactor.  



Operation of ESW loop A or loop B alone will provide adequate cooling to the fuel pool cooling heat exchangers (except for a full core off‑load as discussed in <Section 9.1.3.3>, thus allowing for the failure of loop A or loop B.  The failure of loop C does not affect FPCC.


c.
Operation of only one screen wash subsystem will ensure that one traveling screen is kept clean at all times.  One screen is sufficient to provide the flow requirements for all ESW pumps and fire protection pumps.


d.
If both screen wash subsystems become inoperable, there is a high degree of confidence that each traveling screen would remain clean for a period of at least 72 hours from the time its respective screen wash system became inoperable (reference: <10 CFR 50, Appendix R> deviations discussion in <Appendix 9A.7> G 8‑6 and <Appendix 9A.7> G 8‑7).  There is more than sufficient time, therefore, to manually rotate screens and clean them using an alternate water supply as necessary.



Plant procedures require that the screens be inspected within 72 hours of a complete loss of the P49 backwash system and every 24 hours thereafter with manual cleaning being performed as necessary.


Radioactive leakage can develop in the RHR heat exchangers.  Radiation monitors are provided to detect leakage into the emergency service water.  Motor‑operated isolation valves on the inlet and discharge lines to the RHR heat exchangers may be closed by operator action in the control room.


As a contingency measure, the ESW system can be lined up to provide cooling water to the Fuel Pool Cooling and Clean Up Heat Exchangers (FPCC HXs).  Under normal operations, any tube failures in the FPCC Hxs will be identified by the Nuclear Closed Cooling radiation monitors and can be repaired expeditiously.  Thus, it is unlikely that tube leaks will exist in the FPCC Hxs at the time ESW is valved into the FPCC Hxs.  When in this configuration, periodic sampling is done to monitor for any radioactive leakage.  In the unlikely event the FPCC Hxs are lined up with ESW and also develop a tube leak some potentially contaminated water could leak into the ESW system.  The affected FPCC HX can be isolated, if necessary, from the ESW system upon detection of any leakage.


Over‑pressurization protection is afforded on all heat exchangers by the use of relief valves.  The discharge from each valve is routed to the nearest floor drain, except for the HPCS room cooler and the RHR heat exchangers.  The discharge for the RHR heat exchangers is directed to the radwaste system.  In addition, upstream of the first RHR heat exchanger equipment isolation valve, a relief valve is provided that discharges to the radwaste system.  This valve affords over‑pressure protection of the low pressure portion of the emergency service water piping.  The discharge for the HPCS room cooler is returned to the line following the last equipment isolation valve.


9.2.1.4      Inspection and Testing Requirements


A preoperational test of the system was conducted in accordance with the provisions stated in <Chapter 14>.  System pumps are operated on a regular scheduled basis to verify adequate performance and availability.  Valves also are tested on a regularly scheduled basis and such capabilities as shutoff and flow control are of particular interest.


The instrumentation and controls associated with the ESW system undergo a program of periodic calibration inspection, and testing to verify accuracy and satisfactory operation.


A program of visual inspection is maintained.  Attention is given to welded connections, leakage, corrosion, noise, vibration, etc.


Monitoring for possible flow blockage in the emergency service water system resulting from sources such as Asiatic Clams, will be accomplished through a program of lake water sampling, surveillance testing and maintenance inspections.  A piping branch connection is provided for inspection of the buried Division 1 supply side piping.


9.2.1.5      Instrumentation Requirements


Local temperature indicators are provided on cooling water outlets of the standby diesel generator heat exchangers, HPCS room cooler and Loop C (HPCS) strainer.  Local temperature indicators are provided on both the cooling water inlet and outlet of the HPCS diesel generator heat exchanger and emergency closed cooling heat exchangers. 


RHR system temperature elements are provided on each (two temperature elements for each pair of heat exchangers) RHR heat exchanger cooling water outlet.  These temperature elements provide signals to a temperature recorder in the control room.  There are also temperature elements at the A&B Loop strainer outlet that provide signals to temperature indicators in the control room.


Temperature elements for local indication are provided on the cooling water inlet to both pairs of RHR heat exchangers, and HPCS room cooler.  Temperature elements have been installed on the inlet and outlet cooling water piping of the RHR heat exchangers for performance testing.


Local pressure indicators are located on the upstream and downstream side of the ESW strainers.  Pressure transmitters with a local indicator are provided on the pump discharge lines downstream of the system strainers.  These pressure transmitters provide signals to pressure indicators and to low pressure alarms in the control room.


Differential pressure switches across the ESW strainers will start the strainer backwash operation on high (P.


Flow transmitters are provided on the cooling water outlets of the standby diesel generator heat exchangers, emergency closed cooling heat exchangers and HPCS diesel generator heat exchanger and on the RHR heat exchanger cooling water inlets.  These flow transmitters provide signals to cooling water flow indicators in the control room for the ECC heat exchanger, HPCS diesel generator heat exchanger and RHR heat exchangers.  Standby diesel generator heat exchanger cooling water flow is indicated on the diesel generator benchboard in the control room.  Low flow alarms are provided in the control room for the ECC heat exchangers, HPCS diesel generator heat exchanger and RHR heat exchangers.  Low flow alarms for the standby diesel generator heat exchangers are in the control room.  A flow element and two pressure test connections are provided on the outlet of the HPCS room cooler for initial flow balancing.  A flow element is provided on the inlet piping supplying the fuel pool cooling heat exchangers and bypass line.


Flow indication is provided on the remote shutdown panel for Loop A emergency closed cooling heat exchanger outlet flow and Loop A RHR heat 


exchanger inlet flow.  Flow indication is provided on the redundant remote shutdown panel for Loop B emergency closed cooling water heat exchanger outlet flow and Loop B RHR heat exchanger inlet flow.


Local flow indication is provided on the suction side of the RHR heat exchanger tube side ESW drain pumps.


Radiation elements are provided on the RHR heat exchanger cooling water outlets (one monitor for each pair of heat exchangers).  In the unlikely event there would be a leak from the RHR system into the ESW system, the radiation elements would detect the leak.


As a contingency measure, the ESW system can be lined up to provide cooling water to the Fuel Pool Cooling and Clean Up Heat Exchangers (FPCC HXs).  Under normal operations, any tube failures in the FPCC HXs will be identified by the Nuclear Closed Cooling radiation monitors and can be repaired expeditiously.  Thus, it is unlikely that tube leaks will exist in the FPCC HXs at the time ESW is valved into the FPCC HXs.  When in this configuration, periodic sampling is done to monitor for any radioactive leakage.  In the unlikely event the FPCC HXs are lined up with ESW and also develop a tube leak some potentially contaminated water could leak into the ESW system.  The affected FPCC HX can be isolated, if necessary, from the ESW system upon detection of any leakage.


Position switches on the motor operated pump discharge and RHR heat exchanger isolation valves and motor operated sluice gates provide “OPEN” and “CLOSED” signals to position indicating lights in the control room.  Loop A valves also have an “OPEN/CLOSED” indication at the remote shutdown panel.  Loop B valves also have local “OPEN/CLOSED” indication with their redundant remote shutdown control switch.  The sluice gates have local indication on their motor operator.


Each ESW strainer includes the following instrumentation to initiate and perform the backwash operation:


a.
High (P across the strainer switch.


b.
A timer permitting up to 48 hours between backwash cycles.


c.
A manual control switch.


The high (P switch also activates an alarm in the control room.


Level switches are located in the ESW pumphouse forebay.  These level switches provide a low level signal which automatically opens sluice gates between the discharge tunnel and the forebay to ensure a cooling water supply.  When elevated lake temperatures may cause the ESW forebay temperature to approach its maximum allowable design limit of 85(F, the sluice gate seals are inflated and the automatic opening feature is disabled.


Additional details for instrumentation and controls is provided in <Section 7.3.1>.


9.2.2      EMERGENCY CLOSED COOLING SYSTEM


9.2.2.1      Design Bases


An emergency closed cooling (ECC) system serves Unit 1 and is designed to provide a reliable source of cooling water to safety‑related components required for certain modes of normal reactor operation, as well as for accident conditions and loss of normal auxiliary power.


<Table 9.2‑14> and <Table 9.2‑16> summarize the cooling water requirements to those components serviced by the emergency closed 


cooling system for the various modes of plant operation.  The system is divided into two separate loops.  For this discussion the loops are denoted by the letters “A” and “B.”


The emergency closed cooling system is a closed system that has its heat exchangers cooled by the emergency service water system.  It is designed to yield maximum expected equipment cooling water temperature of 95(F on the closed side.


The system is designed such that the occurrence of any single active or passive failure would not contribute to the inability of the emergency closed cooling system to perform its intended function.  The system is classified as Safety Class 3 and Seismic Category I.  The chemical addition tank and piping up to the last valve prior to the connection into the system is nonsafety class.  Piping downstream of vents and drains is nonsafety class.  Piping downstream of the isolation root valves for the control complex chillers pumpdown unit is nonsafety class.  Two bed water storage and distribution system piping up to the last isolation valve in the normal supply line and bypass line is nonsafety class.  The failure of any of these nonsafety‑related portions of the ECC system would not jeopardize the operation of the system.


The system is operable under hot standby, normal shutdown, continuation of normal shutdown, and postaccident conditions.  Minimum cooling water requirements to essential equipment under accident conditions is discussed under <Section 9.2.2.3>.


No operator action is required during the first ten minutes following a loss‑of‑coolant accident.


The applicable code for the safety class pumps, piping, valves, and the surge tank is ASME Boiler and Pressure Vessel Code, Section III‑3, Nuclear Power Plant Components.


In addition, the components are designed to follow the guidance of <Regulatory Guide 1.48>.


Applicable codes for NSC components are:


Piping


ANSI 31.1.0 Power Piping


Valves


ANSI 31.1.0


Chemical Addition
ASME Section VIII (except radiography and stamp)


Tank


Conformance with Branch Technical Position ASB3‑1 is discussed in <Section 3.6>.  Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with regulatory guides is discussed in <Section 1.8>.


Conformance with Branch Technical Position APCSB3‑1 is discussed in <Section 3.6>.  Protection of the ECC system from missiles is discussed in <Section 3.5>.


9.2.2.2      System Description


An emergency closed cooling system serves Unit 1 and is capable of supplying cooling water to the control complex chillers.  These chillers support ventilation cooling in the control room, battery and switchgear rooms and miscellaneous control complex areas. 


The ECC system associated with Unit 2 is abandoned except for the piping designed to provide cooling water to the fuel pool heat exchangers following a design basis accident, if required.  This portion of the Unit 2 ECC piping is connected to the Unit 1 ESW system, as shown on <Figure 9.2‑3>.


The emergency closed cooling system has two independent loops, each consisting of one pump, heat exchanger and a surge tank.  A chemical addition tank is shared by both loops.  The pumps may be operated from the preferred offsite power supply or from a standby onsite power source.  Redundancy is provided in the electrical power supply and equipment in the same manner as is provided for in the emergency core cooling system (ECCS).  This approach compliments the ECCS in satisfying its performance objectives.


Water from the two bed water storage and distribution system is used for initial system operation and system makeup.  In addition, a source of emergency makeup water is provided from the emergency service water system.  Loops A and B of the emergency service water system supply the emergency makeup water to Loops A and B of the emergency closed cooling system, respectively.  In the event that demineralized water makeup does not adequately maintain the surge tank level, level alarms are annunciated in the control room to indicate that operator attention is required.  Manual fill of the surge tank can be performed locally using either the demineralized water system or the emergency service water system.


Water quality is maintained through the use of chemicals added by a chemical addition vessel connected across the pump suction and discharge lines.


Sample points are provided within the system for determination of water quality and need for chemical addition.


Some leakage from the emergency closed cooling system can be expected from pump seals and valve stem packing.  A conservative estimate of this leakage is 2.7 gal/hour.  With this leakage rate and assuming a minimum 454 gallons of water in the surge tank (low level), the surge tank would not be emptied until after 7 days.


Details for the emergency closed cooling system pumps are found in <Table 9.2‑18>.


The physical piping arrangement at the pumps’ suction in conjunction with a closed loop system design, ensures adequate NPSH for the ECC system pumps.  The pumps are specified to meet the requirement of a minimum of 30 day continuous operation following an SSE or OBE.  Details for the emergency closed cooling system heat exchangers are found in <Table 9.2‑19>.


Details for the emergency cooling system surge tank, chemical addition tank and system piping valves and fittings are found in <Table 9.2‑20>, <Table 9.2‑21>, and <Table 9.2‑22>, respectively.


After major maintenance to the Unit 1 emergency closed cooling system, the system must be checked to ensure that the equipment throttle valves are in proper position.  After flow is established, the system valves are balanced to ensure adequate flow to all equipment.  Flow indicating devices are provided on main headers as well as on the particular equipment piping.  Throttling valves are provided to regulate flow.  The system is then inspected for leakage, excessive vibration, chemical addition, etc.  After major maintenance to the portion of the Unit 2 emergency closed cooling system used to provide cooling water to the fuel pool heat exchangers, the system must be checked to ensure that the cross‑tie isolation valves to the nuclear closed cooling system are in proper position.


The emergency closed cooling system is available, when required, to supply cooling water during the operation of the RHR system and portions of the emergency core cooling system for hot standby, normal shutdown, loss‑of‑coolant accident, and under loss of normal ac power.  


Consideration is given to the following reactor modes supported by the emergency closed cooling system:


a.
Hot Standby


The system is required to supply equipment cooling to the RHR pumps and room coolers and the RCIC room cooler during reactor isolation.  The initiation of the system is a remote‑manual function.


b.
Normal Shutdown


The emergency closed cooling system is required to supply cooling water to support the RHR system in the normal shutdown mode.  The initiation of the emergency closed cooling system for this mode is a manual operation and dependent upon the specific RHR system requirements for cooling water.


c.
Postaccident


The emergency closed cooling system has a primary safety function of supporting the emergency core cooling system and other safety‑related equipment following an accident.  The design is such that, in the event of any single active or passive failure in the emergency closed cooling system, cooling water can be supplied to either ESF Division 1 or Division 2 ECCS equipment, specifically Loop A or Loop B, respectively.


d.
Support Testing


The emergency closed cooling system is available to support any plant testing in which the system must perform a cooling function.  Frequency of operation is a function of plant testing requirements.  Initiation of the system is a manual operation.


9.2.2.3      Safety Evaluation


The emergency closed cooling system is classified as Safety Class 3 and Seismic Category I.  Its primary safety function is to support the emergency core cooling system and other safety‑related equipment following an accident.


The design is such that, in the event of any single active or passive failure in the emergency closed cooling system, cooling water can be supplied to either Loop A or Loop B.  Seal water cooling to RHR pumps A, B and C is required whenever the RHR pumps are running.  System design permits seal cooling under all operating modes, including postaccident conditions.


The design of the system reflects redundancy in pumps, piping and power supply.  Referring to <Figure 9.2‑3>, it is shown that system pump A feeds Loop A which includes the LPCS room cooler, RHR pump A and room cooler, RCIC room cooler, control complex chiller A, and hydrogen analyzer A.  The power supply for this header is from ESF Division 1.  Also shown is system pump B which feeds Loop B, where Loop B supports RHR pumps B and C, associated room coolers, control complex chiller B, and hydrogen analyzer B.  The power supply for header B is from ESF Division 2.


Each emergency closed cooling heat exchanger is cooled by one of the independent loops of the emergency service water system.  Thus, there is no interdependency in the emergency service water supply.


An emergency source of makeup water is provided to the emergency closed cooling surge tank from the emergency service water system.  The design maintains complete independence in piping and power supply.  Power for each loop is supplied from the Class 1E electrical system, wherein each of the redundant ESF divisions has access to both a preferred offsite power supply and a standby onsite power source.  This is accomplished by 


using Loop A (with components powered from ESF Division 1) and Loop B (with components powered from ESF Division 2) to supply the emergency makeup water to the surge tanks associated with Loop A (with components powered from ESF Division 1) and Loop B (with components powered from ESF Division 2) of the emergency closed cooling system.  In addition, the emergency closed cooling surge tanks are designed to maintain a 7 day supply of water with normal system leakage without the need to provide makeup water.


The emergency closed cooling system contains a bypass around the control complex chillers.  This bypass is employed only during maintenance and testing conditions.  At all other times, the bypass line is closed and both the “A” and “B” chiller receive cooling water from the emergency closed cooling system.  It should be noted that each Control Complex Chilled Water chiller is 100 percent capacity and, therefore, redundant.  The Control Complex Chilled Water C chiller which is not diesel backed can be operated as a front line chiller, and chiller A and B can be used as standby chillers.  During a LOOP/LOCA event, the Control Complex Chilled Water C chiller and its associated pump are tripped.  The A and B Control Complex Chilled Water chillers and pumps are automatically started upon receiving a LOOP/LOCA signal.


For the ECC system associated with the non‑abandoned Unit 2 piping, the bypass provided around the fuel pool heat exchangers is employed during all normal operating modes.  The fuel pool heat exchangers are normally 


cooled by the nuclear closed cooling system <Figure 9.2‑4>.  Upon receipt of a LOOP or LOCA accident signal, the fuel pool heat exchangers NCC isolation valves automatically close.  Any time after the start of ESW flow through the non‑abandoned Unit 2 piping, cooling may be restored to the fuel pool heat exchangers by operator action.  This involves opening the supply and return valves and closing the bypass valve in each loop of the emergency closed cooling system.  Fuel pool heat exchangers A and B are supplied with cooling water from ESW loops A and B, respectively.  Operation of these valves to supply these heat exchangers with ESW cooling is described in <Section 9.2.2.6>.


All major cooling water parameters, specifically pressure, temperature and flow are monitored in the control room during system operation and alarm to signal irregularities.  The operation of the emergency closed cooling system is initiated automatically and simultaneously with the initiation of the ECCS resulting from a loss‑of‑coolant accident.  In addition, provisions are made for manual initiation from the control room or remotely, if required.


The emergency closed cooling system is designed for various combinations of plant conditions and natural phenomena.  The system will suffer no loss of safety function as a result of a loss‑of‑coolant accident, loss of offsite power, or postulated earthquake condition.


Also, the above criteria are met, assuming the following:  a single failure within the system, the preferred power service is unavailable and the safety function is accomplished using the standby power source.  


The following failure analysis as it applies to the emergency closed cooling system assumes a loss‑of‑coolant accident, a postulated earthquake and a loss of preferred ac power.


Using these assumptions, it must be shown that either loop A or loop B will remain functional following any active or passive failure to the emergency closed cooling system.  The remaining functional loop (A or B) operating in conjunction with the emergency service water system will meet the requirements necessary for safe shutdown of the reactor.


Electrical power to the emergency closed cooling system is such that loops A and B receive power from ESF Division 1 and Division 2, respectively.


In addition, the two loops of the emergency closed cooling system are adequately separated and protected to provide for the indirect consequences of pipe whip, jet forces and internally generated missiles.


On the basis that there is complete independence between loops, mechanically and electrically, a single active or passive failure of one loop would not affect the operation of the other.


9.2.2.4      Inspection and Testing Requirements


The emergency closed cooling system operation is intermittent over the full range of plant operations.  To ensure the availability of this system, scheduled inspection and testing of system equipment is performed.  A preoperational test of the system is conducted in accordance with the provisions stated in <Chapter 14>.


The system pumps are operated on a regular, scheduled basis to verify adequate performance and availability.  Valves are tested on a regularly scheduled basis.  Such capabilities as shutoff and flow control are of particular interest.


The instrumentation and controls associated with the emergency closed cooling system undergoes a program of periodic calibration inspection, and testing to verify accuracy and satisfactory operation.


A program of visual inspection is maintained.  Attention is given to welded connections, leakage, corrosion, noise, and vibration.


Cooling water is tested regularly, by samples taken from the system, to determine water quality and need for chemical addition.


9.2.2.5      Instrumentation Requirements


The emergency closed cooling system is a safety‑related system supporting other safety systems, particularly the ECCS.  Therefore, the instrumentation and controls provide the ability to monitor the status of major parameters during system operation.


The emergency closed cooling pumps are initiated automatically under accident conditions, but also can be initiated for RHR supporting operations manually from the control room.  In the unlikely event that the control room becomes uninhabitable, emergency closed cooling system loop A can also be operated from the remote shutdown panel.  Likewise, loop B is provided controls for operation from the redundant remote shutdown system.  Each pump suction and discharge is provided with a pressure indication to ensure that the developed head meets system requirements.  Pump discharge pressure is monitored in the control room and also signals a low pressure alarm.


Loops A and B are each instrumented with flow transmitters; low flow alarms are provided in the control room.


Each component supplied with emergency closed cooling water, except the hydrogen analyzers, has a temperature element and flow element on the discharge side.  The temperature elements installed downstream of the control complex chillers are spared in place.


The surge tanks have level instrumentation.  One instrument provides level alarms which are annunciated in the control room.  The other instrument sends high and low level signals to the system’s makeup water valves.  Operation of the makeup water valves allows demineralized water to fill the surge tanks.  The operation of the makeup valves depends upon the level in the respective surge tanks.


Administrative control or locks ensure that all system valves are in proper position when required for operation.  The positions of power operated valves (except the temperature control valves upstream of the ECC heat exchangers) are indicated in the control room.


Additional details for instrumentation and controls are provided in <Section 7.3.1>.


9.2.2.6      Cross‑Tie Between Unit 1 ESW and Unit 2 ECC


The Unit 2 ECC system was designed to supply safety‑related cooling water for the Fuel Pool Cooling Heat Exchangers (FPCHX) which are common to Unit 1 and Unit 2.  A Seismic Class I, safety‑related cooling water source to the FPCHX’s must be operational to support Unit 1 operation in case a design basis accident occurs.


To satisfy this requirement, piping cross‑ties have been installed between the A and B loops of the Unit 1 ESW system and the corresponding A and B loops of the Unit 2 ECC system.  The Unit 1 ESW will be used for FPCHX due to the abandonment of the Unit 2 ECC System <Figure 9.2‑3>.  


This involves operator action at some point following the first ten minutes of the postaccident condition to realign the FPCHX/ESW supply, return, and bypass valves.


The physical connection between the Unit 1 ESW and Unit 2 ECC system is made using 10‑inch pipe which joins the ECC system downstream of the ECC heat exchanger and leaves upstream of the ECC pump.  The Unit 2 ECC pump and heat exchanger are isolated during this mode of operation.  Each cross‑tie pipe contains two spectacle flanges in the open position to allow flow between the Unit 1 ESW and Unit 2 ECC systems.  Blind flanges have been added to the 4 inch supply and return piping to isolate the abandoned Unit 2 RCIC, LPCS and RHR system loads.  The additional heat load on the Unit 1 ESW system is described in <Section 9.2.1>.  A bypass line with an orifice provides a flowpath for ESW operation when the non‑abandoned Unit 2 ECC isolation valves are closed (NCC cooling FPCC heat exchangers).


9.2.3      DEMINERALIZED WATER MAKEUP SYSTEM


The primary water source for the demineralized water makeup system is raw Lake Erie water supplied by the service water system.  An alternate and/or supplemental water supply is from the potable water system.


The Lake Erie water is pretreated and transferred to a clearwell.  Potable water can also be used as makeup to the clearwell in whole or part.  Part of the clearwell water is used for miscellaneous services and the remainder is used for plant makeup to the demineralizers.  The demineralizer system is not safety‑related.  The system is designed to produce sufficient water to meet plant makeup requirements. 


The demineralized water is used to supply miscellaneous services and makeup to the condenser, or alternatively, the condensate storage tank.


Demineralized water quality measured at the inlet of the distribution header will be as follows:


a.
pH






5.8‑7.5 at 25(C


b.
Specific conductivity


(0.5 µmho/cm at 25(C


c.
Chloride (Cl)




(0.05 ppm


d.
Silica (SiO2)




(0.02 ppm


The specific conductivity of the demineralizer effluent is continuously monitored and recorded.  When the conductivity exceeds a preset value the train is alarmed at the local control panel and shut down.  All local panel alarms are relayed to the main control room as a common trouble alarm.


Safety showers and eyewashes are provided as required for personnel safety in handling the chemicals stored and used in the Water Treatment Building.

System diagrams of the demineralized water makeup system are shown on <Figure 9.2‑5>, <Figure 9.2‑6>, <Figure 9.2‑7>, <Figure 9.2‑8>, and <Figure 9.2‑9>.


9.2.4      POTABLE WATER SYSTEM


The potable water system supplies and distributes both hot and cold water throughout the plant for potable and sanitary purposes.


9.2.4.1      Design Bases


Design bases for the potable water system are:


a.
The system is not safety‑related.


b.
The system supplies hot and cold water in sufficient quantities for potable and sanitary purposes to the service building, control complex, turbine building, and numerous other buildings inside and outside of the protected area.


c.
The system supplies cold water for safety (emergency personnel) showers and eye washes in various plant locations as required.


d.
Malfunction or failure of any system component or piping does not adversely affect any safety‑related system or equipment or the ability to achieve and maintain safe shutdown.


e.
The system supplies flushing and dilution water to several chemical addition subsystems.  Additionally, the potable water system is a backup source of water to the demineralized water makeup system clearwell.


f.
The system is designed such that no interconnections exist with any process system containing radioactive or potentially radioactive liquid.


9.2.4.2      System Description


The supply of potable and sanitary water is obtained from the Lake County Department of Utilities water main, which is extended onto the site.  Potable water is distributed to the plumbing fixtures located in the plant.


Hot water is generated by two large electric hot water storage heaters located in the service building and the control complex.  Small electric water heaters are located in the turbine buildings.  Hot water recirculating systems are used where excessive lengths of hot water piping warrant inclusion of such systems to maintain water temperature.


9.2.4.3      Safety Evaluation


The potable water system is not nuclear safety‑related.  No interconnections exist between the potable and sanitary water system and any process system containing radioactive or potentially radioactive liquid.


Backflow preventers are located in the system’s connection with the offsite water source.  The backflow preventers inhibit flow from the site to the offsite water supply.  If the potable water system became potentially contaminated, the backflow preventers would ensure that the offsite supply would not be affected.


Malfunction or failure of any potable and sanitary water system component or piping does not adversely affect any safety‑related system or equipment or the ability to achieve and maintain safe shutdown.


9.2.4.4      Inspection and Testing Requirements


Drinking water quality is tested on a regular basis by the Lake County Department of Utilities.


9.2.4.5      Instrumentation Requirements


Hot water storage tank temperature is maintained at a predetermined temperature by a temperature controller which activates the tank heater, as required.


9.2.5      ULTIMATE HEAT SINK


9.2.5.1      Design Bases


Heat rejected from the turbine cycle during normal operation will be discharged to the atmosphere by two natural draft cooling towers, each 516 feet high.  During startup, shutdown and emergency operation, heat will be rejected to Lake Erie through the emergency service water system.  This system draws water from the lake, cools the plant and returns the water to the lake.  The lake has been shown to have a sufficiently high level to assure that it is always available to qualify as a single source of cooling water <Section 2.3.1> and <Section 2.4.11>.  All features necessary to provide cooling water for 


emergency purposes have been designed to Quality Group C, Safety Class 3 and Seismic Category I <Section 3.2>, and have been provided with redundant features to assure availability.  Cooling water supply to the ESW intake structure is available at all times even though the physical redundancy of the ESW cooling water supplies may not be available during periods of elevated lake temperature when the sluice gate seals are inflated and the automatic opening feature is disabled.  In compliance with <Regulatory Guide 1.27>, it has been demonstrated that there is an extremely low probability of normal intake failure during the time that the automatic opening feature of the sluice gates is disabled and the alternate intake tunnel is unavailable.


The structures and components used to take water from and return water to the lake are sized for the service water system (turbine plant and nonsafety nuclear requirements) flow rate of 70,500 gpm, and the emergency service water system (RHR and nuclear safety requirements) flow rate of 45,400 gpm.


9.2.5.2      System Description


The ultimate heat sink for Perry is shown schematically by <Figure 9.2‑10>.  Water is taken from Lake Erie by means of intake structures located approximately 2,650 feet off shore and 13.3 feet below the surface of the lake based on low water datum level at Elevation 570.5’.  A 10‑foot ID intake tunnel conveys the water to two onshore pumphouse structures, the service water pumphouse and the emergency service water pumphouse.  Water will be returned to the lake after accomplishing its cooling function through the discharge tunnel entrance structure.  The discharge nozzle is located approximately 1,520 feet off shore and 12.2 feet below the water surface based on the low water datum elevation.  Intake structures and the discharge nozzle have been sized to carry a normal flow of 45,400 to 70,500 gpm.  Intake velocity will vary from approximately 0.5 to 0.7 feet per second.  The discharge nozzle has been designed so that the maximum flow of 


approximately 116,000 gpm can be adequately handled if both the emergency service water and the normal service water systems are operating simultaneously.


A 10‑foot diameter cross tie tunnel between the discharge tunnel and the emergency service water pumphouse is provided as a redundant water supply for the emergency service water pumps.  Either tunnel will supply sufficient water to permit concurrent safe shutdown of one unit and meet the heat dissipation requirement during a nuclear accident in the second unit.


9.2.5.3      Safety Evaluation


The ultimate heat sink design complies with the safety functions for heat dissipation as stated in <Regulatory Guide 1.27>.  The design permits simultaneous safe shutdown and cooldown of both reactor units and, if an accident occurs in one unit, permits control of this accident with simultaneous, safe shutdown and cooldown of the other unit.


If an accident occurs in one unit, the maximum total rate of heat input from both units to the ultimate heat sink from all sources (decay heat, sensible heat, auxiliary system heat, and pump work) will be a peak of 3.0 x 109 Btu/hr followed by an asymptotic decrease over the 30‑day period.  <Figure 9.2‑11>, <Figure 9.2‑12>, and <Table 9.2‑23> show the combined total heat release rate from both units, and the combined total integrated heat input from both units for the 30‑day period following a LOCA in one unit and the simultaneous cold shutdown of the other unit.  The total heat release rate is further broken down into its three major parts:  decay heat rate, sensible heat rate and the auxiliary system heat rate (all two unit totals).  The decay heat rate is taken directly from GE Licensing Topical Report NEDO‑10625, Class I, March 1973.  The auxiliary system heat load including pump work has been taken as the total energy equivalent of the fuel oil used by the diesel generators following a LOCA, since this is the sole source of energy for the 


auxiliary systems.  This approach is conservative because a substantial portion of the fuel oil energy is actually rejected to the atmosphere from the diesel exhaust.  The total heat rejected will have only a negligible thermal effect in the localized area and no thermal effects on the lake as a whole.


The portions of the tunnels that supply water to the emergency service water cooling system, as well as the intake structure, discharge tunnel and emergency service water pumphouse, are designed as Seismic Category I structures.  All safety‑related emergency service water discharge structures and piping are either tornado missile protected or have been evaluated for the probability of tornado missile strikes as described in <Section 3.5.1.4.2.1>.


System operability is maintained during and subsequent to a seismic failure of the external discharge piping by standpipes located inside the auxiliary building.  Upon blockage of the discharge lines, the standpipes maintain full emergency service water flow by relieving the flow to the plant yard area.


A redundant water supply to the emergency cooling water pumps is provided by a 10 foot diameter cross tie tunnel which allows an inflow of water to the emergency service water pumphouse forebay from the discharge tunnel in case flow through the normal intake tunnel is blocked off.  Entry to this pumphouse forebay is accomplished by the opening of either one of two motor‑operated gates which are normally closed, but will open automatically upon detection of low water level in the pumphouse forebay.  When elevated lake temperatures may cause the ESW forebay temperature to approach its maximum allowable design limit of 85(F, the sluice gate seals are inflated and the automatic opening feature is disabled.


Refer to <Section 9.2.1.2> for a discussion of this operational configuration.


The effects of natural phenomena on the heat sink water level or water volume are presented in <Section 2.3.1> and <Section 2.4.11>, including an evaluation of Lake Erie Canal lock failures.  <Figure 1.2‑18> and <Figure 3.8‑65> present the intake and discharge structure orientation and location.


9.2.6      CONDENSATE STORAGE FACILITIES


9.2.6.1      Design Bases


The condensate storage system is designed to store and provide adequate demineralized water to accommodate main cycle makeup and to provide a minimum of 150,000 gallons for the RCIC and HPCS Systems at all times.  The tank is designed to AWWA D100.


9.2.6.2      System Description


The condensate transfer and storage system is shown in <Figure 9.2‑13>.  It consists of one 500,000 gallon capacity storage tank per unit with associated makeup and distribution systems.  The tank is located outdoors adjacent to the turbine building.


Makeup to each condensate storage tank will come from the 400,000 gallon capacity mixed bed water storage tank, serving both units.  Makeup is cyclical in nature, i.e., the makeup control valve opens on low level (which is still above the 150,000 gallon reserve) and closes on high level.  The normal makeup from the mixed bed water storage tank is sprayed into the main condenser, and returned to the condensate storage tank.  The alternate makeup is pumped directly to the condensate storage tank whenever the condenser is not in operation.


The main function of the condensate storage system is to provide makeup to the main turbine cycle or to store excess water returned from the main turbine cycle.  A gravity header is provided to distribute water to the main condensers on a low water level signal in the condensers.  On high water level in the main condensers, the condensate booster pumps discharge water back to the condensate storage tanks through the same 12‑inch line used for makeup.


The gravity header also supplies water to the suction of three transfer pumps which provide pressurized water for the fuel pool cooling and cleanup system (FPCCS) filter backwash, the spent fuel pool, the radwaste system, the reactor water cleanup system, the refueling water (upper pool) system, and other miscellaneous uses that cannot be gravity fed.  A freeze protection heater is provided in a recirculation line from the pump discharge back to the condensate storage tank to protect the tank during cold weather.


A separate Safety Class 2, Seismic Category I header is provided near the bottom of the tank and sized to supply water simultaneously to the RCIC and HPCS systems.  The 150,000 gallon reserve for these two systems is ensured by the operator isolating all nonsafety uses of condensate supply before the storage tank level drops below this reserve.  A low level alarm is provided to alert the operator.  The alternate water supply to these systems for safe shutdown is the suppression pool <Section 5.4.6>.  A high level annunciator is provided to alert the operator of a potential tank overflow condition.


A header is provided to return water from the RCIC and HPCS pumps during testing and from the control rod drive pumps during minimum recirculation.


The storage tank is constructed of carbon steel; it is lined with .006 inch flame sprayed aluminum topped with .006 inch dry film thickness of PPG Aquapon for corrosion protection.  The tank is vented and does not contain a membrane.


9.2.6.3      Safety Evaluation


This system is not classified as a safety class system; however, certain components of the system are safety‑related.  The portion of the system between the containment isolation valves and the supply header to the RCIC and HPCS systems are Safety Class 2, Seismic Category I.


The water contained in the storage tank will normally come in directly from the mixed bed water storage tank through the cycle.  The cycle water will have passed through the condenser hotwell where it is held up for a minimum of two minutes for radioactive decay.


To preclude an uncontrolled release of the content of the condensate storage tank, the tank is located within a concrete retaining structure designed to Seismic Category I requirements.  This retaining structure is designed to accommodate the total liquid capacity of the condensate storage tank with at least one foot freeboard.


Condensate storage tank water level is monitored and displayed by plant computer systems, which also display alarms for high and low water levels.


In addition, a low low level alarm is annunciated to ensure inventory for HPCS and RCIC systems and a high level alarm is annunciated to prevent tank overflow.


Tank overflows are directed to the retaining basin structure surrounding the tank.  This water is then transferred to the liquid radwaste system for processing.


9.2.6.4      Inspection and Testing Requirements


Preoperational testing has demonstrated that each condensate transfer pump can provide design flow at design pressure.  In addition, setpoints, miscellaneous controls and interlocks have been verified.


9.2.6.5      Instrumentation


The storage tank has all necessary level instrumentation for controlling the makeup required to maintain adequate tank operating level and to initiate alarms in the control room if level in the tank falls below the point where the RCIC/HPCS system reserve requirements are met.  Pressure indicators and temperature indicators are provided where necessary to monitor system operation.  Additional discussion of instrumentation and controls is provided in <Chapter 7>.


9.2.7      SERVICE WATER SYSTEM


Note that Unit 2 has been retired from service and is therefore no longer functional.  Although designed for two unit operation, the Service Water System currently only needs to handle Unit 1 and common loads.  Also note that the Unit 2 30” supply and 24” return lines have been blanked off as shown in <Figure 9.2‑14>.  Also, the 14” line which returns service water from the Unit 2 turbine building and the 36” line which supplies make‑up to the Unit 2 cooling tower have been blanked off as shown in <Figure 9.2‑14>.


9.2.7.1      Design Bases


The service water system is designed to remove the heat given up by the following components in Unit 1:


a.
Turbine lube oil coolers (two).


b.
Turbine building closed cooling heat exchangers (two).


c.
Nuclear closed cooling heat exchangers (three).


d.
Auxiliary steam conductivity sample panel.


e.
Auxiliary steam radwaste evaporator condensate coolers.


f.
Auxiliary steam drain cooler.


The service water system provides keepfill water to each of the three trains (A, B, and C) of emergency service water when the respective emergency service water pump is not running.


The system also supplies makeup water to the cooling tower basin of Unit 1, in addition to supplying water to the screen wash pumps and cycle makeup system.


9.2.7.2      System Description


The service water system is shown in <Figure 9.2‑14>.  The system consists of an open loop piping network in which lake water from the cooling water intake structure is pumped through the tube side of the shell and tube type heat exchangers being cooled and directed as necessary to the cooling tower basin as makeup.  That amount of water not required for makeup is returned to the lake by way of the discharge tunnel water return line.  The system includes four one‑third capacity vertical wet pit pumps, automatic self‑cleaning strainers and a piping network to distribute cooling water to the tube side of the heat exchangers being cooled.  A bypass at the heat exchangers is utilized to ensure an adequate makeup water supply for the cooling tower and a minimum flow for effective operation of the plant discharge diffusers in the lake.


Supply side piping in the yard and piping inside buildings for the service water system is carbon steel (A106 Grade B) or stainless steel (A312 or A376, Gr. TP304) and conforming to ANSI B31.1.  Return side service water piping in the yard (including the service water strainer blowdown line) is fiberglass‑reinforced plastic in accordance with ASCE Manuals and Reports on Engineering Practices No. 37 for plastic pipe and ASME Boiler and Pressure Vessel Code, Section X.  The majority of return side piping is structural Cured‑In‑Place‑Pipe (CIPP) installed internal to the fiberglass reinforced plastic (host pipe) of the original construction.  The CIPP is designed as a stand alone application in accordance with ASTM F1216 and does not take any credit for the host pipe.  Other sections of original construction that remain have been structurally enhanced by hand lay‑up or have been replaced with new FRP piping in accordance with AWWA C950‑88.  Flanged connections are used at the pumps, heat exchangers, strainers, and other apparatus as required to facilitate removal for maintenance.  Flanged connections are also used in the 3” ESW keepfill supply line.


The following are the performance requirements for the principal components of the service water system:



Service Water Pumps (Two required for Unit 1 and one for standby use)







(Three required for Unit 1 and Unit 2 and one for standby use)




Type






Vertical wet pit turbine




Design capacity



23,500 gpm




TDH






140 ft




Temperature (max. design)

81(F



Strainers (one per pump)




Type






Automatic self‑cleaning




Rated flow




23,500 gpm




Pressure drop clean (est.)

0.8 psi


A liquid biocide injection system is used, as required, to minimize algae and plant growth.  Discharged effluent water quality will be maintained in accordance with Perry’s National Pollution Discharge Elimination System (NPDES) permit.


9.2.7.3      Safety Evaluation


The service water system is nonsafety‑related and is not required for the safe shutdown of the reactor.  The system is, however, necessary for the operation and orderly shutdown, without damage to equipment, of the balance of the plant.  The service water system therefore, is arranged to take power from buses supplied by the diesel generators so as to ensure service water availability within ninety seconds following a loss of offsite power.  During a LOOP, Unit 1 diesel generator supplies power to pump B and valves 0P41‑F040B, 1P41‑F390 and 0P41‑F400.


For the postulated case of expansion joint rupture and resultant turbine building flooding, two Safety Class III, Seismic Category I motor‑operated butterfly valves provided in the makeup line to the cooling towers will be automatically closed, thereby limiting the flooding to the water volume in the cooling tower basin.  See <Section 10.4.5> and <Section 2.4.13> for further details.


The strainers have self‑cleaning mechanisms which are controlled manually or automatically by timers or by a differential pressure switch connected across the strainers.


9.2.7.4      Tests and Inspections


The heat exchangers in the system were hydrostatically tested, prior to startup, in accordance with ANSI B31.1.


Proper operation of the service water pumps, the self‑cleaning strainers and the system instrumentation is checked at scheduled intervals to ensure their availability and accuracy.


9.2.7.5      Instrument Application


Sufficient instrumentation is included in the system to provide indication of all necessary temperatures and pressures to allow for the proper control of the system under all phases of operation.


9.2.8      NUCLEAR CLOSED COOLING SYSTEM


9.2.8.1      Design Bases


The nuclear closed cooling system is designed to provide a reliable source of cooling water to the auxiliary nuclear plant equipment.  This system is not required for safe shutdown of the reactor plant after a loss‑of‑coolant accident.  This system may be used to mitigate high drywell pressure LOCA’s.  Refer to <Section 9.2.8.3> for further discussion.


The system is common to both units and consists of a closed loop which acts as a barrier to prevent direct leakage of reactor water into the open service water.  The service water is supplied to the closed loop heat exchangers from the service water system at a maximum expected temperature of 81(F.  In turn, the closed loop side supplies cooling water to each individual component at a maximum temperature of 95(F.


<Table 9.2‑24> summarizes the equipment cooled by the nuclear closed cooling system.  The system is depicted on <Figure 9.2‑4 (1)>, <Figure 9.2‑4 (2)>, <Figure 9.2‑4 (3)>, <Figure 9.2‑4 (4)>, and <Figure 9.2‑4 (5)>.


The system is not safety‑related and has no safety classification, except for three portions.


These portions are the:


a.
Piping and valves forming part of the containment boundary (Safety Class 2 and Seismic Category I).


b.
Piping and valves associated with the control room chillers (Safety Class 3 and Seismic Category I) <Figure 9.2‑3>.


c.
Piping and valves associated with the fuel pool heat exchangers (Safety Class 3 and Seismic Category I) <Figure 9.2‑3>.


The system is designed for operability under the full range of normal plant operations including the loss of normal ac power.


The following construction codes are applicable for individual components:


For Safety Class 2


Piping and valves



ASME Boiler and Pressure Vessel Code









Section III‑2, Nuclear Power Plant









Components


For Safety Class 3


Piping and valves



ASME Boiler and Pressure Vessel Code









Section III‑3, Nuclear Power Plant









Components


For Nonsafety Class


Piping





ANSI B31.1.0, Power Piping


Valves





ANSI B31.1.0


Heat exchangers



ASME Boiler and Pressure Vessel Code









Section VIII, Div. 1, and TEMA‑C.


Pumps





ASME Boiler and Pressure Vessel Code,









Section VIII, Div. 1


Surge tank




ASME Boiler and Pressure Vessel Code,









Section VIII, Div. 1.


Chemical addition tank


ASME Boiler and Pressure Vessel Code,









Section VIII, Div. 1.


The maximum total heat load expected is 145 x 106 Btu/hr and the maximum flow requirement is 23,000 gpm.  This will occur when both units are starting‑up simultaneously, and full utilization is made of shared facilities.


9.2.8.2      System Description


The nuclear closed cooling system is comprised of the necessary pumps, heat exchangers, piping, valves, and a surge tank <Figure 9.2‑4> to adequately supply cooling water to the auxiliary nuclear equipment specified in <Table 9.2‑24>.


The system flow is maintained by the necessary combinations of three 50 percent capacity pumps with three 50 percent capacity heat exchangers dissipating the heat load to the service water system.  A surge tank is also provided to account for system volume variations.


Indicators for flow and temperature monitoring are located in appropriate locations to ensure that the valving is properly balanced to attain desired system operation.  Two pumps are powered from Unit 1 diesel backed ac power sources; the third pump is powered from a Unit 2 ac power source.


The cooling water pumps are the horizontal centrifugal type.  The pumps are manually initiated and operated.  Under a loss of preferred ac power, the system can be manually restarted and loaded onto the emergency diesel stub bus.


The piping, leaving the nuclear closed cooling heat exchangers, is split into three main headers.  Two of the headers are identical in that each supplies cooling water to the respective equipment in Unit 1 and Unit 2.  The third header splits into five sub‑headers servicing equipment common to both units.  One sub‑header is taken to the evaporator condensers in the radwaste building, a sub‑header to the control room chillers, a sub‑header to the fuel pool heat exchangers, a sub‑header to the containment chillers, and a sub‑header to miscellaneous auxiliary and reactor buildings heat exchangers.


Major equipment is provided with temperature and flow elements on the discharge piping to observe local system characteristics.  For inaccessible equipment within containment, system parameters and/or alarms are transmitted to the control room.  Each piece of equipment can be isolated from the system by the valves provided and over‑pressurization of equipment is prevented by relief valves.


Materials of construction are carbon steel with material requirements satisfying the specification dictated by the applicable construction codes.


Demineralized water is used for initial system operation and system makeup.  Quality is maintained by chemical addition to the system through a chemical addition tank.


The following components are part of the Nuclear Closed Cooling System:


Heat Exchangers


Quantity






3


Type







Single pass‑shell and tube


Material



Shell





Carbon steel



Tube






Admirality


Design flow



Shell





13,500 gpm



Tube






17,000 gpm


Design pressure drop



Shell





22 psi



Tube






9 psi


Design pressure (shell & tube)

150 psig


Design temperature (shell & tube)

150(F


Duty







81 x 106 Btu/hr


Max. tube velocity




6.9 ft/sec


Shell side outlet temp.



95(F


Tube side inlet temp.



81(F


Tube side outlet temp.



89.5(F


There are three 50% heat exchangers.


Surge Tank


Quantity






1


Capacity (gal.)




3,197


Materials






Carbon steel


Design pressure




atm


Design temperature




195(F


Chemical Addition Tank


Quantity






1


Capacity (gal.)




5


Materials






carbon steel


Design pressure




150 psi


Design temperature




195(F


The ammonia hydrazine is added through a chemical addition tank.  The tank is on a bypass line around the nuclear closed cooling pumps.  If chemical addition is needed the bypass valves are opened and the chemicals are flushed into the system.


Pumps


Quantity






3


Type







Horizontal, centrifugal


Design flow rate




13,500 gpm


TDH (ft) at design flow



165 ft


Design pressure




150 psig


Design temperature




150(F


Three 50% system capacity pumps are provided.  Pumps are remotely controlled from the control room.


The nuclear closed cooling system is in operation during all modes of normal plant conditions.


The most severe service for the system occurs when both units are starting‑up simultaneously and a full utilization is made of all shared equipment.  In this extremely unlikely case, the maximum flow required and the maximum heat load is well within the capacity of two pumps and two heat exchangers which can deliver 27,000 gpm and 162 x 106 Btu/hr 


respectively.  Since the system always has a pump and heat exchanger available for use, any pump or heat exchanger can be out‑of‑service without affecting system performance.


9.2.8.3      Safety Evaluation


The nuclear closed cooling system is not required for safe shutdown of the reactor following a loss‑of‑coolant accident.


Upon a signal in the control room of accident conditions, the Unit 1 powered “A” and “B” NCC pumps are shut down and the containment isolation valves are closed (refer to <Section 6.2.4> Containment Isolation Systems).  The Unit 2 powered “C” pump will remain operating, if in service.  The fuel pool heat exchanger equipment isolation valves are also automatically closed.  Cooling is then restored from the Unit 2 emergency closed cooling system.  This involves operator action at some point following the first ten minutes of the postaccident condition.  Refer to <Section 9.2.2> for discussion.  Prior to Unit 2 operation, cooling will be provided by the Unit 1 ESW system <Section 9.2.2.6>.


Should the control room operators determine that a high drywell pressure condition caused system isolation, system isolation bypasses may be operator initiated in order to cool the drywell and thereby mitigate the high drywell pressure problem.  Bypassing the system isolation signals 


is accomplished by operating the control room located keylocked NORMAL‑BYPASS switches and the additional operations listed below:


a.
One bypass switch is provided to bypass the electrical Division 1 containment and drywell cooling isolation valves.  When the bypass switch is in the BYPASS position, each valve can be manually opened or closed by operating the valve’s control room located, control switch.


b.
One bypass switch is provided to bypass the electrical Division 2 containment and drywell cooling isolation valves.  The operation of this switch and these valves is the same as that described in Item a. above.


c.
The bypass switches described in <Section 8.3.1.1.2.5> are provided to bypass the isolation signal to the Division 1 or Division 2, 4.16kV, Class 1E switchgear’s stub bus breaker.  The Division 1 or Division 2 stub bus can then be energized by operating the stub bus breaker’s control room located, control switch.  Once the Division 1 or Division 2 stub bus is energized, the “A” or “B” NCC pump can be energized by turning the control room located, pump motor’s control switch.


d.
The “C” NCC pump is powered from a Unit 2 stub bus and will not be affected by the Unit 1 bypass switches.


When the containment and drywell isolation valves are opened and one train’s cooling water pump is operating, the drywell will become cooled and the drywell pressure will be reduced.


Under loss of preferred ac power with no accident, the system may be manually restarted in order to maintain the cooling function to all components and to prevent seal damage to the reactor water recirculation pumps.


A radiation monitor is installed in the nuclear closed cooling system to detect inleakage of radioactive water to the system.  Sample points are provided throughout the system downstream of each component carrying radioactive fluid to enable the faulty component to be isolated.  Once the leaking component has been identified, it can be isolated if necessary, by valves provided in the cooling water inlet and discharge lines.


9.2.8.4      Tests and Inspection


During normal plant operation, a program of testing and inspection is maintained to ensure adequate system performance.  Since the system is in continuous operation through the full range of reactor operation, performance adequacy is determined by constant monitoring of the system instrumentation.  Components not in operation, are operated on a regularly scheduled basis to ensure availability.


Valves are inspected and tested regularly for flow control and shutoff capabilities whether the equipment is in constant operation or not.


Instrumentation and controls associated with the system undergo a program of periodic calibration and testing to verify accuracy and satisfactory operation.


A program of visual inspection is maintained.  Attention is given to welded connections, leakage, corrosion, noise, and vibration.


Cooling water is sampled at regular intervals to determine water quality and need for chemical addition.


9.2.8.5      Instrument Application


The Nuclear Closed Cooling System is continuously monitored to ensure adequate performance.  All major system characteristics are monitored 


with appropriate alarms in the control room, including local flow and temperature measurements for that equipment located within the containment.


The cooling water pumps are equipped with pressure gauges on the suction and discharge lines with a low pressure alarm on the discharge line to signal inadequate system performance.


Temperature gauges on the inlet and discharge sides of the cooling water heat exchangers indicate the effectiveness of the system to dissipate the required heat load.  To ensure adequate flow, flow elements with low flow alarms are provided on the main system supply lines.


The cooling water discharge line of the RWCU non‑regenerative heat exchangers is equipped with a low flow alarm and temperature indicator.  A major heat load given up to the Nuclear Closed Cooling System is from these heat exchangers.


The NCC discharge piping from the main recirculation pumps for motor, seals and bearing cooling is provided with temperature transmitters and low flow alarms.


Provisions for administrative control or locks, ensure that all valving is in proper position during system operation.  For power operated valves, such as those for containment isolation, the position is indicated in the control room.


9.2.9      TURBINE BUILDING CLOSED COOLING SYSTEM


9.2.9.1      Design Bases


The turbine building closed cooling system is designed to provide cooling water for the removal of heat produced by the following turbine plant components:


a.
Generator stator cooler.


b.
Generator hydrogen cooler.


c.
Exciter duplex cooler.


d.
Bus duct coolers.


e.
Condensate hogging pump coolers.


f.
Hotwell pump motor coolers.


g.
Motor driven feedwater pump lube oil coolers.


h.
Feedwater booster pump motor coolers.


i.
Glycol coolers.


j.
Condensate booster pump lube oil coolers.


k.
Hydraulic power unit coolers.


l.
Offgas vault refrigeration units.


m.
Electro‑hydraulic fluid coolers.


n.
Reactor feedwater pump turbine lube oil coolers.


o.
Turbine plant sample rack.


p.
Aux. boiler feedwater pump seal coolers.


q.
(Deleted)


r.
Main steam primary sampling cooling coils.


s.
Feedwater corrosion analyzer.


t.
Auxiliary steam drain return pump seal water cooler.


9.2.9.2      System Description


The turbine building closed cooling system is shown in <Figure 9.2‑15>.  The system consists of a closed cycle network in which treated condensate quality water is cooled with lake water in a heat exchanger and is circulated through the components being cooled.  Separate and identical systems are provided for Unit 1 and Unit 2.


The system includes three half‑capacity pumps, two full‑capacity closed loop cooling heat exchangers, a system surge tank, a chemical treatment tank, and a piping network to circulate the cooling water through the components being cooled.


The three half‑capacity pumps used for circulating cooling water in the system are of the single stage, horizontal, split‑case centrifugal type.


Two full‑capacity heat exchangers are provided to cool the closed loop cooling water, one of which is normally in service.  The heat exchangers are of the shell and tube type with lake water in the tubes and closed loop cooling water in the shell.


The necessary combinations of pumps and heat exchangers are maintained to provide the required cooling.


A surge tank is provided to maintain the required pump suction head and to provide for system surge capacity.  The tank is vented to atmosphere and is at the highest point in the system to ensure positive pressure in all system components.  Level in the surge tank is maintained with a pneumatic level controller and a diaphragm operated makeup valve.


A chemical treatment tank is provided for adding chemicals to the closed loop cooling water.  The tank is connected to the suction and discharge of the closed loop cooling pumps in order to utilize the pump head for adding chemical to the system.


Piping throughout the system is carbon steel (A106 Grade B) with welded joints and conforming to ANSI B31.1.  Flanged connections are used at the pumps, heat exchangers and other apparatus as required to facilitate removal for maintenance.


The following are the performance requirements for the principal components of the turbine building closed cooling water system:



Turbine building closed cooling pumps




Type






Horizontal split‑case




Design flow




3300 gpm




TDH






113 ft



Turbine building closed cooling heat exchangers




Type






Horizontal shell and tube











1P44B0001A
1P44B0001B




Water flow:  Tube side


9,000 gpm

9,000 gpm





   Shell side


7,000 gpm

6,580 gpm


Turbine building closed cooling heat exchangers (Continued)




Temperatures (max. operating):
1P44B0001A
1P44B0001B






Tube side in

81.5(F

81.5(F







    out

90(F


93(F






Shell side in

110(F


110(F








out

95(F


95(F



Design pressure:







Tube side


150 psig

150 psig






Shell side

150 psig

150 psig



Pressure drop (max):







Tube side


7.5 psig

5.6 psig






Shell side

10 psig

8.8 psig


Turbine building closed cooling surge tank




Type






Cylindrical, vertical




Pressure





Atmospheric (vented)




Volume





760 gal.




Material





Carbon steel


9.2.9.3      Safety Evaluation


The turbine building closed cooling system is nonsafety‑related and is not required for the safe shutdown of the reactor.


9.2.9.4      Tests and Inspection


The turbine building closed cooling heat exchangers, and the chemical treatment tank have been hydrostatically tested, prior to shipment, in accordance with Section VIII Division I of the ASME Boiler and Pressure Vessel Code.


Proper operation of the turbine building closed cooling pumps and the system control and instrumentation is checked at scheduled intervals to assure their availability.


9.2.9.5      Instrument Application


Sufficient instrumentation is included in the system to provide complete coverage of all necessary temperature, pressure, flow, and level indications, to allow for the proper control of the system under all phases of operation.


TABLE 9.2‑1


EMERGENCY SERVICE WATER SYSTEM


HOT STANDBY (WITH LOSS OF PREFERRED AC POWER) – MODE A






_________LOOP A________
__________LOOP B________






 Heat Load (4)
   Flow
 Heat Load (4)
   Flow


Equipment


 (x 106 Btu/hr)   (gpm)
 (x 106 Btu/hr)   (gpm)


RHR heat exchangers
    83.149(1)
   5,896

83.149(1)
  5,896


(two in series)

Diesel generator
    20.650
     787

20.650
    787


heat exchangers


Emergency closed

0.401
   2,012

 0.320
  2,012


cooling heat

    (7.503)(2)



(7.421)(2)

exchangers


Fuel pool cooling

0.0

    632

 0.0

    632


heat exchangers
   (14)(3)




(0.0)(3)





  __________
  _____
    ______
   _____


TOTALS


   104.200
  9,327
    104.119  
   9,327






  (125.302)


   (111.220)









_________LOOP C_________









 Heat Load

Flow


Equipment





(x 106 Btu/hr)

(gpm)


HPCS room cooler




0.473

  85


HPCS diesel generator


     8.580

 526


heat exchangers









    _____


 ___


TOTALS





     9.053

 611


NOTES:


(1)
With a loss of preferred AC Power, the plant will be in a hot standby condition.  During Hot Standby with LOOP, the Suppression Pool Cooling Mode of RHR will be initiated.


(2)
The values in parentheses identify the heat load for the ECC heat exchanger if this loop of ECC is being used to supply cooling to the Control Complex Chillers.  Either loop of ECC may be used to remove the heat from the Control Complex Chillers.


NOTES (Cont.):


(3)
Not required during first 10 minutes of operation.  This assumes that NCC cooling is not available and operators have lined up the ESW flow path for alternate cooling of FPCC.  Although NCC is restored during a LOOP, P41 Service Water System cooling for NCC may not be available.  Either fuel pool cooling heat exchanger may be used to remove the decay heat load from the spent fuel.


(4)
The heat loads identified in Loop A and in Loop B represent the maximum heat loads that could be present for each heat exchanger, assuming that the other loop is unavailable.


<TABLE 9.2‑1a>


<TABLE 9.2‑2>


DELETED


TABLE 9.2‑3


EMERGENCY SERVICE WATER SYSTEM


NORMAL SHUTDOWN – MODE B






_________LOOP A________
__________LOOP B________






 Heat Load (1)
   Flow
 Heat Load (1)
   Flow


Equipment


 (x 106  Btu/hr)   (gpm)
 (x 106  Btu/hr)   (gpm)


RHR heat exchangers
   135.100
  6,913
    135.100
  6,913


(two in series)


Diesel generator

0

    917

 0

    917


heat exchangers


Emergency closed

0.507
  2,337

 0.524
  2,337


cooling heat


exchangers


Fuel pool cooling


heat exchanger bypass
0

    741

 0

    741






   _______
  _____
    ______
  ______


TOTALS


   135.607
 10,908
    135.624
  10,908









_________LOOP C_________









 Heat Load

Flow


Equipment





(x 106  Btu/hr)

(gpm)


HPCS room cooler




 0


  0


HPCS diesel generator



 0


  0


heat exchanger










___


 ___


TOTALS






 0


  0


NOTE:


(1)
The heat loads identified in Loop A and in Loop B represent the maximum heat loads that could be present for each heat exchanger, assuming that the other Loop is unavailable.


<TABLE 9.2‑3a>


<TABLE 9.2‑4>


DELETED


TABLE 9.2‑5


EMERGENCY SERVICE WATER SYSTEM


CONTINUATION OF NORMAL SHUTDOWN – MODE C






_________LOOP A________
__________LOOP B________






 Heat Load (1)
   Flow
 Heat Load (1)
   Flow


Equipment


 (x 106  Btu/hr)   (gpm)
 (x 106  Btu/hr)   (gpm)


RHR heat exchangers
    46.900
  6,913

46.900
  6,913


(two in series)


Diesel generator

0

    917

 0

    917


heat exchangers


Emergency closed

0.203
  2,337

 0.216
  2,337


cooling heat


exchangers


Fuel pool cooling


heat exchanger bypass
0

    741

 0

    741







_______
  _____
    ______
  ______


TOTALS


    47.103
 10,908

47.116
 10,908









_________LOOP C_________









 Heat Load

Flow


Equipment





(x 106  Btu/hr)

(gpm)


HPCS room cooler




 0


  0


HPCS diesel generator



 0


  0










___


 ___


TOTALS






 0


  0


NOTE:


(1)
The heat loads identified in Loop A and in Loop B represent the maximum heat loads that could be present for each heat exchanger, assuming that the other Loop is unavailable.


<TABLE 9.2‑5a>


<TABLE 9.2‑6>


DELETED


TABLE 9.2‑7


EMERGENCY SERVICE WATER SYSTEM


POSTACCIDENT (WITH LOSS OF PREFERRED AC POWER) – MODE D AND MODE E(3)





 MODE D - LOOP A_OR B  
 MODE E - LOOP A_OR B_ 





 Heat Load (4)
   Flow
 Heat Load (4)
   Flow


Equipment


 (x 106  Btu/hr)   (gpm)
 (x 106  Btu/hr)   (gpm)


RHR heat exchangers
   158.400
  5,896
    158.400
  5,896


(two in series)(1)

Diesel generator
    20.650
    787

20.650
    787


heat exchangers


Emergency closed

8.291
  2,012

 8.291
  2,012


cooling heat


exchangers(2)

Fuel pool cooling


heat exchanger
 
     0.000
    632

14.000(3)
    632







_______
  _____
    ______
  ______


TOTALS


   187.341
  9,327
    201.341
  9,327









_________LOOP C_________









 Heat Load

Flow


Equipment





(x 106  Btu/hr)

(gpm)


HPCS room cooler




 0.473

  85


HPCS diesel generator



 8.580

 526










_____

 ___


TOTALS






 9.053

 611


NOTES:


(1)
Either loop A or B is sufficient to remove 100% residual heat.


(2)
The heat load from the Control Complex Chillers can be removed by either loop A or B.


(3)
Mode E includes an additional heat load from the cross‑tie to the Fuel Pool heat exchangers.  This is not required during the first 10 minutes of system operation.  The heat load can be removed by either loop A or loop B.


NOTES (Cont.):


 (4)
The heat loads identified for Mode D and Mode E represent the maximum heat loads that could be present for each exchanger in a given Loop, assuming that the other Loop is unavailable.  It is also assumed that the Control Complex Chillers are lined up to each of their respective loops.  These are the maximum possible heat load line‑ups for either loop in each of the respective modes of operation shown.


<TABLE 9.2‑7a>


<TABLE 9.2‑8>


DELETED


TABLE 9.2‑9


EMERGENCY SERVICE WATER SYSTEM RHR HEAT


EXCHANGER HEAT LOAD AND OUTLET


TEMPERATURES







RHR Heat 



   RHR Heat






 Exchanger Loop A

    Exchanger Loop B





 Heat Load    ESW Outlet

Heat Load    ESW Outlet



Mode

 (Btu/hr)     Temp. ((F)(2)   (Btu/hr)     Temp. ((F)(2)

A.
Hot



standby(1)  83.149 x 106
   114
    83.149 x 106
 114


B.
Normal



shutdown
 135.1 x 106
   125
    135.1 x 106
  
 125


C.
Continua‑



tion of
  46.9 x 106
    99

46.9 x 106   
  99



normal



shutdown


D.
Post‑



accident(3)
 158.4 x 106
   139

    0.0

  85


NOTES:


(1)
During a Pressure Isolation Event (PIE), the Residual Heat Removal System will be operated in the Suppression Pool Cooling Mode. 


(2)
Inlet temperature equals 85(F.


(3)
For this mode, single loop failure of ESW is assumed.  The post‑accident heat load can be removed by either loop A or loop B.


TABLE 9.2‑10


EMERGENCY SERVICE WATER SYSTEM PUMPS





  Loop A

  Loop B


  Loop C


Quantity

  1


  1



  1


Type


  vertical,

vertical,

  vertical,





  turbine, wet

turbine, wet
  turbine, wet





  pit, non‑pull
pit, non‑pull
  pit, non‑pull





  out type with 
out type with
  out type with





  discharge above
discharge above  discharge above





  mounting base
mounting base
  mounting base


Pump total dynamic 


head at design


flow, ft

  210


   210

  160


Design flow rate,


  gpm

  11,500


11,500

  960


Shutoff


  head, ft
  360


   360

  258


Manufacturer
  Goulds


Goulds

  Goulds


Model

  20x30 BLC

20x30 BLC

  8x12 JMC


TABLE 9.2‑11


EMERGENCY SERVICE WATER PUMP DESIGN BASIS



Design pressure, psig




Loop A/B/C Piping





  140 and 150




Loop A and B







205




Loop C Pump







185




Screen Wash Pumps






225



Design temperature range, (F




    33 to 85(1)


Pump mounting base elevation, ft‑in.



586’‑6”(2)


Minimum water level in suction



chamber, ft‑in.







557’‑0”(3)


Pump suction chamber bottom



elevation, ft‑in.







537’‑0”


NOTES:


(1)
The design temperature range in the table represents the design temperature range of the ESW system.  The pump design temperature meets or exceeds the range identified.


(2)
The elevation in the table represents the ESW pump house floor elevation.  The ESW pumps are mounted on individual pedestals that are slightly higher than the pump house floor elevation.


(3)
The elevation for which the pumps were originally designed for is 557’‑0”.  The actual minimum forebay water level elevation is 562.09 feet.


TABLE 9.2‑12


EMERGENCY SERVICE WATER STRAINERS(1)







   Loop A, B


   Loop C
 



Quantity



2




1



Type




Automatic


Automatic








Self‑cleaning


Self‑cleaning



Design flow rate, gpm
12,000



1,000



Backwash flow rate, gpm
650 minimum


250 minimum



Design pressure drop at



design flow, psi

1.0 (clean)


1.0 (clean)



Design temperature



Range, (F



32 to 85



32 to 85



Design pressure, psig
150




150



Straining element



Opening size, in.

0.0625



0.0625



Manufacturer/model

R. P. Adams/


R. P. Adams/








24” VDWS‑68


8” VWS‑7NS


NOTE:


(1)
Table reflects initial design data.


TABLE 9.2‑13


TRAVELING SCREENS(1)

Number of screens






2


Approximate water flow each


screen, at low level conditions:



Emergency flow (6 ESW pumps/screen), gpm  50,000



Plus all fire water and screen wash pumps


Maximum velocity approaching screen face


at design flow and low water level, fps


1.0


Screen wash flow rate (at 100 psig), gpm

392


Screen travel speed (2‑speed), fpm



10.0/2.5


Width of trays, ft






6.0


Screen openings, in.





0.375


Manufacturer







Rexnard, Envirex, Inc.


Elevations for which the screens


are designed, ft.‑in:  



a.
Screen chamber floor Elevation,

537’‑0”



b.
Operating floor Elevation


586’‑6”



c.
Maximum water level




580’‑6”(2)


d.
Minimum water level




557’‑0”(3)

NOTE:


(1)
Table reflects initial design data based on two Units consisting of 6 ESW pumps.


(2)
The actual maximum forebay water level elevation is 583.61 feet.


(3)
The actual minimum forebay water level elevation is 562.09 feet.


TABLE 9.2‑14


UNIT 1 EMERGENCY CLOSED COOLING SYSTEM


HOT STANDBY (WITH LOSS OF PREFERRED AC POWER) – MODE A


NORMAL SHUTDOWN – MODE B


CONTINUATION OF NORMAL SHUTDOWN – MODE C


UNIT 1 OPERATION









    Minimum









   Flow Rate

 Heat Load


Loop


Component


   __(gpm)__

(x 106  Btu/hr)











MODE A  MODE B  MODE C

 A
ECCW pump heat
-
0.040
0.040
0.040


 A
LPCS room cooler
33
0.000
0.000
0.000


 A
RHR A pump seals
10
0.050
0.136
0.020


 A
RHR A room cooler
30
0.247
0.331
0.143


 A
Chiller A
1,700
0.000
0.000
0.000





(7.102)(2)

 A
RCIC room cooler
     13
0.064
0.000
0.000

  TOTAL

1,786
0.401
0.507
0.203





(7.503)


 B
ECCW pump heat
-
0.040
0.040
0.040


 B
RHR B pump seals
10
0.050
0.136
0.020


 B
RHR B room cooler
33
0.230
0.348
0.156


 B
RHR C pump seals
10
0.000
0.000
0.000


 B
RHR C room cooler
20
0.000
0.000
0.000





0.000


 B
Chiller B
1,700
(7.102)(2)
0.000
0.000

   TOTAL

1,173
0.320
0.524
0.216





(7.422)


NOTES:


(1)
(Deleted)


(2)
Either Loop A or Loop B is sufficient for removing the heat load from the Control Complex Chillers.


<TABLE 9.2‑14a>


<TABLE 9.2-15>


DELETED


TABLE 9.2‑16


UNIT 1 EMERGENCY CLOSED COOLING SYSTEM


LOCA (WITH LOSS OF PREFERRED AC POWER) – MODE D AND MODE E


UNIT 1 OPERATION








    Minimum









   Flow Rate

 Heat Load


Loop


Component


   __(gpm)__

(x 106  Btu/hr)


 A

ECCW pump heat


   -



0.040


 A


LPCS room cooler

  33



0.365


 A


RHR A pump seals

  10



0.050


 A


RHR A room cooler

  30



0.247


 A


Chiller A(1)

    1,700



7.102


 A


RCIC room cooler(2)
       13



0.064


 A


H2 Analyzer

        5



0.002


TOTAL




    1,791(4)


7.870(3)

 B

ECCW pump heat


   -



0.040


 B


RHR B pump seals

  10



0.050


 B


RHR B room cooler

  33



0.230


 B


RHR C pump seals

  10


 
0.050


 B


RHR C room cooler

  20


 
0.243


 B


Chiller B(1)

    1,700



0.000(1)

 B


H2 Analyzer

        5



0.002


TOTAL




    1,778(4)

 
0.615


NOTES:


(1)
Either control complex chiller may be in operation.


(2)
Not required for postaccident condition.


NOTES (Cont.):


(3)
A conservative heat load (8.291 x 106 Btu/hr) was used in design calculations to determine the minimum required ESW Flow shown in <Figure 9.2‑1 (Sheet 3)>.


(4)
Note that the minimum required total ECCW flow rate is 1850 gpm, as per design basis heat exchanger performance calculations.  The individual minimum flow rate values shown are acceptable for the individual components, however, a higher total ECCW system flow rate is required for adequate ECCW heat exchanger performance during design basis accident (DBA) conditions.  This is based on having the minimum ESW cooling water flow rate present during the DBA.


<TABLE 9.2-16a>


<TABLE 9.2-17>


DELETED


TABLE 9.2‑18


EMERGENCY CLOSED COOLING SYSTEM PUMPS(1)

Quantity





2


Type






Horizontal









split‑case









centrifugal


Materials





steel casing


Design flow rate, gpm


2,300


TDH at design flow, ft


  130


BHP at design point



 93.2


   


Shutoff head, ft



  160


  


Design pressure, psig


  150


  


Design temperature, (F


  150


  


Manufacturer




Ingersoll‑Rand



NOTE:


(1)
Table reflects initial design data.



See <Figure 9.2‑3 (3)> for latest operating data.


TABLE 9.2‑19


EMERGENCY CLOSED COOLING SYSTEM HEAT EXCHANGERS(1)

Quantity




2


Type





single pass shell








side, two pass








tube side


Material



shell



carbon steel



tube




stainless steel


Operating flow rate, lb/hr



shell



910,000 lb/hr



tube




1,364,088 lb/hr


Design pressure drop, psi



shell



10



tube




1.9


Design pressure, shell and


tube, psig



150


Design temperature range,


shell and tube, (F


33‑150


Design duty, (Btu/hr)

13.6 x 106

Temperatures, (F



shell in



110



shell out



95



tube in



85



tube out



91


Max. tube velocity, ft/sec
2.54


Manufacturer



Struthers Wells


TABLE 9.2‑19 (Continued)


NOTE:


(1)
Table represents initial design data.



See <Figure 9.2‑3 (3)> for latest operating data.


TABLE 9.2‑20


EMERGENCY CLOSED COOLING SYSTEM SURGE TANK


Quantity





2


Type






horizontal


Capacity, gal.




660


Materials





carbon steel


Design temperature, (F


110


Design pressure, psi


atm.


Manufacturer




Bishopric


TABLE 9.2‑21


CHEMICAL ADDITION TANK


Quantity





1


Capacity, gal.




5


Materials





carbon steel


Design pressure, psig


150


Design temperature, (F


150


TABLE 9.2‑22


EMERGENCY CLOSED COOLING SYSTEM


PIPING, VALVES AND FITTINGS


Material





carbon steel


Design temperature, (F


150


Design pressure, psig


150


TABLE 9.2‑23


HEAT REJECTION TO ULTIMATE HEAT SINK FOLLOWING LOCA(1)




Total Auxiliary



 Total Decay

System (incl.



 Heat Release
 Total Sensible
   pump work)
  Total Heat
Total Inegrated



  From Both
  Heat Release
  Heat Release
 Release From
Heat Input From


   Time After LOCA
    Units
From Both Units
From Both Units
  Both Units
  Both Units


        (Sec)       
(Btu/hr x 109)
(Btu/hr x 109) 
 (Btu/hr x 109)
(Btu/hr x 109)
  (Btu x 106)



0.1

2.14


2.14


0.2
0.2 sec
2.04
0.00
0.00
2.04
.058


0.4
0.4 sec
1.96
0.00
0.00
1.96
.114


1.0
1.0 sec
1.85
0.00
0.00
1.85
.556


4.0
4.0 sec
1.70
0.00
0.00
1.70
2.04


10.
10.0 sec
1.56
0.00
0.162
1.72
4.76


30.
30.0 sec
1.35
1.50
0.162

13.75


40.
40.0 sec
1.24
1.48
0.162
2.88
21.92


100.
1.7 min
1.06
1.35
0.162
2.57
67.2


300.
5.1 min
0.830
0.90
0.162
1.89
191.2


400.
6.7 min
0.776
0.60
0.162
1.54
239.


103
16.7 min
0.610
0.26
0.162
1.03
452.


2x103
33.4 min
0.488
0.16
0.118
0.766
702.


3x103
50.1 min
0.390
0.08
0.118
0.588
890.


4x103
1.1 hr
0.342
0.04
0.118
0.500
1040.


104
2.8 hr
0.322
0.00
0.118
0.440
1690.


105
1.2 days
0.178
0.00
0.118
0.296
10,960.


106
      12 days
0.076
0.00
0.118
0.194
72,660.


3x106
    35 days
0.056
0.00
0.118
0.174
175,660.


NOTE:


(1)
Totals are for both units.

TABLE 9.2‑24


EQUIPMENT COOLED BY THE NUCLEAR CLOSED COOLING SYSTEM


1.
Recirculation pump



a.
Motor bearing oil coolers



b.
Motor winding coolers



c.
Pump seal cooler


2.
CRD pumps


3.
RWCU pumps


4.
Non‑regenerative heat exchanger


5.
Instrument air dryers


6.
Containment building sampling rack


7.
Drywell equipment drain sump heat exchanger


8.
Containment sump heat exchanger


9.
Drywell coolers


10.
Turbine building chillers


11.
Service air compressors


12.
Instrument air compressors


13.
Fuel pool heat exchangers


14.
Radwaste evaporator/condensers

15.
“C” Control complex chiller


16.
Containment chillers


17.
Radwaste evaporator drain pump bearing coolers


18.
Postaccident sampling system heat exchangers


19.
Zinc addition sampling system heat exchanger


TABLE 9.2‑25


EMERGENCY SERVICE WATER SYSTEM COOLING DUTY LOAD FOLLOWING A DBA(1)


DUTY LOAD (106  Btu/hr)(2)(3)


Loop A
Loop B
Loop C


Time
Component
Unit 1
Unit 1
Unit 1


0‑10 minutes
Standby Diesel
20.650
20.650
‑



Generator hx



Emergency Closed
8.291
0.614
‑



Cooling hx (except



Spent Fuel hx



HPCS Room Cooler
‑
‑
0.473



HPCS Diesel Generator
‑
‑
8.580



TOTALS
28.941
21.264
9.053


10‑30 minutes
Same as 0‑10 minutes



plus Fuel Pool Cooling hx
14.000
0.000



TOTALS
42.941
21.264


30 minutes ‑
Same as 10‑30 minutes


6 hrs
Plus RHR hx
158.400
0.000



TOTALS
201.341
21.264


6 hrs‑24 hrs
Same as 30 minutes to



6 hrs


24 hrs ‑
Same as 6 hrs to 24 hrs


30 days


NOTES:


(1)
LOCA with loss of normal ac power.


(2)
See <Table 9.2‑7>.


(3)
Table information illustrates condition where all primary loads are addressed by Loop A.


<TABLE 9.2‑25a>


DELETED
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9.3      PROCESS AUXILIARIES


9.3.1      COMPRESSED AIR SYSTEMS


The compressed air systems include the instrument air system and the service air system.  The safety‑related instrument air system is discussed separately in <Section 6.8>.


9.3.1.1      Design Bases


Except for that portion between the containment isolation valves, the instrument air and service air systems are nonsafety‑related.  All safety‑related components using compressed air are either designed to fail to a condition that corresponds with the safe shutdown of the reactor plant or are equipped with accumulators to satisfy their required air demands.


9.3.1.2      System Description


The instrument and service air systems are shown in <Figure 9.3‑1> and <Figure 9.3‑29>, <Figure 9.3‑30>, <Figure 9.3‑31>, and <Figure 9.3‑32>.


The service air system for each unit consists of one motor driven compressor with an integral intercooler and aftercooler, an air intake filter silencer, lube oil subsystem, filters, condensate traps, controls, a receiver tank, and a piping network for distribution throughout the plant.  A cross‑tie header between units is included, in which distribution connections to the various plant areas are provided.  An isolation valve is provided between each unit and the cross‑tie header.


The service air compressor for each unit is sized to provide the normal load capacity for the entire plant prior to Unit 2 operation.  During normal operation, the service air systems for the two units are cross 


connected with one compressor running and the other in the automatic standby mode.  The service air compressor is operated continuously to provide a nominal output pressure of approximately 120 to 125 psig.  If the service air system pressure drops below a set value, the standby air compressor starts automatically and maintains system pressure in the 115 psig to 125 psig range.  The cross‑tied service air systems consist of both original and new replacement compressors which are being phased in to replace the original units.  Once all units have been replaced, the system normal operating pressure band will be 120 to 125 psig.  The standby compressor will auto start at 107 psig and maintain system pressure in the normal operating band.  When the radwaste system and the water treatment systems are operated concurrently, both operating and standby compressors may be required to supply the higher air demand due to the concurrent use of these, intermittent/high air load, systems.


Separate instrument air systems are provided for each unit to supply clean, dry, oil free air for control purposes throughout the plant.  The system meets the design guidelines of ANSI Standard MC‑11‑1 (ISA‑S7.3), with the exception that the maximum allowable particle size for air to safety‑related equipment is 40 microns.


The normal supply of air to the instrument air system is from the respective service air system for the unit, and the instrument air compressor for each unit is used as a backup.  The instrument air system for each unit also includes an after cooler (integral with the compressor), a receiver tank, a prefilter, an air dryer, an after‑filter, and a piping network for distribution throughout the plant.  All instrument air leaving the receiver tank passes through the filters and the air dryer.


The Unit 1 and Unit 2 instrument air distribution systems are cross‑tied so that all components of either unit can be supplied by either instrument air system <Figure 9.3‑1>, <Figure 9.3‑31> and <Figure 9.3‑32>.


The cross‑tied instrument air system consist of both original and new compressors which are being phased in to replace the original units.  If the instrument air system pressure drops below 90 psig, the original instrument air compressor starts automatically and maintains system pressure in the 90 psig to 100 psig range.  The new design standby compressor auto starts at 107 psig and maintains system pressure at the normal operating band of 120 to 125 psig.  A diaphragm operated isolation valve is provided in the air supply line from the service air system.  This valve closes automatically when the instrument air system pressure drops below 90 psig and is opened by a switch in the control room when the system pressure rises above 90 psig.


9.3.1.3      Safety Evaluation


The instrument and service air systems have no safety‑related functions as defined in <Section 3.2>.  Failure of these systems will not compromise any safety‑related system or component and will not prevent safe reactor shutdown.


Safety‑related devices supplied with compressed air from this system are designed for the fail‑safe mode and do not require continuous air supply from this system under emergency or abnormal conditions.  <Table 9.3‑1> gives a list of pneumatically operated valves required for safe shutdown and prevention or mitigation of accidents and shows that these valves assume the safe position in the event of a loss of instrument air pressure.


NOTE:
Reference <Section 6.8> for a description of the postaccident safety‑related air source for the outboard MSIVs.


The containment penetrations of the instrument and service air systems are of Seismic Category I design, and have redundant isolation valves to satisfy single‑failure criteria <Section 6.2.4>.  The containment penetration piping is fabricated and installed in accordance with 

Section III of the ASME Boiler and Pressure Vessel Code.  The effects of pipe break on safety‑related systems are discussed in <Section 3.6>.  The effects of internally generated missiles on safety‑related systems are discussed in <Section 3.5.1>.


9.3.1.4      Inspection and Testing Requirements


Preoperational testing has demonstrated that each compressor can provide design flow at design pressure.  In addition, setpoints, miscellaneous controls and interlocks have been verified.  A preoperational test to simulate loss of instrument air was performed for all pneumatically operated components which have a safety function.


During operation, instrument air quality is tested on an annual basis, at the filter discharge for dewpoint and particulate contamination.  The required air quality to safety‑related components supplied from this system is:  zero particulates larger than 40 microns, dewpoint less than ‑40(F.  On failure to meet acceptable air quality, branch lines are tested to determine the extent of the problem and corrective action needed.


9.3.1.5      Instrumentation Application


Instrumentation for the instrument and service air systems is primarily local, consisting of pressure, differential pressure and temperature indication and/or control.  Local control and instrumentation is provided by the compressor and instrument air dryer vendors for the complete operation and protection of their equipment.  Pressure transmitters and pressure and temperature switches provide control room indication of the system condition for both air systems.  Both systems are intended to be maintained within a nominal pressure band, with local pressure reduction occurring as required.


9.3.2      PROCESS SAMPLING SYSTEM


A process sampling system is provided to permit monitoring of equipment and system performance during normal plant operation.  Information gathered by the process sampling system is used to make operational 


decisions for the plant, but is not used for reactor shutdown or accident mitigation.


9.3.2.1      Design Bases


The process sampling system is designed to meet the following criteria:


a.
Sampling points are designed to assure that representative samples of the process fluid will be obtained.


b.
Sampling lines are sized to provide sufficient sample quantities to the sampling stations.  The sample flow rates will satisfy the requirements of analytical instruments mounted on sample panels at sampling stations and for samples taken to the laboratory for analysis.  The lines are designed to prevent plate out or contamination of the sample during transfer to the sample stations and will be as short a run as possible to each sample station.


c.
Sampling flows are generally discharged to the radwaste system for processing, however, some clean balance‑of‑plant cycle samples are returned to the condensate storage tank.


d.
The sampling system is designed to preclude hazards to operating personnel from high pressure, temperature or radiation levels in the process fluid during all modes of normal operation.


e.
The design is such that the sampling stations will not affect plant safety.  Sample lines connected to reactor coolant piping are isolated automatically under a LOCA condition.


f.
Valves and piping in safety class lines are designed to the applicable requirements of Section III of the ASME Code.  Valves and piping in nonsafety class lines are designed to the requirements of ASA B31.1.


9.3.2.2      System Description


9.3.2.2.1      Sample Locations


Sampling stations are located in the turbine, radwaste and containment building areas of each unit to handle process samples.  A connection from each condensate filter effluent line is tied into a common sample header having a single local sample connection.  Samples from the condensate mixed bed demineralizers are directed to a sample panel in the turbine building of the same unit.  In addition, samples for analyses at each location are located as follows:


a.
One sample station in each turbine building for:



1.
Condenser hotwell (each section).



2.
Each auxiliary condenser hotwell.



3.
Condenser hotwell pump discharge header.



4.
High pressure heater drains.



5.
Inlet and outlet of d.c. heater.



6.
Each condensate mixed bed demineralizer bed and outlet.



7.
Condensate filter outlet header.



8.
Feedwater.



9.
Main steam.



10.
Condensate storage.



11.
Two Bed Demineralizer Distribution System.



12.
Mixed Bed Demineralizer Distribution System.



13.
Condensate Demineralizer System Effluent Header.



14.
Low Pressure Feedwater Heater Drains.


b.
One sample station in each containment building for:



1.
Reactor water cleanup filter/demineralizer inlet header.



2.
Each reactor water cleanup filter/demineralizer outlet.



3.
One reactor water recirculation loop.


c.
One sample station in the combined radwaste building for:



1.
Waste collector and waste sample tanks.



2.
Floor drains collector and sample tanks.



3.
Chemical waste tanks.



4.
Chemical waste distillate tanks.



5.
Detergent drains tanks.



6.
Fuel pool filter/demineralizer inlet header.



7.
Fuel pool filter/demineralizer outlet header.


d.
One sample station in each turbine power complex for:



1.
Cation regeneration tank effluent.



2.
Anion regeneration tank effluent.



3.
Resin mix/hold tank effluent.


e.
Two sample stations in the water treatment building; one for:



1.
Raw water.



2.
Coagulator sludge levels (5 each).



3.
Each coagulator effluent.



The other for:



1.
Each anion exchanger effluent.



2.
Each anion exchanger rinse effluent.



3.
Mixed bed exchanger effluent.



4.
Two bed or mixed bed water recirculation.


This tabulation does not include sample points provided for process and effluent radiological monitoring.  Such sample points are discussed in <Section 11.4>.  In addition, there are numerous local grab samples not included in this listing.


9.3.2.2.2      Sample Probe Design


For pipe sized less than six inches in diameter, there is no probe required (however, sample probes are used in the four inch reactor water cleanup system process lines).  The main steam sample probe is in accordance with ASTM D 1066‑59T, “Tentative Method of Sampling Steam,” Volume 10 Pages 1273‑1281.  Where practicable, a sample connection is located after a run of straight process pipe of at least ten pipe diameters, but in no case less than three pipe diameters.  On horizontal process pipes, the connection is be made on the side or top of the pipe rather than on the bottom.


Sample points for the turbine power complex, nuclear sampling system and reactor plant sampling system are shown on <Figure 9.3‑21>, <Figure 9.3‑22>, <Figure 9.3‑23>, <Figure 9.3‑24>, <Figure 9.3‑25>, <Figure 9.3‑26>, <Figure 9.3‑27>, <Figure 9.3‑28>.


9.3.2.2.3      Sample Piping Design


Sample lines are routed to be as short as possible, avoiding traps, dead legs and dips upstream of the sample station.  Lines are sized to maintain turbulent flow.  Reynolds number will be (4000 at the minimum required flow for each sample line and the minimum sample flow for any line will be 200 ml/min, measured at 100(F.


For non‑critical samples where sample temperatures are expected to be below 77(F, then the conductivity instrumentation’s temperature compensation unit will be utilized.  Primary roughing coolers are provided as necessary to maintain samples below 107(F, and heat tracing is provided on lines where a minimum temperature must be maintained to prevent dissolved solids from plating out.  Secondary coolers are also provided where conductivity instrumentation requires constant temperatures of 77 (1(F.


9.3.2.2.4      Operator Protection


Temperature and pressure of all process samples at the sampling stations are maintained below 107(F and 200 psig.  As an additional safety precaution, pressure relief valves are provided on all sample lines with pressure reducing devices.


Separate chemical fume exhaust hoods are provided at each turbine sampling station, at each reactor water sampling station and at the radwaste building sampling station.  The exhaust hoods are vented to the building ventilation system.


9.3.2.3      Safety Evaluation


Sample lines in safety class systems out to and including the first isolation valve are designed to Seismic Category I requirements and fall under the same safety classification as the process system being sampled.  The reactor coolant sample line, in addition to being designed to these requirements, is designed to Seismic Category I, Safety Class 2 requirements downstream of the root valve, to and including two redundant solenoid operated isolation valves that close automatically on a LOCA signal.


The sample probe interfacing with the safety class process line is designed to preclude jeopardizing the safety function of the process line for all safety class systems.  In all such cases, the sample probe is fabricated from 3/4 inch, double extra strong, Type 316 or 304 stainless steel that is designed to withstand the combination of all operational and seismic loads.


9.3.2.4      Inspection and Testing Requirements


Preoperational testing and inspection of the system were conducted to demonstrate the ability of the system to perform its function.


9.3.3      EQUIPMENT AND FLOOR DRAINAGE SYSTEM


9.3.3.1      Design Bases


The equipment and floor drainage system (EFDS) is designed to provide for collecting radioactive and potentially radioactive liquid wastes from floor drains and equipment drains throughout the plant, and convey these wastes to building sumps located in the basemats of the major structures.


The EFDS consists of five separate, independent drain piping networks for segregating wastes into one of five categories as follows:


a.
Floor drains (medium‑to‑low purity with medium conductivity).


b.
Equipment drains (high purity with low conductivity).


c.
Chemical drains (high conductivity).


d.
Detergent drains.


e.
Oil drains.


Separate building sumps are provided for the collection of each of these types of waste.  The equipment and floor drainage collection system to the building sumps is shown on <Figure 9.3‑5>, <Figure 9.3‑6>, <Figure 9.3‑7>, <Figure 9.3‑8>, <Figure 9.3‑9>, <Figure 9.3‑10>, <Figure 9.3‑11>, <Figure 9.3‑12>, <Figure 9.3‑13>, <Figure 9.3‑14>, <Figure 9.3‑15>, <Figure 9.3‑16>, <Figure 9.3‑17>, <Figure 9.3‑18>.


<Section 11.2> describes the building sumps and the sump pumps that are provided to convey the collected wastes for disposal.  Piping and instrumentation for the system are shown on <Figure 11.2‑1>.


Piping in the basemats is embedded in the concrete; piping is also embedded in the upper concrete floors where thickness of the floors permit.  The EFDS is designed for gravity flow at atmospheric pressure with the piping sloped downward to the building sumps.  In general, the tops of floor drains and floor sumps are located one and one‑half inches below the nominal high point of the floor.  Traps are provided on floor drains to prevent the spread of an oil fire through the drain piping in areas where oil is contained in the equipment.


9.3.3.2      System Description


9.3.3.2.1      Floor Drains


Drains of medium to low purity and medium conductivity (normally low radioactivity), will be collected in the floor drainage system.  These miscellaneous vents, unidentified leakage, certain equipment drains, and floor area drains discharge into floor drain sumps (dirty radwaste) located in the basemat of the drywell, containment, auxiliary building, heater bay, turbine power complex, intermediate building, and radwaste building.


The fluid collected in these sumps will be discharged by sump pumps to the liquid radwaste system <Section 11.2> for processing.  Provisions are made for removal of oil from this sump water discharge before entering the liquid radwaste system.


The annulus is provided with a floor drain sump with no additional floor drains, since very little drain water is anticipated in this area.


The turbine power complex floor drain sump receives wastes from the turbine power complex, turbine building, offgas building, heater bay (Elevation 600’‑6” and above), auxiliary boiler building, and the auxiliary building pipe chase at Elevation 565’‑6”.


The turbine lube oil area and turbine laydown area drains are discussed in <Section 9.3.3.2.5>.


The heater bay floor drain sump receives wastes from floors at Elevations 542’‑0”, 560’‑0” and 580’‑6” only.


The intermediate building floor drain sump receives wastes from the intermediate building, control complex ventilating equipment floor at Elevation 679’‑6” certain areas of the control complex controlled access floor at Elevation 599’‑0”.  Floor drains located in the control complex (Elevation 599’‑0”) which are sent to the intermediate building floor drain sump are the nuclear closed cooling heat exchanger and pump area, safety showers in laboratories, shop facility area, and the corridors.


Floor and equipment drains from Elevation 574’‑10” and portions of Elevation 599’‑0” and 620’‑6” of the control complex will be included in the discussion of the detergent drains in <Section 9.3.3.2.4>.  The control complex floor drains for fire protection service at the control room floor Elevation 653’‑6”, and cable spreading area and battery room drains at Elevation 638’‑6”, discharge by gravity to the exterior yard catch basin system.  Manual gate valves, normally closed, are provided for each of the four drains in the control room recessed concrete floor.  These valves prevent the loss of carbon dioxide from the fire protection system for the power generation control center (PGCC) floor modules.  The valves would be opened to drain fire water in case the fire hoses discharge into the control room.


In the auxiliary building, common mode flooding of the emergency core cooling system (ECCS) equipment rooms (i.e., flooding in one room which results in flooding of redundant ECCS equipment in adjacent rooms) is precluded by the design of the drainage piping.  All drainage connections to equipment (flushing, relief valve discharge, seals, etc.) are hard piped to either a manifold, which connects directly into a sump external to the pump rooms, or to the drainage sumps within each pump 


room.  Since no portion of the equipment drains or manifold is open to the atmosphere, it is not possible for flooding in one room to extend or communicate to an adjacent room by drainage lines.  Also, discharge from the pump room drainage sump is controlled by a remote‑manual actuator on the drainage line valve which is normally closed.  This ensures that drainage of the sumps to the main auxiliary building sumps is completely controllable.  Open floor drains connect directly to the respective ECCS pump room sump.  Discharge from the sump is actuated and controlled as noted above.


Redundant nonsafety grade level switches are installed in each drainage pit which will alarm in the control room on high water level in the pit.  If leakage from a seal or gasket in the ECCS system is detected in one of the pump rooms during normal plant conditions, the remotely operated isolation valve installed in the pump’s suction line would be closed, thereby preventing drawdown of the suppression pool below the minimum level (Elevation 589’‑0”) <Section 6.3.2.6>.


The piping and manual isolation valves meet seismic criteria.  The manually operated valve in the drain line for each ECCS pump room will be periodically verified closed during normal plant operation.  This administratively controlled shutoff valve will prevent back flooding following a safe shutdown earthquake that would cause failure of non‑seismic piping systems.


Each ECCS pump compartment is provided with watertight doors which are normally dogged closed and an indication is provided to the control room via the Plant Computer Alarm Display when the doors are opened.  Provisions for preventing the flooding of essential equipment from groundwater are discussed in <Section 3.4> and <Section 2.4.13>.


The water treatment building, located at the west end of the Unit 1 turbine building, has a sludge holding sump.  The floor and equipment drains, except for the acid and caustic tank area, drain to this sump. 


A drainage trench to this sump is provided for the makeup water pretreatment gravity filter drains.  The drainage sumps at each of the two makeup water pretreatment coagulators are piped directly to the sludge holding sump.  The floor drains, caustic soda and acid storage tank drain, overflow drains and pump drains located within the acid brick‑lined curbed area enclosing these two tanks and pumps, all drain directly through the floor into the neutralizing tank.  The pumps in the sludge holding sump discharge to the exterior sludge lagoons.


9.3.3.2.2      Equipment Drains


Drains of high purity and low conductivity (normally high radioactivity) are collected in the equipment drainage system.  These equipment drains and residual heat removal system flush drains discharge into an equipment drain sump (clean radwaste) located in the basemat of the drywell, containment, auxiliary building, turbine power complex, intermediate building, radwaste building, and control complex.  The turbine power complex clean radwaste equipment sump also receives drains from the turbine building and the offgas building.


The Turbine Building Ventilation System (TBVS) plenum drains produce non‑contaminated condensate when they are in the cooling mode.  The 


condensate is produced when outside air is passed over the cooling coils.  The water produced by the condensation of outside air is uncontaminated, and is routed to the storm drain system.  The TBVS plenum drains also have a means of directing flow to the equipment drain sump.  During the winter months when the plenums are being used to heat the buildings, the piping will be aligned to the equipment drains.  Prior to switching the flow to the storm drain, the drainage water will be sampled to ensure that it is uncontaminated.  The water from this drain will also be sampled in accordance with plant instructions during the time period that it is aligned to the storm drain system.


The fluid collected in these sumps discharges by sump pumps to the liquid radwaste system <Section 11.2> for processing.  Provisions are made for removal of oil from this sump water discharge before entering the liquid radwaste system.


Major items of equipment and the building sump into which they drain are as follows:


a.
Containment building



1.
Fuel pool leak detection drain.



2.
Fuel pool overflow drain.



3.
RWCU heat exchangers drains.



4.
RWCU holding pump seal drains.



5.
RWCU containment sample drain.



6.
Containment vessel air handling cooling water drain.



7.
RWCU backwash transfer pump seal leakage.


b.
Drywell



1.
Reactor recirculating system maintenance drains.



2.
Drywell cooling supply plenum cooling coil drain.



3.
Reactor vessel drain.



4.
Miscellaneous CRW drains.


c.
Auxiliary building



1.
HPCS flush drain.



2.
RHR flush drain and RHR pump relief valve.



3.
LPCS flush drain.



4.
RWCU flush drain.



5.
RWCU pump drain.



6.
Turbine building water chiller and pump drain.



7.
NCC pump relief valve.



8.
RCIC pump relief valve.


d.
Turbine power complex



1.
Offgas cooler condenser and inlet piping drain.



2.
Offgas loop seal drain.



3.
Condensate booster pump drain.



4.
Condensate heaters drain.



5.
Condensate filter holding pump drain.



6.
Condenser hogging pump drain.



7.
Sample extraction pump drain.



8.
Feedwater seal injection pump drain.



9.
Generator stator cooling unit drain.



10.
Turbine building closed cooling heater exchanger and pump drain.



11.
Condensate transfer pump drain.


e.
Intermediate building



1.
Drivewater filter and pump drains.



2.
Cask storage pit drain.



3.
Cask pit drain pump drain.



4.
Fuel transfer tube drain tank and pump drain.



5.
Circulating pump drain.



6.
Fuel pool cooling and cleanup heat exchanger, post‑filter and holding pump drains.



7.
FPCC surge tank overflow.



8.
NCC maintenance drain and relief valve.



9.
Containment chiller pump drain.



10.
Fuel pool F/D backwash transfer pump seal water.


f.
Radwaste



1.
RWCU sludge decant pump drain.



2.
Condensate sludge decant pump drain.



3.
Waste sample pump drain.



4.
Fuel pool sludge decant pump drain.



5.
Waste collector transfer pump drain.



6.
WCT tank overflow.



7.
WCTP drain.



8.
WCT flush drain.



9.
WST overflow.


g.
Control complex



1.
Service and instrument air receiver drains.



2.
Service and instrument air compressor drains.



3.
Emergency closed cooling heat exchanger shell drain.



4.
Emergency closed cooling pump drain.



5.
Control complex water chiller and pump drains.



6.
Nuclear closed cooling heat exchanger shell drain.



7.
Nuclear closed cooling pump drain.



8.
Instrument air dryer drain.


9.3.3.2.3      Chemical Drains


A chemical waste sump is located in the basemat of the turbine power complex.  Drains from the condensate demineralizer regeneration chemical waste tank and the waste transfer pump are collected in this sump.


In the control complex, drains from the fume hoods and the laboratory sinks located in the high and low level laboratories, and the sink in the health physics and radiation protection service room are directed by gravity to the liquid radwaste system chemical waste tank located in the radwaste building.


9.3.3.2.4      Detergent Drains


A laundry and floor drain sump is located in the basemat of the control complex.  Inputs to this sump consist of personnel decontamination solutions from the personnel decontamination room and the respiratory cleaning facility, floor drains from nonradioactive areas of the control complex and drains from the lake water side of the nuclear closed cooling system heat exchangers.


The fluid collected in these sumps discharges by sump pumps to the liquid radwaste system detergent drains tanks.  After sampling, this waste is filtered and discharged through the emergency service water discharge pipe.  If significant activity levels should occur in the detergent drains, these drains can be sent to the waste evaporator after defoaming agents have been added.


9.3.3.2.5      Oil Drains


A lube oil area floor and equipment drain sump is located in the east end of the turbine building basemat at Elevation 593’‑6”.  Equipment drains and floor drains for the turbine lube oil system and other hydraulic operated equipment located in this area are directed to this sump.  In addition, floor and equipment drains are collected in this sump from the floor trench at fuel oil pumps in the auxiliary boiler building, from the feedwater turbine lube oil purifier room and turbine‑driven feedwater pump rooms in the heater bay, and from the battery room in the turbine power complex.


The turbine building laydown area floor drain sump located in the west end of the turbine building basemat at Elevation 620’‑6” receives the drainage from the floor sumps in the laydown area and the railroad track area.


Drainage collected in the turbine lube oil area and turbine laydown area sumps is normally pumped (remote manual initiation) to the liquid radwaste system.  There is also a piping interconnection to the industrial waste disposal system.  To prevent inadvertent discharge to industrial waste, administrative procedures require the contents of both sumps to be sampled before transfer to industrial waste, and each line interconnecting these sumps with the industrial waste disposal system is isolated by a valve that is normally locked closed.


Floor and equipment drains from each of the three diesel generator rooms drain separately by gravity to the industrial waste disposal system.  A trap is provided in the drain header discharging from each of the diesel generator rooms.


Provisions are made for removal of oil from the diesel generator room drains in the industrial waste disposal system.


9.3.3.2.6      Miscellaneous Drains


The main reheat, extraction and miscellaneous drains are shown in <Figure 9.3‑34>.


9.3.3.3      Safety Evaluation


Flooding of the ECCS rooms by backflow through the floor drains from a rupture of non‑seismic designed fluid lines is prevented by the installation of a normally closed shutoff valve in the floor drain line from each of the six compartments.  The normally closed shutoff valve in the drain lines is located in a drainage pit inside each compartment.  It is controlled remote‑manually by an extension stem passing through a watertight penetration in the wall of the cubicle to an accessible area outside the cubicle.  A level switch in the drainage pit will alarm in the control room on high water level in the pit.  Each ECCS pump compartment is provided with watertight doors which are normally dogged closed and an indication is provided to the control room via the Plant Computer Alarm Display when the doors are open.


9.3.3.4      Testing and Inspection Requirements


The floor and equipment drainage piping to the sumps is tested after installation but prior to embedment in concrete.  This is accomplished by filling the pipes and floor drains with water up to the floor line and observing the water level for one hour.


The procedure and acceptance standards for visual examination of buttwelds, fillet and socket welds, piping and piping components is in accordance with Paragraph 136.4 of ANSI B31.1.


9.3.3.5      Instrumentation Requirements


Instrumentation for all the floor and equipment drain collecting sumps and sump pumps located in the basemats of the various buildings is discussed in <Section 11.2>.  Piping and instrumentation for this is shown on <Figure 11.2‑1>.


9.3.4      CHEMICAL AND VOLUME CONTROL SYSTEM


This section is not applicable to PNPP.


9.3.5      STANDBY LIQUID CONTROL (SLC) SYSTEM


9.3.5.1      Design Bases


9.3.5.1.1      Safety Design Bases


The standby liquid control (SLC) system has a safety‑related function and is designed as a Seismic Category I system.  It will meet the following safety design bases:


a.
Backup capability for reactivity control is provided, independent of normal reactivity control provisions in the nuclear reactor, to be able to shut down the reactor if the normal control ever becomes inoperative.



The shutdown margin provided for each cycle is verified to meet Technical Specification requirements as part of the reload safety analysis <Appendix 15B>.


b.
The backup system has the capacity for controlling the reactivity difference between the steady‑state rated operating condition of the reactor with voids and the cold shutdown condition, including 



shutdown margin, to ensure complete shutdown from the most reactive condition at any time in core life.


c.
The time required for actuation and effectiveness of the backup control is consistent with the nuclear reactivity rate of change predicted between rated operating and cold shutdown conditions.  A fast scram of the reactor or operational control of fast reactivity transients is not specified to be accomplished by this system.  However, its performance also ensures compliance with criteria imposed for postulated anticipated transients without scram.


d.
Means are provided by which the functional performance capability of the backup control system components can be verified periodically under conditions approaching actual use requirements.  Demineralized water, rather than the actual neutron absorber solution, can be injected into the reactor to test the operation of all components of the redundant control system.


e.
The neutron absorber will be dispersed within the reactor core in sufficient quantity to provide a reasonable margin for leakage or imperfect mixing.


f.
The system is reliable to a degree consistent with its role as a backup safety system; the possibility of unintentional or accidental shutdown of the reactor by this system is minimized.


g.
For the RAST LOCA analysis, the SLCS is used to maintain the suppression pool pH at 7 or above to minimize the conversion of cesium iodide to elemental iodine following a design basis LOCA <Section 15.6.5.5.1.8>.


9.3.5.2      System Description


The standby liquid control system <Figure 9.3‑19> is manually initiated in the main control room to pump a boron neutron absorber solution into the reactor if the operator determines the reactor cannot be shut down or kept shut down with the control rods.  Once the operator decision for initiation of the SLC system is made, the design intent is to simplify the manual process by providing a keylocked switch.  This prevents inadvertent injection of neutron absorber by the SLC system.  However, the reactor scram function of the control rod drive system <Section 4.6.1.1.2.5> backed up by the alternate rod insertion function is expected to ensure prompt shutdown of the reactor when required.


A keylocked switch for each pump is provided in the control room to ensure positive action from the main control room should the need arise.  Procedural controls are applied to the operation of the keylocked control room switches.


The SLC system is needed only in the improbable event that not enough control rods can be inserted in the reactor core to accomplish shutdown and cooldown in the normal manner.  A second function for SLC is to provide a pH buffering solution for injection into the reactor vessel and suppression pool following a design basis LOCA.


The boron solution tank, the test water tank, the two positive displacement pumps, the two explosive valves, the two motor‑operated tank shutoff valves, and associated local valves and controls are located in the containment.  The solution is pumped into the HPCS piping downstream of a check valve.  It enters the reactor vessel and is discharged from the HPCS core spray spargers radially over the top of the core (see <Section 6.3.2> for a description of the HPCS system design) so that it mixes with the cooling water circulating within the vessel <Section 5.3>, <Section 3.9.3>, and <Section 3.9.5>.


The boron absorbs thermal neutrons and thereby terminates the nuclear fission chain reaction in the uranium fuel.


The specified neutron absorber solution is a mixture of sodium borate (borax‑Na2B4O7(10H2O) and boric acid (H3BO3).  The solution is prepared by dissolving borax and boric acid in demineralized water in a nominal Na2O:B2O3 molar ratio of 0.229.  An air sparger is provided in the tank for mixing.  To prevent system plugging, the tank outlet is raised above the bottom of the tank.


In operating states, when it is possible to make the reactor critical, the SLC system will be able to deliver enough boron solution into the reactor <Figure 9.3‑20> to ensure reactor shutdown.  This is accomplished by placing a borax‑boric acid solution in the SLC tank and filling with demineralized water to at least the low level alarm point.  The solution can be diluted with water up to the high level alarm volume to allow for evaporation losses or to lower the saturation temperature.  A boron solution auxiliary mixing tank is provided outside containment to permit preparation of additional batches for transfer into the SLCS storage tank within 24 hours, if needed.


The limiting saturation temperature of the fluid in the tank and piping will be consistent with that obtained from <Figure 9.3‑20> for the solution temperature.  The limiting saturation temperature of the recommended solution is 61.5(F at the low level alarm volume and a lower temperature at six inches below the tank overflow volume.  The equipment containing the solution is installed in a room in which the air temperature is to be maintained within the range as listed on <Figure 3.11‑22> and <Figure 3.11‑23>.  An electrical resistance heater system provides a backup heat source which maintains the solution temperature at 75(F (automatic operation) to 85(F (automatic shutoff) to prevent precipitation of the borax‑boric acid from the solution during storage.  High or low temperature, or high or low liquid level, causes an alarm in the control room.


There are two pumps for boron solution injection in the SLCS operation.  Each positive displacement pump is sized to inject 43 gpm of solution into the reactor, with a specified minimum flow of 32.4 gpm per pump.  The pump and system design pressure between the explosive valves and the pump discharge is 1,400 psig.  The two relief valves are set at approximately 1,400 psig.  To prevent bypass flow from one pump in case of relief valve failure in the line from the other pump, a check valve is installed downstream of each relief valve line in the pump discharge pipe.


The two explosive‑actuated injection valves provide assurance of opening when needed and ensure that boron will not leak into the reactor even when the pumps are being tested.


Each explosive valve is closed by a plug in the inlet chamber.  The plug is circumscribed with a deep groove so the end will readily shear off when pushed with the valve plunger.  This opens the inlet hole through the plug.  The sheared end is pushed out of the way in the chamber; it is shaped so it will not block the ports after release.


The shearing plunger is actuated by an explosive charge with dual ignition primers inserted in the side chamber of the valve.  Ignition circuit continuity is monitored by a trickle current, and an alarm occurs in the control room if either circuit opens.  Indicator lights show which primary circuit opened.


The SLC system is actuated by two key‑locked switches on the control room panel.  This ensures that switching from the “off” position is a deliberate act.  Operation of both switches starts the injection pumps, actuates the explosive valves, opens each pump suction motor‑operated valve, and closes the reactor cleanup system isolation valve to prevent loss or dilution of the boron.


A light in the control room indicates that power is available to the pump motor contactor and that the contactor is de‑energized (pump not running).  Another light indicates that the contactor is energized (pump running).


Storage tank liquid level, tank outlet valve position, pump discharge pressure, and loss of continuity on the explosive valves indicate that the system is functioning.


The local switch is wired in parallel with the control room switch and cannot inhibit start from the control room switch.


Pump discharge pressure and valve status are indicated in the control room.


Equipment drains and tank overflow are not piped to the radwaste system but to separate containers (such as 55‑gallon drums) that can be removed and disposed of independently to prevent any trace of boron from inadvertently reaching the reactor.


Instrumentation consisting of solution temperature indication and control, and heater system status is provided locally at the storage tank.  <Table 9.3‑2> contains the process data for the various modes of operation of the SLC.  Seismic category and quality group are included in <Table 3.2‑1>.  Principals of system testing are discussed in <Section 9.3.5.4>.


Although SLCS injection capabilities from the initial contents of the SLC storage tank are sufficient to shutdown the reactor and meet the design basis requirements for the system, a standby liquid control transfer system is also provided.


The function of the SLC Transfer System <Figure 9.3‑19 (2)> is to provide a means of adding additional borax‑boric acid (neutron absorber, 


boron solution) solution for long term boration of the reactor in the unlikely event of SLCS injection.  Long term boration may be required to assure that the minimum specified concentration of boron solution in the reactor is maintained to keep the reactor shut down assuming that the control rods have not been inserted.


Following SLCS injection, the SLC Transfer System supports the Main Injection System by providing capability to add additional batches of borax‑boric acid to the main SLC storage tank.  The Transfer System allows plant personnel to mix these additional batches of borax‑boric acid without entering the containment.


The normal supply of water to the SLC Transfer System is from the Two‑Bed Demineralized Water System.  This water will be used for the following purposes:


a.
Fill the auxiliary mixing tank for mixing of boric acid and borax to make boron solution.


b.
Provide seal water to transfer pumps.


c.
Provide source of cleaning water for components when the need for SLCS is over.


An emergency supply of water is available from the Emergency Service Water (ESW) System if a seismic event should disable the nonsafety‑related Two Bed Demineralized Water System.  In the event of a seismic occurrence, the seal water to the transfer pumps may be lost, but the process fluid will lubricate the seals.


The SLC Transfer System auxiliary mixing tank and pump are located in the Intermediate Building and are accessible to the operator during an ATWS event.  A check valve inside the containment and a manual valve outside the containment is provided for containment isolation.


The SLC Transfer System piping is connected to the SLC storage tank above the overflow nozzle elevation.


An Alternate Boron Injection System is provided to address an ATWS event coupled with the loss of both trains of the Standby Liquid Control (SLC) System, which is a beyond design bases event.  The system tie‑ins and the major equipment are shown on <Figure 6.3‑7> and <Figure 9.3‑19>.  The Alternate Boron Injection System design is nonsafety related.  The alternate boron injection pump will be powered from a non‑class 1E electrical bus.


9.3.5.3      Safety Evaluation


The standby liquid control system is a reactivity control system (and a pH control system) and is maintained in an operable status whenever the reactor is critical.  The system is never expected to be needed for safety reasons, because of the large number of independent control rods available to shut down the reactor.


The system is designed to bring the reactor from rated power to a cold shutdown at any time in core life (and for postaccident pH control).  The reactivity compensation provided will reduce reactor power from rated to zero level and allow cooling the nuclear system to room temperature, with the control rods remaining withdrawn in the rated power pattern.  It includes the reactivity gains that result from complete decay of the rated power xenon inventory.  It also includes the positive reactivity effects from eliminating steam voids, changing water density from hot to cold, reduced Doppler effect in uranium, reducing neutron leakage from boiling to cold, and decreasing rod worth as the moderator cools.


The ability of the SLC system to achieve reactor shutdown is analyzed for each operating cycle (with the reload core configuration) as part of the reload safety analysis.  For the results of this analysis refer to 


<Appendix 15B>, Reload Safety Analysis.  Calculation of the minimum quantity of borax‑boric acid to be injected into the reactor is based on the required 816 ppm average concentration in the reactor coolant including recirculation loops, at 68(F and reactor water level at Level 8.  This result is increased by 25 percent to allow for imperfect mixing and leakage.  Additional boron solution is provided to accommodate dilution by the RHR system in the shutdown cooling mode.  This concentration will be achieved if the solution is prepared as defined in <Section 9.3.5.2> and maintained above saturation temperature.  The storage tank is located in an area where the minimum environmental temperature is 70(F.


Cooldown of the nuclear system will require approximately 6 to 24 hours depending on the use of main condenser and various shutdown cooling systems to remove the thermal energy stored in the reactor, cooling water and associated equipment.  The controlled limit for the reactor vessel cooldown is 100(F per hour, and normal operating temperature is approximately 550(F.


The SLC system equipment essential for injection of neutron absorber solution into the reactor is designed as Seismic Category I for withstanding the specified earthquake loadings <Section 3.8>.  The system piping and equipment are designed, installed and tested in accordance with requirements stated in <Section 3.6>.


The SLC system is required to be operable in the event of a plant offsite power failure; therefore, the pumps, motor‑operated and explosive valves, and controls are powered from the standby ac power supply.  The pumps and valves are powered and controlled from separate buses and circuits so that a single active failure will not prevent system operation.


The SLC system and pumps have sufficient pressure margin, up to the system relief valve setting of approximately 1,400 psig, to ensure 


solution injection into the reactor above the normal pressure in the bottom of the reactor.  The nuclear system relief and safety valves begin to relieve pressure above approximately 1,100 psig.  Therefore, the SLC system positive displacement pumps cannot overpressurize the nuclear system.


For non ATWS events, only one of the two standby liquid control pumps is needed for plant operation.  If a redundant component (e.g., one pump) is found to be inoperable, there is no immediate threat to shutdown capability, and reactor operation can continue during the repairs.  The time during which one redundant component upstream of the explosive valves may be out of operation should be consistent with the following:  the probability of failure of both the control rod shutdown capability, the alternate rod insertion system and the additional component in the SLC system; and the fact that nuclear system cooldown takes several hours while liquid control solution injection takes approximately two hours.  Since this probability is small, considerable time is available for repairing and restoring the SLC system to an operable condition while reactor operation continues.  Assurance that the system will still fulfill its function during repairs is obtained by verifying operability of the redundant pump.


The SLC system is evaluated against the applicable General Design Criteria as follows:


a.
Criterion 2



The SLCS is located in the area outside of the drywell and below the refueling floor.  In this location it is protected by the containment and compartment walls from external natural phenomena such as earthquakes, tornadoes, hurricanes, and floods and internally from effects of such postulated events (e.g., DBA‑SSE).


b.
Criterion 4



The SLCS is designed for the expected environment in which it is located.  It is located in the containment, and is not subject to the more violent conditions postulated in this criterion such as missiles, whipping pipes and discharging fluids.  This system is capable of performing its function under expected environmental conditions.


c.
Criterion 21



Criterion 21 is applicable to protection systems only.  The SLC system is a reactivity control system and should be evaluated against Criterion 29 (item f).


d.
Criterion 26



The SLCS is the second reactivity control system required by this criterion.  The requirements of this criterion do not apply within the SLCS itself.


e.
Criterion 27



This criterion applies no specific requirements onto the SLCS and therefore is not applicable.  See <Section 3.1> for discussion of combined capability.


f.
Criterion 29



The SLCS pumps and injection valves are arranged to provide high functional reliability.


The SLCS also has test capability.  A test tank is supplied for providing test fluid for the surveillance injection test.  Pumping 


capability and suction valve operability may be tested any time.  A trickle current continuously monitors continuity of the firing mechanisms of the injection squib valves.


The SLC system is evaluated against the following applicable guides and positions:


a.
<Regulatory Guide 1.26> (Revision 2)



Because the SLCS is a reactivity control system, all mechanical components required for boron injection are at least Quality Group B.  Those portions which are part of the Reactor Cooling Pressure Boundary are Quality Group A.  This is shown in <Table 3.2‑1>.


b.
<Regulatory Guide 1.29> (Revision 1)



All GE supplied components of the SLCS which are necessary for injection of neutron absorber into the reactor are Seismic Category I.  This is shown in <Table 3.2‑1>.


c.
Branch Technical Positions APCSB 3‑1 and MEB 3‑1



Since the SLC system equipment is located within the containment, it is adequately protected from flooding, tornadoes and internally and externally generated missiles <Section 3.5>.  SLC system equipment is protected from pipe break by providing adequate separation between the seismic and non‑seismic SLC system equipment where such protection is necessary.  In addition, appropriate separation is provided between the SLC system and other piping systems <Section 3.6>.


This system is used in special plant capability demonstration events cited in <Appendix 15A>, specifically Events 51, 52 and 53, which are 


extremely low probability non‑design basis postulated incidents.  The analyses given there demonstrate additional plant safety consideration far beyond conservative assumptions.


Due to the nature of the fission products that are predicted to be released by <NUREG‑1465> (Revised Accident Source Term) in the event of a LOCA, the SLC system has also assumed a post‑LOCA function of providing a pH buffering solution for the reactor vessel and suppression pool water.  This will help to retain the fission products in the water post‑LOCA <Section 15.6.5.5.1.8>.


9.3.5.4      Inspection and Testing Requirements


Operational testing of the SLC system is performed in at least two parts to avoid inadvertently injecting boron into the reactor.


With the valves to the reactor and from the storage tank closed and the valves to and from the test tank opened, demineralized water in the test tank can be recirculated by locally starting either pump from the MCC.  This test can be accomplished with the reactor operating without affecting the ability of the other pump to inject borated water. 


During a refueling or maintenance outage, the injection portion of the system can be functionally tested by valving the suction line to the test tank and actuating the system from the control room.  System operation is indicated in the control room.


After functional tests, the injection valve shear plugs and explosive charges must be replaced and all the valves returned to the normal positions as indicated in <Figure 9.3‑19>.


After closing a local locked‑open valve to the reactor, leakage through the injection valves can be detected by opening valves at a test connection in the line between the isolation check valves.  Position 


indicator lights in the control room indicate that the local valve is closed for tests or open and ready for operation.  Leakage from the reactor through the first check valve can be detected by opening the same test connection in the line between the check valves when the reactor is pressurized.


The test tank contains demineralized water for approximately 3 minutes of pump operation.  Demineralized water from the mixed bed demineralized water system is available for refilling or flushing the system.


Should the boron solution ever be injected into the reactor, either intentionally or inadvertently, the boron is removed from the reactor coolant system by flushing for gross dilution followed by operating the reactor cleanup system (after the operator makes certain that the normal reactivity controls will keep the reactor subcritical).  There is practically no effect on reactor operations when the boron concentration has been reduced below approximately 15 ppm.


The concentration of the borax‑boric acid in the solution tank is determined periodically by chemical analysis.


Electrical supplies and relief valves are also subjected to periodic testing.


The SLC system preoperational test is described in <Section 14.2.12>.


9.3.5.5      Instrumentation Requirements


The instrumentation and control system for the SLC is designed to allow the injection of liquid poison into the reactor and the maintenance of the liquid poison solution well above the saturation temperature.  A further discussion of the SLC instrumentation may be found in <Section 7.4>.


The SLC Transfer System is provided with appropriate instrumentation and controls to facilitate safe and reliable operation.  Because of the infrequent and short duration nature of the operation, all instruments and controls are located adjacent to the tank or pumps.


9.3.6      POSTACCIDENT SAMPLING SYSTEM


The Postaccident Sampling System (PASS) permits sampling of the containment building environments and the reactor coolant systems after a loss‑of‑coolant accident (LOCA).  Sample analysis can be performed by using either onsite or offsite analytical instruments.


9.3.6.1      Design Bases


The PASS is designed to permit sampling following a small break, intermediate break or design basis LOCA.  The PASS design and operation are consistent with <NUREG‑0737>, <Regulatory Guide 1.97> and GDC‑19 as described in <Table 1.8‑1> and <Table 7.1‑4>.


a.
Sampling points are designed to ensure that representative samples of the process fluid will be obtained.


b.
Sampling lines are sized to provide sufficient sample quantities to the sampling stations.  The sample flow rates will satisfy the requirements of either onsite or offsite analytical instruments.  The lines are designed to prevent plate‑out or contamination of the sample during transfer to the sample stations.  Runs will be as short as possible to each sample station.


c.
The sampling system is designed to preclude hazards to operating personnel from high pressure, temperature or radiation levels in the process fluid during all modes of normal operation.


d.
The design is such that the sampling stations will not affect plant safety.  Sample lines connected to reactor coolant piping are normally isolated under all conditions.  All sample lines are controlled by remote‑manual normally closed, fail closed valves.


e.
Each sampling line tie‑in and its associated root valve are designed to meet the seismic and quality group classification of the system to which it is connected.  All other components and piping are designed to meet Quality Group D but are not required to meet Seismic Category I requirements.


f.
The PASS is separate from any normal sampling system.  It is designed to minimize radiation exposure to operating personnel during postaccident conditions.  The maximum exposure to each operator during sampling, transport and analysis is limited to 5 rem whole body and 75 rem to the extremities (hands and feet).


g.
Radiation shielding and remote controls are provided in order to meet radiation exposure limits.


h.
All sample tubing is constructed of Type 304 stainless steel with long radius bends and welded connections.  Plate‑out and sample loss or distortion is minimized by heat tracing and nitrogen purging the gas sample lines and also by cooling, pressure reduction and flushing the liquid sample lines with demineralized water.


i.
Electrical power supplies for automatic and remotely operated equipment and valves including the containment penetration isolation valves, all other solenoid valves, the sample pumps, and 



the sample panels will have reliable non‑Class 1E power supplies (ac from the stub‑bus and dc from non‑Class 1E batteries).


9.3.6.2      System Description


9.3.6.2.1      Sample Locations


The sampling station is centrally located in the intermediate building along the wall which separates the control complex from the intermediate building at Elevation 574’‑10”.  Samples are drawn individually from the following points:



Drywell atmosphere



Containment atmosphere



Suppression pool atmosphere



Annulus atmosphere



Reactor water recirculation system ‑ 2 points



Reactor water cleanup system ‑ 3 points



Residual heat removal system ‑ 2 points



Drywell floor drain sump



Suppression pool


The location and routing of the sample points and lines are shown on <Figure 9.3‑33>.


The postaccident sampling system is manually controlled by an operator from the process control/monitor panel located near the sampling station.


Liquid sample streams drawn from selected sample locations pass through a remotely located cooler rack to the grab sample panel.  Five individual sample streams can be collected for analysis.


Atmospheric samples drawn from any one of the four selected sample locations flow to the grab sample panel.  Each sample is collected in a sample bottle for analysis.


Demineralized water is supplied to the sampling station for decontamination of the sampling station plenums, flushing of liquid sample lines and dilution of liquid samples.  Nitrogen is supplied to the sampling station for drying of the sample lines and various components, and purging of gas sample lines.


All remote actuated valves and pumps are controlled from the process control/monitor panel.  Flow, pressure and temperature indicators for the entire system with alarm lights and audible signals for cooler rack cooling water fault conditions and sample pump operation are located on this panel.


9.3.6.3      Safety Evaluation


The Grab Sample Panel (GSP) portion of the sampling station includes several modules designed to collect and prepare various samples for analysis.  Most of the GSP components are contained in a plenum behind an eight inch radiation shield consisting of seven inches of lead shot between two 1/2 inch thick steel plates.  Additional shielding is provided by lead bricks placed on top and a removable lead brick shield on the one side of the GSP.  The other side is against a shield wall.  A splashbox, waste sample collection tank and decontamination spray system are provided for spill and leakage containment and panel decontamination.  A sump pump, housed in the GSP panel waste sample collection tank, discharges samples and leakage to the radwaste treatment system or the appropriate Unit’s suppression pool.  Gases are removed from the panel by the station ventilation system equipped with charcoal adsorbers and HEPA filters.  This ventilation system maintains a negative pressure in the panel to prevent outward gas leakage.


The Chemical Analysis Panel (CAP) portion of the sampling station accepts depressurized liquid sample flow from the GSP for analysis.  Radiation shielding is provided on the front of the CAP panel by 7 inches of lead shot contained between 1/2 inch steel plates.  Additional radiation shielding is provided by lead bricks placed on top of the CAP and on one side by 5 inches of lead shot between the side panel and a 1/2 inch steel plate.  The other side is against a shield wall.  The CAP is similar to the GSP in terms of component mounting in a plenum with drip tray, decontamination spray system and ventilation system.  A sump pump, housed in the CAP panel waste sample collection tank, discharges samples and leakage to the radwaste treatment system or the appropriate Unit’s suppression pool.


High temperature and pressure samples are cooled and pressure reduced prior to being routed to the sampling station.


Reactor coolant sample lines have reducing orifices at the source points to restrict flow in the event of a sample line rupture.


Sample lines in safety class systems out to and including the root valve are designed to the Seismic Category requirements and fall under the same safety classification as the process system.  The reactor coolant sample line, in addition to being designed to these requirements, is designed to Seismic Category I, Safety Class 2 requirements upstream of the root valve, and inside the penetration between two redundant solenoid operated isolation valves.


9.3.6.4      Testing and Inspection


Testing and inspection of all sample lines out to and including the first root valve, comply with the testing and inspection requirements for the process system.  Beyond the root valve, testing and inspection are in accordance with the requirements of ASA B31.1.


9.3.7
ZINC INJECTION SYSTEM


9.3.7.1
Design Bases


The zinc injection system injects zinc oxide into the reactor feedwater.  The zinc transported in the reactor water replaces Co‑60 as the species in the oxide film layer formed on stainless steel.  Lower Co‑60 build‑up results in lower radiation levels in such areas as the drywell and the reactor water cleanup pump rooms.


The dissolution column is designed in accordance with Section VIII, Division I of the ASME Boiler and Pressure Vessel Code.  All other system piping conforms to ANSI B31.1.  A strainer is provided on the effluent of the dissolution column to prevent the release of zinc oxide pellets into the feedwater.


9.3.7.2
System Description


The zinc injection system consists of a zinc injection skid which injects a dilute concentration of zinc oxide into the feedwater  A stream of water taken from the feedwater pump discharge is routed through a column containing zinc oxide pellets.  The dissolution of the zinc pellets into the diverted feedwater stream provides the dilute concentration of zinc oxide.  The dilute zinc oxide solution is returned to the feedwater pump suction and is blended with the main feedwater flow.


The injection rate of zinc into the feedwater is adjusted by controlling the rate of water flow through the dissolution column, and by the amount of zinc oxide pellets available in the column.


Grab samples are withdrawn from the final feedwater and from reactor water.  Zinc concentration is measured using standard industry methods.


9.3.7.3
Safety Evaluation


The zinc injection system is nonsafety‑related and is not required for safe shutdown of the reactor.  The zinc or oxygen contribution from the zinc oxide does not appreciably alter either the BWR water chemistry or the radiological inventory of the reactor coolant.  The addition of the zinc has an insignificant effect on the shielding in the plant, offsite doses, total fractional maximum permissible concentrations in liquid and gaseous effluents, and consequences of accidents due to radioactive releases from subsystems and components.  (Radiological assessments performed prior to October 4, 1993 that were used for the plant design bases as discussed in this USAR were evaluated against the <10 CFR 20> regulations prior to October 4, 1993.  Radiological assessments for plant design bases modifications that are performed after October 4, 1993 will be evaluated using the revised <10 CFR 20>, dated October 4, 1993.)


9.3.7.4
Testing and Inspection


Periodic preventive maintenance and calibration will be performed on all major equipment and instruments to ensure proper in‑service operation.


9.3.8      HYDROGEN WATER CHEMISTRY SYSTEM


9.3.8.1      Design Basis


The hydrogen water chemistry system injects hydrogen into the Feedwater system.  The hydrogen, in conjunction with Zinc Injection and Noble Metals Chemical Addition (NMCA), combines with oxygen and oxides in the reactor water, lowering the Electrochemical Corrosion Potential (ECP) to below the –230mV Standard Hydrogen Electrode threshold to mitigate the potential and growth of Intergranular Stress Corrosion Cracking (IGSCC) of the stainless steel piping and reactor internal components.  Due to 


recombining of free hydrogen and oxygen, this injection also results in a substantial reduction of oxygen levels, thereby reducing a critical contributor to IGSCC.


The hydrogen injection into the Feedwater system results in an offgas mixture exiting the condenser that contains excess hydrogen.  To prevent discharging this mixture and creating a potential fire or explosion hazard, a stoichiometric amount of oxygen is added upstream of the recombiner to recombine the hydrogen in the offgas system.


Lower dissolved oxygen content in the associated water system can result in accelerated general corrosion and flow‑assisted corrosion (FAC) of carbon steel piping systems such as Feedwater, Condensate, Main Steam, Extraction Steam, and Heater Drain Systems.  Low oxygen concentration values in fluids passing through carbon steel piping results in accelerated corrosion due to stripping of the oxide layer.  To mitigate this effect in the carbon steel water system piping most susceptible to flow‑assisted corrosion, Feedwater and Condensate Systems, a small amount of oxygen is also injected into the Hotwell suction pipe header.


The addition of moderate amounts of hydrogen will result in the increase of shutdown dose rate radiation due to the movement of cobalt‑60 on to the reactor external piping.  This effect is mitigated by the addition of Depleted Zinc Oxide (DZO).


Moderate HWC can also produce increases in N‑16 radiation in the steam areas of the plant.  The effect of HWC on Main Steam Line Radiation (MSLR) level can be mitigated by Noble Metals Chemical Addition (NMCA).  NMCA treats the reactor surfaces with a catalytic material, thereby reducing the amount of hydrogen required to achieve the same level of IGSCC protection.  In combination with NMCA the hydrogen flow, and therefore the N‑16 radiation increase, is reduced.


9.3.8.2
System Description

The hydrogen water chemistry system is shown schematically by <Figure 9.3‑35>.  The hydrogen water chemistry system consists of a storage subsystem, a supply subsystem, and an injection subsystem.


Liquid Hydrogen (H2) and Oxygen (O2) are cryogenically stored.  The liquid hydrogen is pumped into supplemental gaseous storage tanks.  The gaseous and cryogenic storage tanks are designed, fabricated, tested, and stamped in accordance with ASME Section VIII, Division 1.  Hydrogen and oxygen piping complies with standard industrial code requirements as specified by EPRI NP‑5283‑SR‑A, “Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision”.  The cryogenic piping is designed to ANSI B31.3 and all other system piping is designed to ANSI B31.1.


The storage tanks are designed to withstand tornado missiles and design basis seismic loading.  The associated foundations are designed to ensure that tanks remain in place for seismic, design basis tornado, site‑specific flood, and ice and snow conditions.  Drainage between the separate hydrogen and oxygen storage areas ensures that a liquid spill from either tank storage area will not flow toward, pond or accumulate within 75 ft. of each other.


The liquid hydrogen and oxygen are cryogenically stored in separate storage facilities remote from the nearest safety‑related structure and air intakes into safety‑related structures.  The location of the storage facility complies with the separation distance outlined in EPRI NP‑5283‑SR‑A, “Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision” as well as OSHA Standards 29 CFR 1910.103 and 29 CFR 1910.104.  This separation distance ensures that the thermal flux from a potential hydrogen gas fireball or the blast overpressure from a potential hydrogen blast will not cause failure of any 


safety‑related structures.  The routing for the hydrogen delivery truck meets the requirements of <Regulatory Guide 1.91> as specified in EPRI NP‑5283‑SR‑A.


Excess flow check valves are provided at the storage facility to limit any hydrogen or oxygen release that may develop in the supply or injection subsystems.


The supply subsystem includes the hydrogen and oxygen pipelines and instrumentation lines between the storage facility and the turbine building.  The hydrogen and oxygen is delivered to the Unit 1 Turbine Building and Heater Bay Building by two 2‑inch diameter pipes (one for each commodity).  The supply subsystem piping is not routed inside or attached to the outside of safety‑related structures.  All the HWC supply globe valves installed inside the plant buildings are equipped with zero leakage bellows seals.


The injection subsystem consists of hydrogen and oxygen injection modules, control stations, and associated interfaces required to monitor and control the injection of hydrogen and oxygen.  Various parameters are monitored, which isolate the flow of oxygen and hydrogen or shutdown the HWC System in order to preclude the potential for the development of a flammable or explosive atmosphere.


A Programmable Logic Controller (PLC) controls the HWC System.  A number of monitored system parameters, including those parameters that could indicate a problem with hydrogen/oxygen leakage, are received by the PLC and result in an alarm of the HWC System.  In addition to Control Room or Local shutdown signals, the PLC will shutdown the HWC System based on input signals from the HWC System and selected interfacing systems.


The HWC System includes a cross‑tie connection to the Generator Hydrogen Supply System to provide an alternate hydrogen supply to the main generator from the HWC storage facility.


9.3.8.3
Safety Evaluation

The hydrogen water chemistry system is nonsafety‑related and is not required for safe shutdown of the reactor.


The hydrogen injection system is located in a portion of the Heater Bay (hydrogen injection) and Turbine Building (oxygen injection) remote from safety‑related equipment.  In the event an accident occurs, there is no interaction between the HWC injection system and other plant components which may need to perform a safety‑related function.


Liquid Hydrogen (H2) and Oxygen (O2) are cryogenically stored in separate storage facilities remote from the nearest safety‑related structure and air intakes into safety‑related structures.  Excess flow check valves are provided at the storage facility to limit any hydrogen or oxygen release that may develop in the supply or injection subsystems.


Possible effects of explosions or toxic gases without damage that would prevent a safe and orderly shutdown of the plant are evaluated in <Section 2.2.3>.


The HWC System is designed, installed, operated, and maintained in accordance with the provisions of <Regulatory Guide 8.8> and <Regulatory Guide 8.10> to assure that occupational radiation exposures and doses to the general public will be maintained “as low as reasonably achievable.”


In normal BWR water chemistry, N‑16 combines with oxygen to form water‑soluble, nonvolatile nitrates and nitrites.  However, when hydrogen is injected into the feedwater, N‑16 forms a more volatile species (NH3).  Therefore the steam phase N‑16 levels are increased.  The effect of HWC on Main Steam Line Radiation (MSLR) level is mitigated by NMCA, as less hydrogen is required to provide a given level of IGSCC protection.  In combination with NMCA, hydrogen flow is reduced to the point where N‑16 radiation increases are negligible.


9.3.8.4
Testing and Inspection

Periodic preventative maintenance and calibration will be performed on all major equipment and instruments to ensure proper in‑service operation.


Appropriate helium leak tests shall be performed on all portions of the system following any modifications or maintenance activity that could affect the pressure boundary of the system.


The storage facility will be maintained by the storage facility vendor.


TABLE 9.3‑1


PNEUMATICALLY OPERATED VALVES WHICH HAVE A SAFETY FUNCTION




Valve Application




Failure Mode


a.
Main steam isolation valves

Accumulators supply air to










assist spring force in closing










valves.


b.
Main steam relief valves


Accumulators supply air for










operating valves.  Spring loaded










pop‑action provides over‑










pressure protection.


c.
Scram valves




Loss of air causes a reactor










scram.


d.
Scram volume vent and


Valves fail closed which is the



drain valves




position desired for a reactor










scram.


e.
Control rod drive flow


Results in full control fluid



regulator





flow which does not affect










normal rod drive operation.


f.
RCIC system drain valves


Drain valves fail closed










allowing normal operation of










system.


g.
Containment vessel purge


Valves close by spring force.



supply isolation valves


h.
Drywell purge supply


Valves close by spring force.



isolation valves


i.
Containment vessel and drywell
Valves close by spring force.



purge exhaust isolation valves


j.
Control room outside air intake
Valves close by spring force.



isolation valves


TABLE 9.3‑2


STANDBY LIQUID CONTROL SYSTEM OPERATING CONDITIONS FOR VARIOUS OPERATING MODES(1)


Standby Mode(1)
Circulation Test
Injection Test(2)
Operating Mode(1)


Pressure
Temp
Pressure
Temp
Pressure
Temp
Pressure
Temp


    Piping

(psig)(3)

((F)
(psig)(3)

((F)
(psig)(3)

((F)
(psig)(3)

((F)

Pump
Storage
70/100
Test Tank
70/100
Test Tank
70/100
Storage
70/100


Suction
Tank
See Note(4)
Static
See Note(4)
Static
See Note(4)
Tank
See Note(4)


Static

Head(5)

Head(5)

Static



Head





Head


Pump Discharge
Storage
70/100
0/1220
70/100
70 Plus
70/100
(70 Plus
70/100


to Explosive
Tank



Reactor

Reactor Static 


Valve Inlet
Static



Static

Head) to 1220



Head



Head


Explosive
Reactor
70/100
Reactor
70/100
<70 Plus
70/100
(<70 Plus
70/110


Valve Outlet
Static

Static

Reactor

Reactor Static


to But Not
Head To

Head To

Static

Head) to <1220


Including
1162(6)

1162(6)

Head


First 


Isolation 


Check Valve


First
Reactor
70/560
Reactor
70/560
Reactor
125(2)
Reactor
70/560


Isolation
Static
See Note(7)
Static
See Note(7)
Static

Static
See Note(7)

Check Valve 
Head To

Head

Head(2)

Head To


To The Reactor
1150(6)





1162(6)


NOTES:


(1)
The pump flow rate will be zero (pump not operating) during the standby mode and at rated during the test and operating modes.


(2)
Reactor to be at 0 psig and 125(F before changing from the standby mode to the injection test mode.


TABLE 9.3‑2 (Continued)


NOTES:  (Continued)


(3)
Pressures tabulated represent pressure at the points identified below.  To obtain pressure at intermediate points in the system, the pressures tabulated must be adjusted for elevation difference and pressure drop between such intermediate points and the pressure points identified below:




Piping




Pressure Point



Pump Suction



Pump Suction Flange Inlet



Pump Discharge to Explosive



Valve Inlet



Pump Discharge Flange Outlet



Explosive Valve Outlet to



But Not Including First



Isolation Check Valve


Explosive Valve Outlet



First Isolation Check



Valve to The Reactor


Reactor Sparger Outlet


(4)
During chemical mixing, the liquid in the storage tank will be at a temperature of 150(F maximum.


(5)
Pump suction piping will be subject to demineralized water supply pressure during flushing and filling of the piping and during any testing where suction is taken directly from the demineralized water supply line rather than the test tank.


(6)
Maximum reactor operating pressure is 1,162 psig at reactor high pressure core spray sparger outlet.


(7)
Maximum sustained operating temperature is 560(F.
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9.4      AIR CONDITIONING, HEATING, COOLING, AND VENTILATING SYSTEMS


9.4.1      CONTROL COMPLEX HVAC SYSTEMS


The control complex heating, ventilating and air conditioning (HVAC) systems are as follows:


a.
Motor control center (MCC), switchgear and miscellaneous electrical equipment areas HVAC system.


b.
Battery room exhaust system.


c.
Controlled access and miscellaneous equipment area HVAC system.


d.
Computer rooms HVAC system.


9.4.1.1      Design Bases


9.4.1.1.1      MCC, Switchgear and Miscellaneous Electrical Equipment Area HVAC System


Design bases for the MCC, switchgear and miscellaneous electrical equipment areas HVAC system are as follows:


a.
This system, excluding the electric reheat coils, is classified as Safety Class 3, Seismic Category I.  The electric reheat coils are classified as nonsafety‑related and non‑seismic category.  The design of this system complies with the requirements of General Design Criteria (GDC) 1, 2, 3, 4, and 5 of <10 CFR 50, Appendix A> and <10 CFR 50, Appendix B>.  The requirements of <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.47>, and <Regulatory Guide 1.53>, National Fire Protection 



Association (NFPA) 90A, and Branch Technical Position APCSB 9.5‑1 have also been considered in the system design and equipment procurement.


b.
This system is:



1.
Required to operate during normal, shutdown, loss of offsite power periods, and following a LOCA.



2.
Started manually from local panels with automatic start of redundant system components upon indication of low system air flow.



3.
Designed to maintain areas served by this system at the conditions given in <Figure 3.11‑17>.



4.
Designed to remove heat generated in the dc switchgear rooms, HPCS switchgear rooms, reactor protection rooms, cable spreading areas, and HVAC equipment rooms.



5.
Continuously monitored to indicate system operating status, outside air, return air, relief air damper position, system malfunction, smoke in the supply and return air ducts.



6.
Provided with redundant and separated equipment, controls and power supplies so that a single active component failure will not prevent satisfactory system operation.



7.
Designed with system components located in an area not affected by internally generated missiles.  Pipe whip, jet impingement and flooding effects resulting from breaks in high or moderate energy piping are reviewed in <Section 3.6> and are insufficient to cause a loss of system redundancy.



8.
Provided with outside air intake ducts and relief air ducts with structural missile barriers to prevent external missiles from entering the control complex.



9.
Provided with smoke exhaust capabilities for the cable spreading, MCC and switchgear rooms, and the control complex chase.


9.4.1.1.2      Battery Room Exhaust System


Design bases for the battery room exhaust system are as follows:


a.
The design bases listed for the HVAC system discussed in <Section 9.4.1.1.1>, Items a, b1, b2, b5, b6, and b7 are applicable to the battery room exhaust system.  Maximum indoor design temperature is 85(F.


b.
The battery room exhaust system is:



1.
Designed to prevent the accumulation of combustible gas in the battery rooms, and to exhaust the control room lavatories, control room conference room and kitchen to the outside during normal plant operation and plant shutdown.



2.
Provided with structural missile barriers on the relief air ducts to prevent external missiles from entering the control complex.


9.4.1.1.3      Controlled Access and Miscellaneous Equipment Areas HVAC System


Design bases for the controlled access and miscellaneous equipment areas HVAC system are as follows:


a.
This system, excluding the filter plenum, is classified as nonsafety‑related and non‑seismic category.  However, the cooling coils and related piping of this system will not rupture during a safe shutdown earthquake or an operating basis earthquake.  The filter plenum is classified as nonsafety‑related, Seismic Category I.  The design of the HVAC system complies with the requirements of GDCs 60 and 61 of <10 CFR 50, Appendix A>.  <Regulatory Guide 1.29>, <Regulatory Guide 1.140>, and <Regulatory Guide 3.2>, NFPA 90A, and Branch Technical Position APCSB 9.5‑1 have also been considered in the system design and equipment procurement.


b.
The design bases listed for the HVAC system discussed in <Section 9.4.1.1.1>, Items b2, b6, b7, and b8 are applicable to this system.


c.
This system is:



1.
Required to operate during normal plant operation and during plant shutdown periods.



2.
Designed to maintain offices, laboratories and equipment areas served by this system at the temperatures given in <Figure 3.11‑18>.



3.
Designed to remove heat generated in the various offices, laboratories and shop areas of the controlled access area, and from the miscellaneous equipment areas such as the nuclear 




closed cooling pump and heat exchanger rooms, emergency closed cooling pump and heat exchanger areas, and from the HVAC equipment area.



4.
Monitored continuously to indicate system operating status, system malfunction, smoke in the supply‑return exhaust ducts, and high temperature in the filter plenums.



5.
Designed to direct all exhaust flow from this system through a charcoal filter plenum to ensure that the release of radioactivity to the environment is below permissible discharge limits.


9.4.1.1.4      Computer Rooms HVAC System


Design bases for the computer rooms HVAC system are as follows:


a.
This system is classified as nonsafety‑related and non‑seismic category.  However, the cooling coils and related piping of this system will not rupture during a safe shutdown earthquake or an operating basis earthquake.  The requirements of NFPA 90A and Branch Technical Position APCSB 9.5‑1 have also been considered in the system design and equipment procurement.


b.
The design bases listed for the HVAC system discussed in <Section 9.4.1.1.1>, Items b2, b6 and b7 are applicable to this system.


c.
This system is:



1.
Required to operate during normal plant operation.



2.
Designed to maintain the computer rooms and the cable spreading areas at the temperature and relative humidity given in <Figure 3.11‑17>.



3.
Designed to remove heat generated by the computer rooms, adjacent cable spreading areas and control complex HVAC equipment room.



4.
Continuously monitored to indicate system operating status, system malfunction and high computer room temperature.


9.4.1.2      System Description


9.4.1.2.1      MCC, Switchgear and Miscellaneous Electric Equipment Areas HVAC System


This system, shown on <Figure 9.4‑1>, operates continuously to provide cooling or heating during normal plant operation, during plant shutdown and following loss of offsite power or a LOCA.  The areas served by this system include MCC, switchgear, dc switchgear rooms, battery rooms, HPCS switchgear rooms, reactor protection system rooms, remote panel shutdown rooms, cable spreading areas, and HVAC equipment rooms.  The HVAC system consists of two 100 percent capacity supply plenums (M23‑B001A, B) that house roughing filters and chilled water cooling coils, two 100 percent capacity supply fans (M23‑C001A, B), a supply duct system with electric reheat coils (M23‑B002A,B,C,D and M23‑B003A,B,C,D), and a return duct system.  One‑hundred percent capacity based on removing the heat resulting from simultaneous operation of the equipment in these areas for Unit 1 and Unit 2.


The plenums and fans are located in the control complex at Elevation 679’‑6”.  The A equipment is in a separate room from the B equipment.  The duct systems and controls are arranged so that a mixture of outside air and return air from the HVAC equipment room is 


directed through the cooling plenum and supplied to the various areas requiring cooling or heating.  Room air, from all areas except the battery rooms, after satisfying the cooling or heating function, is directed to the return fan and delivered to the HVAC equipment room.  The routing of return air from the battery rooms is discussed in <Section 9.4.1.2.2>.  Operation of the system in a recirculation mode, with no outside air addition and no exhaust to the outside, is also discussed in <Section 9.4.1.2.2>.  Specific areas noted in <Section 9.4.1.1.1> are also served by a manually started smoke removal system.


Regular ac offsite power sources have been provided for this system.  If loss of offsite power or receipt of a LOCA signal occurs, redundant emergency power is available from the diesel generators.


Inactive supply or return components are isolated from the system by backdraft dampers and by automatically controlled duct dampers.  Redundant supply and return components automatically start upon indication of low flow from the operating system.


9.4.1.2.2      Battery Room Exhaust System


This system, shown on <Figure 9.4‑1>, operates continuously during normal plant operation, during plant shutdown and following loss of offsite power or a LOCA to exhaust the battery rooms to the outside.  In the event of an emergency, the exhaust may be remote‑manually redirected to a recirculation mode.  In this mode, the exhaust air from the battery rooms is directed to the supply plenum described in <Section 9.4.1.2.1>; the outside air damper for the system described in <Section 9.4.1.2.1> is closed.


The exhaust system consists of two 100 percent capacity exhaust fans (M24‑C001A, B), exhaust and recirculation duct systems.  One‑hundred percent capacity based on the exhaust flow required from simultaneous operation of the battery rooms in Unit 1 and Unit 2.


The exhaust fans are located in the control complex at Elevation 679’‑6”.  The A equipment is in a separate room from the B equipment.


Regular ac offsite power sources have been provided for this system.  In the event of loss of offsite power or receipt of a LOCA signal, redundant emergency power is available from the diesel generators.


Inactive exhaust fans are isolated from the system by backdraft dampers and by automatically controlled dampers.


The redundant exhaust fan starts automatically upon indication of low flow from the operating system.


9.4.1.2.3      Controlled Access and Miscellaneous Equipment Areas HVAC System


This system, shown on <Figure 9.4‑2>, operates continuously during normal plant operation and during plant shutdown to provide cooling and heating for various areas, and exhaust capabilities for various laboratory hoods and the CC‑620 RRA Access Area Count Room.  The areas served by this system include the controlled access rooms, miscellaneous areas such as the nuclear closed cooling pump and heat exchanger rooms, 


emergency closed cooling pump and heat exchanger area, hot laundry area, laboratory hoods, HVAC equipment rooms, and electric maintenance room.  The system consists of:


a.
Two 100 percent capacity supply plenums (M21‑B001A, B) housing roughing filters and chilled water cooling coils.


b.
Two 100 percent capacity supply fans (M21‑C002A, B).


c.
Two 100 percent capacity return fans (M21‑C003A, B).


d.
Two 100 percent capacity exhaust plenums (M21‑D001A, B), housing roughing, HEPA, and charcoal filters.


e.
Two 100 percent capacity exhaust fans (M21‑C001A, B).


f.
A supply duct system with electric reheat coils.


g.
A return duct system.


h.
An exhaust duct system.


i.
A recirculation duct system.


One‑hundred percent capacity is based on removing the heat resulting from simultaneous operation of the equipment in these areas for Unit 1 and Unit 2.


The plenums and fans are located in the control complex at Elevation 679’‑6”.  The A equipment is in a separate room from the B equipment.  The duct systems and controls are arranged so that a mixture of outside air and return air from the HVAC equipment room is directed through the cooling plenum and is supplied to the various areas requiring cooling or heating.  After satisfying the cooling or heating 


functions, room air from non‑contaminated areas is ducted to the return air fan and from there is discharged to the HVAC equipment room.  Room air from contaminated or potentially contaminated areas is ducted to the filter system and is then discharged to the unit plant vent.


In the event of an emergency, the filter plenum discharge may be remote‑manually redirected to a recirculation mode.  In this mode, the exhaust from the filter plenum is directed to the supply plenum discussed above, with the outside air damper to the supply plenum closed.


During normal plant operation and during plant shutdown, power will be provided to this system from the preferred ac source.  During periods of emergency, this system is not required to operate to safely shut down the plant.


In the event of loss of offsite power or a LOCA, specific areas supplied by this system are cooled by the emergency closed cooling pump area cooling system <Section 9.4.5>.  These specific areas are the emergency closed cooling pump and heat exchanger area, and areas housing the chillers and service air compressors.


Inactive supply or return components are isolated from the system by backdraft dampers and by automatically controlled duct dampers.  Redundant supply, return and exhaust components automatically start upon indication of low air flow from the operating system.


The supply, exhaust and return fans maintain constant air flow through the automatic control of fan inlet vanes.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑18> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure 


control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


9.4.1.2.4      Computer Room HVAC System


This system, shown on <Figure 9.4‑3>, operates continuously during normal plant operation to provide cooling and to maintain humidification in the computer room, to cool adjacent cable spreading areas and to supplement cooling of the control complex HVAC equipment room.  The HVAC system consists of two 100 percent capacity supply air handling units (M27‑B001A, B), each including roughing filters, chilled water cooling coils and supply duct systems with steam humidifiers.


One‑hundred percent capacity is based on removing the heat resulting from simultaneous operation of equipment in these areas for Unit 1 and Unit 2.


The air handling units are located in the control complex at Elevation 679’‑6”.  The A equipment is in a separate room from the B equipment.  The duct systems are arranged so that cooled air from the air handling unit is ducted directly to the computer room.  After absorbing heat from the computer room equipment, this air passes through the adjacent cable spreading area and returns to the heating and ventilating equipment room where the cooling cycle is repeated.  During normal plant operation, power will be provided to this system from the preferred ac source.  During periods of emergency, this system is not required to operate to safely shut down the plant.  A pneumatically operated damper in the discharge duct of each air handling unit opens when the fan motor is energized and closes when the fan motor is de‑energized.  When in the standby mode, the redundant air handling unit automatically starts upon indication of low air flow in the operating system.


9.4.1.3      Safety Evaluation


The MCC, switchgear and miscellaneous electrical equipment areas HVAC system, the battery room exhaust system, and the controlled access and miscellaneous equipment areas HVAC system have been provided with smoke detectors.  These detectors are in the supply, return and relief ductwork, and will alarm in the control room on the indication of smoke.  The charcoal filter plenums in the controlled access and miscellaneous equipment areas HVAC system have been provided with continuous monitoring of the charcoal bed temperatures, and with high and high‑high control room alarms.  A smoke purge system has been provided to exhaust smoke from the MCC and switchgear rooms, the cable spreading areas and the control complex chase.


The computer room HVAC system has been provided with high temperature detectors and high‑low humidity detectors that alarm in the control room on indication of high or low levels.


Outside air and relief air ducts, supply, return and exhaust fans, air handling units, and filter plenums for the systems discussed in <Section 9.4.1> have been provided with dampers for automatic isolation of the equipment components, and for isolation of the outside air and relief air ducts from the areas served.  This isolation minimizes the possibility of spreading contamination from a defective component or area.


Areas with potential for radioactive contamination in the controlled access area have been provided with charcoal filter systems which include redundant filter plenums and redundant exhaust fans.


Areas with potential for radioactive contamination in the controlled access area are continuously purged, with the air discharged through charcoal filters to the outside.  Battery rooms are also continuously purged with the air discharged directly to the outside.  The systems 


effecting this purge are redundant.  Where potential for radioactivity exists, air flow is in the direction of lesser to greater levels of radioactivity; in laboratories, exhaust is directed through laboratory hoods.


All of the systems described in <Section 9.4.1> are continuously monitored from the control room for operating status of components and for system air flow.  Low air flow caused by equipment malfunction or equipment degradation causes automatic change over to the redundant equipment component.  Additionally, the rooms served by the MCC, switchgear and miscellaneous electrical equipment areas HVAC systems, and the computer rooms systems are continuously monitored for ambient air temperature with high alarm and main control room readout.  The computer rooms are also continuously monitored for ambient relative humidity with high and low alarm in the main control room.


9.4.1.4      Inspection and Testing Requirements


The various components of the cooling, heating and ventilation systems described in <Section 9.4.1> are accessible for inspection and testing during normal plant operation.  The ability to isolate an idle redundant component for each system enables inspection, maintenance and testing to be performed while the system is in normal operation.


Periodic tests will be performed on the controlled access area charcoal exhaust filter systems.  These tests will include measurement of differential pressure across the filter units, field determination of efficiency of HEPA filters and laboratory determination of charcoal filter efficiency to demonstrate that aging, weathering or poisoning of the filters have not significantly affected the HEPA filters or degraded the adsorptive material in the charcoal filters.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and 


other safety devices to ensure that these operational components perform their function reliably and accurately during normal operation, and under conditions of operating interruptions.


9.4.1.5      Instruments, Controls, Alarms, and Protective Devices


9.4.1.5.1      MCC, Switchgear and Miscellaneous Electrical Equipment Areas HVAC Systems


Instrumentation, controls, alarms, and protective devices for the MCC, switchgear and miscellaneous electrical equipment areas HVAC system are as follows:


a.
Operation of this system is initiated manually from a local panel.  During normal operation, one of the two sets of redundant components operates continuously.


b.
Operation of system fans and dampers is controlled by a fan train setup switch A or B (stop‑standby‑on), a two‑position selector switch (recirculating and normal) to position dampers, and a manual control switch from each fan as indicated on <Figure 9.4‑1>.


c.
Details of the instrumentation and controls for this system are discussed in <Section 7.3.1>.


9.4.1.5.2      Battery Room Exhaust System


Operation of the battery room exhaust system is manually initiated from the local panel.  During operation, one of the two sets of redundant components operates continuously.  Details of the instrumentation and controls for this system are discussed in <Section 7.3.1>.


9.4.1.5.3      Controlled Access and Miscellaneous Equipment Area HVAC System


Instrumentation, controls, alarms, and protective devices for the controlled access and miscellaneous equipment areas HVAC systems are as follows:


a.
Operation of this system is initiated from a local panel.  During normal operation, one of the two sets of redundant components operates continuously.


b.
Instrumentation is provided for indication on the local panel of the following:



1.
Indication of fans in operation (status lights).



2.
Low air flow alarm for each fan (local annunciator point with corresponding system trouble alarm in the control room).



3.
Smoke in each supply, return and exhaust duct (high smoke alarm in the control room with corresponding indicating light on the local panel).



4.
High temperature in the carbon beds (computer alarm point in the control room with corresponding indicating light on the local panel).



5.
High‑high temperature in the carbon beds (annunciator alarm point in the control room with corresponding indicating light on the local panel).



6.
Continuous carbon bed temperature indication in the control room.



7.
Indication is provided in the control room for which fan train is operating.


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure indicator across each supply and exhaust filter plenum with local indication.



2.
Pneumatically driven dampers with solenoid valves in each outside air intake duct and in each return duct.  The outside air intake dampers will fail open and the return air dampers will fail open on loss of control air.



3.
Pneumatically driven dampers with solenoid valves in each HVAC equipment room supply branch duct.  The damper will fail open on loss of control air.



4.
Pneumatically driven dampers with solenoid valve in the exhaust duct and recirculation duct of each exhaust fan.  The exhaust damper (normally open) and the recirculation damper (normally closed) will fail open and fail closed, respectively, on loss of control air.



5.
Pneumatically driven fan vortex damper operators to modulate the variable inlet vanes of each supply and exhaust fan.  The supply fan damper will fail open on loss of control air.  The exhaust fan damper will fail close on loss of control air.


6.
Two‑position damper selector switch to position the dampers as indicated on the schedule on <Figure 9.4‑2>.



7.
Air monitoring device in each supply and exhaust fan discharge duct to provide a signal to modulate the variable inlet vanes and to alarm on the local panel and in the control room (SYSTEM TROUBLE) on low air flow.  An air monitoring device is




also provided in each return fan discharge duct to alarm on the local panel and in the control room (SYSTEM TROUBLE) on low air flow.  An air monitoring device is also provided to furnish a signal for the fan train automatic switchover network.  On loss of any operating fan (low flow), the air monitoring device will trip the remaining operating fans in the train and will automatically switch over to the standby fan train.


8.
Smoke detector in each supply and exhaust fan discharge duct to give alarm indication on the local panel and to alarm in the control room upon detection of smoke.



9.
Smoke detector in the main return branch to give alarm indication on the local panel and to alarm in the control room upon detection of smoke in the return air.  This high smoke signal will also trip the return fans and close dampers to preclude discharging smoke into the HVAC equipment room.  In addition, solenoid valves are energized to reduce the supply fan air flow rate to avoid pressurizing potentially contaminated rooms in the radiologically restricted areas.



10.
Pneumatic temperature transmitter in the fan discharge duct to modulate the three‑way valve in the chilled water coil, depending on the discharge air temperature.



11.
Electronic room thermostats to control the electric duct reheat coils.



12.
Temperature sensors (thermistors) for the charcoal filters providing an electrical signal to a local temperature monitor unit.  The temperature monitor unit provides the following output signal:




(a)
Analog output signal to a temperature indicator located in the control room to provide continuous temperature indication.




(b)
High temperature alarm (225(F) contacts to provide alarm indication on the local control panel and the main computer.




(c)
High‑high temperature alarm (250(F) contacts to provide alarm indication on the local control panel and the common HVAC panel in the control room.



13.
A fan train setup switch and individual remote‑manual fan control switches are provided on the local panel for fan train control.



14.
A pneumatic actuated ball valve with solenoid valve to drain spray water from the charcoal beds during fire protection spray deluge valve activation.  Solenoid valve is energized when the push button is depressed with the collar of spray deluge valve switch in the armed position which allows the control air to operate the piston operator, thus opening the ball valve.  Deactivating the spray deluge valve switch will de‑energize the solenoid valve; however, the drain valve will remain open until manually closed by the manual override lever.


9.4.1.5.4      Computer Room HVAC Systems


Instruments, controls, alarms, and protective devices for the computer room HVAC systems are as follows:


a.
Operation of this system is initiated manually from a local panel, so that either the A or the B set of components is operating with the redundant set of components as backup.


b.
Instrumentation is provided for indication on the local control panel (with corresponding system trouble alarm in the control room) of the following:



1.
Indication of which air handling unit is operating (status light).



2.
Low air flow alarm for each air handling unit fan with the fan running (annunciator point).



3.
High or low relative humidity in the computer rooms (annunciator point).


c.
The major instruments and controls are as follows:



1.
Differential pressure switch across each air handling unit fan to alarm on low air flow and to automatically start the backup air handling unit.



2.
Pneumatically driven discharge damper in the main supply duct of each air handling unit that automatically opens (closes) when the corresponding air handling unit fan motor is energized (de‑energized).



3.
Three‑way solenoid valves to automatically close (open) the control air supply port to the pneumatic driven dampers when the corresponding air handling unit is stopped (started).



4.
Temperature transmitters, temperature indicators and pneumatic temperature controllers in the computer rooms to modulate the three‑way valve controlling chilled water flow through the air handling unit cooling coils.



5.
Humidity controllers in the computer rooms to modulate the humidifier control valve controlling the amount of steam discharge to the supply air stream.



6.
High and low limit moisture switches that provide a signal to alarm the control room of high or low relative humidity condition in the computer rooms.  High limit moisture switches also automatically close steam supply motor‑operated valves at the same high setpoint and automatically open the valves when the relative humidity is low.



7.
Temperature element in each computer room to alarm in the control room if the room temperature rises above the high temperature setpoint.


9.4.2      FUEL HANDLING AREA VENTILATION SYSTEM


The fuel handling area ventilation system (FHAVS) is comprised of the fuel handling area supply subsystem (FHASS) and the fuel handling area exhaust subsystem (FHAES).  These systems provide ventilation for the general fuel handling area, fuel pool area, control rod drive pump areas, and the fuel pool cooling equipment room.


9.4.2.1      Design Bases


Design bases for the FHASS and the FHAES are as follows:


a.
The FHASS and FHAES are classified as Safety Class 3, Seismic Category I.  System design complies with the requirements of General Design Criteria (GDC) 1, 2, 4, 5, 60, and 61 of <10 CFR 50, Appendix A>.  The guidance provided by <Regulatory Guide 1.3>, <Regulatory Guide 1.13>, <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.47>, <Regulatory Guide 1.52>, and <Regulatory Guide 1.183> has been considered in the system design.


b.
The FHASS and FHAES are not required for safe shutdown of the plant in the event of a LOCA.  Also, the FHAES is no longer credited to operate to mitigate the consequences of a fuel handling accident.  Redundant components are provided to satisfy the single failure criterion even though dose calculations show that after 24 hours of radiological decay time, credit for FHAES filtration is no longer required to meet the licensing basis acceptance criteria for a fuel handling accident <Section 15.7.4> and <Section 15.7.6>.  The FHAES is being maintained as an ESF system, since the Technical Specifications retain an applicability for the system during movement of “recently irradiated fuel assemblies” (i.e., fuel that has occupied part of a critical reactor core within the previous 24 hours).  Note however, that fuel handling is prohibited prior to 24 hours of radiological decay, because no dose calculations exist to address a fuel handling accident within the first 24 hours of an outage.


c.
The FHASS and FHAES are initially started and subsequently operated remote‑manually from the control room.


d.
The FHASS and FHAES are designed to maintain the temperature of the fuel handling areas, and any other areas they serve, between the 



temperatures given in <Figure 3.11‑32>, <Figure 3.11‑33>, and <Figure 3.11‑34>.  This temperature range is suitable for operating personnel and equipment.


e.
Although not credited in the fuel handling accident analysis, the FHASS and FHAES are designed so that air flow is directed from areas of low probable airborne contamination to areas of high probable airborne contamination.


f.
The FHAES passes exhaust air from the fuel handling area through charcoal filter trains to ensure that release of radioactivity to the environment is kept below permissible discharge limits.


g.
The FHASS outside air intake is provided with a structural missile barrier to prevent external missiles from entering the fuel handling area.  The air intake duct is provided with two barometric pressure relief dampers.  The system discharges the exhaust air to the atmosphere through a concrete vent which provides a structural barrier against external missiles.


h.
The major components of the FHAVS are physically separated and located so that they are not affected by internally generated missiles, pipe whip and jet impingement forces associated with breaks in high and moderate energy piping.


i.
Design features of the FHAES are also contained in <Section 6.5.1>.


9.4.2.2      System Description


Ventilation of the fuel handling area and other associated areas is accomplished by the FHAVS.  This system is shown schematically on <Figure 9.4‑4>.


The FHAVS is designed to provide heating and ventilation for the various operating areas of the fuel handling area and ventilating equipment areas, and to provide effective protection for personnel against airborne radioactive contaminants.


The FHASS continuously draws outside air through roughing filters and heating coils.  One of the two 100 percent capacity supply fans (M40‑C001 A, B) normally operates to draw air through the supply plenum and discharge it to the supply ductwork for distribution.  The areas provided with supply air are the control rod drive pump areas, the FHAVS equipment area, the railway and overhead crane area, and the periphery of the fuel pool area on all sides.  The general air flow pattern in the fuel handling area is from areas of low probable airborne contamination to areas of high probable airborne contamination.


The ventilation pattern in the fuel pool areas is from the supply around the periphery of the pools toward the exhaust located directly above the pools.


The FHAES continuously draws air from the CRD pump areas, the control rod drive maintenance area, the area above the fuel pools, and from the fuel pool cooling, cleaning and postaccident sampling system (PASS) equipment rooms located in the intermediate building.  Two of the three 50 percent charcoal exhaust units are operating normally to draw air through the exhaust ductwork and discharge it to the atmosphere through the unit vent.


In the event that the radiation monitors located upstream of the charcoal exhaust units senses high radiation, the high radiation signal alarms in the control room and automatically trips the supply fan.  The exhaust system remains operational to continue exhausting contaminated air from the fuel handling area through charcoal filters, thus precluding any uncontrolled release of radioactivity to the outside.  Two barometric pressure relief dampers (F575 and F576) in the supply 


duct would relieve any excessive negative building pressure.  This filtration is not credited in the fuel handling accident analysis.


During normal plant operation and plant shutdown, power will be provided by the preferred ac source.  In case of a LOCA, this system is not required to operate to safely shut down the plant.  However, during loss of offsite power (without LOCA), this system is automatically connected to the diesel generator and may be started manually at the operator’s option.


To comply with the single failure criterion, the power for exhaust fan M40‑C002C and filter train M40‑D001C is provided from Division 1 or Division 2, preferred ac sources.  The division transfer at the motor control center is done by a manual key interlock system.  An effective means to maintain cable and wiring separation between Division 1 and Division 2 is achieved by the installation of totally enclosed raceways.  The raceways and wiring are installed as Division 2, except for the Division 1 main feed to the motor control center.


The supply and exhaust fans are provided with variable inlet vanes to maintain a constant air flow in each of the systems as filters get dirty.  Isolation dampers are also provided for isolation of idle units.


The major components of the fuel handling area supply system are located in the fuel handling area at Elevation 599’‑0” and consist of two 100 percent capacity supply fans (M40‑C001A & B) and one 100 percent capacity supply plenum (M40‑B001).  The supply plenum includes roughing filters and hot water heating coils.


The major components of the fuel handling area exhaust system are located in the intermediate building at Elevation 682’‑6” and consist of three 50 percent capacity exhaust fans (M40‑C002A, B and C) and three 50 percent filter trains (M40‑D001A, B and C).  These filter trains 


include demisters, roughing filters, electric heating coils, HEPA prefilters, charcoal filters, and HEPA after‑filters.


The components of the supply and exhaust systems are of standard industrial design manufactured to meet the Quality Assurance requirements of Safety Class 3, Seismic Category I items.  Filter racks, frames and plenums are specially designed to satisfy the system space requirements, and meet the QA and seismic requirements.


For additional filtered exhaust system details refer to <Section 6.5> and <Section 12.3>.  <Figure 12.3‑16> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.52> as presented in <Table 6.5‑2>.


9.4.2.3      Safety Evaluation


Provision for redundant supply and exhaust components ensures that adequate ventilation will be provided in the event of any single component failure.  Air flow control maintaining the flow direction and flow rates and providing an effective filtration system, provides an effective means of controlling radioactive release to the atmosphere.


Relative humidity of the exhaust air is maintained below 70 percent by manually energizing the electric heating coil in response to a humidity alarm or during exhaust fan operation.


On loss of control air, the air monitor flow control vortex damper for the supply and exhaust fans will fail in the open position and the system will continue to operate (provided there is no loss of offsite power).


In case of fire, the ventilation system will continue to operate to supply and exhaust from the building and handle the products of combustion through appropriate ventilation duct.  This will continue until the temperature transmitters located in specific areas of the supply and exhaust ducts sense high temperature; indication of high temperature automatically stops the operating fan.  System fans can be shut off by a manual switch in the control room at the operator’s option.


Radiation monitoring is also provided to alarm in the control room if the radioactivity level in the exhaust air exceeds a preselected set point.  The radiation monitor is located in the ventilation exhaust duct at the main exhaust header, and draws representative samples of the air from the area.  Details of the radiation monitoring system and set points are discussed in <Section 12.2>.  Evaluation and analysis of radiological considerations during normal operation and a fuel drop accident are discussed in <Section 12.2> and <Chapter 15.0>, 


respectively.  Comparison of the fuel handling building exhaust air filtration system with the positions in <Regulatory Guide 1.52> is given in <Section 6.5.1>.


9.4.2.4      Inspection and Testing Requirements


The components of the fuel handling building ventilation supply and exhaust subsystems are accessible during normal plant operation, shutdown and refueling operations.  The ability to isolate an idle redundant component enables inspection, maintenance and testing to be performed while the system is in normal operation.  When maintenance and testing are required on the common supply plenum, the supply system will be shut down.


Periodic tests will be performed on the fuel handling building exhaust filter system.  These tests will include measurement of differential pressure across the filter units and determination of filter efficiency to demonstrate that aging, weathering or poisoning of the filters has not significantly degraded the adsorptive material in the charcoal and HEPA filters.  <Section 6.5.1> gives additional testing requirements for the charcoal filter trains.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and other safety devices to ensure that these operational components perform their function reliably and accurately during normal operation, and under conditions of operating interruptions.


9.4.2.5      Instruments, Controls, Alarms, and Protective Devices


Operation of the fuel handling area ventilation supply and exhaust subsystems is manually initiated from the control room.  During operation, one of the two supply fans and two of the three exhaust fans operate continuously.  The supply fans are interlocked to operate only 


when the exhaust fans are operating, and are interlocked to trip when either of the temperature transmitters in the supply duct senses high temperature.  The exhaust fans are interlocked to trip when the charcoal filter deluge valves are armed or actuated, and when either of the temperature transmitters in the exhaust duct senses high temperature.  Details of the instrumentation and controls for this system are discussed in <Section 7.3.1>.


9.4.3      AUXILIARY AND RADWASTE AREA VENTILATION SYSTEMS


The auxiliary and radwaste building ventilation systems consist of separate systems for the auxiliary building, steam tunnel and radwaste building.


9.4.3.1      Design Bases


9.4.3.1.1      Auxiliary Building Ventilation System


Design basis for the auxiliary building ventilation system (ABVS) is as follows:


a.
The ABVS is classified as nonsafety‑related and non‑seismic category, except for the exhaust system charcoal filter plenum and for ductwork in close proximity to safety class equipment.  These exceptions are classified as Seismic Category I.  The design of the systems complies with the requirements of General Design Criteria (GDC) 60 and 61 of <10 CFR 50, Appendix A> and <10 CFR 50, Appendix B>.  The requirements of <Regulatory Guide 1.29>, <Regulatory Guide 1.140>, National Fire Protection Association (NFPA) 90A, and Branch Technical Position APCSB 9.5‑1 have also been considered in the system designs and equipment procurement.


b.
The ABVS is:



1.
Not required to operate to safely shut down the plant in the event of a LOCA.



2.
Started and stopped from panels local to the supply and exhaust fans.



3.
Designed to maintain areas served by this system between the temperatures given in <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, and <Figure 3.11‑16>.



4.
Designed so that air flow is directed from areas of potentially low radioactivity to areas of higher radioactivity.



5.
Designed to maintain flow rates of 3 to 6 air changes per hour for areas of low probable airborne contamination and 6 to 10 air changes per hour for areas of high probable airborne contamination.



6.
Designed to maintain constant supply and exhaust air flow despite filter pressure drop increase due to dirt accumulation.



7.
Designed to direct the exhaust air of this system through a charcoal filter plenum to ensure that the release of radioactivity to the environment is below permissible discharge limits.



8.
Continuously monitored to indicate system status, system malfunction, fire or smoke hazard, and excess radiation in the discharge of this exhaust system.


c.
The ABVS outside air intake is provided with a structural missile barrier to prevent external missiles from entering the auxiliary building.


d.
The ABVS discharge is directed to the concrete unit vent.


e.
The ABVS supply and exhaust fans are physically separated from each other, and are located in equipment areas that would not be affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high energy piping.


9.4.3.1.2      Steam Tunnel Cooling System


Design bases for the steam tunnel cooling system (STCS) are as follows:


a.
The STCS is classified as nonsafety‑related and non‑seismic category.  The requirements of NFPA 90A and Branch Technical Position APCSB 9.5‑1 have also been considered in the system design and equipment procurement.


b.
The STCS is:



1.
Not required to operate to safely shut down the plant in the event of a LOCA.



2.
Started and stopped from panels local to the supply fans.



3.
Designed to maintain areas served by this system between the temperatures given in <Figure 3.11‑15>.



4.
Designed to relieve the cooling ventilation air to the auxiliary building exhaust system charcoal filter system and turbine building.



5.
Continuously monitored to indicate system status and system malfunction.


c.
The STCS supply fans are mounted above the inlet plenum in an equipment area that would not be affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high and moderate energy piping.


9.4.3.1.3      Radwaste Building Supply and Exhaust Systems


Design bases for the radwaste building supply system (RBSS) and radwaste building exhaust system (RBES) are as follows:


a.
Bases listed in <Section 9.4.3.1.1>, excluding Item b2, are also applicable to the RBSS and RBES.


b.
The RBVS is started from the Radwaste Control Room.


9.4.3.2      System Description


9.4.3.2.1      Auxiliary Building Ventilation System


The auxiliary building ventilation system (ABVS) is shown on <Figure 9.4‑5>.  The ABVS operates continuously to provide filtered (the supply roughing filters may be removed to preclude snow buildup on the filters) and tempered outside air to various areas of the auxiliary building.  The ABVS operates continuously to exhaust these areas and to direct this exhaust through a charcoal filter plenum to the unit vent.  The supply system consists of one 100 percent capacity supply plenum (M38‑B001) housing roughing filters (the supply roughing filters may be removed to preclude snow buildup on the filters) and hot water heating coils, two 100 percent capacity supply fans (M38‑C001A, B) and supply distribution ducts.  The exhaust system consists of one 100 percent capacity filter plenum (M38‑D001) which houses roughing, HEPA, charcoal 


and a second bank of HEPA filters, two 100 percent capacity exhaust fans (M38‑C002A, B), and exhaust distribution ducts.


The supply and exhaust fans are provided with automatically controlled variable inlet vanes to maintain constant supply and exhaust air flow.  Inactive supply or exhaust fans are isolated by automatically controlled dampers.


The filter plenums and the supply and exhaust fans for these systems are located in the auxiliary building at Elevation 620’‑6”.


The supply and exhaust ductwork is arranged to satisfy the design bases listed <Section 9.4.3.1> and to serve the following areas:


a.
Turbine building chiller hallway area.


b.
LPCS pump room.


c.
RHR “B” pump and heat exchanger room.


d.
RHR “C” pump room.


e.
RCIC pump room.


f.
RHR “A” pump room and heat exchanger room.


g.
HPCS pump room.


h.
RWCU pump room.


i.
Steam tunnel area.


j.
Auxiliary building hallway.


During normal plant operation and during plant shutdown, power will be provided to this system from the preferred ac source.  During periods of emergency, this system is not required to operate to safely shut down the plant.  See <Section 9.4.5.2.3> for a description of the ECCS pump room cooling system.


A high differential temperature signal causing inadvertent isolation of the RHR and RCIC systems is precluded since dual element thermocouples installed in the RCIC equipment room for sensing high differential temperature are insensitive to sharp variations in outside air temperature.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑20> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


9.4.3.2.2      Steam Tunnel Cooling System


The steam tunnel cooling system (STCS) is shown on <Figure 9.4‑6>.  It operates continuously to provide filtered and cooled air to the steam tunnel.  Cooling air is directed from the auxiliary building general area through the cooling plenum, to the steam tunnel, and is then relieved to the turbine building and to the auxiliary building exhaust system.  The STCS consists of one 100 percent capacity supply plenum (M47‑B001) which houses roughing filters and chilled water cooling coils, two 100 percent capacity supply fans (M47‑C001A, B), supply and relief distribution ducts.  Inactive supply fans are isolated by automatically controlled dampers.  The filter plenum and the supply fans for this system are located at Elevation 620’‑6”.  The supply and relief duct is arranged to satisfy the design bases specified above for this system.


During normal plant operation, power will be provided to this system from the preferred ac source.  System operation is not required to safely shut down the plant.


9.4.3.2.3      Radwaste Building Ventilation System


The radwaste building ventilation system (RBVS) is shown on <Figure 9.4‑7>.


The supply system operates continuously to provide filtered (the supply roughing filters may be removed to preclude snow buildup on the filters) air to various areas of the radwaste building.  The exhaust system operates continuously to exhaust these areas and to direct this exhaust through a charcoal filter plenum to the unit vent.


The supply system consists of one 100 percent capacity supply plenum (M31‑B001) which houses roughing filters (the supply roughing filters may be removed to preclude snow buildup on the filters) and hot water heating coils, two 100 percent capacity supply fans (M31‑C001A, B) and supply distribution ducts.


The exhaust system consists of two 100 percent capacity filter plenums (M31‑D001A, B), housing roughing, HEPA, charcoal and a second bank of HEPA filters, two 100 percent capacity exhaust fans (M31‑C002A, B) and exhaust distribution ducts.  The supply and exhaust fans are provided with automatically controlled variable inlet vanes to maintain constant supply and exhaust air flow.  Inactive supply or exhaust fans are isolated by automatically controlled dampers.


The filter plenums and the supply and exhaust fans for these systems are located in the radwaste building at Elevation 623’‑6”.


The supply and exhaust ductwork is arranged to satisfy the design bases listed above and to serve all areas of the radwaste building as shown on <Figure 9.4‑7>.


During normal plant operation and during plant shutdown, power will be provided to this system from the preferred ac source.  During periods of emergency, system operation is not required to safely shut down the plant.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑19> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


9.4.3.3      Safety Evaluation


Providing redundant supply and exhaust fans for the auxiliary building, steam tunnel and radwaste building ensures that adequate ventilation will be provided in case a single failure of an active component occurs.  Maintenance of air flow patterns in the direction of progressively greater probability of airborne contamination is ensured by automatically controlling the supply and exhaust air flow rates and by alarming if the design air flow has not been maintained.  Provision of charcoal filter systems for all the air exhausted from these areas assures an effective means for controlling the release of radioactivity to the atmosphere.  If control air is lost, all outside air dampers and fan isolation dampers close, preventing reverse flow from the unit vent from entering the inactive system.


The duct systems (except STCS) are monitored for high temperature and smoke.  Indication of smoke automatically stops the supply fans.  A high temperature signal automatically stops the exhaust fans which are interlocked to stop the supply fans.


The charcoal filter plenums are monitored for excessive air temperatures leaving the charcoal beds, which are provided with a fire spray water system.


Radiation monitoring is provided to alarm the control room if the activity in the exhaust air exceeds a preselected set point.  Details of the radiation monitoring system are discussed in <Section 12.3.4>.


9.4.3.4      Inspection and Testing Requirements


The components of the cooling, heating and ventilation systems of the auxiliary building steam tunnel and radwaste building are accessible for inspection and testing during normal plant operation except the auxiliary building exhaust plenum.  The ability to isolate an idle redundant component enables inspection, maintenance and testing to be performed while the system is in normal operation.  When maintenance and testing is required on nonredundant plenums, the system will be shut down.  Periodic tests will be performed on the auxiliary building and radwaste building charcoal exhaust filter systems.  These tests will include measurement of differential pressure across the filter units and determination of filter efficiency to demonstrate that aging, weathering or poisoning of the filters have not significantly degraded the absorptive material in the charcoal and HEPA filters.


During testing and inspection, provisions will be made to verify the function and performance of the fans, dampers, valves, controls, and other safety devices.  This will ensure that these operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.3.5      Instruments, Controls, Alarms, and Protective Devices


9.4.3.5.1      Auxiliary Building Ventilation System


Instruments, controls, alarms, and protective devices for the auxiliary building ventilation system (ABVS) are as follows:


a.
Operation of the supply and exhaust fans are manually initiated from the local panel.  During operation, one of the two supply fans and one of the two exhaust fans operate continuously.  The supply fans are interlocked to be operable only when at least one exhaust fan is operating.  The exhaust fans are interlocked to stop when the charcoal deluge switch is armed or actuated, and upon indication of high temperature in the exhaust duct.  The exhaust fans are also interlocked to prevent simultaneous operation of both fans on startup and restart following loss of power.


b.
Instrumentation is required for indication in a local panel of the following:



1.
Indication of which fan is energized (status light).



2.
Low air flow with fan in operation (alarm locally with corresponding trouble alarm in control room).



3.
Smoke in common fan discharge duct (local indicating light with alarm in the control room).



4.
High temperature in supply fan discharge duct (alarm locally with corresponding trouble alarm in the control room).



5.
High radiation in the exhaust air (indicating light with alarm in the control room).



6.
High temperature in the carbon beds (alarm and readout in the control room).



7.
Low air temperature alarm downstream of heating coil (alarm locally with corresponding system trouble alarm in the control room).


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure indicator, with local indication, across each filter bank.



2.
Pneumatically driven damper with solenoid air valve in the outside air intake duct of the supply system.  This damper is open during system operation and will fail closed on loss of control air.



3.
Pneumatically driven dampers with solenoid air valves in the discharge duct of each supply fan.  The dampers will open when the corresponding fan is energized and close when the fan stops.  Dampers will fail closed on loss of control air.



4.
Pneumatically driven damper with solenoid air valve in the discharge duct of each exhaust fan.  The damper will open when the corresponding fan is energized and close when the fan stops.  Dampers will fail closed on loss of control air.



5.
Air monitoring device switch in each fan discharge duct to provide a signal to modulate the variable inlet vanes and to alarm in the control room on loss of air flow.



6.
Smoke detectors in the supply and exhaust fan common discharge ducts to alarm in the control room if smoke is detected.  The 




operating supply fan will also be de‑energized upon detection of smoke in the supply fan common discharge duct.



7.
Temperature sensor with a low temperature sensing element mounted downstream of the heating coil to alarm in the control room when the preset low temperature is exceeded.  The low temperature signal automatically stops the operating supply fan.



8.
Differential pressure switch across each exhaust fan to initiate automatic start signal for the standby fan on low air flow condition of the operating fan.  The standby fan will only start once the operating fan has tripped.



9.
Discharge air thermostat in the common supply fan discharge duct to control the three‑way valve of the heating coil.



10.
Temperature sensors (thermistors) for the charcoal filter beds to provide an electrical signal to a local temperature monitor unit.  The temperature monitor unit provides the following output signals:




(a)
Analog output signal to a temperature indicator located in the control room to provide continuous temperature indication.




(b)
High temperature alarm (225(F) contacts to provide alarm indication on the main computer (teletype and alarm CRT).




(c)
High‑high temperature alarm (250(F) contacts to provide alarm (annunciator point) on panel H13‑P904.



11.
A pneumatic actuated ball valve (M38‑F100) with solenoid valve (M38‑F101) to drain spray water from the charcoal beds during 




fire protection spray deluge valve activation.  The solenoid valve is energized when the push button is depressed with the collar of spray deluge valve switch in the armed position.  This allows the control air to operate the piston operator and open the ball valve.  Deactivating the spray deluge valve switch will de‑energize the solenoid valve (M38‑F101); the drain valve (M38‑F100) will remain open until manually closed by the manual override lever.



12.
Radiation monitor in the exhaust plenum common inlet duct to provide indication (panel light on local panel) when gaseous activity of the exhaust air exceeds a preselected set point.  High radiation automatically stops the operating supply fan.



13.
High temperature switches in the exhaust fan common discharge duct.  The high temperature signal automatically stops the operating exhaust fan.


9.4.3.5.2      Steam Tunnel Cooling System


Instruments, controls, alarms, and protective devices for the steam tunnel cooling system (STCS) are as follows:


a.
Operation of this system is initiated from the local panel.  This system operates continuously during normal plant operation.


b.
Instrumentation is provided for indication on the local panel (with corresponding system trouble alarm in the control room) of the following:



1.
Low air flow alarm for each fan (with fan energized).



2.
High ambient temperature in the steam tunnel (alarm and readout in control room only).


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure switch across the fan to alarm in the local panel (with a corresponding “trouble alarm” in the control room) on low air flow with fan energized, and to furnish a signal to automatically start the standby fan.



2.
Temperature element in the steam tunnel transmitting to a temperature monitoring module to alarm and provide readout in the control room when a preset high temperature is exceeded.



3.
Temperature controller in fan common discharge duct to modulate three‑way valve of cooling coil.



4.
Pneumatically driven isolation dampers with solenoid air valves in each fan discharge duct.  The dampers will open when the corresponding fan is energized and will close when the energized fan stops.  The dampers will fail open on loss of control air.


9.4.3.5.3      Radwaste Building Ventilation System


Instruments, controls, alarms, and protective devices for the radwaste building ventilation system (RBVS) are as follows:


a.
Operation of this system is manually initiated from the radwaste control room.  During operation, one of the two supply fans and one of the two exhaust fans operates continuously.  The one operative supply fan is interlocked to run only if at least one exhaust fan is energized.  The exhaust fans are interlocked to trip when the charcoal filter deluge valves are armed or actuated, and upon indication of high temperature in the exhaust duct.


b.
The following instrumentation is provided for indication in the radwaste control room:



1.
Indication of which fan is energized (status light).



2.
Low air flow with fan in operation (alarm locally).



3.
Smoke in supply fans common discharge duct and in each exhaust fan discharge duct (alarm).



4.
High temperature in common supply duct (alarm locally).



5.
High radiation in the exhaust duct (alarm).



6.
High temperature in the carbon beds (alarm locally and readout in the control room).



7.
High‑high temperature in the carbon beds (alarm locally and in the control room).



8.
Heating coil low temperature (alarm).


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure indicator, with local indication, across each filter bank.



2.
Pneumatically driven damper with solenoid air valve in the outside air intake duct of the supply system.  This damper is open during system operation.  Damper will fail closed on loss of control air.



3.
Pneumatically driven dampers with solenoid air valves in the discharge duct of each supply fan.  The dampers will open when 




the corresponding fan is energized and close when the fan stops.  Dampers will fail closed on loss of control air.



4.
Pneumatically driven damper with solenoid air valve in the discharge duct of each exhaust fan.  The damper will open when the corresponding fan is energized and close when the fan stops.  Dampers will fail closed on loss of control air.



5.
Air monitoring device in each supply and exhaust fan discharge duct to provide a signal to modulate the variable inlet vanes and to alarm locally (radwaste control room) on loss of air flow.



6.
Differential pressure switch across each exhaust fan to provide start signal for the standby exhaust fan upon low flow condition of the operating fan.



7.
Smoke detectors in the supply fan common discharge duct and in each exhaust fan discharge duct to alarm and provide indication on the local panel (red lamp), and to alarm in the radwaste control room if smoke is detected.  High smoke signal in the supply duct will also stop the supply fan.



8.
High temperature switch in the common supply fan duct to alarm in the radwaste control room upon receipt of high temperature.  The heating coil low temperature alarm signal automatically stops the operating supply fan.



9.
Pneumatically operated three‑way valve for the hot water heating coil.



10.
Temperature controller in the common supply fan discharge duct to control the three‑way valve of the heating coil in response to discharge air temperature.



11.
Temperature sensors (thermistors) for the charcoal filter beds to provide an electrical signal to a local temperature monitor unit.  The temperature monitor unit provides the following output signals:




(a)
Analog output signal to a temperature indicator located in the main control room to provide continuous temperature indication.




(b)
High temperature alarm (225(F) contacts to provide alarm indication on the main computer (teletype and alarm CRT).




(c)
High‑high temperature alarm (250(F) contacts to provide alarm (annunciator point) on panel H13‑P904 and on local panel H51‑P031.



12.
A pneumatic actuated ball valve (M31‑F160A or B) with solenoid valve (M31‑F161A or B) to drain spray water from the charcoal beds during fire protection spray deluge valve activation.  Solenoid valve is energized when the pushbutton is depressed with the collar of spray deluge valve switch in the armed position, allowing the control air to operate the piston operator and open the ball valve.  Deactivating the spray deluge valve switch will de‑energize the solenoid valve (M31‑F161A or B); the drain valve (M31‑F160A or B) will remain open until manually closed by the manual override lever.



13.
Radiation monitor to alarm in the main control room and the radwaste control room when the gaseous activity in the exhaust air exceeds a preselected set point.  The high radiation alarm also stops the supply fan in operation.



14.
High temperature switches in each of the exhaust fan discharge ducts and the common discharge duct.  The high temperature signal automatically stops the operating exhaust fan.


9.4.4      TURBINE BUILDING AREA VENTILATION SYSTEM


9.4.4.1      Design Bases


The cooling, heating and ventilation systems for the turbine building, heater bay and offgas building (including the turbine building chilled water system) are designed to:


a.
Maintain the ambient temperature as described in <Figure 3.11‑37> and <Figure 3.11‑38> to provide suitable environment for operating personnel and equipment.


b.
Direct the air flow from areas of low potential radioactivity level to areas of high potential radioactivity level.


c.
Pass the exhaust air from the offgas building and from the steam jet air ejectors and catalytic recombiner areas, through a charcoal filter train before discharge to the atmosphere.


d.
Provide chilled water to the cooling coils to sufficiently cool the air before supplying it to the various areas requiring cooling.


e.
Provide sufficient redundancy in components to meet the single failure criterion.


The design bases for the location of fire dampers is discussed in <Section 9.5.1>.


9.4.4.2      System Description


The cooling, heating and ventilating systems for the turbine building area, shown schematically on <Figure 9.4‑8>, <Figure 9.4‑9>, and <Figure 9.4‑10>, consist of the following:


a.
Turbine building ventilation system


b.
Heater bay ventilation system


c.
Offgas building exhaust system


d.
Turbine building chilled water system <Section 9.4.9>


These systems are discussed in the sections that follow.


9.4.4.2.1      Turbine Building Ventilation System


The supply units provide clean, filtered (the supply roughing filters can be removed during the months when snow is anticipated) and cooled or heated air to the condenser bay area, condensate pump area, steam piping and valve area, turbine operating floor, condensate polishing area, and to the offgas building for the purpose of maintaining an ambient temperature suitable for operating plant equipment.


Ducted exhaust air is provided at the roof of the turbine building.  The supply air is drawn through the turbine operating floor, exhausted at the roof and discharged to the atmosphere by centrifugal fans through an elevated release point (heater bay vent duct).


The supply system draws outside air, passes it through filters (the supply roughing filters can be removed during the months when snow is anticipated), heating coils and cooling coils (as required) and distributes the air to the condenser bay area, condensate pump area, 


steam piping and valve area, condensate polishing area, and to the offgas building.  The quantity of air supplied to the various areas is based on the heat load that must be removed to maintain the required ambient temperatures.


The air supply to the different areas in the turbine building is partly exhausted by the offgas building exhaust system, and the rest is drawn through the turbine operating floor by the turbine building/heater bay exhaust fans and discharged to the atmosphere through elevated release points.  During winter operating, two turbine building supply fans (M35‑C001A, ‑C001B or ‑C001C) and one heater bay supply fan (M41‑C001A, or ‑C001B) operate to provide ventilation air.  Exhaust air is provided by the operation of one offgas building exhaust fan (M36‑C001A or ‑C001B) and one turbine building/heater bay exhaust fan (M41‑C002A or ‑C002B).  Winter heating will be supplied by thermostatically controlled unit heaters.  During summer operation, supply air is provided by two of three turbine building supply fans and both heater bay supply fans.  Exhaust air is provided by the operation of both turbine building/heater bay exhaust fans and one of two offgas building exhaust fans.  Additional ventilation air is provided during the summer by manually operated windows.  The exhaust rate being greater than the supply rate at all times creates a slight negative pressure throughout the plant, minimizing transfer of possible contamination from one area to another.


A radiation monitoring device is provided in the heater bay exhaust system vent duct to monitor the air exhausted to the atmosphere.


The turbine building ventilation system is not required to operate during a LOCA or loss of offsite power.  Components of this system are classified as nonsafety and non‑seismic.


The main components of this system are located in the offgas building at Elevation 635’‑0” and consist of three 50 percent capacity supply plenums and three 50 percent capacity centrifugal fans.  Each supply 


plenum includes roughing filters (the supply roughing filters can be removed during the months when snow is anticipated), heating coils and chilled water coils.  Pneumatically driven isolation dampers with solenoid air valves are provided in each supply plenum inlet and in each fan discharge duct for idle unit isolation.


Components for the turbine building ventilation system are of standard industrial design.  However, the filter racks, frames and plenums are designed to satisfy system space requirements.


9.4.4.2.2      Heater Bay Ventilation System


The heater bay ventilation system is divided into the supply system and the exhaust system.  The supply system includes two axial flow fans (M41‑C001A, B) with isolation dampers and distribution ductwork.  The exhaust system includes two centrifugal exhaust fans (M41‑C002A, B); these fans are also designated as the turbine building/heater bay exhaust fans.


During summer operation, two supply fans (M41‑C001A & B) and both turbine building/heater bay exhaust fans (M41‑C002A, B) are operating.  The supply system draws outside air through two intake openings (one with operating louvers and one with hooded heating coils) and supplies it to the lower heater bay areas through a ventilation chase to cool equipment and maintain a suitable operating environment.  The quantity of air supplied to the various areas is based on the heat load to be dissipated to maintain the required ambient temperature.  The air supplied to the lower areas is drawn through floor and wall openings by the turbine building/heater bay exhaust fans and then discharged to the atmosphere through an elevated release point (heater bay vent duct).  Ventilating air for the upper areas is provided by drawing outside air 


through operating louvers in the wall above floor Elevation 620’‑6” and internal wall and floor openings, and is then discharged to the atmosphere through the heater bay vent duct.


During winter operation, one supply fan (M41‑C001A or B) and one turbine building/heater bay exhaust fan (M41‑C002A or B) are operating and all operating louvers are closed.  The supply fan draws outside air through heating coils in the intake housing and supplies it to the lower heater bay areas through a ventilation chase to maintain a suitable operating condition.  The air is then further used for the same heating function in the upper heater bay areas.  This is accomplished by the exhaust fan (M41‑C002A or B) drawing the air through wall and floor openings before it is discharged to the atmosphere through an elevated release point.  The heating coils heat the supply air depending upon the outside air temperature.  The hot water to the coils has a modulating valve controlled by a thermostat downstream of the heating coils.  Temperature switches protect the heating coils from freeze up by interlocking to shut down the supply fan and alarm on low temperature.  Additional space heating will be provided by recirculating ambient air through hot water unit heaters.


Wall and floor openings are arranged to maintain air flow pattern from areas of less radioactivity to more radioactive areas.


The heater bay exhaust system vent duct is provided with a radiation monitor to measure radioactivity of the exhaust air before it is discharged to the atmosphere.  For details of the radiation monitoring system see <Section 12.3.4>.


The heater bay ventilation system is not required to operate during a LOCA or loss of offsite power.


Components of the heater bay ventilation system are classified as nonsafety and non‑seismic.


The supply fans for this system are located in the heater bay at Elevation 620’‑6”, and includes two 80,000 cfm capacity axial flow fans with isolation dampers and heater coils mounted on the wall louvers.  Fans, coils, louvers, and dampers are of standard industrial design.


The main components of the exhaust system are located on the roof of the heater bay at Elevation 667’‑6” and consist of two centrifugal exhaust fans.  The components of this system are of standard industrial design.


9.4.4.2.3      Offgas Building Exhaust System


The function of this system is to exhaust air from the offgas building and from potentially contaminated areas like the steam jet air ejector area, catalytic recombiner area, and various rooms and equipment cells in the condensate polishing area.  This exhaust air passes through a charcoal filter train before it is discharged to the atmosphere through an elevated release point (offgas vent duct).  The offgas exhaust system is operated continuously during normal operation.  The main components of this system are located in the offgas building at Elevation 635’‑0”, and consist of two 100 percent capacity charcoal filter trains and two 100 percent capacity centrifugal fans with isolation dampers for idle unit isolation.  The charcoal filter trains include roughing filters, HEPA prefilters, charcoal filters, and HEPA after‑filters.


The fans, filters and dampers are of standard industrial design.  However, the components of this system are designed to satisfy system space requirements and to satisfy the requirements for Safety Class 3 and Seismic Category I items.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑15> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


9.4.4.3      Safety Evaluation


Provision for redundant and separate components in the various cooling and ventilation systems serving the turbine building, offgas building and heater bay ensure that adequate cooling and ventilation will be provided in the event of a single component failure.


Effective means of controlling radioactive discharges to the atmosphere are provided by maintaining exhaust flow patterns and exhaust air flow rates in the various areas of the offgas building and condensate polishing area, maintaining a slight negative pressure in the steam jet air ejector and recombiner areas, having adequate charcoal filtration for offgas building exhaust, and monitoring all exhaust air.  The various isolation dampers will open and the systems will continue to operate (provided there is no loss of offsite power) if control air is lost.


The offgas building exhaust system is designed to operate continuously even during plant shutdown, and is provided with redundant exhaust filter trains and fans to allow continuous operation of the system if a single component failure occurs.  For this reason, the exhaust flow patterns in the various offgas building areas, and the slight negative pressure in the steam jet air ejector and recombiner areas, are always maintained.  This will preclude the probability of air from these areas being exhausted.


Evaluations of radiological considerations during normal plant operation are discussed in <Section 12.2>.


9.4.4.4      Inspection and Testing Requirements


The components of the turbine building, offgas building and heater bay cooling, heating and ventilation systems (including the chilled water system) are accessible for inspection and testing during normal plant 


operation, plant shutdown and refueling operations.  Redundancy in the components and the ability to isolate idle components enables inspection, maintenance and testing to be performed while the system is in normal operation.


Periodic tests will be performed on the offgas building charcoal filter system in accordance with <Regulatory Guide 1.140>.  These tests will include measurement of differential pressure across the filter units, and determination of filter efficiency to demonstrate that aging, weathering or poisoning of the filter has not significantly degraded the absorptive materials in the charcoal and HEPA filters.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, chillers, pumps, controls, and other safety devices.  These provisions ensure that these operational components function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.4.5      Instruments, Controls, Alarms, and Protective Devices


9.4.4.5.1      Turbine Building Ventilation System


Instruments, controls, alarms, and protective devices for the turbine building ventilation system are discussed as follows:


a.
Operation of the supply system is initiated manually from the local panel located at Elevation 635’‑0” in the offgas building.  During normal operation in winter or summer, two of the three supply units operate continuously.


b.
Operation of the exhaust system is initiated manually from the offgas building.  In normal operation in winter, one of the two turbine building/heater bay exhaust fans operate continuously.  The other exhaust fan may be manually started and the operating windows 



manually opened as required to provide additional cooling in the turbine operating area during summer operation.


c.
Instrumentation is required for indication on the local panel of the following:



1.
Indication of which fans are operating (status light).



2.
Low air flow alarm for each fan with a corresponding system trouble alarm in the control room.



3.
Smoke in supply fan common discharge duct (indicating light with corresponding high smoke alarm in the control room).



4.
High air temperature alarm and low air temperature alarm downstream of each heating coil with a corresponding system trouble alarm in the control room.



5.
Motor trip alarm (computer).


d.
The major items of instrumentation and controls are as follows:



1.
Differential pressure indicator across each filter bank with local indication.



2.
Pneumatically driven isolation dampers with solenoid air valves in each supply fan discharge duct and each supply plenum inlet duct.  Dampers will open when the corresponding fan is energized and will close when the fan stops.  Dampers will fail closed on loss of control air.



3.
Differential pressure switch across each supply fan to give local alarm and to alarm in the control room on low air flow.



4.
Temperature controller in each supply fan discharge duct to modulate the three‑way valve in the chilled water coil or hot water coil to maintain 60(F fan inlet temperature.



5.
Smoke detector in the supply fan common discharge duct to indicate an alarm condition locally and to alarm in the control room upon detection of smoke.



6.
Radiation monitor in the discharge of the heater bay vent duct to alarm in the control room upon detection of high radioactivity in the exhaust air.



7.
Temperature sensor with a low temperature sensing element mounted downstream of the heating coil to alarm locally and in the control room when the low or high temperature set point is reached.  The low temperature alarm will automatically stop the supply fans.



8.
A trouble alarm will be in the control room.


9.4.4.5.2      Heater Bay Ventilation System


Instruments, controls, alarms, and protective devices for the heater bay ventilation system are discussed as follows:


a.
Operation of this system is initiated manually from a local panel with a system trouble alarm in the control room.  During summer operation, the two supply fans and the two turbine building/heater bay exhaust fans operate continuously.  During winter operation, one supply fan and one turbine building/heater bay exhaust fan are required to operate to provide the necessary equipment ventilation with all operating louvers closed.


b.
Instrumentation is required for indication on the local panel (with a corresponding system trouble alarm in the control room) of the following:



1.
Indication of which fans are operating (status light).



2.
Low air flow alarm (indicating light and audible alarm) for each fan with a corresponding trouble alarm in the Control Room.



3.
Indication of position for the operating louvers.


c.
An audible alarm and an alarm acknowledge pushbutton is provided at the local panel.  The acknowledge pushbutton silences the local audible alarm and clears the control room system trouble alarm.


d.
The major items of instrumentation and controls are as follows:



1.
Pneumatically driven dampers with solenoid air valves in each fan discharge duct.  The dampers will open when the corresponding fan is energized and will close when the fan stops.  Dampers will fail closed on loss of control air.



2.
Differential pressure switch (1M41‑N030A, B) across the supply fans (1M41‑C001A, B) to give indication on the local panel on low air flow.  Differential pressure switches (1M41‑N050A, B) across the exhaust fans (1M41‑C002A, B) to give indication on the local panel on low air flow.



3.
Temperature controller (1M41‑R042) downstream of the heating coil to modulate the three‑way valve of the heating coil depending on the entering air temperature.



4.
Temperature switches (M41‑N280, 281, 282, 283; 1M41‑N284) downstream of the heating coil to alarm and shut down the supply fans (1M41‑C001A, B) on low temperature.




The addition of a bypass switch around each temperature switch permits isolation when its associated coil is out‑of‑service.




An audible alarm and an alarm acknowledge pushbutton is provided at the local panel.  The acknowledge pushbutton silences the local audible alarm and clears the control room system trouble alarm.



5.
Radiation monitor in the heater bay vent stack to alarm in the control room on detection of high radioactivity level in the exhaust air.


9.4.4.5.3      Offgas Building Exhaust System


a.
Operation of this system is initiated manually from the control room.  During normal operation, one of the two fans operate continuously.  Details of the instrumentation and controls for this system are discussed in <Section 7.6.1>.


b.
The operation of the offgas holdup pipe room fan is initiated manually from wall panel 1H51‑P5236 next to the offgas holdup pipe room entrance.  During normal operation of the offgas system this fan would operate continuously.


9.4.5      ENGINEERED SAFETY FEATURES VENTILATION SYSTEM


The engineered safety features (ESF) ventilation systems discussed in this section are the emergency service water pumphouse ventilation system, emergency closed cooling pump area cooling system, ECCS pump 


room cooling systems, and the diesel generator building ventilation system.  Additional ESF ventilation systems are discussed in the sections noted:


a.
Annulus exhaust gas treatment system


<Section 6.5.3>


b.
Control room HVAC and control room emergency



recirculation system





<Section 6.4>


c.
MCC, switchgear and miscellaneous electric



equipment areas HVAC/battery room exhaust



system








<Section 9.4.1>


d.
Fuel handling area exhaust subsystem


<Section 6.5.1> 











<Section 9.4.2>


e.
Control complex chilled water system


<Section 9.4.9>


9.4.5.1      Design Bases


9.4.5.1.1      Emergency Service Water Pumphouse Ventilation System


Design bases for the Emergency Service Water Pumphouse Ventilation System (ESWVS) are as follows:


a.
The ESWVS is classified as Safety Class 3, Seismic Category I.  The design of this system complies with the requirements of General Design Criteria (GDC) 1, 2, 3, 4, and 5 of <10 CFR 50, Appendix A>, and <10 CFR 50, Appendix B>.  The requirements of <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.47>, <Regulatory Guide 1.53>, National Fire Protection Association (NFPA) 90A, and Branch Technical Position APCSB 9.5‑1 have also been considered in the system designs and equipment procurement.


b.
The ESWVS is:



1.
Required to operate to safely shut down the plant during normal conditions, and emergency or LOCA conditions.



2.
Started automatically when the emergency service water pumps operate.  The ESWVS is remote‑manually stopped from the control room.



3.
Designed to maintain areas served by this system between the temperatures given in <Figure 3.11‑31>.



4.
Designed to remove the heat generated by the emergency service water pumps and auxiliary pump room equipment.



5.
Continuously monitored to indicate system operating status, system malfunction, high and low space temperatures.


c.
The ESWVS air inlet and relief openings are provided with structural missile barriers to prevent external missiles from entering the pump room.  These openings are also designed to be unaffected by snow, freezing rain or sleet.


d.
The ESWVS fans are physically separated by a minimum of 20 feet‑9 inches between fan center lines.  They are located in an area not affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high energy piping.


e.
The ESWVS is provided with multiple ventilation fans and multiple operating exhaust louvers so that failure of a single active component will not prevent satisfactory system operation.


9.4.5.1.2      Emergency Closed Cooling Pump Area Cooling System


Design bases for the emergency closed cooling pump area cooling system (ECPCS) are as follows:


a.
All requirements discussed in <Section 9.4.5.1.1.a> are applicable to the ECPCS.


b.
The ECPCS is:



1.
Required to operate to safely shut down the plant during normal conditions and emergency or LOCA conditions, and may be used to provide additional cooling during normal shutdown conditions.



2.
Started automatically when the emergency closed cooling pumps operate.  The ECPCS can also be manually started or stopped from a locally mounted panel.



3.
Designed to maintain areas served by this system between the temperatures given in <Figure 3.11‑19>.



4.
Designed to remove the heat generated by the emergency closed cooling pumps, instrument air compressors, service air compressors, control complex chillers and pumps, piping, and auxiliary equipment.



5.
Continuously monitored to indicate system operating status, system malfunction and high space temperature.


c.
The ECPCS has no outside air or relief air openings through the pump area walls.


d.
The ECPCS air handling units are physically separated by 28 feet between unit center lines.  They are located in an area not affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high energy piping.


e.
The ECPCS is provided with multiple cooling air handling units so that failure of a single active component will not prevent satisfactory system operation.


9.4.5.1.3      ECCS Pump Room Cooling Systems


Design bases for the ECCS pump room cooling systems (ECCSCS) are as follows:


a.
All requirements discussed in <Section 9.4.5.1.1.a> are applicable to the ECCSCS.


b.
The cooling units associated with the RHR pumps are required to operate to safely shut down the plant during normal conditions and emergency or LOCA conditions.


c.
The cooling units associated with the HPCS and LPCS pumps are required to operate to safely shut down the plant in the event of a LOCA.


d.
The cooling units associated with the RCIC pumps are operated only when the steam turbine driven RCIC pump is operating.


e.
The ECCSCS air handling units are:



1.
Started automatically when the associated pump starts except for the RCIC pump room cooling unit which is initiated when the RCIC turbine steam admission valve is open.  They can also be manually started or stopped from local stations.



2.
Designed to maintain pump areas between the temperatures given in <Figure 3.11‑11>, <Figure 3.11‑12>, and <Figure 3.11‑13>.



3.
Designed to remove heat generated by the RHR pumps, HPCS pumps, LPCS pumps, RCIC pumps, piping, and auxiliary equipment.



4.
Continuously monitored to indicate system operating status, system malfunction and high space temperature.


f.
The ECCSCS air handling units have no outside air or relief air openings through the pump area walls.


g.
The ECCSCS air handling units are housed in separate rooms, each common to its associated pump.  Any single air handling unit could be affected by pipe whip, jet impingement or flooding resulting from breaks in high or moderate energy piping in a pump room.  However, multiple air handling units would not be affected by an incident in a single pump room.


9.4.5.1.4      Diesel Generator Building Ventilation System 


Design bases for the diesel generator building ventilation system (DGBVS) are as follows:


a.
All requirements discussed in <Section 9.4.5.1.1.a> are applicable to the DGBVS.


b.
The DGBVS is:



1.
Required to operate whenever the diesel generators operate.



2.
Started automatically whenever the diesel generators operate.  The DGBVS can be remote‑manually started or stopped from the 




control room.  The only automatic shutoff of the supply fans is when the CO2 system is activated.  Additionally, the diesel generator rooms are each equipped with a nonsafety‑related auxiliary exhaust fan which cycles on and off automatically to promote further cooling during diesel generator standby conditions, and shuts off upon a diesel generator start or CO2 activation signal.



3.
Designed to maintain the diesel generator rooms between the temperatures given in <Figure 3.11‑27>.



4.
Designed to remove heat generated by the diesel generator and auxiliary equipment.



5.
Continuously monitored to indicate system operating status, system malfunction and high and low diesel room air temperature.


c.
The DGBVS outside air inlet opening is shielded from external missiles by the control complex wall and the relief air opening is shielded by a structural missile barrier.  These openings are also designed to be unaffected by snow, freezing rain or sleet.


d.
The DGBVS supply fans are physically separated by 17 feet‑7 inches (center‑to‑center) or by a concrete wall.  They are located in an area not affected by internally generated missiles, pipe whip or jet impingement resulting from breaks in high or moderate energy piping.  The nonsafety‑related auxiliary exhaust fan is installed outside the diesel room exhaust louvers between the diesel generator room outside wall and a structural missile shield.


e.
The DGBVS is provided with multiple supply fans and multiple operating exhaust louvers so that failure of a single active component will not prevent satisfactory system operation.


9.4.5.2      System Description


9.4.5.2.1      Emergency Service Water Pumphouse Ventilating System


The ESWVS is shown on <Figure 9.4‑11>.  This system operates whenever the ESW pumps operate (normal shutdown and emergency shutdown) or during testing of the ESWVS.


The ESWVS consists of two 100 percent capacity supply fans (M32C001A, B), two operating relief louvers and supply ductwork with return dampers for cooling the ESW pumps and auxiliary equipment.  One hundred percent capacity includes removing the heat resulting from simultaneous operation of both ESW pumps.  Inactive supply fans are isolated by automatically controlled dampers.  Electric unit heaters are also provided to maintain the minimum room temperature when the ESW pumps are not operating.  The supply fans and intake louvers are located at the south end of the ESW pump building at Elevations 619’‑6” and 630’‑0”, respectively.  Relief louvers are located at the north end of the building at Elevation 638’‑4‑3/4”.


The supply fans and duct systems satisfy the design bases discussed in <Section 9.4.5.1.1>.  They are arranged so that cooling air is admitted to the south end of the building and after absorbing heat is relieved to the outside at the north end of the building.  The amounts of outside air and recirculated return air used for cooling are automatically controlled by outside air and return air dampers.  Regular ac offsite and onsite power sources have been provided for this system.  If offsite power is lost or a LOCA signal received, redundant emergency power will be provided from the diesel generators.


9.4.5.2.2      Emergency Closed Cooling Pump Area Cooling System


The ECPCS is shown on <Figure 9.4‑12>.  This system operates whenever the ECC pumps operate (normal shutdown and emergency shutdown) or during testing of the ECPCS.  The ECPCS consists of two 100 percent capacity air handling units and supply distribution ducts for recirculating air and for cooling the ECPCS pumps and related equipment.  One hundred percent capacity is based on removing the heat resulting from simultaneous operation of all the ECC pumps for Unit 1 and Unit 2, and also includes the heat losses from piping, instrument air compressors, service air compressors, control complex chillers, and chilled water pumps.  The dissipated heat is removed by cooling water from the safety‑related chilled water system.


The air handling units are located in the south end of the control complex at Elevation 587’‑0”.  Each air handling unit includes roughing filters, cooling coils and a fan section.  Supply ducts from each air handling unit are extended to the ECC pump areas.  The cooling air returns unducted to the operating air handling unit.


Normal ac offsite power sources have been provided for this system.  If offsite power is lost or a LOCA signal is received, redundant emergency power will be provided from the diesel generators.


9.4.5.2.3      ECCS Pump Room Cooling System


The ECCS pump room cooling system (ECCSCS) is shown on <Figure 9.4‑13>.  Each ECCS air handling unit operates whenever the associated pump operates.  These operating periods occur during normal shutdown, during emergency or LOCA shutdown or during hot standby conditions.  The ECCSCS 


includes one air handling unit for each room to recirculate air and provide cooling for the RHR A pump and heat exchanger room, RHR B pump and heat exchanger room, RHR C pump room, HPCS pump room, LPCS pump room, and RCIC pump room.  Each air handling unit is capable of removing 100 percent of the cooling requirements of the ECCS pump and related equipment.  The dissipated heat for all air handling units except the HPCS is removed by the emergency closed cooling water system.  The HPCS air handling unit is served by the emergency service water system.  The air handling units are located in the auxiliary building, north of the reactor building at Elevation 574’‑10”.  Each air handling unit includes roughing filters, cooling coils, a fan section and is located so that air is discharged directly toward the ECCS pumps and returns unducted to the operating air handling unit.


Normal ac offsite and onsite power sources have been provided to this system.  If offsite power is lost or a LOCA signal is received, redundant emergency power will be provided from the diesel generators.


9.4.5.2.4      Diesel Generator Building Ventilation System


The DGBVS is shown on <Figure 9.4‑14>.  This system operates whenever the diesel generators operate (following loss of offsite power signal and following a LOCA signal) or during testing of the DGBVS, except for the auxiliary exhaust fan, which operates only when the diesel generator is not running.  The DGBVS for each diesel generator room consists of two 100 percent capacity supply air fans, two sets of exhaust louvers, outside air and return air dampers, ductwork arranged for cooling the diesel generators and related equipment, and a nonsafety‑related auxiliary exhaust fan.  Inactive supply fans are isolated by automatically controlled outside air dampers.  However, 


when neither fan operates, the outside air and recirculation dampers automatically modulate to promote natural ventilation.  The exhaust louver closest to the auxiliary exhaust fan is maintained open during exhaust fan operation.  The exhaust fan withdraws air from the diesel room to further promote cooling during diesel standby conditions.


When the CO2 system is activated, outside air and exhaust air dampers close, the return air dampers open and the ventilation fans stop.


Electric unit heaters are also provided to maintain the minimum room temperature when the diesel generators are not operating.


The supply fans and intake louvers are located at the east end of the diesel generator building and the exhaust louvers are located at the west end of the diesel generator building.  They are arranged so that cooling air is admitted to the east end of the diesel generator building and after absorbing heat, the air is relieved to the outside at the west end of the building.  The amounts of outside air and recirculated return air used for cooling are automatically controlled by outside air and return air dampers.


Normal ac offsite and onsite power sources have been provided for this system.  If offsite power is lost or a LOCA signal is received, redundant emergency power will be provided from the diesel generators.


The auxiliary exhaust fans are not safety‑related and are not backed with emergency power, nor are they relied upon for operation during accident conditions.


9.4.5.3      Safety Evaluation


Redundant ventilation cooling or recirculation cooling components have been provided for the emergency service water pumphouse ventilation system (ESWVS), emergency closed cooling pump area cooling system (ECPCS) and diesel generator building ventilation system (DGBVS).  Providing redundant equipment components, normal and emergency power supplies and automatic starting of equipment components for these systems ensures that adequate cooling will be available if a single failure of an active component occurs.


Redundant air handling units have not been provided for each ECCS pump room, but the heat removal function of the multiple and varied type ECCS rooms provides redundancy.  Thus, loss of function of a single air handling unit would not prevent the aggregate ECCS from achieving safe plant shutdown.  None of the systems noted above require control air for operation or isolation.  The ESWVS and the DGBVS include electrically operated outside air and exhaust dampers that fail closed, and recirculation dampers that fail open on loss of power.  However, multiple dampers powered from separated and different power sources are provided so that a single loss of power would not prevent system operation.


The systems have been provided with an offsite and an onsite ac power source.  If offsite power is lost, redundant emergency power sources provided by diesel generators automatically supply power.


Indication of system operating status, open or closed damper position for those system cooling with outside air, low air flow and high space temperature will be provided in the control room.  This ensures that equipment anomalies, including fire, will be detected and eliminated so that the cooling function of these systems will continue.


9.4.5.4      Inspection and Testing Requirements


The components of the ventilation cooling and recirculating cooling systems for the emergency service water pumphouse, emergency closed cooling pump areas, ECCS pump rooms, and diesel generator rooms are accessible for inspection and testing during normal plant operation.  The ability to isolate an idle, redundant component enables inspection, maintenance and testing to be performed while the system is in normal operation.  Periodic tests will be performed to verify the functional performance of fans, dampers, controls, and other safety devices.  This will ensure that these components perform their function reliably and accurately during normal operation and under conditions of operation interruptions.


9.4.5.5      Instruments, Controls, Alarms, and Protective Devices


9.4.5.5.1      Emergency Service Water Pumphouse Ventilation System


The two axial flow fans are individually interlocked with the two  emergency service water pump motors.  The fans automatically start when the corresponding pump motors are energized.  However, the fans will not stop automatically when the corresponding pump motors are de‑energized, but are stopped remote‑manually from the control room panel.  Details of the instrumentation and controls for the emergency service water pumphouse ventilations system are discussed in <Section 7.3.1>.


9.4.5.5.2      Emergency Closed Cooling Pump Area Cooling System


Operation of this system is initiated automatically upon receipt of a start signal from associated pump circuitry.  Details of the instrumentation and controls for this system are discussed in <Section 7.3.1>.


9.4.5.5.3      ECCS Pump Rooms Cooling Systems


Operation of each pump room cooling unit is initiated automatically when the corresponding pump is energized, except for the RCIC pump room cooling unit which is initiated when the RCIC turbine steam admission valve is open.  The details of the instrumentation and controls for these systems are discussed in <Section 7.3.1>.


9.4.5.5.4      Diesel Generator Building Ventilation System


Operation of both axial flow supply fans and electric motor‑operated exhaust louvers is initiated automatically when the respective diesel generator is started.  When neither fan is operating, the outside air and recirculation dampers automatically modulate to promote natural ventilation.  Each diesel generator room is also equipped with a nonsafety‑related auxiliary exhaust fan to withdraw hot air from the diesel room to further promote cooling during diesel standby conditions.  The supply fans do not stop automatically (except when the CO2 system is activated) when the corresponding diesel generator is stopped, but must be stopped remote‑manually from the control room.  Fans can also be started and stopped manually from the control room when the diesel generator is not operating.  The auxiliary exhaust fans operate automatically when the diesel generator is not operating to promote further cooling in the associated diesel room, and can be started and stopped manually from their local control panels.  Details of the instrumentation and controls for the diesel generator building ventilation system are discussed in <Section 7.3.1>.


9.4.6      REACTOR BUILDING VENTILATION SYSTEMS


The areas served by the various reactor building cooling and ventilation systems are the drywell, containment vessel and the reactor building annulus.


Under normal operating conditions, cooling systems of the drywell and containment vessel are required to maintain the ambient air temperature at a suitable level for continuous operation of the plant equipment.


Access to the containment is considered a routine operation; therefore, the containment vessel is purged intermittently by operating the containment purge system at the reduced flow rate to reduce the radioactivity level.  The occupancy during normal operation is derived from General Electric experience with previous plants with consideration of the equipment found in the Mark III containment (e.g., sample station, CRD, ECCS, and process equipment).  For refueling, either purging of the containment and drywell is required at the full flow rate or compensatory actions are taken.


Under normal and postaccident conditions, potential release of radioactivity to the environment from the containment vessel leakage is minimized by the annulus negative pressure created by operation of the annulus exhaust gas treatment system.  This system provides charcoal filtration and releases the exhaust air at an elevated point through the unit vent.


9.4.6.1      Design Bases


Design bases for the containment vessel, drywell and annulus ventilation, air purification, and cooling systems that address the general requirements discussed in <Section 9.4.6> are as follows:


a.
Maintain the ambient air temperatures in the drywell and containment vessel, under normal operating conditions, between the temperatures given in <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑28>, <Figure 3.11‑29>, and <Figure 3.11‑30>.


b.
Maintain a minimum of 60(F ambient air temperature in the containment vessel and drywell under normal shutdown conditions.


c.
Provide cooling in areas of high heat release to limit the air temperature to a maximum of 145(F.  These areas include reactor vessel support skirt flange, refueling bellows support skirt and the annular space between the reactor vessel and the biological shield wall.


d.
Maintain adequate ambient temperature for equipment in areas in the containment vessel such as the RWCU heat exchangers, the standby liquid control area, the CRDM area, RWCU filter demineralizer area, and holding pumps area.


e.
Provide intermittent purging in the containment vessel areas to minimize radioactivity buildup.


f.
Maintain a minimum (negative) pressure differential in the annulus relative to the outside to minimize ground level release of airborne radioactivity due to containment vessel exfiltration during normal and postaccident conditions.  This system will filter the annulus exhaust through a filter train consisting of roughing filters, demisters, HEPA prefilters, charcoal filters, and HEPA after‑filters, to remove radioactive particles and halogens prior to discharge to the atmosphere through the unit vent.  Part of the air extracted is recirculated to ensure adequate mixing with annulus volume.


g.
Provide the required instrumentation for monitoring and control of the ventilation cooling, and exhaust systems, and for maintaining the minimum (negative) pressure differential in the annulus relative to the outside.


h.
Determine the flow rates of the purge exhaust system; their design bases are discussed in <Section 12.2>.


i.
Design the drywell and containment isolation valves and connecting piping for the containment vessel purge supply and exhaust system to Quality Group B requirements.


j.
Provide the isolation valve systems for the containment vessel and drywell purge system with redundant instrumentation and control systems; these valves will be actuated by the diverse input parameters of high drywell pressure, low reactor water level and high purge exhaust radiation.


k.
Minimize containment vessel purge and exhaust flow rates consistent with the requirements to maintain continuous occupancy airborne activity levels inside the majority of the containment spaces.


l.
Demonstrate performance and reliability of the purge supply and exhaust containment isolation valves by a comprehensive testing program consisting of closure and leak tightness tests on prototype and actual isolation valves.  In addition, these valves will meet the requirements of <Regulatory Guide 1.48>.


9.4.6.2      System Description


The ventilation, cooling, heating and purge systems for the drywell, containment vessel and reactor building annulus are shown schematically on <Figure 9.4‑15>, <Figure 9.4‑16>, <Figure 9.4‑17>, and <Figure 6.5‑1>.  These systems consist of:


a.
Drywell cooling system.


b.
Containment vessel cooling system.


c.
Containment vessel and drywell purge system.


d.
Annulus exhaust gas treatment system; a detailed discussion of this system is presented in <Section 6.5.3>.


9.4.6.2.1      Drywell Cooling System


The drywell cooling system is designed to operate continuously during normal plant operation.  It will provide the necessary cooling to maintain temperatures suitable for equipment operation in the various drywell areas.  These regions include the reactor vessel skirt and pedestal area.  The drywell cooling system uses three fan cooler units.  One unit is located in the lower drywell area to dissipate heat from the reactor vessel support skirt flange and the pedestal area.  The other two units are located in the upper part of the drywell to dissipate the heat from the steam piping, feedwater piping, recirculating pumps, and related piping.  These units also cool the space above the reactor vessel head and the refueling bellows support skirt to keep these areas within the required temperature limits.


Under normal and abnormal operating conditions, the fan‑cooler units operate with cooling water from the nuclear closed cooling system.


Redundancy in the system is provided since each fan‑cooler unit has two 100 percent capacity axial fans and two 100 percent capacity independently piped banks of cooling coils.


The fan cooler units supply recirculated cooled air to the various drywell areas through ducts as required for proper air distribution.


The drywell cooling system is nonsafety‑related, non‑seismic category and is not required to operate during a LOCA.  Components of this system are of standard industrial design.


During abnormal conditions or loss of offsite power, the drywell coolers can be powered from the emergency power source if cooler operation is required.  Each fan cooler unit consists of roughing filters (filters may be removed during normal operation and shall be installed in outage situations when work is being performed in the drywell area), two banks of cooling coils, two axial fans, and check dampers for idle fan isolation.  One fan and one coil bank in each of the three units are required to operate to achieve the design air flow and cooling during normal operation.


9.4.6.2.2      Containment Vessel Cooling System


The containment vessel cooling system operates normally to provide cooled recirculated air in the containment vessel and various equipment rooms.


Under normal operating conditions, the fan cooler units operate with chilled water supplied by the containment vessel chilled water system.  A discussion of the containment vessel chilled water system is presented in <Section 9.4.9>.


This system is located in the containment vessel and consists of six air handling units, three on the east side of the containment vessel and three on the west side.  Each unit consists of cooling coils, centrifugal fan, and isolation damper for idle unit isolation, and manual balancing dampers for system balancing.  Two of the units in the east containment area and two units in the west containment area are required to operate to achieve the design air flow and cooling during normal plant operation.


Redundancy in the fan cooler units is provided since any two of three units servicing the east containment area and equipment rooms, and any 


two of three units servicing the west containment area and equipment rooms, can provide all of the cooling capacity required under normal operating conditions.


The containment vessel cooling system is nonsafety‑related, non‑seismic category and is not required to operate during a LOCA.  Components of this system are of standard industrial design.


9.4.6.2.3      Containment Vessel and Drywell Purge System


Operation of this system will reduce the activity level in the containment vessel and drywell to a safe level for entry of personnel, maintain a safe atmosphere during refueling operations and provide a means of controlled release of activity to the environment.


Where physically possible the debris screens are located a minimum of one pipe diameter away from the inner side of each inboard isolation valve.  Both piping and ductwork between the debris screen and isolation valve are Seismic Category I design.  The debris screen is Seismic Category I and designed to withstand the LOCA differential pressure.  The debris screen opening is designed as 1/2 inch by 1/2 inch.


The containment vessel and drywell purge system is divided into the containment vessel purge supply subsystem, drywell purge supply subsystem and the purge exhaust subsystem.


The containment vessel purge supply subsystem is located in the intermediate building at Elevation 682’‑6” and provides filtered (the supply roughing filters may be removed to preclude snow buildup on the filters) and heated outside air to the containment vessel at a constant rate.  This subsystem consists of two supply fans and two supply plenums, each with roughing filters (the supply roughing filters may be 


removed to preclude snow buildup on the filters), heating coils and with inlet and outlet dampers for idle unit isolation.  The supply air is discharged into the containment vessel and circulated by the containment vessel fan cooler units.  Each supply fan has a rated capacity of 15,000 cfm; operation of both units is required to obtain the full purge rate.  However, with the use of the variable inlet vanes, the flow rate is adjusted to 5,000 cfm during normal plant operation.  Redundant butterfly valves are also provided for containment isolation.  Components of these subsystems (except the isolation valves) are of standard industrial design.


During the drywell purge mode of system operation (used during refueling and cold shutdown only) the drywell purge supply subsystem directs air from the containment vessel ambient into the drywell area where it is circulated by the drywell fan cooler units.


This subsystem is located inside the containment vessel at Elevation 639’‑0” and is operated only prior to personnel entry into the drywell and during refueling operations.  It consists of two 10,000 cfm capacity axial fans and redundant butterfly isolation valves for drywell isolation.  Both these units are required to obtain the full purge rate in the drywell.


Components of the drywell purge supply subsystem (except the butterfly isolation valves) are of standard industrial design.


The purge exhaust subsystem is located in the intermediate building at Elevation 654’‑6”.  It draws air from the containment vessel and drywell and exhausts it through two trains (rated at 15,000 cfm each) of roughing filters, HEPA prefilters, charcoal filters, and HEPA after‑filters.  The exhaust air is then discharged to the atmosphere through the unit vent.  Two filter plenums and two exhaust fans are provided, each with inlet and outlet dampers for idle unit isolation.  Redundant butterfly isolation valves are provided for drywell and 


containment vessel isolation.  Drywell purge exhaust and supply subsystem isolation valves are passive isolation valves which remain closed during Modes 1, 2 and 3.


Redundant radiation monitoring devices are also provided to alarm in the control room and isolate the containment if a preset radiation level is exceeded.  Details of the radiation monitoring system are discussed in <Section 7.6.1>.


During normal operation, one purge exhaust plenum and fan operates intermittently at a reduced flow rate of 5,000 cfm to draw air from the containment vessel area.  This exhaust air is passed through the exhaust filter train and is then discharged to the atmosphere by the unit vent.  One purge supply fan simultaneously operates to replenish the air exhausted from the containment vessel area.


Purging at the full rate provides approximately 1.6 volume air changes per hour in the containment vessel (30,000 cfm air flow rate) and approximately 4.5 volume air changes per hour in the drywell (20,000 cfm air flow rate).  During this mode of operation, the two containment vessel supply fans, two drywell supply fans and the two purge exhaust fans operate together at rated capacity.  In addition, during refueling operation, the isolation damper in the branch duct that exhausts 5,000 cfm directly from the containment atmosphere is remote‑manually opened by a selector switch located in the control room.


Components of this subsystem (except the isolation valves) are of standard industrial design.  However, the charcoal filter racks, frames and housing are specially designed to satisfy the system space requirements, and to satisfy the requirements of Seismic Category I items.


A separate inline HEPA filter is installed between the RWCU, backwash receiving tank and the containment vessel and drywell purge exhaust system.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑17> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


The containment vessel and drywell purge system is also provided with redundant pneumatically operated butterfly type valves which are automatically shut off if a design basis accident occurs.  Although these valves receive an isolation signal, not all are active valves (proven capable of operating during design bases accidents).  Those valves which have not been declared active remain closed during Modes 1, 2 and 3.


The isolation valve arrangement consists of two 42‑inch valves:  one located inside the containment vessel (sealed closed during Modes 1, 2 and 3) and one located in the annulus (open during purge operation).  Two 18‑inch valves in series (open only during purge operation) located inside the containment vessel are provided in parallel with the sealed closed 42‑inch valve <Figure 9.4‑17>, ensuring that the net effective opening during purging operation is only 18 inches.  The active redundant valves ensure isolation of the containment vessel from the atmosphere in the event that one valve fails to close.  In addition, the use of in‑series 18‑inch valves eliminates concern over leakage potential of the 42‑inch valve after a single failure of one 18‑inch valve during Modes 1, 2 and 3.  Each active isolation valve includes a three‑way solenoid valve sized for emergency rapid closing (4 seconds maximum) against the LOCA design pressure of 15 psig for the containment vessel and 30 psig for the drywell.  The air cylinder operators are 


air‑open spring closed mechanisms.  The active valves are also suitable to operate under LOCA conditions.  Passive isolation valves operate in the same manner as the active valves however, credit is not taken for their capability to operate during a design bases accident.  Therefore they are maintained closed during Modes 1, 2 and 3.


Components of the containment vessel and drywell purge system, except for the purge isolation valves and the charcoal exhaust plenums, are nonsafety‑related and non‑seismic classified.


The purge isolation valves and accessories are classified as Safety Class 2, Seismic Category I.


The charcoal exhaust plenums are classified as nonsafety‑related, Seismic Category I.


The containment vessel and drywell purge isolation valves are pneumatically operated butterfly type valves which are bubble tight at rated pressure and temperature and capable of satisfactory operation even after long periods of inactivity and/or infrequent operation.  Redundant valves are provided for the containment vessel purge supply (M14‑F040, F045) and purge exhaust (M14‑F085, F090) subsystems and are located inside containment and in the annulus.  Also, two sets of 18‑inch bypass valves (M14‑F190, F195, F200, and F205) are provided in parallel with the 42‑inch valves located inside the containment vessel.  Redundant valves are also provided for each drywell purge supply line (M14‑F055A, F055B, F060A, F060B) and exhaust line (M14‑F065, F070) and are located in the containment and in the drywell.  When the subsystem is not in operation, the corresponding purge valves are held closed by spring action.


If a LOCA occurs while the active valves are open, the solenoid valves are automatically de‑energized allowing the spring to shut the valve.  The active isolation valves have emergency fast closure against the LOCA design pressure.


9.4.6.3      Design Evaluation


9.4.6.3.1      Drywell Cooling System


Operation of this nonsafety‑related system is not required to safely shut down the plant during a design basis accident.  However, redundancy is provided since each fan‑cooler unit has two 100 percent capacity axial fans and two 100 percent capacity independently piped banks of cooling coils.  One fan and one coil bank in each of the three fan‑cooler units are required to operate to achieve the design air flow and cooling during system operation.  If an operating fan fails, the resulting low differential pressure across that fan alarms in the control room and automatically starts the standby fan.  If the cooling coil in operation fails, the resulting high discharge air temperature from the fan‑cooler unit alarms in the control room and signals the operator to divert the cooling water flow to the standby coil through a three‑way diverting valve.


Although the components of this system are not safety‑related, they are seismically anchored to preclude the possibility of these components  becoming a missile during an earthquake.  The air distribution ductwork is also seismically designed and supported.


9.4.6.3.2      Containment Vessel Cooling


Operation of this nonsafety‑related system is not required to safely shut down the plant during a design basis accident.  However, redundancy is provided since any two of the three fan‑cooler units servicing the east area of the containment vessel, and any two of the three fan‑cooler 


units servicing the west area and equipment rooms, can provide all the cooling capacity required when the system is in operation.  Cooling water flows through the coils of all six units at all times.  If an operating fan fails, the resulting low pressure differential across that fan will alarm in the control room and the operator can manually start the standby unit.


Although the components of this system are not safety‑related, they are seismically anchored to preclude the possibility of these components becoming a missile during an earthquake.  The air distribution ductwork is also seismically designed and supported.


9.4.6.3.3      Containment Vessel and Drywell Purge System


Two containment vessel purge supply plenums and fans, two drywell purge supply fans and two exhaust filter trains and fans are provided for the purge system.  Monitoring the purge exhaust by the instrumentation provided ensures controlled release of radioactivity to the environment.  Details of radiation monitoring instrumentation and controls are discussed in <Section 7.6.1>.


The containment vessel and drywell purge isolation valves are pneumatically operated butterfly type valves which are bubble tight (4 cc per hr per inch valve diameter leakage rate) at rated pressure and temperature and capable of satisfactory operation even after long periods of inactivity and/or infrequent operation.  Redundant valves are provided for the purge supply, and the purge exhaust systems are located inside containment and in the annulus.  When the containment vessel and drywell purge system is not in operation, the purge valves are held closed by spring action.  If a loss‑of‑coolant accident occurs while the active valves are open, the solenoid valves are automatically de‑energized allowing the spring to shut the valve.  The active isolation valves have emergency fast closure control (four seconds).  Passive isolation valves operate in the same manner as the active valves 


however, credit is not taken for their capability to operate during a design bases accident.  Therefore they are maintained closed during Modes 1, 2 and 3.


Operation of the purge system is not required to safely shut down the plant in the event of a LOCA.  However, the isolation valves and the corresponding penetration piping are classified as Safety Class 2, Seismic Category I.  In addition, the guidelines of Branch Technical Position CSB 6‑4 were considered in the design of the purge system.  The complete evaluation of compliance with Branch Technical Position CSB 6‑4 can be found in <Section 6.2.4>.


The containment purge system operates intermittently during reactor operation to reduce the containment airborne activity.  Containment isolation provisions for the containment purge system are effectively 18 inches in diameter as shown in <Figure 9.4‑17>.  The main isolation valves for purge supply and exhaust during refueling are 42 inches in diameter.  A bypass line with two 18‑inch, butterfly isolation valves open during purge operation are parallel to the normally closed 42‑inch valve located inside the containment vessel.  The outboard 42‑inch butterfly isolation valve is open during containment purge operation.  This design provides for the smallest size effective operation while allowing for the optimum air flow of 5,000 cfm required for normal plant purge.  The effective 18‑inch penetration offers a much smaller opening between the containment atmosphere and the outside environs, reducing potential leakage of the containment atmosphere following all containment ventilation isolation.


During refueling, the inboard 42‑inch isolation valve will be opened to allow a purge rate of approximately 25,000 cfm through the containment.


The interconnecting piping for the penetration and the valves are classified Safety Class 2, Seismic Category I.  The 18‑inch and the 42‑inch active isolation valves are leak tight (4 cc/hr per in. of 


diameter leakage rate), quick closure types capable of full closure in 4 seconds at peak temperature against the full pressure of the containment during a LOCA.  These active isolation valves also have fail‑safe provisions (spring‑close) which enable them to close on loss of actuating air pressure.


An intermittent containment vessel purge rate of 5,000 cfm is the design flow rate used to maintain continuous occupancy radiation levels inside the containment vessel.  Since a design purge rate of 5,000 cfm does not create any potential safety or health hazard, and does provide the important advantages stated above, the design of this system is considered acceptable.


The active purge supply and exhaust containment isolation valves are fast acting valves (4 seconds) which close on a containment isolation signal (high drywell pressure and/or low reactor vessel water level).  These valves also close on a high radiation signal in the exhaust line.  The amount of containment air that will be released from the purge exhaust and supply lines immediately after a LOCA has been determined for the main steam line break in the drywell, and for the RWCU line break in containment.  Details are provided in <Section 6.2.4>.


For the RWCU line break outside the drywell, a high radiation signal closes the purge valves.


9.4.6.4      Inspection and Testing Requirements


The drywell fan‑cooler, containment vessel fan‑cooler and the annulus exhaust units are all operating during normal plant operation.  The purge system is operated intermittently at partial flow during normal plant operation; it is either operated at full purge rate prior to personnel entry into the drywell and during refueling operation or compensatory actions are taken.  Sufficient redundancy is provided for 


all these systems.  None of these systems, except the annulus exhaust gas treatment system, is required to operate during a design basis accident.


The main components of these systems (including the purge isolation valves), with the exception of the cooling units and isolation valves in the drywell, are normally accessible for inspection or testing while the plant is in operation.  However, the drywell cooling redundant units can be periodically tested by operation from the control room.  Components of the containment vessel and drywell purge system, and the annulus exhaust gas treatment system are located outside the reactor building and can be inspected and tested during normal plant operation.


Periodic tests will be performed on the purge exhaust system <Regulatory Guide 1.140> and annulus gas treatment system <Regulatory Guide 1.52> to demonstrate that aging, weathering or poisoning of the filters has not significantly degraded the absorption material.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and other safety devices.  These provisions will ensure that these operational components will perform their function reliably and accurately during normal operation and under conditions of operation interruptions.


9.4.6.5      Instrumentation, Controls, Alarms, and Protective Devices


9.4.6.5.1      Drywell Cooling System


Instruments, controls, alarms, and protective devices for the drywell cooling system are discussed as follows:


a.
Operation of the system is manually initiated from the control room.  One fan from each fan‑cooler unit normally operates continuously.


b.
Instrumentation is provided in the control room for indication of the following:



1.
Which fan is energized (status lights).



2.
Low air flow with fan in operation (alarm).



3.
High temperature (and low temperature for M13‑N050) in areas indicated in Item c4 (alarm and readout).



4.
Excessive fan vibration (alarm).


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure switch across each fan to automatically start the standby fan if the operating fan is lost.



2.
Differential pressure switch across each fan to alarm in the control room on low air flow with fan in operation.



3.
One vibration detector on each fan to alarm in the control room on excessive vibration.



4.
Temperature recorder to monitor and alarm the temperature in the following areas:




(a)
Inlet and outlet cooling water temperatures (monitor only).




(b)
Supply air temperature from each cooling unit.




(c)
Return air temperature to each cooling unit.




(d)
Bulkhead refueling bellows temperature (three points minimum circumferential at 120( spacing).




(e)
Zone temperatures.




Instrument readout and recording are located on the HVAC panel in the control room.



5.
Temperature controller located in control room to modulate three‑way motor‑operated valve on cooling coil bank in unit 1M13‑B001 only.


9.4.6.5.2      Containment Vessel Cooling System


Instruments, controls, alarms, and protective devices for the containment vessel cooling system are discussed as follows:


a.
Operation of the system is manually initiated from the control room.  Four of the six air handling units normally operate continuously.


b.
Instrumentation is provided for indication in the control room of the following:



1.
Indication of which fan is energized (status lights).



2.
Low air flow with fan in operation (alarm).



3.
High temperature in fan discharge duct with fan in operation (alarm).


c.
The major items of instrumentation and controls are as follows:



1.
Pneumatically driven isolation damper with solenoid valve (1M11‑F010A, F010B, F010C, F010D, F010E and F010F) in the discharge duct of each fan.  The damper will open when the fan is started and will close when the fan stops.  Dampers will fail closed on loss of control air.



2.
Differential pressure across each fan to alarm in the control room on low air flow with fan in operation.



3.
Temperature switches in each fan discharge duct to alarm in the control room when a preset high temperature is exceeded.



4.
Temperature controller with local temperature indicator to pneumatically modulate three‑way valve in chilled water coil.


9.4.6.5.3      Containment and Drywell Purge System


Instruments, controls, alarms, and protective devices for the containment vessel purge supply subsystem are discussed as follows:


a.
Operation of this subsystem is manually initiated from the control room.  Normally, one of the two units operates intermittently at a 



reduced flow rate of 5,000 cfm.  During refueling operations and prior to personnel access into the drywell area, either both supply units are operated to attain the full purge rate or compensatory actions are taken to ensure personnel safety.


b.
The supply fans can be operated only when the following conditions are satisfied:



1.
Purge supply isolation valves are full open as follows:




(a)
For intermittent operation (single supply fan operation), valves M14‑F040, M14‑F190 and M14‑F195 must be open.




(b)
For refueling operations or prior to drywell purging, valves M14‑F040, M14‑F190, M14‑F195, and M14‑F045 must be open.



2.
Either of the purge exhaust fans are operating; both exhaust fans must be operating to permit operation of both supply fans.



3.
Smoke detector has not stopped fan.



4.
High or low temperature indication has not stopped fan.


c.
Details of the instrumentation and controls of this subsystem are discussed in <Section 7.3.1>.


Instruments, controls, alarms, and protective devices for the drywell purge supply subsystem are discussed as follows:


a.
Operation of this subsystem is manually initiated from the control room.


b.
The drywell purge supply fans can be operated when the following conditions are satisfied:



1.
Containment vessel purge supply fans are both operating.



2.
Purge exhaust fans are both operating.



3.
Drywell Purge supply and exhaust isolation valves are full open.


c.
Details of the instrumentation and controls for this subsystem are discussed in <Section 7.3.1>.


Instruments, controls, alarms, and protective devices for the containment vessel and drywell purge exhaust subsystem are discussed as follows:


a.
Operation of this system is manually initiated from the control room.  One of the two exhaust fans normally operates intermittently.  During refueling operations and prior to personnel entry into the drywell area, both fans are operated to attain the full purge rate, or compensatory actions are taken to ensure personnel safety.


b.
Electrical permissives only allow operation of the purge exhaust units under the following conditions:



1.
For single exhaust unit intermittent operation (intermittent purge):




(a)
Purge exhaust isolation butterfly valves M14‑F200, M14‑F205 and M14‑F090 are full open.




(b)
The charcoal water spray system switch collar is not in the armed position.



2.
For simultaneous exhaust unit operation (refueling and personnel access):




(a)
Purge exhaust isolation butterfly valves M14‑F200, M14‑F205, M14‑F090, and F085 are full open.




(b)
The charcoal water spray system switch collar is not in the armed position.


c.
Details of the instrumentation and controls for this subsystem are discussed in <Section 7.3.1>.


Control of the purge isolation valves is discussed as follows:


a.
Normal operation of the purge isolation valve is manually initiated from the control room.  Normally, when the containment vessel purge supply subsystem and the purge exhaust subsystem are operating, the purge isolation valves are open (except for the drywell purge supply and exhaust valves, and the 42‑inch isolation valves located inside the containment vessel).


b.
The section of the drywell purge supply lines between the isolation valves can be filled with water to provide shielding.  The water provides shielding to minimize radiation streaming in the area of the containment adjacent to the drywell purge supply lines.  Manual control is used for filling and draining operations.



The level of water in the line between the drywell purge supply isolation valves is monitored, indicated and alarmed locally in the containment.  This provides information to permit filling and 



maintaining the water shield as well as warning if the level falls below the top of the 24‑inch drywell purge supply lines.



In addition to LOCA or high radiation signals the drywell purge supply isolation valves (M14‑F055 A & B and M14‑F060 A & B) are prevented from being opened until the water level indicates the water shield has been manually drained below the bottom of the 24‑inch supply line.  Closure of these valves prior to refilling the water shield is a manual operation and administratively controlled; no interlocks are provided.


c.
Instrumentation is provided for indication in the control room (status lights) of the close or open position of the valves.


d.
The major items of instrumentation and controls are pneumatically driven purge isolation valves, as indicated on <Figure 9.4‑17>.  Each valve includes limit switches and a three‑way solenoid valve sized for emergency rapid closing (four seconds maximum).  The air cylinder operators are air‑open spring‑closed mechanisms.


9.4.7      INTERMEDIATE BUILDING VENTILATION SYSTEM


9.4.7.1      Design Bases


Design Basis for the Intermediate Building Ventilation System (IBVS) is as follows:


a.
The IBVS is classified as nonsafety‑related and non‑seismic category, except for the sub‑exhaust unit charcoal filter plenum which is classified as Seismic Category I.


b.
The IBVS is:



1.
Designed to maintain the ambient temperatures in various operating areas of the intermediate building at the conditions presented in <Figure 3.11‑32>, <Figure 3.11‑33>, and <Figure 3.11‑34> during normal plant operation and plant shutdown in order to provide suitable environment for operating personnel and equipment.



2.
Designed so that air flow is directed from areas of low probable airborne contamination to areas of high probable airborne contamination.



3.
Continuously monitored to indicate system status, system malfunction, fire or smoke hazard, and radiation in the discharge of this exhaust system.



4.
Designed to maintain flow rates of 3 to 6 air changes per hour for non‑contaminated areas and 6 to 10 air changes per hour for potentially contaminated areas.



5.
Designed to direct the exhaust air from potentially contaminated areas served by this system through an exhaust filter plenum to ensure that the release of radioactivity to the environment is below permissible discharge limits.



6.
Designed to maintain constant air flow through the potentially contaminated areas served by this system despite filter pressure drop increase due to dirt accumulation.


9.4.7.2      System Description


The heating and ventilation system for the intermediate building is shown schematically on <Figure 9.4‑18>.


The function of this system is to continuously supply clean, filtered and heated outside air to various areas in the intermediate building, and to continuously exhaust air from various operating areas and equipment rooms for the purpose of providing adequate ventilation in the building.


The supply unit continuously draws outside air through roughing filters (the supply roughing filters may be removed to preclude snow buildup on the filters) and heating coils and supplies it to the general areas of the building.  This supply air is drawn through the various ventilation equipment rooms and is then discharged to the atmosphere by the unit vent.  The supply air drawn through the fuel pool cooling and cleanup system equipment rooms and the postaccident sampling room is directed through the charcoal filter train of the fuel handling area exhaust system before being discharged to the atmosphere by the unit vent.  The supply air drawn through the Intermediate Building Tool Storage/Tool Decon Areas is directed through the sub‑exhaust unit, which contains a filter train consisting of roughing filters, HEPA pre‑filters, charcoal filters and HEPA after‑filters.  After passing through the filter train, the exhaust air from these areas is carried through the system exhaust ductwork and is exhausted to the atmosphere through the unit vent.  During system operation, power will be provided by the preferred ac source.  During periods of emergency, as may result from a LOCA or loss of offsite power, this system is not required to operate.


The major components of this ventilation system are located in the Intermediate Building at elevation 682’‑6” and include a supply unit and exhaust unit.  The sub‑exhaust unit is located in the Intermediate Building at elevation 574’‑10”.


The supply unit includes a 100 percent capacity fan (M33‑C001) and a 100 percent capacity supply plenum (M33‑B001).  The supply plenum 


contains a roughing filter (the supply roughing filters may be removed to preclude snow buildup on the filters) bank and hot water heating coil bank.


The exhaust unit includes one 100 percent capacity centrifugal fan.


The sub‑exhaust unit consist of one centrifugal fan and one charcoal filter train.  The filter train includes roughing filters, HEPA pre‑filters, charcoal filters and HEPA after‑filters.


The supply, exhaust and sub‑exhaust fans are also provided with isolation dampers for unit isolation.


The fans, coils, dampers, and filter elements are of standard industrial design.  However, the plenums, frames and filter racks are specially designed to satisfy the system space requirements.  This system is nonsafety‑related and non‑seismic classified, except for the sub‑exhaust charcoal filter plenum which is designed to satisfy the requirements of Seismic Category I items.


For additional filtered exhaust system details refer to <Section 12.3>.  <Figure 12.3‑22> represents the general arrangement of the filtered exhaust plenum.  Filtered exhaust component characteristics to ensure control of radiological releases is ensured by compliance to <Regulatory Guide 1.140> as presented in <Table 12.3‑3>.


9.4.7.3      Safety Evaluation


Provision for adequate distribution ductwork ensures proper ventilation of the various rooms and areas of the building during normal plant operation and plant shutdown.


If control air is lost, the outside air intake damper and the exhaust fan and sub‑exhaust fan isolation dampers will close.


In case of fire, the ventilation system will continue to operate to exhaust from the building and handle the products of combustion through appropriate ventilation ductwork.  However, the system fans can be shut off by a manual switch at the local panel H51‑P040 at the operator’s option.


With the exception of the sub‑exhaust plenum, which can be shut off at local panel H51‑P5246.  The charcoal filter plenums are monitored for excessive air temperatures leaving the charcoal trays and are provided with a water spray fire suppression system.


Radiation monitoring is also provided to alarm in the control room if activity is detected in the exhaust air.  Details of the radiation monitoring system are discussed in <Section 12.2>.


9.4.7.4      Inspection and Testing Requirements


The various components of the intermediate building ventilation system are accessible during normal plant operation and plant shutdown for testing and inspection.  However, when maintenance is required on the exhaust plenum, the sub‑exhaust system will be shut down.


Periodic tests will be performed on the upstream HEPA filter within the exhaust filter system.  These tests will include measurement of differential pressure across the filter units and determination of filter efficiency to demonstrate that aging or weathering has not significantly degraded the HEPA filters.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and other devices; this will ensure that these operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.7.5      Instrumentation, Controls, Alarms, and Protective Devices


Instruments, controls, alarms, and protective devices for the intermediate building ventilation system are discussed as follows:


a.
Operation of the supply fan and exhaust fan is manually initiated from the local control panel H51‑P040 located at elevation 682’‑6” of the Intermediate Building.  Operation of the sub‑exhaust fan is manually initiated from the local control panel H51‑P5246 located at elevation 574’‑10” of the Intermediate Building.  During operation of this system, the supply fan, the exhaust fan and the sub‑exhaust fan operate continuously.  An interlock is provided which prevents operation of the supply fan (M33‑C001) unless the exhaust fan (M33‑C002) is energized.  An interlock is provided which prevents starting or continued operation of the sub‑exhaust fan (M33‑C003) unless the exhaust fan (M33‑C002) is energized.  The sub‑exhaust fan (M33‑C003) is also interlocked to stop when the charcoal filter deluge is initiated.


b.
Instrumentation is provided for local indication at panel H51‑P040 with corresponding trouble alarm in the control room of the following:



1.
If the fans are energized (status lights).



2.
Low air flow with the fan in operation (red indicating light).



3.
Smoke in supply fan discharge and exhaust fan discharge duct (red indicating light).



4.
High and low temperature of supply air (red indicating light).



5.
High radiation in exhaust air for any of the above conditions (red indicating light).



Instrumentation is provided for local indication at panel H51‑P5246 of the following:



1.
Indication if each fan is energized (status light).



2.
Loss of air flow with sub‑exhaust fan in operation (alarm locally with corresponding trouble alarm in control room at panel H51‑P040).



3.
High temperature in the carbon beds (alarm and read out locally and alarm in the control room).



4.
High‑High temperature in the carbon beds (alarm locally and corresponding trouble alarm in the control room).



5.
Smoke in discharge duct of sub‑exhaust fan (red indicating light).


c.
Major items of instrumentation and controls are:



1.
Differential pressure indicator with local indication across each filter bank.



2.
Pneumatically driven isolation damper (M33‑F010) with solenoid air valve in the outside air intake duct of the supply system, and pneumatically driven isolation dampers (M33‑F080 and M33‑F619) with solenoid air valves in the discharge duct of the exhaust fan and sub‑exhaust fan respectively.  The dampers will open when the corresponding fan is energized and will close when the fans stop.



3.
Differential pressure switches across the supply fan (PS‑N110) and across the exhaust fan (PS‑N120) to indicate in the local 




panel H51‑P040 (with corresponding system trouble alarm in the control room) if low air flow or loss of fan operation occurs.



4.
Smoke detectors in the discharge duct of the supply fan (XE‑N060) and in the discharge duct of the exhaust fan (XE‑N100) and sub‑exhaust fan (XE‑N040) to indicate on the local panels H51‑P040 and H5246 and alarm on the fire protection panel in the control room if smoke is detected.  High smoke alarm in the supply and sub‑exhaust discharge ducts will automatically trip the supply fan and sub‑exhaust fan.



5.
Capillary tube type freeze‑up protection temperature switches (TS‑N050, TS‑N130 and TS‑N140) located in the supply plenum downstream of the heating coil to indicate locally on panel H51‑P040 (with corresponding system trouble alarm in the control room) if low temperature occurs.  This low temperature signal will also trip the supply fan to prevent coil freeze‑up.



6.
Temperature switch (TS‑N030) located in the supply fan discharge duct to indicate locally on panel H51‑P040 (with corresponding system trouble alarm in the control room) upon receipt of high temperature.



7.
Temperature controller (TC‑R042) in the supply fan discharge duct to modulate the three‑way valve of the heating coil in response to the discharge air temperature.



8.
Radiation monitor to alarm in the control room (with corresponding local panel indication on H51‑P040) and trip the supply fan when the gaseous activity in the exhaust air exceeds a preselected set point.



9.
High temperature switch in the supply duct to automatically stop the supply fan upon the receipt of high temperature.



10.
Differential pressure transmitter across the charcoal filter to provide a signal to modulate the variable inlet vanes and to alarm locally on panels H51‑P040 and H51‑P5246 and in the control room on loss of air flow.



11.
Temperature sensors (thermisters) for the charcoal filter beds to provide an electrical signal to a local temperature monitor unit.  The temperature monitor unit provides the following output signals:




(a)
Analog output signal to a temperature indicator located on local panel H51‑P5246 to provide continuous temperature indication.




(b)
High temperature alarm (225(F) contacts to provide alarm indication on the computer (Teletype and alarm CRT), and on local panel H51‑P5246.




(c)
High‑High temperature alarm (250(F) contacts to provide a local indication on panel H51‑P5246 and an alarm (annunciator point) on panel H13‑P680.



12.
A pneumatic actuated ball valve M33‑F615 with solenoid valve M33‑F616 to drain spray water from the charcoal beds during fire protection spray deluge valve actuation.  When the manual deluge valve is opened a magnetic position switch energizes the solenoid valve to provide control air to operate the piston operator thus opening the ball valve.  Resetting the magnetic position switch will de‑energize the solenoid valve M33‑F616; however, the drain valve M33‑F615 will remain open until manually closed via the normal override lever.


9.4.8      TURBINE POWER COMPLEX VENTILATION SYSTEM


9.4.8.1      Design Bases


The ventilation system for the turbine power complex is designed to provide a suitable environment for operating personnel and equipment by maintaining the ambient temperatures between 75(F and 80(F in the battery rooms, and between 60(F and 104(F in other electrical areas during normal plant operation and plant shutdown.


9.4.8.2      System Description


The turbine power complex ventilation system is shown schematically in <Figure 9.4‑19>.


This system operates continuously during normal operation to cool the electrical equipment areas in the turbine power complex.


Temperature controllers (M42‑R062 and M42‑R052) are provided to control the cooling coil three‑way valve and the heating coil three‑way valve, respectively.  The temperature controller modulates the three‑way valve controlling chilled/hot water flow through the coil to cool/heat the air as required to satisfy the temperature controller setpoint.


The supply unit is also provided with modulating outside air intake (M42‑F060) and return (M42‑F050) dampers which are controlled by a temperature controller M42‑R042, with temperature indicator M42‑R041 and temperature transmitter M42‑N040 located in the mixing box of the supply unit.  When the outside temperature is 50(F or higher, 100 percent outside air is supplied to the turbine power complex.  When the outside air temperature is below 50(F, the dampers are modulated to attain a mixture air temperature of 50(F in the mixing box.  Outside air is relieved back to the atmosphere through relief louvers at Elevation 647’‑6” and through the relief duct in the battery room.


The battery room is normally maintained at 77(F.  A constant quantity of cooled (heated) air is supplied to the room to maintain the temperature.  To preclude hydrogen buildup in the battery room to dangerous levels, air supplied to the room is directly exhausted to the atmosphere through the relief duct.  An electric reheat coil, located in the battery room supply duct and controlled by a room thermostat (M42‑R065), is also provided to heat the supply air as required to maintain the battery room design temperature.


In the case of an emergency, which could result from a LOCA or loss of offsite power, the turbine power complex ventilation system is not required to operate.


The main components of this system consist of a 100 percent capacity supply plenum, two 100 percent centrifugal fans with isolation dampers, and modulating outside air intake and return dampers.  The supply plenum includes roughing filters (the supply roughing filters may be removed to preclude snow buildup on the filters), hot water heating coils and chilled water cooling coils.  These components are located at Elevation 647’‑6” of the turbine power complex.  The components of this system are classified as nonsafety and non‑seismic and are of standard industrial design.


9.4.8.3      Safety Evaluation


Provision for adequate distribution ductwork ensures proper ventilation of the various rooms and areas of the building during normal plant operation and plant shutdown.  Redundant supply fans are also provided.


If control air is lost, the outside air intake damper will close, the return air damper will open and the system will continue to operate (provided there is no loss of offsite power).


Operation of this system is not required to safely shut down the plant if an emergency occurs.


9.4.8.4      Inspection and Testing Requirements


The various components of the turbine power complex ventilation system are accessible during normal plant operation and plant shutdown for testing and inspection.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and other devices.  This will ensure that these operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.8.5      Instrumentation, Controls, Alarms, and Protective Devices


Instrumentation, controls, alarms, and protective devices for the turbine power complex ventilation system are discussed as follows:


a.
Operation of this system is initiated manually from the local panel.  One of the two fans is operated continuously during normal plant operation.


b.
Instrumentation is provided for indication on the local panel (with a corresponding system trouble alarm in the control room) of the following:



1.
Which fan is operating (status light).



2.
Low air flow alarm (indicating light) for each fan with a corresponding system trouble alarm in the control room.


c.
The major items of instrumentation and controls are as follows:



1.
Differential pressure indicator (M42‑R030) across the roughing filter bank for local indication.



2.
Pneumatically driven isolation dampers with solenoid air valves in each fan discharge duct.  The damper will open when the corresponding fan is energized and will close when the fan stops.  Dampers will fail open if control air is lost.



3.
Differential pressure switch (1M42‑N010A, B) across each fan to give local indication and to alarm in the control room on low air flow.  This switch will also provide a signal to automatically start the standby fan upon low flow condition of the operating fan.



4.
Temperature controller (1M42‑R062, 2M42‑R062) located above floor Elevation 647’‑6” to modulate the three‑way valve controlling chilled water flow through supply unit cooling coils.



5.
Temperature controller (1M42‑R052, 2M42‑R052) located above floor Elevation 647’‑6” to modulate the three‑way valve controlling hot water flow through supply unit heating coils.



6.
Modulating outside air intake (1M42‑F060, 2M42‑F060) and return (1M42‑F050, 2M42‑F050) dampers for the supply unit controlled by a temperature controller (1M42‑R042, 2M42‑R042).  The outside air intake damper fails closed while the return damper fails open if control air is lost.



7.
Indicating temperature controller (1M42‑R065, 2M42‑R065) located in the battery room that controls the supply duct electric reheat coil.


9.4.9      CHILLED WATER SYSTEMS


9.4.9.1      Design Bases


The chilled water systems are designed to provide mechanically chilled water to the cooling coils of the air handling units serving the following areas:


a.
Control complex.


b.
Turbine building.


c.
Turbine power complex.


d.
Containment vessel.


e.
Inservice inspection room.


f.
Steam tunnel.


9.4.9.2      System Description


The chilled water systems serving the plant areas listed above consist of the control complex chilled water system, turbine building chilled water system and the containment vessel chilled water system.


These systems are shown schematically on <Figure 9.4‑20>, <Figure 9.4‑21>, and <Figure 9.4‑22>.


9.4.9.2.1      Control Complex Chilled Water System


The function of this system is to provide mechanically chilled water to the chilled water coils of the following control complex air handling units:


a.
Control room.


b.
Motor control center, switchgear and miscellaneous areas.


c.
Controlled access and miscellaneous equipment areas.


d.
Emergency closed cooling pump area.


e.
Computer room (to cool the air supplied to the control complex area).


The control complex chilled water system is shown in <Figure 9.4‑20>.


Three 100 percent capacity water chilling machines and three 100 percent capacity water recirculating pumps are provided.  These are connected to two redundant chilled water piping systems, one of which is normally operating while the other is on manual standby.  Loop A can be connected to chiller A or C, and loop B can be connected to chiller B or C.  One set of isolation valves on the main header is normally closed.  The other set of isolation valves is normally open to valve chiller C into either pipe loop A or B.


One chiller and one circulating pump are connected to the standby diesel generator, Division 1 of Unit 1.  Another chiller and circulating pump are connected to the standby diesel generator, Division 2 of Unit 1.  The third chiller and pump are connected to Division 1 of Unit 2.


During all modes of operation, condenser water for the “A” and “B” chillers is provided by the emergency closed cooling system and condenser water for the “C” chiller is provided by the nuclear closed cooling system.


Initial fill and makeup water to the system is supplied by the two bed water distribution system.


Electric motor‑operated isolation valves (P47‑F290 A and B; P47‑F295 A and B) are also provided to isolate the chilled water coils of the nonsafety‑related and non‑seismic air handling units (M21‑B001 A, B; M27‑B001 A, B).  This will prevent draining the chilled water from the 


system if a coil failure occurs.  A rupture will not occur in the cooling coils and related piping of air handling units M21 or M27 due to a safe shutdown earthquake or an operating basis earthquake.  The signal from the low level switch in the expansion tank will activate the corresponding isolation valves.  In addition, the isolation valves may be activated remote‑manually from control switches located in the control room.


Each chiller is provided with a complete system of operating and safety controls.


Components of this system are classified as Safety Class 3, Seismic Category I.  The portion of the system after the isolation valves (F290A, B and F295A, B) is nonsafety‑related and non‑seismically qualified, however, it will not rupture during a safe shutdown earthquake or an operating basis earthquake.  All materials for cooler, condenser, economizer, chilled water piping to oil cooler, bolts, and supports shall reflect the use of Code Case N‑242, Paragraphs 1 through 4.


Description and performance requirements for the major components of the control complex chilled water system are as follows:


a.
Water Chillers (P47‑B001A, B and C)



The water chillers for the control complex chilled water system are located in the control complex at Elevation 574’‑10”.  The chillers are of the packaged, centrifugal type with hermetically sealed motors.  They are of standard industrial design modified to meet the Quality Assurance and seismic requirements of Safety Class 3, Seismic Category I.



Design information for the water chillers is listed in <Table 9.4‑23>.


b.
Chilled Water Pumps (P47‑C001A, B and C)



These pumps are located in the control complex at Elevation 574’‑10”.  The pumps are centrifugal, double suction and horizontally split casing with drip‑proof drive motors.  Both the pump and drive motor are mounted on a common steel base.



The pumps and motors are of standard industrial design modified to meet the Quality Assurance and seismic requirements of Safety Class 3, Seismic Category I.



Design information for the chilled water pumps is listed in <Table 9.4‑23>.


c.
Expansion Tanks (P47‑A002A, and B)



Each redundant chilled water piping circuit is provided with an open expansion tank located in the control complex at Elevation 698’‑1”.  The expansion tank has a capacity of 70 gallons 



(flooded) and is of standard industrial design, modified to meet the Quality Assurance and seismic requirements of Safety Class 3 and Seismic Category I.


9.4.9.2.2      Turbine Building Chilled Water System


The function of this system is to provide mechanically chilled water to the chilled water coils of the turbine building air handling units, turbine power complex air handling unit, turbine plant sample panel, and the steam tunnel air handling unit.  The turbine building chilled water system is shown schematically on <Figure 9.4‑21>.


This chilled water system operates continuously, as required, during normal operation to provide chilled water to the chilled water coils of various air handling units for the purpose of cooling the air supplied to the areas served by these air handling units.


Two 100 percent capacity water chilling machines and two 100 percent capacity chilled water recirculating pumps are provided.  One set of chiller and pump are normally operated with the other set as backup.  During operation, condenser water is provided by the nuclear closed cooling system.  This system is not required to operate during a LOCA or loss of offsite power, and is normally not required to operate during the winter season.


Initial fill and makeup water for this system is supplied by the two bed water distribution system.  An open type expansion tank (130 gallons flooded) and a chemical addition tank are provided.


The main components of the turbine building chilled water system are located in the auxiliary building at Elevation 599’‑0”, and consist of two 100 percent capacity chillers and two 100 percent capacity recirculating pumps.  The chillers are of the packaged centrifugal type 


with hermetically sealed motors.  The pumps are of the centrifugal, split casing, double suction type.


Water quality is maintained by chemical addition through a chemical addition tank.


The pumps, chillers and tanks are of standard industrial design, and are classified as nonsafety‑related and non‑seismic.


Design information for the turbine building chilled water system components is listed in <Table 9.4‑24>.


9.4.9.2.3      Containment Vessel Chilled Water System


The function of this system is to provide mechanically chilled water to the chilled water coils of the containment vessel air handling units and the inservice inspection room air handling units.  The containment vessel chilled water system is shown schematically on <Figure 9.4‑22>.


This chilled water system operates continuously during normal operation to provide chilled water to the chilled water coils of the various containment vessel cooling system air handling units and the inservice inspection room air handling units for the purpose of cooling the air supplied to the areas served by these air handling units.


Three 100 percent capacity water chilling machines and three 100 percent capacity chilled water recirculating pumps are provided.  Normally, one set of chiller and pump provides service with the second and third sets as backup.  Condenser water is provided by the nuclear closed cooling system during operation.  This system is not required to operate during LOCA or loss of offsite power.


Initial fill and makeup water for this system is supplied by the two bed water distribution system.  An open expansion tank (35 gallons flooded) and a bypass chemical feeder are also provided.


Each chiller is provided with a complete system of operating and safety controls.


The pumps, chillers, valves, piping, and tanks are of standard industrial design and are classified as nonsafety‑related and non‑seismic.  However, isolation valves in the containment vessel penetration line are Safety Class 2 and Seismic Category I.


Design information for the containment vessel chilled water system components is listed in <Table 9.4‑25>.


9.4.9.3      Safety Evaluation


The control complex chilled water system is classified as Safety Class 3, Seismic Category I.  This system is provided with three (A, B and C) 100 percent capacity chiller and pump combinations and two separate, redundant chilled water loops.  Either one is capable of providing adequate chilled water for normal and emergency conditions.  Each of the chiller/pump combinations is supplied with electric power from a separate Class 1E load source.  If offsite power is lost, the  Class 1E diesel generators are used to supply power to the A and B chiller/pump combinations.  The C chiller/pump is supplied only with offsite power.  Electric motor‑operated isolation valves are also provided to isolate the chilled water coils of the nonsafety‑related air handling units to prevent draining the chilled water from the system if a coil failure occurs.  The signal from the low level switch in the expansion tank will activate the corresponding isolation valves.


The turbine building chilled water system and the containment vessel chilled water system are not required to operate to safely shut down the 


plant following a design basis accident.  However, sufficient redundancy is provided for these systems to enhance system reliability and ensure chilled water availability if a single chiller or pump failure occurs.


9.4.9.4      Inspection and Testing Requirements


Components of these systems are subjected to tests during the preoperational test phase to verify proper function of system components and control devices under normal and emergency conditions, and to establish system air and water balance in accordance with design requirements.


Redundancy in the components, and the ability to isolate idle components, enables inspection, maintenance and testing to be performed while the systems are in normal operation.


During testing and inspection, provisions will be made to verify the function and performance of the valves, chillers, pumps, controls, and other safety devices.  The provisions will ensure that operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.9.5      Instruments, Controls, Alarms, and Protective Devices


9.4.9.5.1      Control Complex Chilled Water System


a.
Operation of the system is initiated locally as well as remotely from the control room.  During normal operation, chiller C and its pump are connected to loop A or loop B and are operating.  Chillers A and B are in standby.  In the event of either a loss of offsite power (LOOP) or a LOCA, chiller C and its pump will trip, and chillers A and B and their respective pumps will start automatically.  The Control Complex Chilled Water system can also be operated with chiller C and its pump isolated from loop A and 



loop B and not operating.  In this configuration one chiller A (or B) will operate with only one chiller in standby B (or A).  A LOOP will result in the operating chiller tripping and automatically restarting.  Also, the standby chiller and pump will start automatically.  When two chillers are operating, they each serve a separate piping loop.  During a LOOP, power will be provided by the diesel generators.  During a LOCA without LOOP, offsite power will be provided, however, the diesel generators will be running and automatically available for backup power.


b.
Electrical permissives only allow operation of the chillers under the following conditions:



1.
The chilled water flow switch has verified the flow of chilled water.



2.
The condenser water flow switch has verified the flow of condenser water.



3.
The corresponding chilled water pump is operating.


c.
A detailed description of the instrumentation and controls for this system is presented in <Section 7.3.1>.


9.4.9.5.2      Turbine Building Chilled Water System


Instruments, controls, alarms, and protective devices for the turbine building chilled water system are discussed as follows:


a.
Operation of this system, as required, is initiated by starting the chiller manually from the control room and starting the pump from the local panel.  One chiller and one pump operate continuously during operation.


b.
Electrical permissives only allow operation of the chillers under the following conditions:



1.
The chilled water flow switch has verified the flow of chilled water.



2.
The condenser water flow switch has verified the flow of condenser water.



3.
The corresponding chilled water pump is operating.


c.
Instrumentation is provided for indication in the control room of the following:



1.
Which chiller is in operation (status light).



2.
Loss of chiller operation (alarm).



3.
Low chilled water flow (alarm).



4.
Low condenser water flow (alarm).



5.
Chiller amp meter.



6.
Low expansion tank water level (alarm).



7.
High expansion tank water level (alarm).


d.
The major items of instrumentation and controls are as follows:



1.
Temperature and pressure indicators with local indication and capped pressure tap points installed as indicated on <Figure 9.4‑21>.



2.
Chilled water flow switch in each chiller discharge line to alarm in the control room on loss of chiller water flow and to de‑energize the corresponding water chiller.  Indicating lights are provided on the local panel.



3.
Condenser water flow switch to alarm in the control room on loss of condenser water flow and to de‑energize the corresponding water chiller.  This is shown on <Figure 10.1‑7>.  Indicating lights are provided on the local panel.



4.
Pneumatically driven three‑way valve in the main chilled water line from each chilled water coil bank which is controlled by a thermostat in the air downstream of the coil.



5.
Level switch to alarm in the control room when either the low level or the high level set points are exceeded in the expansion tank.



6.
Level switch to de‑energize the solenoid valve and close the makeup valve, to energize the solenoid valve and open the makeup valve when the corresponding set points are exceeded.



7.
Pneumatically driven valve, with solenoid valve, in the makeup line for automatic water makeup upon receipt of the low level signal.



8.
Miscellaneous trouble alarm from the integral control panel on the chillers to alarm in control room on low oil pressure, high refrigerant pressure, etc.



9.
Chiller ammeters in the control room to indicate the amount of current drawn by the operating chillers.


9.4.9.5.3      Containment Vessel Chilled Water System


Instruments, controls, alarms, and protective devices for the containment vessel chilled water system are discussed as follows:


a.
Operation of this system is initiated by starting the chiller manually from the control room and starting the pump from the local panel.  One chiller and one pump operate continuously during operation.


b.
It becomes electrically permissive to operate the chillers under the following conditions.



1.
The chilled water flow switch has verified the flow of chilled water.



2.
The condenser water flow switch has verified the flow of condenser water.



3.
The corresponding chilled water pump is operating.


c.
Instrumentation is provided for indication in the control room of the following:



1.
Which chiller is in operation (status light).



2.
Loss of chiller operation (alarm).



3.
Loss of chilled water flow (alarm).



4.
Loss of condenser water flow (alarm).



5.
Chiller ammeter.



6.
Containment isolation valves (status lights).



7.
Low expansion tank water level (alarm).



8.
High expansion tank water level (alarm).


d.
The major items of instrumentation and controls are as follows:



1.
Temperature and pressure indicators with local indication and capped pressure tap points installed as indicated on <Figure 9.4‑22>.



2.
Chilled water flow switch in each chiller discharge line to alarm in the control room on loss of chilled water flow, and to de‑energize the corresponding water chiller.  Indicating lights are provided on the local panel.



3.
Condenser water flow switch to alarm in the control room on loss of condenser water flow, and to de‑energize the 




corresponding water chiller.  This is shown on <Figure 10.1‑7>.  Indicating lights are provided on the local panel.



4.
Pneumatically driven three‑way valve in the main chilled water line from each chilled water coil bank which is controlled by a thermostat in the air downstream of the coil.



5.
Level switch to alarm in the control room when either the low level or the high level set points are exceeded in the expansion tank.



6.
Level switch to de‑energize the solenoid valve and close the makeup valve, or to energize the solenoid valve and open the makeup valve when the corresponding set points are exceeded.



7.
Pneumatically driven valve, with solenoid valve, in the makeup line for automatic water makeup upon receipt of the low level signal.



8.
Chiller amp meter in the control room to indicate the amount of current drawn by the operating chillers.



9.
Control switches for the containment isolation valves.  The containment isolation valves can be isolated by an automatic LOCA signal or remote‑manually by use of the control switches.


9.4.10      BUILDING HEATING SYSTEM


9.4.10.1      Design Bases


The building heating system is designed to maintain the design minimum temperature in various areas and buildings of the plant.  This function is accomplished by the hot water heating system and by electric unit heaters.


Hot water heating coils, hot water unit heaters and electric unit heaters are used in the heating system as discussed in <Section 9.4.10.2>.


The hot water heating system is designed to provide sufficient hot water to the hot water heating coils and to the hot water unit heaters located in areas throughout the plant for the purpose of maintaining a minimum ambient temperature of 60(F in the specified areas.  This system also provides steam heated water to the following systems for freeze protection:


a.
Condensate transfer and storage system.


b.
Two bed demineralizer and distribution system.


c.
Mixed bed demineralizer and distribution system.


9.4.10.2      System Description


The heating system for each reactor unit consists of two 100 percent shell and tube type heat exchangers (steam‑water), two 100 percent circulation pumps, an expansion tank, a chemical mixing tank, hot water and electric unit heaters located at various buildings and elevations, valves, and distribution piping.  The hot water heating system is shown schematically on <Figure 9.4‑23>.


The two steam sources for the hot water heating system are the extraction steam system (normal) and the auxiliary steam system (shutdown and startup).  Two 100 percent heat exchangers are provided so that one heat exchanger will only use steam from the extraction steam system and the other heat exchanger will only use steam from the auxiliary steam system.  This design precludes direct contamination of the auxiliary steam system by the extraction steam system.


During normal plant winter operation, the P55‑B001A heat exchanger and one of the two circulation pumps (P55‑C001A or B) are in operation.  Extraction steam is supplied to the shell of the heat exchanger to heat the water in the tube to 190(F.  The steam heated water is then supplied to the hot water heating coils and hot water unit heaters located at various buildings and elevations.  Hot water is also supplied to the mixed bed demineralizer system, two bed demineralizer system and condensate transfer and storage system heat exchangers for freeze protection.


Hot water heating coils are used in conjunction with the building ventilation systems.  They add heat to the supply air prior to distribution if the air temperature drops below the air temperature controller preset value.  Hot water heating coils are used in the supply plenum of the following ventilation systems:


a.
Auxiliary building ventilation system.


b.
Fuel handling building ventilation system.


c.
Heater bay ventilation system.


d.
Intermediate building ventilation system.


e.
Containment vessel purge supply system.


f.
Radwaste building ventilation system.


g.
Turbine power complex ventilation system.


h.
Turbine building ventilation system.


Hot water and electric unit heaters are used to provide heat to the space they serve.  When the space temperature drops below the preset value, the space thermostat provided with each heater will automatically operate the unit heater and will automatically stop the unit heater when the space temperature satisfies the thermostat set point.  The following buildings are provided with hot water unit heaters:


a.
Auxiliary building.


b.
Auxiliary boiler building.


c.
Heater bay.


d.
Intermediate building.


e.
Offgas building.


f.
Radwaste building.


g.
Turbine building.


h.
Turbine power complex.


i.
Water treating building.


The following buildings are provided with electric unit heaters:


a.
Fuel oil pumphouse.


b.
Circulating water pumphouse.


c.
Diesel generator building.


d.
Discharge tunnel dechlorination equipment building.


e.
Decant control structure.


f.
Emergency service water pumphouse.


g.
(Deleted)


h.
Reactor building annulus.


i.
Service water pumphouse.


j.
Control complex stairway at Elevation 707’‑2”.


k.
(Deleted)


If heating is required during plant startup and shutdown, the P55‑B001B heat exchanger and one of the two circulation pumps (P55‑C001A or B) will operate.  Operation is the same as described above except that steam is supplied to the heat exchanger by the auxiliary steam system.


An expansion tank is also provided to allow water to expand as the water temperature rises.  This tank is also pressurized with compressed nitrogen to help maintain the water pressure above the extraction steam pressure (60 psig minimum water pressure vs. 50 psig extraction steam pressure).  This will prevent contamination of the hot water distribution system by the extraction steam.  Pressure in the expansion tank is maintained at 70 psig by the addition of compressed nitrogen utilizing a nitrogen generator or N2 bottled gas.  A pressure relief valve on the expansion tank relieves excessive tank pressure.


Two bed demineralized water (80‑120 psig) is supplied for makeup water and water required to initially fill the system.  This water is supplied through a valve controlled from level switches on the expansion tank.  The valve closes when the water level in the expansion tank returns to high level.  The valve is controlled between high and low level.


A description of the components of the hot water heating system is as follows:


a.
Heat exchangers (1P55‑B001A, 1P55‑B001B)



The heat exchangers are located in the heater bay at Elevation 580’‑6”.  They are of the shell and tube type, with U‑bend removable tube bundle, steam in shell and water in tubes.



The heat exchangers are classified nonsafety and non‑seismic.  Design information for the heat exchangers is listed in <Table 9.4‑26>.


b.
Circulation pumps (1P55‑C001A, 1P55‑C001B)



These pumps are located in the heater bay at Elevation 580’‑6”.  The pumps are centrifugal, double suction and horizontally split casing, with drip‑proof drive motors.  Both the pump and drive motor are mounted on a common steel base.



The pumps and motors are of standard industrial design and are classified as nonsafety and non‑seismic.  Design information for the circulation pumps is listed in <Table 9.4‑26>.


c.
Expansion tanks (1P55‑A002)



The expansion tanks are located in the heater bay at Elevation 620’‑6”.  The tank has a capacity of approximately 



1,355 gallons and is of standard industrial design with a relief valve and a sight glass.  Level switches and alarms are provided to annunciate on a local panel when the water level either reaches a low level or high level.  A separate high/low level switch opens the water makeup valve if low water level is sensed and will automatically close the water makeup valve when the normal level is attained.  The same switch activates a computer to provide print out and CRT indication when the makeup valve is opened.  A pressure switch is also provided to activate an alarm when the pressure in the tank drops below 60 psig.



The expansion tanks are classified as nonsafety and non‑seismic.


d.
Chemical mixing tanks (1P55‑A001, 2P55‑A001)



A five gallon capacity chemical mixing tank is connected across the circulation pumps for adding chemical treatment to the water.  The tank is located in the heater bay at Elevation 580’‑6” and is of the standard industrial design, classified as nonsafety and non‑seismic.


e.
Piping and valves



The hot water heating system water piping circuits and valves are shown on <Figure 9.4‑23>.



Piping is carbon steel ASTM A‑106 Gr. B.  Water quality is maintained by chemical addition to the system through a chemical addition tank.


f.
Hot water and electric unit heaters



The hot water and electric unit heaters are of the recirculating type and are individually controlled by a remotely mounted 



thermostat.  If the space temperature drops below the preset value, the thermostat will automatically operate the unit heater and will automatically stop the unit heater when the space temperature satisfies the thermostat set point.



The hot water and electric unit heaters are of standard industrial design and are classified nonsafety and non‑seismic.


9.4.10.3      Safety Evaluation


Redundant heat exchangers and pumps are provided so that failure of one component will not affect the continuous operation of the system.  Assuming the system fails with the outside temperature at design winter temperature (‑5(F), it would take approximately 3‑4 days for the ambient temperature around emergency cooling water lines to decrease to freezing temperatures.  This is sufficient time to establish supplemental heating measures if required.  In addition, flow in emergency cooling water lines is sufficiently high (greater than 4 ft/sec) to prevent freezing due to low ambient temperatures.


Since the hot water heating system is non‑seismically designed, piping and components are located so that they have no adverse effects on safety‑related structures, systems or components if a system failure occurs during an SSE.  Because this is a moderate energy system, flooding, spraying and environmental effects are the only events that are considered.


Since the system piping and components are separated from safety‑related components, there is no possibility of adverse effects due to flooding, spraying or environmental conditions as a result of system failure.


The two steam sources for the hot water heating system are the extraction steam system (normal) and the auxiliary steam system (shutdown and startup).  Two 100 percent heat exchangers are provided so 


that one heat exchanger will only use steam from the extraction steam system and the other heat exchanger will only use steam from the auxiliary steam system.  In this way, direct contamination of the auxiliary steam system by the extraction steam system is precluded.


An expansion tank is also provided to allow water to expand as the water temperature rises.  Nitrogen is used to help pressurize and maintain the water pressure above the extraction steam pressure (60 psig minimum water pressure vs. 50 psig extraction steam pressure) to prevent contamination of the hot water distribution system by the extraction steam.


9.4.10.4      Inspection and Testing Requirements


The main components of the hot water heating system are readily accessible for inspection, testing and maintenance during normal plant operation or shutdown.  Redundancy in the system and the capability to isolate idle components enables inspection, maintenance and testing to be performed without interrupting the normal operation of the system.


During testing and inspection, provisions will be made to verify the function and performance of the pumps, heat exchangers, valves, heating coils, unit heaters, compression tank, and other safety devices.  These provisions will ensure that operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.10.5      Instruments, Controls, Alarms, and Protective Devices


Instruments, controls, alarms, and protective devices for the building heating system are discussed as follows:


a.
Operation of the system is initiated manually from the local control panel located in the heater bay.  During normal winter 



operation, the P55‑B001A heat exchanger and one circulation pump are in operation.  Extraction steam is used to heat the water.  During plant shutdown (or when extraction steam is not available) if heating is required, the P55‑B001B heat exchanger and one circulation pump are operating.  Steam is supplied by the auxiliary steam system to heat the water.  An expansion tank (P55‑A002) is provided to allow water to expand and to pressurize the water above the extraction steam pressure.



The expansion tank is provided with level gauge and level switches to alarm in the control room if the water level in the tank falls below, or rises above, the critical level.  A separate high/low level switch opens the water makeup valve if the expansion tank water level drops below the low level setpoint, and will automatically close the water makeup valve when the normal level is attained.  A computer print out and CRT indication in the control room are initiated when the makeup valve is opened.  A relief valve is provided to relieve excess pressure in the expansion tank.  A pressure switch is also provided to alarm at the local control panel, 1H51‑P333, when the tank pressure drops below 60 psig.


b.
Instrumentation is provided to indicate on the local control panel (with corresponding trouble alarm in the control room) of the following:



1.
Which circulation pump is in operation (status light).



2.
Low water flow (alarm).



3.
Low water level in the expansion tank (alarm).



4.
High water level in the expansion tank (alarm).



5.
Low pressure in the expansion tank (alarm).


c.
Instrumentation is provided to indicate in the control room of the following:



1.
Common trouble (alarm).



2.
Computer printout and CRT indication when the water makeup valve opens.


d.
The major items of instrumentation and controls are as follows:



1.
Temperature and pressure indicators with local indication and capped pressure tap points installed as indicated on <Figure 9.4‑23>.



2.
Pressure switch in the common heat exchanger discharge line to alarm in the control room on loss of hot water flow.



3.
Level gauge on the expansion tank.



4.
Level switches on the expansion tank to alarm in the control room when the water level either reaches a low level or high level.  A separate high/low level switch opens the water makeup valve on low water level and closes the water makeup valve at normal water level.  The same switch activates a computer to provide computer printout and CRT indication when the makeup valve is opened.



5.
Pneumatically driven three‑way valve in the main hot water line to each heating coil bank which is controlled by a temperature controller in the discharge duct of the air handling (or supply plenum) unit.



6.
Pressure relief valve on the expansion tank to relieve excess tank pressure.



7.
Pressure regulator control valve in the compressed nitrogen supply line to the expansion tank to automatically maintain system pressure.



8.
Pressure switch to alarm on a local panel on low expansion tank pressure.



9.
Oxygen deficiency monitor/alarm at the expansion tank to detect absence of oxygen due to a relief valve discharge (personnel safety).


9.4.11      OFFGAS CHARCOAL VAULT REFRIGERATION SYSTEM


9.4.11.1      Design Bases


The offgas charcoal vault refrigeration system is designed to perform the following functions:


a.
Maintain the vaults at a preselected temperature within the range presented in <Figure 3.11‑35> during normal plant operation to enhance the filtration efficiency of the offgas charcoal adsorbers.


b.
Cool 30 scfm process gas from 90(F to ‑3(F or lower during normal operation only.


c.
Cool 250 scfm process gas from 90(F to +3(F or lower during startup operation only.


d.
Cool the charcoal vaults and equipment within the vault from 150(F to 0(F in 36 hours or less during startup operation only.


9.4.11.2      System Description


The offgas charcoal vault refrigeration system consists of four 50 percent capacity air handling units, three 50 percent series connected brine cooling packages, two 100 percent capacity brine recirculation pumps, brine expansion tanks, brine filter drier, air distribution ductwork, and brine distribution piping.  The system is shown schematically on <Figure 9.4‑24>.


The offgas vault is divided into two pairs of rooms.  Each pair is served by two air handling units, each capable of handling the total load per pair of rooms.  During normal operation one air handling unit per room is operating and the other is a backup unit.  It supplies recirculated cooled air to the vault to dissipate the heat load and maintain the vault at a preselected set point (in the range of ‑40(F to +40(F).  The air handling unit also provides cool air to the process gas cooler to cool 30 scfm (250 scfm during startup) process gas to near vault temperature during normal operation before it enters the first charcoal adsorber.  The vault temperature is maintained by the air temperature controller, which can be set anywhere from ‑40(F to +40(F and is located in the air handling unit common return duct.  It controls the three‑way valve of the operating air handling unit cooling coil, which may be required to bypass a certain percentage of the cooled brine full flow rate around the unit to satisfy the controller set point.


The three series connected 50 percent capacity brine cooling packages supply cooled brine to the cooling coils of the air handling units.  Each brine cooling package consists of a shell and tube heat exchanger (brine in shell, R‑502 in tube), with each heat exchanger having two independent R‑502 refrigeration systems.  The condensing water for each R‑502 refrigeration system is supplied by the turbine building closed cooling system.  A brine temperature controller is located in the common brine pipe downstream of the brine cooling packages and maintains the temperature of the brine supplied to the air handling units.  The set 


point of this controller is set below the air temperature controller set point.  The brine temperature controller controls the three‑way valve upstream of the brine cooling packages which bypasses brine, if required, to satisfy the controller set point.  


An expansion tank is connected to the brine piping circuit to allow the brine to expand when the system is adjusted to a higher temperature set point, or when the system is shut down and the brine approaches room temperature.  The expansion tank is also used to maintain the brine pump suction at a minimum pressure of 15 psig.  This is accomplished by pressurizing the expansion tank to a minimum pressure of 15 psig using compressed air from the instrument air supply system.


A cycle timer is provided for the two air handling units serving the same rooms; each air handling unit is provided with electric heaters and a defrost timer for defrosting purposes.  The cycle timer is manually preset as field experience dictates and stops the operating air handling unit, automatically putting the backup unit into operation.  The electric heaters of the deactivated air handling unit are then energized for a period of time to defrost the air handling unit cooling coils, drain pan and dampers.  This period can be adjusted by changing defroster set point.  In addition, the electric heaters are thermostatically controlled to operate as required during defrosting cycle to maintain the preselected temperature internal to plenum.  The air handling unit remains on standby after the defrost operation.


To minimize the system cooling load, insulated wall and ceiling panels are used to form refrigerated spaces for the charcoal adsorbers and related equipment.  These panels are connected to one another by mechanical cam type devices.  To provide access to the refrigerated spaces, cold storage type doors are used.  These doors are equipped with 


peripheral electric heaters to prevent door icing.  The floor in the refrigerated spaces consists of a 10.5‑inch thick wearing slab, vapor barrier membranes and two layers of 4‑inch thick rigid polyurethane boards placed between the wearing slab and the vault concrete floor.  Vapor barrier membranes are also used between the vault concrete walls and insulated walls.


The nonrefrigerated spaces between ceilings and floor, concrete walls and insulated walls are kept at a negative pressure to ensure that air will flow from areas of low probable airborne contamination to areas of high probable airborne contamination.  This is accomplished by the offgas exhaust system exhausting air continuously from these spaces.  The offgas exhaust system is discussed in <Section 9.4.4>.


Detailed descriptions and performance requirements for the major components of the offgas charcoal vault refrigeration system are as follows:


a.
Air handling units (1N64‑B112A, B112B, B112C, B112D)



Four 50 percent air handling units are provided for this system.  The units are located in the offgas building adjacent to the offgas vault.  Units N64‑B112A and N64‑B112C are hung underneath the floor slab at Elevation 620’‑6”.  Units N64‑B112B and N64‑B112D are mounted on a platform at Elevation 608’‑6”.



Units N64‑B112A & B constitute a set and are physically arranged one over the other.  These units have a common supply and a common return duct.  Units N64‑B112C & D are similarly arranged and constitute the other set.  One set serves two rooms of the vault and the other set serves the other two rooms of the vault.  The units also supply the gas cooler with air to cool the process gas.  During normal operation, one unit per set is operating and the 



other unit is a backup.  Electric motor‑operated dampers are provided to isolate an idle unit.  These dampers automatically open when the corresponding air handling unit is energized and automatically close when the corresponding unit is de‑energized.



Each air handling unit is provided with electric heaters, a defrost timer and thermostats to control heaters during defrosting cycle.



The air handling units are of the standard industrial design and are classified as nonsafety‑related and non‑seismic.



Design information for the air handling units is listed in <Table 9.4‑27>.


b.
Brine cooling packages (1N64‑B113A, B113B, B113C;







    2N64‑B113A, B113B, B113C)



Three 50 percent brine cooling packages are provided for this system.  They are located in the offgas building at floor Elevation 620’‑6”.  The three packages are arranged for a series brine flow.  Each brine cooling package has a shell and tube heat exchanger with brine in shell and R‑502 in tubes.  The brine flowing in shell is baffled for cross flow.  The shell is factory insulated with 4‑1/2 inch thick polyurethane covered with an outer steel jacket.  Each heat exchanger has two independent R‑502 refrigeration systems with each system consisting of the following equipment:



1.
A two stage open type compressor unit with:




(a)
A compressor motor (460 volt, 3 phase, 60 Hertz) with a maximum power input of 32 kW.




(b)
Nine cylinders (6 low stage and 3 high stage) with 2‑5/8 inch bore and 2‑1/4 inch stroke.




(c)
An interstage liquid cooler with strainer, solenoid valves, thermal expansion valve suitable for liquid cooling, and low stage discharge gas desuperheating.




(d)
An enclosed control center (120 volt, 1 phase, 60 Hertz) with the following factory wired and piped controls:





(1)
High pressure cutout (manual reset) with corresponding red alarm lights.





(2)
Automatic reset low pressure cutout for pump down control.





(3)
Oil pressure failure switch (manual reset) with corresponding red alarm light.





(4)
High discharge temperature cutout with corresponding red alarm light.





(5)
Crankcase heater control.





(6)
Compressor on‑off switch.





(7)
Pressure control to energize liquid line solenoid at 15 psig or lower.





(8)
Suction and discharge pressure gauges.





(9)
Oil pressure gauge.





(10)
Inherent motor protection with corresponding red alarm light (high winding temperature).



2.
One oil receiver with a 2kW (480 volt, 1 phase, 60 Hertz) and a built‑in thermostat.



3.
One discharge line oil separator with float drainer.



4.
One water cooled condenser with tubes seven feet in length.



5.
One liquid vapor heat exchanger.



6.
One thermal expansion valve with a capillary tube 10 feet in length and arranged for external equalization.



7.
One high pressure R‑502 liquid receiver, six inches in diameter and eight feet long.  This receiver is designed for a 350 psig design working pressure, and equipped with a relief valve of capacity adequate for the receiver and the condenser together.



8.
One strainer‑dryer with replaceable high capacity core.



9.
One water regulating valve.



10.
One level switch and one level gauge mounted on the high pressure receiver used as local level indicator and an alarm for low liquid level to show loss of refrigerant from the system.



11.
One moisture/liquid indicator.


All of the above equipment is mounted on a single steel base suitable for shipment and for installation on concrete pad.  All refrigerant interconnection lines are of copper tubing.


The two packages in series have a combined cooling capacity of 11.2 tons (1.344 x 105 Btu/hr) when cooling 130 gpm of brine from ‑49.7(F to ‑56(F.  Condensing water is supplied by the turbine building closed cooling system at 95(F.


The components of the brine cooling package are of the standard industrial design and are classified as nonsafety and non‑seismic.


c.
Brine recirculation pumps (1N64‑C101A, C101B)



Two 100 percent brine recirculation pumps are provided for this system.  They are located in the offgas building at floor Elevation 620’‑6”.  The pump is used to recirculate brine through the brine cooling packages and the air handling units, returning it in a closed loop to the pump suction.  Each pump is of the accessible hermetic type complete with enclosed cast iron impeller, hermetic motor, ductile iron casing for 300 psig working pressure, and 300 psi ANSI flanged connections.



The pumps are of the standard industrial design and are classified as nonsafety‑related and non‑seismic.



Design information for the brine recirculation pumps is listed in <Table 9.4‑27>.


d.
Expansion tank (1N64‑A101)



One expansion tank, wall mounted in the offgas building above floor Elevation 620’‑6”, is provided for this system.  The expansion tank is made from a 6‑foot long, 16‑inch diameter Schedule 10 pipe with 



the ends capped.  It is provided with a relief valve (50 psig setting) that is piped to the atmosphere, brine charging connection, vent, compressed air connection, and pump suction connection.  A level switch and a level gauge are also provided to indicate locally the brine level and also to activate an alarm on loss of brine in the system.



Functionally, the expansion tank provides a means of venting air from the piping system during initial startup as well as a place for charging brine into the system.  It allows volume changes due to temperature level changes in the brine system.



Components of the offgas charcoal vault refrigeration system that contain the brine and can be valved off are protected against excessive hydrostatic pressure by providing them with a relief system that is connected to expansion tank.  Each relief connection is provided with a spring‑loaded check valve and a bypass angle valve.


e.
Filter‑dryer (1N64‑D601)



One filter‑dryer is provided for the brine piping circuit of this system.  It is located in the offgas building and is connected in the suction side of the brine recirculating pumps.  It is of the standard industrial design and is nonsafety, non‑seismically classified.


9.4.11.3      Safety Evaluation


The offgas charcoal vaults refrigeration system is not safety‑related and is not required to safely shut down the plant during a design basis accident.  However, sufficient redundancy is provided for system reliability and to ensure that adequate refrigeration is available if a single component failure occurs.


The components of the system that contain the brine, and can be isolated, are protected against excessive pressure by providing them with a relief system connected to the expansion tank.  Each relief connection includes a spring‑loaded check valve and a bypass angle valve.


Nonrefrigerated spaces between ceilings and floor, insulated walls and concrete walls are at a slightly negative pressure relative to the offgas vaults.  This ensures proper air flow patterns are maintained and potentially contaminated air from the offgas vaults is passed through the charcoal exhaust system prior to discharge to the atmosphere.


9.4.11.4      Inspection and Testing Requirements


The various components of the offgas charcoal vault refrigeration system are readily accessible for inspection and routine maintenance during normal plant operation, plant shutdown or refueling operations.  Redundancy in the components and the ability to isolate idle components, enables inspection, maintenance and testing to be performed while the system is in normal operation.


During acceptance testing, routine maintenance and inspection, provisions will be made to verify the function and performance of the fans, dampers, valves, controls, and other equipment safety devices.  These provisions will ensure that operational components will perform their function reliably and accurately during normal operation and under conditions of operating interruptions.


9.4.11.5      Instruments, Controls, Alarms, and Protective Devices


Instruments, controls, alarms, and protective devices for the offgas charcoal vault refrigeration system are discussed as follows:


a.
Operation of this system is initiated manually from a local panel (1H51‑P132).


b.
An interlock is provided which prevents operation of any brine cooling package unless one brine recirculation pump is operating.


c.
Instrumentation is provided for indication on the local control panel (1H51‑P132 and 2H51‑P132), with corresponding system trouble alarm in the control room, of the following:



1.
Which brine cooling package compressors are in operation (status light).



2.
Which brine recirculating pump is in operation (status light).



3.
Which air handling units are in operation (status light).



4.
Which air handling units are on defrosting stage (timer light energized).



5.
Open or close position of air handling unit isolation dampers status light).



6.
Indication of failure of a R‑502 refrigeration system operation by:




(a)
(Deleted)




(b)
Alarm on high compressor motor winding temperature with corresponding red alarm light.




(c)
Alarm on high compressor discharge temperature with corresponding red alarm light.




(d)
Alarm on low compressor oil pressure with corresponding red alarm light.




(e)
Alarm on high pressure cutout with corresponding red alarm light.





NOTE:
Alarm light is a single annunciator point.  Any failure as described above will annunciate this alarm.



7.
Loss of refrigerant R‑502 (alarm).



8.
Loss of brine alarm.



9.
Air handling unit low air flow (alarm).



10.
High vault return air temperature (alarm).



11.
Brine recirculation pump low flow (alarm).



12.
Brine temperature alarm on deviation from set point (alarm).



13.
Atmospheric brine concentration high or brine sensor failure (alarm).


d.
The major items of instrumentation and controls are as follows:



1.
Local temperature and pressure indicators as shown on <Figure 9.4‑24>.



2.
Water flow regulating valve for each water cooled condenser of each R‑502 refrigeration system return line to regulate condenser water flow upon signal from the head pressure controller.



3.
Thermal expansion valve with 10 foot capillary tube, arranged for external equalization for each R‑502 refrigeration system.



4.
Level switch and level gauge for each high pressure receiver of each R‑502 refrigeration system to locally indicate R‑502 level in the receiver and to alarm on local panel on loss of refrigerant R‑502.



5.
Pressure relief valve on each R‑502 high pressure receiver tank to relieve the receiver of excess pressure.



6.
Brine pressure switch in each pump discharge line to alarm on local control panel and to automatically start the standby brine pump on low brine flow.



7.
Pneumatically driven three‑way valve in the main brine line upstream of the brine cooling packages.  This valve is controlled by a temperature controller in the main brine line downstream of the brine cooling packages.



8.
Temperature transmitter, temperature controller and electro‑pneumatic converter in the main brine line downstream of the brine cooling packages to control the three‑way valve in the main brine upstream of the brine cooling packages.



9.
Temperature bistable to actuate an alarm when the brine temperature deviates from the brine temperature controller set point.



10.
(Deleted)



11.
Pneumatically driven modulating three‑way valve in the cooling coil of each air handling unit.  The three‑way valve is controlled by the temperature controller in the air handling return duct.



12.
Three‑way solenoid valve for each cooling coil three‑way valve to automatically close the air supply port when the corresponding air handling unit is stopped.



13.
Motor‑operated two position ball valve in each cooling coil bypass line to automatically close when the corresponding air handling unit is stopped.



14.
Temperature transmitter, temperature controller and electro‑pneumatic converter in each common return duct to control the cooling coil three‑way valve.



15.
Temperature bistable to actuate an alarm when the return air temperature from the vault deviates from the air temperature controller set point.



16.
Temperature hand controller to provide a means of manually setting the air temperature controller set point.



17.
Ratio controller to accept an electrical signal from the temperature hand controller and to provide a set point for the brine temperature controller.



18.
Level switch and level gauge for the brine expansion tank to locally indicate brine level in the tank and to alarm on loss of brine in the system.



19.
Air pressure regulator in the compressed air line to maintain the expansion tank pressure above 15 psig.



20.
Pressure relief valve on the brine expansion tank to relieve excess tank pressure.



21.
Adjustable relief and check valve connected to each cooling coil vent, brine pump discharge line, drier line, and brine cooling package line to open and relieve brine if the pressure exceeds the relief and check valve set point.  The relief brine is piped to the expansion tank.



22.
(Deleted)



23.
Differential pressure switch across each fan to alarm on low air flow when the fan is operating.



24.
Motor‑operated damper in each air handling unit return and supply duct to automatically close or open when the corresponding air handling unit is stopped or started.



25.
Cycle timer for each set of handling units to put an operating air handling unit on defrost mode at a preselected time interval and automatically startup the corresponding backup unit.



26.
Defrost timer for each air handling unit to energize the electric heater at a preselected time interval when the corresponding air handling unit is in the defrost mode.  This timer is interlocked with the cycle timer.



27.
Thermostats for each air handling unit to thermostatically control the operation of electric heaters during defrosting cycle.



28.
Air handling unit damper (suction and discharge) position switches to indicate open or close position.



29.
Trichloroethylene monitor (brine, R‑1120) to give indication of atmospheric brine concentration and to alarm if the level is too high.


9.4.12      MISCELLANEOUS NONSAFETY HVAC SYSTEMS


9.4.12.1      Design Basis


The miscellaneous nonsafety‑related HVAC systems throughout the plant are designed to ventilate and cool the areas they serve for the purpose of maintaining adequate ambient temperature suitable for equipment operation and personnel comfort.


9.4.12.2      System Description


The miscellaneous nonsafety‑related HVAC systems are shown schematically on <Figure 9.4‑25>, <Figure 9.4‑27>, <Figure 9.4‑28>, and <Figure 9.4‑29> and consist of the following:


a.
Water treatment building ventilation system.


b.
Circulating water pumphouse ventilation system.


c.
Service water pumphouse ventilation system.


d.
Turbine lube oil storage area ventilation system.


e.
Diesel driven fire pump area ventilation system.


f.
Auxiliary boiler building ventilation system.


g.
Radwaste control room HVAC system.


h.
Smoke venting system.


i.
Control and computer rooms humidification system.


9.4.12.2.1      Water Treatment Building Ventilation System


This system functions during normal operation.  It provides ventilation in the water treatment building to maintain a suitable environment for operating personnel and equipment.  During summer operation, ventilation of this building is accomplished by drawing outside air through operating windows into the building and then exhausting it through power roof exhausters.  Two 50 percent capacity roof exhausters with motor‑operated dampers are provided.


During winter operation, the roof exhausters are not operating and all windows are closed.  Hot water unit heaters are provided to maintain a suitable ambient temperature condition inside the building.


A separate supply fan is provided for the water treatment laboratory to maintain a suitable environment for operating personnel.  Supply air is from the water treatment building itself and is filtered prior to distribution to the laboratory.


The main components of this system consist of two 50 percent capacity power roof exhausters with electric motor‑operated dampers and a supply fan.  One roof exhauster is located on the water treatment building roof at Elevation 642’‑0” and the other unit at Elevation 665’‑0”.


Components of this system are of standard industrial design.


9.4.12.2.2      Circulating Water Pumphouse Ventilation System


This system functions during normal plant operation.  It provides heating and ventilation in the circulating water pumphouse to maintain a suitable environment for equipment operation.


During summer operation, ventilation of the pumphouse is accomplished by drawing outside air through wall louvers and discharging it to the atmosphere through the roof exhausters.  The HVAC is controlled from temperature switches and a programmable controller that will, by manipulation of various combinations of wall louvers and fan inlet dampers, utilize the effects of natural convection whenever possible and then use mechanically forced air when required.


During winter operation, the HVAC control system will operate the mechanical equipment on a demand basis.  Electric unit heaters with remote thermostats are provided to maintain a suitable minimum ambient temperature.


The main components of this system consist of power roof exhausters, each with integral electric motor-operated inlet dampers located on the roof of the circulating water pumphouse at Elevation 684’‑0”, and motor‑operated wall louvers located on the north, west and south walls which are of standard industrial design.


9.4.12.2.3      Service Water Pumphouse Ventilation System


This system functions during normal plant operation.  It provides heating and ventilation in the service water pumphouse to maintain a suitable environment for equipment operation.


During summer operation, ventilation of the pumphouse is accomplished by drawing outside air through supply fans and discharging it into the pump areas.  This supply area is relieved to the atmosphere through wall louvers.  Operation of the supply fans is initiated by a local control switch.


During winter operation, a portion of the pumphouse ambient air is recirculated depending upon the outdoor temperature.  Also, electric unit heaters with remote thermostats are provided to maintain a suitable minimum ambient temperature.


The main components of this system consist of two axial flow fans, each with motor‑operated intake and return dampers.  The fans are located on Elevation 603’‑0” and 620’‑6”, and are of standard industrial design.


9.4.12.2.4      Turbine Lube Oil Storage Area Ventilation System


This system functions during normal plant operation.  It provides heating and ventilation in the turbine lube oil storage areas.


During summer operation, ventilation of the lube oil areas is accomplished by drawing outside air through a supply fan and discharging 


the air to various storage areas.  This supply air is relieved to the atmosphere through wall louvers.  Operation of the supply fans is initiated from a local control switch.


During winter operation, a portion of the ambient air is recirculated depending upon the outdoor temperature.  Also, hot water unit heaters with remote thermostats are provided to maintain suitable minimum ambient temperature.


The main components of this system consist of an axial flow fan with motor‑operated intake and return dampers.  The fan is of standard industrial design.


9.4.12.2.5      Auxiliary Boiler Building Ventilation System


This system functions during normal plant operation.  It provides heating and ventilation in the auxiliary boiler building to maintain a suitable environment for equipment operation.


During summer operation, ventilation of the auxiliary boiler building is accomplished by drawing outside air through wall louvers and discharging 


it to the atmosphere through a roof exhauster.  Operation of the roof exhauster is initiated by a temperature switch whenever a preselected set point is reached.


The roof exhauster may also be started manually from a local control switch.  A motor‑operated louver is provided and is interlocked to open when the roof exhauster starts and close when the unit stops.


During winter operation, the roof exhauster does not operate and the wall louver is closed.  Hot water unit heaters with remote thermostats are provided to maintain a suitable minimum ambient temperature.


The main components of the system consist of a power roof exhauster (located on the roof of the auxiliary boiler building at Elevation 647’‑6”) with integral electric motor‑operated damper and motor‑operated louvers.  The roof exhauster is of standard industrial design.


9.4.12.2.6      Diesel Driven Fire Pump Area Ventilation System


This system provides ventilation in the diesel driven fire pump area to maintain suitable environment for equipment operation.


Ventilation of the diesel driven fire pump area is accomplished by supply fans that draw ambient air from the emergency service water pumphouse and discharge it to the fire pump area.  This supply air is then relieved to the atmosphere through a ducted relief louver.  Operation of the supply fans is initiated whenever the diesel driven fire pump starts.  The fans may also be manually started from the local selector switches.  High temperature switches in the supply fan discharge ducts and the exhaust duct automatically stop the supply fans on indication of high temperature.


The main components of this system consist of two axial flow fans and ducted relief louver.  They are located above the diesel driven fire pump area at Elevation 601’‑6”.  The axial fans are of standard industrial design.


9.4.12.2.7      Radwaste Control Room HVAC System


This system consists of a rooftop air handling unit, and a split system air conditioning unit.


The rooftop air handling unit functions during normal plant operation.  It provides heating, cooling and ventilation in the radwaste control room to maintain a suitable environment for equipment operation and for personnel comfort.


Cooling or heating and ventilation of the radwaste control room is accomplished by supplying cooled or heated air (mixture of outdoor and recirculated room air) to the radwaste control room, control panel, programmable controller area, and the motor control center (MCC) area.  The air supply to the MCC area, and part of air from the radwaste control room, is relieved to the radwaste building hallway and exhausted by the radwaste building exhaust system; the balance of the supply air is recirculated.  Operation of the system is initiated from a control panel located in the radwaste control room.  The system is provided with a separate heating and cooling thermostat to control the supply air temperature.  The control panel is provided with heating and cooling switches and has the capability of manual or automatic change over and continuous or automatic indoor fan operation.  In addition, a ventilation control switch is also provided to remote‑manually operate the outdoor air damper to admit 20 percent outdoor air for ventilation.


The rooftop air handling unit is a single, packaged, unit with semihermetic compressors, direct expansion cooling coils and electric heating coils.  The unit is located on the radwaste building roof at Elevation 646’‑6”, and is of standard industrial design.


The split system air conditioning unit functions as a backup to cool the programmable controller area when the rooftop air handling unit is out of service or cannot provide sufficient cooling to this area.


Cooling of the programmable controller area is accomplished by supplying cool air directly at the programmable logic controller (PLC) units; the supply air is totally recirculated.  Operation of the split system unit is initiated automatically upon reaching a preselected area high 


temperature setpoint.  The unit will continue operation until a suitable ambient temperature is reached.  The area is provided with a thermostat which will control the operation of the unit.


The main components of this backup system consist of a condensing unit mounted on the radwaste building roof at elevation 646’‑6”, and a fan coil unit suspended from the roof of the radwaste building above the ceiling of the radwaste control room area.  The condensing unit consists of a fan and motor, compressor, condenser coil, refrigerant piping, and auxiliary components.  The fan coil unit consists of a 3‑speed fan and motor, evaporator coil and filter.


9.4.12.2.8      Smoke Venting System


This system functions only when a high smoke condition occurs in the electrical areas such as the motor control center and switchgear rooms, cable spreading areas, duct and cable chases, and the cable tunnels.  The smoke venting system will clear the smoke and enhance visibility to aid fire fighters in the affected areas.


Smoke venting is accomplished by exhausting air from the affected electrical areas through an axial flow fan and discharging the exhaust air to the atmosphere through the unit vent.  Operation of the smoke venting fans is initiated manually from the intermediate building upon receipt of high smoke alarm from any of the electrical areas served.  A total of two axial fans are provided and each electrical power division is served independently by a separate exhaust fan.


The main components of this system consist of two axial flow fans with isolation and check dampers to prevent backflow.  The axial fans are located in the intermediate building at Elevation 639’‑0”, and are of standard industrial design.


9.4.12.2.9      Control and Computer Rooms Humidification System


This system consists of one 100 percent capacity electric steam boiler, central type humidifiers, piping, and valves.  The system is shown schematically on <Figure 9.4‑29>.


During normal winter operation, the electric steam boiler supplies the central type humidifiers with steam.  Humidifiers M29‑B002A and B are located in control room return duct downstream of the return fans M25‑C002A and B.  Humidifiers M29‑B003A and B are located in the branch supply ducts of the computer room HVAC system.  Humidity controllers located in the computer room (one per room) and control room (one per unit) modulate the needle valve of the corresponding humidifier, thereby discharging the right quantity of steam to the air stream and satisfying humidity controller set point.


One motor‑operated valve is provided for each humidifier steam supply line.  Motor‑operated valves M29‑F030A and B are interlocked with the control room HVAC systems return fans M25‑C002A and B, respectively.  The motor‑operated valve opens (closes) when the corresponding fan or air handling unit is energized (de‑energized).  This ensures that no steam is supplied to the idle humidifier, preventing steam discharge without air flowing in the duct.  The computer room HVAC system is provided with high limit moisture switches M27‑N030A and B, and low limit moisture switches M27‑N040A and B.  These switches activate an alarm in the control room if the relative humidity in the computer rooms reaches the high or low setpoints.  In addition, the high limit moisture switches also automatically close the steam supply motor‑operated valves M29‑F035A and B, respectively, at the same high setpoint.  Motor‑operated valves are automatically open when the relative humidity in the computer rooms is below the high limit setpoint alarm.


The main components of this system are located in the control complex HVAC equipment room at Elevation 679’‑6” and consist of one 100 percent capacity electric steam boiler (M29‑B001), central type humidifiers (M29‑B002A and B, M29‑B003A and B), motor‑operated valves (M29‑F030A and B, M29‑F035A and B), manual valves, and piping.


The components of this system are of the standard industrial design and are classified as nonsafety and non‑seismic.


The following is a brief description of the major components of this system:


a.
Electric Steam Boiler



The electric steam boiler is of the electrode type, producing steam from the heat generated by the resistance of the water to the passing current.  The boiler consists of a generating chamber where three solid non‑moving alloy electrodes are suspended equidistant apart each forming an apex of a triangle and a regulating chamber.  These chambers are arranged so that if steam is generated in excess of the required, water in the generating chamber is pushed out to the regulating chamber.  As a result, it uncovers a portion of the electrodes (lesser power consumption) until the steam is made at the rate equal to the requirement.  On increased steam demand, the converse action takes place.



The boiler is equipped with the following:



1.
Steam pressure gauge, water gauge, safety/relief valve, ammeter, junction box, pressure control regulator, and blowout discs.



2.
“Faze” lights that will go out if one phase of the electric circuit has failed or if the electrode tips are unequal in length.



3.
Control probes for actuating solenoid valves for automatic water makeup purposes.



4.
Electronic conductivity control that measures the electric conductivity of the boiler water.  When the conductivity measures higher than the desired setting, the boiler is drained as required until the conductivity is reduced to the desired setting.


b.
Humidifiers



The humidifier is of the electric modulating control, steam separator type, providing full separation ahead of an integral steam jacketed control valve.  The integral control valve is a parabolic plug capable of modulating flow of steam to provide full control over the entire stroke of the operator.  The distribution manifold, located in the duct, provides uniform steam distribution (against air stream flow) over its entire length and is steam jacketed to ensure that the vapor discharged is free of water droplets.  The humidifier is equipped with an interlocked temperature switch to prevent the humidifier from operating until the entire system is up to steam temperature, preventing the possibility of “spitting” on cold startup.  The humidifier is also equipped with inlet strainer and external inverted bucket steam trap.


9.4.12.3      Safety Evaluation


Since the miscellaneous heating and ventilation systems are not safety‑related, a safety evaluation discussion is not presented.


9.4.12.4      Inspection and Testing Requirements


The various components of the miscellaneous nonsafety ventilation systems are accessible during normal plant operation and plant shutdown for testing and inspection.


During testing and inspection, provision will be made to verify the function and performance of the fans, dampers, valves, controls, and other devices.  These provisions ensure that operational components perform their function reliably and accurately during normal operation and under conditions of operating interruptions.
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TABLE 9.4‑23


DESIGN DATA FOR CONTROL COMPLEX CHILLED WATER SYSTEM COMPONENTS



Water Chillers



No. of chillers



3 



Manufacturer




Carrier Corp.



Capacity of chillers, tons

607



Rating of each chiller, kW

580



Compressor motor electrical



characteristics



4,000 volt, 3 phase, 60 Hertz



Chilled water flow rate per



chiller, gpm




1,513



Entering chilled water



temperature (max.), (F


54.6



Leaving chilled water



temperature (max.), (F


45



Entering condenser water



temperature (max.), (F


95



Leaving condenser water



temperature (max.), (F


105.9



Condenser water flow rate, gpm
1,700



Condenser water pressure drop



(max.), ft




19.7



Condenser fouling factor


0.0005



Evaporator water pressure drop



(max.), ft




26



Evaporator fouling factor

0.0005



Chilled Water Pumps



No. of pumps




3 



Manufacturer




Ingersoll‑Rand


TABLE 9.4‑23 (Continued)



Type of pump




Centrifugal, double suction



Flow capacity per pump, gpm

1,513



Total pressure head per pump, ft
130



Pump motor horsepower, hp

100



Electrical characteristics

460 volt, 3 phase, 60 Hertz


TABLE 9.4‑24


DESIGN DATA FOR TURBINE BUILDING CHILLED WATER SYSTEM COMPONENTS



Chillers (1P46‑B001A & B)



No. of chillers



2 



Manufacturer




Carrier Corp.



Capacity of chillers


800 tons



Type of chiller



Centrifugal, hermetic



Rating of chiller compressor, kW
766



Compressor motor electrical



characteristics



4,000 volt, 3 phase, 60 Hertz



Chilled water flow rate per



chiller, gpm




1,920



Entering chilled water



temperature, (F




55



Leaving chilled water



temperature, (F




45



Condenser water flow rate per



chiller, gpm




2,400



Entering condenser water



temperature, (F




95



Leaving condenser water



temperature, (F




105.2



Condenser water pressure drop



(max.), ft




19.0



Condenser fouling factor


0.0005



Evaporator pressure drop (max.),



ft






15.9



Evaporator fouling factor

0.0005


TABLE 9.4‑24 (Continued)



Pumps (1P46‑C001A & B)



No. of pumps




2 



Manufacturer




Ingersoll‑Rand



Type of pump




Centrifugal, split










casing, double suction



Pump flow rate, gpm



1,920



Pump total head, ft



150



Pump motor horsepower, hp

100



Pump motor electrical



characteristics



460 volt, 3 phase, 60 Hertz


TABLE 9.4‑25


DESIGN DATA FOR CONTAINMENT VESSEL CHILLED WATER SYSTEM COMPONENTS



Chillers (P50‑B001A, B, & C)



No. of chillers



3 



Manufacturer




Carrier Corp.



Capacity of chillers, tons

200



Type of chiller



Centrifugal, hermetic



Rating of chiller, kW


255



Compressor motor electrical



characteristics



4,000 volt, 3 phase, 60 Hertz



Chilled water flow rate per



chiller, gpm




600



Entering chilled water



temperature, (F




53



Leaving chilled water



temperature, (F




45



Condenser water flow rate per



chiller, gpm




600



Entering condenser water



temperature, (F




95



Leaving condenser water



temperature, (F




105.9



Condenser water pressure drop, ft
6.9



Condenser fouling factor


0.0005



Evaporator pressure drop, ft

12.9



Evaporator fouling factor

0.0005



Pumps (P50‑C001A, B, & C)



No. of pumps




3 



Manufacturer




Ingersoll‑Rand


TABLE 9.4‑25 (Continued)



Type of pump




Centrifugal, split casing










double suction



Pump flow rate, gpm



600



Pump total head, ft



125



Pump motor horsepower, hp

30



Pump motor electrical



characteristics



460 volt, 3 phase, 60 Hertz


TABLE 9.4‑26


DESIGN DATA FOR HOT WATER HEATING SYSTEM COMPONENTS


A.
HEAT EXCHANGERS









1P55‑
1P55‑




Tube side



B001A
B001B



Design water flow rate, gpm
3,000
3,000



Inlet temp., (F



160

160




Outlet temp., (F


190

190




Minimum inlet pressure, psig
110

110




Water connection size, in.
10

10




Max. velocity through tubes,



  fps




7.8

8.2




Water pres. drop, ft

5.7

4.4




Design pressure, psig

200

200




Design temp., (F


340

390





Shell side



Steam inlet temp., (F

326

320




Steam inlet pres., psig

25

75




Steam inlet enthalpy, Btu/lbm
1,200
1,185



Drain cooling, (F


30

30




Drains outlet temp., (F

237

290




Design pressure, psig

100

200




Design temp., (F


340

390



B.
CIRCULATION PUMPS









1P55‑C001A









1P55‑C001B



Type of pump


Centrifugal, double









suction





Design flow capacity per



  pump, gpm



3,000





Total pressure head per



  pump, ft



140






Pump motor rating, hp

125






Electrical characteristics
460 volt,











 3 phase,











60 Hertz




TABLE 9.4‑27


DESIGN DATA FOR OFFGAS CHARCOAL VAULT


REFRIGERATION SYSTEM COMPONENTS



Air Handling Units



No. of units




4



No. of fans per air handling unit
2 (with common shaft and










motor drive)



Air Flow (total per air handling



unit), cfm




5,000



External static pressure required



per air handling units, in. w.g.
2.0 (at actual conditions)



Fan motor electrical



characteristics



460 volt, 3 phase, 60 Hertz



Electric defrost heaters


460 volt, 3 phase, 60 Hertz



electrical characteristics



Damper motor electrical



characteristics



120 volt, 1 phase, 60 Hertz



Cooling capacity per air



handling unit, Btu/hr


53,102



Max. coil face velocity, fpm

500



Temp. of brine entering coil



(min.), (F





‑56



Temperature of entering air



(min.), (F





‑39.7



Temperature of leaving air



(min.), (F





‑47.5



Brine flow rate per unit (max.),



gpm






65



Brine Recirculation Pumps



No. of pumps




2 


TABLE 9.4‑27 (Continued)



Type of pump




Leak proof canned pump










design, vertical discharge



Impeller size, in.



9‑1/2



Flow capacity per pump, gpm

130



Brine Fluid




R‑1120 (Trichloroethylene)



Total pressure head per pump, ft
80



Pump NPSH, ft




1.8



Pump motor type



Hermetic



Pump motor horsepower, hp

15



Motor speed, rpm



1,750



Electrical characteristics

460 volt, 3 phase, 60 Hertz




Revision 12



9.4‑1
January, 2003







Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for 


BM - 0.5”

RM - 1”

FT - 0.7”

most pages.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


TM - 1.33”
LM – 1.1”

HD - 0.7”

Page setup for 


BM - 0.5”

RM - 1”

FT - 0.7”

Table 9.5-1 and 9.5-2


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


9.5      OTHER AUXILIARY SYSTEMS


9.5.1      FIRE PROTECTION SYSTEM


9.5.1.1      Design Bases


The design of the fire protection system is based on considerations discussed in the sections that follow.


9.5.1.1.1      Safe Shutdown Systems


Since any area containing systems or components required for safe shutdown could be affected either directly or indirectly by fire, these areas must be identified.  In <Appendix 9A> (Fire Protection Evaluation Report, FPER), the systems required for safe shutdown have been identified in <Appendix 9A.3>.  <Table 9A.3‑1>, <Appendix 9A>, lists the components of these systems and their physical plant location.


9.5.1.1.2      Defense‑in‑Depth


The bases for the design of the fire protection program is to provide a defense‑in‑depth principle by achieving an adequate balance in:


a.
Preventing a fire from starting.


b.
Quickly detecting and extinguishing fires that do occur, thus limiting fire damage.


c.
Designing safety‑related systems so that a fire that occurs and burns out of control for a considerable length of time (despite fire protection activities) will not prevent safe shutdown.


Since not one of the above can always be achieved, the fire protection program is based on an interaction between them, thus ensuring that weaknesses in one is compensated for by strengths in another.


9.5.1.1.3      Fire Protection System Adequacy and Dependability


The fire protection program places special emphasis on detecting and suppressing fires which would endanger systems required for safe plant shutdown.  The need for these fire detection and suppression systems to operate upon loss of offsite power was recognized.  Therefore, the detection and protection systems are powered from electrical distribution systems which have backup power; where backup power is not available, self‑contained battery‑charger units are available unless analysis has shown that loss of the system will not compromise protection of safety‑related or safe shutdown equipment to fire exposure.  In addition, all open head suppression systems can be operated and all closed head systems can be readied for operation without electric power.  Backup fire suppression capability is provided throughout the plant.  In areas where safe shutdown equipment is located, the backup will consist of standpipe hose stations and fire extinguishers.  Each of these hose stations will normally be fed from the fire protection water system with backup from the Seismic Category I emergency service water system.  The adequacy of the fire protection for areas containing safe shutdown system components has been evaluated by analysis of the effects of a postulated fire on the ability to safely shutdown the plant.  This analysis is found in <Appendix 9A.4>.


9.5.1.1.4      Quality Assurance


The plant fire protection program started with the design and is carried through all phases of construction and operation.  Certain provisions of the quality assurance program have been implemented to ensure that the project commitments for design, installation, operations, testing, and administrative controls are satisfied.


9.5.1.1.5      Inadvertent Operation or Crack


The consequences of inadvertent operation of, or a crack in, a moderate energy line in the fire service water system meet the guidelines specified for moderate energy systems outside containment given in NRC MEB 3‑1 and NRC APCSB 3‑1.  However, postulated failures of control complex piping over 6 inches in size, which are more severe than moderate energy cracks, require additional design protection.  As a result, fire service piping all located in the control complex is seismically supported in cases where analysis showed that rupture could cause failure of safety‑related equipment by flooding.


In the ESWPH building, protection is provided by qualifying safe shutdown equipment for the environmental conditions which may occur as a result of a moderate energy line failure of fire protection piping.


9.5.1.1.6      Hazardous Materials


Unusually hazardous materials to be used on the site are identified and evaluated in <Section 2.2.3>.  Furthermore, the combustibles found in each fire area are discussed in <Appendix 9A.4>.


9.5.1.2      System Description


9.5.1.2.1      Structural Features


Adjoining plant buildings are separated by three hour walls.  Additionally, most plant buildings are further subdivided into fire areas which are separated by three hour floors and walls.  Openings in these three hour separations are provided with rated doors and fire seals of the corresponding three hour rating as described in <Appendix 9A.4>.  Materials used for plant construction are noncombustible wherever possible.  <Appendix 9A.4> gives a detailed 


description of fire barriers, construction materials and smoke removal systems.  <Figure 9A‑1>, <Figure 9A‑2>, <Figure 9A‑3>, <Figure 9A‑4>, <Figure 9A‑5>, <Figure 9A‑6>, <Figure 9A‑7>, <Figure 9A‑8>, <Figure 9A‑9>, <Figure 9A‑10>, <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑13>, <Figure 9A‑14>, <Figure 9A‑15>, <Figure 9A‑16>, <Figure 9A‑17>, <Figure 9A‑18>, <Figure 9A‑19>, <Figure 9A‑20>, <Figure 9A‑21>, <Figure 9A‑22>, <Figure 9A‑23>, <Figure 9A‑24>, <Figure 9A‑25>, <Figure 9A‑26>, <Figure 9A‑27>, <Figure 9A‑28>, <Figure 9A‑29>, <Figure 9A‑30>, <Figure 9A‑31>, <Figure 9A‑32>, <Figure 9A‑33>, <Figure 9A‑34>, show fire barriers and exits.


<Figure 9.5‑1>, <Figure 9.5‑2>, <Figure 9.5‑3>, <Figure 9.5‑4>, <Figure 9.5‑5>, <Figure 9.5‑6>, show the equipment and devices that comprise the principal and auxiliary fire protection systems.


9.5.1.2.2      Fire Service Water Supply and System Seismic Requirements


The design of the fire water supply and distribution system meets the following basic requirements (additional details are found in parts E.2 and E.3 of <Appendix 9A.5>.


a.
Supply is handled by two 2,500 gpm fire pumps, one diesel driven and one motor driven, each with the capability to meet the largest system demand.


b.
A looped distribution piping system is provided which is arranged and valved so that a single worst break in the distribution piping will not prohibit any fixed water system from getting the required flow at the required pressure.


c.
Design requirements include the capability of providing 500 gpm for hose streams operating simultaneously with any fixed fire suppression system.


d.
Isolation valves are located to minimize the quantity of fire fighting equipment out‑of‑service at one time, and to prevent a single break from disabling both the primary suppression system and its backup.


The following seismic requirements have been implemented in the design of the fire protection system:


a.
Piping is seismically supported in the case where analysis showed that rupture of an eight inch distribution main in the control complex could cause failure of safety‑related equipment by flooding.


b.
Standpipe systems supplying hose stations protecting safe shutdown equipment are seismically supported, designed in accordance with ANSI B31.1, except for limited sections of A120 pipe that analysis has shown to be of adequate strength, and provided with a connection to the emergency service water supply which is operated manually when needed.


9.5.1.2.3      Codes and Standards


As a minimum, the standards, guides and recommended practices of the National Fire Protection Association (NFPA) in effect in 1973 were referenced in the design and installation of the plant fire protection system:


In addition, the following documents were also referenced:


a.
Documents from American Nuclear Insurers (ANI), formerly NEL‑PIA:



1.
Basic Fire Protection for Nuclear Power Plants, April 1976.



2.
Specifications for Fire Protection of New Plant, NEL‑PIA File No. N‑195.


b.
Pamphlets of the National Fire Protection Association (NFPA):



10
Portable Fire Extinguishers



11
Foam Extinguishing Systems



12
Carbon Dioxide Extinguishing Systems



12A
Halon 1301 Systems



13
Sprinkler Systems, Installation



14
Standpipe and Hose Systems



15
Water Spray Fixed Systems



20
Centrifugal Fire Pumps



24
Outside Protection



26
Supervision of Valves



30
Flammable and Combustible Liquids Code



37
Stationary Combustion Engines and Gas Turbines



50A
Gaseous Hydrogen Systems at Consumer Site



70
National Electrical Code



72D
Proprietary Signaling Systems



72E
Automatic Fire Detectors



75
Electronic Computer/Data Processing Equipment



78
Lightning Protection Code



80
Fire Doors and Windows



90A
Air Conditioning and Ventilating Systems



92M
Waterproofing and Draining of Floors



101
Code for Safety to Life from Fire in Buildings and Structures



194
Fire Hose Connections



196
Fire Hose



204
Guide for Smoke and Heat Venting



321
Basic Classification of Flammable Liquids



802
Nuclear Reactors


c.
Ohio Building Code, 1970 Edition.


9.5.1.2.4      Multi‑unit Requirements


The special fire hazards created and the fire protection required while Unit 1 is in operation and Unit 2 is under construction are discussed in part A.8 of <Appendix 9A.5>.


9.5.1.2.5      General Description of Fixed Suppression and Detection Systems


The following list provides a general description of the types of fire protection systems at PNPP and identifies the areas or hazards protected by each type (<Figure 9A‑001>, <Figure 9A‑002>, <Figure 9A‑003>,


<Figure 9A‑004>, <Figure 9A‑005>, <Figure 9A‑006>, <Figure 9A‑007>, <Figure 9A‑008>, <Figure 9A‑009>, <Figure 9A‑010>, <Figure 9A‑011>, <Figure 9A‑012>, <Figure 9A‑013>, <Figure 9A‑014>, <Figure 9A‑015>, <Figure 9A‑016>, <Figure 9A‑017>, <Figure 9A‑018>, <Figure 9A‑018>, <Figure 9A‑019>, <Figure 9A‑020>, <Figure 9A‑021>, <Figure 9A‑022>, <Figure 9A‑023>, <Figure 9A‑024>, <Figure 9A‑025>, <Figure 9A‑026>, <Figure 9A‑027>, <Figure 9A‑028>, <Figure 9A‑029>, <Figure 9A‑029>, <Figure 9A‑030>, <Figure 9A‑031>, <Figure 9A‑032>, <Figure 9A‑033>, <Figure 9A‑034>, of the FPER show areas covered by the fire protection and detection systems in relation to safe shutdown systems and components for those areas):


a.
Wet pipe automatic sprinkler system



Major components ‑ alarm check valve, water flow pressure switch, shutoff valve with position switch.



1.
Unit 1 and Unit 2 turbine buildings below the operating floors, including areas beneath the turbine condenser (hydraulically designed).



2.
Diesel fire pump room in the emergency service water pumphouse.



3.
Radwaste storage and processing areas at Elevation 623’‑6” of the radwaste building.



4.
Unit 1 and Unit 2 reactor core isolation cooling pump rooms at Elevation 574’‑10” of the auxiliary building.



5.
Control complex at Elevation 599’‑0” and the southern portion of Elevation 574’‑10”.



6.
Service building, service building annex and technical support center, except CAS and Halon protected areas.



7.
Auxiliary boiler building.



8.
(Deleted)



9.
Fuel oil pumphouse.



10.
(Deleted)


11.
Intermediate building above Elevation 599’‑0” excluding the instrument storage area and hot instrument shop.



12.
Intermediate building above Elevation 620’ excluding the Standby Liquid Control System area.



13.
Auxiliary building 620’ elevation in corridor at west end.



14.
Intermediate building Elevation 574’‑10” in the tool decontamination and storage areas.



15.
Sprinklers have been provided in other plant buildings where the fire hazard makes it necessary to detect a fire before it can propagate to plant structures, systems or components important to safety located in other buildings.


b.
Water spray system



Major components ‑ strainers, deluge valves, shutoff valve with position switch, waterflow pressure switch, control panel, spray nozzles, and heat detectors.



1.
Unit 1 and Unit 2 outdoor oil‑filled transformers.



2.
Charcoal filter systems.



3.
Unit 1 and Unit 2 hydrogen seal oil units at Elevation 605’‑0” of the turbine buildings.


c.
Preaction water spray systems



Major components ‑ strainers, deluge valves, waterflow pressure switch, shutoff valve with position switch, fusible element type spray nozzle, control panel, heat detectors, and supervised air supply.



1.
Unit 1 and Unit 2 turbine generator bearings.



2.
Unit 1 and Unit 2 feedwater pump turbine bearings at Elevation 647’‑0” of the heater bays.


d.
Preaction sprinkler system



Major components ‑ strainer, deluge valve, waterflow pressure switch, shutoff valve with position switch, sprinklers, fusible element type spray nozzles, control panel, heat detectors, and a supervised air supply.



Four systems exist:  one for each cable spreading room (i.e., Unit 1, Division 1 and Division 2; Unit 2, Division 1 and Division 2).  These systems also cover the control complex cable chases, cable tunnels and penetration areas.


e.
Carbon dioxide total flooding system



Major components ‑ low pressure CO2 tank, master valve, selector valve, control panel, fire detectors, and discharge nozzles.



1.
Each of the six diesel generator rooms.



2.
Unit 1 and Unit 2 turbine lube oil tank rooms at Elevation 620’‑0” of the turbine buildings.



3.
Unit 1 and Unit 2 turbine lube oil purifier rooms at Elevation 593’‑0” of the turbine buildings.



4.
Unit 1 and Unit 2 computer room subfloor at Elevation 638’‑0” of the control complex.



5.
Unit 1 and Unit 2 control room subfloors at Elevation 654’‑0” of the control complex.  Each control room subfloor is isolated into three main subsections, each protected by its own CO2 system.


f.
Local application carbon dioxide systems



Major components ‑ low pressure CO2 tanks, master valve, selector valve, heat detectors, control panel, and discharge nozzles.



1.
Four systems exist:  one for each of the four reactor recirculation pump motors (i.e., two each in Unit 1 and Unit 2 reactor buildings).


g.
Fire detection systems



Major components ‑ smoke detectors and fire detector panels.



Zone of coverage by building:



1.
Control complex




(a)
Conference room, Elevation 654’‑6”.




(b)
Above suspended ceiling, office and conference rooms, lunch room, and access areas, Elevation 599’‑0”.




(c)
Pump room and heat exchanger rooms, Elevation 599’‑0”.




(d)
Above suspended ceiling, laboratories, Elevation 599’‑0”.




(e)
All electrical equipment areas, Elevation 620’‑6”.




(f)
Access areas, Elevation 620’‑6”.




(g)
Computer, cable spreading and battery areas, Elevation 638’‑6”.




(h)
Control rooms, Elevation 654’‑6”.




(i)
Equipment, access areas and service rooms, Elevation 574’‑0”.




(j)
Mechanical equipment area, Elevation 679’‑6”.




(k)
Chase area, Elevation 693’‑0”.




(l)
Elevator/stairwell vestibule, Elevation 654’‑6”.



2.
Auxiliary building, Unit 1 (Unit 2 same)




(a)
RHR pump rooms, Elevation 574’‑10”.




(b)
RCIC pump rooms, Elevation 574’‑10”.




(c)
Access areas and corridors, Elevations 574’‑10”, 599’, 620’.




(d)
RHR heat exchanger rooms, Elevation 599’‑0”, 620’.




(e)
RWCU pump room, Elevation 599’‑0”.



3.
Intermediate building




(a)
Access and pump area, Elevation 574’‑10”.




(b)
Access areas, Elevation 599’‑0”.




(c)
(Deleted)




(d)
Pump room, Elevation 599’‑0”.




(e)
Hatch areas, Elevation 599’‑0”.




(f)
Repair rooms, Elevation 599’‑0”.




(g)
Access areas, Elevation 620’‑6”.




(h)
Chases and annulus fan rooms, Elevation 620’‑6”.




(i)
Recombiner area, Elevation 654’‑6”.




(j)
Inspection rooms, Elevation 654’‑6”.




(k)
Access areas, Elevation 654’‑6”.




(l)
Tank areas, Elevation 665’‑0”.




(m)
Cable chases, Elevations 638’‑6” and 654’‑0”.




(n)
Access area, Elevation 682’‑6”.




(o)
Ventilation rooms, Elevation 682’‑6”.



4.
Reactor building, Unit 1 (Unit 2 same)




(a)
Inside drywell at Elevation 583’, 599’, 629’, and 576’.




(b)
Outside drywell:





(1)
At Elevation 664’.





(2)
CRD area, Elevation 620’.





(3)
HCU cooling area at Elevation 620’.





(4)
RWCU area at Elevation 642’.





(5)
At Elevation 654’.





(6)
Containment access area at Elevation 599’.



5.
Diesel generator building, Unit 1 (Unit 2 same)



6.
Emergency service water pumphouse ‑ entire building.



7.
Radwaste building, control room, Elevation 623’‑0”.



8.
Turbine power complex, Unit 1 (Unit 2 same)




(a)
General area, Elevation 620’‑6”.




(b)
General area, Elevation 647’‑6”.




(c)
Battery room, Elevation 620’‑6”.



9.
Fuel handling building, Elevation 623’‑6”.



10.
Technical support center.



11.
(Deleted)



12.
(Deleted)


13.
HVAC ducts.



14.
Elevator shafts.



15.
Offgas building.




(a)
Gas dryer and cooler condenser rooms, Elevation 584’.




(b)
Filter and desiccant dryer rooms, Elevation 620’.




(c)
Access areas and exhaust equipment rooms, Elevation 647’ (partial detection).



16.
Fire detection has been provided in other plant buildings where the fire hazard makes it necessary to detect and suppress a fire before it can propagate to plant structures, systems or components important to safety located in other buildings.


9.5.1.2.6      Protection for Specific Hazards


<Appendix 9A.4> discusses, on an area/zone basis, the protection and extinguishing systems available to every location containing any 


equipment, instruments or cables required for safe shutdown.  Also, <Appendix 9A.5>, addresses the protection for cables and specific operating areas, respectively.


9.5.1.2.7      Specific Design Features


Fire suppression equipment requiring 125 Vdc power is fed from the plant non‑Class 1E 125 Vdc System A.  This power system consists of a battery rated ( 890 Ampere‑hours, 600 amp normal battery charger, 600 amp reserve battery charger, 1,600 amp switchgear lineup, and 600 amp power distribution panels.  The battery is capable of powering this system for 15 minutes without input from either the normal or reserve battery charger.  There is provision to automatically or manually transfer the normal and/or the reserve charger to a diesel‑backed non‑Class 1E 480V bus on failure of normal plant power.  The manual transfer can be accomplished within the 15 minute duty cycle of the battery.


With the exception of the temperature alarms for the HVAC charcoal filter units, fire detection, suppression and monitoring equipment requiring 120 Vac power is fed from a 150 kVA uninteruptable power supply (UPS) system.  The normal and alternate inputs to the UPS are from non‑Class 1E 480V load centers.  The UPS system alternate power supply is fed from a diesel‑backed 480V bus. Transfer to the alternate source is automatic upon failure of the UPS or loss of normal input power to the UPS for a period of time until the battery voltage falls below the DC input undervoltage setpoint.  The UPS battery is capable of supplying the fire detection, suppression and monitoring loads for one hour without AC power from either the normal or alternate inputs of the UPS.  Manual transfer of the normal to alternate inputs of the UPS can also be accomplished within the one hour duty cycle of the battery. 


The power supply for the temperature detection system in the HVAC charcoal filter units is powered by 120 Vac power which is not backed by 


batteries or the diesel generators.  However, loss of power to the load centers feeding these units is alarmed in the Control Room.


In addition to the above, each of the fire protection systems have specific design features as follows:


a.
Wet pipe automatic sprinkler systems



A temperature sufficiently above the normal ambient temperature in the area covered by sprinklers will cause one or more fusible elements to melt, allowing water discharge.  In addition to the water being discharged on the fire, a waterflow switch in the discharge line will detect and send a fire signal to the fire and security monitoring system.  Each system has an individual indicating shutoff valve with a valve position tamper switch attached.  If one of the valves is closed, a trouble signal will be transmitted to the fire and security monitoring system.


b.
Water spray systems



These systems are all hydraulically designed deluge systems provided with spray nozzles and a control panel.



The water spray systems for the Unit 1 and Unit 2 Interbus Transformers, Unit 1 Auxiliary Transformer and the hydrogen seal oil unit systems are automatically activated by heat detectors as well as manually activated at strategically located pull stations.  Water spray systems for the Unit 1 Main Transformers and the Unit 1 and Unit 2 Startup Transformers are manually activated at the riser.



Fire signals received by the control panel, such as waterflow, heat detector alarm or deluge valve trip, are sent to the fire and security monitoring system as a fire alarm signal.



A circuit failure or tamper switch signal to the control panel would be transmitted as a trouble signal to the fire and security monitoring system.



The control panels and alarms associated with the HVAC deluge systems are arranged the same with the exception of the heat detection system, which is not alarmed through the fire system control panel.



The HVAC charcoal filters have a heat detector strip installed immediately downstream of the charcoal beds.  This provides first and second stage high temperature alarms as well as analog temperature signals.  These alarm in the Control Room.  The second stage alarm annunciates at the Control Room HVAC control panel.  It is set several hundred degrees less than the spontaneous ignition temperature of the charcoal to allow for corrective actions to be taken to control the temperature.  If the control measures do not prevent ignition or the high temperature is due to a fire in the charcoal, the deluge systems can be actuated locally at the riser.



These heat detector alarms circuits are not supervised but there are multiple lines transmitting information to the Control Room.  Periodic testing is done to insure operability of the system.  Separate fire detection in the form of duct mounted and/or ceiling mounted smoke detectors as described in <Section 9.5.1.2.7.i> is also available.


c.
Preaction water spray systems



These systems are hydraulically designed and equipped with a deluge valve, spray nozzles with fusible elements, heat detectors, and a supervised air supply.  System actuation (deluge valve trip) is achieved automatically by a signal from a heat detector or manually by operation of a manual release station.  The deluge valve must 



trip and the fusible element must melt, before water will discharge from the spray nozzle.  A leak, such as caused by a spray nozzle fusing, would allow air to escape faster than it could be replaced.  A low air pressure signal would be sent to the system control panel, then transmitted to the fire and security monitoring system as a trouble signal.


d.
Preaction sprinkler system



These systems consist of both sprinklers and fusible element type spray nozzles, which are selected according to the necessary spray pattern for the particular hazard configuration in the area.  These systems are hydraulically designed and they operate and/or transmit signals as described for the preaction water spray systems (discussed in item c, above).


e.
Carbon dioxide total flooding systems



The diesel generator room, turbine lube oil tank rooms and turbine lube oil purifier rooms present a surface burning fire hazard and are protected by a minimum carbon dioxide concentration of 34 percent by volume in air.  The computer rooms subfloor systems are designed in accordance with the requirements for deep‑seated fire hazards.  The design concentration for the computer room subfloors is 50 percent by volume.  The design concentration for the modular control room subfloor system is a minimum of 34 percent by volume.  The minimum design rate of application is based on achieving the design concentration for surface burning fire hazards within one minute, and for deep seated fires within seven minutes with a 30 percent concentration within two minutes.



Each carbon dioxide system is provided with a selector valve including a pilot solenoid valve assembly and trim piping for control of carbon dioxide to the distribution piping and nozzles.



Each system has a control panel which performs the following functions:



1.
Automatically actuates the proper master control valve upon the receipt of an operation signal.



2.
Automatically actuates the selector valve upon receipt of the operation signal.



3.
Provides timed control of the valves using electrical timers.



4.
Transmits a “Fire Alarm” signal to the fire and security monitoring system upon operation of the selector valve and flow of carbon dioxide.



5.
Transmits a “Trouble Alarm” (fire supervisory) signal to the fire and security monitoring system upon a power or circuit failure.



6.
Operates the predischarge horn.



7.
Closes dampers for the diesel generator buildings, the turbine lube oil tank rooms and the turbine lube oil purifier rooms.



The operation of the carbon dioxide systems will be caused by the following initiation techniques:



1.
Initiation of the control room subfloor system will be caused by a manual signal from the control room (detectors are provided but will transmit their signal to the fire and security monitoring system).



2.
Initiation of the diesel generator room systems, and the lube oil tank and purifier room systems will be caused by signals from cross zoned rate‑of‑rise (rate compensated type) fixed temperature detectors.



3.
Initiation of the computer room subfloor system will be caused by a manual signal from the station mounted locally outside of the computer room (detectors are provided but will transmit their signal to the fire and security monitoring system).



All systems (except control room subfloor) incorporate a predischarge delay.


f.
Local application carbon dioxide systems



The entire reactor recirculation pump motors, associated bearing oil system and supports are considered the hazard for the subject design.



The total discharge rate is based on the volume of an assumed enclosure entirely surrounding the hazard.  Assumed wall and ceiling locations are two feet from the hazard.  No deduction is made for the volumes occupied by equipment.  The system design rate is 1 lb/minute/cubic foot of assumed volume, with a minimum discharge time of 30 seconds.



Each system has a selector valve and a control unit which perform the functions described for the total flooding systems discussed in item e, except Item 7 which is not required.



The system is automatically operated by cross zoned heat detectors and can be manually operated from local stations.



Once the system has initiated and the piping upstream of the outboard containment isolation valve is pressurized with carbon 



dioxide, carbon dioxide will not discharge into the reactor recirculation pump area until the containment isolation valve is open.  The control room operators need to open the containment isolation valve in order for the carbon dioxide to discharge into the reactor recirculation pump area.


g.
Halon 1301 Total Flooding System:



The system will provide a minimum concentration of 5% in the protected space for a minimum of 10 minutes.



All systems are actuated either by manual release stations or automatically (after a time delay) by the associated smoke detector system.  For automatic operation, a predischarge alarm is provided to allow personnel evacuation time prior to release of Halon.


h.
Manual Fixed Foam System



The system is manually actuated from a local control panel.  Foam is piped directly to the fuel oil storage tank for surface application and to hose stations in the fuel oil unloading area.


i.
Fire Detection Systems



Detection systems have been designed to provide coverage for one or more of the following situations:



1.
General area detection.



2.
Specific hazard detection.



3.
Specific equipment detection (primarily endangered by an exposure fire) detection.



4.
Supplement protection of suppression systems for specific hazards (these detectors are in addition to the heat detectors provided with certain suppression systems).



The fire signals initiated by the detectors go to control panels which transmit them to the fire and security monitoring system.



The panels are located at readily accessible locations and have visual displays indicating which zone is transmitting a fire or trouble signal.  These fire detection systems remain operational in the event of a single ground fault or open condition (Class A security design).



A Temporary Modification has been installed in the plant in order to prevent half of the Drywell Heat detectors (Zone 8 of Fire Zone 1RB‑1c) from sending spurious signals to the Control Room or displaying trouble for the zone on the visual display of the fire protection panel.  The Temporary Modification will be removed upon restoration of detector cables.



In addition to the above systems, fire detection is provided in elevator vestibules and HVAC ducts.


j.
Water standpipe and hose system



All areas of the plant are provided with manual fire fighting capability in the form of fire service water supplied hose stations.  They are primarily 75 feet of 1‑1/2 inch minimum diameter hose on a hose reel and are equipped with a fog nozzle.  Where necessary, variations such as hose cabinets or additional hose are provided.  Also, any hose station in the vicinity of safe shutdown equipment is provided with a backup water supply, by connection to the ESW System, and is designed and supported to remain functional in the event of a Safe Shutdown Earthquake.


k.
Carbon dioxide manual hose systems



Low pressure carbon dioxide supplied hose stations have been provided at Elevations 620’‑6” and 638’‑6” of the control complex to fight electrical related fires.  They have also been located at Elevations 620’‑6” and 647’‑6” of the turbine power complex for use on electrical and oil fires.


l.
Portable fire extinguishers



Portable fire extinguishers of the type and size appropriate to match the hazard involved have been located throughout the plant.


9.5.1.2.8      Ventilation


<Appendix 9A> discusses the aspects of the plant ventilation system with respect to fire containment, detection and venting.  <Appendix 9A.2.3.4> describes the factors considered regarding ventilation with respect to the areas of the plant covered by the analysis, <Appendix 9A.4> discusses the data assembled in accordance with <Appendix 9A.2.3.4> for each of those plant areas, and <Appendix 9A.5.D.4>, provides additional information on plant general design criteria with respect to ventilation.


9.5.1.2.9      Signaling System


Except where described for specific systems in <Section 9.5.1.2.7>, the permanent plant fire detection and alarm system functions in conjunction with the plant security system in an integrated fire and security multiplex system.  All fire alarm (such as fire detection, system control panels, waterflow switches, pump running, and manual pull stations) and trouble alarm (such as tamper switches, system control panels, loss of power, and circuit failure) signals input to this fire and security monitoring system.  The central processing units are located in the security office.  However, a fire signal (or a trouble alarm from a fire system) will simultaneously alarm in both the Unit 1 and Unit 2 control rooms.  All alarms are annunciated, displayed on a screen and printed on hard copy in both locations.


Fire alarm (and trouble) signals are sent to the central processing unit through data gathering panels (DGP’s).  Except where the signal from the device goes to an intermediate panel (such as a fire protection system control panel), the device is wired directly to the DGP.  In accordance with NFPA Standard 72D, all wiring from the central processing unit to the DGP’s is Class A.  Wiring which goes directly from the DGP’s to smoke detector panels, fire protection control panels, valve position 


switches, and waterflow devices is also Class A.  All other wiring is Class B (trouble alarm on open or shorted condition) as a minimum.  For a further discussion, refer to <Appendix 9A.5.E.1>.


All signal locations are coded so that the type of signal will be recognizable to the control room operator (i.e., the operator will be able to tell immediately if the alarm was a trouble, smoke detector signal or protection system operation).  Additionally, the operator will be able to identify the location, and the particular type of device initiating the signal.


A Temporary Modification has been installed in the plant in order to prevent half of the Drywell Heat detectors (Zone 8 of Fire Zone 1RB‑1c) from sending spurious signals to the Control Room or displaying trouble for the zone on the visual display of the fire protection panel.  The Temporary Modification will be removed upon restoration of detector cables.


9.5.1.2.10      Cable


Depending upon the many unique situations and arrangements concerning the cable at PNPP, many variations of separation, detection and fire suppression methods have been used to limit, contain, control, and extinguish cable fires.  <Appendix 9A>; 1) addresses these situations on an individual basis in <Appendix 9A.4> and <Appendix 9A.2>, <Appendix 9A.2.2.2> and <Appendix 9A.5.D.3> summarize general plant cable criteria such as physical characteristics and installation (separation) criteria.


Essential electrical circuitry needed for safe plant shutdown is considered as Class 1E circuits.  The integrity of Class 1E circuits is provided for during a fire by separating Class 1E electrical equipment in accordance with the criteria set forth in IEEE 384 1974.  The electrical cable used is suitable for use in either wet or dry locations.


The circuitry related to fire protection systems is non‑Class 1E.  The integrity of this circuitry is enhanced by installing the cable associated with the fire protection systems in conduit or in cable trays which meet the separation criteria for non‑Class 1E circuits.  System 


dependability is further ensured because all alarm transmission is installed per the requirements of a Class A system.  In addition, all suppression systems can be manually activated in case of electrical failure.


Whenever cables or cable trays penetrate a fire barrier, the penetration is sealed to provide protection at least equivalent to that required by the fire barrier.


The insulation for electrical cables routed through the plant are fire retardant types.  Those cable types that are acceptable for routing in cable trays were tested in accordance with the flame test specified in IEEE‑383.  Other cable types were tested in accordance with those fire resistance tests that were applicable to their specific installation and usage.


9.5.1.3      Safety Evaluation (Fire Hazards Analysis)


The overall plant fire protection program is such that if a fire occurs, the ability to perform safe shutdown functions and to minimize radioactive releases to the environment is maintained.  This ability is shown in <Appendix 9A.4> which provides an evaluation of the effects of a postulated fire on each plant location housing and/or exposing equipment required for safe shutdown.


For each area identified as housing or exposing safe shutdown equipment, the fire hazards evaluation <Appendix 9A.4> uses both the fixed and transient combustibles in determining the fire loading and the potential fire intensity; the evaluation then analyzes a postulated fire in conjunction with fire barriers and fire fighting capability to determine the potential effects.


For the cases analyzed in <Appendix 9A.4>, it is assumed that an ignition source is present and that all fixed and transient combustibles are consumed.  Where the areas analyzed are equipped with an automatic suppression system, the postulated fire was evaluated with and without the actuation of the system.


The release of a fire suppression agent due to some failure in the vicinity of safe shutdown equipment was evaluated as to the effect on the safe shutdown operation.  <Table 9.5‑1> provides an evaluation of the effects of failure of any portion of the fire protection system.


<Appendix 9A.4> evaluates the effects of the postulated fires on the structure and systems in the areas defined as containing safe shutdown equipment.


<Figure 9A‑1>, <Figure 9A‑2>, <Figure 9A‑3>, <Figure 9A‑4>, <Figure 9A‑5>, <Figure 9A‑6>, <Figure 9A‑7>, <Figure 9A‑8>, <Figure 9A‑9>, <Figure 9A‑10>, <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑13>, <Figure 9A‑14>, <Figure 9A‑15>, <Figure 9A‑16>, <Figure 9A‑17>, <Figure 9A‑18>, <Figure 9A‑19>, <Figure 9A‑20>, <Figure 9A‑21>, <Figure 9A‑22>, <Figure 9A‑23>, <Figure 9A‑24>, <Figure 9A‑25>, <Figure 9A‑26>, <Figure 9A‑27>, <Figure 9A‑28>, <Figure 9A‑29>, <Figure 9A‑30>, <Figure 9A‑31>, <Figure 9A‑32>, <Figure 9A‑33>, <Figure 9A‑34>, provided in <Appendix 9A>, show fire barriers, fire detection equipment, fire suppression equipment, and locations of equipment, instruments and cable associated with safe shutdown operations.


<Figure 9.5‑1>, <Figure 9.5‑2>, <Figure 9.5‑3>, <Figure 9.5‑4>, <Figure 9.5‑5>, and <Figure 9.5‑6> show the following:


a.
Fire pumps and pressure maintenance components.


b.
Underground distribution piping arrangement.


c.
Internal distribution piping arrangement.


d.
Hose stations.


e.
Fire suppression systems.


<Appendix 9A.4> provides the following information for each area/zone:


a.
A listing of all mechanical and electrical equipment that affects the safe shutdown operation.


b.
A list of both permanent and reasonably expected transient combustibles.


c.
Type of fire detection system provided.


d.
Types of fire suppression equipment (primary and backup).


e.
The effect of the postulated fire on the capability to safely shut down the reactor and on the potential release of radioactive material.


9.5.1.4      Inspection and Testing Requirements


Administration controls are provided through Plant Administrative Procedures (PAP), Instructions and the Operations Quality Program to ensure that the Fire Protection Program and equipment is properly maintained.  This includes QA audits of the program implementation, conduct of periodic test inspections, and remedial actions for systems and barriers out‑of‑service.  This program emphasizes those elements of fire protection that are associated with safe shutdown as described in <Appendix 9A> and their significance when evaluating program and equipment deficiencies.


All fire protection equipment and systems are subject to a complete inspection and acceptance test after installation with the requirements and acceptance criteria provided in the design documents.  The National Fire Protection Association (NFPA) Standards, regulatory requirements, 


and vendor information in effect at the time of design are utilized as guidance in the preparation of the installation inspection and test instructions.  The design documents also provide for documentation of justification for exceptions to regulatory requirements or NFPA Standards.


The Fire Protection Program provides for periodic inspections and tests of plant fire protection equipment, systems, and features, with the minimum inspection and testing frequency and the acceptable performance criteria described in administrative procedures.  The inspections and tests are prepared and conducted in accordance with the plant surveillance program for nonsafety systems.  The procedures for testing, inspections and administrative controls were developed utilizing the guidance of the Standard Technical Specifications for General Electric BWR6 and/or the NFPA Standards in effect in December 1985, and represent the program as reviewed and approved by the staff.  Revisions and additions to these inspection procedures are maintained consistent with the requirements of this approved program with differences reviewed per <10 CFR 50.59> to provide documentation of justification for the changes and exceptions to the regulatory requirements or NFPA Standards governing the approved program.


The following fire protection features are subjected to periodic tests and inspections:


a.
Fire alarm and detection systems


b.
Water suppression systems (wet‑pipe automatic sprinkler systems, water spray systems, automatic deluge systems, preaction water spray systems, preaction sprinkler systems)


c.
Gaseous suppression systems (total flooding and local application carbon dioxide systems and halon systems)


d.
Foam application system


e.
Fire pumps


f.
Yard mains and sectional isolation valves


g.
Manual suppression equipment (fire hoses, hydrants, extinguishers)


h.
Fire barriers protecting safety‑related equipment (fire rated walls, fire doors, penetration seals, fire dampers, cable wrap)


Equipment out‑of‑service (impairments) including fire suppression, detection, and barriers are controlled by administrative procedures which provide a method of identifying acceptable performance criteria determining appropriate alternative protection measures and remedial actions, and documenting information on system status.  The program requires that all impairments to plant fire protection systems be identified and appropriate notifications given to allow for compensatory measures to ensure an effective alternative level of fire protection, in addition to timely efforts to effect repair and restore equipment to service.  Based on the condition, engineering analysis may be required to determine the extent of the fire hazard on safe plant operations or to recommend alternative compensatory measures.  Documentation of the out‑of‑service fire protection systems status and protection alternatives also provides information for the fire brigade and the implementation of the fire hazard control programs.


9.5.1.5      Personnel Qualification and Training


The responsibility for the design, system equipment selection and development of test specifications for the completed physical aspects of the fire protection system was delegated to the fire protection consultant, Gilbert Associates, Inc., Reading, Pennsylvania.  These 


responsibilities were conducted by or under the direct supervision of an engineer who was qualified for Member grade in the Society of Fire Protection Engineers.


The development of the plant fire protection program is the responsibility of the Fire Protection Staff.  This staff is composed of personnel prepared by training and experienced in fire protection and personnel trained and experienced in nuclear plant safety to provide a balanced approach in directing the fire protection program.


Additional references to fire training can be found in <Section 13.2.5>.  Specific administrative procedures, emergency plans, maintenance and testing procedures, and drills are described in the PNPP Operations Manual.


9.5.2      COMMUNICATIONS SYSTEMS


9.5.2.1      Design Bases


The communications systems are designed to provide the plant with multiple, independent, modes of concurrent information transmission between plant buildings and/or between the plant and offsite locations.  Consequently, the plant communications systems employ multiple circuit and cable pathways and alternate power supplies.


Typical systems used for achieving diversity in communication between the operating areas within the plant include telephone, page/party public address, the plant intranet, emergency alarms, maintenance communication, and radios.


Plant‑to‑offsite communication is primarily via the private and public telecommunications systems.  However, additional offsite communication 


system options are provided which include microwave, fiber optics, radio, data networks, the internet, and company‑owned and commercial communications services and systems.


The communication systems conform with applicable codes, standards, ordinances, and Federal Communications Commission regulations.


Refer to the “Emergency Plan for PNPP” for a description of communications used to support in‑plant, site, and offsite emergency response activities.


9.5.2.2      System Description


9.5.2.2.1      Private and Public Telecommunications Systems


Voice communication between administration office areas, selected plant areas, the control room, and points outside the plant, is provided by a commercial Private Branch Exchange (PDX) telephone system.  Sufficient lines are provided to ensure adequate availability for all normal requirements.  The PDX system is powered from a battery charging system, which is capable of being fed from a diesel generator backed power supply.  The battery capacity of the system has been designed to sustain operation of the PDX system for four hours in the event of a loss of power.


The Off Premise Exchange (OPX) telephone system also provides an alternate voice communication system between the plant and locations offsite.  This offsite communication system consists of telephones strategically located in the emergency response facilities and various areas within the plant.  In the event of a power outage, the telephone system has a diesel generator backup power supply and battery backup with a capacity to sustain operation for three hours.  Intra‑company communication links, which employ backup power systems, provides communications channels to the commercial OPX carrier.


9.5.2.2.2      Intra‑Company Communications


The OPX system is connected to PNPP via the company owned and operated intra‑company communications network.  The communications network electronics at PNPP are battery backed and will be available for eight (8) hours in the event of a loss of offsite power.  The communications network electronics and supporting air conditioning can be powered from an 11kV feeder with a spare feeder as a backup supply.  In the event of a loss of both feeders, a diesel backup can also power the communications network and supporting air conditioning.  Intermittent power to the electronics is supplied via the battery until the diesel assumes the system load.


Communications between the control room and the system switching authority are established to transmit voice and data signals.  Voice communications are backed by radio.


9.5.2.2.3

Radio Systems


The plant system consists of radio transceivers operating through an antenna system, to provide radio coverage outdoors and in the plant.  This system provides multiple voice or data channels for communications to various portable and mobile radio devices for Operations, Instrumentation and Controls, Maintenance, Fire Brigade, Emergency, and Security.  These channels may also support other site organizations and functions as needed.


Radio links are provided to allow communications with the local law enforcement agency and the system switching authority.  Direct wired radio remote devices are also provided in areas where radio transmissions are prohibited, or dispatch function or convenience is desired.  These direct wired devices may include radio consoles, radio 


phones, telephone interconnect equipment, etc.  Primary radio remotes are powered from an uninterruptible power supply and each repeater has a battery backup.


9.5.2.2.4

Page/Party Public Address


An independent, outdoor, public address (PA) broadcast system consisting of high power amplifiers and speakers provides functions such as security, emergency, or site accountability announcements.  This system may broadcast a prerecorded message or a live broadcast, via microphone, which is audible over the entire exclusion area shown on <Figure 9.5‑7>.  Broadcasts over the exclusion area paging system are also audible in the plant via an interconnection into the PA system.  The exclusion area paging system is powered by a battery uninterruptible power system that is capable of being supplied from a diesel.


The plant page/party system consists of multiple channels, which are powered from a diesel generator backed 120 Vac distribution system.  The individual PA stations are independently amplified and the system is designed for utility and heavy industrial applications where intelligible communications is desired.  Party line conversations are not carried over the plant speaker system and more than two operators may engage in a party conversation.  The page system utilizes its own conduit system, which has been designed with a branch circuit arrangement and testing/isolation stations connecting the branches to one of the three trunks.  A component failure or short circuit can be isolated from the rest of the system.  Also, the loss of any one branch line will only cause the loss of communications in a limited area of the plant.


9.5.2.2.5

Emergency Alarms


Emergency alarms are provided to accommodate emergency and fire evacuations.  A plant PA system multi‑tone generator provides high volume evacuation or alarm signals that are broadcast through the plant PA system speakers.  In high ambient noise areas, battery backed strobe light units provide a visual notification of fire or evacuation alarm in addition to the audible alarms.  The strobe units are activated with the emergency and fire alarms.


9.5.2.2.6

Maintenance Communications


A maintenance and calibration communication system is provided, which is an isolated communications network.  This system utilizes a multi‑channel, amplified audio, patch panel to interconnect to individually wired headset jacks, which are located throughout the plant and control room.  Back‑up power for the maintenance and calibration jack communications system is from a battery backed uninterruptible power supply.


9.5.2.3      Inspection and Testing Requirements


The design of the communications system provides for most routine surveillance and testing activities without disrupting normal communication facilities.  Alternate communications channels or systems can be utilized during maintenance outages.  Branch circuit arrangements in the PA system permits disconnection of individual communications loops without affecting the overall system.


9.5.3      LIGHTING SYSTEMS


9.5.3.1      Design Bases


The lighting system is designed to provide illumination for specific visual tasks, and access and egress throughout the plant.


The following was considered in the design of this system:


a.
Lighting fixtures and switches containing mercury and its compounds are excluded from use in the reactor building, fuel handling area and personnel access hatches.  Mercury vapor luminaries are used in other areas of the plant.


b.
Essential lighting operates in conjunction with normal lighting and is provided in areas requiring highly reliable illumination.  This system provides for safe access and egress.  This system also provides lighting in support of continued plant operations.


c.
Lighting and miscellaneous lighting hardware is supported, where appropriate, in a way that will avoid hazardous locations or become a missile to Class 1E components.


d.
Illumination design footcandles are based on Illuminating Engineering Society recommended values.


e.
Control room illumination is accomplished by a special low brightness diffuser with intensity controls.


f.
Outdoor area lighting provides illumination levels required for plant operation, maintenance and security.


9.5.3.2      System Description


9.5.3.2.1      Normal Lighting


The normal lighting system provides the majority of the plant lighting.  It is supplied at 120 volt, 208 volt or 480 volt, fed from normal lighting panels.  These panels are powered from the non‑Class 1E buses.  Lighting in the reactor building and other potentially high radiation areas will be accomplished exclusively with incandescent fixtures.


9.5.3.2.2      Essential Lighting


The essential lighting system operates in conjunction with the normal lighting and is used in those areas where highly reliable illumination 

is required for safe access or egress, or the continuation of critical tasks.  It is supplied at 120 volt, 208 volt or 480 volt, fed from essential lighting panels.  These panels are powered from a 480‑volt interruptible diesel generator powered bus from Unit 1. Essential lighting is provided for safe passage in the reactor building, auxiliary building, diesel generator building, intermediate building, fuel handling building, radwaste building, offgas building, and control complex.  It is also provided for the support of plant operations at the diesel control panels, switchgear, computer room, remote shutdown panels, and the control room.


The motor control centers (MCCs) which feed the essential lighting system are of the same design and manufacturer as the Class 1E MCCs.


The essential lighting system is routed in separate conduit and the supports for lighting fixtures and conduit in safety‑related buildings have been designed to withstand the design basis seismic event for safety‑related buildings.


9.5.3.2.3      Emergency Lighting


Emergency illumination is provided for those pedestrian areas where a potentially high radiation hazard might exist, and where failure of the normal lighting system might hamper safe personnel egress.  In the control room, and parts of the controlled access area and diesel generator rooms, emergency lighting is provided for the support of plant operations if all other light sources are lost.  This lighting does not form a part of the lighting normally supplied to the area and will only become energized if the feeder to the normal lighting is lost.  Emergency lighting is supplied from the 125 volt dc non‑Class 1E batteries.  In buildings common to Unit 1 and Unit 2, (fuel handling, radwaste, intermediate, and parts of control complex) the power source may be from Unit 1 or Unit 2.


To meet the requirements for emergency lighting in case of a fire, a separate system of fixed self‑contained lighting packs with 8‑hour battery supplies is provided.  The lighting units are seismically mounted or mounted in locations where their displacement would not damage nearby safety‑related equipment during a seismic event.  This fixed self‑contained lighting is provided in areas that must be manned for safe shutdown including access and egress routes, except for the control room which is discussed below.  The emergency 8‑hour lighting system was procured and installed in accordance with certain provisions of the quality program.


Control room emergency lighting will be locally powered from either of two lighting panels (one from each division) located in the Unit 1 control room.  Illumination will be provided directly over the horseshoe and other areas of the control room that may be required for safe shutdown.


Adequate illumination is provided for operations personnel to perform safe shutdown.  This light source is always on, however, power under emergency conditions is provided as described below:


Division 1 source emergency lighting in the control room will be provided by a single lighting transformer and distribution panel.  The normal power source for the lighting transformer will be the Division 1 Class 1E, 480V motor control center.  The power supply to the motor control center is from a 480V bus supplied via a transformer by the 4.16 kV bus which is powered by the Division 1 diesel generator.


The Division 2 source of emergency lighting in the control room will be provided by a single lighting transformer and distribution panel.  The normal power source for the lighting transformer will be a nonsafety, 480V motor control center.  On loss of offsite power, the power supply to the motor control center will automatically transfer to a 480V bus 


supplied by the Division 2 stub bus via a step down transformer, the Division 2 stub bus is fed by the 4.16 kV safety‑related bus (EH12) which is powered by the Division 2 diesel generator.


These two sources of power to control room lighting are independent and have been analyzed and protected to ensure that at least one divisional source is available, given a fire in any area outside the control room.


9.5.3.2.4      Security Lighting


The security lighting system is designed to provide illumination within the main perimeter fence, at levels measured horizontally at ground level equal to or greater than the required minimums established by <10 CFR 73.55>.


The system consists primarily of 1,000 watt high pressure sodium luminaries mounted on 100 and 150 foot poles.  In areas where poles are not feasible, 400 and 1,000 watt high pressure sodium luminaire clusters are mounted from the building.


The system power supply is non‑Class 1E, fed from two separate supplies to provide source reliability.  System circuitry is arranged in such a way that the loss of either supply source will result in no more than a 50 percent reduction in light.


Control of the lighting system is photoelectric and is accomplished by means of four photocells connected in parallel to the master control relay.  The system is fail safe, i.e., loss of the control circuit power or failure of any photocell will automatically turn on the security lighting system.


A manual override switch is provided to allow for test and maintenance of the system.  The switch is in parallel with the photo controls and cannot defeat the fail safe operation.  


9.5.3.3      Safety Evaluation


If BOP power is lost, the normal ac lighting system becomes inoperative.  The essential backup supply will remain on until there is a loss of the essential supplied bus.  If both the BOP and essential bus are lost, the dc emergency system is activated by contactors and the system is energized, thereby providing illumination in support of continued plant operations.  When the diesel generator picks up the essential bus, dc lights go out and essential lighting is restored.


The diverse and separate systems for essential and emergency (including 8‑hour) lighting provide lighting to achieve safe shutdown for a design basis seismic event or lighting for safe shutdown following a fire and postulated loss of all offsite power.


9.5.3.4      Inspection and Testing Requirements


Everyday use of the normal and essential lighting systems is considered to be proof of system integrity.  A test feature is provided to simulate the loss of the normal lighting system to periodically test the emergency lighting systems.


9.5.4      DIESEL GENERATOR FUEL OIL STORAGE AND TRANSFER SYSTEM


The sections that follow discuss the fuel oil storage and transfer system for the standby diesel generators.  This system for the high pressure core spray (HPCS) diesel generator is discussed in <Section 9.5.9.1>.


9.5.4.1      Design Bases


Separate fuel oil storage and transfer facilities are provided for each of the two standby diesel generators for at least seven days of operation carrying the design electrical load of the associated generator.  This storage capacity criterion is considered adequate since fuel oil delivery from the Cleveland area, in the amounts required, is considered to be available with a two or three day delivery notice.  Tank trucks will deliver the fuel oil to a central fill station.


There are numerous fuel oil dealers in metropolitan Cleveland capable of supplying the needed quality of fuel oil in the amounts required.  <Table 2.2‑2> and <Figure 2.2‑2> show the major roads, their proximity to the plant and the daily traffic.  As the roads are heavily traveled, they are kept clear by the State Highway Department.


In the event of extreme environmental conditions, special arrangements will be made as necessary to ensure fuel oil delivery. 


All system components are accessible for an inservice inspection without affecting the availability of fuel to either of the standby diesel generators. 


Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Position APCSP 9.5‑1, as related to fuel oil system fire protection, is detailed in <Appendix 9A>.  


Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have also been considered in the design of this system, as discussed in <Chapter 8>.


9.5.4.2      System Description


The standby diesel generator fuel oil system is shown in <Figure 9.5‑8> and the layout arrangement is shown in <Figure 1.2‑5>.  Each standby diesel generator has its own separate fuel oil system consisting of the following components with associated piping, valves, strainers, filters, and controls:


a.
Fuel oil storage tank.


b.
Fuel oil day tank.


c.
Two fuel oil transfer pumps.


d.
Motor driven fuel oil booster pump.


e.
Engine driven fuel oil booster pump.


The fuel storage tanks are buried, horizontal, cylindrical, atmospheric tanks.  Each tank has a 90,000 gallon storage capacity which is sufficient to operate its corresponding diesel generator for seven days during the postulated emergency reactor shutdown under postaccident conditions.  This volume also includes capacity for diesel generator operability testing.


The design of each diesel generator fuel oil storage tank is such that a minimum amount, if any, of entrained sediment would be drawn into the eductor inlet as the result of filling the storage tank during engine operation.  The flow currents in this large volume caused by the new oil entering the tank will be very low beyond a few feet from the fill discharge point, and are unlikely to disturb sediment in the remainder of the tank.  There will be no stirring action throughout the tank except at the point of discharge from the fill pipe.


The eductor inlet is 18 inches off the bottom of the tank.  The disturbed particles around the fill pipe would have to travel more than one half the length of the tank before entering the eductor inlet.  The horizontal velocity of the fuel oil in the bottom of the tank will be so low that the probability of a significant amount of particles remaining entrained (not settling out) and entering the eductor is very low.


In addition, the diesel generator fuel oil supply system is provided with redundant pump strainers with high (P alarms in the transfer loop, from the underground storage tank to the day tank, as well as duplex filters with alarms from the day tank to the diesel engine.


For these reasons, any sediment disturbance caused by filling the tank during diesel operation could not decrease the fuel oil quality to a point that would cause ultimate failure of the diesel generator.


The fuel oil day tanks are 550 gallon, vertical, cylindrical, atmospheric tanks mounted in the respective standby diesel generator room at an elevation that provides the required priming head for the diesel generator engine mounted and driven fuel oil booster pump.  Each day tank is equipped with an overflow line which will return excess fuel oil delivered by the transfer pump back to the fuel oil storage tank.


The transfer pumps transport fuel between the underground storage tank and the day tank.  The transfer pumps are located in the diesel generator building.  Each pump motor is 15 horsepower, 460 volts, 3 phase, 60 Hz and is powered from a safety‑related Class 1E 480 volt motor control center.  Each pump has a capacity of 90 gpm at a discharge pressure of 75 psig.


The fuel oil transfer pumps may be operated with manual control switches; however, they are normally operated automatically by the level switches on the day tanks.  During normal system operation, day tank fuel oil level drops as the result of fuel consumption by the engine.  When fuel level drops to the primary pump low level setpoint, the primary pump starts and begins to refill the day tank.  The fuel level continues to increase to the primary pump stop setpoint, where the primary pump stops.


In the event that the fuel oil level in the day tank should continue to drop below the low level setpoint to the low‑low‑low primary pump setting, the primary pump will stop.  As the level continues to fall due to fuel oil consumption by the EDG, the secondary pump low level setpoint will be reached and the secondary pump will start.  Upon restoring level to the secondary pump high level setpoint in the day tank, the secondary pump will stop.  As the day tank level increases from secondary pump operation, the primary pump low‑low‑low stop is automatically reset, allowing the primary pump to function automatically.  This occurs when the fuel oil level rises above the low‑low‑low stop reset for the primary pump.


In the unlikely event that the fuel oil level should drop to the secondary pump low‑low‑low level setpoint in the day tanks, the secondary pump will stop.  This is the minimum safe level for operation of the pumps.


In the event of a standby diesel generator start, the standby diesel generator fuel oil system operates automatically to support the operation of the diesel generator by supplying fuel to the day tanks. 


In the event of failure of the automatic operation of the normal transfer pump, the backup pump, with separate automatic controls, is provided as emergency backup.


One engine driven fuel oil booster pump is supplied with and located on each diesel engine.  The booster pump is driven by the diesel engine, has a capacity of 35 gpm, and a discharge pressure of 40 psig.


One motor driven fuel oil booster pump is supplied with each standby diesel generator.  The pump motor is two horsepower, 125 Vdc, and is fed from a 125 Vdc nonsafety battery supply.  The pump has a capacity of 35 gpm and a discharge pressure of 40 psig.


Each fuel oil booster pump supplies fuel from the day tank to the engine manifolds, and starts when the diesel start signal is received.  The motor driven fuel oil booster pump is automatically started on any manual or automatic diesel start signal and will automatically stop when the engine driven fuel oil pump’s discharge pressure has increased sufficiently to demonstrate that the engine driven pump is functioning properly.  When the diesel generator is operating, the motor driven fuel oil booster pump will auto start anytime the discharge pressure of the engine driven fuel oil pump drops low indicating a potential pump failure.  After any motor driven booster pump auto start due to engine driven pump failure, the pump is automatically stopped when the diesel generator is shutdown.


The fuel not consumed by the engine is returned to the day tank from the fuel bypass header.  Back pressure is maintained on the fuel bypass header and fuel return piping by a regulating valve which discharges to the day tank.


The fuel which, by design, leaks through the injection pumps is collected in the drip waste header which drains to the underground fuel oil storage tank via piping which connects to the day tank overflow/drain line for the Unit 1 standby diesel generators.


Control of the system is normally automatic during all modes of plant operation.


Refer to <Section 8.3.1> for further details on the diesel generator starting sequence.


Refer to <Section 9.5.9.1> for description of the HPCS diesel generator fuel oil storage and transfer system.


9.5.4.3      Safety Evaluation


The standby diesel generator fuel oil system meets the single failure criterion; i.e., if a failure in the system prevents the operation of the associated diesel generator, the other two divisions of the emergency power system <Section 8.3> will provide adequate power to safely shut down the plant or to mitigate the consequences of any of the postulated accidents.


The standby diesel generator fuel oil system is designed in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code, the National Fire Protection Association Standards 30 and 37, State of Ohio safety regulations, and Diesel Engine Manufacturers Association (DEMA) standards.  The system is classified Safety Class 3 and Seismic Category I, with the exception of vents, overflows, fill 


lines, fuel oil drip return system, booster pump dc motors, and dipstick and water removal lines which are nonsafety.  The fuel return piping regulating valves are safety‑related and seismically qualified.  All underground fuel oil lines and lines which extend above grade outside the diesel generator building are ASME Section III, Class 3, Seismic Category I and missile protected for the first six inches above grade.  This includes vents, overflow, dipstick, water removal, and fill lines.  The diesel generators and their auxiliary systems, including the fuel oil storage and transfer system, are isolated from one another by a reinforced concrete wall.  The exposed walls and roof of the diesel generator building, including the dividing walls, are designed and constructed as discussed in <Section 3.5.3>.  Any external openings to the outside are protected as discussed in <Section 3.5.2> and <Table 3.5‑5>.  The overall description of the diesel generator building as a Seismic Category I Structure is given in <Section 3.8.4.1.7>.  The effects of postulated high energy pipe ruptures are discussed in <Section 3.6.1.2.1(g)>.  No openings in the walls separating the individual diesel generators exist.


Two 100 percent capacity fuel transfer pumps are provided for filling each of the day tanks.  The standby pump is started automatically by a low‑low level switch in the day tank if the primary pump fails and the day tank level continues to fall.  No physical interconnection of piping exists between the standby or high pressure core spray diesel generators.


The fuel oil day tanks are located no less than approximately ten feet from the exhaust manifold piping.  In addition, the day tanks are protected to obtain a three hour fire resistance rating.  The fuel oil piping is routed such that the nearest distance to hot surfaces is at the connection to the diesel engine.


Corrosion protection for the tanks and piping includes providing a corrosion allowance to the tank wall thickness and the external use of bituminous coatings applied to thicknesses to assure complete uninterrupted coverage.  Cathodic corrosion protection of the buried storage tanks and piping is used to withstand corrosive conditions in the system.  The underground yard piping is coated with coal‑tar enamel and bonded double asbestos‑felt wraps, following the American Water Works Association’s Standard C‑203, “Coal‑Tar Protective Coatings and Linings for Steel Water Pipelines ‑ Enamel and Tape ‑ Hot Applied.”  All diesel generator fuel oil storage tanks are coated internally with a one coat, 2 mil‑thick coating of Rustoleum.


Leakage due to corrosion, allowing water to enter the tank, will be detected by a slow increase in the fuel level; this level will be read and logged at regular intervals.  Such a leak would be slow starting and would increase at a slow enough rate to allow pumping the water out of the tank.  Corrective action could be taken before the water accumulates to an amount that interferes with the quality of the fuel at the level of the eductors.


A program of sampling and periodic replacement of the oil will be conducted to prevent long term deterioration of the fuel oil.  Due to fuel consumption during periodic testing, it is anticipated that fuel oil replacement for deterioration will not be required.


Algae growth in the tank will be prevented by routinely removing the water in which it grows, and if necessary, by using an algae inhibiting additive in the oil.


The fuel oil storage tanks are provided with porous Class A bedding and backfill as an extension from the main plant underdrain system.


The Probable Maximum Flood (PMF) level is lowered to a point 10 feet below the bottom of the tanks in this area due to the main plant underdrain system and Class A bedding; this will avert the threat of possibly lifting the storage tanks due to hydrodynamic forces from a buildup of water around the tanks <Figure 9.5‑21>, and <Figure 9.5‑22>. The storage tanks are designed so that all openings are above the ground water and PMF levels to prevent the entrance of water.  The only anticipated source of water into the tanks will result from moisture being carried with air that enters the tank through the vent.  The maximum rate of this accumulation would occur during a prolonged run of the standby diesel generator when air is drawn into the tank to displace fuel used.  Under the worst possible conditions on a hot humid day, approximately 42 cubic feet per hour of air will enter the tank and approximately 0.30 gallons of water per day will be deposited.  This accumulation of water will be detected by routine sampling and will be pumped out as required.


9.5.4.4      Inspection and Testing Requirements


Proper operation of the transfer pumps and the level alarm signals will be checked at scheduled intervals to assure their availability.  This includes checks of the following:


a.
Primary transfer pumps start and stop automatically at the desired levels.


b.
Standby transfer pumps start and stop automatically at the desired levels.


c.
Alarm signals for high and low day tank levels function at the designated levels.


d.
Low level signals for the storage tanks function at the designated levels.


The fuel oil that supplies the emergency diesel generators is No. 2‑D diesel fuel oil which meets the following specifications based on the ASTM standards listed in the Bases of Technical Specification 3.8.3, and meets or exceeds the manufacturers’ recommendations for fuel oil:











Maximum

   Minimum


Kinematic Viscosity, centistokes, 40(C

  4.1
 

 1.9


Gravity, Deg. A.P.I.
 



 39
  


26


Sulphur, Weight %
 




  0.5


‑


Copper Strip Corrosion




No. 3


‑


Carbon Residue on, 10% Residuum, %


  0.35


‑


Ash, Weight %






  0.01


‑


Water and Sediment, (Clear and Bright Test) None Detectable


Flash Point, (F






  ‑


    125















or















legal


Distillation, (C 90% point
  


338


    282(1)

Ignition Quality, Cetane Number
  

  ‑



40


Cloud Point, (C






 ‑3



‑


Particulate Contamination, mg/1


 10



‑


NOTE:


(1)
When a cloud point temperature less than ‑12(C is measured, the minimum 90% recovered temperature shall be waived.


The above specification covers fuel oils classed as Grade No. 2‑D.


The procedure for testing newly delivered fuel, periodic sampling and testing of onsite fuel, periodic inspection, and periodic removal of condensate is done in accordance with <Regulatory Guide 1.137>, as clarified in USAR <Table 1.8‑1>.


9.5.4.5      Instrumentation Requirements


The standby diesel generator fuel oil storage and transfer system is provided with controls for automatic transfer of fuel oil from the storage tanks to the day tanks.  In addition, alarms and indicators of sufficient number and at appropriate locations are provided to ensure that the operator can determine system status and operation from the control room.  Details of the instrumentation and controls for the standby diesel generator fuel oil storage and transfer system are presented in <Section 7.3.1>.


9.5.5      DIESEL GENERATOR COOLING WATER SYSTEM


The sections that follow discuss the cooling water system for the standby diesel generators.  This system for the high pressure core spray (HPCS) diesel generator is discussed in <Section 9.5.9.2>.


9.5.5.1      Design Bases


The standby diesel generator cooling water system is designed to dissipate the heat given up by the turbocharger intercoolers, the lube oil heat exchanger, the governor oil cooler, the engine water jackets, and the jacket water heat exchanger.  There are no shared systems or piping interconnections among each of the standby diesel generators’ cooling systems.  The jacket water heat exchanger is cooled with water from the emergency service water system.  Cooling for the engine water jackets, the lube oil heat exchanger, governor oil cooler, and the turbocharger intercoolers is provided with a closed loop cooling system.  The jacket water system coolant consists of demineralized water with corrosion inhibiting additives.  Ethylene glycol may be added as allowed by manufacturer’s recommendations.  The performance and water chemistry of the diesel generator cooling water system is in conformance with the manufacturer’s recommendations.


Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have been considered in the design of this system as described in <Chapter 8>.


9.5.5.2      System Description


The standby diesel generator jacket water cooling system is shown on <Figure 9.5‑9>.


For each standby diesel engine, the jacket water cooling system consists of a closed loop in which a coolant solution is circulated through the engine.  The coolant is drawn from the standpipe, into the engine driven centrifugal pump.  Then, it passes through a three‑way temperature control valve (R46‑F507 A,B) which directs the coolant through or around the jacket water heat exchanger, as necessary, to maintain the required coolant temperature.  The coolant is cooled by emergency service water in the jacket water heat exchanger.  Upon leaving the jacket water heat exchanger, the coolant flow diverges and either cools the lube oil by flowing through the lube oil heat exchanger or bypasses the lube oil heat exchanger and instead flows to the turbocharger intercoolers.  The flow paths combine to supply the engine jacket water passages and the governor oil cooler.  When the coolant leaves the engine, it discharges into the standpipe and the loop is repeated.


The 100 percent capacity engine driven cooling water pump has a capacity of 1,550 gpm at 43 psig discharge pressure and operates whenever the diesel generator is in operation.


The jacket water heat exchanger is a shell and tube type, with emergency service water on the tube side and jacket cooling water on the shell side.  The lube oil heat exchanger is a shell and tube type with jacket cooling water on the tube side and lube oil on the shell side.


The closed cycle system also includes a jacket water standpipe and a heating system to keep the system warm for standby purposes.  The diesel generator cooling water system standpipe (expansion tank) is a 30 inch diameter, vertical tank, 18 feet 10 1/2 inches high, having a working water volume of 651 gallons with the system at operating temperature.  The standpipe is skid mounted and adjacent to the diesel engine.  The heating system includes a 75 kW, 460 volt electric heater inside the jacket water standpipe and a motor driven pump to circulate warm coolant at a minimum temperature of 140(F through the engine.  A check valve is included in the warmup line to prevent back flow during operation of the engine.  The cooling water system is vented to ensure that all spaces are filled with water.


The engine driven cooling water pump, piping, valves, and accessories are designed for near zero leakage during continuous operation at full load.  The manufacturers estimate that refilling intervals with demineralized water will be approximately six months due to this slight leakage and to a small amount of evaporation through the atmospheric vent.  The level decrease over a seven day period would therefore be approximately 2.17 inches of water height or 6.64 gallons.


The NPSH required for the pump is approximately 8 feet.  Based on the low level alarm point, the normal static head for the cooling water pump is slightly less than 12 feet.  At operating temperature and with the water at the low level alarm point, the NPSH available is approximately 4 times the NPSH required.  The results of this analysis indicate that the level decrease of 2.17” over a seven day period would not impair pump performance.


The keepwarm pump is of the horizontal, centrifugal type with a capacity of 50 gpm at 50 ft head with a three horsepower, 460 volt, 3 phase, 60 Hertz motor.  The motor is powered from a safety‑related Class 1E motor control center.  The pump may be momentarily stopped manually with its control switch; however, with its control switch in AUTO it will operate continuously with the diesel in standby and will de‑energize when the diesel receives a start signal.


The standby diesel jacket water heat exchanger may be without emergency service water flow for approximately 70 seconds from the start of the diesel generators.  Ten seconds are required to bring the diesel generator up to speed and 60 seconds or less elapse before the sequential loading process initiates emergency service water system operation.  The standby diesel generator cooling water system can operate without emergency service water for 1‑1/2 minutes before the maximum allowable cooling water temperature of 200(F is reached.  The standby diesel generator cooling water system is designed to remove 24,500,000 Btu/hr, with a required heat removal rate calculated to be 20,650,000 Btu/hr.  The temperature of the cooling water coming out of the standby diesel during normal operation is in the range of 158(F to 168(F.


Control of the system is normally automatic during all modes of plant operation.


Details of the diesel generator starting sequence are discussed in <Section 8.3.1>.  The cooling water system for the HPCS diesel generator is discussed in <Section 9.5.9.2>.


9.5.5.3      Safety Evaluation


The standby diesel generator cooling water system is designed in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code and TEMA and DEMA standards.  The system is classified Safety Class 3 and Seismic Category I. 


Each diesel generator set, with its attendant cooling water system, is located in a separate Seismic Category I structure.  No non‑Seismic Category I structures or components are located close enough to impair diesel generator cooling water system operation.  The system meets the single failure criterion; i.e., if a failure in the system prevents the operation of the associated diesel generator, the other two divisions of the emergency power system <Section 8.3> will provide adequate power to safely shut down the plant or to mitigate the consequences of any of the postulated accidents.  Each standby diesel generator cooling water system is cooled by a separate emergency service water system loop <Section 9.2.1>.


Water from the emergency service water system can be used as an emergency makeup source for the diesel jacket watering cooling systems (Div. 1 and Div. 2) to maintain availability of the standby diesel generators during accident and/or loss of offsite power (LOOP) conditions, when/if jacket water inventory is less than needed and the normal demineralized water sources are unavailable.


9.5.5.4      Inspection and Testing Requirements


To ensure the availability of the standby diesel generator cooling water system, scheduled inspection and testing of the equipment are performed as part of the overall engine performance checks.  Instrumentation is provided to monitor cooling water temperatures and head tank level.  These instruments will receive periodic calibration and inspection to verify their accuracy.


During standby periods, the keepwarm feature of the engine jacket water cooling closed loop system is checked at scheduled intervals.  This will ensure that the water jackets are warm enough to assist quick starting of the engine.


The cooling water in the engine jacket water closed loop system will be analyzed at regular intervals and will be treated, as necessary, to maintain the desired quality as specified by the manufacturer.


9.5.5.5      Instrumentation Application


The diesel generator cooling water system is provided with sensors, controls and alarms as required to ensure complete monitoring of satisfactory system performance, safe engine operation and to alert the plant operators to abnormal conditions requiring investigation and corrective action.


The diesel generator cooling water system is instrumented as shown on <Figure 9.5‑9> and described below.  Instrumentation and controls are provided to monitor system pressure, cooling water temperatures in and out of the engine and standpipe level and to provide automatic operation of the keepwarm circulating water pump and heater.


To alert the plant operators to abnormal conditions which should be investigated for corrective action, alarms are provided for the following parameters:


a.
Water pressure low.


b.
Standpipe level low.


c.
Water into engine temperature low.


d.
Water into engine temperature high.


e.
Water from engine temperature low.


f.
Water from engine temperature high.


g.
Circulating water pump/heater control switch not in “AUTO”.


h.
Trip of unit due to high temperature water from engine.


With the exception of Item g., each parameter actuates a separate alarm on the local diesel generator control panel.  The local alarm for Item g. is shared with other control switches which are normally to be in an AUTO position.  Actuation of any of the alarms also actuates a common diesel generator trouble alarm in the control room.


During the periodic surveillance testing of the complete diesel generator unit, the engine will automatically trip if the cooling water temperature from the engine exceeds 200(F.  This condition also actuates an alarm, Item h., above.


However, when the diesel generator is automatically started in response to a LOCA or bus under/degraded voltage signal, this trip feature is defeated but the alarms still actuate.  This allows the plant operators to evaluate the operating condition of the engine against overall plant requirements and make a decision as to whether or not to shut down the diesel generator.


The circulating water pump is provided with controls permitting automatic or manual operation.  Except for testing situations, the pump is operated automatically.  The pump controls are interlocked with the diesel generator so that under the automatic mode the pump runs continuously whenever the diesel generator is not running.  The keepwarm heater control is interlocked with the circulating pump so that the heater cycles on and off in response to its thermostatic control switch only when the pump is running.  When the pump is not running, the heater cannot be energized.


Water level indication is provided on the jacket water standpipe.  System pressure at the engine inlet is indicated on the local diesel generator control panel.  Thermocouples in the jacket water piping feed 


signals corresponding to water temperature in and out of the engine to the multiple position temperature selector switch on the local control panel.  Through the use of this switch, which also receives signals from the combustion air intake and exhaust system and the lubricating oil system, these temperatures may be displayed on the digital temperature meter on the local control panel.


Another set of thermocouples in the jacket water piping feed water temperature in and out of the engine signals to a slow speed recorder in the local control panel.  This recorder operates continuously and provides documentation of important engine temperatures for performance monitoring, trending and engine diagnostics.


9.5.6      DIESEL GENERATOR STARTING AIR SYSTEM


The sections that follow discuss the starting system for the standby diesel generators.  This system for the high pressure core spray (HPCS) diesel generator is discussed in <Section 9.5.9.3>.


9.5.6.1      Design Bases


The standby diesel generator starting air system provides a supply of compressed air for starting the standby diesel generator engines.  Separate and independent starting air systems are provided for each engine; each system is designed for complete redundancy and is capable of supplying enough air for a minimum of five consecutive engine starts.


Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with applicable regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and 


<Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have been considered in the design of this system as described in <Chapter 8>.


There are no shared systems and no piping interconnections between systems.


9.5.6.2      System Description


The standby diesel generator starting air system is shown in <Figure 9.5‑10>.  It provides a separate starting air facility for each of the diesel engines.  Each facility includes two 100 percent capacity redundant trains of components/piping.  Each train has an air compressor, aftercooler, air dryer, and a receiver tank.  Two redundant, solenoid operated, starting air admission valves are provided for each engine air admission line.  A strainer is provided in each starting air line to each engine to preclude the blocking of the starting air valves with contaminants.


Each redundant diesel generator starting air system train is capable of providing five cranking start cycles, each with a duration sufficient to successfully start the diesel generator.


Each air compressor is capable of recharging one air receiver tank from minimum operating pressure to maximum starting air pressure in under 30 minutes.  The air compressors are reciprocating, two stage, air cooled type with a capacity of 84 scfm at a discharge pressure of 250 psig and each is powered by a 30 horsepower motor.


The compressors may be operated with manual control switches; however, they normally are operated automatically by pressure switches which sense the air pressure from the respective receiver tanks.  The pressure switches start and stop the compressors, as necessary, to maintain the desired system pressure range.


An air‑to‑air aftercooler is provided on the downstream side of the motor driven starting air compressors to cool the compressed air prior to entering the air dryer.  The compressed air passes on the tube side of the cooler and cooling air is fan‑blown over the finned tubes.  Each aftercooler operates continuously in conjunction with its respective compressor.


Each starting air dryer assembly consists of a prefilter, two dehydrator towers, an after‑filter, and the interconnecting piping and valves which control the air flow to each tower.  Each air dryer assembly processes 77 scfm of air at 140(F and 250 psig through one of the two available dehydrator towers which contain desiccant to remove moisture.  While one tower dries the air, the other tower is purged with a portion of the dried air to reactivate the desiccant.  An automatic control system provided with the air dryer assembly reverses the modes of the towers on a timed basis, thus ensuring the air is dried with freshly regenerated desiccant.  The air dryer reduces the starting air dewpoint to at least 20(F below the coldest anticipated room temperature.  The prefilter removes entrained water from the air entering the air dryer and the after‑filter removes any desiccant which may become airborne during drying.


The desiccant type air dryer typically produces an air dew point temperature in the range of ‑40(F, and is very simplistic in design; the only active components being electrical controls, purge valves, relief valves, and a drain trap.


The air receiver tanks are 305 cubic foot, horizontal, cylindrical type with a design pressure of 275 psig at 250(F.


Control of the system is normally automatic during all modes of plant operation.  Following receipt of the start signal, starting air is admitted to the engine’s cylinders with a cranking cycle duration of approximately three seconds.  Once started, the diesel generator will 


continue to run without the need for starting air other than that required for the diesel generator protective features described in <Section 8.3.1.1.3.2.b>.  These protective features are pneumatically operated.


Control air for the diesel generator protective features is supplied from the starting air system’s air receiver.  Upon loss of starting air pressure, low control air pressure alarms will annunciate on the local control panel and a DG trouble alarm will annunciate in the Control Room.  Upon receipt of any one of these alarms any corrective action can then be implemented.  Therefore, the starting air system becomes non‑essential.


The performance of the diesel generator starting air system filters and strainers for the standby diesel generators is monitored by a pressure sensor located in each of the starting air lines, just upstream of the solenoid valves which admit air to the air header on the engine.  The pressure sensors detect pressure downstream of the final strainer in the system and signal an alarm on the engine control panel when starting air pressure is low.  The filters and strainers are manually checked for cleanliness during routine testing and inspection.


A normally open valve is provided in the common, safety‑related, air receiver tank drain piping.  Closure of this valve by operator action and subsequent opening of the air receiver tank drain valves provides for temporary cross‑charging capability between the normally independent, redundant sections through the common drain header in the event of air compressor failure or maintenance.


Details of the instrumentation and controls for the standby diesel generator air start system are discussed in <Section 7.3.1>.


9.5.6.3      Safety Evaluation


Each standby diesel generator set, with its attendant starting air system, is located in a separate Seismic Category I structure.  No non‑Seismic Category I structures or components are located close enough to impair diesel generator starting system operation.


Essential components of the standby diesel generator starting air system are designed in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code.  The system is classified Safety Class 3 and Seismic Category I from the check valve upstream of the receiver tanks to the connection at the diesel engine.  The system is nonsafety from the compressors to the check valve upstream of the receiver tanks.  The components located on the standby diesel engine are manufactured to DEMA standards.


The starting air facilities for each of the standby diesel engines are completely redundant with each redundant section capable of supplying enough air for a minimum of five engine starts.  The capacity of the starting air system will provide cranking capacity for five cranking cycles, each with a duration sufficient to successfully start the diesel generator.  The system can be recharged from minimum starting air pressure to maximum starting air pressure within 30 minutes.


If starting air pressure at the engine from either of the two redundant sections drops below the required minimum, alarms are annunciated both in the main control room and at the local diesel control panel.


The drain/cross‑connect valve is located in a safety‑related common drain header that is normally open to atmosphere downstream of the safety‑related air receiver tank drain valves.  The valve is normally open in order to maintain necessary facility/train redundancy.  This 


valve will only be placed in the closed position if it is necessary to cross‑charge the starting air receiver tanks in the event of air compressor failure or maintenance.


9.5.6.4      Inspection and Testing Requirements


Proper operation of the air compressors, aftercoolers, dryers, system low pressure alarms, and engine air admission valves will be checked at scheduled intervals to assure their availability.  The following will be checked:


a.
System pressure control pressure switches automatically start and stop the compressors, as required, to maintain the desired pressure range in their respective receiver tanks.


b.
Low pressure alarm signals for low air pressure to the engine are actuated at the designated pressure.


c.
Engine air admission valves function properly in response to the engine start control.


d.
Pressure gauges on the receiver tanks indicate accurately.


9.5.7      DIESEL GENERATOR LUBRICATION SYSTEM


The sections that follow discuss the lubrication system for the standby diesel generators.  This system for the high pressure core spray (HPCS) diesel generator is discussed in <Section 9.5.9.4>.


9.5.7.1      Design Bases


The standby diesel generator lubrication system is designed to supply lube oil to the engine bearing surfaces at controlled pressure, temperature and cleanliness conditions.  The system includes provisions


for keeping the bearings flooded and the oil warm for fast start purposes.  Each standby diesel generator lubrication system is housed in a separate cubicle of a Seismic Category I structure.  No non‑Seismic Category I structures or components are located close enough to impair standby diesel generator lubrication system operation.  Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with applicable regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  Conformance with Branch Technical Position APCSB 9.5‑1 is detailed in <Appendix 9A>.


9.5.7.2      System Description


The standby diesel generator lubrication system is shown in <Figure 9.5‑11>.  The system consists of an oil sump tank with electric heater, an engine driven pump, a lube oil heat exchanger, a duplex filter, and a keepwarm pump.  The engine driven pump takes oil from the sump through a strainer, passes it through the lube oil heat exchanger, the duplex filter, and the lube oil strainers and delivers it throughout the engine including the bearings and back to the sump.


Constant oil pressure is maintained on the engine main lube oil header with pressure regulating valves which bypass excess oil flow to the sump.


The circulating lube oil picks up heat from the diesel engine and rejects it to the lube oil heat exchanger.


The lube oil heat exchanger is of the shell and tube type in which lube oil flows through the shell and coolant from the jacket water system flows through the tubes.  As a result, during engine operation, the lube oil temperature is maintained by regulation of the jacket water system


temperature.  The system has been designed and fabricated by the standby diesel manufacturer to provide proper cooling for the lube oil.  


The engine driven lube oil pump has a capacity of 500 gpm at 70 psig discharge pressure and operates whenever the diesel generator is in operation.  The lube oil sump tank is a cylindrical, two‑partitioned, atmospheric type with an integral strainer and a total capacity of 450 gallons.


The system also includes a standby preheating system to keep the engine ready for fast start operation.  It consists of a positive displacement, keepwarm pump with a 15 hp, 460 volt, 3 phase, 60 Hertz motor which takes oil from the sump through an electric heater and directs it through a filter, a strainer, to the engine and bearings and back to the sump.  The pump has a capacity of 98 gpm with a discharge head of 15 psi.  The motor is powered from a safety‑related Class 1E motor control center.


The keepwarm pump may be operated with a manual control switch; however, with its control switch in AUTO it will operate continuously with the diesel in standby and will de‑energize when the diesel receives a start signal.


Each turbocharger is equipped with a prelubrication system to minimize wear incurred during engine starts.  The turbocharger drip system regulates lube oil drip rate to the turbocharger bearings during standby conditions.  The lube oil keepwarm pump supplies oil to the turbocharger drip system.  The lube oil drip rate is regulated such that the turbocharger bearings are not subjected to “dry” emergency starts and are not lubricated excessively to allow accumulations of oil in the turbocharger housing.  The standby diesel engines are subjected to a turbocharger prelubrication period of 2 to 5 minutes prior to every 


planned engine start to further minimize wear incurred to turbocharger bearings.  The turbocharger drip system is designed and installed in accordance with manufacturer’s recommendations.


Prelubrication of the engine rocker arms is accomplished concurrent with the above turbocharger prelubrication period through cross‑connect tubing and valves between the “normal” and “bypass” turbocharger lube oil supply lines.


The heater in the lube oil is an electric, immersion type with an output of 50 kW and is automatically operated from a temperature switch in the heater assembly to maintain the circulating lube oil at a temperature of approximately 150(F.


The lube oil system is provided with various filters and strainers to maintain the required quality of the lube oil during engine operation.  The filters are changed and the strainers are cleaned in accordance with the manufacturer’s instructions to assure an adequate supply of clean oil to the engine.  In addition, clogged oil filters are annunciated.


The diesel engine manufacturer has provided a specification for the lube oil to be used in the engine.  The required oil quality is maintained by performing monthly laboratory analysis on a sample of the lube oil.  From the results of the analyses, it is determined if the oil quality has degraded and replacement is necessary.


Several measures are taken to prevent entry of deleterious materials into the lube oil system by personnel error.  The valves and entry points used during recharging of lube oil are clearly marked to prevent entry of deleterious materials due to operator error.  In addition, new lubricating oil is stored in a designated lube oil storage facility.  The storage of lubricants is in containers designed to minimize the possibility of contamination and to provide safe storage.  Samples of new oil are taken to verify contents and specifications of oil.


Personnel are trained in the procedures to add lube oil.  Training includes the system purpose, basic operation and the system operating instruction which describes lube oil transfer.  The instruction includes provisions to eliminate entry of foreign material during the transfer.


Details of the diesel generator starting sequence are discussed in <Section 8.3.1>.  The lube oil system for the HPCS diesel generator is discussed in <Section 9.5.9.4>.


9.5.7.3      Safety Evaluation


The standby diesel generator lubrication system is an integral part of the diesel generator.  The system meets the single failure criterion, since if a failure in this system prevents the satisfactory operation of the associated diesel generator, the other two divisions of the standby power system <Section 8.3> will provide adequate power to safely shut down the plant or to mitigate the consequence of any of the postulated accidents.  There are no shared systems or piping interconnections between systems.  The standby diesel generator lubrication system for each diesel is cooled by a separate, redundant, safety‑related, cooling water system <Section 9.5.5>.


The design and fabrication of the standby diesel generator lubrication system are in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code, the National Fire Protection Association Standard 37 and DEMA Standards.  The standby diesel generator lubrication system is classified Safety Class 3 and Seismic Category I.  No protective interlocks in the lubrication system will preclude standby diesel generator operation during LOCA or bus under/degraded voltage operations.


9.5.7.4      Inspection and Testing Requirements


The operability of the diesel generator lubrication system is tested and inspected along with the overall engine during scheduled testing of the engine.  Instrumentation is provided to ensure proper operation of the system by monitoring the lube oil temperature, pressure and sump level.


During standby periods, the keepwarm feature of the system is checked at scheduled intervals.  This will ensure that the oil is warm enough for quick starting of the engine.


Leakage from the standby diesel generator lubrication system will be detected by lube oil pressure and sump level instrumentation or visual inspection of the system.  An increase in the rate of oil level reduction could signify a leak in the system.  Lube oil filters and strainers are duplex type to allow for inservice cleaning or replacement.


9.5.8      DIESEL GENERATOR COMBUSTION AIR INTAKE AND EXHAUST SYSTEM


9.5.8.1      Design Bases


The standby diesel generator combustion air intake and exhaust system supplies air of reliable quality to the standby diesel generators and exhausts the products of combustion from the diesel generators through the missile barrier to the atmosphere.  The system is designed so that each standby and HPCS diesel generator has its own separate and independent combustion air intake and exhaust system.  Also, failure of any one component on one combustion air intake and exhaust system does not lead to the loss of function of more than one diesel generator.


The standby diesel generator combustion air intake and exhaust system is safety‑related from the inlet filter to the missile barrier discharge.  The exhaust silencer is nonsafety‑related since any blockage of the 


silencer would be automatically bypassed through the missile barrier discharge.  The system design conforms with the requirements of GDCs 1, 2, 4, 5, and 17 <Section 3.1>.  Guidance presented in <Regulatory Guide 1.26>, <Regulatory Guide 1.29>, <Regulatory Guide 1.68>, <Regulatory Guide 1.102>, and <Regulatory Guide 1.117> has been considered in the design of the system.  The degree of conformance with these regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as relates to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have also been considered in the design of this system as discussed in <Chapter 8>.


The standby diesel generator combustion air intake and exhaust system is classified as Safety Class 3, Seismic Category I, except for the crankcase vent lines and exhaust silencers which are nonsafety‑related. The system is designed in accordance with the requirements of ASME Code Section III, Class 3, NFPA‑37 and DEMA Standards.


9.5.8.2      System Description


Each standby diesel generator combustion air intake and exhaust system consists of two air intake filters, two air intake silencers, expansion joints, two exhaust silencers, and associated piping connecting the equipment.


Combustion air at a rate of 14,078 scfm (each filter) is drawn through 50 percent capacity, oil bath type, air intake filters located in louvered cubicles on the diesel generator building roof.  These filters clean the ambient air for admittance to the diesel generator.  The air 


then passes through skid mounted, 50 percent capacity, tubular duct type 


inlet silencers located in the diesel generator room.  These silencers are provided to reduce the noise level in the diesel generator room.


Before being released to the atmosphere, diesel generator exhaust passes through spark arresting type exhaust silencers in parallel at rates of approximately 55,700 cfm and 20,200 cfm.  The silencers are mounted on the diesel generator roof and are provided to reduce the noise level in the vicinity outside the diesel generator building.


Several protective features are provided to prevent crankcase explosion.  Crankcase pressure is maintained at approximately atmospheric level.  During testing, two motor driven blowers draw directly from each crankcase, through oil separators, and discharge the vapor to the atmosphere, outside of the engine room.  Crankcase pressure readings are taken to detect changes.  Crankcase pressure readings are observed during heavy load operations.  Should the pressure go to a high positive reading beyond the diesel trip setpoint, the engine will be shut down immediately except when operating under LOCA or bus under/degraded voltage conditions.  Engine covers will not be removed for fifteen minutes after such a trip, to allow fumes and vapors to dissipate.  The cause of the high pressure will be determined and corrected before continuing operation.  The doors on the crankcase will automatically open if the pressure inside the crankcase exceeds the ambient atmosphere pressure by 0.7 psi.


Details of the standby diesel generator starting sequence are discussed in <Section 8.3.1>.


The intake and exhaust systems contain no flow control devices (louvers, dampers).  The standby diesel generator combustion air intake and exhaust systems are shown in <Figure 9.5‑12>, and the layout arrangement is shown in <Figure 1.2‑6> and <Figure 1.2‑13>.


9.5.8.3      Safety Evaluation


Each standby diesel generator is provided with a completely separate and independent combustion air intake and exhaust system.  These systems are not redundant since there are three divisions of the emergency power system <Section 8.3>.  The elevation of this system is well above the maximum flood design water level <Section 3.4>.


Arrangement and location of combustion air intake and exhaust, as shown in <Figure 1.2‑6> and <Figure 1.2‑13>, are such that the dilution or contamination of intake air by exhaust products will not preclude the operation of the standby and HPCS diesel generators.  Recirculation of standby diesel engine combustion products to the air intakes is prevented by locating the exhaust stacks at a higher elevation away from the intakes.  Since hot exhaust gases rise and disperse, significant recirculation into the intakes cannot occur.  Combustion gases exhaust from the standby diesel engine at a rate of 30,500 scfm.  These gases exhaust through a spark arresting type exhaust silencer.  It would be necessary for more than 13.2 percent of the exhaust gas (4,026.4 scfm) to be recirculated into the air intakes to deteriorate operation of the standby diesel generator.  This same percentage recirculation, 13.2 percent, would apply to the HPCS diesel generator air intake before degradation of performance would occur.


The exhaust plane of the silencer for the standby diesel generator exhaust system is 44 feet horizontal distance from the air inlet piping and 5’‑7” above the high point of the inlet louvers.  The exhaust plane of the HPCS diesel exhaust silencer is 29 feet horizontal distance from the air inlet and 6 feet above the high point of the inlet louvers.  In 


both cases, the plume effect and exit velocity of the hot exhaust gases plus the removal distance, with intervening structure blockage, will minimize recirculation.


Additionally, the potential for infiltration of carbon monoxide from a diesel exhaust through the control complex air intakes into the control room has been evaluated.  The carbon monoxide is diluted to a low enough concentration to be harmless to the control room operators and will not pose a threat to the safe conduct of operations of the plant.


The accidental release of onsite stored gases (N2 and H2) in the yard <Table 2.2‑10> will not affect the performance of the diesel generators.  The maximum concentration of these gases at the diesel generator air intake was calculated assuming total release of the stored inventory in accordance to <Regulatory Guide 1.78> and are as follows:



Stored Gas
Stored Inventory
Gas Concentration
O2@ Intake



__________
_____in Yard____
____% by Vol.____
__% by Vol.



  N2


   102,646 ft3


  9.5

   18.9



  CO2



4 tons


  7.5

   19.4



  H2



7,387 ft3


  5.5

   19.8


The required oxygen content at the diesel air intake, to ensure no degradation of the diesel generator performance, is 18 percent by volume, which is equivalent to a gas concentration at the intake of 14.3 percent by volume.


The only plant carbon dioxide fire extinquishing systems in the vicinity of the emergency diesel generator air intakes are located within the diesel generator rooms and in the control complex.  If the carbon dioxide fire extinguishing system is activated for a diesel generator room, the fire dampers for the respective room are automatically closed and the area isolated to prevent air, smoke or carbon dioxide from being 


exhausted.  The isolated area will remain isolated until the fire is controlled and it is determined that gases can be safety vented from the isolated area.  In the diesel generator room, the gases are vented from the exhaust outlets, which are remote from the air intake vents and at a higher elevation, as described above.


Any gases released from an isolated area would be a less critical situation than described above by a single release from the onsite storage of gases.


If a postulated fire occurred in the 500,000 gallon fuel oil storage tank located above ground and over 650 ft from the intakes, it would be controlled using a foam extinguishing system discussed in <Section 9.5.1>.  The foam is composed of water, foam concentrate and air.  The concentrate is proportioned with water at a 3 to 4 percent concentration and air is induced into the resulting solution to form foam bubbles.  The foam bubbles form an extinguishing blanket which excludes oxygen from the seat of the fire and extinguishes it.  No carbon dioxide is involved or generated in the extinguishing process.


An analysis made of the actual burning process, assuming ideal combustion, results in a carbon dioxide generation rate of 4,270 lb/min.  The total combustion gases would be approximately 20,900 lb/min.  Very high flame temperature, in the vicinity, of 3,000(F would exist during such a fire.  The large temperature difference between the fire and the atmosphere would cause a significant stack effect.  Under low wind 


conditions, the stack effect could be several thousand feet and would not drop below several hundred feet with higher winds over 39.6 ft/sec.  The results of assuming the minimum stack effect and a 12 m/sec wind speed indicates a maximum gas concentration at the intakes of 5.45 x 10‑22 lb/min of combustion products.  Slower wind speeds would result in lower concentration due to the higher stack effect.


It has been determined that the postulated fire in the 500,000 gallon fuel oil storage tank described above would be the most critical case in reference to the diesel generator air intake quality and other postulated fires, including the ESF and interbus transformers.


The essential system components exposed to atmospheric conditions such as ice and snow are protected from possible clogging during standby or operation of the system.  The essential portions of the system are housed within Seismic Category I structures provided with louvers.  The standby diesel generator combustion air intake and exhaust system components and piping are protected from missiles, pipe whip and jet impingement that might result from piping cracks or breaks.  Refer to <Section 3.5> and <Section 3.6> for a discussion of missile and pipe whip protection.  The system components and piping are designed or protected from the effects of earthquakes, floods, tornadoes, and internally and externally generated missiles.


The first part of the exhaust pipe and the missile barrier discharge on the exhaust system are tornado missile protected.  A horizontal barrier and a vertical barrier protect the missile barrier discharge from a tornado missile.


The diesel generator electrical equipment associated with the starting of the diesel engines are enclosed in a National Electrical Manufacturers Association (NEMA) Type 12 enclosure.  The enclosures are designed to protect the enclosed electrical equipment against fibers, filings, dust, dirt, lint, light splashing, seepage, dripping, and external condensation of noncorrosive materials, thus ensuring that the 


electrical equipment associated with the starting of the diesel generators will not cause the diesel generator to become inoperable due to the accumulation of foreign material.


The design of the diesel generator rooms’ ventilation system incorporates certain features to minimize entry of dust and foreign material.  The rooms’ ventilation system operates whenever the diesel generator operates.  During normal operation of the plant when the diesel generators are not operating, the two ventilation fans for each diesel generator are inactive, and the inactive supply fans are isolated from the outside environment by controlled dampers.  The design of the air inlets also renders them unaffected by snow, freezing rain or sleet.  During normal plant operation, periodic test and maintenance will be performed on the fans, dampers, controls, and starting system; this will ensure their reliability and ability to function when necessary with equipment and personnel access doors kept closed.


The ingestion of dust and other deleterious materials into the diesel generator combustion air intake and exhaust system is precluded by the use of an air filter on the combustion air intake lines of the standby diesel generators.  The filters will be cleaned on a periodic basis per the preventive maintenance program.


The cabinets in the areas are dust tight NEMA Type Three by design specification.  The floors and walls were coated with an epoxy surfacer to protect its finish.


Any concrete dust generated by maintenance is controlled by the housekeeping procedure, PAP‑0204, as will all waste, debris, scrap, oil spills, or other combustibles resulting from the work activity.  These shall be removed from the area immediately following completion of the maintenance activities or at the end of each work shift, whichever comes 


first.  In addition, the areas shall be routinely inspected for proper housekeeping requirements and any discrepancies shall be noted and corrected.


9.5.8.4      Inspection and Testing Requirements


Each system is tested in accordance with the manufacturer’s recommendations during initial tests and operation.  The standby diesel generators are operated every month for periodic testing.  Operation of diesel generator combustion air intake and exhaust system components is verified during this testing.  Additional inspection, checkout and maintenance are performed as required.


9.5.8.5      Instrumentation Applications


The diesel generator combustion air intake and exhaust system is instrumented as shown on <Figure 9.5‑12>.  A pressure indicator is provided on the local diesel generator control panel which displays intake manifold air pressure.  Either the left or right bank pressure may be selected for display through use of a manual slide valve.  A temperature selector switch and temperature indicator are also located on the local diesel generator control panel.  By using the selector switch, one of the following temperatures may be selected for display:  intake manifold air temperature, either the left or right bank; exhaust stack gas temperature, either the left or right bank; or each individual cylinder exhaust gas temperature.  The selector switch and temperature indicator may also be used for local display of jacket water and lubrication oil temperatures.


The diesel generator combustion air intake and exhaust system parameters which are displayed on the local diesel generator control panel are logged during the periodic engine testing.  This information is used for engine performance monitoring, trending and engine malfunction diagnostics.


9.5.9      HIGH PRESSURE CORE SPRAY DIESEL GENERATOR


The sections that follow discuss the applicable high pressure core spray (HPCS) diesel generator auxiliary systems.


The HPCS system power supply unit is a part of ECCS system power supplies.  The HPCS diesel generator, by itself, does not meet the single failure criterion.  However, this criterion is met at the system level.


9.5.9.1      HPCS Diesel Generator Fuel Oil Storage and Transfer System


The sections that follow discuss the fuel oil storage and transfer system for the HPCS diesel generator.


9.5.9.1.1      Design Bases


Separate fuel oil storage and transfer facilities are provided for the HPCS diesel generator to provide sufficient fuel oil for at least seven days of operation carrying the design electrical load.  This storage capacity criterion is considered adequate as discussed in <Section 9.5.4.1>.  Tank trucks will deliver the fuel oil to a central fill station.  Availability of diesel fuel oil from local distribution sources is discussed in <Section 9.5.4.1>.


All system components are accessible for an inservice inspection without affecting the availability of fuel to the HPCS diesel generator.


Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Position APCSB 9.5‑1, as related to fuel oil system fire protection, is detailed in <Appendix 9A>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside 


containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have also been considered in the design of this system, as discussed in <Chapter 8>.


9.5.9.1.2      System Description


An independent and physically separate diesel generator fuel oil storage and transfer system is provided for the HPCS diesel generator.  The HPCS diesel generator fuel oil storage and transfer system consists of one diesel fuel oil storage tank, one diesel fuel oil day tank, two diesel fuel oil transfer pumps, one diesel generator set, and necessary piping, valves, strainers, filters, and instrumentation.  A diagram of the system is shown in <Figure 9.5‑15>.


The underground storage tank is of the horizontal type and is located outside the diesel generator building.  The tank has a capacity of 39,375 gallons sufficient to operate the diesel generator for 7 days while supplying post‑LOCA design maximum electrical load demands.  This volume also includes capacity for operability testing.  The storage tank is provided with a flame arrester which prevents the ignition of flammable vapors on one side of the arrester if the other side is exposed to an ignition source.  The storage tank is internally protected with a corrosion inhibiting coating.  The outside of the tank is covered with a prime coat and finish coat of paint.


The design of the fuel oil storage tank fill system with respect to minimizing the creation of turbulence of the sediment in the tank is discussed in <Section 9.5.4.2>.


The day tank is located in the diesel generator building and has a capacity of 555 gallons.  The day tank is fitted with a flame arrester.


Two transfer pumps transport fuel between the storage tank and the day tank.  The transfer pumps are located close to the day tank in the diesel generator building.  Each pump motor is 15 horsepower, 460 volts, 3 phase, 60 Hz and is fed from a Class 1E motor control center.  Each pump has a capacity of 90 gpm at a discharge head of 200 feet.


The fuel oil transfer pumps may be operated with manual control switches; however, they are normally operated automatically by the level switches on the day tanks.  During normal system operation, day tank fuel oil level drops as the result of fuel consumption by the engine.  When fuel level drops to the primary pump low level setpoint, the primary pump starts and begins to refill the day tank.  The fuel level continues to increase to the primary pump stop setpoint, where the primary pump stops.


In the event that the fuel oil level in the day tank should continue to drop below the low level setpoint to the low‑low‑low primary pump setting, the primary pump will stop.  As the level continues to fall due to fuel oil consumption by the EDG, the secondary pump low level setpoint will be reached and the secondary pump will start.  Upon restoring level to the secondary pump high level setpoint in the day tank, the secondary pump will stop.  As the day tank level increases from secondary pump operation, the primary pump low‑low‑low stop is automatically reset, allowing the primary pump to function automatically.  This occurs when the fuel oil level rises above the low‑low‑low stop reset for the primary pump.


In the unlikely event that the fuel oil level should drop to the secondary pump low‑low‑low level setpoint in the day tanks, the secondary pump will stop.  This is the minimum safe level for operation of the pumps.


An overflow line is provided from the day tank to the associated diesel fuel oil storage tank to provide a closed recirculation loop.  Because the day tanks are always full, corrosion of these tanks are minimized.


The diesel oil day tanks are located inside the diesel generator building, a Seismic Category I structure.  The connecting diesel oil piping is physically separated from all hot surfaces or other potential ignition sources within the diesel generator room.


The location of the day tanks meets the following requirements of the diesel engine manufacturer:


a.
There should not be a positive fuel head on the engine injectors.


b.
Suction of the fuel oil booster pump and the engine driven fuel pump should remain flooded.


One engine driven fuel oil pump is supplied with and located on the HPCS diesel engine.  This pump, which is driven by the diesel engine, has a rated capacity of 4.0 gpm at 60 psig and will be used to supply fuel from the day tank to the diesel engine fuel injectors.  During startup of the diesel generator, there is also a motor driven fuel oil pump which transfers fuel from the day tank to the fuel injectors.  The motor driven fuel oil pump motor is 1/4 horsepower and 125 Vdc and is fed from its respective Class 1E dc power source.  The motor driven fuel oil pump has a rated capacity of 3.6 gpm at 60 psig.  The initial responsibility of the motor driven fuel oil pump is to prime the fuel oil system tubing and components downstream of the engine driven fuel oil pump after maintenance, in order to purge any air trapped in the system.  This pump also starts automatically upon receipt of an engine start signal and continues to operate with the engine as a backup to the engine driven fuel oil pump.


The fuel pumps draw more fuel oil from the day tank than is consumed by the engine.  The excess fuel is returned to the day tank by a separate return line.  The transfer pump transfers fuel oil to the day tank at a much higher rate than the fuel pump draws out.  In the event of oversupply, the excess fuel will be returned to the storage tank through a separate overflow line.  The day tank is located above the suction elevation of the fuel oil booster pump to assure a slight positive pressure on the booster pump inlet.


The eductor inlet of each storage tank is 18 inches from the tank bottom to prevent any sediment that accumulates from entering the day tank.


A strainer in the inlet lines to each of the HPCS diesel fuel pumps (priming or booster) and a duplex filter in each line from the fuel pumps to the engine are provided to remove particulates which could hamper engine operation.  To further purify the oil, the injector assemblies each contain filters, one in the inlet and one in the return line to the day tank.  Maintaining the day tank full at all times will also minimize the accumulation of any appreciable amount of water.


A break in the fuel oil transfer line, from the transfer pump to the day tank, is detected by a low level in the day tank.  The low day tank level is alarmed in the control room.


All storage and day tanks are located at sufficient distance from the plant control room to preclude any danger to control room personnel or equipment resulting from explosion and/or fire.


The diesel fuel oil is grade No. 2‑D in compliance with the requirements discussed in <Section 9.5.4.4>.


The diesel fuel oil storage and transfer system conforms to <Regulatory Guide 1.137> and ANSI N‑195 with exceptions as discussed in <Section 1.8>.


Component data for the diesel generator fuel oil system is shown in <Table 9.5‑3>.


9.5.9.1.3      Safety Evaluation


The HPCS diesel generator fuel oil storage and transfer system, except for components located on the diesel generator skids, is designed in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code, the National Fire Protection Association Codes 30 and 37 and State of Ohio safety regulations.


All underground fuel oil lines and lines which extend above grade outside the diesel generator building are ASME Section III, Class 3, Seismic Category I and missile protected for the first six inches above grade.  This includes vents, overflow, dipstick, water removal, and fill lines.  Components located on the diesel generator skids are designed and manufactured to DEMA standards.  The system is classified Safety Class 3 and Seismic Category I.


The fuel oil day tanks are located no less than ten feet from the exhaust manifold piping.  In addition, the day tanks are protected to obtain a three hour fire resistance rating.  The fuel oil piping is routed such that the nearest distance to hot surfaces is at the connection to the diesel engine.


Corrosion protection for tanks and piping is discussed in <Section 9.5.4.3>.


9.5.9.1.4      Inspection and Testing Requirements


Proper operation of the transfer pumps and the level alarm signals are checked at scheduled intervals to assure their availability.  This includes checks of the following:


a.
Primary transfer pumps start and stop automatically at the desired levels.


b.
Standby transfer pumps start and stop automatically at the desired levels.


c.
Alarm signals for high and low day tank levels function at the designated levels.


d.
Low level signals for the storage tanks function at the designated levels.


The HPCS diesel generator fuel oil storage and transfer system is designed to permit periodic testing as described in <Section 8.3> and has been designed to provide accessibility to all active components for periodic inspection and maintenance.  The operability of the HPCS diesel generator fuel oil storage and transfer system is demonstrated during the regularly scheduled diesel generator tests.


9.5.9.1.5      Instrumentation Requirements


The HPCS diesel generator fuel oil storage and transfer system is provided with controls for automatic transfer of fuel oil from storage tanks to the day tanks.  In addition, alarms and indicators of sufficient number and at appropriate locations are provided to ensure that the operator can determine system status and operation from the 


control room.  Details of the instrumentation and controls for the HPCS diesel generator fuel oil storage and transfer system are presented in <Section 7.3.1>.


9.5.9.2      HPCS Diesel Generator Jacket Water Cooling System


A schematic diagram which shows the relationship between the HPCS diesel generator jacket water cooling system and the other parts of the HPCS diesel generator is found in <Figure 9.5‑16>.


9.5.9.2.1      Design Bases


a.
The HPCS diesel generator jacket water cooling system is designed to remove sufficient heat from the diesel generator assembly to permit continuous operation at maximum load.  Heat removed from the system is transferred to the emergency service water system <Section 9.2.1>.


b.
The system is also designed to provide heat to the engine to maintain it in a standby condition.


9.5.9.2.2      System Description


A separate jacket water cooling system is provided for the HPCS diesel generator.


The HPCS diesel generator jacket water cooling system is supplied as a part of the diesel generator structure, and connects to the emergency service water system.  Heat from the diesel generator in the engine jacket water cooling system is dissipated into a closed loop in which coolant is circulated through the engine, the lube oil cooler and the turbocharger after‑coolers by means of two engine driven pumps.  The 


closed jacket water cooling system consists of an immersion heater, expansion tank, temperature regulating valve, lube oil cooler, two engine driven pumps, and jacket water cooler.


The immersion heater is thermostatically controlled and maintains the jacket water at a steady temperature during standby condition.


The immersion heater is 15 kW, 460V ac, 3 phase, 60 Hz, and is fed from its associated Class 1E motor control center.  During engine shutdown conditions, jacket water will circulate through the lube oil cooler, as described below, to warm the lubricating oil which is circulated by an ac motor driven pump.  This keepwarm feature will provide the engine with capability of quick start and load acceptance.  The engine low lube oil temperature condition is alarmed locally and annunciated on the main control room HPCS diesel generator trouble alarm.


The closed loop jacket water cooling system connects to an external heat exchanger which dissipates heat to the emergency service water system.


The engine of the HPCS diesel generator is provided with two 50 percent capacity pumps.  Both pumps are driven by the diesel engine.  When the diesel engines are in the standby condition, the cooling water is maintained at a constant temperature by the electric immersion heater.  The jacket water heater element is installed near a low point in the diesel generator jacket water supply, and by natural convection circulation, the hot water from the heater, by being less dense, rises causing a natural flow.  This flow causes a thermosyphon effect drawing water over the heater.  The heat conduction from the water channels in the lube oil cooler and the engine will keep the lube oil, as well as the engine block, warm.  The jacket water heater is set to maintain the engine in a prewarmed condition which is monitored by a temperature switch which annunciates the lube oil low temperature alarm on the local panel and the HPCS diesel generator trouble alarm in the control room. 


Operating experience has demonstrated that a motor driven jacket water keepwarm pump is not necessary.  This keepwarm feature helps to provide the engine with high reliability and enhances its capability of quick start and load acceptance.


The HPCS diesel generator jacket water cooling system also provides a sufficient heat sink to permit a hot HPCS diesel engine to start and operate for 2 minutes without emergency service water flow through the diesel generator jacket water cooling system heat exchanger.  Emergency Service Water flow is initiated well before 2 minutes even considering the following delay sequence; an initial delay of 13 seconds for the HPCS diesel generator to provide power to the bus; followed by a 28 second setpoint on a load sequencing time delay relay; and lastly a delay of approximately 5 seconds for the ESW discharge valve to stroke open, which subsequently initiates pump operation via the limit switches.


The HPCS diesel generator jacket water cooling system has a built‑in provision to assure all components and piping are completely filled with water by having two system high point vents, one coming off the manifold, and the other coming off the water side of the lube oil cooler.  These high point vents are attached directly to the cooling water expansion tank to maintain the closed system.  In addition, there is a low positive pressure in the system from the engine‑driven jacket water circulating pump which helps drive out any entrapped air in the system.


The high point vents are of adequate size upon startup to remove air in the crossover manifold, above the expansion tank, to prevent the air from reaching the circulating pumps and causing binding.


The system leakage during seven days of continuous operation is conservatively estimated to be less than one gallon.  Capacity of the expansion tank is approximately 88 gallons, therefore, sufficient capacity is provided so as not to require a continuous make‑up source.


In addition, the tank provides a constant head source to the pumps and is located approximately 18” above the pumps suction line.  Minimum water level is maintained in the tank to provide NPSH requirements under all operating conditions.


The HPCS diesel generator cooling water is treated as appropriate to preclude long term corrosion and organic fouling.


Demineralized water is used for makeup to the HPCS diesel generator jacket water cooling system.  In the unlikely event that both the immersion heater and the diesel generator ventilation system fail, with concurrent severe weather conditions, ethylene glycol antifreeze may be added per manufacturer’s recommendations.  Since failure of these support systems would render a diesel generator inoperable, without corrective action, plant alarm response instructions provide adequate assurance that action would be taken.


These additives are compatible with the carbon steel material construction of the jacket water cooling water system for diesel generators and manufacturer’s recommendations.  Water chemistry complies with generally accepted water quality standards of the industry.


A diagram of the diesel generator cooling water system is shown in <Figure 9.5‑16>.  Component data for the diesel generator cooling water system is shown in <Table 9.5‑4>.


9.5.9.2.3      Safety Evaluation


The HPCS diesel generator jacket water system piping is designed in accordance with the requirements as detailed in <Table 3.2‑1>.  Components located on the diesel generator skid are designed to DEMA standards except for the jacket water heat exchanger which is designed to the requirements of Section III of the ASME Boiler and Pressure Vessel Code.


The HPCS diesel generator cooling water system is Seismic Category I.  Each diesel generator set, with its attendant cooling water system, is located in a separate Seismic Category I structure.  No non‑Seismic Category I structures or components are located close enough to impair diesel generator cooling.  The system is classified Safety Class 3, as detailed in <Section 3.2>.


9.5.9.2.4      Inspection and Testing Requirements


To ensure the availability of the HPCS diesel generator cooling water system, scheduled inspection and testing of the equipment are performed as part of the overall engine performance checks.  Instrumentation is provided to monitor cooling water temperatures, pressure and head tank level.  These instruments will receive periodic calibration and inspection to verify their accuracy.


During standby periods, the keepwarm feature of the engine jacket water cooling closed loop system is checked at scheduled intervals.  This will ensure that the water jackets are warm enough to assist quick starting of the engine.


The HPCS diesel generator cooling water system is designed to permit periodic testing and inspection of all components.  Periodic testing is described in <Section 8.3.1>.


The HPCS diesel generator cooling water system operability is demonstrated during the regularly scheduled tests of the diesel generators.  The frequency of these tests is given in Technical Specifications.  The system was hydrostatically tested prior to initial startup.  The cooling water is sampled and analyzed periodically to verify that its quality meets the diesel manufacturer’s recommendations.


9.5.9.2.5      Instrumentation Requirements


Instrumentation for each HPCS diesel generator cooling water system consists of two locally mounted temperature switches in the engine outlet line.  The first switch is used to alarm on the local control panel in the event of high coolant temperature.  The second switch is used to automatically shut down the engine in the event of high‑high coolant temperature.  This trip is bypassed on a LOCA start signal.  A diesel generator trouble alarm actuates in the main control room if any of the alarms on the panel annunciate.  A list of alarms used in the HPCS diesel generator water cooling system is provided in <Section 8.3.1.1.3.3>.


9.5.9.3      HPCS Diesel Generator Air Starting System


A functional block diagram which shows the relationships between the HPCS diesel generator air starting system and the other parts of the HPCS diesel generator is found in <Figure 9.5‑24>.


9.5.9.3.1      Design Bases


a.
The diesel generator air starting system for the HPCS diesel engine is provided with independent and redundant starting trains, with each train capable of starting its respective engine five times without recharging the associated air receiver.


b.
The starting system initiates an engine start so that within 13 seconds after receipt of the start signal the diesel generator is operating at rated speed, voltage and frequency.


c.
The portions of the starting system essential to the starting of a diesel engine are of Seismic Category I design.  The entire HPCS diesel generator air starting system is housed within a Seismic Category I structure capable of protecting the system from extreme natural phenomena, missiles and the effects of pipe whip, jet impingement and water spray from high‑ and moderate energy pipe breaks <Section 3.5> and <Section 3.6>.  The HPCS diesel generator air starting system is a Safety Class 3 and quality group as described in <Section 3.2> and detailed in <Table 3.2‑1>.


d.
The HPCS diesel generator air starting system meets IEEE 323 and IEEE 344 as described in <Section 3.11> and <Section 3.10>.  Detailed summaries of qualification data are provided in the tables in <Section 3.11> and <Section 3.10>.


e.
Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with applicable regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have been considered in the design of this system as described in <Chapter 8>.


9.5.9.3.2      System Description


Separate diesel generator air starting systems are provided for each unit of the Perry project, one for each HPCS diesel generator.  Each 


division of the ECCS has its own separate diesel generator air starting system, each of which is independent and physically separated from other divisions.


The starting system for the diesel generator is shown in <Figure 9.5‑24> and consists of the following components and associated piping, valves, and controls:


a.
Starting air compressors


b.
Starting air receivers


c.
Starting air motors


d.
Starting air dryers


<Table 9.5‑5> contains the applicable data for these components.  A starting system consisting of two redundant trains is provided.  Each train contains one air receiver connected to one starting air motor system.  The two air receivers are charged by an individual compressor associated with that particular air receiver.  The Division 3 compressors have 10 horsepower, 460V ac, 3 phase, 60 Hertz electric motor drives.  These motors are non‑Class 1E.  Each compressor is fed from its associated Class 1E motor control center.  The power supply to these motor control centers is provided from the Class 1E HPCS bus.  The air is delivered to the air receiver by the air compressors where it is stored above 210 psig until it is needed to start the diesel engine.  Upon leaving the compressor, the air enters an air dryer, which removes moisture from the air, reducing the starting air dewpoint to at least 20(F below the coldest anticipated room temperature.  The air dryer operates only when the related compressor is operating.  Each air dryer has a high dewpoint alarm which annunciates on the local panel and on the common diesel trouble alarm in the control room.  To minimize the problems of particle carry over, wye strainers are provided in the start 


system piping.  Inspection and cleaning of the system components will be made after the initial runs during the installation period.  It is expected that after the initial trial runs, all loose particles will either collect at the strainer or get blown out.  Both compressors operate in response to system pressure switches and start automatically before the respective receiver pressure drops to 210 psig, and shut off before the air pressure reaches 250 psig.  The non‑Class 1E motors are removed from the circuit during accident/abnormal conditions, (LOCA, LOOP) by undervoltage and LOCA auxiliary relay contacts.


On receipt of the engine start signal (whether in normal or emergency start), a normally closed solenoid valve is opened and air flows to the piston for the pinion gear of the lower motor.  The entry of air moves the pinion gear forward to engage with the engine ring gear.  Movement of the pinion gear uncovers a port, allowing air pressure to be released to the upper motor pinion gear piston which in turn engages its pinion gear with the engine ring gear.  Full engagement of the upper pinion gear permits air flow to the air valve which in turn opens the air starting valve and releases the main starting air supply.  Starting air passes through the air line lubricator, releasing an oil air mist into the starting motors.  The motors drive the pinion gears, rotating the ring gear and cranking the engine.  Only two of the air motor pinions need to be engaged to the flywheel ring gear of each diesel engine to start the engine.  However, all four of the air motor pinions are normally engaged to the flywheel simultaneously to improve starting reliability, and to further ensure positive starting.  Both solenoids are energized simultaneously and both banks of dual starting motors crank the engine to start in the required time.


The following measures have been taken in the design of the HPCS diesel generator air starting system to preclude the fouling of the air start valve or filter with moisture and contaminants such as oil carry‑over and rust.


a.
The air for the diesel is delivered to the air receiver by the air compressors where it is stored above minimum standby pressure until required to start the diesel engine.  Upon leaving the compressor, the air enters an air dryer, which removes moisture from the air.  Each air dryer has four prefilters to remove moisture and particulate contamination in the air flow.


b.
The HPCS diesel generator air start system has redundant trains.  Failure of one train will not prevent the other train from starting.


c.
Wye strainers are provided in the air start system piping to minimize particulate carry‑over.  Inspection and cleaning of the system components is performed periodically in accordance with manufactures requirements.


d.
Fouling of the air start valve by oil carry‑over is precluded by the air lubricator being located downstream of the air start valve.


9.5.9.3.3      Safety Evaluation


The diesel generator air starting system has two redundant air start component trains.


Essential components of the HPCS diesel generator air starting system are designed in accordance with the requirements of Section III of the ASME Boiler and Pressure Vessel Code.  The system is classified Safety Class 3 and Seismic Category I from the check valve upstream of the receiver tanks.  The components located on the HPCS diesel generator skid are manufactured to DEMA standards.


Each HPCS diesel generator set, with its attendant air starting system, is located in a separate Seismic Category I structure.  No non‑Seismic Category I structures or components are located close enough to impair diesel generator air starting system operation.  The system is classified Safety Class 3 as detailed in <Section 3.2>.


The air starting facilities for the diesel engine are completely redundant with each redundant section capable of supplying enough air for a minimum of five engine starts.  The capacity of the air starting system will provide cranking capacity for five cranking cycles per train, each with a duration sufficient to start the diesel generator without operation of the compressors.  The system can be recharged from minimum starting air pressure to maximum starting air pressure within 30 minutes.


The control panel for the HPCS diesel generator has an indicator light to signal low starting air pressure in the system <Section 8.3.1.1.3.3.b.10>.


There are no cross connections between the air starting systems of the diesel generator units ‑ the loss of one diesel generator and its associated load group will not prevent safe shutdown of the reactor.


Air dryers ensure high reliability of the critical components of the HPCS diesel generator air starting system by eliminating the introduction of moisture and particulate contamination of the starting air supply.


The HPCS diesel generator air starting system air receivers (storage tanks) are provided with drains which may be opened periodically to remove moisture.  This minimizes formation of rust within the system.  In addition, the system piping for the HPCS diesel generator is provided with an air strainer installed before the starting air solenoid valve at an elevation lower than the engine inlet, and has a drip leg to provide 


for removal of any water which may be present in the lines.  The HPCS diesel generator air starting system piping is provided with a strainer before the starting air solenoid valve, which removes particulates that might be present in the lines.


9.5.9.3.4      Inspection and Testing Requirements


The HPCS diesel generator air starting system is designed to permit periodic testing and inspection of all components.


The system operability is demonstrated during the regularly scheduled tests of the diesel generators.  The frequency of these tests is given in Technical Specifications.  The system was pressure tested prior to initial startup.  Further discussion of the periodic testing requirements is provided in <Section 8.3.1>.


Proper operation of the air compressors, aftercoolers, dryers, system low pressure alarms, and the engine air admission valves will be checked at scheduled intervals to assure their availability.  The following will be checked:


a.
System pressure control pressure switches automatically start and stop the compressors, as required, to maintain the desired pressure range in their respective receiver tanks.


b.
Low pressure alarm signals for low receiver tank pressure.


c.
Engine air admission valves function properly in response to the engine start control.


d.
Pressure gauges on the receiver tanks indicate accurately.


e.
Air dryer high dewpoint alarms.


9.5.9.3.5      Instrumentation Requirements


Instrumentation for each HPCS diesel generator air starting system consists of four locally mounted pressure switches which monitor the air pressure in the air receiver tanks.  Two air pressure switches, one per air receiver tank, automatically start the associated air compressor before system pressure drops to 210 psig, and stops the compressor before pressure rises to 250 psig.  Another pressure switch on each air receiver tank is used to give a low pressure alarm on the local control panel, and input to the common trouble alarm in the main control room. If this alarm annunciates and the compressors have not automatically started at the required pressure, they will be manually started from the local control panel.  Additionally, there is a high dewpoint alarm for each air dryer which annunciates at each local panel and on the common diesel trouble alarm in the control room.


9.5.9.4      HPCS Diesel Generator Lubrication System


A functional block diagram which shows the relationships between the HPCS diesel generator lubrication system and other parts of the HPCS diesel generator is found in <Figure 9.5‑25>.


9.5.9.4.1      Design Bases


a.
The HPCS diesel generator lubrication system is designed to supply lube oil to the engine bearings and moving parts at controlled pressure, temperature and cleanliness conditions.


b.
The HPCS diesel generator lubrication system includes a keepwarm feature, and a soakback oil subsystem.  The keepwarm feature maintains a steady lube oil temperature and maintains oil levels in the oil galleries for adequate upper engine lubrication upon startup.  The soakback oil subsystem pre‑lubricates the turbocharger bearings.


c.
Each HPCS diesel generator lubrication system is of Seismic Category I design and is housed within a separate Seismic Category I structure capable of protecting the system from extreme natural phenomena, missiles and the effects of pipe whip or jet impingement from high and moderate energy pipe breaks.


d.
Conformance with applicable GDCs is discussed in <Section 3.1>.  Conformance with applicable regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  Conformance with Branch Technical Position APCSB 9.5‑1 is detailed in <Appendix 9A>.


e.
The HPCS diesel generator lubrication system is Seismic Category I, Safety Class 3 as described in <Section 3.2> and is detailed in <Table 3.2‑1>.


9.5.9.4.2      System Description


A separate diesel generator lubrication system is provided for the HPCS diesel generator.  The diesel generator lubrication system consists of lube oil pumps, lube oil sump pan and lube oil cooler, together with associated piping, valves, filters, strainer, and controls.  The lube oil sump for the HPCS diesel engine is integral with the engine.  The lube oil is warmed through the lube oil cooler as described in <Section 9.5.9.2.2> while in standby.  The detailed arrangement is shown in <Figure 9.5‑25>.  <Table 9.5‑6> contains applicable data for the above components.


The system provides lubricating oil to all moving parts of the diesel engine and rejects the heat picked up during circulation to the diesel jacket water cooling system via the lube oil cooler.  The diesel engine jacket water cooling system is designed to absorb all the heat carried 


from the engine by the lube oil system.  The thermal characteristics and design margin of the cooling water system are shown in <Table 9.5‑4>.  No external cooling is needed for the lube oil system.


The lube oil circulating system is comprised of two primary circulation loops.  The first loop is for the turbocharger soakback function, which provides oil for cooling and lubrication to the turbocharger during standby.  The turbocharger soakback loop is comprised of an ac driven pump with a dc driven backup pump, a soakback filter and associated strainers, valves and piping.


The ac motor driven soakback pump has a 3/4 horsepower, 460 volts, 3 phase, 60 Hz motor powered from a nonsafety‑related motor control center.  This pump normally operates continuously with the diesel engine in standby and also when the engine is operating.  This pump is controlled by a manual control switch in the HPCS diesel generator room.


The dc motor driven soakback pump has a 3/4 horsepower 125 Vdc motor fed from its respective Class 1E dc power source.  The dc motor‑driven soakback pump normally operates automatically upon loss of discharge pressure from the ac motor‑driven soakback pump during engine operation or during the soakback period following an engine run.


Either soakback pump takes suction from the engine sump and discharges to the soakback filter, followed by the turbocharger, and then drains to the engine sump.


The secondary loop circulates oil from the sump, through the main lube oil filter and cooler and returns oil to the sump.  This loop is for the keepwarm function and also maintains oil levels in the oil galleries to provide for adequate engine lubrication upon startup.  The circulating loop is comprised of an ac driven pump, strainers, valves and interconnecting piping to the other engine skid mounted equipment.


The lube oil circulating pump motor is a 1 horsepower, 440 volts, 3 phase, 60 Hz and is powered from a safety‑related Class 1E, 480 volt motor control center.  This pump normally operates continuously when the HPCS diesel engine is in standby, and de‑energizes upon engine start up.  This lube oil circulating pump is controlled by a manual switch on the local engine control panel.


The primary lubrication system which supports HPCS diesel engine operation is comprised of three independent circulation loops.  These are the main lubricating loop, the piston cooling loop and the scavenging oil loop.  Each loop has its own engine driven pump.  The main lube oil pump and the piston cooling oil pump, although individual pumps, are both contained in one housing and driven from a common drive shaft.  The scavenging oil pump is a separate pump.


The main lubricating loop supplies oil under pressure to most of the moving parts of the engine.  The main lube oil pump takes oil from the oil strainer housing and pumps it into the main oil manifold.  Maximum oil pressure in this loop is limited by a relief valve in the passage between the pump and the main oil manifold which relieves pressure by discharging oil to the engine sump.  Oil from the main oil manifold is supplied to the crankshaft bearings, connecting rod bearings and crankshaft vibration damper.  Oil from the manifold is then supplied to the engine’s rear gear train, the camshafts and finally to the turbocharger via the turbocharger oil filter.  Oil from the camshafts lubricates the camshaft bearings and also supplies the rocker arm assemblies.  Leak off from lubricated components drains to the engine sump.


The piston cooling loop consists of the piston cooling oil pump and the piston cooling oil manifolds.  The piston cooling oil pump has a common suction line with the main lube oil pump.  The piston cooling oil pump discharges oil to the two piston cooling oil manifolds, which extend the 


length of the engine, one on each side.  A piston cooling oil pipe at each cylinder directs a stream of oil to the underside of each piston to provide cooling to the piston and lubrication to the piston pin bearing.


The scavenging oil loop consists of the scavenging oil strainer, the scavenging oil pump, the lube oil filter, and the lube oil cooler.  The scavenging oil pump takes oil through the scavenging oil strainer from the engine oil sump and discharges to the oil filter and then to the oil cooler.  The oil is returned to the oil strainer housing to supply the main lube oil and piston cooling oil loops with cooled and filtered oil.  Excess oil supplied to the strainer housing spills over a dam in the strainer housing and returns to the engine oil sump.


9.5.9.4.3      Safety Evaluation


The HPCS diesel generator lubrication system is an integral part of the diesel generator.  There are no shared systems or piping interconnections between systems.  The HPCS diesel generator lubrication system is cooled by the HPCS diesel generator cooling water system <Section 9.5.9.2>.


Components of the HPCS diesel generator lubrication system are entirely located on the diesel generator skids and are designed to DEMA standards, NFPA 37 and Seismic Category I requirements.  The lubrication system piping is also designed, fabricated and tested in accordance with standards noted in <Table 3.2‑1>.  No protective interlocks in the lubrication system will preclude HPCS diesel generator operation during emergency operations.


The lubrication system is designed to Seismic Category I requirements and is housed inside a Seismic Category I Structure.


During the standby condition of the diesel generator, the lubricating oil is warmed by the jacket water as described in <Section 9.5.9.2.2> and circulated by the lube oil circulating and soakback pumps to facilitate a quick engine start.  The pre‑lube system circulates oil to the turbocharger bearings and also maintains levels in the oil galleries to ensure adequate lubrication upon startup, therefore ensuring higher reliability.  Failure of the warming system is annunciated by a lube oil low‑temperature alarm in the diesel generator room and by a trouble alarm in the control room.  Failure of the soakback system is annunciated by a low pressure lube oil local alarm and a common diesel trouble alarm in the control room.


9.5.9.4.4      Inspection and Testing Requirements


The HPCS diesel generator lubrication system is tested and inspected along with the overall engine during scheduled testing of the engine.  Instrumentation is provided to ensure proper operation of the system by monitoring the lube oil temperature and pressure.


During standby periods, the keepwarm feature of the system is checked at scheduled intervals.  This will ensure that the oil is warm enough for quick starting of the engine.


Leakage from the HPCS diesel generator lubrication system will be detected by lube oil pressure instrumentation or visual inspection of the system.


The HPCS diesel generator lubrication system is designed to permit testing and inspection of all components.  System operability will be demonstrated during the regularly scheduled tests of the diesel generator.  The frequency of these tests is given in Technical Specifications.  The system was hydrostatically tested prior to initial startup.  The lube oil is sampled and analyzed once every 3 months to 


verify that it can adequately perform its function (i.e., that it meets the specification for diesel engine lube oil specified by the manufacturer).  Methods of periodic testing are described in <Section 8.3.1>.


9.5.9.4.5      Instrumentation Application


The following instrumentation is provided to monitor the lubrication system for the HPCS diesel engine.  The outlet from the turbocharger oil filter has a pressure switch which is used to shut down the engine in the event of low‑low lube oil pressure, except if a LOCA signal is present.  Another pressure switch, which also monitors turbocharger pressure, is used as a cranking lock out to prevent the starting motors from engaging the fly wheel while the engine is still rotating.  A third pressure switch is used to alarm low lube oil pressure on the local control panel and input to the common trouble alarm in the main Control Room.  This switch monitors lube oil pressure of the turbocharger during engine operation and the soakback system pressure during standby.


The engine sump is monitored by a crankcase switch.  This switch is used for the high crankcase pressure alarm which alarms on the local control panel and the common diesel trouble alarm in the main control room.  The engine sump level will be monitored by use of the sump dipstick.


The lube oil filter is equipped with a differential pressure switch.  This switch is used for alarm of a clogged oil filter.  This alarm is on the local control panel and also has input to the common trouble alarm in the main control room.


Oil from the oil cooler is monitored by two temperature switches.  The first switch is used to give an alarm for low lube oil temperature on the local control panel and input to the common trouble alarm in the 


main control room.  The second switch is used for alarm of high lube oil temperature on the local control panel and input to the common trouble alarm in the main control room.


Alarm indicators are described in <Section 8.3.1.1.3.3.b.10>.


9.5.9.5      HPCS Diesel Generator Combustion Air Intake and Exhaust 
System


The relationship of the HPCS diesel generator combustion air intake and exhaust system to other parts of the diesel generator is shown in <Figure 9.5‑12>.


9.5.9.5.1      Design Bases


a. 
The HPCS diesel generator combustion air intake and exhaust system is capable of supplying reliable quality air to the diesel engine and exhausting the products of combustion to the atmosphere.


b.
The HPCS diesel generator combustion air intake and exhaust system is of Seismic Category I design.  The safety‑related portions of the system are housed within a separate Seismic Category I structure capable of protecting the system from extreme natural phenomena, missiles and the effects of pipe whip or jet impingement from high and moderate energy pipe breaks.   The piping is classified as Safety Class 3.


c.
The HPCS diesel generator combustion air intake and exhaust system is classified as Safety Class 3, Seismic Category I, except for the exhaust silencers which are nonsafety‑related.  The system is designed in accordance with NFPA‑37.  Further compliance is described in <Section 3.2> and <Table 3.2.1>.


d.
The HPCS diesel generator combustion air intake and exhaust system is safety‑related from the inlet filter to the missile barrier discharge.  The exhaust silencer is nonsafety grade since any blockage of the silencer would be automatically bypassed through the missile barrier discharge.  The system design conforms with the requirements of GDCs 1, 2, 4, 5, and 17 <Section 3.1>.  Guidance presented in <Regulatory Guide 1.26>, <Regulatory Guide 1.29> and <Regulatory Guide 1.68> has been considered in the design of the system.  The degree of conformance with these regulatory guides is discussed in <Section 1.8>.  Conformance with Branch Technical Positions ASB 3‑1 and MEB 3‑1, as related to breaks in high and moderate energy piping systems outside containment, is discussed in <Section 3.6.1> and <Section 3.6.2>.  The guidelines presented in Branch Technical Position ICSB‑17 (PSB) have also been considered in the design of this system as discussed in <Chapter 8>.


9.5.9.5.2      System Description


The HPCS diesel generator combustion air intake and exhaust system consists of an air intake filter with an integral silencer, expansion joints, exhaust silencer, and associated piping connecting the equipment.


An independent combustion air intake and exhaust system is provided for each HPCS diesel generator.  The system components are sized and physically arranged such that no degradation of the operation of the engine will occur when the diesel is required to continuously operate at rated output.  <Table 9.5‑7> contains the applicable data for the above components.


The combustion air intake and exhaust system provides filtered ambient air to the diesel engine for combustion and exhausts the products of combustion to the atmosphere.  Air for the combustion is taken from a missile protected air intake cubicle separate from the diesel generator 


room.  All of the air intake and exhaust components, except the exhaust silencer, are located inside the diesel generator building which provides protection from extreme environmental phenomena.  The exhaust silencer is not required for diesel operation and is therefore located on the roof of the diesel generator building with respect to other site components.


The HPCS diesel intake and exhaust system is shown in <Figure 9.5‑13> and <Figure 9.5‑14>, the layout arrangement is shown in <Figure 1.2‑6> and <Figure 1.2‑13>.


9.5.9.5.3      Safety Evaluation


The HPCS diesel generator combustion air intake and exhaust system is designed to Seismic Category I requirements and is housed inside a Seismic Category I structure.


Arrangement and location of combustion air intake and exhaust, as shown in <Figure 1.2‑6> and <Figure 1.2‑13>, are such that the dilution or contamination of intake air by exhaust products will not preclude the operation of the HPCS diesel generator.  Recirculation of HPCS diesel engine combustion products to the air intakes is prevented by locating the exhaust stacks at a higher elevation away from the intakes.  Since hot exhaust gases rise and disperse, significant recirculation into the intakes cannot occur.  Additionally, there is no storage of gases in the immediate vicinity of air intakes that could affect the minimum quantity and oxygen content requirements for intake combustion air if accidentally released.  The only plant carbon dioxide fire extinguishing systems in the vicinity of the emergency diesel generator air intakes are located within the diesel generator rooms and in the control complex.  If the carbon dioxide fire extinguishing system is activated for the HPCS diesel generator room, the fire dampers for the respective room are automatically closed and the area isolated to prevent air, 


smoke or carbon dioxide from being exhausted.  The isolated area will be cleared of these gases using strict administrative controls to ensure that no possibility exists for large concentrations of gases to be ejected into the atmosphere and be drawn into the diesel generator air intakes.  In this way essentially ambient quality air will be available at all times at the diesel generator air intakes.


If a postulated fire occurred in the fuel oil storage tank located above ground and over 650 ft from the intakes, it would be controlled using a foam extinguishing system discussed in <Section 9.5.1>.  Foam is composed of water, foam concentrate and air.  The concentrate is proportioned with water at a 3 to 4 percent concentration and air is induced into the resulting solution to form foam bubbles.  The foam bubbles form an extinguishing blanket which excludes oxygen from the seat of the fire and extinguishes it.  No carbon dioxide is involved or generated in the extinguishing process.


An analysis made of the actual burning process, assuming ideal combustion, results in a carbon dioxide generation rate of 4,270 lb/min.  The total combustion gases would be approximately 20,900 lb/min.  Very high flame temperature, in the vicinity of 3,000(F, would exist during such a fire.  The large temperature difference between the fire and the atmosphere would cause a significant stack effect.  Under low wind conditions, the stack effect could be several thousand feet and would not drop below several hundred feet with higher winds over 39.6 ft/sec.  The results of assuming the minimum stack effect and a 12 m/sec wind speed indicates a minimum gas concentration at the intakes of 5.45 x 10‑22 lb/min of combustion products.  Slower wind speeds would result in lower concentration due to the higher stack effect.


The essential system components exposed to atmospheric conditions such as ice and snow are protected from possible clogging during standby or operation of the system.  The essential portions of the system are housed within Seismic Category I structures provided with louvers.  The


standby and HPCS diesel generator combustion air intake and exhaust system components and piping are protected from missiles, pipe whip and jet impingement that might result from piping cracks or breaks.  Refer to <Section 3.5> and <Section 3.6> for a discussion of missile and pipe whip protection.  The system components and piping are designed or protected from the effects of earthquakes, floods, tornadoes, and internally and externally generated missiles.


The first part of the exhaust pipe and the missile barrier discharge on the exhaust system are tornado missile protected.  A horizontal barrier and a vertical barrier protect the missile barrier discharge from a tornado missile.


Additional evaluation of the diesel generator combustion air intake and exhaust system with respect to the effects of fire extinguishing media, recirculation of diesel combustion products or sudden release of stored gases onsite, which is also applicable to the HPCS diesel generator, can be found in <Section 9.5.8.3>.


9.5.9.5.4      Inspection and Testing Requirements


The system is tested in accordance with the manufacturer’s recommendations during initial tests and operation.  The HPCS diesel generator is operated every month for periodic testing.  Operation of air intake and exhaust system components is verified during this testing.  Additional inspection, checkout and maintenance are performed as required.  For a more detailed discussion of periodic testing, see <Section 8.3.1>.


9.5.10      AUXILIARY STEAM SYSTEM


9.5.10.1      Design Bases


When extraction steam from the nuclear 


steam supply system is not available, the auxiliary steam system also supplies steam for building heating and various startup and test functions.  The system is designed to supply steam demand requirements shown in <Table 9.5‑2>.


The auxiliary boiler and deaerator in this system are designed in accordance with Section I and Section VIII, respectively, of the ASME Boiler and Pressure Vessel Code.  The connecting piping is designed to ASME Section I or ANSI B31.1 for 150 pound, 300 pound and 900 pound pressure classes.


9.5.10.2      System Description


The auxiliary steam system is shown schematically by <Figure 9.5‑17>, <Figure 9.5‑18>, <Figure 9.5‑19>, and <Figure 9.5‑20>.  Auxiliary steam is supplied by two packaged boilers fired with No. 2 fuel oil from the auxiliary boiler fuel oil system.  Each boiler is capable of discharging 100,000 lb/hr of steam, at a drum pressure of 175 psig, through the auxiliary steam distribution header.  Condensate from the auxiliary steam hot water heat exchangers and the drain pots on the distribution headers are returned to the common deaerator.


Makeup water is supplied to the deaerator from the mixed bed demineralizer and distribution system.  Boiler water quality is maintained by the auxiliary boiler chemical treatment system.


9.5.10.3      Safety Evaluation


The entire auxiliary steam system is nonsafety‑class; therefore, seismic analyses and NSSS evaluations are not required.  


9.5.10.4      Inspection and Testing Requirements


The auxiliary steam system will be hydrostatically tested in accordance with the ASME Boiler and Pressure Vessel Code or ANSI B31.1, as applicable.  The system will be scheduled for periodic inspection and maintenance to ensure proper operation of all components.


9.5.11      REFERENCES FOR SECTION 9.5
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TABLE 9.5‑1


FAILURE MODE AND EFFECTS ANALYSIS FOR THE


 FIRE PROTECTION AND DETECTION SYSTEM



Component or System
 Failure Mode
Effect


1.
Internal fire
1.
 Pipe line failure
1.
A limited quantity of fixed systems or



protection water




hose reels would be without a water



distribution system




supply.(1)






2.
Water would be discharged into the area








where the break occurs until isolation








valves would be closed.(2)



2.
 Hose failure when
1.
No effect on total system or plant safety.





 in use







2.
Water would discharge until hose valve








would be closed.


2.
External fire
1.
 Pipe line failure
1.
No effect on total system.



protection water



distribution header.



2.
Fire hydrants or building connections








would be without a water supply.(1)






3.
Water would discharge where the break








occurs until isolated.




2.
 Hydrant failure
1.
Water would discharge until isolation








valve would be closed.  No effect on








total system.


3.
Electric driven fire
1.
 Power failure
1.
No effect during non‑use period, trouble



pump (primary




alarm.



 supply)


TABLE 9.5‑1 (Continued)



Component or System
Failure Mode
Effect


3.
Electric driven fire



2.
During use periods:  pressure would drop



pump (primary




and diesel pump would start, trouble



supply) (Continued)




alarm.


4.
Diesel driven fire
1.
Fuel supply failure



pump





a.
Line block
No effect; electric pump would provide adequate







supply of water.





b.
Leak and fire
Automatic sprinklers would extinguish the fire.




2.
Battery failure
No effect; dual batteries provided.


5.
Pressure maintenance
1.
Pump failure
Electric driven fire pump would start on



system (jockey pump)



pressure drop.


6.
Charcoal filter water
1.
Detection failure
No effect; fire or trouble alarm.



spray system




2.
System fail to
No effect; system is semi‑automatic if remote‑





operate
manual fails.  Manual operation is possible.




3.
System trip no fire
No effect on plant safety.(3)

7.
Outdoor oil‑filled
1.
Detection failure



transformer spray



system

a.
False detection
Deluge valve would open and water would







discharge through the nozzles except for 







manually actuated systems (Isolation valve 







normally closed), fire alarm.





b.
Electric fault
Trouble alarm.


TABLE 9.5‑1 (Continued)



Component or System
 Failure Mode
Effect


7.
Outdoor oil‑filled
2.
System failure
Deluge valve would not open automatically but



transformer spray



could be opened manually.  Hose streams could



system (Continued)



be used; fire alarm.


8.
Turbine bearing
1.
Line break
No effect; trouble alarm.



protection




2.
Detection failure





a.
Electrical fault
No effect; trouble alarm.





b.
False detection
No effect; deluge valve trip and water would







fill piping.  No water would flow from closed







nozzles; fire alarm.




3.
Air supply failure
No effect; trouble alarm.




4.
System fail to trip
No effect; manual attack.(4)



5.
Nozzle failure
Air pressure would be lost; trouble alarm.


9.
Hydrogen seal oil
1.
Detection failure



spray system





a.
False detection
Deluge valve would trip and water would







flow from nozzles; fire alarm.





b.
Electrical fault
No effect; trouble alarm.




2.
System fail to trip
No effect; manual attack.(4)

TABLE 9.5‑1 (Continued)



Component or System
Failure Mode
Effect


10.
Automatic wet pipe
1.
Pipe failure
No effect; water would discharge at the break;



sprinkler systems



fire alarm.(2)(4)


11.
Carbon dioxide
1.
Electrical failure



hose reels





a.
False operation
No effect; CO2 would fill piping; fire alarm.





b.
Fail to operate
No effect; hand extinguisher back up







available.(4)



2.
Pipe failure within





protected area





a.
Normal condition
No effect.(5)




b.
During operation
1.
No effect on plant safety; limited effect








on CO2 distribution.







2.
CO2 would be discharged from the failure








point until manually shut off at the tank.







3.
Fire would be attacked by alternate








method.(3)



3.
Pipe failure outside





protected area





a.
Normal condition
No effect.(5)

TABLE 9.5‑1 (Continued)



Component or System
Failure Mode
Effect


11.
Carbon Dioxide

b.
During operation
1.
CO2 would be discharged from the leak



hose reels




until manually shut off at the tank.



(Continued)







2.
Fire would be attacked with hose lines and








extinguishers.(4)

12.
Total flooding carbon
1.
Detection failure



dioxide systems





a.
Electrical fault
No effect; trouble alarm.





b.
False operation
No effect; CO2 would discharge into protected







area; fire alarm.(5)



2.
Pipe failure within





the protected area





a.
Normal condition
No effect.(5)




b.
During operation
1.
No effect on plant safety; limited effect








on CO2 distribution.







2.
CO2 would be discharged from the failure








point.







3.
Extinguishment would be slowed but would








occur.


TABLE 9.5‑1 (Continued)



Component or System
Failure Mode
Effect


12.
Total flooding carbon
3.
Pipe failure outside



dioxide systems

the protected area



(Continued)





a.
Normal operation
No effect.(5)




b.
During operation
1.
CO2 would be discharged from the leak








until manually shut off at the tank.







2.
Fire would be attacked with hose lines and








extinguishers.(4)

13.
Carbon dioxide supply
Power failure to the
No effect; CO2 is self‑refrigerating due to



system
compressor
the effect of vapor release through a bleeder







valve at the rate of 6 to 21 lbs per hour.


14.
Portable fire
Fail to discharge
1.
No effect on plant safety.



extinguishers







2.
Speed of attack on fire would be slowed








until another nearby extinguisher could be








obtained.


TABLE 9.5‑1 (Continued)


NOTES:


(1)
The fire protection water distribution system is provided with an adequate supply of manually operated sectionalizing valves to limit the number of systems affected by a single failure.  Areas affected by the loss of their section of the fire protection water distribution system would continue to have hand fire extinguisher protection, as well as hose stream protection from adjacent areas.


(2)
Each area provided with fixed water type fire protection systems, hose reels or fire protection water distribution headers are provided with floor drains.  The floor drains are adequately sized to remove water from fire protection systems, hose streams and foreseeable distribution system leaks.  Additional safety from water damage is achieved for safety‑related pumps and equipment by positioning them on 6 inch concrete pads.  Alarms are provided in the control room to indicate when a fixed system has operated and when a fire pump is running.  Such alarms will alert the plant operators that water is flowing and initiate a search for the exact location and cause of the alarm.  Where the cause is from a piping or valve leak failure, the proper sectionalizing valves would be closed.  All water piping is sized and routed in a way that their exposure to safety class equipment is minimized.


(3)
False operation of the fire protection system protecting a safety class system will not affect the safety of the redundant safety system, because each safety system will have its own independent fire detection and protection system.


(4)
Every part of the fire protection system has some redundancy in the form of hand fire extinguishers, hose streams, fire rated partitions, and walls, etc.


(5)
In the event that false detection or operation of the CO2 system were to occur, the area would be flooded with CO2.  All protected areas are provided with pressure relief, where relief is required to prevent overpressure.  The CO2 system piping is normally empty.


TABLE 9.5‑2


AUXILIARY STEAM SYSTEM DEMAND TABLE (LB/HR)





Normal ‑
No. 1 ‑
No. 1 ‑



No. 1‑Up
   No. 1‑

  No. 1‑

  No. 1‑


  Plant

 Both
  Hot
 Cold
 No. 1‑Up

No. 2‑
Hot Standby
Cold Startup
Hot Standby


Condition/
 Main
Standby
Startup
  No. 2 ‑

 Cold
   No. 2‑

  No. 2‑

  No. 2‑


 Service 

Units Up
No. 2‑Up
No. 2‑Up
Hot Standby
Startup
Hot Standby
Hot Standby
Cold Startup
 
Comments




Hot Water


  Heat


  Exchangers


    No. 1

   ‑

48,730
 48,730
   ‑


   ‑

48,730

 48,730

 48,730

Building heating


    No. 2

   ‑

   ‑

   ‑

36,060

36,060
36,060

 36,060

 36,060

max. req’d. ‑ No. 1 and No. 2


Radwaste Evapo‑


  rators


    Evapo‑


      rator A
21,000
21,000
   ‑

21,000

   ‑

   ‑


   ‑


   ‑


Intermittent load ‑


    Evapo‑




















max. req’d.


      rator B
21,000
21,000
   ‑

21,000

   ‑

   ‑


   ‑


   ‑


Auxiliary


  Steam


  Deareator


    (pegging)
   690

0
 12,970

0

 12,970

0

 12,970

 12,970

F.W. temp of (227(

MSR Blanketing


  No. 1

   ‑

   340
  3,670
   ‑


   ‑

   340

  3,670

    340

‑


  No. 2

   ‑

   ‑

   ‑

   340

  3,670
   340

    340

  3,670

‑


Steam Seal


  No. 1

   ‑

   ‑

 45,000
   ‑


   ‑

   ‑


 45,000

   ‑


Startup and backup


  No. 2

   ‑

   ‑

   ‑

   ‑


 45,000
   ‑


   ‑


 45,000

25,000 (new seals) to 45,000 (worn seals)


TABLE 9.5‑2 (Continued)





Normal ‑
No. 1 ‑
No. 1 ‑



No. 1‑Up
   No. 1‑

  No. 1‑

  No. 1‑


  Plant

 Both
  Hot
 Cold
 No. 1‑Up

No. 2‑
Hot Standby
Cold Startup
Hot Standby


Condition/
 Main
Standby
Startup
  No. 2 ‑

 Cold
   No. 2‑

  No. 2‑

  No. 2‑


 Service 

Units Up
No. 2‑Up
No. 2‑Up
Hot Standby
Startup
Hot Standby
Hot Standby
Cold Startup
 
Comments




RCIC Turbine


  Tent


   No. 1

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


10,000 when available


   No. 2

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


10,000 when available


RFP Turbine


  Tent


   No. 1

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


20,000 when available


   No. 2

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


20,000 when available


Chemical


  Cleanup


    No. 1

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


98,000 for 2 hrs.


    No. 2

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


during preop test


OffGas


  Preop Test


   (No. 1 or


   No. 2)

   ‑

   ‑

   ‑

   ‑


   ‑

   ‑


   ‑


   ‑


3,836 for preop test


Total Aux.


  Steam


  Required
42,690
92,070
175,370
79,400

162,700
84,470

212,770

212,770


TABLE 9.5‑3


DIESEL GENERATOR FUEL OIL SYSTEM COMPONENT DATA


DIVISION 3 (HPCS)


Diesel Generator Fuel Oil Storage Tank




Type






Horizontal




Quantity





1 per diesel generator




Capacity, gallons



39,375




Design pressure



Atmospheric


Diesel Generator Fuel Oil Transfer Pumps




Type






Horizontal centrifugal




Quantity





2 per diesel generator




Capacity, gpm




90




TDH, ft





200




Driver, hp




15.0


Diesel Generator Fuel Oil Day Tank




Type






Vertical




Quantity





1 per diesel generator




Capacity, gallons



555




Design pressure



Atmospheric


Diesel Generator Fuel Oil Pumps




a.
Engine Driven Pump (Booster)





Type





Gear





Quantity




1





Capacity, gpm



4.0





TDH, ft




150




b.
Motor Driven Pump (Priming)





Type





Gear





Quantity




1





Capacity, gpm



3.6





TDH, ft




150





Driver hp




0.25


TABLE 9.5‑4


DIESEL GENERATOR COOLING WATER SYSTEM


DIVISION 3 (HPCS) COMPONENT DATA



a.
Cooling Water Pumps




Quantity





2 per engine, engine driven




Capacity, gpm




550 each




Head, ft





100



b.
Cooling Water Heat Exchanger (Jacket Water Cooler)




Quantity





1 per engine




Type






TEMA AEW




Duty, Btu/hr(1)




8.58 x 106



Design Conditions(1)




Tube Side‑ESW Cooling Water





a.
Inlet temp, (F


95





b.
Outlet temp, (F


116.5





c.
Flow, gpm



800



c.
Jacket Water Expansion Tank




Quantity





1 per engine




Type






Horizontal




Capacity, gal




100



d.
Jacket Water Immersion Heater




Quantity





1 per engine




Output, kW




15


NOTES:


(1)
The jacket water cooler heat removal duty of 8.58 x 106 Btu/hr is based on the original design conditions as stated above. A minimum ESW Flow of 526 gpm will remove this heat load at an inlet temperature of 85(F and an outlet temperature of 117.8(F.


TABLE 9.5‑5


DIESEL GENERATOR AIR START SYSTEM


DIVISION 3 (HPCS) COMPONENT DATA



a.
Air Receivers




Quantity





2




Type






Vertical




Capacity, ft3 (each)



64



b.
Air Compressors




Quantity





2 (motor driven)




Capacity, scfm (each)


20




Discharge pressure, psi


250



c.
Air Motors




Quantity





2 dual, air starting motors




Type






Rotary multivane



d.
Air Dryers




Quantity





1 Membrane 



Type






Type ‑40(F



Capacity ‑ Dewpoint





at 20 scfm, 250 psig

TABLE 9.5‑6


DIESEL GENERATOR LUBRICATING OIL SYSTEM


DIVISION 3 (HPCS) COMPONENT DATA



a.
Lube Oil Piston Cooling Pump




Quantity





1




Capacity, gpm




109




Head, ft





125



b.
Main Lube Oil Pressure Pump




Quantity





1




Capacity, gpm




229




Head, ft





125



c.
Lube Oil Scavenging Pump




Quantity





1




Capacity, gpm




390




Head, ft





100



d.
Lube Oil Soak Back Pump (dc)




Quantity





1




Capacity, gpm




3




Head, psi





35



e.
Lube Oil Soakback Pump (ac)




Quantity





1




Capacity, gpm




3




Head, psi





35



f.
Lube Oil Circulating Pump (ac)




Quantity





1




Capacity, gpm




5 ‑ 7



Head, psi





35



g.
Lube Oil Heat Exchanger (Cooler)




Quantity





1




Type






Tank type




Duty, Btu/hr




1.744 x 106


h.
Lube Oil Sump




Quantity





1




Capacity, gal.





Total/usable



349/257



i.
Maximum Lube Oil Consumption




@ rated load, gal/hr


0.98


TABLE 9.5‑7


DIESEL GENERATOR COMBUSTION AIR INTAKE AND EXHAUST


DIVISION 3 (HPCS) COMPONENT DATA



a.
Intake Air Filter




Quantity





1




Type






Dry Type




Capacity, cfm (nominal)


10,700 at 100(F



b.
Intake Air Silencer




(Part of air intake filter)




Quantity





1




Type






Residential




Capacity, cfm




10,700 at 100(F



c.
Exhaust Silencer




Quantity





1




Type






Residential




Capacity, cfm




23,000 at 735(F


TABLE 9.5‑8


STANDBY DIESEL GENERATOR COOLING WATER SYSTEM


Jacket Water Heat Exchanger



Quantity






1 per diesel engine



Duty, Btu/hr(1)





24,500,000



Design Conditions: (1)



Tube Side ‑ Emergency Service Water:




a.
Inlet temp, (F




   80.0




b.
Outlet temp, (F




  129.0




c.
Flow, gpm





1,000




Shell Side ‑ Jacket Cooling Water:




a.
Inlet temp, (F




  175.0




b.
Outlet, temp, (F



  147.8




c.
Flow, gpm





1,800


NOTES:


(1)
The jacket water heat exchanger heat removal duty of 24,500,000 Btu/hr is based on the original design conditions as stated above.  A minimum ESW Flow of 787 gpm at an inlet temperature of 85(F and an outlet temperature of 137.7(F will remove the current design basis heat load of 20,650,000 Btu/hr.
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<APPENDIX 9A>


FIRE PROTECTION EVALUATION REPORT


9A.1      INTRODUCTION


9A.1.1      BACKGROUND AND PURPOSE


The Nuclear Regulatory Commission (NRC), in a letter dated May 3, 1976, transmitted to the Cleveland Electric Illuminating Company (CEI) a copy of revised Standard Review Plan (SRP) 9.5.1, “Fire Protection,” dated May 1, 1976, which included Branch Technical Position APCSB 9.5‑1.  This revision of SRP 9.5.1 contained new guidelines for NRC staff evaluations of fire protection in their review of nuclear power plant construction permit applications docketed after July 1, 1976.  The letter stated (1) that to the extent reasonable and practical, the revised SRP will be used by the NRC staff in evaluating fire protection provisions of operating plants, applications currently under review for construction permits and operating licenses and future applications for operating licenses for plants now under construction; and (2) that the NRC would provide more definitive criteria or acceptable alternatives for the application of SRP 9.5.1 when available.


In a letter dated September 30, 1976, the NRC transmitted Appendix A to APCSB 9.5‑1 which provides for plants docketed prior to July 1, 1976, certain acceptable alternatives to the positions given in SRP 9.5.1.  This letter also directed CEI to conduct an evaluation of the fire protection provisions for the Perry Nuclear Power Plant (PNPP), Unit 1 and Unit 2.  The evaluation must include a fire hazards analysis conducted under the technical direction of a qualified fire protection engineer and performed to the level of detail indicated by Enclosure 2 to NRC’s letter “Supplementary Guidance on Information Needed for Fire Protection Program Evaluation.”  In addition, the evaluation must provide a detailed comparison of the fire protection provisions proposed for PNPP Unit 1 and Unit 2 with the appropriate guidelines in Appendix A, which for PNPP are those designated as “Application Docketed But Construction Permit Not Received as of 7/1/76.”


In a subsequent letter dated October 15, 1981, the NRC directed CEI to submit a comparison of the PNPP fire protection program to <10 CFR 50, Appendix R>, identifying and justifying deviations.  CEI responded with the requested comparison in a letter dated April 29, 1982.


The purpose of this report is to present the results of the fire protection evaluation for PNPP Unit 1 and Unit 2.  The methodology employed and a description of the safe shutdown systems are presented in <Appendix 9A.2.0> and <Appendix 9A.3.0>, respectively.  The fire hazards analysis is presented in <Appendix 9A.4.0>, and point‑by‑point comparisons with Appendix A and <10 CFR 50, Appendix R> are provided in <Appendix 9A.5.0> and <Appendix 9A.6.0>, respectively.


As part of the CEI on‑going verification program, a reanalysis of the plant safe shutdown analysis was performed by a third party consultant, Tenera Corp.  The results of this study have been factored into the plant design and operating procedures to ensure safe shutdown capability per <10 CFR 50, Appendix R>.  The summary of the results of this analysis was incorporated in the revised <Appendix 9A.2> and <Appendix 9A.3>, which was subsequently incorporated in <Section 9.5>.


The initial evaluation was prepared by Gilbert Commonwealth, Inc., Reading Pennsylvania, under the technical direction of a qualified fire protection engineer, and included input from CEI’s engineering staff and Tenera Corp. consultants.  The evaluation is updated to reflect ongoing plant conditions which affect fire protection by CEI engineering under the direction of a qualified fire protection engineer.  The fire protection engineers either hold or are qualified to hold full membership status in the Society of Fire Protection Engineers.


Footer
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9A.2      METHODOLOGY ‑ FIRE HAZARDS ANALYSIS


9A.2.1      INTRODUCTION


A major task within the fire protection evaluation program was the fire hazards analysis.  The fire hazards analysis was performed based on the final plant design as of April 1985.  The objective of the analysis was to determine the potential effects of a fire at any location within the plant which could adversely affect the ability to safely shut down the plant or could result in an uncontrolled release of radioactivity.  Where it was determined that a single fire might jeopardize safe plant shutdown or cause uncontrolled release of radioactivity, a design change was implemented to prevent the loss of safe shutdown capability.  The fire hazards analysis for Unit 2 areas represents the design conditions as of Unit 1 completion.  The existing status of Unit 2 areas will be analyzed as an exposure to Unit 1 areas until Unit 2 is completed.


The detailed fire hazards analysis concentrated on those buildings which house safe shutdown equipment.


Buildings not containing equipment required for safe shutdown were evaluated to determine if, and to what extent, plant design changes need to be implemented in order for a fire in these buildings not to affect buildings containing safe shutdown equipment.


The fire hazards analysis was performed in two phases:  the first was an information collection process; the second was the actual analysis and effects evaluation.


9A.2.2      INFORMATION COLLECTION


Before the fire hazards analysis could be performed, information about PNPP had to be compiled.  This effort involved determining equipment required for safe shutdown, preparing an inventory of combustibles, 


investigating fire barriers, reviewing existing fire detection/protection equipment, and then presenting this information on fire protection layout drawings.


9A.2.2.1      Safe Shutdown Equipment


The shutdown operation, for purposes of this fire protection evaluation, is considered to start at full power and terminate with the plant at atmospheric pressure and refueling temperature with shutdown cooling in operation.  Safe shutdown equipment is defined as mechanical, electrical, ventilation equipment, and includes instrumentation, control and power cables required for the shutdown operation.  It was assumed that the shutdown procedure would be essentially conducted from either the control room or the remote shutdown panel in the control complex.


Additional information concerning the shutdown sequence is presented in <Appendix 9A.3>.


9A.2.2.2      Inventory of Combustibles


For this section the term “Combustible” is used to refer to any material or structure that can burn (Reference 6).


The types of combustibles considered include petroleum products, electrical insulation, charcoal filters, and maintenance and operating supplies.


Petroleum products are defined, for the purposes of this report, as lubricants and fuel oil utilized at PNPP.  Lubrication of equipment requiring small quantities (less than one gallon) of oil or grease is normally accomplished through use of sealed bearings or oil/grease cup arrangements which require very small quantities of lubricant.  These small quantities were not considered significant for the fire hazards 


analysis and were not included in specific fire area/zone fire loads.  Fuel oil storage is discussed in the individual area analyses.


All transformers inside plant buildings are of dry type construction, except the main generator neutral grounding transformers (one in each Turbine Building) which are filled with nonflammable epoxy.  No oil filled transformers are located inside the plant buildings.


For purposes of the fire hazards analysis, the electrical cable insulation was assumed to be combustible with a heat content of 10,000 Btu/lb (Reference 1).  The insulation for electrical cables routed through the plant are fire retardant types.  Those cable types that are acceptable for routing in cable trays were tested in accordance with the flame test specified in IEEE‑383 (Reference 2).  Other cable types were tested in accordance with those fire resistance tests that were applicable to their specific installation and usage.  Cables are installed in steel trays (ladder type or solid bottom type) or in steel conduits.  Control, instrument and small power cables are randomly installed in trays and lay in multiple layers.  Large power cables are installed in a single layer.


At the time this analysis was performed, the cable tray system layout had been established.  Routing of cables and the number and size of cables in each tray is considered complete.  A method used to determine the cable insulation inventory yields very conservative results to account for eventual cable routing modifications.


Cable insulation weights were estimated using the following procedure:


a.
An average cable size was established for each tray class, based upon tray classification (power, control, instrument, etc.)


b.
The number of cables per tray was determined based on 50 percent cable tray fill criteria.


c.
The insulation quantity was obtained by multiplying the number of cables, tray length and weight of insulation of an average cable size representative of the tray loading.


d.
The total insulation weight was obtained through summation of all trays in the area.


Since most circuits do not run the full length of a tray and maximum allowable tray fill was assumed, item d, above, yielded a conservative (high) estimate of total insulation weight.  The insulation of cables installed in conduit was accounted for by the conservative procedure used for estimating cable insulation weight in cable trays.  In areas of the plant where no cable trays exist, a conservative amount of cable insulation was determined using conduit sizes, conduit layout, allowable conduit fill, and the average cable size.


Insulation in motors less than 40 horsepower was a small quantity in comparison to the quantity of cable insulation and, therefore, was not considered.


Combustible materials inside instrumentation, control and relay cabinets consist of cable insulation, circuit card materials and bakelite in relay housings.


The Btu content of instrument cabinets was determined based upon a detailed investigation of combustibles within a representative cabinet.  These combustibles consisted of cable insulation and printed circuit cards.  The following procedure was used:


a.
Cable length is estimated from physical wiring diagrams available at the time of this analysis.


b.
The quantity, weight and dimensions of printed circuit cards was determined from design drawings.


c.
The number of circuits contained in the control cabinets was calculated using elementary wiring diagrams.


d.
The average wire length of a circuit was established and the total wire length was calculated.


e.
The total weight of cable insulation was calculated, knowing the type of wire and its weight.


f.
The total Btu content for the entire instrument cabinet was determined; the Btu per linear foot of cabinet width was obtained by dividing the total Btu content of the cabinet by the width of the cabinet.


g.
The total footage of instrument cabinets was determined from layout drawings; the total Btu content for instrument cabinets in a given fire area/zone was then calculated.


Electrical insulation in motor control centers and switchgear was estimated using a procedure similar to that outlined above for cable insulation in cabinets.


Charcoal filter combustibles were determined from filter manufacturer data.


Maintenance and operating supplies consist of paper, cloth, flammable and combustible liquids, plastics, and other material items required for normal plant operations.  In contrast to the first three categories of combustibles which are permanent and part of the plant design, these combustibles are transient, may vary with time, and can be moved throughout the plant.  Because of these characteristics, they are 


subject to administrative controls.  Certain areas of the plant, however, require a periodic supply of these combustibles.  The Radiologically Restricted Area dressing area, for example, will always contain clothing and associated supplies.


There are also maintenance shops and designated storage areas within the Radiologically Restricted Areas required for ALARA concerns.  Although the actual amounts and types of materials may vary, these will present a permanent combustible loading in the Fire Areas and have been referred to as “in situ” combustibles.


For the fire hazards analysis, an assumed Btu content of these materials and a maximum loading was determined based on design and occupancy changes reviewed by fire protection.  These assumed Btu levels are presented in Section 4.0 for applicable areas/zones.  The existing fire suppression and detection for the area as well as the potential exposure to redundant trains of safe shutdown trains was considered.  For designated areas protected by sprinkler systems, acceptable storage of ordinary combustibles is based on commodities and arrangements within the scope of NFPA 13 for Ordinary Hazard Group 2.  Any “in situ” flammable liquid storages are limited by the requirements of NFPA 30.


In other plant areas, administrative controls limit nonpermanent combustibles to low levels or require a review of the transient loading to determine if fire protection is required.


9A.2.2.3      Review of Fire Barriers


The review of fire barriers consisted of examining the construction of existing fire barriers which separate fire areas, fire zones and redundant equipment within the plant.  Included in this review was an evaluation of doors, HVAC and cable penetrations between fire areas.


Walls adjacent to grade (underground) and to the exterior unless adjacent to outdoor transformers are not rated fire barriers.


Walls are assigned fire resistance ratings based upon their construction.  Gypsum board wall assemblies are used as rated fire barriers, both for separation of safe shutdown equipment and as internal partitions within designated Fire Areas/Zones.  In locations where the gypsum board barrier assemblies are used to provide separation of redundant trains of safe shutdown components and circuits, there are three basic configurations:


a.
Vertical gypsum walls, formed by three layers of drywall mechanically attached to both sides of steel studs and the assembly seismically installed by mechanical fastening.  These walls are designed to have a 3 hour fire resistance rating.


b.
Bullet resistant walls/ceilings formed by bonding of three layers of drywall to each outside surface of bullet resistant steel plates.  These walls have been tested and demonstrate a 1‑3/4 hour fire resistance rating.


c.
Horizontal ceiling configurations which utilized drywall and gypsum plank in type (1) construction.  These configurations have been analyzed and are comparable to U.L. listed designs with a 2 hour fire resistance rating.


The configurations categorize the main construction features which could affect the fire resistance of the assembly such as fire resistive material used, means of attachment of the material and orientation of the barrier.  Within each configuration, there are variations of features such as joint spacing, size and gauge and fastener arrangement.


The use of these configurations as part of Fire Area/Zone boundaries as described in this appendix occur mainly in the control complex.  Other uses are for stairway enclosures in the intermediate building and fuel handling building.


In the Fire Hazards Analysis <Appendix 9A.4>, where gypsum barrier assemblies are described, vertical wall configurations (Item “a”, above), are utilized unless otherwise noted.


Insulated steel deck roofing conforms to Factory Mutual Class I construction requirements.  Door ratings are determined by a test conducted by a recognized national laboratory.  Penetrations through rated fire walls, floors or ceilings are sealed to provide a barrier equal to that of the surrounding structure.  All cable tray penetrations through floors are sealed to prevent fire propagation along the cables between floors.  In addition, penetrations in fire barriers between redundant equipment within a given fire area are sealed to prevent fire propagation through the barrier.  Fire dampers throughout the plant will have a fire rating consistent with the rating of the wall or floor being penetrated.


9A.2.2.3.1      Conduit Sealing


The criteria for sealing inside conduit passing through fire barriers for preventing the passage of hot gases and smoke are based on actual fire test data.  These criteria are as follows:


a.
Openings inside conduit larger than 4 inches in nominal diameter are sealed at the fire barrier penetration, with a seal of the same rating as the barrier.


b.
Openings inside conduit 4 inches or less in nominal size do not require sealing under either of the following conditions:



1.
Automatic fire suppression provided on both sides of the barrier.



2.
All safe shutdown equipment in the areas on both sides of the barrier is of the same division or not required for safe shutdown.  The area on a side of a barrier will be considered to have one division of safe shutdown in cases where the conduit of the redundant division is protected by a one hour rated wrap throughout the area.


c.
For barriers where a potential for exposure of redundant safe shutdown trains exist:



1.
Openings in conduits 3 inches to 4 inches in diameter will be sealed at the barrier or first opening on both sides of the barrier.



2.
Openings in conduits less than 3 inches in diameter will be sealed on one or both sides of the barrier where both of the following conditions exist:




(a)
The conduit terminates in a panel or enclosure containing equipment within a 10 foot lineal run from the point it enters the area.




(b)
The panel or equipment in which the conduit terminates is required for safe shutdown or contains safe shutdown equipment.




If both of the above conditions (2a and 2b), exist on a side of the barrier, the conduit will be sealed on that side of the 


barrier to prevent the passage of smoke generated in the conduit on the other side (fire side) of the barrier.  Each side of a barrier will be evaluated to the above two conditions to determine which conduits less than 3 inches in diameter must be sealed.


9A.2.2.4      Existing Fire Detection/Protection Equipment


The following information was collected concerning existing fire detection and protection equipment:


a.
Fire detector type and location


b.
Fire protection system configuration


c.
Valving type and location


d.
Fire pump type, capacity and location


e.
Hose station type and location


f.
Fire extinguisher type and location


g.
Location and configuration of permanently installed water sprinkler or deluge systems


h.
Location and configuration of permanently installed gaseous fire suppression systems


i.
Type of actuation for fire protection systems


9A.2.2.5      Fire Protection Layout Drawings


Fire protection layout drawings <Figure 9A‑1>, <Figure 9A‑2>, <Figure 9A‑3>, <Figure 9A‑4>, <Figure 9A‑5>, <Figure 9A‑6>, <Figure 9A‑7>, <Figure 9A‑8>, <Figure 9A‑9>, <Figure 9A‑10>, <Figure 9A‑11>, <Figure 9A‑12>, <Figure 9A‑13>, <Figure 9A‑14>, <Figure 9A‑15>, <Figure 9A‑16>, <Figure 9A‑17>, <Figure 9A‑18>, <Figure 9A‑19>, <Figure 9A‑20>, <Figure 9A‑21>, <Figure 9A‑22>, <Figure 9A‑23>, <Figure 9A‑24>, <Figure 9A‑25>, <Figure 9A‑26>, <Figure 9A‑27>, <Figure 9A‑28>, <Figure 9A‑29>, <Figure 9A‑30>, <Figure 9A‑31>, <Figure 9A‑32>, <Figure 9A‑33>, and <Figure 9A‑34> were developed to present much of the information gathered in the first phase of the fire hazards analysis.  These drawings show each building containing safe shutdown equipment, fire barriers within each building, required safe shutdown equipment found within each building, and existing fire suppression equipment.  These drawings form the basic reference for the fire hazards analysis.


9A.2.2.6      References
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9A.2.3      FIRE HAZARDS ANALYSIS


Following the information collection and drawing preparation phase, the fire hazards analysis was performed.  The steps used in this analysis and general considerations are discussed below.  The detailed analysis, with results, is presented in <Appendix 9A.4.1>


9A.2.3.1      Identification of Fire Areas/Zones


As part of the plant design, each building was designated as a major fire area.  In some cases, buildings were further subdivided into individual fire areas.  A fire area is defined as an area completely separated from adjacent areas by rated fire barriers.  These designated fire areas were then used in the fire hazards analysis.  In some instances a single fire area consisting of several rooms or floors within a building was analyzed in its entirety, while in other cases the fire area was further subdivided into fire zones to facilitate manageable and logical analysis.  Divisions between zones do not necessarily occur at existing design features, such as floors or walls.  Each fire area/zone is presented in <Appendix 9A.4> on a building by building basis.


The analysis for each fire area and fire zone within a building is treated similarly since differences between a fire area and a fire zone are often very slight.  The location under consideration is identified in the analysis as a fire area or fire zone.  The larger fire areas, composed of two or more zones have been further analyzed for adequate separation and protection throughout the area.


For purposes of this fire protection evaluation, stairtowers were not considered as part of the fire area/zone breakdown, except for one area in the control complex.  The stairtower enclosures are adequate subdivisions between floors to provide an area boundary.


9A.2.3.2      Review of Safe Shutdown Equipment Within Fire Areas/Zones


Safe shutdown equipment located within each building is shown on the fire protection layout drawings, is listed in <Table 9A.3‑1>, and is discussed in <Appendix 9A.4>.  The fire protection layout drawings also show relative position of mechanical equipment, control and power centers and trays carrying safety‑related cables.  Valves and other smaller equipment are indicated in the fire area/zone, where they are located by a representative symbol.


An important aspect of this review was the consideration of equipment function and the location of all other equipment capable of performing the required functions, as part of the redundant shutdown method.  In some cases, redundant equipment is located in the same fire area/zone.  When this occurred, it was necessary to evaluate actual separation, (defined as the distance between components and/or circuits, without intervening combustibles), combustibles in the immediate vicinity of the equipment, ignition sources and fire detection and suppression equipment in the fire area/zone.  In cases where other equipment capable of performing the safe shutdown function is located in different fire area/zones, it was determined that the equipment in the fire area/zone under consideration could be damaged by fire without adversely affecting safe plant shutdown by the method indicated for that zone.


Since equipment required for safe plant shutdown following a fire is also safety‑related equipment, existing separation of redundant safety‑related electrical systems provides protection against potential fires caused by internal cable failure in one division adversely affecting circuits of the redundant division.  The separation required  


for cables and cable trays to provide this protection is set forth in the separation design criteria for PNPP.  This criteria is in accordance with IEEE 384‑1974.


Basically, two redundant channels of equipment for power and control exist throughout the plant.  These are referred to as Division 1 and Division 2.  There is also a Division 3 train of power and control.  For the reactor protection system (RPS), four channels of sensors and cable exist for the purpose of dual trip alarm and actuation of reactor scram.  These are referred to as Division 1, Division 2, Division 3, and Division 4.  Separation for each of these four divisions of sensors is maintained by routing the cables in separate raceways for each division.  In accordance with the dual trip logic, Division 1 and Division 4 are redundant to Division 2 and Division 3.  Division 1 and Division 4 RPS sensor cables are routed through the same areas as Division 1 power and control cables.  Division 2 and Division 3 RPS sensor cables are routed through the same areas as Division 2 power and control cables.  Also, some non‑divisional (X), nonsafety circuits have been included in the protection of the shutdown method due to their potential effect on these circuits due to hot shorts or open circuits caused by a fire.


9A.2.3.3      Calculation of Fire Load


Combustible materials located within each fire area/zone were listed and the fire loading, in Btu/ft2, was calculated.  The amounts of each type and totals for the fire zones and areas are documented in Calculation P54‑24.  This number was then used to verify the adequacy of existing fire barriers <Table 9A.2‑1>.  For fire areas/zones containing both sets of redundant equipment, the combustibles were further evaluated; their location, confinement, ignitability, and fire spread were considered with respect to the redundant equipment.  These evaluations are documented in calculation P54‑31.  Based on the above considerations, maximum allowable Btu/ft2 was established for each fire area/zone.


9A.2.3.4      Review of Ventilation Systems


Ventilation equipment required for safe plant shutdown, such as the residual heat removal pump room coolers, was treated as safe shutdown equipment.


All ventilation systems were then evaluated to ensure that fire would not be spread beyond the area/zone of origin as a result of the ventilation system itself.  This was accomplished using detectors, fan interlocks and fire rated dampers.


In addition, smoke removal or venting systems have been provided as required where manual fire fighting would be very difficult due to the inaccessibility of the location or the nature (heavy smoke) of the fires anticipated.


9A.2.3.5      Evaluation/Conclusions


Finally, an evaluation was made to determine whether or not the plant was adequately protected in the event of a fire within a fire area/zone.  This evaluation was based upon all the previously noted information.  The primary consideration was to determine if a fire would jeopardize safe plant shutdown, given both the proper functioning of fire protection equipment and automatic systems and also assuming fire suppression systems failed.


The questions addressed in the evaluation of a fire area/zone were the following:


a.
Is there equipment within the fire area/zone which is essential to safe plant shutdown, the function of which cannot be fulfilled by other equipment in other fire area/zones?


b.
How would a fire in the fire area/zone be detected?


c.
How would a fire in the fire area/zone be extinguished?


d.
Does the ventilation system contribute to the spread of the fire and/or products of combustion to other fire areas/zones which would be otherwise unaffected?


e.
Will a fire cause equipment damage resulting in spillage or leakage of radioactivity?  Where the potential for a release of radioactivity was postulated, the analysis included any special consideration required.


f.
Does this analysis show that the plant can be safely shut down and that radioactive releases to the environment are minimized despite any fire hazards identified within the fire area/zone?


If the answer to question f, above, was YES after all the other questions above had been addressed, then it was concluded that the individual fire area/zone was adequately protected against fire from the standpoint of safe plant shutdown.


If the answer to question f, above, based upon preceding analyses, was NO, design changes were implemented to ensure that adequate protection would be available.


9A.2.3.6      Review of Redundant Shutdown Systems


In accordance with Section 9.5.1 of Branch Technical Position (BTP) APCSB 9.5‑1, position C.5.a (1) of NRC Standard Review Plan BTP CMEB 9.5‑1 and <10 CFR 50, Appendix R> Section III.G, it is the NRC staff’s position that equipment trains for redundant safe shutdown systems should be separated by walls having a three‑hour fire rating or equivalent protection <10 CFR 50, Appendix R> Section III.G.2.  That is, equipment and cabling required for or associated with the primary method 


of shutdown, should be physically separated by the equivalent of a three‑hour rated fire barrier from equipment and cabling required for or associated with the redundant or alternate method of shutdown.


To ensure that redundant shutdown systems and all circuits, equipment and instrumentation that are associated with the shutdown systems are separated from each other, so that both are not subject to damage from a single fire, a safe shutdown analysis/evaluation was performed.  The details of this study are contained in the safe shutdown analysis.  The results are summarized here.


<Appendix 9A.3.1> defines the shutdown sequence that would be followed upon detection of a fire of such magnitude that shutdown of the plant is required.  <Appendix 9A.3.2> identifies the systems required for the shutdown, and <Table 9A.3‑1> identifies the equipment within these systems required for the shutdown.


The equipment, including instrumentation and vital support system equipment, required for the primary method of achieving shutdown was reviewed and the following items were identified:


a.
Equipment required to achieve and maintain hot shutdown and equipment required to achieve and maintain cold shutdown


b.
Location by fire area


c.
The redundant counterpart, where applicable


d.
All circuits (power, instrumentation and control) serving the equipment, including non‑essential, nonsafety circuits associated with the equipment


e.
Cable routing (by fire area) of essential circuits for the equipment


The essential circuits were also shown on circuit drawings by system and by color‑coded circuit division.  Nonsafety, non‑essential circuits associated with the equipment were reviewed to verify that properly 


coordinated isolation devices exist, such that failures caused by open circuit, ground fault or short connection of conductors will not affect their associated shutdown system.


The circuit routing drawings were reviewed to determine if circuits serving redundant equipment are routed through a common fire area.


The factors considered in determining solutions were:


a.
Present separation between redundant cables and/or equipment


b.
Combustible loading for the area involved


c.
Fire protection features already provided for the problem area


In performing the evaluation/analysis, no credit was taken for an alternate method of shutdown, except for a fire in the control room.  That is, a fire in the control room will not affect the circuits required to shut down from the alternate shutdown panel.


Also included in the evaluation/analysis was a review of low pressure systems that interface with the high pressure primary coolant system and that are isolated by redundant electrically controlled devices.  Circuits to redundant electrically controlled devices providing such isolation at high‑low pressure interfaces were analyzed in the same method as safe shutdown circuits.


9A.2.3.7      REFERENCES


1.
Calculation SSC‑001, “Appendix R Evaluation:  Safe Shutdown Capabilities Report.”
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REQUIRED BARRIER RATINGS FOR FIRE LOADINGS(1)


Fire Loading



___Btu/ft2___
____Required Barrier Rating____



 40,000
30 minutes



 80,000
1 hour



120,000
1‑1/2 hours



160,000
2 hours



200,000
2‑1/2 hours



240,000
3 hours


NOTE:


(1)
From National Fire Protection Association Handbook, 14th Edition, page 6‑81.
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9A.3      SAFE PLANT SHUTDOWN


The primary consideration of the fire hazard analysis was the evaluation of the ability to safely shut down the reactor in the event of a fire.  The safe shutdown procedure was assumed to start at normal full power and to end with the reactor in the cold shutdown condition with long term cooling, using the residual heat removal (RHR) system, in progress.


<Appendix 9A.3.1> outlines the shutdown sequence upon which the fire hazards analysis was based.  <Appendix 9A.3.2> lists the systems required to accomplish safe plant shutdown.  <Table 9A.3‑1> is a list of equipment required for safe plant shutdown.


Emergency lights with 8‑hour battery packs are provided to illuminate areas containing equipment which is manually operated outside of the control room to achieve safe shutdown and the access and egress to those locations.  These emergency lights illuminate the following equipment:



Emergency Service Water Screen Control Panel



Diesel Generator, Generator Control Panel



Diesel Generator, Engine Control Panel



Motor Control Centers, Division 1



480 V Switchgear, Division 2



4.16 kV Switchgear, Division 1



Remote Shutdown Panel



Emergency Closed Cooling Temperature Gage



Emergency Closed Cooling Valves



Control Complex Chiller Water Control Panel



Emergency Service Water Screen Wash Pump Discharge Strainer


9A.3.1      SHUTDOWN SEQUENCE


The Perry plant design utilizes two main divisions of power supplied from offsite sources or two independent diesel generators supplying two 


redundant Class 1E onsite power sources.  It is not considered probable that a single fire would prevent the use of offsite power; however, for the purpose of this fire hazards analysis, only the Class 1E power sources have been analyzed.  For the fire hazard analysis, the two redundant safe shutdown trains are Method A, which utilizes systems powered from Division I power sources and the redundant train, Method B, which utilizes systems powered from Division II power sources.


For the fire hazards analysis, the shutdown sequence starts with the detection of a fire of such a magnitude that shutdown of the plant is required.  Depending upon the location and magnitude of the fire, the plant may be quickly brought to hot shutdown or tripped by the plant operator.  It is assumed that plant shutdown is initiated with an automatic or manual scram of the reactor.  The RPS is a normally energized, deenergized to trip, one out of two taken twice logic system.  The required portions of the RPS may be denergized from a number of locations including the Main Control Room and RPS distribution cabinets.  Once a scram is initiated, no further control rod motion is required.  It was also determined that, although fire damage might cause the plant to trip, no fire could negate the ability to manually trip the reactor.


It was assumed, for analytical purposes, that the function of the main turbine pressure regulators to control reactor pressure via the bypass valves to the main condenser was lost.  In the event that the reactor vessel is isolated, and feedwater supply is unavailable, Safety Relief Valves are provided to automatically (or remote‑manually) maintain vessel pressure within desirable limits.


For depressurization and initial core cooling, Method A will utilize a combination of Automatic Depressurization System/Safety Relief Valves (ADS/SRV), with either Reactor Core Isolation Cooling (RCIC) or the Low Pressure Core Spray System (LPCS).


The water level in the reactor will drop due to continued steam generation by decay heat.  Upon reaching a predetermined low level, the Reactor Core Isolation Cooling (RCIC) system will be activated automatically.  Reactor coolant inventory will be controlled by the RCIC.  Depressurization is provided initially by steam discharge to the RCIC system.  As the level is restored, shutdown will proceed by operation of the relief valves to reduce reactor system pressure and temperature until RCIC cut‑off.  Manual operation of the relief valves reduces the reactor system pressure and temperature at a controlled rate until the RCIC system discontinues operation.  This condition is reached at approximately 135 psig.


The RCIC system utilizes inboard containment isolation valves, powered from Division 2 sources.  In areas where a fire could impact power and associated control circuits for both RCIC components and the redundant Method B systems, reactor inventory control can be provided by the Low Pressure Core Spray system.  Depressurization is provided initially by the Automatic Depressurization System/Safety Relief Valves.  The ADS/SRVs will be manually controlled by the operator, if automatic functioning has not yet taken place, to depressurize the reactor coolant system to LPCS cut in.


For depressurization and initial core cooling, Method B will utilize a combination of the Automatic Depressurization System/Safety Relief Valves, and the Low‑Pressure Coolant Injection (LPCI) system.  The ADS/SRVs can be manually initiated by the operator, if automatic functioning has not yet taken place, to depressurize the reactor coolant system to LPCI cut in.  Generally, Train “C” of RHR will be utilized in the LPCI mode to restore reactor water level.  However, for some fire scenarios, the Train “B” of RHR is utilized for combined reactor inventory control and suppression pool cooling path.


During the depressurization process, the suppression pool cooling mode of RHR A or RHR B could be initiated to control suppression pool 


temperature.  At approximately 135 psig, the shutdown cooling mode of RHR A or RHR B would be initiated, at which time reactor water is pumped from one of the recirculation loops, through the RHR heat exchangers, then back to the reactor vessel by way of the feedwater system.  In the event that this shutdown cooling path is not available, there is an alternate shutdown cooling path, in which reactor water flows through the ADS/SRV valves to the suppression pool and is pumped from the suppression pool, through the RHR heat exchangers, then back to the reactor vessel.


9A.3.2      SYSTEMS FOR SAFE SHUTDOWN


The following is a list of systems required, or partially required, for safe plant shutdown:



1.
Reactor system



2.
Nuclear boiler system



3.
Control rod drive hydraulic system



4.
Reactor protection system



5.
Residual heat removal system




NOTE:
All modes required except for containment spray.



6.
Reactor core isolation cooling system



7.
Automatic depressurization system



8.
Remote shutdown system



9.
Motor control centers, switchgear and miscellaneous electrical equipment area HVAC systems



10.
Battery room exhaust system



11.
Control room HVAC system



12.
Emergency closed cooling pump area cooling system



13.
Emergency service water pump house ventilation system



14.
Emergency core cooling system pump room cooling system



15.
Diesel generator building ventilation system



16.
Condensate transfer and storage system



17.
Emergency closed cooling system



18.
Emergency service water system



19.
Control complex chilled water system



20.
Emergency service water screen wash system



21.
Safety‑related instrument air system



22.
125 Vdc system



23.
Standby diesel generator power system



24.
Standby diesel generator starting air system



25.
Diesel generator fuel oil system



26.
Standby diesel generator exhaust, intake and crankcase system



27.
Standby diesel generator jacket water cooling system



28.
Standby diesel generator lube oil system



29.
Low pressure core spray system



This listing is based upon the shutdown sequence and assumptions given in <Appendix 9A.3.1>.  Additional systems included in this list are used for normal reactor shutdown and, if available, would be put into service in the event of a fire.


TABLE 9A.3‑1


LIST OF SAFE SHUTDOWN EQUIPMENT(1)












 Layout Drawing



Equipment








 ___Location___


a.
Diesel Generator Building



Diesel Generator, A (Including skid mounted



  equipment)








1DG‑1c



Diesel Generator, B (Included skid mounted



  equipment)








1DG‑1a



Diesel Generator High Voltage Exciter Cabinet, A

1DG‑1c



Diesel Generator High Voltage Exciter Cabinet, B

1DG‑1a



Diesel Generator, Generator Control Panel, A


1DG‑1c



Diesel Generator, Generator Control Panel, B


1DG‑1a



Diesel Generator Engine Control Panel, A


1DG‑1c



Diesel Generator Engine Control Panel, B


1DG‑1a



Starting Air Receiver Tanks, 1A/2A




1DG‑1c



Starting Air Receiver Tanks, 1B/2B




1DG‑1a



Fuel Oil Day Tank, A






1DG‑1c



Fuel Oil Day Tank, B






1DG‑1a



Fuel Oil Transfer Pumps, 1A





1DG‑1c



Fuel Oil Transfer Pumps, 1B





1DG‑1a



Ventilation Fans, 1A






1DG‑1c



Ventilation Fans, 1B






1DG‑1a



Air Intake Filter, 2A/3A






1DG‑1c



Air Intake Filter, 2B/3B






1DG‑1a


b.
Control Complex, Floor 1 (Elevation 574’‑10”)



Equipment



Emergency Closed Cooling Pump, A




CC‑1b



Emergency Closed Cooling Pump, B




CC‑1a



Emergency Closed Cooling Heat Exchangers, A


CC‑1b



Emergency Closed Cooling Heat Exchangers, B


CC‑1a


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


b.
Control Complex, Floor 1  (Continued)



Control Complex Water Chiller, A




CC‑1c



Control Complex Water Chiller, B




CC‑1c



Control Complex Chilled Water Pump, A



CC‑1c



Control Complex Chilled Water Pump, B



CC‑1c



Emergency Closed Cooling Pump Area Air Handling



  Panel, A








CC‑1b



Emergency Closed Cooling Pump Area Air Handling



  Panel, B








CC‑1a



Emergency Closed Cooling/Chilled Water Inst. Rack, A
CC‑1c



Emergency Closed Cooling/Chilled Water Inst. Rack, B
CC‑1c



Control Complex Chilled Water Control Panel, A

CC‑1c



Control Complex Chilled Water Control Panel, B

CC‑1c



Emergency Pump Area Cooling System Air Handling



  Unit, A









CC‑1b



Emergency Pump Area Cooling System Air Handling



  Unit, B









CC‑1a


c.
Control Complex, Floor 3 (Elevation 620’‑6”)



Equipment



4.16 kV Switchgear Bus, Division 1




1CC‑3c



4.16 kV Switchgear Bus, Division 2




1CC‑3a



480V Switchgear Bus, Division 1




1CC‑3c



480V Switchgear Bus, Division 2




1CC‑3a



Motor Control Centers, Division 1




1CC‑3c



Motor Control Centers, Division 2




1CC‑3a



Remote Shutdown Panel






1CC‑3d


d.
Control Complex, Floor 4 (Elevation 638’‑6”)



Batteries, Division 1






1CC‑4h



Batteries, Division 2






1CC‑4d


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


d.
Control Complex, Floor 4  (Continued)


Battery Chargers, A







1CC‑4g



Battery Chargers, B







1CC‑4c



125 Vdc Switchgear Bus, Division 1




1CC‑4g



125 Vdc Switchgear Bus, Division 2




1CC‑4c



125 Vdc MCC, Division 1






1CC‑4g



125 Vdc MCC, Division 2






1CC‑4c



125 Vdc Distribution Panel, Division 1



1CC‑4g



125 Vdc Distribution Panel, Division 2



1CC‑4c


e.
Control Complex, Floor 5 (Elevation 654’‑6”)



Equipment



ECCS Bench Board, P‑601






1CC‑5a



Auxiliary Relay Panels, P‑618, 629




1CC‑5a



Unit Control Console, P‑680





1CC‑5a



RPS Instrumentation and Auxiliary Relay Panel,



  P‑691, 692, 693, 694






1CC‑5a



HVAC Control Panel, P‑800





1CC‑5a



Analog Loop Instrument Panel, P‑868,



1CC‑5a



Diesel Generator Bench Board, P‑877



1CC‑5a



Containment/Drywell Isolation Valve Panel, P‑881

1CC‑5a



Common HVAC Control Panel, P‑904




1CC‑5a


f.
Control Complex, Floor 6 (Elevation 679’‑6”)



Control Room HVAC Supply Plenum, A




2CC‑6



Control Room HVAC Supply Plenum, B




1CC‑6



Control Room HVAC Supply Fan, A




2CC‑6



Control Room HVAC Supply Fan, B




1CC‑6


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


f.
Control Complex, Floor 6  (Continued)



Control Room HVAC Recirculation Fan, A



2CC‑6



Control Room HVAC Recirculation Fan, B



1CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  HVAC Plenum, A







2CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  HVAC Plenum, B







1CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  Supply Fan, A







2CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  Supply Fan, B







1CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  Return Fan, A







2CC‑6



MCC, Switchgear & Misc. Electrical Equipment Area



  Return Fan, B







1CC‑6



Battery Room Exhaust Fan, A





2CC‑6



Battery Room Exhaust Fan, B





1CC‑6



MCC, Switchgear, and Misc. Electric Equipment Area



  HVAC, and Battery Room Exhaust System Instrument



  Rack, P‑164, 166







2CC‑6



MCC, Switchgear, and Misc. Electric Equipment Area



  HVAC, and Battery Room Exhaust System Instrument



  Rack, P‑165, 167







1CC‑6



Control Room HVAC and Emergency Recirculation



  Instrument Rack, P‑152






2CC‑6



Control Room HVAC and Emergency Recirculation



  Instrument Rack, P‑153






1CC‑6



HVAC System Control Panel, A





2CC‑6



HVAC System Control Panel, B





1CC‑6


g.
Intermediate Building



Instrument Air Receiver Tank, A, and Isolation Valve
IB‑2


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


h.
Auxiliary Building



Equipment



Residual Heat Removal Heat Exchangers, A/C


1AB‑1b



Residual Heat Removal Heat Exchangers, B/D


1AB‑1e



Residual Heat Removal Pump, A





1AB‑1b



Residual Heat Removal Pump, B





1AB‑1e



Residual Heat Removal Pump, C





1AB‑1d



Residual Heat Removal Valves, A




1AB‑1b



Residual Heat Removal Valves, B




1AB‑1e



Residual Heat Removal Valves, C




1AB‑1d



RHR Pump Room Cooling Air Handling Unit, A


1AB‑1b



RHR Pump Room Cooling Air Handling Unit, B


1AB‑1e



RHR Pump Room Cooling Air Handling Unit, C


1AB‑1d



Reactor Core Isolation Cooling Lube Oil Cooler

1AB‑1c



RCIC Turbine Drive







1AB‑1c



RCIC Pump









1AB‑1c



RCIC Valves








1AB‑1b,c



RCIC Pump Room Cooling Air Handling Unit


1AB‑1c



Instrument Air Receiver Tank, B and



  Isolation Valve







1AB‑3a



RCIC Instrument Panel






1AB‑1g



Low Pressure Core Spray Pump





1AB‑1a



Low Pressure Core Spray Valves




1AB‑1a,c



Low Pressure Core Spray Air Handling Unit


1AB‑1a



RHR Instrument Panel, A






1AB‑1g



RHR Instrument Panel, B






1AB‑1g



RHR Instrument Panel, C






1AB‑1g



HVAC Pump Room Cooling Control Panels, Division 1



  and 2









1AB‑2



ESW Valves








1AB‑1b,e


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


i.
Reactor Building



Control Rod Drive Mechanisms





1RB‑1d



Control Rod Drive Hydraulic Control Units


1RB‑1b



Automatic Depressurization System (ADS) Valves

1RB‑1c



Safety‑related Instrument Air Isolation Valves

1RB‑1b



Safety/Relief ADS Valve Air Accumulators


1RB‑1c



Reactor Level & Pressure Instrumentation Rack, A

1RB‑1b



Reactor Level & Pressure Instrumentation Rack, B

1RB‑1b



Reactor Level & Pressure Instrumentation Rack, C

1RB‑1b



Reactor Level & Pressure Instrumentation Rack, D

1RB‑1b



Main Steam Line Isolation Valves




1RB‑1c



RCIC Isolation Valve






1RB‑1c



RHR Valves








1RB‑1b



RHR Shutdown Valve







1RB‑1c


j.
Emergency Service Water Pumphouse



Equipment



Emergency Service Water Pump, A




ESW‑1a



Emergency Service Water Pump, B




ESW‑1a



Emergency Service Water Screen Wash Pump, A


ESW‑1a



Emergency Service Water Screen Wash Pump, B


ESW‑1a



Emergency Service Water Pumphouse Intake Screen, A
ESW‑1a



Emergency Service Water Pumphouse Intake Screen, B
ESW‑1a



Emergency Service Water Screen Wash Pump Discharge



  Strainer, A








ESW‑1a



Emergency Service Water Screen Wash Pump Discharge



  Strainer, B








ESW‑1a



Emergency Service Water Ventilation Fan, A


ESW‑1a



Emergency Service Water Ventilation Fan, B


ESW‑1a


TABLE 9A.3‑1 (Continued)













 Layout Drawing



Equipment








 ___Location___


j.
Emergency Service Water Pumphouse  (Continued)



Equipment



Motor Control Centers, Division 1




ESW‑1a



Motor Control Centers, Division 2




ESW‑1a


k.
Steam Tunnel


Main Steam Line Isolation Valves




Steam Tunnel



RHR Shutdown Valve (including interfacing system



  isolation valves B21‑F065A/B)




Steam Tunnel



RCIC Valve








Steam Tunnel


l.
Yard Area



Diesel Generator Fuel Oil Storage Tank, A


Yard



Diesel Generator Fuel Oil Storage Tank, B


Yard



Condensate Storage Tank






Yard


NOTE:


(1)
Only major equipment is listed.
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SUMMARY



(1)
ORIENTATIONS




The direction of (1 was measured to vary between N67E and E10S.  This fits in well with orientations of stress over a regional basis.



(2)
MAGNITUDES OF THE HORIZONTAL STRESS




The stress measured (the horizontal stresses are the maximum and intermediate principal stresses) fall within the limits of stresses measured in other parts of northeastern and northcentral United States and in southern parts of Canada.



(3)
COMPLETE STRESS TENSOR




In all cases, except possibly the uppermost interval, the complete stress tensor was defined.


[image: image1.wmf]


(4)
GRADIENTS




Below a depth of approximately 600 feet, both (Hmax and (Hmin show an increase in gradient with the gradient for (Hmax being larger.  Above this depth, there is a tendency for more uniform stress conditions.


I.  INTRODUCTION



Hydraulic fracturing at the North Perry Nuclear Power Plant site was performed during April and May 1979 in order to determine the magnitude and orientation of the in situ principal stresses.



The borehole in which measurements were made was 3.65 inches in diameter (0.093 m) and was drilled in the NE parking lot (N781,586.77;


E2,369,806.12) to a depth of 730 feet.  The hole passed through approximately 60 feet (18.3 m) of glacial till and extended through shaley material to the bottom.



Six intervals were fractured between a depth of 394 feet (120.1 m) and a depth of 718 feet (218.8 m).



The inclination of the hole was unknown prior to hydrofracturing.  The horizons fractured were selected in order to:



(i)
Provide an adequate representation of the variation of stresses and orientations with depth and to check for the existence of any anomalies in the neighbourhood of a suspected fault.



(ii)
Attempt to induce fractures at depths where pre‑existing discontinuities did not exist or where the laminations in the shale were not strong enough to govern fracture initiation direction.


II.
STRATIGRAPHY



The sequence fractured was interbedded grey and bituminous shales (reference Gilbert Associates Inc. Drilling Logs for borehole in the NE Parking Lot).  The lithology at the horizons tested, in the order of fracturing was:


FRACTURE

DEPTH

DESCRIPTION

RQD



NUMBER

(ft.)

(m)



















1

718

218.8

Brown bituminous shale with thin pyritic seams 
(715.5’ ‑ 720’) and traces 
of light green, grey laminations (minimal gas)

100%















2

704

214.6

700’‑710’ is predominantly light greenish‑grey shale 
with some bands of brown 
shale (minimal gas)

96%















3

654

199.3

650’‑660’ is hard, brown shale to siltstone with traces of thin grey shale laminae and traces of light grey siltstone laminae

100%















4

614

187.1

610’‑620’ is hard, brown, oil shale to siltstone with traces of grey siltstone areas, traces of pyritic, micro‑crystalline mineralization

100%















5

574

175.0

570’‑580’ is medium, hard grey shale and brown shale with some very thin siltstone laminae (no gas)

98%















6

511

155.8

510’‑520’ is medium, hard, brown shale (trace oil) with some grey shale laminations

98%



























FRACTURE

DEPTH

DESCRIPTION

RQD



NUMBER

(ft.)

(m)



















7

454

138.4

450’‑460’ is medium hard 
grey shale interlaminated with small amounts of light grey siltstone and dark 
brown shale - There is a 
1/4” wide fissile zone immediately beneath (covered by) the upper packer(1).

450‑455 92%


455‑460 83%















8

394

120.1

This interval was interbedded brown and grey shale

















NOTE:


(1)
This interval had to be fractured in this position because:



(i)
hose for drill rig required direct wellhead Halliburton hook up, and 



(ii)
no shorter pipe lengths could be used in line because the available shorter lengths could not withstand the expected breakdown pressure.


III.
HYDRAULIC FRACTURING AS A TECHNIQUE FOR STRESS





DETERMINATION:  AN OVERVIEW


PART A:  CLASSICAL APPROACH



Conceptually, hydraulic fracturing involves pressurization of a sealed‑off interval in a borehole until rupture of the rock formation, at the pressurized horizon, occurs.  The pressure at which this rupture occurs is known as the breakdown pressure Pb.  After “breakdown”, further pumping propagates the fracture away from the borehole wall in a controlled manner.  If pumping is discontinued, with the hydraulic circuit maintained closed, an instantaneous shut‑in pressure is recorded.  From equilibrium considerations prevailing at that time, this pressure is approximately equal to or slightly above the pressure necessary to keep the fracture open.  The two characteristic parameters, breakdown pressure Pb and instantaneous shut‑in pressure Pisip, are related to the pre‑existing stress field provided certain assumptions are made:



(i)
Linear elasticity and isotropic conditions prevail(1).



(ii)
The borehole axis is parallel to the one of the principal stress components.



The two limiting situations are that:



(i)
The vertical stress ((v) ‑ or overburden stress ‑ is the least principal stress component.



(ii)
The vertical stress ((v) is either the intermediate or the largest principal stress.


NOTE:


(1)
It should be pointed out, however, that the conventional  interpretation of hydraulic fracturing data does not require the knowledge of any elastic rock mass parameters; and as such, anisotropic conditions do not play a role in the interpretation other than influencing the anisotropy in the apparent tensile strength.


(i)
Vertical Stress as the Maximum or Intermediate Principal Stress



In this case, occurring usually at depths in excess of 1000 feet (300 metres), the shut‑in pressure (Pisip) is taken equal to the in situ compressive stress component acting perpendicular to the fracture plane.  Provided leakage into the formation is negligible, this shut‑in pressure will remain constant and,
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(ii)
Vertical Stress as the Minimum Principal Stress



This situation generally occurs at shallow depths.  A vertical fracture will probably be initiated regardless of the value of (v due to the use of rubber packers which influence the induced stress distribution at the borehole wall.  However, the fracture will “rotate” to become horizontal as it propagates away from the borehole and from its local influence.



Consequently, two shut‑in pressures may be detected if the hydraulic fracturing tests are conducted with great care.  The first shut‑in pressure is associated with a vertical fracture while the second one corresponds to an horizontal fracture.
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In this case, where fluid penetration into the formation is negligible,
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where (compression is taken positive):
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The stresses calculated are total stresses.


PART B:  FRACTURE MECHANICS APPROACH



In recent years, consideration of the hydraulic fracturing process in terms of classical elasticity, particularly the propagation phase, has been extended to include the presence of the fracture itself.  Conventional analysis is probably incorrect for the determination of (HMAX because it ignores the mechanics of fracture initiation and fracture extension.



For example, growth of a crack inclined to the directions of the farfield in situ stresses and subjected to pressure on its faces can be analyzed by using fracture mechanics concepts where linear elasticity is assumed and consideration is devoted to the elevation of stresses near the crack tip.



A prerequisite is the assumption that plastic deformation and other non‑linear effects near the crack tip are confined to a small region within a linear elastic field.  In such a circumstance, the state of stress near the fracture tip can be characterized by the stress intensity factor K, or alternatively by the strain energy release rate, G. Cracks are expected to advance if the values of these parameters reach critical values characteristic of the material considered.


An Introduction to Fracture Mechanics



The presence of a crack (or a notch) in a body causes a redistribution of stress which may be estimated by methods of linear elastic stress analysis.



The surfaces of the crack are the dominating influence on the distribution of stresses near and around the tip.  Other remote boundaries and loading forces affect only the intensity of the local stress field at the tip.  Equations in terms of stress intensity factors have been formulated for stresses and displacements at crack tips.  These stresses depend on stress intensity factors KI, KII and KIII which reflect the elevation of stress due to crack opening, sliding and tearing respectively.



One philosophy is that failure occurs when stress intensity factors reach critical values (i.e. KIC) appropriate for a particular material.  Other failure criteria are based on attainment of a maximum circumferential tensile stress, ((MAX, near the crack tip, attainment of a critical strain energy release rate or attainment of a critical strain energy density.



Various authors have considered the application of fracture mechanics to hydraulic fracturing analysis.  Several approaches are outlined in Appendix C which is an excerpt from Numerical Modeling of Pressurized Fractures by J.‑C. Roegiers and J.D. McLennan, October 1978.



Discussion of this topic by Abou Sayed et al, 1977(1) is possibly the most relevant.  Summarizing these authors’ analysis ... Consider a pressurized crack which is oriented at an arbitrary angle ( with respect to the direction of the horizontal stress (H of the far field system(2). Extension of this existing crack at an arbitrary angle ( from the original inclination is associated with an energy‑release rate G(().
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where 
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g


G


  ‑ Strain energy release rate at an angle (



   (   ‑ Poisson’s ratio




   E   ‑ Young’s Modulus


NOTES:

(1)
Abou‑Sayed, A.S., Brechtel, C.E., Clifton, R.J., In Situ Stress Determination by Hydrofracturing ‑ A Fracture Mechanics Approach; Terra Tek Report, TR77‑60, July 1977.


(2)
At the present time, mathematical complications encourage consideration of two dimensional situations.




   KI  ‑ Opening mode stress intensity factor




   KII ‑ Sliding (shearing) mode stress intensity factor



Abou‑Sayed et al. provided the relationship between orientation of crack advance in a direction (max (in a direction where G(() is a maximum) and the ratio of stress intensity factors KII/KI.  The theory basically predicts that for ((H ‑ (V) ( 0 the crack tends to extend in a direction which is more nearly perpendicular to the direction of minimum compressive stress rather than along an existing crack.



This theory is based on isotropic assumptions.  If anisotropy prevails, numerical analysis is required (e.g. finite element analysis).  If failure anisotropy is included, Abou‑Sayed et al. proposed the following failure criterion:



If G(() ‑ GHC and G((max) < GVC’ the inclined fracture will take a sharp turn and propagate along the bedding planes. On the other hand, if G((max) = GVC and G(() < GHC’ then the crack extension will be in a direction inclined at angle (max to its original direction.



where 
G(()

‑
strain energy rate in original direction





G((max)
‑
strain energy release rate in direction of additional extension





GHC

‑
critical strain energy release rate for horizontal extension





GVC

‑
critical strain energy release rate for vertical extension



Abou‑Sayed et al, also offered a comparison between classical 


analysis and a fracture mechanics formulation:
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where:
w  ‑  ratio of outer radius to inner radius in a laboratory burst test





Pi  ‑

burst pressure in laboratory test





G,F ‑
tabulated parameters depending on the ratio of  fracture length to borehole radius





L   ‑
fracture length



Clearly, 1979 suggested an alternative.
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where:
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‑
the breakdown pressure for fast fracture (or jacketed borehole walls).
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‑
the ambient pore‑fluid pressure
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‑
the minimum in situ horizontal stress (total)
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(
‑
an effective stress parameter where (’ = ( + (p, the prime denoting effective stress and p being a pore pressure.  Tension is taken as positive
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‑
critical opening mode stress intensity factor
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‑
length of a pre‑existing radial fracture


IV.
FIELD PROCEDURES



4.1
Fractured Horizons



It was desired to fracture a complete depth range in order to evaluate variation of stress with depth.  This initially entailed examination of the core in order to avoid pressurizing discontinuities.  However, during actual fracture operations the hose on the drill rig burst at pressures low enough to necessitate coupling the wellhead with steel pipe directly to the pumping system.  This, in conjunction with the low working pressures of the available subs, to some extent reduced flexibility in positioning the packers and necessitated some last minute changes.  Regardless, based on the cores and logs, it seemed there were no predominant discontinuities in the pressurized intervals.



On the basis of the above considerations the following horizons were tested:


FRACTURE


NUMBER

DEPTH BELOW


GRADE

   COMMENTS





(ft.)

(m)





1

718

218.8





2

704

214.6

steel sub bursts at the surface;



3

654

199.3

  interval not fractured



4

614

187.1





5

574

175.0





6

511

155.8





7

454

138.4





8

394

120.1






4.2
Field Instrumentation and Equipment



4.2.1  Straddle Packer



A straddle packer consists of two rubber sealing elements mounted a set distance apart on a steel mandrel.  These elements “straddle” the zones to be fractured.  The zone is isolated from the rest of the hole by inflating these sealing elements, forcing them against the borehole wall.  This sealed‑off zone can then be pressurized until hydraulically induced fractures occur and/or pre‑existing discontinuities open up.



The elements used were commercially available units from Lynes Inc.  The diameter of the tool was 2 5/8 inches (66.7 mm) and the sealing elements were separated by 58 1/2 inches (1.49 m) (minimum possible).



The elements were lowered in order to “straddle” the fracturing interval, were inflated and then sealed by twisting the tubing string at the surface.  After several revolutions, a left‑hand threaded split nut released, which in turn released the inner mandrel.  The tubing was then raised two feet, moving the injection ports of the inner mandrel in line with the ports of the outer mandrel, located between the sealing elements.  The system was then open to the formation.  After the fracturing sequence was completed, the tubing was lowered two feet, moving the injection ports of the inner mandrel in line with the sealing elements and allowing for their deflation.  The split nut was again engaged by this movement and the packer was ready to be moved to the next horizon.



4.2.2  Downhole Pressure Transducer



The downhole pressures were measured with a Kuster recording pressure transducer placed inside the tubing itself and located directly above the straddle packer.  The pressure transducer consisted of three main components:  a Bourdon‑type pressure sensing element, a clock and a miniature recorder.



Pressure changes cause the Bourdon tube to expand or contract.  These movements cause the attached recorder stylus to move.  A coated brass chart records these stylus motions as etches in the chart coating.  The chart moves past the stylus at a constant rate which is controlled by the spring driven clock.  Pressures are then determined by measuring the displacement of the etched line from the baseline of the chart.



4.2.3  The Pumping System



In order to be capable of pumping at two vastly different flow rates, a multi‑stage pumping programme was implemented.  The first stage involved pressurization using a high pressure ‑ low volume pump (referred to later as University of Toronto pump).  This was an air‑driven hydraulic pump manufactured by Teledyne Sprague.  This pump operates on air pressure (100 psi ... 0.69 MPa) and can discharge fluid at up to 16000 psi (110.3 MPa).  The pressure‑flow characteristics are shown on the next page.  This unit was used to initiate a first fracture or to inflate pre‑existing discontinuities.  When severe leakage was present in the overall system, the pressure could only be stabilized to a certain value and the larger pumping unit (referred to as Halliburton pump) had to be engaged.  This unit is capable of flow rates of approximately 1000 gal/min (3.79 m3/min) at a maximum pressure of 14000 psi (96.6 MPa).


TABLE 1


FLOW RATES FOR


UNIVERSITY OF TORONTO PUMP


Liquid Discharge Pressure

   Flow



(psi)

(Mpa)

(in3/min)

(m3/minx10-3)



0

0

78

1.28



 250

1.72

77

1.26



 500

3.45

76

1.24



 750

5.17

74

1.21



1000

6.90

72

1.18



1500

10.34

68

1.11



2000

13.70

66

1.08



2500

17.24

63

1.03



3000

20.19

60

.98



4000

27.59

56

.92



5000

34.48

53

.87




4.2.4  Surface Recording Equipment



All pressurization procedures (University of Toronto pump and Halliburton pump)were monitored using an X‑Y recorder (surface pressure versus time) and a strip chart recorder in parallel as a backup unit.  These recorders responded to pressure sensed by a pressure transducer mounted on the surface iron.  In addition, all pressurization was monitored (and systematically recorded) from output of a Bourdon type pressure gauge.  Furthermore, the Halliburton pumping unit was equipped with a recording pressure gauge.  Flow rates and total volume pumped were measured with an impellor type flow monitor.



4.2.5  Impression Packer



The impression packer was manufactured by Lynes, Inc., and consisted of a thick‑walled rubber tube, which was wrapped with a soft semi‑cured rubber sleeve.



The impression packer is lowered on tubing to the fractured horizon.  The element is then inflated, forcing the soft rubber into all irregularities existing at the horizon, on the borehole wall.  The impression packer is then deflated and allowed to return to its original shape.  The impression of the borehole is retained on the soft rubber wrap.



The element is 3.5 feet (1.07 m) long and has an outside diameter of 2 inches (51 mm).  This large diametral clearance allows the impression packer to be removed without marring the impression.



4.2.6  Single Shot Survey Instrument



A Kuster single shot survey instrument was used to orient the fracture traces recorded on the impression packer.  This instrument photographically recorded the azimuth and inclination of the borehole by photographing a clinometer‑compass unit, giving the azimuth and inclination of a line scribed on the housing of the device.



The instrument consists of three basic units:  a 20( clinometer‑compass, a controlled light source with batteries and a six hour clock, and the main frame containing the photographic mechanism.



4.3
Test Procedure



The tool string was lowered to the deepest horizon.  Then using the Halliburton pump, the sealing elements of the straddle packer were inflated to approximately 500 psi (3.45 MPa).  This pressure was held for several minutes in order to check the integrity of the O‑rings in the straddle packer.  The sealing elements were then inflated to approximately 1000 psi (6.9 MPa), thus packing off the 58 inch (1.49 m) interval to be pressurized.



The formation was then pressurized using the University of Toronto air operated pump.  When breakdown appeared to occur(1), the well was “shut‑in”, i.e. pumping was discontinued but the pressure was not released.  The well remained shut‑in for several minutes and then the cycle of pressurization was repeated.  At this point, the system pressure was bled and a series of breakdown‑propagation‑shut‑in cycles was performed using Halliburton pumps pumping at a rate of 1/4 bbl per minute (.040 m3/min).  After the last cycle the system was shut‑in for a longer period of time in order to study the pressure‑decay behaviour.



During all phases, pressures were continuously recorded.



Ideally the packers are now deflated, the tool string raised to the next horizon and the same pressurization and repressurization procedures are performed.  Unfortunately, problems with seals and packer deflation generally made it necessary to pull the entire tool string and “re‑dress” the tool after each fracture.



The impressions of the fractures were taken by running the impression packer and single shot survey instrument down the hole on


the tubing to one of the previously fractured horizons.  The impression packer was then inflated to 1500 psi (measured at the surface).  The impression packer was then left inflated for up to 90 minutes, after which time the packer was deflated and removed from the hole.



The orientation of the fracture trace was determined by measuring the relative angle between the fracture trace and the scribe line on the housing and from the film record determining the orientation of the scribe line (taking into account magnetic declination at the site).


NOTE:


(1)
As the flow rate is very small, breakdown did not always occur due to leakages through pipe joints and into the formations.


V.  LABORATORY TESTING AND RESULTS


5.1
Procedure for Determining Tensile Strength (To)



In order to estimate values of the tensile strength necessary for the calculation of (Hmax, laboratory hydraulic burst tests were performed on cores from the borehole.  The cores, where possible, were machined to a length/diameter ratio of 2.  The facility of bedding plane parting sometimes made it necessary to use smaller L/D ratios.



A 0.25 inch (6.4 mm) borehole was drilled through the sample (concentrically).  The sample was then loaded axially, confined radially and the borehole was pressurized internally until breakdown.  The borehole was lined with a latex membrane in order to prevent penetration of borehole fluid into the sample (i.e. Po did not increase due to the fracturing fluid).  Based on the burst pressure measured in these simulated hydraulic fracturing tests, the tensile strength was estimated.



Thirty‑five burst tests were performed.  Of these, a percentage was done with no confining pressure (i.e. axial and borehole pressure only).  The others were done using a confining pressure (some with the confining pressure equal to the (Hmin and the remainder with higher confining pressures).  Despite the statistical scatter associated with any form of tensile test, the calculated tensile strength did not seem to be strongly dependent on the confining pressure.



Due to the highly anisotropic character and the occurrence of minute or incipient horizontal discontinuities (whose presence was exaggerated by stress relief on sampling and by the unavoidable “distress” due to sample transportation) it was generally necessary to keep the axial pressure slightly above the confining pressure in order to create vertical fractures.



The average tensile strengths for the various horizons, as calculated from laboratory testing are listed below:


FRACTURE NUMBER

DEPTH BELOW GRADE

TENSILE STRENGTH    To





(ft)

(m)

(psi)

(MPa)



1

718

218.8

1040

7.17



2

704

214.6

--

--



3

654

199.3

1300

8.96



4

614

187.1

--(1)

--(1)



5

574

175.0

1900

13.10



6

511

155.8

420

2.90



7

454

138.4

1040

7.17



8

394

120.1

785

5.41




NOTE:



(1)
Samples of adequate length could not be prepared.


5.2
Procedure for Determining Critical Stress Intensity Factor (KIC)



Two separate testing procedures were used to estimate the critical 


stress intensity factors.  These were:



(i)
Hydraulic burst tests on prenotched specimens.



(ii)
Short rod technique


Hydraulic Burst Tests



The test specimens were thick‑walled cylinders with the outer radius 2.375 in. (60.3 mm) and the radius of the internal concentric borehole being .25 in. (6.35 mm).  Two radially opposed prenotches were 


cut along the entire length of the borehole.  The borehole wall was lined with a thin tygon sheath to prevent penetration of fluid into the specimen during testing.



Specimens were loaded axially and confining pressure was applied by pressurization behind a urethane membrane.  The applied loading was designed to simulate anticipated in situ stress conditions.  Unconfined tests were also performed.  The internal borehole was pressurized until breakdown occurred.  Fracture toughness was calculated from available formulae (Tada et al, 1973).


The Short Rod Technique


(Refer to Figure 15)



This method allows measurement of the plane strain critical stress intensity factor KIC.  Advantages of this technique are that:



(i)

The specimen has geometry favouring plane strain conditions.



(ii)

The need for pre‑cracking is reduced.



(iii)
Sample size is small enough that measurements of anisotropic behaviour are possible.



The load F is increased slowly until a crack initiates at the point of the “V”.  Initial crack growth is stable such that the load must be increased for continued propagation.  When the crack attains a critical length, the load decreases with increasing crack length.  The peak load, occurring at the critical crack length, is used to calculate the fracture toughness (KIC)(1),


NOTE:


(1)
Barker, L.M.; A Simplified Method for Measuring Plane Strain Fracture Toughness; Engineering Fracture Mechanics, 1977, Vol. 9, pp. 361‑369.



The formulation, with suitable approximations is:
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(7)



where:    
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‑  critical stress intensity factor





A
‑  a material independent parameter, found to be  approximately 20.8 for the specimen proportions  used





B
‑  specimen diameter


Results



The critical stress intensity factors, using both tests are tabulated below.  There is surprising good agreement between the results from the different tests.


DEPTH




DIRECTION(1)



KIC (psi-in-3/2)



(ft)

(m)



BURST TEST

SHORT ROD TEST



718

218.8

H
H
V



914

1093
 660
1200



691

210.1

H
V


401

 406



654

199.3

H
H
V



801

 589
1048



614

187.1

-

-

-



574

175.0

V



 641



511

155.8

H



 519



454

138.4

-

-

-



394

120.1

V

457

 562




NOTE:



(1)
H ‑ indicates a horizontal (parallel to bedding) fracture 




V ‑ indicates a vertical (perpendicular to bedding) fracture



Based on the values measured, the following fracture toughness values were adopted.


DEPTH




DIRECTION

KIC 
(psi-in-3/2)



(ft)

(m)







 718

218.8

H
V

    875
   1060



 691(1)

210.1

H
V

    400
    400



 654

199.3

H
V

    820
    800



 614

187.1

H
V

    720 
    720(2)



 574

175.0

H
V

    640
    640



 511

155.8

H
V

    520
    520



 454

138.4

H
V

    515(2)
    515(2)



 394

120.1

H
V


    510




NOTES:



(1)
This horizon was not hydrofractured.



(2)
Average of adjacent formations



The general tendency is a decrease in fracture toughness with decreasing depth.  There appears to be surprisingly little anisotropy despite the laminations and the ease with which bedding plane parting occurred.  The underlying reason for this may be that the samples tested were necessarily from the stronger part of the core samples.  Weaker samples often failed prior to testing during the preparation process.  Consequently, especially for the “grey” shale specimens, the toughness values cited are upper limits.


VI.
DATA ANALYSIS


6.1
Introduction



In order to reduce the probability of formation damage and borehole instability, fracturing was performed first at the deepest horizon with subsequent fractures at progressively shallower depths.  The fractures were not propped.


6.2
In situ Stresses(1)


Table 2 synthesizes the results of the downhole and the surface recordings.  Pressure‑time diagrams are presented in Appendix A.  Appendix B contains reproductions of the downhole pressure‑time plots.



Table 3 indicates the calculated in situ stresses, based on the assumption of a tensile strength of 1000 psi in the plane of the laminations and 100 psi perpendicular to the laminations.  These are approximate values typically representative of shales.



Table 4 is similar to the previous tabulation, with the primary difference being that tensile strengths are based on the difference between the initial and subsequent breakdown pressures (where such interpretation was possible).  This assumes that after the initial breakdown, the second breakdown pressure largely reflected a reopening of the fracture.



Table 5 tabulates in situ stresses based on tensile strengths derived from the laboratory testing programme.



Finally, Tables 6‑8 outline in situ stresses based on measured (laboratory) values of fracture toughness using fracture mechanics considerations.


NOTE:


(1)
The stresses tabulated are total stresses.


TABLE 2


RECORDED HYDROFRACTURING PRESSURES AND DIRECTIONS


FRACTURE NUMBER

DEPTH


 (ft)

FORMATION PRESSURE


Po (psi)

INITIAL BREAKDOWN


Pbl (psi)

SECONDARY BREAKDOWN


Pb2 (psi)

INSTANTANEOUS SHUT-IN PRESSURE Pisip (psi)

INSTANTANEOUS SHUT-IN PRESSURE AFTER SEVERAL CYCLES (psi)







ESTIMATED

DOWNHOLE

SURFACE PLUS FORMATION PRESSURE

DOWNHOLE

SURFACE PLUS FORMATION PRESSURE

SURFACE PLUS FORMATION PRESSURE

SURFACE PLUS FORMATION PRESSURE



1

718

311

300

1941

1933

-

1211

796



2

704

-

-

-

-

-

-

-



3

654

283

270

2143

2187

1373

1023

733



4

614

266

-

2806

2920

1171

905

686



5

574

249

260

3269

3496

1265

809

634



6

511

221

230

1716

1770

-

721

586



7

454

197

200

2267

2271

1297

557-837

577



8

394

171

170

1646

1720

-

551

411



TABLE 3


IN SITU STRESSES (BASED ON To=1000 psi)(1)

FRACTURE NUMBER

DEPTH (ft)

(1 (psi)

(2 (psi)

(3 (psi)

ORIENTATION



1

718

2381

1211

796

-



2

704

-

-

-

-



3

654

1643

1023

733

N80E



4

614

646

906

686

N67E



5

574

-

809

634

E10S



6

511

1226

721

586

E04S



7

454

207 - 1047

557-837

577

N37E



8

394

836

551

441

-



TABLE 4


IN SITU STRESSES (TENSILE STRENGTH BASED ON


DIFFERENT BREAKDOWN PRESSURES)

FRACTURE NUMBER

DEPTH (ft)

(1 (psi)

(2 (psi)

(3 (psi)

ORIENTATION



1

718

2261

1211

796

-



2

704

-

-

-

-



3

654

1413

1023

733

N80E



4

614

1281

906

686

N67E



5

574

809

809

634

E10S



6

511

-

721

586

E04S



7

454

177 - 1017

577-837

577

N37E



8

394

-

-

-

-



NOTE:


(1)
Inherent inaccuracies in the fracturing procedure do not justify calculation of principal stresses to as many significant figures as shown.


TABLE 5


IN SITU STRESSES (TENSILE STRENGTH BASED ON


LABORATORY  MEASUREMENTS)


FRACTURE NUMBER

DEPTH (ft)

(1 (psi)

(2 (psi)

(3 (psi)

ORIENTATION



1

718

2421

1211

796

-



2

704

-

-

-

-



3

654

1943

1023

733

N80E



4

614

-

906

686

N67E



5

574

1058

809

634

E10S



6

511

806

721

586

E04S



7

454

247 - 1087

557-837

577

N37E



8

394

721

551

411

-



TABLE 6 (REFER TO FIGURE 12)


IN SITU STRESSES (FRACTURE MECHANICS APPROACH)


FRACTURE NUMBER

DEPTH


 (ft)

(1(psi)(1)



(2(psi)

(3(psi)

ORIENTATION
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1

718

9348

3793

2476

303

1211

796

-



2

704

-

-

-

-

-

-

-



3

654

6377

2181

1187

-454

1023

733

N80E



4

614

3933

157

-737

-2214

906

686

N67E



5

574

1956

-139

-2192

-3504

809

634

E10S



6

511

3661

936

290

-776

721

586

E04S



7

454
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557-837

577

N37E



8

394

3187

517

-116

-2126

551

411

-





NOTE:




(1)
Abou‑Sayed proposed that, for a pressurized borehole intersected by a pre‑existing fracture of





preferred orientation, a more representative formulation for (¹ is:
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where: 

[image: image36.wmf]l



‑
crack length for one arm of a diametrically opposed crack







KIC
‑
critical stress intensity factor





The predominant difficulty is in estimating the length of pre‑existing fractures.





A range of fracture lengths has been evaluated.


TABLE 7 (REFER TO FIGURE 13)


IN SITU STRESSES (FRACTURE MECHANICS APPROACH)


FRACTURE NUMBER

DEPTH


 (ft)

(1(psi)(1)



(2(psi)

(3(psi)

ORIENTATION
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1

718

12326

6446

4743

2445

1211

796

-



2

704

-

-

-

-

-

-

-



3

654

9667

4231

3181

2253

1023

783

N80E



4

614

6263

2873

1927

383

906

686

N67E



5

574

5327

1781

939

-449

809

634

E10S



6

511

5440

2560

1875

748

721

586

E04S



7

454

4371-5211

1519-2359

941-1681

-277-563

557-837

577

N37E



8

394

4960

2130

1458

348

551

411

-





NOTE:




(1)
Cleary proposed that, for a pressurized borehole intersected by a pre‑existing 
fracture, a formulation (where total stress is equal to effective stress) is:
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where:


[image: image42.wmf]l



‑
crack length for one arm of a diametrically opposed crack







KIC
‑
critical stress intensity factor





The predominant difficulty is in estimating the length of pre‑existing fractures.





A range of fracture lengths has been evaluated.


TABLE 8 (REFER TO FIGURE 14)


IN SITU STRESSES (FRACTURE MECHANICS APPROACH)


FRACTURE NUMBER

DEPTH


 (ft)

(1(psi)(1)



(2(psi)

(3(psi)

ORIENTATION
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1

718

11704

4924

4432

2134

1211

796

-



2

704

-

-

-

-

-

-

-



3

654

8384

3948

2898

1970

1023

733

N80E



4

614

6240

2250

1661

117

906

686

N67E



5

574

5078

1532

690

-698

809

634

E10S



6

511

5219

2339

1655

527

721

586

E04S



7

454

4174-5014

1322-2162

644-1484

-474-366

557-837

577

N37E



8

394

4789

1959

1287

177

551

411

-





NOTE:




(1)
Cleary proposed that for a pressurized borehole intersected by a pre‑existing 
fracture, a formation (where (1 = (-p):
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where:
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‑
crack length for one arm of a diametrically opposed crack







KIC
‑
critical stress intensity factor





The predominant difficulty is in estimating the length of pre‑existing fractures.





A range of fracture lengths has been evaluated.



Difficulties in determining instantaneous shut‑in pressures have led to alternate interpretation of the data (B. Voight, personal communication).  The proposed stress regime for the alternate interpretation is shown in Table 9.


TABLE 9


IN SITU STRESS REGIME (TENSILE STRENGTH BASED


ON LABORATORY MEASUREMENTS


FRACTURE NUMBER

DEPTH (ft)

(1(psi)

(2(psi)

(3(psi)

ORIENTATION



1

718

1971

1061

796

-



2

704

-

-

-

-



3

654

1343-1943

823-1023

733

N80E



4

614

 1281(1)

906

686

N67E



5

574

1178

849

634

E10S



6

511

806-1406

721-921

586

E04S



7

454

247-1087,1987

557-837,1137

577

N37E



8

394

721-1981

551-971

411

-





NOTE:


  

(1)
To based on field measurements.



Figure 11 is a comparison of the two interpretations.



As a criterion for shut‑in values, the authors have used pressure values where there was initial inflection on the pressure decay curve after the well was shut‑in for the first time.  The major discrepancy between the two interpretations is for Fracture 7 at a depth of 454 ft.  The value suggested by Voight corresponds to a slight spike in the pressure time curve.  It appears that this occurred just after breakdown and before the well was shut‑in.  Since pumping had not stopped this 


value may be too high.  Differences in interpretation for the other depths are not as significant.  Consequently, the original interpretation (Roegiers and McLennan) has been adopted.


6.3
Fracture Orientations



Ideally, a fracture can be categorized as being vertical or horizontal by comparing the instantaneous shut‑in pressure with the anticipated value of the overburden stress (gradient of approximately 1.1 psi/ft. depth).  If this pressure is less than the weight of the overburden, then the fracture is vertical.  This interpretation is complicated by two features:



(i)
There is a general tendency for fractures to initially be vertical, due to the influence of the packers.  However, if anisotropy is strong enough, this may not always be the case.



(ii)
Interpretation is more complicated if the minimum horizontal stress has approximately the same value as the sum of the vertical stress and the tensile strength in the horizontal direction.


The final column in each of the foregoing tables summarizes the fracture orientations as determined from the impression packers and the downhole orientation surveys.


6.4
Discussion



(i)
Variation of Horizontal Stress with Depth




Figures 1 and 2 indicate the variation of (1 and (2((Hmax and (Hmin in this case) with depth.  It seems that the stress situation becomes more isotropic as the depth decreases.  




(Figure 4).  The gradient of (1 is larger than the gradient for (2, at the greater depths.  The change in gradient may signify:




(a)
The presence of a tectonically induced feature.




(b)
Change in material characteristics.



(ii)
Variation of Vertical Stress with Depth




(3, which is the vertical stress, corresponds closely to the anticipated overburden pressure.  Table 10 indicates the ratio of (v/DEPTH.  A standard rule of thumb is that (v(psi) is approximately equal to the DEPTH (feet) x 1.1.



TABLE 10



(V/DEPTH


FRACTURE NUMBER

DEPTH 
(ft)

(V(psi)

(V/DEPTH



1

718

796

1.11



2

704

-

-



3

654

733

1.12



4

614

686

1.12



5

574

634

1.10



6

511

586

1.15



7

454

577

1.27



8

394

411

1.04




The (v/DEPTH is close to what is expected.  Fracture 7 gives an anomalously high value.  No reason is offered for this at the present time.


    (iii)
Ratio of (Hmin to (V



Figure 8 is a plot of representative values of the ratio (Hmin/(v, indicating that the measured stresses are within the range of other measured values.  Table 11 lists all the values for (Hmin/(v.  Fracture 7 at a depth of 454 covers a range of values.  This is due to the difficulty in determining with complete certainty a shut‑in pressure at that particular horizon.  However, based on the plot of (Hmin versus depth it seems highly likely that (Hmin ( 650 psi.  If this value is used and To = 1040 psi (laboratory) is used, (1 is calculated to be 596.  This is inadmissible since (1 < (2 but probably stems from inherent inaccuracy (and statistical variation) in the laboratory measurements of To.  Hence (Hmin = 650 psi and (Hmax ( 650 psi at depth 454 would seem to be a reasonable prediction.


TABLE 11


(Hmin/(v


FRACTURE NUMBER

DEPTH 
(feet)

(Hmin
(psi)

(V
(psi)

(Hmin/(V



1

718

1211

796

1.52



2

704

-

-

-



3

654

1023

733

1.40



4

614

906

686

1.32



5

574

809

634

1.28



6

511

721

586

1.23



7

454

557-837

577

.97-1.45



8

394

551

411

1.34





It is to some extent unusual that the stress seems to become more isotropic as the depth decreases.  However, measurements were made over a limited depth.



(iv)
Change in Gradient With Depth




Below a depth of approximately 600 feet, both (Hmax and (Hmin exhibit an increase in gradient.  To what depth below the measurement zone this trend continues is uncertain.  At the shallower depths, the tendency for (1 ( (2 ( (3 is well defined and extrapolations of existing measurements to the surface would seem to be reasonable.



(v)
Orientation and the Regional Stress “Picture”




The variation in orientation and magnitude with depth is shown in Figure 5.  Orientation for the fracture at depth 454 feet is subject to some doubt due to the poor quality of the downhole photograph.  It appears that (1 is approximately E‑W and from Figures 9 and 10 it can be seen that this orientation is consistent with the regional stress picture (based on other field measurements).



(vi)
Fracture Mechanics Considerations




Since no definite measurement of the length of influential pre‑existing discontinuities is available, only a qualitative review of the data is possible.  However, Figures 12‑14 indicate that values calculated using conventional analysis are similar to values calculated using a fracture mechanics approach assuming feasible fracture lengths.  This suggests   a degree of reliability for values obtained using classical methods.
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APPENDIX A


FRACTURING HISTORY


FRACTURE ONE


Date:
May 2, 1979


Depth:
718 feet


Injection History:



Pumping started with the University of Toronto, air operated pump.  The flow rate was consequently small.  The pressure built up to approximately 500 psi (surface), with considerable oscillation, and leveled off.  The system was shut‑in and pressure decayed rapidly.  The pressurization‑shut‑in sequence was repeated again.



At this stage, 18 gallons of water had been pumped into the hole.  Halliburton started pumping at approximately 1/4 bbl/min.  Pressure increased rapidly.  After breakdown, the system was shut‑in and repressurized several times.  Halliburton pumped in approximately 4 barrels of fluid.  After initial breakdown, gel was started into the loop.  The composition of the gel was:




Sodium Bicarbonate----K34 (buffer)




WG11------------------Gel




HYG3------------------Fumeric acid (lowers viscosity)




CL11------------------Increases viscosity




(Viscosity downhole was 150 cp)


[image: image64.wmf]

Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)




University of Toronto

 841
 891

  ~.3
  ~.3

21
32




Halliburton

1941
1211(2)
 901
 706

~10.5
  0
~10.5
~10.5

14.5(3)
20
25
35(4)





NOTES:




(1)
Surface Pressure plus Formation Pressure




(2)
Instantaneous Shut‑in Pressure (Surface Pressure plus Formation Pressure)




(3)
Time base was rezeroed for Halliburton pumping.




(4)
Started pumping gel into the hole at this time.


The Influence of Flowrate:



It appears that pumping at the small flowrates, with the University of Toronto pump, allowed fluid to enter into horizontal laminations.  This, in combination with leakage through drill pipe, caused the pressure to level off.



At the higher Halliburton flowrates, it is hypothesized that a vertical fracture was created.  Away from the borehole wall this fracture probably became horizontal.



An estimate of the overburden pressure is:
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The shut‑in pressure at the end of pumping was 786 psi (475 (surface) + 311 (formation pressure) = 786 psi).  Hence (v/DEPTH = 1.1.


Orientation



This horizon was too close to the bottom of the hole for impressions to be performed.


FRACTURE TWO


Date:
May 2, 1979


Depth:
704 feet


Injection History:



Pumping at ~.3 gpm, using the University of Toronto pump, pressure leveled off at approximately 150 psi, suggesting considerable leakage either through the drill string or into the formation.  This was bled off and Halliburton pumped at approximately .25 barrels per minute.  Pressure rose rapidly.  Before breakdown, a short sub at the surface burst.  This horizon was then abandoned.


[image: image66.wmf]

FRACTURE THREE


Date:
May 3, 1979


Depth:
654 feet


Injection History:



This fracture was originally to have been at a depth of 659 feet.  However, in order to allow Halliburton to hook directly to the wellhead, the center of the interval was moved to 653’10” (654 feet.



Pumping first with the University of Toronto pump, the formation built up pressure slowly, but steadily until breakdown.  A distinct shut‑in pressure resulted and losses through the drill string and into the formation were small.



The system was bled off and Halliburton pumped in.  Breakdown occurred at a lower pressure, probably reflecting reinflating a vertical fracture.  Continued pumping ultimately seems to reflect propagation of a horizontal fracture.


[image: image67.wmf]

Critical Pressures:


Pump

Pressure(1)   (psi)

Injection Rate (gpm)

Elapsed Time (min)




University of Toronto

2143
1023(2)
 778(3)

~.25
  0
~.25

 12.7
 12.7+
~15




Halliburton

1373
 763(2)
 843(3)
 738(2)

~10
  0
~10
  0

  1.4(4)
  2
  6
  7




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Instantaneous Shut‑in Pressure (Surface Pressure plus Formation Pressure)



(3)
Average Propagation Pressure (Surface Pressure plus Formation Pressure)



(4)
Time based was rezeroed for Halliburton pumping


The Influence of Flowrate:



It is hypothesized that initial pumping opened a vertical fracture. Due to the small flowrate, it was not propagated far from the borehole wall.  Pumping with the Halliburton unit probably reopened this fracture.  The fracture extended and probably assumed a horizontal orientation.


Estimate of the Tensile Strength:



An approximation of the tensile strength in the horizontal direction, bearing in mind discrepancies in breakdown pressures due to drastically different flowrates, is the difference between the two tabulated breakdown pressures.  This gives a tensile strength of approximately 770 psi.


Pressure in the Vertical Direction:



An estimate of the overburden pressure is:
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The shut‑in pressure at the end of pumping was (455 + 283 =  738 psi).  Hence (v/DEPTH = 1.13 psi/ft.


Orientation



The impression revealed traces of vertical fractures and a hairline horizontal fracture.



The orientation of the vertical fractures suggest the direction of the maximum principal stress is at N80E.


FRACTURE FOUR


Date:
May 3, 1979


Depth:
614 feet


Injection History:



Pumping with the University of Toronto pump caused a steady increase in pressure.  The pressure time curve peaks gradually.  This could be due to inflation of a horizontal zone leakage (near the peak a valve started to leak at the surface), or fracture ‘initiation.



Halliburton pumped.  The pressure‑time curve suggests some small scale fracturing (or possibly slabbing) before actual breakdown.  Alternatively, there is the hypothesis that the curve reflects reorientation of vertical to horizontal orientation.



The pressurization shut‑in cycle was repeated several times.
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Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)



University 
of 
Toronto


2246


~.25


17.5



Halliburton

2266

~10

  .5(4)





2806

~10

  2





 906(3)

~10

  2





2791

~10

 5.4





 836(3)

~10

 5.7





1171

~10

 5.8





 716(3)

~10

 6.2





1076

~10

 6.3





 696(2)

  0

 6.8





1036

~10

 7.7





 966

~10

 9.2





 906

~10

10.4





 686(2)

  0

10.7




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Instantaneous Shut in Pressure (Surface Pressure plus Formation Pressure)



(3)
Pressure drop, but pumping continues



(4)
Time base was rezeroed for Halliburton pumping


Discussion:



The University of Toronto pump could not definitely breakdown the formation.  The pressure time curve gently rounds a peak due to leakage in the system into the formation or inflation of a horizontal feature.



Halliburton probably created a vertical fracture and subsequently a horizontal fracture.  The situation is very complex and indicates a complex fracturing sequence.  Hence, estimation of instantaneous shut‑in pressure for an hypothesized vertical fracture is somewhat difficult.


Estimate of Tensile Strength from Field Results:



Based on different breakdown pressures, the tensile strengths are estimated to be:


Direction

Tensile Strength (psi)



In horizontal direction

1600 psi



In vertical direction

200 psi



Orientation:



There is a system of diametrically opposed vertical fractures.  There is also a horizontal fracture near each end of the impression interval.  (1 acts at approximately N67E.


FRACTURE FIVE


Date:
May 3, 1979


Depth:
574 feet


Injection History:



Pumping with the University of Toronto pump caused a steady increase in pressure up to approximately 2400 psi (surface).  At this point a valve had to be tightened.  Pressurization continued but pressure leveled off at approximately 2600 psi (surface) and subsequently decreased gradually.  The system was bled off.  Halliburton pumped.  Pressure increased steadily at about the same rate as for the University of Toronto.  At 3020 psi (surface), the system was shut‑in.  This was necessary in order to avoid bursting the drill pipe.  After being shut‑in for approximately 2 minutes, with only small pressure losses, breakdown occurred.  The system was repressurized and then bled off completely.  A series of pressurization‑shut‑in cycles followed.  The system was then bled off slowly in order to study the pressure decay behaviour.
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Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)



University of Toronto

2879
2789

~.25
~.25

16.7
17.2



Halliburton

3269

~10

13.8(3)





3329

~10

15.5





809 ( 1549(2)

  0

15.6





1299

~10

21.2





909(4)

~10

21.8





649(2)

  0

21.9





899

~10

22.8





639(2)

  0

23.8





809

~10

24.7





639(2)

  0

25.1





779

~10

25.6





639(2)

  0

26.1




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Instantaneous Shut‑in Pressure (Surface Pressure plus Formation Pressure)



(3)
Time base was rezeroed for Halliburton pumping.



(4)
This small anomaly may reflect a change from a vertical to a horizontal fracture.


Discussion:



It appears that a vertical fracture first initiated and with continued pressurization a horizontal fracture followed.  It appears that, as in the previous case, the fracture geometry is complex.


Orientation:



The impression reveals:



(1)
Traces of a set of diametrically opposed vertical fractures.



(2)
An inclined fracture (steeply) apparently related to the set of vertical fractures.



(3)
Two horizontal fractures, offset by the inclined fracture.



The vertical fractures reflect a direction for the maximum principal stress of E10S.


FRACTURE SIX


Date:
May 4, 1979


Depth:
511 feet


Injection History:



Pumping with the University of Toronto pump appears to have inflated a horizontal “discontinuity”.  Pumping at the Halliburton flowrates probably forced a vertical fracture to initiate.  This fracture probably adopted a horizontal orientation at some distance  away from the borehole.  The tendency to a horizontal fracture may be indicated by:



(i)
A slight “spike” during propagation in one of the pressurization cycles.



(ii)
The tendency for shut‑in pressures to become better defined after a certain number of pressurization cycles.
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Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)



University of Toronto

 671

~.3

 5.5



Halliburton

1716

~10

  .2(4)





 721(2)

  0

  .6





1711

~10

 2.2





 971(3)

~10

 8.8





 586(2)

  0

10.8





 826

~10

11.3





 601(2)

  0

14.0




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Instantaneous Shut‑in Pressure (Surface Pressure plus Formation Pressure)



(3)
New fracture morphology?



(4)
Time base was rezeroed for Halliburton pumping


Influence of the Flowrate:



It is hypothesized that the pumping at very small rates opened horizontal fractures, while pumping (later) at higher rates caused an initial vertical fracture which later became horizontal.


Estimate of the Tensile Strength from Field Results:



Based on differing breakdown pressures, the tensile strengths are approximated as:


Direction

Tensile Strength (psi



In horizontal direction

At least 300 psi (and) probably more



In vertical direction

100 psi



Pressure in the Vertical Direction:



An estimate of the overburden pressure is:
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The shut‑in pressure, after the suspected change to a horizontal fracture was 586 psi (365 (surface) + 221 (formation pressure) = 586 psi)  Hence  (v/DEPTH = 1.15 psi/ft.


Orientation:



Impressions revealed:



(a)
A set of diametrically opposed vertical fractures.



(b)
Two inclined fracture‑like features.



(c)
A major horizontal fracture near the top of the impression interval.



The vertical fractures suggest that (1 is acting at E04S.


FRACTURE SEVEN


Date:
May 4, 1979


Depth:
454 feet


Injection History:



No distinct breakdown was achieved with the University of Toronto pump.  A gentle inflection of the pressure time curve suggests leakage in the system or into the formation.



Halliburton pumped and the pressure rose rapidly.  A small anomaly evident on the pressure time plot immediately after this initial breakdown may reflect a change in fracture path as may a spike during the propagation portion of a subsequent propagation cycle.


[image: image73.wmf]

Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)



University of Toronto

1507

~.25

10.3



Halliburton

2267

~10

  .2(4)





1137(3)

~10

  .3





 837(2)

  0

  .7





1557

~10

 1.2





 697(2)

  0

 3.2





 557(2)

  0

 5.8





1417

~10

 6.5





 557(2)

  0

 7.7





1297

~10

 8.6





1047(3)

~10

 9.0





 597(2)

  0

 9.3





1177

~10

10





 577(2)

  0

11




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Instantaneous Shut‑in Pressure (Surface Pressure plus Formation Pressure)



(3)
Anomalous feature during propagation



(4)
Time base was rezeroed for Halliburton pumping


Discussion:



It is extremely difficult to accurately determine shut‑in pressures, especially during the early pressurization cycles.  Regardless, it seems that Pisip (as taken at the point of inflection) does not vary appreciably for any of the pressurization cycles.



Difficulty in evaluating Pisip from either the surface or downhole plots makes interpretation of this fracture somewhat tenuous.



It may be unlikely that the University of Toronto pump inflated an horizontal fracture because the surface pressure exceeded 1300 psi.  The anticipated weight of the overburden is approximately 500 psi.


Estimate of the Tensile Strength from Field Results:



An approximation of the tensile strength in the horizontal direction, based on the difference in breakdown pressures is To = 1070 psi.


Pressure in the Vertical Direction:



An estimate of the overburden pressure is:
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The shut‑in pressure at the end of pumping was 577 psi.  This is rather high; (v/DEPTH = 1.27 psi/ft.


Orientation:



There is a set of poorly defined, but diametrically opposed vertical fractures.  There is also a major horizontal fracture immediately below the position of the upper straddle packer.



The downhole compass photograph is of poor quality but the direction of (1 is apparently about N37(E.


FRACTURE EIGHT


Date:
May 4, 1979


Depth:
394 feet


Injection History:



The pumping with the University of Toronto pump did not produce a distinct breakdown phenomena.  Pressure reached a constant level and on shut‑in bled off slowly.



When Halliburton pumped breakdown occurred in much the same manner as for other tests.  As usual, several pressurization and shut‑in cycles were performed.


[image: image75.wmf]

Critical Pressures:


Pump

Pressure(1) 
(psi)

Injection Rate (gpm)

Elapsed Time (min)



University of Toronto

 976
 991(2)

~.3
~.2

 3.8
11



Halliburton

1646

~10

  .5(5)





1366(2)

~10

  .6





1506(2)

~10

  .7





 611(3)

  0

  .8





1581

~10

 1.3





 561(3)

  0

 2.7





1256

~10

 3.5





1146(2)

~10

 5.4





 511(4)

  0

 6.9





1276

~10

 7.7





 551(3)

  0

11





 481(4)

  0

11.4




NOTES:



(1)
Surface Pressure plus Formation Pressure



(2)
Surface Pressure plus Formation Pressure; Fracture is Propagating (Anomalous readings)



(3)
Instantaneous Shut‑in Pressure (Surface pressure plus Formation Pressure)



(4)
Plateau observed during slow bleed off



(5)
Time base was rezeroed for Halliburton pumping


Discussion:



As with other tests at shallow depths, two unusual pressure fluctuations are evident probably revealing changes in fracture morphology.  These are:



(i)
Immediately after initial breakdown there is a drop and then a partial recovery in pressure.  Whether this is due to the change in fracture orientation or the pumping procedure cannot be established.



(ii)
During a propagation cycle, as fractures move away from the borehole, there is a sharp increase in pressure.  It seems very likely that this indicates a change in the fracture morphology.



The most interesting characteristic of this fracture is the final shut‑in pressure and the pressure decay during bleed off.  The point of inflection during bleed off corresponds closely to the overburden pressure, while the other point of inflection may indicate closing of a vertical fracture.



One feature possibly arguing against the formation of a vertical fracture in several of the upper horizons is the fact that the initial and second breakdown pressures have approximately the same value, suggesting small tensile strength.


Orientation:



Vertical and horizontal features are visible.  A poor quality downhole photograph prevents accurate interpretation of the direction of (1.  Furthermore, the vertical fracture traces are only poorly defined on the impression.


APPENDIX B


DOWN-HOLE PRESSURE‑TIME RECORDS
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APPENDIX C


APPLICATION OF FRACTURE MECHANICS CONCEPTS


TO HYDRAULIC FRACTURING ANALYSIS

PART A


MODE I CONDITIONS


(C.1)
GENERALITIES



Hardy, 1973, discussed fracture mechanics considerations applicable to hydraulic fracturing.  His treatment can be briefly synthesized as follows.



Consider a fracture geometry as shown in Figure A, this being after initiation of a fracture from a pressurized borehole.
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Two parameters f(c/a) and g(c/a) have been defined by Cottrell in 1972.
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(C-2)


where:




G ‑ strain energy release rate




E ‑ Young’s Modulus




q ‑ Tensile stress perpendicular to the crack




p ‑ Compressive stress parallel to the crack




a ‑ Borehole radius




c ‑ Crack length



Hardy, 1973, states that for a tensile stress (p‑(2) perpendicular to the crack, the opening mode stress intensity factor is:
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(C-3)



For a compressive stress ((1 ‑p) parallel to the crack, the opening mode stress intensity factor is:
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(C-4)


By superposition,
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(C-5)



Hardy states that at crack extension 
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.  This would seem to be appropriate only under plane stress conditions.  In general, as has been shown, for a MODE I situation:
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(C-6)


where:
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Extension can allegedly occur when
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Under plane stress
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(C-10)


At failure
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However, if the situation is plane strain:
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(C-14)
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(C-15)


This implies that extension will occur for
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or,
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(C-17)


Consider 
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 , p at crack extension would be:






[image: image101.wmf](


)


2


1


2


1


2


1


2


1


2


1


a


c


g


a


c


f


a


c


g


a


c


f


1


a


E


p


1


2


2


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


-


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


s


-


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


s


+


ú


ú


û


ù


ê


ê


ë


é


u


-


p


g


=






(C-18)


p can be determined uniquely as a function of crack length.






[image: image102.wmf](


)


2


1


2


1


2


1


a


c


g


a


c


f


v


1


a


E


;


0


For


2


t


2


1


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


-


ú


û


ù


ê


ë


é


÷


ø


ö


ç


è


æ


ú


û


ù


ê


ë


é


-


p


g


=


s


=


s


=


s






(C-19)


((t ‑ tensile strength of the rock)



For (1 = (2
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(C-20)



As compared to conventional predictions:






[image: image104.wmf]1


t


2


P


s


+


s


=
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If hydraulic fracturing were attempted in a region with a pre‑existing crack or joint along the axis of the borehole, across the fault (t = 0 and ( = 0.  An apparent discrepancy now arises since:



from (C‑19)
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from (C‑20)
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Hardy states that if the pressure at which flow from the borehole into the joint were recorded, and if this pressure were used as a measure of the stress state around the borehole, equation (C‑22) should be used.



For some ratios of (1/(2 there may be a size effect on the breakdown pressure, expressed as:
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(C‑24)
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If (1/(2 is large and is constant and if the value of c is stationary on the (c/a) curve, then there will be a reduction in pb for increases in the internal hole diameter.


(C.2)
NO FLUID PENETRATION INTO AN EXISTING FRACTURE



If there is no penetration, this is analogous to having an impermeable membrane in the borehole.  Oucherlony (1972) (Refer to Figure B ) has considered such a situation:
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For no penetration:
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(C‑25)


For (1 parallel to the crack:
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(C-26)


For (2 perpendicular to the crack:
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(C-27)


Using superposition,
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(C-28)


with,
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(C-29)
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(C‑31) indicates that for large crack lengths, the breakdown pressure increases very rapidly with increasing crack length.  (* NO PENETRATION).


For a preexisting fracture intersecting the hole
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For small initial crack lengths (4‑32) reduces to:
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(C.3)  FLUID PENETRATION



Hardy considered a purely mode I situation.  Zoback et al also did.  However, they considered fluid penetration into diametrically opposed pressurized cracks.  The pressure distribution was considered uniform throughout the fracture length.



For two fractures stemming from a circular hole in an infinite medium, Newman calculated the normalized stress intensity factors (KI/p) as a function of crack length 

[image: image119.wmf]l


 (using geometry shown in Figure C )



( = 0

fluid pressure applied only to the borehole



( = 1

fluid pressure applied over the fracture surface as well.


[image: image120.wmf]


If the fluid pressure is acting along the entire fracture surface, the stress intensity factor grows as the fracture extends and unstable crack growth would be consequent.  When fluid acts only in the borehole, after an initially unstable growth, the stress intensity slowly 


decreases with crack length (stable crack growth ‑ requires increasing pressure for continued crack propagation).  The reality lies somewhere between these two limits.


(C.4)  VERTICAL FRACTURE MIGRATION


Abou Sayed et al, 1977 analyzed a vertically migrating hydraulic fracture.  (If higher order terms are omitted this is still mode I analysis).  An elliptical crack is considered.  The crack is subjected to fluid pressure acting on the crack faces and a far‑field in situ stress (both varying linearly with depth).



The problem considered is one of quasistatic crack extension, neglecting fluid flow, for a three dimensional crack configuration.



Let:




( = (g (( ‑ fluid density, g ‑ gravitational acceleration)




( = vertical gradient of horizontal in situ stress.



Stress intensity factors, theoretically derived, vary around the crack periphery in a manner implying that an elliptical crack subjected to the prescribed loads will not grow uniformly, even if subjected to uniform pressure.  For uniform pressure, the analysis predicts that an elliptical crack will grow into a circular one.


In addition, for nonuniform loading, a circular crack will tend to extend first at the tip which lies on the major axis and ( = 0 


(Refer to Figure D).


[image: image121.wmf]



“That is, for a downward fracturing condition, a circular crack will tend to become longer in the vertical direction than in the horizontal direction at its lower half, i.e. c/a will tend to decrease.  Once this growth has occurred, the new crack will take an intermediate shape between a circle and an ellipse.”













    Abou Sayed et al, 1977.


(C.5)
PARTICULAR FIELD CONDITIONS




“Hydraulic fracture containment is discussed from the point of view of linear elastic fracture mechanics.  Three cases are analyzed:  a) Effect of different material properties for the pay zone and the barrier formation, b) Characteristic of fracture propagation into region of varying in situ stress and, c) Effect of hydrostatic pressure gradients on fracture propagation into overlying or underlying barrier formations.  The analysis shows the importance of the elastic properties, the in situ stresses and the pressure gradients on fracture containment.”













Simonson et al, 1977.




“1.
Hydraulic fractures in a pay zone located between two adjacent barrier layers will tend to be contained provided the stiffness of the pay zone is less than the stiffness of the barrier layers.  Furthermore, if the opposite condition exists, barrier penetration is most likely.




2.
Migration of a hydraulic fracture either upward or downward in an isotropic, homogeneous medium may be controlled by the density of the hydraulic fracture fluid.  If the fluid density gradient is greater (less) than the in situ stress gradient downward (upward) migration is most probable.




3.
If there exists a difference in in situ stress between the barrier layer and the pay zone with greater in situ stress in the barrier layer, then it may be possible to detect fracture propagation into the barrier formation.  A sudden increase in pumping pressure will occur as the fracture crosses the interface and extends into the barrier layer.  The increase in pressure is a function of the difference in in situ stress between the barrier and pay zone layers and the height of the pay zone.”













Simonson et al, 1977.


(C.6)  PENETRATION OF A VISCOUS FLUID



Zoback and Pollard, 1978,considered fluid penetration using more realistic assumptions of distribution and character of fluid.


    “In attempting to intuitively understand the fracture initiation and extension process, it is necessary to consider the coupled problem of the elastic deformation of a fracture and viscous fluid flow into it.  The necessity of considering this coupled problem is illustrated by the extreme cases shown in Figure E.”











Zoback and Pollard, 1978.
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These authors consider:
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where:




K  ‑ Opening mode stress intensity factor




P  ‑ Uniform Pressure




2r ‑ Interval of Pressurization for Case One






[image: image125.wmf]l


 ‑ Fracture length




D ‑ Opening displacement of Fracture Wall




( ‑ Poisson’s Ratio




G ‑ shear Modulus



A propagating fracture cannot be represented precisely by either of these extreme models.  Fluid pressure may act in the fracture to some degree, but not necessarily such that fracture propagation is unstable at all times.



Zoback and Pollard utilize a two‑dimensional plane strain fracture model in an infinite continuum which is linear elastic, homogeneous, and isotropic.  Also considered is steady, constant property flow of a Newtonian viscous fluid “into” the fracture from the borehole.  It is assumed that the fracture propagates perpendicular to the least principal compressive stress.  Shear stresses on the fracture face due to fluid flow are ignored.



Also considered, using a one dimensional steady‑state flow law is the crack‑tip stress intensity factor as a function of the fracture half‑length for various fluid viscosities.  Figure F summarizes their findings.  This figure, along with Figure G seem to be a good approach.  The problem seems to lie with what must be regarded as seeming intuitively unlikely.  This is that (Refer to Figure G) wall displacement is herein predicted to increase with decreasing viscosity.  The likelihood of this is suspect.


PART B


MIXED MODE CONDITIONS


(C.7)
THE EFFECT OF PREFERRED CRACK ORIENTATION ON HYDRAULIC FRACTURING CRACK GROWTH



Consider an existing pressurized crack randomly oriented with respect to the principal stresses (Figure H).  Abou Sayed et al, 1977, outline conditions and characteristics of additional propagation.
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For the situation shown in Figure H
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These are the stress intensity factors for the existing crack.


If the existing crack extends in an arbitrary direction
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G(()

‑strain energy release rate as a function of






 the angle of extension measured clockwise with






 respect to the trace of the existing crack.




KI, KII
‑given in (C‑36) and (C‑37)




(after Hussain, et al, 1973, modified for plane strain).



For an open, stationary long crack, a prerequisite is KI = KII = 0.


(These considerations seem dubious since it implies that a crack is unstable if G(() ( 0.  Propagation only occurs when G(() exceeds a characteristic value GCR(()).
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and
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For (1 ( (3 : ( = 0 or ( = (/2.  This implies that the existing crack is stationary if it is parallel to principal stress directions and if the pressure p is equal to the principal stress acting perpendicularly to the crack face.  Further considerations indicate extension will tend to be perpendicular to the direction of minimum compressive stress as expected.



A consequence is that (3 is equal to the shut‑in pressure and if ( is known, (1 can be evaluated.


(C.8)
CRACK INITIATION WITH A PRE‑EXISTING CRACK OF




PRESCRIBED ORIENTATION


[image: image132.wmf]

Abou Sayed et al, 1977, consider also a diametrically cracked hole which is internally pressurized (p).  This is similar to the situation described earlier (Zoback et al, 1977) except that KII ( 0 in this case.



For this situation:
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F(L/a), G(L/a)
 -
Tabulated Functions








(after Paris and Sih, 1965)


For a tensile crack:
( = 0
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For a shear crack:
( = (/4
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where
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P


  ‑ Breakdown Pressure






[image: image137.wmf]IC


K


 ‑ Mode I Fracture Toughness



In the opinion of the authors, this analysis seems a little tenuous since if hydraulic fracturing is the result of a shearing action, KII should not be taken equal to zero.  Both stress intensity factors KI and KII should be evaluated.



If the horizontal primitive stress distribution is (2 = (3 then:
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With certain assumptions (C‑44) can be expressed alternatively as:
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“Since the value of the expression in parentheses on the right hand side of equation (C‑45) varies between ‑ 1/2 and 1.5 and is near zero only for a limited range of values of a, it is reasonable to expect that, in general, its order of magnitude is not far from unity.  Hence, the difference between (2 and (3 will be of the same



 order of magnitude as the value of   ( 
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The last expression contains quantities that either can be measured or evaluated during the field and lab experiments associated with mini‑hydrofracturing.  More precisely it involves the measurement




of the breakdown pressure, Pb, the shut in pressure Ps = (3, the fracture toughness KIC and an estimate of the length of the pre‑existing natural cracks in the formation.”











Abou Sayed et al, 1977.



For an initial crack of length L intersecting the borehole and lying normal to the minimum in situ stress:
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 G,F ‑ Evaluated for a particular value of L/a



If KIC is found in the laboratory to be:
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where:






[image: image143.wmf]o


L


  ‑length of the crack intersecting the





inner wall of a burst sample.






[image: image144.wmf]o


a


  ‑inner radius of burst sample.
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   ‑for laboratory sample
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For L/a and Lo/ao small, G ( 1.5 F, giving
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Abou Sayed et al (1977) state that using Haimson’s analysis over estimates (2:
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where
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 ‑ estimated from Haimson’s prediction
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 ‑ estimated by Abou Sayed et al
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P


 ‑ breakdown pressure
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 ‑ hollow cylinder burst pressure


(C.9)
ADDITIONAL APPROACHES



Advani et al, 1973, discussed analytical, experimental, and numerical approaches to modeling pressurized fractures.



Analytical Considerations
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Figure J shows the idealized model used in the analytical predictions.  For this:
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The stationary angular derivative of the strain energy density is:
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For stable crack growth 
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where




(
‑Poisson’s Ratio
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‑Critical Mode I stress intensity factor




E
‑Young’s Modulus



As a consequence, the angle of additional incremental crack propagation can be predicted.



Figures K and L summarize the analytical findings.
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APPENDIX D


HYDRAULIC FRACTURING AS A STRESS


MEASURING TECHNIQUE:  POTENTIAL ERRORS



Any sort of stress measurement technique, including hydraulic fracturing, is subject to the necessity for assumption and interpretation.  Without discussing the advantages of the hydraulic fracturing technique, some of the factors which can make interpretation difficult are:


(i)  General Philosophy and Basic Assumptions



As mentioned, conventional hydraulic fracturing interpretation is based on the concepts of classical elasticity.  This approach fails to take into account the actual influence of the hydraulic fracture.  Fracture mechanics approaches address this problem, but are nevertheless in their early stages of development at the present time.



Further complications relate to assumptions concerning the orientation of the borehole with respect to the principal stress field, the field flow and porosity conditions and material isotropy.


(ii)  Field Testing



Questions of immediate concern are:



(a)
Despite the influence of the straddle packers, will the fracture initiate as vertical in a strongly anisotropic material?



(b)
What is the influence of existing fractures and laminations?



(c)
What is the orientation and morphology of the fracture away from the borehole?


(iii)  Field Equipment



Existing field equipment (hydraulic, electronic, ...) probably gives an accurate record of pressurization history at the surface and downhole in the fracture interval.
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1.0      SUMMARY


Geological, geophysical and seismological studies were conducted on and in the vicinity of a fault observed in the intake and discharge tunnels at the Perry Nuclear Power Plant site of The Cleveland Electric Illuminating Company.  The Perry site is located on the shore of Lake Erie, approximately 35 miles northeast of Cleveland.  The general location of the site is shown on <Figure 2D‑1>.


A comprehensive investigative program evolved as a result of the bedrock deformation exposed during the excavation phase of tunnel construction.  Deterministic fault study objectives, extent, origin and age, were realized as a consequence of a series of interrelated geologic and geophysical research and engineering.  The nature of fault‑plane geometry and its gouge and mineralogical as well as chemical constituents were studied.  After site specific data had been assembled, the localized anomalous deformation was interpreted in context of its regional geologic setting.


The extent of faulting was defined on the basis of the following:  (1) planned, tunnel mapping program (scale 1:120); (2) detailed mapping of tunnel deformation segments (scale 1:12); (3) exploratory borings; (4) geophysical logging of borings; (5) shoreline reconnaissance; (6) offshore magnetic survey; (7) lake bottom reconnaissance mapping and review of seismic track line data; and (8) comparative isotopic analyses of Lake Erie water and fault seepage.


Fault zone gouge and fractured rock samples were obtained for X‑ray diffraction, clay‑mineralogical determinations, SEM (scanning electron microscope) microcrack analysis, and miscellaneous engineering property determinations including consolidation pressure analysis.  No radioactive isotopes, which could have been dated, were identified in fault zone samples.  With respect to the site area and locale studies, 


the following were performed or prepared:  (1) in situ borehole (TX‑11)


stress measurements to determine existing site stress field orientation and magnitude; (2) structural contour maps of “Big Lime” upper and basal (‑50 ft) horizons and isopachous map of intervening interval for Lake and portions of adjacent Ashtabula, Geauga and Cuyahoga Counties; (3) evaluation of microseismicity in northeastern Ohio; (4) literature and field review of area salt mines and interviews with mine personnel (Mr. Jaroslav Vaverka, resident mining engineer, Cleveland mine, International Salt Company and Mr. B. C. Cummings, resident chief engineer, Painesville mine, Morton Salt Division of Morton Norwick).


Independent opinions based on their field inspection of the tunnel deformation and literature review were obtained from the following geologists recognized for their expertise in the indicated disciplines:





Dr. Robert G. LaFleur





Pleistocene Geology and Sedimentology





Rensselaer Polytechnical Institute





Mr. James Murphy





Areal Geology and Stratigraphy of Northeastern Ohio





Ohio Historical Society





Dr. Barry Voight





Structural Geology





Pennsylvania State University


It is concluded on the bases of data and interpretation of the aforementioned studies and other site and regional geological, geophysical and seismological information that the last movement on the cooling water tunnel bedrock deformation was not tectonic.  It occurred during Pleistocene time probably associated with deglaciation‑rebound 


rather than ice advance compression.  On the basis of geometry alone it


is possible that the initial deformation was a pre‑Pleistocene event.  The presence of the fault deformation intersecting the tunnels was considered during design review and redesign was not required.


2.0      INTRODUCTION


2.1      STATEMENT OF PROBLEM


Tunnel excavations for the plant cooling water system exposed low‑angle thrust faulting of minor displacement in the Chagrin shale beneath Lake Erie.  The presence of faulting within the intake and discharge tunnels did not greatly hinder tunneling operations.  Additional rock bolts and tunnel shields were installed in tunnel fault segments to insure crown stability.  Methane and water, which had been stored within fault zone fracture porosity, were discharged upon intersection of the intake tunnel fault segment by a horizontal exploratory boring drilled in advance of the tunnel boring machine.  Both conditions were short term, within anticipated limits and controlled by normal pumping and ventilation.


Geologic mapping (scale 1:120) of the tunnels was conducted concurrent with tunneling consistent with PSAR (Preliminary Safety Analysis Report) commitments (<Figure 2D‑2>, 24 sheets).  After faulting had been intersected by the tunnel boring machine and the bedrock mapped, preliminary interpretations and the mapping data were forwarded to the NRC (Nuclear Regulatory Commission) in a timely manner.  The extent, age and origin of faulting were not well understood following its initial encounter within the intake tunnel.  More than four months elapsed between faulting exposed in the intake and discharge tunnels, respectively.


The fault plane exposed in the intake tunnel subsequently has been determined to have a strike of approximately N51(E which projects in the 


vicinity of the discharge tunnel deformation.  Based on the similarity of structural style, flexural slip, and brittle failure attributable to compression, and assuming minor warping of the fault plane along its strike, it is probable that the fault plane is continuous between both tunnels.  This determination could not be concluded prior to completion of all tunnel excavations which was accomplished nearly six months after exposing the first deformation.


The origin of the deformation could not be readily determined on the basis of known regional geology.  Results of site and regional studies (field and literature) conducted during the preconstruction phase are reported in the PSAR.  On the basis of these studies and the opinions of university professors, bedrock in northeastern Ohio is not known to have undergone significant faulting.  Professors contacted during the preparation of the PSAR are listed as follows:



Prof. Eugene J. Synuk, Kent State University,



Prof. Murray R. McComas, Kent State University,



Prof. Tom Lewis, Cleveland State University, and



Prof. Charles M. Somerson, Ohio State University.


In this area a nearly ubiquitous veneer of glacial and glaciolacustrine deposits obscure bedrock except where incised by stream erosion.  Accessible outcrops do not reveal evidence of having experienced tectonism, either late Paleozoic associated with the Alleghenian (Appalachian) Orogeny or any other.  Subsurface data, geological and geophysical, do not imply the presence of a regional fault system which could have been interpreted to be genetically related to tunnel faulting.  The general lack of information to the contrary suggested that this portion of the Central Lowland Physiographic Province is tectonically stable having undergone little if any tectonic deformation.  


Shallow bedrock deformation, consisting of small‑scale folding and faulting, had been revealed as a consequence of plant foundation 


excavation during 1975 and 1976.  It has been demonstrated by field relationships that this deformation was caused by the direct action of late Wisconsinan glaciation.  Similarity of evidence of glacially induced deformation has been found elsewhere in the same bedrock unit within northeastern Ohio.


Within this context, investigations were undertaken to determine the lateral and vertical extent of the tunnel fault, origin and age of deformation, and effect that this deformation could have had on the tunnel design.  Many conventional age dating techniques could not be employed because of mineralogy and stratigraphy.  Consequentially, in conducting the tunnel faulting study innovative and conventional investigative techniques were employed in supplementing the existing state of site and regional knowledge available for analysis and interpretation.


2.2      INVESTIGATIVE CHRONOLOGY


A comprehensive investigative program evolved as a result of the bedrock deformation exposed during the excavation phase of tunnel construction.   Deterministic fault study objectives previously outlined were realized as a consequence of a series of interrelated geologic and geophysical research and engineering.  Concurrent with, and subsequent to, tunnel excavations, the nature of the fault plane geometry, gouge and country rock mineralogical as well as chemical constituents were revealed.  After the necessary site specific data had been assembled, the localized anomalous deformation was interpreted in context of its regional geologic setting.


Tunneling activities began in July 1977 after the main shafts and temporary access shafts had been excavated by conventional “drill and shoot” methods.  “Drill and shoot” methods were also employed in providing sufficient room at the base of the temporary access shafts for assembling tunnel excavation machines.  A DOSCO Roadheader MK‑2A 


tunneling machine excavated 426 lineal feet of bedrock mostly south of the temporary access shafts.  The remaining 2,600 feet of tunneling was accomplished with a Jarva circular bore tunneling machine.  The excavation phase was completed in November 1978.  Tunnel advancement was documented during the geologic mapping program and is shown on <Figure 2D‑2>.  Tunnel and shaft components of the cooling water system are shown on <Figure 2D‑3>.


Tunnel heading advancement was initiated from the intake tunnel access shaft.  First, the segment between this access shaft and service water pumphouse intake riser was completed.  Then the connecting tunnel to the emergency service water pumphouse was excavated.  Both tunnel segments were excavated with the Roadheader MK‑2A machine, which was dismantled and removed upon their completion, and reassembled in the discharge tunnel temporary access shaft.  Subsequently, tunnel segments between the discharge tunnel access shaft to the discharge riser in the discharge tunnel entrance structure and a connecting tunnel from this segment to the emergency service water pumphouse were excavated.  Bedrock conditions in these segments were quite good with minimal crown overbreak.  Predictably minor, discontinuous and closed vertical to near vertical joints, minimal groundwater seepage, and short term gas emissions (predominantly methane) were experienced in these tunnel segments.  None of these conditions were beyond an anticipated range.


Advancement of the intake tunnel heading to the north from the temporary access shaft began in September 1977 with the Roadheader.  In April 1978 the tunneling advancement rate greatly accelerated with the employment of the Jarva.  As a routine procedure for these tunneling operations, horizontal exploration boreholes were drilled in advance of the heading.  Probe borings which intersected the first tunnel segment containing bedrock deformation yielded gaseous emissions and groundwater.  In addition, the variability of probe hole drilling resistance suggested an atypical condition.  During the week of April 17, 1978, the Jarva 


intersected the tunnel fault segment which could not be observed until April 25, 1978, subsequent to sufficient advancement of the Jarva.


A fault plane, oriented normal to the intake tunnel bearing and dipping approximately 16 degrees to the southeast, was identified by the site resident geologists and confirmed by the Project Geologist and an internal project consultant.  The apparent displacement, with a thrust sense of motion, was estimated to be less than two feet and the throw less than one foot.  The fault plane width was estimated between 0.5 and 18 inches, although the latter was presumed more indicative of gently flexed and/or abruptly kinked or otherwise simply fractured rock.  A gray‑clay gouge of tough leathery consistency containing small angular shale fragments was observed within the fault zone. This descriptive information was communicated to the NRC.


Samples of gouge were collected and X‑ray mineralogical identification conducted on the two micron and smaller size fraction.  Results demonstrated a mineralogical assemblage typical of Chagrin shale as reported in the PSAR.  On the basis of the mineralogical data, proximity and physical resemblance between the intake tunnel fault and onshore deformation, and lack of contradictory evidence, a common origin for deformation exposed in the open‑onshore and tunnel excavations was suggested.  However, the intake tunnel fault exposure occurs more than 100 feet deeper than the deepest known onshore deformation.  For this reason other deformational mechanisms, notably stress relief and tectonics, remained plausible origins.


Advancement of the discharge tunnel heading in a northerly direction from the temporary access shaft began in January 1978 with the Roadheader machine, which was withdrawn in February after sufficient room was provided for assembling the Jarva.  The Jarva began excavating in August 1978.  In late August a tunnel segment was exposed and observed to have been only mildly deformed by compression.  A second 


discharge tunnel segment, more deformed than the first, was encountered.  The two discharge tunnel segments containing deformation are separated by approximately 200 feet.


The zones of warping with very small displacement and thrust faulting, respectively, identified in the discharge tunnel were mapped and reported to the NRC.  The discharge tunnel fault lies on strike projection with the intake tunnel fault, suggesting that they are the same structure.  The zone of minor compressional features preceding the main discharge tunnel deformation was presumed to be either en echelon or a splay of the northeasterly striking thrust fault.  Concurrent with exposure of the discharge tunnel deformation, a lake bottom survey and shoreline reconnaissance were conducted.  Neither revealed evidence of surface faulting.


More investigative work followed, including a series of exploratory borings, onshore and offshore geophysics, conventional and isotopic analysis of groundwater seepage discharged from the fault, and SEM (scanning electron microscope) analysis of fault gouge.  Results of these studies demonstrated that the fault plane maintained a low‑angle inclination beneath the intake tunnel more than 600 feet to the southeast.  It is uncertain if a deep onshore boring, located at the crest of the shoreline bluff and offset 100 feet from the intake tunnel, intersected the fault.  This boring was drilled sufficiently deep so that it should have intersected the fault unless the fault plane attitude changed or the fault zone thins and becomes conformable with bedding.


Borings located approximately one mile west of the plant area along the shoreline and on projection with the fault trace at the bedrock surface did not intersect faulting.  Neither the onshore nor offshore magnetic surveys revealed evidence of faulting.  Saline discharges from the tunnel fault were determined by isotopic analysis to be meteoric but not Lake Erie water.  Preliminary SEM analysis of fault zone gouge showed 


that new mineral growth bridges had formed across microcracks interpreted to have formed syngenetic with faulting or at least the last fault movement.


A geophysical signature of the fault was provided by compressional wave low‑velocity zones.  Undeformed bedrock exhibited a relatively high velocity.  No low velocity zones were identified in the onshore borings, geophysically logged.  It also appeared that a low level of gamma radiation was correlative with fault zone gouge.  Longitudinal velocity measurements in the tunnels across the fault indicated that the bedrock was sound in spite of the discontinuity.  The velocity values are within the range of those reported in the PSAR for preconstruction site exploration.


Three geologists independently reviewed the tunnel faulting prior to construction of the concrete liner.  They determined that the deformation was brittle rather than soft sediment and was not penecontemporaneous with deposition.  Other origins, including direct and indirect glacial action and tectonic, were considered.


A very deep onshore boring was drilled slightly east of the discharge tunnel.  In situ stress measurements employing the hydrofracture technique were performed within the borehole.  Subsequent laboratory testing of core from the boring supplemented the in situ test data.  The field and laboratory testing programs were directed by Dr. Jean‑Claude Roegiers (Department of Civil Engineering, University of Toronto).  Dr. Roegiers also evaluated the in situ stress and laboratory data.


Other aspects of the investigative program included discussions with local resident salt mine engineers, and geologists with knowledge of regional surface and subsurface geology; laboratory determination of gouge physical properties; continuing literature review; and various geological, geophysical and engineering analyses.  Very detailed mapping 


combined with photographic, video tape and sound track reproduction of the tunnel bedrock deformation serve as permanent documentation.


2.3      GEOLOGIC SETTING


The Perry Nuclear Power Plant site is situated on the northwestern flank of the Appalachian geosyncline in the Central Lowlands Physiographic Province adjacent to Lake Erie.  Bedrock directly beneath the site is the Chagrin shale member of the Ohio Shale formation (Upper Devonian).  Regionally, these rocks dip gently to the southeast at a gradient of approximately 20 to 40 feet per mile.  The Precambrian crystalline basement occurs at a depth slightly greater than 5,000 feet.  To the south the Devonian strata are overlain by successively younger Paleozoic sediments <Figure 2D‑4>.


Lake Erie, which lies several hundred yards north of the plant area, has a maximum depth of approximately 210 feet and an average depth of 58 feet.  The western end of the Lake is extremely shallow and is immediately underlain by resistant carbonate bedrock.  From the general vicinity of Sandusky, Ohio, to the east beyond the Pennsylvania boundary, Lake Erie has been eroded into Upper Devonian shales which overlie the relatively more resistant rocks comprising the lake bottom strata of the western portion.


In northeastern Ohio glacial drift and glaciolacustrine sediments overlying bedrock reach a maximum thickness of 250 feet.  The site is located on the Lake Plains Section, a physiographic subdivision of the Central Lowlands province formerly submerged during higher Lake Erie levels.  Here, bedrock overburden deposits ranging in thickness from 55 to 60 feet consist of dense till and lacustrine sediments, respectively.  A steep bluff contiguous to the shoreline exposes 40 to 45 feet of overburden stratigraphy (<Figure 2D‑5> for glacial deposits).


Secondary structures demonstrative of bedrock deformation in the site vicinity, as well as throughout northeastern Ohio, are rare.  This is attributable to the nearly ubiquitous veneer of glacial deposits obscuring bedrock, the minimal effect of the Alleghenian (Appalachian) Orogeny on Paleozoic strata in this region, and the attenuation of Alleghenian orogenic stresses during their northwestward propagation beyond the Appalachian Structural Front.


Most of the subsurface structural interpretations for these regions are founded on deep well data.  It is reported by Stone and Webster, based on personal communication with A. Janssens, formerly employed by the Ohio Geological Survey, that the sedimentary sequence above the Middle Devonian Delaware Formation is affected by folding.  Structural contours of the Delaware and Dayton Formations prepared by Stone and Webster show persistent small structures, probably folds, especially in Portage County, Ohio (Reference 1).  Structural contour maps of the “Big Lime” top (Delaware) and a definable geophysical base (Packer Shell) approximately 50 feet below the stratigraphic base of the “Big Lime,” and an isopachous map of the intervening interval were prepared to determine subsurface structure in Lake, and adjacent counties <Figure 2D‑6>, <Figure 2D‑7>, and <Figure 2D‑8>.  “Big Lime” is a shortened drillers’ expression for the thick Silurian‑Devonian carbonate and evaporate sequence known as “Big Niagaran Lime.”  The only anomalous structures revealed are located in central Ashtabula County.  Apparent thickening of the “Big Lime” in this region, due to faulting or folding, may be attributable to Appalachian orogenic stresses.  No shallow deformation in that locale is known.


Salt mining has exposed deformation within the Salina beds.  Heimlick describes minor folds, amplitude of six inches, and wave length less than twelve inches, locally overturned, in the production interval of the International Salt Co. mine in Cleveland (Reference 2).  Structural contours of the salt production interval for the Morton Salt Division of Morton Norwick mine in the Painesville area reveal northeasterly 


trending synclinal troughs interpreted by Jacoby to be salt flowage preceding faulting in response to Appalachian tectonism (Reference 3).  However, large scale folding in Lake County of either the salt or overlying shale strata is not present in surface or subsurface exposures, nor interpreted from subsurface geological or geophysical data.


Faulting is nearly as anomalous as fold structures but does affect Paleozoic strata to the south and has been exposed in the International Salt Company mine in Cleveland to the west.  More locally, Jacoby reports that a high angle thrust fault intersects the salt production interval of the Morton Salt Division of Morton Norwick mine in Fairport Harbor, approximately eight miles southwest of the Perry site (Reference 3).  He does not believe that this fault is pervasive vertically through the Oriskany Sandstone of Middle Devonian age.


Rock cores from salt strata exploratory borings in the Painesville area occasionally intersect displacements within the “Big Lime” of a very minor nature, amounting to a few inches at most, which are completely healed.  Donald R. Richner, consulting geologist, has examined these discontinuities, which range from very minor to miniscule, consisting mainly of stylolites and minor slips with traces of slickensides but having observable displacements of two inches at most.  He has not seen any evidence that these discontinuities were of a tectonic origin.  Those observed above and below the Salina salt beds appear to result from penecontemporaneous deformation (Reference 4).


Geologists are in agreement that the faulting and folding exposed in the International Salt Co. and Morton Salt Division of Morton Norwick mines in Cleveland and Painesville, respectively, are attributable to dissolutioning of the salt during sediment lithification (Reference 2)(Reference 3)(Reference 4).  Subsequent failure of the overlying strata resulted in graben structures, slumping and 


down‑warping dependent upon overlying lithology.  Locally, salt flowage into fractures and irregularly shaped cavities is evident.


The only well‑documented fault near the site locale is a relatively minor localized overthrust with approximately one foot of displacement in the Bedford shale (Mississippian age), known as the Gabor Fault (Prosser) (Reference 5).  The minor thrust fault described by Prosser was observed in the field on the east bank of Bates Creek, also known as Warners Creek.  The strike of this fault is northeast.  Three faults, not reported in the literature, were found on the west bank of the Paine Creek about one mile north of the Bates (Warners) Creek fault.  These faults, two gravity faults, and a small bedding thrust fault, named Hell Hollow 1, 2 and 3, were found to be associated with slumping.  These site locale faults are shown on <Figure 2D‑9>.


Field investigations and literature studies were completed to determine the characteristics, origin and age of both the Bates (Warners) Creek and Hell Hollow faults.  Those faults were determined to be of surficial nature, limited in extent and unrelated to deep‑seated faulting.  Their origin is concluded to have been glacially induced at Bates Creek and related to bedrock slumping at Hell Hollow.


Geologic mapping, inspection and evaluation of bedrock foundations, including excavation cuts and foundation grade, for the plant area structures were initiated in August 1975.  Several localized areas of deformed bedrock were revealed as a consequence of the excavation.  The deformation consisted of folds and faults within the Chagrin shale.  Vertically, the lower limit of the onshore deformation was established at a horizon defined by the deepest foundation excavations, specifically those for the condensate demineralizer and heater bay buildings.  The upper limit of this deformation terminates at the base of a boulder layer, which maintains grade at approximate Elevation 570 feet and is pervasive throughout the plant site.  The boulder layer defines the base of structureless lower till.  Below the boulder layer and above 


competent shale, a six‑ to eight‑foot thick transitory interval was mapped in which the lower till has been incorporated within contorted, blocky, and weathered shale.  The relationship of the onshore deformation to tunnel faulting is shown on <Figure 2D‑10>.


3.0      METHODS OF INVESTIGATION


The purpose of the studies was four‑fold:  first, to determine lateral extent of the fault observed in the intake and discharge tunnels at the Perry site; second, to analyze the type and degree of fracturing within and adjacent to the fault; third, to examine in detail the seismicity of the area surrounding the Perry plant; and fourth, to investigate the origin of deformation.


The following techniques were used in determining the extent of the fault on land and on the bottom of Lake Erie:



(
Literature review and personal communications with geologists cognizant of area geology (surface and subsurface)



(
Exploratory borings



(
Shoreline reconnaissance



(
A video survey of the bottom of Lake Erie in the vicinity of the updip projection



(
Detailed geologic tunnel mapping of deformation



(
Microcrack analyses of fault zone samples



(
Analysis of water from the fault and from Lake Erie



(
Evaluation of published and unpublished geophysical data



(
Magnetic (total field) profiling (both onshore and offshore)



(
Borehole (in hole) logging of (compressional) wave velocity



(
In situ seismic velocity measurements



(
An evaluation of the seismicity in the area surrounding the Perry plant was made on a very detailed search on period newspapers and other document



(
In situ borehole stress measurements to determine stress field orientation, magnitude and gradient (vertical)


The detailed mapping, lake bottom survey and geophysical and seismological studies were performed by the Weston Geophysical Corporation.


3.1      GEOLOGIC


3.1.1      LITERATURE REVIEW AND PERSONAL COMMUNICATIONS


Published and unpublished sources were reviewed in order to learn more about the surface and subsurface bedrock structure in northeastern Ohio.  These activities were supplemented by personal communications with resident engineers at two salt mines (Mr. Jaroslav Vaveeka, Cleveland mine, International Salt Company and Mr. B. C. Cummings, Painesville mine, Morton Salt Division of Morton Norwick) and Mr. Robert G. Van Horn, Head Regional Geology Section, Division of Geological Survey, Ohio Department of Natural Resources.  Two consultant geologists, Mr. Donald R. Richner and Mr. Charles R. Jacoby, with considerable experience of subsurface geology from exploratory drilling and mining operations in northeastern Ohio, were also contacted. 


Finally, three independent reviews of the cooling water tunnel faulting were performed by the following recognized for their respective specializations:





Dr. Robert LaFleur





Pleistocene Geology and Sedimentology





Rensselaer Polytechnic Institute





Mr. James Murphy





Areal Geology and Stratigraphy of Northeastern Ohio





Ohio Historical Society





Dr. Barry Voight





Structural Geology





Pennsylvania State University


Mr. Murphy had been contacted previously to provide independent opinions during Applicant evaluations of bedrock faulting in the site locale and onshore plant area bedrock deformation exposed by excavation.  He had also arranged for radiocarbon dating of comminuted plant material obtained from the site lacustrine deposits.  Results of this dating (14,480  310 B.P.) established an age somewhat older than previously assumed for the retreat of Hiram ice and a minimum age for the onshore plant excavation deformation.


Data and evaluations of an offshore shoreline parallel survey, especially in the vicinity of the site, conducted by the Coastal Engineering Research Center, were forwarded by Mr. S. Jeffress Williams, marine geologist, Geotechnical Engineering Branch.  The survey consisted of high resolution seismic reflection profiling suitable for evaluating abrupt elevation changes in the lake floor or acoustic contrasts of sediments, both potential indicators of faulting (Reference 6).


3.1.2      EXPLORATORY BORINGS


The TX‑test boring series was conceived for the purpose of tracing the downdip extent of faulting intersecting the cooling water tunnels at the site <Figure 2D‑11>.  Drilling operations occurred within the intake tunnel excavation, on the shoreline bluff and along the beach west of the site.  TX‑1 through 6 were in‑tunnel, the first test holes of the series.  Limiting conditions dictated the use of a powered drill, mounted on a steel “A” frame, stabilized by two expanding rods braced against the tunnel crown.  This system implemented an NX‑size, diamond bit, single‑tube core barrel.  Both air and water were supplied by existing utility lines used in tunnel construction.  An additional air line was used to dissipate natural gas inflows encountered in drilling.  Drilling operations on the shoreline bluff (TX‑7, 11 and 12) were conducted from truck mounted drill rigs.  TX‑8, 9 and 10 were drilled on the beach from an ATV (all terrain vehicle) mounted rig.


In‑tunnel borings were laid out at progressively greater distances south of where the fault plane intersects the intake tunnel invert.  TX‑1 was located five feet south of the fault‑invert contact, assuring advance through the fault plane would occur at a very shallow depth.  In order to establish characteristic indicators of test hole advance through faulted rock, close attention was paid to all aspects of sampling in the initial hole.  After each core run a gas detection meter was used to measure concentrations of methane emitted from the drill water.   This device was also used for safety purposes.  Cognizance of indicators from TX‑1’s advance aided in interpreting intervals in subsequent holes where faulted rock was projected to greater depths.


Test borings drilled from the shoreline bluff sought to encounter the fault at greater depths than those of the in‑tunnel boring group (several hundred feet rather than 2 to 90 feet below tunnel invert elevation).


The group of test borings located on the beach was designed to encounter a shallow southwesterly projection of the fault based on limited strike measurements attained from exposures in both tunnels and previous TX‑series borings.


Several types of in‑hole testing were performed in TX‑series holes.  Weston Geophysical Corporation conducted gamma and sonic velocity logging to confirm fault zone identification.  In addition to this, a long steel “feeler” probe (length, 10 feet) was implemented in shallow holes TX‑1, 2 and 3.  A hydrofracture in situ stress measurement study was performed in the deepest boring of the TX series (730 feet).  This effort was planned and directed by Dr. Jean‑Claude Roegiers (Project Consultant).  Instrumentation was supplied by Serv‑Kor, Inc. and pressurized fluid capability by Halliburton Services.


All rock core samples of the TX‑series were logged in detail and photographed.  All pertinent and representative core was wrapped in clear plastic.


3.1.3      SHORELINE RECONNAISSANCE


Continuous shoreline reconnaissance southwest and northeast of the site was performed with the objective of identifying evidence of offset or structural disturbance in the lacustrine and till deposits exposed by the shoreline parallel bluff contiguous to Lake Erie.  Reconnaissance was conducted a considerable distance beyond the land surface projection of the intake and discharge tunnel faulting <Figure 2D‑12>.


3.1.4      VIDEO EXAMINATION OF LAKE BOTTOM FEATURES


An underwater camera survey of the lake floor was conducted to permit close examination of the lake bottom by a diver, and provide visual aid and documentation for other technical personnel.  The intent was to examine the bedrock surface for the presence of structural features. 


The floor of Lake Erie, offshore of the Perry Nuclear Power Plant, essentially consists of a bedrock surface with a very thin covering of silt.  Locally, the bedrock surface is covered by concentrations of boulders and cobbles.


The video survey consisted of two parallel east‑west traverse lines, labeled Lines A and B, approximately 800 feet in length and 200 feet apart, previously located and horizontally surveyed offshore of the Perry Nuclear Power Plant.  The lines were selected to cover the vicinity of the updip projection of the fault noted in the intake tunnel, and to cross the projected continuation of the fault to the east.


Each traverse line consisted of five relatively evenly‑spaced stations.  The video coverage was circular in fashion around each station to a maximum radius of approximately 75 feet.  <Figure 2D‑13> shows the location of the traverse lines and stations, as well as the area of coverage around each station.


The diver, equipped with an underwater compass, described and noted the orientation of bottom features as he moved relative to the lake floor.  A two‑way communication system with surface monitor permitted the surface operator and other technical personnel to discuss the bottom conditions with the diver at the time of the survey, and to request detailed examination of specific features of interest.  In all instances, the original videotapes have been retained in their entirety.


3.1.5      DETAILED GEOLOGIC MAPPING IN THE INTAKE AND DISCHARGE TUNNELS


Four hundred lineal feet of tunnel wall rock exposure were mapped to study and document the nature of bedrock deformation encountered in the intake and discharge tunnels at the Perry Nuclear Power Plant.  The field mapping was carried out in the period from February 15 through 27, 1979.  One structure was mapped in the intake tunnel at Stations 10+25 


to 10+95.  Two bedrock structures were mapped in the discharge tunnel at Stations 11+40 to 12+00 and 13+00 to 13+70.  Both walls were mapped in each area.  Rock bolts, straps, and wire mesh on the crown, and muck and rails on the invert prevented mapping of these surfaces.  Approximately 7 vertical feet of wall were mapped on each tunnel wall.  <Figure 2D‑14> and <Figure 2D‑15> show the location of intervals mapped in the intake and discharge tunnels, respectively.


Mapping was carried out subsequent to placement of stations every 5 feet, as well as three constant elevation lines at 2‑foot intervals, along the entire mapped tunnel wall area.  Survey control for the stations and elevations lines allowed all mappable features to be located by a standard 6‑foot rule and transferred to cross section paper at a scale of 1 foot to 1 inch.  The minimum resolution of the beds mapped was 0.5 inches or approximately 1.0 centimeter.


Photomosaics of the entire mapped areas were composed from professionally taken photographs.  Closeup photomosaics of the fault zones in both tunnels provide detailed documentation of these structures.  The mapped areas of both tunnels were videotaped; approximately 3‑1/2 hours of videotape were acquired.  In all instances, the original videotapes have been retained in their entirety.


3.1.6      MICROCRACK ANALYSIS


A microcrack analysis was performed on samples of gouge obtained from the faults in the intake and discharge tunnels at the Perry site.  These investigations were performed by Dr. Gene Simmons whose complete report is included as <Appendix 2D A> to this report.  The following is a summary of the methods of investigation employed by Dr. Simmons.


Microcrack samples were acquired by Dr. Simmons and Weston personnel from the fault zone in both the intake and discharge tunnels.


The samples were acquired in such a way as to minimize production of microcracks during sampling.  Upon acquisition, the samples were carefully packed and transported to Dr. Simmons’ laboratory for analysis.


Laboratory analysis of the samples involved examination of individual microcracks with a scanning electron microscope (SEM) to determine crack length and extent of filling.  An electron dispersive X‑ray system (EDX) was used to determine the elemental composition of the material filling the observed cracks.


The details of the sampling procedure and laboratory analysis for the microcrack studies are discussed by Dr. Simmons in his report, <Appendix 2D A> to this study.


3.1.7      WATER ANALYSIS


Chemical analyses of intake and discharge tunnel faulting seepage samples were performed.  Ionic concentrations were obtained for chloride, sulfate and sodium.  In addition, salinity and pH measurements were conducted on each sample.  Comparative evaluation of data provided information on trends.


The isotopic ratios of D/H and 18O/16O were measured with a mass spectrograph for three water samples from the fault in the intake tunnel, one sample from the fault in the discharge tunnel, and two samples from Lake Erie.  A sulfur isotope analysis was attempted on samples of water from the intake and discharge tunnels and from Lake Erie.  The sulfur analysis did not succeed because of the lack of sufficient sulfur for analysis in any of the tunnel samples.


<Appendix 2D B> to this report prepared by Dr. Gene Simmons presents the basis of the technique for the hydrogen and oxygen isotype analysis.


3.2      GEOPHYSICAL STUDIES


3.2.1      EVALUATION OF PUBLISHED AND UNPUBLISHED DATA


Published and unpublished geophysical data for the immediate vicinity of the Perry nuclear site were examined for any anomalies which could be related to the fault noted in the intake and discharge tunnels.  The examination consisted of a review of published and unpublished geological and geophysical data, as well as federal and state government reports and data files.


3.2.2      MAGNETIC SURVEYS


3.2.2.1      Offshore


Total field magnetometer data were obtained over the projected strike of the fault to determine whether or not an associated magnetic signature was present.   A shipborne magnetic survey of Lake Erie consisted of 17 lines, perpendicular to the projected strike, at 200‑foot intervals <Figure 2D‑16>.  Coverage was essentially continuous along each profile, and the data were displayed by means of a strip charge recorder at a vertical scale of 200 gammas/inch.


3.2.2.2      Onshore


For onshore coverage, four separate lines were traversed with readings taken every 25 feet <Figure 2D‑17>.  Lines were operated along existing roads, which resulted in profiles oriented at 45( to the projected strike.


All data were obtained with a proton‑precession magnetometer.  For a further discussion of the magnetic survey method refer to <Appendix 2D C>, Section 2.0.


3.2.3      BOREHOLE LOGS


Gamma radiation and velocity logs were obtained in drill holes located in the intake tunnel and on the shore.  <Figure 2D‑11> is a borehole location map.  The objective of these measurements was to locate geologic units to be used as markers in determining the offset of the fault and/or to provide means of locating the fault itself.


The velocity logger measures the difference in the travel time for seismic energy, moving up a drill hole from a common source to reach two geophones separated by a known distance.  It provides a rapid, accurate measure of the in situ seismic velocities (“P” and “S” wave values) in the material between the two geophones.  For a further discussion of seismic velocity logging refer to <Appendix 2D C>, Section 4.0.


Measurements were made at 1/2‑foot intervals adjacent to the projection of the fault and at 1‑foot intervals for a distance of 10 to 20 feet away from the projection.  Selected boreholes (TX‑6, TX‑4 and TX‑7) were logged at a 1‑foot interval for their entire length.


The gamma logging was accomplished with a probe which measures the gamma radiation incident on an enclosed scintillation sensor as it moves up the hole.  In sedimentary rock sequences, the instrument responds primarily to shale content, because radioactive elements tend to concentrate in shales and clays.  At the site, the logs were obtained using two rates of ascent up the hole (20 ft/min and 3 ft/min).  The slower rate provides a smaller sampling interval and, thus, greater resolution.  For further discussion of gamma radiation logging refer to <Appendix 2D C>, Section 3.0.


3.2.4      IN SITU VELOCITY MEASUREMENTS


A seismic in situ velocity survey was conducted to examine the condition of the tunnel wall in both the intake and discharge tunnels in the vicinity of the fault.


Seismic velocity values are diagnostic of rock conditions in tunnels and provide a comparison between rock in and adjacent to the fault and rock located some distance from the fault.  For further discussion of in situ velocity measurements refer to <Appendix 2D C>, Section 4.0.


In the intake tunnel, a 6‑geophone spread (each geophone has 3 components) and a 12‑geophone spread (each geophone has one horizontal and one vertical component) were used.  Geophones were separated by 10‑foot intervals, and each spread was centered on the observed fault <Figure 2D‑18>.  In the discharge tunnel, data were obtained across the fault and across a fracture zone located 100 feet south of the fault <Figure 2D‑19>.  Two spreads were used across the fault, both with 12 (two‑component) geophones.  The first had 10‑foot spacings with the fault located 10 feet south of the center of the spread; the second had 5‑foot spacings for higher resolution and was centered on the fault.  The velocity measurements across the fracture zone were obtained with a 12‑geophone spread with 5‑foot spacings centered on the fracture zone.


Three‑component geophones, which detect vibration energy along vertical, radial and transverse alignments, were placed on pedestals drilled into both the intake and discharge tunnel walls.  Seismic energy was generated by a hammer blow against the tunnel wall adjacent to a geophone.


3.3      EVALUATION OF LOCAL SEISMICITY AROUND THE PERRY NUCLEAR POWER PLANT SITE


A detailed examination of the local seismicity around the Perry site was performed with the purpose of evaluating the validity of each epicentral location and intensity for all reported events.


A parallel compilation of all cataloged entries was made, and subsequently a local newspaper search was initiated to collect additional supporting evidence for each event.  The details on the 


sources of the data base and the texts of all new material acquired are 


presented in <Appendix 2D D>.  A separate summary evaluation was then prepared for each historical event within the 50‑mile radius of the site, taking into account cataloged entries as well as the entire file of supporting evidence.


3.4      IN SITU STRESS MEASUREMENTS


Hydraulic fracturing was performed in test boring TX‑11 in order to determine the magnitude and orientation of the in situ principal stresses.  Eight intervals were fractured between a depth of 394 and 718 feet.  TX‑11 boring rock cores were subsequently tested in the laboratory in order to provide confirmatory tensile stress data of the field data.  The in situ borehole stress program was planned and directed by Dr. J. C. Roegiers, Department of Civil Engineering, University of Toronto.  The in situ stress program methods results and conclusions are appended to this report <Appendix 2D E>.


4.0      RESULTS


4.1      GEOLOGIC


4.1.1      LITERATURE REVIEW AND PERSONAL COMMUNICATIONS


As reviewed in <Section 2.3>, Geologic Setting, bedrock throughout northeastern Ohio is not known to have been significantly affected by late Paleozoic orogenic stresses or any other tectonic disturbance.  Faulting in the sequence of evaporite and carbonate rocks comprising the Salina Group has been exposed in salt mines within the region.  These faults are attributed to dissolution of salt beds followed by failure of the overlying carbonate beds.  Structures of this type are generally believed to have been developed shortly after sediment lithification.  Alternatively, late Paleozoic orogenic stresses may have been 


sufficiently high to have caused salt flowage which induced brittle deformation of the interbedded, more competent carbonate beds.


Salina Group strata begin at a depth of approximately 1,750 feet beneath the site.  Correlations between site borings and regional exploratory drill holes do not suggest the existence of any pervasive fault or fault system.  Neither top and bottom structure contour nor isopachous maps of the “Big Lime” support the concept of a regional fault or fault system <Figure 2D‑6>, <Figure 2D‑7>, and <Figure 2D‑8>.  In the context of regional geology there is no basis for lateral extrapolation or deepening of the tunnel faulting.  Shallow bedrock deformation is exposed in outcrop seven to eight miles south of the site and had been exposed in plant area excavations. However, these structures terminate with depth on undeformed strata.  The outcrop exposure deformation was the result of glacial shove and loading (Bates Creek) and slump (Hell Hollow).  Plant area bedrock deformation was caused by late Wisconsinan glacial shove and loading.  A minimum age of 14,480,310 B.P. (Hiram ice) for the plant area deformation is inferred from a radiocarbon date of the organic debris interbedded within lacustrine sediments.


Independent opinions provided by the three reviewing geologists are in agreement that the tunnel faulting is not penecontemporaneous but is most likely caused by localized stresses created during Pleistocene time by either the advance of the ice sheet(s) and concomitant depression of the crust, or in reaction to removal of weight of the overlying ice (glacial rebound).  In addition, Dr. Robert LaFleur was requested to review the data, interpretations and conclusions of earlier investigations regarding the stated origin of the Bates Creek, Hell Hollow and plant area deformation.  He concurs that the Bates Creek and plant area deformation are the result of glacial shove and loading (active glaciotectonics) and the Hell Hollow vertical faults were the result of post glacial slumping.  These opinions had been stated in the earlier investigations by Mr. James Murphy.  Dr. LaFleur does not believe the tunnel faulting is demonstrative of either active or passive 


glaciotectonics.  In his opinion the deeper tunnel faulting is a response to the state of stress imposed by glaciation during advance or subsequent to recession (glacial rebound).  Dr. Barry Voight considered other modes of Paleozoic deformation in addition to late Paleozoic tectonism including Mesozoic‑Tertiary tectonics and miscellaneous Pleistocene ‑ Recent faulting mechanisms.  Opinions of the three reviewers are attached to this report in <Appendix 2D F>.


4.1.2      EXPLORATORY BORINGS


Fault zone indicators, revealed in the advance of TX‑1, 2 and 3, were as follows:  (1) increased vibration in drill rods; (2) a creamy grey influx to a normally light grey drill wash; (3) platy clay particles in drill wash; (4) a release of gas when the core barrel was pulled after the run; (5) a 0 to 80 percent recovery in the cored fault zone (recovery in undisturbed rock was consistently very high); (6) highly broken, rotated rock frags speckled with remnant grey clay for those portions of the fault zone that were recovered; and (7) a change in the dip to normally flat lying laminae, above, and below the fault zone.


All indicators did not occur in each boring where a fault zone was suggested.  In fact, only the loss of recovery and the character of rock that was recovered from suspect fault zones remained consistent throughout those borings.  Using these indicators, a fault zone was detected in all of the in‑tunnel borings, TX‑1 through 6.  The boring locations and depth where faulted rock was identified revealed a constant fault plane dip of 17 degrees SE.  Low gamma radiation levels and low P‑wave (compressional) velocity values coincided with zones of disturbed rock at elevations where a fault zone was logged from drilling program indicators in TX‑2, 3, 4, and 6.  TX‑1 was too shallow to log geophysically and TX‑5 caved at the fault preventing geophysical logging of the suspect zone.


The constant 17 degree fault plane dip derived from TX‑1 through 6 aided in the location of TX‑7 through 12.  TX‑7 was initially advanced to a depth of 395 feet from the shoreline bluff.  Increased rod vibration, loss of core recovery, remnant clay on broken, rotated shale fragments, and a stuck core barrel (eventually retrieved and coated on the bottom three feet with a thin grey clay) indicated a disturbed zone from 371.3 to 372.4 in TX‑7.  Geophysical logging, however, did not confirm this zone.  It is suspected that a lack of proper drill water circulation may have caused increased friction at the core barrel, falsely suggesting a zone of disturbance.


TX‑8, 9 and 10 were drilled along the beach west of the site.  Both TX‑8 and 10 encountered zones of broken rock with what appeared to be minimal clay remnants from depths of 65.85 to 66.7 feet and 63.5 to 64.9 feet, respectively.  The core characteristics were not interpreted by either the geologist who logged the core or other geologists who subsequently reviewed the core as evidence of faulting.   The absence of faulting in these borings, as interpreted on the basis of direct geologic evidence, was confirmed by geophysical logging which did not reveal faulted strata.


TX‑11 was drilled approximately 1,060 feet southeast along dip direction of the intake tunnel fault exposure.  This boring was the deepest of the TX series, drilled to a depth of 730 feet down from the shoreline bluff.  No naturally disturbed rock was encountered in the entire borehole length.  Three runs of core were disturbed by uncontrollable core barrel handling because of gas inflows.  Hydrofract stress measurements were performed in this hole in test intervals between 394 and 718 feet.


Angle hole TX‑12 was drilled from approximately the same location as TX‑7.  The drill rig employed a wire‑line, double barrel system.  The double barrel was actually able to core the fault zone materials with very little loss in recovery from 376.4 to 380.0 feet.  This boring confirmed the continuation of a 17 degree SE fault plane dip, 


approximately 230 feet horizontally southeast of the last confirmed fault zone occurrence in tunnel‑boring TX‑4.  Cored fault zone materials included angular shale fragments within several grey, clayey, gouge seams, broken fractured rock, and rock laminae with multiple dips.  TX‑12 was completed at an angle depth of 480.0 feet.


After the completion of TX‑12, TX‑7 was reamed and extended 100 feet using the double barrel, wire‑line system.  A disturbed zone was encountered from 412.8 to 413.9 feet, vertical depth.  Unlike TX‑12 a gouge zone was not recovered.  Increased drill rod vibration, a 100 psi increase in drill water pressure, 50 percent loss in recovery, and broken rotated rock, speckled with grey clay remnants suggested a zone of disturbance.  If this zone represents the fault, its location marks an increase in fault plane dip between TX‑12 and the extended TX‑7.


Geologic logs of TX‑series borings are attached as <Appendix 2D G>.


4.1.3      SHORELINE RECONNAISSANCE


Traverses northeast and southwest of the plant area along the shoreline and headward in stream cuts emerging at the beach revealed no offsets or structural disturbance of the exposed lacustrine and till deposits.  A boulder layer which occurs at the base of structureless lower till is not offset and maintains a constant elevation within the lake facing bluff.  An absence of bedrock outcrops and maintenance of boulder layer elevation are demonstrative of the lack of surface faulting.


4.1.4      VIDEO EXAMINATION OF LAKE BOTTOM FEATURES


The video survey of the Lake Erie bottom in the vicinity of the updip projection of the fault did not indicate the presence of any long continuous fractures parallel to the projected fault trace.  Those fractures which are noted show no evidence of lateral or vertical offset and seem to close with depth.  <Figure 2D‑20> shows a schematic diagram of the fracturing on the Lake Erie bottom.


4.1.5      DETAILED GEOLOGIC MAPPING IN THE INTAKE AND DISCHARGE TUNNELS


4.1.5.1      Stratigraphy


Chagrin shale at Perry, is on the order of 800 feet thick (Reference 7) based on reported thicknesses of 500 feet at Cleveland and 1,200 feet at the Ohio‑Pennsylvania border <Figure 2D‑21>.  Accordingly, the sequence of strata exposed in the tunnels is assigned here to the stratigraphic center of the Chagrin and is considered representative of the unit.  This placement is consistent with the absence, within the tunnels, of marginal lithologic sequences and fossiliferous strata.


In both tunnels, the strata dip westward to northwestward about 2 degrees (for the detailed mapping sections see <Figure 2D‑22> and <Figure 2D‑23>.  Most of the units are quite persistent in down‑tunnel directions, and because the tunnels are random exposures of the internal geometry of the Chagrin, there is reason to assume that the observed units and sequences are equally persistent from east to west, and that a part of the mapped sequence should appear in both tunnels.  Inasmuch as attempts to establish a correlation between tunnels were unsuccessful, it is concluded that the strata exposed in the intake tunnel pass below the discharge tunnel, and that the described sections are separated by a very short interval of unexplored strata.  These relationships and detailed descriptions of the mapped intervals are presented on <Figure 2D‑24>, <Figure 2D‑25>, and <Figure 2D‑26>.


The Chagrin strata exposed in the tunnels were subdivided to provide a framework within which folding and faulting in the tunnels could be described and interpreted.  Unit boundaries were selected according to their mapability across tunnel wall exposures smeared during excavation and subsequently stained and otherwise obscured by minor surficial weathering.  There is no genetic significance implied in their selection.


Bedding characteristics and stratigraphic relationships were examined to determine depositional modes and the role of penecontemporaneous deformation in the genesis of the folds and faults.  The characteristics considered most significant in their regard are:  (1) the attitude of the strata; (2) their thickness; (3) their composition and texture; and (4) the detailed nature of their boundaries.


The near‑horizontal attitude of the strata and their marked planarity indicate clearly that the immediate substrate during deposition was similarly flat and featureless, a relatively stable distal shelf environment considerably removed from a postulated northerly source of clastic detritus.  Minimal sand‑size material reached this part of the shelf, and sedimentary structures and bedforms related to sand deposition are nowhere apparent.  There is scant evidence, for example, of bedload transport of detritus, and none whatsoever of either outbuilding or proximal deposition from density currents, any of which would have produced a geometry significantly different from the planar parallel configuration of the tunnel sequence.  Virtually all sediment exposed in the tunnel reaching the site area must have been deposited from periodic suspension clouds by processes of vertical accretion.


Bedforms and stratigraphic patterns indicate that sedimentary cycles begin at the sharply defined upper boundaries of prominent siltstones or siltstone‑shale bedsets.  These commonly exhibit asymmetrical ripple marks and, very locally, are truncated to a limited extent; overall, they suggest modification by bottom currents of low velocity and constant direction.  These apparently were effective in distributing the limited amounts of available silt over fairly wide areas, probably through ripple migration; but, for the most part, were not competent to substantially modify the deposits or entrain the silt once deposited.  The presence of thin shale laminae within many siltstone beds suggests that even winnowing was at times an ineffective process.  During such periods of maximum current intensity, suspended detrital clay and 


buoyant organic debris must have been carried farther basinward and incorporated in the more distal black shale equivalents of the Chagrin.


Although the siltstones lend themselves readily to megascopic and microscopic analyses and are revealing of process‑related structures, shale is everywhere the dominant lithologic‑type comprising the lower, thicker part of each cycle.  These are mainly dark‑gray, clay shales with planar to broadly wavy, very sharply defined laminae, 1 mm to 2 cm thick, of purplish to brownish, clay shale.  The laminae, reportedly sideritic in composition, impart a “banded” aspect to the beds; there is no discernible disparity in texture between the shale types to indicate fluctuations in depositional processes.  Instead, the “banding” likely reflects oscillations in geochemical parameters and possibly detrital clay mineral composition.  The shales, therefore, are considered simple beds deposited under uniform sedimentological conditions, and rapid, spasmodic, or uneven deposition of mud are essentially ruled out by their internal structure.  Additionally, the general absence of load structures at shale‑siltstone boundaries suggests that the mud substrate was quite viscous at times of silt deposition and also that the basin was seismically inactive.


Thickness variations in these strata are restricted to the attenuation and pinch‑out of some of the more prominent siltstone beds.  These are sedimentary in origin, locally modified by compaction of the section.  Their effects on the thickness of the mapping units is negligible.


The indicated depositional setting, dominated by the process of slow vertical accretion, winnowing, sub‑elevation, and bypassing, virtually precludes the possibility of rapid sedimentation at or near the site during Chagrin sediment deposition.  Localized buildups of clastic sediment and primary slopes steep enough to generate adjustments by slumping are clearly inconsistent with the conditions postulated.  Moreover, had faulting occurred prior to total consolidation, the adjacent strata, given their clayey composition, would certainly have 


been thrown into a series of folds and pull‑apart structures, lithologic boundaries would have been grooved and polished, and shale thicknesses would have been considerably affected.  In particular, those strata between the main fault and the main splay (intake tunnel, Station 10+50 to Station 10+80) would certainly have been markedly distorted.  None of these criteria for penecontemporaneous faulting are met in this instance.  Instead, the strata are little affected to within very short distances of the fault itself where the bedforms exhibit brittle deformation as subsequently discussed.


4.1.5.2      Tunnel Structural Geology


Tunnel excavation for the intake and discharge tunnel structures exposed three limited zones of bedrock deformation in the Chagrin shale <Figure 2D‑14>, <Figure 2D‑15>, and <Figure 2D‑27>.  This deformation is characterized by low‑angle thrusting, fracturing and small‑scale folding.  Deformation in the intake tunnel extends from Station 10+85 to Station 10+55 <Figure 2D‑28>.  Similar deformation occurs in the discharge tunnel from Station 13+65 to Station 13+25 <Figure 2D‑29>.  In the discharge tunnel from Station 11+50 to Station 11+80 <Figure 2D‑30>, an interval of disturbed rock is recognized.  <Figure 2D‑31> contains geologic maps of the intake and discharge tunnel deformation.


4.1.5.2.1      Intake Tunnel Structure


Bedrock deformation exposed in the intake tunnel extends from Station 10+85 to Station 10+55 <Figure 2D‑22>.  Deformation consists of a low‑angle thrust fault which strikes and dips approximately N51E, 18S <Figure 2D‑32>.  Stratigraphic offset is 1.4 feet with the strata to the southeast, upthrown.  The throw becomes slightly less (i.e., 0.8 feet) towards the crown of the tunnel.


The brittle nature of this deformation is exemplified by the development of fractured and broken drag folds, kinks, and angular/flaggy fragments of siltstone and shale adjacent to and in the prominent gouge zone and dip‑slip striations <Figure 2D‑22> and <Figure 2D‑32>.


The gouge is light gray, plastic clay with angular fragments of siltstone and shale derived from the adjacent strata.  (<Appendix 2D H> for laboratory testing of gouge samples.)  Gouge development is greatest where the main fault component is inclined and thinnest where the fault is bedding parallel.  Associated with thrusting are numerous thin (0.1 feet) splays of gouge along which the strata have been offset.  Offsets are somewhat variable but are on the order of 0.1 feet to 0.3 feet.  In all instances, these stringers/splays are initiated at the main fault zone and die into bedding planes away from the deformation.


Drag folding is both well developed and quite pronounced.  Locally, a faint axial plane cleavage is developed at the fold hinges.  Drag folds are asymmetric, northwest verging and exhibit a distinct bedding plane parting facility.  Thin seams of gouge occur in the hinge area and parallel to this facility.  Orientations of drag fold axes are parallel to the strike of faulting.


Numerous striations are recognized on both the hanging wall and foot wall <Figure 2D‑32>.  Striations indicate the fault movement is dip slip and does not exhibit any strike‑slip component.  Striations are primarily developed along the bedding parallel sections of the fault but are also recognized in the inclined sections.


To the immediate south of the intake tunnel thrust, an asymmetric syncline is exposed <Figure 2D‑28> and <Figure 2D‑32>.  Based on limited exposure, deformation associated with folding dies out up section and increases down section.  The east wall of the intake tunnel exhibits a greater degree of fold deformation than the west wall.  This fold is characterized by bedding parallel flexural slip and minor 


northwest‑dipping thrusting on the northwest limb of the fold <Figure 2D‑28> and <Figure 2D‑32>.  Offset is minimal (0.1 feet to 0.2 feet), with thrusts merging with bedding planes.


Detailed examination of the intake tunnel fault <Figure 2D‑28> indicates that the hanging wall is apparently more deformed than the footwall; deformation is brittle in nature and appears to diminish up section.


4.1.5.2.2      Discharge Tunnel Structure


Two zones of bedrock deformation are exposed in the discharge tunnel <Figure 2D‑29> and <Figure 2D‑30>.  Both structures are the result of compression.  The structure closest to the shoreline is very minor and essentially a kink fold with very minor displacement along the hinge line.  The second and farthest offshore structure is similar to the intake tunnel fault.


The nearshore structure is located approximately at Station 11+70 <Figure 2D‑30>.  Most of the deformation was accommodated by abrupt monoclinal strata bending.  The hinge line (plane of deformation) has a strike and dip of N16E, 35SE <Figure 2D‑27>.  Stratigraphic offset dies out below the tunnel crown into a fractured/flexed zone immediately overlain by flat‑lying strata.  At the invert, the stratigraphic offset (mostly attributable to monoclinal flexure) is approximately 0.4 feet with the southeastern strata upthrown.  Distinctly zigzag in character, the structure exhibits gouge, localized fracturing, and flexuring of adjacent strata <Figure 2D‑30>.


The gouge is similar to that developed elsewhere in the tunnels but quite thin (0.1 feet).  Apart from the variation in strike and displacement magnitude <Figure 2D‑27>, the style and the sense of offset are similar to other zones of deformation exposed in the tunnels.


The main zone of deformation in the discharge tunnel extends from Station 13+25 to Station 13+60 <Figure 2D‑29>.  Deformation is remarkably similar in style and nature to the intake exposure.  The discharge thrust strikes and dips N61E, 13SE with the strata to the southeast upthrown approximately 0.8 feet <Figure 2D‑31>.  Associated with faulting are drag folds, fracturing and well developed gouge <Figure 2D‑23>.  The gouge is light gray, plastic and contains angular, randomly oriented fragments of siltstone and shale derived from the adjacent strata.  Gouge development, as in the intake tunnel, is a function of the geometry of the fault plane.  The thinnest gouge zones occur where the fault is bedding parallel while the thickest zones occur where the fault plane steepens.


Drag folds are quite prominent, with a northwest‑verging sense and fold axes parallel to the strike of the fault.  Hinge areas of the drag folds show a slight axial plane cleavage and the development of bedding parallel flexural‑slip gouge.


Fracturing is intense in the vicinity of Station 13+40 where the fault plane is essentially bedding parallel.  Associated with this fracturing are numerous small gouge‑filled offsets.  Stratigraphic analysis indicates that the strata here have been overthickened slightly due to thrusting.


Numerous splays/stringers of gouge trend out from the fault zone and exhibit minor offsets (0.1 feet to 0.4 feet).  These splays/stringers, which die into bedding, become more frequent toward the crown of the tunnel and account for the diminished offset along the fault plane.


Striations are recognized on both the hanging and footwalls.  Striation orientations indicate a dip‑slip motion with no evidence of a strike‑slip component <Figure 2D‑33>.


Based on structural style, orientation and sense of offset, the two main thrusts exposed in the tunnels are apparently the same structure.  Faulting is distinctly brittle with deformation confined to the immediate vicinity of the faulting <Figure 2D‑33>.  The small‑scale thrust at Station 11+70 in the discharge tunnel may be an en echelon structure or a splay off the main fault.  However, based on limited structural data, the latter is favored.


4.1.6      MICROCRACK ANALYSIS


Dr. Gene Simmons performed an analysis of microcracks observed within gouge obtained from the fault zone in the intake and discharge tunnels at the site.  Dr. Simmons’ complete report is included as <Appendix 2D A> to this report.  The following is a summary of the results of the Simmons’ investigations.


Specimens of the gouge and the adjacent country rock were prepared in a form suitable for the examination of microcracks and elemental compositions of individual minerals by the SEM.  Two types of cracks were observed.  The first type is caused by unavoidable desiccation of the sample.  Desiccation cracks occur subsequent to sampling and are unrelated to tunnel deformation and are recognized as such on the basis of criteria developed previous to the present studies.  The second type of crack appears to be related to the last movement on the fault and always contains new mineral growths that extend completely across the crack.


Approximately 350 cracks of the type produced by faulting were examined in six samples.  Every crack examined contained approximately one percent new mineral growth.


On the basis of previous observations of several thousand microcracks in a wide variety of rock types, healed microcracks appear to be ubiquitous in rocks.  Evidently, the microcracks begin to heal immediately on 


forming.  The degree of healing can be a measure of the amount of time that has been available for the microcrack to heal.  The exact mathematical description of the function that relates degree of filling to elapsed time since the crack was formed is unknown, but is likely S‑shaped and asymptotic to the zero and 100 percent values.  Two data points have been obtained ‑ one point at one million years (possibly two to five million years) from sandstone at the Satsop site (Reference 8), the other at 18.5 million years from shocked rock at Ries Crater, Germany (Reference 9).


The rate of healing of microcracks is very likely a function of temperature, pressure, mineralogy, and the composition and flow rate of pore fluids.  Fortunately, the conditions at the Perry site and at the Satsop site are quite similar, and the degree of filling of the cracks at each site are comparable.  Therefore, the data obtained previously for the Satsop site form a suitable basis on which to estimate the age of the microfractures in the gouge zone at Perry.


On the basis of a thorough examination of the microcracks in six representative samples of the gouge and country rock from the fault, or faults, in the intake tunnel and the discharge tunnel and from the fracture zone in the discharge tunnel, it is concluded that the time of last movement of each of these faults is approximately one million years and may be as old as two to five million years.


4.1.7      WATER ANALYSIS


Chemical analyses of tunnel faulting seepages indicate a salinity concentration ranging from 14.4 to 8.4 percent during the period of April 17, 1978 to March 6, 1979.  Both the intake and discharge tunnel seepages indicated decreases in salinity, chloride and sodium concentrations with time.  No apparent trend for relatively low sulfate concentrations was established.  Measurements of pH were uniform ranging between 7.2 and 8.0.  Table 1 contains the results of these analyses.


Salts within Chagrin shale groundwater are not uncommon for northeastern Ohio.  Compositionally, no salts are known within the Chagrin shale member of Ohio Shale formation.  Salt bearing strata of the Salina Group occur more than 1,650 feet below the tunnel.  Even though tunnel faulting is not presumed to extend into the Salina salt beds, the impervious character of the Chagrin shale including the tunnel fault zones would tend to confine the upward flow of salt‑saturated groundwater from a great depth.  It is more probable that sediment pore water residuum has been diluted by meteoric recharge water in a manner originally suggested by L. U. DeSitter in 1947 (Reference 10).  This contention is supported by the isotopic ratio results subsequently discussed.


The isotopic ratios of D/H and 18O/16O were measured with a mass spectograph for three samples of water from the fault in the intake tunnel, one sample from the fault in the discharge tunnel, and two samples from Lake Erie.  The three samples from the intake tunnel differ insignificantly from each other and from the sample from the discharge tunnel.  The two lake samples differ insignificantly from each other.  However, the waters from the fault(s) differ significantly from the lake water.  All three water samples have a meteoric origin.  A sulfur isotope analysis was attempted unsuccessfully on the waters from the fault and Lake Erie.  The data obtained indicate a high sulfur content for the lake waters and essentially no sulfur in the waters from the fault.


The interpretation of the present set of data is that the ‘fault water’ is not Lake Erie water. <Appendix 2D B>, prepared by Dr. Simmons, presents the details of the results for the hydrogen and oxygen isotope analysis.


4.2      GEOPHYSICAL STUDIES


4.2.1      EVALUATION OF PUBLISHED AND UNPUBLISHED GEOPHYSICAL DATA


A review has been made of the available published and unpublished geophysical data for the immediate site area of the Perry site.  These data include shipborne, high resolution, seismic reflection surveying (Reference 6)(Reference 11)(Reference 15), shipborne magnetic data (Reference 12)(Reference 15), aeromagnetic surveys (Reference 13) (Reference 14), and gravity data (Reference 15)(Reference 16).


The seismic reflection surveys indicate no evidence of either abrupt changes in the Paleozoic bedrock surface beneath the lake or disruptions of the overlying unconsolidated lake bottom sediments (Reference 6) (Reference 11)(Reference 15).  Several profiles which would have crossed the projection of the faults noted in the intake and discharge tunnels did not indicate vertical offset (Reference 6).


The resolution of the seismic reflection survey is discussed in each study.  Williams (Reference 6), with regard to the high resolution seismic reflection survey performed by the U.S. Army Coastal Engineering Research Center, states “...in the vicinity of the Perry Power Plant.  The records don’t exhibit enough sub‑bottom penetration into the shale bedrock to expose fault features, but I don’t see abrupt changes in the lake floor or acoustic contrasts of sediments to suggest that faults are present.”  Wall (Reference 11)(Reference 15), with regard to the reflection seismic survey carried out under his direction in 1960, states on Page 3 of (Reference 15) that (1) “The sub‑bottom sounding system as it was set up and operated on ship was adversely affected by the shallow depth of the lake.  The fact that the water depth, which did not exceed 100 feet, was close to the “thumper” hydrophone separation led to a nonlinear printout of the PDR (precision depth recorder).  In addition, the use of a PDR (precision depth recorder) with a scale range of 2,400 feet resulted in all the data being compressed into the top 2 


or 3 inches of the record thus making it difficult to sort out and read accurately.”  Wall goes on to state on Page 92 of (Reference 11) that “discrepancies in depths to these reflections {Wall is describing several sub‑bottom reflectors he noted} at the intersections {of track lines} were generally less than 6 feet.”


A shipborne magnetic survey in the site area, which consisted of three north‑south profile lines at five‑mile spacings and one east‑west line, shows no evidence for any linear trends parallel to the projected trace of the intake and discharge faults (Reference 12)(Reference 15).


Resolution of the shipborne magnetic surveys was described by Wall on Page 52 of (Reference 15) and Peters and Wall on Page 2 of (Reference 12) as follows:  “Discrepancies in the magnetic data at track intersection averaged about 50 gammas.”  Wall on Page 60 of (Reference 15) goes on to state “...that the sources of the observed magnetic anomalies must lie within the Precambrian basement rock.”


Similarly, the aeromagnetic surveys which were parallel to the projected trace of the fault and widely spaced (flight line separation on the order of five to ten miles) do not suggest any linear magnetic anomalies in the near‑site area of the Perry plant (Reference 13)(Reference 14).


Meyers on Page 40 of (Reference 14) states in his discussion of the instrumentation employed for the aeromagnetic surveys performed by both Ahern (Reference 13) and himself that “...each reading can only be assumed accurate to within 3 gammas.”  Meyers (Reference 14) also noted on Page 32 that “the flight lines plotted are accurate to 1.0 miles.”  Finally, he notes on Page 97 of (Reference 14) that “these bodies {which cause the anomalies}...would have depths of burial between 1.4 and 1.6 kilometers below lake surface.”


The shipborne gravity data reported by Wall consist of a single traverse in the site area (Reference 15).  The relatively widely spaced shipborne 


gravity data are interpreted by Wall as indicative of lithologic variations within the Precambrian basement and not indicative of structure.  Wall’s interpretation is similar to Heiskanen and Uotila (Reference 17), who interpreted most of the gravity anomalies in Ohio as reflective or lithologic variations in the Precambrian basement.


With regard to scatter within the gravity data, Wall on Page 84 of (Reference 15) states that “it {scatter} does not exceed (10 dial division or about 3 milligals.”  He goes on to state on Page 55 that “while the data do not warrant a detailed interpretation, it can be shown that for the most part the origin of the observed anomalies must lie within the Precambrian crystalline rocks.”  O’Hara et al (Reference 16), supports Wall’s conclusions with regard to the origin of the gravity anomalies in the Lake Erie region.


4.2.2      MAGNETIC SURVEY


The magnetic profiles taken from Lake Erie traverses <Figure 2D‑34>, <Figure 2D‑35>, <Figure 2D‑36>, <Figure 2D‑37>, <Figure 2D‑38>, <Figure 2D‑39>, <Figure 2D‑40>, <Figure 2D‑41>, and <Figure 2D‑42>, display a generally flat signature.  All of the significant peaks appear to be related to cultural influences such as drill barges and metal pipes.  There are no significant anomalies which are associated with the projection of the fault on the lake bottom.  Offsets as small as those noted in the tunnels (one to two feet) would, however, probably not be detectable.


The land magnetic profiles <Figure 2D‑43>, <Figure 2D‑44>, <Figure 2D‑45>, <Figure 2D‑46>, <Figure 2D‑47>, and <Figure 2D‑48>, show generally erratic signatures which are attributed primarily to cultural sources.  There is no fault‑related magnetic signature.


4.2.3      BOREHOLE LOGS


Units which could be used as marker beds, as a result of either an anomalous velocity or radiation level, were not detected in the geologic section <Figure 2D‑49> and <Figure 2D‑50>.  This is probably because of the relative macroscopic homogeneity of the Chagrin shale as evidenced by the thinness of the individual beds within the Chagrin.  Offset which could be associated with the fault could not be determined.


In borings TX‑3, TX‑4 and TX‑6, velocity logs show low velocity values associated with the fault.  No such velocity “lows” are observed outside the tunnel in either the down‑dip (TX‑7) or along the strike (TX‑8, TX‑9 TX‑10) projection of the fault.  Outside the fault zone, the measured velocity is 10,500+ fps.  Within the fault zone, the velocity that was measured is approximately 6,000 fps; this lower velocity value at the fault zone is probably due to the PVC casing and the actual velocity value of the zone may be even lower.


In the tunnel drill holes (TX‑3, TX‑4 and TX‑6), a low level of gamma radiation can be associated with the fault.  However, the signature is not very marked.  It appears that certainly the low P‑wave velocity values can, and possibly the low radiation levels may, be used as distinguishing characteristics of the fault.


4.3      EVALUATION OF LOCAL SEISMICITY AROUND THE PERRY NUCLEAR POWER PLANT SITE


A detailed study of the local seismicity around the Perry site was made with some significant observations <Appendix 2D D>.  In brief, the local historical seismicity is low:  less than 50 events over a period of a century and a half, and no intensity larger than Intensity V Modified Mercalli.  In general, assigned intensities can be considered conservative, and epicentral coordinates relatively uncertain.  This uncertainty results, in part, from soil amplification and population 


distribution which make it difficult in many cases to delineate a clear epicentral area.  As a consequence of this epicentral uncertainty, apparent alignments or clustering of epicenters have no reliable tectonic significance.  Details on local seismicity evaluations are presented in <Appendix 2D D>.


4.4      IN SITU STRESS MEASUREMENTS


Data regarding the orientation and magnitude of the complete stress tensor were obtained for the test intervals between 394 and 718 feet in TX‑11.  The direction of (1 was consistent with stress orientations over a regional basis.  The stress magnitudes (the horizontal stresses are the maximum and intermediate principal stresses) fall within the limits of stresses measured in other parts of northeastern and north central United States and in southern Canada.  The vertical component corresponds closely to the anticipated overburden pressure.


At the shallower depths, the tendency for (1 ~ (2 ~ (3  is well defined and extrapolations of existing measurements to the surface are reasonable.  No high stress magnitudes were experienced in either the tunnel or plant area excavations or concluded from measurements of extensometers installed in the bedrock walls of the emergency service water pumphouse.  These conclusions regarding stresses in plant structure excavations are consistent with the extrapolation of the deeper in situ borehole measurements.  Below a depth of approximately 600 feet, both (Hmin and (Hmax show an increase in gradient, with the gradient for (Hmax being larger.  Data conclusions and an overview of the hydraulic fracturing technique are attached as <Appendix 2D E>.


5.0      CONCLUSIONS


Based on structural style, orientation and sense of offset, the thrust fault exposed in each tunnel is apparently the same feature or en echelon.  Faulting is distinctly brittle with deformation confined to the immediate vicinity of the fault plane.  The zigzag fracture pattern 


and accompanying evidences of flexure characterizing the more southerly discharge tunnel deformation may be an en echelon structure, but more probably represents a splay from the main fault.


Paleozoic Tectonics, Mesozoic‑Tertiary Tectonics and Pleistocene‑Recent faulting mechanisms were considered.  Regarding mid‑Paleozoic deformation, the concept of soft sediment deformation can be ruled out by the brittle nature of observed deformation.  The tunnel fault formed following lithification of the shale sequence.  Notwithstanding interpretation regarding age, pre‑Pleistocene tectonics are evaluated primarily in consideration of geometric data on tunnel fault strike and shallow dip.  Alleghenian (Appalachian) orogenic compressional stresses propagated northwesterly, employing Salina salt bed decollements, would be technically feasible.  Upward propagation of faulting at low dip angles, as with the tunnel faulting, would be compatible.  Alternatively, southeasterly gravitational movement during late Paleozoic or early Mesozoic time was possible when overburden pressure and formation temperatures were about at peak values.  Again, a majority of the lateral movement would be expected to occur upon the Salina salts.  Relatively high loading conditions existing during glaciation with high stress gradients near ice sheet boundaries may have activated flowage deformation within the salt which resulted in underthrusting of the more competent overlying strata.  Other mechanisms associated with deeper rooted deformation such as basement‑block faulting and differential warping of Paleozoic strata would tend to produce normal faulting in overlying formations, not thrust faults.


Data regarding the age of faulting were derived from field and laboratory studies.  An age determination from fault gouge mineralization could not be undertaken because none of the constituent minerals contained radioactive isotopes suitable for dating.  However, on the basis of syn and/or post‑deformational mineral growth extending completely across fault zone microcracks related to the last movement on 


the fault, Dr. Simmons concludes that the time of last movement for each of the tunnel fault segments is approximately one million years but may be as old as two to five million years or as young as 0.8 million years.


Comparisons of the Perry microcrack data to similar data from other locales were employed in age determinations.  Allowances for variability in factors such as temperature, pressure, and chemical environment and uncertainty related to mineral growth rates could suggest a greater range in estimated formation time.  Notwithstanding the foregoing consideration, it is not reasonable to postulate a Recent age for last fault movement.  Microcrack mineral growth bridges, some of which are quite delicate, remained intact and unruptured during the period of historical seismicity.


During faulting, the orientation of the maximum principal stress was oriented normal to fault strike.  In situ stress measurements employing the hydrofracture technique demonstrate that the stress field orientation has changed since faulting.  The maximum principal stress consistent with the prevailing regional stress field is parallel to fault strike.  The magnitude of vertical stresses measured is as expected for calculated overburden pressure.  Reorientation of the stress field must have occurred during Pleistocene time in response to glaciation.  Deposits of three major stages are recognized in northeastern Ohio.   No Nebraskan stage deposits have been identified in Ohio.  It is not known which major ice advance or minor recessional‑readvance cycle altered the stress field prevailing during the last fault movement.  This method of qualitatively dating the last fault movement is in agreement with the microcrack study.


Dr. Voight hypothesizes on the basis of maximum past consolidation pressure of the fault gouge that the associated overburden pressure was not substantial but on the order inferred from an ice sheet considerably thinner than that estimated for northeastern Ohio at the Laurentide maximum.  On this basis the last fault movement is more likely 


associated with deglaciation‑rebound than an ice sheet advance.  However, rock‑to‑rock contacts across the fault zone, as well as the step‑like pattern of faulting, were documented during detailed mapping of the deformed tunnel segments.  Furthermore, Dr. Voight suggests from extrapolations of fault displacement data that approximately 70 feet of undeformed bedrock overlie the updip projection of faulting.  Therefore, it is doubtful whether the fault gouge would have experienced maximum overburden loading during any of the major or minor glacial stage advances when ice thicknesses exceeded several thousand feet.  Hence, the ages of movement for the fault based on gouge consolidation tests is not reliable.


The most reasonable interpretation of all the data is that the tunnel deformation or at least the last movement on the fault was a Pleistocene event associated with glaciation.  Candidate mechanisms include ice‑sheet traction, differential down‑bowing with glacial advance, differential rebound with glacial retreat, surficial stress‑relief or “pop‑up” and subsurface salt tectonics, the latter as previously discussed.  More probable were glacio‑isostatic uplift and surficial stress relief during deglaciation rebound.  Recurrent movement on deeper‑seated pre‑Pleistocene structures or faults, either by direct propagation or by en echelon deformation could have been possible.  Both of the latter would have been activated by glacial ice loading or unloading.  The conclusions of these investigations, the opinions of the independent reviewing geologists and lack of evidence to the contrary are consistent; the fault is not capable as defined in <10 CFR 100, Appendix A>.
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3.0      DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS


3.1      CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA


3.1.1      SUMMARY DESCRIPTION


This section contains an evaluation of the design bases of Perry Nuclear Power Plant (PNPP) as measured against the NRC General Design Criteria for Nuclear Power Plants, <10 CFR 50, Appendix A>, effective May 21, 1971, and subsequently amended July 7, 1971.  The NRC General Design Criteria which are divided into six groups and total 55 in number are intended to establish minimum requirements for the design of nuclear power plants.


It should be noted that the NRC General Design Criteria were not written specifically for the BWR; rather, they were intended to guide the design of all water‑cooled nuclear power plants.  As a result, the criteria are general in nature and subject to a variety of interpretations.  For this reason, there are some cases where conformance to a particular criterion is not directly measurable.  In these cases, the conformance of plant design to the interpretation of the criterion is discussed.  For each of the 55 criteria, a specific assessment of the plant design is made and a complete list of references is included to identify where detailed design information pertinent to each criterion is treated in the SAR.


Based on the content herein, the Perry Nuclear Power Plant fully satisfies and is in compliance with the NRC General Design Criteria.


3.1.2      CRITERION CONFORMANCE


3.1.2.1      Group I, Overall Requirements (Criteria 1‑5)


3.1.2.1.1      Criterion 1 ‑ Quality Standards and Records


Structures, systems and components important to safety shall be designed, fabricated, erected, and tested to quality standards commensurate with the importance of the safety functions to be performed.  Where generally recognized codes and standards are used, they shall be identified and evaluated to determine their applicability, adequacy and sufficiency and shall be supplemented or modified as necessary to assure a quality product in keeping with the required safety function.  A quality assurance program shall be established and implemented in order to provide adequate assurance that these structures, systems and components will satisfactorily perform their safety functions.  Appropriate records of the design, fabrication, erection, and testing of structures, systems and components important to safety shall be maintained by or under the control of the nuclear power plant unit licensee throughout the life of the unit.


3.1.2.1.1.1      Evaluation Against Criterion 1


Structures, systems and components important to safety are listed in <Table 3.2‑1>.  The total quality assurance program is described in <Chapter 17> and is applied to the items identified by a quality group classification in this table.  The intent of the quality assurance program is to assure sound engineering in all phases of design and construction through conformance to regulatory requirements and design bases described in the license application.  In addition, the program assures adherence to specified standards of workmanship and implementation of recognized codes and standards in fabrication and construction.  It also includes the observance of proper preoperational and operational testing and maintenance procedures as well as the 


documentation of the foregoing by keeping appropriate records.  The total quality assurance program of the applicant and its principal contractors is responsive to and satisfies the intent of the quality‑related requirements of <10 CFR 50>, including <10 CFR 50, Appendix B>.


Structures, systems and components are first classified in Chapter 3 with respect to their relationship to the safety function to be performed.  Recognized codes and standards are applied to the equipment in these classifications as necessary to assure a quality product in keeping with the required safety function.


Records are maintained which demonstrate that all the requirements of the quality assurance program are being satisfied.  This documentation shows that appropriate codes, standards and regulatory requirements are observed, specified materials are used, correct procedures are used, qualified personnel are provided, and that the finished parts and components meet the applicable specifications for safe and reliable operation.  These records are available so that quality‑related information is retrievable for reference.  These records will be maintained during the life of the operating licenses.


The detailed quality assurance program developed by the applicant and its contractors satisfies the requirements of Criterion 1.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Plant Description <Section 1.2>


c.
Classification of Structures, Components and Systems <Section 3.2>


d.
Quality Assurance Program <Section 17.0>


3.1.2.1.2      Criterion 2 ‑ Design Bases For Protection Against





Natural Phenomena


Structures, systems and components important to safety shall be designed to withstand the effects of natural phenomena such as earthquakes, tornadoes, hurricanes, floods, tsunamis, and seiches without loss of capability to perform their safety functions.  The design bases for these structure systems, and components shall reflect:  (1) appropriate consideration of the most severe of the natural phenomena that have been historically reported for the site and surrounding area, with sufficient margin for the limited accuracy, quantity and period of time in which the historical data have been accumulated, (2) appropriate combinations of the effects of normal and accident conditions with the effects of the natural phenomena and (3) the importance of the safety functions to be performed.


3.1.2.1.2.1      Evaluation Against Criterion 2


The design criteria adopted for structures, systems and components depend on the magnitude and the probability of occurrence of natural phenomena at this specific site.  The designs are based on the most severe of the natural phenomena recorded for the site with an appropriate margin to account for uncertainties in the historical data.  Detailed discussion of the various phenomena considered and the design criteria developed are presented in the SAR Sections listed below.


The design criteria meet the requirements of Criterion 2.


For further discussion, see the following sections:


a.
Meteorology <Section 2.3>


b.
Hydrologic Engineering <Section 2.4>


c.
Geology and Seismology <Section 2.5>


d.
Classification of Structures, Components and Systems <Section 3.2>


e.
Wind and Tornado Loadings <Section 3.3>


f.
Water Level (Flood) Design <Section 3.4>


g.
Missile Protection <Section 3.5>


h.
Seismic Design <Section 3.7>


i.
Design of Seismic Category I Structures <Section 3.8>


j.
Mechanical Systems and Components <Section 3.9>


k.
Seismic and Dynamic Qualification of Mechanical and Electrical Equipment <Section 3.10>


3.1.2.1.3      Criterion 3 ‑ Fire Protection


Structures, systems and components important to safety shall be designed and located to minimize, consistent with other safety requirements, the probability and effect of fires and explosions.  Noncombustible and heat resistant materials shall be used wherever practical throughout the unit, particularly in locations such as the containment and control room.  Fire detection and fighting systems of appropriate capacity and capability shall be provided and designed to minimize the adverse effects of fires on structures, systems and components important to safety.  Fire fighting systems shall be designed to assure that their rupture or inadvertent operation does not significantly impair the safety capability of these structures, systems and components.


3.1.2.1.3.1      Evaluation Against Criterion 3


Structures are designed and located to avoid the propagation and minimize the effects of fire.  This is done by the location of fire walls and by using noncombustible building materials where possible.  Systems are designed to minimize their effect on initiating or contributing to the spread of a fire.  Components are selected, where possible, to be of noncombustible materials, thus minimizing the possibility of fueling a fire.


The plant fire protection system includes the following provisions:


a.
Automatic fire detection equipment in those areas where fire danger is greatest.


b.
Fire fighting systems include sprinkler, water spray, preaction, carbon dioxide, and foam systems, installed to provide control and extinguishment of various fire hazards.  In addition, hose stations and portable fire extinguishers are provided throughout the plant.  These fire fighting systems are designed so that rupture or inadvertent operation will not significantly impair the safety capability of structures, systems and components.


The design of the fire protection system thus meets the requirements of Criterion 3.


For further discussion, see the following sections:


a.
Construction Materials <Section 3.8>


b.
Separation Criteria <Section 8.3>


c.
Instrumentation and Controls <Section 7.0>


d.
Electric Power <Section 8.0>


e.
Fire Protection <Section 9.5.1>


f.
Conduct of Operations <Section 13.0>


3.1.2.1.4      Criterion 4 ‑ Environmental and Missiles Design Bases


Structures, systems and components important to safety shall be designed to accommodate the effects of and to be compatible with the environmental conditions associated with normal operation, maintenance, testing, and postulated accidents, including loss‑of‑coolant accidents.  These structures, systems and components shall be appropriately protected against dynamic effects, including the effects of missiles, pipe whipping and discharging fluids, that may result from equipment failures and from events and conditions outside the nuclear power unit.


3.1.2.1.4.1      Evaluation Against Criterion 4


Structures, systems and components important to safety are designed to accommodate the effects of and to be compatible with the environmental conditions associated with normal operation, maintenance, testing, and postulated accidents, including loss‑of‑coolant accidents.


These structures, systems and components are appropriately protected against dynamic effects including the effects of missiles, pipe whipping and discharging fluids that may result from equipment failures and from events and conditions outside the plant.


The electrical equipment, instrumentation and associated cable for protection of engineered safety features systems which are located inside the containment are discussed in the SAR sections listed below 


indicating the design requirements in terms of the time which each must survive the extreme environmental conditions following the loss‑of‑coolant accident.


The design of these structures, systems and components meets the requirements of Criterion 4.


For further discussion, see the following sections:


a.
Meteorology <Section 2.3>


b.
Hydrologic Engineering <Section 2.4>


c.
Geology and Seismology <Section 2.5>


d.
Classification of Structures, Components and Systems <Section 3.2>


e.
Wind and Tornado Loadings <Section 3.3>


f.
Water Level (Flood) Design <Section 3.4>


g.
Missile Protection <Section 3.5>


h.
Criteria for Protection Against Dynamic Effects Associated with the Postulated Rupture of Piping <Section 3.6>


i.
Seismic Design <Section 3.7>


j.
Design of Seismic Category I Structures <Section 3.8>


k.
Mechanical Systems and Components <Section 3.9>


l.
Seismic and Dynamic Qualification of Mechanical and Electrical Equipment <Section 3.10>


m.
Environmental Design of Mechanical and Electrical Equipment <Section 3.11>


n.
Integrity of Reactor Coolant Pressure Boundary <Section 5.2>


o.
Engineered Safety Features <Section 6.0>


p.
Instrumentation and Controls <Section 7.0>


q.
Electric Power <Section 8.0>


3.1.2.1.5      Criterion 5 ‑ Sharing of Structures, Systems and Components


Structures, systems and components important to safety shall not be shared among nuclear power units unless it can be shown that such sharing will not significantly impair their ability to perform their safety functions, including, in the event of an accident in one unit, an orderly shutdown and cooldown of the remaining units.


3.1.2.1.5.1      Evaluation Against Criterion 5


The Perry Nuclear Power Plant Unit 1 and Unit 2 share certain common facilities and have some cross‑ties between systems as discussed below:


a.
Fuel Handling Facility.  This facility to receive and prepare new fuel and to store and ship spent fuel is common between the two units.  Each unit has its own fuel transfer facility and its own reactor refueling equipment.  The common fuel handling facility is 



not an engineered safety feature and does not impair the ability to safely shut down either or both units under normal or accident conditions.


b.
Spent Fuel Pool Cooling and Cleanup System.  This is a common facility used to service the common spent fuel pool (Item a., above) and also the upper refueling and fuel transfer pools located in each containment.  This system is not an engineered safety feature.


c.
Radwaste Building.  This shared facility is not an engineered safety feature and does not affect the ability to safely shut down either or both units.


d.
Sampling System.  Parts of this system which concern the fuel handling facility and the radwaste system are common to both units but are not safety‑related.


e.
Intake/Discharge Tunnels and Emergency Service Water Pumphouse.  These shared facilities are Seismic Category I structures and no credible accident could prevent the safe shutdown of the two units.


f.
Cooling Water Systems.



1.
The service water system is common to both units but is not an engineered safety feature.  Redundant equipment is provided in this system to ensure reliable operation.



2.
The nuclear closed cooling system is a shared system but is not an engineered safety feature.  Redundant equipment is provided in this system to ensure reliable operation.


g.
Compressed Air Systems.



1.
Service Air Systems.  Each unit has its own service air compressor, each sized to provide the air requirements of both units and shared facilities.  The two‑unit service air systems are interconnected by a header from which the shared facilities can be served by either system.  The two‑unit systems provide redundancy for continued operation but are not essential for safe shutdown.



2.
Instrument Air Systems.  Each unit has its own instrument air compressor, each sized to provide the air requirements of both units and shared facilities.  Instrument air for each unit is normally supplied from its own service air system backed up by its own instrument air compressor.  Unit 1 and Unit 2 can be supplied from either unit’s instrument air system.  The two‑unit systems thus provide redundancy for continued operation but are not essential for safe shutdown.


h.
Control Room.  The controls and instrumentation for Unit 1 and Unit 2 are located in a common control complex but are separated to ensure that no credible incident could prevent the safe shutdown of either or both units.  In addition, separate facilities are provided for each unit outside the control room to permit safe shutdown of that unit.


i.
Electrical Systems.  Each unit has its own complete electrical system and under normal conditions operates independent of the other.  Cross‑ties (with normally open circuit breakers) are provided for maintenance purposes, however, these cross‑ties are so arranged that they do not affect the safety of either unit.


j.
Auxiliary Boiler.  A common auxiliary boiler is provided to meet the heating requirements of both units.  This is nonsafety‑related equipment that does not affect the safe shutdown of either or both units.


k.
Standby Liquid Control Transfer System.  This is a system used for providing a makeup volume of boron solution to Unit 1 standby liquid control system storage tank.  The auxiliary mixing tank of this system is designed nonsafety class, Seismic Category I.  Piping and components installed for transferring solution to the storage tanks are designated safety class, Seismic Category I.


l.
Control Room HVAC System, Emergency Recirculation Mode.  Both Unit 1 and Unit 2 control rooms share this system which is composed of two, 100 percent capacity filter trains, activated on receipt of an emergency signal.  Portions of this system are designated safety class, Seismic Category I, as reflected in <Table 3.2‑1>.


m.
Annulus Exhaust Gas Treatment System (AEGTS).  This system is designed with two redundant exhaust trains, one directing exhaust to the Unit 1 main vent, and the other directing exhaust to the Unit 2 main vent.  Both Unit 1 and Unit 2 have an AEGTS that is designated safety class, Seismic Category I.


It is concluded that the above discussed shared facilities do not impair the ability of safety equipment of either unit to perform their safety functions and therefore meet the requirements of Criterion 5.


For further discussion, see the following sections:


a.
General Description of Plant <Section 1.2>


b.
Instrumentation and Controls <Section 7.0>


c.
Electric Power <Section 8.0>


d.
Fuel Storage and Handling <Section 9.1>


e.
Spent Fuel Pool Cooling and Clean‑up System <Section 9.1.3>


f.
Water Systems <Section 9.2>


g.
Compressed Air Systems <Section 9.3.1>


h.
Process Sampling System <Section 9.3.2>


i.
Radioactive Waste Management <Section 11.0>


j.
Standby Liquid Control System <Section 9.3.5>


k.
Ventilation System Design <Section 6.4.2.2>


l.
Secondary Containment <Section 6.5.3.2>


3.1.2.2      Group II, Protection by Multiple Fission Product Barriers (Criteria 10‑19)


3.1.2.2.1      Criterion 10 ‑ Reactor Design


The reactor core and associated coolant, control and protection systems shall be designed with appropriate margin to assure that specified acceptable fuel design limits are not exceeded during any condition of normal operation, including the effects of anticipated operational occurrences.


3.1.2.2.1.1      Evaluation Against Criterion 10


The reactor core components consist of fuel assemblies, control rods, in‑core ion chambers, neutron sources, and related items.  The mechanical design is based on conservative application of stress limits, operating experience and experimental test results.  The fuel is designed to provide high integrity over a complete range of power levels including transient conditions.  The core is sized with sufficient heat transfer area and coolant flow to ensure that fuel design limits are not exceeded under normal conditions or anticipated operational occurrences.


The reactor protection system is designed to monitor certain reactor parameters, sense abnormalities and to scram the reactor thereby preventing fuel damage when trip points are exceeded.  Scram trip setpoints are selected on operating experience and by the safety design basis.  There is no case in which the scram trip setpoints allow the core to exceed the thermal hydraulic safety limits.  Power for the reactor protection system is supplied by two independent ac power supplies.  An alternate power source is available for each bus.


An analysis and evaluation has been made of the effects upon core fuel following adverse plant operating conditions.  The results of abnormal operational transients are presented in <Chapter 15.0> of the SAR and show that the MCPR does not fall below the transient MCPR limit, thereby satisfying the transient design basis.  Oscillation Power Range Monitor (OPRM) system provides compliance with Criterion 10 <Section 7.6.1.4.4>.


The reactor and associated coolant, control and protection systems are designed to assure that the specified fuel design limits are not exceeded during conditions of normal or abnormal operation and therefore meet the requirements of Criterion 10.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Plant Description <Section 1.2>


c.
Fuel Mechanical Design <Section 4.2>


d.
Nuclear Design <Section 4.3>


e.
Thermal and Hydraulic Design <Section 4.4>


f.
Reactor Recirculation System <Section 5.4>


g.
Reactor Core Isolation Cooling System <Section 5.4>


h.
Residual Heat Removal System <Section 5.4>


i.
Accident Analysis <Section 15.0>


3.1.2.2.2      Criterion 11 ‑ Reactor Inherent Protection


The reactor core and associated coolant systems shall be designed so that in the power operating range the net effect of the prompt inherent nuclear feedback characteristics tend to compensate for a rapid increase in reactivity.


3.1.2.2.2.1      Evaluation Against Criterion 11


The reactor core is designed to have a reactivity response that regulates or dampens changes in power level and spatial distributions of power production to a level consistent with safe and efficient operation.


The inherent dynamic behavior of the core is characterized in terms of:


a.
Fuel temperature or Doppler coefficient


b.
Moderator void coefficient


c.
Moderator temperature coefficient


The combined effect of these coefficients in the power range is termed the power coefficient.


Doppler reactivity feedback occurs simultaneously with a change in fuel temperature and opposes the power change that caused it; it contributes to system stability.  Since the Doppler reactivity opposes load changes, it is desirable to maintain a large ratio of moderator void coefficient to Doppler coefficient for optimum load‑following capability.  The boiling water reactor has an inherently large moderator‑to‑Doppler coefficient ratio which permits use of coolant flow rate for load following.


In a boiling water reactor, the void coefficient is of importance during operation at power.  Nuclear design requires the void coefficient inside the fuel channel to be negative.  The negative void reactivity coefficient provides an inherent negative feedback during power transients.  Because of the large negative void coefficient of reactivity, the BWR has a number of inherent advantages, such as:


a.
Use of recirculation coolant flow as opposed to control rods for load following


b.
Inherent self‑flattening of the radial power distribution


c.
Ease of control


d.
Spatial xenon stability.


The reactor is designed so that the moderator temperature coefficient is small and positive in the cold condition; however, the overall power reactivity coefficient is negative.  Typically, the power coefficient at full power is about ‑0.04 (k/k/(P/P at the beginning of life and about ‑0.03 (k/k/(P/P at 10,000 MWd/t.  These values are well within the range required for adequate damping of power and spatial xenon disturbances.


The reactor core and associated coolant system is designed so that in the power operating range prompt inherent dynamic behavior tends to compensate for any rapid increase in reactivity in accordance with Criterion 11.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Nuclear Design <Section 4.3>


c.
Thermal and Hydraulic Design <Section 4.4>


3.1.2.2.3      Criterion 12 ‑ Suppression of Reactor Power Oscillations


The reactor core and associated coolant, control and protection systems shall be designed to assure that power oscillations which can result in conditions exceeding specified acceptable fuel design limits are not possible or can be reliably and readily detected and suppressed.


3.1.2.2.3.1      Evaluation Against Criterion 12


The reactor core is designed to ensure that no power oscillation will cause fuel design limits to be exceeded.  The power reactivity 


coefficient is the composite simultaneous effect of the fuel temperature or Doppler coefficient, moderator void coefficient and moderator temperature coefficient to the change in power level.  It is negative and well within the range required for adequate damping of power and spatial xenon disturbances.  Analytical studies indicate that for large boiling water reactors, under‑damped, unacceptable power distribution behavior could only be expected to occur with power coefficients more positive than about ‑.01 (k/k/(P/P.  Operating experience has shown large boiling water reactors to be inherently stable against xenon induced power instability.  The large negative operating coefficients provide:


a.
Good load following with well damped behavior and little undershoot or overshoot in the heat transfer response,


b.
Load following with recirculation flow control, and


c.
Strong damping of spatial power disturbances.


The reactor protection system design provides protection from excessive fuel cladding temperatures and protects the reactor coolant pressure boundary from excessive pressures which threaten the integrity of the system.  Local abnormalities are sensed, and, if protection system limits are reached, corrective action is initiated through an automatic scram.  High integrity of the protection system is achieved through the combination of logic arrangement, trip channel redundancy, power supply redundancy, and physical separation.  Oscillation Power Range Monitor (OPRM) system provides compliance with Criterion 12 <Section 7.6.1.4.4>.


The reactor core and associated coolant, control and protection systems are designed to suppress any power oscillations which could result in exceeding fuel design limits.  These systems assure that Criterion 12 is met.


For further discussion see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Nuclear Design <Section 4.3>


c.
Thermal and Hydraulic Design <Section 4.4>


d.
Rod Control and Information System <Section 7.7>


e.
Accident Analysis <Section 15.0>


3.1.2.2.4      Criterion 13 ‑ Instrumentation and Control


Instrumentation shall be provided to monitor variables and systems over their anticipated ranges for normal operation, for anticipated operational occurrences and for accident conditions as appropriate to assure adequate safety, including those variables and systems that can affect the fission process, the integrity of the reactor core, the reactor coolant pressure boundary, and the containment and its associated systems.  Appropriate controls shall be provided to maintain these variables and systems within prescribed operating ranges.


3.1.2.2.4.1      Evaluation Against Criterion 13


The neutron flux in the reactor core is monitored by six subsystems.  The Source Range Monitor (SRM) subsystem measures the flux from startup through criticality.  The Intermediate Range Monitor (IRM) subsystem overlaps the SRM subsystem and extends into the power range.  The power range is monitored by many detectors which make up the Local Power Range Monitor (LPRM) subsystem.  The output from these detectors is used in many ways.  Core‑wide sets of detectors can be averaged to provide a core‑average neutron flux.  This output is called the Average Power Range Monitor (APRM) subsystem.  Additionally, the LPRM detectors 


provide input to the Oscillation Power Range Monitor (OPRM) subsystem to provide a profile of the reactor core for the detection of a reactor thermal‑hydraulic instability.  The Traversing Incore Probe (TIP) subsystem provides a means for calibrating the LPRM system.  The IRM, APRM and OPRM subsystems generate scram trips to the reactor trip system.  All subsystems but the OPRM and TIP subsystems generate rod‑block trips.  Additional information on the neutron monitoring system is given in <Chapter 7>.


The reactor protection system protects the fuel barriers and the nuclear process barrier by monitoring plant parameters and causing a reactor scram when predetermined setpoints are exceeded.  Separation of the scram and normal rod control functions prevents failures in the reactor manual control circuitry from affecting the scram circuitry.


To provide protection against the consequences of accidents involving the release of radioactive materials from the fuel and reactor coolant pressure boundary, the containment and reactor vessel isolation control system initiates automatic isolation of appropriate pipelines whenever monitored variables exceed preselected operational limits.


Nuclear system leakage limits are established so that appropriate action can be taken to ensure the integrity of the reactor coolant pressure boundary.  Nuclear system leakage rates are classified as identified and unidentified, which correspond respectively to equipment drain and floor drain sump flows.  The permissible total leakage rate limit to these sumps is based upon the makeup capabilities of various reactor component systems.  Flow integrators and recorders are used to determine the leakage flow pumped from the drain sumps.  The unidentified leakage rate as established in <Section 5.2.5> is less than the value that has been conservatively calculated to be a minimum leakage from a crack large enough to propagate rapidly, but which still allows time for identification and corrective action before integrity of the process barrier is threatened.


The process radiation monitoring system monitors radiation levels of various processes, providing trip signals to the reactor protection system and containment and reactor vessel isolation control system whenever pre‑established limits are exceeded.


As noted above, adequate instrumentation has been provided to monitor system variables in the reactor core, reactor coolant pressure boundary and reactor containment.  Appropriate controls have been provided to maintain the variables in the operating range and to initiate the necessary corrective action in the event of abnormal operational occurrence or accident.  These provisions assure that Criterion 13 is met.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control Mechanical Design <Section 4.2>


c.
Reactor Coolant Pressure Boundary <Section 5.2>


d.
Main Steam Isolation System <Section 5.4>


e.
Containment Systems <Section 6.2>


f.
Reactor Protection System <Section 7.2>


g.
Containment and Reactor Vessel Isolation Control System <Section 7.3>


h.
Neutron Monitoring System <Section 7.6>


i.
Reactor Vessel‑Instrumentation and Control <Section 7.7>


j.
Reactor Manual Control System <Section 7.7>


k.
Recirculation Flow Control System <Section 7.7>


3.1.2.2.5      Criterion 14 ‑ Reactor Coolant Pressure Boundary


The reactor coolant pressure boundary shall be designed, fabricated, erected, and tested so as to have an extremely low probability of abnormal leakage, rapidly propagating failure and gross rupture.


3.1.2.2.5.1      Evaluation Against Criterion 14


The piping and equipment pressure parts within the reactor coolant pressure boundary through the outer isolation valve(s) are designed, fabricated, erected, and tested to provide a high degree of integrity throughout the plant lifetime.  <Section 3.2> classifies the systems and components with the reactor coolant pressure boundary as Quality Group A.  The design requirements and codes and standards applied to this quality group ensure a quality product in keeping with the safety functions to be performed.


In order to minimize the possibility of brittle fracture within the reactor coolant pressure boundary, the fracture toughness properties and the operating temperature of ferritic materials are controlled to ensure adequate toughness.  <Section 5.2.3> describes the methods used to control notch toughness properties by selecting fine‑grained steels and limiting neutron exposure of materials.  Materials are impact tested in accordance with ASME Boiler and Pressure Vessel Code, Section III where applicable.  Where reactor coolant pressure boundary piping penetrates the containment, the fracture toughness temperature requirements of the reactor coolant pressure boundary materials apply.


Piping and equipment pressure parts of the reactor coolant pressure boundary are assembled and erected by welding unless applicable codes permit flanged or screwed joints.  Welding procedures are employed which produce welds of complete fusion and free of unacceptable defects.  All welding procedures, welders and welding machine operators used in producing pressure‑containing welds are in accordance with the requirements of Section IX of the ASME Boiler and Pressure Vessel Code for the materials to be welded.  Qualification records, including the results of procedure and performance qualification tests and identification symbols assigned to each welder are maintained.


<Section 5.2> and <Section 5.3> contain the detailed material and examination requirements for the piping and equipment of the reactor coolant pressure boundary prior to and after its assembly and erection.  Leakage testing and surveillance is accomplished as described in the evaluation against Criterion 30 of the General Design Criteria.


The design, fabrication, erection, and testing of the reactor coolant pressure boundary assure an extremely low probability of failure or abnormal leakage, thus satisfying the requirements of Criterion 14.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Design of Structures, Components, Equipment, and Systems <Section 3.0>


c.
Overpressurization Protection <Section 5.2>


d.
Reactor Vessel and Appurtenances <Section 5.3>


e.
Reactor Recirculation System <Section 5.4>


f.
Accident Analysis <Section 15.0>


g.
Quality Assurance Program <Section 17.0>


3.1.2.2.6      Criterion 15 ‑ Reactor Coolant System Design


The reactor coolant system and associated auxiliary, control and protection systems shall be designed with sufficient margin to assure that the design conditions of the reactor coolant pressure boundary are not exceeded during any condition of normal operation, including anticipated operational occurrences.


3.1.2.2.6.1      Evaluation Against Criterion 15


The reactor coolant system consists of the reactor vessel and appurtenances, the reactor recirculation system, the nuclear system pressure relief system, the main steam lines, the reactor core isolation cooling system, and the residual heat removal system.  These systems are designed, fabricated, erected, and tested to stringent quality requirements and appropriate codes and standards which assure high integrity of the reactor coolant pressure boundary throughout the plant lifetime.  The reactor coolant system is designed and fabricated to meet the requirements of the ASME Boiler and Pressure Vessel Code, Section III as indicated in <Chapter 3.0>.


The auxiliary, control and protection systems associated with the reactor coolant system act to provide sufficient margin to assure that the design conditions of the reactor coolant pressure boundary are not exceeded during any condition of normal operation, including anticipated operational occurrences.  As described in the evaluation of Criterion 13, instrumentation is provided to monitor essential variables to ensure that they are within prescribed operating limits.  If the monitored variables exceed their predetermined settings, the auxiliary, control and protection systems automatically respond to maintain the variables and systems within allowable design limits. 


An example of the integrated protective action scheme which provides sufficient margin to assure that the design conditions of the reactor coolant pressure boundary are not exceeded is the automatic initiation of the nuclear system pressure relief system upon receipt of an over‑pressure signal.  To accomplish over‑pressure protection, a number of pressure‑operated relief valves are provided that can discharge steam from the nuclear system to the suppression pool.  The nuclear system pressure relief system also provides for automatic depressurization of the nuclear system in the event of a loss‑of‑coolant accident in which the vessel is not depressurized by the accident.  The depressurization of the nuclear system in this situation allows operation of the low pressure emergency core cooling systems to supply enough cooling water to adequately cool the core.  In a similar manner, other auxiliary, control and protection systems provide assurance that the design conditions of the reactor coolant pressure boundary are not exceeded during any conditions of normal operation, including anticipated operational occurrences.


The application of appropriate codes and standards and high quality requirements to the reactor coolant system and the design features of its associated auxiliary, control and protection systems assure that the requirements of Criterion 15 are satisfied.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Design of Structures, Components, Equipment, and Systems <Section 3.0>


c.
Overpressurization Protection <Section 5.2.2>


d.
Reactor Coolant Pressure Boundary Leakage Detection System <Section 5.2.5>


e.
Reactor Vessel <Section 5.3>


f.
Reactor Recirculation System <Section 5.4>


g.
Accident Analyses <Section 15.0>


3.1.2.2.7      Criterion 16 ‑ Containment Design


Reactor containment and associated systems shall be provided to establish an essentially leaktight barrier against the uncontrolled release of radioactivity to the environment and to assure that the containment design conditions important to safety are not exceeded for as long as postulated accident conditions require.


3.1.2.2.7.1      Evaluation Against Criterion 16


The containment system consists of the following major components:


a.
A drywell enclosing the reactor pressure vessel, the reactor coolant recirculation loops and pumps and other branch connections of the reactor coolant system.  The drywell is a cylindrical reinforced concrete structure with a removable steel head.


b.
A suppression pool containing a large amount of water used to rapidly condense steam from a reactor vessel blowdown or from a break in a major pipe.


c.
A leak tight steel containment vessel surrounding the drywell and the suppression pool.


d.
A reinforced concrete shield building completely enclosing the containment vessel.


The drywell, suppression pool and the containment vessel are designed to condense the steam and contain fission product releases from the postulated design bases accident, i.e., the double ended rupture of the largest pipe in the reactor coolant system.  The leak tight containment vessel prevents the release of fission products to the environment.  The shield building provides direct radiation shielding to protect operating personnel and/or the public and also protects the containment vessel from weather and external missiles.


Containment temperature and pressure following an accident are limited by using the residual heat removal system to cool the suppression pool water and to provide a supply of water to the containment spray system.


The design of the complete containment system meets the requirements of Criterion 16.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Design of Containment Structure <Section 3.8>


c.
Containment Systems <Section 6.2>


d.
Accident Analyses <Section 15.0>


3.1.2.2.8      Criterion 17 ‑ Electrical Power Systems


An onsite electric power system and an offsite electric power system shall be provided to permit functioning of structures, systems and components important to safety.  The safety function for each system (assuming the other system is not functioning) shall be to provide sufficient capacity and capability to assure that (1) specified acceptable fuel design limits and design conditions of the reactor 


coolant pressure boundary are not exceeded as a result of anticipated operational occurrences and (2) the core is cooled and containment integrity and other vital functions are maintained in the event of postulated accidents.


The onsite electric power supplies, including the batteries, and the onsite electric distribution system, shall have sufficient independence, redundancy and testability to perform their safety functions assuming a single failure.


Electric power from the transmission network to the onsite electric distribution system shall be supplied by two physically independent circuits (not necessarily on separate rights of way) designed and located so as to minimize to the extent practical the likelihood of their simultaneous failure under operating and postulated accident and environmental conditions.  A switchyard common to both circuits is acceptable.  Each of these circuits shall be designed to be available in sufficient time following a loss of all onsite alternating current power supplies and the other offsite electric power circuit, to assure that specified acceptable fuel design limits and design conditions of the reactor coolant pressure boundary are not exceeded.  One of these circuits shall be designed to be available within a few seconds following a loss‑of‑coolant accident to assure that the core cooling, containment integrity and other vital safety functions are maintained.


Provisions shall be included to minimize the probability of losing electric power from any of the remaining supplies as a result of, or coincident with, the loss of power generated by the nuclear power unit, the loss of power from the transmission network or the loss of power from the onsite electric power supplies.


3.1.2.2.8.1      Evaluation Against Criterion 17


Onsite and offsite power systems each independently provide the total power requirements for essential systems to perform the required engineered safety feature function.  The onsite power required to operate protective systems equipment is supplied by one 100 percent capacity diesel generator per division.  The offsite power required to operate engineered safety feature safety systems is supplied by two independent sources from the 345 kV switchyard.  Each offsite source supplies the total power requirements for one unit’s engineered safety feature systems and is the alternate source for the other unit.


Three onsite independent battery systems per unit provide 125 Vdc motive power and control power for three redundant and independent power distribution systems for engineered safety systems as well as control power for other onsite power systems.  The vital instrumentation is powered from a minimum of two independent, nominal 120 volt ac vital buses.  Each bus is supplied by its own associated inverter.  Each battery system supplies power to its associated static inverter(s).


Each unit engineered safety features power supply bus is connected to the switchyard through an independent circuit.  Electric power from the transmission network to the switchyard is provided by a number of independent lines, thus minimizing the likelihood of simultaneous failure.


These systems are designed in accordance with IEEE Standard No. 308, “IEEE Criteria for Class 1E Power Systems for Nuclear Power Generating Stations.”


The power systems as designed meet the requirements of Criterion 17.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Seismic Qualification of Category I Instrumentation and Electrical Equipment <Section 3.10>


c.
Environmental Qualification of Mechanical and Electrical Equipment <Section 3.11>


d.
Offsite Power System <Section 8.2>


e.
Onsite Power Systems <Section 8.3>


3.1.2.2.9        Criterion 18 ‑ Inspection and Testing of Electric Power Systems


Electric power systems important to safety shall be designed to permit appropriate periodic inspection and testing of important areas and features, such as wiring, insulation, connections, and switchboards, to assess the continuity of the systems and the condition of their components.  The systems shall be designed with a capability to test periodically (1) the operability and functional performance of the components of the systems such as onsite power sources, relays, switches, and buses, and (2) the operability of the systems as a whole and, under conditions as close to design as practical, the full operational sequence that brings the systems into operation, including operation of applicable portions of the protection system, and the transfer of power among the nuclear power unit, the offsite power system and the onsite power system.


3.1.2.2.9.1      Evaluation Against Criterion 18


The engineered safety features power supply buses and associated diesel generators are arranged for periodic testing of each system independently.  The testing procedure will simulate a loss of bus voltage to start the diesel, bring it to operating condition and automatically connect it to the bus.  Full load testing of the diesel generator can be performed by manually synchronizing to the normal supply.  These tests, performed periodically in accordance with the Technical Specifications, will prove the operability of the emergency power supply system under conditions as close to design as practical to assess the continuity of the system and condition of the components.


The design of the stand‑by power systems provides for inspection and testability in accordance with the requirements of Criterion 18.


For further discussion, see the following sections:


a.
Onsite Power Systems <Section 8.3>


b.
Initial Test Program <Section 14.0>


c.
Technical Specifications <Section 16.0>


3.1.2.2.10      Criterion 19 ‑ Control Room


A control room shall be provided from which actions can be taken to operate the nuclear power unit safely under normal conditions and to maintain it in a safe condition under accident conditions, including loss‑of‑coolant accidents.  Adequate radiation protection shall be provided to permit access and occupancy of the control room under accident conditions without personnel receiving radiation exposures in 


excess of 5 rem whole body, or its equivalent to any part of the body, for the duration of the accident (5 rem TEDE for the design basis loss‑of‑coolant accident).


Equipment at appropriate locations outside the control room shall be provided (1) with a design capability for prompt hot shutdown of the reactor, including necessary instrumentation and controls to maintain the unit in a safe condition during hot shutdown, and (2) with a potential capability for subsequent cold shutdown of the reactor through the use of suitable procedures.


3.1.2.2.10.1      Evaluation Against Criterion 19


The control room contains the following equipment:  transmission station panel, electrical recording panels and control panels which contain those instruments and controls necessary for operation of the plant functions, such as the reactor and its auxiliary systems, engineered safety features, turbine generator, steam and power conversion systems, and station electric distribution boards.


The control room is located in a Safety Class 3, Seismic Category I structure.  Safe occupancy of the control room during abnormal conditions is provided in the design.  Adequate shielding is provided to maintain acceptable radiation levels in the control room, in the event of a design bases accident, for the duration of the accident.


The control room ventilation system has redundant control loops which serve both Unit 1 and Unit 2 control rooms.  Each ventilation loop is provided with radiation, and smoke detectors with appropriate alarms and interlocks.  Provision is made for the control room air to be recirculated through HEPA and charcoal filters in the emergency recirculation mode.


The control room will be continuously occupied by qualified operating personnel under all operating and accident conditions.  In the unlikely event that the control room must be vacated and access is restricted, instrumentation and controls are provided outside the control room to safely perform a hot shutdown and a subsequent cold shutdown of the reactors.


The above demonstrates that the control room design meets the requirements of Criterion 19.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Control Complex Building Design <Section 3.8>


c.
Habitability <Section 6.4>


d.
Instrumentation and Control <Section 7.0>


e.
Shutdown from Outside Control Room <Section 7.4>


f.
Fire Protection <Section 9.5.1>


3.1.2.3      Group III, Protection and Reactivity Control Systems (Criteria 20‑29)


3.1.2.3.1      Criterion 20 ‑ Protection System Functions


The protection system shall be designed (1) to initiate automatically the operation of appropriate systems including the reactivity control systems, to assure that specified acceptable fuel design limits are not 


exceeded as a result of anticipated operational occurrences and (2) to sense accident conditions and to initiate the operation of systems and components important to safety.


3.1.2.3.1.1      Evaluation Against Criterion 20


The reactor protection system is designed to provide timely protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  Fuel damage is prevented by initiation of an automatic reactor shutdown if monitored nuclear system variables exceed pre‑established limits of anticipated operational occurrences.  Scram trip settings are selected and verified to be far enough above or below operating levels to provide proper protection but not be subject to spurious scrams.  The reactor protection system includes the high‑inertia motor generator power system, sensors, bypass circuitry and switches that signal the control rod system to scram and shut down the reactor.  The scrams initiated by neutron monitoring system variables, reactor vessel steam dome high pressure, turbine stop valve closure, turbine control valve fast closure, main steam line isolation valve closure and reactor vessel low water level‑3, will prevent fuel damage following abnormal operational transients.  Specifically, these process parameters initiate a scram in time to prevent the core from exceeding thermal‑hydraulic safety limits during abnormal operational transients.  Additional scram trips are initiated by main steamline high radiation, drywell high pressure, scram discharge volume high water level and reactor vessel high water level‑8.  Response by the reactor protection system is prompt and the total scram time is short.  Control rod scram motion starts in about 200 milliseconds after the high flux setpoint is exceeded.


In addition to the reactor protection system which provides for automatic shutdown of the reactor to prevent fuel damage, protection systems are provided to sense accident conditions and initiate automatically the operation of other systems and components important to


safety.  Systems such as the emergency core cooling system are initiated automatically to limit the extent of fuel damage following a loss‑of‑coolant accident.  Other systems automatically isolate the reactor vessel or the containment to prevent the release of significant amounts of radioactive materials from the fuel and the reactor coolant pressure boundary.  The controls and instrumentation for the emergency core cooling systems and the isolation systems are also initiated automatically when monitored variables exceed preselected operational limits.


The design of these protection systems satisfies Criterion 20.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control <Section 4.6>


c.
Overpressurization Protection <Section 5.2>


d.
Main Steam Line Isolation System <Section 5.4>


e.
Emergency Core Cooling System <Section 6.3>


f.
Reactor Protection System <Section 7.2>


g.
Containment and Reactor Vessel Isolation Control System <Section 7.3>


h.
Emergency Core Cooling Systems Instrumentation and Control <Section 7.3>


i.
Neutron Monitoring System <Section 7.6>


j.
Process Radiation Monitoring System <Section 11.5>


k.
Leak Detection System <Section 7.6>


l.
Accident Analyses <Section 15.0>


3.1.2.3.2      Criterion 21 ‑ Protection System Reliability and Testability


The protection system shall be designed for high functional reliability and inservice testability commensurate with the safety functions to be performed.  Redundancy and independence designed into the protection system shall be sufficient to assure that (1) no single failure results in loss of the protection function, and (2) removal from service of any component or channel does not result in loss of the required minimum redundancy unless the acceptable reliability of operation of the protection system can be otherwise demonstrated.  The protection system shall be designed to permit periodic testing of its functioning when the reactor is in operation, including a capability to test channels independently to determine failures and losses of redundancy that may have occurred.


3.1.2.3.2.1      Evaluation Against Criterion 21


Reactor protection system design provides assurance that, through redundancy, each channel has sufficient reliability to fulfill the single‑failure criterion.  No single component failure, intentional bypass maintenance operation, calibration operation, or test to verify operational availability will prevent the system from performing its intended safety function.  Additionally, the system design assures that when a scram trip point is exceeded there is a high scram probability.  However, should a scram not occur, other monitored components will scram the reactor if their trip points are exceeded.  There is sufficient electrical and physical separation between channels and between logics 


monitoring the same variable to prevent environmental factors, electrical transients and physical events from impairing the ability of the system to respond correctly.


The reactor protection system includes design features that permit inservice testing.  This ensures the functional reliability of the system should the reactor variable exceed the corrective action setpoint.


The reactor protection system initiates an automatic reactor shutdown if the monitored plant variables exceed pre‑established limits.  This system is arranged as two separately powered trip systems.  Each trip system has two trip logics, with one needed to produce an automatic trip signal.  The logic scheme is a 1‑out‑of‑2 twice arrangement.  The reactor protection system can be tested during reactor operation.  Manual scram testing is performed by operating one of the two manual scram controls.  This tests one trip system.  The total test verifies the ability to de‑energize the scram pilot valve solenoids.  Indicating lights verify that the actuator contacts have opened.  This capability for a thorough testing program significantly increases reliability.


Control rod drive operability can be tested during normal reactor operation.  Drive position indicator and in‑core neutron detectors are used to verify control rod movement.  Each control rod can be withdrawn one notch and then reinserted to the original position without significantly perturbing the nuclear system at most power levels.  One control rod is tested at a time.  Control rod mechanism overdrive demonstrates rod‑to‑drive coupling integrity.   Hydraulic supply subsystem pressures can be observed on control room instrumentation.  More importantly, the hydraulic control unit scram accumulator and the scram discharge volume level are designed for continuous monitoring.  Availability of these instruments is controlled by technical specifications or plant procedures/instructions.


The main steam line isolation valves may be tested during full reactor operation.  Individually, they can be closed to 90 percent of full open position without affecting the reactor operation.  If reactor power is reduced sufficiently, the isolation valves may be fully closed.  Provisions are made to evaluate valve steam leakage during reactor shutdown.  During refueling operation, valve leakage rates can be determined.


Residual heat removal system testing can be performed during normal operation.  Main system pumps can be evaluated by taking suction from the suppression pool and discharging through test lines back to the suppression pool.  System design and operating procedures also permit testing of the discharge valves to the reactor recirculation loops.  The low pressure coolant injection mode can be tested after a reactor shutdown.


Each active component of the emergency core cooling systems provided to operate in a design basis accident is designed to be operable for test purposes during normal operation of the nuclear system.


The high functional reliability, redundancy and inservice testability of the protection systems satisfy the requirements specified in Criterion 21.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control System <Section 4.6>


c.
Main Steam Line Isolation System <Section 5.4.5>


d.
Residual Heat Removal System <Section 5.4.7>


e.
Containment Systems <Section 6.2>


f.
Emergency Core Cooling Systems <Section 6.3>


g.
Reactor Protection System <Section 7.2>


h.
Engineered Safety Feature Systems <Section 7.3>


i.
Accident Analyses <Section 15.0>


3.1.2.3.3      Criterion 22 ‑ Protection System Independence


The protection system shall be designed to assure that the effects of natural phenomena, and of normal operating, maintenance, testing, and postulated accident conditions on redundant channels do not result in loss of the protection function, or shall be demonstrated to be acceptable on some other defined bases.  Design techniques, such as functional diversity or diversity in component design and principles of operation, shall be used to the extent practical to prevent loss of the protection function.


3.1.2.3.3.1      Evaluation Against Criterion 22


The components of protection systems are designed so that the mechanical and thermal environment resulting from any emergency situation in which the components are required to function will not adversely affect the operation of that function.  The system sensors are electrically and physically separated.  Wiring for the reactor protection system outside of the control room enclosures is run in rigid metallic wireways.  No other wiring is run in these wireways.  The wires from duplicate sensors on a common process tap are run in separate wireways.  Only one trip actuator logic circuit from each trip system, and only circuits of the same division, may be run in the same wireway.


The reactor protection system is designed to permit maintenance and diagnostic work while the reactor is operating (excepting sensors ‑ <Section 7.2.2.2>) without restricting the plant operation or hindering the output of their safety functions.  The flexibility in design afforded the protection system allows operational system testing by the use of an independent trip channel for each trip logic input.  When an essential monitored variable exceeds its scram trip point, it is sensed by at least two independent sensors in each trip system.  Maintenance operation, calibration operation, or test unless manually bypassed, will result in a single channel trip.  This leaves at least two trip channels per monitored variable capable of initiating a scram.  Thus, the arrangement of two trip channels per trip system assures that a scram will occur as each monitored variable exceeds its scram setting.


The protection system meets the design requirements for functional and physical independence as specified in Criterion 22.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Main Steam Line Isolation System <Section 5.4.5>


c.
Residual Heat Removal System <Section 5.4.7>


d.
Emergency Core Cooling Systems <Section 6.3>


e.
Reactor Protection System <Section 7.2>


f.
Engineered Safety Feature Systems <Section 7.3>


g.
Accident Analyses <Section 15.0>


3.1.2.3.4      Criterion 23 ‑ Protection System Failure Modes


The protection system shall be designed to fail into a safe state or into a state demonstrated to be acceptable on some other defined basis if conditions such as disconnection of the system, loss of energy (e.g., electric power, instrument air) or postulated adverse environments (e.g., extreme heat or cold, fire, pressure, steam, water, and radiation) are experienced.


3.1.2.3.4.1      Evaluation Against Criterion 23


The reactor protection system is designed to fail into a safe state.  Use of an independent trip channel for each trip logic allows the system to sustain any trip channel failure without preventing other sensors monitoring the same variable from initiating a scram.  A single sensor or trip channel failure will cause a channel trip.  Only one trip channel in each trip system must be actuated to initiate a scram.  Maintenance operation, calibration operation or test, unless manually bypassed, will result in a single channel trip.  A failure of any one reactor protection system input or subsystem component will produce a trip in one of two channels.  This condition is insufficient to produce a reactor scram, but the system is ready to perform its protective function upon another trip.


The environmental conditions in which the instrumentation and equipment of the reactor protection system must operate were considered in establishing the component specifications.  Instrumentation specifications are based on the worst expected ambient conditions in which the instruments must operate.


The failure modes of the protection system are such that it will fail into a safe state as required by Criterion 23.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Emergency Core Cooling Systems <Section 6.3>


c.
Reactor Protection System <Section 7.2>


d.
Engineered Safety Feature Systems <Section 7.3>


3.1.2.3.5      Criterion 24 ‑ Separation of Protection and Control Systems


The protection system shall be separated from control systems to the extent that failure of any single control system component or channel, or failure or removal from service of any single protection system component or channel, which is common to the control and protection systems leaves intact a system satisfying all reliability, redundancy and independence requirements of the protection system.  Interconnection of the protection and control systems shall be limited so as to assure that safety is not significantly impaired.


3.1.2.3.5.1      Evaluation Against Criterion 24


There is separation between the reactor protection system and the process control systems.  Sensors, trip channels and trip logics of the reactor protection system are not used directly for automatic control of process systems.  Therefore, failure in the controls and instrumentation of process systems cannot induce failure of any portion of the protection system.  High scram reliability is designed into the reactor protection system and hydraulic control unit for the control rod drive.  The scram signal and mode of operation override all other signals.


The containment and reactor vessel isolation control systems are designed so that any one failure, maintenance operation, calibration operation, or test to verify operability will not impair the functional ability of the isolation control system.


These protection systems are separated from control systems as required in Criterion 24.


For further discussions, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Emergency Core Cooling Systems <Section 6.3>


c.
Reactor Protection System <Section 7.2>


d.
Engineered Safety Feature Systems <Section 7.3>


3.1.2.3.6      Criterion 25 ‑ Protection System Requirements for Reactivity Control Malfunctions


The protection system shall be designed to assure that specified acceptable fuel design limits are not exceeded for any single malfunction of the reactivity control systems, such as accidental withdrawal (not ejection or dropout) of control rods.


3.1.2.3.6.1      Evaluation Against Criterion 25


The reactor protection system provides protection against the onset and consequences of conditions that threaten the integrity of the fuel barrier and the reactor coolant pressure boundary.  Any monitored variable which exceeds the scram setpoint will initiate an automatic 


scram and not impair the remaining variables from being monitored, and if one channel fails, the remaining portions of the reactor protection system will function.


The rod control and information system is designed so that no single failure can negate the effectiveness of a reactor scram.  The circuitry for the rod control and information system is completely independent of the circuitry controlling the scram valves.  This separation of the scram and normal rod control functions prevents failures in the reactor manual control circuitry from affecting the scram circuitry.  Because each control rod is controlled as an individual unit, a failure that results in energizing any of the insert or withdraw solenoid valves can affect only one control rod.  The effectiveness of a reactor scram is not impaired by the malfunctioning of any one control rod.


The design of the protection system assures that specified acceptable fuel limits are not exceeded for any single malfunction of the reactivity control systems as specified in Criterion 25.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control System <Section 4.3>


c.
Nuclear Design <Section 4.3>


d.
Thermal and Hydraulic Design <Section 4.4>


e.
Reactor Protection System <Section 7.2>


f.
Rod Control and Information System <Section 7.7>


g.
Accident Analyses <Section 15.0>


3.1.2.3.7      Criterion 26 ‑ Reactivity Control System Redundancy and Capability


Two independent reactivity control systems of different design principles shall be provided.  One of the systems shall use control rods, preferably including a positive means for inserting the rods, and shall be capable of reliably controlling reactivity changes to assure that under conditions of normal operation, including anticipated operational occurrences, and with appropriate margin for malfunctions such as stuck rods, specified acceptable fuel design limits are not exceeded.  The second reactivity control system shall be capable of reliably controlling the rate of reactivity changes resulting from planned, normal power changes (including xenon burnout) to assure acceptable fuel design limits are not exceeded.  One of the systems shall be capable of holding the reactor core subcritical under cold conditions.


3.1.2.3.7.1      Evaluation Against Criterion 26


Two independent reactivity control systems utilizing different design principles are provided.  The normal method of reactivity control employs control rod assemblies which contain a neutron observing material, e.g., boron carbide (B4C) powder and hafnium metal.  Positive insertion of these control rods is provided by means of the control rod drive hydraulic system.  The control rods are capable of reliably controlling reactivity changes during normal operation (e.g., power changes, power shaping, xenon burnout, normal startup, and shutdown) via operator‑controlled insertions and withdrawals.  The control rods are also capable of maintaining the core within acceptable fuel design limits during anticipated operational occurrences via the automatic scram function.  The unlikely occurrence of a limited number of stuck rods during a scram will not adversely affect the capability to maintain the core within fuel design limits.


The circuitry for manual insertion or withdrawal of control rods is completely independent of the circuitry for reactor scram.  This separation of the scram and normal rod control functions prevents failures in the reactor manual control circuitry from affecting the scram circuitry.  Two independent sources of scram energy (accumulator pressure and reactor vessel pressure) provide needed scram performance over the entire range of reactor pressure, i.e., from operating conditions to cold shutdown.  The design of the control rod system includes appropriate margin for malfunctions such as stuck rods in the highly unlikely event that they do occur.  Control rod withdrawal sequences and patterns are selected prior to operation to achieve optimum core performance, and simultaneously, low individual rod worths.  The operating procedures to accomplish such patterns are supplemented by the rod pattern control system, which prevents rod withdrawals yielding a rod worth greater than permitted by the preselected rod withdrawal pattern.  Because of the carefully planned and regulated rod withdrawal sequence, prompt shutdown of the reactor can be achieved with the insertion of a small number of the many independent control rods.  In the event that a reactor scram is necessary, the unlikely occurrence of a limited number of stuck rods will not hinder the capability of the control rod system to render the core subcritical.


The second independent reactivity control system is provided by the reactor coolant recirculation system.  By varying reactor flow, it is possible to effect the type of reactivity changes necessary for planned, normal power changes (including xenon burnout).  In the unlikely event that reactor flow is suddenly increased to its maximum value (pump runout), the core will not exceed fuel design limits because the power flow map defines the allowable initial operating states such that the pump runout will not violate these limits.


The control rod system is capable of holding the reactor core subcritical under cold conditions, even when the control rod of highest 


worth is assumed to be stuck in the fully withdrawn position.  This shutdown capability of the control rod system is made possible by designing the fuel with burnable poison (Gd2O3) to control the high reactivity of fresh fuel.  In addition, the standby liquid control system is available to add soluble boron to the core and render it subcritical, as discussed in <Section 3.1.2.3.8.1>.


The redundancy and capabilities of the reactivity control systems satisfy the requirements of Criterion 26.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control System <Section 4.3>


c.
Engineered Safety Feature Systems <Section 7.3>


d.
Standby Liquid Control System Instrumentation and Control <Section 7.4>


e.
Rod Control and Information System <Section 7.7>


3.1.2.3.8      Criterion 27 ‑ Combined Reactivity Control Systems Capability


The reactivity control systems shall be designed to have a combined capability in conjunction with poison addition by the emergency core cooling system, of reliably controlling reactivity changes to assure that under postulated accident conditions and with appropriate margin for stuck rods the capability to cool the core is maintained.


3.1.2.3.8.1      Evaluation Against Criterion 27


There is no credible event applicable to the BWR which requires combined capability of the control rod system and poison additions by the standby liquid control system.  The BWR design is capable of maintaining the reactor core subcritical, including allowance for a stuck rod, without addition of any poison to the reactor coolant.  The primary reactivity control system for postulated accident conditions is the control rod system.  Abnormalities are sensed, and, if protection system limits are reached, corrective action is initiated through an automatic insertion of control rods.  High integrity of the protection system is achieved through the combination of logic arrangement, actuator redundancy, power supply redundancy, and physical separation.  High reliability of reactor scram is further achieved by separation of scram and manual control circuitry, individual control units for each control rod and fail‑safe design features built into the rod drive system.  Response by the reactor protection system is prompt and the total scram time is short.


In the very unlikely event that more than one control rod fails to insert, and the core cannot be maintained in a subcritical condition by control rods alone as the reactor is cooled down subsequent to initial shutdown, the standby liquid control system (SLCS) will be actuated to insert soluble boron into the reactor core.  The SLCS has sufficient capacity to ensure that the reactor can always be maintained subcritical; hence, only decay heat will be generated by the core which can be removed by the residual heat removal system, thereby ensuring that the core will always be coolable.


The design of the reactivity control systems assures reliable control of reactivity under postulated accident conditions with appropriate margin for stuck rods.  The capability to cool the core is maintained under all postulated accident conditions; thus, Criterion 27 is satisfied.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactivity Control System <Section 4.3>


c.
Nuclear Design <Section 4.3>


d.
Thermal and Hydraulic Design <Section 4.4>


e.
Reactor Protection System <Section 7.2>


f.
Rod Control and Information System <Section 7.7>


g.
Accident Analyses <Section 15.0>


3.1.2.3.9      Criterion 28 ‑ Reactivity Limits


The reactivity control systems shall be designed with appropriate limits on the potential amount and rate of reactivity increase to assure that the effects of postulated reactivity accidents can neither (1) result in damage to the reactor coolant pressure boundary greater than limited local yielding nor (2) sufficiently disturb the core, its support structures or other reactor pressure vessel internals to impair significantly the capability to cool the core.  These postulated reactivity accidents shall include consideration of rod ejection (unless prevented by positive means), rod dropout, steam line rupture, changes in reactor coolant temperature and pressure, and cold water addition.


3.1.2.3.9.1      Evaluation Against Criterion 28


The control rod system design incorporates appropriate limits on the potential amount and rate of reactivity increase.  Control rod withdrawal sequences and patterns are selected to achieve optimum core 


performance and low individual rod worths.  The rod pattern control system prevents withdrawal other than by the preselected rod withdrawal pattern.  The rod pattern control system function assists the operator with an effective backup control rod monitoring routine that enforces adherence to established startup, shutdown and low power level control rod procedures.


The control rod mechanical design incorporates a hydraulic velocity limiter in the control rod which prevents rapid rod ejection.  This engineered safeguard protects against a high reactivity insertion rate by limiting the control rod velocity to less than five feet per second.  Normal rod movement is limited to six inch increments and the rod withdrawal rate is limited through the hydraulic valve to three inches per second.


The accident analyses (<Chapter 15>) evaluate postulated reactivity accidents as well as abnormal operational transients in detail.  Analyses are included for rod dropout, steam line rupture, changes in reactor coolant temperature and pressure, and cold water addition.  The initial conditions, assumptions, calculational models, sequences of events, and anticipated results of each postulated occurrence are covered in detail.  The results of these analyses indicate that none of the postulated reactivity transients or accidents result in damage to the reactor coolant pressure boundary.  In addition, the integrity of the core, its support structures or other reactor pressure vessel internals are maintained so that the capability to cool the core is not impaired for any of the postulated reactivity accidents described in the accident analyses.


The design features of the reactivity control system which limit the potential amount and rate of reactivity increase ensure that Criterion 28 is satisfied for all postulated reactivity accidents.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Control Rod Drive System <Section 3.9.4>, and <Section 4.6>


c.
Reactor Core Support Structures and Internals Mechanical Design <Section 3.9.5>, <Section 4.1>


d.
Reactivity Control System <Section 4.1>


e.
Nuclear Design <Section 4.3>


f.
Overpressurization Protection <Section 5.2>


g.
Reactor Vessel and Appurtenances <Section 5.3>


h.
Main Steam Line Flow Restrictors <Section 5.4.4>


i.
Main Steam Line Isolation System <Section 5.4.5>


j.
Reactor Protection System <Section 7.2>


k.
Process Computer System <Section 7.7>


l.
Accident Analyses <Section 15.0>


3.1.2.3.10      Criterion 29 ‑ Protection Against Anticipated Operational Occurrences


The protection and reactivity control systems shall be designed to assure an extremely high probability of accomplishing their safety functions in the event of anticipated operational occurrence.


3.1.2.3.10.1      Evaluation Against Criterion 29


The high functional reliability of the reactor protection system and reactivity control system is achieved through the combination of logic arrangement, redundancy, physical and electrical independence, functional separation, fail‑safe design, and inservice testability.  These design features are discussed in detail in Criteria 21, 22, 23, 24, and 26.


An extremely high reliability of timely response to anticipated operational occurrences is maintained by a thorough program of inservice testing and surveillance.  Active components can be tested or removed from service for maintenance during reactor operation without compromising the protection or reactivity control functions even in the event of a subsequent single failure.  Components important to safety such as control rod drives, main steam isolation valves and residual heat removal pumps are tested during normal reactor operation.  Functional testing and calibration schedules are developed using available failure rate data, reliability analyses and operating experience.  These schedules represent an optimization of protection and reactivity control system reliability by considering, on one hand, the failure probabilities of individual components, and on the other hand, the reliability effects during individual component testing on the portion of the system not undergoing test.  The capability for inservice testing ensures the high functional reliability of protection and reactivity control systems should a reactor variable exceed the corrective action setpoint.


The capabilities of the protection and reactivity control systems to perform their safety functions in the event of anticipated operational occurrences meet the requirements of Criterion 29.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Reactor Protection System <Section 7.2>


c.
Accident Analyses <Section 15.0>


3.1.2.4      Group IV, Fluid Systems (Criteria 30‑46)


3.1.2.4.1      Criterion 30 ‑ Quality of Reactor Coolant Pressure Boundary


Components which are part of the reactor coolant pressure boundary shall be designed, fabricated, erected, and tested to the highest quality standards practical.  Means shall be provided for detecting and, to the extent practical, identifying the location of the source of reactor coolant leakage.


3.1.2.4.1.1      Evaluation Against Criterion 30


By using conservative design practices and a quality control program, the pressure retaining components of the reactor coolant pressure boundary are designed and fabricated to retain their integrity during normal and postulated accident conditions.  Accordingly, components which comprise the reactor coolant pressure boundary are designed, fabricated, erected, and tested in accordance with recognized industry codes and standards listed in <Chapter 5> and <Table 3.2‑1>.  Further, a quality assurance program, described in <Chapter 17>, is implemented to assure conformance with the applicable codes and standards, and to retain appropriate documented evidence verifying compliance.  Because the subject matter of this criterion deals with aspects of the reactor coolant pressure boundary, further discussion on this subject is treated in the response to Criterion 14, Reactor Coolant Pressure Boundary.


Means are provided for detecting reactor coolant leakage.  The leak detection system consists of sensors and instruments to detect, annunciate, and in some cases, isolate the reactor coolant pressure boundary from potentially hazardous leaks before predetermined limits are exceeded.  Small leaks are detected by temperature and pressure changes, increased frequency of sump pump operation and by measuring fission product concentration.  In addition to these means of detection, large leaks are detected by changes in flow rates in process lines, and changes in reactor water level.  The allowable leakage rates have been based on the predicted and experimentally determined behavior of cracks in pipes, the ability to make up coolant system leakage, the normally expected background leakage due to equipment design, and the detection capability of the various sensors and instruments.  The total leakage rate limit is established so that, in the absence of normal ac power concomitant with a loss of feedwater supply, makeup capabilities are provided by the RCIC system.  While the leak detection system provides protection from small leaks, the emergency core cooling system network provides protection for the complete range of discharges from ruptured pipes.  Thus, protection is provided for the full spectrum of possible discharges.


The reactor coolant pressure boundary and the leak detection system are designed to meet the requirements of Criterion 30.


For further discussion, see the following sections:


a.
Principal Design Criteria <Section 1.2>


b.
Overpressurization Protection <Section 5.2>


c.
Reactor Coolant Pressure Boundary Leakage Detection System <Section 5.2>


d.
Reactor Vessel and Appurtenances <Section 5.3>


e.
Other Reactor Coolant Subsystems and Components <Section 5.4>


f.
Leak Detection Systems <Section 7.6>, and <Section 7.7>


g.
Quality Assurance Program <Section 17.0>


3.1.2.4.2      Criterion 31 ‑ Fracture Prevention of Reactor Coolant Pressure Boundary


The reactor coolant pressure boundary shall be designed with sufficient margin to assure that when stressed under operating, maintenance, testing, and postulated accident conditions (1) the boundary behaves in a nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized.  The design shall reflect consideration of service temperatures and other conditions of the boundary material under operating, maintenance, testing, and postulated accident conditions, and the uncertainties in determining (1) material properties, (2) the effects of irradiation on material properties, (3) residual, steady‑state and transient stresses, and (4) size of flaws.


3.1.2.4.2.1      Evaluation Against Criterion 31


Brittle fracture control of pressure‑retaining ferritic materials is provided to ensure protection against non‑ductile fracture.  To minimize the possibility of brittle fracture failure of the reactor pressure vessel, the reactor pressure vessel is designed to meet the requirements of the ASME Code, Section III.


The nil‑ductility transition (NDT) temperature is defined as the temperature below which ferritic steel breaks in a brittle rather than a ductile manner.  The NDT temperature increases as a function of neutron exposure at integrated neutron exposures greater than about 1 x 1017 nvt with neutrons of energies in excess of 1 MeV.


The reactor assembly design provides an annular space from the outermost fuel assemblies to the inner surface of the reactor vessel that serves to attenuate the fast neutron flux incident upon the reactor vessel wall.  This annular volume contains the core shroud, jet pump assemblies and reactor coolant.  Assuming plant operation at rated power, and availability of 100 percent for the plant lifetime, the neutron fluence at the inner surface of the vessel causes a slight shift in the transition temperature.  Expected shifts in transition temperature during design life as a result of environmental conditions, such as neutron flux, are considered in the design.  Operational limitations assure that NDT temperature shifts are accounted for in reactor operation.


The reactor coolant pressure boundary is designed, maintained and tested such that adequate assurance is provided that the boundary will behave in a non‑brittle manner throughout the life of the plant.  Therefore, the reactor coolant pressure boundary is in conformance with Criterion 31.


For further discussion, see the following sections:


a.
Integrity of Reactor Coolant Pressure Boundary <Section 5.2>


b.
Reactor Vessel <Section 5.3>


c.
Technical Specifications


3.1.2.4.3      Criterion 32 ‑ Inspection of Reactor Coolant Pressure Boundary


Components which are part of the reactor coolant pressure boundary shall be designed to permit (1) periodic inspection and testing of important 


areas and features to assess their structural and leaktight integrity, and (2) an appropriate material surveillance program for the reactor pressure vessel.


3.1.2.4.3.1      Evaluation Against Criterion 32


The reactor pressure vessel design and engineering effort include provisions for inservice inspection.  Removable plugs in the biological shield and/or removable panels in the insulation provide access for examination of the vessel and its appurtenances.  Also, removable insulation is provided on the reactor coolant system safety/relief valves, recirculation system and on the main steam and feedwater systems extending out to and including the first isolation valve outside containment.  Inspection of the reactor coolant pressure boundary is in accordance with the ASME Boiler & Pressure Vessel Code Section XI.  <Section 5.2.4> defines the Inservice Inspection plan, access provisions and areas of restricted access.


Vessel material surveillance samples will be located within the reactor pressure vessel.  The program will include specimens of the base metal, weld metal and heat affected zone metal.


The plant testing and inspection programs ensure that the requirements of Criterion 32 will be met.


For further discussion, see the following sections:


a.
Mechanical Systems and Components <Section 3.9>


b.
Integrity of Reactor Coolant Pressure Boundary <Section 5.2>


c.
Reactor Vessel <Section 5.3>


3.1.2.4.4      Criterion 33 ‑ Reactor Coolant Makeup


A system to supply reactor coolant makeup for protection against small breaks in the reactor coolant pressure boundary shall be provided.  The system safety function shall be to assure that specified acceptable fuel design limits are not exceeded as a result of reactor coolant loss due to leakage from the reactor coolant pressure boundary and rupture of small piping or other small components which are part of the boundary.  The system shall be designed to assure that for onsite electric power system operation (assuming offsite power is not available) and for offsite electric power system operation (assuming onsite power is not available) the system safety function can be accomplished using the piping, pumps and valves used to maintain coolant inventory during normal reactor operation.


3.1.2.4.4.1      Response to Criterion 33


The plant is designed to provide ample reactor coolant makeup for protection against small leaks in the reactor coolant pressure boundary for anticipated operational occurrences, when system makeup is provided from the condensate storage system, and postulated accident conditions.


Means are provided for detecting reactor coolant leakage as described in the evaluation of Criterion 30.  The total leakage rate limit is established so that, in the absence of normal ac power coincident with loss of feedwater supply, makeup capabilities are provided by the RCIC system.  Emergency core cooling system makeup capabilities for the entire spectrum of liquid line breaks are described in response to Criterion 35.


The design of these systems meets the requirements of Criterion 33.


For further discussion, see the following sections:


a.
Detection of Leakage Through Reactor Coolant Pressure Boundary <Section 5.2.5>


b.
Feedwater System <Section 10.4.7>


c.
Reactor Core Isolation Cooling System <Section 5.4.6>


3.1.2.4.5      Criterion 34 ‑ Residual Heat Removal


A system to remove residual heat shall be provided.  The system safety function shall be to transfer fission product decay heat and other residual heat from the reactor core at a rate such that specified acceptable fuel design limits and the design conditions of the reactor coolant pressure boundary are not exceeded.


Suitable redundancy in components and features, and suitable interconnections, leak detection and isolation capabilities shall be provided to assure that for onsite electric power system operation (assuming offset power is not available) and for offsite electric power system operation (assuming onsite power is not available) the system safety function can be accomplished, assuming a single failure.


3.1.2.4.5.1      Evaluation Against Criterion 34


The residual heat removal (RHR) system provides the means to:


a.
Remove decay heat and residual heat from the nuclear system so the refueling and nuclear system servicing can be performed.


b.
Remove decay heat and residual heat if the normal heat sink is unavailable.


The major equipment of the RHR system consists of heat exchangers, main system pumps, and emergency service water pumps.  The equipment is connected by associated valves and piping, and the controls and instrumentation are provided for proper system operation.


Two independent loops are located in separate protected areas.


Both normal ac power and the auxiliary onsite power systems provide adequate power to operate all the auxiliary loads necessary for plant operation.  The power sources for the plant power system are sufficient in number, and of such electrical and physical independence, that no single probable event could interrupt all auxiliary power at one time.


Full capacity standby diesel generators are provided to supply a source of electrical power which is self‑contained within the plant and is not dependent on external sources of supply.  The standby generators produce ac power at a voltage and frequency compatible with the normal bus requirements for RHR and other essential equipment within the plant.  Each of two diesel generators has sufficient capacity to start and carry the essential loads.


The plant auxiliary buses supplying power to engineered safety feature systems, reactor protection systems and those auxiliaries required for safe shutdown are connected by appropriate switching to the standby diesel generators.  Each power source, up to the point of its connection to the auxiliary power buses, is capable of complete and rapid isolation from any other source.


Loads important to plant operation and safety are split and diversified between switchgear sections, and means are provided for detection and isolation of system faults.


The plant layout is designed to effect physical separation of essential bus sections, standby generators, switchgear, interconnections, feeders, power centers, motor control centers, and other system components.


Provisions for leak detection are described in the evaluation of Criterion 30 <Section 3.1.2.4.1.1>.


The residual heat removal system is designed to remove residual heat from the reactor core to assure fuel and reactor coolant pressure boundary design limits are not exceeded.  Redundant reactor coolant recirculation paths are available between the vessel and RHR system.  Redundant onsite electric power systems are provided.  The design of the residual heat removal system, including its power supplies, meets the requirements of Criterion 34.


For further discussion, see the following sections:


a.
Residual Heat Removal System <Section 5.4.7>


b.
Offsite Power System <Section 8.2>


c.
Onsite Power Systems <Section 8.3>


d.
Water Systems <Section 9.2>


e.
Accident Analyses <Section 15.0>


3.1.2.4.6      Criterion 35 ‑ Emergency Core Cooling


A system to provide abundant emergency core cooling shall be provided.  The system safety function shall be to transfer heat from the reactor core following any loss of reactor coolant at a rate such that (1) fuel 


and clad damage that could interfere with continued effective core cooling is prevented, and (2) clad metal‑water reaction is limited to negligible amounts.


Suitable redundancy in components and features, and suitable interconnections, leak detection, isolation, and containment capabilities shall be provided to assure that for onsite electric power system operation (assuming offsite power is not available) and for offsite electric power system operation (assuming onsite power is not available) the system safety function can be accomplished, assuming a single failure.


3.1.2.4.6.1      Evaluation Against Criterion 35


The emergency core cooling systems (ECCS) consist of the following:  (a) high pressure core spray system (HPCS), (b) automatic depressurization system (ADS), (c) low pressure core spray system (LPCS), and (d) low pressure coolant injection (LPCI) which is an operating mode of the RHR system.  The emergency core cooling systems are designed to limit fuel cladding temperature over the complete spectrum of possible break sizes in the reactor coolant pressure boundary including a complete and sudden circumferential rupture of the pipe connected to the reactor vessel which represents the greatest challenge to fuel integrity.


The HPCS system consists of a single motor driven pump and dedicated diesel generator, system piping, valves, controls, and instrumentation.  The HPCS system is provided to assure that the reactor core is adequately cooled to prevent excessive fuel clad temperatures for breaks in the nuclear system which do not result in rapid depressurization of the reactor vessel.  The HPCS continues to operate when reactor vessel pressure is below the pressure at which LPCI operation or LPCS system operation maintains core cooling.  A source of water is available from either the condensate storage tank or the suppression pool.


The ADS functions to reduce the reactor pressure so that flow from LPCI and LPCS enters the reactor vessel in time to cool the core and prevent excessive fuel clad temperature.  The automatic depressurization system uses several of the nuclear system pressure relief valves to relieve high pressure steam to the suppression pool.


The LPCS system consists of:  a centrifugal pump that can be powered by normal power or the standby ac power system; a spray sparger in the reactor vessel above the core (separate from the HPCS sparger); piping and valves to convey water from the suppression pool to the sparger; and associated controls and instrumentation.  In case of low water level in the reactor vessel or high pressure in the drywell, the LPCS system automatically sprays water onto the top of the fuel assemblies in time and at a sufficient flow rate to cool the core and prevent excessive fuel temperature.


The LPCI system starts from the same signals which initiate the LPCS system and operates independently to achieve the same objective by flooding the reactor vessel.  LPCI is an operating mode of the RHR system.  In case of low water level in the reactor or high pressure in the drywell, LPCI operation pumps water into the reactor vessel in time to flood the core and prevent excessive fuel temperature.  Protection provided by LPCI extends to a small break where the automatic depressurization system has operated to lower the reactor vessel pressure.


ECCS performance results for the entire spectrum of liquid line breaks are discussed in <Section 6.3>.  Peak cladding temperatures are well below the NRC acceptability limit.


Also provided in <Section 6.3> is an analysis to show that the ECCS conforms to <10 CFR 50, Appendix K>.  This analysis shows compliance with the final acceptance criteria with the following results:


a.
Peak clad temperatures are well below the 2,200(F acceptability limit,


b.
The amount of fuel cladding reacting with steam is nearly an order of magnitude below the 1 percent acceptability limit,


c.
The clad temperature transient is terminated while core geometry is still amenable to cooling, and


d.
The core temperature is reduced and the decay heat can be removed for an extended period of time.


The redundancy and capability of the onsite electrical power systems for the ECCS are represented in the evaluation against Criterion 34.


The emergency core cooling systems provided are adequate to prevent fuel and clad damage which could interfere with effective core cooling and to limit clad metal‑water reaction to a negligible amount.  The design of the emergency core cooling systems, including their power supply, meet the requirements of Criterion 35.


For further discussion, see the following sections:


a.
Residual Heat Removal System <Section 5.4.7>


b.
Emergency Core Cooling Systems <Section 6.3>


c.
Onsite Power Systems <Section 8.3>


d.
Water Systems <Section 9.2>


e.
Accident Analysis <Section 15.0>


3.1.2.4.7       Criterion 36 ‑ Inspection of Emergency Core Cooling System


The emergency core cooling system shall be designed to permit appropriate periodic inspection of important components, such as spray rings in the reactor pressure vessel, water injection nozzles and piping, to assure the integrity and capability of the system.


3.1.2.4.7.1      Evaluation Against Criterion 36


The Emergency Core Cooling Systems discussed in Criterion 35 include inservice inspection considerations.  Reactor vessel piping nozzles and spray spargers within the vessel are accessible for inspection during refueling outages.  Removable plugs in the biological shield and/or panels in the insulation provide access for examination of nozzles.  Removable insulation is provided on the Emergency Core Cooling Systems piping out to and including the first isolation valve outside the drywell.  Inspection of the Emergency Core Cooling Systems is in accordance with the intent of Section XI of the ASME Code.  <Section 5.2.4> defines the Inservice Inspection Plan, access provisions and areas of restricted access.


During plant operations, the pumps, valves, piping, instrumentation, wiring, and other components outside the drywell can be visually inspected at any time.  Components inside the drywell can be inspected when the drywell is open for access.  When the reactor vessel is open, for refueling or other purposes, the spargers and other internals can be inspected.  Portions of the ECCS which are part of the reactor coolant pressure boundary are designed to specifications for inservice inspection to detect defects which might affect the cooling performance.  Particular attention will be given to the reactor vessel nozzles, core spray and feedwater spargers.  The design of the reactor vessel and 


internals for inservice inspection, and the plant testing and inspection program ensures that the requirements of Criterion 36 will be met.


For further discussion, see the following sections:


a.
Inservice Inspection and Testing of Reactor Coolant Pressure Boundary <Section 5.2.4>


b.
Reactor Vessel <Section 5.3>


c.
Emergency Core Cooling Systems <Section 6.3>


d.
Inservice Inspection of Class 2 and 3 Components <Section 6.6>


3.1.2.4.8      Criterion 37 ‑ Testing of Emergency Core Cooling System


The emergency core cooling system shall be designed to permit appropriate periodic pressure and functional testing to assure (1) the structural and leaktight integrity of its components, (2) the operability and performance of the active components of the system and (3) the operability of the system as a whole and, under conditions as close to design as practical, the performance of the full operational sequence that brings the system into operation, including operation of applicable portions of the protection system, the transfer between normal and emergency power sources and the operation of the associated cooling water system.


3.1.2.4.8.1      Evaluation Against Criterion 37


The emergency core cooling system consists of the high pressure core spray (HPCS) system, automatic depressurization system (ADS), low pressure coolant injection (LPCI) mode of the RHR system, and low pressure core spray (LPCS) system.  Each of these systems is provided with sufficient test connections and isolation valves to permit 


appropriate periodic pressure testing to assure the structural and leaktight integrity of its components.


The HPCS, LPCS, LPCI, and the ADS are designed to permit periodic testing to assure the operability and performance of the active components of each system.


The pumps and valves of these systems will be tested periodically to verify operability.  Flow rate tests will be conducted on LPCS, LPCI and HPCS systems.


The emergency core cooling systems will all be subjected to tests to verify the performance of the full operational sequence that brings each system into operation.  The testing of the associated cooling water systems is discussed in the evaluation of Criterion 46.  It is concluded that the requirements of Criterion 37 are met.


The redundancy and capability of the electrical power systems for the ECCS are represented in the evaluation of Criterion 34.


For further discussion, see the following sections:


a.
Overpressurization Protection <Section 5.2.2>


b.
ECCS Inspection and Testing <Section 6.3.4>


c.
Technical Specifications <Section 16.0>


3.1.2.4.9      Criterion 38 ‑ Containment Heat Removal


A system to remove heat from the reactor containment shall be provided.  The system safety function shall be to reduce rapidly, consistently with the functioning of other associated systems, the containment pressure 


and temperature following any loss‑of‑coolant accident and maintain them at acceptably low levels.


Suitable redundancy in components and features, and suitable interconnections, leak detection, isolation, and containment capabilities shall be provided to assure that for onsite electric power system operation (assuming offsite power is not available) and for offsite electrical power system operation (assuming onsite power is not available) the system safety function can be accomplished, assuming a single failure.


3.1.2.4.9.1      Evaluation Against Criterion 38


The containment heat removal function is accomplished by the residual heat removal system (RHR).  Following a loss‑of‑coolant accident, one or both of the following operating modes of the RHR system would be initiated:


a.
Containment Spray ‑ condenses steam within the containment.


b.
Suppression Pool Cooling ‑ limits the temperature within the containment by removing heat from the suppression pool water by means of the RHR heat exchangers.  Either or both redundant RHR heat exchangers can be manually activated.


The redundancy and capability of the offsite and onsite electrical power systems for the residual heat removal system are presented in the evaluation against Criterion 34.


For further discussion, see the following sections:


a.
Residual Heat Removal System <Section 5.4.7>


b.
Containment Systems <Section 6.2>


c.
Water Systems <Section 9.2>


d.
Accident Analyses <Section 15.0>


3.1.2.4.10        Criterion 39 ‑ Inspection of Containment Heat Removal System


The containment heat removal system shall be designed to permit appropriate periodic inspection of important components, such as the sumps, spray nozzles and piping to assure the integrity and capability of the system.


3.1.2.4.10.1      Evaluation Against Criterion 39


Provisions are made to facilitate periodic inspections of active components and other important equipment of the containment heat removal systems.  During plant operations, the pumps, valves, piping, instrumentation, wiring, and other components outside the drywell can be visually inspected at any time and will be inspected periodically.  The testing frequencies of most components will be correlated with the component inspection.


The spray rings and nozzles of the RHR containment spray system are located under the reactor building dome.  An air connection is provided on the supply piping to the spray rings for testing the spray nozzles.  The containment spray system spray nozzles will be verified unobstructed following maintenance which could result in nozzle blockage.  The test may be performed using an inspection of the nozzle or an air or smoke flow test.


The suppression pool is designed to permit appropriate periodic inspection.  Space is provided outside the drywell for inspection and maintenance.


The containment heat removal system is designed to permit periodic inspection of major components.  This design meets the requirements of Criterion 39.


For further discussion, see the following sections:


a.
Residual Heat Removal Systems <Section 5.4.7>


b.
Containment Systems <Section 6.2>


c.
Emergency Core Cooling Systems <Section 6.3>


d.
Water Systems <Section 9.2>


3.1.2.4.11      Criterion 40 ‑ Testing of Containment Heat Removal System


The containment heat removal system shall be designed to permit appropriate periodic pressure and functional testing to assure (1) the structural and leaktight integrity of its components, (2) the operability and performance of the active components of the system and (3) the operability and performance of the system as a whole, and, under conditions as close to the design as practical, the performance of the full operational sequence that brings the system into operation, including operation of applicable portions of the protection system, the transfer between normal and emergency power sources and the operation of the associated cooling water system.


3.1.2.4.11.1      Evaluation Against Criterion 40


The containment heat removal function is accomplished by a cooling mode of the residual heat removal system (RHR).


The RHR System is provided with sufficient test connections and isolation valves to permit periodic pressure and flow rate testing.  The pumps and valves of the RHR will be operated periodically to verify operability (the cooling mode is not automatically initiated).


The redundancy and capability of the offsite and onsite electrical power supplies for the RHR system are presented in the response to Criterion 34.  The operation of associated cooling water systems is discussed in the response to Criterion 46.


It is concluded that the requirements of Criterion 40 are met.


For further discussion, see the following sections:


a.
Residual Heat Removal System <Section 5.4.7>


b.
ECCS Instrumentation and Control <Section 7.3>


c.
Technical Specifications <Section 16.0>


3.1.2.4.12      Criterion 41 ‑ Containment Atmosphere Cleanup


Systems to control fission products, hydrogen, oxygen and other substances which may be released into the reactor containment shall be provided as necessary to reduce, consistent with the functioning of other associated systems, the concentration and quality of fission products released to the environment following postulated accidents, and to control the concentration of hydrogen or oxygen and other substances in the containment atmosphere following postulated accidents to assure that containment integrity is maintained.


Each system shall have suitable redundancy in components and features, and suitable interconnections, leak detection, isolation, and containment capabilities to assure that for onsite electric power system 


operation (assuming offsite power is not available) and for offsite electric power system operation (assuming onsite power is not available) its safety function can be accomplished, assuming a single failure.


3.1.2.4.12.1      Evaluation Against Criterion 41


A combustible gas control system is provided to control the concentration of combustible gases in the containment.  The system has redundant equipment and power supplies.  The containment atmosphere is continuously monitored for combustible gas concentration following a LOCA and the control system can be manually operated as required.


The annulus between the containment vessel and the shield building is maintained at a slight negative pressure to ensure that any leakage from the containment or through the shield building is into the annulus.  In the event of an accident, noncondensible gases are contained within the containment vessel.  Containment leakage is collected in the annulus; exhaust from the annulus volume is monitored and released in a controlled manner through HEPA and charcoal filters to minimize the release of radioactivity to the environment.  The annulus exhaust gas treatment system is provided with redundant equipment and power supplies and is in continuous operation during normal plant operations.  The exhaust air from the annulus is monitored for radioactivity level.


The above described systems meet the requirements of Criterion 41.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Containment Functional Design <Section 6.2.1>


c.
Secondary Containment Functional Design <Section 6.2.3>


d.
Combustible Gas Control in Containment <Section 6.2.5>


e.
Fission Product Removal and Control Systems <Section 6.5>


f.
Reactor Building Ventilation Systems <Section 9.4.6>


g.
Process and Effluent Monitoring <Section 11.5>


h.
Accident Analyses <Section 15.0>


3.1.2.4.13      Criterion 42 ‑ Inspection of Containment Atmosphere Cleanup Systems


The containment atmosphere cleanup systems shall be designed to permit appropriate periodic inspection of important components, such as filter frames, ducts and piping to assure the integrity and capability of the system.


3.1.2.4.13.1      Evaluation Against Criterion 42


With the exception of ductwork and fans located in the drywell, all equipment of the containment atmosphere cleanup systems, described in the response to Criterion 41, can be inspected during normal plant operation.


The annulus exhaust gas treatment system is operated continuously during plant operation and can be monitored for satisfactory operation.  Components of the combustible gas control system will be periodically inspected and tested to ensure continued availability.  Redundant components and power supplies are provided for these systems.


Inspection and testing of the containment spray system is described in the response to Criterion 39.


The design of these systems meets the requirements of Criterion 42.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Containment Functional Design <Section 6.2.1>


c.
Secondary Containment Functional Design <Section 6.2.3>


d.
Combustible Gas Control in Containment <Section 6.2.5>


e.
Fission Product Removal and Control Systems <Section 6.5>


f.
Reactor Building Ventilation Systems <Section 9.4.6>


g.
Process and Effluent Monitoring <Section 11.5>


3.1.2.4.14      Criterion 43 ‑ Testing of Containment Atmosphere Cleanup Systems


The containment atmosphere cleanup systems shall be designed to permit appropriate periodic pressure and functional testing to assure (1) the structural and leaktight integrity of its components, (2) the operability and performance of the active components of the systems such as fans, filters, dampers, pumps, and valves and (3) the operability of the systems as a whole and, under conditions as close to design as practical, the performance of the full operational sequence that brings the systems into operation, including operation of applicable portions of the protection system, the transfer between normal and emergency power sources and the operation of associated systems.


3.1.2.4.14.1      Evaluation Against Criterion 43


This requirement is addressed in response to Criterion 42.


3.1.2.4.15      Criterion 44 ‑ Cooling Water


A system to transfer heat from structures, systems and components important to safety, to an ultimate heat sink shall be provided.  The system safety function shall be to transfer the combined heat load of these structures, systems and components under normal operating and accident conditions.


Suitable redundancy in components and features, and suitable interconnections, leak detection and isolation capabilities shall be provided to assure that for onsite electric power system operation (assuming offsite power is not available) and for offsite electric power system operation (assuming onsite power is not available) the system safety function can be accomplished, assuming a single failure.


3.1.2.4.15.1      Evaluation Against Criterion 44


The systems provided to transfer heat from items of safety‑related importance to Lake Erie consist of the emergency service water system and the emergency closed cooling system.


Redundancy and reliability of the cooling water supply from the lake is provided by installing two independent Seismic Category I tunnels.  These tunnels are, in part, the intake and discharge tunnels for the service water system built to Seismic Category I design extended to the emergency service water intake structure.  The emergency service water structure is a Category I structure with 100 percent redundancy for all mechanical equipment.  The systems are operable either from offsite power or from onsite emergency diesel generator power.


Redundancy, isolation capability and separation is provided such that no single failure will prevent safe shutdown of the units.  The lake itself is a reliable heat sink with an extremely low probability of not being available at all times.  Reliability of the cooling water supply to the ESW intake structure is maintained, even though the physical redundancy of the ESW cooling water supplies may not be available during periods of elevated lake temperature when the sluice gate seals are inflated and the automatic opening feature is disabled.  In compliance with <Regulatory Guide 1.27>, it has been demonstrated that there is an extremely low probability of normal intake failure during the time that the automatic opening feature of the sluice gates is disabled and the alternate intake tunnel is unavailable.


The design of these systems thus meets the requirements of Criterion 44.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Design of Category I Structures <Section 3.8>


c.
Water Systems <Section 9.2>


3.1.2.4.16      Criterion 45 ‑ Inspection of Cooling Water System


The cooling water system shall be designed to permit appropriate periodic inspection of important components, such as heat exchangers and piping, to assure the integrity and capability of the system.


3.1.2.4.16.1      Evaluation Against Criterion 45


Important components are located in accessible locations to facilitate periodic inspection during normal plant operation.  Suitable manholes, 


handholes, inspection ports, or other design and layout features are provided for this purpose.


These features meet the requirements of Criterion 45.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Water Systems <Section 9.2>


c.
Initial Tests and Operation <Section 14.0>


3.1.2.4.17      Criterion 46 ‑ Testing of Cooling Water System


The cooling water system shall be designed to permit appropriate periodic pressure and functional testing to assure (1) the structural and leaktight integrity of its components, (2) the operability and the performance of the active components of the system and (3) the operability of the system as a whole and, under conditions as close to design as practical, the performance of the full operational sequence that brings the system into operation for reactor shutdown and for loss‑of‑coolant accidents, including operation of applicable portions of the protection system and the transfer between normal and emergency power sources.


3.1.2.4.17.1      Evaluation Against Criterion 46


Redundancy and isolation are provided to allow periodic pressure and functional testing of the system as a whole, including the functional sequence that initiates system operation.  This also includes transfer between the normal offsite power supply and the onsite emergency diesel generator power supply.  At least one of the redundant systems is in service during normal plant operations.


The system design thus meets the requirements of Criterion 46.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Water Systems <Section 9.2>


c.
Initial Tests and Operation <Section 14.0>


d.
Technical Specifications <Section 16.0>


3.1.2.5      Group V, Reactor Containment (Criteria 50‑57)


3.1.2.5.1      Criterion 50 ‑ Containment Design Basis


The reactor containment structure, including access openings, penetrations and the containment heat removal system shall be designed so that the containment structure and its internal compartments can accommodate, without exceeding the design leakage rate and, with sufficient margin, the calculated pressure and temperature conditions resulting from any loss‑of‑coolant accident.  This margin shall reflect consideration of (1) the effects of potential energy sources which have not been included in the determination of the peak conditions, such as energy in steam generators and energy from metal‑water and other chemical reactions that may result from degraded emergency core cooling functioning, (2) the limited experience and experimental data available for defining accident phenomena and containment responses and (3) the conservatism of the calculational model and input parameters.


3.1.2.5.1.1      Evaluation Against Criterion 50


The design of the containment is based on natural phenomena postulated to occur at the site and the design basis accident which assumes the 


instantaneous circumferential rupture of a main steam line upstream of the main steam line flow restrictor.  These conditions are coupled with a loss of offsite power and partial loss of the redundant engineered safety features systems (minimum engineered safety features).


The maximum pressure and temperature reached in the drywell and containment during this worst case accident are shown in <Section 6.2> and <Section 15.6> to be well below the design pressure and temperature of the structures.  This provides an adequate margin for uncertainties in potential energy sources.


The design of the containment system thus meets the requirements of Criterion 50.


For further discussion, see the following sections:


a.
Classification of Structures, Components and Systems <Section 3.2>


b.
Wind and Tornado Design Criteria <Section 3.3>


c.
Missile Protection Criteria <Section 3.5>


d.
Protection Against Dynamic Effects Associated with the Postulated Rupture of Piping <Section 3.6>


e.
Seismic Design <Section 3.7>


f.
Design of Containment Structure <Section 3.8.2>


g.
Containment Functional Design <Section 6.2.1>


h.
Containment Heat Removal System <Section 6.2.2>


i.
Accident Analyses <Section 15.0>


3.1.2.5.2      Criterion 51 ‑ Fracture Prevention of Containment Pressure Boundary


The reactor containment boundary shall be designed with sufficient margin to assure that under operating, maintenance, testing, and postulated accident conditions (1) its ferritic materials behave in a nonbrittle manner and (2) the probability of rapidly propagating fracture is minimized.  The design shall reflect consideration of service temperatures and other conditions of the containment boundary material during operation, maintenance, testing, and postulated accident conditions, and the uncertainties in determining (1) material properties, (2) residual, steady‑state, and transient stresses and (3) size of flaws.


3.1.2.5.2.1      Evaluation Against Criterion 51


This criterion applies to components of the containment system that provide a pressure boundary in the performance of the containment function under operating, maintenance, testing, and postulated accident conditions.  (<Section 3.11> provides the service temperatures for these determinations.)


Determination of nonbrittle behavior (fracture toughness) of pressure boundary materials is based on fracture toughness data and metallurgical characterization of these materials developed from a review of how these materials were fabricated and what thermal history they experienced during fabrication.  The metallurgical characterization of these materials, when correlated with data presented in the ASME Code, provided the technical basis for concluding that the reactor containment pressure boundary will behave in a nonbrittle manner and the requirements of this criterion are satisfied.


The preoperational test program and the ongoing quality assurance program will ensure the integrity of the containment.


The containment design thus meets the requirements of Criterion 51.


For further discussion, see the following sections:


a.
Steel Containment <Section 3.8.2>


b.
Preoperational Test Program <Section 14.2>


c.
Quality Assurance <Section 17.0>


3.1.2.5.3      Criterion 52 ‑ Capability for Containment Leakage Rate Testing


The reactor containment and other equipment which may be subjected to containment test conditions shall be designed so that periodic integrated leakage rate testing can be conducted at containment design pressure.


3.1.2.5.3.1      Evaluation Against Criterion 52


The containment system is designed and constructed, and the necessary equipment is provided to permit periodic integrated leak rate tests during the plant lifetime.  The testing program will be conducted in accordance with Option B of <10 CFR 50, Appendix J>.


The testing provisions provided and the test program meet the requirements of Criterion 52.


For further discussion, see the following sections:


a.
Containment Leakage Testing <Section 6.2.6>


b.
Technical Specifications <Section 16.0>


3.1.2.5.4      Criterion 53 ‑ Provisions for Containment Testing and Inspection


The reactor containment shall be designed to permit (1) appropriate periodic inspection of all important areas, such as penetrations, (2) an appropriate surveillance program and (3) periodic testing at containment design pressure of the leak tightness of penetrations which have resilient seals and expansion bellows in accordance with the containment leakage rate testing program.


3.1.2.5.4.1      Evaluation Against Criterion 53


There are special provisions for conducting individual leakage rate tests on applicable penetrations.  Penetrations will be visually inspected and pressure tested for leak tightness at periodic intervals.


The provisions made for penetration testing meet the requirements of Criterion 53.


For further discussion, see the following sections:


a.
Containment Isolation System <Section 6.2.4>


b.
Containment Leakage Testing <Section 6.2.6>


c.
Technical Specifications <Section 16.0>


3.1.2.5.5      Criterion 54 ‑ Piping Systems Penetrating Containment


Piping systems penetrating primary reactor containment shall be provided with leak detection, isolation and containment capabilities having redundancy, reliability and performance capabilities which reflect the importance to safety of isolating these piping systems.  Such piping systems shall be designed with a capability to test periodically the operability of the isolation valves and associated apparatus and to determine if valve leakage is within acceptable limits.


3.1.2.5.5.1      Evaluation Against Criterion 54


Piping systems penetrating containment are designed to provide the required isolation and testing capabilities.  These piping systems are provided with test connections to allow periodic leakage tests to be performed.  The engineered safety features actuation system test circuitry provides the means for testing isolation valve operability.


Conformance with Criterion 54 is further discussed in <Section 3.1.2.5.6> (Criterion 55), <Section 3.1.2.5.7> (Criterion 56) and <Section 3.1.2.5.8> (Criterion 57).


3.1.2.5.6      Criterion 55 ‑ Reactor Coolant Pressure Boundary Penetrating Containment


Each line that is part of the reactor coolant pressure boundary and that penetrates primary reactor containment shall be provided with containment isolation valves as follows, unless it can be demonstrated that the containment isolation provisions for a specific class of lines, such as instrument lines, are acceptable on some other defined basis:


a.
One locked closed isolation valve inside and one locked closed isolation valve outside containment, or


b.
One automatic isolation valve inside and one locked closed isolation valve outside containment, or


c.
One locked closed isolation valve inside and one automatic isolation valve outside containment.  A simple check valve may not be used as the automatic isolation valve outside containment, or


d.
One automatic isolation valve inside and one automatic isolation valve outside containment.  A simple check valve may not be used as the automatic isolation valve outside the containment.


Isolation valves outside containment shall be located as close to the containment as practical and upon loss of actuating power, automatic isolation valves shall be designed to take the position that provides greater safety.


Other appropriate requirements to minimize the probability or consequences of an accidental rupture of these lines or of lines connected to them shall be provided as necessary to assure adequate safety.  Determination of the appropriateness of these requirements, such as higher quality in design, fabrication and testing, additional provisions for inservice inspection, protection against more severe natural phenomena and additional isolation valves and containment, shall include consideration of the population density, use characteristics and physical characteristics of the site environs.


3.1.2.5.6.1      Evaluation Against Criterion 55


The reactor coolant pressure boundary (as defined in <10 CFR 50.2>) consists of the reactor pressure vessel, pressure retaining appurtenances attached to the vessel, and valves and pipes which extend from the reactor pressure vessel up to and including the outermost isolation valve.  The lines of the reactor coolant pressure boundary which penetrate the containment have suitable isolation valves


capable of isolating the containment thereby precluding any significant release of radioactivity.  Similarly for lines which do not penetrate the containment but which form a portion of the reactor coolant pressure boundary, the design ensures that isolation from the reactor coolant pressure boundary can be achieved.


The designs of the isolation systems detailed in sections listed below meet the requirements of Criterion 55.


a.
Integrity of Reactor Coolant Pressure Boundary <Section 5.2>


b.
Containment Isolation System <Section 6.2.4>


c.
Instrumentation and Controls <Section 7.0>


d.
Accident Analyses <Section 15.0>


e.
Technical Specifications <Section 16.0>


3.1.2.5.7      Criterion 56 ‑ Primary Containment Isolation


Each line that connects directly to the containment atmosphere and penetrates primary reactor containment shall be provided with containment isolation valves as follows, unless it can be demonstrated that the containment isolation provisions for a specific class of lines, such as instrument lines, are acceptable on some other defined basis:


a.
One locked closed isolation valve inside and one locked closed isolation valve outside containment, or


b.
One automatic isolation valve inside and one locked closed isolation valve outside containment, or


c.
One locked closed isolation valve inside and one automatic isolation valve outside containment.  A simple check valve may not be used as the automatic isolation valve outside containment, or


d.
One automatic isolation valve inside and one automatic isolation valve outside containment.  A simple check valve may not be used as the automatic isolation valve outside the containment.


Isolation valves outside containment shall be located as close to the containment as practical and upon loss of actuating power, automatic isolation valves shall be designed to take the position that provides greater safety.


3.1.2.5.7.1      Evaluation Against Criterion 56


Criterion 56 requires that lines which penetrate the containment and communicate with the containment interior must have two isolation valves; one inside the containment and the other outside containment.


<Section 6.2.4> discusses containment isolation.  In general, the four items listed in Criterion 56 are followed.  In certain cases, other acceptable defined bases for isolation which deviate from Items (1) through (4) of this criterion are followed.  Due to the number of containment isolation valves, <Section 6.2.4> and the associated tables and figures are referenced to show how Criterion 56 is met.  The isolation valving is shown schematically <Figure 6.2‑60> and is summarized, with valve actuation, in <Table 6.2‑32>.  Simple check valves are not used as automatic isolation valves outside the containment.  Instrument lines satisfy the criteria set by <Regulatory Guide 1.11>.


The manner in which the containment isolation system meets this requirement is detailed in the sections listed below:


a.
Containment Isolation System <Section 6.2.4>


b.
Instrumentation and Controls <Section 7.0>


c.
Accident Analyses <Section 15.0>


d.
Technical Specifications <Section 16.0>


3.1.2.5.8      Criterion 57 ‑ Closed System Isolation Valves


Each line that penetrates primary reactor containment and is neither part of the reactor coolant pressure boundary nor connected directly to the containment atmosphere shall have at least one containment isolation valve which shall be either automatic, or locked closed, or capable of remote‑manual operation.  This valve shall be outside the containment and located as close to the containment as practical.  A simple check valve may not be used as the automatic isolation valve.


3.1.2.5.8.1      Evaluation Against Criterion 57


Each line that penetrates the containment and is not connected to the containment atmosphere and is not part of the reactor coolant pressure boundary has at least one isolation valve located outside the containment near the penetration.


Details demonstrating conformance with Criterion 57 are provided in <Section 6.2.4>.


3.1.2.6      Group VI, Fuel and Radioactivity Control (Criteria 60‑64)


3.1.2.6.1      Criterion 60 ‑ Control of Releases of Radioactive Materials to the Environment


The nuclear power unit design shall include means to control suitably the release of radioactive materials in gaseous and liquid effluents and to handle radioactive solid wastes produced during normal reactor operation, including anticipated operational occurrences.  Sufficient holdup capacity shall be provided for retention of gaseous and liquid effluents containing radioactive materials, particularly where unfavorable site environmental conditions can be expected to impose unusual operational limitations upon the release of such effluents to the environment.


3.1.2.6.1.1      Evaluation Against Criterion 60


Waste handling systems have been incorporated in the plant design for processing and/or retention of radioactive wastes from normal plant operations to ensure that the effluent releases to the environment are as low as reasonably achievable and within the limits of <10 CFR 20>.  The plant is also designed with provisions to prevent radioactivity releases during accidents from exceeding the limits of <10 CFR 100>.


The principal gaseous effluents from the plant during normal operation are the noncondensible gases from the air ejectors.  These gases are exhausted through a holdup system and a low temperature offgas treatment system including charcoal absorbers.  The effluent from this system is continuously monitored and controlled, and the system will be shut down and isolated in the event of abnormally high radiation levels.


Ventilation air from the various plant areas is exhausted through HEPA and charcoal filters, and is continuously monitored and controlled.


Liquid radioactive wastes are collected in waste collector tanks, treated on a batch basis through demineralizers and then either returned to the plant systems or released in a controlled manner to the environment.  All discharges to the environment are routed through a monitoring station that continuously monitors and records the activity of the waste and provides an alarm to the operator in the unlikely event of high activity level.


Solid wastes including spent resins, filter sludges, filter cartridges, and contaminated tools, equipment and clothing are collected, packaged and shipped offsite in approved shipping containers.


The design of the waste disposal systems meets the requirements of Criterion 60.


For further discussion, see the following sections:


a.
General Plant Description <Section 1.2>


b.
Detection of Leakage through Reactor Coolant Pressure Boundary <Section 5.2.5>


c.
Containment Functional Design <Section 6.2.1>


d.
Air Conditioning, Heating, Cooling and Ventilating Systems <Section 9.4>


e.
Liquid Waste Management Systems <Section 11.2>


f.
Gaseous Waste Management Systems <Section 11.3>


g.
Solid Waste Management System <Section 11.4>


h.
Process and Effluent Radiological Monitoring and Sampling Systems <Section 11.5>


i.
Accident Analyses <Section 15.0>


3.1.2.6.2      Criterion 61 ‑ Fuel Storage and Handling and Radioactivity Control


The fuel storage and handling, radioactive waste and other systems which may contain radioactivity shall be designed to assure adequate safety under normal and postulated accident conditions.  These systems shall be designed (1) with a capability to permit appropriate periodic inspection and testing of components important to safety, (2) with suitable shielding for radiation protection, (3) with appropriate containment, confinement and filtering systems, (4) with a residual heat removal capability having reliability and testability that reflects the importance to safety of decay heat and other residual heat removal, and (5) to prevent significant reduction in fuel storage coolant inventory under accident conditions.


3.1.2.6.2.1      Evaluation Against Criterion 61


3.1.2.6.2.1.1      New Fuel Storage


New fuel is placed in dry storage in the new fuel storage vault which is located inside the fuel handling building.  The storage vault within the building provides adequate shielding for radiation protection.  Storage racks preclude accidental criticality (see evaluation against Criterion 62).  The new fuel storage racks do not require any special inspection and testing for nuclear safety purposes.


3.1.2.6.2.1.2      Spent Fuel Handling and Storage


Irradiated fuel is also stored in the fuel handling building and no fuel is stored inside the containment during plant operation.  Fuel pool water is circulated through the fuel pool cooling and cleanup (FPCC) system to maintain fuel pool water temperature, purity, water clarity, and water level.  Storage racks preclude accidental criticality (see evaluation against Criterion 62).


Reliable decay heat removal is provided by the closed loop FPCC system.  It consists of circulating pumps, heat exchangers, filter demineralizers, and the required piping, valves and instrumentation.  The pool water is circulated through the system, suction is taken from the pool, flow passes through the heat exchanger and filter demineralizers, and it is discharged through diffusers below the pool surface.  Pool water temperature is maintained below 130(F when removing the maximum normal heat load from the pool with the closed cooling water temperature at its maximum.  If it appears that the pool temperature will exceed 150(F, the FPCC system can be connected to the RHR system.  This increases the cooling capacity of the FPCC system.


High and low level switches indicate pool water level changes in the control room.  Fission product concentration in the pool water is minimized by use of the filter demineralizer.  This minimizes the release from the pool to the fuel handling building environment.


No tests are required because at least one pump and heat exchanger are normally operating while fuel is stored in the pool.  A heatup rate evaluation shall be performed if it is necessary to secure the system while fuel is stored in the pool.  Routine visual inspection of the system components, instrumentation and trouble alarms are adequate to verify system operability.


3.1.2.6.2.1.3      Radioactive Waste Systems


The radioactive waste systems provide all equipment necessary to collect, process and prepare for disposal all radioactive liquids, gases and solid waste produced as a result of reactor operation.


Liquid radwastes are classified, contained and treated as high purity/low conductivity, low purity/high conductivity, chemical, detergent, filter sludges, or spent resin wastes.  Processing includes filtration, ion exchange, evaporation, phase separation, analysis, and dilution.  Liquid wastes are also decanted and sludge is accumulated for disposal as solid radwaste.  Wet and dry solid wastes are packaged in accordance with <10 CFR 71>.  Gaseous radwastes are monitored, processed, recorded, and controlled so that radiation doses to persons outside the Radiologically Restricted Area are below those allowed by applicable regulations.


Accessible portions of the fuel handling and radwaste buildings have sufficient shielding to maintain dose rates within the limits set forth in <10 CFR 20> and <10 CFR 50>.  The radwaste building is designed to preclude accidental release of radioactive materials to the environs.


The radwaste systems are used on a routine basis and do not require specific testing to assure operability.  Performance is monitored by radiation monitors during operation.


The fuel storage and handling, and radioactive waste systems are designed to assure adequate safety under normal and postulated accident conditions.  The design of these systems meets the requirements of Criterion 61.


For further discussion, see the following sections:


a.
Residual Heat Removal System <Section 5.4.7>


b.
Containment <Section 6.2>


c.
New Fuel Storage <Section 9.1.1>


d.
Spent Fuel Storage <Section 9.1.2>


e.
Fuel Pool Cooling and Cleanup System <Section 9.1.3>


f.
Heating, Ventilating and Air Conditioning System <Section 9.4>


g.
Radioactive Waste Management <Section 11.0>


h.
Radiation Protection <Section 12.0>


3.1.2.6.3      Criterion 62 ‑ Prevention of Criticality in Fuel Storage and Handling


Criticality in the fuel storage and handling system shall be prevented by physical systems or processes, preferably by use of geometrically safe configurations.


3.1.2.6.3.1      Evaluation Against Criterion 62


Appropriate plant fuel handling and storage facilities are provided to preclude accidental criticality for new and spent fuel.  Criticality in new and spent fuel storage is prevented by the geometrically safe configuration of the storage racks.  There is sufficient spacing between the assemblies to assure that the array when fully loaded is substantially subcritical.  Fuel elements are limited by rack design to only top loading and fuel assembly positions.  The new and spent fuel racks are Seismic Category I structures.


New fuel is placed in dry storage in the top‑loaded new fuel storage vault.  This vault contains a drain to prevent the accumulation of water.  The new fuel storage vault racks (located inside the fuel handling building) are designed to prevent an accidental critical array, even in the event the vault becomes flooded or subjected to seismic loadings.  The center‑to‑center new fuel assembly spacing limits the effective multiplication factor of the array to not more than 0.90 for new dry fuel.  Keff will not exceed 0.95 if the new fuel is flooded.


Spent fuel is stored under water in the spent fuel pool.  The racks in which spent fuel assemblies are placed are designed and arranged to ensure subcriticality in the storage pool.  Spent fuel is maintained at a subcritical multiplication factor Keff of less than 0.90 under normal condition and 0.95 for abnormal conditions.  Abnormal conditions may result from an earthquake, accidental dropping of equipment or damage caused by the horizontal movement of fuel handling equipment without first disengaging the fuel from the hoisting equipment.


Refueling interlocks include circuitry which senses conditions of the refueling equipment and the control rods.  These interlocks reinforce operating procedures that prevent making the reactor critical.  The fuel handling system is also designed to provide a safe, effective means of transporting and handling fuel to minimize the possibility of mishandling or maloperation.


The use of geometrically safe configurations for new and spent fuel storage and the design of fuel handling systems precludes accidental criticality in accord with Criterion 62.


For further discussion, see <Section 9.1>.


3.1.2.6.4      Criterion 63 ‑ Monitoring Fuel and Waste Storage


Appropriate systems shall be provided in fuel storage and radioactive waste systems and associated handling areas (1) to detect conditions that may result in loss of residual heat removal capability and excessive radiation levels and (2) to initiate appropriate safety actions.


3.1.2.6.4.1      Evaluation Against Criterion 63


Appropriate systems have been provided to meet the requirements of this criterion.  A malfunction of the fuel pool cooling and cleanup system which could result in loss of residual heat removal capability and excessive radiation levels is alarmed in the control room.  Alarmed conditions include low fuel pool cooling water pump discharge pressure and high/low level in the fuel storage pool.  System temperature is also continuously monitored and alarmed in the control room.  The containment and fuel handling building ventilation radiation monitoring systems detect abnormal amounts of radioactivity and initiate appropriate action to control the release of radioactive material to the environs.


Area radiation and tank sump levels are monitored and alarmed to give indication of conditions which may result in excessive radiation levels in radioactive waste system areas.


These systems satisfy the requirements of Criterion 63.


For further discussion, see the following sections:


a.
Fuel Storage and Handling <Section 9.1>


b.
Liquid Radwaste Management Systems <Section 11.2>


c.
Gaseous Radwaste Management Systems <Section 11.3>


d.
Solid Radwaste Management System <Section 11.4>


e.
Process and Effluent Radiological Monitoring and Sampling Systems <Section 11.5>


3.1.2.6.5      Criterion 64 ‑ Monitoring Radioactivity Releases


Means shall be provided for monitoring the reactor containment atmosphere, spaces containing components for recirculation of loss‑of‑coolant accident fluids, effluent discharge paths, and the plant environs for radioactivity that may be released from normal operations, including anticipated operational occurrences, and from postulated accidents.


3.1.2.6.5.1      Evaluation Against Criterion 64


Means have been provided for monitoring radioactivity releases resulting from normal and anticipated operational occurrences.  The following plant releases are monitored:


a.
Gaseous releases from the plant vents


b.
Liquid discharge to the circulating water tunnel


c.
Auxiliary Building ventilation


d.
Radwaste Building ventilation


e.
Fuel Handling Building ventilation


In addition, the drywell and containment atmosphere is monitored and onsite and offsite monitors are provided.


Periodic reports of operation are submitted to the NRC.  These reports include specific information on the quantities of the principal radionuclides released to the environs.


For further discussion of the means and equipment used for monitoring radioactivity releases, see the following sections:


a.
Reactor Coolant Pressure Boundary Leakage Detection System <Section 5.2.5>


b.
Radioactive Waste Systems <Section 11.0>


c.
Area Radiation and Airborne Radioactivity Monitoring Instrumentation <Section 12.3.4>
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3.2      CLASSIFICATION OF STRUCTURES, COMPONENTS AND SYSTEMS


Certain structures, components and systems of the nuclear plant are considered important to safety because they perform safety actions required to avoid or mitigate the consequences of abnormal operational transients or accidents.  The purpose of this section is to classify structures, components and systems according to the importance of the safety function they perform.  In addition, design requirements are placed upon such equipment to assure the proper performance of safety actions, when required.


3.2.1      SEISMIC CLASSIFICATION


Plant structures, systems and components important to safety are designed to withstand the effects of a Safe Shutdown Earthquake (SSE) and remain functional if they are necessary to assure:


a.
The integrity of the reactor coolant pressure boundary,


b.
The capability to shut down the reactor and maintain it in a safe condition, or


c.
The capability to prevent or mitigate the consequences of accidents that could result in potential offsite exposures comparable to the guideline exposures of <10 CFR 100>.


Plant structures, systems and components (including their foundations and supports) designed to remain functional in the event of an SSE are designated as Seismic Category I, as indicated in <Table 3.2‑1>.


Structures, components, equipment, and systems designated as Safety Class 1, Safety Class 2 or Safety Class 3 (see <Section 3.2.3> for a discussion of safety classes) are classified as Seismic Category I except for (1) those noted in <Table 3.2‑1> and (2) those portions of 


the radioactive waste treatment handling and disposal systems whose postulated simultaneous failure would not result in conservatively calculated offsite exposures comparable to the guideline exposures of <10 CFR 100>.


All Seismic Category I structures, systems and components are analyzed under the loading conditions of the SSE and operating‑basis earthquake (OBE).  Since the two earthquakes vary in intensity, the design of Seismic Category I structures, components, equipment, and systems to resist each earthquake and other loads are based on levels of material stress or load factors, whichever is applicable, and yield margins of safety appropriate for each earthquake.  The margin of safety provided for safety class structures, components, equipment, and systems for the SSE is sufficiently large to assure that their design functions are not jeopardized.


During construction and plant operation, all nonsafety structures, systems or components which fall under <Regulatory Guide 1.29>, Paragraph c.2 are identified through a seismic clearance and anti‑fall down inspection program.  Such structures or components are then analyzed for seismic loads and, when necessary, additional supports are added or existing supports are modified to ensure structural integrity during a seismic event.


The seismic classification indicated in <Table 3.2‑1> meets the requirements of <Regulatory Guide 1.29>, with exceptions as stated in Notes 19 and 24.


3.2.2      SYSTEM QUALITY GROUP CLASSIFICATIONS


System quality group classifications, as defined in <Regulatory Guide 1.26>, have been determined for each water, steam or radioactive waste containing component of those applicable fluid systems relied upon to:


a.
prevent or mitigate the consequences of accidents and malfunctions originating within the reactor coolant pressure boundary,


b.
permit shutdown of the reactor and maintain it in a safe shutdown condition or


c.
contain radioactive material.


A tabulation of quality group classification for each component so defined is shown in <Table 3.2‑1> under the heading, “Quality Group Classification.”  <Figure 3.2‑1> is a diagram that depicts the relative locations of these components along with their quality group classification.


System Quality Group Classifications and design and fabrication requirements as indicated in <Table 3.2‑1> and <Table 3.2‑2> meet the guidelines of <Regulatory Guide 1.26>.


3.2.3      SYSTEM SAFETY CLASSIFICATIONS


Structures, systems and components are classified as Safety Class 1, Safety Class 2, Safety Class 3, or nonsafety class (NSC) in accordance with the importance to nuclear safety.  Equipment is assigned a specific safety class, recognizing that components within a system may be of


differing safety importance.  A single system may thus have components in more than one safety class.  Supports are appropriate for the component supported, as defined by the ASME Code Section III.


The safety classes are defined in this section and examples of their broad application are given.  Because of specific design considerations, these general definitions are subject to interpretation and exceptions.  <Table 3.2‑1> provides a summary of the safety classes for the principal structures, systems and components of the plant.


Design requirements for components of safety classes are also delineated in this section.  Where possible, reference is made to accepted industry codes and standards which define design requirements commensurate with the safety function(s) to be performed.  In cases where industry codes and standards have no specific design requirements, the locations of the appropriate subsections that summarize the requirements to be implemented in the design are indicated.


3.2.3.1      Safety Class 1


3.2.3.1.1      Definition of Safety Class 1


Safety Class 1 applies to components of the reactor coolant pressure boundary or core support structure whose failure could cause a loss of reactor coolant.  Structures, systems and components in Safety Class 1 are listed in <Table 3.2‑1>.


3.2.3.1.2      Design Requirements for Safety Class 1


<Table 3.2‑3> lists industry code requirements for Safety Class 1 mechanical components and structural supports and correlates these requirements with design condition categories.


3.2.3.2      Safety Class 2


3.2.3.2.1      Definition of Safety Class 2


Safety Class 2 applies to those structures, systems and components, other than cooling water systems, that are not safety Class 1 but are necessary to accomplish the following safety functions:


a.
Insert negative reactivity to shutdown the reactor.


b.
Prevent rapid insertion of positive reactivity.


c.
Maintain core geometry appropriate to all plant process conditions.


d.
Provide emergency core cooling.


e.
Provide and maintain containment.


f.
Remove residual heat from the reactor and reactor core.


g.
Store spent fuel.


Safety Class 2 includes the following:


a.
Reactor protection system.


b.
Those components of the control rod system which are necessary to render the reactor subcritical.


c.
Systems or components which restrict the rate of insertion of positive reactivity.


d.
The assembly of components of the reactor core which maintain core geometry including the fuel assemblies, core support structure and core grid plate, as examples.


e.
Other components within the reactor vessel such as jet pumps, core shroud and core spray components which are necessary to accomplish the safety function of emergency core cooling.


f.
Emergency core cooling systems.


g.
Containment vessel.


h.
Shield building and annulus gas treatment system.


i.
Postaccident containment heat removal systems.


j.
Containment combustible gas control system.


k.
Initiating systems required to accomplish safety functions, including emergency core cooling initiating system and containment isolation initiating system.


l.
At least one of the systems which removes decay heat when the reactor is pressurized, and the system to remove decay heat when the reactor is not pressurized.


m.
Spent fuel storage racks and spent fuel pool.


n.
Electrical and instrument systems necessary for operation of the above.


o.
Pipes having a nominal size of 3/4 inch or smaller, that are part of the reactor coolant pressure boundary.


Structures, systems and components in Safety Class 2 are listed in <Table 3.2‑1>.


3.2.3.2.2      Design Requirements for Safety Class 2


In applying industry codes to Safety Class 2 structures, systems and components, the codes (except for mechanical equipment) do not fit neatly and automatically into the safety class and design condition designations developed in this section.  Therefore, mechanical and structural categories will be treated separately from electrical.


<Table 3.2‑4> lists the code requirements for mechanical and structural systems of Safety Class 2 designation, and correlates these requirements with conditions of design.


Code requirements for protection and Class 1E electrical systems of Safety Class 2 (as defined in IEEE‑279 and IEEE‑308) are shown in <Table 3.2‑6>.


3.2.3.3      Safety Class 3


3.2.3.3.1      Definition of Safety Class 3


Safety Class 3 applies to those structures, systems and components that are not Safety Class 1 or Safety Class 2, but


a.
whose function is to process radioactive wastes and whose failure would result in release to the environment of gas, liquid or solids resulting in a single event dose greater than the limits specified in <10 CFR 100> to a person at the site boundary,


b.
which provide or support any safety system function, or


c.
which remove decay heat from the spent fuel.


Safety Class 3 includes the following:


a.
Portions of the gaseous waste disposal system.


b.
Those portions of the radwaste equipment or structures required to prevent leakage to the environs, at an excessive rate, of liquids from the liquid waste disposal system.


c.
Cooling water systems required for the purpose of:



1.
Removal of decay heat from the reactor or spent fuel pool.



2.
Emergency core cooling.



3.
Postaccident containment heat removal.



4.
Providing cooling water needed for the functioning of emergency systems.


d.
Fuel supply for the onsite emergency electrical system.


e.
Emergency equipment area cooling.


f.
Compressed gas or hydraulic systems required to support control or operation of safety systems.


g.
Electrical and instrumentation auxiliaries necessary for operation of the above.


Structures, systems and components in Safety Class 3 are listed in <Table 3.2‑1>.


3.2.3.3.2      Design Requirements for Safety Class 3


The design requirements for Safety Class 3 mechanical and structural categories are listed in <Table 3.2‑5>.  This table correlates these requirements with design condition categories.


Code requirements for Safety Class 3 electrical equipment are shown in <Table 3.2‑6>.


3.2.3.4      Other Structures, Systems and Components


3.2.3.4.1      Definition of Other Structures, Systems and Components


A boiling water reactor has a number of structures, systems and components in the power conversion or other portions of the facility which have no direct safety function but which may be connected to or influenced by the equipment within the safety classes defined above.  Such structures, systems and components are designated as nonsafety class (NSC).


3.2.3.4.2      Design Requirements for NSC Structures, Systems and Components


The design requirements for equipment classified as NSC are specified by the designer with appropriate consideration of the intended service of the equipment and expected plant and environmental conditions under which it will operate.  Where possible, design requirements are based on applicable industry codes and standards.  If these are not available, the designer utilizes accepted industry or engineering practice.


3.2.4      QUALITY ASSURANCE


Structures, systems and components whose safety functions require conformance to the quality assurance requirements of <10 CFR 50, 


Appendix B>, are those designated as Safety Class 1, 2 and 3 in <Table 3.2‑1>.  The Quality Assurance Program is described in <Chapter 17>.


3.2.5      CORRELATION OF SAFETY CLASSES WITH INDUSTRY CODES


The design of plant equipment is commensurate with the safety importance of the equipment.  Hence, the various safety classes have a gradation of design requirements.  Application of code and addenda for the reactor coolant pressure boundary Safety Class 1 equipment supplied by GE is listed in <Table 3.2‑7>.


TABLE 3.2‑1


EQUIPMENT CLASSIFICATION





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




I.
Reactor System



1.
Reactor vessel
1
A
III‑1
I



2.
Reactor vessel




support skirt
1
N/A
III‑NF
I



3.
Reactor vessel




appurtenances,




pressure retaining




portions
1
A
III‑1
I



4.
CRD housing supports
2
N/A
None
I



5.
Reactor internal




structures,




engineered safety




features
2
N/A
None
I



6.
Nonsafety class




reactor internals
NSC
N/A
None
N/A
See Note(28)


7.
Control rods
2
N/A
None
I



8.
Control rod drives
2
N/A
None
I



9.
Core support




structure
2
N/A
III‑NG
I



10.
Fuel assemblies
2
N/A
None
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




II.
Nuclear Boiler System



1.
Vessels, level




instrumentation




condensing




chambers
1
A
III‑1
I



2.
Vessels, air




accumulators
3
C
III‑3
I



3.
Piping, relief




valve discharge
3
C
III‑3
I
See Note(7)


4.
Piping, main steam,




within outboard




isolation valve




(MSIV)
1
A
III‑1
I
See Note(8)


5.
Piping, feedwater




within outboard




isolation check




valve
1
A
III‑1
I



6.
Pipe supports, main




steam
1
A
III‑NF
I



7.
Pipe restraints,




main steam
2
N/A
N/A
I



8.
Piping, main steam,




between MSIV and M.O.




stop valve
2
B
III‑2
I
See Note(8)


9.
Piping, main steam




between M.O.stop 




valve and turbine 




stop valve
NSC
D
B31.1
N/A
See Note(8),(24)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




10.
(Deleted)



11.
(Deleted)



12.
(Deleted)



13.
Safety/Relief




Valves
1
A
III‑1
I



14.
MSIV’s
1
A
III‑1
I



15.
(Deleted)



16.
M.O. stop valves
2
B
III‑2
I



17.
(Deleted)



18.
(Deleted)



19.
Mechanical modules




with safety




function
2
N/A
None
I



20.
Electrical modules




with safety




function
2
N/A
IEEE
I



21.
Cable with safety




function
2
N/A
IEEE
I



22.
(Deleted)



23.
(Deleted)



III.
Recirculation System



1.
Piping
1
A
III‑1
I
See Note(8)


2.
Pipe supports,




recirculation line
1
A
III‑NF
I



3.
Pipe restraints,




recirculation line
2
B
None
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




4.
Pumps
1
A
III‑1
I



5.
Valves
1
A
III‑1
I



6.
Pump motors
NSC
N/A
None
N/A



7.
Low frequency




motor generator set
NSC
N/A
None
N/A



8.
Cable with safety




function
2
N/A
IEEE
I



IV.
CRD Hydraulic System



1.
Valves, scram




discharge volume




lines
2
B
III‑2
I
See Note(8)


2.
Valves, insert and




withdraw lines
2
B
III‑2
I
See Note(10)


3.
(Deleted)



4.
Piping, scram




discharge volume




lines
2
B
III‑2
I
See Note(8)


5.
Piping, insert and




withdraw lines
2
B
III‑2
I



6.
Piping, other
NSC
D
B31.1
N/A
See Note(8)


7.
Hydraulic control




unit
2
N/A
None
I
See Note(11)


8.
Electrical modules




with safety function
2
N/A
IEEE
I



9.
Cable with safety




function
2
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




V.a
Standby Liquid Control




System



1.
Standby liquid




control storage




tank
2
B
III‑2
I



2.
Pump
2
B
III‑2
I



3.
Pump motor
2
N/A
None
I



4.
Valves, explosive
1
A
III‑1
I



5.
Valves, isolation




and piping between




valves
1
A
III‑1
I
See Note(8)


6.
(Deleted)



7.
Piping, beyond




isolation valves
2
B
III‑2
I
See Note(8)


8.
Electrical modules




with safety function
2
N/A
IEEE
I



9.
Cable with safety




function
2
N/A
IEEE
I



V.b
Standby Liquid Control




Transfer System



1.
Piping, between




mixing tank and




outboard containment




isolation valve
3
C
III‑3
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
Valves, containment




isolation and piping




between valves
2
B
III‑2
I



3.
Piping, inboard to




storage tank
3
C
III‑3
I



4.
(Deleted)



5.
Transfer pump
3
C
III‑3
I



6.
Transfer pump motor
5
N/A
N/A
N/A



VI.
Neutron Monitoring System



1.
Electrical modules,




IRM, OPRM and APRM
2
N/A
IEEE
I



2.
Cable, IRM, OPRM




and APRM
2
N/A
IEEE
I



3.
Detector dry tube




assembly
2
B
III‑1
I



VII.
Reactor Protection System



1.
Electrical modules
2
N/A
IEEE
I



2.
Cable
2
N/A
IEEE
I
See Note(33)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




VIII.
Process Radiation




Monitors



1.
Electrical modules




and cable, main




steam line and




reactor building




ventilation monitors
2
N/A
IEEE
I



2.
(Deleted)



3.
Main steam line
2
N/A
N/A
I



4.
Containment vent




exhaust
2
N/A
N/A
I



5.
(Deleted)



6.
(Deleted)



7.
(Deleted)



IX.
RHR System



1.
Heat exchangers,




primary side
2
B
III‑2&







TEMA‑C
I



2.
Heat exchangers,




secondary side
3
C
III‑3&







TEMA‑C
I



3.
Piping, within




outboard isolation




valves
1,2
A,B
III‑1
I
See Note(8)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




4.
Piping, beyond




outboard isolation




valves
2
B
III‑2
I
See Note(8)


5.
Pumps
2
B
III‑2
I



6.
Pump motors
2
N/A
None
I



7.
Valves, isolation




and LPCI line




between valves
1,2
A,B
III‑1
I
See Note(8)


8.
(Deleted)



9.
(Deleted)



10.
Mechanical modules
2
N/A
None
I



11.
Electrical modules




with safety function
2
N/A
IEEE
I



12.
Cable with safety




function
2
N/A
IEEE
I



13.
Suppression pool




strainer
2
N/A
II, IX
I
See Note(36)


X.
Low Pressure Core Spray



1.
Piping, within




outboard isolation




valves
1
A
III‑1
I
See Note(8)


2.
Piping, beyond




outboard isolation




valves
2
B
III‑2
I
See Note(8)


3.
Pumps
2
B
III‑2
I



4.
Pump motors
2
N/A
None
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




5.
Valves, isolation
1
A
III‑1
I
See Note(8)


6.
(Deleted)



7.
Electrical modules




with safety function
2
N/A
IEEE
I



8.
Cable with safety




function
2
N/A
IEEE
I



9.
Suppression Pool




Strainer
2
N/A
II, IX
I
See Note(36)


XI.
High Pressure Core Spray



1.
Day Supply Diesel




Tank
3
C
III‑3
I



2.
Piping, within




outboard isolation




valve
1
A
III‑1
I
See Note(8)


3.
Piping, diesel




service water
3
C
III‑3
I



4.
Piping, return test




line to condensate




storage tank beyond




second isolation




valve
NSC
D
B31.1
N/A
See Note(8)


5.
Piping, beyond




outboard isolation




valve, other
2
B
III‑2
I
See Note(8)


6.
Piping, HPCS




Diesel Skid-Mounted
3
C
III‑3
I
See Note(34)


7.
Pump, HPCS
2
B
III‑2
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




8.
Pump motor, HPCS
2
N/A
None
I



9.
Pump, diesel service




water
3
C
III‑3
I



10.
(Deleted)



11.
(Deleted)



12.
(Deleted)



13.
(Deleted)



14.
Electrical modules,




with safety function
2
N/A
IEEE
I



15.
Electrical auxiliary




equipment
3
N/A
IEEE
I



16.
Cable with safety




function
2
N/A
IEEE
I



17.
(Deleted)



18.
Suppression Pool




Strainer
2
N/A
II, IX
I
See Note(36)


XII.
RCIC System



1.
Piping, within




outboard isolation




valves
1,2
A,B
III‑1
I
See Note(8)


2.
Piping, beyond




outboard isolation




valves
2
B
III‑2
I
See Note(8)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




3.
Piping, return test




line to condensate




storage tank beyond




second isolation




valve
NSC
D
ANSI B31.1
N/A
See Note(8)


4.
Pumps
2
B
III‑2
I



5.
Valves, isolation
1,2
A,B
III‑1
I
See Note(8)


6.
Valves, return test




line to condensate




storage beyond




second isolation




valve and vacuum




pump discharge line




to containment




isolation valves
NSC
D
ANSI B31.1.0
N/A



7.
(Deleted)



8.
Turbine
2
N/A
None
I
See Note(12)


9.
Electrical modules




with safety function
2
N/A
IEEE
I



10.
Cable with safety




function
2
N/A
IEEE
I



11.
Suppression Pool




Strainer
2
N/A
II, IX
I
See Note(36)


XIII.
Fuel Service Equipment





See <Table 9.1‑3>


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XIV.
Reactor Vessel Service




Equipment





See <Table 9.1‑5>



XV.
In‑Vessel Service




Equipment



1.
Control rod




grapple
2
N/A
None

See Note(3)


XVI.
Refueling Equipment



1.
Refueling equipment




assembly platform
2
N/A
None
I



2.
Refueling bellows
NSC
N/A
None
N/A



3.
Fuel transfer system
See <Table 9.1‑4>



See Note(13)


4.
Auxiliary Platform
NSC
N/A
None
I


XVII.
Storage Equipment



1.
Fuel Storage Racks
2
N/A
None
I



2.
Defective fuel




storage container
2
N/A
None
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XVIII.
Radwaste System



1.
Concentrated




Waste Tanks
NSC
D
III‑3
N/A
See Note(15)






AWWA‑D100







& API 650



2.
Heat exchangers
NSC
D
TEMA‑C
N/A
See Note(15)


3.
Piping




a.
Between





containment





isolation valves
2
B
III‑2
I
See Note(8)



b.
All others
NSC
D
III‑3 &
N/A
See Note(15)







B 31.1



4.
Pumps
NSC
D

N/A
See Note(15)


5.
Valves




a.
Containment





isolation
2
B
III‑2
I
See Note(37)



b.
Discharge flow





control
NSC
D
B31.1
N/A
See Note(15)



c.
All others
NSC
D
III‑3
N/A
See Note(15)







& B31.1



6.
Mechanical modules
NSC
N/A
None
N/A


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XIX.
Reactor Water Cleanup




System



1.
Vessels:  Filter/




demineralizer
NSC
C
III‑3
N/A



2.
Heat exchangers




carrying reactor




water
NSC
C
III‑3,TEMA‑C
N/A



3.
Pump suction piping,




within outboard




isolation valve
1
A
III‑1
I
See Note(8),(16)


4.
Pump discharge




piping, to RHR and




feedwater
2
B
III‑2
I
See Note(8)


5.
Pumps
NSC
C
III‑3
N/A



6.
Valves, isolation




valves and piping




between valves
1/2
A/B
III‑1,III‑2
I
See Note(8),(16),(37)


7.
(Deleted)



8.
Filter/demineralizer
NSC
C
III‑3
N/A



9.
Filter/demineralizer




precoat subsystem
NSC
D
B31.1
N/A


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




10.
Nonregenerative heat




exchanger shells and




interconnecting




piping carrying




closed cooling




water
NSC
D
III‑3 &
N/A







TEMA‑C



XX.
Fuel Pool Cooling and




Cleanup System



1.
Surge tanks
3
C
III‑3
I



2.
Heat exchangers
3
C
III‑3 &
I







TEMA‑C



3.
Piping
2,3,NSC
B,C,D
III‑2,III‑3,
I, N/A
See Note(8)






B31.1



4.
Pumps
3
C
III‑3
I



5.
Valves
2,3,NSC
B,C,D
III‑2,III‑3,
I, N/A
See Note(37)






B31.1



6.
Filter Demineralizer




(F/D) System, Cask




Pit Drain Subsystem




and Fuel Transfer




Tube Subsystem




a.
Piping and





valves
NSC
D
ANSI B31.1
N/A




b.
Tanks
NSC
D
AWWA D100
N/A








API 650








ANSI B96.1


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





c.
Pumps
NSC
D

N/A




d.
Vessels (F/D)
NSC
D
VIII
N/A



7.
RHR Connection
3
C
III‑3
I
See Note(17)


8.
Pump motors
3



XXI.
Control Room Panels



1.
Electrical modules,




with safety function
2
N/A
IEEE
I



2.
Cable with safety




function
2
N/A
IEEE
I



3.
Safety Parameter




Display Panel
NSC
N/A
N/A
N/A



XXII.
Local Panels and Racks



1.
Electrical modules
2

N/A
IEEE
I




with safety function



2.
Cable with safety
2

N/A
IEEE
I




function



XXIII.
Offgas System



1.
Tanks
NSC
N/A
API 650
N/A
See Note(18)






AWWA D100 or







ANSI B96.1



2.
Heat exchangers
NSC
N/A
TEMA‑C
N/A
See Note(8),(18)






VIII‑1



3.
Piping
NSC
N/A
ANSI B31.1
N/A
See Note(8),(18)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




4.
Pumps
NSC
N/A
‑
N/A
See Note(18)


5.
Valves, flow control
NSC
N/A
ANSI B31.1
N/A
See Note(18)


6.
Valves, other
NSC
N/A
ANSI B31.1
N/A
See Note(8),(18)


7.
Mechanical Modules




with safety function
NSC
N/A
None
N/A
See Note(8),(18)


8.
Pressure Vessels
NSC
N/A
VIII‑1
N/A
See Note(18)


XXIV.
Main Steamline Isolation




Valve Leakage Control




System



MSIV Leakage Control 



System has been abandoned



in place per DCP 96‑0044.



XXV.
Emergency Service Water




System



1.
Piping
3
C
III‑3
I



2.
Pumps
3
C
III‑3
I



3.
Pump Motors
3
N/A
N/A
I



4.
Strainers
3
C
III‑3
I



5.
Valves
3
C
III‑3
I



6.
Electrical modules




with safety function
2
N/A
IEEE
I



7.
Cable with safety




function
2
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XXVI.
Emergency Closed Cooling




Water System



1.
Piping
3
C
III‑3
I



2.
Pumps
3
C
III‑3
I



3.
Pump Motors
3
N/A
N/A
I



4.
Valves
3
C
III‑3
I



5.
Electric Modules




with safety function
2
N/A
IEEE
I



6.
Cable with safety




function
2
N/A
IEEE
I



7.
Heat Exchangers
3
C
III‑3
I



XXVII.
Plant Service and Cooling




Water Systems (Plant




Service Water, Nuclear




Closed Cooling & Turbine




Building Closed Cooling)



1.
Piping and valves




forming part of




primary containment




boundary
2
B
III‑2
I
See Note(37)


2.
Other equipment and




piping
NSC
N/A
VIII‑1
N/A







B31.1

See Note(19)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XXVIII.
Instrument and Service




Air Systems



1.
Vessels, accumulators,




supporting safety‑




related systems
3
C
III‑3
I



2.
Piping and valves in




lines between above




accumulators and




safety‑related




systems
3
C
III‑3
I



3.
Other equipment




and piping
NSC
N/A
VIII‑1
N/A







B31.1



XXIX.
Diesel Generator Systems



1.
Day tanks and fuel




storage tank
3
C
III‑3
I



2.
Piping and valves,




fuel oil system and




diesel cooling water




system
3
C
III‑3
I



3.
Pumps, fuel oil




system and diesel




service water system
3
C
III‑3
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




4.
Pump motors, fuel oil




system and diesel




service water




systems
3
N/A
N/A
I



5.
Diesel‑generators
2
DEMA
N/A
I



6.
Diesel‑generators




starting air system
3
C
III‑3
I



7.
Lube oil system
3
C
III‑3
I



8.
Electrical modules




with safety functions
2
N/A
IEEE
I



9.
Cable with safety




functions
2
N/A
IEEE
I



10.
Diesel generator




combustion air




intake, exhaust




system intake and




exhaust systems




intake air filter




and valves
3
C
III‑3
I



11.
Exhaust silencer




and crankcase vent




piping
NSC
N/A
N/A
N/A



12.
Jacket water cooling
3
C
III‑3
I







TEMA‑C



XXX.
Power Conversion System



1.
Main Steam piping
(See Section II of this Table)


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
Main Steam Lines




from Turbine Control




Valves to Turbine




Casing
NSC
N/A
ANSI B31.1
N/A
See Note(20)


3.
Piping and valves,




other
NSC
N/A
ANSI B31.1
N/A
See Note(21),(22)


4.
Pressure Vessels
NSC
N/A
VIII‑1
N/A



5.
Condensate &




Feedwater Pumps
NSC
N/A
N/A
N/A



6.
All Other Pumps
NSC
N/A
N/A
N/A



7.
Tanks
NSC
N/A
API 650,
N/A







AWWA 100







or ANSI B96.1



8.
Other Components
NSC
N/A
N/A
N/A



XXXI.
Condensate Storage and




Transfer System



1.
Condensate storage




tank
NSC
N/A
AWWA D100
N/A



2.
Piping and valves
NSC
N/A
ANSI B31.1
N/A



3.
Other components
NSC
N/A
N/A
N/A



XXXII.
Auxiliary AC Power System



1.
4160V switch gear




with safety




functions
2
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
480V load centers




with safety




functions
2
N/A
IEEE
I



3.
480V MCC’s with




safety functions
2
N/A
IEEE
I



4.
All cables with




safety function




(including under‑




ground cables,




cable splices,




connections, and




terminal blocks)
2
N/A
IEEE
I



5.
Conduit, cable tray




and supports




containing Class 1E




cables
2
N/A
IEEE
I



6.
Conduit, cable tray




and supports




containing non‑1E




cables in safety




class structures




where failure may




damage other




safety‑related




items.
NSC
N/A
N/A
I
See Note(28),(31)


7.
4160/480 transformer




with safety




functions
2
N/A
N/A
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




8.
Protective relays




and control panels




with safety




functions
2
N/A
N/A
I



9.
AC control power




inverters with




safety functions
2
N/A
N/A
I



10.
Containment




electrical




penetrations
2
N/A
III MC
I



11.
All components with




safety functions
2
N/A
N/A
I



XXXIII.
125 Volt DC Power System



1.
125V batteries,




racks, chargers,




distribution




equipment with




safety functions
2
N/A
IEEE
I



2.
Cables with safety




functions
2
N/A
IEEE
I



3.
Conduit and cable




tray and supports




containing Class 1E




cables
2
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




4.
Conduit and cable




tray and supports




containing non‑1E




cables in safety




class structures




where failure may




damage other




safety‑related items
NSC
N/A
N/A
I
See Note(28),(31)


5.
Protective relays and




control panels with




safety functions
2
N/A
IEEE
I



6.
All components with




safety functions
2
N/A
IEEE
I



XXXIV.
Structures



1.
Reactor Building




Complex




a.
Drywell/interior





structure
2
N/A
<Section 3.8.3>
I




b.
Containment





vessel
2
N/A
III‑MC
I




c.
Shield Building
2
N/A
<Section 3.8.1>
I



2.
Auxiliary Building
2
N/A
<Section 3.8.4>
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




3.
Steam Tunnel Between




Aux Bldg and




Turbine Bldg
NSC
N/A
N/A
N/A



4.
Fuel Handling and




Intermediate
2
N/A
<Section 3.8.4>
I




Buildings



5.
Radwaste Building
3
N/A
<Section 3.8.4>
I
See Note(23)


6.
Turbine Building
NSC
N/A
N/A
N/A



7.
Control Building
2
N/A
<Section 3.8.4>
I



8.
Diesel Generator




Building
2
N/A
<Section 3.8.4>
I



9.
Offgas Building
3
N/A
<Section 3.8.4>
I



10.
Emergency Service




Water Pump House
3
N/A
<Section 3.8.4>
I



11.
Circulating and




Service Water Pump




House
NSC
N/A
N/A
N/A



12.
Intake structures




and cooling water




tunnels
3
N/A
<Section 3.8.4>
I



13.
Discharge tunnel




entrance structure
NSC
N/A
N/A
N/A




and downshaft



14.
Discharge tunnel and
3
N/A
<Section 3.8.4>
I




diffuser nozzle



15.
Spent fuel pool and




liner
2
N/A
AWS D1.1
I







RDT‑F6‑6T


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




16.
Seismic Category I




fill
N/A
N/A
<Section
I
See Note(32)






2.5.4.5>



17.
Foundation for




Seismic Category I




electrical duct




banks and manholes
2
N/A
ACI‑318‑71
I



18.
Condensate Storage




Tank Foundation and
3
N/A
<Section 3.8.4>
I




Dike Walls



XXXV.
Heating, Cooling and




Ventilation Systems



1.
Annulus Exhaust Gas




Treatment System
2
N/A
AMCA,
I




Units


ERDA 76‑21,







UL‑586, 







ANSI N509, 







RDT M16‑1T,







ANSI N101.1




a.
Filter housing
2
N/A
AMCA, UL507
I








AISI




b.
Fans and motors
2
N/A
NEMA MG1
I




c.
Demisters
2
N/A
UL
I




d.
Heaters, electric
2N/A
NEMA
I




e.
Ductwork
2
N/A
ASTM, SMACNA
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





f.
Dampers, fire





control
NSC
N/A
AMCA, ASTM
I
See Note(29)



g.
Dampers, check
3
N/A
AMCA, ASTM
I



2.
Drywell Cooling




Units
NSC
N/A
AMCA,
N/A







ARI‑410



3.
Containment Vessel




Cooling Units
NSC
N/A
AMCA,
N/A



4.
Purge Supply Units
NSC
N/A
AMCA,
N/A
See Note(29)






ARI‑410



5.
Purge Exhaust Units
NSC
N/A
AMCA,
I
See Note(29)






ERDA 76‑21,







UL 586, 







ANSI N509,







RDT M16‑1T,







ANSI N101.1



6.
Piping & Isolation




Valves from




Containment Vessel




through outer




Isolation valves
2
B
III‑2
I
See Note(37)


7.
(ECCS) Pump Rooms




Cooling Units
3
C
AMCA,
I







ARI‑410,







III‑3


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




8.
Emergency Closed




Cooling Pump Area
3
C
AMCA,
I
See Note(29)



Cooling Units


ARI‑410,







III‑3



9.
Radwaste Building




Supply Units
NSC
N/A
AMCA,
N/A
See Note(29)






ARI‑410



10.
Radwaste Building




Exhaust Units
NSC
N/A
AMCA,
I
See Note(29)






ERDA 76‑21,







UL 586, 







ANSI N509, 







RDT M16‑1T,







ANSI N101.1



11.
Fuel Handling




Building Supply




Units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Coils, heating
Other
N/A
ARI‑410
I




c.
Prefilter
3
N/A
UL
I




d.
Ductwork &





dampers
3
N/A
AMCA, ASTM
I
See Note(25)







SMACNA

See Note(29)



e.
Electrical modules





with safety
3
N/A
IEEE
I





function




f.
Cable with





safety function
3
N/A
IEEE


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




12.
Fuel Handling




Building Exhaust




Units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Coils, electric
3
N/A
NEMA
I




c.
Prefilters
3
N/A
UL
I




d.
Hepa filters
3
N/A
MIL‑F‑51079
I




e.
Adsorber unit
3
N/A
ERDA 76‑21
I








RDT M16‑1T




f.
Demister
3
N/A
MSAR 71‑45
I




g.
Charcoal filter





housing
3
N/A
AISI
I




h.
Ductwork and





dampers
3
N/A
AMCA, SMACNA
I
See Note(25)







ASTM

See Note(29)



i.
Electrical





modules with





safety function
3
N/A
IEEE
I




j.
Cable with





safety function
3
N/A
IEEE
N/A



13.
Auxiliary Building




Supply Units
NSC
N/A
AMCA,
N/A
See Note(29)






ARI‑410


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




14.
Auxiliary Building




Exhaust Units
NSC
N/A
AMCA,
I
See Note(29)






ERDA 76‑21, 







UL 586, 







ANSI N509, 







RDT M16‑IT, 







ANSI N101.1



15.
Intermediate




Building Supply




Units
NSC
N/A
AMCA,
N/A
See Note(29)






ARI‑410



16.
Intermediate




Building Exhaust




Units
NSC
N/A
AMCA
N/A
See Note(29)


17.
Diesel Generator




Bldg Ventilation




Units

N/A




a.
Fans and motors
3

AMCA,
I








NEMA MG1




b.
Ductwork and





dampers
3

AMCA, SMACNA
I
See Note(29)







ASTM




c.
Electrical





modules with





safety function
3

IEEE
I




d.
Cable with
3

IEEE
N/A





safety function


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




18.
Emergency Service




Water Pumphouse




Ventilation Units


N/A




a.
Fans and motors
3

AMCA,
I








NEMA MG1




b.
Ductwork and





dampers
3

AMCA, SMACNA
I
See Note(29)







ASTM




c.
Electrical





modules with





safety function
3

IEEE
I




d.
Cable with safety





function
3

IEEE
N/A



19.
Turbine Bldg Cooling




and Ventilation
NSC
N/A
AMCA,
N/A
See Note(29)



Units


ARI‑410



20.
Offgas Bldg Exhaust




Units




a.
Fans and motors
3
N/A
AMCA,
I








NEMA MG1




b.
Coils, electric
3
N/A
NEMA
I




c.
Prefilters
3
N/A
UL
I




d.
HEPA filters
3
N/A
MIL‑F‑51079
I




e.
Adsorber unit
3
N/A
ERDA 76‑21








RDT‑M16‑1T
I




f.
Charcoal filter





housing
3
N/A
AISI
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





g.
Ductwork and





dampers
3
N/A
AMCA SMACNA
I
See Note(25),(26)







ASTM

See Note(29)



h.
Electrical





modules with





safety function
3
N/A
IEEE
I




i.
Cable with safety





function
3
N/A
IEEE
I




j.
Offgas holdup





pipe room
NSC
N/A
AMCA
N/A





ventilating fan


NEMA MG1



21.
Turbine Building




Power Complex
NSC
N/A
AMCA,
N/A
See Note(29)



Ventilation Units


ARI‑410



22.
Heater Bay




Ventilation Units
NSC
N/A
AMCA,
N/A
See Note(29)






ARI‑410



23.
Water Treatment




Building Ventilation
NSC
N/A
AMCA
N/A




Units



24.
Control Room Supply




and Return Units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Coils, Cooling
3
N/A
ARI‑410
I




c.
Filters
3
N/A
UL
I




d.
Humidifiers
NSC
N/A
‑
N/A




e.
Ductwork and





dampers
3
N/A
AMCA, SMACNA
I
See Note(25)







ASTM

See Note(29)

TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





f.
Duct heaters,





electrical
NSC
N/A
NEMA
N/A




g.
Electrical





modules with





safety function
3
N/A
IEEE
I




h.
Cable with safety





function
3
N/A
IEEE
N/A



25.
Control Room




Emergency




Recirculation units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Coils, electric
3
N/A
NEMA
I




c.
Prefilters
3
N/A
UL
I




d.
Hepa filters
3
N/A
MIL‑F‑51079
I




e.
Adsorber unit
3
N/A
ERDA 76‑21
I








RDT M16‑1T




f.
Demister
3
N/A
MSAR 71‑45
I




g.
Charcoal filter





housing
3
N/A
AISI
I




h.
Ductwork and





dampers
3
N/A
AMCA, SMACNA
I
See Note(25),(29)







ASTM




i.
Electrical





modules with





safety function
3
N/A
IEEE
I




j.
Cable with safety





function
3
N/A
IEEE
N/A


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




26.
MCC, Switchgear and




Misc Elec.




Equipment Areas




Supply and Return




Units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Coils, cooling
3
N/A
ARI 410‑64








ASHRAE 33‑64
I




c.
Filters
3
N/A
UL900‑1965
I








ASHRAE 52‑68




d.
Ductwork and





dampers
3
N/A
UL, NEMA
I
See Note(29)



e.
Duct heaters,





electrical
NSC
N/A
UL, NEMA
N/A
See Note(25)



f.
Electrical





modules with





safety function
3
N/A
IEEE
I




g.
Cable with safety





function
3
N/A
IEEE
N/A



27.
Battery Room Exhaust




Units




a.
Fans and motors
3
N/A
AMCA, NEMA MG1
I




b.
Ductwork and





dampers
3
N/A
SMACNA, ASHRAE
I
See Note(25),(29)



c.
Electrical





modules with





safety function
3
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





d.
Cable with





safety function
3
N/A
IEEE
N/A



28.
Controlled Access




Area & Misc
NSC
N/A
AMCA,
N/A
See Note(29),(35)



Equipment Areas


ARI‑410




Supply, Return Units



29.
Controlled Access




Area Exhaust
NSC
N/A
AMCA, ERDA
N/A
See Note(29)



Units


76‑21, UL







586, ANSI







N509, RDT







M16‑1T,







ANSI N101.1



30.
Combustible Gas




Control




a.
Compressors
2
B
III‑2
I




b.
Valves
2
B
III‑2
I




c.
Piping
2
B
III‑2
I




d.
Electrical





modules with





safety function
2
N/A
IEEE
I




e.
Cable with safety





function
2
N/A
IEEE
I




f.
Backup Purge





System
2
B
III‑2
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





g.
Hydrogen Analyzer
2
N/A
IEEE, NEMA
I








II, III‑1,








V, IX




h.
Hydrogen





Recombiners
2
N/A
IEEE
I








<10 CFR 50>




i.
Hydrogen
2
N/A
ANSI, IEEE,
I





Igniters


ASME II, IX



31.
Control Complex




Chillers




a.
Motors
3
N/A
NEMA MG1
I




b.
Heat exchangers
3
C
III‑3
I




c.
Piping
3
C
III‑3
I




d.
Valves
3
C
III‑3
I




e.
Electrical





modules
3
N/A
IEEE
I




f.
Cable with safety





function
3
N/A
IEEE
N/A



32.
Control Complex




Chilled Water Pumps




a.
Motors
3
N/A
NEMA MG1
I




b.
Pumps
3
C
III‑3
I




c.
Electrical





modules
3
N/A
IEEE
I


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment





d.
Cable with safety





function
3
N/A
IEEE
N/A



33.
Containment Vessel




and Turbine Bldg
NSC
N/A
VIII‑1
N/A




Chillers



34.
Containment Vessel




and Turbine Bldg
NSC
N/A
N/A
N/A




Chiller Water Pumps



35.
Containment Spray




Piping and Nozzles
2
B
III‑2
I



36.
Drywell Vacuum




Relief
2
B
III, NEMA,
I







IEEE



XXXVI.
Other Components



1.
Containment Crane
3
N/A
N/A
I



2.
Refueling Cask Crane
3
N/A
N/A
I



3.
Containment




isolation valves




and piping
2
B
III‑2
I




between for all




containment




penetrations not




listed above


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




XXXVII.
Suppression Pool




Make‑up System



1.
Valves
2
B
III‑2
I



2.
Piping
2
B
III‑2
I



3.
Electrical modules




with safety function
2
N/A
IEEE
I



4.
Cable with safety




function
2
N/A
IEEE
I



XXXVIII.
Underdrain System



1.
Porous concrete
3
N/A
<Section 3.8.5>
I



2.
Porous concrete pipe
NSC
N/A
ASTM C654
N/A



3.
Pumps
NSC
N/A
N/A
N/A



4.
Pumped discharge




piping
NSC
N/A
B31.1
N/A



5.
Gravity discharge




piping
3
C
III‑3; 
I







<Section 







2.4.13.5>



6.
Manholes
3
N/A
ACI 318 &
I







ACI 301



XXXIX.
Liquid System Radiation




Monitors



1.
Emergency service




water (ESW) systems
NSC
N/A
N/A
N/A


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
Nuclear closed




cooling system
NSC
N/A
N/A
N/A



3.
Radwaste effluent




to ESW
NSC
N/A
N/A
N/A



4.
Radwaste effluent




to sewage
NSC
N/A
N/A
N/A



5.
Underdrain system
NSC
N/A
N/A
N/A



XL.
Airborne and Atmospheric




Radiation Monitors



1.
Radwaste Bldg. vent




exhaust
NSC
N/A
N/A
N/A
See Note(26)


2.
Aux Bldg. vent




exhaust
NSC
N/A
N/A
N/A



3.
Intermediate Bldg.




vent exhaust
NSC
N/A
N/A
N/A
See Note(26)


4.
Fuel handling area




vent exhaust
NSC
N/A
N/A
N/A
See Note(26)


5.
Offgas Bldg. vent




exhaust
NSC
N/A
N/A
N/A
See Note(26)


6.
Drywell atmospheric
NSC
N/A
N/A
I (Con‑
See Note(26),(30)







tainment








Only)



7.
Containment




atmospheric
NSC
N/A
N/A
I (Con‑
See Note(26),(30)







tainment








Only)



8.
(Deleted)


TABLE 3.2‑1 (Continued)





Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




9.
(Deleted)



10.
(Deleted)



11.
(Deleted)



12.
Containment vessel




(portable) and




drywell purge




exhaust
NSC
N/A
N/A
N/A
See Note (26),(30)


13.
Control room




airborne
NSC
N/A
N/A
N/A
See Note(26),(30)


14.
Annulus exhaust




trains A and B
NSC
N/A
N/A
N/A
See Note(26)


XLI.
Area Radiation Monitors



1.
Personnel air lock
NSC
N/A
N/A
N/A
See Note(26),(30)


2.
CRD HCU west
NSC
N/A
N/A
N/A
See Note(26),(30)


3.
RWCU F/D rec. TK




area
NSC
N/A
N/A
N/A
See Note(26),(30)


4.
TIP drive area
NSC
N/A
N/A
N/A
See Note(26),(30)


5.
RWCU F/D area
NSC
N/A
N/A
N/A
See Note(26),(30)


6.
Upper pool area
NSC
N/A
N/A
N/A
See Note(26),(30)


7.
Aux Bldg.




Elev. 574’ E
NSC
N/A
N/A
N/A
See Note(26),(30)


8.
Aux Bldg.




Elev. 574’ W
NSC
N/A
N/A
N/A
See Note(26),(30)



9.
Turbine room E
NSC
N/A
N/A
N/A
See Note(26),(30)


10.
CRD HCU east
NSC
N/A
N/A
N/A
See Note(26),(30)


11.
Turbine room W
NSC
N/A
N/A
N/A
See Note(26),(30)
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Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




12.
Turbine Bldg.




Elev. 605’
NSC
N/A
N/A
N/A
See Note(26),(30)


13.
Hotwell pump area
NSC
N/A
N/A
N/A
See Note(26),(30)



14.
Turbine Bldg.




sump area
NSC
N/A
N/A
N/A
See Note(26),(30)


15.
Offgas Bldg.




Elev. 584’
NSC
N/A
N/A
N/A
See Note(26),(30)


16.
Condensate filter




pump area
NSC
N/A
N/A
N/A
See Note(26),(30)


17.
Offgas after-filter




area
NSC
N/A
N/A
N/A
See Note(26),(30)


18.
HP feedwater heater




area
NSC
N/A
N/A
N/A
See Note(26),(30)


19.
Feedpump area
NSC
N/A
N/A
N/A
See Note(26),(30)


20.
Control room
NSC
N/A
N/A
N/A
See Note(26),(30)


21.
Offgas holdup area
NSC
N/A
N/A
N/A
See Note(26),(30)


XLII.
Primary Containment Area
2
N/A
N/A
I
See Note(27)



Monitors (High Range)



XLIII.
Secondary Containment




Area Monitors (High
2
N/A
N/A
I
See Note(27)


Range)



XLIV.
Airborne Effluents




Released from Plant




(1.7 x 10‑3 µCi/cc




to 105 µCi/cc)



1.
Plant main vent
2
N/A
N/A
I
See Note(27)
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Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
Offgas vent
2
N/A
N/A
I
See Note(27)


3.
Turbine Bldg./heater




bay vent
2
N/A
N/A
I
See Note(27)


XLV.
Airborne Effluents




Released from Plant




(10‑6 µCi/cc to




10‑2 µCi/cc)



1.
Plant main vent
NSC
N/A
N/A
N/A
See Note(27),(30)



2.
Offgas vent
NSC
N/A
N/A
N/A
See Note(27),(30)


3.
Turbine Bldg./




heater bay vent
NSC
N/A
N/A
N/A
See Note(27),(30)


XLVI.
Particulates and Halogens




Collection (All




identified release




points)



1.
Plant main vent
NSC
N/A
N/A
N/A
See Note(27),(30)



2.
Offgas vent
NSC
N/A
N/A
N/A
See Note(27),(30)


3.
Turbine Bldg.




heater bay
NSC
N/A
N/A
N/A
See Note(27),(30)



XLVII.
Portable Radiation




Monitoring Equipment



1.
Survey area




monitors
NSC
N/A
N/A
N/A
See Note(27),(30)
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Quality





Group(4)
Principal(5)



Safety(2)
Classifi‑
Construction
Seismic(6)



Principal Component(1)


Class

cation


Code

Category

Comment




2.
Airborne radio‑




halogen and




particulates
NSC
N/A
N/A
N/A
See Note(27),(30)


3.
Plant and environs




equipment
NSC
N/A
N/A
N/A
See Note(27),(30)


4.
Multichannel




gammaray




spectrometer
NSC
N/A
N/A
N/A
See Note(27),(30)


XLVIII.
TSC and EOF Airborne and



Area Monitors
NSC
N/A
N/A
N/A
See Note(26),(30)



XLIX.
Feedwater Leakage Control




System



1.
Piping and valves of




the Division 2 




system
2
B
III‑2
I



2.
Piping and valves of




the Division 1 




system
2
B
III‑2
I
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NOTES:


(1)
A module is an assembly of interconnected components which constitute an identifiable device or piece of equipment.  For  example, electrical modules include sensors, power supplies and signal processors and mechanical modules include turbines, strainers and orifices.  All valve operators are implicit on the entry of valves, except in those applications where the valve’s sole function is maintaining a reactor coolant pressure boundary.


(2)
1, 2, 3 ‑ safety classes defined in <Section 3.2.3>



NSC ‑ No Safety Class



All Safety Class 1, 2 or 3 systems and components meet the quality assurance requirements of <10 CFR 50, Appendix B>.  Additional details of the quality assurance program are provided in <Chapter 17>.


(3)
The control rod grapple is classified as N/A, i.e., exempt from seismic evaluation because it is suspended from a cable which mitigates the seismic effect.


(4)
A, B, C, D ‑ NRC quality groups defined in <Regulatory Guide 1.26>.  The equipment is constructed in accordance with the codes listed in <Table 3.2‑2>.  N/A ‑ Quality Group Classification not applicable to this equipment.


(5)
Notations for principal construction codes are:



ACI 301
American Concrete Institute “Specifications for Structural Concrete for Buildings”



ACI 318
“1973 Supplement to Building Code Requirements for Reinforced Concrete and Commentary on Same”



AISI
American Iron and Steel Institute
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ASHRAE
American Society of Heating, Refrigerating and



33‑64
Air‑Conditioning Engineers, Inc. “Methods of Testing for Rating Forced Circulation Air Cooling and Air Heating Coils”



ASHRAE
“Method of Testing Air Cleaning Devices used in General



52‑64
Ventilation for Removing Particulate Matter”



AMCA

Air Moving and Conditioning Association



ANSI

American National Standards Institute “Power Piping”



B31.1



ANSI

“Welded Aluminum Alloy Field‑Erected Storage Tanks”



B96.1



ANSI

“Efficiency testing of Air‑Cleaning Systems Containing



N101.1
Devices for Removal of Particles”



ANSI



N509

“Nuclear Power Plant Air Cleaning Units and Components”



API 620
American Petroleum Institute “Large, Welded Low Pressure Storage Tanks”



API 650
American Petroleum Institute “Welded Steel Tanks for Oil Storage”



ARI 410
American Refrigerating Institute “Forced‑Circulation Air‑Cooling and Air‑Heating Coils”



ASME Notations are as follows:  (American Society of Mechanical Engineers)



II



Section 2


Material Specifications



III‑1, 2, 3, or MC
Boiler and Pressure Vessel Code, Section III, Subsection NB, NC, ND, or NE respectively.  Specific editions and/or code cases used are in compliance with <10 CFR 50.55a> and are documented in the ASME Design Specifications, Code Data Reports, or associated documents.  See <Chapter 5.2> for Reactor Coolant Pressure Boundary Components.



III‑NF


Boiler and Pressure Vessel Code, Section III, Subsection NF, Component Supports.



V



Section 5


Nondestructive Examination


TABLE 3.2‑1 (Continued)



VIII‑1


Section 8


Pressure Vessels



IX



Section 9


Welding and Brazing Qualifications



XI



Section 11

Rules for Inservice Inspection of Nuclear Power Plant Components



III‑NG


Section III, Subsection NG, “Core Support Structures”



ASTM



American Society for Testing and Materials



ASTM C654


American Society for Testing & Materials







“Standard Specification for Porous Concrete Pipe”



AWWA D100


American Water Works Association







“Welded Steel Elevated Tanks, Standpipes and Reservoirs for Water Storage”



DEMA



Diesel Engine Manufacturer’s Association



ERDA 76‑21

Energy Research and Development Administration







“Nuclear Air Cleaning Handbook”



MIL‑F‑51079

Military Specification







“Fire Medium, Fire Resistant, High Efficiency”



MSAR 71‑45

Mine Safety Appliance Research Corp.







“Entrained Moisture Separator for Fire, Water, Air, Steam Service, Their Performance, Development, and Status.”



NEMA MG‑1


National Electric Manufacturers Association







“Motors and Generators”



RDT‑M16‑1T

Reactor Research and Development USAEC







“Gas‑Phase Absorbents for Trapping Radioactive Iodine and Iodine Compounds.”



RDT‑F6‑6T


Division of Reactor Development and Technology USAEC ‑ Welding of Structural Components



SMACNA


Sheet Metal Air & Conditioning Contractors National Association



TEMA‑C


Tubular Exchanger Manufactures Association, Class C
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UL



Underwriters’ Laboratories, Inc.



UL 507


“Safety Standards for Electric Fans”



(ANSI)



UL 586


“High Efficiency, Particulate, Air Filter Units”



UL 900


“Air Filter Units”



IEEE



The Institute of Electrical and Electronics Engineers, Inc.



<10 CFR 50>

Title 10, Code of Federal Regulations, Part 50, “Licensing of Production and Utilization Facilities”


6.
I ‑ Constructed in accordance with the requirements of Seismic Category I structures and equipment as described in <Section 3.7>, Seismic Design.  N/A ‑ The seismic requirements are not applicable to the equipment.


7.
Safety/relief valve discharge line piping from the safety/relief valve to the suppression pool consists of two parts.  The first is attached at one end to the safety relief valve and attached at its other end to the structural steel just below the main steam header through a pipe anchor.  The main steam piping, including this portion of the safety/relief valve discharge piping, is analyzed as a complete system.  The second part of the safety/relief valve discharge piping extends from the anchor (located below the mainsteam header) to the suppression pool.  Because of the upstream anchor on this part of the line, it is physically decoupled from the main steam header and is, therefore, analyzed as a separate piping system.


8.
Components installed in safety class process lines have the same classification as the process line.  Lines connected to safety class process lines have the same classification as the process line from the process line connection to and including the root or isolation valve except as noted in paragraph a below.  Connecting lines that do not serve a safety function are classified NSC downstream of the root or isolation valve.



a.
Lines 3/4 inch and smaller which are part of the reactor coolant pressure boundary are Safety Class 2 up to and including the root or isolation valve.
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b.
Instrument lines larger than 3/4 inch which are connected to Safety Class 1 (SC‑1) process lines have a restricting orifice installed between the process connection and the root or isolation valve.



c.
(Deleted)



d.
The safety class of instrument lines that are SC‑1 and serve a safety function is reduced to SC‑2 downstream of the root or isolation valve, except as noted in Paragraph 8a above.



e.
Instrument lines that are connected to SC‑2 or SC‑3 process lines and serve a safety function retain this same safety class downstream of the root or isolation valve.  The main steam SRV pressure sensing lines are Safety Class 3/Quality Group C up to and including the root valve, with a downstream transition to Safety Class 2/Quality Group B through a drywell penetration and including downstream instrument isolation valves, pressure switches and drain valves.  SRV pressure sensing components are Seismic Category I.



f.
Instrument lines that are connected to process lines classified as NSC are designed to ANSI B31.1.


9.
(Deleted)


10.
The control rod drive insert and withdraw lines from the drive flange up to and including the first valve on the hydraulic control unit are Safety Class 2.


11.
The hydraulic control unit (HCU) is a General Electric factory‑assembled engineered module of valves, tubing, piping, and stored water which controls a single control rod drive by the application of precisely timed sequences of pressures and flows to accomplish slow insertion or withdrawal of the control rods for power control, and rapid insertion for reactor scram.



Although the hydraulic control unit, as a unit, is field installed and connected to process piping, many of its internal parts differ markedly from process piping components because of the more complex functions they must provide.  Thus, although the codes and standards invoked by Groups A, B, C, D pressure integrity quality levels clearly apply at all levels to the interfaces between the HCU and the conventional piping components (e.g., pipe nipples, fittings, simple hand valves, etc.), they do not apply to the specialty parts (e.g., solenoid valves, pneumatic components and instruments).
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The design and construction specifications for the HCU do invoke such codes and standards as can be reasonably applied to individual parts in developing required quality levels, but these codes and standards are supplemented with additional requirements for these parts and for the remaining parts and details.  For example, (1) all welds are LP inspected, (2) all socket welds are inspected for gap between pipe and socket bottom, (3) all welding is performed by qualified welders, (4) all work is done per written procedures.  Code Group D is generally applicable because the codes and standards invoked by that group contain clauses which permit the use of manufacturer’s standards and proven design techniques which are not explicitly defined within the codes of Code Groups A, B or C.  This is supplemented by the QC technique described above.


12.
The turbine does not fall within the available design codes.  To assure that the turbine is fabricated to the standards commensurate with safety and performance requirements, General Electric has established specific design requirements for this component which are as follows:



a.
All welding is qualified in accordance with Section IX, ASME Boiler and Pressure Vessel Code,



b.
All pressure‑containing castings and fabrications are hydrotested at 1.5 x design pressure,



c.
All high pressure castings are radiographed according to:




ASTM E‑94





E‑142 (maximum feasible volume)





E‑71, 186 or 280 (severity Level 3)



d.
As‑cast surfaces are magnetic particle or liquid penetrant tested according to ASME, Section III, Paragraph NB‑2575, NB‑2576 or NC‑2576.



e.
Wheel and shaft forgings are ultrasonically tested according to ASTM A‑388,



f.
Butt‑welds are radiographed according to ASME, and magnetic particle or liquid penetrant tested according to ASME Boiler and Pressure Vessel Code.  Acceptance standards are in accordance with ASME Boiler and Pressure Vessel Code Section III, Paragraph NB‑5340, NC‑5340, NB‑5350, NC‑5350, respectively,



g.
Notifications are made on major repairs, and records maintained thereof,
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h.
Record system and traceability according to ASME Section III, NA‑4000,



i.
Control and identification according to ASME Section III, NA‑4000,



j.
Procedures conform to ASME Section III, NB‑5100, NC‑5100,



k.
Inspection personnel are qualified according to ASME Section III, NB‑5500, NC‑5500.


13.
The portions of the transfer tube and the parts immediately adjacent and attached to that portion which are used for containment isolation are quality Group B.  The remainder of the tube and the valves are quality Group D.  For those parts of the fuel transfer system such as the sheave bore, fuel carrier up ender and similar parts for which no codes exist, quality group clarifications do not apply.


14.
(Deleted)


15.
Tanks, pipe, pumps, and valves in the NSC portions of the radwaste system are constructed to high industry standards.  Tanks are radiographed per Appendix A of AWWA D‑100.


16.
The reactor water cleanup system from the reactor vessel through the outermost isolation valves is Safety Class 1.


17.
To comply with <Regulatory Guide 1.26> and <Regulatory Guide 1.29>, the RHR system is interconnected to the fuel pool, thereby providing a redundant Seismic Category I source of coolant to the fuel pool.  Additionally, systems for maintaining water quality and quantity are designed so that malfunction or failure will not cause significant loss of inventory.


18.
The equipment (including piping) in the offgas system is supplied and installed in accordance with the quality requirements recommended in <Regulatory Guide 1.143>.  An additional description of the quality program for the offgas system is given in <Section 11.3.2>.  The charcoal adsorbers and their supports are designed to the seismic criteria recommended in <Regulatory Guide 1.143>.  All other components in the offgas system are non‑seismic design as suggested in <Regulatory Guide 1.143>.


19.
Service water systems for emergency equipment cooling are classified as Safety Class 3 and Seismic Category I in <Table 3.2‑1>.
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Recirculation pump seal cooling water is nonsafety and non‑seismic.  Loss of cooling water to the reactor coolant pumps (recirculation system pumps) is not considered to be a safety‑related problem, as described in GE topical report NEDO‑24083 and <Section 15.3>.



In the event of loss of cooling water, a high bearing temperature alarm would be initiated.  If the operator ignores the loss of cooling water flow and high bearing temperature alarms as well as the high motor current, the motor will be tripped by the normal overload protective feature of the motor circuit breaker before the steel‑to‑steel running conditions have been established.  In no case do we believe that instantaneous seizure would take place.



<Section 15.3.1> analyzes a trip of two recirculation pumps and the effect of such an event on the reactor; both motors can be simultaneously tripped without any harmful effect to the reactor system.



General Electric Large Generator and Motor Division has calculated that even if the bearing babbit were completely melted out and the motor were running on steel shaft to steel housing contact, the motor will develop enough torque to run at approximately 96 percent of rated speed as long as it remains energized.  Information furnished to General Electric by its recirculation motor vendor showed no records of a large vertical pump motor seizure; in fact three instances of bearing failure without seizure were reported:



a.
A thrust bearing failed and, from the description of the event, operated for a considerable period of time with metal to metal contact.  The pump and motor ran until intentionally shut down for inspection.



b.
The oil reservoir cooling coil of one motor leaked and displaced all the oil from the upper bearing oil reservoir.  This condition was discovered and the motor shutoff when steam was observed issuing from the upper bearing region.



c.
At the beginning of the pump shop tests of the Quad Cities recirculation pumps the test personnel failed to fill the lower bearing reservoir with oil.  The pump was started and run until the operator noticed that the bearing temperature was high.  The motor was de‑energized and the unit went through a normal coast down.  The reservoir was filled and the motor restarted.  The unit ran for approximately twelve hours when it was again shut down.  This shut down also proceeded along what qualitatively appeared a normal coast down transient.  An inspection of the bearing after this series of operations showed that it had worn beyond tolerance limits and had to be replaced.
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Calculations submitted by the motor vendor show why these units kept on operating and coasted down without seizure.  The vendor calculated the rated speed torque of the bearings with an assumed coefficient of friction of 0.5.  This is about 20 percent higher than the dry sliding coefficient of friction of hard steel on hard steel.  This is considered to be the worst operating condition which can be encountered during a loss of bearing cooling incident.  The total motor torque calculated under these conditions is 1.5 times pump rated torque.  Fifty percent of this calculated torque increase was caused by the thrust bearing, the other fifty percent equally split between the radial bearings.  Since the stall torque of the motor is 2.5 times pump rated torque, the motor can drive the pump even if the bearings lost not only the lubricating oil but the bearing babbit.



An incident during the Tsuruga pump tests shows that bearing or wearing loads capable of twisting the recirc pump shaft 1/2 inch do not cause seizure.



The bearings, even when they suffer extreme damage, cannot instantaneously seize, in our opinion, because of the large driving force.



Preliminary calculations by GE with both pumps proceeding simultaneously along the highest possible bearing friction transient yield thermal margins substantially above the allowable limit.  Final calculations are expected to show that bearing water coolant loss will not cause unacceptable fuel damage.



If the results of these investigations do not clearly demonstrate that adequate thermal margins exist, CEI will provide safety grade trip logic (redundant, single failure‑proof) to trip the recirculation pumps on loss of cooling water.



<Section 15.3.1> analyzes a trip of two recirculation pumps and the effect of such an event on the reactor.  The accident does not cause any release of radioactive products at the exclusion radius and does not cause any damage to the nuclear system process barrier.  The recirculation pump is classified as inactive on the basis that coastdown of the pump in the unbroken loop during LOCA is the only safety‑related requirement.  This capability would not be affected if cooling water were lost at the same time.



In the event there is a loss of closed cooling water system flow, for whatever cause, the motor bearings and motor windings will overheat.  The bearings will reach alarm temperature in about six minutes.  They will operate an additional six to ten minutes before they will suffer any damage.  The annunciator will be alarming all through this period if the operator has not taken action.  The 
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bearings, even when they suffer damage, will not seize, in our opinion, because of the large driving force.  An incident during the Tsuruga pump tests shows that bearing or wearing loads capable of twisting the recirc pump shaft 1/2 inch do not cause seizure.  If the operator has not taken action the motor windings will eventually short out and trip the motor.  However, both motors can be simultaneously tripped without any harmful effect to the reactor system.  Thus loss of cooling water flow to the recirculation pumps does not adversely affect reactor safety and it should not be necessary to classify the service water system Safety Class 3 and Seismic Category I.


20.
The main steam lines from the turbine control valves to the turbine casing will meet the following requirements:



a.
All longitudinal and circumferential butt weld joints are radiographed (or ultrasonically tested to equivalent standards).  Where size or configuration does not permit effective volumetric examination, magnetic particle or liquid penetrant examination is substituted.  Examination procedures and acceptance standards are at least equivalent to those specified as supplementary types of examinations, Paragraph 136.4.3 in ANSI B31.1 Code.



b.
All fillet and socket welds are examined by either magnetic particle or liquid penetrant method.  All structural attachment welds to pressure retaining materials are examined by either magnetic particle or liquid penetrant method.  Examination procedures and acceptance standards are at least equivalent to those specified as supplementary types of examinations, Paragraph 136.4.3 in ANSI B31.1 Code.



c.
Inspection records for the fabrication of these lines will be retained as described under Item 4(b), Page 24 of the General Electric Publication GEZ‑4982A, “General Electric Large Steam Turbine‑Generator Quality Control Program.”  Specifically, x‑rays are retained for the life of the turbine and certificates of tests are held by GE for five (5) years after shipment.  The inspection records of installation tests will be maintained for the life of the plant.



d.
A statement is obtained from the manufacturer, certifying that the main steam lines have been manufactured in accordance with the Quality Assurance Plan described on Page 24 of GEZ 4982A.
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21.
A certification is obtained from the vendors of the turbine stop valves and turbine bypass valves which shall certify compliance with the following:



a.
All cast pressure‑retaining parts of a size and configuration for which volumetric examination methods are effective are examined by radiographic methods by qualified personnel.  Ultrasonic examination to equivalent standards may be used as an alternate to radiographic methods.




Examination procedures and acceptance standards are at least equivalent to those specified as supplementary types of examination in ANSI B31.1, 1967, Paragraph 126.4.3.



b.
The vendor of the turbine stop valves and turbine bypass valves utilizes quality control procedures equivalent to those defined for valves in the GEZ 4982A.


22.
In addition to a piston‑type check valve inside the drywell and a piston‑type check valve outside containment, a third valve with high leak‑tight integrity is provided in each feedwater line outside containment.  Buffer pistons will be provided in the feedwater line check valves.  These buffer pistons will slow valve closing to limit check valve slam and associated pressure transients.  The high leak‑tight integrity isolation valve will be remote‑manually operated from the control room using signals which indicate loss of feedwater flow.



The classification of the feedwater lines from the reactor vessel to and including the check valve outside containment is Safety Class 1; from this check valve to the high integrity isolation valve it is Safety Class 2; beyond the third valve it is nonsafety class <Figure 10.1‑3>.


23.
A nonsafety structural steel annex forms part of the radwaste building.  See <Section 3.8.4> for further discussion.


24.
Joseph M. Hendrie (Deputy Director for Technical Review, Director of Licensing, USAEC) to John A. Hinds, (Manager, Safety and Licensing, General Electric Company) letter of April 19, 1974, provides an appropriate standardized approach to MSL and MFL classification, which is acceptable as an alternate to the guidelines currently specified in <Regulatory Guide 1.29> (Revision 3/9/78).


25.
Safety‑related instrumentation and controls described in <Section 7.1>, <Section 7.2>, <Section 7.3>, <Section 7.4>, <Section 7.5>, and <Section 7.6> and safety‑related instrumentation
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and controls for safety‑related fluid systems will be subject to the pertinent requirements of the operational quality assurance program <Chapter 17>.


26.
Diesel‑backed power provided.


27.
In accordance with <Regulatory Guide 1.97> (Revision 2) and clarified by <NUREG‑0737>.


28.
Will be subject to the pertinent provisions of <10 CFR 50, Appendix B> during the operations phase.


29.
Fire control dampers, located in designated fire barriers, will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, as discussed in the Perry Fire Protection Evaluation Report.


30.
Nonsafety class instrumentation and controls specified for radiation or radioactivity monitoring will be subject to the pertinent provisions of <10 CFR 50, Appendix B>, during the operations phase.


31.
The Seismic Category I classification is determined applicable based on the results of Perry plant’s seismic clearance and anti‑falldown inspection program <Section 3.2.1>.


32.
Perry plant site fill is classified Seismic Category I when in place.


33.
The Reactor Protection System (RPS) as described in <Section 7.2>, and the associated RPS power supplies as described in <Section 8.3.1.1.5>, are designed and will perform their intended safety function upon loss of power to either the control logic, or scram solenoids, or both.  Although the C71 scram solenoid 120V ac power circuits are nonsafety‑related, each group of RPS divisionalized circuits are routed in separate raceways to ensure adequate separation and independence as prescribed by the applicable General Electric design specifications.


34.
The HPCS diesel engine skid‑mounted piping and the associated components, such as valves, fabricated headers and fabricated special fittings are designed, manufactured and inspected in accordance with the guidelines and requirements of American National Standards Institute (ANSI) Standard B31.1, “Code for Pressure Piping;” ANSI Standard N45.2, “Quality Assurance Program Requirements for Nuclear Facilities;” and <10 CFR 50, Appendix B>.
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Design of the engine skid‑mounted auxiliary system piping and components to the above standards is considered equivalent to a system designed to ASME Code, Section III, Class 3 requirements with regard to system functional operability and inservice reliability, provided that:



a.
A liquid penetrant examination for welds over 4 in. internal pipe size is performed.



b.
Diesel engine auxiliary system piping is hydrostatically tested to a minimum of 125% of design pressure.


35.
The cooling coils and related piping of the controlled access area and miscellaneous equipment areas supply return units will maintain pressure integrity during a safe shutdown earthquake or an operating basis earthquake.


36.
The ECCS suppression pool strainer (for RHR, LPCS, HPCS, and RCIC) is safety class 2, non ASME code.  ASME II materials and IX welding does apply.  Seismic Category I, <Section 3.9.2.2.3>, Item u. Quality group classification does not apply.


37.
Pressure relief devices added to ASME piping systems as a result of <Generic Letter 96‑06> “Assurance of Equipment Operability and Containment Integrity During Design Basis Accident Conditions” are safety-related.  <Generic Letter 89‑09> “Replacement of ASME III Components” has been used to justify use of non‑ASME safety-related components.


38.
The auxiliary platform is Non‑safety Related, Seismic Category I.  Augmented Quality requirements apply to design, material and fabrication control of the load bearing structures.


TABLE 3.2‑2


QUALITY STANDARDS



Components
Group A
Group B
Group C
Group D


Pressure Vessels
ASME
ASME
ASME
ASME



Section III
Section III
Section III
Section VIII



Class I
Class 2
Class 3
Division 1


Piping
ASME
ASME
ASME
ANSI B31.1.0



Section III
Section III
Section III
Power Piping



Class 1
Class 2
Class 3


Pumps
ASME
ASME
ASME
ASME Sec. VIII



Section III
Section III
Section III
Division 1



Class 1
Class 2
Class 3
See Note(1)

Valves
ASME
ASME
ASME
ANSI B31.1



Section III
Section III
Section III



Class 1
Class 2
Class 3


Atm. Storage Tanks
Not
ASME
ASME
API‑650, AWWA



Applicable
Section III
Section III
D 100 or




Class 2
Class 3
ANSI B96.1 or






equivalent


0‑15 psig Storage Tanks
Not
ASME
ASME
API 620



Applicable
Section III
Section III
or equivalent




Class 2
Class 3


TABLE 3.2‑2 (Continued)



Components
Group A
Group B
Group C
Group D


Heat Exchangers
ASME
ASME
ASME
ASME



Section III
Section III
Section III
Section VIII



Class 1
Class 2
Class 3
Division 1



and TEMA‑C
and TEMA‑C
and TEMA‑C
and TEMA‑C


NOTE:


(1)
For pumps classified Group D and operating above 150 psi or 212(F, ASME, Section VIII, Div. 1 is used as a guide in calculating the wall thickness for pressure retaining parts and in sizing the cover bolting.  For pumps operating below 150 psi and 212(F, manufacturers’ standard pump for service intended is used.


TABLE 3.2‑3


DESIGN REQUIREMENTS(1) FOR SAFETY CLASS 1


MECHANICAL SYSTEMS AND COMPONENTS


Design


Condition
Reactor


Categories
Vessel
Pumps
Valves
Piping
Supports


NORMAL
ASME III
ASME III
ASME III
ASME III
ASME III



NB3221
NB3400
NB3540
NB3640
NF



NB3222


  &



See Note(2)


NB3652






NB3653


UPSET
ASME III
ASME III
ASME III
ASME III
ASME III



NB3221
NB3400
NB3500
NB3640
NF



NB3223


  &



See Note(2)


NB3652






NB3654


EMERGENCY
ASME III
ASME III
ASME III
ASME III
ASME III



NB3221
NB3400
NB3500
NB3640
NF



NB3224


  &



See Note(2)


NB3652






NB3655


FAULTED
ASME III
ASME III
ASME III
ASME III
ASME III



NB3221
NB3400
NB3500
NB3640
NF



NB3225


  &



See Note(2)


NB3652






NB3656


TABLE 3.2‑3 (Continued)


NOTES:


(1)
Design requirements are specified by three entries:  the first entry is the code which contains the design requirements, the second entry is the paragraph which describes the design requirements for the particular component and the third entry specifies the paragraph containing the specific stress levels for the component for the given condition of design.


(2)
During RF07, a weld overlay was applied to the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB.  The overlay is designed as a full structural overlay in accordance with the recommendations of <NUREG‑0313>, Revision 2 (forwarded by <Generic Letter 88‑01>), ASME Code Case N‑504, and Section XI of the ASME Boiler and Pressure Vessel Code, 1989 Edition (Paragraph IWB‑3640), for which both normal operating and emergency/faulted conditions were considered.  Additionally, the overlay was sized to meet the ASME Code Section III, 1989 edition, stress limits for primary local and bending stress and secondary peak stress.


TABLE 3.2‑4


DESIGN REQUIREMENTS(1) FOR SAFETY CLASS 2


MECHANICAL SYSTEMS AND COMPONENTS







MECHANICAL


Duct‑
   REACTOR ASSEMBLY INTERNALS  Other


Design




Tanks



work

   Core
  Reactor
  Core


Condition




Atmos‑
Tanks
Heat(2)

and
Fuel
  Support
  Internal
Protection


Categories
Vessels
Pumps
Valves
Piping
pheric
0‑15 psig
Exchangers
Supports
Valves
Assemb
Structures
Structures
Components


NORMAL
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X
X
See Note(3)
See Note(3)
X



NC3300
NC3400
NC3500
NC3600
NC3800
NC3800
NC3300



X(2)
X
X

X
X
X


_












         _


UPSET
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X
X
See Note(3)
See Note(3)
X



NC3300
NC3400
NC3500
NC3600
NC3800
NC3800
NC3300



X
X
X

X
X
X


_












         _


EMERGENCY(4)ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X
X
See Note(3)
See Note(3)
X


 
NC3300
NC3400
NC3500
NC3600
NC3800
NC3800
NC3300



  X
  X
  X

  X
  X
  X


_












         _


FAULTED(4)
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X
X
See Note(3)
See Note(3)
X



NC3300
NC3400
NC3500
NC3600
NC3800
NC3800
NC3300


_












         _


NOTES:


(1)
Design requirements are specified by three entries.  The first entry is the code which contains the design requirements, the second is the paragraph which describes the design requirements for the particular component and the third entry specifies the paragraph containing the specific stress levels for the component for the given condition of design.


(2)
X ‑ Design requirements have not yet been developed by the applicable code.


(3)
Design requirements for these components are contained in <Section 4.2.2>.


(4)
Components which are loaded due to the direct effects of an emergency or faulted condition need only be designed for no loss of safety function.  This means that stress and deformation limits similar to those for Safety Class 1 may be used.


TABLE 3.2‑5


DESIGN REQUIREMENTS(1) FOR SAFETY CLASS 3 MECHANICAL SYSTEMS AND COMPONENTS











Duct


Design








work


Condition




Tanks
Tanks
Heat(2)

and


Categories
Pressure
Pumps
Valves
Piping
Atmospheric
0‑15 psig
Exchangers
Supports
Valves



ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X


NORMAL
ND3300
ND3400
ND3500
ND3600
ND3800
ND3800
ND3300



X(3)
X
X
X
X
X
X



ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X


UPSET
ND3300
ND3400
ND3500
ND3600
ND3800
ND3800
ND3300



X
X
X
X
X
X
X



ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
X
X


EMERGENCY(4)
ND3300
ND3400
ND3500
ND3600
ND3800
ND3800
ND3300



X
X
X
X
X
X
X



ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
ASME III
 X
X


FAULTED(4)
ND3300
ND3400
ND3500
ND3600
ND3800
ND3800
ND3300



X
X
X
X
X
X
X


TABLE 3.2‑5 (Continued)


NOTES:


(1)
Design requirements are specified by three entries.  The first entry is the code which contains the design requirements, the second is the paragraph which describes the design requirements for the particular component and the third entry specifies the paragraph containing the specific stress levels for the component for the given condition of design.


(2)
The rules of Tubular Exchanger Manufacturers Association, Class C, also apply.


(3)
X‑Design requirements have not yet been developed by the applicable code.


(4)
Components which are loaded due to the direct effects of an emergency or faulted condition need only be designed for no loss of safety function.  This means that stress and deformation limits similar to those for Safety Class 1 may be used.


TABLE 3.2‑6


IEEE REQUIREMENTS FOR SAFETY CLASS 2 & 3 (CLASS 1E) ELECTRICAL SYSTEMS AND COMPONENTS







Switch



Valve


Systems
Components
RPS(2) Modules
RPS(2) Sensors
RPS(2) Systems(1)
 Gear
Transformers
Diesel
Motors
Actuators



IEEE‑308
IEEE‑323
IEEE‑323
IEEE‑323
IEEE‑279
IEEE‑344
IEEE‑344
IEEE‑387
IEEE‑323
IEEE‑323




IEEE‑344
IEEE‑344




IEEE‑334
IEEE‑344










IEEE‑344


_












NOTES:


(1)
IEEE‑279 shall apply only to those Safety Class 2 or 3 systems and components which actuate reactor trip or, in the event of a serious reactor accident, actuate engineered safety features.


(2)
RPS = Reactor Protection System


TABLE 3.2‑7


CODE AND ADDENDA APPLICATION FOR REACTOR COOLANT


PRESSURE BOUNDARY SAFETY CLASS 1 EQUIPMENT(1)






Master





Purchase


Equipment



Part No.
Code and Addenda

Order Date


RECIRCULATION SYSTEM


1.
Gate valves



a.
Suction

B33‑F023
ASME‑Section III 1974
10/9/74









Edition (No Addendas)



b.
Discharge

B33‑F067
ASME‑Section III 1974
10/9/74









Edition (No Addendas)


2.
Flow control valves



a.
Body




ASME Section III 1971
PO No. AG833







B33‑F060
Edition up to and

3/21/74



b.
Topworks



including Winter 1973
AJ 530









Addenda



11/20/76


3.
Pump



B33‑C001
ASME Section III 1974
5/1/74









Edition up to and









including Winter 1974









Addenda


4.
Piping


   ‑

ASME Section III 1983
3/5/75









Edition up to and









including Winter 1984









Addenda


MAIN STEAM SYSTEM


1.
Main steam

B21‑F022
ASME Section III 1974
12/10/74



isolation valves
B21‑F028
Edition (No Addenda)(2)

2.
Safety/relief

B21‑F041
ASME B&PV Code


11/17/76



valves


B21‑F047
Section III,







B21‑F051
1974 Edition up to









and including









Summer 1976 Addenda


TABLE 3.2‑7 (Continued)







Master





Purchase


Equipment



Part No.
Code and Addenda

Order Date


3.
Piping


N/A

ASME Section III 1983
3/75









Edition up to and









including Winter 1984









Addenda


HIGH PRESSURE


CORE SPRAY SYSTEM


Valves



E22‑F004
ASME Section III

8/16/74









Class 1, 1971 Edition









up to and including









Winter 1973 Addenda.









Also used Code









Case 1637.


REACTOR PRESSURE


VESSEL



283x

ASME B&PV Code


Unit 1:







218 CA
1971 Edition with

  3/23/73







B13‑D003
Addenda up to and

Unit 2:









including Winter 1972
  3/23/73









During RF07, a weld 
    N/A









overlay was applied to









the feedwater nozzle 









to safe‑end weld 









1B13‑N4C‑KB.  The over-









lay is designed as a









full structural overlay









in accordance with 









recommendations of 









<NUREG‑0313>, Revision 2









(forwarded by <Generic 









Letter 88‑01>), ASME 









Code Case N‑504, and 









Section XI of the ASME









Boiler and Pressure 









Vessel Code, 1989 









Edition (Paragraph









IWB‑3640).


NOTES:


(1)
GE supplied


(2)
The original ASME Code edition was invoked.  The vendor was permitted to reconcile later Editions/Addenda as required by ASME Section XI IWA‑7000.
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3.3      WIND AND TORNADO LOADS


3.3.1      WIND LOADINGS


3.3.1.1      Design Wind Velocity


The basic wind speed used in the design of safety class structures is 90 mph at 30 feet above grade.  This velocity is in agreement with Figure 2 of ANSI A 58.1 (Reference 1) which gives 80‑90 mph as the fastest mile wind speed expected in a 100 year interval.  The 90 mph is higher than the predicted fastest mile wind from meteorological data given in <Section 2.3>.


Increased wind velocities are considered in the case of wind being channeled through the cooling towers and impinging on safety class structures <Section 2.3>.  The maximum postulated increased wind velocity using the conservative approach of <Section 2.3> is 190 mph at Elevation 150’‑0” (top of safety class structures).


3.3.1.2      Determination of Applied Forces


Wind pressures corresponding to the basic wind speed are given by Tables 5 and 6 of ANSI A 58.1 (Reference 1).  The pressure values indicated consider the effects of height, terrain and gusts.


For the postulated wind velocities due to cooling tower channeling, effective pressures are calculated by using:
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No reduction of wind forces due to shielding is taken except for safety class structures which are immediately adjacent to each other.


The effective pressures are distributed on rectangular plane structures by the use of coefficients in accordance with Section 6.4, Section 6.5, and Section 6.6 of ANSI A 58.1 (Reference 1).  Common coefficients used are:


a.
Windward wall









0.8


b.
Leeward wall









‑0.6


c.
Side wall










‑0.5


d.
Roofs










‑0.7


e.
Corners










‑2.0


The effective pressures on the shield building are distributed in accordance with Table 4(f) of ASCE Paper 3269 (Reference 2) using a length over diameter ratio of 2.  Pressure coefficients are given in <Table 3.3‑1>.


The drag coefficient used in determining the total wind shear on the shield building is 0.45.


Calculated wind pressures are applied as equivalent static loads using the load factors and load combinations given in <Section 3.8>.


3.3.2      TORNADO LOADINGS


Tornadoes can be characterized as vortices possessing tangential, radial and translational velocities, whose net effect is a strong wind force which varies from a small value at the center to a maximum at the wall of the funnel cloud, and then decreases with increase in distance from the center.  Three potential sources of damage exist:  the wind pressure loading, the atmospheric pressure difference between the inside and outside of a building and the possible impact of wind generated missiles.


3.3.2.1      Applicable Design Parameters


3.3.2.1.1      Probability of Tornado Occurrence


Studies indicate that the probability of occurrence of any tornado at the plant site is very low.  Page 408 of Reference 3 shows an isogram map of the United States giving lines of equal annual probability of tornado occurrence.  This plant site would fall under a 5 in 10,000 annual probability of having a tornado occurrence.  More recent studies reported in <Section 2.3> indicate an annual probability of 3.11 in 10,000.  Not withstanding these low probabilities, the plant is designed assuming that a severe tornado will occur during its operational lifetime.  See <Section 3.5.1.4.2.1> for annual probability of tornado strike used in the “TORMIS” analysis.


3.3.2.1.2      Design Basis Tornado


Based on the available damage information from tornadoes within a 50 mile radius of PNPP during the years 1951‑1972, wind speeds of less than 260 mph are estimated for tornadoes <Section 2.3>.


The design basis tornado specified by <Regulatory Guide 1.76> for Region I is used for Perry.  The characteristics of this tornado are:


a.
Maximum wind speed







360 mph


b.
Rotational speed







290 mph


c.
Maximum translational speed





 70 mph


d.
Minimum translational speed





  5 mph


e.
Radius of maximum rotational speed




150 feet


f.
Maximum Pressure drop






 3.0 psi


g.
Rate of pressure drop






 2.0 psi/sec


The maximum wind speed is the sum of rotational and maximum translational wind speed.  The maximum pressure drop occurs in or near the vortex center of a tornado.


3.3.2.2      Determination of Forces on Structures


The velocity pressure corresponding to the 360 mph wind velocity is calculated using the equation in <Section 3.3.1.2> as follows:
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Effective velocity pressures on structures are calculated using the following criteria:


a.
Horizontal wind distribution is used based on the fact that the rotational velocity of the tornado varies with the distance from 



the vortex center in accordance with (Reference 3).  The maximum pressure of 332 psf applies to small structures or components.  Lower average pressures apply in determining total load on larger structures.


b.
Pressures are assumed to be constant at any elevation.


c.
Coefficients from Section 6.4, Section 6.5, and Section 6.6 of ANSI A 58.1 (Reference 1) are used for distributing the effective velocity pressure to walls and roofs of rectangular plan buildings.


d.
Tornado wind pressure is distributed on the shield building cylinder and dome using the coefficients for wind described in <Section 3.3.1>.


e.
Total tornado drag force on the shield building is determined by applying the drag coefficient of 0.45 <Section 3.3.1.2> to the average pressure for the building.


All Category I structures are considered to be non‑vented and, therefore, are designed for a tornado pressure drop.  ASCE Paper 7949 (Reference 3) states that the maximum pressure drop occurs at the center of the tornado vortex and diminishes with distance from the vortex center.  Therefore, the maximum tornado rotational speed and maximum pressure drop are not coincidental.  For design purposes, the following occurrences of tornado wind and atmospheric pressure loads are applied in determining tornado loads:


a.
Wind speed of 360 mph and pressure drop of 1.5 psi.


b.
Wind speed of 0 mph and maximum pressure drop of 3.0 psi.


Tornado wind forces on structures are treated as static loads.  The combination of the tornado wind loads with other applied loads (including tornado missile loads) on safety class structures is discussed in <Section 3.8>.


3.3.2.3      Effect of Failure of Structures or Components Not Designed for Tornado Loads


Failure of parts of structures not designed for tornado loads, such as panels, piping or nonsafety class systems, will not impair safety class structures that have been designed for tornado missiles.  Safety class structures are designed for a wide range of postulated missiles as stated in <Section 3.5>.


Total failure of a nonsafety class building, i.e., completely collapsing and falling against a safety class building structure, is precluded by design.  The design approach used for the service building and the turbine buildings is based on a building cladding that blows off at a predictable wind load, i.e., considerably below maximum tornado wind pressures.  Therefore, the critical load on these buildings is the tornado wind pressures on the structural skeleton of the building.  The structural components of these buildings, including the foundations, are designed for these tornado wind pressures.  A somewhat different approach is used on the nonsafety portion of the radwaste building, which is a steel framed, steel cladded annex to the radwaste building.  Blow‑off cladding is not used on this nonsafety portion and full tornado pressures are assumed in the design.  The nonsafety portion is braced in the north‑south direction to withstand these loads.  Tornado loads on the nonsafety portion in the east‑west direction are transmitted to the safety class portion of the radwaste building through structural ties.  These loads are considered in the design of the safety class portion of the radwaste building.  The allowable stresses for tornado loadings on the service building, turbine building and the nonsafety portion of the radwaste building are specified in <Section 3.8.4>.


3.3.3      REFERENCES FOR SECTION 3.3


1.
American National Standards Institute, “Building Code Requirements for Minimum Design Loads in Buildings and Other Structures,” ANSI A 58.1, 1972.


2.
ASCE Paper No. 3269, “Wind Forces on Structures,” American Society of Civil Engineers, Transactions, Vol. 126, Part II, 1961.


3.
ASCE Paper No. 7949, “Tornado Design Considerations,” Journal, Power Division, American Society of Civil Engineers, March 1971.


TABLE 3.3‑1
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3.4      WATER LEVEL (FLOOD) DESIGN


3.4.1      FLOOD PROTECTION


3.4.1.1      Flood Protection Measures for Seismic Category I Structures


<Section 2.4> describes the design flood and the grading of the site around the safety class structures, and substantiates that these structures will not be subjected to water levels greater than 6 inches above the finished plant grade of about Elevation 620’‑0”.


The portions of land safety class structures located below finished grade are protected on their outside surfaces by a continuous waterproofing membrane.  Waterstops are provided at construction joints.  To ensure shear transfer from the foundation media to the reinforced concrete building foundations, the shear strength of the waterproofing membrane is greater than that required for the applicable loading conditions.


In the unlikely event that the waterproofing of the structures is insufficient, additional flood protection for safety class components, equipment and systems located below grade is provided; this is accomplished by floors that slope to floor drains.  Details of the floor drain systems are discussed in <Section 9.3.3>.


3.4.1.2      Permanent Dewatering System


A permanent underdrain system is constructed under the main plant area as discussed in <Section 2.4.13.5>.  This system ensures that the groundwater elevation will not exceed Elevation 590’‑0”.  All the safety class structures in the main plant area are designed to withstand groundwater to Elevation 590’‑0”.


A more detailed discussion of the flooding possibilities and consequences of a circulating water yard pipe break, or an expansion joint rupture within the turbine building via flow through a base mat fracture, is presented in <Section 2.4.13.5> and <Section 10.4.5>.


The design criteria for ensuring the prevention of damage to safety‑related equipment and systems by internal flooding due to the failure of non‑Category I components and piping are:


a.
The plant layout uses separation of Seismic Category I and non‑Seismic Category I components by locating them, to the maximum extent possible, in separate buildings.


b.
The ECCS equipment is located in separate, water tight compartments.


c.
Small leaks will be handled by the floor drain system.


A review of the layout of systems and components was performed to ensure that Items a and b, above, have accomplished the prevention of flooding damage.  Details of that analysis are discussed in <Section 3.6.2>.


The flood elevation pertaining to land structures is not a factor since the site is graded to carry all surface water away from the safety class structures.  Refer to <Figure 2.4‑3> for details of plant grading and the storm drainage system.  The site storm drainage system and plant grading are designed to preclude ponding of water greater than six inches above the plant grades shown.  The plant underdrain system discussed in <Section 2.4.13.5> will maintain a groundwater level below Elevation 568’‑5” and will ensure that groundwater level will not exceed Elevation 590’‑0”.


The maximum recorded Lake Erie Elevation of 575.4’ (USGS), which occurred in June 1973, was used in the design of the following submerged safety class structures:


a.
Cooling water tunnels.


b.
Offshore intake structures.


c.
Offshore discharge structure.


3.4.2      ANALYTICAL AND TEST PROCEDURES


The Safety Class I structures will not be subjected to flood current, wind wave, hurricane, tsunami, seiche, or dynamic water force.  Refer to <Section 2.4> for a description of the site hydrology.  The submerged offshore structures noted in <Section 3.4.1.2> were designed for the effect of dynamic wave action.  Consideration of pressure oscillations in the cooling water tunnel system resulting from waves, as described in <Section 2.4.5>, shows that the oscillations are insignificant.


To arrive at a range of wave heights to be used in determining the dynamic forces on the submerged intake structures, wind speeds generated by the probable maximum storm (PMS) <Section 2.4.5> were applied from different directions to give different fetches.  The characteristics of waves approaching the structures are affected by wave generation, refraction and shoaling.  These factors are in turn dependent on the water depth so that the seiche at the site, which is coincident with the waves, is important.  <Section 2.4.5> indicates that the waves generated by the PMS have a significant height of 17 feet (the corresponding Hmax = 30 ft).  The 31.2‑foot depth of water (at maximum stillwater level of 580.5 feet) near the intake structures, limits the wave height to 24.3 feet.  All larger waves will break (based on wave breaking criteria of 0.78 of the depth).


Alternately, when the lake is at the recorded low monthly mean level of 569.3’ (USGS), resulting in a 20.0 foot average water depth at the intakes, waves higher than 15.6 feet will break.  For these reasons, the applicable dynamic forces for the design of the structures are due to the incipient breaking wave height corresponding to water depths between 20.0 feet (15.6 foot wave height) and 31.2 feet (24.3 foot waves).  Since the intakes are axisymmetric, the direction of wave approach is not important.  Aspects of the wave force analysis are discussed in <Section 2.4.5>.


In addition to the wave loads, the offshore intake and discharge structures are designed for ice loads as discussed in <Section 3.8.4>.  These loads are several times larger in magnitude than the loads produced by wave action.  Therefore, the results of wave loads were not critical in the structural design of the offshore structures.


3.4.3      FLOOD FORCE APPLICATION


The land safety class structures are not designed for flood force application, since the grading and topography of the site precludes the development of floods.
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3.5      MISSILE PROTECTION


3.5.1      MISSILE SELECTION AND DESCRIPTION


3.5.1.1      Internally Generated Missiles (Outside Containment)


3.5.1.1.1      Criteria


The following criteria have been adopted to assess the plant’s capability to ensure that, if a generated missile of any postulated type occurs, there is:


a.
No loss of containment function.


b.
No direct loss of reactor coolant.


c.
No loss of function (assuming offsite power is not available during the shutdown of the plant) to systems required to shut down the reactor and maintain it in a safe shutdown condition, or mitigate the consequences of the missile damage, thereby ensuring:



1.
No equipment will be damaged in one safety‑related division, e.g., Division 1, from internally generated missiles originating from another safety‑related division, e.g., Division 2.



2.
No damage will occur to any safe shutdown equipment by missiles generated from nonsafety‑related equipment.


d.
No offsite exposure will exceed the guidelines of <10 CFR 100>.


e.
No loss of integrity of the spent fuel pool.


No failures to Class 1E sensors to the reactor protection system (RPS) located on the turbine control valve and stop valve will prevent the reactor from being safely shutdown since other RPS sensors (high pressure scram or high flux scram) located in safety‑related buildings provide sufficient backup.  Therefore, these sensors are not protected from missile hazards inside the turbine building.


Systems to be protected from missiles are listed in <Table 3.5‑1>, along with a cross reference to the USAR section that describes the items and identifies the applicable drawings or piping and instrumentation diagrams.  System and component seismic category and quality group classification are listed in <Table 3.2‑1>.


3.5.1.1.2      Missile Selection


Rotating and high pressure (greater than 275 psig) system components located inside the following buildings and areas were examined to identify and classify potential missiles:


a.
Auxiliary building.


b.
Intermediate building.


c.
Control building.


d.
Steam tunnel.


e.
Diesel generator building.


f.
Emergency service water pumphouse.


g.
Radwaste building.


Pumps located outside the containment were evaluated for missiles associated with potential failure due to overspeed.  The maximum no‑load speed of these pumps is equivalent to associated motor no‑load operating speed.  No pipe break or other single failure in a pump suction line results in pump speeds exceeding the no‑load speed.  Pump casings are designed to contain impeller fragments should an impeller fail.  Therefore, missiles generated by pumps outside containment are not postulated.  The RCIC drive turbine is not a credible source of missiles.  It is provided with mechanical overspeed protection as well as automatic governing; very extensive industrial and nuclear experience with this model of turbine has never resulted in a missile which penetrated the turbine casing.


Valves of ANSI 900 psig rating and above, constructed in accordance with Section III of the ASME Code, are pressure seal bonnet type valves.  Valve bonnets are prevented from becoming missiles by the retaining ring, which would have to fail in shear, and by the yoke, which would capture the bonnet or reduce bonnet energy.  Bonnet ejection is highly improbable because of the very conservative design of the retaining rings of these valves.  Therefore, bonnets are not considered credible missiles.


Most valves of ANSI rating 600 psig and below are valves with bolted bonnets.  Valves that are two inch and smaller are valves with screwed bonnets.  Valve bonnets are prevented from becoming missiles by limiting stresses in the bonnet‑to‑body bolting material by requirements set forth in the ASME Code, Section III, and by designing flanges in accordance with applicable code requirements.  Even if bolt failure occurs, the likelihood of all bolts experiencing simultaneous complete severance failure is remote.  The widespread use of valves with bolted bonnets, and the low historical incidence of complete severance failure of bonnets, confirm that bolted valve bonnets need not be considered as credible missiles.


Valve stems are not considered potential missiles if at least one feature, in addition to the stem threads, is included in the design to prevent ejection.  Valves with backseats are prevented from becoming missiles by this feature.  In addition, air or motor-operated valve stems are effectively restrained by the valve operators.


Nuts, bolts, nut and bolt combinations, and nut and stud combinations have little stored energy and are of no concern as potential missiles.


Temperature or other detectors installed on piping or in wells are evaluated as potential missiles if a single circumferential weld failure would cause their ejection.


Thicknesses of barriers, including walls, slabs and specially designed barriers, which protect safety class equipment or systems, satisfy the criteria discussed in <Section 3.5.3>.  Therefore, scabbing or the generation of secondary missiles from the non‑impacted face of such a barrier is precluded.  Concrete fragments ejected from the impacted face (spalling effect), if any, have energies too low for consideration as missiles due to the small weight and velocity of such fragments.  Fragments and the initial missile constitute no threat to safety class equipment or systems as secondary missiles during the drop following impact.


3.5.1.1.3      Missile Protection Methods


Protection of safety‑related systems and components from postulated missiles is accomplished by one or more of the following methods:


a.
Compartmentalization



Equipment is enclosed in missile protected compartments.


b.
Barriers



Barriers are erected to stop missiles either at the source or at equipment locations.


c.
Separation



Redundant components of vital systems are separated by one or a combination of the following methods:



1.
Components are located within separate cubicles.



2.
Adequate spatial separation between redundant components and electric circuits.


d.
Equipment Design



Structures or components can, by virtue of design, withstand impact of postulated missiles without loss of function.


e.
Strategic Orientation



Equipment or components are so oriented that postulated missile paths are directed away from equipment and components requiring protection.


f.
Distance



Equipment is located out of range of postulated missiles.


Safety‑related instrument and control components and instrument pulse lines outside the reactor building, which are required for safe plant shutdown, are not in the paths of postulated missiles.


<Table 3.5‑2> lists all postulated missiles outside containment and summarizes the method used to protect any of the nearby structures, systems or components listed in <Table 3.5‑1>.


3.5.1.2      Internally Generated Missiles (Inside Containment)


3.5.1.2.1      Criteria


The criteria for internally generated missiles, inside containment, are identical to those listed in <Section 3.5.1.1.1>, Items a through f, for internally generated missiles, outside containment.


Systems to be protected from missiles are listed in <Table 3.5‑1>, along with the USAR section that describes the items and references the applicable drawings or piping and instrumentation diagrams.  System and component location, seismic category and quality group classification are listed in <Table 3.2‑1>.


3.5.1.2.2      Missile Selection


Rotating and high pressure (greater than 275 psig) system components located inside containment were examined to identify and classify potential missiles.


The most substantial piece of NSSS rotating equipment is the recirculation pump and motor.  This potential missile source is discussed in the report, “Analysis of Recirculation Pump Under Accident Conditions,” (Reference 1).  It is concluded in this report that destructive pump overspeed can result in certain types of missiles.  A


careful examination of shaft and coupling failures shows that the fragments will not result in damage to the containment or to vital equipment.


a.
Missiles from motor



Missiles may be created at excessive motor speeds through failure of the end structure of the rotor.  The structure consists of the retaining ring, the end ring and the fans.  Missiles potentially generated in this manner will strike the overhanging ends of the stator coils, the stator coil bracing, support structures, and two walls of one‑half inch thick steel plate.  Due to the ability of these structures to absorb energy, it is concluded that missiles would not escape this structure.  At this point, frictional forces would tend to bring the overspeed sequence to a stop.



In the postulated event that the body of the rotor were to burst, missiles could be created.  The likelihood that these missiles would escape the motor is less than the likelihood of escape for the missiles described above; this is due to the additional amount of material constraining missile escape, such as the stator coil, field coils and stator frame directly adjacent to the rotor.



Thus, it is concluded that a decoupler is not needed between the pump and the motor.



Since pump‑to‑motor hold down bolting is capable of carrying greater torque loads than the pump shaft, bolt failure is precluded.  Because pump shaft failure decouples the rotor for the overspeed driving blowdown force, only those cases with peak torque less than that required to fail the pump shaft (five times rated) will have the capability to drive the motor to overspeed.  When missile generation probabilities are considered along with a discussion of the actual load bearing capabilities of the system, it is evident that these considerations support the conclusion that it is unrealistic that the motor would become a missile.


b.
Missiles from pump impeller



Overspeed of the recirculation pump due to a LOCA can result in certain types of postulated missiles consisting of pump impeller fragments.  However, in (Reference 1) it was concluded that the fragments will not penetrate the pump case.


Concerning other missiles, the control rod drive (CRD) mechanism is located inside of the pedestal.  The pedestal is a composite steel and concrete structure which provides support for the reactor pressure vessel.  The pedestal consists of two concentric steel liners tied together by diaphragms with the annulus area filled with concrete.  A support structure for the control rod drive mechanism is located inside of the inner steel shell of the pedestal.  This structure consists of supporting bars, grid plates and beams.


In the event of a postulated failure of the CRD housing, the CRD housing would be ejected downward toward the floor of the pedestal when the housing has moved approximately one inch; it would then contact the support structure and be stopped.  Since the CRD housings are located within the pedestal and are further restrained by the support structure, they cannot be considered as credible missiles.


Valves of ANSI 900 psig rating and above, constructed in accordance with Section III of the ASME Code, are pressure seal bonnet type valves.  Valve bonnets are prevented from becoming missiles by the retaining ring, which would have to fail in shear, and by the yoke, which would capture the bonnet or reduce bonnet energy.


3.5.1.2.3      Missile Protection Methods


Protection of safety‑related systems and components from postulated missiles is accomplished by one or more of the following methods:


a.
Compartmentalization



Equipment is enclosed in missile protected compartments.


b.
Barriers



Barriers are erected to stop missiles either at the source or at equipment locations.


c.
Separation



Redundant components of vital systems are separated by one or a combination of the following methods:



1.
Components are located within separate cubicles.



2.
Adequate spatial separation between redundant components and electric circuits.


d.
Equipment Design



Structures or components can, by virtue of design, withstand impact of postulated missiles without loss of function.


e.
Strategic Orientation



Equipment or components are so oriented that postulated missile paths are directed away from equipment and components requiring protection.


f.
Distance



Equipment is located out of range of postulated missiles.


Safety‑related instrument and control components and instrument impulse lines inside the reactor building, which are required for safe plant shutdown, are not in the paths of postulated missiles.


<Table 3.5‑3> lists all postulated missiles inside containment and summarizes the method used to protect any of the nearby structures, systems or components listed in <Table 3.5‑1>.


3.5.1.2.4      Evaluation of Potential Gravitational Missiles Inside Containment


Gravitational missiles inside the containment have been considered as follows:


Seismic Category I systems, components and structures are not potential gravitational missile sources.


Non‑seismic items and systems inside containment are classified as follows:


a.
Cable Tray



All cable trays for both Class 1E and non‑Class 1E circuits are seismically supported whether or not a hazard potential is evident.


b.
Conduit and Nonsafety Pipe



Class 1E conduit and associated hardware are seismically designed and supported.  Non‑Class 1E conduit and associated raceways, and nonsafety class pipe are seismically designed and supported where these systems are a potential hazard to safety‑related equipment.


c.
Equipment for Maintenance



All other equipment, such as hoists, required during maintenance will either be removed during operation, moved to a location where it is not a potential hazard to safety‑related equipment or seismically restrained to prevent it from becoming a missile.


3.5.1.3      Turbine Missiles


Turbine missiles are discussed in (Reference 2) and (Reference 11).  Additional information can be found in <Section 10.2.3>.


3.5.1.4      Missiles Generated by Natural Phenomena


3.5.1.4.1

Missile Selection


<Table 3.5‑4> lists potential tornado missiles with corresponding design parameters considered in the plant design.  This table represents the spectrum of potential missiles which would be generated on or near the site by the design basis tornado described in <Section 3.3>.


Missile selection is based on the potential for the element to exist on or near the site and the potential for the element to be lifted and accelerated by the tornado wind.  Each of the missiles listed is capable of being lifted off the ground using an aerodynamic lift force for an assumed 0.2 second duration and the force of the vertical wind.  Once aloft, the vertical tornado wind continues to act.  Design velocity for the missile is determined by considering the force of the tornado’s tangential wind on the element for the period of time during which the element is maintained aloft.  Maximum velocity is limited to that which would cause the element to exit from the tornado.  The wood plank, eight inch wood pole, and the two automobile missiles reach exit velocity, while the remaining missiles cannot be sustained aloft for a sufficient time to achieve exit velocity.  Further discussion of tornado missiles is contained in (Reference 3).


As discussed in <Section 3.4>, flood missiles are not a consideration. Therefore, tornado generated missiles are considered as the limiting natural phenomena hazard in the design of all structures which are required for ensuring the integrity of the reactor coolant pressure boundary, ensuring the capability to shutdown the reactor and maintain it in a safe shutdown condition, and those whose failure could lead to radioactive releases which would exceed offsite radiation exposure limits (25% of <10 CFR 100> guideline exposures), as discussed in <Regulatory Guide 1.117>.


3.5.1.4.2

Missile Protection Methods


System and component safety classification and seismic category are given in <Table 3.2‑1>.  Specific location within the building is provided by the layout drawings <Figure 1.2‑2>, <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, <Figure 1.2‑12>, <Figure 1.2‑13>, <Figure 1.2‑14>, <Figure 1.2‑15>, <Figure 1.2‑16>, and <Figure 1.2‑17>.  Those systems or components listed in <Table 3.2‑1> that are required to ensure the integrity of the reactor coolant pressure boundary, maintain safe shutdown conditions or prevent release of radiation which would exceed offsite radiation exposure limits, are provided with tornado missile protection by location within Seismic Category I structures, by unique missile barriers, by the shielding of an adjacent Seismic Category I structure, or, they have been analyzed as discussed in <Section 3.5.1.4.2.1>.


<Table 3.2‑1> also identifies Seismic Category I structures.  The exterior walls and roof of these structures are required, by definition, to withstand the effects of the design basis tornado including tornado missiles.  These elements are two foot thick (minimum) reinforced concrete having a 28 day compressive strength of 3,000 psi.  Design approach is discussed in <Section 3.5.3>.  Systems or components located wholly within these structures are considered protected from external 


missiles unless they are located near building penetrations.  Penetrations in the exterior structural elements of these structures:


(
are shielded due to adjacent Seismic Category I structures, 


(
were strategically located to preclude damage to any safety‑related system (if a missile entered) due to internal walls and slabs which provide shielding, 


(
were provided with unique missile barriers, or 


(
were evaluated as discussed in <Section 3.5.1.4.2.1>.


<Table 3.5‑5> lists the barriers which were provided to protect penetrations in Seismic Category I structures.


Safety‑related systems and components which are located outside of Seismic Category I structures are provided with unique missile barriers, or were evaluated as described in <Section 3.5.1.4.2.1>.  <Table 3.5‑5> also lists the barriers which were provided to protect systems and components which are located outside of Seismic Category I structures.


A unique situation occurs for the condensate storage tank.  The 500,000 gallon steel tank is a non‑seismic, nonsafety design.  However, to prevent an uncontrolled release of radioactive liquid the tank is located within a Seismic Category I concrete dike.  Missile impact has been considered in the design of the two foot thick (3,000 psi) concrete dike.


3.5.1.4.2.1
Systems/components not requiring unique tornado missile protection


A limited amount of safety‑related systems and components located near penetrations in Seismic Category I structures or located outside of such 


structures are evaluated as not requiring unique tornado missile protection barriers.  Two approaches were used in this evaluation:


a.
Certain safety‑related systems and components are screened out using the criteria of <Regulatory Guide 1.117> “Tornado Design Classification”, including its Appendix, which together detail the items that should be protected from the effects of tornadoes.  The criteria in the Regulatory Guide are summarized as “important” systems and components required to ensure the integrity of the reactor coolant pressure boundary; ensure the capability to shut down the reactor and maintain it in a safe shutdown condition; and those whose failure could lead to radioactive releases resulting in calculated offsite exposures greater than 25% of the guideline exposures of <10 CFR 100> using appropriately conservative analytical methods and assumptions.  The safety‑related systems and components not required to support these <Regulatory Guide 1.117> guidelines are evaluated as not requiring unique tornado missile protection.


b.
“Important” systems and components (as discussed in <Regulatory Guide 1.117>) are generally protected.  The limited amount of unprotected portions of important systems and components are analyzed using a probabilistic missile strike analysis as permitted in Standard Review Plan 3.5.1.4 “Missiles Generated by Natural Phenomena”.  This analysis is conducted to determine the total (cumulative) probability per year of missiles striking important structures, systems and components due to postulated tornadoes.  This information is then utilized to determine the specific design provisions that must be provided to maintain the estimate of strike



probability below an allowable level.



The allowable level established for the protection of such systems and components at PNPP is consistent with the acceptance criteria in Standard Review Plan 2.2.3 “Evaluation of Potential Accidents”, 



i.e., that a probability of occurrence of initiating events (those that could lead to potential consequences in excess of the <10 CFR 100> guidelines) of “approximately 10‑6 per year is acceptable if, when combined with reasonable qualitative arguments, the realistic probability can be shown to be lower.” The PNPP‑specific acceptance criteria is that the total probability of tornado missiles simply striking an important system or component must be shown by analysis to be less than 10‑6 per year.  This PNPP‑specific criteria contains the following inherent conservatisms:



(
It is assumed that an important system or component simply being struck by a tornado missile will result in damage sufficient to preclude it from performing its intended safety function, although this is not realistic for all cases.



(
It is assumed that the damage to the important system or component results in damage to fuel sufficient to result in conservatively calculated radiological release values in excess of the <10 CFR 100> guidelines, although this is not realistic for all cases.



(
There are no missiles that can directly impact on irradiated fuel, even on the spent fuel stored in the Fuel Handling Area of the Intermediate Building.  Any missiles postulated to enter this area either miss the pools entirely, are stopped by internal walls, or strike the far side of the pool above the level of the fuel.



The analysis uses an NRC approved (Reference 9) methodology developed by the Electric Power Research Institute (EPRI) (Reference 10).  The methodology is implemented using the computer program TORMIS, which is further described in <Section 3.5.1.4.2.1.1>.



Should PNPP evaluations using the TORMIS methodology provide results indicating that the plant configuration equals or exceeds PNPP’s 10‑6 acceptance criteria, then unique protective barriers will be utilized to reduce the total probability value to below the acceptance criteria.  Temporary removal of a protective feature is permitted under administrative controls, if removal is determined to be necessary.



The unprotected “important” systems and components are listed in <Table 3.5‑8>.  These systems/components have been analyzed by the TORMIS program, and it was determined that no unique tornado missile protection is required.


3.5.1.4.2.1.1
TORMIS Description


TORMIS implements a methodology developed by the Electric Power Research Institute (Reference 10).  TORMIS determines the probability of striking walls and roofs of buildings on which penetrations or exposed portions of systems/components are located.  The probability is calculated by simulating a large number of tornado strike events at the site for each tornado wind speed intensity scale.  After the probability of striking the walls or roof is calculated, the exposed surface area of the particular components are factored in to compute the probability of striking a particular item.


The TORMIS analysis for the PNPP site is in accordance with the TORMIS program, as described in (Reference 10), except for the following deviations:


1.
As described in USAR <Section 2.3.1.2.2>, the probability of a tornado strike at PNPP is 3.11x10‑4 per year based on local analysis.  As part of the PNPP analysis, the annual probability of a tornado will be determined for the wind speeds in item 2 below, using regional data available in TORMIS for NRC Region I.  This 



value will be compared to the 3.11x10‑4 value from <Section 2.3.1.2.2>.  The more conservative of these two values will be compared to the occurrence rate for the PNPP area provided in Reference 11, and the most conservative value will be utilized in the PNPP analysis.


2.
The Fujita scale (F‑scale) wind speeds will be used in lieu of the TORMIS wind speeds (F’‑scale) for the F0 through F5 intensities.  In addition, a wind speed range from 313 to 360 mph will be used for the F6 intensity to correspond to the tornado wind speed described in <Section 3.3.2.1.2>.


3.
The PNPP analysis addresses the TORMIS reduction in tornado wind speed near the ground due to surface friction by injecting the potential tornado missiles into the tornado wind field at elevations above the surface of the ground.  The increased injection height will increase the wind speed acting on the missile.  The height of injection will ensure that the missiles are subjected to wind speeds greater than or equal to 246 MPH (a V0/V33 value of 0.82).


4.
The number of missiles used in the PNPP TORMIS analysis is a conservative value for site specific sources, such as laydown, parking, and warehouse areas.  These are postulated by general walkdown information at PNPP.


See <Section 3.5.2> for additional considerations of protection from external missiles.


3.5.1.5      Missiles Generated by Events Near the Site


Due to the considerable distance between the potential sources of missiles from accidental explosions in the vicinity of the site to the safety‑related structures on the site, no credible events can be postulated to occur.


3.5.1.6      Aircraft Hazards


The approach and methodology outlined in Standard Review Plan 3.5.1.6, “Aircraft Hazards,” have been used in the calculation of the probability of an aircraft crash into the effective plant areas of the Perry Nuclear Power Plant.  The aircraft handling facilities and air routes are described in <Section 2.2.2.5>.  The aircraft hazard probability developed from the total probability of an aircraft crash into the effective areas of the plant does not constitute a design basis event.  The calculation of probabilities is based on the following:


a.
Three federal airways pass within two miles of the plant site:  V‑188 and V‑10 are low altitude airways and are primarily used by general aviation aircraft; J‑584 is a high altitude airway and is primarily used by commercial aviation.  No data on the annual traffic for these airways was readily available, so the peak daily traffic was assumed to exist throughout the year.  This results in a maximum annual usage of 4,745, 5,475 and 34,310 flights for airways V‑188, V‑10 and J‑584, respectively.


b.
No airports are located within five miles of the plant center.  One small private airstrip is located 4.5 miles ESE of the plant.  Five single engine propeller driven planes may be based there.  Average operations are estimated at one flight per week.


c.
No airports having more than 500d2 movements per year are located within 10 miles of the site and no airports having more than 1,000d2 movements per year are located beyond 10 miles of the site (d = the distance from the site in miles).


d.
No military airports are within five miles of the site.  The only other airspace usage in the plant vicinity is a secondary backup holding pattern that is only infrequently used by commercial aircraft.  Its closest approach to the plant site is greater than 



10 miles.  The probability of air crash into effective plant areas due to the location and usage of this holding pattern is extremely small.


Utilizing the above data, the total probability of an aircraft crash into the plant was determined to be 1.44 x 10‑6 crashes per year.  This probability was developed conservatively and the realistic probability can be shown to be substantially smaller.


3.5.2      STRUCTURES, SYSTEMS AND COMPONENTS TO BE PROTECTED FROM EXTERNALLY GENERATED MISSILES


Structures, systems and components requiring protection from externally generated missiles are listed in <Table 3.2‑1>.  The general approach of locating safety systems within Seismic Category I structures is discussed in <Section 3.5.1.4>.


Penetrations in exterior walls or roofs of Seismic Category I structures create the potential for a missile to enter and contact safety‑related equipment inside.  Therefore, special shield barriers have been used, where required, to prevent this possibility.  Penetrations between adjacent safety‑related structures are considered shielded.  Unique missile shields on penetrations and the associated system and/or component are listed in <Table 3.5‑5>.  Barrier design procedures are discussed in <Section 3.5.3>.


The remaining penetrations have been determined as not requiring a special shield for one or more of the following reasons:


a.
Internal walls and slabs create compartments which shield safety‑related systems from missiles.


b.
Structural walls and slabs in conjunction with equipment location create a labyrinth effect which precludes missile contact with the equipment.


c.
Adjacent structures prevent missile incidence at an angle which would permit contact with safety‑related components.


d.
Certain penetrations have been evaluated for tornado generated missiles as discussed in <Section 3.5.1.4.2.1>.


Penetrations which have not been provided with unique missile shields are listed in <Table 3.5‑6>, along with the method considered for protection of safety‑related systems.  Walls and slabs considered as missile shields are two foot thick (minimum) reinforced concrete with minimum 3,000 psi compressive strength at 28 days, unless noted otherwise.  Barrier design approach is discussed in <Section 3.5.3>.


Systems or components located outside Seismic Category I structures and not provided with a unique concrete missile shield (see also <Table 3.5‑5>) are identified in <Table 3.5‑7>, along with the method of providing missile protection.


3.5.3      BARRIER DESIGN PROCEDURES


The exposed walls and roofs of Seismic Category I structures have a minimum concrete thickness of 24 inches and are reinforced each way on each face with a minimum of No. 8 bars at 12 inch center‑to‑center for walls, and No. 9 bars at 12 inch center‑to‑center for slabs.  Typical elements were evaluated for local effects of penetration, perforation and scabbing as well as overall structural response.


Local effects were determined to be of a noncritical nature by comparison of the Perry missile spectrum and Perry missile barriers to full scale test results (Reference 4) (Reference 5).  Overall structural 


response was evaluated for typical concrete structural elements by demonstrating that actual design loads as established by design loading combinations.  The pipe missile impact force is estimated from full scale test results (Reference 4) to be 350 kips applied as a triangular pulse (Reference 6).  The wooden and automobile missiles were considered as deformable missiles since the wood pole splinters and the automobile crushes as evidenced by full scale tests (Reference 4) (Reference 5).  Peak impact force was imparted by the automobile as determined by the equation: (Reference 8)
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crushing strength of the missile (uncrushed mass times deceleration)
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For a rectangular pulse (Reference 6) and limiting ductility ratio of 10, (Reference 7) required target strength was 420 kips.  Barriers having the minimum thickness with equal positive and negative reinforcing were evaluated using a limiting ductility ratio of 10 for flexural elements.  Capacity of the Perry missile barrier and its supporting elements was sufficient to resist the assumed loadings.


The lightest steel column section supporting a missile barrier was evaluated for a peak impact load of 640 kips based on a ductility factor of 1.3.  The section was determined adequate to resist the assumed load in combination with design dead and live loads supported.


Seismic events and tornado generation are assumed not to occur simultaneously.  Each safety class building is designed to withstand seismic loading which is more severe than tornado wind plus missile impact loads; therefore, structures are sufficient to resist the tornado loading.


Interior structural elements used as barriers to contain internally generated missiles are also of reinforced concrete of the same thickness and minimum reinforcement as exterior walls and roofs.  Internally generated missiles are lighter than, and travel at lower velocities than, the postulated tornado missiles.  Thus, the internal barriers are adequate to serve the intended purpose of protecting safety class equipment.
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TABLE 3.5‑1


SYSTEMS TO BE PROTECTED FROM INTERNALLY GENERATED MISSILES


System
Applicable USAR Section(s)


Containment
<Section 6.2>


Reactor
<Section 5.1>


Reactor Water Recirculation
<Section 5.4>


Nuclear Boiler
<Section 5.1>


Emergency Closed Cooling
<Section 9.2.2>


Reactor Core Isolation Cooling
<Section 5.4.6>


Residual Heat Removal
<Section 5.4.7>


Fuel Pool Cooling and Cleanup
<Section 9.1.3>


Containment Spray
<Section 6.2.2>


Standby Liquid Control
<Section 9.3.5>


High Pressure Core Spray
<Section 6.3>


Low Pressure Core Spray
<Section 6.3>


Emergency Service Water
<Section 9.2.1>


Combustible Gas Control


Control Rod Drive Hydraulic (Scram Section)


Containment Atmosphere Monitoring


Leak Detection


Main Steam
<Section 10.3>


Feedwater
<Section 10.4.7>


Main Steam Drains
<Section 10.3>


Emergency Service Water Screen Wash
<Section 9.2.1>


Safety‑Related Instrument Air
<Section 9.3.1>


Standby Diesel Generator and
<Section 8.3>, 


  Subsystems
<Section 9.5.4>



<Section 9.5.5>,



<Section 9.5.6>,



<Section 9.5.7>,



<Section 9.5.8>


Remote Shutdown Panel


Reactor Protection System
<Section 7.2>


HVAC Systems (required during above


operations)
<Section 9.4>


Electrical and Control Systems,


  and Wiring (required for above


  operations)
<Section 7.0>,



<Section 8.0>


TABLE 3.5‑2


POSTULATED MISSILES OUTSIDE CONTAINMENT



Component(1) as


Postulated Missile
Location
Barrier


B21‑TE‑N040
Steam Tunnel at
Steam Tunnel Ceiling



Elev. 633’‑0”


B21‑TE‑N041A
Steam Tunnel at
Steam Tunnel Wall



Elev. 625’‑3 1/2”


B21‑TE‑N041B
Steam Tunnel at
Feedwater Line A



Elev. 625’‑3 1/2”
(Nonsafety) and Steam




Tunnel Wall


B21‑TE‑N041C
Steam Tunnel at
Feedwater Line B



Elev. 625’‑3 1/2”
(Nonsafety) and Steam




Tunnel Wall


B21‑TE‑N041D
Steam Tunnel at
Steam Tunnel Wall



Elev. 625’‑3 1/2”


B33‑TE‑N029
Steam Tunnel at
Steam Tunnel Ceiling



Elev. 633’‑0”


B33‑TE‑N030
Steam Tunnel at
Steam Tunnel Ceiling



Elev. 633’‑0”


N22‑TE‑N059
Steam Tunnel at
Steam Tunnel Wall



Elev. 626’‑0”


NOTE:


(1)
Temperature elements (TE) at specific locations.


TABLE 3.5‑3


POSTULATED MISSILES INSIDE CONTAINMENT



Component(1) as


Postulated Missile
Location
Barrier


B33‑C001A
Elev. 619’‑4”
Biological Shield Wall



Pump Impeller



Fragment, Suction Line



Safe End Nozzle Rupture



TE‑H(2)
Elev. 589’‑5”
Recirc. Pump A Motor



TE‑J(3)
Elev. 589’‑1”
Reactor Vessel Pedestal


B33‑C001B
Elev. 619’‑4”
Biological Shield Wall



Pump Impeller



Fragment, Suction Line



Safe End Nozzle Rupture



TE‑H
Elev. 589’‑5”
Recirc. Pump B Motor



TE‑J
Elev. 589’‑1”
Reactor Vessel Pedestal


B33‑TE‑N021
Elev. 588’‑9”
Reactor Vessel Pedestal


B33‑TE‑N022
Elev. 588’‑9”
Reactor Vessel Pedestal


B33‑TE‑N023A
Elev. 587’‑5”
Recirc. Pump A Motor


B33‑TE‑N023B
Elev. 587’‑5”
Recirc. Pump B Motor


B33‑TE‑N028A
Elev. 586’‑6”
Weir Wall


B33‑TE‑N028B
Elev. 586’‑6”
Weir Wall


G33‑TE‑N004
Elev. 626’‑6”
Biological Shield Wall


G33‑TE‑N006
Elev. 656’‑4”
Compartment Floor


G33‑TE‑N007
Elev. 655’‑1”
Compartment Wall


G33‑TE‑N015
Elev. 631’‑0”
Compartment Wall


G33‑TE‑N019
Elev. 655’‑1”
Compartment Wall


G33‑TS‑N019
Elev. 655’‑1”
Compartment Wall


TABLE 3.5‑3 (Continued)


NOTES:


(1)
Temperature elements (TE), temperature switch (TS) at specific locations.


(2)
Temperature element/thermocouple off No. 2 seal cavity.


(3)
Temperature element/thermocouple off No. 1 seal cavity.


TABLE 3.5‑4


POTENTIAL TORNADO MISSILES





 Design



Geometric
Total Weight
Velocity



Element
Properties(1)

(lb)

(ft/sec)

Wood Plank
Am = 4 in. x 12 in.
125
280



 L = 12 ft


Wood Pole
 D = 8 in.
209
180



 L = 12 ft


Utility Pole
 D = 14 in.
1,880
91



 L = 35 ft


Solid Steel Rod
 D = 1 in.
8
200



 L = 3 ft


6 in. Sch 40 Pipe
 D = 6.625 in.
285
155



 L = 15 ft


12 in. Sch 40 Pipe
 D = 12.75 in.
800
75



 L = 15 ft


Compact Auto
Am = 1.5 ft x
2,000
180



     4.9 ft


Passenger Auto
Am = 1.67 ft x
4,000
170



     6.0 ft


NOTE:


(1)
D  = diameter



L  = length



Am = impact area


TABLE 3.5‑5


TORNADO MISSILE SHIELDS AND BARRIERS



Location



Structure/System/


Structural Concrete

Shown on



Component Protected

Shield/Barrier
Thickness
Design Strength
USAR Figure


Diesel Generator Building
Manway Labyrinth
2’‑0”
3,000 psi at
<Figure 1.2‑5>


Doors
(6 places)

28 days


Diesel Generator Building ‑
External Shields
2’‑0”
3,000 psi at
<Figure 1.2‑13>


Exhaust Air Vents


28 days


Diesel Generator Exhaust
Shield Wall and
2’‑0”
3,000 psi at
<Figure 1.2‑13>



Slab and

28 days



External Shields


Diesel Generator Intake
Control Building
2’‑0”
3,000 psi at
<Figure 1.2‑5>


Air Vents (4)
Wall

28 days


Diesel Generator Fuel
Shield Structure/
2’‑0”
3,000 psi at 
<Figure 9.5‑22>


Storage Tank ‑ Maintenance
Hatch Plug

28 days


Structure Area


Emergency Service Water
External Shields
2’‑0”
3,000 psi at
<Figure 1.2‑16>


Pumphouse ‑ Intake Air


28 days


Vents


Emergency Service Water
External Shields
2’‑0”
3,000 psi at
<Figure 1.2‑16>


Pumphouse ‑ Exhaust Air


28 days


Vents


Emergency Service Water
External Shields
2’‑0”
3,000 psi at
<Figure 1.2‑16>


Pumphouse ‑ Exhaust Vent


28 days


(Diesel Driven Fire


Service Pumps)


TABLE 3.5‑5 (Continued)



Location



Structure/System/


Structural Concrete

Shown on



Component Protected

Shield/Barrier
Thickness
Design Strength
USAR Figure


Emergency Service Water
Manway Labyrinth
2’‑0”
3,000 psi at
<Figure 1.2‑16>


Pumphouse Door


28 days


Intermediate Building
Concrete Stack
1’‑0”
3,000 psi at
<Figure 1.2‑10>


Plant Vent


28 days


Intermediate/Fuel Han‑
External Shield
1’‑0”
3,000 psi at
<Figure 1.2‑6>


dling Bldg Intake Air


28 days


Vent


Radwaste Bldg Air
External Enclosure
2’‑0”
3,000 psi at
<Figure 1.2‑8>


Intake Unit


28 days


Auxiliary Bldg Air
External Enclosure
2’‑0”
3,000 psi at
<Figure 1.2‑8>


Intake Unit


28 days


Control Complex Intake
External Shield
2’‑0”
3,000 psi at
<Figure 1.2‑9>


Air Vents (2 places)


28 days


Control Complex Exhaust
External Shield
2’‑0”
3,000 psi at
<Figure 1.2‑10>


Air Vents (2 places)


28 days


Underground Duct Bank
Manhole Cover
2’‑6”
3,000 psi at
<Figure 3.8‑76>


Manholes


28 days


Intermediate Bldg:
External Shield
2’‑0”
3,000 psi at
<Figure 1.2‑9>


Reactor Bldg Supply Air


28 days


Intakes (2)


TABLE 3.5‑5 (Continued)



Location



Structure/System/


Structural Concrete

Shown on



Component Protected

Shield/Barrier
Thickness
Design Strength
USAR Figure


Intermediate Bldg:
Internal Shield
2’‑0”
3,000 psi at
<Figure 1.2‑9>


Intake Air Vent
Wall

28 days


Condensate Storage
Dike/shield wall,
2’‑0”
3,000 psi at
‑


tank and associated
protects the CST

28 days


conduit, instrumentation,
and associated


and piping
components from



horizontal tornado



missiles


Instrument missile shield
External walls
2’‑0”
3,000 psi at
‑


for condensate storage tank
and roof

28 days


level instrumentation


TABLE 3.5‑6


EXISTING OPENINGS WITHOUT UNIQUE MISSILE SHIELDS





Shown
Missile




Approximate
On USAR
Protection


Building
Opening Description

Location

Figure

Provided By


Intermediate
Man doors (3’ x 7’‑2”):


Building

Fuel Handling area to
Elev. 620’‑6” east
<Figure 1.2‑5>
Location and




exterior (2)


internal shields




Intermediate building to
Elev. 620’‑6” west
<Figure 1.2‑5>




exterior (opening only,




no door)




Intermediate building to
Elev. 620’‑6” east
<Figure 1.2‑9>
Shield building,




exterior


interior walls




Stair tower to exterior
Elev. 707’‑6” west
<Figure 1.2‑10>
Interior walls




Elev. room to exterior
Elev. 707’‑6” south
<Figure 1.2‑10>
Interior walls



Rolling steel doors:




To exterior (16’ x 17’)
Elev. 620’‑6” south
<Figure 1.2‑5>
<Section 3.5.1.4.2.1>




To exterior (15’ x 14’)
Elev. 620’‑6” west
<Figure 1.2‑5>
Location,








adjacent








structures and








interior walls



Misc. Pipe & Conduit
Various – see

‑
<Section 3.5.1.4.2.1>




Penetrations
TORMIS Analysis





for details


TABLE 3.5‑6 (Continued)





Shown
Missile




Approximate
On USAR
Protection


Building
Opening Description

Location

Figure

Provided By


Auxiliary
Man doors (3’ x 7’‑2”):


Building

Auxiliary building to
Elev. 620’‑6” east
<Figure 1.2‑5>
<Section 3.5.1.4.2.1>




exterior




Stair tower to exterior
Elev. 620’‑6” east
<Figure 1.2‑5>
Location




Stair tower to exterior
Elev. 620’‑6” west
<Figure 1.2‑5>
Adjacent








structures,








interior walls




Aux. building to turbine
Elev. 620’‑6” north
<Figure 1.2‑5>
Steam tunnel,




power complex



offgas, turbine








building




Stair tower to exterior
Elev. 652’‑0” east

Location




Stair tower to exterior
Elev. 652’‑0” west

Location



Rolling steel doors:




To exterior (15’ x 14’)
Elev. 620’‑6” east
<Figure 1.2‑5>
<Section 3.5.1.4.2.1>












To exterior (15’ x 14’)
Elev. 620’‑6” west
<Figure 1.2‑5>
Adjacent








structures,








interior walls




Electrical openings to
Elev. 633’‑0” north

Adjacent




turbine power complex (2)



structures



Misc. Pipe & Conduit
Varies ‑ See TORMIS

‑
<Section 3.5.1.4.2.1>




Penetrations
Analysis for details


Diesel
Rolling steel door to
Elev. 620’‑6” east
‑
<Section 3.5.1.4.2.1>


Generator

control complex


Building

(12’ x 10’) ‑ DG114



Misc. Pipe & Conduit
Various ‑ See TORMIS

‑
<Section 3.5.1.4.2.1>




Penetrations
Analysis for details


TABLE 3.5‑6 (Continued)





Shown
Missile




Approximate
On USAR
Protection


Building
Opening Description

Location

Figure

Provided By


Radwaste
Doors (3’ x 7’‑2”):


Building

Stair tower to exterior
Elev. 620’‑6” east
<Figure 1.2‑5>
Interior walls





Elev. 623’‑6” north
<Figure 1.2‑5>
Interior walls




Radwaste to exterior
Elev. 646’‑6” east (2)
<Figure 1.2‑6>





Elev. 646’‑6” west




Elev. tower to exterior
Elev. 664’‑6” south
<Figure 1.2‑7>
Interior walls



Opening to radwaste storage
Elev. 620’‑6”
<Figure 1.2‑5>
Interior walls



area (12’ x 15’)


Offgas
Doors (3’ x 7’‑2”):


Building

Offgas to exterior
Elev. 620’‑6” west
<Figure 1.2‑5>
Location,








adjacent








structures,








interior walls




Stair tower to exterior
Elev. 620’‑6” south
<Figure 1.2‑5>
Location,








adjacent








structures




Offgas to exterior
Elev. 647’‑6” north



Door to exterior (6’ x 7’‑2”)
Elev. 620’‑6” south
<Figure 1.2‑5>
Location,









adjacent









structures



Cowl opening ‑ plant vent (3’)
Elev. 660’‑0” (roof)
<Figure 1.2‑7>
Location


TABLE 3.5‑6 (Continued)





Shown
Missile




Approximate
On USAR
Protection


Building
Opening Description

Location

Figure

Provided By


Offgas
Relief louver (4’ x 4’)
Elev. 628’‑0” west

Location,


Building





adjacent


(Continued)





structures,








interior walls



Opening with hood (8’ x 8’)
Elev. 645’‑5” east

Adjacent








structures


Control
Bullet resistant door to
Elev. 620’‑6” south
<Figure 1.2‑5>
<Section


Complex
exterior (6’ x 7’‑2”)



3.5.1.4.2.1>



Bullet resistant door to
Elev. 654’‑6” south
<Figure 1.2‑7>
<Section



service building (6’ x 7’‑2”)



3.5.1.4.2.1>



Door ‑ stair tower and
Elev. 707’‑6” south
<Figure 1.2‑10>
Interior walls/



elevator (3’ x 7’‑2”)



slab



Misc. Pipe & Conduit
Various ‑ See TORMIS

‑
<Section



Penetrations
Analysis for details

3.5.1.4.2.1>


TABLE 3.5‑7


SAFETY‑RELATED SYSTEMS/COMPONENTS LOCATED OUTSIDE


SEISMIC CATEGORY I STRUCTURES(1)



Protection From



System/Component
Shown on USAR Figure
External Missiles


Emergency Service Water
<Figure 3.8‑68>
(2) Multi‑Port


Intake Structure

structures – crushing




can be tolerated 




<Section 9.2>


Emergency Service Water
<Figure 3.8‑67>
On lake bottom,


Discharge Structure

13.3’ min. water 




cover plus 2’ min.




concrete


Emergency Service Water
<Figure 9.2‑2>
Underground, covered


Piping, except Swale

with 4.0’ min.


Discharge Piping (for

compacted earth fill


Swale discharge piping,

or controlled low


<Table 3.5‑8>)

strength material, as




described in 




<Section 2.5.4.5.5>


Duct and Conduit to

Underground, covered


Yard Areas

with 5” concrete and 




2.0’ min. compacted 




earth fill


HPCS, RCIC Piping to
<Figure 9.2‑13>
Underground, covered


Reserve Water in

with 4.5’ min.


Cond. Stg. Tank

compacted earth fill,




except for above




ground piping at CST




connection.




<Section 5.4.6.1>, 




<Section 6.3.2.2.1>,




and <Section 7.4.1.1>


HPCS, RCIC Instrumen‑
<Figure 9.2‑13>
Instrumentation


tation

missile shield and as




described in 




<Section 5.4.6.1>, 




<Section 6.3.2.2.1>, 




and <Section 7.4.1.1>


Diesel Fuel Storage Tank
<Figure 1.2‑5>
Underground, covered 




with 5.0’ compacted 




earth fill


TABLE 3.5‑7 (Continued)




Protection From



System/Component
Shown on USAR Figure
External Missiles


Diesel Fuel Storage
<Figure 9.5‑22>
2’ min. concrete


Tank ‑ Maintenance

shield structure and


Structure Area

concrete hatch plug


NOTE:


(1)
For information on safety-related systems/components requiring Tornado Missile Analysis (TORMIS) or protection, see <Section 3.5.1.4.2.1>.


TABLE 3.5‑8


TORMIS ANALYSIS TORNADO MISSILE TARGETS(1)

LOCATION
TARGETS


Auxiliary Bldg. Roll‑Up and
ESW Discharge Piping


Man Doors ‑ East Wall ‑ Elev. 620’‑6”


Exterior East Wall of
ESW Swale Discharge Piping


Auxiliary Bldg.


Control Complex Door
Unit 1 Control Room


South Wall ‑ Elev. 654’‑6”


Control Complex Door
Divisional Cable Chases


South Wall ‑ Elev. 620’‑6”


Misc. Pipe and Conduit Penetrations
Penetration &


into Control Complex
Depressurization Vent Path


Misc. Pipe and Conduit Penetrations
Division 1, Division 2, & 


into Diesel Generator Bldg.
Division 3 Diesel




Generators


Diesel Generator Bldg. Unit 2
MCC Switchgear Room and


East Wall of Bldg.
Divisional Cable Chases


ESW Pumphouse Misc. Pipe and Conduit
Misc. Systems Supporting Penetrations
the ESW Pumps


Fuel Handling Bldg. Roll‑Up
Spent Fuel Pool


South Wall ‑ Elev. 620’‑6”


Control Complex Door
Door


East Wall – Elev. 707’-6”
Tornado Depressurization



Vent Path


Control Complex
Intake Louver Barrier


East Penthouse Wall – Elev. 709’-2”
Tornado Depressurization



Vent Path


Control Complex
Exhaust Fan Barrier


Penthouse Roof – Elev. 719’-2”
Tornado Depressurization



Vent Path


NOTE:


(1)
See <Section 3.5.1.4.2.1> for the description of the TORMIS analysis.




Revision 12



3.5‑7
January, 2003




_1079764582.unknown



_1079764551.unknown




Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages with page numbers.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


3.6

PROTECTION AGAINST DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE OF PIPING


3.6.1

POSTULATED PIPING FAILURES IN FLUID SYSTEMS


3.6.1.1      Design Bases


The foremost requirement for protection against the effects of a postulated pipe rupture event is conformance to licensing basis offsite dose limits.  This objective is achieved by plant arrangements which permit habitability of the control room, ensure essential shutdown system operation and mitigate the consequences of the piping failure.  The plant design provides this protection primarily by physical separation through spatial arrangement or enclosure within structures or compartments.  Structural barriers and jet impingement shields are employed as required to further mitigate the consequences of pipe break events.  Where separation or barriers are either insufficient or impractical, protection by means of pipe whip restraints (high energy) or environmental qualification of equipment (moderate energy) is used to ensure the operability of equipment and structures essential for safe plant shutdown.


A comprehensive review of plant fluid systems with respect to postulated rupture of piping is presented in <Section 3.6.1.2>.  Spatial arrangements of high and moderate energy lines are shown relative to equipment required for safe shutdown.  <Section 3.6.1.3> provides a discussion of the effects of postulated pipe ruptures coincident with single active failures in required systems.  The ability to safely shut down the plant is discussed with respect to the various combinations of pipe rupture and single active failure.  Environmental conditions for which equipment is designed to operate in the accident mode are addressed in <Section 3.11>.


3.6.1.2      Description


High and moderate energy lines are listed in <Table 3.6‑1> and <Table 3.6‑2>, respectively.  These lines are illustrated by <Figure 3.6‑1>, <Figure 3.6‑2>,  <Figure 3.6‑3>, <Figure 3.6‑4>, <Figure 3.6‑5>, <Figure 3.6‑6>, <Figure 3.6‑7>, <Figure 3.6‑8>, <Figure 3.6‑9>, <Figure 3.6‑10>, <Figure 3.6‑11>, <Figure 3.6‑12>, <Figure 3.6‑13>, <Figure 3.6‑14>, <Figure 3.6‑15>, <Figure 3.6‑16>, <Figure 3.6‑17>, <Figure 3.6‑18>, <Figure 3.6‑19>, <Figure 3.6‑20>, <Figure 3.6‑21>, <Figure 3.6‑22>, <Figure 3.6‑23>, <Figure 3.6‑24>, <Figure 3.6‑25>, <Figure 3.6‑26>, <Figure 3.6‑27>, <Figure 3.6‑28>, <Figure 3.6‑29>, <Figure 3.6‑30>, <Figure 3.6‑31>, <Figure 3.6‑32>, <Figure 3.6‑33>, <Figure 3.6‑34>, <Figure 3.6‑35>, <Figure 3.6‑36>, <Figure 3.6‑37>, <Figure 3.6‑38>, <Figure 3.6‑39>, <Figure 3.6‑40>, <Figure 3.6‑41>, <Figure 3.6‑42>, <Figure 3.6‑43>, <Figure 3.6‑44>, <Figure 3.6‑45>, <Figure 3.6‑46>, and <Figure 3.6‑47> in relation to plant layout.  These figures also identify systems and components required for safe shutdown <Table 3.6‑3>.  As illustrated by Figures 3.6‑1 through 3.6‑47, systems and components required for safe shutdown are protected from postulated pipe rupture, to a large extent, by physical arrangement.  Detailed descriptions of these physical arrangements are presented in the sections that follow.


3.6.1.2.1      Physical Arrangement Inside the Reactor Building


a.
Inside the Drywell



To the greatest possible extent, the piping, the electrical and structural arrangement within the drywell, by means of spatial separation, provides for safe shutdown capability in the event of high energy pipe rupture.  Both the main coolant piping (recirculation and feedwater) and the ECCS piping are evenly distributed around the reactor.  Furthermore, the electrical power divisions serving the various ECCS systems govern the location of 



system pipe routing to prevent any single high energy pipe break from jeopardizing any additional ECCS.  A limited number of postulated ruptures could potentially jeopardize the functioning of an adequately redundant number of ECCS due to limitations of spatial and barrier separation.  Each such case is discussed in <Section 3.6.2> and resolved either by means of a jet shield or by analytically establishing the adequacy of separation.  These high energy lines within the drywell are restrained from whipping by elastic/plastic pipe whip restraints which prevent pipe whip damage to essential systems and limit structural loads.


b.
Between the Drywell and the Reactor Building Wall



Between the drywell and the reactor building wall, portions of two high energy systems constitute potential pipe rupture sources:  the reactor water cleanup system and control rod drive supply line.  In all cases postulated ruptures are located so that spatial separation provides protection to ECCS from the effects of postulated ruptures.



High energy lines between the drywell and the reactor building wall are restrained from whipping by pipe whip restraints in all cases in which damage could have occurred to structures, systems or components necessary for safe shutdown.


3.6.1.2.2      Physical Arrangement Outside the Reactor Building


Building arrangements outside the reactor building are characterized by the following areas for purposes of the pipe rupture analysis:


a.
Inside the Steam Tunnel



A significant design feature of the plant with regard to postulated rupture of high energy piping is the provision of the steam tunnel.  



This structure serves as a conduit for essentially all high energy piping between the reactor building and turbine building.  The steam tunnel is designed to contain the environmental effects (pressure and temperature) resulting from a full circumferential pipe break (double ended rupture) of either a main steam or feedwater pipe.  Following such a postulated event, the steam tunnel vents the blowdown from the break to the turbine building.  Rapid closing isolation valves close to limit the release of mass



and energy from the break.  These valves and their operation are discussed in <Section 5.4.5> and <Section 6.2.4>.  The pressure rise analysis for this design basis event is discussed in <Section 3.6.2>.



High energy piping routed through the steam tunnel is shown in <Figure 3.6‑24>.  Pipe whip restraints and shields are provided to prevent consequential damage following a postulated pipe break.


b.
Inside the Fuel Handling Building



The fuel handling building is free of high energy lines, except for one 2‑1/2 inch nominal OD control rod drive (CRD) line which conveys cold water at approximately 1,900 psig.  This line is prevented from damaging surrounding structures by means of piping supports of sufficient capacity.  No equipment required for safe shutdown is located in the vicinity of the route of this line in the lowest elevation of the fuel handling building.  The consequences of a postulated rupture of this line are limited to local flooding of the lowest elevation in the fuel handling building to a depth of approximately six inches.



Consequences of a moderate energy line crack of the fuel pool cooling and cleanup system results in a flood depth of 6.5 inches on the lowest level.  No equipment required for safe shutdown is affected by this flood.


c.
Inside the Intermediate Building



The intermediate building contains no high energy piping.



Moderate energy lines whose failure could result in limited (less than six inches in depth) flooding of the lowest level of the intermediate building present no hazard to the operation of any systems essential to safe plant shutdown.


d.
Inside the Auxiliary Building



The auxiliary building, excluding the structurally separated steam tunnel addressed in Item a, above, contains four sources of high energy pipe ruptures.  The reactor water cleanup system piping and pumps are located in a compartment which is vented to a corridor containing safety‑related electrical cabling.  Analysis of the conditions following the pipe rupture event indicate the safe shutdown capability of the plant is not jeopardized.  The second source of high energy pipe rupture occurs in a main steam drain line routed through the same corridor which communicated with the RWCU pump room.  The piping configuration of this drain line is such that the postulated break occurs within a guard pipe which also vents to the steam tunnel.  Analysis of the effects of this event indicate the safe shutdown capability of the plant is not jeopardized.  A third source of high energy pipe rupture is the RCIC steam drain in the RHR “A” room.  This line operates at low flow and pressure and presents no significant hazard.  The fourth source of high energy pipe rupture is the auxiliary steam system.  The main auxiliary steam piping is routed to enter the steam tunnel from the turbine building and exit through the steam tunnel roof where it proceeds over the auxiliary building.



Breaks in the 10 inch auxiliary steam main in the auxiliary building are confined to the steam tunnel.  A four inch test line 



to the RCIC turbine is normally isolated.  Condensate lines through the auxiliary building are maintained below 275 psig and below 200(F by condensate coolers.



Two 10‑inch RCIC steam supply lines pressurized from the reactor vessel are located in two RHR heat exchanger rooms.  A four inch branch to the RCIC turbine is located in the RHR “A” room.  Analysis of the conditions following a pipe rupture in each of these lines indicates that the safe shutdown capability of the plant is not jeopardized.  Shields and restraints provide required protection from transient jet and rupture loads.


e.
Inside the Control Complex



The control complex is isolated from adjacent structures by three foot thick concrete walls and pressure tight doors where required.



A portion of moderate energy piping is concentrated in two areas of the control complex.  One area, at Elevation 599’‑0”, houses the nuclear closed cooling water (NCCW) heat exchangers served by service water piping.  The piping and heat exchangers are in a single, enclosed room.  Water flowing from a postulated leakage crack in NCCW or service water piping would either drain through sleeves in the floor to the next lower Elevation at 574’‑10” or discharge directly into that elevation.  The area below the NCCW heat exchanger room at Elevation 574’‑10” houses the service and instrument air receiver tanks.  Elsewhere at this elevation are essential shutdown systems.  The water would drain to the floor of this space, and from there to floor drain sumps equipped with redundant nonsafety‑related seismically mounted instrumentation that actuates alarms to the control room upon detection of high level.



The maximum leakage rate is from a through‑the‑wall crack in service water piping and is calculated to be 1.8 ft3/sec.  Pipe size is 42 inches, nominal OD, with a wall thickness of 1/2 inch and a system head of 48 psi; this piping is seismically supported.  Considering the inventory of water in the service water piping, an overall time in excess of 30 minutes is available from first sump level alarm to required isolation in order to prevent a final flood level less than 6 inches.



Equipment required for safe shutdown or for maintaining control room habitability is located at Elevation 574’‑10”.  This equipment includes three water chillers and the emergency closed cooling water pumps.  This equipment is protected from moderate energy line crack flooding by mounting it on 6 inch foundation pads, and the lowest height of flood sensitive safety‑related components is 21 inches above floor.



The area, at Elevation 679’‑6” above the control room, houses chilled water piping (CCCW) that provides cooling for the control room HVAC equipment.  This is moderate energy piping.  This area also houses a 140 kW electric boiler capable of producing 480 lb/hr of saturated steam at 5 psig.  This boiler supplies a low pressure humidification system, with piping defined as high energy piping.



An analysis of possible effects of jets and pipe whip due to humidification system breaks shows that safe shutdown is not jeopardized.  The low power rating of the boiler and the small energy reservoir of the system preclude any rapid environmental effects.  Redundant leak detection sensors are provided to ensure that any failure is detected with ample time to shut off the boiler before environmental effects could compromise safe shutdown components.



The maximum leakage rate from a postulated moderate energy crack in the CCCW pipe is calculated to be 256 gpm.  The pipe size is 10 inches, nominal OD, with a wall thickness of 0.365 inches and a system head of 130 feet.   The area at Elevation 679’‑6” is sealed off from the control room and is provided with completely embedded drain piping sized to carry water issuing from the design basis leakage crack to drain sumps outside the control complex.


f.
(Deleted)

g.
Inside the Diesel Generator Building



Only moderate energy piping is located in the diesel generator building.  Each diesel generator is separated from adjacent diesel generators by 18 inch thick concrete walls.  Therefore, any postulated event that might disable one diesel generator is prevented from adversely affecting the others.


h.
Inside the Emergency Service Water Pumphouse Building



Only moderate energy piping is located in the emergency service water pumphouse building.  In the event of a postulated moderate energy line break resulting in localized wetting and 100% relative humidity, the essential electrical equipment is qualified and will not adversely affect the operation of safe shutdown systems.


i.
Yard Piping and Other Structures



Piping failures in yard piping and in piping in structures not addressed in Items a through h, above, have been found to result in conditions that do not jeopardize safe plant shutdown or adversely affect operation of safe shutdown systems.  The flooding effects of the above ground service water piping installed in Unit 2 Transformer Alley have been discussed in <Section 3.6.2.3.5.9.3>.


3.6.1.3      Safety Evaluation


Failures which could affect the ability to bring the plant to a safe shutdown condition are analyzed in <Chapter 15>.  These analyses include consideration of the occurrence of a single active component failure in required systems coincident with postulated pipe rupture.  The pipe rupture analysis clearly demonstrates that no system or component required for safe plant shutdown is rendered inoperable as a consequence of any postulated pipe rupture.


3.6.2      DETERMINATION OF BREAK LOCATIONS AND DYNAMIC EFFECTS ASSOCIATED WITH THE POSTULATED RUPTURE OF PIPING


Pipe break and crack location criteria and methods of analysis are needed to evaluate the dynamic effects associated with postulated breaks and cracks in high and moderate energy fluid system piping inside and outside of primary containment.  This information confirms that the requirements for protection of structures, systems and components relied upon for safe plant shutdown or to mitigate the consequences of a postulated pipe break have been satisfied.


3.6.2.1      Criteria Used to Define Break and Crack Location and Configuration


The sections that follow establish the criteria for the location and configuration of postulated breaks and cracks.


3.6.2.1.1      Definition of High Energy Fluid System


High energy fluid systems are defined to be those systems, or portions of systems, that under normal plant conditions are either in operation or are maintained pressurized under conditions where either or both of the following are satisfied:


a.
Maximum temperature exceeds 200(F.


b.
Maximum pressure exceeds 275 psig.


Normal plant conditions are defined as the plant operating conditions during reactor startup, power operation and reactor cold shutdown, but excluding test modes.


3.6.2.1.2      Definition of Moderate Energy Fluid System


Moderate energy fluid systems are defined to be those systems, or portions of systems, that under normal plant conditions are either in operation or are maintained pressurized under conditions where both of the following are satisfied:


a.
Maximum temperature is 200(F or less.


b.
Maximum pressure is 275 psig or less.


Piping systems are classified as moderate energy systems when they operate as high energy systems only for short operational periods in performing the system function but, for the major operational period, qualify as moderate energy fluid systems.  An operational period is considered “short” if the total fraction of time that the system operates within the temperature and pressure conditions specified for a high energy fluid system is less than two percent of the total operating time for which the system was designed.


3.6.2.1.3      Postulated Pipe Breaks and Cracks


A postulated pipe break is defined as a sudden, gross failure of the pressure boundary either in the form of a complete circumferential severance (guillotine break) or as development of a sudden longitudinal, uncontrolled crack (longitudinal split) and is postulated for high energy fluid systems only.  For moderate energy fluid systems, pipe breaks are confined to postulated controlled cracks in piping and branch runs.  These cracks affect surrounding environmental conditions only, and do not result in whipping of the cracked pipe.


All high energy piping systems (or portions thereof) are considered as potential initiators for a postulated pipe break under normal plant conditions and are analyzed for potentially damaging dynamic effects.


Portions of piping systems isolated from the source of the high energy fluid under normal plant conditions are exempted from consideration of postulated pipe breaks.  This exemption includes portions of piping systems beyond a normally closed valve.  Pump and valve bodies are also exempted from consideration of pipe break because of the greater wall thickness of such components.


A high energy pipe break is not postulated to occur simultaneously with a moderate energy piping system crack, nor is any pipe break or crack outside containment postulated to occur concurrently with a postulated pipe break inside containment.


3.6.2.1.4      Exemptions from Pipe Whip Protection Requirements


Protection from pipe whip is not provided where any one of the following conditions exist:


a.
The postulated pipe break is in a moderate energy piping system.


b.
The unrestrained movement of either end of the ruptured pipe in any feasible direction about a plastic hinge formed within the piping, following a single postulated pipe break, cannot impact any structure, system or component required for safe shutdown.


c.
Reaction forces on the broken pipe are insufficient to impart sufficient energy to the broken pipe to cause unacceptable damage to any structure, component or system required for safe shutdown.  Any line restrictions (e.g., flow limiters) between the pressure source and the break location, and the effects of either a single ended or double ended flow condition may be considered in the determination of the reaction forces.  The energy of the broken pipe is considered insufficient to cause unacceptable damage if any of the following criteria are met:



1.
The energy level in a whipping pipe is considered insufficient to damage another pipe of equal or greater nominal pipe size, and equal or heavier wall thickness in accordance with NRC Branch Technical Position APCSB 3‑1, Item B.2.b(2).



2.
The reaction force, applied to the broken pipe, is insufficient to stress the piping to the elastic limit at any point, and the limits of deflection of the broken pipe, in any direction, do not allow impact of any structure, system or component required for safe shutdown.  Cases where this criterion and method are used are listed in <Table 3.6‑17>.



3.
The impacting energy of the broken pipe, determined by the strain energy method, does not impair the essential safety function of any impacted component.


3.6.2.1.5      Locations for Postulated Pipe Breaks


Postulated pipe break locations are selected in accordance with NRC Branch Technical Position APCSB 3‑1, Appendix B, and NRC Branch Technical Position MEB 3‑1, November 24, 1975.


a.
For piping systems classified as high energy, postulated break locations are as follows:



1.
The terminal ends of pressurized portions of the run.  Terminal ends are the extremities of piping runs that connect to structures, components or pipe anchors that act as rigid constraints to free thermal expansion.




On Safety Class I piping systems inside containment where the break exclusion region has been extended out to the first restraint beyond the break exclusion zone, a break will not be postulated (in the region beyond the actual break exclusion zone) unless required by <Section 3.6.2.5.1>.



2.
For ASME Code, Section III, Class I, Seismic I piping, breaks are postulated to occur at intermediate locations between terminal ends whenever the following stress and fatigue limits are exceeded:




(a)
The maximum stress range between any two load sets (including the zero load set) shall be calculated according to Equation (10) of Paragraph NB‑3653 of the ASME Code, Section III for normal and upset plant conditions, including safety relief valve (SRV) loads, and an operating basis earthquake (OBE) event transient.  If this value is less than 2.4 Sm, no break need be postulated.




(b)
If Equation (10) exceeds 2.4 Sm but is less than 3.0 Sm and the cumulative usage factor U of Subparagraph NB‑3653.5 is less than 0.1, no break need be postulated.




(c)
If for a given load set, Equation (10) exceeds 3.0 Sm, but the maximum stress ranges calculated according to Equations (12) and (13) of Subparagraph NB‑3653.6 for that load set are each less than 2.4 Sm and the cumulative usage factor calculated according to Subparagraph NB‑3653.6 (using Equation (14) or Subparagraph NB‑3653.3 for Salt) does not exceed 0.1, no break need be postulated.





In accordance with Subparagraph NB‑3653.6 and BTP‑MEB 3.1, Section B.1.b.(1)(b), Equations (12) and (13) need be evaluated only for those load sets for which Equation (10) exceeds 3.0 Sm.





A list of Class 1 analysis nodes where the cumulative usage factor exceeds 0.1 or where either Equation (12) or (13) exceed 2.4 Sm is provided in <Table 3.6‑18>.



3.
For ASME Code, Section III, Class 2 and 3 piping, breaks are postulated to occur at all locations where the sum of Equations (9) and (10) of ASME Code Section III, Paragraph NC‑3652, calculated under all normal and upset plant conditions, including SRV loads, and an independent OBE event transient, is greater than 0.8 (1.2 Sh + SA), except where break exclusion rules apply.



4.
Breaks are assumed in piping designed to the power piping code, ANSI B31.1, at each fitting‑to‑pipe weld, including welds to pumps, flanges, attachments, and valves.




Breaks are also postulated at worst locations in high energy B31.1 piping not supported to Seismic Category I and not analyzed for seismic loads.  Cracks are also postulated at worst locations in high energy B31.1 piping supported to Seismic Category I or analyzed for seismic loads.



5.
In the event that two or more intermediate locations cannot be determined by stress or usage factor limits, at least two intermediate locations are identified on a reasonable basis for each piping run or branch run, unless the piping is a straight run without fittings, attachments and valves; in this case only one intermediate location is chosen.  A reasonable basis is one or more of the following:




(a)
Each fitting‑to‑pipe weld, including welds to pumps, flanges, attachments, and valves.




(b)
Highest stress or usage factor locations.



Where more than two such intermediate locations are possible using the application of the above reasonable basis, those two locations having the greatest damage potential may be used.  A break at each end of a fitting may be classified as two discrete break locations where the stress analysis is sufficiently detailed to differentiate stresses at each postulated break.



The Standard Review Plan <NUREG‑0800>, Section 3.6.2 was revised in 1987 to eliminate the requirement for postulation of arbitrary intermediate line breaks.  Therefore, consideration of these breaks will no longer be required for design changes to the plant.  Additionally, previously postulated arbitrary intermediate line breaks may also be eliminated if conditions warrant their removal.



Hardware associated with arbitrary intermediate breaks, which is physically eliminated, will be reflected as appropriate in updated USAR revisions.


b.
For piping systems which contain moderate energy fluids, through‑wall leakage cracks are postulated at locations as follows:



1.
Locations that demonstrate the adequacy of separation or other means of protection from required structures, systems and components.



2.
In moderate energy fluid system piping located within structures and compartments containing required systems and components.  The through wall leakage cracks are postulated to occur individually at locations appropriate to form the basis for providing required protection from the hazards of fluid spraying, flooding, pressurization, and other environmental conditions.  Cracks need not be postulated in portions of Seismic Category I, Class I piping (ASME Code Section III) where the maximum stress range is less than 1.2 Sm, and Class 2 or 3 or nonsafety class piping where the maximum stress range calculated as the sum of Equations (9) and (10) of Paragraph NC/ND‑3642 of the ASME Code, Section III, under normal and upset plant conditions including SRV discharge loads, and an OBE event transient does not exceed 0.4 (1.2 Sh + Sa).



3.
Moderate energy fluid system piping or portions thereof that are located within a compartment or confined area containing a postulated break in high energy fluid system piping are considered acceptable without postulation of through wall leakage cracks, except where a postulated leakage crack in the moderate energy fluid system piping results in more severe 




environmental conditions than the break in the proximate high energy fluid piping system.  In such cases the provisions of this section, Item b, apply.


3.6.2.1.6      Types of Breaks to Be Postulated in Fluid System Piping


The following types of breaks are postulated in high energy fluid system piping:


a.
No breaks are postulated in piping having a nominal diameter less than or equal to one inch.


b.
Circumferential breaks are postulated only in piping exceeding a one inch nominal pipe diameter, except for CRD insert lines (1‑1/4 inch) which do not have postulated breaks.


c.
Longitudinal splits are postulated only in piping having a nominal diameter equal to or greater than four inches.


d.
Circumferential breaks are assumed at all terminal ends and at intermediate locations identified by the criteria stated in <Section 3.6.2.1.5>.  At each of the postulated break locations identified, in piping four inches nominal diameter or greater, either a circumferential or a longitudinal break, or both, is postulated according to the following criteria.



1.
If the maximum stress range exceeds the applicable limits and the maximum stress range in the longitudinal direction is greater than 1.5 times the maximum stress range in the circumferential direction, only the circumferential break need be postulated.



2.
If the maximum stress range exceeds the limit of <Section 3.6.2.1.5.a.2.a> or <Section 3.6.2.1.5.a.3> and the 




maximum stress range in the circumferential direction is greater than 1.5 times the maximum stress range in the longitudinal direction, only the longitudinal break need be postulated.



3.
If the maximum circumferential and longitudinal stress ranges are within a factor of 1.5 of each other, or if the analysis does not differentiate between circumferential and longitudinal stress ranges, then both types of breaks are postulated.



4.
Circumferential breaks are postulated at fitting joints.



5.
Longitudinal breaks are postulated in the center of the fitting at two diametrically opposed points (but not concurrently) located so that the reaction force is perpendicular to the plane of the piping and produces out‑of‑plane bending.



6.
At arbitrary intermediate break locations only circumferential breaks are postulated in accordance with BTP‑MEB 3.1, B.3.b(2)(b).



7.
At terminal ends without longitudinal welds, only circumferential breaks are postulated.  At terminal ends with longitudinal welds, the criteria of Paragraphs 1, 2 and 3 of Item d apply, according to BTP‑MEB 3‑1, Section B.3.b.(2)(a).


e.
For design purposes, a longitudinal break area is assumed to be the equivalent of one circumferential pipe area.


f.
For both longitudinal and circumferential breaks, after assessing the contribution of upstream piping flexibilities, pipe whipping is assumed to occur in the plane defined by the piping geometry and 



configuration for circumferential breaks and out of plane for longitudinal breaks, and to cause pipe movement in the direction of the jet reaction.


g.
The dynamic force of the jet discharge at the break location is based upon the effective cross sectional flow area of the pipe and upon a calculated fluid pressure as modified by an analytically or experimentally determined thrust coefficient.  Line restrictions, flow limiters and the absence of energy reservoirs have been used, as applicable, in the calculation of jet discharge.


The following through wall leakage cracks are postulated in moderate energy fluid systems (or portions of systems):


a.
Cracks are postulated in moderate energy fluid system piping and branch runs exceeding a nominal pipe size of one inch.


b.
Crack openings are assumed as a circular orifice of cross sectional piping flow area equal to that of a rectangle of length equal to one‑half pipe diameter and width of one‑half pipe wall thickness.


c.
Flow from the crack opening is assumed to result in an environment that wets all unprotected components within the structure or compartment, with consequent flooding in the compartment and communicating compartments (based upon a conservatively estimated time flow period to effect corrective actions) and not the environmental effects of a direct spray as is required for a high energy line break (HELB) designated as a “harsh” environmental zone.


d.
Through‑wall leakage cracks instead of breaks are postulated in the piping of those high energy fluid systems that qualify as moderate due to short operational periods.


3.6.2.1.7      Criteria for High Energy Piping Systems in the Area of Containment Isolation Valves


3.6.2.1.7.1      Allowable Piping Stresses in Area of Containment Isolation Valves


No pipe break is postulated in the portions of high energy piping in the containment penetration break exclusion region.


The containment penetration break exclusion region is defined as that section of piping between (1) the outboard weld of the outboard containment isolation valve, and (2) the inboard weld of the inboard containment isolation valve.  Where a torsional and moment restraint is required to meet the containment penetration stress criteria under rupture loads, and where breaks between the containment isolation valve and the restraint would also cause these criteria to be exceeded, the containment penetration break exclusion region is extended to the restraint.


The following high energy systems have break exclusion areas:



1.
Feedwater



2.
Main Steam



3.
Reactor Water Cleanup



4.
Main Steam Drain



5.
RCIC Steam Line



6.
CRD Hydraulic Supply



7.
Standby Liquid Control System


These systems are shown on <Figure 3.6‑4>, <Figure 3.6‑5>, <Figure 3.6‑6>, <Figure 3.6‑7>, <Figure 3.6‑10>, <Figure 3.6‑24>, and <Figure 3.6‑33>.


No safe shutdown components other than containment isolation valves and their auxiliaries are located in break exclusion regions.


The containment penetration region of high energy piping meets the following criteria for break exclusion regions:


a.
For high energy ASME Code, Section III, Class 1 Piping:



1.
Piping in this region shall meet the requirements of Subarticle NE‑1120 of the Code.



2.
The stress criteria of <Section 3.6.2.1.5.a.2> shall not be exceeded.



3.
The maximum stress in the break exclusion region due to a postulated rupture of the affected line outside the break exclusion region, as calculated by Equation (9) of Subparagraph NB‑3653 of the Code, shall not exceed 2.25 Sm, except that following a failure outside containment higher stresses are allowed between the outboard containment isolation valve and the outboard torsional and moment restraint, provided a plastic hinge is not formed and the operability of the valve is ensured under this loading in accordance with Standard Review Plan 3.9.3. Primary loads for Equation (9) include those loads which are deflection limited by restraints.




For most piping systems the B1, B2 indices are taken from Table NB‑3683.2‑1 from the ASME Code, SIII 1974 Edition,  Winter 1975 Addenda (Design code of record).  For some butt 




welding elbows, the B1, B2 indices used are taken from the equivalent Table NB‑3681(a)‑1 from the 1980 Edition, Winter 1981 Addenda of the ASME Code.  This addenda acknowledged that internal pressure does not detract from the moment carrying capacity of elbows.  This is especially relevant for a pipe rupture analysis.




A 10 percent increase to allowable stress is permitted reflecting the 10 percent increase of “minimum specified design yield strength” (Sy) due to strain rate effects.


b.
For high energy ASME Code, Section III, Class 2 piping:



1.
Piping in this region shall meet the requirements of Subsubarticle NE‑1120 of the Code.



2.
The stress criteria of <Section 3.6.2.1.5.a.3> shall be met.



3.
The maximum stress in the break exclusion region due to a postulated rupture of the affected line outside the break exclusion region, as calculated by Equation (9) of Paragraph NC‑3652 of the Code, shall not exceed 1.8 Sh.  The exceptions permitted for Class 1 piping under <Section 3.6.2.1.7.1.a.(3)>, above, may be applied to piping outboard of the outboard containment isolation valve, provided that any such piping between the valve and outboard torsional and moment restraint constructed to the ANSI B31.1 power piping code shall be provided with full radiography of all welds, both circumferential and longitudinal.  Primary loads for Equation (9) include those loads which are deflection‑limited by restraints.




For most piping systems the “i” stress intensifiers given in Figure NC‑3673.2(b)1, (ASME Code; SIII, 1974 Edition, Winter 1974 Addenda) are used.  A number of components, primarily tapered transitions, are evaluated using Equation 9 of Paragraph NC‑3653 and the B1, B2 indices of Subsubarticle NB‑3680 of the 1980 Edition, Winter 1981 Addenda of Subsection NC of the ASME Code.  This addenda acknowledged that the “i” factor is not an appropriate factor for most components for the evaluation of primary loads such as due to pipe rupture.




A 10 percent increase to the allowable stress is permitted reflecting the 10 percent increase of “minimum specified design yield strength” (Sy) due to strain rate effects.


c.
For high energy ANSI/ASME B31.1 power piping code piping between the outboard containment isolation valve, and the outboard torsional and moment restraint:



1.
The stress criteria of <Section 3.6.2.1.5.a.3> shall be met.



2.
All longitudinal and circumferential welds shall be provided with 100 percent radiography.


3.6.2.1.7.2      Welded Attachments to the Process Pipe


Welded attachments, for pipe supports or other purposes, to these portions of piping are designed by means of detailed stress analyses to demonstrate compliance with applicable limits.  A typical attachment is a welded lug for torsional and moment restraints.  In addition, the number of circumferential and longitudinal piping welds are minimized.  There are no branch connections in these portions of the process pipe, with the exception of the RHR‑RWCU connections to the feedwater lines in 


the steam tunnel, and drains and vents.  Where guard pipes are used, the 


enclosed portion of fluid system piping is of seamless construction.  The length of these portions of piping is the minimum practical.  The analysis of the head fitting, including the welds to the main steam pipe and the guard pipe, is in accordance with the GE report NEDO‑23652.


3.6.2.1.7.3      Design of Pipe


Pipe anchors are designed to be 100 percent volumetrically examinable in service and a detailed stress analysis is performed to demonstrate compliance with the applicable limits.


3.6.2.1.7.4      Guard Pipe Design


Design criteria for guard pipe assembly are as follows:


a.
Construction requirements satisfy Subsection NE of Section III of the ASME Code.


b.
The guard pipe is designed to a temperature and pressure equal to or greater than the normal operating temperature and pressure of the process pipe.


c.
The guard pipe is pressure tested in accordance with SA‑530‑5 of the ASME Code, either by the materials manufacturer or the guard pipe fabricator.  This test may be performed prior to fabrication of the complete assembly.


d.
A 100 percent volumetric examination is performed in accordance with the requirements of the ASME Code, Section III, Subsection NE, for all longitudinal welds (Category A) and all circumferential welds (Category B) in the guard pipe.


e.
A 100 percent volumetric examination is performed in accordance with the requirements of the ASME Code, Section III, Subsection NB 



or NC, depending upon class, for the head fitting to process pipe weld as a full penetration Category C weld.


3.6.2.1.7.5      Augmented Inservice Inspection


Augmented volumetric inservice inspection for high energy piping systems in the containment penetration break exclusion is described in <Section 5.2.4.9>.


All high energy lines over one inch in diameter which have a break exclusion area will undergo an augmented inservice inspection during each inspection interval as defined in ASME Section XI, IWA‑2400.  The augmented program will include a 100 percent UT examination of all welds except for socket welds in all line sizes and piping welds in line sizes less than four inches in diameter.  These welds will be examined using the liquid penetrant method.  Alternatively, the number of welds to be inspected can be determined using the Risk‑Informed process outlined in EPRI Topical Report 1006937.


3.6.2.1.8      Criteria for Moderate Energy Piping Systems in the Area of Containment Isolation Valves


No through‑wall leakage cracks are postulated in the portions of moderate energy piping between containment isolation valves which meet the following criteria:


a.
The requirements of Subsubarticle NE‑1120 of the ASME Code, Section III.


b.
The maximum stress range calculated as the sum of Equations (9) and (10) of Paragraph NC‑3642 of the ASME Code, Section III, under normal and upset plant conditions including SRV discharge loads, and an OBE event transient, does not exceed 0.4 (1.2 Sh + SA).


Where an approved design allows placement of both isolation valves on the same side of containment, the piping between containment isolation 


valves shall be taken to include the pipe extending from the valves to the weld defining the Class 2 to Class MC boundary.


3.6.2.2      Analytical Methods to Define Blowdown Forcing Functions and Response Models


3.6.2.2.1      Analytical Methods to Define Blowdown Forcing Functions


Rupture of a pressurized pipe causes the flow characteristics of the system to change, creating reaction forces which can dynamically excite the piping system.  The reaction forces are a function of time and space and depend upon fluid state within the pipe prior to rupture, break flow area, frictional losses, plant system characteristics, piping system, and other parameters.  A more detailed description of the analytical computer model used in defining the blowdown forces is presented in GAI Topical Report 104P (Reference 1).


Criteria used for calculation of fluid blowdown forcing functions include the following:


a.
Circumferential breaks are assumed to result in pipe severance with a break area equivalent to the pipe’s cross sectional area and separation amounting to at least one diameter lateral displacement of the ruptured piping sections.



Longitudinal breaks are equal to a full circumferential break.


b.
The dynamic force of the jet discharge at the break location is based upon the effective cross sectional flow area of the pipe and upon a calculated fluid pressure as modified by an analytically determined thrust coefficient.  Line restrictions, flow limiters, positive pump controlled flow, and the absence of energy reservoirs are taken into account in the reduction of jet discharge.



Sections of broken piping without connecting pumps or tanks, containing only cold water or a negligible volume of steam or compressed water above 212(F, compared to the cross sectional area of the break, and separated from other pressurized sources by normally closed valves or check valves, are considered to contain insufficient energy to develop a jet.  Frictional effects of piping, components, flow limiters, filters, and metering orifices and venturis may be included in determination of the steady‑state portion of the blowdown, as described below.  Frictional effects and flow limiters are considered for all blowdown calculations, other than assumptions of 2.0 PoA for cold water and 1.26 PoA for steam and flashing water.  No mechanical devices have been added solely to reduce jet discharge.


c.
NSSS analyses assume instantaneous breaks.  For the balance‑of‑plant analyses, a rise time of one millisecond is used for the initial pulse, except for main steam line longitudinal breaks outside containment.  Break opening times greater than one millisecond are used only for main steam longitudinal breaks outside containment, as reflected in <Table 3.6‑12>.



The break opening time for a longitudinal break of main steam lines was calculated using the BMI relationship (Reference 9):
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where:
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Based on this equation, the longitudinal break in the 28 inch main steam line would reach one pipe flow area in 0.0118 seconds.


Blowdown forcing functions are determined by either of the two following methods:


a.
Predicted blowdown forces on pipes fed by a pressure vessel can be described by transient and steady‑state forcing functions.  The forcing functions used are based upon methods described in (Reference 1).  These may be described as follows:



1.
The transient forcing functions at points along the pipe results from the propagation of waves (wave thrust) along the pipe and from the reaction force due to the momentum of the fluid leaving the end of the pipe (blowdown thrust).



2.
The waves cause various sections of the pipe to be loaded with time dependent forces.  Following the rupture, a decompression wave is assumed to travel from the break at a speed equal to the local speed of sound within the fluid.  Wave reflections will occur at the break end, changes in direction of piping and the pressure vessel until a steady flow condition is established.  Vessel and free space conditions are used as boundary conditions.  The blowdown thrust causes a reaction force perpendicular to the pipe break.



3.
The initial blowdown force on the pipe is taken as the sum of the wave and blowdown thrusts and is equal to the vessel pressure (Po) times the break area (A).  After the initial decompression period (i.e., the time required for a wave to reach the first change in direction), the force is assumed to decrease to the value of the blowdown thrust (0.7 PoA).



4.
Time histories of transient pressure, flow rate and other thermodynamic properties of the fluid can be used to calculate the blowdown force on the pipe using the following equation:
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Where:





F  = Blowdown force.





P  = Pressure at exit plane.
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P


 = Ambient pressure.





u  = Velocity at exit plane.





(  = Density at exit plane.





A  = Area of the break.
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 = Newton’s constant.



5.
Following the transient period, a steady‑state period is assumed to exist.  Steady‑state blowdown forces, including frictional effects, are calculated.  For saturated steam these effects reduce the blowdown forces from the theoretical maximum of 1.26 PoA.  The method of accounting for these effects is presented in (Reference 2).  For subcooled water a reduction from the theoretical maximum of 2.0 PoA is found through use of Bernoulli’s equation and standard equations, such as Darcy’s equation, which account for friction.


b.
An alternate method for calculating blowdown forcing functions is as follows:



The computer codes, RELAP3 (for main steam and recirculation systems, see Reference 3) and RELAP4 (for remaining high energy systems, see Reference 1), are used to obtain exit plane thermodynamic states for postulated ruptures.  Specifically, these programs supply exit pressure, specific volume and mass rate.  From these data the blowdown reaction load is calculated using the following equation:
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Where:
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T



=
Thrust per unit break area, lbf/ft2 
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P



=
Exit pressure, lbf/ft2
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   =
Receiver pressure, lbf/ft2
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=
Exit mass flux, lbm/sec‑ft2
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V



=
Exit specific volume, ft3/lbm
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g



=
Newton’s constant, 32.174 ft‑lbm/lbf‑sec2



R
=
Reaction force on the pipe, lbf


3.6.2.2.2      Pipe Whip Dynamic Response Analyses


The prediction of time dependent and steady thrust reaction loads caused by blowdown of subcooled, saturated and two phase fluid from a ruptured pipe is used in design and evaluation of dynamic effects of pipe breaks.  A detailed discussion of the analytical methods employed to compute these blowdown loads is presented in the following paragraphs.


Criteria used in performing pipe whip dynamic response analyses for the design of pipe whip restraints include the following:


a.
A pipe whip analysis is performed for each postulated pipe break.  However, a given analysis can be used for more than one postulated break location if the blowdown forcing function, piping and restraint system geometry, and piping and restraint system properties are conservative for other locations.


b.
The analysis includes the dynamic response of the pipe in question and the pipe whip restraints which transmit loading to the structures.


c.
The analytical model adequately represents the mass/inertia and stiffness properties of the system.


d.
Pipe whipping is assumed to occur in the plane defined by the piping geometry and configuration and to cause pipe movement in the direction of the jet reaction.


e.
Piping within the broken loop is no longer considered part of the reactor coolant pressure boundary.  Plastic deformation in the broken pipe is considered as a potential energy absorber.  The following strain limits are used:



1.
Fifty percent of the minimum actual ultimate uniform strain (at the maximum stress on an engineering stress‑strain curve) based upon restraint material tests; or



2.
One‑half of minimum percent elongation as specified in the ASME Code, Section II, or ASTM Specifications, as applicable, when demonstrated to be as, or more, conservative than Item (1), above.



These limits are the same as those imposed on the energy absorbing, plastically deforming pipe whip restraints.



Piping systems are designed so that plastic instability does not occur in the pipe from the design dynamic and static loads.


f.
Components, such as vessel safe ends and valves which are attached to the broken piping system and do not serve a safety function or the failure of which would not further escalate the consequences of the accident, are not designed to satisfy the ASME Code imposed limits for essential components under faulted loading.  However, where components are required for safe shutdown or serve a safety function to protect the structural integrity of an essential component, limits to satisfy the ASME Code requirements for faulted conditions and limits to ensure operability, if required, are met.


The pipe whip analysis was performed using the PDA computer program (Reference 4).  PDA is a computer program used to determine the response of a pipe subjected to the thrust force occurring after a pipe break.  The program treats the situation in terms of generic pipe break configuration which involves a straight, uniform pipe, fixed at one end and subjected to a time dependent thrust force at the other end.  A typical restraint used to reduce the resulting deformation is also included at a location between the two ends.  Nonlinear and time independent stress/strain relations are used for the pipe and the 


restraint.  Similar to the popular plastic hinge concept, bending of the pipe is assumed to occur only at the fixed end and at the location supported by the restraint.


Shear deformation is also neglected.  The pipe bending moment‑deflection (or rotation) relation used for these locations is obtained from a static nonlinear cantilever beam analysis.  Using the moment‑rotation relation, nonlinear equations of motion of the pipe are formulated using an energy consideration and the equations are numerically integrated in small time steps to yield time history information concerning the deformed pipe.


A comprehensive verification program has been performed to demonstrate the conservatism inherent in the PDA pipe whip computer program and the analytical methods used.  Part of this verification program included an independent analysis by Nuclear Services Corporation (NSC), under contract to GE, of the recirculation piping for the 1969 Standard Plant Design.  The recirculation piping system was chosen for study due to the complex piping arrangement and assorted pipe sizes.  The NSC analysis included elastic‑plastic pipe properties, elastic‑plastic restraint properties and gaps between the restraint and pipe.  This analysis is documented in (Reference 5).  The piping/restraint system geometry and properties and fluid blowdown forces were the same in both analyses.  However, a linear approximation was made by NSC for the restraint load‑deflection curve supplied by GE.  This approximation is illustrated by <Figure 3.6‑48>.  The effect of this approximation is to give lower energy absorption of a given restraint deflection.  Typically, this yields higher restraint deflections and lower restraint to structure loads than the GE analysis.  The deflection limit used by NSC is the design deflection at one‑half the ultimate uniform strain for the GE restraint design.  The restraint properties used for both analyses are presented by <Table 3.6‑4>.  Break locations and restraints analyzed are shown by <Figure 3.6‑49>.


A comparison of the NSC analysis with the PDA analysis, as presented by <Table 3.6‑5>, shows that PDA predicts higher loads in 13 of the 16 restraints analyzed with comparable data.  This is due to the NSC model including energy absorbing effects in secondary pipe elements and structural members.  However, PDA predicts higher restraint deflections in 50 percent of the restraints.  The higher deflections predicted by NSC for the lower loads are caused by the linear approximation used for the force‑deflection curve, rather than by differences in computer techniques.  This comparison demonstrates that the simplified modeling system used in PDA is adequate for pipe rupture loading, restraint performance and pipe movement predictions within the meaningful design requirements for these low probability postulated accidents.


3.6.2.2.3      Asymmetric Dynamic Loading from Postulated Pipe Break at the RPV Nozzle Safe‑End


a.
Introduction



In conformance with the intent of <Regulatory Guide 1.46>, PNPP is designed to accommodate the asymmetric loading resulting from a postulated high energy pipe break at the RPV nozzle safe‑end.  The analyses of pipe breaks of the reactor nozzle safe‑end and subsequent transient effects on reactor components and other piping and equipment are generally termed “Asymmetric Loading Analyses.”  The transient loads associated with an instantaneous full circumferential break at the reactor nozzle safe‑end can be characterized by:



1.
Annulus pressurization (when break is in the biological shield wall annulus).



2.
Jet impingement on the shield wall and/or on the RPV.



3.
Jet reaction (thrust force) at the RPV broken nozzle.



4.
Impact load on the biological shield wall at the pipe whip restraint anchor.



The methodology developed to evaluate the effects of asymmetric loading consists of the following steps:



1.
Determination of the time history mass and energy flow into the annular region and the resultant pressure time history in the annulus.



2.
Determination of jet reaction and jet impingement forces.



3.
Determination of pipe reaction force time history at the pipe whip restraint anchor.



The forces and pressure mentioned above are employed in a structural dynamic analysis to evaluate the dynamic responses of the RPV, RPV pedestal, RPV internals, the biological shield wall and attached piping systems, and components.


b.
Mass Energy Release in Annulus ‑ Annulus Pressurization



<Section 6.2.1.2> gives a description of the break locations, the time history of the mass releases and the resulting containment subcompartment pressurization.  The computer code RELAP 4/MOD 3 was used in the analysis of the blowdown and pressurization.  RELAP 4/MOD 3 is a general computer program used to analyze the thermal hydraulic transient behavior of a water cooled nuclear reactor under postulated loss of coolant accident conditions.  The program simultaneously solves the fluid flow, heat transfer and reactor kinetics equations.



The annulus is divided into zones or subcompartments and RELAP 4 generates a pressure time history for each zone.  Further detailed information is provided in <Section 6.2>.


c.
Jet Forces



1.
Jet Impingement ‑ Time History




The time history of the jet impingement load on the reactor pressure vessel and shield wall is conservatively calculated and typical results are illustrated in <Figure 3.6‑99>.



2.
Jet Reaction (Thrust) Forces




The jet reaction or thrust acting on the pressure vessel from either a feedwater, recirculation or main steam line break was determined from:





F  = K Po A




where:





K  =
Thrust coefficient related to thermodynamic state of fluid at the exit





Po =
RPV internal reservoir pressure





A  =
Cross sectional area of the break



3.
Impact Force at Pipe Whip Restraint Anchor




The impact force at the pipe whip restraint anchor (of the biological shield wall) can be computed from the normal pipe whip analysis with a given break and the details of the pipe 




whip restraint.  Typical pipe whip restraint forces at the anchor are illustrated in <Figure 3.6‑100>.


d.
Dynamic Structural Analysis



1.
Models




The pressure and jet related force‑time histories are combined in a dynamic structural analysis to provide forces, moments, accelerations, and displacements for the pedestal, RPV, RPV internals, and shield wall.



2.
Analysis and Results




The dynamic structural analysis will produce resultant forces (or stresses) at the nodes of the analytical model.  This analysis can also produce acceleration time history for each node.  Further analysis based on these acceleration time histories can then be performed for any component which is attached to the model <Figure 3.6‑101>.  The results of this asymmetric loading analysis can be combined with other loads on the components to ensure structural integrity is maintained in accordance with applicable codes and standards.  The final results from the appropriate load condition are summarized in <Table 3.9‑2>.


3.6.2.3      Dynamic Analysis Methods to Verify Integrity and Operability


3.6.2.3.1      Jet Impingement Analyses and Effects on Safety‑Related Components


Criteria used for evaluating the effects of fluid jets on safety‑related structures, systems and components are as follows:


a.
Safety‑related structures, systems and components should not be so impaired as to preclude essential functions.


b.
Safety‑related structures, systems and components which are not necessary to safely shut down the plant for a given postulated pipe break need not be protected from the consequences of the fluid jet.


c.
Safe shutdown of the plant following postulated pipe rupture in the reactor coolant pressure boundary must not be aggravated by sequential failures of safety‑related piping, and required ECCS performance must be maintained.


d.
Licensing basis offsite dose limits must be met.


e.
Postulated design basis breaks resulting in jet impingement loads are assumed to occur in high energy lines at full (100 percent) power operation of the plant.


f.
Through‑wall leakage cracks are postulated to occur in moderate energy lines and are assumed to result in wetting and spraying of safety‑related structures, systems and components.


g.
(Deleted)


Jet impingement loads are calculated using the following assumptions:


a.
For NSSS piping systems, the direction of the fluid jet for purposes of determining impingement loads is based upon the position of the pipe during steady‑state blowdown.  In BOP piping systems, for purposes of determining the direction of the fluid jet for impingement loads, circumferential breaks are assumed to result in pipe severance and separation amounting to at least one diameter lateral displacement of the ruptured piping sections unless 



physically limited by piping restraints, structural members or piping stiffness, as may be demonstrated by inelastic limit analysis.


b.
The impinging jet proceeds along a straight path.


c.
The total impingement force acting upon any cross sectional area of the jet is time and distance invariant, with a total magnitude equivalent to the fluid blowdown force as defined below.


d.
The jet impingement force is uniformly distributed across the cross sectional area of the jet and only the portion intercepted by the target is considered.


e.
The break opening is assumed to be a circular orifice of cross sectional flow area equal to the effective flow area of the break.


f.
The jet impingement force is equal to the steady‑state value of the fluid blowdown force as calculated using the methods described in <Section 3.6.2.2.1>.


g.
The distance of jet travel is divided into two or three regions.  Region 1 <Figure 3.6‑50> extends from the break to the asymptotic area.  Within this region the discharging fluid flashes and undergoes expansion from the break area pressure to atmospheric pressure.  In Region 2 the jet remains at a constant diameter.  For partial separation circumferential breaks the area increases as the jet expands.  Therefore, it is assumed that Region 3 never occurs.  In Region 3 (except in partial separation circumferential breaks) interaction with the surrounding environment is assumed to start and the jet expands at a half angle of 10 degrees.


h.
Moody (Reference 6) has developed a simple analytical model for estimating the asymptotic jet area for steam, saturated water and 



steam‑water blowdown conditions.  For fluids discharging from a break and which are below the saturation temperature at the corresponding room pressure or have a pressure at the break area equal to the room pressure, expansion does not occur.


i.
The distance downstream from the break where the asymptotic area is reached (Region 1) has been found by Moody (for circumferential and longitudinal breaks) to be approximately equal to five pipe diameters.  Assuming a linear expansion from the break area to the asymptotic area, the jet shape can be defined for Region 1, as well as for Regions 2 and 3.  <Figure 3.6‑51> is used to determine the asymptotic area.


j.
Both longitudinal and fully separated circumferential breaks are treated similarly.  The value of fl/D used in the blowdown calculation is also used for jet impingement.


k.
Circumferential breaks with partial (i.e., h <D/2) separation between the two ends of the broken pipe, not significantly offset (i.e., no more than one pipe wall thickness lateral displacement), are more difficult to quantify.  For such cases the following assumptions are made:



1.
The jet is uniformly distributed around the periphery.



2.
The jet cross section at any cut through the pipe axis has the configuration depicted by part (B) of <Figure 3.6‑50> and the jet regions are as delineated by this figure.



3.
The jet force, Fj, equals total blowdown force, F.



4.
The pressure at any point intersected by the jet is determined using the following equation:
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Where:
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P


 =
Pressure.
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F


 =
Jet force.
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A



=
The total 360 degree area of the jet at a radius equal to the distance from the pipe centerline to the target.



5.
The pressure of the jet is then multiplied by the area of the target submerged within the jet in the manner explained by Item l, below.



6.
Region 1 in part (B) of <Figure 3.6‑50> is assumed to be 2.5 pipe diameters.



7.
The area, AR, of the jet at target intersection, rT, from pipe centerline is calculated using <Figure 3.6‑52> and <Figure 3.6‑53> (to determine M, width of jet at the asymptotic plane) and the relationship:
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<Figure 3.6‑52> and <Figure 3.6‑53> were developed using <Figure 3.6‑51> and the following equations:
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Where:
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is from <Figure 3.6‑51>.
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(as explained by Item k.6, above).


l.
Target loads are determined using the following procedures and assumptions:



1.
For both the fully separated circumferential break and the longitudinal break the jet is assumed to reach its asymptote at five pipe diameters from the break; see Region 1 in part (A) of <Figure 3.6‑50>.  For design purposes, within this region the jet is assumed to have a linear expansion half angle, R:
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Where:
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Diameter of the fully expanded jet or:
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 is determined from <Figure 3.6‑51>).



2.
The area within Region 2 can be assumed to be constant to the beginning of Region 3 which starts at the intersection of a line drawn at a 10 degree half angle (see dotted line in parts (A) and (C) of <Figure 3.6‑50>) and the boundary of the 




jet.  In Region 3 the area expands at a constant 10 degree half angle.



3.
After determination of the total area of the jet at the target, the jet pressure is calculated using the following equation:
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Where:
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P



=
Incident pressure.
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A



=
Area of the expanded jet at the target intersection.




If the effective target area, Ate, is less than the expanded jet area (Ate (Ax), the target is fully submerged in the jet and the impingement load is equal to Pi times Ate.  If the effective target area is greater than the expanded jet area (Ate (Ax), the target intercepts the entire jet and the impingement load is equal to Pi times Ax which equals Fj.  The effective target areas for various geometries are outlined as follows:




(a)
Flat Surface





For a case where a target with physical area, At, is oriented at an angle, (, with respect to the jet axis and with no flow reversal, the effective target area, Ate, is as follows:
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(b)
Pipe Surface





As the jet hits the convex surface of the pipe, the forward momentum of the jet is decreased rather than stopped.  The jet impingement load on the impacted area is therefore reduced.  The analytically determined shape factor for a cylindrical surface is 0.5.  The effective target area, Ate, is as follows:
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Where:
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Diameter of the jet at the target interface.






D
=
OD of the target pipe for a fully submerged pipe.





When the target pipe is larger than the area of the jet, the effective target area equals the expanded jet area:
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(c)
For all cases the jet area, Ax, is assumed to be uniform and the load is uniformly distributed on the impinged target area, Ate.


m.
For the partial separation circumferential break described in Item k, above, the target loads are calculated in a similar manner, except that the jet cross section appears as shown by part (B) of <Figure 3.6‑50> and AR equals Ax, and DA equals M and is calculated in accordance with Item k.7, above.


Evaluation of the ability of potential targets to withstand the jet impingement loads is performed using the following methods:


a.
Evaluation of Piping Systems under Jet Impingement Loads



1.
General Electric piping systems:




(a)
The stresses due to jet impingement loads on piping are considered primary stress and are evaluated using ASME Code Section III limits for Service Level D.




(b)
The motion of piping due to jet impingement loads is limited by structural steel, pipe whip restraints, snubbers, or other equipment capable of providing support.  This effect is accounted for in the analysis.



2.
Balance‑of‑plant piping systems:




(a)
Jet impingement loads on piping are considered emergency or faulted loads and are evaluated as primary stresses in ASME Code Section III piping analyses.  Level C or D service limits are used.  Functional check calculations are performed for piping whose function is required for the given event.




(b)
Each jet impingement load is applied independently to the piping system and the load which supplies the largest bending moment for each particular component is used for the evaluations of the pressure retaining capability or functionality of that component.




(c)
Jet impingement load can be characterized as a two part load application on a piping system as follows:





(1)
Dynamic Load Portion






A conservative dynamic load factor of 2.0 is generally assumed.  If the design margin of some targeted components warrants a detailed analysis, a refined DLF is determined by a representative dynamic load analysis.  A dynamic load factor less than 2.0 will be accompanied by proper justifications.





(2)
Static Load Portion






Where a steady‑state static load is being applied to the piping system, snubbers are not activated and the calculated moments or stresses are combined with other simultaneous loads using the absolute sum method.


b.
Evaluation of Structural Components under Jet Impingement Loads



1.
Each jet impingement load is applied independently to the structure and the load which results in the largest internal stress is used for evaluation of the structural component.



2.
Specifically designed jet impingement barriers, wherever installed, are considered structural components.



3.
Jet impingement load can be characterized as a two part load application as follows:




(a)
Dynamic Load Portion





Where static analysis methods are used, a suitable DLF is applied to the static load.  Dynamic load factors are 





conservatively estimated using (Reference 10).  The ratio of the duration of the applied load and the period of the structure in the direction of the applied load is used in the appropriate response curves shown in this reference.  Stresses are combined with concurrent vibratory dynamic load cases by the SRSS method.




(b)
Static Load Portion





The static load portion of the impingement is combined arithmetically with other simultaneous loads by the absolute sum method.


c.
Evaluation of Jet Impingement Loads on Mechanical System Components



1.
The physical configuration of valves, pumps, etc., is approximated by rectangular and cylindrical solid shapes enveloping the component elements for the purposes of determining angular deflection coefficients and shape factors.



2.
Loads are considered to be part of piping or structural loads due to jet impingement, according to the physical arrangement of the target.  Moments are included in the piping loads for jet impingement on valve operators where a component of the valve loading is normal to the pipe axis.


d.
Evaluation of Jet Impingement Loads on Electrical Cable Trays



The only safety‑related electrical cable trays subject to impingement by high energy jets are located in the RWCU heat exchanger rooms inside containment and the Unit 1 RCIC pump room outside containment.  The trays in the RWCU pump room are fully protected by jet shields.  The tray in the RCIC pump room contains RCIC and RCIC room leakage detection circuits only, which are not 



required to survive the postulated breaks, since the equipment in the rooms is assumed to be lost as a result of the postulated break.


e.
Evaluation of Jet Impingement Loads on Electrical Conduit and Instrumentation Impulse Lines



The design criteria for routing of electrical conduit and instrument impulse lines is intended to ensure that impingement by high energy jets does not occur.  However, this is not always feasible.  Support of conduit and impulse lines subject to jet impingement is established by adjustments to spacing criteria which assure conduit integrity under governing load conditions.  Design of special supports for rigid conduit and routings of flexible connections to equipment consider individual load conditions from impacting jets.  Jet shields are used to protect against jet impingement if protection by support design and by routing is not feasible.  Circuits not required for safe shutdown for a given pipe break do not require protection.


f.
Evaluation of Jet Impingement Loads on Instrument Racks and Panels



No safety‑related instrumentation racks or panels are subject to impingement by high energy jets.


3.6.2.3.2      Pipe Whip Effects on Safety‑Related Components


Potential pipe whip effects are identified by comprehensive reviews of all areas of the plant which contain high energy piping.  Potential whips due to each postulated circumferential break, and displacement due to each longitudinal break, are evaluated.  All structures, systems and components that can possibly be struck by each whipping or displacing pipe are reviewed to determine which are safety‑related.


Pipe whip (displacement) effects on safety‑related structures, systems and components can be placed into two categories:  pipe displacement effects on components (nozzles, valves, tees, etc.) located in the piping run in which the break occurred and pipe whip or controlled displacements onto external components, such as building structure or other piping systems.


a.
Pipe Displacement Effects on Components in the Same Piping Run



Criteria used for determining the effects of pipe displacements on inline components are as follows:



1.
Components, such as vessel safe ends and valves which are attached to the broken piping system and do not serve a safety function or the failure of which would not further escalate the consequences of the accident, need not be designed to satisfy limits imposed by ASME Code, Section III, for essential components under emergency loading.



2.
If these components are required for safe shutdown or serve a safety function to protect the structural integrity of an essential component, limits to satisfy ASME Code requirements for component emergency conditions and limits to ensure operability, if required, are satisfied.


b.
Pipe Displacement Effects on Structures, Other Systems and Components



The criteria used to ensure the mitigation of the effects of high energy pipe whip on structures, systems and components require that the arrangement of pipe whip restraints, supporting structures and piping system components preclude impact of whipping pipe on any structure, system or component essential to the safe shutdown of the plant in the event of occurrence of a given postulated pipe 



rupture.  In exceptional cases a damage study as described in <Section 3.6.2.1.4.c> is used to show that pipe whip impact on any structures, systems or components essential to safe shutdown does not compromise the safe shutdown function of those structures, systems or components.


3.6.2.3.3      Loading Combinations and Design Criteria for Pipe Whip Restraints


Pipe whip restraints (i.e., those devices which serve only to control movement of a ruptured pipe following gross failure) and torsional and moment restraints, as differentiated from simple piping supports, are designed to function and carry load for an extremely low probability gross failure in a piping system containing high energy fluid.  Piping integrity does not depend upon the pipe whip restraints for any loading combination.  Piping integrity in high energy containment penetration regions is assured by torsional and moment restraints.  When piping integrity is lost as a result of the occurrence of a postulated break, the pipe whip restraints act to limit movement of the broken pipe to an acceptable distance.  Pipe whip restraints are subject to once in a lifetime loading.  For purposes of design the pipe break event is considered to be a faulted plant condition and the pipe, associated restraints and structures to which restraints are attached are analyzed and designed accordingly.  Pipe whip restraints are designed to strain limits as described below in this section.


Torsional and moment restraints are also designed for piping support loads.  A typical pipe whip restraint is illustrated by <Figure 3.6‑54>.  A principal feature of these restraints is that they are installed with several inches of annular clearance between the restraint and the process pipe.  This arrangement allows for installation of normal piping insulation and unrestricted thermal movement of the piping.  These loading combinations and design criteria are applicable to piping systems such as main steam, recirculation, feedwater, and ECCS (inside 


containment), as well as other high energy piping systems inside and outside of containment.


3.6.2.3.3.1      Restraint Design Objectives


Specific design objectives for the restraints are as follows:


a.
The restraints must in no way increase reactor coolant pressure boundary stresses during any normal mode of reactor operation or condition.


b.
The restraint system must function to stop movement of a failed pipe (gross loss of piping integrity) without allowing damage to critical components or missile development.


c.
The restraints should produce minimum hindrance to performance of inservice inspection of process piping.


3.6.2.3.3.2      Restraint Dynamic Loads


For purposes of design the pipe whip restraints are designed for the following dynamic loads:


a.
Blowdown thrust of the pipe section that impacts the restraint.


b.
Dynamic inertia loads of the moving pipe section which is accelerated by the blowdown thrust and subsequent impact on the restraint.


Design characteristics of the pipe whip restraints are included and verified by the pipe whip dynamic analysis described in <Section 3.6.2.2.2>.  Since the pipe whip restraints are not contacted during normal plant operation, the postulated pipe rupture event is the only design loading condition.


3.6.2.3.3.3      Restraint Components


The main steam pipe whip restraints are composed of several components, each of which performs a different function.  These components are categorized as Types I, II, III, and IV, as described below:


a.
Type I ‑ Restraint Energy Absorption Members



Restraint energy absorption members, under the influence of impacting pipe (pipe whip), absorb energy by significant plastic deformation (e.g., U‑rods).


b.
Type II ‑ Restraint Connecting Members



Restraint connecting members are those components which form a direct link between the restraint plastic members and the structure (e.g., clevises, brackets, pins).


c.
Type III ‑ Restraint Connecting Member Structural Attachments



Restraint connecting member structural attachments are those fasteners which provide the method of securing the restraint connecting members to the structure (e.g., weld attachments, bolts).


d.
Type IV ‑ Structural and Civil Components



Structural and civil components are the steel and concrete structures which ultimately must carry the restraint load (e.g., biological shield, trusses).


Each component Type (I through IV) is typically constructed of a different material, with a different design objective, to perform the overall design function.  Therefore, the material and inspection 


requirements and design limits for each type of component are somewhat different.  The requirements for each type of component are as follows:


a.
Type I Restraint



1.
Materials




All materials used to absorb energy through significant plastic deformation must conform to the following:




(a)
ASME Code, Section III, Subsection NB, for Class 1 components; or




(b)
ASTM Specifications, with consideration for brittle fracture control; or




(c)
ASME Code, Section III, Subsection NF, if applicable; or




(d)
GE Material Specifications.



2.
Inspection




Inspection and identification of material must conform to the following:




(a)
ASME Code, Section III, Subsection NB, for Class 1 components (Section V, “Non‑Destructive Examination Methods”); or




(b)
ASTM Specifications, procedures, including volumetric and surface inspection; or




(c)
ASME Code, Section III, Subsection NF, if applicable; or




(d)
GE Methods and Acceptance Standards



3.
Design Limits




(a)
Design Local Strain





Permanent strain in metallic ductile materials must be limited to the following:





(1)
Fifty percent of the minimum actual ultimate uniform strain (at the maximum stress on an engineering stress‑strain curve) based upon restraint material tests; or





(2)
One‑half of minimum percent elongation as specified in the ASME Code, Section III, or ASTM Specifications, as applicable, when demonstrated to be as, or more, conservative than Item (1), above.




(b)
Design Steady‑State Load





The maximum restraint load will be limited to 80 percent of the maximum calculated static ultimate restraint strength at the drywell design temperature.  This strain is less than 50 percent of the ultimate uniform strain for all materials used for Type I components.




(c)
Dynamic Material Mechanical Properties





The material selected must exhibit tensile impact properties which are not less than the following:





(1)
Seventy percent of the static percent elongation; or





(2)
Eighty percent of the statically determined minimum total energy absorption.


b.
Type II Restraint



1.
Materials




Material selection must conform to the following:




(a)
ASTM Specifications, including consideration for brittle fracture control; or




(b)
ASME Code, Section III, Subsection NF, if applicable; or




(c)
GE Material Specifications



2.
Inspection




Inspection must conform to the following:




(a)
ASME/ASTM requirements or process qualification and finished part surface inspection in accordance with ASTM methods; or




(b)
ASME Code, Section III, Subsection NF, if applicable; or




(c)
GE Methods and Acceptance Standards.



3.
Design Limits




Design limits will be based upon the following stress limits:




(a)
Primary stresses (in accordance with definitions in the ASME Code, Section III) are limited to the higher of:





(1)
( = 70 percent of Su, where Su equals minimum ultimate strength by test or ASTM specification; or





(2)
Sy + 1/3 (Su ‑ Sy) where Sy equals minimum yield strength by test or ASTM specification.




(b)
Recommended stress limits in accordance with ASME Code, Section III, Subsection NF, for faulted conditions, if applicable.


c.
Type III Restraint



1.
Fasteners




(a)
Materials must conform to ASTM, ASME or MIL requirements.




(b)
All fasteners must be inspected or certified in accordance with applicable ASTM, ASME or MIL specifications.




(c)
Design limit will be the same as for Type II materials.



2.
Welds




(a)
Materials for attachment to carbon steel structures will be limited to low hydrogen type.




(b)
Liquid penetrant or magnetic particle surface inspection must be performed in accordance with the following:





(1)
ASME Section III, Subsection NF; or





(2)
American Welding Society (AWS D1.1)




(c)
Design limits will be based upon the following stress limits:





The maximum primary weld stress intensity (two times maximum shear stress) will be limited to three times AWS or AISC building allowable weld shear stress.




(d)
Procedures and welders will be qualified in accordance with the latest AWS Code for welding in building structures.


d.
Type IV Restraint



Material, inspection and design requirements for structural and civil components are provided by industry standards, such as AISC, ACI and ASME (ASME Code, Section III, Division II), along with appropriate requirements imposed for similar loading events.  These components are also designed for other operational and accident loadings, seismic loadings, wind loadings, and tornado loadings.


The design basis approach of categorizing components is consistent in allowing less stringent requirements for those components subject to lower stresses.  Considerable strength margins exist in Type II through IV components even to the limit of load capacity (fracture) of a Type I component.  Impact properties in all components are considered since brittle type failures could reduce restraint system effectiveness.


3.6.2.3.3.4      Restraint Material Allowables


In addition to the design considerations discussed above, strain rate effects and other material property variations have been considered in the design of the pipe whip restraints.  The material properties used in design have included one or more of the following methods:


a.
Code minimum or specification yield and ultimate strength values for the affected components and structures are used for both the dynamic and steady‑state events; or


b.
Not more than a 10 percent increase in code or specification values is used when designing Type IV components or structures for the dynamic event.  Code minimum or specification yield and ultimate strength values are used for the steady‑state loads.


3.6.2.3.3.5      Structural Steel Pipe Rupture Restraints


a.
Location of Structural Steel Pipe Rupture Restraints



Sufficient pipe rupture restraints are provided to prevent damage to structures, systems and components from pipe rupture events.  Criteria for selection of locations are as follows:



1.
Structural steel restraints are located and oriented to prevent pipe material failure and subsequent missile formation from pipe rupture events, where the U‑rod type restraint offers insufficient pipe motion limiting ability.



2.
Structural steel restraints are located as close to postulated rupture points as practicable without interfering with inservice inspection of pipe welds.  Removable restraints are used where interference is unavoidable.


b.
Design of Structural Steel Pipe Rupture Restraints



Structural steel restraints are used where use of U‑rod type restraints were impractical because of support structure geometry and/or multidirectional breaks.  ASTM A 36 steel is used for frame restraints; ASTM A 516 steel for plate restraint structures.



To allow access for inservice inspection, bolted connections are used wherever frame members are less than four inches from a pipe weld.


c.
Analytical Criteria



Where pipe restraints are employed, they are designed using the principles of the equations of motion.



Since the forces due to dead, live, seismic, and thermal loads are considered negligible or self‑relieving, only the dynamic effect of the whipping pipe is considered in the design.



The equations of motion method (dynamic analyses) use the computer programs DYREC (S061) (Reference 7) and DYNAL (S085) (Reference 8).



The computer programs use thrust versus time data.  The pipe and the restraint are modeled as lumped mass systems.  Nodal masses and element spring properties are determined and gaps are input.  Using direct numerical integration of the equations of motion, the dynamic response of the pipe and restraint are calculated at specific time points.



The following criteria are used for material properties:



1.
Minimum yield strength of pipe steel is reduced in accordance with operating temperature.



2.
Minimum tensile strength of the pipe material, as listed in the material specification, is used as the ultimate strength of the pipe.  Refinement of assumed ultimate strength for changes due to operating temperatures would not result in a substantive change in pipe restraint design or reactions.



3.
Ultimate tensile strain of both piping and restraint material is one‑half of guaranteed minimum percent elongation.  Ultimate shear strain is equal to guaranteed percent elongation.



4.
Minimum values of yield strength, ultimate strength and modulus of elasticity for pipe are taken from the ASME Code.  Values for restraint material are taken from the applicable ASTM specification.



5.
A 10 percent increase in material properties is applied to allow for strain rate effect.



Acceptability of the restraint design is based upon the results of the dynamic analysis.  Neither the pipe nor the restraint stresses and strains exceed the following limits:



1.
Tensile strains are limited to 50 percent of the assumed ultimate tensile strain.  This is equal to 0.25 times percent elongation.



2.
Bending and axial tensile stresses are limited to the values at the above strain limit as determined appropriate from the stress/strain, moment/curvature or P/( curves.



3.
Shearing strains are limited to 50 percent of the assumed ultimate shear strain.  This is equal to 0.5 times percent elongation.



4.
Shearing stresses are limited to the value at the above strain limit as determined from the shear/shear strain curve.



Restraints, connections, anchorages, and the supporting structure are designed for the maximum reactions obtained from the dynamic analysis.


3.6.2.3.3.6      Pipe Whip Restraints as Guides (NSSS Scope)


Pipe whip restraints which also serve as guides are as follows:


a.
Main steam line restraint/guides inside drywell including guide numbers G101B and G101D, as shown in <Figure 3.6‑65>, and guide numbers G101A and G101C, not shown.  These restraint guides are designed and supplied by GE.  GE has classified these restraint/guides as a plate and shell type support under Subsection NF of the ASME Code.  These restraints attach to the building steel which is classified AISC.


b.
RCIC restraint/guide inside drywell, G201A, as shown in <Figure 3.6‑70>.  This restraint consists of a structural steel frame with an insert around the pipe which serves as a guide. The insert/guide is classified as a linear type support under Subsection NF of ASME Code.  The supporting framework is classified as building structure and designed in accordance with AISC.  This approach is consistent with that of pipe supports on steel platforms.


c.
Main steam and feedwater restraint/support structures in the auxiliary building steam tunnel as shown in <Figure 3.6‑75> and <Figure 3.6‑76>.  These restraints consist of a structural steel frame with an insert around the pipe which serves as a guide.  The insert/guide is classified as a linear type support under Subsection NF of ASME Code.  The supporting framework is classified 



as building structure and designed in accordance with AISC.  This approach is consistent with that of pipe support on steel platforms.


3.6.2.3.4      Compartment Pressurization Analysis


Based on the blowdown time histories generated using the criteria of <Section 3.6.2.2.1>, all compartments containing high energy lines have been analyzed for the highest energy release rate pipe rupture event to determine the maximum loadings of the compartment.  The results of these analyses are presented in <Table 3.11‑2>, <Table 3.11‑3>, <Table 3.11‑4>, <Table 3.11‑5>, <Table 3.11‑6>, <Table 3.11‑7>, and <Table 3.11‑8>, which include peak pressures, temperatures, duration, and means of terminating the blowdowns.  These conditions then become the design parameters <Section 3.8>.


3.6.2.3.5      Flooding Analysis


Based on blowdown analyses from high energy line breaks discussed in <Section 3.6.2.2.1> and leakage from moderate energy line cracks, the potential for flooding of safety‑related structures has been determined.  In no case are safe shutdown systems jeopardized by the effects of such flooding when allowance is given for adequate means of detecting the event and a reasonable time period for corrective action to be taken.


The sections that follow discuss areas subject to flooding due to breaks in high and moderate energy lines.


3.6.2.3.5.1      Inside the Reactor Building


Loss of reactor coolant, including ECCS injection of the entire contents of the condensate storage tank, could result in flooding the drywell and RPV pedestal to the height of the weir wall.  The containment is 


designed for flooding above this level as required for accident recovery <Section 3.8.3>.  Equipment required for safe shutdown is designed to withstand these effects as described in <Section 3.11>.


A break in the RWCU system in the containment steam tunnel could conceivably flood containment isolation valve operators.  Sleeves in the floor of this room drain directly to the suppression pool, and are more than adequate for the maximum break.


Breaks in other areas of the containment building drain directly to the suppression pool or contain no items necessary for safe shutdown that are subject to flood damage.


3.6.2.3.5.2      Inside the Auxiliary Building


Hallways within the auxiliary building at Elevations 568’‑4” and 574’‑10” are subject to maximum flooding from a through‑wall crack in a 24‑inch emergency service water pipe from an above elevation.  Allowing 30 minutes after a high level alarm to isolate the crack, a depth of less than 20 inches will exist on Elevation 568’‑4”.  This alarm is provided by redundant nonsafety grade level switches set to alarm in the control room at a water level 2 inches above the floor.  The ECCS racks are located within the auxiliary building hallways.  These racks are mounted on 6‑inch concrete pads and have 14 inches of clearance between rack bottom and first level instrumentation.  Therefore, any depth less than 20 inches will not jeopardize the operability of the ECCS racks.


In both units, the service water piping is routed above the 599’‑0” floor elevation.  This piping is of 24‑inch nominal diameter in Unit 1 and of 42‑inch nominal diameter in Unit 2.  This pipe has been supported to Seismic Category I.  No leakage cracks need to be postulated in this piping since the applicable stress criteria for Class 2/3 piping have been met.


On Elevation 620’‑6”, the major threat of flooding exists due to a 24 inch emergency service water pipe routed to the swale.  A flow of less than 230 gallons per minute will exit a through‑wall crack in this pipe.  Water will drain either by the floor drain system or by the stairwells down to Elevation 568’‑4”.  The total volume during the duration of the leak, will result in a final depth on Elevation 568’‑4” that is significantly less than 20”.  Since this depth is acceptable, operability of any essential components is not compromised.


Within the steam tunnel, breaks in the main steam, feedwater and reactor water cleanup systems have been considered.  These breaks do not release sufficient volume to endanger any isolation valves or other components required to achieve and maintain safe shutdown.


During normal operations (non‑accident), the ECCS pump rooms are subject to an unisolable leak resulting from the failure of suction piping upstream of a suction isolation valve.  However, the watertight construction of the ECCS pump rooms protects against mass flooding of redundant ECCS pump rooms due to a break within any one cubicle.  In addition, it has been demonstrated by analysis that assuming manual initiation of makeup from the upper containment pool, an unisolable suppression pool leak into the largest ECCS pump room would not result in an equilibrium suppression pool water level below that required for minimum vent submergence or for adequate ECCS pump NPSH.


During an accident, unisolable leaks from piping failures are not considered except as the initiating event for the LOCA, since the ECCS is assumed to be operating within allowable design values established for the pressure boundary.  The only passive mechanical failures considered concurrent with an accident are valve packing leakage and pump seal leakage.  See <Section 6.3.2.6> for additional passive mechanical failure information.


3.6.2.3.5.3      Inside the Intermediate Building


The intermediate building is subject to flooding from breaks in the intermediate and control complex buildings.  A sump high alarm from a level switch and a standby sump pump running alarm are provided to the radwaste control room, allowing ample time to isolate breaks before the depth exceeds six inches.  No safety‑related equipment in the intermediate building is threatened by floods of this depth.


3.6.2.3.5.4      Inside the Fuel Handling Building


Flooding hazards and protective measures are described in <Section 3.6.1.2.2.b>.


3.6.2.3.5.5      Inside the Control Building


Flooding hazards and protective measures are described in <Section 3.6.1.2.2.e>.


3.6.2.3.5.6      Inside the Diesel Generator Building


Diesel generators are located in separate cubicles.  A flood in any one cubicle due to a crack in the diesel generator cooling water system will affect only that diesel generator.  Minor wetting of floors in adjacent buildings is of no consequence.


3.6.2.3.5.7      Inside the Emergency Service Water Pumphouse


Discharge from cracks in emergency or fire service water lines drains directly through floor grating into the suction pit.  The floor grating has been sized to sufficiently handle the expected flow.  No significant flooding potential exists.


3.6.2.3.5.8      Flooding in Other Plant Buildings


The auxiliary boiler building, heater bays, offgas buildings, radwaste building, condensate demineralizer buildings, circulating water pump house, service water pumphouse, and other detached structures contain no components essential to safe shutdown.  The turbine buildings contain instruments and controls supplying inputs to safe shutdown systems.  These systems trip to the safest position on loss of signal.  No flood protection is required for any of these areas.


3.6.2.3.5.9
  Flooding in Unit 2 Buildings and Yard Areas


Service water piping is routed through the Auxiliary Building, Turbine Power Complex/Steam Tunnel, and Transformer Alley of Unit 2.  Since service water piping is a moderate energy system <Table 3.6‑2>, impact on the safety‑related equipment in the area due to jet impingement and flooding has been considered.  Jet impingement loading is not a concern for these areas since the replaced piping is not located in the vicinity of any safety‑related equipment.  The installation of buried piping has been performed in the same manner as the existing pipe and will not have any affect on the present buried piping flooding analysis.  The effects of flooding have been considered for the above ground piping in the Unit 2 Transformer Alley.


3.6.2.3.5.9.1      Unit 2 Auxiliary Building


Service water piping in the Unit 2 Auxiliary Building is addressed in <Section 3.6.2.3.5.2>.


3.6.2.3.5.9.2      Unit 2 Turbine Power Complex and Steam Tunnel


A full guillotine pipe break coincident with a seismic event (not required to be postulated but was evaluated for conservatism) and a MEB 3.1 critical crack has been postulated in the service water piping 


routed through the Unit 2 turbine power complex and steam tunnel.  To increase the storage volume in the TPC, all open penetrations between the turbine power complex and auxiliary buildings below the 599’ elevation have been sealed.


Results of the flooding analysis indicate that an uncontrolled guillotine service water line break for 45 minutes after a seismic event will result in the maximum flood height of 587’‑ 6” which is sufficient time for operations to locate and stop the leakage.  Hence, Unit 2 turbine power complex/steam tunnel can provide sufficient storage capacity for the Operators to respond to the event without jeopardizing safety‑related equipment.


The flooding event due to a MEB 3.1 crack may occur over several days and this event will be discovered by the Operator during routine rounds.  Therefore, a MEB 3.1 crack or a guillotine break of the service water line in Unit 2 turbine power complex or steam tunnel does not create a flooding concern.


3.6.2.3.5.9.3      Unit 2 Transformer Alley


The above ground SW System piping in the Transformer Alley has been evaluated for the effects of a non‑mechanistic crack Moderate Energy Line Break (MELB), a seismic event, tornado missiles, and a malevolent vehicle blast during normal operation.


The above ground service water system piping in the Transformer Alley has been evaluated for the effects of tornado missiles as a result of the impact of a 12” X 4” wood plank (considered to be the worst case tornado missile).  The results of the analysis indicate that the maximum flood elevation will be less than the ground floor elevation of the power block structures (620.5’).  Hence, flooding in the Transformer Alley due to a tornado missile induced break is not a concern.


The evaluation for the seismic event is based on a review of historical data and on an assessment of seismic anchor movement of the above ground piping.  Also, the evaluation addressed interfaces, interferences and surrounding hazards.  This assessment included a walkdown of the area of the proposed routing for the piping and the surrounding structures and components.  The evaluation shows that the piping will maintain its pressure boundary integrity during a safe shutdown earthquake or an operating basis earthquake.  Thus, flooding in the Transformer Alley due to a seismically induced break is not a concern.


The effects of a non‑mechanistic (MELB) crack required for moderate energy systems are bounded by the crack size caused by the tornado missiles already discussed and is not a concern.  In the event of a malevolent vehicle blast, the distance between the above ground SW System piping and the Vehicle Barrier System is sufficient to preclude damage to the piping.  Thus, flooding in the Transformer Alley due to a malevolent vehicle blast or an MEB 3.1 crack is not a concern.


3.6.2.3.6      Electrical Protection Criteria


An evaluation was made of effects of pipe break on plant electrical control and instrumentation systems.  The evaluation considered effects of physical damage to equipment, cabling, penetrations, and instrument piping resulting from the break.  Specific events included are:


a.
Dynamic motion and impact of identified pipe whips, if any.


b.
Fluid jet impingements identification.


c.
Temperature, pressure humidity and flooding conditions determined in the thermal‑hydraulic analyses.


d.
Effects of activation of fire protection systems caused by pipe break.


The acceptability of damage resulting from a break is governed by the following criteria:


a.
Preserve redundancy in the control, instrumentation, protection, and Class 1E electrical systems required for safe plant shutdown in accordance with IEEE Standard 279.


b.
Maintain the ability to deal with consequences of a break, despite a loss of offsite power.


c.
Preserve the ability to shut the plant down from the control room or the remote shutdown panel.


d.
Breaks which do not result in automatic protective action may induce loss of redundancy, but not loss of function in protective, safety and shutdown systems.


3.6.2.4      Guard Pipe Assembly Design Criteria


3.6.2.4.1      Main Steam Piping System Guard Pipe


The guard pipe assembly for the main steam piping system extends from the drywell to the shield building.  It serves as an extension of containment in the annular space between the containment and the shield building to prevent any pressurization of this area due to a postulated break of the main steam piping.  In the event of a pipe break between the drywell and the containment, this guard pipe also serves to redirect the released steam back into the drywell where it passes through vents into the suppression pool.  This limits containment pressure resulting from the postulated steam pipe break.


Design criteria for the guard pipe and main steam piping located within the guard pipe are presented in <Section 3.6.2.1.7>.


Design details of the main steam piping system guard pipe are shown by <Figure 3.6‑55>.  The process pipe used for main steam piping within the guard pipe is a continuous length of seamless pipe.  This eliminates all inservice inspection access requirements relative to piping within the guard pipe.


3.6.2.4.2      Other Guard Pipes


Other systems for which guard pipes are used at the containment boundary are listed in <Table 3.6‑6>.  All such guard pipes serve as an extension of containment in the annular space between the containment and the shield building.  Details of guard pipe designs are illustrated by <Figure 3.6‑55>, <Figure 3.6‑56>, <Figure 3.6‑57>, <Figure 3.6‑58>, <Figure 3.6‑59>, <Figure 3.6‑60>, <Figure 3.6‑61>, <Figure 3.6‑62>, <Figure 3.6‑63>, and <Figure 3.6‑64> for the Type K, Type Q and Type J designs.  Design criteria for guard pipes, process pipe, fixed heads, and bellows, as well as inservice inspection requirements, are addressed by <Section 3.6.2.4.1>.


3.6.2.5      Material Submitted for the Operating License Review


3.6.2.5.1      Implementation of Criteria for Pipe Break and Crack Location and Orientation


3.6.2.5.1.1      Postulated Pipe Breaks in Main Steam Piping System, Inside Containment


The criteria for selection of postulated pipe breaks in the main steam piping system inside containment are presented in <Section 3.6.2.1>.  Postulated pipe break locations and types selected in accordance with these criteria for main steam lines A through D are shown by <Figure 3.6‑65>.  Conformance with these criteria is demonstrated by <Table 3.6‑7>.


For each line, no breaks are postulated in that portion of the main steam piping near the containment isolation valves in accordance with the criteria stated in <Section 3.6.2.1.7>.  Conformance with these criteria is demonstrated by <Table 3.6‑8>.


3.6.2.5.1.2      Postulated Pipe Breaks in Recirculation Piping System, Including Residual Heat Removal Piping ‑ Inside Containment


The criteria for selection of postulated pipe breaks in the recirculation piping system inside containment are presented in <Section 3.6.2.1>.  Postulated pipe break locations and types selected in accordance with these criteria are shown by <Figure 3.6‑66> and <Figure 3.6‑66a>.  Conformance with these criteria is demonstrated by <Table 3.6‑9>.


3.6.2.5.1.3      Postulated Pipe Breaks in Feedwater Piping System ‑ Inside Containment


The criteria for selection of postulated pipe breaks in the feedwater piping system inside containment are presented in <Section 3.6.2.1>.  Postulated pipe break locations and types selected in accordance with these criteria are shown by <Figure 3.6‑67>.  Conformance with these criteria is demonstrated by <Table 3.6‑10>.


3.6.2.5.1.4      Postulated Pipe Breaks in Emergency Core Cooling Piping System ‑ Inside Containment


The criteria for selection of postulated pipe breaks in the ECCS piping system inside containment are presented in <Section 3.6.2.1>.  Postulated pipe break locations and types selected in accordance with these criteria are shown by <Figure 3.6‑68>, <Figure 3.6‑69a>, and <Figure 3.6‑69b>.  Conformance with these criteria is demonstrated by <Table 3.6‑11>.


3.6.2.5.1.5      Postulated Pipe Breaks for Other Piping Systems ‑ Inside Containment


The criteria for selection of postulated pipe breaks in other high energy piping systems inside containment are presented in <Section 3.6.2.1>.  Postulated break locations and types selected in accordance with these criteria are shown by <Figure 3.6‑71>,  <Figure 3.6‑72>, <Figure 3.6‑73>, and <Figure 3.6‑74> for the RCIC head spray, CRD supply line, RWCU system, and main steam drains, respectively.


Small high energy piping may be assumed to break at each weld and fitting, and each terminal end.  Review of the jet impact and pipe whip hazards is then done on this basis.  If protection from breaks at every such location is not practical, the stress analysis is reviewed to the break location criteria of <Section 3.6.2.1>, and breaks are postulated accordingly.


Restraints, shields and other measures necessary to ensure safe shutdown in the event of each postulated break are provided, regardless of the criterion by which the break was postulated.


3.6.2.5.1.6

Postulated Pipe Breaks for Piping Systems ‑ Outside Containment


The criteria for selection of postulated pipe breaks in high energy piping systems outside containment are presented in <Section 3.6.2.1>.  Postulated break locations and types selected in accordance with these criteria are shown by <Figure 3.6‑70a>, <Figure 3.6‑75>, <Figure 3.6‑76>, <Figure 3.6‑77>, <Figure 3.6‑78>, <Figure 3.6‑79>, and <Figure 3.6‑80>.


Small high energy piping may be assumed to break at each weld and fitting, and each terminal end.  Review of the jet impact and pipe whip 


hazards is then done on this basis.  If protection from breaks at every such location is not practical, the stress analysis is reviewed to the break location criteria and breaks are postulated accordingly.


Restraints, shields and other measures necessary to ensure safe shutdown in the event of each postulated break are provided, regardless of the criterion by which the break was postulated.


3.6.2.5.2

Implementation of Special Protection Criteria


3.6.2.5.2.1

Pipe Whip Restraints for Main Steam Piping System, Including Reactor Core Isolation Cooling Piping ‑ Inside Containment


Pipe whip restraints provided for the main steam piping system are shown by <Figure 3.6‑65> and <Figure 3.6‑70>.  Using the analytical methods described in <Section 3.6.2.2.1>, this system of restraints has been found to prevent unrestrained pipe whip resulting from a postulated rupture at any of the identified break locations.  These restraints were visually inspected during preoperational and startup testing for adequate clearances to accommodate thermal expansion.


3.6.2.5.2.2

Pipe Whip Restraints for Recirculation Piping System, Including Residual Heat Removal Piping ‑ Inside Containment


Pipe whip restraints provided for the recirculation system piping are shown by <Figure 3.6‑66> and <Figure 3.6‑66a>.  This system of restraints has been found to prevent unrestrained pipe whip resulting from a postulated rupture at any of the identified break locations.  These restraints were visually inspected during preoperational and startup testing for adequate clearances to accommodate thermal expansion.


3.6.2.5.2.3

Pipe Whip Restraints for Feedwater Piping System ‑ Inside Containment


Pipe whip restraints provided for the feedwater piping system inside containment are shown by <Figure 3.6‑67>.  This system of restraints has been found to prevent unrestrained pipe whip resulting from a postulated rupture at any of the identified break locations.  These restraints were visually inspected during preoperational and startup testing for adequate clearance to accommodate thermal expansion.


3.6.2.5.2.4

Pipe Whip Restraints for Emergency Core Cooling Piping System ‑ Inside Containment


Pipe whip restraints provided for the ECCS piping system inside containment are shown by <Figure 3.6‑68>, <Figure 3.6‑69a>, and <Figure 3.6‑69b>.  This system of restraints has been found to prevent unrestrained pipe whip resulting from a postulated rupture at any of the identified break locations.  These restraints were visually inspected during preoperational and startup testing for adequate clearances to accommodate thermal expansion.


3.6.2.5.2.5

Pipe Whip Restraints for Other High Energy Piping Systems ‑ Inside Containment


Pipe whip restraints are provided for other high energy piping systems inside containment to prevent unrestrained pipe whip resulting from a postulated rupture at any of the identified break locations.  These restraints were visually inspected during preoperational and startup testing for adequate clearances to accommodate thermal expansion.


3.6.2.5.2.6

Pipe Whip Restraints for High Energy Piping Systems ‑ Outside Containment


Pipe whip restraints provided for main steam and feedwater piping systems outside containment in the safety-related steam tunnel area of the auxiliary building are shown by <Figure 3.6‑75> and <Figure 3.6‑76>.  These restraints have been found to prevent unrestrained pipe whip in the vicinity of safety‑related structures, systems and components resulting from a postulated rupture at any of the identified break locations.


Pipe whip restraints are provided for other high energy systems (other than main steam and feedwater) in the steam tunnel and auxiliary building to prevent unrestrained pipe whip which would jeopardize safety‑related structures, systems and components.  The system has been found to prevent unrestrained pipe whip resulting from a postulated pipe rupture at any of the identified break locations.


3.6.2.5.3

Summary of Results of Jet Effects Analysis


3.6.2.5.3.1

Jet Effects for Postulated Ruptures of Main Steam Piping System ‑ Inside Containment


Fluid jet thrust for each of the postulated break locations in the main steam piping are listed in <Table 3.6‑12>.  Structures, systems or components essential to safe shutdown of the plant in the case of a particular pipe break, and subject to impact by the steam jet from the particular break, are discussed in the following paragraphs:


a.
High Pressure Core Spray Injection Pipe



Main Steam line breaks which had impinged upon this line are no longer postulated.


b.
Standby Liquid Control System Injection Line Azimuth 240(.



The standby liquid control system is required to ensure the capability to achieve less than k=1.0 reactivity, at cold shutdown conditions, in the event of failure of control rod drives.


c.
Low Pressure Core Injection, Line A (LPCI A) Azimuth 45(.



The LPCI A line is required for a main steam break, loss of offsite power and loss of Division 2 diesel.


The main steam jet impact loads noted in Items a, b and c, above, are resolved as follows:


a.
High Pressure Core Spray Injection Pipe



Main steam line breaks which had impinged upon this line are no longer postulated.


b.
Standby Liquid Control System Injection Line Azimuth 240(.



Shields were provided to protect this line from the effects of main steam breaks.  However, main steam line breaks which had impinged upon this line are no longer postulated.


c.
Low Pressure Core Injection Line A (LPCI A) Azimuth 45(.



Main steam line breaks which had impinged upon this line are no longer postulated.


3.6.2.5.3.2

Jet Effects for Postulated Ruptures of Recirculation Piping System ‑ Inside Containment


Fluid jet thrusts for each of the postulated break locations in the recirculation piping system are listed in <Table 3.6‑13>.  Structures, systems or components essential to safe plant shutdown in the case of a particular pipe break, and subject to impact by the steam jet from the particular break, are discussed in the following paragraphs:


a.
High Pressure Core Spray Piping



<Figure 3.6‑84> illustrates the physical arrangement, impact loads and jet shields.


b.
Control Rod Drive Bundles ‑ Longitudinal Break



Similar jets from four different postulated recirculation line breaks could impact any of the four CRD bundles at reactor pressure vessel Azimuths 74(, 106(, 254(, or 286(.  <Figure 3.6‑85> illustrates the physical arrangement and impact loads and jet shields.


The recirculation line jet impact loads noted in Items a and b, above, are resolved as follows:


a.
High Pressure Core Spray Piping



The impact on HPCS pipe of a jet from a ruptured recirculation discharge header was analyzed as both an impact load and as a steady‑state load in combination with thermal, deadweight and seismic loads acting on the pipe simultaneously.  At no time was the maximum allowable stress exceeded at any point in the impacted HPCS piping run.



Shields have also been provided to intercept these jets at the source.


b.
Control Rod Drive Bundles ‑ Circumferential Break



A circumferential break in the recirculation discharge header connection at any of four locations, 60(, 120(, 240(, or 300(, was found to result in a jet impact that caused overstress of individual withdraw lines and exceeded the design capacity of the entire impacted CRD tube bundle supports if a jet shield were supported from the bundle.  Jet shields are provided to intercept these jets at the source to prevent overstress of individual withdraw pipes or tube bundle supports as a result of the postulated event.


3.6.2.5.3.3

Jet Effects for Postulated Ruptures of Feedwater Piping System ‑ Inside Containment


Fluid jet thrusts for each of the postulated break locations in the feedwater piping system are listed in <Table 3.6‑14>.  Structures, systems or components essential to safe shutdown of the plant in the case of a particular pipe break, and which are jeopardized by the jet resulting from a particular break, are discussed in the following paragraphs:


a.
Control Rod Drive Bundles at Reactor Pressure Vessel Azimuths 74( and 286(


A jet shield is provided around the CRD bundle arrangement to prevent overstress of individual withdraw lines or tube bundle supports as a result of the postulated event.



A jet shield for the CRD bundle at Azimuth 74( protects against a feedwater loop A rupture; a shield for the CRD bundle at Azimuth 286( protects against a loop B rupture.


b.
Low Pressure Core Injection B Piping



Jet impact loading on LPCI B piping and valve operator was analyzed both as an impact load and as a steady‑state load in combination with thermal, deadweight and seismic loads acting simultaneously.  At no time was the maximum allowable stress exceeded at any point in the impacted LPCI B piping.


3.6.2.5.3.4

Jet Effects for Postulated Ruptures of Emergency Core Cooling Piping System ‑ Inside Containment


Fluid jet thrusts for each of the postulated break locations in the ECCS piping system are listed in <Table 3.6‑15>.  Structures, systems or components essential to safe plant shutdown in the case of a particular pipe break, and which are jeopardized by the jet resulting from a particular break, are discussed in the following paragraphs:


a.
High Pressure Core Spray Pipe



HPCS piping is subject to jet impact resulting from postulated rupture of LPCI B piping.  Both the HPCS isolation valve and pipe support elements add to the total load resulting from jet impingement.  <Figure 3.6‑90> illustrates physical arrangement, impact loads and jet shields.


b.
Low Pressure Core Injection B Pipe



LPCI B piping is subject to jet impact resulting from postulated rupture of HPCS piping.  The LPCI piping, isolation valve and pipe supports are struck by the conically expanding jet as shown by 



<Figure 3.6‑91> which illustrates physical arrangement, impact loads and jet shields.


c.
Automatic Depressurization System (ADS) Valves, Air Lines and Accumulators.



Longitudinal breaks at the valve welds and upper elbows could cause jet impact loading on the ADS valves, or their air lines and accumulators, sufficient to compromise the required ADS capacity for the break size.


The ECCS line jet impact loads noted in Items a and b, above, are resolved as follows:


a.
High Pressure Core Spray Pipe



Jet impact loading on the HPCS piping was analyzed both as an impact load and as a steady‑state load in combination with thermal, deadweight and seismic loads acting simultaneously.  Jet shields were provided to intercept these jets at the source if the maximum allowable stress was exceeded at any point in the impacted HPCS piping.


b.
Low Pressure Core Injection B Pipe



Jet impact loading on the LPCI B piping was analyzed both as an impact load and as a steady‑state load in combination with thermal, deadweight and seismic loads acting simultaneously.  Jet shields were provided to intercept these jets at the source if the maximum allowable stress was exceeded at any point in the impacted LPCI B piping.


c.
Automatic Depressurization System (ADS) Valves, Air Lines and Accumulators.



Shields were provided to intercept these jets at the source.


3.6.2.5.3.5

Jet Effects from Postulated Ruptures of Piping Systems ‑ Outside Containment


Fluid jet thrusts for each of the postulated high energy pipe breaks outside containment are listed in <Table 3.6‑16>.  Structures, systems or components essential to safe plant shutdown in the case of a particular pipe break, and which could potentially be jeopardized by the jet resulting from a particular break, are discussed in the following paragraphs:


a.
Shield Building Wall



A short term dynamic loading of the portion of the shield building wall forming the end wall of the auxiliary building steam tunnel results from the postulated full circumferential rupture of a main steam line outside the outermost moment and torsion limiting restraint.  The turbine side of such a rupture is an unrestrained whipping pipe located within a nonsafety category structure, the steam tunnel.  Motion of the whipping pipe is such that, for a portion of its movement, the jet strikes the shield building.  <Figure 3.6‑92> shows the approximate physical arrangement and the area struck by the jet at the position of maximum impact.  Duration of the jet impact is less than 100 msec and the shape of the force‑time curve is approximately sinusoidal.


b.
Main Steam Isolation Valve



Should any one of the four main steam lines rupture immediately outside the outer pipe whip restraint, the outer main steam 



isolation valve in the affected main steam line or in an adjacent line may be impacted by the resulting jet.  A short duration impact, similar to the load time history described in Item a, above, results from the whipping motion of the broken pipe as it rises above the normal pipe centerline.  <Figure 3.6‑92> illustrates the approximate physical arrangement for a typical break and the loads involved.


c.
RCIC Steam Supply Piping



A short term dynamic loading of the RHR piping (Loop A or B) downstream of E12‑F052A and B results from the postulated full circumferential rupture of the 10‑inch RCIC steam supply line in the auxiliary building.  Motion of the whipping pipe is limited by restraints RHR‑6 and RHR‑7 <Figure 3.6‑70a>.


The jet impact loads noted in Items a through c, above, are resolved as follows:


a.
Shield Building Wall



Dynamic loading of the shield building wall was analyzed in conjunction with other thermal, deadweight and seismic loads acting simultaneously.  The loading was found to be within the capacity of the structure.


b.
Main Steam Isolation Valve



Dynamic loading of a main steam isolation valve was analyzed as a steady‑state maximum loading and was superimposed on the equivalent thermal, deadweight and seismic loads acting on both the valve elements and the piping system.  Resultant component and pipe stresses were found to be acceptable.


c.
RCIC Steam Supply Piping



Dynamic loading of the RHR and other piping and components was analyzed in conjunction with other thermal, deadweight and seismic loads acting simultaneously.  The resultant loads were found to be acceptable.


3.6.2.5.4

Implementation of Guard Pipe Criteria


Systems for which guard pipes are used are listed in <Table 3.6‑6>.  Details of guard pipe designs are shown by <Figure 3.6‑55>, <Figure 3.6‑56>, <Figure 3.6‑57>, <Figure 3.6‑58>, <Figure 3.6‑59>, <Figure 3.6‑60>, <Figure 3.6‑61>, <Figure 3.6‑62>, <Figure 3.6‑63>, and <Figure 3.6‑64>.  Guard pipes are discussed in <Section 3.6.2.4>.
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TABLE 3.6‑1


HIGH ENERGY LINES(1)(2)

System Number



System Designation



B‑21


Main Steam ‑ inside containment (SRV discharge piping excluded)



N‑11


Main Steam ‑ outside containment



N‑27


Feedwater System



B‑33


Recirculation System



N‑22


Main Steam System Drains ‑ including RCIC steam drain



E‑51


Reactor Core Isolation Cooling System ‑ steam supply from main steam Line “A” out to E51‑F045 and E12‑D0505



E‑51


RCIC Head Spray ‑ from RPV to E51‑A0F066



G‑33


Reactor Water Cleanup System



G‑36


RWCU Filter/Demineralizer System



E‑12


Low Pressure Core Injection Loops “A”, “B” and “C” (RHR) ‑ from RPV to E12‑F041A, B & C



E‑21


Low Pressure Core Spray ‑ from RPV to E21‑F006



E‑22


High Pressure Core Spray ‑ from RPV to E22‑F005



C‑11


Control Rod Drive Hydraulic System ‑ Pump discharge side only



C‑41


Standby Liquid Control Supply Line ‑ from RPV to C41‑F007



B‑21


RPV Head Vent to Main Steam Line “A”



P‑61


Auxiliary Steam System



M‑29


Control and Computer Room Humidification System



E‑12


Normal Shutdown ‑ (from connection to the B33 System to E12‑F009 and return from E12‑F053 to the connection to the N27 System)


TABLE 3.6‑1 (Continued)


NOTES:


(1)
Fluid systems that, during normal plant conditions, are either in operation or maintained pressurized under conditions where either or both of the following are met:



a.
maximum operating temperature exceeds 200(F, or



b.
maximum operating pressure exceeds 275 psig


(2)
High energy lines that are located in the turbine building, yard or other areas free from safety‑related equipment and structures are not included in this list.


TABLE 3.6‑2


MODERATE ENERGY LINES(1)

System Number



System Designation



P‑43


Nuclear Closed Cooling System



P‑50


Containment Vessel Chilled Water System



P‑54


Fire Protection System



P‑11


Condensate Transfer ‑ Storage System



P‑46


Turbine Building Chilled Water



P‑47


Control Complex Chilled Water



R‑44


Diesel Generator Starting Air (from receiver tank to start air admission valves)



N‑71


Circulating Water System



N‑26


Low Pressure Heater Drain System



N‑23


Condensate Filtration System



N‑24


Condensate Demineralizer System



G‑50


Liquid Radwaste System



G‑41


Fuel Pool Cooling and Cleanup System



P‑71


Potable Water System



P‑41


Service Water System



P‑20


Makeup Water System



E‑12


Residual Heat Removal System ‑ except high energy <Table 3.6‑1>



P‑55


Building Heating Hot Water System



N‑21


Condensate System



N‑11


Condenser Air Ejector Steam System



P‑12


Condensate Seal Water System


TABLE 3.6‑2 (Continued)


System Number



System Designation



P‑21


Two Bed Demineralizer Water System



P‑22


Mixed Bed Demineralizer Water System



E‑51


RCIC ‑ Except High Energy Lines <Table 3.6‑1>



P‑45


Emergency Service Water System



P‑48


Service Water and Emergency Service Water Chlorination System



P‑49


Emergency Service Water Screen Wash System


NOTE:


(1)
Fluid systems that, during normal plant conditions, are either in operation or maintained pressurized (above atmospheric pressure) under conditions where both of the following are met:



a.
maximum operating temperature is 200(F or less, and



b.
maximum operating pressure is 275 psig or less


TABLE 3.6‑3


SYSTEMS TO BE PROTECTED AGAINST


PIPING FAILURES


a.
Systems Required to Achieve Safe Cold Shutdown:


System No.



System Designation



B‑21


Nuclear Boiler‑reactor coolant pressure boundary



B‑21C


Nuclear Boiler ‑ Automatic Depressurization System, including local accumulators



B‑21H


Nuclear Boiler ‑ Nuclear Steam Supply Shutoff System



B‑21


Nuclear Boiler ‑ Main Steam Containment Isolation Valves



B‑33


Recirculation System ‑ reactor coolant pressure boundary only



C‑11


Control Rod Drive System ‑ withdraw lines



C‑41


Standby Liquid Control System



C‑51


Neutron Monitoring System ‑ trip logic interfacing with Reactor Protection System only



C‑61


Remote Shutdown System



C‑71


Reactor Protection System



E‑12


Low Pressure Coolant Injection “A”, “B” and “C”



E‑12


RHR System ‑ Shutdown Cooling Mode



E‑21


Low Pressure Core Spray System



E‑22


High Pressure Core Spray System



E‑31


Leak Detection System



E‑51


Reactor Core Isolation Cooling (available for safe shutdown, but not required)



E‑53


Containment Isolation System ‑ reactor coolant pressure boundary isolation portions


TABLE 3.6‑3 (Continued)


System No.



System Designation



G‑33


Reactor Water Cleanup System ‑ reactor coolant pressure boundary, through outboard containment isolation valve on suction line



G‑43


Suppression Pool Makeup System



M‑23


MCC, Switchgear and Miscellaneous Electrical Equipment Area HVAC Systems



M‑24


Battery Room Exhaust System



M‑28


Emergency Closed Cooling Pump Area Cooling System



M‑32


Emergency Service Water Pump House Ventilation System



M‑39


ECCS Pump Room Cooling System



M‑43


Diesel Generator Building Ventilation System


N27, B‑21


Feedwater Containment Isolation Valves



N‑27


Feedwater ‑ reactor coolant pressure boundary



P‑42


Emergency Closed Cooling System



P‑45


Emergency Service Water System



P‑47


Control Complex Chilled Water System



P‑49


Emergency Service Water Screen Wash System



R‑42


D.C. System ‑ batteries, chargers and switchboards


R‑43 (R44, R45,


R46, R47, & R48)
Standby Diesel Generators ‑ and auxiliary systems


b.
Systems Required to Mitigate the Consequences of Pipe Ruptures (to within licensing basis offsite dose limits):


System No.



System Designation



E‑15


Containment Spray (backup for suppression pool only)



E‑53


Containment Isolation System



M‑15


Annulus Exhaust Gas Treatment System


TABLE 3.6‑3 (Continued)


System No.



System Designation



M‑16


Drywell Vacuum Relief System



M‑17


Containment Vacuum Relief System



N‑27


Feedwater Leakage Control System



P‑57


Safety‑Related Instrument Air



T‑23


Reactor Building Containment System



‑


Containment Isolation Valves on all systems


c.
Systems Required to Maintain Control Room Habitability and Access to Other Areas Required to Achieve and Maintain Safe Shutdown:


System No.



System Designation



M‑25


Control Room HVAC System



M‑26


Control Room Emergency Recirculation System



P‑47


Control Complex Chilled Water System


d.
Systems Required to Maintain Safe Long Term Cold Shutdown:


System No.



System Designation



G‑41


Fuel Pool Cooling and Cleanup System



M‑51


Combustible Gas Control System



P‑57


Safety‑Related Instrument Air


e.
Other Items Requiring Protection:



‑


Instrument lines, control wiring and electrical cabling serving the above systems including main control room, remote shutdown panel, panels, and racks.






Safety‑related structures housing the above systems and components


TABLE 3.6‑4


RESTRAINT DATA(1)

  Pipe

Rest


  Size

Load






    Limit

 Initial

Effective

  Total


(Inches)
  Direction
____C2____

 ___n___
 ( Restraint
Clearance

Clearance

Clearance


  12


 0(

 27,733


0.24

6.129

4


1.941

5.941


  12


90(

 14,795


0.401

9.063

4


12.247

16.247


  16


 0(

109,265


0.24

6.278

4


1.934

5.934


  16


90(

 62,599


0.377

8.978

4


12.187

16.187


  24


 0(

102,228


0.24

8.222

4


1.984

5.084


  24


90(

 55,531


0.375

11.972

4


13.685

17.685


  24


38((2)

109,888


0.24

5.588

4


5.698

9.698


  24


52((2)

109,835


0.24

5.473

4


8.462

12.462


NOTES:


(1)
General restraint data for 1 bar of a restraint.



F = C2 (( restraint)n, where ( restraint = ( pipe ‑ total clearance.


(2)
Applies to restraint RCR 3 only.


TABLE 3.6‑5


COMPARISON OF PDA AND NUCLEAR SERVICES CORPORATION CODE


Break
Restraint
Force Vector
No. Bars
    Load
       Restraint Deflection
Percent of Design
Pipe Deflection




         


   (Kips)
     (in.)
Restraint Deflection
    (in.)


ID No. (1)
ID No. (1)
(degrees)(2)
PDA
NSC   
PDA  
NSC 
PDA 
NSC 
PDA
NSC
PDA
NSC


RC1J
RCR1
0
5
5
803.3
788.3
6.6 
7.9  
79.9 
96.4
17.7 
15.6


RC2LL
RCR1
90
5
5
766.4
458.4
15.0
7.5
125.2
62.6
35.8 
24.5


RC3LL
RCR2
0
6
6
747.0
639.7
2.3 
3.7 
27.7
45.4 
17.2 
20.1


RC3LL
RCR2
90
6
6
796.6
780.3
10.2
10.5
85.4
88.1
41.5
43.0


RC4LL
RHR3
0
5
5
846.0
838.4
8.2
8.1
99.2
98.0
18.9
16.4


RC4LL
RCR3
52
8
8
1,319.0
1,073.9
5.4
4.2
99.2
76.9
23.4
17.3


RC4CV
RCR3
38
8
8
1,260.7
1,275.0
4.5
5.6
80.4
99.9
22.6
18.7


RC6AV
RCR3
38
8
8
928.5
722.5
1.3
1.8
22.5
31.7
23.7
95.4


RC7J
RCR7
0
6
6
953.3
801.6
6.3
5.8
76.4
70.1
16.5
21.6


RC8LL
RCR6
90
4
4
599.0
NA(3)
8.3
NA(3)
69.2
NA(3)
26.8
NA(3)

RC8LL
RCR7
90
6
6
895.0
NA(3)
8.2
NA(3)
68.2
      NA(3)
29.3
NA(3)

RC9CV
RCR6
0
4
4
575.8
520.2
4.2
5.5
50.6
67.3
13.2
14.6


RC9LL
RCR8
90
6
6
830.2
546.8
11.4
6.8
95.3
56.9
36.7
26.2


RC11A
RCR8
90
6
6
818.3
493.6
11.0
6.0
91.7
50.1
31.4
23.7


RC12
RCR9
0
6
6
NA(3)
832.9
NA(3)
6.3
NA(3)
76.9
NA(3)
15.7


RC13
RCR10
0
4
4
668.4
478.0
5.9
3.7
93.5
58.4
13.4
10.4


RC14CV
RCR20
0
8
8
285.0
309.6
2.8
5.9
46.3
95.9
15.5
14.0


RC14LL
RCR20
90
8
8
116.3
129.9
1.0
3.4
10.5
37.1
22.0
23.6


RC16
RCR11
0
4
4
687.4
518.4
6.6
4.4
105.1
69.9
15.4
10.2


NOTES:


[image: image41.png](1)
See <Figure 3.6‑49>


(2)
Force Vector Represented as ‑


(3)
NA ‑ Data Not Available










TABLE 3.6‑6


SYSTEMS REQUIRING CONTAINMENT BOUNDARY GUARD PIPES








    Nominal



System


  
Pipe Size (in.)

Penetration Type



Main Steam
26
K



<Section 3.6.2.4.1>



Feedwater
20
Q



RHR Suction
20
J



RCIC Steam
10
J



RCIC Head Spray
6
J



RWCU Suction
6
J



Main Steam Drains
3
J


TABLE 3.6‑7


SUMMARY OF MAIN STEAM PIPING DESIGN ANALYSIS STRESSES AT BREAK LOCATIONS(2)

a.
Main Steam “A” Piping:
        STRESS RATIOS(1)         








Usage



Break
Node
EQ. (10)
EQ. (12)
EQ. (13)
Factor
Break

Break Basis


I.D. No.(2)(4)
No.(3)

2.4Sm


2.4Sm


2.4Sm


U

Type


Section No.(5)


SA1
001
0.560
0.275
0.354
0.00
Circ.
Terminal End


SA2A (SA1A)
002
1.408
1.024
0.479
0.02
Circ.
<Section 3.6.2.1.5.a.2.(c)>


SA2LL (SA1LL)
002
1.408
1.024
0.479
0.02
Long.
<Section 3.6.2.1.5.a.2.(c)>


b.
Main Steam “C” Piping (“B” is a mirror image of Main Steam “C”):



        STRESS RATIOS(1)        








Usage



Break
Node
EQ. (10)
EQ. (12)
EQ. (13)
Factor
Break

Break Basis


I.D. No.(2)
No.(3)

2.4Sm


2.4Sm


2.4Sm


U

Type


Section No.




SC1
001
0.512
0.202
0.363
0.00
Circ.
Terminal End


c.
Main Steam “D” Piping:




        STRESS RATIOS(1)        








Usage



Break
Node
EQ. (10)
EQ. (12)
EQ. (13)
Factor
Break

Break Basis


I.D. No.(2)
No.(3)

2.4Sm


2.4Sm


2.4Sm


U

Type


Section No.




SD1
001
0.542
0.245
0.352
0.00
circ.
Terminal End


TABLE 3.6‑7 (Continued)


NOTES:


(1)
These are the ratios of calculated stresses (by code equation) over allowable stresses.


(2)
See <Figure 3.6‑65> for postulated break locations and break identification.


(3)
See <Figure 3.6‑65a>, <Figure 3.6‑65b>, <Figure 3.6‑65c>, <Figure 3.6‑65d>, <Figure 3.6‑65e>, and <Figure 3.6‑65f> for node locations.


(4)
Perry unique break location designations in parentheses.


(5)
Terminal end as defined in <Section 3.6.2.1.5.a.1>.


TABLE 3.6‑8


SUMMARY OF PIPE DESIGN ANALYSIS STRESSES IN PORTION OF MAIN STEAM


LINES BETWEEN PRIMARY CONTAINMENT ISOLATION VALVES




Cumula‑




tive



        Stress (psi)(2)      
Usage
2.4Sm(3)
3.0Sm(3)

    Line   
Node(1)
EQ. (10)
EQ. (12)
EQ. (13)
Factor
  (psi) 
 (psi)   


Main Steam
28
25,726
 8,380
21,294
0.01
42,480
53,100


Line A


Main Steam
28
26,956
10,347
21,906
 0.01
42,480
53,100


Lines B


and C


Main Steam
29
27,867
11,697
21,209
0.01
42,480
53,100


Line D


NOTES:


(1)
See <Figure 3.6‑65a>, <Figure 3.6‑65c>, and <Figure 3.6‑65e>, for pipe node locations.


(2)
Equation (10), (12) and (13) stresses and cumulative usage factors calculated in accordance with ASME Code, Section III, Subarticle NB‑3650.


(3)
Design stress intensity values, Sm, selected in accordance with Appendix 1 to ASME Code, Section III.


TABLE 3.6‑9


SUMMARY OF RECIRCULATION PIPING DESIGN ANALYSIS STRESSES AT BREAK LOCATIONS(2)



________STRESS RATIOS(1)_______







Usage


  Break
Node
EQ. (10)
EQ. (12)
EQ. (13)
Factor
Break
Break Basis


I.D. No.(2)
No.(3)
_2.4 Sm

_2.4 Sm

_2.4 Sm

___U__
Type_

Section No.(4)



RS1
5
0.82
0.21
0.50
0.00
Circ.
Terminal End



RD1
308
0.86
0.19
0.51
0.00
Circ.
Terminal End



RD2
328
1.08
0.29
0.51
0.00
Circ.
Terminal End



RD3
348
1.18
0.15
0.55
0.00
Circ.
Terminal End



RD4
368
1.07
0.25
0.50
0.00
Circ.
Terminal End



RD5
388
0.95
0.29
0.49
0.00
Circ.
Terminal End



RD7LL
216
1.64
0.52
0.82
0.12
Long.
<Section 3.6.2.1.5>



RD7
216
1.64
0.52
0.82
0.12
Circ.
<Section 3.6.2.1.5>


NOTES:


(1)
These are the ratios for calculated stresses (by code equation) over allowable stresses.


(2)
See <Figure 3.6‑66> and <Figure 3.6‑66a> for postulated break locations and break identification.


(3)
See <Figure 3.6‑66b> for node locations.


(4)
Terminal ends as defined in <Section 3.6.2.1.5.a.1>.


TABLE 3.6‑10


FEEDWATER PIPING SYSTEM OPERATING STRESSES(1) AT BREAK LOCATIONS INSIDE CONTAINMENT


  Break
Node
EQ. (10)
EQ. (12)
EQ. (13)
 Usage
Break
Break Basis


I.D. No.(2)
No.(3)
_2.4 Sm

_2.4 Sm

_2.4 Sm

Factor
Type_

Section No.(4)



W1
435
1.117
0.572
0.595
0.03
Circ.
Terminal End



W3LL
125
1.698
0.745
1.015
0.20
Long.
<Section 3.6.2.1.5.a.2.c>



W4
335
0.935
0.479
0.665
0.02
Circ.
Terminal End



W5A
333
1.579
0.998
0.580
0.10
Circ.
<Section 3.6.2.1.5.a.2.c>



W5LL
333
1.579
0.998
0.580
0.10
Long.
<Section 3.6.2.1.5.a.2.c>



W6LL
110
2.309
1.137
1.158
0.64
Long.
<Section 3.6.2.1.5.a.2.c>



W7
275
1.092
0.539
0.535
0.06
Circ.
Terminal End



W10LL
 95
1.640
0.650
1.192
0.20
Long.
<Section 3.6.2.1.5.a.2.c>


NOTES:


(1)
Ratio of calculated to allowable stress.


(2)
Terminal end as defined in <Section 3.6.2.1.5.a.1>.


TABLE 3.6‑11


EMERGENCY CORE COOLING SYSTEM OPERATING STRESSES AT BREAK LOCATIONS



Break(2)
Node
EQ. (10)(1)
EQ. (12)(1)
EQ. (13)(1)
Usage
Break
Break Basis


I.D. No.

No.

___PSI

___PSI

___PSI

Factor
Type


Section No. (3)




LPA 1
 1
118,285
14,497
59,171
0.46
Circ.
Terminal End



LPA3B
 8
103,641
35,358
26,373
0.06
Circ.
<Section 3.6.2.1.5.a.5.b>



LPB4B
25
110,489
 8,380
58,064
0.21
Circ.
<Section 3.6.2.1.5.a.2.c>



LPB4BLL
25
110,489
 8,380
58,064
0.21
Long.
<Section 3.6.2.1.5.a.2.c>



LPB4A
28
104,168
 6,004
55,771
0.15
Circ.
<Section 3.6.2.1.5.a.2.c>



LPB4ALL
28
104,168
 6,004
55,771
0.15
Long.
<Section 3.6.2.1.5.a.2.c>



LPB1
32
121,234
11,489
57,640
0.63
Circ.
Terminal End



LPC1
29
121,100
 6,835
58,164
0.48
Circ.
Terminal End



LPC4A
26
100,721
 3,949
55,446
0.12
Circ.
<Section 3.6.2.1.5.a.2.c>



LPC4ALL
26
100,721
 3,494
55,446
0.12
Long.
<Section 3.6.2.1.5.a.2.c>



LPC4B
23
115,229
 5,277
56,683
0.23
Circ.
<Section 3.6.2.1.5.a.2.c>



LPC4BLL
23
115,229
 5,277
56,683
0.23
Long.
<Section 3.6.2.1.5.a.2.c>



LPA5
 4
 59,905
 6,796
26,674
0.14
Circ.
<Section 3.6.2.1.5.a.2.c>



LPA5LL
 4
 59,905
 6,796
26,674
0.14
Long.
<Section 3.6.2.1.5.a.2.c>



LPA6LL
SW
 82,924
10,583
27,985
0.20
Long.
<Section 3.6.2.1.5.a.2.c>


TABLE 3.6‑11 (Continued)



Break(2)
Node
EQ. (10)(1)
EQ. (12)(1)
EQ. (13)(1)
Usage
Break
Break Basis


I.D. No.

No.

___PSI

___PSI

___PSI

Factor
Type


Section No. (3)




HC1
27
 90,326
 6,956
41,302
0.37
Circ.
Terminal End



HC4
C 24
 84,930
 5,673
48,155
0.19
Circ.
<Section 3.6.2.1.5.a.2.c>



HC4LL
C24
 84,930
 5,673
48,155
0.19
Long.
<Section 3.6.2.1.5.a.2.c>



HC5A
24
 80,029
 1,889
54,268
0.14
Circ.
<Section 3.6.2.1.5.a.2.c>



HC5ALL
24
 80,029
 1,889
54,268
0.14
Long.
<Section 3.6.2.1.5.a.2.c>



HC5B
21
 89,729
 5,463
55,213
0.16
Circ.
<Section 3.6.2.1.5.a.2.c>



HC5BLL
21
 89,729
 5,463
55,213
0.16
Long.
<Section 3.6.2.1.5.a.2.c>



LC1
27
 62,851
11,628
33,041
0.07
Circ.
Terminal End



LC2A
26
 68,654
28,549
16,470
0.10
Circ.
<Section 3.6.2.1.5.a.2.c>



LC2LL
26
 68,070
28,100
15,858
0.09
Long.
<Section 3.6.2.1.5.a.2.c>



LC6
21
 69,439
 2,965
39,245
0.05
Circ.
<Section 3.6.2.1.5.a.2.c>



LC6LL
21
 69,439
 2,965
39,245
0.05
Long.
<Section 3.6.2.1.5.a.2.c>


NOTES:


(1)
3 Sm = 53,100 psi.


(2)
See <Figure 3.6‑18>, <Figure 3.6‑69a>, and <Figure 3.6‑69b> for postulated break locations and break identification in LPCI, LPCS and HPCS, respectively.


(3)
Terminal end is as defined in <Section 3.6.2.1.5.a.1>.


TABLE 3.6‑12


FLUID BLOWDOWN THRUST TIME HISTORIES FOR


MAIN STEAM PIPING SYSTEM


a.
Line A ‑ Inside Containment (for NSSS Design and Analysis):


Break
    Type     Side


Loca‑
     Of       Of  
   Fo

Fint
    Fss
   t1
      t2

tion(1)(2)      Break    Break   (kips)  (kips)   (kips)  (sec)   (sec)



SA1
Circ.
Turbine
446
312
208
.0037
.0988


SA2A (SA1A)
Circ.
Vessel
446
446
497
.00187
.01227


SA2A (SA1A)
Circ.
Turbine
446
312
208
.0037
.0988


SA2LL (SA1A)
Long.
‑
446
446
519
.00122
.00263


[image: image38.wmf]

TABLE 3.6‑12 (Continued)


b.
Lines B, C ‑ Inside Containment (For NSSS Design and Analysis):


Break
    Type     Side


Loca‑
     Of       Of  
   Fo

Fint
    Fss
   t1
      t2

tion(1)(2)      Break    Break   (kips)  (kips)   (kips)  (sec)   (sec) 


SC1
Circ.
Turbine
446
312
208
.0037
.0948


[image: image39.wmf]

c.
Line D ‑ Inside Containment (for NSSS Design and Analysis):


Break
    Type     Side


Loca‑
     Of       Of  
   Fo

Fint
    Fss
   t1
      t2

tion(1)(2)      Break    Break   (kips)  (kips)   (kips)  (sec)   (sec) 


SD1
Circ.
Turbine
446
312
208
.0037
.0988


[image: image40.wmf]

TABLE 3.6‑12 (Continued)


d.
26” Breaks ‑ Inside Containment (for BOP Design Analysis):(3)

Flow Element Side of Break(4)


Time (seconds)
Thrust (Kips)



0‑.001
0‑450



.001‑.003
450



.003‑.009
315



.009‑00
186


Unrestricted Side of Break(2)


Time (seconds)
Thrust (Kips)



0‑.001
0‑450.



.001‑.091(5)
305.


e.
28” Breaks ‑ Outside Containment(6)

Break
 Time (sec)
Thrust (Kips)


SA‑2, SA‑3, SA‑4, SA‑5, SA‑6,


SA‑7, SA‑8, SA‑9


Longitudinal Break (25.15” I.D.)
    0.‑.0118
0 ‑ 509




.0118 ‑ .24
    509




  .25 ‑ 00
    439


Double‑Ended Break



Reactor Side (25.15” I.D.)
    0.‑.001
0 ‑ 509




 .001 ‑ .31
    509




  .31 ‑ 00 
    425



Turbine Side (25.15” I.D.)
    0.‑.001
0 ‑ 509




 .001 ‑ .31
    509




  .31 ‑ 00 
    366


NOTES:


(1)
See <Figure 3.6‑65> for postulated break locations and break identifications.


(2)
Perry unique break location designations in parenthesis.


(3)
See <Figure 3.6‑65> for identification of postulated break locations.


(4)
I.D. of piping is 23.65”.  Credit is taken for the main steam flow element (I.D. = 12.125”) on one side of full circumferential breaks.


(5)
Will decrease after this time.


(6)
See <Figure 3.6‑75> for identification of postulated break locations.


TABLE 3.6‑13


FLUID BLOWDOWN THRUST TIME HISTORIES FOR


RECIRCULATION PIPING SYSTEM


Break
    Type     Side


Loca‑
     Of       Of  
   Fo

Fint
    Fss
   t1
      t2

tion(1)        Break    Break   (kips)  (kips)   (kips)  (sec)   (sec)



RD1
Circ.
Pump
135
115
128
.00183
.02733


RD2
Circ.
Pump
135
115
128
  .00183
 .02733


RD3
Circ.
Pump
135
115
128
  .00183
 .02733


RD4
Circ.
Pump
135
115
128
  .00183
 .02733


RD5
Circ.
Pump
135
115
128
  .00183
 .02733


RD7LL
Long.
‑
214
189
196
  .00036
 .03348


RD7
Circ.
Pump
135
101
115
  .00036
 .0238


RD7
Circ.
Vessel
135
 93
 52
  .00212
 .01978


RS1
Circ.
Pump
323
285
149
  .00178
 .08104


NOTE:


(1)
See <Figure 3.6‑66> for identification of postulated break locations.


TABLE 3.6‑14


FLUID BLOWDOWN THRUST TIME HISTORIES FOR


FEEDWATER PIPING SYSTEM


This information is presented by <Figure 3.6‑95>, <Figure 3.6‑96>, <Figure 3.6‑97>, and <Figure 3.6‑98>.


TABLE 3.6‑15


FLUID BLOWDOWN THRUST TIME HISTORIES FOR


EMERGENCY CORE COOLING PIPING SYSTEM





Time (sec)



    Thrust (kips)





  0‑0.001





   0 ‑ 128





  0.001‑(





  128


TABLE 3.6‑16


BLOWDOWN THRUSTS ‑ HIGH ENERGY PIPE


BREAKS OUTSIDE CONTAINMENT









 Initial
  Steady-









 Blowdown
  State





 Line
 Break
  Thrust
  Thrust


System
   Size (in.)
 Type 
   (lbs) 
   (lbs) 
Remarks


Main Steam
28
Long.
509,000
439,000
See Note(2)

Main Steam
28
Circ.
509,000
425,000
Reactor side(3)

Main Steam
28
Circ.
509,000
366,000
Turbine side(3)

Feedwater
20
Circ.
265,000
99,000
Pump side(4)

Feedwater
20
Long.
265,000
99,400
See Note(5)

Feedwater
36
Long.
1,200,000
390,000
See Note(6)


Feedwater
36
Circ.
1,200,000
390,000
See Note(8)

Main Steam


  Drains
1‑1/2
Circ.
1,720
See Note(7)

Main Steam


  Drains
 2
Circ.
2,740
See Note(7)

Main Steam


  Drains
 3
Circ.
6,610
See Note(7)

RWCU
 4
Circ.
14,000
See Note(7)

RWCU
 4
Long.
14,000
See Note(7)

RWCU
 6
Circ.
32,250
See Note(7)

RWCU
 6
Long.
32,250
See Note(7)

CRD Supply
2‑1/2
Circ.
13,000
100


Auxiliary


  Steam
1‑1/2
Circ.
340
See Note(7)

Auxiliary Steam
 3
Circ.
1,422
See Note(7)

Auxiliary Steam
 4
Circ.
2,450
See Note(7)

Auxiliary Steam
 4
Long.
2,450
See Note(7)

Auxiliary Steam
10
Circ.
15,181
See Note(7)

Auxiliary Steam
10
Long.
15,181
See Note(7)

RCIC Steam
10
Circ.
147,600
88,000


  Supply


Reactor Core
 4
Circ.
17,000
13,400


  Isolation


   Cooling


TABLE 3.6‑16 (Continued)


NOTES:


(1)
(Deleted)


(2)
Break number SA2LL, <Figure 3.6‑75> is typical.


(3)
Break number SA3, <Figure 3.6‑75> is typical.


(4)
Break number WA1 and WB1, <Figure 3.6‑76> is typical.


(5)
Break number WA2LL and WB2LL, <Figure 3.6‑76> is typical.


(6)
Break number W9LL, <Figure 3.6‑76> is typical.


(7)
Magnitude of the steady-state blowdown thrust is a function of the location of the break relative to the pressure reservoir.  For design pressure, the initial thrust is assumed to govern jet effects analysis.


(8)
Break number W9, <Figure 3.6‑76> is typical.


TABLE 3.6‑17


PIPE WHIP ANALYSIS EMPLOYING STRAIN


ENERGY METHODS OR COMPONENT DAMAGE STUDIES


Impacting


Impacted System

Description of Protection


_System _


_ or Component_

_    or Qualification   _


B‑21



Restraints


Energy‑absorbing U‑bolt or


Main Steam






frame restraints inside containment ‑ <Section 3.6.2.3.3>


B‑33



Restraints


Energy‑absorbing U‑bolt or


Recirculation






frame restraints inside containment ‑ <Section 3.6.2.3.3>


N‑27



Restraints


Energy‑absorbing U‑bolt or


Feedwater







frame restraints inside and outside containment ‑ <Section 3.6.2.3.3>


E‑12, 21, 22

Restraints


Energy‑absorbing U‑bolt or


ECCS Lines






frame restraints inside and outside containment ‑ <Section 3.6.2.3.3>


E‑51



Restraints


Energy‑absorbing U‑bolt or


RCIC Steam






frame restraints inside and outside containment ‑ <Section 3.6.2.3.3>


Other High‑

Restraints


Energy‑absorbing U‑bolt


Energy Lines






restraints inside containment ‑ <Section 3.6.2.3.3>


M‑29



M‑23 HVAC Duct


Low pressure steam line


Control Rm.

M‑25 HVAC Duct


impacts safety‑related


& Computer






duct with negligible


Humidifier






energy


N‑11



Nonsafety



No impacted safe shutdown


Main Steam in

Steam Tunnel


components


Turbine Building


Steam Tunnel


N‑27



Nonsafety



No impacted safe shutdown


Feedwater in

Steam Tunnel


components


Turbine Building


Steam Tunnel


TABLE 3.6‑18


SUMMARY OF SAFETY CLASS 1 HIGH ENERGY PIPING SYSTEM


OPERATING STRESS EXCEEDING BREAK POSTULATION CRITERIA






Stress Ratio(1)________


  Sub

Break(2)

Usage


 System 
Node
I.D. No.
EQ. (10)
EQ. (12)
EQ. (13)
Factor


N27



125
W3LL
1.698
0.745
1.015
0.20



333
W5A
1.579
0.998
0.580
0.10



333
W5ALL
1.579
0.998
0.580
0.10



110
W6LL
2.309
1.137
1.158
0.64



95
W10LL
1.640
0.650
1.192
0.20



67
W11
0.839
0.072
1.184
0.40



67
W11LL
0.839
0.072
1.184
0.40


B21
02
SA2A(SA1A)
1.408
1.024
0.479
0.02



02
SA2LL(SA1LL)
1.408
1.024
0.479
0.02


B33
216
RD7LL
1.64
0.52
0.82
0.12



216
RD7
1.64
0.52
0.82
0.12


1E12G09
01
LPA1
2.784
0.341
1.393
0.46



04
LPA5
1.410
0.160
0.628
0.14



SW
LPA6LL
1.952
0.249
0.659
0.20


1E12G10
25
LPB4B
2.601
0.197
1.367
0.21



28
LPB4A
2.452
0.141
1.313
0.15



32
LPB1
2.854
0.270
1.357
0.63


1E12G11
29
LPC1
2.851
0.161
1.369
0.48



26
LPC4A
2.371
0.093
1.305
0.12



23
LPC4B
2.713
0.124
1.334
0.23


1E22G04
27
HC1
2.126
0.164
0.966
0.37



C24
HC4
1.999
0.134
1.134
0.19



24
HC5A
1.884
0.044
1.277
0.14



21
HC5B
2.112
0.129
1.300
0.16


1C41G05
7
SL5
2.240
0.314
1.098
0.32



9
SL7
1.878
0.161
1.114
0.11



10
SL14
1.786
0.101
1.134
0.07



8
SL6
1.879
0.216
1.031
0.11



27
SL13
1.917
0.160
0.980
0.11


TABLE 3.6‑18 (Continued)





Stress


  Sub

Break
Ratio(1)
Usage


 System  
Node
I.D. No.
EQ. (10)
EQ. (12)
EQ. (13)
Factor


1E51G07
46
HS1
1.958
0.106
0.921
0.27



1
HS2
2.185
0.091
1.262
0.79



4
HS3
2.176
0.055
1.263
0.75



99
HVL7
1.648
0.056
0.860
0.19



101
HVL8
1.342
0.053
0.942
0.18



81
HVL3
0.987
0.00
0.00
0.26



82
HVL16
0.843
0.00
0.00
0.10


1G33G01



1
RW43
1.352
0.448
1.138
0.02



190
RW229
1.900
0.750
1.162
0.06



8
RW39/RW39LL
1.828
0.177
1.185
0.07



5N
RW303
1.609
0.698
1.063
0.01



115
RW34
1.065
0.204
1.020
0.02


NOTES:


(1)
Stress ratio is the calculated stress divided by 2.4 Sm

(2)
Perry unique break locations designations in parenthesis.
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3.7      SEISMIC DESIGN


3.7.1      SEISMIC INPUT


Geologic and seismologic surveys of the site were conducted to establish two design earthquakes with different intensities of ground motion.  These are the operating basis earthquake (OBE) and the safe shutdown earthquake (SSE).


The OBE is postulated to be the earthquake which could reasonably be expected to affect the plant site during the operating life of the plant.  The OBE produces the vibratory ground motion for which the Seismic Category I structures, systems and components are designed to remain operational without undue risk to the health and safety of the public.  The OBE is considered to be a modified Mercalli Intensity VI as measured at the site <Section 2.5.2.7>.


The SSE represents the strongest vibratory ground motion earthquake for which these features (as mentioned for OBE) are, as a minimum, designed to remain functional.  The SSE is considered to be a modified Mercalli Intensity VII as measured at the site <Section 2.5.2.4> and <Section 2.5.2.6>.


These Seismic Category I structures, systems and components, and the seismically analyzed systems and components of the plant are necessary to assure:  (1) the integrity of the reactor coolant pressure boundary, (2) the capability to shut down the reactor and maintain it in a safe shutdown condition or (3) the capability to prevent or mitigate the consequences of accidents which could result in potential offsite exposures comparable to the guideline exposure of <10 CFR 100>.


The design earthquakes, OBE and SSE, for the plant are specified by OBE and SSE design response spectra.  These criteria are based on the plant site geologic investigations and seismologic recommendations as 


discussed in <Section 2.5>.  These spectra represent earthquake ground 


motions which are potentially damaging to structures.  While these spectra could be exceeded by ground motion “spikes” above 10 Hz such as those caused by the January 31, 1986, earthquake, extensive investigations concerning the effects of these high‑frequency motions, both from structure/equipment evaluations as well as seismological considerations, demonstrate the adequacy of the spectra used for design.  Further discussion on this subject is included in <Section 3.7.4.4.2>.


3.7.1.1      Design Response Spectra


Design response spectra for the SSE and OBE, as shown in <Figure 3.7‑1>, <Figure 3.7‑2>, <Figure 3.7‑3>, and <Figure 3.7‑4>, comply with <Regulatory Guide 1.60>.  As shown in these figures, the vertical component is 2/3 of the horizontal component in the frequency region lower than 2.5 cps and the vertical and horizontal components are equal in the frequency regions higher than 3.5 cps.  These have been developed as described in <Section 2.5.2>, which also contains the following information:


a.
Historical data showing the distance and depth of reported earthquakes relative to the plant site.


b.
No earthquake record exists at or near the plant site for calculating amplification factors, other than as discussed in <Section 3.7.1> for high frequency ground motions.


c.
Earthquake duration is estimated as 10 seconds.


Safety class structures are founded in shale or on materials with equivalent seismic properties (see <Section 3.7.1.4> for further discussion), and hence, no site dependent analysis is used.  A 12‑inch layer of porous concrete is used between the shale and foundation slabs 


of safety class structures.  The porous concrete has a modulus of elasticity in excess of 1.2 x 106 psi and a minimum shear wave velocity of 4,400 fps, which is equivalent to that of the underlying shale.


3.7.1.2      Design Time History


The response spectra derived from synthetic earthquake time‑motion records are as shown on <Figure 3.7‑5>, <Figure 3.7‑6>, <Figure 3.7‑7>, <Figure 3.7‑8>, <Figure 3.7‑9>, and <Figure 3.7‑10>.  The synthesized OBE time‑history accelograms are shown in <Figure 2.5‑92>, <Figure 2.5‑93>, and <Figure 2.5‑94>.  Since a time history simulating ground design response spectrum with 1 percent damping is not used, the comparison is not shown in these figures.


The method of time history generation is as described in <Section 2.5.2.6.1>.  The spectrum values were calculated for each damping value at 200 points equally spaced on a logarithmic scale between 0.02 sec and 4 sec.  The same time history was generated to match spectra with 2, 5, 7, and 10% damping values.  Thus, many iterations were required to match all four damping values at 800 calculated points.  With so many points calculated to match the target design response spectra, there should be no concern about values in between calculated points.


3.7.1.3      Critical Damping Values


The specific percentage of critical damping values for safety class structures and soil‑structure interaction are as shown in <Table 3.7‑1>.  These values comply with <Regulatory Guide 1.61>.  A weighted damping technique described in (Reference 1) is used.  Theoretically, the weighted damping technique considers the hysteretic and the viscous soil damping contributions.  The hysteretic soil damping is strain dependent and is determined from tests as reported in <Section 2.5.2>.  The viscous soil damping is due to radiational energy lost to the 


semi‑infinite half space.  For the seismic analysis used in this plant, 


the hysteretic damping in combination with a small percentage of theoretical viscous damping is used as a conservative approach.


The justification of using viscous damping was demonstrated in the NRC <NUREG/CR‑1665> report, which compares the calculated responses vs. observed responses.  The calculated response value was based on 100% of the viscous damping and was 2 to 9 times higher than the original design value, yet there was essentially no damage to the El Centro Steam Power Plant due to the 1979 El Centro earthquake.


3.7.1.4      Supporting Media for Seismic Category I Structures


Seismic Category I structures that are supported on soil are as follows:
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Diesel Generator Building

  50
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Offgas Buildings



  15



Upper Till


Radwaste Building



   6



Fill Concrete


The lower till is a dense granular material with material properties similar to the underlying rock for seismic design, therefore, no amplification of seismic input will occur due to the thickness of lower till between the foundations and rock.  See <Section 2.5.4> for a discussion of the properties of soil as affecting seismic analysis.  Design of foundations is discussed in <Section 3.8.5>.


For foundations extending down only into upper till, the upper till material was removed down to the lower till and backfill was placed.  


The backfill consisted of compacted granular material described as Class A fill in <Section 2.5.4>.  The material and dynamic properties of Class A fill are given in <Section 2.5.4>.  The amplification of seismic 


responses due to Class A fill was taken into account by utilizing a two dimensional plane strain finite element model which includes the structure and foundation bearing materials.  The structure was modeled using beam elements and the Class A fill was modeled using plane strain 


elements.  The thickness of the plane strain element was taken as the width of the structure.  Time history excitation was input at the base of the model.  Therefore, any amplification at the foundation level is reflected by the dynamic analysis of the structure.


A linear finite element method is used to evaluate the soil structure interaction for the diesel generator and offgas buildings sitting on Class A fill.  For this analysis, the upper and lower soil shear moduli and strain dependent soil properties were used in two separate analyses to cover any significant variation of soil properties.


In the finite element analysis, the deconvolution of the SSE value from the grade to the base rock was not applied.  The SSE value was conservatively applied at the base rock and amplified through the soil.  Furthermore, the energy absorbing boundary was not applied to the model.  Due to the above two conservative steps used, the analytical results are expected to be higher than actual responses.


3.7.2      SEISMIC SYSTEM ANALYSIS


3.7.2.1      Seismic Analysis Methods


3.7.2.1.1      Balance of Plant


Seismic Category I structures, except for the cooling water tunnels, were analyzed by using the simulated time history as described in <Section 3.7.1.2> as input.


In the analysis, system stiffness matrix, frequencies, structural responses, and floor responses were obtained by use of the computer 


program DYNAL (Reference 2).  A description of DYNAL is given in <Section 3.8.1.4.3> and <Section 3.8.4.4.1>.  The Householder‑Ortega‑Wielandt method described in DYNAL was used in the modal analysis to obtain the frequencies and mode shapes.  Structural responses were obtained by superposition of modal responses of all significant modes as described in <Section 3.7.3.5>.  The significant modes are as shown in <Table 3.7‑4>.  Since higher modes have smaller participation factors and smaller spectral values, the inclusion of additional modes do not result in more than 10% increase in response.  Time histories of structural responses, at mass points of interest, were used to generate the floor response spectra.  A response spectra scaling method was used in lieu of the square‑root‑of‑the‑sum‑of‑the‑squares (SRSS) method to account for coupling between horizontal and vertical responses.  This method was shown to provide conservative results when compared to the SRSS spectra and the design spectra.  Analysis and design of structures for dynamic loads including stress criteria are discussed in <Section 3.8>.  The concrete structural elements were assumed to have linear elastic properties.


The responses due to two horizontal and one vertical input were combined by taking the square root of the sum of the squares, i.e.,:


Total Response =  
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= Responses due to the x, y and z inputs, respectively.


Examples of lumped mass models are shown in <Figure 3.7‑11> and <Figure 3.7‑14>.  The mass points of a building are chosen at the points of physical mass concentration (e.g., heavy floors, and include the masses of floors, equipment and walls as required).


For details of the analysis of the tunnels for the cooling water system, see <Section 3.8.4.4>.


Floor response spectra are used in the seismic specification and issued to vendors of purchased safety class equipment and components.  The vendors are responsible for equipment qualification based on the issued floor response spectrum.  See <Section 3.7.3> for more information.


A summary listing of various methods for seismic analysis of Seismic Category I structures is given in <Table 3.7‑2>.


<Figure 3.7‑11>, <Figure 3.7‑12>, <Figure 3.7‑13>, and <Figure 3.7‑14> show the mathematical models used in the seismic analysis of the reactor building, auxiliary building, intermediate/fuel handling buildings, and control complex, respectively.


3.7.2.1.2      NSSS


Analysis of Seismic Category I NSSS systems and components is accomplished using the response spectrum or time‑history approach.  Either approach utilizes the natural period, mode shapes and appropriate damping factors of the particular system.  Certain pieces of equipment having very high natural frequencies were analyzed statically.  In some cases, dynamic testing of equipment were used for seismic qualification.


The time history analyses involve the solution of the equations of the dynamic equilibrium <Section 3.7.2.1.2.1> by means of the methods discussed in <Section 3.7.2.1.2.2>.  In this case, the duration of motion is of sufficient length to ensure that the maximum values of response have been obtained.


A response spectrum analysis involves the solution of the equations of motion <Section 3.7.2.1.2.1> by the method discussed in <Section 3.7.2.1.2.3>.


Analytical results for some selected large Seismic Category I equipment are given in <Table 3.7‑3>.


3.7.2.1.2.1      The Equations of Dynamic Equilibrium


Assuming velocity proportional damping, the dynamic equilibrium equations for a lumped mass, distributed stiffness system are expressed in matrix form as:
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Where:
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=
Time dependent displacement of nonsupport points relative to the supports.
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=
Time dependent velocity of nonsupport points relative to the supports.
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=
Time dependent acceleration of nonsupport points relative to the supports.
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=
Diagonal matrix of lumped masses.
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=
Damping matrix.
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=
Stiffness matrix.
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=
Time dependent inertial forces acting at nonsupport points.


3.7.2.1.2.2      Solution of the Equations of Motion by Mode Superposition


The first technique used for the solution of the equations of motion is the method of mode superposition.


The set of homogenous equations represented by the undamped free vibration of the system is:
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(3.7‑1)


Since the free oscillations are assumed to be harmonic, the displacements can be written as:
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(3.7‑2)


Where:
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=
Column matrix of the amplitude of displacements.
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=
Circular frequency of oscillation.
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=
Time.
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=
Column matrix of maximum nodal displacements.


Substituting Equation 3.7‑2 and its derivatives in Equation 3.7‑1, noting that 
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(3.7‑3)


Equation 3.7‑3 is the classical algebraic eigenvalue problem wherein the eigenvalues are related to the frequencies of vibrations 
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 and the eigenvectors are the mode shapes, 
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3.7.2.1.2.3      Analysis by Response Spectrum Method


As an alternative to the step by step mode superposition method described in <Section 3.7.2.1.2.2>, the response spectrum method may be used.  The response spectrum method is based on the fact that the modal 


responses can be expressed as a set of integral equations, rather than a 


set of differential equations.  The advantage of this form of solution is that for a given ground motion the only variables under the integral are the damping factor and the frequency.  Thus, for a specified damping factor it is possible to construct a curve which gives a maximum value of the integral as a function of frequency.  This curve is called a response spectrum for the particular input motion and the specified damping factor.  The integral has units of velocity.  Consequently, the maximum of the integral is called the spectral velocity.


Using the calculated natural frequencies of vibration of the system, the maximum values of the modal responses are determined directly from the appropriate response spectrum.  The modal maxima are then combined as discussed in <Section 3.7.3.7>.


3.7.2.1.2.4      Support Displacement in Multi‑Supported Structures


The preceding sections have discussed analysis procedures for forces and displacements induced by time dependent support accelerations.  In a multi‑supported structure there are, in addition, time dependent support displacements which produce additional displacements at non‑support points and pseudo‑static forces at both support and non‑support points.


The governing equation of motion of a structural system which is supported at more than one point and has different excitations applied at each may be expressed in the following concise matrix form:
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(3.7‑4)


Where:
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=
Displacement of active (unsupported) degrees of freedom.





[image: image26.wmf]s


U




=
Specified displacements of support points.
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=
Lumped diagonal mass matrices associated with the active degrees of freedom and the support points.
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=
Damping matrix expressing the forces developed in the active degrees of freedom.
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=
Elastic stiffness matrix expressing the forces developed in the active degrees of freedom.
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=
Support forces due to the unit velocities and displacement of the supports.
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=
Damping and stiffness matrices denoting the coupling forces developed in the active degrees of freedom by the motion of the supports (and vice versa).
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=
Prescribed external time‑dependent forces applied on the active degrees of freedom.
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=
Reaction forces at the system support points.


The procedure utilized to construct the damping matrix is discussed in <Section 3.7.2.15>.  The mass matrix and elastic stiffness matrix are formulated by using standard procedures.


Equation 3.7‑4 can be separated into two sets of equations.  The first set of equations can be written as:
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(3.7‑5a)


and the second set as:
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(3.7‑5b)


The timewise solution of Equation 3.7‑5a is obtained by using the standard normal mode solution technique.  After obtaining the displacement response of the active degrees of freedom, 
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, Equation 3.7‑5b then can be used to solve the support point reaction forces, 
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.  Modal damping is used to determine the solutions of the uncoupled form of Equation 3.7‑5a.  The procedure is identical to that discussed in <Section 3.7.2.15>.


When the equipment is supported at two or more locations, an upper bound envelope of all the individual response spectra is used to calculate maximum inertial responses of multiple supported items.  Alternately, the worst single floor response spectrum selected from a set of floor response spectra obtained at various floors may be applied identically 


to all the floors, provided there is no significant shift in frequencies of the spectra peaks.


In lieu of the response spectrum approach, time histories of support motions may be used as excitation to the subsystems.  Because of the increased analytical effort compared to the response spectrum techniques, usually only a major equipment system (i.e., RPV and intervals) would warrant a time history approach.  The time history approach does, however, provide more realistic results in some cases as compared to the response spectrum envelope method for multiple support systems.


The relative displacement between supports is determined from the dynamic analysis of the structure.  The relative support point displacements are used for a static analysis to determine the secondary stresses due to support displacements.  Further details are given in <Section 3.7.2.1.2.5>.


3.7.2.1.2.5      Differential Seismic Movement of Interconnected Components


The procedure for considering differential displacements for equipment anchored and supported at points with different displacement excitation is discussed in the paragraphs that follow.


The relative displacements between the supporting points induce additional stresses in the equipment supported at these points.  From the dynamic analysis of the complete structure, the time history of displacement at each supporting point is available.  These displacements are used to calculate stresses.


In the static calculation of the stresses due to relative displacements in the response spectrum method, the maximum value of the modal displacement is used.  Therefore, the mathematical model of the 


equipment is subjected to a maximum displacement at its supporting points obtained from the modal displacements.  This procedure is repeated for the significant modes (modes contributing the most to the total displacement response of the supporting point) of the structure.


The meaning of “significant” modes is further explained as follows:  All modes within a frequency range of interest are included in the dynamic analysis.  Generally, the number of modes considered for the analysis of any given system is dependent on the system characteristics and the amplitude/frequency content of the input forcing functions.  The criterion is to choose the number of modes to cover the peak responses of the applicable loads to totally represent the actual system responses at the peak response frequency ranges.  In accordance with SRP 3.7‑2, 


Section II.1.a(5), the participation of all significant modes is assured when the inclusion of additional modes does not result in more than a 10 percent increase in responses.


The total stresses due to the relative anchor/support displacements are obtained by combining the modal results using the SRSS method.  Since the maximum displacement for different modes do not occur at the same time, the SRSS method is a realistic and practical method.


When a component is covered by the ASME Boiler and Pressure Vessel Code, the stresses due to relative displacement as obtained above are treated as secondary stresses for piping and primary stresses for supports.


3.7.2.1.2.6      Seismic Qualification by Testing


For certain Seismic Category I equipment and components where dynamic testing is necessary to ensure functional integrity, test performance data and results will reflect the following:


a.
Performance data of equipment which, under the specified conditions, has been subjected to dynamic loads equal to or greater 



than those to be experienced under the specified seismic conditions.


b.
Test data from previously tested comparable equipment which, under similar conditions, has been subjected to dynamic loads equal to or greater than those specified.


c.
Actual testing of equipment in accordance with one of the methods described in <Section 3.9> and <Section 3.10>.


Alternate test procedures that satisfy the requirements of these criteria will be allowed, subject to review by the responsible engineer.


3.7.2.2      Natural Frequencies and Response Loads


The first few significant natural frequencies for representative Seismic Category I structures are presented in <Table 3.7‑4>.  The response spectra at various critical locations within the Category I structures were generated to define the seismic environment at the equipment location for the subsystem analysis.


Response loads (displacements, accelerations and mass) which were determined by seismic analysis are shown in <Table 3.7‑5> for the reactor building, auxiliary building, control complex, and intermediate/fuel handling buildings for the OBE.  Mode shapes are presented in <Table 3.7‑6>, <Table 3.7‑7>, <Table 3.7‑8>, and <Table 3.7‑9>.


3.7.2.3      Procedures Used for Modeling


Two basic techniques were used to model the Seismic Category I structures.  In the first technique, the dynamic system was represented by a system of lumped masses located at the elevations of mass concentration, such as floor slabs.  For structures such as the 


containment shield building having continuous mass distribution, a sufficient number of mass points were chosen so that the vibration mode of interest was adequately defined.  Soil is represented by springs.  This modeling procedure was used for all the Seismic Category I structures with the exception of the diesel generator and offgas buildings.


In the second technique applied to the diesel generator and offgas buildings, the soil was represented as a two dimensional finite element model using triangular elements.  The degree of refinement in the mathematical model was based upon the complexity of the actual structures and the information required from the analysis.


<Figure 3.7‑11>, <Figure 3.7‑12>, <Figure 3.7‑13>, and <Figure 3.7‑14> show the mathematical models used in the seismic analysis of the reactor building, auxiliary building, intermediate/fuel handling buildings, and control complex, respectively.


When subsystems are uncoupled from the system analysis, the energy feedback is ignored.  Thus, more conservative results are generated for both subsystem and system responses (Reference 13).  In this plant design, only the reactor vessel is coupled with the structure in the dynamic analysis.  All other equipment is uncoupled from the structures.


The cooling and emergency service water tunnels were analyzed for seismic loading by the finite element approach.  Analysis of the tunnels is discussed in <Section 3.8.4>.


3.7.2.4      Soil‑Structure Interaction


In the soil‑structure interaction analysis for buildings founded on shale or rock‑like material, lumped mass models are used in the dynamic analysis.  The techniques and the soil springs used follow (Reference 1) and (Reference 3).  These models include the dynamic compliances of the 


shale as represented by the soil springs.  Since these buildings are founded on competent rock, any embedment has only negligible effects on the dynamic response and is not considered in the lumped mass model.  Buoyancy has negligible effect on the dynamic analysis of a stable structure and thus, can be uncoupled and considered only in the static analysis.


Caissons are used under a portion of the intermediate building in order to found the entire structure on shale.  The caissons are not relied upon to resist lateral loads on the building.  Caissons are included in the lumped mass model for seismic analysis; however, their stiffness in the horizontal direction is less than 2 percent of the stiffness 


supplied by the soil springs for the portion of the structure founded directly on the shale.  For a discussion of the caissons, see <Section 3.8.5.1>.


The soil structure interaction effects for the cooling water tunnels were analyzed by the finite element method with an energy absorbing boundary to represent the semi‑infinite half space.  The finite element method was used for other safety class structures, as discussed in <Section 3.7.1.4>.  The nonlinear stress‑strain and strain‑damping characteristics of the rock were considered insofar as they are implicit in the use of a damping factor of 5 percent of critical damping.  Linear elastic behavior of the rock is considered to be a reasonable approximation for calculation purposes because of the low in situ stress levels and the low magnitude of stress changes induced in the rock by the presence of the tunnel.


The structure‑structure interaction is negligible since each structure is separated from the adjacent structures by a seismic separation (“rattle space”) and the buildings are founded on competent shale.


3.7.2.5      Development of Floor Response Spectra


Floor response spectra have been developed using a time‑history analysis technique as described in <Section 3.7.2.1>.  The floor response spectra are used to predict the seismic environment for equipment and substructures located at various elevations within each Seismic Category I structure.


Using the absolute acceleration time‑history response of a particular mass point, a spectrum response curve was developed and enveloped into a design acceleration spectrum to be utilized for the seismic analysis of equipment located at the mass point.  Horizontal and vertical response spectra were computed using various damping values for both SSE and OBE.  


The seismic response to the time‑history is obtained through the use of the DYNAL computer program.  The methods by which the effects of parameter variations are accounted for in the floor response spectra as discussed in <Section 3.7.2.9>.


3.7.2.6      Three Components of Earthquake Motions


The effects of both horizontal and vertical components of seismic motion are considered for all Seismic Category I structures.  In order to adequately account for the responses of systems subjected to multi‑directional excitation, the manner in which their additive effects are combined has been considered.  Therefore, the combined response is determined statistically by the method of SRSS which accounts for the randomness of the ground motion.  The SRSS method, considering three components of ground motion, was used for the final seismic stress calculation for structural steel and reinforced concrete structural design.


3.7.2.7      Combination of Modal Responses


In using the response spectrum analysis to predict seismic design loads, the modal responses were combined in accordance with <Regulatory Guide 1.92>.


Modal responses for NSSS components are combined as described in <Section 3.7.3.7.1>.


3.7.2.8       Interaction of Non‑Category I Structures with Seismic





Category I Structures

The interaction of non‑Category I structures with Seismic Category I structures is dependent on the structural relative locations.


Non‑Category I structures which are adjacent to Seismic Category I structures are designed to preclude any affect on these adjacent 


structures.  A three‑inch minimum gap separates the non‑Category I structures from the Seismic Category I structures and precludes interaction during a seismic event.  In addition, the non‑Category I structures are designed to prevent collapse against Seismic Category I structures.  The non‑Category I structures are designed for the loads calculated for Zone 3 of the Uniform Building Code (1976 Edition).  As stated in Figure 1 of this Code, Zone 3 corresponds to a Modified Mercalli Scale of VIII or higher and exceeds the UBC recommended Zone 1 design accelerations for the site location.  It is also higher than the modified Mercalli scale of VII to VIII which forms the basis for selection of the 0.15g ground acceleration used in the SSE ground response spectra see <Section 2.5.2>.  The load combinations, design codes and acceptance criteria for these non‑Category I structures under the Uniform Building Code seismic loads are identical to those used for safety class structures under SSE loads, all as described in <Section 3.8.4>.


As shown in <Table 3.7‑5>, the largest Category I structure OBE displacement is 0.42 inch.  The non‑Category I structure can be assumed to have a ductility ratio of 3, and the yield displacement of 0.84 inch (conservatively assuming 2 times maximum OBE displacement for all buildings) for the SSE.  Consequently, the largest predicted displacement is about 2.52 in.  The root sum square value of 0.82 and 2.52 is 2.65, which is less than the 3 in. seismic gap used in design.


3.7.2.9      Effects of Parameter Variations on Floor Response Spectra


The floor response spectra were generated for the two horizontal and the vertical inputs for SSE and OBE using the most probable parameters.  The peaks of the floor response spectra were broadened 15 percent on each side to allow for variations in structural and soil properties.


3.7.2.10      Use of Constant Vertical Load Factor


Dynamic analysis with vertical input was used instead of constant vertical load factors.


3.7.2.11      Methods Used to Account for Torsional Effects


A structure with eccentricity between the center of mass and the center of rigidity greater than 5 percent of the dimension of the structure normal to the input direction, is considered to have pronounced torsional modes.  For a structure with pronounced torsional modes, where the horizontal responses are significantly coupled, a three dimensional model is used in the analysis to calculate torsional responses.  In the model, walls are simulated as single members and floors are treated as rigid diaphragms.  Mass centers and centers of rigidity are calculated, and considered, in the geometry of the model.  The acceleration time history is input at the support of the model and DYNAL is used to calculate the actual torsional effects.  Responses due to horizontal 


excitations and vertical excitation are calculated separately but the effects are additive in determining forces throughout the structure.


For structures having less than 5 percent eccentricity, torsional effects were not considered in the dynamic analysis; however, loads calculated by the dynamic analysis are applied statically at a 5 percent eccentricity.


The RPV is an axisymmetric model with no built‑in eccentricity.  Hence, the torsional effects on the RPV are only those associated with the reactor building model.


3.7.2.12      Comparison of Responses


3.7.2.12.1      NSSS


Either the time history method or the response spectra approach was used for the seismic analysis of NSSS components.  Generally, the responses computed by both methods are comparable in magnitude with the loads being determined by the response spectrum being somewhat more conservative.  As both approaches are acceptable, additional comparison of results was deemed unnecessary.


3.7.2.12.2      Balance of Plant


Response spectrum analysis was not performed for structures.  The time history method is believed to generate more conservative results because of the enveloping process used in generating the artificial time history.


3.7.2.13      Methods for Seismic Analysis of Dams


There is no dam for this plant.


3.7.2.14      Determination of Seismic Category I Structure Overturning Moments


Overturning moments are considered for each safety class structure in two directions corresponding to the orientation assumed for the horizontal components of the seismic event.  The horizontal seismic components are considered separately in these calculations.  The maximum vertical earthquake component is considered by reducing the dead weight


of the structure in counteracting the maximum overturning moment due to one horizontal input.  Soil reaction is calculated by adding or subtracting (whichever controls) the vertical earthquake component to the dead weight and other loads on the structure.  Additional information on analysis for stability is given in <Section 3.8.5.4>.


3.7.2.15      Analysis Procedure for Damping


3.7.2.15.1      NSSS


In a linear dynamic analysis the procedure used to properly account for damping in different elements of a coupled system model is as follows:


a.
The structural damping of the various structural elements of the model are first specified.  Each value is referred to as the damping ratio 
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 of a particular component which contributes to the complete stiffness of the system.


b.
Perform a modal analysis of the linear system model.  This will result in a modal matrix 
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Where:
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Stiffness matrix.
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Circular natural frequency of mode i.
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(which is column vector of d corresponding to the mode shape of mode i.






Matrix 
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 contains all translational and rotational coordinates.


c.
Using the strain energy of the individual components as a weighting function, the following equation can be derived to obtain a suitable damping ratio 
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Where:
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Total number of structural elements.
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Mode shape for mode i (
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=
Percent damping associated with element j.
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Stiffness contribution of element j.
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3.7.2.15.2      Balance of Plant


Damping factors are as shown in <Table 3.7‑1> and <Table 3.7‑10>.


The soil springs and viscous damping values were calculated by the formula of Whitman and Richart (Reference 3).  The soil hysteretic damping was determined from tests as reported in <Section 3.7.1.3>.  In the case of different damping values involved in one mathematical model, the method of weighted average damping value (Reference 1) was used.  The viscous soil damping value is as shown in <Table 3.7‑1>.  The theoretical weighting function is:
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 are respectively the energy, viscous damping, hysteretic damping, modal frequency, and frequency associated with the dashpot.


However, as a conservative approach, the weighting function used in the finite element method is:





[image: image59.wmf](


)


ij


j


ij


j


j


i


E


E


D


å


×


å


=


b




In analysis using a soil spring model, the viscous damping cannot be ignored because the model cannot take radiational damping into account.  As a conservative approach, the frequency dependent factor for the viscous damping was not used.  Hence, the weighting function used for the soil spring method is:
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3.7.3      SEISMIC SUBSYSTEM ANALYSIS


3.7.3.1      Seismic Analysis Methods


3.7.3.1.1      Balance of Plant Scope


Seismic analyses were performed for those subsystems that could be modeled to correctly predict the seismic response.


Individual components were modeled as multi‑degree‑of‑freedom, lumped mass systems with mass free interconnections and sufficient mass points to ensure adequate representation.  The resulting systems were analyzed using the response spectrum modal analysis technique.  An alternative time history method may also be applied.  The time history method, when used, conservatively, simulates the response spectrum envelope of interest.  A stress analysis was then performed using the inertia forces, or equivalent static loads, obtained from the dynamic analysis.  Moments, shears, accelerations, deflections, and stresses are calculated on a mode by mode basis.  The total seismic response is obtained by combining each modal response using the square root of the sum of the squares method.  The absolute sum of the responses is considered for closely spaced modes, as set forth in <Section 3.7.3.7>.  In cases for which some dynamic degrees of freedom do not contribute to the total response, kinematic condensation was employed in the analysis.


3.7.3.1.2      Components and Equipment Provided by the NSSS Vendor


Seismic analysis methods for subsystems within General Electric scope of responsibility are given in <Section 3.7.2.1.2>.


3.7.3.2      Determination of Number of Earthquake Cycles


Other than as discussed in <Section 3.7.1> for high frequency ground motions, earthquake cycles are defined as follows.


3.7.3.2.1      Balance of Plant


In accordance with Section III of the ASME Code (Reference 4), the effects of cyclic loadings are considered for Class 1 and Class MC components.  During the plant life one safe shutdown earthquake (SSE) and five operating basis earthquakes (OBE) are considered with 10 maximum stress cycles per earthquake.


3.7.3.2.2      Components and Equipment Provided by the NSSS Vendor


3.7.3.2.2.1      NSSS Piping


Fifty peak OBE Cycles are postulated for fatigue evaluation.


3.7.3.2.2.2      Other NSSS Equipment and Components


To evaluate the number of cycles which exist within a given earthquake, a typical boiling water reactor building‑reactor dynamic model was excited by three different recorded time histories:  May 18, 1940, El Centro NS component, 29.4 sec; 1952, Taft N 69( W component, 30 sec; and March 1957, Golden Gate S 80( E component, 13.2 sec.  The modal response was truncated such that the response of three different


frequency bandwidths could be studied:  0‑10, 10‑20 and 20‑50 Hertz.  This was done to give a good approximation to the cyclic behavior expected from structures with different frequency content.


Enveloping the results from the three earthquakes and averaging the results from several different points of the dynamic model, the cyclic behavior given in <Table 3.7‑11> was formed.


Independent of earthquake or component frequency, 99.5 percent of the stress reversals occur below 75 percent of the maximum stress level, and 95 percent of the reversals lie below 50 percent of the maximum stress level.


In summary, the cyclic behavior number of fatigue cycles of a component during an earthquake is found in the following manner:


a.
The fundamental frequency and peak seismic loads are found by a standard seismic analysis.


b.
The number of cycles which the component experiences are found from <Table 3.7‑11> according to the frequency range within which the fundamental frequency lies.


c.
For fatigue evaluation, 1/2 percent (0.005) of these cycles are conservatively assumed to be at the peak load, 4.5 percent (0.045) at or above three‑quarter peak.  The remainder of the cycles will have negligible contribution to fatigue usage.


The safe shutdown earthquake has the highest level of response.  However, the encounter probability of the SSE is so small that it is not necessary to postulate the possibility of more than one SSE during the 40‑year life of a plant.  Fatigue evaluation due to the SSE is not necessary since it is a faulted condition and therefore not required by ASME Section III.


The OBE is an upset condition and therefore, must be included in fatigue evaluations according to ASME Section III.  Investigation of seismic histories for many plants shows that during a 40‑year life it is probable that five earthquakes with intensities one‑tenth of the SSE intensity and one earthquake approximately 20 percent of the proposed SSE intensity will occur.  To cover the combined effects of these earthquakes and the cumulative effects of even lesser earthquakes, 10 peak OBE cycles are postulated for fatigue evaluation.


3.7.3.3      Procedure Used for Modeling


3.7.3.3.1      Balance of Plant


Equipment within the balance of plant scope is modeled as a series of discrete mass points, connected by mass free members, having sufficient mass points to ensure adequate representation of dynamic behavior.  Detailed modeling of piping systems is described in <Section 3.7.3.8>.


3.7.3.3.2      Equipment and Components Provided by the NSSS Vendor


3.7.3.3.2.1      Modeling of Piping Systems


The continuous piping system is modeled as an assemblage of three dimensional straight or curved pipe elements.  The mass of each pipe element is lumped at the nodes connected by weightless elastic members, representing the physical properties of each segment.  The pipe lengths between mass points is no greater than the length which would have a natural frequency of 33 Hertz when calculated as a simply supported beam.  In addition, mass points are located at all points on the piping system where concentrated weight such as valves, motors, etc., are located and also at points of significant change in the geometry of the system.  All concentrated weights on the piping system such as main valves, relief valves, pumps, and motors are modeled as lumped masses.  The torsional effects of the valve operators and other equipment with offset center of gravity with respect to center line of the pipe is included in the analytical model.  If the torsional effect is expected to cause pipe stresses less than 500 psi, this effect may be neglected.


The criteria employed for decoupling the main steam and recirculation piping systems for establishing the analytical models to perform seismic analysis is given below:


a.
The small branch lines (6‑inch diameter and less) decoupled from the main steam and recirculation piping systems are analyzed separately, because the dynamic interaction is insignificant due to the disparity in the moment of inertia of the two lines.


b.
The stiffness of all the anchors and their supporting steel is large enough to effectively decouple the piping on either side of the anchor for analytic and code jurisdictional boundary purposes.  The RPV is very stiff compared to the piping system, thus during normal operating conditions the RPV is also assumed to act as an anchor.  Penetration assemblies (head fittings) are also very stiff 



compared to the piping system and are assumed to act as an anchor.  The stiffness matrix at the attachment location of the process pipe (i.e., main steam, RCIC, RHR supply, or RHR return) head fitting is sufficiently high to decouple the penetration assembly from the process pipe.  General Electric analysis indicates that a satisfactory minimum stiffness for this attachment point is equal to the stiffness in bending and torsion of a cantilever equal to a pipe section of the same size as the process pipe and equal in length to three times the process pipe outer diameter.


3.7.3.3.2.2      Modeling of Equipment


For dynamic analysis, Seismic Category I equipment is represented by lumped mass systems which consist of discrete masses connected by weightless springs.  The criteria used to lump masses are:


a.
The number of modes of a dynamic system is controlled by the number of masses used.  Therefore, the number of masses is chosen so that all significant modes are included.  The modes are considered as 



significant if the corresponding natural frequencies are less than 33 Hertz and the stress calculated from these modes are greater than 10 percent of the total stresses obtained from lower modes.  The hydrodynamic effect is addressed in <Section 3.9>.


b.
Mass is lumped at any point where a significant concentrated weight is located.  Examples are:  the motor in the analysis of pump motor stand, the impeller in the analysis of pump shaft, etc.


c.
If the equipment has a free‑end overhang span whose flexibility is significant compared to the center span, a mass is lumped at the overhang span.


d.
When a mass is lumped between two supports, it is located at a point where the maximum displacement is expected to occur.  This tends to conservatively lower the natural frequencies.


3.7.3.4      Basis for Selection of Frequencies


3.7.3.4.1      Balance of Plant


The selection of a “rigid” frequency to preclude resonance is based on the floor response curves.  This “rigid” frequency is the one beyond which no secondary peak is present and is related to the frequency value (33 Hertz) at which the ground design spectrum approaches maximum ground acceleration (other than as discussed in <Section 3.7.1> for high frequency ground motions) and beyond which there is no significant structural mode.  Hence, the “rigid” frequency for equipment setting inside a building can be specified as 33 Hertz.


3.7.3.4.2      Equipment and Components Provided by the NSSS Vendor


All frequencies in the range of 0.25 to 33 Hertz are considered in the analysis and testing of structures, systems and components.  These 


frequencies would cover the natural frequencies of most of the components and structures under consideration.  If the fundamental frequency of a component is greater than or equal to 33 Hertz, it is treated as rigid and analyzed accordingly.  Frequencies less than 0.25 Hertz are not considered as they represent very flexible structures which are not encountered in this plant.


The frequency range of 0.25 to 33 Hertz covers the range of the broad band response spectrum used in the design (other than as discussed in <Section 3.7.1> for high frequency ground motions).


3.7.3.5      Use of Equivalent Static Load Method of Analysis


The equivalent static loads, for flexible equipment having simple frame type structural configurations, are taken as 1.5 times the product of the equipment masses and the peak spectral accelerations of the applicable floor response spectra.  For tray, duct and conduit supports, 


a factor of 1.0 is applied to the peak acceleration of the applicable floor response spectrum based on a conservative analysis of a typical support.


When static coefficient analyses are performed for equipment with other more complex configurations, justification based on the equipment eigenvalue and frequency/amplification content of the applied loads will be provided for the value of the static coefficient used.


3.7.3.6      Three Components of Earthquake Motion


Responses to the two horizontal and the vertical component seismic inputs are calculated separately for the entire subsystem.  The maximum value of a particular response due to simultaneous action of three components of earthquake motion was obtained by taking the square root of the sum of the squares of corresponding maximum response values to 


each of the three components calculated separately.  This procedure is in conformance with the guidance of <Regulatory Guide 1.92>.


3.7.3.7      Combination of Modal Responses


3.7.3.7.1      Balance of Plant


Modal responses and spatial components of earthquake in seismic response analysis were combined in accordance with <Regulatory Guide 1.92>.


3.7.3.7.2      NSSS


In a response spectrum modal dynamic analysis, if the modes are not closely spaced (i.e., if the frequencies differ from each other by more than 10 percent of the lower frequency), the modal responses are combined by the square‑root‑of‑the‑sum‑of‑the‑squares (SRSS) method as described in <Section 3.7.3.7.2.1>.  If some or all of the modes are closely spaced, a double sum method, as described in <Section 3.7.3.7.2.2>, is used to evaluate the combined response.  In a 


time‑history method of dynamic analysis, the vector sum at every step is used to calculate the combined response.  The use of the time‑history analysis method precludes the need to consider closely spaced modes.  The procedure is in accordance with <Regulatory Guide 1.92>.


3.7.3.7.2.1      Square Root of the Sum of the Squares Method


Mathematically, this SRSS method is expressed as:
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where:



R
=
Combined Response,
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=
Response in the ith mode, and



n
=
Number of modes considered in the analysis


3.7.3.7.2.2      Double Sum Method


This method is defined mathematically as:
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where:



R
=
Representative maximum value of a response of a given element to a given component of excitation.
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=
Peak value of the response of the element due to the kth mode.



N
=
Number of significant modes considered in the modal response combination.
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where:
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=
Modal frequency in the kth mode.
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3.7.3.8      Analytical Procedures for Piping


3.7.3.8.1      Balance of Plant Scope


a.
Analysis of Major Piping



For all Class 1 piping, all Class 2 and 3 piping above 250(F and almost all Class 2 and 3 piping above 10 inches, the piping system geometry, cross sectional dimension and physical properties of each pipe segment and the restraint conditions are supplied as inputs to computer programs.  The mass of each piping segment is lumped at the element nodes by the computer.  Additional concentrated masses are specified separately for valves, actuators and other concentrated weights at the centers of gravity for the individual assembly or subassemblies to represent both bending and torsional effects of the assembly.  If any valves and valve operator assemblies have natural frequencies less than 33 Hertz their flexibility will be considered in the piping analysis.



Restraint conditions of supports are specified in three translational and three rotational directions in the model, in either global or local coordinates for each support point.  The 



restraints may be free, rigid or elastic with a specified spring constant for each translational or rotational direction.  When coupling effects between any two joint degrees of freedom are significant, a 6 by 6 stiffness matrix is used to describe an elastic foundation.  Moment release at nodal points is used for pin connections or flexible joints whenever applicable.



A discrete system of equations based upon the input data is then developed.  The resulting homogeneous equations are solved as an eigenvalue problem.  The floor response spectrum method is used in calculating the responses of each mode including nodal displacements, end forces and moments, and support loads.  These modal responses are combined by the SRSS method for all modes within the cut‑off frequency.  In addition, the effects of the high frequency residual modes not included are added to the SRSS response within the cut‑off frequency as one term, using the acceleration at the highest frequency from the SRSS response under 33 Hertz to obtain the total response unless the effects of the residual modes have been shown to be insignificant.  The definition and grouping method of combining close modes, described in <Section 3.7.3.7.1>, is applied in nodal deflection, element end forces and moments, acceleration and support loads.



The responses from the two horizontal and the vertical components of an earthquake are calculated separately as described above.  These responses are then combined using the SRSS method.  The resultant end moments are used in the applicable ASME Code, Section III, equations for stress evaluation.


b.
Simplified Dynamic Analyses



Safety Class 2 and 3 piping, up to 10 inches in diameter and up to 250(F, may be supported and seismically restrained in accordance with Maximum Support Spacing Criteria as described below.



For the purpose of a computer dynamic analysis, the piping is modeled as a simply supported multi‑span beam.  The model natural frequency and mode shape are determined for each mode being considered.  Based on the floor response spectrum curve (which accounts for both seismic and operation or accident induced safety/relief valve structural dynamic responses) for the appropriate building and elevation, the acceleration for a particular natural frequency is determined.  Modal accelerations at points along the beam are then given by:
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Where:
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=
Acceleration for floor response spectrum curve at support locations of attachment.
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=
Mode shape.




P
=
Participation factor.




n
=
Mode number.



Multiplication of the acceleration by the mass density of the pipe gives the equivalent static load on the beam, from which bending moments and stresses are calculated.  The calculated stress is compared with the allowable stress.



The maximum support spacing is then taken as the span length which produces stresses within the allowable limits.  The analysis is performed for each pipe diameter, wall thickness and weight.



At each support point, the pipe is seismically restrained in the horizontal and/or vertical directions, and, to assure that the system is supported in a manner which is similar to the model, horizontal and vertical restraints are provided for each significant concentrated load (valves, inline instruments) and for each change in direction.



Where relative structural movement exists within the same structure or where piping spans between adjacent structures, the effect of differential piping support movements are evaluated.  The relative movements of pipe supports are considered separately in each of the spatial directions.  The results are then combined by the SRSS method.


3.7.3.8.2      Components and Equipment Provided by the NSSS Vendor


The analytical procedures for piping analysis are described in <Section 3.7.2.1.2>.  Methods to include differential pipings support movements at different support points are described in <Section 3.7.2.1.2.5>.


3.7.3.9      Multiply Supported Equipment Components with Distinct Inputs


3.7.3.9.1      Balance of Plant Scope


There is no Balance of Plant Equipment that is supported at different locations (elevations and/or floors).


3.7.3.9.2      Components and Equipment Provided by the NSSS Vendor


For components and equipment provided by the NSSS vendor, methods used to account for multiply supported equipment components with distinct inputs are given in <Section 3.7.2.1.2.4>.


3.7.3.10      Use of Constant Vertical Static Factors


3.7.3.10.1      Balance of Plant Scope


The response spectrum method is used for the vertical seismic subsystem dynamic analysis.  However, for the cases where the equipment’s lowest 


frequency in the vertical direction is more than 33 Hertz, the maximum floor acceleration is used for equipment design.


3.7.3.10.2      Components and Equipment Provided by the NSSS Vendor


Constant vertical static factors are not used by the General Electric Company.


3.7.3.11      Torsional Effect of Eccentric Masses


3.7.3.11.1      Balance of Plant


For seismic analysis of piping the torsional effect of valves and other eccentric masses is taken into account by lumping masses at the mass center of the valve or other eccentric mass.


3.7.3.11.2      Components and Equipment Provided by the NSSS Vendor


Torsional effects of eccentric masses are discussed in <Section 3.7.3.3.2>.


3.7.3.12      Buried Seismic Category I Piping Systems and Tunnels


3.7.3.12.1      Safety Class Piping


Seismic analysis of buried safety class piping is performed in three phases, as follows:


a.
Calculation of maximum soil strain resulting from the propagation of seismic waves, considering a net design, wave velocity composite which assumes a combination of various wave types (shear wave, compression wave and Rayleigh wave).


b.
Determination of the extent to which the pipe deforms elastically as a result of soil strain, or as a result of relative ground movement at building/soil interfaces, considering the influence of friction forces between soil and pipe and treatment of soil as a continuous elastic support.


c.
Calculation of the stresses in the pipe which result from such elastic deformation and comparison with allowable stresses as discussed in <Section 3.9>.


(Reference 5), (Reference 7), (Reference 8), (Reference 9), (Reference 14), and (Reference 15) were used as the basis for the analytical determination of seismic stresses in buried safety class piping.  Sources for various parameters used in the analysis are as follows:


a.
Maximum acceleration for SSE, <Section 2.5.2>.


b.
Fill surface elevations and subsoil conditions, <Section 2.5.4>.


c.
Properties 
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 of Zone I and Zone II fill soils, <Section 2.5.4> and <Section 2.5.6>.


d.
Properties 
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 of Zone III fill soil are assumed, based upon <Section 2.5.4> and U.S. Navy Design Manual, NAVDOCK DM‑7, “Soil Mechanics, Foundations and Earth Structures,” Bureaus of Yards and Docks, 1962.


3.7.3.12.2      Safety Class Manholes


Newmark’s formula (Reference 10) for underground piping was utilized to analyze the safety class manholes of the underdrain system.  However, since this formula results in an upper bound solution, the results were, in some case, considered to be too conservative.  In these cases, a dynamic analysis of the manhole and the surrounding soil was performed utilizing a plane strain finite element model.


Plane strain finite element analyses were used to analyze two typical manholes (one shallow gravity system manhole, and one deep pumping system manhole) to verify the use of Newmark’s formula.


The strain dependent shear moduli of the soils are taken into account.  When the differences between input shear moduli and the shear moduli corresponding to the output strain values are within 10 percent of each other, the results are considered acceptable.


The strain dependent part of the total damping used was compared to the damping values corresponding to the output strain values.  When the difference are within 10 percent of each other, the results are considered acceptable.


3.7.3.13      Interaction of Other Piping with Seismic Category I Piping


3.7.3.13.1      Balance of Plant


Nonsafety piping potentially jeopardizing items important to safety is classified as “nonsafety, Seismic Category I” and is designed and constructed such that an SSE would not cause failure of any item important to safety <Regulatory Guide 1.29>, (paragraph C.2).


A safety, Seismic Category I piping system is analyzed by including the piping extending to at least the first restraint in each of the three mutually orthogonal directions beyond the defined seismic Category I boundaries.  Wherever necessary, piping segments and restraints beyond the region described above are included to ensure that both the elastic reaction and the effects of masses of the non‑Seismic Category I piping on the Seismic Category I piping are adequately represented <Regulatory Guide 1.29>, (paragraph C.3).


The Quality Control requirements imposed on the nonsafety Seismic Category I pipe and supports are the following <Regulatory Guide 1.29>, (paragraph C.4):


a.
Design drawings clearly identify which nonsafety piping and supports are Seismic Category I.


b.
Design and design control for the nonsafety Seismic Category I pipe and supports are carried out in the same manner as items important to safety.  This includes the performance of appropriate design reviews.


c.
Installations are inspected for compliance with design drawings using a checklist established specifically for this category pipe and supports.


3.7.3.13.2      Equipment and Components Provided by the NSSS Vendor


When other piping is attached to Seismic Category I piping, the other piping is analytically simulated in a manner that does not significantly degrade the accuracy of the analysis of the Seismic Category I piping.  Furthermore, the other piping is designed to withstand the SSE without failing in a manner that would cause the Seismic Category I piping to fail.


3.7.3.14      Seismic Analysis for Reactor Internals


3.7.3.14.1      Reactor Pressure Vessel and Internals


The seismic loads on the reactor pressure vessel (RPV) and internals are based on a dynamic analysis of the entire RPV building complex with the appropriate forcing function supplied at ground level.  For this analysis, the models shown in <Figure 3.7‑16> and the mathematical model of the building are coupled together.


This mathematical model consists of lumped masses connected by elastic (linear) members.  Using the elastic properties of the structural components, the stiffness properties of the model are determined and the effects of both bending and shear are included.  Mass points are located at all points of critical interest such as anchor, supports and points of discontinuity, etc.  In addition, mass points are chosen such that the total mass of the structure is generally uniformly distributed over all the mass points and the full range of frequency of response of interest is adequately represented.  Further, to facilitate hydrodynamic mass calculations, several mass points (fuel, shroud, vessel), are selected at the same elevation.  The various lengths of control rod drive housings are grouped into the two representative lengths shown. 


These lengths represent the longest and shortest housings that will adequately represent the full range of frequency response of the housings.


The high fundamental natural frequencies of the CRD housings result in very small seismic loads.  Furthermore, the small frequency differences between the various housings due to the length differences result in negligible differences in dynamic response.  Hence, the modeling of intermediate length members becomes unnecessary.  Not included in the mathematical model are light components such as jet pumps, in‑core guide tubes and housings, sparger, and their supply headers.  This is done to reduce the complexity of the dynamic model.  If the seismic responses of these components are needed, they can be determined after the system response has been found.


The presence of fluid and other structural components (e.g., fuel within the RPV) introduces a dynamic coupling effect.  Dynamic effects of water enclosed by the RPV are accounted for by introduction of a hydrodynamic mass matrix, which will serve to link the acceleration terms of the equations of motion of points at the same elevation in concentric cylinders with a fluid entrapped in the annulus. The details of the hydrodynamic mass derivation are given in (Reference 11).  The seismic 


model of the RPV and internals has two horizontal coordinates for each mass point considered in the analysis.  The remaining translational coordinate (vertical) is excluded because the vertical responses of RPV and internals are well above the significant horizontal responses.  Furthermore, all support structures, building and containment walls have a common centerline, and hence, the coupling effects are negligible.  A separate vertical analysis is performed.  Dynamic loads due to vertical motion are added to or subtracted from the static weight of components, whichever is more conservative.  The two rotational coordinates about each node point are excluded because the moment contribution of rotary inertia from surrounding nodes is negligible.  Since all deflections are 


assumed to be within the elastic range, the rigidity of some components may be accounted for by equivalent linear springs.


The shroud support plate is loaded in its own plane during a seismic event and hence is extremely stiff.  Therefore it may be modeled as a rigid link in the translational direction.  The shroud support legs and the local flexibilities of the vessel and shroud contribute to the rotational flexibilities and are as an equivalent torsional spring.


The maximum shears and moments along the RPV, and within the internals are determined from the seismic analysis performed.  These seismic loads are then combined with the operating loads and the calculated stress results are then compared to the limits given in Section III of the ASME Boiler and Pressure Vessel Code to confirm the integrity of the structure, systems, component, and equipment.


3.7.3.14.2      Damping Values


The damping values used in the seismic analysis for the reactor internals are given in <Table 3.7‑12>.


3.7.3.15      Analysis Procedure for Damping


Analysis procedures for damping are provided in <Section 3.7.2.15>.


3.7.4      SEISMIC INSTRUMENTATION


3.7.4.1      Comparison with <Regulatory Guide 1.12>


The seismic instrumentation provided is in accordance with <Regulatory Guide 1.12> for a maximum foundation acceleration of less than 0.3g.


Since the soil‑structure interaction is negligible, the “Free Field” triaxial time‑history accelerograph is omitted as permitted by ANSI N18.5.


As the containment structures for both Unit 1 and Unit 2 are identical in design and founded on the same structural support material, the response of the two containments to a seismic event should be identical; therefore, two sets of time‑history accelerographs are provided on Unit 1, with none provided for Unit 2.


3.7.4.2      Location and Description of Instrumentation


The seismic instrumentation provided is qualified in accordance with IEEE 344, 1975 (Reference 12).


3.7.4.2.1      Triaxial Time History Accelerograph


The triaxial time history accelerograph consists of seismic sensors connected to a magnetic tape recorder that records acceleration on the two horizontal axes and the vertical axis with a reference time trace.  The magnetic tape recording system will be located in the electrical equipment room in the intermediate building.  Operation of the magnetic tape recorder system is controlled by two seismic triggers that activate the recorders upon detection of an acceleration of 0.005g or greater.  A 


magnetic tape playback system converts the magnetic tape record to an analog strip chart record for prompt seismic analysis.  During normal plant operation the system remains in a ready state unless activated by the seismic triggers.  The triaxial time history accelerograph is powered from a non‑Class 1E 120 volt ac power source.  The recording equipment is equipped with an internal battery which is trickle charged from the non‑Class 1E power supply.


Locations of triaxial accelerometers of the time‑history accelerograph system, shown in <Figure 3.7‑17>, are as follows:


a.
Reactor building foundation mat in the fuel handling area of the intermediate building at Elevation 575’‑10” (VE‑D51‑N101).


b.
On the containment vessel in the annulus area at Elevation 682’‑0” (VE‑D51‑N111).


3.7.4.2.2      Triaxial Peak Accelerograph


Triaxial peak accelerographs permanently record peak accelerations at the locations indicated below.  Following an earthquake, the recorded data is retrieved for analysis.  No electric power is required for triaxial peak accelerograph operation.


Triaxial peak accelerographs, shown in <Figure 3.7‑17> are located, one each, at the following locations:


a.
HPCS pump base mat in the auxiliary building at Elevation 568’‑4” (VR‑D51‑R140).


b.
On the recirculation pump in the reactor building at Elevation 591’‑2‑1/4” (VR‑D51‑R120).


c.
On the HPCS piping in the reactor building at Elevation 631’‑1‑1/4” (VR‑D51‑R130).


3.7.4.2.3      Triaxial Response Spectrum Recorder


Triaxial response spectrum recorders, shown in <Figure 3.7‑17>, capable of permanently recording peak response as a function of frequency for both horizontal motions and vertical motion, are provided, one each, at the following locations:


a.
On the reactor building foundation mat in the intermediate building at Elevation 574’‑11” (VR‑D51‑R160).


b.
Adjacent to an RHR pipe support on the outside face of the Biological Shield in the reactor building at Elevation 636’‑6” (VR‑D51‑R170).


c.
On the HPCS pump base mat in the auxiliary building at Elevation 568’‑4” (VR‑D51‑R180).


d.
On the RCIC pump base mat in the auxiliary building at Elevation 568’‑4” (VR‑D51‑R190).


Each triaxial response spectrum recorder will record 12 frequencies, 1/3 of an octave apart, beginning with 2 Hertz and ending with 25.4 Hertz.


3.7.4.2.4      Triaxial Seismic Switch


A triaxial seismic switch, located on the reactor building foundation mat, is provided to actuate an alarm in the control room when the OBE acceleration is exceeded.  This switch is located in the intermediate building at Elevation 575’‑10” <Figure 3.7‑17>, VS‑D51‑N150.  The setpoint for this switch is 0.075g in the horizontal axis and 0.075g in the vertical axis.


Criteria for the selection of types and locations of seismic instrumentation are in accordance with <Regulatory Guide 1.12>.  Where multiple locations for a particular instrument are possible, the 


location selected is based upon analytical results which show that an amplified response is expected at the selected location.  If an earthquake occurs, the recorded responses of the previously discussed seismic instrumentation, except for the seismic trigger and triaxial seismic switch, are compared to calculated responses as discussed in <Section 3.7.4.4>.


For instruments using a bracket or plate as a mounting adapter, shown in <Figure 3.7‑17>, <Table 3.7‑13> presents the calculated and tested (in selected cases) lowest natural frequency (of three dimensions) of each mechanical system (adapter bracket or plate, plus instrument).  For instruments not using a bracket or plate as a mounting adapter, the instruments are rigidly bolted to the concrete or steel surface monitored in accordance with the instrument manufacturer’s instructions.


Instrument assemblies are specified and designed to be free of spurious resonances within the frequency range of the instrument.


Mountings of seismic instrumentation do not affect the measurements obtained.


3.7.4.3      Control Room Operator Notification


Control room signals available to the operator are as follows:


a.
An annunciator alarm (visual and audible) is actuated in the control room when the triaxial seismic switch (VS‑D51‑N150) on the reactor building foundation signals that the OBE acceleration has been exceeded in either of the horizontal directions or in the vertical direction.


b.
An annunciator alarm (visual and audible) is actuated in the control room when any of the 12 elements of each triaxial section of the triaxial response spectrum recorder D51‑R160‑VR on the reactor building foundation mat exceeds the frequency setpoint.  Two setpoints are provided for each element.  Exceeding the first setpoint illuminates an amber light which indicates that accelerations are approaching 2/3 OBE.  If the second setpoint is exceeded, a red light is illuminated which indicates that the accelerations are exceeding OBE.  The light display indication is located in the control room.  The setpoints of the triaxial response spectrum recorder are shown in <Table 3.7‑14>.


c.
An annunciator alarm (visual and audible) is actuated when the seismic triggers on the reactor building foundation mat and containment vessel in the annulus area (VS‑D51‑N100 and VS‑D51‑N110) detect acceleration greater than 0.005g in either horizontal direction or vertical direction signifying that the triaxial time‑history accelerograph recorders have started.  These recorders are located in the electrical equipment room in the intermediate building.


3.7.4.4      Comparison of Measured and Predicted Responses


3.7.4.4.1      General Requirements


In the event of an earthquake, the control room operator first determines whether or not the OBE acceleration level has been exceeded.  This is accomplished by inspection of the indications and alarms described in <Section 3.7.4.3>.  If the OBE spectrum has been exceeded, the plant is shut down to evaluate the exceedance.  However, if the exceedance is only in the frequency region above 10 Hz, shutdown may be 


deferred with NRC concurrence.  Evaluation of the exceedance is accomplished by comparing measured and predicted responses as follows:


a.
The triaxial time‑history accelerograph at the reactor building foundation and on the containment produces magnetic tapes indicating acceleration as a function of time.  These tapes are processed to produce calculated response spectra at appropriate critical damping values.  These response spectra are then compared to the measurements recorded by the triaxial response spectrum recorder (designed for 2 percent of critical damping) at the same location.  Thus, the actual reactor building foundation response is obtained.  This response is then compared to the design response spectra for these locations.


b.
Amplified response spectra are calculated for the locations of other sensors in the reactor building using the reactor building dynamic model.  These responses are then used as the bases for remodeling, detailed analyses and physical inspections.


c.
For sensors located outside the reactor building, the measured response is compared to the design response.  This comparison permits evaluation of seismic effects on equipment outside the reactor building.


For earthquakes where spectrum levels do not exceed the OBE, the plant remains in operation.


3.7.4.4.2      The Earthquake of January 31, 1986 (Reference 16), (Reference 17), and (Reference 18)


On January 31, 1986, a Richter Magnitude 5 earthquake occurred at Leroy, Ohio, approximately 11 miles to the south of Perry Nuclear Power Plant.  At the time of the earthquake, all seismic instruments except D51‑R130 (ENGDAHL/PAR‑400) were functional.  The records indicated that this 


earthquake had a short duration, low velocity, small displacement, high frequency, and high acceleration.  It lacked damage potential because of high frequency content.  The design ground OBE spectrum was exceeded by a spike around the 20 Hz region.  However, in the potentially damaging frequency region of 2‑10 Hz, the earthquake recorded spectrum was significantly below the design ground OBE spectrum.


Immediately after the earthquake, plant operations personnel were dispatched into the plant to survey for any damage.  No earthquake related damage was reported.  Subsequently, a team of engineers and technicians were organized to perform a detailed walkdown of all plant areas.  Again, no damage related to the earthquake was reported.  At the request of the NRC, the plant structures and components required for cold shutdown and possibly sensitive to high frequency input were reanalyzed and compared with pre‑established seismic resistant capability.  CEI conducted both Perry specific detailed analyses and generic analyses as follows:


a.
Quantification of available seismic margin for safe shutdown active equipment sensitive to high frequency above the January 31, 1986, earthquake.


b.
Generic evaluation of a high‑frequency, short‑duration earthquake with regard to its energy content, and effects of the January 31, 1986, earthquake on passive equipment and structures.


c.
Effects of a high frequency event similar to the January 31, 1986, earthquake with longer duration and higher amplitude.


Over 170 safety‑related components were studied in the seismic margins analysis of equipment originally qualified by both test and analysis.  Included were pumps, motors, valves, actuators, switchgear, motor control centers, relays, switches, and instrumentation.  Newly generated floor response spectra based on recorded time histories as input were 


compared to the original seismic qualification requirements for the equipment.  All calculated margins were very conservatively determined to be greater than 1.0.


Energy content of a short duration, high frequency earthquake and the Perry SSE design earthquake were evaluated using ductility ratios.  An elasto‑plastic single degree of freedom (SDOF) system was analyzed using simplified pulse type acceleration time histories to simulate earthquake 


induced support motions.  The evaluation uses the concept of ductility demand and energy consumed by a SDOF system.  The computer program ADINA was utilized to perform the ductility demand and simplified parametric studies incorporating those basic equations were utilized to calculate energy consumption.


For Perry, the study concentrated on passive equipment and structures having a natural frequency close to 20 Hz since the elastic spectra generated from the January 31, 1986, event exceeded the SSE spectra in this region.  The January 31, 1986, recorded acceleration time histories were used as base input motions to the SDOF system.


The study concluded that the Perry SSE design earthquake (broad band, long duration) has higher ductility requirements and energy consumption than the January 31, 1986, earthquake (narrow band, short duration).  Further, these same conclusions should also be applicable for the more generic case of a high frequency, short duration event as compared to a <Regulatory Guide 1.60> type SSE design earthquake.


For consideration of a more severe event, an equivalent of the recorded high frequency, short duration earthquake was extended to increase the local acceleration peak by 100% and double the overall time duration.  The resulting ductility demand of the extended earthquake was increased by less than 10%.  For effect on generated elastic response spectra, the maximum amplitude of the January 31, 1986, recorded acceleration time history was locally increased by 100% while the overall duration (S‑wave 


portion) was tripled.  Results indicated that response spectra amplitudes in the 20 Hz region did not change significantly, however, spectra did increase nominally in the lower frequency region.  These small increases were well enveloped by <Regulatory Guide 1.60> SSE design spectra.  Thus, in both considerations (ductility demand and effect on elastic spectra), it was concluded that the PNPP design has adequate safety margin, including evaluation of an event both larger and with longer duration than the January 31, 1986, event.


3.7.5      REFERENCES FOR SECTION 3.7


1.
J. M. Roesset, R. Darby and R. V. Whitman, “Model Analysis for Structures with Foundation Interaction,” Paper presented at ASCE National Structural Meeting, April 1972, Cleveland, Ohio.


2.
ICES DYNAL Users Manual, issued September 1, 1971, by McDonnell Douglas, Automation Company.


3.
R. V. Whitman, F. E. Richart, “Design Procedures for Dynamically Loaded Foundations.”  Journal, Soil Mech. and Foundation Div., American Society of Civil Engineers, SM 6. November 1967.


4.
ASME Boiler and Pressure Vessel Code, Section III ‑ “Rules for Construction of Nuclear Power Plant Components,” 1971.


5.
Yeh, C. K., “Seismic Analysis of Slender Buried Beams,” Bulletin of the Seismological Society of America, Vol. 64, No. 5, October 1974.


6.
PIPDYN II, The Franklin Institute Research Laboratories.


7.
Shah, H. H., and Chu, S. L., “Seismic Analysis of Underground Structural Elements,” Journal of the Power Division, Proceedings of the American Society of Civil Engineers, Vol. 100, No. P01, July 1974.


8.
Iqbal, M. A., and Goodling, E. C., “Seismic Design of Buried Piping,” 2nd American Society of Civil Engineers Specialty Conference on Structural Design of Nuclear Plant Facilities, New Orleans, LA, December 1975.


9.
American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section III, Subsection NC 3650.


10.
N. M. Newmark, “Earthquake Response Analysis of Reactor Structures,” presented at the First International Conference on Structural Mechanics in Reactor Technology, September 20‑24, 1971, Berlin, Germany.


11.
L. K. Liu, “Seismic Analysis of the Boiling Water Reactor,” Symposium on Seismic Analysis of Pressure Vessel and Piping Components, First National Congress on Pressure Vessel and Piping, San Francisco, California, May 1971.


12.
“IEEE Guide for Seismic Qualification of Class 1 Electrical Equipment for Nuclear Power Generating Stations,” IEEE Standard 344‑1975, The Institute of Electrical and Electronics Engineers, Inc.


13.
Chen, C., “The Uncoupling Criteria for Subsystem Seismic Analysis;” Paper No. K8/1, Invited Lecture at the 5th International Conference on Structural Mechanics in Reactor Technology, Berlin, Germany, August 1979; also, published in “Nuclear Engineering and Design,” Volume 57, No. 2, May 1980, pp. 245‑252.


14.
Goodling, E. C., “Seismic Design of Buried Piping,” ASME Paper 78‑PVP‑82, Joint ASME/CSME Pressure Vessels and Piping Conference, Montreal, June 1978.


15.
Goodling, E. C., “Buried Piping ‑ An Analysis Procedures Update,” ASME PVP‑VOL 77, p. 225‑237, ASME Pressure Vessels and Piping Conference, Portland, June 1983.


16.
Perry Power Plant, January 31, 1986, Earthquake Seismic Event Evaluation, The Cleveland Electric Illuminating Company, February 1986.


17.
The Cleveland Electric Illuminating Company, Perry Power Plant, Confirmatory Program of the January 31, 1986, Ohio Earthquake Effect, Docket Nos. 50‑440; 50‑441, Gilbert/Commonwealth, June 1986.


18.
C. Chen, C. Angstadt and M. Hayner, “Studies of Equipment Response to Low Energy, Low Velocity, High Amplitude, and High Frequency Seismic Events.”  Proceedings of the Symposium on Current Issues Related to Nuclear Power Plant Structures, Equipment and Piping, North Carolina State University, Raleigh, N.C., December 1986.


19.
Letter from M. R. Edelman to H. R. Denton on Perry Nuclear Power Plant Docket Nos. 50‑440; 50‑441, Seismic Event Evaluation Report, Supplemental Information, PY‑CEI/NRR‑0440L, March 3, 1986.


TABLE 3.7‑1


DAMPING FACTORS









Percent of Critical Damping



Component or


Operating Basis

Safe Shutdown



 Structure  


   Earthquake  

  Earthquake


Equipment and large


  diameter piping systems,


  pipe diameter greater


  than 12 in.(2)



 
 2




 3


Small diameter piping


  systems, diameter less


  than or equal to 12 in.(2)

 1




 2


Welded steel structures


 2




 4


Bolted steel structures


 4




 7


Prestressed concrete


  structures




 2




 5


Reinforced concrete


  structures




 4




 7


Underground concrete


  tunnels(1)




 5




 5


Soil viscous damping


10




10


NOTES:


(1)
Finite element model that includes rock‑lining interaction.


(2)
Damping values as defined in ASME Code Case N411 may be utilized for both OBE and SSE for piping stress analyses.


TABLE 3.7‑2


METHODS USED FOR SEISMIC ANALYSIS OF CATEGORY I STRUCTURES



Category I

Modeling Techniques for



Structure


Structures and Foundations

Damping



Method of Analysis


Reactor Building

Lumped masses and half space

Soil‑structure


Time history analysis







equivalent soil spring


interacted composite







constant





model damping


Auxiliary Building

Same as above




Same as above


Same as above


Control Building

Same as above




Same as above


Same as above


Intermediate and

Same as above




Same as above


Same as above


Fuel Handling


Buildings


Radwaste Building

Same as above




Same as above


Same as above


Diesel Generator

Finite element




Soil‑structure


Time history analysis


Building










interacted composite














model damping


Emergency Service

Lumped masses and half space

Same as above


Same as above


Water Pumphouse

equivalent soil spring







constant


Offgas Building

Finite element




Same as above


Same as above


TABLE 3.7‑3


COMPARISON OF CALCULATED SEISMIC LOADS TO DESIGN


SEISMIC LOADS OF CATEGORY I EQUIPMENT, SSE CONDITION






   Calculated Results






Natural




   Design Seismic



Equipment

Frequency

Seismic Loads

_    Load



1.
RCIC Pump

>33 Hz

0.35g (horiz.)
3.0g (horiz.)









0.55g (vert.)

2.0g (vert.)


2.
RCIC Turbine
16 Hz (horiz.)
2.25g (horiz.)
2.25g (horiz.)






18 Hz (vert.)
2.25g (vert.)

2.25g (vert.)


3.
SLC Tank(3)

58.8 Hz except
0.45g (horiz.)
1.75g (horiz.)






for fluid

2.00g (vert.)

1.75g (vert.)






sloshing mode






which is






0.58 Hz


4.
Spent Fuel
14.5 Hz

4,698 lb/in.2

26,600 lb/in.2


and Defective



Fuel Racks(1)


5.
Spent Fuel
14.5 Hz

10,476 lb/in.2

26,600 lb/in.2


and Defective



Fuel Racks(2)

6.
New Fuel

14.5 Hz

10,476 lb/in.2

26,600 lb/in.2


Racks(2)

7.
Refueling

12.15 Hz

31,220 lb/in.2

31,680 lb/in.2(OBE)



Platform




38,490 lb/in.2

40,600 lb/in.2(SSE)


8.
Control Room



Panels


(Seismic Adequacy Determined by Test)


9.
Fuel Prep



Machine

17.0 Hz

5,860 lb/in.2

29,400 lb/in.2(SSE)


10.
RHR Heat

14 Hz (horiz.)
1.0g (horiz.)

1.0g (horiz.)



Exchanger(4)
39 Hz (vert.)
0.4g (vert.)

0.4g (vert.)


11.
Hydraulic



Control Unit

(Seismic Adequacy Determined by Test)


TABLE 3.7‑3 (Continued)


NOTES:


(1)
Beams and cruciforms.


(2)
Beams only.


(3)
Seismic loads are less than the design seismic loads when horizontal and vertical loads are combined.


(4)
Loads specified correspond to the lowest dominate frequency.  Dynamic analysis was performed using a response spectrum.


TABLE 3.7‑4


SIGNIFICANT NATURAL FREQUENCIES FOR


CATEGORY I STRUCTURES


   Structure




Significant Natural Frequencies (cps)


Reactor Building



 3.87
 4.93
 5.23
 6.39









 6.96
 8.33
 9.67
10.68









13.21
14.14
17.62
18.69









19.28
20.29
21.76
21.76









25.33
29.22
30.38


Auxiliary Building



 8.90
 9.08
17.47
24.17









25.42
39.24


Control Building



 4.75
 4.91
10.84
13.35









13.60
22.16
23.17
28.92









31.01
31.82


Intermediate and Fuel


 3.75
 5.22
 7.86
 8.88


  Handling Buildings


 9.72
11.77
13.17
14.86









17.17
17.52
22.70
26.08









26.49
28.41
30.73


TABLE 3.7‑5


OBE RESPONSE LOADS FOR SEISMIC CATEGORY I STRUCTURES




    Mass

_  Acceleration (g)  _
 _ Displacement (in.) 




   (kip‑


Elevation
   sec2 /ft)
_NS     EW    Vertical
  NS     EW   Vertical


Reactor


  Building


(Shield


  Building)


600’‑6”

139.3

   0.116(1)

0.124

0.040(1)
 0.009


622’‑6”

142.9

   0.143

0.152

0.072
 0.013


644’‑6”

136.7

   0.178

0.178

0.106
 0.015


662’‑7”

128.5

   0.211

0.202

0.136
 0.017


688’‑6”

121.8

   0.278

0.234

0.179
 0.020


704’‑0”

106.6

   0.318

0.250

0.204
 0.022


725’‑0”

122.6

   0.367

0.268

0.237
 0.023


746’‑0”

174.7

   0.411

0.280

0.267
 0.024


766’‑0”

 90.3

   0.453

0.283

0.290
 0.024


Auxiliary


  Building


568’‑4”

483.9

0.089  0.090
0.101
 0.003  0.003
 0.007


599’‑0”

465.8

0.155  0.177
0.168
 0.015  0.019
 0.015


620’‑6”

434.8

0.249  0.257
0.206
 0.025  0.029
 0.018


652’‑0”

375.9

0.348  0.338
0.231
 0.035  0.039
 0.020


Control


  Building


574’‑10”

674.845
0.86
  0.094
0.087
 0.004  0.003
 0.005


599’‑0”

337.888
0.153  0.128
0.118
 0.035  0.028
 0.018


620’‑6”

309.317
0.201  0.163
0.167
 0.063  0.049
 0.027


638’‑6”

205.590
0.243  0.200
0.222
 0.089  0.070
 0.034


654’‑6”

246.894
0.276  0.232
0.249
 0.111  0.086
 0.038


679’‑6”

251.553
0.319  0.256
0.287
 0.134  0.108
 0.042


707’‑2”

283.851
0.373  0.271
0.342
 0.154  0.126
 0.043


TABLE 3.7‑5 (Continued)




    Mass

_  Acceleration (g)   
   Displacement (in.) 




   (kip‑


Elevation
   sec2/ft)
 NS     EW    Vertical
  NS     EW   Vertical


Intermediate/Fuel Handling Building


574’‑10”

493.5

0.090  0.086
0.097
 0.008  0.007
 0.005


599’‑0”

377.9

0.141  0.134
0.122
 0.032  0.025
 0.010


620’‑6”

291.9

0.190  0.182
0.175
 0.056  0.047
 0.014


639’‑6”

219.1

0.241  0.211
0.221
 0.077  0.090
 0.019


654’‑6”

258.1

0.281  0.220
0.235
 0.095  0.133
 0.019


665’‑0”

211.2

0.302  0.239
0.250
 0.108  0.164
 0.026


682’‑6”

388.4

0.336  0.280
0.265
 0.128  0.217
 0.034


707’‑6”

261.2

0.398  0.424
0.270
 0.153  0.293
 0.034


721’‑6”

 15.2

0.431  0.516
0.270
 0.163  0.331
 0.034


753’‑9”

  4.1

0.509  0.728
0.258
 0.189  0.417
 0.021


NOTE:


(1)
North‑South and East‑West components are identical due to symmetry.


TABLE 3.7‑6


MODE SHAPES OF REACTOR BUILDING(1)




1st

2nd
   3rd
 4th
    5th
  6th
 7th



   Joint
Mode
     Mode    Mode    Mode    Mode    Mode     Mode


Shield
 1
1.000
‑0.097
0.082
‑0.021
0.0019
0.0005
0.0056


Building
 2
0.920
‑0.089
0.076
‑0.020
0.0017
0.0004
0.0046




 3
0.817
‑0.078
0.066
‑0.017
0.0014
0.0003
0.0029




 4
0.705
‑0.066
0.055
‑0.014
0.0010
0.0002
0.0010




 5
0.618
‑0.056
0.046
‑0.011
0.0007
0.0001
‑0.0004




 6
0.469
‑0.038
0.031
‑0.0063
0.0002
0.0
‑0.0025




 7
0.366
‑0.027
0.021
‑0.0033
‑0.0001
‑0.0001
‑0.0036




 8
0.248
‑0.014
0.010
‑0.0002
‑0.0004
‑0.0002
‑0.0043




 9
0.139
‑0.0023
0.0001
0.0022
‑0.0007
‑0.0002
‑0.0045


Contain‑
10
0.218
0.081
‑0.120
1.000
0.017
0.002
0.011


ment

11
0.187
0.070
‑0.104
0.863
0.014
0.001
0.008




12
0.165
0.062
‑0.091
0.743
0.012
0.001
0.006




13
0.148
0.055
‑0.081
0.649
0.010
0.001
0.005




14
0.119
0.044
‑0.064
0.488
0.008
0.001
0.002




15
0.099
0.036
‑0.052
0.376
0.006
0.0004
0.0003




16
0.075
0.027
‑0.037
0.246
0.003
0.0002
‑0.002




17
0.052
0.018
‑0.024
 0.128
0.001
‑0.00004
 ‑0.003


Drywell
18
0.205
0.202
‑0.384
‑0.043
0.009
0.001
0.002




19
0.168
0.164
‑0.309
‑0.034
0.007
0.0004
0.0005




20
0.140
0.135
‑0.253
‑0.027
0.005
0.0003
‑0.0006




21
0.102
0.091
‑0.168
‑0.016
0.003
0.0001
‑0.002




22
0.066
0.052
‑0.093
‑0.006
0.001
‑0.0001
‑0.003




23
0.044
0.029
‑0.048
‑0.0005
0.0001
‑0.0001
‑0.004


Biolog‑
24
0.190
0.605
0.579
‑0.002
‑0.284
‑0.103
‑0.726


ical

25
0.149
0.451
0.427
0.0002
‑0.206
‑0.073
‑0.515


Shield
26
0.112
0.313
0.289
0.002
‑0.135
‑0.044
‑0.310


Wall


Pedestal
27
0.073
0.167
0.144
0.003
‑0.061
‑0.015
‑0.110




28
0.053
0.093
0.072
0.004
‑0.033
‑0.008
‑0.067




29
0.036
0.037
0.017
0.005
‑0.012
‑0.002
‑0.028


Foun‑
30
0.025
0.008
‑0.009
0.004
‑0.001
‑0.0002
‑0.004


dation
31
0.020
0.007
‑0.007
0.003
‑0.001
‑0.0002
‑0.003


Mat

46
0.015
0.006
‑0.006
0.002
‑0.001
‑0.0001
‑0.003


TABLE 3.7‑6 (Continued)





1st

2nd
   3rd
 4th
    5th
  6th
7th



   Joint
Mode
     Mode    Mode    Mode    Mode    Mode    Mode


Reactor
32
0.275
1.000
0.932
‑0.025
‑0.449
0.004
1.000


Vessel
33
0.245
0.873
0.813
‑0.021
‑0.385
0.002
0.812


and

34
0.222
0.778
0.724
‑0.017
‑0.336
0.0003
0.667


Inter‑
35
0.199
0.684
0.637
‑0.014
‑0.288
‑0.001
0.523


nals

36
0.164
0.539
0.501
‑0.009
‑0.203
‑0.008
0.2996




37
0.144
0.456
0.423
‑0.006
‑0.159
‑0.011
0.182




38
0.124
0.374
0.345
‑0.003
‑0.117
‑0.013
0.074




39
0.108
0.311
0.285
‑0.002
‑0.089
‑0.013
0.002




40
0.230
0.955
1.000
‑0.044
1.000
‑0.465
0.344




41
0.179
0.668
0.675
‑0.023
0.421
‑0.184
0.189




42
0.153
0.533
0.527
‑0.015
0.212
‑0.117
0.121




43
0.128
0.405
0.387
‑0.007
0.027
‑0.045
0.052




44
0.108
0.311
0.285
‑0.002
‑0.089
‑0.013
0.002




45
0.185
0.762
0.802
‑0.034
0.707
1.000
‑0.145


NOTE:


(1)
All mode shapes given for the reactor building are in the horizontal plane.


TABLE 3.7‑7


MODE SHAPES OF AUXILIARY BUILDING




1st
    2nd

3rd

4th
    5th
   6th
 7th




Mode
    Mode

Mode

Mode
    Mode
   Mode
 Mode


Joint
(E‑W)    (N‑S)    Vertical    (E‑W)    (N‑S)    (E‑W)   (N‑S)


  17
0.076
0.088
0.214
‑0.243
‑0.325
‑0.362
‑0.560


  27
0.471
0.436
0.603
‑0.962
‑0.955
‑0.691
‑0.479


  37
0.735
0.708
0.834
‑0.545
‑0.434
1.000
1.000


  47
1.000
1.000
1.000
1.000
1.000
‑0.313
‑0.255


TABLE 3.7‑8


MODE SHAPES OF CONTROL BUILDING




1st
2nd
  3rd
4th
5th
6th
7th




Mode
Mode
  Mode
Mode
Mode
Mode
Mode


Joint(1)
(N‑S)
(E‑W)
Vertical
(N‑S)
(E‑W)
(N‑S)
(E‑W)




(13)
(11)
 (13)
(13)
(13)
(13)
(11)




0.021
0.024
 0.103
 0.089
‑0.095
‑0.127
‑0.159




(23)
(21)
 (23)
(23)
(23)
(23)
(21)




0.210
0.211
 0.318
 0.729
‑0.653
‑0.831
‑0.901




(33)
(31)
 (33)
(33)
(33)
(33)
(31)




0.388
0.383
 0.510
 1.000
‑0.870
‑0.512
‑0.508




(43)
(41)
 (43)
(43)
(43)
(43)
(41)




0.563
0.547
 0.669
 0.851
‑0.737
 0.473
 0.472




(53)
(51)
 (53)
(53)
(53)
(53)
(51)




0.707
0.680
 0.814
 0.477
‑0.418
 1.000
 1.000




(73)
(71)
 (73)
(73)
(73)
(73)
(71)




0.867
0.855
 0.929
‑0.220
 0.300
 0.515
 0.555




(83)
(81)
 (83)
(83)
(83)
(83)
(81)




1.000
1.000
 1.000
‑0.904
 1.000
‑0.694
‑0.753


NOTE:


(1)
As noted in parenthesis.


TABLE 3.7‑9


MODE SHAPES OF INTERMEDIATE/FUEL


HANDLING BUILDINGS



1st
2nd
3rd
  4th
5th
6th
7th



Mode
Mode
Mode
  Mode
Mode
Mode
Mode


Joint
(E‑W)
(N‑S)
(N‑S)
Vertical
(E‑W)
(E‑W)
(N‑S)


  8
0.011
0.029
0.019
0.007
‑0.051
‑0.063
‑0.054


  9
0.011
0.031
0.020
0.007
‑0.052
‑0.061
‑0.053


 10
0.012
0.033
0.021
0.007
‑0.054
‑0.058
‑0.052


 21
0.047
0.157
0.034
‑0.013
‑0.214
‑0.190
‑0.233


 31
0.097
0.279
0.060
‑0.018
‑0.295
‑0.251
‑0.356


 40
0.196
0.393
‑0.091
‑0.023
‑0.275
‑0.226
‑0.475


 50
0.298
0.494
‑0.128
‑0.022
‑0.196
‑0.124
‑0.455


 60
0.373
0.562
‑0.134
‑0.030
‑0.117
‑0.013
‑0.365


 70
0.504
0.673
‑0.153
‑0.038
0.057
0.198
‑0.109


 80
0.693
0.806
‑0.200
‑0.036
0.451
0.625
0.133


 90
0.786
0.865
‑0.216
‑0.036
0.617
0.738
0.234


100
1.000
1.000
‑0.286
‑0.017
1.000
1.000
0.467


 20
0.038
0.070
0.127
0.031
‑0.158
‑0.166
‑0.110


 30
0.065
0.111
0.216
0.035
‑0.229
‑0.243
‑0.086


 11
0.065
0.115
0.397
0.136
‑0.229
‑0.243
‑0.086


 12
0.304
0.292
0.884
0.780
‑0.401
‑0.619
1.000


 13
0.440
0.358
1.000
1.000
‑0.436
‑0.598
0.940


TABLE 3.7‑10


PERCENT OF CRITICAL DAMPING


ROCKING OF ENTIRE BUILDING







Range of Shear


Material



Wave Velocity 



Damping Factor


On rock



C (6,000 fps




2‑5


On firm soil


C (2,000 fps




5‑7


On soft soil


C <2,000 fps




7‑10


TABLE 3.7‑11


NUMBER OF DYNAMIC RESPONSE CYCLES EXPECTED DURING A SEISMIC EVENT








        Frequency Bandwidth (Hertz)









__0   ‑   10
_10   ‑   20
_20   ‑   50


Total Number of Seismic Cycles
168


359


643


No. of Seismic Cycles (0.5% of


Total) between 75% and 100% of


Peak Loads




0.8


1.8


3.2


No. of Seismic Cycles (4.5% of


Total) between 50% and 75% of


Peak Loads




7.5

    16.2

    28.9


TABLE 3.7‑12


CRITICAL DAMPING RATIOS FOR DIFFERENT MATERIALS (NSSS)










  Percent Critical Damping(1)(2)




Item




OBE Condition
  SSE Condition


Welded structural assemblies



2.0


  3.0


(equipment and supports)


Vital piping systems ‑ Diameter


2.0


  3.0






   greater than






   12 in.






 ‑ Diameter less

1.0


  2.0






   than or equal






   to 12 in.


Equipment







2.0


  2.0


Reactor pressure vessel, support


2.0


  4.0


skirt, shroud head, separator, and


guide tubes


Fuel








6.0


  6.0


NOTES:


(1)
Other values may be used if they are indicated to be reliable by experiment or study.


(2)
Damping values as defined in ASME Code Case N‑411‑1 may be utilized for building filtered response spectra piping stress analysis. 


TABLE 3.7‑13


SEISMIC INSTRUMENTATION


SENSING ELEMENTS(1)

  Sensing


  Element


Tag







Mounting


   Lowest Natural


Description

No.


Location



  Type  


Frequency of Mount(2)

Accelerometer

D51‑N101

Reactor building

Bolted to



See Note(4)








foundation in the

bracket which









fuel handling


is bolted to









building at


shield building









Elevation 575’‑10”

wall


Accelerometer

D51‑N111

Containment


Bolted to



See Note(4)








vessel inside


bracket welded









annulus at


to containment









Elevation 686’‑0”

vessel wall


Seismic


D51‑N100

Reactor building

Bolted to bracket

See Note(4)

Trigger





foundation in the

which is bolted









intermediate


to shield









building at


building wall









Elevation 575’‑10”


Seismic


D51‑N110

Reactor building

Bolted to bracket

See Note(4)

Trigger





foundation in the

which is bolted









fuel handling


to shield









building at


building wall









Elevation 575’‑10”


TABLE 3.7‑13 (Continued)


  Sensing


  Element


Tag







Mounting


   Lowest Natural


Description

No.


Location



  Type  


Frequency of Mount(2)

Peak



D51‑R120

On the recirculation
Bolted to



See Note(4)

Accelerograph




pump in the reactor

recirculation pump









building at


motor housing









Elevation 604’‑8”


Peak



D51‑R130

On HPCS piping in

Bolted to base


See Note(4)

Accelerograph




reactor building at

mounting plate









Elevation 631’‑1‑1/4”
which is welded









(centerline of


to HPCS system









piping)



pipe hanger.


Peak



D51‑R140

HPCS pump room base

Bolted to



See Note(3)

Accelerograph




mat in auxiliary

foundation









building at


embedment









Elevation 568’‑4”

plate


Seismic


D51‑N150

Reactor building

Bolted to bracket

See Note(4)

Switch





foundation in the

which is bolted









fuel handling


to shield









building at


building wall









Elevation 575’‑10”


Response Spectrum
D51‑R160

Reactor building

Bolted to triaxial

See Note(3)

Recorder with




foundation in the

mounting fixture


Switches





intermediate


which is bolted









building at


to embedment









Elevation 574’‑11”

plate


TABLE 3.7‑13 (Continued)


  Sensing


  Element


Tag







Mounting


   Lowest Natural


Description

No.


Location



  Type  


Frequency of Mount(2)

Response Spectrum
D51‑R170

Biological shield

Bolted to triaxial

See Note(4)

Recorder





outer wall adjacent

mounting fixture









to RHR pipe support

which is welded to









at Elevation 636’‑6”
outer face of














biological shield














wall


Response Spectrum
D51‑R180

HPCS pump base mat in
Bolted to embedment

See Note(3)

Recorder





auxiliary building at
plate triaxial









Elevation 568’‑4”

mounting fixture


Response Spectrum
D51‑R190

RCIC pump base mat in
Bolted to embedment

See Note(3)

Recorder





auxiliary building at
plate triaxial









Elevation 568’‑4”

mounting fixture


NOTES:


(1)
All listed sensing elements are triaxial.


(2)
Lowest natural frequency, in any of three dimensions, of mounting bracket.


(3)
This instrument does not use a bracket as a mounting adapter.  The instrument is bolted rigidly to a plate embedded in the concrete surface that it monitors and is free from spurious resonances within its frequency range.


(4)
The instrument uses a bracket or plate as a mounting adapter which is rigidly attached to the 
structure that it monitors and is free from spurious resonances within its frequency range.  The rap test performed on instrument D51‑N101 after the January 31, 1986, Ohio earthquake confirmed that its bracket assembly has a natural frequency above 100 Hz (Reference 19).


TABLE 3.7‑14


SETPOINTS OF THE TRIAXIAL RESPONSE SPECTRUM RECORDER(1)


 Horizontal Axis
  Vertical Axis



Setpoint Value (g)
Setpoint Value (g)



Amber
Red
Freq.
Amber
Red

Freq. (CPS)
Signal(2) 
Signal(3)  
(CPS)
Signal(2)
Signal(3)


2.0
0.23
0.35
2.0
0.14
0.21



2.5
0.28
0.42
2.5
0.17
0.26



3.2
0.29
0.44
3.2
0.21
0.31



4.0
0.27
0.40
4.0
0.23
0.35



5.0
0.23
0.35
5.0
0.26
0.39



6.4
0.23
0.35
6.4
0.27
0.41



8.0
0.23
0.35
8.0
0.38
0.57



10.1
0.23
0.34
10.1
0.43
0.65



12.7
0.21
0.31
12.7
0.37
0.55



16.0
0.19
0.28
16.0
0.19
0.29



20.2
0.18
0.27
20.2
0.09
0.13



25.4
0.08
0.12
25.4
0.07
0.11


NOTES:


(1)
Instrument No. D51‑R160


(2)
Two‑thirds of OBE


(3)
OBE
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3.8      DESIGN OF CATEGORY I STRUCTURES


3.8.0      GENERAL DESCRIPTION


3.8.0.1      Reactor Building Complex


The reactor building complex consists of the interior structure (including drywell and suppression pool), containment vessel, annulus concrete, and shield building.  These structures house and protect the reactor and some safety class equipment.  The structures are supported by a common foundation mat at Elevation 574’‑10”.  The interior structure is separate from the containment vessel, annulus concrete and shield building above the mat, however, the containment vessel and shield building are tied together by the annulus concrete, to Elevation 598’‑4”.  The relationship of the structures is shown in <Figure 3.8‑1>.  If a Loss‑of‑Coolant Accident (LOCA) occurs, these structures function together to contain the released materials and energy.  For a complete physical description of each of these structures refer to <Section 3.8.1.1> for the shield building, <Section 3.8.1.8> for the annulus concrete, <Section 3.8.2.1> for the containment vessel, and <Section 3.8.3.1> for the interior structure.


The pressure and temperature transients for the drywell and containment vessel during the postulated Loss‑of‑Coolant Accidents (LOCA) are described in detail in <Section 6.2>.


In summary, the effects of one of these LOCA (main steam line break) on the drywell and containment vessel are:


a.
Steam line pipe in the drywell breaks.


b.
Pressure and temperature build up rapidly in drywell to maximum calculated values as discussed in <Section 6.2.1>.


c.
Increase in drywell pressure causes steam‑air mixture to force down the water in the interspace between the weir wall and the inside of the drywell wall, and to blow this mixture through the vent holes in the drywell wall.  This action causes an almost complete condensing of the steam into the suppression pool water.


d.
As the blowdown continues, air, noncondensible gases and some steam escape to the containment vessel atmosphere.  This causes the pressure and temperature in the containment vessel to increase to maximum calculated values as discussed in <Section 6.2.1>.


e.
After the Emergency Core Cooling System (ECCS) has functioned for a short period and the reactor has been scrammed, the water steam mixture cascading from the ruptured pipe causes a condensing of the steam air mixture in the drywell.  The condensing in turn causes an inward acting pressure differential of approximately 6.8 psi (calculated maximum on the drywell).  The drywell is designed for ‑21.0 psi differential pressure; operation of the drywell vacuum breakers is not required to protect the drywell structure.


The annulus space between the containment vessel and shield building is maintained at a slight negative pressure during both normal plant operation and a LOCA.  Any radioactive material which might escape from the containment vessel will be collected in the annulus space.  The annulus exhaust gas treatment system which maintains the annulus space at a slight negative pressure, will collect and treat radioactive material prior to discharge.  A more complete description of the functional criteria, design bases, etc., is given in <Section 3.8.3.1>, <Section 3.8.2.1> and <Section 3.8.1.1> for the interior structure (drywell), containment vessel and the shield building, respectively.


Other smaller postulated steam line breaks, as described in <Section 6.2>, give less critical pressure conditions for both the drywell and the containment vessel.  These pressure loads are also considered in the design.


3.8.0.2      Other Safety Class Structures


The relationship of the safety class structures is shown in <Figure 3.2‑1>.  The Reactor Building Complex and the other safety class structures are separated from each other to preclude interaction between the structures.  For a detailed description of the other safety class structures refer to <Section 3.8.4>.


3.8.0.3      Foundations and Concrete Supports for Safety Class Structures


The relationship, design and configuration of the foundations of safety class structures is discussed in <Section 3.8.5>.


3.8.0.4      Expansion Bolt Installation in Safety Class Concrete Structures


During the operations phase, Hilti Kwik‑Bolt, Hilti Kwik‑Bolt II and Drillco Maxi‑Bolt type expansion anchors will typically be used as required to attach systems, components or structures to existing Safety Class concrete structures.  These expansion anchors will be installed in accordance with approved procedures and instructions such that the structural integrity of the Safety Class concrete structures is not impaired due to the bolt installation process <Section 3.8.3.3.8>.


3.8.1      CONCRETE CONTAINMENT


The containment structure for this plant is composed of the free standing steel containment vessel and the annulus concrete acting compositely.  A shield building forms a housing for the steel containment and annulus concrete which strengthens and stiffens the containment vessel.  Both the shield building and the annulus concrete are discussed in this section beginning with the shield building.  The shield building has the following functions:


a.
Forms a biological shield for radiation from the reactor.


b.
Provides protection for the containment vessel from ground water contact and pressure.


c.
Provides weather and exterior missile protection for the containment vessel.


d.
Provides a relatively leak tight structure so that the annulus exhaust gas treatment system can be used to minimize the escape of radioactive particles to the environment, by maintaining the annulus air space at a slight negative pressure.


3.8.1.1      Description of the Shield Building


The shield building is a reinforced concrete structure consisting of a flat foundation mat, a cylindrical wall and a shallow dome.  The general configuration of the shield building and its relation to the other structures of the reactor building complex is shown in <Figure 3.8‑1>.  The foundation mat, common to the shield building, annulus concrete, containment vessel, and interior structure is circular in plan with a diameter of 136 feet and a thickness of 12 feet 6 inches.  The


foundation mat is founded on Chagrin shale at Elevation 562’‑3”, approximately 56 feet below grade.  Foundations are discussed in detail in <Section 3.8.5>.


The shield building cylindrical wall extends from the top of the foundation mat at Elevation 574’‑10” to Elevation 749’‑9” and has outside diameter of 136 feet with a wall thickness of 3 feet 0 inches.  Shallow dome has a radius of 120 feet 0 inches, with a thickness of 2 feet 6 inches.  There is no thickened ring girder, but the elevation of the wall at the junction of the wall and dome was raised to provide a greater section to help resist the outward thrust of the dome.


A cross section of the ring girder is shown in <Figure 3.8‑2>.  Details of the typical reinforced section for the shield building wall and dome are shown in <Figure 3.8‑3>.  Typical details of the cylindrical wall foundation mat junction can be found in <Figure 3.8‑82>.


Access to the inside of the containment vessel through the shield building is provided by two personnel airlocks of approximately 9 feet 6 inches in diameter.  These are described in <Section 3.8.2> and shown in <Figure 3.8‑4>.


The equipment access opening is octagonal in shape, and 20 feet across the flats.  This opening is shielded by removable reinforced concrete beams which are provided with seals to minimize the leakage of air.  See <Figure 3.8‑5> for more details.


Details of mechanical and electrical penetrations are discussed in <Section 3.8.2> and shown in <Figure 3.8‑6> and <Figure 3.8‑7>.  The design of penetration sleeves is such that they allow differential movement between the shield building and the containment vessel.  A 2” thickness of compressible material has been provided around the six penetrations within the annulus concrete to permit differential movement between the containment vessel and shield building.  Typical details are 


shown in <Figure 3.8‑104>.  At the shield building wall the penetration sleeves are designed to maintain the leak tightness requirements for the shield building.


The functional criteria for the shield building does not require vacuum breakers.  Purge valves are required as part of the annulus exhaust gas treatment system.


The concrete will have a minimum 28 day cylinder compressive strength of 3,000 psi.  The steel reinforcement is in accordance with the requirements of ASTM A615‑72, Grade 60.


Waterproofing of the portion of the shield building below grade is described in <Section 3.8.5>.


A general reinforcing pattern of orthogonal bars arranged vertically and circumferentially in both faces of the wall was used in the shield building wall.  A description of the reinforcement is provided below and in <Table 3.8‑12>.  <Table 3.8‑12> also shows design axial forces, moments and transverse shears with governing load combinations at critical sections of the shield building.


Due to local non‑axisymmetric loadings, the reinforcement for the wall has three distinct designs around the circumference as follows:


a.
Area subjected to soil pressures at centerline 97.5 degrees azimuth for Unit 1 has vertical reinforcement on the outside face of No. 18 at 12 inches alternated with No. 11 at 12 inches and an inside face reinforcement of No. 11 at 12 inches alternated with No. 9 at 12 inches.  Unit 2 is similar.


b.
Steam tunnel area subjected to pressure and pipe anchor loadings at centerline 0 degrees azimuth has an outside face reinforcement of 



No. 14 at 12 inches alternated with No. 11 at 12 inches and an inside face reinforcement of No. 11 at 6 inches.


c.
The remainder of the structure which is not subjected to any local loadings has an outside face reinforcement of No. 11 at 12 inches alternated with No. 9 at 12 inches and an inside face reinforcement of No. 11 at 12 inches alternated with No. 9 at 12 inches.


The horizontal reinforcement for areas a. and b., above, was No. 9 at 6 inches each face for the lower 30 feet of the wall.  For the remainder of the structure at this elevation the reinforcement was No. 9 at 6 inches outside face and No. 9 at 12 inches inside face.  The vertical reinforcement generally decreased above this region to No. 9 at 12 inches each face at the ring girder.  The horizontal reinforcement also generally decreased above this elevation until just below the ring girder where it increased to No. 11 at 6 inches each face.


The reinforcing pattern for the dome is essentially radial and circumferential with the center section arranged orthogonally for ease of placing.  Radial reinforcement for the dome is generally No. 9 at 12 inches decreasing to No. 8 at 12 inches toward the apex.  Circumferential reinforcement is No. 11 at 12 inches near the ring girder decreasing to No. 8 at 12 inches toward the apex.  <Figure 3.8‑3> shows the typical wall, ring girder and dome reinforcement.


3.8.1.2      Applicable Codes, Standards and Specifications to the Design


3.8.1.2.1      Codes


a.
ACI 318‑71, “Building Code Requirements for Reinforced Concrete,” American Concrete Institute.



Chapters Used



1

General Requirements



2

Definitions



7

Details of Reinforcement



8

Analysis and Design ‑ General



9

Strength and Serviceability



10

Flexure and Axial Loads



11

Shear and Torsion



12

Development of Reinforcement



19(8)

Shells and Folded Plate Members



Appendix B



Chapters Not Used



3(1)

Materials



4(1)

Concrete Quality



5(1)

Mixing and Placing Concrete



6(1)

Formwork, Embedded Pipes and Construction Joints



13(2)

Slab Systems with Panels



14(3)

Walls



15(4)

Footing



16(5)

Precast Concrete



17(6)

Composite Concrete Flexural Members



18(7)

Prestressed Concrete



20(9)

Strength Evaluation of Existing Structures



Chapters Not Used



Appendix A(10)
Special Provision for Seismic Design



NOTES:



(1)
ACI 301‑72 will be used to define requirements in this area as modified by <Section 3.8.1.6>.



(2)
Panel slab systems are not used on this structure.



(3)
The cylindrical wall is more properly considered a shell structure than a conventional wall.



(4)
This structure has a foundation mat not individual footings.



(5)
The shield building is not a precast concrete structure.



(6)
Composite flexural members are not used on the shield building.



(7)
The shield building is not a prestressed concrete structure.



(8)
Chapter 19 is used except that Sections 19.2.2, 19.5.1, 19.5.2, 19.5.4, and the last sentence of Section 19.5.3 are not applicable.



(9)
The shield building is not an existing structure.



(10)
The provisions of Appendix A apply to moment resisting frames and shear walls.


b.
ACI 301‑72, “Specification for Structural Concrete for Buildings,” American Concrete Institute.



All chapters of ACI 301 are applicable except Chapter 15 which has requirements for prestressed concrete.


c.
ACI 307‑69, “Specification for the Design and Construction of Reinforced Concrete Chimneys,” American Concrete Institute.



Chapters 4.6, 4.7 and 4.8 of ACI 307‑69 are applicable in determining thermal stresses.  All other chapters or parts of chapters are not applicable because of their specialized nature (applicable to reinforced concrete chimneys).


d.
Ohio Building Code 1970 Edition, Chapter BB‑33, “Reinforced and Plain Concrete, Reinforced Gypsum Concrete and Reinforced Masonry,”



Board of Building Standard Department of Industrial Relations, State of Ohio.



Sections Used



BB‑33‑01
Definitions



BB‑33‑02
Abbreviations BB‑33‑03 ‑ Accepted engineering practice and approved standards



BB‑33‑07
Reinforced concrete ‑ general design and construction



Sections Not Used



BB‑33‑04(1)

Reinforced concrete materials



BB‑33‑05(1)

Concrete, classification and quality



BB‑33‑06(1)

Concrete, ready mixed



BB‑33‑08(2)

Reinforced concrete, supervision



BB‑33‑09 to



BB‑33‑13(3)

Plain concrete



Sections Not Used



BB‑33‑14(4)

Reinforced gypsum concrete, precast



BB‑33‑15(4)

Reinforced gypsum concrete, design and construction



BB‑33‑16 to



BB‑33‑20(5)

Reinforced masonry



NOTES:



(1)
ACI 301‑72 will be used in this area as modified by <Section 3.8.1.6>.



(2)
Not applicable to this design.



(3)
Plain concrete is not used on this structure.



(4)
Reinforced gypsum is not used on this structure.



(5)
Reinforced masonry is not used on this structure.


3.8.1.2.2      Standards


a.
ASTM Standards:  Applicable ASTM standards are discussed in the following sections.  The date of a particular standard may vary for different items because of the difficulty in purchasing material to an outdated standard.  Since the latest ASTM standards reflect industry practice used for fabrication and erection, it was permitted to use an updated standard where no unacceptable loss of quality would result.



1.
Concrete:  <Section 3.8.1.6.1>



2.
Reinforcing Steel:  <Section 3.8.1.6.2>



3.
Cadweld Splices:  <Section 3.8.1.6.3>


b.
Applicable Regulatory Guides to Design



Regulatory guides pertaining to seismic design classification and seismic design are referenced in <Section 3.2> and <Section 3.7> respectively.



1.
<Regulatory Guide 1.10>, “Mechanical (Cadweld) Splices in Reinforcing Bars of Category I Concrete Structures.”  This guide was used with modifications specified in <Section 3.8.1.6.3>.



2.
<Regulatory Guide 1.15>, “Testing of Reinforcing Bars for Category I Concrete Structures.”  This guide was used with modifications specified in <Section 3.8.1.6.2>.



3.
<Regulatory Guide 1.55>, “Concrete Placement in Category I Structures.”



4.
<Regulatory Guide 1.142> (April 1978), “Safety‑Related Concrete Structures For Nuclear Power Plants (Other Than Reactor Vessels and Containments).”  We generally comply with this guide except the 0.9 load factor for dead load was not used as required by Item 11.  We have assessed this reduced load factor on several key structures including the Drywell, Reactor Building foundation mat, the Auxiliary Building roof slab, and the Fuel Handling Building roof slab.  Our evaluations demonstrate that we meet the intent of this Regulatory Guide requirement.


3.8.1.2.3      Principal Plant Specifications


The principal specifications for the shield building are:


a.
Concrete supply.


b.
Fabrication and placing of reinforcing steel and embedded items.


c.
Placement of structure concrete.


d.
Supply and installation of waterproofing and waterstops.


These specifications include the applicable design requirements of the shield building.  The detailed material specifications, the detailed quality control provisions and any special construction technique requirements all as described in <Section 3.8.1.6>, are included in these specifications.


3.8.1.3      Loads and Load Combinations


3.8.1.3.1      Loads Used in the Design


a.
Dead Load (symbol D)



Dead load includes the weight of the shield building plus any permanent attachments including cable trays and piping less than 18” diameter.


b.
Live Load (symbol L)



1.
For the dome of the shield building:




(a)
25 psf live load.




(b)
84.5 psf snow and ice load based on the meteorological recommendations of <Section 2.3.1>.



2.
For stairs and platforms ‑ 100 psf



3.
Any equipment or systems not permanently attached.



4.
Piping 18‑inch diameter or larger.


c.
Groundwater Loads (symbol G)



The design bases for groundwater loading conditions are described in <Section 2.4.13>, <Section 2.5.4>, and <Section 3.8.5.3.4>.


d.
Lateral Soil Pressures (symbol H for static and Feqo and Feqs for dynamic soil pressures)



The static and dynamic soil pressures used in the design are given in <Section 2.5>.  Static lateral soil pressures are included under the symbol H.  Dynamic lateral soil pressures are included under the symbols Feqo or Feqs as appropriate.


e.
Normal Operating Temperature Induced Forces (symbol To)



Thermal effects and induced loads during normal operating or shutdown conditions, based on the most critical transient or steady‑state condition calculated from:



1.
Annulus space:  maximum temperature

104(F, normal




operating







 minimum temperature

50(F, shutdown



2.
Ambient temperature:  maximum 7 day mean 83(F








  minimum 7 day mean 10(F



3.
Soil temperature:  average ground temperature 55(F.


f.
Wind and Tornado Loads (symbols W for design wind Wt and for tornado wind, and Z for pressure differential due to the tornado pressure drop).



The wind and tornado loads including tornado pressure drop, are described in <Section 3.3>.


g.
Seismic Loads (symbols Feqo for OBE and Feqs for SSE)



Seismic loads are the forces imparted to the structure by ground accelerations due to the OBE and SSE.  For further details on the methods of evaluating seismic response refer to <Section 3.7>.  The effect of the interaction between the containment vessel, annulus concrete and shield building was considered.


h.
Annulus Pressure Load



The annulus space is maintained at 0.40 inch water gauge in water less than atmospheric during normal operating and accident conditions.  This extremely low pressure, equivalent to 0.015 psi, is not a significant load and consequently, is ignored in the design.


i.
Accident Temperature and Pressure



1.
Accident Temperature (symbol Ta)




Thermally induced loads generated by the postulated break and including To.



2.
Accident Pressure Loads (symbol Pa)




Pressure equivalent static load generated by the postulated break including an appropriate dynamic load factor to account for any dynamic nature of the pressure pulse.  The direct pressure effects due to pool swell and other LOCA pressures transmitted from the containment vessel through the filled annulus concrete into the shield building are considered in the design of these structures.


j.
Penetration Loads (symbols Ro, Ra, Yr, Yj, and Ym)



In general, the penetration design ensures that no load is transmitted to the shield building with the exception of the steam tunnel area.  The two feedwater lines are anchored in the shield building wall.  All other piping systems with guard pipes are anchored in the drywell wall and are provided with guard pipe guides at the shield building wall.  These guides transmit only in‑plane loads to the shield building wall.  The equipment hatch 



and personnel access airlocks are supported from the containment vessel and transmit no load to the shield building wall.



The feedwater penetration anchorages are designed to act as pipe restraints for axial, moment and torsional loads.  These are treated as local loads on the shell and are applied as a result of interaction of the sleeve anchor and reinforced concrete wall.  The penetration loads were broken down into the following categories:



1.
Pipe reactions during normal operating or shutdown conditions, based on the most critical transient or steady‑state condition (symbol Ro).



2.
Pipe reactions under thermal conditions generated by the postulated break and including Ro (symbol Ra).



3.
Equivalent static load on the structure generated by the reaction on the broken high‑energy pipe during the postulated break, and including an appropriate dynamic factor to account for the dynamic nature of the load (symbol Yr).



4.
Jet impingement static load on the structure generated by the postulated break, including an appropriate dynamic factor to account for the dynamic nature of the load (symbol Yj).  The shield building wall exposed to the steam tunnel is designed for the direct jet impingement due to the postulated rupture of high energy piping as described in <Section 3.6>.



5.
Missile impact equivalent static loads generated by or during the postulated break, like pipe whipping, and including an appropriate dynamic factor to account for the dynamic nature of the load (symbol Ym).


k.
Missile Loads (symbol M)



The missile loads for the design are the tornado missile as described in <Section 3.5>.


l.
Explosions and Flammable Vapor Clouds (symbol Pr)



The exterior surfaces of the shield building are designed to withstand the effects of the postulated blast loading discussed in <Section 2.2.3>.  The assumed pressure distribution for the walls is similar to that used for the wind and tornado loadings with a maximum positive pressure of twice the calculated peak overpressure equal to 2.4 psi.  The Shield Building dome is designed for a positive pressure equal to the peak calculated overpressure of 1.2 psi.


m.
Safety/Relief Valve Operation (symbols Psrv and Tsrv)



The induced loads on the shield building are due to the pressure (Psrv) and thermal (Tsrv) transients associated with the operation of the safety/relief valve system.  The direct pressure effects are transmitted only through the region of the annulus concrete.  The vibratory response loads are considered on the entire structure.  A more detailed discussion of the loads is presented in <Appendix 3A> and <Appendix 3B>.


3.8.1.3.2      Load Combinations


a.
Combinations



The load combinations listed in <Table 3.8‑1> for reinforced concrete structures were investigated in determining the most critical conditions for design.  Many of the loads vary within a possible range.  For this type of load the specific value used is 



that which produced the most critical conditions for the load combination being considered.


b.
Design Approach



The load combinations discussed above are in accordance with the requirements of the applicable codes:  ACI 318‑71, ASME Code Section III, Division 2 and “Structural Design Criteria for Category I Structures Outside Containment” (Reference 1) for reinforced concrete using the strength design method and the criteria discussed in <Section 3.8.1.4>.  Structural steel members are designed in accordance with the 1969 AISC “Specification for the Design, Fabrication and Erection of Structural Steel for Buildings.”  The design approach for missile design and pipe whip restraint is described in <Section 3.5> and <Section 3.6> respectively.


3.8.1.3.3      Load Factors


a.
Load Factors Based on “Structural Design Criteria for Category I Structures Outside Containment:” (Reference 1)



The load factors presented in <Table 3.8‑1> are in accordance with (Reference 1), except for the groundwater (G) load factor.  The factor for the groundwater pressure is derived from ACI 318 and is the same as for dead load.  This factor has been adopted because of the conservative assumption in groundwater level and the exactness with which the load can be calculated.


Equation (13) uses load factors of 1.0 for the postulated gas line, or gas storage explosion.  The factors of 1.0 have been adopted because of the conservatism in the blast loading calculations, and the manner in which the pressures are applied.  This is consistent with the philosophy applied to tornado and missile loadings.


b.
Dynamic Load Factors



In general, dynamic load factors apply to loads where local areas (restraints, barriers, etc.) are allowed to deform and to absorb energy.  Deformation limits are conservative as compared to ultimate deformations.



For structural members supporting restraints, barriers, etc., equivalent static loads are conservatively chosen from dynamic analysis of the local areas (i.e., maximum reactions in critical directions) or conservatively estimated using (Reference 2) or (Reference 3).  Appropriate dynamic load factors are included in the definition of Pa, Yr, Ym, Yj, and M in agreement with (Reference 1).  The dynamic load factor is in addition to the “load factors” explicitly included in the load combinations shown in <Table 3.8‑1>.



Design for pipe whip restraint, and jet impingement loads is discussed in <Section 3.6>.  Design for missile loads is discussed in <Section 3.5>.


3.8.1.3.4      Load Combinations for Local Areas


The load factors and load combinations for the design of local areas are the same as those used for the general structure and outlined in <Table 3.8‑1>.  Methods of analyzing for local loads and for the effects of discontinuities are discussed in <Section 3.8.1.4>.  Loads; defined by the symbols Ro, Ra, Yr, Yj, Ym; and due to pipe reactions and jet impingement forces are generally localized in nature.  The tornado missile load (M symbol) is a localized load but of general application to all parts of the Shield Building above grade, and not protected by adjacent structures.


3.8.1.3.5      Time Dependent Loads


The Shield Building is not a prestressed concrete pressure vessel therefore variation in loads due to time dependent losses such as creep and shrinkage are not significant.


3.8.1.3.6      Thermal Effects


Temperature profiles based on the temperatures given in <Section 3.8.1.3.1.e> are shown in <Figure 3.8‑10>.  These profiles are the basis for selection of the critical temperature induced loads to be used in load combinations presented in <Table 3.8‑1>.


3.8.1.3.7      Extent of Compliance to ACI 349‑76 “Code Requirements for Nuclear Safety‑Related Concrete Structures,” American Concrete Institute.


The extent of compliance to ACI 349‑76 is discussed in <Section 3.8.3.3.7>.


3.8.1.4      Design and Analysis Procedures


Since the shield building is not a containment, it was not designed in accordance with Article CC‑3000 of ASME Proposed Section III, Division 2, but rather to the applicable codes described in <Section 3.8.1.2>.


3.8.1.4.1      Assumptions of Boundary Conditions


a.
In analysis, the basic assumption in accordance with ACI 318‑71 Section 19.2.1 is that the material is ideally elastic, homogeneous and isotropic.


b.
The concrete design is based on the assumptions given in Section 10.2 of ACI 318‑71 including the assumption that tensile strength of the concrete is neglected in calculations (cracked section).


c.
The analysis assumed that the structure is fixed at the Shield Building wall to reactor building mat junction for all loads except for thermal.  The mat stiffness was included for this load.  An accurate representation of the ring girder (dome to wall junction) was included in the analytical model such that no additional assumptions on boundary conditions were required.


3.8.1.4.2      Treatment of Axisymmetric and Non‑axisymmetric Loads


a.
Axisymmetric Loads



The shield building was analyzed and designed for the following axisymmetric loads which are defined in <Section 3.8.1.3>:



1.
Dead Load



2.
Live Load



3.
Groundwater Loads



4.
Normal Operating and Accident Temperature Induced Forces



The analytical approach used is described in <Section 3.8.1.4.3>.


b.
Non‑axisymmetric Loads



The shield building was analyzed and designed for the following non‑axisymmetric loads and are as defined in <Section 3.8.1.3>:



1.
Lateral Soil Pressures



2.
Wind Loads



3.
Tornado Wind Loads



4.
Seismic Loads (OBE and SSE)



5.
Local pipe reaction and pipe rupture forces including jet impingement forces and local compartmental pressure loads on the shell outside the shield building due to postulated pipe breaks within the auxiliary building steam tunnel compartment.



6.
Vibratory and direct pressure effects as transmitted through the containment vessel and/or annulus concrete due to Steam Relief Valve Operation.



7.
Asymmetric pool swell air bubble loads as defined in <Appendix 3B>.



The effective pressures for the above loads were represented in the ELAD or ASHSD 2 computer programs using Fourier series.



Input data for the OBE and SSE analysis of the Shield Building consisted of inertial forces obtained from the seismic analysis results as described in <Section 3.7>.



The only pipes anchored in the shield building wall are the feedwater lines.  The wall penetration sleeve is designed as an anchor to transmit all normal operating and pipe rupture loads into the wall.



The vibratory loads due to steam relief valve operation were evaluated in the same manner as the seismic loadings.


3.8.1.4.3      Analytical Techniques


a.
Cylindrical Shell, Dome and Annulus Concrete



1.
Static Analysis




The static analysis of the shield building was initially performed using the computer program ELAD.  ELAD is a finite element program designed to determine elastic deformations, strains and principal values of stress within axisymmetric solid structures or arbitrary shape subjected to axisymmetric or non‑axisymmetric pressure, concentrated loads and temperatures.  All boundary conditions consistent with the theory of elasticity are permitted.  The axisymmetric finite element model used in ELAD for determining the structural response to both the axisymmetric and non‑axisymmetric loadings is shown in <Figure 3.8‑9>.




Since the annulus concrete was added to the shield building after the shield building had been constructed, an additional static analysis of the containment vessel, shield building and annulus concrete was performed using the ASHSD 2 and ANSYS computer programs.  ASHSD 2 is a finite element program with the capability to determine elastic deformations and stresses within axisymmetric shell or solid structures of arbitrary shape subjected to axisymmetric or non‑axisymmetric pressure or concentrated loads.  All boundary conditions consistent with the theory of elasticity are permitted.  The axisymmetric finite element model used for the ASHSD 2 analyses is shown in <Figure 3.8‑105>.  ANSYS is a general purpose finite element program with the capability to solve static and dynamic problems involving elasticity, plasticity, creep, and swelling, buckling problems, and steady‑state and transient heat transfer, and fluid flow problems.  The axisymmetric 




finite element model used for the ANSYS analyses is shown in <Figure 3.6‑106>.




The ASHSD 2 computer program was used to analyze the shield building and annulus concrete for the accident pressures, groundwater pressure, steam tunnel pressure, suppression pool water pressure, and seismic loads.  The ANSYS computer program was used to analyze the lower shield building and annulus concrete for thermal loads.




The original ELAD analysis results for dead and soil pressure loads were used since the shield building was already constructed and the soil against the shield building was already backfilled without the annulus concrete being in place.




In the determination of shield building thermal stresses, for all sections away from the discontinuities, the cracked section approach as presented in ACI 307‑69 was used.  The equations were modified to reflect Poisson’s effect by dividing by (1‑n).  For the ring girder area, reinforcement was provided based on a completely elastic thermal stress analysis, using the ELAD model.



2.
Dynamic Analysis (Seismic Analysis)




The shell and dome are analyzed for seismic ground motions by means of the program DYNAL.  Using a lumped mass model of the structure, the program calculates the flexibility matrices and the natural frequencies and mode shapes of the structure.  These properties are then used along with the time history ground response to generate structural responses at points of mass concentration.  See <Section 3.7> for details of seismic analysis.




Safety/relief valve discharge, pool swell, condensation oscillation, and chugging loads were analyzed by use of the ASHSD 2 computer program and the model shown in <Figure 3.8‑105>.  These loads are described in <Appendix 3A> and <Appendix 3B>.




The safety/relief valve discharge load used was greater than the loads presented in <Appendix 3A> and <Appendix 3B>.  The condensation oscillation and chugging loads produced stresses which are small and could be neglected.




The structural responses are in terms of velocity, acceleration and deflection.  The accelerations are used to give equivalent static loads which are analyzed by the method described in <Section 3.8.1.4.3.a.1>.



3.
Exterior Missiles:




The analytical techniques for missile loads are discussed in <Section 3.5>.



4.
Heat Transfer Analysis:




For steady‑state and transient heat transfer, two dimensional analyses were performed using the HEATING 2 (Reference 4) digital computer code.  Transient and steady‑state temperature profiles were obtained for the conditions of startup, shutdown, normal operation, and LOCA.  These are shown in <Figure 3.8‑10>.  The temperature profiles are the basis for the selection of critical temperatures which are analyzed as a static load using the methods described in <Section 3.8.1.4.3.a.1>.


b.
Foundation Mat



The analysis of the foundation mat is discussed in <Section 3.8.5>.


c.
Local Areas



1.
Cylindrical Wall to Mat Junction




A fixed base was used for the ELAD model in all load evaluations including thermal.  Reinforcement was provided for the forces predicted from these analyses.




A fixed base was used for the shield building and containment vessel and a free base was used for the annulus concrete in the ASHSD 2 model for all load evaluations except thermal.  In order to get a more accurate assessment of the thermal forces at the base of the shield building, the mat foundation stiffness and thermal effects were included in the ANSYS model.



2.
Ring Girder:




The ring girder area (dome to cylindrical wall junction) was included in the full ELAD model of the shield building and, therefore, required no assumptions on boundary conditions.  Elastic thermal stresses were used for the design of reinforcement in this area.



3.
Openings and Penetrations




The only penetrations on the shield building for which there are anchoring forces normal to the wall are the feedwater penetrations.  Special analyses were not performed for any 




penetrations except the feedwater anchors.  However, additional reinforcing was provided around all penetrations to satisfy strength requirements and to minimize cracking.  Details of this reinforcement are discussed in <Section 3.8.1.4.5>.




Because the shield building wall in the area of the feedwater line anchor is broken up into very distinct beam strips by numerous penetrations, a STRUDL frame model as shown in <Figure 3.8‑11> was used to analyze this area for the local feedwater line anchor forces.  The boundary conditions were varied to determine the maximum bending moments.  Results from this analysis were then superimposed on the results from the ELAD general analysis and reinforcement provided for the combined results.


d.
Effects on Analysis of Variations in Material Properties and Assumptions



For seismic design the effect of variations in material properties and assumptions are discussed in <Section 3.7>.  For static analyses the basic assumptions are given in <Section 3.8.1.4.1>.  These are the usual assumptions made for concrete structures under the ACI 318‑71 code.  Material properties and quality control specified in <Section 3.8.1.6>, assure that material properties are within the ranges of values anticipated by ACI 318‑71.  For concrete structures designed by this code the variations in assumptions and material properties are allowed for in two ways:



1.
Load Factors, according to the “Commentary on Building Code Requirements for Reinforced Concrete (ACI 318‑71)” Section 9.1, are used “to provide for excess load effects ... and simplified assumptions in structural analysis.”



2.
The ( factors which “provide for the possibility that small adverse variations in material strengths, workmanship and dimensions ... may combine to result in undercapacity.”  (Section 9.1 of “Commentary on Building Code Requirements for Reinforced Concrete”) ACI 318‑71.  The ( factors for the analyses are listed in <Section 3.8.1.4.5> and are based on ACI 318‑71 Section 9.2.


3.8.1.4.4      Expected Behavior Under Loads


a.
Non‑axisymmetric, localized, transient loads



The methods of analysis and design used for these structures are expected to reproduce the behavior of the constructed system.  The analytical and design methods considered axisymmetric, non‑axisymmetric and local loads, transient thermal gradients and the effects of discontinuities.


3.8.1.4.5      Design Methods


a.
General:



The method of design, used for reinforced concrete sections is the strength design method as outlined in ACI 318‑71.



All stresses and strains are in accordance with the member capacity requirements as set forth in the loading combinations of <Section 3.8.1.3.2> with the exception of missile loadings which were handled as discussed in <Section 3.5>.



The capacity reduction factors will be in accordance with Section 9.2 of ACI 318‑71 as follows:



( factor


Type of member load



0.9



Bending



0.9



Axial compression



0.9



Axial tension



0.85



Shear and torsion



0.70



Bearing on concrete


b.
Deformations and Deflections:



No permanent overall deformation occurs during any of the factored loading combinations set forth in <Section 3.8.1.3.2>.  However, under nonfactored missile loads plastic deformation of very localized areas is permitted as described in <Section 3.5>.


c.
Thermal Limitations:



The design of the shield building is based on limiting the temperature of the reinforced concrete during normal plant operation to 150(F except for local areas such as pipe penetrations where 200(F maximum is permitted.


d.
Vital Subcompartments:



The shield building has no vital subcompartments.


e.
Methods of Reinforcing Critical Areas



As noted in <Section 3.8.1.4.3.c>, the only penetrations for which there are anchoring forces normal to the shield building wall are the feedwater penetrations.  For all openings except the feedwater penetrations, the orthogonal reinforcement was terminated at the openings and the reinforcement area is replaced on each side and above and below the openings.  To control local cracking and 



strains, additional reinforcement was added diagonally around the penetrations in two directions on each face.



The reinforcement in the steam tunnel area of the shield building was based on the results of both the ELAD general analysis and the STRUDL frame analysis for the local feedwater anchor loads.  Reinforcement was placed along the effective beam strips between penetrations.  Diagonals were again added in two directions in each face to control local cracking and strains but were not considered to add to the overall strength of the structure nor its ability to generate internal forces to equilibrate the affects of the applied loads.  Transverse shear reinforcement was provided based on the combined results of the two analyses.  The feedwater pipe anchor forces were large enough to produce a punching shear requirement for radial shear ties.  These ties are provided based on Equation (11‑13) of ACI 318‑71.



The reinforcement for the steam tunnel area of the shield building is shown in <Figure 3.8‑8> and <Figure 3.8‑12>.


f.
Methods of Design for Shear Effects



Shear reinforcement is determined by the methods of Chapter 11 ACI 318‑71.


3.8.1.4.6      Computer Programs


a.
Computer programs used in the structural analysis of the shield building:



The computer programs used in the analysis of safety class structures are often broad in scope and only the applicable portions of the particular program are discussed in each section.



1.
McDonnell Douglas ICES‑DYNAL:




DYNAL was developed by the Computer Science Department of McDonnell Douglas Automation Company and is presently being operated under Release 3.2 dated February 2, 1973, updated to September 10, 1973.  The structural dynamic analyses available in DYNAL are based on the modal superposition method using time history analysis.  A simplified set of equations is formed in terms of “normal coordinates” and then solved.  These “normal coordinates” are obtained by forming the stiffness and mass matrices of the structural system and solving for the normal modes and frequencies by the HOW method.  The program capabilities for analysis using shock spectrum excitation or response spectrum are not utilized.  Output obtained includes structural response in terms of displacement, velocity and accelerations at selected nodal points, maximum accelerations and floor response curves.




DYNAL is available in the public domain and has been widely used since its commercial release in 1970.  The program is written in the same language as ICES‑STRUDL and is currently being run on the McDonnell Douglas, St. Louis, MO, IBM 360/195, dual processor computer system under operating system OS/MVT/ASP Release 21.6.



2.
ELAD:




ELAD is a computer program designed to determine elastic deformations, stresses, strains, and principal values of stress within axisymmetric solid structures of arbitrary shape subjected to axisymmetric or non‑axisymmetric pressure, concentrated loads and temperatures.  All boundary conditions consistent with theory of elasticity are permitted.  A linear, orthotropic, elastic stress‑strain relationship is assumed 




throughout the model.  ELAD was developed by the Service Bureau Corporation, Inglewood, California, under contract to the Air Force Weapons Laboratory, Kirtland AFB, New Mexico, and is published as Technical Report No. AFWL‑TR‑69‑70 dated October 1969.  It is available from the U.S. Government Document Clearing House.




This program is widely available in the public domain and is being run on the McDonnell Douglas, St. Louis, MO, IBM 360/195 dual processor computer system under OS/MVT/ASP Release 216, and also on the Gilbert Associates Inc., Reading, PA, IBM 370/155 under O/S 21.7 MFT with HASP 3.1.



3.
ICES‑STRUDL‑II:




ICES‑STRUDL‑II is a widely used, well known, analytical program developed by Massachusetts Institute of Technology and released to the public domain in November 1968.  This program has a wide range of usage for static and dynamic analysis of frame members and reinforced concrete structures.  STRUDL includes the capability for linear and non‑linear, static and dynamic analysis.




The program is run on Gilbert Associates, Inc., Reading, PA, IBM 370/155 computer and also McDonnell Douglas, St. Louis, MO, IBM 360/195 dual processor computer system.



4.
ASHSD 2:




See <Section 3.8.2.4.5.a.3> for a description of this program.



5.
ANSYS:




ANSYS is a proprietary engineering analysis computer program developed by Swanson Analysis Systems, Incorporated, for applications in the solution of large‑scale engineering problems.  The analysis capabilities of the program include static and dynamic; elastic, plastic, creep, and swelling; buckling, small and large deflections; steady‑state and transient heat transfer and fluid flow.


b.
Design Control and Verification of Computer Programs:



One of the following control procedures is used to comply with the requirements of <10 CFR 50, Appendix B> and to demonstrate the applicability and validity of all computer programs used for the structural design of Safety Class structures.  Either:



1.
The computer program is a recognized code in the public domain and has sufficient history of use to justify its applicability and validity, or



2.
By comparison of the results with one or more of the following:




(a)
Physical (test) data;




(b)
Another previously verified program, preferably in the public domain, having similar computational objectives or input;




(c)
Accepted results published in the literature which deal with the particular subject matter of the code, such as recognized journals, periodicals, reports, industry standards, or classical textbook solutions; 




(d)
Hand calculations.




Test problems used must be demonstrated to be similar to or within the range of applicability of the problems analyzed by the program to justify acceptance of the program.


c.
Verification of Program Usage:



1.
ICES‑DYNAL:




This program has been widely used in the public domain for the past three years.  For the analysis of safety class structures, the results obtained, using the particular revision and computer hardware/software combination, have been verified by comparison of results with those of similar programs and test data available.  Documentation of the program is traceable to the McDonnell Douglas Automation Company, St. Louis, Missouri.



2.
ELAD:




This program has been widely used in the public domain for the past three years.  For the analysis of safety class structures, the results obtained, using the particular revision and computer hardware/software combination, have been verified by comparison of results with those of similar programs and test data available.  Results for this program have also been cross‑checked for the two computer centers to ensure similar results for each problem.  Documentation of this program is traceable to the McDonnell Douglas Automation Company, St. Louis, Missouri.



3.
ICES‑STRUDL‑II:




This program has been widely used in the public domain for the past ten years for the analysis of frame and reinforced concrete structures.  The results of the structural analyses utilizing this program and computer hardware/software combination have been verified by test problems and comparison of results from other programs.  Documentation of this program is traceable to the McDonnell Douglas Automation Company, St. Louis, Missouri, and the Massachusetts Institute of Technology, Cambridge, Massachusetts.



4.
ASHSD 2:




See <Section 3.8.2.4.5.b.3>.



5.
ANSYS:




See <Section 3.8.2.4.5.a.9>.


3.8.1.5      Structural Acceptance Criteria


The structural acceptance criteria for the shield building is based upon accepted codes and standards, with modification to suit the operational and functional criteria of these structures.


3.8.1.5.1      Stress and Strain Criteria


a.
The stress criteria will be based on strength design concept of ACI 318.  The factored loads in the load combinations given and discussed in <Section 3.8.1.3> are based on either ACI 318 or ACI 359.  The stress criteria and load combinations are modified by the use of the capacity reduction factor (() given in Section 9.2 of ACI 318.  Thus, stresses and strains will be within the limit 



assumed by these codes.  Any displacements will be elastic such that gross permanent deformations will not occur.


b.
The response of the structures to seismic loads is developed from the analytical techniques described in <Section 3.8.1.4>.  The stresses due to static and dynamic loads are algebraically summed for the loading combinations set out in <Section 3.8.1.3>, to obtain the critical stress for each part.  The limitation for tangential shear stress, as required by ASME Section III, Division 2, code paragraph CC 3520, is not applicable, since the concern in limiting the tangential shear stress is to limit the strain imparted to a containment liner.  There are no comparable conditions in the shield building.


3.8.1.6      Material Specifications, Quality Control and Special Construction Techniques


The design of the shield building is based upon material specifications giving acceptable limitations of physical and chemical properties for the structural materials used, and upon imposing quality control provisions to ensure that the materials meet the specifications.


The organization, responsibilities and general provisions for the Quality Assurance Program are described in <Chapter 17>.  The quality control provisions that have been imposed for the structures are described herein.  Wherever engineer approved design documents call for deviations or exceptions from the accepted codes and standards within this section, the approved design documents shall govern.


3.8.1.6.1      Concrete Construction


3.8.1.6.1.1      Codes and Standards


The following codes and standards were used to establish requirements for concrete construction:


ACI 301‑72
“Specification for Structural Concrete for Buildings.”


ACI 306‑66
“Recommended Practice for Cold Weather Concreting.”


ACI 318‑71
“Building Code Requirements for Reinforced Concrete.”


ACI 347‑68
“Recommended Practice for Concrete Formwork.”


ACI 305‑72
“Recommended Practice for Hot Weather Concreting.”


ACI 211.1‑70
“Recommended Practice for Selecting Proportions for Normal Weight Concrete.”


ACI 304‑73
“Recommended Practice for Measuring, Mixing, Transporting, and Placing Concrete.”


ACI 214‑65
“Recommended Practice for Evaluation of Compression Test Results of Field Concrete.”


ACI 315‑74
(Proposed Revision of) “Manual of Standard Practice for Detailing Reinforced Concrete Structures.”


ACI 309‑72
“Recommended Practices for Consolidation of Concrete.”


ACI 308‑71
“Proposed Recommended Practice for Curing Concrete.”


3.8.1.6.1.2      Material Specifications


a.
Cement



The cement used in developing the design mixes conforms to ASTM Specification C 150‑73a for Type II Cement, modified to meet optional requirements of C 150‑73a for moderate heat of hydration, alkali content and false set.  Where the heat of hydration is not a concern and the aggregate is not deleteriously reactive as confirmed by Potential Reactivity Test (ASTM C289‑71), Type I cement modified to meet the optional requirements of C150‑73a for false set may be used in design mixes.


b.
Admixtures



1.
Air Entraining Admixture




Air entraining admixtures conform to the requirements of ASTM C 260‑73.



2.
Water Reducing Densifier




A water reducing densifier is added to the concrete and conforms to ASTM C 494‑71.



3.
Calcium Chloride, and admixtures containing Chlorides, Sulphides, Nitrates, or Boron will not be used.


c.
Aggregates



The aggregate used for normal weight concrete complies with ASTM C 33‑71a, except as modified by <Section 3.8.1.6.1.5.b.2>.  The aggregate gradation for porous concrete differs from ASTM C 33‑71a, and is selected to maximize the permeability and 



meet the strength requirements of porous concrete.  The type and size of aggregate, slump and additives are established to minimize shrinkage and creep.


d.
Water



The water for concrete is tested to show compliance with the requirements listed in this section before being used in the concrete.



1.
Water quality complies with the following:




(a)
Chlorides as Cl



  250 ppm maximum




(b)
Solids





1,000 ppm maximum




(c)
Sulphate ion




  250 ppm maximum




(d)
pH






between 6.0 and 8.0



2.
A comparison of the proposed mixing water properties is made with distilled water, using the following tests made with the proposed portland cement:





  Test

  Method


Limits of Comparison




(a)
Soundness

  ASTM C151‑71

+0.10 percent





(Autoclave




difference





Expansion)




in gauge length




(b)
Vicat Time of
  ASTM C191‑71

Initial Set





Setting





(10 minutes












Final Set (1 hour




(c)
Compressive
  ASTM C109‑73

10 percent reduction





Strength





of strength


3.8.1.6.1.3      Design Mixes


a.
Trial design mixes for normal weight concrete are proportioned in accordance with Method 1 or Method 2 of Section 3.8.2 of ACI 301‑72 and tested in accordance with the following ASTM standards to ascertain conformance to concrete specifications.





Test








ASTM



Method of Test for Compressive Strength of



Cylindrical Concrete Specimens




C 39‑72



Method of Test for Slump of Portland



Cement Concrete







C 143‑71



Method of Making and Curing Concrete



Test Specimens in the Laboratory




C 192‑69



Method of Test for Air Content of Freshly



Mixed Concrete by the Pressure Method



C 231‑72T


b.
Mix designs for heavy weight concrete are proportioned by determining the amount of water to be added to a premixed, prepackaged powder, Chemtree 1‑20‑26, manufactured by Chemtree Corporation.  The amount of water added is governed by meeting the 3,000 psi at 90 days compressive strength requirement and the 195 pcf minimum requirement.  The following tests are used to determine the required properties:






Test







ASTM



Method of Test for Compressive Strength



of Cylindrical Concrete Specimen




C 39‑72



Method of Test for Unit Weight, Yield



and Air Content (Gravimetric) of Concrete


C 138‑73


c.
A mix design for porous concrete was developed by a statistical analysis of permeability and strength test data which demonstrated the following:



1.
The average compressive strength is 1,000 psi or greater at 28 days and no strength test result fell below 800 psi.



2.
No more than 10 percent of all specimens tested had a strength less than 1,000 psi.



3.
The average coefficient of permeability was 3 feet per minute or greater at 28 days and no permeability test fell below a value of 2 feet per minute.



4.
No more than 20 percent of all specimens tested had a coefficient of permeability less than 3 feet per minute.



The following tests were used to determine the required properties (from test placements):






Test







ASTM



Method of obtaining and testing drilled



cover and sawed beams of concrete




C 642‑68



Method of Test for Permeability of



Granular Soils, except for appropriate



modifications to permit testing a porous



concrete specimen instead of a granular soil


D 2434‑68



Method of Test for Compressive Strength



of Cylindrical Concrete Specimens




C 39‑72


d.
Mix designs for grout for baseplates are proportioned by determining the amount of water to be added to a premixed, prepackaged grout, Masterflow 713 or Embeco 636, manufactured by Master Builders Company, or newer products including Masterflow 713


Plus or Embeco 636 Plus, subsequent to July 2001.  The amount of water added is governed by meeting the 6,000 psi cube strength at 28 days requirement.  Dimensional stability requirements of no contraction and maximum 0.10 percent expansion are met at a water content which results in a fluid grout.  This water content is not exceeded in the design mix.  The following tests are used to determine the required properties:






Test






Standard



Method of Test for Compressive Strength


ASTM C 109‑73



of Hydraulic Cement Mortars




(modified for













premixed grouts)



Method of Test for Flow of Grout Mixtures

CRD‑C79‑58



Methods of Sampling and Testing



Expansive Grouts






CRD‑C589‑70



NOTE:
Updated standards determined to be Technically Equivalent to the standards listed are also used.

e.
Mix designs for nonshrink tunnel grout are proportioned by determining the amount of water to be added to a premixed, prepackaged grout, In‑Pakt, manufactured by Intrusion‑Prepakt Company.  The amount of water added is governed by meeting the 4,000 psi cube strength at 28 days requirement.   Dimensional stability requirements of no contraction and maximum 0.40 percent expansion are met at a water content which results in a fluid grout.  This water content is not exceeded in the design mix.  The tests used to determine the required properties are identical to those given above in subitem (d).


f.
Mix designs for contact grout are proportioned by mixing water, sand and cement to a consistency suitable for field placement which meets at least 100 psi cube strength at one day.  The maximum water/cement ratio is 0.70.  The compressive strength is determined by ASTM C 109‑73.


g.
Mix designs for grout for leveling porous concrete are proportioned by mixing water, sand and cement to a stiff consistency that develops 1,000 psi cube strength at 28 days.  Stiff is defined as the consistency where the grout can be placed on the porous concrete such that minimal penetration of the grout occurs into the voids of the porous concrete.  The compressive strength is determined by ASTM C 109‑73.


3.8.1.6.1.4      Production Concrete


The production mixes are those mixes developed from the design mix testing program and proportioned in accordance with the results of the trial design mix using material qualified and accepted for the work.  During construction, minor modification in the mixes may be necessitated by variation in aggregate gradation and moisture content.  The production concrete is mixed and transported in accordance with ASTM C 94‑73a.  Placing, consolidating and curing of concrete are in accordance with ACI 301‑72, except that a coat of cement grout at construction joints as required by Section 8.5.3 of ACI 301 is not required.  Cold weather curing of concrete is in accordance with ACI 306.  Placing, consolidating and curing of premixed, prepackaged materials are in accordance with manufacturer’s recommendations.


3.8.1.6.1.5      Concrete Quality Control


a.
General Provisions



The services of a testing laboratory were obtained prior to commencing concrete work.  The testing laboratory makes design mixes described in <Section 3.8.1.6.1.3>, using the proposed materials to consistencies satisfactory for the work, in order to determine suitable mix proportions necessary to produce concrete and grout conforming to the type and strength requirements specified.  During concrete operations, inspectors at the batch 



plant certify the mix proportions of each batch delivered to the site and periodically sample and test the concrete ingredients.  



These inspectors ensure that a ticket is provided for each batch, documenting the time loaded, actual proportions of the mix, amount of concrete, and concrete design strength.  The cleanliness of trucks, and the handling and storage or aggregate are checked by the batch plant inspectors.  The water and ice additions at the batch plant are modified, if necessary, as required by measurements of the moisture content of the aggregates and gradation changes.



Inspectors at the construction site inspect reinforcing and form placement, make slump tests, make test cylinders, check air content, check placement temperature, and record weather conditions.



Requirements for placing and consolidating concrete are detailed in ACI 301.


b.
Concrete Materials



1.
Cement




All cement is sampled and tested at the mill for conformance to ASTM C 150‑73a and certified mill test reports are submitted to the owner at that time.  All test data are subject to verification by in‑process tests by the testing laboratory provided by the owner.  All cement is sampled and tested in accordance with ASTM C 150.  The chemical and physical tests are conducted on every test sample.  The cement is not released for use on the project until it is verified that it conforms to ASTM C 150 and the project concrete specifications.



2.
Aggregates




The fine aggregate conforms to ASTM C 33‑71a with modification to suit local conditions.  Samples of the proposed fine aggregate are tested to ensure compliance with the specification.  The coarse aggregate conforms to ASTM C 33.  Samples of the proposed coarse aggregate are tested to ensure compliance with the specification.




The amount of fines passing the No. 200 sieve (known as dust of fracture) may exceed ASTM C 33‑71a requirements for coarse aggregates, provided the total amount of fines passing the No. 200 sieve for both fine and coarse aggregate shall not exceed the weighted maximum amounts of fines permitted for fine plus coarse aggregates.  In no case shall the amount of fines passing the No. 200 sieve exceed 2.3 percent.




The following tests related to coarse aggregate are not required for the reasons given:




(a)
ASTM C 87, “Test for Effect of Organic Impurities in Fine Aggregate on Strength of Mortar:”  Tests for effects of impurities should not be required unless such impurities are shown by ASTM C 40 to be present.




(b)
ASTM C 78, “Test for Flexural Strength of Concrete Using Simple Beam with Third Point Loading:”  Flexural strength is not specified.




(c)
ASTM C 29, “Test for Unit Weight of Concrete,:”  This test is intended to be used where slag is used in the concrete.




(d)
ASTM C 666, “Test for Resistance to Freezing and Thawing:”  Historical records indicate no tendency for aggregate to be subject to freeze‑thaw deterioration.  Also, presence of external air will counteract the very small potential for any freeze‑thaw action.




The type and frequency, during concrete operations, of ASTM standard tests are:




(a)
“Organic Impurities in Sands for Concrete,” ASTM C 40‑73‑daily.




(b)
“Materials Finer Than No. 200 Sieve in Mineral Aggregates by Washing,” ASTM C 117‑69‑daily.




(c)
“Sieve or Screen Analysis of Fine and Coarse Aggregates,” ASTM C 136‑71‑daily.




(d)
“Friable Particles in Aggregates,” ASTM C 142‑71‑monthly and at change of source.




(e)
“Lightweight Pieces in Aggregate,” ASTM C 123‑69‑monthly and at change of source.




(f)
“Total Moisture Content of Aggregate by Drying,” ASTM C 566‑67, twice daily, and as required for control of production.




(g)
“Scratch Hardness of Coarse Aggregate Particles,” ASTM C 235‑68, monthly and at change of source.




(h)
“Resistance to Abrasion of Large Size Coarse Aggregate by Use of the Los Angeles Machine,” ASTM C 535‑69, every 6 months and at change of source.




(i)
“Resistance to Abrasion of Small Size Coarse Aggregate by Use of the Los Angeles Machine,” ASTM C 131‑69, every 6 months and at change of source.




(j)
“Potential Reactivity of Aggregates,” ASTM C 289‑71, every 6 months and at change of source.




(k)
“Soundness of Aggregates by Use of Sodium Sulphate or Magnesium Sulphate,” ASTM C 88‑73, every 6 months and at change of source.




The frequency of these tests is changed if and when the source of the aggregate changes, or if field conditions require more frequent testing, or as required by the Engineer.  Both fine and coarse aggregates are tested for moisture content twice daily as a minimum or as required by climatic conditions.  All aggregate test samples are taken from the batch plant stock pile.



3.
Water




The water used in the production of trial mixes and production concrete is as described in <Section 3.8.1.6.1.2.d>.  The water is tested for compliance with these requirements for use in the trial mixes and for the production concrete.



4.
Admixtures




The air entraining admixture used conforms to and is tested in accordance with ASTM C 260‑73.  The supplier submits to the owner documentation to demonstrate that the admixture supplied is essentially identical in concentration, composition and performance to the admixture originally tested to meet ASTM C 260‑73 prior to or with each delivery of admixture.  




The concrete air content is to be taken for every 100 cubic yards of concrete during the concrete operations.



5.
Water Reducing Densifier




The water reducing densifier admixture used conforms to and is tested in accordance with ASTM C 494‑71, Type “A” or Type “D”.  The quantity added, the control temperatures and method of mixing, conform to the manufacturer’s recommendations for use of their product.  The supplier submits to the owner documentation to demonstrate that the admixture supplied is essentially identical in concentration, composition and performance to the admixture originally tested to meet ASTM C 494, Type “A” or Type “D,” prior to or with each delivery of admixture.


c.
Test Evaluations



The evaluation of the test results for the 3,000 psi concrete is in accordance with Chapter 17, of ACI 301‑72.



1.
Preliminary




(a)
Concrete design mixes and the associated tests are performed by the testing laboratory provided by the owner.  The proportions for the concrete mixes are determined by Method 1 of Section 3.8 of ACI 301‑72.  All concrete materials are tested as previously described.  Compression test methods conform to ASTM C 39‑71 and making and curing concrete test specimens conform to ASTM C 192‑69.




(b)
Grouts have compression strength tests made by the testing laboratory in advance of grouting operations, to 





verify the mix formula and batch procedure.  Specimens are made and tested for strength in accordance with standard test for “Compressive Strength of Hydraulic Cement Mortars,” ASTM C 109‑73 (modified if necessary for premixed fluid grouts) and for dimensional stability, if required, in accordance with Corps of Engineers specification, “Method of Sampling and Testing Expansive Grouts,” CRD‑C‑589, or more current standards that provide similar results.


2.
Field Tests




During concrete operations, an inspector at the batch plant certifies the mixed proportions of each batch delivered to the job site, and samples and tests all concrete ingredients.  Inspectors at the job site inspect reinforcing, embedments and form placements, make slump tests, make test cylinders, check air content, check concrete temperature, record weather conditions, and inspect concrete placing and curing.




Concrete test cylinders and slump tests are molded, cured, capped, and tested in accordance with ACI 301‑72, except that samples of concrete for cylinders may be taken from a single location in the middle 70 percent of the load as an option to samples taken from several points in the load as required by ACI 301, Section 16.3.4.1.




The following tests are also performed:




(a)
Sampling and testing the concrete materials as previously described.




(b)
Making slump tests with the following frequencies:





(1)
When concrete has been mixed in a central mix plant or in transit mix trucks, a slump test is made on the first two trucks and thereafter for each 100 cubic yards of concrete.





(2)
Slump tests are made on each concrete batch used for test cylinders.





(3)
Slump tests are made at any time the inspector has reason to suspect that the concrete slumps are not within the allowable tolerances.





(4)
The concrete air entrainment content is taken at 100 cubic yard intervals.





(5)
The concrete unit weight is determined daily during production.





(6)
The batch plant scales are calibrated to the ASTM C 94‑739 standard at maximum intervals of 90 days and certified.





(7)
Temperature of concrete at time of placement is recorded at 100 cubic yard intervals.




Heavyweight concrete is sampled from each batch and tested to verify compressive strength and density.




Porous concrete is sampled at every 100 cubic yards placed, or fraction thereof, and is placed in a test slab.  From the test slab, samples are cored and tested for compressive strength and permeability.




Grout for baseplates and nonshrink tunnel grout are sampled from each 2,000 pounds of dry grout material, or portion thereof, placed in one day, and laboratory‑mixed and tested for compressive strength and dimensional stability.


Contact grout and grout for leveling porous concrete are sampled at 4 test cubes per each 10 cubic yards, or fraction thereof, placed in one day.  Samples are tested for compressive strength.


3.8.1.6.1.6      Tolerances


The finished concrete tolerances for the shield building will be:


a.
Cylindrical Wall



1.
Variation from plumb:  not more than (4 inches for the total structure height, taken at the vertical axis of the cylindrical wall, or more than (1 inch in any 20 feet of wall height.



2.
Variation from true circular section:  not more than (3 inches in radius from the vertical axis of the cylindrical wall.



3.
Variation of wall thickness:  not more than ‑1/4 inch or more than +1 inch.


b.
Dome



1.
Variation from true spherical section:  not more than (3 inches in radius.



2.
Variation in dome thickness:  not more than +1 inch or more than ‑1/2 inch.


3.8.1.6.1.7      Special Construction Techniques


The cylindrical portion of the Shield Building was constructed using conventional forming techniques.  The dome was constructed by first forming a structural concrete layer of 9 inch thickness, supported off the dome of the Containment Vessel.  After curing, this layer will then support the concrete for the remaining thickness of the dome.


3.8.1.6.2      Reinforcing Steel


3.8.1.6.2.1      Codes and Standards


The following codes and standards are used to establish the approved design documents governing reinforcing steel:


ASTM A 615‑72
Standard Specification for Deformed Billet Steel Bars for Concrete Reinforcement


ASTM A 370‑72
Standard Methods and Definitions for Mechanical Testing of Steel Products


NRC <Regulatory Guide 1.15>
Testing of Reinforcing Bars for Concrete Structures


3.8.1.6.2.2      Materials


The reinforcing steel is deformed bar conforming to ASTM A 615, Grade 60.


3.8.1.6.2.3      Quality Control


a.
Reinforcing Steel



1.
General




The specifications for reinforcing steel included the following quality control measures.




(a)
The certified mill test reports are provided for each heat of steel covering chemical composition and mechanical properties.  Bars are branded in the deforming process to carry identification as to manufacturer, size, type, and yield strength.




(b)
In accordance with NRC <Regulatory Guide 1.15>, tests are performed on reinforcing steel by a Testing Laboratory to confirm compliance with physical requirements and verification of mill test results.  The frequency of testing is at least one full diameter specimen from each bar size for each 50 tons or fraction thereof, of reinforcing bars produced from each heat.  The tests are made in accordance with ASTM A 615‑72 and ASTM A 370‑72, with the additional requirement that only full size bars be tested.




(c)
In the event that a tested specimen does not show conformance with ASTM A 615‑72, Grade 60, a single retest is permitted if any one of the following special conditions apply to that tested specimen:





(1)
As described by ASTM A 615‑72, bars that develop flaws during tensile or bending tests are discarded and another specimen of the same size is randomly selected from the same lot.





(2)
If any tensile test specimen fail to develop the required ASTM strength and also any part of the fracture is outside the middle third of the gauge length, as indicated by scribe scratches marked on the specimen before testing, a retest is allowed as permitted by ASTM A 615‑72.





(3)
A single retest is permitted for any tension test specimen that fail within the middle third of the gauge length, but does not meet the minimum strength and elongation requirements of ASTM A 615‑72, Grade 60, provided that all of the additional conditions are met:






i.
The tensile strength of the specimen is not less than 88,000 psi.






ii.
The yield strength of the specimen is not less than 59,000 psi.






iii.
The elongation of the specimen is not less than:







(
7 percent for bar No. 3, 4, 5, 6







(
6 percent for bar No. 7, 8







(
5 percent for bar No. 9 through 18



2.
Non‑complying Reinforcing Steel




Any materials not complying with the ASTM specified strengths are not accepted and the material is not used for fabrication of concrete reinforcement.



3.
Deformations




The reinforcing bar deformations are inspected and checked to assure their compliance with ASTM A 615.



4.
Traceability




Traceability of the reinforcing steel, with regard to mill heat number is provided until fabrication.  Only reinforcing steel from heats that are successfully tested as described in <Section 3.8.1.6.2.3.a> are used for fabrication.


3.8.1.6.2.4      Tolerances


The fabrication tolerances for the reinforcement are in accordance with the requirements of ACI 318.  Placing tolerances are based on the 1975 Supplement to ACI 318 except as noted below that a 1 inch tolerance is permitted on the position of a bar in a slab or wall 26 inch or thicker.  The tolerance on minimum cover is identical to that of the 1975 Supplement.  The 1 inch tolerance for 26 inch thick members is justified since it is a smaller percentage of the total thickness than the 1/2 inch tolerance for 10 inch thick members.  The tolerances are summarized as follows:


a.
For locations of bars within the depth or thickness of a member and for clear concrete cover in flexural members, walls and compression members:



 Thickness of


  Tolerance on


 Reduction on



Member (inches)

Location (inches)

Cover (inches)



Less than 10



 (3/8




3/8



10 to less


  
 (1/2




1/2



than 26



26 or greater


  
 (1




1/2



with the exception that the reduction on the cover for formed soffits (underside of interior beams, lintels, floors, or other structural members) shall not be larger than 1/4 inch.  The depth of cover in any case shall not be less than two‑thirds of the specified cover.


b.
For longitudinal location of bends and for ends of bars:  (2 inches, except at ends of members where tolerances shall be (1/2 inch.


c.
For spacing of bars:  (1 inch on the specified spacing, except that at embedments (2 inches on the specified spacing is acceptable.


3.8.1.6.2.5      Special Construction Techniques


The reinforcement for the cylindrical wall was preassembled in partial mats on the ground and lifted into place as a unit.


3.8.1.6.3      Cadweld Splices


3.8.1.6.3.1      General Requirements


a.
Cadweld splices will be used on bar sizes exceeding No. 11, on structural steel anchorages and where there is insufficient length for lap splices.


b.
Cadweld splices will be made with T‑series sleeves and B‑series sleeves as described in Erico Products Catalogue (Reference 5).  These splice sleeves are capable of developing the minimum ultimate tensile strength of the reinforcing steel.


c.
A manufacturer’s representative, experienced in Cadweld splicing will be present at the outset of splicing to demonstrate the equipment and techniques for making quality splices.


d.
A quality control program based on the 1977 ASME Code Section III, Division 2, Subsection CC‑4333, will be used for inspection and testing of Cadweld splices.


e.
Sister splices can be used for testing in combination with the required number of production splices.  Sister splices are removable splices made in place next to production splices and under the same conditions.  The position and orientation of a sister splice is similar to the production splice that it represents.


3.8.1.6.3.2      Quality Control


a.
Qualification of Operators



Prior to the production splicing of reinforcing bars, each member of the splicing crew (or each crew if the members work as a crew) prepares two qualification splices on the largest bar size for each of the splice positions (e.g., horizontal, vertical, diagonal) to be used.  The qualification splices are made using the same materials (e.g., bar, sleeve, powder) as those to be used in the structure.  The qualification splices shall meet the criteria set forth in Erico Products publication (Reference 6).


b.
Fabrication Procedure



The following quality control procedures are followed to ensure acceptable splices:



1.
The splice sleeve, powder and molds are stored in a clean dry area with adequate protection from the elements to prevent absorption of moisture.



2.
Each splice sleeve is visually examined immediately prior to use to ensure the absence of foreign material on the inside surface.  Light or spotty rust on the inside surface of the sleeve is acceptable.



3.
The molds are preheated to drive off moisture at the beginning of each shift when the molds are cold or when a new mold is used.



4.
Bar ends to be spliced are power wire brushed for a distance of two inches plus 1/2 the sleeve length from end of bar to remove mill scale, rust, concrete, and other foreign material.  Prior to brushing, water, grease and paint are removed by heating the bar ends with a torch.



5.
A permanent line is marked on each bar for a reference point to confirm that the bar ends are properly centered in the splice sleeve.



6.
Before the splice sleeve is placed into final position, the bar ends are examined to ensure that the surface is free from moisture.  If moisture is present, bar ends are heated until dry.



7.
Special attention is given to maintaining the alignment of sleeve and guide tube to ensure a proper fill.



8.
The splice sleeve is flame dried after all materials and equipment are in position.



9.
All completed splices are visually inspected at both ends of the splice sleeve and at the tap hole in the center of the splice in accordance with the requirements of Erico Products “Inspection of Cadweld Rebar Splice” (Reference 6).  Splices 




which do not meet this criteria are rejected and will not be used as tensile test samples.



10.
Records are kept of all Cadweld splices placed.  These records will enable a test splice to be chosen at random and to establish its location.  The records plus test results of all Cadweld splices tested will be kept up‑to‑date and will be available to all inspectors.  These records shall show:




(a)
The number assigned to each splice




(b)
The date that the splice was formed




(c)
The crew which carried out the splicing




(d)
The size, location and orientation of the splice




(e)
The record of visual inspection




(f)
The results of tensile tests performed


c.
Testing Frequency



Separate test cycles shall be established for splices in horizontal, vertical and diagonal bars.  The minimum number of splices to be tested is as follows:



1.
If only production splices are used in a test cycle, the sample frequency shall be:




(a)
One of the first ten splices




(b)
One of the next 90 splices




(c)
Two of the next and subsequent units of 100 splices



2.
If production and sister splices are tested, the sample frequency shall be:




(a)
One production splice of the first ten production splices.




(b)
One production and three sister splices for the next 90 production splices.




(c)
One splice, either a production or sister splice for the next and subsequent units of 33 splices.  At least one‑fourth of the total number of splices tested shall be production splices.




(d)
Straight sister splices shall be substituted for production splice test samples on radius bent bars, on splices connecting reinforcing steel to structural steel and where sufficient length of protruding bar is not available for the removal of a production splice and consequential resplicing.


d.
Acceptance Criteria



1.
Sound, nonporous filler material is visible at both ends of the splice sleeve and at the tap hole in the center of the sleeve.  Filler material is usually recessed 1/4 in. from the end of the sleeve due to the packing material, and is not considered a poor fill.



2.
Splices which contain slag or porous metal in the riser, tap hole or at the ends of the sleeve are rejected.  A single 




shrinkage bubble present below the riser is not detrimental and is distinguished from general porosity as described above.



3.
Evidence of filler material between the sleeve and bar for the full 360 degrees; however, the splice sleeves do not need to be exactly concentric or axially aligned with the bars.



4.
The tensile strength of each individual test splice shall be equal to or greater than 125 percent of the minimum yield strength specified in ASTM A 615 for the grade of reinforcement being used.



5.
The average tensile strength of a group of consecutive samples in a test cycle shall equal or exceed the guaranteed ultimate strength for that grade of reinforcement as specified in ASTM A 615.  Where the number of test samples in a cycle exceeds 15, a running average shall be calculated based on the last 15 samples tested.


e.
Splice Nonconformance Criteria



1.
If a production or sister splice sample fails to meet the acceptance criteria and failure occurred in the bar, another sample will be chosen for testing.  The cause of failure in the bar will be investigated.  Any necessary corrective action affecting splice samples will be implemented prior to continuing the testing.



2.
If any production splice used for testing fails to meet the acceptance criteria and failure did not occur in the bar, the production splice made just preceding and the production splice made just following the nonconforming splice will be tested.  If any sister splice used for testing fails to meet the acceptance criteria and failures does not occur in the 




bar, two additional sister splices will be tested.  If either of these retests fails to meet the acceptance criteria, splicing by the crew performing the work represented by the failed splice will be halted.  Splicing will not be resumed until the cause of the failures has been determined and corrected.



3.
If the running average tensile strength of the samples in a test cycle fails to meet the acceptance criteria, splicing will be halted.  Splicing will not be resumed until the cause of the nonconforming strengths has been determined and corrected.


3.8.1.6.3.3      Tolerances


The fabrication tolerances for Cadweld splices will be as stated in <Section 3.8.1.6.3.2.b>.


3.8.1.6.3.4      Special Construction Techniques


There are no special construction techniques required to fabricate Cadweld splices.


3.8.1.7      Testing and Inservice Inspection Requirements


There are no planned systematic testing or inservice surveillance programs for the shield building.


3.8.1.8      Annulus Concrete


3.8.1.8.1      Description of Annulus Concrete


The annulus concrete extends from the top of the foundation mat at Elevation 574’‑10” to Elevation 598’‑4” and has a radial thickness of 


4 feet 10‑1/2 inches.  This annulus concrete provides stiffness to the steel containment vessel to reduce the dynamic response of the steel containment vessel due to the postulated SRVD loading phenomena.  This function is required to qualify equipment and piping attached to the containment vessel.  The containment vessel is also structurally strengthened by the annulus concrete.  <Appendix 3A> and <Appendix 3B> contain a detailed discussion of the SRVD loading which precipitated the addition of the annulus concrete.


Details of mechanical and electrical penetrations are discussed in <Section 3.8.2> and shown in <Figure 3.8‑6> and <Figure 3.8‑7>.  The design of penetration sleeves in the containment vessel and shield building are such that they allow differential movement between the shield building, annulus concrete and the containment vessel.  At least a 2 inch thickness of compressible material has been provided around the six penetrations within the annulus concrete to permit differential movement between the containment vessel and shield building in the annulus concrete.  Typical details are shown in <Figure 3.8‑110>.


In addition to providing compressible material around the embedded penetrations, a one inch thickness of compressible material is provided on the top surface of the bottom four ring stiffeners of the containment vessel in order to reduce thermal stresses caused by the vertical growth of the containment vessel.


Three inches of compressible material are also provided between the containment vessel and the annulus concrete below the lowest Stiffener No. 1 and above the Stiffener No. 4 to reduce thermal compressive stresses.  The concrete will have a minimum 28 day cylinder compressive strength of 3,000 psi.  The steel reinforcement is in accordance with the requirements of ASTM A615‑72, Grade 60.


A general reinforcing pattern of orthogonal bars arranged vertically and circumferentially in both faces of the wall was used in the annulus 


concrete.  The vertical reinforcement is No. 18 at 15 inches each face.  This reinforcement is not embedded in the mat but rather has a cadweld at each end of the bar to provide a mechanical anchorage which will develop the bars more quickly.  The horizontal reinforcement is No. 18 at 12 inches for each face except for approximately the top eight feet at the outside face where No. 18 at 6 inches is provided.


Transverse (radial) shear reinforcement is provided by No. 7 tie bars spaced circumferentially at each vertical bar in the bottom and every other bar in the top section.  The vertical distribution has four ties below ring Stiffener No. 1, between ring Stiffeners No. 1 and No. 2, and between ring Stiffeners No. 2 and No. 3.  There are three ties between ring Stiffeners No. 3 and No. 4 and above ring Stiffener No. 4.  The general reinforcement pattern is shown in <Figure 3.8‑110>.  Extra steel is provided in the area of the attachment plate stiffeners and around penetrations.


3.8.1.8.2      Applicable Codes, Standards and Specifications to the Design


3.8.1.8.2.1      Codes


a.
ASME ‑ Boiler and Pressure Vessel Code ‑ Section III, Division 2, Subsection CC, 1980 Edition with Summer 1981 Addenda and Code Case N‑258 ‑ “Design of Interaction Zones for Concrete Containments Section III, Division 2,” March 1980, with proposed Revision 1.


b.
ACI 318‑71 “Building Code Requirements for Reinforced Concrete” American Concrete Institute, Chapters 1, 2 and 7.


3.8.1.8.2.2      Standards


a.
ASTM Standards:  Applicable ASTM standards are cited in the ASME Code.  The date of a particular standard may vary for different 



items because of the difficulty in purchasing material to an outdated standard.  Since the latest ASTM standards reflect industry practice used for fabrication and erection, it was permitted to use an updated standard where no unacceptable loss of quality would result.


b.
Applicable Regulatory Guides to Design



Regulatory guides pertaining to seismic design classification and seismic design are referenced in <Section 3.2> and <Section 3.7>, respectively.



1.
<Regulatory Guide 1.10>, “Mechanical (Cadweld) Splices in Reinforcing Bars of Category I Concrete Structures.”  This guide was used with any modifications specified in <Section 3.8.1.8.6.3>.



2.
<Regulatory Guide 1.15>, “Testing of Reinforcing Bars for Category I Concrete Structures.”  This guide was used with any modifications specified in <Section 3.8.1.8.6.2>.



3.
<Regulatory Guide 1.55>, “Concrete Placement in Category I Structures.”


3.8.1.8.2.3      Principal Plant Specifications


The principal specifications for the annulus concrete are:


a.
Concrete supply.


b.
Fabrication and placing of reinforcing steel and embedded items.


c.
Placement of structure concrete.


d.
Design.


These specifications include the applicable design requirements of the annulus concrete.  The detailed material specifications, the detailed quality control provisions and any special construction technique requirements as described in <Section 3.8.1.8.6>, are included in these specifications.


3.8.1.8.3      Loads and Load Combinations


3.8.1.8.3.1      Loads Used in the Design


The annulus concrete design considered all the loads from the shield building <Section 3.8.1.3.1> and from the containment vessel <Section 3.8.2.3.1>.


3.8.1.8.3.2      Load Combinations


a.
Combinations



The load combinations listed in <Table 3.8‑13> were investigated in determining the most critical conditions for design.  Many of the loads vary within a range; therefore, the specific value used is that which produced the most critical conditions for the load combination being considered.


b.
Design Approach



The load combinations discussed above are in accordance with the requirements of the ASME Code Section III, Division 2, for reinforced concrete and the criteria discussed in <Section 3.8.1.8.4>.


3.8.1.8.3.3      Load Factors


The load factors presented in <Table 3.8‑13> are in accordance with the ASME Code.  In general, dynamic load factors apply only to loads in local areas where dynamic analysis is impracticable.


3.8.1.8.3.4      Load Combinations for Local Areas


The load factors and load combinations for the design of local areas are the same as those used for the general structure and are outlined in <Table 3.8‑13>.  Methods of analyzing for local loads and for the effects of discontinuities are discussed in <Section 3.8.1.8.4>.  Loads; defined by the symbols Ro, Ra, Yr, Yj, Ym; and due to pipe reactions and jet impingement forces are generally localized in nature.


3.8.1.8.3.5      Time Dependent Loads


The annulus concrete is not a prestressed concrete pressure vessel, therefore variation in loads due to time dependent losses such as creep and shrinkage are not significant.


3.8.1.8.3.6      Thermal Effects


Temperature profiles based on the temperatures given in <Section 3.8.1.3.1.e> and <Section 3.8.1.3.1.i> are the basis for selection of the critical temperature induced loads to be used in load combinations presented in <Table 3.8‑13>.


3.8.1.8.4      Design and Analysis Procedures


Since the annulus concrete is defined by ASME Code Case N‑258 to be part of the containment, it was designed in accordance with Article CC‑3000 of ASME Section III, Division 2 (Reference 20).  The annulus concrete is 


required to limit stresses in the vessel and to reduce the vibratory response of the vessel due to the postulated SRV loading phenomena.  


In the analysis, the basic assumption of the material being ideally elastic, homogeneous and isotropic is made.  Tensile strength of the concrete is considered in the analysis to calculate the reduced shear capacity and to predict cracking, but not for bending strength.


The annulus concrete is analyzed using two computer programs ‑ ASHSD2 and ANSYS.  The ASHSD2 program is used to analyze the containment vessel, annulus concrete, the shield building for static loads, suppression pool dynamic loads, and seismic loads.  The finite element model, which is used for these analyses, is shown in <Figure 3.8‑105>.  Since the ASHSD2 program does not have thermal load capability, a second finite element model is required to analyze the response to thermal loads.  The ANSYS thermal analysis model is shown in <Figure 3.8‑106>.  See <Section 3.8.1.4.6> for a description of the computer programs.


3.8.1.8.4.1      Assumptions of Boundary Conditions


a.
Containment Vessel ‑ Annulus Concrete Interface



The interface between the containment vessel and the annulus concrete is represented in the ASHSD2 finite element model with common nodes for the axisymmetric solid elements and the axisymmetric shell elements.  This representation is selected for the mechanical loads because these loads do not produce a tendency for significant slip at the interface, compared to the thermal loads.  Some of these loads also are non‑axisymmetric or dynamic and ASHSD2 does allow these types of loads.  Because ASHSD2 did not have thermal load capability, an ANSYS model was developed for the thermal loads (Reference 20).


b.
Basemat Foundation ‑ Annulus Concrete Interface



The basemat had been placed without considering the annulus filled with concrete; therefore, there is no mechanical connection (dowels) between the basemat and the annulus concrete.  The original ASHSD2 analysis for mechanical loads conservatively modeled this condition with the base of the annulus concrete being independent of the basemat with no restraint against either upward or downward vertical movement.  However, the shield building and vessel were fixed at the basemat.  This model required the vessel and shield building to carry all the transverse shear forces.  The results of this analysis indicated that the shield building was overstressed.  The next logical step was to more realistically model this interface area; therefore, the basemat stiffness was added to the model removing the fixed conditions of the vessel and shield building.  The results of this analysis indicated that the shield building was marginally within allowables for the shear forces.  Although the shear stresses were within allowables, the decision was made to mechanically protect the shield building.  To achieve this, the basemat was prepared for the new concrete by cutting a shear key to resist some of the radial shear being transferred through the annulus concrete.



The analysis for the thermal loads with ANSYS incorporated a “gap” element to create the effect of a compression with no tension capability boundary between the basemat and annulus concrete.  The “gap” element accurately models the actual interface.


c.
Shield Building ‑ Annulus Concrete Interface



The shield building ‑ annulus concrete interface was modeled as a monolithic section, i.e., no slip is assumed to occur along the interface.  An analysis was performed to demonstrate that the stresses in the Containment Vessel are not significantly influenced



by this boundary condition.  For the purpose of the analysis, the vessel stresses produced by the long term LOCA load combination were compared for the case of including the 3 ft shield building as a monolithic part of the 5 ft annulus concrete and for the case where the shield building is removed from the model.  This analysis confirmed that the boundary condition is conservative with respect to the containment vessel and annulus concrete.


3.8.1.8.4.2      Treatment of Axisymmetric and Non‑axisymmetric Loads


a.
Axisymmetric Loads



The annulus concrete was analyzed and designed for the following axisymmetric loads which are defined in <Section 3.8.1.3> and <Section 3.8.2.3>.



1.
Dead Load



2.
Live Load



3.
Groundwater Loads



4.
Normal Operating and Accident Temperature Induced Forces



The analytical approach used is described in <Section 3.8.1.8.4.3>.


b.
Non‑axisymmetric Loads



The annulus concrete was analyzed and designed for the following non‑axisymmetric loads and are as defined in <Section 3.8.1.3> and <Section 3.8.2.3>:



1.
Lateral Soil Pressures



2.
Wind Loads



3.
Tornado Wind Loads



4.
Seismic Loads (OBE and SSE)



5.
Local pipe reaction and pipe rupture forces including jet impingement forces and local compartmental pressure loads on the shell outside the shield building due to postulated pipe breaks within the auxiliary building steam tunnel compartment.



6.
Vibratory and direct pressure effects as transmitted through the containment vessel and/or shield building due to Steam Relief Valve Operation.



7.
Axisymmetric pool swell air bubble loads as defined in <Appendix 3B>.


3.8.1.8.4.3      Analytical Techniques


a.
Static Analysis



A static analysis of the annulus concrete using a model including the containment vessel, shield building and annulus concrete was performed using the ASHSD2 and ANSYS computer programs.  ASHSD2 is a finite element program with the capability to determine elastic deformations and stresses within axisymmetric shell or solid structures of arbitrary shape subjected to axisymmetric or non‑axisymmetric pressure or concentrated loads.  All boundary conditions consistent with the theory of elasticity are permitted.  The axisymmetric finite element model used for the ASHSD2 analyses is shown in <Figure 3.8‑105>.  ANSYS is a general purpose finite element program with the capability to solve static and dynamic problems involving elasticity, plasticity, creep, and swelling, 



buckling problems, and steady‑state and transient heat transfer and fluid flow problems.  The axisymmetric finite element model used for the ANSYS analyses is shown in <Figure 3.6‑106>.



The ASHSD2 computer program was used to analyze the annulus concrete for the accident pressures, groundwater pressure, steam tunnel pressure, suppression pool water pressure, and seismic loads.  The ANSYS computer program was used to analyze the annulus concrete for thermal loads.


b.
Dynamic Analysis (Seismic Analysis)



Safety/relief valve discharge, pool swell, condensation oscillation, and chugging loads were analyzed by use of the ASHSD2 computer program and the model shown in <Figure 3.8‑105>.  These loads are described in <Appendix 3A> and <Appendix 3B>.  See <Section 3.7> for details of the seismic analysis.



The safety/relief valve discharge load used was greater than the loads presented in <Appendix 3A> and <Appendix 3B>.  The condensation oscillation and chugging loads produced stresses which are small and could be neglected.



The structural responses are in terms of velocity, acceleration, and deflection.  The accelerations are used to give equivalent static loads which are analyzed by the method described in <Section 3.8.1.4.3.a.1>.


c.
Effects on Analysis of Variations in Material Properties and Assumptions



For seismic design the effect of variations in material properties and assumptions are discussed in <Section 3.7>.  For static analyses the basic assumptions are given in <Section 3.8.1.8.4.1>.  



These are the usual assumptions made for concrete structures under the ASME Code.  Material properties and quality control specified in <Section 3.8.1.6>, assure that material properties are within the ranges of values anticipated by the ASME Code.


3.8.1.8.4.4      Expected Behavior Under Loads


a.
Non‑axisymmetric, localized, transient loads



The methods of analysis and design used for these structures are expected to reproduce the behavior of the constructed system.  The analytical and design methods considered axisymmetric, non‑axisymmetric and local loads, transient thermal gradients, and the effects of discontinuities.


3.8.1.8.4.5      Design Methods


a.
General:



The method of design, used for reinforced concrete sections is the classical linear elastic design method with load factors as defined in the ASME Code.



All stresses and strains are in accordance with the member capacity requirements as set forth in the loading combinations of <Section 3.8.1.8.3.2>.


b.
Deformations and Deflections:



No permanent overall deformation occurs during any of the factored loading combinations set forth in <Section 3.8.1.3.2>.


c.
Thermal Limitations:



The design of the annulus concrete is based on limiting the temperature of the reinforced concrete during normal plant operation to 150(F except for local areas such as pipe penetrations where 200(F maximum is permitted.


d.
Vital Subcompartments:



The annulus concrete has no vital subcompartments.


e.
Methods of Reinforcing Critical Areas



No penetrations are anchored in the annulus concrete.


f.
Methods of Design for Shear Effects



1.
Transverse (Radial) Shear Reinforcement




The horizontal ties (shear reinforcement) were designed to carry the transverse shear force in excess of what the concrete can carry in accordance with the criteria of the ASME Code, Section III, Division 2, Subsection CC 3421.4.1.  The ties are No. 7 bars spaced circumferentially at each vertical bar in the bottom and every other bar in the top section.  The vertical distribution of shear ties is as follows:




Below horizontal Stiffener No. 1 ‑

4 tie elevations




Between horizontal Stiffeners No. 1 & 




  No. 2 ‑






4 tie elevations




Between horizontal Stiffeners No. 2 & 




  No. 3 ‑






4 tie elevations




Between horizontal Stiffeners No. 3 & 




 No. 4 ‑ 






3 tie elevations




Above horizontal Stiffener No. 4 ‑

3 tie elevations


Extra ties are used around penetrations and attachment plate stiffeners.



2.
Tangential Shear Reinforcement




Based on SRP 3.8.1, inclined reinforcement is required if the tangential shear stress is greater than 40 psi for abnormal/severe environmental loads and 60 psi for abnormal/extreme environmental loads.  These limits are very conservative when compared with the ASME Code.




For the minimum reinforcement provided in the annulus concrete, CC3421.5.1(a) of the ASME Code allows 107 psi before inclined reinforcement would be required.  However, the maximum calculated tangential shear stress is 83 psi, which occurs for the abnormal/extreme environmental condition; therefore, inclined reinforcement is not required by the Code.  The SRP 3.8.1 requirements would result in inclined reinforcement consisting of No. 5 bars at a 12 inch center to center spacing.  This amount of reinforcement seems rather inconsequential relative to the No. 18 bars provided in the vertical and horizontal directions.  The stresses in the orthogonal reinforcement and the strains in the concrete are not significantly reduced by the addition of the No. 5 inclined bars.




The design of the annulus concrete for tangential shear is based on the shear allowable of the ASME Code rather than the reduced allowables presented in SRP 3.8.1 for four reasons.  First, the magnitude of the tangential shear stresses are not 




as severe as those for a typical concrete containment subjected to the same seismic input.  Second, the results of recent research indicates that the tangential shear allowables of the ASME Code are conservatively low considering the magnitude of the stresses in the orthogonal reinforcement in the annulus concrete.  More importantly, calculations show that concrete and steel strains are small which is the intent of the SRP 3.8.1.  The final reason is that calculations have shown that the tangential shear forces can be transferred at the basemat from the annulus concrete to the containment vessel and shield building.  Both of these structures can safely carry this additional load.


3.8.1.8.4.6      Computer Programs


Computer programs used in the structural analysis of the annulus concrete are discussed in <Section 3.8.1.4.6>.


3.8.1.8.5      Structural Acceptance Criteria


The structural acceptance criteria for the annulus concrete is based upon accepted codes and standards, with modification to suit the operational and functional criteria of these structures.


3.8.1.8.5.1      Stress and Strain Criteria


a.
The stress criteria is based on values presented in the ASME Code.  The factored loads in the load combinations given and discussed in <Section 3.8.1.8.3> are based on ASME Section III, Division 2 and SRP 3.8.1.  Displacements will be elastic such that gross permanent deformations will not occur.


b.
The response of the structures to seismic loads is developed from the analytical techniques described in <Section 3.8.1.8.4>.  The 



stresses due to static and dynamic loads are algebraically summed for the loading combinations set out in <Section 3.8.1.8.3>, to obtain the critical stress for each part.


3.8.1.8.6      Material Specifications, Quality Control and Special Construction Techniques


The design of the annulus concrete is based upon material specifications giving acceptable limitations of physical and chemical properties for the structural materials used, and upon imposing quality control provisions to ensure that the materials meet the specifications.


The organization, responsibilities and general provisions for the Quality Assurance Program are described in <Chapter 17>.  The quality control provisions that have been imposed for the structures are described herein.  Wherever engineer approved design documents call for deviations or exceptions from the accepted codes and standards within this section, the approved design documents shall govern.


3.8.1.8.6.1      Concrete Construction


3.8.1.8.6.1.1      Codes and Standards


The following codes and standards were used to establish requirements for concrete construction:


ACI 347‑78
“Recommended Practice for Concrete Formwork.”


ACI 211.1‑77
“Recommended Practice for Selecting Proportions for Normal Weight Concrete.”


ACI 304‑73
“Recommended Practice for Measuring, Mixing, Transporting, and Placing Concrete.”


ACI 214‑77
“Recommended Practice for Evaluation for Compression Test Results of Field Concrete.”


ACI 309‑72
“Recommended Practices for Consolidation of Concrete.”


3.8.1.8.6.1.2      Material Specifications


a.
Cement



Cement used in the production of concrete shall conform to ASTM C 150, Type II, for moderate heat of hydration.  The cement shall conform to the following optional specification limits defined in ASTM C 150:



1.
58 percent maximum sum of tricalcium aluminate and tricalcium silicate.



2.
0.6 percent maximum alkalies in the event the aggregates are found to be deleteriously reactive.



3.
False set shall satisfy the requirements of Table 2A of ASTM C 150.



4.
These tests shall be performed in accordance with the test methods listed in the index of the 1973 Annual Book of ASTM Standards, unless otherwise specified herein.


b.
Admixtures



1.
Air Entraining Admixture




Air entraining admixtures conform to the requirements of ASTM C 260‑73.



2.
Water Reducing Densifier




Water reducing densifiers, if added to the concrete, conform to ASTM C 494‑71.



3.
Calcium Chloride, and admixtures containing Chlorides, Sulphides, Nitrates, or Boron will not be used.


c.
Aggregates



The aggregate used for normal weight concrete complies with ASTM C 33‑71a, except as modified by <Section 3.8.1.6.1.5.b.2>.  The type and size of aggregate, slump and additives are established to minimize shrinkage and creep.


d.
Water



The water for concrete is tested to show compliance with the requirements listed in this section before being used in the concrete.



1.
Water quality complies with the following:




(a)
Chlorides as Cl



  250 ppm maximum




(b)
Solids





2,000 ppm maximum




(c)
Sulphate ion




  250 ppm maximum




(d)
pH






between 6.0 and 8.0


2.
A comparison of the proposed mixing water properties is made with distilled water, using the following tests made with the proposed portland cement:





Test


Method

Limits of Comparison




(a)
Soundness

ASTM C151‑71
(0.10 percent difference





(Autoclave



in gauge length





Expansion)




(b)
Vicat Time
ASTM C191‑71
Initial Set (10 minutes





of Setting



Final Set (1 hour




(c)
Compressive
ASTM C109‑73
10 percent reduction of





Strength




strength


3.8.1.8.6.1.3      Design Mixes


a.
Trial design mixes for normal weight concrete are proportioned in accordance with Method 1 or Method 2 of Section 3.8.2 of ACI 301‑72 and tested in accordance with the following ASTM standards to ascertain conformance to concrete specifications.







Test






ASTM



Method of Test for Compressive Strength of



Cylindrical Concrete Specimens




C 39‑72



Method of Test for Slump of Portland



Cement Concrete







C 143‑71



Method of Making and Curing Concrete



Test Specimens in the Laboratory




C 192‑69



Method of Test for Air Content of Freshly



Mixed Concrete by the Pressure Method



C 231‑72T


3.8.1.8.6.1.4      Production Concrete


The production mixes are those mixes developed from the design mix testing program and proportioned in accordance with the results of the trial design mix using material qualified and accepted for the work.  


During construction, minor modification in the mixes may be necessitated by variation in aggregate gradation and moisture content.  The production concrete is mixed and transported in accordance with ASTM C 94‑73a.


3.8.1.8.6.1.5      Concrete Quality Control


a.
General Provisions



The services of a testing laboratory were obtained prior to commencing concrete work.  The testing laboratory makes design mixes described in <Section 3.8.1.8.6.1.3>, using the proposed materials to consistencies satisfactory for the work, in order to determine suitable mix proportions necessary to produce concrete conforming to the type and strength requirements specified.  During concrete operations, inspectors at the batch plant certify the mix proportions of each batch delivered to the site and periodically sample and test the concrete ingredients.  These inspectors ensure that a ticket is provided for each batch, documenting the time loaded, actual proportions of the mix, amount of concrete, and concrete design strength.  The cleanliness of trucks, and the handling and storage or aggregate are checked by the batch plant inspectors.  The water additions at the batch plant are modified, if necessary, as required by measurements of the moisture content of the aggregates and gradation changes.



Inspectors at the construction site inspect reinforcing and form placement, make slump tests, make test cylinders, check air content, check placement temperature, and record weather conditions.


b.
Concrete Materials



1.
Cement




All cement is sampled and tested at the mill for conformance to ASTM C 150‑73a and certified mill test reports are submitted to the owner at that time.  All test data are subject to verification by in‑process tests by the testing laboratory provided by the owner.  All cement is sampled and tested in accordance with ASTM C 150‑73a.  The chemical and physical tests are conducted on every test sample.  The cement is not released for use on the project until it is verified that it conforms to ASTM C 150‑73a and the project concrete specifications.



2.
Aggregates




The fine aggregate conforms to ASTM C 33‑71a with modification to suit local conditions.  Samples of the proposed fine aggregate are tested to ensure compliance with the specification.  The coarse aggregate conforms to ASTM C 33‑71a.  Samples of the proposed coarse aggregate are tested to ensure compliance with the specification.




The following tests related to coarse aggregate are not required for the reasons given:




(a)
ASTM C 87, “Test for Effect of Organic Impurities in Fine Aggregate on Strength of Mortar:”  Tests for effects of impurities should not be required unless such impurities are shown by ASTM C 40 to be present.




(b)
ASTM C 78, “Test for Flexural Strength of Concrete Using Simple Beam with Third Point Loading:”  Flexural strength is not specified.




(c)
ASTM C 29, “Test for Unit Weight of Concrete,:”  This test is intended to be used where slag is used in the concrete.




(d)
ASTM C 666, “Test for Resistance to Freezing and Thawing:”  Historical records indicate no tendency for aggregate to be subject to freeze‑thaw deterioration.  Also, presence of external air will counteract the very small potential for any freeze‑thaw action.




The type and frequency, during concrete operations, of ASTM standard tests are:




(a)
“Organic Impurities in Sands for Concrete,” ASTM C 40‑73‑daily.




(b)
“Materials Finer Than No. 200 Sieve in Mineral Aggregates by Washing,” ASTM C 117‑69‑daily.




(c)
“Sieve or Screen Analysis of Fine and Coarse Aggregates,” ASTM C 136‑71‑daily.




(d)
“Friable Particles in Aggregates,”  ASTM C 142‑71‑monthly and at change of source.




(e)
“Lightweight Pieces in Aggregate,” ASTM C 123‑69‑monthly and at change of source.




(f)
“Total Moisture Content of Aggregate by Drying,” ASTM C 566‑67, twice daily, and as required for control of production.




(g)
“Scratch Hardness of Coarse Aggregate Particles,” ASTM C 235‑68, monthly and at change of source.




(h)
“Resistance to Abrasion of Large Size Coarse Aggregate by Use of the Los Angeles Machine,” ASTM C 535‑69, every 6 months and at change of source.




(i)
“Resistance to Abrasion of Small Size Coarse Aggregate by Use of the Los Angeles Machine,” ASTM C 131‑69, every 6 months and at change of source.




(j)
“Potential Reactivity of Aggregates,” ASTM C 289‑71, every 6 months and at change of source.




(k)
“Soundness of Aggregates by Use of Sodium Sulphate or Magnesium Sulphate,” ASTM C 88‑73, every 6 months and at change of source.




(l)
“Standard Method of Test for Specific Gravity and Absorption of Coarse Aggregate,” ASTM C 127‑73, monthly during production and at change of source.




(m)
“Standard Method of Test for Specific Gravity and Absorption of Fine Aggregate,” ASTM C 128‑68, monthly during production and at change of source.




(n)
“Standard Tests for Water ‑ Soluble Chlorides Present as Admixes in Graded Aggregate Road Mixer,” ASTM D 1411‑69, every 6 months and at change of source.




The frequency of these tests is changed if and when the source of the aggregate changes, or if field conditions require more frequent testing, or as required by the Engineer.  Both fine and coarse aggregates are tested for moisture content twice 




daily as a minimum, or as required by climatic conditions.  All aggregate test samples are taken from the batch plant stock pile.



3.
Water




The water used in the production of trial mixes and production concrete is as described in <Section 3.8.1.8.6.1.2.d>.  The water is tested for compliance with these requirements for use in the trial mixes, and for the production concrete.



4.
Admixtures




The air entraining admixture used conforms to and is tested in accordance with ASTM C 260‑73.  The supplier submits to the owner documentation to demonstrate that the admixture supplied is essentially identical in concentration, composition and performance to the admixture originally tested to meet ASTM C 260‑73 prior to or with each delivery of admixture.  The concrete air content is to be taken for every 100 cubic yards of concrete during the concrete operations.



5.
Water Reducing Densifier




Any water reducing densifier admixture used conforms to and is tested in accordance with ASTM C 494‑71, Type “A” or Type “D.”  The quantity added, the control temperatures and method of mixing, conform to the manufacturer’s recommendations for use of their product.  The supplier submits to the owner documentation to demonstrate that the admixture supplied is essentially identical in concentration, composition and performance to the admixture originally tested to meet ASTM C 494, Type “A” or Type “D” prior to or with each delivery of admixture.


c.
Test Evaluations



The evaluation of the test results for the 3,000 psi concrete is in accordance with Chapter 17 of ACI 301‑72.



1.
Preliminary




(a)
Concrete design mixes and the associated tests are performed by the testing laboratory provided by the owner.  The proportions for the concrete mixes are determined by ACI 301‑72.  All concrete materials are tested as previously described.  Compression test methods conform to ASTM C 39‑72 and making and curing concrete test specimens conform to ASTM C 192‑69.



2.
Field Tests




During concrete operations, an inspector at the batch plant certifies the mixed proportions of each batch delivered to the job site, and samples and tests all concrete ingredients.  Inspectors at the job site inspect reinforcing, embedments and form placements, make slump tests, make test cylinders, check air content, check concrete temperature, record weather conditions, and inspect concrete placing and curing.  Concrete test cylinders and slump tests are molded, cured, capped, and tested in accordance with ACI 301‑72 except that samples of concrete for cylinders may be taken from single location in the middle 70 percent of the load as an option to samples taken from several points in the load as required by ACI 301, Section 16.3.4.1.




The following tests are also performed:




(a)
Sampling and testing the concrete materials as previously described.




(b)
Slump tests will be made at the following minimum frequencies:





(1)
A slump test will be made on the first two trucks and thereafter for each 50 cubic yards placed of each class of concrete.





(2)
Slump tests will be made on each concrete batch used for test cylinders.





(3)
Slump tests will be made at any time the constructor has reason to suspect that the concrete slumps are not within the allowable tolerances.





(4)
Slump tests will be made on each concrete batch to which water from the truck water system was added to the batch.


3.8.1.8.6.1.6      Tolerances


The only tolerance is on the top elevation of the concrete ((1/2 inch).


3.8.1.8.6.2      Reinforcing Steel


3.8.1.8.6.2.1      Codes and Standards


The following codes and standards are used to establish the approved design documents governing reinforcing steel:


ASTM A 615‑72
Standard Specification for Deformed Billet Steel Bars for Concrete Reinforcement


ASTM A 370‑72
Standard Methods and Definitions for Mechanical Testing of Steel products


NRC <Regulatory Guide 1.15>
Testing of Reinforcing Bars for Concrete Structures


3.8.1.8.6.2.2      Materials


The reinforcing steel is deformed bar conforming to ASTM A 615, Grade 60.


3.8.1.8.6.2.3      Quality Control


See the discussion for reinforcing steel in <Section 3.8.1.6.2.3>.


3.8.1.8.6.2.4      Tolerances


The fabrication tolerances for the reinforcement are in accordance with the requirements of ACI 318.  Placing tolerances are based on the ASME Code, Section III, Division 2, Article CC 4342.  The tolerances are summarized as follows:


a.
For locations of bars within the depth or thickness of a member:



  Thickness of


  Tolerance on

 
Reduction on



 Member (inches)

Location (inches)

Cover (inches)



Less than 10



(3/8




3/8



10 to less than 26


(1/2




1/2



26 to greater



(1




1/2


b.
For longitudinal location of bends and for ends of bars:  (2 inches.


c.
For spacing of bars:  (1 inch on the specified spacing, except that at embedments (2 inches on the specified spacing is acceptable.


3.8.1.8.6.3      Cadweld Splices


3.8.1.8.6.3.1      General Requirements


a.
Cadweld splices will be used on bar sizes exceeding No. 11, on structural steel anchorages and where there is insufficient length for lap splices.


b.
Cadweld splices will be made with T‑series and B‑series sleeves as described in Erico Products Catalogue (Reference 5).  These splice sleeves are capable of developing the minimum ultimate tensile strength of the reinforcing steel.


c.
A manufacturer’s representative, experienced in Cadweld splicing will be present at the outset of splicing to demonstrate the equipment and techniques for making quality splices.


d.
A quality control program based on the 1977 ASME Code Section III, Division 2, Subsection CC‑4333, will be used for inspection and testing of Cadweld splices.


e.
Sister splices can be used for testing in combination with the required number of production splices.  Sister splices are removable splices made in place next to production splices and under the same conditions.  The position and orientation of a sister splice is similar to the production splice that it represents.


3.8.1.8.6.3.2      Quality Control


a.
Qualification of Operators



Prior to the production splicing of reinforcing bars, each member of the splicing crew (or each crew if the members work as a crew) 



prepares two qualification splices on the largest bar size for each of the splice positions (e.g., horizontal, vertical, diagonal) to be used.  The qualification splices are made using the same materials (e.g., bar, sleeve, powder) as those to be used in the structure.  The qualification splices shall meet the criteria set forth in Erico Productions publication (Reference 6).


b.
Fabrication Procedure



The following quality control procedures are followed to ensure acceptable splices:



1.
The splice sleeve, powder and molds are stored in a clean dry area with adequate protection from the elements to prevent absorption of moisture.



2.
Each splice sleeve is visually examined immediately prior to use to ensure the absence of foreign material on the inside surface.  Light or spotty rust on the inside surface of the sleeve is acceptable.



3.
The molds are preheated to drive off moisture at the beginning of each shift when the molds are cold or when a new mold is used.



4.
Bar ends to be spliced are power wire brushed for a distance of two inches plus 1/2 the sleeve length from end of bar to remove mill scale, rust, concrete, and other foreign material.  Prior to brushing, water, grease and paint are removed by heating the bar ends with a torch.



5.
A permanent line is marked on each bar for a reference point to confirm that the bar ends are properly centered in the splice sleeve.



6.
Before the splice sleeve is placed into final position, the bar ends are examined to ensure that the surface is free from moisture.  If moisture is present, bar ends are heated until dry.



7.
Special attention is given to maintaining the alignment of sleeve and guide tube to ensure a proper fill.



8.
The splice sleeve is flame dried after all materials and equipment are in position.



9.
All completed splices are visually inspected at both ends of the splice sleeve and at the tap hole in the center of the splice in accordance with the requirements of Erico Products “Inspection of Cadweld Rebar Splice” (Reference 6).  Splices which do not meet this criteria are rejected and will not be used as tensile test samples.



10.
Records are kept of all Cadweld splices placed.  These records will enable a test splice to be chosen at random and to establish its location.  The records plus test results of all Cadweld splices tested will be kept up‑to‑date and will be available to all inspectors.  These records shall show:




(a)
The number assigned to each splice




(b)
The date that the splice was formed




(c)
The crew which carried out the splicing




(d)
The size, location and orientation of the splice




(e)
The record of visual inspection




(f)
The results of tensile tests performed


c.
Testing Frequency



Separate test cycles shall be established for splices in horizontal, vertical and diagonal bars.  The minimum number of splices to be tested is as follows:



1.
If only production splices are used in a test cycle, the sample frequency shall be:




(a)
One of the first ten splices




(b)
One of the next 90 splices




(c)
Two of the next and subsequent units of 100 splices



2.
If production and sister splices are tested, the sample frequency shall be:




(a)
One production splice of the first ten production splices.




(b)
One production and three sister splices, for the next 90 production splices.




(c)
One splice, either a production or sister splice for the next and subsequent units of 33 splices.  At least one‑fourth of the total number of splices tested shall be production splices.




(d)
Straight sister splices shall be substituted for production splice test samples on radius bent bars, on splices connecting reinforcing steel to structural steel





and where sufficient length of protruding bar is not available for the removal of a production splice and consequential resplicing.


d.
Acceptance Criteria



1.
Sound, nonporous filler material is visible at both ends of the splice sleeve and at the tap hole in the center of the sleeve.  Filler material is usually recessed 1/4 inch from the end of the sleeve due to the packing material, and is not considered a poor fill.



2.
Splices which contain slag or porous metal in the riser, tap hole or at the ends of the sleeve are rejected.  A single shrinkage bubble present below the riser is not detrimental and is distinguished from general porosity as described above.



3.
Evidence of filler material between the sleeve and bar for the full 360 degrees; however, the splice sleeves do not need to be exactly concentric or axially aligned with the bars.



4.
The tensile strength of each individual test splice shall be equal to or greater than 125 percent of the minimum yield strength specified in ASTM A 615 for the grade of reinforcement being used.



5.
The average tensile strength of a group of consecutive samples in a test cycle shall equal or exceed the guaranteed ultimate strength for that grade of reinforcement as specified in ASTM A 615.  Where the number of test samples in a cycle exceeds 15, a running average shall be calculated based on the last 15 samples tested.


e.
Splice Nonconformance Criteria



1.
If a production or sister splice sample fails to meet the acceptance criteria and failure occurred in the bar, another sample will be chosen for testing.  The cause of failure in the bar will be investigated.  Any necessary corrective action affecting splice samples will be implemented prior to continuing the testing.



2.
If any production splice used for testing fails to meet the acceptance criteria and failure did not occur in the bar, the production splice made just preceding and the production splice made just following the nonconforming splice will be tested.  If any sister splice used for testing fails to meet the acceptance criteria and failures do not occur in the bar, two additional sister splices will be tested.  If either of these retests fails to meet the acceptance criteria, splicing by the crew performing the work represented by the failed splice will be halted.  Splicing will not be resumed until the cause of the failures has been determined and corrected.



3.
If the running average tensile strength of the samples in a test cycle fails to meet the acceptance criteria, splicing will be halted.  Splicing will not be resumed until the cause of the nonconforming strengths has been determined and corrected.


3.8.1.8.6.3.3      Tolerances


The fabrication tolerances for Cadweld splices are as stated in <Section 3.8.1.8.6.3.2.b>.


3.8.1.8.6.4      Lowest Service Metal Temperature


The lowest service metal temperature shall be 35(F and the lowest temperature during construction is ‑15(F.


3.8.1.8.7      Testing and Inservice Inspection Requirements


There are no planned systematic testing or inservice surveillance programs for the annulus concrete except for the containment structural integrity test described in <Section 3.8.2.7.1>.


3.8.2      STEEL CONTAINMENT


3.8.2.1      Description of the Containment


3.8.2.1.1      General


The containment vessel is a pressure retaining structure composed of a free standing steel cylinder with an ellipsoidal dome, secured to a steel lined reinforced concrete foundation mat.  The mat is the common foundation for the three major structures of the reactor building complex.  The free standing portion of the containment vessel is supported by and anchored into the foundation mat, and is designed, fabricated and erected in accordance with the requirements of ASME Code Section III for Class MC components.  Neither the shield building (except in the area of the filled annulus) nor the interior structure (except for grating supports) contacts the free standing section of the containment vessel.  Sufficient clearance is provided to ensure that contact does not occur during any of the postulated load combinations.  <Section 3.8.0> gives a description of the reactor building complex structures and <Figure 3.8‑1> shows their physical relationship.


The containment vessel is designed to contain radioactive material which might be released from the nuclear steam supply system following a 


loss‑of‑coolant accident.  The steel containment vessel ensures a high degree of leak tightness during normal operating and accident conditions.


The containment vessel is a safety class structure, as defined in <Section 3.2>, with an internal free air volume of approximately 1.2 x 106 cubic feet.  It is designed for a maximum internal pressure of 15 psig with a coincident temperature of 185(F at accident conditions, and a maximum external pressure differential of 0.8 psi due to accidental operation of the spray headers.  The maximum design leakage rate for the containment vessel is 0.2 percent by weight of contained air in 24 hours at 7.80 psig internal pressure (Pa).  The design of the containment vessel considers dead load, live load, construction loads, temperature gradients, and the effects of penetrations for both the accident and normal (including seismic) operating conditions.


The basic dimensions of the containment vessel are:


a.
Cylinder inside diameter ‑ 120 feet.


b.
Cylinder height ‑ 152 feet ‑ 2 inches.


c.
Ellipsoidal dome ratio ‑ 2:1.


The containment vessel cylinder has six external stiffening rings at various elevations.  Details of the containment vessel cylinder, dome and stiffeners are shown in <Figure 3.8‑1>.


Two personnel access airlocks and one equipment hatch are provided.  Details of these are shown in <Figure 3.8‑4> and <Figure 3.8‑5>.


The reinforced concrete foundation mat which provides support for the interior structure, containment vessel and shield building is discussed in <Section 3.8.5>.


The lower 18 feet 6 inches of the containment vessel forms the outside of the suppression pool; the inside of the suppression pool is formed by the drywell weir wall.  The latter is part of the interior structure and is discussed in <Section 3.8.3>.  Corrosion of the lower 23 feet 6 inches of the containment vessel and exposed steel mat liner is minimized by the use of ASME SA 516, Grade 70, plate clad with stainless steel.  The location and the relationship of the suppression pool to the containment vessel is shown in <Figure 3.8‑1>.


At Elevation 721’‑0” a 125 ton capacity polar crane is supported off the containment vessel.  The crane support girder is shown in <Figure 3.8‑14>.


The unstiffened ellipsoidal dome is designed to support a nine inch layer of wet concrete.  This nine inch layer was then used to form the working surface for pouring the remaining 21 inch thickness of the shield building dome.


The addition of the concrete between the shield building and containment vessel to Elevation 598’‑4” increases the strength and stiffness of the containment vessel.


3.8.2.1.2      Plate Thickness


Final design plate thickness of the containment vessel cylinder and dome is 1‑1/2 inches.  This is increased to three‑inch thick plate around the penetrations in the suppression pool region to provide local reinforcement for containment vessel pressure loads as well as penetration loads.  Base liner plates are 3/8 inch thick carbon steel where they are covered by concrete, and half inch thick stainless clad where they are exposed to the suppression pool water.


3.8.2.1.3      Test Channels and Test Assemblies


Steel test channels are provided along welds of the steel liner of the foundation mat so that local leak testing of welds can be performed.  The channels are segmented by area.  One plug fitting is provided for each area and extends through any covering material, including concrete.


3.8.2.1.4      Personnel Access Air Locks


Two personnel access airlocks with an outside diameter of 9 feet 7 inches are provided, one at Elevation 599’‑9”, the other at Elevation 689’‑6”.


The personnel access airlocks are welded steel assemblies with double doors, each equipped with double gaskets and designed to provide the capability of leak rate testing the airlock between doors and the cavity between door seals at a pressure of Pa (7.80 psig).  Automatic leak rate instruments are located outside the containment end.  Since personnel airlock door seals must be tested frequently, an automatic leak rate monitor (ALRM) is connected to the seal test point on the inner door and outer door of each airlock.   The monitors are supplied with instrument air and upon activation of the door interlock switch, the test cycle begins by pressurizing the cavity between each pair of seals to the preset test pressure.  At the preset test pressure, the automatic sequence will proceed to the test mode and indicate a pass or fail condition.  This result is remotely displayed as an alarm in the control room.  After the test cycle, the monitor automatically resets to a ready state.  The seal test system is shown schematically in <Figure 3.8‑100>.  The airlock doors are designed as pressure seating doors.  Since both doors swing towards the reactor, any positive pressure buildup in the containment will tend to close the doors against their door jambs.  When pressure testing between door seals, the doors are prevented from opening by means of the two latch cylinders mounted on each door.  When pressurizing the entire airlock for a structural integrity or leak rate 


test, test clamps must be installed on the airlock side of the reactor end door.  Test pressures will determine the number of test clamps used on the reactor end door per airlock manufacture procedures.  Test pressures above 8.58 psig require 4 clamps.  These test clamps consisting of steel bars and clevis pins, engage clevises on the door and the door jamb to mechanically secure the door.  Additional details of the locks are:


a.
The doors are interlocked to prevent both being opened simultaneously.  Interlocks are connected so that one door must be completely closed and sealed before the opposite door can be opened.


b.
Remote open/closed indication lights are provided in the control room to indicate the position of any personnel access air lock door.  A special remote alarm is provided whenever both doors in an airlock are not locked closed.


c.
Locks have an interior lighting system which is capable of operating from the emergency power supply.


d.
Locks have an emergency communication system.


e.
Provisions are made to permit bypassing the door interlocking system to allow doors to be left open when the plant is shut down.


f.
The floor system is designed so that it can be easily removed.


g.
The locks are designed, fabricated, tested, and inspected in accordance with the ASME Code, Section III, Class MC.


h.
Lock hinges are capable of independent three‑dimensional adjustment to assist proper seating.


i.
Equalizing valves are provided.


j.
Provisions are made for inservice leak testing of the door bulkhead penetration gaskets at 7.80 psig (Pa).


3.8.2.1.5      Equipment Access Hatch


An equipment access hatch with a clear inside diameter of 20 feet is provided at Elevation 620’‑6” to allow passage of large equipment and components into the containment vessel.  The flanged joint between the hatch and cover is designed to accommodate double seals.  Periodic leak testing of the hatch is accomplished by pressurizing the space between the seals.


3.8.2.1.6      Penetrations


Typical mechanical and electrical penetrations are shown in <Figure 3.8‑6> and <Figure 3.8‑7>.  Penetrations are of the double barrier type and are designed to provide an annular air space that can be pressurized to the containment vessel design pressure (15.0 psig), for leak testing during plant operation and to 17.25 psig for proof testing.


a.
Mechanical Penetrations



1.
For hot pipe lines, thermal expansion is considered, and an expansion joint is provided between the pipe and sleeve at the second barrier to accommodate the calculated axial and lateral pipe motions.



2.
Thermal insulation is provided where it is required.



3.
Process pipes within penetrations are of greater schedule than the same pipes elsewhere in the system.



4.
Bellows, expansion joints, gaskets, canopies, protectors, or other flexible members are designed for a minimum of 500 cycles of movement associated with each penetration.



5.
Penetration sleeves are installed in their respective plate sections in the shop.



6.
Each penetration is equipped with a test connection located outside of the containment vessel to enable leak testing of the annulus space.



7.
Mechanical penetration primary barriers are designed, fabricated, tested, and inspected in accordance with ASME Code, Section III, Class MC, Class 1, or Class 2.



8.
The fuel transfer penetration connects the upper fuel pool above the drywell to the fuel handling building.  This penetration has a guard pipe and is inclined at an angle of 57( to the horizontal.  The penetration, in connecting these two structures, passes through the containment vessel and shield building.  The design of the penetration allows for the postulated deflections and movements of these two structures.  A modification to provide for leak rate testing of the transfer tube bellows has been installed.  The detail of the fuel transfer penetration is shown in <Figure 3.8‑15>.


b.
Electrical Penetrations



1.
These penetrations have cartridge assemblies which are installed in the penetration sleeves in the field.



2.
The penetration sleeves are shop welded to their plate sections.



3.
The penetration sleeves, cartridges and flanges are designed, fabricated, tested, and inspected in accordance with the ASME Code, Section III, Class MC.



4.
The penetrations are designed to comply with IEEE Standard 317 (Reference 7).


5.
The complete penetration assembly is designed to be capable of withstanding a structural integrity test pressure of 17.25 psig in the interspace between cartridges, sleeves and flanges.



6.
Penetrations are equipped with a test connection located outside the containment vessel.



7.
The penetration assembly design is qualified by testing one assembly of each type in the accident environment as required by IEEE Standard 317 (Reference 7).



8.
Thermocouples are installed in some assemblies to monitor heat generated by conductors contained within the assembly.


3.8.2.1.7      Penetration Appurtenances


Penetration sleeves are shop attached to a reinforcing plate which is then field installed.  Where several penetrations are grouped rather close together, the reinforcing plate is large enough to accommodate all of the penetrations and these “ganged” penetrations are field installed as a single unit.


3.8.2.1.8      Containment Vessel Vacuum Relief System (Vacuum Breakers)


See <Section 6.2.1.1.4.2> for system description, system design bases and effects on containment vessel design.


3.8.2.2      Applicable Codes, Standards and Specifications


3.8.2.2.1      Codes


The applicable code for the containment vessel is the ASME Code, Section III, Subsection NE.


3.8.2.2.1.1      Code Classification


The steel containment vessel is classified Class MC in accordance with Sub‑Article NA‑2130, Section III of the ASME Code.


3.8.2.2.1.2      Code Compliance


a.
Containment vessel



The steel cylindrical shell and dome of the steel containment vessel, including all penetrations and attachments within the boundaries defined in <Section 3.8.2.2.1.3>, are designed, fabricated and erected in accordance with Subsection NE, Class MC components, including the requirements for quality assurance of Article NA‑4000 and inspection requirements of Article NA‑5000 of Section III of the ASME Code and <Regulatory Guide 1.57>, except as modified by <Section 3.8.2.5>.


b.
Code stamp



The steel containment vessel is not ASME Code stamped.  However, all other requirements of the Code applicable to Class MC containment vessels are met.


3.8.2.2.1.3      Code Boundaries


The boundaries for the steel containment vessel consist of those defined in Paragraphs NE‑3254 and NE‑1132 of the ASME Code Section III, and the additional boundaries listed below.


a.
The steel containment vessel shell and dome including the portion of the shell embedded in the concrete mat foundation, but not including the associated anchorage steel.


b.
The attachment weld of the bottom liner plate to the steel containment vessel shell.


c.
The leak tight base liner plate is outside of the boundaries for the steel containment vessel.


d.
The attachment welds of the crane girder, piping supports, walkway or platform supports, and other attachments to the shell of the steel containment vessel.


3.8.2.2.1.4      Base Liner


The portion of the base liner exposed to suppression pool water is designed to the requirements of Subsection CC‑3000, Section III, of the ASME Code, Division 2, except as provided in CC‑1120 which provides that the liner meets Subsection NE allowables of Division 1 for loads not carried by the concrete.  The base liner inside the Drywell is protected from the environment by the 8’‑8” thick reinforced concrete support mat.


This section of the liner provides a leak‑tight barrier with the concrete designed to carry all imposed loads.  The strain criteria adopted for this section of the liner is in accordance with the ASME Code, Section III, Division 2, Subsection CC‑3700.


3.8.2.2.1.5      Structural Steel Attachments


Structural steel attachments beyond the boundaries established for the steel containment vessel and designed and constructed in accordance with the “Specification for the Design, Fabrication and Erection of Structural Steel for Buildings,” AISC 1969 including Supplements No. 1 and 2, except:


a.
As modified by “Structural Design Criteria for Category I Structures Outside Containment” (Reference 1).

b.
Qualification of welding procedures and welders/operators per ASME Code Section IX may be substituted for AWS D1.1 Section 5 qualifications with the exception that ASME IX Welding Procedure Specifications for partial and complete penetration groove welds shall conform with the AWS D1.1 requirements for prequalified welded joints, specifically joint groove type/shape (i.e., groove angle and type, root opening and face, and omission of backing material).  Use of non‑prequalified AWS D1.1 joints shall require procedure qualification.


3.8.2.2.2      Standards


Applicable standards are given in <Section 3.8.2.6.1.1>.  <Regulatory Guide 1.57> is used for the design of the containment vessel, with modification given in <Section 3.8.2.5>.


3.8.2.2.3      Specifications


Applicable plant principal specifications for the containment vessel scope of work include final design, fabrication, erection, and structural integrity testing.  The design requirements included all loads and load combinations listed in <Section 3.8.2.3> and the structural acceptance criteria given in <Section 3.8.2.5>.  Fabrication 


and erection requirements are in accordance with the requirements of ASME Code Section III, Subsection NE, except for the modifications described in <Section 3.8.2.7>.  Quality Control provisions, tolerances, etc. are described in <Section 3.8.2.7>.


Part 2 of 3


Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages with page numbers.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


3.8.2.3      Loads and Load Combinations


3.8.2.3.1      Loads Used in the Design


Loads used in the design are in accordance with the ASME Code Section III, Subsection NE‑3110, and are summarized below.


a.
Dead Load (symbol D)



Dead load includes the weight of the containment vessel, calculated at 490 pounds per cubic foot, plus any permanent attachments such as spray headers, polar crane, equipment hatch, personnel access locks, penetrations, etc.


b.
Construction Loads



1.
Nine inches of wet concrete plus formwork for the entire shield building dome, applied as point loads to the containment vessel dome.



2.
Fifty pounds per square foot over any part of the containment vessel dome, not concurrent with Item 1, above.



3.
Loads due to a 65 mph wind 30 feet above grade, as given by ASCE Paper No. 3269 “Wind Forces on Structures.”



4.
Snow load of 30 psf, not concurrent with Item 1 or 3, above.



5.
Wet concrete due to annulus concrete placement.


c.
Live Loads (symbol L)



Live load includes any equipment loads not included in item (a) above, also:



1.
Temporary loads during construction.



2.
A uniform load of 100 psf or a concentrated load of 1,000 pounds applied to the passage area of the personnel access airlocks.



3.
A load of 100 psf on platforms and walkways.



4.
Reactions from spray system activation.



5.
Polar crane live load plus impact allowances.



6.
Weight of suppression pool water.



7.
A uniform load of 500 psf or two 20,000 pound wheel loads at five inch tread, applied to the passage area of the equipment hatch.


d.
Wind and Tornado Loads (symbol W and Wt)



Because the containment vessel is totally enclosed by the shield building the effects of wind and tornado loadings are insignificant  following completion of the shield building construction.  Wind load is allowed for during the construction stage prior to completion of the shield building.


e.
Seismic Loads (symbol Feqo and Feqs)



The seismic loads investigated for the containment vessel are based on the postulated OBE and SSE conditions set forth in <Section 3.7>.


f.
Operational, Design and Test Pressure Loads (symbol Z)



The operational, design and test pressures are:



1.
Design external




0.8 psig



2.
Operating external




Patm ‑ 0.015 psia



3.
Operating internal




2.0 psia +14.7 psia



4.
Structural integrity test


17.25 psig



5.
Blowdown of a main steam relief valve line increases the suppression pool pressure above normal hydrostatic pressures.  The pressure varies with time and distance from the relief line as described in <Appendix 3A> and <Appendix 3B>.  Any or all of the 19 relief lines may be blown down in any sequence.



6.
Tornado depressurization – external
-1.3 psig




Effective negative external pressure based on known vent paths relative to –3.0 psig outside the shield buildling.


g.
Normal Operating Temperature Loads (symbol To)



1.
Normal operating air (simultaneous) temperatures are:
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(a)
Minimum operating, (F

 50


 60











Annular
  Inside











 Space
Containment




(b)
Normal operating, (F


 90


 95




(c)
Maximum operating, (F

104


105



2.
The suppression pool is limited to the following temperatures by plant operating procedures during normal operation:




(a)
Minimum pool temperature of 60(F.




(b)
Maximum pool temperature of 140(F with safety/relief valve operation.




(c)
Maximum normal operating pool temperature of 150(F, continuous safety/relief valve blowdown without bubble pressure loads.


h.
Loss‑of‑Coolant Accident Temperature (Ta) and Pressure (Pa)



The design allows for postulated accident conditions of:



1.
Internal pressure, psig



7.80



2.
Temperature, (F





160.5 inside the containment vessel












180 outside the containment vessel in annular space



3.
Suppression Pool Loads




Suppression pool dynamic loads on the containment vessel are described in <Appendix 3A> and <Appendix 3B>.  Hydrostatic loads are described below in item j.


i.
Interior Missiles (symbol Ym)



There are no interior missile loads on the containment vessel.


j.
Hydrostatic Loads (symbol Gsp, G’)



1.
The design allows for the water retained in the suppression pool.  This water is present for the life of the plant with occasional draining of the pool for inspection of the submerged areas.  Normal pool depth is 18 feet 6 inches with a variation of plus 0 feet minus 6 inches. (Gsp)



2.
For the recovery of the reactor fuel and core in a postaccident condition, the containment vessel is designed to withstand internal water rising to Elevation 641’‑0” a height of 66 feet 2 inches. (G’)


k.
Penetration Loads (symbol Ro, Ra, Yr, and Yj)



The loads imposed by personnel access locks, equipment hatch, mechanical and electrical penetrations for normal operation (Ro) are considered together with the dead load.  Loads applied as a result of rupture of any one pipe or by interaction of penetrations (Ra and Yr) are considered with accident conditions applicable to the type and size of the break.  The only jet impingement loads (Y) due to pipe rupture on the containment vessel result from breaks in the CRD piping and are less than 3,000 pounds spread over 3 square inches.


l.
Safety/Relief Valve Operation (symbols Psrv and Tsrv) loads on the containment vessel due to safety/relief valve operation are as described in <Appendix 3A> and <Appendix 3B>.  In addition, cyclic loadings considered for the containment vessel fatigue analysis are:



1.
Startup and shutdown of plant:














Discharge





Case/Temp ((F)



Quencher(s)
_ Events_




(a)
Single valve, single

LLSP



34





Actuation/(60‑90)


See Note(2)




(b)
Single valve, subsequent

LLSP



1,512





Actuation(1), (3)



See Note(2)




(c)
Two valves, first


LLSP, Adjacent

1





Actuation/(60‑90)


See Note(2)



(d)
19 valves/(60‑90)


All



253




(e)
8 ADS/(120)



V2,4,7


1











V9,11,13











V16,18




NOTES:




(1)
For case (b), the temperatures for subsequent Actuations 1 to 14 are as follows:





Subsequent Actuation: 1 2 3 4 5 6 7‑10 11‑14 Local pool





temperature ((F): 100 110 120 125 127 128 129 130




(2)
LLSP is the low‑low set point valve.  Adjacent is the adjacent valve that actuates next in sequence (has the next lowest set point).




(3)
All 1,512 subsequent actuations of the low‑low set point valve will occur as a 15 actuation series.  The initial actuation is at a pool temperature of 90(F and is followed by 14 subsequent actuations with temperatures as shown in Note(1) above.



2.
Normal operating pressure fluctuations:




(a)
(1 inch of water gauge ‑ 1,000 cycles




(b)
0 to 2 psig ‑ 10 cycles



3.
Safety/relief valve discharge:




At the location of the low‑low set point valve the containment vessel and base liner are exposed to pressure fluctuations induced by safety/relief valve discharge; therefore the design at this location includes 1,800 discharge events with an average of nine cycles per event.  At other points on the containment, the number of discharge events used in design is given in <Section 3.8.2.3.1.1.1> with nine stress cycles per event.


3.8.2.3.2      Load Combinations


The design considers the load combinations given in <Table 3.8‑2> in determining the strength requirements (SR) for the various sections of the containment vessels except that <Table 3.8‑13> is used for all ASME Code Section III, Division 2, analyses.  Many of the applied loads vary within a range, and for this type of load, the one used is that value producing the most critical combination.  The absolute sum method was used to combine all loads for the steel containment vessel.  Allowable stress criteria applied to each of these combinations discussed in <Section 3.8.2.5>.


3.8.2.3.3      Load Factors


No load factors are used on any of the actual applied loads for Section III, Division 1, analyses.  Instead, the stress criteria used vary as given by ASME Code Section III, Subsection NE‑3200, and 


elaborated further in <Section 3.8.2.5>.  Load factors are used with Section III, Division 2, analyses.  The quencher foundation and containment vessel embedment are evaluated for pullout using Section III, Division 2, stress criteria.


3.8.2.3.4      Load Combinations for Local Areas


Local effects of penetrations, locks and hatches are considered in the general analysis by the use of the symbols Ro, Ra and Yr.  The loads used for the design of individual components are the same as the general load combinations.


3.8.2.3.5      Thermal Effects


The temperature induced stresses, are treated as secondary stresses and are investigated as discussed in ASME Code, Subsection NE‑3213.13.


3.8.2.3.6      Containment Capability Analysis


As part of the overall evaluation of the Perry Nuclear Power Plant Hydrogen Control System <Section 6.2.9>, containment vessel pressure capability has been evaluated (Reference 21) and (Reference 22).  The cases considered and a summary of analytical results for these evaluations are as follows.


ASME Service

Loadings


__level(3)_____

Considered



Results/Capability



C

45 psig internal pressure

All stresses





and dead load




within service












level C allowables



C

See Note(1)





50.2 psig


ASME Service

Loadings


__level(3)_____

Considered



Results/Capability



D

See Note(2)





57.4 psig(4)

NOTES:


(1)
(Maximum internal containment pressure and dead load) in order to reach service level C allowables.


(2)
(Maximum internal containment pressure and dead load) in order to reach service level D allowables.


(3)
ASME Section III, Division 1, Subsection NE.


(4)
Considered a more realistic evaluation of containment vessel pressure capability, considering the nature and probability of the assumed hydrogen generation event.


Per Table 17 of (Reference 22), the maximum calculated containment internal pressure due to hydrogen generation/burning is 21.2 psig which is significantly below the more realistic service level D structural capacity of 57.4 psig.


3.8.2.4      Design and Analysis Procedures


3.8.2.4.1      General


Final analysis and design of the containment vessel were performed by the vessel contractor, Newport News Industrial Corporation (NNIC) of Newport News, Virginia.  The analysis and design were based on the ASME Code, Section III, Subsection NE, for Class MC vessels, using a combination of hand calculations, empirical formulas and finite element computer programs to determine the appropriate plate thickness and stress levels within the vessel.  The computer models used in the analysis are shown in <Figure 3.8‑16>, <Figure 3.8‑17>, <Figure 3.8‑107>, <Figure 3.8‑108>, and <Figure 3.8‑109>.


3.8.2.4.2      General Assumptions and Boundary Conditions


It is assumed that the ASTM A 516, Grade 70, plate used for the Containment Vessel is linear elastic, homogeneous and isotropic with a uniform yield strength equal to the specified minimum.  The base of the structure is assumed to be fixed.


3.8.2.4.3      Analytical Techniques


a.
Static Analysis



The static analysis uses two computer programs and three models.



1.
Vessel dead load (axisymmetric) done on Ghosh‑Wilson.



2.
All other axisymmetric static loads for dome and vessel are done on STRAP.



3.
All asymmetric static vessel loads done on Ghosh‑Wilson.



To obtain the general shell stresses for axisymmetric loads, including internal and external pressures, hydrostatic pressures, thermal, construction loads, and snow loads, the STRAP computer program with the models shown in <Figure 3.8‑16> is used.  Stresses from the asymmetric static loadings, hydrostatic and inertia effects due to pool slosh, wind loads and polar crane travel, are obtained using the Ghosh‑Wilson program with the model shown in <Figure 3.8‑17>.  An NNIC in‑house Fourier coefficient generator program calculates a Fourier representation of the input loadings and these are input into Ghosh‑Wilson to calculate the stresses.  Thermally induced stresses due to the filled annulus are calculated using the ANSYS computer program, using the model shown in <Figure 3.8‑107>, and the local effect on the stiffeners was 



investigated using the STRAP computer program, using the model shown in <Figure 3.8‑108>.


b.
Dynamic Analysis



The containment vessel is subjected to three dynamic loading conditions; seismic events, safety/relief valve discharge (SRVD) and loss‑of‑coolant accident (LOCA).  Analytical techniques for each of these conditions are:



1.
Seismic Analysis




The earthquake analysis is performed using the response spectrum modal analysis technique described in <Regulatory Guide 1.92>.  The Ghosh‑Wilson Program allows the floor response curves to be input to the model shown in <Figure 3.8‑17>; then, using the technique above, the response to each earthquake component is obtained.  Thus, the total response of the containment vessel is obtained by taking the square root of the sum of the squares of the responses from the component earthquakes.  An additional analysis was performed for the filled annulus using the Ghosh‑Wilson Program and the model shown in <Figure 3.8‑109>.  This analysis was performed to verify that the filled annulus does not increase the seismic response and seismic stresses.



2.
SRVD Analysis




The SRVD event is characterized by two types of loadings; a transient asymmetric pressure exerted on the vessel by the suppression pool water and vibration of the vessel through the base mat.  Four cases are considered, a single valve acting, two adjacent valves acting, 8 (ADS), and all 19 valves acting.  <Appendix 3A> and <Appendix 3B> present a detailed discussion 




of the SRVD loadings.  The Ghosh‑Wilson program is used to calculate the maximum stresses due to the pressure loadings and the vibratory motion.  A Fourier series representation of the asymmetric loading is input to the computer model for a typical loading case.  Effects of the water in the suppression pool are included in the analysis by applying appropriate values to the Lame’s Constants and modeling the fluid with standard solid finite elements.  The fluid elements are rigidly coupled to the vessel elements in the radial direction but are allowed to move in the axial direction.  This is accomplished by using shear links between the appropriate nodal points.



3.
LOCA Analysis




Loading conditions for a LOCA event vary with time after the accident.  Long term conditions are a gradual buildup of pressure and temperature to the design values of 15 psi and 185(F.  These loads are applied as static cases.  Short term loads due to a LOCA consist of hydrostatic loads, transient loads due to wetwell pressurization, high mass flux steam condensation, containment pressurization, and pool swell air bubble pressurization.  A detailed discussion of LOCA conditions is given in <Section 6.2.1> and <Appendix 3A> and <Appendix 3B>.  The Ghosh‑Wilson program is used to analyze for the transient loads above.  The pool swell air bubble load is represented by a Fourier series and is applied as an asymmetric load over 180( of the vessel.


c.
Heat Transfer Analysis



The heat transfer analyses for the containment vessel, annulus concrete and foundation mat are performed using many different models of key regions to consider the different coefficients of 



thermal conductivity and varying boundary conditions existing under both normal operating and accident conditions.  The analyses utilize an iterative technique to establish the initial, steady‑state conditions through the model.  Starting at the normal operating condition inside containment at steady‑state with t = 0, the transient temperature response of the suppression pool, containment air and annulus air, are input into the model at varying time steps.  Other boundary conditions, including the outside of the shield building and bottom side of the reactor building foundation mat, are held constant.  Several containment vessel film coefficients are used in these models to bound the analyses.



This analysis was used in determining stresses in the doubler plate and shell during long term LOCA.  For short term LOCA effects in the doubler plate and lower shell, a steady‑state analysis was performed using the AXSOL computer program.  Stresses in the upper containment were determined on the STRAP computer program using a steady‑state analysis.  The induced stresses are combined with the other loads in <Section 3.8.2.3>.


d.
Fatigue Analysis



A fatigue analysis of the vessel was performed in accordance with Subsection NE‑3222.4 of the ASME Code, Section III.  It was found that requirement No. 2 of NE‑3222.4(d) was not met.  Therefore, a more detailed analysis was performed in accordance with Section NE‑3222.4(e).  Peak stresses are in accordance with Section NE‑3228.3.


e.
Analysis of Local Areas



1.
Polar Crane Girder




A 43( model of the girder with ribs and offset T beams and rail is modeled on the STRAP computer program.  The model starts at the line of symmetry between the wheels, and symmetry boundary conditions are applied.  Loads are applied independently to four locations.  The loads are applied either over a stiffener or between stiffeners, and at either the outside edge or center of the girder.  Both the vertical and horizontal components are considered.



2.
Vessel Stiffeners




The stiffeners are modeled into the Ghosh‑Wilson finite element model.  The stiffeners are also modeled into the STRAP model for the lower penetrations and for some upper penetrations, where applicable.



3.
Penetrations




Penetrations are analyzed using the STRAP finite element program.  Each penetration is examined to determine if it requires analysis or if it could be represented by a similar penetration that has been analyzed.  The models are extended sufficiently to account for localized stresses in the shell.



4.
Vessel Embedment




The embedment is analyzed to Subsection NE of the ASME Code, Section III, by the finite element program SAP4 and the model shown in <Figure 3.8‑18>.  Pull out of embedments is analyzed in accordance with Division II of Section III.  The 1‑1/2 x 2 




bar attached to the embedment foot is evaluated using the rules of Section NF.



5.
Base Liner




The suppression pool liner is analyzed by considering a portion of it to act as a beam‑column.  The type of loading, relatively equal spacing between the circumferential tee section supports, small spacing between the tee section supports compared to their radii, and the fact that the liner plate segments are supported along only two edges, allows the idealization which considers portions of the liner plate to act as a beam.



6.
Quencher Foundation




The analysis of the quencher foundation is performed in two independent parts.  The base plate, including the quencher support pipe and stiffeners, and I‑beam foundation are analyzed separately.  A finite element analysis is performed to determine the stresses in the base plate, support pipe, stiffeners, and weld between the quencher support pipe and the base plate.




The I‑beam foundation is analyzed by considering the structure to act as a rigid body with rotation of the structure resulting from vertical strains in the webs of the I‑beam supports.  The assumption of rigid body motion is based upon the relatively large structural members being used for the relatively small foundation and upon the fact that the modulus of elasticity for concrete is approximately 10 percent of the value for steel.



7.
Equipment Hatch




The equipment hatch assembly is designed to Subsection NE of the ASME Code, Section III, Class MC components, using the SUPERB finite element program.  Due to geometry and load symmetry only a quarter model of the collar and barrel is used.  The model is shown in <Figure 3.8‑20>.



8.
Personnel Access Airlocks




The upper and lower airlocks are designed to Subsection NE of the ASME Code, Section III, Class MC components.  The barrel and collar are analyzed using the SUPERB finite element program.  Due to the asymmetric application of some loadings a full 360 degree model is used as shown in <Figure 3.8‑21>.  The bulkhead and bulkhead door are analyzed using the STARDYNE computer program for static and dynamic loadings.  Also, a frequency analysis is performed using STARDYNE to determine the natural frequency of the bulkhead and bulkhead door.  The lowest natural frequency is 48 cps which is above the seismic cut off frequency of 33 cps, but below the zero period acceleration for the various dynamic loads of SRVD and LOCA.  The design response accelerations for the load combinations with both seismic, SRVD and LOCA are obtained by adding the peak seismic response to 1.5 times the peak response for the SRVD or LOCA loads (e.g., net response = peak (seismic) +1.5 x peak (SRVD or LOCA)).  The 1.5 factor is used to account for multimode participation.  However, for conservatism, the maximum floor response accelerations are used to determine the seismic stresses.  Hand calculations are used to determine the stress levels in other components of the airlocks such as the floor plate, test clamps, door arms, hinges, the pool swell wedge deflector, etc.


f.
Buckling Analysis



1.
Cylinder Buckling




The buckling investigation of the containment vessel cylinder consists of two approaches.  First the shell and stiffeners are verified to be in compliance with all the requirements of Subsection NE‑3133 of the ASME Code, Section III, and second a detailed buckling analysis is performed using equations from “Structural Analysis of Shells” (Reference 8).  For general instability of the vessel, i.e., considering the stiffeners to buckle with the shell, the factor of safety against buckling is found to be approximately 240.  The most likely mode of buckling is found to be that of buckling of the plate between the stiffeners.  Considering the sections between the stiffeners as simply supported cylinders subjected to pressure and axial loadings, and using the equations from ASME Code, Section III, Division 1, Subsection NE, the lowest factor of safety against buckling is 1.24.  The interaction for a shell subjected to both axial compression and external pressure is given in “Structural Analysis of Shells,” (Reference 8) and shows a buckling factor of safety of 2.2.




As requested by NRC, <NUREG/CR‑0793> was reviewed and compared with the method used here.  The most critical loading combination in the evaluation for buckling is dead load plus seismic plus negative pressure.  <NUREG/CR‑0793> offered an alternative method of performing buckling analysis.  It also stated that the Subsection NE‑3133 of ASME III, Section NE, was conservative for uniform state of stress.  Since the maximum compressive stress was assumed to be uniformly distributed over the shell, the result is conservative enough to satisfy design purpose.



2.
Dome Buckling




Buckling of the dome under internal pressure loading is investigated using the equations from “Stability of Elastic Systems” (Reference 9).  The equations in Reference 9 calculate the local winkler type buckling stress in the circumferential direction of an ellipsoidal head under internal pressure.  The factor of safety against buckling for this type of loading is 4.25.  Buckling of the dome due to external loadings is investigated using the MARC computer program.  To account for construction tolerances and local imperfections two computer models are used.  The first model shown in <Figure 3.8‑22>, represents a “flat” dome approximately a 6:1 ellipse, starting at the minimum tolerance of ‑6 inches in the center and assuming a drop of 1‑1/2 inch in the sixth course of 90 inches, the fifth course of 170 inches assumes a circular arc of radius of 863.5 inches, with the remainder an ellipse to the maximum radial tolerance of +3 inches.  The second model, also shown in <Figure 3.8‑22> accounts for circumferential imperfections.  The shape of this model was developed using the deflections from the stress analysis for the point construction loads.  These deflections are normalized to the maximum tolerance of 6 inches, then subtracted from the “perfect” dome to produce a “wavy” shape.  The flat dome model with the point construction loads produces the largest deflections, therefore this is the critical case.  Since the MARC program does not follow large deflections with no increase in load, as would occur in a snap‑through buckling condition, the dome is loaded to a selected load and then incrementally unloaded.  The Belleville washer model is used to test the validity of MARC in this application.  As shown in <Figure 3.8‑23>, the MARC load‑deflection curve closely follows the test and formula curves in the pre‑buckled and post‑buckled regions and also the unloading curve, therefore, 




it is valid for this application.  Results of the detailed analysis of the dome show that no large increase in deflection occurs up to and above twice the applied construction loads and the dome returns to its original shape as the load is removed.  This indicates that the dome gradually deflects rather than buckles under external loading.




Results of an investigation of buckling in the knuckle region due to application of the horizontal seismic loads show that the vertical loads will control and buckling similar to that described above will occur at the center of the dome before buckling occurs at the spring line.


3.8.2.4.4      Design Methods


a.
General



The method used for the preliminary design is to establish the minimum plate thickness required by ASME Code Subsections NE‑3133 and NE‑3324 for external and internal pressure loads.  The model thus established is then checked by analysis <Section 3.8.2.4.3> for the stresses, strains and displacements which are checked against the allowables of <Section 3.8.2.5>.


b.
Vital Subcompartments



The Containment Vessel does not contain any vital subcompartments.


c.
Reinforcing of Openings



Cutouts for locks, hatch and penetrations are reinforced in accordance with the requirements of ASME Code Section III, Subsection NE‑3330.


3.8.2.4.5      Computer Programs


a.
Following is a brief description of the computer programs used in the analysis of the containment vessel, its appurtenances and attachments:



1.
STRAP by NNSD




The Structural Analysis Program (STRAP) is a computer program developed by NNSD which employs the finite element method to perform static and dynamic analyses of large and complex structures.  The static analysis portion of STRAP provides the capability to analyze linear, three dimensional structures to which arbitrary mechanical and thermal loads and displacement boundary conditions may be applied.  Structural elements incorporated into the program include beam members, triangles and quadrilaterals which have both membrane and plate bending stiffnesses.  Loads may be applied in the form of concentrated joint forces and moments, temperature changes, normal pressure, and concentrated, uniform or linear beam member loads.  Program output includes joint displacements, beam forces and moments, beam stresses, triangle stresses, and quadrilateral stresses.  STRAP has dynamic analysis routines for linear elastic structures undergoing small displacement response.  Either free or forced vibrational response may be obtained for both conservative and non-conservative systems.  In particular, a STRAP user may select any desired combination of the following dynamic analyses:




(a)
Natural frequency and mode shape analysis




(b)
Shock analysis


(c)
Steady‑state forced response analysis




(d)
Transient forced response analysis




The natural frequency and mode shape analysis routine produces natural frequencies and mode shapes which characterize the free vibration of a structure.  Other dynamics routines may be used to investigate forced structural vibration.  Each forced response analysis routine (shock, steady‑state and transient) produces free vibration information as well as forced system displacement response.  In addition, the forced response routines calculate forces, moments and stresses experienced by the structure as it vibrates.



2.
SAP IV by Bathe, Wilson & Patterson




The Structural Analysis Program (SAP IV) is a computer program for static and dynamic analysis of linear structural systems using the finite element concept.  SAP IV has a large element library which includes:




(a)
Three dimensional truss element




(b)
Three dimensional beam element




(c)
Plane stress, plane strain and axisymmetric elements




(d)
Three dimensional solid element




(e)
Thick shell element




(f)
Thin plate and shell element




(g)
Boundary element




(h)
Pipe element.




The input and output capabilities vary from element to element.  SAP IV has an eigenvalue/eigenvector routine for recovering natural frequencies.  Its dynamic analyses capabilities include:




(a)
Dynamic response analysis for arbitrary time dependent loads using mode superposition,




(b)
Dynamic response analysis for arbitrary time dependent loads using direct integration




(c)
Response spectrum analysis.



3.
GHOSH‑WILSON PROGRAM ‑ ASHSD 2




A finite element method is presented for the dynamic analysis of complex axisymmetric structures subjected to any arbitrary static or dynamic loading or base acceleration.  The three dimensional axisymmetric continuum is represented either as axisymmetric thin shell or as a solid of revolution or as a combination of both.  The axisymmetric shell is discretized as a series of frustrums of cones and the solid of revolution as triangular or quadrilateral “toroids” connected at their nodal point circles.




Hamilton’s variational principle is used to derive the equations of motion for this discrete structure.  This leads to a mass matrix, stiffness matrix and load vectors which are all consistent with the assumed displacement field.  But to minimize computer storage and execution time a diagonal mass matrix has been assumed in writing the computer program.  These equations of motion are solved numerically through the time domain either by direct integration or by mode 




superposition.  In both cases the numerical scheme adopted is the step‑by‑integration procedure.  For an earthquake analysis, the response spectrum technique may be used to obtain approximate values of the maximum response quantities if detailed time history of the response is not desired.  A different approach of solving the set of integral equations of motion instead of the differential equations is indicated.




This method of analysis is applied to various practical cases like nuclear reactor containment pressure vessel, response of tubes to moving pressure, etc.  The above formulation is also applied to investigate structure‑foundation interaction effects.  The results of this investigation has led to a better understanding of the interaction phenomenon.  Some recommendations are made for the design of nuclear reactor pressure vessel under seismic forces which takes into account the interaction effects of the foundation.



4.
AXSOL (Finite Element Stress Analysis of Axisymmetric Solids with Orthotropic, Temperature‑Dependent Material Properties) by Edward L. Wilson and Robert M. Jones




The finite element method is applied to the determination of displacements and stresses in axisymmetric solids with orthotropic, temperature dependent properties.  The continuous body is replaced by a system of ring elements with triangular or quadrilateral cross sections.  Because of the choice in element shape and material properties, the procedure can be applied to bodies composed of many different materials of complex geometry.  This analysis is used as a basis for the development of a general computer program which is capable of thermal stress analysis of axisymmetric solids.  Mesh generating and temperature interpolating options facilitate program usage.



5.
GNATS by NNSD Computer Technical (Julian F. Cox and Douglas Carneal)




GNATS is a computer code based on the finite‑difference method.  It has been developed to evaluate temperature distributions and heat flows in complex structures.  This program has the capability to evaluate multidimensional heat flow with simultaneous conduction, convection and radiation heat transfer in the transient or steady‑state condition.  The computer code is tailored for use in design‑oriented thermal analyses.  Changes in structural configuration, materials, fluids, boundary conditions, etc., are easily implemented and compatibility between the structure and the enclosed thermal system or environment is readily achieved.



6.
MARC‑CDC




MARC‑CDC is a general purpose finite element program designed for the linear and nonlinear analysis of structures in the static and dynamic regime.  Its extensive element library makes it useful in elastic analysis and its broad coverage of the structural mechanics area makes it invaluable as a nonlinear analysis tool.




The program may be used with a node‑tying facility.  This facility permits the tying together of different elements and the imposition of displacement constraints.




The elastic‑plastic and large displacement analysis is effected in a series of piecewise linear increments.  Optional facilities enable the lowest eigenvalue for buckling to be obtained after each applied increment of load.  This eigenvalue furnishes the factor which must be used to scale the next increment of load to cause collapse.




The dynamic analysis may be carried out by either the modal or the direct integration procedure.  The dynamic analysis can be carried out with any of the nonlinear features in the program that make physical sense.  Nonlinear dynamic analysis may be performed by use of the direct integration procedure in MARC.



7.
MRI/STARDYNE




The MRI/STARDYNE Analysis System consists of a series of compatible digital computer programs designed to analyze linear elastic structural models using the finite element method.  The system encompasses the full range of static and dynamic analyses.




The STARDYNE system can be used to evaluate a wide variety of static and dynamic problems.  The static capability includes the computation of structural deformations and member loads and stresses caused by an arbitrary set of thermal, nodal applied loads and/or prescribed displacements.  Using the nodal mode technique, dynamic response analyses can be performed for a wide range of loading conditions, including transient, steady‑state harmonic, random, and shock spectra excitation types.  Dynamic response results can be presented as structural deformations and/or internal member loads/stresses.




Data input and output formats, both numerical and graphical, have been prepared to enable the user to obtain a solution in the most logical and straight forward manner possible while keeping the required data input as simple and minimal as practical.  The programmed mathematical operations in the matrix decomposition, the eigenvalue‑eigenvector extraction and the error analysis, contain state‑of‑the‑art innovations in the field of numerical analysis.



8.
SUPERB




The SUPERB computer program is based on the finite element method of structural analysis.  It takes full advantage of advanced isoparametric elements.  These elements are formulated by highly complex relationships (shape functions) and as a result can assume highly complex geometrics and represent high order displacement variations.  The number of elements required to describe the geometry of a particular structure is thus drastically reduced when compared to the number of simple or “conventional” elements.  Numerical accuracy is also enhanced.  SUPERB contains the fundamental elements for axisymmetric, plane stress, plain strain, flat plate, curved shell, and solid representations.  Linear, parabolic and cubic displacement functions are available along with suitable combinations of the same.  Isoparametric elements are obtained by direct application of a three dimensional elasticity equation.  SUPERB has node generation, element generation, pressure generation, force generation, temperature generation, and boundary condition generation capability which in turn reduces input preparation time.



9.
ANSYS‑CDC




ANSYS‑CDC is a large scale finite element program for structural, heat transfer and fluid‑flow analysis.  ANSYS performs linear and nonlinear elastic analysis of structures subjected to a wide variety of static and dynamic loading conditions.  The program can consider the effects of plasticity, creep, swelling, and large deformations.  The extensive element library includes the capability to model interaction effects such as gaps, friction, cables, and hooks.  ANSYS is maintained by its writers to provide state‑of‑the‑art 




finite element analysis methods in a modular package which allows new additions without changes to the previous features.


b.
Verification of Programs



1.
STRAP




This computer program employs accepted and proven displacement functions and element stiffness matrices which are available in the public domain.  All matrix manipulation and solution routines are also available in the public domain.  Analysis results from this program have been favorable compared with the results from NASTRAN and STRUDL (both are public domain programs).  When one program is upgraded, a set of test problems is analyzed to verify the program’s accuracy prior to its release for use.



2.
SAP4




This is a public domain program and has been widely used since its release.



3.
Ghosh‑Wilson (ASHSD2)




This is a public domain program.



4.
AXSOL




This is a public domain finite element program (Aerospace Report No. TR‑0158 (53816‑22)‑1 and Air Force Report No. BSD‑TR‑67‑228).  Test problems which are provided in the above mentioned reports were analyzed to verify the programs accuracy prior to its release for use.



5.
GNATS




This program is based on the finite difference method, which is a well established solution technique.  Equations for developing the convection, conduction and radiation coefficients are available in the public domain.  Test problems are used to verify the program’s accuracy prior to its release for use.



6.
MARC




This is a public domain program and is a widely accepted finite element program.  It’s application to the dome buckling problem was verified by running the Belleville washer problem, as described in <Section 3.8.2.4.3.f.2>.



7.
SUPERB




This is a public domain program and has been generally used for the analysis of highly complex structures.



8.
STARDYNE




This is a public domain program widely used in the finite element analysis of structures.



9.
ANSYS‑CDC




This is a public domain program and is a widely accepted finite element computer code.  The program was written by Swanson Analysis Systems, Incorporated and is maintained on the CDC Cybernet System.


3.8.2.5      Structural Acceptance Criteria


Structural acceptance criteria for stresses, strains and deformations for the final design of the steel containment are in accordance with the ASME Code, Section III, Subsection NE for Class MC components and <Regulatory Guide 1.57> except that for concurrent loadings that result from flooding of the containment for core recovery following an accident and the vibratory motion of the OBE, stress limitations shall be:


a.
General membrane (Pm)



1.
Tension






1.5 Sm


2.
Compression





1.5 Sm

b.
Local membrane (PL)



Tension and compression




1.8 Sm or 1.5 Sy, whichever is greater


c.
Local membrane plus bending (PL + Pb)



Tension and compression




1.8 Sm or 1.5 Sy, whichever is greater


d.
For the flooded plus OBE condition, the meridional compressive allowable stress shall be either Subitem 1 or Subitem 2 below.  However, the critical buckling stress may not exceed the proportional limit, which is found using a 0.1% offset.  Vertical stiffeners may be utilized to limit the shell meridional compressive stress to the applicable allowable stresses.



1.
For an unstiffened vessel, the meridional compressive allowable shall be the larger of either:




(a)
The meridional compressive allowable of NE‑3133.6 of ASME Code Section III, Summer 1972 Addenda, or




(b)
SLA = 0.0625E (T/R) + 0.5 (((cr); where ((cr is the term which accounts for the stiffening effect of internal pressure and is found in accordance with “The Stability of Thin‑walled Unstiffened Circular Cylinders Under Axial Compression Including the Effects of Internal Pressure” by Harris, Suer, Skene, and Benjamin which appeared in Journal of the Aeronautical Sciences ‑ August 1957.
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2.
For a stiffened vessel, the meridional compressive allowable stress shall be either:




(a)
SLA = 1.0  0.5E 1.3(T/L)2 + 0.125(T/R)  , or




(b)
SLA = 0.0625 E(T/R) + 0.5 (((cr)



3.
In order to be able to consider the stiffening effect of internal pressure, ((cr, stiffeners must be spaced more than 

[image: image4.wmf]Rt
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 apart.




The validity of the design is also demonstrated by the structural integrity test described in <Section 3.8.2.7.1>.  <Table 3.8‑11> provides a comparison of the containment vessel stresses for the governing load combinations at key locations with the appropriate ASME Section III, Division I, allowables.


3.8.2.6      Materials Quality Control and Special Construction Techniques


The free standing portion of the containment vessel is designed, fabricated and erected in accordance with the applicable requirements of ASME Code Section III for Class MC vessels.  Material specifications and quality control provisions are in accordance with the requirements of the ASME Code and supplementary requirements, both summarized in this section.  Organization, responsibilities and general provisions for the Quality Assurance Program are described in <Chapter 17>.  Quality control provisions that are imposed for the structures are described herein.


3.8.2.6.1      Steel for Containment Vessel, Penetrations, Locks, and Hatch


3.8.2.6.1.1      Codes and Standards


The following codes and standards are used to establish the approved design documents governing the containment vessel and penetrations and related work.  The date of a particular standard may vary for different items because of the difficulty in purchasing material to an outdated standard.  Since the latest standards reflect industry practice used for fabrication and erection, it was permitted to use an updated standard where no unacceptable loss of quality would result.


a.
ASME Boiler and Pressure Vessel Codes, 1974, including 1974 Summer addenda, except that the Class 2 pneumatic system shall use the 1977 ASME Code with Winter 1978 Addenda.



1.
Section II
Material Specifications Part A ‑ Ferrous



2.
Section II
Material Specifications Part C ‑ Welding, Rods, Electrodes, and Filler Materials



3.
Section III
Rules for Design Construction of Nuclear Power Plant Components, Class MC and NF (except that the spray header support brackets may meet the material design, fabrication, installation, and examination requirements of Subsection NF of Section III, including Winter 1977 addenda).  The 1976 Winter Addenda, paragraph NE‑4431 may be used for edge distance requirements when welding to attachment plates on the vessel.



4.
Section V

Non‑Destructive Examination (except that testing of inaccessible welds is to Summer 1976 Addenda)



5.
Section VIII
Pressure Vessels, Division 1



6.
Section IX
Welding Qualifications


b.
American Welding Society (AWS) D1.1‑85, “Structural Welding Code” with the following exceptions:



1.
AWS D1.1‑85 is applicable to building structures and miscellaneous supports for HVAC duct, cable tray, conduit, etc., other than piping/I&C supports, designed and installed after October 31, 1986.



2.
AWS D1.1‑72, including Revision 1, 1973, and Revision 2, 1974, is applicable to building structures designed and installed before October 31, 1986.



3.
AWS D1.1‑75 is applicable to miscellaneous supports for HVAC duct, cable tray, conduit, etc., other than piping/I&C supports, designed and installed before October 31, 1986.



4.
Qualification of welding procedures and welders/operators per ASME Code Section IX may be substituted for AWS D1.1 Section 5 qualifications with the exception that ASME IX Welding Procedure Specifications for partial and complete penetration groove welds shall conform with the AWS D1.1 requirements for prequalified welded joints, specifically joint groove type/shape (i.e., groove angle and type, root opening and face and omission of backing material).  Use of non‑prequalified AWS D1.1 joints shall require procedure qualification.


c.
ASTM A 108‑69 ‑ Specification for Cold‑Finished Carbon Steel Bars and Shafting.


d.
“Recommended Practice for Non‑destructive Testing Personnel Qualification and Certification,” SNT‑TC‑1A.


e.
<Regulatory Guide 1.31>, “Control of Stainless Steel Welding,” Rev. 1, June 1973.


f.
<Regulatory Guide 1.57>, “Design Limits and Loading Combinations for Metal Primary Reactor Containment System Components,” June 1973.


3.8.2.6.1.2      Materials


a.
Steel Plate for Containment Vessel



1.
Above Elevation 597’‑10”, the containment vessel plate material is SA‑516, Grade 70, in accordance with the ASME Code, Section II, with supplementary requirements S5 of SA‑20 for impact testing in accordance with NE‑2300 of ASME Code, Section III.



2.
The lower 18 feet 6 inches of the containment vessel, are exposed to suppression pool water.  The material for the lower 13 feet 6 inches is the same as that described in a.1. above, with a nominal 10 percent thickness of stainless steel cladding conforming to SA‑240, Type 304, of the ASME Code, Section II.  The thickness of the cladding is determined by the thickness of the nominal shell plate at the section considered.  The material for the next 9 feet 6 inches is the same as that described in a.1., with a nominal 10 percent thickness of stainless steel cladding conforming to SA‑240, Type 304 L, of the ASME Code, Section II.  Stainless steel surface finish is not rolled, annealed and pickled as specified in SA‑480 of the ASME Code, Section II.  All stainless clad plate meets the requirements of SA‑264 of the ASME Code, Section II.  All cladding is ultrasonically examined in accordance with SA‑578 of the ASME Code, Section II.



3.
The lowest service metal temperature anticipated is 50(F.  Plate material which is loaded during service in the through‑thickness (short transverse) direction is in accordance with the additional supplementary requirements S1, S3 and S4.1 and S8 of SA‑20.  Areas of plate which are loaded in the through‑thickness direction are:




(a)
Polar crane girder




(b)
Containment vessel spray system and air duct system brackets




(c)
Containment vessel air handling and filter unit brackets




(d)
Equipment access hatch cover monorail support brackets




(e)
Large penetrations


b.
Steel Plate Material for the Base Liner



The material for the base liner exposed to the suppression pool water is the same as that in <Section 3.8.2.6.1.2.a.2>, above, for the lower 13 feet 6 inches of the containment vessel.  The material for the base liner not exposed to the suppression pool water is the same as that in <Section 3.8.2.6.1.2.a.1>, above.


c.
Penetration Sleeves



Material for penetration sleeves in nominal sizes up to and including 20 inches in diameter inclusive conforms to SA‑333, Grade 6, in accordance with ASME Code, Section II.  Material for penetration sleeves larger than 20 inches in diameter conforms to the requirements of SA‑155, Grade KCF70, Class 1.  All sleeves are impact tested in accordance with the requirements of ASTM E 23‑72.  The test temperature is the same as that used for containment vessel plate.  Penetration sleeves submersed in the suppression pool are fabricated from clad material conforming to the requirements of <Section 3.8.2.6.1.2.a>, above, such that no carbon steel is exposed to pool water.


d.
Penetration Fittings



The material for penetration fittings conforms to the requirements of SA‑333, Grade 6, of ASME Code, Section II or SA‑115, Grade KCF70, Class 1.


e.
Personnel Locks and Equipment Hatch



Material for the personnel access air locks, and the equipment access hatch:



1.
Seamless pipe, meeting ASME SA‑106, Grade B, with fittings meeting ASME‑ASTM SA‑234, Grade WPB.



2.
Cold finished bars for shafts which penetrate the air lock door bulkheads, meeting ASME‑ASTM SA‑479, Type 304.



3.
Plate meeting ASME‑ASTM SA‑516, Grade 70, and Subsection NB‑2300 of ASME Code, Section III, or EQUAL.  The lowest service metal temperature (LSMT) is 50(F both within containment and outside the shield building except that for the equipment hatch flanges the LSMT is 55(F.


f.
Containment Vessel Attachments Including the Polar Crane Girder and Ring Stiffeners



Attachments made directly to the containment vessel conform to NE‑4430 of ASME Code, Section III and:



1.
Plate material, conforms to SA‑516, Grade 70, of the ASME Code, Section II, with the supplementary requirement for impact testing in accordance with NE‑2300 of the ASME Code, Section III.



2.
Rolled structural sections or plate not welded directly to the containment vessel conform to SA‑36 of the ASME Code, Section II, and meet the requirements of NE‑4431 of the ASME Code, Section III.


g.
Welding Materials



All welding filler metals and fluxes used in the fabrication of the containment vessel and its components conform to the requirements of NE‑2400 of Section III of the ASME Code.



1.
Carbon Steel




(a)
Covered carbon steel electrodes conform to ASME SFA‑5.1 E7015, E7016 or E7018, tested in accordance with NE‑2431.2 “Standard Test Requirements.”




(b)
Submerged arc electrode wire and flux, tungsten inert gas rods and gas metal arc electrode wire for carbon steel welding conform with all the requirements of SFA‑5.17 or SFA‑5.23, and SFA‑5.18 or SFA‑5.20, respectively, tested in accordance with NE‑2431.1.



2.
Stainless Steel




(a)
Stainless steel filler metals meet the ferrite requirements of <Regulatory Guide 1.31>.  All stainless steel filler metals are tested in accordance with NE‑2432 “Chemical Analysis of Filler Metal or Weld Deposits.”




(b)
Covered stainless steel electrodes conform with the requirements of ASME SFA‑5.4, classification E308‑15, E308‑16, E308L‑15, E308L‑16, E309‑15, E309‑16, E309L‑5, or E309L‑16.  Classification E309 electrodes contain less 





than .08 percent carbon; classification E309L electrodes contain no more than .04 percent carbon.




(c)
Stainless steel filler metal for gas tungsten arc welding or for gas metal arc welding conform with ASME SFA‑5.9, classifications ER308, ER308L, ER309, ER309L, and the high silicon version of the classification including ER308 Si, ER308L Si, ER309 Si, and ER309L Si.  Classification ER309 contains less than .08 percent carbon.  Type ER309L filler metal meets the requirements for Type ER309 of ASME SFA‑5.9, except that the carbon content does not exceed 0.03 percent.




(d)
Stainless steel electrodes for flux cored arc welding conform with all the requirements of SFA‑5.22, classifications E308T‑X, E308LT‑X, E308LT‑3, E309T‑X, E309LT‑X, or E309LT‑3.


3.8.2.6.1.3      Quality Control


a.
Material Certification and Traceability



1.
All materials in the containment vessel and penetrations have certified mill test reports and certification of specifications.  The weld materials have certified materials test reports.



2.
By use of the markings or “as‑built” drawings each part of the containment vessel pressure boundaries is traceable to the actual mill test reports.


b.
Welding Requirements



The qualification of welders and weld procedures is in accordance with the requirements of ASME Section IX, and either ASME Section IX or AWS D1.1 for non‑ASME jurisdictional boundary welds.



The welds are designed and fabricated to ASME Section III, Class MC, and qualified under paragraph NE‑4300.  The repair of welds is in accordance with paragraph NE‑4400 of ASME Section III.


c.
Weld Non‑Destructive Examination



1.
Non‑destructive examination of welds is in accordance with NE‑5000 of the ASME Code, Section III.



2.
Non‑ASME Code embedment welds are examined to Section NE‑5000 of the ASME Code.



3.
Full penetration attachment welds are examined by ultrasonic or radiographic methods.  Where ultrasonic or radiographic testing can not be used, the root layer, every 3/8 inch of weld metal and the final surface are inspected by the magnetic particle method.



4.
Fillet welds are examined by the magnetic particle or liquid penetrant methods, whichever is applicable.



5.
Longitudinal butt welds in penetration sleeves are examined in accordance with Section NE‑5211 of the ASME Code, Section III.



6.
Magnetic particle acceptance standards are in accordance with NE‑5340 of the ASME Code, Section III.



7.
Liquid penetrant acceptance standards are in accordance with NE‑5350 of the ASME Code, Section III.



8.
Ultrasonic acceptance standards are in accordance with NE‑5330 of the ASME Code, Section III.



9.
Radiographic acceptance standards are in accordance with NE‑5320 of the ASME Code, Section III.


d.
Weld Leak Testing



1.
During the structural integrity test described in <Section 3.8.2.7.1>, an inspection is made of all accessible welds as required by ASME Section III, Division 1, Subsection NE 6315.  This inspection will use an ultrasonic leak locator along with pressure readings to identify, locate and mark any leaks.  Leaks detected in the above tests are repaired in accordance with NE‑4400 of ASME Code, Section III.



2.
All welds on the base liner are covered by steel test channels, angles or plate located on the inside face of the base liner.  The test members are segmented and interconnected so that each of the areas can be tested at one location.  After those welds provided with pressure test systems are examined, the pressure test system is installed and the welds are leak tested.  Where pressure test systems are installed, the system attachment weld is tested for leak tightness by pressurization to at least 25 psig in accordance with T1020 of ASME Section V.  If the indicated loss of test pressure for a 2 hour period exceeds 0.4 psig after compensation for temperature and humidity changes, attachment welds are soap‑bubble tested in accordance with T1030 of ASME Code, Section V.  Areas of weld that are rejected are repaired and reexamined.  If a pressure loss still occurs after the 




pressure test system welds are found to be acceptable, the pressure test system is removed and the vessel weld is reexamined, repaired as required and retested.  All requirements for examination of inaccessible welds on the containment vessel as provided by Section NE‑5211.2 of ASME Code, Section III, are followed.


3.8.2.6.1.4      Tolerances


Tolerances for the containment vessel comply with the requirements of ASME Code, Section III, Subsection NE, with the exception that the diametrical tolerances of 1 percent noted in NE‑4221.1 of ASME Code Section III are reduced to 1/2 of 1 percent.


3.8.2.6.1.5      Special Construction Techniques


No special construction techniques are used in erecting the containment vessel.


3.8.2.6.1.6      Corrosion Protection


Corrosion protection for the carbon steel plate in the suppression pool area (to three feet above maximum water level) is provided by clad stainless material applied to the cylindrical wall and foundation mat surfaces.  <Section 3.8.2.6.1.2.a.2> discusses the materials used.


3.8.2.7      Testing and Inservice Inspection Requirements


3.8.2.7.1      Structural Integrity Test


In addition to the local structural integrity testing of components during fabrication and erection, the containment vessel and the annulus concrete are structural integrity tested.  The test is conducted in accordance with ASME Code Case N‑258 with proposed Revision 1 which 


references in Section III, Division 1, Subsection NE 6000, and Division 2, Subsection CC 6000, for pneumatic tests.  The Code year for this test is to be the 1980 Edition with the Summer 1981 Addenda.  This test is conducted at a pressure of 115 percent of the design pressure (1.15 x 15 = 17.25 psig).


3.8.2.7.2      Integrated Leak Rate Testing


The leakage of the containment vessel is checked prior to startup and is periodically checked during the life of the plant.  Details of these tests are given in <Section 6.2.6>.


3.8.2.7.3      In‑Plant Safety/Relief Valve Testing


This section is not applicable to Perry.  The conditions at Perry are similar in regards to SRV discharge performance with the conditions in plants previously tested.  This eliminates the need for any new tests at Perry.  (Letter from the NRC dated March 1, 1983.)


3.8.3      INTERNAL CONCRETE AND STEEL STRUCTURES


The following are the principal structures inside containment:


a.
Reactor pressure vessel pedestal and biological shield wall.


b.
Weir wall and weir wall support mat.


c.
Drywell walls, top slab, head, and fuel transfer and storage pools.


d.
Structural steel frames and floors.


<Figure 3.8‑1> provides the general arrangement of these structures.


3.8.3.1      Description of Internal Concrete and Steel Structures


3.8.3.1.1      Reactor Pressure Vessel Pedestal and Biological Shield Wall


The reactor pressure vessel pedestal and biological shield wall are concrete filled double steel walled cylinders as shown in <Figure 3.8‑24>.


The inner and outer plates of the biological shield wall are 1 inch thick SA 516, Grade 70, steel plate.  The annular space between the 2 cylinders is stiffened by 24 ‑ 1 inch thick vertical webs and by miscellaneous horizontal plates.  The remainder of the annular volume is filled by concrete with a density of at least 140 pcf.  Flow diverters, as shown in <Figure 3.8‑25>, are fitted to the recirculation suction line penetrations so that the flow from a reactor pressure vessel safe end nozzle break is directed into the drywell volume with minimal pressurization of the annulus between the biological shield wall and the reactor pressure vessel.


A structural steel frame is cantilevered from the biological shield wall to provide support for the recirculation pump and motor.  Pipe whip restraint and support structures, of both the structural steel and box girder type, are also cantilevered from the biological shield wall.  The radial beams for the platform at Elevation 599’‑9” are supported from the biological shield wall and at the weir wall.


The reactor pressure vessel pedestal is cylindrical in shape with an inside diameter of 19 feet 7 inches with an overall thickness of 6 feet 0 inches and is 28 feet 10 inches high.  It is founded on the reactor building complex mat at Elevation 574’‑10”.  Anchor details are shown in <Figure 3.8‑26>.  Construction of the pedestal is similar to that of the biological shield wall with 1 inch thick, stiffened, SA 516, Grade 70, steel plate but the annulus is filled with normal weight 3,000 psi 


concrete.  The biological shield wall is supported on the pedestal at Elevation 603’‑8”.  The outside plates of the biological shield wall and the pedestal are continuous.  A stiffened steel ring beam in the pedestal distributes load to both inner and outer skin.  The pedestal is haunched at the top to provide bearing area for the reactor vessel sole plate, and the haunch details are as shown in <Figure 3.8‑26>.  The reactor vessel skirt is 20 feet 11 inches outside diameter with a 6 inch thick flange plate bolted to the pedestal by means of 2 rows of 60 bolts each.  Rectangular openings in the pedestal are provided for Control Rod Drive (CRD) mechanism operation, maintenance, removal, and replacement.


3.8.3.1.2      Weir Wall and Weir Wall Support Mat


The weir wall and integral weir wall support mat are 68 feet 8 inches in outer diameter.  The weir wall is 24 feet 2 inches high and 1 foot 6 inches thick while the weir wall support mat is 8 feet 8 inches thick.  These structures are constructed from 3,000 psi concrete reinforced as shown in <Figure 3.8‑27>, with ASTM A 615, Grade 60, rebar.  The outer face of the weir wall is lined with Type 304 stainless steel for the lower 13 feet 6 inches and with Type 304‑L stainless steel for the upper 10 feet 5 inches.


3.8.3.1.3

Drywell Walls, Top Slab, Head, and Fuel Transfer and Storage Pools


The drywell wall is generally a right, vertical cylinder.  It is 83 feet 0 inches outside diameter, 85 feet 9 inches high and 5 feet 0 inches thick.  The drywell wall is subdivided into two regions which have different construction and design methods.


The lower 26 feet 2 inches of the drywell is the vent region.  The main suppression pool area in the containment vessel is connected to the drywell by 120 vents.  The vent sleeves are 28 inch outside diameter, 1/4 inch thick, stainless steel tubes located in 3 rows of 40 vents.  


Vents are constructed from ASTM A 240, Grade 304, stainless steel.  The vent structure is a steel and concrete composite construction which consists of two concentric cylinders fabricated from 1 inch thick ASTM A 516, Grade 70, steel with a ten percent Type 304 stainless steel cladding.  The annulus between the cylinders is stiffened vertically by radial steel plates and is filled with 5,000 psi concrete.  The steel plates are designed to carry all membrane tensile forces in this region.  At Elevation 574‑10”, the vent region is anchored to the containment base mat by means of vertical tension ties in the form of anchor bars made of ASTM A 537 CL.2 steel for the transfer of any uplift forces to the base mat.  The anchor plate and stiffeners at the bottom of the anchor bars are sized for the capacity of the anchor bars.  There are a total of 144 anchor bars on each face of the drywell.  Anchor bars are 1‑1/2” by 8” and 1‑1/2” by 4” on the outside and inside faces of the drywell wall, respectively.  The maximum forces in the anchors occur under the abnormal/extreme environmental load combinations as shown on in <Table 3.8‑3> and result in a maximum tensile stress in the anchor bars of 36.2 Ksi (outside face) and 47.9 Ksi (inside face), as compared to an allowable of 54 Ksi.  Anchor bars are embedded 6’0” into the reactor building mat and develop the required anchor capacity.


The entire drywell cylindrical wall is recessed into the reactor building foundation and provides a continuous shear key for resisting radial/transverse shear forces by direct bearing of the drywell wall base on the foundation mat.  Radially oriented structural tees have been provided to resist the tangential/in‑plane shear forces by bearing on the foundation mat concrete.  A total of 81 of these structural tees have been provided for the drywell structure and are welded to both faceplates of the drywell vent structure.  Anchor details are as shown in <Figure 3.8‑28>.


The upper drywell wall region is designed as a reinforced concrete cylinder connected to the lower vent region by cadwelding all vertical and diagonal rebars to the ring girder at Elevation 600’‑10”, as shown 


in <Figure 3.8‑28>.  The main reinforcement consists of No. 18 vertical rebars spaced radially at a centric angle of 2( 30’, No. 18 hoop rebars spaced vertically 12 inches center to center, and diagonal No. 14 rebars inclined approximately 45( to the vertical rebars and running in both directions.  These rebars are provided on both faces of the cylinder and are spaced at 24 inches center to center.  On the outside face of the cylinder, additional No. 11 rebars are placed midway between the No. 18 vertical rebars and extended to Elevation 612’‑1”.  The upper drywell wall extends up to Elevation 660’‑7” where it is integrally connected to the 4 feet 0 inch thick drywell top slab.  A typical section of the drywell reinforcement is shown in <Figure 3.8‑29>.


Above the vent region, the inside face of the drywell is formed with a 1/4 inch thick steel plate of ASTM A 285, Grade A, material which is stiffened vertically by 2 inch x 3 inch x 1/4 inch angles spaced at approximately 1 foot 3 inches and horizontally by stiffener rings of 3 inch x 4 inch x 1/4 inch angles spaced at about 5 feet 0 inches center to center.  The stiffener angles are ASTM A36 material.  This steel liner is very conservatively not considered in the design as contributing to structural strength or leak tightness of the drywell.  For further discussion on drywell liner leak tightness, see USAR <Section 3.8.3.3.8> and <Section 6.2.1.1.5.4>.


The drywell top slab is a flat, horizontal, circular, reinforced concrete slab.  It contains a central circular opening of 31 feet 11‑1/2 inch diameter which is closed by the drywell head.  The configuration and seal details of the 14 feet 9‑1/4 inch deep steel ellipsoidal drywell head are shown in <Figure 3.8‑30>.  The top slab is stiffened by two longitudinal reinforced concrete walls which are part of the upper pool wall system.  <Figure 3.8‑29> shows the typical reinforcement in a section of the drywell wall and top slab.  A plan view is provided as <Figure 3.8‑87>.


The personnel access air lock has an outside diameter of 9 feet 8 inches and is located at the 599’‑9” elevation floor to provide access to the drywell.  For large pieces of equipment, an 11 foot 0 inch square clear opening, bolted, double gasket sealed, equipment access hatch is provided at Elevation 599’‑9”.  For details of the lock and hatch, see <Figure 3.8‑31> and <Figure 3.8‑32>.  To facilitate the movement of equipment from the containment vessel equipment hatch to inside the drywell, two 30 ton monorail systems are provided to service the hatch; one inside the drywell and one inside the containment (outside of the drywell).  The personnel air lock and the equipment hatch are integrally connected by full penetration welds to steel frames designed to act as end anchorage for all of the drywell wall reinforcement in the vicinity of the lock and hatch.  Additional reinforcement is provided to take account of stress concentrations around these large openings as shown in <Figure 3.8‑88> and <Figure 3.8‑89>.


Penetrations through the drywell wall for piping and electrical systems are of the single barrier leak tight type, as shown in <Figure 3.8‑6> and <Figure 3.8‑7>.  The main steam lines are anchored at the drywell and are provided with guard pipes through to the isolation valves outside containment, as shown in <Figure 3.8‑6>.  The main steam line penetration anchor sleeve detail is shown in <Figure 3.8‑104>.


A number of major reinforced concrete compartments are attached to the exterior of the drywell wall.  The fuel storage and transfer pools are rectangular shaped compartmented structures, constructed of reinforced concrete lined with stainless steel, approximately 44 feet wide by 102 feet long.  This structure is supported on the drywell and the drywell top slab.


3.8.3.1.4      Structural Steel Floors and Framing


The structural steel used for floors and framing of the reactor building complex conforms to the requirements of ASTM A 36.


The structural steel framing system used between the containment vessel and outside of the drywell wall consists of 17 support columns located on a circle at approximately 57 feet 6 inches from centerline of the RPV, radial beams which connect the columns to the drywell wall and chord beams which tie the columns and radial beams together.  There is no structural tie between the containment vessel and the structural steel floors or columns.  These floors are used for the support of equipment, cable trays, pipe runs, walkways, stairs, platforms, etc.


Pipe whip restraint structures are generally independent of the floor steel and are discussed in <Section 3.6>.


All floors and frames have been designed to withstand normal operating loads, including dead loads, live loads, equipment loads, pipe, cable tray and duct loads, and temperature loads as well as seismic and SRVD loads.  Floors, frames and columns are also designed to withstand loads due to the dynamic effects of the pool swell phenomena and other accident loads as identified in <Section 3.8.3.3>.


Structural steel floors and frames at various elevations are shown in <Figure 3.8‑33>, <Figure 3.8‑34>, <Figure 3.8‑35>, <Figure 3.8‑36>, through <Figure 3.8‑37> and described below:


a.
Floors Between the Drywell and Containment ‑ Outside Drywell



1.
Floor at Elevation 599’‑9”




Located in the annular space between the drywell and containment vessel, the floor is only partially covered with grating and provides access to the drywell personnel access airlock.  No equipment and only a small amount of piping is supported off this floor.



2.
Floor at Elevation 620’‑6”




Located in the annular space between the drywell and containment vessel this floor provides access to the equipment access hatch.  This floor is covered by grating and provides support for equipment including the CRD hydraulic control units and various instrument and control panels.



3.
Floor at Elevation 633’‑0”




This is not a general floor area, but two maintenance platforms:  one between Azimuth 54( and Azimuth 121( 30’ and the other between Azimuth 234( and Azimuth 306(.  These platforms are provided to allow access to the hydraulic control unit valves.



4.
Floor at Elevation 642’‑0”




Located in the annular space between the drywell and containment vessel, this floor is covered with 3/4 inch checkered floor plate between Azimuth 251( and Azimuth 306( and covered with galvanized grating elsewhere.  This floor supports the ATWS pumps and boron solution liquid storage tank as well as HVAC equipment.



5.
Floor and Structural Steel Framing at Elevation 664’‑7”




Located in the annular space between the drywell and containment vessel, this floor is covered with galvanized grating where floor area is required.  Structural steel framing located approximately between Azimuth 216( and Azimuth 306( is used to support cable trays, ducts and pipes.



6.
Operating Floor at Elevation 689’‑6”




Located in the annular space between the drywell and containment vessel, this floor is covered with 3/4 inch checkered floor plate between Azimuth 251( and Azimuth 289(, and is covered with galvanized grating elsewhere.  This floor is used to support equipment and the drywell head during shutdown.


b.
Floors Between the Biological Shield Wall and Drywell Wall ‑ Inside Drywell



1.
The floor at Elevation 599’‑9” is covered with galvanized grating and is used for access.



2.
The floor at Elevation 630’‑1” is covered with galvanized grating.  A portion of this floor is part of the pipe restraint structure.  This floor is also used to support equipment and for access.  The radial beams of this floor are supported from the biological shield wall and have sliding joints on the drywell wall.



3.
Other small platforms and frames in this area are used mainly to support light equipment and for access.


3.8.3.2      Applicable Codes, Standards and Specifications to the Design


Structural analysis, and design for the interior concrete and steel structures conform to the codes, standards and specifications listed below unless noted otherwise.  Where contradictions occur among codes, the more stringent were applied.


3.8.3.2.1      Codes


a.
ACI 301‑72 “Specification for Structural Concrete for Buildings,” American Concrete Institute.



All chapters of ACI 301 are applicable except Chapter 15 which deals with requirements for prestressed concrete.


b.
ACI 318‑71 “Building Code Requirements for Reinforced Concrete,” American Concrete Institute.



Chapters Used



1

General Requirements



2

Definitions



7

Details of Reinforcement



8

Analysis and Design ‑ General



9(2)

Strength and Serviceability



10

Flexure and Axial Loads



11

Shear and Torsion



12

Development of Reinforcement


Chapters Used



14

Walls



17

Composite Concrete Flexual Members



19

Shells and Folded Plate Structures



Appendix A



Appendix B



Chapters Not Used



3(1)

Materials



4(1)

Concrete Quality



Chapters Not Used (Continued)



5(1)

Mixing and Placing Concrete



6(1)

Formwork, Embedded Pipes and Construction Joints



13(3)

Slab Systems with Panels



15(4)

Footings



16(5)

Precast Concrete



18(6)

Prestressed Concrete



20(7)

Strength Evaluation of Existing Structures



NOTES:



(1)
CI 301‑72 was used to define requirements in this area as modified by <Section 3.8.3.6>.



(2)
Both ACI 318 and ASME Section III, Division 2, were used in determining load combinations <Section 3.8.3.3.3>.



(3)
Slab system with panels are not used on the interior structures.



(4)
A foundation mat is used rather than footings.



(5)
Precast concrete is not used in the interior structures.



(6)
Prestressed concrete is not used in the interior structures.



(7)
The interior structures contain no existing structures.


c.
ASME Section III, Division 2, “Proposed Standard Code for Concrete Reactor Vessels and Containments.”


d.
Ohio Building Code 1970 Edition, Chapter BB‑33, “Reinforced and Plain Concrete, Reinforced Gypsum Concrete and Reinforced Masonry,” Board of Building Standards Department of Institutional Relations, State of Ohio.



Sections Used



BB‑33‑01
Definitions



BB‑33‑02
Abbreviations



BB‑33‑03
Accepted engineering practice and approved standards



Sections Used (Continued)



BB‑33‑07
Reinforced concrete ‑ general design and construction



Sections Not Used



BB‑33‑04(1)

Reinforced concrete materials



BB‑33‑05(1)

Concrete, classification and quality



BB‑33‑06(1)

Concrete, ready mixed



BB‑33‑08(2)

Reinforced concrete, supervision



BB‑33‑09 to



BB‑33‑13(3)

Plain concrete



BB‑33‑14(4)

Reinforced gypsum concrete precast



BB‑33‑15(4)

Reinforced gypsum concrete design and construction



Sections Not Used



BB‑33‑16 to



BB‑33‑20(5)

Reinforced masonry



NOTES:



(1)
ACI 301‑72 is used in these areas as modified by <Section 3.8.3.6>.



(2)
Not applicable to this design.



(3)
Plain concrete is not used in this structure.



(4)
Reinforced gypsum is not used in this structure.



(5)
Reinforced masonry is not used in this structure.


e.
CRSI “Manual of Standard Practice”


f.
ASME‑1974 Boiler and Pressure Vessel Code (ASME Code) including the Summer 1975 Addenda except as follows:



1.
Material may be purchased in accordance with the issue of the code in effect at the time the material order is placed.



2.
Personnel access airlocks shall include the Summer 1976 Addenda.



3.
Code Case N‑192 is acceptable for flexible pressure hose on the personnel access airlocks when designed in conjunction with the 1977 Edition with the Winter 1978 Addenda.



4.
Pneumatic valves and associated systems shall be designed and purchased in accordance with the 1977 Edition with the Winter 1978 Addenda.


g.
American Welding Society (AWS) D1.1‑85, “Structural Welding Code” with the following exceptions:



1.
AWS D1.1‑85 is applicable to building structures and miscellaneous supports for HVAC duct, cable tray, conduit, etc., other than piping/I&C supports, designed and installed after October 31, 1986.



2.
AWS D1.1‑72, including Revision 1, 1973, and Revision 2, 1974, is applicable to building structures designed and installed before October 31, 1986.



3.
AWS D1.1‑75 is applicable to miscellaneous supports for HVAC duct, cable tray, conduit, etc., other than piping/I&C supports, designed and installed before October 31, 1986.



4.
Qualification of welding procedures and welders/operators per ASME Code Section IX may be substituted for AWS D1.1 Section 5 qualifications with the exception that ASME IX Welding Procedure Specifications for partial and complete penetration 




groove welds shall conform with the AWS D1.1 requirements for prequalified welded joints, specifically joint groove type/shape (i.e., groove angle and type, root opening and face and omission of backing material).  Use of non‑prequalified AWS D1.1 joints shall require procedure qualification.


h.
AISC “Specification for the Design, Fabrication and Erection of Structural Steel for Buildings,” February 12, 1969.



All parts of the AISC Code are applicable except as amended by “Structural Design Criteria for Category I Structures Outside Containment” (Reference 1).


3.8.3.2.2      Standards


a.
ASTM Standards:  Applicable ASTM standards are discussed in the following Sections:  The date of a particular standard may vary for different items because of the difficulty in purchasing material to an outdated standard.  Since the latest ASTM standards reflect industry practice used for fabrication and erection, it was permitted to use an updated standard where no unacceptable loss of quality would result.



1.
Concrete:  <Section 3.8.3.6.1>



2.
Reinforcing Steel:  <Section 3.8.1.6.2>



3.
Cadweld Splices:  <Section 3.8.1.6.3>



4.
Steel Plate:  <Section 3.8.2.7.1> and <Section 3.8.1.6.4>



5.
Structural Steel:  <Section 3.8.3.6.5>



6.
Stainless Steel:  <Section 3.8.3.6.6>


3.8.3.2.3      Applicable Regulatory Guides to Design


Regulatory guides pertaining to seismic design classification and seismic design are referenced in <Section 3.2> and <Section 3.7>, respectively.


1.
<Regulatory Guide 1.10>, “Mechanical (Cadweld) Splices in Reinforcing Bars of Seismic Category I Concrete Structures.”  This guide was used with modifications specified in <Section 3.8.1.6.3>.


2.
<Regulatory Guide 1.15>, “Testing of Reinforcing Bars for Category I Concrete Structures.”  This guide was used with modifications as set forth in <Section 3.8.1.6.2>.


3.
<Regulatory Guide 1.31>, “Control of Stainless Steel Welding.”


4.
<Regulatory Guide 1.55>, “Concrete Placement in Category I Structures.”


5.
<Regulatory Guide 1.57>, “Design Limits and Loading Combinations for Metal Primary Reactor Containment System Components.”


6.
<Regulatory Guide 1.69>, “Concrete Radiation Shields for Nuclear Power Plants.”


7.
<Regulatory Guide 1.71>, “Welder Qualification for Areas of Limited Accessibility.”


8.
<Regulatory Guide 1.142> (April 1978), “Safety‑Related Concrete Structures For Nuclear Power Plants (Other Than Reactor Vessels and Containments).”  Also see <Section 3.8.1.2.2.b.4>.


3.8.3.2.4      Material and Construction Specifications


Specifications prepared by the engineer cover the areas related to the design and construction of the interior structures.  The specifications emphasize important points of industry standards for these structures and reduce the options that would otherwise be permitted.  Unless noted otherwise, these specifications do not deviate from the applicable industry standards.  The following areas are addressed:


a.
Fabrication and erection of structural steel.


b.
Fabrication of embedded steel.


c.
Fabrication and erection of steel plate structures inside containment.


d.
Fabrication and erection of stainless steel liners for fuel pools.


e.
Concrete supply.


f.
Placement of structural concrete.


g.
Fabrication and placing of reinforcing steel and embedded items.


h.
Supply and installation of waterproofing and waterstops.


3.8.3.3      Loads and Load Combinations


3.8.3.3.1      Loads Used in the Design


a.
Dead Load (symbol D)



The dead load considered in the design is the weight of all concrete (150 lb/cu ft for normal concrete, 225 lb/cu ft for 



heavyweight concrete) and/or structural steel (490 lbs/cu ft) plus any permanent attachments including known equipment loads, cable trays and pipe runs of less than 18 inches in diameter.


b.
Live Load (symbol L)



The live load considered in the design is the weight of any equipment or system not permanently attached; pipe runs 18 inches in diameter or larger; plus an allowance for transient loads during construction, operation or maintenance.



A uniform allowance of 100 lb/sq ft is made for stairs and walkways.


c.
Seismic Loads (symbols Feqo for OBE and Feqs for SSE)



Seismic loads are the forces imparted on the structure by ground accelerations during a postulated OBE or SSE.  For further details see <Section 3.7>.


d.
Normal Operating Temperature Induced Loads (symbol To)



Temperature induced forces during normal operation are evaluated for the various sections of the interior structure based on the most adverse temperature gradients predicted by normal plant operation.  Typical transients are shown in <Figure 3.8‑38>, <Figure 3.8‑40> and <Figure 3.8‑41>.
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e.
Accident Pressure (symbol Pa) and Accident Temperature (symbol Ta) Induced Loads



The interior structure components are designed for the worst postulated accident pressure and accident temperature conditions.  These conditions vary with different components and are dependent on the postulated accident.  A discussion of the accidents investigated is found in <Section 6.2> and <Appendix 3A> and <Appendix 3B>.  Bubble pressure, bulk swell and froth swell loads, drag pressure, and other pool swell related loads are considered as abnormal accident pressure loads.  The pool swell induced loads and associated accident pressures are combined and take into consideration time dependent behavior.  In summary, the design conditions for the interior structures are discussed below.  Both transient and steady‑state temperature profiles were considered in the design.  The thermal effects and heat transfer analysis are discussed in more detail in <Section 3.8.3.3.6> and <Section 3.8.3.4.2.a.4>, respectively.



1.
Main Steam Line or Recirculation Line Break




(a)
The design condition of an outward acting maximum pressure of 30 psig exists at approximately 1.8 seconds after the major break.  There is no thermal response to the temperature differential predicted for this short time.




(b)
An inward acting pressure of 21 psig at five minutes after the accident.




(c)
A 15 psig containment pressure and 19.3 psig drywell pressure at 3 hours after the break occurs, with minimum ECCS operating.




(d)
Platforms in the annulus between the drywell and containment are designed to withstand the upward flow effects of noncondensible air and a mixture of air, steam and water due to pool swell.  The pool dynamic loads for the interior structures are discussed in <Appendix 3A> and <Appendix 3B>.



2.
Small Line Break Inside The Drywell




The design pressure due to the pressure build‑up inside the drywell due to a small line break is 3.0 psig and corresponds to the pressure at which the steam‑air‑mixture commences bubbling through the suppression pool.



3.
Small Line Break Inside The Containment Vessel (Outside Drywell)




Vacuum breakers are provided to limit the maximum differential pressure to less than 0.8 psi and so prevent overtopping of the drywell weir wall.  This is not a governing design criterion because overtopping of the drywell weir wall does not constitute a safety concern.




The design pressure for high energy pipe breaks within each subcompartment is discussed in <Section 6.2.1.2>.


f.
Penetration Loads (symbols Ro, Ra, Yr, Yj, and Ym)



Penetration loads are defined in <Section 3.8.1.3.1.j> and are in accordance with the definitions of “Structural Design Criteria for Category I Structures Outside Containment” (Reference 1).



These are treated as local loads on the individual structures and are developed as the result of interaction of penetrations and the 



reinforced concrete wall.  For the drywell wall, all penetrations, except the feedwater line which is a guide only, are designed as pipe restraints for axial, moment and torsional loads.



The interior structures are designed to take the full impact of jet forces, without failure, to the criteria of <Section 3.6>.  Where vital components cannot withstand the direct impact of a jet, barriers are provided in accordance with <Section 3.6> criteria.


g.
Water Pressure (symbol G)



The design bases for groundwater loading conditions are described in <Section 2.4.13>, <Section 2.5.4>, and <Section 3.8.5.3.5>.  Water pressure includes the weight of water and associated hydrostatic pressure in the upper fuel pool and suppression pool.



For postaccident core recovery, the containment is flooded to a depth of 66 feet, and there will be no differential pressure on the interior structures due to this water.


h.
Missile Loads (symbol M)



The sources of postulated interior missiles and the necessary protective barriers are identified and discussed in <Section 3.5>.  The missile loads predicted from this analysis are considered in the design of each structure.


i.
Preoperational Proof Pressure (symbol Pt) and Leak Rate Tests



A preoperational proof pressure test of the drywell will be performed at a pressure equal to the design pressure and at ambient temperature conditions.  Following this test is a high pressure leak rate test at design pressure and ambient temperature, followed by a low pressure leak test at approximately 2.5 psig.  For a full 



discussion on the criteria and procedures for these tests, see <Section 6.2.6.5>.


j.
Safety/Relief Valve Operation (symbols Psrv and Tsrv)



The induced loads on the interior structural components are due to the pressure and thermal transients associated with the operation of the safety/relief valve system.  The loads are discussed in <Appendix 3A> and <Appendix 3B>.


k.
Normal Operating‑induced Pressure, or Differential Pressure Due to Tornado Pressure Drop (symbol Z)



Apply as applicable, based on location of the structure.


3.8.3.3.2      Loading Combinations


a.
Loading combinations for interior structure reinforced concrete components including drywell wall and top slab, fuel pool walls, drywell weir wall, and support mat are detailed in <Table 3.8‑3>.


b.
Loading combinations for the biological shield wall, reactor vessel pedestal and for the structural steel framing are given in <Table 3.8‑4>.


c.
The absolute sum method was used to combine all loads for internal concrete and steel structures, except as described in <Section 3.8.3.4.2.h>.


d.
Design Approach



For a discussion of the design approach see <Section 3.8.1.3.2.b>.


3.8.3.3.3      Load Factors for Reinforced Concrete Design


a.
Load Factors are discussed in <Section 3.8.1.3.3.a>.



Dynamic load factors are discussed in <Section 3.8.1.3.3.b>.


3.8.3.3.4      Load Combinations for Local Areas


The load factors used for the design of local areas are the same as those used for the general structure and outlined in <Section 3.8.3.3.2> and <Section 3.8.3.3.3>.


3.8.3.3.5      Time Dependent Effects


Prestressing is not included in the design for any part of the interior structure and therefore the effects of time dependent variations in loads are not of a significant nature.


3.8.3.3.6      Thermal Effects


Temperature profiles have been calculated for the various pertinent operational conditions of the plant using the method discussed in <Section 3.8.1.4.3.a.4> and are shown in <Figure 3.8‑38>, <Figure 3.8‑39>, <Figure 3.8‑40>, and <Figure 3.8‑41> for typical sections.


3.8.3.3.7      Extent of Compliance to ACI 349‑76 “Code Requirements for Nuclear Safety‑Related Concrete Structures,” American Concrete Institute


ACI 318‑71 which was used for concrete structures on the PNPP and ACI 349‑76 are quite similar.  For this reason, PNPP is, in general, in compliance with the requirements of ACI 349‑76.  Specific sections where ACI 349 differs from ACI 318 and PNPP compliance to these items are summarized below:


Paragraph


6.3.3

Limits concrete temperatures to 150(/200(F for normal operating conditions and 350(/650(F for accident 





conditions.  PNPP is in compliance.  <Section 3.8.1.4.5.c> and <Section 3.8.3.4.4.c>.


6.4


Requires engineer approval of all construction joints not shown on the drawings.  PNPP requires engineer approval of all construction joints not shown on the engineers’ drawings in the concrete placement specification.  PNPP is in compliance.


7.3.2

ACI 301 reinforcement placement tolerances are adopted by ACI 349.  Rebar placement tolerances for PNPP are as described in <Section 3.8.1.6.2.4> and <Section 3.8.3.6.2>.  Where deviations from ACI 301 exist, justification is provided in these sections.


7.5.5

Specifies stagger requirements of 36 inch minimum for mechanical splices which do not meet specified strain requirements.  A 3’‑0” stagger was used for adjacent cadweld splices in the drywell structure.  A 2’‑0” stagger was specified for adjacent cadwelds for the No. 11 horizontal reinforcement in the weir walls.  At certain construction openings where adjacent bars were cadwelded no stagger was provided.  The use of mechanical splices was minimal except for the drywell structure and weir wall as discussed above.





The concern of the code was that at unstaggered mechanical splices, a crack could develop which would permit additional member rotations with a reduction in member capacity.  Tests in beams have demonstrated this.  The examples cited above are not subject to this concern.  The cylindrical shape of the weir would preclude such a condition by geometry considerations alone.  The construction openings in walls are relatively small and 





generally subjected to membrane loads rather than the flexural loadings of a beam.


7.5.6

Requires tests acceptable to the NRC on welded splices and positive connections.  Such tests have been provided on PNPP as described in <Section 3.8.1.6.3>.  PNPP is in compliance.


7.6.4

Requires mechanical splices in biaxial tension regions.  In structures such as the drywell cylindrical wall and top slab where large areas of biaxial tension exist, mechanical cadweld splices have been used.  PNPP is in compliance.


7.13


Specifies minimum shrinkage and temperature reinforcement ratios of reinforcement area to gross concrete area.  Reinforcement ratios provided for PNPP exceed the minimum requirements of ACI 349.  PNPP is in compliance.


Chapter 8

Deletes reference to the “Alternate Design Method.”  The alternate design method was not used on PNPP.  PNPP is in compliance.


9.3


Specifies that the required strength U shall at least equal the strengths required by the specified load combinations.





The load combinations as specified in <Section 3.8.1.3.2>, <Section 3.8.3.3.2>, <Section 3.8.4.3.2>, and <Section 3.8.5.3> meet or exceed the requirements of ACI 349.  Only the load factor of 1.7 specified for Ro exceeds the 1.3 factor used for the same term on PNPP.  This is not a controlling case, however, because on PNPP thermal has been combined with Ro and 





because of the higher factor used on the steam relief valve reactions.  We have assessed this increased load factor on several key structures including the shield building (feed water penetration anchors) and the drywell (main steam penetration anchors).  Our evaluations demonstrate that we meet the intent of ACI 349 as modified by <Regulatory Guide 1.142>.


9.5


Minimum thicknesses of beams and one‑way slabs required by ACI 349 are somewhat greater than ACI 318 requirements.  Because most of the slab thicknesses used on PNPP are determined by shielding requirements, slab thicknesses generally exceed the requirements for specified spans and support conditions.  Prestressed concrete was not used on the PNPP.  PNPP is in compliance.


3.8.3.3.8      Bolt Installations Through Drywell Liner Plate


In cases where attachments need to be made directly to the inside drywell wall/ceiling in areas of the 1/4” thick liner plate, concrete expansion type bolts are typically used when cast‑in‑place embedments are not available.  The expansion bolts are installed through the liner plate and are anchored directly into the concrete of the drywell structure.  The great majority of expansion bolts fall into two main types, with three main subcategories respectively, as follows.  Other bolt size/load combinations are used but in a very limited manner quantity wise.


Original Hilti Kwik‑Bolt Installations:


a.
5/8” diameter bolts embedded approximately 4”



Minimum spacing between bolts approximately 3”.  Maximum loading per bolt is 2.83 Kips (tension) and 3.13 Kips (shear), with most bolts loaded significantly less than these values.


b.
3/4” diameter bolts embedded approximately 4”



Minimum spacing between bolts is approximately 3”.  Maximum loading per bolt is 3.38 Kips (tension) and 4.40 Kips (shear), with most bolts loaded significantly less than these values.


c.
3/4” diameter bolts embedded approximately 7”



Minimum spacing between bolts is approximately 4”.  Maximum loading per bolt is 5.58 Kips (tension) and 4.93 Kips (shear), with most bolts loaded significantly less than these values.


New Hilti Kwik‑Bolt II Installations


a.
5/8” diameter bolts embedded approximately 4”



Minimum spacing between bolts approximately 6”.  Maximum loading per bolt is 3.51 Kips (tension) and 2.63 Kips (shear), with most bolts loaded significantly less than these values.


b.
3/4” diameter bolts embedded approximately 4”



Minimum spacing between bolts approximately 6”.  Maximum loading per bolt is 3.88 Kips (tension) and 3.25 Kips (shear), with most bolts loaded significantly less than these values.


c.
3/4” diameter bolts embedded approximately 7”



Minimum spacing between bolts approximately 6”.  Maximum loading per bolt is 5.49 Kips (tension) and 3.25 Kips (shear), with most bolts loaded significantly less than these values.


Each bolt is typically installed through an oversized hole in the 1/4” liner plate to allow for liner thermal expansion without imposing loads onto the bolts.  Each bolt has sealer tape installed in the annular space between the bolt shank and liner oversized hole in order to maintain a degree of leak tightness.  Since the concrete cover is nominally 5‑1/2” to the inside face vertical steel reinforcement, the majority of bolts (embedded from 4” to 7” as noted above) will not extend beyond the first layer of reinforcement.  All expansion bolts through the drywell liner are installed per specific approved procedures/instructions, including liner plate weld repair requirements for unused or abandoned drilled bolts.


The use of expansion bolts in this type application has been evaluated for affects on drywell structural and leak‑tight integrity.  More specifically, some of the areas evaluated are as follows:


a.
Affect on leak tightness and structural integrity of the 1/4” liner plate.


b.
Potential for cracking of the concrete drywell structure; with and without expansion bolt installations; under all normal, transient and accident conditions.


c.
Effects of expansion bolt installation on drywell bypass leakage.


The results of the evaluation are documented in (Reference 23), <Reference 24) and <Reference 25).  In summary, it was concluded that expansion bolts installed in this manner will not impair the integrity 


of the drywell structure.  Some of the specific bases for this conclusion are as follows:



(
The steel liner is not required to be leak‑tight.  The drywell structure itself, without assistance from the liner, is designed to meet the bypass leakage requirements of <Section 6.2.1.1.5>.



(
Structural integrity of the liner is not affected since bolt loads are transferred directly to the concrete.



(
Bolts used in this manner will not contribute to initiation or propagation of concrete cracks due to the small loads and shallow embedments typically used with these bolts.  Additionally, both the normal operating and accident temperature transients through the drywell structure tend to keep the inside of the drywell in compression, thus minimizing potential for crack initiation and/or propagation.



(
Through‑thickness cracking of drywell concrete is not anticipated to occur under any normal, transient or accident conditions and therefore no significant bypass leakage flowpaths through the drywell structure will occur.


3.8.3.4      Design and Analysis Procedures


3.8.3.4.1      Design Assumptions and Boundary Conditions


a.
Drywell Wall, Top Slab and Fuel Pool Walls



Several finite element models are used to analyze the drywell structure.  The first model is a three dimensional finite element model used for the overall analysis of the drywell.  It encompasses the drywell wall, drywell top slab, refueling pools, and major 



subcompartments.  Because of symmetry of loadings and structure, only half of the drywell is modeled as shown in <Figure 3.8‑42>.  The vent region is idealized by quadrilateral sandwich plate elements which consist of a concrete core lined on both sides by equal thickness steel face plates.  Both the concrete core and the face plates are assumed to be linearly elastic, homogeneous, isotropic materials.  Vent holes are not modeled, but their effects are fully accounted for by the method of reduced elasticities as discussed in <Section 3.8.3.4.2>.  The reinforced concrete section of the drywell wall, the top slab, the refueling pool, and the subcompartments are idealized by quadrilateral or triangular plate elements.  The concrete is assumed as a linearly elastic, homogeneous, isotropic material.  The analyses used by the computer is based on the program NASTRAN.  The boundary conditions along the lines of symmetry at the edges of the model are satisfied with typical conditions of symmetry such as lateral translation and edge rotation being restrained.  The bottom (base mat interface) of the model is assumed to be fixed.



The second model is an axisymmetric finite element model which encompasses the base mat, the weir wall and weir wall support mat and the lower portions of shield building, drywell wall and reactor pedestal as shown by <Figure 3.8‑43>.  This model is used to determine thermally induced forces and moments at the base of the drywell.  Concrete sections are modeled by axisymmetric solid elements.  The material is assumed to be linearly elastic, homogenous and isotropic.  Nonlinear thermal gradients are input by specifying nodal point temperatures.  Face plates of the pedestal and the drywell vent region are not modeled but temperature effects of face plates are calculated by hand and applied to the model in the form of traction forces.  The advantage of this analysis is that the interaction of various structural components are taken into account and more realistic forces and moments are obtained at the intersection of the drywell wall and the base mat.  Cracking of 



the concrete is conservatively neglected.  Concrete cracking due to thermal loads, however, is considered in the design of drywell wall, top slab and drywell vent region as discussed in <Section 3.8.3.4.2>.  The computer program ELAD is employed in this analysis.  Results obtained are used for the design of the drywell to base mat anchor system.



To analyze the areas in the proximity of the personnel lock and the equipment hatch, two independent finite element models are made as shown in <Figure 3.8‑44> and <Figure 3.8‑45>.  The embedded steel frames of the lock and the hatch are designed for and act as end anchorages for the wall reinforcement interrupted by the lock and hatch openings.  Therefore, the steel frames are analyzed as an integral part of the drywell wall.  The STARDYNE finite element computer program is used in this analysis.  Concrete is represented by triangular plate elements and the steel frame by beam elements in these models.  The displacements calculated by the overall analysis are used as input to the program at the edge of the model in the form of enforced boundary displacements.  The concrete and steel are assumed to be linearly elastic, homogeneous and isotropic.



Because of the large number of penetrations enclosed in the steam tunnel area of the drywell wall, a more detailed analysis of this area was required.  Since the wall in this area is broken up into very distinct “beam strips,” a STRUDL frame model as shown in <Figure 3.8‑46> was used to analyze this area for the local penetration anchor forces.  The boundary conditions were varied to determine the maximum bending moments.  Results from this analysis were then superimposed on the results of the NASTRAN general analysis and reinforcement provided for the combined results.



Stress concentration effects are investigated by detailed finite element models of the drywell vents and steam relief valve piping 



penetrations as shown in <Figure 3.8‑47> and <Figure 3.8‑48>.  These local analyses included the steel face plates only; the concrete core is assumed to be totally ineffective in resisting tensile forces.  The boundary conditions are obtained from the results of the overall analysis and are applied along the edges of the model as boundary forces.  The inside and outside face plates are analyzed separately.  The computer program used for the local analyses is NASTRAN and the materials are assumed as linearly elastic, homogeneous and isotropic.



When evaluating the fuel pool walls, fuel transfer area and other subcompartments for local loadings they are conservatively assumed to be fixed at the drywell for all loadings except thermal loads and drywell pressure loads.  Forces and moments were taken directly from the overall computer analysis for thermal loading and pressure loading to take into account the interaction between the drywell and its subcompartments.


b.
Reactor Pressure Vessel Pedestal and Biological Shield Wall



The principal design assumptions and boundary conditions for these structures are that they can be analyzed independently and that interfaces are rigid.  The concrete fill in these structures is considered capable of supporting its own dead weight, except the biological shield wall concrete dead weight is conservatively assumed to load the reactor pressure vessel pedestal steel, and is ineffective other than as a load inducing component during dynamic events.


c.
Weir Wall and Weir Wall Support Mat



The weir wall support mat is restrained from uplift by a flange welded to the reactor pressure vessel pedestal at its inner circumference and by anchor bolts along its outer periphery, as shown in <Figure 3.8‑26>.



These pinned connections represents the only boundary conditions between the weir mat and the adjacent structures.  The weir wall is considered fixed and modeled integrally with the weir mat.


d.
Structural Steel Frames and Floors



Generally, the analytical model for the static analysis of each platform consisted of a STRUDL frame model of the beams in a platform plus the columns to the floors above and below the platform.  The appropriate member end conditions were input.  Loads and displacements at the columns were then used for design of the columns.  A dynamic DYNAL frame model, shown in <Figure 3.8‑13> and representative of the platforms over the pool area, is used to determine the response of the platforms to the pool dynamic loads resulting from a main steam or recirculation line break.  This analysis is discussed further in <Appendix 3A>.


3.8.3.4.2      Analytical Techniques


a.
Drywell Wall, Top Slab and Fuel Pools



1.
Static Analysis




The structural analysis of the drywell is performed by using the finite element program NASTRAN.  NASTRAN is a large capacity program specifically designed for the analysis of complex structures.  Based on the displacement method, the program assembles the individual element stiffnesses into a global structure stiffness matrix through appropriate matrix transformations and combinations.  The system is then solved for the generalized coordinates by matrix decomposition.  For this analysis the vent region will be treated as a perforated shell.  A method of analysis for this type of shell is presented by A. Ghali (Reference 10) which models the shell as 




an assemblage of plane triangular or quadrilateral plate elements.  A typical segment with one opening is analyzed using the finite‑element technique to obtain the reduced elasticity matrices relating stress to strain components of the perforated plate.  The reduced elasticities are then used for elements at the vent region in a global analysis of the drywell structure using flat plate finite‑elements.




The analysis procedure for the drywell is presented below:




(a)
Determine Mo and Po, the moment and force, due to loads other than thermal loads such as dead load, live load, seismic and pressure loads, by the model discussed in <Section 3.8.3.4.1.a>.  The analyses are based on the assumption that the structure remain linearly elastic and uncracked.




(b)
Determine mean temperature 

[image: image5.wmf]¡


 by the equation
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Where T(Z) is the applied thermal gradient through the thickness Z and A is the area of cracked concrete section per unit width.





Since the extent of cracking is unknown at the beginning, an iterative procedure must be used to find the final cracked section.  Starting by assuming a mean temperature, usually the average temperature of the section, calculate the unit cracked sectional area A and the associated mean temperature 
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.  Based on this new mean temperature 
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, another area A and temperature 
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 may be found.  The process is repeated until the starting temperature equals the calculated mean temperature.  It 





was found that three to four iterations will generally yield the desired accuracy.




(c)
Based on the cracked section determined in step (b), find the thermal gradient moment 
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Where E = Young’s modulus, a = coefficient, thermal expansion, and n = poisson’s ratio.  Thus, the thermal gradient moment 
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 is based on a fully restrained cracked section.




(d)
Using the same finite element model in step (a), but revising the element sectional properties to those of the cracked section, determine the force and moment Pta and Mta due to temperature difference between the mean temperature obtained in step (b) and the base, or stress free, temperature.




(e)
The final design moment and force for the section is the sum of all the forces and moments obtained in steps a, c and d.  Thus,





Design moment = Mo + 
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Design force = Po + Pta


2.
Dynamic Analysis




The seismic analysis of the reactor building uses a lumped mass beam and soil spring model as discussed in <Section 3.7>.  The inertia forces due to the lumped masses are redistributed as equivalent static loads on the various static computer 




models.  SRVD dynamic effects are evaluated using a shell of revolution model using soil finite elements for the Ghosh‑Wilson ASHSD program which provides equivalent static internal shears, forces and moments directly.  This analysis is discussed further in <Appendix 3A>.



3.
Interior Missiles




Missiles within the reactor building are relatively small as compared with the mass of surrounding reinforced concrete structures.  The high velocity and small impact area will cause the missiles to penetrate into the protective structures until their energies are dissipated.  The analytical procedure used in design of missile protection shielding is described in <Section 3.5>.  It has not been found unnecessary to use any missile shields for the drywell because the massive concrete walls will withstand all postulated missiles without any detriment to structural performance or the bypass leakage requirements of <Section 6.2.1>.



4.
Heat Transfer Analysis




The temperature gradients throughout the structure are established using the method described in <Section 3.8.1.4.3.a.4>.  The postulated transient and steady‑state temperature conditions are investigated for combinations of temperature to determine the critical thermal gradients at any point in the structure.



5.
Crack Analysis of Drywell




Although the crack analysis described in <Section 6.2.1> indicates that the drywell will not crack sufficiently to cause leakage problems, as additional assurance a 1/4 inch 




stiffened steel plate is used to form the interior surface of the drywell and provides an inherently leak tight structure.  In addition, a study of potential cracking of the reinforced concrete drywell was performed as discussed in <Section 6.2.1>.  Also, a preoperational proof pressure test and leak rate tests will be performed to the pressure and criteria discussed in <Section 3.8.3.7> and <Section 6.2.6.5> and technical specifications.  For further discussion on liner leak tightness and drywell structure concrete cracking potential, see <Section 3.8.3.3.8> and <Section 6.2.1.1.5>.


b.
Reactor Pressure Vessel Pedestal and Biological Shield Wall



1.
Static Analysis




The principal analytical tool employed in the analysis of the biological shield wall and RPV pedestal is the finite element computer program STARDYNE.  The steel of these structures is modeled as six degree of freedom plate finite elements as shown in <Figure 3.8‑49> and <Figure 3.8‑50>.  The concrete fill in these structures is considered capable of supporting its own dead weight, except that the biological shield wall concrete dead weight is conservatively assumed to load the RPV pedestal steel, and is ineffective other than as a load inducing component under seismic events.  The RPV pedestal is considered completely restrained at Elevation 574’‑10” and provides a rigid interface for all attached structures as does the biological shield wall.  Internal stiffeners and/or increased plate thicknesses are provided as required to achieve the rigid interface.



2.
Dynamic Analysis:




These structures are analyzed in the same manner as the drywell wall.



3.
Heat Transfer Analysis




The analysis for temperature effects is discussed in <Section 3.8.3.4.2.a.4>.  The heat generation resulting from radiation was investigated for the biological shield wall only, as this is the most affected region with the effects on objects remote from the wall orders of magnitude smaller.  The method of obtaining the radiation generated heat is as follows:




The heat production rate at any point in a medium due to a neutron or gamma‑ray field existing at a point can generally be related to the following major quantities:  the gamma‑ray flux density energy spectrum and the kinetic energy of the resulting charged particle emission due to neutron capture.  The ANISIN (Reference 11) Computer Code is used to obtain the above spectra distributions through the shield.




Using this result, the volumetric rate of heat generation as a function of position is then obtained:
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where





H(r,t)   = volumetric heat generation at position (r) in Mev/cm3‑sec





µd(r,E)  = linear energy deposition coefficient, cm‑1





((r,t,E) = flux spectra, Mev/cm2‑sec




Once the volumetric heat generation rate (H(z,t)) within the shield is known, the problem can then be solved using the standard equations of heat transfer with boundary effects.



4.
Pipe Whip Restraint Support Structure Analysis




The structural steel support structures provided to carry the pipe whip restraints is analyzed using the computer programs STRUDL and STARDYNE.  The frame forces imposed on the biological shield wall are added to the other load cases as given in <Section 3.8.3.3.2.b> and applied to the model described in <Section 3.8.3.4.2.b.1>.


c.
Weir Wall and Weir Wall Support Mat



Both the ELAD and NASTRAN finite element programs are used in the analysis of the weir wall and weir wall mat.  ELAD is used for mechanical loads, and NASTRAN is used to evaluate the effects of temperature.  For the ELAD analysis, only the weir wall and weir wall mat are included in the model <Figure 3.8‑85> since the boundary conditions at the RPV pedestal and at the 1/4 inch outer‑liner plate could be realistically represented as pinned.  For the thermal analysis, the interaction between the various structures was considered by using a model, as shown in <Figure 3.8‑86>, which included the reactor building foundation mat and portions of the RPV pedestal, drywell wall and shield building in addition to the weir wall and weir mat.



One of the major loadings on the weir wall is the jet force due to a recirculation line break.  The effective pressures from this load were represented in the ELAD computer program using Fourier series.  The membrane, flexural and shear forces predicted from this analysis were included in the design of the weir wall.



Because the steam relief valve discharge loads only react through the drywell vents, the major part of this load is resisted primarily by the weir wall mat by direct bearing into the RPV pedestal.  Only that portion of the weir wall directly across from the top vent is impacted by the SRV pressure loads and, as a result, this is not a critical load for the design of the weir wall.



The thermal analyses using the NASTRAN model showed significant moments and bending deformations in the weir wall particularly for the small break accident (SBA) case.  For the weir mat, a cracked section approach as presented in ACI‑307‑69 was used.  The equations were modified to reflect Poisson’s effort by dividing by (1‑m).  For the weir wall, thermal stresses were a function of the outward growth of the mat as well as a gradient across the wall.  The NASTRAN model was run using the actual thermal gradients in the mat and the average temperature in the weir wall.  The elastic discontinuity moment at the wall to mat junction was then combined with the cracked moment due to the wall gradient calculated using the approach described above.  The wall was then designed for this moment, the concurrent membrane forces and the moments and membrane forces due to concurrent mechanical loads.


d.
Structural Steel Frames and Floors



The static analysis of the structural steel frames and floors makes extensive use of the STRUDL computer program.  The columns are considered fixed at the base mat, and all other joints are considered pinned.  Dynamic effects are included through the use of floor response curves for the seismic and SRVD conditions, and by use of a separate dynamic model using the program DYNAL to determine the response due to pool swell.  The mass ratio effect of the structural steel to concrete mass was taken into account for the seismic design of the steel platforms.


e.
Local Areas



The computer programs used in the analyses of the various interior structures are capable of analyzing the effects of corners and general discontinuities.  The vent region, as well as other major openings and penetrations, are analyzed using graded fine mesh finite element models.  Boundary conditions for each of these large scale models are obtained from the general analysis discussed in <Section 3.8.3.4.2.a.1>.  Local reinforcement or stiffening is provided around the openings or penetrations for the calculated stress concentrations.


f.
Analysis of the Equipment Hatch, Personnel Door and Drywell Head



Analysis of the drywell equipment hatch, personnel door and drywell head is in accordance with the requirements of the ASME Code, Section III, Division 1, Class MC, for the metallic components and proposed ASME Code Section III, Division 2, for concrete anchorage details.  <Figure 3.8‑30>, <Figure 3.8‑31> and <Figure 3.8‑32> give typical details of these appurtenances and the anchorage details.  The STARDYNE computer program is used for the static analysis, and dynamic effects are evaluated by the use of floor response curves.


g.
Variations in Material Properties and Assumptions



For a general discussion on the effects of variations in material properties and assumptions, see <Section 3.8.1.4.3.d>.


h.
Analysis of Drywell Personnel Airlock Shield Door Structural Support System



The shield door supports and the 620’‑6” platform have been reanalyzed to demonstrate adequacy for required design basis loading combinations.  The reanalysis was performed using a time 



history analysis as described in <Section 3.7.3.1.1>.  The loads were combined in accordance with GESSAR Section 3BA.8.4.  The resulting stresses were found to be less than the acceptance criteria of <Section 3.8.3.5.2>.  The modified drywell personnel airlock shield door structural support system is adequate for the design basis loads in either the open or closed position.


3.8.3.4.3      Expected Behavior Under Load


The methods of analysis and design used for these structures predict the behavior of the as constructed system.  The analytical techniques allow for discontinuities, changes in section and materials such that these effects can be allowed for in the structural design.  No impairment of structural integrity or measurable permanent deformation is expected for these structures, with the exception of some pipe whip restraint structures which will yield under the postulated pipe break loads.


3.8.3.4.4      Design Methods


a.
Concrete Structures



All internal concrete structures are designed for the strength requirements of ACI 318.  In addition, the drywell diagonal reinforcement was designed to the criteria for tangential shear reinforcement of the ASME Code, Section III, Division 2, and also meets the restrictions of the NRC Standard Review Plan 3.8.1, Section II.5.



The design approach followed the tangential shear requirements of ASME Code, Section III, Division 2.  Supplemental calculations demonstrate that sufficient diagonal reinforcement was provided such that for the abnormal/severe and abnormal/extreme environmental load combinations as listed in <Table 3.8‑3>, the 



tangential shear stress carried by the concrete will not exceed 40 and 60 psi, respectively.


b.
Methods of Reinforcing Critical Areas



Rebar requirements for areas around the equipment hatch, the personnel lock and at the drywell steam tunnel area were determined based on separate analyses using more detailed computer models as discussed in <Section 3.8.3.4.1>.



At the personnel lock and equipment hatch, reinforcement interrupted by these openings was cadwelded to the embedded frame provided for this purpose.  At the smaller openings, the main reinforcement was either bent to miss the penetration or terminated at the penetration.  Where reinforcement is terminated at a penetration, the reinforcement area is replaced each side and above and below the openings.  This supplemental reinforcement has an embedment length at each end equal to at least 1.25 times the basic rebar development length.  Rebar terminated at a penetration is anchored by a standard hook, U‑bar or a mechanical anchor.  To control local cracking and strains, additional rebar were added diagonally around the penetrations in two directions on each face.  Reinforcement for the drywell steam tunnel area is shown in <Figure 3.8‑51> and <Figure 3.8‑52>.


c.
Thermal Limitations



For normal plant operation, the concrete temperatures are limited to 150(F except for local areas such as hot penetrations where 200(F is permitted.  For the worst postulated accident conditions, the concrete temperature will not exceed 285(F.


3.8.3.4.5      Computer Programs


a.
Computer Programs used in the Structural Analysis of the Interior Structures



1.
MRI/STARDYNE




The MRI/STARDYNE analysis system consists of a series of compatible computer programs designed to analyze linear elastic structural models.  The system can be used to evaluate a wide variety of static and dynamic problems with only the static version used for the Perry Nuclear Power Plant project.  The static capability includes the computation of structural deformations and member loads and stresses caused by any arbitrary set of thermal conditions, nodal applied loads and/or prescribed displacements.  MRI/STARDYNE was developed by the Mechanics Research Institute for Control Data Corporation in 1971.  It is a large capacity finite‑element program which is designed for the analysis of truss, frame and plate structures.  Based on the direct stiffness method, the program assembles the individual element stiffnesses into a global structure stiffness matrix, using appropriate matrix transformation and combination techniques; this system of equations is then solved for the generalized coordinates by Cholesk decomposition.  A complete discussion of the theory used in STARDYNE and the theoretical and analytical verification is provided in Control Data Corporation STARDYNE Theoretical Manual (Publication No. 86616300).




This program has been widely used for analysis of complex structures since its release for commercial use in 1971.  The program is run on the Control Data Corporation CYBERNET system in New York on a CDC 6600 computer.



2.
NASTRAN




NASTRAN is a general purpose finite element program for the analysis of complex problems.  The program embodies a lumped element approach, wherein the distributed physical properties of a structure are represented by a model consisting of a finite number of idealized substructures or elements that are interconnected at a finite number of grid points, to which loads are applied.  The grid point definition forms the basic framework for the structural model.  Static loads are applied to the model by concentrated loads at grid points, pressure loads on surfaces or indirectly by means of the mass and thermal expansion properties of structural elements.  A detailed discussion on the theory and development of NASTRAN is presented as part of the three volume set of manuals.  NASTRAN was developed by Computer Services Corporation with MacNeal Schwendler, Martin Baltimore and Bell Aerosystems Co. as sub‑contractors for the National Aeronautics and Space Administration in 1970.




The program has been widely used for the analysis of complex structures and components since its release to the public domain.  For the Perry Nuclear Power Plant the program is run on the McDonnell Douglas, St. Louis, MO., IBM 360/195 dual processor computer system and on the Control Data Corporation CYBERNET System in New York on a CDC 6600 Computer.



3.
ELAD




For program description and computer hardware/software see <Section 3.8.1.4.6.a.2>.



4.
ICES‑DYNAL




For program description and computer hardware/software see <Section 3.8.1.4.6.a.1>.



5.
ICES‑STRUDL‑II




For program description and computer hardware/software see <Section 3.8.1.4.6.a.3>.


b.
Design Control and Verification of Computer Programs:



The methods used for the design control and verification of the computer programs used in the analysis of the interior structure is as discussed in <Section 3.8.1.4.6.b>.


c.
Verification of Program Usage:



1.
MRI/STARDYNE




This program has been widely used in the public domain for the past six years.  The results obtained for the structural analyses using this program and computer hardware/software combination have been verified by comparison of results with those of similar programs, hand calculations and test problems.  Documentation of this program is traceable to Control Data Corporation, Minneapolis, Minnesota.



2.
NASTRAN




This program has been used by many sections of industry over the past eight years for many different types of analytical problems.  The results of the structural analyses utilizing this program and computer hardware/software combination have 




been verified by test results on sample problems.  Documentation of the program is traceable to the McDonnell Douglas Automation Company, St. Louis, Missouri, and to the National Aeronautics and Space Administration.



3.
ELAD




For program verification refer to <Section 3.8.1.4.6.c.2>.



4.
ICES‑DYNAL




For program verification refer to <Section 3.8.1.4.6.c.1>.



5.
ICES‑STRUDL‑II




For program verification refer to <Section 3.8.1.4.6.c.3>.


3.8.3.5      Structural Acceptance Criteria


The structural acceptance criteria for the internal structures is based on accepted codes and standards, with modification to suit the operational and functional criteria of these structures.  For the drywell, the criteria is supplemented by a once only preoperational proof pressure test as discussed in <Section 3.8.3.7>.


3.8.3.5.1      Concrete Structures


The structural acceptance criteria for concrete components are based upon the strength design method of ACI 318 using the load combinations detailed in <Section 3.8.3.3>.  These criteria are modified by the capacity reduction factor ( of Section 9.2 of ACI 318 to ensure that the structural behavior will be elastic for all postulated loads and load combinations.


3.8.3.5.2      Steel Structures


Structural steel acceptance criteria are generally based on the recommendations of the AISC for the loads and load combinations set out in <Section 3.8.3.3>.  The criteria do not include the AISC recommendations for plastic design, nor do they permit any increase in allowable stress for the operational basis earthquake loads so that elastic behavior is anticipated.


The criteria for pipe whip restraints permit plastic deformation of the restraint but limit the base structures to elastic stresses.  The controlled deformation imparted to the restraint enables the energy in the ruptured pipe to be dissipated while controlling the pipe displacement.


The Von‑Mises stresses for the biological shield wall, RPV pedestal and the drywell vent structure are limited to .9 Fy for accident conditions, and to .6 Fy for normal operating conditions, except for regions of local discontinuity where stresses approaching the ASME criterion of 3 Sm are permitted.  Thermal stresses on structural elements, except plate structures, are permitted to be neglected when they are shown to be secondary and self limiting in nature and the material is shown to be ductile.  For load combinations with accident thermal stresses included, stresses in plate structures are limited to the ASME limit of 3 Sm.


The drywell head, airlocks and hatches use ASME Code, Section III, Division 1, Subsection NE, Class MC, criteria.


3.8.3.6      Materials, Quality Control and Special Construction Techniques


This design is based on material specifications giving acceptable limitations of physical and chemical properties for the structural 


materials used, and on imposing quality control provisions to ensure that the materials meet the specifications.


The organization, responsibilities and general provisions for the Quality Assurance Program are described in <Chapter 17>.  The quality control provisions that have been imposed for the structural materials are described in this section.  Wherever engineer approved design documents call for deviations or exceptions from the accepted codes and standards within this section, the approved design documents shall govern.


3.8.3.6.1      Concrete Construction


The materials and quality control for the concrete construction of the interior structures are as described in <Section 3.8.1.6.1.1> except that the specified compression strength requirements for the various structures are as listed below:




Structure
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Weir wall and mat






3,000 at 28 days


RPV pedestal structural fill




3,000 at 28 days


concrete


Biological shield wall chemtree



3,000 at 90 days


concrete


Drywell wall, stop slab and




5,000 at 90 days


attached 


compartments


3.8.3.6.2      Reinforcing Steel


The material specification, quality control and construction techniques for reinforcing steel for the interior structures are as described in <Section 3.8.1.6.2>, except that the tolerances for placing of 


reinforcement as described in <Section 3.8.1.6.2.4> are as modified below:


a.
For locations of bars within the depth or thickness of a member and for clear concrete cover in flexural members, walls and compression members, tolerances follow <Section 3.8.1.6.2.4.a.> except as follows:








 Specified  Tolerance on
  Reduction on



 Member Description
  
  Covers
    Location

Cover



___and Thickness___

__Inches___  __Inches____  ___Inches___



Drywell Cylindrical

4 O.F.

 ‑1, +2

1



Wall ‑ 5 feet 0 inches
5‑1/2 I.F.
 ‑1, +2

1



thick


b.
For the longitudinal location of bends and for ends of bars, the tolerances are as specified in <Section 3.8.1.6.2.4.b> except that at penetrations, hooks, U‑bars, or ends of bars may be placed within (6 inches of the specified location.  Additional reinforcement has been placed around openings as described in <Section 3.8.3.4.4.b>.


c.
The spacing of reinforcement for the interior structures including the drywell top slab and subcompartment slabs and walls is in accordance with <Section 3.8.1.6.2.4.c>.  For the drywell cylindrical wall only, the following tolerances were permitted:



1.
All reinforcement was required to be within 6 inches of its theoretical location but with the addition restriction below.



2.
The horizontal continuous reinforcement which is spaced nominally at 12 inches center‑to‑center may be spaced at not less than 9 inches nor more than 15 inches center‑to‑center.



3.
The dowels for subcompartment walls were permitted to be moved up to 3 inches in the plane of the wall to eliminate interferences.



4.
The dowels for subcompartment slabs were permitted to be moved up to 3 inches horizontally in the plane of the slab to eliminate interferences.


3.8.3.6.3      Cadweld Splices


The material specification, quality control and construction techniques for cadweld splices for the internal structures are as described in <Section 3.8.1.6.3>.


3.8.3.6.4      Steel Plate


The material specification, quality control and construction techniques for steel plate for the internal structures conform to the requirements described in <Section 3.8.2.6.1> except that AWS welding requirements may be substituted for ASME welding requirements.


3.8.3.6.5      Steel


3.8.3.6.5.1      Structural Shapes and Plates


Structural shapes and plates are made from steel conforming to ASTM A 36.


3.8.3.6.5.2      Bolts and Hardened Washers


High strength bolts and hardened washers conform to ASTM A 325.


All bolts other than high‑strength bolts conform to ASTM A 307.


3.8.3.6.5.3      Welding Electrodes


Welding electrodes are in accordance with the provisions of the American Welding Society Specification, “Structural Welding Code,” AWS D1.1 and are suitable for the type of steel to be welded.  Generally, electrodes 


for manual shielded metal arc welding process are E7015, E7016 or E7018.  Electrodes for all other welding processes are low hydrogen type and give a deposit of 70,000 psi minimum tensile strength, with impact properties equal to those of the manual shielded metal arc electrodes specified above.


3.8.3.6.5.4      Material Control


Manufacturer’s certificates are obtained for all lots, batches or heats of material received to ensure compliance with the specified properties.


3.8.3.6.6      Stainless Steel


a.
Plate



The liner plate for fuel pools is 1/4 inch thick conforming to the requirements of ASTM A 240, Type 304.  The plate is hot‑rolled, annealed, surface cleaned, and polished in accordance with ASTM A 480 to a surface equivalent to a No. 4 finish.


b.
Structural Shapes, Pipe and Tubing and Bolt Materials



1.
All stainless steel structural shapes conform to ASTM A 276, Type 304, hot‑rolled, annealed, blast cleaned, and pickled.



2.
All stainless steel pipe conform to ASTM A 312, Grade TP 304.



3.
Stainless steel equipment attaching bolts or studs conform to ASTM A 193, Class 2, Grade B8 or B8C.


c.
Welding Electrodes for Stainless Steel



1.
Manual welding electrodes for welding stainless steel to stainless steel conform to AWS A5.4, Type E308.



2.
For manual or machine mechanical inert gas (MIG) or tungsten inert gas (TIG) welding of stainless steel to stainless steel, the welding rods or wire conform to AWS A5.9, Type ER308.



3.
Manual welding electrodes for welding carbon steel to stainless steel conform to AWS A5.4, Type E309.



4.
For manual or machine TIG or MIG welding of carbon steel to stainless steel, the welding rods or wire conform to AWS A5.9, Type ER309.


d.
Embedded Studs for Stainless Steel



The stud material conforms to ASTM A 270, Type 304.  The studs are welded by automatic stud welders in accordance with RDT Standard RDT‑F6‑6T.


3.8.3.7      Testing and Inservice Surveillance Requirements


A once only preoperational proof pressure test will be performed at the drywell design pressure (Pt).  This structural integrity test will be integrated with a high pressure leak rate test at the same pressure.  Subsequently, a preoperational low pressure leak rate test will be performed at a pressure as defined in the technical specifications.  These low pressure leak rate tests will be periodically performed as an inservice inspection of the drywell.  Test intervals, test pressures, test duration, and acceptance criteria are as specified in <Section 6.2.6.5> and technical specifications.


3.8.4      OTHER SEISMIC CATEGORY I STRUCTURES


The following safety class (Category I) structures are considered in this section:


a.
Auxiliary Buildings (2)


b.
Fuel Handling Building (1)


c.
Intermediate Building (1)


d.
Control Complex (1)


e.
Radwaste Building (1)


f.
Diesel Generator Building (1)


g.
Offgas Buildings (2)


h.
Emergency Service Water Pumphouse (1)


i.
Offshore Intake Structures (2)


j.
Offshore Discharge Structure (2)


k.
Cooling Water Tunnels (2)


l.
Underdrain System manholes (26)


m.
Condensate Storage Tank Foundations and Dike Walls (2)


n.
Service Water Valve Pit (1)


o.
Electrical Manholes (5)


Refer to <Section 3.2> for the safety classification of each structure.


3.8.4.1      Description of the Structures


3.8.4.1.1      General


Certain safety class (Category I) structures, namely the auxiliary buildings, fuel handling building, intermediate building, control complex, radwaste building, diesel generator building, and offgas buildings, are seismically separated from the reactor building and each other by a 3 inch rattle space above the foundations.  The relative motions of adjacent safety class (Category I) structures at critical elevations are determined to establish the required seismic separation.  Foundations are considered in <Section 3.8.5>.  See <Figure 1.2‑3>, <Figure 1.2‑4>,  <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, <Figure 1.2‑12>, and <Figure 1.2‑13> for the general arrangement of plant structures.


The structures are constructed from reinforced concrete and/or structural steel using the following materials:


a.
Concrete having a 28‑day cylinder strength of 3,000 and 4,000 psi.


b.
Structural steel meeting ASTM A 36.


c.
Reinforcing steel meeting ASTM A 615‑72, Grade 60.


Other materials and concrete strengths are identified in <Section 3.8.4> as related to functional description and design.


3.8.4.1.2      Auxiliary Building


This building is a reinforced concrete structure approximately 97 feet high by 102 feet wide by 192 feet long with the top of mat at Elevation 568’‑4”.  It houses safety class systems and components, 


including pumps and motors for the residual heat removal system (RHRS), the high pressure core spray (HPCS), low pressure core spray (LPCS), and the reactor core isolation cooling (RCIC) system.  See <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, and <Figure 1.2‑11> for general configuration and relationship of the auxiliary building to other structures.


The concrete floors are supported by interior columns, interior walls and by exterior walls.  Exterior walls and the roof are a minimum of 2 feet thick for protection of safety class equipment from exterior missiles.


The auxiliary building has a tunnel to house the main steam and feedwater lines which run from the reactor building complex to the steam tunnel.  The auxiliary building tunnel is approximately 36 feet wide and 28 feet high.


The function of this tunnel is to withstand the pressures and temperatures that could be produced by a postulated break in a feedwater or main steam line.  Seals are provided around the tunnel at its junction with the steam tunnel on one end and a similar tunnel coming from the shield building on the other end.  The seals do not form a structural connection to these other tunnels and, therefore, the auxiliary building remains structurally separate from other buildings above the foundation.


3.8.4.1.3      Fuel Handling Building


3.8.4.1.3.1      General


The fuel handling building is a three story building, located between the Unit 1 and Unit 2 reactor buildings.  The entire exterior of the building is reinforced concrete including the foundation, the walls and 


the roof slab.  The roof slab is supported by structural steel framing.  Reinforced concrete is also used for the interior walls and slabs.  The function of the fuel handling building is to store new fuel and to receive and store spent fuel from the reactors of Unit 1 and Unit 2.  The approximate plan dimensions are 144 feet x 108 feet with the top of the foundation mat at Elevation 574’‑10”.


The fuel handling building is provided with four pits for fuel handling and storage:


a.
Cask storage pool and decontamination pool.


b.
Spent fuel pool.


c.
Fuel transfer pool.


d.
Fuel preparation pool.


The pools are interconnected by means of gates, to allow the underwater passage of fuel assemblies from one pool to another.


Each pool is a stainless steel lined and reinforced concrete structure <Figure 1.2‑5>.  The wall liners consist of 1/4 inch stainless steel plates welded together and anchored to the concrete by 3” x 2” x 1/4” angle stiffeners placed vertically at 15 inch center‑to‑center spacing.  The floor liner consists of 1/2 inch stainless steel plates welded together and anchored to floor embedments placed horizontally at 4 foot 


center‑to‑center spacing.  These angles and floor embedments effectively anchor the liners to the concrete structure.  Where attachments to the pool walls or floors are required, embedded plates are provided to transfer the attachment loads directly into the concrete.  The liners are cut out around and welded to each embedment plate.  Attachments are made to the embedded plates and not the liners.  A system of leak chases, divided into zones, are provided behind the liner plate welds to 


channel the postulated leakage to a central collection point for leak identification and evaluation.  The pool concrete structure with the liner is designed to Seismic Category I requirements to prevent damage to the stored fuel.  Storage and handling of spent fuel is accomplished as described in <Section 9.1.2.2.2>.  The spent fuel is stored in the fuel handling pools in densified racks described in <Section 9.1.2>.  These racks are free standing (no pool wall attachments) and are designed to withstand the postulated loads including a drop accident, as described in <Section 9.1.2.1.2> and <Section 9.1.2.3.4>.  Embedded plates anchored to the pool floor slab support the racks by transferring all rack loads into the concrete slab.


An overhead gantry crane is provided to handle and maneuver fuel assemblies between the three pits.  A bridge crane traveling at right angles to the gantry crane will handle casked fuel to and from railroad cars.  The bridge crane cannot traverse the spent fuel and fuel transfer pools due to the layout of the cranes.  The unlikely possibility of a fuel cask being dropped on stored fuel is thus precluded.


The fuel handling building is designed to withstand tornado missiles as described in <Section 3.5.1>.


The layout and general arrangement of the fuel handling building are shown in <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10>.


3.8.4.1.3.2      Functional Criteria


The functions of the fuel handling building are:


a.
Store new and spent fuel assemblies.


b.
House safety class equipment required to maintain the fuel assemblies.


c.
Protect the fuel assemblies and safety class equipment from the effects of the environment.


d.
Provide access to both reactor building complexes through the equipment access hatches.


e.
House additional safety class equipment required to secure systems in the reactor building complex.


3.8.4.1.4      Intermediate Building


The intermediate building is a five story reinforced concrete structure located between the fuel handling building and the control complex in the east‑west direction and the reactor building complexes in the north‑south direction.


The intermediate building and fuel handling building are interconnected; a 3 inch rattle space isolates them from all other structures.


The exterior walls are sized to insure protection from exterior missiles.  The top of the foundation mat is at Elevation 574’‑10”.  The layout of the intermediate building is shown in <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10>.


The function of the intermediate building is to house safety class systems and equipment.  Some of these systems service the fuel handling building, with other systems servicing the reactor building complexes.  The intermediate building also provides personnel access to the annulus space.


3.8.4.1.5      Control Complex


This building is a steel framed structure with exterior reinforced concrete walls of approximate dimensions 132 feet 6 inches high, 141 feet wide and 142 feet long, with the top of the foundation mat at Elevation 574’‑10”.


The control complex houses plant personnel and electrical controls to monitor and control normal plant functions and safety class systems.


The outside walls and roof of the control complex are 2 foot thick reinforced concrete for protection from exterior missiles and shielding of the control complex.  The interior structure consists of steel columns, girders and beams with the floor deck of reinforced concrete.  The building has no structural connection with other structures.  For layout and configuration details of the control complex, see <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10>.


3.8.4.1.6      Radwaste Building


The safety class portion of this building is a reinforced concrete structure of approximate dimensions 70 feet high, 101 feet wide and 217 feet long, with the top of the foundation mat at Elevation 574’‑10”.  The nonsafety portion of the radwaste building is a steel framed, steel cladded structure approximately 76 feet long, 19 feet wide and 40 feet high above grade.  The steel frame attaches to the west wall of the safety class portion of the building.


The radwaste building houses equipment used in the storage and processing of liquid and solid radioactive wastes.


The exterior walls and roof of the safety class portion consist of 2 to 3 foot thick reinforced concrete to provide shielding for the 


environment against radiation from the radioactive wastes.  Interior shield walls are provided around tanks where necessary to shield personnel during normal operation of the plant.  Tanks are mounted on the foundation of the building and on the floors at Elevations 602’‑0” and 623’‑6”.  The concrete floor slabs are supported by exterior and interior walls and by interior columns.  The building has no structural attachment to other structures above the top of foundation.  The layout and configuration of the radwaste building are shown in <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10>.


3.8.4.1.7      Diesel Generator Building


This structure is a reinforced concrete building approximately 165 feet long, 78 feet wide and 26 feet high, with top of the foundation mat at Elevation 620’‑6”.  The structural system consists of walls and roof sized for protection against missiles.  Removable concrete missile shields are provided in front of each man access door and labyrinth shields for each man access door.  The design of these shields is in accordance with the methods discussed in <Section 3.5>.  The safety class equipment is mounted on the foundation slab at Elevation 620’‑6”.  A reinforced concrete air intake structure, 165 feet long, 32 feet wide and 20 feet high, is mounted to the roof of the building.  The walls and top of this housing are also designed for missile protection.  In addition, concrete barriers are provided at the exhaust louvers to prevent external missiles from entering the diesel generator building.  For additional details, see <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10>.


The diesel generator building houses generators, day tanks and other equipment necessary to supply standby electric power to operate safety systems in the event of a power failure of the plant generating equipment and offsite power.  This standby electrical system is described in <Section 8.3>.


3.8.4.1.8      Offgas Building


This building is a reinforced concrete structure 99 feet 9 inches long, 52 feet wide and 80 feet high, that houses equipment used in the filtering and absorption of radioactive noncondensible gases from the main and auxiliary condensers.  See <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, and <Figure 1.2‑10> for general configuration and relation to other structures.


The building is a four story structural system that is completely enclosed by a 2 foot thick roof slab and exterior walls of 2 feet minimum thickness, which are designed to resist the exterior missiles as defined in <Section 3.5>.  The top of the concrete mat foundation is at Elevation 584’‑0”.


3.8.4.1.9      Emergency Service Water Pumphouse


The emergency service water pumphouse is a reinforced concrete structure, rectangular in plan, located between the nonsafety class service water pumphouse and the nonsafety class discharge tunnel entrance structure.  The five foot thick foundation mat is placed on one foot of porous concrete which is founded on chagrin shale at approximately Elevation 531’‑0”.  The structure has a reinforced concrete floor at Elevation 586’‑6”, which supports the pumps and screens.  Above this floor an overhead crane is supported on steel girder rails which bear on reinforced concrete wall pilasters.  Above that is a 2 foot thick reinforced concrete roof supported by steel 


girders spanning the width of the building.  Penetrating through the 


foundation mat are the 10 foot diameter riser shafts from the emergency and alternate emergency intake tunnels, which supply the pumphouse with lake water.  Below the floor at Elevation 586’‑6”, the pumphouse structure is divided into compartments that are separated by means of 


reinforced concrete walls.  During normal operation, lake water will be 


supplied to the emergency service pumps through the intake tunnel.  Should the intake tunnel become obstructed, an alternate source of lake water is available through the discharge tunnel.  Under normal operating conditions, the discharge tunnel is isolated from the emergency service water pumphouse by means of motor operated sluice gates.  During an emergency, these gates will be opened to supply the necessary lake cooling water to the emergency service pumps.  Regardless of the operating mode (normal or emergency), lake water passes through the traveling screens that have been installed ahead of the emergency service pumps.  The water is then pumped from the compartments through four pipes to the auxiliary buildings.  For details of the structure refer to <Figure 3.8‑64>.


3.8.4.1.10      Offshore Intake Structures


Each offshore intake is a submerged steel plate multiport structure, circular in plan, resting on a working mat founded in shale bedrock at a minimum depth of four feet below the bottom of Lake Erie.  Each intake is composed of an independent 36 foot diameter circular intake structure or intake head that is connected to a six foot diameter vertical downshaft which conveys the cooling water to the underground ten foot diameter intake tunnel.  Each of the two intake heads is provided with a horizontal circular velocity cap and vertical inflow ports around the periphery.


Each intake structure is surrounded by 10 vertical reinforced concrete ice protection caissons which are placed in a 70 foot diameter circle around the intake.  The caissons are six feet in diameter with the 


exception of two caissons around the No. 1 intake structure which are seven feet in diameter due to the poorer foundation conditions of weathered and/or fractured shale at their locations.  All caissons are founded in chagrin shale a minimum of 12 feet below lake bottom.  The embedment depth of each caisson varies between 12 and 20.8 feet depending on the depth of weathered shale at each location.


Inflow of cooling water into the intake structures will be through the vertical ports around the perimeter of the circular structures.  Provision for backfitting trash racks is provided around the periphery of each structure so that intake water may be filtered to remove large pieces of flotsam if the need arises.


The intake structures are safety class since they supply water to both the emergency service water pumphouse and the service water pumphouse.  In the unlikely event of a complete blockage of both intake structures, an alternate supply of water can be obtained from the offshore discharge structure (nozzle).  For details of the functional criteria, back‑up systems, hydraulic details, etc. refer to <Section 2.4> and <Section 9.2>.  The intake structures and riser shafts are shown in <Figure 3.8‑65>, <Figure 3.8‑66>, <Figure 3.8‑67>, <Figure 3.8‑68>, and <Figure 3.8‑69>.


3.8.4.1.11      Offshore Discharge Structure


The offshore discharge structure consists of a submerged 3 foot diameter steel diffuser nozzle encased in a 17 foot diameter protective reinforced concrete ice protection caisson founded in chagrin shale a minimum of 7 feet below lake bottom.  A six foot diameter riser shaft connects the 10 foot diameter underground discharge tunnel to the nozzle.  The structure and riser shaft are shown in <Figure 3.8‑65>, <Figure 3.8‑66>, <Figure 3.8‑67>, and <Figure 3.8‑69>.


3.8.4.1.12      Cooling Water Tunnels


a.
General Features



Service and cooling water for the power plant will be obtained from Lake Erie through the offshore intake structures.  It will be carried to the power plant through an intake tunnel in the underlying bedrock, and returned to the lake through a similar discharge tunnel.  Short tunnels of the same diameter will be used near the shore facilities to tap the cooling water tunnels for the plant’s emergency service water.  The tunnels are shown on <Figure 3.8‑65>, <Figure 3.8‑66>, and <Figure 3.8‑70>.  An explanation of the tunnel function is given in <Section 2.4.11> and <Section 9.2>.


The cooling water intake and discharge tunnels and the emergency service water tunnels are lined with a permanent lining of cast‑in‑place concrete to a finished inside diameter of 10 feet.


b.
Excavation and Temporary Support



Portions of the intake and discharge tunnels and emergency service water tunnels were excavated by conventional drill and blast tunneling techniques, while most of their length was excavated by tunneling machines.  Tunnel cross‑sections are shown in <Figure 3.8‑71> and <Figure 3.8‑72>.



As the tunnel was excavated, a temporary support system consisting of rock bolts, steel straps and wire mesh were installed to maintain the safety and integrity of the excavation.  The beneficial effects of the temporary supports were neglected in design and analysis of the permanent concrete lining.  The temporary supports were, therefore, not designed as safety class structures, and are not discussed in the following sections.


c.
Permanent Lining



Upon completion of excavation, the tunnels were lined with 4,000 psi cast‑in‑place concrete to a circular cross section.  This concrete permanent lining serves several functions:



1.
Provides smooth walls to improve hydraulic flow characteristics.



2.
Prevents deterioration of the excavated surfaces due to unrestrained loosening and the effects of water.



3.
Supports the static ground loads which develop.



4.
Improves the tunnel stability under earthquake loading.



The minimum concrete thickness is defined by the “A” line shown in <Figure 3.8‑69>, <Figure 3.8‑71>, and <Figure 3.8‑72>.  The permanent concrete lining is reinforced where required to satisfy design criteria explained in <Section 3.8.4.4>.


3.8.4.1.13      Underdrain System Manholes


The 13 underdrain manholes and the 13 gravity discharge manholes are all part of the pressure relief underdrain system described in <Section 2.4.13>.  The manholes are reinforced concrete vertical shafts having rectangular cross sections with 18 inch thick walls.  All of the manholes are penetrated by the steel gravity drain pipe at approximate invert Elevation 585’‑0”.  The underdrain manholes are also penetrated by a 12 inch ID porous concrete pipe at Elevation 568’‑6” or lower.  Access to each manhole is provided by a removable steel access cover approximately 4 feet by 4 feet in plan.  See <Figure 3.8‑73> for additional typical details.


3.8.4.1.14      Condensate Storage Tank Foundations and Dike Walls


Each condensate storage tank is located within a reinforced concrete dike wall and is adjacent to the turbine buildings.  Refer to <Section 9.2.6> for the system description.  For layout and configuration details of this structure see <Figure 3.8‑74>.


The tank is supported by a ring girder which in turn rests on a 3 feet 6 inch thick common foundation mat.  Sand fill is placed under the tank 


within the ring girder.  The top of foundation mat is at Elevation 618’‑6”.


The inside radius of the ring girder is 24 feet 6 inches whereas that of the dike wall is 33’‑0”.  The height of the 2 foot thick dike wall is 25 feet 6 inches above the foundation mat.


A continuous waterstop has been placed between the dike wall and foundation mat to prevent any water leakage caused by a rupture of the tank.


3.8.4.1.15      Service Water Valve Pit


The service water valve pit is an underground reinforced concrete structure approximately 18 feet high by 15 feet wide by 18 feet long with the top of the mat at Elevation 602’‑0”.  It houses safety class valves for the service water system.  See <Figure 3.8‑75> for general configuration and relation of service water valve pit to other structures.


The concrete mat, walls and roof are two‑feet thick.  A seven‑foot square concrete hatch is provided for maintenance of the sump.


The function of this structure is to protect the service water valves from a seismic event.


3.8.4.1.16      Electrical Manholes


The electrical manholes are reinforced concrete boxes used as distribution points for cable routing.  The manholes are all less than 18 feet deep, and approximately 15 feet by 15 feet in plan or smaller.  The walls are 18 inches thick for four of the five safety class manholes and 12 inches thick for one relatively small manhole (7 feet by 7 feet in plan).  All of these manholes have 30 inch thick roofs for missile 


protection.  Access to the manholes is provided through 30 inch deep removable concrete beams.  See <Figure 3.8‑76> for additional details.


3.8.4.2      Applicable Codes, Standards and Specifications


3.8.4.2.1      Codes


a.
Concrete Structures, Excluding Cooling Water Tunnels and Offshore Structures



1.
ACI 301‑72, “Specification for Structural Concrete for Buildings,” American Concrete Institute.




All chapters of ACI 301 are applicable except Chapter 15 which has requirements for prestressed concrete.



2.
ACI 318‑71, “Building Code Requirements for Reinforced Concrete,” American Concrete Institute.




Chapters Used




1
General Requirements




2
Definitions




7
Details of Reinforcement




8
Analysis and Design




9
Strength and Serviceability




Chapters Used (Continued)




10
Flexure and Axial Load




11
Shear and Torsion




12
Development of Reinforcement




13
Slab Systems with Panels




14
Walls




15
Footings




Appendix B – Notation




Chapters Not Used




3(1)

Materials




4(1)

Concrete Quality




5(1)

Mixing and Placing Concrete




6(1)

Formwork, Embedded Pipes and Construction Joints




16(2)

Precast Concrete




17(3)

Composite Concrete Flexural Members




18(4)

Prestressed Concrete




19(5)

Shells and Folded Plate Structures




20(6)

Strength Evaluation of Existing Structures




Appendix A




NOTES:




(1)
ACI 301‑72 will be used to define requirements in this area as modified by <Section 3.8.4.6>.




(2)
These are not precast concrete structures.




(3)
Composite flexural members are not used on these structures.




(4)
These are not prestressed concrete structures.




(5)
These are not shell or folded plate structures.




(6)
These are not existing structures.



3.
Ohio Building Code 1970 edition, Chapter BB‑33, “Reinforced and Plain Concrete, Reinforced Gypsum Concrete and Reinforced Masonry,” Board of Building Standards Department of Industrial Relations, State of Ohio.




Sections Used




BB‑33‑01
Definitions




BB‑33‑02
Abbreviations




BB‑33‑03
Accepted engineering practice and approved standards




BB‑33‑07
Reinforced concrete general design and construction




Sections Not Used




BB‑33‑04(1)

Reinforced concrete materials




BB‑33‑05(1)

Concrete, classification and quality




BB‑33‑06(1)

Concrete, ready mixed




BB‑33‑08(2)

Reinforced concrete, supervision




BB‑33‑09 to




BB‑33‑13(3)

Plain concrete




BB‑33‑14(4)

Reinforced gypsum concrete, precast




BB‑33‑15(4)

Reinforced gypsum concrete, design and construction




BB‑33‑16 to




BB‑33‑20(5)

Reinforced masonry




NOTES:




(1)
ACI 301‑72 will be used in this area as modified by <Section 3.8.4.6>.




(2)
Not applicable to these designs.




(3)
Plain concrete is not used on these structures.




(4)
Reinforced gypsum is not used on these structures.




(5)
Reinforced masonry is not used on these structures.


b.
Steel Structures



1.
AISC “Specification for the Design, Fabrication and Erection of Structural Steel for Buildings,” February 12, 1969.




All parts of the AISC Code are applicable except as amended by “Structural Design Criteria for Category I Structures Outside Containment” (Reference 1).


c.
Cooling Water Tunnels and Offshore Structures



1.
Concrete Structures




ACI‑301‑72 Chapters Used




3
Proportioning




7
Production of Concrete




9
Repair of Surface Defects




12
Curing and Protection




16
Testing




17
Evaluation and Acceptance of Concrete




ACI‑318‑71 Chapters Used




1
General Requirements




2
Definitions




3
Materials




6
Formwork, Embedded Pipes and Construction Joints




7
Details of Reinforcement




8
Analysis and Design ‑ General Consideration




9
Strength and Serviceability Requirements




ACI‑322‑72 Chapters Used




1
General Requirements




2
Definitions




7
Design and Analysis



2.
Steel Structures




AISC “Specification for Design, Fabrication and Erection of Structural Steel for Buildings,” February 12, 1969; including Supplements 1, 2 and 3.


3.8.4.2.2      Standards


a.
ASTM Standards:  Applicable ASTM standards are discussed in <Section 3.8.4.6> for the following:



1.
Concrete.



2.
Reinforcing Steel.



3.
Cadweld Splices.



4.
Structural Steel.



5.
Stainless Steel.



6.
Cooling Water Tunnels and Offshore Structures.



The date of a particular standard may vary for different items because of the difficulty in purchasing material to an outdated standard.  Since the latest ASTM standards reflect industry practice used for fabrication and erection, it was permitted to use an updated standard where no unacceptable loss of quality would result.


b.
Applicable Regulatory Guides



1.
<Regulatory Guide 1.10>, “Mechanical (Cadweld) Splices in Reinforcing Bars of Category I Concrete Structures.”  This guide was used with modifications specified in <Section 3.8.1.6>.



2.
<Regulatory Guide 1.15>, “Testing of Reinforcing Bars for Category I Concrete Structures.”  This standard was used with the modifications specified in <Section 3.8.1.2>.



3.
<Regulatory Guide 1.31>, “Control of Stainless Steel Welding.”



4.
<Regulatory Guide 1.55>, “Concrete Placement in Category I Structures.”



5.
<Regulatory Guide 1.69>, “Concrete Radiation Shields for Nuclear Power Plants.”



6.
<Regulatory Guide 1.142>, (April 1978), “Safety‑Related Concrete Structures For Nuclear Power Plants (Other Than Reactor Vessels and Containments).”  Also see <Section 3.8.1.2.2.b.4>.


3.8.4.2.3      Principal Plant Specifications


The principal specifications prepared by the engineer for the safety class structures are:


a.
Fabrication and erection of structural steel.


b.
Fabrication of embedded steel.


c.
Fabrication and erection of stainless steel liners for fuel pools.


d.
Concrete supply.


e.
Placement of structural concrete.


f.
Fabrication and placing of reinforcing steel and embedded items.


g.
Supply and installation of waterproofing and waterstop.


h.
General construction of tunnels, intake and discharge structures.


These specifications include the applicable requirements described in <Section 3.8.4.2>, <Section 3.8.4.3>, <Section 3.8.4.4>, and <Section 3.8.4.5>.  The detailed material specifications, the detailed quality control provisions and any special construction technique requirements, all as described in <Section 3.8.4.6>, are included in these specifications.


3.8.4.3      Loads and Load Combinations


3.8.4.3.1      Loads Used in the Design


a.
Dead Load (symbol D)


Dead load includes the weight of the structural components plus any permanent attachments including cable trays and piping less than 18 inches in diameter.


b.
Live Load (symbol L)



Live loads are as follows:



1.
For roofs:




(a)
25 psf live load.




(b)
84.5 psf snow and ice load based on the meteorological recommendations of <Section 2.3.1>.



2.
For stairs and platforms 100 psf.



3.
For floors:




(a)
100 psf for routine personnel and maintenance loads.




(b)
More than 100 psf where required for equipment removal or maintenance.



4.
Piping 18 inches in diameter or larger.


c.
Ground Water Loads (symbol G)



The design bases for ground water loading conditions are described in <Section 2.4.13>, <Section 2.5.4>, and <Section 3.8.5.3.5>.


d.
Soil Pressures (symbol H for static and Feqo and Feqs for dynamic soil pressures)



The static and dynamic soil pressures used in the design are given in <Section 2.5>.  Static lateral soil pressures are included under the symbol H.  Dynamic lateral soil pressures are included under the symbols Feqo and Feqs as appropriate.


e.
Normal Operating Temperature Induced Forces (symbol To)



Temperature induced forces will be evaluated for the various sections of the safety class structures based on the most adverse 



temperature gradients predicted for normal plant operation.  The exterior temperatures to be used are:



1.
Ambient temperature ‑ minimum 7 day mean 10(F.








  maximum 7 day mean 83(F.



2.
Soil temperature ‑ average ground temperature 55(F.


f.
Wind and Tornado Loads (symbol W for design wind and Wt for tornado wind, and z for pressure differential due to tornado pressure drop)



The wind and tornado loads, including tornado pressure drop, are described in <Section 3.3>.


g.
Seismic Loads (symbol Feqo for OBE and Feqs for SSE)



Seismic loads are the forces imparted to the structure by ground accelerations due to the OBE and SSE.  For further details on the determination of seismic response refer to <Section 3.7>.


h.
Accident Temperature and Pressure Loads (symbols Ta and Pa)



Some compartments within the auxiliary building, for example, the steam tunnel, RHR heat exchanger rooms and RCIC pump rooms are subjected to possible high energy line breaks.  Each compartment will be designed for the worst postulated accident condition; for a discussion on the types of accidents investigated see <Section 6.2>.


i.
Penetration, Piping and Equipment Missile Loads (symbols Ro, Ra, Yr, Yj, and Ym)



Penetration, piping and equipment missile loads are as defined in <Section 3.8.1.3.1.j> and are in accordance with the definitions of 



“Structural Design Criteria for Category I Structures Outside Containment” (Reference 1).


j.
Missile Loads (symbol M)



The postulated missile loads for the design are defined in <Section 3.5.1>.


k.
Explosions and Flammable Vapor Clouds (symbol Pr)



The exterior surfaces of all safety class structures are designed to withstand the effects of the postulated blast loading discussed in <Section 2.2.3>.  The design static positive pressures is 2.4 psi on all exterior walls not protected by adjacent structures and 1.2 psi static positive inward acting pressure on the roof.


l.
Cooling Water Tunnel Loads



Loads used in designing the permanent tunnel lining are:



1.
Dead Load Weight (symbol D)




Dead load weight of the lining.



2.
Operating Basis Earthquake (OBE) (symbol Feqo)




The permanent lining was designed for loads resulting from an OBE.



3.
Safe Shutdown Earthquake (SSE) (symbol Feqs)




The permanent lining was designed for loads resulting from an SSE.



4.
Fluid Pressures (symbol G)




The permanent lining was designed for differential fluid pressures across the lining.  The limiting condition for this loading was the case of no internal pressure and an external pressure equal to the tunnel depth below either ground water level or lake level.



5.
Grout Pressure (symbol G’)




The permanent lining was designed for loads induced by grouting outside of the permanent lining during construction.  See <Section 3.8.4.4.2> for further discussion of grouting.



6.
Ground (Rock) Loads (symbol H’)




The permanent lining was designed for a vertical ground load equivalent to the weight of a 30 foot height of rock over the tunnel crown for the cooling water tunnels and the service water tunnels.  Based upon the Terzaghi Criteria (Reference 12) for rock loads on tunnel supports, this is a conservative assumption of rock loads, corresponding to the maximum loading which can be expected in material such as the chagrin shale at the tunnel locations.




Existing horizontal compressive pressures in the rock may cause horizontal movement of the tunnel walls.  Nearly all of this movement is expected to occur shortly after excavation, before the installation of the permanent lining.  Therefore, active horizontal rock pressures were not a controlling consideration in the analysis of the permanent tunnel lining.



7.
Thermal Effects Under Normal Operation (symbol To)




The lining was designed for thermal effects induced in the permanent lining by seasonal variations in the intake water temperature.  Prior to operation, the permanent lining will be at the ambient rock temperature of approximately 55(F.  For design purposes under normal operating conditions, it was assumed that water temperatures in the intake tunnel may vary from 32(F to 81(F with seasonal variations in lake temperature.  Water temperatures in the discharge tunnel under normal operating conditions could be up to 21.3(F higher than water temperatures in the intake tunnel.



8.
Thermal Effects Due to Safe Shutdown Earthquake (symbol T’)




The permanent lining was designed for thermal effects induced by rapid changes in water temperature in the discharge tunnel, if the alternate service water intake tunnel <Figure 3.8‑70> is activated.  In such a case, the direction of flow in the discharge tunnel would be reversed and the permanent lining could be subjected to a rapid 21.3(F drop in water temperature.


m.
Offshore Structure Loads



1.
Ice Loads




Basically, two approaches were used to compute the horizontal ice pressures expected at the submerged offshore intake and discharge structures.  The first considers a static condition in which the ice is loosely piled and approximates a granular soil.  The second considers a dynamic condition, treating the impinging ice as a floating ice island which collides with the submerged structure.




Besides the vertical forces produced by waves <Section 3.8.4.3.1.n>, the intake structure could be subjected to vertical loads due to granular ice accumulation on top of the submerged structure and the hydrostatic loads resulting from a partial blockage of the intake ports.  For design purposes it was considered that the hydrostatic pressure acting on the top of the intake heads corresponds to the difference between the maximum registered lake water level and the minimum allowable water level in the emergency service water pumphouse.




(a)
Static Loads





The magnitude of the ice and hydrostatic loads on the submerged offshore structures depends on the nature of the ice (Reference 13).  If the ice is granular, the static pressure against each of the structures is:





(1)
Horizontal active ice pressure
0.85 psi (122 lbs/ft2)





(2)
Horizontal passive ice pressure
2.83 psi (407 lbs/ft2)





(3)
Maximum vertical pressure

9.49 psi (1,367 lbs/ft2)




(b)
Dynamic Ice Loads





If the submerged ridges of a moving large ice floe crush against any of the offshore structures, the dynamic horizontal pressures developed depend on the size of the structure and the impact velocity (Reference 14).  The 





effective horizontal impact pressure of an ice floe traveling at a velocity of 3 fps is:





(1)
Discharge structure


111.5 psi (16,056 lbs/ft2)





(2)
Intake structure ice






protection caissons


185.1 psi (26,654 lbs/ft2)



2.
Dynamic Wave Action Loads for Intake and Discharge Structures




Wave action generated during wind storms causes acceleration of subsurface as well as surface water particles.  With both structures founded on shale bedrock beneath the lake bottom, scour below the structures due to the movement of water particles will not occur.




The wave induced vertical differential pressures on a velocity cap of an intake structure were calculated according to the theory of Durgin and Shiau (Reference 14).  The diameter of the intake cap used in the calculation was 35 feet.  The intake cap is located approximately seven feet from the lake bottom as shown in <Figure 3.8‑67>.  The pressure distributions were calculated for each 1/8th cycle of wave position over the structure for water depths between 23 and 34 feet (probable maximum setup, <Section 2.4.5.2>) and between 4.3 and 8 seconds of wave period.  The critical maximum pressure was provided by the shallow water and found to be 300 lbs/ft2 for a 4.2 second wave period.  The maximum total inertial force on the structure due to the horizontal component of the wave motion is 3.61 psi being exerted over the projected area (Reference 14). 




(a)
Wave Loads Summary





The magnitude of wave induced vertical and horizontal pressures acting on the submerged offshore structures are:





(1)
Vertical upward pressure

+2.08 psi (+300 lbs/ft2)





(2)
Vertical downward pressure
‑2.08 psi (‑300 lbs/ft2)





(3)
Horizontal inertial pressure
 3.61 psi (520 lbs/ft2)



3.
Design Loads Summary (Symbol E)




The offshore intake and discharge steel structures are designed to withstand wave loads and static pressures due to granular ice accumulations which will act directly upon them.  Protective works consisting of 10 vertical, reinforced concrete caissons are built around the steel intake structures to protect them from impact by, and the horizontal dynamic forces resulting from, large moving ice floes.  A 17 foot diameter protective reinforced concrete ice protection caisson encases the 3 foot diameter steel diffuser nozzle and provides similar protection to the discharge structure from the ice floes (Reference 13) <Section 2.4.7>.




(a)
Horizontal Loads





The horizontal pressure used in design of the offshore intake structures is 3.6 psi.  The horizontal pressure used in the design of the vertical concrete caissons that 





form the ice protection for the intake structure is 185.1 psi.  The horizontal pressure used in the design of the concrete caisson around the discharge structure is 111.5 psi.




(b)
Vertical Loads





The vertical pressure used in the design of the offshore structures is 9.49 psi acting vertically downward and 2.08 psi acting upward.  These two loads were not applied simultaneously when designing the structures.


3.8.4.3.2      Loading Combinations


The following combinations of loads were investigated in determining the most critical conditions for design.  Many of the loads vary within a possible range.  For this type of load the specific value used was that which produced the most critical conditions when combined with other loads.


3.8.4.3.2.1      Land Based Structures


The land based structures are:


a.
Auxiliary Buildings (2).


b.
Fuel Handling Building (1).


c.
Intermediate Building (1).


d.
Control Complex (1).


e.
Radwaste Building (1).
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f.
Underdrain System Manholes (26).


g.
Diesel Generator Building (1).


h.
Offgas Buildings (2).


i.
Emergency Service Water Pumphouse (1).


j.
Condensate Storage Tank Foundations and Dike Walls (2).


k.
Service Water Valve Pit (1).


l.
Electrical Manholes (5).


The loading combinations for these land based structures were divided into loading combinations for concrete structures and loading combinations for steel structures and are listed in <Table 3.8‑5> and <Table 3.8‑6>.


3.8.4.3.2.2      Tunnels and Offshore Structures


These structures are:


a.
Offshore Intake Structures (2).


b.
Offshore Discharge Structures (1).


c.
Cooling Water Tunnels (2).


The load combinations for these structures are listed in <Table 3.8‑7>.


3.8.4.3.3      Extent of Compliance to ACI 349‑76 “Code Requirements for Nuclear Safety‑Related Concrete Structures,” American Concrete Institute


The extent of compliance to ACI 349‑76 is discussed in <Section 3.8.3.3.7>.


3.8.4.4      Design and Analysis Procedures


3.8.4.4.1      Safety Class Structures Excluding the Cooling Water Tunnels


a.
General



1.
Assumptions and Boundary Conditions for Static Analyses




(a)
Concrete Structures





The following assumptions were used as part of the analytical approach:





(1)
Free body models of parts of the structure are isolated.  Support conditions at the boundaries of models are conservatively assumed to be those giving the highest moments and shears in the structure.





(2)
Floors and roofs act as stiff diaphragms to transmit horizontal forces into shear walls.





(3)
Each structure settles uniformly.





(4)
In accordance with ACI 318‑71, Section 19.2.1, the material is ideally elastic, homogeneous and isotropic.




(b)
Steel Structures





The following assumptions were used as part of the analytical approach:





(1)
Material is ideally elastic, isotropic and homogeneous.





(2)
Framed connections are generally assumed to be pinned.  Where moment resisting connections are used, moment continuity is taken into account in the analytical techniques.  Support conditions at boundaries of models are assumed to be fixed or pinned as can be justified by the available restraint at the boundary.





(3)
Each structure settles uniformly.



2.
Assumptions and Boundary Conditions for Dynamic Analyses




Assumptions and boundary conditions are discussed in <Section 3.7>.



3.
Analytical Techniques




(a)
Static Analyses





The final static analyses were performed utilizing the following techniques:










Applicable Analytical Technique





Component________________Concrete_______Steel___________





Single span


Statics

Statics





beams and slabs

See Note(1)

See Note(1)











Applicable Analytical Technique





Component________________Concrete_______Steel___________





Multispan



ACI 318

not applicable





slabs, one


See Note(2)






and two



or moment





way




distribution





Multispan beams

Moment

Moment










distribution
distribution










See Note(3)

See Note(3)











or STRUDL

or STRUDL










See Note(4)

See Note(4)






Frames



Moment

Moment










distribution
distribution










See Note(3)

See Note(3)











or STRUDL

or STRUDL










See Note(4)

See Note(4)






Walls ‑



Bureau of

not applicable





single span


Reclamation





normal loads


See Note(5)






Walls ‑



Moment

not applicable





multispan



distribution





normal loads


See Note(3)






NOTES:





(1)
For determinate structures, moments and shears can be calculated directly by principals of static equilibrium.





(2)
ACI 318, Chapter 8, has formulas for calculating end moments for continuous or framed in beams and slabs, having uniform loading.





(3)
Moment Distribution:  A well known iterative technique for solving continuous beams and frames having one degree of indeterminacy.





(4)
ICES STRUDL:  A widely used computer program for solving structural models of discrete elements, plates, shells, or combinations of these.





NOTES: (Continued)





(5)
“Moments and Reactions for Rectangular Plates:” (Reference 15)  A handbook published by U.S. Dept. of Interior, Bureau of Reclamation giving coefficients for calculating edge moments and reactions in plates and slabs.




(b)
Dynamic Analyses





Analytical techniques for OBE and SSE are described in <Section 3.7.2>.





(1)
Seismic loads from OBE and SSE are reduced to equivalent static loads as described in <Section 3.7.2>.





(2)
Loads from postulated pipe rupture are taken to be the maximum reaction obtained from the dynamic pipe rupture analysis.  Refer to <Section 3.6> for description of analysis.




(c)
Missile Analyses





Analyses and design for missiles is described in <Section 3.5>.



4.
Design Methods




(a)
General





The method of design used for the reinforced concrete structures is the strength design method as described in 





ACI 318‑71 with the exception of design for missile protection which is described in <Section 3.5>.





The method of design for steel is the AISC Specification for Structural Steel with the following exceptions:





(1)
For load combinations that include SSE or design accident condition, the allowable stresses have been increased 50 percent above those specified in AISC Sections 1.5.1, 1.5.2, 1.5.3, 1.5.4, and 1.5.5.





(2)
For load combinations on local areas that include missile loads or pipe whip, the design methods are discussed in <Section 3.5> and <Section 3.6>, respectively.




(b)
Deformations and Deflections





No permanent deformations of any concrete structure are allowed for the load combinations of <Section 3.8.4.3.2> with the exception of missile loads when some local plastic deformation is allowed as described in <Section 3.5>.





For structural steel members the only permanent deformation allowed is in the pipe restraint collars which are designed into the plastic range as discussed in <Section 3.6>.


b.
Auxiliary Building



The concrete floor slabs and roof were analyzed using beam or plate theory and were designed as one or two‑way slabs, or a combination of both, depending on the proportions of the slab.  The steam 



tunnel slab, which is comprised of two separate slabs at different elevations but connected to one common concrete beam, was analyzed using moment distribution, while the beam was analyzed using MASS 01, a finite difference method solver.  The roof slab over the steam tunnel was analyzed using moment distribution, and the circular roof beam at the reactor end of the steam tunnel was analyzed considering finite elements using ICES‑STRUDL.



Distribution of the seismic forces on the walls was accomplished by hand calculations considering the building geometry and the mass stiffness of building elements.  Lateral loads were carried to the foundation by a system of slabs and shear walls.  The shear walls were designed for shear and flexural requirements for both in‑plane and out‑of‑plane loads.  Vertical slab loads were transmitted to the columns and walls.


c.
Fuel Handling Building



The design and analysis methods used for this structure are discussed for the following:



1.
Floor Slabs




The floor slabs are 2 or 3 feet thick as dictated by design or shielding requirements.  Analysis of the various slab elements was done by the computer program MASS 01, a finite difference method solver.



2.
Fuel Pool Walls




The fuel pool walls are integrally connected to the slabs at Elevations 620’‑6” and 599’‑0” and the foundation mat at Elevation 574’‑10”.  Walls vary in thickness from 4 to 7 feet.  The analysis includes all loads as prescribed in 




<Section 3.8.4.3> as well as hydrodynamic loads due to the pool water excitation during a seismic event.  Determination of these loads utilized a procedure outlined in “Earthquake Engineering for Nuclear Reactor Facilities,” John A. Blume & Assoc (Reference 16).  The computer program MASS 01 was used to determine the design forces.



3.
Walls Above Grade Elevation 620’‑0”




(a)
Exterior Walls





Exterior walls on the north, east and south sides of the fuel handling building are typically 3 feet thick stiffened vertically, for their full 60 feet height by 3 foot by 6 foot pilasters on the exterior wall‑face.  The pilasters are analyzed and designed primarily as flexural elements lending no appreciable membrane shear stiffness.  The walls are considered the mechanism for shear transfer to the mat and to resist vertical loads.




(b)
Interior Walls





The interior walls above grade are considered to act as shear walls for the distribution of seismic loads to the overall structure only where they are continuous from the roof to the floor slab at Elevation 620’‑6”; however, the analysis does consider the shear load in each wall for the design of that wall.



4.
Fuel Handling Area Crane




The bridge for the fuel handling area crane spans 66 feet 10 inches between the east exterior wall and the interior wall on column line IB‑8 as shown in <Figure 1.2‑8>.  Continuous 




reinforced concrete corbels support the crane rail at approximately Elevation 660’‑6”.  The corbels are designed for a seismic event occurring when the crane is loaded at its rated capacity.



5.
Roof Slab and Supporting Steel




The two foot roof slab is designed as a continuous beam spanning across the steel roof girders.  Girders are assumed simply supported.  Intermediate spanner beams are only designed to support the weight of the steel decking and wet concrete.



6.
Seismic Considerations




The fuel handling and intermediate buildings are tied together by a common mat and at the common wall at column line IB‑7 as shown in <Figure 1.2‑13>.  This is achieved by continuous reinforcement from intermediate building slabs at Elevations 599’‑0” and 620’‑6” and the roof at Elevation 682’‑6” into the counterpart slabs and fuel pool walls in the fuel handling building.  Seismic load distribution was accomplished by hand calculations according to the geometry and stiffness of supporting walls.  Slabs were assumed to act as rigid diaphragms.  Lateral and vertical loads were transferred by the walls to the foundation slabs.  See <Section 3.8.5.1> for a discussion of the foundation configuration and the design approach on supporting caissons.


d.
Intermediate Building



Concrete floor slabs and the roof were designed as one or two‑way slabs using geometry aspect ratio as a criterion.  The floors and roof were analyzed using plate theory or the computer program 



MASS 01.  Where plate theory was used, parametric studies were performed to obtain upper bound solutions.  The boundary conditions included in the model were based upon stiffness considerations.



Lateral slab loads were carried in diaphragm action to the walls and vertical slab loads were transmitted to columns and walls.



The shear walls were analyzed for shear and flexural requirements including the effects of penetrations.


e.
Control Complex



The structural steel frame consisting of floor beams and columns is designed to carry the vertical floor loads only.  The floor beams are designed as simple spans and the columns are designed for axial loads.  The steel decking spanning beams are provided as permanent formwork for concrete slabs.



The concrete structure consisting of floor slabs and external walls completely encloses the steel frame structure, the concrete walls being independent of steel columns.  The concrete structure is designed to take all lateral loads on the building.



All floor slabs except those at Elevations 638’‑6” and 654’‑6” are designed as simply supported, spanning between the steel beams.  The slabs at Elevations 638’‑6” and 654’‑6” supporting heavy loads due to cable tray and duct hangers are designed to act together (composite) with the steel beams.



The walls typically span one way between floor slabs, supporting soil and water pressure below grade in addition to wind and seismic forces.  The exterior walls and roof also act as missile barriers.  Seismic load distribution was accomplished by hand calculations according to the geometry and stiffness of supporting walls.  Slabs 



are assumed to act as rigid diaphragms.  Lateral and vertical loads are transferred by the walls to the foundation.



For missile design capability, the method described in <Section 3.5.3> was used.


f.
Radwaste Building



The concrete floor slabs and roof were analyzed and designed as spanning either one way or two ways.  The walls were designed for lateral and vertical loads.  The seismic load distribution was accomplished by hand calculations considering the geometry and stiffness of the walls.  Floors and roof slab were considered as rigid diaphragms in transferring lateral loads.  Lateral loads were carried down to the foundation by shear walls.  The shear walls were designed for shear and flexural requirements for both in‑plane and out‑of‑plane loads.  Vertical loads were taken by internal walls, columns and external walls.



The roof slab and exterior walls were designed for missile protection, using the methods as described in <Section 3.5.3>.



Loads from the nonsafety portion are considered in the design of the safety class portion of the radwaste building.  The nonsafety portion attaches to the safety class portion at the transverse concrete walls so that the loads are directly supported by these walls acting in shear.


g.
Diesel Generator Building



The concrete floor and roof slabs were analyzed using beam theory and were designed as one‑way slabs.



Distribution of the seismic forces on the walls was accomplished by hand calculations considering the geometry and stiffness of the walls.  Floors and roof slab were considered as rigid diaphragms in transferring lateral loads.  Lateral loads were carried to the foundation by a system of slabs and shear walls.  The shear walls were designed for shear and flexural requirements for both in‑plane and out‑of‑plane loads.  Vertical slab loads were transmitted to the walls.



The roof slab and exterior walls were designed to prevent missile penetration in accordance with <Section 3.5.3>.


h.
Offgas Building



All loads acting on the offgas building are transmitted by the exterior walls, interior walls and columns to the foundation mat which bears on structural fill.


i.
Emergency Service Water Pumphouse



The concrete floor and roof slabs, as well as the concrete walls, were analyzed by breaking them down into beams and slabs.  Then beam and plate theory was applied for solving the particular elements.



Seismic analysis was performed using the ICES‑DYNAL program as applied to a lumped‑mass cantilever model.  Distribution of the seismic forces on the walls was accomplished by hand calculations.  Lateral loads were assumed to be carried to the foundation by the roof and floor slabs, and by qualified vertical shear walls.



In addition, the slabs and walls above ground level were designed to withstand local seismic accelerations; those below ground level and submerged in water were designed to resist the forces of the 



sloshing earthquake effect; finally, those below ground level retaining the backfill were designed to resist the dynamic (earthquake) soil pressure.



The shell of the structure (exterior above ground walls and the roof) was also analyzed for tornado and missile loads.  Further, the exterior walls below grade level were checked for the extreme environmental loads of the water table to grade.


j.
Underdrain System Manholes



To determine seismic forces the underdrain manholes were analyzed using the computer program LUSH which is described in <Section 3.8.4.4.3>.  The computer model included the manhole and surrounding soil.  The strain dependent properties of soil were taken into account.  Ground accelerations were input at the base of the model.  The resulting accelerations of the manhole and the dynamic soil pressures were used in the design of the manholes in addition to static soil pressures.


k.
Electrical Manholes



The electrical manholes were designed to resist static plus dynamic (seismic) soil pressures on the walls.  The roofs were designed to resist tornado missiles.  In particular the removable 30 inch deep beams were designed to resist a maximum equivalent static load determined from consideration of the input of tornado missiles on the roof of the manholes.  See <Section 3.5.3> for a discussion of missile barrier design using equivalent static loads.


l.
Condensate Storage Tank Foundations and Dike Walls



The concrete ring girder and foundation mat were designed using beam theory.  The soil pressures were calculated assuming the 



circular foundation mat acts as a rigid plate.  The concrete dike wall was analyzed using Kalnins KSHEL1 computer program as discussed in <Section 3.8.4.4.3>.



The dike wall was designed for missile penetration using the methods described in <Section 3.5.3.3>.  Lateral loads acting on the dike wall were transmitted to the foundation mat.


m.
Service Water Valve Pit



The service water valve pit was analyzed for lateral earth pressure loads, hydrostatic loads, HS‑20‑44 truck loads, and seismic loads.



The concrete mat and roof were analyzed using beam theory and were designed as one‑way slabs.  The soil pressures were calculated assuming the foundation mat acts as a rigid plate.  The walls were designed for one‑way action using beam strips.  Lateral loads acting on the walls were transmitted to the foundation mat.



The hatch cover portion of the roof was designed for missile penetration using the methods described in <Section 3.5.3.3>.


n.
Intake and Discharge Structures



These fabricated steel structures were analyzed using elastic beam and slab theory for the component elements.  The analyses considered the static and dynamic forces produced by the fluid movements around and through the intake and discharge structures during operation, horizontal and vertical wave and seismically induced forces, as well as the structural dead weight loads.  The discharge structure was designed to sustain the fully effective vertical and horizontal impact pressures from ice flows, whereas the intake structures, which are each encircled by ice protection caissons, were designed to sustain a lower horizontal ice impact 



pressure.  In addition, the discharge structure was designed to sustain the thermal gradient caused by an emergency flow reversal.


3.8.4.4.2      Cooling Water Tunnels


a.
Rock ‑ Structure Interaction



The bedrock through which the tunnel was driven is a relatively uniform clay shale of 3,500 psi average unconfined compression strength.  Jointing and bedding is generally tight.  Extensive zones of intense fracturing or alteration have not been encountered during subsurface investigations, although a low angle, small displacement, thrust fault was encountered during excavation of the tunnels <Section 2.5> and <Appendix 2D>.  Laboratory tests indicate the rock does not have a high swell potential.  The vertical in situ ground pressure at tunnel level where the tunnels are under the greatest depth of cover is approximately 184 psi, computed as follows:



1.
35 feet of lacustrine deposits




and upper till 



at 130 pcf =  4,550 psf



2.
25 feet of lower till


at 140 pcf =  3,550 psf



3.
105 feet of chagrin shale

at 160 pcf = 18,400 psf













   26,500 psf













 =
 184 psi



This vertical in situ ground pressure is very low with respect to the average unconfined compression strength of the shale.



Because of the existence of in situ compressive stresses in the rock mass around the tunnel and the relatively low level of stresses induced in the rock by the presence of the tunnel, the 



anisotropic strength of the rock and the inability of the rock to resist tensile stresses are not significant, thus a non‑linear analysis was not attempted.



Tunnels are stable without support in such rock if it were not for progressive failure mechanisms such as loosening of the rock along pre‑existing joints and bedding planes, or surface deterioration and raveling due to water action, air slaking and stress relief, which allow rock from the arch to fall under the influence of gravity.  The temporary support restrained these progressive failure mechanisms during tunnel construction.  The permanent concrete lining will prevent their subsequent development.



After the permanent concrete lining was constructed, cement grout was injected under pressure through grout holes in the tunnel crown into the boundary between the concrete lining and the surrounding rock mass.  This grout injection serves to:



1.
Fill any voids which remained between the concrete lining and the surrounding ground.



2.
Penetrate any cracks or voids in the rock which may have pre‑existed or which may have developed as a result of tunnel excavation.



3.
Prestress the permanent concrete lining and transfer to the concrete lining any rock loads which may have been supported by the temporary supports.



As a result of these construction procedures, the permanent tunnel lining was analyzed as an elastic structure completely enclosed in and bonded to the surrounding elastic rock mass.


b.
Analytical Techniques



1.
Thermal Stresses




Stresses induced by the most critical temperature gradients were superimposed upon the other load combinations to determine net stresses in the lining.



2.
Static Loads




(a)
Intake, Discharge and Emergency Service Water Tunnels





Behavior of the concrete lining in response to static dead load D, water pressures G, grout pressures G’, and ground loads H’, was analyzed with a finite element model using the GENSAP code.  GENSAP analyzes one, two or three‑dimensional structural systems using the finite element approach.  The code handles most common structural elements, and both static and dynamic loadings.  Static structural problems are solved by a matrix displacement method of linear structural analysis.





The finite element model for the static analysis is shown in <Figure 3.8‑77>, with the boundary conditions shown.  The overhead boundary is the ground surface; lateral and bottom boundaries were chosen sufficiently far from the tunnel to be unaffected by expected tunnel response.  From elastic theory, static effects decay with distance from the tunnel in proportion to (a/r)2 where a = tunnel radius and r = radius to the point in question.  For the static analyses, the minimum boundary distance from the center of the 5 foot radius tunnel is 50 feet, i.e., (a/r)2 = 1/100.  Thus, at the model boundaries, static 





effects have decayed to one percent of their magnitude at the tunnel boundary.





The tunnel liner was modeled with two layers of finite plane strain elements, permitting computation of bending stress in the lining.  The surrounding shale was also modeled by plane strain elements.  The plane strain finite element is an isoparametric element that can develop variable strain distribution within the element, and is capable of handling both normal and shear strain.




(b)
Shafts and Elbows





The behavior of the shafts and elbows were extrapolated from the results of the finite element analysis of the intake, discharge and emergency service water tunnels.



3.
Seismic Loads




(a)
Intake, Discharge and Emergency Service Water Tunnels





Behavior of the concrete lining in response to seismic loads Feqo and Feqs was analyzed with a finite element model.  Both time marching and modal analysis were provided.  For the time marching method, the dynamic version of the GENSAP code computes the dynamic response of the linearly elastic system to time dependent ground acceleration in the horizontal and vertical direction, input on the left hand side of the model.  The dynamic response is obtained by integrating the equations of motion directly with respect to time.  The modal extraction technique used for the modal analysis is a form of the Rayleigh‑Ritz method which involves a 





transformation from the nodal coordinates of the finite element formulation to a smaller number of generalized coordinates.  The transformation matrix is obtained from the displacements of the model due to a prescribed set of force patterns.





The finite element model for the dynamic time marching analysis is shown in <Figure 3.8‑78> and is the same as for the static case, except the lateral and bottom boundary conditions are changed. Ground motions are input on the left hand side.  Both the right hand side and bottom boundaries were extended further from the tunnel.  Both right hand and bottom boundaries are energy absorbing boundaries which allow the stress waves to travel out of the model and thus prevent the formation of fictitious boundary reflections.  A symmetrical model similar to the static model in <Figure 3.8‑77> was used for the modal analysis except that the bottom and vertical boundaries were located 75 feet from the centerline of the tunnel.





In the analysis, response spectra for various points in the model were calculated for the time marching analysis and compared with the input spectrum.  The model does not display any significant tendency to modify the input motion, hence, it is concluded to be satisfactory.  The boundaries of the modal analysis model were selected using results of the time marching solution to make sure that boundary interference was insignificant.




(b)
Shafts and Elbows





The dynamic response of the shafts and elbows were analyzed using equivalent static load procedures 





extrapolated from the results of the finite element analysis of the intake, discharge and emergency service water tunnels.


c.
Expected Behavior Under Loads



In accordance with the concepts of flexible tunnel linings and soil‑structure interaction, as presented by Peck, Hendron and Mohraz (Reference 17), final design and analysis indicates that the concrete permanent lining behaves as a relatively flexible lining in a stiff surrounding mass, in response to external pressures and ground loads.  This means external pressures, loads and resulting reactions, which tend to develop, are carried by the lining primarily in uniform circumferential compression (tangential thrust), with small bending moments and eccentricity of loads.  Design and analysis indicate that reinforcing steel is not necessary in the permanent lining, except at discontinuities such as tunnel junctions.



The resultant stresses computed are within code allowable limits for structural plain concrete, including ultimate load factors which equaled or exceeded those required by the standard review plan.  Based on experience gained from the behavior of similar tunnels, the Perry tunnels are considered adequate (Reference 18).


d.
Design Methods



1.
General




The permanent concrete lining is designed according to strength design concepts set forth in ACI 318‑71, as modified herein, and as described in detail in (Reference 18).



2.
Unreinforced Sections




Unreinforced concrete linings are designed using ACI 322‑72 as a supplemental to ACI 318‑71.




For combinations of moment and thrust in which the full thickness of the lining falls within the stress block defined by ACI 318‑71, Section 10.2.7, strength of the unreinforced concrete permanent lining is calculated by:








Pu = ( (0.85
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The capacity reduction factor ( is taken as 0.75.  This value of ( is justified by the redistribution of stress in the surrounding ground, reduction of load on the tunnel lining and redistribution of stress within the lining in response to deformations of the lining.




The ACI Committee Report, Commentary on ACI 318‑71, Section 9.1.1, Page 29, explains the basis for the normal capacity reduction factors.  Paragraph 5 of Section 9.1.1 of the commentary provides for modification of normal capacity reduction factors for structures and loadings “ . . . materially different from those encountered in the normal design situations.”



3.
Reinforced Sections




The permanent concrete lining at tunnel junctions was designed as a reinforced concrete member subjected to combined flexure and axial load, in accordance with ACI 318‑71, Section 10.


3.8.4.4.3      Computer Programs


a.
Computer Programs Used in the Structural Analyses of Safety Class Structures other than Containment



1.
ICES‑STRUDL‑II




For program description and computer hardware/software see <Section 3.8.3>.



2.
GENSAP




For program description and computer hardware/software see <Section 3.8.4.4.2.b.2.(a)>.



3.
MASS‑01




MASS‑01, “Mat and Slab Solver,” is a user oriented computer program which solves mat, slab and wall bending problems.  The program utilizes finite difference theory to form a symmetrical matrix in order to solve the uncoupled Lagrange‑Germain‑Huber variable thickness form of the biharmonic partial differential equation for steady‑state transverse slab loading.  The slab is divided into a discrete number of node points so that the resulting network forms the basis of the matrix.




The boundary conditions which MASS‑01 solves are not limited to the classical boundaries:  clamp, simple and free.  A slope deflection approach to the boundary conditions also enables the user to obtain solutions to elastic boundaries.  Thus, the user can specify, for both interior and exterior boundaries, a geometry consisting of walls and columns perpendicular to the slab and composite or non‑composite beam framing.  The effect 




of interaction, both bending and torsion, is also included so that the computer model effectively represents the structure.



4.
KALNINS Static Analysis of Axisymmetric Shells




KALNINS uses a multisegment method of direct numerical integration of boundary value problems and was developed by Aturs Kalnins and published in the Journal of Applied Mechanics, Vol. 31, September 1964, pp. 467‑476, and in the Journal of the Acoustical Society of America, Vol. 36, July 1964, pp. 1355‑1365.  The program calculates elastic deflections and stresses in a thin‑walled, axisymmetric shell when subjected to any arbitrary surface, edge and/or ring loads.  The solution is based on the linear theory of elasticity and takes into consideration bending as well as membrane action of the shell in response to applied load.  Results are in terms of resultant forces and couples with stresses calculated by assuming a linear distribution through the thickness.




This program has been widely used for thin shell analysis since its release to the public domain in 1968.  The program is being run on Gilbert Associates Inc., Reading, PA, IBM 370/158 computer under IBM operating system MVS 3.7 with JES 2 and also on the Control Data Corp. CDC computers of the Rockville, MD, computer center.



5.
ICES‑DYNAL




See <Section 3.8.1.4.6.a.1>.



6.
LUSH ‑ Response Analysis of Soil Structure System




LUSH is a finite element program for earthquake analysis of plane structures.  In an approximate manner, it takes into account strong non‑linear effects which occur in soil masses when subjected to strong earthquake motions.  It uses a combination of the equivalent linear method described by Seed & Idriss (1969) and the method of complex response with complex moduli.




This program has been widely used in the public domain.  The program is being run on the United Computing Systems, Inc., CDC 175 computer system.


b.
Design Control and Verification of Computer Programs



The methods used for the design control and verification of the computer programs used in the analysis of safety class structures are discussed in <Section 3.8.1.4.6.b>.


c.
Verification of Program Usage



1.
ICES‑STRUDL‑II




For program verification refer to <Section 3.8.3>.



2.
GENSAP




GENSAP is an expanded version of the SAP computer program.  SAP is a well recognized program in the public domain.  The SAP program was developed under the direction of Professor E. L. Wilson at the University of California, Berkeley, California, and is available to the public through 




the National Information Service ‑ Earthquake Engineering, 729 Davis Hall, Berkeley, California.  This program is written completely in FORTRAN IV language and is operable on a CDC 6600 computer.  The date of release of the SAP program to the public domain was September 1970.  The dynamic analysis by normal mode in GENSAP is based entirely on SAP, except for the modifications needed to change the output capabilities and formats.  The GENSAP analysis was performed on a Univac 1108 computer, by Agbabian Associates, Los Angeles, California.  GENSAP has been used extensively at Agbabian Associates for all types and sizes of problems since March 1971.  GENSAP has also been used by other organizations such as the U.S. Army Corps of Engineers, Huntsville, Alabama, and Systems Professional in Los Angeles, California.  Test problems have been run to verify that the GENSAP computer program when run on the Univac computer gives the same results obtained for the same problems when run on the CDC 6600 computer with the SAP program by the University of California, or as obtained from classical analytical solutions.  Documentation of GENSAP is traceable to Agbabian Associates, Los Angeles, California.



3.
MASS‑01




MASS‑01 has been verified by comparison to classical solutions for plates and shells.  The documentation of the program is available at Gilbert Associates, Inc., Reading, PA.



4.
KALNINS




This program has been widely used in the public domain for the past five years.  For the analysis of safety class structures, the results obtained, using the particular revision and computer hardware/software combination, have been verified by 




comparison of test results with previously obtained solutions and test problems supplied with the program manual.  Documentation for the program is traceable to the author, Dr. Arturs Kalnins, Lehigh University, Pennsylvania.



5.
ICES‑DYNAL




See <Section 3.8.1.4.6.c.1>.



6.
LUSH




This program has been widely used in the public domain.  For the analysis of Safety Class structures, the results obtained, using the particular version and computer hardware/software combination, have been verified by comparison of results to published test problems.  Documentation of this program is traceable to the University of California ‑ Berkeley.


3.8.4.5      Structural Acceptance Criteria


a.
Stress and Strain Criteria for Concrete Structures Excluding the Cooling Water Tunnels



The stress criteria will be based on the strength design concept of ACI 318‑71.  The factored loads in the load combination are discussed in <Section 3.8.4.3>.  The stress criteria and load combinations are modified by the use of the capacity reduction factor (() given in Section 9.2 of ACI 318‑71.  Thus stresses and strains will be within the elastic limit for the postulated loads and load combinations.  Any displacements will be elastic, such that gross permanent deformations will not occur.


b.
Structural Steel Stress Criteria



1.
The stress criteria will be based on the recommendations of the AISC specification for the loads and load combinations set out in <Section 3.8.4.3>.  Thus the elastic design approach will not result in the basic structure experiencing gross deformations except for local loads, <Section 3.5> and <Section 3.6>.



2.
The stress criteria for pipe whip restraints will allow gross deformation of the restraint to occur.  The deformation imparted to the restraint enables the energy in the ruptured pipe to be dissipated and controlled.  The deformation of the restraint will not cause deformation of the anchoring structure.  Thus the deformation is limited to the restraint.  The stress criteria, analytical techniques and design methods for the pipe whip restraints is given in <Section 3.6>.  For deformation criteria for missiles refer to <Section 3.5>.


c.
Cooling Water Tunnels



1.
Permanent Lining




(a)
Factor of Safety





The nominal factor of safety of the permanent lining under the postulated loadings is determined by the load factors and capacity reduction factors used in design.




(b)
Deformation





Deformations of the lining will be the combined elastic and creep deformations experienced under working loads.




(c)
Longitudinal Behavior





Well distributed fine circumferential tensile cracking in the concrete permanent lining due to concrete shrinkage, temperature changes and longitudinal dynamic forces in a seismic event, will not impair the tunnel functions, and will be accepted.  Longitudinal reinforcing is not provided to restrain these effects.  Concrete shrinkage is minimized by:





(1)
Curing of the concrete as specified in <Section 3.8.4.6.2.b.6.(h)>.





(2)
The high humidity and moderate temperature of the normal tunnel environment during construction.





(3)
The continuously saturated condition of the lining during normal plant operation.





Well distributed cracking, if cracking does develop, will be ensured by the mechanical interlock which exists between the cast‑in‑place concrete lining and the irregular rock surfaces of the tunnel excavation.  This mechanical interlock will prevent longitudinal strains from accumulating over long distances and developing large cracks.




(d)
Tunnel Faulting Considerations





The very limited extent of the fault (gauge thickness 0.1 ft; <Section 2.5> and <Appendix 2D> in comparison to the lining thickness mitigates its ability to influence the tunnel linings structural capacity in the circumferential 





direction.  From the standpoint of seismic design, the non‑seismic fault is of no significance other than the fact that it represents a narrow zone in which the elastic modulus of the material has been slightly altered (Reference 18).


3.8.4.6      Materials, Quality Control and Special Construction Techniques


3.8.4.6.1      Summary of Material Specifications and Quality Control


The material specifications and quality control provisions are summarized in <Table 3.8‑8> giving cross references to applicable sections of the USAR.  Cadweld splices are discussed in <Section 3.8.1.6>.


3.8.4.6.2      Cooling Water Tunnels and Offshore Structures


a.
Standards and Specifications



1.
ACI (American Concrete Institute)




ACI 301‑72, “Specifications for Structural Concrete for Buildings.”




ACI 304‑73, “Recommended Practice for Measuring, Mixing, Transporting, and Placing Concrete.”




ACI 305‑72, “Recommended Practice for Hot Weather Concreting.”




ACI 306‑66, “Recommended Practice for Cold Weather Concreting.”




ACI 308‑71, “Recommended Practice for Curing Concrete.”




ACI 309‑72, “Recommended Practice for Consolidation of Concrete.”




ACI 318‑71, “Building Code Requirements for Reinforced Concrete.”




ACI 347‑68, “Recommended Practice for Concrete Formwork.”




ACI Title No. 59‑57, “Durability of Concrete in Service.”




ACI Title No. 68‑33, “Placing Concrete by Pumping Methods.”



2.
ASTM Standards (American Society for Testing and Materials)




ASTM A 36‑74, “Structural Steel, Spec. for.”




ASTM A 325‑74, “High Strength Bolts for Structural Steel Joints Including Suitable Nuts and Plain Hardened Washers, Spec. for.”




ASTM A 441‑75, “High Strength Low‑Alloy Structural Manganese Vanadium Steel, Spec. for.”




ASTM A 578‑71b, “Straight‑Beam Ultrasonic Examination of Plain and Clad Steel Plates for Special Applications, Spec. for.”




ASTM A 615‑74, “Deformed and Plain Billet‑Steel Bars for Concrete Reinforcement, Spec. for.”




ASTM C 109‑73, “Standard Method of Test for Compressive Strength of Hydraulic Cement Mortars.”




ASTM C 309‑74, “Liquid Membrane‑Forming Compounds for Curing Concrete, Spec. for.”




ASTM E 109‑63, “Dry Power Magnetic Particle Inspection.”



3.
AWS (American Welding Society)




AWS D1.1‑75, “Structural Welding Code,” including revisions AWS D1.1‑Rev. 1‑76 and AWS D1.1‑Rev. 2‑77.



4.
Federal and Military Specifications




(a)
Military Specification MIL‑P‑23236, “Paint Coating Systems, Steel Ship Tank, Fuel, and Salt Water Ballast,” December 17, 1965.




(b)
CRD C 588‑76, Corps of Engineers’ Standard “Method of Sampling and Testing Expansive Grouts.”




(c)
CRD C 79‑58, Corps of Engineers’ Standard “Method of Test for Flow of Grout Mixtures.”



5.
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section II (Parts A and C), III (Division 1), V, and IX; 1977 Edition with addenda for Winter of 1978.


b.
Material



1.
Cooling Water Tunnels and Offshore Structures




Concrete and reinforcing steel used in the permanent concrete tunnel lining and the offshore structures conformed to the materials and quality control provisions of <Section 3.8.1.6.1.1>, <Section 3.8.1.6.1.2>, <Section 3.8.1.6.1.3>, <Section 3.8.1.6.1.4>, and <Section 3.8.1.6.1.5> (Concrete Construction ‑ Codes and 




Standards through Concrete Quality Control) and of <Section 3.8.1.6.2> (Reinforcing Steel) except as modified below:




(a)
Minimum concrete compressive strength of 4,000 psi at 28 days.




(b)
Minimum of 6.5 bags of cement per cubic yard of concrete.




(c)
Maximum aggregate size of 1‑1/2 inches, except for the ice protection caissons which is 3/4 inch.




(d)
Consistency





(1)
The maximum slump for concrete at the point of placement, prior to being compacted by approved mechanical vibrators, was five inches.





(2)
A tolerance of up to one inch above the indicated maximum was allowed for individual batches provided the average for all batches or the most recent ten batches tested, whichever is fewer, did not exceed the maximum limit.



2.
Offshore Structures




(a)
Materials





(1)
Steel conforms to ASTM A 441 (discharge structures) and ASME SA‑299 (intake structures).





(2)
Steel plates were inspected by ultrasonic inspection methods conforming to ASTM A 578 or ASME SA‑578, and 






visual examination conforming with the ASME Code, Section V, Article 9.





(3)
Steel plates and structural steel were certified by the manufacturer prior to use.




(b)
Welding





(1)
Welding was performed with either the shielded metal arc, submerged arc or flux cored arc welding process.





(2)
All welding procedures and qualification of welders and welding operators conformed to the requirements of the American Welding Society (AWS) D1.1 or Section IX of the ASME Code.


c.
Quality Control



1.
Cooling Water Tunnels




See <Section 3.8.1.6.1.5> and <Section 3.8.1.6.2.3>.



2.
Offshore Structures




(a)
Testing





(1)
Welds were radiographed.  Radiographing was performed in accordance with the requirements of AWS D1.1 or the ASME Code (Section V), and as herein specified.  Radiographing included the furnishing of equipment, materials and labor for the radiographing of 25 percent of the total number of linear feet of full penetration groove welds.





(2)
Welds showing defects were removed and repaired as specified.  Additional radiography was performed, the frequency and extent of which depended on the number of defective welds, as specified.





(3)
Magnetic particle inspection was required for inspection of fillet welds.  Magnetic particle examination was in accordance with Section 6.7 of AWS D1.1 or Section V of the ASME Code.  This examination was performed for the root pass and final surface only.


d.
Special Construction Techniques and Requirements ‑ Cooling Water Tunnels



Tunnel construction requirements are outlined as follows:



1.
Excavation and Temporary Support




(a)
Excavation Methods





Tunnel excavation was primarily performed by tunneling machines, although conventional drill and blast techniques were also employed.




(b)
Tunneling Machines





Tunneling machines were of a type which afford adequate protection against loss of ground and permit placement of ground support as required by ground conditions.





Methods used to advance the tunneling machines insured their correct alignment at all times, without blinding or imposing excessive loads on the surrounding ground.




(c)
Blasting





Blasting was permitted only after precautions were taken for the protection of all persons, work and property.  Blasting within 50 feet of adjacent structures or concrete, except shotcrete, was permitted only after submission by the contractor of a plan showing the relative positions of the structures or concrete, the area to be blasted and the blasting technique to be employed.  All adjacent structures and concrete were protected by limiting the size of blasts, by covering blasts with blasting mats or by other means to prevent damage from shock waves or fly rock.





Ground vibrations were seismographically monitored by measuring the peak particle velocity of the ground in the vicinity of blasting.  The peak particle velocity at any structure in the vicinity of blasting operations did not exceed two inches per second.  Peak particle velocities not exceeding three inches per second were permitted in the vicinity of cast‑in‑place concrete placed as part of the tunnel construction contract.




(d)
Lines of Excavation





Minimum lines of excavation were shown on the drawings and designated as the “A” lines.  No unexcavated material, timbering or portions of steel supports except as noted on the drawings were permitted to project within the “A” lines.




(e)
Temporary Support





The minimum temporary support system required to support the tunnel excavation consisted of rock bolts supplemented with steel strapping and wire mesh as described in <Section 3.8.4.1.12.b>.  Alternative or additional temporary support systems which were permitted to be used for varying ground conditions were shotcrete and steel supports.  These methods were included in the approved construction specifications although they were not required to be used in the work.  See <Figure 3.8‑71> and <Figure 3.8‑72> for details.




(f)
Ventilation





Geological investigations indicated the presence of gas in the rock formation through which the tunnels were driven.





The detailed construction specifications included gas detection and control requirements such as ventilation of dangerous concentrations of gas, testing for gas concentrations, shutting down the work if dangerous gas levels were encountered, and establishing safe working conditions for resumption of the work.



2.
Rock Bolts




(a)
General





The rock bolt layout shown on <Figure 3.8‑71> was the minimum required temporary support system.  Modifications as required to suit ground conditions included variations 





in diameter, pattern, spacing, length of rock bolts, anchorage, and bolt assemblies.  The beneficial effects of the temporary supports were neglected in the design and analysis of the permanent concrete tunnel lining.



3.
Tunnel Lining




Construction of the cast‑in‑place concrete permanent tunnel lining met the following requirements:




(a)
Tolerances





(1)
Tolerances for cast‑in‑place concrete tunnel lining conformed to the following:






Departure from or return to






established alignment not






greater than  . . . . . . . .
1 inch per 100 feet






Maximum departure from






established alignment . . . .
3 inches






Maximum departure from






established grade . . . . . .
1 inch






Variation in thickness at






any point . . . . . . . . . .
‑0






Variation from inside






dimensions  . . . . . . . . .
1/2 of 1 percent






Variation from plumb for shafts:







in 10 feet . . . . . . .
1/2 inch







in 40 feet or more . . .
2 inches





(2)
Tolerances for placing of reinforcing steel bars conformed to the following:






Variation from 2 inch cover






specified







Inside bars  . . . 
‑1/4 inch, +(1‑1/4) inch







Outside bars  . . .
‑0, +1/2 inch


Variation from 3 inch






cover specified .  . . .
(1/2 inch






Variation from indicated






spacing  . . . . . . . .
(1 inch




(b)
Formwork





(1)
General






Design, construction, inspection, and stripping of forms, and material used in forms were in accordance with ACI 347‑68, except as modified by the approved construction specifications.





(2)
Forms For Concrete Tunnel Lining






Forms for the tunnel lining consisted of steel and were constructed in such lengths that each concrete placement could be completed without intervening cold joints.




(c)
Preparation for Placing





(1)
General






Water in the tunnel was controlled so that at no time during placement or hardening of the concrete would water wash, mix with or seep into the unhardened concrete.





(2)
Surface Preparation






All surfaces against which concrete was placed was free from standing and running water, mud, debris, oil, frost, ice, and loose material.





(3)
Joints in Concrete






Construction joints were clean and damp, but not wet, when covered with fresh concrete.  Cleaning consisted of the removal of all laitance, loose or defective concrete, coatings, sand, curing compound, and other foreign material.  Construction joints were washed thoroughly with air‑water jets or wet sand‑blasted or both, as approved by the resident tunnel engineer.  Excess water was removed before the new concrete was placed.




(d)
Transporting Concrete





The methods and equipment used for transporting or conveying concrete from the point of delivery and the time that elapsed during transportation or conveyance was such as would not cause appreciable segregation of coarse aggregate in the concrete as it was incorporated into the work.




(e)
Placing





(1)
General






Placing and consolidation of concrete was performed in accordance with ACI 301‑72, ACI 304‑73 and ACI 309‑72, except as modified by the approved 






construction specifications.  In the event of conflict, ACI 301‑72 governed.  Concrete pumping work was in accordance with ACI 301‑72, Chapter 9 of ACI 304‑73 and ACI Title No. 68‑33.





(2)
Concrete Tunnel Lining






Concrete tunnel lining was formed and placed for the full circular tunnel section in one continuous operation.






Concrete in the full circular section was placed by pumping or other approved methods.  The equipment used in placing the concrete and the method of its operation was such as would permit introduction of the concrete into the forms without high velocity discharge and resultant segregation.





(3)
Consolidation






All concrete was consolidated by vibration to the maximum practicable density, so that it was free from pockets of coarse aggregate and entrapped air, and so that it closed tightly against the subgrade and all surfaces of forms and embedded materials.






Consolidation of concrete in the tunnel lining was performed by immersion type vibrators and by form vibrators.  Form vibrators were rigidly attached to the forms and operated at speeds of at least 8,000 cpm when vibrating concrete.  Form vibrators were operated at successive locations not more than 5 feet apart, closely behind the advancing slope of concrete in the sidewalls and shoulders of the arch.  






The location of the form vibrators at the crown, position of the end of the discharge line, operation of vibrators, discharge of concrete, and withdrawal of the discharge line was coordinated so as to obtain maximum filling of the crown with concrete and so as to avoid settlement and flow of concrete from the filled crown due to improperly positioned and timed vibration.




(f)
Curing and Protection





Curing of concrete was in accordance with ACI 301‑72 and ACI 308‑71, except as modified by the approved construction specifications.  A curing compound meeting the requirements of ASTM C 309‑72, Types 1 and 2, was used.  Curing compounds were not applied to surfaces where bond was required for additional concrete.





Freshly deposited concrete was protected from excessively hot or cold temperatures in accordance with ACI 305‑72 and ACI 306‑66.




(g)
Deficient Concrete





Deficient concrete was removed and repaired in accordance with ACI Title No. 59‑57, Chapter 7, unless modified by the approved construction specifications.



4.
Grouting




(a)
General





Specifications included consolidation grouting to control water flows and to consolidate ground; and contact 





grouting to fill voids between the concrete lining and the excavated surfaces.




(b)
Consolidation Grouting





Consolidation grouting is a technique used to expedite construction, and is not necessary for the stability of the completed tunnel.  The approved construction specifications permitted the use of consolidation grouting, although the conditions encountered in the work did not require its use.




(c)
Contact Grouting





Detailed specifications for contact grouting were included in the approved construction documents.  General features of contact grouting were as follows:





(1)
Materials






Grout consisted of a mixture of cement and water or cement, sand and water.  Materials for grout were as specified in <Section 3.8.1.6.1.2.a>, <Section 3.8.1.6.1.2.c> and <Section 3.8.1.6.1.2.d>, for concrete.





(2)
Equipment






Grout holes and vent holes were drilled with either rotary or percussion drilling equipment.  The equipment for mixing and injecting grout was of adequate size capable of satisfactorily agitating the grout and forcing it into the grout holes in a continuous flow at approved pressures.





(3)
Grout and Vent Holes






Holes through the tunnel lining for the purpose of injecting grout or air release were at the locations and to the depths shown on <Figure 3.8‑71> and <Figure 3.8‑72>.  Holes were formed by embedding pipe in the concrete during placing of the lining or by drilling through the concrete lining.  Pipe and fittings conformed to ASTM A 120, Schedule 40, Black.





(4)
Grout Placement






Contact grouting was not performed behind concrete lining less than 14 days old.  Grouting was continued until a clear grout stream emerged from the vent.  Pressure at the hole was as approved, but did not exceed 50 psi.  The grouting of a hole was considered complete when the hole refused grout at 90 percent of the highest pressure directed for that hole.  After the grouting of a hole was completed, the pressure was maintained by means of a stop cock or other suitable device until the grout had set sufficiently to be retained in the hole.


e.
Special Construction Techniques and Requirements ‑ Offshore Structures



Placement of Steel Lining in Offshore Downshafts and Risers



1.
Steel linings were placed in accordance with the approved construction documents.



2.
Two inch diameter threaded rods were screwed through the 24 grout plug openings after the placement of each liner such that, (1) the ends of the rods extended a minimum of 4‑1/2 inches beyond the outside of the liner shell, and (2) a nut tack welded to the end of the rod was drawn tight against a lead washer and the inside of the steel liner.  The material for the nuts and rods conformed to ASTM A 36‑74 steel.  After the installation, the area of the nuts and washers was completely covered with a protective one‑coat application of coal tar epoxy meeting Military Specification MIL‑P‑23236, Type 1, Class 2.  After installation of the rods, an approved plant‑mix grout was placed to completely fill the void between the steel liner and the rock excavation limits.  The grout attained a minimum compressive strength of 4,000 psi at 28 days when tested in accordance with ASTM C 109‑73.



3.
The transition area at the bottom of the steel linings was filled with nonshrinking, pre‑mix grout.  The nonshrink grout was mixed and placed in accordance with the manufacturer’s recommendations and the contractor’s approved construction procedures.  The nonshrink grout had a minimum ultimate compressive strength of 4,000 psi at 28 days when tested in accordance with ASTM C 109‑73.  Dimensional stability was tested in accordance with CRD C 588‑76.


3.8.4.7      Testing and Inservice Inspection Requirements


There are no planned systematic testing or inservice surveillance programs for the safety class structures discussed in this section.


At present there are no trash racks at the offshore intake structure ports.  The intake heads were designed in such a way that trash racks can be installed if required.  Need for trash racks will be based on an inservice surveillance program of monitoring the intake heads and their ports.


3.8.5      FOUNDATIONS AND CONCRETE SUPPORTS


3.8.5.1       Physical Description


Major safety class structures are listed in <Table 3.8‑9>.


The design of the foundations for these structures considers the stiffness of the mat.  Loads from walls and columns are assumed to be transferred to the mat by direct bearing.  Where moment carrying connections occur, the design incorporates the applied moments at the junction with vertical structural elements.


The reactor building complex mat does not provide the immediate foundation for the reactor or reactor coolant pumps.  <Section 3.8.3> gives details of the reactor foundation (reactor vessel pedestal).  


Adjacent safety class structures are separated by a sufficient space to accommodate seismic movements.  Groundwater is prevented from entering the “rattle space” by a continuous waterproofing membrane which extends under the foundation mats.  In addition, the joints between the safety class foundation mats contain waterstops.  Should the waterproofing membrane and waterstops fail for any reason, the walls of adjacent safety class structures are designed for water elevation at 590’‑0”, corresponding to the design basis groundwater elevation described in <Section 3.8.5.3.4>.


Where possible, shear transfer from the bearing material to the reinforced concrete foundation is by friction; otherwise shear transfer from the bearing material to the reinforced concrete foundation is by a combination of friction and passive soil pressure against shear keys.  In either case, the waterproofing membrane and porous concrete have sufficient shear strength and coefficient of friction to develop the required frictional resistance.  The coefficient of friction used in the design is 0.5.  This value is the minimum for the waterproofing membrane, as required by the project specifications, and is also lower 


than the expected coefficient of friction for any of the bearing material:  shale, concrete, porous concrete, waterproofing membrane, and interfacing surfaces.  Expected coefficients are in the range of 0.6 to 0.8 for waterproofing membrane on concrete.  The other media are expected to have coefficients of friction of above 0.6 as recommended by the soils consultant, Woodward‑Clyde Consultants.  The general arrangement of shear keys required to help transfer shear from the bearing material to the concrete foundations is shown in <Figure 3.8‑90>, <Figure 3.8‑91>, <Figure 3.8‑92>, <Figure 3.8‑93>, <Figure 3.8‑94>, and <Figure 3.8‑95>.  Details of the waterproofing membrane are illustrated in <Figure 3.8‑79>.


Caissons are used as vertical support for a portion of the fuel handling building <Figure 3.8‑80>.  The piers extend from the bottom of the mat through the underlying backfill material and the porous concrete blanket and penetrate into the shale.  The vertical bearing pressure under the caissons is less than the allowable bearing pressure of the shale, as established by <Section 2.5>.  The caissons are not considered as providing resistance to the lateral movement of the building.  Resistance to lateral forces on the building is provided by the friction of the portion of the foundation mat that rests on shale.  For the design of caissons, deflections are obtained at the top of the caissons from the seismic analysis <Section 3.7.1>.  These deflections are used to calculate moments and shears by means of a beam on elastic foundation model.  In this model, conservative values of shears and moments are calculated using parametric studies in which both the stiffness of the soil and the end conditions are varied within possible bounds.  Soil stiffness values are obtained from the soil consultant, Woodward‑Clyde Consultants.


The configuration, layout, identification of bearing strata, immediate bearing material, etc., for the foundations of the safety class structures listed above, are shown in <Figure 3.8‑81>.


3.8.5.2      Applicable Codes, Standards and Specifications


3.8.5.2.1      Codes


a.
ACI 301‑72, “Specifications for Structural Concrete for Buildings,” American Concrete Institute.



All chapters of ACI 301 are applicable except Chapter 15 which has requirements for prestressed concrete.


b.
ACI 318‑71, “Building Code Requirements for Reinforced Concrete,” American Concrete Institute.



Chapters Used



1
General Requirements



2
Definitions



7
Details of Reinforcement



8
Analysis and Design



9
Strength and Serviceability



10
Flexure and Axial Load



11
Shear and Torsion



12
Development of Reinforcement



13
Footings



Appendix B ‑ Notation



Chapters Not Used



3(1)

Materials



4(1)

Concrete Quality



5(1)

Mixing and Placing Concrete



6(1)

Formwork, Embedded Pipes, and Construction Joints



13(2)

Slab Systems with Panels



14(2)

Walls



Chapters Not Used (Continued)



16(2)

Precast Concrete



17(2)

Composite Concrete Flexural Members



18(2)

Prestressed Concrete



19(2)

Shells and Folded Plate Structures



20(2)

Strength Evaluation of Existing Structures 





Appendix A



NOTES:



(1)
ACI 301‑72 will be used to define requirements in this area as modified by <Section 3.8.5.6>.



(2)
These sections are not applicable to foundation structures.


c.
Ohio Building Code, 1970 Edition, Chapter BB‑33 “Reinforced and Plain Concrete, Reinforced Gypsum Concrete and Reinforced Masonry,” Board of Building Standards Department of Industrial Relations, State of Ohio.



Sections Used



BB‑33‑01
Definitions



BB‑33‑02
Abbreviations



BB‑33‑03
Accepted engineering practice and approved standards



BB‑33‑07
Reinforced concrete general design and construction



Sections Not Used



BB‑33‑04(1)

Reinforced concrete materials



BB‑33‑05(1)

Concrete, classification and quality



BB‑33‑06(1)

Concrete, ready mixed



BB‑33‑08(2)

Reinforced concrete, supervision



BB‑33‑09 to



Sections Not Used (Continued)



BB‑33‑13(3)

Plain concrete



BB‑33‑14(4)

Reinforced gypsum concrete, precast



BB‑33‑15(4)

Reinforced gypsum concrete, design and construction



BB‑33‑16 to



BB‑33‑20(5)

Reinforced masonry



NOTES:



(1)
ACI 301‑72 will be used in this area as modified by <Section 3.8.4.6>.



(2)
Not applicable to these designs.



(3)
Plain concrete is not used on these structures except as a foundation.



(4)
Reinforced gypsum backfill material is not used on these structures.



(5)
Reinforced masonry is not used on these structures.


d.
ASME‑ACI, “Proposed Standard Code for Concrete Reactor Vessels and Containment” ‑ Proposed Section III, Division 2, of ASME Boiler and Pressure Vessel Code ‑ Issued May 1974, as Committee Draft.


3.8.5.2.2      Standards


a.
ASTM Standards:  The more significant ASTM standards are listed in <Table 3.8‑8>.


b.
Applicable Regulatory Guides



Regulatory guides pertaining to seismic design classification and seismic design are referenced in <Section 3.2> and <Section 3.7>, respectively.



1.
<Regulatory Guide 1.10>, “Mechanical (Cadweld) Splices in Reinforcing Bars of Category I Concrete Structures.”  This standard was used with modifications specified in <Section 3.8.1.6.3>.



2.
<Regulatory Guide 1.15>, “Testing of Reinforcing Bars for Category I Concrete Structures.”  This standard was used with the modifications specified in <Section 3.8.1.6.2>.



3.
<Regulatory Guide 1.55>, “Concrete Placement in Category I Structures.”



4.
<Regulatory Guide 1.142>, (April 1978), “Safety‑Related Concrete Structures for Nuclear Power Plants (Other Than Reactor Vessels and Containments)” <Section 3.8.1.2.2.b.4>.


3.8.5.2.3      Principal Plant Specifications


The principal specifications prepared by the engineer for the foundation structures are:


a.
Concrete supply.


b.
Placement of structural concrete.


c.
Fabrication and placing or reinforcing steel.


d.
Plant excavation and backfill.


e.
Fabrication of embedded steel.


f.
Supply and installation of waterproofing and waterstops.


The detailed material specifications, the detailed quality control provisions and any special specifications, the detailed quality control provisions and any special construction technique requirements, all as described in <Section 3.8.5.6>, are included in these specifications.  The specification for excavation and backfill includes the requirements and quality control provisions described in <Section 2.5.4>.


3.8.5.3      Loads and Loading Combinations


3.8.5.3.1      General


The loads and loading combinations which are applied to foundations are identified in <Section 3.8.1.3>, <Section 3.8.2.3>, <Section 3.8.3.3>, and <Section 3.8.4.3>.  The design approach and load factors for the concrete foundations are also identified in these same sections for the load combinations given.


3.8.5.3.2      Soil Bearing


The soil bearing values that are developed under foundations from the loading combinations specified in <Section 3.8.5.3.1> are within the recommended limits given in <Section 2.5.4>.


3.8.5.3.3      Settlement


As indicated in <Section 2.5.4>, settlement or heave of the foundations is not expected to exceed 1/2”, and angular distortion due to settlement is not expected to exceed 1 in 1,500.  All safety class structures are structurally separate so that differential settlement of one structure does not impose loads on another structure.  Since the predicted long term settlements of safety class structures are very small, they are not considered in the analysis of these structures.


3.8.5.3.4      Groundwater Elevation


As described in <Section 2.4.13.5>, a Safety Class 3, Seismic Category I underdrain system functions to assure that the groundwater never exceeds Elevation 590’‑0” for all safety class structures except the emergency service water pumphouse.  During normal plant operation, the groundwater elevation is maintained below 568’‑6” by pumps.  The design basis for all safety class structures except the emergency service water pumphouse is, therefore, groundwater at Elevation 590’‑0”; the water pressure corresponding to this elevation is considered for all loading combinations.


The emergency service water pumphouse includes a porous concrete blanket beneath the foundation base mat, extending vertically up along the exterior building walls.  The bottom of the base mat is at Elevation 532’‑0”.  The water elevation inside the pumphouse ranges from a minimum elevation of 562.09’ to an approximate maximum of 583.61’.  Porous concrete backfill is placed adjacent to the exterior walls to approximately Elevation 558’‑0” (top of shale).  Class A fill is provided along the walls from Elevation 558’‑0” to grade (Elevation 616’‑6”).  This structure is designed for groundwater at Elevation 618’‑0” for all loading combinations.


In addition, a local load corresponding to groundwater elevation at 618’‑0” is applied for the static design of exterior walls and mats for all safety class structures except for the emergency service water pumphouse which has been designed for water to Elevation 618’‑0” for all loading combinations.  This load is included to provide assurance of structural adequacy for a postulated massive liquid spill and is included only under the normal operation load combinations.


3.8.5.3.5      Extent of Compliance to ACI 349‑76, “Code Requirements for Nuclear Safety‑Related Concrete Structures,” American Concrete Institute.


The extent of compliance to ACI 349‑76 is discussed in <Section 3.8.3.3.7>.


3.8.5.4      Design and Analysis Procedures


3.8.5.4.1      Analytical Techniques


As indicated in <Section 3.8.5.1>, most of the safety class structures have constant thickness mats.  Loads are transmitted to the mats from walls, columns, water, and internal equipment in accordance with the principles of statics and stress analysis.  As an example, the shield building is treated as a thin‑walled cantilever beam.  Accelerations obtained from the dynamic analysis are converted into static axial load, shear and bending moment.  Shield building stresses obtained from these equivalent static loads are then applied to the reactor building mat as loads.  The loads are transmitted through the mat, thereby developing internal mat bending, axial load and shear, to the bearing material which is represented by an elastic half‑space, Winkler springs, or as having a conservative linear reaction capability.  Reinforcing steel is sized on the basis of the internal axial loads, shears and moments developed in the mat.  Stress criteria are based on the strength design concept of ACI 318‑71.  Since no single loading combination governed throughout the mat section, results of the various load combinations were enveloped to establish maximum shear and moment requirements for the mat.  A plot showing the various design moment envelopes versus reinforced section moment capacity is provided in <Figure 3.8‑102>.  Plots are provided for both top and bottom reinforcing in the radial and circumferential directions.  <Figure 3.8‑103> shows a similar plot for shear capacity versus an envelope of design shear forces.  A typical plan and section of the reinforcement for the reactor building foundation mat are shown in <Figure 3.8‑82> and <Figure 3.8‑83>.


a.
Reactor Building Mat



1.
Analysis




The static analyses are performed using the finite‑element computer program ELAD.  ELAD is based on a linearly‑elastic continuum finite element solution for axisymmetric solids subjected to axisymmetric or non‑symmetric static, quasi‑static and temperature induced loads.  The analytical model for the reactor building complex foundation mat is shown in <Figure 3.8‑84>.



2.
Results of Analysis




Analyses for the static and dynamic loads are performed separately.  The results are summed algebraically for the specified loading combinations to obtain the critical case for each part.  Parametric studies have been carried out in the preliminary design stage using a circular plate on an elastic half space as the model to provide sensitivity studies for variations in the assumed elastic modulus.  The range assumed in the studies is from one‑half (1/2) to one and one‑half (1‑1/2) times the recommended value of elastic modulus.  Maximum calculated internal shear force in the mat varies by less than 10 percent and maximum internal moments by plus 30 percent and minus 10 percent from the base number calculated using the recommended modulus.  Studies have also been performed for variation in the assumed shear modulus in the seismic analysis.  These studies indicate little change (10 percent) in calculated bearing pressures for variations in assumed modulus from the minimum measured field value to three times this value.  The studies into variations in bearing material properties do not consider localized spatial variation within the material in contact with the foundation 




mats.  This has been done because of the relatively uniform properties of the shale material, as indicated by adjacent bore hole test results.  Any variations which may occur have an insignificant effect on the internal design moments and shears for the foundation mats.




The maximum static bearing pressure calculated is 15 ksf for the case of a main steam line break with no seismic load considered.  The maximum dynamic bearing pressure calculated for the Safe Shutdown Earthquake is 30 ksf.


b.
Other Safety Class Structures



Structures having foundation mats listed in <Section 3.8.5.1> are analyzed as follows:



1.
Static Analysis




For static conditions the method of analysis used is:



(a)
As presented by Dunham (Reference 19) for mats.




(b)
SLAM, which utilizes the finite difference technique, for those areas where large variations in applied load occur.




(c)
STARDYNE for complex areas requiring a more rigorous analysis.



2.
Dynamic Analysis




Lumped mass models of structures including foundations are made, using either simplified vertical cantilevered beam or finite element models.  For the simplified cantilevered models, equivalent static forces are obtained at the assumed 




mass locations which are analyzed as described in <Section 3.8.5.4.1.b.1>.  For finite element models, forces are obtained at element boundaries directly from computer program output.  Seismic analysis methods are described in <Section 3.7>.


c.
Porous Concrete



As explained in <Section 3.8.5.5>, the calculated stresses in porous concrete due to loads from structures are well within acceptable values for concrete as permitted by ACI 318‑71.  It is expected that cracking occurs in a plain concrete system as extensive as the underdrain system from any of the following causes:



1.
Shrinkage ‑ Due to low water/cement ratio and low cement factor, shrinkage of the porous concrete is expected to be minimal.  However, even minimal shrinkage could produce some random cracking considering the extent of the “blanket” of porous concrete.



2.
Temperature ‑ During construction of the porous concrete system, thermal gradients through the material could produce random vertical cracking throughout the entire system.



3.
Differential Loads ‑ Along building lines at sectional changes there are differential vertical loads which could produce vertical cracking.


The effect of this random cracking is negligible.  Except for the perimeter of the system, the porous concrete is confined between safety class reinforced concrete structures or Class A fill and component rock.  The transfer of normal and shearing stresses by 


the porous concrete between the reinforced concrete and rock is not affected by vertical cracking.


d.
Stability Calculations



<Table 3.8‑10> gives the calculated factors of safety for flotation and overturning for Safety Class structures with water at Elevation 590’‑0”.  <Section 3.8.5.3.4> presents a discussion of water table levels and loading conditions.  In <Table 3.8‑10>, the factor of safety against flotation is determined for normal operation only (i.e., no accident or seismic event).  The factor of safety against overturning is the ratio of the restoring moment to the overturning moment, with both moments taken about the toe of the foundation mat.  In addition to the stability calculations, the design of foundations includes the calculation of vertical bearing pressures under the foundations.  These pressures are in accordance with the strength of the bearing materials as established in <Section 2.5.4>, which are the soil bearing design values specified by the soil consultant, Woodward‑Clyde Consultants.  Factors of safety for sliding are not shown in <Table 3.8‑10> as these are considered in the design of foundations.  Factors of safety for sliding are at least 1.5 for load combinations which include design wind or OBE.  For load combinations which include tornado and SSE the factor of safety against sliding is 1.1.  <Section 3.8.5.1> gives more details on resistance to lateral forces.


3.8.5.4.2      Design Procedures


Design methods for the reinforced concrete foundations are described in <Section 3.8.4.4.1>.


3.8.5.4.3      Computer Programs


a.
Computer Programs Used in the Structural Analyses of Foundations



1.
ELAD




<Section 3.8.1.4.6.a.2> presents a program description and a list of computer hardware/software.



2.
MRI/STARDYNE




<Section 3.8.3.4.5.a.1> presents a program description and a list of computer hardware/software.



3.
SLAM




SLAM analyzes slabs and mats by the finite difference method.  The user selects the correct equation generating operator from a library routine of verified operators.  The program writes a linear equation for each node relating the known loads and boundary conditions to the governing biharmonic partial differential equation in terms of the unknown nodal deflections.  Simultaneous solution of these linear equations yields a set of nodal deflections which are used to compute shears and moments.  Walls, beams, openings, and various boundary conditions can be treated by selecting the proper operator from the library.  Mat foundations are treated as a Winkler model by adding a spring term to the nodal equations.  This is a program developed by Gilbert Associates, Inc., Reading, PA, for the IBM 370/155 computer under IBM operating system O/S 21.7 MFT with HASP 3.1.


b.
Design Control and Verification of Computer Programs



The methods for the design, control and verification of the computer programs used in the foundation analyses are discussed in <Section 3.8.1.4.6.b>.


c.
Verification of Program Usage



1.
ELAD




Program verification is given in <Section 3.8.1.4.6.c.2>.



2.
MRI/STARDYNE




Program verification is given in <Section 3.8.3.4.5.c.1>.



3.
SLAM




SLAM has been verified by comparison of its answers with classical solutions and step by step manual duplication of its calculations.  The initial test problem was compared to a NASTRAN <Section 3.8.3.4.5.a.2> solution of the same problem.  Documentation of SLAM is available at Gilbert Associates, Inc., Reading, PA.


3.8.5.5      Structural Acceptance Criteria


The structural acceptance criteria for the reinforced concrete foundations is the same as for the reinforced concrete structures which they support.  For the reactor building complex mat see <Section 3.8.1.5> and for all other mats see <Section 3.8.4.5>.


The stresses and strains expected for porous concrete underlying the foundation mats are less than those permitted by applicable sections of ACI 318‑71.  For example, expected stresses at the toe of the reactor building mat for the SSE combined with normal loads and with groundwater at Elevation 590’‑0” are:


a.
Normal vertical compressive stress ~210 psi.


b.
Horizontal shearing stress ~80 psi.


c.
Corresponding principal compression stress ~240 psi.


d.
Principal tension stress ~30 psi.


In the calculation of principal stress, no credit is taken for lateral confinement.


The maximum normal vertical compressive stress of 210 psi is well within the ultimate bearing value of 0.85 (
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  = 1,000 psi and ( = 0.70), as specified by ACI 318‑71 Section 10.14.1.


The maximum horizontal shearing stress in the porous concrete (80 psi) is considered acceptable since a coefficient of friction of 0.5 results in a shearing stress capacity of 105 psi for a normal stress of 210 psi.


Finally, concern for diagonal cracking is eliminated by comparing the


30 psi principal tension to a conservative capacity of 3 
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for ( = 0.85 and 
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 = 1,000 psi).


Assurance that inplace strength is achieved as specified (i.e., 
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 = 1,000 psi) is discussed in <Section 3.8.5.6.b>.


3.8.5.6      Material Specifications, Quality Control and Special Construction Techniques


The material specifications, quality control provisions and special construction technique for concrete construction, reinforcing steel and cadweld splices are discussed in <Section 3.8.1.6>.  Other items are as discussed below:


a.
Excavation and Placement of Structural Fills



<Section 2.5.4> presents a description of the material specifications quality control provisions acceptance criteria, and any special construction techniques for the bearing material and structural load bearing fill.


b.
Porous Concrete



Porous concrete is used in the underdrain system which underlies safety class structures in the main plant area, as described in <Section 2.4.3.5>.  Structurally, the porous concrete serves the same function as a concrete “mud mat” commonly used as a medium between supporting rock and reinforced concrete foundations.  The porous concrete layer is classified Safety Class 3, Seismic Category I.  The material specifications, quality control provisions and special requirements such as strength and permeability are discussed in <Section 3.8.1.6.1>.



Specific placing requirements detailed in the project specifications include:



1.
The free fall distance for the placement of porous concrete shall not exceed 3 feet to preclude segregation.



2.
Experience, based on a literature search, indicates that bleeding of porous concrete is of little concern.  Since some of the porous concrete is placed using vertical forms, form pressures are of some concern.  Therefore, it is considered that a limit on rate of pour was a superior criterion to a pour lift height criterion.  This rate of pour is set at five feet per hour, as required in project specifications for pouring walls using normal weight concrete and is used in lieu of the lift height criteria previously considered.



3.
In any pour, porous concrete shall be raked level to the top of the forms.



4.
Concrete vibrators shall not be used to consolidate porous concrete.



5.
The porous concrete shall be worked by rodding only to the extent necessary to ensure complete filling of the forms.



6.
Porous concrete shall be cured by covering with burlap or other fibrous material and maintaining the material in a moist condition for at least 14 days.



7.
The uniform size of the aggregate and the low allowable free fall distance precludes segregation of the concrete.



8.
All formed surfaces at which accumulations of mortar could result (which could form a hydraulic discontinuity) are inspected.  This inspection provides assurance that the forms have been removed.  Where such surface accumulations are noted, it is required that they be removed by mechanical means without damaging sound material.



9.
The temperature of porous concrete at the time of placement shall be not less than 50(F nor greater than 80(F.


3.8.5.7      Testing and Inservice Inspection Requirements


There are no planned systematic testing or inservice surveillance programs for the foundations discussed in this section.
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3.8‑1 (Continued)
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NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
Applies to shield building and reactor building foundation mat only.


(3)
The maximum or minimum suppression pool temperature producing the worst thermally induced stresses for the case considered.


(4)
Wind load appropriate to the stage of construction.  After completion of construction the shield building is the only structural element exposed to wind or tornado.


(5)
Operation of safety relief valves as described in <Appendix 3A> and <Appendix 3B>.


(6)
Operation of a single relief valve first pop combined with LOCA pool swell pressure loadings.


(7)
The maximum values of Yr, Yj and Ym will be used simultaneously unless time histories are used to justify otherwise.


(8)
Local stresses due to the concentrated loads Yr, Yj and/or Ym may exceed the design stress criteria provided there is no loss of function of the structural element considered.


(9)
For a small line or intermediate size break the design includes the operation of a single or multiple safety relief valves as described in <Appendix 3A> and <Appendix 3B> with the appropriate design pressure (Pa) and temperature (Ta).


(10)
The load combination shown is for tornado generated missiles on the external surfaces of the shield building.


(11)
Strength design by ACI 318 is not used for local areas.  Analysis and design is as described in <Section 3.5.3>.


(12)
For stress criteria, see <Section 3.8.1.5>.


(13)
For definition of load symbols, see <Section 3.8.1.3>.
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TABLE 3.8‑2 (Continued)


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
Considered during construction only.  Shielding Building carries all wind loads during normal operation.


(3)
The maximum or minimum suppression pool temperature producing the worst thermally induced stresses for the case considered.


(4)
Structural integrity test of the containment vessel.


(5)
Testing safety relief valves.


(6)
Operation of safety relief valves as described in <Appendix 3A> or <Appendix 3B>.


(7)
Operation of a single relief valve first pop combined with LOCA pool swell pressure loadings.


(8)
For a small line or intermediate size break, the design includes the operation of a single or multiple safety relief valve as described in <Appendix 3A> and <Appendix 3B> with the appropriate design pressure (Pa) and temperature (Ta).


(9)
For stress criteria, see <Section 3.8.2.5>.


(10)
For definition of load symbols, see <Section 3.8.2.3>.


(11)
Symbol Z in these two load combinations is the tornado depressurization load.  For other load combinations containing symbol Z, the pressure loads are described in <Section 3.8.2.3f>.
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TABLE 3.8‑3 (Continued)


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
The maximum or minimum suppression pool temperature producing the worst thermally induced stresses for the case considered.


(3)
Testing of safety relief valves.


(4)
Structural integrity test of the drywell with water in the upper pool and suppression pool, and with vent plugs in suppression pool.


(5)
Operation of safety relief valves as described in <Appendix 3A> and <Appendix 3B>.


(6)
Operation of a single relief valve first pop combined with LOCA pool swell pressure loadings.


(7)
The maximum values of Yr, Yj and Ym will be used simultaneously unless time histories are used to justify otherwise.


(8)
Local stresses due to the concentrated loads Yr, Yj and/or Ym may exceed the design stress criteria provided there is no loss of function of the structural element considered.


(9)
For a small line or intermediate size break, the design includes the operation of a single or multiple safety relief valves as described in <Appendix 3A> and <Appendix 3B> with the appropriate design pressure (Pa) and temperature (Ta).


(10)
Strength design by ACI 318 is not used for local areas.  Analysis and design is described in <Section 3.5.3>.


(11)
For stress criteria, see <Section 3.8.3.5>.


(12)
For definition of load symbols, see <Section 3.8.3.3>.
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  See Note(8)(9)

with
























  See Note(11)

Extreme























  See Note(12)

Environ‑


mental and


Abnormal


Loads


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
The maximum or minimum suppression pool temperature producing the worst thermally induced stresses for the case considered.


(3)
Structural integrity test of the drywell with no water in the upper fuel pool or suppression pool.


(4)
(Deleted)


(5)
Operation of safety relief valves as described in <Appendix 3A> and <Appendix 3B>.


(6)
Operation of a single relief valve first pop combined with LOCA pool swell pressure loadings.


(7)
The maximum values of Yr, Yj and Ym will be used simultaneously unless time histories are used to justify otherwise.


(8)
Local stresses due to the concentrated loads Yr, Yj and/or Ym may exceed the design stress criteria provided there is no loss of function of the structural element considered.


(9)
For a small line or intermediate size break, the design includes the operation of a single or multiple safety relief valves as described in <Appendix 3A> and <Appendix 3B> with the appropriate design pressure (Pa) and temperature (Ta).


(10)
Strength design by ACI 318 is not used for local areas.  Analysis and design is as described in <Section 3.5.3>.


(11)
In computing the required section strength, S, the plastic section modulus of steel shapes may be used.


(12)
Thermal stresses on structural elements, except plate structures, are permitted to be neglected when they are shown to be secondary and self‑limiting in nature and when the material is ductile.  Stresses in plate structures are limited to the ASME limit of 35m.


(13)
Operation of the RHR heat exchanger safety relief valves.


(14)
For definition of load symbols, see <Section 3.8.3.3>.

TABLE 3.8‑5


LOAD COMBINATIONS FOR STEEL STRUCTURES OUTSIDE CONTAINMENT


Load Symbols(5)

   Load
 Stress


Combination
Criteria
 D
L(1)
  W
Wt
Feqo
Feqs
 Z
To
Pa
Ta
 M
Ro
Ra
Yr
Yj
Ym
Pr
Remarks


Normal
1.0 S
1.0
1.0


Operation
1.5 S
1.0
1.0





1.0



1.0


Normal
1.0 S
1.0
1.0
1.0


Operation
1.5 S
1.0
1.0
1.0




1.0



1.0


with Severe
1.0 S
1.0
1.0


1.0


Environmental
1.5 S
1.0
1.0


1.0


1.0



1.0


Normal
1.6 S
1.0
1.0

1.0


1.0
1.0



1.0


Operation
1.6 S
1.0
1.0



1.0

1.0



1.0


with Extreme


Environmental


Normal
1.6 S
1.0
1.0






1.0
1.0


1.0




See Note(4)

Operation
1.6 S
1.0
1.0






1.0

1.0

1.0




Interior Missile


with Abnormal


















(for local areas)(3)

Loads
1.6 S
1.0
1.0





1.0



1.0




1.0
Gas Pipeline or Gas





















Storage Explosion


Normal
1.6 S
1.0
1.0


1.0



1.0
1.0


1.0
1.0
1.0
1.0

See Note(2)(4)

Operation


with Severe


Environmental


& Abnormal


Loads


Normal
1.6 S
1.0
1.0



1.0


1.0
1.0


1.0
1.0
1.0
1.0

See Note(2)(4)

Operation
1.6 S
1.0
1.0

1.0






1.0






Tornado Missile


with Extreme


















(for local areas)


Environmental


















See Note(3)

& Abnormal


Loads


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
The maximum values of Yr, Yj and Ym will be used simultaneously unless time histories are used to justify otherwise.


(3)
Strength design by ACI 318 is not used for local areas.  Analysis and design is as described in <Section 3.5.3>.


(4)
Thermal stresses are neglected when they are shown to be secondary and self‑limiting in nature and when the material is ductile.


(5)
For definition of load symbols, see <Section 3.8.4.3>.


TABLE 3.8‑6


LOAD COMBINATIONS FOR CONCRETE STRUCTURES OUTSIDE CONTAINMENT


Load Symbol(4)

  Load














Combination
D
L(1)
G
H
W
Wt
Feqo

Feqs

Z
To
Pa
Ta
M
Ro
Ra
Yr
Yj
Ym
Pr
  Remarks


Normal

1.4
1.7
1.4
1.7







1.3



1.3


Operation


Normal

1.4
1.7
1.4
1.7
1.7






1.3



1.3


Operation

1.2

1.4
1.3
1.7


with Severe
1.4
1.7
1.4
1.7


1.9




1.3



1.3


Environmental
1.2

1.4
1.3


1.9

Normal

1.0
1.0
1.0
1.0

1.0




1.0
1.0



1.0


Operation

1.0
1.0
1.0
1.0




1.0


1.0



1.0


with Extreme


Environmental


Normal

1.0
1.0
1.0
1.0








1.5
1.0


1.0


Operation

1.0
1.0










1.0

1.0

1.0




  Interior


with Abnormal





















  Missile 


Loads

1.0
1.0
1.0
1.0







1.0



1.0




1.0
  Explosions


























  See Note(3)

Normal

1.0
1.0
1.0
1.0


1.25





1.25
1.0


1.0
1.0
1.0
1.0

  See Note(2)

Operation


with Severe


Environmental


& Abnormal


Loads


Normal

1.0
1.0
1.0
1.0




1.0



1.0
1.0


1.0
1.0
1.0
1.0

  See Note(2)

Operation

1.0
1.0



1.0




1.0



1.0






  Tornado Missile


with Extreme





















  (for local


Environmental





















   areas)


& Abnormal





















  See Note(3)

Loads


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
The maximum values of Yr, Yj and Ym will be used simultaneously unless time histories are used to justify otherwise.


(3)
Strength design by ACI 318 is not used for local areas.  Analysis and design is as described in <Section 3.5.3>.


(4)
For definition of load symbols, see <Section 3.8.4.3>.


TABLE 3.8‑7


LOAD COMBINATIONS FOR TUNNELS AND OFFSHORE STRUCTURES


Load Symbols(4)






 Stress


Load Combinations

Criteria

D
L
G
G’
H’
E
Feqo
  Feqs

To
 T’
  Remarks


Cooling Water Tunnels














  See Note(2)


Normal Operation




1.4

1.4
1.4
1.7




1.3


Normal Operation plus


Operating Basis




1.4

1.4
1.4
1.7

1.9


1.3


Earthquake (OBE)


Safe Shutdown





1.0

1.0
1.0
1.0


  1.0

1.0


Earthquake (SSE)


Offshore Intake and


Discharge Structures














  See Note(2)


Normal Operation

1.0 S

1.0
1.0







1.0 S

1.0
1.0







1.0


Normal Operation plus
1.0 S

1.0
1.0



1.0



1.0

  See Note(1)

Extreme Environmental
1.5 S

1.0
1.0



1.0



1.0

  See Note(1)

Operating Basis

1.0 S

1.0
1.0




1.0


Earthquake (OBE)

1.5 S

1.0
1.0



1.0
1.0


1.0

  See Note(1)

Safe Shutdown


1.6 S

1.0
1.0



1.0

  1.0

1.0
  See Note(1)

Earthquake (SSE)


3.8‑7 (Continued)


Load Symbols(4)






 Stress


Load Combinations

Criteria

D
L
G
G’
H’
E
Feqo
  Feqs

To
 T’
  Remarks


Ice Protection
















  See Note(2)

Structures


Normal Operation plus








1.0





  See Note(1)(3)

Extreme Environmental


NOTES:


(1)
E = Extreme Environmental Effects of Wave or Ice Loadings.


(2)
Design loads are described in <Section 3.8.4.3.1>.


(3)
A load factor of 1.0 was used for ice loading (E) on the ice protection structures due to the high degree of conservatism inherent in the assumptions made in developing the ice loads.  See <Section 3.8.4.3.1.m>.  An earthquake loading was not considered to occur simultaneously with the ice loading impact upon the protection structures since these are considered to be two unrelated, extreme events.


(4)
For definition of load symbols, see <Section 3.8.4.3>.


TABLE 3.8‑8


SUMMARY OF MATERIAL SPECIFICATIONS AND QUALITY CONTROL(1)





















  Special
















Structural
Stainless

Construction


Safety Class Structure

Conc. Strength

Reinforcement

  Steel

  Steel

  Techniqs.

Tolerances



Auxiliary Building



3,000

ASTM A 615‑60

ASTM A 36

   ‑


  None


ACI 301









(3.8.1.6)

  (3.8.1.6)

(3.8.3.6)








& AISC


























(3.8.3.6)


Fuel Handling Building


3,000

ASTM A 615‑60

ASTM A 36

ASTM A 240
  None


ACI 301









(3.8.1.6)

  (3.8.1.6)

(3.8.3.6)

(3.8.3.6)





& AISC


























(3.8.3.6)


Control Complex



3,000

ASTM A 615‑60

ASTM A 36

  None

  None


ACI 301









(3.8.1.6)

  (3.8.1.6)

(3.8.3.6)








& AISC


























(3.8.3.6)


Radwaste Building



3,000

ASTM A 615‑60

  None

  None

  None


ACI 301









(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Intermediate Building


3,000

ASTM A 615‑60

  None

  None

  None


ACI 301









(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Offgas Building



3,000

ASTM A 615‑60

  None

  None

  None


ACI 301









(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Steam Tunnels




3,000

ASTM A 615‑60

  None

  None

  None


ACI 301









(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Emergency Service



3,000

ASTM A 615‑60

  None

  None

  None


ACI 301


  Water Pumphouse



(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Diesel Generator



3,000

ASTM A 615‑60

  None

  None

  None


ACI 301


  Building




(3.8.1.6)

  (3.8.1.6)











(3.8.3.6)


Underdrain Manholes



3,000

ASTM A 615‑60

  None

  None

  None









(3.8.1.6)

  (3.8.1.6)


Electrical Manholes



3,000

ASTM A 615‑60

  None

  None

  None









(3.8.1.6)

  (3.8.1.6)


TABLE 3.8‑8 (Continued)






















  Special
















Structural
Stainless

Construction


Safety Class Structure

Conc. Strength

Reinforcement

  Steel

  Steel

  Techniqs.

Tolerances



Condensate Storage Pit


3,000

ASTM A 615‑60

  None

  None

  None









(3.8.1.6)

  (3.8.1.6)


Condensate Storage Tank


3,000

ASTM A 615‑60

  None

  None

  None


  Foundations and



(3.8.1.6)

  (3.8.1.6)


  Dike Walls


Cooling Water Tunnels


4,000

ASTM A 615‑60

  None

  None

(3.8.4.6)


(3.8.4.6)









(3.8.4.6)

  (3.8.1.6)


Offshore Structures



4,000

ASTM A 615‑60

ASTM A 441
  None

(3.8.4.6)


ACI 301









(3.8.4.6)

 (3.8.1.6)


or








(3.8.3.6)
















ASME SA‑299
















 (3.8.4.6)


NOTE:


(1)
USAR Sections noted in parantheses ( ) describe the applicable requirements.


TABLE 3.8‑9


MAJOR SAFETY CLASS STRUCTURES





 Type of

Length
Breadth  Thickness
Bearing


Structure

Foundation
(feet)
(feet)   (feet)
Material


Reactor

Mat


136’ diameter

12.5

Chagrin


Buildings










shale


  (Two)










See Note(5)

Auxiliary

Mat


192

102

 6.0

Chagrin


Buildings










shale


  (Two)










See Note(5)

Intermediate
Mat and

223

243

 9.5

Chagrin


Building

Caissons







shale


  (One)










See Note(5)

Control


Complex

Mat


148

142

 6.0

Chagrin


  (One)










shale














See Note(4)(5) 


Radwaste

Mat


217

 97

 4.0

Chagrin


Building










shale


  (One)










See Note(5)

Underdrain


Manholes
   See Note(3)
 See Note(3) See Note(3)  See Note(3) See Note(3)

Diesel

Mat


170

 79

 4.5

Load   


Generator










bearing


Building










fill   


  (One)










See Note(2)(5)

Offgas

Mat


100

 50

 4.0

Load


Buildings










bearing


  (Two)










fill














See Note(2)

Emergency

Mat


 95

 55

 5.0

Chagrin


Service Water









shale


Pump House









See Note(5)

  (One)


TABLE 3.8‑9 (Continued)





 Type of

Length
Breadth
Thickness
Bearing


Structure

Foundation
(feet)
(feet)
(feet)
Material


Offshore

See Note(1)

  ‑

   ‑

   ‑

    ‑


Intake


Structures


  (Two)


Offshore

See Note(1)

  ‑

   ‑

   ‑

    ‑


Discharge


Structure


  (One)


Cooling

See Note(1)

  ‑

   ‑

   ‑

    ‑


Water


Tunnels


  (Two)


NOTES:


(1)
The foundation of each structure is part of the structure and cannot be readily separated.  <Section 3.8.4> gives a description of these structures.


(2)
The load bearing fill is supported by lower till.


(3)
Physical description is given in <Section 2.4.13.5>.


(4)
Fill concrete, 

[image: image15.wmf]c


f


¢


 = 1,500 psi is used under this foundation as a rock‑like medium between the porous concrete and the bottom of the mat foundation.


(5)
A 12” layer of porous concrete, described in <Section 2.4.13.5> and <Section 3.8.5.3.4>, forms a supporting medium between the bottom of the foundation mat and the bearing material.


TABLE 3.8‑10


FACTORS OF SAFETY AGAINST FLOTATION, OVERTURNING AND SLIDING


(Water at Elevation 590’‑0” w/Underdrain System)










   Factor of Safety


Structure


    Flotation
   Overturning 
  Sliding









    OBE
SSE
     OBE    SSE


Auxiliary Building

  2.5
    2.8
1.7

       See Note(1)

(Mat Bottom at


 Elevation 564’‑4”)


Control Building

  3.1
    2.1
1.2


  See Note(1)

(Mat Bottom at


 Elevation 568’‑10”)


Radwaste Building

  3.7
    2.2
1.4


  See Note(1)

(Mat Bottom at


 Elevation 569’‑10”)


Reactor Building Complex
  5.8
    3.7
2.0
     2.05   1.11


(Mat Bottom at


 Elevation 562’‑3”)


Intermediate Building
  3.9
    4.8
2.5


  See Note(1)

(Mat Bottom at


 Elevation 568’‑10”)


Offgas Building

  6.6
    3.5
1.8


  See Note(1)

(Mat Bottom at


 Elevation 580’‑0”)


NOTE:


(1)
Shear keys are provided to insure minimum factors of safety (1.5 for OBE and 1.1 of SSE) are met.


TABLE 3.8-11


COMPARISON OF CONTAINMENT VESSEL STRESSES FOR THE


GOVERNING LOAD COMBINATIONS AT KEY LOCATIONS WITH ASME SECTION III DIVISION ALLOWABLES


		Location

		Governing Load Combination

		

    STRESS INTENSITY WITH ALLOWABLE PSI

		



		Reference <Figure 3.8-17> “Containment Vessel Finite Element Model” and 


<Figure 3.8-18> “Containment Vessel


Embedment Model”

		

		Primary


Membrane


(Pm)

		Allowable

		Local


Primary Membrane


Plus


Primary Bending


(Pl + Pb)

		Allow-


 able

		Primary Membrane


Plus


Primary Bending


Plus


Secondary


(Pl + Pb + Q)

		Allow-


able

		



		Junction of Cylinder


and Foundation Mat-


Section above Nodal


Points 438, 440, 442 & 444


<Figure 3.8-18> at Elev.


574’-10” in Doubler


Plate

		S = D + L + G +


Feqs + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		14,450

		23,160

		19,118

		45,000

		42,278

		57,900

		



		Junction of Cylinder


and Foundation Mat-


Section above Nodal


Points 447, 448, 450


452 in <Figure 3.8-18>


at Elev. 574’-10” in


Containment Shell

		S = D + L + G +


Feqs + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		3,844

		23,160

		26,434

		45,000

		44,085

		57,900

		



		Below stiffener


No. 1 at Elev. 578’-0”


as shown in


<Figure 3.8-17>, Element 6

		S = D + L + G +


Feqo + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		11,516

		19,300

		-

		-

		48,370

		57,900

		



		Stiffner No. 1 at Elev. 581’-2” as shown in 


<Figure 3.8-17>, Element 


No. 9




		S = D + L + G +


Feqo + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		5,074

		19,300

		-

		-

		49,832

		57,900

		



		Junction of Cylinder


and Polar Crane


Girder as shown in


<Figure 3.8-17>,


Elements 57 & 62

		S = D + L + G +


Feqo + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		8,437

		19,300

		9,147

		28,950

		9,147

		57.900

		



		

		S = D + L + To +


Ro + G’ +


Feqo

		12,915

		28,950

		41,988

		57,900

		41,988

		57,900

		



		Junction of Cylinder


and Dome @ Elev. 727’-0”


as shown in


<Figure 3.8-17>, Element 65

		S = D + L + G +


Feqo + Psrv +


Tsrv + Pa + Ta +


Ra + Yr

		12,199

		19,300

		14,083

		28,950

		14,083

		57,900

		





TABLE 3.8-12


DEISGN AXIAL FORCES, MOMENTS AND TRANSVERSE SHEARS AND REINFORCEMENT PROVIDED


FOR THE GOVERNING LOAD COMBINATIONS AT CRITICAL SECTIONS OF THE SHIELD BUILDING


		Location

		Governing Load


Combination

		

Forces (Kips Per Foot and Kip-Feet Per Foot)




(-M is Tension O.F.)

		
Reinforcement



   Provided

		



		Reference


<Figure 3.8-9>


“Analytical


Model of Shield


Building”

		

		Vertical


Membrane


N(

		Vertical


Bending


Moment


 M(

		Hori-


zontal


Membrane


N(

		Hori-


zontal


Bending 


Moment


 M(

		Trans-


Verse


Shear 


  V

		Vertical

		Hori-


zontal

		Shear

		



		Junction of


Cylinder and Ring


Girder-Section above


Nodal Points 445-451

		U=1.4D+1.7L+


1.4G+1.9Feqo+


1.3To+1.7H+


1.7Psrv+1.3Tsrv+


1.3Ro




		-55.1 K/f

		-123.6


K-f/f

		183.3 K/f

		-21.4 K-f/f

		36.2 K/f

		#9 @ 12”


E.F.

		#11 @ 6”
E.F.

		#5 @


24”


Horiz.


and 15”


Vert.

		



		Junction of Mat


and Cylinder


Section above


Nodal Points 1-7.


   Soil Pressure


   Area Abat. CL

   97.5o Azimuth


   as described in


<Section 3.8.1.1.a>


   Steam Tunnel Area


   Abt CL 0o Azimuth


   as described in


<Section 3.8.1.1.b>


   General Area


   as described in


<Section 3.8.1.1.c>

		U=1.2D+1.4G+


1.3H+1.9Feqo+


1.4 Psrv

  or


U=1.0D+1.0L+


1.0G+1.0H+


1.0Feqs+


1.0Psrv+


1.0Tsrv+1.0Pa+


1.0Ta+1.0Ra+1.0


(Yr+Yj+Ym)

		159.4 K/f


146.1 K/f

		-296.6


K-f/f


-293.2


K-f/f

		32.2 K/f


118.9 K/f

		-53.7 K-f/f


66.9 K-f/f

		82.6 K/f


79.7 K/f




		#18 @ 12”


Alt W/#11


@ 12” O.F.


#11 @12”


Alt. W/#9


@ 12” I.F.

		#9 @ 6”


E.F.

		

		



		

		U=1.0D+1.0L+


1.0G+1.0Feqs+


1.0Psrv+1.0Tsrv+


1.0Pa+1.0Ta+


1.0Ra+1.0(Yr+Yj+


Ym)

		163.8 K/f

		74.3 K-f/f

		31.0 K/f

		11.9 K-f/f

		41.6 K/f

		#14 @ 12”


Alt. W/#11


@ 12”


O.F. and


#11 @ 6”


I.F.

		#9 @ 6”


E.F.

		#6 @ 24”


Horiz.


and 


15”


Vert.

		



		

		U=1.0D+1.0L+


1.0G+1.0Feqs+


1.0Psrv+1.0Tsrv+


1.0Pa+1.0Ta+


1.0Ra+1.0(Yr+Yj+


Ym)

		109.8 K/f

		221.8


K-f/f

		10.9 K/f

		40.1 K-f/f

		60.4 K/f

		#11 @ 12”


Alt. W/#9


@12”


E.F.

		#9 @ 6”


O.F. and


#9 @ 12”


I.F.

		#6 @ 24”


Horiz.


and


15”


Vert.

		





TABLE 3.8-13


ASME SECTION III DIVISION 2 LOAD COMBINATIONS














Load Symbols(11)









  




Load


Stress(10)

Combina‑

Crite‑


tion


ria

D
L(1)
G
G’
W(2)
Feqo
Feqs
To
Psrv
Tsrv(3)
Pa(9) Ta
Ro
Ra
Pt(4)

Tt
Gsf
Wt
Remarks


Service


  Load


  Condi‑


  tions


 Testing 



1.0 
1.0 
1.0










1.0

1.0

1.0
1.0

See Note(5)







1.0
1.0
1.0




1.0
1.0
1.0



1.0




1.0

See Note(5)


 Construction


1.0
1.0
1.0

1.0


1.0


 Normal Operat‑

1.0
1.0
1.0




1.0
1.0
1.0



1.0




1.0

See Note(6)

 ing Severe


1.0
1.0
1.0


1.0

1.0
1.0
1.0



1.0




1.0

See Note(6)

 Environmental


1.0
1.0
1.0

1.0


1.0
1.0
1.0



1.0




1.0

See Note(6)


Factored Load


  Conditions


 Severe



1.0
1.3
1.0


1.5

1.0
1.3
1.3



1.0




1.0

See Note(7),(8)

  Environ‑


1.0
1.3
1.0

1.5


1.0
1.3
1.3



1.0




1.0

See Note(7),(8)

  mental


 Extreme



1.0
1.0
1.0



1.0
1.0
1.0
1.0



1.0




1.0

See Note(7),(8)

  Environ‑


1.0
1.0
1.0




1.0
1.0
1.0



1.0




1.0
1.0
See Note(7),(8)

  mental


 Abnormal



1.0
1.0
1.0





1.25
1.0

1.5
 1.0

1.0



1.0

See Note(7),(8)






1.0
1.0
1.0





1.0
1.0

1.0
 1.0

1.25



1.0

See Note(7),(8)

 Abnormal/


1.0
1.0
1.0


1.25


1.0
1.0

1.25
 1.0

1.0



1.0

See Note(7),(8)

  Severe



1.0
1.0
1.0

1.25



1.0
1.0

1.25
 1.0

1.0



1.0

See Note(7),(8)

  Environ‑


1.0
1.0
1.0
1.0

1.0

1.0











1.0


  mental



1.0
1.0
1.0
1.0
1.0


1.0











1.0


 Abnormal/


1.0
1.0
1.0



1.0

1.0
1.0

1.0
 1.0

1.0



1.0

See Note(7),(8)

  Extreme


  Environ‑


  mental


3.8‑13 (Continued)


NOTES:


(1)
Both cases of L having full value or being completely absent are considered.


(2)
The shielding building transmits wind loads to the annulus concrete.


(3)
The maximum or minimum suppression pool temperature producing the worst thermally induced stresses for the case considered.


(4)
Structural integrity test of the containment vessel.


(5)
Testing safety/relief valves.


(6)
Operation of safety/relief valves as described in <Appendix 3A> and <Appendix 3B>.


(7)
Operation of a single relief valve first pop combined with LOCA pool swell pressure loadings.


(8)
For a small line or intermediate size break, the design includes the operation of a single or multiple safety/relief valve as described in <Appendix 3A> and <Appendix 3B> with the appropriate design pressure (Pa) and temperature (Ta).


(9)
Pa represents pool swell pressure, condensation oscillation pressure, chugging pressure, and the design accident pressure.


(10)
For stress criteria, see <Section 3.8.1.8.5>.


(11)
For definition of load symbols, see <Sections 3.8.1.8.3, 3.8.1.3, and 3.8.2.3>.
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3.9      MECHANICAL SYSTEMS AND COMPONENTS


3.9.1      SPECIAL TOPICS FOR MECHANICAL COMPONENTS


3.9.1.1      Design Transients


A summary of design transients used in the design and/or fatigue analysis of a typical plant are listed in <Table 3.9‑1>.  The number of cycles or events associated with each transient are included.  Transients or combinations of transients are classified with respect to the plant and system operating condition categories identified as “Normal,” “Upset,” “Emergency,” “Faulted” (service levels A, B, C, D, respectively), or “Testing” in the ASME Code, Section III, Division I, NA‑2140, as applicable.


The ASME Code Class 1 components not supplied by the NSSS vendor are comprised of piping, valves, containment penetrations, and pipe supports.  These components have been specified and designed in accordance with the system design transients listed in <Table 3.9‑2>.


To ensure that the reactor is maintained within design limits, the number (and description) of cyclic and transient events are listed in <Table 3.9‑37>.


3.9.1.2      Computer Programs Used in Analyses


<Section 3.9.1.2.1>, <Section 3.9.1.2.2>, <Section 3.9.1.2.3>, <Section 3.9.1.2.4>, and <Section 3.9.1.2.5> discuss computer programs used in the analysis of major NSSS safety‑related components.  (Computer 


programs were not used in the analysis of all components, thus, not all components are listed.)  These NSSS computer programs can be divided into two categories, GE programs and vendor programs.


<Section 3.9.1.2.6>, <Section 3.9.1.2.7>, <Section 3.9.1.2.8>, and <Section 3.9.1.2.9> discuss computer programs used in the analysis of balance‑of‑plant components.


GE Programs


The verification of the following GE programs has been performed in accordance with the requirements of <10 CFR 50, Appendix B>.  Evidence of the verification of input, output and methodology is documented in GE Design Record Files.


a.
SEISMO2




l.
PDA


b.
STRESINT




m.
PISYS


c.
MASS





n.
LI0N401


d.
DYSEA




o.
RINEX


e.
FAP‑71




p.
IMPULSE‑1


f.
ANSYS




q.
BILRD


g.
CRDSS01




r.
WBHFN


h.
ANSI 7




s.
KK‑8


i.
RVFOR




t.
GEAPL01


j.
TSFOR




u.
SPECA04


k.
LUGST




v.
ASHSDO2


GE Vendor Programs


The verification of the following two groups of vendor programs is assured by contractual requirements between GE and the vendors.  Per the requirements, the quality assurance of these proprietary programs used in the design of N‑stamped equipment is in full compliance with <10 CFR 50, Appendix B>.


Byron‑Jackson Programs


a.
Recirculation Pump Programs
e.
MULTISPAN


b.
RTRMEC




f.
2DFMAP


c.
FMAP





g.
CRISP


d.
FLTFLG


CB & I Programs


a.
7‑11 GENOZZ



m.
1037‑DUNHAM’S


b.
9‑48
NAPALM



n.
1335


c.
1027





o.
1606 & 1657‑HAP


d.
846





p.
1635


e.
781‑KALNINS



q.
953


f.
979‑ASFAST



r.
1666


g.
766‑TEMAPR



s.
1684


h.
767‑PRINCESS



t.
E1702A


i.
928‑TGRV




u.
955‑MESHPLOT


j.
962‑E0962A



v.
1028

k.
984





w.
1038



l.
992‑GASP


Other

a.
pc‑CRACK


3.9.1.2.1      Reactor Pressure Vessel and Internals


The computer programs used in the preparation of the stress report for the reactor pressure vessel and internals stress report are identified and their use summarized in the following paragraphs.


a.
Reactor Pressure Vessel



The following computer programs are used to assure the structural and functional integrity of the reactor pressure vessel.



1.
CB&I Program 7‑11 ”GENOZZ”




The GENOZZ computer program is used to proportion barrel and double taper type nozzles to comply with the specifications of the ASME Code, Section III and contract documents.  The program will either design such a configuration or analyze the configuration input to it.  If the input configuration will not comply with the specifications, the program will redesign it to yield an acceptable result.



2.
CB&I Program 9‑48 “NAPALM”




The basis for the program NAPALM, Nozzle Analysis Program‑‑All Loads Mechanical, is to analyze nozzles for mechanical loads and find the maximum stress intensity and location at specified locations from the point of load application.  At each location the maximum stress intensity is calculated for both the inside and outside surfaces of the nozzle.  The program gives the maximum stress intensity for both the inside and outside surfaces of the nozzle as well as its angular location around the circumference of the nozzle from the reference location.  The principal stresses are also printed.  The stresses resulting from each component of loading (bending, axial, shear, and torsion) are printed, as well as the loadings which caused these stresses.



3.
CB&I Program 1027




This program is a computerized version of the analysis method contained in the Welding Research Council Bulletin No. 107, December 1965 (Reference 1).




Part of this program provides for the determination of the shell stress intensities (S) at each of four cardinal points at both the upper and lower shell plate surfaces (ordinarily considered outside and inside surfaces) around the perimeter of a loaded attachment on a cylindrical or spherical vessel.  With the determination of each S, there is also determined the components of that S (two normal stresses and one shear stress).  This program provides the same information as the manual calculation and the input data is essentially the geometry of the vessel and attachment.



4.
CB&I Program 846




This program computes the required thickness of a hemispherical head with a large number of circular parallel penetrations by means of the area replacement method in accordance with the ASME Code, Section III.




In cases where the penetration has a counterbore, the thickness is determined so that the counterbore does not penetrate the outside surface of the head.



5.
CB&I Program 781 ‑ “KALNINS”




This program is a thin elastic shell program for shells of revolution.  This program was developed by Dr. A. Kalnins of Lehigh University.  Extensive revisions and improvements have 




been made by Dr. J. Endicott to yield the CB&I version of this program.




The basic method of analysis was published by Professor Kalnins in the Journal of Applied Mechanics, Volume 31, September 1964, Pages 467 through 476 (Reference 2).




The KALNINS thin shell program (Program 781) is used to establish the shell influence coefficient and to perform detailed stress analysis of the vessel.  The stresses and the deformations of the vessel can be computed for any combination of the following axisymmetric loading:




(a)
Preload condition.




(b)
Internal pressure.




(c)
Thermal load.



6.
CB&I Program 979 ‑ “ASFAST”




ASFAST program (Program 979) performs the stress analysis of axisymmetric, bolted closure flanges between head and cylindrical shell.



7.
CB&I Program 766 ‑ “TEMAPR”




This program will reduce any arbitrary temperature gradient through the wall thickness to an equivalent linear gradient.  The resultant equivalent gradient will have the same average temperature and the same temperature‑moment as the given temperature distribution.  Input consists of plate thickness and actual temperature distribution.  The output contains the 




average temperature and total gradient through the wall thickness.  The program is written in FORTRAN IV language.



8.
CB&I Program 767 ‑ “PRINCESS”




The PRINCESS computer program calculates the maximum alternating stress amplitudes from a series of stress values by the method in Section III of the ASME Code.



9.
CB&I Program 928 ‑ “TGRV”




The TGRV program is used to calculate temperature distributions in structures or vessels.  Although it is primarily a program for solving the heat conduction equations, some provisions have been made for including radiation and convection effects at the surfaces of the vessel.




The TGRV program is a greatly modified version of the TIGER heat transfer program written about 1958 at Knolls Atomic Power Laboratory by A. P. Bray.  There have been many versions of TIGER in existence including TIGER II, TIGER II B, TIGER IV, and TIGER V, in addition to TGRV.




The program utilizes an electrical network analogy to obtain the temperature distribution of any given system as a function of time.  The finite difference representation of the three‑dimensional equations of heat transfer are repeatedly solved for small time increments and continually summed.  Linear mathematics is used to solve the mesh network for every time interval.  Included in the analysis are the three basic forms of heat transfer:  conduction, radiation and convection, as well as internal heat generation.




Given any odd‑shaped structure, which can be represented by a three‑dimensional field, its geometry and physical properties, boundary conditions, and internal heat generation rates, TGRV will calculate and give as output the steady‑state or transient temperature distributions in the structure as a function of time.



10.
CB&I Program 962 ‑ “E0962A”




Program E0962A is one of a group of programs (E0928A, E0962A, E1606A, E0992N, E1037N, and E0984N) which are used together to determine the temperature distribution and stresses in pressure vessel components by the finite element method.




Program E0962A is primarily a plotting program.  Using the nodal temperatures calculated by Program E1606A or Program E0928A, and the node and element cards for the finite element model, it calculates and plots lines of constant temperature (isotherms).  These isotherm plots are used as part of the stress report to present the results of the thermal analysis.  They are also very useful in determining at which points in time the thermal stresses should be determined.




In addition to its plotting capability, the program can also determine the temperatures of some of the nodal points by interpolation.  This feature of the program is intended primarily for use with the compatible TGRV and finite element models.



11.
CB&I Program 984




Program 984 is used to calculate the stress intensity of the stress differences, on a component level, between two 




different stress conditions.  The calculation of the stress intensity of stress component differences (the range of stress intensity) is required by Section III of ASME Code.



12.
CB&I Program 992 – “GASP”




The GASP computer program, originated by Professor E. L. Wilson of The University of California at Berkeley, uses the finite element method to determine the stresses and displacements of plane or axisymmetric structures and is written in FORTRAN IV language (Reference 3).  The structures may have arbitrary geometry and linear or nonlinear material properties.  The loadings may be thermal, mechanical, accelerational, or a combination of these.




The structure to be analyzed is broken up into a finite number of discrete elements or “finite elements” which are interconnected at a finite number of “nodal‑points” or “nodes.”  The actual loads on the structure are simulated by statically equivalent loads acting at the appropriate nodes.  The basic input to the program consists of the geometry of the stress model and the boundary conditions.  The program then gives the stress components at the center of each element and the displacements at the nodes, consistent with the prescribed boundary conditions.



13.
CB&I Program 1037 ‑ “DUNHAM’S”




DUNHAM’S program is a finite ring element stress analysis program.  It will determine the stresses and displacements of axisymmetric structures of arbitrary geometry subjected to either axisymmetric loads or non‑axisymmetric loads represented by a Fourier series.




This program is similar to the GASP program (CB&I 992).  The major differences are that DUNHAM’S can handle non‑axisymmetric loads (which requires that each node have three degrees of freedom) and the material properties for DUNHAM’S must be constant.  As in GASP, the loadings may be thermal, mechanical and accelerational.



14.
CB&I Program 1335




To obtain stresses in the shroud support, the baffle plate must be made a continuous circular plate.  The program makes this modification and allows the baffle plate to be included in CB&I Program 781 as two isotropic parts and an orthotropic portion at the middle (where the diffuser holes are located).



15.
CB&I Programs 1606 and 1657 ‑ “HAP”




The HAP program is an axisymmetric nonlinear heat analysis program.  It is a finite element program and is used to determine nodal temperatures in a two‑dimensional or axisymmetric body subjected to transient disturbances.  Programs 1606 and 1657 are identical except that 1606 has a larger storage area allocated and can be used to solve larger problems.  The model for Program 1606 is compatible with CB&I stress Programs 992 and 1037.



16.
CB&I Program 1635




Program 1635 offers three features to aid the stress analyst in preparing a stress report:




(a)
Generates punched card input for Program 767 (PRINCESS) from the stress output of Program 781 (KALNINS).




(b)
Writes a stress table in a format that can be incorporated into a final stress report.




(c)
Has the option to remove through‑wall thermal bending stress and report these results in a stress table similar to the one mentioned above.



17.
CB&I Program 953




The program is a general purpose program, which does the following:




(a)
Prepares input cards for the thermal model.




(b)
Prepares the node and element cards for the finite element model.




(c)
Sets up the model in such a way that the nodal points in the TGRV model correspond to points in the finite element model.  Since they have the same number, there is no possibility of confusion if transferring temperature data from one program to the other.



18.
CB&I Program 1666




This program is primarily written to calculate the temperature differences at selected critical sections of the nuclear reactor vessel components at different time points of thermal transients during its life of operation and list them in a tabular form.  Since there is no calculation unique to nuclear components, this program can be used with any model that sees thermal transients over a period of time.  This program helps ascertain the time points in thermal transients when the thermal stresses may be critical.



19.
CB&I Program 1684




This program is written to better expedite the fatigue analysis of nuclear reactor components as required by the ASME Code, Section III.  Specifically, this program is an expansion of an earlier program, 984.  The features of this program allow the user to easily perform the complete secondary stress and fatigue evaluation, including partial fatigue usage calculation of a component, in one run.  An additional option allows the user to document the input stress values in a format suitable for a stress analysis report.  The program is written to allow for a minimum amount of data handling by the user after the initial deck is established.



20.
CB&I Program “E1702A”




This program evaluates the stress intensity factor K sub (I) due to pressure, temperature and mechanical load stresses for a number of different stress conditions (times) and at a number of different locations (elements).  It then calculates the maximum RT sub (NDT) the actual material can have, based on a 1/4T flaw size and compares it with the ordered RT sub (NDT).  If the ordered RT sub (NDT) is larger than the maximum RT sub (NDT), the maximum allowable flow size is calculated.  The rules of ASME Code, Appendix G are used except that WRC Bulletin No. 175, “PVRC Recommendations on Toughness Requirements for Ferritic Materials,”  can be used to calculate K sub (I) due to pressure in a nozzle‑to‑shell junction.




For a more thorough description of the fracture problem, see WRC Bulletin No. 175.



21.
CB&I Program 955 “MESHPLOT”




This program plots input data used for finite element analysis.  The program plots the finite element mesh in one of three ways:  without labels, with node labels or with element labels.  The output consists of a listing and a plot.  The listing gives all node points with their coordinates, and all elements with their node points.  The plot is a finite element model with the requested labels.



22.
CB&I Program 1028




This program calculates the necessary form factors for the nodes of the model which simulates heat transfer by radiation.  Inputs are shape and dimensions of the head‑to‑skirt knuckle junction.  The program is limited to junctions with a toroidal knuckle part.



23.
CB&I Program 1038




This program calculates the loads required to satisfy the compatibility between the shroud baffle plate and the jet pump adapters in the RPV.



24.
pc‑CRACK




pc‑CRACK was used to determine the stresses and support the design of the weld overlay for the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB.  pc‑CRACK is a personal computer based program for performing fracture mechanics analysis on a variety of structural components and materials.  The program has the capability to perform rapid linear elastic fracture mechanics, elastic‑plastic fracture mechanics, and limit load analysis.  The program also provides a graphical 




representation of the analyzed area.  This program is an Appendix B software program by Structural Integrity Associates, Inc.  This program has been previously used for BOP piping as described in <Section 3.9.1.2.6.cc>.


b.
Reactor Internals



1.
Fuel Support Loads Program/SEISMO2, SEISMO3V




SEISMO2 and SEISMO3V computes the vertical fuel support loads using the component element method in dynamics.  The methodology is based on the publication “The Component Element Method in Dynamics,” by S. Levy and J. P. D. Wilkinson, McGraw Hill Co., New York, 1976.



2.
Stress Intensities Program/STRESINT




The time‑share program STRESINT is used to calculate the principal stresses and intensities of a stress tensor.  STRESINT computes the principal stresses by obtaining roots of an eigenvalue cubic equation.  Stress intensities are found by taking the absolute values of the differences between the principal stresses.



3.
Other Programs




The following programs are also used in the analysis of core support structures and other safety‑related reactor internals:  MASS, DYSEA, FAP‑71, and ANSYS.  These programs are described in detail in <Section 4.1>.


c.
Control Rod Drive



The program CRDSS01 is used to obtain performance data for various inputs to the control rod drive stress analysis for both code and non‑code parts.  Experimental data on such items as pressure drops, friction factors and effects of misalignment are used in setting up and perfecting this code.  Internal drive pressures and temperatures used in the stress analysis are also determined during testing of the prototype control rod drives.


3.9.1.2.2      Piping


The computer programs used in the analysis of NSSS piping systems are identified and their use summarized in the following paragraphs.


a.
Component Analysis/ANSI 7



The ANSI 7 computer program determines stress and cumulative usage factors in accordance with NB‑3600 of the ASME Code, Section III.  The program was written to perform stress analysis in accordance with the ASME Code sample problem, and has been verified by reproducing the results of the sample problem analysis.


b.
Dynamic Forcing Functions



1.
Relief Valve Discharge Pipe Forces Computer Program/RVFOR




The relief valve discharge pipe connects the relief valve to the suppression pool.  When the valve is opened, the transient fluid flow causes time‑dependent forces to develop on the pipe wall.  This program computes the transient fluid mechanic parameters and the resultant pipe forces using the method of characteristics.



2.
Turbine Stop Valve Closure/TSFOR




The TSFOR program computes the time history forcing function in the main steam piping due to turbine stop valve closure.  The program utilizes the method of characteristics to compute fluid momentum and pressure loads at each change in pipe section or direction.



3.
Integral Attachment/LUGST




The computer program “LUGST” evaluates the stresses in the pipe wall that are produced by loads applied to the integral attachments.



4.
Piping Dynamic Analysis Program/PDA




Pipe whip analyses were performed using the PDA computer program, which determines the response of a pipe subjected to the thrust force occurring after a pipe break.  The program treats the situation in terms of generic pipe break configurations, which involve a straight, uniform pipe fixed at one end and subjected to a time dependent thrust force at the other.  A typical restraint used to reduce the resultant deformation is also included at a location between the two ends.  Nonlinear and time dependent stress‑strain relations are used to model the pipe and the restraint.  Similar to the popular elastic‑hinge concept, bending of the pipe is assumed to occur only at the fixed end and at the location supported by the restraint.  Shear deformation is also neglected.  The pipe bending moment‑deflection (or rotation) relation used for these locations is obtained from a static nonlinear cantilever beam analysis.  On the basis of moment‑rotation relations, nonlinear equations of motion are formulated using energy considerations, and the equations are numerically integrated 




in small time steps to yield the time history of the pipe motion.



5.
Piping Analysis Program/PISYS




PISYS is a computer code for piping load calculations.  It utilizes selected stiffness matrices representing standard piping components, which are assembled to form a finite element model of a piping system.  The technique relies on dividing the pipe model into several discrete substructures, called pipe elements, which are connected to each other via nodes called pipe joints.  It is through these joints that the model interacts with the environment, and loading of the structure is possible.  PISYS is based on classical linear elasticity theory in which the resultant deformation and stresses are proportional to the loading, and the superposition of loading is valid.




PISYS has a full range of static and dynamic analysis options which include distributed weight, thermal expansion, differential support motion, modal extraction, response spectra, and time history analysis by modal or direct integration.  The PISYS program has been benchmarked against five Nuclear Regulatory Commission piping models for the option‑of‑response‑spectrum analysis and the results are documented in a report to the Commission, “PISYS Analysis of NRC Problems,” NEDO‑24210, August 1979.



6.
Piping Analysis Temperature Gradient Program:  LION401




LION401 is a digital computer program which is used to solve the steady‑state or transient temperature distribution in any three‑dimensional configuration.  The heat source may be externally conducted or internally generated.




In addition to the solving of heat conduction in structural elements, LION401 may also be used in such cases as forced convection, free convection or radiation where the output will yield temperatures and heat fluxes for points representing the surface of the structure.




The program solves the transient heat conduction equations for a three‑dimensional field using a first forward difference method.




The main purpose of the program at the present time is to calculate the temperature gradient for ASME Section III NB‑3600 Class I piping analysis.



7.
Response Spectrum Method Program:  RINEX




RINEX is an Engineering Computer Program (ECP) with the capability to interpolate and extrapolate curves of Amplified Response Spectrum (ARS) used in the response spectrum method of dynamic analysis.  RINEX has, as options, the capability to:  (1) generate additional curves of ARS with different oscillator damping from two or more existing curves and (2) incorporate nonconstant modal damping into the dynamic analysis of seismic and non‑seismic loads in the nuclear power plants.  The nonconstant modal damping analysis can calculate spectral acceleration at the discrete eigenvalues of a dynamic system using either the strain energy weighted modal damping or the ASME‑PVRC damping curve.  An additional damping analysis includes an option to create a continuous response spectrum curve corresponding to the ASME‑PVRC damping curve.  The advantage of such a continuous curve is that it defines the input that is directly applicable to any dynamic system.


3.9.1.2.3      Pumps and Motors


a.
Recirculation Pump



Computer programs using finite element methods are used in the analysis of the recirculation pump casing for the various loading conditions imposed by thermal and mechanical loads during plant operating and postulated conditions.



In general, the finite element techniques are used to solve heat transfer transient analysis problems, and also to perform stress analysis for various thermal and mechanical loadings by using the same finite element model representing the pump body.  The output of these programs is in the form of temperature profiles, deflections and stresses at the modal points of the finite element idealization of the pump structure.



The pump vendors used either the accepted industry or public domain computer codes, or their own developed proprietary program.  Vendors have to comply with the quality assurance and verification requirements of <10 CFR 50, Appendix B> as part of the contract conditions imposed by the General Electric Company.  In addition, accuracy of computer program methods is demonstrated by comparison with selected sample problems which lend themselves to alternate computation methods to provide closed‑form analytical solutions.


b.
ECCS Pumps and Motors



RTRMEC is a computer program which calculates and displays results of mechanical analysis of a motor rotor assembly when acted upon by external forces at any point along the shaft (rotating parts only).  The shaft deflection analysis includes magnetic and centrifugal forces.  The calculation for the seismic conditions assumes that the motor is operating and that the seismic, magnetic and 



centrifugal forces all act simultaneously and in phase on the rotor‑shaft assembly.  The distributed rotor assembly weight is lumped at the various stations, with the shaft weight at a station being the sum of one‑half the weight of the incremental shaft length just before the station, plus one‑half the weight of the adjacent incremental shaft length just after the station.  Bending and shear effects are accounted for in the calculations.



The following computer programs were used to analyze rotating and stationary components in the ECCS pumps:



1.
FMAP is a computer program which solves for the natural frequencies and associated mode shapes of a two‑dimensional frame.  The frame is defined as a system of uniform, weightless members whose ends, or joints, are rigidly attached.  All weights are lumped at the joints.  Each joint has three degrees of freedom:  two translations in the plane of the frame and a rotation about the axis normal to the plane.  The frame is in the X‑Y plane, and all motion of the frame is in this plane.



2.
The FLTFLG computer program determines stresses in bolted flanged connections where the flanges are flat faced and bolted together directly or separated by a metal spacer such that there is metal‑to‑metal contact beyond the bolt circle. 




Calculation procedures follow rules set forth in Appendix II, Part B, ASME Boiler and Pressure Vessel Code Section VIII, Division 1, 1971, Winter 1973 Addendum.



3.
MULTISPAN is a computer program which performs the bending analysis of variable cross‑section continuous beams up to ten spans.  The analysis yields reactions, internal forces, displacements, and maximum shear and bending stresses.



4.
2DFMAP is a computer program which solves for the natural frequencies and the associated mode shapes of a rigidly jointed, two‑dimensional lumped‑mass frame.  The solution is based on small‑deflection theory assuming linear stiffnesses for the frame.  Stiffness matrix alterations can be used to add complex structural elements which cannot be represented by members.  Gaussian elimination is available to reduce the size of the stiffness matrix if relatively small weights are associated with any degree of freedom.  The frequencies and mode shapes are computed using the Householder‑Strum method and inverse iteration.



5.
The CRISP computer program determines the fundamental and harmonic modes of lateral vibration of rotating elements of arbitrary flexural rigidity.  The computational method is based on a transfer matrix representation of the rotor shaft which includes the effect of multiple supports with dissimilar elasticity and damping in the bearings, and with dissimilar elasticity and mass of the bearing supports.  In addition to calculating the natural frequencies, the program provides lateral deflections for the determination of rotor stresses, running clearances and severity of vibration at the different resonant frequencies.  Vibration amplitudes of the bearing supports are also provided for determining support resonant frequencies and for obtaining an optimum design through modifications of the bearings and their supports.


3.9.1.2.4      RHR Heat Exchangers


Following are the computer programs used in dynamic and static analysis to determine structural and functional integrity of the RHR heat exchanger.


a.
Calculation of Shell Attachment Parameters and Coefficients/BILRD



BILRD is used to calculate the shell attachment parameters and coefficients used in the stress analysis of the support‑to‑shell junction.  The method, per Welding Research Council Bulletin No. 107, is implemented in BILRD to calculate local membrane stress due to the support reaction loads on the heat exchanger shell.


b.
Natural Frequency Program/WBHFN



WBHFN calculates the natural frequency of the RHR Heat Exchanger considering the stiffness of the supporting steel structure.  In this program the heat exchanger is modeled as a flexible beam supported on two springs, the two springs being the stiffness characteristics of the upper keyway supports and the lower support tiedown brackets.  Three different methods of calculating the natural frequency of the RHR heat exchanger could be used.  All three methods were used to calculate the natural frequency of a typical system with all results being within 7% of each other.


c.
Stress Analysis of Supports/KK‑8



KK‑8 performs a full stress analysis of the upper and lower supports of the RHR heat exchanger.  This program computes the membrane stresses on the shell of the heat exchanger by the use of the Bijlaard analysis, per Welding Research Council Bulletin No. 107, as well as the net section stresses (shear, tensile, bearing) in the lower support plate and the upper keyway brackets.  It also computes the stresses in the welds of the supports as well as the stresses in the welds attaching the supports to the shell.


3.9.1.2.5      Annulus Pressurization Analysis


a.
Dynamic Analysis Program/DYSEA



DYSEA simulates a beam model in the annulus pressurization dynamic analysis.  A detailed description of DYSEA is provided in <Section 4.1>.  DYSEA employs a preprocessor program named GEAPL01.  GEAPL01 converts pressure time histories into time varying loads and forcing functions for DYSEA.  The overall time histories for resultant forces and moments at specified points of resolution can also be obtained from GEAPL01.


b.
Acceleration Response Spectrum Program/SPECA04



SPECA04 generates acceleration response spectra for an arbitrary input time history of piece‑wise linear accelerations, i.e., to compute maximum acceleration responses for a series of single‑degree‑of‑freedom systems subjected to the same input.  It can accept acceleration time histories from a random file.  It also has the capability of generating the broadened/enveloped spectra when the spectral points are generated equally spaced on a logarithmic scale axis of period/frequency.  This program is also used in seismic and SRV transient analyses.


c.
Axisymmetrical Structure Analysis Program/ASHSD02



ASHSD02 performs dynamic analysis of axisymmetric structures subjected to any arbitrary static or dynamic loading or base acceleration.  The finite element methodology is used to generate vibration mode shapes and frequencies, time history of nodal displacement and acceleration, and element stress for each Fourier term.


3.9.1.2.6      Balance of Plant Computer Programs


The computer programs used in the analyses of BOP components are summarized in the following paragraphs.


All computer programs used for the design and qualification of BOP safety‑related components, whether used by GAI or by vendors supplying the components, have been verified in accordance with the requirements of <10 CFR 50, Appendix B>.


a.
PIPDYN II (M041)



PIPDYN II is a FORTRAN‑language computer program developed by the Franklin Institute Research Laboratories for the analysis of general three‑dimensional beam structures, but more specifically for the static and dynamic analyses of piping systems.  The essential part of the program is based on general structure theory with the aid of the finite element method.  The program permits the user to describe the physical properties of a structure, constraint conditions and loading information in very general terms.  The program provides alternative stress computations in accordance with requirements of either the subarticles “NB‑3600, Piping Design” and “NC‑3600, Piping Design” of the ASME Code, Section III, up to and including the Winter 1972 Addenda, or ANSI B31.1b‑1973 Power Piping Code.  The computer output results are updated to meet the requirements of the 1974 ASME Code, Section III, Division 1, up to and including the Winter 1975 Addenda.  PIPDYN II is used in static and dynamic analysis of piping systems except where plasticity, nonlinearity or large displacement considerations are required.



PIPDYN II is a recognized program and has sufficient history of use to justify its applicability and validity.  The theory, assumptions, computational techniques, and results have been examined and found to be within acceptable standards.  Independent 



comparisons of results have been made to classical problems, recognized benchmark calculations and piping systems analyzed by using other programs, with acceptable results.


b.
TPIPE



TPIPE is a special purpose computer program capable of performing static and dynamic linear elastic analyses of power related piping systems of virtually unlimited size.  The dynamic analysis option includes (1) frequency extraction, (2) response spectrum, (3) time history modal superposition, and (4) time history direct integration methods.



In addition to these basic analysis capabilities, the program can process plot requests of the undeformed or deformed structural geometry, postprocess pipe member end forces through ASME Section III, Class 1, 2 or 3 stress evaluation equations, and provide support load and data for pipe attachment evaluation.  TPIPE can also perform thermal transient heat transfer analysis to provide the linear thermal gradient, nonlinear thermal gradient and gross discontinuity expansion difference required for a complete Class 1 stress evaluation.



Multiple class (1‑2‑3) piping systems can be analyzed together but individually evaluated by TPIPE within a single computer run or over a series of computer runs.



The major computational algorithms which solve the linear equilibrium equations and calculate the dynamic structural frequencies and mode shapes were taken from the efficient general purpose structural analysis program SAP IV, “A Structural Analysis Program for Static and Dynamic Response of Linear Systems.”



The program was verified by comparison to benchmark problems.


c.
Alternate Method of Piping Analysis Program (M085)



This program computes support spacing, support loads and pipe deflections for the combined effect of dead weight and seismic inertia load based on classical frequency domain analysis of beam vibration, and is used to develop a simplified seismic support spacing criteria.  This method treats piping between supports as a single span beam and determines the basic spans for straight pipe of various diameters to meet stress and deflection criteria.  Span reduction factors are developed to determine permissible lengths for those spans containing a concentrated weight, branch connection or change in direction.



The seismic loading on a pipe is specified by response spectrum inputs.  Floor acceleration response spectra must be specified for 3 mutually orthogonal directions for the OBE and for the SSE.  The pipe stress is allocated for dead weight and seismic load combinations from internal pressure, stress intensification factor and the allowable stress multipliers of the ASME Code.  The calculation meets ASME B&PV Code Section III, Subsection NC requirements for dead weight, internal pressure, and seismic loading or other dynamic loads specified by floor response spectra.



The basic pipe spans are computed from the stress allocated for dead weight and dynamic loads for the OBE and the SSE response spectra.  The shorter of these two spans is used for computing support loads and maximum deflection.  This deflection is then checked against the limit imposed by the users.



The program was verified by the following two methods: (1) comparison of results with hand calculations and (2) comparison of results obtained from the verified stress analysis program, TPIPE.


d.
Flange Qualification Program



This program was developed by Gilbert Associates, Inc. to calculate and evaluate stresses in the flange and bolts in accordance with the ASME Code, Section III, Appendix XI, Winter 1975 Addenda, Section III, Paragraphs NB‑3647, NC‑3647, ND‑3647, and ASME Code Case 1677.  The program has been verified by solving a series of test cases and comparing these results with hand calculations.


e.
ANSYS



ANSYS is a general purpose finite element computer program for the solution of diversified analysis problems.  Analysis capabilities include static and dynamic; plastic, creep and swelling; small and large deflections; and steady‑state and transient heat transfer.  The program is used in both the linear and nonlinear analysis of special two and three dimensional components subjected to loads such as:  shear, axial, bending, torsion, pressure, and temperature.  Output consists of nodal displacements, stresses, temperatures, etc., for use in evaluating the component against required allowables.



The program has been developed and verified by Swanson Analysis Systems Inc., Elizabeth, Pennsylvania.


f.
STRUDL/DYNAL



The Structural Design Language, STRUDL, is a recognized, widely used computer program for structural design developed by the Massachusetts Institute of Technology and released to public domain in 1968.  This program is used in analysis of piping and equipment supports, and for thermal analysis of selected piping systems.  Documentation for the verification of this computer program is on record at Gilbert Associates, Inc.


g.
GTSTRUDL



GTSTRUDL is used in structural analysis and design to perform linear small displacement static and dynamic analysis of structures composed of any combination of members and finite elements with the same or variable number of degrees‑of‑freedom per joint.



GTSTRUDL design procedures include steel design and code checking for member elements in accordance with the 1969 and 1978 AISC (American Institute of Steel Construction) Specifications for general steel structures, the 1971 ASCE (American Society of Civil Engineers) Manual No. 52, “Guide for Design of Steel Transmission Towers” for steel transmission tower design, and the 1980 API (American Petroleum Institute) “Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platforms”, for the design of steel tubular members.



The program verification included a comparison against hand calculations of sample problems pertaining to the AISC Code and the ASME Code, Section III, Subsection NF.


h.
WERCO



WERCO is a program written by AAA Technology and Specialties Co., Inc. to perform the stress calculations as presented in the Welding Research Council (WRC) Bulletin No. 107, entitled “Local Stresses in Spherical and Cylindrical Shells Due to External Loadings.”  The program contains a series of non‑dimensional curves that are used to obtain the stresses at four locations around the attachment and on the interior and exterior surfaces of the shell at those locations.  The program was verified by comparing the results of sample program hand calculations with those of the WERCO program.


i.
PIPELUG (M083)



PIPELUG is a program developed by Gilbert Associates, Inc. for computing pipe stress at a shear lug attachment for Class 1, Class 2 and Class 3 piping.  The program is based on the Welding Research Council Bulletin No. 198, entitled “Secondary Stress Indices for Integral Structural Attachments to Straight Pipe” and on ASME Code Case 1745.  The program was verified by published results as well as comparison with sample calculations.


j.
GCWHAM (M090)



GCWHAM is a computer program, which was modified by Gilbert Associates, Inc. from WHAM‑6 (Argonne Computer Code Abstract 278), and is applicable to calculation of pressure, velocity, and force transients in fluid‑filled piping networks.  GCWHAM can be applied to multi‑loop, complex piping networks consisting of a number of dead ends, elbows, orifices, multiple branch tees, changes of flow passage cross sections, check valves, pumps, pressurizers or tanks, and exit valves.  The program also considers hydraulic losses.  Transients can be initiated by fast closure of one or more exit valves, by a prescribed change in tank pressure, or by pump power failure.  The program was verified by the following two methods:  (1) comparison of results with hand calculations, and (2) comparison of results obtained from the verified program, WAVENET.


k.
ENVSPEC (S125)



The ENVSPEC program is a Fortran language computer program developed by Gilbert Associates, Inc.  It is used to generate an enveloping spectrum for a given set of response spectra.



Verification was accomplished by executing S125 test runs and comparing the resulting enveloped spectra with hand calculations and plots.


l.
GCM(95



GCM(95 is a Fortran language computer program developed by Gilbert Associates, Inc.  It is used to evaluate ASME Code Class 1 equations and perform Class 1 fatigue analysis.



Verification was accomplished by comparing GCM(95 calculated solutions with results from the certified program TPIPE.


m.
NB3200 (M107)



M107 is a Fortran language computer program developed by Gilbert Associates.  It is used to perform detailed ASME Code Section NB‑3200 stress evaluations of specialized piping components utilizing finite element analyses.



Verification was accomplished by executing M107 test runs and comparing the results against hand calculations.


n.
PRYTEN (S121)



PRYTEN is a Gilbert Associates, Inc. program developed for computing the bolt pullout force for 2 and 4 bolt base plates.  The program performs a flexible plate analysis which determines prying loads on the base plate bolts in addition to direct tension loads.  The program was verified by comparing results against hand calculations.


o.
FORTPRY (CS090)



FORTPRY is a Gilbert Associates, Inc. program developed for computing the bolt pullout force and the base plate stress for 2, 4, 6, and 8 bolt base plates.  The program performs a flexible plate analysis which determines direct tension forces and prying forces on the base plate bolts.  The program was verified by comparing results against hand calculations.


p.
RELAP5



RELAP5 is an advanced one dimensional thermal hydraulic analysis code developed for the U.S. Nuclear Regulatory Commission by EG&G Idaho, Inc.  The program predicts time dependent thermal‑fluid conditions based on a nonhomogeneous, nonequilibrium hydrodynamic model.  The program generates forcing functions in piping segments for such postulated events as safety/relief valve discharge.  Verification of the program was accomplished by (1) comparison of results against published literature, and (2) comparison with actual test results published in the Electric Power Research Institute’s Safety and Relief Valve Test Report.


q.
LOADCOMB (M093)



The M093 program was developed by Gilbert Associates, Inc.  This program calculates the combined pipe support design load for various plant conditions in accordance with the support design load combinations provided in <Table 3.9‑21>.  The program has the option of developing stress intensification factors for pipe support anchor plates under concentrated, uniform axisymmetric and non‑axisymmetric bending loads.



Verification was accomplished by comparing M093 results against hand calculations.


r.
REPORT (M109)



The M109 program was developed by Gilbert Associates, Inc.  The program extracts selected TPIPE program results and tabulates in a format to be used in design and analysis.  M109 lists equations for each load condition, support loads and displacements for each load condition, combined support loads for each load combination, and screens results to provide maximum design loads.  The program will also extract necessary load and stress data from the TPIPE program to be used for integral support attachment design, flange qualification, equipment nozzle qualification, and branch line qualification.



Verification was accomplished by comparing the results of M109 test runs against hand calculations.


s.
WAVENET



The WAVENET computer program was developed by R. T. Bradshaw, Inc. for the solution of wave transmission (i.e., fluid vibration) problems in complex networks of pipes or ducts.  The program is applicable to a variety of applications including:  pulsation in gas or liquid transmission pipeline systems, transient pulses induced by rapid changes in local flow conditions (e.g., rupture and valve closure), and excitation of piping by elastic (acoustic) waves induced by turbulent flows.



In addition to detailed information on local pressures and velocities throughout the system, the program develops detailed information on pressure‑induced and momentum‑induced structural forces at junctions, bends, valves, and orifices.



Verification was accomplished by comparing the results of sample problems with hand calculations.


t.
Simplified Dynamic Analysis (M051)



The M051 program was developed by Gilbert Associates, Inc.  This program treats piping spans between rigid supports and/or seismic restraints as independently supported beams.  The exact solution of the inertial response of the first five modes of a single span, simply supported pipe is computed using floor response spectra as the forcing function.  One or two mutually perpendicular response spectra can be used.



In general, the program can be used to compute the first piping natural period and the natural frequency of the piping model as well as the ratio between the first natural period and the allowable natural period (percentage of the building predominant peak), the inertial seismic reaction on a support, the deadweight reaction on vertical supports, maximum seismic inertial stresses, and ratio with the allowable seismic stress.  In addition, the program will compute the maximum mid‑span deflection versus the allowable deflection and determine reduced piping spans to account for concentrated weights.



Results from the M051 program are used to develop a simplified seismic support spacing criterion.



Program verification was accomplished by comparing M051 results against hand calculations.


u.
CRD Piping Analysis Program/IMPULSE‑I



IMPULSE‑I is an ECHO Energy Consultants, Inc. proprietary computer code which evaluates fluid transients in piping networks.  IMPULSE includes extensively verified capabilities for simulation of BWR control rod drive (CRD) systems.



IMPULSE‑I employs the method‑of‑characteristics technique with constant time intervals coupled with a large set of mechanical equipment models.  The program can completely describe the transient response of a wide variety of mechanical equipment models and boundary conditions such as pumps, valves, surge tanks, hydraulic control unit (HCU), and CRD piston systems.



IMPULSE‑I is written in the Fortran V language and is compiled and available on the CYBER 175 and VAX‑11/750.  Application of the program is limited to piping networks initially containing water or gases with mach number less than 0.6.  The wide variety of mechanical equipment components modeled within the program (i.e., valves, pumps, hydraulic control units) allows application of the program to any general piping system.



IMPULSE‑I was developed, documented, and verified according to the criteria and guidelines of ANSI N413‑1974 and the ECHO QA Program.  The verification uses a combination of published experimental data and had calculations to test its capability.  Twenty test runs provide the basic comparisons of IMPULSE‑I with a wide series of experimental data.


v.
EDASP



Equipment Dynamic Analysis Software Package is a microcomputer‑based software package developed by Stevenson and Associates.  This software package is used to develop dynamic response analytical models of instrument racks based on in situ testing.  The in situ testing and response analysis procedures are performed according to recommendations set forth in IEEE 344‑1975 and <NUREG/CR-3875>.  The dynamic excitation is defined by the enveloped floor response spectra for the appropriate building elevation.



The responses at various points on the instrument rack are recorded during the test and the EDASP software package is used to develop an analytical model of the rack.  EDASP is then used to develop new response curves for the racks and instruments when the racks are physically altered by changing instruments and their locations on the rack.



EDASP was verified by Stevenson and Associates.  The basic method of verification was to run several models and compare the results with those from an established program.


w.
PENG LOCALS



PENG LOCALS is a program written by Peng Engineering to perform the stress calculations as presented in the Welding Research Council (WRC) Bulletin No. 107, entitled “Local Stresses in Spherical and Cylindrical Shells due to External Loadings.”  The program contains a series of non‑dimensional curves that are used to obtain the stresses at four locations around the attachment on the interior and exterior surfaces of the shell at those locations.  The program was verified by comparing the results of sample problems with those of the WERCO Program.


x.
TORQUE



Site Engineering Department (SED) developed the program “TORQUE” to be used on an IBM‑PC (min) or equivalent.  “TORQUE” determines the required “TORQUE” to develop a specified bolt “preload”, with three different coefficients of friction, which are either default values or user input.  “TORQUE” also determines the bolt load in a bolt when a certain “TORQUE” value is applied.  Once again, this is accomplished for three different coefficients of friction.  The program was verified by comparing results against hand calculations.


y.
PIPESTRESS



PIPESTRESS is a computer program developed by SST Systems, Inc. which performs linear elastic analysis of three dimensional piping systems.  PIPESTRESS has static and dynamic analysis capabilities including detailed uniform and multi‑level response spectrum analysis, time history and fatigue calculations and multiple load cases and load combinations.  In addition to these capabilities, PIPESTRESS can post‑process pipe member end forces through ASME Section III, Class 1, 2 or 3 stress evaluation equations, and provide support load data for pipe attachment evaluation.  PIPESTRESS is the main processor of PS+CAEPIPE program.



This program was verified by comparison to benchmark problems.


z.
PS+CAEPIPE



PS+CAEPIPE is a group of interrelated computer programs developed by SST Systems, Inc. for performing linear elastic analysis of piping systems subject to a variety of loading conditions.  This program has the same main processor as PIPESTRESS (described in Item ”y” above) and, therefore, has the same analysis capabilities.  Software modules for PS+CAEPIPE are pre‑processor, batch input file, PIPESTRESS (main processor), report generation and post processor.



The program was verified by comparison to benchmark problems.


aa.
CONVER



PC Computer Program “CONVER” converts floor response spectra curves in a digitized format (compatible with existing T‑PIPE format) to a digitized format for input into piping analysis program PS+CAEPIPE.



CONVER can also incorporate the Response Spectra Damping values of (ASME III) Code Case N‑411‑1.  CONVER has been verified by hand calculations.  (Note:  EDASP is utilized to generate 2% and 5% “Damped” Response Spectra curves for input into CONVER’s N‑411‑1 option).


bb.
EXTRSP(S153)



Program EXTRSP was developed by Gilbert Associates, Inc. and was verified in accordance with <10 CFR 50, Appendix B> and <10 CFR 21>.  Program EXTRSP accesses a specified set of digitized response spectra for use in enveloping response spectrum records.  The resulting data will be used for input into analysis programs TPIPE and PIPESTRESS as discussed in <Section 3.9.1.2.6.b> and <Section 3.9.1.2.6.y>.


cc.
PC‑CRACK



Program PC‑CRACK was developed by Structural Integrity, Inc. and was verified in accordance with <10 CFR 50, Appendix B>, ANSI/IEEE ANS‑7‑4.3.2‑1982, and Structural Integrity Associates, Inc. Quality Assurance Manual.  PC‑CRACK analyzes flaws using fracture mechanics methods on a wide variety of structural components and materials.


dd.
AutoPIPE



AutoPIPE is a PC based computer program developed by Engineering Design Automation which performs linear elastic analysis of three dimensional piping systems subject to a variety of loading conditions.  AutoPIPE has static and dynamic analysis capabilities including modal, response spectrum, harmonic, and force spectrum analyses.



The program was verified by comparison to benchmark problems.


ee.
POWER‑ACM



Program POWER‑ACM, was developed by SenEnTec and was verified in accordance with the requirements of <10 CFR 50, Appendix B>.  Evidence of the verification of input, output and methodology is documented in SenEnTec’s permanent verification and validation documentation.  The SenEnTec Acoustic Chugging Methodology (SACM) is the basis for the program.  POWER‑ACM evaluates the solution for the acoustic wave equation in circular (annular and cylindrical) suppression pool geometry.  It was specifically designed to be capable of performing all calculations necessary to determine the time‑dependent pressure field in either cylindrical, annular, or segmented annular geometry due to unstable steam condensation.


ff.
HEATING5



HEATING5 was developed by W. D. Turner, D. C. Elrod and I. I. Siman‑Tov of the Computer Science Division, Union Carbide Nuclear Division for DOE.  HEATING5 was verified in accordance with <10 CFR 50, Appendix B> and <10 CFR 21>.  The Code is designed to solve steady‑state and/or transient heat conduction problems in one‑, two‑, or three‑dimensional Cartesian or cylindrical coordinates or one‑dimensional spherical coordinates.


3.9.1.2.7      Valves


The Seismic Category I valves that utilize computer analysis are designed and fabricated in accordance with ASME Section III.


3.9.1.2.8      Class 1 Containment Penetrations


The computer programs used in the analysis of the ASME Code Class 1 penetrations are identified and their use summarized in the following paragraphs.  These penetrations were originally designed and analyzed by 


Nutech Corporation.  The final analysis was modified by Gilbert Associates to account for changes to design loads.


a.
Primary Membrane and Primary Bending Stress Program (PRS3)



Computer program PRS3 is a program to calculate primary membrane and primary bending stresses due to pressure and mechanical loads.  The program was written by the Nutech Corporation and provides calculations and checks against allowables established by the ASME Boiler and Pressure Vessel Code for primary stress (Pm‑PL, and PL‑Pb stresses).  The primary stress intensities are calculated in accordance with Paragraph NB‑3215 of the ASME Code and compared with input values of Sm or 1.5 Sm.  Values of primary stress intensity greater than Sm or 1.5 Sm are flagged by PRS3.


b.
Heat Transfer Analysis Program (HEATER)



The basis for HEATER is a program developed by E. L. Wilson (Reference 4) to perform transient temperature analysis of plane and axisymmetric solids.  The program uses a finite element definition of the solid, and thermal properties are defined for each element.



In its original form, the program provided temperature‑time histories of the solid due to a step change in a step boundary temperature.  Nutech has modified the program to calculate element temperatures due to an arbitrary fluid temperature change as a function of time.  Heat transfer from the fluid across the solid boundary is by convection using an input value of convective heat transfer coefficient.  The time instant producing the most severe gradient through the element for each thermal transient is used for stress analysis.


c.
Stress Analysis Program (COSTAR)



The computer program COSTAR, developed and verified by Nutech, is a finite element program for the analysis of axisymmetric solids of revolution subject to axial, shear, pressure, moment, and torsional loadings.  The program calculates stresses, displacements and principal stresses due to any arbitrary loads expanded into Fourier components, including thermal and nodal loads.  The program uses isotropic materials.  A post‑processor program to COSTAR performs stress and fatigue calculations required by the ASME Code.


d.
Piping Stress Analysis Program (PISTAR)



The computer program PISTAR, developed and verified by Nutech, is a finite element program for the analysis of piping systems subject to various loadings.  The program calculates stresses, reactions and deflections for the piping system for any given loading, and also performs stress evaluation of the piping system required by the ASME Code.


3.9.1.2.9      Class 2 Containment Penetrations (M097)


The M097 program takes penetration loads and unit load‑stresses obtained from ANSYS (3.9.1.2.6e) finite element analysis of penetration assemblies and then computes various categories of stresses in accordance with ASME Section III, NE‑3200.  The computed results are compared with the code allowable stress limits for all stress categories and all service conditions.  The program verification was accomplished by comparing program results with hand calculations.


3.9.1.3      Experimental Stress Analysis


The following sections list those NSSS components upon which experimental stress analysis was used in conjunction with analytical methods.


3.9.1.3.1      Testing of Piping Components


The following components have been tested to verify their design adequacy:


a.
Piping snubbers


b.
Pipe whip restraints


Descriptions of the snubbers and whip restraint tests are contained in <Section 3.9.3.4> and <Section 3.6>, respectively.


3.9.1.3.2      Orificed Fuel Support, Vertical and Horizontal Load Tests


The BWR 6 Orificed Fuel Support (OFS) is designed under the provisions of the ASME Code, Section III, Subsection NG, as a core support structure and, therefore, complies with NA‑3352.1.  In order to meet this requirement, an analysis was performed using the finite element method.  However, the complexity of the OFS design, as well as the nonlinear behavior of the OFS during analysis, preempted the use of experimental stress analysis.  Accordingly, a series of horizontal and vertical load tests were performed in order to conform to the requirements of the Code and the design specification.  The results of these tests indicate that the resultant stresses due to static and dynamic loading of the OFS are below the stress limit allowables, including a 0.65 quality factor.  The allowable stress limits were obtained by applying a 0.65 quality factor to the ASME Code allowables of 1.5 Sm for upset and 1.5 x 0.7 Su for faulted.


3.9.1.3.3      Control Rod Drive


Experimental data was used in refining the SCRAM 1 Code.  The output of SCRAM 1 was used in the dynamic analysis of both code and noncode parts.  Pressures used in the analysis were also determined during actual testing of prototype control rod drives.


3.9.1.4      Evaluation of Emergency and Faulted Conditions


The following test results show functional capability of BOP piping systems is assured at ASME Service Level C stress limits.


a.
ASME Paper 78‑PVP‑83 ‑ “Evaluation of the Functional Capability of ASME Section III, Class 1, 2 and 3 Piping Components.”


b.
ASME 74‑NE‑1 ‑ “Plastic Deformation of Piping Due to Pipe ‑ Whip Loading.”


c.
<NUREG/CR‑0261> ‑ “Evaluation of the Plastic Characteristics of Piping Products in Relation to ASME Code Criteria.”


This work reviewed a significant amount of test data and found that none could be found in which large enough displacements were applied to produce significant reductions in flow area, e.g., 50% reduction of flow area.  A local reduction in straight pipe area of 50% does not mean that the functional capability of the piping system has been reduced by 50%.  Such a local flow restriction might give only a 1% loss in flow capacity, for a given pressure drop, or 2% higher pressure drop for a given flow rate.


The applicant has demonstrated the functional capability of all piping components in essential ASME Class 1, 2 and 3 piping systems designed using level C service stress limits.  This included use of the criteria in the Interim Technical Position “Functional Capability of Passive 


Piping Components,” Mechanical Engineering Branch, Division of Systems Safety.  Where additional criteria are required to evaluate functional capability, applicable criteria in NEDO‑21985, dated September 1978, were used.


Seismic Category I equipment was evaluated for the faulted loading conditions.  In all cases, calculated stresses were within the allowable limits.  The following paragraphs in <Section 3.9.1.4> show examples of the treatment of faulted conditions for the major components on a component‑by‑component basis.  Additional discussion of faulted analysis can be found in <Section 3.9.2.5>, <Section 3.9.3>, <Section 3.9.4>, <Section 3.9.5>, and <Table 3.9‑3>.


Deformations under faulted conditions have been evaluated in critical areas and no cases are identified where design limits, such as clearance limits, are exceeded.


For reactor internals, analyses have been performed to ensure that the damaged non‑seismically qualified internals do not impair the integrity and the intended functions of the seismically qualified internals.


All break exclusion region piping was evaluated as Seismic Category I for the safe shutdown earthquake.


3.9.1.4.1      Control Rod Drive System Components


a.
Control Rod Drives



The major control rod drive components that are analyzed for faulted conditions are:  ring flange, main flange and indicator tube.  The maximum stresses for these components, for various plant operating conditions, is given in <Table 3.9‑3u>.


b.
Hydraulic Control Unit



A discussion of the seismic considerations for the hydraulic control unit (HCU) is found in <Section 3.9.2.2.3.d>.


3.9.1.4.2      Reactor Internal Components


a.
Control Rod Guide Tube



The maximum calculated stress on the control rod guide tube occurs in the base during the faulted condition and is 21,763 psi.  The “faulted” limit is the lesser of 2.4 Sm or 0.7 Su at the design temperature per ASME Code, Section III, Table I‑1.2 and F 1322‑1 where Su = 57,500 psi and Sm = 16,000 psi @ 575(F.  The maximum stress summary for various plant operating conditions is given in <Table 3.9‑3aa>.


b.
Incore Housing



The maximum calculated stress on the incore housing occurs at the outer surface of the vessel penetration during the faulted condition and is 21,026 psi.  The “faulted” limit is the lesser of 2.4 Sm or 0.7 Su at the design temperature per ASME Code, Section III, F1323.1 (b) where Su = 80,000 psi and Sm = 23,300 psi at 575(F.  The method of analysis and the maximum stress summary for various plant operating conditions is given in <Table 3.9‑3ab>.


c.
Jet Pump



The elastic analysis for the jet pump faulted conditions shows that the maximum stress occurs at the elbow/thermal sleeve interface and is 55,258 psi.  The maximum allowable for this condition per ASME Code, Section III, is 3.6 Sm or 60,840 psi.  The method of analysis 



and the maximum stress summary for various plant operating conditions is given in <Table 3.9‑3w>.


d.
LPCI Coupling



The location of the highest primary stress (Pm + Pb) is at the strut to shroud attachment weld.  The smallest margin at the weld is from the faulted condition of NL + (PA + JR + AP/F + SSE, resulting from a large line break plus SSE.  The calculated stress is 34,807 psi.  The allowable stress is 35,658 psi, or 2.4 x 1.5 x 0.7 Sm.  A weld quality factor of 0.7 is included as required by ASME Code, Section III, Table NG‑33521‑1 <Table 3.9‑3y>.


e.
Orificed Fuel Support



Orificed fuel support is analyzed for the faulted condition.  The method of analysis, testing and calculated stresses are given in <Section 3.9.1.3.2>, and summarized in <Table 3.9‑3ac>.


f.
Control Rod Drive (CRD) Housing



The SSE is classified as a faulted condition; however, in the CRD housing analysis the SSE event has been treated as an emergency condition.  The maximum stress on the CRD housing during the faulted condition is 14,727 psi.  The maximum design stress limit for this event is 1.2 Sm = 20,000 psi, and the ultimate strength of the material is 57,500 psi.  <Table 3.9‑3v> shows the allowable and calculated stress values for the highly stressed areas of the control rod drive housing.


3.9.1.4.3      Reactor Pressure Vessel Assembly


The reactor pressure vessel assembly includes the reactor pressure vessel, support skirt and shroud support.


For faulted conditions, the reactor vessel was evaluated by elastic analysis.  For the shroud support, an elastic analysis was performed, and for compressive load, buckling was evaluated.  The method of analysis and maximum stress summary for various plant operating conditions is given in <Table 3.9‑3a>.


3.9.1.4.4      Core Support Structures


The core support structures are evaluated for the faulted condition loads, and the basis for determining the faulted loads for seismic and other dynamic events is given in <Section 3.7> and <Section 3.9.5>, respectively.  The method of analysis and the maximum stress summary for various plant operating conditions is given in <Table 3.9.3a>, <Table 3.9.3b>, <Table 3.9.3v>, <Table 3.9.3aa>, <Table 3.9.3ab>, and <Table 3.9.3ac>.


3.9.1.4.5      Main Steam Isolation, Recirculation Gate and Safety/Relief Valves


<Table 3.9‑3g>, <Table 3.9‑3h> and <Table 3.9‑3j> provides a maximum stress summary and the methods of analyses for the consideration of the faulted condition of the safety/relief, main steam isolation and recirculation gate valves, respectively.


Standard design rules, as defined in ASME Code, Section III, are utilized in the analysis of pressure boundary components of Seismic Category I valves.  Conventional, elastic stress analysis is used to evaluate components not defined in the ASME Code.  The ASME Code 


allowable stresses are applied to determine acceptability under applicable loading conditions, including faulted condition.


3.9.1.4.6      Recirculation System Flow Control Valve


The recirculation system flow control valve is analyzed for faulted conditions by the elastic analysis methods from the ASME Code, Section III.  The method of analysis and the maximum stress summary for various plant operating conditions is given in <Table 3.9‑3f>.


3.9.1.4.7      Main Steam and Recirculation Piping


For main steam and recirculation system piping, elastic analysis methods are used in evaluating faulted loading conditions.  The allowable stresses using elastic techniques are obtained from ASME Code, Section III, Appendix F, “Rules for Evaluation of Faulted Conditions,” and these are above elastic limits.  Additional information pertaining to the consideration of the faulted condition on the main steam and recirculation piping is in <Table 3.9‑3d> and <Table 3.9‑3e>.


3.9.1.4.8      Nuclear Steam Supply System Pumps, RHR Heat Exchanger and RCIC Turbine


The recirculation, ECCS, RCIC, and SLC pumps; RHR heat exchangers; and RCIC turbine have been analyzed for the faulted loading conditions identified in <Section 3.9.1.1>.  In all cases, stresses are within the elastic limits.  The analytical methods, maximum stress limits and allowable stresses are given under the respective equipment table in the 3.9‑3 series.


3.9.1.4.9      Control Rod Drive Housing Supports


Examples of the calculated stresses and the allowable stress limits for the faulted condition for the control rod drive housing supports are shown in <Table 3.9‑3ac>.


3.9.1.4.10      Fuel Storage and Refueling Equipment


Refueling and servicing equipment is classified as essential components per the requirements of <10 CFR 50, Appendix A>.  This equipment and other equipment whose failure would degrade an essential component is classified in <Section 9.1> as Seismic Category I.  These components are subjected to an elastic dynamic finite element analysis to generate loadings.  This analysis utilizes appropriate floor response spectra and combines loads at frequencies up to 33 Hertz for seismic and up to a higher cut‑off frequency for the other hydrodynamic loads <Appendix 3A> in three directions.  Imposed stresses are generated and combined for normal, upset and faulted conditions.  Stresses are compared, depending on the specific safety class of the equipment, to industrial codes, ASME, ANSI or industrial standards, or AISC allowables.


Examples of the calculated stresses, and the allowable stress limits for the faulted conditions for the fuel preparation machine, refueling platform and inclined fuel transfer tube are given in <Table 3.9‑3s>.


3.9.1.4.11      Fuel Channels


Structural analyses of the GE BWR fuel assembly, including channel design bases, analytical methods and evaluation results, including those applicable to the faulted conditions, are contained in <Reference 5> and <Reference 6>.  The fuel assembly design acceleration envelope, including SSE and DBA, is given in <Table 3.9‑3s>.


3.9.1.4.12      Balance of Plant Piping, Valves and Equipment


Elastic‑plastic methods of analysis have not been used to evaluate the design of safety‑related code or noncode balance‑of‑plant components.  An exception to this may be the evaluation of hypothetical pipe rupture events requiring the evaluation of inelastic stresses and deformations as described in <Section 3.6.2>.


Excluding some potential pipe rupture events, no balance‑of‑plant valves or equipment have been analyzed to the faulted component stress limits given in the ASME Code, Section III.  When the faulted plant condition has been analyzed, the ASME Section III allowable stress was either the upset or emergency limit.  Determination of the allowable stress level was based on whether the component was active or nonactive, in accordance with <Regulatory Guide 1.48>, and whether the component needs to function during or after the incident.


For balance‑of‑plant piping, the faulted service limits (D) as given in ASME Section III are used to evaluate piping under postulated faulted plant conditions.  <NUREG‑0800>, July 1, 1981, is also used to determine the allowable stress levels.  Functional check calculations are performed for piping required to function whenever Emergency or Faulted limits are used.


The piping and supports for the four main steam lines running through the auxiliary and turbine buildings are analyzed and designed for the OBE and SSE.  The piping and supports for the two feedwater lines in the auxiliary building are analyzed and designed for the OBE and SSE.  Some of the piping inside the turbine building (that nearest the piping in the auxiliary building) is analyzed and designed for the OBE and SSE.  (A significant portion of this piping is not ASME.)  The supports nearest the class break are designed for the OBE and SSE to ASME limits.  The remaining supports further away from the class break are designed for the OBE and SSE but not necessarily to ASME limits.


Further discussion of plant condition versus component allowable stress is provided in <Section 3.9.2>.


3.9.1.4.13      Containment Penetrations


All ASME Code, Section III, Class 1 penetration components were evaluated by elastic analysis methods for faulted loading conditions.  The faulted loading condition stress levels were limited to the ASME Code, Section III, Appendix F limits.


3.9.2      DYNAMIC TESTING AND ANALYSIS


3.9.2.1      Piping Tests and Analysis


Piping vibration, thermal expansion and dynamic effects testing were conducted during preoperational (pre‑fuel load) or startup (post‑fuel load) testing programs.  The purpose of these tests was to ensure that piping vibrations were within acceptable limits and that the piping systems expand thermally in a manner consistent with the design intent.  As used in the following subsections, the nuclear steam supply system (NSSS) piping consists primarily of main steam and recirculation piping.  Other piping and instrumentation is considered Balance of Plant (BOP) piping.


3.9.2.1.1      NSSS Piping Vibration


3.9.2.1.1.1      Preoperational Vibration Testing of Recirculation Piping


The preoperational vibration test phase verified that operating vibrations in the recirculation piping were within acceptable limits.  This phase of the test used visual observation to supplement remote measurements.  If, during steady‑state operation, visual observation indicated significant vibration, measurements were made with a handheld 


vibrograph.  Visual observations and manual and remote measurements were made during the following steady‑state conditions:


a.
Recirculation system minimum flow.


b.
Recirculation system at 50 percent of rated flow.


c.
Recirculation system at 75 percent of rated flow.


d.
Recirculation system at 100 percent of rated flow.


3.9.2.1.1.2      Preoperational Vibration Testing of Small Attached Piping


During visual observation of each of the above test conditions (a) through (d), special attention was given to small attached piping and instrument connections to ensure they were not in resonance with the recirculation pump motors or flow induced vibrations.  If the operating vibration acceptance criteria were not met, corrective action, such as modification of supports, was undertaken.  Small bore pipe and instrumentation lines tested included but were not limited to the following:


a.
Reactor pressure vessel level indicator instrumentation lines (used for monitoring both steam and water levels).


b.
Main steam instrumentation lines for monitoring main steam flow (used to actuate main steam isolation valves during high steam flow).


c.
Reactor core isolation cooling (RCIC) instrumentation lines on the RCIC steam line outside containment (used to monitor high steam flow and actuate isolation).


d.
Control rod drive lines inside containment (not normally pressurized but required for scram).


3.9.2.1.1.3      Startup Vibration Testing of Main Steam, Recirculation and RCIC Piping


This phase of the program verified that the main steam and recirculation piping vibration were within acceptable limits.  Pipe vibration measurements were made on the recirculation lines, main steamlines and RCIC turbine inlet line.  Because of limited access due to high radiation levels, no visual observation was performed during this phase of the test.  Remote vibration measurements were made during the following steady‑state conditions:


a.
Main steam flow at 20‑30 percent of rated flow.


b.
Main steam flow at 45‑55 percent of rated flow.


c.
Main steam flow at 70‑80 percent of rated flow.


d.
Main steam flow at 98‑100 percent of rated flow.


3.9.2.1.1.4      Operating Transient Loads on Main Steam and Recirculation Piping


The operating transient test phase verified that pipe stresses were within code limits.  The amplitude of displacements and number of cycles per transient of the main steam and recirculation piping were measured and the displacements compared with acceptance criteria.  The displacements were correlated with stresses to verify that the pipe stresses remained within ASME Code limits.  Remote vibration measurements were taken during the following transients:


a.
Recirculation pump starts.


b.
Recirculation pump trip at maximum rated flow.


c.
Turbine stop valve or turbine control valve closure at rated power.


d.
Manual discharge of each SRV at normal operating pressure ((920 psig) and at planned transient tests that result in SRV discharge.


3.9.2.1.2      NSSS Thermal Expansion Testing


For main steam and recirculation piping, preoperational and startup thermal expansion testing programs were performed through the use of visual observations of pipe support spring and snubber settings by qualified individuals and remote potentiometer sensors to verify normal thermal movement occurred in piping systems.  This program confirmed the following:


a.
The piping system during system heatup and cooldown is free to expand, contract and move without unplanned obstruction or restraint in the x, y and z directions.


b.
The piping system is working in a manner consistent with the assumptions of the NSSS stress analysis.


c.
There is adequate agreement between calculated and measured values of displacement.


d.
There is consistency and repeatability in thermal displacements during heatup and cooldown of the NSSS systems.


Limits of thermal expansion displacements were established prior to start of testing; actual measured displacements were compared to determine acceptability of the actual motion.  If the measured displacement did not vary from the acceptance values by more than the 


specified tolerance, the piping system responded in a manner consistent with predictions and was therefore accepted.  Two levels of acceptance limits were established to check the systems as explained in <Section 3.9.2.1.4>.


3.9.2.1.3      Dynamic Effects Testing of NSSS Piping


To add assurance that snubbers would adequately perform their intended function during plant operation, a dynamic testing program was performed as part of startup testing.  The main purposes of this program were to ensure:


a.
Vibration levels on piping from the various dynamic loadings during transient and steady‑state conditions are below the predetermined acceptable limits.


b.
Long term fatigue failure of piping will not occur due to underestimating the dynamic effects caused by cyclic loading during plant transient operations.


This dynamic testing accounted for the hydrodynamic and applicable operating transient loads.  The maximum stresses developed in the piping by these loads were used as a basis for establishing criteria which will assure proper functioning of the snubbers.


The criteria for vibration displacements were based on an assumed linear relationship between displacements, snubber loads and magnitude of applied loads.  Thus, the magnitude of limits of displacements, snubber loads and nozzle loads are all proportional.  Maximum displacements (Level 1 limits) were established to prevent the maximum stress in the piping systems from exceeding the normal and upset primary stress limits and/or the maximum snubber load from exceeding the maximum load to which the snubber was tested.


Based on the above criteria, Level 1 displacement limits were established for all instrumented points in the piping system.  These limits were compared with the field measured piping displacements as explained in the following section.


Related verifications of snubber integrity included:


a.
Sample production snubbers of each size (e.g., 10 kips, 20 kips and 50 kips) were qualified and tested for design and faulted loadings prior to shipment to field.  Snubbers were tested prior to installation to allow free piping movements at low velocity.


b.
During plant startup, the snubbers were checked for proper settings and for any evidence of oil leak.


3.9.2.1.4      Test Evaluation and Acceptance Criteria for NSSS Piping


The piping response to test conditions was considered acceptable based on a review by the organization responsible for the stress report and a determination that the piping responded in a manner consistent with the predictions of the stress report, and/or that piping stresses were within code limits (ASME Code, Section III, NB‑3600).  Acceptable deflection and vibration limits were determined after the completion of piping systems stress analysis and provided in the startup test specifications.  To insure test data integrity and test safety, criteria were established to facilitate assessment of the test while it was in progress.  These criteria, designated Level 1 and 2, are described in the following paragraphs.


a.
Level 1 Criteria



Level 1 established the maximum limits for the level of pipe motion which, if exceeded, made a test hold or termination mandatory.



If the Level 1 limit was exceeded, the plant was placed in a satisfactory hold condition, and the responsible piping design engineer was advised.  Following resolution, applicable tests were repeated to verify that the requirements of the Level 1 limits were satisfied.


b.
Level 2 Criteria



Level 2 specified the level of pipe motion which, if exceeded, required that the responsible piping design engineer be advised.  If the Level 2 limit was not satisfied, plant operating and startup testing plans would not necessarily be altered.  Investigations of the measurements, criteria and calculations used to generate the pipe motion limits would be initiated.  An acceptable resolution was reached by all appropriate parties, including the responsible piping design engineer.  Depending upon the nature of such resolution, the applicable tests were repeated.



For startup vibration testing of NSSS piping, the following acceptance criteria were generally applied:



1.
For steady‑state vibration, the piping peak stress (zero to peak) due to vibration only (neglecting pressure) did not exceed 1/2 of the endurance limit as defined by the ASME Code at 106 cycles.



2.
For operating transient vibration the piping bending stress (zero to peak) due to operating transient only did not exceed 1.2 Sm or pipe support loads did not exceed the Service Level D ratings for Level 1 criteria.  The 1.2 Sm limit insures that the total primary stress, including pressure and dead weight, will not exceed 1.8 Sm, the new Code Service Level B limit.  Level 2 criteria are based on pipe stresses and support loads not to exceed design basis predictions.  




Design basis criteria require that operating transient stresses and loads are not to exceed any of the Service Level B limits including primary stress limits, fatigue usage factor limits, and allowable loads on snubbers.


3.9.2.1.5      Corrective Actions for NSSS Piping Tests


During the course of the tests, the remote measurements were regularly checked to determine compliance with Level 1 criteria.  If trends indicated that Level 1 criteria may be violated, the measurements were monitored at more frequent intervals.  The test was suspended or terminated as soon as Level 1 criteria were violated.  As soon as possible after the test hold or termination, the following corrective actions was taken:


a.
Installation Inspection



A walkdown of the piping and suspension was made to identify any obstruction or improperly operating suspension components.  Snubbers and spring hangers were not to be at their travel limits.  If vibration exceeded criteria, the source of the excitation was identified to determine whether it was related to equipment failure.  Action was taken to correct any discrepancies before repeating the test.


b.
Instrument Inspection



Instrument installation and calibration was checked and any discrepancies corrected.  Additional instrumentation was added, if necessary.


c.
Repeat Test



If actions (a) and (b) above identified discrepancies that could account for failure to meet Level 1 criteria, the test was repeated.


d.
Resolution of Findings



If the Level 1 criteria was violated on the repeat test, or no relevant discrepancies were identified in a and b, the organization responsible for the stress report reviewed the test results and criteria to determine whether the test could be safely continued.


If the test measurements indicated failure to meet Level 2 criteria, the following corrective actions were taken after completion of the test:


a.
Installation Inspection



A walkdown of the piping and suspension was made to identify any obstruction or improperly operating suspension components.  If vibration exceeded limits, the source of the vibration was identified.  Action, such as suspension adjustment, was taken to correct any discrepancies.


b.
Instrument Inspection



The instrument installation and calibration was checked and any discrepancies corrected.


c.
Repeat Test



If (a) and (b) above identified a malfunction or discrepancy that could account for failure to meet Level 2 criteria and appropriate corrective action had been taken, the test might not be repeated.


d.
Documentation of Discrepancies



If the test was not repeated, discrepancies found were documented in the test evaluation report and correlated with the test condition.  The test was not considered complete until test results were reconciled with the acceptance criteria.


3.9.2.1.6      Measurement Locations for NSSS Piping


Remote vibration measurements were made in the three orthogonal directions near the first downstream safety/relief valve on each steam line, and in the three orthogonal directions on the piping between the recirculation pump discharge and the first downstream valve.  During preoperational testing prior to fuel load, visual inspection of the piping was made, and any visible vibration measured with a handheld instrument.


For each of the selected remote measurement locations, Level 1 and 2 vibration and strain limits were prescribed in the startup test specification.  Level 2 limits were based on the results of the stress report adjusted for operating mode and instrument accuracy; Level 1 limits were based on maximum allowable code stress limits.


3.9.2.1.7       Vibration Testing of Balance of Plant (BOP) Safety‑Related and Seismically Qualified Piping


Safety‑related piping systems designated as Class 1, 2 or 3 are designed in accordance with the ASME Code, Section III.  Each system is designed to withstand dynamic loadings from operational transient conditions that will be encountered during expected service as required by Subsections NB‑3622, NC‑3622 and ND‑3622 of the ASME Code.  A preoperational vibration and dynamic effects test of safety‑related piping was performed during startup functional testing to determine that 


piping vibrations were acceptable.  Vibration measurements were obtained for loading conditions such as pump trips and valve closures.


In addition to safety‑related piping, certain nonsafety‑related piping designed in accordance with ANSI B31.1 (Reference 7) was also vibration tested.  This nonsafety‑related piping includes piping which is seismically supported to preclude gross failure and subsequent damage to essential components.


3.9.2.1.8      Thermal Expansion Testing of Balance of Plant Piping


Portions of the Balance of Plant piping which were accessible were visually inspected under the startup test program by qualified individuals for proper pipe support spring and snubber settings, and piping thermal clearances.  Portions of inaccessible piping were remotely monitored with potentiometer signals.


Limits to thermal expansion were established prior to start of testing and actual measured displacements were compared to determine acceptability of the actual motion.  If the measured displacement did not vary from the acceptance values by more than the specified tolerance, the piping system responded in a manner consistent with predictions and was therefore accepted.  Two acceptance limits were established to check the systems as explained in <Section 3.9.2.1.11>.


3.9.2.1.9      Plant Conditions for Which BOP Piping was Tested


Piping was tested as the plant systems operated in various flow modes.  Typical plant conditions included but were not limited to the following:


a.
Main steam line piping strain and vibration during MSIV isolation.


b.
Main steam line vibration due to turbine stop valve or turbine control valve closure.


c.
Feedwater system water hammer vibration during feedwater pump trip.


d.
Miscellaneous safety class piping system vibration during partial and full load system operation.


3.9.2.1.10      Measurement Locations for Balance of Plant Piping


Measurement locations for each system to be tested were described in the detailed system test programs.


3.9.2.1.11      Startup Test Evaluation and Acceptance Criteria for Balance of Plant Piping


The response of piping to test conditions was considered acceptable based on a review by the organization responsible for the stress report and a determination that the piping responded in a manner consistent with the predictions of the stress report and/or that piping stresses were within code limits.  To ensure test data integrity and test safety, criteria were established to facilitate assessment of the test while testing was in progress.  These criteria, designated as Level 1 and Level 2, follow:


a.
Level 1 Criteria



Level 1 criteria established bounds on movement that, if exceeded, make a test hold or termination mandatory.  The limits on movement are based on maximum allowable code stress limits.


b.
Level 2 Criteria



Conformance with Level 2 criteria demonstrated that the piping responded in a manner consistent with stress report predictions.  Failure to satisfy Level 2 criteria did not mean that the piping response was unsatisfactory; it meant that the system did not 



respond in accordance with theoretical predictions and further analyses, based upon test results, were necessary.  Level 2 criteria separated test results that were consistent with predictions and required no analytical review from test results that had to be evaluated.



For steady‑state vibration, piping peak stresses (zero to peak) due to vibration only (neglecting pressure) did not exceed 1/2 of the endurance limit as defined by the ASME Code at 106 cycles.


3.9.2.1.12      Corrective Actions for BOP Piping Tests


During the course of the tests, remote measurements were regularly checked to determine compliance with Level 1 criteria.  If trends indicated that Level 1 criteria may be violated, the measurements were checked at more frequent intervals.  The test was subjected to a hold or terminated as soon as Level 1 criteria were violated.  As soon as possible after establishment of a test hold or termination of the test, the following corrective actions were taken:


a.
Installation Inspection



A walkdown of the piping and suspension was performed to identify any obstruction or improperly operating suspension components.  If vibration exceeded the criteria, the source of the excitation was identified to determine whether it was related to equipment failure.  Action was taken to correct any discrepancies prior to repeating the test.


b.
Instrument Inspection



Instrument installation and calibration was checked and discrepancies were corrected.  Additional instrumentation was added if necessary.


c.
Repeat Test



If items (a) and (b) above identified discrepancies that could account for failure to satisfy Level 1 criteria, the test was repeated.


d.
Resolution of Findings



If Level 1 criteria were violated during the repeat test or no relevant discrepancies were identified, the organization responsible for the stress report reviewed the test results and criteria to determine whether testing could be continued safely.


If test measurements indicated failure to satisfy Level 2 criteria, the following corrective actions were taken after completion of the test:


a.
Installation Inspection



A walkdown of the piping and suspension was performed to identify any obstruction or improperly operating suspension components.  If vibration exceeded limits, the source of the vibration was identified and action, such as suspension adjustment, was taken to correct the discrepancies.


b.
Instrumentation Inspection



The instrumentation installation and calibration were checked and discrepancies corrected.


c.
Repeat Test



If items a and b above identified a malfunction or discrepancy that could account for failure to comply with Level 2 criteria and 



appropriate corrective action had been taken, the test may not have been repeated.


d.
Documentation of Discrepancies



If the test was not repeated, the discrepancies discovered as a result of items (a) and (b) were documented in the test evaluation report and correlated with the test condition.  The test was not considered complete until test results were reconciled with the acceptance criteria.


3.9.2.2

Seismic and Hydrodynamic Load Qualification of Safety‑Related Mechanical Equipment


This section describes the criteria for dynamic (vibrational) load qualification of safety‑related mechanical equipment and the qualification tests and/or analyses applicable to this plant on a component‑by‑component basis.  In some cases, a module or assembly consisting of mechanical and electrical equipment is qualified as a unit, e.g., ECCS pumps.  These modules are generally discussed in this section rather than in <Section 3.10>.  Electrical supporting equipment, such as control consoles, cabinets and panels, are discussed in <Section 3.10.3.2>.


3.9.2.2.1      Qualification Method


The ability of equipment to perform its safety‑related function during and after the application of dynamic (vibrational) loads is demonstrated by tests and/or analyses.  Selection of qualification method is discussed in <Section 3.10.1.2>.


3.9.2.2.2      Analytical Qualification


Analyses have been performed for all supports of mechanical equipment to assure their structural capability to withstand seismic excitation.  The input motion to the equipment was characterized by floor response spectra.  The ASME Code‑allowable stress levels in Subsection NF, Component Support Structures, have been satisfied for the load combinations described in <Table 3.9‑3> and inservice loadings defined in <Section 3.9.3.1.2>.  A comparison of calculated stresses versus code allowable stresses for component supports is presented in <Table 3.9‑3>, <Table 3.9‑9>, <Table 3.9‑10>, <Table 3.9‑12>, <Table 3.9‑13>, <Table 3.9‑14>, <Table 3.9‑24>, <Table 3.9‑25>, <Table 3.9‑26>, <Table 3.9‑27>, <Table 3.9‑28>, <Table 3.9‑29>, and <Table 3.9‑36>.


3.9.2.2.3    Seismic and Hydrodynamic Load Qualification of Specific Mechanical Components


The following sections discuss the testing and analytical qualification of safety‑related mechanical equipment.  Specific input parameters used for this analysis are shown in <Table 3.9‑4>.  Specific analytical results are presented here and in <Table 3.9‑3>.


For the following equipment, Hydrodynamic loads have no impact on this equipment because the Auxiliary Building and the Containment Building are not on the same basemat:


(
ECCS Pump and Motor Assembly


(
RCIC Pump Assembly


(
RCIC Turbine Assembly


(
Standby Liquid Control (SLC) Pump & Motor Assembly


(
Residual Heat Removal (RHR) Heat Exchangers


a.
Jet Pumps



A dynamic analysis of the jet pumps has been performed and the stresses resulting from the analysis are below the code allowables.


b.
Control Rod Drive (CRD) and CRD Housing



The dynamic qualification of the CRD housing (with enclosed CRD) is done analytically; analytical results established the structural integrity of these components.  Preliminary dynamic tests are conducted to verify the operability of the control rod drive during a dynamic event.  A simulated test, imposing a static bow in the fuel channels, has been performed and the CRD functioned satisfactorily.


c.
Core Support (Fuel Support and CR Guide Tube)



A detailed analysis imposing dynamic effects due to seismic and hydrodynamic events has shown that the maximum stresses developed during these events are much lower than code allowable.


d.
Hydraulic Control Unit (HCU)



The qualification of the Hydraulic Control Unit (HCU) was determined by test.  The Perry plant‑unique loads obtained from analysis were assessed at the HCU support interface locations (floor, middle and upper attachments).  The required response spectra (RRS), representing the worst load combination for the upset and faulted cases, were compared with the test response spectra (TRS).



Based on the enveloping of the RRS by the TRS, the qualification of the HCU has been concluded to be adequate for Perry application.


e.
Fuel Assembly (Including Channels)



GE BWR fuel channel design bases, analytical methods and evaluation results, including seismic and hydrodynamic load considerations, are contained in (Reference 5) and (Reference 6).  The resultant combined acceleration profiles including fuel lift for all normal/upset and faulted events are less than the respective design basis acceleration profiles.


f.
Recirculation Pump and Motor Assembly



The recirculation pump, including its appurtenances and supports, individually and as an assembly, is designed to withstand seismic forces including hydrodynamic loads:



1.
The flooded pump motor assembly is analyzed as a free body supported by constant support hangers from the brackets on the motor mounting member, with hydraulic snubbers attached to brackets on the pump case and the top of the motor frame.



2.
Primary stresses due to horizontal and vertical seismic forces including hydrodynamic load are considered.  Horizontal and vertical seismic forces including hydrodynamic load are applied to mass centers and equilibrium reactions are determined for motor and pump brackets.



3.
Load, shear and moment diagrams were constructed to scale, using live loads, dead loads and calculated snubber reactions.  Combined bending, tension and shear stresses were determined for each major motor and flange bolting, and pump case.



4.
The maximum combined tensile stress in the cover bolting was calculated, including tensile stress from design pressure.



5.
The brackets on the pump case were designed to withstand loads resulting from the building seismic response.



6.
Analyses have been completed which demonstrate that the natural frequency of the assembled pump and motor structure is greater than 33 Hertz.


g.
ECCS Pump and Motor Assembly



A prototype ECCS pump motor has been seismically qualified via a combination of static analysis and dynamic testing.  The complete motor assembly is being qualified via dynamic testing, in accordance with IEEE 344‑1975 and IEEE 323‑1974.  The qualification test program included demonstration of startup and shutdown capabilities, as well as no‑load operability during seismic loading conditions.



For static analysis, the seismic forces on each component or assembly are obtained by concentrating its mass at the center of mass of the component or assembly, and multiplying by the seismic acceleration (earthquake coefficient).  The magnitude of the earthquake coefficients are 0.7g vertical and 3.0g horizontal, except below mounting flange, which is 1.0g horizontal.



The qualification of the pump motor assemblies as units while operating under SSE conditions was provided in the form of a static earthquake‑acceleration analysis.  Since the natural frequency is above 33 Hertz, the units were considered to be supported as designed and maximum specified vertical and horizontal accelerations were applied simultaneously and constantly, in the worst case combination.  The results of the analysis indicate the pump is capable of sustaining the above loadings without overstressing the pump components.


h.
RCIC Pump Assembly



The RCIC pump construction is a barrel type on a large cross‑sectioned pedestal.  Qualification by analysis was performed.  The seismic design analysis is based on 1.5g horizontal and 1.5g vertical accelerations.  Results are obtained by using acceleration forces acting simultaneously in three directions; one vertical and two horizontal, and calculated using the square root of the sum of the squares method.  The pump mass, support system and accessory piping have been shown, by analysis, to have a natural frequency greater than 33 Hertz.



The RCIC pump assembly has been analytically qualified by static analysis for seismic loading as well as the design operating loads of pressure, temperature and external piping loads.  The results of this analysis confirm that the stresses are substantially less than 90 percent of allowable.


i.
RCIC Turbine Assembly



The RCIC turbine has been qualified via a combination of static analysis and dynamic testing in accordance with the guidelines of IEEE‑344‑1975.  The turbine assembly consists of rigid masses, wherein static analysis has been utilized, interconnected with control levers and electronic control systems, necessitating final qualification via dynamic testing.  Static loading analysis has been employed to verify the structural integrity of the turbine assembly and the adequacy of bolting under operating and seismic loading conditions.  The qualification test program on the complete turbine assembly included demonstration of startup and shutdown capabilities, as well as no‑load operability during seismic loading conditions <Figure 3.9‑1> and <Figure 3.9‑2>.


j.
Standby Liquid Control (SLC) Pump and Motor Assembly



The SLC positive displacement pump and motor, mounted on a common baseplate, have been qualified by static analysis.



The seismic design analysis is based on 1.75g horizontal and 1.75g vertical accelerations.  Results are obtained by using acceleration forces acting simultaneously in three directions, one vertical and the other two horizontal, and calculated using the square root of the sum of the squares method.  The pump/motor/base assembly has been shown by static analysis to have a natural frequency greater than 33 Hertz.  The SLC pump and motor assembly has been analytically qualified by static analysis for seismic loading as well as the design operating loads of pressure, temperature and external piping loads.  The results of this analysis confirm that the stresses are substantially less than 90 percent of allowable.


k.
Residual Heat Removal (RHR) Heat Exchangers



A dynamic analysis has been performed to verify that the RHR heat exchanger will withstand seismic loadings <Figure 3.9‑3> and <Figure 3.9‑4>.  Seismic testing is an impractical method to verify the seismic adequacy of passive equipment when predictable seismic loads can be determined by analysis.


l.
Standby Liquid Control Storage Tank



The standby liquid control storage tank is a cylindrical tank, 9 feet in diameter and 12 feet high, bolted to a steel pedestal.  The standby liquid control storage tank has been qualified for seismic and hydrodynamic loads by analysis for:



1.
Stresses in the tank bearing plate.



2.
Bolt stresses.



3.
Sloshing loads imposed at natural frequency of sloshing = 0.58 Hertz.



4.
Minimum wall thickness.



5.
Buckling.



The results of the analysis <Table 3.9‑3m> confirm that stresses at all investigated locations are less than their corresponding allowables.


m.
Main Steam Isolation Valves (MSIV)



The main steam isolation valves are qualified for seismic and hydrodynamic loads by analysis and test.



The fundamental requirement of the MSIV following an SSE or other faulted hydrodynamic loading is to close and remain closed after the event.  This was demonstrated by the tests and analyses outlined in <Section 3.9.3.2.3.a.1>.


n.
Standby Liquid Control Valve (Explosive Valve)



The standby liquid control valve complies with IEEE 344‑1975 for seismic and hydrodynamic loads.  The qualification test demonstrated the absence of natural frequencies in the frequency range of the input response spectra and the ability to remain operable after the application of horizontal and vertical dynamic loading in excess of the required response spectra (RRS).


o.
Main Steam Safety/Relief Valves



Due to the complexity of the structure and the performance requirements of the valve, the total assembly of the safety/relief valve (including electrical, pneumatic devices) was dynamically tested at dynamic accelerations equal to or greater than the combined SSE and hydrodynamic loading determined for this plant.  Tests and analyses demonstrated satisfactory operation of the valves during and after the test.  Code analysis results are summarized in <Table 3.9‑3g>.


p.
Fuel Pool Cooling and Cleanup System Pump and Motor Assembly



The analysis performed on the fuel pool cooling and cleanup system pump/motor assembly shows that the fundamental frequency of the combination of pump and motor is greater than 33 Hertz.  Therefore, static analysis was used.



This analysis shows that the pump will continue to operate when subjected to a combination of SSE plus normal operating loads.  Also, the motor will continue to operate under the effect of seismic loads.



No inelastic analysis is required for ASME Code, Section III, Subsection ND, components.



The design loading combination for the pump is as follows:



Normal Plus Upset



This combination includes the simultaneous effect of normal operating loads, design pressure, temperature, nozzle loads, dead weight loads, seismic (OBE loads), and torsional loads due to rotation of the component assembly.



Faulted Loads



Same as normal plus upset, with the addition of SSE loads.



Analysis was performed on the fuel pool cooling and cleanup system pump/motor assembly as follows:



1.
Analysis in lieu of testing was performed to ensure that pump running clearances are met under seismic conditions.  Analysis included deflection of pump shaft and pump pedestal.



2.
Natural frequency was calculated to verify that:  the equipment is rigid, natural frequency is greater than 33 Hertz and resonance is avoided with operating frequency.



3.
Component support includes pedestal and pedestal bolts.



4.
Loads combined were seismic, pipe loads, temperature, and equipment dead weight.



5.
Stress limits were in accordance with the ASME Code, Section III, Subsection ND and Subsection NF, Paragraph NF 1211.b.



6.
Stress values are presented in <Table 3.9‑29>.


q.
Safety‑Related Pumps



The testing and analytical qualification of active pumps are presented in <Section 3.9.3.2>.


r.
Safety‑Related Valves



The testing and analytical qualification of active valves are presented in <Section 3.9.3.2>.


s.
Safety‑Related Cranes



The reactor building polar crane, fuel handling crane and emergency service water pump house crane have been designed to withstand the SSE without dropping a full rated load.  However, these cranes may be considered as not operable after the event.  These cranes are also designed to withstand an OBE without dropping a full rated load and to retain structural and mechanical integrity.  The vendor has demonstrated the ability of the equipment to satisfy these requirements by dynamic modal analysis.  The reactor building polar crane is qualified to the additional building accelerations induced by hydrodynamic forces discussed in <Appendix 3A>.



The crane analysis used a lumped mass model, Harnischfeger’s MRI/STARDYNE computer program and hand calculations to develop the bridge and trolley natural frequency and moments, reaction loads and component stresses.  Acceleration values used in the seismic analysis by Harnischfeger were supplied by Gilbert Associates, Inc., in the form of response curves which provide acceleration as a function of frequency at the component location.



Component stresses in the cranes were evaluated, taking into consideration the load combinations and stress limits identified in <Table 3.9‑6>.


t.
Emergency Service Water Pumphouse Traveling Screen



The emergency service water pumphouse traveling screen has been seismically qualified by means of stress and deflection analysis of the screen, the gear/motor drive and the electrical panel.



Major screen components and the frame have been analyzed for stress using the “General Frame Analysis” computer program, written by ECOM Associates.  Results of the computer analysis indicate that the stress in the structural elements is within satisfactory limits for the OBE and SSE loading conditions.



Gear drives for the screen have been statically analyzed to assure that unit component loads are acceptable during and after the seismic event.  Inertial effects of the motor and motor coupling were included in the analysis.



A seismic modal analysis of the electrical control panel was performed to evaluate the control panel box, panel box supports and attachment of devices to the control panel.  Frequencies of vibration as low as 9.7 Hertz were observed in the torsional mode of vibration.  All stresses calculated due to the combined effects of service loads and earthquake loads were found to be acceptable.  Due to the complex nature of the flexibility of the structure which included the torsional stiffness of the pedestal, as well as the stiffness of the back of the panel box, the flexibility arrays were computed by hand.  Seismic modal analyses were then performed for the vertical and two horizontal directions following a frequency analysis.


u.
Suction Line Strainer for Core Cooling Systems



The suction line strainer was qualified by analysis to the building vibrations caused by seismic and hydrodynamic forces.  The 



hydrodynamic forces are described in <Appendix 3A>.  The appropriate dynamic load factors were applied in conjunction with the bounding hydrodynamic loading identified within each load combination.



Results of the analysis of the suction line strainer for core cooling systems inclusive of RCIC, indicate that the strainer will maintain its structural and pressure‑retaining integrity for anticipated loading under normal, emergency, upset, and faulted plant conditions.


v.
Emergency Closed Cooling Heat Exchanger and Fuel Pool Heat Exchanger



The fundamental frequency of the fuel pool heat exchangers and supports is 35 Hertz, and the fundamental frequency of the emergency closed cooling heat exchanger and supports is 57 Hertz.  Since the fundamental frequency is above 33 Hertz, a static analysis was performed.



Results of the static analysis of the equipment by means of the methods described below indicate component stresses are within the allowable values stipulated by the ASME Code, Section III.  The combination of loadings for the equipment and the corresponding allowable stress levels are presented in <Section 3.9.3>.  Input accelerations for the determination of seismic loads by Struthers Wells Corporation were derived from floor response spectra for the control complex and fuel handling buildings as appropriate.



The method of static analysis for each heat exchanger is essentially that developed by P. B. Bijlaard for local loadings on cylinders.  This method has been organized for practical application in Welding Research Council Bulletin No. 107, extended by Struthers Wells Corporation to include the effect of pressure 



and the presence of a reinforcing pad, and automated in the Struthers Wells Corporation computer program NOZM2.  A complete documentation and verification package concerning the NOZM2 program is provided by Struthers Wells Corporation Report 1‑75‑620‑3.



The geometry analyzed corresponds to the fully corroded condition of the equipment.



Loadings and resultant stresses in the heat exchanger saddles and lateral supports were analyzed based upon the Zick Method as described in “Process Equipment Design,” by Brownell and Young.  This method has been extended by Struthers Wells Corporation to include stacked vessels and inertia loadings in the axial, transverse and vertical directions, as well as dead weight loadings.  This extended method is coded into the Struthers Wells Corporation proprietary computer program, TUSUP, modified to account for sliding supports and lateral bracing.


w.
High Density Spent Fuel Storage Racks



The spent fuel storage rack structures discussed in <Section 9.1> have been dynamically and statically analyzed to withstand the forces and moments caused by OBE and SSE seismic events.



The design and analyses have accounted for the following:



1.
Dead and live loads defined as the wet weight of the structure plus the fuel load.



2.
Seismic loads including impact due to seismic.



3.
Thermal loads due to differential expansion of materials.



4.
Impact loads due to accident condition fuel drop.



5.
The virtual horizontal mass effects of all internal trapped water and external water.



6.
Added forces due to fuel bundles impacting through a 0.375 inch gap during horizontal seismic excitation.



7.
Time history time increment variations of (15%.



8.
Structural damping (in air) of 7% for bolted structures for SSE and 4% for OBE.



9.
Simultaneous horizontal and vertical seismic inputs.



10.
Temperature effects from an excursion of 70(F to 212(F.



The time history conforms to equipment response spectra as developed in the building analysis at the spent pool floor elevation.



The time studies have been analyzed via the computer code ANSYS to determine the effects of rack lift‑up and fuel rattling.  The modules have been represented by a simplified dynamic model.  However, the mass and flexibility correspond to the detailed finite element model developed for the static‑dynamic analysis.



Maximum inertial and restraint loads as determined in the dynamic (ANSYS) model have been used as input to the static (SAP IV) model to determine member stresses under seismic loading.



The seismic analysis acceptance criteria are based on the following load combinations and stress limits:




Load Combination





Stress Limit




D + L + T + E







Fs



D + L + T1 + E1







1.6 Fs


where:




Fs = Allowable working stress:




(a)
For aluminum:  based on the Aluminum Construction Manual Section 1, Specifications for Aluminum.




(b)
For stainless steel:  based on ASME III, Appendix XVII.




D  = Dead load of racks including the support framing.




L  = Live load due to the weight of fuel assemblies, varying from zero to full load, and loadings corresponding to varying placement of the fuel assemblies in the rack so that the most critical loads are obtained.




T  = Thermal loads for water temperature equal to 150(F.  The minimum water temperature is 40(F.




E  = Loads and resulting forces and moments generated by the Operating Basis Earthquake (OBE) resulting from ground surface horizontal acceleration and vertical ground surface acceleration acting simultaneously.




E1 = Loads and resulting forces and moments generated by the Design Basis Earthquake (DBE) resulting from ground surface horizontal acceleration and vertical ground surface acceleration acting simultaneously.




T1 = Thermal loads for loss of coolant condition corresponding to pool surface temperature equal to 212(F.




For a detailed analysis of the spent fuel storage rack structures, refer to the following PAR Systems Corp. reports:




(a)
DC‑3156‑1
Design and Fabrication Criteria.




(b)
DD‑3156‑1
Seismic Model, Description, Formulation, and Assumptions.




(c)
DR‑3156‑3
4‑Cavity Module Seismic Analysis.




(d)
DR‑3156‑4
Seismic Time History Rack Analysis.




(e)
DR‑3156‑5
Static Seismic Rack Analysis.


x.
Safety‑Related Tanks



Safety‑related tanks are qualified to seismic vibration loads.  The safety‑related tanks housed inside the reactor building will also be qualified to the building vibrations induced by the hydrodynamic loadings described in <Appendix 3A>.



The following is a brief description of the approach followed to analyze safety‑related tank designs.  A detailed discussion of techniques and procedures used in the analysis is presented in the Structural Dynamics Research Corporation, “Final Report on ASME III 



Analysis of Nuclear Safety‑Related Shop Fabricated Tanks,” Proposal Number 6017‑11 (Reference 8).



The general approach used in evaluating the stresses for each tank and support configuration consists of a combination of finite element computer models and hand calculations.  The ANSYS finite element program was employed in both static and dynamic analyses to determine the stresses in the tank vessel walls and support structures.  Forces and moments calculated in the finite element models were used to evaluate such component items as beam stiffness, ring stiffeners, bolted flanges, and anchor bolts.  Local shell stresses in the vicinity of external pipe nozzle attachments were calculated by using Welding Research Council Bulletin No. 107.



To compute stresses in underground tanks due to seismic disturbances, the effects of soil deformations influencing behavior of the tank were considered.



Each tank and supporting structure were evaluated under the following types of loading:



1.
Normal, static loadings due to items such as internal pressure, hydrostatic pressure, dead weight, and soil weight.



2.
Seismic loads due to SSE and OBE as defined in the specification floor response curves.



3.
Design piping loads applied to the external nozzle connections for the purpose of determining only local shell stresses.



The individual stress components determined from the above loadings were combined in accordance with the load combinations and stress limits defined in <Section 3.9.3>.



A summary of the important results from the seismic and stress analyses of each tank design is presented by <Figure 3.9‑5>, <Figure 3.9‑6>, <Figure 3.9‑7>, <Figure 3.9‑8>, <Figure 3.9‑9>, <Figure 3.9‑10>, <Figure 3.9‑11>, <Figure 3.9‑12>, <Figure 3.9‑13>, <Figure 3.9‑14>, and <Figure 3.9‑15>.  Each figure shows a schematic representation of the tank and support structure plus a table of components.



The stress levels in each item tabulated in Figures 3.9‑5 through 3.9‑15 were investigated under the loading conditions.  Only results pertaining to the final acceptable tank and support design and any necessary design modifications have been included in each figure.  Detailed results, such as maximum stresses predicted for each item, are presented for each tank system in (Reference 8).



In the stress analysis summary, the status of stress levels is either satisfactory or unsatisfactory, according to the allowable stress criteria presented in <Section 3.9.3>.  Detailed stress criteria for each tank can be found in (Reference 8).



The original design refers to the configuration of the tank and support structure that was analyzed and evaluated before any necessary design modifications were made.  The tables of component items in Figures 3.9‑5 through 3.9‑15 represent the original designs.  Any overstressed components are indicated by item number.  The plant condition under which overstressing of the component occurred is also listed.  Necessary modifications to the overstressed items that reduced the stress levels sufficiently to satisfy the specified allowable stress criteria are also tabulated.  Finally, the status of the stress levels in the tank and support structure, including design modifications, is indicated.  In all cases the modifications have been made and the final status was determined to be satisfactory.


y.
Safety‑Related Instrumentation



Methods and procedures used for testing and analysis to seismically qualify instrumentation are described in <Section 3.10>.


z.
Safety‑Related Ventilation Equipment



The ventilation equipment listed in <Table 3.9‑7> has been seismically tested or analyzed.  Items 1 through 7 below describe the test and/or analytical methods and results applicable to each manufacturer.



1.
Westinghouse Sturdevant Fans




Nine fan sizes were analyzed:  3060, 3054, 3022, 3049, 3037, 409M, 8037, and 3030 (two).  These analyses satisfied requirements for Westinghouse fans listed in <Table 3.9‑7>.  The analyses are discussed in Westinghouse Report No. PHY‑2110, December 8, 1978, supplemented March 12, 1979.




Critical portions of the fan assembly were analyzed to verify that natural frequencies are 33 Hertz or higher.  Seismic stresses were obtained using appropriate floor response spectra for SSE and OBE.  Horizontal accelerations were determined by the square root of the sum of the squares method.  Fan housing bracing and deflection were reviewed with formulas derived from testing of a simulated housing model.  A computer program was used to determine fan resonant speed, shaft stress and pedestal loading.




Inlet vane controls were tested on a 33 inch fan.  Since the test loading greatly exceeded that of the supplied fans, the vane controls are suitable for seismic loading.




Stresses obtained under SSE conditions were compared to the yield point of the material and the factor of safety is listed in the columns labeled “FS1” in <Table 3.9‑8>.  OBE stresses were compared to allowable working stress and the factor of safety is listed in the columns labeled “FS2” in <Table 3.9‑8>.




Motors for the Westinghouse fans are furnished by Reliance Electric Co.  Reliance Electric Co. Report No. 78‑1‑36 describes analysis of a 100 horsepower motor typical of the type furnished with these fans.  The analysis is based upon computer program No. 706 which is documented in proprietary Reliance Electric Co. Report RSP‑3‑0074‑01‑751‑713, November 1975.  The procedure used is the dynamic‑rigid analysis specified by IEEE Standard 344.  Results are tabulated in <Table 3.9‑9> where calculated stress data is compared to safety limit stress data.  The comparison indicates that motor function will not be adversely affected by the postulated seismic event.



2.
CVI Corp. Filter Units




Four types of filter plenums and components were analyzed to demonstrate the ability of the equipment to satisfy structural requirements under applicable seismic and operating loads.  The analysis included separate qualification of the housing structure, enclosed components and support structure.  Static and dynamic calculations were performed.  The dynamic analysis included calculation of stresses resulting from shock loading in the x, y and z directions.  Adequacy of the design is demonstrated by the stresses in the plenum structures and components which are summarized in <Table 3.9‑10>.



3.
Filter Plenums Supplied by American Air Filter




Plenums for the fuel handling building supply, motor control center/switchgear and miscellaneous electrical system, and control room supply were analyzed.  Analyses are discussed in American Air Filter Reports NESE‑294, December 21, 1977, and NESE‑309, March 15, 1978.




Analytical procedures were used to demonstrate the ability of the equipment to perform required functions under applicable seismic and operating loads.  The analysis included separate qualification of the housing structure, enclosed components and support structure.




The plenum model described structural members, joints and housing wall surfaces.  A structural analysis computer program, STRUDL/DYNAL, was used to determine natural frequencies, modes of vibration less than 40 Hertz and to perform a dynamic response analysis.




Loadings of members due to static loads were summed to the response analysis loads.  These combined loads were applied to the flexibility matrix developed from the modal analysis stiffness matrix.  Joint displacements were calculated for loads applied to the flexibility matrix.  From the joint displacements, member end forces and moments are obtained.




Results of the motor control center/switchgear and miscellaneous electrical area plenum and control room supply plenum were code checked in accordance with the criteria of Subsection NF of the ASME Code, Section III.




Analytical results were interpreted and judged in the following areas:




(a)
Mode shapes and frequencies.




(b)
Member and elemental stresses.




(c)
Joint displacement.




(d)
Reactions.




For finite element stresses, a yield strength of 36,000 psi and limiting stresses of 21,600 psi for OBE loads, and 32,400 psi for SSE loads were used.  Analytical results from the STRUDL computer program were checked and no finite element stress approached American Institute of Steel Construction (AISC) allowables under any loading condition.




Results of the analyses for anchoring are presented in <Table 3.9‑11>.



4.
Carrier Air Handling Units




Three air handling units, sizes 39ED15, 39ED18, and 39BA050 were analyzed.  The analysis is discussed in John Henry Associates Reports JHA‑76‑73, JHA‑76‑73A and JHA‑83‑226.




A computer model of each unit was developed for use with the COC computer code STARDYNE.  The air handling units were divided into beam and plate elements to describe the mass and stiffness distribution of the system and these elements were terminated at nodal points.




The fundamental natural frequency of the air handling units was determined to be above 33 Hertz.  Therefore, a static analysis was performed.  Additionally, coil support structures were analyzed in accordance with the requirements of Subsection NF of the ASME Code, Section III.




Adequacy of the design is indicated by comparison of calculated beam, plate and anchor bolt stresses with allowable stresses for the air handling unit structure.  Similar calculations and comparisons were performed for the support structure.  The comparisons, presented by <Table 3.9‑12>, indicate that equipment function will not be adversely affected by the postulated seismic event.




Air handling unit motors were analyzed in accordance with a Reliance Electric Company computer program, No. 706, documented in proprietary Reliance Electric Company Report RSP‑3‑0074‑01‑751‑713, November 1975.  The procedures used in the dynamic‑rigid analysis are specified by IEEE Standard 344.  Analyses are summarized in Reliance Electric Company Reports 77‑A‑34 and 77‑A‑36.  Results are tabulated in <Table 3.9‑13> where calculated stress data are compared to safe limit stress data.  This comparison indicates that motor function will not be adversely affected by the postulated seismic event.



5.
Water Chillers




Seismic analysis of a typical hermetic centrifugal liquid chiller was performed by NUS Corporation.  The analysis is described in NUS Corporation Report No. 1985, March 15, 1977.




Three water chillers are provided.  Since these units are structurally identical and are subjected to identical 




loadings, a single analysis and finite element model were used to analyze the chillers for dead weight, nozzle and seismic loadings.  Frequencies, mode shapes, seismic loads, and stresses were determined using the STARDYNE computer program and applicable response spectra.




The DBE and OBE earthquake conditions were analyzed simultaneously.  Since the chiller fundamental frequency is less than 33 Hertz, a dynamic analysis was performed.  Modes were combined by the square root of the sum of the squares method.




A dead weight plus nozzle load analysis was performed using the finite element model and the STATIC option of the STARDYNE computer program.




Total stress on each component was determined by summing the effects of seismic, nozzle and dead weight loads.  Where applicable, general primary membrane stresses due to pressure were included.  A local shell analysis of all major pipe‑to‑shell attachments was performed using the Welding Research Council Bulletin No. 107 and the Johns and Orange pressure discontinuity analysis.  Support components were analyzed in accordance with Subsection NF of the ASME Code, Section III.




Deflections at each nodal point in the STARDYNE model were calculated using an absolute sum of seismic, nozzle and dead weight deflection results.




Adequacy of the design is demonstrated by the comparison of maximum stresses to Code allowable in <Table 3.9‑14>.



6.
Water Chiller Control Panel




A carrier Model 19FA control panel is mounted on each water chiller.  A panel typical of the Model 19FA panels was seismically tested by Acton Environmental Testing Corporation under general supervision of NUS Corporation.  This testing is described in NUS Corporation Report TR‑77‑17A, March 21, 1977.




The typical panel was attached to a test fixture in a manner simulating the inservice mounting arrangement.  The test fixture was then mounted on the moving table of the Acton Environmental Testing Corporation’s seismic vibration facility.  Eleven accelerometers were mounted at various points on the panel and at the interface between the panel and test fixture.




Biaxial low level sine sweep resonance surveys were performed.  The biaxial sine beat tests were performed in each of four directions.  Instruments, sensors and relays were subjected to simulated operating conditions during these tests.




Test response spectra of acceleration versus frequency were developed from the results of the above tests.  The test response spectra exceeded the required response spectra over the entire frequency range for all test directions.  Based on test results, including proper function of the panel, switches, sensors, and relays during and after testing, it was concluded that the water chiller control panels and components are seismically qualified.



7.
Buffalo Forge Co. Fans




Two Adjustax fans (43B7 and 60D5) were analyzed.  The analysis is described in McMahon Engineering Co. Report No. 76J‑2935‑36.




A static analysis of the fans was performed by evaluating the stresses caused by the seismic inputs for each of the three principal axes.  These stresses were then combined by the square root of the sum of the squares method to produce the combined seismic stress.




Maximum operating stresses plus the stresses due to dead weight of equipment were calculated and added directly to the combined seismic stresses.




Motors for these fans were qualified by means of analysis in accordance with IEEE Standard 344.




Margins of safety were determined for the fans and motors by comparing total stresses.  This comparison, presented by <Table 3.9‑15>, indicates that the capability of the equipment to function will not be adversely affected by the postulated seismic event.


3.9.2.3
Dynamic Response Analysis of Reactor Internals Under Operational Flow Transients and Steady‑State Conditions


The major components within the reactor vessel were subjected to extensive testing coupled with dynamic system analyses to properly evaluate the resultant flow‑induced vibration phenomena incurred from normal reactor operation and from anticipated operational transients.


In general, the vibration‑forcing functions for operational flow transients and steady‑state conditions are not predetermined by detailed analysis.  Special analysis of the response signals measured for reactor internals of many similar designs are performed to obtain the parameters which determine the amplitudes and modal contributions in the vibration responses.  These studies provide useful predictive information for extrapolating the results from tests of components with similar designs to components of different designs.  This vibration prediction method is appropriate where standard hydrodynamic theory cannot be applied due to complexity of the structure and flow conditions.  Elements of the vibration prediction method are outlined as follows:


a.
Dynamic analysis of major components and subassemblies is performed to identify vibration modes and frequencies.  The analysis models used for Seismic Category I structures are similar to those outlined in <Section 3.7.2>, Seismic System Analysis.


b.
Data from previous plant vibration measurements is assembled and examined to identify predominant vibration response modes of major components.  In general, response modes are similar but response amplitudes vary among BWRs of differing size and design.


c.
Parameters are identified which are expected to influence vibration response among the several reference plants.  These include hydraulic parameters such as velocity and steam flow rates, and structural parameters such as natural frequency and significant dimensions.


d.
Correlation functions of the variable parameters are developed which, multiplied by response amplitudes, tend to minimize the statistical variability between plants.  A correlation function is obtained for each major component and response mode.


e.
Predicted vibration amplitudes for components of the prototype plant <Section 3.9.2.4> are obtained from these correlation functions, based on applicable values of the parameters for the prototype plant.  The predicted amplitude for each dominant response mode is stated in terms of a range, taking into account the degree of statistical variability in each of the correlations.  (The predicted mode and frequency was earlier obtained from the dynamic analysis in Paragraph a.)


The dynamic modal analysis also forms the basis for interpretation of the preoperational and initial startup test results <Section 3.9.2.4>.  Modal stresses are calculated and relationships are obtained between sensor response amplitudes and peak component stresses for each of the lower normal modes.  The acceptance criteria associated with the preoperational and initial startup tests are contained in <Section 14.2.12.2.30>.


3.9.2.3.1      Jet Pumps, Core Support, Steam Separators, LPCI Coupling


The magnitude of the jet reaction loads applied to the reactor internal structures caused by acceleration and deceleration of the flow under normal and upset conditions are negligible compared to the differential pressure loads, and generally need not be considered.  Jet reaction loads that require consideration are those associated with the jet pump assembly and riser, and within the steam separator itself.  The upward jet reaction loads on the separator assembly are canceled by the downward jet impingement loads at the upper surface of the shroud head dome.


Vibratory loads are continuously applied during normal operation and the stresses are limited to (10,000 psi to prevent fatigue failure.  This (10,000 psi value allows the acceptance of vibratory loadings in reactor internal components without the need for additional detailed fatigue analysis.  For components with alternating stress levels in excess of 


(10,000 psi, additional analysis is performed to ensure that the fatigue usage factor does not exceed 1.0 as described in <Section 3.9.5.3.5> and <Table 3.9‑35>.  Prediction of vibration amplitudes, mode shapes and frequencies for normal reactor operations are based on statistical extrapolation of actual measured results on the same or similar components in reactors now in operation.


In order to evaluate the dynamic response of the jet pumps, two locations were chosen for monitoring on jet pumps in the prototype plant.  These locations are the riser brace and the diffuser of the jet pump.  The reasons for selecting these positions were sensitivity and accessibility.  Knowing the strain response at these gauge locations, the stresses at other locations can be predicted as well as the mode of vibration, response frequency and displacement.  These values are compared to analytical criteria and, thus, their acceptability is evaluated.


The load due to crossflow from the jet pumps to the peripheral control rod guide tubes is 620 pounds on the bottom one‑eighth of the guide tube length, 345 pounds on the next higher one‑eighth of the guide tube length and 130 pounds on the next one‑quarter length of the guide tube.


The stresses produced due to vibratory loads are 375.5 psi and are considered negligible.


The dynamic loads due to flow induced vibration from the feedwater jet impingement would have no significant effect on the steam separator assembly.


Analysis has shown that the impingement feedwater jet velocity is 12 ft/sec, far below the critical velocity of 118 ft/sec.  Also, analysis has shown that the excitation frequency of the steam separator skirt is 5.1 Hertz, and the natural frequency of the skirt is 50 Hertz.


The load due to flow‑induced vibration will have no effect on the LPCI coupling since the calculated natural frequency of the coupling is over 50 Hertz.


The calculated stresses due to the hydrodynamic forces during normal operating conditions are small and considered negligible when compared to the design allowable stresses.  Locations for which calculations were made include the weld joints, elbows and rings.


3.9.2.4

Preoperational Flow‑Induced Vibration Testing of Reactor Internals


Vibration measurement and inspection programs were conducted during preoperational and initial startup testing of first‑of‑a‑kind reactor internals configurations (Grand Gulf 1 is the designated prototype 251 size BWR/6 plant.  Perry 1 is the designated prototype 238 size BWR/6 plant) in accordance with guidelines of <Regulatory Guide 1.20> for prototype reactor internals.  These programs were conducted in the prototype plants in three phases, described as follows:


a.
Preoperational Tests Prior to Fuel Loading



Steady‑state test conditions included balanced (two‑pump) recirculation system operation and unbalanced (single‑pump) operation over the full range of flow rates up to rated flow.  Transient flow conditions included single and two‑pump trips from rated flow.  The specified test duration was 35 hours of balanced operation, plus 14 hours of single‑pump operation of each recirculation loop, for a total of 63 hours.  This subjected major components to a minimum of 106 cycles of vibration at the anticipated dominant response frequency and at the maximum response amplitudes.  Vibration measurements were obtained during this test and a close visual inspection of internals was conducted before and after the test.


b.
Precritical Testing with Fuel



This vibration measurement series was conducted with the reactor assembly complete but prior to reactor criticality.  Flow conditions included balanced, unbalanced and transient conditions like the first test series.  The purpose of this series was to verify the anticipated effect of the fuel on the vibration response of internals.  Previous vibration measurements in BWRs (Reference 9) have shown that the fuel adds damping and reduces vibration amplitudes of major internal structures.  Thus, the first test series (without fuel) was a conservative evaluation of the vibration levels of these structures.


c.
Initial Startup Testing



Vibration measurements were made during reactor startup at conditions up to 100 percent power and maximum flow.  Balanced, unbalanced and transient conditions of recirculation system operation were evaluated.  The primary purpose of this test series was to verify the anticipated effect of two‑phase flow on the vibration response of internals.  Previous vibration measurements in BWRs (Reference 9) have shown that the effect of the two‑phase flow is to broaden the frequency response spectrum and diminish the maximum response amplitude of the shroud and core support structures.



Vibration sensor types included strain gauges, displacement sensors (linear variable transformers) and accelerometers.  Accelerometers were provided with double integration signal conditioning to give a displacement output.  Sensor locations will include the following:



1.
Top of shroud head, lateral acceleration (displacement).



2.
Top of shroud, lateral displacement.



3.
Jet pump riser braces, bending and extension strains.



4.
Jet pump diffuser, bending strain.



5.
Control rod guide tube, bending strain (preoperational only).



6.
Incore housings, bending strain.



7.
Core spray sparger piping, bending strain.



In all prototype plant vibration measurements, only the dynamic component of strain or displacement was recorded.  Data was recorded on magnetic tape, and provision was made for selective online analysis to verify the overall quality and level of the data.  Interpretation of the data required identification of the dominant vibration modes of each component by the test engineer, using frequency, phase and amplitude information from the component dynamic analyses.  Comparison of measured vibration amplitudes to predicted and allowable amplitudes was then made on the basis of the analytically obtained normal mode which best approximates the observed mode.



Visual inspections were conducted prior to and following preoperational testing for vibration, wear or loose parts.  At the completion of preoperational testing, the reactor vessel head and the shroud head were removed, the vessel was drained and major components were inspected on a selected basis.  The inspections covered the shroud, shroud head and core support structures, the jet pumps, and the peripheral control rod drive and incore guide tubes.  Access was provided to the reactor lower plenum for these inspections.


d.
Compliance With <Regulatory Guide 1.20>



PNPP is committed to comply with <Regulatory Guide 1.20>.



<Regulatory Guide 1.20> describes a comprehensive vibration assessment program for reactor internals during preoperational and initial startup testing.  The vibration assessment program meets the requirements of Criterion 1, “Quality Standards and Records,” of <10 CFR 50, Appendix A> and <10 CFR 50.34>, “Contents of Applications:  Technical Information”.



Vibration testing of reactor internals is performed on all GE‑BWR plants.  Perry, being the first BWR/6 238 plant, is considered a prototype and has been instrumented and subjected to preoperational and startup flow testing to demonstrate that flow‑induced vibrations, similar to those expected during operation, will not cause damage.



General Electric is committed to confirm satisfactory vibration performance of internals in these plants through preoperational flow testing followed by inspection for evidence of excessive vibration.  Extensive vibration measurements in prototype plants together with satisfactory operating experience in all BWR/4 plants have established the adequacy of BWR/6 reactor internal designs.


3.9.2.5

Dynamic System Analysis of the Reactor Internals Under Faulted Conditions


In order to assure that no significant dynamic amplification of load occurs as a result of the oscillatory nature of the blowdown forces <Figure 3.9‑16> and <Figure 3.9‑17>, a comparison was made of the periods of the applied forces and the natural periods of the core support structures acted upon by the applied forces.  These periods were determined from a 12 node vertical dynamic model of the BWR6‑238 RPV and 


internals.  Only motion in the vertical direction was considered; hence, each structural member (between two mass points) only had an axial load.  Masses of the RPV, core support structures and water inside the RPV were considered.


Typical curves of the variation of pressures during a steam line break are shown in <Figure 3.9‑16> and <Figure 3.9‑17>.  The accident analysis method is described in <Section 3.9.5.2>.


The time‑varying pressures were applied to the dynamic model of the reactor internals.  Except for the nature and locations of the forcing functions and the dynamic model, the dynamic analysis method is identical to that described for seismic analysis and is detailed in <Section 3.7.2.1>.  The dynamic components of forces from these loads combine with the force components from other dynamic loads (including seismic and hydrodynamic), all acting in the same direction, by the square root of the sum of the squares (SRSS) method.  The resultant force was combined with other steady‑state and static loads on an absolute sum basis to determine the design load in a given direction.


A summary of the results of the reactor internals dynamic analysis is given in <Table 3.9‑3b>.


3.9.2.6

Correlations of Reactor Internals Vibration Tests with the Analytical Results


BWR 4 and 5 reactors now in service provide the basis for analytical prediction of vibrational behavior during the component design stage.  GE Licensing Topical Report NEDE‑24057‑P, presented to the NRC for Susquehanna, contains results of such tests and measurements.  However, the BWR 4 and 5 operational experience has not been used in lieu of vibration measurement for the Perry reactor internals.  Perry’s component design adequacy for flow‑induced vibration is confirmed through actual in‑reactor measurements.  Additionally, Grand Gulf, with 


similar flow characteristics and internals design, will provide additional operating experience.


Prior to initiation of the instrumented vibration measurement program for Perry, extensive dynamic analyses of the reactor and internals were performed.  The results of these analyses were used to generate allowable vibration levels during the vibration test.  The vibration data obtained during the test are analyzed in detail to obtain vibration amplitudes, natural frequencies and mode shapes; comparison is then made to those parameters obtained from the dynamic model for seismic and LOCA analyses.


3.9.3      ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT SUPPORTS AND CORE SUPPORT STRUCTURES


3.9.3.1      Loading Combinations, Design Transients and Stress Limits


This section delineates the criteria for selection and definition of design limits and loading combinations associated with normal operation, postulated accidents, and specified seismic and hydrodynamic events for the design of safety‑related ASME Code components (except containment components), which are discussed in <Section 3.8>.


This section also lists the major ASME Code Class 1, 2 and 3 equipment and associated pressure‑retaining parts on a component‑by‑component basis and identifies the applicable loadings, calculation methods, calculated stresses, and allowable stresses.  Design transients for ASME Code Class 1 equipment are addressed in <Section 3.9.1.1>.  Seismic related loads are discussed in <Section 3.7>.  The suppression pool‑related hydrodynamic loads are described in detail in <Appendix 3A> and in the Dynamic Forcing Function Information Report (Reference 10).


<Table 3.9‑3> is the major part of this Section; it presents the consideration of loads, analytical methods (by reference or example) and 


also the calculated stress or other design values of the most critical areas in the design of each component.  These values are also compared to applicable Code allowables.


<Table 3.9‑3> represents the generic loading combinations required to be considered for the design and analysis of a typical BWR standard plant and are therefore applicable to all ASME Code Class 1, 2 and 3 components, component supports and core support structures.  Specific loading combinations considered for equipment are derived from <Table 3.9‑3> and are contained in the design specification and/or stress report for the respective equipment.


3.9.3.1.1      Loading Combinations, Design Transients and Stress Limits for NSSS Components and Supports


a.
Plant Conditions



All events that the Plant might credibly experience during a reactor year are evaluated to establish a design basis for plant equipment.  These events are divided into four plant conditions. 



The plant conditions described in the following paragraphs are based on event probability, i.e., frequency of occurrence, and correlated design conditions defined in the ASME Code, Section III.



1.
Normal Condition




Normal conditions are any conditions in the course of system startup, operation in the design power range, normal hot standby (with condenser available), and system shutdown other than upset, emergency, faulted, or testing.  For essential systems, normal system operation also includes prevailing conditions while operating during an emergency or faulted plant condition.



2.
Upset Condition




Upset conditions are any deviations from normal conditions anticipated to occur often enough that design should include a capability to withstand the conditions without operational impairment.  The upset conditions include those transients which result from any single operator error or control malfunction, transients caused by a fault in a system component requiring its isolation from the system, and transients due to loss of load or power, or an operating basis earthquake.  Hot standby with the main condenser isolated is an upset condition.



3.
Emergency Condition




Emergency conditions are those deviations from normal conditions which require shutdown for correction of the conditions or repair of damage in the reactor coolant pressure boundary.  The conditions have a low probability of occurrence but are included to provide assurance that no gross loss of structural integrity will result as a concomitant effect of any damage developed in the system.  Emergency condition events include, but are not limited to, transients caused by one of the following:  a multiple valve blowdown of the reactor vessel; loss of reactor coolant from a small break or crack which does not depressurize the reactor system nor result in leakage beyond normal makeup system capacity, but which requires the safety functions of isolation of containment and reactor shutdown; and improper assembly of the core during refueling.



4.
Faulted Condition




Faulted conditions are those conditions associated with extremely low probability, and postulated events whose consequences are such that the integrity and operability of the system may be impaired to the extent that considerations of public health and safety are involved.  Faulted conditions encompass events that are postulated because their consequences would include the potential for the release of significant amounts of radioactive material.  These postulated events are the most drastic that must be designed against and thus represent limiting design bases.  Faulted condition events include one of the following:  a control rod drop accident, a fuel handling accident, a main steam line break, a recirculation loop break, the combination of a small break accident or large break accident dynamic motion associated with a safe shutdown earthquake and hydrodynamic loads plus a loss of offsite power, or the safe shutdown earthquake.


b.
Correlation of Plant Conditions with Event Probability



The probability of plant conditions occurring is listed below.  This correlation can be used to identify the appropriate plant condition for any hypothesized event or sequence of events.











Event Encounter Probability



_________Plant Conditions__________
______Per Reactor Year_____



Normal (planned)






1.0



Upset (moderate probability)



1.0  >p >10‑2


Emergency (low probability)



10‑2  >p >10‑4


Faulted (extremely low probability)

10‑4  >p >10‑6

c.
Safety Class Functional Criteria



For any normal or upset design condition event, Safety Class 1, 2 and 3 equipment shall be capable of accomplishing its safety functions as required by the event and shall incur no permanent deterioration in ability to accomplish safety functions as required by any subsequent design condition event.



For any emergency or faulted design condition event, Safety Class 1, 2 and 3 equipment shall be capable of accomplishing its safety functions as required by the event; but repairs could be required to ensure its ability to accomplish safety functions as required by any subsequent design condition event.


d.
Compliance with <Regulatory Guide 1.48>



<Regulatory Guide 1.48> delineates acceptable design limits and appropriate combinations of loadings associated with normal operation, postulated accidents and specified seismic events for the design of the Seismic Category I fluid system components. GE‑supplied NSSS analyses, designs and/or equipment utilized in this facility are in compliance with the intent of <Regulatory Guide 1.48> through incorporation of the alternate approach cited in <Table 3.9‑16>.



See the Regulatory Guide assessment matrix in <Section 1.8> for scope of conformance.


e.
Reactor Pressure Vessel Assembly



The reactor pressure vessel assembly consists of the reactor pressure vessel, vessel support skirt and shroud support.



The reactor pressure vessel, vessel support skirt and shroud support are constructed in accordance with Section III of the ASME Code.  The shroud support consists of the shroud support plate, the shroud support cylinder and its legs.  The reactor pressure vessel assembly components are classified as ASME Code, Subsection NB.  Complete stress reports on these components have been prepared in accordance with the ASME Code requirements.  The stress analysis is performed on the reactor pressure vessel, vessel support skirt and shroud support for various plant operating conditions (including faulted conditions) by using elastic methods except as noted in <Section 3.9.1.4.3>.



<Table 3.9‑3a> provides a summary of the stress criteria, loading conditions, calculated stresses, and allowable stresses.



Loading conditions, design stress limits and methods of stress analysis for the core support structures and other reactor internals are discussed in <Section 3.9.5>.


f.
Main Steam Piping



The main steam piping extending from the reactor pressure vessel to the outboard main steam isolation valve is designed in accordance with the ASME Code, Section III, Subsection NB‑3600.  The loading conditions, stress criteria, calculated stresses and allowable stresses are summarized in <Table 3.9‑3d>.



The rules contained in Appendix F of the ASME Code, Section III are used in evaluating faulted loading conditions, independent of all other design and operating conditions.  Stresses calculated on an elastic basis are evaluated in accordance with F‑1360.


g.
Recirculation System Piping



The recirculation system piping bounded by the reactor pressure vessel nozzles is designed in accordance with the ASME Code, Section III, Subsection NB‑3600.  The loading conditions, stress criteria, calculated stresses, and allowable stresses are summarized in <Table 3.9‑3e>.  The rules contained in Appendix F of ASME Code, Section III are used in evaluating faulted loading conditions, independently of all other design and operating conditions.  Stresses calculated on an elastic basis are evaluated in accordance with F‑1360.


h.
Recirculation System Valves



The recirculation system flow control and suction and discharge gate valves are designed in accordance with the ASME Code, Section III, Class I, Subsection NB, Paragraph 3500.  These valves are not required to operate under the safe shutdown earthquake.  Loading conditions and other stress analysis information are presented in <Table 3.9‑3f> for flow control valves and <Table 3.9‑3j> for gate valves.


i.
Recirculation Pump



Recirculation pumps are designed in accordance with the ASME Code, Section III.  These pumps are not required to operate during the safe shutdown earthquake.  The loading combinations and other stress analysis information are presented in <Table 3.9‑3i>.


j.
Standby Liquid Control (SLC) Tank



The standby liquid control tank is designed in accordance with the ASME Code, Section III.  The loading conditions, stress criteria, calculated stress, and allowables stresses are summarized in <Table 3.9‑3m>.


k.
Residual Heat Removal Heat Exchangers



The heat exchangers are designed in accordance with the ASME Code, Section III.  The stress analysis methods, calculated stresses and allowable limits for the RHR heat exchangers are shown in <Table 3.9‑3o>.


l.
RCIC Turbine



Although not under the jurisdiction of the ASME Code, the RCIC turbine has been designed and fabricated following the basic guidelines of the ASME Code, Section III, for Class 2 components.



<Table 3.9‑3q> contains a summary for the RCIC turbine components of loading conditions, stress criteria, calculated stresses, and allowable stresses.


m.
RCIC Pump



The RCIC pump has been designed and fabricated to the requirements for an ASME Code, Section III, Subsection NC component.



The loading conditions, stress criteria, calculated stresses, and allowable stresses for the RCIC pump components are summarized in <Table 3.9‑3r>.


n.
ECCS Pumps



The RHR, LPCS and HPCS pumps are designed and fabricated in accordance with the requirements of the ASME Code, Section III.  The loading conditions, stress criteria, calculated stresses, and the allowable stresses for ECCS pumps are summarized in <Table 3.9‑3n>.


o.
Standby Liquid Control Pump



The standby liquid control pump has been designed and fabricated following the requirements for an ASME Code, Section III, Subsection NC component.



The loading conditions, stress criteria, calculated stresses, and allowable stresses for the standby liquid control pump components are summarized in <Table 3.9‑3L>.


p.
Main Steam Isolation and Safety/Relief Valves



Loading conditions, calculated stresses and allowable limits are shown for the safety/relief and main steam isolation valves in <Table 3.9‑3g> and <Table 3.9‑3h>, respectively.



The main steam isolation and safety/relief valves are designed in accordance with the requirements of the ASME Code, Section III, Subsection NB‑3500.


q.
Safety/Relief Valve Discharge Piping



The relief valve discharge piping extending from the relief valve discharge flange to the first downstream anchor is designed in accordance with the ASME Code, Section III, Subsection ND‑3600.  The loading conditions and stress criteria, calculated stresses and 



allowable stresses are summarized in <Table 3.9‑3k>.  The rules contained in the ASME Code Case 1606‑1 will be used in evaluating faulted loading conditions, independently of all other design and operating conditions.


3.9.3.1.2      Load Combinations, Design Transients and Stress Limits for Balance of Plant Components and Supports


Balance of plant systems and components are identified in accordance with ASME Code Class and Safety Class as discussed in <Section 3.2>.  Design limits and load combinations for Seismic Category I fluid system components are provided in the Section 3.9 tables.  ASME Code Class 1, 2 and 3 systems and components are designed to operate under the following plant conditions:


a.
ASME Code Class 1, 2 and 3 systems and components are designed to operate under anticipated environmental conditions such as pressure, temperature, irradiation, etc., that may occur during normal plant operations and transients, including startup, power generation, relief valve operation, and shutdown.


b.
Components of essential systems, required to function during and/or after any of the abnormal events identified in <Section 3.9.1> are designed to function under environmental conditions that would occur during and after such events.  <Section 3.11> describes environmental design conditions associated with such abnormal events.


The plant conditions postulated to occur during the life of the plant are identified in <Section 3.9.3.1.1.a>.


Loads considered in component design are those effects derived from plant and system conditions of operation, natural phenomena and site related hazards.  These loads include, but are not limited to, effects resulting from:


a.
Internal or external pressure.


b.
Deadweight of component and contents.


c.
Superimposed loads, such as the effect of other components, insulation and piping.


d.
Vibrations and seismic inertial loads and seismic anchor displacements for both OBE and SSE.  For safety‑related components in the reactor building, those building vibrations induced by the hydrodynamic loads described in <Appendix 3A> are also considered.


e.
Thermal expansion and thermal transient loads.


f.
Dynamic forces associated with safety/relief valve operation.


g.
Dynamic loads resulting from steam/water hammer.


h.
Loads resulting from postulated pipe rupture.


Loads producing primary stresses are grouped according to the nature and type of loading as follows:


a.
Sustained loads.


b.
Occasional loads.


c.
OBE inertial loads.


d.
SSE inertial loads.


e.
Design basis pipe break (DBPB) loads.


f.
Main steam pipe break (MSPB) loads.


g.
LOCA loads.


Loading combinations are further classified as service loadings.  Each service loading is within the appropriate ASME Code allowable stress limits.  Service loadings for a component are defined as follows:


a.
Level A Service Loading:



Level A service loadings are those load combinations which include all sustained loads resulting from normal plant/system operation.  Normal system operation includes prevailing conditions of essential systems while operating during an emergency or faulted plant condition.


b.
Level B Service Loading:



Level B service loading is the combination of loads resulting from sustained loads, plant/system operating transients comprising upset plant/system conditions, and OBE loadings.


c.
Level C Service Loading:



Level C service loading is the combination of loads resulting from sustained loads, postulated plant/system transients comprising emergency or faulted plant/system conditions, and their effects.


d.
Level D Service Loading:



Level D service loading is the combination of loads resulting from sustained loads, postulated plant/system transients comprising certain faulted plant/system conditions and their effects, and SSE loadings.


To satisfy the service loading and stress limit requirements, component design requirements stipulate the following, which is beyond the scope of the ASME Code:


a.
Pumps and valves of systems classified as active will satisfy the requirements of the pump and valve operability assurance program as described in <Section 3.9.3.2>.


b.
Piping, tanks and appurtenances which interconnect active pumps and valves are evaluated to assure that functional capability is not impaired whenever service limits C or D are used.


Corresponding service loadings and stress limits applicable to the design of ASME Code Class components are presented as follows:



<Table 3.9‑18>
‑
Class 1, 2 and 3 valves



<Table 3.9‑19>
‑
Class 2 and 3 pumps



<Table 3.9‑20>
‑
Class 2 and 3 vessels



<Table 3.9‑21>
‑
Class 1, 2 and 3 piping



<Table 3.9‑21a>
‑
Class 1, 2 and 3 component supports


Design criteria for supports are presented in <Section 3.9.3.4>.


3.9.3.2      Pump and Valve Operability Assurance


The GE supplied active pumps and valves are listed in <Table 3.9‑22>.


Active mechanical equipment classified as Seismic Category I is designed to perform its function during the life of the plant under postulated plant conditions.  Equipment with faulted condition functional requirements includes active pumps and valves in fluid systems such as the emergency core cooling systems and main steam system.


Safety‑related valves and pumps are qualified by prototype testing and analysis to satisfy stress and deformation criteria at the critical location.  Operability is assured by meeting the requirements of the following program.


3.9.3.2.1      ECCS Pumps


All active pumps are qualified for operability by first being subjected to rigid tests both prior to installation and after installation in the plant.  The in‑shop tests include (1) hydrostatic tests of pressure‑retaining parts to 125 percent of design pressure, (2) seal leakage tests, and (3) performance tests, while the pump is operated with flow, to determine total developed head, minimum and maximum head and net positive suction head (NPSH) requirements.  Also monitored during these operating tests are bearing temperatures (except water cooled bearings) and vibration levels.  Both are shown to be below specified limits.  After the pump is installed in the plant, it undergoes operability tests, functional tests, and required periodic inservice inspection and operation.  These tests demonstrate reliability of the pump for the design life of the plant.


In addition to these tests, the safety‑related active pumps are analyzed for operability during a faulted condition by assuring that (1) the pump 


will not be damaged during the faulted event, and (2) the pump will continue operating despite the faulted loads.


3.9.3.2.1.1      Consideration of Loading, Stress and Acceleration Conditions in the Analysis


In order to avoid damage during the faulted plant condition, the stresses caused by the combination of normal operating loads, nozzle loads, SSE, hydrodynamic loads, and dynamic system loads are limited to the material elastic limit, as indicated in <Section 3.9.3.1> and <Table 3.9‑3>.  A three‑dimensional finite element model of the pump/motor and its support was developed and dynamically analyzed using the response spectrum analysis method.  The same model was analyzed for static nozzle loads, pump thrust loads and dead weight.  Critical location stresses were evaluated and compared with the allowable stress criteria.  Critical location deflections and accelerations were checked to evaluate operability.  The average membrane stress for the faulted condition loads is maintained at less than 1.2S, and the maximum stress in local fibers (local membrane stress plus primary bending stress) is limited to 1.8S.  The maximum faulted event nozzle loads are also considered in an analysis of the pump and its supports to assure that a system misalignment cannot occur.


Performing these analyses with the conservative loads stated and with the restrictive stress limits of <Table 3.9‑3> as allowable, will assure that critical parts of the pump will not be damaged during the faulted condition and, therefore, the reliability of the pump for post‑faulted operation will not be impaired.


3.9.3.2.1.2      Pump/motor Operation During and Following SSE Loading


The rotor is designed to not contact the stator.  If it were to contact, the following applies:  active pump motors are designed to rotate at a 


constant speed under all conditions.  Motors are designed to withstand short periods of severe overload.  The high rotary inertia in the operating pump rotor, and the nature of the random, short duration loading characteristics of the dynamic event, will prevent the rotor from becoming seized.  In actuality, the seismic and hydrodynamic loadings will cause only a slight increase, if any, in the torque; i.e., motor current necessary to drive the pump at the constant design speed.  Therefore, the pump will not shut down during the faulted event loads and will operate at design speed despite the SSE loads.


The functional capability of the active pumps after a faulted condition is assured since only normal operating loads and steady‑state nozzle loads exist.  For active pumps, the faulted condition is greater than the normal condition only due to seismic (SSE) and hydrodynamic loads on the equipment itself.  The SSE event is of relatively short duration compared to the design life of the equipment.  Since it is demonstrated that the pumps would not be damaged during the faulted condition, the post‑faulted condition operating loads will be no worse than the normal plant operating limits.  This is assured by requiring that the imposed nozzle (steady‑state) loads for normal conditions and post‑faulted conditions are limited by the magnitudes of the normal condition nozzle loads.  The post‑faulted capability of the pumps to function under these applied loads is proven during normal operating plant conditions for active pumps.


3.9.3.2.1.3      Environmental Qualification of ECCS Motors 


Qualification of the ECCS pump Class 1E motors complies with IEEE 323‑1974.  The qualification of all motor sizes is based on completion of a type test, followed by review and comparison of design and material details and seismic (including hydrodynamic) load analysis of production units (ranging from 600 to 3,500 bhp) vs. the motor type tested.  Manufacturing, inspection and routine tests by the motor manufacturer on production units were performed on the test motor.  


The type test has been performed on a 1,250 hp vertical motor in accordance with IEEE 323‑1974, first simulating normal operation during design life, then a number of vibratory tests including seismic tests, and then the abnormal environmental conditions possible during and after a loss‑of‑coolant accident (LOCA).  The type test was as follows:


a.
Thermal aging of the motor’s electrical insulation system (which is a part of the stator only) was based on extrapolation in accordance with the temperature life characteristic curve from IEEE Standard 275‑1966.  The amount of aging equaled the total estimated operating days at maximum insulation surface temperature.


b.
Radiation aging of the motor electrical insulation equals the maximum estimated integrated dose of gamma during normal and abnormal conditions.


c.
The normal operationally induced current vibration effect on the insulation system has been simulated by 1.5 g’s horizontal vibration acceleration at current frequency for one hour duration.


d.
The dynamic loads deflection analysis on the rotor shaft, performed to insure adequate rotation clearance, has been verified by static loading and deflection of the rotor in the type‑test motor.


e.
Dynamic loads aging and testing has been performed on a biaxial test table in accordance with IEEE 344‑1975.  During this type test, the shake table was activated simulating the maximum design limit of the safe shutdown earthquake, including hydrodynamic loads with motor starts and operating combinations as may possibly occur during a plant life.


f.
An environmental test simulating a LOCA condition of 100 days duration has been performed with the test motor fully loaded, simulating pump operation.  The test consisted of startup and 



six hours operation at 212(F ambient temperature and 100 percent steam environment.  Another startup and operation of the test motor after one hour stand‑still in the same environment was followed by sufficient operation at high humidity and temperature, based on extrapolation in accordance with the temperature‑life characteristic curve from IEEE 275‑1966, for the insulation type used on the ECCS motors.


3.9.3.2.2      SLC Pump and Motor Assembly and RCIC Pump Assembly


These equipment assemblies are small, compact and rigid, with natural frequencies well above 33 Hertz.  With this fact verified, each equipment assembly has been seismically qualified via static analysis only.  This static qualification verifies operability under seismic conditions, and assures structural loading stresses within ASME Code limitations.


3.9.3.2.3      NSSS Valves


3.9.3.2.3.1      ASME Code Class 1 Active Valves


The Class 1 active valves are the main steam isolation valves, safety/relief valves, standby liquid control valves, and HPCS valves.  Each of these valves is designed to perform its mechanical motion in conjunction with a design basis accident including hydrodynamic loads.  Qualification for operability is unique for each valve type; therefore, each method of qualification is detailed individually below.


3.9.3.2.3.1.1      Main Steam Isolation Valve (MSIV)


The MSIVs are evaluated for operability during seismic and hydrodynamic load events by both analysis and test.


a.
First, the valve body is designed in accordance with the ASME Code, Section III, Subsection NB <Table 3.9‑3h> which limits deformation within the elastic limit of the material by limiting pressure and pipe reaction input loads (including seismic and hydrodynamic loads).  This assures that only small deformations are allowed in the operating area of the valve body, hence, no interference with valve operability.


b.
The entire topworks assembly was dynamically qualified by bidirectional random frequency shake test.  The loadings include SRV aging, OBE and SSE motions, and chugging motions.  The SRV aging lasted 15 minutes for each pair of vertical and one of the two major horizontal axes.  The motion simulation involved 5 intervals of 30 seconds each for the two bidirectional combinations.  The SSE simulation involved 1 interval of 30 seconds for the two bidirectional combinations.  The chugging motion involved 15 minutes of bidirectional loadings for each pair of major orthogonal axes.  The testing covered seismic and hydrodynamic loads.  The test response spectra exceeded the required response spectra by 10%.  During each test interval the MSIV topworks was cycled from full open to full close to demonstrate operability.  After the complete dynamic test program the MSIV topworks was again cycled to assure operability.



Pipe anchors and restraints are located and designed to limit the dynamic response and amplified accelerations to within design limits for the MSIVs.  The mathematical modeling of the assembly accounts for the natural frequencies of the assembly as determined by the analysis and confirmed by a generic test.


c.
Main steam isolation valve operability following a downstream line break was demonstrated by the “state line test” described in report APED‑5750 (March 1969).  The test specimen was a 20 inch valve of a 



design representative of the MSIVs.  Operability during seismic and hydrodynamic accelerations is addressed in <Section 3.9.2.2.1>.



Environmental qualification of sensitive electrical/pneumatic equipment to meet performance requirements is defined in <Section 3.11>.


3.9.3.2.3.1.2      Main Steam Safety/Relief Valve (SRV)


The SRV is qualified by test for operability during a seismic event (Reference 26).  Structural integrity of the configuration during a dynamic event is demonstrated by both code analysis and test.


a.
The valve is designed for maximum moments which may be imposed when installed in service.  These moments are resultants due to dead weight plus seismic and hydrodynamic loadings on both valve and connecting pipe, thermal expansion of the connecting pipe, and reaction forces from valve discharge.


b.
A production SRV’s operability was demonstrated by a dynamic qualification (shake table) test with applied moments and “g” loads greater than or equal to the required design limit loads and conditions.



A mathematical model of this valve is included in the main steam line system analysis in order to assure that the equipment design limits are not exceeded.


c.
The SRV is qualified generically to both IEEE 323‑74 and IEEE 344‑1975.  The environmental testing of the electrical/pneumatic equipment demonstrated operability after radiation aging (30 x 106 rads), thermal aging (392(F for 24 hours) and mechanical aging (1,000 cycles with a specified load).  The SRV 



seismic testing demonstrated operability during the seismic and hydrodynamic events.  The SRV is seismically qualified to response spectra induced at the valve inlet flange of 9 g’s for the horizontal principal axis and 6 g’s for the vertical principal axis, with a concurrent static moment load of 800,000 in.‑lb on the inlet flange and 600,000 in.‑lb on the outlet flange.


3.9.3.2.3.1.3      Standby Liquid Control Valve (Explosive Valve)


a.
The standby liquid control valve has been qualified generically to both IEEE 323‑1974 and IEEE 344‑1975.


b.
The seismic and hydrodynamic load testing demonstrated operability after completion of the dynamic event which imposes a horizontal loading equivalent to 6.5 g’s and a vertical loading equivalent to 4.5 g’s.


3.9.3.2.3.1.4      HPCS Valve 


The HPCS Class 1 active valve is a motor operated gate valve.  This valve is seismically qualified by stress analysis, and operability has been assured by static deflection analysis to demonstrate the operability during and after a simulated design basis load application.  The actuator is qualified in accordance with IEEE 382‑1972 to levels exceeding design loadings.


3.9.3.2.3.2      ASME Code Class 2 and Class 3 Active Valves


The six HPCS Class 2 active valves are motor operated valves.


These valves are generically qualified by testing valves that are typical of the valves supplied by GE.  These tests ensure operability during and after simulated design basis loads.  The actuators are 


qualified to IEEE 382‑1980, to “g” levels that exceed the Required Response Spectra (RRS).


The four control rod drive (CRD) scram discharge volume (SDV) vent and drain Class 2 valves are air‑operated valves.  The operability and structural integrity of these valves are demonstrated by type test in accordance with IEEE 344‑1975.


There are no Class 3 active valves supplied in NSSS scope.


3.9.3.2.4      Active Pumps and Valves Not supplied by General Electric


3.9.3.2.4.1      Pumps


The safety‑related pumps are tabulated in <Table 3.9‑23>.


All active pumps were qualified for operability by first being subjected to rigid tests prior to installation in the plant and after installation in the plant.  The in‑shop tests included (1) ASME Code hydrostatic tests of pressure retaining parts at a test pressure adjusted for the ratio of material allowable stress at room temperature to the allowable stress value at the design temperature, (2) seal leakage tests and (3) performance tests, while the pump is operating with flow, to determine total developed head, minimum and maximum head, net positive suction head (NPSH) requirements, and other pump/motor parameters.  Also monitored during these operating tests were bearing temperatures (except water cooled bearings) and vibration levels.  Both were below specified limits.  After the pump was installed in the plant, operability tests, functional tests and the required periodic inservice tests demonstrate reliability of the pump for the design life of the plant.


In addition to these tests, the design specification requires the pump manufacturer to comply with the design load combinations and allowable stress limits as discussed in <Section 3.9.3.1> and to provide assurance 


of operability verification and certification for the pump‑motor assembly.


The safety‑related active pumps were analyzed for operability during an SSE condition to assure that (1) the pump will not be damaged during the seismic event, and (2) the pump will continue operating despite the SSE loads.


The pump manufacturer was required to perform a test or dynamic analysis to determine the seismic load from the applicable floor response spectra.  Manufacturers of active pumps were also required to demonstrate by test or analysis that faulted condition nozzle loads will not impair the operability of the pump during or following the faulted condition.  Components of the pump, having a natural frequency above 33 Hertz, are considered essentially rigid.  This frequency is considered sufficiently high to avoid problems with amplification between the component and structure for all seismic areas outside the reactor building.  A static shaft deflection analysis of the rotor was performed with the conservative SSE accelerations acting simultaneously.  The deflections determined from the static shaft analysis were compared to the allowable impeller clearances.


The nature of seismic disturbances dictates that the maximum contact (if it occurs) be of short duration.  In order to avoid damage during the faulted plant condition, the stresses caused by the combination of normal operating loads, SSE and dynamic system loads are limited to the material elastic limit.  The average membrane stress (sm) for the faulted condition loads are maintained at 1.0S (sy = yield stress) and the maximum stress in local fibers (sm + bending stress = sb) will be limited to 1.5S.  The maximum seismic nozzle loads were also considered in an analysis of the pump supports to assure that a system misalignment cannot occur.


Performance of these analyses, with the conservative loads stated and with the restrictive stress limits as allowables, assured that critical parts of the pump will not be damaged during the faulted condition and that, therefore, the reliability of the pump for post‑faulted condition operation will not be impaired by the seismic event.


If the natural frequency was found to be below 33 Hertz, an analysis was performed to determine the amplified input accelerations necessary to perform the static analysis.  The adjusted accelerations were determined using the same conservatisms contained in the horizontal and vertical accelerations used for “rigid” structures.  The static analysis was performed using the adjusted accelerations; the stress limits stated above were satisfied.


The second criterion necessary to assure operability is that the pump will function throughout the SSE.  The pump/motor combination is designed to rotate at a constant speed under all conditions.  Motors are designed to withstand short periods of severe overload.  The high rotary inertia in the operating pump rotor, and the nature of the random, short duration loading characteristics of the seismic event, will prevent the rotor from becoming seized.  In actuality, the seismic loadings will cause only a slight increase, if any, in the torque; i.e., motor current necessary to drive the pump at the constant design speed.  Therefore, the pump will not shut down during the SSE and will operate at design speed despite the SSE loads.


In completing the seismic qualification procedures, the pump motor and all electrical components vital to the operation of the pump will be independently qualified for operation during the maximum seismic event in accordance with IEEE Standard 344‑1975.


If the testing rather than the analysis option was chosen, sine beat testing for electrical equipment was performed by satisfying one or more of the following requirements to demonstrate that multifrequency 


response is negligible, or the sine beat input is of sufficient magnitude to conservatively account for this effect.


a.
The equipment response is basically due to one mode.


b.
The sine beat response spectra envelopes the floor response spectra in the region of significant response.


c.
The floor response spectra consists of one dominant mode and has a peak at this frequency.


The degree of crosscoupling in the equipment, in general, determined if a single or multiaxis test was required.  Multiaxis testing was required if there is considerable crosscoupling.  If coupling is very light, then single axis testing was justified.  Or, if the degree of coupling could be determined, then single axis testing was used with the input sufficiently increased to include the effect of coupling on the response of the equipment.


From the previous arguments, the safety‑related pump/motor assemblies were demonstrated to remain undamaged and operable under SSE loadings, and therefore perform their intended functions.  These requirements take into account the complex characteristics of the pump and are sufficient to demonstrate and assure the seismic operability of the active pumps.


The functional capability of Class 2 and Class 3 active pumps (there are no Class 1 active pumps) after a faulted condition is assured since only normal operating loads and steady‑state nozzle loads exist.  For Class 2 and Class 3, the faulted condition is greater than the normal condition only due to seismic SSE loads on the equipment itself and the increase in nozzle loads due to the SSE on the connecting pipe.  Since it is demonstrated that the pumps would not be damaged during the faulted condition, the post‑faulted condition operating loads will be no worse than the normal plant operating limits.  This is assured by requiring 


that the imposed nozzle loads (steady‑state loads) for normal conditions and postulated conditions are limited by the magnitudes of the normal condition nozzle loads.  The post‑faulted capability of the pumps to function under these applied loads is proven during normal operating plant conditions for active pumps.


3.9.3.2.4.1.1      Emergency Service Water (ESW) Pumps Analysis Summary


A seismic stress and deflection analysis of the larger ESW pumps and the small ESW pump was performed.


The natural frequencies of the pumps were determined by developing a lumped mass model of the pump.  The computer code ICES‑STRUDL was used to perform the frequency analysis.


After the frequencies were determined, the lateral seismic loads were obtained from the response spectra curve furnished and noted in the design specification.  The maximum seismic loads within plus or minus 10 percent of the frequencies were used for the seismic analysis.  The vertical frequency was rigid; therefore, a conservative static g‑load was applied in the vertical direction.  The responses due to the vertical and both horizontal earthquake components were combined as the square root of the sum of the squares (SRSS).  A dynamic model and static analysis of the pump and motor assemblies were made using the same model as used for the frequency analysis.  Computer output from ICES‑STRUDL included all forces, moments and deflections at all joints for each member of the model.


The normal operating loads were combined with the seismic loads for the vertical and lateral directions.  This combination was made for the faulted loading condition and held to normal allowables.  The resultant deflections were compared to operating clearances or other operating criteria.


A summary of the deflections and stresses is given in <Table 3.9‑24> and <Table 3.9‑25>.


Additional details of the analysis and the certification statements assuring operability can be found in McDonald Engineering Analysis Report Numbers ME‑453 (Reference 11a) and supplemental Enertech Design Report Number MA21099 (Reference 11b) for the ESW “C” pump.  Additional details of the analysis and the certification statements assuring operability can be found in McDonald Engineering Analysis Report Number ME‑454 (Reference 12a) and supplemental Enertech Design Report Number MA21101 (Reference 12b) for the ESW “A” and “B” pumps.


3.9.3.2.4.1.2      Emergency Service Water Screen Wash Pumps Analysis Summary


A seismic stress and deflection analysis of the ESW screen pumps was performed.  The natural frequencies of the pumps were determined by developing a lumped mass model of the pump.  The computer code ICES‑STRUDL was used to perform the frequency analysis.


Once the frequencies were determined, the lateral seismic loads were obtained from the response spectra curve furnished and noted in the design specification.  The maximum seismic loads within plus or minus 10 percent of the frequencies were used for the seismic analysis.  The vertical frequency was rigid; therefore, a conservative static g‑load was applied in the vertical direction.  The responses due to the vertical and both horizontal earthquake components were combined as the square root of the sum of the squares (SRSS).  Computer output from ICES‑STRUDL included all forces, moments and deflections at all joints for each member of the model.


The normal operating loads were combined with the seismic loads for the vertical and lateral directions.  This combination was made for the faulted loading condition and held to normal allowables.  The resulting deflections were compared to operating clearances or other operating criteria.


A summary of the deflections and stresses is given in <Table 3.9‑26>.


Additional details of the analysis and the certification statement assuring operability can be found in McDonald Engineering Analysis Report Number ME‑452 (Reference 13).


3.9.3.2.4.1.3      Water Leg Pumps Analysis Summary


A seismic stress and deflection analysis of the RHR, LPCS, HPCS, and RCIC water leg pumps was performed.


Each pump and motor combination was modeled as lumped masses on their associated flexible support to determine whether it is in the rigid or flexible category.  The analyses indicated that the pumps each have a natural frequency of 270 Hertz, the motors each have a natural frequency of 83.4 Hertz, and the shafts each have a natural frequency of 138.5 Hertz.  The results of these analyses indicated that static analysis is suitable for this equipment.


The pump‑motor structural bases were analyzed considering all external loads imposed on them.  Piping loads were applied to the nozzles and transmitted through the structure.  Seismic loads were obtained using the response spectra curve furnished in the design specification.  Suction and discharge nozzle stresses were calculated in accordance with the ASME Code.


Resultant actual and allowable stresses are listed in <Table 3.9‑27>.


The pumps were analyzed for operability in a seismic event by first determining the shaft critical frequency to assure that it is well displaced from the running frequency or critical seismic frequency.  Additionally, the maximum shaft deflection and pump case distortion due to operating, external and seismic loads, as well as the maximum misalignment that might reduce the running clearances and result in pump seizure, were determined.


The analysis in Report Number 1A015/22 (Reference 14) by Van Gulik and Associates, Inc., assures operability by determining that at no time during operation will any contact occur.


3.9.3.2.4.1.4

Diesel Generator Fuel Oil Transfer Pumps Analysis Summary


A seismic stress and deflection analysis of the standby diesel generator and HPCS diesel generator fuel oil transfer pumps was performed.


A dynamic model was developed and a computer frequency analysis performed to obtain natural frequencies of the assembly, as required by the specification.


The lowest natural frequency of the pump system, including bed plate, is 42 Hertz.


The nozzle loads and seismic loads were imposed on the computer model of the assembly and the resultant stresses and deflections were calculated.  The stresses were then compared to allowables given in the specifications.  The deflections were compared to operating clearances or other limiting criteria.


The nozzles were analyzed for the maximum nozzle loads.  The equivalent pressure caused by nozzle bending moments and axial loads was calculated in accordance with the ASME Code including ASME Code Case 1677 and imposed on the flanges.


This pump casing is of complex geometry and has been well verified for normal operation by service experience and hydrostatic tests.  The seismic nozzle loads impose negligible stress in the casing except at nozzle penetrations and the frame adapter flange, which have been analyzed.


Actual and allowable stresses are given in <Table 3.9‑36>.


Since the faulted actual stresses, deflections and loads are less than code allowable, only the faulted case calculations are given.  Results of the analysis show that the pumps are structurally adequate to withstand the specified loads and will perform their intended function during upset, emergency and faulted conditions.  Further details of the analysis can be found in McDonald Engineering Analysis, Inc. Report Number ME‑532 (Reference 15).


3.9.3.2.4.1.5

Control Complex Chilled Water Pumps and Emergency Closed Cooling Pumps Analysis Summary


A seismic stress and deflection analysis of the control complex chilled water pumps and emergency closed cooling pumps was performed.


The fundamental frequency of the pumps/motors was demonstrated to be above the rigid frequency by analysis.  Accordingly, a static analysis of stress and deflection as required by the design specification was performed.


Results of the stress analysis are shown in <Table 3.9‑28>.  Calculated deflections were less than allowable, indicating no possible interference would impair operability during or after an event.


Details of the analysis and the certification statement assuring operability can be found in Ingersol‑Rand Company’s Report Number EAS‑TR‑7807 IMR (Reference 16).


3.9.3.2.4.1.6      Fuel Pool Circulating Pumps Analysis Summary


A seismic stress and deflection analysis of the fuel pool circulating pumps was performed.


A dynamic model of the pump/motor/baseplate system was developed and a computer frequency analysis made.  The lowest frequency of the system determined by the analysis was above 35 Hertz.  Therefore, the system can be treated statically.  Using the response spectra curve and load and stress combinations noted in the design specification, the nozzle loads, seismic loads and normal loads are imposed upon a computer model and a stress and deflection analysis of the entire assembly made.


The resultant stresses were compared to the allowables given in the specification and governing codes.  The deflections were compared to operating clearances or other limiting criteria.


The nozzle discontinuity stresses were calculated by the method described in the ASME Code, Paragraph ND‑3652, where the pump casing/discharge nozzle intersection is treated as an equivalent tee in a conservative manner.  The suction nozzle was treated as a curved elbow.


The discharge and suction flanges were treated by the method described in the ASME Code, Section ND‑3647, which is for normal loads and external forces and moments caused by weight and temperature gradients.  No known accepted method exists to treat the flanges for seismic forces and moments.  Thus, in this analysis they were treated the same as deadweight and thermal loads, which is believed to be conservative.


A summary of the deflections and stresses is given in <Table 3.9‑29>.


Additional details of the analysis and the certification statement assuring operability can be found in McDonald Engineering Analysis Co., Inc., Report Number ME‑512 (Reference 17).


3.9.3.2.4.1.7      Drywell Purge Compressors Test Summary


The assurance of operability for the drywell purge compressors is confirmed by prototype test.  A drywell purge compressor identical in design and manufacture to the units supplied for the Perry Nuclear Power Plant was tested by Turbonetics, Inc.  The test conditions for the prototype unit were more severe than the expected worst case conditions to be experienced by the units installed in the Perry Nuclear Power Plant and defined by the seismic response spectra curves included in the design specification data sheets.  The prototype test program was carried out for a drywell purge compressor to be supplied for the Grand Gulf Nuclear Station.  Results and details of the test program are documented in Turbonetics, Inc., Test Reports TB1‑77‑TR‑1  (Reference 18), ‑3 (Reference 19), ‑4 (Reference 20), and ‑5 (Reference 21).  The test results indicate that the equipment will perform the intended safety function during and after a LOCA or seismic event.


3.9.3.2.4.2      Valves


The non‑NSSS safety‑related active valves are identified in design basis documents/quality assurance records and databases.  These sources provide information relevant to valve safety classification, valve electrical, mechanical and seismic functions, USAR Figure, valve size and type, valve operator type, active function and qualification summary.


Safety‑related active valves are designed to perform their mechanical motion during an accident condition.  The operability assurance program ensures that these valves will operate both during and after a seismic event.


The safety‑related active valves are subjected to a series of stringent tests prior to service and during the plant life.  Prior to 


installation, the tests performed include:  Shell hydrostatic test to ASME Section III requirements, backseat and main seat leakage tests, disc hydrostatic tests, functional tests to verify that the valve will open and close within the specified time limits when subjected to the 


design differential pressure, and operability qualification of valve actuators for the environmental conditions over the installed life.


Cold hydro qualification tests, hot functional qualification tests, periodic inservice inspections, and periodic inservice operation are performed onsite to verify and assure the functional capability of the valves.  These tests and appropriate maintenance assure operability of the valves for the design life of the plant.  If not qualified by test, a stress analysis of the extended structure of active valves was performed for static equivalent seismic SSE loads applied to the center of gravity of the extended structure.  The maximum stress limits allowed in these analyses were those recommended by the ASME Code for the particular ASME class of valve analyzed.


Included in the design specification data sheets are seismic acceleration levels, allowable stresses and load combinations as discussed in <Section 3.9.3.1>.  The design specifications required a certification of operability assurance.


Assurance of operability verification and certification for the active valves under all plant loading combinations defined in <Regulatory Guide 1.48> was provided by the valve manufacturer.  Assurance of operability was demonstrated by either test or analysis.  The method of test to verify operability considered the structural interaction of the entire assembly (valve and actuator).  Testing was in accordance with one of the following procedures (A, B, C, or D):


Test Procedure A:


a.
The valve was installed in a test fixture and then mounted to a biaxial seismic vibration facility with the horizontal input motion in the direction of flow.


b.
The valve was pressurized to the design pressure before and during the test.


c.
Accelerometers were mounted on the valves and test table to adequately monitor input on the horizontal and vertical axes.  Output of all accelerometers was displayed on oscillographic recorders.


d.
The valve was operated from the fully open to the fully closed position to demonstrate operability before the seismic test.


e.
A resonance search, from 1 to 33 Hertz at 0.3 g peak vertical and horizontal acceleration sequentially, at a sweep rate of 1 octave/minute was examined for evidence of resonance of the valve assembly (minimum of 3 to 1 amplification over input level).


f.
A biaxial sine beat vibration test equivalent to 10‑cycle sine beats at 3.0 g input acceleration, at 1, 5, 10, 15, 20, 25, 30, and 33 Hertz, and at any resonant frequency, was performed.  Reduced acceleration levels were acceptable at low frequencies (1, 5 and 10 Hertz) providing the levels used were equal to the maximum shaker table capability.  The valve was cycled from the fully open to the fully closed position during this test.  Sufficient delay between beats was allowed to preclude significant superposition of motion.


g.
Following completion of the uniaxial resonance searches and biaxial sine beat vibration test, the test item was rotated 90( on the test table and the resonance searches and sine beat vibration tests described above were repeated.


h.
The valve subjected to operability testing was subsequently tested to demonstrate proper operation, by being cycled to the fully open 



and fully closed positions without exceeding the normal operating load of the valve actuator.


Test Procedure B:


A prototype valve, either full or reduced scale, was bench tested to demonstrate valve opening, or closing, or both under conditions equivalent to the combined plant conditions which the valve is expected to withstand when the “active” function is required.


Test Procedure C:


A prototype valve, either full or reduced scale, was bench tested under test conditions which simulate separately each of the plant loadings which the valve is expected to withstand in combination during valve opening, or closing, or both.  This test program was supplemented by analyses to demonstrate that the individual test loadings were sufficiently higher than the plant loadings to provide adequate margins for assurance of operability under combined loading conditions.  In addition, the analyses demonstrated that the strains in critical component parts of the valve under individual test loadings were greater, by a substantial margin, than those which the valve may experience under the combined plant loading conditions.


Test Procedure D:


For rigid valve assemblies (fundamental frequency greater than 33 Hertz), a static side load test was acceptable for verification and certification of operability of active valves under all plant loading combinations as defined in <Regulatory Guide 1.48>.


For rigid valve assemblies a static deflection analysis was performed by applying static equivalent seismic loads to the center of gravity of the extended structure.  The calculated deflection was compared to an 


allowable deflection, based on manufacturing tolerances, and shown to be small enough to not affect the active function of the valve.


Before manufacturing, the manufacturer had to describe the methods and procedures to verify operability of the valve under all design loading combinations, including a description of any mathematical models and test procedures.  The final report, including final analyses and test results that demonstrated operability under all loading conditions, was provided prior to valve shipment.


The above referenced reports are maintained on file.


3.9.3.2.4.2.1      Valve Motor Operators


Motor operators and other electrical appurtenances necessary for valve operation were qualified as operable during SSE in accordance with the seismic qualification standard IEEE 344, prior to installation on the valve.  The accelerations to which valves and valve operators were qualified have been factored into pipe systems design.  The piping design will maintain motor operator accelerations below these levels.


3.9.3.2.4.2.2      Qualification of Check Valves


Operability of the check valves has been assured.


Because of the simplicity of the check valve design, an analysis was considered satisfactory to assure operability.  The purpose of analysis was to demonstrate the seismic capability of various sizes of check valves, in accordance with specific seismic requirements as set forth by valve procurement specifications.


These requirements were as follows:


a.
Each valve assembly shall withstand the inertial load caused by an operating basis earthquake (OBE) and safe shutdown earthquake (SSE) without causing failure of any part or change in integrity of any pressure‑retaining part.


b.
Each valve shall be designed to withstand vibratory motion in any direction due to a simultaneous seismic acceleration of 3.0g in two orthogonal horizontal and one vertical direction.


c.
All seismic loads may be assumed to act at the center of gravity of the equipment.


d.
The seismic analysis shall determine that the fundamental frequency of the valve is greater than 33 Hertz.


The certification of operability for check valves is provided in the vendor seismic/stress analysis reports for each valve procurement specification.


3.9.3.2.4.2.3      Non‑NSSS Safety Class Safety and Relief Valves


The certification of operability and further details are provided in the vendor seismic qualification and assurance of operability reports.


3.9.3.2.4.2.4      Qualification of Butterfly Valves


Operability of active butterfly valves has been assured.  The certification of operability and further details are provided in the vendor seismic qualification test and analysis reports.


3.9.3.2.4.2.5      Qualification of Gate and Globe Valves


Operability of active gate and globe valves has been assured.  The certification of operability and further details are provided with the vendor seismic qualification reports for each valve equipment specification.


3.9.3.3      Design and Installation of Pressure Relief Devices


3.9.3.3.1      Main Steam Safety/Relief Valves and Discharge Piping Up to First Anchor


Main steam safety/relief valve (SRV) lift results in a transient that produces momentary unbalanced forces acting on the discharge piping system for the period from opening of the safety/relief valve until a steady discharge flow from the reactor pressure vessel to the suppression pool is established.  This period includes clearing of the water slug from the end of the discharge piping submerged in the suppression pool.  Pressure waves traveling through the discharge piping following the relatively rapid opening of the SRV cause the discharge piping to vibrate.  This in turn produces forces that act on the main steam piping.


The analysis of the relief valve discharge transient consists of a stepwise history solution of the fluid flow equation, to generate a time history of the fluid properties at numerous locations along the pipe.  The fluid transient properties are calculated based on the maximum set pressure specified in the steam system specification and the value of ASME code flow rating increased by a factor to account for the method of establishing the rating.  Simultaneous discharge of all valves was assumed in the analysis, to evaluate maximum stress in the piping.  Reaction loads on the pipe were determined at each location corresponding to the position of an elbow.  These loads were composed of pressure times area, momentum change and fluid friction terms.  


<Figure 3.9‑18> shows a pipe section load transient typical of that produced by relief valve discharge.


The method of analysis applied to determine piping system response is time history integration.  The forces are applied at locations on the piping system where fluid flow changes direction, thus causing momentary reactions.  The resultant loads on the SRV, the main steam line and the discharge piping are combined with loads due to other effects as specified in <Section 3.9.3.1>.  The ASME code stress limits corresponding to event classification (normal, upset, emergency, and faulted), are applied to the steam and discharge pipe.


3.9.3.3.2

Design and Installation Details for Mounting of Pressure Relief Devices


Design criteria used for safety and relief valves were in accordance with the requirements of Paragraphs NC and ND 3677 of Section III of the ASME Code and <Regulatory Guide 1.67>.  Installation was classified as either “open relief system” or “closed relief system.”


a.
Open Relief System



The steady‑state load due to the steam reaction force from the opening of a relief valve included the sum of the momentum and pressure effects as follows:






[image: image1.wmf](


)


A


P


g


/


WV


F


e


c


e


+


=





where:




F
=
Reaction force (lb)




W
=
Mass flow rate (lbm/sec)




gc
=
32.2 (lbm‑ft/lbf‑sec2)




Ve
=
Exit velocity (ft/sec)




Pe
=
Exit static pressure (lbf/in.2)




A
=
Exit flow area (in.2)



The forcing function was derived from the characteristics of the steam at the time the valve opens, and the characteristics of the valve and associated piping.  To ensure consideration of the effects of the rapidly applied load on the valve nozzle and the header pipe, a dynamic load factor (DLF) was used.  The DLF was determined analytically by considering valve opening time and valve/system dynamic characteristics.  The results of stress analysis were used to ensure that the stresses at the valve installation were within the allowable limits of the ASME Code, Section III.  Consideration was given to the nozzle/header junction and to the header pipe which was sufficiently reinforced, when necessary, to preclude the possibility of an overstress condition in the assembly.



Where more than one valve was installed on a common header, each valve was first considered to open independently, using the DLF for the valve and its support.  Then the system was analyzed with all valves opening in the most severe combination.



ASME Code Class 2 and 3 piping components were evaluated by using equation (9) of Subsection NC/ND‑3652.2 of the ASME Code, Section III.  The moment term in this equation includes the moments resulting from the discharge thrust forces and earthquake loadings.


b.
SRV Discharge Piping from First Anchor to Suppression Pool



The closed discharge systems were analyzed for dynamic effects of the fluid discharge by using the time related forces from a thermal hydraulic response analysis as an input to a pipe stress time history analysis.  The stresses resulting from these loads were 



then combined as required in Subsections NC and ND 3652 of the ASME Code, Section III.


3.9.3.4      Component Supports


3.9.3.4.1      Piping Supports


Piping supports are designed in accordance with Subsection NF of the ASME Code, Section III.  Supports are either designed by load rating per Paragraph NF‑3260 or to the stress limits for linear supports per Paragraph NF‑3230 and plate and shell per Paragraph NF‑3220.  To avoid buckling in the component supports, the allowable loads are limited to two thirds of the critical buckling loads per Appendices F and XVII of the ASME Code.  The critical buckling loads for ASME Class I component supports in the NSSS scope, subjected to faulted loads which are more severe than normal, upset and emergency loads, are determined by the vendor using the methods discussed in Appendix F of the ASME Code.  In general, the load combinations correspond to those used to design the supported pipe.  Design loading combinations of BOP piping and component supports are presented in <Table 3.9‑21a>.  Design transient cyclic data are not applicable to piping supports because no fatigue evaluation is necessary to meet the code requirements.


The design criteria and dynamic testing requirements for component supports are given below:


a.
Component Supports



All component supports are designed, fabricated and assembled so that they cannot become disengaged by the movement of the supported pipe or equipment after they have been installed.  All component supports are designed in accordance with the rules of Subsection NF 



of the ASME Code and Code Case N‑413, as applicable.  Repair welding of structural steel rolled shapes and plates may be in accordance with Code Case N‑393.


b.
Spring Hangers and Constant Support Hangers



The design load on hangers is the load caused by dead weight.  The hangers are calibrated to ensure that they support the design load at both their hot and cold load settings.  Hangers provide down travel and up travel in excess of the specified thermal movement.


c.
Snubbers



1.
Required Load Capacity and Snubber Location




Class 1, 2 and 3 piping systems, including valves and the suspension system between anchor points, are mathematically modeled for structural analysis.  In the mathematical model for Class 1 Systems, the snubbers are modeled as springs with a given spring stiffness depending on the snubber size.  In Class 2 and 3 Systems, snubbers are modeled as rigid supports in seismic analysis.  The analysis determines the forces and moments acting on each piping component and the forces acting on snubbers due to all dynamic loading conditions defined in the piping design specification.  The design load on snubbers includes loads caused by seismic forces including hydrodynamic forces (operating basis earthquake and safe shutdown earthquake), system anchor movements, reaction forces caused by relief valve discharge, and turbine stop valve closure.




Snubber placement and loading direction are first decided by estimation so that stresses in the piping system will have acceptable values.  Snubber placement and loadings are refined by performing computer analyses on the piping system as 




described above.  For Class 2 and 3 small bore safety‑related piping systems less than 250(F, snubber placement and loadings have been determined by application of standard cold spacing design criteria which were developed to be consistent with applicable ASME Code and <Regulatory Guide 1.48> and <Regulatory Guide 1.84>.




The suspension design specification requires that snubbers be provided with position indicators to identify the rod position.  This indicator facilitates the checking of hot and cold settings of the snubber, as specified in the installation manual, during plant preoperational and startup testing.



2.
Inspection, Testing, Repair, and/or Replacement of Snubbers




The suspension design specification requires that the snubber supplier prepare an installation instruction manual.  This manual is required to contain complete instructions for the handling, testing, storage, installation, maintenance, adjustment, and repair of the snubber.  Each snubber also has an installation location drawing, which identifies pipe and structure location, hot and cold settings, and additional installation data.




The suspension design specification requires that hydraulic snubbers be equipped with a fluid level indicator so that the level of fluid in the snubber can be ascertained easily.




Snubber inspections are done according to the Perry Nuclear Power Plant 10 year Inservice Inspection Program.



3.
Snubber Design and Testing




To assure that the required structural and mechanical performance characteristics and product quality are achieved, the following requirements for design and testing are imposed by the design specification:




(a)
The snubbers are designed in accordance with ASME III, Subsection NF.  These design requirements include stress analysis of the snubber component parts under normal, upset, emergency, and faulted loads.  Calculated stresses are then compared against allowable stresses of the material as given in ASME III, to ensure that they are below the allowable limit.





NSSS bolting used in these supports meets criteria of NF‑3280 for Service Levels A and B and NF‑3230 for Service Levels C and D.  NF‑3280 is applicable to bolting for Service Levels A and B.  NF‑3230 is applicable to linear supports; it refers to Appendix 17 which is applicable to bolting for Service Levels C and D.




(b)
The snubbers were tested to ensure that they can perform as required during the operating basis earthquake (OBE), the safe shutdown earthquake (SSE), hydrodynamic events, and under anticipated operational transient loads or other plant mechanical loads.





Two snubbers of each size and each model in safety‑related applications at PNPP were tested under upset and faulted loads in the manner described below:





(1)
Snubbers were tested dynamically to ensure that they could perform as required under upset loading conditions in the following manner:






i.
The snubbers were subjected to a force that varied approximately as a sine wave.






ii.
The frequency (Hz) of the input force was in increments of 5 Hz within the range of 3 to 33 Hz.






iii.
The test was conducted with the snubber at room temperature and at 200(F.






iv.
The peak load in both tension and compression was equal to or higher than the rated load of the snubbers.






v.
The duration of the test at each frequency was 10 seconds or more.





(2)
Snubbers were tested dynamically to ensure that they could perform as required under emergency and faulted loading conditions in the following manner:






i.
The snubbers were subject to forces that varied approximately as a sine wave.






ii.
The test was conducted with the snubbers at room temperature.






iii.
The peak load in both tension and compression was equal to 1.5 times the rated load of the snubbers.






iv.
The duration of the test was 10 seconds.






Snubbers were qualified for service by General Electric by testing for bleed rate, lockup rate, drag or friction force, and response to dynamic loading.  The dynamic loading test was accomplished by subjecting the snubber to a sinusoidal force that is equal to the rated load of the snubber.  The force was applied at frequencies at 5 Hz increments within the range of 3 Hz to 33 Hz.  The dynamic load tests were conducted with the snubber at both room temperature and at 200(F.






The snubbers were modeled as linear elastic springs in the dynamic analysis of the piping system.  The vast majority of all dynamic loadings occur with frequencies ranging from 3 Hz to 33 Hz.  By using the results of the dynamic testing, spring constants were calculated.  These constants increase with higher frequencies.  The average spring constant, including all lost motions (dead band, etc.) of the snubber, was then used by General Electric in the analytical model of attached piping.


d.
Struts



The design load on struts includes loads caused by dead weight, thermal expansion, operating basis earthquake (OBE) and safe shutdown earthquake (SSE), hydrodynamic loads, system anchor 



displacements, reaction forces caused by relief valve discharge, and turbine stop valve closure.



Struts are designed in accordance with the ASME Code, Paragraph NF‑3000 to be capable of carrying the design load for all operating conditions.


e.
Bolting



The following equipment involves component support bolting.



(a)
RWCU Pump




This non‑safety pump has no active safety function.  The suction and discharge piping from the pump ultimately connects to safety related piping.  The pump flange allowable nozzle reactions are developed with the guidance of the ASME Code, Section III, subsection NC/ND 3658, July 1983.  The load combination for the flange qualification includes the deadweight and safe shutdown earthquake reactions imposed by the piping.  The pump anchorage acceptance criteria is ACI‑349‑85 Appendix B.



(b)
RCIC and SLC Pumps




The pump‑to‑base plate bolting is designed as follows:




1.
Normal plus Upset





a)
Primary membrane:



1.0S





b)
Primary membrane plus bending:
1.5S, where S is the allowable stress limit per the ASME Code Section III, Appendix I, Table I‑7.3




2.
Emergency or Faulted





Stresses shall be less than 1.2 times the allowable limit values for Normal plus Upset above.


3.9.3.4.2

Reactor Pressure Vessel (RPV) Support Skirt


The RPV support skirt is analyzed to meet the requirements of the ASME Code, Section III, Subsection NF.  The loading conditions, stress criteria, calculated stresses, and allowable stresses in the critical support areas are summarized in <Table 3.9‑3a>.  The stress level margins prove the adequacy of the RPV support skirt.


3.9.3.4.3

NSSS Floor Mounted Equipment (Pumps, Heat Exchanger and RCIC Turbine)


The high pressure core spray, low pressure core spray, residual heat removal, reactor core isolation cooling, standby liquid control, reactor water cleanup, and RCIC systems are all analyzed to verify the adequacy of their support structures under various plant operating conditions.  In all cases, the stress loads in the critical support areas are within ASME Code allowables.  The loading conditions, stress criteria and allowable stresses in the critical support areas are summarized in <Table 3.9‑3> under the respective equipment table.


3.9.3.4.4      Supports for ASME Code Class 1, 2 and 3 Active Components


ASME Code Class 1, 2 and 3 active components are either pumps or valves.  Since valves are supported by piping and not tied to building structures, pipe design criteria govern.


Seismic Category I active pump supports are qualified for seismic and hydrodynamic loads by testing as follows:


a.
Simulate actual pump mounting conditions and inservice static and dynamic loadings on the pump.


b.
Monitor pump operability during testing.


c.
Verify normal operation of the pump during and after the test.  Any deflection or deformation of the pump supports which precludes pump operability is not accepted.


d.
Inspect supports for structural integrity after the test.  Any cracking or permanent deformation is not accepted.


Seismic qualification of component supports by analysis has generally been accomplished by checking stresses at all support elements and parts such as baseplate holddown bolts, pump support pads, pump pedestal, and foundation against allowable limits specified in the ASME Code, Subsection NF.


a.
For normal and upset plant conditions, the deflections and deformations of the supports are verified to be within elastic limits and not in excess of design values based on design verification tests to ensure operability of the pumps.


b.
For emergency and faulted plant conditions, the deformations do not exceed the values which ensure operability of the pumps.


3.9.3.4.5      Fuel Pool Cooling and Cleanup System Pump


The pump pedestal and pedestal bolts have been analyzed as discussed in <Section 3.9.3.1>.  Loads from seismic, connecting pipes, temperature, and dead weight were considered.  The stress limits of the ASME Code, 


Section III, Subsection NF were satisfied.  The analysis included deflection of the pedestal.


3.9.3.4.6      Balance of Plant Equipment Component Supports


The loadings as specified in the design specifications were taken into account in designing component supports for ASME Code constructed items.  These loadings include, but were not limited to, the following:


a.
Weight of the component and normal contents under operating and test conditions


b.
Weight of the component support


c.
Superimposed loads and reactions induced by the adjacent system components


d.
Dynamic loads, including loads caused by earthquake vibration and hydrodynamically induced building vibrations


e.
Restrained thermal expansion


f.
Anchor and support movement effects


Design loading combinations of BOP ASME Code Class 1, 2 and 3 component supports are presented in <Table 3.9‑21a>.


3.9.4      CONTROL ROD DRIVE SYSTEM


This plant is equipped with a hydraulic control rod drive which includes the control rod drive mechanism (CRDM), the hydraulic control unit (HCU), the condensate supply system, and the scram discharge volume, extending to the coupling interface with the control rods.


3.9.4.1     Descriptive Information on CRDS


Descriptive information on the control rod drives, as well as the entire control and drive system, is contained in <Section 4.6>.


3.9.4.2      Applicable CRDS Design Specifications


The Control Rod Drive System (CRDS) is designed to meet the functional design criteria outlined in <Section 4.6> and consists of the following:


a.
Locking piston control rod drive


b.
Hydraulic control unit


c.
Hydraulic power supply (pumps)


d.
Interconnecting piping


e.
Flow, pressure and isolation valves


f.
Instrumentation and electrical controls


Quality group classification is not applicable to the CRD.


Those components of the CRD forming part of the primary pressure boundary are designed according to the ASME Code, Section III.


Components of the CRD hydraulic system are designed according to the codes and standards governing the individual quality groups outlined in <Table 3.2‑1>.


Pertinent aspects of the design and qualification of the CRD components are discussed in the following locations:  transients in 


<Section 3.9.1.1>, faulted conditions in <Section 3.9.1.4>, seismic testing in <Section 3.9.2.2>.


3.9.4.3      Design Loads, Stress Limits and Allowable Deformations


The ASME Code components of the CRD system have been evaluated analytically and the design loading conditions, stress criteria, calculated stresses, and allowable stresses are summarized in <Table 3.9‑3>.  For the noncode components, experimental testing was used to determine the CRD performance under all possible conditions as described in <Section 3.9.4.4>.  Deformation has been compared with the allowables and is not a limiting factor in the analysis of the CRD components.


3.9.4.4      CRD Performance Assurance Program


The CRD test program consists of the following:


a.
Development tests


b.
Factory quality control tests


c.
Five year maintenance life tests



Four control rod drives are normally picked at random from the production stock each year and subjected to various tests under simulated reactor conditions and 1/6 of the cycles specified in <Section 3.9.1.1>.



Upon completion of the test program, control rod drives must meet or surpass the minimum specified performance requirements.


d.
1.5X design life tests



When a significant design change is made to the components of the drive, the drive is subjected to a series of tests equivalent to 1.5 times the life test cycles specified in <Section 3.9.1.1>.


e.
Operational tests


f.
Acceptance tests


g.
Surveillance tests


All of the above tests except c. and d. are discussed in <Section 4.6>.


3.9.5      REACTOR PRESSURE VESSEL INTERNALS


This subsection identifies and discusses the structural and functional integrity of the major reactor pressure vessel internals.


3.9.5.1      Design Arrangements


The core support structures and reactor vessel internals (exclusive of fuel, control rods and incore nuclear instrumentation) are identified below:


a.
Core Support Structures



1.
Shroud



2.
Shroud support cylinder, plate and legs (part of the RPV core plate) and core plate hardware



3.
Grid (only that portion below the bottom weld in the cylindrical portion is core support structure.  The grid is a part of the top guide assembly.)



4.
Top guide (hardware, studs, nuts, and pins between top guide and shroud)



5.
Orificed fuel supports (except for orifices which do not support or restrain the core)



6.
CRD housing (only that portion above the first weld that is above the housing to pressure vessel weld)



7.
Control rod guide tubes


b.
Reactor Internals



1.
Jet pump assemblies, braces and instrumentation



2.
Feedwater spargers(1)


3.
Vessel head spray nozzle



4.
Differential pressure and liquid control lines



5.
In‑core flux monitor guide tube(1)


6.
Initial startup neutron sources(1)


7.
Surveillance sample holders(1) 



8.
Core spray lines and spargers



9.
In‑core instrument housings(1)


10.
LPCI Coupling


NOTE:


(1)
Nonsafety class component.


A general assembly drawing of the important reactor components is shown in <Figure 3.9‑19>.


The floodable inner volume of the reactor pressure vessel can be seen in <Figure 3.9‑20>.  It is the volume inside the core shroud up to the level of the jet pump suction inlet.


The design arrangement of the reactor internals, such as the jet pumps, steam separators and guide tubes, is such that one end is unrestricted and thus free to expand.  The LPCI couplings incorporate vertically oriented slip fit joints to allow free thermal expansion.


3.9.5.1.1      Core Support Structures


The core support structures consist of those items listed in <Section 3.9.5.1>.  These structures form partitions within the reactor vessel, to sustain pressure differentials across the partitions, direct the flow of the coolant water and laterally locate and support the fuel assemblies.  <Figure 3.9‑20> shows the reactor vessel internal flow paths.


a.
Shroud



The shroud support, shroud and top guide make up a stainless steel cylindrical assembly that provides a partition to separate the upward flow of coolant through the core from the downward recirculation flow.  This partition separates the core region from 



the downcomer annulus, thus providing a floodable region following a recirculation line break.  The volume enclosed by this assembly is characterized by three regions.  The upper portion surrounds the core discharge plenum, which is bounded by the shroud head on top and the top guide’s grid plate below.  The central portion of the shroud surrounds the active fuel and forms the longest section of the assembly.  This section is bounded at the top by the grid plate and at the bottom by the core plate.  The lower portion, surrounding part of the lower plenum, is welded to the reactor pressure vessel shroud support.


b.
Shroud Support



The shroud support is designed to support the shroud and to support and locate the jet pumps.  The shroud support provides an annular baffle between the reactor pressure vessel and the shroud.  The jet pump discharge diffusers penetrate the shroud support to introduce coolant to the inlet plenum below the core.


c.
Shroud Head and Steam Separator Assembly



This component is not a core support structure or safety class component.  It is discussed here to describe the coolant flow paths in the reactor pressure vessel.  The shroud head and steam separator assembly is bolted to the top of the top guide to form the top of the core discharge plenum.  This plenum provides a mixing chamber for the steam‑water mixture before it enters the steam separators.  Individual stainless steel axial flow steam separators are attached to the top of standpipes that are welded into the shroud head.  The steam separators have no moving parts.  In each separator, the steam‑water mixture rising through the standpipe passes vanes that impart a spin to establish a vortex 



separating the water from the steam.  The separated water flows from the lower portion of the steam separator into the downcomer annulus.


d.
Core Plate



The core plate consists of a circular stainless steel plate with bored holes stiffened with a rim and beam structure.  The plate provides lateral support and guidance for the control rod guide tubes, in‑core flux monitor guide tubes, peripheral fuel supports, and startup neutron sources.  The last two items are also supported vertically by the core support plate.



The entire assembly is bolted to a support ledge on the lower portions of the shroud.


e.
Top Guide



The top guide consists of a circular grid plate with square openings welded to the bottom of the top guide cylinder.  Each opening provides lateral support and guidance for four fuel assemblies, or in the case of peripheral fuel, less than four fuel assemblies.  Notches are provided in the bottom of the intersections to anchor the in‑core flux monitors and startup neutron sources.  The top guide is bolted to the shroud.  The core spray spargers are installed in the upper portion of the top guide cylinder.


f.
Fuel Support



The fuel supports, shown in <Figure 3.9‑21>, are of two basic types:  peripheral supports and four‑lobed orificed fuel supports.  The peripheral fuel support is located at the outer edge of the active core and is not adjacent to control rods.  Each peripheral 



fuel support will support one fuel assembly and contains a single orifice assembly designed to assure proper coolant flow to the peripheral fuel assembly.  Each four‑lobed orificed fuel support will support four fuel assemblies and is provided with four orifice plates to assure proper coolant flow distribution to each rod‑controlled fuel assembly.  The four‑lobed orificed fuel supports rest in the top of the control rod guide tubes which are supported laterally by the core plate.  The control rods pass through slots in the center of the four‑lobed orificed fuel support.  A control rod and the four adjacent fuel assemblies represent a core cell <Section 4.4>.


g.
Control Rod Guide Tubes



The control rod guide tubes, located inside the vessel, extend from the top of the control rod drive housings up through holes in the core plate.  Each tube is designed as the guide for a control rod and as the vertical support for a four‑lobed orificed fuel support piece and the four fuel assemblies surrounding the control rod.  The bottom of the guide tube is supported by the control rod drive housing, which in turn transmits the weight of the guide tube, fuel support and fuel assemblies to the reactor vessel bottom head.  A thermal sleeve is inserted into the control rod drive housing from below and is rotated to lock the control rod guide tube in place.  A key is inserted into a locking slot in the bottom of the control rod drive housing to hold the thermal sleeve in position.


3.9.5.1.2      Reactor Internals


a.
Jet Pump Assemblies



The jet pump assemblies are not core support structures but are discussed here to describe coolant flow paths in the vessel.  The 



jet pump assemblies are located in two semi‑circular groups in the downcomer annulus between the core shroud and the reactor vessel wall.  The design and performance of the jet pump is covered in detail in (Reference 23) and (Reference 24).  Each stainless steel jet pump consists of driving nozzles, suction inlet, throat or mixing section, and diffuser <Figure 3.9‑22>.  The driving nozzle, suction inlet and throat are joined together as a removable unit, and the diffuser is permanently installed.  High pressure water from the recirculation pumps is supplied to each pair of jet pumps through a riser pipe welded to the recirculation inlet nozzle thermal sleeve.  A riser brace consists of cantilever beams welded to a riser pipe and to pads on the reactor vessel wall.



The nozzle entry section is connected to the riser by a metal‑to‑metal, spherical‑to‑conical seal joint.  Firm contact is maintained by a hold‑down clamp.  The throat section is supported laterally by a bracket attached to the riser.  There is a slip‑fit joint between the throat and diffuser.  The diffuser is a gradual conical section changing to a straight cylindrical section at the lower end.


b.
Steam Dryers



The steam dryer assembly is not a core support structure or safety class component.  It is discussed here to describe coolant flow paths in the vessel.  The steam dryers remove moisture from the wet steam leaving the steam separators.  The extracted moisture flows down the dryer vanes to the collecting troughs, then flows through tubes into the downcomer annulus.  A skirt extends from the bottom of the dryer vane housing to the steam separator standpipe, below the water level.  This skirt forms a seal between the wet steam plenum and the dry steam flowing from the top of the dryers to the steam outlet nozzles.



The steam dryer and shroud head are positioned in the vessel during installation with the aid of vertical guide rods.  The dryer assembly rests on steam dryer support brackets attached to the reactor vessel wall.  Upward movement of the dryer assembly, which may occur under accident conditions, is restricted by steam dryer hold‑down brackets attached to the reactor vessel top head.


c.
Feedwater Spargers



These components are not core support structures or safety class components.  They are discussed here to describe flow paths in the vessel.  The feedwater spargers are stainless steel headers located in the mixing plenum above the downcomer annulus.  A separate sparger is fitted to each feedwater nozzle and is shaped to conform to the curve of the vessel wall.  Sparger end brackets are pinned to vessel brackets to support the spargers.  Feedwater flow enters the center of the spargers and is discharged radially inward to mix the cooler feedwater with the downcomer flow from the steam separators and steam dryer before it contacts the vessel wall.  The feedwater also serves to condense the steam in the region above the downcomer annulus and to subcool the water flowing to the jet pumps and recirculation pumps.


d.
Core Spray Lines and Liquid Control Line



These components are not core support structures.  They are discussed here to describe safety class features inside the reactor pressure vessel.  The core spray lines are the means for directing flow to the core spray nozzles which distribute coolant during accident conditions.  The core spray line associated with the high pressure core spray system also serves as the liquid control line for providing a path for liquid control solution injection.



Two core spray lines enter the reactor vessel through the two core spray nozzles.  The lines divide immediately inside the reactor vessel.  The two halves are routed to opposite sides of the reactor vessel and are supported by clamps attached to the vessel wall.  The lines are then routed downward into the downcomer annulus and pass through the top guide cylinder immediately below the flange.  The flow divides again as it enters the center of the semicircular sparger, which is routed halfway around the inside of the top guide cylinder.  The two spargers are supported by brackets designed to accommodate thermal expansion.  The line routing and supports are designed to accommodate differential movement between the top guide and vessel.  The other core spray line is identical except that it enters the opposite side of the vessel, and the spargers are at a slightly different elevation inside the top guide cylinder.  The correct spray distribution pattern is provided by a combination of distribution nozzles pointed radially inward and downward from the spargers <Section 5.3.3.1>, <Section 6.3> and <Figure 3.9‑19>.  Use of the HPCS spray line for liquid control solution injection facilitates good mixing and dispersion.


e.
Vessel Head Spray Nozzle



This component is not a core support structure.  It is included here to describe a safety class feature in the reactor pressure vessel.  When reactor coolant is returned to the reactor vessel, part of the flow can be diverted to a spray nozzle in the reactor head.  This spray maintains saturated conditions in the reactor vessel head volume by condensing steam being generated by the hot reactor vessel walls and internals.  The spray also decreases thermal stratification in the reactor vessel coolant.  This ensures that the water level in the reactor vessel can rise.  The higher water level provides conduction cooling to more of the mass of metal of the reactor vessel and, therefore, helps to maintain the cooldown rate.



The vessel head spray nozzle is mounted to a short length of pipe and a flange, which is bolted to a mating flange on the reactor vessel head nozzle.


f.
Differential Pressure Sensing Lines



These components are not core support structures or safety class components.  The differential pressure lines enter the vessel through two bottom head penetrations and sense the differential pressure across the core support plate.  One line terminates near the lower shroud with a perforated length below the core support plate to sense the pressure in that region.



The other line terminates immediately above the core support plate and senses the pressure in the region outside the fuel assemblies.


g.
In‑Core Flux Monitor Guide Tubes



This component is not a core support structure or safety class component.  They provide a means of positioning fixed detectors in the core as well as provide a path for calibration monitors (TIP System).



The in‑core flux monitor guide tubes extend from the top of the in‑core flux monitor housing in the lower plenum to the top of the core support plate.  The power range detectors for the power range monitoring units and the dry tubes for the source range monitoring and intermediate range monitoring (SRM/IRM) detectors are inserted through the guide tubes.  A latticework of clamps, tie bars and spacers give lateral support and rigidity to the guide tubes.  The bolts and clamps are welded, after assembly, to prevent loosening during reactor operation.


h.
Surveillance Sample Holders



This component is not a core support structure or a safety class component.  The surveillance sample holders are welded baskets containing impact and tensile specimen capsules.  The baskets hang from the brackets that are attached to the inside wall of the reactor vessel and extend to mid‑height of the active core.  The radial positions are chosen to expose the specimens to the same environment and maximum neutron fluxes experienced by the reactor vessel itself while avoiding jet pump removal interference or damage.


i.
Low Pressure Coolant Injection (LPCI) Lines



This component is not a core support structure but is discussed here to describe the coolant flow paths in the reactor vessel.  Three LPCI lines penetrate the core shroud through separate LPCI nozzles.  Coolant is discharged inside the core shroud.


3.9.5.2      Loading Conditions


3.9.5.2.1      Events to be Evaluated


Examination of the spectrum of conditions for which the design basis must be satisfied by core support structures and engineered safety feature components reveals the following significant faulted events:


a.
Recirculation Line Break:  a break in a recirculation line between the reactor vessel and the recirculation pump suction.


b.
Steam Line Break:  a break in one main steam line between the reactor vessel and the flow restrictor.  The accident results in significant pressure differentials across some of the structures within the reactor.


c.
Earthquake:  subjects the core support structures and reactor internals to significant forces as a result of ground motion.


d.
Safety/Relief Valve Discharge


Analysis of other conditions existing during normal operation, abnormal operating transients and accidents shows that the loads affecting the core support structures and other engineered safety feature reactor internals are less severe than those caused by the above postulated events.  The faulted conditions for the reactor pressure vessel internals including core support structures are discussed in <Section 3.9.1.4>.  Loading conditions, stress criteria, calculated stresses, and allowable stresses are summarized in <Table 3.9‑3a>, <Table 3.9‑3b>, <Table 3.9‑3v>, <Table 3.9‑3aa>, <Table 3.9‑3ab>, and <Table 3.9‑3ac>.


The core support structures are designed in accordance with ASME Code, Section III, Subsection NG.


3.9.5.2.2      Pressure Differential During Rapid Depressurization


A digital computer code is used to analyze the transient conditions within the reactor vessel following the recirculation line break accident and the steam line break accident.  The analytical model of the vessel consists of nine nodes, which are connected to the necessary adjoining nodes by flow paths having the required resistance and inertial characteristics.  The program solves the energy and mass conservation equations for each node to give the depressurization rates and pressure in the various regions of the reactor.  <Figure 3.9‑23> shows the nine reactor nodes.  The computer code used is the General Electric Short Term Thermal‑Hydraulic Model described in (Reference 25).  This model has been approved for use in ECCS conformance evaluations under <10 CFR 50, Appendix K>.  In order to adequately describe the blowdown pressure effects on the individual assembly components, three 


features are included in the model that are not applicable to the ECCS analysis and are, therefore, not described in (Reference 25).  These additional features are discussed below:


a.
The liquid level in the steam separator region and in the annulus between the dryer skirt and the pressure vessel is tracked to more accurately determine the flow and mixture quality in the steam dryer and in the steam line.


b.
The flow path between the bypass region and the shroud head is more accurately modelled since the fuel assembly pressure differential is influenced by flashing in the guide tubes and bypass region for a steam line break.  In the ECCS analysis, the momentum equation is solved in this flow path, but its irreversible loss coefficient is conservatively set at an arbitrary low value.


c.
The enthalpies in the guide tubes and the bypass are calculated separately, since the fuel assembly pressure drop is influenced by flashing in these regions.  In the ECCS analysis, these regions are lumped.


3.9.5.2.3      Recirculation Line and Steam Line Breaks


a.
Accident Definition



Both a recirculation line break (the largest liquid break) and an inside steam line break (the largest steam break) were considered in determining the design basis accident for the engineered safety feature reactor internals.  The recirculation line break is the same as the design basis loss‑of‑coolant accident described in <Section 6.3>.  A sudden, complete circumferential break is assumed to occur in one recirculation loop.  The pressure differentials on the reactor internals and core support structures are in all cases lower than for the main steam line break.  Therefore, the steam 



line break is the design basis accident for internal pressure differentials.



The analysis of the steam line break assumes a sudden, complete circumferential break of one main steam line between the reactor vessel and the main steam line restrictor.  A steam line break upstream of the flow restrictors produces a larger blowdown area and thus a faster depressurization rate than a break downstream of the restrictors.  The larger blowdown area results in greater pressure differentials across the reactor internal structures than any other line break evaluated.


b.
Effects of Initial Reactor Power and Core Flow



For analysis, the maximum internal pressure loads are divided into two parts:  steady‑state and transient pressure differentials.  For a given plant, the core flow and power are the two major factors which influence the reactor internal pressure differentials.  The core flow essentially affects only the steady‑state part.  For a fixed power, the greater the core flow, the larger will be the steady‑state pressure differentials.  On the other hand, the core power affects both the steady‑state and the transient parts.  As the power is decreased, there is less voiding in the core and consequently the steady‑state core pressure differential is less.  However, less voiding in the core also means that less steam is generated in the reactor pressure vessel and thus the depressurization rate and the transient part of the maximum pressure load is increased.  As a result, the total loads on some components are higher at low power.



To ensure that the calculated pressure differences bound those which could be expected if a steam line break should occur, an analysis has been conducted at a low power‑high recirculation flow condition in addition to the standard safety analysis condition at 



high power, rated recirculation flow.  The power chosen for analysis was the minimum value permitted by the recirculation system controls at rated recirculation drive flow (that is, the drive flow necessary to achieve rated core flow at rated power).  <Table 3.9‑31> summarizes resulting maximum pressure differentials based on a GE12 full core configuration.  [Analysis contained in Global Nuclear Fuels, DRF J11‑03754‑00, reviewed the application of GE14 fuel to Perry and concluded GE12 (with debris filters) fuel analysis bounds GE14 (with debris filters) fuel.]



Tabulated conditions maximize those loads which are inversely proportional to power.  It must be noted that this condition, while possible, is unlikely; first, the reactor will generally operate at or near full power, and second, high core flow is neither required nor desirable at such a reduced power condition.


3.9.5.2.4      Seismic and Hydrodynamic Events


The seismic and hydrodynamic loads acting on the structures within the reactor vessel are based on a dynamic analysis as described in <Section 3.7>, <Section 3.8> and <Section 3.9.2.5>.  Dynamic analysis is performed by coupling the mathematical model of the reactor vessel and internals, with the building model, to determine the time histories of reactor vessel and internals accelerations, forces and moments.  This is done using the modal superposition method.  Acceleration response spectra are also generated for subsystem analyses of selected components.


3.9.5.3      Design Bases


3.9.5.3.1      Safety Design Bases


The reactor core support structures and internals shall meet the following safety design bases:


a.
They shall be arranged to provide a floodable volume in which the core can be adequately cooled in the event of a breach in the nuclear system process barrier external to the reactor vessel.


b.
Deformation shall be limited to assure that the control rods and core standby cooling systems can perform their safety functions.


c.
Mechanical design of applicable structures shall assure that safety design bases a and b (above) are satisfied so that the safe shutdown of the plant and removal of decay heat are not impaired.


3.9.5.3.2      Power Generation Design Bases


The reactor core support structures and internals shall be designed to the following power generation design bases:


a.
They shall provide the proper coolant distribution during all anticipated normal operating conditions up to full power operation of the core without fuel damage.


b.
They shall be arranged to facilitate refueling operations.


c.
They shall be designed to facilitate inspection.


3.9.5.3.3      Design Loading Categories


The basis for determining faulted loads on the reactor internals is shown for seismic and hydrodynamic loads in <Section 3.7>, <Section 3.8> and <Section 3.9.2.5> and for pipe rupture loads in <Section 3.9.5.2.3> and <Section 3.9.5.3.4>.  The loading conditions for the shroud support, core support structures, CRD and housing, jet pumps, LPCI coupling, CR guide tube in‑core housing, and orificed fuel supports are given in <Table 3.9‑3> under the respective equipment table.  The core support structures which are fabricated as part of the reactor pressure vessel assembly are discussed in <Section 3.9.3.1.1.e>.


Core support structure and safety class internals stress limits are consistent with ASME Code, Section III, “Categorization of Loading Conditions” (NA‑2140) and associated stress limits contained in Addenda dated through Summer 1976.  Levels A, B, C, and D service limits defined in the Winter 1976 Addenda which replace normal, upset, emergency, and faulted condition limits are not reflected in design documents for core support structures and other safety class internals for this reactor.  However, for these components levels A, B, C, and D service limits are judged to be equivalent to the normal, upset, emergency, and faulted loading conditions limits.  Therefore, for clarity, both sets of nomenclature are retained herein.


Stress intensity and other design limits are discussed in <Section 3.9.5.3.5>.


The design requirements for equipment classified as “other internals,” e.g., steam dryer and shroud head, were specified by the designer with appropriate consideration of the intended service of the equipment and expected plant and environmental conditions under which it will operate.  Where possible, design requirements are based on applicable industry codes and standards.  If these are not available, the designer relies on accepted industry or engineering practices.


3.9.5.3.4

Response of Internals Due to Inside Steam Line Break Accident


The maximum pressure loads acting on the reactor internal components result from an inside steam line break, and on some components the loads are maximum core flow <Table 3.9‑31>, (Case 2).  This has been substantiated by the analytical comparison of liquid versus steam breaks and by the investigation of the effects of core power and core flow.


It has also been pointed out that it is possible but not probable that the reactor would be operating at the rather abnormal condition of minimum power and maximum core flow.  More realistically, the reactor would be at or near a full power condition, and thus the maximum pressure loads acting on the internal components would be as listed under Case 1 in <Table 3.9‑31>.


3.9.5.3.5

Stress, Deformation and Fatigue Limits for Engineered Safety Feature Reactor Internals (Except Core Support Structure)


The stress deformation and fatigue criteria listed in <Table 3.9‑32>, <Table 3.9‑33> and <Table 3.9‑34>, are used, or design criteria are based on applicable codes and standards for similar equipment, by manufacturers’ standards, or by empirical methods based on field experience and testing.  For the quantity SFmin (minimum safety factor) appearing in those tables, the following values were used:


Service




Design




SFmin

_Level_




Condition




_____



A





Normal




2.25



B





Upset




2.25



C





Emergency




1.5



D





Faulted




1.125


The design fatigue usage factor is limited to 1.0 for service levels A and B (normal and upset) design conditions in accordance with the ASME Code.


Components inside the reactor pressure vessel such as control rods which must move during accident condition have been examined for adequate clearances during emergency and faulted conditions.  No mechanical clearance problems have been identified.  The forcing functions applicable to the reactor internals are discussed in <Section 3.9.2.5>.


3.9.5.3.6      Stress and Fatigue Limits for Core Support Structures


The stress, fatigue and other limits for the core support structures are in accordance with ASME Code, Section III, Subsection NG, and are summarized in <Table 3.9‑3b>.


3.9.5.3.7      Special Requirements for Jet Pump Holddown Beams


Regarding jet pump holddown beam integrity, the following augmented design and inspection criteria are applied.


a.
The jet pump preload will be reduced from 30,000 lbs to 25,000 lbs.


b.
The jet pump beams will be inspected for crack initiation using ultrasonic techniques.

c.
Group 2 Jet Pump Holddown Beams will be inspected after the first twelve (12) years of operation, with subsequent inspections not to exceed every ten (10) years with Hydrogen Water Chemistry (HWC) or every six (6) years with Normal Water Chemistry (NWC).

d.
Group 3 Jet Pump Holddown Beams will be inspected after the first twenty (20) years of operation, with subsequent inspections not to exceed every twelve (12) years with Hydrogen Water Chemistry (HWC)



or every eight (8) years with Normal Water Chemistry (NWC).  Group 3 Jet Pump Holddown Beams were evaluated for installation under Engineering Change Package (ECP) 07‑0022.

e.
The inspection plan is based on BWR Vessel and Internals Project (BWRVIP) documentation (Reference 28).


f.
Any cracked beam found during inspections will be replaced.  It is expected that any replacements would be beams with a reduced tendency for cracking.


3.9.6      INSERVICE TESTING OF PUMPS AND VALVES


Inservice testing of ASME Code Class 1, Class 2 and Class 3 pumps and valves will be performed in accordance with the ASME Code and applicable Addenda as required by <10 CFR 50.55a(f)>, except where specific written relief has been granted by the NRC pursuant to <10 CFR 50.55a(f)(6)(i)>.  For additional discussion of the inservice inspection program, see <Section 5.2.4> and <Section 6.6>.  The parameters to be measured or observed are discussed and defined in a separate inservice inspection program.


3.9.6.1      Inservice Testing of Pumps


Pumps will be tested according to the requirements of the ASME Code for Operation and Maintenance of Nuclear Power Plants (ASME OM Code).

3.9.6.2      Inservice Testing of Valves


Valves are tested according to the requirements of the ASME Code for Operation and Maintenance of Nuclear Power Plants (ASME OM Code).
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TABLE 3.9‑1


PLANT EVENTS


a.
(Pressure/Temperature/Flow Transients)



  No. of



Normal, Upset and Testing Conditions _



  Cycles



1.
Bolt up(1)









123



2.
Design Hydrostatic Test






40




a.
Leak Checks at 400 psig Prior to Power





Operation, 3 Cycles/Startup



3.
Startup (100(F/hr Heatup Rate)(2)




120



4.
Daily Reduction to 75% Power(1)





10,000



5.
Weekly Reduction 50% Power(1)





2,000



6.
Control Rod Pattern Change(1)





400



7.
Loss of Feedwater Heaters (80 Cycles Total)


80



8.
OBE at Rated Operating Conditions(4)




10/50



9.
Scram:




a.
Turbine Generator Trip, Feedwater On,





Isolation Valves Stay Open




40




b.
Other Scrams







140




c.
Loss of Feedwater Pumps, Isolation





Valves Closed







20




d.
Turbine Bypass, Single Safety or Relief





Valve Blowdown







8



10.
Reduction to 0% Power, Hot Standby, Shutdown




(100(F/hr Cooldown Rate)(2)





116


11.
Unbolt(1)









123


TABLE 3.9‑1 (Continued)


b.
(Pressure/Temperature/Flow Transients)



  No. of



         Emergency Conditions         



  Cycles



1.
Scram:




a.
Reactor Overpressure with Delayed





Scram, Feedwater Stays on,





Isolation Valves Stay Open




1(3)



b.
Automatic Blowdown (ADS)





1(3)


2.
Improper Start of Cold Recirculation Loop


1(3)


3.
Sudden Start of Pump in Cold Recirculation Loop

1(3)


4.
Hot Standby with Reactor Drain Shut Off




Followed by Pump Restart






1(3)

c.
Faulted Condition



1.
Pipe Rupture and Blowdown





1(3)


2.
Safe Shutdown Earthquake during Refueling


1(3)

In addition to the above temperature/pressure/flow transients the following dynamic load transients have been considered in the design and/or fatigue evaluation:


d.
Dynamic/Transient Load


Category

Cycles/Events



1.
Operating Basis Earth‑

Upset

10 cycles(4)



quake (OBE)(5)


2.
Safe Shutdown Earth‑

Faulted

1 cycle




quake (SSE)(6)


3.
Turbine Stop Valve


Upset

690 cycles




Closure (TSV)



4.
Safety/Relief Valve


Upset

5,460 cycles




Actuation (Acoustic wave)(7)

TABLE 3.9‑1 (Continued)



Dynamic/Transient Load


Category

Cycles/Events



5.
Safety/Relief Valve

Upset
(a)
Piping Analysis




Actuation








(i)
All Valve









Actuation(8)








660 full









range cycles









880 half









range cycles








(ii)
Single Valve









Actuation









4,800 full









range cycles









6,400 half









range cycles







(b)
RPV & Internals








Analysis








12,600 cycles



6.
Loss‑of‑Coolant Accident




(LOCA):




1 event




Small break LOCA

Emergency/






Faulted




Intermediate break LOCA

Faulted




Large break LOCA

Faulted


NOTES:


(1)
Applies to reactor pressure vessel only.


(2)
Bulk average vessel coolant temperature change in any 1‑hour period.


(3)
The annual encounter probability of the one cycle event is <10‑2 for emergency and <10‑4 for faulted events.


(4)
Fifty (50) peak OBE cycles for NSSS piping.  Ten (10) peak OBE cycles for other NSSS equipment and components.


(5)
One 50% SSE event includes 10 maximum load cycles.


(6)
One stress reversal cycle of maximum seismic amplitude.


(7)
Applicable to main steam piping system only (1,820 actuations with 3 acoustic cycles each).


(8)
In total, 1,820 actuations are considered, out of which 220 are valve actuations and 1,600 are single valve actuations.  Each actuation is accompanied by 7 cycles due to air bubble oscillation.  For piping design, the first 3 of 7 cycles are considered for full pressure range; the remaining 4 cycles are considered half range due to the decaying amplitude.


TABLE 3.9‑2


DESIGN TRANSIENTS CONSIDERED IN THE DESIGN OF


ASME CODE CLASS 1 COMPONENTS NOT SUPPLIED BY THE NSSS VENDOR




System Transient



System

Curve


Feedwater
<Figure 3.9‑24 (1)>




<Figure 3.9‑24 (2)>


Main Steam Drains
<Figure 3.9‑25 (1)>




<Figure 3.9‑25 (2)>


Reactor Core Isolation Cooling
<Figure 3.9‑26 (1)>




<Figure 3.9‑26 (2)>




<Figure 3.9‑26 (3)>




<Figure 3.9‑26 (4)>


Residual Heat Removal
<Figure 3.9‑27 (1)>




<Figure 3.9‑27 (2)>




<Figure 3.9‑27 (3)>




<Figure 3.9‑27 (4)>


High Pressure Core Spray
<Figure 3.9‑28 (1)>




<Figure 3.9‑28 (2)>


Low Pressure Core Spray
<Figure 3.9‑29 (1)>




<Figure 3.9‑29 (2)>


Reactor Water Clean‑up
<Figure 3.9‑30 (1)>




<Figure 3.9‑30 (2)>




<Figure 3.9‑30 (3)>




<Figure 3.9‑30 (4)>


TABLE 3.9‑3 INDEX


LOADING COMBINATIONS, STRESS LIMITS AND ALLOWABLE STRESSES


3.9‑3
Design Loading Combinations for ASME Code Class 1, 2 and 3 Components


a.
Reactor Pressure Vessel and Shroud Support Assembly


b.
Reactor Vessel Internals and Associated Equipment


c.
(Deleted)


d.
ASME Code Class 1 Main Steam Piping and Pipe‑Mounted Equipment‑Highest Stress Summary


e.
ASME Code Class 1 Recirculation Piping and Pipe‑Mounted Equipment‑Highest Stress Summary


f.
Recirculation Flow Control Valve


g.
Main Steam Safety/Relief Valve


h.
Main Steam Isolation Valve


i.
Recirculation Pump


j.
Reactor Recirculation System Gate Valve


k.
ASME Code Class 3 Safety/Relief Valve Discharge Piping‑Highest Stress Summary


L.
Standby Liquid Control Pump


m.
Standby Liquid Control Tank


n.
ECCS Pumps


o.
Residual Heat Removal Heat Exchanger


p.
(Deleted)


q.
RCIC Turbine


r.
RCIC Pump


s.
Reactor Refueling and Servicing Equipment (including fuel assembly)


t.
(Deleted)


TABLE 3.9‑3 (Continued)


u.
Control Rod Drive


v.
Control Rod Drive Housing


w.
Jet Pumps


x.
(Deleted)


y.
Highest Stressed Region on the LPCI Coupling (Attachment Ring)


z.
(Deleted)


aa.
Control Rod Guide Tube


ab.
In‑core Housing


ac.
Reactor Vessel Support Equipment


ad.
Hydraulic Control Unit


ae.
(Deleted)


af.
HPCS System ASME Code Class 1 Valve


TABLE 3.9‑3 INTRODUCTION


This table lists the major NSSS safety‑related mechanical components in the plant, on a component by component basis.  For each component the loading conditions, stress criteria, calculated stresses, and the allowable stresses are also summarized.  The calculated stresses are supplied for information only, and represent actual stresses calculated at a point in time.  These stress values are not updated for revisions to the analyses or stress reports.  The calculated stresses will, however, continue to meet the ASME code allowables as revisions to the analyses or stress reports are made.


The following <Table 3.9‑3> provides the design loading combinations and acceptance criteria for all NSSS ASME Code Class equipment reported in <Table 3.9‑3a>, <Table 3.9‑3b>, <Table 3.9‑3c>, <Table 3.9‑3d>, <Table 3.9‑3e>, <Table 3.9‑3f>, <Table 3.9‑3g>, <Table 3.9‑3h>, <Table 3.9‑3i>, <Table 3.9‑3j>, <Table 3.9‑3k>, <Table 3.9‑3l>, <Table 3.9‑3m>, <Table 3.9‑3n>, <Table 3.9‑3o>, <Table 3.9‑3q>, <Table 3.9‑3r>, <Table 3.9‑3s>, <Table 3.9‑3t>, <Table 3.9‑3u>, <Table 3.9‑3v>, <Table 3.9‑3w>, <Table 3.9‑3x>, <Table 3.9‑3y>, <Table 3.9‑3z>, <Table 3.9‑3aa>, <Table 3.9‑3ab>, <Table 3.9‑3ac>, <Table 3.9‑3ad>, <Table 3.9‑3ae>, and <Table 3.9‑3af>.


Various parts of the Table are referenced in Section 3.9.  The formats in various parts of the Table are not consistent because of differences in analytical method and depth of detail necessary to demonstrate the safety aspects of various components.


TABLE 3.9‑3


DESIGN LOADING COMBINATIONS FOR ASME


CODE CLASS 1, 2 AND 3 COMPONENTS














  ASME Code


Load











  Service


Case(1)
N
SRVx(4)
SRVADS

OBE
SSE
SBA/IBA(3)  DBA  __Limit__


  1

X
   X









B


  2

X
   X



 X





B(5)

  3

X
   X




 X




D(2)

  4

X


  X



  X(SBA only)

C(2)

  5

X


  X

 X

  X



D(2)

  6

X


  X


 X
  X



D(2)

  7

X





 X


  X

D(2)

  8

X










A


  9

X




 X





B


NOTES:


(1)
See legend for definition of terms.


(2)
All ASME Code Class 1, 2 and 3 piping systems which are required to function for safe shutdown under the postulated events shall meet the requirements of NRC’s Interim Technical Position “Functional Capability of Passive Piping Components” ‑ by MEB.


(3)
SBA or IBA whichever is greater, except for Load Case 4.


(4)
SRVALL or SRV, ‑ whichever is controlling will be used.


(5)
For load Case 2, all ASME code service level B requirements are to be met, excluding fatigue evaluation.


TABLE 3.9‑3 (Continued)


LOAD DEFINITIONS LEGEND


N ‑


Normal load consists of pressure, dead weight and thermal loads.


OBE ‑

Operational basis earthquake loads.


SSE ‑

Loads due to vibratory motion from safe shutdown earthquake loads.


SRV1 ‑

Safety/Relief valve discharge induced loads from one valve’s subsequent actuation.


SRVALL ‑

The loads induced by actuation of all safety/relief valves which activate within milliseconds of each other (e.g., turbine trip operational transient).


SRVADS ‑

The loads induced by the actuation of safety/relief valves associated with the automatic depressurization system which actuate within milliseconds of each other during the postulated small or intermediate‑size pipe rupture.


DBA ‑

Design basis accident is the sudden break of the main steam or recirculation lines (largest postulated breaks).  DBA related loads include main vent clearing and pool swell, chugging, condensation oscillation, and annulus pressurization.


SBA ‑

Small break accident.


IBA ‑

Intermediate break accident.


TABLE 3.9‑3a


REACTOR PRESSURE VESSEL AND SHROUD SUPPORT ASSEMBLY(1)

The reactor vessel is designed and analyzed to comply with ASME Code, Section III (NB‑3200).  The results of stress and fatigue usage analysis are given in detail in the stress report.  They are within the code allowables, as demonstrated by the following tabulation of the high stress areas.


The shroud support is designed and analyzed to comply with the ASME Code Section III, Subsection NG.  Stress and fatigue analysis results are completed by GE and all results are within the Code limits.


Vessel Support Skirt Attachment to RPV(2)



  Primary
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


ASME B & PV Code,


Sec. III, Subsection


NB Stress Limit for


SA 533 GRB CL1.


For Design Mechanical
Normal and Upset(3)
Primary Membrane
40,050
39,180


Condition:
Loads:
Plus Bending


Slimit = 1.5 Sm
1.
Normal Loads



2.
OBE



3.
Safety/Relief Valve




Discharge Caused Loads


For Emergency Condition:
Emergency Loads:
Primary Membrane
64,300
See Note(4)




Plus Bending


Slimit = 1.5 Sy
1.
Normal Loads



2.
OBE



3.
Safety/Relief Valve




Discharge Caused Loads


TABLE 3.9‑3a (Continued)




  Primary
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


For Faulted Condition:
Faulted Loads:
Primary Membrane
See Note(4)
51,890




Plus Bending


Slimit = 1.5 Sy
1.
Normal Loads



2.
SSE



3.
DBA


Shroud Support Legs(5)

ASME B & PV Code,


Sec. III, Subsec. NB
Normal & Upset Loads:
Primary Membrane
31,450
17,800


for SB‑166 at 550(F.

Plus Bending


Sm = 23,300 psi,
1.
Dead Weight


Su = 73,968 psi
2.
Combined pressure




and jet loads


Slimit = 1.5 (0.9) x Sm
3.
Operating basis




earthquake


Emergency Condition
Emergency Loads:
Primary Membrane
47,170
17,800




Plus Bending


Slimit = 2.25 (0.9) Sm
1.
Dead Weight



2.
Safe shutdown




earthquake



3.
Combined pressure




and jet loads


TABLE 3.9‑3a (Continued)




  Primary
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


Faulted Condition
Faulted Loads:
Primary Membrane
69,900
44,400



1.
Dead Weight
Plus Bending


Slimit = 1.5 (0.9)
2.
Safe shutdown


       (0.7) Su

earthquake



3. Combined Pressure




and jet loads


RPV Nozzles ‑ Feedwater




 Limiting
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


Based on ASME B &


PV Code, Section III,


Subsection NB, for


type SA 508 at 575(F.


Sm = 17,700 psi


Sy = 24,200 psi
Normal and Upset Loads:
Primary
26,550
21,420


Condition:
1.
Weight of Structure
Membrane


Slimit = 1.5 Sm
2.
Pressure
Plus Bending



3.
Operating Basis Earthquake



4.
SRV



5.
Hydraulic


For Emergency Condition:
Emergency Loads:
Primary
36,300
27,570



1.
Weight Structure
Membrane



2.
Pressure
Plus Bending


Slimit = 1.5 Sy
3.
Operating Basis earthquake



4.
SRV



5.
Hydraulic


TABLE 3.9‑3a (Continued)




 Limiting
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


For Faulted Condition:
Faulted Loads:



1.
Weight of structure
Primary
36,300
27,570



2.
Pressure
Membrane


Slimit = 1.5 Sy
3.
Safe Shutdown Earthquake
Plus Bending



4.
Annulus Pressurization



5.
Hydraulic


Cummulative Usage Factor = 0.928


CRD Housing Attachment to RPV

Based on ASME B&PV Code 


Section III, Subsection NB, 


for SB‑167


Sm = 16,067 psi at 575(F


Sy = 24,480 psi at 528(F


For Normal and


Upset Condition:
Normal and Upset Loads:
Primary
24,100
15,500



 
1.
Normal Loads
Membrane



 
2.
OBE
Plus


Slimit = 1.5 Sm
3.
Safety/Relief Valve
Bending





Discharge Caused Loads


TABLE 3.9‑3a (Continued)






 Limiting
 Allowable
 Calculated



Criteria
Loading
Stress Type
Stress (psi)
Stress (psi)


For Emergency Condition:
Emergency Loads:
Primary
36,720
See Note(6)


 
1.
Normal Loads
Membrane



 
2.
OBE
Plus


Slimit = 1.5 Sy
3.
Safety/Relief Valve
Bending





Discharge Caused Loads


CRD Housing Attachment to RPV

For Faulted Condition:
Faulted Loads:
Primary
See Note(6)
20,600



 
1.
Normal Loads
Membrane



 
2.
SSE
Plus


Slimit(6) = 1.5 Sy
3.
DBA
Bending


Cumulative Usage Factor = 0.594 at Housing to Vessel Weld.


NOTES:


(1)
The vessel, support skirt and shroud support, including legs, cylinder and plate, are furnished as a completed assembly by the vessel manufacturer.


(2)
The vessel support skirt has been evaluated for buckling.


(3)
Fatigue usage factor = 0.573 at inside surface of skirt at vessel connection, approximately 1” below the tangent attachment.


(4)
Faulted category loads were evaluated with emergency allowable stresses, hence emergency condition is not evaluated.


(5)
The shroud support legs have been evaluated for buckling.


(6)
Faulted category loads were evaluated with emergency allowable stresses, hence emergency condition is not evaluated.
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TABLE 3.9‑3b


REACTOR VESSEL INTERNALS AND ASSOCIATED EQUIPMENT




  Primary
 Allowable
 Calculated



Criteria
Loading
Stress Types
Stress (psi)
Stress (psi)


TOP GUIDE/GRID


Primary Stress Limit:


ASME Boiler and Pressure


Vessel Code, Section III,


Subsection NG, for A240 


at 550(F, Sm = 14,300 psi


For Normal and


Upset Condition
  I.
Normal and Upset Loads:


Slimit = 1.5 S

1.
Normal Loads
Primary
21,450
(21,156


Slimit = 1.5 Sm

2.
OBE
Membrane




3.
Safety/Relief Valve
Plus





Discharge Caused
Bending





Loads


For Emergency Condition:
 II.
Emergency Loads:


Slimit = 2.25 Sm

1.
Normal Loads
Primary
32,175
(21,156




2.
SRVADS
Membrane






Plus






Bending


TABLE 3.9‑3b (Continued)




  Primary
 Allowable
 Calculated



Criteria
     Loading
Stress Types
Stress (psi)
Stress (psi)


For Faulted Condition:
III.
Faulted Loads:


Slimit = 3.6 Sm

1.
Normal Loads
Primary
51,480
(50,403




2.
SSE
Membrane




3.
SRVADS
Plus






Bending


Fatigue usage factor = 0.886 at grid to top guide cylinder continuity.


Vent and Head Spray Nozzle:


Sm @ 550(F = 18,100 psi


Su = 70,000 psi


For Normal and


Upset Condition:
Normal and Upset Loads:
Primary
54,300
47,400


Slimit = 3.0 Sm
1.
Normal Loads
Membrane plus



2.
OBE
Bending plus



3.
SRV Discharge Caused
Secondary




Loads
Membrane


For Emergency Condition:
Emergency Loads:


Slimit = 2.25 Sm
1.
Normal Loads
Primary
40,725
26,220



2.
OBE
Membrane plus



3.
SRV Discharge Caused
Bending




Loads


For Faulted Condition:
Faulted Loads:



1.
Normal Loads
Primary
49,000
40,800


Slimit = 0.7 Su
2.
SSE
Membrane plus



3.
DBA
Bending



4.
SRV Discharge Caused




Loads


TABLE 3.9‑3b (Continued)




  Primary
 Allowable
 Calculated



Criteria
     Loading
Stress Types
Stress (psi)
Stress (psi)


Core Spray Lines and Spargers:


Sm @ 550(F = 16,950 psi


For Normal and


Upset Condition:
Normal and Upset Loads:(1)


1.
Normal Loads
Primary
50,850
16,772


Slimit = 3.0 Sm
2.
SSE

Membrane plus



3.
SRV Discharge Caused
Bending and




Loads
Secondary Membrane


For Emergency Condition
Emergency Loads:(1)


1.
Normal Loads
Primary
38,137
16,770


Slimit = 2.25 Sm
2.
SRV Discharge Caused
Membrane and




Loads
Bending



3.
SSE


For Faulted Condition:
Faulted Loads:



1.
Normal Loads
Primary
50,850
49,130


Slimit = 3.0 Sm
2.
DBA

Membrane and



3.
SSE

Bending


TABLE 3.9‑3b (Continued)


Core Plate (Highest stressed Location):  Cover Plate ligaments.






  Limiting
 Allowable
 Calculated


        Criteria
    Loading
Stress Types
Stress (psi)
Stress (psi)


Based on ASME B&PV Code,


Section III, Subsection NG


for A240‑304L Material


Sm @ 550(F = 14,300 psi


For Normal and


Upset condition:
Normal and Upset Loads:
Primary
21,450
21,051



1.
Normal Loads
Membrane plus



2.
SRV Discharge Caused
Bending


Slimit = 1.5 Sm

Loads



3.
OBE


For Emergency Condition:
Emergency Loads:
Primary
32,175
24,293



1.
Normal Loads
Membrane plus



2.
SRVADS
Bending


Slimit = 2.25 Sm

For Faulted Condition:
Faulted Loads:



1.
Normal Loads
Primary
51,480
45,278



2.
SSE
Membrane plus


Slimit = 3.6 Sm
3.
SRVADS
Bending


NOTE:


(1)
Normal and upset conditions fatigue usage factor = 0.903 vs 1.0 allowable at the ring to plate weld.


<TABLE 3.9‑3c>


DELETED


TABLE 3.9‑3d


ASME CODE CLASS 1 MAIN STEAM PIPING AND PIPE‑MOUNTED EQUIPMENT ‑ HIGHEST STRESS SUMMARY








Identification(2)


  Limiting
 Calculated

 Ratio

of Locations of



Acceptance
  Stress
  Stress
Allowable
 Actual/
       (1)
Highest Stress



 Criteria 
   Type  
Usage Factor
 Limits  
Allowable
Loading   
Points



ASME B&PV Code Section


III, NB‑3600


Design Condition:




1.
Normal
Joint 029‑LUG








Loads
guide near


Eq. 9 (1.5 Sm
Primary
16,207 psi
28,725 psi
0.56
2.
OBE
inboard MSIV,









Line A


Service Levels A & B




1.
Normal
Joint 002


(Normal & Upset)





Loads
First elbow


Condition:




2.
OBE







3.
Operating


Eq. 12 (3.0 Sm
Secondary
43,465 psi
53,100 psi
0.82

Transients
Line A


Service Levels A & B
Primary



1.
Normal
Joint 062


(Normal & Upset)
Plus
35,808 psi
54,600 psi
0.66

Loads
SRV Sweepolet


Condition:
Secondary



2.
OBE
Line C


Eq. 13 (3.0 Sm
(Except



3.
Operating



Thermal




Transients



Expansion)


 TABLE 3.9‑3d (Continued)








Identification(2)


  Limiting
 Calculated

 Ratio

of Locations of



Acceptance
  Stress
 Stress(1) or
Allowable
 Actual/
       (1)
Highest Stress



 Criteria 
   Type  
Usage Factor
 Limits  
Allowable
Loading   
Points



Service Levels A & B




1.
Normal
Joint 281


(Normal and Upset)





Loads
RCIC Sweepolet


Conditions:




2.
OBE
Connection


Cumulative Usage
N.A.
0.06
1.0
0.06
3.
Operating
Line A


Factor





Transients


Service Level B (Upset)




1.
Normal
Joint 024 ‑ lug


Condition:





Loads
guide near







2.
OBE
inboard MSIV,


Eq. 9 (1.8 Sm & 1.5 Sy
Primary
19,100 psi
34,470 psi
0.55
3.
Operating
Line D








Tranients


Service Level C


(Emergency) Condition




1.
Normal








Loads
Joint 155 ‑ SRV







2.
SBA
Sweepolet 


Eq. 9 (2.25 Sm & 1.8 Sy
Primary
20,250 psi
40,950 psi
0.49
3.
  Operating
Line C








Transients


Service Level D




1.
Normal
Joint 024 ‑ lug


(Faulted) Condition:





Loads
guide near







2.
SSE
inboard MSIV,


Eq. 9 (3.0 Sm
Primary
31,593 psi
57,450 psi
0.55
3.
IBA
Line D







4.
Operating








Transients


TABLE 3.9‑3d (Continued)



    Highest
Allowable     Ratio


Identification of


  Component/
  Calculated
 Load or   
 Calculated/
         
Equipment with


  Load Type   
Load or Moment
 Moment     
Allowable 
 Loading(1)  
Highest Loads____


Service Levels
20,396 lbs
30,000 lbs
0.680
1.
Normal Loads
Mainsteam line C‑


A&B Loads



2.
OBE
Snubber S101C






3.
Operating







Transients


Service Levels
41,916 lbs
45,000 lbs
0.931
1.
Normal Loads
Mainsteam line C‑


C&D Loads



2.
DBA
Snubber S101C


Bonnet/moment
1.593X106in.‑lbs
2.288X106
0.696
1.
Normal Loads
Mainsteam line D‑




in.‑lbs

2.
SSE
MSIV






3.
IBA






4.
Operating







Transients


Flange
745.180 in.‑lbs
2.411X106
0.3090
1.
Normal Loads
Mainsteam line D‑


Moment

in.‑lbs

2.
SSE
SRV (Inlet)






3.
IBA






4.
Operating







Transients


Flange
187,755 in.‑lbs
1.158X106
0.1621
1.
Normal Loads
Mainsteam line C‑


Moment

in.‑lbs

2.
SSE
SVR (Outlet)






3.
IBA






4.
Operating







Transients


TABLE 3.9‑3d (Continued)



    Highest

              Ratio


Identification of


  Component/
  Calculated
Allowable
   Calculated
          
Equipment with


  Load Type   
    Load      
  Load    
  Allowable 
 Loading(1)   
Highest Loads____


Horizontal
11.84g
13.0g
0.911 
 1.
Normal Loads
Mainsteam line A‑


Acceleration



 2.
SSE
MSIV






 3.
IBA






 4.
Operating







Transients


Vertical
4.52g
8.0g
0.565 
 1.
Normal Loads
Mainsteam line D‑


Acceleration



 2.
DBA
SRV


NOTES:


(1)
Appropriate loading combinations of <Table 3.9‑3> were considered and the calculated stresses are reported for the governing loading combinations.


(2)
Refer to <Figure 3.6‑65> for the identification of node point numbers.


TABLE 3.9‑3e


ASME CODE CLASS 1 RECIRCULATION PIPING AND PIPE‑MOUNTED EQUIPMENT ‑ HIGHEST STRESS SUMMARY








Identification(2)


Limiting
Calculated

Ratio

of Locations of



Acceptance
Stress
Stress(1) or
Allowable
Acutal/
       (1)
Highest Stress



_Criteria_
_Type__
Usage Factor
__Limits_
Allowable
Loading___
Points



ASME B&PV Code


Section III,


NB‑3600


Design Condition:

12,150
25,013
0.49
1.
Normal Loads
Hanger Lug







2.
OBE
Node 025


Eq. 9 (1.5 Sm
Primary


Service Levels A & B

21,863
50,025
0.44
1.
Normal
Suction Elbow


(Normal & Upset)





Loads
Node 008


Condition:




2.
OBE







3.
Operating


Eq. 12 (3.0 Sm
Secondary




Transients


Service Levels A & B

32,444
50,025
0.65
1.
Normal Loads
Header Sweepolet


(Normal & Upset)
Secondary



2.
SSE
Node 216


Condition:
(Except



3.
Operating


Eq. 13 (3.0 Sm
Thermal




Transients



expansion)


TABLE 3.9‑3e (Continued)








Identification(2)


Limiting


Ratio

of Locations of



Acceptance
Stress
 Calculated
Allowable
Actual/
       (1)
Highest Stress



_Criteria_
_Type___
_  Stress  _
_Limits__
Allowable
Loading___
Points



Service Levels A & B




1.
Normal
Header Sweepolet


(Normal and Upset)





Loads
Node 216


Condition:




2.
OBE


Cummulative Usage




3.
Operating


Factor
N.A.
0.12
1.0
0.12

Transients


Service Level B

22,875
28,598
0.80
1.
Normal
Cross


(Upset) Condition:





Loads
Node 160







2.
OBE


Eq. 9 (1.8 Sm & 1.5 Sy




3.
Operating








Transients


Service Level C

19,649
34,317
0.57
1.
Normal
Cross


(Emergency) Condition:





Loads
Node 160







2.
Infrequent


Eq. 9 (2.25 Sm & 1.8 Sy
Primary




Operating








Transients


Service Level D

28,888
38,130
0.76
1.
Normal
Cross


(Faulted) Condition:





Loads
Node 160







2.
SSE







3.
DBA


Eq. 9 (3.0 Sm
Primary


TABLE 3.9‑3e (Continued)



  Highest
Ratio


Identification of


   Component/
Calculated
  Allowable
  Calculated/

        (1)
Equipment with


_  Load Type   
_  Load  _
_   Load      
   Allowable 
_       Loading         
Highest Loads
 


Service Levels
87,643 lbs
88,000 lbs
0.996
1.
Normal Loads
Loop B


A & B Loads



2.
OBE
Strut B302






3.
Operating Transients


Service Levels
112,477 lbs     121,488 lbs
0.926
1.
Normal Loads
Loop B 


C & D



2.
SSE
Strut B302






3.
DBA


Discharge Valve
998,166       1,532,360
0.65
1.
Normal Loads


Moments
in‑lbs
 in‑lbs

2.
SSE






3.
IBA






4.
Operating Transients


Suction Valve
994,602
2,617,140
0.38
1.
Normal Loads


Moments
in‑lbs
in‑lbs

2.
SSE






3.
IBA






4.
Operating Transients


NOTES:


(1)
Appropriate loading combinations of <Table 3.9‑3> were considered and the calculated stresses are for the governing loading combinations.


(2)
Refer to <Figure 3.6‑66> for the identification of node point numbers.


TABLE 3.9‑3f


RECIRCULATION FLOW CONTROL VALVE 24” SIZE (FISHER) ASME CODE SECTION III 1971 EDITION, WITH W73 ADDENDA(1)






  Ratio


Para.



 Calculated or
  Calc/


No.  
   Component/Stress/Loading  
    Design Procedure   
Allowable Limit
 Actual Value  
 Allowed 

1.0
Body, Housing, Bonnet & 



Covers


1.1
Loads ‑ Design Pressure
System Requirement
     NA
1,675 psi
    NA



        Design Temperature
System Requirement

575(F


1.2
Body Pressure Rating
ASME Sec. III NB-3545.1‑2
     NA
985 psi
    NA


1.3
Body Min. Wall Thickness
ASME Sec. III NB-3541
tm = 2.614 in.
tm = 2.710 in.
 1.036


1.4
Max. Primary Body Membrane
ASME Sec. III NB-3545.1
Pm (Sm (575()
Pm = 10,265 psi
 0.523



Stress





= 19,600 psi


1.5
Max. Primary & Sec. Body
ASME Sec. III NB-3545.2
Pm (3 Sm
Sm = 22,000 psi
 0.374



Stress





(58,800 psi


1.6
Housing Min. Wall Thickness
ASME Sec. III NB-3541
tm = 2.549 in.
tm = 2.710 in.
 1.063


1.7
Max. Primary Housing Membrane
ASME Sec. III NB-3545.1
Pm (Sm (575()
Pm = 8,400 psi
 0.428



Stress





(19,600 psi


1.8
Max. Primary & Sec.
ASME Sec. III NB-3545.2
Sm (3 Sm (575()
Sm = 23,100 psi
 0.392



Housing Stress





(58,800 psi


TABLE 3.9‑3f (Continued)







  Ratio


Para.



 Calculated or
  Calc/


No.  
   Component/Stress/Loading  
    Design Procedure   
Allowable Limit
 Actual Value  
 Allowed 

1.9
Cyclic Requirements
ASME Sec. III NB-3545.3
Na (2,000 cyc
Na = 106 cyc
  NA


1.10
Fatigue Analysis
ASME Sec. III NB-3550
It (1.0
It = .0004
  NA



Usage Factor


1.11
Body to Housing Flange
ASME Sec. III NB-3647.1
Sm = 29,400 psi
Sm = 27,440 psi
 0.933



Max. Stress





(1.5 x 19,600)


1.12
Body to Housing Studs ‑ Area
ASME Sec. III NB-3647.1
A6 ( 29.04 in.2
A6 = 31.68 in.2
 1.090



Body to Housing Primary

Sm = 27,000 psi
S6 = 24,750 psi
 0.916



Stress



Body to Housing Maximum

3 Sm = 81,000psi
S6 = 66,500 psi
 0.820



Stress


1.13
Top Housing Cover ‑ Thickness
ASME Sec. III NB-3646 &
tm (3.23 in.
tm = 4.63 in.
 1.433




ASME Sec. VIII UG‑34


1.14
Top Housing Cover Studs ‑
ASME Sec. III NB-3647.1
A6 (31.75 in.2
A6 = 33.60 in.2
 1.058



Area



Top Housing Primary Stud

Sm = 27,000psi
S6 = 25,900 psi
 0.959



Stress



Top Housing Maximum Stud

3 Sm = 81,000psi
S6 = 45,100 psi
 0.556



Stress


TABLE 3.9‑3f (Continued)







  Ratio


Para.



 Calculated or
  Calc/


No.  
   Component/Stress/Loading  
    Design Procedure   
Allowable Limit
 Actual Value  
 Allowed 

1.15
Bottom Cover ‑ Thickness
ASME Sec. III NB-3646 &
tm (1.85 in.
tm = 3.56 in.
 1.924




Sec. VIII UG‑34


1.16
Bottom Cover Primary Stud
ASME Sec. III NB-3647.1
Sm = 27,000 psi
S6 = 25,000 pie
 0.925



Stress



Bottom Cover Maximum Stud

3 Sm = 81,000 psi
S6 = 55,380 psi
 0.683



Stress



Bottom Cover Studs ‑ Area

A6 (11.09 in.2
A6 = 13.44 in.2
 1.211


1.17
Bonnet Cartridge ‑ Thickness
ASME Sec. III NB-3646 &
Tm (1.82 in.
tm = 3.125 in.
 1.717




Sec. VIII UG‑34


1.18
Bonnet Cart. Studs ‑ Area
ASME Sec. III NB-3647.1
A6 (12.07 in.2
A6 = 18.48 in.2
 1.531



Bonnet Cart. Primary Stud

Sm = 27,000 psi
S6 = 17,630 psi
 0.652



Stress



Bonnet Cart. Maximum Stud

3 Sm = 81,000 psi
S6 = 51,680 psi
 0.638



Stress


NOTE:


(1)
The recirculation flow control valves are passive components and therefore not required to operate in emergency or faulted conditions.  The valves have been designed for 6 g’s vertical and 9 g’s horizontal, which exceeds any load condition from <Table 3.9‑3a>.  The valves will maintain pressure integrity during and after events impossing these accelerations.  The valve internals (ballshaft, linkage, bearings, etc.) have also been designed for faulted, large pipe break conditions.  Qualification method is by analysis only.


TABLE 3.9‑3g


MAIN STEAM SAFETY/RELIEF VALVES


ASME CODE, SECTION III, JULY 1974, INCLUDING ADDENDA THROUGH SUMMER 1976


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated
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1.
Body inlet and 


1.5 Sm = 26,310 psi 
Inlet:




outlet flange


         (inlet) and
SH =1.15 Sm =0.77 (allowable)



stresses


       = 28,350 psi







         (outlet)
SR =0.23 Sm =0.169(allowable)


Note, Topics 1 and 2:



ST =0.98 Sm =0.66 (allowable) 


Design Pressures:

(Uses same notation


Pd =1,375 psig (inlet)

as codes)









Outlet:


Pb =625 psig (outlet)
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SH =1.21 Sm =0.81 (allowable)
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These are the max an‑



SR =0.79 Sm =0.53 (allowable)


ticipated pressures



under all operating



ST =0.49 Sm =0.33 (allowable)


conditions.  Analyses


include applied 


moments of:
where:


M=800,000 in.‑lb


  (inlet) and
SH
=
Longitudinal “Hub”


M=300,000 in.‑lb

wall stress, psi


  (outlet)
SR
=
Radial “flange” 


The analyses also in‑

(body Base, 


clude consideration of

Inlet) Stress, psi
Body Material: ASME SA 352 LCB


seismic, operational,
ST
=
Trangential 


and flow reaction 

“Flange” Stress, 
Inlet: Sm @ 585(F=17,540 psi


forces. Since these

psi


safety/relief valves

Outlet: Sm @ 500(F=18,900 psi


are pipe‑mounted equip-


ment, refer to the 


piping analysis for 


verification that the 


moments are not exceeded.


TABLE 3.9‑3g (Continued)


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated



2.
Inlet and outlet
Total cross‑sectional

Inlet:
Inlet:



stud area
area shall exceed the

Am1 (>Am2)=12.45 in.2
Ab (actual area)=1.52 Am



requirements
greater of:
(Uses same notation


(required min)
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as codes)
Outlet:
Outlet:






Am1 (>Am2)=4.65 in.2
Am (actual area)=1.84 Am








(required min)
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where:
Bolting Material: ASME




Am1=total required bolt
SA 193 GR B7




    (stud) area for




    operating condition.




Am2=total required bolt




    (stud) area for




    gasket seating.


start here


3.
Nozzle Wall
1. Minimum Wall Thick‑
Cestion near nozzle base:
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    thickness
   ness Criterion:





tmin  <tA






Nozzle mid‑section:




where:





tmin=Minimum calculated
Thin section near valve seat:



 
    thickness require‑





    ment, including





    corrosion allow‑





    ance.
Thinnest section at nozzle



tA =Actual nozzle wall
Tip‑just below valve seat:




    thickness.





(NOTE: This tmin is tm






       per notation of
 





       the codes).
Nozzle Material: ASME SA
Actual thickness reeater than tm at





350 LF2
the section under consideration.


TABLE 3.9‑3g (Continued)


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated



3.
Nozzle Wall



thickness



(Continued):




1. Cyclic Rating:



(Refer to 



<Section 3.9.1.1.9>
Thermal:



for thermal trans‑


   ients informa‑
It=(Nri
It=(Nri (i=1,2,3,4&5)
It (max)(1.0
It=0.00138


   tion.)
    Ni
    Ni

[=0.00138xIt(max)]




Fatigue




Na(2,000 cycles, as
Na(2,000 cycles,
Na(2,000 cycles
Na(based on Sa=Sp2)




based on Sa, where Sa
as based on Sa,




is defined as the
where Sa=Sp1 (>Sp2)

=400,000 cycles:




larger of







criterion satisfied
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where:




Sp1=
Fatigue stress in‑





tensity at inside





surface of crotch,





psi




Sp2=
Fatigue stress in‑





tensity at inside





surface of crotch,





psi


TABLE 3.9‑3g (Continued)


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated



4. Bonnet Flange
Flange treated as a

1.5 Sm (for max
SR =1.35 Sm=0.9 (allowable)



Strength
loose type flange with‑

    SH, SR, and
ST =0.53 Sm=0.35 (allowable)




out hub:

    ST )
(max ST @ back face of





(Uses same notation

flange)
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as codes)
=28,350 psi
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Bonnet Material: ASME SA





                 352LCB




where:




SR =Radial “Flange”
Sm at 500(F=18,900 psi




    Stress, psi




ST =Tangential “Flange”




    stress, psi


5.
Bonnet Bolting
Total cross‑sectional

Am1(>Am2)=7.399 in.2
Ab (actual area)=1.34 Am



area requirements
area shall exceed the


         (required min)




greater of:




Am1  = [image: image9.wmf],


1


Sb


WM


 or
Am1  = [image: image10.wmf]Sb


Wm


1


   where Am (required





              minimum) is the





              greater of Am1 and




Am2  = 

[image: image11.wmf]Sa


Wm


2



Am2  = [image: image12.wmf]Sb


Wm


1


   Am2; and ab (actual





              bolt area) must





              exceed Am


TABLE 3.9‑3g (Continued)


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated



5.
Bonnet Bolting
where:



(Continued)
Am1=Total required bold
Body to Bonnet Bolting




    (stud) area for
Material:




    operating condition.
     




Am2=Total required bolt
     ASME SA 193 Gr B7




    (stud) area for




    gasket seating.


6. Disc
The disc stress is 




calculated based on




treating the disc as




a flat circular plate,




edges supported, 




uniform load over area




with radius ro; 




reference Bach’s 




Formulas, Machinery’s




Handbook, 15th Ed.,




Page 414.




From the reference,




t=1.2     Wr   2r
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W is based on p=1375
W=27,430 lbs
t(minimum allow‑
Actual tmin=1.068 inches




psi under the disc.
ro=0.785 inch
able)=1.067 inches
           =1.0009 (re‑





R=1.48 inches



  quired minimum)





Disc Material: ASME SA





               351 CF3A


TABLE 3.9‑3g (Continued)


       Topic


Method of Analysis


Dikkers Analysis


Allowable Value


Calculated



6.
Disc (Continued)

Temperature: 585(F





Sm(585(F)=18,235 psi





Allowable stress is 





1.5 Sm. This is the 





value “S” in the above 





formula.





(1.5 Sm=27,353 psi)


7. Seismic Capability
Stress analysis uses F sub (vertical) = (mass of




valve) x (4.5g), and F sub (horizontal) = (mass of




valve) x (6.5g), with 800,000 in.‑lb and 300,000 in.‑lb




applied at the inlet and outlet, respectively.  The




actual capability was verified by testing (with the




moments concurrently applied), and exceeds these 




values.


TABLE 3.9‑3h


MAIN STEAM ISOLATION VALVE


DESIGN OF PRESSURE RETAINING PARTS ‑ ASME B & PV CODE SECTION III 1974









Ratio


Item
 Component/Load Type/



Design/Calculated  (Calculated)


No. 
    Stress Type

Design Procedure           Allowable Value
      Value        (Allowable) 

1.0
 Body and Bonnet

1.1
 Loads:



 Design Pressure
    
GE System Specification
 1,375 psi
   1,375 psi
N/A



 Design Temperature
GE System Specification
   586(F
    586(F
N/A



 Pipe Reaction Loads
ASME III, NB‑3545‑2(b)(1)
  N/A
   N/A

N/A


1.2
 Pressure Rating

Table NB-3542.1‑2
PR =  575 lbs
PR =  575 lbs
N/A


1.3
 Minimum Wall

Paragraph NB-3542
tM (1.751 in.
tM = 1.751 in.
N/A


1.4
 Primary Membrane

Paragraph NB‑3545.1
Pm = 19,400 psi
Pm = 10,714 psi
0.55



 Stress
    (500(F)


1.5
 Secondary Stress Due
Paragraph NB-3545.2(b)(1)
Ped, Ped, and Pet
P = 5,277 psi
0.18



 to Pipe Reaction      






(1.55m (500(F)
Ped = 10,065
0.35






1.5 Sm = 29,100
Pet = 9,790 psi
0.34


1.6
Primary Plus Secondary
Paragraph NB‑3545.2(a)(1)
N/A
Qb = 26,024
N/A



Stress Due to Internal



Pressure

TABLE 3.9‑3h (Continued)







Ratio


Item
 Component/Load Type/


Design/Calculated   (Calculated)


No. 
    Stress Type
   
Design Procedure
 Allowable Value
______Value______   (Allowable)


1.7
 Thermal Secondary

Paragraph NB‑3545.2(c)
N/A


[image: image14.wmf]2


T


Q


 = 601 psi
N/A


1.8
 Range of Primary Plus
Paragraph NB‑3545.2
Sn = 58,200 psi
Sn = 32,502 psi
0.56



 Secondary Stress at



 Crotch Region


1.9
 Body Shape Rule
Paragraph NB‑3544



 ‑Radius at Crotch
Paragraph NB‑3544.1(a)
r2 (0.581 in.
r2 = 1.125 in.



 ‑Corner Radius
Paragraph NB‑3544.1(b)
r4 (1.125 in.
rn = 1.0 in.



 ‑Longitudinal
Paragraph NB‑3544.6
  >0.0567 1/in.
= 0.123 1/in.



  Curvature



 ‑No Flat Walls
Paragraph NB‑3544.7
 N/A
N/A



 ‑Minimum Wall at
Paragraph NB‑3544.8
<1.492 in.
= 1.519 in.



  Weld Ends


1.10
 Cyclic Requirement for
Paragraph NB‑3545.3
Na (2,000 cycles
Na = 39,000 cycles
0.05



 Fatigue Analysis


1.11
 Cummulative Usage
Paragraph NB‑3550
It (1.0
It = 0.0114
0.01



 Factor Requirements



 for Fatigue Analysis


TABLE 3.9‑3h (Continued)







Ratio


Item
 Component/Load Type/


Design/Calculated
(Calculated)


No. 
     Stress Type

Design Procedue
Allowable Value
Value

(Allowable)


2.0
 Body Flange/Bonnet


2.1
 Loads:



 (1) Design Pressure



 (2) Design Tempera‑



     ture



 (3) External Moments



     Due to Dynamic



     Loads That



     Include SSE



     Accelerations.



 (4) Spring Force


2.2
Body Flange Stresses
Paragraph NB‑3647.1

PFD(1) = 1,748 psig



Longitudinal Hub

SH (1.5 Sm
SH = 21,400 psi
0.80



Stress





= 26,700 psi



Radial Flange Stress

SR (1.5 Sm
SR = 14,373 psi
0.54





= 26,700 psi



Tangential Flange

ST (1.5 Sm
ST = 7,194 psi
0.27





= 26,700 psi


TABLE 3.9‑3h (Continued)









     Ratio


Item
 Component/Load Type/

              Design/Calculated  (Calculated)


No. 
     Stress Type     
Design Procedue
Allowable Value        _Value______ 
 (Allowable)


2.3
 Bonnet Thickness
Paragraph NB‑3646
tn (5.7135 in.
tn = 5.938 in.




Corrosion Allowance




= 0.12 IN


2.4
 Bonnet Reinforcement
Paragraph NB‑3646(e)
Area (7.86 in.2
Area = 5.938 in.2


3.0
 Bonnet to Body Bolting
Appendix XI
Ab (7.86 in.2
Ab = 8.107 in.2
1.48



 Loads:



 (1) Design Pressure



 (2) Design Tempera‑




 ture



 (3) External Moments



     Due to Dynamic




 Loads Which




 Include See




 Accelerations



 (4) Actuator Opera‑




 tional Loads



 (5) Spring Force


4.0
 Valve Poppet


4.1
 Loads



 (1) Inline Pressure




 Loads


TABLE 3.9‑3h (Continued)



Ratio


Item
Component/Load Type/
Applicable


Design/Calculated
(Calculated)


No._

Stress Type___      Valves
Design Procedure
(Allowable Value)
       Value     
(Allowable) 


4.2
Maximum Stress
B21‑F022
Roark’s Formulae for
St (17,800 psi
St = 8,603 psi
.048




B21‑F028
Stress and Strain 3rd





Edition, Cases 13





and 14.


5.0
Valve Stem


5.1
Loads:



(1) Axial Loads


5.2
Under‑Cut Thread
B21‑F022
Industry Standards
St (92,800 psi
St = 18,521 psi
0.20



Stress
B21‑F028


5.3
Thread Shear Stress
B21‑F022
Values Indicated are
Ss (26,280 psi
Ss = 4,929 psi
0.19




B21‑F028
for Valves in





Closed Position


5.4
Buckling Force
B21‑F022

 F (71,959 lbs
F = 46,951 lbs
0.65



(5) Spring Force
B21‑F028


NOTE:


(1)
PFD = flange design pressure as defined in paragraph NB‑3647.1.


TABLE 3.9‑3i


RECIRCULATION PUMP CASE SUMMARY OF LOAD CLASSIFICATION HIGH STRESS LOCATIONS AND LIMIT CRITERIA


    Loading
         LOAD COMBINATION         
   Criteria

  Highest Calc.
            
Ratio


   Condition

      Mechanical
(ASME Sect. III)

    Stress/
Allowable   (Act.)


ASME Sect. III
  Pressure  
         Loads       
     NB‑3220    
   Location   
   Usage Fact.  
 Stress     (All.)

   Design
   Design
1.
OBE (conservatively
Fig. NB‑3221‑1
Upper


   (NB‑3112)
   Pressure

include)
Pm (1.0 Sm
Flange
26,717 psi
28,800 psi
0.78




2.
Pump Thrust



   =1,650 psi
3.
Deadweight
PL + Pb ( 1.5 Sm




4.
Nozzle Loads




5.
Gasket Seating Load




6.
Lug Loads


   Design
   Design


NB 3,444.3
Casing
Minimum
N/A
N/A


   (NB‑3441.3)
   Pressure




Wall thick‑








ness = 2.91 ins.



   =1,650 psig


   Normal
   Operating
1.
Deadweight
Fig. NB‑3222‑1
Uppercase
31,851(1) psi
57,675 psi
1.0


   (NB‑3113.1)
   Pressure
2.
Nozzle Loads
PL +Pb +Pe +Q(3.0 Sm

Flange


   and Upset

3.
Thermal Transient


   (NB‑3113.2)
   =1,313 psig
4.
OBE for Upset Only
Pe (3.05 m




5.
Gasket Seating
Elastic‑Plastic
Exemption from cyclic analysis is satisfied per NB‑3228




6.
Lug Loads
Analysis






NB‑3228.3(1)


   Emergency
   Most
1.
Deadweight
Fig. NB‑3224‑1
Upper
Loading is less severe than


   (NB‑3113.3)
   Severe
2.
Nozzle Loads
Pm((1.2SmorSy)
Flange
design loading and allowable



   Emergency
3.
Pump Thrust


stresses are higher for



   Pressure
4.
Gasket Seating
PL ((1.8SmorSy)

emergency condition the



   (1,630 psig)

Load


stresses are acceptable.




5.
OBE (conservatively
P  + PL ((1.8 SM





included)




6.
Lug Loads
or 1.5Sy)


   Faulted
   Most
1.
Deadweight
Table F‑1322.2‑1
Case
46,463 psi
52,200 psi
0.795


   (NCA‑2144)
   Severe
2.
Nozzle Loads
Pm(1.5 Sm 
Bolting



   Faulted
3.
SSE



   Pressure
4.
Pump Thrust
     or



   (1,313 psig)5.
Gasket Seating Load




6.
Lug Loads
Mm = Lesser of
Motor Stand







Plate/cover






2.4 Sm or 0.7 Su
Plate Junction
14,786 psi
44,600 psi
0.351


NOTE:


(1)
Primary plus secondary stress intensity range excluding thermal bending.


TABLE 3.9‑3j


REACTOR RECIRCULATION SYSTEM GATE VALVES ‑ SUCTION






     Design/
  Ratio


Paragraph
Component/Load/
       Design
     Allowable
    Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   1.0
Body and Bonnet


   1.1
Loads:



Design Pressure
System Requirement
1,250 psi
1,250 psi
    N/A



Design Temperature
System Requirement
575(F
575(F
    N/A


   1.2
Pressure Rating
ASME Section III(1),
Pr =735 psi
Pr =735 psi
    N/A



735 psi
Figure NB‑3545.1‑2


   1.3
Minimum Wall
ASME Section III(1),
tmin=1.78 inches
tmin=1.783 inches
    N/A



Thickness, Inches
Paragraph NB‑3542


   1.4
Primary Membrane
ASME Section III(1),
Pm (Sm(500(F)
Pm =11,398 psi
   0.58



Stress, psi
Paragraph NB‑3545.1





= 19,600 psi


   1.5
Secondary Stress
ASME Section III(1),
Pe = Greatest
Ped = 6,408 psi



Due to Pipe
Paragraph NB‑3545.2



Reaction
(b)(i)
Value of Ped,
Ped = 14,483 psi





Peb, and Pet
Pet = 14,483 psi





(1.5 Sm(500(F)
Pe =
  0.49






Peb = 14,483 psi





(1.5) (19,600)





= 29,400 psi


TABLE 3.9‑3j (Continued)






      Design/
   Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
 _Stress Type__
      Procedure_____
 _____Limit _____
 _____Value_______
 _Allowed__

   1.6
Primary Plus
ASME Section III(1),
See Paragraph
QP = 20,163 psi
N/A



Secondary Stress
Paragraph NB‑3545.2
1.8



Due to Internal
(a)(1)



Pressure


   1.7
Thermal Secondary
ASME Section III(1),
See Paragraph
QT = 2,835 psi
N/A



Stress
Paragraph NB‑3545.2(c)


   1.8
Range or Primary
ASME Section III(1),
Sn (3Sm(500(F)
Sn = QP + Pe +2Q
  0.48



Plus Secondary
Paragraph NB‑3545.2



Stress at Crotch

= 58,800 psi
   =27,940



Region


   1.9
Cycle Requirements
ASME Section III(1),
Na (2,000
Na = 1 X 106
N/A



for Fatigue
Paragraph NB‑3545.3
    cycles
     cycles



Analysis


   1.10
Usage Factor
ASME Section III(1),
It (1.0
It =0.0012
0.0012



Requirements for
Paragraph NB‑3550



Fatigue Analysis


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated     Calculated/


___No.___
  Stress Type__
 _____Procedure_____
      Limit _____
      Value_______
 _Allowed__

   2.0
Body to Bonnet



Bolting


   2.1
Loads: 1) Design



Pressure and



2) Temp., 3) Gasket



Loads, 4) Stem



Operational Load,

N/A
N/A

N/A



5) Seismic Load



(Safe Shutdown



Earthquake)


   2.2
Bolt Area
ASME Section III(1),
Ab (28.84 in.2
Ab  =34.03 in.2
1.18




Paragraph NB‑3647.1





Sb =28,675 psi
Sb  =24,254 psi
0.85


   2.3
Body Flange
ASME Section III(1),
‑
‑
‑



Stresses
Paragraph NB‑3647.1


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
______Limit___ __
______Value_______
__Allowed__

   2.3.1
Operating



Condition

Sh (1.5 Sm(575(F)
Sh =11,735 psi
   0.41





=28,838 psi





Sr (1.5 Sm(575(F)
Sr =7,991 psi
   0.28





=28,838 psi





St (1.5 Sm(575(F)
St =3,365 psi
   0.12





=28,838 psi


   2.3.2
Gasket Seating
AMSE Section III(1),
Sh (1.5 Sm(100(F)
Sh =16,872 psi
   0.56



Condition
Paragraph NB‑3647.1





=30.000 psi





Sr (1.5 Sm(100(F)
Sr =12,717 psi
   0.42





=30,000 psi





St (1.5 Sm(100(F)
St =5,325 psi
   0.18





=30,000 psi


   2.4
Bonnet Flange
ASME Section III(1),
      N/A
     N/A
    N/A



Stresses
Paragraph NB‑3647.1


TABLE 3.9‑3j (Continued)






      Design/
   Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   2.4.1
Operating
ASME Section III(1),
Sh (1.5 Sm(575(F)
Sh =17,343 psi
   0.60



Condition
Paragraph NB‑3647.1





= 28,838 psi





Sr (1.5 Sm(575(F)
Sr =5,047 psi
   0.18





= 28,838 psi





St (1.5 Sm(575(F)
St =6,169 psi
   0.21





= 28,838 psi


   2.4.2
Gasket Seating
ASME Section III(1),
Sh (1.5 Sm(100(F)
Sh =22,901 psi
   0.76



Condition
Paragraph NB‑3647.1





= 30,000 psi





Sr (1.5 Sm(100(F)
Sr =7,041 psi
   0.23





= 30,000 psi





St (1.5 Sm(100(F)
St =8,333 psi
   0.28





= 30,000 psi


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
   Allowable
     Calculated     Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   3.0
Stresses in



Stem


   3.1
Loads: 1) Opera‑



tor Thrust and



2) Torque


   3.2
Stem Thrust
Calculate Stress
St (Sm
St =3,440 psi
    0.08



Stress
Due to Operator




Thrust in Critical




Cross Section
= 42,275 psi


   3.3
Stem Torque
Calculate Shear
Ss (0.6 Sm
Ss =1,995 psi
    0.08



Stress
Stress Due to




Operator Torque in
= 25,365 psi




Critical Cross




Section


   3.4
Buckling on Stem
Calculate Slender‑
Max. Allowable
Slenderness




ness Ratio if
Load = 62,715 lb
Ratio = 59.59




Greater Than 30,




Calculate Allow‑




able Load from

Actual Load




Rankine’s Formula

on Stem




Using Safety

=12,476 lbs
    0.20




Factor of 4

Therefore, No






Buckling


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   4.0
Disc Analysis


   4.1
Loads:  Maximum



Differential



Pressure(2)


   4.2
Maximum Stress in
ASME Section III(1),
Smax (1.5Sm(575(F)



the Disc
Paragraph NB‑3215 and




ASME Section III(1),
= 27,488 psi
MAX STRESS




Paragraph NB‑3221.3

=14,960 psi
    0.54


   5.0
Yoke and Yoke



Connections


   5.1
Loads: Stem
Calculate Stresses in
         ‑
         ‑
     ‑



Operational Loads
the Yoke and Yoke




Connections to




Acceptable Structural




Analysis Methods.


   5.2
Tensile Stress in
            ‑
Smax (Sm(100(F)
Smax =8,396 psi
    0.24



Yoke Leg Bolts





= 35,000 psi


   5.3
Bending Stress
            ‑
Sb (1.5 Sm(185(F)
Sb =13,050 psi
    0.39



of Yoke Legs





= 33,165 psi


TABLE 3.9‑3j (Continued)


REACTOR RECIRCULATION SYSTEM GATE VALVES ‑ DISCHARGE






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   1.0
Body and Bonnet


   1.1
Loads:



Design Pressure
System Requirement
1,650 psi



Design Temperature
System Requirement
575(F



Pipe Reaction
Not Specified



Thermal Effects
Not Specified


   1.2
Pressure Rating,
ASME Section III(1),
Pr = 970 psi
Pr =970 psi
     N/A



970 psi
Figure NB 3545.1‑2


   1.3
Minimum Wall
ASME Section III(1),
t(nominal)
tm =2.432 Min.    
Tact = 2.813



Thickness, Inches
Paragraph NB‑3542
= 2.432 inches
    inches


   1.4
Primary Membrane
ASME Section III(1),
Pm (Sm(500(F)
Pm =7,730 psi
     0.45



Stress, PSI
Paragraph NB‑3545.1





= 17,250 psi


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   1.5
Secondary Stress
ASME Section III(1),
Pe = Greatest
Ped =2,811 psi
     N/A



Due to Pipe
Paragraph NB‑3545.2



Reaction

Value of Ped
Peb =5,453 psi
     N/A





Peb and Pet
Pet =5,453 psi
     N/A





(1.5 Sm(500(F)
Pe = Pet=5,453 psi
    0.21





1.5 (17,250)





= 25,875 psi


   1.6
Primary Plus
ASME Section III(1),
Sn (3 Sm(500(F)
Qp =18,760 psi
    0.36



Secondary Stress
Paragraph NB‑3545.2



Due to Internal
(a) (1)
= 3(17,250)



Pressure





= 51,750 psi


   1.7
Thermal Secondary
ASME Section III(1),
Sn (3 Sm(500(F)
Qt =5,361 psi
    0.10



Stress
Paragraph NB‑3545.2




(c)
= 51,750 psi


   1.8
Sum of Primary Plus
AMSE Section III(1),
Sn (3 Sm(500(F)
Sn =Qp + Pe + 2QT2



Secondary Stress
Paragraph NB‑3545.2





= 51,750 psi
=25,730 psi
    0.50


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   1.9
Fatigue
ASME Section III(1),
Na (2,000
Na =1 x 106



Requirements
Paragraph NB‑3545.3
         cycles
          cycles


   1.10
Cyclic Rating
ASME Section III(1),
It (1.0
It =0.00067
   0.00067




Paragraph NB‑3550


   2.0
Body to Bonnet



Bolting


   2.1
Loads:  Design
ASME Section III(1),
         ‑
         ‑
     ‑



Pressure, and
Paragraph NB‑3647.1



Temperature, Gasket



Loads, Stem



Operational Load,



Seismic Load (Design



Basis Earthquake)


   2.2
Bolt Area
ASME Section III(1),
Ab (44.58 in.2
Ab =47.5 in.2
    1.07




Paragraph NB‑3647.1





Sb (25,000 psi
Sb =23,460 psi
    0.94


   2.3
Body Flange
ASME Section III(1),
         ‑
         ‑
     ‑



Stresses
Paragraph NB‑3647.1


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   2.3.1
Operating
ASME Section III(1),
Sh (1.5 Sm(575(F)
Sh =12,926 psi
    0.50



Conditions
Paragraph NB‑3647.1





= 25,875 psi





Sr (1.5 Sm(575(F)
Sr =18,303 psi
    0.71





= 25,875 psi





St (1.5 Sm(575(F)
St =4,445 psi
    0.17





= 25,875 psi


   2.3.2
Gasket Seating
ASME Section III(1),
Sh (1.5 Sm(100(F)
Sh =14,587 psi
    0.49



Condition
Paragraph NB‑3647.1





= 30,000 psi





Sr (1.5 Sm(100(F)
Sr =21,437 psi
    0.71





= 30,000 psi





St (1.5 Sm(100(F)
St =5,206 psi
    0.17





= 30,000 psi


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   2.4
Bonnet Flange



Stresses


   2.4.1
Operating
ASME Section III(1),
Sh (1.5 Sm(575(F)
Sh =14,493 psi
    0.56



Condition
Paragraph NB‑3647.1





= 25,875 psi





Sr (1.5 Sm(575(F)
Sr =16,349 psi
    0.63





= 25,875 psi





St (1.5 Sm(575(F)
St =4,638 psi
    0.18





= 25,875 psi


   2.4.2
Gasket Seating
ASME Section III(1),
Sh (1.5 Sm(100(F)
Sh =16,007 psi
    0.53



Condition
Paragraph NB‑3647.1





= 30,000 psi





Sr (1.5 Sm(100(F)
Sr =18,546 psi
    0.62





= 30,000 psi





St (1.5 Sm(100(F)
St =5,261 psi
    0.18





= 30,000 psi


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
  Stress Type__
 _____Procedure_____
       Limit_____
      Value_______
 _Allowed__

   3.0
Stresses in Stem
        N/A
        N/A
        N/A
     N/A


   3.1
Loads: Operator



Thrust and Torque


   3.2
Stem Thrust Stress
Calculate Stress Due
St <Sm
St =8,818 psi
    0.21




to Operator Thrust 




in Critical Cross 
Sm = 42,275 psi




Section


   3.3
Stem Torque Stress
Calculate Shear
Ss (0.6 Sm
Ss =1,544 psi
    0.06




Stress Due to




Operator Torque in
= 25,365 psi




Critical Cross




Section


   3.4
Buckling on Stem
Calculate Slender‑
Max Allowable
Slenderness




ness Ratio.  If
Load = 350,000 LBS
Ratio = 96.75




Greater Than 30,

Actual Load on




Calculate Allow‑

Stem




able Load From 

= 36,683 LBS
     0.10




Rankine’s Formula

Therefore, No




Using Safety Factor

Buckling.




of 4.


   4.0
Disc Analysis


   4.1
Loads: Maximum



Differential



Pressure(3)
            ‑
         ‑
         ‑
     ‑


TABLE 3.9‑3j (Continued)






      Design/
  Ratio


Paragraph
Component/Load/
       Design
    Allowable
     Calculated
Calculated/


___No.___
__Stress Type__
______Procedure_____
_______Limit_____
______Value_______
__Allowed__

   4.2
Maximum Stress
ASME Section III(1),
Smax (1.5Sm(575(F)
Max Stress



in the Disc
Paragraph NB‑3215 AND




ASME Section III(1),
= 29,400 psi
=27,004 psi
    0.92




Paragraph NB‑3221.3


   5.0
Yoke and Yoke



Connections


   5.1
Loads:  Stem
Calculate Stresses in
         ‑
         ‑
     ‑



Operational Load
the Yoke and Yoke




Connections to Accept‑




able Structural




Analysis Methods.


   5.2
Tensile Stress in
            ‑
Smax 0.654 (575(F) 
Smax =28,443 psi
     0.55



Yoke Legs Bolts





= 51,660 psi


   5.3
Combined Axial and
            ‑
Sb (1.5Sm(100(F)
Sb =31,429 psi
     0.97



Bending Stress of



Yoke Legs

= 32,400 psi


NOTES:


(1)
ASME Section III, 1974 Edition.


(2)
Valve Differential Pressure is 50 psig.


(3)
Valve Differential Pressure is 450 psig.


TABLE 3.9‑3k


ASME CODE CLASS 3 SAFETY/RELIEF VALVE DISCHARGE PIPING SYSTEM ‑ HIGHEST STRESS SUMMARY


Main Steam Line








Identification(2)



  Limiting
 Calculated

  Ratio

of Locations 


       Acceptance
  Stress
Stress(1) or
Allowable
 Actual/
            
of Highest 


        Criteria       
   Type   
Usage Factor
 Limits  
Allowable
Loading(1)
Stress Points



Based on ASME B&PV


Code, Section III,


ND‑3600


1983 Edition through


W84 Addenda,


for SA‑106 GR.B,


S = 15000  PSI @ 470(F


Design Condition:
Sustained
 7,129
22,500
0.317
1.
Normal
Joint 040 Line C


Eq 8 (1.5 Sh
Loads




Loads







2.
OBE


Service Levels A & B
Occasional
16,690
27,000
0.618
1.
Normal
Joint 040 Line A


(Normal & Upset)
Loads




Loads


Condition:




2.
OBE


Eq 9 (1.8 Sh




3.
Operating








Transients


Eq 10 (Sa
Thermal
17,065
22,500
0.758
1.
Normal
Joint 040 Line C


Eq 11 (Sa + Sh
Expansion
21,671
37,500
0.578

Loads
Joint 040 Line C







2.
OBE







3.
Operating








Transients


TABLE 3.9‑3k (Continued)








Identification(2)



  Limiting
 Calculated

  Ratio

of Locations 


       Acceptance
  Stress
Stress(1) or
Allowable
 Actual/
            
of Highest 


        Criteria       
   Type   
Usage Factor
 Limits  
Allowable
Loading(1)
Stress Points



Service Level C
Primary
16,471
33,750
0.488
1.
Normal
Joint 040 Line A


(Emergency) Condition
Loads




Loads


Eq. 9 (2.25 Sh




2.
SBA







3.
Operating








Transients


Service Level D
Primary
17,323
45,000
0.385
1.
Normal
Joint 040 Line A


Condition:  ASME
Loads




Loads


Code Case 160 B‑1




2.
SSE


Eq. 9 (3.0 Sh




3.
IBA







4.
Operating








Transients


NOTES:


(1)
Appropriate loading combinations of <Table 3.9‑3> were considered and calculation stresses are reported for the governing load combinations.


(2)
Refer to <Figure 3.6‑65b> and <Figure 3.6‑65d> for the identification of node point numbers.


TABLE 3.9‑3L


STANDBY LIQUID CONTROL PUMP







Allowable
Calculated






    Limiting
  Stress
  Stress


                      Criteria/Loading                    
         Component        
   Stress Type      (PSI)  
  (PSI)


Based on ASME B&PV Code


Section III.


Pressure Boundary parts:


1)
Fluid cylinder, SA182 ‑ F304
Sy = 30,000 psi


2)
Discharge valve stop and cylinder
Sy = 30,000 psi



head extension, SA 479‑304


3)
Discharge valve cover, cylinder
Sy = 30,000 psi



head & stuffing box flange plate,



SA 240‑304


4)
Stuffing box gland, SA 564‑630
Sy = 115,000 psi


5)
Studs, SA 193B7
Sy = 105,O00 psi


6)
Dowel pins(2), alignment,
SA = 23,400 psi



SAE 4140


7)
Studs, cylinder tie, SA 193‑B7,
SA = 25,000 psi


8)
Pump holddown bolts, SAE GR.8,
TA = 12,000 psi




OA = 15,000 psi


9)
Power frame, foot area, cast iron
SA = 15,000 psi


10)
Motor holddown bolts, SAE Gr.1
TA = 12,000 psi




OA = 15,000 psi


11)
Motor frame, foot area, cast iron
SA =  7,500 psi


Normal & Upset Condition Loads:




1.
Fluid cylinder
General Membrane
  17,800


1.
Design pressure
2.
Discharge valve stop
General Membrane
  17,800



2.
Design temperature
3.
Cylinder head
General Membrane
  17,800
See Note(3)




extension


TABLE 3.9‑3L (Continued)







Allowable
Calculated






    Limiting
  Stress
  Stress


                      Criteria/Loading                    
         Component        
   Stress Type  
  (PSI)  
  (PSI)


 3.
Operating Basis Earthquake
4.
Discharge valve cover
General Membrane
  17,800


 4.
Nozzle Loads(1)
5.
Cylinder head
General Membrane
  17,800




6.
Stuffing box flange
General Membrane
  17,800





plate




7.
Stuffing box gland
General Membrane
  35,000




8.
Cylinder head studs
Tensile
  25,000




9.
Stuffing box studs
Tensile
  25,000


Emergency or Faulted Condition(4)
1.
Fluid cylinder
General Membrane
  21,360
   4,450


1.
Design pressure
2.
Discharge valve stop
General Membrane
  21,360
  13,600


2.
Design temperature
3.
Cylinder head extension
General Membrane
  21,360
  13,600


3.
Weight of structure
4.
Discharge valve cover
General Membrane
  21,360
   8,150


4.
Thermal expansion
5.
Cylinder head
General Membrane
  21,360
   8,150


5.
Safe shutdown earthquake
6.
Stuffing box flange plate
General Membrane
  21,360
  10,390




7.
Stuffing box gland
General Membrane
  42,000
  11,420




8.
Cylinder head studs
Tensile
  25,000
  18,820




9.
Stuffing box studs
Tensile
  25,000
  24,750




10.
Dowel pins(2)
Shear only(2)
  23,400
  17,550




11.
Studs, cylinder tie
Tensile(2)
  25,000
  18,760




12.
Pump holddown bolts
Shear
  12,000
   7,560




13.
Pump holddown bolts
Tensile
  15,000
   9,950




14.
Power frame‑foot area
Shear
  15,000
   1,850




15.
Power frame‑foot area
Tensile
  15,000
  11,390




16.
Motor holddown bolts
Shear
  12,000
   3,470




17.
Motor holddown bolts
Tensile
  15,000
   5,660




18.
Motor frame‑foot area
Shear
  7,500
   2,550




19.
Motor frame‑foot area
Tensile
  7,500
   5,100


TABLE 3.9‑3L (Continued)


Nozzle Loads





   Allowable
     Actual





     Nozzle
     Nozzle


       Criteria           
     Loadings       
     Component      
      Load       
      Load


The maximum forces
Normal/Upset
Pump C41C001A & B
Suction


and moments due to
Normal

Fo = 770 lbs
Use of maximum


piping load combinations
OBE

Mo = 490 ft‑lbs
values for Fi and


shall not exceed the
SRV discharge caused


Mi in interaction


allowable limits.
  loads.

Discharge
equation(5) produces





Fo = 370 lbs
results which are





Mo = 110 ft‑lbs
less than or equal






to 1.0 for all



Emergency/Faulted

Suction
nozzles under



Normal

Fo = 920 lbs
specified



SSE

Mo = 590 ft‑lbs
loadings.



SRV discharge caused



  loads.



SBA/IBA/DBA

Discharge





Fo = 440 lbs





Mo = 130 ft‑lbs


NOTES:


(1)
Nozzle load produce shear load only.


(2)
Dowel pins take all shear loads.


(3)
Calculated stresses for emergency or faulted condition are less than the allowable stresses for the normal and upset condition loads, therefore, the normal and upset condition are not evaluated.


(4)
Operability:  The sum of the plunger and rod assembly, pounds mass times 1.75 acceleration, is much less than the thrust loads encountered during normal operating conditions.  Therefore, the loads during the faulted condition have no significant effect on pump operability.


TABLE 3.9‑3L (Continued)


NOTES:  (Continued)


(5)
Load Definition:
Allowable combination of forces and moments is as follows:
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Where:
Fi =
The largest absolute value of any of the three actual external orthogonal forces (Fx, Fy or Fz) that may be imposed by the interface pipe (lbs).
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Mi =
The largest absolute value of any of the three actual external orthogonal moments (Mx, My or Mz) that may be imposed by the interface pipe (ft‑lbs)





NOTE:
The largest absolute values of Fi and Mi are combined simultaneously for






specific condition.






Fo =
Allowable value of Fi when all moments are zero (lbs).






Mo =
Allowable value of Mi when all forces are zero (ft‑lbs).


TABLE 3.9‑3m


STANDBY LIQUID CONTROL TANK(1)



Allowable Stress or
Calculated Stress




 Minimum Thickness
or Actual


Component/Loading        
Method of Analysis          
  Required or Load 
Thickness or Load


 1.
Shell Thickness



Loads:  Normal & Upset
Brownell & Young



 Design Pressure and
“Process Equipment Design”



 Temperature




[image: image16.wmf]Thickness



[image: image17.wmf]P


6


.


0


SE


PR


t


-


=






Stress
Stress limits per





ASME Section III
      18,300 psi
      1,203 psi


 2.
Anchor Bolts
ASME Section III
      25,000 psi
      4,277 psi


 3.
Nozzle Loads




Allowable


      Criteria      
     Loadings    
  Component  
    Nozzle Load


Nozzle Load


The maximum forces
Normal/Upset
Tank C41‑A001
4” ( Discharge


and moments due
Normal

Fo = 1,100 lbs
Use of maximum values


to piping bad combi-
OBE

Mo ‑ 928 ft‑lbs
for Fi and Mi in


nations shall not
SRV discharge


interaction equation(2)

exceed the allowable
caused loads.


produces results which


limits



are less than or equal






to 1.0 for all nozzles






under specified






loadings.


TABLE 3.9‑3m (Continued)





Allowable


      Criteria      
     Loadings    
  Component  
    Nozzle Load


Nozzle Load



Emergency/Faulted

4” ( Discharge




Normal

Fo = 1,320 lbs
 



SSE

Mo = 1,140 lbs




SRV discharge



caused loads.




SBA/IBA/DBA


NOTES:


(1)
Design assessment shows stress resulting from additional loads being lower than originally calculated loads.


(2)
Load Definition:  Allowable combination of Forces and Moments is as follows:
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Where:
Fi =
The largest absolute value of any of the three






that may be imposed by the interface pipe (lbs).
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Mi =
The largest absolute value of any of the three actual external orthogonal moments (Mx, My or 
Mz) that may be imposed by the interface pipe (ft‑lbs).





NOTE:
The largest absolute values of Fi and Mi 
are combined simultaneously for a 
specific condition.





Fo =
Allowable value of Fi when all moments are zero (lbs).





Mo =
Allowable value of Mi when all forces are zero (ft‑lbs).
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TABLE 3.9‑3n


ECCS PUMPS


RESIDUAL HEAT REMOVAL PUMP(1)




Calculated Stress (PSI)
Allowable Stress (PSI)





           or
         or


   Location   
Loading Condition
         Criteria         
Actual Thickness (in.) 
Min. Thickness (in.)
  

Discharge
FAULTED CONDITION
ASME Boiler & Pressure
            11,460
        21,000


Head Shell
Design Pressure
Vessel Code, Section VIII,



Nozzle Loads
Division 1, Para. UG‑27



Seismic Loads


Discharge
Design Pressure
ASME Boiler & Pressure
           2.55 in.
       1.99 in.


Head Cover

Vessel Code, Section VIII




Division 1, Para. UG‑34,




UG‑39 & UG‑40


Nozzle Shell
FAULTED CONDITION
ASME Boiler & Pressure


Inter Section
Design Pressure
Vessel Code, Section VIII,
(Suction)   28,066
        31,500



Nozzle Loads
Division 1, Para. UG‑37
(Discharge) 20,438



Seismic Load


Discharge Pipe
FAULTED CONDITION
ASME Boiler & Pressure
            15,124
        18,000



Design Pressure
Vessel Code, Section VIII,



Nozzle Loads
Division 1, Para. UG‑27


Discharge Head
FAULTED CONDITION
Bolting Loads & Stresses
            37,465
        50,000


Bolting

per “Rules for Bolted




Flange Connections” ASME




Section VIII, APP. II


Motor Bolting
FAULTED CONDITION
Bolting Loads & Stresses
            20,753
        50,000



Seismic Load
per “Rules for Bolted




Flange Connections” ASME




Section VIII, APP. II


TABLE 3.9‑3n (Continued)


LOW PRESSURE CORE SPRAY PUMP(1)




Calculated Stress (PSI)
Allowable Stress (PSI)





           or
         or


   Location   
Loading Condition
         Criteria         
Actual Thickness (in.)
Min. Thickness (in.)
 

Discharge Head
FAULTED CONDITION
ASME Boiler & Pressure
            10,615
        21,000


Shell
Design Pressure
Vessel Code, Section VIII,



Nozzle Loads
Division 1, Para. UG‑27



SSE


Discharge Head
Design Pressure
ASME Boiler & Pressure
            2.29 in.
        1.71 in.


Cover

Vessel Code, Section VIII




Division 1, Para. UG‑34,




UG‑39 & UG‑40


Nozzle Shell
FAULTED CONDITION
ASME Boiler & Pressure


Inter Section
Design Pressure
Vessel Code, Section VIII
(Suction)   24,999
        31,500



Nozzle Loads
Division 1, Para. UG‑37
(Discharge) 22,050



SSE


Discharge Pipe
FAULTED CONDITION
ASME Boiler & Pressure
            17,920
        18,000



Design Pressure
Vessel Code, Section VIII



Nozzle Loads
Division 1, Para. UG‑27


Discharge Head
FAULTED CONDITION
Bolting Loads & Stresses
            34,965
        50,000


Bolting
Design Pressure
per “Rules for Bolted



Nozzle Loads
Flange Connections” ASME



SSE
Section VIII, App. II


Motor Bolting
FAULTED CONDITION
Bolting Loads & Stresses
            14,462
        50,000



SSE
per “Rules for Bolted




Flange Connections” ASME




Section VIII, App. II


TABLE 3.9‑3n (Continued)


HIGH PRESSURE CORE SPRAY PUMP(1)




Calculated Stress (PSI)
Allowable Stress (PSI)





           or
         or


   Location   
Loading Condition
         Criteria         
Actual Thickness (in.)
Min. Thickness (in.)
 

Discharge Head
FAULTED CONDITION
ASME Boiler & Pressure
             8,426
        21,000


Shell
Design Pressure
Vessel Code, Section VIII



Nozzle Loads
Division 1, Para. UG‑27



SSE


Discharge Head
Design Pressure
ASME Boiler & Pressure
            2.67 in.
        2.04 in.




Vessel Code, Section VIII




Division 1, Para. UG‑34,




UG‑39 & UG‑40


Nozzle Shell
FAULTED CONDITION
ASME Boiler & Pressure


Inter Section
Design Pressure
Vessel Code, Section VIII,



Nozzle Loads
Division 1, Para. UG‑37
(Suction)   16,310
        31,500



SSE

(Discharge) 18,160
        31,500


Discharge Pipe
FAULTED CONDITION
ASME Boiler & Pressure
            10,175
        21,500



Design Pressure
Vessel Code, Section VIII



Nozzle Loads
Division 1, Para. UG‑27


Discharge Head
FAULTED CONDITION
Bolting Loads & Stresses
            37,420
        50,000


Bolting
Design Pressure
per “Rules for Bolted



Nozzle Loads
Flange Connections” ASME



SSE
Section VIII, App. II


Motor Bolting
FAULTED CONDITION
Bolting Loads & Stresses
            22,432
        50,000



SSE
per “Rules for Bolted




Flange Connections” ASME




Section VIII, App. II


NOTE:


(1)
Operability demonstrated by analysis.


TABLE 3.9‑3o


(RHR) RESIDUAL HEAT REMOVAL HEAT EXCHANGER




   Allowable Stress or
 Calculated Stress


_   Loading/Component   _
_     Criteria/Location    _
_  Min. Thickness Reqd.   _
_  or Thickness  _


1. Closure Bolting
Bolting Loads and Stresses



calculated per “Rules for


   Loads:  Normal
Bolted Flange Connections,”



ASME Section III, App. XI


   Design Pressure and


   Temperature


   Design Gasket Load


   Loads:  Faulted
a. Shell to Tube Sheet Bolts
         25,000 psi
       24,950 psi



b. Channel Cover Bolts
         25,000 psi
       24,390 psi


   Design Pressure and


   Temperature, Dead


   Weight, Nozzle Loads,


   SSE, SRV, LOCA


2. Wall Thickness
Shell Side ASME Section III,



Class 2 and TEMA, Class C



Tube Side ASME Section III,



Class 3 and TEMA, Class C


    Loads:  Normal


    Design Presssure and
a. Shell
         0.896 in.
       1.0 in.


    Temperature
b. Shell  Cover
         0.885 in.
       0.885 in. min.



c. Channel Ring
         0.924 in.
       1.0 in.


TABLE 3.9‑3o (Continued)




   Allowable Stress or
 Calculated Stress


    Loading/Component    
      Criteria/Location     
   Min. Thickness Reqd.    
   or Thickness
  

    Stress Limit per ASME
d. Tubes
         0.050 in.
       0.054 in. min.


    Section III
e. Channel Cover
         8.11 in.
       8.25 in



f. Tube Sheet
         7.08 in.
       7.125 in.


3.  Nozzle Loads




    Allowable
Actual




     Nozzle
Nozzle


______Criteria_______
____Loadings______
____Component____
Load__
    
Load(1)



The maximum forces
Normal/Upset
E12B001A,B,C,D
See Note(2)
    See Note(2)

and moments due to
Normal


piping load combinations
OBE


shall not exceed the


allowable limits


Primary stress shall be
Emergency/Faulted

See Note(2)
    See Note(2)

the smaller of 0.70 Su
Normal


or 2.40  S per ASME
SSE


Section III allowable.


NOTES:


(1)
One coordinate axis must be the nozzle centerline.  Another coordinate axis must be parallel to the heat exchanger centerline, except where the heat exchanger centerline is parallel to the nozzle centerline.  In this case, the coordinate axis must be orthogonal to the nozzle centerline and at 0(‑180( or 90(‑270( azimuth.


(2)
The calculated nozzle loads exceeded the analytical expression given in (3) below.  However, a stress analysis was performed and the calculated nozzle loads still meet the allowable stresses of the heat exchanger.


TABLE 3.9‑3o (Continued)


NOTES:  (Continued)


(3)
The following expression relates the allowable combination of forces and moments:
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Where:



Fi = The largest of any of the three actual external orthogonal forces (Fx, Fy and Fz)



Mi = The largest of any of the three actual external orthogonal moments (Mx, My and Mz)



Fo = The allowable value of Fi when all moments are zero



Mo = The allowable value of Mi when all forces are zero


TABLE 3.9‑3p


DELETED


TABLE 3.9‑3p (Continued)


DELETED


TABLE 3.9‑3p (Continued)


DELETED


TABLE 3.9‑3p (Continued)


DELETED


TABLE 3.9‑3q


RCIC TURBINE







Allowable
Calculated






    Limiting
  Stress
  Stress


                      Criteria/Loading                   
         Component        
   Stress Type  
  (PSI)  
  (PSI)



The highest stressed sections of the


various components of the RCIC Turbine


assembly are identified.  Allowable


stresses are based on ASME B&PV Code,


Section III, for:


Pressure Boundary Casting SA216‑NCB:
S = 14,000 psi


Pressure Boundary Bolting, SA193‑B7
S = 25,000 psi


Alignment Dowel Pins:AISI 4037, Rc28‑35




Sa = 61,000 psi




Sy = 106,000 psi


Normal and Upset Condition Loads:

Casting: 1) Stop valve
General Membrane
    14,000


1.
Normal Loads

         2) Governor valve
General Membrane
    14,000


2.
OBE

         3) Turbine inlet
Local Bending
    21,000





         4) Turbine case
Local Bending
    21,000
See Note(1)




Pressure Containing Bolts:
     Tensile
    25,000





Structure Alignment Pins:
     Shear
    61,100


Emergency or Faulted Condition(2):

         1. Stop valve
General Membrane
    16,800
     9,800


 1. Normal Loads

         2. Governor valve
General Membrane
    16,800
    13,200


 2. SSE

         3. Turbine inlet
Local Bending
    25,200
    15,300





         4. Turbine case
Local Bending
    25,200
    18,000





Pressure Containing Bolts
     Tensile
    25,000
    20,100





Structure Alignment Pins
     Shear
    61,100
    46,880


TABLE 3.9‑3q (Continued)


Nozzle Loads





   Allowable
     Actual





     Nozzle
     Nozzle


       Criteria           
     Loadings       
     Compound      
      Load       
      Load



The maximum resultant


force and resultant
Normal
Turbine E51C002
Inlet


moment due to piping
Normal

Fo = 875 lbs
Use of maximum


load combinations


Mo = 2,620 ft‑lbs
resultant values


shall not exceed the



for Fr and Mr


allowable limit


Exhaust
in interaction





Fo = 2,325 lbs
equation(3)




Mo = 7,000 ft‑lbs
produces results






which are less



Upset

Inlet
than or equal



Normal

Fo = 575 lbs
to 1.0 for all



OBE

Mo = 6,000 ft‑lbs
nozzles under






specified loadings.





Exhaust





Fo = 2,325 lbs





Mo = 7,000 ft‑lbs



Emergency/Faulted

Inlet



Normal

Fo = 575 lbs



SSE

Mo = 6,000 ft‑lbs





Exhaust





Fo = 2,790 lbs





Mo = 8,400 ft‑lbs


TABLE 3.9‑3q (Continued)


NOTES:


(1)
Calculated stresses for the emergency or faulted condition are lower than the allowable stresses for the normal plus upset condition; therefore, the normal and upset condition is not evaluated.


(2)
Operability:
Analysis indicates that shaft deflection with faulted loads is 0.006 inch, which is fully acceptable, and maximum bearing load with faulted condition is 80% of allowable.  Furthermore, as indicated in <Section 3.9.2.2.2.9>, the turbine assembly has been seismically qualified via dynamic testing, enveloping the response spectra defined on <Figure 3.9‑1> and <Figure 3.9‑2>.  This qualification included demonstration of startup and shutdown capabilities, as well as no load operability during seismic loading conditions.


(3)
Load Definition:  Allowable combination of forces and moments is as follows:
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Where:
Fr =
The resultant of the three absolute external orthogonal forces (Fx, Fy,






Fz) that may be imposed by the interface pipe (lbs).





Mr =
The resultant of the three absolute external orthogonal moments (Mx, My, Mz) that may be imposed by the interface pipe (ft‑lbs).
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TABLE 3.9‑3r


RCIC PUMP







Allowable
Calculated






    Limiting
  Stress
  Stress


                      Criteria/Loading                   
         Component        
   Stress Type  
  (PSI)  
  (PSI)



Pressure boundary stress limits of the


various components for the RCIC pump


assembly are based on the ASME B&PV Code


Section III, for pressure boundary parts


@ 140(F.


1.  Forged barrel, SA105 GR. II
Sy = 36,000 psi


2.  End cover plates, SA105 GR. II
Sy = 36,000 psi


3.  Nozzle connection, SA105 GR. II
Sy = 36,000 psi


4.  Aligning pin, SA105 GR. II
Sy = 36,000 psi


5.  Closure bolting, SA193‑87
Sy = 105,000 psi


6.  Pump hold-down bolting, SA325
Sy = 77,000 psi


7.  Taper pins, SA108 GR B1112,
Sy = 75,000 psi


Normal & Upset Condition Loads:


1.  Normal Loads

1.  Forged barrel
General membrane
    17,500


2.  OBE

2.  End cover
General membrane
    17,500





    (Suction)





3.  End cover
General membrane
    17,500





    (Discharge)


 See Note(1)




4.  Nozzle rein‑
General membrane
    17,500





    forcement





5.  Alignment pin
Shear
    18,000





6.  Closure bolting
Tensile
    25,000





7.  Taper pine
Shear
    15,000





8.  Pump hold-down
Tensile
    40,000





    bolts


TABLE 3.9‑3r (Continued)







Allowable
Calculated






    Limiting
  Stress
  Stress


                      Criteria/Loading                    
         Component        
   Stress Type  
  (PSI)  
  (PSI)



EMERGENCY OR FAULTED CONDITION LOADS(2)

1.  Normal Loads

1.  Forged barrel
General membrane
    21,000
    13,300


2.  SSE

2.  End cover
General membrane
    21,000
    10,760





    (suction)





3.  End cover
General membrane
    21,000
    15,900





    (discharge)





4.  Nozzle rein‑
General membrane
    21,000
    13,180





    forcement at





    barrel





5.  Alignment pin
Shear
    18,000
     9,370





6.  Closure bolting
Tensile
    25,000
    21,000





7.  Taper pins

    18,000
     2,280





    (baring housing)





8.  Pump hold-down
Tension
    48,000
     6,920





    bolts


Nozzle Loads





    Allowable
     Actual





     Nozzle
     Nozzle


       Criteria           
     Loadings       
     Compound      
      Load       
      Load



The maximum forces
Normal/Upset
Pump E51C001
Suction
use of maximum


and moments due to
Normal

Fo = 1,940 lbs
values for Fi and


piping load combinatins
OBE

Mo = 2,460 ft‑lbs
Mi in interaction


shall not exceed the
SRV


equation(3) produces


allowable limits.


Discharge
results which are





Fo = 3,715 lbs
less than or equal





Mo = 2,950 ft‑lbs
to 1.0 for all






nozzles under



Emergency/Faulted

Suction
specified loadings



Normal

Fo = 2,325 lbs



SSE

Mo = 2,950 ft‑lbs



SRV



SBA/IBA/DBA

Discharge





Fo = 4,450 lbs





Mo = 5,200 ft‑lbs


TABLE 3.9‑3r (Continued)


NOTES:


(1)
Calculated stresses for emergency or faulted condition are less than the allowable for normal plus upset condition; therefore, the normal and upset condition are not evaluated.


(2)
Operability:
Analyses for emergency or faulted condition show that the maximum shaft deflection is 0.002 in. with 0.006 in. allowable, shaft stresses are 3080 psi with 25000 psi allowable, and bearing loads of drive end 98 lb with 7670 lb allowable and thrust end 765 lb with 17600 lbs allowable.


(3)
Load Definition:  Allowable combination of forces and moments is as follows:
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Where:
Fi =
The largest absolute value of any of the three actual external







orthogonal forces (Fx, Fy or Fz) that may be imposed by the interface pipe (lbs).






Mi =
The largest absolute value of any of the three actual external orthogonal moments (Mx, My, Mz) that may be imposed by the interface pipe (ft‑lbs).
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TABLE 3.9‑3s


REACTOR REFUELING AND SERVICING EQUIPMENT


Refueling Platform(1)



 Limiting
 Allowable
 Calculated


_     Acceptance Criteria         _
_    Complete     _
Stress Type
Stress (PSI)
Stress (PSI)


The allowable axial plus bending


loads’ stresses are based on AISC


Part 5 Section 1.5 for ASTM A 36


Structural Steel


Fu = 58,000 psi


Fy = 36,000 psi


For Normal Condition:
For Normal Condition:
Axial load
     23,760
     18,162



1.  Normal loads
plus


Slimit = 0.66Fy

bending


For Upset Condition:
For Upset Condition:
Axial load
     32,400
     30,194



1.  Normal loads
plus


Slimit = 0.9Fy
2.  OBE
bending


For Faulted Condition:
For Faulted Condition:
Axial load
     40,600
     35,860



1.  Normal loads


Slimit = 0.7 Fu
2.  SSE


TABLE 3.9‑3s (Continued)


Fuel Preparation Machine(1)



 Limiting
 Allowable
 Calculated


_     Acceptance Criteria         _
_    Component     _
Stress Type
Stress (PSI)
Stress (PSI)


The allowable axial load’s stress


is based on ASME Code Section III,


ASTM A 167 for Type 302


Annealed S.S.


Fy = 30,000 psi


Fu = 75,000 psi


Sm = 17,800 psi


For normal condition:
For normal condition:
Axial load
     17,800
  16,030



1.  Normal loads


Slimit = Sm

For upset condition:
For upset condition:
Axial load
     24,000
  16,148(2)


1.  Normal loads


Slimit = 0.8 Fy
2.  OBE


For faulted condition:
For faulted condition:
Axial load
     36,000
  16,132(2)


1.  Normal loads


Slimit = 1.2 Fy
2.  SSE


TABLE 3.9‑3s (Continued)


Inclined Fuel Transfer Tube(3)



 Limiting
 Allowable
 Calculated


      Acceptance Criteria          
     Loading      
Stress Type
Stress (PSI)
Stress (PSI)


The allowable axial plus bending


loads are based on ASME Section III,


Class 2, SA182 for Type 304


stainless steel


Fu = 75,000 psi


Fy = 30,000 psi


For Normal Condition:
For Normal Condition:
Axial load
     27,450
      7,903



1.  Normal Loads
plus


Slimit = 1.5 x 0.6 x Fy

bending


For Emergency Condition:
For Emergency
Axial load
     41,175
     27,289



Condition:
plus


Slimit = 1.5 x 0.9 x Fy
1.  Normal Loads
bending



2.  OBE



3.  Safety/Relief



    Valve Discharge



    Caused Loads


For Faulted Condition:
For Faulted Condition:
Axial load
     53,850
     36,908



1.  Normal Loads
plus


Slimit = 1.5 x 1.2 x Fy
2.  SSE
bending



3.  Safety/Relief



    Valve Discharge



    Caused Loads


TABLE 3.9‑3s (Continued)


Fuel Assembly (Including Channel)(4)




 Calculated
Evaluation




  Primary
    Peak
  Basis


 Acceptance Criteria  
            Loading           
 Load Type 
Acceleration
Acceleration


Acceleration Envelope
Horizontal Direction:
Horizontal
    1.9 G
See Note(5)



Acceleration



1.  Peak pressure



2.  SSE



3.  DBA



Vertical Direction:
Vertical
    3.5 G
See Note(5)



Acceleration



1.  Peak pressure



2.  SSE



3.  DBA


NOTES:


(1)
New loads have no impact on this component.


(2)
The faulted condition load is smaller than upset because of the damping difference.  Upset uses 2%, faulted uses 4%.


(3)
Operability assurance is demonstrated by analysis.


(4)
The calculated maximum fuel assembly gap opening for the most limiting load combination is 0.038 inch.


(5)
Acceleration Bases and Evaluation Bases are contained in NEDE‑21175‑3‑P.


<TABLE 3.9‑3t>


DELETED


TABLE 3.9‑3u


CONTROL ROD DRIVE


Main Flange:(2)



  Primary
 Allowable
 Calculated


_        Criteria             _
_          Loading          _
_Stress Type _
Stress (PSI)
Stress (PSI)


Allowable Primary Membrane


Stress plus Bending Stress


is based on ASME Boiler &


Pressure Vessel Code,


Section III for Type F304


Stainless Steel @ 575(F


Sm = 16,700 psi


For Normal and Upset Condition:
For Normal & Upset



Condition:
General
    25,000
     5,813



1.  Normal Loads(1)
Membrane


Sallow = 1.5 x Sm
2.  OBE
plus Bending



3.  DBA


For Emergency Condition:
For Emergency Condition:
General
    30,000
     4,300



1.  Normal Loads(1)
Membrane


Sallow = 1.8 x Sm
2.  DBA
plus Bending


For Faulted Condition:
For Faulted Condition:
General
    60,000
     7,294



1.  Normal Loads(1)
Membrane


Sallow = 3.6 x Sm
2.  SSE
plus Bending



3.  DBA


TABLE 3.9‑3u (Continued)


Ring Flange:(2)



   Primary
 Allowable
 Calculated


_        Criteria             _
_          Loading          _
_Stress Type _
Stress (PSI)
Stress (PSI)


Allowable Primary Membrane


Stress plus Bending Stress


is based on ASME Boiler &


Pressure Vessel Code,


Section III for Type 304


Stainless Steel @ 250(F


Sm = 20,000 psi


For Normal and Upset Condition:
For Normal & Upset Condition:
General
    30,000
   10,961



1.  Normal Loads(1)
Membrane


Sallow = 1.5 x Sm
2.  Scram with OBE
+ Bending



    and no buffer


For Emergency Condition:
For Emergency Condition:
General
    36,000
    1,838



1.  Normal Loads(1)
Membrane


Sallow = 1.8 x Sm
2.  Scram with accumulator
+ Bending



    at over‑pressure


For Faulted Condition:
For Faulted Condition:
General
    72,000
    4,041



1.  Normal Loads(1)
Membrane


Sallow = 3.6 x Sm
2.  Scram with SSE
+ Bending



3.  Scram with stuck rod


TABLE 3.9‑3u (Continued)


Indicator Tubes:




   Primary
 Allowable
 Calculated


_        Criteria             _
_          Loading          _
_Stress Type _
Stress (PSI)
Stress (PSI)


Allowable Primary Membrane 


Stress plus Bending Stress


is based on ASME Boiler &


Pressure Vessel Code,


Section III for Type 316


Stainless Steel @ 250(F


Sm = 20,000 psi


For Normal and Upset Condition:(3)For Normal & Upset Condition:
General
    30,000
   15,939



1.  Normal Loads(1)
Membrane


Sallow = 1.5 x Sm
2.  CRD Shim/Jog
plus Bending


For Emergency Condition:(3)
For Emergency Condition:
General
    36,000
   23,826



1.  Normal Loads(1)
Membrane


Sallow = 1.8 x Sm
2.  Failure of pressure
plus Bending



    regulating system



3.  Scram with accumulator



    at over‑pressure


For Faulted Condition:
For Faulted Condition:
General
    72,000
   16,100



1.  Normal Loads(1)
Membrane


Sallow = 3.6 x Sm
2.  Scram with SSE
plus Bending



3.  Chugging and LOCA



4.  SRV Discharge Caused Loads


TABLE 3.9‑3u (Continued)


NOTES:


(1)
New loads do not significantly contribute to the flange stresses.


(2)
Normal loads include pressure, temperature, weight, and mechanical loads.


(3)
For Normal, Upset and Emergency conditions, the calculated stresses due to the hydrodynamic loads are less than the originally calculated stresses.


TABLE 3.9‑3v


CONTROL ROD DRIVE HOUSING




     Primary
 Allowable
 Calculated


_       Criteria           _
_          Loading          _
_  Stress Type  _
Stress (PSI)
Stress (PSI)


Primary Stress Limit ‑ The


allowable primary membrane


stress is based on the ASME


Boiler and Pressure Vessel


Code, Section III, for


Class I vessels, for


Type 304 stainless steel.


For Normal and Upset Con‑
Normal and Upset Condition:
Maximum
     16,660
   13,677


dition:
1.  Design pressure
membrane stress


Slimit = 1.0 Sm =
2.  Stuck rod scram
intensity occurs



    loads
at the tube to the


16,660 psi @ 575(F
3.  Operational basis
tube weld near the



    earthquake, with
center of the



    housing lateral
housing for normal,



    support installed
upset and emergency




conditions.


For Faulted Conditions(1):
Faulted Condition Loads:

     20,000
   14,727



1.  Design pressure



2.  Stuck rod scram loads


Slimit = 1.2 Sm
3.  Safe shutdown earth‑



    quake, with housing



    lateral support installed


NOTES:


(1)
Analyzed to emergency conditions limits.


(2)
The new loads calculated stresses are lower than the original design calculations.


TABLE 3.9‑3w


JET PUMPS




     Primary
 Allowable
 Calculated


_       Criteria           _
_          Loading          _
_  Stress Type  _
Stress (PSI)
Stress (PSI)


Primary Membrane Plus


Bending Stress based on


ASME B&PV code Section III


304SS


For Service Levels A & B
Service Level A & B (Normal
Primary Membrane


(Normal and Upset) condition:
& Upset)
plus Secondary


For Type 304S.S. @ 550(F
1.  Normal loads
Membrane and
   50,700
   15,350


    Sm = 16,900 psi
2.  OBE
Thermal Bending



3.  SRV Discharge Caused


Slimit = 3.0 Sm
    Loads


For Service Level C
Service Level C (Emergency)
Primary Membrane


(Emergency) Condition:
Loads
plus Bending
   30,420
   10,220


For Type 304S.S @ 550(F
1.  Normal Loads


    Sm = 16,900 psi
2.  OBE



3.  SRV Discharge Caused


Slimit = 1.8 Sm
    Loads


For Service Level D (Faulted)
Service Level D (Faulted)
Primary Membrane


Condition:
Loads
plus Bending
   60,840
   52,120


For Type 304 S.S. @ 550(F
1.  Normal Loads


    Sm = 16,900 psi
2.  SSE



3.  Annulus Pressurization


Slimit = 3.6 Sm
4.  SRV Discharge Caused



    Loads


<TABLE 3.9-3x>


DELETED


TABLE 3.9‑3y


HIGHEST STRESSED REGION ON THE LPCI COUPLING (ATTACHMENT RING)




     Primary
Allowable
Calculated


_       Criteria            
           Loading           
   Stress Type   
Stress (PSI)
Stress (PSI)


Primary Membrane Plus


Bending stress based on


ASME B&PV code Section III


for Type 316 L, NG ‑ 3,000


Sm @ 528(F = 14,150 psi


For Service Levels A & B
Normal and Upset Loads:
Primary Membrane
   14,858
   14,033


(Normal & Upset) Condition:
1.  Normal Loads
+ Bending


Slimit = 1.5 x .7Sm
2.  OBE



3.  Safety/Relief Valve



    Discharge Caused Loads


For Service Level C
Emergency Loads
Primary membrane
   22,290
   19,254


(Emergency) Condition:
1.  Normal loads
+ Bending


Slimit = 2.25 x .7Sm
2.  SRV (ADS)


For Service Level D
Faulted Loads
Primary Membrane
   35,658
   34,807


(Faulted) Condition:
1.  Normal loads
+ Bending


Slimit = 2.4(1.5)(.7) Sm
2.  SSE



3.  DBA


<TABLE 3.9‑3z>


DELETED


TABLE 3.9‑3aa


CONTROL ROD GUIDE TUBE(1)(2)



     Primary
 Allowable
 Calculated


_       Criteria           _
_          Loading          _
_  Stress Type  _
Stress (PSI)
Stress (PSI)


CONTROL ROD GUIDE TUBE


Primary Stress Limit


The allowable primary mem‑


brane stress plus bending


stress is based on the ASME


Boiler and Pressure Vessel


Code, Section III, Class CS


for Type 304 stainless


steel material


For Service Levels A & B
Service Levels A and B
Applying Vertical
   24,000
     16,340


(Normal and Upset)
(Normal and Upset Condition)
Seismic plus dead


Condition:
Applied Loads
weight, the



1.  External Pressure
maximum stress


    1.5 Sm
= 1.5 x 16,000
2.  Vertical Seismic and
under Service



    weight

Levels A & B



= 24,000 psi
3.  Horizontal Seismic
(normal and upset)



4.  Lateral Flow impingement
conditions occurs



5.  Vibration
at the guide tube




base.


TABLE 3.9‑3aa (Continued)




     Primary
 Allowable
 Calculated


_       Criteria           _
_          Loading          _
_  Stress Type  _
Stress (PSI)
Stress (PSI)


For Service Level D
Service Level D (Faulted)
Applying Vertical
   38,400
   21,763


(Faulted) Condition:
Condition Applied Loads
Seismic plus dead



1.  External Pressure
weight, the


    Slimit  = 2.4 Sm
2.  Vertical Seismic and
maximum stress



    Weight
under Service



= 2.4 x 16,000
3.  Horizontal Seismic
Level D (faulted)



= 38,400 psi
4.  Lateral Flow Impingement
loading conditions



5.  Vibration
occurs at the guide




tube base.


NOTES:


(1)
New loads do not significantly affect flange stresses.


(2)
Calculated stresses for Emergency condition are lower than Normal and Upset.


TABLE 3.9‑3ab


INCORE HOUSING




     Primary
 Allowable
 Calculated


_       Criteria           _
_          Loading          _
_  Stress Type  _
Stress (PSI)
Stress (PSI)


Primary Stress Limit ‑ The


allowable primary membrane


stress is based on ASME


Boiler and Pressure Vessel


Code, Section III for


Class I vessels for type


Inconel 600 austenitic high


nickel alloy steel


For Service Levels A & B
Service Level A & B
Maximum membrane


(Normal and Upset) Condition:
(Normal and Upset)
Stress intensity:
   23,300
   18,055


Slimit = 1.0Sm
Condition Loads
occurs at the



1.  Normal Loads
outer surface of



=
23,300 psi
2.  OBE
the vessel pene‑




at 575(F
3.  Safety/Relief Valve
tration



    Discharge Caused Loads


Service Level D (Faulted)
Service Level D (Faulted)
General Membrane
   55,920
   21,026


Condition
Condition Loads
+ Bending


Stress limit is the lesser
1.  Normal Loads


of   0.7 Su
2.  SSE


    =0.7 x 80,000
3.  DBA


    =56,000


or   2.4 Sm

    =2.4 x 23,000


    =55,920


TABLE 3.9‑3ac


REACTOR VESSEL SUPPORT EQUIPMENT


Orificed Fuel Supports(2)



     Primary
 Allowable
 Calculated


        Criteria            
           Loading           
   Stress Type   
Stress (PSI)
Stress (PSI)


Based on ASME Code


Section III Subsection NG.


  Sm @ 575(F = 15,580 psi


For Normal and Upset
Normal and Upset Loads


Condition:
1.  Normal Loads
Primary
   15,580
   12,413(1)

Slimit = 1.0 Sm
2.  OBE
Membrane(1)

For Emergency Condition:
Emergency Loads



See Note(3)

For Faulted Condition:
Faulted Loads:



1.  Normal Loads
Primary
   35,440
   23,505(1)

S = 2.4 Sm
2.  SSE
Membrane(1)

TABLE 3.9‑3ac (Continued)


CRD Housing Supports ‑ Grid Structure




     Primary
 Allowable
 Calculated


        Criteria            
           Loading           
   Stress Type   
Stress (PSI)
Stress (PSI)


Based on AISC Specification


for the design, fabrication


and erection of structural


steel for buildings.


Fy @ 150(F = 46,000 psi


For Normal and Upset
Normal and Upset


Condition:
Loads:


fa = 0.60 Fy(4)  (Tension)
Negligible(5)

   N/A
   N/A


fb = 0.66 Fy(4)  (Bending)


fv = 0.40 Fy(4)  (Shear)


For Emergency Condition:
Emergency Loads:



Negligible(5)

For Faulted Condition:
Faulted Loads:


fa(limit)  = 1.5x0.60xFy(4)
1.  Weight of structure
Bending
   41,500
fb = 40,500



(Tension)


fb(limit)  = 1.5x0.60xFy(4)
2.  Impact force from



(Bending)
    failure of CRD
Shear
   27,500
fv = 11,600


fv(limit)  = 1.5x0.40xFy(4)


(Shear).


TABLE 3.9‑3ac (Continued)


CRD Housing Supports ‑ Beams




     Primary
 Allowable
 Calculated


        Criteria            
           Loading           
   Stress Type   
Stress (PSI)
Stress (PSI)


Based on AISC Specification


for the design, fabrication


and erection of structural


steel for buildings.


Fy @ 50(F = 36,000 psi


For Normal and Upset
Normal and Upset


Condition:
Loads:


Fa = 0.60Fy(4) (Tension)


Fb = 0.60Fy(4) (Bending)
Negligible(5)

Fv  =0.40Fy(4) (Shear)


For Emergency Condition:
Emergency Loads:



Negligible(5)

For Faulted Condition:
Faulted Loads:


fa(limit)   = 1.5 x 0.60 x Fy(4)
1.  Weight of structure
Top Chord
   33,000
Fa =  14,000



(Tension)
2.  Impact force from


fb(limit)   = 1.5 x 0.60 x Fy(4)
    failing of CRD Housing
Top Chord
   33,000
fb =  20,000



(Bending)


fv(limit)   = 1.50 x 0.40 x Fy(4)

Bottom Chord
   33,000
fa =  1,700



(Shear)





   33,000
fb =  21,000


TABLE 3.9‑3ac (Continued)


NOTES:


(1)
ASME Section 3 NG‑3228.4 defines the use of test to show adequacy.  NG3228.4 does not require the separation of primary and secondary stresses.  However, because the summation of stresses determined for test for upset and faulted conditions are less than allowable, the 12,413 psi for upset and 23,505 psi for faulted are reported in the code stress report.


(2)
New Load adequacy was assumed by the above testing and experience.


(3)
Calculated stresses for emergency condition are lower than Normal and Upset.


(4)
Fy = Material yield strength.


(5)
All other loads are very small compared to impact force.


TABLE 3.9‑3ad


HYDRAULIC CONTROL UNIT


This Component has been qualified by test.


<TABLE 3.9‑3ae>


DELETED


TABLE 3.9‑3af


HIGH PRESSURE CORE SPRAY SYSTEM ASME CODE CLASS 1 VALVE





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



1.0
Body and Bonnet(2)

1.1
Loads:



Design Pressure
System Requirement
1,575 psi
1,575 psi
N/A



Design Temperature
System Requirement
575(F
575(F
N/A



Pipe Reaction
Not Specified



Thermal Effects
Not Specified


1.2
Pressure Rating, 655 psi
ASME Section III(1),
Pr = 655 psi
Pr =655 psi
N/A




Figure NB 3545.1‑2


1.3
Minimum Wall Thickness,
ASME Section III(1),
t(nominal)
tm =1.089 min
N/A



inches
Paragraph NB‑3542
= 1.089 inches
    inches


1.4
Primary Membrane Stress,
ASME Section III(1),
Pm<Sm(500(F)
Pm =7,629 psi



psi
Paragraph NB‑3545‑1
= 19,400 psi

0.39


1.5
Secondary Stress Due to
ASME Section III(1),
Pe=Greatest
Ped =5,942 psi
0.20



Pipe Reaction
Paragraph NB‑3545.2.(b)(1)
value of Ped,
Pdb =10,352 psi
0.36




(S = 30,000 psi)
Peb and Pet
Pet =10,352 psi
0.36





(1.5 Sm(500(F)
Pe=Pet =10,352 psi
0.36





1.5(19,400)





= 29,100 psi


1.6
Primary Plus Secondary
ASME Section III(1),
N/A
Qp = 21,902 psi
N/A



Stress Due to Internal
Paragraph NB‑3545.2(a)(1)



Pressure


TABLE 3.9‑3af (Continued)





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



1.7
Thermal Secondary Stress
ASME Section III(1),
N/A
QT =740 psi
N/A




Paragraph NB‑3545.2(c)


1.8
Sum of Primary Plus
ASME Section III(1),
Sn (35m(500()
Sn =Op+Pe+2QT
0.48



Secondary Stress
Paragraph NB‑3545.2
= 3(19,400)
   =28,124 psi





= 58,200 psi


1.9
Fatigue Requirements
ASME Section III(1),
Na (2,000
Na =7x104
N/A




Paragraph NB‑3545.3

cycles

cycles


1.10
Cyclic Rating
ASME Section III(1),
IT (1.0
It =0.71
0.71




Paragraph NB‑3550


2.0
Body to Bonnet Bolting


2.1
Loads:  Design Pressure
ASME Section III(1),



and Temperature, Gasket
Paragraph NB‑3647.1



Loads, Stem Operational



Load, Seismic Load



(Design Basis



Earthquake)


2.2
Bolt Area
ASME Section III(1),
Ab (18.83 in.2
Ab =18.89 in.2
N/A




Paragraph NB‑3647.1
Sb (29,500 psi
Sb =29,500 psi
N/A


TABLE 3.9‑3af (Continued)





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



2.3
Body Flange Stresses
ASME Section III(1),




Paragraph NB‑3647.1


2.3.1 Operating Conditions

Sm (1.5 Sm(575)
Sm =22,680 psi
0.78





= 29,100 psi





Sr (1.5 Sm(575)
Sr =15,940 psi
0.55





= 29,100 psi





St (1.5 Sm(575)
St =4,950 psi





= 29,100 psi


2.3.2 Gasket Seating
ASME Section III(1),
Sm (1.5 Sm
Sm =20,030 psi
0.57



 Condition
Paragraph NB‑3647.1
     (100(F)





= 34,950 psi





SR (1.5 Sm
SR =13,560 psi
0.39





    (100(F)





= 34,950 psi





ST (1.5 Sm
ST =4,220 psi
0.12





     (100(F)





= 34,950 psi


TABLE 3.9‑3af (Continued)





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



2.4
Bonnet Flange Stresses


2.4.1 Operating Condition
ASME Section III(1),
Sm (1.5 Sm
Sm =22,300 psi
0.77




Paragraph NB‑3647.1
     (500(F)





= 29,100 psi





SR (1.5 Sm
SR =17,580 psi
0.60





     (500(F)





= 29,100 psi





ST (1.5 Sm
ST =850 psi
0.03





     (500(F)





= 29,100 psi


2.4.2 Gasket Seating
ASME Section III(1),
Sm (1.5 Sm
Sm =19,430 psi
0.67



 Condition
Paragraph NB‑3647.1
     (500(F)





= 29,100 psi





SR (1.5 Sm
SR =14,960 psi
0.51





    (500(F)





= 29,100 psi





ST (1.5 Sm
ST =720 psi
0.02





    (500(F)





= 29,100 psi


TABLE 3.9‑3af (Continued)





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



3.0
Stresses in Stem


3.1
Loads:  Operator Thrust



and Torque


3.2
Stem Thrust Stress
Calculate Stress Due to
ST <Sm
ST =10,700 psi
0.49




Operator Thrust in




Critical Cross Section
= 22,000 psi


3.3
Stem Torque Stress
Calculate Shear Stress
SS (0.6 Sm
SS =10,010 psi
0.76




due to Operator Torque




in Critical Cross
= 13,000




Section


3.4
Buckling on Stem
Calculate Slenderness
Max allowable
Slenderness
0.49




Ratio.  If greater than
load = 69,000 lbs
ratio = 28




30, calculate allowable

Actual load




load from Rankine’s

on Stem




Formula using safety

= 33,600 lbs




factor of 4.

Therefore,






no buckling.


4.0
Disc Analysis


4.1
Loads:  Maximum
‑
‑
‑
‑



Differential



Pressure (2)


TABLE 3.9‑3af (Continued)





DESIGN/
RATIO



COMPONENT/LOAD/
ALLOWABLE
CALCULATED
CALCULATED/



STRESS TYPE


DESIGN PROCEDURE


LIMIT


VALUE


ALLOWABLE



4.2
Maximum Stress in
ASME Section III(1),
Smax (0.6Sm
Max Stress
0.27



the Disc
Paragraph NB‑3215 and
 at (500(F)
= 3,160 psi




ASME Section III(1),
= 11,680 psi




Paragraph NB‑3227.3


5.0
Yoke and Yoke Connections


N/A
N/A


5.1
Loads:  Stem Operational
Calculate Stresses in



        load
the yoke and yoke




connections to




acceptable structural




analysis methods.


5.2
Tensile Stress in Yoke

Smax (Sm
Smax =17,936 psi



Legs Bolts

    (100(F)

0.51





= 35,000 psi


5.3
Bending Stress of Yoke
‑
Sb (1.5 Sb
Sb =15,450 psi
0.44





    (100(F)





= 34,950 psi


NOTES:


(1)
ASME Section III Edition


(2)
Valve Differential Pressure is 1,575 psig


TABLE 3.9‑4


SEISMIC AND HYDRODYNAMIC QUALIFICATION SUMMARY OF MAJOR SAFETY‑RELATED MECHANICAL EQUIPMENT



QUALIFICATION

QUALIFICATION


_     COMPONENT     _
_  METHOD(1)___

INPUT MOTION(2)
_
SUMMARY(3)__

Jet Pump

See Note(4)
3.9‑3w


Control Rod Drive

See Note(4)
3.9‑3u


CRD Housing

See Note(4)
3.9‑3v


CR Guide Tube

See Note(4)
3.9‑3aa


Orificed Fuel
T
See Note(4)
3.9‑3ac


Support


Main Steam
T/A

3.9‑3h


Isolation Valve


Main Steam Safety/
T/A
6.5g Horizontal
3.9‑3g


Relief Valve

4.5g Vertical


Recirculation Pump
A
4.5g Horizontal
3.9‑3i


and Motor

  3g Vertical


Hydraulic Control Unit
T
<Section 3.9.2.2.3.d>
3.9‑3ad


SLC Pump and Motor
A
1.75g Horizontal
3.9‑3L


SLC Tank
A
1.75g Horizontal
3.9‑3m




1.75g Vertical


TABLE 3.9‑4 (Continued)



QUALIFICATION

QUALIFICATION


_     COMPONENT     _
_  METHOD(1)___

INPUT MOTION(2)
_
SUMMARY(3)__

RHR Pump and Motor
T/A
0.7g Vertical
3.9‑3n




  3g Horizontal


RHR Heat Exchanger
A
<Figure 3.9‑3>
3.9‑3o




<Figure 3.9‑4>


LPCS Pump and Motor
T/A
0.7g Vertical
3.9‑3n




3.g Horizontal


RCIC Pump Assembly
A
1.5g Horizontal
3.9‑3r




1.5g Vertical


RCIC Turbine
T/A
<Figure 3.9‑1>
3.9‑3q




<Figure 3.9‑2>


Fuel Assembly

<Table 3.9‑3s>(4)
3.9‑3s


(including channel)


NOTES:


(1)
Qualification Method:
T =
Testing




A =
Analysis




T/A=
Testing/Analysis


(2)
Input Motion:
Response spectrum is column entry is a figure number




Static g‑level is column is numeric.


(3)
Qualification Summary:  Refer to applicable table number.


(4)
Multi ‑ response spectrum input to equipment support points are based on Rector Pressure Vessel and reactor building dynamic model analysis.


<TABLE 3.9‑5>


DELETED


TABLE 3.9‑6


SAFETY‑RELATED CRANE


LOAD COMBINATIONS AND STRESS LIMITS












    Allowable


   Load



Type of



    Stress for


Combination


Stress 



Structural Support


Normal Plus OBE
All




AISC Code(1), Sections 1.5 through 1.10, except that the 1/3 increase permitted by Section 1.5.6 for the wind and seismic effects was not used.


Faulted Plus SSE
Bending, Tension,

Smaller of:  1.5 x AISC






Compression


Code(1) or 0.9 Fy






Shear



Smaller of:  1.5 x AISC Code(1) or 0.5 Fy






Bearing



1.33 x AISC Code(1), Section 1.5.1.5.1, Section 1.5.1.5.2 and Section 1.5.2 only


NOTE:


(1)
American Institute of Steel Construction, “Specification for Design, Fabrication and Erection of Structural Steel for Buildings,” 1969.


TABLE 3.9‑7


SAFETY‑RELATED VENTILATION EQUIPMENT






Safety



Vendor

Class


Description


Westinghouse

  2


Annulus Exhaust Gas ‑ Fan (Typ of 4)






  3


Miscellaneous Electrical ‑ Supply Fan









  (Typ of 2)






  3


Miscellaneous Electrical ‑ Return Fan









  (Typ of 2)






  3


Battery Room ‑ Exhaust Fan (Typ of 2)






  3


Control Room ‑ Supply Fan (Typ of 2)






  3


Control Room ‑ Return Fan (Typ of 2)






  3


Control Room ‑ Emergency









  Recirculation Fan (Typ of 2)






  3


Offgas Building ‑ Exhaust Fan









  (Typ of 4)






  3


Fuel Handling Building ‑ Supply Fan









  (Typ of 2)






  3


Fuel Handling Building ‑ Exhaust Fan









  (Typ of 3)


CVI Corp.


  2


Annulus Exhaust Gas ‑ Plenum









  (Typ of 4)






  3


Control Room ‑ Emergency









  Recirculation Plenum (Typ of 2)






  3


Offgas Building ‑ Exhaust Plenum









  (Typ of 4)






  3


Fuel Handling Building ‑ Exhaust









  Plenum (Typ of 3)


American Air Filter
  3


Motor Control Center/Switchgear and






  


  Miscellaneous Electrical ‑ Plenum









  (Typ of 2)






  3


Control Room ‑ Supply Plenum









  (Typ of 2)






  3


Fuel Handling Building ‑ Supply









  Plenum (Typ of 2)


Carrier


  3


Emergency Closed Cooling Pump Area ‑









  Air Handling Unit (Typ of 2)






  3


ECCS Pump Rooms RHR A, B, C, RCIC,









  LPCS & HPCS Air Handling Units









  (Typ of 12)


TABLE 3.9‑7 (Continued)






Safety



Vendor

Class


Description


Carrier (Continued)
  3


Control Complex Chilled Water









  System ‑ Water Chiller (Typ of 3)


Buffalo Forge Co.
  3


Emergency Service Water Pump









  House ‑ Fan (Typ of 4)






  3


Diesel Generator Building ‑ Fan









  (Typ of 12)


TABLE 3.9‑8


FAN COMPONENT FACTORS OF SAFETY(1)(2)



Overturn


  Wheel



 Hold-Down Bolts   
 Moment  
  Bearing Bolts   
  Shaft 
   Motor Bolts    
 Welds or
 Bracing


    Fan      
 Tension 
  Shear  
 Tension 
 Tension 
  Shear 

 Tension 
  Shear 
 Rivets  
   Weld  
  Bracing


Tag Number 
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2
FS1
FS2 
FS1 
FS2 
 FS1
 FS2


0‑M23C0001A,B
 20
 17
 11
  7.8
  4.6
  3.5
 36
 31
 17
 12
 13
  7.8
 31
 22
 14
  8.8
  6.4
  4.2
 33
 24
  2
  1.3


0‑M23C0002A,B
 26
 22
 14
 10
  6.4
  4.9
 56
 48
 27
 19
 14
  8.5
 31
 22
 14
  8.8
  7.1
  4.7
 33
 24
  2
  1.3


0‑M24C0001A,B
162
139
 88
 63
 44
 34
187
160
 86
 60
 18
 11
 53
 38
 25
 16
  9.4
  6.1
184
130
 14
  9.3


0‑M25C0001A,B
 64
 55
 35
 25
 14
 11
 85
 72
 39
 27
 13
  7.9
 54
 46
 29
 21
  7.4
  4.8
 47
 33
  2.3
  1.5


0‑M40C0001A,B
396
408
122
111
 63
 60
486
500
101
 76
 20
 11
353
364
108
 99
  7.3
  4.7
250
209
  8.8
  7.3


1‑M15C0001A,B
282
252
 93
 78
 98
 86
923
833
300
256
 82
 46
346
308
111
 96
  8.7
  4.4
 61
 34
 16
 13


0‑M26C0001A,B
 46
 39
 25
 18
 15
 11
117
100
 53
 36
 25
 15
 54
 46
 29
 21
 14
  7
 82
 58
  3.6
  2.4


2‑M36C0001A,B
245
263
 31
 25
 28
 24
224
239
 23
 17
 20
 12
298
317
 38
 31
 16
  8.2
113
 85
  4.6
  3.4


0‑M40C0002A,B
132
 90
 41
 34
 26
 20
110
 75
 26
 20
 20
 11
 74
 45
 20
 13
 16
  8.2
137
 97
  6.2
  4.6


NOTES:


(1)
FS1 = Yield stress/SSE stress


(2)
FS2 = Allowable working stress/OBE stress


TABLE 3.9‑9


WESTINGHOUSE FAN MOTORS STRESS COMPARISON










 Calculated

Safety Limit



Component





Stress (psi)

Stress (psi)


Motor Mounting Bolts
788
9,200


Canti Lever Foot
1,082
5,000


Inner Cap Screws
171
3,900


Top Cover Screws
19.5
2,125


Conduit Box Mounting Screws
18.7
2,125


Conduit Box Mounting ‑ Pipe Nipple
None
None


Front End Bearing
568
13,500


Back End Bearing
2,030
13,500


TABLE 3.9‑10


RESULTS OF PLENUM STRESS ANALYSIS FOR CVI CORP. FILTER UNITS









_




Plenum Tag Number















1M15‑D001A,B;




1M36‑D001A,B;









2M15‑D001A,B

M26‑D001A,B
2M36‑D001A,B

M40‑D001A,B,C


Filter Adsorber Stress
‑
OBE

11,195


11,731

11,532


11,547







‑
DBE

11,639


12,072

11,645


11,661


Plenum Housing Stress
‑
OBE

   344


 2,140

 2,520


 1,925







‑
DBE

   487


 2,977

 3,188


 2,292


Housing Stress

‑ Bending


14,122


 7,044

14,382


 2,613


at Anchors






‑ Allowable

32,400


32,400

32,400


32,400


Anchor Bolt Stress
‑
Shear

 5,168


 8,086

 8,473


 7,989






‑
Allowable







Shear

15,000


15,000

15,000


15,000


Anchor Bolt Stress
‑
Axial

 3,651


 1,821

 3,719


   676






‑
Allowable







Axial

32,400


32,400

32,400


32,400


TABLE 3.9‑11


RESULTS OF ANALYSIS FOR PLENUM ANCHORING











   OBE

   OBE


   SSE

   SSE











Allowable

Calculated

Allowable

Calculated


Fuel Handling Building Supply Plenum



Tensile Force (pounds)



  12,110

     794


  18,165

   1,423



Shear Force (pounds)



   7,850

   1,408


  11,775

   1,738


Motor Control Center/Switchgear and


Miscellaneous Electrical Area Plenum and


Control Room Supply Plenum



Tensile Force (pounds)










  18,165

   9,865



Shear Force (pounds)










  11,775

   7,554


TABLE 3.9‑12


CARRIER AIR HANDLING UNIT STRESS COMPARISON



___________Air Handling Unit Size______



39ED15
39ED18
39BA050


Beam Stress ‑ Membrane and Bending ‑ Calculated, psi
12,496
19,683
10,491



                              ‑ Allowable, psi
18,000
27,000
18,000


Beam Stress ‑ Shear ‑ Calculated, psi
 2,520
 3,520
 1,481



               ‑ Allowable, psi
15,000
15,000
15,000


Plate Stress ‑ Membrane and Bending ‑ Calculated, psi
 3,764
 4,994
 7,193



                               ‑ Allowable, psi
27,000
27,000
27,000


Plate Stress ‑ Shear ‑ Calculated, psi
 1,780
 2,348
 5,413



                ‑ Allowable, psi
15,000
15,000
15,000


Anchor Bolts ‑ Tension ‑ Calculated, psi
 3,505
 3,591
 2,262



                  ‑ Allowable, psi
27,000
27,000
27,000


Anchor Bolts ‑ Shear ‑ Calculated, psi
 2,280
 2,012
 1,528



                ‑ Allowable, psi
15,000
15,000
15,000


NF Analysis



Maximum Plate Stress ‑ Calculated, psi
 3,764
 4,994
 7,193



                     ‑ Safe Limit, psi
18,500
18,500
18,500



Maximum Beam Axial Stress ‑ Calculated, psi
   540
   470
 1,655



                          ‑ Safe Limit, psi
18,400
18,400
16,200



Maximum Beam Shear ‑ Calculated, psi
 1,640
   960
   222



                   ‑ Safe Limit, psi
16,000
16,000
12,000


TABLE 3.9‑12 (Continued)



___________Air Handling Unit Size______



39ED15
39ED18
39BA050



Maximum Beam Bending Stress ‑ Calculated, psi
 3,240
10,030
 5,075



                            ‑ Safe Limit, psi
24,000
24,000
18,000



Maximum Weld Contact Stress ‑ Calculated, psi
 1,557
<1,557
 8,416



                            ‑ Safe Limit, psi
 9,000
 9,000
 9,000



Maximum Weld Threat Stress ‑ Calculated, psi
   429
  <429
11,900



                           ‑ Safe Limit, psi
24,000
24,000
24,000



Maximum Bolt Stress ‑ Calculated, psi
<4,439
 4,439
22,500



                    ‑ Safe Limit, psi
33,700
33,700
25,800


TABLE 3.9‑13


CARRIER AIR HANDLING UNIT MOTOR STRESS COMPARISON



__Motor Horespower__



___5____
__20___


Motor Mounting Bolts ‑ Calculated, psi
 3,389
11,990


                     ‑ Safe Limit, psi
27,419
27,484


Canti‑Lever Foot ‑ Calculated, psi
   832
   585


                 ‑ Safe Limit, psi
 5,000
 5,000


Inner Cap Screws ‑ Calculated, psi
 14.85
  29.8


                 ‑ Safe Limit, psi
   875
 2,125


Top Cap Screws ‑ Calculated, psi
  2.92
  4.68


               ‑ Safe Limit, psi
   875
   875


Conduit Box Mounting ‑ Screws ‑ Calculated, psi
  9.07
  10.2


                              ‑ Safe Limit, psi
   875
   875


Conduit Box Mounting ‑ Pipe Nipple


                              ‑ Calculated, psi
  None
  None


                              ‑ Safe Limit, psi
  None
  None


Front End Bearing ‑ Calculated, psi
   331
   475


                  ‑ Safe Limit, psi
 1,170
 5,048


Back End Bearing ‑ Calculated, psi
   921
 1,820


                 ‑ Safe Limit, psi
 1,170
 5,048


TABLE 3.9‑14


WATER CHILLER STRESS COMPARISON




  Maximum
    Normal



Component
Stress (psi)
Allowable (psi)


Chiller Components



Cooler Shell
10,024
12,000



Economizer Liquid Outlet Pipe to




Cooler
16,328
20,550



Cooler Water Box Cover
18,111
26,250



Anchor Bolts ‑ Axial Stress
12,552
62,500



Anchor Bolts ‑ Shear Stress
10,297
25,800



Compressor Bolts ‑ Axial Stress
32,101
52,500



Compressor Bolts ‑ Shear Stress
10,340
21,700



Cooler Tube
 2,881
 6,000



Control Panel Support
 2,006
13,700



Oil Filter Bracket Mounting Bolts ‑




Axial Stress
 8,931
57,500



Oil Filter Bracket Mounting Bolts ‑




Shear Stress
14,223
23,767



Oil Cooler Bolts ‑ Axial Stress
 1,605
57,500



Oil Cooler Bolts ‑ Shear Stress
 1,105
23,767



Motor Shaft
 2,123
12,000



Oil Pump Shaft
   637
12,000


Component Support Structures



Cooler to Base Tubesheet Support




(NF 3320)(1)
 1,885
12,000



Condenser to Cooler Tubesheet




Support (NF 3320)
 1,905
12,000


TABLE 3.9‑14 (Continued)




  Maximum
    Normal



Component
Stress (psi)
Allowable (psi)


Component Support Structures (Continued)



Cooler Gussets (NF 3320)
 1,183
12,000



Base Box Beams (NF 3330)
 5,605
12,000



Gusset Welds (NF 3390)
Negligible
18,000



Cooler to Base Tubesheet Support



  Welds (NF 3390)
 3,612
18,000



Condenser Tubesheet Support



  Welds (NF 3390)
 7,314
18,000



Condenser Tubesheet Support



  Welds (NF 3321.1(c)‑1)
 4,601
 6,850


NOTE:


(1)
References within parentheses refer to Subsection NF of ASME Code, Section III.


TABLE 3.9‑15


BUFFALO FORGE CO. FAN SAFETY MARGINS


(Code Allowable/Calculated Maximum ‑1)




Safety Margin
Safety Margin



Component
__(Fan 43B7)__
__(Fan 60D5)_


Motor Shaft
9.8
4.2


Welds ‑ Guide Vanes to Housing and



Motor Support
2.44
5.8


Motor Bolts
6.00
7.5


Foundation Bolts
5.55
2.45


Vertical Legs
2.9
4.9


Welds ‑ Fan to Support Structure
6.3
2.8


Motor Support Disc
.21
1.9


Motor Rear Bearing Seismic Loading
12.4
10.0


Motor Front Bearing Seismic Loading
22.1
10.1


Motor Shaft Stress (combined)
3.6
5.5


TABLE 3.9‑16


NSSS COMPLIANCE WITH <Regulatory Guide 1.48>







Comparison






   ASME
with NRC



  Plant
                   (f)
  Code Allowable
Section III
<Regulatory


_   Component   _
Condition
Loading Combination_____
_    Stresses     _
_Reference_
Guide 1.48>


Class 1 Vessels
U=upset
(NPC or UPC) + 0.5 SSE(1)
3.0 SM (includes
NB‑3223





secondary stresses)



E=emergency
EPC
1.8 Sm or 1.5 Sy
NB‑3224
Agree



F=faulted
NPC + SSE + DSL
App. F‑Sect. III
NB‑3224


Class 1 Piping
U
(NPC or UPC) + 0.5 SSE
3.0 Sm (includes
NB‑3654





secondary stresses)



E
EPC
2.25 Sm
NB‑3655
Agree



F
NPC + SSE + DSL
3.0 Sm
NB‑3656


Class 1 Pumps
U
(NPC or UPC) + 0.5 SSE
1.65 Sm (excludes
NB‑3223


(Inactive)


secondary stresses)



E
EPC
1.8 Sm
NB‑3224
Agree



F
NPC + SSE + DSL
App. F ‑ Sect. III


Class 1 Pumps
U
(NPC or UPC) + 0.5 SSE
Not
Not
Not


(Active)
E
EPC
Applicable
Applicable
Applicable



F
NPC + SSE + DSL


Class 1 Valves
U
(NPC or UPC) + 0.5 SSE
Not
Not
Not


(Inactive)
E
EPC
Applicable
Applicable
Applicable


by analysis
F
NPC + SSE + DSL


TABLE 3.9‑16 (Continued)







Comparison






   ASME
with NRC



  Plant
                   (f)
  Code Allowable
Section III
<Regulatory


_   Component   _
Condition
Loading Combination_____
_    Stresses     _
_Reference_
Guide 1.48>


Class 1 Valves
U
(NPC or UPC) + 0.5 SSE
1.1 Pr
NB‑3525


(Inactive)
E
EPC
1.2 Pr
NB‑3526
Agree


Designed by
F
NPC + SSE + DSL
1.5 Pr
NB‑3527


either std. or


alternative


design rules


Class 1 Valves
U
(NPC or UPC) + 0.5 SSE
Not
Not
Not


(Active)
E
EPC
Applicable
Applicable
Applicable


by analysis
F
NPC + SSE + DSL


Class 1 Valves
U
(NPC or UPC) + 0.5 SSE
1.0 Pr
NB‑3525


(Active)
E
EPC
1.0 Pr(a)
NB‑3526
Agree


Designed by std.
F
NPC + SSE + DSL
1.0 Pr
NB‑3527


or alternative


design rules


Class 2 & 3
U
(NPC or UPC) + 0.5 SSE
o‑m = 1.1S
Code
Agree except


Vessels
E
EPC
See Note(c)
Case 1607,
for Faulted


(Division 1) or
F
NPC + SSE + DSL
o‑m = 2.0S
NC/ND‑3300
Condition.


ASME Section III




NRC more







conservative


Class 2 Vessels
U
(NPC or UPC) + 0.5 SSE
Not
Not
Not


(Division 2) or
E
EPC
Applicable
Applicable
Applicable


ASME Section VIII
F
NPC + SSE + DSL


TABLE 3.9‑16 (Continued)







Comparison






   ASME
with NRC



  Plant
                   (f)
  Code Allowable
Section III
<Regulatory


_   Component   _
Condition
Loading Combination_____
_    Stresses     _
_Reference_
Guide 1.48>


Class 2 & 3
U
(NPC or UPC) + 0.5 SSE
1.2 Sh
NC/ND‑3611.3(b)
NRC more


Piping
E
EPC
1.8 Sh
NC/ND‑3611.3(c)
conserva‑



F
NPC + SSE + DSL
2.4 Sh
Code Case 1606
tive. GE







reflects







industry







position


Class 2 & 3 Pumps
U
(NPC or UPC) + 0.5 SSE
Not
Not
Not


(Inactive)
E
EPC
Applicable
Applicable
Applicable



F
NPC + SSE + DSL


Class 2 & 3 Pumps
U
(NPC or UPC) + 0.5 SSE
o‑m = 1.1S
Code Case 1636,
Agree


(Active)
E
EPC
See Note(a)
NC/ND‑3423
See Note(a)


F
NPC + SSE + DSL
o‑m = 1.2S(c)

Class 2 & 3
U
(NPC or UPC) + 0.5 SSE
o‑m = 1.1S
Code Case 1635,
Equally


Valves
E
EPC
See Note(c)
NC/ND‑3521
conservative


(Inactive)
F
NPC + SSE + DSL
o‑m = 2.0S


Class 2 & 3 Valves
U
(NPC or UPC) + 0.5 SSE
o‑m = 1.1S
Code Case 1635, Equally


(Active)
E
EPC
See Note(a)
NC/ND‑3521
conservative



F
NPC + SSE + DSL
o‑m = 1.2S(c)

NOTES:


(1)
An OBE or 0.5SSE intensity is classified as an emergency event.  However, for design purposes it is treated as an upset condition as shown in <Table 3.9‑3a>.


TABLE 3.9‑16 (Continued)


NOTES FOR COMPARISON TABLE 3.9‑16


Unless associated with an ASME Code reference, alphabetical indicators in (   ) correspond to the following:


(a)
In addition to compliance with the design limits specified, assurance of operability under all design loading combinations shall be in accordance with Subsection 3.9.3.2.


(b)
Not used.


(c)
The design limit for local membrane stress intensity or primary membrane plus primary bending stress intensity is 150 percent of that allowed for general membrane (except as limited to 2.4S for inactive components under faulted condition).


(d)
Not used.


(e)
Not used.


(f)
When selecting plant events for evaluation, the choice of the events to be included in each plant condition is selected based on the probability of occurrence of the particular load combination.  The combination of loads are those identified in <Table 3.9‑3>.



UPC = Upset Plant Conditions



NPC = Normal Plant Conditions



EPC = Emergency Plant Conditions



DSL = Dynamic System Loading



SSE = Safe Shutdown Earthquake


<TABLE 3.9‑17>


DELETED


TABLE 3.9‑18


MAXIMUM PRESSURE LIMITS FOR ACTIVE AND NONACTIVE ASME CODE CLASS VALVES


Safety Class 1 Valves:



  Design by
    Standard Design



Analysis Stress
Valve Pressure/Temperature


Service Loading(1)___
____Limits_____
_____Rating Limits(2)________


Level A
NB‑3222 (Active)
1.0 Pr (Active)



NB‑3223 (Nonactive)
1.1 Pr (Nonactive)


Level B
NB‑3222 (Active)
1.0 Pr (Active)



NB‑3223 (Nonactive)
1.1 Pr (Nonactive)


Level C
NB‑3222 (Active)
1.0 Pr (Active)



NB‑3224 (Nonactive)
1.2 Pr (Nonactive)


Level D
NB‑3222 (Active)
1.0 Pr (Active)



NB‑3225 (Nonactive)
1.5 Pr (Nonactive)


TABLE 3.9‑18 (Continued)


Safety Class 2 and 3 Valves:



Valve Pressure/Temperature


Service Loading(1)   
     Rating Limits(2)      

Level A
1.0 Pr (Active, Nonactive)


Level B
1.0 Pr (Active)



1.1 Pr (Nonactive)


Level C
1.0 Pr (Active)



1.1 Pr (Nonactive)


Level D
1.0 Pr (Active)



1.2 Pr (Nonactive)


NOTES:


(1)
Service loadings are defined in <Section 3.9.3.1.2>.


(2)
Pr represents the valve primary pressure rating as defined in ASME III NB, NC or ND as applicable.


TABLE 3.9‑19


STRESS LIMITS FOR


ACTIVE ASME CODE CLASS 2 AND 3 PUMPS(1)












Primary Membrane







Primary Membrane


+ Bending Stress


  Service



Stress Limit (Pm)


Limit (Pm + Pb)


 Loading(3)



Active Component


Active Component



A




1.0 S(2)




1.5 S



B




1.0 S




1.5 S



C




1.0 S




1.5 S



D




1.0 S




1.5 S


NOTES:


(1)
Pump design satisfies the requirements of Section NC/ND‑3400 of the ASME Code, Section III, for design conditions.


(2)
S is the allowable stress value as specified in Appendix I of the ASME Code, Section III.


(3)
Service loadings are defined in <Section 3.9.3.1.2>.


TABLE 3.9‑20


STRESS LIMITS FOR


ASME CODE CLASS 2 AND 3 VESSELS(1)___


  Service


Primary Membrane

Primary Membrane + Bending


 Loading(3)


Stress Limit (Pm)

   Stress Limit (Pm + Pb)



A



1.0 S(2)




1.5 S



B



1.1 S




1.65S



C



1.1 S




1.65S



D



1.5 S




1.8 S


NOTES:


(1)
Pressure vessels designed in accordance with the ASME Code, Section III, satisfy the requirements of Section NC/ND‑3300 of the ASME Code, Section III.


(2)
S is the allowable stress value as specified in Appendix I of the ASME Code, Section III.


(3)
Service loadings are defined in <Section 3.9.3.1.2>.


TABLE 3.9‑21


BOP DESIGN LOADING COMBINATIONS OF ASME CODE


CLASS 1, 2 AND 3 PIPING(1)














 ASME















 Code


Load(2)

SRV (3)
SRV







Service


Case  
N
   1
        ADS
OBE
SSE
 SBA/IBA(4)

DBA
 Limit 


1
X
X





B



2

X

X



B



3(7)

X


X


D(5)


4
X
X

X



B



5(7)
X
X


X


D(5)


6(7)
X
X



X

C(5)


7(7)
X

X


X

C(5)


8(7)
X

X
X

X

D(5)


9(7)
X

X

X
X

D(5)


10(7)
X



X

X(6)
D(5)


11
X






A


NOTES:


(1)
Piping Component Bolting meets the allowables as defined by Sections NC/ND 3658 of Section III of the ASME Code, July 1983 edition for Service Limits A, B, C, & D


(2)
Refer to following legend for definition of terms.


(3)
SRVALL or SRV ‑ whichever is controlling will be used.


(4)
SBA or IBA ‑ whichever is greater.


(5)
Functional capability of piping components in essential ASME Class 1, 2 and 3 piping will be demonstrated.  This shall include use of the criteria in the Interim Technical Position “Functional Capability of Passive Piping Components,” Mechanical Engineering Branch, Division of Systems Safety.  Where additional criteria are required to evaluate functional capability, applicable criteria in NEDO‑21985, dated September 1978, shall be used.


(6)
Annulus pressurization effects are included under DBA combinations only


(7)
Constraint of free end displacements and differential support motion are not considered for this load case.


TABLE 3.9‑21 (Continued)


LOAD DEFINITIONS LEGEND


N ‑


Normal load consists of pressure, dead weight and thermal loads.


OBE ‑

Operational basis earthquake loads.


SSE ‑ 

Loads due to vibratory motion from safe shutdown earthquake loads.


SRV1 ‑

Safety/Relief valve discharge induced loads from one valve’s subsequent actuation.


SRVALL ‑

The loads induced by actuation of all safety/relief valves which activate within milliseconds of each other (e.g., turbine trip operational transient).


SRVADS ‑

The loads induced by the actuation of safety/relief valves associated with the automatic depressurization system which actuate within milliseconds of each other during the postulated small or intermediate‑size pipe rupture.


DBA ‑

Design basis accident is the sudden break of the main steam or recirculation lines (largest postulated breaks).  DBA related loads include main vent clearing and pool swell, chugging, condensation oscillation, and annulus pressurization.


SBA ‑ 

Small break accident.


IBA ‑ 

Intermediate break accident.


TABLE 3.9‑21a


BALANCE OF PLANT DESIGN LOADING COMBINATIONS FOR ASME CODE


CLASS 1, 2 AND 3 COMPONENT SUPPORTS


I.
EQUIPMENT SUPPORTS ‑



Pump supports meet ASME Code Service Limits A or B for all loading combinations.  Vessel supports meet ASME Code Service Limits A, B or C for all loading combinations.


II.
PIPING SUPPORTS(1) ‑



Piping supports meet ASME Code Service Limits A, B, C, and D as defined below:





  ASME Code



    

  Service

Plate & Shell
Linear

Component


Load Case(2)___
 ___Limit__
_ Supports(3)___
Supports(4)___
Standard


   1



  B

 1.5S(5)

A(6)(7)


  B(6)

   2



  B

 1.5S(5)

A(6)(7)


  B(6)

   3(8)


  D

 1.8S(9)

4/3 A(10)

  D(11)

   4



  B

 1.5S(5)

A(6)(7)


  B(6)

   5(8)


  D

 1.8S(9)

4/3 A(10)

  D(11)

   6(8)


  C

 1.8S

4/3 A

  C


   7(8)


  C

 1.8S

4/3 A

  C


   8(8)


  D

 1.8S(9)

4/3 A(10)

  D(11)

   9(8)


  D

 1.8S(9)

4/3 A(10)

  D(11)

  10(8)


  D

 1.8S(9)

4/3 A(10)

  D(11)

  11



  A

 1.5S(5)

A(7)


  A


TABLE 3.9‑21a (Continued)


NOTES:


(1)
Bolting is designed to NF 3280.  Therefore, no increase in allowable stress is permitted for Code Service Limit C or D for bolting.


(2)
Refer to <Table 3.9‑21> for load cases.


(3)
ASME Class 2 and 3 only.


(4)
“A” is the allowable for bending, tension and shear.  Appendix XVII of subsection NA presents equations for determining this value.


(5)
When constraint of free end displacements are included, this allowable is multiplied by 2.0.


(6)
The effects of differential support motion are not considered primary stresses, but for conservatism are treated as primary stresses.


(7)
When constraint of free end displacements are included, this allowable (“A”) is multiplied by 3.0.  Buckling limits are not increased.  Bolting limits are not increased.


(8)
Constraint of free end displacements and differential support motion are not considered for this load case.


(9)
If Code Service Limit D is used for the component, the plate and shell supports will be designed per equations:




(1  lesser of 1.5S or 0.4 Su




(1 + (2  lesser of 2.25S or 0.6 Su



Where:



Su =
specified minimum ultimate tensile strength of the material (Table I‑12.1)



Other terms as defined in NF 3321.


(10)
If Code Service Limit D is used for the component, the linear support will be designed using the rules contained in F 1370 of Appendix F.


(11)
If Code Service Limit D is used for the component, the component standard support will be designed to Level D limits. 


TABLE 3.9‑22


GE SUPPLIED SEISMIC CATEGORY ACTIVE PUMPS AND VALVES


COMPONENT NAME


MAIN STEAM ISOLATION VALVES





B21‑F022













B21‑F028


MAIN STEAM SAFETY/RELIEF VALVES




B21‑F041













B21‑F047













B21‑F051


CONTROL ROD DRIVE GLOBE VALVES




C11‑F054













C11‑F062













C11‑F069


STANDBY LIQUID CONTROL PUMPS





C41‑C001


STANDBY LIQUID CONTROL VALVE





C41‑F004


RHR PUMP









E12‑C002


LPCS PUMP AND MOTOR







E21‑C001


HPCS PUMP AND MOTOR







E22‑C001


HPCS GLOBE VALVE







E22‑F010













E22‑F011













E22‑F023


HPCS GATE VALVE







E22‑F001













E22‑F004













E22‑F012













E22‑F015


RCIC PUMP









E51‑C001


RCIC TURBINE








E51‑C002


TABLE 3.9‑23


SUMMARY OF ACTIVE PUMPS (NON‑NSSS)



Equipment
ASME III

Qualification
 Summary


 Equipment Name  
   System Name    
  
USAR Figure  
  Number 
Code Class
     Active Function     
    Method   
of Results


Screen Wash Pump
Emergency Service

‑
C002A/B
3
Supplies high pressure
Analysis
McDonald




Water Screen Wash




water to clean traveling

Engr. Report




(P49)



screens

No. ME‑452


Emergency Service
Emergency Service
<Figure 9.2‑1(1)>
C001A/B
3
Supplies adequate head and
Analysis
McDonald


Water Pump
Water System (P45)



flow for component cooling

Engr. Report










No. ME‑454


Emergency Service
Emergency Service
<Figure 9.2‑1(1)>
C002
3
Supplies adequate head and
Analysis
McDonald


Water Pump
Water System (P45)



flow for component cooling

Engr. Report










No. ME‑453


Water Leg Pumps



RHR Water Leg
RHR System (E12)
<Figure 5.4‑13(3)>
C003
2
Pressurizes ABC pump disch.
Analysis
Van Gulik and



  Pumps




lines

Associates,










Inc. Report










B40411



LPCS Water Leg
LPCS System (E21)
<Figure 6.3‑8>
C002
2
Pressurizes ABC pump disch.
Analysis
Van Gulik and



  Pumps




lines

Associates,










Inc. Report










B40411



HPCS Water Leg
HPCS System (E22)
<Figure 6.3‑7>
C003
2
Pressurizes ABC pump disch.
Analysis
Van Gulik and



  Pumps




lines

Associates,










Inc. Report










B40411



RCIC Water Leg
RCIC System (E51)
<Figure 5.4‑9(1)>
C003
2
Pressurizes ABC pump disch.
Analysis
Van Gulik and








lines

Associates,










Inc. Report










B40411


Diesel Generator
Standby Diesel
<Figure 9.5‑8>
C001A/B/C
3
Transfers fuel from tanks
Analysis
McDonald


Fuel Oil Transfer
Generator Fuel



to diesel generator

Engr. Report


Pumps
Oil System (R45)





No. ME‑532





<Figure 9.5‑15(1)>
C002/A/B/C
3
Transfers fuel from tanks
Analysis
McDonald








to diesel generator

Engr. Report










No. ME‑532


TABLE 3.9‑23 (Continued)



Equipment
ASME III

Qualification
 Summary


 Equipment Name  
   System Name    
  
USAR Figure  
  Number 
Code Class
     Active Function     
    Method   
of Results


Fuel Pool Circu‑
Fuel Pool Cooling
<Figure 9.1‑9(3)>
C003A/B
3
Circulates water for
Analysis
McDonald


lating Pumps
& Cleanup (G41)



cooling and cleanup of

Engr. Report








spent fuel pool

No. ME‑512


Control Complex
Control Complex
<Figure 9.4‑20(1)>
C001A/B/C
3
Supplies cooling water for
Analysis
I‑R Order


Chilled Water
Chilled Water



control room chillers

No. 016‑36421


Pumps
(P47)


Emergency Closed
Emergency Closed
<Figure 9.2‑3(1)>
C001A/B
3
Provides cooling water for
Analysis
I‑R Order


Cooling Pumps
Cooling System



safety‑related components

No. 016‑36421




(P42)


TABLE 3.9‑24


SUMMARY OF RESULTS 


ASSURANCE OF OPERABILITY ANALYSIS


SMALL EMERGENCY SERVICE WATER PUMP (1P45C0002)











Vendor











Report(1)

Components






Actuals  

Allowables


Maximum Column Stress, psi



 7,839

 22,500


Maximum Column Flange Stress, psi


19,732

 26,250





Bolt Stress, psi


29,553

 37,500


Maximum Pump Casing Flange Stress, psi

 9,158

 21,000






Bolt Stress, psi

28,314

 37,500


Nozzle Stress, psi





21,758

 22,500


Anchor Bolt Stress, psi ‑ Tensile


 6,115

 20,000






    ‑ Shear


 4,054

 10,000


Shaft Key Stress, psi




15,611

 20,000


Pump Hub Coupling Key Stress, psi



1.75” Design Key Engagement


16,210

 18,750



1.52” Minimum Key Engagement


18,660

 18,750


Pump Hold‑Down Bolt Stress, psi – Tensile
10,531

 36,000








  - Shear

 4,928

 18,000


Motor Hold-Down Bolt Stress, psi ‑ Tensile
 4,304

 20,000








   ‑ Shear
 1,642

 10,000


Discharge Head Base Plate Stress, psi

 9,955

 42,000


Discharge Head Stress, psi



 3,398

 22,500


Shaft Stress, psi (combined shear stress)



Head Shaft Keyed End (top)


13,135

 16,875



Head Shaft Threaded End (bottom)

16,869

 22,500



Line Shaft Threaded Ends (top and 




bottom)





16,869

 22,500



Pump Shaft Threaded End (top)


16,869

 22,500


Discharge Nozzle Flange Moment, in‑lbs.

30,242

305,550


Pump Casing Stress, psi




 4,782

 14,000


TABLE 3.9‑24


SUMMARY OF RESULTS 


ASSURANCE OF OPERABILITY ANALYSIS


SMALL EMERGENCY SERVICE WATER PUMP (1P45C0002)











Vendor











Report(1)

Components






Actuals  

Allowables


Impeller Clearance, Inches



0.0000

  0.009


Shaft Deflection, Inches




0.0027

   0.03


Motor Support Hold-Down Bolt Stress, psi 








‑ Tensile

19,163

 20,000








‑ Shear
 
 3,181

 10,000


Motor Support Stress, psi



 4,465

 22,500


Motor Support Flange Stress



14,073

 26,250


NOTE:


(1)
Supplemental calculations were also performed in conjunction with the Vendor Reports.


TABLE 3.9‑24 (Continued)


DELETED


TABLE 3.9‑25A


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


LARGE EMERGENCY SERVICE WATER PUMP (1P45C0001A)


Components







Actuals  Allowables


Maximum Column Stress, psi




19,561
 22,500


Maximum Column Flange Stress, psi



25,993
 26,250





Bolt Stress, psi



34,240
 37,500


Maximum Pump Casing Flange Stress, psi


10,426
 21,000






Bolt Stress, psi


22,326
 42,000


Nozzle Stress:



Sustained Loads
(ND‑3652, Eqn 8), psi
 3,695
 22,500



Occasional Loads
(ND‑3652, Eqn 9), psi
 5,687
 22,500



Thermal Loads

(ND‑3652, Eqn 11), psi
10,409
 22,500


Anchor Bolt Stress:



Level D, Tensile, psi




20,452
 39,860



Level D, Shear, psi




 
 6,338
 15,000



Level D + Thermal, Tensile, psi


24,977
 26,720



Level D + Thermal, Shear, psi



14,544
 15,000


Shaft Key Stress @ 42,000 in‑lb, psi


12,491
 42,000


Pump Hold-Down Bolt Stress



Level D, Tensile, psi




16,373
 37,500



Level D, Shear, psi




 
 2,945
 18,750



Level D + Thermal, Tensile, psi


21,763
 60,000



Level D + Thermal, Shear, psi



 6,953
 30,000


Motor Hold-Down Bolt Stress, psi ‑ Tensile

 6,466
 20,000








   ‑ Shear

 3,349
 10,000


Discharge Head Base Plate Stress



Code, Level D, psi





16,672
 26,250



Code, Level D + Thermal, psi



21,132
 42,000


Discharge Head Stress, psi




17,506
 22,500


Shaft Stress, psi






29,144
 22,500


TABLE 3.9‑25A (Continued)


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


LARGE EMERGENCY SERVICE WATER PUMP (1P45C0001A) 


Components







Actuals  Allowables


Discharge Nozzle Flange Moment



Level A, in‑lb





    422,496
  590,000



Level B, in‑lb





    669,778    1,180,000



Level C, in‑lb





    422,496
1,730,000



Level D, in‑lb





    738,265
1,730,000


Pump Casing Stress, psi





 4,434
 14,000


Motor Mounting Plate Stress, psi



 8,263
 26,250


Motor Support Weld Stresses, psi



10,127
 11,400


TABLE 3.9‑25B


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


LARGE EMERGENCY SERVICE WATER PUMP (1P45C0001B)












Vendor












Report(1)

Components







Actuals  Allowables


Maximum Column Stress, psi




19,561
 22,500


Maximum Column Flange Stress, psi



25,993
 26,250





Bolt Stress, psi



34,240
 37,500


Maximum Pump Casing Flange Stress, psi


10,426
 21,000






Bolt Stress, psi


22,326
 42,000


Nozzle Stress, psi






 7,916
 22,500


Anchor Bolt Stress, psi

   ‑ Tensile

22,510
 40,000








   ‑ Shear

 6,157
 12,320


Shaft Key Stress, psi





12,491
 42,000


Pump Hold‑Down Bolt Stress, psi  - Tensile

22,088
 25,000








   - Shear

 3,142
 12,500


Motor Hold‑Down Bolt Stress, psi – Tensile

 6,466
 20,000








   - Shear

 3,349
 10,000


Discharge Head Base Plate Stress, psi


26,155
 26,250


Discharge Head Stress, psi




17,506
 22,500


Shaft Stress, psi






29,144
 63,000


Discharge Nozzle Flange Pressure, psi


   229
    275


Pump Casing Stress, psi





 4,434
 14,000


Impeller Clearance, Inches




 .0013
   .014


Shaft Deflections, Inches




 .0292
    .05


Motor Mounting Plate Stress, psi



 8,263
 26,250


Motor Support Weld Stress, psi



10,127
 11,400


TABLE 3.9‑25B (Continued)


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


LARGE EMERGENCY SERVICE WATER PUMP (1P45C0001B)


NOTE:


(1)
Supplemental calculations were performed in conjunction with the vendor’s report.  The supplemental calculated values, which differ from those identified in the vendor report, are not presented in the above table.  However, all supplemental calculated values are within allowable limits.


TABLE 3.9‑26


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


ESW SCREEN WASH PUMPS












Vendor












Report(1)

Components







Actuals
Allowables


Maximum Column Stress, psi




 8,329
 22,500


Maximum Column Flange Stress, psi



15,493
 26,250





Bolt Stress, psi



21,765
 37,500


Maximum Pump Casing Flange Stress, psi


 7,786
 21,000






Bolt Stress, psi


27,274
 37,500


Nozzle Stress, psi






22,179
 22,500


Anchor Bolt Stress, psi ‑ Tensile



 5,339
 20,000






    ‑ Shear



 1,454
 10,000


Shaft Key Stress, psi





 7,805
 20,000


Pump Hold-Down Bolt Stress, psi ‑ Tensile

 8,862
 15,000








  ‑ Shear


 1,650
  7,500


Motor Hold-Down Bolt Stress, psi ‑ Tensile

 2,601
 20,000








   ‑ Shear

   751
 10,000


Discharge Head Base Plate Stress, psi


 8,716
 26,250


Discharge Head Stress, psi




 2,367
 22,500


Shaft Stress, psi






 7,650
 30,000


Discharge Nozzle Flange Stress, psi


20,536
 26,250


Pump Casing Stress, psi





 2,559
 14,000


Impeller Clearance, Inches




 .0001
   .006


Shaft Deflections, Inches




 .0020
    .03


Motor Support Hold-Down Bolt


Stress, psi




‑ Tensile

12,475
 20,000









‑ Shear

 1,382
 10,000


TABLE 3.9‑26 (Continued)












Vendor












Report(1)

Components







Actuals
Allowables


Motor Support Stress, psi




 2,847
 22,500


Motor Support Flange Stress, psi



 9,161
 26,250


NOTE:


(1)
Supplemental calculations were performed by Gilbert Associates Inc., in conjunction with the Vendor’s report.  Revised actual values are not presented in the above table.  All revised values are within allowable limits.


TABLE 3.9‑27


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


WATER LEG PUMPS











 Actual

Allowable


Pump Hold-Down Bolts Stress, psi ‑ Shear
  1,860

12,320








   ‑ Tensile
  7,102

33,880


Pump Support (top weld), psi ‑ Shear

    520

 7,560







    ‑ Tensile

  2,002

12,600


Pump Support (bottom weld), psi ‑ Shear

    691

 7,560








  ‑ Tensile
  1,270

12,600


Motor Hold-Down Bolts, psi ‑ Shear


    426

12,320







  ‑ Tensile

    750

33,880


Motor Support (weld), psi ‑ Shear


     26

 7,500







 ‑ Tensile

    192

12,600


Base Hold-Down Bolts, psi ‑ Shear


    980







 ‑ Tensile

  1,710


Shaft Stress, psi ‑ Tensile



  2,154

18,750


Pump Nozzles, psi ‑ Tensile



  7,033

12,252


Pump Flanges, psi ‑ Tensile



 17,937

18,350


Pump Support Frequency, cps



  270.0

  >33


Motor Support Frequency, cps



   83.4

  >33


Shaft Critical Frequency, cps



  138.5

  >33


Minimum Operating Clearance, inches

  .0038

  >.000


TABLE 3.9‑28


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


CONTROL COMPLEX CHILLED WATER PUMPS & EMERGENCY CLOSED COOLING PUMPS





Combined





Stress




Calculated
Allowable


Component

Designation_
Loads(1)

Stress, psi
Stress, psi


Casing

Bending

1


  10,396

  14,000


Flange Bolting
Direct

1


  15,139

  25,000


Suction Flange
Longitudinal
1 + 4

   5,154

  21,000





Radial

1 + 4

   1,400

  21,000





Tangential
1 + 4

   1,901

  21,000





Longitudinal
1 + 5

   5,733

  31,500





Radial

1 + 5

   1,564

  31,500





Tangential
1 + 5

   2,123

  31,500


Discharge


Flange

Longitudinal
1 + 4

   8,959

  21,000





Radial

1 + 4

   3,231

  21,000





Tangential
1 + 4

   3,278

  21,000





Longitudinal
1 + 5

   9,742

  31,500





Radial

1 + 5

   3,528

  31,500





Tangential
1 + 5

   3,580

  31,500


Mounting Foot
Direct +

2 + 3 + 4

   4,227

  14,000





Bending





Shear

2 + 3 + 4

     945

   8,400





Direct +

2 + 3 + 5 + 6
   5,118

  21,000





Bending





Shear

2 + 3 + 5 + 6
   1,144

  12,600


TABLE 3.9‑28 (Continued)





Combined





Stress




Calculated
Allowable


Component

Designation 
Loads(1)

Stress, psi
Stress, psi


Feet Bolts
Normal

2 + 3 + 4

  35,140

  46,620





Normal

2 + 3 + 5 + 6
  42,590

  69,930


Feet Shear


Pins  

Shear

2 + 3 + 4

   15,352

  16,800





Shear

2 + 3 + 5 + 6
   18,464

  25,200


Mounting Pad
Direct +

2 + 3 + 4

    2,995

  18,000





Bending


Weld


Shear

2 + 3 + 4

      837

  12,000





Direct +

2 + 3 + 5 + 6
    3,621

  24,000





Bending





Shear

2 + 3 + 5 + 6
    1,006

  16,000


Top plate

Bending

4 ‑ 2

   12,008

  18,000





Bending

5 + 6 ‑ 2

   16,129

  24,000


Foundation


Bolts

Normal

2 + 3 + 4

   11,286

  18,410





Shear

2 + 3 + 4

    5,990

  10,800





Normal

2 + 3 + 5 + 6
   14,224

  27,615





Shear

2 + 3 + 5 + 6
    7,403

  16,200


Stuffing Box
Normal

1


    6,786

  25,000


Bolts


Shaft

Shear

3


    1,885

   7,500


TABLE 3.9‑28 (Continued)


NOTE:


(1)
LOADING LEGEND



1.
Design Pressure.



2.
Deadweight.



3.
Shaft Torque.



4.
Normal or Steady-State Nozzle Loads.



5.
OBE/SSE Nozzle Loads.



6.
Safe Shutdown Earthquake.


TABLE 3.9‑29


SUMMARY OF RESULTS


ASSURANCE OF OPERABILITY ANALYSIS


FUEL POOL CIRCULATING PUMPS


Components







Actual
Allowable


Motor Hold-Down Bolt Stress, psi ‑ Shear

 2,060
 10,000








   ‑ Tensile

 3,267
 20,000


Pump Hold-Down Bolt Stress, psi ‑ Shear


 6,531
 12,320








  ‑ Tensile

19,184
 39,550


Anchor Bolt Stress, psi ‑ Shear



 7,058
 10,000






    ‑ Tensile



13,188
 16,707


Shaft Stress, psi






26,946
 28,200


Frame Stress, psi






 3,577
 21,600


Thrust Retainer Bolt Stress, psi ‑ Tensile

   975
 20,000


Pump Bearing Bolt Stress, psi ‑ Shear


 1,023
 10,000








‑ Tensile


 1,098
 20,000


Pump Pedestal Stress, psi




 2,139
 21,600


Nozzle Stress, psi ‑ Discharge



10,922
 20,040





    ‑ Suction




 1,772
 20,040


Nozzle Flange Stress, psi ‑ Discharge


16,835
 20,040







 ‑ Suction


10,357
 20,040


Pedestal Weld Stress, psi




 5,304
 10,800


Pump Bearing Loads, Lbs ‑ Inboard



   329
  6,338







‑ Outboard


 1,734
  9,849


Flexible Coupling Misalignment, Radians


.00105
   .017


Impeller Key Stress, psi ‑ Shear



 7,024
 10,500


Impeller Relative Deflection, Inches


  .003
   .009


<TABLE 3.9‑30>


DELETED


TABLE 3.9‑31


PRESSURE DIFFERENTIALS ACROSS REACTOR VESSEL INTERNALS(1)


  Maximum Pressure



Differences Occurring



  During a Steam



_ Line Break (psi)   

Reactor Component                       
Case 1
Case 2


Core Plate and Guide Tube
27.5
28.5


Shroud Support Ring and Lower Shroud
47.0
54.0


Upper Shroud
23.0
28.5


Average Channel Wall (bottom)
15.0
12.0


Top Guide
 7.4
13.4


Case 1 ‑
Reactor initially at 102% rated thermal power, 105% rated core flow


Case 2 ‑
Reactor initially at 33% rated thermal power, 110% rated core  flow


NOTE:


(1)
The values shown above are based on a GE12 full core configuration.  [Analysis contained in Global Nuclear Fuels, DRF J11‑03754‑00, reviewed the application of GE14 fuel to Perry and concluded GE12 (with debris filters) fuel analysis bounds GE14 (with debris filters) fuel.]


TABLE 3.9‑32


DEFORMATION LIMIT


(FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY)













General Limit


Permissible Deformation, DP






(0.9 

Analyzed Deformation







 SFmin


Causing Loss of Function, DL


Where:



DP
=
Permissible deformation under stated conditions of Service Levels, A, B, C, or D (normal, upset, emergency, or faulted).



DL
=
Analyzed deformation which could cause a loss of function can only be defined quite generally until attention is focused on the component of interest.  In cases of interest, where deformation limits can affect the function of equipment and components, they will be specifically delineated.  From a practical viewpoint, it is convenient to interchange some deformation condition at which function is assured with the loss of function condition if the required safety margins from the functioning conditions can be achieved.  Therefore, it is often unnecessary to determine the actual loss of function condition because this interchange procedure produces conservative and safe designs.  Examples where deformation limits apply are:  control rod drive alignment and clearances for proper insertion, and core support deformation causing fuel disarrangement.



SFmin
=
Minimum safety factor <Section 3.9.5.3.4>.


TABLE 3.9‑33


PRIMARY STRESS LIMIT


(FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY)


Any One of (No More Than One Required)



General Limit


a.
Elastic evaluated primary stresses, PE


  (2.25 _



Permissible primary stresses, PN



    SFmin

b.
Permissible load, LP__________________
    

    1.5  _



Largest lower bound limit load, CL



  (SFmin

c.
Elastic evaluated primary stress, PE__


    0.75 _



Conventional ultimate strength



  (SFmin


at temperature, US


d.
Elastic‑plastic evaluated



nominal primary stress, EP  __________


    0.9   _



Conventional ultimate strength



  (SFmin


at temperature, US


Where:



PE
=
Primary stresses evaluated on an elastic basis.  The effective  membrane stresses are to be averaged through the load carrying section of interest.  The simplest average bending, shear or  torsion stress distribution which will support the external loading will be added to the membrane stresses at the section of interest.



SFmin 
=
Mininum safety factor <Section 3.9.5.3.4>.



PN
=
Permissible primary stress levels under Service Levels A or B (normal or upset) conditions under ASME Boiler and Pressure Vessel Code, Section III.



LP
=
Permissible load under stated conditions of Service Levels A, B, C, or D (normal, upset, emergency, or faulted).


TABLE 3.9‑33 (Continued)


PRIMARY STRESS LIMIT


(FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY)


Where: (Continued)



CL
=
Lower bound limit load with yield point equal to 1.5 Sm where Sm is the tabulated value of allowable stress at temperature of the ASME III code or its equivalent.  The “lower bound limit load” is here defined as that produced from the analysis of an ideally plastic (nonstrain  hardening material where deformations increase with no further increase in applied load).  The lower bound load is one in which the material everywhere satisfies equilibrium and nowhere exceeds the defined material yeild strength using either a shear theory or a strain energy of distortion theory to relate multiaxial yield to the uniaxial case.



US
=
Conventional ultimate strength at temperature or loading which would cause a system malfunction, whichever is more limiting.



EP
=
Elastic‑plastic evaluated nominal primary stress.  Strain hardening of the material may be used for the actual monotonic stress strain curve at the temperature of loading or any approximation to the actual stress strain curve may be used which everywhere has a lower stress for the same strain as the actual monotonic curve.  Either the shear or strain energy of distortion flow rule may be used.


TABLE 3.9‑34


BUCKLING STABILITY LIMIT


(FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY)


Any One of (No More Than One Required)


General Limit


a.
Permissible load, LP                 _


2.25  _



Service Level A (normal) permissible

   (SFmin


load, PN


b.
Permissible load, LP                 _


0.9   _



Stability analysis load, SL



   (SFmin

Where:



LP
=
permissible load under stated conditions of Service Levels A, B, C, or D (normal, upset, emergency, or faulted).



PN
=
applicable Service Level A (normal) permissible load.



SL
=
stability analysis load.  The ideal buckling analysis is often sensitive to otherwise minor deviations from ideal geometry and boundary conditions.  These effects shall be accounted for in the analysis of the buckling stability loads.   Examples of this are ovality in externally pressurized shells or eccentricity on column members.



SFmin 
=
minimum safety factor <Section 3.9.5.3.5>.


TABLE 3.9‑35


FATIGUE LIMIT (FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY)












Limit for Service












Levels A and B


Design fatigue cycle usage from analysis

(Normal and Upset)


_____using the method of ASME Code______

Design Conditions



Cumulative Damage in Fatigue




(1.0


TABLE 3.9‑36


ASSURANCE OF OPERABILITY ANALYSIS


DIESEL GENERATOR FUEL OIL TRANSFER PUMP


(SUMMARY OF RESULTS)


Components







Actuals
Allowables


Motor Hold-Down Bolt Stress, psi ‑ Shear

 4,109
10,000








   ‑ Tensile

 8,685
20,000


Pump Hold-Down Bolts Stress, psi ‑ Shear

 4,441
12,320








   ‑ Tensile

10,153
40,000


Anchor Bolt Stress, psi ‑ Shear



 3,551
10,000






    ‑ Tensile



 5,752
20,000


Shaft Stress, psi






 4,305
17,500


Frame Stress, psi






 6,088
21,600


Thrust Retainer Bolt Stress, psi



 2,446
20,000


Pump Frame Bolt Stress, psi ‑ Shear


 4,148
12,320







   ‑ Tensile


11,280
40,000


Frame Adapter Bolt Stress, psi



15,906
25,000


Frame Adapter Flange Stress, psi



17,270
21,000


Maximum Nozzle Stress, psi ‑ Discharge


15,533
20,640







  ‑ Suction


16,682
20,640


Adapter Frame Ring Bolt Stress, psi


 4,568
40,000


Pump Bearing Loads, lb ‑ Inboard



   307
 4,443






    ‑ Outboard



 1,788
 8,855


Flexible Coupling Misalignment, Radians


  .010
  .017


Impeller Connection Stress, psi ‑ Shear


 4,950
 8,570








  ‑ Tensile

 1,614
17,500


Impeller Relative Deflection, Inches


  .004
  .025


TABLE 3.9‑36 (Continued)


DELETED


TABLE 3.9‑37


COMPONENT CYCLIC OR TRANSIENT LIMITS(1)


CYCLIC OR
DESIGN CYCLE


COMPONENT
TRANSIENT LIMIT
OR TRANSIENT


Reactor
120 heatup and cooldown cycles
70(F to 560(F to 70(F



80 step change cycles
Loss of feedwater heaters



180 reactor trip cycles
100% to 0% of RATED




THERMAL POWER



40 hydrostatic pressure or
Pressurized to (930 psig



leak tests
and (1250 psig


NOTES:


(1)
This table retained for historical purposes.  Refer to <Table 3.9‑1> or figures referenced in <Table 3.9‑2> for updated cycle information.


�





NOTE:	The absolute resultant values of Fr and Mr are combined simultaneously for a specific condition.





Fo =	Allowable value of Fr when all moments are zero (lbs).





Mo =	Allowable value of Mr when all forces are zero (ft�lbs).








NOTE:	The largest absolute values of Fi and Mi are combined simultaneously for a specific condition.





Fo =	Allowable value of Fi when all moments are zero (lbs).





Mo =	Allowable value of Mi when all forces are zero (ft�lbs).
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3.10        SEISMIC AND DYNAMIC QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT


This section describes the program for seismic and dynamic qualification of mechanical and electrical equipment to assure its operability under the full range of normal and accident loadings.  Mechanical and electrical equipment to be qualified includes equipment associated with systems that are essential to:


a.
Emergency reactor shutdown,


b.
Containment isolation,


c.
Reactor core cooling,


d.
Containment heat removal,


e.
Reactor heat removal, or


f.
Preventing significant release of radioactive material to the environment.


That is, equipment that:


a.
Performs the above functions automatically,


b.
Is used by the operator to perform these functions manually, or


c.
The failure of which can prevent the satisfactory accomplishment of one or more of the above safety functions.


A list of these systems is provided in <Table 3.2‑1>.  The mechanical and electrical equipment associated with the safety functions of these systems is designated as Safety Class 1, 2 or 3 (see <Section 3.2.3> for 


definitions) in <Table 3.2‑1> and is referred to generally as “safety‑related” equipment.  The safety‑related mechanical and electrical equipment and its associated supports are classified Seismic Category I, except those portions of the radioactive waste treatment handling and disposal systems, whose postulated simultaneous failure would not result in conservatively calculated offsite exposures comparable to the guideline exposures of <10 CFR 100>.


For seismic and dynamic qualification, “safety‑related” equipment is categorized in three groups by safety function:


a.
Safety‑related Electrical Equipment designated as “Class 1E” per IEEE Standard 279, 1971.


b.
Safety‑related Mechanical Equipment



1.
“Active” Mechanical Equipment ‑ is that which must move or change position to perform its safety function (examples are pumps, motor‑operated valves, safety‑relief valves, or check valves).



2.
“Passive” Mechanical Equipment ‑ is that which must only maintain its pressure integrity to perform its safety function (examples are tanks, heat exchangers or manual valves).


A discussion of the listing of the specific equipment by MPL No. that was prepared to demonstrate the seismic and dynamic qualification is provided in <Section 3.10.4>.


Recognizing that the hydrodynamic loads associated with a loss‑of‑coolant accident (LOCA) and safety/relief valve (SRV) discharge can have a significant effect on the design of structures, systems and equipment, both seismic and hydrodynamic loads are addressed in this section.  The hydrodynamic loads are applicable to equipment in the 


Reactor Building only.  Reference to the operating basis earthquake (OBE) and the safe shutdown earthquake (SSE) in this section includes the combined seismic and hydrodynamic loads.  These hydrodynamic loads are described in detail in <Appendix 3A>.


3.10.1      SEISMIC AND DYNAMIC QUALIFICATION CRITERIA


This Section describes:


a.
The adequacy of the seismic and dynamic qualification program through conformance with the regulatory requirements,


b.
The deciding factors for choosing between tests and analyses, and


c.
The considerations in defining the seismic and dynamic load input motions.


3.10.1.1      Conformance with Regulatory Requirements


3.10.1.1.1      <10 CFR 50, Appendix A>


3.10.1.1.1.1      Criterion 1 ‑ Quality Standards and Records


The seismic and dynamic qualification program is in compliance with the project Quality Assurance Program and its conformance to GDC 1 as discussed in <Section 3.1.2.1.1.1>.


3.10.1.1.1.2      Criterion 2 ‑ Design Bases for Protection Against Natural Phenomena


The consideration of seismic loadings in the input motion is discussed in <Section 3.10.1.3>.  Mechanical and electrical equipment is qualified to assure operability under the full range of normal and accident loadings (including seismic) in accordance with the requirements of GDC 2.


3.10.1.1.1.3      Criterion 4 ‑ Environmental and Dynamic Effects Design Bases


The consideration of the dynamic effects of missiles, pipe whipping and discharging fluids in the input motion is discussed in <Section 3.10.1.3>.  Mechanical and electrical equipment is qualified to assure operability under the full range of normal and accident loadings in accordance with the requirements of GDC 4.


3.10.1.1.1.4      Criterion 14 ‑ Reactor Coolant Pressure Boundary and Criterion 30 ‑ Quality of the Reactor Coolant Pressure Boundary


Mechanical and electrical equipment associated with the reactor coolant pressure boundary is identified as discussed in the beginning paragraph of <Section 3.10>, and is qualified to assure operability under the full range of normal and accident loadings in accordance with the requirements of GDC 14 and 30.


3.10.1.1.2      <10 CFR 50, Appendix B>


The Mechanical and Electrical Equipment Seismic and Dynamic Qualification Program is in compliance with the project Quality Assurance Program.  The Quality Assurance Program meets the requirements of <10 CFR 50, Appendix B>.  See <Chapter 17> for a detailed discussion.


3.10.1.1.3      Regulatory Guides


3.10.1.1.3.1      <Regulatory Guide 1.61>


Damping values associated with mechanical and electrical equipment are selected in accordance with <Regulatory Guide 1.61>.


3.10.1.1.3.2      <Regulatory Guide 1.89>


Compliance with <Regulatory Guide 1.89> is discussed in <Section 3.11.2.1.3.5>.


3.10.1.1.3.3      <Regulatory Guide 1.92>


Modal responses are combined in accordance with the methods defined in <Regulatory Guide 1.92>.


3.10.1.1.3.4      <Regulatory Guide 1.100>


The seismic and dynamic qualification program for mechanical and electrical equipment was designed to conform to the requirements of IEEE Standard 344‑1975.  In addition, the program is responsive to the guidance of IEEE Standard 323‑1974.


The seismic and dynamic qualification program has been determined to be in accordance with the guidelines outlined in this section as documented in Supplement 7 to the PNPP SER.  BOP equipment meets IEEE Standard 344‑1975 as modified by <Regulatory Guide 1.100>.  NSSS equipment in a harsh environment is qualified to IEEE Standard 344‑1975, while that equipment in a mild environment is qualified to IEEE Standard 344‑1971 and has been evaluated to the requirements of 344‑1975.


3.10.1.2      Selection of Qualification Method


Seismic and dynamic qualification of mechanical and electrical equipment is accomplished by test, analysis or a combination of the two methods.  In general, analysis is used to supplement test data although simple 


components may lend themselves to analysis in lieu of full‑scale testing.  The deciding factors for choosing between tests or analysis include:


a.
Magnitude and frequency of the seismic and hydrodynamic loadings,


b.
Environmental conditions <Section 3.11.1> associated with the dynamic loadings,


c.
Nature of the safety function(s),


d.
Size and complexity of the equipment,


e.
Dynamic characteristics of expected failure modes (structural or functional).


3.10.1.3      Input Motion


The input motion for the qualification of equipment and supports is defined by either response spectra or static g‑levels.  The floor response spectra are generated from the building dynamic analysis.  They are grouped by buildings and by elevations.  The required response spectra (RRS) for the seismic and hydrodynamic loads were provided to the equipment vendors.


When one type of equipment is located at several elevations and/or in several buildings, the governing response spectra are specified.


3.10.1.4      Qualification for Hydrodynamic Loads


3.10.1.4.1      Uncertainty in Hydrodynamic Loads


Uncertainties in hydrodynamic load amplitude and frequency that arise from the use of an axisymmetric model, variations in the properties of 


structure and foundation, and the inability of analytical model‑forcing function combinations to accurately predict high frequency response are accounted for as follows:


a.
Non‑axisymmetric forcing functions are employed.


b.
Envelopes of radial and tangential response are used in combination with azimuthal envelopes.


c.
The conservative GE load definition has generally been “tuned” to provide maximum response.


d.
Events are enveloped.


e.
Equipment RRS have been broadened in accordance with standard procedures <Regulatory Guide 1.122>.


f.
The general problem of high frequency “exceedances” is being addressed in a manner similar to that described in “Generic Criteria for High‑Frequency Cut‑off for BWR Equipment,” NEDE‑25250.


g.
Where equipment is qualified by test, frequencies up to at least 100 Hz are considered.


3.10.1.4.2      Input Load for Equipment


Various hydrodynamic loads are combined with SSE or OBE for equipment qualification as follows:


a.
OBBA = OBE + SRV (2% damping)


b.
DE1  = SSE + Pool Swell (3% damping)


c.
LC3  = SSE + SRV + CO (3% damping)


d.
LC4  = SSE + SRV + Chug (3% damping)


e.
DE2  = Higher of LC3 or LC4


f.
SSBA = Higher of DE1 or DE2


The combinations are by SRSS, the basis for which is contained in “Study to Demonstrate the Generic Applicability of SRSS Combination of Dynamic Responses for Mark III Nuclear Steam Supply System and Balance‑of‑Plant Piping and Equipment Components,” SMA 12109.01‑R001.


Individual spectra were developed by time history analysis for the following dynamic loads:


a.
OBE


b.
SSE


c.
SRVA (1, 8 and 19 valves)


d.
Pool Swell (including main vent cleaning)


e.
Chug


f.
Condensation Oscillation


The hydrodynamic loads are discussed in detail in <Appendix 3A>.  Whenever envelopes are employed, they are based on the highest acceleration at any given frequency.


3.10.1.4.3      Effect of Number of Cycles


Where qualification is by analysis, all stress cycles on critical sections, plant normal, abnormal, and accident conditions, including the 


effect of thermal cycles and hydrodynamic and earthquake load cycles, are considered.  Where qualification is by testing, shake tables using random motion compatible with the required response spectra in accordance with IEEE 344‑1975 are preferred.


3.10.2      METHODS AND PROCEDURES FOR SEISMIC AND DYNAMIC QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT


The seismic and dynamic qualification of mechanical equipment is discussed in <Section 3.9.2> and <Section 3.9.3>.


The remainder of the section that follows describes the methods and procedures used to qualify by test or analysis, Seismic Category I instrumentation and electrical equipment for operation during seismic and hydrodynamic events.


Safety‑related electrical equipment and instrumentation is shown to function as designed during and after an earthquake even though several other earthquakes may have occurred during its operating history.


The typical seismic test procedure includes exploratory tests (to search for resonant frequencies), five OBE tests and one SSE test.  The structural and functional integrity of the equipment must be maintained during and after the test.  The test procedure also compensates for the limitations of current facilities, e.g., limited multi‑directional capability.


Safety‑related equipment to be qualified by analysis will be qualified for OBE, SSE and other vibratory loads.


3.10.2.1      Qualification by Testing


The testing methodology for Seismic Category I instrumentation and electrical equipment includes the hardware interface requirements and the test methods.


3.10.2.1.1      Interface Requirements


Intervening structures or components (such as interconnecting cables, bus ducts, conduit, etc.) that serve as interfaces to the equipment to be qualified are not qualified as part of this program.  However, the effects of interfaces are taken into consideration.  When applicable, accelerations and frequency content at locations of interfaces with interconnecting cables, bus ducts, conduits, etc., are determined and documented in the test report.


To minimize the effects of interfaces of the equipment, standard configurations bottom cable entries are utilized whenever possible.  Where non‑rigid interfaces are located at the equipment support top, equipment qualification is based on top entry requirements.  Equipment support outline drawings with the equipment embedment loads and mounting requirements for the equipment support are supplied by the vendor.


3.10.2.1.2      Test Methods


The test methods include biaxial or single axial (as appropriately justified) random multi‑frequency, or single‑frequency excitation that envelope the RRS levels in accordance with the intent of IEEE Standard 344.


When biaxial testing is used for qualification, it applies input motions to both the vertical and one of the horizontal axes simultaneously.  Independent random inputs are preferred and, when used, the test is performed in two steps with equipment rotated 90 degrees in the horizontal plane for the second step.


3.10.2.1.2.1      Selection of Test Specimen


Representative samples of equipment and supports are selected for use as test specimens.  Variations in the configuration of similar equipment 


are reviewed to determine worst case.  For example, variations may occur in mass distributions from one cabinet to another.  Before testing, it is determined which mass distribution results in the maximum acceleration and/or frequency content and this worst case configuration is used as the test specimen.


3.10.2.1.2.2      Mounting of Test Specimens


The test specimen is mounted to the vibration table so that inservice mounting, including interfaces, is simulated.


For interfaces that cannot be simulated on the test table, the acceleration and any resonances at such interface locations are recorded during the equipment test and documented in the test report.


3.10.2.1.3      Seismic (including hydrodynamic loads) Testing Sequence


The test sequence includes exploratory resonance search, and the seismic including hydrodynamic loads testing.


3.10.2.1.3.1      Exploratory Tests


Exploratory tests may be run on equipment to aid in the determination of the test method.  Exploratory tests are sine‑sweep tests to determine resonant frequency and transfer factors at locations of Seismic Category I devices in the equipment support.  The exploratory tests are run at a low acceleration level at a sweep rate of 2 octaves per minute or less.  This is intended to excite all modes between approximately 1 and 33 Hz for seismic only, and a higher cutoff frequency for seismic plus hydrodynamic loads.  This cutoff frequency for combined seismic and hydrodynamic loads is 100 Hz.  An acceleration level is chosen to provide a usable signal‑to‑noise ratio for the sensing equipment to allow accurate detection of the natural frequencies of the test specimens.


These tests are run for one axis at a time in the three mutually perpendicular major axes corresponding to the side‑to‑side, front‑to‑back and vertical directions.


Accelerations and frequencies are monitored at locations determined by the test engineer and the equipment vendor.  Following the exploratory tests, the devices are either tested to determine the malfunction limit or subjected to a seismic test, including hydrodynamic loads.


3.10.2.1.3.2      Malfunction Limit Test


Malfunction Limit Tests are usually performed on devices that will become part of one or more assemblies (especially control panels).  The malfunction limit test is performed at each resonant frequency determined by the frequency scan.  In this test the acceleration level is gradually increased until either the device malfunctions or the limit of the vibration machine is reached.  If no resonances are detected,  the device is considered to be rigid (all parts move in unison) and the malfunction limit is, therefore, independent of frequency.  To achieve maximum acceleration from the vibration machine, rigid devices are malfunction tested at the cutoff test frequency since that allows the maximum acceleration to be obtained from deflection limited machines.


3.10.2.1.3.3      Seismic Including Hydrodynamic Loads Testing


When a seismic including hydrodynamic loads test is performed, the cutoff frequency is extended beyond 33 Hertz to the cutoff frequency for hydrodynamic loads as discussed in <Section 3.10.2.1.3.1>.  This test is conducted to demonstrate that equipment will continue to perform its safety function during and after seismic events (OBE and SSE) combined with hydrodynamic loads.  Operation of equipment is verified as described in <Section 3.10.2.1.3.4>.


3.10.2.1.3.4      Demonstration of Operation


Equipment is tested in an operational condition.  Most Seismic Category I instrumentation and electrical equipment have safety function requirements before, during and after seismic events.  Other equipment (such as plant status display equipment) have requirements only before and after seismic events.  All equipment is operated at appropriate times to demonstrate ability to perform its safety function.  Digital equipment is cycled while analog equipment is stepped in discrete steps from zero to full scale or ramped from zero to full scale.


If a malfunction is experienced during any test, the effects of the malfunction are determined and documented in the final test report.  If necessary, repairs and/or modifications are made so the equipment will meet the performance requirements and a retest is performed.  The results of the retest are noted in the final test report and, if successful, the modified equipment is considered qualified.


3.10.2.1.4      Final Test Report


The final test contains a summary of test/analysis results which is readily available for audit.  The report normally includes but is not limited to the following:


a.
Equipment Identification


b.
Equipment Specification


c.
Test Facility, including:



1.
Location



2.
Test equipment and calibration


d.
Test Methods and Procedures


e.
Test data (including performance data)


f.
Summary of results, including:



1.
Resonant frequencies, if any, and transfer ratios,



2.
Calculation of equipment damping coefficient if there is resonance in the frequency range of interest,



3.
Conclusion as to equipment seismic and dynamic qualification.


3.10.2.2      Qualification by Analysis


The procedure presented in the sections that follow apply to the qualification of equipment by analysis.


3.10.2.2.1      Analysis Methods


Analysis is employed in two phases for equipment qualification.  First, a dynamic analysis or an equivalent static analysis is made of the equipment to establish the inertia forces acting on the equipment.  In general, the choice of the analysis is based on the expected design margin since the static coefficient method (the easiest to perform), when applicable, is generally more conservative than the dynamic analysis method.  After the inertia forces are determined, a stress analysis is performed to verify the equipment can perform its intended function under these forces.


If the fundamental frequency of the equipment is above the input cutoff excitation frequency (as defined in <Section 3.10.2.1.3.1>), the equipment is considered rigid.  In this case, the loads on each component can be determined statically by concentrating its mass at its 


center of gravity and multiplying the values of the mass by the appropriate maximum floor acceleration at the equipment support point.  The maximum floor acceleration is the acceleration at the ZPA of the RRS.


A static coefficient analysis may also be used for certain equipment in lieu of the dynamic analysis.  No determination of natural frequencies is made in this case.  The seismic loads are determined statically by multiplying the actual distributed weight of the equipment by a static coefficient equal to 1.5 times the peak value of the RRS at the equipment mounting location.


The static coefficient analysis is applicable to equipment with simple frame‑type structures and can be represented by a simple model.  For equipment having configurations other than a simple frame‑type structure, this method may be applied when justification can be provided for the static factor which is used on a case‑by‑case basis.


If the equipment is determined to be flexible (i.e., within the frequency range of the input spectra) and not simple enough for equivalent static analysis, a dynamic analysis method is required.  Dynamic analysis by the response spectrum method is outlined in <Section 3.7.2>.


3.10.2.2.2      Seismic Analysis Including Hydrodynamic Loads


An analysis is performed assuming seismic including hydrodynamic loads.  The analysis must show that the seismic events (OBE and SSE) with hydrodynamic loads do not result in failure of the equipment to perform its safety function(s).


3.10.2.2.3      Documentation of Analysis


The demonstration of qualification is documented and includes the requirements of the equipment specification, the results of the qualification, and the justification that the methods used are capable of demonstrating that the equipment will not malfunction.


3.10.2.3      Qualification by Combined Testing and Analysis


In some instances, it is not practical to qualify Seismic Category I instrumentation and electrical equipment solely by testing or analysis.  This may be because of the size of the equipment, the complexity or the large number of similar configurations.  The sections that follow address the cases in which combined analysis and testing may be warranted.


3.10.2.3.1      “In Situ” Testing


Large equipment may be impractical to test due to limitations in vibration equipment loading capability.  With the equipment mounted to simulate service mounting, a number of exciters are attached at points which will best excite the various modes of vibration of the equipment.  Data is obtained from sensors for subsequent analysis of the equipment seismic plus hydrodynamic load performance.  The amplification of resonant motion is used to determine the appropriate modal frequencies and damping for a dynamic analysis of the equipment.


3.10.2.3.2      Extrapolation of Similar Equipment


In many instances, similar equipment has already been qualified but with changes in size or in specific qualified devices in a fixed assembly or structure.  In such instances, a full test program <Section 3.10.2.1> is conducted on a typical piece of equipment.  The test results combined with some analysis allows a model of the similar equipment to be 


adjusted to produce a revised stiffness matrix and to allow refinement of the analysis for the modal frequency of the similar equipment.  The result is a verified analytical model that is used to qualify the similar equipment.


3.10.2.3.3      Extrapolation of Dynamic Loading Conditions


Test results can be extrapolated for dynamic loading conditions in excess of, or different from, previous tests on a given piece of equipment when the test results are in sufficient detail to allow an adequate dynamic model of the equipment to be generated.  The model provides the capability of predicting failure under the increased or different dynamic load excitation.


3.10.3      METHODS AND PROCEDURES FOR SEISMIC AND DYNAMIC QUALIFICATION OF SUPPORTS OF MECHANICAL AND ELECTRICAL EQUIPMENT


Methods and procedures for seismic and dynamic qualification of mechanical equipment supports are discussed in <Section 3.9.3.4>.


Combined stresses of the mechanically designed electrical equipment supports are maintained within the limits of ASME Code Section III, Division 1, Subsection NF, up to the interface with building structure.  The combined stresses of the structurally designed component supports defined as building structure in the project design specifications are maintained within the limits of the AISC Specification for the Design, Fabrication and Erection of Structural Steel for Buildings, 1969 edition plus addenda.


3.10.3.1      NSSS Equipment Supports (Other than Motors and Valve‑Mounted Equipment)


The equipment support seismic and hydrodynamic load qualification tests are performed over the frequency range of interest.  When possible, the 


supports are tested with the equipment installed.  Otherwise, a dummy is employed to simulate inertial mass effects and dynamic coupling to the support.


Some GE‑supplied Seismic Category I supports are qualified by analysis only.  Analysis is used for passive mechanical devices and is sometimes used in combination with testing for larger assemblies containing Category I devices.  For instance, a test can be run to determine if there are natural frequencies in the support equipment within the critical frequency range.  If the support is determined to be free of natural frequencies (in the critical frequency range), then it is assumed to be rigid and a static analysis is performed.  If it has natural frequencies in the critical frequency range, then calculations of transmissibility and responses to varying input accelerations are determined to see if Seismic Category I supports still maintain functional integrity.


In general, the testing of Seismic Category I supports is accomplished using the procedure that follows.


Assemblies (e.g., control panels) containing devices which have established dynamic load malfunction limits are tested by mounting the assembly on the table of a vibration machine, in the manner it is to be mounted when in use, and running a low‑level resonance search.  The assemblies are tested in the three major orthogonal axes.


The resonance search is run in the same manner as performed for devices.  If resonances are present, the transmissibility between the input and the location of each device is determined by measuring the accelerations at each device location and calculating the magnification between it and the input.  Once known, the transmissibilities could be used analytically to determine the response of any Seismic Category I device location for any given input.  (It is assumed that the transmissibilities are linear as a function of acceleration even though 


they actually decrease as acceleration increases; therefore, it is a conservative assumption.)


Control panels and racks constitute the majority of Seismic Category I electrical assemblies supplied by GE.  There are basically four generic panel types.  One or more of each type is tested using these procedures.  <Figure 3.10‑1>, <Figure 3.10‑2>, <Figure 3.10‑3> and <Figure 3.10‑4> illustrate the four basic panel types and show typical accelerometer locations.


From many full acceleration level tests, it can be concluded that most of the panel types have more than adequate structural strength and that a given panel design acceptability is just a function of its amplification factor and the malfunction levels of the devices mounted in it.


Subsequent panels can, therefore, be tested at lower acceleration levels and the transmissibilities measured to the various devices as described.  By dividing the devices’ malfunction levels by the panel transmissibility between the device and the panel input, the panel dynamic qualification level can be determined.  Several high level tests have been run on selected generic panel designs to assure the conservativeness in using the transmissibility analysis described.


3.10.3.2      Balance of Plant Electrical Equipment Supports


3.10.3.2.1      Battery Racks, Instrument Racks, Control Cabinets, and Panels


Class 1E battery racks, instrument racks, control cabinets, panel supports, and other methods of attachment are analyzed or tested with the accompanying equipment, and are qualified with the equipment mounted or attached in a manner that simulates the intended service mounting.


3.10.3.2.2      Cable Tray and Conduit Support Criteria


Safety‑related cable tray and conduit (raceway) supports are designed by the equivalent static load method of analysis described in <Section 3.7.3>.  The structural capacity of the raceway is used to determine the maximum spacing of the support points.  Simply supported, single span, beam models are used to represent the raceways.  Provisions are made for differential motion between buildings by breaks in the tray and flexible connections in the conduit.


The following criteria are used in the design of safety‑related raceway supports:


a.
Method of Analysis



Safety‑related raceway supports are designed to satisfy the requirements of Seismic Category I structures by means of equivalent static load analysis using the appropriate seismic response spectra.


b.
Raceway Loading Criteria



Cable tray loading of 15 lb/ft2 of tray bottom is used for 4‑inch deep tray and 25 lb/ft2 of tray bottom for 6‑inch deep tray.  Conduit loading considers the maximum cable loading that can occur within the conduit.


c.
Raceway Support Spacing



Raceway support spacing for horizontal or vertical runs do not exceed 10 feet unless noted otherwise on design drawings (design drawings generally locate supports not more than 9’‑0” apart).



Raceway supports provide resistance to three earthquake directions by means of vertical, transverse and longitudinal support and bracing systems.


d.
Support Attachments



Raceway supports are attached in the following manner:



1.
Support members may be attached to existing structural steel.



2.
Support members may be attached to supplementary steel members spanning between existing floor beams or between existing floor beams and walls.



3.
Support members may be attached to concrete wall/columns/floor using:




(a)
Embedded steel plates with stud connectors.




(b)
Steel plates attached to concrete with drilled in expansion anchors.


e.
Load Combinations



1.
Dead load + cable load + 200 lbs concentrated load placed at any point in the span (tray only).



2.
Dead load + cable load + OBE + hydrodynamic load.



3.
Dead load + cable load + SSE + hydrodynamic load.


3.10.4      SEISMIC AND DYNAMIC QUALIFICATION RESULTS


The results of the seismic and dynamic qualification program for each type of harsh environment safety‑related electrical equipment are recorded in the Equipment List and stored in an auditable file.  Retention of auditable file packages and listing in the EQ equipment list is not required for any mechanical components or for any mild environment electrical components.

3.10.4.1      Listing of Safety‑Related Equipment


See <Section 3.11.3.1>

3.10.4.2      Auditable File


Auditable file for seismic and dynamic qualification is not required by <10 CFR 50.49>.

3.10.5      REFERENCES FOR SECTION 3.10


1.
<10 CFR Part 50, Appendix A>, General Design Criterion 1, “Quality Standards and Records.”


2.
<10 CFR Part 50, Appendix A>, General Design Criterion 2, “Design Bases for Protection Against Natural Phenomena.”


3.
<10 CFR Part 50, Appendix A>, General Design Criterion 4, “Environmental and Dynamic Effects Design Bases.”


4.
<10 CFR Part 50, Appendix A>, General Design Criterion 14, “Reactor Coolant Pressure Boundary.”


5.
<10 CFR Part 50, Appendix A>, General Design Criterion 30, “Quality of Reactor Coolant Pressure Boundary.”


6.
<10 CFR Part 50, Appendix B>, “Quality Assurance Criteria for Nuclear Power Plants and Reprocessing Plants.”


7.
NRC <Regulatory Guide 1.61>, “Damping Values for Seismic Design of Nuclear Power Plants.”


8.
NRC <Regulatory Guide 1.89>, “Environmental Qualification of Certain Electric Equipment Important to Safety for Nuclear Power Plants.”


9.
NRC <Regulatory Guide 1.92>, “Combining Modal Responses and Spatial Components in Seismic Response Analysis.”


10.
NRC <Regulatory Guide 1.100>, “Seismic Qualification of Electric and Mechanical Equipment for Nuclear Power Plants.”


11.
IEEE Std. 323‑1974, “IEEE Standard for Qualifying Class 1E Equipment for Nuclear Power Generating Stations,” Institute of Electrical and Electronics Engineers.


12.
IEEE Std. 344‑1971, “Guide for Seismic Qualification of Class 1 Electric Equipment for Nuclear Power Generating Stations,” Institute of Electrical and Electronics Engineers.


13.
IEEE Std. 344‑1975, “Recommended Practices for Seismic Qualification of Class 1E Equipment for Nuclear Power Generating Stations,” Institute of Electrical and Electronics Engineers.
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3.11      ENVIRONMENTAL QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT


This section describes the program for environmental qualification of mechanical and electrical equipment.  The program identifies the mechanical and electrical equipment to be qualified, defines the environmental conditions under normal, abnormal and accident conditions, and documents the qualification tests and analysis employed to demonstrate the equipment’s capability to perform design safety functions when exposed to normal, abnormal, accident, and postaccident environments.  Seismic qualification is addressed in <Section 3.10> for mechanical and electrical equipment.


3.11.1      EQUIPMENT IDENTIFICATION AND ENVIRONMENTAL CONDITIONS


This section identifies:  1) the mechanical and electrical systems and equipment that are required to perform a design safety function and 2) the environmental design bases for that equipment, including the definition of the normal, abnormal, accident, and postaccident environments.


3.11.1.1      Equipment Identification


Mechanical and electrical equipment to be qualified includes equipment associated with systems that are essential to:


a.
Emergency reactor shutdown.


b.
Containment isolation.


c.
Reactor core cooling.


d.
Containment heat removal.


e.
Reactor heat removal, or


f.
Preventing significant release of radioactive material to the environment.


That is, equipment that:


a.
Performs the above functions automatically.


b.
Is used by the operator to perform these functions manually, or


c.
The failure of which can prevent the satisfactory accomplishment of one or more of the above safety functions.


A list of these systems is provided in <Table 3.2‑1>.  The mechanical and electrical equipment associated with the design safety functions of these systems are designated as Safety Class 1, 2 or 3 (see <Section 3.2.3> for definitions) in <Table 3.2‑1> and are designated generally as “safety‑related” equipment.


For environmental qualification, “safety‑related” equipment is categorized in three groups by design safety function:


a.
Safety‑related electrical equipment ‑ designated as “Class 1E” per IEEE Standard 279‑1971 (Reference 1).


b.
Safety‑related mechanical equipment



1.
“Active” Mechanical Equipment ‑ that equipment which must move or change position to perform its design safety function (examples are pumps, motor‑operated valves, safety/relief valves, or check valves).



2.
“Passive” Mechanical Equipment ‑ that equipment which must only maintain its pressure integrity to perform its design safety function (examples are tanks, heat exchangers and manual valves).


The design safety functions for specific equipment items are discussed on a system basis in <Section 3.4>, <Section 3.5>, <Section 3.6>, <Chapter 5>, <Chapter 6>, <Chapter 7>, <Chapter 8>, <Chapter 9>, <Chapter 12>, and <Chapter 15>.  A discussion of the listing of the specific equipment by MPL No. that was prepared to demonstrate that the equipment is qualified to perform its design safety function for the normal, abnormal, accident, and postaccident environments in which it is located is provided in <Section 3.11.3>.


3.11.1.2      Environmental Conditions


Safety‑related mechanical and electrical equipment is located for environmental qualification purposes by environmental zones within the various plant buildings.  <Figure 3.11‑10> provides a list of environmental zone descriptions including typical equipment and systems located in each zone.  The zone boundaries were determined based on contiguous areas with similar environmental conditions by review of <Section 3.6> for pipe rupture locations, <Section 9.4> for HVAC system boundaries and <Chapter 12> for radiation doses.  The environmental zone boundaries are shown on plant layout drawings called “Environmental Zone Maps” in <Figure 3.11‑39>, <Figure 3.11‑40>, <Figure 3.11‑41>, <Figure 3.11‑42>, <Figure 3.11‑43>, <Figure 3.11‑44>, 


<Figure 3.11‑45>, <Figure 3.11‑46>, and <Figure 3.11‑47>.  Areas where no safety‑related equipment is located are not assigned an environmental zone.


The normal, abnormal and accident (including postaccident) environmental conditions for each environmental zone are provided in terms of temperature, pressure, relative humidity, and radiation in <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, <Figure 3.11‑15>, <Figure 3.11‑16>, <Figure 3.11‑17>, <Figure 3.11‑18>, <Figure 3.11‑19>, <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑27>, <Figure 3.11‑28>, <Figure 3.11‑29>, <Figure 3.11‑30>, <Figure 3.11‑31>, <Figure 3.11‑32>, <Figure 3.11‑33>, <Figure 3.11‑34>, <Figure 3.11‑35>, <Figure 3.11‑36>, <Figure 3.11‑37>, and <Figure 3.11‑38>.  Definitions used in determining the environmental conditions follow:


a.
Normal Conditions ‑ planned, purposeful, unrestricted reactor operating modes that include startup, power range and hot standby (condenser available), shutdown, and refueling modes.


b.
Abnormal Conditions ‑ any deviation from normal conditions anticipated to occur often enough that design should include a capability to withstand the conditions without operation impairment; planned testing including preoperational tests are also considered abnormal conditions (loss of nonsafety‑related HVAC is an example of an abnormal condition)


c.
Accident Conditions ‑ a single event not reasonably expected during the course of plant operations that has been hypothesized for analysis purposes or postulated from unlikely but possible situations or that has the potential to cause a release of radioactive material (a reactor coolant pressure boundary rupture 



may qualify as an accident; a fuel cladding defect does not).  Accident conditions are calculated for a postaccident period sufficient to ensure that steady‑state conditions have been reached.


The environmental parameters shown are based on verified design calculations and do not include margins required in qualification testing or analysis as described in <Section 3.11.2>.  The design basis used for preventing the loss of ventilation for some zones is discussed in <Section 3.11.4>.  The basis for the estimated chemical and radiation environmental conditions is discussed in <Section 3.11.5>.    Environmental zones and conditions are described in <Figure 3.11‑10>, <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, <Figure 3.11‑15>, <Figure 3.11‑16>, <Figure 3.11‑17>, <Figure 3.11‑18>, <Figure 3.11‑19>, <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑27>, <Figure 3.11‑28> <Figure 3.11‑29>, <Figure 3.11‑30>, <Figure 3.11‑31>, <Figure 3.11‑32>, <Figure 3.11‑33>, <Figure 3.11‑34>, <Figure 3.11‑35>, <Figure 3.11‑36>, <Figure 3.11‑37>, and <Figure 3.11‑38>.  Environmental zone boundaries are shown in <Figure 3.11‑39>, <Figure 3.11‑40>, <Figure 3.11‑41>, <Figure 3.11‑42>, <Figure 3.11‑43>, <Figure 3.11‑44>, <Figure 3.11‑45>, <Figure 3.11‑46>, and <Figure 3.11‑47>.  These figures will be revised only when a modification in equipment or components affects environmental qualification conditions.


To aid in the application of the Qualification Program acceptance criteria that is discussed in <Section 3.11.2>, the environmental zones 


listed in Figures 3.11‑10 through 3.11‑38 have been classified as either a harsh or mild environment per the following definitions:


a.
Harsh environments ‑ those zones where the environmental conditions exceed significantly the normal or abnormal range as a result of a DBE.


b.
Mild environments ‑ those zones where the environmental conditions do not exceed significantly the normal or abnormal range as a result of a DBE.


3.11.2      ENVIRONMENTAL QUALIFICATION PROGRAM ACCEPTANCE CRITERIA


This section describes the environmental qualification program acceptance criteria that were employed to meet the following general requirements:


a.
The equipment was designed to have the capability of performing its design safety functions under all normal, abnormal, accident, and postaccident environments for the length of time for which its function is required.


b.
The equipment environmental capability was demonstrated by appropriate testing and/or analyses.


c.
A quality assurance program meeting the requirements of <10 CFR 50, Appendix B>, was established and implemented to provide assurance that all requirements have been satisfactorily accomplished.


3.11.2.1      Conformance with Regulatory Requirements


3.11.2.1.1      <10 CFR 50, Appendix A> ‑ Criterion 4 ‑ Environmental and Dynamic Effects Design Bases


The scope of mechanical and electrical equipment and the environmental requirements for GDC 4 are addressed in <Section 3.11.1>.


Mechanical and electrical equipment that is required to perform a design safety function is designed to accommodate the effects of, and to be compatible with, the environmental conditions associated with normal operation, maintenance, testing, and postulated accidents, including loss‑of‑coolant accidents in accordance with GDC 4.


3.11.2.1.2      <10 CFR 50, Appendix B>


The Mechanical and Electrical Equipment Environmental Qualification Program is in compliance with the project Quality Assurance Program.  The Quality Assurance Program meets the requirements of <10 CFR 50, Appendix B>.  See <Chapter 17> for a detailed discussion.


3.11.2.1.3      Regulatory Guides


3.11.2.1.3.1      <Regulatory Guide 1.9>


<Regulatory Guide 1.9>, concerning diesel generator units, is also discussed in <Section 1.8> and <Section 8.1>.  The diesel generator units are qualified in accordance with IEEE Standard 387‑1977 (Reference 2), as modified by <Regulatory Guide 1.9>.


3.11.2.1.3.2      <Regulatory Guide 1.40>


<Regulatory Guide 1.40> concerning continuous duty motors inside containment is also discussed in <Section 1.8> and <Section 8.1>.  


Continuous duty motors inside containment are type tested in accordance with IEEE Standard 334‑1971 (Reference 3), as modified by the regulatory positions of <Regulatory Guide 1.40>.


3.11.2.1.3.3      <Regulatory Guide 1.63>


<Regulatory Guide 1.63>, concerning electrical penetrations, is also discussed in <Section 1.8> and <Section 8.1>.  Containment electrical penetrations are qualified in accordance with IEEE Standard 317‑1976 (Reference 4), as modified by <Regulatory Guide 1.63>.


3.11.2.1.3.4      <Regulatory Guide 1.73>


<Regulatory Guide 1.73>, concerning electric valve operators inside containment, is also discussed in <Section 1.8> and <Section 8.1>.  Electric valve operators are qualified in accordance with IEEE Standard 382‑1972 (Reference 5), as modified by the position of <Regulatory Guide 1.73>.


3.11.2.1.3.5      <Regulatory Guide 1.89>


<Regulatory Guide 1.89>, which pertains to the qualification of Class 1E equipment, is also discussed in <Section 1.8> and <Section 8.1>.


Class 1E equipment is qualified in accordance with IEEE Standard 323‑1974 (Reference 7), as endorsed by <Regulatory Guide 1.89> with the following specific exceptions:


a.
NSSS Class 1E equipment located in mild environmental zones was procured and qualified to IEEE Standard 323‑1971 (Reference 6).


b.
Regulatory Position C2. ‑ The basis for radiological source terms used is discussed in <Section 3.11.5.2.2>.


c.
Additional specific guidance for type testing of cables, field splices and terminations is provided by IEEE Standard 383‑1974 (Reference 8), <Table 8.1‑2>.


d.
Specific criteria for assessing the acceptability of the environmental qualification program for safety‑related electrical equipment in a harsh environment is provided by <NUREG‑0588> Category I (Reference 9).


e.
The acceptance criteria for the environmental qualification of safety-related equipment located in a mild environment is the following:


1.
The documentation required to demonstrate qualification of safety-related equipment in a mild environment are the “Design/Purchase” specifications.  The specifications contain a description of the functional requirements for its specific environmental zone during normal and abnormal environmental conditions.  A well supported maintenance/surveillance program in conjunction with a good preventive maintenance program will ensure that equipment that meets the specifications is qualified for the designed life.



2.
The maintenance/surveillance program data and records will be reviewed periodically (not more than 24 months) to ensure that the design qualified life has not suffered thermal and cyclic degradation resulting from the accumulated stresses triggered by the abnormal environmental conditions and the normal wear due to its service condition.  Engineering judgment shall be used to modify the replacement program and/or replace the equipment deemed necessary.


3.11.2.2      Qualification Methodologies for Safety‑Related Mechanical and Electrical Equipment


Safety‑related electrical equipment in a harsh environment supplied by GE under the NSSS contract is qualified as outlined in GE Licensing Topical Report NEDE‑24326‑P, dated August 1982, General Electric Environmental Qualification Program.  All other safety‑related electrical and mechanical equipment located in a harsh environment is qualified using the methodologies in this section.  Safety‑related electrical and mechanical equipment located in a mild environment is qualified as discussed in Exception e to <Regulatory Guide 1.89>, <Section 3.11.2.1.3.5(e)>, and <Section 1.8>.  The documentation of the application of the methodologies for the specific equipment identified in <Section 3.11.1.1>, to demonstrate qualification to the environmental conditions defined in <Section 3.11.1.2>, is presented in <Section 3.11.3>.


Qualification of safety‑related mechanical and electrical equipment in a harsh environment is accomplished by type testing, analysis and/or documented operating experience.  Although type testing is the preferred method of qualification, equipment qualification usually involves some combination of the three methods.  The qualification methods used depend on a number of factors, including:


a.
Material used in construction of the equipment.


b.
Applicable normal, abnormal and accident conditions.


c.
Operational requirements (during and after accidents).


d.
Nature of safety function(s).


e.
Size of equipment.


f.
Dynamic characteristics of expected failure modes (structural or functional).


In general, analysis is used to supplement test data, although simple components may lend themselves to analysis in lieu of full scale testing.  The role of operating experience is generally limited to aiding in determining realistic performance goals.


Equipment samples selected for qualification are of the same basic design and materials as the equipment to be installed at Perry.  The sample is manufactured using similar techniques and processes as those used for the installed equipment.  Any significant variations or deviations are noted in the qualification results with justification provided as necessary.


3.11.2.2.1      Type Testing


Type testing is designed to demonstrate that the safety‑related mechanical and electrical equipment can perform its safety function(s) within the accuracy and response time requirements applicable for normal, abnormal and accident conditions.  The type test consists of a demonstration of safety functions under a planned sequence of conditions, both before and after age conditioning.


A test plan is prepared at the beginning of the type testing program, which includes the basic methodology of the program, its intent and purpose, and sufficient detail to describe the tests and demonstrate compatibility with the requirements.  As a minimum, it includes:


a.
Equipment description.


b.
Number of test specimens.


c.
Acceptance criteria.


d.
Failure definition.


e.
Testing sequence.


f.
Aging technique with appropriate justification.


g.
Test levels and service conditions.


h.
Parameters to be monitored.


i.
Test equipment to be used.


j.
Mounting and connection methods.


k.
Qualified life goal and design life.


l.
Documentation to be maintained.


3.11.2.2.1.1      Sequence


Type testing is done in the following sequence:


a.
Demonstration of required safety functions during normal service conditions.


b.
Demonstration of required safety functions at the extreme of the abnormal service conditions.


c.
Age conditioning.


d.
Seismic testing.


e.
Demonstration of required safety functions during and after accident conditions.


The same units are used for steps (a) through (e).


3.11.2.2.1.2      Test Specification


The type test is performed in accordance with a manufacturer prepared test specification.  This specification expands the approved test plan into a detailed step‑by‑step description of how to implement the test plan.  The specification includes details of the tests and is submitted as part of the test result.


3.11.2.2.1.3      Margin


Margin is the difference between the most severe calculated service condition of the plant and the conditions used in type testing.  Margin is necessary to account for normal variations in production and reasonable error in calculating service conditions.  Margin has been achieved, where practicable in the suppliers’ generic type tests, by increasing the levels of test parameters, the number of test cycles and the test duration.


3.11.2.2.1.4      Acceptance Criteria


The type test program is designed to show that the equipment can perform its design safety function under the environmental conditions, specified under <Section 3.11.1>, with margin as defined above.


3.11.2.2.1.5      Testing Under Normal Conditions


The equipment is installed and operated in a manner which simulates the intended normal inservice conditions.  The equipment is exercised to demonstrate performance of its safety functions.  Data is recorded for later reference.


3.11.2.2.1.6      Testing Under Abnormal and Accident Conditions


After receiving the accumulated exposure associated with normal and abnormal environmental conditions, the equipment is installed and operated while being exposed to at least the environmental limit conditions sequentially for the function times specified.


3.11.2.2.1.7      Aging


There are four basic options that can be exercised pertaining to aging.  The first option is an analysis of equipment design and service conditions to determine if long term operation affects design safety function performance during the anticipated service conditions.  If such effects could occur, the second option is to examine similar units already qualified to see if the previous results demonstrate that such effects will not affect the performance of the unit.  Third, if no similar units have been qualified, an attempt is made to locate units that have been in operation under similar conditions for an extended period of time.  When no natural aged units are available, the fourth option is to develop and implement an age conditioning procedure.  These four options are discussed in the following sections.  An alternate method of addressing aging is presented in <Section 3.11.2.2.1.7.8>.


3.11.2.2.1.7.1      Analysis


Analysis is used to demonstrate that the equipment suffers no appreciable change in ability to perform, due to the service conditions associated with high stress events at any time in the qualified life.  This method is limited to the following classes of equipment:


a.
Equipment which is simple in design and construction (e.g., cabinets, frame structures, panels, instrument racks).


b.
Equipment where the design basis event does not impose stresses additive to those imposed during normal operation in such a manner as to cause a common mode failure.


c.
Equipment that is similar to the existing qualified equipment and the differences are minor.


d.
Equipment which has no significant aging mechanisms over its qualified life.


If no appreciable degradation is anticipated, no age conditioning is performed.  Such analyses reference applicable vendor test results, operating experience and test results on equipment of similar design and include a systematic examination of the significant aging mechanisms.


3.11.2.2.1.7.2      Similarity


For some equipment types, the only additional stress during life is vibration (nonseismic).  The aging mechanisms of such equipment can be divided into the effects at the component level, and the interaction between components when subjected to vibration induced stresses.  For example, the aging mechanisms of seals, carbon resistors, printed circuits, junctions, solder joints, and wiring may not differ from one 


module to a similar module.  If the qualified life of one module can be established, then modules of similar types will have an equivalent qualified life if all modules have similar failure mechanisms.  For the modules to be qualified, various types of equipment are compared for similarity or grouping by comparing the following items:


a.
Type of technology used to design and manufacture the module.


b.
Type of critical components.


c.
Packaging, mounting and type of connections.


d.
Service conditions.


e.
Safety functions.


For similar types of modules, all modules are type tested excluding aging.  Some representative modules have an additional specimen type tested including aging.  If the representative modules show no change in test results, whether aged or not aged, aging is deemed to have no effect on safety function performance and, therefore, aging would have no effect on safety function performance of the remainder of the similar group.  However, if significant differences in performance between aged and unaged modules are found, similarity is not used.


3.11.2.2.1.7.3      Natural Aging


An effort is made to locate identical or similar equipment that has been exposed to typical service conditions over an extended period of time.  Where not all service conditions were present in sufficient severity, conditioning is performed to account for the missing effects.


3.11.2.2.1.7.4      Age Conditioning


Age conditioning is a process of controlled physical deterioration that can provide a qualitative evaluation of the equipment vulnerability to aging effects that may affect its ability to perform its design safety functions.  Age conditioning stresses are intended to produce equipment degradation levels that equal or exceed expected inservice degradation.  Age conditioning addresses the effects of temperature, humidity, pressure, radiation, vibration, chemical atmosphere, power supply, monitored process, and operational cycles.


3.11.2.2.1.7.4.1      Thermal Aging


Thermal aging accelerates those aging processes that are the result of chemical reactions and various physical processes at the molecular level, such as diffusion.


Thermal acceleration factors are extracted from published test data when available.  Where unavailable, or the validity is doubtful, the Arrhenius approach is used to relate accelerated thermal aging time to equivalent natural aging time.  The formula is:
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Where the activation energy, (E, is not known, one of the following procedures is employed:


a.
(E is determined experimentally in accordance with the procedures in IEEE Standard 98‑1972 (Reference 10), IEEE Standard 99‑1970 (Reference 11), and IEEE Standard 101‑1972 (Reference 12), or EPRI NP‑1558 (Reference 13), or other established standard procedures, or


b.
Based on known activation energies for thermal degradation of similar materials, a conservative lower bound is determined and used inplace of the actual value of (E.


Acceleration factors and activation energies may be determined by aging tests performed on individual components and material samples.


The normal temperature used for the accelerated life calculations is greater than or equal to that actually experienced by the individual components of the device, due to the combined effects of ambient temperature, process fluid temperature, heat internally generated by operation, and heat transmitted from other equipment located in the proximity of the device.


The normal and accelerated lives, LN and LA, are determined by the deterioration of some relevant material property beyond a predetermined level.


Where thermal aging rates for different materials comprising a device vary significantly, one of the following procedures may be used to prevent failure due to excessive aging:


a.
The component(s) in question may be replaced with new items at such a time or times during the aging procedure as to ensure that the remaining period of thermal aging for the device as a whole will adequately age these components; or


b.
Components which age relatively slowly will be individually subjected to a period of accelerated aging prior to incorporation in the test unit which will then be subjected to further accelerated aging.


3.11.2.2.1.7.4.2      Radiation Aging


Radiation aging consists of exposure to a radiation dose equivalent to the expected integrated dose to which the device is exposed during its installed life.  Design basis event radiation exposure is added to the normal service exposure so that only one period of radiation exposure is required during the testing.  The test radiation includes all significant types of radiation that occur in normal/abnormal and DBE exposure <Section 3.11.5.2>.


In calculating the equivalent test radiation dose for an accelerated exposure rate, the effects of oxidation‑gas diffusion are accounted for by applying a greater total dose than the expected integrated dose during the service life.  Either IEEE Standard 278‑1967 (ANSI N4.1‑1967), “Guide for Classifying Electrical Insulating Materials Exposed to Neutron and Gamma Radiation” or ASTM D 2953‑71, “Classification System for Polymeric Materials for Service in Ionizing Radiation,” are used as applicable.


3.11.2.2.1.7.4.3      Operational Cycling


Accelerated operational cycling is performed for each type of stress that varies significantly and which may thereby constitute an aging factor.  Such stresses include:


a.
Process fluid temperature and pressure variations.


b.
Power on‑off cycling.


c.
Operation of electromechanical devices such as relays and switches.


d.
Temperature cycling (generally associated with power on‑off cycling).


The number of cycles is based on the number expected during the projected qualified life.


3.11.2.2.1.7.4.4      Process Fluid (Applicable Equipment)


Long term normal exposure to process fluid may result in chemical deterioration (e.g., corrosion of metal or deterioration of seals).  Such effects may be shown by analysis to be negligible on the basis of published test data.


Where such effects are significant, a period of exposure at elevated temperatures is included as part of the general aging procedure.  The provisions and criteria relating to thermal aging are applied here.


Variations in process fluid pressure and temperature are a part of the operational cycling procedure.


3.11.2.2.1.7.5      Aging Procedures for Specific Components and Materials


3.11.2.2.1.7.5.1      Structural Metal


In general, no environmental testing or aging will be performed on structural metal except as incidental to such procedures being performed on supported components.


3.11.2.2.1.7.5.2      Nonmetallic Materials


The primary aging procedures are thermal aging and radiation aging when applicable to cable and wire jacketing, terminal blocks, insulating and structural components in electromechanical devices, seals, printed wiring boards, connector installing materials, etc.


3.11.2.2.1.7.5.3      Solid State Electronics Components


Radiation aging is performed where applicable.  Except for radiation, in general, it is not expected that aging will degrade these components in such a way as to make them more susceptible to environmental stress.  Consequently, analysis may be used to determine the effect of electronic component aging on the qualified life of the equipment.  If aging is performed, the relevant procedures include thermal aging.


3.11.2.2.1.7.5.4      Printed Circuit Boards


Thermal aging, radiation aging, when applicable, and vibration aging, when applicable, are applied.


3.11.2.2.1.7.5.5      Capacitors


Thermal aging, voltage aging, temperature/humidity aging and radiation aging, when applicable, are applied.


3.11.2.2.1.7.5.6      Transformers


Thermal aging, temperature/humidity aging, radiation aging, when applicable, and gas exposure are applied.


3.11.2.2.1.7.5.7      Resistors


Thermal aging only is applied.


3.11.2.2.1.7.5.8      Moving Parts


Operational cycling only (see electrical contacts) is performed.


3.11.2.2.1.7.5.9      Electrical Contacts


Temperature/humidity aging, thermal aging, operational cycling, and gas exposure is applied.


3.11.2.2.1.7.6      Implementation of Age Conditioning Methods


This section describes the approaches that form the basis for implementing the age conditioning methods described in <Section 3.11.2.2.1.7.4>.


3.11.2.2.1.7.6.1      Component Approach


Each component of the module is conditioned separately and then the module is assembled.  The requirements to justify this approach are to show that the significant aging mechanisms of each component are not amplified or accelerated by the surrounding components and no significant aging mechanism involves more than one component at a time.


3.11.2.2.1.7.6.2      Critical Components Approach


The module is examined for a component with a clearly dominant age related failure mode in the various service conditions to which the module will be subjected.  This is supported by MIL handbooks, vendor test results, literature on test results of similar components, or testing samples at the various environmental levels required.  The conditioning, determined for the critical components, is applied to the entire assembled module.  The requirements to justify this approach include a determination of the amount of conditioning given to the balance of the components.


3.11.2.2.1.7.6.3      Split‑Phase Approach


Components are individually conditioned with respect to significant aging mechanisms and at acceleration rates applicable to the components.  This is done in Phase I for durations so that each component reaches a prespecified apparent time (advanced age).  The prespecified apparent time may be different from component to component at the end of Phase I, and further advanced conditioning is done on the module until all the components in the module arrive at the desired condition.


3.11.2.2.1.7.6.4      Module‑Level Approach


The entire module is conditioned to a point where some of the components are conditioned to the end of qualified life and the remainder are conditioned to a point of known or estimated life.


3.11.2.2.1.7.7      Disposition of Failures During Age Conditioning


Equipment failures during age conditioning are considered to exist if testing indicates that the equipment cannot be calibrated within specification.  Random failures are allowed during age conditioning.  


Should a failure occur during the age conditioning, the following steps are taken to determine the necessary action:


a.
Identify the failed part(s) and replace.  Verify proper operation by baseline tests after replacement.


b.
Determine the failure mechanism and evaluate the relationship to the aging process.


c.
If unrelated to the aging stresses, the failure is to be considered random and conditioning may be continued.


d.
If the failure could have been prevented by periodic maintenance, each maintenance is specified as a requirement on the final user.  Continue with conditioning.


e.
If the component has been overstressed by the conditioning procedure, the conditioning procedure must be suitably revised and started over again.


Otherwise, the equipment has failed.  Either equipment redesign or reduction of qualified life may resolve the problem.  Age conditioning is reperformed after such resolution.


When Items c, d or e, above, are determined to be applicable, justification of such determination is included in the test results report.


3.11.2.2.1.7.8      Qualified Life


When no significant aging mechanisms have been found, a qualified life equal to the plant life is assigned.  When similarity is used, a qualified life is assigned equal to that of the age conditioned similar unit.  When natural aging is used, the qualified life will not exceed 


the actual age of the unit.  When age conditioning is used, the determination of qualified life is based upon conservative engineering analysis which takes the following into account as available and applicable:


a.
Results of age conditioning.


b.
Equipment operating data.


c.
Existing test results.


d.
Reliability data.


e.
Physical understanding of significant aging mechanisms that have been identified.


f.
The equipment expected inservice duty cycle.


g.
The estimated rate of aging based on the results of the conditioning process.


h.
The expected inservice maintenance procedure and schedule.  The qualified life will be expressed in the most purposeful terms for the particular application.


Justification is provided in the qualification documentation of the means used to estimate the qualified life.


3.11.2.2.1.7.9      Service Conditions


For the aging program, the following service conditions are used to determine the contributing factors for the equipment qualified life:


a.
Normal service conditions.


b.
Abnormal service conditions.


3.11.2.2.2      Qualification Analysis


Analyses are used for environmental qualification when such analyses can be shown to be conservative.  In general, qualification by analysis is limited to simple constructions and used to supplement the type testing <Section 3.11.2.2.1>.  Such analyses, performed for full environmental qualification or to supplement the type testing, are justified in the test plan, test specification or qualification report.


Class 1E or active equipment, classified as safety‑related either by association or because it is in the primary pressure boundary and not required to function to mitigate the consequences of an accident, may be exempted from qualification for harsh environment conditions by analysis of the possible failure modes present when subject to that harsh environment.  Each of the possible failure modes is identified and analyzed to determine if it has an effect on performance of the safety functions of other safety‑related equipment.  For pressure boundary equipment analyzed in this manner it will be necessary to qualify the pressure boundary function as discussed in <Section 3.11.2.2.5.2>.


3.11.2.2.3      Operating Experience


Operating experience, if available, serves as a basis for determining the qualified life of equipment (e.g., systems or elements, components, modules, and other constituent parts of systems).  IEEE Standard 323‑1974 defines operating experience as an “accumulation of verifiable service data for conditions equivalent to those for which the equipment is to be qualified.”


In order for equipment to be qualified by reason of operating experience, auditable data must be available confirming that the following criteria have been met:


a.
The equipment cited for operating experience is identical or justifiably similar to the equipment to be qualified.


b.
The equipment, cited for operating experience, has operated under all service conditions which equal or exceed, in severity, the service conditions for which the equipment is to be qualified and performed its design safety functions under these conditions.


c.
The normal and abnormal service condition requirements were satisfied prior to the occurrence of the accident conditions.


d.
Margin is considered in determining the levels for which qualification is being sought.


When documentation of auditable data demonstrates that the criteria are met, the equipment is considered qualified by reason of operating experience for a time no longer than that length of time from the start of operation until the accident condition.  This type of operating experience is a very limited method of qualifying equipment.  However, when all criteria are not met, the equipment is a prospect for natural aging per <Section 3.11.2.2.1.7.3> or combined qualification per <Section 3.11.2.2.4>.


3.11.2.2.4      Combined Qualification


Equipment is qualified by test, analysis, previous operating experience, or any combination of these three methods.  There are 


various rationales for qualifying equipment by combining test, analysis and previous operating experience.  Some examples are:


a.
Equipment is too complex for analysis alone or too large for testing alone.


b.
Tests of selected samples of a particular design group, that may vary in size but are made of similar materials and have similar design principles, may be augmented by extrapolation techniques to other sizes that have not been tested.


c.
Verification of a mathematical model by a partial test to determine mode shapes and resonant frequencies.


d.
Use of operating experience to develop a basis for simulated aging techniques.


e.
Analysis of an assembly to determine the environment to which components are to be tested.


f.
Analysis correlating the errors and response time between two subassemblies that have been qualified separately to demonstrate the required functional operability when the two subassemblies are combined.


The combined qualification will demonstrate that the equipment can perform its design safety function under normal, abnormal and accident conditions throughout its qualified life.  Certain portions of the qualification may be demonstrated by operating experience.  Some portions may be demonstrated by test.  Still others may be demonstrated by analysis.  Combined qualification provides suitable data by which the various primary qualification methods may be brought together to satisfy the requirements of the qualification program.


3.11.2.2.5

Application of Qualification Methodologies to Harsh Environment Safety‑Related Mechanical Equipment


The qualification methodologies discussed so far in <Section 3.11.2.2> were developed to demonstrate compliance with the Regulatory Guides and <NUREG‑0588> as discussed in <Section 3.11.2.1.3>.  These methodologies are being applied to demonstrate the qualification of harsh environment safety‑related mechanical equipment as presented in this Section.


3.11.2.2.5.1      Passive Mechanical Equipment


Passive mechanical equipment was defined in <Section 3.11.1.1>.  The pressure integrity functional criteria for ASME Safety Class 1, 2 and 3 components are covered by ASME Boiler and Pressure Vessel Code Section III, Subsections NB, NC and ND respectively.  Compliance with these criteria is discussed in <Section 3.9.3>.


3.11.2.2.5.2      Active Mechanical Equipment


Active mechanical equipment was defined in <Section 3.11.1.1>.  The maintenance of the pressure integrity is also a concern and is demonstrated as discussed for passive mechanical equipment in <Section 3.11.2.2.5.1>.  An additional concern with active mechanical components is the organic materials used for sealing and lubrication systems for the moving parts.  To assume that these organic materials will perform their design safety function when exposed to normal, abnormal, accident, and design fluid environmental conditions, the following combined qualification approach is used:


a.
All harsh environment active mechanical equipment is reviewed to identify the organic component and function.


b.
Based on previous operating experience of these materials and components, a materials analysis qualification can be demonstrated.



1.
The operating experience will be demonstrated as discussed in <Section 3.11.2.2.3>.



2.
The materials analysis will be done on a generic basis per the criteria in <Section 3.11.2.2.2> on qualification analysis and <Section 3.11.2.2.1.7> on aging as it relates to analysis and proof of similarity.


c.
This demonstration of qualification will be verified during the life of plant as discussed in <Section 3.11.2.2.6.1>.


3.11.2.2.6      Supplemental Qualification Concerns


3.11.2.2.6.1      Maintenance of Qualified Life


Qualification is not a guarantee of performance for each component of a system.  It is rather assurance that the system can perform its safety function under all specified service conditions.  To maintain the qualified status of such equipment requires scheduled maintenance to prevent components from exceeding their qualified life, and periodic testing to locate components that may have failed.  The minimum scheduled maintenance required to maintain equipment qualification is specified for all the harsh environment safety‑related electrical and active mechanical equipment.  Nonscheduled maintenance will be required as a result of out‑of‑spec performance, and the malfunctioning part(s) shall be located and replaced by one equivalent to the original part.  Such replacement followed by an in‑spec test result does not affect the qualified status of the equipment unless evidence of common mode failure exists.  If analysis, retest or operation experience verifies that a common mode failure exists, the failure is eliminated by appropriate modifications,


redesign of the equipment, respecification of required maintenance, or reduction of qualified life.  Such modifications are reviewed for impact on qualification in accordance with <Section 3.11.2.2.6.3>.


3.11.2.2.6.2      Extension of Qualified Life


The original qualified life of certain safety‑related control, instrumentation and mechanical equipment may be less than the plant design life.  Numerous methods exist by which the qualified life for such equipment may be extended to meet the plant design life.  This may be accomplished by a replacement program, additional tests, further analysis, operating experience, or other demonstration that the equipment can perform its safety function for an additional specified period of time.  When modules have components with a qualified life that limits overall equipment qualified life or when experience determines that the chance of successful extension is low, a replacement program is initiated.


Analysis is used when physically measurable parameters are identified that accurately reflect the state of deterioration.  By periodic examination of these parameters, a more accurate determination of actual in situ aging rate may be obtained with a correspondingly more accurate evaluation of qualified life, based on this analyzed operating experience.


3.11.2.2.6.3      Design Modifications during the Qualification Program


Due to the nature of a qualification test program, changes to both procedures and equipment are not uncommon during the progress of the test.  During qualification, such modifications may be required to provide a more realistic or practicable method of conducting the program.  Such modifications may be made without affecting the validity of the results only when the adequate justification is provided.


Such modification to procedures or equipment is evaluated to determine its impact on the equipment qualification.  This evaluation determines the extent of requalification required.  The results of this evaluation, with a full description of the modification, is to be included in the test report.  Any equipment changes made are also to be made to all production units.


Where changes neither affect the significant aging mechanisms nor affect the possible failure mode, requalification is not required.  Where there is such an effect, sufficient requalification is performed to determine that the equipment can perform its design safety function for the specified period of time.


3.11.2.2.6.4      Design Modifications During Construction/Operations


During the course of the plant construction it may be necessary to modify equipment that has already been qualified and installed.  Such modifications may be made without affecting the validity of existing qualification results only when appropriate justification is provided.


Such modification to existing equipment is evaluated to determine its impact on the existing qualification report.  This evaluation determines the extent of requalification required.  During construction, the results of this evaluation, with a full description of the modification, were added to the qualification report.  During operations, the results of this evaluation, with a reference to the modification, will be added to the auditable file for all harsh environment, safety-related, electrical equipment.

Where changes neither affect the significant aging mechanisms nor affect the possible failure mode, requalification is not required.  Where there is such an effect, sufficient requalification is performed to determine that the modified equipment can perform its design safety function for the specified period of time.


3.11.3      QUALIFICATION TEST RESULTS


The results of qualification testing are only required for each type of harsh environment safety‑related electrical equipment.  These results are recorded in the Equipment List and stored in an auditable file.


3.11.3.1      Equipment List


The Equipment List is a data base used to identify the qualified safety‑related electrical equipment in the plant.  In addition to identifying the equipment, the equipment list will provide other information to support the qualification.


a.
The identified Class 1E equipment will have the following information provided:



1.
Equipment Number (MPL No.).



2.
Equipment Description.



3.
Manufacturer and Model Number.



4.
Equipment location by building, column line cross and elevation.



5.
Equipment support by parent MPL or mounting configuration.



6.
Equipment category as defined by <NUREG‑0588>, Appendix E, Item 2.



7.
Equipment function time required to perform the design safety function.



8.
Type of environmental zone (harsh).



9.
Zone relating to environmental conditions <Figure 3.11‑10>.



10.
Reference to the Auditable File Package.


The above format is required for all 1E equipment located in a harsh environment.  


3.11.3.2      Auditable File


The auditable file is arranged in packages by harsh environment safety‑related electrical equipment specifications.  The Auditable File Package (AFP) format outlined below is required for all 1E equipment installed in a harsh environment to establish environmental qualification in accordance with the requirements of <10 CFR 50.49>.  


a.
A cover sheet identifying the type of package, the type of equipment covered and a unique package identification number.


b.
Package revision sheets indicating the revision level of the package and documenting the continued qualification of the equipment.


c.
A package index.


d.
The original statement of equipment qualification.


e.
An equipment listing of the safety‑related equipment covered by the package by Equipment Number (MPL No.).  This is a sort by specification of the Equipment List discussed in <Section 3.10.4.1>.


f.
The checklist(s) used to perform the evaluation of the qualification report.  (The Environmental Qualification Report checklist meets the intent of <NUREG‑0588>).


g.
A listing or reference to the specific performance criteria the equipment is required to meet to be qualified.


h.
Reference to the Vendor’s Qualification Report(s).


i.
Documentation, such as calculations, which support the acceptability of the package.


j.
Correspondence which supports the acceptability of the package.


k.
Special maintenance requirements applicable to the equipment covered by the package.


l.
A design modification cross‑reference for modifications discussed in <Section 3.11.2.2.6.4>.


m.
Industry experience notices applicable to the qualification of the equipment covered by the package.


3.11.4      LOSS OF VENTILATION


Loss of ventilation systems during accident conditions will not affect the qualification of safety‑related mechanical and electrical equipment in the environmental zones listed below, that are served by safety‑related HVAC systems.


a.
Control room (Zone CB‑1).


b.
MCC, switchgear and miscellaneous equipment areas (Zone CB‑2).


c.
ECCS pump rooms (Zones AB‑2, 3 and 4).


d.
Diesel generator building (Zone DG‑1).


e.
Fuel handling area (Zones FB‑1, 2, 3).


f.
Emergency closed cooling pump area (Zone CB‑5).


g.
Emergency service water pumphouse (Zone ES‑W).


This section discusses the design of the safety‑related HVAC system in these environmental zones where redundant systems are provided to preclude loss of HVAC to redundant safety‑related mechanical and electrical equipment in that zone.  All other environmental zones have considered loss of the nonsafety‑related HVAC system in determining the limiting accident condition.


However, loss of ventilation, both safety‑related and nonsafety‑related, has been considered as a limiting abnormal condition except in those zones where the redundant safety‑related systems both serve the entire zone.  These zones are:


a.
Control room (Zone CB‑1).


b.
Emergency closed cooling pump area (Zone CB‑5).


c.
Emergency service water pumphouse (Zone ES‑W).


3.11.4.1      Control Room HVAC/Emergency Recirculation System


The control room is air conditioned and shielded against radiation to allow the operators safe and continued occupancy under optimum environmental conditions <Section 6.4>.  Redundant control room HVAC components are designed to satisfy Safety Class 3, Seismic Category I requirements.  The control complex chilled water system is designed and fabricated in accordance with the ASME Code, Section III <Section 9.4.9>.  Upon loss of offsite power, emergency power from the onsite diesel generator sets is automatically supplied to the equipment.  No single failure can result in a loss of control room HVAC, which ensures that the operability of safety‑related control and electrical equipment located in the control room is not adversely affected.


3.11.4.2      MCC Switchgear and Miscellaneous Electrical Equipment Areas HVAC/Battery Room Exhaust Rooms Ventilation


Redundant Class 1E equipment that supplies power for safety‑related equipment is located in separate MCC, switchgear and miscellaneous electrical equipment areas of the control complex.  Redundant HVAC equipment for these areas is designed to satisfy Safety Class 3, Seismic Category I requirements <Section 9.4.1>.  The control complex chilled water system is designed and fabricated in accordance with the ASME Code, Section III <Section 9.4.9>.  The HVAC system is supplied with onsite emergency power from the associated standby diesel generator should loss of offsite power occur.  No single failure will result in loss of HVAC in both MCC, switchgear and miscellaneous electrical equipment areas.


3.11.4.3      Emergency Core Cooling System Pump Rooms


Each train of each system of the ECCS is located in separate compartments of the auxiliary building.  The ECCS pump rooms are maintained between the temperatures shown on <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, and <Figure 3.11‑14> for normal operating conditions (pumps not running) and under operating conditions with the ECCS pumps and associated electrical equipment operating at full design capacity under accident conditions or during pump testing.


The ECCS pump room coolers are designed to satisfy Safety Class 3, Seismic Category I requirements <Section 9.4.5>.  Onsite emergency power is supplied to each pump room cooler from the associated standby diesel generator should offsite power be lost.  No single failure can result in loss of cooling in more than one division of ECCS pump rooms.


3.11.4.4      Diesel Generator Building Ventilation System


The diesel generator building ventilation system is designed to maintain the area within the temperatures provided in <Figure 3.11‑27> when the diesel generators are operating and outdoor temperature is less than or equal to 95(F.  Relative humidity corresponding to this temperature will be less than 50 percent since the building load will consist almost entirely of sensible heat.


Each diesel generator is provided with an independent ventilation system consisting of outdoor air intake louvers and two redundant ventilating fans.  These ventilation systems are designed to satisfy Safety Class 3, Seismic Category I requirements and are supplied with onsite emergency power from the associated standby diesel generators should loss of offsite power occur <Section 9.4.5>.  No single failure can result in loss of cooling in more than one diesel generator room.


3.11.4.5      Fuel Handling Area Ventilation System


The fuel handling area ventilation system is designed to maintain the area at or below the values shown on <Figure 3.11‑32 (1)> and <Figure 3.11‑32 (2)> with an outdoor temperature of 95(F, and to mitigate the consequences of a fuel handling accident <Section 15.7.4> and <Section 15.7.6>.  The redundant ventilation systems are designed to satisfy Safety Class 3, Seismic Category I requirements.  They may be supplied by operator action with onsite emergency power from the standby diesel generators should loss of offsite power occur <Section 9.4.2>.  No single failure can result in loss of ventilation to the fuel handling area.


3.11.4.6      Emergency Closed Cooling Pump Area HVAC


The emergency closed cooling pump area HVAC is designed to maintain the area at or below the values shown on <Figure 3.11‑19> with both Unit 1 and Unit 2 ECC pumps running, piping heat loss, and instrument air compressors, service air compressors, control complex chillers, and chilled water pumps running.  The redundant HVAC units are designed to satisfy Safety Class 3, Seismic Category I requirements <Section 9.4.5>.  The control complex chilled water system is designed and fabricated in accordance with ASME Code, Section III <Section 9.4.9>.  Both systems are supplied with onsite emergency power from the standby diesel generators should loss of offsite power occur.  No single failure can result in loss of HVAC to the ECC pump area.


3.11.4.7      Emergency Service Water Pumphouse Ventilation


The emergency service water pumphouse ventilation system is designed with redundant fans for both Unit 1 and Unit 2, such that one fan can maintain the area at or below the values shown on <Figure 3.11‑31> with 


both ESW pumps from Unit 1 or Unit 2 running.  The systems are designed to satisfy Safety Class 3, Seismic Category I requirements <Section 9.4.5>.  Both Unit 1 and Unit 2 systems are supplied with 


onsite emergency power from their respective units’ standby diesel generators should loss of offsite power occur.  No single failure can result in loss of ventilation to the ESW pumphouse.


3.11.5      ESTIMATED CHEMICAL AND RADIATION ENVIRONMENT


This section presents the justification for the estimated chemical and radiation environments of <Section 3.11.1.1> and <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, <Figure 3.11‑15>, <Figure 3.11‑16>, <Figure 3.11‑17>, <Figure 3.11‑18>, <Figure 3.11‑19>, <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑27>, <Figure 3.11‑28>, <Figure 3.11‑29>, <Figure 3.11‑30>, <Figure 3.11‑31>, <Figure 3.11‑32>, <Figure 3.11‑33>, <Figure 3.11‑34>, <Figure 3.11‑35>, <Figure 3.11‑36>, <Figure 3.11‑37>, and <Figure 3.11‑38>.


3.11.5.1      Chemical Environment


3.11.5.1.1      Normal Operation


Water of the reactor, suppression pool, upper containment pool, fuel storage pools, fuel transfer system, residual heat removal system, and emergency core cooling systems is not chemically inhibited and is controlled by ion exchange systems to be compatible with the normal operating limits listed in <Table 3.11‑13>.


Sampling capabilities are provided for periodic analysis of this water to assure compliance with operational limits.


3.11.5.1.2      Design Basis Accident


Water released from the reactor to the suppression pool, following a design basis accident and used for the containment spray, is calculated 


on the basis of <Regulatory Guide 1.7> to have a pH range of 4.5 to 


7.0, a conductivity of (21 (S/CM, oxygen content of (8 ppm, a carbon dioxide content of (1 ppm, dissolved hydrogen of (60 ppb, dissolved salts of (2x10‑5 g mole/L, and undissolved solids (9 ppm.  No significant concentrations of airborne or waterborne deleterious chemicals have been identified due to the post‑LOCA fission products.


For the Revised Accident Source Term (RAST) design basis LOCA analysis, the suppression pool pH is maintained at 7 or above to minimize the conversion of cesium iodide to elemental iodine.  The SLCS is used following the design basis LOCA for postaccident containment water chemistry management <Section 15.6.5.5.1.8>.


The containment spray system provides demineralized water as described above (for containment depressurization), at 5,250 gpm per train (A and B), 120 psig and 132(F from the containment spray headers.  The train A spray may be initiated in conjunction with the RHR operation 10 minutes after a LOCA signal (drywell high pressure and reactor vessel low Level 1) either manually or automatically on high containment pressure with the high drywell pressure signal still present.  The train B spray initiation logic is identical to train A except that an additional 90 second time delay is used in the design. 


3.11.5.2      Radiation Environment


3.11.5.2.1      Normal Operation


Radiation sources during normal plant operations are identified in <Chapter 11> and <Chapter 12> for the various plant systems.


For the neutron and gamma sources, energy spectra information is provided in <Table 12.2‑2>, <Table 12.2‑3>, <Table 12.2‑4>, and <Table 12.2‑5>.  Alpha and beta sources do not contribute to the integrated doses.  The resulting normal radiation environments, 


integrated over 40 years, are given in <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, <Figure 3.11‑15>, <Figure 3.11‑16>, <Figure 3.11‑17>, <Figure 3.11‑18>, <Figure 3.11‑19>, <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑27>, <Figure 3.11‑28>, <Figure 3.11‑29>, <Figure 3.11‑30>, <Figure 3.11‑31>, <Figure 3.11‑32>, <Figure 3.11‑33>, <Figure 3.11‑34>, <Figure 3.11‑35>, <Figure 3.11‑36>, <Figure 3.11‑37>, and <Figure 3.11‑38>


3.11.5.2.2      Design Basis Accident


The radiation doses from recirculating fluid lines used to determine the equipment qualification environmental conditions are in accordance with <NUREG‑0588> for comment (dated December 1979) and <Regulatory Guide 1.89>, and are based on the radiation sources given in <NUREG‑0737>, Section II.B.2.  The postaccident radiation doses (for equipment qualification purposes) are based on these more limiting <NUREG‑0737> sources as opposed to the source terms used for the revised accident source terms used in the LOCA submittal (Reference 14).  Equipment qualification environmental conditions are reflected in the Environmental Tables on <Figure 3.11‑11>, <Figure 3.11‑12>, <Figure 3.11‑13>, <Figure 3.11‑14>, <Figure 3.11‑15>, <Figure 3.11‑16>, <Figure 3.11‑17>, <Figure 3.11‑18>, <Figure 3.11‑19>, <Figure 3.11‑20>, <Figure 3.11‑21>, <Figure 3.11‑22>, <Figure 3.11‑23>, <Figure 3.11‑24>, <Figure 3.11‑25>, <Figure 3.11‑26>, <Figure 3.11‑27>, <Figure 3.11‑28>, <Figure 3.11‑29>, <Figure 3.11‑30>, <Figure 3.11‑31>, <Figure 3.11‑32>, <Figure 3.11‑33>, <Figure 3.11‑34>, <Figure 3.11‑35>, <Figure 3.11‑36>, <Figure 3.11‑37>, and <Figure 3.11‑38>.  Accident radiation environments are provided for both gamma and beta integrated over six months.
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1.0      DESCRIPTION OF HYDRODYNAMIC LOADING FUNCTIONS


The complete description of hydrodynamic loading on the reactor building structures due to safety/relief valve actuation and hypothetical loss‑of‑coolant accidents is outlined in GESSAR II, Appendix 3B.  Deviations for PNPP are described in the attached <Appendix 3B>.


1.1      GENERAL LOADING DESCRIPTION FOR SAFETY/RELIEF VALVE ACTUATION ANALYSIS


The basis of all safety/relief valve loading is the idealized pressure time history and pressure distribution described in <Appendix 3B> for the actuation of a single safety/relief valve.  All input time histories for safety/relief valve reactor building analysis use a time increment (Delta T) of 0.0025 second.


1.1.1      MONTE CARLO METHOD (RANDOM)


The complete description of the Monte Carlo method for analysis of multiple safety/relief valve actuations is contained in Attachment N of <Appendix 3B>.  The complete set of critical load cases was run for the 19 valve, ADS and one‑valve‑second actuation.


1.1.2      IN‑PHASE ANALYSIS


The input for in‑phase analysis for the 19 valve case is generated by superimposing the single valve pressure field of the 19 valves at their respective locations and combined, as described in <Appendix 3B>.  The resultant pressure field is multiplied by the idealized time history and factored by the maximum pressure shown in <Appendix 3B>.


The in‑phase analysis was performed for the 19 valve case only, since the vertical response is greater than the one, two or ADS valve actuations.  The greatest horizontal response is from the 


one‑valve‑subsequent actuation case, but there is no difference between in‑phase and Monte Carlo one‑valve since the variable used in Monte Carlo do not affect a single valve actuation. Therefore, Monte Carlo one‑valve analyses’ results were used for the in‑phase cases.


<Appendix 3B> states that a variation of frequencies from 5 to 12 Hz is necessary to completely analyze the in‑phase valve actuations.  Integer frequencies from 5 to 12 Hz were run as well as three natural frequencies of the containment vessel.


1.2      LOSS‑OF‑COOLANT ACCIDENT (LOCA) ANALYSIS


Based on the hypothetical LOCA described in <Appendix 3B>, there are four discrete cases:


a.
Main vent clearing


b.
Pool swell


c.
Condensation oscillation


d.
Chugging


1.2.1      MAIN VENT CLEARING AND POOL SWELL


The complete description of main vent clearing and pool swell phenomena is contained in <Appendix 3B>.  The analysis included main vent clearing, pool swell impact, drag and fallback loads, and containment pressurization.


1.2.1.1      Platform Reactions


A separate platform dynamic analysis due to pool swell direct impact force was made using the DYNAL program and using the loading described 


in <Appendix 3B>.  The time step was 0.003 second for the range of 0.0 to 6.0 seconds.  At 6.0 seconds most of the impact and fallback loads on the platforms have dissipated.


The reactions of the platforms at the drywell wall interface were then applied to the drywell wall of the reactor building model, in conjunction with the direct pressure loading as input for the main vent clearing pool swell analysis.


1.2.1.2      Distribution of Loads


The loading generated for the model starts with the pressure time history described in <Appendix 3B>.  The loading was interpolated for a time step of 0.003 second for the range of 0.0 to 6.0 seconds.


1.2.2      CONDENSATION OSCILLATION


The phenomena is described in <Appendix 3B>.  The pressure loading for condensation oscillation is shown in Attachment F of <Appendix 3B>.  The analysis was performed with a time step of 0.010 second for the range of 0.0 to 27.0 seconds.


1.2.3      CHUGGING


The chugging phenomena is described in <Appendix 3B>.  There are two different chugging areas which were analyzed:  the weir annulus area and the suppression pool area.  There were two analyses performed for suppression pool chugging:  10 Hz and 12 Hz suppression pool chug.


2.0      ANALYTICAL METHOD


2.1      MODEL DESCRIPTION


The mathematical model used for the analysis of the reactor building for the loads caused by suppression pool dynamics is shown in <Figure 3A‑1>.  For the containment design, the model including fluid elements is as shown in <Figure 3A‑2>.


2.1.1      HORIZONTAL AND VERTICAL REACTOR PRESSURE VESSEL MODELS


The horizontal and vertical General Electric reactor pressure vessel (RPV) models are presented in <Figure 3A‑3> and <Figure 3A‑4>.  The geometries of the two models were incorporated into separate reactor building models.


2.1.2      SOIL PROPERTIES AND ELEMENT ASPECT RATIO


The soil properties for the model are obtained from <Section 2.5>.  The maximum quadrilateral element aspect ratio for the soil elements in the production model of the reactor building is approximately 1:6, which is within the guidelines presented in (Reference 1).


2.1.3      BOUNDARY DISTANCE


The boundary distance is governed by the frequency content of the dynamic loads and the wave velocity (shear wave velocity and compression wave velocity) of the foundation material.  The following properties were used for the selection of the boundary distance and in the analysis:



Shear Wave Velocity, Vs = 4,900 ft/sec



Unit Weight, ( = 152 lb/ft3


Shear Modulus, Gs = 7.88 x 105 lb/in.2


Young’s Modulus, E = 21.38 x 105 lb/in.2


Poisson’s Ratio, µ = 0.36


The compression wave velocity (Vc) is calculated to be 8,077 ft/sec.  A curve is presented in <Figure 3A‑5> which shows the relationship of frequency and wave length for the Chagrin shale of the plant site.  Based upon this information, a distance is chosen to allow for a sufficient number of waves to occur within the soil, to allow the energy of the loads to dissipate before it is reflected back towards the reactor building.


The dimensions chosen for the boundary distances were:


a.
Radial Direction = 2,840 feet


b.
Vertical Direction = 2,206.25 feet


In order to determine if the boundary distance selected produces acceptable reactor building accelerations, a study was made to obtain structure accelerations for the boundary distances of the production model and for boundary distances less than those of the production model.


Since the aspect ratio for the soil elements was reduced from 1:6 to 1:3 and by not increasing the number of soil elements, the boundary distance was reduced to:


a.
Radial Direction = 1,681 feet


b.
Vertical Direction = 1,783 feet


The boundary distances selected for the production model are 6.96 and 5.39 times the soil shear wave length in the radial and vertical directions, respectively, while the boundary distances selected for the study model are 4.12 and 4.37 times the soil shear wave length in the radial and vertical directions, respectively.


The results indicate that the mat responses are 15 percent higher with the shorter boundary distances than with the longer boundary distances.  Based upon these results, the conclusion can be reached that selected boundary distances are required in order to provide production results which do not overestimate responses.


2.1.4      FLUID MODELING


Three different modeling techniques were used to represent the water:


a.
Fluid Element Model


b.
Sloshing Mass Model


c.
Concentrated Mass Model


The ANSYS computer program was used for all three analyses.  Springs were used to represent the soil in the finite element models.


2.1.4.1      Fluid Element Model


The fluid element model has the water modeled by finite elements.  Only the containment vessel, drywell and mat are represented in the model.


2.1.4.2      Sloshing Mass Model


The sloshing mass model has the water modeled as two masses.  The one mass is a stationary mass which is distributed by tributary area to the 


nodes in the lower portion of the suppression pool.  The second mass is a moving mass which is connected to the drywell and containment vessel by two springs, at a specific elevation above the bottom of the suppression pool.  The moving water mass simulates the sloshing effect of the pool water.  This method of modeling the water is described in (Reference 2).


2.1.4.3      Concentrated Mass Model


The concentrated mass model, shown in <Figure 3A‑1>, has the water mass distributed by tributary area to the node points along the containment vessel, mat and drywell wall boundary of the suppression pool.


2.1.4.4      Conclusion


A comparison of accelerations of the structures resulting from a representative SRV load showed that when this concentrated mass methodology was used it produced higher radial and vertical accelerations than the other methodologies (Reference 3).  Therefore, the concentrated mass methodology was used to produce conservative design input for reactor building analysis and design.


Based on the results of these analyses, the concentrated mass method adequately represents the fluid and is used in the reactor building analysis.  For the containment vessel analysis, fluid elements, using ASHSD2, were used for a more detailed investigation <Figure 3A‑2>.


2.1.5      DAMPING VALUES


The method by which damping is considered in the direct integration of the equations of motion, within the ASHSD2 computer program, is by the 


alpha beta method.  The damping values used for dynamic analysis of the reactor building are the following:



alpha = 1.955



beta = 0.0003537


2.2      ANALYSIS


2.2.1      INTEGRATION TIME STEP, (T


The integration method used in the ASHSD2 computer program is accurate, if the integration time step is small compared with the natural period of finite element system associated with the highest frequency expected to participate significantly.  If the time step is reduced in order to accurately integrate the stiff components of a particular problem, then the time step will be much too small for the low frequency responses, resulting in excessive computer time for the calculations.


A parametric study, using the model shown in <Figure 3A‑1>, was used to obtain results which indicate what integration time step should be used in the production runs for the safety/relief valve analysis.  The structure accelerations from two computer runs, (t = 0.0025 second and (t = 0.0010 second, demonstrated that (t = 0.0025 second is adequate.


2.2.2      FOURIER COEFFICIENTS


A parametric study was undertaken to determine the number of Fourier terms of the input load time histories required to obtain accurate results from the production computer runs for multiple safety/relief valve analysis.  The model shown in <Figure 3A‑1> was used for the study with a random 19 valve case.


The study consisted of four computer runs in which the following numbers of Fourier coefficients are used for the input load time history:


a.
Run No. 1:  3 cosine terms and 2 sine terms


b.
Run No. 2:  5 cosine terms and 4 sine terms


c.
Run No. 3:  7 cosine terms and 6 sine terms


d.
Run No. 4:  9 cosine terms and 8 sine terms


The study is made by comparing the reactor building radial, vertical and tangential accelerations (ZPA), and the radial, vertical and tangential response spectra at the containment vessel support, the base of the pedestal and the drywell side of the refueling bellows for the variation caused by the number of Fourier coefficients used for each computer analysis.


The summary indicated that 5 cosine terms and 4 sine terms provide results that have converged for all substructures of the reactor building.


2.2.3      SPECTRA


The structural acceleration responses of SRV and LOCA analyses are used to calculate floor response spectra (FRS) to be used for equipment analysis and design.


2.2.3.1      Circumferential Variation


The results of the ASHSD2 analysis include acceleration time histories for each node at each of eight separate angles.  For each node, a response spectra was generated for each of eight angles around the 


circumference.  The FRS were then created by enveloping the eight individual spectra.  The frequency range is 0.5 Hz to 100 Hz using the frequency values specified by <Regulatory Guide 1.122>.


2.2.3.2      Enveloping


The FRS used in design are the envelopes of all controlling safety/relief valve cases.


2.2.3.3      Broadening


The FRS and envelopes were broadened in accordance with <Regulatory Guide 1.122>.


3.0      CONTAINMENT FIX


Based on the large accelerations of the steel containment vessel due to SRV loads, a fix has been designed in order to qualify containment‑mounted equipment.  The fix required that concrete be poured to a height of 23 feet 6 inches above the foundation mat filling the annulus between the containment vessel and the shield building.  This is discussed in <Section 3.8.1>.


4.0      REFERENCES FOR <APPENDIX 3A>


1.
Ghosh, S. and Wilson, E., with revisions by Lin, C. J., 1975 Revisions, Dynamic Stress Analysis of Axisymmetric Structures Under Arbitrary Loading, p. 98.


2.
George W. Housner, February 1973, The Dynamic Behavior of Water Tanks, Bulletin of the Seismological Society of America, V. 53, N. 2, pp. 381‑387.


3.
Dr. Ecozomos (Brookhaven National Laboratories), September 24‑25, 1981, ACRS Transcript‑Subcommittee Meeting on Hydrodynamic Loads, San Francisco, California.
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PREFACE


This section has been revised to delete the GESSAR Appendix 3B which had been reproduced as <Appendix 3B> of the PNPP USAR.  The following section follows the format of GESSAR II ‑ Rev. 2, Appendix 3B, and provides a step‑by‑step Perry specific comparison.  GESSAR II, as modified by Draft Acceptance Criteria (Reference 1):  Appendix C to the Draft Technical Evaluation Report on Mark III LOCA‑Related Hydrodynamic Load Definition provided by memo dated 10/8/82 from Mr. Themis P. Speis (NRC) to Mr. Hank Pfefferlen (GE)) is the basis for the PNPP design.


APPENDIX 3B


CONTAINMENT LOADS


3B.1      INTRODUCTION


No deviations.


3B.1.1      CONFIRMATORY TESTING


No deviations.


3B.1.2      DEFINITION OF LOCA


No deviations.


3B.1.3      DESIGN MARGINS


No deviations.


3B.2      REVIEW OF PHENOMENA


No deviations.


3B.2.1      DESIGN BASIS ACCIDENT (DBA)


GESSAR II Figures 3B‑2 through 3B‑6 are not applicable to PNPP.  See USAR <Figure 3B‑1>, <Figure 3B‑2>, <Figure 3B‑3>, <Figure 3B‑4>, and <Figure 3B‑5>.


3B.2.2      INTERMEDIATE BREAK ACCIDENT (IBA)


No deviations.


3B.2.3      SMALL BREAK ACCIDENT (SBA)


No deviations.


3B.2.4      SAFETY/RELIEF VALVE ACTUATION


No deviations.


3B.2.5      OTHER CONSIDERATIONS


No deviations.


3B.3      DYNAMIC LOAD TABLE


No deviations.


3B.4      DRYWELL STRUCTURE


No deviations.


3B.4.1      DRYWELL LOADS DURING A LARGE BREAK ACCIDENT


No deviations.


3B.4.1.1      Sonic Wave


No deviations.


3B.4.1.2      Drywell Pressure


GESSAR II Figure 3B‑10 is not applicable to PNPP.  USAR <Figure 6.2.11> shows the PNPP drywell pressure response to a main steam line break (DBA).


3B.4.1.3      Hydrostatic Pressure


No deviations.


3B.4.1.4      Loads on the Drywell Wall During Pool Swell


No deviations.


3B.4.1.5      Condensation Oscillation Loads


GESSAR II Figure 3B‑17 is not applicable to PNPP.  See USAR <Figure 3B‑6> for the distribution of condensation oscillation loads on the drywell.


3B.4.1.6      Fallback Loads


No deviations.


3B.4.1.7      Negative Load During ECCS Flooding


No deviations.


3B.4.1.8      Chugging


No deviations.


3B.4.1.9      Loads Due to Chugging


No deviations.


3B.4.1.9.1      Chugging Loads Applied to Top Vent


No deviations.


3B.4.1.9.2      Pool Boundary Chugging Loads


GESSAR II Figures 3B‑28 through 3B‑31, 3B‑34 and 3B‑35 are not applicable to PNPP.  See USAR <Figure 3B‑7>, <Figure 3B‑8>, <Figure 3B‑9>, <Figure 3B‑10>, <Figure 3B‑11>, and <Figure 3B‑12>.


3B.4.2      DRYWELL LOADS DURING INTERMEDIATE BREAK ACCIDENT


No deviations.


3B.4.3      DRYWELL DURING SMALL BREAK ACCIDENT


No deviations.


3B.4.3.1      Drywell Temperature


No deviations.


3B.4.3.2      Drywell Pressure


No deviations.


3B.4.3.3      Chugging


No deviations.


3B.4.4      SAFETY/RELIEF VALVE ACTUATION


No deviations.


3B.4.5      DRYWELL ENVIRONMENTAL ENVELOPE


No deviations.


3B.4.6      TOP VENT TEMPERATURE (CYCLING) PROFILE DURING CHUGGING


No deviations.


3B.4.7      DRYWELL MULTICELL EFFECTS


No deviations.


3B.5      WEIR WALL


No deviations.


3B.5.1      WEIR WALL LOADS DURING DESIGN BASIS ACCIDENT


No deviations.


3B.5.1.1      Sonic Wave


No deviations.


3B.5.1.2      Outward Load During Vent Clearing


No deviations.


3B.5.1.3      Outward Load Due to Vent Flow


No deviations.


3B.5.1.4      Chugging Loads


No deviations.


3B.5.1.5      Inward Load Due to Negative Drywell Pressure


Deviations from GESSAR II as required by the NRC Draft Acceptance Criteria.


3B.5.1.6      Suppression Pool Fallback Loads


No deviations.


3B.5.1.7      Hydrostatic Pressure


No deviations.


3B.5.1.8      Safety/Relief Valve Actuation


No deviations.


3B.5.1.9      Condensation


No deviations.


3B.5.2      WEIR WALL LOADS DURING AN INTERMEDIATE BREAK ACCIDENT


No deviations.


3B.5.3      WEIR WALL LOADS DURING A SMALL BREAK ACCIDENT


No deviations.


3B.5.4      WEIR WALL ENVIRONMENTAL ENVELOPE


No deviations.


3B.5.5      WEIR ANNULUS MULTICELL EFFECTS


No deviations.


3B.6      CONTAINMENT


No deviations.


3B.6.1      CONTAINMENT LOADS DURING A LARGE STEAMLINE BREAK (DBA)


GESSAR II Figures 3B‑2 through 3B‑6 are not applicable to PNPP.  See USAR <Figure 3B‑1>, <Figure 3B‑2>, <Figure 3B‑3>, <Figure 3B‑4>, and <Figure 3B‑5>.


3B.6.1.1      Compressive Wave Loading


No deviations.


3B.6.1.2      Water Jet Loads


No deviations.


3B.6.1.3      Initial Bubble Pressure


No deviations.


3B.6.1.4      Hydrostatic Pressure


No deviations.


3B.6.1.5      Local Containment Loads Resulting from the Structures at or Near the Pool Surface


Deviation from GESSAR II as required by the NRC Draft Acceptance Criteria.


3B.6.1.6      Containment Load Due to Pool Swell at the HCU Floor (Wetwell Pressurization)


The PNPP HCU floor is approximately 27 feet above the suppression pool surface and has been designed for 10 psid across the total area of the platform (structural steel plus grating).  This was reduced from the GESSAR II specification because the PNPP HCU floor is seven feet higher than the GESSAR II standard.  In addition, a plant unique analysis showed a peak calculated pressure differential equal to approximately 5.4 psid based upon a design open area ratio of 30 percent of the total HCU floor area, (Reference 2), (Reference 3) and (Reference 4).  GESSAR II Figure 3B‑58 is not applicable to PNPP.


3B.6.1.7      Fallback Loads


No deviations.


3B.6.1.8      Post Pool‑Swell Waves


No deviations.


3B.6.1.9      Condensation Oscillation Loads


GESSAR II Figure 3B‑17 is not applicable to PNPP.  See USAR <Figure 3B‑6> for condensation oscillation loads on containment.


3B.6.1.10      Chugging


No deviations.


3B.6.1.11      Long Term Transient


No deviations.


3B.6.1.12      Containment Environmental Envelope


No deviations.


3B.6.2      CONTAINMENT LOADS DURING AN INTERMEDIATE BREAK ACCIDENT


No deviations.


3B.6.3      CONTAINMENT LOADS DURING A SMALL BREAK ACCIDENT


No deviations.


3B.6.4      SAFETY/RELIEF VALVE LOADS


No deviations.


3B.6.5      SUPPRESSION POOL THERMAL STRATIFICATION


No deviations.


3B.6.6      CONTAINMENT WALL MULTICELL EFFECTS


No deviations.


3B.7      SUPPRESSION POOL BASEMAT LOADS


No deviations.


3B.8      LOADS ON STRUCTURES IN THE SUPPRESSION POOL


No deviations.


3B.8.1      DESIGN BASIS ACCIDENT


No deviations.


3B.8.1.1      Vent Clearing Jet Load


The ECCS strainer intrudes into the water jet zone of exclusion and is designed for vent clearing loading.


3B.8.1.2      Drywell Bubble Pressure and Drag Loads Due to Pool Swell


The PNPP design basis for drywell bubble pressure and drag loads conservatively uses the LOCA bubble pressure.  A comparison of the PNPP load methodology and the GESSAR II methodology is given in <Section 3BL.2.3> of the USAR.


3B.8.1.3      Fallback Loads


No deviations.


3B.8.1.4      Condensation Loads


LOCA condensation‑oscillation drag loads are bounded by the PNPP LOCA bubble pressure drag load methodology (Reference 5), with the exception of the ECCS strainer.  The ECCS strainer is designed for condensation‑oscillation loads, determined using the GESSAR II methodology.


3B.8.1.5      Chugging


Chugging drag loads are bounded by the PNPP LOCA bubble pressure drag load methodology (Reference 5) and (Reference 6), with the exception of the ECCS strainer.  The ECCS strainer is designed for chugging loads, determined using the acoustic wave methodology (Reference 7) (Reference 8) (Reference 9) (Reference 10) (Reference 11).


3B.8.1.6      Compressive Wave Loading


No deviations.


3B.8.1.7      Safety/Relief Valve Actuation


The PNPP design basis for safety/relief valve quencher air bubble drag loads is conservatively based on the maximum quencher bubble pressure, except the ECCS strainer which utilizes the GESSAR II methodology for determination of quencher bubble loads.  A comparison of the PNPP maximum bubble pressure load methodology and the GESSAR II load methodology is given in <Section 3BL.3.2> of the USAR.


3B.9      LOADS ON STRUCTURES AT THE POOL SURFACE


As required by the NRC Draft Acceptance Criteria, the PNPP analysis used a velocity ranging from zero feet per second at the pool surface to a maximum of 50 feet per second as a function of height instead of the 


constant 40 feet per second velocity specified in GESSAR II Table 3B‑2, to calculate pool swell drag loads.


3B.10      LOADS ON STRUCTURES BETWEEN THE POOL SURFACE AND THE HCU FLOORS


No deviations.


3B.10.1      IMPACT LOADS


Impact loads are calculated in accordance with GESSAR II as modified by the requirements of the NRC Draft Acceptance Criteria.


The design basis for bulk pool swell impact loads on small structures less than 4 feet long and/or 6 feet above the pool has been evaluated using an alternative method (Reference 6).


3B.10.2      DRAG LOADS


Drag loads are calculated in accordance with GESSAR II as modified by the requirements of the NRC Draft Acceptance Criteria.


3B.10.3      FALLBACK LOADS


No deviations.


3B.11      LOADS ON EXPANSIVE STRUCTURES AT THE HCU FLOOR ELEVATION


Other than the HCU floor, <Section 3B.6.1.6> the only expansive structure in the pool swell region is the steam tunnel, which is designed in accordance with the NRC Draft Acceptance Criteria (Reference 1) (Reference 3) and (Reference 4).


3B.12      LOADS ON SMALL STRUCTURES AT AND ABOVE THE HCU FLOOR ELEVATION


Deviation from GESSAR II as required by the NRC Draft Acceptance Criteria.


3B.13      REFERENCES


1.
Draft NRC Acceptance Criteria for LOCA Related Mark III Containment Pool Dynamic Loads, Appendix C of Attachment to NRC letter from T. P. Speis, NRC, to H. Pfefferlen, GE, dated October 8, 1982.


2.
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3.
CEI letter, PY‑CEI/NRR‑0055L from M. R. Edelman, CEI, to B. J. Youngblood, NRC, dated June 20, 1983.


4.
CEI letter, PY‑CEI/NRR‑0123L from M. R. Edelman, CEI, to B. J. Youngblood, NRC, dated July 11, 1984.


5.
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6.
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7.
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8.
Mark II Improved Chugging Methodology, NEDE‑24822‑P Class III General Electric Company, May 1980; this document was prepared for 



the Mark II Utility Owners’ Group by Bechtel Power Corporation under contract with General Electric Company, (Proprietary).
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10.
An Approach to Chugging, Assessment of RHR Steam Discharge Condensation Oscillation in Mark III Containments, Prepared for the Mark III Containment Issues Owners’ Group, Job 16031, Bechtel Power Corporation, San Francisco Power Division, Nuclear Engineering Staff, March 1984, (Proprietary).
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Safety Evaluation Report related to the operation of Perry Nuclear Power Plant, <NUREG‑0887>, Supplement No. 8, U. S. Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation, Washington, D.C., January 1986.


ATTACHMENT A TO APPENDIX 3B


SAFETY/RELIEF VALVE LOADS (QUENCHER)


3BA.1      INTRODUCTION


No deviations.


3BA.2      SUMMARY AND CONCLUSIONS


GESSAR II Table 3BA‑1 is not applicable to PNPP.  USAR <Table 3BA‑1> provides the SRVDL information for PNPP.  GESSAR II Table 3BA‑2 is not applicable to PNPP.  USAR <Table 3BA‑2> (located in this attachment) provides the results of the analysis to determine the maximum quencher bubble pressures for PNPP.  The SRVDL peak pressure is limited to 570 psid for PNPP.


3BA.3      DESCRIPTION OF THE PHENOMENA


The SRVDL peak pressure is limited to 570 psid for PNPP.


3BA.4      ARRANGEMENT


3BA.4.1      DISTRIBUTION IN POOL (QUENCHER ARRANGEMENT)


GESSAR II Figures 3BA‑2 through 3BA‑4 are not applicable to PNPP.  PNPP USAR <Figure 3BA‑1>, <Figure 3BA‑2>, and <Figure 3BA‑3> show the elevation and plan views of the PNPP quencher arrangement.


3BA.4.2      SRVDL ROUTING


GESSAR II Figure 3BA‑7 is not applicable to PNPP.  USAR <Figure 3BA‑4> shows the SRVDL routing for PNPP.


3BA.4.2.1      Line Lengths and Volume


GESSAR II Table 3BA‑1 and GESSAR II Figure 3BA‑7 are not applicable to PNPP.  USAR <Table 3BA‑1> shows PNPP SRVDL line lengths and volumes based on the PNPP SRVDL layout shown in USAR <Figure 3BA‑4>.


The SRVDL from the 45( elbow just above the pool to the quencher is a 10 inch, Schedule 40, stainless steel pipe.


3BA.4.2.2      Drywell Penetration Sleeve


The SRVDL drywell penetration sleeve for PNPP is shown in USAR <Figure 3BA‑1>.


3BA.4.2.3      SRVDL Vacuum Breaker


No deviations.


3BA.5      QUENCHER LOAD ON POOL BOUNDARY


3BA.5.1      PRESSURES ON DRYWELL, BASEMAT AND CONTAINMENT


GESSAR II Table 3BA‑2 is not applicable to PNPP.  USAR <Table 3BA‑2> identifies the maximum and minimum bubble pressures for PNPP.


3BA.5.1.1      Single SRV Loads


GESSAR II Table 3BA‑6 and Figure 3BA‑8 are not applicable to PNPP.  USAR <Table 3BA‑3> and <Figure 3BA‑5> show PNPP design values.


3BA.5.1.2      Two Adjacent SRV Loads


GESSAR II Table 3BA‑7 and Figure 3BA‑11 are not applicable to PNPP.  USAR <Table 3BA‑4> and <Figure 3BA‑6> show PNPP design values.


3BA.5.1.3      Eight SRV Loads (ADS)


GESSAR II Table 3BA‑8 and Figures 3BA‑14, 3BA‑15 and 3BA‑16 are not applicable to PNPP.  USAR <Table 3BA‑7>, and <Figure 3BA‑7>, <Figure 3BA‑8>, and <Figure 3BA‑9> show the normalized dynamic peak pressure field and radial and circumferential peak values for the eight ADS SRV’s for PNPP.


3BA.5.1.4      All (19) SRV Loads


GESSAR II Table 3BA‑9 and Figures 3BA‑17, 3BA‑18 and 3BA‑19 are not applicable to PNPP.  USAR <Table 3BA‑8>, <Figure 3BA‑10>, <Figure 3BA‑11>, and <Figure 3BA‑12> show the normalized dynamic peak pressure field and radial and circumferential peak values for PNPP.


3BA.5.2      LOAD ON WEIR WALL


No deviations.


3BA.5.3      LOADS ON SUBMERGED STRUCTURES


See USAR <Appendix 3BL> for definition of PNPP load methodology.


3BA.5.4

NORMALIZED PRESSURE TIME HISTORY (THEORETICAL RALEIGH BUBBLE)


No deviations.


3BA.5.5

REPRESENTATIVE PRESSURE TIME HISTORY


No deviations.


3BA.5.6      ESTIMATED MARGINS


3BA.5.6.1      Peak Bubble Pressures


No deviations.


3BA.5.6.2      Bubble Pressure Amplitude


No deviations.


3BA.5.6.3      95% Confidence


No deviations.


3BA.5.6.4      Margin


No deviations.


3BA.6      OTHER LOADS ON STRUCTURES IN THE POOL


3BA.6.1      LOCA, POOL SWELL, CONDENSATION OSCILLATION, AND CHUGGING


See USAR <Appendix 3BL> for definition of PNPP load methodology.


3BA.6.2

FORCES ON PIPES DUE TO VENT CLEARING, POOL SWELL AND FALLBACK


Upper bound values for submerged structure loads were derived using the procedures defined in USAR <Appendix 3BL>.


3BA.6.3      THERMAL EXPANSION LOADS


No deviations.


3BA.6.4      SEISMIC LOADS


No deviations.


3BA.6.5      SEISMIC SLOSH LOADS


No deviations.


3BA.7      QUENCHER ANCHOR LOADS


GESSAR II Figures BA‑2 through 3BA‑6 and 3BA‑28 and Tables 3BA‑13 and 3BA‑14 are not applicable to PNPP.  USAR <Figure 3BA‑1>, <Figure 3BA‑2>, and <Figure 3BA‑3> show the general arrangement of the quenchers in the pool.  The quencher anchor loads are defined in <Table 3BA‑3> and <Table 3BA‑4>.


3BA.7.1      QUENCHER ARM LOADS AND QUENCHER LOADING APPLICATION


See USAR <Table 3BA‑3> and <Table 3BA‑4>.


3BA.7.2      QUENCHER DESIGN INFORMATION


USAR <Figure 3BA‑1>, <Figure 3BA‑2>, and <Figure 3BA‑3> show the quencher side elevation, top elevation and angular locations in the suppression pool.  GESSAR II, Figures 3BA‑2, 3BA‑3 and 3BA‑4 are not applicable to PNPP.


3BA.7.2.1      Codes and Standards


No deviations.


3BA.7.2.2

Design Pressures, Temperatures, Loads, Configuration, and Performance


3BA.7.2.2.1

Component Data for Safety/Relief Valve, Discharge Piping and Quencher


The plant specific value for maximum flow at 1,190 psig is 1 x 106 pounds per hour (approximately 453 metric tons per hour).


3BA.7.2.2.2      SRVDL Geometry


No deviations.


3BA.7.2.2.3      Quencher Design Criteria


a.
Forces



See USAR <Table 3BA‑3> and <Table 3BA‑4>


b.
Fatigue



16,200 cycles


c.
Cycles of operation

1,800


3BA.7.2.2.4      Quencher Configuration and Location


The PNPP design rating is 570 psig and the minimum radial distance from the centerline of the quencher to the flange of the ECCS strainers is 11 feet 6 inches.


3BA.8      SRV VALVE LOAD COMBINATIONS


GESSAR II Figure 3BA‑4 is not applicable to PNPP.  See USAR <Figure 3BA‑3> for the SRVDL discharge locations for PNPP.


3BA.8.1      SYMMETRIC AND ASYMMETRIC LOAD CASES


No deviations.


3BA.8.2      SSE AND OBE CONSIDERATIONS


No deviations.


3BA.8.3      LOCA CONSIDERATIONS


No deviations.


3BA.8.3.1      DBA With MS Line Break


No deviations.


3BA.8.3.2      DBA With Recirculation Line Break


No deviations.


3BA.8.3.3      Other SRV Conditions


No deviations.


3BA.8.3.3.1

Water Clearing Pressure Spike for SRV First Actuation, Normal Operating Conditions


No deviations.


3BA.8.3.3.2      SRV First Actuation With a Pressurized Containment


No deviations.


3BA.8.3.3.3

Water Clearing Pressure Spike for SRV, Second Actuation Normal Operating Conditions


No deviations.


3BA.8.3.3.4

Second Actuation of one SRV With a Pressurized Containment


No deviations.


3BA.8.3.3.5      First Actuation of One SRV, Leaking Valve Condition


No deviations.


3BA.8.3.3.6      SRV Steam Condensation


No deviations.


3BA.8.4      DESIGN LOAD SUMMATION


No deviations.


3BA.9      FATIGUE CYCLES


No deviations.


3BA.10      CALCULATIONAL PROCEDURES FOR MARK III CONTAINMENT


No deviations.


3BA.11      PARAMETRIC STUDIES


No deviations.


3BA.12      BASIS AND JUSTIFICATION FOR DEVELOPED QUENCHER LOADS


No deviations.


3BA.13      REFERENCES


No deviations.


TABLE 3BA‑1


PNPP SRV DISCHARGE LINE


[image: image2.wmf]÷
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_

Air Leg Length (feet)


Total
 10”
 12”
1.4”
Volume
_Max. F        

_SRV_
Length(3)
S/40S(4)
S/40S(4)
S/40(4)
(ft3)
 10”(1)
 12”(2)







 S/40S   S/40S

F041G
60.781
15.699
28.377
‑

42.826
1.929
3.968


F041E
52.43
17.00
‑

16.37
38.713
1.27
2.62


F051C
69.918
48.293
14.872
‑

44.178
1.795
3.691


F051A
62.423
11.372
‑

16.074
37.45
1.54
3.166


F051G
60.682
16.852
26.588
‑

42.789
2.101
4.321


F047C
60.405
21.255
28.583
‑

41.991
1.271
2.614


F041C
75.002
43.824
20.427
‑

46.932
2.312
4.755


F041B
74.544
45.037
19.74
‑

46.519
2.09
4.296


F041F
46.052
15.21
‑

22.441
43.465
1.211
2.492


F051B
54.688
24.18
19.541
‑

37.267
1.389
2.857


F047B
79.42
54.654
15.00
‑

48.062
2.227
4.581


F047D
45.301
14.424
‑

13.902
36.327
1.473
3.029


F041D
44.543
13.006
‑

17.591
37.940
.97
1.994


F051D
63.876
35.607
16.87
‑

43.278
1.86
3.826


F041K
49.101
10.219
26.1
‑

39.501
1.284
2.643


F047H
60.441
24.259
21.04
‑

41.447
1.442
2.966


F047F
60.135
21.414
23.979
‑

41.864
1.337
2.751


F047G
57.844
18.303
24.399
‑

41.708
1.417
2.915


F041A
45.219
13.23
‑

17.652
38.121
1.101
2.264


NOTES:


(1)
Normalized to 10 inch Schedule 40S pipe.


(2)
Normalized to 12 inch Schedule 40S pipe.


(3)
Total length stated accounts for straight pipe and arc‑lengths of elbows.


(4)
Stated lengths of pipe in Columns 3, 4 and 5 account for straight pipe only.


TABLE 3BA‑2


INDUCED LOADS ON POOL BOUNDARIES





 Design




Contain‑





 Value ‑

  Contain‑
  ment





 Bottom

   ment

  Peak





 Maximum

  Normal‑

Pressure
    Affected





 Pressure

   ized

@Point 10
    Quenchers/


   Case

  (psid)

  Factor

(psid)b  

 Design


Description
 PB(+) PB(-)
@ Point 10b 
P+     P‑
      Cycles 


Single Valve


First


Actuation,


at Tsrv=95(F


Pool Tempera‑


ture


10.63  ‑6.5

0.711
 7.7
 ‑4.6   V10/33


Single Valve


Subsequent


Actuation

18.3
  ‑7.8

0.711
13.0
 ‑5.5   V10/1,560


Two Adjacent


Valves


First


Actuationg

at Tsrv=95(F


Pool Tempera‑


ture


10.8
  ‑6.5

0.856
 9.2
 ‑5.5   V9,V10/1


19 Valves


(All Valve


Case)


First


Actuation,g









    All


at Tsrv=95(F








   Quenchers/


Pool Tempera‑









    159


ture


12.1
  ‑6.4

1.0

12.1
 ‑6.4


8 ADS Valves








   V2,V4,V7,V9,


First









   V11,V13,V16,


Actuation









   V18/1


at Tsrv=120(F


Pool Tempera‑


ture


11.3
  ‑6.8

0.821
 9.3
 ‑5.6


TABLE 3BA‑3


QUENCHER LOADS


[image: image1.wmf]

NOTE:


Load Fe may act in any direction.  Moment Me may act in any vertical plane.


TABLE 3BA‑4


QUENCHER ANCHOR LOADS


   GAI Load Case    
     G.E. Load Case    

 Combination


    Deadweight



Deadweight


  Addition



‑
Arm Loads
_




Case A
 



‑
Arm Loads
   Screen
Use Screened




Case B

G.E. Values



‑
Arm Loads





Case C
_


    SRVI
Structural Response
SRSS



OBEI
OBE
SRSS



SSEI
SSE
SRSS



SRV Blowdown
Transient Wave
SRSS




‑
Water Clearing
G.E. Values




‑
Adjacent Quencher
G.E. Values





Water Jet Impingement




‑
LOCA Water Jet
G.E. Values



Pool Swell Drag
LOCA Air Bubble
SRSS



Pool Swell Drag
Pool Fallback
SRSS



PSI
Pool Swell
SRSS




‑
Condensation Oscillation
G.E. Values



CHUGI
Chugging
SRSS



API
        ‑
GAI Values



Thermal
        ‑
GAI Values



Normal Ambient



Thermal
        ‑
GAI Values



Normal SRV


TABLE 3BA‑4 (Continued)


   GAI Load Case    
     G.E. Load Case    
Combination



Thermal
        ‑
GAI Values



Stuck Open Valve



Thermal
        ‑
GAI Values



Post LOCA



SRV Drag (Active)
        ‑
GAI Values



SRV Drag (Inactive)
        ‑
GAI Values


TABLE 3BA‑5


QUENCHER BASEMAT LOADINGS ‑ GE & GAI COMBINED





      Forces (kips)    
   Moments (inch‑kips)  
 Load


   Load Type       Fx      Fy     Fz      Mx      My  
   Mz   
  ID 


DEAD WEIGHT
0.39
‑7.27
0
‑41.0   ‑3.0
0
DW


ARM LOADS


  Max Case A
(0.97
0
(5.49
(296.5  (1,244
(52.37
ALA


  Max Case B
(25.3
0
0
0
0
(817
ALB


  Max Case C
0
(15.17
0
0
0
0
ALC


STRUCT.
(3.16
(4.16
0
0
(39.95
(164.88
SR


RESPONSE MAX


SEISMIC


  OBE Max
(5.81
(7.82
0
0
(76.50
(286.24
OBE


  SSE Max
(8.30
(11.23
0
0
(108.9
(410.12
SSE


TRANSIENT WAVE
+0.67
+19.21
0
0
(11.0
(72.0
TW



‑0.29
‑28.32


WATER CLEARING
0
+2
0
0
0
0
WC




‑150


ADJACENT QUENCH‑


ER JET IMPINGE‑


MENT
(36.1
0
0
0
(619.8
(1,770
AQJI


LOCA EVENT


  Water Jet
(36.5
0
0
0
0
(1,375
LWJ


  Air Bubble
(26.87
(14.2
0
0
(74
(1,498
LAB


  Pool Swell
+0.25
(37.92
0
0
(4
(26
LPS


  Pool Fallback
(5.9
‑37.82
0
0
(74
(608
LPF


  Condensation


  Oscillation
(19.48
(4.5
0
0
0
(999
LCO


  Chugging
(6.32
(8.42
0
0
(4
419.24
LCG


  Annulus Press.
(0.62
(3
0
0
(20
(61
LAP


SRV DRAG ACTIVE
(2.96
(7.02
0
0
(37
(303
SRVD


THERMAL NORMAL


AMB.
10.73
‑4.31
0
0
‑4
‑1,239
TH3


THERMAL NORMAL


SRV
22.57
‑16.86
0
0
‑24
‑2,550
TH1


THERMAL STUCK


OPEN V
25.67
‑17.79
0
0
‑24
‑2,909
TH2


THERMAL POST


LOCA
19.33
7.64
0
0
‑7
‑2,233
TH4


SRV DRAG


INACTIVE
(2.0
(4.75
0
0
(25.08
(205.4
SVDI


TABLE 3BA‑6


QUENCHER BASEMAT LOADINGS(1)


  Fe
  Fv
    Me
    Mv


_________________Condition_____________________
(kips)
(kips)
(inch‑kips)
(inch‑kips)




+0


Service Level A (P)
36.6
‑11.43
1,818.7
624.1


Service Level A (P+S)
47.3
‑15.7
3,057.7
628.1




+14.0


Service Level B (P) Comb. 1 ‑ Transient Wave
6.6
‑37.0
400.6
84.3




+14.0


Service Level B (P+S) Comb. 1 ‑ Transient Wave
29.1
‑53.86
2,950.6
108.3




+3.0


Service Level B (P) Comb. 1 ‑ Case A Arm Loads
9.3
‑157.6
532.9
1,250.2




+3.0


Service Level B (P+S) Comb. 1 ‑ Case A Arm Loads
31.8
‑174.5
3,082.9
1,274.2




+3.0


Service Level B (P) Comb. 1 ‑ Case B Arm Loads
26.6
‑157.6
449.1
92.9




+3.0


Service Level B (P+S) Comb. 1 ‑ Case B Arm Loads
49.2
‑174.5
3,499.1
116.9




+11.0


Service Level B (P) Comb. 1 ‑ Case C Arm Loads
7.3
‑158.4
430.0
92.9




+11.0


Service Level B (P+S) Comb. 1 ‑ Case C Arm Loads
29.9
‑175.2
2,980.0
116.9


NOTE:


(1)
Refer to <Table 3BA‑3> for orientation.


TABLE 3BA‑6 (Continued)



  Fe
  Fv
    Me
    Mv


_________________Condition_____________________
(kips)
(kips)
(inch‑kips)
(inch‑kips)




+4.0




+1.6


Service Level B (P) Comb. 1 ‑ Bubble Loads Active
7.6
‑18.6
489.2
96.9




+4.0


Service Level B (P+S) Comb. 1 ‑ Bubble Loads Active
30.2
‑35.5
3,039.2
120.9


Service Level B (P) Comb. 2 ‑ Adjacent Quencher
37.1
‑16.1
1,841.6
628.8




+1.6


Service Level B (P+S) Comb. 2 ‑ Adjacent Quencher
47.8
‑20.4
3,080.6
632.8




+2.8


Service Level B (P) Comb. 2 ‑ Bubble Loads  Inactive
7.3
‑17.3
430.0
92.9




+2.8


Service Level B (P+S) Comb. 2 ‑ Bubble Loads Inactive
18.0
‑21.6
1,669.0
96.9


Service Level C (P) Comb. 1


Service Level C (P+S) Comb. 1


                                                    
Bounded by Service Level B


Service Level C (P) Comb. 2


Service Level C (P+S) Comb. 2 




+37.1


Service Level D (P) Comb. 1 ‑ Transient Wave
38.0
‑56.3
1,617.9
143.3




+37.1


Service Level D (P+S) Comb. 1 ‑ Transient Wave
60.6
‑73.2
4,167.9
167.3


TABLE 3BA‑6 (Continued)



  Fe
  Fv
    Me
    Mv


_________________Condition_____________________
(kips)
(kips)
(inch‑kips)
(inch‑kips)




+32.8


Service Level D (P) Comb. 1 ‑ Case A Arm Loads
38.4
‑162.5
1,644.8
1,254.8




+32.8


Service Level D (P+S) Comb. 1 ‑ Case A Arm Loads
61.0
‑179.4
4,194.8
1,278.8




+32.8


Service Level D (P) Comb. 1 ‑ Case B Arm Loads
45.7
‑162.5
1,815.6
142.9




+32.8


Service Level D (P+S) Comb. 1 ‑ Case B Arm Loads
68.3
‑179.4
4,365.6
166.9




+35.6


Service Level D (P) ‑ Comb. 1 ‑ Case C Arm Loads
38.0
‑163.3
1,616.3
142.9




+35.6


Service Level D (P+S) ‑ Comb. 1 ‑ Case C Arm Loads
60.6
‑180.1
4,166.3
166.9




+32.5


Service Level D (P) ‑ Comb. 2 ‑ Adjacent Quencher
52.5
‑47.0
2,401.6
637.9




+32.5


Service Level D (P+S) ‑ Comb. 2 ‑ Adjacent Quencher
71.8
‑54.7
4,634.6
644.9




+32.8


Service Level D (P) ‑ Comb. 2 ‑ Bubble Loads


  Inactive
38.0
‑47.3
1,616.3
142.9




+32.8


Service Level D (P+S) ‑ Comb. 2 ‑ Bubble Loads


  Inactive
57.3
‑55.0
3,849.3
149.9


TABLE 3BA‑7


PERRY NUCLEAR POWER PLANT DYNAMIC PRESSURE FIELD FOR EIGHT SAFETY/RELIEF VALVES



TIME =
0.15 sec (positive pressure psid) (P (r)




0.08 sec (negative pressure psid) (P (r)


SRV Angle


(degrees)


Reference
V‑11
V‑13


__Point__
4.5_
13.5
22.5
31.5
40.5
49.5
58.5
67.5
76.5
85.5
94.5
103.5



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2
.800
.950

1
.950
.800
.909

1
.893
.657
.598
.657
.893



 3
.894

1

1

1
.894

1

1

1
.720
.635
.720

1



 4
.912

1

1

1
.912

1

1

1
.733
.641
.733

1



 5
.846

1

1

1
.846

1

1
.983
.687
.615
.687
.983



 6
.914

1

1

1
.885

1

1

1
.725
.666
.725

1



 7
.857

1

1

1
.846

1

1
.971
.701
.633
.701
.971



 8
.755
.860
.988
.842
.745
.845
.966
.792
.628
.583
.628
.792



 9
.667
.714
.764
.720
.657
.698
.740
.674
.564
.533
.564
.660



10
.692
.752
.824
.758
.681
.737
.801
.712
.581
.544
.581
.699



11
.686
.741
.805
.748
.676
.726
.782
.702
.577
.541
.577
.688



12
.653
.688
.728
.695
.642
.672
.704
.650
.554
.525
.554
.635



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑7 (Continued)


SRV Angle


(degrees)


Reference
V‑16
V‑18
V‑2


__Point__
112.5
121.5
130.5
139.5
148.5
157.5
166.5
175.5
184.5
193.5
202.5
211.45



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2

1
.909
.800
.909

1
.893
.657
.598
.657
.850
.984
.850



 3

1

1
.894

1

1

1
.720
.635
.720

1

1

1



 4

1

1
.912

1

1

1
.733
.641
.733

1

1

1



 5

1

1
.846

1

1
.983
.687
.615
.687
.944

1
.944



 6

1

1
.856

1

1

1
.725
.636
.688

1

1

1



 7

1

1
.835

1

1
.971
.681
.604
.688
.956

1
.956



 8
.953
.826
.734
.826
.953
.792
.608
.555
.615
.776
.930
.776



 9
.725
.691
.646
.691
.725
.646
.543
.524
.551
.644
.700
.629



10
.786
.730
.670
.730
.786
.685
.561
.535
.568
.682
.762
.668



11
.767
.720
.665
.720
.767
.674
.556
.532
.564
.672
.743
.657



12
.688
.665
.631
.665
.688
.620
.533
.516
.541
.618
.663
.603



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑7 (Continued)


SRV Angle


(degrees)


Reference
V‑4
V‑7


__Point__
220.5
229.5
238.5
247.5
256.5
265.5
274.5
283.5
292.5
301.5
310.5
319.5



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2
.657
.598
.657
.850
.984
.850
.657
.598
.657
.893

1
.909



 3
.720
.635
.720

1

1

1
.720
.635
.720

1

1

1



 4
.733
.641
.733

1

1

1
.733
.641
.733

1

1

1



 5
.687
.615
.687
.944

1
.944
.687
.615
.687
.983

1

1



 6
.688
.604
.688

1

1

1
.688
.636
.725

1

1

1



 7
.667
.574
.667
.956

1
.956
.688
.604
.681
.971

1

1



 8
.594
.526
.594
.776
.930
.776
.615
.555
.608
.792
.966
.845



 9
.530
.514
.530
.629
.700
.644
.551
.524
.543
.660
.740
.698



10
.548
.525
.548
.668
.762
.682
.568
.535
.561
.699
.801
.737



11
.543
.523
.543
.657
.743
.672
.564
.532
.556
.688
.782
.726



12
.520
.507
.520
.603
.663
.618
.541
.516
.533
.635
.704
.672



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑7 (Continued)



   SRV Angle



   (degrees)


 V‑9



Reference Point
328.5
337.5
346.5
355.5



 1

0

0

0

0



 2
.800
.950

1
.950



 3
.894

1

1

1



 4
.912

1

1

1



 5
.846

1

1

1



 6
.885

1

1

1



 7
.846

1

1

1



 8
.745
.842
.988
.860



 9
.657
.720
.764
.714



10
.681
.758
.824
.752



11
.676
.748
.805
.741



12
.642
.695
.728
.688



13

0

0

0

0


TABLE 3BA‑8


PERRY NUCLEAR POWER PLANT DYNAMIC PRESSURE FIELD FOR NINETEEN SAFETY/RELIEF VALVES



TIME =
0.15 sec (positive pressure psid) (P (r)




0.08 sec (negative pressure psid) (P (r)


SRV Angle


(degrees)


Reference
V‑10
V‑11
V‑12
V‑13
V‑14
V‑15


__Point__
_4.5
13.5
22.5
31.5
40.5
49.5
58.5
67.5
76.5
85.5
94.5
103.5



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2

1

1

1

1

1

1

1

1

1

1

1

1



 3

1

1

1

1

1

1

1

1

1

1

1

1



 4

1

1

1

1

1

1

1

1

1

1

1

1



 5

1

1

1

1

1

1

1

1

1

1

1

1



 6

1

1

1

1

1

1

1

1

1

1

1

1



 7

1

1

1

1

1

1

1

1

1

1

1

1



 8

1

1

1

1

1

1

1

1

1

1

1

1



 9

1

1

1

1

1

1

1

1

1

1

1

1



10

1

1

1

1

1

1

1

1

1

1

1

1



11

1

1

1

1

1

1

1

1

1

1

1

1



12
.989
.992
.989
.992
.989
.992
.989
.992
.989
.992
.989
   .992



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑8 (Continued)


SRV Angle


(degrees)


Reference
V‑16
V‑17
V‑18
V‑19
 V‑1
 V‑2


__Point__ 
112.5
121.5
130.5
139.5
148.5
157.5
166.5
175.5
184.5
193.5
202.5
211.45



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2

1

1

1

1

1

1

1

1

1

1

1

1



 3

1

1

1

1

1

1

1

1

1

1

1

1



 4

1

1

1

1

1

1

1

1

1

1

1

1



 5

1

1

1

1

1

1

1

1

1

1

1

1



 6

1

1

1

1

1

1

1

1

1

1

1

1



 7

1

1

1

1

1

1

1

1

1

1

1

1



 8

1

1

1

1

1

1

1

1

1

1

1
.983



 9

1

1

1

1

1

1

1

1
.990
.971
.931
.860



10

1

1

1

1

1

1

1

1

1

1
.989
.896



11

1

1

1

1

1

1

1

1

1

1
.972
.886



12
.989
.992
.989
.983
.978
.978
.967
.953
.935
.896
.835
.783



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑8 (Continued)


SRV Angle


(degrees)


Reference
V‑3
V‑4
V‑5
V‑6
V‑7


__Point__
220.5
229.5
238.5
247.5
256.5
265.5
274.5
283.5
292.5
301.5
310.5
319.5



 1

0

0

0

0

0

0

0

0

0

0

0

0



 2
.929

1

1

1

1

1

1

1

1

1

1

1



 3

1

1

1

1

1

1

1

1

1

1

1

1



 4

1

1

1

1

1

1

1

1

1

1

1

1



 5
.972

1

1

1

1

1

1

1

1

1

1

1



 6

1

1

1

1

1

1

1

1

1

1

1

1



 7
.992

1

1

1

1

1

1

1

1

1

1

1



 8
.888
.983

1

1

1

1

1

1

1

1

1

1



 9
.797
.860
.931
.971
.990

1

1

1

1

1

1

1



10
.821
.896
.989

1

1

1

1

1

1

1

1

1



11
.815
.886
.972

1

1

1

1

1

1

1

1

1



12
.783
.835
.896
.935
.953
.967
.971
.978
.978
.983
.989
.992



13

0

0

0

0

0

0

0

0

0

0

0

0


TABLE 3BA‑8 (Continued)



   SRV Angle



   (degrees)
 V‑8

 V‑9



Reference Point
328.5
337.5
346.5
355.5



 1

0

0

0

0



 2

1

1

1

1



 3

1

1

1

1



 4

1

1

1

1



 5

1

1

1

1



 6

1

1

1

1



 7

1

1

1

1



 8

1

1

1

1



 9

1

1

1

1



10

1

1

1

1



11

1

1

1

1



12
.989
.992
.989
.992



13

0

0

0

0


ATTACHMENT B TO APPENDIX 3B


SCALING ANALYSES AND SMALL STRUCTURE


POOL SWELL DYNAMIC LOADS


No deviations for the entire Attachment.


ATTACHMENT C TO APPENDIX 3B


WEIR ANNULUS BLOCKAGE


No deviations for the entire Attachment.


ATTACHMENT D TO APPENDIX 3B


DRYWELL PRESSURE DISTRIBUTION


No deviations for the entire Attachment.


ATTACHMENT E TO APPENDIX 3B


SUPPRESSION POOL SEISMIC‑INDUCED LOADS


No deviations for the entire Attachment.


ATTACHMENT F TO APPENDIX 3B


DIGITIZATION OF FORCING FUNCTION FOR


CONDENSATION OSCILLATION


No deviations for the entire Attachment.


ATTACHMENT G TO APPENDIX 3B


DRYWELL NEGATIVE PRESSURE CALCULATION


No deviations for the entire Attachment.


ATTACHMENT H TO APPENDIX 3B


CONTAINMENT ASYMMETRIC LOADS


No deviations for the entire Attachment.


ATTACHMENT I TO APPENDIX 3B


SUPPRESSION POOL THERMAL STRATIFICATION


USAR <Figure 3BI‑1> shows the suppression pool temperature profile for large breaks at Perry.


ATTACHMENT J TO APPENDIX 3B


WEIR WALL LOADS DURING DRYWELL DEPRESSURIZATION


No deviations for the entire Attachment.


ATTACHMENT K TO APPENDIX 3B


WETWELL ASYMMETRIC PRESSURES


No deviations to the entire Attachment.


ATTACHMENT L TO APPENDIX 3B


SUBMERGED STRUCTURE LOADS DUE TO


LOCA AND SRV ACTUATIONS


3BL.1      INTRODUCTION


The subject loads are discussed in Attachment L to Appendix 3B.  The following is a comparison between the PNPP design basis and the GE design methodology described in Attachment L.


3BL.2      SUBMERGED STRUCTURE LOADS DUE TO LOCA


3BL.2.1      COMPRESSIVE WAVE LOADING


No deviations from Attachment L criteria.


3BL.2.2      LOCA WATER JET LOAD


The ECCS strainer intrudes into the water jet zone of exclusion and is designed for vent clearing loading.


3BL.2.3      LOCA BUBBLE LOADS


The submerged design drag loads for all piping and structures in the suppression pool is conservatively based on the LOCA bubble pressure given in GESSAR II Figure 3B‑67.  The following is a comparison between the PNPP design basis and the GE design criteria described in Attachment L.


The sample structure used for comparison is a two‑foot long, one‑foot diameter pipe located four feet from the drywell wall as depicted in GESSAR II Figure 3BL‑8.


The PNPP design methodology yields 4,810 lbf.  The GE methodology yields 1,235.8 lbf as shown in Table 3BL‑5 of GESSAR II.  The GE criteria recommends multiplying this result by a factor of 2 which results in a load of 2,471.6 lbf or approximately 50 percent of the PNPP design basis.  In addition, appropriate dynamic load factors have been applied to each load used in the design.


3BL.2.4      FALLBACK LOADS


No deviations from Attachment L criteria.


3BL.2.5      LOCA CONDENSATION OSCILLATIONS LOADS


LOCA condensation oscillation drag loads are bounded by the PNPP LOCA bubble pressure drag load methodology, with the exception of the ECCS strainer.  The ECCS strainer is designed for condensation oscillation loads.


3BL.2.6      LOCA CHUGGING LOADS


LOCA chugging drag loads are bounded by the LOCA bubble pressure drag loads, with the exception of the ECCS strainer.  The ECCS strainer is designed for chugging loads.


3BL.3      SUBMERGED STRUCTURE LOADS DUE TO SRV ACTUATIONS


3BL.3.1      QUENCHER WATER JET LOAD


No deviation from Attachment L criteria.


3BL.3.2      QUENCHER BUBBLE LOAD


The design submerged drag loads for all piping and structures in the suppression pool, with the exception of the ECCS strainer, is 


conservatively based on applying the peak SRV bubble pressure (reduced by the ratio of ro (peak bubble pressure) to r (distance of structure from bubble center) to the component.


For these loads, the PNPP unique maximum quencher bubble pressure as calculated per Section 3BA.12.6 was used to generate design loads for submerged piping and structures.  The bubble pressure was attenuated by distance as described in Section 3BA.10.3.1.


The sample structure used for comparison is shown in GESSAR II Figure 3BL‑10.


The PNPP design basis yields 10.63 psi.  The GE methodology, as shown on Page 3BL‑33/3BL‑34 of GESSAR II, yields a peak load of 0.36 psi or less than 4 percent of the PNPP design basis.  In addition, appropriate dynamic load factors have been applied to each load used in the design.


The quencher bubble loads for the ECCS strainer are determined utilizing the GESSAR II methodology.


ATTACHMENT M TO APPENDIX 3B


POOL SWELL VELOCITY


This is not applicable to Perry.  Determination of maximum pool swell velocity ranging from zero feet per second at the pool surface to a maximum of 50 feet per second as a function of height is based on the provisions of the NRC Draft Acceptance Criteria.


ATTACHMENT N TO APPENDIX 3B


MULTIPLE SAFETY/RELIEF VALVE ACTUATION FORCING


FUNCTION METHODS


3BN.1      INTRODUCTION


No deviations.


3BN.2      RANDOM PARAMETERS


3BN.2.1      Reactor Vessel Pressure Rise Rate (PRR)


No deviations.


3BN.2.2      Valve Setpoint Tolerance (VST)


GESSAR II Figures 3BA‑4 through 3BA‑6 and GESSAR II Figures 3BA‑84 through 3BA‑87 are not applicable to PNPP.  Safety/relief valve discharge locations are shown in USAR <Figure 3BA‑3>.


3BN.2.3      Valve Opening Time (VOT)


No deviations.


3BN.2.4      Quencher Bubble Frequency Distribution (QBF)


No deviations.


3BN.3      MONTE CARLO TRIAL SIMULATIONS


No deviations.


3BN.4      FACTORS AFFECTING PRESSURE DISTRIBUTION ON THE SUPPRESSION POOL BOUNDARY


No deviations.


3BN.5      FORCING FUNCTIONS FOR NSSS EQUIPMENT


No deviations.


3BN.6      STRUCTURAL RESPONSE ANALYSIS


Resulting dynamic responses for the critical cases selected in Subsection 3BN.5.4 are enveloped and used for both BOP and NSSS equipment and structural evaluations.


3BN.7      EXAMPLE OF TYPICAL TIME SEQUENCING APPLICATION


The use of PNPP unique parameters and the procedures in this subsection result in PNPP unique SRV forcing functions which have been used to determine the dynamic response necessary for NSSS and balance of plant equipment evaluation.


3BN.8      COMPARISON OF SELECTED TRIALS WITH THE FOURIER SPECTRA OF THE 59 MONTE CARLO SIMULATIONS


No deviations.


3BN.9      CONSERVATISM OF SRV METHODOLOGY


No comments.


ATTACHMENT O TO APPENDIX 3B


DATA AND ANALYSES PERTAINING TO SRV ACTUATION


RANDOM PARAMETERS


No deviations for the entire Attachment.
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4.0      REACTOR


This chapter was prepared using the latest approved version of the licensing topical report “General Electric Standard Application for Reactor Fuel” (GESTAR) NEDE‑24011‑P‑A including the “United States Supplement,” NEDE‑24011‑P‑A‑US.  Applicable sections of this report are referenced as noted in <Section 4.1>, <Section 4.2>, <Section 4.3>, and <Section 4.4>.  Reference is made to standardized information contained in the topical report, consistent with the NRC overall standardization philosophy.


<Appendix 15B>, Reload Safety Analysis provides a summary description of the fuel designs, corresponding nuclear and thermal‑hydraulic characteristics, stability considerations, etc. for the current cycle reload core.
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4.1      SUMMARY DESCRIPTION


The reactor assembly consists of the reactor vessel, its internal components of the core, shroud, steam separator and dryer assemblies, and jet pumps.  Also included in the reactor assembly are the control rods, control rod drive housing and the control rod drives.  <Figure 3.9‑19>, Reactor Vessel Cutaway, shows the arrangement of reactor assembly components.  A summary of the important design and performance characteristics is given in <Section 1.3.1.1>.  Loading conditions for reactor assembly components are specified in <Section 3.9>.


4.1.1      REACTOR VESSEL


The reactor vessel design and description are covered in <Section 5.3>.


4.1.2      REACTOR INTERNAL COMPONENTS


The major reactor internal components are the core (fuel, channels, control blades, and instrumentation), the core support structure (including the shroud, top guide and core plate), the shroud head and steam separator assembly, the steam dryer assembly, the feedwater spargers, the core spray spargers, and the jet pumps.  Except for the Zircaloy in the reactor core, these reactor internals are stainless steel or other corrosion resistant alloys.  All major internal components of the vessel can be removed except the jet pump diffusers, the jet pump risers, the shroud, and the core spray lines.


The steam dryers, shroud head and steam separators, fuel assemblies, in‑core assemblies, control rods, orificed fuel supports, feedwater spargers, core spray spargers, and control rod guide tubes, can be removed.


4.1.2.1      Reactor Core


4.1.2.1.1      General


The design of the boiling water reactor core, including fuel, is based on the proper combination of many design variables and operating experience.  These factors contribute to the achievement of high reliability.


A number of important features of the boiling water reactor core design are summarized in the following paragraphs:


a.
The BWR core mechanical design is based on conservative application of stress limits, operating experience and experimental test results.  The moderate pressure level characteristic of a direct cycle reactor (approximately 1,000 psia) results in moderate cladding temperatures and stress levels.


b.
The low coolant saturation temperature, high heat transfer coefficients and neutral water chemistry of the BWR are significant, advantageous factors in minimizing Zircaloy temperature and associated temperature‑dependent corrosion and hydride buildup.



The relatively uniform fuel cladding temperatures throughout the core minimize migration of the hydrides to cold cladding zones and reduce thermal stresses.


c.
The basic thermal and mechanical criteria applied in the design have been proven by irradiation of statistically significant quantities of fuel.  The design heat transfer rates and linear heat generation rates are similar to values proven in fuel assembly irradiation.


d.
The design power distribution used in sizing the core represents a worst expected state of operation.


e.
The General Electric thermal analysis basis, GETAB, is applied to assure that more than 99.9% of the fuel rods in the core are expected to avoid boiling transition for the most severe moderate frequency per <Regulatory Guide 1.70>, (Revision 3) transient described in <Chapter 15>.  The possibility of boiling transition occurring during normal reactor operation is insignificant.


f.
Because of the large negative moderator density coefficient of reactivity, the BWR has a number of inherent advantages.  These are the uses of coolant flow for load following, the inherent self‑flattening of the radial power distribution, the ease of control, the spatial xenon stability, and the ability to override xenon, in order to follow load.


Boiling water reactors do not have instability problems due to xenon.  This has been demonstrated by special tests which have been conducted on operating BWRs in an attempt to force the reactor into xenon instability, and by calculations.  No xenon instabilities have ever been observed in the test results.  All of these indicators have proven that xenon transients are highly damped in a BWR due to the large negative power coefficient of reactivity (Reference 1).


Important features of the reactor core arrangement are as follows:


a.
The bottom‑entry cruciform control rod designs consist of several absorber tubes filled with neutron absorbing material such as B4C and/or hafnium.



Control rods typical of the Original Equipment control rod design have been irradiated for more than eight years in the Dresden‑1 reactor and have accumulated thousands of hours of service without significant failure in operating BWRs.



The lead Marathon control rod was loaded in Oyster Creek in November 1988.  Inspection after one cycle indicated the integrity of the overall assembly as well as that of the absorber tubes and welds was maintained.


b.
The fixed in‑core fission chambers provide continuous power range neutron flux monitoring.  A guide tube in each in‑core assembly provides for a traversing ion chamber for calibration and axial detail.  Source and intermediate range detectors are located in‑core and are axially retractable.  The in‑core location of the source and intermediate range instruments provides coverage of the large reactor core and provides an acceptable signal‑to‑noise ratio and neutron‑to‑gamma ratio.  All in‑core instrument leads enter from the bottom and the instruments are in service during refueling.  In‑core instrumentation is discussed in <Section 7.6>.


c.
As shown by experience obtained at Dresden-1 and other plants, the operator, utilizing the in‑core flux monitor system, can maintain the desired power distribution within a large core by proper control rod scheduling.


d.
The Zircaloy channels provide a fixed flow path for the boiling coolant, serve as a guiding surface for the control rods, and protect the fuel during handling of the assembly.


e.
The mechanical reactivity control permits criticality checks during refueling and provides maximum plant safety.  The core is designed to be subcritical at any time in its operating history with any one control rod fully withdrawn.


f.
The selected control rod pitch represents a practical value of individual control rod reactivity worth, and allows adequate clearance below the pressure vessel between control rod drive mechanisms for ease of maintenance and removal.


4.1.2.1.2      Core Configuration


The reactor core is arranged as an upright circular cylinder containing a large number of fuel cells and is located within the reactor vessel.  The coolant flows upward through the core.  The core arrangement (plan view) and the lattice configuration are described in <Section 4.3>.


4.1.2.1.3      Fuel Assembly Description


The boiling water reactor core is composed of essentially two components‑‑fuel assemblies and control rods.  The fuel assembly <Section 4.2> and control rod mechanical configurations <Figure 4.2‑1>, <Figure 4.2‑2>, and <Figure 4.2‑3>, are basically the same as used in Dresden‑1 and in all subsequent General Electric boiling water reactors.  A description of the fuel assembly including fuel rods, water rods, other fuel assembly components, and channels are given in <Section 4.2> which references Section 2.1 of GESTAR (Reference 5).  A discussion of the fuel designs utilized for the current cycle is contained in <Appendix 15B>, Reload Safety Analysis.  A general description of the fuel rods and bundle is given below.


4.1.2.1.3.1      Fuel Rod


A fuel rod consists of UO2 pellets and a Zircaloy cladding tube.  Barrier fuel bundles consist of fuel rods with a thin, high purity zirconium liner, i.e., barrier, mechanically bonded to the cladding tube.  A fuel rod is made by stacking pellets into the Zircaloy cladding tube which is evacuated, back‑filled with helium and sealed by welding 


Zircaloy end plugs in each end of the tube.  The rod is designed to withstand applied loads, both external and internal.  The fuel pellet is sized to provide sufficient clearance within the fuel tube to accommodate axial and radial differential expansion between fuel and 


clad.  Overall fuel rod design is conservative in its accommodation of the mechanisms affecting fuel in a BWR environment.  Fuel rod design bases are discussed in more detail in <Section 4.2.1>.


4.1.2.1.3.2      Fuel Bundle


Each fuel bundle contains fuel rods and water rods which are spaced and supported in a square (nxn) array by spacers and a lower and upper tie plate.  Fuel bundle design descriptions are contained in GESTAR (Reference 5).  The fuel bundle has two important design features:


a.
The bundle design places minimum external forces on a fuel rod; each fuel rod is free to expand in the axial direction.


b.
The unique structural design permits the removal and replacement, if required, of individual fuel rods.


The fuel assemblies, of which the core is comprised, are designed to meet all the criteria for core performance and to provide ease of handling.  Selected fuel rods in each assembly differ from the others in uranium enrichment.  This arrangement produces more uniform power production across the fuel assembly, and thus allows a significant reduction in the amount of heat transfer surface required to satisfy the design thermal limitations.


4.1.2.1.4      Assembly Support and Control Rod Location


A few peripheral fuel assemblies are supported by fuel support pieces mounted on the core plate.  Otherwise, individual fuel assemblies in the 


core rest on fuel support pieces mounted on top of the control rod guide tubes.  Each guide tube, with its fuel support piece, bears the weight of four assemblies and is supported by a control rod drive penetration nozzle in the bottom head of the reactor vessel.  The core plate provides lateral support and guidance at the top of each control rod guide tube.


The top guide, mounted on top of the shroud, provides lateral support and guidance for the top of each fuel assembly.  The reactivity of the core is controlled by cruciform control rods and their associated mechanical hydraulic drive system.  The control rods occupy alternate spaces between fuel assemblies.  Each independent drive enters the core from the bottom, and can accurately position its associated control rod during normal operation and yet exert approximately ten times the force of gravity to insert the control rod during the scram mode of operation.


4.1.2.2      Shroud


The information on the shroud is contained in <Section 3.9.5.1>.


4.1.2.3      Shroud Head and Steam Separators


The information on the shroud head and steam separators is contained in <Section 3.9.5.1>.


4.1.2.4      Steam Dryer Assembly


The information on the steam dryer assembly is contained in <Section 3.9.5.1>.


4.1.3      REACTIVITY CONTROL SYSTEMS


4.1.3.1      Operation


The control rods perform dual functions of power distribution shaping and reactivity control.  Power distribution in the core is controlled during operation of the reactor by manipulation of selected patterns of rods.  The rods, which enter from the bottom of the near‑cylindrical reactor core, are positioned in such a manner to counter‑balance steam voids in the top of the core and effect significant power flattening.


The reactivity control function requires that all rods be available for either reactor scram (prompt shutdown) or reactivity regulation.  Because of this, the control elements are mechanically designed to withstand the dynamic forces resulting from a scram.  They are connected to bottom‑mounted, hydraulically actuated drive mechanisms which allow either axial positioning for reactivity regulation or rapid scram insertion.  The design of the rod‑to‑drive connection permits each blade to be attached or detached from its drive without disturbing the remainder of the control system.  The bottom‑mounted drives permit the entire control system to be left intact and operable for tests with the reactor vessel open.


4.1.3.2      Description of Control Rods


The description for control rod assembly designs applicable to Perry are given in <Section 4.2.2.1>.


4.1.3.3      Supplementary Reactivity Control


The initial and reload core control requirements are met by use of the combined effects of the movable control rods, supplementary burnable poison and variation of reactor coolant flow.  The supplementary 


burnable poison is gadolinia (Gd2O3) mixed with UO2 in selected fuel rods in some fuel bundles. 


4.1.4      ANALYSIS TECHNIQUES


4.1.4.1      Reactor Internal Components


Computer codes used for the analysis of the internal components are listed as follows:


a.
MASS


b.
DYSEA


c.
FAP‑71


d.
ANSYS


Detailed descriptions of these programs are given in the sections that follow.


4.1.4.1.1      MASS (Mechanical Analysis of Space Structure)


4.1.4.1.1.1      Program Description


The program, proprietary of the General Electric (GE) Company, is an outgrowth of the PAPA (Plate and Panel Analysis) program originally developed by L. Beitch in the early 1960’s.  The program is based on the principle of the finite element method.  Governing matrix equations are formed in terms of joint displacements using a “stiffness‑influence‑


coefficient” concept originally proposed by L. Beitch (Reference 2).  The program offers curved beam, plate and shell elements.  It can handle mechanical and thermal loads in a static analysis and predict natural frequencies and mode shapes in a dynamic analysis.


4.1.4.1.1.2      (Deleted)


4.1.4.1.1.3      (Deleted)


4.1.4.1.1.4      (Deleted)


4.1.4.1.2      DYSEA


4.1.4.1.2.1      Program Description


The DYSEA (Dynamic and Seismic Analysis) program is a GE proprietary program developed specifically for seismic and dynamic analysis of RPV and internals/building system.  It calculates the dynamic response of linear structural systems by either temporal modal superposition or response spectrum method.  Fluid‑structure interaction effect in the RPV is taken into account by way of hydrodynamic mass.


Program DYSEA was based on program Structural Analysis Program (SAP) IV with added capability to handle the hydrodynamic mass effect.  Structural stiffness and mass matrices are formulated similar to SAP IV.  Solution is obtained in time domain by calculating the dynamic response mode by mode.  Time integration is performed by using Newmark’s B‑method.  Response spectrum solution is also available as an option.


4.1.4.1.2.2      (Deleted)


4.1.4.1.2.3      (Deleted)


4.1.4.1.2.4      (Deleted)


4.1.4.1.3      FAP‑71 (Fatigue Analysis Program)


4.1.4.1.3.1      Program Description


The FAP‑71 computer code, or Fatigue Analysis Program (Reference 3), is a stress analysis tool used to aid in performing ASME‑III Nuclear Vessel Code structural design calculations.  Specifically, FAP‑71 is used in determining the primary plus secondary stress range and number of allowable fatigue cycles at points of interest.  For structural locations at which the 3Sm (P(Q) ASME Code limit is exceeded, the program can perform either (or both) of two elastic‑plastic fatigue life evaluations:  (1) the method reported in ASME Paper 68‑PVP‑3, or (2) the present method documented in Paragraph NB‑3228.3 of the 1971 Edition of the ASME Section III Nuclear Vessel Code.  The program can accommodate up to 25 transient stress states of as many as 20 structural locations.


4.1.4.1.3.2      (Deleted)


4.1.4.1.3.3      (Deleted)


4.1.4.1.3.4      (Deleted)


4.1.4.1.4      ANSYS


4.1.4.1.4.1      Program Description


ANSYS is a general‑purpose finite element computer program designed to solve a variety of problems in engineering analysis.


The ANSYS program features the following capabilities:


a.
Structural analysis including static, elastic, plastic and creep, dynamic, seismic and dynamic plastic, and large deflection and stability analysis.


b.
One‑dimensional fluid flow analyses.


c.
Transient heat transfer analysis including conduction, convection and radiation with direct input to thermal‑stress analyses.


d.
An extensive finite element library, including gaps, friction interfaces, springs, cables (tension only), direct interfaces (compression only), curved elbows, etc.  Many of the elements contain complete plastic, creep and swelling capabilities.


e.
Plotting ‑ Geometry plotting is available for all elements in the ANSYS library, including isometric and perspective views of three‑dimensional structures.


f.
Restart Capability ‑ The ANSYS program has restart capability for several analyses types.  An option is also available for saving the stiffness matrix once it is calculated for the structure, and using it for other loading conditions.


4.1.4.1.4.2      (Deleted)


4.1.4.1.4.3      (Deleted)


4.1.4.1.4.4      (Deleted)


4.1.4.2      Fuel Rod Thermal Analysis


Fuel rod thermal analyses are described in Section 2 of GESTAR II (Reference 5).


4.1.4.3      Reactor Systems Dynamics


The analysis techniques and computer codes used in reactor systems dynamics are described in Section 4 (Reference 4).


4.1.4.4      Nuclear Engineering Analysis


The analysis techniques are described in Subsection A.4.3.3 of GESTAR II (Reference 5).  The codes used in the analysis are:


Computer Code




Function


Lattice Physics
Calculates average few‑group cross sections, bundle


Model


reactivities and relative fuel rod powers within the fuel bundle.


BWR Reactor

Calculates three‑dimensional nodal power


Simulator


distributions, exposures and thermal hydraulic characteristics as burnup progresses.


4.1.4.5      Neutron Fluence Calculations


Neutron flux at the reactor vessel ID was calculated using the transport codes and assumptions described below.


4.1.4.5.1      Unit 1 Neutron Fluence Calculations


Unit 1 neutron vessel fluence calculations were performed with DORT, which is the two‑dimensional module of the TORT (Reference 6) three‑dimensional, discrete ordinates, Sn transport code system.  This code will solve a wide variety of radiation transport problems including both fixed source and multiplication problems.  Slab, cylinder, and spherical geometries are allowed with various boundary conditions.


The fluence calculations incorporate, as an initial starting point, a neutron source distribution prepared from core power distribution data.  Anisotropic scattering was considered for all regions.  The cross sections were prepared with 1/E flux weighted, PL matrices for anisotropic scattering.  A two‑dimensional transport calculation in (R,() coordinates was performed to obtain fast neutron fluxes at core midplane.  Fast neutron fluxes at locations other than the core mid‑plane were calculated using a second two‑dimensional calculation in (R,Z) coordinates.


The fast neutron flux calculations are used to establish the lead factor, which is the ratio of flux between the surveillance capsule


locations and the location of peak vessel inside surface flux.  Use of the lead factor is discussed in <Section 4.3.2.8.1>.


4.1.4.5.2      (Deleted)


4.1.4.6      Thermal Hydraulic Calculations


The digital computer program uses a parallel flow path model to perform the steady‑state BWR reactor core thermal‑hydraulic analysis.  Program input includes the core geometry, operating power, pressure, coolant flow rate and inlet enthalpy, and power distribution within the core.  Output from the program includes core pressure drop, coolant flow distribution, critical power ratio, and axial variations of quality, density and enthalpy for each channel type.  A description of the thermal‑hydraulic models is given in Section 4 of GESTAR (Reference 5).


4.1.5      REFERENCES FOR SECTION 4.1


1.
Crowther, R. L. “Xenon Considerations in Design of Boiling Water Reactors,” APED‑5640, June 1968.


2.
Beitch, L., “Shell Structures Solved Numerically by Using a Network of Partial Panels,” AIAA Journal, Volume 5, No. 3, March 1967.


3.
Young, L. J., “FAP‑71 (Fatigue Analysis Program) Computer Code,” GE/NED Design Analysis Unit R. A. Report No. 49, January 1972.


4.
Carmichael, L. A. and Scatena, G. J., “Stability and Dynamic Performance of the General Electric Boiling Water Reactor,” APED‑5652.


5.
General Electric Company “General Electric Standard Application for Reactor Fuel” including the “United States Supplement,” NEDE‑24011‑P‑A and NEDE‑24011‑P‑A‑US, (latest approved revision).


6.
CCC‑543, “TORT‑DORT Two‑ and Three‑ Dimensional Discrete Ordinates Transport Version 2.8.14” Radiation Shielding Information Center, Oak Ridge National Laboratory.
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4.2      FUEL SYSTEM DESIGN


The format of this section corresponds to Standard Review Plan Section 4.2 in <NUREG‑0800>.  Most of the information is presented by reference to the licensing topical report GESTAR (Reference 1).  The subsection numbers in <Section 4.2> generally correspond to the subsection numbers of Appendix A of GESTAR.  Any additional information or differences are given for the applicable subsection.


<Appendix 15B>, Reload Safety Analysis provides summary information on the fuel system design.


4.2.1      DESIGN BASES


Information on fuel system design bases is provided in (Reference 1) (Subsection A.4.2.1).


4.2.2      DESCRIPTION AND DESIGN DRAWINGS


Information on fuel system description and design drawings is provided in (Reference 1) (Subsection A.4.2.2) except for the reactivity control assembly description, which is described below.


4.2.2.1      Reactivity Control Assembly


The main structural member of a control rod is made of stainless steel and consists of a top handle, a bottom casting with a velocity limiter and a control rod drive coupling, and four wings attached to a vertical cruciform center post.  The top handle, bottom casting and center post are welded into a single skeletal structure.  The top handle provides structural rigidity at the top of the control rod.  The bottom casting also provides for structural rigidity and contains positioning rollers

and a parachute‑shaped velocity limiter.  Rollers, housed in the top handle and bottom casting of the control rod, provide guidance for control rod insertion and withdrawal.  Marathon Control Rods supplied after 2007 do not contain rollers in the top hands.

The control rods are separated uniformly throughout the core on a 12‑inch pitch maximum.  Each control rod is surrounded by four fuel assemblies.  The control rods can be positioned at 6‑inch steps and have a nominal withdrawal and insertion speed of 3 in./sec.


Control rods are cooled by the core leakage (bypass) flow.  The core leakage flow is made up of recirculation flow that leaks through the several leakage flow paths, the most important of which are:


a.
The area between the fuel channel and the fuel assembly lower tie plate;


b.
Holes in the lower tie plate;


c.
The area between the fuel assembly lower tie plate and the fuel support piece;


d.
The area between the fuel support piece and the control rod guide tube;


e.
The area between the control rod guide tube and the core support plate; and


f.
The area between the core support plate and the shroud.


4.2.2.1.1      Original Equipment Control Rods


The original equipment control rod consists of a sheathed cruciform array of 72 Type‑304 stainless steel absorber tubes (18 tubes in each 


wing of the cruciform) filled with vibration compacted boron carbide 


powder shown in <Figure 4.2‑1>.  The boron carbide (B4C) powder in the absorber tubes is compacted to about 70 percent of its theoretical density.  The B4C contains a minimum of 76.5 percent by weight natural boron.  The Boron‑10 (B‑10) minimum content of the boron is 18 percent by weight.  The top handle aligns the absorber tubes which are seal welded with end plugs on either end.  Each absorber tube is 0.22 inch outside diameter and has a 0.027 inch wall thickness.  The B4C is longitudinally separated into individual compartments by stainless steel balls at approximately 17‑inch intervals.  The balls are held in position by a slight crimp in the tube.  The individual tubes provide containment of the helium gas released by the boron‑neutron capture reaction.  Should the B4C compact further in service, the steel balls will distribute the resulting voids over the length of the absorber.


The absorber tubes are held in a cruciform array by a stainless steel U‑shaped sheath extending the full length of the tubes.  The sheaths are perforated to allow the coolant to circulate freely about the absorber tubes.  Operating experience has shown that control rods constructed as described above are not susceptible to dimensional distortions.


4.2.2.1.2      Marathon Control Rods


The General Electric Marathon control rod consists of a cruciform array of externally‑square absorber tubes that are welded full length to each other to form a straight line array called a wing, shown in <Figure 4.2‑4>.  Each wing is comprised of 14 absorber tubes with each tube acting as an individual chamber to hold the helium released from the boron carbide (B4C).  The four wings are welded to tie rod segments to form the cruciform‑shaped member of the control rod.  The square absorber tubes are circular inside and are loaded with either B4C capsules or hafnium metal rods. The B4C powder is compacted to about 70 percent of its theoretical density into thin‑walled, stainless steel capsules with stainless steel end caps to prevent B4C migration and to allow helium release from the capsules into the absorber tube.  The 


capsules are smaller than the absorber tube inside diameter, allowing B4C to swell before it makes contact with the absorber tube to prevent excessive absorber tube strains.  The B4C contains a minimum of 76.5 percent by weight natural boron.  The Boron‑10 (B‑10) minimum content of the boron is 18 percent by weight.  The B4C capsules are either 3.00 or 11.41 inch minimum length.


Two hafnium rods each 71.40 inch minimum length are located in the three edge absorber tubes.  Hafnium does not emit gases during its depletion.  However, hafnium has demonstrated swelling due to hydriding when clad with stainless steel resulting in high strains and cracking of the control rods.  The hafnium metal is sized smaller than the absorber tube inside diameter to accommodate the swelling and to prevent excessive absorber tube strains.


The Marathon design uses an enhanced grade of high purity Type‑304 stainless steel referred to as RAD RESIST 304S which provides a high resistance to irradiation‑assisted corrosion cracking.  Niobium and Tantalum are added to provide greater protection against stress corrosion cracking.  Material hardening characteristics are the same as the Type‑304 stainless steel used in previously approved designs.


The mechanical design for the GE Marathon control rods are described in (Reference 8) and accepted by the NRC for licensing applications in the Safety Evaluation Report in (Reference 8).


4.2.2.1.3      Velocity Limiter


The control rod velocity limiter <Figure 4.2‑3> is an integral part of the bottom assembly of each control rod.  This engineered safeguard protects against high reactivity insertion rate by limiting the control rod free fall velocity in the event of a control rod drop accident.  It 


is a one‑way device in that the control rod scram velocity (control rod scram time) is not significantly affected but the control rod dropout velocity is reduced to a permissible limit.


The velocity limiter is in the form of two nearly mated, conical elements that act as a large clearance piston inside the control rod guide tube.  The lower conical element is separated from the upper conical element by four radial spacers 90 degrees apart and is at a 15 degree angle relative to the upper conical element, with the peripheral separation less than the central separation.


The hydraulic drag forces on a control rod are proportional to approximately the square of the rod velocity and are negligible at normal rod withdrawal or rod insertion speeds.  However, during the scram stroke the rod reaches high velocity, and the drag forces must be overcome by the drive mechanism.


To limit control rod velocity during dropout, but not during scram, the velocity limiter is provided with a streamlined profile in the scram (upward) direction.


Thus, when the control rod is scrammed, water flows over the smooth surface of the upper conical element into the annulus between the guide tube and the limiter.  In the dropout direction, however, water is trapped by the lower conical element and discharged through the annulus between the two conical sections.  Because this water is jetted in a partially reversed direction into water flowing upward in the annulus, a severe turbulence is created, thereby slowing the descent of the control rod assembly to less than 3.11 ft/sec.


4.2.3      DESIGN EVALUATIONS


Information on the fuel system evaluation for compliance with the design bases is provided in (Reference 1) (Subsection A.4.2.3).


4.2.4      TESTING, INSPECTION AND SURVEILLANCE PLANS


Information on testing, inspection and surveillance is provided in (Reference 1) (Subsection A.4.2.4).  Fuel assembly surveillance plans are further described in (Reference 2), (Reference 3), (Reference 4), and (Reference 5).


4.2.5      OPERATING AND DEVELOPMENTAL EXPERIENCE


For a discussion of fuel experience, see (Reference 6) and (Reference 7).


4.2.6      REFERENCES FOR SECTION 4.2


1.
General Electric Company “General Electric Standard Application for Reactor Fuel,” including the United States Supplement, NEDE‑24011‑P‑A, and NEDE‑24011‑P‑A‑US, (latest approved revision).


2.
J. S. Charnley (GE) to C. H. Berlinger (NRC), “Post‑Irradiation Fuel Surveillance Program,” November 23, 1983.


3.
L. S. Rubenstein (NRC) to R. L. Gridley (GE), “Post‑Irradiation Fuel Surveillance,” January 18, 1984.


4.
J. S. Charnley (GE) to L. S. Rubenstein (NRC), “Fuel Surveillance Program,” February 29, 1984.


5.
J. S. Charnley (GE) to L. S. Rubenstein (NRC), “Additional Details Regarding Fuel Surveillance Program,” May 25, 1984.


6.
“Experience with BWR Fuel through January 1981,” NEDE‑24343, May 1981.


7.
J. S. Charnley (GE) to L. S. Rubenstein (NRC), “1985 Fuel Experience Report,” August 13, 1986.


8.
GE Marathon Control Rod Assembly, NEDE‑31758P‑A, October 1991.


9.
(Deleted)
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4.3      NUCLEAR DESIGN


Most of the information in <Section 4.3> is provided in the licensing topical report GESTAR (Reference 1).  The subsection numbers in <Section 4.3> generally correspond to the subsection numbers of Appendix A of GESTAR.  Additional information or differences are given for each applicable subsection below.


<Appendix 15B>, Reload Safety Analysis provides information on the current cycle nuclear design.


4.3.1      DESIGN BASES


Information on nuclear design bases is provided in (Reference 1) (Subsection A.4.3).


4.3.1.1      (Deleted)

4.3.1.1.1      Reactivity Bases


Information on reactivity bases is provided in (Reference 1) (Subsection A.4.3.1.1).


4.3.1.1.2      Overpower Bases


Information on overpower bases is provided in (Reference 1) (Subsection A.4.3.1.2).


4.3.1.2      (Deleted)


4.3.2      DESCRIPTION


Information on the nuclear design description is provided in (Reference 1) (Subsection A.4.3.2).


4.3.2.1      Nuclear Design Description


The nuclear design description is provided in (Reference 1) (Subsection A.4.3.2.1) with the exception of the core loading pattern.  The loading pattern for the current reload cycle is given in <Appendix 15B>, Reload Safety Analysis.  The fuel bundle description is provided in (Reference 1) (Subsection A.4.2.2) and the applicable bundle types for the current reload cycle are given in <Appendix 15B>, Reload Safety Analysis.


4.3.2.1.1      (Deleted)

4.3.2.1.2      (Deleted)

4.3.2.2      Power Distribution


Information on power distribution is provided in (Reference 1) (Subsection A.4.3.2.2).


4.3.2.2.1      (Deleted)


4.3.2.2.2      (Deleted)


4.3.2.2.3      (Deleted)


4.3.2.2.4      Power Distribution Calculations


Information on power distribution calculations is provided by the Perry nuclear fuel vendor in the cycle management report for each reload cycle, and discussed further in <Section 4.3.2.5>.


A full range of calculated power distributions along with the resultant exposure shapes and corresponding control rod patterns are also shown in Appendix 4A of (Reference 7), for a typical BWR/6.


4.3.2.2.5      Power Distribution Measurements


Information on power distribution measurements is provided in (Reference 1) (Subsection A.4.3.2.2.2).


4.3.2.2.6      Power Distribution Accuracy


Information on power distribution accuracy is provided in (Reference 1) (Subsection A.4.3.2.2.3).


4.3.2.2.7      Power Distribution Anomalies


Information on power distribution anomalies is provided in (Reference 1) (Subsection A.4.3.2.2.4).


4.3.2.3      Reactivity Coefficients


Information on reactivity coefficients including void, moderator, temperature, doppler and power coefficients is provided in (Reference 1) (Subsection A.4.3.2.3).


4.3.2.4      Control Requirements


Information on control requirements is provided in (Reference 1) (Subsection A.4.3.2.4).  Further information is provided below.


The control rod system is designed to provide adequate control of the maximum excess reactivity anticipated during the equilibrium fuel cycle operation. 


Thus, the basis for design of the burnable poison loading is that it shall compensate for the reactivity difference between the control rod system capability and the core fuel.  Because fuel reactivity is at a maximum and control at a minimum at ambient temperature, the shutdown capability is evaluated assuming a cold, xenon free core.


The safety design basis requires that the core, in its maximum reactivity condition, be subcritical with the control rod of the highest worth fully withdrawn and all others fully inserted.  This limit allows control rod testing at any time in core life and assures that the reactor can be made subcritical by control rods alone.


4.3.2.4.1      Shutdown Reactivity


Information on shutdown reactivity is provided in (Reference 1) (Subsection A.4.3.2.4.1).  See <Appendix 15B>, Reload Safety Analysis for the cold shutdown margin for the current cycle reference loading pattern.  


4.3.2.4.2      Reactivity Variations


Information on reactivity variations is provided in (Reference 1) (Subsection A.4.3.2.4.2).  The combined effects of the individual 


constituents of reactivity for the current reload cycle are accounted for in each Keff in the Reload Safety Analysis <Appendix 15B>.


The excess reactivity designed into the core is controlled by a control rod system supplemented by gadolinia‑urania fuel rods.  The average fuel enrichment for the core load is chosen to provide excess reactivity in the fuel assemblies sufficient to overcome the neutron losses caused by core neutron leakage, moderator heating and boiling, fuel temperature rise, equilibrium xenon and samarium poisoning, plus an allowance for fuel depletion.


4.3.2.5      Control Rod Patterns and Reactivity Worths


Information on control rod patterns and reactivity worths is provided to the Perry staff by the Perry nuclear fuel vendor in the cycle management report and the beginning of cycle cold startup report for each reload cycle.


4.3.2.5.1      Rod Control and Information System


Control rod patterns and associated control rod reactivity worths are regulated by the Rod Control and Information System (RCIS).  This system utilizes redundant inputs to provide rod pattern control over the complete range of reactor operations.  The control rod worths are limited to such an extent that the Rod Drop Accident (RDA) and the Power Range Rod Withdrawal Error (RWE) become unimportant.  The RCIS provides for stable control of core reactivity in both the single rod or rod gang mode of operation.  The Rod Pattern Controller (RPC) mode of RCIS provides protection from an RDA from startup to about 19 percent of rated power.  The Rod Withdrawal Limiter (RWL) provides protection from the RWE for all conditions above the low power setpoint (LPSP).  Each of these modes is described in the following sections.


4.3.2.5.2      Rod Pattern Controller (RPC) Mode


The RPC mode restricts control rod patterns to prescribed withdrawal sequences from the all‑rods‑inserted startup condition to about 19 percent of rated power.  This mode minimizes control rod worths to the extent that they are not an important concern in the operation of a BWR.  The consequences of an RDA or an RWE in this range are significantly less severe than that required to violate fuel safety limits.  This system is described in detail in (Reference 4).  Exception to (Reference 4) may be taken for “Alternate” control rod scram time testing provided that the exception does not result in exceeding the bounding analysis criteria used in (Reference 4).  The supporting documents are provided in (Reference 8).  Above 19 percent of rated power, control rod worths are very small due to the formation of voids in the moderator.  Therefore, restrictions on control rod patterns are not required to minimize control rod worths.


The RPC Mode restrictions are also applied during a reactor shutdown, except that the RPC Mode restrictions may be bypassed for a reactor shutdown using the Improved BPWS Control Rod Insertion Process (Reference 12) and (Reference 13) provided:



(
Withdrawn Control Rods have a confirmed coupling check.



(
Control Rods, which do not have a confirmed coupling check, are fully inserted before bypassing the RPC Mode restrictions.


A coupling check is considered to be “confirmed” if no Single Operator Error can result in an incorrect coupling check, i.e., the coupling confirmation is performed once with two operators involved who both verify the rod is coupled, or the coupling confirmation is performed on two separate occasions.  For purposes of this shutdown process, the method for confirming that control rods are coupled varies depending on the position of the control rod in the core.  Details on this coupling confirmation requirement are provided in <Section 4> and <Section 5> of (Reference 13).


Once the above conditions are met, the RPC Mode restrictions may be bypassed.  Operable control rod insertions may continue by continuously inserting the control rods to position 00.


If control rods without a confirmed coupling check can not be inserted before reducing power below the low power setpoint, then control rod insertions must be performed using the RPC Mode restrictions.  Once all rods without a confirmed coupling check are inserted then the RPC Mode restrictions may be bypassed.  Operable control rod insertions may continue by continuously inserting the control rods to position 00.


Normally, following bypassing of the RPC Mode restrictions, control rods are continuously inserted from their current position to the full in position in approximately the reverse order of the RPC Mode restrictions.  During a shutdown, it may be necessary to bank a group of rods or to insert other control rods to control Thermal Limits.  Other restrictions for unique situations such as for shutdowns with one stuck rod are provided in (Reference 13) and in plant procedures.


Once the RPC Mode restrictions have been bypassed and control rod insertions have begun using the Improved BPWS Control Rod Insertion Process, control rod withdrawals are not permitted unless compliance with the RPC requirements are re‑established.


4.3.2.5.3      Rod Withdrawal Limiter (RWL) Mode


Above the low power set point the RCIS relies on the RWL mode to provide regulation of control rod withdrawals in order to prevent the occurrence of a rod withdrawal error.  This mode limits the withdrawal of a single control rod or a gang of control rods to a predetermined increment depending on the power level.  The system senses the location of the rod or rods and automatically blocks withdrawal when the preset increment is reached.  The preset limit is determined by generic analyses such that the (MCPR and (LHGR are less than the limiting transient.  At rated 



conditions (above the high power set point) the rod will block at a 12‑inch withdrawal.  Between the low power and high power set points, the increment is allowed to increase, to 24‑inches.  Below the low power set point the RWL mode does not apply.


4.3.2.5.4      Control Rod Operation


The control rods can be operated either individually or in a gang composed of up to four rods.  The purpose of the ganged rods is to reduce the time required for plant startup or recovery from a scram.  The RCIS provides regulation of control rod operation regardless of whether rods are being moved in single or ganged mode.  The assignment of control rods to RCIS groups is shown in <Figure 4.3‑4>, <Figure 4.3‑5>, <Figure 4.3‑6>, and <Figure 4.3‑7>, for the A and B patterns respectively.  Also shown in these figures is the division of the groups into gangs of 1 to 4 rods which can be moved simultaneously.


4.3.2.5.5      Scram Reactivity


The Reactor Protection System (RPS) responds to some abnormal operational transients by initiating a scram.  The RPS and the Control Rod Drive (CRD) System act quickly enough to prevent the initiating disturbance from driving the fuel beyond transient limits.  Additional information on scram reactivity is provided in (Reference 1) (Subsection S.5.1.5.2).


4.3.2.6      Criticality of Reactor During Refueling


Information on criticality of the reactor during refueling is provided in (Reference 1) (Subsection A.4.3.2.6).


The maximum allowable value of k‑effective is less than 1.000 at any time.

4.3.2.7      Stability


4.3.2.7.1      Xenon Transients


Information on xenon transients is provided in (Reference 1) (Subsection A.4.3.2.7.1).


4.3.2.7.2      Thermal‑Hydraulic Stability


Information on thermal‑hydraulic stability is provided in (Reference 1) (Subsection A.4.3.2.7.2) and is also covered in <Section 4.4.4.6>.  Thermal‑hydraulic stability for the current reload cycle core is discussed in <Appendix 15B>, Reload Safety Analysis.


4.3.2.8      Vessel Irradiation


Neutron fluence at the reactor vessel is calculated as described below.


4.3.2.8.1      Unit 1 Vessel Irradiation


The lead factor for the RPV inside wall was determined by using a combination of two separate two‑dimensional neutron transport computer analyses.  The first of these established the azimuthal and radial variation of flux in the vessel at the fuel midplane elevation.  The second analysis determined the relative variation of flux with elevation.  The azimuthal and axial distribution results were combined to provide a simulation of the three‑dimensional distribution of flux.  The ratio of fluxes, or lead factor, between the surveillance capsule location and the peak flux locations was obtained from this distribution.


The DORT computer program <Section 4.1.4.5.1>, which utilizes the discrete ordinates method to solve the Boltzmann transport equation in two dimensions, was used to calculate the spatial flux distribution 


produced by a fixed source of neutrons in the core region.  The azimuthal distribution was obtained with a model specified in (R,() geometry.   A schematic illustration of the (R,() vessel model is shown in <Figure 4.3‑9> for 1/4-core geometry.  The actual calculation utilized a 1/4‑core model with reflective boundary conditions at 0( and 90(.  The model incorporates inner and outer core regions, the shroud, water regions inside and outside the shroud, jet pump components, and the vessel wall.  A spatial mesh consisting of 194 radial intervals and 181 azimuthal intervals was used.  The core region material compositions and neutron source densities were representative of values at the core midplane elevation (75 inches above the bottom of active fuel), which is near the elevation of the wires.  The distributed source, which is assumed to be separate in space and energy, was obtained from the core power distribution and fission neutron spectra.


The integral over position and energy is normalized to the total fission neutron source in the region.  Neutron cross‑sections were specified for a 26 energy group set, with angular dependence of the scattering cross‑sections approximated by a third‑order Legendre polynomial expansion.  The output of this calculation provided the distribution of flux as a function of azimuth and radius at reactor midplane.  The azimuth of the peak flux and its magnitude relative to the flux at the 3( azimuth, which is the azimuth of the flux wires, were determined from this distribution.


The calculation of the axial flux distribution was performed in (R,Z) geometry, using a simplified cylindrical representation of the core configuration and realistic simulations of the axial variations of power density and coolant mass density.  The core description was based on conditions near the azimuth angle of 21.8( where the edge of the core is closest to the vessel wall.  The elevation of the peak flux was determined, as well as its magnitude relative to the flux at the surveillance capsule elevation.


The two‑dimensional transport calculations indicate that flux maxima occur at azimuthal locations which are displaced by 25.5( from the RPV quadrant references (0(, 90(, etc.), at an elevation about 101 inches above the bottom of the active fuel.  Calculated fluxes were obtained for the capsule position at the 3( azimuth and at the peak flux location on the vessel inside surface by combining the (R,() and (R,Z) flux distributions.  The lead factor, as determined from the ratio of the calculated fluxes at these locations, is 0.52.


Dosimetry located on the inside surface of the vessel was removed after the first fuel cycle and tested to determine the flux at that location.  The lead factor relating the dosimeter location to the peak location was used to calculate the peak vessel inside surface flux.  Assuming an 80% capacity factor, or 32 effective full power years (EFPY) in 40 years of operation, the fluence for this operating period was estimated (Reference 9).  Results are shown in <Table 4.3‑2>.  Dosimetry measurements were repeated after 5.5 EFPY after removing the surveillance capsule at the 3( azimuth (Reference 10) and (Reference 11).  Results are provided in <Table 4.3‑2>.


4.3.2.8.2      (Deleted)


4.3.3      ANALYTICAL METHODS


Information on analytical methods is provided in (Reference 1) (Subsection A.4.3.3).


4.3.4      CHANGES


Information on changes relative to the previous design documented in (Reference 7), is provided in (Reference 1) (Subsection A.4.3.4).


4.3.5      REFERENCES FOR SECTION 4.3


1.
General Electric Company “General Electric Standard Application for Reactor Fuel,” including the United States Supplement, NEDE‑24011‑P‑A and NEDE‑24011‑P‑A‑US, (latest approved revision).


2.
J. A. Woolley, “3D BWR Core Simulator,” May 1976 (NEDO‑20953).


3.
G. R. Parkos, “BWR Simulator Methods Verification,” January 1977.


4.
C. J. Paone, “Banked Position Withdrawal Sequence,” January 1977 (NEDO‑21231).


5.
(Deleted)


6.
(Deleted)


7.
General Electric Standard Safety Analysis Report (GESSAR).


8.
T. C. Lee (GE) to K. Donovan/P. Gilles (CEI), “Control Rod Scram Time Testing Procedure,” TCL‑88039, TCL‑8905, TCL‑8910, TCL‑9022.


9.
T. A. Caine, “Implementation of <Regulatory Guide 1.99>, Revision 2 for Perry Nuclear Power Plant Unit 1,” November 1989 (SASR 89‑76/DRF 137‑0010).


10.
L. J. Tilly, “Perry Unit 1 RPV Surveillance Materials Testing and Analysis,” November 1996 (GE‑NE‑B1301793‑01, Revision 0).


11.
M. O’Connor, “Pressure‑Temperature Curves for FirstEnergy Corporation, Using the KIc Methodology Perry Unit 1,” April 2002 (GE‑NE‑0000‑0000‑8763‑01, Revision 0).


12.
License Amendment 150, Perry Nuclear Power Plant, Unit No. 1 – Issuance of Amendment RE: TSTF‑476, “Improved Banked Position Withdrawal Sequence Control Rod Insertion Process”, Per The Consolidated Line Item Improvement Process (TAC No. MD8184), August 28, 2008.


13.
NEDO‑33091‑A, Revision 2, July 2004, Improved BPWS Control Rod Insertion Process.


<TABLE 4.3‑1>


DELETED


TABLE 4.3‑2


NEUTRON CALCULATION AND DOSIMETRY RESULTS USED TO EVALUATE


VESSEL IRRADIATION


UNIT 1


		Time of


Measurement

		Neutron


Energy


(MeV)

		Capsule Fluence


at time of


Measurement


(n/cm2)

		End‑of‑Life


Fluence at


Vessel ID


(n/cm2)

		End‑of‑Life


Fluence at 1/4 T


Vessel Wall


(n/cm2)

		



		1.09 EFPY

		>1.0

		1.47 x 1017

		4.3 x 1018 (1)

		3.0 x 1018

		



		5.5 EFPY


(3( azimuth


capsule)

		>1.0

		3.53 x 1017

		4.0 x 1018 (2)

		2.8 x 1018

		



		EOL as a result of power uprate

		>1.0

		N/A




		4.1 x 1018 (3)

		2.9 x 1018

		





NOTES:


(1)
Peak end‑of‑life fluence is based on flux wire test results and <Regulatory Guide 1.99>, Revision 2 calculated per (Reference 9) (1.09 EFPY), for 32 effective full‑power years.


(2)
Peak end-of‑life fluence is based on flux wire test results and <Regulatory Guide 1.99>, Revision 2 calculated per (Reference 11) (5.5 EFPY), for 32 effective full‑power years.


(3)
Peak end‑of‑life fluence is based on flux wire test results and <Regulatory Guide 1.99>, Revision 2 calculated per (Reference 11) (5.5 EFPY), for 32 effective full‑power years.  The fluence is assumed to increase proportionally to the uprate (e.g., a 5% increase in flux for a 5% power uprate).


UNIT 2

(Deleted)
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4.4      THERMAL AND HYDRAULIC DESIGN


Most of the information in <Section 4.4> is provided in the licensing topical report GESTAR (Reference 1).  The subsection numbers in <Section 4.4> generally correspond to the subsection numbers of Appendix A of GESTAR.  Any additional information or differences are given for each applicable subsection.


<Appendix 15B>, Reload Safety Analysis provides information on the current cycle thermal‑hydraulic design.


Information pertaining to single recirculation loop operation is contained in <Appendix 15F>.


4.4.1      DESIGN BASIS


4.4.1.1      Safety Design Bases


Information on safety design bases is provided in (Reference 1) (Subsection A.4.4.1.1).


4.4.1.2      (Deleted)

4.4.1.3      Requirements for Steady‑State Conditions


Information on requirements for steady‑state conditions is provided in (Reference 1) (Subsection A.4.4.1.2).


<Appendix 15B>, Reload Safety Analysis provides the current cycle operating limit MCPR and LHGR.


4.4.1.4      Requirements for Transient Conditions


Information on requirements for transient conditions is provided in (Reference 1) (Subsection A.4.4.1.3).  If Exposure‑Dependent MCPR Limits are used, information on Exposure‑Dependent Limits are in (Reference 1) (Subsection S.5.1.4).


4.4.1.5      Summary of Design Bases


A summary of the design bases is provided in (Reference 1) (Subsection A.4.4.1.4).


4.4.2      DESCRIPTION OF THERMAL‑HYDRAULIC DESIGN OF THE REACTOR CORE


4.4.2.1      Summary Comparison


An evaluation of plant performance from a thermal and hydraulic standpoint is discussed in <Section 4.4.3>.


4.4.2.2      Critical Power Ratio


Information on the critical power ratio including boiling correlations is provided in (Reference 1) (Subsection A.4.4.2.2).  The current boiling correlation used is provided in <Appendix 15B>, Reload Safety Analysis.


4.4.2.3      Linear Heat Generation Rate (LHGR)


Information on linear heat generation rate is provided in (Reference 1) (Subsection A.4.4.2.3).


4.4.2.4      Void Fraction Distribution


Void fraction distributions are calculated by the Perry nuclear fuel vendor for each reload cycle.


4.4.2.5      Core Coolant Flow Distribution and Orificing Pattern


Information on core coolant flow distribution and orificing pattern is provided in (Reference 1) (Subsection A.4.4.2.5).


4.4.2.6      Core Pressure Drop and Hydraulic Loads


Information on the core pressure drop and hydraulic loads is provided in (Reference 1) (Subsection A.4.4.2.6). 


4.4.2.7      Correlation and Physical Data


Information on the correlation and physical data is provided in (Reference 1) (Subsection A.4.4.2.7).


4.4.2.8      Thermal Effects of Operational Transients


Information on thermal effects of operational transients is provided in (Reference 1) (Subsection A.4.4.2.8).


4.4.2.9      Uncertainties in Estimates


Information on uncertainties in estimates is provided in (Reference 1) (Subsection A.4.4.2.9).


4.4.2.10      Flux Tilt Considerations


Information on flux tilt considerations is provided in (Reference 1) (Subsection A.4.4.2.10) and in <Section 4.3.2.2.7>.


4.4.3      DESCRIPTION OF THE THERMAL AND HYDRAULIC DESIGN OF THE REACTOR COOLANT SYSTEM


The thermal and hydraulic design of the reactor coolant system is provided in (Reference 1) (Subsection A.4.4.3).


4.4.3.1      Plant Configuration Data


4.4.3.1.1      Reactor Coolant System Configuration


The reactor coolant system is described in <Section 5.4> and shown in isometric perspective in <Figure 5.4‑1>.  The piping sizes, fittings and valves are listed in <Table 5.4‑1>.


4.4.3.1.2      Reactor Coolant System Thermal Hydraulic Data


The steady‑state distribution of temperature, pressure and flow rate for each flowpath in the reactor coolant system is shown in <Figure 5.1‑1>.


4.4.3.1.3      Reactor Coolant System Geometric Data


Volumes of regions and components within the reactor vessel are shown in <Figure 5.1‑2>.


<Table 4.4‑5> provides the flow path length, height, liquid level, minimum elevations, and minimum flow areas for each major flow path volume within the reactor vessel and recirculation loops of the reactor coolant system.


<Table 4.4‑6> provides the lengths and sizes of all safety injection lines to the reactor coolant system.


4.4.3.2      Operating Restrictions on Pumps


Expected recirculation pump performance curves are shown in <Figure 5.4‑3>.  These curves are valid for all conditions with a normal operating range varying from approximately 20 percent to 115 percent of rated pump flow.


The pump characteristics, including considerations of Net Positive Suction Head (NPSH) requirements, are the same for the conditions of two pump and one pump operation as described in <Section 5.4.1>.  <Section 4.4.3.3> gives the operating limits imposed on the recirculation pumps by cavitation, pump loads, bearing design flow starvation, and pump speed.


4.4.3.3      Power‑Flow Operating Map


4.4.3.3.1      Limits for Normal Operation


A boiling water reactor must operate with certain restrictions because of pump NPSH, overall plant control characteristics, core thermal power limits, etc.  The power‑flow map for the standard power range of operation is shown in <Figure 4.4‑2>.  The cycle specific power flowmap is provided in <Figure 15E.2‑1>.  The nuclear system equipment, nuclear instrumentation and the reactor protection system, in conjunction with operating procedures, maintain operations within the area of this map for normal operating conditions.  The boundaries on this map are as follows:


a.
Natural Circulation, Line A:  The operating state of the reactor moves along this line for the normal control rod withdrawal sequence in the absence of recirculation pump operation.


b.
Maximum Extended Operating Domain (MEOD) Boundary Line, or Rated Thermal Power (whichever is less):  This boundary line passes 



through 100% reactor thermal power at 81% reactor core flow and is defined in USAR 15E.2.  The operating state for the reactor roughly follows the rod line (or similar ones) during recirculation flow changes with a fixed control rod pattern.  The slope of the power response to recirculation flow changes can vary where the power could cross the boundary on a flow change.  The reactor power may continue to change due to slower affects such as final feedwater temperature and xenon.  This boundary Line may not be exceeded.

c.
Maximum Thermal Power Line:  The maximum thermal power line is bounded by 81% core flow and 105% core flow.  Rated power may not be exceeded.


d.
Maximum Core Flow Line:  The maximum core flow line is bounded by 100% thermal power and the Jet Pump and Recirc Pump Cavitation Protection line.


e.
Cavitation Protection Line:  This line results from the recirculation pump, flow control valve and jet pump NPSH requirements.


MEOD extends additional power/flow areas to the standard power‑flow operating map.  A discussion of MEOD and the supporting analyses are found in <Appendix 15E>.


Information pertaining to single recirculation loop operation is contained in <Appendix 15F>.


4.4.3.3.1.1      Performance Characteristics


Other performance characteristics shown on the power‑flow operating map are:


Constant Rod Lines:  These lines show the change in power associated with flow changes, while maintaining constant control rod position.


Constant Position Lines for Flow Control Valve, Lines A, B, and C.  These lines show the change in flow associated with power changes while maintaining flow control valves at a constant position.


4.4.3.3.2      Regions of the Power‑Flow Map


Region I

This region defines the system operational capability with the recirculation pumps and motors being driven by the low frequency motor‑generator set at 25 percent speed.  Flow is controlled by the flow control valve and power changes, during normal startup and shutdown, will be in this region.  The normal operating procedure is to startup along line B ‑ FCV wide open at 25 percent speed.


Region II

This region shows the area where the switching sequence from the low frequency motor‑generator set to 100 percent speed will be done.


Region III
This is the low power area of the operating map where cavitation can be expected in the recirculation pumps, jet pumps or flow control valves.  Operation within this region is precluded by system interlocks which trip the main motor from the 100 percent speed power source to the 25 percent speed power source.


Region IV

This represents the normal operating zone of the map where power changes can be made, by either control rod movement or by core flow changes, through use of the flow control valve.


4.4.3.3.3      Design Features for Power‑Flow Control


The following limits and design features are employed to maintain power‑flow conditions within the required values shown in <Figure 4.4‑2>.  The cycle specific power‑flow map is provided in <Figure 15E.2‑1>.


a.
Minimum power limits at intermediate and high core flows.  To prevent cavitation in the recirculation pumps and jet pumps, the recirculation system is provided with an interlock to trip off the 100 percent speed power source and close the 25 percent speed power source if the difference between steam dome temperature and recirculation pump inlet temperature is less than a preset value (typically 6‑11(F).  The capability exists to bypass the cavitation interlock above the 70% Rod Line.  The differential temperature is obtained using high accuracy Resistance Temperature Detectors (RTD’s) with a sensing error of less than 0.2(F at the two standard deviation (2() confidence level, for the recirculation pump inlet temperature.  Steam dome pressure is converted to a temperature measurement for the steam dome temperature.  This action is initiated electronically through a 15‑second time delay.  The interlock is active while in the manual operation mode.


b.
Minimum power limit at low core flow.  During low power, low loop flow operations, the temperature differential interlock may not provide sufficient cavitation protection to the flow control valves.  Therefore, the system is provided with an interlock to trip off the 100 percent speed power source and close the 25 percent speed power source if the feedwater flow falls below a preset level (approximately 22 percent of rated).  The feedwater flow rate is measured by existing process control instruments.  The speed change action is electronically initiated.  This interlock is active during the manual mode of operation.


c.
Pump Bearing Limit.  For pumps as large as the recirculation pumps, practical limits of pump bearing design require that minimum pump flow be limited to 20 percent of rated.  To assure this minimum flow, the system is designed so that the minimum flow control valve position will allow this rate of flow.


d.
Valve Position.  To prevent structural or cavitation damage to the recirculation pump due to pump suction flow starvation, the system is provided with pump trips if the suction or discharge block valves are at less than 90 percent open position.  This circuit is activated by position limit switches and is active before the pump is started during the manual operation mode.


4.4.3.3.3.1      Flow Control


The principal modes of normal operation with valve flow control‑low frequency motor generator (LFMG) set are summarized as follows:  the recirculation pumps are started on the 100 percent speed power source to supply the necessary break away torque.  Suction and discharge block valves are full open and the flow control valve is in the minimum position.  When the pump is near full speed, the main power source is tripped and the pump allowed to coast down to approximately 25 percent speed where the LFMG set will power the pump and motor.  The flow control valve is then opened to the maximum position at which point reactor heatup and pressurization can commence.  When operating pressure has been established, reactor power can be increased.  This power‑flow increase will follow a line within Region I of the flow control map shown in <Figure 4.4‑2>.  The cycle specific power‑flow map is provided in <Figure 15E.2‑1>.


When reactor power is greater than approximately 20‑28 percent of rated, the low feedwater flow interlock is cleared and the main recirculation pumps can be switched to the 100 percent speed power source.  The flow control valve is closed to the minimum position before the speed change 


to prevent large increases in core power and a potential flux scram.  This operation occurs within Region II of the operating map.  The system is then brought to the desired power‑flow level within the normal operating area of the map (Region IV) by opening the flow control valves and by withdrawing control rods.


Control rod withdrawal with constant flow control valve position will result in power/flow changes along lines of constant CV (constant position).  Flow control valve movement with constant control rod position will result in power/flow changes along, or nearly parallel to, the rated flow control line.


4.4.3.4      Temperature‑Power Operating Map (PWR)


This section is not applicable to PNPP.


4.4.3.5      Load Following Characteristics


This function is not available at Perry.  The load following circuits have been disabled.


4.4.3.6      (Deleted)


4.4.4      EVALUATION


Information on the evaluation of the thermal‑hydraulic design is provided in (Reference 1) (Subsection A.4.4.4).


4.4.4.1      Critical Power


Information on critical power is provided in (Reference 1) (Subsection A.4.4.4.1).  The current boiling correlation used is provided in <Appendix 15B>, Reload Safety Analysis.


4.4.4.2      Core Hydraulics


Information on core hydraulics is provided in (Reference 1) (Subsection A.4.4.4.2).


4.4.4.3      Influence of Power Distributions


Information on influence of power distributions is provided in (Reference 1) (Subsection A.4.4.4.3).


4.4.4.4      Core Thermal Response


Information on core thermal response is provided in (Reference 1) (Subsection A.4.4.4.4).  Information on core thermal response for the current cycle limiting transients is provided in <Appendix 15B>, Reload Safety Analysis.


4.4.4.5      Analytical Methods


Information on analytical methods is provided in (Reference 1) (Subsection A.4.4.4.5). Current General Electric design methodologies are found in (Reference 1).


4.4.4.6      Thermal‑Hydraulic Stability Analysis


Information on thermal‑hydraulic stability analysis is provided in (Reference 1) (Subsection A.4.4.4.6).  Thermal‑hydraulic stability for the current reload cycle core is discussed in <Appendix 15B>, Reload Safety Analysis.


4.4.5      TESTING AND VERIFICATION


Information on testing and verification is provided in (Reference 1) (Subsection A.4.4.5).


4.4.6      INSTRUMENTATION REQUIREMENTS


The reactor vessel instrumentation monitors the key reactor vessel operating parameters during planned operations.  This ensures sufficient control of the parameters.  The following reactor vessel sensors are discussed in <Section 7.6.1>, <Section 7.2.1>, and <Section 7.5.1>.


a.
(Deleted)


b.
Reactor Vessel Water Level


c.
(Deleted)


d.
Reactor Vessel Internal Pressure


e.
Neutron Monitoring Systems


The Reactor Vessel Coolant Temperature and the Reactor Vessel Coolant Flow Rates and Differential Pressures are included in the scope of the thermal hydraulic information discussed in <Section 7.5.1>.


4.4.6.1     Loose Parts Monitoring


Not applicable to PNPP design, Loose Parts Monitoring System was eliminated/abandoned in place.


<TABLE 4.4‑1>


<TABLE 4.4‑2>


<TABLE 4.4‑3>


<TABLE 4.4‑4>


DELETED


TABLE 4.4‑5


REACTOR COOLANT SYSTEM GEOMETRIC DATA









Height
Elevation







 Flow
 and

of Bottom

Minimum







 Path
Liquid
 of Each

  Flow







Length
Level
Volume(1)

 Areas







 (in.)
 (in.)
  (in.)  

(sq ft)


A.
Lower Plenum

213.5
213.5
‑170.5
 
 84.0









213.5


B.
Core



164.5
164.5
  43.0

146.5









164.5



Includes














bypass


C.
Upper Plenum and
179.0
179.0
 207.5

 57.5



Separators



179.0


D.
Dome (Above Normal
289.5
289.5
 386.0

309.0



Water Level)



0


E.
Downcomer Area

311.5
311.5
 ‑27.5

 66.0









311.5


F.
Recirculation

114.0
398.0
‑392.0

132.5 in.2



Loops and Jet

ft (one
398.0



Pumps


loop)


NOTE:


(1)
Reference Point is recirculation nozzle outlet centerline.


TABLE 4.4‑6


LENGTHS OF SAFETY INJECTION LINES(1)








Pipe Diameter

Pipe Length









    (in.)    

    (ft)



LPCS System





14



106










12



149












Total
255


HPCS System





16



139










12



120












Total
259


RHR‑A






18



112










12



106












Total
218


RHR‑B






18



113










12



152












Total
265


RHR‑C






18



120










12



254












Total
374


NOTE:


(1)
Lengths are from pump discharge to RPV nozzle.
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4.5      REACTOR MATERIALS


4.5.1      CONTROL ROD DRIVE SYSTEM STRUCTURAL MATERIALS


4.5.1.1      Material Specifications


a.
Material List



The following material listing applies to the control rod drive mechanism supplied for this application.  The position indicator, and minor nonstructural items are omitted.



1.
Cylinder, Tube and Flange Assembly




Flange




ASME SA 182 Grade F304




Plugs




ASME SA 182 Grade F304




Cylinder




ASTM A269 Grade TP 304




Outer Tube



ASTM A269 Grade TP 304




Tube





ASME SA 351 Grade CF‑3




Spacer




ASME SA 351 Grade CF‑3



2.
Piston Tube Assembly




Piston Tube



ASME SA 479 or SA 249










  Grade XM‑19




Nose





ASME SA 479 Grade XM‑19




Base





ASME SA 479 Grade XM‑19




Ind. Tube




ASME SA 312 Type 316




Cap





ASME SA 182 Grade F316



3.
Drive Line Assembly




Coupling Spud



Alloy X‑750




Compression Cylinder

ASME SA 479 or SA 249










  Grade XM‑19




Index Tube



ASME SA 479 or SA 249










  Grade XM‑19




Piston Head



Armco 17‑4 PH




Piston Coupling


ASTM A312 Grade TP 304 or










ASTM A269 Grade TP 304




Magnet Housing



ASTM A269 Grade TP 304 or










ASTM A312, A249 or A213 TP 316L



4.
Collet Assembly




Collet Piston



ASTM A269 Grade TP 304 or










ASTM A312 Grade TP 304




Finger




Alloy X‑750




Retainer




ASTM A269 Grade TP 304




Guide Cap




ASTM A269 Grade TP 304



5.
Miscellaneous Parts




Stop Piston



Armco 17‑4 PH




O‑Ring Spacer



ASTM A240 Type 304




Nut





ASME SA 479 Grade XM‑19




Collet Spring



Alloy X‑750




Ring Flange



ASME SA 182 Grade F304




Buffer Shaft



Armco 17‑4 PH




Buffer Piston



Armco 17‑4 PH




Buffer Spring



Alloy X‑750




Nut (hex)




Alloy X‑750



The materials listed under ASTM/ASME specification number are all in the annealed condition (with the exception of the outer tube in the cylinder, tube and flange assembly), and their properties are readily available.  The outer tube is approximately 1/8 hard, and has a tensile strength of 90,000/125,000 psi, a yield strength of 50,000/85,000 psi, and minimum elongation of 25 percent.



The coupling spud, collet fingers, buffer spring, nut (hex), and collet spring are fabricated from Alloy X‑750 in the annealed or equalized condition, and aged 20 hours at 1,300(F to produce a tensile strength of 165,000 psi minimum, a yield strength of 105,000 psi minimum, and elongation of 20 percent minimum.  The piston head, stop piston, buffer shaft, and buffer piston are Armco 17‑4 PH in condition H‑1100, aged 6 hours at 1,100(F with a tensile strength of 140,000 psi minimum, a yield strength of 115,000 psi minimum, and elongation of 14 percent minimum.



These are widely used materials, whose properties are well known.  The parts are readily accessible for inspection and replaceable if necessary.



All materials, except SA 479 or SA 249 Grade XM‑19, have been successfully used for the past 10 to 15 years in similar drive mechanisms.  Extensive laboratory tests have demonstrated that ASME SA 479 or SA 249 Grade XM‑19 is a suitable material and that it is resistant to stress corrosion in a BWR environment.


b.
Special Materials



No cold worked austenitic stainless steels with a yield strength greater than 90,000 psi are employed in the Control Rod Drive system.  Hardenable martensitic stainless steels are not used.  Armco 17‑4 PH (precipitation hardened stainless steel) is used for the piston head, stop piston, buffer shaft, and buffer piston. 



This material is aged to the H‑1100 condition to produce resistance to stress corrosion cracking in the BWR environments.  Armco 17‑4 PH (H‑1100) has been successfully used for the past 10 to 15 years in BWR drive mechanisms.


4.5.1.2      Austenitic Stainless Steel Components


a.
Processes, Inspections and Tests



All austenitic stainless steel used in the Control Rod Drive is solution annealed material with one exception, the outer tube in the cylinder, tube and flange assembly <Section 4.5.1.1>.  Proper solution annealing is verified by testing per ASTM A262, “Recommended Practices for Detecting Susceptibility to Intergranular Attack in Stainless Steels.”



Two special processes are employed which subject selected 300 series stainless steel components to temperatures in the sensitization range.



1.
The cylinder and spacer (cylinder, tube and flange assembly) and the retainer (collet assembly) are hard surfaced with Colmonoy 6.



2.
The collet piston and guide cap (collet assembly) are nitrided to provide a wear resistant surface.



Colmonoy hard surfacing is applied by the flame spray or the TIG welding process.  Parts are preheated to 550‑800(F and then sprayed with Colmonoy.  The sprayed coating is fused at about 2,000(F using an oxyacetylene torch followed by air cooling.



Nitriding is accomplished using a proprietary process called NEW MALCOMIZING.  Components are exposed to a temperature of about 1,080(F for about 20 hours during nitriding cycle.



Colmonoy hard surfaced components have performed successfully for the past 10 to 15 years in drive mechanisms.  Nitrided components have been used in control rod drives since 1967.  It is normal practice to remove some Control Rod Drives at each refueling outage.  At this time, both the Colmonoy hard surfaced parts and nitrided surfaces are accessible for visual examination.  In addition, dye penetrant examinations have been performed on nitrided surfaces of the longest service drives.  This inspection program is adequate to detect any incipient defects before they could become serious enough to cause operating problems.



Welding is performed in accordance with Section IX of the ASME Boiler and Pressure Vessel Code.  Heat input for stainless steel welds is restricted to a maximum of 50,000 Joules per inch and interpass temperature to 350(F.  Heating above 800(F (except for welding) is prohibited unless the welds are subsequently solution annealed.  These controls are employed to avoid severe sensitization and comply with the intent of <Regulatory Guide 1.44>.



<Regulatory Guide 1.44>, Control of the Use of Sensitized Stainless Steel



General Compliance or Alternate Approach Assessment:  For Commitment, Revision Number, and Scope, see <Section 1.8>.


b.
Control of Delta Ferrite Content



All Type 308 weld metal is purchased to a specification which requires a minimum of 5 percent delta ferrite.  This amount of 


ferrite is adequate to prevent any micro‑fissuring (hot cracking) in austenitic stainless steel welds.



<Regulatory Guide 1.31>, Control of Stainless Steel Welding



General Compliance or Alternate Approach Assessment:  For Commitment, Revision Number and Scope, see <Section 1.8>.


4.5.1.3      Other Materials


These are discussed in <Section 4.5.1.1.b>.


4.5.1.4      Cleaning and Cleanliness Control


4.5.1.4.1      Protection of Materials During Fabrication, Shipping and Storage


All the Control Rod Drive parts listed in <Section 4.5.1.1> are fabricated under a process specification which limits contaminants in cutting, grinding and tapping coolants and lubricants.  It also restricts all other processing materials (marking inks, tape etc.) to those which are completely removable by the applied cleaning process.  All contaminants are then required to be removed by the appropriate cleaning process prior to any of the following:


a.
Any processing which increases part temperature above 200(F.


b.
Assembly which results in decrease of accessibility for cleaning.


c.
Release of parts for shipment.


The specification for packaging and shipping the Control Rod Drive provides the following:


The drive is rinsed in hot deionized water and dried in preparation for shipment.  The ends of the drive are then covered with a vapor tight barrier with desiccant.  Packaging is designed to protect the drive and prevent damage to the vapor barrier.  The planned storage period considered in the design of the container and packaging is two years.  This packaging has been qualified and in use for a number of years.  Periodic audits have indicated satisfactory protection.


The degree of surface cleanliness obtained by these procedures meets the regulatory positions of <Regulatory Guide 1.37>.


Semiannual examination of the humidity indicators of a minimum of 10 percent of the units during inside heated warehouse storage is required to verify that the units are dry and in satisfactory condition.  This inspection shall be performed with a GE‑Engineering designated representative present.  Position indicator probes are not subject to this inspection.  General Electric has designated FirstEnergy Corporation maintenance and maintenance engineering personnel as “GE ‑ Engineering designated Representatives” (Reference 1).


<Regulatory Guide 1.37>, Quality Assurance Requirements for Cleaning of Fluid Systems and Associated Components of Water‑cooled Nuclear Power Plants.


General Compliance or Alternate Approach Assessment:  For Commitment, Revision Number and Scope, see <Section 1.8>.


4.5.2      REACTOR INTERNAL MATERIALS


4.5.2.1      Material Specifications


Materials used for the Core Support Structure:


a.
Shroud Support ‑ Nickel‑Chrome‑Iron‑Alloy, ASME SB l66 or SB l68.


b.
Shroud, core plate and top guide ‑ ASME SA 240, SA 182, SA 479, SA 312, SA 249, or SA 213 (all Type 304L).


c.
Peripheral fuel supports ‑ ASTM:  SA 312 Gr TP 304, and Type 304L.


d.
Core plate and top guide studs and nuts, and core plate wedges ‑ ASME SA 479 (Type 304 and XM‑19), SA 193 Grade B8A, SA 194 Grade 8A (all Type 304) and ASTM A‑276.


e.
Top guide pins ‑ ASME SA 479 (Type XM‑19) and ASME Code Case N‑207‑1.


f.
Control rod drive housing ‑ ASME SA 312 Type 304, SA 182 Type 304 and ASME SB 167 Type Inconel 600.


g.
Control rod guide tube ‑ ASTM:  A 358 Gr 304, A 312 Gr TP 304, A 351 Gr CF8, A 249 TP 304; ASME: SA 358 Gr 304, SA 312 Gr TP 304, SA 351 TP GR CF3.


h.
Orificed fuel support ‑ ASTM:  A 249 TP 304, A 240 TP 316L, A 479 TP 316L.


Materials Employed in Other Reactor Internal Structures.


a.
Shroud Head/Steam Separators and Steam Dryer



All materials are Type 304 or 304L stainless steel.  Shroud Head/Steam Separators and the Steam Dryer are fabricated in accordance with the following ASME and ASTM specifications respectively:



Plate, Sheet and Strip
ASME SA 240 and ASTM A240



Forgings



ASME SA 182 or SA 479 and ASTM Al82



Bars




ASME SA 479 and ASTM A479



Pipe




ASME SA 312 and ASTM A312



Tube




ASME SA 213 or SA 249 and ASTM A269



Castings



ASME SA 351 and ASTM A351


b.
Jet Pump Assemblies



The components in the Jet Pump Assemblies are a Riser, Inlet Mixer, Diffuser, and Riser Brace.  Materials used for these components are to the following specifications.



Castings



ASTM A351 Grade CF8 and








ASME SA 351 Grade CF3



Bars




ASTM A276 Type 304 and








ASTM A637 Grade 688








ASTM A479 Type 316L








ASME SB637 N07750 Type 3 (Alloy X‑750)



Bolts



ASTM A193 Grade B8 or B8M








ASME
SA 479 Type 316L



Sheet and Plate

ASTM A240 Type 304, 304L, 316L








ASME SA 240 Type 304L, 316L



Tubing



ASTM A269 Grade TP 304



Pipe




ASTM A358 Type 304, and 316L








ASME SA 312 Grade TP 304, 316L



Welded Fittings

ASTM A403 Grade WP304



Forged or Rolled

ASME SA 182 or ASTM A182



Parts



Grade F304, F316L








ASTM B166, and ASTM A637








Grade 688.


Materials in the Jet Pump Assemblies which are not Type 304 stainless steel are listed below:


a.
The Inlet Mixer Adaptor casting, the wedge casting, bracket casting adjusting screw casting, and the Diffuser collar casting are Type 304 hard surfaced with Stellite 6 for slip fit joints.


b.
The Diffuser is a bimetallic component made by welding a Type 304 forged ring to a forged Inconel 600 ring, made to Specification ASTM B166.


c.
The Inlet‑Mixer contains a pin, insert and beam made of Inconel X‑750 to Specification ASTM A637 Grade 688.


d.
The Inlet‑Mixer for jet pumps 15 and 16 contains a wedge made of Alloy X‑750 to Specification ASME SB637 N07750 Type 3.


All core support structures are fabricated from ASME specified materials, and designed in accordance with the requirements of ASME Code, Section III, Subsection NG.  Other reactor internals are non‑coded, and they are fabricated from ASTM or ASME specification materials.  Material requirements in the ASTM specifications are identical to requirements in corresponding ASME material specifications.  Note, ASTM A637 and ASME SA637 materials are now designated as ASTM B637 and ASME SB637 materials.

4.5.2.2      Controls on Welding


Core support structures are fabricated in accordance with the requirements of ASME Code Section III, Subsection NG.  Other internals are not required to meet ASME Code requirements.  Requirements of ASME Section IX are followed in the fabrication of core support structures and other internals.


4.5.2.3      Nondestructive Examination of Wrought Seamless Tubular Products


Wrought seamless tubular products for control rod drive (CRD) guide tubes, CRD housings and peripheral fuel supports, were supplied in accordance with ASME Section III, Class CS which requires examination of the tubular products by radiographic and/or ultrasonic methods according to paragraph NG‑2550.


Wrought seamless tubular products for other internals were supplied in accordance with the applicable ASTM or ASME material specifications.  These specifications require a hydrostatic test on each length of tubing.


4.5.2.4      Fabrication and Processing of Austenitic Stainless Steel ‑ Regulatory Guide Conformance


<Regulatory Guide 1.31>, Control of Ferrite Content in Stainless Steel Weld Metal


All austenitic stainless steel weld filler materials were supplied with a minimum of 5 percent delta ferrite.  This amount of ferrite is considered adequate to prevent micro‑fissuring in austenitic stainless steel welds.


<Regulatory Guide 1.34>, Control of Electroslag Weld Properties


Electroslag welding is not employed for any reactor internals.


<Regulatory Guide 1.36>, Non‑Metallic Thermal Insulation for Austenitic Stainless Steel


For external applications, all nonmetallic insulation meets the regulatory positions of <Regulatory Guide 1.36>.


<Regulatory Guide 1.44>, Control of the Use of Sensitized Stainless Steel


All wrought austenitic stainless steel was purchased in the solution heat treated condition.  Heating above 800(F was prohibited (except for welding) unless the stainless steel was subsequently solution annealed.  For 304 steel with carbon content in excess of 0.035 percent carbon, purchase specifications restricted the maximum weld heat input to 110,000 Joules per inch, and the weld interpass temperature to 350(F maximum.  Welding was performed in accordance with Section IX of the ASME Boiler and Pressure Vessel Code.  These controls were employed to avoid severe sensitization and comply with the intent of <Regulatory Guide 1.44>.


<Regulatory Guide 1.71>, Welder Qualification for Areas of Limited Accessibility


There are few restrictive welds involved in the fabrication of items described in this section.  Mock‑up welding was performed on the welds with most difficult access.  Mock‑ups were examined with radiography or by sectioning.


<Regulatory Guide 1.37>, Quality Assurance Requirements for Cleaning of Fluid Systems and associated components of water‑cooled Nuclear Power Plants.


Exposure to contaminants was avoided by carefully controlling all cleaning and processing materials which contact stainless steel during manufacture and construction.  Any inadvertent surface contamination was removed to avoid potential detrimental effects.


Special care was exercised to ensure removal of surface contaminants prior to any heating operation.  Water quality for rinsing, flushing and testing was controlled and monitored.


The degree of cleanliness obtained by these procedures meets the regulatory positions of <Regulatory Guide 1.37>.


<Regulatory Guide 1.31>, <Regulatory Guide 1.34>, <Regulatory Guide 1.36>, <Regulatory Guide 1.44>, <Regulatory Guide 1.37>, and <Regulatory Guide 1.71>


General Compliance or Alternate Approach Assessment:  For Commitment, Revision Number and Scope, See <Section 1.8>.


4.5.2.5      Other Materials


Cold worked stainless steels are not used in the reactor internals.


Hardenable martensitic stainless steels and precipitation hardening stainless steels are not used in the reactor internals.


Materials, other than Type 300 stainless steel, employed in vessel internals are:




SA 479 Type XM‑19 stainless steel




SB 166, 167, and 168 Nickel‑Chrome‑Iron (Inconel 600)




SA 637 Grade 688 Inconel X‑750


Inconel 600 tubing, plate and sheet are used in the annealed condition.  Bar may be in the annealed or cold‑drawn condition.


Inconel X‑750 components are fabricated in the annealed or equalized condition and aged 20 hours at 1,300(F.  Tube may be hot finished, while sheet may be as rolled.


Stellite 6 hard surfacing is applied to austenitic stainless steel castings using the gas tungsten arc welding or plasma arc surfacing processes.


All materials, except SA 479 Grade XM‑19, have been successfully used for the past 10 to 15 years in BWR applications.  Extensive laboratory tests have demonstrated that XM‑19 is a suitable material and that it is resistant to stress corrosion cracking in a BWR environment.


4.5.3      CONTROL ROD DRIVE HOUSING SUPPORTS


All CRD housing support subassemblies are fabricated of ASTM A36 structural steel, except for the following items:










Material




Grid





ASTM A441




Disc springs



Schnorr, Type BS‑125‑71‑8




Hex bolts and nuts


ASTM A307




6 x 4 x 3/8 tubes


ASTM A 500 Grade B


For further control rod drive housing support information refer to <Section 4.6.1.2>.


4.5.4      REFERENCES FOR SECTION 4.5
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4.6      FUNCTIONAL DESIGN OF REACTIVITY CONTROL SYSTEMS


The reactivity control systems consist of control rods and control rod drives, supplementary reactivity control for the initial core <Section 4.3> and the standby liquid control system described in <Section 9.3.5>.


4.6.1      INFORMATION FOR CRDS


4.6.1.1      Control Rod Drive System Design


4.6.1.1.1      Design Bases


4.6.1.1.1.1      General Design Bases


4.6.1.1.1.1.1      Safety Design Bases


The control rod drive mechanical system shall meet the following safety design bases:


a.
The design shall provide for a sufficiently rapid control rod insertion such that no fuel damage results from any abnormal operating transient.


b.
The design shall include positioning devices, each of which individually supports and positions a control rod.


c.
Each positioning device shall:



1.
Prevent its control rod from initiating withdrawal as a result of a single malfunction.



2.
Be individually operated so that a failure in one positioning device does not affect the operation of any other positioning device.



3.
Be individually energized when rapid control rod insertion (scram) is signaled so that failure of power sources external to the positioning device does not prevent other positioning devices’ control rods from being inserted.


4.6.1.1.1.1.2      Power Generation Design Bases


The control rod drive system design shall provide for positioning the control rods to control power generation in the core.


4.6.1.1.2      Description


The control rod drive system (CRD) controls gross changes in core reactivity by incrementally positioning neutron absorbing control rods within the reactor core in response to manual control signals.  It is also required to quickly shut down the reactor (scram) in emergency situations by rapidly inserting withdrawn control rods into the core in response to a manual or automatic signal from the reactor protection trip system.  The control rod drive system consists of locking piston control rod drive mechanisms and the CRD hydraulic system (including power supply and regulation, hydraulic control units, interconnecting piping, instrumentation, and electrical controls).


4.6.1.1.2.1      Control Rod Drive Mechanisms


The CRD mechanism (drive) used for positioning the control rod in the reactor core is a double‑acting, mechanically latched, hydraulic cylinder using water as its operating fluid <Figure 4.6‑1>, <Figure 4.6‑2>, <Figure 4.6‑3>, and <Figure 4.6‑4>.  The individual drives are mounted on the bottom head of the reactor pressure vessel.  The drives do not interfere with refueling and are operative even when the head is removed from the reactor vessel.


The drives are also readily accessible for inspection and servicing.  The bottom location makes maximum utilization of the water in the reactor as a neutron shield and gives the least possible neutron exposure to the drive components.  Using water from the condensate treatment system, and/or condensate storage tanks as the operating fluid eliminates the need for special hydraulic fluid.  Drives are able to utilize simple piston seals whose leakage does not contaminate the reactor water but provides cooling for the drive mechanisms and their seals.


The drives are capable of inserting or withdrawing a control rod at a slow, controlled rate, as well as providing rapid insertion when required.  A mechanism on the drive locks the control rod at 6‑inch increments of stroke over the length of the core.


A coupling spud at the top end of the drive index tube (piston rod) engages and locks into a mating socket at the base of the control rod.  The weight of the control rod is sufficient to engage and lock this coupling.  Once locked, the drive and rod form an integral unit that must be manually unlocked by specific procedures before the components can be separated.


The drive holds its control rod in distinct latch positions until the hydraulic system actuates movement to a new position.  Withdrawal of each rod is limited by the seating of the rod in its guide tube.  Withdrawal beyond this position to the over‑travel limit can be accomplished only if the rod and drive are uncoupled.  Withdrawal to the over‑travel limit is annunciated by an alarm.


The individual rod indicators, grouped in one control panel display, correspond to relative rod locations in the core.


Changes in local flux during control rod motion at power may be observed by monitoring the readings of the appropriate local power range 


monitor (LPRM) string.  To facilitate this when a control rod is selected, the output of an appropriate LPRM string is displayed along with the position of the selected control rod.  Except for certain peripheral control rods, the LPRM string used is diagonally adjacent to the selected control rod.


4.6.1.1.2.2      Drive Components


<Figure 4.6‑2> illustrates the operating principle of a drive.  <Figure 4.6‑3> and <Figure 4.6‑4> illustrate the drive in more detail.  The main components of the drive and their functions are described below.


4.6.1.1.2.2.1      Drive Piston


The drive piston is mounted at the lower end of the index tube.  The function of the index tube is similar to that of a piston rod in a conventional hydraulic cylinder.  The drive piston and index tube make up the main moving assembly in the drive.  The drive piston operates between positive end stops, with a hydraulic cushion provided at the upper end only.  The piston has both inside and outside seal rings and operates in an annular space between an inner cylinder (fixed piston tube) and an outer cylinder (drive cylinder).  Because the type of inner seal used is effective in only one direction, the lower sets of seal rings are mounted with one set sealing in each direction.


A pair of nonmetallic bushings prevents metal‑to‑metal contact between the piston assembly and the inner cylinder surface.  The outer piston rings are segmented, step‑cut seals with expander springs holding the segments against the cylinder wall.  A pair of split bushings on the outside of the piston prevents piston contact with the cylinder wall.  The effective piston area for downtravel, or withdrawal, is approximately 1.2 sq in. versus 4.1 sq in. for uptravel, or insertion.  


This difference in driving area tends to balance the control rod weight and assures a higher force for insertion than for withdrawal.


4.6.1.1.2.2.2      Index Tube


The index tube is a long hollow shaft made of nitrided stainless steel.  Circumferential locking grooves, spaced every 6 inches along the outer surface, transmit the weight of the control rod to the collet assembly.


4.6.1.1.2.2.3      Collet Assembly


The collet assembly serves as the index tube locking mechanism.  It is located in the upper part of the drive unit.  This assembly prevents the index tube from accidentally moving downward.  The assembly consists of the collet fingers, a return spring, a guide cap, a collet housing (part of the cylinder, tube, and flange), and the collet piston.


Locking is accomplished by fingers mounted on the collet piston at the top of the drive cylinder.  In the locked or latched position the fingers engage a locking groove in the index tube.


The collet piston is normally held in the latched position by a force of approximately 150 pounds supplied by a spring.  Metal piston rings are used to seal the collet piston from reactor vessel pressure.  The collet assembly will not unlatch until the collet fingers are unloaded by a short, automatically sequenced, drive‑in signal.  A pressure, approximately 180 psi above reactor vessel pressure, must then be applied to the collet piston to overcome spring force, slide the collet up against the conical surface in the guide cap, and spread the fingers out so they do not engage a locking groove.


A guide cap is fixed in the upper end of the drive assembly.  This member provides the unlocking cam surface for the collet fingers and serves as the upper bushing for the index tube.


If reactor water is used during a scram to supplement accumulator pressure, it is drawn through a filter on the guide cap.


4.6.1.1.2.2.4      Piston Tube


The piston tube is an inner cylinder, or column, extending upward inside the drive piston and index tube.  The piston tube is fixed to the bottom flange of the drive and remains stationary.  Water is brought to the upper side of the drive piston through this tube.   A buffer shaft, at the upper end of the piston tube, supports the stop piston and buffer components.


4.6.1.1.2.2.5      Stop Piston


A stationary piston, called the stop piston, is mounted on the upper end of the piston tube.  This piston provides the seal between reactor vessel pressure and the space above the drive piston.  It also functions as a positive end stop at the upper limit of control rod travel.  Piston rings and bushings, similar to those used on the drive piston, are mounted on the upper portion of the stop piston.  The lower portion of the stop piston forms a thin‑walled cylinder containing the buffer piston, its metal seal ring and the buffer piston return spring.  As the drive piston reaches the upper end of the scram stroke it strikes the buffer piston. A series of orifices in the buffer shaft provides a progressive water shutoff to cushion the buffer piston as it is driven to its limit of travel.  The high pressures generated in the buffer are confined to the cylinder portion of the stop piston, and are not applied to the stop piston and drive piston seals.


The center tube of the drive mechanism forms a well to contain the position indicator probe.  The probe is an aluminum extrusion attached to a cast aluminum housing.  Mounted on the extrusion are hermetically sealed, magnetically operated, reed switches.  The entire probe assembly 


is protected by a thin‑walled stainless steel tube.  The switches are actuated by a ring magnet located at the bottom of the drive piston.


The drive piston, piston tube and indicator tube are all of nonmagnetic stainless steel, allowing the individual switches to be operated by the magnet as the piston passes.  Two switches are located at each position corresponding to an index tube groove, thus allowing redundant indication at each latching point.  Two additional switches are located at each midpoint between latching points to indicate the intermediate positions during drive motion.  Thus, indication is provided for each 3 inches of travel.  Duplicate switches are provided for the full‑in and full‑out positions.  Redundant overtravel switches are located at a position below the normal full‑out position.  Because the limit of downtravel is normally provided by the control rod itself as it reaches the backseat position, the drive can pass this position and actuate the overtravel switches only if it is uncoupled from its control rod.  A convenient means is thus provided to verify that the drive and control rod are coupled after installation of a drive or at any time during plant operation.


4.6.1.1.2.2.6      Flange and Cylinder Assembly


A flange and cylinder assembly is made up of a heavy flange welded to the drive cylinder.  A sealing surface on the upper face of this flange forms the seal to the drive housing flange.  The seals contain reactor pressure and the two hydraulic control pressures.  Teflon coated, stainless steel rings are used for these seals.  The drive flange contains the integral ball, or two‑way, check (ball‑shuttle) valve.  This valve directs either the reactor vessel pressure or the driving pressure, whichever is higher, to the underside of the drive piston.  Reactor vessel pressure is admitted to this valve from the annular space between the drive and drive housing through passages in the flange.


Water used to operate the collet piston passes between the outer tube and the cylinder tube.  The inside of the cylinder tube is honed to provide the surface required for the drive piston seals.


Both the cylinder tube and outer tube are welded to the drive flange.  The upper ends of these tubes have a sliding fit to allow for differential expansion.


The upper end of the index tube is threaded to receive a coupling spud.  The coupling <Figure 4.6‑1> accommodates a small amount of angular misalignment between the drive and the control rod.  Six spring fingers allow the coupling spud to enter the mating socket on the control rod.  A plug then enters the spud and prevents uncoupling.


4.6.1.1.2.2.7      Lock Plug


Two means of uncoupling are provided.  With the reactor vessel head removed, the lock plug can be raised against the spring force of approximately 50 pounds by a rod extending up through the center of the control rod to an unlocking handle located above the control rod velocity limiter.  The control rod, with the lock plug raised, can then be lifted from the drive.


If it is desired to uncouple a drive without removing the reactor pressure vessel head for access, the lock plug can also be pushed up from below.  In this case, the piston tube assembly is pushed up against the uncoupling rod assembly, which raises the lock plug and allows the coupling spud to disengage the socket as the drive piston and index tube are driven down.


The control rod is heavy enough to force the spud fingers to enter the socket and push the lock plug up, allowing the spud to enter the socket 


completely and the plug to snap back into place.  Therefore, the drive can be coupled to the control rod using only the weight of the control rod.


4.6.1.1.2.3      Materials of Construction


Factors that determine the choice of construction materials are discussed in the following subsections.


4.6.1.1.2.3.1      Index Tube


The index tube must withstand the locking and unlocking action of the collet fingers.  A compatible bearing combination must be provided that is able to withstand moderate misalignment forces.  Large tensile and column loads are applied during scram.  The reactor environment limits the choice of materials suitable for corrosion resistance.  To meet these varied requirements, the index tube is made from annealed, single phase, nitrogen strengthened, austenitic stainless steel.  The wear and bearing requirements are provided by Malcomizing the complete tube.  To obtain suitable corrosion resistance, a carefully controlled process of surface preparation is employed.


4.6.1.1.2.3.2      Coupling Spud


The coupling spud is made of Inconel X‑750 that is aged for maximum physical strength and the required corrosion resistance.  Because misalignment tends to cause chafing in the semispherical contact area, the part is protected by a thin chromium plating (electrolyzed).  This plating also prevents galling of the threads attaching the coupling spud to the index tube.


4.6.1.1.2.3.3      Collet Fingers


Inconel X‑750 is used for the collet fingers, which must function as leaf springs when cammed open to the unlocked position.  Colmonoy 6 hard facing provides a long wearing surface, adequate for design life, to the area contacting the index tube and unlocking cam surface of the guide cap.


4.6.1.1.2.3.4      Seals and Bushings


Graphitar 14 is selected for seals and bushings on the drive piston and stop piston.  The material is inert and has a low friction coefficient when water‑lubricated.  Because some loss of Graphitar strength is experienced at higher temperatures, the drive is supplied with cooling water to hold temperatures below 250(F.  The Graphitar is relatively soft, which is advantageous when an occasional particle of foreign matter reaches a seal.   The resulting scratches in the seal reduce sealing efficiency until worn smooth, but the drive design can tolerate considerable water leakage past the seals into the reactor vessel.


4.6.1.1.2.3.5      Summary


All drive components exposed to reactor vessel water are made of austenitic stainless steel except the following:


a.
Seals and bushings on the drive piston and stop piston are Graphitar 14.


b.
All springs and members requiring spring action (collet fingers, coupling spud and spring washers) are made of Inconel X‑750.


c.
The ball check valve is a Haynes Stellite cobalt‑base alloy.


d.
Elastomeric O‑ring seals are ethylene propylene.


e.
Metal piston rings are Haynes 25 alloy.


f.
Certain wear surfaces are hard‑faced with Colmonoy 6.


g.
Nitriding by a proprietary new Malcomizing process and chromium plating are used in certain areas where resistance to abrasion is necessary.


h.
The drive piston head, stop piston, buffer shaft, and buffer piston are made of Armco 17‑4 PH.


i.
Certain fasteners and locking devices are made of Inconel X‑750 or 600.


Pressure‑containing portions of the drives are designed and fabricated in accordance with requirements of Section III of the ASME Boiler and Pressure Vessel Code.


The CRD return line is capped to avoid potential nozzle cracking as required by <NUREG‑0619>.


4.6.1.1.2.4      Control Rod Drive Hydraulic System


The control rod drive hydraulic system <Figure 4.6‑5> supplies and controls the pressure and flow to and from the drives through hydraulic control units (HCU).  The water discharged from the drives during a scram flows through the HCU’s to the scram discharge volume.  The water discharged from a drive during a normal control rod positioning operation flows through the HCU, the exhaust header and is returned to the reactor vessel via the HCU’s of non‑moving drives.  There is one HCU for each control rod drive.


4.6.1.1.2.4.1      Hydraulic Requirements


The CRD hydraulic system design is shown in <Figure 4.6‑5> and <Figure 4.6‑7>.  The hydraulic requirements, identified by the function they perform, are as follows:


a.
An accumulator hydraulic charging pressure of approximately 1,750 to 2,000 psig is required.  Flow to the accumulators is required only during scram reset or system startup.


b.
Drive pressure of approximately 260 psi above reactor vessel pressure measured at a point immediately above the core plate is required.  A flow rate of approximately 4 gpm to insert each control rod and 2 gpm to withdraw each control rod is required.


c.
Cooling water to the drives is required at greater than reactor vessel pressure and at a flow rate of approximately 0.34 gpm per drive unit.


d.
The scram discharge volume is sized to receive, and contain, all the water discharged by the drives during a scram while maintaining a pressure less than 65 psig; a minimum volume of 3.34 gallons per drive is required (excluding the instrument volume).


e.
Charging water header supplies approximately .008 gpm to level control instruments, used to prevent buildup of non‑condensible gases.


4.6.1.1.2.4.2      System Description


The CRD hydraulic systems provide the required functions with the pumps, filters, valves, instrumentation, and piping shown in <Figure 4.6‑5> and described in the following paragraphs.


4.6.1.1.2.4.2.1      Supply Pump


One supply pump pressurizes the system with water from the condensate treatment system and/or condensate storage tanks.  One spare pump is provided for standby.  A discharge check valve prevents backflow through the non‑operating pump.  A portion of the pump discharge flow is diverted through a minimum flow bypass line to the condensate storage tank.  This flow is controlled by an orifice and is sufficient to prevent immediate pump damage if the pump discharge is inadvertently closed.


Condensate water is processed by two sets of filters in the system.  The pump suction filters are a disposable element type designed to remove particulate which could reduce the operating life of the drive water filters.  A 250‑micron strainer in the filter bypass line protects the pump when these filters are being serviced.  The drive water filters, downstream of the pump, are cleanable element types with a 50‑micron absolute rating.  A differential pressure indicator and control room alarm monitor the operating filter element as it collects foreign materials.


4.6.1.1.2.4.2.2      Accumulator Charging Pressure


Accumulator charging pressure is established by precharging the nitrogen accumulator and then opening the charging water isolation valve.  During scram, the scram inlet (and outlet) valves open and permit the stored energy in the accumulators to discharge into the drives.  The resulting pressure decrease in the charging water header allows the CRD supply pump to “run out” (i.e., flow rate to increase substantially) into the control rod drives via the charging water header.  The flow element upstream of the accumulator charging header senses high flow and provides a signal to the manual auto‑flow control station which in turn closes the system flow control valve.  This action diverts increased flow to the charging water header.


Pressure in the charging header is monitored in the control room with a pressure indicator and low pressure alarm.


During normal operation the flow control valve maintains a constant system flow rate.  This flow is used for drive flow and drive cooling.


4.6.1.1.2.4.2.3      Drive Water Pressure


Drive water pressure required in the drive header is maintained by the drive pressure control valve, which is manually adjusted from the control room.  A flow rate of approximately 16 gpm (the sum of the flow rate required to insert 4 control rods) normally passes from the drive water pressure stage through eight solenoid operated stabilizing valves (arranged in parallel) into the cooling water header.  The flow through two stabilizing valves equals the drive insert flow for one drive; that of one stabilizing valve equals the drive withdrawal flow for one drive.  When operating a drive(s), the required flow is diverted to the drives by closing the appropriate stabilizing valves, at the same time opening the drive directional control and exhaust solenoid valves.  Thus, flow through the drive pressure control valve is always constant.


Flow indicators in the drive water header and in the line downstream from the stabilizing valves allow the flow rate through the stabilizing valves to be adjusted when necessary.  Differential pressure between the reactor vessel and the drive pressure stage is indicated in the control room.


4.6.1.1.2.4.2.4      Cooling Water Header


The cooling water header is located downstream from the drive/cooling pressure valve.  The drive/cooling pressure control valve is manually adjusted from the control room to produce the required drive/cooling water pressure balance.


The flow through the flow control valve is virtually constant.  Therefore, once adjusted, the drive/cooling pressure control valve will maintain the correct drive pressure and cooling water pressure, independent of reactor vessel pressure.  Changes in setting of the pressure control valves are required only to adjust for changes in the cooling requirements of the drives, as the drive seal characteristics change with time.  A flow indicator in the control room monitors cooling water flow.  A differential pressure indicator in the control room indicates the difference between reactor vessel pressure and drive cooling water pressure.  Although the drives can function without cooling water, seal life is shortened by long term exposure to reactor temperatures.  The temperature of each drive is indicated and recorded, and excessive temperatures are annunciated in the control room.


4.6.1.1.2.4.2.5      Scram Discharge Volume (SDV)


The scram discharge volume consists of header piping which connects to each HCU and drains into an instrument volume.  The header piping is sized to receive and contain all the water discharged by the drives during a scram, independent of the instrument volume.  Each of the two sets of headers has its own directly‑connected scram discharge instrument volume (SDIV) attached to the low point of the header piping.  The large diameter pipe of the instrument volume serves as a vertical extension of the SDV (though no credit is taken for it in determining SDV sizing requirements).


During normal plant operation the scram discharge volume is empty, and vented to atmosphere through its open vent and drain valve.  When a scram occurs, upon a signal from the safety circuit these vent and drain valves are closed to conserve reactor water.  Redundant vent and drain valves are provided to assure against loss of reactor coolant from the SDV following a scram.  Lights in the control room indicate the position of these valves.


During a scram, the scram discharge volume partly fills with water discharged from above the drive pistons.  After scram is completed, the control rod drive seal leakage from the reactor continues to flow into the scram discharge volume until the discharge volume pressure equals the reactor vessel pressure.  A check valve in each HCU prevents reverse flow from the scram discharge header volume to the drive.  When the initial scram signal is cleared from the reactor protection system, the scram discharge volume signal is overridden with a keylock override switch, and the scram discharge volume is drained and returned to atmospheric pressure.


Remote‑manual switches in the pilot valve solenoid circuits allow the discharge volume vent and drain valves to be tested without disturbing the reactor protection system.  Closing the scram discharge volume valves allows the outlet scram valve seats to be leak‑tested by timing the accumulation of leakage inside the scram discharge volume.


Each instrument volume is monitored by level switches and by transmitter activated trip units <Figure 4.6‑5>.  One level switch and trip unit (contacts) in series constitutes one trip logic for input to the RPS.  Each RPS trip system receives two logic trip inputs both from one instrument volume.  Two level switches and two transmitter/trip units in a one‑out‑of‑two twice logic will provide redundant and diverse inputs to the RPS to initiate a reactor scram when water in each instrument volume exceeds that preset high water level.  Furthermore, alarms and rod blocks will also provide warnings at lower water levels to control room operators if the instrument volume is not completely empty.


4.6.1.1.2.4.3      Hydraulic Control Units


Each hydraulic control unit (HCU) furnishes pressurized water, on signal, to a drive unit.  The drive then positions its control rod as 


required.  Operation of the electrical system that supplies scram and normal control rod positioning signals to the HCU is described in <Section 7.7.1>.


The basic components in each HCU are manual, pneumatic and electrical valves; an accumulator; related piping; electrical connections; filters; and instrumentation <Figure 4.6‑5>, <Figure 4.6‑7> and <Figure 4.6‑8>.  The components and their functions are described in the following paragraphs.


4.6.1.1.2.4.3.1      Insert Drive Valve


The insert drive valve is solenoid‑operated and opens on an insert signal.  The valve supplies drive water to the bottom side of the main drive piston.


4.6.1.1.2.4.3.2      Insert Exhaust Valve


The insert exhaust solenoid valve also opens on an insert signal.  The valve discharges water from above the drive piston to the exhaust water header.


4.6.1.1.2.4.3.3      Withdraw Drive Valve


The withdraw drive valve is solenoid‑operated and opens on a withdraw signal.  The valve supplies drive water to the top of the drive piston.


4.6.1.1.2.4.3.4      Withdraw Exhaust Valve


The solenoid‑operated withdraw exhaust valve opens on a withdraw signal and discharges water from below the main drive piston to the exhaust header.  It also serves as the settle valve, which opens, following any normal drive movement (insert or withdraw), to allow the control rod and its drive to settle back into the nearest latch position.


4.6.1.1.2.4.3.5      Speed Control Units


The insert drive valve and withdraw exhaust valve have a speed control unit.  The speed control unit regulates the control rod insertion and withdrawal rates during normal operation.  The manually adjustable flow control unit is used to regulate the water flow to and from the volume beneath the main drive piston.  A correctly adjusted unit does not require readjustment except to compensate for changes in drive seal leakage.


4.6.1.1.2.4.3.6      Scram Pilot Valve Assembly


The scram pilot valve assembly is operated from the reactor protection system.  The scram pilot valve assembly, with two solenoids, controls both the scram inlet valve and the scram exhaust valve.  The scram pilot valve assembly is solenoid‑operated and is normally energized.  On loss of electrical signal to the solenoids, such as the loss of external ac power, the inlet port closes and the exhaust port opens.  The pilot valve assembly <Figure 4.6‑5> is designed so that the trip system signal must be removed from both solenoids before air pressure can be discharged from the scram valve operators.  This prevents inadvertent scram of a single drive in the event of a failure of one of the pilot valve solenoids.


4.6.1.1.2.4.3.7      Scram Inlet Valve


The scram inlet valve opens to supply pressurized water to the bottom of the drive piston.  This quick opening globe valve is operated by an internal spring and system pressure.  It is closed by air pressure applied to the top of its diaphragm operator.  A position indicator switch on this valve energizes a light in the control room as soon as the valve starts to open.


4.6.1.1.2.4.3.8      Scram Exhaust Valve


The scram exhaust valve opens slightly before the scram inlet valve, exhausting water from above the drive piston.  The exhaust valve opens faster than the inlet valve because of the higher air pressure spring setting in the valve operator.


4.6.1.1.2.4.3.9      Scram Accumulator


The scram accumulator stores sufficient energy to fully insert a control rod at any vessel pressure.  The accumulator is a hydraulic cylinder with a free‑floating piston.  The piston separates the water on top from the nitrogen below.  A check valve in the accumulator charging line prevents loss of water pressure in the event supply pressure is lost.


During normal plant operation, the accumulator piston is seated at the bottom of its cylinder.  Loss of nitrogen decreases the nitrogen pressure, which actuates a pressure switch and sounds an alarm in the control room.


A float type level switch actuates an alarm if water leaks past the piston barrier and collects in the accumulator instrumentation block.


4.6.1.1.2.5      Control Rod Drive System Operation


The control rod drive system performs rod insertion, rod withdrawal and scram.  These operational functions are described in the sections that follow.


4.6.1.1.2.5.1      Rod Insertion


Rod insertion is initiated by a signal from the operator to the insert valve solenoids.  This signal causes both insert valves to open.  The 


insert drive valve applies reactor pressure plus approximately 90 psi to the bottom of the drive piston.  The insert exhaust valve allows water from above the drive piston to discharge to the exhaust header.


As is illustrated in <Figure 4.6‑3>, the locking mechanism is a ratchet‑type device and does not interfere with rod insertion.  The speed at which the drive moves is determined by the flow through the insert speed control valve, which is set for approximately 4 gpm for a travel speed (nonscram operation) of 3 in./sec.  During normal insertion, the pressure on the downstream side of the speed control valve is approximately 90 psi above reactor vessel pressure.  However, if the drive slows for any reason, the flow through, and pressure drop across the insert speed control valve will decrease; the full differential pressure (260 psi) will then be available to cause continued insertion.  With 260 psi differential pressure acting on the drive piston, the piston exerts an upward force of 1,040 lb.


4.6.1.1.2.5.2      Rod Withdrawal


Rod withdrawal is, by design, more involved than insertion.  The collet finger (latch) must be raised to reach the unlocked position <Figure 4.6‑3>.  The notches in the index tube and the collet fingers are shaped so that the downward force on the index tube holds the collet fingers in place.  The index tube must be lifted before the collet fingers can be released.  This is done by opening the drive insert valves (in the manner described in the preceding paragraph) for approximately 1 second.  The withdraw valves are then opened, applying driving pressure above the drive piston and opening the area below the piston to the exhaust header.  Pressure is simultaneously applied to the collet piston.  As the piston raises, the collet fingers are cammed outward, away from the index tube, by the guide cap.


The pressure required to release the latch is set and maintained at a level high enough to overcome the force of the latch return spring plus 


the force of reactor pressure opposing movement of the collet piston; when this occurs, the index tube is unlatched and free to move in the withdraw direction.  Water displaced by the drive piston flows out through the withdraw speed control valve, which is set to give the control rod a travel speed of 3 in./sec.  The entire valving sequence is automatically controlled and is initiated by a single operation of the rod withdraw switch.


4.6.1.1.2.5.3      Scram


During a scram the scram pilot valve assembly and scram valves are operated as previously described.  With the scram valves open, accumulator pressure is admitted under the drive piston, and the area over the drive piston is vented to the scram discharge volume.


The large differential pressure (approximately 1,750 psi, initially and always several hundred psi, depending on reactor vessel pressure) produces a large upward force on the index tube and control rod.  This force gives the rod a high initial acceleration and provides a large margin of force to overcome friction.  After the initial acceleration is achieved, the drive continues at a diminishing velocity.  This characteristic provides a high initial rod insertion rate.  As the drive piston nears the top of its stroke, the piston reaches the buffer and the driveline is brought to a stop at the full‑in position.


Prior to a scram signal the accumulator in the Hydraulic Control Unit has 1,750‑2,000 psig on the water side and approximately 1,750 psig on the nitrogen side.  As the inlet scram valve opens, the full water side pressure is available at the control rod drive acting on a 4.1 sq inch area.  As CRD motion begins, this pressure drops to the gas side pressure less line losses between the accumulator and the CRD.  When the drive reaches the full‑in position, the accumulator completely discharges with a resulting gas side pressure of approximately 1,200 psig.


The control rod drive accumulators are necessary to scram the control rods within the required time.  Each drive, however, has an internal ballcheck valve which allows reactor pressure to be admitted under the drive piston.  If the reactor is above 600 psi this valve ensures rod insertion in the event the accumulator is not charged or the inlet scram valve fails to open.  The insertion time, however, will be slower than the scram time with a properly functioning scram system.


The maximum scram insertion time for each control rod from the fully withdrawn position, based on de‑energization of the scram pilot valve solenoid as time zero is contained in the Technical Specifications.


4.6.1.1.2.5.4      Alternate Rod Insertion (ARI)


The Alternate Rod Insertion feature is designed to increase the reliability of the Control Rod Drive system scram function.  ARI provides for insertion of reactor control rods by depressurizing the scram air header through valves which are redundant and diverse from the reactor protection system scram valves.


The Redundant Reactivity Control System (RRCS) <Section 7.6.1.12>, signal to insert control rods results in energizing the eight ARI valves shown on <Figure 4.6‑5>.  Two valves in series with the backup scram valves assure venting of air from the air supply line in the event one or more of the ARI valves fails.  Four valves provide for venting of the A and B HCU scram valve pilot air headers to atmosphere to depressurize the headers and scram all rods.   Two additional valves vent the scram air header which serves the scram discharge volume drain and vent lines, closing those valves and isolating the SDV.


4.6.1.1.2.6      Instrumentation


The instrumentation for both the control rods and control rod drives is defined by that given for the rod control and information system.  The 


objective of the rod control and information system is to provide the 


operator with the means to make changes in nuclear reactivity so that reactor power level and power distribution can be controlled.  The system allows the operator to manipulate control rods.


The design bases and further discussion are covered in <Chapter 7>, “Instrumentation and Control Systems.”


4.6.1.2      Control Rod Drive Housing Supports


4.6.1.2.1      Safety Objective


The control rod drive (CRD) housing supports prevent any significant power excursion in the event a drive housing breaks or separates from the bottom of the reactor vessel.


4.6.1.2.2      Safety Design Bases


The CRD housing supports shall meet the following safety design bases:


a.
Following a postulated CRD housing failure, control rod downward motion shall be limited so that any resulting power excursion could not be sufficient to cause fuel damage.


b.
The clearance between the CRD housings and the supports shall be sufficient to prevent vertical contact stresses caused by thermal expansion during plant operation.


4.6.1.2.3      Description


The CRD housing supports are shown in <Figure 4.6‑9>.  Horizontal beams are installed immediately below the bottom head of the reactor vessel, between the rows of CRD housings.  The beams are welded to brackets 


which are welded to the steel form liner of the drive room in the reactor support pedestal.


Hanger rods, approximately 10 ft long and 1‑3/4 inch in diameter, are supported from the beams on stacks of disc springs.  These springs compress approximately 2 inches under the design load.


The support bars are bolted between the bottom ends of the hanger rods.  The spring pivots at the top, and the beveled, loose fitting ends on the support bars prevent substantial bending moment in the hanger rods if the support bars are overloaded.


Individual grids rest on the support bars between adjacent beams.  Because a single piece grid would be difficult to handle in the limited work space and because it is necessary that control rod drives, position indicators and in‑core instrumentation components be accessible for inspection and maintenance, each grid is designed for inplace assembly or disassembly.  Each grid assembly is made from two grid plates, a clamp and a bolt.  The top part of the clamp guides the grid to its correct position directly below the respective CRD housing that it would support in the postulated accident.


When the support bars and grids are installed, a gap of approximately 1 inch at room temperature (approximately 70(F) is provided between the grid and the bottom contact surface of the control rod drive flange.  During system heatup, this gap is reduced by a net downward expansion of the housings with respect to the supports.  In the hot operating condition, the gap is approximately 3/4 inch.


In the postulated CRD housing failure, the CRD housing supports are loaded when the lower contact surface of the CRD flange contacts the grid.  The resulting load is then carried by two grid plates, two support bars, four hanger rods, their disc springs, and two adjacent beams.


The American Institute of Steel Construction (AISC) Manual of Steel Construction, “Specification for the Design, Fabrication and Erection of Structural Steel for Buildings,” was used in designing the CRD housing support system.  However, to provide a structure that absorbs as much energy as practical without yielding, the allowable tension and bending stresses used were 90 percent of yield and the shear stress used was 60 percent of yield.  These design stresses are 1.5 times the AISC allowable stresses (60 percent and 40 percent of yield, respectively).


For purposes of mechanical design, the postulated failure resulting in the highest forces is an instantaneous circumferential separation of the CRD housing from the reactor vessel, with the reactor at an operating pressure of 1,086 psig (at the bottom of the vessel) acting on the area of the separated housing.  The weight of the separated housing, control rod drive and blade, plus the pressure of 1,086 psig acting on the area of the separated housing, gives a force of approximately 32,000 lb.  This force is used to calculate the impact force, conservatively assuming that the housing travels through a 1‑inch gap before it contacts the supports.  The impact force (109,000 lb) is then treated as a static load in design.  The CRD housing supports are designed as Category I (seismic) equipment in accordance with <Section 3.2>.  Loading conditions and examples of stress analysis results and limits are shown in <Table 3.9‑3>.  Safety evaluation is discussed in <Section 4.6.2.3.3>.


4.6.2      EVALUATIONS OF THE CRDS


4.6.2.1      Failure Mode and Effects Analysis


This subject is discussed in <Appendix 15A>.


4.6.2.2      Protection from Common Mode Failures


This subject is discussed in <Appendix 15A>.


4.6.2.3      Safety Evaluation


Safety evaluation of the control rods, CRDS and control rod drive housing supports is described below.  Further description of control rods is contained in <Section 4.2>.


4.6.2.3.1      Control Rods


4.6.2.3.1.1      Materials Adequacy Throughout Design Lifetime


The adequacy of the materials throughout the design life was evaluated in the mechanical design of the control rods.  The primary materials, B4C powder, hafnium metal, 304 austenitic stainless steel, and RAD RESIST 304S as supplied by General Electric have been found suitable in meeting the demands of the BWR environment.


4.6.2.3.1.2      Dimensional and Tolerance Analysis


Layout studies are done to assure that, given the worst combination of part tolerance ranges at assembly, no interference exists which will restrict the passage of control rods.  In addition, preoperational verification is made on each control blade system to show that the acceptable levels of operational performance are met.


4.6.2.3.1.3      Thermal Analysis of the Tendency to Warp


The various parts of the control rod assembly remain at approximately the same temperature during reactor operation, negating the problem of distortion or warpage.  What little differential thermal growth could exist is allowed for in the mechanical design.  A minimum axial gap is maintained between absorber rod tubes and the control rod frame assembly for this purpose.  In addition, to further this end, dissimilar metals are avoided.


4.6.2.3.1.4      Forces for Expulsion


An analysis has been performed which evaluates the maximum pressure forces which could tend to eject a control rod from the core.  The results of this analysis are given in <Section 4.6.2.3.2.2.2> under “Rupture of Hydraulic Line(s) to Drive Housing Flange.”  In summary, if the collet were to remain open, which is unlikely, calculations indicate that the steady‑state control rod withdrawal velocity would be 2 ft/sec for a pressure‑under line break, the limiting case for rod withdrawal.


4.6.2.3.1.5      Functional Failure of Critical Components


The consequences of a functional failure of critical components have been evaluated and the results are covered in <Section 4.6.2.3.2.2>, “Analysis of Malfunction Relating to Rod Withdrawal.”


4.6.2.3.1.6      Precluding Excessive Rates of Reactivity Addition


In order to preclude excessive rates of reactivity addition, analysis has been performed both on the velocity limiter device and the effect of probable control rod failures <Section 4.6.2.3.2.2>.


4.6.2.3.1.7

Effect of Fuel Rod Failure on Control Rod Channel Clearances


The control rod drive mechanical design ensures a sufficiently rapid insertion of control rods to preclude the occurrence of fuel rod failures which could hinder reactor shutdown by causing significant distortions in channel clearances.


4.6.2.3.1.8      Mechanical Damage


In addition to the analysis performed on the control rod drive <Section 4.6.2.3.2.2> and <Section 4.6.2.3.2.3> and the control rod


blade, analyses were performed on the control rod guide tube; refer to <Section 4.2.3.3.7>, and <Section 4.2.3.3.8> for these analyses.


4.6.2.3.1.9      Evaluation of Control Rod Velocity Limiter


The control rod velocity limiter limits the free fall velocity of the control rod to a value that cannot result in nuclear system process barrier damage.   The rod drop accident is evaluated in <Chapter 15>.


4.6.2.3.2      Control Rod Drives


4.6.2.3.2.1      Evaluation of Scram Time


The rod scram function of the control rod drive system provides the negative reactivity insertion required by safety design basis <Section 4.6.1.1.1.1.1>. The scram time shown in the description is adequate as shown by the transient analyses of <Chapter 15>.


4.6.2.3.2.2      Analysis of Malfunction Relating to Rod Withdrawal


There are no known single malfunctions that cause the unplanned withdrawal of even a single control rod.  However, if multiple malfunctions are postulated, studies show that an unplanned rod withdrawal can occur at withdrawal speeds that vary with the combination of malfunctions postulated.  In all cases the subsequent withdrawal speeds are less than that assumed in the rod drop accident analysis as discussed in <Chapter 15>.  Therefore, the physical and radiological consequences of such rod withdrawals are less than those analyzed in the rod drop accident.


4.6.2.3.2.2.1      Drive Housing Fails at Attachment Weld


The bottom head of the reactor vessel has a penetration for each control rod drive location.  A drive housing is raised into position inside each penetration and fastened by welding.  The drive is raised into the drive housing and bolted to a flange at the bottom of the housing.


The CRD housing material at the vessel penetration is seamless, Inconel 600 tubing with a minimum tensile strength of 80,000 psi, and Type 304 stainless steel pipe below the vessel with a minimum strength of 75,000 psi.  The basic failure considered here is a complete circumferential crack through the housing wall at an elevation just below the J‑weld.


Static loads on the housing wall include the weight of the drive and the control rod, the weight of the housing below the J‑weld, and the reactor pressure acting on the 6‑inch diameter cross‑sectional area of the housing and the drive.  Dynamic loading results from the reaction force during drive operation.


If the housing were to fail as described, the following sequence of events is foreseen.  The housing would separate from the vessel.  The control rod drive and housing would be blown downward against the support structure, by reactor pressure acting on the cross‑sectional area of the housing and the drive.  The downward motion of the drive and associated parts would be determined by the gap between the bottom of the drive and the support structure and by the deflection of the support structure under load.  In the current design, maximum deflection is approximately 3 inches.  If the collet were to remain latched, no further control rod ejection would occur (Reference 1); the housing would not drop far enough to clear the vessel penetration; reactor water would leak at a rate of approximately 180 gpm through the 0.03‑inch diametral clearance between the housing and the vessel penetration.


If the basic housing failure were to occur while the control rod is being withdrawn (this is a small fraction of the total drive operating time) and if the collet were to stay unlatched, the following sequence of events is foreseen.  The housing would separate from the vessel; the drive and housing would be blown downward against the control rod drive housing support.   Calculations indicate that the steady‑state rod withdrawal velocity would be 0.3 ft/sec.  During withdrawal, pressure under the collet piston would be approximately 250 psi greater than the pressure over it.  Therefore, the collet would be held in the unlatched position until driving pressure was removed from the pressure‑over port.


4.6.2.3.2.2.2      Rupture of Hydraulic Line(s) to Drive Housing Flange


There are three types of possible rupture of hydraulic lines to the drive housing flange:  (1) pressure‑under (insert) line break; (2) pressure‑over (withdrawn) line break; and (3) coincident breakage of both of these lines.


4.6.2.3.2.2.2.1      Pressure‑under (Insert) Line Break


For the case of a pressure‑under (insert) line break, a partial or complete circumferential opening is postulated at or near the point where the line enters the housing flange.  Failure is more likely to occur after another basic failure wherein the drive housing or housing flange separates from the reactor vessel.  Failure of the housing, however, does not necessarily lead directly to failure of the hydraulic lines.


If the pressure‑under (insert) line were to fail and if the collet were latched, no control rod withdrawal would occur.  There would be no pressure differential across the collet piston and, therefore, no tendency to unlatch the collet.  Consequently, the associated control rod could not be withdrawn, but if reactor pressure is greater than 600 psig, it will insert on a scram signal.


The ball check valve is designed to seal off a broken pressure‑under line by using reactor pressure to shift the check ball to its upper seat.  If the ball check valve were prevented from seating, reactor water would leak to the containment.  Because of the broken line, cooling water could not be supplied to the drive involved.  Loss of cooling water would cause no immediate damage to the drive.  However, prolonged exposure of the drive to temperatures at or near reactor temperature could lead to deterioration of material in the seals.   High temperature would be indicated to the operator by the thermocouple in the position indicator probe.  A second indication would be high cooling water flow.


If the basic line failure were to occur while the control rod is being withdrawn, the hydraulic force would not be sufficient to hold the collet open, and spring force normally would cause the collet to latch and stop rod withdrawal.  However, if the collet were to remain open, calculations indicate that the steady‑state control rod withdrawal velocity would be 2 ft/sec.


4.6.2.3.2.2.2.2      Pressure‑over (Withdrawn) Line Break


The case of the pressure‑over (withdrawn) line breakage considers the complete breakage of the line at or near the point where it enters the housing flange.  If the line were to break, pressure over the drive piston would drop from reactor pressure to atmospheric pressure.  Any significant reactor pressure (approximately 600 psig or greater) would act on the bottom of the drive piston and fully insert the drive.  Insertion would occur regardless of the operational mode at the time of the failure.  After full insertion, reactor water would leak past the stop piston seals.  This leakage would exhaust to the containment through the broken pressure‑over line.  The leakage rate at 1,000 psi reactor pressure is estimated to be 1 to 3 gpm, however with the graphitar seals of the stop piston removed, the leakage rate could be as high as 10 gpm, based on experimental measurements.  If the reactor were 


hot, drive temperature would increase.  This situation would be indicated to the reactor operator by the drift alarm, by the fully inserted drive, by a high drive temperature annunciated in the control room, and by operation of the drywell sump pump.


4.6.2.3.2.2.2.3      Simultaneous Breakage of the Pressure‑over (Withdrawn) and Pressure‑under (Insert) Lines


For the simultaneous breakage of the pressure‑over (withdrawn) and pressure‑under (insert) lines, pressures above and below the drive piston would drop to zero, and the ball check valve would close the broken pressure‑under line.  Reactor water would flow from the annulus outside the drive, through the vessel ports, and to the space below the drive piston.  As in the case of pressure‑over line breakage, the drive would then insert (at reactor pressure approximately 600 psi or greater) at a speed dependent on reactor pressure.  Full insertion would occur regardless of the operational mode at the time of failure.  Reactor water would leak past the drive seals and out the broken pressure‑over line to the containment, as described above.  Drive temperature would increase.  Indication in the control room would include the drift alarm, the fully inserted drive, the high drive temperature annunciated in the control room, and operation of the drywell sump pump.


4.6.2.3.2.2.3      All Drive Flange Bolts Fail in Tension


Each control rod drive is bolted to a flange at the bottom of a drive housing.  The flange is welded to the drive housing.  Bolts are made of either AISI‑4140 or E‑434OH steel, with a minimum tensile strength of 125,000 psi.  Each bolt has an allowable load capacity of at least 15,200 pounds.  Minimum capacity of the 8 bolts is 121,600 pounds.  As a result of the reactor design pressure of 1,250 psig, the major load on all 8 bolts is 30,400 pounds.


If a progressive or simultaneous failure of all bolts were to occur, the drive would separate from the housing.  The control rod and the drive would be blown downward against the support structure.  Impact velocity and support structure loading would be slightly less than that for drive housing failure, because reactor pressure would act on the drive cross‑sectional area only and the housing would remain attached to the reactor vessel.  The drive would be isolated from the cooling water supply.  Reactor water would flow downward past the velocity limiter piston, through the large drive filter, and into the annular space between the thermal sleeve and the drive.  For worst‑case leakage calculations, the large filter is assumed to be deformed or swept out of the way so it would offer no significant flow restriction.  At a point near the top of the annulus, where pressure would have dropped to 350 psi, the water would flash to steam and cause choke‑flow conditions.


Steam would flow down the annulus and out the space between the housing and the drive flanges to the drywell.  Steam formation would limit the leakage rate to approximately 840 gpm.


If the collet were latched, control rod ejection would be limited to the distance the drive can drop before coming to rest on the support structure.  There would be no tendency for the collet to unlatch, because pressure below the collet piston would drop to zero.  Pressure forces, in fact, exert 1,435 pounds to hold the collet in the latched position.


If the bolts failed during control rod withdrawal, pressure below the collet piston would drop to zero.  The collet, with 1,650 pounds return force, would latch and stop rod withdrawal.


4.6.2.3.2.2.4      Weld Joining Flange to Housing Fails in Tension


The failure considered is a crack in or near the weld that joins the flange to the housing.  This crack extends through the wall and 


completely around the housing.  The flange material is forged, Type 304 stainless steel, with a minimum tensile strength of 75,000 psi.  The housing material is seamless, Type 304 stainless steel pipe, with a minimum tensile strength of 75,000 psi.  The conventional, full penetration weld of Type 308 stainless steel has a minimum tensile strength approximately the same as that for the parent metal.  The design pressure and temperature are 1,250 psig and 575(F.  Reactor pressure acting on the cross‑sectional area of the drive; the weight of the control rod, drive, and flange; and the dynamic reaction force during drive operation result in a maximum tensile stress at the weld of approximately 5,100 psi.


If the basic flange‑to‑housing joint failure occurred, the flange and the attached drive would be blown downward against the support structure.  The support structure loading would be slightly less than that for drive housing failure, because reactor pressure would act only on the drive cross‑sectional area.  Lack of differential pressure across the collet piston would cause the collet to remain latched and limit control rod motion to approximately 3 inches.  Downward drive movement would be small, therefore, most of the drive would remain inside the housing.  The pressure‑under and pressure‑over lines are flexible enough to withstand the small displacement and remain attached to the flange.  Reactor water would follow the same leakage path described above for the flange‑bolt failure, except that exit to the drywell would be through the gap between the lower end of the housing and the top of the flange.  Water would flash to steam in the annulus surrounding the drive.  The leakage rate would be approximately 840 gpm.


If the basic failure were to occur during control rod withdrawal (a small fraction of the total operating time) and if the collet were held unlatched, the flange would separate from the housing.  The drive and flange would be blown downward against the support structure.  The calculated steady‑state rod withdrawal velocity would be 0.13 ft/sec.  Because pressure‑under and pressure‑over lines remain intact, driving 


water pressure would continue to the drive, and the normal exhaust line restriction would exist.  The pressure below the velocity limiter piston would drop below normal as a result of leakage from the gap between the housing and the flange.  This differential pressure across the velocity limiter piston would result in a net downward force of approximately 70 pounds.  Leakage out of the housing would greatly reduce the pressure in the annulus surrounding the drive.  Thus, the net downward force on the drive piston would be less than normal.  The overall effect of these events would be to reduce rod withdrawal to approximately one‑half of normal speed.  With a 560 psi differential across the collet piston, the collet would remain unlatched; however, it should relatch as soon as the drive signal is removed.


4.6.2.3.2.2.5      Housing Wall Ruptures


This failure is a vertical split in the drive housing wall just below the bottom head of the reactor vessel.  The flow area of the hole is considered equivalent to the annular area between the drive and the thermal sleeve.  Thus, flow through this annular area, rather than flow through the hole in the housing, would govern leakage flow.  The CRD housing is made of Inconel 600 seamless tubing (at the penetration to the vessel), with a minimum tensile strength of 80,000 psi, and of Type 304 stainless steel seamless pipe below the vessel with a minimum tensile strength of 75,000 psi.  The maximum hoop stress of 9,000 psi results primarily from the reactor design pressure (1,250 psig) acting on the inside of the housing.


If such a rupture were to occur, reactor water would flash to steam and leak through the hole in the housing to the drywell at approximately 1,030 gpm.  Choke‑flow conditions would exist, as described previously for the flange‑bolt failure.  However, leakage flow would be greater because flow resistance would be less, that is, the leaking water and 


steam would not have to flow down the length of the housing to reach the drywell.  A critical pressure of 350 psi causes the water to flash to steam.


There would be no pressure differential acting across the collet piston to unlatch the collet; but the drive would insert as a result of loss of pressure in the drive housing causing a pressure drop in the space above the drive piston.


If this failure occurred during control rod withdrawal, drive withdrawal would stop, but the collet would remain unlatched.  The drive would be stopped by a reduction of the net downward force action on the drive line.  The net force reduction would occur when the leakage flow of 1,030 gpm reduces the pressure in the annulus outside the drive to approximately 540 psig, thereby reducing the pressure acting on top of the drive piston to the same value.  A pressure differential of approximately 710 psi would exist across the collet piston and hold the collet unlatched as long as the operator held the withdraw signal.


4.6.2.3.2.2.6      Flange Plug Blows Out


To connect the vessel ports with the bottom of the ball check valve, a hole of 3/4‑inch diameter is drilled in the drive flange.  The outer end of this hole is sealed with a plug of 0.812 inch diameter and 0.25 inch thickness.  A full‑penetration, Type 308 stainless steel weld holds the plug in place.  The postulated failure is a full circumferential crack in this weld and subsequent blowout of the plug.


If the weld were to fail, the plug were to blow out and the collet remained latched, there would be no control rod motion.  There would be no pressure differential acting across the collet piston to unlatch the collet.  Reactor water would leak past the velocity limiter piston, down the annulus between the drive and the thermal sleeve, through the vessel ports and drilled passage, and out the open plug hole to the drywell at 


approximately 320 gpm.  Leakage calculations assume only liquid flows from the flange.  Actually, hot reactor water would flash to steam, and choke‑flow conditions would exist.  Thus, the expected leakage rate would be lower than the calculated value.  Drive temperature would increase and initiate an alarm in the control room.


If this failure were to occur during control rod withdrawal and if the collet were to stay unlatched, calculations indicate that control rod withdrawal speed would be approximately 0.24 ft/sec.  Leakage from the open plug hole in the flange would cause reactor water to flow downward past the velocity limiter piston.  A small differential pressure across the piston would result in an insignificant driving force of approximately 10 pounds, tending to increase withdraw velocity.


A pressure differential of 295 psi across the collet piston would hold the collet unlatched as long as the driving signal was maintained.


Flow resistance of the exhaust path from the drive would be normal because the ball check valve would be seated at the lower end of its travel by pressure under the drive piston.


4.6.2.3.2.2.7      Ball Check Valve Plug Blows Out


As a means of access for machining the ball check valve cavity, a 1.25 inch diameter hole has been drilled in the flange forging.  This hole is sealed with a plug of 1.31 inch diameter and 0.38 inch thickness.  A full‑penetration weld, utilizing Type 308 stainless steel filler, holds the plug in place.  The failure postulated is a circumferential crack in this weld leading to a blowout of the plug.


If the plug were to blow out while the drive was latched, there would be no control rod motion.  No pressure differential would exist across the collet piston to unlatch the collet.  As in the previous failure, reactor water would flow past the velocity limiter, down the annulus 


between the drive and thermal sleeve, through the vessel ports and drilled passage, through the ball check valve cage, and out the open plug hole to the drywell.  The leakage calculations indicate the flow rate would be 350 gpm.  This calculation assumes liquid flow, but flashing of the hot reactor water to steam would reduce this rate to a lower value.  Drive temperature would rapidly increase and initiate an alarm in the control room.


If the plug failure were to occur during control rod withdrawal, (it would not be possible to unlatch the drive after such a failure) the collet would relatch at the first locking groove.  If the collet were to stick, calculations indicate the control rod withdrawal speed would be 11.8 feet per second.  There would be a large retarding force exerted by the velocity limiter due to a 35 psi pressure differential across the velocity limiter piston.


4.6.2.3.2.2.8      Drive/Cooling Water Pressure Control Valve Closure (Reactor Pressure, 0 psig)


The drive/cooling water pressure control valve in the failed closed or open condition can only effect the velocity of the control rod during insert or withdrawal.  The scram pressure source is independent of the drive water pressure.


The pressure to move a drive is generated by the pressure drop of practically the full system flow through the drive/cooling water pressure control valve.  This valve is either a motor operated valve or a standby manual valve; either one is adjusted to a fixed opening.  The normal pressure drop across this valve develops a pressure 260 psi in excess of reactor pressure.


If the flow through the drive/cooling water pressure control valve were to be stopped, as by a valve closure or flow blockage, the drive pressure would increase to the shutoff pressure of the supply pump.  The 


occurrence of this condition during withdrawal of a drive at zero vessel pressure will result in a drive pressure increase from 260 psig to no more than 2,000 psig.  Calculations indicate that the drive would accelerate from 3 inch/sec to approximately 7 inch/sec.  A pressure differential of 1,970 psi across the collet piston would hold the collet unlatched.  Flow would be upward, past the velocity limiter piston, but retarding force would be negligible.  Rod movement would stop as soon as the driving signal was removed.


4.6.2.3.2.2.9

Ball Check Valve Fails to Close Passage to Vessel Ports


Should the ball check valve sealing the passage to the vessel ports be dislodged and prevented from reseating following the insert portion of a drive withdrawal sequence, water below the drive piston would return to the reactor through the vessel ports and the annulus between the drive and the housing rather than through the speed control valve.  Because the flow resistance of this return path would be lower than normal, the calculated withdrawal speed would be 2 ft/sec.  During withdrawal, differential pressure across the collet piston would be approximately 40 psi.  Therefore, the collet would tend to latch and would have to stick open before continuous withdrawal at 2 ft/sec could occur.  Water would flow upward past the velocity limiter piston, generating a small retarding force of approximately 120 pounds.


4.6.2.3.2.2.10      Hydraulic Control Unit Valve Failures


Various failures of the valves in the HCU can be postulated, but none could produce differential pressures approaching those described in the preceding paragraphs and none alone could produce a high velocity withdrawal.  Leakage through either one or both of the scram valves produces a pressure that tends to insert the control rod rather than to withdraw it.  If the pressure in the scram discharge volume should 


exceed reactor pressure following a scram, a check valve in the line to the scram discharge header prevents this pressure from operating the drive mechanisms.


4.6.2.3.2.2.11      Collet Fingers Fail to Latch


The failure is presumed to occur when the drive withdraw signal is removed.   If the collet fails to latch, the drive continues to withdraw at a fraction of the normal speed.  This assumption is made because there is no known means for the collet fingers to become unlocked without some initiating signal.  Because the collet fingers will not cam open under a load, accidental application of a down signal does not unlock them.  (The drive must be given a short insert signal to unload the fingers and cam them open before the collet can be driven to the unlock position.)  If the drive withdrawal valve fails to close following a rod withdrawal, the collet would remain open and the drive continue to move at a reduced speed.


4.6.2.3.2.2.12      Withdrawal Speed Control Valve Failure


Normal withdrawal speed is determined by differential pressures in the drive and is set for a nominal value of 3 in./sec.  Withdrawal speed is maintained by the pressure regulating system and is independent of reactor vessel pressure.  Tests have shown that accidental opening of the speed control valve to the full‑open position produces a velocity of approximately 5 in./sec.  The control rod drive system prevents unplanned rod withdrawal and it has been shown above that only multiple failures in a drive unit and in its control unit could cause an unplanned rod withdrawal.


4.6.2.3.2.3      Scram Reliability


High scram reliability is the result of a number of features of the CRD system.  For example:


a.
An individual accumulator is provided for each control rod drive with sufficient stored energy to scram at any reactor pressure.  The reactor vessel itself, at pressures above 600 psi, will supply the necessary force to insert a drive if its accumulator is unavailable.


b.
Each drive mechanism has its own scram valves and a dual solenoid scram pilot valve therefore only one drive can be affected if a scram valve fails to open.  Both pilot valve solenoids must be de‑energized to initiate a scram.


c.
The reactor protection system and the HCU’s are designed so that the scram signal and mode of operation override all others.


d.
The collet assembly and index tube are designed so they will not restrain or prevent control rod insertion during scram.


e.
The scram discharge volume is monitored for accumulated water and the reactor will scram before the volume is reduced to a point that could interfere with a scram.


4.6.2.3.2.4      Control Rod Support and Operation


As described above, each control rod is independently supported and controlled as required by safety design bases.


4.6.2.3.3      Control Rod Drive Housing Supports


Downward travel of the CRD housing and its control rod following the postulated housing failure equals the sum of these distances:  (1) the compression of the disc springs under dynamic loading, and (2) the initial gap between the grid and the bottom contact surface of the CRD flange.  If the reactor were cold and pressurized, the downward motion of the control rod would be limited to the spring compression (approximately 2 in.) plus a gap of approximately 1 in.  If the reactor were hot and pressurized, the gap would be approximately 3/4 in. and the spring compression would be slightly less than in the cold condition.  In either case, the control rod movement following a housing failure is substantially limited below one drive “notch” movement (6 in.).  Sudden withdrawal of any control rod through a distance of one drive notch at any position in the core does not produce a transient sufficient to damage any radioactive material barrier.


The CRD housing supports are in place during power operation and when the nuclear system is pressurized.  If a control rod is ejected during shutdown, the reactor remains subcritical because it is designed to remain subcritical with any one control rod fully withdrawn at any time.


At plant operating temperature, a gap of approximately 3/4 in. exists between the CRD housing and the supports.  At lower temperatures the gap is greater.  Because the supports do not contact any of the CRD housing except during the postulated accident condition, vertical contact stresses are prevented.  Inspection and testing of CRD housing supports is discussed in <Section 4.6.3.2.1>.


4.6.3      TESTING AND VERIFICATION OF THE CRDS


4.6.3.1      Control Rod Drives


4.6.3.1.1      Testing and Inspection


4.6.3.1.1.1      Development Tests


The initial development drive (prototype of the standard locking piston design) testing included more than 5,000 scrams and approximately 100,000 latching cycles.  One prototype was exposed to simulated operating conditions for 5,000 hours.  These tests demonstrated the following:


a.
The drive easily withstands the forces, pressures and temperatures imposed.


b.
Wear, abrasion and corrosion of the nitrided stainless parts are negligible.  Mechanical performance of the nitrided surface is superior to that of materials used in earlier operating reactors.


c.
The basic scram speed of the drive has a satisfactory margin above minimum plant requirements at any reactor vessel pressure.


d.
Usable seal lifetimes in excess of 1,000 scram cycles can be expected.  See (Reference 2) for more information on Fast Scram Qualification Program.


4.6.3.1.1.2      Factory Quality Control Tests


Quality control of welding, heat treatment, dimensional tolerances, material verification, and similar factors is maintained throughout the manufacturing process to assure reliable performance of the mechanical 


reactivity control components.  Some of the quality control tests performed on the control rods, control rod drive mechanisms, and hydraulic control units are listed below:


a.
Control rod drive mechanism tests:



1.
Pressure welds on the drives are hydrostatically tested in accordance with ASME codes.



2.
Electrical components are checked for electrical continuity and resistance to ground.



3.
Drive parts that cannot be visually inspected for dirt are flushed with filtered water at high velocity.  No significant foreign material is permitted in effluent water.



4.
Seals are tested for leakage to demonstrate correct seal operation.



5.
Each drive is tested for shim motion, latching and control rod position indication.



6.
Each drive is subjected to cold scram tests at various reactor pressures to verify correct scram performance.


b.
Hydraulic control unit tests:



1.
Hydraulic systems are hydrostatically tested in accordance with the applicable code.



2.
Electrical components and systems are tested for electrical continuity and resistance to ground.



3.
Correct operation of the accumulator pressure and level switches is verified.



4.
The unit’s ability to perform its part of a scram is demonstrated.



5.
Correct operation and adjustment of the insert and withdrawal valves is demonstrated.


4.6.3.1.1.3      Operational Tests


After installation, all rods and drive mechanisms can be tested through their full stroke for operability.


During normal operation, each time a control rod is withdrawn a notch, the operator can observe the in‑core monitor indications to verify that the control rod is following the drive mechanism.  All control rods that are partially withdrawn from the core can be tested for rod‑following by inserting or withdrawing the rod one notch and returning it to its original position, while the operator observes the in‑core monitor indications.


To make a positive test of control rod to control rod drive coupling integrity, the operator can withdraw a control rod to the end of its travel and then attempt to withdraw the drive to the overtravel position.  Failure of the drive to overtravel demonstrates rod‑to‑drive coupling integrity.


Hydraulic supply subsystem pressures can be observed from instrumentation in the control room.  Scram accumulator pressures can be observed on the nitrogen pressure gauges.


4.6.3.1.1.4      Acceptance Tests


Criteria for acceptance of the individual control rod drive mechanisms and the associated control and protection systems are incorporated in specifications and test procedures covering three distinct phases:  (1) pre‑installation, (2) after installation prior to startup, and (3) during startup testing.


The pre‑installation specification defines criteria and acceptable ranges of such characteristics as seal leakage, friction and scram performance under fixed test conditions which must be met before the component can be shipped.


The after installation, prestartup tests <Chapter 14> include normal and scram motion and are primarily intended to verify that piping, valves, electrical components, and instrumentation are properly installed.  The test specifications include criteria and acceptable ranges for drive speed, timer settings, scram valve response times, and control pressures.  These tests are intended more to document system condition rather than tests of performance.


As fuel is placed in the reactor, the startup test procedures <Chapter 14> are followed.  The tests in these procedures demonstrate that the initial operational characteristics meet the limits of the specifications over the range of primary coolant temperatures and pressures from ambient to operating.  The detailed specifications and procedures follow the general pattern established for such specifications and procedures in BWRs presently under construction and in operation.


4.6.3.1.1.5      Surveillance Tests


The surveillance requirements for the control rod drive system are described below.


a.
Sufficient control rods shall be withdrawn, following a refueling outage following fuel movement within the reactor pressure vessel or control rod replacement, to demonstrate with a margin of 0.28( (k/k (with the highest worth control rod determined by test) that the core can be made subcritical at any time in the subsequent fuel cycle with the strongest operable control rod fully withdrawn and all other operable rods fully inserted.  With the highest worth control rod analytically determined, a margin of 0.38( (k/k must be demonstrated.


b.
When above the low power setpoint of the Rod Pattern Control System, each withdrawn control rod shall be inserted one notch at least once every 31 days.



In the event that operation is continuing with any control rod immovable as a result of excessive friction or mechanical interference, this test shall be performed within 24 hours from discovery of the stuck control rod.



The control rod exercise tests serve as a periodic check against deterioration of the control rod system and also verifies the ability of the control rod drive to scram.  If a rod can be moved with drive pressure, it may be expected to scram since higher pressure is applied during scram.  The frequency of exercising the control rods under the conditions of any control rod immovable as a result of excessive friction or mechanical interference provides even further assurance of the reliability of the remaining control rods.


c.
The coupling integrity shall be verified for each withdrawn control rod as follows:



1.
When the rod is first withdrawn, observe discernible response of the nuclear instrumentation; and



2.
Each time the rod is fully withdrawn, observe that the drive will not go to the overtravel position.



Observation of a response from the nuclear instrumentation during an attempt to withdraw a control rod indicates indirectly that the rod and drive are coupled.  The overtravel position feature provides a positive check on the coupling integrity, for only an uncoupled drive can reach the overtravel position.


d.
During operation, accumulator pressure at the normal operating value shall be verified.



Experience with control rod drive systems of the same type indicates that weekly verification of accumulator pressure is sufficient to assure operability of the accumulator portion of the control rod drive system.


e.
At the time of each major refueling outage, each operable control rod shall be subjected to scram time tests from the fully withdrawn position.



Experience indicates that the scram times of the control rods do not significantly change over the time interval between refueling outages.  A test of the scram times at each refueling outage is sufficient to identify any significant lengthening of the scram times.


4.6.3.1.1.6      Functional Tests


The functional testing program of the control rod drives consists of the 5 year maintenance life and the 1.5X design life test programs as described in <Section 3.9>.


There are a number of failures that can be postulated on the CRD but it would be very difficult to test all possible failures.  A partial test program with postulated accident conditions and imposed single failures is available.


The following tests with imposed single failures have been performed to evaluate the performance of the CRD’s under these conditions.



Simulated Ruptured Scram Line Test



Stuck Ball Check Valve in CRD Flange



HCU Drive Down Inlet Flow Control Valve (V122) Failure



HCU Drive Down Outlet Flow Control Valve (V120) Failure



CRD Scram Performance with Vl20 Malfunction



HCU Drive Up Outlet Control Valve (V121) Failure



HCU Drive Up Inlet Control Valve (V123) Failure



Cooling Water Check Valve (V138) Leakage



CRD Flange Check Valve Leakage



CRD Stabilization Circuit Failure



HCU Filter Restriction



Air Trapped in CRD Hydraulic System



CRD Collet Drop Test



CR Qualification Velocity Limiter Drop Test


Additional postulated CRD failures are discussed in <Section 4.6.2.3.2.2.1>, <Section 4.6.2.3.2.2.2>, <Section 4.6.2.3.2.2.3>, <Section 4.6.2.3.2.2.4>, <Section 4.6.2.3.2.2.5>, <Section 4.6.2.3.2.2.6>, <Section 4.6.2.3.2.2.7>, <Section 4.6.2.3.2.2.8>, 


<Section 4.6.2.3.2.2.9>, <Section 4.6.2.3.2.2.10>, and <Section 4.6.2.3.2.2.11>.


4.6.3.2      Control Rod Drive Housing Supports


4.6.3.2.1      Testing and Inspection


CRD housing supports are removed for inspection and maintenance of the control rod drives.  The supports for one control rod can be removed during reactor shutdown, even when the reactor is pressurized, because all control rods are then inserted.  When the support structure is reinstalled, it is inspected for correct assembly with particular attention to maintaining the correct gap between the CRD flange lower contact surface and the grid.


4.6.4

INFORMATION FOR COMBINED PERFORMANCE OF REACTIVITY CONTROL SYSTEMS


4.6.4.1      Vulnerability to Common Mode Failures


The system is located such that it is protected from common mode failures due to missiles and failures of moderate and high energy piping and fire.  <Section 3.5>, <Section 3.6>, and <Section 9.5.1> discuss protection of essential systems against missiles, pipe breaks and fire.


4.6.4.2      Accidents Taking Credit for Multiple Reactivity Systems


There are no postulated accidents evaluated in <Chapter 15> that take credit for two or more reactivity control systems preventing or mitigating each accident.


4.6.5      EVALUATION OF COMBINED PERFORMANCE


As indicated in <Section 4.6.4.2>, credit is not taken for multiple reactivity control systems for any postulated accidents in <Chapter 15>.


Except for the Standby Liquid Control System, Perry’s control rod scram system meets all the criteria enumerated in Section 4 of the NRC Staff generic safety evaluation report BWR Scram Discharge System, dated 12/1/80.  A summary of each criterion is given below along with a discussion of how the scram discharge system complies.


a.
Functional Criteria



Functional Criterion 1



The scram discharge volume shall have sufficient capacity to receive and contain water exhausted by a full reactor scram without adversely affecting control rod drive scram performance.



Perry Compliance:



A minimum scram discharge volume of 3.34 gallons per drive is specified through the system design specifications.  This minimum scram discharge volume is based on conservative assumptions as to the performance of the scram system.  In the event of a coolant leak into the SDV an automatic scram will occur before the required SDV available volume is threatened.


b.
Safety Criteria



Safety Criterion 1



No single active failure of a component or service function shall prevent a reactor scram, under the most degraded conditions that are operationally acceptable.



Perry Compliance:



No single active failure in the scram system design will prevent a reactor scram.  The Perry scram discharge system design meets the NRC acceptance criterion for Safety Criterion 1.  Partial loss or full loss of service functions will result in either not adversely affecting the scram system function or a full reactor scram.  The Perry system has no reduction in the pipe size of the header piping going from the HCU’s to and including the Scram Discharge Instrument Volume (SCIV).  This hydraulic coupling permits operability of the scram level instrumentation prior to loss of system function.  The scram level instrumentation are redundant and diverse to assure no single active failure or common mode failure prevents a reactor scram.



Safety Criterion 2



No single active failure shall result in an uncontrolled loss of reactor coolant.



Perry Compliance:



Redundant Scram Discharge Volume (SDV) vent and drain valves are provided as part of the SDV modifications.  The redundant SDV valve configuration assures that no single failure can result in an 



uncontrolled loss of reactor coolant.  An additional solenoid operated pilot valve controls the redundant vent and drain valve.  The vent and drain system is therefore sufficiently redundant to avoid a failure to isolate the SDV due to solenoid failure.  The vent and drain valve’s opening and closing sequences are controlled to minimize excessive hydrodynamic forces.



Safety Criterion 3



The scram discharge system instrumentation shall be designed to provide redundancy, to operate reliably under all conditions and shall not be adversely affected by hydrodynamic forces or flow characteristics.



Perry Compliance:



Diverse, and redundant level sensing instrumentation on the Scram Discharge Instrument Volume (SDIV) is provided for the automatic scram function.  SDIV water level is measured by utilization of both float sensing and pressure sensing devices.  Instrument taps have been relocated from the vent and drain piping to the SDIV to protect the level sensing instrumentation from the flow dynamics in the scram discharge system.  Each SDIV has a redundant instrument loop.  A one‑out‑of‑two twice logic is employed for the automatic scram function.  This instrumentation arrangement assures the automatic scram function on high SDIV water level in the event of a single active or passive failure.



Safety Criterion 4



System operation conditions which are required for scram shall be continuously monitored.



Perry Compliance:



See response to Safety Criterion 3.



Safety Criterion 5



Repair, replacement, adjustment, or surveillance of any system component shall not require the scram function to be bypassed.



Perry Compliance:



The SDIV scram level instrumentation arrangement and trip logic allows instrument adjustment or surveillance without bypassing the scram function or directly causing a scram.  Each level instrument can be individually isolated without bypassing the scram function.  A one‑out‑of‑two twice trip logic is employed.  Plant procedures will insure that the scram function is not bypassed during surveillance, repair or replacement of any system component.


c.
Operational Criteria



Operational Criterion 1:



Level instrumentation shall be designed to be maintained, tested or calibrated during plant operation without causing a scram.



Perry Compliance:



See response to Safety Criterion 5.


Operational Criterion 2:



The system shall include sufficient supervisory instrumentation and alarms to permit surveillance of system operation.



Perry Compliance:



Supervisory instrumentation and alarms such as accumulator trouble, scram valve air supply low and high pressure and scram discharge volume not drained alarms, are adequate and permit surveillance of the scram system’s readiness.



Operational Criterion 3:



The system shall be designed to minimize the exposure of operating personnel to radiation.



Perry Compliance:



Minimizing the exposure of operating personnel to radiation is a consideration in equipment design and location.



Operational Criterion 4:



Vent paths shall be provided to assure adequate drainage of the SDV in preparation for scram reset.



Perry Compliance:



A vent line is provided as part of the scram discharge system to assure proper drainage in preparation for scram reset.  GE specifications require the vent to be provided by a dedicated vent line with a non‑submerged discharge to the atmosphere. 



Furthermore, additional vent capability is provided by the vent line vacuum breakers.  The vacuum breakers are required to start to open at no greater than 1.0 psi differential.



Operational Criterion 5:



Vent and drain functions shall not be adversely affected by other system interfaces.  The objective of this requirement is to preclude water backup in the scram instrument volume which could cause spurious scram.



Perry Compliance:



The SDV vent and drain lines are required to be dedicated lines.  The vent line discharge is directed into the drywell and the drain line discharge is directed into the suppression pool.  Vacuum breakers on the SDV vent line and shutoff valves on the SDV vent and drain lines preclude water from siphoning back into the SDIV from their respective discharge systems.


d.
Design Criteria



Design Criterion 1:



The scram discharge headers shall be sized in accordance with GE OER‑54 and shall be hydraulically coupled to the instrument volume(s) in a manner to permit operability of the scram level instrumentation prior to loss of system function.  Each system shall be analyzed based on a plant‑specific maximum in‑leakage to ensure that the system function is not lost prior to initiation of automatic scram.  Maximum in‑leakage is the maximum flow rate through the scram discharge line without control‑rod motion, summed over all control rods.  The analysis should show no need for vents or drains.



Perry Compliance:



As discussed in response to Functional Criterion 1, a minimum scram discharge volume of 3.34 gallons per drive is specified through the system design specifications.  Furthermore, the Perry system has no reduction in the pipe size of the header piping going from the HCU’s to the scram discharge volume including the SDIV.  The SDIV is directly connected to the scram discharge volume at the low point of the scram discharge header piping.  These requirements satisfy the NRC’s acceptance criteria for Design Criterion 1.



Design Criterion 2:



Level instrumentation shall be provided for automatic scram initiation while sufficient volume exists in the scram discharge volume.



Perry Compliance:



See response to Functional Criterion 1 and Design Criterion 1.



Design Criterion 3:



Instrumentation taps shall be provided on the vertical instrument volume and not on the connected piping.



Perry Compliance:



See response to Safety Criterion 3.



Design Criterion 4:



The scram instrumentation shall be capable of detecting water accumulation in the instrumented volume(s) assuming a single active 



failure in the instrumentation system or the plugging of an instrument line.



Perry Compliance:



See response to Safety Criterion 3.



Design Criterion 5:



Structural and component design shall consider loads and conditions including those due to fluid dynamics, thermal expansion, internal pressure, seismic considerations, and adverse environments.



Perry Compliance:



The SDV and associated vent and drain piping is classified as important to safety and required to meet the ASME Section III Class 2 and Seismic Category I requirements.



Design Criterion 6:



The power‑operated vent and drain valves shall close under loss of air and/or electric power.  Valve position indication shall be provided in the control room.



Perry Compliance:



The present vent and drain valve design operation meets this criterion.



Design Criterion 7:



Any reductions in the system piping flow path shall be analyzed to assure system reliability and operability under all modes of operation.



Perry Compliance:



See response to Design Criterion 1.



Design Criterion 8:



System piping geometry (i.e., pitch, line size, orientation) shall be such that the system drains continuously during normal plant operation.



Perry Compliance:



All SDV piping is required to be continuously sloped from its high point to its low point.



Design Criterion 9:



Instrumentation shall be provided to aid the operator in the detection of water accumulation in the instrumented volume(s) prior to scram initiation.



Perry Compliance:



The present alarm and rod block instrumentation meets this criterion.



Design Criterion 10:



Vent and drain line valves shall be provided to contain the scram discharge water, with a single active failure and to minimize operational exposure.



Perry Compliance:



See response to Safety Criterion 2.


e.
Surveillance Criteria



Implementation of surveillance procedures to comply with the following surveillance criteria are included in the plant surveillance program.  (The Technical Specifications comply with the intent of the Safety Evaluation Report’s Surveillance Criteria.)



Surveillance Criterion 1:



Vent and drain valves shall be periodically tested.



Surveillance Criterion 2:



Verifying level detection instrumentation shall be periodically tested in place.


4.6.6      REFERENCES FOR SECTION 4.6


1.
Benecki, J. E., “Impact Testing on Collet Assembly for Control Rod Drive Mechanism 7RD B144A,” General Electric Company, Atomic Power Equipment Department, APED‑5555, November 1967.


2.
C. H. Solanas, “Fast Scram Control Rod Drive Qualification Program,” October 1978, NEDO‑24142
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5.0      REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS


5.1      SUMMARY DESCRIPTION


The reactor coolant system includes those systems and components which contain or transport fluids coming from, or going to the reactor core.  These systems form a major portion of the reactor coolant pressure boundary.  This chapter of the Updated Safety Analysis Report provides information regarding the reactor coolant system and pressure‑containing appendages out to and including isolation valving.  This grouping of components is defined as the reactor coolant pressure boundary (RCPB) and includes all pressure‑containing components such as pressure vessels, piping, pumps, and valves, which are:


a.
Part of the reactor coolant system, or


b.
Connected to the reactor coolant system, up to and including any and all of the following:



 1.
The outermost containment isolation valve in piping which penetrates primary reactor containment.



 2.
The second of the two valves normally closed during normal reactor operation in system piping which does not penetrate primary reactor containment.



 3.
The reactor coolant system safety/relief valve piping.


This chapter, specifically <Section 5.4>, discusses various subsystems to the RCPB which are closely allied to it.


The nuclear system pressure relief system protects the reactor coolant pressure boundary from damage due to overpressure.  To protect against overpressure, pressure‑operated relief valves are provided that can


discharge steam from the nuclear system to the suppression pool.  The pressure relief system also acts to automatically depressurize the nuclear system if a loss‑of‑coolant accident occurs in which the high pressure core spray (HPCS) system fails to maintain reactor vessel water level.  Depressurization of the nuclear system allows the low pressure core cooling systems to supply enough cooling water to adequately cool the fuel.


<Section 5.2.5> establishes the limits on nuclear system leakage inside the drywell so that appropriate action can be taken before the integrity of the nuclear system process barrier is impaired.


The reactor vessel and appurtenances are described in <Section 5.3>.  The major safety consideration for the reactor vessel is the ability of the vessel to function as a radioactive material barrier.  Various combinations of loading are considered in the vessel design.  The vessel meets the requirements of applicable codes and criteria.  The possibility of brittle fracture is considered, and suitable design, material selection, material surveillance activity and operational limits are established that avoid conditions where brittle fracture is possible.


The reactor recirculation system provides coolant flow through the core. Adjustment of the core coolant flow rate changes reactor power output, thus providing a means of following plant load demand without adjusting control rods.  The recirculation system is designed to provide a slow coastdown of flow so that fuel thermal limits cannot be exceeded as a result of recirculation system malfunctions.  The arrangement of the recirculation system routing is such that a piping failure cannot compromise the integrity of the floodable inner volume of the reactor vessel.


The main steam line flow restrictors of the venturi‑type are installed in each main steam line inside the primary containment.  The restrictors 


are designed to limit the loss of coolant resulting from a main steam line break outside the primary containment.  The coolant loss is limited so that reactor vessel water level remains above the top of the core during the time required for the main steam line isolation valves to close.  This action protects the fuel barrier.


Two isolation valves are installed on each main steam line; one is located inside, and the other is located outside the primary containment.  If a main steam line break occurs inside the containment, closure of the isolation valve outside the primary containment acts to seal the primary containment itself.  The main steam line isolation valves automatically isolate the reactor coolant pressure boundary if a pipe break occurs downstream of the inboard isolation valves.  This action limits the loss of coolant and the release of radioactive materials from the nuclear system.


The reactor core isolation cooling (RCIC) system provides makeup water to the core during a reactor shutdown in which feedwater flow is not available.  The system is started automatically upon receipt of a low reactor water level signal or manually by the operator.  Water is pumped to the core by a turbine‑pump driven by reactor steam.


The residual heat removal (RHR) system includes a number of pumps and heat exchangers that can be used to cool the nuclear system under a variety of situations.  During normal shutdown and reactor servicing, the RHR system removes residual and decay heat.  The RHR system allows decay heat to be removed whenever the main heat sink (main condenser) is not available via the suppression pool cooling mode (e.g., hot standby).  One mode of RHR operation allows the removal of heat from the primary containment following a postulated loss‑of‑coolant accident.  Another operational mode of the RHR system is low pressure coolant 


injection (LPCI).  LPCI operation is an engineered safety feature for use during a postulated loss‑of‑coolant accident.  This operation is described in <Section 6.3>.


The reactor water cleanup system recirculates a portion of reactor coolant through a filter demineralizer to remove particulate and dissolved impurities from the reactor coolant.  It also removes excess coolant from the reactor system under controlled conditions.


Design and performance characteristics of the reactor coolant system and its various components are found in <Table 5.4‑1>.


5.1.1      SCHEMATIC FLOW DIAGRAM


Schematic flow diagrams of the reactor coolant system denoting all major components, principal pressures, temperatures, flow rates, and coolant volumes for normal steady‑state operating conditions at rated power are presented in <Figure 5.1‑1> and <Figure 5.1‑2>.


5.1.2      PIPING AND INSTRUMENTATION DIAGRAM


Piping and instrumentation diagrams covering the systems included within the reactor coolant system and connected systems are presented in the following:


a.
The nuclear boiler system shown on <Figure 5.1‑3> (partial diagrams of the nuclear boiler system are also shown on <Figure 5.2‑11>).


b.
The main steam system shown on <Figure 10.1‑1>.


c.
The feedwater system shown on <Figure 10.1‑3>.


d.
The recirculation system shown on <Figure 5.4‑2>.


e.
The reactor core isolation cooling system shown on <Figure 5.4‑9>.


f.
The residual heat removal system shown on <Figure 5.4‑13>.


g.
The reactor water cleanup system shown on <Figure 5.4‑16>.


5.1.3      ELEVATION DRAWINGS


Elevation drawings showing the principal dimensions of the reactor coolant system in relation to the containment are presented in <Figure 5.1‑4>.
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5.2      INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY


Contained herein are discussions of the measures employed to provide and maintain the integrity of the reactor coolant pressure boundary (RCPB) for the plant design lifetime.


5.2.1      COMPLIANCE WITH CODES AND CODE CASES


5.2.1.1      Compliance with 10 CFR 50.55a


<Table 3.2‑1> shows compliance with the rules of <10 CFR 50>.  Code edition, applicable addenda and component data are in accordance with <10 CFR 50.55a>.


5.2.1.2      Applicable Code Cases


The reactor pressure vessel and appurtenances, and the RCPB piping, pumps and valves, have been designed, fabricated and tested in accordance with the applicable edition of the ASME Code, including addenda that were mandatory at the order date for the applicable components <Table 3.2‑7>.  The reactor recirculation loop piping, residual heat removal (shutdown cooling line attached to reactor recirculation Loop B only), main feedwater inside drywell, reactor water clean up piping attached to the reactor recirculation piping and the 10” reactor core isolation and isolation cooling line inside drywell have been reanalyzed for the purposes of optimizing the suspension system.  This reanalysis was performed using the 1983 edition with addenda through winter of 1984 of the ASME code.  For purposes of standardization, all of the above components supplied by the General Electric Co. will be installed to the Winter 1975 Addenda of the 1974 Edition of the ASME Code, except the Summer 1976 Addenda of the 1974 Edition of the ASME Code is used for slotting of holes on the main steam piping guides (B21‑G009).  <10 CFR 50.55a> requires code case approval for Class 1 components.  These code cases contain requirements 


or special rules which may be used for the construction of pressure‑retaining components of Quality Group Classification A.  The various ASME code cases that were applied to components in the RCPB are listed in <Table 5.2‑1>.


During RF07, a weld overlay was applied to the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB.  The overlay is designed as a full structural overlay in accordance with the recommendations of <NUREG‑0313>, Revision 2 (forwarded by <Generic Letter 88‑01>), ASME Code Case N‑504, and Section XI of the ASME Boiler and Pressure Vessel Code, 1989 Edition (Paragraph IWB‑3640).  Examination of the final weld overlay was performed in accordance with ASME Code Case N‑504 (modified for welding of P‑1 and P‑43 materials) and <NUREG‑0313>, Revision 2 (modified as necessary for examination of Ni‑Cr‑Fe overlays).  Pressure testing of the weld overlay repair was performed in accordance with ASME Section XI, 1989 Edition, no Addenda per ASME Code Case N‑416‑1 (Reference PNPP letter PY‑CEI/NRR‑1851L and NRC Safety Evaluation Response).


<Regulatory Guide 1.84> and <Regulatory Guide 1.85> provides a list of ASME Design and Fabrication Cases that have been generically approved by the Regulatory Staff.  Code cases on this list may, for design purposes, be used until appropriately annulled.  Annulled cases are considered “active” for equipment that has been contractually committed to fabrication prior to the annulment.


In reference to Code Case N‑242‑1 “Materials Certification,” this code case has been approved for use per <Regulatory Guide 1.85>, Revision 25 (May 1988), provided that all components and supports requiring the use of Paragraphs 1.0 through 4.0 of the Code Case be identified.  <Table 5.2‑1a> contains a listing of all applicable components and supports affected.


GE’s procedure for meeting the regulatory requirements is to obtain NRC approval for code cases applicable to Class 1 components only.  NRC approval of ASME Class 2 and 3 code cases was not required at the time of the design of PNPP.


All Class 2 and 3 equipment has been designed to ASME code or ASME approved code cases.  This provision together with the Quality Assurance programs provide adequate safety equipment functional assurances.


ASME Code Case N‑411‑1, referenced in <Regulatory Guide 1.84>, Revision 25 through 27 require five criteria that must be met prior to and after the use of the Code Case.  This section delineates the criteria required, and mandates that these criteria must be met.


a.
The Code Case damping shall be used completely and consistently, if used at all.  For equipment other than piping, the damping values specified in <Regulatory Guide 1.61> “Damping Values for Seismic Design of Nuclear Power Plants” shall be used.


b.
The damping values specified may be used only in those analyses in which current seismic spectra and procedures have been employed.  Such use should be limited only to response spectral analyses (similar to that used in the study supporting its acceptance ‑ Reference <NUREG/CR‑3526>).  The acceptance of the use with other types of dynamic analyses (e.g., time‑history analysis or independent support motion method) is pending further justification.


c.
When used for reconciliation work or for support optimization of existing designs, the effects of increased motion on existing clearances and on line mounted equipment shall be checked.


d.
This Code Case is not appropriate for analyzing the dynamic response of piping systems using supports designed to dissipate energy by yielding (i.e., the design of which is covered by Code Case N420).


e.
This Code Case is not applicable to piping in which stress corrosion cracking has occurred unless a case‑specific evaluation is made and is reviewed by the NRC staff.


5.2.2      OVERPRESSURIZATION PROTECTION


This section provides evaluation of the systems that protect the RCPB from overpressurization.


The analysis for the initial cycle, documented in this section, was performed at a core power of 3,729 MWt.  This analysis resulted in a peak pressure at the bottom of the vessel of 1,276 psig.  An updated analysis, discussed in <Section 15.2.4>, was performed for the uprated power case.  This analysis resulted in a peak pressure at the bottom of the vessel of 1,295 psig.  In both cases, the peak pressure is below the 1,375 psig ASME limit.


The overpressurization protection analysis for the current cycle reload core is discussed in <Appendix 15B>, Reload Safety Analysis.


5.2.2.1      Design Bases


Overpressure protection is provided in conformance with General Design Criteria 15 <Section 3.1>.  Preoperational and startup instructions are discussed in <Chapter 14>.


5.2.2.1.1      Safety Design Bases


The nuclear pressure relief system has been designed to:


a.
Prevent overpressurization of the nuclear system that could lead to the failure of the reactor coolant pressure boundary.


b.
Provide automatic depressurization if small breaks in the nuclear system should occur with subsequent failure/improper operation of the high pressure core spray (HPCS) system, requiring operation of the low pressure coolant injection (LPCI) mode of residual heat removal (RHR) and the low pressure core spray (LPCS) systems to protect the fuel barrier.


c.
Permit verification of its operability.


d.
Withstand adverse combinations of loadings and forces resulting from normal, upset, emergency, or faulted conditions.


5.2.2.1.2      Power Generation Design Bases


The nuclear pressure relief system safety/relief valves have been designed to meet the following operating bases:


a.
Discharge to the containment suppression pool.


b.
Correctly reclose following operation so that maximum operational continuity is maintained.


5.2.2.1.3      Discussion


The ASME Boiler and Pressure Vessel Code requires that each vessel designed to meet Section III be protected from overpressure due to upset conditions.  The code allows a peak allowable pressure of 110 percent of 


vessel design pressure under upset conditions.  The code specifications for safety/relief valves require that the lowest set pressure is at or below vessel design pressure and that the highest set pressure is such that total accumulated pressure does not exceed 110 percent of the design pressure for upset conditions.  The safety/relief valves are designed to open by either of two modes of operation:  automatically using a pneumatic power actuator or by self‑actuation in the spring lift mode.


The safety/relief valve setpoints are listed in <Table 5.2‑2>.  These setpoints satisfy the ASME Code, Section III, specifications for safety/relief valves.


The automatic depressurization capability of the nuclear system pressure relief system is evaluated in <Section 6.3> and <Section 7.3>.


The following detailed criteria are used in selection of the safety grade relief valves:


a.
Must meet requirements of ASME Code, Section III.


b.
Must qualify for 100 percent of nameplate capacity credit for the overpressure protection function.


c.
Must meet other performance requirements such as response time, etc., as necessary to provide relief functions.


The safety/relief valve discharge piping is designed, installed and tested in accordance with the ASME Code, Section III.


5.2.2.1.4      Safety/Relief Valve Capacity


The safety/relief valve capacity of this plant is adequate to limit the primary system pressure, including transients, to the requirements of


the ASME Boiler and Pressure Vessel Code, Section III, Nuclear Vessels up to and including the Winter Addenda, 1972.  The essential ASME requirements are all met by this analysis.


It is recognized that the protection of vessels in a nuclear power plant is dependent upon many protective systems to relieve or terminate pressure transients.  Installation of pressure relieving devices will not independently provide complete protection.  The safety valve sizing evaluation assumes credit for operation of the scram protective system which may be tripped by either one of two sources (a direct or flux trip signal).  The direct scram trip signal is derived from position switches mounted on the main steamline isolation valves or the turbine stop valves or from pressure switches mounted on the dump valve of the turbine control valve hydraulic actuation system.  The position switches are actuated when the respective valves are closing and following 10 percent travel of full stroke.  The pressure switches are actuated when a fast closure of the turbine control valves is initiated.  Credit is taken for 50 percent of the total installed safety/relief valve capacity operating by the power operated mode as permitted by ASME Code, Section III.


Credit is also taken for the remaining safety/relief valve capacity which opens by the spring mode of operation direct from inlet pressure.  The valve flow capacity and discharge coefficient were established through full scale and full flow tests.


The rated capacity of the safety/relief valves is sufficient to prevent a rise in pressure within the pressure vessel not exceeding 110 percent of the design pressure (1.10 x 1,250 psig = 1,375 psig) for the events defined in <Section 15.2> ‑ Increase in Reactor Pressure.


Full account is taken of the pressure drop on both the inlet and discharge sides of the valves.  All combination safety/relief valves discharge into the suppression pool through a discharge pipe from each 


valve which is designed to achieve sonic flow conditions through the valve, thus precluding sonic conditions occurring in the discharge piping.


<Table 5.2‑3> lists the systems which could initiate during the design basis overpressure event.


5.2.2.2      Design Evaluation


5.2.2.2.1      Method of Analysis


To design the pressure protection for the nuclear boiler system, extensive analytical models representing all essential dynamic characteristics of the system are simulated on a large computing facility.  These models include the hydrodynamics of the flow loop, the reactor kinetics, the thermal characteristics of the fuel and its transfer of heat to the coolant, and all the principal controller features, such as feedwater flow, recirculation flow, reactor water level, pressure, and load demand.  These are represented with all their principal nonlinear features in models that have evolved through extensive experience and favorable comparison of analysis with actual BWR test data.


A detailed description of this model is documented in licensing topical report NEDO‑24154, “Qualification of the One Dimensional Core Transient Model for BWR” (Reference 1).  Safety/relief valves are simulated in a nonlinear representation, and the model thereby allows full investigation of the various valve response times, valve capacities and actuation setpoints that are available in applicable hardware systems.


Typical valve characteristics as modeled are shown in <Figure 5.2‑1> and <Figure 5.2‑2> for the pneumatically activated relief and spring action safety modes of the dual purpose safety/relief valves.  The associated bypass, turbine control valve, main steam isolation valve and reactor 


recirculation pump trip due to high reactor pressure characteristics are also simulated in the model.


5.2.2.2.2      System Design


A parametric study was conducted to determine the required steam flow capacity of the safety/relief valves based on the assumptions that follow.


5.2.2.2.2.1      Operating Conditions


Operating conditions for the initial cycle performance were as follows:


a.
Operating power is 3,729 MWt (104.2 percent of nuclear boiler rated power).


b.
Vessel dome pressure (1,045 psig.


c.
Steam flow is 16.16 x 106 lb/hr (105 percent of nuclear boiler rated steam flow).


d.
Nuclear characteristics:  End‑of‑Cycle.


These conditions are the most severe because maximum stored energy exists at these conditions.  At lower power conditions the transients would be less severe.


The operating conditions for reload cycle performance of the overpressurization analysis are specified in <Appendix 15B>, Reload Safety Analysis.


5.2.2.2.2.2      Transients


The overpressure protection system must accommodate the most severe pressurization transient.  There are two major transients, the closure of all main steam line isolation valves and turbine generator trip with a coincident closure of the turbine steam bypass system valves that represent the most severe abnormal operational transients resulting in a nuclear system pressure rise.  The evaluation of transient behavior with final plant configuration has shown that the isolation valve closure is slightly more severe when credit is taken only for indirect derived scrams; therefore, it is used as the overpressure protection basis event and the results for the initial cycle are shown in <Figure 5.2‑3>.  <Table 5.2‑4> lists the sequence of events for the main steam line isolation valve closure event with flux scram (performed for the initial cycle) with the installed safety/relief valve capacity.


The transient response and sequence of events for the current reload cycle are provided within <Appendix 15B>, Reload Safety Analysis.


5.2.2.2.2.3      Scram


The scram reactivity curve and control rod drive scram motion are illustrated by <Figure 5.2‑4> and <Figure 5.2‑5>, respectively.  The initial cycle analysis used the second safety grade scram signal with initial reactor pressure at 1,045 psig.  The ATWS recirculation pump trip on high reactor pressure was also included.


5.2.2.2.2.4      Safety/Relief Valve Transient Analysis Specification


These assumptions are:


a.
Simulated valve groups



Pneumatically actuated relief mode ‑ 4 groups



Spring action safety mode ‑ 5 groups


b.
Opening pressure setpoint (maximum safety limit)



Power actuated relief mode ‑ Group 1:  1,145 psig








    Group 2:  1,155 psig








    Group 3:  1,165 psig








    Group 4:  1,175 psig



Spring action safety mode ‑ Group 1:  1,175 psig








   Group 2:  1,185 psig








   Group 3:  1,195 psig








   Group 4:  1,205 psig








   Group 5:  1,215 psig



The valve groups used in the reload analyses are based upon the three groups specified in the Technical Specifications for each mode.


The above analyses input setpoints are assumed at a conservatively higher level above the nominal setpoints.  This is to account for initial setpoint errors and any instrument setpoint drift that might occur during operation.  Typically the assumed setpoints in the analysis are 2 to 4 percent above the nominal setpoints.  Highly conservative safety/relief valve response characteristics are also assumed.  Therefore, the analysis conservatively bounds all safety/relief operating conditions.


5.2.2.2.2.5      Safety/Relief Valve Capacity


Sizing of the safety/relief valve capacity is based on establishing an adequate margin from the peak vessel pressure to the vessel code limit (1,375 psig) in response to the reference transients.


Whenever system pressure increases to the relief pressure setpoint of a group of valves having the same setpoint, half of those valves are assumed to operate in the relief mode, opened by the pneumatic power actuation.  When the system pressure increases to the valve spring set pressure of a group of valves, those valves not already considered open are assumed to begin opening and to reach full open at 103 percent of the valve spring set pressure.  By this method, the total valve capacity can be determined.


5.2.2.2.3      Evaluation of Results


5.2.2.2.3.1      Safety/Relief Valve Capacity


The required safety/relief valve capacity is determined by analyzing the pressure rise from a MSIV closure with flux scram transient.  The plant is assumed to be operating at the turbine generator design conditions at a maximum vessel dome pressure of 1,045 psig which is the maximum steady‑state operating pressure allowed by the Technical Specification.  The analysis hypothetically assumes the failure of the direct isolation valve position scram.  The reactor is shut down by the backup, indirect, high neutron flux scram.  For the initial cycle analysis, the power actuated relief setpoints of the safety/relief valve are assumed to be in the range of 1,145 to 1,175 psig and the spring action setpoints to be in the range of 1,175 to 1,215 psig.  The resulting peak pressure at the bottom of the vessel for the initial cycle is 1,276 psig.  Therefore, the analysis indicates that the design valve capacity is capable of maintaining adequate margin below the peak ASME code allowable pressure in the nuclear system (1,375 psig).  <Figure 5.2‑3> 


shows curves produced by this analysis for the initial cycle.


The sequence of events in <Table 5.2‑4> assumed in this initial cycle analysis was investigated to meet code requirements and to evaluate the pressure relief system exclusively.  The results of the overpressurization analysis for the current reload cycle are presented in <Appendix 15B>, Reload Safety Analysis.  A curve showing vessel pressure versus valve capacity (number of valves) is shown in <Figure 5.2‑7>.  This curve is based on a sensitivity study for the BWR/6 design with a 231 inch vessel and shows the relationship between valves out‑of‑service and margin to the peak allowable ASME code pressure.


Under the General Requirements for Protection Against Overpressure as given in Section III of the ASME Boiler and Pressure Vessel Code, credit can be allowed for a scram from the reactor protection system.  In addition, credit is also taken for the protective circuits which are indirectly derived when determining the required safety/relief valve capacity.  The backup reactor high neutron flux scram is conservatively applied as a design basis in determining the required capacity of the pressure relieving dual purpose safety/relief valves.  Application of the direct position scrams in the design basis could be used since they qualify as acceptable pressure protection devices when determining the required safety/relief valve capacity of nuclear vessels under the provisions of the ASME code.  The safety/relief valves are operated in a relief mode (pneumatically) at setpoints lower than those specified for the safety function.  This ensures sufficient margin between anticipated relief mode closing pressures and valve spring forces for proper seating of the valves.


The time response of the vessel pressure to the MSIV transient with flux scram for the initial cycle is illustrated in <Figure 5.2‑8>.  This shows that the pressure at the vessel bottom exceeds 1,250 psig for less than five seconds.  This is not long enough to transfer any appreciable 


amount of heat into the vessel metal which was at a temperature well below 550(F at the start of the transient.


The peak pressure results in this overpressure analysis (and the overpressure analysis for the current reload cycle see <Appendix 15B>) bound all moderate frequency transients in <Chapter 15>.


5.2.2.2.3.2      Low‑Low Set Relief Function


To assure that no more than one relief valve reopens following a reactor isolation event, two safety/relief valves are provided with lower opening and closing setpoints and four valves are provided with lower closing setpoints.  These setpoints override the normal setpoints following the initial opening of the relief valves and act to hold open these valves longer, thus preventing more than a single valve from reopening subsequently.  This system logic is referred to as the low‑low set relief logic and functions to ensure that the containment design basis of one safety/relief valve operating on subsequent actuations is met.


The low‑low set relief function is armed whenever any safety/relief valves are called upon to open in the relief mode by pressure instruments.  Thus, the low‑low set valves will not actuate during normal plant operation even though the reopening setpoints of one of the valves is in the normal operating pressure range.  This arming method results in the low‑low set safety/relief valves opening initially during an overpressure transient at the normal relief opening setpoint.


The lowest setpoint low‑low set valve will cycle to remove decay heat.  Since this valve will have a larger differential between its opening and closing set pressures than assumed for the normal relief function, the number of single safety/relief valve actuations during isolation events will be reduced.  <Table 5.2‑2> shows the opening and closing setpoints for the low‑low set safety/relief valves.


The assumptions used in the calculation of the pressure transient after the initial opening of the relief valves are:


a.
The transient event is a three‑second closure of all MSIV’s with position scram.


b.
Nominal relief valve setpoints are used.


c.
The maximum expected relief capacity is used.


d.
Relief valve opening and closing response times shown in <Figure 5.2‑6a> are used.


e.
The closing setpoint of the relief valves is 100 psi below the opening setpoint.


f.
ANS + 20 percent decay heat at infinite exposure is used.


The results using the above assumptions are shown in the reactor vessel pressure transient curve shown in <Figure 5.2‑6b>.  Despite the conservative input assumptions which tend to maximize the pressure peaks on subsequent actuations, there is a 65 psi margin for avoiding the second opening of more than one valve.  The system is single failure proof since a failure of one of the low‑low set valves still gives a 42 psi margin for avoiding multiple valve actuations.


The safety/relief valves are balanced type, spring loaded safety valves provided with an auxiliary pneumatically actuated device which allows opening of the valve even when pressure is less than the safety‑set pressure of the valve.  Previous undesirable performance on operating BWRs was associated principally with multiple stage pilot operated safety/relief valves.  These newer, pneumatically operated safety valves employ significantly fewer moving parts wetted by the steam and are, therefore, considered an improvement of the previously used valves.


5.2.2.2.3.3      Pressure Drop in Inlet and Discharge


Pressure drop in the piping from the reactor vessel to the valves is taken into account in calculating the maximum vessel pressures.  Pressure drop in the discharge piping to the suppression pool is limited by proper discharge line sizing to prevent backpressure on each safety/relief valve from exceeding 40 percent of the valve inlet pressure; this assures choked flow in the valve orifice and no reduction of valve capacity due to the discharge piping.  Each safety/relief valve has its own separate discharge line.


5.2.2.3      Piping and Instrument Diagrams


<Figure 5.2‑9> shows the schematic location of safety/relief valves for:


a.
The reactor coolant system.


b.
The primary side of the auxiliary or emergency systems interconnected with the primary system.


c.
Any blowdown or heat dissipation system connected to the discharge side of the safety/relief valves.


The schematic arrangements of the safety/relief valves are shown in <Figure 5.2‑10>.


5.2.2.4      Equipment and Component Description


5.2.2.4.1      Description


The nuclear pressure relief system consists of safety/relief valves located on the main steam lines between the reactor vessel and the first isolation valve within the drywell.  These valves protect against overpressure of the nuclear system.


The safety/relief valves provides the following protection functions:


a.
Overpressure relief operation.  The valves open automatically to limit a pressure rise.


b.
Overpressure safety operation.  The valves function as safety valves and open (self‑actuated operation if not already automatically opened for relief operation) to prevent nuclear system overpressurization.


c.
Depressurization operation.  The ADS valves open automatically as part of the emergency core cooling system (ECCS) for events involving small breaks in the nuclear system process barrier.  The location and number of the ADS valves can be determined from <Figure 5.2‑10>.


<Chapter 15> discusses the events which are expected to activate the primary system safety/relief valves.  The section also summarizes the number of valves expected to operate during the initial blowdown of the valves and the expected duration of this first blowdown.  For several of the events it is expected that the lowest set safety/relief (pressure or power set) valve will reopen and reclose as generated heat drops into the decay heat characteristics.  The pressure increase and relief cycle will continue with lower frequency and shorter relief discharges as the decay heat drops off, and until such time as the RHR system can dissipate this heat.  Remote‑manual actuation of the valves from the control room is recommended to minimize the total number of these discharges, with the intent of achieving extended valve seat life.


A schematic of the safety/relief valve is shown in <Figure 5.2‑12>.  It is opened by either of two modes of operation:


a.
The spring mode which consists of direct action of the steam pressure against a spring loaded disk that will pop open when the valve inlet pressure force exceeds the spring force.


b.
The power actuated mode which consists of using an auxiliary actuating device consisting of a pneumatic piston/cylinder and mechanical linkage assembly which opens the valve by overcoming the spring force (even with valve inlet pressure equal to zero psig).


The pneumatic operator is arranged so that a malfunction will not prevent the valve disk from lifting if steam inlet pressure reaches the spring lift set pressure.


For overpressure safety/relief valve operation (self‑actuated or spring lift mode), the spring load establishes the safety valve opening setpoint pressure and is set to open at setpoints designated in <Table 5.2‑2>.  In accordance with the ASME code, the full lift of this mode of operation is attained at a pressure no greater than 3 percent above the setpoint.


The safety function of the safety/relief valve is a backup to the relief function described below.  The spring‑loaded valves are designed and constructed in accordance with ASME III, NB 7640 as safety valves with auxiliary actuating devices.


For overpressure relief valve operation (power actuated mode), each valve is provided with a pressure sensing device which operates at the setpoints designated in <Table 5.2‑2>.  When the set pressure is reached, it operates a solenoid air valve which in turn actuates the pneumatic piston/cylinder and linkage assembly to open the valve.


When the piston is actuated, the delay time, maximum elapsed time between receiving the overpressure signal at the valve actuator and the actual start of valve motion, will not exceed 0.1 seconds.  The maximum elapsed time between signal to actuator and full open position of valve will not exceed 0.25 seconds.


The safety/relief valves can be operated in the pneumatically actuated mode by remote‑manual controls from the main control room.


Actuation of either solenoid A or solenoid B on the safety/relief valve will cause the safety/relief valve to open; hence, there is no single failure of a logic component or safety/relief valve solenoid valve which would result in failure of the safety/relief valve to open.  The trip units for each safety/relief valve within each division are in series, and failure of one of the transmitters will not cause the safety/relief valves to open.  Each safety/relief valve is provided with its own pneumatic accumulator and inlet check valve.  The accumulator capacity is sufficient to provide one safety/relief valve actuation, all that is required for overpressure protection.  Subsequent actuations for an overpressure event can be spring actuations to limit reactor pressure to acceptable levels.


The safety/relief valves are designed to operate to the extent required for overpressure protection in the following accident environments:


a.
A temperature of 330(F for three hours at a drywell pressure (30 psig.


b.
A temperature of 310(F for an additional three hour period at a drywell pressure (15 psig.


c.
A temperature of 250(F for an additional 18 hour period at 15 psig.


d.
A temperature drop of 250(F to 100(F at 15 psig from one day to 100 days.  The valve must remain operable for the initial two days and be held either open or closed for the remaining 98 of the 100 days.


The automatic depressurization system (ADS) uses selected safety/relief valves for depressurization of the reactor as described in <Section 6.3>.  Each of the safety/relief valves used for automatic depressurization is equipped with an air accumulator and check valve arrangement.  These accumulators assure that the valves can be held open following failure of the air supply to the accumulators.  They are sized to be capable of opening the valves and holding them open against the maximum drywell pressure of 30 psig.  The accumulator capacity is sufficient for each ADS valve to provide two actuations against 70 percent of maximum drywell pressure.  The ADS accumulators are recharged as described in <Section 6.8.1>.


Each safety/relief valve discharges steam through a discharge line to a point below the minimum water level in the suppression pool.  The safety/relief valve discharge lines are classified as Quality Group C and Seismic Category I.  Safety/relief valve discharge line piping from the safety/relief valve to the suppression pool consists of two parts:  the first is attached at one end to the safety/relief valve and attached at its other end to a pipe anchor.  The main steam piping, including this portion of the safety/relief valve discharge piping, is analyzed as a complete system.  The second part extends from the anchor to the suppression pool.  Because of the upstream anchor on this part of the line, it is physically decoupled from the main steam header and is therefore analyzed as a separate piping system.


As a part of the startup testing of the main steam lines, movement of the safety/relief valve discharge lines was monitored.


The safety/relief valve discharge piping is designed to limit valve outlet pressure to 40 percent of maximum valve inlet pressure with the valve wide open.  Water in the line more than a few feet above suppression pool water level would cause excessive pressure at the valve discharge when the valve is again opened.  For this reason, two vacuum relief valves are provided on each safety/relief valve discharge line to prevent drawing an excessive amount of water up into the line as a result of steam condensation following termination of relief operation.  


The safety/relief valves are located on the main steam line piping rather than on the reactor vessel top head, primarily to simplify the discharge piping to the pool and to avoid the necessity of having to remove sections of this piping when the reactor head is removed for refueling.  In addition, valves located on the steam lines are more accessible during a shutdown for valve maintenance.


The nuclear pressure relief system automatically depressurizes the nuclear system sufficiently to permit the RHR and LPCS systems to operate as a backup for the high pressure core spray (HPCS) system.  Further descriptions of the operation of the automatic depressurization feature are found in <Section 6.3> and <Section 7.3.1>.


5.2.2.4.2      Design Parameters


The specified operating transients for components within the RCPB are given in <Section 3.9>.  Refer to <Section 3.7> for discussion of the input criteria for design of Seismic Category I structures, systems and components.


The design requirements established to protect the principal components of the reactor coolant system against environmental effects are discussed in <Section 3.11>.


5.2.2.4.2.1      Safety/Relief Valve


The discharge area of the valve is 18.429 sq inches and the coefficient of discharge KD is equal to 0.873 (K = 0.9 KD).


The design pressure and temperature of the valve inlet and outlet are 1,375 psig at 585(F and 625 psig at 500(F, respectively.


The valves have been designed to achieve the maximum practical number of actuations consistent with state‑of‑the‑art technology.


5.2.2.5      Mounting of Pressure Relief Devices


The pressure relief devices are located on the main steam piping header.  The mounting consists of a special, contour nozzle and an over‑sized flange connection.  This provides a high integrity connection that withstands the thrust, bending and torsional loadings which the main steam pipe and relief valve discharge pipe are subjected to.  This includes:


a.
Thermal expansion effects of the connecting piping.


b.
Dynamic effects of the piping due to SSE.


c.
Reactions due to transient unbalanced wave forces exerted on the safety/relief valves during the first few seconds after the valve is opened and prior to the time steady‑state flow has been established; with steady‑state flow, the dynamic flow reaction forces will be self‑equilibrated by the valve discharge piping.


d.
Dynamic effects of the piping and branch connection due to the turbine stop valve closure.


In no case are allowable valve flange loads exceeded nor does the stress at any point in the piping exceed code allowables for any specified combination of loads.  The design criteria and analysis methods for considering loads due to SRV discharge are contained in <Section 3.9.3>.


5.2.2.6      Applicable Codes and Classification


The vessel overpressure protection system is designed to satisfy the requirements of Section III of the ASME Boiler and Pressure Vessel Code.  The general requirements of Section III of the code for protection against overpressure recognize that reactor vessel overpressure protection is one function of the reactor protective systems and allow the integration of pressure relief devices with the protective systems of the nuclear reactor.  Hence, credit is taken for the scram protective system as a complementary pressure protection device.  The NRC has also adopted the ASME codes as part of their requirements in <10 CFR 50.55a>.


5.2.2.7      Material Specification


Material specifications of pressure retaining components of safety/relief valves are reported in <Table 5.2‑5>.


5.2.2.8      Process Instrumentation


Overpressure protection process instrumentation is listed in Table 1 of <Figure 5.1‑3 (3)>.


5.2.2.9      System Reliability


The system is designed to satisfy the requirements of Section III of the ASME Boiler and Pressure Vessel Code.  Therefore, it has high reliability.  The consequences of failure are discussed in <Section 15.1.4> and <Section 15.6.1>.


5.2.2.10      Testing and Inspection


The safety/relief valves are tested at vendor’s shop in accordance with quality control procedures to detect defects and to prove operability prior to installation.  The following tests are conducted:


a.
Hydrostatic test at specified test conditions.


b.
Pneumatic seat leakage test at 90 percent of set pressure with maximum permitted leakage of 30 bubbles per minute emitting from a 0.250‑in. diameter hole submerged 1/2 inch below a water surface or an equivalent test using an approved test medium.


c.
Set pressure test:  valve pressurized with saturated steam, with the pressure rising to the valve set pressure.  Valve must open at nameplate set pressure (3 percent.  As left, tolerance is (1 percent of set pressure.


d.
Response time test:  each safety/relief valve tested to demonstrate acceptable response time.


The valves are installed as received from the factory.  The GE equipment specification requires certification from the valve manufacturer that design and performance requirements have been met.  This includes capacity and blowdown requirements.  The setpoints are adjusted, verified, and indicated on the valves by the vendor.  Specified manual actuation relief mode of each safety/relief valve is verified during the startup test program.


A minimum of 20 percent of the installed valves shall be removed for testing every refueling outage, with the maximum number of years for the testing of all valves not to exceed that specified in the PNPP ASME Code of record.  Removed valves shall be inspected and tested as follows:

a.
Set pressure test:  Verify set pressure of the removed valves during refueling outages.  Verify opening and closing times by using the pneumatic power actuator unless relief has been granted.  Verify that valve mainseat leakage is within acceptable limits.


b.
Inspection:  Inspect all external surfaces and parts; disassemble and inspect internal surfaces and parts for wear/damage/erosion.  Replace all damaged or worn parts and gaskets/seals as necessary due to inspections results.  Lubricate valves and relap valve seats if inspection or testing necessitates.  Retest all valves disassembled and make appropriate adjustments prior to use.


Valve operability is verified during the preoperational test program as discussed in <Chapter 14>.  See <Figure 5.2‑12> for a schematic cross section of the valve.


5.2.3      REACTOR COOLANT PRESSURE BOUNDARY MATERIALS


5.2.3.1      Material Specifications


<Table 5.2‑5> lists the principal pressure retaining materials and the appropriate material specifications for the reactor coolant pressure boundary components.


5.2.3.2      Compatibility with Reactor Coolant


5.2.3.2.1      PWR Reactor Coolant Chemistry


This section is not applicable to PNPP.


5.2.3.2.2      BWR Reactor Coolant Chemistry


Materials in the primary system are primarily austenitic stainless steel and Zircaloy cladding.  The reactor water chemistry limits are established to provide an environment favorable to these materials.  Limits are placed on conductivity and chloride concentrations.  Conductivity is limited because it can be continuously and reliably measured and gives an indication of abnormal conditions and the presence of undesired dissolved ionic species in the coolant.  Chloride limits are specified to prevent stress corrosion cracking of stainless steel (Reference 2).


Several investigations have shown that in neutral solutions some oxygen is required to cause stress corrosion cracking of stainless steel, while in the absence of oxygen no cracking occurs.  One such investigation is of the chloride‑oxygen relationship by Williams (Reference 3), where it is shown that at high chloride concentration little oxygen is required to cause stress corrosion cracking of stainless steel, and at high oxygen concentration little chloride is required to cause cracking.  These measurements were determined in a wetting and drying situation using alkaline‑phosphate treated boiler water and, therefore, are of limited significance to BWR conditions.  They are, however, a qualitative indication of trends.


The water quality requirements are further supported by General Electric stress corrosion test data summarized as follows:


a.
Type 304 stainless steel specimens were exposed in a flowing loop operating at 537(F.  The water contained 1.5 ppm chloride and 1.2 ppm oxygen at pH 7.  Test specimens were bent beam strips stressed over their yield strength.  After 2,100 hours exposure, no cracking or failures occurred.


b.
Welded Type‑304 stainless steel specimens were exposed in a refreshed autoclave operating at 550(F.  The water contained 0.5 ppm chloride and 1.5 ppm oxygen at pH 7.  Uniaxial tensile test specimens were stressed at 125 percent of their 550(F yield strength.  No cracking or failures occurred at 15,000 hours exposure.


When conductivity is in its normal range, pH, chloride and other impurities affecting conductivity will also be within their normal range.  When conductivity becomes abnormal, chloride measurements are made to determine whether or not they are also outside their normal operating values.  If the chloride content is within limits, the conductivity could be high due to the presence of a neutral salt which would not have an effect on pH or chloride.  In such a case, high conductivity alone is not a cause for shutdown.  In some types of water‑cooled reactors, conductivities are high because of the purposeful use of additives.  In BWRs where near neutral pH is maintained, conductivity provides a good and prompt measure of the quality of the reactor water.  Significant changes in conductivity provide the operator with a warning mechanism so he can investigate and remedy the condition before reactor water limits are reached.  Methods available to the operator for correcting the off‑standard condition include operation of the reactor water cleanup system, reducing the input of impurities, and placing the reactor in the cold shutdown condition.  The major benefit of cold shutdown is to reduce the temperature dependent corrosion rates and provide time for the cleanup system to reestablish the purity of the reactor coolant.


5.2.3.2.2.1      Summary of BWR Water Chemistry


The following is a summary and description of BWR water chemistry for various plant conditions:


a.
Normal Plant Operation:  The BWR system water chemistry is conveniently described by following the system cycle as shown on <Figure 5.2‑13>.  Reference to <Table 5.2‑6> has been made as numbered on the diagram and correspondingly in the table.



For normal operation starting with the condenser‑hotwell, condensate water is processed through a condensate treatment system.  This process consists of full flow filtration and full flow demineralization, resulting in effluent water quality represented in <Table 5.2‑6>.



The effluent from the condensate treatment system is pumped through the feedwater heater train, zinc injection occurs, and the feedwater enters the reactor vessel at an elevated temperature and with a chemical composition as shown in <Table 5.2‑6>.



During normal plant operation, boiling occurs in the reactor, decomposition of water takes place due to radiolysis, and oxygen and hydrogen gas is formed.  Due to steam generation, stripping of these gases from the water phase takes place and the gases are carried with the steam through the turbine to the condenser.  The oxygen level in the steam, resulting from this stripping process, is typically observed to be about 20 ppm <Table 5.2‑6>.  At the condenser, deaeration takes place and the gases are removed from the process by means of steam jet air ejectors (SJAEs).  The deaeration is completed to a level of approximately 20 ppb (0.02 ppm) of oxygen in the condensate.



The dynamic equilibrium in the reactor vessel water phase established by the steam‑gas stripping and the radiolytic formation (principally) rates, corresponds to a nominal value of approximately 200 ppb (0.2 ppm) of oxygen at rated operating conditions.  Slight variations around this value have been observed as a result of differences in neutron flux density, core flow and recirculation flow rate.



The above described chemistry is modified with the operation of the hydrogen water chemistry system.  Hydrogen is injected at the operating feedwater pump during normal plant operation.  The hydrogen, in conjunction with Zinc Injection and Noble Metals Chemical Addition (NMCA), combines with oxygen and oxides in the reactor water, lowering the Electrochemical Corrosion Potential (ECP) to below the –230mV Standard Hydrogen Electrode threshold to mitigate the potential and growth of Intergranular Stress Corrosion Cracking (IGSCC) of the stainless steel piping and reactor internal components.  Due to recombining of free hydrogen and oxygen, this injection also results in a substantial reduction of oxygen levels, thereby reducing a critical contributor to IGSCC.



A reactor water cleanup system is provided for removal of impurities resulting from fission products formed in the primary system.  The cleanup process consists of a combination of filtration and ion exchange, and serves to maintain a high level of water purity in the reactor coolant.



A zinc injection system is provided which injects zinc into the feedwater for reduction of radiation fields on piping within the primary system.  The presence of soluble zinc, in correctly controlled concentration ranges, reduces the amount of Co‑60 incorporated into the corrosion film of the piping.  Zinc is in the zinc oxide chemical form.  The zinc or oxygen contribution does not appreciably alter either the BWR water chemistry or the radiological inventory of the reactor coolant.



Chemical parametric values for the reactor water are listed in <Table 5.2‑6> for various plant conditions.



Additional water input to the reactor vessel originates from the Control Rod Drive (CRD) cooling water.  The CRD water is approximately feedwater quality.  Separate filtration for purification and removal of insoluble corrosion products takes place within the CRD system prior to entering the drive mechanisms and reactor vessel.



No other inputs of water or sources of oxygen are present during normal plant operation.  During plant conditions other than normal operation additional inputs and mechanisms are present as outlined in the following section.


b.
Plant Conditions Outside Normal Operation:  During periods of plant conditions other than normal power production, transients take place, particularly with regard to oxygen levels in the primary coolant.  Oxygen levels in the primary coolant will vary from the normal during plant startup, plant shutdown, hot standby, and when the reactor is vented and depressurized.  The hotwell condensate will absorb oxygen from the air when vacuum is broken on the condenser.  Prior to startup vacuum is established in the condenser and deaeration of the condensate takes place by means of mechanical vacuum pump and steam jet air ejector (SJAE) operation and condensate recirculation.  During these plant conditions, continuous input of control rod drive (CRD) cooling water takes place as described previously.



1.
Plant Depressurized and Reactor Vented




During certain periods such as refueling and maintenance outages, the reactor is vented to the condenser or atmosphere.  Under these circumstances the reactor cools and the oxygen concentration increases to a maximum value of 8 ppm.  Equilibrium between the atmosphere above the reactor water surface, the CRD cooling water input, any residual radiolytic effects, and the bulk reactor water will be established after some time.  No other changes in water chemistry of significance take place during this plant condition because no appreciable inputs take place.



2.
Plant Transient Conditions ‑ Plant Startup/Shutdown




During these conditions, no significant changes in water chemistry other than oxygen concentration take place.




(a)
Plant Startup





Depending on the duration of the plant shutdown prior to startup and whether the reactor has been vented, the oxygen concentration could be that of air saturated water, i.e., approximately 8 ppm oxygen.





Following nuclear heatup initiation, the oxygen level in the reactor water will decrease rapidly as a function of water temperature increase and by corresponding reduced oxygen solubility in water.  The oxygen level will reach a minimum of about 20 ppb (0.02 ppm) at a coolant temperature of about 380(F, at which point an increase will take place due to significant radiolytic oxygen generation.  For the elapsed process up to this point the oxygen is degassed from the water and is displaced to the steam dome above the water surface.





Further increase in power increases the oxygen generation as well as the temperature.  The solubility of oxygen in the reactor water at the prevailing temperature controls the oxygen level in the coolant until rated temperature (approximately 540(F) is reached.  Thus, a gradual increase from the minimum level of 20 ppb to a maximum value of about 200 ppb oxygen takes place.  From this point (540(F) steaming and the radiolytic process control the coolant oxygen concentration to a level of around 200 ppb.




(b)
Plant Shutdown



Upon plant shutdown following power operation, the radiolytic oxygen generation essentially ceases as the fission process is terminated.  Oxygen is no longer generated but due to residual energy some steaming still takes place; the oxygen concentration in the coolant will decrease to a minimum value determined by the steaming rate temperature.  If venting is performed, a gradual increase essentially to oxygen saturation at the coolant temperature will take place, reaching a maximum value of less than 8 ppm oxygen.




(c)
Oxygen in Piping and Parts Other Than the Reactor Vessel Proper





As can be concluded from the preceding descriptions, the maximum possible oxygen concentration in the reactor coolant and any other directly related or associated parts is that of air saturation at ambient temperature.  At no time or location, in the water phase, will oxygen levels exceed the nominal value of 8 ppm.  As temperature is increased and hence, oxygen solubility decreased accordingly, the oxygen concentration will be maintained at this maximum value, or reduced below it depending on available removal mechanisms (i.e., diffusion, steam stripping, flow transfer, or degassing).




Depending on the location, configuration, etc., such as dead legs or stagnant water, inventories may contain 8 ppm dissolved oxygen or some other value below this maximum limitation.




Conductivity of the reactor coolant is continuously monitored.  Conductivity instruments are connected to redundant sources:  the reactor water recirculation loop and the reactor water cleanup system inlet.  The effluent from the reactor water cleanup system is also monitored for conductivity on a continuous basis.  These measurements provide reasonable assurance for adequate surveillance of the reactor coolant.




Grab samples are provided, for the locations shown on <Table 5.2‑7>, for special and non‑continuous measurements such as pH, oxygen, chloride and radiochemical measurements.




The relationship of chloride concentration to specific conductance measured at 25(C for chloride compounds such as sodium chloride and hydrochloric acid can be calculated, as shown on <Figure 5.2‑14>.  Values for these compounds essentially bracket values of other common chloride salts or mixtures at the same chloride concentration.  Surveillance requirements are based on these relationships.




In addition to this program, limits, monitoring and sampling requirements are imposed on the condensate, condensate treatment system and feedwater by warranty requirements and specifications.  Thus, a total plant water quality surveillance program is established providing assurance that off specification conditions will quickly be detected and corrected.




The sampling frequency when reactor water has a low specific conductance is adequate for calibration and routine audit purposes.  When specific conductance increases, and higher chloride concentrations are possible, or when continuous conductivity monitoring is unavailable, increased sampling is provided.  (See Operational Requirements Manual 6.3.1.)




The primary coolant conductivity monitoring instrumentation, ranges, accuracy sensor and indicator locations are shown in <Table 5.2‑7>.  The sampling is coordinated in a reactor sample station especially designed with constant temperature control and sample conditioning and flow control equipment.



3.
Water Purity During a Condenser Leak




The condensate cleanup system is designed to maintain the reactor water chloride concentration below 200 ppb during a condenser tube leak of 50 gallons per minute for one hour.



<Regulatory Guide 1.56> describes an acceptable method of implementing GDC 13, 14, 15, and 31 of <10 CFR 50, Appendix A> with regard to minimizing the probability of corrosion‑induced failure of the RCPB in BWRs.  This is done by maintaining acceptable purity levels in the reactor coolant, and acceptable instrumentation to determine the condition of the reactor coolant.



At PNPP, to protect against the effects of a major condenser tube leak, the six deep‑bed demineralizers can be utilized to provide full flow polishing capability.  Each vessel is equipped with two inline conductivity cells.  One conductivity cell measures the water quality effluent and the other, located at 93 percent of bed depth, is set to alarm at or below 0.10 (mho/cm, indicating that the resin is near exhaustion and the demineralizer should be removed from service and the resin replaced.  The in‑bed conductivity cells are placed at a 93% bed depth to ensure adequate reserve ion exchange capacity is always maintained in the event of a condenser tube leak of system design magnitude.  This ensures sufficient ion exchange capacity is available to conduct leak isolations or an orderly reactor shutdown, if necessary.  The water quality limits for the condensate system meet or exceed the requirements of <Regulatory Guide 1.56>, Revision 1.



Total capacity of anion and cation demineralizer resins will be measured prior to addition to the vessel.  Since the demineralizer beds are not equipped with sample taps, and to keep person‑rem exposures ALARA, sampling and testing of inservice resins is not performed.  Bed capacity assessment and replacement frequency are based on the inline conductivity measurements.  Resins are replaced in accordance with the manufacturer’s recommendations.



Based on the above design features, particularly the inline conductivity measurements, the deep‑bed demineralizer system provides adequate capacity for ionic impurity removal in the event of condenser leakage.



Corrective action for bed replacement is taken at or below 0.10 (mho/cm.  This is 50 percent of the limit in <Regulatory Guide 1.56>, Revision 1.  



As previously mentioned, the materials in the primary system are primarily austenitic stainless steel and Zircaloy cladding.  The reactor water chemistry limits have been established to provide an environment favorable to these materials.  Design Engineering and Operational Requirements Manual limits are placed on conductivity and chloride concentrations.  Operationally, the conductivity is limited because it can be continuously and reliably measured and gives an indication of abnormal conditions and the presence of unusual materials in the coolant.  Chloride limits are specified to prevent stress corrosion cracking of stainless steel.


5.2.3.2.3      Compatibility of Construction Materials with Reactor Coolant


The materials of construction exposed to the reactor coolant consist of the following:


a.
Solution annealed austenitic stainless steels (both wrought and cast) Types 304, 304L, 316, 316L, and 347 modified.


b.
Nickel base alloys ‑ Inconel 600 and Inconel 750X.


c.
Carbon steel and low alloy steel.


d.
Some 400 series martensitic stainless steel (all tempered at a minimum of 1,100(F).


e.
Colmonoy, Stellite, and NOREM hardfacing material.


f.
The compatible weld metals for joining items (a) through (d) above.


All of these materials of construction are resistant to stress corrosion in the BWR coolant except for Inconel 182 weld metal and welds in Type 304 material which were not solution annealed.  Inconel 182 weld metal buttering is located at the RPV nozzle to safe‑end connection of the reactor recirculation, feedwater, low pressure core spray, high pressure core spray, residual heat removal, and jet pump instrumentation systems.  The weld overlay installed on the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB used Alloy 52.  This material, if ever exposed to reactor coolant, is compatible and highly resistant to stress corrosion. 


Non‑solution annealed welds in Type 304 materials are located at the jet pump instrumentation nozzle safe‑end to penetration seal connections.  These welds have been stress improved with the Mechanical Stress 


Improvement Process (MSIP) as discussed in <Section 5.3.3.1.4.5> to mitigate intergranular stress‑corrosion cracking (IGSCC).  General corrosion on all materials, except carbon and low alloy steel, is negligible.  Conservative corrosion allowances are provided for all exposed surfaces of carbon and low alloy steels.


Contaminants in the reactor coolant are controlled to very low limits by the reactor water quality specifications.  No detrimental effects will occur on any of the materials from allowable contaminant levels in the high purity reactor coolant.  Expected radiolytic products in the BWR coolant have no adverse effects on the construction materials.


5.2.3.2.4

Compatibility of Construction Materials with External Insulation and Reactor Coolant


Metallic and nonmetallic insulation materials are discussed in <Section 6.1.1>, <Section 6.2.1>, and <Section 6.2.2>.


5.2.3.3      Fabrication and Processing of Ferritic Materials


5.2.3.3.1      Fracture Toughness


5.2.3.3.1.1      Compliance with Code Requirements


a.
The ferritic materials used for piping, pumps and valves of the reactor coolant pressure boundary are 2‑1/2 inches or less in thickness.  Impact testing is performed in accordance with NB‑2322 for thicknesses of 2‑1/2 inches or less.


b.
Materials for bolting with nominal diameters exceeding one inch are required to meet both the 25 mils lateral expansion specified in NB‑2333 and the 45 ft‑lb Charpy V value specified in <10 CFR 50, Appendix G>.


c.
The reactor vessel complies with the requirements of NB‑2331.  The reference temperature, RTNDT, will be established for all required pressure retaining materials used in the construction of Class I vessels.  This includes plates, forgings, weld material, and heat affected zone.  The RTNDT differs from the nil‑ductility temperature, NDT, in that in addition to passing the drop weight test, three Charpy‑V‑Notch specimens (traverse) must exhibit 50 ft‑lbs absorbed energy and 35 mil lateral expansion at 60(F above the RTNDT.  The core beltline material must meet 75 ft‑lbs absorbed upper shelf energy.


5.2.3.3.2      Control of Welding


5.2.3.3.2.1

Control of Preheat Temperature Employed for Welding of Low Alloy Steel


<Regulatory Guide 1.50> delineates preheat temperature control requirements and welding requirements procedure qualifications supplementing those in ASME Code Sections III and IX.


The use of low alloy steel is restricted to the reactor pressure vessel.  Other ferritic components in the reactor coolant pressure boundary are fabricated from carbon steel materials.


Preheat temperatures employed for welding of low alloy steel meet or exceed the recommendations of ASME Code Section III, Subsection NA.  Components were either held for an extended time at preheat temperature to assure removal of hydrogen, or preheat was maintained until post‑weld heat treatment.  The minimum preheat and maximum interpass temperatures were specified and monitored.


All welds were nondestructively examined by radiographic methods.  In addition, a supplemental ultrasonic examination was performed.


5.2.3.3.2.2      Control of Electroslag Weld Properties


No electroslag welding was performed on BWR components, therefore, <Regulatory Guide 1.34> is not applicable.


5.2.3.3.2.3      Welder Qualification for Areas of Limited Accessibility


<Regulatory Guide 1.71> recommends that weld fabrication and repair for wrought low alloy and high alloy steels or other materials such as static and centrifugal castings and bimetallic joints should comply with fabrication requirements of Section III and Section IX of the ASME Boiler and Pressure Vessel Code.  It also recommends additional performance qualifications for welding in areas of limited access.


All ASME Code Section III welds were fabricated in accordance with the requirements of Sections III and IX of the ASME Boiler and Pressure Vessel Code.  There are few restrictive welds involved in the fabrication of BWR components.  Welder qualification for welds with the most restrictive access was accomplished by mockup welding.  Mockups were examined with radiography or sectioning.


5.2.3.3.3      Nondestructive Examination of Ferritic Tubular Products


Wrought tubular products were supplied in accordance with applicable ASTM/ASME material specifications.  Additionally, the specification for the tubular product used for CRD housings specified ultrasonic examination to paragraph NB‑2550 of ASME Code Section III.


These RCPB components met the requirements of ASME codes existing at time of placement of order which predated <Regulatory Guide 1.66>.  At the time of the placement of the orders, <10 CFR 50, Appendix B> requirements and the ASME code requirements ensured adequate control of quality for the products.


<Regulatory Guide 1.66> was withdrawn on September 28, 1977, by the NRC because the additional requirements imposed by the guide were satisfied by the ASME code.


5.2.3.3.4

Moisture Control for Low Hydrogen, Covered Arc‑Welding Electrodes


All low hydrogen covered welding electrodes are stored in controlled storage areas, and only authorized persons are permitted to release and distribute electrodes.  Electrodes are received in hermetically sealed canisters.  After removal from the sealed containers, electrodes which are not immediately used are placed in storage ovens which are maintained at about 250(F (generally 200(F minimum).


Electrodes are distributed from sealed containers or ovens as required.  At the end of each work shift, unused electrodes are returned to the storage ovens.  Electrodes which are damaged, wet or contaminated are discarded.  If any electrodes are inadvertently left out of the ovens for more than one shift, they are discarded.


5.2.3.4      Fabrication and Processing of Austenitic Stainless Steels


5.2.3.4.1      Avoidance of Stress Corrosion Cracking


5.2.3.4.1.1      Avoidance of Significant Sensitization


The purpose of <Regulatory Guide 1.44> is to address <10 CFR 50, Appendix A>, GDC 1 and 4, and <10 CFR 50, Appendix B> requirements to control “the application and processing of stainless steel to avoid severe sensitization that could lead to stress corrosion cracking.”  The guide proposes that this should be done by limiting sensitization due to welding as measured by ASTM A262 Practice A and E, or another method that can be demonstrated to show nonsensitization in austenitic stainless steel.


All austenitic stainless steel was purchased in the solution heat treated condition in accordance with applicable ASME and ASTM specifications.


Wrought stainless steel primary pressure boundary piping was fabricated using Type 304 material.  To avoid sensitization which could result from welding of the Type 304 stainless steel wherever practical, the piping was solution heat treated after welding.  All welded areas which could not be solution heat treated were protected by applying high ferrite (5 percent minimum ferrite) Type 308L weld overlay prior to the welding operation.


These methods of providing protection against stress corrosion cracking comply with the requirements of <NUREG‑0313>, “Technical Report on Material Selection and Processing Guidelines for BWR Coolant Pressure Boundary Piping,” July 1977.  There is no nonconforming stainless steel piping on the primary pressure boundary.


All weld filler metal and castings were required by specification to have a minimum of 5 percent ferrite.


Whenever any wrought austenitic stainless steel was heated to temperatures over 800(F, by means other than welding or thermal cutting, the material was re‑solution heat treated.


These controls were used to avoid severe sensitization and to comply with the intent of <Regulatory Guide 1.44>.


5.2.3.4.1.2      Process Controls to Minimize Exposure to Contaminants


Exposure to contaminants capable of causing stress corrosion cracking of austenitic stainless steel components was avoided by carefully controlling all cleaning and processing materials which contact the stainless steel during manufacture and construction.


Special care was exercised to ensure removal of surface contaminants prior to any heating operations.  Water quality for cleaning, rinsing, flushing, and testing was controlled and monitored.  Suitable packaging and protection was provided for components to maintain cleanliness during shipping and storage.


The degree of surface cleanliness obtained by these procedures follows the recommendations of <Regulatory Guide 1.44>.


5.2.3.4.1.3      Cold Worked Austenitic Stainless Steels


Austenitic stainless steels with a yield strength greater than 90,000 psi are not used.


5.2.3.4.2      Control of Welding


5.2.3.4.2.1      Avoidance of Hot Cracking


<Regulatory Guide 1.31> describes an acceptable method of implementing requirements with regard to the control of welding when fabricating and joining austenitic stainless steel components and systems.


Written welding procedures which are approved by General Electric are required for all primary pressure boundary welds.  These procedures comply with the requirements of Sections III and IX of the ASME Boiler and Pressure Vessel Code and applicable NRC regulatory guides.


All austenitic stainless steel weld filler materials were required by specification to have a minimum of 5 percent ferrite.  Prediction of ferrite content was made by using the chemical composition in conjunction with the Schaeffler diagram.  The use of the 5 percent minimum limit for ferrite content determined by the Schaeffler diagram has been shown to be adequate to prevent hot cracking in austenitic 


stainless steel welds.  An extensive test program performed by General Electric Company, with the concurrence of the regulatory staff, demonstrated that controlling weld filler metal ferrite at 5 percent minimum (by Schaeffler diagram) resulted in production welds which met the requirements of <Regulatory Guide 1.31> “Control of Stainless Steel Welding.”   A total of approximately 400 production welds in five BWR plants were measured and all welds met the requirements of Branch Technical Position MTEB No. 5‑1 “Interim Regulatory Position of <Regulatory Guide 1.31>, Control of Stainless Steel Welding.”


5.2.3.4.2.2      Electroslag Welds


Electroslag welding was not employed for reactor coolant pressure boundary components, therefore <Regulatory Guide 1.34> is not applicable.


5.2.3.4.2.3      Welder Qualification for Areas of Limited Accessibility


Qualification for areas of limited accessibility, as recommended in <Regulatory Guide 1.71>, is discussed in <Section 5.2.3.3.2.3>.


5.2.3.4.3      Nondestructive Examination of Tubular Products


For discussion of compliance with <Regulatory Guide 1.66> see <Section 5.2.3.3.3>.


5.2.4      INSERVICE EXAMINATION AND PRESSURE TESTING OF REACTOR COOLANT PRESSURE BOUNDARY


All components in Quality Group A will be examined in accordance with Section XI of the ASME Code.  The edition and addenda will be in accordance with <10 CFR 50.55a> as indicated in the Inservice Examination Program.


The Inservice Examination Program will cover Class 1 systems and components as described in ASME Code Section XI.  Exceptions for those portions of systems that cannot be examined to fully meet the requirements of ASME Code Section XI, if any, will be fully identified and the reasons for the exceptions given in the program.  The program will also define a schedule for examinations.


The design and arrangements of Class 1 system components will provide adequate clearances to conduct the required examinations at the code‑required inspection interval.


The Inservice Examination Program will describe the scope of the examinations and include isometric drawings and component sketches.  The drawings will show weld locations in the various piping systems and on components.  Boundary diagrams and classification tables will be incorporated into the program to delineate systems boundaries.  The program will specify the type of examinations to be performed and the total extent of the examination coverage for each system and component.


Detailed procedures for volumetric (ultrasonic), surface penetrant and visual examinations are used in support of the program.  Accompanying drawings will include diagrams of calibration blocks and unique designations for each block to be used in the examination procedure.


An inspection schedule for Class 1 system components are developed in accordance with the guidance of ASME Code Section XI, Subarticle IWB‑2400.


The inservice examination categories and requirements for Class 1 components are in agreement with ASME Code Section XI, Subarticle IWB‑2500.


The evaluation of Class 1 component examination results complies with the requirements of Article IWB‑3000 of ASME Code Section XI.  The repair procedures for Class 1 components will comply with the requirements of Article IWB‑4000 of ASME Code Section XI.


The program for Class 1 system pressure testing will comply with the criteria of ASME Code Section XI, Article IWB‑5000.


5.2.4.1      System Boundary Subject to Examination


The reactor pressure vessel, system piping, pumps, valves, and components within the reactor coolant pressure boundary defined as quality Group A (ASME Code Section III Class 1) were designed and fabricated to permit full compliance with ASME Code Section XI.  All components in Quality Group A were examined in accordance with the Summer 1978 Addenda of Section XI of the ASME Code for preservice examination.  The preservice examination was performed in accordance with <10 CFR 50.55a(g)(3)>. Inservice examinations will be performed in accordance with <10 CFR 50.55a(g)(4)>.  Access is provided for volumetric examination of pressure retaining welds from the external surface.  The examination procedures have been considered in the design of components, weld joint configurations and system arrangements to assure inspectability.  Periodic design reviews and onsite audits are made throughout the design and erection phases to insure that these objectives are being met.


The Inservice Examination Program covers Class 1 systems and components as described in ASME Code Section XI.  Exceptions for those portions of systems that cannot be examined to fully meet the requirements of ASME Code Section XI, if any, are fully identified and the reasons for the exceptions given in the program.  The program also defines a schedule for examinations.


The ASME Code Class 1 components (including supports and pressure retaining bolting) subject to inspection according to the method specified in Table IWB‑2500‑1 of ASME Code Section XI include the reactor pressure vessel and piping, pumps and valves within the following systems.  Where the system penetrates primary containment the areas of examination on Class 1 components as defined in Table IWB‑2500 will be extended up to and including the first isolation valve outside containment.


a.
Reactor pressure vessel


b.
Main steam


c.
Reactor feedwater


d.
Reactor recirculation


e.
Control rod drive


f.
Residual heat removal system


g.
Core spray


h.
Reactor core isolation cooling system


i.
Standby liquid control/core (P


j.
Reactor water cleanup


k.
Reactor drain


The Inservice Examination Program describes the scope of the examinations and includes isometric drawings and component sketches.  The drawings show weld locations in the various piping systems and on components.  Boundary diagrams and classification tables are incorporated into the program to delineate systems boundaries.  The program specifies the type of examinations to be performed and the total extent of the examination coverage for each system and component.


5.2.4.2

Provisions for Access to the Reactor Coolant Pressure Boundary

The design and arrangements of Class 1 system components provide adequate clearances to conduct the required examinations at the code‑required inspection interval.


5.2.4.2.1      Reactor Pressure Vessel


Access for examination of the reactor pressure vessel has been provided through provisions incorporated into the design of the vessel, shield wall and vessel insulation as follows:


a.
The shield wall and vessel insulation behind the shield wall are spaced away from the RPV outside surface.  Access ports are located at each reactor pressure vessel nozzle and at the base of the shield wall.  The shield wall openings at each nozzle in conjunction with removable insulation panels at each opening provide access for examination of nozzle‑to‑vessel and nozzle‑to‑piping welds using either manual or automated ultrasonic examination techniques.  The annular space between the reactor vessel outside surface and insulation inside surface permits insertion of remotely operated ultrasonic devices for examination of vessel longitudinal and circumferential welds.  Access for insertion of the automated devices is provided through the ports at the base of the shield wall or through removable insulation panels at the top of the shield wall.


b.
Access to the reactor pressure vessel circumferential, longitudinal and nozzle‑to‑vessel welds above the shield wall is provided through use of removable insulation panels.  Either manual or automated examination methods may be employed.


c.
The vessel flange area and vessel closure head can be examined during normal refueling using manual ultrasonic methods.  The examination of the flange‑to‑vessel weld can be performed manually from the flange seal surface.


d.
The closure head is dry stored during refueling.  Removable insulation permits manual examination of all welds on the vessel head from the outside surface.  The nuts and washers are dry stored during refueling and may be examined at that time.  All reactor pressure vessel studs are accessible for required examinations during refueling either in place or when removed.


e.
Openings in the RPV support skirt provide access for manual or automated ultrasonic methods for examination of the accessible meridianal and circumferential welds within the support skirt.


f.
With the closure head removed, access is provided to the upper interior portion of the vessel by removal of the steam dryer and steam separator assemblies.  RPV internals can be visually examined by underwater TV systems.  Items to be examined include, but are not limited to, core spray spargers, feed water nozzle internals and the top guide.


5.2.4.2.2      Pipe, Pumps and Valves


5.2.4.2.2.1      Arrangements


Physical arrangement of pipe, pumps and valves provide personnel access to each weld location.  Working platforms are provided at areas to facilitate servicing of pumps and valves.  Temporary platforms, scaffolding and ladders will be provided to gain access to piping welds including the pipe‑to‑reactor vessel nozzle welds.  Removable thermal insulation is provided on welds and components which require frequent access for examination or are located in high radiation areas.


5.2.4.2.2.2      Accessibility for Ultrasonic Examination


Welds are located to permit ultrasonic examination from at least one side but where component geometries permit, access from both sides is provided.  Consideration was given to weld joint configurations and surfaces during fabrication to permit thorough ultrasonic examinations.


5.2.4.3      Examination Techniques and Procedures


Detailed procedures for volumetric (ultrasonic), surface penetrant and visual examinations have been prepared.  Accompanying drawings include diagrams of calibration blocks and unique designations for each block used in the examination procedure.


5.2.4.3.1      Equipment for Inservice Inspection


Manual ultrasonic examination is provided for the preoperational examination and the subsequent inservice examination of the welds in the reactor pressure vessel top and bottom heads including flange‑to‑vessel weld.  Remote ultrasonic scanning, where practical, is used to examine the circumferential, longitudinal, nozzle‑to‑vessel, and nozzle to safe end welds on the balance of the vessel.  As techniques and equipment are 


developed and improved, it may become beneficial (either due to reduced examination time or radiation exposure) to adopt remotely operated examination equipment to other areas of the reactor pressure vessel.


Remote ultrasonic scanning equipment, if employed for examination of nozzle‑to‑vessel welds, can be supported and guided from the nozzle or the pipe extending to the nozzle.  The equipment provides radial and circumferential motion to the ultrasonic transducer while rotating about the nozzle.  Attachment of the equipment can be accomplished through the access openings provided at each nozzle location or, if interfering conditions exist, from the top of the shield wall.


Surface examinations using manual methods are planned; however, should mechanized surface techniques become developed it may be beneficial to adopt such techniques.


Remote visual examination techniques where utilized provide resolution capabilities at least equivalent to that obtained by direct visual observations.


5.2.4.3.2

Coordination of Inspection Equipment with Access Provisions


Development of remotely controlled inspection equipment is followed closely to assure that inservice inspection access provisions are adequate to permit their use.


5.2.4.3.3      Recording and Comparing Data


Manual data recording is performed where manual examinations are performed.  Electronic data recording and comparison analysis are employed with automated examination equipment.  Each ultrasonic transducer is fed into an individual channel from which the key 


parameter of the reflectors is recorded.  The data to be recorded for both manual and automated methods are:


a.
Location


b.
Maximum signal amplitude


c.
Depth below the scanning surface


d.
Length of reflector


The data is compared with data from subsequent examinations to determine the behavior of the reflector.


5.2.4.4      Inspection Intervals


The inspection intervals throughout the service lifetime are in accordance with Subarticle IWB‑2400 of ASME Code Section XI.  Inservice inspection may be performed during normal plant outages such as during normal refueling shutdown and/or maintenance shutdown occurring during the inspection interval.  An inspection schedule for Class 1 system components is developed in accordance with the guidance of ASME Code Section XI, Subarticle IWB‑2400.


5.2.4.5      Inservice Examination Program Categories and Requirements


The inservice examination categories and requirements for Class 1 components are in agreement with ASME Code Section XI, Subarticle IWB‑2500.


Examination categories and requirements are defined in Technical Specifications, Operational Requirements Manual, and Table IWB‑2500‑1 of ASME Code Section XI.


5.2.4.6      Evaluation of Examination Results and Repair Procedures


The evaluation of Class 1 component examination results complies with the requirements of Article IWB‑3000 of ASME Code Section XI.  The repair procedures for Class 1 components comply with the requirements of Article IWB‑4000 of ASME Code Section XI.


5.2.4.7      System Leakage and Hydrostatic Pressure Tests


The program for periodic Class 1 system pressure testing complies with the criteria of ASME Code Section XI, Article IWB‑5000.  The program for repair/replacement system leakage or system hydrostatic tests complies with the criteria of ASME Code Section XI, Article IWA‑4540.  Visual examinations for evidence of leakage are performed during these tests.  Insulation and components need not be removed during the tests.


5.2.4.8      Preservice Inspection Commitment


Prior to the inservice inspection of the plant, the Preservice Program Plan was prepared and applied to all Class 1 systems and components in accordance with the Summer 1978 Addenda to Section XI of the ASME Code with the extent of examination for Examination Category B‑J determined by Summer of 1975.  The Preservice Inspection Program included the plan, described the scope of the examinations and included isometric drawings and component sketches.


5.2.4.9      Augmented Inservice Inspection for High Energy Piping Systems in Containment Penetration Break Exclusion Regions


An augmented Inservice Examination Program for high energy piping in containment penetration break exclusion regions <Section 3.6.2.1.7> is included in the Inservice Examination Program. 


In this region, examination of 100% of the accessible circumferential and longitudinal pipe welds, or a number of these piping welds as determined using the Risk‑Informed process outlined in EPRI Topical Report 1006937, will be performed during each inspection interval.  Additionally, examination of the accessible welds attaching penetration head fittings to main steam and feedwater process piping will be performed during each inspection interval.


5.2.5

DETECTION OF LEAKAGE THROUGH REACTOR COOLANT PRESSURE BOUNDARY


5.2.5.1      Leakage Detection Methods


The nuclear boiler leak detection system consists of temperature, pressure, flow, airborne gaseous and particulate fission product sensors, and process radiation sensors with associated instrumentation used to indicate leakage from the reactor coolant pressure boundary and, in certain cases, to provide alarms or to initiate signals used for automatic closure of isolation valves to shut off leakage external to the primary containment.  The system is designed to be in conformance with NRC <Regulatory Guide 1.45> and reference IEEE Standard 279.


Abnormal leakage from the following systems within the primary containment and within selected areas of the plant outside the primary containment is detected, indicated, and in certain cases alarmed or isolated:


a.
Main steam lines.


b.
Reactor Water Cleanup (RWCU) System.


c.
Residual Heat Removal (RHR) System.


d.
Reactor Core Isolation Cooling (RCIC) System.


e.
Feedwater System.


f.
High Pressure Core Spray (HPCS).


g.
Coolant Systems within the primary containment.


h.
Low Pressure Core Spray (LPCS).


i.
Reactor pressure vessel.


j.
Miscellaneous systems.


Leak detection methods used to obtain conformance with <Regulatory Guide 1.45> differ for plant areas inside the drywell as compared to these areas located outside the drywell.  These areas are considered separately.


5.2.5.1.1      Detection of Leakage within the Drywell


The detection methods for small unidentified leaks within the drywell include monitoring of floor drain sump inleakage, upper cooler condensate flow rate, and airborne gaseous and particulate radioactivity.  The sensitivity of the floor drain sump level and upper cooler condensate flow rate monitors for unidentified leakage within the drywell is 1 gpm within 1 hour.  These variables are continuously indicated and/or recorded in the control room.  If the unidentified leakage increases to a total of 5 gpm, floor drain sump level and upper cooler condensate flow rate instruments will trip and activate an alarm in the control room.  No isolation trip will occur.  Fixed‑measurement‑interval methods are also available, which can provide indication of floor drain sump inleakage.  If airborne particulate or gaseous radioactivity levels increase to their monitor alarm setpoints, an alarm will be activated in the control room.


The additional detection methods, of drywell atmosphere pressure and temperature are used to detect gross unidentified leakage.  High drywell pressure will alarm and trip the isolation logic which will result in closure of the containment isolation valves.


The detection of small identified leakage within the drywell is accomplished by monitoring of drywell equipment drain sump level inflow rate (gpm).  The detection channel will activate an alarm in the control room when the total leak rate reaches 25 gpm.  This measurement has a sensitivity for detection of leakage increases of 1 gpm over normal background leakage.


The determination of the source of identified leakage within the drywell is accomplished by monitoring the drain lines to the drywell equipment drain sumps from various potential leakage sources.  These include upper containment pool seal drain flow, reactor recirculation pump seal drain flow, valve stem leakoff drain line temperatures, and reactor vessel head seal drain line pressure.  Additionally, temperature is monitored in the safety/relief valve discharge lines to the suppression pool to detect leakage through each of the safety/relief valves.  All of these monitors, except the reactor recirculation seal drain flow monitor, continuously indicate and/or record in the control room.  All of these monitors will trip and activate an alarm in the control room on detection of leakage from monitored components.


Any possible leakage from the reactor vessel head flange is retained in the flange drain line to prevent the leaking steam from scoring the head surface.  A pressure transmitter provides an alarm in the control room on high pressure in this line.


Each line that is used to route valve packing leakage to the drain sump is equipped with a temperature transmitter which provides an alarm in the control room on high temperature in the line.  Leakage of such a


magnitude that it was not being condensed would be indicated by this high temperature alarm.  A manually operated solenoid valve provided in each line can then be closed by the operator to isolate the line.


In addition, the drains of the upper two coolers of the drywell air cooling system are equipped with a common flow transmitter which provides an alarm in the control room on high condensate drain flow.  High drain flow is indicative of possible reactor coolant pressure boundary leakage.


To minimize the potential for drain system blockage, drywell floor and equipment drain sumps are monitored continuously for level or rate to indicate normal sump operation.  Also, pressure switches located downstream of sump pumps, trip the pumps on high discharge pressure (line blockage).  An inspection of the drywell and the drain sump areas will be performed prior to closing out the drywell after maintenance.


Excessive leakage inside the drywell (e.g., process line break or loss‑of‑coolant accident within primary containment) is detected by high drywell pressure, low reactor water level or steam line flow (for breaks downstream of the flow elements).  The instrumentation channels for these variables will trip when the monitored variable exceeds a predetermined limit to activate an alarm and trip the isolation logic which will close appropriate isolation valves <Table 5.2‑8>.


The alarms, indication and isolation trip functions initiated by the leak detection systems are summarized in <Table 5.2‑8> and <Table 5.2‑9>.


5.2.5.1.2      Detection of Leakage External to the Drywell (Within Reactor Building)


The detection of leakage within the reactor building but outside the drywell is accomplished by detection of increases in reactor building floor drain sump and reactor building equipment drain sump fillup time and pumpout time.  The reactor building floor drain sump monitors detect unidentified leakage increases with a sensitivity of 50 percent of normal background and activate an alarm in the control room when total leakage reaches 5 gpm.  The reactor building equipment drain sump monitors detect identified leakage increase with a sensitivity of 50 percent normal background leakage and activate an alarm in the control room when total leakage reaches 25 gpm.


The determination of the source of identified leakage to the reactor building equipment drain sump is accomplished by monitoring flow in the upper containment pool liner drain lines.  High flow in a drain line activates an alarm in the control room.


5.2.5.1.3      Detection of Leakage External to Reactor Building


The areas outside the reactor building which are monitored for primary coolant leakage are:  equipment areas in the auxiliary building, the main steam tunnel and the turbine building.  The process piping for each system to be monitored for leakage is located in compartments or rooms separate from other systems where feasible so that leakage may be detected by area temperature indications.  Each leakage detection system will detect leak rates that are less than the established leakage limits.


a.
The main steam tunnel is monitored by dual element thermocouples for sensing high ambient temperature in the areas and high differential temperature between the inlet and outlet ventilation ducts which service the individual areas.  The temperature elements 



are located or shielded so that they are sensitive to air temperatures only and not radiated heat from hot piping or equipment. Increases in ambient and/or differential temperature will indicate leakage of reactor coolant into the area.  These monitors have sensitivities suitable for detection of reactor coolant leakage into the monitored areas.  The temperature trip setpoints are a function of room size and the type of ventilation provided.  These monitors provide alarm and indication and recording in the control room and will trip the isolation logic to close selected isolation valves.


b.
Leakage detection in the turbine building is accomplished by the use of thermocouples for sensing high ambient temperature in the MSL areas.  These monitors also alarm and indicate in the control room and trip the isolation logic to close the main steam line isolation and MSL drain isolation valves before leakage exceeds 280 gpm (32.9 lbm/sec).


c.
Leakage detection in each ECCS system compartment is accomplished by monitoring increases in floor drain sump level.  These monitors also alarm in the control room.


d.
Excess leakage external to the containment (e.g., process line break outside containment) is detected by low reactor water level, high process line flow, high ambient and differential temperature in the piping or equipment areas, high differential flow and low main condenser vacuum.  These monitors provide alarm and indication in the control room and trip the isolation logic to cause closure of appropriate system isolation valves on indication of excess leakage <Table 5.2‑8>.  Differential temperature provides alarm and indication only.

5.2.5.1.4      Intersystem Leakage Monitoring


Radiation monitors are used to detect reactor coolant leakage into cooling water systems supplying the RHR heat exchangers and the reactor water cleanup system (RWCS) heat exchangers.  These monitoring channels are part of the process radiation monitoring system.  Coolant leakage into the cooling water systems of the RHR systems is monitored using two channels:  one for monitoring downstream of equipment in the emergency service water system Loop A and the other for Loop B.  Coolant leakage into the cooling water systems supplying the RWCS heat exchangers is monitored by one channel in the nuclear closed cooling water system.  Each channel will alarm on high radiation conditions indicating process leakage into the cooling water.  No isolation trip functions are performed by this monitor.


5.2.5.2      Leakage Detection Instrumentation and Monitoring


5.2.5.2.1      Leak Detection Instrumentation and Monitoring Inside Drywell


Leak detection instrumentation and monitoring inside drywell is as follows:


a.
Floor Drain Sump Measurement



The normal design leakage collected in the floor drain sump includes unidentified leakage from the control rod drives, valve flange leakage, component cooling water, air cooler drains, and any leakage not connected to the equipment drain sump.  The floor drain sump instrumentation monitors and records sump level in terms of flow rate (gpm).  Abnormal leakage rates are alarmed in the main control room.  Collection in excess of background leakage would indicate an increase in reactor coolant leakage from an unidentified source.



Two fixed‑measurement interval methods exist for determining unidentified drywell leakage rates.  First, the leakage rate can be calculated using the change in the drywell floor drain sump level as indicated in the control room.  By monitoring the level change over a period of time, the leakage rate can be calculated.



The second fixed‑measurement method involves monitoring the drywell floor sump drain pump run time.  By determining pump run time over a given period, the leakage rate can be determined if the pump rate is known or can be conservatively estimated.


b.
Equipment Drain Sump



The equipment drain sump collects only identified leakage.  This sump receives piped drainage from pump seal leakoff, reactor vessel head flange vent drain, and valve stem packing leakoff.  Collection in excess of background leakage would indicate an increase in reactor coolant from an identified source.  The equipment drain sump instrumentation is similar to that of the floor drain sump and, in addition, monitors sump drain pump fillup time and pumpout time.


c.
Cooler Condensate Drain



Condensate from the upper two drywell coolers is routed to the floor drain sump and is monitored by use of a flow transmitter which measures flow in the condensate drain line and sends signals for indication and alarm instrumentation in the control room.  An adjustable alarm is set to annunciate on the condensate high flow rate at a level exceeding normal flow rate conditions.


d.
Temperature Measurement



The ambient temperature within the drywell is monitored by six single element RTD’S located equally spaced in the vertical direction within the drywell.  An abnormal increase in drywell temperature could indicate a leak within the drywell.  In addition, the drywell exit end of the containment penetration guard pipe for the main steam line is also monitored for abnormal temperature rise caused by leakage from the main steam line.  Ambient temperatures within the drywell are recorded and high average temperatures are alarmed on the leakage detection and isolation system (LD&IS) control room panel.


e.
Fission Product Monitoring



This drywell air sampling system is used along with the temperature, pressure, and flow variation method described above to detect leaks in the nuclear system process barrier.  The system continuously monitors the drywell and drywell atmosphere for airborne radioactivity (iodine, noble gases and particulates).  The sample is drawn directly from the drywell.  A sudden increase of activity, which may be attributed to steam or reactor water leakage, is annunciated in the control room.  The power supply for the atmospheric monitor is from a vital stub bus which receives power from a divisional bus through an isolation breaker located in Class 1E switchgear.  This breaker is tripped upon receipt of a LOCA signal.  The operator has the ability to restore power to the bus when required after the LOCA signal has reset <Section 12.3.4>.


f.
Drywell Pressure Measurement



The drywell pressure varies slightly during reactor operation and is monitored by pressure sensors.  The pressure fluctuates slightly as result of barometric pressure changes and outleakage.  A pressure rise above the normally indicated values will indicate a possible leak within the drywell.  Pressure exceeding the preset values will be annunciated in the main control room and safety action will be automatically initiated.


g.
Reactor Vessel Head Seal



The reactor vessel head closure is provided with double seals with a leakoff connection between seals that is piped through a normally closed manual valve to the equipment drain sump.  When leakage through the first seal is detected by an increase in pressure between the seals an alarm in the control room is actuated.  The second seal then operates to contain the vessel pressure.


h.
Reactor Water Recirculation Pump Seal



Reactor water recirculation pump seal leaks are detected by monitoring flow in the seal drain line.  Leakage, indicated by high flow rate, alarms in the control room.  The leakage is piped to the equipment drain sump.


i.
Safety/Relief Valves



Temperature sensors connected to a multipoint recorder are provided to detect safety/relief valve leakage during reactor operation.  Safety/relief valve temperature elements are mounted, using a thermowell, in the safety/relief valve discharge piping several feet downstream from the valve body.  Temperature rise above the alarm setpoint is annunciated in the main control room.  The



nuclear boiler system piping and instrumentation diagram is shown on <Figure 5.1‑3>.


j.
Valve Stem Packing Leakage



Valve stem packing leaks of power‑operated valves 2 inches or larger in the nuclear boiler system, reactor water cleanup system, high pressure core spray, low pressure core spray, reactor core isolation cooling system, residual heat removal system, and recirculation system are detected by monitoring packing leakoff.  High temperature is recorded and annunciated by an alarm in the main control room.


k.
High Flow in Main Steam Lines (for leaks downstream of flow elements)



High flow in each main steam line is monitored by differential pressure sensors that sense the pressure difference across a flow element in the line.  Steam flow exceeding preset values for any of the four main steam lines results in annunciation and isolation closure of all the main steam and steam drain lines.


l.
Reactor Water Low Level



The loss of water in the reactor vessel (in excess of makeup) as the result of a major leak from the reactor coolant pressure boundary is detected by using the same nuclear boiler system low reactor water level signals that alarm and isolate selected primary system isolation valves.


m.
RCIC Steam Supply Line Flow (for leaks downstream of flow element)



The RCIC steam supply line provides motive power for the operation of the RCIC steam turbine.  The line is monitored for abnormal flows.  Steam flows exceeding preset values will initiate annunciation and isolation of the RCIC steam supply line.


n.
High Differential Pressure Between ECCS Injection Lines (for leakage internal to reactor vessel only)



A break between ECCS injection nozzles and vessel shroud is detected by monitoring the differential pressure between RHR “A” and LPCS, RHR “B” and “C,” and HPCS and reactor vessel plenum.  Indicator and alarm are located in the main control room.


o.
Upper Pool Leakage



Upper pool liner and bellows seal is monitored for leakage by means of a flow transmitter locally mounted on the upper pool drain line.  Indicator and alarm are located in the control room.


As the primary method for detecting identified and unidentified leakage, the drywell floor drain sump level and the drywell equipment drain sump pump level will be used to monitor flow rate (gpm) into the sump.  Other fixed‑measurement‑interval methods are also available utilizing sump level changes or pump out times.


Airborne particulate and gaseous radioactivity are monitored in the drywell as a qualitative method for determining high gross unidentified leakage.  Correlating particulate and gaseous radioactivity readings with reactor coolant leakage rate is considered impractical in detecting increases in leakage rates of 1 gpm to 3 gpm and also for the maximum allowed sump leakage limit of 5 gpm.


Condensate flow rate from the upper two drywell coolers (Elevation 630’‑1”) is also monitored as a method of leak detection.  Readout units are in gallons per minute.


<Table 5.2‑8> and <Table 5.2‑9> summarize the actions taken by each leakage detection function.  The tables show that those systems which detect gross leakage initiate immediate automatic isolation.  The systems which are capable of detecting small leaks initiate an alarm in the control room or are monitored at appropriate intervals.  The operator may manually isolate the leakage source or take other appropriate action.  A record of background leakage shall be maintained in the control room.  This record shall be kept by the control room operators and will be periodically reviewed to determine if any trends have developed.


Leakage monitoring for drywell equipment drain sump level and drywell floor drain sump level is contained in the ERIS computer.  However, this is not the primary display method.


5.2.5.2.2      Leak Detection Instrumentation and Monitoring External to Drywell


The leak detection instrumentation and monitoring external to drywell is as follows:


a.
Containment Sump Flow Measurement



Instrumentation monitors and indicates the amount of unidentified leakage into the reactor building floor drainage system outside the drywell.  Background leakage is identified during startup tests.  Identified leakage within the reactor building outside the drywell includes the upper containment pool, transfer pool liner and separator liner leakage, which is piped to the containment equipment drain sump.  The containment floor and equipment



drain sump instrumentation monitors sump drain pump fillup time and pumpout time.


b.
Visual and Audible Inspection



Accessible areas are inspected periodically and the temperature and flow indicators discussed above are monitored regularly.  Any instrument indication of abnormal leakage will be investigated.


c.
Differential Flow Measurement (reactor water cleanup system only)



Because of its arrangement, the reactor water cleanup system uses the differential flow measurement method to detect leakage.  The flow into the cleanup system is compared with the flow from the system.  An alarm in the control room and an isolation signal are initiated when high differential flow exists between flow into the system and flow back to the reactor vessel indicating that a leak equal to the established leak rate limit may exist.


d.
Main Steam Line Area Temperature Monitors



High temperature in the main steam line tunnel areas is detected by dual element thermocouples.  Some of the dual element thermocouples are used for measuring main steam tunnel ambient temperatures and are located in the area of the main steam and RCIC steam lines.  The remaining dual elements are used in pairs to provide measurement of differential temperature across (inlet to outlet) the tunnel area vent system.  All temperature elements are located or shielded so as to be sensitive to air temperatures and not to the radiated heat from hot equipment.  One thermocouple of each differential temperature pair is located so as to be unaffected by tunnel temperature.  High ambient or high differential temperature will alarm in the control room.  High ambient will also provide a signal to close the main steam line and drain line isolation valves, RCIC steam line 



isolation valves, and the reactor water cleanup system isolation valves.  A high temperature or differential temperature alarm may also indicate leakage in the reactor feedwater line which passes through the main steam tunnel.  Leak detection in the main steam line area in the turbine building is accomplished by the use of thermocouples for sensing high ambient temperatures.


e.
Temperature Monitors in Equipment Areas



Dual element thermocouples are installed in the equipment areas and in the inlet and outlet ventilation ducts to the RCIC, RHR and RWCU equipment rooms for sensing high ambient or high differential temperature.  These elements are located or shielded so that they are sensitive to air temperature only and not radiated heat from hot equipment.  High ambient and high differential temperature are alarmed in the control room.


f.
Intersystem Leakage Monitoring



The intersystem leakage monitoring is included in the process radiation monitoring system to satisfy the requirements of that system.


g.
Large Leaks External to the Primary Containment



The main steam line high flow, RCIC steam supply line high flow and reactor vessel low water level monitoring discussed in <Section 5.2.5.2.1>, Items k, l and m, can also indicate large leaks from the reactor coolant piping external to the primary containment.


5.2.5.2.3      Summary


<Table 5.2‑8> and <Table 5.2‑9> summarize the actions taken by each leakage detection function.  The table shows that those systems which detect gross leakage initiate immediate automatic isolation.  The systems which are capable of detecting small leaks initiate an alarm in the control room or are monitored at appropriate intervals.  The operator can manually isolate the violated system or take other appropriate action.  A time delay is provided before automatic isolation of the reactor core isolation cooling system on a high ambient  temperature in the main steam tunnel so that the MSIV’s and RWCU can be isolated first and thereby preserve the operation of the RCIC system for core cooling.  A time delay is also provided for the RWCU differential flow to prevent normal system surges from isolating the system.


The leak detection system is a multi‑dimensional system which is redundantly designed so that failure of any single element will not interfere with a required detection of leakage or isolation.  In the four division portion of the LD&IS, applied where inadvertent isolation could impair plant performance (e.g., main steamline isolation valves), any single channel or divisional component malfunction will not cause a false indication of leakage or false isolation trip because it will only trip one of four channels.  It thus combines a very high probability of operating when needed with a very low probability of operating falsely.  The system is testable during plant operation.


5.2.5.3      Indication in Control Room


Leak detection methods are discussed in <Section 5.2.5.1>.  Details of the leakage detection system indications are included in <Section 7.6.1>.


5.2.5.4      Limits for Reactor Coolant Leakage


5.2.5.4.1      Total Leakage Rate


The total leakage rate consists of all leakage, identified and unidentified, that flows to the floor drain and equipment drain sumps.  The total leakage rate limit is well within the makeup capability of the RCIC system.  The total leakage rate limit is established at 30 gpm averaged over the previous 24 hours.  The unidentified leakage rate limit is established at 5 gpm.


The total leakage rate limit is low enough to prevent overflow of the sumps.  The equipment sump and the floor drain sump, which collect all leakage, are each pumped out by two 50 gpm pumps.


5.2.5.4.2      Identified Leakage Inside Drywell


The pump packing glands, valve stems and other seals in systems that are part of the reactor coolant pressure boundary, and from which normal design identified source leakage is expected, are provided with leakoff drains.  Large nuclear system valves inside the primary containment and recirculation pumps are equipped with double seals.  Leakage from the primary recirculation pump seals is monitored for flow in the drain line and pipe to the equipment drain sump as described in <Section 5.4.1.3>.  Leakage from the main steam safety/relief valves discharging to the suppression pool is monitored by temperature sensors that transmit to the control room.  Any temperature increase above the drywell ambient temperature detected by these sensors indicates valve leakage.


Thus, the leakage rates from recirculation pumps, valve stem packings and the reactor vessel head seal, which all discharge to the equipment drain sump, are measured during plant operation.


5.2.5.5      Unidentified Leakage Inside Drywell


5.2.5.5.1      Unidentified Leakage Rate


The unidentified leakage rate is the portion of the total leakage rate received in the sumps that is not identified as previously described.  A threat of significant compromise to the nuclear system process barrier exists if the barrier contains a crack that is large enough to propagate rapidly (critical crack length).  The unidentified leakage rate limit must be low because of the possibility that most of the unidentified leakage rate might be emitted from a single crack in the nuclear system process barrier.


An allowance for leakage that does not compromise barrier integrity and is not identifiable is made for normal plant operation.


The unidentified leakage rate limit is established at 5 gpm rate to allow time for corrective action before the process barrier could be significantly compromised.  This 5 gpm unidentified leakage rate is a small fraction of the calculated flow from a critical crack in a primary system pipe <Figure 5.2‑15>.  Leakage limits are discussed in Technical Specifications.


5.2.5.5.2      Sensitivity and Response Times


Sensitivity, including sensitivity tests and response time of the leak detection system are covered in <Section 7.6.1>.


5.2.5.5.3      Length of Through‑Wall Flaw


Experiments conducted by GE and Battelle Memorial Institute, (BMI), permit an analysis of critical crack size and crack opening displacement (Reference 4).  This analysis relates to axially oriented through‑wall cracks.


a.
Critical Crack Length



Satisfactory empirical expressions to predict critical crack length have been developed to fit test results.  A simple equation which fits the data in the range of normal design stresses (for carbon steel pipe) is:




Lc =
15,000D (see data correlation on <Figure 5.2‑16>)





   (h


where:




Lc = critical crack length (in.)




 D = mean pipe diameter (in.)




(h = nominal hoop stress (psi).


b.
Crack Opening Displacement



The theory of elasticity predicts a crack opening displacement of
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where:




L = crack length




( = applied nominal stress




E = Young’s modulus



Measurements of crack opening displacement made by BMI show that local yielding greatly increases the crack opening displacement as the applied stress, (s, approaches the failure stress, (f.  A suitable correction factor for plasticity effects is:
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The crack opening area is given by
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For a given crack length L, (f = 15,000 D/L.


c.
Leakage Flow Rate



The maximum flow rate for blowdown of saturated water at 1,000 psi is 55 lb/sec‑in.2, and for saturated steam the rate is 14.6 lb/sec‑in.2 (Reference 5).  Friction in the flow passage reduces this rate, but for cracks leaking at 5 gpm (0.7 lb/sec) the effect of friction is small.  The required leak size for 5 gpm flow is:



A = 0.0126 in.2 (saturated water)



A = 0.0475 in.2 (saturated steam)


From this mathematical model, the critical crack length and the 5 gpm crack length have been calculated for representative BWR pipe size (Schedule 80) and pressure (1,050 psi).


The lengths of through‑wall cracks that would leak at the rate of 5 gpm given as a function of wall thickness and nominal pipe size are:


   Nominal Pipe

Average Wall

   Crack Length L, in.


Size (Sch. 80), in.

Thickness, in.

Steam Line
Water Line



   4




0.337

   7.2

   4.9



  12




0.687

   8.5

   4.8



  24




1.218

   8.6

   4.6


The ratios of crack length, L, to the critical crack length, Lc as a function of nominal pipe size are:


   Nominal Pipe




  Ratio L/Lc









  __________



Size (Sch. 80), in.



Steam Line
Water Line



   4





   0.745

   0.510



  12





   0.432

   0.243



  24





   0.247

   0.132


It is important to recognize that the failure of ductile piping with a long, through‑wall crack is characterized by large crack opening displacements which precede unstable rupture.  Judging from observed crack behavior in the GE and BMI experimental programs, involving both circumferential and axial cracks, it is estimated that leak rates of hundreds of gallons per minute will precede crack instability.  Measured crack opening displacements for the BMI experiments were in the range of 0.1 to 0.2 inch at the time of incipient rupture, corresponding to a leakage area on the order of 1 sq in. for plain carbon steel piping.  For austenitic stainless steel piping, even larger leaks are expected to precede crack instability, although there are insufficient data to permit quantitative prediction.


The results given are for a longitudinally oriented flaw at normal operating hoop stress.  A circumferentially oriented flaw could be subjected to stress as high as the 550(F yield stress, assuming high thermal expansion stresses exist.  It is assumed that the longitudinal 


crack, subject to a stress as high as 30,000 psi, constitutes a “worst case” with regard to leak rate versus critical size relationships.  Given the same stress level, differences between the circumferential and longitudinal orientations are not expected to be significant in this comparison.


<Figure 5.2‑15> shows general relationships between crack length, leak rate, stress, and line size, using the mathematical model described previously.  The asterisks denote conditions at which the crack opening displacement is 0.1 in., at which time instability is imminent as noted previously under Item c.  This provides a realistic estimate of the leak rate to be expected from a crack of critical size.  In every case, the leak rate from a crack of critical size is significantly greater than the 5 gpm criterion.


If either the identified or unidentified leak rate limits are exceeded, an orderly shutdown can be initiated and the reactor can be placed in a cold shutdown condition within 24 hours.


5.2.5.5.4      Margins of Safety


The margins of safety for a detectable flaw to reach critical size are presented in <Section 5.2.5.5.3>.  <Figure 5.2‑15> shows general relationships between crack length, leak rate, stress and line size using the mathematical model.


5.2.5.5.5      Criteria to Evaluate the Adequacy and Margin of the Leak Detection System.


For process lines that are normally open, there are at least two different methods of detecting abnormal leakage from each system within the nuclear system process barrier located in the primary containment, reactor building and auxiliary building as shown in <Table 5.2‑8> and <Table 5.2‑9>.  The instrumentation is designed so it can be set to 


provide alarms at established leakage rate limits and isolate the affected system, if necessary, or it is monitored at appropriate intervals.  The alarm points are determined analytically or based on measurements of appropriate parameters made during startup and preoperational tests.


The unidentified leakage rate limit is based, with an adequate margin for contingencies, on the crack size large enough to propagate rapidly.  The established limit is sufficiently low so that, even if the entire unidentified leakage rate were coming from a single crack in the nuclear system process barrier, corrective action could be taken before the integrity of the barrier would be threatened.


The leak detection system will satisfactorily detect unidentified leakage of 5 gpm.


5.2.5.6      Differentiation Between Identified and Unidentified Leaks


<Section 5.2.5.1> describes the systems that are monitored by the leak detection system.  The ability of the leak detection system to differentiate between identified and unidentified leakage is discussed in <Section 5.2.5.4>, <Section 5.2.5.5>, and <Section 7.6>.


5.2.5.7      Sensitivity and Operability Tests


Sensitivity, including sensitivity testing and response time of the leak detection system, and the criteria for shutdown if leakage limits are exceeded, are covered in <Section 7.6>.


Testability of the leakage detection system is contained in <Section 7.6>.


5.2.5.8      Safety Interfaces


The Balance of Plant/GE Nuclear Steam Supply System safety interfaces for the leak detection system are the signals from the monitored balance of plant equipment and systems which are part of the nuclear system process barrier, and associated wiring and cable lying outside the nuclear steam supply system equipment.


5.2.5.9      Testing and Calibration


Provisions for testing and calibration of the leak detection system are covered in <Chapter 14>.


5.2.5.10      Regulatory Guide 1.45 Compliance


The detection of leakage through the reactor coolant pressure boundary, described in the preceding sections, meets the intent of the <Regulatory Guide 1.45>.  Details of compliance are discussed in the following.


a.
Leakage is separated into identified and unidentified categories and total flow rate for each is independently monitored, thus meeting Position C.1 of <Regulatory Guide 1.45>.


b.
Small unidentified leaks (5 gpm and less) inside the drywell are detected by temperature changes, pressure changes, sump fill rate activities, fission product monitoring, and upper drywell cooler condensate flow monitoring.  Large leaks are also detected by changes in reactor water level and changes in flow rates in process lines.



The 5 gpm leakage rate is the plant Technical Specification limit on unidentified leakage inside the drywell.  The leak detection 



system is fully capable of monitoring the flow rates of 1 gpm and is thus in compliance with Position C.2 of <Regulatory Guide 1.45>.


c.
By monitoring floor drain sump level (flow rate), airborne particulate radioactivity, cooler condensate flow rate and airborne gaseous radioactivity, Position C.3 is satisfied.



Isolation and/or alarm of affected systems and the detection methods used are summarized in <Table 5.2‑8> and <Table 5.2‑9>.


d.
Monitoring of coolant for radiation in the RHR and RWCU heat exchangers satisfies Position C.4.  For system details, see <Section 7.6>.


e.
The floor drain sump monitoring, and the upper air cooler condensate monitoring systems are designed to detect leakage rates of 1 gpm within 1 hour, thus meeting Position C.5.  The fission products monitoring subsystem is not designed to detect leakage rates of 1 gpm within 1 hour.


f.
The fission products monitoring subsystem is qualified for SSE.  The drywell floor drain sump level, equipment drain sump level and air cooler drain rate instrumentation are capable of performing their functions following seismic events that do not require plant shutdown, thus meeting Position C.6.


g.
Leakage detection indicators and alarms for the drain sump, cooler condensate flow rate monitoring and radioactivity monitoring systems are provided in the main control room.  Procedures for the fixed‑measurement methods of determining drywell unidentified leakage rates will be available to the operators for converting the sump level changes and/or pump run times to a leakage rate.  Procedures for converting the drywell floor drain sump rate monitoring instrumentation and cooler condensate flow rate 



monitoring instrumentation are not necessary since these indicators are expressed as gallons per minute.  There is no attempt to correlate radioactivity monitoring indication to leakage flow rate due to the uncertainties involved.  This satisfies the procedural requirements of Position C.7 of this guide.


h.
The leakage detection system is equipped with provisions to permit testing for operability and calibration during plant operation using the following methods:



1.
Simulation of signals into trip units



2.
Comparing channel “A” to channel “B” of the same leak detection method (drywell temperature and pressure monitoring)



3.
Checking operability by comparing one method versus another (air cooler condensate flow versus floor drain sump level (flow rate)).



4.
Comparing one method versus another (sump fill up versus pump out and particulate monitoring, air cooler condensate flow versus sump fill up rate)



5.
Continuous monitoring of floor drain sump level is provided.



These methods satisfy Position C.8.


i.
Technical Specifications limit unidentified leakage to 5 gpm and total leakage (identified plus unidentified) to 30 gpm.  This satisfies Position C.9.
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3.
W. L. Williams, Corrosion, Vol. 13, 1957, p. 539t.


4.
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TABLE 5.2‑1


REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS/PIPING/INSTALLATION


APPLICABLE CODE CASES


Code Case






Title


  1141


Foreign Produced Steel (RPV)


  1141‑1


  1332


Requirements for Steel Forgings, Section III and


  1332‑6


Section VIII, Division 2


  1334


Requirements for Corrosion Resisting Steel Bars and Shapes, Section III


  1335


Requirements for Bolting Material, Section III


  1335‑10


  1337


Requirements for Special Type 403 Modified Forgings or Bars; Section III


  1344


Requirements for Nickel‑Chromium Age‑Hardenable Alloys (Alloy x750), Section III


  1361


Socket Welds, Section III (CRD Housing)


  1361‑2


  1384


Requirements for Precipitation Hardening Alloy Bars and Forgings


  1388


Requirements for Stainless Steel ‑ Precipitation Hardening


  1390


Requirements for Nickel‑Chromium, Age ‑ Hardenable Alloy for Bolting ‑ Section III


  1401


Welding Repairs to Cladding of Section III Component after Final Post‑weld Heat Treatment


  1433


Normalized and tempered 2 1/4 and 3 Cr low alloy forgings for Code Construction under Section I, III and VIII, Divisions 1 and 2


  1434


Post‑weld Heat Treatment of SA‑487, Class 8N Steel Casting, Section III


TABLE 5.2‑1 (Continued)


Code Case






Title


  1456 (N‑15)

Substitution of Ultrasonic Examination for Progressive Penetrant or Magnetic Particle Examination of Partial Penetration and Oblique Nozzle Attachment Welds, Section III


  1492


Post‑weld Heat Treatment Section I, III and VIII, Divisions 1 and 2


  1508


Allowable Stresses, Design Intensity and/or Yield Strength Values, Section I, III and VIII, Divisions 1 and 2


  1515


Ultrasonic Examination of Ring Forgings for Shell Section III Class I Vessels


  1516


Welding of Seats or Minor Internal Permanent Attachments in Valve for Section III Applications


  1519


Use of A105‑71 in lieu of SA‑105 (Mainsteam Piping)


  1535


Hydrostatic Testing of Section III, Class I Valves


  1535‑2


(MSIV)


  1557


Steel Products Refined by Secondary Remelting 


  1557‑1


Section III and Section VIII, Divisions 1 and 2 (RPV)


  1562


Qualification of Forming and Bending Processes for Classes 1, 2 and 3 Components


  1567 (N38)

Testing Lots of Carbon and Low Alloy Steel Covered Electrodes, Section III


  1571


Additional Material for SA 234 Carbon Steel Fittings, Section III (Mainsteam Piping)


  1572


Fracture Toughness Class 1 Components Section III (RPV)


  1578


SB‑167, Ni‑Cr‑Fe (Alloy 600) Pipe or Tube, Section III


  1588 (N46)

Electro‑Etching of Section III Code Symbol


  1620


Stress Category for Partial Penetration Welded Penetrations, Section III, Class 1 Construction (RPV)


TABLE 5.2‑1 (Continued)


Code Case






Title


  1622


PWHT of Repair Welds in Carbon Steel Castings Section III, Class 1, 2 and 3 (MSIV)


  1637


Effective Date for Compliance with NA 3700 of Section III


  1644‑4 (N71)

Additional Materials for Component Supports and


  1644‑5


Alternate Design Requirements for Bolted Joints,


  1644‑6


Section III, Division 1, Subsection NF, Class 1, 2, 3, and MC Construction


  1644‑7


Additional Materials for Component Supports,


  1644‑8


Section III, Division 1, Subsection NF, Class 1, 2


  1644‑9


and 3, and MC Component Supports


  1644‑11


Additional Materials for Component Supports


  1644‑14


Fabricated by Welding, Section III, Division 1, Class 1, 2, 3, and MC


  1651


Interim Requirements for Certification of Component Supports, Section III, Subsection NF


  1682‑1


Alternate Rules for Material Manufacturers and Suppliers, Section III, Subarticle NA‑3700


  1683


Bolt Holes for Section III, Class 1, 2, 3, and MC Component Supports


  1690


Stock Materials for Section III Construction, Section III, Division 1


  1706


Data Report Forms for Component Supports, Section III, Class 1, 2 and 3


  1724


Deviation from the Specified Silicon Ranges in ASME Material Specifications, Section III, Division 1, and VIII, Division 1 and 2


  1728


Steel Structural Shapes and Small Material Products for Component Supports, Section III, Division 1 Construction


  1729


Minimum Edge Distance Bolting ‑ Class 1, 2 and 3


  1734


Weld Design of Component Supports ‑ Class 1, 2, 3, and MC


TABLE 5.2‑1 (Continued)


Code Case






Title


  1768


Permanent Attachment to Containment Vessels ‑ Class MC, Section III, Division 1 (Mechanical Penetrations)


  1810 (N‑172)

Testing Lots of Carbon Steel Solid Bare Welding Electrode or Wire, Section III, Division 1, 2, 3, MC, and CS


  1819‑1


Use of Type XM‑19 for Construction, Section III, Division 1, Class 1, 2 and 3


  1820 (N‑177)

Alternate Ultrasonic Examination Technique, Section III, Division 1


  2142


F‑Number Grouping for Ni‑Cr‑Fe, Classification UNS N06052 Filler Metal, Section IX


  2143


F‑Number Grouping for Ni‑Cr‑Fe, Classification UNS W86152 Welding Electrode, Section IX


  N‑3‑9 (1335‑9)
Requirements for Bolting Materials, Section III


  N‑3‑10 (1335‑10)



  N‑30 (1539)

Metal Bellows and Metal Diaphragm Stem Seal Valves


  N‑30‑1 (1539‑1)
Section III, Division 1, Class 1, 2 and 3


  N‑101 (1712)

Name Plates and Stamping for Section III, Division 1, Class 1, 2, 3, and MC; Construction as Referenced in NA‑8300


  N‑154 (1791)

Projection Resistance Welding of Valve Seats Section III, Division 1, Class 1, 2 and 3 Valves


  N‑174 (1812)

Size of Fillet Welds for Socket Welding of Piping, Section III, Division 1


  N‑176


Use of Type XM‑19 for Construction, Section III, Division 1, Class 1, 2 and 3 (Power Range Detector Dry Tube)


  N‑180


Examination of Springs for Class 1 Component Standard Supports, Section III, Division 1


  N‑207


Use of Modified SA‑479 Type XM‑19 for Section III, Division 1, Class 1, 2 and 3, or CS Construction (CRD)


TABLE 5.2‑1 (Continued)


Code Case






Title


  N‑225


Certification and Identification of Material for Component Supports, Section III, Division 1


  N‑226


Temporary Attachment of Thermocouples, Section III, Division 1, Class 1, 2 and 3 Component Construction


  N‑233


Alternate Rules for PWHT of P‑No. 6 Group 4 Material for Section III, Division 1, Class 1, 2 or 3 Construction


  N‑242


Materials Certification Section III, Division 1, Classes 1, 2, 3, MC, and CS Construction


  N‑243


Boundaries Within Castings Used for Core Support Structures, Section III, Division 1, Class CS


  N‑247


Certified Design Report Summary for component standard supports Section III, Division 1, Class 1, 2, 3 and MC.


  N‑249


Additional Materials for Component Supports Fabricated Without Welding, Section III, Division 1, Subsection NF, Class 1, 2, 3, and MC Component Supports


  N‑252


Low Energy Capacitive Discharge Welding Method for Temporary or Permanent Attachments to Components and Supports, Section III, Division 1


  N‑272


Compiling Data Report Records, Section III, Division 1


  N‑275


Repair of Welds Section III, Division 1


  N‑282


Name Plates for Valves, Section III, Division 1, Class 1, 2 and 3 Construction


  N‑328


Thermit Brazing or Welding of Nonstructural Attachments, Section III, Division 1


  N‑393


Repair Welding Structural Steel Rolled Shapes and Plates for Component Supports, Section III, Division 1


  N‑413


Minimum size of Fillet Welds for Subsection NF Linear Type Supports, Section III, Division 1


TABLE 5.2‑1 (Continued)


Code Case






Title


  N‑411‑1


Alternative Damping Values for Response Spectra Analysis of Classes 1, 2 and 3 Piping, Section III, Division 1.


  N-416-1


Alternative Pressure Test Requirements for Welded Repairs or Installation of Replacement Items by Welding, Class 1, 2, and 3, Section XI, Division 1


  N-504


Alternative Rules for Repair of Class 1, 2, and 3


  (modified)

Austenitic Stainless Steel Piping, Section XI, Division 1


TABLE 5.2‑1a


CODE CASE N‑242 MATERIALS


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



  108
1
0‑G41‑G‑FC‑1‑IB



  109
1,2,3
0‑G41‑G‑FC‑2‑IB



  121
5
0‑G41‑G‑FC‑14‑IB



  122
5
0‑G41‑G‑FC‑15‑IB



  125
5
0‑G41‑G‑FC‑18‑IB



  127
1
0‑G41‑G‑FC‑20‑IB



  128
1,2
0‑G41‑G‑FC‑21‑IB



  134
1,2
0‑G41‑G‑FC‑27‑IB



  135
1
0‑G41‑G‑FC‑28‑IB



  136
1,2,3
0‑G41‑G‑FC‑29‑IB



  137
1,2,3,5
0‑G41‑G‑FC‑30‑IB



  138
1,2
0‑G41‑G‑FC‑31‑IB



  139
1,2
0‑G41‑G‑FC‑32‑IB



  140
1,2,4
0‑G41‑G‑FC‑33‑IB



 1343
3
0‑P45‑G‑ESW‑92‑CC



 1379
3
0‑P45‑G‑ESW‑154‑CC



 1381
2,3
1‑P45‑G‑ESW‑166‑AB



 1382
3
1‑P45‑G‑ESW‑167‑AB



 1384
2
1‑P45‑G‑ESW‑171‑AB



 1386
2
1‑P45‑G‑ESW‑173‑AB



 1396
2
1‑P45‑G‑ESW‑189‑AB



 1398
4
0‑P45‑G‑ESW‑193‑IB



 1404
5
1‑P45‑G‑ESW‑214‑AB



 1406
3
1‑P45‑G‑ESW‑216‑AB



 1407
2
1‑P45‑G‑ESW‑217‑AB



 1408
2
1‑P45‑G‑ESW‑218‑AB



 1410
3
1‑P45‑G‑ESW‑220‑AB



 1411
2
1‑P45‑G‑ESW‑221‑AB



 1434
3
0‑P45‑G‑ESW‑271‑CC



 1456
2
0‑P45‑G‑ESW‑344‑IB



 1459
2,3
0‑P45‑G‑ESW‑348‑CC



 1505
4
0‑P42‑G‑ECC‑20‑CC



 1508
5
0‑P42‑G‑ECC‑23‑IB



 1510
6
0‑P42‑G‑ECC‑25‑IB



 1513
4
0‑P42‑G‑ECC‑28‑CC



 1515
6
0‑P42‑G‑ECC‑30‑CC



 1519
6
0‑P42‑G‑ECC‑34‑IB



 1521
5
0‑P42‑G‑ECC‑36‑IB



 1529
1
0‑P42‑G‑ECC‑44‑CC



 1530
1
0‑P42‑G‑ECC‑45‑CC



 1531
1
0‑P42‑G‑ECC‑46‑CC


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 1532
6
0‑P42‑G‑ECC‑47‑IB



 1533
3
0‑P42‑G‑ECC‑48‑IB



 1536
2
0‑P42‑G‑ECC‑51‑IB



 1537
2
0‑P42‑G‑ECC‑52‑IB



 1540
8
0‑P42‑G‑ECC‑55‑IB



 1546
4
0‑P42‑G‑ECC‑62‑CC



 1548
1
0‑P42‑G‑ECC‑64‑CC



 1549
1
0‑P42‑G‑ECC‑65‑CC



 1550
1
0‑P42‑G‑ECC‑66‑CC



 1562
3
0‑P42‑G‑ECC‑84‑CC



 1567
4
0‑P42‑G‑ECC‑89‑CC



 1570
6
0‑P42‑G‑ECC‑92‑CC



 1579
3
0‑P42‑G‑ECC‑102‑CC



 1581
4
0‑P42‑G‑ECC‑104‑CC



 1583
7
0‑P42‑G‑ECC‑106‑CC



 1584
1
0‑P42‑G‑ECC‑107‑CC



 1585
1
0‑P42‑G‑ECC‑108‑CC



 1586
1
0‑P42‑G‑ECC‑109‑CC



 1589
4
0‑P42‑G‑ECC‑112‑CC



 1596
4
0‑P42‑G‑ECC‑118‑CC



 1597
4
0‑P42‑G‑ECC‑119‑CC



 1599
4
0‑P42‑G‑ECC‑121‑CC



 1603
3
0‑P42‑G‑ECC‑125‑CC



 1604
4
0‑P42‑G‑ECC‑126‑CC



 1608
5
0‑P42‑G‑ECC‑130‑CC



 1616
5
0‑P42‑G‑ECC‑138‑CC



 1619
3
0‑P42‑G‑ECC‑141‑CC



 1621
3
0‑P42‑G‑ECC‑143‑CC



 1623
2
0‑P42‑G‑ECC‑145‑IB



 1627
2
0‑P42‑G‑ECC‑150‑AB



 1630
3
1‑P42‑G‑ECC‑156‑AB



 1631
3
1‑P42‑G‑ECC‑157‑AB



 1636
3
0‑P42‑G‑ECC‑162‑CC



 1638
3
0‑P42‑G‑ECC‑165‑CC



 1640
2
0‑P42‑G‑ECC‑167‑IB



 1644
3
1‑P42‑G‑ECC‑172‑AB



 1647
3
1‑P42‑G‑ECC‑178‑AB



 1648
3
1‑P42‑G‑ECC‑179‑AB



 1652
3
0‑P42‑G‑ECC‑184‑CC



 1654
3
0‑P42‑G‑ECC‑186‑CC



 1656
2
0‑P42‑G‑ECC‑188‑IB



 1661
2
1‑P42‑G‑ECC‑193‑AB



 1674
3
1‑P42‑G‑ECC‑206‑AB


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 1679
2
0‑P42‑G‑ECC‑211‑IB



 1681
3
0‑P42‑G‑ECC‑213‑CC



 1682
3
0‑P42‑G‑ECC‑214‑CC



 1684
5
0‑P42‑G‑ECC‑217‑CC



 1686
3
0‑P42‑G‑ECC‑220‑CC



 1688
2
0‑P42‑G‑ECC‑222‑CC



 1689
3
0‑P42‑G‑ECC‑223‑CC



 1690
2
0‑P42‑G‑ECC‑224‑CC



 1691
3
0‑P42‑G‑ECC‑225‑IB



 1692
3
0‑P42‑G‑ECC‑226‑IB



 1693
3
0‑P42‑G‑ECC‑227‑IB



 1693
3
0‑P42‑G‑ECC‑227A‑IB



 1694
2
0‑P42‑G‑ECC‑228‑IB



 1695
3
0‑P42‑G‑ECC‑229‑IB



 1695
3
0‑P42‑G‑ECC‑229A‑IB



 1697
5
0‑P42‑G‑ECC‑231‑IB



 1698
2
0‑P42‑G‑ECC‑232‑IB



 1699
3
0‑P42‑G‑ECC‑233‑IB



 1703
5
0‑P42‑G‑ECC‑237A‑IB



 1704
3
0‑P42‑G‑ECC‑238‑IB



 1705
2
0‑P42‑G‑ECC‑239‑IB



 1706
5
0‑P42‑G‑ECC‑240‑IB



 1708
3
0‑P42‑G‑ECC‑242‑IB



 1708
3
0‑P42‑G‑ECC‑242A‑IB



 1709
2
0‑P42‑G‑ECC‑243‑IB



 1710
3
0‑P42‑G‑ECC‑244‑IB



 1710
3
0‑P42‑G‑ECC‑244A‑IB



 1711
3
0‑P42‑G‑ECC‑245‑IB



 1712
3
0‑P42‑G‑ECC‑246‑IB



 1713
2
0‑P42‑G‑ECC‑247‑CC



 1714
3
0‑P42‑G‑ECC‑248‑CC



 1715
2
0‑P42‑G‑ECC‑249‑CC



 1716
3
0‑P42‑G‑ECC‑250‑CC



 1717
3
0‑P42‑G‑ECC‑251‑CC



 1718
2
0‑P42‑G‑ECC‑252‑CC



 1719
3
0‑P42‑G‑ECC‑253‑CC



 1720
2
0‑P42‑G‑ECC‑254‑CC



 1721
3
0‑P42‑G‑ECC‑255‑IB



 1722
3
0‑P42‑G‑ECC‑256‑IB



 1723
3
0‑P42‑G‑ECC‑257‑IB



 1723
3
0‑P42‑G‑ECC‑257A‑IB



 1724
2
0‑P42‑G‑ECC‑258‑IB



 1725
2
0‑P42‑G‑ECC‑259‑IB


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 1726
2
0‑P42‑G‑ECC‑260‑IB



 1727
2
0‑P42‑G‑ECC‑261‑IB



 1732
2
0‑P42‑G‑ECC‑266‑IB



 1733
2
0‑P42‑G‑ECC‑267‑IB



 1734
2
0‑P42‑G‑ECC‑268‑IB



 1735
2
0‑P42‑G‑ECC‑269‑IB



 1736
3
0‑P42‑G‑ECC‑270‑IB



 1736
3
0‑P42‑G‑ECC‑270A‑IB



 1737
3
0‑P42‑G‑ECC‑271‑IB



 1738
3
0‑P42‑G‑ECC‑272‑IB



 1739
2
0‑P42‑G‑ECC‑273‑CC



 1740
3
0‑P42‑G‑ECC‑274‑CC



 1741
3
0‑P42‑G‑ECC‑275‑CC



 1742
2
0‑P42‑G‑ECC‑276‑IB



 1745
2
0‑P42‑G‑ECC‑281‑IB



 1747
2
0‑P42‑G‑ECC‑286‑IB



 1750
2
0‑P42‑G‑ECC‑291‑IB



 1752
3
0‑P42‑G‑ECC‑296‑CC



 1753
3
0‑P42‑G‑ECC‑297‑CC



 1754
3
0‑P42‑G‑ECC‑298‑CC



 1755
3
0‑P42‑G‑ECC‑299‑CC



 1758
4
0‑P42‑G‑ECC‑302‑IB



 1762
3,5
0‑P42‑G‑ECC‑306‑IB



 1765
2
1‑E51‑G‑RCIC‑2‑AB



 1766
2
1‑E51‑G‑RCIC‑3‑AB



 1767
2
1‑E51‑G‑RCIC‑3A‑AB



 1770
1
1‑E51‑G‑RCIC‑6‑AB



 1775
2
1‑E51‑G‑RCIC‑11‑AB



 1776
2
1‑E51‑G‑RCIC‑12‑AB



 1779
3
1‑E51‑G‑RCIC‑15‑AB



 1780
2
1‑E51‑G‑RCIC‑16‑AB



 1781
2
1‑E51‑G‑RCIC‑17‑AB



 1783
4
1‑E51‑G‑RCIC‑19‑AB



 1806
3
1‑E51‑G‑RCIC‑42‑RB



 1820
2
1‑G42‑G‑SPCU‑4‑AB



 1821
2,3
1‑G42‑G‑SPCU‑5‑AB



 1822
2
1‑G42‑G‑SPCU‑6‑AB



 1832
2
1‑G42‑G‑SPCU‑16‑AB



 1833
2
1‑G42‑G‑SPCU‑17‑AB



 1836
2
1‑G42‑G‑SPCU‑20‑IB



 1904
3
0‑P45‑G‑ESW‑33‑CC



 1908
4
0‑P45‑G‑ESW‑38‑CC



 1911
2
0‑P45‑G‑ESW‑41‑DGB


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 1912
2
0‑P45‑G‑ESW‑42‑DGB



 1913
2
0‑P45‑G‑ESW‑43‑DGB



 1936
2
0‑P45‑G‑ESW‑162‑DGB



 1937
3
0‑P45‑G‑ESW‑164‑DGB



 1948
2
0‑P45‑G‑ESW‑209‑DGB



 1954
4
0‑P45‑G‑ESW‑256‑CC



 1955
3
0‑P45‑G‑ESW‑257‑CC



 1957
3
0‑P45‑G‑ESW‑259‑DGB



 1959
3
0‑P45‑G‑ESW‑262‑DGB



 1977
3
0‑P45‑G‑ESW‑307‑DGB



 1979
4
0‑P45‑G‑ESW‑310‑DGB



 1986
4
0‑P45‑G‑ESW‑325‑CC



 1990
3
0‑P45‑G‑ESW‑330‑DGB



 1993
2
0‑P45‑G‑ESW‑333‑DGB



 2000
3
0‑P45‑G‑ESW‑357‑DGB



 2001
2
0‑P45‑G‑ESW‑358‑DGB



 2005
3
0‑P45‑G‑ESW‑369‑CC



 2010
4
0‑P45‑G‑ESW‑376‑CC



 2013
2
0‑P45‑G‑ESW‑379‑DGB



 2014
3
0‑P45‑G‑ESW‑380‑DGB



 2017
3
0‑P45‑G‑ESW‑384‑DGB



 2019
1
1‑E61‑G‑ILR‑2‑AB



 2020
2
1‑E61‑G‑ILR‑3‑AB



 2021
3
1‑E61‑G‑ILR‑4‑AB



 2028
2
1‑E61‑G‑ILR‑11‑AB



 2029
3
1‑E61‑G‑ILR‑12‑AB



 2046
1,2
0‑G60‑G‑FDS‑1‑IB



 2055
4,5
1‑G61‑G‑LRS‑8‑RB



 2056
2
1‑G61‑G‑LRS‑9‑RB



 2057
2
1‑G61‑G‑LRS‑10‑RB



 2102
4,5
1‑G61‑G‑LRS‑57‑RB



 2104
3
1‑G61‑G‑LRS‑58‑RB



 2105
3,4
1‑G61‑G‑LRS‑59‑RB



 2436
2
1‑E21‑G‑LPC‑8‑AB



 2442
4
1‑E21‑G‑LPC‑14‑AB



 2451
10
1‑E21‑G‑LPC‑23‑AB



 2454
3
1‑E21‑G‑LPC‑25‑AB



 2455
3
1‑E21‑G‑LPC‑26‑AB



 2456
2
1‑E21‑G‑LPC‑26A‑AB



 2458
3
1‑E21‑G‑LPC‑28‑AB



 2459
2
1‑E21‑G‑LPC‑29‑AB



 2460
2
1‑E21‑G‑LPC‑30‑AB



 2566
4
1‑G41‑G‑FC‑126‑AB
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PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 2568
4
1‑G41‑G‑FC‑128‑AB



 2578
3
0‑G41‑G‑FC‑139‑IB



 2579
2
0‑G41‑G‑FC‑140‑IB



 2588
3
0‑G41‑G‑FC‑149‑IB



 2589
5
0‑G41‑G‑FC‑150‑IB



 2591
4
0‑G41‑G‑FC‑152‑IB



 2609
4,5
1‑G41‑G‑FC‑170‑AB



 2610
4
1‑G41‑G‑FC‑171‑AB



 2616
5
1‑G41‑G‑FC‑177‑AB



 2618
2
1‑G41‑G‑FC‑179‑AB



 2619
5,6
1‑G41‑G‑FC‑180‑AB



 2622
7
0‑G41‑G‑FC‑187‑IB



 2624
3
0‑G41‑G‑FC‑189‑IB



 2627
5
0‑G41‑G‑FC‑192‑IB



 2635
3
0‑G41‑G‑FC‑200‑IB



 2636
3
0‑G41‑G‑FC‑201‑IB



 2646
1
0‑G41‑G‑FC‑211A‑IB



 2649
2
0‑G41‑G‑FC‑214‑IB



 2663
1
0‑G41‑G‑FC‑227A‑IB



 2672
4
0‑G41‑G‑FC‑236‑IB



 3140
3
1‑P43‑G‑NCC‑14‑RB



 3141
1
1‑P43‑G‑NCC‑15‑RB



 3182
3
1‑P43‑G‑NCC‑54‑RB



 3183
1
1‑P43‑G‑NCC‑55‑RB



 3315
2
0‑R45‑G‑DG‑1‑YD



 3317
2
0‑R45‑G‑DG‑4‑YD



 3321
2
0‑R45‑G‑DG‑10‑YD



 3334
3
0‑R45‑G‑DG‑26‑YD



 3335
2
0‑R45‑G‑DG‑27‑YD



 3337
3
0‑R45‑G‑DG‑30‑YD



 3338
3
0‑R45‑G‑DG‑31‑YD



 3340
3
0‑R45‑G‑DG‑33‑YD



 3341
3
0‑R45‑G‑DG‑34‑YD



 3348
2
0‑R45‑G‑DG‑44‑YD



 3350
3
0‑R45‑G‑DG‑47‑YD



 3354
2
0‑R45‑G‑DG‑52‑YD



 3357
2
0‑R45‑G‑DG‑56‑YD



 3374
3
0‑R45‑G‑DG‑77‑YD



 3375
2
0‑R45‑G‑DG‑78‑YD



 3377
3
0‑R45‑G‑DG‑80‑YD



 3378
2
0‑R45‑G‑DG‑81‑YD



 3380
3
0‑R45‑G‑DG‑83‑YD



 3389
4
0‑R45‑G‑DG‑94‑YD
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PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 3390
2
0‑R45‑G‑DG‑95‑YD



 3392
4
0‑R45‑G‑DG‑98‑YD



 3395
3
0‑R45‑G‑DG‑102‑YD



 3406
2
0‑R45‑G‑DG‑115‑YD



 3408
3
0‑R45‑G‑DG‑117‑YD



 3409
2
0‑R45‑G‑DG‑118‑YD



 3411
3
0‑R45‑G‑DG‑120‑YD



 3412
2
0‑R45‑G‑DG‑121‑YD



 3414
3
0‑R45‑G‑DG‑123‑YD



 3769
3
1‑G50‑G‑LRW‑44‑RB



 3770
4
1‑G50‑G‑LRW‑45‑RB



 3841
2
0‑P45‑G‑ESW‑439‑YD



 3843
2
0‑P45‑G‑ESW‑441‑YD



 3845
2
0‑P45‑G‑ESW‑443‑YD



 3847
3
0‑P45‑G‑ESW‑445‑YD



 3849
3,4
0‑P45‑G‑ESW‑447‑YD



 3857
3
0‑P45‑G‑ESW‑455‑YD



 3859
2
0‑P45‑G‑ESW‑457‑YD



 3861
2
0‑P45‑G‑ESW‑459‑YD



 3881
3
0‑P45‑G‑ESW‑479‑YD



 3920
3
0‑P45‑G‑ESW‑518‑YD



 3921
2
0‑P45‑G‑ESW‑519‑YD



 3923
2
0‑P45‑G‑ESW‑521‑YD



 3924
3
0‑P45‑G‑ESW‑522‑YD



 3947
4
0‑P45‑G‑ESW‑545‑YD



 3958
3
0‑P45‑G‑ESW‑556‑YD



 3959
2
0‑P45‑G‑ESW‑557‑YD



 4139
1,5
1‑G33‑G‑RWCU‑39‑RB



 4142
1,2,6
1‑G33‑G‑RWCU‑42‑RB



 4152
5
1‑G33‑G‑RWCU‑52‑RB



 4360
3
1‑E12‑G‑RH‑228‑RB



 4369
4
1‑E12‑G‑RH‑236‑RB



 4445
4
1‑E12‑G‑RH‑39‑AB



 4447
6
1‑E12‑G‑RH‑41‑AB



 4448
5
1‑E12‑G‑RH‑42‑AB



 4449
4
1‑E12‑G‑RH‑43‑AB



 4450
4
1‑E12‑G‑RH‑44‑AB



 4453
2
1‑E12‑G‑RH‑47‑AB



 4454
3
1‑E12‑G‑RH‑48‑AB



 4456
4
1‑E12‑G‑RH‑50‑AB



 4458
4
1‑E12‑G‑RH‑52‑AB



 4459
2
1‑E12‑G‑RH‑53‑AB



 4460
8
1‑E12‑G‑RH‑53A‑AB
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Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



 4461
3
1‑E12‑G‑RH‑54‑AB



 4462
4
1‑E12‑G‑RH‑55‑AB



 4467
4
1‑E12‑G‑RH‑60‑AB



 4468
4
1‑E12‑G‑RH‑61‑AB



 4469
4,5
1‑E12‑G‑RH‑62‑AB



 4470
6
1‑E12‑G‑RH‑63‑AB



 4473
4
1‑E12‑G‑RH‑66‑AB



 4485
7
1‑E12‑G‑RH‑77‑AB



 4492
7
1‑E12‑G‑RH‑84‑AB



 4500
4
1‑E12‑G‑RH‑92‑AB



 4503
5
1‑E12‑G‑RH‑95‑AB



 4504
2
1‑E12‑G‑RH‑96‑AB



 4505
2
1‑E12‑G‑RH‑97‑AB



 4506
3
1‑E12‑G‑RH‑98‑AB



 4507
4
1‑E12‑G‑RH‑99‑AB



 4510
5
1‑E12‑G‑RH‑102‑AB



 4511
4
1‑E12‑G‑RH‑103‑AB



 4512
3
1‑E12‑G‑RH‑104‑AB



 4513
2
1‑E12‑G‑RH‑105‑AB



 4514
5
1‑E12‑G‑RH‑106‑AB



 4515
2
1‑E12‑G‑RH‑107‑AB



 4525
3
1‑E12‑G‑RH‑116‑AB



 4530
4
1‑E12‑G‑RH‑121‑AB



 4566
4
1‑E12‑G‑RH‑157‑AB



 4567
2
1‑E12‑G‑RH‑158‑AB



 4574
3
1‑E12‑G‑RH‑165‑AB



 4576
4,5
1‑E12‑G‑RH‑167‑AB



 4585
5
1‑E12‑G‑RH‑176‑AB



 4586
5
1‑E12‑G‑RH‑177‑AB



 4595
4
1‑E12‑G‑RH‑186‑AB



 4596
2
1‑E12‑G‑RH‑187‑AB



 4607
6
1‑E12‑G‑RH‑198‑AB



 4608
3
1‑E12‑G‑RH‑199‑AB



 4609
2
1‑E12‑G‑RH‑200‑AB



 4611
3
1‑E12‑G‑RH‑202‑AB



 4614
4
1‑E12‑G‑RH‑205‑AB



 4622
4
1‑E12‑G‑RH‑213‑AB



 4623
2
1‑E12‑G‑RH‑214‑AB



 4624
4
1‑E12‑G‑RH‑215‑AB



 4625
4
1‑E12‑G‑RH‑216‑AB



 4626
2
1‑E12‑G‑RH‑217‑AB



 4627
4
1‑E12‑G‑RH‑218‑AB



 4755
2
0‑P45‑G‑ESW‑328‑DGB
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 4814
5
0‑P45‑G‑ESW‑310B‑DGB



 4816
4
0‑P45‑G‑ESW‑358A‑DGB



 4819
5
0‑P45‑G‑ESW‑379B‑DGB



 4822
4
0‑P45‑G‑ESW‑380B‑DGB



 4824
3
0‑P45‑G‑ESW‑384A‑DGB



 4825
5
0‑P45‑G‑ESW‑384B‑DGB



 4828
2
0‑P45‑G‑ESW‑558‑CC



 4832
4
0‑P45‑G‑ESW‑563‑DGB



 4833
2
0‑P45‑G‑ESW‑564‑DGB



 4834
2
0‑P45‑G‑ESW‑565‑DGB



 4835
5
0‑P45‑G‑ESW‑44‑DGB



 4846
2
1‑E15‑G‑CS‑2‑RB



 4849
1
1‑E15‑G‑CS‑5‑RB



 4852
1
1‑E15‑G‑CS‑8‑RB



 4853
1
1‑E15‑G‑CS‑9‑RB



 4855
1
1‑E15‑G‑CS‑11‑RB



 4860
1
1‑E15‑G‑CS‑16‑RB



 4861
1
1‑E15‑G‑CS‑17‑RB



 4862
1
1‑E15‑G‑CS‑18‑RB



 4864
1
1‑E15‑G‑CS‑20‑RB



 4865
1
1‑E15‑G‑CS‑20A‑RB



 4868
1
1‑E15‑G‑CS‑23‑RB



 4869
1
1‑E15‑G‑CS‑24‑RB



 4873
2
1‑E15‑G‑CS‑28‑RB



 4874
1
1‑E15‑G‑CS‑29‑RB



 4876
1
1‑E15‑G‑CS‑31‑RB



 4882
1
1‑E15‑G‑CS‑37‑RB



 4886
1
1‑E15‑G‑CS‑40A‑RB



 4888
1
1‑E15‑G‑CS‑42‑RB



 4889
1
1‑E15‑G‑CS‑43‑RB



 4890
1
1‑E15‑G‑CS‑44‑RB



 4892
1
1‑E15‑G‑CS‑46‑RB



 4893
1
1‑E15‑G‑CS‑47‑RB



 4895
1
1‑E15‑G‑CS‑49‑RB



 4896
2
0‑P47‑G‑CCW‑1‑CC



 4898
3
0‑P47‑G‑CCW‑3‑CC



 4900
5
0‑P47‑G‑CCW‑6‑CC



 4904
2
0‑P47‑G‑CCW‑10‑CC



 4906
5
0‑P47‑G‑CCW‑12‑CC



 4907
2
0‑P47‑G‑CCW‑13‑CC



 4910
2
0‑P47‑G‑CCW‑20‑CC



 4911
2
0‑P47‑G‑CCW‑21‑CC



 4914
2
0‑P47‑G‑CCW‑24‑CC
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 4916
2
0‑P47‑G‑CCW‑26‑CC



 4932
5
0‑P47‑G‑CCW‑40‑CC



 4943
2
0‑P47‑G‑CCW‑50‑CC



 4944
2
0‑P47‑G‑CCW‑51‑CC



 4946
4,5
0‑P47‑G‑CCW‑57‑CC



 4947
2
0‑P47‑G‑CCW‑58‑CC



 4948
3
0‑P47‑G‑CCW‑59‑CC



 4949
3,4
0‑P47‑G‑CCW‑60‑CC



 4950
3
0‑P47‑G‑CCW‑61‑CC



 4951
2
0‑P47‑G‑CCW‑62‑CC



 4952
2
0‑P47‑G‑CCW‑63‑CC



 4953
3
0‑P47‑G‑CCW‑64‑CC



 4956
3
0‑P47‑G‑CCW‑67‑CC



 4957
2,3
0‑P47‑G‑CCW‑68‑CC



 4961
3
0‑P47‑G‑CCW‑72‑CC



 4962
2
0‑P47‑G‑CCW‑73‑CC



 4963
2
0‑P47‑G‑CCW‑74‑CC



 4964
3
0‑P47‑G‑CCW‑75‑CC



 4965
2
0‑P47‑G‑CCW‑76‑CC



 4966
3,4
0‑P47‑G‑CCW‑77‑CC



 4967
2
0‑P47‑G‑CCW‑78‑CC



 4968
3
0‑P47‑G‑CCW‑79‑CC



 4969
2
0‑P47‑G‑CCW‑80‑CC



 4970
2
0‑P47‑G‑CCW‑81‑CC



 4972
3
0‑P47‑G‑CCW‑87‑CC



 4973
2
0‑P47‑G‑CCW‑88‑CC



 4975
2
0‑P47‑G‑CCW‑91‑CC



 4976
3
0‑P47‑G‑CCW‑92‑CC



 4978
3
0‑P47‑G‑CCW‑94‑CC



 4979
5
0‑P47‑G‑CCW‑95‑CC



 4991
3
0‑P47‑G‑CCW‑107‑CC



 4994
2
0‑P47‑G‑CCW‑110‑CC



 4995
3
0‑P47‑G‑CCW‑111‑CC



 4997
2
0‑P47‑G‑CCW‑117‑CC



 4998
2
0‑P47‑G‑CCW‑118‑CC



 5010
4
0‑P47‑G‑CCW‑130‑CC



 5011
3
0‑P47‑G‑CCW‑131‑CC



 5013
2
0‑P47‑G‑CCW‑136‑CC



 5014
2
0‑P47‑G‑CCW‑137‑CC



 5015
3
0‑P47‑G‑CCW‑138‑CC



 5017
3
0‑P47‑G‑CCW‑141‑CC



 5019
2
0‑P47‑G‑CCW‑143‑CC



 5020
3
0‑P47‑G‑CCW‑144‑CC
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 5022
2
0‑P47‑G‑CCW‑146‑CC



 5024
3
0‑P47‑G‑CCW‑149‑CC



 5026
2
0‑P47‑G‑CCW‑154‑CC



 5027
3
0‑P47‑G‑CCW‑155‑CC



 5028
3
0‑P47‑G‑CCW‑156‑CC



 5029
2
0‑P47‑G‑CCW‑157‑CC



 5030
2
0‑P47‑G‑CCW‑158‑CC



 5031
2
0‑P47‑G‑CCW‑159‑CC



 5035
3
0‑P47‑G‑CCW‑163‑CC



 5036
3
0‑P47‑G‑CCW‑164‑CC



 5038
3
0‑P47‑G‑CCW‑166‑CC



 5040
2
0‑P47‑G‑CCW‑168‑CC



 5042
2
0‑P47‑G‑CCW‑170‑CC



 5047
3
0‑P47‑G‑CCW‑175‑CC



 5048
2
0‑P47‑G‑CCW‑176‑CC



 5050
2
0‑P47‑G‑CCW‑179‑CC



 5052
2
0‑P47‑G‑CCW‑184‑CC



 5053
2
0‑P47‑G‑CCW‑185‑CC



 5062
2
0‑P47‑G‑CCW‑195‑CC



 5075
3
0‑P47‑G‑CCW‑208‑CC



 5619
3
0‑P47‑G‑CCW‑180‑CC



 5620
3
0‑P47‑G‑CCW‑183‑CC



 5646
4
2‑P45‑G‑ESW‑38‑AB



 5668
2
2‑P45‑G‑ESW‑66‑AB



 5671
3
2‑P45‑G‑ESW‑74‑AB



 5673
3
2‑P45‑G‑ESW‑76‑AB



 5694
3,4
2‑P45‑G‑ESW‑104‑AB



 5696
2
2‑P45‑G‑ESW‑112‑AB



 5698
3
2‑P45‑G‑ESW‑114‑AB



 5749
6
0‑P45‑G‑ESW‑600‑ESWPE



 5753
2
0‑P45‑G‑ESW‑604‑ESWPE



 5755
2
0‑P45‑G‑ESW‑606‑ESWPE



 5757
2
0‑P45‑G‑ESW‑608‑ESWPE



 5759
2
0‑P45‑G‑ESW‑610‑ESWPE



 5762
3
0‑P45‑G‑ESW‑613‑ESWPE



 5764
3
0‑P45‑G‑ESW‑615‑ESWPE



 5766
3
0‑P45‑G‑ESW‑617‑ESWPE



 5768
3
0‑P45‑G‑ESW‑619‑ESWPE



 5772
4
0‑P45‑G‑ESW‑623‑ESWPE



 6198
3
0‑R45‑G‑DG‑169‑DGB



 6199
3
0‑R45‑G‑DG‑170‑DGB



 6200
2
0‑R45‑G‑DG‑171‑DGB



 6201
3
0‑R45‑G‑DG‑172‑DGB



 6202
2
0‑R45‑G‑DG‑173‑DGB
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 6204
2
0‑R45‑G‑DG‑175‑DGB



 6205
3
0‑R45‑G‑DG‑176‑DGB



 6206
3
0‑R45‑G‑DG‑177‑DGB



 6207
3
0‑R45‑G‑DG‑178‑DGB



 6208
2
0‑R45‑G‑DG‑179‑DGB



 6209
3
0‑R45‑G‑DG‑180‑DGB



 6210
2
0‑R45‑G‑DG‑181‑DGB



 6213
3
0‑R45‑G‑DG‑184‑DGB



 6215
3
0‑R45‑G‑DG‑186‑DGB



 6217
3
0‑R45‑G‑DG‑188‑DGB



 6218
3
0‑R45‑G‑DG‑189‑DGB



 6220
3
0‑R45‑G‑DG‑191‑DGB



 6223
4
0‑R45‑G‑DG‑194‑DGB



 6224
3
0‑R45‑G‑DG‑195‑DGB



 6225
4
0‑R45‑G‑DG‑196‑DGB



 6226
3
0‑R45‑G‑DG‑197‑DGB



 6227
4
0‑R45‑G‑DG‑198‑DGB



 6228
3
0‑R45‑G‑DG‑199‑DGB



 6229
3
0‑R45‑G‑DG‑200‑DGB



 6230
3
0‑R45‑G‑DG‑201‑DGB



 6231
3
0‑R45‑G‑DG‑202‑DGB



 6234
3
0‑P45‑G‑ESW‑625‑DGB



 6236
3
0‑P45‑G‑ESW‑626‑DGB



 6935
4
0‑P45‑G‑ESW‑628‑YD



 7109
2
1‑P45‑G‑ESW‑121‑AB



10157
3
1‑P45‑G‑ESW‑213B‑AB



10158
3
1‑P45‑G‑ESW‑214B‑AB



10511
2
1‑P54‑G‑FP‑131‑AB



10512
3
1‑P54‑G‑FP‑132‑AB



13455
2
2‑M51‑G‑CGC‑3‑RB



13456
2
2‑M51‑G‑CGC‑4‑RB



13457
2
2‑M51‑G‑CGC‑5‑RB



13460
2
2‑M51‑G‑CGC‑8‑RB



13463
2
2‑M51‑G‑CGC‑10A‑RB



13464
3
2‑M51‑G‑CGC‑11‑RB



13465
2
2‑M51‑G‑CGC‑12‑RB



13466
2
2‑M51‑G‑CGC‑13‑RB



13471
2
2‑M51‑G‑CGC‑18‑RB



13472
2
2‑M51‑G‑CGC‑19‑RB



13474
2
2‑M51‑G‑CGC‑22‑RB



13477
4
2‑M51‑G‑CGC‑24‑RB



13479
2
2‑M51‑G‑CGC‑30‑RB



13480
2
2‑M51‑G‑CGC‑31‑RB



13481
2
2‑M51‑G‑CGC‑32‑RB
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13496
4
1‑M14‑G‑CVDP‑3‑RB



13509
4
2‑M14‑G‑CVDP‑4‑RB



13570
1
1‑E15‑G‑CS‑1A‑RB



13571
1
1‑E15‑G‑CS‑26A‑RB



13736
3
2‑E12‑G‑RH‑123‑AB



13737
3
2‑E12‑G‑RH‑124‑AB



13744
3
2‑E12‑G‑RH‑133‑AB



13745
3
2‑E12‑G‑RH‑134‑AB



13780
3
2‑E12‑G‑RH‑55‑AB



13788
3
2‑E12‑G‑RH‑73‑AB



13789
2
2‑E12‑G‑RH‑74‑AB



13793
3
2‑E12‑G‑RH‑78‑AB



13794
3
2‑E12‑G‑RH‑79‑AB



13797
2
2‑E12‑G‑RH‑82‑AB



13802
5
2‑E12‑G‑RH‑87‑AB



13804
4,5
2‑E12‑G‑RH‑89‑AB



13805
4
2‑E12‑G‑RH‑90‑AB



13806
5
2‑E12‑G‑RH‑91‑AB



13810
5
2‑E12‑G‑RH‑97‑AB



13834
7
2‑E12‑G‑RH‑142‑AB



13844
4
2‑E12‑G‑RH‑164‑AB



13845
2
2‑E12‑G‑RH‑170‑AB



13858
6
2‑E12‑G‑RH‑68‑AB



13861
3,7
2‑E12‑G‑RH‑71‑AB



13871
7
2‑E12‑G‑RH‑166‑AB



13874
3
2‑E12‑G‑RH‑169‑AB



13876
9
2‑E12‑G‑RH‑176‑AB



13879
5,6
2‑E12‑G‑RH‑192‑AB



13880
3
2‑E12‑G‑RH‑193‑AB



13931
2
2‑E12‑G‑RH‑203‑AB



13932
2
2‑E12‑G‑RH‑204‑AB



14196
2
2‑E21‑G‑LPC‑11‑AB



14197
2
2‑E21‑G‑LPC‑12‑AB



14321
4
2‑P43‑G‑NCC‑146‑RB



14333
3
2‑P43‑G‑NCC‑161‑RB



14766
2
2‑G42‑G‑SPCU‑17A‑AB



14769
3
2‑G42‑G‑SPCU‑20‑AB



14772
3
2‑G42‑G‑SPCU‑23‑AB



14809
3
2‑G41‑G‑FC‑76‑AB



14810
3
2‑G41‑G‑FC‑77‑AB



14811
3,4
2‑G41‑G‑FC‑78‑AB



14813
2
2‑G41‑G‑FC‑81‑AB



14815
2
2‑G41‑G‑FC‑83‑AB


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑8405)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



14817
3
2‑G41‑G‑FC‑85‑AB



14818
3
2‑G41‑G‑FC‑86‑AB



14819
4
2‑G41‑G‑FC‑87‑AB



14821
3
2‑G41‑G‑FC‑91‑AB



14822
4,5
2‑G41‑G‑FC‑92‑AB



14823
3,4
2‑G41‑G‑FC‑93‑AB



14824
5,6
2‑G41‑G‑FC‑94‑AB



15000
2
2‑E22‑G‑HPC‑34‑AB



15197
2
2‑G36‑G‑RFD‑80‑RB


N‑8405 TOTAL = 568 ASSEMBLIES


TABLE 5.2‑1a (Continued)


PULLMAN POWER PRODUCTS (N‑7691)


Fabrication F‑Sheet No.
F‑Sheet Item No.
Assembly Piece Mark No.



5
2
0‑P47‑G‑CCW‑63R‑00



6
2
0‑P47‑G‑CCW‑73R‑00



7
2
0‑P47‑G‑CCW‑158R‑CC



23
2
0‑P47‑G‑CCW‑78R‑CC



24
4
0‑P47‑G‑ESW‑97R‑CC



33
3
1‑E12‑G‑RH‑105R‑AB



198
4,5
1‑E12‑G‑RH‑I478‑1‑AB



199
5,6
1‑E12‑G‑RH‑X1248‑1‑AB


N‑7691 TOTAL = 8 ASSEMBLIES


TABLE 5.2‑1a (Continued)


MATERIALS PROCURED BY GENERAL ELECTRIC



ITEM
MPL NUMBER



SNUBBER
1B21G006



SNUBBER
2B21G006



SNUBBER
1B33G006



SNUBBER
2B33G006



BELLOWS
1F42G001



BELLOWS
2F42G001


TOTAL = 6 ITEMS


MATERIALS PROCURED BY WESTINGHOUSE ELECTRIC




MPL Number


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S001


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S002


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S003


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S004


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S005


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S006


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S007


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S008


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S009


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S010


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S011


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S012


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S013


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S014


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S015


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S016


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S017


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S018


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S019


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S020


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S021


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S022


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S023


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S024


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S025


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S026


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S027


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S028


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S029


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S030


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S031


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S032


TABLE 5.2‑1a (Continued)


MATERIALS PROCURED BY WESTINGHOUSE ELECTRIC




MPL Number


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S033


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S035


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S036


ELECTRICAL PENETRATION BULKHEAD MATERIAL
1R72S038


TOTAL = 36 ITEMS


TABLE 5.2‑2


NUCLEAR SYSTEM SAFETY/RELIEF SETPOINTS


USED IN THE INITIAL CYCLE ANALYSIS


(Nominal Value)






 ASME Rated






  Capacity
Relief Pressure Low‑Low Set Relief



   Spring Set
@ 103% Spring


No. of  Pressure
 Set Pressure
  Set Pressure
 No. of    Setpoint


Valves    (psig)  
(lb/hr each)_
    (psig)    
 Valves Close/Re‑Open


  8
1,165
895,000


  6
1,180
906,000


  5
1,190
913,000


  1




1,103
1
926/1,033


  9




1,113(1)
1
936/1,073


  9




1,123(1)
4
946/1,113


NOTE:


(1)
Closing setpoint is 100 psi below opening setpoint for non‑low‑low set valves.


TABLE 5.2‑3


SYSTEMS WHICH MAY INITIATE DURING OVERPRESSURE EVENT





System


  Initiating/Trip Signal(s)(1)



Reactor Protection

Reactor trips “OFF” on High Flux




System




RCIC




“ON” when Reactor Water Level (L2









“OFF” when Reactor Water Level (L8




HPCS




“ON” when Reactor Water Level (L2









“ON” when Drywell Pressure (2 psig









“OFF” when Reactor Water Level (L8




Recirculation System
“OFF” when Reactor Water Level <L2









“OFF” when Reactor Pressure >1,125 psig




RWCU




“OFF” when Reactor Water Level <L2


NOTE:


(1)
Vessel levels are shown on <Figure 5.3‑7>.  Trip settings are analytical limits.  Refer to the Operational Requirements Manual for actual setpoints.


TABLE 5.2‑4


SEQUENCE OF EVENTS FOR


INITIAL CYCLE MSIV CLOSURE EVENT WITH FLUX(1)

SCRAM <FIGURE 5.2‑3> OVERPRESSURIZATION


PROTECTION ANALYSIS


Time‑Sec






Events


   0


Closure of all main steam isolation valves (MSIV) was initiated.


  0.3

MSIVs reached 90% open.  Failure of direct position scram was assumed.


  1.6

Neutron flux reached the high APRM flux scram setpoint and initiated reactor scram.


  2.1

Reactor dome pressure reached the setpoint of recirculation pump trip.


  2.1

Reactor dome pressure reached the Group 1 safety/relief valves pressure setpoint (power‑actuated mode).  Only one half of valves in this group was assumed functioning.


  2.3

Steamline pressure reached the Group 1 safety/relief valves pressure setpoint (spring‑action mode).  Valves which were not opened in this power‑actuated mode were opened.


  2.4

Recirculation pump initiated to coastdown.


  2.8

All safety/relief valves opened in either power‑actuated mode or spring action mode due to high pressure.


  2.9

Vessel bottom pressure reached its peak value.


  3.0

MSIVs completely closed.


>10 (est)

Safety/relief valves opened in their spring‑action mode closed.


>20 (est)

Wide‑range sensed water level reached L2 setpoint.  HPCS and RCIC flow entered reactor vessel.  Safety valves closed and reopen cyclicly.


NOTE:


(1)
For the current reload safety analysis sequence of events for this transient refer to <Appendix 15B>, Reload Safety Analysis.


TABLE 5.2‑5


REACTOR COOLANT PRESSURE BOUNDARY MATERIALS











    Specification


Component


 Form
  Material
   _ (ASTM/ASME) _


Reactor Vessel


Shell


 Plate
Low Alloy Steel   SA‑533 Grade B, Class I


Bottom Head

 Plate
Low Alloy Steel   SA‑533 Grade B, Class I


Top Head


 Plate
Low Alloy Steel   SA‑533 Grade B, Class I


Main Closure


  Flanges


 Forging
Low Alloy Steel   SA‑508 Class II


Nozzles over 2”
 Forging
Low Alloy Steel   SA‑508 Class II


  Nominal Size


Nozzles 2” and


  under except

 Forging
Stainless Steel   SA‑336 Class F8


  nozzle core


  (P nozzle


Drain Nozzle

 Forging
Carbon Steel
    SA‑508 Class I


Core (P Nozzle

 Forging
Inconel

    SB‑166


Nozzle Safe Ends
 Forging
Inconel

    SB‑166


Nozzle Safe Ends
 Forging
Carbon Steel
    SA‑508 Class I


Nozzle Safe Ends
 Forging
Stainless Steel   SA‑366 Class F8


Bolting, Studs

 Forging
Alloy Steel
    SA‑540 Grade B23


  Nuts and Washers






 or Grade 24












 Class 3


Main Steam Piping ‑ ASME Code, Class I


Elbow


 Fitting
Carbon Steel
    SA‑234, WPBW


Pipe



 Welded
Carbon Steel
    SA‑155, Gr. KCF70CL1






 Plate
Carbon Steel
    SA‑516, Gr. 70


Pipe



 Seamless
Carbon Steel
    SA‑106, Gr. B


Flange


 Forging
Carbon Steel
    SA‑105


Nozzles


 Forging
Carbon Steel
    SA‑105


Lugs



 Plate
Carbon Steel
    SA‑516, Gr. 70


Studs


 Bolting
Low Alloy

SA‑193, Gr. B7


Nuts



 Bolting
Low Alloy

SA‑194, Gr. 7


Hydraulic Nuts

 Bolting
Alloy Steel

SA‑540, Grade B23


  with Spherical






  Class 3


  Washers(1)

TABLE 5.2‑5 (Continued)











    Specification


Component


 Form
  Material
   _ (ASTM/ASME) _

Safety/Relief Valve Piping ‑ ASME Code, Class III


Pipe



 Seamless
Carbon Steel
    SA‑106, Gr. B


Ball Joint

 Fitting
Carbon Steel
    SA‑234, Gr. WPB


Elbow


 Fitting
Carbon Steel
    SA‑234, Gr. WPB


Flange


 Forging
Carbon Steel
    SA‑105


Nozzle


 Forging
Carbon Steel
    SA‑105, Code Case 1519






 Forging
Carbon Steel
    SA‑181, Gr. II


Studs


 Bolting
Low Alloy

SA‑193, Gr. B7


Nut



 Bolting
Low Alloy

SA‑194, Gr. 2H


Hydraulic Nuts

 Bolting
Alloy Steel

SA‑540, Grade B23


  with Spherical






  Class 3


  Washers(1)

Attachment

 Plate
Carbon Steel
    SA‑516, Gr. 70


TABLE 5.2‑5 (Continued)











    Specification


Component


 Form
  Material
   _ (ASTM/ASME) _

Recirculation Piping ‑ ASME Code, Class I


Pipe



 Welded
Stainless

SA‑358, Gr. 304, CL I


Elbow


 Fitting
Stainless

SA‑403, Gr. WP304 or












  WPW304






 Plate
Stainless

SA‑240, Gr. 304


Nozzle


 Fitting
Stainless

SA‑403, Gr. WP 304


Flange 


 Forging
Stainless

SA‑182, Gr. F316


Lug



 Plate
Stainless

SA‑240, Gr. 304


Bolt



 Bolting
Low Alloy

SA‑193, Gr. B7


Nut



 Bolting
Low Alloy

SA‑194, Gr. 7


Control Rod Drive


Flanges, Plugs

 Forging
Stainless Steel
SA‑182


Nut, Base


 Bar

XM‑19


SA‑479


Indicator tube

 Pipe
Stainless Steel
SA‑312


Housing


 Tube
Stainless Steel
SA‑312






 Tube
Inconel 600

SB‑167






 Flange
Stainless Steel
SA‑182






 (Forging)






 Welds
Stainless Steel
SFA 5.9, SFA 5.4












Type 308 or 316






 Welds
Inconel


SFA 5.11 ER NiCrFe‑3












SFA 5.14 ER NiCr‑3


Incore Housing

 Tube
Inconel 600

SB‑167






 Flange
Stainless Steel
SA‑182






 (Forging)






 Welds
Inconel


SFA 5.11 ER NiCrFe‑3












SFA 5.14 ER NiCr‑3


MSIV


Body



 Cast
Carbon Steel

SA‑216 Gr. WCB


Disc



 Forging
Steel


SA‑350 Gr. LF‑2


Stem



 Rod

Stainless Steel
SA‑564 Gr. 630


Studs


 Bolting
Alloy Steel

SA‑540 B23 CL5


Nuts



 Bolting
Alloy Steel

SA‑540 B23 CL5


Cover


 Forging
Forged Steel

SA‑105


Main Steam Flow Element


Instrument Nozzle
 Forged
Carbon Steel

SA‑105


TABLE 5.2‑5 (Continued)











    Specification


Component


 Form
  Material
     (ASTM/ASME)
  

Safety/Relief Valve


Body



 Casting
Carbon Steel

SA‑352 LCB


Seat



 Forging
Carbon Steel

SA‑350 LF2


Disk



 Casting
Carbon Steel

SA‑351 CF3A


Recirculation Gate Valves


Body



 Cast
Stainless Steel
SA‑351, GR‑CF8M


Bonnet


 Cast
Stainless Steel
SA‑351, GR‑CF8M


Disc



 Cast
Stainless Steel
SA‑351 ‑ CF3A


Bolts


 Bar

Carbon Steel

SA‑194 ‑ GR7


Nuts



 Bar

Carbon Steel

SA‑193 ‑ B7


Stem



 Bar

Stainless Steel
SA‑564 Type 630












  Cond 1150


Recirculation Flow Control Valve


Body



 Casting
Stainless Steel
SA‑351, GR‑CF8M


Housing


 Casting
Stainless Steel
SA‑351, GR‑CF8M


Covers 


 Casting
Stainless Steel
SA‑351, GR‑CF8M


Bonnet


 Casting
Stainless Steel
SA‑351, GR‑CF8M


Recirculation Pump


Pump Case


 Cast
Stainless Steel
SA‑351 GR‑CF8


Case Stud


 Bar

Alloy Steel

SA‑540 GR‑B23,CL4


Case Nut


 Bar

Stainless Steel
SA‑194 GR7 or








Alloy Steel

SA‑540 GR B23CL4


Cover


 Forging
Carbon Steel

SA‑105 Clad with












   308SS


Heat Exchanger Assembly


Flange


 Forging
Stainless Steel
SA‑182, GR. F316


Enclosing Cyl ‑


  Outer


 Forging
Stainless Steel
SA‑182, GR. F316


Outer Cyl.

 Forging
Stainless Steel
SA‑182, GR. F316


Inner Cyl.

 Forging
Stainless Steel
SA‑182, GR. F316


Enclosing Cyl. ‑


  Inner


 Forging
Stainless Steel
SA‑182, GR. F316


Bottom Support

 Forging
Stainless Steel
SA‑182, GR. F316


Union


 Forging
Stainless Steel
SA‑182, GR. F316












  or F304


TABLE 5.2‑5 (Continued)











    Specification


Component


 Form
  Material
     (ASTM/ASME)



Heat Exchanger Assembly (Continued)


Union


 Forging
Stainless Steel
 A‑182, GR. F304


Stud ‑ Ht. Exch. to
 Bar

Alloy Steel

SA‑540, GR. B23 C1.4


  Cover


Nut



 Bar

Stainless Steel
SA‑194, GR. 7


Cap Screw ‑ S.


  Flg./Ht. Ex.

 Bar

Alloy Steel

SA‑540, GR. B23 C1.4


Pipe



 Pipe
Stainless Steel
SA‑312, Type 316


Locating Pin

 Bar

Stainless Steel
 A‑479, Type 304 or 316


Thermowell

 Bar

Stainless Steel
SA‑479, Type 316


Thermowell Housing
 Bar

Stainless Steel
SA‑479, Type 316


Cap Screw


 Bar

Stainless Steel
 A‑193, Gr. B8


Seal Assembly


Pressure Breakdown
 Forging
Stainless Steel
SA‑182, Gr. F304


  Device (No. 1 Static


  Seal Housing)


Seal Flange 

 Forging 
Stainless Steel
SA‑182, Gr. F316


Seal Flange Weld
 Bar, or
Stainless Steel
SA‑479, Type 316, or


  Plug


 Forging




SA‑182, Gr. F316


Thermowell

 Bar, or
Stainless Steel
SA‑479, Type 316, or






 Forging




SA‑182, Gr. F316


NOTE:


(1)
Hydraulic Nuts (or HydraNuts) may be installed as an equivalent alternate or replacement for the SRV inlet and outlet flange nuts.


TABLE 5.2‑6









       (1,2,3,7)


OPERATIONAL BWR WATER CHEMISTRY       MEASUREMENTS




  Concentrations ‑ Parts per


Conductivity


                             Billion (ppb)          (mho/cm   pH





 Iron   Copper   Chloride  Oxygen     25(C
  25(C  Zinc

                                          See


Condensate (1)   -       -        -       Note(4)     <0.5      ~7    -


Condensate


Treatment


Effluent (2)     -       -        -                  <0.1      ~7    -


                See      See              See


Feedwater (3)   Note(4)   Note(4)    -      Note(4)     <0.1      ~7   (1.0


Reactor


Water (4)


a. Normal


   Operation      -       -       <200   100-300     <1.0      ~7   <7(5)










<5(8)



   or















   <10(6)

b. Shutdown       -       -       <100               <2.0      ~7    -


c. Hot Standby    -       -       <100               <2.0      ~7    -


d. Depressurized  -       -       <500     8000      <10.0     ~7    -


Steam (5)         -       -            10,000-30,000   -             -


Control Rod


Drive Cooling   See                       See


Water (6)       Note(4)    -       <20     Note(4)     (0.1     ~7     -


NOTES:


(1)
Numerals in parentheses refer to locations delineated on <Figure 5.2‑13>.


(2)
Values in table for Iron, Copper, Oxygen, Ph, Zinc, Feedwater Conductivity and Control Rod Drive Cooling Water Conductivity and Chloride are typical measurements during normal plant operation.


(3)
Values in table for Reactor Water Conductivity and Chloride, Condensate Conductivity and Condensate Treatment Effluent Conductivity are maximum values during normal plant operation or during operational condition specified.


(4)
These parameters are controlled by chemistry procedures.


(5)
Natural Zinc


(6)
Depleted Zinc


(7)
Normal Water Chemistry (NWC) unless otherwise indicated.


(8)
Hydrogen Water Chemistry (HWC).


TABLE 5.2‑7


WATER SAMPLE LOCATIONS














          Conductivity (µmho/cm)






Sample

 Sensor
   Indicator
  Recorder


  Alarm Setpoint  
Minimum(1)



Origin

Location
    Location
  Location
Range
 Low

High

Accuracy


Reactor Water

 Sample

Sample
   Control
0‑10

 0.03
1.0

(15% or (0.10


Recirculation

 Line

Station
   Room







whichever 


Loop

















is least




















restrictive


Reactor Water

 Sample

Sample
   Control
0‑1

 0.03
1.0

(15% or (0.05


Cleanup System

 Line

Station
   Room







whichever


Inlet
















is least




















restrictive


Reactor Water

 Sample

Sample
   Control
0‑1

 0.03
0.1

(15% or (0.02 


Cleanup System

 Line

Station
   Room







whichever


Outlets
















is least




















restrictive


Control Rod Drive
 Sample

Sample
   Control
0‑1

 0.03
0.2

(15% or (0.02


System


 Line

Station
   Room







whichever




















is least




















restrictive


NOTE:


(1)
The accuracy is expressed as percent of reading.  A ( band is established to account for accuracy of instrument when water chemistry parameters are low in the operating range.  The instruments are sensitive to within or less than the accuracy, and are periodically calibrated against laboratory calibration instruments.


TABLE 5.2‑8


SUMMARY OF ISOLATION/ALARM OF SYSTEM MONITORED 


AND THE LEAK DETECTION METHODS USED


(Summary of Isolation Signals and Alarms(3) System Isolation vs Variable Monitored)



















   System Isolated













Variable




Monitored









Main Steam
RHR

RCIC

RWCU
Balance of Plant


Reactor Vessel Water Level(4)(2)







1

 3




  2


    2


Reactor Pressure(2)












 I(6)


Turbine Building Leak Detection







I


MS Tunnel Ambient Temp, High







I



  I


  I


MS Tunnel Differential Temp, High(A)










 


MS Line Flow Rate, High









I


Drywell Pressure, High(2)











 I(7)

  I(5)





I


RHR Equipment Area Ambient Temp, High







 I

  I


RHR Equipment Area Differential Temp, High(A)(8)







RCIC Equipment Area Ambient Temp, High









  I


RCIC Equipment Area Differential Temp, High(A)(8)


RCIC Exhaust Diaphragm Pressure, High(2)









  I


RCIC Steam Supply Differential Pressure (High Flow)





  I


RCIC Steam Supply Differential Pressure (Instr Line Break)



  I


RWCU Process Piping Differential Flow, High











  I


RWCU Equipment Area Ambient Temp, High












  I


RWCU Equipment Area Differential Temp, High(A)

REFERENCES:


(A)
Alarm only.


(I)
Isolate, alarm, and indicate (or record).


TABLE 5.2‑8 (Continued)


NOTES:


(1)
Systems or selected valves within the system that isolate.


(2)
These leak detection signals are provided by other systems.


(3)
An alarm is associated with each isolation signal.


(4)
Numerals in this row correspond to reactor water levels as shown on condensate and feedwater



Specification MPL‑C34 and are levels at which isolation valves of the related system are closed.


(5)
RCIC turbine exhaust vacuum breaker line valves only.


(6)
Shutdown cooling mode.


(7)
Except shutdown cooling mode.


(8)
Effective only when room cooler is running.


TABLE 5.2‑9


SUMMARY OF ISOLATION/ALARM OF SYSTEM MONITORED


AND THE LEAK DETECTION METHODS USED


(Summary of Variable Trip Alarms Leakage Source vs Generated Variables)
















   Source of Leakage (Inside Drywell/Outside Drywell)











    Affected




       Main
        RCIC

RCIC
  RWCU
   HPCS    LPCS     Recirc
  Feed‑   RHR    Reactor Vessel
 Upper
     Misc.
  Valve       RCIC



Variable Monitor



    Steam Line    Steam Line  Steam Line  Water  Water   Water   Pump Seal Water   Water    Head Seal     Cont. Pool  Leaks  Stem Packing   Water


Leakage, Inside Drywell/Outside Drywell
X/X
X/X
NA/X
X/X
X/X
X/X
X/X
X/X
X/X
X/X
X/X
X/X
X/X
X/X


Drywell Pressure, High
A/NA
A/NA

A/NA


A/NA
A/NA
A/NA





   








Reactor Water Level, Low
A/A
A/A
NA/A
A/A



A/A
A/NA


Floor Drain Sump Flow Rate, High
A/A
A/NA

A/A
A/NA
A/NA

A/A
A/A




Floor Drain Sump Level
A/NA
A/NA

A/NA
A/NA
A/NA

A/NA
A/NA







Equipment Drain Sump Flow Rate, High






A/NA



A/NA
A/A
A/NA
A/NA





   

















Fission Product Radiation, High
A/NA
A/NA 

A/NA


A/NA
A/NA


Drywell Temperature, High
A/NA
A/NA

A/NA


A/NA
A/NA
A/NA
   





Safety/Relief Valve Discharge Pipe Temp, High
A/NA


MSL Guard Pipe Temp, High
A/NA






Valve Stem Leakoff Temp, High












A/NA



















Recirc Pump Seal Flow, High






A/NA













Vessel Head Seal Pressure, High









A/NA

















Air Cooler Condensate Flow, High
A/NA
A/NA

A/NA



A/NA
A/NA



Flow Rate, High
A/A
A/A
NA/A







Sump or Drain Flow, High (Equip. Area)
NA/A
NA/A
NA/A
NA/A
NA/A
NA/A

NA/A
NA/A

NA/A
NA/A
NA/A



MSL Tunnel Ambient and Differential Temp, High
NA/A
NA/A
NA/A
NA/A



NA/A










Equipment Area Ambient and Differential Temp, High

NA/A(1)
NA/NA
NA/A




NA/A





RWCU Differential Flow, High



NA/A












Pool Seal Drain Flow, High










A/A

























Intersystem Leakage (Radiation), High


  ECCS Injection on Line Leakage (Internal to


  Reactor Vessel) Differential Pressure



A/NA
A/NA
A/NA


A/A



   








REFERENCES:


A.
Alarm and indicate (or record) only.


B.
Indicate (or record) only.


X.
Location of leakage source.


NA
Not applicable.


NOTE:


(1)
Differential temperature measurement effective only when room cooler is running.
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5.3      REACTOR VESSEL


5.3.1      REACTOR VESSEL MATERIALS


5.3.1.1      Materials Specifications


The materials used in the reactor pressure vessel and appurtenances are shown in <Table 5.2‑5> together with the applicable specifications.


5.3.1.2      Special Processes Used for Manufacturing and Fabrication


The reactor pressure vessel is primarily constructed from low alloy, high strength steel plate and forgings.  Plates are ordered to ASME SA‑533 Grade B, Class 1, and forgings to ASME SA‑508, Class 2.  These materials are melted to fine grain practice and are supplied in the quenched and tempered condition.  Further restrictions include a requirement for vacuum degassing to lower the hydrogen level and improve the cleanliness of the low alloy steels.  Materials used in the core beltline region also specify limits of 0.12 percent maximum copper and 0.015 percent maximum phosphorus content in the base materials, and a 0.10 percent maximum copper and 0.025 percent maximum phosphorus content in weld materials.


Studs, nuts and washers for the main closure flange are ordered to ASME SA‑540, Grade B23 or Grade B24.  Welding electrodes are low hydrogen type ordered to ASME SFA 5.5.


All plate, forgings and bolting are 100 percent ultrasonically tested and surface examined by magnetic particle methods or liquid penetrant methods in accordance with ASME Code Section III, Subsection NB standards.  Fracture toughness properties are also measured and controlled in accordance with Subsection NB requirements.


All fabrication of the reactor pressure vessel is performed in accordance with GE approved drawings, fabrication procedures and test procedures.  The shells and vessel heads are made from formed plates, and the flanges and nozzles from forgings.  Welding performed to join these vessel components is in accordance with procedures qualified per ASME Code Section III and IX requirements.  Weld test samples are required for each procedure for major vessel full penetration welds.  Tensile and impact tests are performed to determine the properties of the base metal, heat affected zone and weld metal.


Submerged arc and manual stick electrode welding processes are employed.  Electroslag welding is not permitted.  Preheat and interpass temperatures employed for welding of low alloy steel meet or exceed the requirements of ASME Code Section III, Subsection NB‑4600.  Post weld heat treatment at 1,100(F minimum is applied to all low alloy steel welds.


Radiographic examination is performed on all pressure containing welds in accordance with requirements of ASME Code Section III, Subsection NB‑5320.  In addition, all welds are given a supplemental ultrasonic examination.


The materials, fabrication procedures and testing methods used in the construction of BWR reactor pressure vessels meet or exceed requirements of ASME Code Section III, Class I vessels.


During RF07, a weld overlay was applied to the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB.  The overlay is designed as a full structural overlay in accordance with the recommendations of <NUREG‑0313>, Revision 2 (forwarded by <Generic Letter 88‑01>), ASME Code Case N‑504, and Section XI of the ASME Boiler and Pressure Vessel Code, 1989 Edition (Paragraph IWB‑3640).  Examination of the final weld overlay was performed in accordance with ASME Code Case N‑504 (modified for welding of P‑1 and P‑43 materials) and <NUREG‑0313>, Revision 2 (modified as 


necessary for examination of Ni‑Cr‑Fe overlays).  Pressure testing of the weld overlay repair was performed in accordance with ASME Section XI, 1989 Edition, no Addenda per ASME Code Case N‑416‑1 (Reference PNPP letter PY‑CEI/NRR‑1851L and NRC Safety Evaluation Response dated 2/10/95).


5.3.1.3      Special Methods for Nondestructive Examination


The materials and welds on the reactor pressure vessel were examined in accordance with methods prescribed and meet the acceptance requirements specified by ASME Boiler and Pressure Vessel Code, Section III.  In addition, the pressure retaining welds were ultrasonically examined using manual techniques.  The ultrasonic examination method, including calibration, instrumentation, scanning sensitivity, and coverage was based on the requirements imposed by ASME Code, Section XI in Appendix I.  Acceptance standards were equivalent or more restrictive than required by ASME Code, Section XI.


5.3.1.4      Special Controls for Ferritic and Austenitic Stainless Steels


5.3.1.4.1      Compliance with Regulatory Guides


Compliance with regulatory guides is as follows:


a.
<Regulatory Guide 1.31>, Control of Ferrite Content in Stainless Steel Weld Metal



Controls on stainless steel welding are discussed in <Section 5.2.3.4.2>.


b.
<Regulatory Guide 1.34>, Control of Electroslag Weld Properties



Electroslag welding was not employed for the reactor pressure vessel fabrication.


c.
<Regulatory Guide 1.43>, Control of Stainless Steel Weld Cladding of Low‑Alloy Steel Components



Reactor pressure vessel specifications require that all low alloy steel be produced to fine grain practice.  The requirements of this regulatory guide are not applicable to BWR vessels.


d.
<Regulatory Guide 1.44>, Control of the Use of Sensitized Stainless Steel



Controls to avoid severe sensitization are discussed in <Section 5.2.3.4.1>.


e.
<Regulatory Guide 1.50>, Control of Preheat Temperature for Welding of Low‑Alloy Steel



Preheat controls are discussed in <Section 5.2.3.3.2>.


f.
<Regulatory Guide 1.71>, Welder Qualification for Areas of Limited Accessibility



Qualification for areas of limited accessibility is discussed in <Section 5.2.3.3.2>.


g.
Unit 1:  <Regulatory Guide 1.99> Revision 2, Radiation Embrittlement of Reactor Vessel Materials



Predictions for changes in transition temperature and upper shelf energy are discussed in <Section 5.3.1.6.3> and <Section 5.3.2.1.5>.


5.3.1.5      Fracture Toughness


5.3.1.5.1      Compliance with 10 CFR 50, Appendix G


<10 CFR 50, Appendix G> is interpreted for Class I RCPB components of the BWR 6 reactor design and complied with as discussed in <Section 5.3.2> and below with the following exceptions:


a.
The specific temperature limits for operation when the core is critical are based on <10 CFR 50, Appendix G>, and are given in GE Licensing Topical Report NEDO‑21778‑A (Reference 1).


b.
A minimum boltup and pressurization temperature of 70(F is called for, which is at least 60(F above the flange region RTNDT.  This exceeds the minimum RTNDT temperature required by ASME Code Section III, Appendix G, Paragraph 2222(c), Summer 1976 and later editions.  A flange region flaw size less than 10 percent of the wall thickness can be detected at the outside surface of the flange to shell and head junctions where stresses due to boltup are most limiting.


The following Items a through g are the interpretations and methods used to comply with <10 CFR 50, Appendix G>.  Item h reports the fracture toughness test results and the background information used as the basis to show compliance with <10 CFR 50, Appendix G>.


a.
Records and Procedures for Impact Testing



Personnel conducting fracture toughness testing were qualified by experience and training that demonstrated competency to perform tests in accordance with required procedures.  No record of qualification of individuals performing these tests were required at that time as the order of the Perry components predates the requirements of <10 CFR 50, Appendix G>.


b.
Specimen Orientation for Original Qualification Versus Surveillance



The special beltline longitudinally oriented Charpy specimens required by the general reference NB‑2300 and, specifically, NB‑2322.2(a)(6) are not included in the surveillance program base metal.  Instead, the orientation of the Charpy specimens is in accordance with Figure 1 of ASTM E‑185‑73, as described below.


c.
Charpy‑V Curves for the RPV Beltline



It is understood that the orientation of impact test specimens shall comply with the requirements of NB‑2322(a)4 (transverse specimen) for plate material as opposed to NB‑2322(a)(6) (longitudinal specimen).  This understanding of the general reference to NB‑2322 in G‑III C results in meaningful and conservative beltline curves of unirradiated materials for comparison with the results of surveillance program testing of irradiated transverse base metal specimens and also allow this curve to comply with ASTM E‑185‑73.



The procedures of ASTM E‑185‑73 were used for selection of surveillance specimen base material to provide a conservative adjusted reference temperature for the beltline base material.  The test plate weld materials are equivalent to beltline construction weld materials.  The weld test plate for the surveillance program specimens had the principal working direction normal to the weld seam to assure that heat affected zone specimens are oriented such that they parallel actual production weld conditions.


d.
Upper Shelf Energy for Beltline



All beltline material meets the Charpy‑V‑Notch test minimum upper shelf energy of 75 ft‑lbs for Perry reactor pressure vessels.


e.
Bolting Materials



See <Section 5.3.1.7>.


f.
Alternative Procedures for the Calculation of Stress Intensity Factor



Stress Intensity Factors were calculated by the methods of Appendix G to Section III of the ASME Code.  Discontinuity regions were evaluated, as well as shell and head areas, as part of the detailed thermal and stress analysis in the vessel stress report.  Equivalent margins of safety to those required for shells and heads were demonstrated using a 1/4 t defect at all locations, with the exception of the main closure flange to head and shell discontinuity locations.  Here it was found that additional restriction on operating limits would be required for outside surface flaw size greater than 0.24 inches at the outside surface of the flange to shell joint (based on additional analyses made for BWR 6 reactor vessels).  It has been demonstrated using a test mockup of these areas that smaller defects can be detected by the ultrasonic inservice examinations procedures required at the adjacent weld joint.  Since the stress intensity factor is greatest at the outside surface of the flange to shell and head joints a flaw can also be detected by outside surface examination techniques.


g.
Fracture Toughness Margins in the Control of Reactivity



Appendix G of the ASME Code, Section III (1971 Edition with Addenda to and including Winter 1972 or later), “Protection Against Non‑ductile Failure,” was used in determining pressure/temperature limitations for all phases of plant operation.  Additionally, when the core is critical a 40(F temperature allowance is included in the reactor vessel operating pressure vs. temperature limits to 



account for operational occurrences in the control of reactivity as described in GE BWR Licensing Topical Report NEDO‑21778‑A and the Nuclear Regulatory Commission’s acceptance basis which is included therein.


h.
Results of fracture toughness tests are reported in <Table 5.3‑1> and <Table 5.3‑2>.


5.3.1.6      Material Surveillance

5.3.1.6.1      Compliance with “Reactor Vessel Material Surveillance Program Requirements”


The materials surveillance program monitors changes in the fracture toughness properties of ferritic materials in the reactor vessel beltline region resulting from their exposure to neutron irradiation and thermal environment.


Reactor vessel materials surveillance specimens are provided in accordance with requirements of ASTM E‑185‑73 and <10 CFR 50, Appendix H>.  Materials for the program are selected to represent materials used in the reactor beltline region.  Specimens are manufactured from a plate actually used in the beltline region and a weld typical of those in the beltline region and thus represent base metal, weld material, and the weld heat affected zone material.  The plate and weld are heat treated in a manner which simulates the actual heat treatment performed on the core region shell plates of the completed vessel.


Each in‑reactor surveillance capsule contains Charpy‑V‑Notch specimens with base metal, weld metal and heat affected zone material as shown in the following tables.  A set of out‑of‑reactor baseline Charpy‑V‑Notch specimens and archive material are provided with the surveillance test specimens.






  
Number of Charpy V‑Notch Specimens




  Capsule Location

Base


Weld


HAZ





   3((1)


 12


 12


 12





   177(


 12


 12


 12





   183(


 12


 12


 12




  3( Reconstituted(2)
 
 12


 12


 n/a


NOTES:


(1)
Removed in RF05 at 5.5 EFPY (effective full power years)


(2)
Installed in RF06


Three capsules are provided in accordance with Case A requirements of <10 CFR 50, Appendix H> since the predicted (at time of design) increase in reference temperature of the reactor vessel steel was less than 100(F at end of life.


The program for implementation of the scheduling, withdrawal, and testing of the material surveillance specimens is governed and controlled by the Boiling Water Reactor Vessel and Internals Project (BWRVIP) BWRVIP‑86‑A, “BWR Vessel and Internals Project, BWR Integrated Surveillance Program (ISP) Implementation Plan” (Reference 9); which contains a NRC Safety Evaluation within the report.  The BWRVIP Integrated Surveillance Program (ISP) complies with the requirements of 10 CFR 50, Appendix H.


The specimens will be pulled in accordance with the test matrix included in BWRVIP‑86 as modified by the NRC’s safety evaluation.


Capsule
ISP Capsule ID
Date

First Capsule
PY1
3(
Withdrawn 1/96 after 5.5 Effective Full‑Power Years


Second Capsule
PY1
177(
See Note A

Third Capsule
PY1
183(
See Note A

Reconstituted Capsule
PY1
3(
Standby


Note A:
Reference BWRVIP‑86‑A.


5.3.1.6.2      Neutron Flux and Fluence Calculations


A neutron fluence calculation methodology which has been approved by the NRC staff and conforms with U.S. Nuclear Regulatory Commission Regulatory Guide 1.190, “Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron Fluence”, will be used for the determination of neutron fluence values for the PNPP.


5.3.1.6.3      Predicted Irradiation Effects on Vessel Beltline Materials


Estimated maximum changes in nil ductility temperature (RTNDT) and upper shelf fracture energy at end of plant life are listed for selected reactor vessel materials in <Table 5.3‑3>.  Reference nil ductility temperatures were established in accordance with <10 CFR 50, Appendix G> and NB‑2330 of the ASME Code.


5.3.1.6.4      Positioning of Surveillance Capsules and Methods of Attachment (Refer to 10 CFR 50, Appendix H)


Surveillance specimen capsules are located at three azimuths at a common elevation in the core beltline region.  The sealed capsules are not attached to the vessel but are in welded capsule holders.  The capsule holders are mechanically retained by capsule holder brackets welded to the vessel cladding as shown in <Figure 5.3‑1>.  The capsule holder brackets allow the removal and reinsertion of capsule holders.  These brackets are designed, fabricated and analyzed to the requirements of ASME Code Section III.  


In areas where brackets, such as the surveillance specimen holder brackets, are located, additional non‑destructive examinations are 


performed on the vessel base metal and stainless steel weld deposited cladding or weld buildup pads during vessel manufacture.  The base metal is ultrasonically examined by straight beam techniques to a depth at least equal to the thickness of the bracket being joined.  The area examined is the area of the subsequent attachment weld plus a band around this area of width equal to at least half the thickness of the part joined.  The required stainless steel weld deposited cladding is similarly examined.  The full penetration welds are liquid penetrant examined to ASME Code Section III Standards.  Cladding thickness is required to be at least 1/8 inch.


The above requirements have been successfully applied to a variety of bracket designs which are attached to weld deposited stainless steel cladding or weld buildups in many operating BWR reactor pressure vessels.


Inservice inspection examinations of core beltline pressure retaining welds are performed from the outside surface of the reactor pressure vessel.  If a bracket for mechanically retaining surveillance specimen capsule holders were located at or adjacent to a vessel shell weld, it would not interfere with the straight beam or half node angle beam inservice inspection ultrasonic examinations performed from the outside surface of the vessel.


5.3.1.6.5      Time and Number of Dosimetry Measurements


GE provided a separate neutron dosimeter so that fluence measurements may be made at the vessel ID after the first fuel cycle to verify the predicted fluence at an early date in plant operation.  In addition, each surveillance capsule contains iron and copper flux wires.  When the first capsule is removed, these wires can be used to determine the relationship between reactor power and neutron fluence.  The Unit 1 


vessel measurement was made in 1989 with a measured flux somewhat lower than the calculated design value.  The Unit 1 measurements were repeated 


when the 3( azimuth capsule was withdrawn in 1996 after 5.5 effective full power years.  The results obtained were slightly higher than those obtained in 1989 after 1.09 effective full power years, but still within calculated design values.


5.3.1.7      Reactor Vessel Fasteners


The reactor vessel closure head (flange) is fastened to the reactor vessel shell flange by multiple sets of threaded studs and nuts.  The lower end of each stud is installed in a threaded hole in the vessel shell flange.  A nut and washer are installed on the upper end of each stud.  The proper amount of preload can be applied to the studs by a sequential tensioning using hydraulic tensioners.  Hardness tests are performed on all main closure bolting to demonstrate that heat treatment has been properly performed.


<Regulatory Guide 1.65> defines acceptable materials and testing procedures with regard to reactor vessel closure stud bolting for light‑water‑cooled reactors.  The vessel order date preceded implementation of <Regulatory Guide 1.65>.  The design and analysis of reactor vessel bolting materials is in full compliance with ASME Code Section III, Class I requirements.  The reactor pressure vessel closure studs are SA‑540, Grade B 23 or 24 (AISI4340).  The maximum reported ultimate tensile strength is 174,000 psi.  Also, the Charpy impact test requirements of <10 CFR 50, Appendix G>, were satisfied, since the lowest reported Charpy‑V‑Notch energy was 44 ft‑lbs at +10(F, compared to the requirement of 45 ft‑lbs at the lowest service temperature, and the lowest reported Charpy‑V‑Notch expansion was 25 mils at +10(F compared to the 25 mils required.


There are no metal platings applied to closure studs, nuts or washers.  A phosphate coating is applied to threaded areas of studs and nuts and bearing areas of nuts and washers to act as a rust inhibitor and to assist in retaining lubricant (either graphite/alcohol or nickel powder base lubricant) on these surfaces.


In relationship to <Regulatory Guide 1.65>, Position C.2.b., the bolting materials were ultrasonically examined in accordance with ASME Code Section III, NB‑2585 after final heat treatment and prior to threading.  The specified requirement for examination according to SA‑388 was complied with.  The procedures approved for use in practice were judged to insure comparable material quality and, moreover, were considered adequate on the basis of compliance with the applicable requirements of ASME Code Paragraph NB‑2583.  Straight beam examination was performed on 100 percent of cylindrical surfaces, and from both ends of each stud using a 3/4‑inch maximum diameter transducer.  In addition to the code required notch, the reference standard for the radial scan contains a 1/2 inch diameter flat bottom hole with a depth of 10 percent of thickness, and the end scan standard contains a 1/4‑inch diameter flat bottom hole 1/2‑inch deep.  Also, angle beam examination was performed on the outer cylindrical surface in both axial and circumferential directions.  Any indication greater than the indication from the applicable calibration feature is unacceptable.  A distance‑amplitude correction curve per NB‑2585 is used for the longitudinal wave examination.  Surface examinations were performed on the studs and nuts after final heat treatment and threading, as specified in the Guide, in accordance with NB‑2583 of the applicable ASME code.


In relationship to <Regulatory Guide 1.65>, Position C.3, GE practice allows exposure to stud bolting surfaces to high purity fill water; nuts and washers are dry stored during refueling.


5.3.2      PRESSURE‑TEMPERATURE LIMITS


5.3.2.1      Limit Curves


The limit curves presented in <Figure 5.3‑2 (1)>, <Figure 5.3‑2 (2)>, <Figure 5.3‑2 (3)>, <Figure 5.3‑2 (4)>, <Figure 5.3‑2 (5)>, and <Figure 5.3‑2 (6)> are based on the requirements of <10 CFR 50, Appendix G>; ASME Code Appendix G; and (Reference 4), (Reference 5), and (Reference 7).  


All the vessel shell and head areas remote from discontinuities plus the feedwater nozzles were evaluated, and the operating limit curves are based on the limiting location.  The boltup limits for the flange and adjacent shell region are based on a minimum metal temperature of RTNDT + 60(F.  The maximum through‑wall temperature gradient from continuous heating or cooling at 100(F per hour was considered.  The Unit 1 limit curves are provided for up to 22 EFPY in <Figure 5.3‑2 (1)>, <Figure 5.3‑2 (2)>, and <Figure 5.3‑2 (3)>, and for up to 32 EFPY in <Figure 5.3‑2 (4)>, <Figure 5.3‑2 (5)>, and <Figure 5.3‑2 (6)>.


5.3.2.1.1      Temperature Limits for Boltup


A minimum temperature of 70(F is required for the closure studs.  A sufficient number of studs may be tensioned at 70(F to seal the closure flange O‑rings for the purpose of raising the reactor water level above the closure flanges in order to assist in warming them.  The flanges and adjacent shell are required to be warmed to minimum temperature of 70(F before they are stressed by the full intended bolt preload.  The fully preloaded boltup limits are shown on <Figure 5.3‑2 (1)>, <Figure 5.3‑2 (2)>, and <Figure 5.3‑2 (3)> for up to 22 EFPY, and <Figure 5.3‑2 (4)>, <Figure 5.3‑2 (5)>, and <Figure 5.3‑2 (6)> for up to 32 EFPY (Unit 1) and <Figure 5.3‑3> (Unit 2).


5.3.2.1.2

Temperature Limits for Preoperational System Hydrostatic Tests and ISI Hydrostatic or Leak Pressure Tests


Based on <10 CFR 50, Appendix G>, if there is no fuel in the reactor during system hydrostatic pressure tests or leak tests, the minimum permissible test temperature is 100(F at 1,563 psig for Perry Unit 1 and Unit 2.


The fracture toughness analysis for system pressure tests resulted in curves shown in <Figure 5.3‑2 (1)>.  The curve labeled “upper vessel and 


beltline limits” on <Figure 5.3‑2 (1)> is based on an initial RTNDT of 


‑30(F for the beltline weld material and -20(F for the upper vessel material.  


The predicted shift in the RTNDT is based on vessel ID neutron fluence attenuated to the 1/4 T depth according to <Regulatory Guide 1.99>, Revision 2 and have been added to the beltline curve to account for the effect of fast neutrons.


5.3.2.1.3      Operating Limits During Heatup, Cooldown and Core Operation


The fracture toughness analysis was done for the normal heatup or cooldown rate of 100(F/hour.  The temperature gradients and thermal stress effects corresponding to this rate were included.  The results of the analyses are a set of operating limits for non‑nuclear heatup or cooldown shown as Curve B provided in <Figure 5.3‑2 (2)> (valid up to 22 EFPY) and <Figure 5.3‑2 (5)> (valid up to 32 EFPY).  Curve C as presented in <Figure 5.3‑2 (3)> (valid up to 22 EFPY) and <Figure 5.3‑2 (6)> (valid up to 32 EFPY) apply whenever the core is critical.


5.3.2.1.4      Reactor Vessel Annealing


In place annealing of the reactor vessel because of radiation embrittlement is unnecessary because the predicted value in transition of adjusted reference temperature does not exceed 200(F.


5.3.2.1.5      Predicted Shift in RTNDT

The adjusted reference temperatures for the most limiting beltline materials are based on <Regulatory Guide 1.99>, Revision 2.


5.3.2.2      Operating Procedures


By comparison of the pressure vs. temperature limit in <Section 5.3.2.1> with intended normal operating procedures for the most severe upset transient, it is shown that these limits will not be exceeded during any foreseeable upset condition.  Reactor operating procedures have been established such that actual transients will not be more severe than those for which the vessel design adequacy has been demonstrated.  Of the design transients, the upset condition producing the most adverse temperature and pressure condition anywhere in the vessel head and/or shell areas occurs in the bottom head, yielding a minimum fluid temperature of 250(F and a maximum pressure peak of 1,180 psig.  Scram automatically occurs as a result of this event, prior to the reduction in bottom head fluid temperature, so the applicable operating limits are given by the non‑nuclear heating limit Curve B in <Figure 5.3‑2 (2)> (valid up to 22 EFPY) and <Figure 5.3‑2 (5)> (valid up to 32 EFPY).  For a temperature of 250(F, the maximum allowable pressure exceeds 1,400 psig for the intended margin against non‑ductile failure.  The maximum transient pressure of 1,180 psig is therefore within the specified allowable limits.


5.3.3      REACTOR VESSEL INTEGRITY


The reactor vessel was fabricated for General Electric by CBI Nuclear Co., and was subject to the requirements of General Electric’s quality assurance program.


The CBI Nuclear Co. has had extensive experience with GE reactor vessels and has been the primary supplier of GE domestic reactor vessels and some foreign vessels since the company was formed in 1972 from a merger.  Prior experience by the Chicago Bridge and Iron Company with an agreement between Chicago Bridge and Iron Co. and General Electric GE reactor vessels dates back to 1966.


Assurance was made that measures were established requiring that purchased material, equipment and services associated with the reactor vessels and appurtenances conform to the requirements of the subject purchase documents.  These measures included provisions, as appropriate, for source evaluation and selection, objective evidence of quality furnished, inspection at the vendor source and examination of the completed reactor vessels.


General Electric provided inspection surveillance of the reactor vessel fabricator’s inprocess manufacturing, fabrication and testing operations in accordance with GE’s Quality Assurance Program and approved inspection procedures.  The reactor vessel fabricator was responsible for the first level inspection of his manufacturing, fabrication and testing activities and General Electric is responsible for the first level of audit and surveillance inspection.


Adequate documentary evidence that the reactor vessel material, manufacture, testing, and inspection conforms to the specified quality assurance requirements contained in the procurement specification is available at the fabricator plant site.


An analysis of the structural integrity of boiling water reactor pressure vessels during a design basis accident (DBA) has been performed.


The analysis included:


a.
Description of the LOCA event.


b.
Thermal analysis of the vessel wall to determine the temperature distribution at different times during the LOCA.


c.
Determination of the stresses in the vessel wall including thermal, pressure and residual stresses.


d.
Consideration of radiation effect on material toughness (NDTT shift and changes in toughness).


e.
Fracture mechanics evaluation of vessel wall for different postulated flaw sizes.


This analysis incorporated conservative assumptions in all areas (particularly in the areas of heat transfer, stress analysis, effects of radiation on material toughness, and crack tip stress intensity factor evaluation).  The analysis concluded that even in the presence of large flaws, the vessel will have considerable margin against brittle fracture following a loss‑of‑coolant accident.


5.3.3.1      Design


5.3.3.1.1      Description


5.3.3.1.1.1      Reactor Vessel


Each reactor vessel shown in <Figure 5.3‑6> is a vertical, cylindrical pressure vessel of welded construction.  The vessel is designed, fabricated, tested, inspected, and stamped in accordance with the ASME Code Section III, Class I requirements including the addenda in effect at the date of order placement, Winter 1972 for both Unit 1 and Unit 2.  Design of the reactor vessel and its support system satisfies Seismic Category I equipment requirements.  The materials used in the reactor pressure vessel are shown in <Table 5.2‑5>.


The cylindrical shell and top and bottom heads of the reactor vessel are fabricated of low alloy steel, the interior of which is clad with stainless steel weld overlay, except for the top head and top head nozzle and nozzle weld zones.


Inplace annealing of the reactor vessel is unnecessary because shifts in transition temperature caused by irradiation during the 40‑year life can be accommodated by raising the minimum pressurization temperature and the predicted value of adjusted reference temperature does not exceed 200(F.  Radiation embrittlement is not a problem outside of the vessel beltline region because of the low fluence in those areas.


Quality control methods used during the fabrication and assembly of the reactor vessel and appurtenances assure that design specifications are met.


The vessel top head is secured to the reactor vessel by studs and nuts.  These nuts are tightened with a stud tensioner.  The vessel flanges are sealed with two concentric metal seal‑rings designed to permit no detectable leakage through the inner or outer seal at any operating condition, including heating to operating pressure and temperature at a maximum rate of 100(F/hr in any one hour period.  To detect seal failure, a vent tap is located between the two seal‑rings.  A monitor line is attached to the tap to provide an indication of leakage from the inner seal‑ring seal.


5.3.3.1.1.2      Shroud Support


The shroud support is a circular plate welded to the vessel wall and to a cylinder supported by vertical stilt legs from the bottom head.  This support is designed to carry the weight of peripheral fuel elements, neutron sources, core plate, top guide, the steam separators, the jet pump diffusers, and to laterally support the fuel assemblies.  Design of the shroud support also accounts for pressure differentials across the shroud support plate, for the restraining effect of components attached to the support, and for earthquake loadings.  The shroud support design is specified to meet appropriate ASME code stress limits.


5.3.3.1.1.3      Protection of Closure Studs


The boiling water reactor does not use borated water for reactivity control during normal operation.


5.3.3.1.2      Safety Design Basis


The design of the reactor vessel and appurtenances meets the following safety design bases:


a.
The reactor vessel and appurtenances will withstand adverse combinations of loading and forces resulting from operation under abnormal and accident conditions.


b.
To minimize the possibility of brittle fracture of the nuclear system process barrier, the following are required:



1.
Impact properties at temperatures related to vessel operation have been specified for materials used in the reactor vessel.



2.
Expected shifts in transition temperature during design life as a result of environmental conditions, such as neutron flux, are considered in the design.  Operational limitations assure that NDT temperature shifts are accounted for in reactor operation.



3.
Operational margins to be observed with regard to the transition temperature are specified for each mode of operation.


5.3.3.1.3      Power Generation Design Basis


The design of the reactor vessel and appurtenances meets the following power generation design bases:


a.
The reactor vessel has been designed for a useful life of 40 years.


b.
External and internal supports that are integral parts of the reactor vessel are located and designed so that stresses in the vessel and supports that result from reactions at these supports are within ASME code limits.


c.
Design of the reactor vessel and appurtenances allows for a suitable program of inspection and surveillance.


5.3.3.1.4      Reactor Vessel Design Data


The reactor vessel design pressure is 1,250 psig and the design temperature is 575(F.  The maximum installed test pressure is 1,563 psig.


5.3.3.1.4.1      Vessel Support


5.3.3.1.4.2      Control Rod Drive Housings


The control rod drive housings are inserted through the control rod drive penetrations in the reactor vessel bottom head and are welded to the reactor vessel.  Each housing transmits loads to the bottom head of the reactor.  These loads include the weights of a control rod, a control rod drive, a control rod guide tube, a four‑lobed fuel support piece, and the four fuel assemblies that rest on the fuel support piece.  The material used to fabricate the housings is described in <Section 4.5.2.1>, item f.


5.3.3.1.4.3      In‑Core Neutron Flux Monitor Housings


Each in‑core neutron flux monitor housing is inserted through the in‑core penetrations in the bottom head and is welded to the inner surface of the bottom head.


An in‑core flux monitor guide tube is welded to the top of each housing and either a source range monitor/intermediate range monitor (SRM/IRM) drive unit or a local power range monitor (LPRM) is bolted to the seal/ring flange at the bottom of the housing <Section 7.6>.


5.3.3.1.4.4      Reactor Vessel Insulation


The reactor vessel insulation is of the reflective type and is constructed completely of metal.  The outer surface temperature of the insulation is expected to be at 150(F and the heat transfer rate through the insulation is approximately 65 Btu/hr‑ft2 under normal operating conditions.  The insulation consists of several self‑contained assemblies latched together, each of which can be easily removed and replaced.  The insulation assemblies are designed to remain in place and resist permanent damage during a safe shutdown earthquake.


The reactor top head insulation is supported from a structure on the bulkhead.  During refueling, the support structure along with the top head insulation is removed.  The insulation for the reactor vessel cylindrical surface is supported by brackets welded on the shield wall liner plate.


5.3.3.1.4.5      Reactor Vessel Nozzles


All piping connected to the reactor vessel nozzles has been designed so as not to exceed the allowable loads on any nozzle.


The vessel top head nozzles are provided with flanges having small groove facing.  The drain nozzle is of the full penetration weld design.  The recirculation inlet nozzles (located as shown in <Figure 5.3‑6>), feedwater inlet nozzles, core spray inlet nozzles and LPCI nozzles, all have thermal sleeves.  Nozzles connecting to stainless steel piping have safe ends, or extensions made of stainless steel. These safe ends or extensions were welded to the nozzles after the pressure vessel was heat treated to avoid furnace sensitization of the stainless steel. The material used is compatible with the material of the mating pipe.


The solution of the feedwater nozzle cracking problems involve several elements including nozzle clad removal and thermal sleeve redesign.  A description of these changes and appropriate analysis is available in (Reference 2).


In order to mitigate IGSCC in reactor vessel nozzle to safe‑end welds that contain an IGSCC susceptible material (Inconel 182 weld metal buttering or welds in Type 304 material which were not solution annealed), a stress improvement process has been performed on these welds.  The Mechanical Stress Improvement Process (MSIP) discussed in <NUREG‑0313>, Revision 2 and <Generic Letter 88‑01> was the process utilized.  MSIP was performed on the RPV nozzle to safe‑end connections for the following systems:  reactor recirculation, feedwater, low pressure core spray, high pressure core spray, residual heat removal, jet pump instrumentation.  It was also performed on the jet pump instrumentation nozzle safe‑end to penetration seal connections.


During RF07, a weld overlay was applied to the feedwater nozzle to safe‑end weld 1B13‑N4C‑KB.  The overlay is designed as a full structural overlay in accordance with the recommendations of <NUREG‑0313>, Revision 2 (forwarded by <Generic Letter 88‑01>), ASME Code Case N‑504, and Section XI of the ASME Boiler and Pressure Vessel Code, 1989 Edition (Paragraph IWB‑3640).


5.3.3.1.4.6      Materials and Inspections


The reactor vessel was designed and fabricated in accordance with the appropriate ASME Boiler and Pressure Vessel Code as defined in <Section 5.2.1>.  <Table 5.2‑5> defines the materials and specifications.  <Section 5.3.1.6> defines the compliance with reactor vessel material surveillance program requirements.


5.3.3.1.4.7      Reactor Vessel Schematic (BWR)


The reactor vessel schematic is contained in <Figure 5.3‑6>.  Trip system water levels are indicated as shown in <Figure 5.3‑7>.


5.3.3.2      Materials of Construction


All materials used in the construction of the reactor pressure vessel conform to the requirements of ASME Code Section II materials.  The vessel heads, shells, flanges, and nozzles are fabricated from low alloy steel plate and forgings purchased in accordance with ASME Specifications SA533 Grade B Class 1 or SA508 Class 2.  Special requirements for the low alloy steel plate and forgings are discussed in <Section 5.3.1.2>.  Cladding employed on the interior surfaces of the vessel consists of austenitic stainless steel weld overlay.


These materials of construction were selected because they provide adequate strength, fracture toughness, fabricability, and compatibility with the BWR environment.  Their suitability has been demonstrated by long term successful operating experience in reactor service.


5.3.3.3      Fabrication Methods


The reactor pressure vessel is a vertical cylindrical pressure vessel of welded construction fabricated in accordance with ASME Code, Section III Class I requirements.  All fabrication of the reactor pressure vessel 


was performed in accordance with GE approved drawings, fabrication procedures, and test procedures.  The shell and vessel head were made from formed low alloy steel plates, and the flanges and nozzles from low alloy steel forgings.  Welding performed to join these vessel components was in accordance with procedures qualified in accordance with ASME Code Section III and IX requirements.  Weld test samples were required for each procedure for major vessel full penetration welds.


Submerged arc and manual stick electrode welding processes were employed.  Electroslag welding was not permitted.  Preheat and interpass temperatures employed for welding of low alloy steel satisfied or exceeded the requirements of ASME Code Section III, Subsection NA.  Post weld heat treatment of 1,100(F minimum was applied to all low alloy steel welds.


All previous BWR pressure vessels have employed similar fabrication methods.  These vessels have operated for an extensive number of years and their service history is excellent.


The vessel fabricator, CBI Nuclear Co., has had extensive experience with General Electric Co. reactor vessels and has been the primary supplier for General Electric domestic reactor vessels and some foreign vessels since the company was formed in 1972 from a merger agreement between Chicago Bridge and Iron Co. and General Electric Co.  Prior experience by the Chicago Bridge and Iron Co. with General Electric Co. reactor vessels dates back to 1966.


5.3.3.4      Inspection Requirements


All plate, forgings and bolting were 100 percent ultrasonically tested and surface examined by magnetic particle methods or liquid penetrant methods in accordance with ASME Code Section III requirements.  Welds on the reactor pressure vessel were examined in accordance with methods prescribed and satisfy the acceptance requirements specified by ASME 


Code Section III.  In addition, the pressure retaining welds were ultrasonically examined using acceptance standards which are required by ASME Code Section XI.


5.3.3.5      Shipment and Installation


The completed reactor vessel was given a thorough cleaning and examination prior to shipment.  The vessel was tightly sealed for shipment to prevent entry of dirt or moisture.  Preparations for shipment are in accordance with detailed written procedures.  On arrival at the reactor site the reactor vessel was carefully examined for evidence of any contamination as a result of damage to shipping covers.  Suitable measures were taken during installation to assure that vessel integrity was maintained; for example, access controls were applied to personnel entering the vessel, weather protection is provided and periodic cleanings are performed.


5.3.3.6      Operating Conditions


Procedural controls on plant operation are implemented to hold thermal stresses within acceptable ranges.  These restrictions on coolant temperature are:


a.
The average rate of change of reactor coolant temperature during normal heatup and cooldown shall not exceed 100(F during any one‑hour period.


b.
If the coolant temperature difference between the dome (inferred from P(sat)) and the bottom head drain exceeds 100(F, neither reactor power level nor recirculation pump flow shall be increased.


c.
The pump in an idle reactor recirculation loop shall not be started unless the coolant temperature in that loop is within 50(F of the saturated water temperature corresponding to the steam dome pressure.


The limit regarding the normal rate of heatup and cooldown (Item a) assures that the vessel rod drive housing and stub tube stresses and usage remain within acceptable limits.  The limit regarding a vessel temperature limit on recirculating pump operation and power level increase restriction (Item b) augments the Item a limit in further detail by assuring that the vessel bottom head region will not be warmed at an excessive rate caused by rapid sweep out of cold coolant in the vessel lower head region by recirculating pump operation or natural circulation (cold coolant can accumulate as a result of control drive inleakage and/or low recirculation flow rate during startup of hot standby).  The Item c limit further restricts operation of the recirculating pumps to avoid high thermal stress effects in the pumps and piping, while also minimizing thermal stresses on the vessel nozzles.


The above operational limits, when maintained, ensure that the stress limits within the reactor vessel and its components are within the thermal limits to which the vessel was designed for normal operating conditions.  To maintain the integrity of the vessel in the event that these operational limits are exceeded the reactor vessel has also been designed to withstand a limited number of transients caused by operator error.  Also, for abnormal operating conditions where safety systems or controls provide an automatic temperature and pressure response in the reactor vessel, the reactor vessel integrity is maintained since the severest anticipated transients have been included in the design conditions.  Therefore, it is concluded that the vessel integrity will be maintained during the most severe postulated transients, since all such transients are evaluated in the design of the reactor vessel.  The postulated transient for which the vessel has been designed is shown on <Figure 5.2‑3> and discussed in <Section 5.2.2>.
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TABLE 5.3‑1


CHARPY TEST RESULTS AND CHEMICAL COMPOSITION


UNIT 1


I.
VESSEL BELTLINE MATERIAL IDENTIFICATION


A.
Number 2 Shell Ring



Plates ‑
Pc. 22‑1‑1, Heat C2557, Slab 1





Pc. 22‑1‑2, Heat B6270, Slab 1





Pc. 22‑1‑3, Heat A1155, Slab 1


B.
Welds in No. 2 Shell Ring Vertical Seams



Seam BD ‑ Type E8018NM, Heat 627260, Lot B322A27AE





Type E8018NM, Heat 626677, Lot C301A27AF





Type RACO‑1NMM, Heat 5P6214B, Lot 0331



Seam BE ‑ Type E8018NM, Heat 624063, Lot D228A27A





Type E8018NM, Heat 626677, Lot C301A27AF





Type E8018NM, Heat 627069, Lot C312A27A





Type RACO‑1NMM, Heat 5P6214B, Lot 0331



Seam BF ‑ Type E8018NM, Heat 627260, Lot B322A27AE





Type E8018NM, Heat 626677, Lot C301A27AF





Type RACO‑1NMM, Heat 5P6214B, Lot 0331


II.
CHEMICAL ANALYSES FOR BELTLINE MATERIAL


A.
Plates


C   Mn
P
S   Cu   Si  Ni   Mo   V    A1


Pc. 22‑1‑1, Ht C2557    .23 1.32 .010 .025  .06 .27 .61  .54  .001 .039


Pc. 22‑1‑2, Ht B6270    .20 1.28 .012 .015  .06 .23 .63  .53     0 .039


Pc. 22‑1‑3, Ht A1155    .20 1.33 .010 .013  .06 .28 .63  .54  .002 .031


B.
Welds


    C   Mn
Ni   Si  Mo   Cu    P    S    V


Ht. 627260 Lot B322A27AE
   .04  1.25 1.08  .56 .64  .06  .020 .022 .02


Ht. 626677 Lot C301A27AF
   .048 1.10  .85  .45 .45  .010 .015 .022 .009


Ht. 5P6214B Lot 0331
   .051 1.39  .82  .53 .52  .02  .013 .017 .004


Ht. 624063 Lot D228A27A
   .041 1.12 1.00  .41 .54  .03  .009 .018 .01


Ht. 627069 Lot C312A27A
   .037 1.07  .94  .60 .52  .010 .013 .019 .012


TABLE 5.3‑2


UNIRRADIATED FRACTURE TOUGHNESS PROPERTIES


UNIT 1






Upper


Plates
Drop Wt.
       Transverse CVN
Reference
Shelf


Ht.No.
NDT((F)
 ft‑lbs    MLE      Temp ((F)
Temp.((F)
(ft‑lb)


C2557‑1


  Top
‑20
52,50,52
42,46,42
+70
+10
84


  Bottom
‑20
54,64,76
63,53,46
+60


B6270‑1


  Top
‑40
53,78,56
43,58,44
+20


  Bottom
‑30
63,63,64
51,51,52
+30
‑30
94


A1155‑1


  Top
‑20
65,63,67
54,60,52
+50
‑10
114


  Bottom
‑20
54,66,85
68,55,44
+40






Upper


Plates
Drop Wt.
           CVN
Reference
Shelf


Metal
NDT((F)
 ft‑lbs    MLE      Temp ((F)
Temp.((F)
(ft‑lb)


Ht. 627260
‑40
52,56,51
36,37,35
+30
‑30
104


Lot B322A27AE


Ht. 626677
‑40
53,51,54
36,37,35
+40
‑20
90


Lot C301A27AF


Ht. 5P6214B
‑50
56,50,54
45,41,46
+10
‑50
88


Lot 0331
‑40
50,61,64
46,50,52
+10
‑40
96


Ht. 624063
‑60
57,59,68
37,38,46
+10
‑50
105


Lot D228A27A


Ht. 627069
‑60
72,64,78
52,48,56
  0
‑60
112


Lot C312A27A


TABLE 5.3‑3


EOL BELTLINE PLATE RTNDT AND WELDS


1/4 T 32 EFPY FLUENCE = 2.9 x 1018 n/cm2

based upon measurements taken after 5.5 EFPY from the 3( azimuth capsule and


fluence calculated in accordance with <Regulatory Guide 1.190> (2002)


		

		Shell #2

		

		



		Thickness in inches = 6.00

		Ratio Peak/Location = 1.00

		32 EFPY Peak I.D. fluence = 4.1E+18    n/cm^2

		



		

		

		32 EFPY Peak 1/4 T fluence = 2.9E+18    n/cm^2

		



		

		

		32  EFPY Peak 1/4 T fluence = 2.9E+18    n/cm^2

		





		

		Shell #2 Vertical Welds

		

		



		Thickness in inches = 6.00

		Ratio Peak/Location = 1.00

		32 EFPY Peak I.D. fluence = 4.1E+18    n/cm^2

		



		

		

		32 EFPY Peak 1/4 T fluence = 2.9E+18    n/cm^2

		



		

		

		32  EFPY Peak 1/4 T fluence = 2.9E+18    n/cm^2

		





		COMPONENT

		HEAT OR 


HEAT/LOT

		% Cu

		% Ni

		CF

		Initial RTNDT

(F

		1/4 T


Fluence


n/cm^2

		32 EFPY


( RTNDT

(F

		(1

		(^

		Margin


(F

		32 EFPY


Shift


(F

		32 EFPY


ART


(F

		



		PLATES:

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		Shelf #2:

		

		

		

		

		

		

		

		

		

		

		

		

		



		
Mk 22-1-1

		C2557-1

		0.060

		0.61

		37

		
10

		2.9E+18

		24

		0

		12

		24

		49

		59

		



		
Mk 22-1-2

		B6270-1

		0.060

		0.63

		37

		
-30

		2.9E+18

		24

		0

		12

		24

		49

		19

		



		
Mk 22-1-3

		A1155-1

		0.060

		0.63

		37

		
-10

		2.9E+18

		24

		0

		12

		24

		49

		39

		



		

		C2557-1(a)

		0.054

		0.62

		33

		
10

		2.9E+18

		22

		0

		11

		22

		43

		53

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		

		

		



		WELDS:

		

		

		

		

		

		

		

		

		

		

		

		

		



		Vertical Welds:

		

		

		

		

		

		

		

		

		

		

		

		

		



		
Seam BD,BE,BF

		5P6214B

		0.020

		0.82

		27

		
-40

		2.9E+18

		18

		0

		9

		18

		36

		-4

		



		
Seam BD,BF

		627260

		0.060

		1.08

		82

		
-30

		2.9E+18

		54

		0

		27

		54

		108

		78

		



		
Seam BD,BE,BF

		626677

		0.010

		0.85

		20

		
-20

		2.9E+18

		13

		0

		7

		13

		26

		6

		



		
Seam BE

		624063

		0.030

		1.00

		41

		
-50

		2.9E+18

		27

		0

		13

		27

		54

		4

		



		
Seam BE

		627069

		0.010

		0.94

		20

		
-60

		2.9E+18

		13

		0

		7

		13

		26

		-34

		



		

		5P6214B(b)

		0.025

		0.91

		34

		
-40

		2.9E+18

		22

		0

		11

		22

		45

		5

		



		

		5P6214B(c)

		(d)

		(d)

		39(d)

		
-40

		2.9E+18

		26

		0

		13

		26

		52

		12

		





NOTES:


(a)
Surveillance Plate (Best Estimate Chemistry)


(b)
Surveillance Weld (Best Estimate Chemistry)


(c)
Integrated Surveillance Program (Best Estimate Chemistry)


(d)
Chemical composition is based on multiple test specimens, and results in the adjusted Chemistry Factor (CF)
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5.4      COMPONENT AND SUBSYSTEM DESIGN


5.4.1      REACTOR RECIRCULATION PUMPS


5.4.1.1      Safety Design Bases


The reactor recirculation system has been designed to meet the following safety design bases:


a.
An adequate fuel barrier thermal margin is assured during postulated transients.


b.
A failure of piping integrity does not compromise the ability of the reactor vessel internals to provide a refloodable volume.


c.
The system maintains pressure integrity during adverse combinations of loadings and forces occurring during abnormal, accident and special event conditions.


5.4.1.2      Power Generation Design Bases


The reactor recirculation system meets the following power generation design bases:


a.
The system provides sufficient flow to remove heat from the fuel.


b.
System design minimizes maintenance situations that would require core disassembly and fuel removal.


5.4.1.3      Description


The reactor recirculation system consists of the two parallel recirculation pump loops external to the reactor vessel.  These loops 


provide the piping path for the driving flow of water to the reactor vessel jet pumps <Figure 5.4‑1> and <Figure 5.4‑2>.  Each external loop contains one high capacity, motor driven recirculation pump, a flow control valve, and two motor operated gate valves (for pump maintenance).  Each pump suction line contains a flow measuring system.  The recirculation loops are part of the reactor coolant pressure boundary and are located inside the drywell structure.  The jet pumps are reactor vessel internals.  Their location and mechanical design are discussed in <Section 3.9>.  However, certain operational characteristics of the jet pumps are also discussed in this section.  A tabulation of the important design and performance characteristics of the reactor recirculation system is shown in <Table 5.4‑1>.  Typical head, NPSH, flow, and efficiency curves are shown in <Figure 5.4‑3>, while the typical flow control valve characteristic is shown in <Figure 5.4‑4>.  Instrumentation and control description is provided in <Section 7.1>.


The recirculated coolant consists of saturated water from the steam separators and dryers that has been subcooled by incoming feedwater.  This water passes down the annulus between the reactor vessel wall and the core shroud.  A portion of the coolant flows from the vessel, through the two external recirculation loops, and becomes the driving flow for the jet pumps.  Each of the two external recirculation loops discharges high pressure flow into a ring header from which individual recirculation inlet lines are routed to the jet pump risers within the reactor vessel.  The remaining portion of the coolant mixture in the annulus becomes the driven flow for the jet pumps.  This flow enters the jet pump at suction inlets and is accelerated by the driving flow.  The flows, both driving and driven, are mixed in the jet pump throat section and result in partial pressure recovery.  The balance of recovery is obtained in the jet pump diffuser <Figure 5.4‑5>.  The adequacy of the total flow to the core is discussed in <Section 4.4>.


The allowable heatup rate for the recirculation pump casing is the same as that for the reactor vessel.  If one loop is shut down, the idle loop can be kept hot by leaving the loop valves open; this permits the active jet pump head to cause reverse flow in the idle loop.  Justification for single loop operation is provided in <Appendix 15F>.


Because the removal of the reactor recirculation gate valve internals may require unloading the core due to the resulting draining of coolant, the objective of the valve trim design is to minimize the need for maintenance of the valve internals.  The valves are provided with high quality backseats that permit renewal of stem packing while the system is full of water.


When the pump is operating at 25 percent speed, the head provided by the elevation of the reactor water level above the recirculation pump is sufficient to provide the required NPSH for the recirculation pumps, flow control valve, and jet pumps.  When the pump is operating at 100 percent speed, most of the NPSH is supplied by the subcooling provided by the feedwater flow.  Temperature detectors are provided in the recirculation lines and the steam dome.  The difference between these two readings is a direct measurement of the subcooling.  If the subcooling falls below approximately 8(F, the 100 percent speed power supply is tripped to the 25 percent speed power source to prevent cavitation of recirculation pump, jet pumps, and/or the flow control valve.  The capability exists to bypass the cavitation interlock above the 70% Rod Line.


When preparing for hydrostatic tests, the nuclear system temperature must be raised above the vessel nil ductility transition temperature limit.  The vessel is heated by core decay heat and/or by operating the recirculation pumps at 100 percent speed.


Each recirculation pump is driven by a constant speed motor and is equipped with mechanical shaft seal assemblies.  The two seals built into a cartridge can be readily replaced without removing the motor from the pump.  Each individual seal in the cartridge is designed for pump operating pressure so that any one seal can adequately limit leakage in the event that the other seal should fail.  The flow passages along the pump shaft are designed to limit leakage in the event of a gross failure of both shaft seals.  The cavity temperature and pressure drop across each individual seal is monitored.


Each recirculation pump motor is a constant speed, vertical, solid shaft, totally enclosed, air‑water cooled induction motor.  The combined rotating inertias of the recirculation pump and motor provide a slow coastdown of flow following loss of power to the drive motors so that the core is adequately cooled during the transient.  This inertia requirement is met without a flywheel.


The pump discharge flow control valve can throttle the discharge flow of the pump proportionally to an instrument signal.  The flow control valve is provided with an equal percentage characteristic.  The recirculation loop flow rate can be rapidly changed, within the expected flow range, in response to rapid changes in system demand.


The design objective for the recirculation system equipment is to provide units that will not require removal from the system for rework or overhaul. Pump casing and valve bodies are designed for a 40 year life and are welded to the pipe.


The pump drive motor, impeller, wear rings and flow control valve internals are designed for as long a life as is practical.  Pump mechanical seal parts and the valve packing are expected to have a life expectance which affords convenient replacement during the refueling outages.


The recirculation system piping is of all‑welded construction and is designed and constructed to meet the requirements of the applicable ASME and ANSI codes.


The reactor recirculation system pressure boundary equipment is designed as Seismic Category I equipment.  As such, it is designed to resist sufficiently the response motion for the safe shutdown earthquake at the installed location within the supporting structure.  The pump is assumed to be filled with water for the analysis.  Snubbers located at the top of the motor and at the bottom of the pump casing are designed to resist the seismic reactions.


The recirculation piping, valves and pumps are supported by hangers to avoid the use of piping expansion loops that would be required if the pumps were anchored.  In addition, the recirculation loops are provided with a system of restraints designed so that reaction forces associated with the postulated pipe breaks do not jeopardize drywell integrity.  This restraint system provides adequate clearance for normal thermal expansion movement of the loop.  The criteria for the protection against the dynamic effects associated with a postulated pipe rupture are contained in <Section 3.6>.


The recirculation system piping, valves and pump casings are covered with thermal insulation having a total maximum heat transfer rate of 65 Btu/hr‑ft2 with the system at rated operating conditions.


The insulation is of the fiberglass blanket type as described in <Section 6.1.2>.  It is prefabricated into components for field installation.   Removable insulation is provided at various locations to permit periodic inspection of the equipment.


5.4.1.4      Safety Evaluation


Reactor recirculation system malfunctions that pose threats of damage to the fuel barrier are described and evaluated in <Chapter 15>.  It is shown in <Chapter 15> that none of the malfunctions result in significant fuel damage.  The recirculation system has sufficient flow coastdown characteristics to maintain fuel thermal margins during abnormal operational transients.  <Appendix 15F> provides justification that PNPP can safely operate with a single recirculation loop up to 2500 Megawatts‑Thermal power.


The core flooding capability of a jet pump design plant is discussed in detail in the emergency core cooling systems document filed with the NRC as a General Electric topical report (Reference 1).  The ability to reflood the BWR core to the top of the jet pumps is shown schematically in <Figure 5.4‑6> and is discussed in (Reference 1).


Piping and pump design pressures for the reactor recirculation system are based on peak steam pressure in the reactor dome, appropriate pump head allowances, and the elevation head above the lowest point in the recirculation loop.  Piping and related equipment pressure parts are chosen in accordance with applicable codes.  Use of the listed code design criteria assures that a system designed, built and operated within design limits has an extremely low probability of failure caused by any known failure mechanism.


General Electric Purchase Specifications require that the first critical speed of the recirculation pump not be less than 130 percent of operating speed.  Calculation submittal was verified by General Electric Design Engineering.


General Electric Purchase Specifications require that integrity of the pump case be maintained through all transients and that the pump remain 


operable through all normal and upset transients.  The design of the pump and motor bearings is required to be such that dynamic load capability at rated operating conditions is not exceeded during the safe shutdown earthquake.  Calculation submittal was required.


Pump overspeed occurs during the course of a LOCA due to blowdown through the broken loop pump.  Design studies determined that the overspeed was not sufficient to cause destruction of the motor; consequently, no provision is made to decouple the pump from the motor for such an event.


5.4.1.5      Inspection and Testing


Quality control methods are used during fabrication and assembly of the reactor recirculation system to assure that design specifications are met.  Inspection and testing is carried out as described in <Chapter 3>.  The reactor coolant system is thoroughly cleaned and flushed before fuel is loaded initially.


During the preoperational test program, the reactor recirculation system is hydrostatically tested at 125 percent reactor vessel design pressure.  Preoperational tests of the reactor recirculation system also include checking operation of the pumps, flow control system and gate valves and are discussed in <Chapter 14>.


During the startup test program, horizontal and vertical motions of the reactor recirculation system piping and equipment are observed; supports are adjusted, as necessary, to assure that components are free to move as designed.  Nuclear system responses to recirculation pump trips at rated temperatures and pressures are evaluated during the startup tests, and plant power response to recirculation flow control is determined.


5.4.2      STEAM GENERATORS (PWR)


This section is not applicable to PNPP.


5.4.3      REACTOR COOLANT PIPING


The reactor coolant piping is discussed in <Section 3.9.3> and <Section 5.4.1>.  The recirculation loops are shown in <Figure 5.4‑1> and <Figure 5.4‑2>.  The design characteristics are presented in <Table 5.4‑1>.  Avoidance of stress corrosion cracking is discussed in <Section 5.2.3.4.1>.


5.4.4      MAIN STEAM LINE FLOW RESTRICTORS


5.4.4.1      Safety Design Bases


The main steam line flow restrictors were designed as follows:


a.
To limit the loss of coolant from the reactor vessel following a steam line rupture outside the containment to the extent that the reactor vessel water level remains high enough to provide cooling within the time required to close the main steam line isolation valves (MSIV).


b.
To withstand the maximum pressure difference expected across the restrictor, following complete severance of a main steam line.


c.
To limit the amount of radiological release outside of the drywell prior to MSIV closure.


d.
To provide trip signals for MSIV closure.


5.4.4.2      Description


A main steam line flow restrictor <Figure 5.4‑7> is provided for each of the four main steam lines.  The restrictor is located in the drywell and is a complete assembly welded into the main steam line.


The restrictor limits the coolant blowdown rate from the reactor vessel in the event a main steam line break occurs outside the containment to the maximum (choke) flow of 6.14 x 106 lb/hr at 1,025 psig upstream pressure.  The restrictor assembly consists of a venturi‑type nozzle insert, welded in accordance with applicable code requirements into the main steam line.  The flow restrictor is designed and fabricated in accordance with ASME “Fluid Meters,” 6th edition, 1971.


The flow restrictor has no moving parts.  Its mechanical structure can withstand the velocities and forces associated with a main steam line break.  The maximum differential pressure is conservatively assumed to be 1,375 psi, i.e., the reactor vessel ASME Code limit pressure.


The ratio of venturi throat diameter to steam line inside diameter of approximately 0.515 results in a maximum pressure differential (unrecovered pressure) of about 16 psi at 150 percent of rated flow.  This design limits the steam flow in a severed line to less than 150 percent rated flow, yet it results in negligible increase in steam moisture content during normal operation.  The restrictor is also used to measure steam flow to initiate closure of the main steam line isolation valves when the steam flow exceeds preselected operational limits.


5.4.4.3      Safety Evaluation


If a main steam line should break outside the containment, the critical flow phenomenon would restrict the steam flow rate in the venturi throat 


to 170 percent of the rated value.  Prior to isolation valve closure, the total coolant losses from the vessel are not sufficient to cause core uncovering and the core is thus adequately cooled at all times.


Analysis of the steam line rupture accident <Chapter 15> shows that the core remains covered with water and that the amount of radioactive materials released to the environs through the main steam line break does not exceed the guideline values of published regulations.


Tests on a scale model determined final design and performance characteristics of the flow restrictor.  The characteristics include maximum flow rate of the restrictor corresponding to the accident conditions, unrecoverable losses under normal plant operating conditions and discharge moisture level.  The tests showed that flow restriction at critical throat velocities is stable and predictable.


The steam flow restrictor is exposed to steam of about 0.2 percent moisture flowing at velocities of 160 ft/sec (steam piping ID) to 630 ft/sec (steam restrictor throat).  ASTM A351 (Type 304) cast stainless steel was selected for the steam flow restrictor material because it has excellent resistance to erosion‑corrosion in a high velocity steam atmosphere.  The excellent performance of stainless steel in high velocity steam appears to be due to its resistance to corrosion.  A protective surface film forms on the stainless steel which prevents any surface attack; this film is not removed by the steam.


Hardness has no significant effect on erosion‑corrosion.  For example, hardened carbon steel or alloy steel will erode rapidly in applications where soft stainless steel is unaffected.


Surface finish has a minor effect on erosion‑corrosion.  If very rough surfaces are exposed, the protruding ridges or points will erode more 


rapidly than a smooth surface.  Experience shows that a machined or a ground surface is sufficiently smooth and that no detrimental erosion will occur.


5.4.4.4      Inspection and Testing


Because the flow restrictor forms a permanent part of the main steam line piping and has no moving components, no testing program is planned.  Only very slow erosion will occur with time, and such a slight enlargement will have no safety significance.  Stainless steel resistance to erosion has been substantiated by turbine inspections at the Dresden Unit 1 facility, which have revealed no noticeable effects from erosion on the stainless steel nozzle partitions.  The Dresden inlet velocities are about 300 ft/sec and the exit velocities are 600 to 900 ft/sec.  However, calculations show that, even if the erosion rates are as high as 0.004 in./yr after 40 years of operation the increase in restrictor chocked flow rate would be no more than 5 percent.  A 5 percent increase in the radiological dose calculated for the postulated main steam line break accident is not significant.


5.4.5      MAIN STEAM LINE ISOLATION SYSTEM


5.4.5.1      Safety Design Bases


The main steam line isolation valves, individually or collectively, will:


a.
Close the main steam lines within the time established by design basis accident analysis to limit the release of reactor coolant.


b.
Close the main steam lines slowly enough that simultaneous closure of all steam lines will not induce transients that exceed the nuclear system design limits.


c.
Close the main steam line when required despite single failure in either valve or in the associated controls, to provide a high level of reliability for the safety function.


d.
Use separate energy sources as the motive force to close independently the redundant isolation valves in the individual steam lines.


e.
Use local stored energy (compressed air and springs) to close at least one isolation valve in each steam pipeline without relying on the continuity of any variety of electrical power to furnish the motive force to achieve closure.


f.
Be able to close the steam lines, either during or after seismic loadings, to assure isolation if the nuclear system is breached.


g.
Have capability for testing, during normal operating conditions, to demonstrate that the valves will function.


5.4.5.2      Description


Two isolation valves are welded in a horizontal run of each of the four main steam pipes; one valve is as close as possible to the inside of the drywell and the other is just outside the containment.


<Figure 5.4‑8> shows a main steam line isolation valve.  Each is a 26 inch Y‑pattern, globe valve.  Rated steam flow rate through each valve is 4.07 x 106 lb/hr.  The main disc or poppet is attached to the lower end of the stem.  Normal steam flow tends to close the valve, and higher inlet pressure tends to hold the valve closed.  The bottom end of the valve stem closes a small pressure balancing hole in the poppet.  When the hole is open, it acts as a pilot valve to relieve differential 


pressure forces on the poppet.  Valve stem travel is sufficient to give flow areas past the wide open poppet greater than the seat port area.  The poppet travels approximately 90 percent of the valve stem travel to close the main seat port area; approximately the last 10 percent of valve stem travel closes the pilot valve.  The air cylinder actuator can open the poppet with a maximum differential pressure of 200 psi across the isolation valve in a direction that tends to hold the valve closed.


A 45 degree angle permits the inlet and outlet passages to be streamlined.  This minimizes pressure drop during normal steam flow and helps prevent debris blockage.  The pressure drop at 105 percent of rated flow is 7.8 psi maximum.  The valve stem penetrates the valve bonnet through a stuffing box that has two sets of replaceable packing.  A lantern ring and leakoff drain are located between the two sets of packing.  For the outboard main steam valves, the leakoff drain is capped at the valves.  The poppet backseats when the valve is fully open to help prevent poppet rotation and stem bending.  The stem does not backseat; however, Live Load packing reduces the potential for packing leakage.  A stem anti‑rotation arrangement precludes stem separation.  The outer stem packing of the MSIV is relied upon to prevent leakage.


Attached to the upper end of the stem is an air cylinder that opens and closes the valve and a hydraulic dashpot that controls its speed.  The speed is adjusted by a valve in the hydraulic return line bypassing the dashpot piston.  Valve closing time is adjustable to between 3 and 10 seconds.


The air cylinder is supported on the valve bonnet by actuator support and spring guide shafts.  Helical springs around the spring guide shafts close the valve if air pressure is not available.  The motion of the spring seat member actuates switches in the near open, near closed valve positions.


The valve is operated by pneumatic pressure and by the action of compressed springs.  The control unit is attached to the air cylinder.


This unit contains air pilot valves and solenoid operated valves.  The solenoid valves control opening and closing of the air valves and provide exercising capability at slow speed.   Remote‑manual switches in the control room enable the operator to operate the valves.


Normal operating air is supplied to the valves from the nonsafety‑related plant instrument air system.  Each valve is equipped with a safety‑related air accumulator to provide air for initial closure of the valve.  Each accumulator is equipped with a check valve to prevent leakage out of the accumulator in the event of an air supply failure.  To assure leak tightness, the outboard MSIVs also utilize the “B” train safety‑related instrument air system as a postaccident makeup air supply.  The safety‑related air supply is manually initiated postaccident and it is assumed that its initiation occurs within one hour after the Design Basis LOCA.


Each valve is designed to accommodate saturated steam at plant operating conditions, with a moisture content of approximately 0.25 percent, an oxygen content of 30 ppm, and a hydrogen content of 4 ppm.  The valves are furnished in conformance with a design pressure and temperature rating in excess of plant operating conditions to accommodate plant overpressure conditions.


In the worst case, if the main steam line should rupture downstream of the valve, steam flow would quickly increase to approximately 150 percent of rated flow.  Further increase is prevented by the venturi flow restrictor inside the containment.


During approximately the first 75 percent of closing, the valve has little effect on flow reduction, because the flow is choked by the venturi restrictor.   After the valve is approximately 75 percent closed, flow is reduced as a function of the valve area versus travel characteristic.


The design objective for the valve is a minimum of 40 years service at the specified operating conditions.  Operating cycles (including exercise cycles) are estimated to be 50 to 400 cycles per year (full open to full close and return).


In addition to minimum wall thickness required by applicable codes, a corrosion allowance of 0.120 inch minimum is added to provide for 40 years service.


Design specification ambient conditions for normal plant operation are 135(F normal temperature, 150(F maximum temperature and 90 percent maximum humidity.  Design normal gamma plus neutron radiation dose over a 5 year maintenance period is 7.4 mRad.  The inside valves are not continuously exposed to maximum conditions, particularly during reactor shutdown.  Valves outside the primary containment and shield building are in ambient conditions that are considerably less severe.


The main steam line isolation valves are designed to close under accident environmental conditions of 330(F for one hour at drywell pressures of 30 psig maximum and 14 psig minimum.  In addition, they are designed to remain closed under the following postaccident environment conditions:


a.
330(F for an additional 2 hours at drywell pressure of 15 psig maximum.


b.
310(F for an additional 3 hours at 15 psig maximum.


c.
250(F for an additional 18 hours at 15 psig maximum.


d.
250(F to 100(F ramp during the next 99 days at 15 psig maximum.


To resist sufficiently the response motion from the safe shutdown earthquake, the main steam line valve installations are designed as Seismic Category I equipment.  The valve assembly is manufactured to withstand the safe shutdown earthquake forces applied at the mass center of the extended mass of the valve operator, assuming the cylinder/spring operator is cantilevered from the valve body and the valve is located in a horizontal run of pipe.  The stresses caused by horizontal and vertical seismic forces are assumed to act simultaneously.  The stresses in the actuator supports caused by seismic loads are combined with the stresses caused by other live and dead loads, including the operating loads.  The allowable stress for this combination of loads is based on a percentage of the allowable yield stress for the material.   The parts of the main steam isolation valves that constitute a process fluid pressure boundary are designed, fabricated, inspected, and tested as required by the ASME Code, Section III.


5.4.5.3      Safety Evaluation


The analysis of a complete, sudden steam line break outside the containment is described in <Chapter 15>.  The analysis shows that the fuel barrier is protected against loss of cooling if main steam isolation valve closure is within specified limits, including instrumentation delay to initiate valve closure after the break.  The calculated radiological effects of the radioactive material assumed to be released with the steam are shown to be well within the guideline values for such an accident.


The shortest closing time, approximately 3 seconds, of the main steam isolation valves is shown to be satisfactory <Chapter 15>.  The switches on the valves initiate reactor scram when specific conditions (extent of valve closure, number of pipe lines included, and reactor power level) are exceeded <Section 7.2.1>.  The pressure rise in the system from 


stored and decay heat may cause the nuclear system relief valve to open briefly; however, the rise in fuel cladding temperature will be insignificant and no fuel damage will result.


The ability of this 45 degree, Y‑design globe valve to close in a few seconds after a steam line break, under conditions of high pressure differentials and fluid flows with fluid mixtures ranging from mostly steam to mostly water, has been demonstrated in a series of dynamic tests.  A full‑size, 20‑inch valve was tested in a range of steam‑water blowdown conditions simulating postulated accident conditions (Reference 2).


The following specified hydrostatic, leakage, and stroking tests, as a minimum, are performed by the valve manufacturer in shop tests:


a.
To verify its capability to close at settings between 3 seconds and 10 seconds (response time for full closure is set prior to plant operation at 2.5 second minimum, 5.0 second maximum), each valve is tested at 1,000 psig line pressure and no flow.  The valve is stroked several times, and the closing time is recorded.  The valve is closed by spring only and by the combination of air cylinder and springs.  The closing time is slightly greater when closure is by springs only.


b.
Leakage is measured with the valve seated and backseated.  The specified maximum seat leakage, using cold water at design pressure, is 2 cm3/hr/in. of nominal valve size.  In addition, an air seat leakage test is conducted using 50 psig pressure upstream.  Maximum permissible leakage is 0.1 scfh/in. of nominal valve size.  There must be no visible leakage from either set of stem packing at hydrostatic test pressure.  The valve stem is operated a minimum of three times from the closed position to the open position, and the packing leakage still must be zero by visual examination.


c.
Each valve is hydrostatically tested in accordance with the requirements of the applicable edition and addenda of the ASME code.  During valve fabrication, extensive nondestructive tests and examinations are conducted.  Tests include radiographic, liquid penetrant or magnetic particle examinations of castings, forgings, welds, hardfacings, and bolts.


d.
The spring guides, the guiding of the spring seat member on support shafts, and rigid attachment of the seat member assure correct alignment of the actuating components.  Binding of the valve poppet in the internal guides is prevented by making the poppet in the form of a cylinder longer than its diameter and by applying stem force near the bottom of the poppet.


After the valves are installed in the nuclear system, each valve is tested as discussed in <Chapter 14>.


Two isolation valves provide redundancy in each steam line so either can perform the isolation function, and either can be tested for leakage after the other is closed.  The inside valve, the outside valve, and their respective control systems are separated physically.


The design of the isolation valve has been analyzed for earthquake loading.  The cantilevered support of the air cylinder, hydraulic cylinder, springs, and controls is the key area.  The increase in loading caused by the specified earthquake loading does not result in stresses exceeding material allowables, or prevent the valve from closing as required.


Electrical equipment that is associated with the isolation valves and operates in an accident environment is limited to the wiring, solenoid valves, and position switches on the isolation valves.  The expected pressure and temperature transients following an accident are discussed in <Chapter 15>.


5.4.5.4      Inspection and Testing


The main steam isolation valves can be functionally tested for operability during plant operation and refueling outages.  The test provisions are listed below.  During refueling outage the main steam isolation valves can be functionally tested, leak‑tested, and visually inspected.


The main steam isolation valves can be tested and exercised individually to the 90 percent open position, because the valves still pass rated steam flow when 90 percent open.


Leakage from the valve stem packing will become suspect during reactor operation from measurements of leakage into the drywell, or from observations in the steam tunnel.  During shutdown while the nuclear system is pressurized, the leak rate through the inner packing of the inboard isolation valves can be measured by collecting and timing the leakage.  Leakage through the inner packing would be collected from the packing drain line.  For the outboard MSIV, the packing drain line is capped.


The leak rate through the pipeline valve seats (pilot and poppet seats) can be measured accurately using the periodic surveillance tests developed from the requirements in <Section 6.2.6>.


5.4.6      REACTOR CORE ISOLATION COOLING SYSTEM


5.4.6.1      Design Bases


The reactor core isolation cooling system is a safety system which consists of a turbine, pump, piping, valves, accessories, and instrumentation designed to assure that sufficient reactor water inventory is maintained in the reactor vessel to permit adequate core cooling to take place.  This prevents reactor fuel overheating during the following conditions:


a.
Should the vessel be isolated and maintained in the hot standby condition.


b.
Should the vessel be isolated and accompanied by loss of coolant flow from the reactor feedwater system.


c.
Should a complete plant shutdown under conditions of loss of normal feedwater system be started before the reactor is depressurized to a level where the shutdown coolant system can be placed into operation.


Following a reactor scram, steam generation will continue at a reduced rate due to the core fission product decay heat.  At this time the turbine bypass system will divert the steam to the main condenser, and the feedwater system will supply the makeup water required to maintain reactor vessel inventory.


In the event the reactor vessel is isolated, and the feedwater supply unavailable, relief valves are provided to automatically (or remote manually) maintain vessel pressure within desirable limits.  The water level in the reactor vessel will drop due to continued steam generation by decay heat.  Upon reaching a predetermined low level, the RCIC system 


shall be initiated automatically.  The turbine driven pump will supply demineralized makeup water from the condensate storage tank to the reactor vessel; an alternate source of water is available from the suppression pool.  Suppression pool water is not usually demineralized and hence should only be used in the event that all sources of demineralized water have been exhausted.  When the Control Room is notified of the issuance of a tornado warning for the vicinity of the plant, or if a tornado is sighted in the immediate vicinity of the plant, administrative controls require the RCIC suction to be aligned to the tornado missile protected suppression pool.  The RCIC turbine will be driven with a portion of the decay heat steam from the reactor vessel, and will exhaust into the suppression pool.  The RHR system, in the pool cooling mode, can be used to control pool temperature.


5.4.6.1.1      Residual Heat and Isolation Function


The RCIC system shall initiate and discharge, within 30 seconds, a specified constant flow into the reactor vessel over a specified pressure range.  The RCIC water discharged into the reactor vessel varies between a temperature of 40(F up to and including a temperature of 140(F.  The mixture of the cool RCIC water and the hot steam does the following:


a.
Quenches the steam.


b.
Removes reactor residual heat.


c.
Replenishes reactor vessel inventory.


Redundantly the HPCS system performs the same function, hence, providing single failure protection.  Both systems use different electrical power sources of high reliability, which permit operation with either onsite 


power or offsite power.  Additionally, the RHR or RCIC system performs a residual heat removal function.


The RCIC system design includes interfaces with redundant leak detection devices, namely:


a.
A high pressure drop across a flow device in the RCIC steam supply line equivalent to 300 percent of the steady‑state steam flow at 1,192 psia.


b.
A high RCIC equipment area temperature, or high differential temperature (effective when room cooler is running), utilizing temperature switches as described in the leak detection system.  High area and high differential temperature (effective when room cooler is running) shall be alarmed in the control room.


c.
RCIC steam line low reactor pressure of 50 psig minimum.


d.
A high pressure between the turbine exhaust rupture diaphragms.


e.
Main steamline tunnel high area temperature or high differential temperature.


f.
A high differential pressure in RCIC steam supply line.


These devices, with the exception of the RCIC equipment area high differential temperature activated by the redundant power supplies, automatically isolate the steam supply to the RCIC turbine.


Other isolation cases are defined in the following paragraphs.  HPCS provides redundancy for RCIC should RCIC become isolated, hence, providing single failure protection.


Isolation valve arrangements include the following:


a.
Two RCIC lines penetrate the reactor coolant pressure boundary.  The first is the RCIC steam line which branches off one of the main steam lines between the reactor vessel and the main steam isolation valve.  This line has two automatic motor operated isolation valves.  One is located inside and the other outside primary containment.  An automatic motor operated inboard RCIC isolation bypass valve is used.  The isolation signals noted earlier close these valves.  These two automatic isolation valves satisfy the requirements of General Design Criterion 55.


b.
The RCIC pump discharge line is the other line that penetrates the reactor vessel.  This line has two testable check valves (one inside primary containment and the other outside primary containment).  Additionally, an automatic motor operated valve is located outside primary containment.  These two automatic isolation valves satisfy the requirements of General Design Criterion 55.


c.
The RCIC turbine exhaust line vacuum breaker system line has two automatic motor operated valves and two check valves.  This line runs between the suppression pool air space and the turbine exhaust line downstream of the exhaust line check valve.  Positive isolation shall be automatic via a combination of low reactor pressure and high drywell pressure.  This set of valves satisfied the requirements of General Design Criterion 56.



The vacuum breaker valve complex is placed outside primary containment due to a more desirable environment.  In addition, the valves are readily accessible for maintenance and testing.


d.
The RCIC pump suction line and minimum flow pump discharge line, and turbine exhaust line all penetrate the primary containment and 



are submerged in the suppression pool.  The isolation valves for the RCIC pump suction and min flow discharge line require remote‑ manual operation.  The turbine exhaust isolation valve is an automatic motor operated valve.  These isolation valves are all outside primary containment and satisfy the requirements of General Design Criterion 56 and 57 respectively.


5.4.6.1.2      Reliability, Operability, and Manual Operation (Also see <Section 5.4.6.2.4> and <Section 5.4.6.2.5>


The RCIC system as noted in <Table 3.2‑1> is designed commensurate with the safety importance of the system and its equipment.  Each component is individually tested to confirm compliance with system requirements.  


The system as a whole is tested during both the startup and preoperational phases of the plant to set a base mark for system reliability.  To confirm that the system maintains this mark, functional and operability testing is performed at predetermined intervals throughout the life of the reactor plant.


A design flow functional test of the RCIC system may be performed during normal plant operation by drawing suction from the condensate storage tank and discharging through a full flow test return line to the condensate storage tank.  The discharge valve to the head cooling spray nozzle remains closed during the test, and reactor operation remains undisturbed.  All components of the RCIC system are capable of individual functional testing during normal plant operation.  System control provides automatic return from test to operating mode if system initiation is required.  There are three exceptions:


a.
Auto/manual initiation on the flow controller.  This feature is required for operator flexibility during system operation.


b.
Steam inboard and outboard isolation valves.  Closure of these valves requires operator action to properly sequence their opening.  An alarm sounds when either valve leaves the fully open position.


c.
Other bypassed or otherwise deliberately rendered inoperable parts of the system shall be automatically indicated in the control room at the system level.


In addition to the automatic operational features, provisions are included for remote‑manual startup, and operation, and shutdown of the RCIC system, provided initiation or shutdown signals do not exist.


5.4.6.1.3      Loss of Offsite Power


The RCIC system power is to be derived from a highly reliable source that is maintained by either onsite or offsite power <Section 5.4.6.1.1>.


5.4.6.1.4      Physical Damage


The system is designed to the requirements of <Table 3.2‑1> commensurate with the safety importance of the system and its equipment.  The RCIC is physically located in a different quadrant of the auxiliary building and utilizes different divisional power (and separate electrical routings) than its redundant system as discussed in <Section 5.4.6.1.1> and <Section 5.4.6.2.4>.


5.4.6.1.5      Environment


The system operates for the time intervals and the environmental conditions specified in <Section 3.11>.  The RCIC system is for the most part located indoors and is not subject to cold weather conditions.  However, the primary RCIC water source consists of underground piping to 


the condensate storage tank (CST) and the CST itself.  There is a nonsafety, CST heating system.  Although the CST is the primary source of RCIC water, it is not the safety‑related source.  The suppression pool provides the safety‑related source of RCIC water.


5.4.6.2      System Design


5.4.6.2.1      General


A summary description of the reactor core isolation cooling system is presented in <Section 5.4.6.1> which defines in general the system functions and components.  The detailed description of the system, its components and operation is presented in <Section 5.4.6.2>.


The following diagrams are included for the RCIC systems:


a.
A schematic “Piping and Instrumentation Diagram” <Figure 5.4‑9> showing all components, piping, points where interface system and subsystems tie together, and instrumentation and controls associated with subsystem and component actuation.


b.
A schematic “Process Diagram” <Figure 5.4‑10> showing temperature, pressures, and flows for RCIC operation and system process data hydraulic requirements.


The following defines the various electrical interlocks:


a.
(Deleted)


b.
F031’s limit switch activates when fully open and closes F010, F022 and F059.


c.
F068’s limit switch activates when full open and clears F045 permissive so F045 could open.


d.
F045’s limit switch activates when F045 is not fully closed and initiates the startup ramp function and also, after a 15 second time delay, activates turbine pump and gland seal air compressor annunciators.  The startup ramp function resets each time F045 is closed.


e.
F045’s limit switch activates when fully closed and permits F004, F005, F025, and F026 to open and closes F013 and F019.


f.
The turbine trip throttle valve (part of C002) limit switch deactivates when fully closed and closes F013 and F019.


g.
The combined activation of pressure switches at reactor low pressure and high drywell pressure closes F077, F078 and F068.


h.
High turbine exhaust pressure, low pump suction pressure, or an isolation signal actuates and trips the turbine trip throttle valve.  When signal is cleared, the trip throttle valve must be reset from the control room.


i.
Overspeed of 120 percent trips the mechanical trip at the turbine which closes the trip throttle valve.


j.
An isolation signal closes F063, F064, F076, F031, and other valves as noted in item f. and item h. of this section.


k.
An initiation signal opens F010 if closed, F013 and F045; starts gland seal system; and closes F022 and F059 if open.


l.
High and low inlet RCIC steam supply drain pot levels, respectively, open and close F054.


m.
The combined signal of low flow plus pump discharge pressure open and with increased flow closes F019.  Also see item e. and item f. of this section.


n.
High reactor water level closes F045.


5.4.6.2.2      Equipment and Component Description


Operating parameters for the components of the RCIC system, defined below, are shown on <Figure 5.4‑10>.  The RCIC components are:


a.
One 100 percent capacity turbine and accessories.


b.
One 100 percent capacity pump assembly and accessories.


c.
Piping, valves and instrumentation for:



1.
RCIC steam supply line.



2.
(Deleted)



3.
Turbine exhaust to the suppression pool.  The RCIC turbine 




exhaust line sparger is described in <Figure 5.4‑20>.



4.
Makeup supply from the condensate storage tank to the pump suction.



5.
Makeup supply from the suppression pool to the pump suction.



6.
(Deleted)



7.
Pump discharge to the head cooling spray nozzle, including a test line to the condensate storage tank, a minimum flow bypass line to the suppression pool and a coolant water supply to accessory equipment.


The basis for the design conditions is the American Society of Mechanical Engineers (ASME) Section III, Nuclear Power Plant Components.


Design parameters for the RCIC system components are listed in <Table 5.4‑2>.  See <Figure 5.4‑9> for cross‑reference of component numbers listed in <Table 5.4‑2>.


5.4.6.2.3      Applicable Codes and Classifications


The RCIC system components within the drywell up to and including the outer isolation valve are designed in accordance with ASME Code, Section III, Class 1, Nuclear Power Plant Components.  The RCIC system is also designed as Seismic Category I.


The reactor core isolation cooling system component classifications and those for the condensate storage system are given in <Table 3.2‑1>.


5.4.6.2.4      System Reliability Considerations


To assure that the RCIC will operate when necessary and in time to prevent inadequate core cooling, the power supply for the system is taken from immediately available energy sources of high reliability.  Added assurance is given in the capability for periodic testing during station operation.  Evaluation of reliability of the instrumentation for the RCIC shows that no failure of a single initiating sensor either prevents or falsely starts the system.


In order to assure HPCS or RCIC availability for the operational events noted previously, certain design considerations are utilized in design of both systems.


a.
Physical Independence ‑ The two systems are located in separate areas of the auxiliary building.  Piping runs are separated and the water delivered from each system enters the reactor vessel via different nozzles.


b.
Prime Mover Diversity and Independence ‑ Prime mover independence is achieved by using a steam turbine to drive the RCIC and an electric motor‑driven pump for the HPCS system.  The HPCS motor is supplied from either normal ac power or a separate diesel generator.


c.
Control Independence ‑ Control independence is secured by using different battery systems to provide control power to each unit.  Separate detection initiation logics are also used for each system.


d.
Environmental Independence ‑ Both systems are designed to meet Safety Class 2 requirements.  The environment in the equipment rooms is maintained by separate auxiliary systems.


e.
Periodic Testing ‑ A design flow functional test of the RCIC can be performed during plant operation by taking suction from the condensate storage tank and discharging through the full flow test return line back to the condensate storage tank.  The discharge valve to the head‑spray line remains closed 
during the test, and reactor operation is undisturbed.  All components of the RCIC system are capable of individual functional testing during normal 



plant operation.  Control system design provides automatic return from test to operating mode if system initiation is required.  The three exceptions are as follows:



1.
The auto/manual station on the flow controller.  This feature is required for operator flexibility during system operation.



2.
Steam inboard and outboard isolation valves.  Closure of these valves requires operator action to properly sequence their opening.  An alarm sounds when either of these valves leaves the fully open position.



3.
Bypassed or other deliberately rendered inoperable parts of the system shall be automatically indicated in the control room.



Additionally, all components of the RCIC system shall be capable of individual functional testing during normal plant operation.


f.
General ‑ Inspections and maintenance of the turbine pump unit are conducted periodically.  Valve position indication and instrumentation alarms are displayed in the control room.


g.
If the steam isolation valves were temporarily closed for maintenance, administrative control, specific operating procedures, and system design preclude the possibility of thermal shock or waterhammer to the steamline, valve seats and discs, and condensate water collection in the turbine.



Operating procedures involve opening the outboard isolation valve, warming the steamline by throttling the warmup valve located on a pipeline bypassing the inboard isolation valve, opening the inboard isolation valve and then closing the bypass valve.  This returns 



the steamline to the standby condition.  An interlock between the bypass valve and the inboard valve will prevent the inboard isolation valve from being opened, unless the bypass valve is fully open.  The system design has also provided for a drain pot, which drains to the main condenser through a restricting orifice, installed in the low point of the steamline to minimize the amount of condensate that could reach the turbine.



To prevent any liquid buildup at the turbine’s exhaust, which could create a condition favorable to a thermal shock or liquid collection in the turbine, a vacuum break system is installed close to the RCIC turbine exhaust line suppression pool penetration to avoid siphoning of water from the suppression pool into the exhaust line as steam in the line condenses during and after turbine operation.  The vacuum breaker line runs from the suppression pool air volume to the RCIC exhaust line through two normally open motor operated gate valves and two check valves arranged to allow air flow into the exhaust line, precluding steam flow to the suppression pool air volume.


During turbine operation, condensate buildup in the turbine exhaust line is minimized by the installation of a drain pot in a low point of the line near the turbine exhaust connection.  The condensate collected in the drain pot is drained to the CRW when the system is not operating.


5.4.6.2.5      Manual Actions


Manual actions required for the various modes of RCIC are defined below.  Caution:  System and hardware operating and maintenance instruction documents should be read and understood before any operation is started.  Operating precautions shall be observed during operation.


5.4.6.2.5.1      Automatic Operation


Automatic startup of the RCIC system due to an initiation signal from reactor low water level requires no operator action.  To permit this automatic operation, the operator must verify that Steps a. through j., below, have been taken to prepare the system for the standby mode and correct as required.  Steps k. through s. describe actions during operation and shutdown.


a.
Verify the flow controller has the correct flow set point and is in the automatic mode.


b.
Verify that the turbine trip throttle valve, part of E51‑C002, is in the full open position.  If not fully open, the valve may need to be reset.



There are two trips for the turbine, i.e., a solenoid operated trip and a mechanical overspeed trip.  The overspeed trip must be reset at the turbine itself.  Once the mechanical overspeed trip is reset or if only a solenoid trip occurred, the trip throttle valve shall be reset.  See <Figure 5.4‑9> for component identification.


c.
Verify power is available to all components.


d.
Verify that the two RCIC steam isolation valves have been properly sequenced open.


e.
Verify that the RCIC turbine exhaust line isolation valve and vacuum breaker valves are open.


f.
Verify that the two isolation signal logic “reset” devices have been reset.


g.
Verify that the water leg pump is running.  If essential power to the water leg pump fails, the RCIC system pump can be started up as defined in <Section 5.4.6.2.5> and run until the power is restored.


h.
Verify that the manual valves are positioned correctly and administratively controlled.  This verification requires one to be out of the control room.  Administrative control will minimize subsequent checks.


i.
Verify that water is available in the condensate storage tank.


j.
Verify that oil is available in RCIC turbine oil reservoir; and that the turbine and pump are ready to run as defined by the turbine and pump technical manuals.


k.
During extended periods of operation and when the normal water level is again reached, the HPCS system may be manually tripped and the RCIC system flow controller may be adjusted and switched to manual operation.  This prevents unnecessary cycling of the two systems.  Subsequent starts of RCIC turbine and pump must be operator controlled until rated flow is reached by use of the trip throttle valve or manually initiated if F045 is first closed.  If the operator leaves the RCIC in the automatic mode, the system will trip at the high water level and restart automatically at subsequent low water level.


l.
Adjust flow controller set point as required to maintain desired reactor water level.


m.
When RCIC operation is no longer required, manually trip the RCIC system and turn the flow controller back to automatic.


n.
Close the steam supply valve to turbine F045.


o.
Reset the turbine trip throttle valve.


p.
Operate the RCIC gland seal compressor for one hour after turbine shutdown.


q.
(Deleted)


r.
Verify that valves F004, F005, F025, and F026 reopen automatically after valve F045 was closed.


s.
Verify that the system is in the standby configuration per <Figure 5.4‑9>.


5.4.6.2.5.2      Test Loop Operation


This operating mode is manually initiated by the operator.  Test loop operation is performed in the following manner:


a.
Verification made in Steps a. through j. of <Section 5.4.6.2.5.1> shall be completed.


b.
All motor operated valves shall be positioned as shown on <Figure 5.4‑9>.


c.
Position F022 to simulate reactor pressure, based on valve position.


d.
Start gland seal system.


e.
(Deleted)


f.
Open F059.


g.
Open F045.


h.
Verify that valves F004, F005, F025, and F026 automatically closed after valve F045 opened.


i.
Observe turbine RPM on speed indicator.


j.
Turn RMS switch for F019 to open position and release.  Observe that valve F019 cycles fully open and closed by watching position lights.  Also observe turbine speed indicator to verify speed increases during this cycling.  An increase in speed confirms that the minimum flow line valves and electrical logic properly function.


k.
Further adjust F022 to simulate reactor pressure plus line losses to reactor pressure, based on actual discharge pressure.


l.
While turbine is running, check and record the following:



1.
Pump suction pressure



2.
Pump discharge pressure



3.
Turbine steam exhaust pressure



4.
Turbine steam inlet pressure



5.
Pump flow



6.
Turbine speed


m.
Close F059.


n.
Close F022.


o.
When the test is completed, manually trip the turbine.


p.
Follow Steps n. through s. of <Section 5.4.6.2.5.1>.


5.4.6.2.5.3      (Deleted)


5.4.6.2.5.4      Limiting Single Failure


The most limiting single failure with the RCIC system and its HPCS backup system is the failure of HPCS.  With an HPCS failure, if the capacity of RCIC system is adequate to maintain reactor water level, the operator follows <Section 5.4.6.2.5.1>.  If, however, the RCIC capacity is inadequate, then <Section 5.4.6.2.5.1> still applies.  Additionally, the operator may also initiate the ADS system described in <Section 6.3.2>.


5.4.6.3      Performance Evaluation


The analytical methods and assumptions in evaluating the RCIC system are presented in <Chapter 15> and <Appendix 15A>.  The RCIC system provides the flows required from the analysis <Figure 5.4‑10> within a 30‑second interval based upon considerations noted in <Section 5.4.6.2.4>.


The RCIC system provides vessel makeup flow for varying reactor vessel pressures from 1,215 psia to 165 psia.  Rated flow is required up to 1,118 psia, based on operation of the safety relief valves in the relief and low‑low‑set modes during the vessel isolation transients for which RCIC is designed.  The required pump NPSH for this flow is 22 feet.  The available NPSH for the RCIC pump for this most limiting operating condition (suction from the suppression pool) is greater than 30 feet.  


This most limiting NPSH is based on the pump operating flow of 716 gpm, maximum suppression pool water temperature of 140(F, minimum suppression pool water level at Elevation 589’‑0” (minimum drawdown level conservatively assumed), and with suction strainer differential pressure of 0.02 feet corresponding to the strainer fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials).


The RCIC pump performance curves are provided as <Figure 5.4‑21>.


5.4.6.4      Preoperational Testing


The preoperational and initial startup test programs for the RCIC system are presented in <Chapter 14>.


5.4.6.5      Safety Interfaces


The balance of plant/GE nuclear steam supply system safety interfaces for the reactor core isolation cooling system are:


a.
Preferred water supply from the condensate storage tank.


b.
All associated wire, cable, piping, sensors, and valves which lie outside the nuclear steam supply system scope of supply.


c.
Water supply for testable check.


d.
Air supply for solenoid actuated valves.


5.4.7      RESIDUAL HEAT REMOVAL SYSTEM


5.4.7.1      Design Bases


The RHR system is comprised of three independent loops.  Each loop contains its own motor‑driven pump, piping, valves, instrumentation and controls.  Each loop has a suction source from the suppression pool and is capable of discharging water to the reactor vessel via a separate nozzle, or back to the suppression pool via a full flow test line.  In addition, the A and B loops have heat exchangers which are cooled by emergency service water.  Loops A and B can also take suction from the reactor recirculation system suction or fuel pool, and can discharge into the reactor via the feedwater line, fuel pool cooling discharge, or to the containment spray spargers.  The RHR system is located indoors and is not subject to cold weather.  Water for the RHR heat exchangers is discussed in <Section 9.2.1>.


5.4.7.1.1      Functional Design Basis


The RHR system has five subsystems, each of which has its own functional requirements.  Each subsystem shall be discussed separately to provide clarity.


5.4.7.1.1.1      Residual Heat Removal Mode (Shutdown Cooling Mode)


a.
The functional design basis of the shutdown cooling mode is to have the capability to remove decay and sensible heat from the reactor primary system, reducing reactor outlet temperature to 125(F within 20 hours after the control rods have been inserted.  This will permit refueling when the maximum emergency service water temperature is 70(F, the core is “mature” and the tubes are completely fouled.  (See <Section 5.4.7.2.2> for exchanger design details.)  The capacity of the heat exchangers is such that the 



time to reduce the vessel outlet water temperature to 212(F corresponds to a cooldown rate of 100(F per hour with one heat exchanger loop in service.



When the shutdown cooling mode is used, the operator controls the cooldown by throttling the reactor coolant flow through the heat exchanger using E12‑F003.  The operator determines the cooldown rate by monitoring reactor coolant temperature change with time.  The operator will monitor this temperature at intervals not to exceed 30 minutes.


Assuming the operator does not flush the RHR loop while the reactor vessel is in the initial shutdown stage, and assuming that two hours are used for flushing, the minimum time required to reduce vessel coolant temperature to 212(F is depicted by <Figure 5.4‑11>.


b.
The design basis for the most limiting single failure for the RHR system (shutdown cooling mode) is that one exchanger loop is lost and the plant is then shut down using the capacity of a single RHR heat exchanger loop and related service water capability.  <Figure 5.4‑12> shows the nominal time required to reduce vessel coolant temperature to 212(F using one RHR heat exchanger loop.


c.
If the nonsafety‑grade main condenser is not available for reactor shutdown, the safety‑grade safety/relief valves are used to depressurize the reactor while the safety grade RCIC system can supply makeup water.  Below approximately 135 psig reactor pressure, the safety grade RHR shutdown cooling mode comes in to bring the reactor to the cold shutdown condition.


5.4.7.1.1.2      Low Pressure Injection (LPCI) Mode


The functional design basis for the LPCI mode is to pump a total of 7,100 gpm of water per loop using the separate pump loops from the suppression pool into the core region of the vessel for a design LOCA.  Injection flow commences at 225 psi differential pressure between the reactor vessel and the suppression pool air volume outside the drywell.


The initiating signals are:  vessel level 1.0 foot above the active fuel or drywell pressure greater than or equal to 2.0 psig.  The pumps will attain rated speed in 27 seconds and injection valves to the position required to pass 7100 gpm flow in 37 seconds.


5.4.7.1.1.3      Suppression Pool Cooling Mode


The functional design basis for the suppression pool cooling mode is that it shall have the capacity to ensure that the suppression pool temperature immediately after a blowdown shall not exceed 170(F when the reactor pressure is above 135 psig.


5.4.7.1.1.4      Containment Spray Cooling Mode


The functional design basis for the containment spray cooling mode is to have two redundant means to spray into the containment and suppression pool vapor space, reducing internal pressure to below design limits with bypass leakage from all leakage paths from drywell to containment.


5.4.7.1.1.5      Reactor Steam Condensing Mode


This mode is not used at the Perry Nuclear Power Plant.


5.4.7.1.2      Design Basis for Isolation of RHR System from Reactor Coolant System


The low pressure portions of the RHR system are isolated from full reactor pressure whenever the primary system pressure is above the RHR system design pressure.  See <Section 5.4.7.1.3> for further details.  In addition, automatic isolation may occur for reasons of vessel water inventory retention which is unrelated to line pressure rating.  (See <Section 5.2.5> for an explanation of the leak detection system and the isolation signals.)


The RHR pumps are protected against damage from a closed discharge valve by means of automatic minimum flow valves, which open on low main line flow and close on high main line flow.


5.4.7.1.3      Design Basis for Pressure Relief Capacity


The relief valves in the RHR system are sized on one of two bases:


a.
Thermal relief only


b.
Valve bypass leakage only


Transients are treated by Item a., above; Item b. has resulted from an excessive leak past isolation valves.  Valves E12‑F055A and B are set at 485 psig to maintain upstream piping within the system design pressure of 500 psig.  Valves 1E12‑F005, F017A, B and C, and F025A, B and C are set at or below the system design pressure <Figure 5.4‑14>.


Relief valve capacity, nominal set points, set point tolerances and ASME class ratings are provided in <Table 5.4‑4>.


The vulnerability of the RHR system to malfunctions that could result in overpressurization of low pressure piping is discussed below, and in <Section 5.4.7.2.7>.


The RHR system is connected to higher pressure piping at shutdown suction, shutdown return, LPCI injection, and head spray.  In general, pressure interlocks prevent opening valves to the low pressure suction piping where the reactor pressure is above the shutdown range.  These same interlocks initiate valve closure on increasing reactor pressure.  In addition, a high pressure check valve will close to prevent reverse flow if the pressure should increase.  Relief valves in the discharge piping are sized to account for leakage past the check valve.  Shutdown suction has two gate valves, F008 and F009, in series which have independent pressure interlocks to prevent opening at higher inboard pressure for each valve.  No single active failure or operator error will result in overpressurization of the low pressure piping.  In the event of leakage past F008 and F009, the leakage is directed through a passive leakoff line to the suppression pool to alleviate the pressure.  PT‑N057 provides indication and alarm to the control room operator if the leakoff line is isolated and results in pressurization.


The shutdown return line has a swing check valve, F050, to protect it from higher vessel pressures.  Additionally, a globe valve, F053, is located in series and has pressure interlock to prevent opening at high inboard pressures.  No single active failure or operator error will cause overpressurization of the lower pressure piping.


The LPCI injection line has a piston check valve, F041, and a high‑low pressure interlock, to protect it from higher vessel pressure.  No single active failure or operator error will cause overpressurization of the lower pressure piping.  The head spray line has a swing check valve, F019, to protect it from higher vessel pressure.  Additionally, a gate valve, F023, is located in series and has pressure interlocks to prevent 


opening at higher inboard pressure.  No single active failure or operator error will cause overpressurization of the lower pressure piping.


5.4.7.1.4      Design Basis with Respect to General Design Criterion 5


The RHR system for this unit does not share equipment or structures with any other nuclear unit.


5.4.7.1.5      Design Basis for Reliability and Operability


The design basis for the shutdown cooling mode of the RHR system is that this mode is controlled by the operator from the control room.  The only operation performed outside of the control room for a normal shutdown is manual operation of local flushing water admission valves, which is the means for providing clean water to the shutdown portions of the RHR system.


Two separate shutdown cooling loops are provided.  Although both loops are required for shutdown under normal circumstances, the reactor coolant can be brought to 212(F in less than 20 hours with only one loop in operation.  With the exception of the shutdown suction and shutdown return lines, the entire RHR system is part of the ECCS and containment cooling systems, and is therefore required to be designed with redundancy, flooding protection, piping protection power separation, etc. required of such systems (see <Section 6.3> for an explanation of the design bases for ECCS systems).  Shutdown suction and discharge valves are required to be powered from both offsite and standby emergency power for purposes of isolation and shutdown following a loss of offsite power.  If either of the two shutdown supply valves fails to operate, an operator is sent out to operate the valve manually.  If this is not feasible and the plant must be shut down as soon as possible, the alternate shutdown method must be employed.  In this procedure, water is 


drawn from the suppression pool and pumped into the reactor using either the LPCI “C” system or the LPCS system.  The vessel water is allowed to overflow the steamlines and discharge back to the suppression pool via the ADS valve discharge lines.  Simultaneously, the associated Divisional RHR “A” or “B” system is placed in suppression pool cooling mode.  This method effectively transfers sensible and decay heat from the vessel to the pool and finally to the emergency service water via the RHR heat exchanger.  See <Section 15.2.9> for further discussion on alternate shutdown.


The ADS valves, which are of the Dikkers type, were operationally tested as described in NEDE‑24988‑P for the most limiting conditions for the alternate shutdown cooling mode.  The discharge fluid was single phase liquid water.  In addition, the loads from the liquid discharge on the valve and discharge piping were considerably lower than the design basis loads.  Both valve and discharge piping integrity were verified following the liquid discharge testing.


The test results also showed that there is a considerable excess of total valve capacity to pass the required flow rate for alternate shutdown cooling, i.e., only 1 or 2 valves are required to pass the needed flow.  Consequently, the hydraulic losses will result in a system pressure which is low enough to allow the low pressure pumps to inject sufficient suppression pool water into the vessel.  As shown in <Figure 6.3‑77>, the additional head required to flood the steamlines will have a negligible effect on the pump flow rate.


The time required to achieve cold shutdown using the alternate shutdown cooling mode can be less than the time to achieve cold shutdown using the normal shutdown cooling mode of the RHR system.  However, the recommended rate of cooldown is 100(F per hour.


5.4.7.1.6      Design Basis for Protection from Physical Damage


The design basis for protection from physical damage caused by internally generated missiles, pipe breaks and seismic effects is discussed in <Section 3.5>, <Section 3.6>, and <Section 3.7>, respectively.


5.4.7.2      System Design


5.4.7.2.1      System Diagrams


All of the components of the RHR system are shown in the P&ID, <Figure 5.4‑13>.  A description of the controls and instrumentation is presented in <Section 7.3.1.1>.


The process diagram and data for the RHR system is shown in <Figure 5.4‑14>.  All of the sizing modes of the system are shown in the process data.  The Functional Control Diagram (FCD) for the RHR system is provided in <Section 7.3>.


Interlocks are provided:


a.
To prevent opening vessel suction valves above the suction line or the discharge line design pressure.


b.
To prevent inadvertent opening of containment spray valves without at least high drywell pressure for more than ten minutes following DBA.


c.
(Deleted)


d.
To prevent pump start when suction valve(s) is not open.


5.4.7.2.2      Equipment and Component Description


a.
System Main Pumps



The RHR main system pumps are motor‑driven deepwell pumps with mechanical seals and cyclone separators.  The motors are air cooled by the ventilating system.  The pumps are sized on the basis of the LPCI mode (Mode A) and the minimum flow mode (Mode G) of process data in <Figure 5.4‑14>.  Design pressure for the pump suction structure is 215 psig with a temperature range from 40( to 360(F.  Design pressure for the pump discharge structure is 500 psig.  The bases for the design temperature and pressure are maximum shutdown cut‑in pressures and temperature, minimum ambient temperature, and maximum shutoff head.  The pump pressure vessel is carbon steel, the shaft and impellers are stainless steel.  A comparison between the available and the required NPSH can be obtained from the pump characteristic curves provided in <Figure 5.4‑15> and <Figure 5.4‑14> (Note 8).



The RHR pumps require a minimum NPSH of 4 feet at the design flow of 7100 gpm and 6.2 feet at the maximum design runout flow of 8520 gpm.  The minimum NPSH requirement specified is at a location of 3 feet above the pump mounting flange, which is approximately 1.25 inches above the pump suction nozzle centerline.



Final design calculations, based on the <Regulatory Guide 1.1> position, indicate an available NPSH in each RHR loop sufficient to ensure pump performance capable of accomplishing the required safety functions. During the post‑LOCA mode, with all ECCS pump flows at maximum, the suppression pool water level may reach a design minimum 589’‑0” elevation, reducing the static pressure head at the RHR pump suction nozzle, located at Elevation 571’‑7”, to a minimum of 17’‑5”.  At this minimum condition, assuming a maximum 



pumped water temperature of 185(F, minimum containment pressure of 14.7 psia, suction line losses and a maximum pressure drop of 3.3 feet across the suction strainer, corresponding to the strainer fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials), the minimum available NPSH at the manufacturers reference point is greater than 26 feet.  Other NPSH requirement identified by the manufacturer are less severe and result in larger NPSH margins.


b.
Heat Exchangers



The RHR heat exchangers are sized on the basis of the duty for containment cooling mode (Mode B‑1 of the process flow diagram).  All other uses of these exchangers require less cooling surface.



Original design information:



Flow rates are 7,100 gpm (design), 7,800 gpm (maximum), on the shell side and 7,300 gpm (rated) on the tube side (emergency service water side).  Rated inlet temperature is 185(F shell side and 85(F tube side.  The overall heat transfer coefficient is 200 Btu/hr‑ft2‑(F.  Each loop’s heat exchangers contain 15,622 ft2 of effective surface.  Design temperatures of the shell side are 40( to 480(F.  Design temperatures of the tube side are 32( to 480(F.  Design pressure is 500 psig on both sides, design fouling factors are .0005 shell side and .002 tube side.  The construction materials are carbon steel for the pressure vessel with stainless steel tubes and stainless steel clad tubesheet.  Temperature elements have been installed on the inlet and outlet piping of the RHR heat exchangers for performance testing.



Current design basis calculations evaluate heat exchanger performance using parameters that differ from the original values shown above.  These analyses are performed to confirm that adequate heat transfer will occur when altered conditions are present (e.g., lower tube side cooling flow and altered tube fouling factor values).  Therefore, while several of the associated heat exchanger parameters are different than listed above, they are acceptable since the heat removal capability of the heat exchanger under those conditions has been confirmed to be adequate.


c.
Valves



All of the directional valves in the system are conventional gate, globe, flow control, and check valves designed for nuclear service.  



The injection valves, reactor coolant isolation valves, and pump minimum flow valves are high ‑ speed valves, as operation for LPCI injection or vessel isolation requires.  Valve pressure ratings are, as necessary, to provide the control or isolation function, i.e., all vessel isolation valves are rated as Class 1 nuclear valves rated at the same pressure as the primary system.


d.
ECCS Portions of the RHR System



The ECCS portions of the RHR system include those sections described through Mode A‑1 of <Figure 5.4‑14>.



The route includes suppression pool suction strainer, suction piping, RHR pumps, discharge piping including heat exchangers, injection valves, and drywell piping into the vessel nozzles and core region of the reactor vessel.



Pool cooling components include pool suction strainer, suction piping, pumps, heat exchangers, and pool return lines.



Containment spray components are the same as pool cooling except that the spray headers replace the pool return lines.


5.4.7.2.3      Controls and Instrumentation


Controls and instrumentation for the RHR system are described in <Section 7.3> and <Section 7.4>.


5.4.7.2.4      Applicable Codes and Classifications


Codes and classifications applicable to the RHR system are listed in <Table 5.4‑5>.


5.4.7.2.5      Reliability Considerations


The residual heat removal system has included the redundancy requirements of <Section 5.4.7.1.5>.  Two completely redundant loops have been provided to remove residual heat, each powered from a separate emergency bus.  With the exception of the common shutdown line, all mechanical and electrical components are separate.  Either loop is capable of shutting down the reactor within a reasonable length of time.


5.4.7.2.6      Manual Action


a.
Residual Heat Removal (Shutdown Cooling Mode)



In shutdown operation, when vessel pressure is 135 psig or less, the suppression pool suction valve may be closed for the initial shutdown loop.  Locally operated flushing valves are then opened and the stagnant water is flushed to radwaste via valves E12‑F040 and F049 operated from the control room.  The system may also be flushed with suppression pool water through the suppression pool suction and return lines.  At the end of this nominal flush, the lower half of the shutdown loop may be prewarmed by opening vessel suction valves, with effluent directed through the pump to radwaste.  The radwaste effluent valves are closed when increasing temperature is noted at the heat exchanger inlet.  If required to assist in the warmup, the heat exchanger shell side vent valves may be operated from the control room.  The pump is then started at a regulated flow through the return valve E12‑F053 and cooldown of the vessel is in progress.  Service water flow is initiated prior to starting flow through the heat exchanger.  Cooldown rate is subsequently controlled via valves E12‑F053 (total flow) and E12‑F048 (heat exchanger bypass flow) and E12‑F003 (exchanger flow).  All operations are performed from the control room except for opening and closing of local flush water valves.



The manual actions required for the most limiting failure are discussed in <Section 5.4.7.1.5>.


5.4.7.2.7      Outline of Operating Procedures


The following description provides a brief outline of the operating procedures required to bring the plant to a cold shutdown condition from hot standby and procedures for plant startup from cold shutdown.


a.
Hot Standby to Cold Shutdown



1.
Normal Mode:  Condenser Available as a Heat Sink




(a)
Cooldown from rated pressure to (135 psig(1) will use turbine bypass valves with RHR shutdown cooling mode isolated from the RPV.




(b)
Flush of RHR system, if required, will be accomplished with condensate transfer pumps; maximum supply pressure is (135 psig(1).




(c)
Cooldown from (135 psig(1) to (200(F will use RHR in shutdown cooling mode.  Protection to the low pressure piping is offered by isolation valves F008 and F009 at (135 psig(1), and closure of check valves F050 and F019.


NOTE:


(1)
This pressure will be less than the auto‑isolation setpoint for F008 and F009.



2.
Off‑Normal Mode:  Condenser Not Available as a Heat Sink




(a)
Safety/relief valves and RCIC will be used as necessary to maintain or reduce RPV pressure below the first safety/relief valve auto‑setpoint.




(b)
If required by the plant operating procedures/ instructions, initiate the Residual Heat Removal System in the suppression pool cooling mode to maintain the suppression pool temperature within the licensing bases.




(c)
Cooldown will continue until RPV pressure is (135 psig(1), when at least one loop of RHR will be lined up for shutdown cooling mode as needed.




(d)
Cooldown from (135 psig(1) to (200(F will be essentially the same as in Item a.l.


b.
Cold Shutdown to Hot Standby



1.
Normal Mode:  Condenser Available as Heat Sink




Normally, RHR operation in the shutdown cooling mode will be secured prior to withdrawing control rods.  In any event, it will always be secured prior to RPV water temperature exceeding 200(F.




Heatup to full pressure will use turbine bypass valves.


NOTE:


(1)
This pressure will be less than the auto‑isolation setpoint for F008 and F009.



2.
Off‑Normal Mode:  Condenser Unavailable as a Heat Sink




Normally, RHR operation in the shutdown cooling mode will be secured prior to withdrawing control rods.  In any event, it will always be secured prior to RPV water temperature exceeding 200(F.




If heatup beyond 200(F is desired, pressure and level will be controlled with RCIC and/or RWCU.


5.4.7.3      Performance Evaluation


Thermal performance of the RHR heat exchangers is based upon containment cooling with excess capability for the shutdown mode.  Because shutdown is usually a controlled operation, maximum emergency service water temperature less 10(F is used as the cooling water inlet temperature.  These are nominal design conditions.  If the emergency service water temperature is higher, the exchanger capabilities are reduced and the shutdown time is longer and vice versa.


5.4.7.3.1      Shutdown with All Components Available


No typical curve is included here to show vessel cooldown temperatures versus time due to the infinite variety of such curves that may be due to:


a.
Clean steam systems that may allow the main condenser to be used as the heat sink when nuclear steam pressure is insufficient to maintain steam air ejector performance


b.
The condition of fouling of the exchangers


c.
Operator use of one or two cooling loops


d.
Coolant water temperature


e.
System flushing time


Since the exchangers are designed for the fouled condition with relatively high emergency service water temperature, the units have excess capability to cool when first cut in at high vessel temperature.  Total flow and mix temperature must be controlled to avoid exceeding 100(F per hour cooldown rate.  (See <Section 5.4.7.1.1.1> for minimum shutdown time to reach 212(F.)


5.4.7.3.2      Shutdown with Most Limiting Failure


Shutdown under conditions of the most limiting failure is discussed in <Section 5.4.7.1.1.1>.  The capability of the heat exchanger for any time period is balanced against residual heat, pump heat and sensible heat.  The excess over residual heat and pump heat is used to reduce the sensible heat.


5.4.7.4      Preoperational Testing


The preoperational test program and startup test program as discussed in <Chapter 14> are used to generate data to verify the operational capabilities of each piece of equipment in the system:  instrument, set point, logic element, pump, heat exchanger, valve, and limit switch.  In addition, these programs verify the capabilities of the system to provide the flows, pressures, condensing rates, cooldown rates, and reaction times required to perform all system functions in accordance with system data sheets and process data.  Logic elements are tested electrically while valves, pumps, controllers, and relief valves are tested mechanically.  Finally, the system is tested for total system performance against the design requirements as specified above using both the offsite power and standby emergency power.  Preliminary heat 


exchanger performance can be evaluated by operating in the pool cooling mode, but a vessel shutdown is required for the final check due to the small temperature differences available with pool cooling.


5.4.8      REACTOR WATER CLEANUP SYSTEM


The reactor water cleanup system (RWCS) is classified as a primary power generation system (not an engineered safety feature), a small part of which is part of the reactor coolant pressure boundary (RCPB) up to and including the second isolation valve.  The other portions of the system are not part of the RCPB and are isolatable from the reactor.  The RWCS may be operated at any time during planned reactor operations, or it may be shut down if water quality is within limits.


5.4.8.1      Design Basis


5.4.8.1.1      Safety Design Basis


The RCPB portion of the RWCS meets the requirements of <Regulatory Guide 1.26> and <Regulatory Guide 1.29> in order to:


a.
Prevent excessive loss of reactor coolant.


b.
Prevent the release of radioactive material from the reactor.


c.
Isolate the major portion of the RWCS from the RCPB.


5.4.8.1.2      Power Generation Design Basis


The reactor water cleanup system:


a.
Removes solid and dissolved impurities from reactor coolant and measures the reactor water conductivity in accordance with <Regulatory Guide 1.56>.


b.
Discharges excess reactor water during startup, shutdown and hot standby conditions to the main condenser or radwaste.


c.
Minimizes temperature gradients in the main recirculation piping and reactor pressure vessel (RPV) during periods when the main recirculation pumps are unavailable.  The operation of the RWCU system with the heat exchangers bypassed and the reactor temperature above 435(F is prohibited since the feedwater piping is not analyzed for temperatures above 435(F.


d.
Minimizes the RWCS heat loss.


e.
Enables the major portion of the RWCS to be serviced during reactor operation.


f.
Prevents the standby liquid reactivity control material from being removed from the reactor water by the cleanup system when required for shutdown.


5.4.8.2      System Description


The system is capable of taking a suction from the inlet of each reactor main recirculation pump and from the reactor pressure vessel bottom head.  The process fluid is circulated with the cleanup pumps through a regenerative and nonregenerative heat exchanger for cooling, through the 


filter demineralizers for cleanup and back through the regenerative heat exchanger for reheating.  The processed water is returned to the RPV and/or the main condenser or radwaste <Figure 5.4‑16>, <Figure 5.4‑17>, and <Figure 5.4‑18>.


The major equipment of the reactor water cleanup system is located outside the drywell.  This equipment includes pumps, regenerative and nonregenerative heat exchangers, and filter demineralizers with precoat equipment.  Flow rate capacities for the major pieces of equipment are presented in <Table 5.4‑3>.


The temperature of the filter demineralizer units is limited by the resin operating temperature.  Therefore, the reactor coolant must be cooled before being processed in the filter demineralizer units.  The regenerative heat exchanger transfers heat from the tube side (hot process inlet) to the shell side (cold process inlet).  The shell side flow returns to the reactor.  The nonregenerative heat exchanger cools the process further by transferring heat to the reactor building closed cooling water system.


The filter demineralizer units <Figure 5.4‑19> are pressure precoat type filters using filter aid and mixed ion‑exchange resins.  Spent resins are not regenerable and are sluiced from the filter demineralizer unit to a backwash receiving tank from which they are transferred to the radwaste system for processing and disposal.  To prevent resins from entering the reactor recirculation system in the event of failure of a filter demineralizer resin support, a strainer is installed on the filter demineralizer unit.  Each strainer and filter demineralizer vessel has a control room alarm that is energized by high differential pressure.  Upon further increase in differential pressure from the alarm point, the filter demineralizer will automatically isolate.


Analysis will be performed on reactor water cleanup effluent grab samples for chloride with approved Chemistry Instructions.  pH analysis will be performed if conductivity is (1.0 (mho/cm during power operation.  Water conductivity for reactor water cleanup effluent will be monitored and recorded continually on the sampling panel.


The backwash and precoat cycle for a filter demineralizer unit is entirely automatic to prevent human operational errors, such as inadvertent opening of valves that would initiate a backwash or contaminate reactor water with resins.  The filter demineralizer piping configuration is arranged to ensure that transfers are complete and crud traps are eliminated.  A bypass line is provided around the filter demineralizer units.


In the event of low flow or loss of flow in the system, flow is maintained through each filter demineralizer by its own holding pump.  Sample points are provided in the common influent header and in each effluent line of the filter demineralizer units for continuous indication and recording of system conductivity.  High conductivity is annunciated in the control room.  The influent sample point is also used as the normal source of reactor coolant grab samples.  Sample analysis also indicates the effectiveness of the filter demineralizer units.


The suction line (RCPB portion) of the RWCS contains two motor operated isolation valves which automatically close in response to signals from RPV low water level, leak detection system, actuation of the standby liquid control system (SLCS), and nonregenerative heat exchanger high outlet temperature.  <Section 7.6> describes the leak detection system requirements, which are summarized in <Table 5.2‑9>.  This isolation prevents the loss of reactor coolant and release of radioactive material from the reactor, prevents removal of liquid reactivity control material by the cleanup system, should the SLCS be in operation, and prevents damage of the filter demineralizer resins due to high temperature.  The 


RCPB isolation valves may be remote manually operated to isolate the system equipment for maintenance or servicing.  The requirements for the RCPB are specified in <Section 5.2>.


A remote manually operated gate valve on the return line to the reactor provides long term leakage control.  Instantaneous reverse flow isolation is provided by check valves in the RWCS piping.


Operation of the reactor water cleanup system is controlled from the main control room.  Resin‑changing operations, which include backwashing and precoating, are controlled from a local control panel. 


The control logic for the reactor water cleanup system is discussed in <Section 7.3.1>.


5.4.8.3      System Evaluation


The reactor water cleanup system, in conjunction with the condensate treatment system and the fuel pool cooling and cleanup system, maintains reactor water quality during all reactor operating modes (startup, run, refueling, and shutdown).


This type of “pressure precoat” cleanup system was first put into operation in 1971 and is in use in all subsequently started operating BWR plants.  Operating plant experience has shown that the RWCS, as designed in accordance with these criteria, provides the required BWR water quality.  The nonregenerative heat exchanger is sized to maintain the required process temperature for filter demineralization when the cooling capacity of the regenerative heat exchanger is reduced due to partially bypassing a portion of the return flow to the main condenser or radwaste.  The control requirements of the RCPB isolation valves are designed to the requirements of <Section 7.3.1>.  The component design data (flowrates, pressure and temperature) are presented in 


<Table 5.4‑3>.  All components are designed to the requirements of <Section 3.2> according to the requirements of the P&ID’s, <Figure 5.4‑16> and <Figure 5.4‑19>.


5.4.9      MAIN STEAM LINE AND FEEDWATER PIPING


5.4.9.1      Design Bases


The main steam line and feedwater piping meet the following criteria:


a.
The main steam lines have been designed to conduct steam from the reactor vessel over the full range of reactor power operation.


b.
The feedwater lines have been designed to conduct water to the reactor vessel over the full range of reactor power operation.


5.4.9.2      Description


The main steam piping is described in <Section 10.3>.  Main steam and feedwater piping is shown in <Figure 5.1‑3>.


The feedwater piping consists of two 20‑inch outside diameter lines.  Each line penetrates the containment and drywell and branches into three 12‑inch lines which connect to the reactor vessel.  Each 20‑inch line includes three containment isolation valves consisting of one check valve inside the drywell, and one motor operated gate valve and one check valve outside the containment.  The design pressure and temperature of the feedwater piping between the reactor and maintenance valves (N27‑F560A, N27‑F560B) are 1,250 psig and 575(F, respectively.  From the maintenance valve to the check valve outside containment, the design pressure and temperature are 1,250 psig and 575(F, respectively.  From the check valve to the motor‑operated gate valve, the design temperature and pressure is 550(F and 1,250 psig.  The Seismic 


Category I design requirements are placed on the feedwater piping from the reactor up to and including the outboard check valves, including branch piping of 2‑1/2 inch or larger nominal piping.  The Seismic Category 2 design requirements are placed on the feedwater piping from the outboard check valves up to and including the outboard isolation valves.


In order to meet the requirements of <NUREG‑0619>, PNPP’s design has RWCU flow routing through the feedwater piping in the tunnel.  PNPP is also committed to have the noncladded feedwater nozzles and triple‑sleeve with dual piston ring type feedwater spargers.


The materials used in the piping are in accordance with the applicable design code and supplementary requirements described in <Section 3.2>.


The general requirements of the feedwater system are described in <Section 7.1.2>, <Section 7.7.1>, and <Section 10.4.7>.


5.4.9.3      Safety Evaluation


Differential pressure on reactor internals under the assumed accident condition of a ruptured steam line is limited by the use of flow restrictors and by the use of four main steam lines.  Main steam and feedwater piping is designed in accordance with the requirements defined in <Section 3.2>.  Design of the piping in accordance with these requirements ensures meeting the safety design bases.


5.4.9.4      Inspection and Testing


Inspection and testing are performed as discussed in <Section 3.9> and <Chapter 14>.  Inservice inspection is considered in the design of the main steam and feedwater piping.  This consideration assures adequate working space and access for the inspection of selected components.


5.4.10      PRESSURIZER


This section is not applicable to PNPP.


5.4.11      PRESSURIZER RELIEF DISCHARGE SYSTEM


This section is not applicable to PNPP.


5.4.12      VALVES


5.4.12.1      Safety Design Bases


Line valves such as gate, globe and check valves are located in the RCPB fluid systems to perform a mechanical function.  Valves are components of the system pressure boundary and, having moving parts, are designed to operate efficiently to maintain the integrity of this boundary.


The valves operate under the internal pressure/temperature loading as well as the external loading experienced during the various system transient operating conditions.  The design criteria, the design loading and acceptability criteria are as required in <Section 3.9> for ASME Class 1, 2 and 3 valves.  Compliance with ASME codes is discussed in <Section 5.2.1>.


5.4.12.2      Description


Line valves furnished are manufactured standard types, designed and constructed in accordance with the requirements of ASME Section III for Class 1, 2 and 3 valves.  All materials, exclusive of seals, packing and wearing components, will endure the 40‑year plant life under the environmental conditions applicable to the particular system when appropriate maintenance is performed.


Power operators have been sized to operate successfully under the maximum differential pressure determined in the design specification.


5.4.12.3      Safety Evaluation


Line valves have been shop tested by the manufacturer for performability.  The tests and analyses discussed in <Section 3.9> are performed to ensure the operability of active valves.  Pressure retaining parts are subject to the testing and examination requirements of Section III of the ASME code.  To minimize internal and external leakage past seating surfaces, maximum allowable leakage rates are stated in the design specifications for both backseat and mainseat for gate and globe valves.


Valve construction materials are compatible with the maximum anticipated radiation dosage for the service life of the valves as required in the design specifications.


5.4.12.4      Inspection and Testing


Valves serving as containment isolation valves and which must remain closed or open during normal plant operation may be partially exercised during this period to assure their operability at the time of an emergency or faulted condition.  Other valves, serving as a system block or throttling valves, may be exercised when appropriate.


Leakage from critical valve stems (for MSIVs see <Section 5.4.5.4>) is monitored by use of double‑packed stuffing boxes with an intermediate lantern leakoff connection for detection and measurement of leakage rates.


Motors used with valve actuators have been furnished in accordance with applicable industry standards.  Each motor actuator has been assembled, 


factory tested and adjusted on the valve for proper operation, position 


and torque switch setting, position transmitter function (where applicable), and speed requirements.  Valves have additionally been tested to demonstrate adequate stem thrust (or torque) capability to open (or close) the valve within the specified time at specified differential pressure.  Tests verified no mechanical damage to valve components during full stroking of the valve.  Suppliers were required to furnish assurance of acceptability of the equipment for the intended service based on any combination of:


a.
Test stand data


b.
Prior field performance


c.
Prototype testing


d.
Engineering analysis


Preoperational and operational testing performed on the installed valves consists of total circuit checkout and performance tests to verify speed requirements.


Diagnostic testing is used to further assure proper Motor Operated Valve (MOV) operation.  Safety‑Related Containment Isolation MOV’s are tested for installed operating characteristics which include, but is not limited to, timing, current, switch position, thrust, and/or torque.


MOV torque/thrust calculations are prepared in accordance with Plant Procedures, Industry, and Perry Plant specific information.  These calculations, or “Windows,” are used to determine the minimum and maximum thrust and/or torque required for the MOV to perform under its normal and design basis condition.  The Windows are used as acceptance criteria for the diagnostic testing of the MOV.


The MOV limit switch settings are determined and set as required per maintenance and diagnostic test instructions to assure proper open and closing operations, torque switch bypass features, and stroke times consistent with the Tech Spec requirements.


Inservice inspection of the RCPB is discussed in <Section 5.2.4>.


5.4.13      SAFETY AND RELIEF VALVES


5.4.13.1      Safety Design Bases


a.
Overpressure protection has been provided at isolatable portions of RCPB systems in accordance with the requirements set forth in the ASME Code, Section III for Class 1, 2 and 3 components.  <Section 5.2.2> discusses RCPB safety/relief valves.


b.
The valves are designed in accordance with the requirements listed in <Table 3.2‑1>.


c.
The design loading, design procedure and acceptability criteria are described in <Section 3.9>.


d.
The design and installation details for the mounting of pressure relief devices are described in <Section 3.9>.


5.4.13.2      Description


Safety or pressure relief valves are designed and constructed in accordance with the same code class as that of the line valves in the system.


5.4.13.3      Safety Evaluation


The use of pressure relieving devices will assure that overpressure will not exceed 10 percent above the design pressure of the system.  The number of pressure relieving devices on a system or portion of a system has been determined on this basis.


In accordance with ASME code requirements, all safety valves are constructed so that failure of any part cannot obstruct the free discharge of steam or water from the valve.


5.4.13.4      Inspection and Testing


The valves are inspected and tested in accordance with the requirements of the applicable ASME code.  In addition, shop performance tests are performed on the valves to ensure their operability in accordance with specification requirements.


No provisions are to be made for inline testing of spring loaded safety/relief valves.  Certified set pressures and relieving capacities are stamped on the body of the valves by the manufacturer and further examinations would necessitate removal of the component.  Leakage past seating surfaces during normal plant operation is detected by visual examinations or by measuring an increase in discharge line temperature.


5.4.14      COMPONENT SUPPORTS


Support elements are provided for those components included in the RCPB and the connected systems.


5.4.14.1      Safety Design Bases


Design loading combinations, design procedures and acceptability criteria are as described in <Section 3.9.3>.  Flexibility calculations and seismic analysis for Class 1, 2 and 3 components conform with the appropriate requirements of ASME Section III.


Support types and materials used for fabricated support elements conform with Sections NF‑2000 and NF‑3000 of ASME Code Section III.  Pipe support spacing guidelines of Table 121.1.4 of ANSI B31.1 Power Piping Code are used as guidance.


5.4.14.2      Description


The use and location of rigid‑type supports, variable or constant spring‑type supports, snubbers, and anchors or guides are determined by flexibility and seismic/dynamic stress analyses.  Component support elements are manufacturers’ standard items.  Direct weldment to thin wall pipe are avoided where possible.


5.4.14.3      Safety Evaluation


The flexibility and seismic/dynamic analyses performed for the design of adequate component support systems included all transient loading conditions expected by each component.  Provisions were made to provide spring‑type supports with spring stops where required to prevent damage from dead weight loading during hydrostatic testing.


5.4.14.4      Inspection and Testing


After completion of the installation of a support system, all hanger elements are visually examined to assure that they are in correct adjustment to their cold setting position.  Upon hot startup operations, 


thermal growth is observed to confirm that spring‑type hangers function properly between their hot and cold setting positions.  Final adjustment capability is provided on all hanger or support types.


5.4.15      REFERENCES FOR SECTION 5.4


1.
Ianni, P. W., “Effectiveness of Core Standby Cooling Systems for General Electric Boiling Water Reactors,” APED‑5458, dated March 1968.


2.
General Electric Co., Atomic Power Equipment Department, “Design and Performance of General Electric Boiling Water Reactor Main Steam Line Isolation Valves,” APED‑5750, dated March 1969.


TABLE 5.4‑1


REACTOR RECIRCULATION SYSTEM DESIGN CHARACTERISTICS


EXTERNAL LOOPS


  Number of Loops

2


  Single Loop




Approx. Length


Nominal Size


PIPING DESCRIPTION

Quantity
     (feet)   


  (inches)


  Pump Suction Line


    Straight Pipe

   ‑


 30




22


    Elbows


   3


  ‑




22


    Gate Valves

   1


  ‑




22


  Discharge Line


    Straight Pipe

   ‑


 28




24


    Elbows


   2


  ‑




24


    Flow Control Valves
   1


  ‑




24


    Gate Valves

   1


  ‑




24


  Discharge Manifold


    Pipe



   ‑


 40




16


    Reducer Cross

   1


  ‑



  24 x 16


    Contour Nozzle

   4


  ‑



  16 x 12


    Caps



   2


  ‑




16


    Concentric Reducer
   1


  ‑



  24 x 12


  External Risers


    Straight Pipe

   5


  7




12


    Elbows


   5


  ‑




12


Design Pressure (psig)/Design Temperature ((F)


  Suction piping and valve up to and including pump


    suction nozzle








1,250/575


  Pump, discharge valves, and piping between



1,650/575


  Piping after discharge blocking valve up to vessel

1,550/575


  Pump auxiliary piping and cooling water piping


  150/125


  Vessel bottom drain







1,250/575


Operation at Rated Conditions


  Recirculation Pump


    Flow, gpm









42,890


    Flow, lb/hr








16.20 x 106

    Total developed head, ft






780


TABLE 5.4‑1 (Continued)


Recirculation Pump (Continued)


    Suction Pressure (static), psia




1,039


    Required NPSH, ft







106


  Water Temperature (max.), (F






575


  Pump Brake HP (min.)







7,200


  Flow velocity at pump suction, fps




43


PUMP MOTOR


  Voltage rating








13,200


  Speed, rpm









1,782


  Motor rating, hp








7,935


  Phase










3


  Frequency









60


  Rotational inertia, lb‑ft2






17,900


JET PUMPS


  Number










20


  Total jet pump flow x 106 lb/hr





104.0


  Throat ID, in.








6.4


  Diffuser ID, in.








14.7


  Nozzle ID (five each), in.






1.30


  Diffuser exit velocity, fps






26.0


  Jet pump head, ft








89.67


FLOW CONTROL VALVE


  Type










Ball


  Material









Stainless


  Type actuation








Hydraulic


  Failure mode (on loss of power or control signal)

Fail as is


  CV at valve maximum position (min. required)


8,310


  Valve size diameter, in.






24


RECIRCULATION BLOCK VALVE, DISCHARGE/SUCTION


  Type










Gate


  Actuator









Motor














operated


  Material









Austenitic














stainless














steel


  Valve size diameter, in. (discharge/suction)


24/22


TABLE 5.4‑1 (Continued)


RECIRCULATION BLOCK VALVE, DISCHARGE/SUCTION (Continued)


LOW FREQUENCY MOTOR GENERATOR SET


  Motor horsepower








400


  Voltage










4,000


  Generator frequency







15


TABLE 5.4‑2


DESIGN PARAMETERS FOR RCIC SYSTEM COMPONENTS


NOTE:
The limiting values for a specific event may vary based on system conditions and associated postulated failures.


a.
RCIC Pump Operation



  (C001)



Flow Rate



Injection Flow ‑ 700 gpm








Cooling Water Flow ‑ 16 to 25 gpm








Total Pump Discharge ‑ 725 gpm








(includes no margin for pump wear)



Water Temperature



  Range



40(F to 141.5(F



NPSH




21 ft minimum



Developed Head


2,980 ft @ 1,192 psia reactor pressure








  610 ft @ 165 psia reactor pressure



BHP, Not to Exceed

825 hp @ 2,980 feet developed head








150 hp @ 610 feet developed head



Design Pressure

1,525 psig



Design Temperature

40(F to 150(F


b.
RCIC Turbine Operation



  (C002)



H.P. Condition


L.P. Condition



Reactor Press



  (Sat. Temp.)


1,192 psia


165 psia



Turbine Inlet



  Pressure


1,177 psia, minimum

150 psia, minimum



Turbine Exhaust



  Pressure


   25 psia, maximum

 25 psia, maximum



Design Inlet



  Pressure


1,250 psig at saturated









 temperature



Design Exhaust


  165 psig at saturated



  Pressure



 temperature


TABLE 5.4‑2 (Continued)


c.
RCIC Orifice Sizing



Minimum Flow Orifice



  (D005)



Sized for 100 gpm + 10 percent with E51‑F019 fully open with the turbine/pump at maximum speed



Test Return Orifice 
Sized with piping arrangement to



  (D006)



simulate pump discharge pressure








required when the RCIC system is injecting design flow with the reactor vessel pressure at 165 psia.  Valve E51‑F022 must be throttled for system testing at a simulated 1,015 psia reactor pressure.



Leak‑Off Orifices

Sized for 1/8‑inch diameter minimum,



  (D008, D010)


3/16‑inch diameter maximum.



Water Leg Pump Minimum
Sized for minimum water leg pump flow and



Flow Orifice (D011)

located in a pipe run of sufficient length to act as a heat sink thus permitting continuous water leg pump operation without pump overheating.



Flow Element (N001)



Flow at Full Meter



  Differential



  Pressure:


1,000 gpm



Full Meter



  Differential



  Pressure:


410 inches water at 68(F



Normal Temperature:

40 to 170(F



System Design



  Pressure/Temperature:
1,525 psig/140(F



Maximum Unrecoverable



  Loss at Normal Flow:
4.5 psi



Installed Accuracy:

(1 percent at normal flow and normal temperature



Cooling Loop Back

Sized orifice to maintain 16 to 25 gpm to



  Pressure Orifice

lube oil cooler based upon pump suction



  (D012)



line pressure varying from 50 psig to minimum NPSH value (estimated size is 0.343 inch diameter).


TABLE 5.4‑2 (Continued)


c.
(Continued)



Accuracy



Combined Inaccuracy of



  Flow Element N001,



  Flow Transmitter N003



    and



  Flow Indicator R606:
(2.5 percent maximum



Combined Inaccuracy of



  the Pressure Trans‑



  mitter N004 or N050,



  and Pressure



  Indicator R601:

(2.5 percent maximum


d.
Valve Operation



Requirements



Steam Supply Valve

Open and/or close against full



  (F045)



differential pressure of 1,177 psi within 15 seconds.



Pump Discharge Valve
Open and/or close against full



  (F013)



differential pressure of 1,400 psi within 15 seconds.



Pump Minimum Flow

Open and/or close against full



  Bypass Valve (F019)
differential pressure of 1,400 psi within 8 seconds.



RCIC Steam


Open and/or close against a full



  Supply Inboard

differential pressure of 1,177 psi



  Isolation Valve

within 20 seconds.



  (F063)



RCIC Steam


Open and/or close against full



  Supply Outboard

differential pressure of 1,177 psi within



  Isolation Valve

20 seconds.



  (F064)



Cooling Water Pressure
Self‑contained downstream sensing control



  Control Valve (F015)
valve capable of maintaining constant downstream pressure of 125 psia.  Diaphragm of pressure control valve must be of the elastomer type.


TABLE 5.4‑2 (Continued)


d.
(Continued)



Pump Suction Relief

100 psig relief setting:  10 gpm at



  Valve (F017)


10 percent accumulation.



Cooling Water Relief
Sized to prevent over‑pressurizing piping,



  Valve (F018)


valves and equipment in the coolant loop in the event of failure of pressure control valve F015.



Pump Test Return Valve
Capable of throttling control against



  (F022)



differential pressures up to 1,100 psi and closure against differential pressure of 1,400 psi.



Pump Suction Valve,

Capable of opening and closing against



  Suppression Pool

75 psi differential pressure.



  (F031)



Testable Check Valve
System test mode bypasses this valve, and



  (F066)



its functional capability is demonstrated separately.  Therefore, valve test provisions are provided, including limit switches to indicate disc movement.  The valve and valve associated equipment are capable of proper functional operation during maximum ambient conditions.



Outboard Check Valve
Is accessible during plant operation and



  (F065)



is capable of local testing.



Turbine Exhaust

Opens and/or closes against 30 psi



  Isolation Valve

differential pressure at a temperature of



  (F068)



330(F.  Physically located in the line on a horizontal run, as close to the containment as practical.



Isolation Valve, Steam
Opens and/or closes against differential



  Warmup Line


pressure of 1,177 psi with minimum travel



  (F076)



of 4 inches per minute.



Vacuum Breaker


Opens and/or closes against a differential



  Isolation Valves

pressure of 30 psi at a minimum rate of



  (F077 & F078)

4 inches per minute.



Vacuum Breaker Check
Full flow and open with a minimum pressure



  Valves (F079 & F081)
drop (less than 0.5 psi) across them.


TABLE 5.4‑2 (Continued)


d.
(Continued)



Steam Exhaust Drain

These valves operate only when RCIC system



  Pot System Isolation
is shut down.  They allow drainage to CRW



  Valves (F004 & F005)
system.  They must operate against a differential pressure of 75 psi.



Condensate Storage Tank
This valve isolates the condensate storage



  Isolation Valve 

tank so that suction may be drawn from the



  (F010)



suppression pool.  Valve must operate against a differential pressure of 75 psi.



Steam Inlet Drain Pot
These valves allow for drainage of the



  System Isolation

steam inlet drain pot.  They must operate



  Valves (F025 & F026)
against a differential pressure of 1,177 psi.



Steam Inlet Trap Bypass
This valve bypasses the trap D003.  It



  Valve (F054)


must operate against a differential pressure of 1,177 psi.



Pump Test Return Valve
This valve allows water to be returned to



  (F059)



the condensate storage tank during RCIC system test.  It must operate against a differential pressure of 1,400 psi.



Thermal Relief Valve
Size as required to protect the discharge



  (F090)



line between valves E51‑F022 and E51‑F059 from thermal expansion due to abnormal ambient temperature of 212(F and water at 40(F.


e.
Rupture Disc


Utilized for turbine casing protection,



  Assemblies


includes a mated vacuum support to prevent



  (D001 & D002)

rupture disc reversing under vacuum conditions.



Rupture Pressure Flow
150 psig (5 percent at 212(F 75,000 lb/hr



  Capacity


at 165 psig


f.
Instrumentation



For instrumentation and control definition, refer to <Chapter 7>.


TABLE 5.4‑2 (Continued)


g.
Condensate Storage Requirements



Total reserve storage for RCIC and HPCS systems is 150,000 gallons.


h.
Piping RCIC Water Temperature



The maximum water temperature range for continuous system operation shall not exceed 140(F.  However, due to potential short term operation at higher temperatures, piping expansion calculations were based on 170(F.


i.
Turbine Exhaust Vertical Reaction Force



The turbine exhaust sparger is capable of withstanding a vertical pressure of 20 psi.  This pressure unbalance is due to turbine steam discharge below the suppression pool water level.


j.
Ambient Conditions



For various environmental conditions refer to <Figure 3.11‑12>.


k.
Suction Strainer Sizing



The suppression pool suction strainer shall be sized such that:



1.
Pump NPSH requirements are satisfied when the strainer is fully loaded (i.e., maximum postulated loading resulting from LOCA‑generated and pre‑LOCA debris materials).



2.
Particles over 3/32 inch diameter are restrained from passage into the pump and the head spray nozzles (refers to GE supplied components).


TABLE 5.4‑3


REACTOR WATER CLEANUP SYSTEM EQUIPMENT DESIGN DATA


SYSTEM FLOW RATE (lb/hr):






154,000


MAIN CLEANUP RECIRCULATION PUMPS


Number required








2


Capacity, % (each)








50


Design temperature, (F







575


Design pressure, psig







1,410


Discharge head at shutoff, ft






600


Minimum available NPSH, ft
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HEAT EXCHANGERS







Regenerative

Nonregenerative


Capacity, %





100



100


Shell design pressure, psig

   1,420



150


Shell design temperature, (F


575



370


Tube design pressure, psig

   1,410


   1,410


Tube design temperature, (F


575



575


FILTER DEMINERALIZERS


Type:








pressure precoat


Number required








2


Capacity, % (each)








50


Flow rate per unit, lb/hr






77,000


Design temperature, (F







150


Design pressure, psig







1,410


TABLE 5.4‑4


RHR RELIEF VALVE DATA





  Rated


Set Pressure





Capacity


   Maximum

  Valve

  (gpm) 


    (psig)


ASME Class


E12F005(1)
 
  24.4



185


Section III,













Class 2


E12F017A,B,C(1)
  22.8



200


Section III,













Class 2


E12F025A,B,C(2)
  35.6



485


Section III,













Class 2


E12F055A,B(2)
138,600 lbs/hr(3)

485


Section III,





(required capacity)




Class 2


NOTE:


(1)
The setpoint tolerance is (3% of the nominal set pressure excluding effects on set pressure due to temperature of springs.


(2)
The setpoint tolerance is (10% of the nominal set pressure excluding effects on set pressure due to temperature of springs.  The setpoint tolerance was expanded from the original (3% tolerance as allowed by Appendix I of the ASME OM Code.


(3)
Safety relief valves E12F055A,B were originally designed and certified with a capacity of 138,600 lbs/hr for steam service.  Due to the elimination of the Steam Condensing Mode of RHR, these valves are used for liquid/water service as thermal relief protection for the RHR Heat Exchangers.  Re‑certification of E12F055A,B for water service is not required, but the valve manufacturer has supplied a calculated capacity for water of 3442 gpm.


TABLE 5.4‑5


RHR CODES AND CLASSIFICATIONS(1)









Code


Classification


Piping, Pumps and Valves


a.
Process Side




ASME III


1/2


b.
Service Water Side



ASME III


3


Heat Exchangers


a.
Process Side




ASME III


2










TEMA



C


b.
Service Water Side



ASME III


3










TEMA



C


NOTE:


(1)
IEEE Standards 279 and 308 are applicable to electrical portions of the RHR system.
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1.0      INTRODUCTION AND GENERAL DESCRIPTION OF PLANT


This Updated Safety Analysis Report (USAR) for Unit 1 of the Perry Nuclear Power Plant is submitted as an update to the Final Safety Analysis Report.  It has been prepared in accordance with <10 CFR 50.71(e)> and is current to within six months for Unit 1, common facilities and those Unit 2 facilities that are required to support Unit 1 operations.  Regarding Unit 2, by way of a letter (PY‑CEI/NRR‑1845L) to the Nuclear Regulatory Commission on August 12, 1994, the Cleveland Electric Illuminating Company formally withdrew its request for extension of the Construction Permit for Unit 2.  A Site Stabilization Plan was subsequently transmitted on December 29, 1994 (PY‑CEI/NRR‑1899L).  This plan provides the activities needed to redress portions of the Perry site affected by the Unit 2 construction activities.  Systems and equipment that were originally to be shared by both units or intended for Unit 2 but are now used to support Unit 1 operations, will continue under the full control of the Unit 1 programs.  Remaining Unit 2 areas, systems and equipment that no longer support Unit 1 are to be either “abandoned” in place or physically removed.  The term “abandoned” from a licensing basis perspective implies that all systems, structures and components important to safety will remain intact, but are no longer required for system/plant operation.  At a minimum, plant layout drawings and other figures are to be revised to the extent possible to reflect this condition.  However, it is not the intent to revise the USAR to delete and/or capture all references for the abandoned unit.


Revisions to this USAR will be submitted in accordance with <10 CFR 50.71(e)>.  Revisions will be submitted in the form of individual revised pages with the date and applicable revision number indicated on each page.  Vertical lines in the right margin will indicate changes made during the current revision.  Such revisions will be made in accordance with plant procedures.


The organization of the Updated Safety Analysis Report is similar to that of the Final Safety Analysis Report and follows the guidelines established in <Regulatory Guide 1.70>, (Revision 3), dated November 1978, and the applicable portions of the USNRC Rules and Regulations, <10 CFR 50>.


The report is divided into seventeen chapters.  Each chapter is divided into sections, (e.g., Section 2.1, 2.2, etc.).  Each section is subdivided into text, tables and applicable figures.  The tables and 


figures are identified and numbered with the appropriate section (e.g., Table 2.1‑1, Figure 2.1‑1).  In chapters where appendices are required, they are included immediately following the respective chapter and designated alphabetically (e.g., 2A, 2B, 2C, etc.).
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1.1      INTRODUCTION


The Final Safety Analysis Report (FSAR) was submitted in September 1980, in support of the application of The Cleveland Electric Illuminating Company (CEI), acting in behalf of itself and as agent for the Duquesne Light Company, the Ohio Edison Company, the Pennsylvania Power Company, and The Toledo Edison Company, for an operating license for the Perry Nuclear Power Plant located near Lake Erie in Lake County, Ohio.  The plant site is approximately 35 miles northeast of Cleveland, Ohio, and 21 miles southwest of Ashtabula, Ohio, as discussed in detail in <Section 2.1.1>.  The plant is known as the Perry Nuclear Power Plant, Unit 1.


The FirstEnergy Nuclear Operating Company (FENOC) is authorized to act as agent for FirstEnergy Nuclear Generation Corp. (FENGenCo) and Ohio Edison Company (LESSEE), and Toledo Edison Company (TE) and has exclusive responsibility and control over the physical construction, operation, and maintenance of the facility.


References to the previous owners:  The Cleveland Electric Illuminating Company; OES Nuclear, Inc.; Pennsylvania Power Company; and the Toledo Edison Company will remain throughout the Updated Safety Analysis Report.  This is due to the references being either historical or a description of current activities provided by those companies in support of the Perry Nuclear Power Plant operations.


The plant has a boiling water reactor nuclear steam supply system as designed and supplied by the General Electric Company and designated BWR/6, with a Mark III containment.  The rated core thermal power of the  unit is 3,758 MWt.  The net electrical output is 1,261 MWe and the gross electrical output is 1,311 MWe.


The plant, including the reactor containment, was designed by Gilbert Associates, Inc., Reading, Pennsylvania, as architect‑engineer and agent for the applicant.  The reactor building complex includes the drywell, containment vessel, and shield building.  The drywell is a reinforced concrete structure enclosing the reactor pressure vessel and the main reactor coolant loops.  Outside the drywell, there is a domed 


cylindrical steel containment vessel supported by a reinforced concrete, steel‑lined foundation mat, surrounded by a reinforced concrete shield building.


An operating license for Unit 1 was issued in March 1986.  Commercial operation of Unit 1 commenced in November 1987.


A list of acronyms used throughout this Updated Safety Analysis Report is included in <Table 1.1‑1>.


An index of action items from <NUREG‑0737> ‑ “TMI Action Plan Requirements For Applicants For New Operating Licenses,” is provided in <Appendix 1A>.


TABLE 1.1-1


ACRONYMS


ABES


auxiliary building exhaust system


ABSS


auxiliary building supply system


ACI


American Concrete Institute


ACRS


Advisory Committee on Reactor Safeguards


ADS


automatic depressurization system


AE


architect engineer


AEC


Atomic Energy Commission (also USAEC)


AEGTS

annulus exhaust gas treatment system


AISC


American Institute of Steel Construction


ALARA

as low as reasonably achievable


ALRM


automatic leak rate monitor


ANS


American Nuclear Society


ANSI


American National Standards Institute


AOO


anticipated operational occurrence


API


automatic priority interpretation


APRM


average power range monitor


ARMS


area radiation monitoring system


ASCE


American Society of Civil Engineers


ASHRAE

American Society of Heating, Refrigeration, Air Conditioning Engineers


ASLB


Atomic Safety and Licensing Board


ASME


American Society of Mechanical Engineers


ASTM


American Society of Testing and Materials


AT/TU

analog transmitter/trip unit


TABLE 1.1‑1 (Continued)


ATS


alarm trip settings


ATWS


anticipated transient(s) without scram


AWG


American Wire Gage


AWS


American Welding Society


BOL


beginning of life


BOP


balance of plant


BTP


Branch Technical Position


BWR


boiling water reactor


BWROG

BWR Owners Group


CAPCO

Central Area Power Coordination Group


CCCWS

control complex chilled water system


CCGCS

containment combustible gas control system


CCTV


closed circuit television


CCWS


component cooling water system


CEI


Cleveland Electric Illuminating Co.


CF


control factor


CFR


Code of Federal Regulations


CNRB


Company Nuclear Review Board


CO2


carbon dioxide


CP


construction permit


CP‑FES

Construction Permit Final Environmental Statement


CP‑SER

Construction Permit Safety Evaluation Report


CPR


critical power ratio


CRD


control rod drive


CRD(M)

control rod drive (mechanism)


TABLE 1.1‑1 (Continued)


CRDRL

control rod drive reactor level


CRDS


control rod drive system


CRERS

control room emergency recirc. system


CRT


cathode ray tube


CRVICS

containment and reactor vessel isolation control system


CSS


containment spray system


CWS


circulating water system


DAC


data acquisition and control as described in Ch. 8


DAC


derived air concentration


DBA


design basis accident


DBE


design basis earthquake


DCRDR

detailed control room design review


DEMA


Diesel Engine Manufacturers Association


DF


decontamination factor


DG


diesel generator


DGBVS

diesel generator building ventilation system


DGCWS

diesel generator cooling water system


DGP


data gathering panels


DLF


dynamic load factor


DOP


dioctylphthalate


DTS


differential temperature switch


EAB


exclusion area boundary


EAS


essential auxiliary support


ECAR


East Central Area Reliability


ECC


emergency closed cooling


TABLE 1.1‑1 (Continued)


ECCS


emergency core cooling system


ECCSCS

ECCS pump room cooling system


ECCWS

emergency closed cooling water system


EFDS


equipment and floor drainage system


EFPY


effective full‑power year


EHC


electro‑hydraulic control


EOF


emergency operations facility


EOL


end of life


EOOW


Engineering Officer of the Watch, USN


EQ


equipment qualification


ERIS


emergency response information system


ESF


engineered safety feature


ESFAS

engineered safety features(s) actuation signal


ESW


emergency service water


ESWS


emergency service water system


ESWVS

ESW pump ventilation system


FA


full arc


FATT


fracture appearance transition temperature


FCC


Federal Communications Commission


FCD


functional control diagram


F/D


filter/demineralizer


FENOC

FirstEnergy Nuclear Operating Company


FFWT


final feedwater temperature


FHACES

fuel handling area charcoal exhaust system


FHAES

fuel handling area exhaust system


TABLE 1.1‑1 (Continued)


FHASS

fuel handling area supply system


FM


Factory Mutual


FMEA


failure modes and effects analysis


FPCC


fuel pool cooling and cleanup


FPCS


fuel pool cooling system


FPER


fire protection evaluation report


FRS


floor response spectra


GDC


general design criteria


FSAR


Final Safety Analysis Report


FWLC


feedwater leakage control system


GAI


Gilbert Associates, Inc.


GE


General Electric Co.


GESSAR

General Electric Standard Safety Analysis Report


GETAB

General Electric Thermal Analysis Basis


GM


Geiger‑Muller


GWMS


gaseous waste management system


GWPS


gaseous waste processing system


HAZ


heat‑affected zone


HCOG


Hydrogen Control Owners Group


HCU


hydraulic control unit


HELB


high‑energy line break


HEPA


high efficiency particulate air (filter)


HPCS


high pressure core spray


HPSP


high power set point


HVAC


heating, ventilation and air conditioning


TABLE 1.1‑1 (Continued)


HWL


high water level


HX


heat exchanger


I&C


instrumentation and control


IC&R


initial checkout and run‑in


IDC


independent detection circuitry


IE


Office of Inspection and Enforcement


IEB


IE Bulletin


IED


instrumentation and electrical diagram


IEEE


Institute of Electrical and Electronics Engineers


IFTS


inclined fuel transfer system


IGLD


International Great Lakes Datum


IGSCC

intergranular stress‑corrosion cracking


IMCPR

initial minimum critical power ratio


INPO


Institute of Nuclear Power Operation


I/O


input/output


IRM


intermediate range monitor


ISE


Independent Safety Engineering 


ISI


inservice inspection


ITP


initial test program


IV


instrumented volume


KEI


Kaiser Engineers, Inc.


LCD


local climatological data


LCO


limiting condition for operation


LCS


leakage collection system


LER


licensee event report


TABLE 1.1‑1 (Continued)


LFMG


low frequency motor generator


LHGR


linear heat generation rate


LLWL


low‑low water level


LOCA


loss‑of‑coolant accident


LOOP


loss of offsite power


LPCI


low pressure coolant injection


LPCS


low pressure core spray


LPMS


loose‑parts monitoring system


LPRM


local power range monitor


LPSP


low power set point


LPZ


low population zone


LRW


liquid radioactive waste


LWD


low water datum


LWL


low water level


LWMS


liquid waste management system


MAPLHGR

maximum average planar linear heat generation rate


MCC


motor control center


MCES


main condenser evacuation system


MCPR


minimum critical power ratio


M/G


motor generator


MLHGR

maximum linear heat generation rate


MMMD


mean maximum mixing depth


MOV


motor operated valve


MPC


maximum permissible concentration


MSIV


main steam isolation valve


TABLE 1.1‑1 (Continued)


MSIV‑LCS

main steam isolation valve ‑ leakage control system


MSL


mean sea level


MSLB


main steamline break


MSLIV

main steam line isolation valve


MSLR


main steamline radiation


M&TE


measuring & test equipment


NB(R)

nuclear boiler (rated)


NCC


nuclear closed cooling


NCCS


nuclear closed cooling system


NDC


net dependable capability


NDT


nil ductility transition


NEMA


National Electrical Manufacturers Association


NFPA


National Fire Protection Association


NIST


National Institute of Standards and Technology


NMS


neutron monitoring system


NPDES

National Pollution Discharge Elimination System


NPSH


net positive suction head


NQAD


Nuclear Quality Assurance Department, CEI


NRC


U.S. Nuclear Regulatory Commission


NSC


nonsafety class


NSOA


nuclear safety operational analysis


NSSS


nuclear steam supply system


NSSSS

nuclear steam supply shutoff system


NTOL


near‑term operating licensees


OBE


operating basis earthquake


TABLE 1.1‑1 (Continued)


OGSR


offgas system radiation


OL


operating license


OPRM


oscillation power range monitor


OSC


operational support center


OSHA


Occupational Safety and Health Administration


PA


public address


PAR


Programmed and Remote Analysis, Inc.


PASS


postaccident sampling system


PBX


private branch exchange


PCA


primary coolant activity


PCI


pellet/cladding interaction


PCT


peak cladding temperature


PDA


preliminary design assessment


PDR


Public Document Room


PERMISS

process and effluent radiological monitoring instrumentation and sampling systems


P‑I


proportional‑integral


P&ID


piping and instrumentation diagram


PGCC


power generation control complex


PLC


programmable logic controller


PMF


probable maximum flood


PMP


probable maximum precipitation


PMS


performance monitoring system


PMWP


probable maximum winter precipitation


PNPP


Perry Nuclear Power Plant


TABLE 1.1‑1 (Continued)


PORC


Plant Operation Review Committee


PRA


Probabilistic Risk Assessment


PRM


process radiation monitor


PRV


primary relief valve


PSI


preservice inspection


QA


quality assurance


RBES


radwaste building exhaust system


RBSS


radwaste building supply system


RCIC


reactor core isolation cooling


RC&IS

rod control and information system


RCP


radwaste control panel


RCPB


reactor coolant pressure boundary


RCS


reactor coolant system


RDA


rod drop accident


RECHAR

refrigerated charcoal


RFCS


recirculation flow control system


RHR


residual heat removal


RHRS


residual heat removal system


RIA


reactivity initiated accident


RO


reactor operator


RPCS


rod pattern control system


RPM


Radiation Protection Manager


RPS


reactor protection system


RPT


recirculation pump trip


RPV


reactor pressure vessel


TABLE 1.1‑1 (Continued)


RR


reactor recirculation


RRS


required response spectra


RSS


reactor shutdown system


RV


relief valve


RWBCR

radwaste building control room


RWCU


reactor water clean‑up system


RWE


rod withdrawal error


RWL


rod withdrawal limiter


RWP


radiation work permit


SACF


single active component failure


SAR


Safety Analysis Report


SBA


small break analysis


SBLOCA

small‑break loss‑of‑coolant accident


SCR


silicon controlled rectifier


SDIV


scram discharge instrument volume


SDV


scram discharge volume


SEF


single equipment failure


SER


safety evaluation report


SJAE


steam jet air ejector


SLCS


standby liquid control system


SOE


single operator error


SPDS


safety parameter display system


SPMU


suppression pool make‑up system


SPT


standard penetration test


SQRT


Seismic Qualification Review Team


TABLE 1.1‑1 (Continued)


SRDI


safety‑related display instrumentation


SRM


source range monitor


SRO


senior reactor operator


SRP


Standard Review Plan


SRSS


square root of the sum of the squares


SRV


safety relief valve


SRW


solid radwaste system


SSE


safe shutdown earthquake


SSER


Supplement to Safety Evaluation Report


SSI


soil/structure interaction


STA


Shift Technical Advisor


SV


safety valve


SWMS


solid waste management system


TAF


top of active fuel


TCV


turbine control valve


TDI


Transamerica De Laval, Inc.


TEC


training center


TEMA


Tubular Exchanger Manufacturers Association


TGSS


turbine gland sealing system


TG


turbine generator


TIP


traversing incore probe


TLD


thermoluminescent dosimeter


TMI


Three Mile Island


TMI‑2

Three Mile Island Unit 2


TPM


thermal power monitor


TABLE 1.1‑1 (Continued)


TRS


test response spectra


TS


temperature switch


UAT


unit auxiliary transformer


UHF


ultra‑high frequency


USAR


Updated Safety Analysis Report


USGS


United States Geological Survey


UT


ultrasonic test


UTM


universal transverse mercator


VHF


very high frequency


WARF/RISB

Waste Abatement and Reclamation Facility/Radwaste





Interim Storage Building


ZPA


zero period acceleration
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1.2     GENERAL PLANT DESCRIPTION

1.2.1      PRINCIPAL DESIGN CRITERIA


The principal design criteria are presented in two ways.  First, they are classified as either a power generation function or a safety function.  Second, they are grouped according to system.  Although the distinctions between power generation or safety functions are not always clear cut and are sometimes overlapping, the functional classification facilitates safety analyses, while the grouping by system facilitates the understanding of both the system function and design.


1.2.1.1      General Design Criteria

1.2.1.1.1      Power Generation Design Criteria


Power generation design criteria are:


a.
The plant is designed to produce steam for direct use in a turbine generator unit.


b.
Heat removal systems are provided with sufficient capacity and operational adequacy to remove heat generated in the reactor core for the full range of normal operational conditions and abnormal operational transients.


c.
Backup heat removal systems are provided to remove decay heat generated in the core under circumstances wherein the normal operational heat removal systems become inoperative.  The capacity of such systems shall be adequate to prevent fuel cladding damage.


d.
The fuel cladding, in conjunction with other plant systems, is designed to retain its structural integrity, such that any failures will be within acceptable limits throughout the range of normal operational conditions and abnormal operational transients for the design life of the fuel.


e.
Control equipment is provided to allow the reactor to respond automatically to load changes and abnormal operational transients.


f.
Reactor power level is manually controllable.


g.
Control of the reactor is possible from a single location.


h.
Reactor controls, including alarms, are arranged to allow the operator to rapidly assess the condition of the reactor system and locate system malfunctions.


i.
Interlocks or other automatic equipment are provided as backup to procedural controls to avoid conditions requiring the functioning of nuclear safety systems or engineered safety features.


j.
The station is designed for routine continuous operation whereby steam activation products, fission products, corrosion products, and coolant dissociation products are processed within acceptable limits.


1.2.1.1.2      Safety Design Criteria


Safety design criteria are:


a.
The station design conforms to applicable codes and regulations.


b.
The station is designed, fabricated, erected, and operated in such a way that the release of radioactive materials to the environment does not exceed the limits and guideline values of applicable 


government regulations pertaining to the release of radioactive materials for normal operations and for abnormal transients and accidents.


c.
The reactor core is designed so that its nuclear characteristics do not contribute to a divergent power transient.


d.
The reactor is designed so that there is no tendency for divergent oscillation of any operating characteristic, considering the interaction of the reactor with other appropriate plant systems.


e.
Gaseous, liquid and solid waste disposal facilities are designed so that the discharge of radioactive effluents and offsite shipment of radioactive materials can be made, in accordance with applicable regulations.


f.
The design provides means by which plant operators are alerted when limits on the release of radioactive material are approached.


g.
Sufficient indications are provided to allow determination that the reactor is operating within the envelope of conditions considered by plant safety analysis.


h.
Radiation shielding is provided and access control patterns are established, to allow a properly trained operating staff to control radiation doses within the limits of applicable regulations in any mode of normal plant operations.


i.
Those portions of the nuclear system that form part of the reactor coolant pressure boundary are designed to retain integrity as a radioactive material containment barrier following abnormal operational transients and accidents.


j.
Nuclear safety systems and engineered safety features shall function to assure that no damage to the reactor coolant pressure boundary results from internal pressures caused by abnormal operational transients and accidents.


k.
Where positive, precise action is immediately required, in response to abnormal operational transients and accidents, such action is automatic and requires no decision or manipulation of controls by plant operations personnel.


l.
Essential safety actions are provided by equipment of sufficient redundance and independence such that no single failure of (a) active components or (b) passive components in certain cases, in the long term, will prevent the required actions.  For systems or components to which IEEE‑279, “Criteria for Protection Systems for Nuclear Power Generating Stations” and/or IEEE‑308, “Criteria for Class 1E Electrical Systems for Nuclear Power Generating Stations,” applies, single failures of either active or passive electrical components are considered in recognition of the higher anticipated failure rates of passive electrical components, relative to passive mechanical components.


m.
Provisions are made for control of active components of nuclear safety systems and engineered safety features from the control room.


n.
Nuclear safety systems and engineered safety features are designed to permit demonstration of their functional performance requirements.


o.
The design of nuclear safety systems and engineered safety features includes allowances for natural environmental disturbances, such as earthquakes, floods and storms at the station site.


p.
Standby electrical power sources have sufficient capacity to power all nuclear safety systems and engineered safety features requiring electrical power concurrently.


q.
Standby electrical power sources are provided to allow prompt reactor shutdown and removal of decay heat under circumstances where normal auxiliary power is not available.


r.
A containment is provided that completely encloses the reactor system, drywell and suppression pool.  The containment employs the pressure suppression concept.


s.
It is possible to test primary containment integrity and leak tightness at periodic intervals.


t.
A secondary containment is provided that completely encloses the primary containment.  This secondary containment contains a system for controlling the release of radioactive materials from the primary containment.


u.
The primary containment and secondary containment, in conjunction with other engineered safety features, limit radiological effects of accidents resulting in the release of radioactive material to the containment volumes to less than the prescribed acceptable limits.


v.
Provisions are made for removing energy from the primary containment, as necessary, to maintain the integrity of the containment system following accidents that release energy to the containment.


w.
Piping that penetrates the primary containment and could serve as a path for the uncontrolled release of radioactive material to the environs is automatically isolated whenever such uncontrolled 


radioactive material release is imminent.  Such isolation is performed in time to limit radiological effects to less than the specified acceptable limits.


x.
Emergency core cooling systems are provided to limit fuel cladding temperature to less than that which would cause fragmentation in the event of a loss‑of‑coolant accident.


y.
The emergency core cooling systems provide for continuity of core cooling over the complete range of postulated break sizes in the reactor coolant pressure boundary.


z.
Operation of the emergency core cooling systems is initiated automatically when required, regardless of the availability of offsite power supplies and the normal generating system of the station.


aa.
The control room is shielded against radiation so that continued occupancy under accident conditions is possible.


bb.
In the event that the control room becomes inaccessible, it is possible to bring the reactor from power range operation to cold shutdown conditions by utilizing the local controls and equipment that are available outside the control room.


cc.
Backup reactor shutdown capability is provided independent of normal reactivity control provisions.  This backup system has the capability to shut down the reactor from any normal operating condition and subsequently to maintain the shutdown condition.


dd.
Fuel handling and storage facilities are designed to prevent inadvertent criticality and to maintain shielding and cooling of spent fuel.


ee.
Systems that have redundant or backup safety functions are physically separated and arranged, such that any credible events causing damage to any one region of the reactor island complex has minimum prospect for compromising the functional capability of the designated counterpart system.


1.2.1.2      System Criteria

The principal design criteria for particular systems are listed in the sections that follow.


1.2.1.2.1      Nuclear System Criteria


Nuclear system criteria are:


a.
The fuel cladding is designed to retain integrity, such that any failures are within acceptable limits as a radioactive material barrier throughout the design power range.


b.
The fuel cladding, in conjunction with other plant systems, is designed to retain integrity, such that any failures are within acceptable limits throughout any abnormal operational transient.


c.
Those portions of the nuclear system that form part of the reactor coolant pressure boundary are designed to retain integrity as a radioactive material barrier during normal operation and following abnormal operational transients and accidents.


d.
Heat removal systems are provided in sufficient capacity and operational adequacy to remove heat generated in the reactor core for the full range of normal operational transients as well as for abnormal operational transients.  The capacity of such systems is adequate to prevent fuel cladding damage.


e.
Heat removal systems are provided to remove decay heat generated in the core under circumstances wherein the normal operational heat removal systems become inoperable.  The capacity of such systems is adequate to prevent fuel cladding damage.  The reactor is capable of being shut down automatically in sufficient time to permit decay heat removal systems to become effective following loss of operation of normal heat removal systems.


f.
The reactor core and reactivity control systems are designed so that control rod action is capable of bringing the core subcritical and maintaining it so, even with the rod of highest reactivity worth fully withdrawn and unavailable for insertion.


g.
The reactor core is designed so that its nuclear characteristics do not contribute to a divergent power transient.


h.
The nuclear system is designed so that there is no tendency for divergent oscillation of any operating characteristic, considering the interaction of the nuclear system with other appropriate plant systems.


1.2.1.2.2      Power Conversion Systems Criteria


Components of the power conversion systems are designed to perform these basic objectives:


a.
Produce electrical power from the steam coming from the reactor, condense the steam into water and return the water to the reactor as heated feedwater, with a major portion of its gases and particulate impurities removed.


b.
Assure that any fission product or radioactive material associated with the steam and condensate during normal operation is safely contained inside the system or is released under controlled conditions, in accordance with waste disposal procedures.


1.2.1.2.3      Electrical Power Systems Criteria


Sufficient normal auxiliary and standby sources of electrical power are provided to attain prompt shutdown and continued maintenance of the station in a safe condition under all credible circumstances.  The power sources are adequate to accomplish all required essential safety actions under all postulated accident conditions.


1.2.1.2.4      Radwaste System Criteria


Radwaste system criteria are:


a.
The gaseous and liquid radwaste systems are designed to limit the release of radioactive effluents from the station to the environs to the lowest reasonably achievable values.  Such releases, as may be necessary during normal operation, are limited to values that meet the requirements of applicable regulations, including <10 CFR 20> and <10 CFR 50>.


b.
The solid radwaste disposal systems are designed so that in-plant processing and offsite shipments are in accordance with all applicable regulations, including <10 CFR 20>, <10 CFR 71> and <49 CFR 171>, <49 CFR 172>, <49 CFR 173>, <49 CFR 174>, <49 CFR 175>, <49 CFR 176>, <49 CFR 177>, <49 CFR 178>, and <49 CFR 179>, and DOT Regulations, as appropriate.


c.
The systems’ design provides the means by which station operations personnel are alerted whenever specified limits on the release of radioactive material may be approached.


1.2.1.2.5      Auxiliary Systems Criteria


Auxiliary systems criteria are:


a.
Fuel handling and storage facilities are designed to prevent criticality and to maintain adequate shielding and cooling for spent fuel.  Provisions are made for maintaining the cleanliness of spent fuel cooling and shielding water.


b.
Other auxiliary systems, such as service water, cooling water, fire protection, heating and ventilating, communications, and lighting, are designed to function during normal and/or accident conditions.


c.
Auxiliary systems that are not required to effect safe shutdown of the reactor or maintain it in a safe condition are designed such that a failure of these systems will not prevent the essential auxiliary systems from performing their design functions.


1.2.1.2.6      Shielding and Access Control Criteria


Shielding and access control criteria are:


a.
Radiation shielding is provided, and access control patterns are established to allow a properly trained operating staff to control radiation doses within the limits of published regulations in any normal mode of plant operation.  <Section 12.3.1>


b.
The control room is shielded against radiation so that occupancy is possible under accident conditions.


1.2.1.2.7      Nuclear Safety Systems and Engineered Safety Features Criteria


Principal design criteria for nuclear safety systems and engineered safety features are as follows:


a.
These criteria correspond to criteria j. through q., x. through z., bb. and cc. in <Section 1.2.1.1.2>.


b.
Standby electrical power sources have sufficient capacity to power all Class 1E and all engineered safety features requiring electrical power concurrently.


c.
Standby electrical power sources are provided, as necessary, for support of engineered safety feature functions (e.g., decay heat removal) under circumstances where normal auxiliary power is not available.


d.
In the event that the control room is inaccessible, it is possible to bring the reactor from power range operation to a hot shutdown condition by use of controls and equipment that are available outside the control room.  Furthermore, station design includes the ability, in this event, for operators to bring the reactor to a cold shutdown condition from the hot shutdown condition from outside the control room.


e.
Backup reactor shutdown capability is provided independent of normal reactivity control provisions.  This backup system has the capability to shut down the reactor from operating conditions and, subsequently, to maintain the shutdown condition.


1.2.1.2.8      Process Control System Criteria


The principal design criteria for the process control systems are in the sections that follow.


1.2.1.2.8.1      Nuclear System Process Control Criteria


Nuclear system process control criteria are:


a.
Control equipment is provided to allow the reactor to respond automatically to main load changes within design limits.


b.
Manual control of the reactor power level is possible.


c.
Control of the nuclear system is possible from a central location.


d.
Nuclear systems’ process controls and alarms are arranged to allow the operator to rapidly assess the condition of the nuclear system and to locate process system malfunctions.


e.
Interlocks or other automatic equipment are provided as a backup to procedural controls to avoid conditions requiring the actuation of engineered safety features.


1.2.1.2.8.2      Power Conversion Systems Process Control Criteria


Power conversion systems process control criteria are:


a.
Control equipment is provided to control the reactor pressure throughout its operating range.


b.
The turbine is able to respond automatically to minor changes in load.


c.
Control equipment in the feedwater system maintains the water level in the reactor vessel at the optimum level required by steam separators.


d.
Control of the power conversion equipment is possible from a central location.


e.
Interlocks or other automatic equipment are provided in addition to procedural controls to avoid conditions requiring the actuation of engineered safety features.


1.2.1.2.8.3      Electrical Power System Process Control Criteria


Electrical power system process control criteria are:


a.
Class 1E power systems are designed as an “n” bus system, with any “n‑1” buses being adequate to safely shut down the unit.


b.
Protective relaying is used to detect and isolate faulted equipment from the system with a minimum of disturbance, in the event of equipment failure.


c.
Voltage relays are used on the emergency equipment buses to isolate these buses from the normal electrical system, in the event of loss of offsite power, and to initiate starting of the standby emergency power system diesel generators.


d.
Standby emergency power diesel generators are started and loaded automatically to meet the existing emergency condition.


e.
Electrically operated breakers are controllable from the control room.


f.
Monitoring of essential generators, transformers and circuits is provided in the control room.


1.2.2      PLANT DESCRIPTION


1.2.2.1      Site Characteristics

1.2.2.1.1      Location of Site


The plant site is located along the southern shoreline of Lake Erie in a rural area of Lake County, Ohio, approximately 7 miles northeast of Painesville and 35 miles northeast of Cleveland, Ohio.  The centerline of the reactor for Unit 1 is located at latitude 41(48’04.2” and longitude 81(08’36” and the centerline of the reactor for Unit 2 at latitude 41(48’02.3” and longitude 81(08’35.6”, as shown on <Figure 2.1‑3>.


A more complete description of the site location is given in <Section 2.1>.


1.2.2.1.2      Description of Plant Environs


The plant is located on a relatively flat site of approximately 1,100 acres, located about 50 feet above the low water datum of Lake Erie, with a very gentle slope toward the lake.  About 45 percent of the site area is covered with light to heavy woodland.


There are no domestic residences within the site boundaries.


The exclusion area is established as the area within a 2,900‑foot radius centered on the Unit 1 and Unit 2 reactors.


1.2.2.1.3      Design Bases Dependent on Site


Only two small streams run close to the site, neither of which have any upstream dams.  This, together with the plant location about 50 feet 


above Lake Erie, results in a negligible possibility of flooding.  There are no capable faults at or near the site.  The site is located in a temperate climate zone.


These factors make it unnecessary to establish any unusual design bases for the plant.


1.2.2.2      General Arrangement of Structures and Equipment

The plot plan and general arrangements of structures and equipment for the Perry Nuclear Power Plant are shown on <Figure 1.2‑2>, <Figure 1.2‑3>, <Figure 1.2‑4>, <Figure 1.2‑5>, <Figure 1.2‑6>, <Figure 1.2‑7>, <Figure 1.2‑8>, <Figure 1.2‑9>, <Figure 1.2‑10>, <Figure 1.2‑11>, <Figure 1.2‑12>, <Figure 1.2‑13>, <Figure 1.2‑14>, <Figure 1.2‑15>, <Figure 1.2‑16>, and <Figure 1.2‑17>.  A plot plan of the site, showing radioactive and nonradioactive release points to the environment, is shown on <Figure 1.2‑18>.


1.2.2.3      Nuclear System

The nuclear system includes a direct cycle, forced circulation, General Electric boiling water reactor that produces steam for direct use in the steam turbine.  A heat balance showing the major parameters of the nuclear system for the rated power conditions is shown as <Figure 1.2‑19>.


1.2.2.3.1      Reactor Core and Control Rods


Fuel for the reactor core consists of slightly enriched uranium dioxide pellets sealed in Zircaloy tubes.  These tubes (or fuel rods) are assembled into individual fuel assemblies.  Gross control of the core is achieved by movable, bottom entry control rods.  The control rods are cruciform in shape and are dispersed throughout the lattice of fuel assemblies.  The control rods are positioned by individual control rod drives.


Some fuel assemblies have several fuel rods with gadolinia (Gd2O3) mixed in solid solution with the UO2.  The Gd2O3 is burnable poison which diminishes the reactivity of the fresh fuel.  It is depleted as the fuel reaches the end of its first cycle.


A conservative limit of plastic strain is the design criterion used for fuel rod cladding failure.  The peak linear heat generation for steady‑state operation is well below the fuel damage limit, even late in life.  Experience has shown that the control rods are not susceptible to distortion and have an average life expectancy many times the residence time of a fuel loading.


1.2.2.3.2      Reactor Vessel and Internals


The reactor vessel contains the core and supporting structures; the steam separators and dryers; the jet pumps; the control rod guide tubes; the distribution lines for the feedwater, core sprays and standby liquid control; the in‑core instrumentation; and other components.  The main connections to the vessel include steam lines, coolant recirculation lines, feedwater lines, control rod drive and in‑core nuclear instrument housings, core spray lines, core differential pressure line, jet pump pressure sensing lines, and water level instrumentation lines.


The reactor vessel is designed and fabricated in accordance with applicable codes.  The nominal operating pressure in the steam space above the separators is 1,040 psia.  The vessel is fabricated of low alloy steel and is clad internally with stainless steel (except for the top head, nozzles and nozzle weld zones which are unclad).


The reactor core is cooled by demineralized water that enters the lower portion of the core and boils as it flows upward around the fuel rods.  The initial and largest separation of liquid from vapor is made by the steam separators.  The steam is then dried to greater than 99.9 percent quality by steam dryers located in the upper portion of the reactor 


vessel.  The steam is then directed to the turbine through the main steam lines.  Each steam line is provided with three isolation valves in series:  one on the inside and two on the outside of the containment barrier.


1.2.2.3.3      Reactor Recirculation System


The reactor recirculation system consists of two recirculation pump loops external to the reactor vessel.  These loops provide the piping path for the driving flow of water to the reactor vessel jet pumps.  Each external loop contains one high capacity motor‑driven recirculation pump, two motor‑operated maintenance valves and one hydraulically operated flow control valve.  The variable position hydraulic flow control valve operates in conjunction with a low frequency motor‑generator set to control reactor power level through the effects of coolant flow rate on moderator void content.


The jet pumps are reactor vessel internals.  The jet pumps provide a continuous internal circulation path for the major portion of the core coolant flow.  The jet pumps are located in the annular region between the core shroud and the vessel inner wall.  Any recirculation line break would still allow core flooding to approximately two‑thirds of the core height (the level of the inlet of the jet pumps).


1.2.2.3.4      Residual Heat Removal System


The residual heat removal (RHR) system is a system of pumps, heat exchangers and piping that fulfills the following functions:


a.
Removes decay and sensible heat during and after plant shutdown.


b.
Injects water into the reactor vessel, following a loss‑of‑coolant accident, to reflood the core and maintain fuel cladding below fragmentation temperature independent of other core cooling systems.  This is discussed in <Section 1.2.2.4.8>.


c.
Removes heat from the containment, following a loss‑of‑coolant accident, to limit the increase in containment pressure.  This is accomplished by cooling and recirculating the suppression pool water (containment cooling) and by spraying the containment air space (containment spray) with suppression pool water.


1.2.2.3.5      Reactor Water Cleanup System


The reactor water cleanup system recirculates a portion of reactor coolant through a filter demineralizer to remove particulate and dissolved impurities from the reactor coolant.  It also removes excess coolant from the reactor system under controlled conditions.


1.2.2.3.6      Nuclear Leak Detection System


The nuclear leak detection and monitoring system consists of temperature, pressure, flow, and fission product sensors with associated instrumentation and alarms.  This system detects and annunciates leakage in the following systems:


a.
Main steam lines


b.
Reactor water cleanup (RWCU) system


c.
Residual heat removal (RHR) system


d.
Reactor core isolation cooling (RCIC) system


e.
Feedwater system


f.
ECCS systems


g.
Miscellaneous systems


Small leaks generally are detected by monitoring the air coolers condensate flow, radiation levels and drain sump fill‑up and pump‑out rates.  Large leaks are also detected by changes in reactor water level and changes in flow rates in process lines.


1.2.2.4      Nuclear Safety Systems and Engineered Safety Features

1.2.2.4.1      Reactor Protection System


The reactor protection system (RPS) initiates a rapid, automatic shutdown (scram) of the reactor.  It acts in time to prevent fuel cladding damage and any nuclear system process barrier damage following abnormal operational transients.  The reactor protection system overrides all operator actions and process controls and is based on a fail‑safe design philosophy that allows appropriate protective action even if a single failure occurs.


1.2.2.4.2      Neutron Monitoring System


Those portions of the neutron monitoring system that are part of the reactor trip system qualify as a nuclear safety system.  The intermediate range monitors (IRM) and the average power range monitors (APRM), which monitor neutron flux by in‑core detectors, provide scram logic inputs to the reactor trip system to initiate a scram in time to prevent excessive fuel clad damage, as a result of over‑power transients.  The APRM system also generates a simulated thermal power signal.  Both upscale neutron flux and upscale simulated thermal power are conditions which provide scram logic signals.  The LPRM system provides signals to the oscillation power range monitors (OPRM’s) which detect evidence of reactor thermal‑hydraulic instability and provide logic input to the RPS to scram the reactor if the instability is of sufficient magnitude.


1.2.2.4.3      Control Rod Drive System


When a scram is initiated by the reactor protection system, the control rod drive system inserts the negative reactivity necessary to shut down the reactor.  Each control rod is controlled individually by a hydraulic control unit.  When a scram signal is received, high pressure water stored in an accumulator in the hydraulic control unit or reactor pressure forces its control rod into the core.


1.2.2.4.4      Control Rod Drive Housing Supports


Control rod drive housing supports are located underneath the reactor vessel, near the control rod housings.  The supports limit the travel of a control rod in the event that a control rod housing is ruptured.  The supports prevent a nuclear excursion as a result of a housing failure, and thus, protect the fuel barrier.


1.2.2.4.5      Control Rod Velocity Limiter


A control rod velocity limiter is attached to each control rod to limit the velocity at which a control rod can fall out of the core should it become detached from its control rod drive.  This action limits the rate of reactivity insertion resulting from a rod drop accident.  The limiters contain no moving parts.


1.2.2.4.6      Nuclear System Pressure Relief System


A pressure relief system, consisting of safety relief valves mounted on the main steam lines, is provided to prevent excessive pressure inside the nuclear system for operational transients or accidents.


1.2.2.4.7      Reactor Core Isolation Cooling System


The reactor core isolation cooling system (RCIC) provides makeup water to the reactor vessel when the vessel is isolated.  The RCIC system uses a steam‑driven turbine‑pump unit and operates automatically in time and with sufficient coolant flow to maintain adequate water level in the reactor vessel, for events defined in <Section 5.4.6.1>.


1.2.2.4.8      Emergency Core Cooling Systems


Four emergency core cooling systems are provided to maintain fuel cladding below the temperature limit in <10 CFR 50.46>, in the event of a breach in the reactor coolant pressure boundary that results in a loss of reactor coolant.  The systems are:


a.
High Pressure Core Spray



The high pressure core spray (HPCS) system provides and maintains an adequate coolant inventory inside the reactor vessel to limit fuel cladding temperatures in the event of breaks in the reactor coolant pressure boundary.  The system is initiated by either high pressure in the drywell or low water level in the vessel.  It operates independently of all other systems over the entire range of pressure differences from greater than normal operating pressure to zero.  The HPCS cooling decreases vessel pressure to enable the low pressure cooling systems to function.  The HPCS system pump motor is powered by a diesel generator if auxiliary power is not available; the system may also be used as a backup for the RCIC system.


b.
Automatic Depressurization



The automatic depressurization system (ADS) rapidly reduces reactor vessel pressure in a loss‑of‑coolant accident (LOCA) in which the HPCS system fails to maintain the reactor vessel water level.  The 


depressurization provided by the system enables the low pressure emergency core cooling systems to deliver cooling water to the reactor vessel.  The ADS uses some of the relief valves that are part of the nuclear system pressure relief system.  The automatic relief valves are arranged to open on conditions indicating both, that a break in the reactor coolant pressure boundary has occurred and that the HPCS system is not delivering sufficient cooling water to the reactor vessel to maintain the water level above a preselected value.  The ADS will not be activated unless either the LPCS or LPCI pumps are operating.  This is to ensure that adequate coolant will be available to maintain reactor water level after the depressurization.


c.
Low Pressure Core Spray



The low pressure core spray (LPCS) system consists of one independent pump and the valves and piping to deliver cooling water to a spray sparger over the core.  The system is actuated by conditions indicating that a breach exists in the reactor coolant pressure boundary.  However, water is delivered to the core only after reactor vessel pressure is reduced.  This system provides the capability to cool the fuel by spraying water into each fuel channel.  The LPCS loop functioning, in conjunction with ADS or HPCS, can provide sufficient fuel cladding cooling following a loss‑of‑coolant accident.


d.
Low Pressure Coolant Injection



Low pressure coolant injection (LPCI) is an operating mode of the RHR system, but is discussed here because the LPCI mode acts as an engineered safety feature in conjunction with the other emergency core cooling systems.  LPCI uses the pump loops of RHR to inject cooling water into the pressure vessel.  LPCI is actuated by conditions indicating a breach in the reactor coolant pressure boundary, but water is delivered to the core only after reactor 


vessel pressure is reduced.  LPCI operation provides the capability of core reflooding, following a loss‑of‑coolant accident, in time to maintain the fuel cladding below the prescribed temperature limit.


1.2.2.4.9      Containment


1.2.2.4.9.1      Containment Design


The containment system for each unit consists of the following components:


a.
A drywell enclosing the reactor pressure vessel, the reactor coolant recirculation loops and pumps, and other branch connections of the reactor primary system.  The drywell is a cylindrical reinforced concrete structure with a removable steel head.


b.
A suppression pool containing a large amount of water used to rapidly condense steam from reactor vessel blowdown or from a break in a major pipe.


c.
A leaktight containment vessel completely surrounding the drywell and the suppression pool.  The containment vessel is a cylindrical steel structure with a dome and flat bottom supported by a reinforced concrete foundation mat.


Part of the suppression pool water is inside the drywell (retained by a cylindrical concrete retaining wall), but the major part is outside the drywell between the drywell wall and the containment wall.  A system of vents, located below the suppression pool water level, connects the inner and outer parts of the suppression pool.  In the event of a process piping failure within the drywell, the increased pressure inside the drywell will force a mixture of air, steam and water through the vents to the major volume of the suppression pool where the steam will 


be rapidly condensed.  The noncondensible gases will escape into the free air volume inside the containment vessel where they will be contained.


Equipment and facilities, located inside the containment vessel but outside the drywell, include the control rod drive modules, major components of the reactor water cleanup system, the standby liquid control system, and the reactor refueling facilities.


1.2.2.4.9.2      Heat Removal


The containment heat removal system is summarized in <Section 1.2.2.4.14>.


1.2.2.4.9.3      Shield Building


The shield building is a cylindrical concrete structure, with a domed top, completely enclosing the containment vessel.  The annular space between the shield building and the containment vessel is normally kept at a slightly negative pressure, relative to atmospheric pressure, so that any leakage through the shield building or the containment vessel is into this space.  The ventilation exhaust from this area is treated by the annulus exhaust gas treatment system through roughing, HEPA and charcoal filters and through HEPA after‑filters.  Instrumentation is provided to monitor the radioactivity level in the exhaust and alarms in the control room, in the unlikely event of abnormally high radioactivity levels.


The shield building structure provides shielding to minimize direct radiation to operating personnel and/or the public under normal operating and accident conditions.  It also provides weather and external missile protection for the containment vessel.


1.2.2.4.9.4      Containment Spray


A containment spray system is provided to operate in conjunction with the combustible gas control system.  The containment spray system will function, by automatic initiation, to condense steam to reduce pressure that has built up in the containment.  The containment spray system consists of two redundant subsystems, each with its own full capacity spray header.  Each subsystem is supplied from a separate redundant RHR subsystem.


1.2.2.4.9.5      Combustible Gas Control


In order to assure containment integrity following a LOCA, means are provided, as necessary, for controlling the concentration of combustible gas in the containment after the LOCA.  Initial control will be accomplished by mixing volumes of relatively high combustible gas concentration with those of low concentration.  When the amount of combustible gas present becomes too large for mixing to be of further value, combustible gas control equipment will be put into operation to reduce the combustible gas concentration.


1.2.2.4.10      Containment and Reactor Vessel Isolation Control System


The containment and reactor vessel isolation control system automatically initiates closure of isolation valves to close off all process lines which are potential leakage paths for radioactive material to the environs.  This action is taken upon indication of a breach in the reactor coolant pressure boundary.


1.2.2.4.11      Main Steam Isolation Valves


All pipelines that both penetrate the containment and offer a potential release path for radioactive material are provided with redundant isolation capabilities.  Additionally, the main steam lines are given special isolation consideration because of their large size and large 


mass flow rates.  Automatic isolation valves are provided in each main steam line.  Each is powered by both air pressure and spring force.  These valves fulfill the following objectives:


a.
Prevent excessive damage to the fuel barrier by limiting the loss of reactor coolant from the reactor vessel.  Such a loss may stem from either a major leak from the steam piping outside the containment or a malfunction of the pressure control system, and result in excessive steam flow from the reactor vessel.


b.
Limit the release of radioactive material by isolating the reactor coolant pressure boundary in case of a gross release of radioactive material from the fuel to the reactor cooling water and steam.


c.
Limit the release of radioactive material by closing the containment barrier in case of a major leak from the nuclear system inside the containment.


1.2.2.4.12      Main Steam Line Flow Restrictors


A venturi‑type flow restrictor is installed in each steam line.  These devices limit the loss of coolant from the reactor vessel before the main steam isolation valves are closed, in case of a main steam line break outside the containment.


1.2.2.4.13      Main Steam Line Radiation Monitoring System


The main steam line radiation monitoring system consists of four gamma radiation monitors located externally to the main steam lines just outside the containment.  The monitors are designed to detect a gross release of fission products from the fuel.  On detection of high


radiation, the trip signals generated by the monitors isolate and trip the mechanical vacuum pumps.


1.2.2.4.14      Residual Heat Removal System (Containment Cooling)


The containment cooling subsystem is placed in operation to limit the temperature of the water in the suppression pool and of the atmosphere in the drywell and in the suppression chamber, following a design basis loss‑of‑coolant accident; to control the pool temperature during normal operation of the safety relief valves and the RCIC system; and to reduce the pool temperature following an isolation transient.  In the containment cooling mode of operation, the RHR pumps take suction from the suppression pool and pump the water through the RHR heat exchangers where cooling takes place by transferring heat to the service water system.  The RHR fluid is discharged back to the suppression pool.


1.2.2.4.15      Ventilation Exhaust Radiation Monitoring System


The process ventilation radiation monitoring systems consist of a number of radiation monitors arranged to monitor the activity level of the air exhaust from the containment drywell, auxiliary building, fuel handling building, controlled access area, radwaste building, offgas building, turbine building, heater bay, and intermediate building.


1.2.2.4.16      Annulus Exhaust Gas Treatment System


The annulus exhaust gas treatment system consists of two redundant subsystems designed to filter any airborne radioactive iodine and particulates from the air which leak out of the containment vessel.  Each subsystem, consisting of a 100 percent capacity exhaust fan, roughing, HEPA, and charcoal filters, and exhausts to the plant vent.  The treated exhaust gases are monitored prior to release to the atmosphere, and if the radiation level in the operating subsystem exhaust should reach or exceed the selected setpoint, an alarm will be sounded in the control room.


1.2.2.4.17      Standby AC Power Supply


The auxiliaries connected to the engineered safety features buses are normally supplied from the unit’s startup transformer through a 13.8/4.16 kV bus tie transformer.  These auxiliaries do not go through an automatic transfer on loss of the generator source.  However, on complete loss of offsite power, the engineered safety features loads are automatically transferred to the ESF diesel generators.


The engineered safety feature systems consist of three redundant and independent load groups per generator unit designated as Division 1, 2 and 3.  Each group consists of 4.16 kV, 480 volt and 120 volt ac and 125 volt dc systems.


1.2.2.4.18      DC Power Supply


Station batteries are included for circuit breaker control power, selected emergency lighting and operating power for vital instrumentation and control until offsite power is restored or onsite emergency generation is available.  Onsite emergency power is supplied by diesel generators.  Critical instrumentation is fed from buses which are powered from the station batteries through inverters to provide a reliable and stable power supply.  This guarantees continuous monitoring and control of critical instrument channels.


1.2.2.4.19      Standby Liquid Control System


The standby liquid control system provides backup capability for reactivity control, independent of normal reactivity control provisions, and is able to shut down the reactor if normal control becomes inoperative.  The system makes possible an orderly and safe shutdown in the event that not enough control rods can be inserted into the reactor core to accomplish shutdown in the normal manner.  The backup system has the capacity for controlling the reactivity difference between the 


steady‑state rated operating condition of the reactor with voids and the cold shutdown condition, including shutdown margin, to ensure complete shutdown from the most reactive condition at any time in core life.


1.2.2.4.20      Safe Shutdown from Outside the Control Room


In the event that the control room becomes inaccessible, the reactor can be brought from power range operation to cold shutdown conditions by the use of the local controls and equipment that are available outside the control room.


1.2.2.4.21      Main Steam Line Isolation Valve Leakage Control System


The main steam line isolation valve leakage control system (MSIV‑LCS)


has been eliminated and is abandoned in place.


1.2.2.5      Power Conversion Systems

Each unit utilizes a power conversion system which includes a turbine generator, a main condenser, condensate pumps, an air ejector, turbine gland seal condensers, condensate demineralizers, the feedwater heating system, and reactor feedpumps.  These components produce electrical power from the steam coming from the reactor, condense the steam into water and return the heated feedwater to the reactor.  The circulating water system removes the heat rejected to the main condenser.


1.2.2.5.1      Turbine Generator


Each turbine is a General Electric tandem compound, six flow, double reheat, 1,800 rpm unit.  The unit consists of one double flow, high pressure turbine and three double flow, low pressure turbines.  Exhaust steam from the high pressure turbine passes through moisture separators and two stages of reheaters before it enters the three low pressure 


turbines.  Steam is extracted for six stages of feedwater heating, and to supply two reactor feed pump drive turbines.  Turbine controls include a speed governor, stop valves, control valves, and supervisory, protective and operating instruments.  The generator is direct driven and conductor cooled, with a direct driven exciter unit.


1.2.2.5.2      Main Steam System


The main steam system for each unit consists of four main steam lines from the outermost containment isolation valves to the turbine stop valves, connecting lines to supply steam to the second stage reheater, condenser steam jet air ejectors, main turbine bypass valves, reactor feed‑pump turbines, and the seal steam evaporator.


1.2.2.5.3      Main Condenser


The main condenser is a three shell, series flow, triple pressure design, with shells arranged beneath the low pressure elements of the turbine and tubes oriented transversely to the turbine generator axis.  Each hotwell provides for tube leak detection and isolation of the circulating water passes.  The main condenser hotwell maintains a minimum retention time of 3 minutes for radioactive decay.


Deaeration in each condenser shell provides for the removal of normal air inleakage plus the hydrogen and oxygen gases contained in the turbine steam due to radiological dissociation of water in the reactor.


1.2.2.5.4      Main Condenser Evacuation System


The main condenser gas removal system includes two steam jet air ejector units, complete with condensers, which remove air and noncondensible gases from the main condenser.  Mechanical vacuum pumps which discharge to the atmosphere are provided to evacuate the condenser prior to startup.  The air ejectors discharge to the offgas system.


1.2.2.5.5      Turbine Gland Sealing System


The turbine gland sealing system consists of a nonradioactive steam source, seal steam pressure regulator, steam seal header, steam packing exhausters, exhaust blowers, and the associated piping and valves.  The turbine gland sealing system discharges to the atmosphere.


1.2.2.5.6      Steam Bypass System and Pressure Control System


A turbine bypass system is provided which passes steam directly to the main condenser under the control of the pressure regulator.  Steam is bypassed to the condenser whenever the reactor steaming rate exceeds the load permitted to pass to the turbine generator.  The pressure regulation system provides main turbine control valve and bypass valve flow demands so as to maintain a nearly constant reactor pressure during normal plant operation.


1.2.2.5.7      Circulating Water System


Heat rejected to the circulating water in the condenser is dissipated to the atmosphere by means of a natural draft cooling tower.  The locations of the cooling towers and pumphouses are shown on <Figure 1.2‑2>.


1.2.2.5.8      Condensate Polishing System


To ensure that the reactor receives water of the required purity, each unit is furnished with a full flow condensate demineralizer and condensate filtration system.  Corrosion products that originate in the turbine, condenser, steam and drain piping, and the tube side of the feedwater heaters are removed from the condensate by this system.  The system also protects the reactor against condenser tube leaks and removes impurities which might enter the condensate system with makeup water.  The demineralizer and filter vessels are located in a shielded area.


1.2.2.5.9      Condensate and Feedwater System


To maintain reactor water level, the condensate and feedwater systems take water from the main condenser and deliver it to the reactor.  The condensate pumps take suction from the condenser hotwell storage and discharge (through the steam jet air ejector condensers, the turbine steam packing exhausters, and the condensate cleanup system) to the suction at the condensate booster pumps.  These pumps discharge through the low pressure feedwater heaters to the open, direct contact heater.  The direct contact heater is mounted on the hot surge tank.  Feedwater is taken from the hot surge tank by the reactor feed booster pumps which discharge through an intermediate pressure feedwater heater to the reactor feed pumps.  These pumps transmit feedwater through a set of high pressure feedwater heaters to the reactor.


The three low pressure feedwater heaters and the two high pressure feedwater heaters are of the closed shell and tube type.  With the exception of the fifth stage high pressure feedwater heater, all closed heaters are provided with internal drain coolers.  The fourth stage of feedwater heating is done in an open, direct contact heater mounted on top of a storage tank.  The storage tank provides minimum retention time of 2 minutes for radioactive decay.  Drains from the two high pressure heaters are cascaded to the open heater.  Drains from the low pressure heaters are cascaded to the main condenser.


Two nominal half capacity horizontal reactor feed pumps are connected directly to variable speed turbine drives.  The turbines normally take steam from the main turbine cross‑around steam line after the moisture separators and reheaters.  A control system regulates feedwater flow to maintain reactor water level by controlling the admission of steam to the turbine drives.  There is also a 20 percent electric‑driven feed pump.


1.2.2.6      Electrical Systems and Instrumentation and Control

1.2.2.6.1      Electrical Power Systems


The plant consists of one 1,261 MWe (net) operating unit which generates power at 22 kV and one similar unit (Unit 2) not yet completed.  The power from Unit 1 (and future Unit 2) is fed through an isolated phase bus to the unit’s main transformer where it is stepped up to 345 kV and delivered to the adjacent 345 kV switchyard.


The 345 kV switchyard serves four transmission circuits with a provision for one future circuit associated with Unit 2.  These four circuits connect to the existing CEI transmission network.  The future transmission circuit will provide a 345 kV interconnection tie with the Ohio Edison Company.  The switchyard has a breaker‑and‑a‑half configuration and serves as the point of connection of the two preferred sources (Unit 1 and Unit 2 startup transformers) to the offsite transmission system.


Each unit has its own startup transformer (345‑13.8 kV) fed from the 345 kV transmission station switchyard.  These two startup transformers back up one another through the use of high speed automatic transfer.  The startup transformers are sized to provide a simultaneous safe shutdown of both units under all conditions with only one transformer inservice.


The power required during normal operation for a unit’s auxiliaries, which are not connected to engineered safety features buses, is supplied from the generator through the station service transformer (22‑13.8 kV).  These auxiliaries are automatically transferred to the unit’s startup transformer upon failure of the generator source.


All electric systems and components essential for plant safety are designed as Class 1E electrical power systems and are located in Seismic Category I structures so that their integrity is not impaired by the applicable design basis events.


1.2.2.6.2      Nuclear System Process Control and Instrumentation


1.2.2.6.2.1      Rod Control and Information System


The rod control and information system (RCIS) provides the means by which control rods are positioned from the control room for power control.  The system operates valves in each hydraulic control unit to change control rod position.  One gang of control rods can be manipulated at a time.  The system includes the logic that restricts control rod movement (rod block) under certain conditions as a backup to procedural controls.


1.2.2.6.2.2      Recirculation Flow Control System


During normal power operation, a variable position discharge valve is used to control flow.  Adjusting this valve changes the coolant flow rate through the core and thereby changes the core power level.  The system can automatically adjust the reactor power output to the load demand.  For startup and shutdown flow changes at lower power, the pump speed is changed by adjusting the frequency of the electrical power supply.


1.2.2.6.2.3      Neutron Monitoring System


The neutron monitoring system is a system of incore neutron detectors and out‑of‑core electronic monitoring equipment.  The system provides indication of neutron flux, which can be correlated to thermal power level for the entire range of flux conditions that can exist in the core.  The source range monitors (SRMs) and the intermediate range monitors (IRMs) provide flux level indications during reactor startup 


and low power operation.  The local power range monitors (LPRMs) and average power range monitors (APRMs) allow assessment of local and overall flux conditions during power range operation.  The traversing incore probe system (TIP) provides a means to calibrate the individual LPRM sensors.  The neutron monitoring system provides inputs to the reactor manual control system to initiate rod blocks if preset flux limits are exceeded.  It also provides inputs to the reactor protection system to initiate a scram if other limits are exceeded.


1.2.2.6.2.4      Refueling Interlocks


A system of interlocks, is provided to prevent an inadvertent criticality during refueling operations.  This system restricts movement of refueling equipment and control rods when the reactor is in the refueling and startup modes.  The interlocks back up procedural controls that have the same objective.  The interlocks affect the refueling platform, refueling platform hoists, fuel grapple, and control rods.


1.2.2.6.2.5      Reactor Vessel Instrumentation


In addition to instrumentation for the nuclear safety systems and engineered safety features, instrumentation is provided to monitor and transmit information that can be used to assess conditions existing inside the reactor vessel and the physical condition of the vessel itself.  This instrumentation monitors reactor vessel pressure, water level, coolant temperature, reactor core differential pressure, coolant flow rates, and reactor vessel head inner seal ring leakage.


1.2.2.6.2.6      Process Computer System


An online process computer is provided to monitor and log process variables and to make certain analytical computations.


1.2.2.6.3      Power Conversion Systems Process Control and Instrumentation


1.2.2.6.3.1      Pressure Regulator and Turbine Generator Control


The pressure regulator maintains control of the turbine control and turbine bypass valves to allow proper generator and reactor response to system load demand changes while maintaining the nuclear system pressure essentially constant.


The turbine generator speed‑load controls maintain constant turbine speed (generator frequency) and respond to load changes by adjusting the reactor recirculation flow control system and pressure regulator setpoint.


The turbine generator speed‑load controls initiate rapid closure of the turbine control valves and rapid opening of the turbine bypass valves to prevent turbine overspeed on loss of the generator electric load.


1.2.2.6.3.2      Feedwater Control System


The feedwater control system automatically controls the flow of feedwater into the reactor pressure vessel to maintain the water within the vessel at predetermined levels.  A conventional, three element, control system is used to accomplish this function.


1.2.2.7      Fuel Handling and Storage Systems

1.2.2.7.1      New and Spent Fuel Storage


New and spent fuel storage racks are designed to prevent inadvertent criticality and load buckling.  Sufficient coolant and shielding are maintained to prevent overheating and excessive personnel exposure, respectively.  The design of the fuel pool provides for corrosion 


resistance, adherence to Seismic Category I requirements, and assurance that keff will not exceed 0.95 under dry or flooded conditions.  This subject is further discussed in <Section 9.1>.


1.2.2.7.2      Fuel Handling System


The fuel handling equipment includes a 125 ton cask crane, fuel handling platform, fuel inspection stand, fuel preparation machine, fuel assembly transfer mechanism, containment refueling platform, a 125 ton containment crane, and other related tools for reactor servicing.  All equipment conforms to applicable codes and standards.


The only function of the cask crane is to handle the spent fuel cask.  The fuel handling platform transfers the fuel assemblies between the transfer pool, storage pools and cask.  Fuel assemblies are transferred through the transfer tube between the reactor building and the fuel building.  The fuel assemblies inside the containment are handled by the refueling platform.


The handling of the reactor head, removable internals and drywell head, during refueling, is accomplished using the containment crane.


All tools and servicing equipment necessary to meet the reactor general servicing requirements are designed for efficiency and safe serviceability.


1.2.2.8      Cooling Water and Auxiliary Systems

1.2.2.8.1      Emergency Closed Cooling System


The unit is equipped with an emergency closed cooling system that provides seal cooling water to the RHR pumps.  The system also provides cooling water for the room coolers associated with the RCIC, RHR and LPCS pumps, the control complex chillers and the hydrogen analyzers.  


Cooling is provided through the emergency closed cooling system heat exchangers mentioned in <Section 1.2.2.8.2>.


The system is designed with redundant capability to ensure operability of its cooling during all normal and emergency operations of the plant.  Redundant power supplies are provided for use in the event of loss of offsite power.


1.2.2.8.2      Emergency Service Water System


The emergency service water system provides cooling water to equipment required for normal and emergency shutdown of the reactor.  Each unit is equipped with a separate emergency service water system that provides cooling water to RHR heat exchangers (A and B) Fuel Pool Cooling Heat Exchangers, emergency diesel generator heat exchangers, and emergency closed cooling system heat exchangers.  It can also provide water to the site Fire Protection System (P54), the Fuel Pool Cooling and Cleanup System (G41), the Emergency Closed Cooling Water System (P42), the Residual Heat Removal System (to provide containment flooding) (E12), and the Standby Liquid Control System (C41).  The system is designed with sufficient redundancy to ensure heat removal capability during shutdown, hot standby, accident conditions, and refueling operations.  Redundant power supplies are provided for use in the event of loss of offsite power.

1.2.2.8.3      Fuel Pool Cooling and Cleanup System


A fuel pool cooling and cleanup system (common to both units) is provided to remove decay heat from the spent fuel stored in the fuel pool and to maintain a specified water temperature, purity, clarity, and level.  In the event of an abnormal heat load, the RHR system can be used to supplement the normal cooling system.


1.2.2.8.4      Service Water System


An open cycle cooling water system is provided to supply lake water to both units for cooling the turbine building closed loop heat exchangers, the turbine lube oil coolers and the nuclear closed cooling heat exchangers.  The system also supplies water to the screen wash pumps.  One system is provided for both units.  This system consists of four, one‑third capacity pumps, automatic self cleaning strainers, and a 


piping network to distribute cooling water to the tube side of the heat exchangers and back to the lake, by way of the condenser circulating water return lines.


1.2.2.8.5      Turbine Building Closed Cooling System


A closed cooling system is provided for each unit to supply the cooling water to the various turbine plant components that require it.  The system consists of a closed loop network in which buffered condensate quality water is cooled with lake water in a shell and tube type heat exchanger and is circulated through the components to be cooled, with a set of centrifugal pumps.


Required static head is maintained on the system with an open surge tank which is located at the highest elevation in the system.  Water level in the surge tank is maintained with a level controller using makeup water from the two-bed demineralized water system.


1.2.2.8.6      Nuclear Closed Cooling System


The nuclear closed cooling system uses common equipment for both units.  Separate headers are provided for each unit and also a header for shared plant equipment.  The system provides cooling water to certain designated equipment located in the containments, the auxiliary buildings and in the common fuel handling and radwaste buildings.  Adequate capacity and redundancy is provided in heat exchangers and pumps to ensure performance of the cooling system under normal modes of plant operation.  In the event of loss of offsite power, cooling is restored to designated equipment by the emergency closed cooling system.


1.2.2.8.7      Makeup Water Treatment System


A makeup water treatment system is provided to supply reactor quality water for plant makeup.


1.2.2.8.8      Potable and Sanitary Water System


A water system for drinking and sanitary uses is provided for the plant.


1.2.2.8.9      Process Sampling System


The process sampling system is furnished to provide process information that is required to monitor plant and equipment performance and changes in operating parameters.  Representative liquid and gas samples are taken automatically and/or manually during normal plant operation for laboratory or online analyses.


1.2.2.8.10      Equipment and Floor Drains


The plant equipment and floor drainage system handles both radioactive and nonradioactive wastes.  Wastes which may contain radioactive materials are pumped to the radwaste system for cleanup and then reused or discharged.  After monitoring, nonradioactive effluents are discharged to the environs.


1.2.2.8.11      Service and Instrument Air Systems


A service air system and an instrument air system are provided for each unit to supply compressed air for general plant use and for operation of pneumatic instruments, valves and controllers.  Redundancy is provided in compressors and receivers to ensure an air supply of suitable quantity, quality and pressure for plant operation.


1.2.2.8.12      Safety‑Related Instrument Air Systems


A safety‑related instrument air system is provided to continuously supply clean, dry, oil‑free air for the initial charge and recharging of the automatic depressurization system (ADS) safety/relief valve accumulators when the depressurization function of the safety/relief valves is used.  The “B” train safety‑related instrument air system also 


provides postaccident makeup to the outboard MSIV air accumulators to ensure that accumulator air pressure remains above 45 psig for a period of seven (7) days after an accident.  The system stores air at 160 to 170 psig in receiver tanks downstream of the purifier package.  The volume of the air receiver tanks is designed to provide a sufficient quantity of air for recharging the ADS accumulators and outboard MSIV accumulators under accident conditions.  In addition, the tanks contain a sufficient volume of air to provide makeup for system leakage for a period of 7 days after an accident occurs.  After this initial 7 day period, the system can be recharged with the air compressors or commercially available compressed air bottles.  Physically separate and redundant air lines are employed to distribute air at 150 psig to the ADS accumulators.  The “B” train safety‑related instrument air system also provides postaccident makeup to the Outboard MSIV air accumulators at an approximate setting of 85 psig (45 psig minimum).  Each unit utilizes one air compressor and purifier package for recharging the receiver tanks during normal operation.


The air system is safety‑related except for the section between the air compressor and the dual isolation check valves of the air receiver tanks.


1.2.2.8.13      Fire Protection System


A fire protection system supplies fire fighting water to all areas inside and outside of the plant.  Special fire protection systems are provided to protect hazardous areas.


1.2.2.8.14      Heating, Ventilating and Air Conditioning Systems


The plant heating, ventilating and air conditioning systems maintain suitable ambient temperatures for operating personnel and equipment throughout the plant.  They also serve to control the flow and/or emission of airborne radioactivity.


1.2.2.8.15      Lighting System


Three lighting systems are employed:  normal, fed from the unit auxiliary bus; essential, fed from the engineered safety features buses; and, emergency, fed from the Division 1 and Division 2 batteries.  Essential lighting is used to supplement normal lighting to facilitate safe access and egress or the continuation of critical tasks.  Emergency lighting is used in those pedestrian areas where lighting is required for safe personnel egress, for continuation of critical activities upon loss of all other light sources, or where a possible radiation hazard might endanger personnel safety.


Incandescent light sources have been selected for the reactor building and other potentially high radiation areas.


1.2.2.8.16      Plant Communication System


Diverse communication systems and pathways are provided between selected plant areas, administrative office areas, the control room, and points offsite such as the system switching authority, local law enforcement, and emergency facilities.


Voice communication between various plant buildings and locations is provided by the intraplant communication system which provides a public address system and intercom system.  Alarm and evacuation signals are broadcast over the intraplant public address system.  A separate control room‑to‑plant communication system, provided for maintenance and instrument calibration, services most areas of the plant.


1.2.2.9      Radioactive Waste Management Systems

1.2.2.9.1      Gaseous Radwaste System


The purpose of the gaseous radwaste system is to process and control the release of gaseous radioactive wastes to the site environs so that the total radiation exposure to persons outside the Radiologically Restricted Area does not exceed the maximum limits of the applicable 10 CFR regulations even with some defective fuel rods.


The offgases from the main condenser are the major source of gaseous radioactive waste.  The treatment of these gases includes volume reduction through a catalytic hydrogen‑oxygen recombiner, water vapor removal through a condenser, decay of short lived radioisotopes through a holdup line, further condensation and cooling, filtration, adsorption of isotopes on activated charcoal beds, further filtration through high efficiency filters, and final releases.


Continuous radiation monitors are provided which indicate radioactive release from the reactor and from the charcoal adsorbers.  The radiation monitors are used to isolate the offgas system on high radioactivity, in order to prevent releasing gases of unacceptably high activity.


1.2.2.9.2      Liquid Radwaste System


The liquid radwaste system is common to both Unit 1 and Unit 2.  This system collects, monitors, treats, stores, and recycles or releases radioactive liquid wastes.  These wastes are collected in sumps and drain tanks at various locations throughout the plant and then transferred to collection tanks in the radwaste facility for treatment, storage and recycle or release.


Wastes are processed on a batch basis with each batch being processed by methods appropriate for the quality and quantity of materials present.  Most of the processed liquid is returned to the condensate system.


Equipment is selected, arranged and shielded to permit operation, inspection and maintenance within radiation allowances for personnel exposure.  Processing equipment is selected and designed to require a minimum amount of maintenance.


Valving redundancy, instrumentation for detection, alarms of abnormal conditions, and procedural controls protect against the accidental discharge of liquid radioactive waste.


1.2.2.9.3      Solid Radwaste System


Solid radioactive wastes are collected, processed and packaged for storage prior to offsite shipment in approved shipping containers.  Radwaste may be stored in various locations throughout the plant site as discussed in <Section 12.4.4.2>.  Examples of these wastes are filter residue, spent resins and concentrated wastes.


Solid wastes originating from nuclear system equipment are stored for radioactive decay in the fuel storage pool and then prepared for offsite shipment.  Examples of these wastes are spent fuel, spent control rods and incore ion chambers.


1.2.2.10      Radiation Monitoring and Control

1.2.2.10.1      Process Radiation Monitoring


Process radiation monitoring systems are provided to monitor and control radioactivity in process and effluent streams and to activate appropriate alarms and controls.


A process radiation monitoring system is provided for indicating and recording radiation levels associated with selected plant process streams and effluent paths leading to the environment.  All effluents from the plant which are potentially radioactive are monitored.


Process radiation monitoring is also discussed in <Chapter 7>, <Chapter 9>, and <Chapter 11>.


1.2.2.10.2      Area Radiation Monitors


Radiation monitors are provided to detect abnormal radiation at various locations in the reactor building, turbine building, auxiliary building, radwaste, and fuel handling building.  These monitors alarm locally and in the control room when abnormal radiation levels occur.


1.2.2.10.3      Site Environs Radiation Monitors


Radiation monitors are provided outside the plant buildings to monitor radiation levels.  Data obtained are used to determine the plant contribution to onsite and offsite radiation levels.


1.2.2.11      Shielding

Shielding is provided throughout the plant, as required, to reduce radiation levels from direct and scattered radiation to dose rate levels well within the limits set in <10 CFR 20> and <10 CFR 100>.  It is also designed to protect certain plant components from excess radiation damage or activation.


1.2.3      SYMBOLS USED IN ENGINEERING DRAWINGS


The symbols used in USAR figures that are applicable to the nuclear steam supply system (GE), are shown in <Figure 1.2‑20> and <Figure 1.2‑21>.  The symbols used in USAR figures, that are applicable to the balance of plant are shown in <Figure 1.2‑22> and <Figure 1.2‑23>.
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1.3      COMPARISON TABLES


The comparison tables represent information that was current at the time of FSAR submittal, September 1980.  This information is historical in nature and is not updated to current plant design.


1.3.1      COMPARISONS WITH SIMILAR FACILITY DESIGNS


This section highlights the principal design features of the plant and compares its major features with those of other boiling water reactor facilities.  The design of this facility is based on proven technology obtained during the development, design, construction, and operation of boiling water reactors of similar types.  The data, performance, characteristics, and other information presented here represent a firm design that was current September 1980.


1.3.1.1      Nuclear Steam Supply System Design Characteristics


<Table 1.3‑1> summarizes the design and operating characteristics for the nuclear steam supply systems.  Parameters are related to rated power output for a single plant unless otherwise noted.


1.3.1.2      Power Conversion System Design Characteristics


<Table 1.3‑2> compares the power conversion system design characteristics.


1.3.1.3      Engineered Safety Features Design Characteristics


<Table 1.3‑3> compares the engineered safety features design characteristics.


1.3.1.4      Containment Design Characteristics


<Table 1.3‑4> compares the containment design characteristics.


1.3.1.5      Radioactive Waste Management Systems Design Characteristics


<Table 1.3‑5> compares the radioactive waste management system’s design characteristics.


1.3.1.6      Structural Design Characteristics


<Table 1.3‑6> compares the structural design characteristics.


1.3.1.7      Electrical System Design Characteristics


<Table 1.3‑7> compares the electrical system design characteristics.


1.3.2      COMPARISON OF FINAL AND PRELIMINARY INFORMATION


The significant changes that were made in the facility design from the last revision to the PSAR (Amendment 24, dated 7‑18‑75) to the submittal of FSAR are listed in <Table 1.3‑8>.  Each item listed in the table is cross referenced to the appropriate section of the FSAR.


TABLE 1.3‑1


COMPARISON OF NUCLEAR STEAM SUPPLY SYSTEM DESIGN CHARACTERISTICS(1)





 PERRY
GRAND GULF
HATCH 1





 BWR 6
  BWR 6
 BWR 4





238‑748
 251‑800  
218‑560


A.
THERMAL AND HYDRAULIC DESIGN



Rated power, MWt
3,579
3,833
2,436



Design power, MWt
3,729
4,025
2,550



  (ECCS design basis)



Steam flow rate, lb/hr
15.4 x 106
16.491 x 106
10.03 x 106


Core coolant flow rate, lb/hr
104.0 x 106
112.5 x 106
78.5 x 106



Feedwater flow rate, lb/hr
15.372 x 106
16.455 x 106
10.455 x 106


System pressure, nominal in
1,040
1,040
1,020



  steam dome, psia



Average power density, kW/liter
54.1
54.1
51.2



Maximum thermal output, kW/ft
13.4
13.4
13.4



Average thermal output, kW/ft
 5.9
5.92
7.11



Maximum heat flux, Btu/hr‑ft2
361,600
362,000
428,300



Average heat flux, Btu/hr‑ft2
159,500
159,700
164,700



Maximum UO2 temperature, (F
3,435
3,430
4,380


TABLE 1.3‑1 (Continued)





 PERRY
GRAND GULF
HATCH 1





 BWR 6
  BWR 6
 BWR 4





238‑748
 251‑800  
218‑560

A.
THERMAL AND HYDRAULIC DESIGN



(Continued)



Average volumetric fuel
2,185
2,185
2,781



  temperature, (F



Average cladding surface
565
558
558



  temperature, (F



Minimum critical power



  ratio (MCPR)
1.20
1.23
1.9(4)


Coolant enthalpy at core inlet,
527.7
527.9
526.2



  Btu/lb



Core maximum exit voids within
79.0
76
79



  assemblies



Core average exit quality, % steam
14.7
14.7
12.9



Feedwater temperature, (F
420
420
387.4



Design Power Peaking Factor



Maximum relative assembly power
1.40
1.40
1.40



Local peaking factor
1.13
1.13
1.24


TABLE 1.3‑1 (Continued)





 PERRY
GRAND GULF
HATCH 1





 BWR 6
  BWR 6
 BWR 4





238‑748
 251‑800  
218‑560

A.
THERMAL AND HYDRAULIC DESIGN



(Continued)



Design Power Peaking Factor



(Continued)



Axial peaking factor
1.40
1.40
1.50



Total peaking factor
2.21
2.26
2.60


B.
NUCLEAR DESIGN (First core)



Water/UO2 volume ratio (cold)
2.70
2.70
2.53



Reactivity with strongest
<0.99
<0.99
<0.99



  control rod out, keff


Dynamic void coefficient at



  core average voids, %, and
40.95
‑41.31
38.0



  rated output, ¢/%
‑9.17
‑7.14
‑10.74



Fuel temperature doppler



  coefficient, end of cycle



  hot operating, ¢(C‑1
‑0.412
‑0.396
‑0.403



Initial average U‑235 enrichment
1.90
1.70
2.23



  wt. %



Initial cycle exposure,
9,138
7,500
9,413



  MWd/short ton

             (Avg. first core)


TABLE 1.3‑1 (Continued)





 PERRY
GRAND GULF
HATCH 1





 BWR 6
  BWR 6
 BWR 4





238‑748
 251‑800  
218‑560

C.
CORE MECHANICAL DESIGN



1.
Fuel Assembly



Number of fuel assemblies
748
800
560




Fuel rod array
8 x 8
8 x 8
7 x 7




Overall dimensions, in.
176
176
176




Weight of UO2 per assembly,
457
458
483




  lb (pellet type)
(Chamfered)




Weight of fuel assembly, lb
697
699
681



2.
Fuel Rods



Number per fuel assembly
62
62
49




Outside diameter, in.
0.483
0.483
0.563




Cladding thickness, in.
0.032
0.032
0.032




Gap, pellet to cladding, in.
0.0045
.0045
.0060




Length of gas plenum, in.
10
10
16




Cladding material (free
Zircaloy‑2
Zircaloy‑2
Zircaloy‑2




  standing loading tubes)


TABLE 1.3‑1 (Continued)
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C.
CORE MECHANICAL DESIGN (Continued)



3.
Fuel Pellets



Material
U02
UO2
UO2



Density, % of theoretical
95
95
95




Diameter, in.
0.410
0.410
0.487




Length, in.
0.410
0.410
0.500



4.
Fuel Channel



Overall dimension,




  length, in.
167.36
166.9
166.9




Thickness, in.
0.120
0.120
0.080




Cross section dimensions, in.
5.455 x 5.455
5.46 x 5.46
5.44 x 5.44




Material
Zircaloy‑4
Zircaloy‑4
Zircaloy‑4



5.
Core Assembly



Fuel weight as UO2, lb
341,678
366,400
272,850




Core diameter




  (equivalent), in.
185.2
191.5
160.2


TABLE 1.3‑1 (Continued)
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C.
CORE MECHANICAL DESIGN (Continued)



5.
Core Assembly



(Continued)




Core height (active




  fuel), in.
150
150
144



6.
Reactor Control System



Method of variation of
Movable control
Movable control
Movable control




  reactor power
rods and variable
rods and vari‑
rods and vari‑





forced coolant
able forced
able forced





flow
coolant flow
coolant flow




Number of movable




  control rods
177
193
137




Shape of movable




  control rods
Cruciform
Cruciform
Cruciform




Pitch of movable




  control rods
12.0
12.0
12.0




Control material in
B4C granules
B4C granules
B4C granules




  movable rods
compacted in
compacted in
compacted in





SS tubes and/or
SS tubes
SS tubes





B4C capsules and





hafnium metal





rods in SS tubes
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C.
CORE MECHANICAL DESIGN (Continued)



6.
Reactor Control System



(Continued)




Type of control rod
Bottom entry
Bottom entry
Bottom entry




  drives
locking piston
locking piston
locking piston




Type of temporary
Burnable poison;
Burnable poison;
Burnable poi‑




  reactivity control
gadolinia‑urania
gadolinia‑urania
son gadolinia‑




  for initial core
fuel rods
fuel rods
urania fuel



7.
Incore Neutron Instrumenta‑




tion




Number of incore neutron
164
176
124




  detectors (fixed)




Number of incore detector
41
44
31




  assemblies




Total number of LPRM
164
176
124




  detectors




Number of incore LPRM
41
44
31




  penetrations




Number of LPRM detectors
4
4
4




  per penetration
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C.
CORE MECHANICAL DESIGN (Continued)



7.
Incore Neutron Inst.



(Continued)




Number of SRM penetrations
4
6
4




Number of IRM penetrations
8
8
8




Total nuclear instrument
53
58
43




  penetrations




Source range

Shutdown Through Criticality




monitor, range
4
6
4




Intermediate range

Prior to Criticality to Low Power




  monitor, range
8
8
8




Power range

Approximately 1% Power to 15% Power




  monitors, range




Local power
164
176
124




  range monitors




Average power
8
8
6




  range monitors




Number and type of
7 Sb‑Be
7 Sb‑Be
5 Sb‑Be




  incore neutron sources
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D.
REACTOR VESSEL DESIGN



Material
Low‑alloy steel/
Low‑alloy steel/
Carbon steel/





stainless clad
stainless clad
stainless clad



Design pressure, psig
1,250
1,250
1,250



Design temperature, (F
575
575
575



Inside diameter, ft‑in.
20‑3/8
20‑11
18‑2



Inside height, ft‑in.
70‑5
73
69‑4



Minimum base metal thickness
6.00
6.14
5.53



  (cylindrical section), in.



Minimum cladding thickness, in.
1/8
1/8
1/8


E.
REACTOR COOLANT RECIRCULATION



DESIGN



Number of recirculation loops
2
2
2



Design pressure



  Inlet leg, psig
1,250
1,250
1,148



  Outlet leg, psig
1,650(2)
1,625(2)
1,274(2)




1,550(3)
1,525(3)
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E.
REACTOR COOLANT RECIRCULATION



DESIGN (Continued)



Design temperature, (F
575
575
562



Pipe diameter, in.
24
24
28



Pipe Material, ANSI
304/316
304/316
304/316



Recirculation pump flow rate, gpm
42,000
44,900
42,200



Number of jet pumps in reactor
20
24
20


F.
MAIN STEAMLINES



Number of steamlines
4
4
4



Design pressure, psig
1,250
1,250
1,146



Design temperature, (F
575
575
563



Pipe diameter, in.
26
28
24



Pipe material
Carbon steel
Carbon steel
Carbon steel


TABLE 1.3‑1 (Continued)


NOTES:


(1)
Parameters are related to rated power output for a single plant unless otherwise noted.


(2)
Pump and discharge piping to, and including, discharge block valve.


(3)
Discharge piping from discharge block valve to vessel.


(4) Minimum critical heat flux ratio (MCHFR).


TABLE 1.3‑2


COMPARISON OF POWER CONVERSION SYSTEM DESIGN CHARACTERISTICS





 PERRY
GRAND GULF
BAILLY





 BWR 6
  BWR 6
 BWR 5





238‑748
_251‑800__
_______


Turbine generator <Section 10.2>


  Net generator output, MW
1,252(1)
1,306
626


  Turbine cycle heat rate,
9,770
10,029
9,602


    Btu/KW‑hr


  Type/LSB length (line)
TC6F/43
TC6F/44
TC4F/28


  Cylinders, No.
1‑HP, 3‑LP
1‑HP, 3‑LP
1‑HP, 2‑LP 


Steam conditions at throttle


valve


  Flow, lb/hr
14.68 x 106
15.54 x 106
8.29 x 106


  Pressure, psia
965
965
965


  Temperature, (F
540
540
510


  Moisture content, %
0.40
0.51
0.40


Turbine cycle arrangement <Section 10.4>


  Steam reheat stages, No.
2
2
2


  Feedwater heating stages, No.
6
6
6


  Strings of feedwater heaters,


    No.

2‑HP, 3‑LP
2‑HP, 3‑LP
2


  Heaters in condenser necks, No.
6
4
1


  Heater drain system
Pumped
Pumped
Pumped





forward
forward
forward


  Condensate pumps, No.
3
3
3


  Condensate booster pumps, No.
3
3
3
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238‑748
_251‑800__
_______


Turbine cycle arrangement


(Continued)


  Heater drain pumps, No.
4
2
2


  Reactor feed pumps, No.
3
2
2


Main steamline


  Steamlines, No.
4
4
4


  Design pressure, psig
1,250
1,250
1,250


  Design temperature, (F
575
575
575


  Pipe diameter, in.
28
28
20


  Pipe material
Carbon steel
Carbon steel
Carbon steel


Main steam bypass capacity, %
35
35
25


Final feedwater temperature, (F
420
420
420


Condenser <Section 10.4>


  Type

Multiple
Multiple
Single





pressure
pressure
pressure


  Condenser shells, No.
3
3
2


  Design pressure, in. Hg abs
2.01/2.48/3.22
2.37/2.91/3.62
3.2


  Total condenser duty, Btu/hr
8.1 x 109
8.506 x 109
4.25 x 109

Circulating water system


<Section 10.4>


  Type

Closed/ND
Closed/ND
Closed/ND





cooling tower
cooling tower
cooling tower


TABLE 1.3‑2 (Continued)
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238‑748
_251‑800__
_______


Circulating water system


(Continued)


  Flow, gpm

555,000
571,000
376,000


  Circulating water pumps, No.
3
2
2 (1/2 capacity)


NOTES:


(1)
Original plant generator output.  Net generator output after conversion to partial arc admission is 1,261 MWe.


TABLE 1.3‑3


COMPARISON OF ENGINEERED SAFETY FEATURES DESIGN CHARACTERISTICS
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EMERGENCY CORE COOLING SYSTEMS


(Systems sized on design power)


<Section 6.3>


1.
Low Pressure Core Spray


Systems



Number of loops
1
1
2



Flow rate, gpm
6,000 at
7,115 at
4,625 at





122 psid
128 psid
120 psid


2.
High Pressure Core Spray


System



Number of loops
1
1
1(1)


Flow rate, gpm
1,550 at
1,650 at
4,250





1,147 psid
1,147 psid





6,000 at
7,000 at





200 psid
200 psid


3.
Automatic Depressurization


System



Number of relief valves
8
8
7
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EMERGENCY CORE COOLING SYSTEM


(Continued)


4.
Low Pressure Coolant


Injection(2)


Number of loops
3
3
2



Number of pumps
3
3
4



Flow rate, gpm/pump
6,500 at
7,450 at
9,200 at





20 psid
24 psid
20 psid


5.
Auxiliary Systems


<Section 5.4> and <Section 9.2>


6.
Residual Heat Removal


System



Reactor shutdown cooling mode:



  Number of loops
2
2
2



  Number of pumps
2
4
4



  Flow rate, gpm/pump(3)
7,100
7,450
7,700
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EMERGENCY CORE COOLING SYSTEMS


(Continued)


6.
Residual Heat Removal


System (Continued)



  Duty, Btu/hr/heat



    exchanger(4)
46.9 x 106
50 x 106
32 x 106


    Number of heat



    exchangers
2
2
2



Primary containment



  cooling mode:



    Flow rate, gpm
7,100(5) 
7,450(5)
15,400(5)

7.
Emergency Service Water


System



Flow rate, gpm
22,700 (total)
25,300 (total)
8,000



Number of pumps/unit
2/1
2/1
4



Flow rate, gpm/pump
2 @ 10,900/
2 @ 12,000/
See Note(6)




1 @ 900
1 @ 1,300
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8.
Reactor Core Isolation


Cooling System



Flow rate, gpm
700 at
800 at
400 at





150‑1,177 psig
1,120 psid
1,120 psid


9.
Fuel Pool Cooling and


Cleanup System



Capacity, Btu/hr
26 x 106
12.5 x 106
5.7 x 106


NOTES:


(1)
High pressure coolant injection system used.


(2)
A mode of the RHR system.


(3)
Capacity during reactor flooding mode with more than one pump running.


(4)
Heat exchanger duty at 20 hours following reactor shutdown.


(5)
Flow per heat exchanger.


(6)
ESW system design is different and not readily correlated.


TABLE 1.3‑4


COMPARISON OF CONTAINMENT DESIGN CHARACTERISTICS(1)
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 BWR 6
  BWR 6
 BWR 5





238‑748
_251‑800__
_______


Type


Mark III, Steel
Mark III,
Mark II, Over‑





containment,
Reinforced
and‑under primary





with pressure
concrete con‑
containment, en‑





suppression,
tainment, but
closed drywell





enclosed by
with pressure
and suppression





reinforced
suppression.
pool.  Enclosed





concrete reactor
Containment
by reactor





building.  Con‑
encloses drywell
building.





tainment encloses
and suppression





drywell and sup‑
pool.





pression pool.


  Leak rate, %/day
0.20
0.35
0.5


Containment


  Construction
Steel shell
Reinforced con‑
Not applicable





enclosed by
crete cylin‑





reinforced con‑
drical structure





crete cylindri‑
(not prestressed)





cal structure
with hemis‑





(not prestressed)
pherical head;





with hemispherical
steel lined.





head.
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  Internal design
185
185
Not applicable


  temperature, (F


  Design pressure, psig
+15, ‑0.8
15
Not applicable


  Free (air) volume, ft3
1.16 x 106
1.4 x 106
Not applicable






(excluding






drywell)


Drywell


  Construction
Reinforced con‑
Reinforced con‑
Prestressed con‑





crete. Basically
crete.  Basically
crete.  Drywell





cylindrical; flat
cylindrical; flat
in frustum of a





concrete roof
concrete roof
cone; steel lined.





with a steel
with a steel





refueling head.
refueling head.


  Internal design
330
330
340


  temperature, (F


  Design pressure, psig
+30, ‑21
30
+45, ‑2


  Free (air) volume,
276,500
270,000
263,800


  total, ft3

TABLE 1.3‑4 (Continued)
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Suppression Pool


  Construction
Reinforced con‑
Reinforced con‑
Prestressed con‑





crete, steel
crete, steel
crete.  Pool is





lined.  Basically
lined.  Basically
cylindrical; steel





cylindrical.
cylindrical.
lined.


  Internal design,
185
185
340


  temperature, (F


Design pressure, psig
15
15
+45, ‑2


Water volume, ft3
120,000
136,000
73,500


Break area/total vent area
0.010
0.008
0.012


NOTE:


(1)
Refer to <Chapter 3>.


TABLE 1.3‑5


RADIOACTIVE WASTE MANAGEMENT SYSTEMS DESIGN CHARACTERISTICS
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_251‑800__
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A.
GASEOUS RADWASTE <Section 11.3>



Design bases
100,000
100,000
100,000



Noble gases
at 30 min
at 30 min
at 30 min



(Ci/sec



Process treatment
Recombiner,
Chilled
Recombiner,





chilled
charcoal
ambient





charcoal

charcoal



Number of beds
8
8
12



Design condenser
30
40
40



  in‑leakage, cfm



Release point‑height
134
31.5
394



  above ground, ft


B.
LIQUID RADWASTE <Section 11.2>



Treatment of:



1.  Floor drains
F&D, E as req’d.
F,D,E and R
F,E, and R





R or D(1)

TABLE 1.3‑5 (Continued)
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B.
LIQUID RADWASTE



(Continued)



2.
Equipment drains
F&D, E as req’d.
F,D,E, and R
F,D, and R





R or D



3.
Chemical drains
Neutralized,
Neutralized E,
F, discharged





demineralized
returned to
E, solid to





as req’d.,
equip. drain
radwaste





recycled or
collector tank





discharged


4. 
Laundry drains
F, if req’d.,
None
Diluted and





and

sent to





discharged

circulating







water







discharge



5.
Expected annual




  avg.
500,000
110,000
20,000




  release, (Ci




  (excluding tritium)


TABLE 1.3‑5 (Continued)


NOTE:


(1)
Legend:



D ‑ Demineralized



F ‑ Filtered



R ‑ Recycled, i.e., returned to condensate storage


TABLE 1.3‑6


COMPARISON OF STRUCTURAL DESIGN CHARACTERISTICS
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A.
SEISMIC DESIGN <Section 3.7>



Operating basis earthquake ‑



  horizontal g
0.075
0.075
0.08



  vertical g
0.075
0.050
0.05



(zero period)



Safe shutdown earthquake ‑



  horizontal g
0.15
0.15
0.15



  vertical g
0.15
0.10
0.10



(zero period)


B.
WIND DESIGN <Section 3.3>



Maximum sustained ‑ mph
90
90
105



(at grade)


C.
TORNADOES



Translational ‑ mph
70
60
60



Tangential ‑ mph
290
300
300


TABLE 1.3‑7


COMPARISON OF ELECTRICAL SYSTEMS
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Number of offsite circuits
5
first unit ‑ 3
9






both units ‑ 4


Number of auxiliary
4 ‑ 1 unit
3 service
3‑1 unit


power sources
auxiliary trans‑
transformers
auxiliary





former, 1 startup
(1 exclusively
transformer





transformer
for ESF)
1 ‑ reserve





(per unit)

auxiliary







transformer







1 emergency







reserve







auxiliary







transformer


Number of preferred
2
3
3


  power circuits of


  ESF buses


Number of ESF buses
3
3
3


  per unit


Number of standby
6 (1/ESF bus)
6 (1/ESF bus)
3 (1/ESF bus)


  ac power supplies
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Number of 125V dc
6 (1/ESF bus)
6 (1/ESF bus)
3 (1/ESF bus)


  systems supplying buses


Sharing of standby power
None
None
dc buses


  supplies and


interconnected


  interconnections


  between safety buses


TABLE 1.3‑8


SIGNIFICANT DESIGN CHANGES FROM PSAR TO FSAR






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Nuclear fuel
The number of
Improved fuel
4.2.2,



water rods in each
performance.
4.3.4



fuel bundle has



been changed



from 1 to 2.


Control Rod
Changed to 11
Improved reliability
4.2


Drive
wire probe and
and increased frequency


Position
solid state.
of checking actual rod


Indication

position.


Feedwater
The thermal sleeve
To eliminate failure,
5.3


Sparger
was changed to
leakage and provide



provide improved
for possible inservice



slip fit design
inspection.



of sparger to



nozzle.


RCIC System
Each component,
Improved testability.
5.4.6



except for the



flow controller,



has been made



capable of func‑



tional testing.


Automatic
The interlocks on
To meet IEEE
7.3.1


Depres‑
the automatic
Standard 279


surization 
depressurization
requirements.


System (ADS)
system were



revised.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Leak
The leak detection
To meet IEEE
7.6.1


Detection
system was revised
Standard 279 and


System
to upgrade the
<Regulatory 



capability and
Guide 1.45> 



incorporate the
requirements.



requirements of



IEEE



Standard 279.



Added additional



monitors to



increase adequacy



of detection.


Control Rod
Increased system
Provides increased
3.9,


Drive fast
pressure from
reactivity control,
4.6


scram
1,750 to 2,000 psi,
especially at end of



enlarged insert/
fuel cycle.  Provides



withdraw draw
increased thermal



lines, and
margin, and reduces



increased accumu‑
amount of operation



lator volume to
of steam relief.



provide faster



scram time.


Reactor
Pumps tripped on
Reduces transient core
4.6.4,


Recirc.
signals from tur‑
flow and reactivity.
5.4.1,


pump trip
bine control or
Works with fast scram
7.6.1



stop valves upon
to provide increased



generator load
thermal margin.



rejection or



turbine trip.


High Pressure
Changed logic for
NRC requirement.
7.3.1


Core Spray
admission valve


System
F‑004 to close



on occasion of



high RPV water



level only if



drywell pressure



is low.


TABLE 1.3‑8 (Continued)












FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Reactor
Changes for con‑
Provides improved
7.2.2


Protection
trol system instru‑
testability


System
ment testability.
reliability.



Changed from



switches to trans‑



mitters and added



calibration units.


Ganged con‑
Changed logic and
Improves operating
3.9,


trol rod
control rod drive
time for control
4.6


withdrawal
hydraulic system
maneuvering and



to move groups of
startup.



control rods.



Added stabilizing



hydraulic valves.


Reactor in‑
Changed replace‑
Improves time for
7.6.1


core monitors
ment from top to
replacement during



bottom of core
outages.



monitor entry.


Reactor
Added vibration
Improves reliability.
Chapter 5


Recirc. Pump
sensors to record



and alarm when



high shaft vibra‑



tion encountered



on pump or motor.


Reactor
Added motor‑
Provides improved
7.7.1


Recirc. Pump
generator sets to
operation.


motor
provide control


controls
for reduced flow



during startup



and shutdown.


Reactor
Removed pump
Design improvement.
5.4.3


Recirc.
bypass lines for


System
reduction of



region potenti‑



ally sensitive



to stainless



steel stress



corrosion pro‑



blems.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Rod Block
Deleted sub‑
Design change.
5.6.1,


Monitor
system from


7.6



neutron monitor



system


Instrument
Excess flow check
Design improvement.
6.2.4


Line Con‑
valves were re‑


tainment
placed with dual


Isolation
action solenoid


Valves
valves and re‑



stricting ori‑



fices.


Biological
Biological shield
To provide additional
3.8.3


shield wall
wall was filled
neutron and gamma



with high density
shielding.



concrete.


Suppression
Added system.
To reduce doses
6.2.7


Pool Cleanup

inside containment.


System


Safety‑
Added system.
To support the air
6.8


Related

requirements of the


Instrument

ADS.


Air System


Combustible
Alternate type
To reduce plant cost
6.2.5,


Gas Control
of hydrogen
with an equally
7.3.1


System
recombiner system
qualified hydrogen



used.  Analyzer
recombiner system.



relocated outside
Less severe operating



containment.
environment.


Spent Fuel
Alternate type of
High density spent
9.1.2


Storage
spent fuel storage
fuel storage rack



racks used.
configuration used




to increase onsite




storage of spent




fuel.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Seismic
Seismic loading
Piping systems have
3.9,


loading on
requirement on
been designed to
6.2.4


valves
valves lowered
limit the accelera‑



from 4.5g to 3.0g.
tions to 3.0g.


Insulation
Alternate type of
Nu”K”on, fiberglass
6.1.2,


inside
insulation used.
blanket insulation
6.2.2


containment

used instead of metal




reflective to reduce




plant cost and reduce




heat loss into con‑




tainment with an




equally qualified




product.


18” diameter
The containment
To satisfy the re‑
9.4.6,


bypass in
and drywell purge
quirements of Branch
Figure 9.4-17


containment
system was modi‑
Technical Position


and drywell
fied to include
CSB 6‑4.


system
an 18” bypass



valve for use



during normal



operation.  Also,



the normal flow



rate was reduced



from 15,000 to



5,000 cfm through



use of variable



inlet vanes on



the supply and



exhaust fans.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Turbine
The exhaust sys‑
Improved radiation
9.4.4,


Building and
tem for the tur‑
monitoring of exhaust
Figure 9.4‑9


Heater Bay
bine building
air from the turbine


Ventilation
and heater bay
building and the



was changed from
heater bay.



roof ventilators



in each area to a



ducted exhaust



system.  The



ducted system



exhausts all areas



through ducts



which direct the



exhaust to a



single plenum



which contains



two centrifugal



fans discharging



through a single



vent.


Change in
The safety class‑
The criteria of
9.4.3,


safety class‑
ification of rad‑
ANS‑22 did not
Figure 9.4‑7


ification
waste supply and
require this system 



exhaust systems
to be Safety Class 3.



(M31) was changed



from Safety



Class 3 to non‑



nuclear safety



class.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Purge System
The purge system
Four‑second closing
9.4.6


Isolation
isolation valve
time is in accordance


Valves
closing times were
with Branch Technical



changed from 1 to
Position 6‑4.  Offsite



4 seconds for the
releases would not



valves isolating
exceed <10 CFR 100>



the drywell from
guidelines.



the containment



and from 2 seconds



to 4 seconds for



the valves isolat‑



ing the contain‑



ment from the out‑



side.


Annulus
The maximum dis‑
The change reflects
6.5.3,


Exhaust Gas
charge rate cap‑
the actual perfor-
Figure 6.5-1


Treatment
ability was
mance capability of 


System
revised from 650
the system and the 



to 2,000 cfm.
revised discharge 




rate does not exceed 




the guidelines of 




<10 CFR 100>.


Annulus
Delete the cap‑
The change permitted
6.5.3,


Exhaust Gas
ability to auto‑
the use of a non-
Figure 6.5‑1


Treatment
matically isolate
safety‑related 


System
the active filter‑
radiation monitor 



ing system and
and simplified the 



automatically start
control system.



the standby fil‑



tering system on



indication of high



radiation in the



exhaust from this



system.  Start



both units auto‑



matically follow‑



ing an accident.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Annulus
Delete the auto‑
The change permitted 
7.3.1


Exhaust Gas
matic control of
the use of nonsafety‑


Treatment
the electric heat‑
related humidistats


System
ing coil from a
and simplified the



humidistat.  Ener‑
control system.



gize the heating



coil whenever the



filter system



operates.


Spent Fuel
The “push‑pull”
The changes were made
9.4.2,


“Push‑Pull”
ventilation system
to accommodate vent‑
Figure 9.4‑4


Ventilation
serving the spent
ilation requirements


System
fuel pool was re‑
of refueling equip‑



placed by a system
ment.



that supplies air



around the pool



periphery and



exhausts it over



the center of the



pool.


Control
Modifications to
Duct system was modi‑
9.4.1,


Complex
portions of the
fied to accommodate
Figure 9.4‑1,


System Duct
duct distribution
increased room heat
Figure 9.4‑2


Changes
and exhaust
loads and to eliminate



system.
smoke purge capability




from the normal vent‑




ilation system.




Smoke purge was sub‑




sequently provided




with a separate




system.


Containment
The supply and
The system was deter‑
9.4.6,


Pool Supply
exhaust system
mined to not be
Figure 9.4‑17


and Exhaust
which developed
necessary and its


System
air‑flow across
elimination will



the containment
result in no safety



fuel pool surface
hazard.



was eliminated.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Ice
Addition of ver‑
To protect offshore
2.4.7,


Protection
tical concrete
structures from
3.8.4



caissons around
dynamic loads pro‑



offshore intake
duced by floating



and discharge
ice islands crushing



structures.
against the structures.


Trash Racks
Trash racks have
Prevents the buildup
2.4.7,



been eliminated
of frazil ice at the
3.8.4



from the offshore
intake structure ports.



intake structures,
Low intake velocities



although intakes
will significantly



have been con‑
reduced the pos‑



structed to allow
sibility of debris



for backfit if
entrapment.



necessary.


Class A Fill
Minimum Perme‑
4 gpm based upon
2.5.4


Permeability
ability Coef‑
field observations,


Coefficient
ficient changed
thereby reducing


and Ground‑
from 5x10‑3 to
required permeability


water Inflow
2x10‑4 cm/sec
coefficient.


Rate
and estimated



inflow rate



changed from 80



to 4 gpm.


Intake
Three of shore
Due to reduced flow
2.4,


Structures
intake heads
requirements, two heads
3.8,



have been changed
are adequate to supply
9.2



to two heads.
the required flow and




prevent the entrainment




of fish due to intake




water velocities.


Main Steam
Change in Supplier
Cost and quality
5.4.13


Relief Valves

advantages.


TABLE 1.3‑8 (Continued)






FSAR Section






 in Which






   Change


   Item
Change
Reason for Change
is Discussed

Main Steam
Introduction of
Evolving analytical
6.2.1


Flow
special mechanical
criteria, finalized


Diverter
device to relieve
after PSAR, required



biological shield
annulus venting for



wall annulus tran‑
DBA.



sient pressure.


Main Steam
Reclassification
Reevaluation of
3.2


Relief Valve
of discharge lines
piping and quenchers


Discharge
and spargers to
established that, for


Piping and
Safety Class 3
plant safety, the


Suppression
from nonsafety.
piping and quenchers


Pool Spargers

should be upgraded


(Quenchers)

to Safety Class 3.


Quenchers in
The rams head‑
Improved steam
5.4.13,


Suppression
type spargers were
suppression
3.8, 


Pool
replaced by multi‑
performance.
6.2



arm spargers.
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1.4      IDENTIFICATION OF AGENTS AND CONTRACTORS


1.4.1      THE CLEVELAND ELECTRIC ILLUMINATING COMPANY ‑ OWNER


The Cleveland Electric Illuminating Company (CEI) is engaged primarily in the production, transmission, distribution, and sale of electric energy for lighting, heating, cooling, and power purposes to residential, commercial and industrial customers.


The Company’s service area is located in Northeastern Ohio in an area of approximately 1,700 square miles extending about 100 miles along the south shore of Lake Erie, west from Pennsylvania.  In its area, CEI provides service for over 700,000 customers (1979).


The electric generating facilities of CEI include four fossil fuel plants located in Northeastern Ohio on the shore of Lake Erie.  In addition, CEI owns 80 percent of a pumped‑storage hydroelectric generating plant, the Seneca Power Plant, located in Warren County, Pennsylvania.


CEI is also the majority owner (51.38% in 1979) of Unit 1 of the Davis‑Besse Nuclear Power Station, the first commercial nuclear power unit online in Ohio.  The Toledo Edison Company owns the balance of Davis‑Besse No. 1 and is the operator of the unit which is located nine miles west of Port Clinton, Ohio.  Davis‑Besse is a pressurized water reactor with 906,000 kilowatts of generating capacity.


CEI’s other nuclear participation includes part ownership in one additional unit at the Beaver Valley Power Station.


CEI has traditionally retained overall responsibility for the design, purchase, construction, and startup of its generating units.  Through 1962, CEI performed all of the detailed design work with its own employees.  Beginning in 1964 with the Seneca pumped‑hydro plant, 


however, CEI elected to carry out power plant design employing the use of architect/engineer consultants with close supervision and participation by CEI’s experienced power plant design engineers, with key decisions having been made by CEI.  Further, the purchase of all plant equipment and the letting of contracts has always been done by CEI.  As detailed elsewhere, construction of generating unit additions has been accomplished through individual subcontractors under the direction of CEI construction management employees.


CEI has also performed the startup and testing of its generating plant additions.  This work was done by employees from the Steam Power Division and System Operation and Test Department with assistance from design engineering elements and the Production Engineering Section in the Civil and Mechanical Engineering Department.


1.4.2      GILBERT ASSOCIATES, INC. ‑ ARCHITECT/ENGINEER


Gilbert Associates, Inc. (GAI), engineers and consultants, has been retained as the architect‑engineer for the Perry Nuclear Power Plant.


Gilbert Associates, Inc., located in Reading, Pennsylvania, originally was known as W.S. Barstow and Company and was organized in 1906.  The corporate name was changed to E.M. Gilbert Engineering Corporation in 1933, and in 1942, the corporate structure was revised and the name became Gilbert Associates, Inc.  Gilbert Associates, Inc., and Commonwealth Associates, Inc., located in Jackson, Michigan, are part of The Gilbert/Commonwealth Companies (G/C).  Commonwealth Associates originated in 1910 as Commonwealth Power Railway and Light Company.  Commonwealth Associates was formed in 1949, and in 1973 was acquired by Gilbert Associates.


The collective experience and capabilities of The Gilbert/Commonwealth Companies offer complete consulting and engineering services to both investor‑owned utilities and general industry, in such diverse fields as 


nuclear and conventional power generation, transmission, substation, and distribution systems, economic engineering, and management consulting service.


G/C is responsible for the design of many thermal generating units, both fossil and nuclear power.  The Company’s design experience includes one of the first reheat units, one of the first once through boiler units and one of the first supercritical steam pressure units.  Individual unit designs range in ratings up to 1,280,000 kW and stations vary in complexity ‑ nuclear, mine‑mouth, closed cycle cooling tower, base‑load, peaking, and others.


G/C has played an active and important role in the development of nuclear energy for private utilities, industry and governmental agencies.  Projects include complete programs of nuclear power development involving analysis of sites, complete evaluations of proposals, contract and fuel program assistance, preparation of license applications, containment vessel design concepts, complete plant design, and procurement.


1.4.3      GENERAL ELECTRIC COMPANY ‑ NUCLEAR STEAM SUPPLY SYSTEM


The General Electric Company (GE) has been awarded the contracts to design, fabricate and deliver the direct cycle boiling water nuclear steam supply system, to fabricate the first core of nuclear fuel and to provide technical direction of installation and startup of this


equipment.  GE has engaged in the development, design, construction, and operation of boiling water reactors since 1955.  <Table 1.4‑1> lists over 80 GE reactors that were completed, under construction or on order when the FSAR was originally submitted in January 1981.  Thus, GE has substantial experience, knowledge and capability to design, manufacture and furnish technical assistance for the installation and startup of reactors.


1.4.4      RAYMOND KAISER ENGINEERS, INC.


Raymond Kaiser Engineers, Inc., was retained to provide construction management, expediting and quality assurance services.


Raymond Kaiser Engineers is a wholly owned subsidiary of Raymond International, Inc., and one of the major engineering and construction firms that has continuously served a wide range of clients in the aluminum, power, iron and steel, minerals, and other industries throughout the world since 1914.


In the nuclear field, Raymond Kaiser Engineers has provided services for private industry, as well as U.S. Government agencies in the areas of uranium processing, nuclear power and nuclear waste management.  Raymond Kaiser Engineers has provided continuous construction and consulting services for the Department of Energy and its predecessor, the Atomic Energy Commission since 1950.


1.4.5      GENERAL ELECTRIC COMPANY ‑ TURBINE GENERATOR VENDOR


The General Electric Company Large Steam Turbine Generator Department is the vendor for the Perry turbine generators and will provide technical direction and assistance in their installation and startup testing.  The General Electric Company has been in the business of manufacturing and servicing steam turbine generators of all types and sizes since the early 1900’s.  Hundreds of large steam turbine generators have been built by the General Electric Company and are in service throughout the United States and the entire world.


The headquarters of the GE Large Steam Turbine Generator Department is in Schenectady, N.Y.  In addition to having extensive manufacturing facilities in Schenectady, there are also numerous GE Research, Development and Test facilities including the Materials & Processes 


Laboratory, the GE Research & Development Center, the Turbine Generator Development Laboratory, the Generator Test Balance Facility, and others.


General Electric had numerous nuclear steam turbine generator units in service, and on order, when the FSAR was originally submitted in January 1981 for both boiling water reactors (as installed at the Perry Plant), and pressurized water reactors.  Twenty‑one nuclear steam turbine‑generator units were in service and operating with boiling water reactors, while twelve units were in service and operating with pressurized water reactors.  In addition, 30 turbine generators were on order for boiling water reactors, and 45 turbine generators were on order for pressurized water reactors.


The first General Electric nuclear steam turbine generator went into service at the Commonwealth Edison Dresden Unit 1 station in April 1960.  Since that time, a wealth of operating experience has been gained on the Dresden No. 1 and subsequent units.


1.4.6      NUS CORPORATION ‑ ENVIRONMENTAL CONSULTANT


The NUS Corporation was retained as the environmental consultant for the Perry Project.  NUS provides support to the Perry Project in the areas of land use and demography, meteorology, hydrology, noise, ecology, and radiological impact assessment.


NUS Corporation (NUS), an engineering and environmental consulting firm, provides professional services to industry, utilities and government in the areas of energy management, fossil and nuclear energy systems, environmental engineering, pollution control, training, water and wastewater management, and mining consulting.  Corporate headquarters are located in Rockville, Maryland.


1.4.7      OTHER CONSULTANTS


Several consultants were retained to supplement CEI personnel in a variety of disciplines.  Each consultant provided a relatively narrow scope of service, but collectively they provided a significant, well‑qualified work force.  Other consultants may be retained from time to time throughout the life of the project.


TABLE 1.4‑1


COMMERCIAL NUCLEAR REACTORS COMPLETED, UNDER CONSTRUCTION


OR IN DESIGN BY GENERAL ELECTRIC




RATING
YEAR OF
YEAR OF


STATION
UTILITY
(MWe) 
 ORDER 
STARTUP


Dresden 1
Commonwealth Edison
207
1955
1960


Humboldt Bay
Pacific G&E
70
1958
1963


Kahl
Germany
15
1958
1961


Garigliano
Italy
150
1959
1964


Big Rock Point
Consumers Power
72
1959
1963


JPDR
Japan
11
1960
1963


KRB
Germany
237
1962
1967


Tarapur 1
India
190
1962
1969


Tarapur 2
India
190
1962
1969


GKN
Holland
52
1963
1968


Oyster Creek
JCP&L
640
1963
1969


Nine Mile Point 1
Niagara Mohawk
610
1963
1970


Dresden 2
Commonwealth Edison
794
1965
1970


Pilgrim
Boston Edison
670
1965
1972


Millstone 1
NUSCO
652
1965
1971


Tsuruga
Japan
340
1965
1970


Nuclenor
Spain
440
1965
1971


Fukushima 1
Japan
439
1966
1971


BKW KKM
Switzerland
306
1966
1972


Dresden 3
Commonwealth Edison
794
1966
1971


Monticello
Northern States
548
1966
1971


Quad Cities 1
Commonwealth Edison
789
1966
1972


Browns Ferry 1
TVA
1,067
1966
1974


Browns Ferry 2
TVA
1,067
1966
1975


Quad Cities 2
Commonwealth Edison
789
1966
1972


Vermont Yankee
Vermont Yankee
515
1966
1972


Peach Bottom 2
Philadelphia Electric
1,065
1966
1974


Peach Bottom 3
Philadelphia Electric
1,065
1966
1974


Fitzpatrick
PASNY
821
1968
1975


Shoreham
LILCO
820
1967
1984


Cooper
Nebraska PPD
778
1967
1974


Browns Ferry 3
TVA
1,067
1967
1977


Limerick 1
Philadelphia Electric
1,100
1967
1984


Hatch 1
Georgia
786
1967
1975


Fukushima 2
Japan
762
1967
1974


Brunswick 1
Carolina P&L
821
1968
1977


Brunswick 2
Carolina P&L
821
1968
1975


Arnold
Iowa
545
1968
1975


Fermi 2
Detroit Edison
1,093
1968
1985


TABLE 1.4‑1 (Continued)




RATING
YEAR OF
YEAR OF


STATION
UTILITY
(MWe) 
 ORDER 
STARTUP


Limerick 2
Philadelphia Electric
1,100
1967
See Note(1)

Hope Creek 1
PSE&G
1,067
1969
1986, est.


Chinshan
Taiwan
610
1969
1978


Caorso 1
Italy
822
1969
1977


Hatch 2
Georgia
786
1970
1978


La Salle 1
Commonwealth Edison
1,078
1970
1982


La Salle 2
Commonwealth Edison
1,078
1970
1983


Susquehanna 1
Pennsylvania P&L
1,050
1967
1982


Susquehanna 2
Pennsylvania P&L
1,050
1968
1984


Chinshan 2
Taiwan
610
1970
1979


Hanford 2
WPPSS
1,100
1971
1984


Nine Mile Point 2
Niagara Mohawk
1,100
1971
1985, est.


Grand Gulf 1
Mississippi P&L
1,250
1971
1982


Grand Gulf 2
Mississippi P&L
1,250
1971
See Note(1)

Kaiseraugst
Switzerland
915
1971
See Note(1)

Fukushima 6
Japan
1,135
1971
1979


Tokai 2
Japan
1,135
1971
1977


Riverbend 1
Gulf States
940
1972
1985, est. 


Perry 1
Cleveland Electric
1,205(3)
1972
1985


Perry 2
Cleveland Electric
1,205
1972
See Note(2)

Laguna Verde 1
Mexico
660
1972
1986, est.


Leibstadt
Switzerland
940
1972
1984


Kuosheng 1
Taiwan
992
1972
1981


Kuosheng 2
Taiwan
992
1972
1982


Clinton 1
Illinois Power
950
1973
1986, est.


Laguna Verde 2
Mexico
660
1973
1988, est.


Alto Lazio 1
Italy
982
1974
1989, est.


Alto Lazio 2
Italy
982
1974
1990, est.


NOTES:


(1)
Not Available


(2)
Under Evaluation


(3)
Original plant generator output.  Net generator output after conversion to partial arc admission and incorporation of the 105% power uprate package is 1,261 MWe.
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1.5      REQUIREMENTS FOR FURTHER TECHNICAL INFORMATION

1.5.1      CURRENT DEVELOPMENT PROGRAMS


1.5.1.1      Instrumentation for Vibration

Vibration testing for reactor internals has been performed on virtually all GE‑BWR plants.  At the time of issue of <Regulatory Guide 1.20>, test programs for compliance were instituted.  The first BWR 6 plant of each size is considered a prototype design and is instrumented and subjected to both cold and hot, two phase flow testing to demonstrate that flow induced vibrations, similar to those expected during operation, will not cause damage.  Subsequent plants which have internals similar to those of the prototypes are tested in compliance to the requirements of <Regulatory Guide 1.20> to confirm the adequacy of the design with respect to vibration.  Since Perry is the prototype of the Standard 238 size plant, it has been subjected to the prototype test program discussed in <Section 3.9.2>.


1.5.1.2      Core Spray Distribution


GE has performed a program to study BWR 6 core spray distributions using a combination of single nozzle steam and air tests, single and multiple nozzle analytical models, and full scale air tests.  This methodology has been confirmed by a full scale 30( sector steam test as described in NEDO‑24712 Core Spray Design Methodology Confirmation Test, August 1979.  In a letter from Tedesco to Sherwood, January 30, 1981, the NRC concluded the tests documented in NEDO‑24712, “constitute an adequate confirmation of the GE spray distribution methodology for BWR/6 type sprayers.”


1.5.1.3      Core Spray and Core Flooding Heat Transfer Effectiveness


Due to the incorporation of an 8 x 8 fuel rod array with unheated “water rods,” tests have been conducted to demonstrate the effectiveness of ECCS in the new geometry.


These tests are regarded as confirmatory only, since the geometry change is very slight and the “water rods” provide an additional heat sink in the inside of the bundle which improves heat transfer effectiveness.


There are two distinct programs involving the core spray.  Testing of the core spray distribution has been accomplished, and the Licensing Topical Report NEDO‑10846, “BWR Core Spray Distribution,” has been submitted.  The other program concerns the testing of core spray and core flooding heat transfer effectiveness.  The results of testing, with stainless steel cladding, were reported in the Licensing Topical Report NEDO‑10801, “Modeling the BWR/6 Loss‑of‑Coolant Accident:  Core Spray and Bottom Flooding Heat Transfer Effectiveness.”  The results of testing, using Zircaloy cladding, were reported in the Licensing Topical Report NEDO‑20231, “Emergency Core Cooling Tests of an Internally Pressurized, Zircaloy Clad, 8 x 8 Simulated BWR Fuel Bundle.”


1.5.1.4      Verification of Pressure Suppression Design


The General Electric Company has conducted a large scale test program to verify the performance characteristics of the Mark III containment.  Large scale testing was started in November 1973 following completion of a 2‑year small scale test program.


The large scale test program utilizes a facility which represents a segment of a Mark III containment.  The original character of the programs was to be a confirmatory exercise to verify the short term analytical model.  The scope of the total program included testing beyond design basis conditions to investigate the margins available in 


pressure suppression systems.  As a result of this testing, GE proposed a new analytical model to evaluate the Mark III design.  This model is entitled “The General Electric Mark III Pressure Suppression Containment System Analytical Model,” and is described in NEDO‑20533.


During early tests, it was observed that containment structures could be subject to significant suppression pool hydrodynamic loads during blowdown.  This resulted in several additional test series whose objective was to generate design basis loads to be incorporated in the design of the affected containment structures.


Sixteen large scale test series have been completed to date.  The primary objective of three series of these tests was to verify short term analytical models for horizontal vents and centerline submergences.  The objectives of two others were to obtain scoping data regarding pool dynamic response and impact loads on structures located above the suppression pool.  Other tests were designed to measure froth impingement loads on the hydraulic control unit floor and to determine pool swell motion characteristics, to measure pool impact loads on representative containment structures, and to determine pool motion characteristics for large air mass fraction vent flows, and to compare these scale results to the previous full scale air tests.


Additional tests have been conducted to indicate comparability of liquid blowdown to steam blowdowns and to investigate pool stratification and vent chugging effects.


Tests have been performed with the suppression pool at an initial elevated temperature to determine steam condensation characteristics under such conditions.  A multivent series have been run to consider possible vent interactions.  The remaining Mark III testing was confirmatory in nature and was completed prior to the first operating license for a Mark III plant.


1.5.1.5      Critical Heat Flux Testing


A program for critical heat flux testing was established and was to be similar to that described in the report APED‑5286, “Design Basis for Critical Heat Flux Condition in Boiling Water Reactors.”  Since that time, however, a new analysis has been performed and the GETAB program initiated.  The results of that analysis and related testing is described in the approved Licensing Topical Report, NEDO‑10958‑A, “General Electric BWR Thermal Analysis Basis (GETAB):  Data, Correlation and Design Application.”
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1.6      REFERENCE MATERIALS


Document references used in the development of the Updated Safety Analysis Report can be found within the chapter reference sections.  These reference sections are normally found at the end of the chapter prior to the tables.
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1.7      DRAWINGS AND OTHER DETAILED INFORMATION


The actual drawings specified in the sections that follow were provided separately to the NRC in conjunction with the original submittal of the FSAR.


1.7.1      ELECTRICAL, INSTRUMENTATION AND CONTROL DRAWINGS


<Table 1.7‑1> consists of a listing of electrical, instrumentation and control drawings that were considered necessary for the evaluation of safety‑related features discussed in <Chapter 7> and <Chapter 8> of the USAR.  In cases where these drawings are provided in the USAR, a cross‑reference to the USAR figure number and current revision is shown.  Whenever revised drawings are provided to the NRC, <Table 1.7‑1> will be updated by Revision to reflect drawing revisions.


1.7.2      PIPING AND INSTRUMENTATION DIAGRAMS


<Table 1.7‑2> consists of a list of piping and instrumentation diagrams provided in the USAR.  GE and CEI drawing numbers are cross‑referenced with their corresponding USAR figure numbers.


1.7.3      OTHER DETAILED INFORMATION


Other detailed information will be provided as requested by the NRC staff.


TABLE 1.7‑1


LISTING OF ELECTRICAL, INSTRUMENTATION AND CONTROL DRAWINGS


A.
General Electric Drawings


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


105D5116
(1)
7
5/19/78
Leak Detection System


105D5116
(2)
7
5/19/78
Leak Detection System


105D5116
(3)
7
5/19/78
Leak Detection System


127D1780CA
(1)
0
1/14/77
Remote Shutdown System


127D1780CA
(2)
0
1/14/77
Remote Shutdown System


127D1780CA
(3)
0
1/14/77
Remote Shutdown System


127D1780CA
(4)
0
1/14/77
Remote Shutdown System


127D1780CA
(5)
0
1/14/77
Remote Shutdown System


131C7911
(1)
7
4/12/78
Nuclear Boiler System


131C7911C
(1)
4
10/05/76
Nuclear Boiler System


762E260
(1)
3
7/27/80
MSIV Leakage Control System


762E294BA
(1)
0
3/01/76
Low Pressure Core Spray 






System


762E294BA
(2)
0
3/01/76
Low Pressure Core Spray 






System


762E297BA
(1)
2
2/08/80
Reactor Core Isolation






Cooling System


762E297BA
(2)
2
2/08/80
Reactor Core Isolation






Cooling System


762E297BA
(3)
2
2/08/80
Reactor Core Isolation






Cooling System


762E297BA
(4)
2
2/08/80
Reactor Core Isolation






Cooling System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


762E297BA
(5)
2
2/08/80
Reactor Core Isolation






Cooling System


762E419CA
(1)
0
7/22/77
Process Radiation 






Monitoring System


762E419CA
(2)
0
7/22/77
Process Radiation 






Monitoring System


762E419CA
(3)
0
7/22/77
Process Radiation 






Monitoring System


762E421CA
(1)
6
1/22/79
Process Diagram RCIC System


762E293
(1)
7
5/19/78
Leak Detection System


762E293
(2)
7
5/19/78
Leak Detection System


762E293
(3)
7
5/19/78
Leak Detection System


762E293
(3A)
7
5/19/78
Leak Detection System


762E293
(4)
7
5/19/78
Leak Detection System


762E425CA
(1)
12A
10/02/93
Residual Heat Removal 






System


762E425CA
(2)
11A
10/02/93
Residual Heat Removal 






System


762E425CA
(3)
2
10/15/87
Residual Heat Removal 






System


762E426BA
(1)
2
4/16/76
Residual Heat Removal 






System


762E426BA
(2)
2
4/16/76
Residual Heat Removal 






System


762E426BA
(3)
2
4/16/76
Residual Heat Removal 






System


762E426BA
(4)
2
4/16/76
Residual Heat Removal 






System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


762E426BA
(5)
2
4/16/76
Residual Heat Removal 






System


762E427BA
(1)
1
3/02/78
Reactor Protection System


762E427BA
(2)
1
3/02/78
Reactor Protection System


762E427BA
(3)
1
3/02/78
Reactor Protection System


762E427BA
(4)
1
3/02/78
Reactor Protection System


762E434
(1)
8
4/15/78
Standby Liquid Control 






System


762E455
(1)
6
7/30/79
High Pressure Core Spray 






System


762E467C
(1)
3
4/05/77
Low Pressure Core Spray 






System


828E226CA
(1)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(2)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(2A)
3
11/08/76
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(3)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(4)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(5)
7
6/18/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(6)
7
6/18/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(7)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(8)
6
10/04/78
Auto Depressurization


 (B‑208‑011)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E226CA
(9)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(10)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(11)
6
10/04/78
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(12)
7
6/18/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(13)
6
10/04/78
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(14)
7
6/18/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(15)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(16)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(17)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(18)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(19)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(20)
8
10/26/79
Auto Depressurization


 (B‑208‑011)


System


828E226CA
(21)
9
1/31/80
Auto Depressurization


 (B‑208‑011)


System


828E234CA
(1)
2
1/31/80
Standby Liquid Control 






System


828E234CA
(2)
2
1/31/80
Standby Liquid Control 






System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E234CA
(3)
2
1/31/80
Standby Liquid Control 






System


828E234CA
(4)
2
1/31/80
Standby Liquid Control 






System


828E238CJ
(1)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(2)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(3)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(4)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(5)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(6)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(7)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(8)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(9)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(10)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(11)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(12)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(13)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E238CJ
(14)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(15)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(16)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(17)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(18)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(19)
2
11/17/76
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(20)
2
11/17/76
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(21)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(22)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(23)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(24)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(25)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(26)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(27)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(28)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E238CJ
(29)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(30)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(31)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(32)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(33)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(34)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(35)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(36)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(37)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(38)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(39)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(40)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(41)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(42)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(43)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E238CJ
(44)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(45)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(46)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(47)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(48)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(49)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(50)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(51)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(52)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(53)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(54)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(55)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(56)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(57)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E238CJ
(58)
6
8/13/79
Power Range Neutron


 (B‑208‑038)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E238CJ
(59)
7
2/08/80
Power Range Neutron


 (B‑208‑038)


Monitoring System


828E239CA
(1)
6
1/31/80
Remote Shutdown System


 (B‑208‑039)


828E239CA
(2)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(3)
4
6/19/79
Remote Shutdown System


 (B‑208‑039)


828E239CA
(4)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(5)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(6)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(7)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(8)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(9)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(10)
3
10/02/78
Remote Shutdown System


 (B‑208‑039)


828E239CA
(11)
5
10/26/79
Remote Shutdown System


 (B‑208‑039)


828E243CA
(1)
6
10/26/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(2)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(3)
5
10/26/79
Process Radiation


 (B‑208‑054)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E243CA
(4)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(5)
4
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(6)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(7)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(8)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(9)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(10)
6
10/26/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(11)
6
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(12)
3
10/24/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(13)
3
10/24/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(14)
3
10/24/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(15)
3
10/24/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(16)
4
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(17)
4
6/22/79
Process Radiation


 (B‑208‑054)


Monitoring System


828E243CA
(18)
3
10/24/79
Process Radiation


 (B‑208‑054)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E278
(1)
2
5/31/78
Remote Shutdown System


828E278
(2)
2
5/31/78
Remote Shutdown System


828E443CA
(1)
6
1/31/80
Nuclear Boiler Process


 (B‑208‑010)


Instrumentation


828E443CA
(2)
6
1/31/80
Nuclear Boiler Process


 (B‑208‑010)


Instrumentation


828E443CA
(3)
4
6/19/79
Nuclear Boiler Process


 (B‑208‑010)


Instrumentation


828E443CA
(4)
BB
6/19/79
Nuclear Boiler Process


 (B‑208‑010)


Instrumentation


828E443CA
(5)
4
6/19/79
Nuclear Boiler Process


 (B‑208‑010)


Instrumentation


828E445CA
(1)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(1A)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(1B)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(2)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(3)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(3A)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


System Shutoff


828E445CA
(4)
8
10/26/79
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(5)
9
10/26/79
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(6)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E445CA
(7)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(8)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(9)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(10)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(11)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(12)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(13)
9
6/22/78
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(14)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(15)
9
1/28/80
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(16)
2
1/01/77
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E445CA
(17)
9
6/22/79
Nuclear Steam Supply


 (B‑208‑013)


Shutoff System


828E446CA
(1)
6
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(2)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(3)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(4)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E446CA
(5)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(6)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(7)
5
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(8)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(9)
5
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(10)
5
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(11)
6
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(12)
U
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(13)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(14)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(15)
6
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(16)
K
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(17)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(18)
6
10/29/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(19)
3
10/12/79
Reactor Recirculation


 (B‑208‑015)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E446CA
(20)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(21)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(22)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(23)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(24)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(25)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(26)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(27)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(28)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(29)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(30)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(31)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(32)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(33)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E446CA
(34)
4
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E446CA
(35)
6
6/22/79
Reactor Recirculation


 (B‑208‑015)


System


828E525CA
(1)
GG
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(2)
FF
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(3)
FF
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(4)
Z
6/18/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(5)
HH
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(6)
Y
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(7)
EE
10/26/79
Feedwater Control System


 (B‑208‑025)


828E525CA
(8)
EE
10/26/79
Feedwater Control System


 (B‑208‑025)


828E531CA
(1)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(2)
2
10/13/77
Reactor Protection System


 (B‑208‑040)


828E531CA
(3)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(4)
4
6/22/79
Reactor Protection System


 (B‑208‑040)


828E531CA
(5)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(6)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E531CA
(7)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(8)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(9)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(10)
4
6/22/79
Reactor Protection System


 (B‑208‑040)


828E531CA
(11)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(12)
4
1/22/79
Reactor Protection System


 (B‑208‑040)


828E531CA
(13)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(14)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(15)
4
6/22/79
Reactor Protection System


 (B‑208‑040)


828E531CA
(16)
6
1/22/80
Reactor Protection System


 (B‑208‑040)


828E531CA
(16A)
2
10/13/77
Reactor Protection System


 (B‑208‑040)


828E531CA
(17)
4
6/22/79
Reactor Protection System


 (B‑208‑040)


828E531CA
(18)
4
6/22/79
Reactor Protection System


 (B‑208‑040)


828E534CA
(1)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(2)
2
10/13/77
Residual Heat Removal


 (B‑208‑055)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E534CA
(3)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(4)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(5)
5
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(5A)
5
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(6)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(7)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(8)
4
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(9)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(10)
6
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(11)
7
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(12)
7
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(13)
5
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(14)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(15)
6
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(16)
1
11/30/76
Residual Heat Removal


 (B‑208‑055)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E534CA
(17)
6
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA  (17A)
7
10/29/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(18)
4
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(19)
7
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E534CA
(20)
6
6/22/79
Residual Heat Removal


 (B‑208‑055)


System


828E535CA
(1)
6
10/26/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(1A)
7
10/26/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(2)
6
6/19/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(3)
5
7/25/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(3A)
6
10/26/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(4)
8
6/19/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(5)
8
6/19/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(6)
8
6/19/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E535CA
(7)
8
6/19/79
Low Pressure Core Spray


 (B‑208‑060)


System


828E536CA
(1)
5
1/31/80
High Pressure Core Spray


 (B‑208‑065)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E536CA
(1A)
4
1/31/80
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(2)
3
6/19/79
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(3)
5
6/19/79
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(4)
4
1/31/80
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(5)
4
1/31/80
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(6)
4
1/31/80
High Pressure Core Spray


 (B‑208‑065)


System


828E536CA
(7)
3
6/19/79
High Pressure Core Spray


 (B‑208‑065)


System


828E539CA
(1)
6
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(2)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(3)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(4)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(5)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(6)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(7)
5
1/31/80
Reactor Core Isolation 


 (B‑208‑075)


System


828E539CA
(8)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


828E539CA
(9)
5
1/31/80
Reactor Core Isolation 


 (B‑208‑075)


Cooling System


828E539CA
(10)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(11)
6
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(12)
5
1/31/80
Reactor Core Isolation 


 (B‑208‑075)


Cooling System


828E539CA
(13)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(14)
5
1/31/80
Reactor Core Isolation 


 (B‑208‑075)


Cooling System


828E539CA
(15)
5
1/31/80
Reactor Core Isolation


 (B‑208‑075)


Cooling System


828E539CA
(16)
6
1/31/80
Reactor Core Isolation 


 (B‑208‑075)


Cooling System


851E478
(1)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(2)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(3)
3
9/24/77
Rod Control & Information (B‑208‑020)



System


851E478
(4)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(5)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(6)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(7)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E478
(7A)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(8)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(9)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(10)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(11)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(12)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(13)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(14)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(15)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(16)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(17)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478
(18)
3
9/24/77
Rod Control & Information


 (B‑208‑020)


System


851E478CA
(1)
3
1/31/80
Rod Control & Information






System


851E478CA
(2)
3
1/31/80
Rod Control & Information






System


851E478CA
(3)
3
1/31/80
Rod Control & Information






System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E478CA
(4)
2
10/26/79
Rod Control & Information






System


851E478CA
(5)
2
10/26/79
Rod Control & Information






System


851E478CA
(6)
3
1/31/80
Rod Control & Information






System


851E478CA
(7)
2
10/26/79
Rod Control & Information






System


851E478CA
(8)
2
10/26/79
Rod Control & Information






System


851E478CA
(9)
2
10/26/79
Rod Control & Information






System


851E478CA
(10)
0
10/27/78
Rod Control & Information






System


851E478CA
(11)
3
1/31/80
Rod Control & Information






System


851E478CA
(12)
3
1/31/80
Rod Control & Information






System


851E567
(1)
M
5/24/99
Feedwater Control System


 (B‑208‑025(200))


 <Figure 7.7‑6 (1)>


851E567
(2)
D
9/24/91
Feedwater Control System


 (B‑208‑025(201))


 <Figure 7.7‑6 (2)>


851E602
(1)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(2)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(3)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(4)
4
7/20/77
Leak Detection System


 (B‑208‑070)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E602
(5)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(6)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(7)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(8)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(9)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(10)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(11)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(12)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(13)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(14)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(15)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(16)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(17)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602
(18)
4
7/20/77
Leak Detection System


 (B‑208‑070)


851E602CA
(1)
3
1/28/80
Leak Detection System


851E602CA
(2)
2
10/26/79
Leak Detection System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E602CA
(3)
3
1/28/80
Leak Detection System


851E602CA
(4)
3
1/28/80
Leak Detection System


851E602CA
(5)
2
10/26/79
Leak Detection System


851E602CA
(6)
2
10/26/79
Leak Detection System


851E602CA
(7)
3
1/28/80
Leak Detection System


851E602CA
(8)
3
1/28/80
Leak Detection System


851E602CA
(9)
3
1/28/80
Leak Detection System


851E602CA
(10)
3
1/28/80
Leak Detection System


851E602CA
(11)
3
1/28/80
Leak Detection System


851E602CA
(12)
3
1/28/80
Leak Detection System


851E602CA
(13)
3
1/28/80
Leak Detection System


851E602CA
(14)
3
1/28/80
Leak Detection System


851E602CA
(15)
3
1/28/80
Leak Detection System


851E602CA
(16)
3
1/28/80
Leak Detection System


851E884
(1)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(2)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(3)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(4)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(5)
8
10/26/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(6)
8
10/26/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E884
(7)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(8)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(9)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(10)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(11)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(12)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(13)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(14)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(15)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(16)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(17)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(18)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(19)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(20)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(21)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


851E884
(22)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(23)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(24)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(25)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(26)
8
10/26/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(27)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(28)
9
1/28/80
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(29)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(30)
7
7/30/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(31)
8
10/26/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E884
(32)
8
10/26/79
Startup Range Neutron


 (B‑208‑037)


Monitoring System


851E892BA
(1)
0
12/18/75
High Pressure Spray System


851E892BA
(2)
0
12/18/75
High Pressure Spray System


851E892BA
(3)
1
12/10/77
High Pressure Spray System


865E338CA
(1)
5
1/31/80
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(2)
3
6/19/79
MSIV Leakage Control System


 (B‑208‑071)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


865E338CA
(5)
4
10/26/79
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(6)
3
6/19/79
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(7)
5
1/31/80
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(8)
3
6/19/79
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(9)
4
10/26/79
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(10)
4
10/26/79
MSIV Leakage Control System


 (B‑208‑071)


865E338CA
(11)
5
1/31/80
MSIV Leakage Control System


 (B‑208‑071)


865E343CA
(1)
0
1/18/77
MSIV Leakage Control System


865E343CA
(2)
0
1/18/77
MSIV Leakage Control System


865E343CA
(3)
0
1/18/77
MSIV Leakage Control System


865E343CA
(4)
0
1/18/77
MSIV Leakage Control System


865E352
(1)
0
2/15/78
Reactor Recirculation 




System


865E352
(2)
0
2/15/78
Reactor Recirculation 




System


865E352
(3)
0
2/15/78
Reactor Recirculation 




System


865E352
(4)
0
2/15/78
Reactor Recirculation 




System


865E352
(5)
0
2/15/78
Reactor Recirculation 




System


865E995
(1)
0
7/11/78
Nuclear Boiler System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


865E995
(2)
0
7/11/78
Nuclear Boiler System


865E995
(3)
0
7/11/78
Nuclear Boiler System


865E995
(4)
0
7/11/78
Nuclear Boiler System


865E995
(5)
0
7/11/78
Nuclear Boiler System


865E995
(6)
0
7/11/78
Nuclear Boiler System


865E995
(7)
0
7/11/78
Nuclear Boiler System


866E304
(1)
1
6/26/78
Reactor Recirculation 






System


866E304
(2)
1
6/26/78
Reactor Recirculation 






System


866E304
(3)
1
6/26/78
Reactor Recirculation 






System


866E304
(4)
0
11/10/77
Reactor Recirculation 






System


866E304
(5)
1
6/26/78
Reactor Recirculation 






System


866E304
(6)
1
6/26/78
Reactor Recirculation 






System


866E304
(7)
0
11/10/77
Reactor Recirculation 






System


D‑201‑131

R
8/05/82
Pull, Terminal and Junction 






Boxes‑Division 1, 2, 3, 






and 4


D‑201‑138

G
8/05/82
Sections, Details, Notes, 






and References


D‑206‑010

Z
7/25/00
Main One Line Diagram


 <Figure 8.3‑1>


13.8 kV and 4.16 kV


D‑206‑012

‑
11/16/76
Legend and Abbreviations


D‑206‑013

D
9/23/80
Generator


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑206‑017

EE
1/31/00
Class 1E 4.16 kV Bus EH11


 <Figure 8.3‑10>


and EH12


D‑206‑018

Y
6/22/95
Class 1E 4.16 kV Bus EH13


 <Figure 8.3‑7>


D‑206‑019

H
7/16/87
Recirculation Pump Motor


 <Figure 8.3‑11>


Feeders


D‑206‑020

CC
8/09/00
Main One Line Diagram 480V


 <Figure 8.3‑2>


D‑206‑021

C
10/03/80
Class 1E 480V Bus EF1A


D‑206‑023

C
10/03/80
Class 1E 480V Bus EF1B


D‑206‑025

C
10/03/80
Class 1E 480V Bus EF1C


D‑206‑027

C
10/03/80
Class 1E 480V Bus EF1D


D‑206‑029

C
10/03/80
Class 1E 480V Bus EHF1E


D‑206‑050

X
5/29/92
Class 1E DC System Div. 3


 <Figure 8.3‑22>


D‑206‑051

ZZ
9/24/97
Class 1E DC System Div. 1


 <Figure 8.3‑21>


and 2


D‑206‑052

YY
3/16/81
Non‑Class 1E DC System 






Bus D1A & D1B


D‑206‑053

HH
8/09/00
Class 1E Div. 1 AC System


 <Figure 8.3‑12>


D‑206‑054

KK
5/18/99
Class 1E Div. 2 and 3 AC


 <Figure 8.3‑13>


System


D‑207‑021

E
9/12/80
Unit Overall Differential


D‑207‑022

E
9/12/80
Generator Differential


D‑207‑023

E
9/23/80
Main and Unit Auxiliary






Transformer Differential


D‑207‑024

E
9/12/80
Potential


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑207‑025

E
9/12/80
Metering


D‑207‑026

E
9/12/80
Startup Transformer 






Differential Relaying


D‑207‑027

C
9/23/80
Inter Bus Transformer 






LH‑1‑A Differential


D‑207‑028

C
9/23/80
Inter Bus Transformer 






LH‑1‑B Differential


D‑207‑029

C
9/23/80
Inter Bus Transformer 






LH‑1‑C Differential


D‑207‑030

B
9/12/80
Startup Transformer 






Metering and Relaying


D‑207‑031

C
9/27/78
Synchronizing and 






Phasing‑Non‑Class 1E


D‑207‑032

D
10/03/80
Synchronizing and 






Phasing‑Class 1E


D‑207‑033

C
10/03/80
Standby Diesel Generator






Div. 1 Differential 






Relaying


D‑207‑034

C
10/03/80
Standby Diesel Generator






Div. 1 Metering


D‑207‑035

C
10/03/80
Standby Diesel Generator






Div. 1 Potential


D‑207‑036

C
10/03/80
Standby Diesel Generator






Div. 2 Differential 






Relaying


D‑207‑037

C
10/03/80
Standby Diesel Generator






Div. 2 Metering


D‑207‑038

C
10/03/80
Standby Diesel Generator






Div. 2 Potential


D‑207‑039

C
10/03/80
HPCS Diesel Generator






Div. 3 Differential 






Relaying
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑207‑040

C
10/03/80
HPCS Diesel Generator






Div. 3 Metering


D‑207‑041

D
10/03/80
HPCS Diesel Generator






Div. 3 Potential


B‑208‑001

C
9/19/79
Graphic Standards


B‑208‑002

‑
9/12/74
Relay Standards


B‑208‑003

‑
10/02/79
480V Switchgear Standards


B‑208‑004

‑
10/03/79
13.8 kV/4.16 kV Standards


B‑208‑005

‑
N/I
Relay Standard


B‑208‑010

‑
7/28/77
B21 Nuclear Boiler Process






Instrumentation Index


B‑208‑010
(A01)
E
1/06/82
Control Tabulation & Power






Distribution


B‑208‑010
(A02)
D
1/06/82
Instrumentation, Computer 






Inputs


B‑208‑010
(A09)
D
1/06/82
Feedwater Inlet Shutoff 






MOV F065A


B‑208‑010
(A10)
D
1/06/82
Feedwater Inlet Shutoff 






MOV F065B


B‑208‑011

‑
9/13/74
B21 Nuclear Boiler 






Automatic Depressurization






Index


B‑208‑011
(C01)
C
5/19/82
Notes, References, Switch 






Tabulations


B‑208‑011
(C04)
C
4/16/80
Power Distribution &






Thermocouple Identification


B‑208‑011
(C05)
D
5/19/82
Relay Logic


B‑208‑011
(C06)
C
8/09/82
Relay Logic


B‑208‑011
(C07)
C
1/19/82
Analog‑Relay Logic
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑011
(C08)
B
1/19/82
ADS Valve


B‑208‑011
(C09)
D
5/19/82
Relay Logic, Analog 






Circuits


B‑208‑011
(C10)
D
5/19/82
Relay Logic, Analog 






Circuits


B‑208‑011
(C11)
C
5/19/82
ADS Valves


B‑208‑011
(C12)
D
5/19/82
ADS Valves


B‑208‑011
(C13)
E
5/19/82
Safety Relief Valves


B‑208‑011
(C14)
C
5/19/82
Safety Relief Valves


B‑208‑011
(C15)
C
1/19/82
Transient Test Panel


B‑208‑011
(C18)
D
1/19/82
Computer Inputs


B‑208‑011
(C19)
D
1/19/82
Computer Inputs


B‑208‑011
(C20)
C
4/16/80
Transient Test Inputs


B‑208‑011
(C21)
C
1/19/82
Transient Test Inputs


B‑208‑013

‑
1/18/80
Nuclear Boiler Steam Supply 






Shutoff System‑Index


B‑208‑013
(H01)
D
8/02/82
Notes, References, Legend & 






Tabulations


B‑208‑013
(H02)
B
2/03/82
Relay Tabulations


B‑208‑013
(H03)
B
2/03/82
Relay Tabulations


B‑208‑013
(H04)
E
8/16/82
Switch Development


B‑208‑013
(H05)
D
8/16/82
Power Distribution


B‑208‑013
(H06)
D
8/16/82
Logic A & C Panels 






1H13‑P691 & 1H13‑P693


B‑208‑013
(H07)
D
8/16/82
Logic B & D Panels 






1H13‑P692 & 1H13‑P694
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑013
(H08)
D
8/16/82
Radwaste System Trip Logic 






& Status Light


B‑208‑013
(H09)
F
8/16/82
Reactor Water Sample 






Valves, Reset Circuit for 






Isolation Valves


B‑208‑013
(H10)
D
8/16/82
Main Steam Line Isolation 






Valves Inboard F022A, 






F022B, F022C, F022D


B‑208‑013
(H11)
E
8/16/82
Main Steam Line Isolation 






Valves Outboard F028A, 






F028B, F028C, F028D


B‑208‑013
(H12)
D
8/02/82
RHR/RWCU Isolation Signals


B‑208‑013
(H13)
E
8/16/82
Postaccident Monitoring 






Recorder Chart Speed 






Control Systems A & B


B‑208‑013
(H14)
D
8/16/82
Trip Units


B‑208‑013
(H15)
E
8/16/82
Nuclear Steam Supply 






Shutoff System Trip Units


B‑208‑013
(H16)
D
8/16/82
Nuclear Steam Supply 






Shutoff System Transient 






Test Inputs


B‑208‑013
(H17)
D
2/03/82
Main Steam Line Drain 






Isolation MOV






(Outboard) F019


B‑208‑013
(H18)
E
9/16/82
Main Steam Line Drain 






Isolation MOV F016


B‑208‑013
(H19)
D
2/03/82
Main Steam Line A Drain 






Line Isolation MOV 






(Outboard) F067A


B‑208‑013
(H20)
D
2/03/82
Main Steam Line A Drain 






Line Isolation MOV 






(Outboard) F067B
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑013
(H21)
F
9/16/82
RHR Suction Cooling






Isolation (Inboard) 






Valve 1E12‑F009


B‑208‑013
(H22)
E
2/03/82
RHR Suction Cooling






Isolation MOV (Throttling)






1E12‑F008


B‑208‑013
(H23)
E
2/03/82
RHR Reactor Head Spray 






Isolation Valve 






(Throttling) 1E12‑F023


B‑208‑013
(H24)
C
2/03/82
RHR Discharge to Radwaste 






Isolation Valve (Inboard) 






1E12‑F049


B‑208‑013
(H25)
E
2/03/82
RHR to Radwaste Isolation






Valve Outboard Throttling 






1E12‑F040


B‑208‑013
(H26)
F
9/16/82
RWCU Discharge Isolation






MOV 1G33‑F001


B‑208‑013
(H27)
E
8/02/82
RWCU Discharge Isolation






MOV 1G33‑F004


B‑208‑013
(H28)
E
9/16/82
RWCU Discharge to Reactor 






Feedwater Isolation






MOV 1G33‑F040


B‑208‑013
(H29)
D
2/03/82
Main Steam Line D Drain






Line Isolation MOV F067D


B‑208‑013
(H30)
D
2/03/82
RWCU Discharge to Reactor 






Feedwater Isolation 






MOV 1G33‑F039


B‑208‑013
(H31)
D
2/03/82
RWCU Discharge to Reactor 






Feedwater Isolation






MOV 1G33‑F039


B‑208‑013
(H32)
E
9/16/82
Main Steam Line D Drain 






Line Isolation MOV F067C


B‑208‑013
(H33)
D
2/03/82
RWCU System Valve 






(Outboard) 1G33‑F034
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑013
(H34)
E
9/16/82
RWCU System Valve (Inboard) 






1G33‑F053


B‑208‑013
(H35)
D
2/03/82
RWCU System Valve 






(Outboard) 1G33‑F054


B‑208‑013
(H100)
A
11/17/80
Isolation Signal


B‑208‑013
(H101)
A
11/17/80
Isolation Signal


B‑208‑013
(H102)
A
11/17/80
Isolation Signal


B‑208‑013
(H103)
A
11/17/80
Isolation Signal


B‑208‑013
(H104)
A
11/17/80
Isolation Signal


B‑208‑013
(H105)
A
11/17/80
Isolation Signal


B‑208‑013
(H110)
B
11/17/80
Inop & Bypass


B‑208‑013
(H111)
A
11/17/80
Inop & Bypass


B‑208‑013
(H112)
B
11/17/80
Inop & Bypass


B‑208‑013
(H113)
A
11/17/80
Inop & Bypass


B‑208‑013
(H114)
C
11/17/80
Inop & Bypass


B‑208‑015

‑
5/08/78
B33 Reactor Recirculation






Index


B‑208‑015
(A01)
D
8/02/82
Notes, References, 






Tabulations, Legend


B‑208‑015
(A02)
C
8/02/82
Switch Developments


B‑208‑015
(A03)
A
12/05/79
Switch Developments


B‑208‑015
(A04)
C
8/02/82
Relay Tabulations


B‑208‑015
(A05)
B
12/05/79
Power Distribution


B‑208‑015
(A06)
B
8/02/82
Power Distribution


B‑208‑015
(A07)
C
4/30/80
Power Distribution
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑015
(A11)
D
6/19/80
Temperature Recorders


B‑208‑015
(A27)
H
8/02/82
Recirculation Pump C001A 






Breaker Control 3A


B‑208‑015
(A28)
H
8/02/82
Recirculation Pump C001B 






Breaker Control 3B


B‑208‑015
(A29)
G
8/02/82
Recirculation Pump C001A 






Breaker 4A


B‑208‑015
(A30)
G
8/02/82
Recirculation Pump C001B 






Breaker 4B


B‑208‑015
(200)
F
4/19/96
Recirculation Flow Control


  <Figure 7.7‑5 (2)>


Illustrations


B‑208‑015
(201)
E
12/13/89
Recirculation Flow Control


  <Figure 7.7‑5 (4)>


Illustrations


B‑208‑015
(202)
A
12/13/89
Recirculation Flow Control


  <Figure 7.7‑5 (5)>


Illustrations


B‑208‑015
(203)
‑
7/02/87
Recirculation Flow Control


  <Figure 7.7‑5 (6)>


Illustrations


B‑208‑015
(205)
B
12/13/89
Recirculation Flow Control


  <Figure 7.7‑5 (3)>


Illustrations


B‑208‑020

A
5/08/78
C11A Rod Control and 






Information System Index


B‑208‑020
(A01)
G
8/02/82
CRD Temperature Recorder






Notes, Symbols, Power 






Distribution and Reference 






Documents


B‑208‑020
(A02)
F
8/02/82
Cabling Diagram


B‑208‑020
(A03)
F
12/17/81
Rod Position Information 






and Temperature Recorder


B‑208‑020
(A04)
D
12/17/81
Rod Position Information 






and Scram Time Test
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑020
(A08)
F
8/02/82
Rod Control & Information 






System, CRD Hydraulic 






Stabilizer, Solonoid Valves 






& Output to Computer


B‑208‑021

A
2/01/80
C11B CRD Hydraulic Control 






System Index


B‑208‑021
(B01)
C
12/05/79
Notes, References, Power 






Distribution and Computer 






Input


B‑208‑021
(B07)
D
11/05/80
CRD Supply to Reactor 






Isolation MOV F083


B‑208‑030
(A00)
A
8/02/82
C41 Standby Liquid Control 






Index System


B‑208‑030
(A01)
E
8/02/82
Notes, References, 






Tabulations & Switch 






Development


B‑208‑030
(A02)
F
8/02/82
Power Distribution, Status






Lights & Instrumentation


B‑208‑030
(A03)
G
9/16/82
Storage Tank Outlet 






Valve F001A


B‑208‑030
(A04)
G
9/16/82
Storage Tank Outlet 






Valve F001B


B‑208‑030
(A05)
F
9/16/82
Standby Liquid Control 






Pump C001A


B‑208‑030
(A06)
F
9/16/82
Standby Liquid Control 






Pump C001B


B‑208‑035

‑
8/24/77
C51C Neutron Monitoring -






Startup Range Detection






Drive Index


B‑208‑035
(C01)
C
12/29/81
Notes & Relay Tabulations


B‑208‑035
(C02)
E
12/29/81
SRM Channel A
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑035
(C05)
C
4/11/81
Position Switches & Relays 






SRM Channel B


B‑208‑035
(C06)
C
4/11/81
Position Switches & Relays 






SRM Channel C & D


B‑208‑037

‑
8/24/77
C51A Neutron Monitoring ‑






Startup Range Index


B‑208‑037
(A01)
‑
7/06/82
Notes, Legend, Reference, 






Tables & Switch Tabulations


B‑208‑037
(A02)
C
7/15/82
120V AC RPS Power 






Distribution


B‑208‑037
(A03)
A
7/06/82
Non‑Divisional Power 






Distribution & Recorder Bus 






Distribution


B‑208‑037
(A04)
A
7/06/82
DC Power Distribution


B‑208‑037
(A05)
A
7/06/82
Relay Tabulation


B‑208‑037
(A06)
A
7/06/82
Relay Tabulation


B‑208‑037
(A07)
B
7/06/82
SRM Channel A & C Analog


B‑208‑037
(A08)
A
7/06/82
SRM Channel B & D


B‑208‑037
(A09)
A
7/06/82
SRM Channel B Alarm Section


B‑208‑037
(A10)
A
7/06/82
SRM Channel C Alarm Section


B‑208‑037
(A11)
A
7/06/82
SRM Channel D Alarm Section


B‑208‑037
(A12)
B
7/06/82
IRM Channel A, E Analog 






Section


B‑208‑037
(A13)
B
7/06/82
IRM Channel B, F Analog 






Section


B‑208‑037
(A14)
B
7/06/82
IRM Channel C, G Analog 






Section


B‑208‑037
(A15)
B
7/06/82
IRM Channel D, H Analog 






Section
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑037
(A16)
A
7/06/82
IRM Channel A, E Alarm 






Section


B‑208‑037
(A17)
A
7/06/82
IRM Channel B, F Alarm 






Section


B‑208‑037
(A18)
A
7/06/82
IRM Channel C, G Alarm 






Section


B‑208‑037
(A19)
A
7/06/82
IRM Channel D, H Alarm 






Section


B‑208‑037
(A20)
A
7/06/82
Auxiliary Relays, 






Channel A, E


B‑208‑037
(A21)
A
7/06/82
Auxiliary Relays, 






Channel B, F & D, H


B‑208‑037
(A22)
A
7/06/82
Auxiliary Relays, 






Channel C, G


B‑208‑037
(A23)
A
7/06/82
Auxiliary Relays, 






Channel D, H


B‑208‑037
(A29)
A
7/06/82
Rod Withdrawal Block 






Outputs to RCIS


B‑208‑037
(A30)
A
7/06/82
Trip Outputs to Protection 






System


B‑208‑038
(B00)
B
8/02/82
C51B Neutron Monitoring ‑






Power Range Index


B‑208‑038
(B01)
D
8/02/82
Notes, References, Switch 






Developments


B‑208‑038
(B02)
D
8/02/82
Reactor Core Plan View, 






Relay Tabulation


B‑208‑038
(B03)
E
8/02/82
Relay Tabulation


B‑208‑038
(B04)
D
8/02/82
120V AC UPS Bus 1 ‑ Power 






Distribution
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑038
(B05)
C
8/02/82
120V AC UPS Bus 2 ‑ Power 






Distribution


B‑208‑038
(B06)
B
1/30/80
Instrument Bus & Recorder 






Power Distribution


B‑208‑038
(B07)
E
7/19/82
DC Power Distribution Panel






1H13‑669


B‑208‑038
(B08)
C
7/19/82
DC Power Distribution Panel






1H13‑P669


B‑208‑038
(B09)
E
7/19/82
DC Power Distribution Panel






1H13‑P670


B‑208‑038
(B10)
E
7/19/82
DC Power Distribution Panel






1H13‑P670


B‑208‑038
(B11)
D
7/19/82
DC Power Distribution Panel






1H13‑P671


B‑208‑038
(B12)
C
7/19/82
DC Power Distribution Panel






1H13‑P671


B‑208‑038
(B13)
D
7/19/82
DC Power Distribution Panel






1H13‑P672


B‑208‑038
(B14)
C
7/19/82
DC Power Distribution Panel






1H13‑P672


B‑208‑038
(B15)
D
12/29/81
Flow Channel A


B‑208‑038
(B16)
D
12/29/81
Flow Channel B


B‑208‑038
(B17)
D
12/29/81
Flow Channel C


B‑208‑038
(B18)
D
12/29/81
Flow Channel D


B‑208‑038
(B21)
B
12/29/81
APRM Trip Reference ‑ Bus 






A‑Channels A, C, E, G


B‑208‑038
(B22)
B
12/29/81
APRM Trip Reference ‑ Bus






B‑Channels B, D, F, H


B‑208‑038
(B23)
C
12/29/81
APRM Channel A – LPRM






Section
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑038
(B24)
D
8/02/82
APRM Channel A – Trip






Section


B‑208‑038
(B25)
B
12/29/81
APRM Channel A ‑ Alarm 






Section


B‑208‑038
(B26)
D
12/29/81
APRM Channel B ‑ LPRM 






Section


B‑208‑038
(B27)
D
8/02/82
APRM Channel B ‑ Trip 






Section


B‑208‑038
(B28)
B
12/29/81
APRM Channel B ‑ Alarm 






Section


B‑208‑038
(B29)
E
12/29/81
APRM Channel C ‑ LPRM 






Section


B‑208‑038
(B30)
D
8/02/82
APRM Channel C ‑ Trip 






Section


B‑208‑038
(B31)
B
12/29/81
APRM Channel C ‑ Alarm 






Section


B‑208‑038
(B32)
D
12/29/81
APRM Channel D ‑ LPRM 






Section


B‑208‑038
(B33)
D
8/02/82
APRM Channel D ‑ Trip 






Section


B‑208‑038
(B34)
B
12/29/81
APRM Channel D ‑ Alarm 






Section


B‑208‑038
(B35)
C
2/29/81
APRM Channel E ‑ LPRM 






Section


B‑208‑038
(B36)
D
8/02/82
APRM Channel E ‑ Trip 






Section


B‑208‑038
(B37)
B
12/29/81
APRM Channel E ‑ Alarm 






Section


B‑208‑038
(B38)
D
12/29/81
APRM Channel F ‑ LPRM 






Section


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑038
(B39)
D
8/02/82
APRM Channel F ‑ Trip 






Section


B‑208‑038
(B40)
B
12/29/81
APRM Channel F ‑ Alarm 






Section


B‑208‑038
(B41)
D
12/29/81
APRM Channel G ‑ LPRM 






Section


B‑208‑038
(B42)
D
8/02/82
APRM Channel G ‑ Trip 






Section


B‑208‑038
(B43)
B
12/29/81
APRM Channel G ‑ Alarm


B‑208‑038
(B44)
D
12/29/81
APRM Channel H ‑ LPRM 






Section


B‑208‑038
(B45)
D
8/02/82
APRM Channel H ‑ Trip 






Section


B‑208‑038
(B46)
B
12/29/81
APRM Channel H ‑ Alarm 






Section


B‑208‑038
(B47)
F
8/02/82
APRM Auxiliary Relays


B‑208‑038
(B48)
C
12/29/81
APRM Remote Indicators


B‑208‑038
(B49)
A
1/30/80
APRM/LPRM Calibrator


B‑208‑038
(B51)
D
12/29/81
Computer Analog Inputs & 






Transient Test Outputs & 






APRM Recorders


B‑208‑038
(B53)
C
12/29/81
Computer Digital Inputs


B‑208‑038
(B54)
B
12/29/81
RPS Outputs


B‑208‑038
(B55)
B
12/29/81
RCIS Outputs


B‑208‑038
(B56)
B
4/11/81
LPRM Display Multiplexer


B‑208‑038
(B57)
B
12/29/81
LPRM Display Outputs
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Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑038
(B58)
D
7/19/82
Cabling Diagram, Wire,






Cable & Field Run Cable 






Tabulations


B‑208‑039

‑
3/16/78
C61 Remote Reactor Shutdown 






Index


B‑208‑039
(A01)
F
2/03/82
Notes, References & Legend 






Power Distribution


B‑208‑039
(A02)
D
12/30/81
Switch Development


B‑208‑039
(A03)
E
12/30/81
Flow Control and 






Instrumentation


B‑208‑040

‑
6/30/77
C71A Reactor Protection 






Index


B‑208‑040
(A01)
D
8/04/82
Notes, References, Valve






Tabulations & Rod Scram 






Group Arrangements


B‑208‑040
(A02)
C
8/04/82
Relay Tabulations


B‑208‑040
(A03)
G
8/04/82
Switch Development & Relay 






Tabulations


B‑208‑040
(A04)
D
8/04/82
Power Distribution


B‑208‑040
(A05)
G
8/04/82
Channel “A” Sensor Relays


B‑208‑040
(A06)
G
8/04/82
Channel “B” Sensor Relays


B‑208‑040
(A07)
G
8/04/82
Channel “C” Sensor Relays


B‑208‑040
(A08)
G
8/04/82
Channel “D” Sensor Relays


B‑208‑040
(A09)
C
8/04/82
Channel A, B, C & D Scram 






Trip Logic


B‑208‑040
(A10)
E
8/04/82
Scram Solenoids


B‑208‑040
(A11)
E
8/04/82
Scram Discharge Volume 






Isolation and Backup Valves 






Recirculation Pumps A & B 






Trip Logic


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑040
(A12)
F
8/04/82
Computer Inputs


B‑208‑040
(A13)
F
8/04/82
Testability Power Supplies


B‑208‑040
(A14)
B
8/04/82
Testability Card File 






Tabulations


B‑208‑040
(A15)
D
8/16/82
Testability


B‑208‑040
(A16)
D
8/16/82
Transient Test


B‑208‑049
(410)
E
10/31/80
Process Computer System 






Safety‑Related Analog 






Cabinet A Binary Inputs


B‑208‑049
(411)
E
10/31/80
Process Computer System 






Safety‑Related Analog 






Cabinet B Binary Inputs


B‑208‑050

A
10/26/79
D17 Plant Radiation 






Monitoring Index


B‑208‑050
(1)
C
1/23/81
Containment Isolation






Valves F079A & F089A


B‑208‑050
(3)
E
9/28/81
Containment Isolation






Valves F079B & F089B 






Subsystem


B‑208‑050
(5)
D
2/15/80
Containment Evacuation 






Alarm


B‑208‑050
(6)
C
10/26/79
Drywell Evacuation Alarm


B‑208‑050
(7)
A
10/26/79
Fuel Handling Building






Evacuation Alarm


B‑208‑050
(8)
C
6/09/81
Containment Isolation






Valve F071A


B‑208‑050
(9)
D
6/09/81
Containment Isolation






Valve F081A


B‑208‑050
(10)
C
6/09/81
Containment Isolation






Valve F071B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑050
(11)
D
6/09/81
Containment Isolation






Valve F081B


B‑208‑050
(200)
A
10/23/76
Index


B‑208‑050
(201)
A
10/26/79
General Notes


B‑208‑050
(268)
C
10/26/79
Auxiliary Remote Alarms & 






Interlocks


B‑208‑052

A
7/19/82
D23 Containment Atmosphere 






Monitoring Index


B‑208‑052
(1)
B
7/16/81
Containment Isolation 






Valves F010A, F020A, F030A, 






F040A


B‑208‑052
(2)
C
7/16/81
Containment Isolation 






Valves F010B, F020B, F030B, 






F040B


B‑208‑052
(200)
A
1/05/79
C.V. Train “A” Pressure 






Process Instrumentation


B‑208‑052
(201)
A
1/05/79
C.V. Train “B” Pressure 






Process Instrumentation


B‑208‑052
(202)
A
1/05/79
Containment/Drywell 






Train “A” Differential






Pressure Process 






Instrumentation


B‑208‑052
(203)
A
1/05/79
Containment/Drywell 






Train “B” Differential






Pressure Process 






Instrumentation


B‑208‑052
(204)
A
1/05/79
Drywell Train “A” Pressure 






Process Instrumentation


B‑208‑052
(205)
A
1/05/79
Drywell Train “B” Pressure 






Process Instrumentation


B‑208‑052
(206)
E
10/31/80
Suppression Pool Train “A” 






Temperature Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑052
(207)
F
2/25/81
Suppression Pool Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(208)
E
10/31/80
Suppression Pool Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(209)
G
2/25/81
Suppression Pool Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(210)
D
1/10/80
Drywell Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(211)
F
2/25/81
Drywell Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(212)
D
1/10/80
Drywell Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(213)
E
1/10/80
Drywell Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(214)
E
2/25/81
Upper Containment Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(215)
F
2/25/81
Upper Containment Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(216)
E
2/25/81
Lower Containment Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(217)
E
2/25/81
Lower Containment Train “B” 






Temperature Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑052
(218)
A
8/30/77
Train “A” Suppression Pool 






Temperature & Containment 






Pressure Recorders


B‑208‑052
(219)
A
8/30/77
Train “B” Suppression Pool 






Temperature & Containment 






Pressure Recorders


B‑208‑052
(220)
A
8/30/77
Train “A” Containment/






Drywell Temperature






Recorder


B‑208‑052
(221)
A
8/30/77
Train “B” Containment/






Drywell Temperature






Recorder


B‑208‑052
(222)
E
10/31/80
Suppression Pool Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(223)
E
10/31/80
Suppression Pool Train “B” 






Temperature Process 






Instrumentation


B‑208‑052
(224)
F
10/31/80
Suppression Pool Train “A” 






Temperature Process 






Instrumentation


B‑208‑052
(225)
F
10/31/80
Suppression Pool Train “B”






Temperature Process 






Instrumentation


B‑208‑053

A
10/23/78
D51 Environs Monitoring 






Index


B‑208‑053
(201)
A
2/25/81
Peak Shock Annunciator 






Inputs Horizontal N/S


B‑208‑053
(202)
A
2/25/81
Peak Shock Annunciator 






Inputs Vertical


B‑208‑053
(203)
B
2/25/81
Peak Shock Annunciator 






Inputs Horizontal E/W


B‑208‑053
(204)
A
10/23/78
Seismic Instrument Panel


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑053
(205)
A
10/23/78
Seismic Instrument Panel


B‑208‑053
(206)
A
10/23/78
Seismic Instrument Panel


B‑208‑054

‑
7/28/77
D17A Process Radiation 






Monitoring Index


B‑208‑054
(A01)
E
8/09/82
Switch Developments, Notes, 






References, Tables, and 






Legend


B‑208‑054
(A02)
E
2/03/82
AC Power Distribution


B‑208‑054
(A03)
C
2/03/82
DC Power Distribution


B‑208‑054
(A04)
E
2/03/82
Protection System Outputs


B‑208‑054
(A05)
D
2/03/82
Relay Tabulations


B‑208‑054
(A06)
C
2/03/82
Main Steam Line Radiation 






Monitoring Subsystem


B‑208‑054
(A10)
F
2/03/82
Containment Vent Plenum 






(Analog Section)


B‑208‑054
(A11)
E
2/03/82
Containment Vent Plenum 






(Analog Section)


B‑208‑055

A
9/21/78
E12 Residual Heat Removal






Index


B‑208‑055
(A01)
D
4/05/82
Valve & Control Tabulation


B‑208‑055
(A02)
B
4/05/82
Switch Developments


B‑208‑055
(A03)
E
4/05/82
Relay Tabulation


B‑208‑055
(A04)
F
8/02/82
Power Distribution for 






Testability


B‑208‑055
(A05)
E
4/05/82
Power Distribution


B‑208‑055
(A06)
C
4/05/82
Power Distribution


B‑208‑055
(A07)
E
4/05/82
Relay Logic Bus “A”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑055
(A08)
E
4/05/82
Relay Logic Bus “B”


B‑208‑055
(A09)
D
4/05/82
Relay Logic Bus “B”


B‑208‑055
(A10)
E
4/05/82
Process Instrumentation


B‑208‑055
(A11)
D
4/05/82
Process Instrumentation


B‑208‑055
(A12)
E
8/09/82
MCC Power Loss


B‑208‑055
(A13)
D
4/05/82
Computer Inputs & Status 






Lights


B‑208‑055
(A14)
C
4/05/82
Testability (A)


B‑208‑055
(A15)
D
4/05/82
Testability (B)


B‑208‑055
(A16)
D
4/05/82
Testable Check 






Valves F041A, F041B and 






F041C


B‑208‑055
(A17)
D
4/05/82
RHR Pump C002A


B‑208‑055
(A18)
C
4/05/82
RHR Pump C002B


B‑208‑055
(A19)
C
4/05/82
RHR Pump C002C


B‑208‑055
(A20)
C
4/05/82
Water Leg Pump C003


B‑208‑055
(A21)
D
4/05/82
RHR Pump C002A Suction 






MOV F004A


B‑208‑055
(A22)
D
4/05/82
RHR Pump C002B Suction 






MOV F004B


B‑208‑055
(A23)
D
4/05/82
RHR Pump C002C Suction 






MOV F105


B‑208‑055
(A24)
E
9/16/82
Containment Spray 






Valve F028A


B‑208‑055
(A25)
E
9/16/82
Containment Spray 






Valve F028B


B‑208‑055
(A26)
E
9/16/82
Containment Spray 






Valve F537A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑055
(A27)
E
9/16/82
Containment Spray 






Valve F537B


B‑208‑055
(A28)
E
4/05/82
Shutdown Cooling 






Valve F006A


B‑208‑055
(A29)
E
4/05/82
Shutdown Cooling MOV F006B


B‑208‑055
(A30)
C
4/05/82
RHR “A” Injection MOV F027A


B‑208‑055
(A31)
C
4/05/82
RHR “B” Injection 






Valve F027B


B‑208‑055
(A32)
F
9/16/82
RHR Injection MOV F042A


B‑208‑055
(A33)
E
9/16/82
RHR Injection Valve F042B


B‑208‑055
(A34)
D
4/05/82
RHR Injection Valve F042C


B‑208‑055
(A35)
D
4/05/82
RHR “A” Test Return 






MOV F024A


B‑208‑055
(A36)
D
4/05/82
RHR “B” Test Return 






MOV F024B


B‑208‑055
(A37)
D
4/05/82
RHR “C” Test Return 






MOV F021 (Throttle Valve)


B‑208‑055
(A38)
E
4/05/82
RHR Pump Minimum Flow 






MOV F064A


B‑208‑055
(A39)
D
4/05/82
RHR Pump Minimum Flow 






Valve F064B


B‑208‑055
(A40)
D
4/05/82
RHR Pump Minimum Flow 






MOV F064C


B‑208‑055
(A41)
B
4/05/82
Steam Pressure Reducing 






Valve F051A Condensate 






Discharge to Suppression






Pool or RCIC Valve F065A


B‑208‑055
(A42)
C
4/05/82
Steam Pressure Reducing 






Valve F051B Condensate






Discharge to Suppression 






Pool or RCIC Valve F065B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑055
(A43)
D
8/23/82
Shutdown Manual Suction 






Valve F010 RHR A, B & C 






Manual Injection Valves






F039A, B & C


B‑208‑055
(A44)
E
9/16/82
Shutdown Cooling Upper Pool 






MOV F037A (Throttle Type)


B‑208‑055
(A45)
E
9/16/82
Shutdown Cooling Upper Pool 






MOV F037B (Throttle Type)


B‑208‑055
(A46)
E
4/05/82
Shutdown Cooling Injection 






MOV F053A (Throttle Type)


B‑208‑055
(A47)
E
8/23/82
Shutdown Cooling Injection 






MOV F053B (Throttle Valve)


B‑208‑055
(A48)
D
4/05/82
Heat Exchanger‑Shell Side 






Inlet MOV F047A


B‑208‑055
(A49)
D
4/05/82
Heat Exchanger‑Shell Side 






Inlet MOV F047B


B‑208‑055
(A50)
E
4/05/82
Heat Exchanger Shell Side 






Outlet MOV F003A (Throttle 






Valve)


B‑208‑055
(A51)
D
4/05/82
Heat Exchanger Shell Side 






Outlet MOV F003B (Throttle 






Valve)


B‑208‑055
(A52)
D
4/05/82
RHR Heat Exchanger‑Flow to 






RCIC MOV F026A


B‑208‑055
(A53)
D
4/05/82
RHR Heat Exchanger‑Flow to 






RCIC MOV F026B


B‑208‑055
(A54)
C
4/05/82
RHR Heat Exchanger Flow to 






Suppression Pool MOV F011A 






(Throttle Type)


B‑208‑055
(A55)
C
4/05/82
RHR Heat Exchanger Flow to 






Suppression Pool MOV F011B 






(Throttle Type)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑055
(A56)
E
4/05/82
Heat Exchanger‑Shell Side 






Bypass MOV F048A (Throttle 






Valve)


B‑208‑055
(A57)
D
4/05/82
Heat Exchanger‑Shell Side 






Bypass MOV F048B (Throttle 






Valve)


B‑208‑055
(A58)
D
4/05/82
Heat Exchanger Vent 






MOV F073A (Throttle Valve)


B‑208‑055
(A59)
D
4/05/82
Heat Exchanger Vent 






MOV F073B (Throttle Valve)


B‑208‑055
(A60)
D
4/05/82
Heat Exchanger Vent 






MOV F074A (Throttle Valve)


B‑208‑055
(A61)
D
4/05/82
Heat Exchanger Vent 






MOV F074B (Throttle Valve)


B‑208‑055
(A62)
D
4/05/82
Steam Line Isolation 






MOV F087A (Throttle Valve)


B‑208‑055
(A63)
D
4/05/82
Steam Line Isolation 






Valve F087B (Throttle 






Valve)


B‑208‑055
(A64)
D
4/05/82
Steam Line Isolation 






MOV F052A (Throttle Valve)


B‑208‑055
(A65)
D
4/05/82
Steam Line Isolation 






Valve F052B (Throttle 






Valve)


B‑208‑055
(A100)
C
11/17/80
LOCA Signal


B‑208‑055
(A101)
D
7/16/81
Combined LOCA Signal


B‑208‑055
(A102)
D
7/16/81
LOCA Signal


B‑208‑055
(A103)
D
7/16/81
Combined LOCA Signal


B‑208‑055
(A105)
A
7/31/79
Inop & Bypass


B‑208‑055
(A106)
C
7/23/81
Inop & Bypass


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑060

‑
6/30/77
E21 Low Pressure Core Spray 






Index


B‑208‑060
(A01)
G
8/23/82
Notes & Control Tabulation


B‑208‑060
(A02)
D
11/07/80
Switch Development & Power






Distribution


B‑208‑060
(A03)
D
5/27/82
Power Distribution for 






Testability


B‑208‑060
(A04)
E
8/09/82
Relay Logic & Testable 






Check Valve F006


B‑208‑060
(A05)
E
4/19/82
Status Lights & Computer 






Inputs


B‑208‑060
(A06)
D
5/27/82
Testability Circuits


B‑208‑060
(A07)
G
8/23/82
Power Distribution for 






Testability


B‑208‑060
(A08)
E
5/27/82
LPCS Pump C001


B‑208‑060
(A09)
D
12/05/79
Water Leg Pump C002 & Valve 






F007


B‑208‑060
(A10)
D
12/05/79
Minimum Flow to Suppression 






Pool MOV F011


B‑208‑060
(A11)
C
12/05/79
Core Spray Injection 






MOV F005


B‑208‑060
(A12)
C
12/05/79
Core Spray Pump Suction 






MOV F001


B‑208‑060
(A13)
E
5/27/82
Test Bypass to Suppression






Pool MOV F012 (Throttle 






Type)


B‑208‑065
(A00)
A
3/16/82
E22 High Pressure Core 






Spray System Index


B‑208‑065
(A01)
D
3/16/82
Notes, References & 






Tabulations


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑065
(A02)
D
8/02/82
Switch Developments, Relay 






Tabulations & Power






Distribution


B‑208‑065
(A03)
F
8/02/82
Relay Logic


B‑208‑065
(A04)
D
8/02/82
Testability


B‑208‑065
(A05)
D
3/16/82
Process Instrumentation, 






Computer Inputs & SOV 






1E22‑F005


B‑208‑065
(A06)
D
3/16/82
Status Lights


B‑208‑065
(A07)
E
3/16/82
Testability Card File 






Tabulations & Power 






Supplies


B‑208‑065
(A08)
D
3/16/82
Test Return to Condensate






Storage Tank MOV F011 






(Throttling)


B‑208‑065
(A09)
D
3/16/82
Minimum Flow Bypass to 






Suppression Pool MOV F012


B‑208‑065
(A10)
D
3/16/82
Pump Suction from 






Suppression Pool MOV F015


B‑208‑065
(A11)
D
3/16/82
Test Bypass to Suppression 






Pool MOV F023 (Throttling)


B‑208‑065
(A12)
D
3/16/82
Pump Suction from 






Condensate Storage Tank 






MOV F001


B‑208‑065
(A13)
E
3/16/82
Standby Water Leg Pump C003 






& Valve F036


B‑208‑065
(A14)
D
3/16/82
Pump Injection Shutoff 






MOV F004


B‑208‑065
(A15)
D
3/16/82
Test Bypass to Condensate 






Storage Tank MOV F010 






(Throttling)


B‑208‑065
(A100)
E
4/06/82
LOCA Signal


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑065
(A101)
C
4/06/82
Inop & Bypass


B‑208‑066

A
7/15/77
E22B High Pressure Core 






Spray Power Index


B‑208‑066
(B001)
D
3/16/82
High Pressure Core Spray 






Power Supply System 






Pump C001


B‑208‑066
(B002)
C
3/16/82
Pump C001 Manual Override 






Control


B‑208‑066
(B100)
D
4/06/82
HPCS Diesel Driven 






Generator Division 3 






Control 1E22‑S001


B‑208‑066
(B101)
F
4/06/82
HPCS Diesel Generator 






Control 1E22‑S001


B‑208‑066
(B102)
F
4/14/82
HPCS Diesel Generator 






Control 1E22‑S001 






1E22‑C005, 1E22‑C006


B‑208‑066
(B103)
B
11/17/80
HPCS Diesel Generator 






Excitation 1E22‑S001


B‑208‑066
(B104)
C
8/26/81
HPCS Diesel Generator AC 






Metering & Sync. 1E22‑S001


B‑208‑066
(B105)
C
4/06/82
Starting Air Compressor 






1E22‑C004B


B‑208‑066
(B106)
C
4/06/82
Jacket Water Keep Warm 






Heater 1E22‑D010


B‑208‑066
(B107)
C
4/06/82
Circulating Oil Pump 






1E22‑C007


B‑208‑066
(B108)
C
4/06/82
Space Heater 1E22‑D011


B‑208‑066
(B109)
A
7/16/81
High Pressure Core Spray 






System Diesel Generator 






Standby Air Compressor 






1E22‑C004A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑066
(B114)
G
4/06/82
HPCS Diesel Generator






Annunciator 1E22‑S001


B‑208‑070

B
3/19/82
E31 Leak Detection System 






Index


B‑208‑070
(A01)
B
3/19/82
Notes, References, Switch 






Developments, Tabulations


B‑208‑070
(A02)
C
3/19/82
Power Distribution


B‑208‑070
(A03)
D
3/19/82
Power Distribution


B‑208‑070
(A05)
C
8/09/82
Valve Logic


B‑208‑070
(A06)
C
8/09/82
Valve Logic


B‑208‑070
(A07)
D
3/19/82
RWCU Flow Circuit Computer 






Input


B‑208‑070
(A08)
B
3/19/82
Leakage Flow Monitors


B‑208‑070
(A10)
G
3/19/82
Temperature Elements


B‑208‑070
(A11)
E
3/19/82
Temperature Elements


B‑208‑070
(A12)
F
3/19/82
Temperature Elements


B‑208‑070
(A13)
E
3/19/82
Temperature Recorders


B‑208‑070
(A14)
B
3/19/82
Computer Inputs


B‑208‑070
(A15)
B
3/19/82
Sensitive Sump Monitor


B‑208‑070
(A200)
C
10/31/80
Turbine Power Complex 






Temperature Process 






Instrumentation


B‑208‑070
(A201)
C
10/31/80
Turbine Building






Temperature Process 






Instrumentation


B‑208‑070
(A202)
C
7/13/79
Power Distribution and 






Logic


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑071

‑
7/28/77
E32 MSIV Leakage Control 






Index


B‑208‑071
(A01)
D
3/19/82
Notes, References, Control 






Tabs


B‑208‑071
(A02)
D
3/19/82
Relay Tabulations


B‑208‑071
(A05)
D
3/19/82
Instrument Loop


B‑208‑071
(A06)
E
3/19/82
Power Distribution


B‑208‑071
(A07)
D
3/30/81
Logic (Outboard)


B‑208‑071
(A08)
C
3/19/82
Logic (Inboard)


B‑208‑071
(A09)
C
3/19/82
Logic (Inboard)


B‑208‑071
(A10)
D
3/19/82
Outboard Bleed Valve F006


B‑208‑071
(A11)
D
3/19/82
Outboard Bleed Valve F007


B‑208‑071
(A12)
C
12/05/79
Outboard Depress Valve F008


B‑208‑071
(A13)
C
12/05/79
Outboard Depress Valve F009


B‑208‑071
(A14)
B
8/15/79
Outboard Air Blower C002B


B‑208‑071
(A15)
B
8/15/79
Outboard Air Blower C002F


B‑208‑071
(A16)
C
12/05/79
Inboard Valve F001A


B‑208‑071
(A17)
C
12/05/79
Inboard Valve F002A


B‑208‑071
(A18)
C
12/05/79
Inboard Valve F001E


B‑208‑071
(A19)
C
12/05/79
Inboard Valve F002E


B‑208‑071
(A20)
C
12/05/79
Inboard Valve F001J


B‑208‑071
(A21)
C
12/05/79
Inboard Valve F002J


B‑208‑071
(A22)
C
12/05/79
Inboard Valve F001N


B‑208‑071
(A23)
C
12/05/79
Inboard Valve F002N


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑071
(A24)
C
12/05/79
Flow Transmitter Bypass 






Valve F003A


B‑208‑071
(A25)
C
12/05/79
Flow Transmitter Bypass 






Valve F003E


B‑208‑071
(A26)
C
12/05/79
Flow Transmitter Bypass 






Valve F003J


B‑208‑071
(A27)
D
3/30/81
Flow Transmitter Bypass 






Valve F003N


B‑208‑071
(A28)
C
1/15/82
Pipe Heater B001A


B‑208‑071
(A29)
C
1/15/82
Pipe Heater B001E


B‑208‑071
(A30)
C
1/15/82
Pipe Heater B001J


B‑208‑071
(A31)
C
1/15/82
Pipe Heater B001N


B‑208‑071
(A32)
B
8/15/79
Inboard Air Blower C001


B‑208‑075

‑
7/28/77
E51 Reactor Core Isolation






Cooling Index


B‑208‑075
(A01)
D
8/02/82
Notes, References & Relay 






Tabulations


B‑208‑075
(A02)
C
8/02/82
Relay and Switch 






Tabulations


B‑208‑075
(A03)
D
6/08/82
Power Distribution


B‑208‑075
(A04)
D
8/02/82
Logic Circuit A


B‑208‑075
(A05)
E
8/02/82
Logic Circuits A and B


B‑208‑075
(A06)
C
6/08/82
Process Instrumentation 






Equipment


B‑208‑075
(A07)
F
5/14/82
SOV’s F026, F005, F054, 






F025, F004


B‑208‑075
(A08)
F
5/14/82
Status Lights and SOV F066


B‑208‑075
(A09)
D
8/02/82
Testability Circuit


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑075
(A10)
C
5/14/82
Testability Circuits


B‑208‑075
(A11)
D
8/02/82
Testability Circuits


B‑208‑075
(A12)
E
5/14/82
Transient Test Points


B‑208‑075
(A13)
D
5/14/82
Steam Supply Isolation 






Valve F064 (Outboard) 






Throttling, Open Only


B‑208‑075
(A14)
D
5/14/82
RCIC Injection Shutoff 






MOV F013


B‑208‑075
(A15)
C
5/14/82
Pump Suction from 






Condensate Storage Tank 






MOV F010


B‑208‑075
(A16)
C
5/14/82
Minimum Flow to Suppression 






Pool MOV F019


B‑208‑075
(A17)
E
10/01/80
RCIC Turbine Steam Supply 






MOV F045


B‑208‑075
(A18)
C
5/14/82
Turbine Lube Oil Cooling 






Water Supply MOV F046


B‑208‑075
(A19)
E
5/14/82
Test Bypass to Condensate 






Storage Tank F022 






(Throttling) MOV


B‑208‑075
(A20)
C
9/16/82
Bypass MOV F076 Throttling, 






Open Only


B‑208‑075
(A21)
G
8/23/82
Pump Suction from 






Suppression Pool MOV F031


B‑208‑075
(A22)
D
5/14/82
Turbine Exhaust to 






Suppression Pool MOV F068


B‑208‑075
(A23)
C
5/14/82
Test Bypass to Condensate 






Storage Tank F059


B‑208‑075
(A24)
C
12/05/79
Steam Supply Line Isolation 






(Inboard) to RHR Condensate






Heat Exchanger F063


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑075
(A25)
D
5/14/82
Turbine Trip & Throttling 






Valve F510


B‑208‑075
(A26)
C
11/26/79
Water Leg Pump C003


B‑208‑075
(A27)
D
5/14/82
Vacuum Breaker Isolation 






MOV F077 (Outboard)


B‑208‑075
(A28)
D
5/14/82
Vacuum Breaker Isolation 






MOV F078 (Inboard)


B‑208‑075
(A29)
E
5/14/82
Gland Seal Air Compressor 






Pump C004


B‑208‑089

‑
6/30/77
G43 Suppression Pool Makeup 






Index


B‑208‑089
(1)
D
6/10/81
Suppression Pool Makeup 






Valve F030A


B‑208‑089
(2)
C
6/10/81
Suppression Pool Makeup 






Valve F030B


B‑208‑089
(3)
D
6/10/81
Suppression Pool Makeup 






Valve F040A


B‑208‑089
(4)
C
6/10/81
Suppression Pool Makeup 






Valve F040B


B‑208‑089
(5)
C
6/11/81
Misc. Valves & Indication


B‑208‑089
(200)
E
10/31/80
Train “A” Temperature 






Process Instrumentation


B‑208‑089
(201)
E
10/31/80
Train “B” Temperature 






Process Instrumentation


B‑208‑089
(202)
D
1/02/80
Upper Pool Train “A” Level 






Process Instrumentation


B‑208‑089
(203)
D
1/02/80
Upper Pool Train “B” Level 






Process Instrumentation


B‑208‑089
(204)
B
1/02/80
Upper Pool Train “A” Level 






Process Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑089
(205)
‑
6/27/77
Upper Pool Train “A” Level 






Process Instrumentation


B‑208‑089
(206)
B
1/02/80
Upper Pool Train “A” Level 






Process Instrumentation


B‑208‑089
(207)
‑
6/27/77
Upper Pool Train “A” Level 






Process Instrumentation


B‑208‑089
(208)
C
10/31/80
Upper Pool Train “B” Level 






Process Instrumentation


B‑208‑089
(209)
‑
6/27/77
Upper Pool Train “B” Level 






Process Instrumentation


B‑208‑089
(210)
B
1/02/80
Upper Pool Train “B” Level 






Process Instrumentation


B‑208‑089
(211)
‑
6/27/77
Upper Pool Train “B” Level 






Process Instrumentation


B‑208‑094

B
11/17/80
G42 Suppression Pool 






Cleanup Index


B‑208‑094
(2)
C
11/17/80
Pump Suction Valve F010


B‑208‑094
(3)
C
11/17/80
Pump Suction Valve F020


B‑208‑094
(6)
B
11/17/80
Demineralizer Effluent to






RHR Valve F080


B‑208‑095

B
7/06/79
G41 Fuel Pool Cooling & 






Cleanup Index


B‑208‑095
(1)
B
11/17/80
Fuel Pool Circulating Pump 






G41‑C003A


B‑208‑095
(2)
B
11/17/80
Fuel Pool Circulating Pump 






G41‑C003B


B‑208‑095
(7)
A
7/06/79
Filter Demineralizer Bypass 






Isolation Valve G41‑F280


B‑208‑095
(8)
A
7/06/79
Filter Demineralizer Bypass 






Isolation Valve G41‑F285


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑095
(9)
A
7/06/79
Filter Demineralizer Bypass 






Isolation Valve G41‑F290


B‑208‑095
(10)
A
7/06/79
Filter Demineralizer Bypass 






Isolation Valve G41‑F295


B‑208‑095
(11)
A
7/06/79
Filter Demineralizer Bypass 






Valve G41‑F360


B‑208‑095
(12)
A
7/06/79
Filter Demineralizer to 






Fuel Pool Control 






Valve G41‑F085


B‑208‑095
(14)
B
7/16/81
Filter Demineralizer to 






C.V. Pool Isolation Valve






1G41‑F100


B‑208‑095
(15)
C
7/16/81
C.V. Pool to Surge Tank 






Inboard Isolation Valve






1G41‑F140


B‑208‑095
(16)
B
7/16/81
C.V. Pool to Surge Tank 






Outboard Isolation Valve 






1G41‑F145


B‑208‑095
(17)
B
7/16/81
Filter Demineralizer to 






C.V. Pool Control Valve






1G41‑F090


B‑208‑096

A
5/10/79
G50 Liquid Radwaste Index


B‑208‑096
(A)
B
8/07/78
G50 Liquid Radwaste System






Index (Continued)


B‑208‑096
(B)
B
5/10/79
G50 Liquid Radwaste System 






Index (Continued)


B‑208‑096
(C)
B
5/10/79
G50 Liquid Radwaste System 






Index (Continued)


B‑208‑096
(1)
A
7/13/78
RWCU Backwash Outboard 






Isolation MCV F272


B‑208‑096
(2)
B
7/19/82
RWCU Backwash Outboard 






Isolation MCV F277


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑099

C
9/20/79
G61 Liquid Radwaste Sumps 






Index


B‑208‑099
(1)
C
11/17/80
Drywell Equipment Drain






Line Inboard Isolation MOV






1G61‑F030


B‑208‑099
(2)
C
11/17/80
Drywell Equipment Drain 






Line Outboard Isolation MOV






1G61‑F035


B‑208‑099
(5)
C
11/17/80
Containment Equipment Drain






Line Inboard Isolation MOV






1G61‑F075


B‑208‑099
(6)
C
11/17/80
Containment Equipment Drain






Line Outboard Isolation MOV 






1G61‑F080


B‑208‑099
(7)
C
11/17/80
Drywell Floor Drain Line 






Inboard Isolation MOV 






1G61‑F150


B‑208‑099
(8)
C
11/17/80
Drywell Floor Drain Line 






Outboard Isolation MOV 






1G61‑F155


B‑208‑099
(9)
C
11/17/80
Containment Floor Drain 






Line Inboard Isolation MOV 






1G61‑F165


B‑208‑099
(10)
C
11/17/80
Containment Floor Drain 






Line Outboard Isolation MOV 






1G61‑F170


B‑208‑108

A
5/05/80
M14 Containment Vessel & 






Drywell Purge Index


B‑208‑108
(8)
B
5/05/80
Containment Vessel Supply 






Outboard Isolation 






Valve F040 & Inboard 






Isolation Valve F045


B‑208‑108
(9)
B
5/05/80
Drywell Supply Outboard 






Isolation Valves 1M14‑F055A






& 1M14‑F060A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑108
(10)
B
5/05/80
Drywell Supply Outboard 






Isolation Valves 1M14‑F055B






& 1M14‑F060B


B‑208‑108
(11)
C
12/01/80
Drywell Outboard Isolation






Valve F065 & Containment 






Vessel Exhaust Inboard 






Isolation Valve F085


B‑208‑108
(12)
C
5/05/80
Drywell Outboard Isolation






Valve F070 & Containment 






Vessel Exhaust Outboard 






Isolation Valve F090


B‑208‑108
(13)
C
6/10/81
Containment Vessel Supply 






Inboard Isolation Valve






F190 & Containment Vessel 






Exhaust Inboard Isolation






Valve F200


B‑208‑109

‑
8/25/77
M15 Annulus Exhaust Gas 






Treatment Index


B‑208‑109
(1)
C
6/09/81
Annulus Exhaust Fan C001A


B‑208‑109
(2)
D
6/09/81
Annulus Exhaust Fan C001B


B‑208‑109
(3)
C
6/10/81
Heating Coil “A” 1M15‑D001A


B‑208‑109
(4)
C
6/10/81
Heating Coil “B” 1M15‑D001B


B‑208‑109
(5)
B
7/22/81
Inop and Bypass


B‑208‑109
(6)
B
7/22/81
Inop and Bypass


B‑208‑109
(7)
B
7/22/81
Heating Coil “A” 






(Continued) 1M15‑D001A


B‑208‑109
(8)
B
7/22/81
Heating Coil “B” 






(Continued) 1M15‑D001B


B‑208‑109
(201)
C
2/25/81
Train “A” Pressure Control 






Process Instrumentation


B‑208‑109
(202)
C
2/25/81
Train “B” Pressure Control 






Process Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑109
(203)
B
10/31/80
Trains “A” & “B” Pressure 






Process Instrumentation


B‑208‑109
(204)
‑
8/25/77
Train “A” Pressure Process 






Instrumentation


B‑208‑109
(205)
‑
8/25/77
Train “B” Pressure Process 






Instrumentation


B‑208‑109
(206)
A
1/05/79
Train “A” Temperature 






Process Instrumentation


B‑208‑109
(207)
A
1/05/79
Train “B” Temperature 






Process Instrumentation


B‑208‑110

A
11/09/81
M16 Drywell Vacuum Relief 






Index


B‑208‑110
(1)
C
6/10/81
Train “A” Vacuum Relief 






Isolation MOV F010A


B‑208‑110
(2)
D
11/10/81
Train “B” Vacuum Relief 






Isolation MOV F010B


B‑208‑110
(3)
C
7/22/81
Testable Check Valves F020A 






& B


B‑208‑111

‑
6/30/77
M17 Containment Vacuum 






Relief Index


B‑208‑111
(1)
A
9/12/78
Containment Vacuum Relief 






Isolation MOV F025


B‑208‑111
(2)
A
9/12/78
Containment Vacuum Relief 






Isolation MOV F045


B‑208‑111
(3)
A
9/12/78
Containment Vacuum Relief 






Isolation MOV F015


B‑208‑111
(4)
A
9/12/78
Containment Vacuum Relief 






Isolation MOV F035


B‑208‑111
(5)
B
11/10/81
Check Valves ‑ F010, F020, 






F030, F040


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑111
(6)
B
7/23/81
Instrument Line Sensing 






Isolation Valves F055 & 






F065


B‑208‑111
(7)
B
11/24/80
Inop & Bypass


B‑208‑111
(8)
B
11/24/80
Inop & Bypass


B‑208‑111
(200)
A
1/05/79
Train “A” Pressure Process 






Instrumentation


B‑208‑111
(201)
A
1/05/79
Train “B” Pressure Process 






Instrumentation


B‑208‑115

A
1/31/79
M23 MCC, Switchgear & 






Miscellaneous Electrical 






HVAC Index


B‑208‑115
(1)
B
9/08/81
Supply Fan “A” C001A


B‑208‑115
(2)
B
9/08/81
Equipment Area HVAC Supply 






Fan C001B


B‑208‑115
(3)
C
11/10/81
Equipment Area HVAC 






Recirculation Fan C001A


B‑208‑115
(4)
D
11/10/81
Equipment Area HVAC 






Recirculation Fan C002B


B‑208‑115
(5)
D
11/10/81
Equipment Area HVAC 






Miscellaneous Solenoid 






Dampers “A”


B‑208‑115
(6)
D
11/10/81
Equipment Area HVAC 






Miscellaneous Solenoid






Dampers “B”


B‑208‑115
(7)
C
11/10/81
Relay Isolation Logic


B‑208‑115
(207)
D
2/25/81
Train “A” Chilled Water 






Temperature Control Process 






Instrumentation


B‑208‑115
(208)
D
2/25/81
Train “B” Chilled Water 






Temperature Control Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑116

‑
8/25/77
M24 Battery Room Exhaust






Index


B‑208‑116
(1)
D
6/09/81
Exhaust Fan C001A


B‑208‑116
(2)
E
11/10/81
Exhaust Fan C001B


B‑208‑116
(3)
D
11/10/81
Trip Logic, Auto 






Switchover “A” & Alarms


B‑208‑116
(4)
D
11/10/81
Trip Logic, Auto 






Switchover “B” & Alarms


B‑208‑117

C
11/10/81
M25 Control Room HVAC Index


B‑208‑117
(1)
E
7/06/82
Supply Fan “A” M25‑C001A


B‑208‑117
(2)
E
7/06/82
Supply Fan “B” M25‑C001B


B‑208‑117
(3)
E
7/06/82
Return Fan “A” M25‑C002A


B‑208‑117
(4)
F
8/04/82
Return Fan “B” M25‑C002B


B‑208‑117
(5)
F
7/06/82
Trip Logic “A”


B‑208‑117
(6)
G
7/06/82
Trip Logic “B”


B‑208‑117
(7)
H
8/04/82
Control Room Dampers “A” 






F220A, F250A, E, F255A, 






F260A, F010A, F020A, F130A, 






F110A, M26‑F040A


B‑208‑117
(8)
K
8/04/82
Control Room Dampers “B” 






F220B, F250B, G, F255B, 






F260B, F010B, F020B, F130B, 






F110B, M26‑F040B


B‑208‑117
(201)
D
2/25/81
Train “A” Chilled Water






Temperature Control Process 






Instrumentation


B‑208‑117
(202)
D
2/25/81
Train “B” Chilled Water






Temperature Control Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑118

‑
8/25/77
M26 Control Room Emergency






Recirculation Index


B‑208‑118
(1)
D
7/06/82
Emergency Recirculation






Fan “A” M26‑C001A


B‑208‑118
(2)
D
7/06/82
Emergency Recirculation






Fan “B” M26‑C001B


B‑208‑118
(3)
C
7/06/82
Electric Heating Coil D001A


B‑208‑118
(4)
B
7/06/82
Electric Heating Coil D001B


B‑208‑118
(5)
C
11/10/81
Inop & Bypass


B‑208‑118
(6)
C
11/10/81
Inop & Bypass


B‑208‑118
(7)
A
12/14/78
Electric Heating Coil 






(Continued) D001A


B‑208‑118
(8)
A
12/14/78
Electric Heating Coil 






(Continued) D001B


B‑208‑120

‑
8/25/77
M28 Emergency Pump Area 






Cooling Index


B‑208‑120
(1)
B
10/29/79
Ventilation Fan “A” B001A


B‑208‑120
(2)
B
10/29/79
Ventilation Fan “B” B001B


B‑208‑124

‑
10/28/77
M32 Emergency Service Water






Pumphouse Ventilation Index


B‑208‑124
(1)
C
6/09/81
Ventilation Unit 1M32‑C001A


B‑208‑124
(2)
C
5/01/81
Ventilation Unit 1M32‑C001B


B‑208‑124
(3)
B
7/23/81
Pumphouse Louvers F070A & 






F070B


B‑208‑124
(201)
C
2/25/81
Train “A” Temperature 






Control Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑124
(202)
C
2/25/81
Train “B” Temperature 






Control Process 






Instrumentation


B‑208‑128

‑
11/30/77
M36 Offgas Building Exhaust 






Index


B‑208‑128
(1)
C
11/09/81
Exhaust Fan A 1M36‑C001A


B‑208‑128
(2)
B
11/09/81
Exhaust Fan B 1M36‑C001B


B‑208‑131

‑
7/28/77
M39 ECCS Pump Room Cooler 






Index


B‑208‑131
(1)
C
7/13/81
RCIC Pump Room Cooler 






1M39‑B004


B‑208‑131
(2)
C
7/23/81
LPCS Pump Room Cooler 






1M39‑B006


B‑208‑131
(3)
C
7/23/81
HPCS Pump Room Cooler 






1M39‑B003


B‑208‑131
(4)
C
7/23/81
RHR Pump “A” & Heat 






Exchanger Cooler 1M39‑B001A


B‑208‑131
(5)
C
7/23/81
RHR Pump “B” & Heat 






Exchanger Cooler 1M39‑B001B


B‑208‑131
(6)
C
7/23/81
RHR Pump “C” Room Cooler 






1M39‑B002


B‑208‑132

A
12/14/78
M40 Fuel Handling Building






Ventilation Index


B‑208‑132
(1)
B
10/29/79
Supply Fan A M40‑C001A


B‑208‑132
(2)
C
5/01/81
Supply Fan B M40‑C001B


B‑208‑132
(3)
B
6/09/81
Exhaust Fan A M40‑C002A


B‑208‑132
(4)
B
6/09/81
Exhaust Fan B M40‑C002B


B‑208‑132
(5)
C
2/25/81
Heating Coil D001A


B‑208‑132
(6)
C
2/25/81
Heating Coil D001B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑132
(7)
A
12/14/78
Heating Coil (Continued) 






D001A


B‑208‑132
(8)
A
12/14/78
Heating Coil (Continued) 






D001B


B‑208‑135

A
5/03/79
M43 Diesel Generator






Building Ventilation Index


B‑208‑135
(1)
G
8/11/82
Ventilation Fan C001B


B‑208‑135
(2)
H
8/11/82
Ventilation Fan C001C


B‑208‑135
(3)
G
8/11/82
Ventilation Fan C001A


B‑208‑135
(4)
G
8/11/82
Ventilation Fan C002B


B‑208‑135
(5)
H
8/11/82
Ventilation Fan C002C


B‑208‑135
(6)
G
8/11/82
Ventilation Fan C002A


B‑208‑135
(7)
C
2/06/81
Louvers F070A, B, F080A


B‑208‑135
(8)
C
2/06/81
Louvers F070C, D, F080B


B‑208‑135
(9)
C
2/06/81
Louvers F070E, F, F080C


B‑208‑135
(202)
F
1/12/81
Room “A” Temperature 






Control Process 






Instrumentation


B‑208‑135
(203)
E
1/12/81
Room “A” Temperature 






Control Process 






Instrumentation


B‑208‑135
(204)
E
1/12/81
Room “B” Temperature 






Control Process 






Instrumentation


B‑208‑135
(205)
E
1/12/81
Room “B” Temperature 






Control Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑135
(206)
E
1/12/81
Room “C” Temperature 






Control Process 






Instrumentation


B‑208‑135
(207)
F
1/12/81
Room “C” Temperature 






Control Process 






Instrumentation


B‑208‑140

B
11/09/81
M51 Combustible Gas Control 






Index


B‑208‑140
(1)
C
5/28/81
Hydrogen Mixing 






Compressor C001A


B‑208‑140
(2)
C
5/29/81
Hydrogen Mixing 






Compressor C001B


B‑208‑140
(3)
D
6/02/81
Hydrogen Mixing Compressor 






Isolation MOV F010A


B‑208‑140
(4)
D
6/02/81
Hydrogen Mixing Compressor 






Isolation MOV F010B


B‑208‑140
(7)
D
6/02/81
Compressor Cooling Water 






Isolation Valve F020A


B‑208‑140
(8)
D
6/02/81
Compressor Cooling Water 






Isolation Valve F020B


B‑208‑140
(9)
B
6/10/81
Hydrogen Recombiner P.S. 






1M51‑S001


B‑208‑140
(10)
B
6/10/81
Hydrogen Recombiner P.S. 






1M51‑S002


B‑208‑140
(13)
C
11/09/81
Backup Hydrogen Purge 






Inboard Isolation MOV F090


B‑208‑140
(14)
C
11/09/81
Backup Hydrogen Purge 






Inboard Isolation MOV F110


B‑208‑140
(15)
B
11/24/80
Hydrogen Analyzer Isolation 






Valves


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑140
(16)
C
11/24/80
Hydrogen Analyzer Isolation 






Valves


B‑208‑140
(17)
C
11/09/81
Inop & Bypass


B‑208‑140
(18)
B
4/10/80
Inop & Bypass


B‑208‑140
(22)
A
11/24/80
Compressor & Auxiliary Oil






Pump C001A 


B‑208‑140
(32)
A
11/24/80
Compressor & Auxiliary Oil 






Pump C001B


B‑208‑140
(200)
D
10/31/80
Hydrogen Analyzer


B‑208‑140
(201)
D
10/31/80
Hydrogen Analyzer


B‑208‑142

‑
9/26/77
N11 Main & Reheat Steam 






Index


B‑208‑142
(6)
E
12/03/80
Main Steam Stop Valve F020A


B‑208‑142
(7)
E
12/03/80
Main Steam Stop Valve F020B


B‑208‑142
(8)
E
12/03/80
Main Steam Stop Valve F020C


B‑208‑142
(9)
E
12/03/80
Main Steam Stop Valve F020D


B‑208‑158

A
7/15/80
N41 Generator Index


B‑208‑158
(7)
B
12/15/80
Synchronizing Main 






Generator and Div. 1 Diesel


B‑208‑158
(8)
B
7/09/79
Synchronizing Div. 2 and 






Div. 3 Diesel


B‑208‑166

‑
6/30/77
P11 Condensate Transfer and 






Storage Index


B‑208‑166
(6)
C
7/31/81
Influent Outboard Isolation






Valve F060


B‑208‑166
(7)
C
7/31/81
Effluent Inboard Isolation 






Valve F090


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑166
(8)
C
7/31/81
Effluent Outboard Isolation






Valve F080


B‑208‑169

‑
6/30/77
P22 Demineralized Water 






Index


B‑208‑169
(1)
A
7/06/79
Containment Supply Outboard 






Isolation MOV F010


B‑208‑169
(2)
C
9/25/80
Drywell Isolation 






Valve F015


B‑208‑172

‑
8/25/77
P41 Service Water Index


B‑208‑172
(8)
D
6/09/81
Cooling Tower Makeup 






Isolation Valve P41‑F420


B‑208‑172
(9)
D
6/09/81
Cooling Tower Makeup 






Isolation Valve F41‑F430


B‑208‑173

A
11/13/81
P42 Emergency Closed 






Cooling Index


B‑208‑173
(1)
C
1/06/81
Pump A C001A


B‑208‑173
(2)
C
4/08/81
Pump B C001B


B‑208‑173
(3)
A
5/16/79
Chiller Bypass MOV 






F42‑F150A


B‑208‑173
(4)
A
5/16/79
Chiller Bypass MOV 






P42‑F150A


B‑208‑173
(5)
A
5/16/79
Fuel Pool Heat Exchanger






Bypass MOV P42‑F255A


B‑208‑173
(6)
B
4/10/80
Fuel Pool Heat Exchanger






Bypass MOV F255B


B‑208‑173
(7)
A
5/16/79
Fuel Pool Heat Exchanger






Emergency Supply MOV 






P42‑F260A


B‑208‑173
(8)
B
4/10/80
Fuel Pool Heat Exchanger






Emergency Supply MOV F260B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑173
(9)
A
5/16/79
Fuel Pool Heat Exchanger






Emergency Return MOV F265A


B‑208‑173
(10)
B
4/10/80
Fuel Pool Heat Exchanger






Emergency Return MOV F265B


B‑208‑173
(11)
B
4/10/80
Control Room Chiller Cross 






Tie Isolation MOV F295A


B‑208‑173
(12)
A
5/16/79
Control Room Chiller Cross 






Tie Isolation MOV F295B


B‑208‑173
(13)
A
5/16/79
Control Room Chillers






Emergency Supply MOV F300A


B‑208‑173
(14)
A
5/16/79
Control Room Chillers 






Emergency Supply MOV F300B


B‑208‑173
(15)
A
5/16/79
Control Room Chiller Cross 






Tie Isolation MOV F325A


B‑208‑173
(16)
A
5/16/79
Control Room Chiller Cross 






Tie Isolation MOV F325B


B‑208‑173
(17)
A
5/16/79
Control Room Chillers 






Emergency Return MOV F330A


B‑208‑173
(18)
A
5/16/79
Control Room Chillers 






Emergency Return MOV F330B


B‑208‑173
(19)
B
6/15/81
Fuel Pool Heat Exchanger






Cross Tie Isolation






MOV F380A


B‑208‑173
(20)
A
5/16/79
Fuel Pool Heat Exchanger






Cross Tie Isolation






MOV F380B


B‑208‑173
(21)
B
6/15/81
Fuel Pool Heat Exchanger






Cross Tie Isolation






MOV F390A


B‑208‑173
(22)
B
4/10/80
Fuel Pool Heat Exchanger






Cross Tie Isolation






MOV F390B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑173
(24)
‑
6/15/81
Control Complex Chillers 






Normal Return MOV F290


B‑208‑173
(25)
‑
6/15/81
Control Complex Chillers 






Normal Return MOV F320


B‑208‑173
(26)
‑
6/15/81
Fuel Pool Heat Exchanger 






Normal Supply MOV F440


B‑208‑173
(27)
‑
6/15/81
Fuel Pool Heat Exchanger 






Normal Return MOV F445


B‑208‑173
(200)
C
1/09/81
Emergency Closed Cooling






Pump A Pressure & Flow 






Process Instrumentation


B‑208‑173
(201)
B
1/09/81
Emergency Closed Cooling






Pump B Pressure & Flow 






Process Instrumentation


B‑208‑173
(202)
E
1/10/80
Emergency Closed Cooling 






Temperature Process 






Instrumentation


B‑208‑173
(203)
F
2/25/81
Control Complex Chiller “A” 






Temperature Process 






Instrumentation


B‑208‑173
(204)
G
2/25/81
Control Complex Chiller “B” 






Temperature Process 






Instrumentation


B‑208‑174

‑
6/30/77
P43 Nuclear Closed Cooling 






Index


B‑208‑174
(7)
B
10/07/80
Nuclear Closed Cooling 






Containment Supply Outboard 






Isolation MOV F055


B‑208‑174
(8)
B
10/07/80
Nuclear Closed Cooling 






Containment Return Outboard 






Isolation MOV F140


B‑208‑174
(9)
C
1/06/81
Nuclear Closed Cooling 






Containment Return Inboard 






MOV F215


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑174
(10)
C
1/06/81
Nuclear Closed Cooling 






Drywell Supply Outboard 






Isolation MOV F355


B‑208‑174
(11)
C
1/06/81
Nuclear Closed Cooling 






Drywell Return Outboard 






Isolation MOV F410


B‑208‑174
(12)
C
1/06/81
Nuclear Closed Cooling 






Drywell Return Inboard 






Isolation MOV F400


B‑208‑176

B
4/27/79
P45 Emergency Service Water 






Index


B‑208‑176
(1)
D
7/20/82
“A” Emergency Service Water 






Pump C001A


B‑208‑176
(2)
C
10/29/79
“B” Emergency Service Water 






Pump C001B


B‑208‑176
(3)
C
1/07/81
HPCS Emergency Service 






Water Pump C002


B‑208‑176
(4)
C
6/09/81
“A” Emergency Service Water 






Pump Discharge Valve F130A


B‑208‑176
(5)
C
6/09/81
“B” Emergency Service Water 






Pump Discharge Valve F130B


B‑208‑176
(6)
A
11/22/78
HPCS Emergency Service 






Water Pump Discharge 






Valve F140


B‑208‑176
(7)
B
6/09/81
Inlet Isolation Valve to 






RHR Heat Exchanger A 






(1P45‑F014A)


B‑208‑176
(8)
A
11/22/78
Inlet Isolation Valve to 






RHR Heat Exchanger B






(1P45‑F014B)


B‑208‑176
(9)
B
6/09/81
Outlet Isolation Valve from 






RHR Heat Exchanger A 






(1P45‑F068A)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑176
(10)
A
11/22/78
Outlet Isolation Valve from 






RHR Heat Exchanger B 






(1P45‑F068B)


B‑208‑176
(13)
C
1/07/81
Sluice Gate P45‑D004A


B‑208‑176
(14)
C
1/07/81
Sluice Gate P45‑D004B


B‑208‑176
(200)
C
1/10/80
Loop A Pressure & 






Temperature Process 






Instrumentation


B‑208‑176
(201)
C
1/10/80
Loop B Pressure & 






Temperature Process 






Instrumentation


B‑208‑176
(202)
B
2/15/81
Loop C Pressure & 






Temperature Process 






Instrumentation


B‑208‑176
(203)
C
1/05/79
Loop A Flow Process 






Instrumentation


B‑208‑176
(204)
C
1/05/79
Loop B Flow Process






Instrumentation


B‑208‑176
(205)
B
1/05/79
Loop C Flow Process 






Instrumentation


B‑208‑178

A
11/09/81
P47 Control Complex Chilled 






Water Index


B‑208‑178
(1)
F
9/20/82
Control Complex Chiller “A” 






B001A


B‑208‑178
(2)
D
11/05/81
Control Complex Chiller “B” 






B001B


B‑208‑178
(4)
C
11/09/81
Chilled Water Pump “A” 






C001A


B‑208‑178
(5)
D
11/09/81
Chilled Water Pump “B” 






C001B


B‑208‑178
(8)
B
6/09/81
Nonsafety Coil Outlet 






Isolation Valve “A” F290A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑178
(9)
B
6/09/81
Nonsafety Coil Outlet 






Isolation Valve “B” F290B


B‑208‑178
(10)
A
4/27/79
Nonsafety Coil Outlet 






Isolation Valve “A” F295A


B‑208‑178
(11)
A
4/27/79
Nonsafety Coil Outlet 






Isolation Valve “B” F295B


B‑208‑178
(12)
F
11/05/81
Chiller “A” Controls B001A


B‑208‑178
(13)
E
11/09/81
Chiller “A” Controls 






(Continued) B001A


B‑208‑178
(14)
F
11/05/81
Chiller “B” Controls B001B


B‑208‑178
(15)
E
11/09/81
Chiller “B” Controls 






(Continued) B001B


B‑208‑178
(16)
B
10/17/80
Chiller “A” Oil Pump B001A


B‑208‑178
(17)
B
10/17/80
Chiller “B” Oil Pump B001B


B‑208‑180

‑
10/27/78
P49 Emergency Service Water 






Screen Wash Index


B‑208‑180
(1)
D
11/10/81
Screen Control P49‑D001A


B‑208‑180
(2)
A
11/10/81
Strainer P49‑D003A and Pump 






P49‑C002A


B‑208‑180
(4)
D
11/10/81
Screen Control P49‑D001B


B‑208‑180
(5)
A
11/10/81
Strainer P49‑D003B and Pump 






P49‑C002B


B‑208‑181

‑
6/30/77
P50 Containment Vessel 






Chilled Water Index


B‑208‑181
(7)
D
1/23/81
Containment Vessel Chilled 






Water Isolation Valve 






1P50‑F140


B‑208‑181
(9)
C
1/23/81
Containment Vessel Chilled 






Water Isolation Valve 






1P50‑F150


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑181
(10)
B
10/07/80
Containment Vessel Chilled 






Water Isolation Valve 






1P50‑F060


B‑208‑182

B
4/10/80
P51 Service Air Index


B‑208‑182
(2)
B
10/07/80
Service Air Receiver Tank 






Drain Valve 1P51‑F080 & 






Outboard Isolation Valve 






1P51‑F150


B‑208‑182
(9)
C
1/23/81
Drywell Isolation 






Valve F652


B‑208‑183

A
4/10/80
P52 Instrument Air Index


B‑208‑183
(3)
C
11/10/81
Outboard Isolation 






Valve F200


B‑208‑183
(10)
B
3/17/81
Outboard Isolation Valves 






1P52‑F160 & F170


B‑208‑183
(11)
C
10/08/81
B21 Accumulator Isolation 






Valve F646


B‑208‑184

A
1/23/81
P53 Penetration 






Pressurization Index


B‑208‑184
(1)
C
6/03/81
Outboard Isolation Valves 






1P53‑F030, F035, F040, F045


B‑208‑184
(2)
C
6/03/81
Inboard Isolation Valves 






1P53‑F050, F055, F060, F065


B‑208‑184
(3)
‑
10/02/79
Personnel Air Locks Alarm 






Units


B‑208‑184
(4)
B
1/21/80
Personnel & Drywell Air 






Locks Miscellaneous 






Relaying


B‑208‑185

A
3/10/80
P54 Fire Protection Index


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑185
(3)
B
10/29/79
Charcoal Filter Deluge 






Valves F3180, F3270, F3290, 






F3000, F3250, M26‑F080A, 






M40‑F150A & C, 1M36‑F110A, 






1M15‑F100A


B‑208‑185
(4)
B
10/29/79
Charcoal Filter Deluge 






Valves F3200, F3280, F3010, 






F3260, M26‑F080B, 






M40‑F150B, 1M36‑F110B, 






1M15‑F100B


B‑208‑185
(5)
B
2/25/81
CO2 Outboard Isolation 






Valve 1P54‑F340


B‑208‑185
(6)
B
2/25/81
CO2 Outboard Isolation 






Valve 1P54‑F395


B‑208‑185
(42)
A
2/25/81
Fire Protection System CO2 






Discharge Valves IP 543410, 






IP 543430, IP 543420


B‑208‑194
(3)
E
12/15/80
Condenser Hogging Pump 






Isolation Valves ‑ F130A & 






B, Steam Jet Air Ejector 






Isolation Valves –






F140A & B


B‑208‑198

‑
7/28/77
P86 Nitrogen Supply Index


B‑208‑198
(1)
B
7/6/82
Nitrogen Supply Isolation 






Valve (1P86‑F002)


B‑208‑199

A
1/23/81
P57 Safety‑Related 






Instrument Air Index


B‑208‑199
(1)
A
7/06/79
Containment Isolation Valve 






1P57‑F015A


B‑208‑199
(2)
B
4/29/80
Containment Isolation Valve 






1P57‑F015B


B‑208‑199
(3)
B
1/23/81
Drywell Isolation Valve 






1P57‑F020A


B‑208‑199
(4)
C
1/23/81
Drywell Isolation Valve 






1P57‑F020B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑206

A
7/23/79
R22 Metal Clad Switchgear 






Index


B‑208‑206
(1)
E
8/07/81
Unit 2 Tie Breaker L1001


B‑208‑206
(2)
E
8/07/81
13.8 kV Bus L10 Startup 






Supply Breaker L1003


B‑208‑206
(4)
D
3/18/81
13.8 kV Bus L12 Startup 






Supply Breaker L1009


B‑208‑206
(5)
E
10/29/81
Interbus Transformer LH‑1‑A 






Supply Breaker L1010


B‑208‑206
(6)
D
8/07/81
13.8 kV Bus L10 Startup 






Alternate Supply 






Breaker L1004


B‑208‑206
(15)
C
3/18/81
Interbus Transformer LH‑1‑C 






Supply Breaker L1206


B‑208‑206
(23)
G
7/20/82
4.16 kV Unit 2 Tie 






Breaker EH1101


B‑208‑206
(24)
G
7/20/82
4.16 kV Bus EH11 Diesel 






Breaker EH1102


B‑208‑206
(25)
D
7/20/82
Transformer EHF‑1‑A Supply 






Breaker EH1104


B‑208‑206
(26)
D
7/20/82
Transformer EHF‑1‑B Supply 






Breaker EH1113


B‑208‑206
(27)
F
7/20/82
4.16 kV Bus EH11 Preferred 






Supply Breaker EH1114


B‑208‑206
(28)
E
7/20/82
4.16 kV Bus EH11 Alternate






Preferred Supply 






Breaker EH1115


B‑208‑206
(29)
C
7/20/82
Bus EH11 Stub Bus Tie 






Breaker EH1116


B‑208‑206
(30)
E
8/07/81
4.16 kV Bus EH12 Diesel 






Breaker EH1201


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑206
(31)
C
8/07/81
Transformer EHF‑1‑C Supply 






Breaker EH1204


B‑208‑206
(32)
C
8/28/81
Transformer EHF‑1‑D Supply 






Breaker EH1209


B‑208‑206
(33)
E
8/28/81
4.16 kV Bus EH12 Preferred 






Supply Breaker EH1212


B‑208‑206
(34)
D
8/28/81
4.16 kV Bus EH12 Alternate






Preferred Source 






Breaker EH1213


B‑208‑206
(35)
D
8/28/81
4.16 kV Bus EH12 Stub Bus 






Tie Breaker EH1214


B‑208‑206
(37)
E
8/28/81
4.16 kV Bus EH13 Diesel 






Breaker EH1301


B‑208‑206
(38)
D
3/19/81
4.16 kV Bus EH13 Alternate






Preferred Supply 






Breaker EH1302


B‑208‑206
(39)
F
8/28/81
4.16 kV Bus EH13 Preferred 






Supply Breaker EH1303


B‑208‑206
(40)
C
8/28/81
Transformer EHF‑1‑E Supply 






Breaker EH1305


B‑208‑206
(41)
D
8/28/81
13.8 kV Bus L10 






Undervoltage and Potential 






Circuits


B‑208‑206
(46)
D
7/20/82
4.16 kV Bus EH11 






Undervoltage and Potential 






Circuits


B‑208‑206
(47)
F
8/28/81
4.16 kV Bus EH12 






Undervoltage and Potential 






Circuits


B‑208‑206
(48)
D
7/20/82
4.16 kV Bus XH11 & XH12 






Undervoltage and Potential 






Circuits


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑206
(49)
E
8/28/81
4.16 kV Bus EH13 






Undervoltage and Potential 






Circuits


B‑208‑206
(50)
E
8/28/81
4.16 kV Bus Differential 






Lock‑Out Relays


B‑208‑206
(52)
E
10/29/81
Interbus Transformer LH‑1‑B






& LH‑1‑C Lock‑Out Relays


B‑208‑206
(53)
E
9/29/81
4.16 kV Standby Diesel 






Breaker EH1102 Protective 






Relaying


B‑208‑206
(54)
E
9/29/81
4.16 kV Standby Diesel 






Breaker EH1201 Protective 






Relaying


B‑208‑206
(55)
E
8/28/81
4.16 kV Standby Diesel 






Breaker EH1301 Protective 






Relaying


B‑208‑206
(200)
E
10/11/81
Metal‑Clad Switchgear 






(15 kV & 5 kV) Diesel 






Generator Circuit Breaker 






Contacts to Transient Test 






Panel


B‑208‑206
(201)
D
4/30/79
Auxiliary and Startup 






Transformer Contacts to 






Transient Test Panel


B‑208‑207

A
7/11/79
R23 Load Centers Index


B‑208‑207
(8)
B
8/28/81
480V Load Center EF1A Main 






Supply Breaker & Tie 






Breaker EF1A03, EF1A13


B‑208‑207
(9)
B
8/28/81
480V Load Center EF1B Main 






Supply Breaker EF1B03


B‑208‑207
(10)
B
8/28/81
480V Load Center EF1C Main 






Supply Breaker & Tie 






Breaker EF1C03, EF1C13


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑207
(11)
B
8/28/81
480V Load Center EF1D Main 






Supply Breaker EF1D03


B‑208‑207
(12)
B
9/29/81
Potential Ground Circuit 






Typical


B‑208‑207
(20)
B
8/28/81
480V Load Center EF1A Spare 






Breaker EF1A11


B‑208‑207
(21)
B
8/28/81
480V Load Centers EF1C 






Spare Breaker EF1C11


B‑208‑209

B
3/17/81
R25 Distribution Panels 






Index


B‑208‑209
(2)
‑
11/30/77
Unit Control Console 






1H13‑P680


B‑208‑209
(3)
‑
11/30/77
Unit Control Console 






1H13‑P680


B‑208‑209
(5)
A
2/27/79
HVAC Panel 1H13‑P800


B‑208‑209
(6)
B
5/28/80
HVAC Panel 1H13‑P800


B‑208‑209
(7)
A
2/27/79
HVAC Panel 1H13‑P800


B‑208‑209
(10)
A
2/20/79
Long Response Benchboard 






1H13‑P870


B‑208‑209
(11)
A
2/27/79
Long Response Benchboard 






1H13‑P870


B‑208‑209
(13)
A
2/27/79
Common HVAC Panel H13‑P904


B‑208‑209
(14)
A
2/27/79
Common HVAC Panel H13‑P904


B‑208‑209
(16)
A
2/27/79
Common Long Response 






Benchboard H13‑P970


B‑208‑209
(17)
A
2/27/79
Common Long Response 






Benchboard H13‑P970


B‑208‑209
(20)
A
2/27/79
Auxiliary Relay Panel 






1H13‑P873


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑209
(23)
C
10/17/80
Auxiliary Relay Panel 






1H13‑P871


B‑208‑209
(25)
B
7/10/79
Auxiliary Relay Panel 






1H13‑P872


B‑208‑209
(27)
A
2/27/79
Common Auxiliary Relay 






Panel H13‑P969


B‑208‑209
(28)
A
2/27/79
Common Auxiliary Relay 






Panel H13‑P969


B‑208‑209
(31)
A
2/27/79
ECCS Benchboard 1H13‑P601


B‑208‑209
(32)
A
2/27/79
ECCS Benchboard 1H13‑P601


B‑208‑209
(40)
C
10/06/81
Space Heater Distribution






Panel 1R25‑S037


B‑208‑209
(41)
A
10/06/81
Space Heater Distribution






Panel 1R25‑S037 (Continued)


B‑208‑209
(42)
D
3/17/81
Space Heater Distribution






Panel 1R25‑S041


B‑208‑209
(44)
B
10/29/79
Space Heater Distribution






Panel 1R25‑S043


B‑208‑209
(45)
B
10/30/79
Space Heater Distribution






Panel 1R25‑S043 (Continued)


B‑208‑209
(46)
B
10/31/79
Space Heater Distribution






Panel 1R25‑S047


B‑208‑209
(48)
A
2/27/79
Space Heater Distribution






Panel 1R25‑S039


B‑208‑209
(50)
A
2/27/79
Space Heater Distribution






Panel 1R25‑S045


B‑208‑209
(52)
A
2/27/79
Space Heater Distribution






Panel 1R25‑S099


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑209
(62)
A
2/27/79
Distribution Panels 






Containment and Drywell 






solation Valve Control 






Panel 1H13‑P881


B‑208‑209
(90)
A
7/10/79
Elapsed Time Meters 






Bus EH11


B‑208‑209
(91)
A
7/10/79
Elapsed Time Meters 






Bus EH12


B‑208‑209
(92)
A
7/10/79
Elapsed Time Meters 






Bus EH13


B‑208‑214

A
4/30/79
R41 Instruments Power 






Distribution Index


B‑208‑214
(208)
E
6/09/81
Safety‑Related Analog Loop 






Cabinet “A” Power 






Distribution


B‑208‑214
(209)
C
3/12/82
Analog Loop Division 1 






Instrumentation Panel Power 






Distribution


B‑208‑214
(210)
D
6/09/81
Safety‑Related Analog Loop 






Cabinet “B” Power 






Distribution


B‑208‑214
(211)
C
3/12/82
Analog Loop Division 2 






Instrumentation Panel Power 






Distribution


B‑208‑214
(215)
C
2/11/81
Division “3” Analog Loop 






Cabinet Power Distribution


B‑208‑214
(220)
B
3/12/82
1H13‑P868, 1H13‑P869, and 






1H13‑P873 Signal Resistor 






Units and Indicator 






Amplifiers Tabulation


B‑208‑214
(221)
C
10/31/80
1H13‑P869 Signal Resistor 






Units and Indicator 






Amplifiers Tabulation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑214
(222)
A
10/31/80
Div. 1 Analog Isolator 






Power Distribution


B‑208‑214
(223)
A
10/31/80
Div. 2 Analog Isolator 






Power Distribution


B‑208‑214
(227)
B
10/31/79
Common Analog Loop (Div. 1) 






Instrumentation Panel Power 






Distribution


B‑208‑214
(228)
B
10/31/79
Common Analog Loop (Div. 2) 






Instrumentation Panel Power 






Distribution


B‑208‑214
(231)
B
6/09/81
Div. 1 Analog Isolator 






(1H13‑P601) Power 






Distribution


B‑208‑214
(232)
B
6/09/81
Div. 2 Analog Isolator 






(1H13‑P601) Power 






Distribution


B‑208‑214
(233)
C
6/09/81
Div. 3 Analog Isolator 






(1H13‑P601) Power 






Distribution


B‑208‑214
(237)
C
4/05/78
1H13‑P601 Division 1 Power 






Distribution


B‑208‑214
(238)
C
4/05/78
1H13‑P601 Division 2 Power 






Distribution


B‑208‑214
(239)
E
1/05/79
1H13‑P601 Division 3 Power 






Distribution


B‑208‑215

B
7/11/79
R42 DC System Index


B‑208‑215
(1)
A
2/05/79
DC Miscellaneous DC Volt






Meters


B‑208‑215
(4)
D
7/20/82
Distribution Panel 






1R42‑S012 Switchgear Feeds


B‑208‑215
(5)
D
5/18/81
Distribution Panel 






1R42‑S013 Switchgear Feeds


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑215
(6)
C
3/18/81
Distribution Panel 






1E22‑P002 Switchgear Feed


B‑208‑215
(14)
D
8/12/81
Metering and Relaying 






Bus ED‑1‑A


B‑208‑215
(15)
D
8/12/81
Metering and Relaying 






Bus ED‑1‑B


B‑208‑215
(16)
D
7/13/81
Battery Chargers‑1R42‑S005, 






S006, S007, S008, S009, 






S019, & S026


B‑208‑215
(17)
B
3/18/81
Battery Charger 1R42‑S011


B‑208‑215
(25)
A
2/05/79
Auxiliary Relay Panel 






1H13‑P872 Power 






Distribution


B‑208‑215
(27)
C
10/06/81
Common Analog/Auxiliary






Relay Panel H13‑P969 Power 






Distribution


B‑208‑215
(30)
A
2/05/79
Auxiliary Relay Panel 






1H13‑P871 Power 






Distribution


B‑208‑215
(32)
C
10/06/81
Common Analog/Auxiliary






Relay Panel H13‑P969 Power 






Distribution


B‑208‑216

A
1/24/79
R43 Standby Diesel 






Generator Index


B‑208‑216
(1)
C
6/03/81
Emergency Diesel Driven 






Generator Division 1 






Control 1R43‑5001A


B‑208‑216
(2)
C
6/03/81
Emergency Diesel Driven 






Generator Division 2 






Control 1R43‑5001B


B‑208‑216
(3)
A
6/10/81
Legend Division 1 Control 






1R43‑C001A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑216
(4)
A
6/10/81
Legend Division 2 Control 






1R43‑C001B


B‑208‑216
(5)
D
9/28/81
Diesel Control Panel 






1H51‑P054A Division 1 






1R43‑C001A


B‑208‑216
(6)
D
9/28/81
Diesel Control Panel 






1H51‑P054B Division 2 






1R43‑C001B


B‑208‑216
(7)
D
9/28/81
Diesel Control Panel 






1H51‑P054A Division 1 






1R43‑C001A


B‑208‑216
(8)
D
9/28/81
Diesel Control Panel 






1H51‑P055B Division 2 






1R43‑C001B


B‑208‑216
(9)
B
10/06/81
Diesel Control Panel 






1H51‑P054A Division 1 






1R43‑C001A


B‑208‑216
(10)
B
10/06/81
Diesel Control Panel 






1H51‑P054B Division 2 






1R43‑C001B


B‑208‑216
(11)
D
7/17/81
Inop & Bypass


B‑208‑216
(12)
C
10/06/81
Inop & Bypass


B‑208‑216
(13)
C
6/10/81
Inop & Bypass


B‑208‑216
(14)
D
10/06/81
Inop & Bypass


B‑208‑216
(15)
B
10/06/81
Diesel/Generator Control 






Interconnection Diagram 






Division 1


B‑208‑216
(16)
A
8/09/79
Diesel/Generator Control 






Interconnection Diagram 






Division 2


B‑208‑216
(17)
B
4/10/80
Diesel Control Panel 






1H51‑P054A Division 1 






1R43‑C001A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑216
(18)
B
4/10/80
Diesel Control Panel 






1H51‑P054B Division 2 






1R43‑C001B


B‑208‑216
(19)
A
8/09/79
Diesel Annunciator 






Schematic Division 1 






1R43‑C001A


B‑208‑216
(20)
A
8/09/79
Diesel Annunciator 






Schematic Division 2 






1R43‑C001B


B‑208‑216
(21)
A
8/09/79
Diesel Annunciator 






Schematic Division 1 






1R43‑C001A


B‑208‑216
(22)
A
8/09/79
Diesel Annunciator 






Schematic Division 2 






1R43‑C001B


B‑208‑216
(23)
‑
1/24/79
Crankcase Fans


B‑208‑216
(24)
‑
1/24/79
Generator Control Switch 






Developments Division 1 






1R43‑S001A


B‑208‑216
(25)
‑
1/24/79
Generator Control Switch 






Developments Division 2 






1R43‑S001B


B‑208‑216
(26)
B
5/01/80
Generator Control Switch 






Developments Division 1 






1R43‑S001A


B‑208‑216
(27)
B
5/01/80
Generator Control Switch 






Developments Division 2 






1R43‑S001B


B‑208‑216
(28)
A
4/10/80
Generator Control 






Interconnection Diagram 






Division 1 1R43‑S001A


B‑208‑216
(29)
A
4/10/80
Generator Control 






Interconnection Diagram 






Division 2 1R43‑S001B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑216
(30)
C
10/06/81
Generator Control Panel 






1H51‑P055A Division 1 






1R43‑S001A


B‑208‑216
(31)
C
10/06/81
Generator Control Panel 






1H51‑P055B Division 2 






1R43‑S001B


B‑208‑216
(32)
C
10/06/81
Generator Control Panel 






1H51‑P055A Division 1 






1R43‑S001A


B‑208‑216
(33)
C
10/06/81
Generator Control Panel 






1H51‑P055B Division 2 






1R43‑S001B


B‑208‑216
(34)
A
5/02/80
Generator Control Panel 






Schematic Division 1 






1R43‑S002A


B‑208‑216
(35)
A
5/02/80
Generator Control Panel 






Schematic Division 2 






1R43‑S002B


B‑208‑216
(36)
A
10/06/81
Generator Control Power 






Chassis Schematic 






Division 1 1H51‑P055A


B‑208‑216
(37)
A
10/06/81
Generator Control Power 






Chassis Schematic 






Division 2 1H51‑P055B


B‑208‑216
(38)
‑
1/24/79
Generator Control Panel 






1H51‑P055A Division 1 






1R43‑S001A


B‑208‑216
(39)
‑
1/24/79
Generator Control Panel 






1H51‑P055B Division 2 






1R43‑S001B


B‑208‑216
(40)
‑
1/24/79
Generator Control Rectifier 






Chassis Schematic 






Division 1 1H51‑P055A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑216
(41)
‑
1/24/79
Generator Control Rectifier 






Chassis Schematic 






Division 2 1H51‑P055B


B‑208‑216
(42)
A
4/10/80
Engine & Skid Wiring 






Division 1 1R43‑C001A


B‑208‑216
(43)
A
4/10/80
Engine & Skid Wiring 






Division 2 1R43‑C001B


B‑208‑216
(44)
‑
1/24/79
Potentiometer Division 1 






1R43‑S001A


B‑208‑216
(45)
‑
1/24/79
Potentiometer Division 2 






1R43‑S001B


B‑208‑217

A
2/05/79
R44 Standby Diesel 






Generator Starting Air 






Index


B‑208‑217
(1)
A
2/05/79
Diesel Generator Starting 






Air Starting Air Compressor 






1R44‑C001A


B‑208‑217
(2)
A
2/05/79
Diesel Generator Starting 






Air Starting Air Compressor 






1R44‑C001B


B‑208‑217
(3)
A
2/05/79
Diesel Generator Starting 






Air Starting Air Compressor 






1R44‑C002A


B‑208‑217
(4)
A
2/05/79
Diesel Generator Starting 






Air Starting Air Compressor 






1R44‑C002B


B‑208‑217
(5)
B
12/17/80
Starting Air Dryer 






Division 1 1R44‑D001A


B‑208‑217
(6)
B
12/17/80
Starting Air Dryer 






Division 2 1R44‑D001B


B‑208‑217
(7)
A
12/17/80
Air After Cooler 1R44‑B001A


B‑208‑217
(8)
A
12/17/80
Air After Cooler 1R44‑B001B


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑217
(9)
A
12/17/80
Air After Cooler 1R44‑B002A


B‑208‑217
(10)
B
12/17/80
Starting Air Dryer 






Division 1 1R44‑D002A


B‑208‑217
(11)
A
12/17/80
Air After Cooler 1R44‑B002B


B‑208‑217
(12)
B
12/17/80
Starting Air Dryer 






Division 2 1R44‑D002B


B‑208‑218

‑
11/30/77
R45 Standby Diesel 






Generator Fuel Oil Index


B‑208‑218
(1)
D
6/15/81
Fuel Oil Transfer Pump 






R45‑C001C


B‑208‑218
(2)
D
6/15/81
Fuel Oil Transfer Pump 






R45‑C001D


B‑208‑218
(3)
D
6/15/81
Backup Fuel Oil Transfer 






Pump R45‑C001A


B‑208‑218
(4)
D
6/15/81
Backup Fuel Oil Transfer 






Pump R45‑C001B


B‑208‑218
(5)
C
6/04/81
Fuel Oil Transfer Pump 






R45‑C002A


B‑208‑218
(6)
D
6/04/81
Backup Fuel Oil Transfer 






Pump R45‑C002B


B‑208‑218
(200)
G
10/31/80
Diesel Generator Fuel Oil 






Day Tank “A” & Storage 






Tank “A” Level Process 






Instrumentation


B‑208‑218
(201)
G
10/31/80
Diesel Generator Fuel Oil 






Day Tank “B” & Storage 






Tank “B” Level Process 






Instrumentation


B‑208‑218
(202)
E
10/31/80
Diesel Generator Fuel Oil 






High Pressure Core Spray






Diesel Day Tank & Storage 






Tank Level Process 






Instrumentation


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑220

B
10/31/79
S11 Power Transformers 






Index


B‑208‑220
(200)
C
1/02/80
Main Transformers “A”, “B” 






& “C” Temperature Process 






Instrumentation


B‑208‑222

‑
8/24/77
R61 Control Room 






Annunciator System Index


B‑208‑222
(4)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(5)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(6)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(7)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(8)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(9)
A
10/24/77
Unit Control Console 






(1H13‑P680) Section 1A


B‑208‑222
(54)
L
6/09/81
Unit Control Console 






(1H13‑P680) Section 3A


B‑208‑222
(55)
B
6/09/78
Unit Control Console 






(1H13‑P680) Section 3A


B‑208‑222
(100)
B
3/17/78
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(101)
B
6/09/81
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(102)
B
6/09/78
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(103)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(104)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(105)
C
6/09/81
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(106)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(107)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(108)
B
6/09/81
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(109)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(110)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(111)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(112)
A
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(113)
B
11/09/77
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(114)
C
6/09/81
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(115)
B
12/31/80
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(116)
B
12/31/80
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(117)
E
10/01/81
Unit Control Console 






(1H13‑P680) Section 5A


B‑208‑222
(138)
E
6/09/81
Unit Control Console 






(1H13‑P680) Section 7A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(140)
D
1/07/82
Unit Control Console 






(1H13‑P680) Section 7A


B‑208‑222
(153)
‑
8/24/77
Unit Control Console 






(1H13‑P680) Section 8A


B‑208‑222
(154)
D
6/09/81
Unit Control Console 






(1H13‑P680) Section 8A


B‑208‑222
(200)
G
12/31/80
Control Room Annunciator 






Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(201)
H
10/31/80
Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(202)
H
10/31/80
Diesel Generator BB






(1H13‑P877) Section 1A


B‑208‑222
(203)
H
6/09/81
Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(204)
J
10/31/80
Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(205)
B
10/15/81
Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(206)
C
4/01/80
Diesel Generator BB






(1H13‑P877) Section 1A


B‑208‑222
(207)
C
4/01/80
Diesel Generator BB 






(1H13‑P877) Section 1A


B‑208‑222
(208)
A
1/07/82
Control Room Annunciator DC 






Alarms


B‑208‑222
(225)
G
6/09/81
Control Room Annunciator 






Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(226)
G
10/31/80
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(227)
G
10/31/80
Diesel Generator BB 






(1H13‑P877) Section 2A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(228)
H
12/31/80
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(229)
H
10/31/80
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(230)
A
10/15/81
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(231)
D
4/01/80
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(232)
D
4/01/80
Diesel Generator BB 






(1H13‑P877) Section 2A


B‑208‑222
(233)
A
1/07/82
Control Room Annunciator DC 






Alarms


B‑208‑222
(250)
A
11/09/77
Diesel Generator BB 






(1H13‑P877) Section 3A


B‑208‑222
(251)
B
12/31/80
Diesel Generator BB 






(1H13‑P877) Section 3A


B‑208‑222
(252)
C
12/31/80
Diesel Generator BB 






(1H13‑P877) 






Section 3A


B‑208‑222
(275)
F
10/12/81
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(276)
B
1/02/80
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(277)
A
9/30/77
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(278)
E
10/31/80
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(279)
E
10/15/81
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(280)
F
10/31/80
ECCS Benchboard (1H13‑P601) 






Section 16A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(281)
G
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(282)
F
9/02/81
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(283)
‑
9/02/81
Div. 3 Diesel DC System 






Trouble


B‑208‑222
(284)
‑
8/24/77
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(285)
C
10/31/80
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(300)
H
9/01/81
ECCS Benchboard (1H13‑P601) 






Section 16A


B‑208‑222
(301)
B
1/05/79
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(302)
A
2/28/78
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(303)
A
2/28/78
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(304)
‑
8/24/77
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(305)
D
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(307)
C
3/17/78
ECSS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(308)
B
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(309)
E
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(310)
F
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 17A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(311)
E
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(312)
F
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(313)
A
11/14/77
ECCS Benchboard (1H13‑P601) 






Section 17A


B‑208‑222
(328)
B
10/02/78
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(331)
A
11/14/77
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(332)
F
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(333)
D
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(334)
C
1/05/79
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(335)
B
3/17/78
ECCS Benchboard (1H13‑P601) 






Section 18A


B‑208‑222
(350)
E
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(351)
D
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(352)
E
9/01/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(354)
A
9/01/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(355)
F
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(356)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(357)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(358)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(359)
A
11/14/77
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(360)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(361)
D
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(362)
A
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(363)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(364)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(365)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(366)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(367)
B
6/09/81
ECCS Benchboard (1H13‑P601)






Section 19A


B‑208‑222
(368)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(369)
C
1/02/80
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(370)
D
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(371)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(372)
C
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222
(373)
A
11/09/77
ECCS Benchboard (1H13‑P601) 






Section 19A


B‑208‑222 
(375)
G
9/01/81
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(376)
C
6/12/80
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(377)
A
2/28/78
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(378)
A
2/28/78
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(379)
‑
8/24/77
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(380)
D
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(381)
A
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(382)
C
1/05/79
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(383)
F
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(384)
D
6/09/81
ECCS Benchboard (1H13‑P601)






Section 20A


B‑208‑222
(385)
B
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(386)
B
11/14/77
ECCS Benchboard (1H13‑P601) 






Section 20A


B‑208‑222
(400)
F
9/28/81
ECCS Benchboard (1H13‑P601) 






Section 21A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(401)
C
3/17/78
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(402)
G
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(403)
F
12/31/80
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(404)
F
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(405)
D
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(406)
E
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(407)
D
4/30/79
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(408)
E
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(409)
F
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(410)
D
6/09/81
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(411)
B
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(412)
A
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(413)
B
10/24/77
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(414)
F
12/03/80
ECCS Benchboard (1H13‑P601) 






Section 21A


B‑208‑222
(426)
H
10/01/81
ECCS Benchboard (1H13‑P601) 






Section 22A


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(465)
D
6/09/81
Control Room Annunciator 






Long Response BB 






(1H13‑P870) Section 1A


B‑208‑222
(466)
A
10/31/80
Control Room Annunciator






Long Response BB 






(1H13‑P870) Section 1A


B‑208‑222
(478)
C
12/31/80
Long Response BB 






(1H13‑P870) Section 2A


B‑208‑222
(601)
D
12/31/80
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(602)
E
12/31/80
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(603)
D
12/31/80
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(604)
F
10/31/79
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(605)
C
10/31/79
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(606)
A
10/02/78
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(608)
C
10/31/79
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(609)
D
12/31/80
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(610)
C
12/09/81
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(611)
E
12/09/81
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(612)
C
12/09/81
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(613)
D
12/31/80
Common HVAC Panel 






(1H13‑P904)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(614)
E
12/31/80
Common HVAC Panel 






(1H13‑P904)


B‑208‑222
(615)
B
6/30/79
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(616)
D
10/31/79
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(617)
E
10/01/81
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(618)
C
12/31/80
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(619)
D
12/31/80
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(620)
D
12/31/80
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(621)
E
12/31/80
Common HVAC Panel 






(H13‑P904)


B‑208‑222
(626)
C
12/31/80
Common Long Response BB 






(H13‑P970)


B‑208‑222
(628)
D
12/31/80
Common Long Response BB 






(H13‑P970)


B‑208‑222
(629)
D
12/31/80
Common Long Response BB 






(H13‑P970)


B‑208‑222
(725)
A
9/30/77
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(726)
F
12/31/80
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(727)
C
10/31/79
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(728)
C
2/12/82
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(729)
B
6/09/81
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(730)
C
6/09/81
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(732)
C
12/31/80
Unit HVAC Panel (1H13‑P800)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(733)
‑
8/24/77
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(734)
B
1/02/80
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(735)
C
12/31/80
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(736)
A
9/30/77
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(737)
C
12/31/80
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(738)
C
6/09/81
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(739)
‑
8/24/77
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(740)
E
12/31/80
Unit HVAC Panel (1H13‑P800)


B‑208‑222
(925)
D
10/31/80
Div. 2 Auxiliary Relay Panel 






(1H13‑P868) Isolator Power 






Supply


B‑208‑222
(926)
D
10/31/80
Div. 1 Analog Loop Cab 






(1H13‑P869) Isolator Power 






Supply


B‑208‑222
(927)
F
10/15/81
Div. 2 Auxiliary Relay 






Panel (1H13‑P871) Isolator 






Power Supply


B‑208‑222
(928)
F
10/15/81
Div. 1 Auxiliary Relay 






Panel (1H13‑P872) Isolator 






Power Supply


B‑208‑222
(929)
D
10/15/81
Div. 3 Auxiliary Relay 






Panel (1H13‑P873) Isolator 






Power Supply


B‑208‑222
(930)
D
10/31/80
Common HVAC Panel 






(1H13‑P904) Isolator Power 






Supply


B‑208‑222
(931)
A
8/07/78
Common HVAC Panel 






(1H13‑P969) Isolator Power 






Supply


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑208‑222
(932)
A
4/30/79
Control Room Annunciator 






Isolator Power Supply 






Distribution


B‑208‑229

‑
10/30/77
Diesel Generator Jacket 






Water Index


B‑208‑229
(1)
B
10/17/80
Circulating Pump 1R46‑C005A


B‑208‑229
(2)
B
10/17/80
Circulating Pump 1R46‑C005B


B‑208‑229
(3)
C
10/17/80
Jacket Water Heater 






1R46‑D006A


B‑208‑229
(4)
C
10/17/80
Jacket Water Heater 






1R46‑D006B


B‑208‑230

‑
11/30/77
Diesel Generator Lube Oil 






Index


B‑208‑230
(1)
B
10/17/80
Lube Oil Circulating Pump 






1R47‑C002A


B‑208‑230
(2)
B
10/17/80
Lube Oil Circulating Pump 






1R47‑C002B


B‑208‑230
(3)
B
10/17/80
Lube Oil Heater 1R47‑C004A


B‑208‑230
(4)
B
10/17/80
Lube Oil Heater 1R47‑C004B


D‑214‑001

P
4/02/81
Legend, Notes, References & 






Standard Details


D‑214‑002

H
3/04/82
Details


D‑214‑004

J
7/12/82
Conduit & Tray Separation 






Criteria


D‑214‑005

J
12/17/80
Conduit & Tray Separation 






Criteria


D‑214‑111

D
12/28/78
Control Complex ‑ East – 






Elev. 574’‑10” Unit 1 & 2


D‑214‑112

D
11/16/78
Control Complex ‑ West – 






Elev. 574’‑10” Unit 1 & 2


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑214‑121

P
7/14/82
Control Complex ‑ East – 






Elev. 599’‑0” Unit 1 & 2


D‑214‑122

L
7/14/82
Control Complex ‑ West – 






Elev. 599’‑0” Unit 1 & 2


D‑214‑131

N
4/27/82
Control Complex ‑ East – 






Elev. 620’‑6” Unit 1 & 2


D‑214‑132

Q
3/05/82
Control Complex ‑ West – 






Elev. 620’‑6” Unit 1 & 2


D‑214‑141

G
3/04/82
Control Complex ‑ East – 






Elev. 638’‑6” Unit 1 & 2


D‑214‑142

J
3/05/82
Control Complex ‑ West – 






Elev. 638’‑6” Unit 1 & 2


D‑214‑143

K
4/23/82
Control Complex‑Cable 






Chase – Elev. 638’‑6” & 






654’‑6” Unit 1 & 2


D‑214‑144

H
4/27/82
Control Complex – East ‑






Auxiliary Plan – 






Elev. 638’‑6” Units 1 & 2


D‑214‑145

D
8/18/82
Control Complex ‑ West ‑






Auxiliary Plan – 






Elev. 638’‑6” Units 1 & 2


D‑214‑161

J
4/21/81
Control Complex – East – 






Elev. 679’‑6” Unit 1 & 2


D‑214‑162

F
8/11/80
Control Complex ‑ East – 






Elev. 679’‑6” Unit 1 & 2


D‑214‑221

J
9/15/82
Auxiliary Building – East –






Elev. 599’‑0”


D‑214‑222

Q
9/15/82
Auxiliary Building – West –






Elev. 599’‑0”


D‑214‑232

P
9/15/82
Auxiliary Building – West –






Elev. 620’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑214‑331

J
10/29/80
Reactor Building – East ‑ 






Elev. 620’‑6”


D‑214‑332

G
4/13/82
Reactor Building ‑ West ‑ 






Elev. 620’‑6”


D‑214‑341

F
9/20/82
Reactor Building – East ‑ 






Elev. 642’‑0”


D‑214‑342

L
7/12/82
Reactor Building – West ‑ 






Elev. 642’‑0”


D‑214‑351

G
9/20/82
Reactor Building ‑ East ‑ 






Elev. 652’‑2”


D‑214‑361

J
8/20/81
Reactor Building – East ‑ 






Elev. 664’‑7”


D‑214‑362

H
4/13/82
Reactor Building ‑ West ‑ 






Elev. 664’‑7”


D‑214‑411

F
4/15/81
Intermediate Building -






North ‑ Elev. 574’‑10”






Units 1 & 2


D‑214‑412

D
4/15/81
Intermediate Building ‑






South ‑ Elev. 574’‑10”






Units 1 & 2


D‑214‑421

M
9/20/82
Intermediate Building ‑






North ‑ Elev. 599’‑0”






Units 1 & 2


D‑214‑422

N
9/20/82
Intermediate Building ‑






South ‑ Elev. 599’‑0” 






Units 1 & 2


D‑214‑423

C
7/08/80
Fuel Handling Area - East ‑ 






Elev. 599’‑0” Units 1 & 2


D‑214‑424

A
7/25/77
Fuel Handling Area - West ‑ 






Elev. 599’‑0” Units 1 & 2


D‑214‑431

T
9/20/82
5/1/81 Units 1 & 2


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑214‑432

R
9/20/82
Intermediate Building ‑






South ‑ Elev. 620’‑6” 






Units 1 & 2


D‑214‑434

J
9/20/82
Fuel Handling Area – West ‑ 






Elev. 620’‑6” Units 1 & 2


D‑214‑441

K
9/02/82
Intermediate Building ‑






North ‑ Elev. 639’‑6” 






Units 1 & 2


D‑214‑442

G
9/02/82
Intermediate Building ‑






South ‑ Elev. 639’‑6” 






Units 1 & 2


D‑214‑451

G
12/04/80
Intermediate Building ‑






North ‑ Elev. 654’‑6” 






Units 1 & 2


D‑214‑452

F
1/29/80
Intermediate Building ‑






South ‑ Elev. 654’‑6” 






Units 1 & 2


D‑214‑471

J
8/11/80
Intermediate Building ‑






North ‑ Elev. 682’‑6” 






Units 1 & 2


D‑214‑472

H
4/16/81
Intermediate Building ‑






South ‑ Elev. 682’‑6” 






Units 1 & 2


D‑214‑611

G
3/05/82
Diesel Generator Building ‑






Elev. 620’‑6” Unit 1


D‑214‑612

H
4/29/82
Diesel Generator Building ‑






Elev. 620’‑6” Unit 2


D‑214‑651

N
3/04/82
Sections & Details


D‑214‑652

F
3/04/82
Sections & Details


D‑215‑001
(1)
N
8/09/82
Legend and Notes


D‑215‑002
(1)
L
7/13/82
Details


D‑215‑002
(2)
K
5/26/82
Details


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑004
(601)
J
5/26/82
Details & References


D‑215‑004
(602)
B
1/25/82
Details & References


D‑215‑004
(603)
B
1/25/82
Details & References


D‑215‑002
(3)
A
5/26/82
Details


D‑215‑021

L
9/02/82
Turbine Building Lube Oil 






Area Elev. 593’‑6”


D‑215‑022

M
3/18/82
Turbine Building ‑ East – 






Elev. 605’‑6”


D‑215‑031

M
9/02/82
Turbine Building Lube Oil 






Area Elev. 620’‑6”


D‑215‑032

M
9/10/82
Turbine Building ‑ East – 






Elev. 624’‑6”


D‑215‑033

E
1/06/82
Turbine Building 






Elev. 624’‑6”


D‑215‑034

K
9/02/82
Turbine Building 






Elev. 624’‑6”


D‑215‑042

K
9/02/82
Turbine Building ‑ East – 






Elev. 647’‑6”


D‑215‑043

E
9/02/82
Turbine Building – 






Elev. 647’‑6”


D‑215‑044

G
11/09/81
Turbine Building ‑ West – 






Elev. 647’‑6”


D‑215‑067

K
8/26/82
Offgas Building – 






Elev. 602’‑6”


D‑215‑074

M
2/03/82
Condensate Demineralizer






Area - East Elev. 593’‑6”


D‑215‑081

S
8/26/82
Heater Bay – East –






Elev. 620’‑6”


D‑215‑084

R
6/21/82
Turbine Power Complex –






East ‑ Elev. 620’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑086

N
8/26/82
Offgas Building –






Elev. 620’‑6”


D‑215‑087

J
3/24/82
Offgas Building –






Elev. 635’‑0”, 660’‑0” & 






668’‑3”


D‑215‑111

T
9/10/82
Control Complex – East ‑ 






Elev. 574’‑10” Units 1 & 2


D‑215‑112

R
9/10/82
Control Complex – West ‑ 






Elev. 574’‑10” Units 1 & 2


D‑215‑121

U
5/27/82
Control Complex – East ‑ 






Elev. 599’‑0” Units 1 & 2


D‑215‑122

M
4/28/82
Control Complex – West ‑ 






Elev. 599’‑0” Units 1 & 2


D‑215‑131

X
4/27/82
Control Complex – East ‑ 






Elev. 620’‑6” Units 1 & 2


D‑215‑132

Q
6/21/82
Control Complex – West ‑ 






Elev. 620’‑6” Units 1 & 2


D‑215‑133

‑
5/06/77
Embedded Conduits Control 






Complex Elev. 620’‑6”


D‑215‑134

R
6/21/82
Conduit Layout Control 






Complex – West – 






Elev. 620’‑6”


D‑215‑141

P
6/21/82
Control Complex – East ‑ 






Elev. 638’‑6” Units 1 & 2


D‑215‑142

T
6/21/82
Control Complex – West ‑ 






Elev. 638’‑6” Units 1 & 2


D‑215‑143

P
6/21/82
Control Complex ‑ Cable 






Chase ‑ Elev. 638’‑6” and 






654’‑6”


D‑215‑144

P
9/16/82
Control Complex – East ‑ 






Elev. 638’‑6” Auxiliary 






Plans Unit 1


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑145

M
9/16/82
Electrical Conduit Layout 






Control Complex – 






Elev. 638’‑6”


D‑215‑146

H
7/13/82
Electrical Conduit Layout 






Control Complex – 






Elev. 638’‑6”


D‑215‑147

D
2/03/82
Electrical Conduit Layout 






Control Complex – 






Elev. 638’‑6”


D‑215‑151

H
9/10/82
Control Complex – East ‑ 






Elev. 654’‑6” Units 1 & 2


D‑215‑152

H
9/10/82
Control Complex ‑ West – 






Elev. 654’‑6”


D‑215‑161

M
3/08/82
Control Complex – East ‑ 






Elev. 679’‑6” Units 1 & 2


D‑215‑162

J
3/31/82
Control Complex – West ‑ 






Elev. 679’‑6” Units 1 & 2


D‑215‑163

C
3/31/82
Control Complex Auxiliary 






Plans


D‑215‑211

M
6/21/82
Auxiliary Building – East ‑ 






Elev. 574’‑10”


D‑215‑212

N
8/05/82
Auxiliary Building – West ‑ 






Elev. 574’‑10”


D‑215‑221

K
6/21/82
Auxiliary Building – East –






Elev. 599’‑0”


D‑215‑222

L
8/05/82
Auxiliary Building - West –






Elev. 599’‑0”


D‑215‑231

F
3/02/82
Auxiliary Building – East –






Elev. 620’‑6”


D‑215‑232

L
8/05/82
Auxiliary Building – West –






Elev. 620’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑233

G
6/21/82
Conduit Layout Auxiliary 






Building‑ Steam Tunnel‑ 






Elev. 614’‑6” & 620’‑6”


D‑215‑311

M
9/28/81
Reactor Building – East ‑ 






Elev. 574’‑10”


D‑215‑312

P
7/13/82
Reactor Building – West ‑ 






Elev. 574’‑10”


D‑215‑313

F
2/28/81
Auxiliary Plan ‑ Under 






Reactor Pressure Vessel 






Elev. 594’‑5‑3/16”


D‑215‑314

D
8/31/81
Sections & Details‑Under 






Reactor Pressure Vessel 






Elev. 594’‑5‑3/16”


D‑215‑321

Q
7/13/82
Reactor Building – East ‑ 






Elev. 599’‑9”


D‑215‑322

P
7/13/82
Reactor Building – West ‑ 






Elev. 599’‑9”


D‑215‑331

Q
7/13/82
Reactor Building – East ‑ 






Elev. 620’‑6”


D‑215‑332

M
7/13/82
Reactor Building – West ‑ 






Elev. 620’‑6”


D‑215‑341

G
3/22/82
Reactor Building – East ‑ 






Elev. 642’‑0”


D‑215‑342

J
6/31/82
Reactor Building – West ‑ 






Elev. 642’‑0”


D‑215‑351

G
6/21/82
Reactor Building – East ‑ 






Elev. 652’‑2”


D‑215‑352

H
6/21/82
Reactor Building – West ‑ 






Elev. 652’‑2”


D‑215‑361

E
3/22/82
Reactor Building – East ‑ 






Elev. 664’‑7”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑362

F
11/30/81
Reactor Building – West ‑ 






Elev. 664’‑7”


D‑215‑371

D
11/30/81
Reactor Building – East ‑ 






Elev. 689’‑6”


D‑215‑372

C
5/13/81
Reactor Building – West - 






Elev. 689’‑6”


D‑215‑373

G
8/31/81
Reactor Building – Fuel






Pool Area Elev. 689’‑6” –






Embedded Conduit


D‑215‑374

D
8/04/81
Embedded Conduit Details 






Reactor Building‑Fuel Pool 






Area ‑ Elev. 689’‑6”


D‑215‑411

P
9/10/82
Intermediate Building – 






North ‑ Elev. 574’‑10”


D‑215‑412

J
4/27/82
Intermediate Building –






South ‑ Elev. 574’‑10”


D‑215‑413

J
5/07/82
Fuel Handling Area – East –






Elev. 574’‑10” Units 1 & 2


D‑215‑414

L
7/13/82
Fuel Handling Area – West ‑ 






Elev. 574’‑10” Units 1 & 2


D‑215‑421

N
6/07/82
Intermediate Building – 






North ‑ Elev. 599’‑0”


D‑215‑422

H
6/07/82
Intermediate Building –






South ‑ Elev. 599’‑0”


D‑215‑423

F
9/18/81
Fuel Handling Area – East ‑ 






Elev. 599’‑0” Units 1 & 2


D‑215‑424

J
7/13/82
Fuel Handling Area – West ‑ 






Elev. 599’‑0” Units 1 & 2


D‑215‑431

N
7/13/82
Intermediate Building –






North ‑ Elev. 620’‑6”


D‑215‑432

K
6/21/82
Intermediate Building –






South ‑ Elev. 620’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑433

G
2/03/82
Fuel Handling Building – 






East ‑ Elev. 620’‑6” 






Units 1 & 2


D‑215‑434

K
6/07/82
Fuel Handling Area – West ‑






Elev. 620’‑6” Units 1 & 2


D‑215‑435

E
9/18/81
Fuel Handling Area ‑ 






Elev. 620’‑6” Units 1 & 2 –






Embedded Conduit


D‑215‑436

E
5/20/81
Fuel Handling Area 






Elev. 620’‑6” Embedded 






Conduit ‑ Details


D‑215‑441

P
9/10/82
Intermediate Building –






North ‑ Elev. 639’‑6”


D‑215‑442

L
7/13/82
Intermediate Building –






South ‑ Elev. 639’‑6”


D‑215‑443

J
1/20/82
Conduit Layout Penetration 






Access Area ‑ Sections & 






Details


D‑215‑444

G
7/13/82
Conduit Layout Penetration 






Access Area ‑ Sections & 






Details


D‑215‑445

Q
6/21/82
Conduit Layout Penetration 






Access Area ‑ Sections & 






Details


D‑215‑451

J
6/21/82
Intermediate Building – 






North ‑ Elev. 654’‑6” & 






665’‑0”


D‑215‑452

G
3/31/82
Intermediate Building – 






South ‑ Elev. 654’‑6” & 






665’‑0”


D‑215‑471

E
2/03/82
Intermediate Building – 






North ‑ Elev. 682’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑472

E
2/03/82
Intermediate Building – 






South ‑ Elev. 682’‑6”, 






721’‑6” & 707’‑6”


D‑215‑522

K
4/02/82
Radwaste Building – 






Elev. 602’‑0”


D‑215‑523

J
6/21/82
Radwaste Building ‑ West – 






Elev. 602’‑0”


D‑215‑611

K
7/13/82
Diesel Generator Building –






Div. 2 ‑ Elev. 620’‑6” 






Unit 1


D‑215‑612

J
8/05/82
Diesel Generator Building – 






Div. 3 ‑ Elev. 620’‑6” 






Unit 1


D‑215‑613

G
2/06/80
Embedded Conduit ‑ Diesel 






Generator Building 






Elev. 620’‑6” Unit 1


D‑215‑614

G
2/06/80
Embedded Conduit ‑ Diesel 






Generator Building 






Elev. 620’‑6” Unit 2


D‑215‑615

K
6/21/82
Diesel Generator Building






Div. 1 ‑ Elev. 620’‑6” 






Unit 1


D‑215‑616

H
8/26/82
Diesel Generator Building 






Div. 2 ‑ Elev. 620’‑6” 






Unit 2


D‑215‑617

G
6/21/82
Diesel Generator Building






Div. 3 ‑ Elev. 620’‑6” 






Unit 2


D‑215‑618

G
8/05/82
Diesel Generator Building






Div. 1 ‑ Elev. 620’‑6” 






Unit 2


D‑215‑621

C
9/10/82
Diesel Generator Building -






Elev. 646’‑6” ‑ Unit 1


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑622

C
9/10/82
Diesel Generator Building ‑ 






Elev. 646’‑6” ‑ Unit 2


D‑215‑651

K
6/21/82
Sections & Details


D‑215‑652

M
8/05/82
Sections & Details


D‑215‑653

M
5/07/82
Sections & Details


D‑215‑654

B
11/15/80
Sections & Details


D‑215‑655

J
8/05/82
Sections & Details


D‑215‑656

P
7/13/82
Sections & Details


D‑215‑657

N
9/16/82
Sections & Details


D‑215‑658

P
9/16/82
Sections & Details


D‑215‑659

E
3/02/82
Sections & Details


D‑215‑660

G
7/13/82
Sections & Details


D‑215‑661

N
9/16/82
Control Complex – Sections






and Details


D‑215‑662

E
8/06/81
Control Complex ‑ Sections 






and Details


D‑215‑663

J
6/21/82
Control Complex ‑ Sections 






and Details


D‑215‑664

H
6/21/82
Control Complex ‑ Sections 






and Details


D‑215‑665

D
7/13/82
Sections & Details


D‑215‑666

B
2/28/81
Sections & Details


D‑215‑667
(501)
K
1/06/98
Sections & Details


 <Figure 8.3‑19>


D‑215‑668

F
1/06/82
Sections & Details


D‑215‑669

F
1/06/82
Sections & Details


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑215‑670

D
7/13/82
Sections & Details


D‑215‑671

E
3/31/82
Intermediate Building 






Sections and Details


D‑215‑711

F
3/17/82
Manholes & Underground Duct 






Runs ‑ Plan Units 1 & 2


D‑215‑712

C
12/23/81
Underground Duct Runs 






Sections 1‑1 thru 31‑31 






Units 1 & 2


D‑215‑713

F
3/17/82
Underground Duct Runs 






Sections 51‑51 thru 80‑80 






Units 1 & 2


D‑215‑716

‑
8/03/79
Conduit Layout Electrical 






Manhole No. 1 Cable Racking 






Details


D‑215‑717

‑
8/03/79
Conduit Layout Electrical






Manhole No. 2 Cable Racking 






Details


D‑215‑718

‑
8/03/79
Conduit Layout Electrical






Manhole No. 3 Cable Racking 






Details


D‑215‑719

‑
8/03/79
Conduit Layout Electrical






Manhole No. 4 Cable Racking 






Details


D‑215‑720

‑
8/03/79
Conduit Layout Electrical






Manhole No. 18 Cable 






Racking Details


D‑216‑001

L
6/29/82
Underground Duct Runs 






Notes, Legend, References


D‑216‑002

F
6/29/82
Underground Duct Runs 






Units 1 & 2 Miscellaneous






Sections & Details


D‑216‑011

P
6/29/82
Plan Units 1 & 2


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑216‑012

D
3/12/81
Underground Duct Runs 






Unit 1 Between Radwaste 






Building & Turbine Power






Complex


D‑216‑013

D
6/29/82
Underground Duct Runs 






Units 1 & 2 Diesel 






Generator Building


D‑216‑014

G
6/29/82
Underground Duct Runs 






Unit 2 Between Service 






Building & Turbine Power






Complex


D‑216‑016

D
4/26/80
Underground Duct Runs 






Div. 1 to Emergency Service






Water Pumphouse East of 






Plant


D‑216‑017

C
11/15/78
Underground Duct Runs 






Div. 2 & Div. 3 to 






Emergency Service Water 






Pumphouse West of Plant


D‑216‑020

B
6/29/82
Underground Duct Runs 






Service to Under Drain 






Manholes Nos. 3, 9, 10, 11






& 23


D‑216‑028

D
6/29/82
Underground Duct Runs 






Units 1 & 2 Miscellaneous






Duct Runs East Side of 






Plant


D‑216‑029

F
11/21/80
Underground Duct Runs 






Miscellaneous Duct Runs


D‑218‑004

K
2/27/01
Maintenance and Calibration


 <Figure 9.5‑23>


System Device List


D‑218‑106

J
6/18/92
Schematic Diagram Offsite


 <Figure 9.5‑6 (1)>


Communications


D‑218‑111

C
1/17/91
Communication System


 <Figure 9.5‑6 (2)>


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑224‑301

L
11/06/81
Containment Vessel 






Penetration Schedule Unit 1


D‑226‑511

S
9/16/82
Conduit Layout – Pumphouse 






‑ Elev. 586’‑6”


D‑226‑512

K
8/05/82
Conduit Layout Emergency 






Service Water Pumphouse 






Sections


D‑226‑532

B
7/02/80
Embedded Conduit – 






Elev. 586’‑6”


D‑230‑002

E
8/19/82
Conduit Layout Yard Area


B‑258‑132

‑
8/25/77
M40 Fuel Handling Building






Ventilation Index


B‑258‑132
(1)
‑
8/25/77
Exhaust Fan C M40‑C002C


B‑258‑132
(2)
B
2/25/81
Heating Coil D001C


B‑258‑132
(3)
A
12/14/78
Heating Coil D001C 






(Continued)


B‑258‑173

A
11/13/81
P42 Emergency Closed 






Cooling Index


B‑258‑178

A
11/09/81
P47 Control Complex Chilled 






Water Index


B‑258‑178
(1)
E
7/20/82
Control Complex Chiller “C”






B001C 


B‑258‑178
(2)
B
1/07/81
Chilled Water Pump “C” 






C001C


B‑258‑178
(3)
F
11/05/81
Chiller “C” Controls B001C


B‑258‑178
(4)
C
12/31/80
Chiller “C” Controls B001C 






(Continued)


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


B‑258‑178
(5)
C
11/09/81
Chiller “C” Oil Pump B001C


D‑264‑001

K
4/22/81
Electrical Cable Tray 






Layout, Legend Notes, 






References, and Standard 






Details Unit 2


D‑264‑002

H
3/04/82
Electrical Cable Tray 






Layout Details


D‑264‑004

F
7/12/82
Electrical Conduit & Tray 






Separation Criteria


D‑264‑222

K
9/15/82
Electrical Cable & Tray 






Layout Auxiliary 






Building – West – 






Elev. 599’‑0”


D‑264‑232

M
9/15/82
Electrical Cable Tray 






Layout Auxiliary Building – 






West - Elev. 620’‑6”


D‑264‑331

E
2/02/82
Reactor Building ‑ East – 






Elev. 620’‑6”


D‑264‑332

E
2/02/82
Electrical Cable Tray 






Layout Reactor Building - 






West - Elev. 620’‑6”


D‑264‑341

C
4/07/81
Reactor Building ‑ East – 






Elev. 642’‑0”


D‑264‑342

D
9/15/82
Electrical Cable Tray 






Layout Reactor Building - 






West - Elev. 642’‑0”


D‑264‑352

D
9/15/82
Electrical Cable Tray






Layout Reactor Building - 






West - Elev. 652’‑2”


D‑264‑361

D
10/28/81
Electrical Cable Tray 






Layout Reactor Building - 






East - Elev. 664’‑7”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑264‑362

E
9/15/82
Electrical Cable Tray 






Layout Reactor Building - 






West - Elev. 664’‑7”


D‑265‑031

D
9/10/82
Turbine Building Lube Oil 






Area ‑ Elev. 620’‑6”


D‑265‑042

E
9/10/82
Turbine Building – 






Elev. 647’‑6”


D‑265‑044

C
6/21/82
Turbine Building ‑ West – 






Elev. 647’‑6”


D‑265‑074

K
2/03/82
Condensate Demineralizer 






Area ‑ East ‑ Elev. 593’‑0”


D‑265‑081

G
6/21/82
Heater Bay ‑ East –






Elev. 620’‑6”


D‑265‑084

K
6/21/82
Turbine Power Complex – 






East ‑ Elev. 620’‑6”


D‑265‑211

E
3/18/82
Auxiliary Building ‑ East – 






Elev. 574’‑10”


D‑265‑212

F
3/18/82
Electrical Conduit Layout 






Auxiliary Building – West - 






Elev. 574’‑10”


D‑265‑221

F
3/18/82
Auxiliary Building ‑ East – 






Elev. 599’‑0”


D‑265‑222

E
3/18/82
Electrical Conduit Layout 






Auxiliary Building – West - 






Elev. 599’‑0”


D‑265‑231

C
3/18/82
Auxiliary Building ‑ East – 






Elev. 620’‑6”


D‑265‑232

D
3/18/82
Auxiliary Building ‑ West – 






Elev. 620’‑6”


D‑265‑233

B
3/18/82
Auxiliary Building ‑ Steam 






Tunnel ‑ Elev. 614’‑6” and 






Elev. 620’‑6”


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑265‑373

B
5/20/81
Reactor Building ‑ Fuel 






Pool Area ‑ Elev. 689’‑6”


D‑265‑374

B
8/04/81
Reactor Building ‑ Fuel 






Pool Area ‑ Elev. 689’‑6”


D‑265‑651

G
3/18/82
Sections and Details


D‑265‑655

E
3/18/82
Sections and Details


D‑265‑656

E
3/18/82
Electrical Conduit Layout 






Sections & Details


B‑274‑301

M
11/06/81
Containment Vessel 






Penetration Schedule Unit 2


D‑806‑001

F
3/22/01
Plant Radiation Monitoring


 <Figure 11.3‑3>


(Airborne)


D‑806‑006

F
3/02/87
Plant Radiation Monitoring


 <Figure 11.5‑1 (1)>



Subsystems K660, K690A, 







K690B


D‑806‑007

H
3/22/01
Plant Radiation Monitoring


 <Figure 11.5‑1 (2)>


Subsystems K680, K780, K790


D‑806‑008

G
3/22/01
Plant Radiation Monitoring


 <Figure 11.5‑1 (3)>


Subsystems K800, K830, K840


D‑806‑009

K
3/01/94
Liquid System Radiation


 <Figure 11.5‑1 (4)>


Monitoring


D‑806‑010

G
5/02/00
Liquid System Radiation


 <Figure 11.5‑1 (5)>


Monitoring


D‑806‑017

F
3/24/87
Under Drain Monitors K820A,


 <Figure 11.5‑1 (6)>


K820B


D‑806‑018

G
10/21/91
Offgas Pretreatment


 <Figure 11.5‑1 (7)>


Radiation Monitor Subsystem


D‑806‑019

F
10/21/91
Offgas Post Treatment


 <Figure 11.5‑1 (8)>


Radiation Monitor Subsystem


D‑806‑022

J
6/30/94
Automatic Isokinetic


 <Figure 11.5‑1 (9)>


Sampling System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑806‑023

H
10/28/91
Isokinetic Sampling System


 <Figure 11.5‑1 (10)>


D‑806‑024

H
7/19/94
Containment Ventilation


 <Figure 11.5‑1 (11)>


Exhaust and MSL Radiation






Monitoring Subsystem


D‑806‑025

G
10/21/91
Carbon Bed Vault Radiation


 <Figure 11.5‑1 (12)>


Monitoring Subsystem


D‑808‑303
(1)
D
10/14/99
Nuclear Boiler System


 <Figure 7.3‑3 (1)>


D‑808‑303
(2)
B
10/14/99
Nuclear Boiler System


 <Figure 7.3‑3 (2)>


D‑808‑303
(3)
A
12/15/89
Nuclear Boiler System


 <Figure 7.3‑3 (3)>


D‑808‑303
(4)
B
8/10/94
Nuclear Boiler System


 <Figure 7.3‑3 (4)>


D‑808‑303
(5)
B
9/22/99
Nuclear Boiler System


 <Figure 7.3‑3 (5)>


D‑808‑303
(6)
A
7/16/92
Nuclear Boiler System


 <Figure 7.3‑3 (6)>


D‑808‑303
(7)
B
9/22/99
Nuclear Boiler System


 <Figure 7.3‑3 (7)>


D‑808‑304
(1)
A
6/08/92
Reactor Recirculation


 <Figure 7.7‑4 (1)>


System


D‑808‑304
(2)
‑
6/14/88
Reactor Recirculation


 <Figure 7.7‑4 (2)>


System


D‑808‑304
(3)
‑
6/14/88
Reactor Recirculation


 <Figure 7.7‑4 (3)>


System


D‑808‑304
(4)
‑
6/14/88
Reactor Recirculation


 <Figure 7.7‑4 (4)>


System


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑808‑304
(5)
‑
6/14/88
Reactor Recirculation


 <Figure 7.7‑4 (5)>


System


D‑808‑304
(6)
‑
6/14/88
Reactor Recirculation


 <Figure 7.7‑4 (6)>


System


D‑808‑304
(7)
A
12/15/89
Reactor Recirculation


 <Figure 7.7‑4 (7)>


System


D‑808‑305
(1)
A
3/31/92
Control Rod Drive


 <Figure 7.7‑1 (1)>


Hydraulic System


D‑808‑305
(2)
‑
6/13/88
Control Rod Drive


 <Figure 7.7‑1 (2)>


Hydraulic System


D‑808‑305
(3)
‑
6/14/88
Control Rod Drive


 <Figure 7.7‑1 (3)>


Hydraulic System


D‑808‑305
(4)
‑
6/14/88
Control Rod Drive


 <Figure 7.7‑1 (4)>


Hydraulic System


D‑808‑305
(5)
‑
6/14/88
Control Rod Drive


 <Figure 7.7‑1 (5)>


Hydraulic System


D‑808‑305
(6)
E
8/15/96
Control Rod Drive


 <Figure 7.7‑1 (6)>


Hydraulic System


D‑808‑305
(7)
‑
6/14/88
Control Rod Drive


 <Figure 7.7‑1 (7)>


Hydraulic System


D‑808‑306
(1)
A
12/15/89
Standby Liquid Control


 <Figure 7.4‑2 (1)>


System


D‑808‑306
(2)
‑
6/14/88
Standby Liquid Control


 <Figure 7.4‑2 (2)>


System


D‑808‑307
(1)
B
3/16/01
Neutron Monitoring System


 <Figure 7.6‑2 (1)>


D‑808‑307
(2)
A
9/10/91
Neutron Monitoring System


 <Figure 7.6‑2 (2)>


D‑808‑307
(3)
A
9/10/91
Neutron Monitoring System


 <Figure 7.6‑2 (3)>


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑808‑307
(4)
B
10/14/99
Neutron Monitoring System


 <Figure 7.6‑2 (4)>


D‑808‑307
(5)
C
8/15/96
Neutron Monitoring System


 <Figure 7.6‑2 (5)>


D‑808‑307
(6)
A
9/10/91
Neutron Monitoring System


 <Figure 7.6‑2 (6)>


D‑808‑307
(7)
C
8/15/96
Neutron Monitoring System


 <Figure 7.6‑2 (7)>


D‑808‑309
(1)
B
4/05/00
Residual Heat Removal


 <Figure 7.3‑5 (1)>


System


D‑808‑309
(2)
E
11/29/00
Residual Heat Removal


 <Figure 7.3‑5 (2)>


System


D‑808‑309
(3)
C
7/05/94
Residual Heat Removal


 <Figure 7.3‑5 (3)>


System


D‑808‑309
(4)
E
10/27/99
Residual Heat Removal


 <Figure 7.3‑5 (4)>


System


D‑808‑309
(5)
E
5/02/00
Residual Heat Removal


 <Figure 7.3‑5 (5)>


System


D‑808‑310
(1)
A
12/15/89
Low Pressure Core Spray


 <Figure 7.3‑4 (1)>


System


D‑808‑310
(2)
A
8/10/94
Low Pressure Core Spray


 <Figure 7.3‑4 (2)>


System


D‑808‑311
(1)
‑
6/14/88
High Pressure Core Spray


 <Figure 7.3‑1 (1)>


System


D‑808‑311
(2)
‑
6/14/88
High Pressure Core Spray


 <Figure 7.3‑1 (2)>


System


D‑808‑311
(3)
‑
6/14/88
High Pressure Core Spray


 <Figure 7.3‑1 (3)>


System


D‑808‑311  (4)
D
7/13/94
HPCS Diesel, Diesel


 <Figure 8.3‑8>


Breakers Alternate






Preferred Supply Breakers






Logic Diagram, Division 3


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑808‑313
(1)
C
8/26/99
MSIV Leakage Control System


 <Figure 7.3‑7 (1)>


D‑808‑313
(2)
C
8/26/99
MSIV Leakage Control System


 <Figure 7.3‑7 (2)>


D‑808‑313
(3)
A
8/26/99
MSIV Leakage Control System


 <Figure 7.3‑7 (3)>


D‑808‑313
(4)
C
8/26/99
MSIV Leakage Control System


 <Figure 7.3‑7 (4)>


D‑808‑314
(1)
F
7/23/96
Reactor Core Isolation


 <Figure 7.4‑1 (1)>


Cooling System


D‑808‑314
(2)
B
10/04/93
Reactor Core Isolation


 <Figure 7.4‑1 (2)>


Cooling System


D‑808‑314
(3)
C
11/13/97
Reactor Core Isolation


 <Figure 7.4‑1 (3)>


Cooling System


D‑808‑314
(4)
A
7/16/92
Reactor Core Isolation


 <Figure 7.4‑1 (4)>


Cooling System


D‑808‑314
(5)
B
10/04/93
Reactor Core Isolation


 <Figure 7.4‑1 (5)>


Cooling System


D‑808‑315

C
6/07/94
Reactor Water Cleanup


 <Figure 7.3‑6>


System


D‑808‑317
(1)
D
11/29/99
Diesel Logic Diagrams 


 <Figure 8.3‑6 (1)>


Division 1, Unit 1


D‑808‑317
(2)
D
1/13/00
Diesel Logic Diagrams


 <Figure 8.3‑6 (2)>


Division 2


D‑808‑317
(3)
D
7/13/94
Diesel Breakers, Preferred,


 <Figure 8.3‑9>


Alternate Preferred and 






Stub Bus Logic Diagram 






Division 1, (Division 2)


D‑809‑023

D
5/17/78
Diesel Generator Benchboard 






1H13‑P877 Sections 1 & 2






‑ Front View


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑809‑041

G
8/04/78
Heating, Ventilation & Air 






Conditioning Panel 






1H13‑P800 ‑ Front View


D‑809‑042

E
3/22/78
Heating, Ventilation & Air 






Conditioning Panel 






1H13‑P800 ‑ Front View


D‑809‑043

D
5/14/77
Heating, Ventilation & Air 






Conditioning Panel 






1H13‑P800 ‑ Front View


D‑809‑044

C
12/20/76
Heating, Ventilation & Air 






Conditioning Panel 






1H13‑P800 ‑ Front View


D‑809‑045

D
5/14/77
Heating, Ventilation & Air 






Conditioning Panel 






1H13‑P800 ‑ Front View


D‑809‑051

B
5/13/77
Containment & Drywell 






Isolation Valve Status 






Lights


D‑809‑052

C
11/21/76
Process Radiation 






Monitoring Panel 1H13‑P604 






Front View


D‑809‑053

D
5/13/77
Airborne Radiation






Monitoring Panel 1H13‑P804 






Front View


D‑809‑054

B
7/01/76
Airborne Radiation






Monitoring Panel 1H13‑P804 






Front View


D‑809‑055

A
7/01/76
Airborne Radiation






Monitoring Panel 1H13‑P804 






Front View


D‑809‑056

A
7/01/76
Area Radiation Monitoring 






Panel 1H13‑P803 Front View


D‑809‑057

‑
1/02/76
Fire & Security Console 






1H13‑P802 Isometric View & 






Details


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑809‑059

‑
1/02/76
Division 3 Auxiliary Relay 






Panel 1H13‑P873 Front View


D‑809‑064

F
9/22/78
Analog Loop Div. 2 






Instrument Panel






1H13‑P868 ‑ Front View


D‑809‑065

F
9/22/78
Analog Loop Div. 2 






Instrument Panel






1H13‑P868 ‑ Front View


D‑809‑066

F
9/22/78
Analog Loop Div. 1 






Instrument Panel






1H13‑P869 ‑ Front View


D‑809‑067

F
9/22/78
Analog Loop Div. 1 






Instrument Panel






1H13‑P869 ‑ Front View


D‑809‑068

C
11/03/78
Div. 1 Containment &






Drywell Isolation Valve 






Control Panel 






1H13‑P881 ‑ Front View


D‑809‑069

C
11/03/78
Div. 2 Containment &






Drywell Isolation Valve 






Control Panel






1H13‑P882 ‑ Front View


D‑809‑070

C
2/28/78
Postaccident Monitoring 






Recorder Panel






1H13‑P883 ‑ Front View


B‑809‑071

B
7/24/78
Local Control Panel Details


B‑809‑073

A
3/01/78
Pump Room Cooling HVAC 






Control Panel 1H51‑P037


B‑809‑076

B
3/22/79
HVAC Control Panel






H51‑P177A ‑ Front View


B‑809‑081

B
3/22/79
HVAC Control Panel 






H51‑P177B ‑ Front View


TABLE 1.7‑1 (Continued)


Dwg. No. (Sh. No.)



(CEI No.)

Revision
Date

Title


D‑809‑095

C
8/07/78
Common Analog Loop 






Instrument & Auxiliary 






Relay Panel H13‑P969 






Front View


D‑809‑096

C
8/07/78
Common Analog Loop 






Instrument & Auxiliary






Relay Panel H13‑P969 






Front View


D‑814‑663

K
10/10/01
Seismic Instrumentation


 <Figure 3.7‑17>


Installation Details


TABLE 1.7‑2


PIPING AND INSTRUMENTATION DIAGRAMS USED IN THE USAR


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑871
Control Rod Drive Hydraulic
<Figure 4.6‑5 (1)>


(767E673CA)
System


D‑302‑872
Control Rod Drive Hydraulic
<Figure 4.6‑5 (2)>


(767E673CA)
System


D‑302‑605
Nuclear Boiler System
<Figure 5.1‑3 (1)>


(769E305CA‑2)


D‑302‑606
Nuclear Boiler System
<Figure 5.1‑3 (2)>


(769E305CA‑3)


D‑302‑607
Nuclear Boiler System
<Figure 5.1‑3 (3)>


(769E305CA‑5)


D‑302‑608
Nuclear Boiler System
<Figure 5.1‑3 (4)>


(769E305CA‑6)


768E324
Nuclear Boiler System
<Figure 5.2‑11 (1)>


768E324
Nuclear Boiler System
<Figure 5.2-11 (2)>


D‑302‑601
Reactor Water Recirculation
<Figure 5.4‑2 (1)>


(796E369)
System


D‑302‑602
Reactor Water Recirculation
<Figure 5.4‑2 (2)>


(796E369)
System


D‑302‑603
Reactor Water Recirculation
<Figure 5.4‑2 (3)>


(796E369A)
System


D‑302‑604
Reactor Water Recirculation
<Figure 5.4‑2 (4)>


(796E369A)
System


D‑302‑631
Reactor Core Isolation
<Figure 5.4‑9 (1)>


(112D3192‑1)
Cooling System


D‑302‑632
Reactor Core Isolation
<Figure 5.4‑9 (2)>


(112D3192‑2)
Cooling System


762E421CA
Reactor Core Isolation
<Figure 5.4‑10>



Coolant System


D‑302‑641
Residual Heat Removal System
<Figure 5.4‑13 (1)>


(762E424CA‑1)


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑642
Residual Heat Removal System
<Figure 5.4‑13 (2)>


(762E424CA‑2)


D‑302‑643

Residual Heat Removal System
<Figure 5.4‑13 (3)>


(762E424CA‑3)


762E425CA1

Residual Heat Removal System
<Figure 5.4‑14 (1)>


762E425CA2

Residual Heat Removal System
<Figure 5.4‑14 (2)>


762E425CA3

Residual Heat Removal System
<Figure 5.4‑14 (3)>


D‑302‑671

Reactor Water Cleanup System
<Figure 5.4‑16 (1)>


(105D5594‑1)


D‑302‑672

Reactor Water Cleanup System
<Figure 5.4‑16 (2)>


(105D5594‑2)


D‑302‑675

Filter/Demineralizer System
<Figure 5.4‑19>


(794E766)

(Reactor Water Cleanup




System)




RWCU Main Flow Piping Inside
<Figure 6.2‑27>




Containment and Drywell


D‑304‑646

Residual Heat Removal System
<Figure 6.2‑55>




Plan and Section ‑ West


D‑304‑647

Residual Heat Removal System
<Figure 6.2‑56>




Plan and Section ‑ East


D‑300‑761

Containment and Drywell
<Figure 6.2‑60 (1)>




Isolation


D‑300‑762

Containment and Drywell
<Figure 6.2‑60 (2)>




Isolation


D‑300‑763

Containment and Drywell
<Figure 6.2‑60 (3)>




Isolation


D‑300‑764

Containment and Drywell
<Figure 6.2‑60 (4)>




Isolation


D‑302‑831

Combustible Gas Control
<Figure 6.2‑62>




System


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑811
Containment Integrated Leak
<Figure 6.2‑65>



Rate Testing System 


D‑302‑686
Suppression Pool Makeup
<Figure 6.2‑67>



System 


D‑302‑574
ECCS Suction Strainer
<Figure 6.2‑83>


762E455CA
High Pressure Core Spray
<Figure 6.3‑1>



System Process Diagram


762E467CA
Low Pressure Core Spray
<Figure 6.3‑2>



System Process Diagram


762E425CA
Residual Heat Removal System
<Figure 6.3‑3 (1)>



Process Diagram


762E425CA
Residual Heat Removal System
<Figure 6.3‑3 (2)>



Process Diagram


762E425CA
Residual Heat Removal System
<Figure 6.3‑3 (3)>



Process Diagram


D‑302‑701
High Pressure Core Spray
<Figure 6.3‑7>


(795E873)
System


D‑302‑705
Low Pressure Core Spray
<Figure 6.3‑8>


(105D5593)
System


D‑912‑610
Control Room HVAC and
<Figure 6.4‑1 (1)>



Emergency Recirculation



Systems


D‑912‑611
Notes and Operating Data
<Figure 6.4‑1 (2)>



for <Figure 6.4‑1> and



<Figure 9.4‑1>


D‑912‑605
Annulus Exhaust Gas Treatment
<Figure 6.5‑1>


D‑302‑661
Containment Spray System
<Figure 6.5‑3>


D‑302‑271
Safety‑Related Instrument Air
<Figure 6.8‑1>



System 


D‑302‑971
Feedwater Leakage Control
<Figure 6.9‑1>



System


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑832
Hydrogen Analysis System
<Figure 7.3‑8>


D‑912‑606
Drywell and Containment
<Figure 7.3‑10>



Vacuum Relief System 


D‑302‑961
Leak Detection System
<Figure 7.6‑1 (1)>


(762E293CA)


D‑302‑962
Leak Detection System
<Figure 7.6‑1 (2)>


(762E293CA)


D‑302‑963
Leak Detection System
<Figure 7.6‑1 (3)>


(762E293CA)


D‑302‑964
Leak Detection System
<Figure 7.6‑1 (4)>


(762E293CA)


D‑302‑881
Containment Atmosphere
<Figure 7.6‑7>



Monitoring System


D‑302‑651
Fuel Pool Cooling and Cleanup
<Figure 9.1‑9 (1)>



System


D‑302‑653
Fuel Pool Filter
<Figure 9.1‑9 (2)>



Demineralizer System


D‑302‑654
Fuel Pool Transfer Tank Drain
<Figure 9.1‑9 (3)>



Tank System


D‑302‑655
Fuel Pool Storage and Transfer
<Figure 9.1‑9
 (4)>



System


D‑302‑791
Emergency Service Water
<Figure 9.2‑1 (1)>



System


D‑302‑792
Emergency Service Water
<Figure 9.2‑1 (2)>



System


D‑302‑793
Emergency Service Water
<Figure 9.2‑1 (3)>



System


E‑304‑791
Emergency Service Water Plan,
<Figure 9.2‑2 (1)>



Yard Area, Units 1 & 2


E‑304‑792
Emergency Service Water
<Figure 9.2‑2
 (2)>



Profile and Sections, Yard



Area, Units 1 & 2


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑621
Emergency Closed Cooling
<Figure 9.2‑3
 (1)>



System 


D‑302‑622
Emergency Closed Cooling
<Figure 9.2‑3
 (2)>



System 


D‑302‑623
Emergency Closed Cooling
<Figure 9.2‑3
 (3)>



System 


D‑352‑621
Emergency Closed Cooling
<Figure 9.2‑3
 (4)>



System 


D‑302‑611
Nuclear Closed Cooling System
<Figure 9.2‑4
 (1)>


D‑302‑612
Nuclear Closed Cooling System
<Figure 9.2‑4
 (2)>


D‑352‑612
Nuclear Closed Cooling System
<Figure 9.2‑4
 (3)>


D-302-613
Nuclear Closed Cooling System
<Figure 9.2-4  (4)>


D-352-613
Nuclear Closed Cooling System
<Figure 9.2-4  (5)>


D‑302‑713
Mixed Bed Demineralizer
<Figure 9.2‑5>



Distribution System


D‑302‑711
Two Bed Demineralizer and
<Figure 9.2‑6>



Distribution System Storage 



and North Zone Distribution


D‑302‑172
Two Bed Demineralizer and
<Figure 9.2‑7>



Distribution System 



Regeneration Facilities


D‑302‑171
Two Bed Demineralizer and
<Figure 9.2‑8>



Distribution System Cation



and Anion Exchangers


D‑302‑161
Makeup Water System ‑
<Figure 9.2‑9
 (1)>



Pretreatment


D‑302‑162
Makeup Water System ‑
<Figure 9.2‑9
 (2)>



Pretreatment


D‑300‑060 (2)
Ultimate Heat Sink,
<Figure 9.2‑10>



Unit 1 Prior to Unit 2



Operation


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑102
Condensate Transfer and
<Figure 9.2‑13>



Storage System


D‑302‑212
Service Water System
<Figure 9.2‑14>



Unit


D‑302‑221
Turbine Building Closed
<Figure 9.2‑15 (1)>



Cooling System


D‑302‑222
Turbine Building Closed
<Figure 9.2‑15 (2)>



Cooling System


D‑302‑223
Turbine Building Closed
<Figure 9.2‑15 (3)>



Cooling System


D‑302‑241
Service and Instrument Air
<Figure 9.3‑1
 (1)>



Supply


D‑352‑241
Service and Instrument Air
<Figure 9.3‑1
 (2)>



Supply


D‑911‑005
Lube Oil Area and Turbine
<Figure 9.3‑5>



Location Drains


D‑911‑021
Turbine Power Complex Turbine
<Figure 9.3‑6>



Building, Heater Bay and Offgas



Drains, Unit 1


D‑911‑022
Turbine Power Complex 
<Figure 9.3‑7>


D‑911‑023
Turbine Power Complex 
<Figure 9.3‑8>


D‑911‑024
Heater Bay Building Drains
<Figure 9.3‑9>


D‑911‑601
Reactor Building Drains
<Figure 9.3‑10>


D‑911‑617
Auxiliary Building Dirty 
<Figure 9.3‑11>



Radwaste Drains


D‑911‑627
Intermediate Building Clean
<Figure 9.3‑12>



Radwaste Drains


D‑911‑628
Intermediate Building Dirty
<Figure 9.3‑13>



Radwaste Floor and Equipment



Drains, Units 1 & 2


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑911‑629
Intermediate Building Dirty
<Figure 9.3‑14>



Radwaste Floor and Equipment



Drains, Units 1 & 2


D‑911‑651
Radwaste Building Dirty
<Figure 9.3‑15>



Radwaste Floor and Equipment



Drains 


D‑911‑652
Radwaste Building Clean and
<Figure 9.3‑16>



Dirty Equipment Drains


D‑911‑671
Control Complex Dirty
<Figure 9.3‑17>



Radwaste Floor & Equipment 



Drain


D‑911‑691
Diesel Generator Building
<Figure 9.3‑18>



Drain


D‑302‑691
Standby Liquid Control System
<Figure 9.3‑19 (1)>


 (762E433CA)


D‑302‑692
Standby Liquid Control System
<Figure 9.3‑19 (2)>


D‑302‑180
Turbine Plant Sampling System
<Figure 9.3‑21>


D‑302‑181
Turbine Plant Sampling System
<Figure 9.3‑22>


D‑302‑182
Turbine Plant Sampling System
<Figure 9.3‑23>


D‑302‑183
Turbine Plant Sampling System
<Figure 9.3‑24>


D‑302‑184
Turbine Plant Sampling System
<Figure 9.3‑25>


D‑302‑185
Turbine Plant Sampling System
<Figure 9.3‑26>


D‑302‑186
Turbine Plant Sampling System
<Figure 9.3‑26a>


D‑302‑771
Nuclear Sampling System
<Figure 9.3‑27>


D‑302‑772
Reactor Plant Sampling
<Figure 9.3‑28>


(769E336‑3)


D‑302‑242
Service Air Distribution
<Figure 9.3‑29>


D‑302‑243
Instrument Air
<Figure 9.3‑31 (1)>
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D‑302‑244
Parallel Instrument Air
<Figure 9.3‑31 (2)>



Distribution System 


D‑302‑431
Postaccident Sampling System
<Figure 9.3‑33>


D‑302‑077
Hydrogen Water Chemistry 



System
<Figure 9.3‑35>


D‑912‑609
MCC Switchgear and
<Figure 9.4‑1
 (1)>



Miscellaneous Equipment



Areas HVAC System


D‑912‑611
Notes and Operating Data
<Figure 9.4‑1 (2)>



for <Figure 6.4‑1> and 



<Figure 9.4‑1>


D‑912‑608
Controlled Access and
<Figure 9.4‑2>



Miscellaneous Equipment Areas



HVAC System


D‑912‑607
Computer Rooms HVAC System
<Figure 9.4‑3>


D‑912‑617
Fuel Handling Ventilation
<Figure 9.4‑4>



System


D‑912‑615
Auxiliary Building Ventilation
<Figure 9.4‑5>



System


D‑912‑625
Steam Tunnel Cooling System
<Figure 9.4‑6>


D‑912‑612
Radwaste Building Ventilation
<Figure 9.4‑7>



System


D‑912‑614
Turbine Building Ventilation
<Figure 9.4‑8>



System


D‑912‑621
Heater Bay Ventilation System
<Figure 9.4‑9>


D‑912‑622
Offgas Building Exhaust
<Figure 9.4‑10>


D‑912‑630
Emergency Service Water
<Figure 9.4‑11>



Pumphouse Ventilation System


D‑912‑623
Emergency Closed Cooling
<Figure 9.4‑12>



Pump Area Cooling System


D‑912‑616
ECCS Pump Rooms Cooling
<Figure 9.4‑13>



Systems
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D‑912‑619
Diesel Generator Building
<Figure 9.4‑14>



Ventilation System


D‑912‑603
Drywell Cooling System
<Figure 9.4‑15>


D‑912‑602
Containment Vessel Cooling
<Figure 9.4‑16>



System


D‑912‑604
Containment Vessel and
<Figure 9.4‑17>



Drywell Purge System


D‑912‑613
Intermediate Building
<Figure 9.4‑18>



Ventilation System


D‑912‑618
Turbine Power Complex
<Figure 9.4‑19>



Ventilation System


D‑913‑001
Control Complex Chilled
<Figure 9.4‑20 (1)>



Water System


D‑913‑002
Control Complex Chilled
<Figure 9.4‑20 (2)>



Water System


D‑913‑003
Turbine Building Chilled
<Figure 9.4‑21 (1)>



Water System


D‑913‑004
Turbine Building Chilled 
<Figure 9.4‑21 (2)>



Water System


D‑913‑007
Containment Vessel Chilled
<Figure 9.4‑22 (1)>



Water System


D‑913‑008
Containment Vessel Chilled
<Figure 9.4‑22 (2)>



Water System


D‑913‑014
Hot Water Heating System,
<Figure 9.4‑23 (1)>



Heater Bay and Auxiliary



Boiler Building


D‑913‑015
Hot Water Heating System,
<Figure 9.4‑23 (2)>



Turbine Building, Water 



Treatment Building and Turbine 



Lube Oil System, Unit 1
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D‑913‑016
Hot Water Heating System,
<Figure 9.4‑23 (3)>



Turbine Power Complex,



Auxiliary Building and Offgas



Building, Unit 1


D‑912‑624
Offgas Charcoal Vault
<Figure 9.4‑24 (1)>



Refrigeration System


D‑913‑009
Offgas Charcoal Vault
<Figure 9.4‑24 (2)>



Refrigeration System Chilled



Liquid Diagram


D‑913‑010
Offgas Charcoal Vault
<Figure 9.4‑24 (3)>



Refrigeration System, Brine



Cooling Package Boiler 



Diagram


D‑913‑011
Offgas Charcoal Vault
<Figure 9.4‑24 (4)>



Refrigeration System, Brine



Cooling Package Boiler 



Diagram


D‑913‑012
Offgas Charcoal Vault
<Figure 9.4‑24 (5)>



Refrigeration System ‑ Brine



Cooling Package Boiler 



Diagram


D‑912‑633
Smoke Venting System,
<Figure 9.4‑25>



Miscellaneous Electrical



Areas


D‑912‑629
Turbine Lube Oil Diesel
<Figure 9.4‑27>



Drains, Fire Pump, Service



Water Pumphouse, Water



Treatment Building, Circulating



Water Pumphouse Ventilation 



System


D‑912‑634
Radwaste Control Room HVAC
<Figure 9.4‑28>



System


D‑913‑018
Control Room and Computer
<Figure 9.4‑29>



Rooms Humidification System


D‑914‑001
Fire Service Water Yard Area
<Figure 9.5‑1>
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D‑914‑002
Fire Service Water (Unit 1,
<Figure 9.5‑2>



Turbine Area)


D‑914‑003
Fire Service Water (Nuclear
<Figure 9.5‑3>



Plant)


D‑914‑004
Fire Protection Water 
<Figure 9.5‑4>



Miscellaneous Services


D‑914‑005
Carbon Dioxide System
<Figure 9.5‑5>


D‑302‑352
Standby Diesel Generator,
<Figure 9.5‑8>



Fuel Oil System


D‑302‑354
Standby Diesel Generator,
<Figure 9.5‑9>



Jacket Water


D‑302‑351
Piping System Diagram, R44, 
<Figure 9.5‑10>



Standby Diesel Generator



Starting Air


D‑302‑353
Standby Diesel Generator,
<Figure 9.5‑11>



Lube Oil


D‑302‑355
Standby Diesel Generator
<Figure 9.5‑12>



Exhaust, Intake and



Crankcase


D‑302‑356
HPCS Diesel Generator Fuel
<Figure 9.5‑15>



Oil System


D‑302‑360
Division 3 Diesel Jacket 
<Figure 9.5‑16>



Water Cooling System Diagram


D‑302‑051
Auxiliary Steam
<Figure 9.5‑17>


D‑302‑052
Auxiliary Steam
<Figure 9.5‑18>


D‑302‑053
Auxiliary Steam
<Figure 9.5‑19>


D‑302‑054
Auxiliary Steam
<Figure 9.5‑20>


D‑304‑352
Diesel Generator Fuel Oil
<Figure 9.5‑21 (1)>



Piping ‑ Yard Area


D‑304‑353
Diesel Generator Fuel Oil
<Figure 9.5‑21 (2)>



Piping ‑ Yard Area
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D‑302‑358
Division 3 Diesel Starting
<Figure 9.5‑24>



Air/Air Dryer Diagram


D‑302‑359
Division 3 Diesel Lube Oil
<Figure 9.5‑25>



System Diagram


D‑302‑011
Main Steam System, Unit 1
<Figure 10.1‑1 (1)>


(769E305CA‑2)


D‑302‑012
Reheat Steam System, Unit 1
<Figure 10.1‑1 (2)>


D‑302‑014
Reheater Heating Steam System
<Figure 10.1‑1 (3)>


D‑302‑041
Extraction Steam
<Figure 10.1‑2>


D‑302‑081
Feedwater
<Figure 10.1‑3 (1)>


D‑302‑082
Feedwater
<Figure 10.1‑3 (2)>


(769E305CA‑4)


D‑302‑101
Condensate System 
<Figure 10.1‑4 (1)>


D‑302‑103
Condensate System
<Figure 10.1‑4 (2)>


D‑302‑104
Condensate Filtration System
<Figure 10.1‑5 (1)>


D‑302‑105
Condensate Filtration System
<Figure 10.1‑5 (2)>


D‑302‑106
Condensate Filtration System
<Figure 10.1‑5 (3)>


D‑302‑107
Condensate Demineralizer
<Figure 10.1‑6 (1)>



System


D‑302‑108
Condensate Demineralizer
<Figure 10.1‑6 (2)>



System


D‑302‑109
Condensate Demineralizer
<Figure 10.1‑6 (3)>



System


D‑302‑110
Condensate Demineralizer
<Figure 10.1‑6 (4)>



System


D‑302‑201
Circulating Water System
<Figure 10.1‑7>


D‑302‑111
High Pressure Heater Drains
<Figure 10.1‑8 (1)>



and Vents
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D‑302‑112
High Pressure Heater Drains
<Figure 10.1‑8 (2)>



and Vents


D‑302‑114
High Pressure Heater Drains
<Figure 10.1‑8 (3)>



and Vents


D‑302‑115
High Pressure Heater Drains
<Figure 10.1‑8 (4)>



and Vents 


D‑302‑113
Low Pressure Heater Drains
<Figure 10.1‑9>



and Vents


D‑302‑141
Steam Seal System
<Figure 10.1‑10>


D‑302‑131
Condenser Air Removal
<Figure 10.1‑11>


D‑302‑301
Hydrogen Supply System
<Figure 10.2‑4>


D‑302‑302
Generator H2 and CO2 Gas
<Figure 10.2‑5>



Control System 


D‑914‑005
Fire Service Carbon Dioxide
<Figure 10.2‑6>


D‑302‑021
Steam Bypass and Pressure
<Figure 10.4‑1>



Regulation System


D‑302‑739
Input Streams for the Liquid
<Figure 11.2‑1 (1)>



Radwaste System


D‑302‑740
Input Streams for the Liquid
<Figure 11.2‑1 (2)>



Radwaste System


D‑302‑741
Input Streams for the Liquid
<Figure 11.2‑1 (3)>



Radwaste System


D‑302‑731
Input Streams for the Liquid
<Figure 11.2‑1 (4)>



Radwaste System


D‑302‑751
Offgas System
<Figure 11.3‑2 (1)>


 (796E375‑1)


D‑302‑752
Offgas System
<Figure 11.3‑2 (2)>


 (796E375‑2)


TABLE 1.7‑2 (Continued)


Drawing No. (GE No.)
Title
USAR Reference

D‑302‑753
Offgas System
<Figure 11.3‑2 (3)>


 (796E375‑3)


D‑302‑754
Offgas System
<Figure 11.3‑2 (4)>


 (796E375‑4)
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1.8       NRC REGULATORY GUIDE ASSESSMENT


In 1970, the NRC (AEC) began to issue regulatory guides (Safety Guides) which describe in detail the methods acceptable to the NRC Staff for implementing specific parts of the Commission’s regulations.  The regulatory guides in some cases, delineate techniques used by the Staff in evaluating specific problems or postulated accidents and provide guidance to applicants concerning certain information needed by the Staff in its review of applications for permits and licenses.


<Table 1.8‑1> lists each Division 1 and Division 8 Regulatory Guide addressed on the Perry Project.  The appropriate revision for the Perry Project has been determined by referencing the NRC’s Regulatory Requirements Review Committee (RRRC) categorization nomenclature for each of the regulatory guides.  The RRRC Categories referenced in <Table 1.8‑1> are defined as follows:


a.
Category 1 ‑ Clearly forward fit only.


b.
Category 2 ‑ Further Staff consideration of the need for backfitting appears to be required for certain identified items of the regulatory position.  These individual issues are such that existing plants need to be evaluated to determine (a) their status with regard to these safety issues and (b) the need for backfitting.


c.
Category 3 ‑ Clearly backfit.


d.
Category 4 ‑ Regulatory guides not categorized by the RRRC.


<Table 1.8‑1> provides a listing of PNPP’s conformance to the recommendations of each of the non‑QA related regulatory guides <Regulatory Guide 1.26> and <Regulatory Guide 1.29> for design, testing, maintenance, and operation of the Perry Nuclear Power Plant.  


Conform, as used in <Table 1.8‑1>, means that PNPP has implemented the regulatory guides, to the extent described in the table and in the referenced USAR sections.  The level of commitment to each Regulatory Guide has been established jointly with the NRC during the acceptance review and safety review of the FSAR sections describing PNPP’s implementation of the regulatory guides.  Therefore, in order to obtain the specific degree of conformance to each regulatory guide, it is necessary to review <Table 1.8‑1> along with the referenced sections of the USAR.  The specific acceptance of this implementation by the NRC is reflected in the appropriate sections of the Safety Evaluation Report (SER).  <NUREG‑0887>


TABLE 1.8‑1


CONFORMANCE TO NRC REGULATORY GUIDES




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.1> ‑ (Revision 0 ‑ 11/70; RRRC Category 1)


Net positive suction head for emergency
PNPP conforms to this guide.
<Section 5.4.7>,


core cooling and containment heat

<Section 6.3.2>


removal system pumps


<Regulatory Guide 1.2> ‑ (Revision 0 ‑ 11/70; RRRC Category 1)


Thermal shock to reactor pressure
Withdrawn by the NRC June 1991.  Super-


vessels
seded by <10 CFR 50.61>, “Fracture 



Toughness Requirements for Protection 



Against Pressurized Thermal Shock



Events.”


<Regulatory Guide 1.3> ‑ (Revision 2 ‑ 6/74; RRRC Category 1)


Assumptions used for evaluating the
The original licensing basis LOCA
<Section 2.3.4>,


potential radiological consequences of
radiological calculations, which were
<Section 2.3.5>,


a loss‑of‑coolant accident for
primarily based on <Regulatory Guide 1.3>
<Section 6.5.1>,


boiling water reactors
and SRP 15.6.5, are now used only for
<Section 9.4.2>,



post-LOCA equipment qualification,
<Section 12.6.1>,



vital area access, and PASS access
<Section 15.0.3>,



analyses.  The current LOCA dose
<Section 15.6.5>



calculations are based on the alternate



source terms and assumptions presented



in <NUREG-1465>, with modifications



as described in the referenced USAR



sections.
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USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.4> ‑ (Revision 2 ‑ 6/74)


Assumptions used for evaluating the
Not applicable to the PNPP design.
‑


potential radiological consequences of


a loss‑of‑coolant accident for


pressurized water reactors


<Regulatory Guide 1.5> ‑ (Revision 0 ‑ 3/71; RRRC Category 1)


Assumptions used for evaluating the
PNPP conforms to this guide with the
<Section 2.3>,


potential radiological consequences of
exception that dose conversion factors 
<Section 15.6.4>


a steam line break accident for boiling
and average gamma energies were taken 


water reactors
from NRC TACT III and/or TACT 5 code,



and atmospheric diffusion is as



described in USAR <Section 2.3>.


<Regulatory Guide 1.6> ‑ (Revision 0 ‑ 3/71; RRRC Category 1)


Independence between redundant standby
The independence among standby power
<Section 7.1.2>,


(onsite) power sources and between
sources and among their distribution
<Section 8.1>,


their distribution systems
systems is in accordance with this guide.
<Section 8.3.1>



The HPCS system conformance is discussed 



in <Section 8.3.1>.


<Regulatory Guide 1.7> ‑ (Revision 2 ‑ 11/78; RRRC Category 1)


Control of combustible gas concentra‑
PNPP conforms to this guide.
<Section 6.1.1>,


tions in containment following a

<Section 6.2.5>,


loss‑of‑coolant accident

<Section 7.3.1>,




<Section 7.3.2>,




Tech. Specs.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.8> ‑ (Revision 1 ‑ R ‑5/77; RRRC Category 1)


Personnel selection and training
PNPP commits to the regulatory position
<Section 12.5>,



of this guide with the following
<Section 13.1.1>,



clarification:
<Section 13.1.3>,



<Regulatory Guide 1.8> states “The RPM
Tech. Specs.



should have a bachelor’s degree or the



equivalent in a science or engineering



subject including some formal training



in radiation protection and at least



5 years of professional experience in



applied radiation protection.”  It is



PNPP’s position that equivalent as used



in this regulatory guide for the



bachelor’s degree means (a) four years



of post secondary schooling in science or



engineering, or (b) four years of applied



experience at a nuclear facility in the



area for which qualification is sought,



or (c) four years of operational or



technical experience or training in



nuclear power, or (d) any combination of



the above totaling four years.  The years



of experience used to meet the education



requirements as allowed by this exception



shall not be used to also meet the



experience requirements.



PNPP commits to the requirements of



ANSI N18.1-1971.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.9> ‑ (Revision 0 ‑ 3/71; RRRC Category 1)


Selection, design and qualification of
The standby diesel generators conform
<Section 3.11.2>,


diesel‑generator units used as onsite
to this guide.  The HPCS diesel‑
<Section 8.1>,


electric power systems at nuclear power
generator will conform to <Regulatory
<Section 8.3.1>,


plants
Guide 1.9> except that the starting
Tech. Specs.



transient for the single large motor 



load may cause the voltage or the



frequency variations to exceed the 



maximum suggested but without impairment 



of the system function.  Also recent 



test results, reported in Amendment 3 to 



NEDO‑10905 (August 1979) showed that the 



voltage and frequency recovery require-



ments of <Regulatory Guide 1.9> were 



fully met.


<Regulatory Guide 1.10> ‑ (Revision 1 ‑ 1/73; RRRC Category 1)


Mechanical (cadweld) splices in
PNPP design conforms to this guide with 
<Section 3.8.1>


reinforcing bars of Seismic Category I
the exception that mechanical testing 


concrete structures
is based on ASME Section III, Division 2,



Paragraph CB/CC 4333.


<Regulatory Guide 1.11> ‑ (Revision 0 ‑ 2/72; RRRC Category 1)


Instrument lines penetrating primary
PNPP design conforms to this guide with
<Section 6.2.4>,


reactor containment
the exception of the failure of isolation
<Section 7.1.2>



valves 1M51F0250A/B.  New failure mode



will be in the closed position.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.12> ‑ (Revision 1 ‑ 4/74; RRRC Category 4)


Instrumentation for earthquakes
PNPP design conforms to this guide with 
<Section 3.7.4>



the exception of Paragraph C.4.b, 



Response Spectrum Recorder Frequency 



Range.  The Perry Nuclear Power Plant 



Response Spectrum Recorders have a 



frequency range of “2 Hz to 25.4 Hz,” 



rather than the recommended 1 Hz to



30 Hz.


<Regulatory Guide 1.13> ‑ (Revision 1 ‑ 12/75; RRRC Category 4)


Spent fuel storage facility design
PNPP design conforms to this guide with


basis
the exception of paragraph C.4.  The
<Section 9.1>,



inventory of radioactive materials
<Section 9.4.2>



available for leakage are based on the



assumptions given in <Regulatory



Guide 1.183>.


<Regulatory Guide 1.14> ‑ (Revision 1 ‑ 8/75)


Reactor coolant pump flywheel
Not applicable to PNPP design.
‑


integrity


<Regulatory Guide 1.15> ‑ (Revision 1 ‑ 12/72; RRRC Category 1)


Testing of reinforcing bars for
PNPP design conforms to this guide.
<Section 3.8.1>,


Seismic Category I concrete structures

<Section 3.8.3>,




<Section 3.8.4>,




<Section 3.8.5>
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USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.16> ‑ (Revision 4 ‑ 9/75; RRRC Category 1)


Reporting of operating information ‑
PNPP conforms to this guide with the
Tech. Specs.


Appendix A Technical Specifications
following clarification:  Those 



sections of <Regulatory Guide 1.16> 



that are still applicable to reports 



required by the PNPP Technical Speci-



fications may be used as guidance in 



preparing the respective Technical 



Specification reports.


<Regulatory Guide 1.17> ‑ (Revision 1 ‑ 6/73; RRRC Category 1)


Protection of nuclear power plants
PNPP conforms to this guide.
<Section 13.6>,


against industrial sabotage

Security Plan


<Regulatory Guide 1.18> ‑ (Revision 1 ‑ 12/72; RRRC Category 1)


Structural acceptance test for concrete
Not applicable to the PNPP design.
‑


primary reactor containments


<Regulatory Guide 1.19> ‑ (Revision 1 ‑ 8/72; RRRC Category 1)


Nondestructive examination of primary
PNPP conforms to this guide.
‑


containment liner welds


<Regulatory Guide 1.20> ‑ (Revision 2 ‑ 5/76; RRRC Category 1)


Comprehensive vibration assessment
PNPP conforms to this guide.
<Section 1.5.1>


program for reactor internals during

<Section 3.9.2>

preoperational and initial startup

<Section 14.2.12>

testing

<Section 15E.8>



<Section 15F.7>




<Section 15F.8>
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USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.21> ‑ (Revision 1 ‑ 6/74; RRRC Category 1)


Measuring, evaluating and reporting
PNPP conforms to this guide with the
<Section 7.6.2>,


radioactivity in solid wastes and
following exceptions:
<Section 11.2>,


release of radioactivity in liquid and

<Section 11.5>,


gaseous effluents from light‑water
1.
Meteorological data will be compiled



cooled nuclear power plants

in an annual report and will be
Tech. Specs.




available to the NRC upon request. 



2.
Liquid effluent sampling and analysis




will be performed in accordance with 




the ODCM.  All radioactive releases 




from liquid radwaste will be monitored 




by the Radwaste Discharge Radiation 




Monitor‑ESW Discharge.  The monitor 




alarm setpoint will eliminate the 




need to periodically sample the 




effluent during discharge.




Prior to release, LRW tanks to be 




discharged will be mixed and samples 




drawn and analyzed.  Based on these 




analyses, the radiation monitor alarm 




will be set to detect fluctuations in 




radwaste activity during release.  This 




radiation monitor provides a control 




function, (i.e., if the alarm setpoint 




is exceeded the release will be 




terminated).  Therefore, periodic 




sampling will not be necessary.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.21> (Continued)
3.
Gaseous effluent sampling and 




analysis will be performed in 




accordance with the ODCM.



4.
Average energy 

[image: image1.wmf](


)


E


 requirements will 




not be adhered to for gaseous 




effluent reporting since 

[image: image2.wmf]E


 is not 




used by PNPP to calculate gaseous 




release (rate) and dose (rate).



5.
Periodic checks of composite samples 




to determine loss of radioactive 




material due to deposition or 




volatilization will not be performed 




since the addition of HNO3 to each 




sample upon collection eliminates the 




deposition/volatilization problem.



6.
Periodic inservice calibrations of 




radiological effluent monitoring 




systems need not be performed since 




“real time” efficiencies are determined 




by direct correlation of measured total 




activity with the net monitor response.  




Effluent monitor set points and release 




rates are calculated using the 




efficiencies determined by the radio-




logical monitoring systems’ response to 




the radionuclide mix present.  Effluent 




monitoring system calibration and 




testing will be performed in accordance 




with the ODCM.
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USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.21> (Continued)
7.
Total radionuclide release rate data 




will be reported in the Radioactive 




Effluent Release Report in the format 




of Table 1A‑1C of the regulatory 




guide.  This data will not be broken 




down by release point Table 1B and 1C 




because all release points are ground 




level and the ODCM does not contain 




release rate (mCi/cc) limits.



8.
Condensation from the Turbine Building
<Section 11.2>




Supply Plenums that is directed to




storm drains will be sampled and




analyzed in accordance with the ODCM.




A default value of 14,400 gallons per




day, which was estimated as the value




to be reached during periods of high




relative humidity, will be used to




calculate the dose assessment from the




liquid effluent release of tritium




from this point.



9.
Gross beta radioactivity measurements,




as discussed in <Regulatory Guide 1.21>,




(Appendix A.3.a(1)) are not made to




estimate the quantity of radioactive




material released.  The quantity of




radioactive material released will be




determined by measuring the principal




gamma emitters with gamma spectroscopy




equipment meeting the LLD requirements




specified in <Table 11.5.7>.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.21> (Continued)
10.
Alpha analysis for gaseous effluents




is performed on each composite filter




and not on a composite of all filters




collected as discussed in <Regulatory




Guide 1.21>, (Appendix A.3.a(3)).



11.
The Effluent and Waste Disposal




Report, as described in <Regulatory




Guide 1.21>, (Appendix B), is prepared




on an annual rather than semi-annual




frequency, and is submitted in a




report titled “Annual Environmental




and Effluent Release Report.”



12.
Effluent concentrations are used to




comply with <10 CFR 20, Appendix B>




(Table 2) and not MPC as described in




<Regulatory Guide 1.21>, (Section C.4).



13.
Tritium analysis for gaseous batch




releases, as described in <Regulatory




Guide 1.21>, (Appendix A.4.a) will be




satisfied with the analysis performed




on the plant vent for the applicable




area being ventilated.
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<Regulatory Guide 1.22> ‑ (Revision 0 ‑ 2/72; RRRC Category 1)


Periodic testing of protection system
The protective systems and components
<Table 7.1-3>,


actuation functions
important to safety are designed to
<Section 7.2.2>,



allow periodic testing in accordance
<Section 7.3.2>,



with this regulatory guide, with the
<Section 7.4.2>,



exception that each bypass condition
<Section 7.6.2>,



(breaker operation or fuse removal) is
<Section 8.1>,



indicated to the reactor operator in
<Section 8.3.1>



the main control room via administrative 



controls.


<Regulatory Guide 1.23> ‑ (Revision 0 ‑ 2/72; RRRC Category 1)


Onsite meteorological programs
PNPP conforms to this guide except
<Section 2.3.3>,



Section C.4 Instrument Accuracy.  PNPP
<Section 2.3.4>



Meteorological Monitoring Instrumentation



meets system accuracy as stated in



<Table 2.3-31>, which is in accordance



with <Regulatory Guide 1.97>,



(Revision 3 – 5/83).


<Regulatory Guide 1.24> ‑ (Revision 0 ‑ 3/72; RRRC Category 1)


Assumptions used for evaluating the
Not applicable to PNPP design.
‑


potential radiological consequences of a


pressurized water reactor gas storage


tank failure
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<Regulatory Guide 1.25> ‑ (Revision 0 ‑ 3/72; RRRC Category 1)


Assumptions used for evaluating the
Not applicable to PNPP.  See <Regulatory


potential radiological consequences of
Guide 1.183>.


a fuel handling accident in the fuel


handling and storage facility for


boiling and pressurized water reactors 


<Regulatory Guide 1.26> ‑ (Revision 3 ‑ 2/76; RRRC Category 1)


Quality group classifications and 
PNPP design complies with this guide.
<Section 3.2.1>,


standards for water‑, steam‑ and

<Table 3.2‑1>,


radioactive‑waste‑containing components

<Section 5.4>,


of nuclear power plants

<Section 6.2.4>,




<Section 6.5>,




<Section 6.9>,




<Section 9.3>,




<Section 9.4>,




<Section 9.5>,




<Section 10.3.3>,




<Section 10.4>


<Regulatory Guide 1.27> ‑ (Revision 2 ‑ 1/76; RRRC Category 2)


Ultimate heat sink for nuclear power
PNPP conforms with this guide with the
<Section 2.4>,


plants
following clarification:
<Section 9.2.5>



Technical Specifications do not address 



the loss of capability of the ultimate 



heat sink since there is no credible 



single failure which would preclude the



ultimate heat sink from meeting its



design criteria.
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<Regulatory Guide 1.28> ‑ (Revision 2 ‑ 2/79)


Quality assurance requirements (design
PNPP conforms with this guide.


and construction)


<Regulatory Guide 1.29> ‑ (Revision 3 ‑ 9/78; RRRC Category 1)


Seismic design classification
PNPP design complies with this guide, 
<Section 3.2.1>,



with exceptions as stated in Notes 19
<Table 3.2‑1>,



and 24 of <Table 3.2‑1> and with the
<Section 3.7.3>,



following clarifications:
<Section 6.2.4>,




<Section 6.5>, 



Position C.1.e – The design of the main
<Section 6.7>,



steam system incorporates a third
<Table 7.1-3>,



isolation valve between the outermost
<Table 8.1-2>,



MSIV and the turbine stop valve in each
<Section 8.3.1>,



main steam line.  The piping downstream
<Section 9.1>,



of this MOV is nonsafety class.
<Section 9.3.5>,




<Section 9.4>,




<Section 9.5>,




<Section 10.3.1>



Position C.3 and C.4 ‑ Seismic 



Category I design requirements are 



required to be extended “to the first 



seismic restraint beyond the defined 



boundaries.”  Seismic analysis of a 



piping system requires division of the 



system into discrete segments terminated 



by fixed points.  Thus the seismic 



design is not terminated at a seismic 



restraint, but is extended to the first 
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<Regulatory Guide 1.29> (Continued)
point in the system, that can be treated 



as an anchor to the plant structure or to 



a distance sufficient such that the 



effects of the piping beyond the safety 



class boundary are insignificant.



Paragraph C.4 also requires that the



pertinent quality assurance requirements 



of <10 CFR 50, Appendix B> be applied 



to the safety requirements of such items.



Both these requirements are considered to 



be adequately met by the following 



practice:



a.
Design and design control for these




items are carried out in the same




manner as that for items directly




important to safety.  This includes




the performance of appropriate design




reviews.



Position C‑4 ‑ Design for items that 



would otherwise be classified as non‑



seismic but whose failure could reduce 



the functioning of items important to 



safety to an unacceptable safety level 



is performed in accordance with Seismic 



Category I requirements.  Design control 



is carried out in the same manner as that 



for items directly important to safety.
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<Regulatory Guide 1.29> (Continued)
For piping and support of piping beyond 



the class break the following applies:



a.
Procurement of piping, inline 




components and their supports is 




performed in accordance with the item’s 




safety classification, i.e., nonsafety.



b.
Installation of piping and inline




components is also performed as with




other nonsafety items.



c.
Final installation of component 




supports is inspected as a formal part 




of the FENOC Quality Assurance Program




Manual.


<Regulatory Guide 1.30> ‑ (Revision 0 ‑ 8/72; RRRC Category 1)


Quality assurance requirements for the
See <Chapter 17.2>
<Section 3.8.2>,


installation, inspection and testing of

<Section 7.1.2>,


instrumentation and electrical equipment

<Table 8.1-2>,




<Section 17.2>


<Regulatory Guide 1.31> ‑ (Revision 3 ‑ 4/78; RRRC Category 1)


Control of ferrite content in stainless
Conformance evaluation was based on an
<Section 3.8>,


steel weld metal
extensive test program which demon-
<Section 4.5.1>,



strates that controlling weld filler 
<Section 4.5.2>,



metal ferrite at 5% minimum produces
<Section 5.2.3>,



production welds which meet the
<Section 5.3.1>,



regulatory requirements.  All austenitic
<Section 6.1.1>
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<Regulatory Guide 1.31> (Continued)
stainless steel weld filler material 



for PNPP is supplied with a minimum



of 5% ferrite material.


<Regulatory Guide 1.32> ‑ (Revision 2 ‑ 2/77; RRRC Category 1)


Criteria for safety‑related electric
The design of the PNPP Class 1E power 
<Section 7.1.2>,


power systems for nuclear power plants
system conforms to IEEE Standard 
<Section 8.1>,



308‑1974 as modified by the positions
<Section 8.3>



of <Regulatory Guide 1.32>, with the 



exception that the battery testing



intervals are controlled by the NRC-



approved Technical Specifications.


<Regulatory Guide 1.33> ‑ (Revision 2 ‑ 2/78; RRRC Category 1)


Quality assurance program requirements
See <Chapter 17.2>
<Section 12.5.3>,


(operations)

<Section 13.4>,




<Section 13.5>,




<Section 17.2>


<Regulatory Guide 1.34> ‑ (Revision 0 ‑ 12/72; RRRC Category 1)


Control of electroslag weld properties
Electroslag welding was not used during
<Section 4.5.2>,



fabrication of ASME Boiler and Pressure
<Section 5.2.3>,



Vessel Code Section III, Components.
<Section 5.3.1>


<Regulatory Guide 1.35> ‑ (Revision 3 ‑ 4/79; RRRC Category 1)


Inservice inspection of ungrouted
Not applicable to the PNPP design.
‑


tendons in prestressed concrete


containment structures
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<Regulatory Guide 1.36> ‑ (Revision 0 ‑ 2/73; RRRC Category 1)


Nonmetallic thermal insulation for
PNPP conforms to this guide.
<Section 4.5.2>,


austenitic stainless steel

<Section 6.1.1>


<Regulatory Guide 1.37> ‑ (Revision 0 ‑ 3/73; RRRC Category 1)


Quality assurance requirements for
See <Chapter 17.2>
<Section 4.5.1>,


cleaning of fluid systems and

<Section 4.5.2>,


associated components of water cooled

<Section 6.1.1>,


nuclear plants

<Section 10.3.6>,




<Section 17.2>


<Regulatory Guide 1.38> ‑ (Revision 2 ‑ 5/77; RRRC Category 1)


Quality assurance requirements for
See <Chapter 17.2>
<Section 17.2>


packaging, shipping, receiving, storage,


and handling of items for water cooled


nuclear power plants


<Regulatory Guide 1.39> ‑ (Revision 2 ‑ 9/77; RRRC Category 1)


Housekeeping requirements for water
See <Chapter 17.2>
<Section 12.5.3>,


cooled nuclear power plants

<Section 17.2>


<Regulatory Guide 1.40> ‑ (Revision 0 ‑ 3/73; RRRC Category 1)


Qualification tests of continuous‑duty
Inside containment Class 1E Motors are 
<Section 3.11>,


motors installed inside containment of
type tested in accordance with IEEE
<Section 7.1.2>,


water‑cooled nuclear power plants
Standard 334‑1971 as modified by the
<Section 8.1>



regulatory positions of <Regulatory



Guide 1.40>.
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<Regulatory Guide 1.41> ‑ (Revision 0 ‑ 3/73; RRRC Category 1)


Preoperational testing of redundant
PNPP conforms to this guide with the
<Section 8.1>,


onsite electric power systems to
following clarification:  Suitable
<Section 14.2.12>


verify proper load group assignments
preoperational tests to detect lack of 



independence will be performed.  These 



tests will assure that each redundant 



onsite power source and its load group 



can function without any dependence upon 



any other redundant load group or portion



thereof.  In relation to Position C1, 



PNPP will isolate at startup transformer 



source Breakers L1003 and L1004 (L2003 



and L2004).


<Regulatory Guide 1.42>



<Regulatory Guide 1.42> was withdrawn 
‑



on 3/22/76 (Federal Register 



Notice 41FR11891)


<Regulatory Guide 1.43> ‑ (Revision 0 ‑ 5/73)


Control of stainless steel weld cladding
Safety class component specifications 
<Section 5.3.1>


of low‑alloy steel components
required that all low alloy steel be 



produced to fine grain practice.  The 



requirements of this regulatory guide are 



not applicable to the NSSS components at 



PNPP.
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<Regulatory Guide 1.44> ‑ (Revision 0 ‑ 5/73; RRRC Category 1)


Control of the use of sensitized
PNPP conforms to this guide with the 
<Section 4.5.1>,


stainless steel
following exceptions:
<Section 4.5.2>,




<Section 5.2.3>,



Position C.3
<Section 5.3.1>,




<Section 6.1.1>



The stainless steel components in the 



NSSS scope of supply of this regulatory 



guide definition were either solution 



heat treated or the weld joint inside 



surface was protected with corrosion 



resistant cladding or other means to 



minimize material susceptibility to



IGSCC.  Therefore, corrosion testing, 



as required by this position, was not 



performed.



Position C.6



Intergranular corrosion testing was not



considered necessary to qualify welding



procedures because the essential 



variables used in welding procedures 



were based on recommendations made by 



General Electric following extensive 



research.  Furthermore, IGSCC counter-



measures (GE‑22A4298) have been 



applied to the extent practical.  Steps



were taken to minimize sensitization by



control of welding procedures.
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<Regulatory Guide 1.45> ‑ (Revision 0 ‑ 5/73; RRRC Category 1)


Reactor coolant pressure boundary
PNPP conforms to this guide with the
<Section 5.2.5>,


leakage detection systems
exception that the airborne particulate
<Section 7.6.2>,



and gaseous radioactivity monitors do
<Section 8.3.1>,



not meet the sensitivity level of
<Section 12.3.4>,



Position C.5.  Also, there is no
Tech. Specs.



attempt to correlate radioactivity



monitoring indication to leakage flow



rates as described in Position C.7.



Two other methods for detecting



unidentified RCPB leakage do, 



however, meet Positions C.5 and C.7.


<Regulatory Guide 1.46> ‑ (Revision 0 ‑ 5/73, Withdrawn‑3/85; RRRC Category 1)


Protection against pipe whip inside
PNPP design conforms to this guide.
<Section 3.6>,


containment

<Section 6.2.5>


<Regulatory Guide 1.47> ‑ (Revision 0 ‑ 5/73; RRRC Category 1)


Bypassed and inoperable status
Bypass and inoperable status indication
<Section 6.5>,


indication for nuclear power plant
is provided in the plant control room in
<Section 7.1.2>,


systems
accordance with <Regulatory Guide 1.47>.
<Section 7.2.2>,




<Section 7.3.2>,




<Section 7.4.2>,




<Section 7.6.2>,




<Section 8.1>,




<Section 8.3>,




<Section 9.4>
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<Regulatory Guide 1.48> ‑ (Revision 0 ‑ 5/73, Withdrawn‑3/85; RRRC Category 1)


Design limits and load combinations for
PNPP conforms to this guide, with the
<Section 3.9.1>,


Seismic Category I fluid system
exception that the NRC positions are
<Section 3.9.3>,


components
more conservative for stress
<Section 6.2.4>,



allowables used for ASME Class 2
<Section 9.2.1>,



vessels and piping in faulted conditions.
<Section 9.4.6>



Refer to <Table 3.9‑16> for details 



concerning NSSS systems.  Non‑NSSS



systems are covered in <Section 3.9>.


<Regulatory Guide 1.49> ‑ (Revision 1 ‑ 12/73; RRRC Category 1)


Power levels of nuclear power plants
PNPP design conforms to this guide.
<Appendix 15B>


<Regulatory Guide 1.50> ‑ (Revision 0 ‑ 5/73; RRRC Category 1)


Control of preheat temperature for
PNPP conforms to this guide.
<Section 5.2.3>,


welding of low‑alloy steel

<Section 5.3.1>,




<Section 6.1.1>,




<Section 10.3.6>


<Regulatory Guide 1.51>



<Regulatory Guide 1.51> was withdrawn 
‑



on 7/21/75.  (Federal Register 



Notice 40FR30510)
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<Regulatory Guide 1.52> ‑ (Revision 2 ‑ 3/78; RRRC Category 2)


Design, testing and maintenance
PNPP design and testing conform to this
<Section 6.4>,


criteria for postaccident engineered‑
guide as presented in <Table 6.5‑1>,
<Section 6.5.1>,


safety‑feature atmosphere cleanup
<Table 6.5‑2>,and <Table 6.5‑3>.
<Section 9.1>,


system air filtration and absorption

<Section 9.4>,


units of light‑water‑cooled nuclear

<Section 12.3>,


power plants

<Section 15.7>,




Tech. Specs.


<Regulatory Guide 1.53> ‑ (Revision 0 ‑ 6/73; RRRC Category 1)




<Section 6.5.3>,


Application of single failure criterion
Single failure criteria is applied to
<Table 7.1-3>,


to nuclear power plant protection
protection systems in accordance with
<Section 7.2.2>,


systems
<Regulatory Guide 1.53>.
<Section 7.3.2>,




<Section 7.4.2>,




<Section 7.6.2>,




<Section 8.1>,




<Section 9.4>


<Regulatory Guide 1.54> ‑ (Revision 0 ‑ 6/73; RRRC Category 1)


Quality Assurance requirements for
PNPP commits to the regulatory position
<Section 6.1.1>,


protective coatings applied to
of this guide with the following
<Section 6.1.2>


water‑cooled nuclear power plants
clarifications:



1.
This regulatory guide and its




associated ANSI Standard implies that




a significant amount of coating work




is required at the plant site.




Although this is correct for




construction sites, the coating work




at an operating site generally
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<Regulatory Guide 1.54> (Continued)

consists of repair and touchup work




following maintenance and repair




activities or the initial coating of




components such as hangers, supports,




and piping during facility modifica-




tions.  Therefore, in lieu of the full




requirements of this regulatory guide




and ANSI N101.4, PNPP imposes the




following requirements:




a.
The quality assurance requirements





of Section 3 of ANSI N101.4 appli-





cable to the coating manufacturer





shall be imposed on the coating 





manufacturer through the procurement





process.




b.
Coating application procedures





shall be developed based on the





manufacturer’s recommendations for





application of the selected coating





systems.




c.
Coating applicators shall be





qualified to demonstrate their





ability to satisfactorily apply the





coatings in accordance with the





manufacturer’s recommendations.




d.
Quality control personnel shall





perform inspections to verify





conformance of the coating appli-
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<Regulatory Guide 1.54> (Continued)


cation procedures.  Section 6 of





ANSI N101.4 shall be used as





guidelines in the establishment of





the inspection program.




e.
Quality control personnel shall be





qualified to the requirements of





<Regulatory Guide 1.58>, (Revision 1).




f.
Documentation demonstrating con-





formance to the above requirements





shall be maintained.



2.
The requirements of Position A of this




guide apply to surfaces within con-




tainment with the following exceptions:




a.
Surfaces to be insulated.




b.
Surfaces contained within a





cabinet or enclosure.




c.
Repair/touchup areas less than





30 square inches or surface areas





such as:  cut ends; bolt heads,





nuts and miscellaneous fasteners;





and damage resulting from spot,





tack or arc welding.




d.
Small items such as small motors,





handwheels, electrical cabinets,





control panels, loud speakers,


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.54> (Continued)


motor operators, etc., where





special painting requirements





would be impracticable.




e.
Stainless steel or galvanized





surfaces.




f.
Banding used for insulated pipe.



PNPP commits to the requirements of



ANSI N101.4-1972 for activities



comparable in nature and extent to



construction phase activities.


<Regulatory Guide 1.55> ‑ (Revision 0 ‑ 6/73; RRRC Category 1)


Concrete placement in Category I
PNPP commits to the regulatory position
<Section 3.8>


structures
of this guide for activities that are



comparable in nature to construction



phase activities.
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<Regulatory Guide 1.56> ‑ (Revision 1 ‑ 8/78; RRRC Category 3)


Maintenance of water purity in boiling
PNPP conforms to this guide with the
<Section 5.2.3>,


water reactors
exception of the resin capacity
<Section 10.4.6>



recommendations of Positions C.3 and 



C.4a, c and d.  Sufficient resin 



capacity is ensured as described in



<Section 5.2.3.2.2.1 (b.3)>.


<Regulatory Guide 1.57> ‑ (Revision 0 ‑ 6/73; RRRC Category 1)


Design limits and loading combinations
PNPP design conforms to this guide as
<Section 3.8.2>,


for metal primary reactor containment
described in <Section 3.8.2.5>.
<Section 3.8.3>


system components


<Regulatory Guide 1.58> ‑ (Revision 1 ‑ 9/80; RRRC Category 1)


Qualification of nuclear power plant
See <Chapter 17.2>
<Section 17.2>


inspection, examination and testing


personnel


<Regulatory Guide 1.59> ‑ (Revision 2 ‑ 8/77; RRRC Category 2)


Design basis floods for nuclear power
PNPP design conforms to this guide.


plants

<Section 2.4.3>

<Regulatory Guide 1.60> ‑ (Revision 1 ‑ 12/73; RRRC Category 1)


Design response spectra for seismic
PNPP design conforms to this guide.
<Section 2.5.2>,


design of nuclear power plants

<Section 3.7.1>
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<Regulatory Guide 1.61> ‑ (Revision 0 ‑ 10/73; RRRC Category 1)


Damping values for seismic design of
PNPP design conforms to this guide.
<Section 3.7.1>,


nuclear power plants

<Section 3.10.1>,




<Section 5.2.1>


<Regulatory Guide 1.62> ‑ (Revision 0 ‑ 10/73; RRRC Category 1)


Manual initiation of protective actions
PNPP conforms to this guide.
<Table 7.1-3>,




<Section 7.2.2>,




<Section 7.3.2>,




<Section 7.4.2>,




<Section 7.6.2>,




<Section 8.3.1>


<Regulatory Guide 1.63> ‑ (Revision 2 ‑ 7/78; RRRC Category 2)


Electric penetration assemblies in
PNPP design conforms to IEEE
<Section 3.11.2>,


containment structures for light‑
Standard 317‑1976, as modified by
<Section 8.1>,


water‑cooled nuclear power plants
<Regulatory Guide 1.63>.
<Section 8.3.1>


<Regulatory Guide 1.64> ‑ (Revision 2 ‑ 6/76; RRRC Category 1)


Quality assurance requirements for the
See <Chapter 17.2>
<Section 17.2>


design of nuclear power plants
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<Regulatory Guide 1.65> ‑ (Revision 0 ‑ 10/73; RRRC Category 1)


Materials and inspection for reactor
The PNPP reactor vessel order date
<Section 5.3.1>


vessel closure studs
preceded implementation of <Regulatory 



Guide 1.65>.  The reactor vessel closure 



stud bolting meets the intent of 



<Regulatory Guide 1.65> except that



the maximum tensile strength of the stud



material is 174 ksi instead of 170 ksi 



as recommended by Position C.1.b(1) of 



the guide.  The PNPP reactor vessel order



date preceded implementation of <Regulatory



Guide 1.65>.  Refer to <Section 5.3.1.7> 



for details.



PNPP conforms to this guide with the 



Following exceptions:



The maximum tensile strength of the reactor



Vessel closure stud bolting material is 



174 ksi instead of 170 ksi as recommended



by Position C.1.b(1) (Refer to 



<Section 5.3.1.7> for details).



The recommendations of Position C.4 need 



not be met, since surface examinations are 



no longer necessary as a result of NRC 



approved ASME Section XI Code Case N‑652.
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<Regulatory Guide 1.66>


Nondestructive examination of
This regulatory guide was withdrawn
<Section 5.2.3>


tubular products
September 1977.


<Regulatory Guide 1.67> ‑ (Revision 0 ‑ 10/73; RRRC Category 1)


Installation of overpressure protective
PNPP design conforms to this guide.
<Section 3.9.3>


devices
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<Regulatory Guide 1.68> ‑ (Revision 2 ‑ 8/78; RRRC Category 1)


Initial test programs for water cooled
The initial test program consists of
<Section 8.1>,


nuclear power plants
three phases including initial checkout
<Section 8.3.1>,



and run‑in, preoperational testing and
<Section 9.5>,



startup testing.  PNPP conforms to this
<Section 10.4.7>,



guide with the following clarifications
<Section 14.2>



and exceptions:



1.
Section C.9, Items a and b.




PNPP takes exception to items a and b 




as being included in the report.  




PNPP lists the tests performed and 




references <Chapter 14> for a 




description of test methods and 




objectives.




For those tests which do not meet 




acceptance criteria, the report 




includes a justification for 




acceptance as required by C.9c, 




Items d and e.



2.
Appendix A.1, Paragraph 2.  




(Page 1.68‑6)




PNPP takes exception to performing




system expansion, vibration and 




restraint tests on all structures, 




systems and components.  PNPP tests 




those structures, systems and com-




ponents identified in <Section 3.9.2>.
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<Regulatory Guide 1.68> (Continued)
3.
Appendix A, Section 1.c.




PNPP takes exception to time 




response testing requirements.  PNPP 




time response tests the reactor 




protection system channels including 




sensors as defined in the Technical 




Specifications and in <Chapter 14>.



4.
Appendix 9, Section 1.g (1) and (2).




PNPP takes exception to the require-




ment to demonstrate the load‑carrying




capability of system cables in 




accordance with design criteria.  PNPP 




demonstrated that system components and 




cables adequately supply system loads, 




not demonstrate the cable design load




carrying capability.




PNPP also takes exception to the 




requirement to demonstrate that 




emergency loads can start with the 




maximum and minimum design voltage 




available.  PNPP verified that proper 




voltages are available in order to 




establish transformer tap settings and 




to verify computer modeling of the 




electrical system.
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<Regulatory Guide 1.68> (Continued)
5.
Appendix A, Section 1.h, Paragraph 2.




PNPP takes exception to the require-




ment to verify functioning of 




protective devices such as leak tight 




covers or housings.  Leak tight 




requirements for covers and housings 




are part of the equipment specifi-




cations.



6.
Appendix A, Section 1.j (15).




N/A ‑ PNPP does not use an automatic




dispatcher control system.



7.
Appendix A, Section 2.f. (Page 1.68‑14)




The flow induced vibrational measure-




ment test following fuel load is 




performed after initial criticality 




and before nuclear heatup to allow 




performance of the Full Core Shutdown 




Margin Test (initial critical) and CRD 




ganged rod test before the RPV head is 




installed.  Other flow tests are 




performed during the power ascension 




test program at rated conditions.
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<Regulatory Guide 1.68> (Continued)
8.
Appendix A, Section 5.l.




PNPP takes exception to the require-




ment to test RHR steam condensing 




mode prior to exceeding 25% power 




and commits to performing it prior 




to exceeding 32% power.  The RHR 




steam condensing mode was eliminated 




from the Perry Nuclear Power Plant 




after the startup test program was 




completed.


<Regulatory Guide 1.68.1> ‑ (Revision 1 ‑ 1/77; RRRC Category 1)


Preoperational and initial startup
PNPP conforms to this guide with the
<Section 14.0>


testing of feedwater and condensate
exception of commitments to Position C.1 ‑


systems for boiling water reactor power
“Preoperational Testing,” and Positions


plants
C.2.f and g ‑ “Startup Testing – 



Vibration and Thermal Expansion Testing” 



since both the condensate and portions 



of feedwater systems are classified as 



nonsafety for testability purposes.  The 



expansion and vibration testing for both 



preoperational and startup phases will 



be performed as described in 



<Section 3.9.2>.


<Regulatory Guide 1.68.2> ‑ (Revision 1 ‑ 7/78; RRRC Category 1)


Initial startup test program to
PNPP conforms to this guide.
<Section 14.0>


demonstrate remote shutdown capability


for water‑cooled nuclear power plants
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<Regulatory Guide 1.69> ‑ (Revision 0 ‑ 12/73; RRRC Category 1)


Concrete radiation shields for nuclear
PNPP conforms to this guide.
<Section 3.8>,


power plants

<Section 12.3.2>


<Regulatory Guide 1.70> ‑ (Revision 3 ‑ 11/78; RRRC Category 1)


Standard format and content of safety
<Regulatory Guide 1.70> was utilized in 
USAR


analysis reports for nuclear power
the preparation of the PNPP FSAR which 


plants
was docketed by the NRC on January 30, 



1981.  The FSAR was subsequently 



reviewed and accepted by the NRC through 



the Safety Evaluation Report (SER) and 



its supplements prior to its conversion 



to the USAR format.


<Regulatory Guide 1.71> ‑ (Revision 0 ‑ 12/73; RRRC Category 1)


Welder qualification for areas of
During construction PNPP conforms to
<Section 3.8.3>,


limited accessibility
this guide with the exception of
<Section 4.5.2>,



Position C.1:  The Project has
<Section 5.2.3>,



guidelines to aid in identifying
<Section 5.3.1>,



developed limited access conditions.
<Section 6.1.1>,



Where a potential condition is identified,
<Section 10.3.6>



a Project Organization welding engineer 



evaluates the actual field condition and 



determines what steps will be taken to 



assure quality.
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<Regulatory Guide 1.71> (Continued)
For shielded metal arc welding, the 



limiting conditions are as follows:  



Where there is an obstruction on one 



side only, the necessary clearance will 



be 8 inches; where the obstruction is 



on two sides, the necessary clearance



will be 10 inches; where the obstruc-



tion is on three sides, the necessary 



clearance will be 12 inches.



For gas tungsten arc welding, the 



limiting conditions are as follows:  



Where there is an obstruction on one 



side only, the necessary clearance will 



be 4 inches; where the obstruction is 



on two sides, the necessary clearance



will be 5 inches; where the obstruc-



tion is on three sides, the necessary 



clearance will be 6 inches.



During operations PNPP conforms to 



this guide with the exception of 



Position C.1:  Performance qualifica-



tions for personnel who weld under 



conditions of limited access, as 



defined in Regulatory Position C.1, 



are maintained in accordance with the 



applicable requirements of ASME 



Sections III and IX.
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<Regulatory Guide 1.71> (Continued)
However, specific qualification for 



limited access welds will not be required.  



To assure that the required integrity 



level for a specific limited access weld 



is achieved, welding conducted in areas 



of limited access must pass the required 



nondestructive examination.  No waiver 



or relaxation of examination methods or 



acceptance criteria because of the 



limited access will be permitted.


<Regulatory Guide 1.72> ‑ (Revision 2 ‑ 11/78; RRRC Category 1)


Spray pond piping made from fiberglass‑
Not applicable to the PNPP design.
‑


reinforced thermosetting resin


<Regulatory Guide 1.73> ‑ (Revision 0 ‑ 1/74; RRRC Category 1)


Qualification tests of electric valve
Qualification of electric valve
<Section 3.11.2>,


operators installed inside containment
operators at PNPP is in accordance
<Table 7.1-3>,


of nuclear power plants
with IEEE Standard 382‑1972, as
<Section 7.3.2>,



modified by the positions of
<Section 7.4.2>,



<Regulatory Guide 1.73>.
<Section 8.1>


<Regulatory Guide 1.74> ‑ (Revision 0 ‑ 2/74; RRRC Category 1)


Quality assurance terms and definitions
See <Chapter 17.2>
<Section 17.2>
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<Regulatory Guide 1.75> ‑ (Revision 2 ‑ 9/78; RRRC Category 4)


Physical independence of electrical
PNPP design is in accordance with IEEE
<Section 7.1.2>,


systems
Standard 384‑1974, as modified by the
<Section 7.6.1>,



positions of <Regulatory Guide 1.75>,
<Section 8.1>,



with the alternative positions as
<Section 8.3.1>



discussed in <Table 8.1‑2>.


<Regulatory Guide 1.76> ‑ (Revision 0 ‑ 4/74; RRRC Category 4)


Design basis tornado for nuclear power
PNPP design conforms to this guide.
<Section 2.3.1>,


plants

<Table 2.3‑5>,




<Section 3.3.2>,




<Section 3.5.1.4>


<Regulatory Guide 1.77> ‑ (Revision 0 ‑ 5/74; RRRC Category 1)


Assumptions used for evaluating a
Not applicable to the PNPP design.
‑


control rod ejection accident for


pressurized water reactors


<Regulatory Guide 1.78> ‑ (Revision 0 ‑ 6/74; RRRC Category 1)


Assumptions for evaluating the
PNPP design conforms to this guide.
<Section 2.2.3>,


habitability of a nuclear power plant

<Section 6.4>,


control room during a postulated

<Section 9.5.8>


hazardous chemical release
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<Regulatory Guide 1.79> ‑ (Revision 1 ‑ 9/75; RRRC Category 1)


Preoperational testing of emergency core
Not applicable to the PNPP design.
‑


cooling systems for pressurized water


reactors


<Regulatory Guide 1.80> ‑ (Revision 0 ‑ 6/74; RRRC Category 4)


Preoperational testing of instrument
PNPP conforms to this guide for the
<Section 14.0>


air systems
preoperational testing of the P57 safety‑



related instrument air system with the



following clarification:



1.
Item C7 test and check requirements 




were accomplished during the served 




equipment’s system preoperational 




phase testing.



PNPP conforms to this guide for the



acceptance testing of the P52 nonsafety‑



related instrument air system with the 



following clarifications:



1.
Item C7 test and check requirements 




were accomplished during the served 




equipment’s system preoperational 




phase testing.
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<Regulatory Guide 1.80> (Continued)
2.
Items C8, C9 and C10 were accomplished




by placing the valves tested in 




their normal operating position for 




simulation of the instrument air pipe 




break on selected system branches.  




Similarly, valves tested were placed 




in their normal operating position 




for simulation of instrument air pipe 




freezing/plugging on the selected 




system branches.  The response of 




valves to a loss of air pressure when 




placed in a position other than 




failed as described in Item C8a was




verified, where required, on an




individual component basis.


<Regulatory Guide 1.81> ‑ (Revision 1 ‑ 1/75; RRRC Category 1)


Shared emergency and shutdown electric
Not applicable to PNPP.


systems for multi‑unit nuclear power


plants 


<Regulatory Guide 1.82> ‑ (Revision 2 ‑ 5/96; RRRC Category 4)


Water sources for long‑term recircu‑
PNPP conforms to this guide.
<Section 6.2.2.2>,


lation cooling following a Loss‑of‑

<Section 6.3.2.2>


Coolant accident
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<Regulatory Guide 1.83> ‑ (Revision 1 ‑ 7/75; RRRC Category 4)


Inservice inspection of pressurized
Not applicable to the PNPP design.
‑


water reactor steam generator tubes


<Regulatory Guide 1.84> ‑ (Revisions 4 through 25 ‑ 5/88; RRRC Category 1)


Design and fabrication code case
PNPP conforms to the guide revisions
<Section 5.2.1>


acceptability ‑ ASME Section III
which correspond to the applicable ASME 


Division 1
code of record.  Additional code cases 



may be endorsed by the NRC and used by 



PNPP prior to revision of this 



regulatory guide.  Future application 



of code cases will be evaluated for 



conformance with the current revision 



level of this regulatory guide prior to 



their use.


<Regulatory Guide 1.85> ‑ (Revisions 4 through 25 ‑ 5/88; RRRC Category 1)


Materials code case acceptability ‑
PNPP conforms to the guide revisions
<Section 5.2.1>


ASME Section III Division I
which correspond to the applicable ASME 



code of record.  Additional code cases 



may be endorsed by the NRC and used by 



PNPP prior to revision of this regulatory 



guide.  Future application of code cases 



will be evaluated for conformance with 



the current revision level of this 



regulatory guide prior to their use.
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<Regulatory Guide 1.86> ‑ (Revision 0 ‑ 6/74; RRRC Category 1)


Termination of operating licenses for
PNPP will comply with this guide.
‑


nuclear reactors


<Regulatory Guide 1.87> ‑ (Revision 1 ‑ 6/75; RRRC Category 1)


Guidance for construction of Class I
Not applicable to PNPP design.
‑


components in elevated‑temperature


reactors (supplement to ASME Section III


Code Classes 1592, 1593, 1594, 1595, and


1596)


<Regulatory Guide 1.88> ‑ (Revision 2 ‑ 10/76; RRRC Category 1)


Collection, storage and maintenance of
See <Chapter 17.2>
<Section 17.2>


nuclear power quality assurance records


<Regulatory Guide 1.89> ‑ (Revision 1 ‑ 6/84; RRRC Category 4)


Qualification of Class 1E equipment
Class 1E equipment is qualified in
<Section 3.10>,


for nuclear power plants
accordance with IEEE Standard 323‑1974,
<Section 3.11>,



as endorsed by <Regulatory Guide 1.89>
<Section 7.1.2>,



with the following specific exceptions:
<Table 8.1‑2>,




<Section 8.3.1>



1.
NSSS Class IE equipment located in



mild environmental zones was procured




and qualified to IEEE Standard 323‑1971.



2.
Regulatory Position C2.  The basis for 




radiological source terms used in 




discussed in <Section 3.11.5.2.2>.
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<Regulatory Guide 1.89> ‑ (Revision 1 ‑ 6/84; RRRC Category 4) (Continued)



3.
Additional specific guidance for type



testing of cables, field splices and 




terminations is provided by IEEE 




Standard 383‑1974, <Table 8.1‑2>.



4.
Specific criteria for assessing the




acceptability of the environmental




qualification program for safety




related electrical equipment in a




harsh environmental is provided by




<NUREG‑0588> Category I.



5.
The acceptance criteria for the




environmental qualification of




safety related equipment located in




a mild environment is the following:



a.
The documentation required to



demonstrate qualifications of




safety related equipment in a mild




environmental is the “Design/Purchase”




specifications.  The specifications




contain a description of the 




functional requirements for its




specific environmental zone during




normal and abnormal environmental




conditions.  A well supported 




maintenance/surveillance program in




conjunction with a good preventive




maintenance program will ensure that




equipment that meets the specifications




is qualified for the designed life.
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<Regulatory Guide 1.89> ‑ (Revision 1 ‑ 6/84; RRRC Category 4) (Continued)



b.
The maintenance/surveillance



program data and records will be




reviewed periodically (not more




than 24 months) to ensure that the




design qualified life has not




suffered thermal and cyclic




degradation resulting from the




accumulated stresses triggered 




by the abnormal environmental 




conditions and the normal wear 




due to its service condition.




Engineering judgment shall be




used to modify the replacement




program and/or replace the




equipment deemed necessary.
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<Regulatory Guide 1.90> ‑ (Revision 1 ‑ 8/77; RRRC Category 1)


Inservice inspection of prestressed
Not applicable to PNPP design.
‑


concrete containment structures with


grouted tendons


<Regulatory Guide 1.91> ‑ (Revision 1 ‑ 2/78; RRRC Category 2)


Evaluations of explosions postulated to
PNPP conforms to this guide.
<Section 2.2.3>


occur on transportation routes near


nuclear power plants


<Regulatory Guide 1.92> ‑ (Revision 1 ‑ 2/76; RRRC Category 1)


Combining model responses and spatial
PNPP design conforms to this guide.
<Section 3.7.2>,


components in seismic response analysis

<Section 3.7.3>,




<Section 3.8.2>,




<Section 3.10.1>


<Regulatory Guide 1.93> ‑ (Revision 0 ‑ 12/74; RRRC Category 4)


Availability of electric power sources
The requirements of <Regulatory
Tech. Specs.,



Guide 1.93> for Limiting Conditions
<Table 8.1-2>



for Operations are addressed in




Technical Specifications.


<Regulatory Guide 1.94> ‑ (Revision 1 ‑ 4/76; RRRC Category 1)


Quality assurance requirements for
See <Chapter 17.2>
<Section 17.2>


installation, inspection and testing of


structural concrete and structural steel


during the construction phase of nuclear


power plants
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<Regulatory Guide 1.95> ‑ (Revision 1 ‑ 2/77; RRRC Category 1)


Protection of nuclear power plant
PNPP design conforms to this guide with
<Section 2.2.3>,


control room operators against an
the following exceptions:
<Section 7.3.2>,


accidental chlorine release

<Section 14.0>



1.
Automatic isolation of the control 




room as well as chlorine detectors 




are not necessary to protect against 




an offsite chlorine release 




<Section 2.2.3.1.2.1>.



2.
Additionally, control room leakage was




determined by using the tracer gas 




method per ASTM E741‑83 during the




preoperational test program.


<Regulatory Guide 1.96> ‑ (Revision 1 ‑ 6/76; RRRC Category 1)


Design of main steam isolation valve
Not applicable to PNPP design.  MSIV-LCS
<Section 6.7>,


leakage control systems for boiling
was eliminated/abandoned in place in
<Section 7.3.2>


water reactor nuclear power plants
refuel outage 7.


<Regulatory Guide 1.97> ‑ (Revision 2 ‑ 12/80; RRRC Category 3)


Instrumentation for light‑water‑cooled
PNPP design conforms to this guide
<Table 3.2‑1>,


nuclear power plants to access plant
as stated in <Table 7.1‑4>.  For
<Section 7.1.2>,


conditions during and following an
Meteorological Monitoring Instrumen-
<Section 12.3.4>,


accident
tation accuracies, refer to con-
Tech. Specs.



formance statement of <Regulatory



Guide 1.23>, (Revision 0 – 2/72).
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<Regulatory Guide 1.98> ‑ (Revision 0 ‑ 3/76; RRRC Category 1)


Assumptions used for evaluating the
PNPP conforms to this guide with the
<Section 15.7.1>


potential radiological consequences of
following exceptions:


a radioactive offgas system failure in


a boiling water reactor
1.
Position C.2.a:




The SJAE is conservatively assumed 




to pump for 30 minutes.



2.
Position C.2.e:




Condenser air in leakage is assumed 




to be 2 scfm.



3.
Source term differences as noted in 




the reference section.



(Unit 1:  Revision 2 ‑ 5/88; RRRC Category 3)


<Regulatory Guide 1.99> ‑
(Unit 2:  Revision 1 ‑ 4/77; RRRC Category 3)


Effects of residual elements on
PNPP design conforms to this guide.
<Section 4.3.2.8>,


predicted radiation damage to reactor

<Section 5.3.1>,


vessel materials

<Section 5.3.2>,




<Section 5.3.3>



Tech. Specs.


<Regulatory Guide 1.100> ‑ (Revision 1 ‑ 8/77; RRRC Category 1)


Seismic qualification of electric
All Class 1E equipment is seismically
<Section 3.10>,


equipment for nuclear power plants
qualified in accordance with
<Section 8.1>



IEEE 344‑75,as modified by <Regulatory 



Guide 1.100>.
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<Regulatory Guide 1.101> ‑ (Revision 3 ‑ 8/92; RRRC Category 3)


Emergency planning for nuclear power
PNPP conforms to this guide as described
PNPP Emergency 


plants
in the PNPP Emergency Plan.
Plan


<Regulatory Guide 1.102> ‑ (Revision 1 ‑ 9/76; RRRC Category 2)


Flood protection for nuclear power
PNPP conforms to this guide.
<Section 2.4>,


plants

<Section 9.1.2>,




<Section 9.5.8>


<Regulatory Guide 1.103> ‑ (Revision 1 ‑ 10/76; RRRC Category 1)


Post‑tensioned prestressing systems for
Not applicable to the PNPP design.
‑


concrete reactor vessels and


containments


<Regulatory Guide 1.104>


Overhead crane handling systems for
<Regulatory Guide 1.104> was withdrawn 
‑


nuclear power plants
on August 16, 1979.
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<Regulatory Guide 1.105> ‑ (Revision 1 ‑ 11/76; RRRC Category 2)


Instrument setpoints
PNPP conforms to this guide with the
<Section 7.1.2>



following clarifications.  The trip 



setpoint (instrument setpoint) is con-



tained in the Operational Requirements 



Manual.  The allowable value (technical 



specification limit) or the analytical 



or design basis limit are contained in 



Technical Specifications.  The setpoints



and allowable values are appropriately



established based on instrument accuracy,



calibration capability and design drift 



(estimated) allowance data.  The 



setpoints are within the instrument 



accuracy range.



The established setpoints provide margin 



to satisfy both safety requirements and 



plant availability objectives.  Securing 



devices per Regulatory Position C.5 are 



not provided on all the setpoint adjust-



ment mechanisms.  Safety‑related 



equipment has been seismically qualified 



for its function per IEEE‑344‑1975.



This qualification documentation demon-



strates adequate design without the use 



of a securing device.
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<Regulatory Guide 1.106> ‑ (Revision 1 ‑ 3/77; RRRC Category 1)


Thermal overload protection for electric
Thermal overload relays to protect
<Section 8.1>


motors on motor operated valves
motor operated valves are not included 



in the design of the Class 1E power 



system; therefore, the positions of 



this guide are not applicable to the 



PNPP design.


<Regulatory Guide 1.107> ‑ (Revision 1 ‑ 2/77; RRRC Category 1)


Qualifications for cement grouting for
Not applicable to the PNPP design.
‑


prestressing tendons in containment


structures


<Regulatory Guide 1.108> ‑ (Revision 1 ‑ 8/77; RRRC Category 2)


Periodic testing of diesel generator
The guidelines presented in <Regulatory


units as onsite electric power systems
Guide 1.108> are used in establishing
<Section 8.1>,


at nuclear power plants
preoperational and periodic test
<Section 8.3.1>,



procedures for the standby (Division 1
Tech. Specs.



and 2) and HPCS (Division 3) diesel 



generators.  One exception is that 



“first‑out” annunciation was not used.



The basis for this is the use of 



individual trip alarms, which give the



operator adequate information for 



correct actions.  Additionally, periodic



testing is performed in accordance with



NRC-approved Technical Specification
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<Regulatory Guide 1.108> (Continued)
requirements, which meet the overall



intent of Regulatory Position C.2



“Testing.”



The term “operating error” as identified 



in Section C.(2).e.(2) is an error 



committed during an operating activity as 



defined in ANS 3.2/ANSI N18.7‑1976.


<Regulatory Guide 1.109> ‑ (Revision 1 ‑ 10/77; RRRC Category 1)


Calculation of annual doses to man from
PNPP conforms to this guide, with the
<Section 12.4.4>,


routine releases of reactor effluents
exception that the mid‑point of plant
Environmental


for the purpose of evaluating compliance
operating life (tb) is 20 years.
Report ‑ 


with <10 CFR 50, Appendix I>

Chapter 5,




Tech. Specs.


<Regulatory Guide 1.110> ‑ (Revision 0 ‑ 3/76; RRRC Category 1)


Cost benefit analysis for radwaste
The positions of this guide are not
<Section 11.2>


systems for light‑water‑cooled
applicable since the construction 


nuclear power reactors
permit for PNPP was docketed on, or 



after, January 2, 1971, and prior to 



June 4, 1976, and the radwaste systems 



and equipment described in the USAR 



satisfy the Guides on Design Objectives 



for Light‑Water‑Cooled Nuclear Power 



Reactors proposed in the Concluding 



Statement of Position of the Regulatory 



Staff in Docket RM‑50‑2.
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<Regulatory Guide 1.111> ‑ (Revision 1 ‑ 7/77; RRRC Category 1)


Methods of estimating atmospheric
PNPP conforms to this guide.
<Section 2.3.4>,


transport and dispersion of gaseous

<Section 2.3.5>


effluents in routine releases from


light‑water‑cooled reactors


<Regulatory Guide 1.112> ‑ (Revision 0‑R ‑ 5/77; RRRC Category 1)


Calculation of releases of radioactive
PNPP conforms to this guide.
<Section 11.2.3>,


materials in gaseous and liquid

<Section 11.3.3>


effluents from light‑water‑cooled power


reactors


<Regulatory Guide 1.113> ‑ (Revision 1 ‑ 4/77; RRRC Category 1)


Estimating aquatic dispersion of
PNPP conforms to this guide.
<Section 2.4.12>


effluents from accidental and routine


reactor releases for the purpose of


implementing Appendix I


<Regulatory Guide 1.114> ‑ (Revision 1 ‑ 11/76; RRRC Category 3)


Guidance on being operator at the
PNPP conforms to this guide with the
<Section 13.5.1>


controls of a nuclear power plant
clarification that the areas shown on



<Figure 13.5‑1> define the areas 



associated with the “Operator at the 



Controls” concept specified in this 



guide.
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<Regulatory Guide 1.115> ‑ (Revision 1 ‑ 8/77; RRRC Category 2)


Protection against low trajectory
PNPP conforms to this guide.
<Section 3.5.1>


turbine missiles


<Regulatory Guide 1.116> ‑ (Revision 0 ‑ 5/77; RRRC Category 1)


Quality assurance requirements for
See <Chapter 17.2>
<Section 17.2>


installation, inspection and testing of


mechanical equipment and systems


<Regulatory Guide 1.117> ‑ (Revision 1 ‑ 4/78; RRRC Category 2)


Tornado design classification
PNPP does not have a tornado design
<Section 3.3.2>,



classification, however, all Seismic
<Section 3.5>, 



Category I structures housing safety 
<Section 3.8.1>,



class equipment and systems are pro-
<Section 3.8.4>,



tected from tornado effects, including
<Section 9.1.2>,



wind pressure, pressure drop, and 
<Section 9.5.8>



missiles as described in <Section 3.3>, 



<Section 3.5>, and <Section 3.8>.  



Important systems and components (those 



that have been identified as serving 



the functions listed in the Appendix 



to <Regulatory Guide 1.117>) which are 



not protected from tornado missile 



effects by the Seismic Category I 



structures are protected as described 



in the “Reference” sections.
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<Regulatory Guide 1.118> ‑ (Revision 2 ‑ 6/78; RRRC Category 1)


Periodic testing of electric power and
PNPP conforms to this guide with the
<Section 7.1.2>,


protection systems
following clarification:
<Section 8.1>



“Lifted leads and jumpers, fuse removal 



and breaker operation may be utilized 



during the performance of tests, under 



the direction of approved procedures.  



These procedures shall require independent 



verification or functional testing prior 



to return to service.”



Response time testing will be performed 



as required by Technical Specifications.


<Regulatory Guide 1.119>



<Regulatory Guide 1.119> was withdrawn
‑



on 6‑20‑77.


<Regulatory Guide 1.120> ‑ (Revision 1 ‑ 11/77, Withdrawn – 8/2001; RRRC Category 1)


Fire protection guidelines for nuclear
The fire protection guidelines for PNPP
PNPP Fire 


power plants
are taken from BTP‑APCSB 9.5‑1
Protection



Appendix A, “Guidelines for Fire
Evaluation Report,



Protection for Nuclear Power Plants
<Table 8.1-2>,



docketed prior to July 1, 1976.”
<Section 17.2>



A detailed evaluation of this BTP is



provided in Section 5 of the PNPP Fire



Protection Evaluation Report.
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<Regulatory Guide 1.121> ‑ (Revision 0 ‑ 8/76)


Bases for plugging degraded PWR steam
Not applicable to the PNPP design.
‑


generator tubes


<Regulatory Guide 1.122> ‑ (Revision 1 ‑ 2/78; RRRC Category 1)


Development of floor design response
PNPP design conforms to this guide with
<Section 3.7.2>,


spectra for seismic design for floor‑
the exception that prior to the initial
<Section 3.10.1>,


supported equipment or components
issue of the guide (September 1976),
<Appendix 3A>



the spectrum peak was broadened by (10%.


<Regulatory Guide 1.123> ‑ (Revision 1 ‑ 7/77)


Quality assurance requirements for
See <Chapter 17.2>
<Section 17.2>


control of procurement of items and


services for nuclear power plants


<Regulatory Guide 1.124> ‑ (Revision 1 ‑ 1/78; RRRC Category 2)


Service limits and loading combinations
<Regulatory Guide 1.124> is not
‑


for Class 1 linear component supports
addressed in the PNPP USAR since the 



construction permit was docketed prior 



to January 10, 1978, as referenced in 



Section D of the Guide.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.125> ‑ (Revision 1 ‑ 11/78; RRRC Category 1)


Physical models for design and operation
<Regulatory Guide 1.125> is not
<Section 3.8>


of hydraulic structures and systems for
addressed in the PNPP USAR since the 


nuclear power plants
documentation of data and studies 



recommended by this guide are requested 



for review during the construction 



permit stage.  Physical models used for 



design of the hydraulic structures are 



discussed in <Section 3.8>.


<Regulatory Guide 1.126> ‑ (Revision 1 ‑ 4/78; RRRC Category 1)


An acceptable model and related
General Electric’s methods for treatment
<Section 4.2>


statistical methods for the analysis
of fuel densification issues are


of fuel densification
addressed in the NRC-approved GESTAR II



and its US supplement (latest approved



revision).


<Regulatory Guide 1.127> ‑ (Revision 1 ‑ 3/78; RRRC Category 3)


Inspection of water control structures
PNPP conforms to this guide as it
‑


associated with nuclear power plants
applies to the intake and discharge 



control structures.
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<Regulatory Guide 1.128> ‑ (Revision 1 ‑ 10/78; RRRC Category 1)


Installation design and installation of
Class 1E batteries are designed and
<Section 8.1>


large lead storage batteries for
installed in accordance with IEEE 


nuclear power plants
Standard 484‑1975, as modified by 



<Regulatory Guide 1.128>, except that a 



hydrogen survey will not be performed.



Calculations indicate that the maximum 



concentration in the battery area will 



be less than 0.003%.


<Regulatory Guide 1.129> ‑ (Revision 1 ‑ 2/78; RRRC Category 1)


Maintenance, testing and replacement
PNPP conforms to <Regulatory Guide 1.129>
<Section 8.1>,


of large lead storage batteries for
with the following exceptions:
Tech. Specs.


nuclear power plants 



1.
<Regulatory Guide 1.129> endorses




IEEE 450‑1975.  PNPP is adopting




IEEE 450‑1995 in lieu of 




IEEE 450‑1975.



2.
If scheduling of the 60 month battery




performance discharge test coincides 




with the 24 month battery service test,




only the 60 month battery performance 




discharge test will be performed.



3.
The performance discharge test of 




battery capacity for a battery that 




shows signs of degradation or has 




reached 85% of expected service life 




is performed every 18 months.
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<Regulatory Guide 1.129> (Continued)
4.
Preoperational testing was performed 




in accordance with IEEE 450‑1975.


<Regulatory Guide 1.130> ‑ (Revision 1 ‑ 10/78; RRRC Category 2)


Service limits and loading combinations
<Regulatory Guide 1.130> is not addressed
‑


for Class 1 plate‑and‑shell‑type
in the PNPP USAR since the construction 


component supports
permit was issued prior to October 31, 



1978, as referenced in Section D of the 



Guide.


<Regulatory Guide 1.131> ‑ (Revision ‑ ‑ 8/77; RRRC Category 1)


Qualification test of electric cables,
Issued for comment.
‑


field splices and connections for light‑


water‑cooled nuclear power plants


<Regulatory Guide 1.132> ‑ (Revision 1 ‑ 3/79; RRRC Category 1)


Site investigations for foundations of
Most of the geological site investi-
<Section 2.5.1>,


nuclear power plants
gations for PNPP were complete prior
<Section 2.5.4>,



to original issuance of the guide in 
<Section 2.5.5>



September 1977, however work was 



performed in conformance with the 



intent of the guide.


<Regulatory Guide 1.133> ‑ (Revision 1 ‑ 5/81; RRRC Category 1)


Loose part detection program for the
Not applicable to PNPP design.  Loose
<Section 4.4.6>


primary system of light‑water‑cooled
Parts Monitoring System was eliminated/


reactors
abandoned in place.
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<Regulatory Guide 1.134> ‑ (Revision 2 ‑ 4/87; RRRC Category 1)


Medical evaluation of nuclear power
PNPP conforms to this guide.  ANSI/
‑


plant personnel requiring operator
ANS 3.4‑1983 as endorsed by 


licenses
<Regulatory Guide 1.134>, Rev. 2,



will be used to conduct the medical



examinations.
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<Regulatory Guide 1.135> ‑ (Revision 0 ‑ 9/77; RRRC Category 1)


Normal water level and discharge at
PNPP design conforms to this guide,
<Section 2.4.8>,


nuclear power plants
however a conservative alternative
<Section 2.4.11>



approach to Position C‑3 was used, in 



that the mean monthly water level of 



the past 100 year record was used to 



determine normal level.


<Regulatory Guide 1.136> ‑ (Revision 1 ‑ 10/78; RRRC Category 1)


Material for concrete containments
Not applicable to the PNPP design.
‑


<Regulatory Guide 1.137> ‑ (Revision 1 ‑ 10/79; RRRC Category 2)


Fuel‑oil systems for standby diesel
Although not required by the Implemen-
<Section 9.5.4>,


generators
tation section of the guide, the diesel
Tech. Specs.



generator fuel oil storage and transfer 



system conforms to <Regulatory 



Guide 1.137> with the following



exceptions:



1.
<Section 9.5.4.2> describes the 




design characteristics of the fuel 




oil storage tank such that 




turbulence during filling is 




minimized.



2.
The cathodic protection system,




referenced in C.1.g, has no special




provisions to prevent the ignition 




of combustible vapors of diesel 
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<Regulatory Guide 1.137> (Continued)

generator fuel oil.  The No. 2‑D 




fuel oil being used has a flashpoint 




of 125(F.  The fuel oil is not pre-




heated for use and is not expected 




to see a temperature greater than 




100(F.



3.
(6.1 of ANSI N195‑1976) National 




Fire Protection Association code 




NFPA 37‑5‑3.5, 1973, requires that 




the capacity of unenclosed day tanks 




supplying engines which drive 




generators used for emergency purposes 




shall not exceed 660 gallons.  The 




standby diesel generator fuel oil day




tank capacity is sufficient to provide




approximately 30 minutes of diesel




operation.



4.
(7.5 of ANSI N195‑1976)  Each under-




ground storage tank fill line is 




capped at all times except during 




filling.  The cap provides a sealed 




barrier to the environment and 




therefore a fill line isolation valve 




is not necessary.  A strainer is 




provided in the fuel oil transfer 




pump suction line.
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<Regulatory Guide 1.137> (Continued)
5.
(8.2.d. of ANSI N195‑1976)  High 




level alarms are only annunciated 




locally.  Abnormally high oil levels 




could occur only during the tank 




filling operation which is adminis-




tratively controlled.  A central oil 




unloading/tank fill station is 




provided with a roadside pulloff for




the tank truck.  The area surrounding 




the pulloff is suitably drained so 




that spills or overflows are drained 




to an oil interceptor tank.



6.
Regulatory Position C.1.e.  The




10 year inservice inspection of the




fuel oil system uses Code Case N‑498‑1




“Alternative Rules for 10‑Year




Hydrostatic Pressure Testing for




Class 1, 2, and 3 Systems, Section XI,




Division 1.”



7.
Regulatory Position C.2.a, b, and c.  




PNPP conforms to more current ASTM




Standards and operability requirements:



See the Bases for Technical Specifi-




cation 3.8.3, “Diesel Fuel Oil, Lube 



Oil, and Starting Air” for the current 



testing standards, and see Technical 




Specifications 3.8.3 and 5.5.9 “Diesel 



Fuel Oil Testing Program” for operability




requirements.
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<Regulatory Guide 1.138> ‑ (Revision ‑ ‑ 4/78)


Laboratory investigations of soils for
The PNPP Construction Permits were
‑


engineering analysis and design of
issued prior to December 1, 1978.  


nuclear power plants
Therefore, <Regulatory Guide 1.138> 



does not apply.


<Regulatory Guide 1.139> ‑ (Revision ‑ ‑ 5/78)


Guidance for residual heat removal
Issued for comment.
‑


<Regulatory Guide 1.140> ‑ (Revision 0 ‑ 3/78; RRRC Category 1)


Design, testing and maintenance criteria
PNPP design and testing conforms to this
<Section 9.4>,


for normal ventilation exhaust system
guide as presented in <Table 12.3‑3>.
<Section 12.3.3>


air filtration and absorption units of


light‑water‑cooled nuclear power 


plants


<Regulatory Guide 1.141> ‑ (Revision 0 ‑ 4/78)


Containment isolation provisions for
Issued for comment.
‑


fluid systems


<Regulatory Guide 1.142> ‑ (Revision 0 ‑ 4/78)


Safety‑related concrete structures for
Issued for comment.
<Section 3.8.1>,


nuclear power plants (other than

<Section 3.8.3>,


reactor vessels and containments)

<Section 3.8.4>,




<Section 3.8.5>
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<Regulatory Guide 1.143> ‑ (Revision 1 ‑ 10/79; RRRC Category 1)


Design guidance for radioactive waste
PNPP design is in conformance with this
<Table 3.2‑1>,


management systems, structures and
guide, with the following exceptions
<Section 11.2>,


components installed in light‑water‑
and clarifications:
<Section 11.3>,


cooled nuclear power plants.

<Section 11.4>



1.
Materials in the liquid and solid 




radwaste systems conform to ASTM 




Standards, and are constructed to 




high industry standards.  They meet 




the Quality Group D Criteria as 




identified in <Regulatory Guide 1.26> 




and also the requirements of Table 1 




of <Regulatory Guide 1.143>.  The 




liquid and solid radwaste systems are 




housed in a Seismic Category I 




structure.  Radionuclide concentrations 




from the liquid radwaste system are 




prevented from exceeding the limits 




of <10 CFR 20> at the nearest potable 




water supply.  Therefore, the components 




in the liquid and solid radwaste systems 




are classified nonsafety class (NSC) and 




the quality assurance requirements of 




<Regulatory Guide 1.143> are not 




applicable.
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<Regulatory Guide 1.143> (Continued)
2.
Materials in the gaseous radwaste 




system are supplied to ASTM Standards.  




Major equipment used to treat the 




N64 process stream meets the material 




requirements of <Regulatory 




Guide 1.143>.  Equipment not used to 




treat the process stream may have 




malleable, wrought, or cast iron




materials.



3.
A mobile radwaste solidification 




system is used at PNPP under 




contract with an approved vendor.



4.
Hydrostatic testing was performed 




during construction on all process 




piping in the liquid and solid 




radwaste systems in accordance with 




Regulatory Position C4.4 of 




<Regulatory Guide 1.143>.  At a 




minimum, piping design changes 




during operations will be leak tested 




in accordance with ANSI B31.1 rules 




for Initial Service Leak Testing to 




ensure system integrity.  All piping 




changes during operations will be 




designed and constructed to the 




Quality Group D Criteria as 




identified in Table 1 of 




<Regulatory Guide 1.26> and also 




the requirements of Table 1 of 




<Regulatory Guide 1.143>.


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.143> (Continued)
5.
With respect to the Offgas System 




design, after the initial pressure 




test and helium leak test (i.e., 




during the Operations phase) helium 




leak tests shall be performed on 




modifications/repairs whenever 




practicable.  All welds performed




during such modifications/repairs 




shall be subject to non‑destructive 




examination (e.g., radiography or 




liquid penetrant exam).


<Regulatory Guide 1.144> ‑ (Revision 1 ‑ 9/80)


Auditing of quality assurance programs
See <Chapter 17.2>
<Section 17.2>


for nuclear power plants


<Regulatory Guide 1.145> ‑ (For Comment ‑ 8/79)


Atmospheric dispersion models for
PNPP conforms to this guide.
<Section 2.3.4>,


potential accident consequence

<Section 15.6.5>


assessments at nuclear power plants


<Regulatory Guide 1.146> ‑ (Revision 0 ‑ 8/80)


Qualification of quality assurance
See <Chapter 17.2>
<Section 17.2>


program audit personnel for nuclear


power plants


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 1.147>


Inservice Inspection Code Case
PNPP conforms to the guide revisions 


Acceptability, ASME XI,
which correspond to the applicable code 


Division 1
of record.  Additional code cases may be 



endorsed by the NRC and used by PNPP 



prior to revision of this regulatory 



guide.  Future application of code cases 



will be evaluated against the current



revision of this regulatory guide prior 



to their use.  Application of specific 



code cases will be identified in the 



PNPP ISE Program or appropriate 



Installation Standard Specifications.


<Regulatory Guide 1.149> ‑ (Revision 3 ‑ 10/01)


Nuclear power plant simulation
PNPP conforms to this guide.
‑


facilities for use in operator training 


and license examinations.


<Regulatory Guide 1.150> ‑ (Revision 1 ‑ 2/83)


Ultrasonic testing of reactor vessel
PNPP conforms to the alternative method
‑


welds during preservice and inservice
presented in Appendix A of this guide.


examinations


<Regulatory Guide 1.155> ‑ (Revision 0 ‑ 6/88)


Station Blackout
PNPP conforms to this guide.
<Section 15.8.2>, 




<Appendix 15H>
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<Regulatory Guide 1.163> ‑ (Revision 0 ‑ 9/95)


Performance‑Based Containment Leak‑Test
PNPP complies with this guide with the


Program
following exceptions:



BN‑TOP‑1 methodology may be used for



Type A tests.



The corrections to NEI 94‑01 that are



identified on the Errata Sheet attached



to the NEI letter, “Appendix J Workshop



Questions and Answers,” dated March 19,



1996, are considered to be an integral



part of NEI 94‑01.



The containment isolation check valves 



in the Feedwater penetrations are tested



per the Inservice Testing Program, rather 



than the Containment Leak‑Test Program.



The provisions of NEI 94-01,



Section 9.2.3 are revised to include



the following exception:



The first Type A test performed after



the Type A test completed on



July 1, 1994 shall be completed no



later than June 29, 2009.
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<Regulatory Guide 1.183> ‑ (Revision 0 ‑ 7/00)


Alternative Radiological Source Terms
PNPP conforms to this guide for the
<Section 9.1.2>,


for Evaluating Design Basis Accidents
Fuel Handling Accident with the
<Section 9.4.2>,


at Nuclear Power Reactors
following exceptions:
<Section 15.7.4>,




<Section 15.7.6>,



1.
Appendix B, Section 2; water depth
Tech. Specs.




above reactor flange inside




containment is less than 23 feet.



2.
Table 6, and Appendix B Sections 4.1




and 5.3; the radioactivity that




escapes from the pool is assumed to




be released to the environment




instantaneously.


<Regulatory Guide 1.190> – (Revision 0 – 4/01)

Calculational and dosimetry methods for 
Neutron fluence methodologies
4.1, 4.3, 5.3


determining pressure vessel neutron
used by PNPP will conform to this 


fluence
guide.


<Regulatory Guide 1.192>)

Operation and Maintenance Code Case
PNPP conforms to the regulatory guide


Acceptability, ASME OM Code
revisions which correspond to the 



applicable code of record.  Application



of Code Cases will be evaluated against



the current revision of this regulatory



guide prior to their use.
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<Regulatory Guide 1.196> ‑ (Revision 0 ‑ 04/03)


Control Room Habitability at Light-
PNPP conforms to Section C.2.7.3 of this


Water Nuclear Power Reactors
guide, which describes compensatory



measures that may be utilized as the 



mitigating actions described in the 



Technical Specifications.


<Regulatory Guide 1.197> ‑ (Revision 0 ‑ 04/03)


Demonstrating Control Room Envelope
PNPP conforms to the in‑leakage testing 


Integrity at Nuclear Power Plants
methods and frequencies in Positions C.1



and C.2 of this guide, and to the frequency



for performing periodic assessments that is



outlined in Positions C.1 and C.2 of this



guide.


<Regulatory Guide 8.1> ‑ (Revision 0 ‑ 2/73)


Radiation symbol
PNPP conforms to this guide.
‑


<Regulatory Guide 8.2> ‑ (Revision 0 ‑ 2/73)


Guide for administrative practices in
PNPP conforms to this guide.
<Section 12.3.4>,


radiation monitoring

<Section 12.5>


TABLE 1.8‑1 (Continued)




USAR Section/


Regulatory Guide (Rev.; RRRC Category)

Degree of Conformance


Reference



<Regulatory Guide 8.3> ‑ (Revision 0 ‑ 2/73)


Film badge performance criteria
TLD’s are the primary monitoring device 
<Section 12.5>



at PNPP.  In the event film badges are 



utilized for personnel monitoring, PNPP 



will conform to this guide.


<Regulatory Guide 8.4> ‑ (Revision 0 ‑ 2/73)


Direct reading and indirect reading
PNPP conforms to this guide.
<Section 12.5>


pocket dosimeters


<Regulatory Guide 8.5> ‑ (Revision 0 ‑ 2/73)


Immediate evacuation signal
PNPP conforms with this guide.
<Section 12.3.4>,




Emergency Plan


<Regulatory Guide 8.6> ‑ (Revision 0 ‑ 5/73)


Standard test procedure for geiger
PNPP conforms with this guide.
<Section 12.5>


muller counters


<Regulatory Guide 8.7> ‑ (Revision 0 ‑ 5/73)


Occupational radiation exposure records
PNPP conforms with this guide.
<Section 12.5>


systems
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<Regulatory Guide 8.8> ‑ (Revision 3 ‑ 6/78)


Information relevant to ensuring that
PNPP conforms with this guide with
<Section 11.3.1>,


occupational radiation exposures at
exception to Section C.2.d.3.  Filters
<Section 11.4.1>,


nuclear power stations will be as low
used in portable auxiliary ventilation
<Section 12.1>,


as reasonably achievable
systems are certified by the manufacturer
<Section 12.3>,



and are replaced in accordance with the 
<Section 12.5>



manufacturer’s recommendations.


<Regulatory Guide 8.9> ‑ (Revision 0 ‑ 9/73)


Acceptable concepts, models equations
PNPP conforms to this guide.
<Section 12.3>,


and assumptions for a bioassay program

<Section 12.5>


<Regulatory Guide 8.10> ‑ (Revision 1‑R ‑ 5/77)


Operating philosophy for maintaining
PNPP conforms to this guide.
<Section 12.1>,


occupational radiation exposures as low

<Section 12.5>


as is reasonably achievable


<Regulatory Guide 8.11> ‑ (Revision 0 ‑ 6/74)


Applications of bioassay for uranium
Not applicable at PNPP.
‑


<Regulatory Guide 8.12> ‑ (Revision 1 ‑ 1/81)


Criticality accident alarm system
Withdrawn.  In lieu of complying with 
<Section 9.1.1>,



<10 CFR 70.24>, PNPP has chosen to
<Section 12.3.4>,



comply with <10 CFR 50.68(b)>.
<Section 12.5>
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<Regulatory Guide 8.13> ‑ (Revision 1 ‑ 11/75)


Instruction concerning prenatal
PNPP conforms with this guide.
<Section 12.5>


radiation exposure


<Regulatory Guide 8.14> ‑ (Revision 1 ‑ 8/77)


Personnel neutron dosimeters
PNPP conforms with this guide.
<Section 12.5>


<Regulatory Guide 8.18> ‑ (Revision 0 ‑ FC ‑ 12/77)


Information relevant to ensuring that
Not applicable at PNPP.
‑


occupational radiation exposures at


medical institutions will be as low as


reasonably achievable


<Regulatory Guide 8.19> ‑ (Revision 1 ‑ 6/79)


Occupational radiation dose assessment
PNPP conforms to the administrative
<Section 12.5>


in light‑water reactor power plants
and procedural considerations as 


design stage man‑rem estimates
recommended by Section D of the 



guide.


<Regulatory Guide 8.20> ‑ (Revision 1 ‑ 9/79)


Applications of bioassay for I‑125 and
Not applicable at PNPP.
‑


I‑131


<Regulatory Guide 8.21> ‑ (Revision 1 ‑ 10/79)


Health physics surveys for byproduct
Not applicable at PNPP.
‑


material at NRC‑licensed processing and


manufacturing plants
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<Regulatory Guide 8.22> ‑ (Revision 0 ‑ FC ‑ 7/78)


Bioassay at uranium mills
Not applicable at PNPP.
‑


<Regulatory Guide 8.23> ‑ (Revision 0 ‑ FC ‑ 2/79)


Radiation safety surveys at medical
Not applicable at PNPP.
‑


institutions


<Regulatory Guide 8.24> ‑ (Revision 1 ‑ 10/79)


Health physics surveys during enriched
Not applicable at PNPP.
‑


Uranium‑235 processing and fuel


fabrication


<Regulatory Guide 8.26> ‑ (Revision 0 ‑ 9/80)


Applications of bioassay for fission
PNPP conforms to this guide.
<Section 12.5>


and activation products


<Regulatory Guide 8.28> ‑ (Revision 0 ‑ 8/81)


Audible‑alarm dosimeters
PNPP conforms to this guide.
‑
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1.9       STANDARD DESIGNS

This section is not applicable to PNPP.
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1.10      
EVALUATION OF UNIT 1 OPERATIONS RESULTING FROM UNIT 2 CONSTRUCTION ACTIVITIES

To meet the requirements of <10 CFR 50.34(b)(6)(vii)>, an evaluation was performed of the potential hazards to the structures, systems and components related to the safety of Unit 1, resulting from construction activities on Unit 2.  This evaluation examined the physical isolation of Unit 1 from Unit 2 from both a system and security barrier standpoint as well as assessed the radiological, managerial and administrative controls.


It was determined that all Unit 1 and common mechanical piping systems are needed for Unit 1 operation.  For the portions of the common mechanical piping systems required only for Unit 2 (e.g., nuclear closed cooling and containment vessel chilled water), specific isolation valves or barriers have been identified and are being incorporated into the Perry design.  Modifications have been implemented, for example, the fuel pool cooling mode of the emergency closed cooling system and the fire protection seismic water supplies to common area hose stations.  Unit 2 systems required, in their entirety for Unit 1 operation are the Unit 2 plant vent and turbine power complex ventilation.  Unit 1 and common electrical systems (Class 1E and non‑Class 1E) are needed for Unit 1 operation.  The Unit 2 safety‑related electrical (Class 1E) is not needed.  A portion of the Unit 2 nonsafety‑related electrical (non‑Class 1E) is needed such as electrical supply to the service building, technical support center, Unit 2 startup transformer, Non Divisional Unit 2 batteries and plant underdrain pumps.


The radiological exposures of Unit 2 construction and testing personnel in varying locations were evaluated and estimated doses are provided in <Chapter 12>.  Specific security provisions during Unit 2 construction are discussed in Section 10 of the Perry Nuclear Power Plant Security Plan.


Managerial and administrative controls exist in the form of design controls, plant procedures and training.  Technical specifications were taken into consideration throughout the evaluation.
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<APPENDIX 1A>


<NUREG‑0737> TMI ACTION PLAN REQUIREMENTS FOR


APPLICANTS FOR NEW OPERATING LICENSES


TABLE 1A‑1


<NUREG‑0737> TMI ACTION PLAN REQUIREMENTS FOR APPLICANTS FOR AN OPERATING LICENSE


PNPP SUMMARY


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



I.A.1.1
Shift technical
1.
On‑shift
<Section 13.1.2.3>



advisor
2.
Training per LL Cat B
<Section 13.2.3.2>




3.
Describe long term
Tech. Spec. 5.2.2





program


I.A.1.2
Shift supervisor
Delegate nonsafety duties
<Section 13.1.2.2>



responsibilities


I.A.1.3
Shift manning
1.
Limit overtime
<Section 13.1.2.3>




2.
Minimum shift crew
Tech. Spec. 5.2.2


I.A.2.1
Immediate upgrade 
1.
SRO experience
<Section 13.2.2>



of RO and SRO
2.
SROs be ROs, 1 year



training and
3.
3 month training 



qualifications

on‑shift




4.
Modify training




5.
Facility certification


I.A.2.3
Administration of
Instructors complete SRO
<Section 13.2.2.1.8>



training programs
examination


I.A.3.1
Revise scope and
1.
Increase scope
<Section 13.2.2>



criteria for
2.
Increase passing garde



licensing exams
3.
Simulator exams





a.
Plants with simulators


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



I.B.1.2
Independent Safety
Function of ISE.
<Appendix 1A>



Engineering (ISE)

I.C.1
Short term accident
1.
SB LOCA
<Section 13.5.2.1.6>



and procedure review
2.
Inadequate core cooling
See Note(2)





a.
Reanalyze and 






propose guidelines





b.
Revise procedures




3.
Transients & accidents





a.
Reanalyze and 






propose guidelines





b.
Revise procedures


I.C.2
Shift and relief
Revise procedures to assure
<Section 13.5.1.3>



turnover procedures
plant status known by new




shift


I.C.3
Shift supervisor
Corporate directive
<Section 13.1.2.2>



responsibility
establish command duties, 




and revise procedures


I.C.4
Control room access
Establish authority and 
<Section 13.1.2.2>




limit access


I.C.5
Feedback of
Review and revise 
<Section 13.2.2.2.1.1>



operating experience
procedures. 


I.C.6
Verify correct
Revise performance



performance of
procedures



operating activities


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



I.C.7
NSSS vendor review
1.
Low‑power test program
<Section 14.2.3.2>



of procedures
2.
Lower ascension and





emergency procedures


I.C.8
Pilot mon. of
Correct procedure based
See Note(2)


selected emergency
on NRC sample audit



proc. of NTOLs


I.D.1
Control room design
Preliminary assessment and



reviews
schedule for correcting




deficiencies


I.D.2
Plant safety
1.
Description



parameter display
2.
Installed



console
3.
Fully implemented


I.G.1
Training during
1.
Purpose tests



low‑power testing
2.
Submit analysis and





procedures




3.
Training & results


II.B.1
Reactor coolant
1.
Design and analyses
<Section 5.2.2>



system vents
2.
Install
<Figure 5.1‑3>




3.
Procedures


II.B.2
Plant shielding
1.
Radiation and shielding
<Section 12.6>





review




2.
Corrective actions to





assure access




3.
Complete modifications




4.
Equipment qualification


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



II.B.3
Postaccident
1.
Design review
<Section 9.3.6>



sampling
2.
Corrective actions




3.
Procedures
Emergency Plan




4.
Complete actions


II.B.4
Training for
1.
Develop training
<Section 13.2.2.1.4.2>



mitigating core

program



damage
2.
Complete training


II.D.1
Relief and safety‑
1.
Describe program and
<Section 5.2.2>,



valve test

schedule
<Section 3.9.3.2.3.1.2>



requirements
2.
RV & SV tests


II.D.3
Valve position
Install in control room
<Table 7.1‑4>



indication



Tech. Spec.







Table 3.3.3.1‑1


II.E.1.1
Auxiliary feedwater
1.
Analysis

Not applicable to BWR’s



system evaluation
2.
Modification


II.E.1.2
Auxiliary feedwater
1.
Initiation

Not applicable to BWR’s



system initiation

a.
Control grade



and flow

b.
Safety grade




2.
Flow indication





a.
Control grade





b.
Safety grade


II.E.3.1
Emergency power for
Installed capability

Not applicable to BWR’s



pressurizer heaters


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



II.E.4.1
Dedicated hydrogen
1.
Design



penetrations
2.
Review and revise
<Section 6.2.4>





H control procedures
<Section 6.2.5>




3.
Install


II.E.4.2
Containment
1-4
Implement diverse
<Section 6.2.4>



isolation

isolation
<Table 6.2‑32>



dependability
5.
Containment press





setpoint




6.
Containment purge valves




7.
Radiation signal on





purge valves


II.F.1
Accident monitoring
1.
Procedures
<Section 6.2.5>



instrumentation
2.
Install instrumentation
<Section 7.3>





a.
Nobel gas monitor
<Section 7.6>





b.
Iodine/particulate
<Section 11.5>






sampling
Emergency Plan





c.
Containment high






range monitor





d.
Containment pressure





e.
Containment water






level





f.
Containment hydrogen


II.F.2
Instrumentation for
1.
Procedures instruments

Not applicable to BWR’s



detection of
2.
Subcooling meter

Not applicable to BWR’s



inadequate core
3.
Describe other



cooling

instrumentation




4.
Install additional





instrumentation


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



II.G.1
Power supplied for
Power supply from emergency

Not applicable to BWR’s



pressurizer relief
buses



valves, block



valves, and level



indicators


II.K.1
IE Bulletins
5.
Review ESF valves
<Table 7.1‑4>




10.
Operability status
See Note(2)



17.
Trip per low‑level B/S

Not applicable to BWR’s




20.
Prompt manual reactor

Not applicable to BWR’s





trip




21.
Auto SG anticipatory

Not applicable to BWR’s





reactor trip




22.
Aux. heat removal
<Section 7.3>





system procedures




23.
RV level, procedures
<Section 7.2.1>







<Table 7.1‑4>


II.K.2
Orders on B&W
2.
Procedures to control

Not applicable to BWR’s



plants 

AFW ind of ICS




9.
FMEA on ICS system




10.
Safety‑grade trip





anticipatory




13.
Thermal mechanical report




14.
Lift frequency of PORV &





SVs




15.
Effects of slug flow of





OTSGS




16.
RCP seal damage


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



II.K.2 (Continued)
17.
Voiding in RCS




19.
Benchmark analysis seq





AFW flow


II.K.3
Final recommenda‑
1.
Auto PORV isolation

Not applicable to BWR’s



tions, B&O task
2.
Report on PORV failure

Not applicable to BWR’s



force
3.
Reporting SV & RV
See Note(2)




failures & challenges




5.
Auto trip of RCPs

Not applicable to BWR’s





a.
Propose mods

Not applicable to BWR’s





b.
Modify

Not applicable to BWR’s




7.
Evaluation of PORV

Not applicable to BWR’s





opening probability




9.
PID controller

Not applicable to BWR’s




10.
Applicant’s proposed

Not applicable to BWR’s





anticipatory trip at





high power




11.
Justification use of

Not applicable to BWR’s





certain PORVs




12.
Confirm anticipatory trip





a.
Propose modifications

Not applicable to BWR’s





b.
Modify

Not applicable to BWR’s




13.
HPCI & RCIC unit levels
<Section 7.4.1.1>





a.
Analysis





b.
Modify




15.
Isolation of HPCI and
<Section 7.6.1.3.2.b>





RCIC




16.
Challenges to and failure 





of relief valves





a.
Study





b.
Modify


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



II.K.3 (Continued)
17.
ECCS outages
See Note(2)



18.
ADS actuation
<Section 7.3.1.1.2>





a.
Study
<Section 15.6.4.2.1>





b.
Proposed mods




21.
Restart of LPCS & LCPI





a.
Design





b.
Modification




22.
RCIC suction
<Section 5.4.6>





a.
Procedures
<Section 7.4.1.1>





b.
Modification




24.
Space cooling for HPCI/
<Section 9.4.5>





RCIC, modifications




25.
Power on pump seals





a.
Propose mods





b.
Modifications




27.
Common reference level




28.
Qual of ADS
<Section 6.8>





accumulators




30.
SB LOCA methods





a.
Schedule outline





b.
Model





c.
New analyses




31.
Plant‑specific analysis
<Section 6.3.3>




44.
Evaluate transients




45.
Manual depressurization




46.
Michelson concerns


III.A.1.1
Emergency
1.
Comply with <10 CFR 50,
Emergency Plan



preparedness,

Appendix E>



short term
2.
Comply with <NUREG‑0654>




3.
Conduct exercise




4.
Meteorological data


TABLE 1A‑1 (Continued)


Clarifi‑


cation


 USAR(1)

 Item   

Shortened Title


Description


Reference


Comment



III.A.1.2
Upgrade emergency
1.
Establish TSC, OSC,
Emergency Plan



support facilities

EOF (interim basis)


III.D.1.1
Primary coolant
Measure leak rates and
Tech. Spec. 5.5.2



outside containment
establish program to keep




leakage ALARA


III.D.3.3
Inplant I2 radiation
1.
Provide means to
<Section 12.3.4>



monitoring

determine presence
<Table 12.3‑10>




2.
Modifications to
<Section 12.5>





accurately measure
<Table 12.5‑4>





radioiodine


III.D.3.4
Control‑room
1.
Identify and evaluate
<Section 2.2.3>



habitability

potential hazards
<Section 6.4>




2.
Schedule for 





modifications




3.
Modifications


NOTES:


(1)
Column provides suggested USAR section for each item.  Detailed responses are provided on the pages which follow this table.


(2)
Item is not specifically referenced in the USAR; details are provided in plant procedures.


RESPONSE TO REQUIREMENTS OF <NUREG‑0737>


This document contains a response for each TMI‑related requirement identified in <NUREG‑0737> and applicable to Perry Nuclear Power Plant.


Item No. I.A.1.1


Shift Technical Advisor


REQUIREMENT


Each licensee shall provide an on‑shift technical advisor to the shift supervisor.  The Shift Technical Advisor (STA) may serve more than one unit at a multi‑unit site if qualified to perform the advisor function for the various units.


The STA shall have a bachelor’s degree or equivalent in a scientific or engineering discipline and have received specific training in the response and analysis of the plant for transients and accidents.  The STA shall also receive training in plant design and layout, including the capabilities of instrumentation and controls in the control room.  The licensee shall assign normal duties to the STAs that pertain to the engineering aspects of assuring safe operations of the plant, including the review and evaluation of operating experience.


RESPONSE


PNPP has committed to provide a Shift Technical Advisor who offers shift technical support to the shift supervisor and who advises the shift supervisor on the safety status of the plant, diagnoses plant accidents, and recommends actions to mitigate the consequences of accidents.  An STA at PNPP must have a bachelor degree in Engineering or related sciences or a High School diploma and sixty semester hours of college‑level education in mathematics, reactor physics, chemistry, materials, reactor thermodynamics, fluid mechanics, heat transfer, electrical, and reactor control theory.  In addition, an STA must have one year of professional level nuclear power plant experience.  The


STA’s will complete additional instruction at PNPP including pertinent portions of onsite training dealing with FSAR accident analyses, 


technical specifications, normal and off‑normal operating procedures, and Perry system operating modes and construction.


In addition, the STA shall meet the qualifications specified by the Commission Policy Statement on Engineering Expertise on shift.  The STA position may be filled by an on‑shift Shift Supervisor or Senior Reactor Operator provided the individual meets the Commission Policy Statement on Engineering Expertise on shift.


Item No. I.A.1.2


Shift Supervisor Administrative Duties


REQUIREMENT


Review the administrative duties of the shift supervisor and delegate functions that detract from or are subordinate to the management responsibility for assuring safe operation of the plant to other personnel not on duty in the control room.


RESPONSE


Administrative procedures will be clearly written to define the shift supervisor’s command and control responsibilities and authorities and to emphasize his responsibility for safe operation of the plant.  Those functions which clearly detract from the shift supervisor’s responsibility for assuring safe operation of the plant will be assigned to other personnel not directly responsible for reactor operations.


Item No. I.A.1.3


Shift Manning


REQUIREMENT


This position defines shift manning requirements for normal operation.  The letter of July 31, 1980, from D. G. Eisenhut to all power reactor licensees and applicants sets forth the interim criteria for shift staffing (to be effective pending general criteria that will be the subject of future rulemaking).  Overtime restrictions were also included in the July 31, 1980, letter.


RESPONSE


The shift staffing described in the USAR <Section 13.1.2.3> for the Perry Plant control room provides qualified personnel staffing levels that meet the <NUREG‑0737> interim guidance and <10 CFR 50.54(m)> criteria.


Working hours of unit staff who perform safety related functions are limited by administrative procedures in accordance with License Amendment 98.


The STA position may be filled by an on‑shift Shift Supervisor or Senior Reactor Operator provided the individual meets the Commission Policy Statement on Engineering Expertise on shift.


Item I.A.2.1


Immediate Upgrading of Reactor Operator and Senior


Reactor Operator Training and Qualifications


REQUIREMENT(1)

A.
Training programs shall be modified as necessary to provide (1) Training in heat transfer, fluid flow and thermodynamics (2) Training in the use of installed plant systems to control or mitigate an accident in which the core is severely damaged (3) Increased emphasis on reactor and plant transients.


B.
Instructors shall be enrolled in appropriate requalification program.


C.
Certifications shall be signed by the highest level of corporate management for plant operation.


D.
Requalification programs shall be modified as above, grading criteria shall be modified to be consistent with licensing and additional control manipulations shall be required.


NOTE:


(1)
The above “REQUIREMENT” is taken from H. R. Denton’s letter of March 28, 1980.  Since the requirements in this letter extend over seven pages, they are presented here in a summary form and as applicable to precritical applicants.


RESPONSE


PNPP has committed to provide onsite training for licensed operators which includes the topics of reactor fundamentals, radiation protection, heat transfer, fluid flow, thermodynamics, plant transients, and plant systems as well as updating license candidates on procedures, plant design changes, technical specifications, and regulations with which the operator or senior operator must comply.  The operator training program will be developed to insure that plant operators, appropriate staff engineers and management personnel possess the knowledge and skills necessary to recognize potentially severe accident conditions that have resulted or could result in core damage and to mitigate the consequences of such accidents.


Training instructors who teach systems, integrated responses, transients, and simulator courses have successfully completed SRO certification through approved General Electric Control Room Simulator Program or are monitored by such personnel.  Subsequent to initial fuel load, these instructors shall be required to possess valid NRC SRO licenses, instructor certifications or be technically competent in the specific area and be monitored by an NRC SRO or instructor licensed individual.


The PNPP Operator Requalification Program will include various topic areas such as heat transfer, fluid flow, thermodynamics, and mitigation of accidents involving a degraded core.


Certification of training completed pursuant to <10 CFR 55.10a (6)>, <10 CFR 55.33a (4)>, <10 CFR 55.33a (5)> and <10 CFR 55>, shall be signed by the Vice President, Nuclear.


As Perry is a facility not in operation, the requirements for on‑shift training and SRO experience as an RO for one year are not applicable.  However, steps are taken to achieve an equivalency.  The majority of all 


license applicants will have previous experience as an NRC licensed operator at another site or an RO/EWS/EOOW in the Naval Nuclear Power Program.  Additionally, candidates assigned to the Operations Section will perform shift duties during the testing phase at Perry prior to initial fuel load.  Whenever possible, candidates will also be sent to other operating plants to gain additional experience.  Finally, each operating shift will have assigned to it a person with commercial BWR startup experience during the period from fuel load until 100% power is attained or for one year, whichever occurs later.


Item No. I.A.2.3


Administration of Training Program


REQUIREMENT


Pending accreditation of training institutions, licensees and applicants for operating licenses will assure that training center and facility instructors who teach systems, integrated responses, transient, and simulator courses demonstrate Senior Reactor Operator (SRO) qualifications and be enrolled in appropriate requalification programs.


RESPONSE


Personnel selected to act as instructors are individuals with previous technical training experience, civilian or military, and/or above average performance who have demonstrated the potential to effectively communicate in an instructional situation.  Instructors responsible for instruction in systems, integrated responses, transients, and simulator courses complete the same training and requalification programs as NRC SRO license candidate or are monitored by such personnel.  Prior to instructing, these instructors shall have successfully certified at the SRO level through approved General Electric Control Room Simulator Programs.  Subsequent to initial fuel load, these instructors shall be required to possess valid NRC SRO licenses, instructor certifications or be technically competent in the specific area and be monitored by an NRC SRO or instructor licensed individual.  Additionally, instructors are enrolled in a continuing program which teaches instructional skills.  CEI‑developed programs to develop instructional abilities are supplemented by university or vendor programs.  Finally, all instructors are frequently monitored and evaluated by supervisory staff to ensure continued competency.


Item No. I.A.3.1


Revise Scope and Criteria for Licensing


Examinations‑‑Simulator Exams (Item 3)


REQUIREMENT


Simulator examinations will be included as part of the licensing examinations.


RESPONSE


All Reactor Operator and Senior Reactor Operator license applicants will prepare to take the new licensing examinations as required by the NRC prior to fuel load.  Persons seeking operator and senior operator licenses receive extensive classroom, simulator and on‑the‑job training.


NRC Operator License candidates utilize the General Electric Perry Simulator at Perry, Ohio for training.  Time will be made available on the Perry Simulator for the simulator examination portion of the NRC license examination sequence.


Item No. I.B.1.2


Independent Safety Engineering Group


REQUIREMENT


Each applicant for an operating license shall establish an onsite Independent Safety Engineering Group (ISEG) to perform independent reviews of plant operations.


The principal function of the ISEG is to examine plant operating characteristics, NRC issuances, Licensing Information Service advisories, and other appropriate sources of plant design and operating experience information that may indicate areas for improving plant safety.  The ISEG is to perform independent review and audits of plant activities including maintenance, modifications, operational problems, and operational analysis and aid in the establishment of programmatic requirements for plant activities.  Where useful improvements can be achieved, it is expected that this group will develop and present detailed recommendations to corporate management for such things as revised procedures or equipment modification.


Another function of the ISEG is to maintain surveillance of plant operations and maintenance activities to provide independent verification that these activities are performed correctly and that human errors are reduced as far as practicable.  ISEG will then be in a position to advise utility management on the overall quality and safety of operations.  ISEG need not perform detailed audits of plant operations and shall not be responsible for sign‑off functions such that it becomes involved in the operating organization.


RESPONSE


The Perry Nuclear Power Plant will implement administrative procedures to perform Independent Safety Engineering (ISE) functions in such a manner as to meet the intent of <NUREG‑0737>, I.B.1.2.


Historically, ISE functions were accomplished through a dedicated Independent Safety Engineering Group composed of dedicated, full‑time engineers or technically oriented individuals located onsite.  Currently, ISEG is no longer maintained as a separate entity.  ISE functions are directly incorporated into engineering, operation and oversight functions through administrative processes such as the Corrective Action and Operating Experience programs.  Organizational entities such as the Engineering Assessment Board, Corrective Action Review Board, and the FENOC Oversight and Assessment Departments are structured to provide the necessary experience and independence.

The ISE function will include the following scope:


1.
Examination of plant operating characteristics, NRC issuances, industry advisories, and other functions of design and operating experience information that indicate areas for improving plant safety.


2.
Performance of continuing, systematic, independent review of plant activities including maintenance, modifications, operational problems and operational analyses.



Detailed recommendations regarding improvements will be presented to management through appropriate performance improvement or corrective action processes.


Item No. I.C.1


Guidance for the Evaluation and Development of


Procedures for Transients and Accidents


REQUIREMENT


In letters of September 13 and 27, October 10 and 30, and November 9, 1979, the Office of Nuclear Reactor Regulation required licensees of operating plants, applicants for operating licenses and licensees of plants under construction to perform analyses of transients and accidents, prepare emergency procedure guidelines, upgrade emergency procedures, including procedures for operating with natural circulation conditions, and to conduct operator retraining (see also Item I.A.2.1).  Emergency procedures are required to be consistent with the actions necessary to cope with the transients and accidents analyzed.  Analyses of transients and accidents were to be completed in early 1980 and implementation of procedures and retraining were to be completed 3 months after emergency procedure guidelines were established; however, some difficulty in completing these requirements has been experienced.  Clarification of the scope of the task and appropriate schedule revisions are being developed.  In the course of review of these matters on Babcock and Wilcox (B&W)‑designed plants, the staff will follow up on the bulletin and orders matters relating to analysis methods and results, as listed in <NUREG‑0660>, Appendix C (see Table C.1, Items, 3, 4, 16, 18, 24, 25, 26, 27; Table C.2, Items 4, 12, 17, 18, 19, 20; and Table C.3, Items 6, 35, 37, 38, 39, 41, 47, 55, 57).


RESPONSE


The PNPP has been an active participant in the BWR Owners Group efforts to develop generic emergency procedure guidelines for boiling water reactors. This effort on the part of the BWR Owners Group is partially in direct response to the recommendations outlined in Item I.C.1 of <NUREG‑0737>, Clarification of TMI Action Plan Requirements.  As a result, these guidelines will be used as the basis for the emergency procedures to be drafted and utilized at the PNPP.


Item No. I.C.2


Shift Relief and Turnover Procedures


REQUIREMENT(1)

The licensees shall review and revise as necessary the plant procedure for shift and relief turnover to assure the following:



1.
A checklist shall be provided for the oncoming and offgoing control room operators and the oncoming shift supervisor to complete and sign.  The following items, as a minimum, shall be included in the checklist.




a.
Assurance that critical plant parameters are within allowable limits (parameters and allowable limits shall be listed on the checklist).




b.
Assurance of the availability and proper alignment of all systems essential to the prevention and mitigation of operational transients and accidents by a check of the control console.





(what to check and criteria for acceptable status shall be included on the checklist);


NOTE:


(1)
This “REQUIREMENT” is taken from D. B. Vassallo’s letter dated November 9, 1979, to all licensees of plants under construction since it was not provided in detail in either <NUREG‑0660> or <NUREG‑0737>.




c.
Identification of systems and components that are in a degraded mode of operation permitted by the Technical Specifications.  For such systems and components, the length of time in the degraded mode shall be compared with the Technical Specifications action statement (this shall be recorded as a separate entry on the checklist).



2.
Checklists or logs shall be provided for completion by the offgoing and ongoing auxiliary operators and technicians.  Such checklists or logs shall include any equipment under maintenance or test that by themselves could degrade a system critical to the prevention and mitigation of operational transients and accidents or initiate an operational transient (what to check and criteria for acceptable status shall be included on the checklist); and



3.
A system shall be established to evaluate the effectiveness of the shift and relief turnover procedure (for example, periodic independent verification of system alignments).


RESPONSE


Checklists and/or logs will be provided for the control room operators and shift supervisor.  The checklists and/or logs will include items such as critical parameters, control console checks for availability and proper alignment of systems essential to the prevention and mitigation of operational transients and accidents and the identification of degraded systems or components (including time in degraded mode) that are addressed by Technical Specifications.  Auxiliary operators will review plant status by log reviews.  An administrative procedure will address the conduct of shift turnover.


Item No. I.C.3


Shift Supervisor Responsibilities


REQUIREMENT


Issue a corporate management directive that clearly establishes the command of duties of the shift supervisor and emphasizes the primary management responsibility for safe operation of the plant.  Revise plant procedures to clearly define the duties, responsibilities and authority of the shift supervisor and the control room operators.


RESPONSE


A corporate management directive will be issued establishing the command duties of the shift supervisor that emphasizes the primary management responsibility for safe operation of the plant.  Plant administrative procedures will define the duties, responsibilities and authority of the shift supervisor and control room operators.


Item No. I.C.4


Control Room Access


REQUIREMENT(1)

The licensee shall make provisions for limiting access to the control room to those individuals responsible for the direct operation of the nuclear power plant (e.g., operations supervisor, shift supervisor and control room operators), to technical advisors who may be requested or required to support the operation, and to predesignated NRC personnel.  Provisions shall include the following:



1.
Develop and implement an administrative procedure that establishes the authority and responsibility of the person in charge of the control room to limit access, and



2.
Develop and implement procedures that establish a clear line of authority and responsibility in the control room in the event of an emergency.  The line of succession for the person in charge of the control room shall be established and limited to persons possessing a current senior reactor operator’s license.  The plan shall clearly define the lines of communication and authority for plant management personnel not in direct command of operations, including those who report to stations outside of the control room.


NOTE:


(1)
This “REQUIREMENT” is taken from D. B. Vassallo’s letter dated November 9, 1979, to all licensees of plants under construction since it is not provided in detail in either <NUREG‑0660> or <NUREG‑0737>.


RESPONSE


Administrative procedures will be developed to address the control of access to the control room and to define the authorities and responsibilities of plant management in the event of an emergency.


Item No. I.C.5


Procedures for Feedback of


Operating Experience to Plant Staff


REQUIREMENT


Review administrative procedures to ensure that operating experience from within and outside the organization is continually provided to operators and other operational personnel and is incorporated in training programs.


RESPONSE


PNPP will participate in the INPO SEE‑IN program.  Procedures will be implemented to ensure that all Significant Operating Experience Reports (SOER’s) and Significant Event Reports (SER’s) are distributed for review, and recommendations for corrective actions appropriate to PNPP are provided to plant staff personnel and incorporated into the training program.


Item No. I.C.6


Guidance on Procedures for Verifying


Correct Performance of Operating Activities


REQUIREMENT


It is required <NUREG‑0660> that licensees’ procedures be reviewed and revised, as necessary, to assure than an effective system of verifying the correct performance of operating activities is provided as a means of reducing human errors and improving the quality of normal operations.  This will reduce the frequency of occurrence of situations that could result in or contribute to accidents.  Such a verification system may include automatic system status monitoring, human verification of operations and maintenance activities independent of the people performing the activity (<NUREG‑0585>, Recommendation 5), or both.


Implementation of automatic status monitoring, if required, will reduce the extent of human verification of operations and maintenance activities but will not eliminate the need for such verification in all instances.  The procedures adopted by the licensees may consist of two phases‑‑one before and one after installation of automatic status monitoring equipment, if required, in accordance with Item 1.D.3.


RESPONSE


The PNPP has committed to compliance with <Regulatory Guide 1.47>, “Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety Systems.”  The status of bypassed systems shall be able to be identified by the on‑shift Control Room SRO’s.  In addition, procedures will be developed which require the approval of an on‑shift Control Room SRO to release any safety‑related system or equipment for maintenance or surveillance.  The approval of the on‑shift Control Room SRO will also 


be required to return any safety‑related system or equipment back into service.  Procedures will also be developed to verify and document the functional acceptability of any equipment returned to service which is addressed by limiting conditions for operation in plant technical specifications.  For the return‑to‑service of ECCS Systems, independent verification of proper systems alignment will be made unless functional testing can be performed without comprising plant safety and can prove that all equipment, valves and switches involved in the activity are correctly aligned.


Item No. I.C.7


NSSS Vendor Review of Procedures


REQUIREMENT


Operating license applicants are required to obtain reactor vendor review of their low‑power, power‑ascension and emergency procedures as a further verification of the adequacy of the procedures.


RESPONSE


CEI will provide for a review of low power testing, power ascension and emergency operating procedures by the NSSS vendor, General Electric Corporation, prior to implementation of these procedures.


Item No. I.C.8


Pilot Monitoring of Selected Emergency


Procedures for Near‑Term Operating


License Applicants


REQUIREMENT


Correct emergency procedures, as necessary, based on the NRC audit of selected plant emergency operating procedures (e.g., small‑break LOCA, loss of feedwater, restart of engineered safety features following a loss of AC power, and steam‑line break).


RESPONSE


The Cleveland Electric Illuminating Company is participating in the BWR Owners’ Group program to finalize Emergency Procedure Guidelines for General Electric Boiling Water Reactors.  Once these guidelines are converted into emergency procedures for PNPP and audited by the NRC, CEI will revise them, as necessary, before full power operation.


Item No. I.D.1


Control Room Design Review


REQUIREMENT


In accordance with Task Action Plan I.D.1, Control Room Design Reviews <NUREG‑0660>, all licensees and applicants for operating licenses will be required to conduct a detailed control room design review to identify and correct design deficiencies.  This detailed control room design review is expected to take about a year.  Therefore, the Office of Nuclear Reactor Regulation (NRR) requires that those applicants for operating licenses who are unable to complete this review prior to issuance of a license make preliminary assessments of their control rooms to identify significant human factors and instrumentation problems and establish a schedule approved by NRC for correcting deficiencies.  These applicants will be required to complete the more detailed control room reviews on the same schedule as licensees with operating plants.


RESPONSE


CEI in conjunction with the BWR Owners’ Group has conducted an assessment of the Perry Control Room to identify significant human factors deficiencies.  The results of this survey are presently being evaluated to determine the priority and corrective actions required.  This information should be available for NRC review in May of 1982.


We are presently awaiting NRC agreement on the BWR Owners’ Group Control Room Survey program.  This information had been submitted to V. A. Moore by W. J. Armstrong on August 25, 1981.  A follow‑up meeting was held 


with the NRC on March 10, 1982.  No response has been received from the NRC as to the acceptability of the contents and methods of the Owners Group survey.  We are awaiting an answer prior to sending the results of our survey.


Item No. I.D.2


Plant Safety Parameter Display Console


REQUIREMENT


In accordance with Task Action Plan I.D.2, Plant Safety Parameter Display Console <NUREG‑0660>, each applicant and licensee shall install a safety parameter display system (SPDS) that will display to operating personnel a minimum set of parameters which define the safety status of the plant.  This can be attained through continuous indication of direct and derived variables as necessary to assess plant safety status.


RESPONSE


The Cleveland Electric Illuminating Company will provide a safety parameter display for operating personnel.


CEI jointly sponsored a program, through the BWR Owners’ Group, to develop appropriate parameter lists and displays for the CRT.  In addition, two other alternative SPDS display sets have been defined for possible implementation at PNPP.


Simulation evaluations conducted for PNPP by General Electric have been completed.  CEI has reviewed the results and specified the final SPDS design for PNPP, including the Control Room location of two SPDS video display terminals.


Item No. I.G.1


Training During Low Power Testing


REQUIREMENT


Define and commit to a special low power testing program, approved by NRC, to be conducted at power levels no greater than 5 percent for the purposes of providing meaningful technical information beyond that obtained in the normal startup test program and to provide supplemental training.


Further clarification of this item includes the need to perform a simulated loss of offsite and onsite AC power.


RESPONSE


The Cleveland Electric Illuminating Company is a member of the Licensing Review Group II (LRG‑II) whose position is to develop a special low power test program using the guidelines provided in the report “BWR Owners’ Group Program for Compliance with <NUREG‑0737>, Item I.G.1, Training During Low Power Testing,” which was transmitted to the NRC via a letter from D. B. Waters (Chairman‑BWR Owners’ Group) to D. E. Eisenhut (Director of Licensing‑NRC) dated February 9, 1981.  Licensed personnel and license candidates will participate in this training prior to full power operation, with the exception that each operating shift will see at least one turbine trip transient or load rejection by direct observation or by test critiques that include a review of actual recorded plant responses.


The LRG‑II position is for each plant to review the results from preceding simulated loss of AC power tests, performed at other BWRs, in order to determine the scope of such testing on their plant.  PNPP has 


performed this review and has concluded that conduct of the test poses an undue risk of damage to plant equipment due to the resulting high temperatures in the drywell (see PY‑CEI/NRR‑0338L dated September 12, 1985).


Training for station blackout events will be implemented as required by <Generic Letter 81‑04>, as discussed in our September 12, 1985, letter.


Item No. II.B.1


Reactor Coolant System Vents


REQUIREMENT


Each applicant and licensee shall install reactor coolant system (RCS) and reactor vessel head high point vents remotely operated from the control room. Although the purpose of the system is to vent noncondensable gases from the RCS which may inhibit core cooling during natural circulation, the vents must not lead to an unacceptable increase in the probability of a loss‑of‑coolant accident (LOCA) or a challenge to containment integrity.  Since these vents form a part of the reactor coolant pressure boundary, the design of the vents shall conform to the requirements of <10 CFR 50, Appendix A>, with sufficient redundancy to ensure a low probability of inadvertent or irreversible actuation.


RESPONSE


Each Perry Plant unit is provided with nineteen power‑operated safety‑grade relief valves which can be manually operated from the control room to vent the reactor pressure vessel.  The point of connection to the vent lines (main steamlines) from near the top of the vessel to these valves is such that accumulation of gases above that point in the vessel will not affect natural accumulation of gases of the reactor core.


These power‑operated relief valves satisfy the intent of the NRC position.  Information regarding the design, qualification, power source, etc., of these valves is provided in <Section 5.2.2>.


The BWR Owners’ Group position is that the requirement of single‑failure criteria for prevention of inadvertent actuation of these valves, and the requirement that power be removed during normal operation, are not applicable to BWRs.  These valves serve an important function in mitigating the effect of transients and provide ASME code overpressure protection.  Therefore, the addition of a second “block” valve to the vent lines would result in a less safe design and a violation of the code.  Moreover, the inadvertent opening of a relief valve in a BWR is a design‑basis event and is a controllable transient.


In addition to these power‑operated relief valves, the Perry Plant BWR/6’s included various other means of high‑point venting.  Among these are:



a.
Normally closed reactor vessel head vent valves, operable from the control room, which discharge to the drywell;



b.
Normally open reactor head vent line, which discharges to a main steamline;



c.
Main steam‑driven reactor core isolation cooling (RCIC) system turbines, operable from the control room, which exhaust to the suppression pool;



d.
Main steam‑driven reactor feedwater pumps operable from the control room, which exhaust to the plant condenser when not isolated.  Condenser gases are continuously processed through the offgas system.


Although the power‑operated relief valves fully satisfy the intent of the venting requirement, these other means also provide protection against the accumulation of noncondensibles in the reactor pressure vessel.


Under most circumstances, no selection of vent path is necessary because the relief valves (as part of the automatic depressurization system), HPCS, and RCIC will function automatically in their designed modes to ensure adequate core cooling and provide continuous venting to the suppression pool.


The reactor coolant vent line is located at the very top of the reactor vessel as shown in the schematic <Figure 5.1‑3>.  This 2‑inch line contains two Safety Class 1 valves (B21‑F001 and B21‑F002) that are operated from the control room.  The location of this line permits it to vent the entire reactor pressure vessel, with the exception of the reactor coolant isolation cooling (RCIC) head spray piping which comprises approximately 0.15 ft3 of the volume above the elevation of the RPV.  This small volume was considered in the original design of the RCIC system and is of no consequence to its operation.  In addition, since this vent line is part of the original design for the PNPP units, it has already been considered in all design‑basis accident analysis contained elsewhere in the FSAR.


Analyses of inventory‑threatening events with very severe degradations of system performance have been conducted.  These were submitted by GE for the BWR Owner’s Group to the NRC Bulletins and Orders Task Force on November 30, 1979.  The fundamental conclusions of those studies was that if only one ECC system is injecting into the reactor, adequate core cooling would be provided and the production of large quantities of hydrogen was avoided.  Therefore, it is not desirable to interfere with ECCS functions to prevent inadvertent venting.


The small‑break accident (SBA) guidelines emphasize the use of HPCS/RCIC as a first line of defense for inventory‑threatening events which do not quickly depressurize the reactor.  If these systems succeed in maintaining inventory, it is desirable to leave them in operation until the decision to proceed to cold shutdown is made.  Thus the reactor will 


be vented via RCIC turbine steam being discharged to the suppression pool.  Termination of this mode of venting could also terminate inventory makeup of the HPCS had failed also.  This would necessitate reactor depressurization via the SRV, which of course is another means of venting.


If the HPCS/RCIC are unable to maintain inventory, the SBA guidelines call for use of ADS or manual SRV actuation to depressurize the reactor so that the low pressure core spray system can inject water.  Thus, the reactor would be vented via the SRV to the suppression pool.  Termination of this mode of venting is not recommended.  It is preferable to remain unpressurized; however, if inventory makeup requires HPCS or RCIC restart, that can be accomplished manually by the operator.  It is more desirable to establish and maintain core cooling than to avoid venting.  It is emphasized, however, that emergency venting would not be in the interest of core cooling and, must be employed under Emergency Procedure Guidelines.


It is thus concluded that there is no reason to interfere with ECCS operation to avoid venting.  It is further concluded that the Emergency Procedure Guidelines, by correctly specifying operation actions for HPCS, RCIC, and SRV operation, also correctly specify operator actions to vent the reactor.


Conclusion and Comparison with Requirements


The conclusions from this vent evaluation for PNPP are as follows:



a.
Reactor vessel head vent valves exist to relieve head pressure (at shutdown) to the drywell via remote operator action.



b.
The reactor vessel head can be vented during operating conditions via the SRVs to the suppression pool.



c.
The RCIC system provides an additional vent pathway to the suppression pool.



d.
The size of the vents is not a critical issue because BWR SRVs have substantial capacity, exceeding the full power steaming rate of the nuclear boiler.



e.
The SRV’s vent to the containment suppression pool, where discharged steam is condensed without causing a rapid containment pressure/temperature transient.



f.
The SRVs are not smaller than the NRC defined small LOCA.  Inadvertent actuation is a design‑basis event and a demonstrated controllable transient.



g.
Inadvertent actuation is of course undesirable, but since the SRVs serve an important protective function, no steps such as removal of power during normal operation should be taken to prevent inadvertent actuation.



h.
An indication of SRV position is provided in the control room.  Temperature sensors in the discharge lines confirm possible valve leakage.  This indication is being upgraded in accordance with <NUREG‑0588>.



i.
Each SRV is remotely operable from the control room.



j.
Each SRV is seismically and Class 1E qualified.



k.
Block valves are not required, so block valve qualifications are not applicable.



l.
No new <10 CFR 50.46> conformance calculations are required, because the vent provisions are part of the systems in the plant’s original design and are covered by the original design bases.



m.
Plant procedures govern the operator’s use of the relief mode for venting reactor pressure.  These procedures will be available for Regional NRC inspection at the PNPP plant.


Item No. II.B.2


Design Review of Plant Shielding and


Environmental Qualification of Equipment


for Spaces/Systems Which May be Used


in Postaccident Operations


REQUIREMENT


With the assumption of a postaccident release of radioactivity equivalent to that described in <Regulatory Guide 1.3> and <Regulatory Guide 1.4> (i.e., the equivalent of 50% of the core radioiodine, 100% of the core noble gas inventory and 1% of the core solids are contained in the primary coolant), each licensee shall perform a radiation and shielding‑design review of the spaces around systems that may, as a result of an accident, contain highly radioactive materials.  The design review should identify the location of vital areas and equipment, such as the control room, radwaste control stations, emergency power supplies, motor control centers, and instrument areas, in which personnel occupancy may be unduly limited or safety equipment may be unduly degraded by the radiation fields during postaccident operations of these systems.


Each licensee shall provide for adequate access to vital areas and protection of safety equipment by design changes, increased permanent or temporary shielding, or postaccident procedural controls.  The design review shall determine which types of corrective actions are needed for vital areas throughout the facility.


RESPONSE


A review was conducted of the plant identified systems which were likely to contain highly radioactive fluids following a design basis LOCA.  The radioactive material was assumed to be instantaneously mixed in those 


systems, connected either to the reactor coolant system or to the containment atmosphere, that are not isolated at the start of the accident.  Nonessential systems that are isolated and have no postaccident function were not considered in the review.


After determining the systems and postaccident source distribution to be used for the shielding review, the SDC point kernel shielding code was used to calculate the associated postaccident radiation doses.


Areas which may require occupancy to permit an operator to aid in the mitigation of an accident are vital areas.  The evaluation to determine the necessary vital areas included the control room, technical support center, post‑LOCA hydrogen control system, containment isolation system, sampling and sample analysis areas, remote shutdown panel, ECCS alignment functions, motor control center, instrument panels, emergency power supplies, security center, and radwaste control panels.  Of these it was determined that for the Perry Plant, the control room and technical support center will require continuous occupancy and the sampling station, sample analysis area, Auxiliary Building elevation 620’ east end in area of 1P57F0565B (outboard MSIV accumulator safety‑related air isolation valve) and remote shutdown panel will require infrequent occupancy.  The remote shutdown panel is available for frequent occupancy if required.


Item No. II.B.3


Postaccident Sampling Capability


REQUIREMENT


A design and operational review of the reactor coolant and containment atmosphere sampling line systems shall be performed to determine the capability of personnel to promptly obtain (less than 1 hour) a sample under accident conditions without incurring a radiation exposure to any individual in excess of 3 and 18‑3/4 rem to the whole body or extremities, respectively.  Accident conditions should assume a <Regulatory Guide 1.3> or <Regulatory Guide 1.4> release of fission products.  If the review indicates that personnel could not promptly and safely obtain the samples, additional design features or shielding should be provided to meet the criteria.


A design and operational review of the radiological spectrum analysis facilities shall be performed to determine the capability to promptly quantify (in less than 2 hours) certain radionuclides that are indicators of the degree of core damage.  Such radionuclides are noble gases (which indicate cladding failure), iodines and cesiums (which indicate high fuel temperatures), and nonvolatile isotopes (which indicate fuel melting).  The initial reactor coolant spectrum should correspond to a <Regulatory Guide 1.3> or <Regulatory Guide 1.4> release.  The review should also consider the effects of direct radiation from piping and components in the auxiliary building and possible contamination and direct radiation from airborne effluents.  If the review indicates that the analyses required cannot be performed in a prompt manner with existing equipment, then design modifications or equipment procurement shall be undertaken to meet the criteria.


In addition to the radiological analyses, certain chemical analyses are necessary for monitoring reactor conditions.  Procedures shall be provided to perform boron and chloride chemical analyses assuming a highly radioactive initial sample (<Regulatory Guide 1.3> or <Regulatory Guide 1.4> source term).  Both analyses shall be capable of being completed promptly (i.e., the boron sample analysis within an hour and the chloride sample analysis within a shift).


The following additional clarifications have also been taken into account in the applicant’s response.


Prior to exceeding 5% power operation the applicant must demonstrate the capability to promptly obtain reactor coolant samples in the event of an accident in which there is core damage consistent with the conditions stated below:


1.
Demonstrate compliance with all requirements of <NUREG‑0737>, II.B.3, for sampling, chemical and radionuclide analysis capability, under accident conditions.


2.
Provide sufficient shielding to meet the requirements of GDC‑19, assuming <Regulatory Guide 1.3> source terms.


3.
Commit to meet the sampling and analysis requirements of <Regulatory Guide 1.97>, Revision 2.


4.
Verify that all electrically powered components associated with postaccident sampling are capable of being supplied with power and operated, within thirty minutes of an accident in which there is core degradation, assuming loss of offsite power.


5.
Verify that valves which are not accessible for repair after an accident are environmentally qualified for the conditions in which they must operate.


6.
Provide a procedure for relating radionuclide gaseous and ionic species to estimated core damage.


7.
State the design or operational provisions to prevent high pressure carrier gas from entering the reactor coolant system from online gas analysis equipment, if it is used.


8.
Provide a method for verifying that reactor coolant dissolved oxygen is at <0.1 ppm if reactor coolant chlorides are determined to be >0.15 ppm.


9.
Provide information on (a) testing frequency and type of testing to ensure long term operability of the postaccident sampling system, and (b) operator training requirements for postaccident sampling.


10.
Demonstrate that the reactor coolant system and suppression chamber sample locations are representative of core conditions.


RESPONSE


The postaccident sampling system for PNPP will be installed prior to fuel load and will meet <NUREG‑0737> requirements, including the above listed clarifications.


1.
Sampling and some analysis will be performed with the Sentry PASS panel.  Any additional analysis required will be performed by onsite technicians under approved procedures.


2.
The Sentry PASS panel provides adequate shielding to meet the requirements of GDC‑19, assuming <Regulatory Guide 1.3> source term.  Samples are transported in lead “pigs” for laboratory analysis.


3.
The sampling and analysis requirements of <Regulatory Guide 1.97>, Revision 2 for the Postaccident Sampling System are addressed in <Table 7.1‑4>.


4.
The PASS has battery inverters that supply 120V backup power to guarantee operation during the loss of offsite power.


5.
Remotely actuated valves in the PASS are safety‑related solenoid valves that have been environmentally qualified.


6.
A procedure will be written in accordance with generic General Electric procedures for the determination of the extent of core damage under accident conditions.


7.
The PASS does not have online gas analysis equipment for the reactor coolant system samples.


8.
The Sentry PASS panel provides accurate readings of dissolved oxygen and reactor coolant chlorides.


9.
The Sentry PASS panel will be routinely operated by chemistry technicians to ensure long term operability.


10.
Sample locations are representative of core conditions because the samples are drawn from active lines that are recirculated through the core.


A detailed description of how Perry meets Item No. II.B.3 was provided by CEI to the NRC in letters from Mr. M. R. Edelman to Mr. B. J. Youngblood dated September 16, 1983, and October 14, 1983.


The previous paragraphs are considered historical/background for the original implementation of the PASS.  The current bases for PASS are contained in the following paragraphs.


Significant improvements have been achieved since the TMI accident in the areas of understanding the risks associated with nuclear plant operations and developing better strategies for managing the response to potentially severe accidents.  Recent insights into plant risks and alternate severe accident assessment tools have led the NRC staff to conclude that some TMI Action Plan items (in this case, the PASS requirements) could be revised without reducing the ability of licensees to respond to severe accidents.


In light of the above, the Boiling Water Reactor Owners Group (BWROG) developed Topical Report NEDO‑32991, Revision 0, “Regulatory Relaxation for BWR Post Accident Sampling Stations (PASS),” which evaluated the PASS to determine its contribution to plant safety and accident recovery.  The topical report considered the progression and consequences of core damage accidents, and assessed the accident progression with respect to plant abnormal and emergency operating procedures, severe accident management guidance, and emergency plans.  The topical report concluded that the current PASS requirements developed in response to <NUREG‑0737> could be eliminated since alternate means existed to obtain information that might be necessary for accident assessment.


The BWROG submitted the topical report to the NRC for review and approval in November, 2000.  In performing the review of the topical report, the NRC staff reviewed the available sources of information for use by decision-makers in developing protective action recommendations and assessing core damage.  Based on this review, the NRC found that the information provided by PASS is either unnecessary or is effectively provided by other indications of process parameters or measurement of radiation levels.  Therefore, the NRC approved the topical report as documented in a Safety Evaluation Report (SER) dated June 12, 2001.  A caveat was contained within the NRC SER that required licensees who desired to implement PASS reduction had to commit to three requirements.  First, establish a capability for classifying fuel damage events at the 


ALERT level threshold.  The capability may utilize the normal sampling system or correlations of radiation readings to reactor coolant concentrations.  Second, develop contingency plans for obtaining and analyzing highly radioactive samples of reactor coolant, suppression pool, and containment atmosphere.  Third, maintain an I‑131 site survey detection capability, including an ability to assess radioactive iodines released to the site environment, by using effluent monitors or portable sampling equipment.


Since the regulatory relaxation of PASS requirements would be germane to each BWR licensee, an Industry/Technical Specification Task Force (TSTF) Standard Technical Specification Change Traveler, TSTF‑413, “Elimination of Requirements for a Post Accident Sampling System (PASS),” was approved for use.  The NRC, in order to improve the efficiency of the licensing process, issued the PASS relaxation described in TSTF‑413 under the Consolidated Line Item Improvement Process (CLIIP).  The CLIIP was noticed for availability of use by BWR licensees in the Federal Register on December 27, 2001 (66 FR 66949) and March 20, 2002 (67 FR 13027).


PNPP requested to eliminate the PASS Technical Specification requirements, as described in the aforementioned CLIIP, by letter PY‑CEI/NRR‑2656L, dated October 30, 2002.  Within this letter, PNPP also documented its commitment to the aforementioned caveat contained within the NRC SER.  The NRC approved the submittal, as License Amendment 124, by letter PY‑NRR/CEI‑1087L, dated March 7, 2003.


Item No. II.B.4


Training for Mitigating Core Damage


REQUIREMENT


Licensees are required to develop a training program to teach the use of installed equipment and systems to control or mitigate accidents in which the core is severely damaged.  They must then implement the training program.


RESPONSE


Instruction to teach the use of equipment and systems to control or mitigate accidents in which the core is severely damaged has been developed and implemented.  This training addresses the upgrade emergency procedures developed in response to <NUREG‑0660> and <NUREG‑0737>, Item I.C.1, “Guidance for the Evaluation and Development of Procedures for Transients and Accidents.”  The Perry Control Room Simulator is utilized for operator familiarization with conditions and procedures.  The total scheduled presentation time for the entire program shall be 80 hours and will be integrated into the overall training program to maximize effectiveness.


Item No. II.D.1


Performance Testing of BWR and PWR Relief and Safety Valves


REQUIREMENT


Pressurized water reactor and boiling water reactor licensees and applicants shall conduct testing to qualify the reactor coolant system relief and safety valves under expected operating conditions for design‑basis transients and accidents.


RESPONSE


In a letter dated September 7, 1981, from D. R. Davidson to D. Eisenhut, CEI endorsed the BWR Owners’ Group S/R Valve testing program.  Additional, in a letter dated March 11, 1983, from M. R. Edelman to B. J. Youngblood, CEI provided information on the applicability of the generic safety/relief valve test results to the Perry Nuclear Power Plant.


Item No. II.D.3


Direct Indication of Relief and Safety Valve Position


REQUIREMENT


Reactor coolant system relief and safety valves shall be provided with a positive indication in the control room derived from a reliable valve‑position detection device or a reliable indication of flow in the discharge pipe.


RESPONSE


The SRV open/close monitoring system selected for PNPP is a single channel safety grade system consisting of a sensing element and a pressure switch, connected to the discharge pipe at the downstream side of the SRV discharge pipe.  The electrical output of the pressure switch operates a relay which provide input to the annunciator, process computer and indicator lights.  This system will be environmentally and seismically qualified.  This system is identical to that recently proposed for Grand Gulf and approved by NRC.


Item No. II.E.4.1


Dedicated Hydrogen Penetrations


REQUIREMENT


Plants using external recombiners or purge systems for postaccident combustible gas control of the containment atmosphere should provide containment penetration systems for external recombiner or purge systems that are dedicated to that service only, that meet the redundancy and single‑failure requirements of General Design Criteria 54 and 56 of <10 CFR 50, Appendix A>, and that are sized to satisfy the flow requirements of the recombiner or purge system.


The procedures for the use of combustible gas control systems following an accident that results in a degraded core and release of radioactivity to the containment must be reviewed and revised, if necessary.


RESPONSE


The Perry Plant is designed with two 100 percent redundant hydrogen recombiners inside the containment of each unit.  This position is therefore not applicable to the Perry Plant.  The Postaccident External Purge System is presently designed to meet the redundancy and single‑failure requirements of General Design Criteria 54 and 56 of <10 CFR 50, Appendix A>.  Refer to USAR <Section 6.2.5.2.3> for additional information on combustible gas control in containment.


The present system is designed based on hydrogen generation rate calculations using <Regulatory Guide 1.7>, Revision 2.  The Cleveland Electric Illuminating Company, as a member of the Hydrogen Control 


Owners Group, has a program underway to improve the capability of the Mark III containment in dealing with significant amounts of hydrogen, well in excess of those considered under <10 CFR 50.44>.


PNPP procedures for the use of combustible gas control systems will be reviewed and revised, as applicable.


Item II.E.4.2


Containment Isolation Dependability


REQUIREMENT



1.
Containment isolation system designs shall comply with the recommendations of Standard Review Plan Section 6.2.4 (i.e., that there be diversity in the parameters sensed for the initiation of containment isolation).



2.
All plant personnel shall give careful consideration to the definition of essential and nonessential systems; identify each system determined to be essential; identify each system determined to be nonessential; describe the basis for selection of each essential system; modify their containment isolation designs accordingly; and report the results of the reevaluation to the NRC.



3.
All nonessential systems shall be automatically isolated by the containment isolation signal.



4.
The design of control systems for automatic containment isolation valves shall be such that resetting the isolation signal will not result in the automatic reopening of containment isolation valves.  Reopening of containment isolation valves shall require deliberate operator action.



5.
The containment setpoint pressure that initiates containment isolation for nonessential penetrations must be reduced to the minimum compatible with normal operating conditions.



6.
Containment purge valves that do not satisfy the operability criteria set forth in Branch Technical Position CSB 6‑4 or the Staff Interim Position of October 23, 1979, must be sealed closed as defined in SRP 6.2.4, Item II.3.f during Operational Conditions 1, 2, 3, and 4.  Furthermore, these valves must be verified to be closed at least every 31 days.



7.
Containment purge and vent isolation valves must close on a high radiation signal.


RESPONSE


The containment isolation system for PNPP has been reviewed in accordance with <NUREG‑0737>.  The results of the review are as follows:



1.
In order to evaluate the adequacy of the PNPP containment isolation system, FSAR Table 6.2‑32 “Containment Isolation Valve Summary” was reviewed for accuracy, completeness and consistency with the NRC Standard Review Plan Section 6.2.4.  The most significant changes appear in the columns labeled “Essential (TMI)” and “Isolation Signal.”



2.
Because the definition of essential and nonessential systems has been altered since the TMI‑2 incident, the containment penetrations were re‑evaluated as to their importance in postaccident situations.  This re‑evaluation was done using <Table 1A‑2>.  This table provides an assessment of the PNPP systems which can be considered “Essential” or “Nonessential” for isolation conditions consistent with <NUREG‑0578>, Requirement 2.1.4.  As used in this assessment, those systems identified as essential are regarded as indispensable or are back‑up systems in the event of a loss‑of‑coolant accident.  The nonessential systems have been judged to be not required in loss‑of‑coolant accident situations.  However, depending 




upon the circumstances, it may be highly desirable not to isolate a “nonessential” system.  For this reason, the <NUREG‑0578> definition of “essential” is deliberately flexible.  As a result, the specification of “essential” is very judgmental with certain systems.  The feedwater penetrations and some instrument air penetrations were upgraded to “essential” under the new TMI‑2 definition.



3.
All nonessential systems with non‑manual containment isolation valves are actuated by at least one automatic isolation signal.



4.
Systems, once isolated, should be capable of being quickly returned to service as the need arises.  The review of the FSAR Table 6.2‑32 also included examining the effect of resetting the containment isolation signal.




All automatic isolation valves, with the possible exception of the main steam isolation valves, will remain in the “as is” position when the containment isolation signal(s) is reset.




A further investigation into the control function of the main steam isolation valves will be made to determine if modification(s) is required to keep the valve closed after resetting the containment isolation signal.  Also, those valves that are identified with a RMc* in Table 6.2‑32, may require a separate remote‑manual switch in the control room.



5.
An evaluation is underway to determine the minimum pressure setpoint.



6.
A design review has shown that the purge valves meet BTP CSB6‑4.



7.
PNPP containment purge and vent valves are to close on high radiation signals.  Those that do not isolate on high radiation signals are to be “sealed closed” valves.


TABLE 1A‑2

ESSENTIAL/NONESSENTIAL EQUIPMENT


(Preliminary Perry Unique Listing Using The


Owner Group/GE Systems Work as a Guide)







ESSENTIAL



COMMENTS


1.
Standby Liquid
Yes
Should be available as



Control

back‑up to CRD system.


2.
Core Spray (High &
Yes
Safety System



Low Pressure)


3.
Nuclear Closed
No
Used for normal operation



Cooling Water

only.  Not required for DBA, but is used for the recirc., cleanup system operation and fuel pool heat exchangers.


4.
Combustible Gas
Yes
Combustible gas control



Control System

function necessary to eliminate hydrogen/oxygen combustible atmosphere.


5.
Automatic
Yes
Safety System/Control



Depressurization

RPV pressure.



System


TABLE 1A‑2 (Continued)







ESSENTIAL



COMMENTS


6.
Annulus Exhaust
Yes
Necessary to control



Gas Treatment

emissions to environment.


7.
Containment Chiller
Yes
Necessary to cool system



Water Cooling

pumps and motors.


8.
Reactor Core Isola‑
Yes
Necessary for core cooldown



tion Cooling

following isolation from the turbine condenser and feedwater makeup.


9.
Emergency Service
Yes
Necessary to remove heat



Water System

following accident.  Includes the ultimate heat sink.


10.
Control Complex
Yes
Cools Control Room.



Chilled Water


11.
Instrument Air
Yes
Regarded as essential because this system supports safety equipment.  Back‑up accumulators are available for the safety equipment should the system fail.


12.
Service Air
No
Serves no safety or shutdown function.


TABLE 1A‑2 (Continued)







ESSENTIAL



COMMENTS


13.
Main Steam(1)
Yes
Not required for shutdown but can be used as alternate cooling mode.


14.
Feedwater Line(1)
Yes
Not required for shutdown but can be used as alternate cooling mode.


15.
Reactor Water Sample
No
Not required for shutdown, but would be necessary for postaccident assessment.  Postaccident sample is a separate issue.


16.
Control Rod Drive
Yes
No credit taken for



(Cooling)

reflood, but is desirable.


17.
Reactor Water
Yes
Not required during and



Cleanup(1)

immediately following an accident.  Necessary in long term recovery.


18.
Radwaste Collection
No
Not required for shutdown.


19.
Recirculation
No
Not required for J‑P



System

plants because core can be cooled by nat. cir.


TABLE 1A‑2 (Continued)







ESSENTIAL



COMMENTS


20.
RHR‑Shutdown
Yes
Not ESF, but desirable to 



Cooling(1)

use if available.  Not redundant, but safety grade.


21.
RHR‑Containment
Yes
Necessary to control



Spray

pressure.


22.
RHR‑Suppression
Yes
Heat Sink for postaccident



Pool Cooling

cooling.


23.
RHR‑LPCI Function
Yes
Safety function.


24.
RCIC Steam Supply
Yes
Used in conjunction with



Line(1)

RCIC.


25.
Drywell Cooling
No
Used only in normal operation.  Desirable to keep running.


26.
Demineralized Water
No
Not assumed available in ECCS analysis.


27.
Condensate Water
Yes
Not assumed available in ECCS analysis, but is used in RCIC and HPCS.


TABLE 1A‑2 (Continued)







ESSENTIAL



COMMENTS


28.
Fuel Pool Cooling
No
Boiling O.K., but make‑up is necessary.  Heat exchangers cooled by NCCW system.


29.
Traversing In‑Core
No
Not required for reactor



Probe (TIP)

shutdown cooling.


30.
Fire Protection
No
Availability is necessary,



System

as the “accident” may be the result of a fire.


31.
Fire Protection
No
Serves no purpose during



System

and immediately after accident.  Longer term availability necessary.


32.
Safety‑Related
Yes
Use for ADS function.



Instrument Air


33.
Nonsafety‑Related
No
Serves no safety or



Instrument Air

shutdown function.


34.
Suppression Pool
No
Not required for reactor



Cleanup

shutdown.


NOTE:


(1)
These systems (or portions of these systems) have been changed from the GE/Owner’s group designation of nonessential to essential.


Item No. II.F.1


Additional Accident‑Monitoring Instrumentation


REQUIREMENT


The <NUREG‑0737> requirements evolved from three basic requirements in <NUREG‑0578> (Items 1 through 3 below) and were subsequently clarified by NRC letters dated September 27, 1979, and November 9, 1979.  The letters also included additional requirements resulting in Items 4 through 6 below.  A summary of these items is as follows:


1.
Noble gas effluent radiological monitors;


2.
Provisions for continuous sampling for plant effluents for postaccident releases of radioactive iodines and particulates, and onsite laboratory facilities;


3.
Containment high‑range radiation monitor;


4.
Containment pressure monitor;


5.
Containment water level monitor; and


6.
Containment hydrogen concentration monitor.


The individual requirements for each item have been omitted from this synopsis due to their length and detail required for an adequate recitation.


RESPONSE


1. and 2.

Sampling systems with high range noble gas monitors and particulate and radioiodine (P/I) collectors will be added to the following effluent flow paths:





a)
Main Plant Vent





b)
Heater Bay/Turbine Building Vent





c)
Offgas Vent





This equipment will provide monitors with range extension to include the high level noble gas concentration in accordance with <Regulatory Guide 1.97> and <NUREG‑0737>.  Each monitor consists of an intermediate and high range channel.  The intermediate range channel has a detectable range from 1.7 x 10‑3 (Ci/cc (Xe‑133).  Power is to be derived from diesel backed Class 1E buses.





This equipment will also contain three P/I collectors which will be used in conjunction with the normal range radiation monitor P/I collectors.  They will be used to continuously collect P/I samples through the required range.  The high range sampling systems will reflect the following design criteria:





1)
Collection capability of 0.7 (Ci/cc each of gaseous iodine and particulates, which is based on the Perry specific shielding envelope.





2)
Provisions to limit occupational dose to personnel through shielding and operating procedures; applicable for the sampling station design, sample handling and transport operations, and analysis operations.





3)
Representative sampling via guidelines of ANSI N13.1 ‑ 1969.





4)
Sampling systems initiated by a containment isolation signal or associated by plant effluent normal range monitor signals.





5)
Analysis capabilities in the Technical Support Center via multichannel analyzers and detectors to determine iodine and particulate concentrations.


3.
High range gamma monitors will be added to the reactor building and to the drywell to provide conformance with <NUREG‑0737> Table II.F.1‑3 with a range of 1 R/hr to 107 R/hr and to respond to the requirements of <Regulatory Guide 1.97>, Revision 2.



They will be powered from independent 120V ac, diesel‑backed buses and will be provided with continuous readout and multipoint recorders in the control room.  Although the calibration procedure for the monitors will vary from model to model, it will be by calibration source below 10 R/hr., and by electronic signal input for ranges above 10 R/hr.



Two monitors are located in the primary containment (drywell) at approximately core midplane, 630’ elevation, spread about 32( apart centered at 270( azimuth for Unit 1.



Two monitors shall be located in the Reactor Building at about the 689’ level with a 30( spread about the 225( azimuth for Unit 1.


4.
Containment Pressure Monitors are to be added in the plant design to meet <NUREG‑0737> and <Regulatory Guide 1.97> requirements.



Two redundant channels will be provided with 2 monitors per channel meeting the range requirements of ‑5 psig to 60 psia.  Normal range monitors are provided to cover a range of 10 inch Hg to 20 psig.  Wide range monitors are utilized and reflect a 10 inch Hg to 60 psig range.  Qualification of these channels will be in accordance with PNPP’s environmental qualification program.  Class 1E power is supplied to these channels.  Continuous indication and recording will be provided.  Overall accuracy of the containment pressure measurement is less than (1%.


5.
Containment suppression pool water level monitors are to be added in the plant design to meet <NUREG‑0737> and <Regulatory Guide 1.97> requirements.



Two redundant channels will be provided with three monitors per channel to meet the level range requirements at the bottom of ECCS Suction Line level to 5’ above normal suppression pool level.  Class 1E power is supplied to these channels.  Continuous indication and recording will be provided.  Overall accuracy of the suppression pool water level monitors is less than (1%.


6.
Containment and drywell hydrogen monitors have been added to meet <NUREG‑0737> and <Regulatory Guide 1.97> requirements.


Two redundant channels are provided to meet hydrogen concentration requirements (0 to 10%).  These channels are functional from 12 psia to containment and drywell design pressure conditions.  Four sample points (Containment Dome, Drywell Dome, Drywell, and Suppression Pool Area) are utilized for each channel.  Class 1E power is supplied to these channels. Continuous indication and recording is provided.  Overall accuracy of the containment and drywell hydrogen monitors is ‑1% to +10% of the actual hydrogen concentration at the recorder readout.


Item No. II.F.2


Inadequate Core Cooling Instruments


REQUIREMENT


Licensees shall provide a description of any additional instrumentation or controls (primary or backup) proposed for the plant to supplement existing instrumentation (including Primary coolant saturation monitors) in order to provide an unambiguous, easy‑to‑interpret indication of inadequate core cooling (ICC).  A description of the functional design requirements for the system shall also be included.  A description of the procedures to be used with the proposed equipment, the analysis used in developing these procedures and a schedule for installing the equipment shall be provided.


RESPONSE


The response to this item was provided to the NRC in letters dated January 14, 1983, November 1, 1983, and January 14, 1985.


Item No. II.K.1.5


Safety‑Related Valve Position


REQUIREMENT


Review all valve positions, positioning requirements, positive controls, and related test and maintenance procedures to ensure proper ESF functioning.


RESPONSE


Perry Nuclear Power Plant is equipped with valve position status monitoring that satisfies the requirements of <Regulatory Guide 1.47> as discussed in FSAR Section 7.1.  Perry Plant procedures for tagging, maintenance and surveillance will assure verification of valve position status on the affected portions of system to verify ESF systems are functional after the performance of surveillance tests, and maintenance activities.  These plant procedures will be available for review by Region III Division of Inspection and Enforcement, approximately six months prior to fuel load.


Item No. II.K.1.10


Safety‑Related System Operability Status Assurance


REQUIREMENT


Review and modify, as required, procedures for removing safety‑related systems from service (and restoring to service) to ensure that operability status is known.


RESPONSE


Perry Plant procedures for removing safety‑related systems from service and restoring to service will assure the operability status is known and can be identified by the on‑shift Control Room SRO’s.  Release of all ESF equipment from service will require an on‑shift Control Room SRO’s approval.  Plant procedures will include verification of operability of safety‑related equipment after restoration following surveillance and maintenance activities.  These procedures will be available for review by Region III Division of Inspection and Enforcement, approximately six months prior to fuel load.


Item No. II.K.1.22


Auxiliary Heat Removal System


Procedures


REQUIREMENT


For boiling water reactors, describe automatic and manual actions for proper functioning of auxiliary heat removal systems when FW system is not operable.


RESPONSE


Initial Core Cooling


Following a loss of feedwater and reactor scram, a low reactor water level signal (Level 2) will automatically initiate high pressure core spray (HPCS) and reactor core isolation cooling (RCIC) systems.  These systems operate in the reactor coolant make up injection mode to inject water into the vessel until a high water level signal (Level 8) trips the system.


Following a high reactor water Level 8 trip, the HPCS System will automatically re‑initiate when reactor water level decreases to low water Level 2.  The RCIC System will automatically re‑initiate after a high water Level 8 trip.  (See response to II.K.3.13).


The HPCS and RCIC Systems have redundant supplies of water.  Both HPCS and RCIC can take suction from either the condensate storage tank (CST) or suppression pool.  Normally RCIC takes suction from the condensate storage tank (CST).  The HPCS System suction will automatically transfer from the CST to the suppression pool if the CST water is depleted or the suppression pool water level increases to a high level.


The RCIC System suction is automatically transferred from the CST to the suppression pool, when the CST low level is reached.  The operator can manually initiate the HPCS and RCIC Systems from the control room before the Level 2 automatic initiation level is reached.  The operator has the option of manual control after automatic initiation and can maintain reactor water level by throttling system flow rates.  The operator can verify that these systems are delivering water to the reactor vessel by:



a.
Verifying reactor water level increases when systems initiate.



b.
Verify systems flow using flow indicators in the control room.



c.
Verify system flow is to the reactor by checking control room position indication of motor‑operated valves.  This assures no diversion of system flow to the reactor.


Therefore, the HPCS and RCIC can maintain reactor water level at full reactor pressure and until pressure decreases to where low pressure systems such as Low Pressure Core Spray (LPCS) or Low Pressure Coolant Injection (LPCI) can maintain water level.


Containment Cooling


After reactor scram and isolation and establishment of satisfactory core cooling, the operator would start containment cooling.  This mode of operation removes heat resulting from safety relief valve (SRV) discharge and RCIC turbine exhaust to the suppression pool.  This would be accomplished by placing the Residual Heat Removal (RHR) System in the containment (suppression pool) cooling mode, i.e., RHR suction from and discharge to the suppression pool.


The operator could verify proper operation of the RHR system containment cooling function from the control room by:



a.
Verifying RHR and Emergency Service Water (ESW) system flow using system control room flow indicators.



b.
Verify correct RHR and ESW system flow paths using control room position indication of motor‑operated valves.



c.
On branch lines that could divert flow from the required flow paths, close the motor‑operated valves and note the effect on RHR and ESW flow rate.


Even though the RHR is in the containment cooling mode, core cooling is its primary function.  Thus, if a high drywell pressure signal or low reactor water level is received at any time during the period when the RHR is in the containment cooling mode, the RHR system will automatically revert to the LPCI injection mode.  The Low Pressure Core Spray (LPCS) system would automatically initiate and both the LPCI and LPCS systems would inject water into the reactor vessel if the reactor pressure is below system discharge pressure.


Extended Core Cooling


When the reactor has been depressurized, the RHR system can be placed in the long term shutdown cooling mode.  The operator manually terminates the containment cooling mode of one of the RHR containment cooling loops and places the loop in the shutdown cooling mode.


In this operating mode, the RHR system can cool the reactor to cold shutdown.  Proper operation and flow paths in this mode can be verified by methods similar to those described for the containment cooling mode.


Item No. II.K.1.23


Reactor Vessel Level Instrumentation


REQUIREMENT


For boiling water reactors, describe all uses and types of reactor vessel level indication for both automatic and manual initiation of safety systems.  Describe other instrumentation that might give the operator the same information on plant status.


RESPONSE


Reactor vessel water level control room indication is continuously provided by 5 sets (range) of level monitors for normal, transient and accident conditions.  “Top of Active Fuel” (363.5” above vessel zero) is the reference level zero for all sets.  Those monitors used to provide automatic safety equipment initiation are arranged in a redundant array with two instruments in each of two or more independent electronic divisions.



a.
Shutdown water‑level range:  1 channel with level indicator in the control room is used to monitor reactor‑water level during the shutdown condition when the reactor system is flooded for maintenance and head removal.  The instrument is calibrated for 120(F at 0 psig in the vessel and 90(F in the drywell.  The reactor vessel nozzles taps utilized for this channel are at 518” above vessel zero and at the top of the Head Spray flange (approximately 867” above vessel zero).



b.
Upset water‑level range:  1 channel with level recorder in the control room is utilized to provide water level indication extended above the upper range of the narrow‑range water level monitors.  The instrument is calibrated for saturated water 




and steam conditions at 1,025 psig in the vessel and normal operating temperature in the drywell.  The reactor vessel nozzle taps utilized for this range are identical to the shutdown water level monitor.



c.
Narrow water‑level range:  3 channels with 3 level indicators and 1 recorder in the control room are utilized by the feedwater control system and reactor plant safeguards.  The instruments are calibrated for saturated water and steam conditions at 1,025 psig in the vessel and normal operating temperature in the drywell.  Water level switch trip uncertainty is (1.5” of water level at calibration conditions.  These monitors utilize the reactor vessel nozzle taps at 518” and 606” above vessel zero.



d.
Wide water‑level range:  3 channels with 2 level recorders and 1 level indicator in the control room are provided for reactor plant safeguards to monitor vessel water level using the 364” and 606” level reactor vessel taps.  The instruments are calibrated for 1,025 psig in the vessel, normal operating temperature in the drywell, and 20 Btu/lb subcooling below the 518” level reactor vessel nozzle tap and saturated water and steam conditions above this tap with no jet pump flow.  Water level switch trip uncertainty is (6” of water level at calibration conditions.



e.
Fuel zone, water‑level range:  3 channels with 2 level indicators and one recorder are utilized to provide water level indication above the top of the active fuel elements to below the bottom of the fuel elements.  The 3 channels utilize the RV nozzle tap 606” above vessel zero.  Two channels also use the jet pump diffuser level tap, 156.5” above vessel zero while the third channel uses the pressure below core plate tap, 24” above vessel zero.  The instruments are calibrated 




for saturated water and steam conditions 0 psig in the vessel and the drywell with no jet pump.  Water level indication uncertainty is (6” of water level at calibration conditions.


The safety‑related systems or functions served by safety‑related reactor water level instrumentation are:



Reactor Protection System (RPS)



Reactor Core Isolation Cooling System (RCIC)



High Pressure Core Spray System (HPCS)



Low Pressure Core Spray System (LPCS)



Residual Heat Removal/Low Pressure Injection (RHR/LPCI)



Automatic Depressurization System (ADS)



Nuclear Steam Supply Shutoff System (NS)4

All systems automatically initiate at one of three designated low reactor water levels.  In addition, the RCIC and HPCS systems shutdown on high reactor water level.  The RCIC and HPCS systems automatically restart if low reactor level is reached again.  The RPS initiates a scram at either a high or low reactor water level.


Additional instrumentation which the operator can use to determine changes in reactor coolant inventory or other abnormal conditions are:



Drywell High Pressure



Containment High Radioactivity Levels



Suppression Pool High Temperature



Safety Relief Valve (SRV) Discharge High Temperature SRV Position Indication (Pressure)



High/Low Feedwater Flow Rates



High/Low Main Steam Flow



High Containment, Steam Tunnel and Equipment Area Differential Temperatures



High Differential Flow‑Reactor Water Cleanup System



Abnormal Reactor Pressure



High Suppression Pool Water Level



High Drywell and Containment Sump Fill and Pumpout Rate High Drywell Sump Level (Flow Rate)



Valve Stem Leakoff High Temperature



Low RCIC Steam Supply Pressure



High RCIC Steam Supply Flow



Low Main Steam Line Pressure


An example of the use of this additional information by the operator is as follows:  Drywell high pressure is an indirect indication of coolant loss. Coincident high suppression pool temperature further verifies a loss of reactor coolant.  High SRV discharge temperature open position indication (pressure) would pinpoint loss of coolant via an open valve.


Other instrumentation that can signal abnormal plant status but does not necessarily indicate loss of coolant are:



High Neutron Flux



High Process Monitor Radiation Levels



Main Turbine Status Instrumentation



Abnormal Reactor Recirculation Flow



High Electrical Current (Amperes) to Recirc Pump Motors


Operators will be instructed in use of other available information to verify proper functioning of safety systems as a continuing part of training.


Additional control room indication as a result of <Regulatory Guide 1.97> evaluations is addressed in FSAR Table 7.1‑4.


Item No. II.K.3.3


Reporting Safety and Relief Valve Failures


Promptly and Challenges Annually


REQUIREMENT


Ensure that any PORV or safety valve that fails to close will be reported to the NRC promptly.  All challenges to the PORVs or safety valves should be documented in the annual report.


RESPONSE


The special post-TMI reporting requirements for SRV challenges/failures are no longer required.  Requirements for reporting all challenges to the SRV’s were deleted by License Amendment 120.


Item No. II.K.3.13


Separation of HPCI and RCIC System Initiation Levels


REQUIREMENT


Currently, the reactor core isolation cooling (RCIC) system and the high pressure coolant injection (HPCI) system both initiate on the same low water level signal and both isolate on the same high water level signal.  The HPCI system will restart on low water level, but the RCIC system will not.  The RCIC system is a low‑flow system when compared to the HPCI system.  The initiation levels of the HPCI and RCIC system should be separated so that the RCIC system initiates at a higher water level than the HPCI system.  Further, the RCIC system initiation logic should be modified so that the RCIC system will restart on low water level.  These changes have the potential to reduce the number of challenges to the HPCI system and could result in less stress on the vessel from cold water injection.  Analyses should be performed to evaluate these changes.  The analyses should be submitted to the NRC staff and changes should be implemented if justified by the analysis.


RESPONSE


CEI has endorsed the position of the BWR Owners’ Group delineated in the letter from Mr. R. H. Buchholz to Mr. D. G. Eisenhut dated October 1, 1980.  That position is basically that “...the current design is satisfactory, and a significant reduction in thermal cycles is not necessary;” and “...no significant reduction in thermal cycles is achievable by separating the setpoints.”


Modification of the initiation logic for automatic restart of the RCIC system on low water level has been incorporated into the Perry design and is discussed in <Section 7.4.1.1>.


Item No. II.K.3.15


Modify Break Detection Logic to Prevent Spurious


Isolation of HPCI and RCIC


REQUIREMENT


The high pressure coolant injection (HPCI) and reactor core isolation cooling (RCIC) systems use differential pressure sensors on elbow taps in the steam lines to their turbine drives to detect and isolate pipe breaks in the systems.  The pipe break detection circuitry has resulted in spurious isolation of the HPCI and RCIC systems due to the pressure spike which accompanies startup of the systems.  The pipe break detection circuitry should be modified so that pressure spikes resulting from HPCI and RCIC system initiation will not cause inadvertent system isolation.


RESPONSE


The BWR Owners’ Group has evaluated this issue and has recommended the addition of a time delay to the HPCI/RCIC break detection circuitry.  CEI contracted with General Electric to provide this change to the RCIC steam line break detection circuitry.  This change is discussed in <Section 7.6.1.3.2b>.


Item No. II.K.3.16


Reduction of Challenges and Failures of Relief Valves ‑


Feasibility Study and System Modification


REQUIREMENT


The record of relief valve failures to close for all boiling‑water reactors (BWRs) in the past 3 years of plant operation is approximately 30 in 73 reactor‑years (0.41 failures per reactor‑year).  This has demonstrated that the failure of a relief valve to close would be the most likely cause of a small‑break loss‑of‑coolant accident (LOCA).  The high failure rate is the result of a high relief valve challenge rate and a relatively high failure rate per challenge (0.16 failures per challenge).  Typically, five valves are challenged in each event.  This results in an equivalent failure rate per challenge of 0.03.  The challenge and failure rates can be reduced in the following ways:



1.
Additional anticipatory scram on loss of feedwater,



2.
Revised relief valve actuation setpoints,



3.
Increased emergency core cooling (ECC) flow,



4.
Lower operating pressures,



5.
Earlier initiation of ECC systems,



6.
Heat removal through emergency condensers,



7.
Offset valves setpoints to open fewer valves per challenge,



8.
Installation of additional relief valves with a block or isolation valve feature to eliminate opening of the safety/relief valves (SRVs), consistent with the ASME Code,



9.
Increasing high steam line flow setpoint for main steam line isolation valve (MSIV) closure,



10.
Lowering the pressure setpoint for MSIV closure,



11.
Reducing the testing frequency of the MSIVs,



12.
More stringent valve leakage criteria, and



13.
Early removal of leaking valves.


An investigation of the feasibility and contraindications of reducing challenges to the relief valves by use of the aforementioned methods should be conducted.  Other methods should also be included in the feasibility study.  Those changes which are shown to reduce relief valve challenges without compromising the performance of the relief valves or other systems should be implemented.  Challenges to the relief valves should be reduced substantially (by an order of magnitude).


RESPONSE


The Cleveland Electric Illuminating Company has participated in a BWR Owners’ Group evaluation of possible ways to reduce the challenges and failures of safety relief valves.  The results of this feasibility study were submitted to the NRC in a letter from D. B. Waters to D. G. Eisenhut dated March 31, 1981.  The study concluded that BWR/6 plants already include design features which significantly reduce the likelihood of stuck open relief valve (SORV) events; no further design 


modifications are necessary.  It is the Cleveland Electric Illuminating Company’s position that further modifications to the Perry Nuclear Power Plant would not significantly reduce the frequency of SORV events.


Item No. II.K.3.17


Report on Outages of Emergency Core‑Cooling


Systems Licensee Report and Proposed Technical Specification Changes


REQUIREMENT


Several components of the emergency core cooling (ECC) systems are permitted by Technical Specifications to have substantial outage times (e.g., 72 hours for one diesel‑generator; 14 days for the HPCI system).  In addition, there are no cumulative outage time limitations for ECC systems.  Licensees should submit a report detailing outage dates and lengths of outages for all ECC systems for the last 5 years of operation.  The report should also include the causes for the outages (i.e., controller failures, spurious isolation).


RESPONSE


In 1981, PNPP was in the construction phase and therefore did not have five years of previous ECCS outage data to provide in order to meet this reporting request.  Although the intent of this item was for the NRC staff to quickly develop a historical data base from the five years previous to 1981 in order for them to evaluate whether a need existed for cumulative outage requirements in the Technical Specifications, CEI responded to this item with a commitment to provide data in the future when it became available.


Therefore, ECCS outage reports were submitted for the years 1986 through 1989.  However, since the original NRC evaluation of the data base had already been completed, these annual reports were discontinued.


ECCS component failure data and system reliability data are reported to INPO’s Nuclear Plant Reliability Data System (NPRDS) on an ongoing basis.  Also, significant problems with Emergency Core Cooling Systems are reported to the NRC in accordance with <10 CFR 50.73>.


Item No. II.K.3.18


Modification of Automatic Depressurization System Logic ‑


Feasibility for Increased Diversity for Some Event Sequences


REQUIREMENT


The automatic depressurization system (ADS) actuation logic should be modified to eliminate the need for manual actuation to assure adequate core cooling.  A feasibility and risk assessment study is required to determine the optimum approach.  One possible scheme that should be considered is ADS actuation on low reactor vessel water level, provided no high‑pressure coolant injection (HPCI) or high‑pressure coolant system (HPCS) flow exists and a low‑pressure emergency core cooling (ECC) system is running.  This logic would complement, not replace, the existing ADS actuation logic.


RESPONSE


Cleveland Electric Illuminating Company has participated in the BWR Owners’ Group evaluation of logic modifications to simplify ADS actuation.  The results of this study were submitted to the NRC in a letter from D. B. Waters to D. G. Eisenhut dated March 31, 1981.  The BWR O/G reevaluated the recommendations due to recently identified conflicts between the proposed modifications to ADS actuation logic and the Emergency Procedures Guidelines.  As discussed in the February 5, 1982, letter from T. J. Dente to D. G. Eisenhut, the BWR O/G provided a supplement to the original owners’ group report in a letter from T. J. Dente to D. G. Eisenhut dated October 28, 1982.


Based on the BWR Owners’ Group design modification options, found to be acceptable by the NRC staff per letter dated April 27, 1983, from B. J. Youngblood to M. R. Edelman.  CEI will remove the high drywell 


pressure trip in conjunction with the addition of a manual switch which inhibits ADS actuation.  The design details of this modification were submitted to the NRC in a letter from M. R. Edelman to B. J. Youngblood dated July 1, 1983.  This modification will be implemented before scheduled fuel load date.  It is discussed in <Section 7.3.1.1.1.2> and <Section 15.6.4.2.1>.


Item No. II.K.3.21


Restart of Core Spray and Low Pressure


Coolant‑Injection Systems


REQUIREMENT


The core spray and low pressure coolant injection (LPCI) system flow may be stopped by the operator.  These systems will not restart automatically on loss of water level if an initiation signal is still present.  The core spray and LPCI system logic should be modified so that these systems will restart, if required, to ensure adequate core cooling.  Because this design modification affects several core cooling modes under accident conditions, a preliminary design should be submitted for staff review and approval prior to making the actual modification.


RESPONSE


The Cleveland Electric Illuminating Company endorses the BWR Owners’ Group position in the letter from D. B. Waters to D. G. Eisenhut dated December 29, 1980.  That position is the current LPCI, LPCS and HPCS system designs are adequate and no design changes are required.


Originally, a modification was planned for the HPCS system as discussed in the LRG‑II position paper for Issue 1‑RSB.  This automatic reset modification of the HPCS would reset the auto‑initiation signal for low water level and block the continuing auto‑initiation signal for high drywell pressure to allow auto‑restart of HPCS pump on low water level after the operator stopped the HPCS pump.  Decrease in drywell pressure below trip level returns HPCS logic to original status.


However, the NRC current position, identified in a letter from J. R. Miller to D. L. Holtzacher dated February 26, 1982, is that the automatic restart of HPCS after manual termination is optional and not necessarily required.  The following justification is provided for not modifying the HPCS logic.  A revised LRG‑II position was submitted May 17, 1982, to reflect this justification.


Immediately following a LOCA that produces either high drywell pressure or low reactor water level, the HPCS will automatically start.  Injection of emergency cooling water into the reactor will occur.  Flow from the high pressure core spray system is automatically terminated when the reactor water level reaches its high level trip point (Level 8).  This control feature prevents unnecessary flooding of the reactor vessel and steamlines.  Termination of HPCS injection can occur either automatically or by operator action.  In the event of the former, the HPCS system will restart automatically if and when reactor water level decreases from the high level trip point to the low level initiation setpoint.  For the latter event, a manual action is required to restart HPCS.  It was the NRC’s concern for reliance upon the operator to restart the HPCS after manual termination that prompted the proposed design modification.  Such a modification is not necessary for the following reasons:


1.
The ECCS logic design which permits operator intervention is based on a legitimate assumption that the operators are not likely to prematurely terminate ECCS flow and thereby jeopardize the core cooling process.  In actual practice, one of the highest priority activities for an operator in an accident situation is to assure that emergency systems have started correctly and are effectively maintaining core coverage.  This guidance is provided to the operator through the plant’s emergency operating procedures.



If the operator should terminate HPCS system flow, such termination would be based on event‑specific conditions, such as:



(A)
Adequate coolant flow from other systems (Feedwater, RCIC) is available.



(B)
HPCS system equipment problems (gross seal leakage, pipe breaks, equipment flooding),



(C)
Required vessel coolant makeup rate much less than HPCS system capability (6,000 gpm) and well within RCIC system capability (600 gpm).


2.
For the long term core cooling situation, the plant operators manually set up the auxiliary systems to support eventual termination of the incident.  Consequently, adequate core cooling is dependent upon correct operator actions.  Such actions are not constrained by strict time requirements.  This aspect of ECCS design is considered fully acceptable because of the time available between attaining Level 1 and the occurrence of high fuel clad temperatures.


3.
A key incentive of vessel water level control is to keep the core covered but also to prevent water level from reaching Level 8 where in addition to HPCS, the RCIC and feedwater systems (if operating) would be tripped off.


4.
Automatic vessel water level control will be available from the RCIC system.  This system will be capable of automatic restart on Level 2 after automatic termination at Level 8 as provided for in response to TMI Action Plan Item II.K.3.13.


5.
Inadequate core cooling as a result of the operator failing to reinitiate the HPCS system would not occur because eventually the ADS initiation level would be reached.  This would result in reactor blowdown and core flooding by the low pressure ECCS.


The manual override option is deliberate and is considered to be an important safety feature of the BWR ECCS network.  This feature provides the plant operators with flexibility for dealing with unforeseen but credible conditions requiring a particular system to be shut down.  This option, complemented by the other means available to automatically maintain adequate core cooling, provides adequate justification for not implementing the HPCS system automatic restart after manual termination modification.


No. II.K.3.22


Automatic Switchover of Reactor Core Isolation


Cooling System Suction ‑‑ Verify Procedures and Modify Design


REQUIREMENT


The reactor core isolation cooling (RCIC) system takes suction from the condensate storage tank with manual switchover to the suppression pool when the condensate storage tank level is low.  This switchover should be made automatically.  Until the automatic switchover is implemented, licensees should verify that clear and cogent procedures exist for the manual switchover of the RCIC system suction from the condensate storage tank to the suppression pool.


RESPONSE


The RCIC pump suction is provided with automatic switchover from condensate storage tank to suppression pool, as described in Perry FSAR Section 7.4.1.1.


Item No. II.K.3.24


Confirm Adequacy of Space Cooling for High‑Pressure


Coolant Injection and Reactor Core Isolation Cooling Systems


REQUIREMENT


Long term operation of the reactor core isolation cooling (RCIC) and high pressure coolant injection (HPCI) system may require space cooling to maintain the pump room temperatures within allowable limits.  Licensees should verify the acceptability of the consequences of a complete loss of alternating current power.  The RCIC and HPCI systems should be designed to withstand a complete loss of offsite alternating current power to their support systems, including coolers, for at least 2 hours.


RESPONSE


PNPP utilizes safety‑related pump rooms cooled by unit coolers and support systems designed to withstand the consequences of a complete loss of offsite AC power.  Loss of offsite AC power results in power being supplied from the engineered safety features bus.  Refer to <Section 9.4.5> for a further discussion of engineered safety features ventilation systems.


Item No. II.K.3.25


Effect of Loss of Alternating‑Current Power on Pump Seals


REQUIREMENT


The licensees should determine, on a plant‑specific basis, by analysis or experiment, the consequences of a loss of cooling water to the reactor recirculation pump seal coolers.  The pump seals should be designed to withstand a complete loss of alternating current (ac) power for at least 2 hours.  Adequacy of the seal design should be demonstrated.


RESPONSE


The Cleveland Electric Illuminating Company has participated in the BWR Owners’ Group evaluation of the effect of the loss of pump seal cooling for a period of 2 hours.  This evaluation was submitted in a letter from D. B. Waters to D. G. Eisenhut, dated May 1981.  The study indicates that the loss of pump seal cooling for 2 hours is not a safety problem, but may require seal repairs prior to resuming operation.  Even in the case of both seal cooling systems failing, followed by extreme degradation of the pump seals, the primary coolant loss is analyzed to be less than 70 gallons per minute.  Consequently, no hazard to the health and safety of the public will result from total loss of recirculation pump seal cooling water.


In addition, a supplement of the BWR Owners’ Group evaluation was submitted in a letter from T. J. Dente to D. G. Eisenhut dated September 21, 1981.  This supplement describes three tests performed on Representative BWR reactor recirculation pumps in which all seal cooling water was lost.  The test results show that pump seal leakage is acceptably low following a loss of seal cooling water for as long as two hours.  These test results are representative and bounding for the Byron Jackson reactor recirculation pumps utilized at Perry.


Item No. II.K.3.27


Provide Common Reference Level for


Vessel Level Instrumentation


REQUIREMENT


Different reference points of the various reactor vessel water level instruments may cause operator confusion.  Therefore, all level instruments should be referenced to the same point.  Either the bottom of the vessel or the top of the active fuel are reasonable reference points.


RESPONSE


The Cleveland Electric Illuminating Company’s position is to provide all reactor vessel water level instruments referenced to the top of the active fuel.


In addition, this common reference level for all water level indicators will be incorporated in operator training, training documents and maintenance procedures for Perry.


Item No. II.K.3.28


Verify Qualification of Accumulators on ADS Valves


REQUIREMENT


Safety analysis reports claim that air or nitrogen accumulators for the ADS valves are provided with sufficient capacity to cycle the valves open five times at design pressures.  GE has also stated the ECC systems are designed to withstand a hostile environment and still perform their function 100 days after an accident.  The Licensee should verify that the accumulators on the ADS valves meet these requirements, even considering normal leakage.  If this cannot be demonstrated, the licensee must show that the accumulator design is still acceptable.


RESPONSE


The ADS accumulators are designed to provide two SRV actuations at 70% of drywell design pressure, which is equivalent to 4 actuations at atmospheric pressure.  The ADS valves are designed to operate at 70% of drywell design pressure because that is the maximum pressure for which rapid reactor depressurization through the ADS valves is required.  The greater drywell design pressures are associated only with the short duration primary system blowdown in the drywell immediately following a large pipe rupture for which ADS operation is not required.  For large breaks which result in higher drywell pressure, sufficient reactor depressurization occurs due to the break to preclude the need for ADS.  One ADS actuation at 70% of drywell design pressure is sufficient to depressurize the reactor and allow inventory makeup by the low pressure ECC systems.  However, for conservatism, the accumulators are sized to allow 2 actuations at 70% of drywell design pressure.


The ADS accumulators and piping from the receiver tanks are ASME Section III, Class 3 safety grade components.  The pneumatic supply system for the ADS accumulators is provided by the safety‑related instrument air system, described in FSAR Section 6.8.


Item No. II.K.3.30


Revised Small‑Break Loss‑of‑Coolant Accident


Methods to Show Compliance with <10 CFR 50, Appendix K>


REQUIREMENT


The analysis methods used by nuclear steam supply system (NSSS) vendors and/or fuel suppliers for small‑break loss‑of‑coolant accident (LOCA) analysis for compliance with <10 CFR 50, Appendix K> should be revised, documented and submitted for NRC approval.  The revisions should account for comparisons with experimental data, including data from the LOFT Test and Semiscale Test Facilities.


RESPONSE


The General Electric Company has evaluated the NRC request to demonstrate the BWR small‑break LOCA analysis methods are in compliance with <10 CFR 50, Appendix K>.  Documentation that GE’s present analytical methods are acceptable was provided in a letter from R. H. Buchholz, GE to D. G. Eisenhut dated June 26, 1981.


Item No. II.K.3.31


Plant‑Specific Calculations to Show Compliance


with <10 CFR 50.46>


REQUIREMENT


Plant‑specific calculations using NRC‑approved models for small‑break loss‑of‑coolant accidents (LOCAs) as described in Item II.K.3.30 to show compliance with <10 CFR 50.46> should be submitted for NRC approval by all licensees.


RESPONSE


The Perry Plant specific analysis using NRC approved models is provided in <Section 6.3.3>.


Item II.K.3.44


Evaluation of Anticipated Transients with Single


Failure to Verify No Fuel Failure


REQUIREMENT


For anticipated transients combined with the worst single failure and assuming proper operator actions, licensees should demonstrate that the core remains covered or provide analysis to show that no significant fuel damage results from core uncovery.  Transients which result in a stuck‑open relief valve should be included in this category.


RESPONSE


The Cleveland Electric Illuminating Company jointly sponsored, through the BWR Owners’ Group, an evaluation of the worst anticipated transient (loss of feedwater event) with the worst single failure (loss of a high pressure inventory makeup or heat removal system) to demonstrate adequate core cooling capability.  These results were submitted to the NRC via a letter from D. B. Waters, Chairman BWR Owners’ Group, to D. G. Eisenhut, Director NRC, dated December 29, 1980.  NRC letter “<NUREG‑0737>, Item II.K.3.44 – Evaluation of Anticipated Transients Combined with Single Failure,” dated August 7, 1981, from D. G. Eisenhut to BWR Owners Group Licensees found this report acceptable subject to licensee confirmation that assumptions and initial conditions were representative.  Subsequent PNPP letter from D. R. Davidson to D. G. Eisenhut, “<NUREG‑0737>, Item II.K.3.44” dated November 3, 1981, provided that confirmation.  A summary of the results of the analysis follows.


The anticipated transients in NRC <Regulatory Guide 1.70>, Revision 3 were reviewed for all BWR product line BWR/2 through BWR/6 from a core cooling viewpoint.  The loss of feedwater event was identified to be the most limiting transient which would challenge core cooling.  The BWR/6 is designed so that the HPCS or ADS with subsequent low pressure makeup is independently capable of maintaining the water level above the top of the active fuel given a loss of feedwater.  The detailed analysis shows that even with the worst single failure in combination with the worst transient the core remains covered.


Furthermore, even with degraded conditions involving one SORV in addition to the worst transient with the worst single failure, studies show that the core remains covered during the whole course of the transient either due to RCIC operation or due to automatic depressurization via the ADS or manual depressurization by the operator so that low pressure inventory makeup can be used.


It is concluded that for anticipated transients combined with the worst single failure, the core remains covered.  Additionally, it is concluded that for severely degraded transients beyond the design basis where it is assumed that an SRV sticks open and an additional failure occurs, the core remains covered with proper operator action.


For power uprate to 3,758 MWt, the Loss of Feedwater transient with the worst single failure was re‑analyzed (Reference NEDC‑31984P, Generic Evaluations of General Electric Boiling Water Reactor Power Uprate Volume I Licensing Topical Report, July 1991).  Results of the analysis indicate that the use of RCIC alone will meet the acceptance criteria of maintaining water level inside the shroud above the top of active fuel.


Item No. II.K.3.45


Evaluation of Depressurization with Other Than ADS


REQUIREMENT


Analyses to support depressurization modes other than full actuation of the automatic depressurization system (ADS) [e.g., early blowdown with one or two safety relief valves (SRVs)] should be provided.  Slower depressurization would reduce the possibility of exceeding vessel integrity limits by rapid cooldown.


RESPONSE


The Cleveland Electric Illuminating Company participated in the BWR Owners’ Group generic evaluation of alternate modes of depressurization other than full actuation of the ADS.  The results of this program were submitted to the NRC in a letter from D. B. Waters to D. G. Eisenhut dated December 29, 1980.  The BWR Owners’ Group evaluation showed that vessel integrity limits are not exceeded for full blowdown, and slower depressurization rates have little benefit to vessel fatigue.


Item No. II.K.3.46


Michelson Concerns on the Importance


of Natural Circulation During a Very Small


Break LOCA and Other Related Items


REQUIREMENT(1)

A number of concerns related to decay heat removal following a very small break LOCA and other related items were questioned by Mr. C. Michelson of the Tennessee Valley Authority.  These concerns were identified for PWRs.  GE was requested to evaluate these concerns as they apply to BWRs and to assess the importance of natural circulation during a small‑break LOCA in BWRs.  GE has not yet responded to the Michelson concerns.  A brief description of natural circulation was addressed in NEDO‑24708.  The submittal was incomplete, however, in that natural circulation for purpose of depressurizing the reactor vessel was not addressed.  GE should provide a response to the Michelson concerns as they relate to BWR plants.


RESPONSE


General Electric Company has provided a response to the questions posed by Mr. C. Michelson as they relate to BWR plants.  These responses were prepared on behalf of the BWR Owners’ Group and issued in a letter to Mr. D. F. Ross of the NRC from R. H. Buchholz of GE dated February 21, 1980, and titled “Response to Questions Posed by Mr. C. Michelson.”


NOTE:


(1)
This REQUIREMENT is taken from <NUREG‑0626> since it is not provided in detail in either <NUREG‑0660> or <NUREG‑0737>.


Item No. III.A.1.1


Upgrade Emergency Preparedness


REQUIREMENT


Comply with “Emergency Facilities,” <10 CFR 50, Appendix E>, <Regulatory Guide 1.101>, “Emergency Planning for Nuclear Power Plants,” and for the offsite plans, meet essential elements of <NUREG‑75/111> (Reference 28) or have a favorable finding from FEMA.


RESPONSE


This information is found in the PNPP Emergency Plan.


Item III.A.1.2


Upgrade Emergency Support Facilities


REQUIREMENT


Establish an interim onsite technical support center separate from, but close to, the control room for engineering and management support of reactor operations during an accident.  The center shall be large enough for the necessary utility personnel and five NRC personnel, have direct display or callup of plant parameters, and dedicated communications with the control room, the emergency operations center, and the NRC.  Provide a description of the permanent technical support center.


Establish an onsite operational support center, separate from but with communications to the control room for use by operations support personnel during an accident.


Designate a near‑site emergency operations facility with communications with the plant to provide evaluation of radiation releases and coordination of all onsite and offsite activities during an accident.


These requirements shall be met before fuel loading.  See <NUREG‑0578>, Sections 2.2.2.b, 2.2.2.c (Reference 4), and letters of September 27 (Reference 23) and November 9, 1979, (Reference 24) and April 25, 1980, (Reference 29).


RESPONSE


The Cleveland Electric Illuminating Company will establish a Technical Support Center (TSC), an Operational Support Center (OSC) and an Emergency Operations Facility (EOF) to satisfy the intent of <NUREG‑0696>, “Functional Criteria for Emergency Response Facilities.”  These support facilities will be completed prior to fuel load.


The TSC will occupy about 5,000 square feet at the 603’‑6” elevation of the Service Building.  The OSC will be located in Room 599‑05 at the 599’‑0” elevation of the Control Complex.  Communication will be provided with the TSC and Control Rooms.  The location and design of a near‑site EOF are now in the planning stage.


Further descriptions of these emergency support facilities can be found in Section 7.0, “Emergency Facilities and Equipment” of the PNPP Emergency Plan.


Item No. III.D.1.1


Integrity of Systems Outside Containment


Likely to Contain Radioactive Material


REQUIREMENT


Applicants shall implement a program to reduce leakage from systems outside containment that would or could contain highly radioactive fluids during a serious transient or accident to as‑low‑as‑practical levels.  This program shall include the following:


1.
Immediate leak reduction



a.
Implement all practical leak reduction measures for all systems that could carry radioactive fluid outside of containment.



b.
Measure actual leakage rates with system in operation and report them to the NRC.


2.
Continuing Leak Reduction ‑‑ Establish and implement a program of preventive maintenance to reduce leakage to as‑low‑as‑practical levels.  This program shall include periodic integrated leak tests at intervals not to exceed each refueling cycle.


RESPONSE


The Cleveland Electric Illuminating Company has established a Leakage Surveillance and Preventative Maintenance Program that will be applied to the following systems in the manner summarized below:  Low Pressure Core Spray, High Pressure Core Spray, Residual Heat Removal, Reactor Core Isolation Cooling, Feedwater Leakage Control, Combustible Gas Control Hydrogen Analysis, and Postaccident Sampling.


Visual Examination ‑ Water systems will be inspected while the systems are operating and visually checked for leaks.  Potential leakage paths include valve, pump and flange seals and test connections.  Leakage will be eliminated to the extent practicable; any leakage not eliminated will be measured and compared to an overall water leakage limit.


Leakage Collection Past Boundary Valves ‑ Leakage past valves in branch lines that are potential leakage paths to the atmosphere will be measured.  Leakage will be collected downstream of the boundary valves when the system is in a non‑secured status (e.g., standby readiness, full operation, test mode).  Where it is impractical to measure leakage with the system in a non‑secured status, the boundary valves will be removed and bench‑tested.  Leakage will be compared to an overall water leakage limit.


Radioactivity Grab Sample ‑ While RCIC is in operation using reactor steam, a grab air sample will be taken from the RCIC room to determine if a steam leak exists.  An isotopic analysis shall be performed to determine if steam leakage exists when the grab sample exceeds the permissible airborne activity level.  Steam leaks will be identified and eliminated.


Leak Detection ‑ The H2 Analysis System will be pressurized with air or nitrogen to the post‑LOCA operating pressure and then inspected.  Leaks will be identified with an ultrasonic leak detector or equivalent leak detection method (e.g., bubble test).  Leaks will be eliminated.


Heat Exchangers ‑ Heat exchangers located outside the containment that are associated with the potentially contaminated systems identified above will be included in the leakage surveillance program.  Leakage from the potentially contaminated side of the heat exchanger will be eliminated to the extent practicable.  Leakage not eliminated will be measured and compared to an overall water leakage limit.


A report describing implementation of this program, along with initial test results, will be submitted to the NRC prior to achieving 100 percent power.


Item No. III.D.3.3


Improved Inplant Iodine Instrumentation


Under Accident Conditions


REQUIREMENT



a.
Each licensee shall provide equipment and associated training and procedures for accurately determining the airborne iodine concentration in areas within the facility where plant personnel may be present during an accident.



b.
Each applicant for a fuel loading license to be issued prior to January 1, 1981, shall provide the equipment, training and procedures necessary to accurately determine the presence of airborne radio‑iodine in areas within the plant where plant personnel may be present during an accident.


RESPONSE


Fixed continuous air monitors and portable air monitors and air samplers are utilized to determine the concentrations of airborne radioactivity throughout the plant.


The fixed air monitors, described in <Section 12.3.4> provide continuous data to indicate trends throughout the various plant areas.  Particulate filters and charcoal cartridges are removed periodically to identify the specific nuclides encountered.


Portable air samplers are used to collect particulate and charcoal grab samples of areas of specific concern, for example, in preparation and conduct of specific work functions, to verify significant indicated changes by one or more fixed air monitors, or periodic air sampling throughout the plant.


In plant iodine analysis under accident conditions is accomplished by collection of iodine samples utilizing Silver Zeolite Iodine Sampling cartridges.  The cartridges and filters are analyzed by gamma spectroscopy using computer analysis techniques.


An Emergency Plan implementing procedure will be prepared to address sampling and appropriate personnel (Radiation Monitoring team members and shift radiation protection technicians) will be trained in these procedures.


USAR <Table 12.5‑4> lists the quantities of air samplers available.  USAR <Table 12.3‑10> lists the Airborne Radiation Monitors.


Item No. III.D.3.4


Control‑Room Habitability Requirements


REQUIREMENT


In accordance with Task Action Plan Item III.D.3.4 and control room habitability, licensees shall assure that control room operators will be adequately protected against the effects of accidental release of toxic and radioactive gases and that the nuclear power plant can be safely operated or shut down under design basis accident conditions (Criterion 19, “Control Room”, “General Design Criteria for Nuclear Power Plants,” of <10 CFR 50, Appendix A>).


RESPONSE


This requirement has been met for PNPP as detailed within the FSAR. Section 6.4 fully describes the control HVAC system layout and functional design including protection of the control room from toxic and radioactive gases.  Subsection 2.2.3 reports the results of the evaluation of potential accidents involving nonradioactive hazardous materials including gaseous fuels, liquified gases, explosives, and toxic chemicals.
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<APPENDIX 1B>


PNPP LICENSE COMMITMENTS


<Appendix 1B>


PNPP LICENSE COMMITMENTS


<Appendix 1B> was initially a compilation of the remaining plant specific license commitments for the Perry Nuclear Power Plant required to resolve the remaining license conditions in the SER and its supplements.  The information contained in this appendix provides CEI’s commitments which form the basis for resolving those issues which are a condition for issuance of an operating license and ensuring that the NRC requirements for other longer term issues are met during plant operation.  Commitments added after issuance of the operating license are commitments which the NRC has specifically requested to be documented in the USAR.


No changes may be made to the commitments in this appendix unless prior approval is obtained from the NRC.  The NRC documents which provide such approval shall be referenced in explanatory paragraphs following the commitment.  Changes which add information to update the status of actions relating to a commitment or which document closure of identified items may be made without prior NRC approval.


License Commitments


1.
Permanent Slope Protection System   SER ‑ 2.5.5



CEI shall finalize the design of a permanent slope protection system (as described in FSAR Section 2.4.5.5.3) if the toe or crest of the 3 H:1 V bluff of the Lake Erie shoreline erodes and encroaches closer than 250 ft or 115 ft, respectively, to the emergency service water pumphouse.  Construction of the permanent slope protection system shall be completed before the toe of the bluff recedes to within 204 ft of the emergency service water pumphouse.


2.
Shift Operating Experience   SSER 6 ‑ 13.1.2.3



CEI shall have a licensed senior operator on each operating shift, who has had at least 6 months of hot operating experience at a large commercial BWR, including at least 6 weeks of experience at power levels greater than 20% of full‑rated thermal power, and who has had BWR startup and shutdown experience, for a period of 1 year from fuel loading or until the attainment of 100% rated thermal power level, whichever occurs later.



This commitment has been satisfied.  CEI notified the NRC of the fulfillment of this commitment in a letter dated July 1, 1987 (PY‑CEI/NRR‑0679L).


3.
Post‑Fuel Loading Initial Test Program   SSER 3 ‑ 14 (TMI I.G.1)



CEI shall complete the Initial Test Program (ITP), set forth in Chapter 14 of the FSAR.  Any changes to this program shall be made in accordance with the provisions of <10 CFR 50.59> and shall be reported in accordance with <10 CFR 50.59(b)> within one month.



This commitment has been satisfied.  CEI completed the Initial Test Program, as set forth in Chapter 14 of the FSAR, in November 1987.  Changes made were in accordance with the provisions of <10 CFR 50.59> and were reported in accordance with <10 CFR 59.59(b)> within one month.


4.
Turbine System Maintenance Program   SSER 3 ‑ 3.5.1.3.3



Within 3 years from the date of the operating license, CEI shall submit a turbine system maintenance program based on the turbine manufacturer’s calculations of missile generation probabilities.  Prior to review and approval of that program by the NRC staff, CEI shall volumetrically inspect all low‑pressure rotors at the second refueling outage and every alternate outage thereafter, and conduct turbine steam valve maintenance in accordance with staff’s recommendations.



This commitment has been satisfied.  CEI submitted the turbine system maintenance program in a letter dated March 20, 1989 (PY‑CEI/NRR‑0977L).  This submittal included turbine missile generation probabilities and provided appropriate volumetric measurement intervals based upon these probabilities.



The PNPP turbine system maintenance program was approved by NRC in their letter dated August 23, 1989 (PY‑NRR/CEI‑0478L).  



The current turbine system inspection and maintenance program is described in USAR <Section 10.2.3.6>.


5.
Containment Purge Criteria   SSER 4 ‑ 6.2.4



CEI shall administer the three programs described in letters dated February 19, 1985, and March 26, 1985, to assess the need for use of the containment purge system, and to minimize its use consistent with ALARA guidelines.  These are the data gathering and 



containment access management programs and interim guidelines for containment purge operation.  Based upon the results of these three programs, purge criteria to be used for the remainder of plant life shall be proposed to the NRC prior to startup from the first refueling outage.



This commitment has been satisfied.  CEI submitted the required purge criteria by letter dated June 30, 1989 (PY‑CEI/NRR‑1025L).  In this letter, CEI proposed a purge limit of 2,000 hrs/year.  NRC responded by letter dated July 18, 1989, limiting purge operation to 1,000 hours/year.  CEI may reapply for additional time if conditions warrant.



Requirement deleted by Amendment 69 in the Technical Specifications.  Refer to SER for Amendment 69, page 104, item 38.


6.
Inservice Inspection Program   SSER 4 ‑ 6.6.3



CEI shall submit the initial inservice inspection program required by <10 CFR 50.55(a)> for NRC staff review and approval within one year from the date of the operating license.



This commitment has been satisfied.  CEI submitted the 10‑Year Inservice Inspection Program Plan in a letter dated March 31, 1987 (PY‑CEI/NRR‑0614L).


7.
<Regulatory Guide 1.97>, Revision 2   SSER 6 ‑ 7.5.2.2



CEI shall implement applicable modifications which are consistent with the conclusions of Topical Report NEDO‑31558 “Requirements for Postaccident Neutron Monitoring System” and which are based upon the NRC staff’s safety evaluation of the report, on a schedule to be provided 6 months after receipt of the NRC staff SER or prior to startup following the second refueling outage, whichever is sooner.



This commitment has been satisfied.  The above commitment is a revision of the original commitment.  This revision was proposed by CEI letter PY‑CEI/NRR‑0969L dated 3/3/89, and was approved by the NRC (with the addition of the second refueling outage clause) by their letter dated 7/14/89.  At that point in the evolution of this issue, CEI had also agreed to continue to follow the development/progress of postaccident neutron flux monitoring technology which meets the Category 1 requirements of <Regulatory Guide 1.97>, Revision 2.



On January 29, 1990, the NRC staff issued an SER which found the NEDO‑31558 functional criteria to be unacceptable.  Issuance of the SER resulted in CEI submittal of a schedule for neutron monitoring modifications in a letter dated July 27, 1990 (PY‑CEI/NRR‑1203L).  However, the letter noted that the schedule was dependent on NRC resolution of three issues; (1) resolution of neutron monitoring system design criteria, to clearly define the requirements for an acceptable system, (2) issuance of a favorable NRC SER on the incore neutron monitoring system which is described by NEDO‑31439 (Note:  the NRC staff issued a favorable SER on the incore neutron monitoring system on October 3, 1990), and (3) resolution of the BWROG appeal of the NRC’s 1/29/90 SER that rejected the NEDO‑31558 alternatives.  THE BWROG filed their appeal on August 20, 1990.



By letter dated October 14, 1992, the Director of NRR, Dr. Murley, ruled on the BWROG appeal.  He informed the BWROG that Category 1 neutron flux monitoring instrumentation is not needed for currently designed BWRs to cope with loss‑of‑coolant accidents (LOCA), anticipated transients without scram (ATWS), or other accidents that do not result in severe core damage conditions.  He further concluded that instruments to monitor the progression of core melt accidents are best addressed by the severe accident management program.  Based on Dr. Murley’s decision, the NRC staff then proceeded to issue a Safety Evaluation that found NEDO‑31558 to be 



acceptable.  This Safety Evaluation was forwarded to the BWROG by letter from Bruce A. Boger to C. L. Tully dated January 13, 1993.



A Perry Nuclear Power Plant‑specific review of the NEDO‑31558 report was provided to the NRC on February 7, 1994 (PY‑CEI/NRR‑1669L).  The reviews concluded that the PNPP design for neutron monitoring were consistent with the NEDO‑31558 guidance, and no modifications were identified as being necessary.



The NRC closed out this issue for PNPP in a letter dated February 23, 1994 (PY‑NRR/CEI‑0685L).


8.
Detailed Control Room Design Review   SSER 7/8 ‑ 18.2



(a)
Prior to exceeding 5% of thermal‑rated power, CEI shall provide, for NRC staff review and approval, the results of the communication equipment and preliminary sound surveys in the control room and at the remote shutdown panel, the results of the augmented process for verifying that improvements do not introduce new human engineering discrepancies, and implementation schedules for correcting human engineering discrepancies in accordance with commitments made in CEI letters (PY‑CEI/NRR‑0357L) dated October 2, 1985, (PY‑CEI/NRR‑0373L) dated October 14, 1985, and (PY‑CEI/NRR‑0379L) dated October 21, 1985.




This portion of the commitment has been satisfied.  CEI submitted the Summary Report for the DCRDR, Supplements 1 and 2 and additional information to the NRC.  In Supplement No. 10 to the PNPP SER, the NRC staff concluded that the DCRDR was sufficiently complete to allow full power licensing of Unit 1.



(b)
Before start of the 100‑hour warranty run, CEI shall implement corrections to human engineering discrepancies per commitments in Supplement 2 to the Detailed Control Room Design Review Summary Report, dated May 28, 1986, and in a letter from M. R. Edelman to W. R. Butler, dated August 26, 1986.




This portion of the commitment has been satisfied.  This portion of the commitment was created by the NRC in the full‑power Operating License (NPF‑58) dated November 13, 1986.  CEI notified NRC of the completion of these HED’s in a letter dated October 12, 1987 (PY‑CEI/NRR‑0728L).



(c)
Before startup following the first refueling outage, CEI shall implement corrections to human engineering discrepancies per commitments in:




(1)
The Detailed Control Room Design Review Summary Report, dated January 10, 1985.




(2)
Supplement 1 to the Detailed Control Room Design Review Summary Report, dated October 14, 1985.




(3)
Revision 1 to Supplement 1 to the Detailed Control Room Design Review Summary Report, dated October 21, 1985.




(4)
Supplement 2 to the Detailed Control Room Design Review Summary Report, dated May 28, 1986.




(5)
The Control Room Validation Summary Report, dated July 11, 1986.




(6)
Errata sheets to Supplement 2 to the Detailed Control Room Review Summary Report, attached to Letter PY‑CEI/NRR‑0510L, dated July 29, 1986.




(7)
Detailed Control Room Design Review ‑ First Refuel HED Revisions Report, attached to Letter PY‑CEI/NRR‑0946L, dated February 10, 1989.




Before startup following the first refueling outage, CEI shall also provide results of the final sound surveys in the control room and at the remote shutdown facilities for NRC review per the commitment in Supplement 1 to the Detailed Control Room Design Review Summary Report, dated October 14, 1985.




This portion of the commitment has been satisfied.  The commitment underwent two revisions prior to closure.  The first revision was in the issuance of the full‑power Operating License (NPF‑58) dated November 13, 1986.  The second revision was made in Amendment 23 to the Operating License dated July 6, 1989.  CEI notified NRC of the completion of this portion of the commitment in a letter dated July 11, 1989 (PY‑CEI/NRR‑1031L).  This letter confirmed completion of the first refueling outage HED’s, and provided the results of the final sound survey.



(d)
Before startup following the second refueling outage, CEI shall complete the augmented verification of human engineering discrepancy corrections implemented after full‑power licensing per the commitment in Supplement 2 to the Detailed Control Room Design Review Summary Report, dated May 28, 1986.  CEI shall also correct any problems identified by the augmented verification before startup following the second refueling outage per the commitment in a letter from M. R. Edelman to W. R. Butler, dated August 26, 1986.




This portion of the commitment has been satisfied.  This portion of the commitment was revised once, with the issuance of the full‑power Operating License (NPF‑58) dated November 13, 1986.  In addition, a CEI letter dated July 11, 1989 (PY‑CEI/NRR‑1031L) identified a new HED (HED‑617) which was also to be completed prior to startup following the second refueling outage.




CEI notified NRC of the completion of this portion of the commitment in a letter dated November 30, 1990 (PY‑CEI/NRR‑1260L).  This letter confirmed completion of the augmented verifications of the HED’s implemented after full‑power licensing, and of the completion (and re‑verification) of several items identified during the augmented verification process.  The letter also confirmed completion and augmented verification of HED‑617.



Additionally, CEI shall complete the validation of the Perry Nuclear Power Plant emergency instructions and issue a Summary Report prior to achieving initial criticality.



This portion of the commitment has been satisfied.  CEI submitted the Summary Report for the DCRDR and several additional documents to the NRC.  In Supplement No. 8 to the PNPP SER, the NRC concluded that this element of the DCRDR as it relates to the Perry Emergency Instructions is satisfied.


9.
Emergency Planning   SSER 7 ‑ 13.3



(a)
Prior to exceeding 5% of rated thermal power, CEI shall obtain letters of agreement from all school districts for the supply of buses for evacuation purposes.




This portion of the commitment has been satisfied.  In Supplement No. 10 to the PNPP SER, the NRC concluded that CEI has complied with this commitment.



(b)
Prior to exceeding 5% of rated thermal power, CEI shall verify that the training of fire personnel in radiological monitoring and decontamination procedures has been completed and CEI shall verify that necessary decontamination equipment has been provided at the fire department facilities for each reception center.




This portion of the commitment has been satisfied.  In Supplement No. 10 to the PNPP SER, the NRC concluded that CEI has complied with this commitment.


10.
TDI Diesel Engines   SSER 8 ‑ 9.6.3



CEI shall comply with the following requirements related to the TDI diesel engines:



(a)
Changes to the maintenance and surveillance program for the TDI diesel engines, as identified and approved by the NRC staff in the supplemental safety evaluation report in the letter dated July 8, 1986, shall be subject to the provisions of <10 CFR 50.59>.




This portion of the commitment has been revised once per Amendment 24 to the Operating License dated September 15, 1989.




This portion of the commitment deleted by Amendment 74 to the Operating License dated November 16, 1995.



(b)
Crankshafts shall be inspected as follows:




The oil holes and fillets of the three main bearing journals subject to the highest torsional stresses (Nos. 4, 6, 8) shall be examined with fluorescent liquid penetrant and, as necessary, eddy current, during each 5 year major disassembly.  The same inspections on oil holes and fillets shall be performed on at least three crankpin journals between Journals 3 and 8.




This portion of the commitment deleted by Amendment 74 to the Operating License dated November 16, 1995.



(c)
Cylinder blocks shall be inspected at intervals calculated using the cumulative damage index (CDI) model and using inspection methodologies described by Failure Analysis Associates, Inc., (FaAA) in report entitled “Design Review of TDI R‑4 Series Emergency Diesel Generator Cylinder Blocks” (FaAA‑84‑9‑11) dated December 1984.  Liquid penetrant inspection of the cylinder liner landing area should be performed anytime liners are removed.




This portion of the commitment deleted by Amendment 74 to the Operating License dated November 16, 1995.



(d)
The following air roll tests shall be performed as specified below, except that air rolls shall not be performed on an operable TDI Standby Diesel if the other TDI Standby Diesel is already inoperable.




The engines shall be rolled over with the airstart system and the cylinder stopcocks open prior to planned starts, unless that start occurs within 4 hours of a shutdown.  The engines shall also be rolled over the the airstart system and the 




cylinder stopcocks open after 4 hours, but no more than 8 hours after engine shutdown and then rolled over once again approximately 24 hours after each shutdown.  In the event an engine is removed from service for any reason other than the rolling over procedure prior to expiration of the 8 hour or 24 hour periods noted above, that engine need not be rolled over while it is out‑of‑service.  The licensee shall air roll the engine over with the stopcocks open at the time it is returned to service.  The origin of any water detected in the cylinders must be determined and any cylinder head which leaks due to a crack shall be replaced.  No cylinder heads that contain a through‑wall weld repair where the repair was performed from one side only shall be used on the engines.




This portion of the commitment has been revised once per Amendment 24 to the Operating License (NPF‑58) dated September 15, 1989.




This portion of the commitment deleted by Amendment 74 to the Operating License dated November 16, 1995.



(e)
If inspection of either TDI generator reveals cracks in the crankshaft or in the cylinder block between stud holes of adjacent cylinders, this condition shall be reported promptly to the NRC staff and the affected engine(s) shall be considered inoperable.  The engine(s) shall not be restored to “operable” status until the proposed disposition and/or corrective actions have been approved by the NRC staff.




This portion of the commitment deleted by Amendment 74 to the Operating License dated November 16, 1995.



(f)
Operating beyond the first refueling outage shall require staff approval based on the staff’s final review of the Owners Group generic findings and of the overall implementation status of Owners Group recommendations at Perry.




This portion of the commitment has been removed.  Staff approval for operation beyond the first refueling outage was obtained on July 8, 1986 with the issuance of NRC’s “Safety Evaluation Report Re the Operability/Reliability of the Emergency Diesel Generators manufactured by Transamerica Delaval, Inc. ‑ Perry Nuclear Power Plant (Unit 1 and Unit 2)”.  The cover letter transmitting this SER removed this license commitment.  SSER 10 further stated that this item was “deleted in its entirety”.  The Perry Full Power Operating License issued November 13, 1986 reflects the removal of this license commitment.




The special requirements of the Design Review/Quality Revalidation (DR/QR) Program imposed on the TDI Diesel Generators were deleted by Amendment 74 to the PNPP Operating License, dated November 16, 1995.  The Cooper Enterprise Preventative Maintenance Plan provides the basis for the PNPP diesel generator maintenance program.


11.
Hydrogen Control for Degraded Core Accidents   SSER 7 ‑ 6.2.7 (TMI II.B.8)



Prior to exceeding 5% rated thermal power, CEI shall have made a further confirmatory analysis of equipment in the containment that has not been qualified for pressure survivability, or has narrow margins of pressure survivability:  these are the containment vacuum breakers, hydrogen mixing compressor and discharge check valves.



This portion of the commitment has been satisfied.  CEI has provided further confirmatory analysis to the NRC.  In Supplement No. 10 to the PNPP SER, the NRC concluded that the analysis was an acceptable response to this license commitment.



Prior to exceeding 5% rated thermal power, CEI shall ensure that written procedures are available for operation of the hydrogen igniter system.



This portion of the commitment has been satisfied.  CEI has developed a Emergency Operating Procedure (EOP) that provides plant operators with guidance on the use of the hydrogen igniter system.  This information was provided to the NRC.  In Supplement No. 10 to the PNPP SER, the NRC concluded that this information satisfies the license commitment.

12.
Emergency Containment Venting   SSER 8 ‑ 13.5.2.2



CEI shall submit the plant unique analysis and resulting venting pressure value for the Perry facility prior to operation above 5% power.  Sufficient justification for the selected emergency vent paths and the effects of emergency venting shall also be provided.



This commitment has been satisfied.  CEI provided the NRC with plant‑specific analysis and the resulting venting pressure value.  In Supplement No. 10 to the Perry SER, the NRC concluded that CEI’s response satisfies the license commitment.

13.
Reactor Internals Vibration Test Program   SSER 4 ‑ 3.9.2.3



CEI shall submit a final report, summarizing the results of the prototype reactor internals test program vibration analyses, measurements and inspection programs, within 180 days of completion of vibration testing per <Regulatory Guide 1.20>.



This commitment has been satisfied.  CEI letters dated January 15, 1988 (PY‑CEI/NRR‑0771L) and May 11, 1988 (PY‑CEI/NRR‑0842L) provided preliminary and final reports respectively, which included the results of the PNPP reactor internal vibration analyses, measurements and inspection programs.



A CEI letter dated January 30, 1991 (PY‑CEI/NRR‑1288L) provided an addendum to the final report, which described the results of a fatigue analysis of the in‑core guide tubes during single recirculation loop operation.


14.
Instrument Setpoint Methodology   SSER 7 ‑ 7.2.2.8



Six months after receipt of an NRC Safety Evaluation Report on GE Instrument Setpoint Methodology (NEDC‑31336), and subject to any stipulations therein, CEI shall provide for NRC staff review and approval, a detailed technical report documenting the basis and methodology for establishing protection system trip setpoints and allowable values, based on the Instrument Setpoint Methodology Group (ISMG) effort, as discussed in CEI letter dated October 17, 1985 (PY‑CEI/NRR‑0368L).



The above commitment is a revision of the original commitment.  This revision was proposed by CEI letter PY‑CEI/NRR‑0969L dated 3/3/89, and was approved by the NRC (with one minor change) by their letter dated 7/14/89.



This commitment has been satisfied.  CEI submitted the instrument setpoint methodology report in a letter dated October 15, 1993 (PY‑CEI/NRR‑1706L).  The NRC responded to this letter on July 18, 1995 (Letter from Jon B. Hopkins to Mr. Donald C. Shelton) concluding that PNPP satisfies the commitment contained in this item to document the basis and methodology for establishing protection system trip setpoints and allowable values.


15.
Leak Reduction Program   SER ‑ 11.5 (TMI III.D.1.1)



CEI shall implement the PNPP leak reduction program described in letters to the NRC dated May 29, 1985, (PY‑CEI/NRR‑0237L) and September 24, 1985, (PY/CEI/NRR‑0349L) which includes the high pressure and low pressure core spray, residual heat removal, reactor core isolation cooling, feedwater leakage control, combustible gas control hydrogen analysis, and postaccident sampling systems.  CEI shall provide the NRC with leakage data from the various systems and components in the program prior to reaching full power operation.



This commitment has been satisfied.  CEI supplied the results of the PNPP leak reduction program to the NRC in a letter dated June 28, 1987, (PY‑CEI/NRR‑0676L), prior to reaching full power operation.



NRC responded to this letter on September 20, 1988 (Letter from T. G. Colburn to Mr. A. Kaplan) stating that CEI has “adequately met the acceptance criteria for this item and therefore, we (NRC) consider this item closed for (Perry).”


16.
Gaseous Effluent Sampling System Representative Sample   SSER 8 ‑ 11.5



Work is underway at the Pacific Northwest Laboratory of DOE under an NRR technical assistance contract to develop definitive guidance on making sampling line loss measurements.  CEI shall perform such measurements on the radioiodine and particulate sampling system on a schedule to be determined after NRC staff guidance is provided on the method for determining line loss, if the NRC staff concludes that such measurements are necessary for these systems.



The above commitment is a revision of the original commitment.  This revision was proposed by CEI letter PY‑CEI/NRR‑0969L dated 3/3/89, and was approved by the NRC (with one change) by their letter dated 7/14/89.

17.
Silicone Sealant   SSER 8 ‑ 6.5



Within one year of obtaining the operating license, CEI shall provide the results of its program for qualification of silicone sealant in conjunction with ductwork utilized, or shall propose other measures to assure the integrity of the external portions of the control room emergency recirculation system to allow NRC adequate time for review prior to the first refueling outage.



This commitment has been satisfied.  CEI provided the results of its qualification testing on silicone sealants to the NRC in a letter dated July 30, 1986 (PY‑CEI/NRR‑0505L).  A meeting with the staff was held on August 11, 1987 to discuss the results of the qualification testing.  Several commitments were made in this meeting and were provided to the NRC formally by letter dated August 27, 1987 (PY‑CEI/NRR‑0703L).



NRC issued an SER dated October 9, 1987 which found the use of silicone sealant at PNPP to be acceptable.


18.
Qualitative Assessment of Drywell Bypass Leak Tightness ‑ PY‑CEI/NRR‑2119L



At least once per operating cycle, a qualitative assessment of drywell bypass leak tightness will be performed, unless the Technical Specification Drywell Bypass Leak Rate Test will be performed in its place.  At a minimum, this assessment will be performed during refueling outages, following completion of work on the drywell structure or penetrations.  The assessment will involve 



verifying that a differential pressure can be established between the drywell and the containment.  Although the assessment is not as comprehensive as the Technical Specification Drywell Bypass Leak Rate Test, it will provide reasonable assurance of the ability of the drywell to perform its design basis function.  Refer to Letters PY‑CEI/NRR‑2007L and PY‑CEI/NRR‑2119L which contain a Regulatory Commitment for the performance of this assessment <L02323>.
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2.0      SITE CHARACTERISTICS


This chapter presents studies and analyses of the site and environment for the Perry Nuclear Power Plant.  The studies conducted include geography, demography, effects of nearby facilities, meteorology, hydrology, geology, and seismology.  The site characteristics presented provide the basis for selection of design standards for the plant and determine the adequacy of concepts for controlling routine and accidental release of radioactive effluents to the environment.
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2.1      GEOGRAPHY AND DEMOGRAPHY


2.1.1      SITE LOCATION AND DESCRIPTION


2.1.1.1      Specification of Location


Located in a rural area of Lake County, Ohio, the site is approximately seven miles northeast of Painesville, the county seat, and 35 miles northeast of Cleveland, the nearest large principal city.  The eastern two thirds of the site is within the boundaries of North Perry Village while the western third is within Perry Township.  Lake Erie borders the site to the north.  <Figure 2.1‑1> and <Figure 2.1‑2> show the location of the plant site with respect to the lake, nearby roads, highways, communities, cities, and other topographic features.


The centerline of the reactor for Unit 1 is located at north latitude 41( 48’ 04.2” and west longitude 81( 08’ 36.6”, and under the Universal Transverse Mercator (UTM) grid is located in Zone 17 at coordinates 4,627,498 meters N and 488,079 meters E.  The centerline of the Unit 2 reactor is located at north latitude 41( 48’ 02.3” and west longitude 81( 08’ 35.6”, and under the UTM grid is at coordinates 4,627,437 meters N and 488,100 meters E.


2.1.1.2      Site Area Maps


The plant site is located along the southeastern shoreline of Lake Erie on an ancient lake plain approximately 50 feet above lake low water datum.  It is approximately 1,100 acres in size and relatively flat.  The land has a very gentle slope toward the lake and is incised by small streams which drain into the lake.  About 45 percent of its area is covered with light to heavy woodland with the remainder consisting mostly of farmland and nursery stock.


<Figure 2.1‑3> shows the topographic features of the plant site in relation to the approximate location of the plant facilities.  <Figure 2.1‑4> is an aerial photograph of the site showing the site boundaries, exclusion area, location of the plant, and the general character of the immediate surroundings.


All land within the site boundary, as shown in <Figure 2.1‑4>, is plant property owned by CEI except for the right‑of‑ways for public township and village roads which traverse the area just outside the exclusion area boundary.  A right‑of‑way easement was granted to the East Ohio Gas Company for rerouting their gas line through the site as shown in <Figure 2.1‑3>.


2.1.1.3      Boundaries for Establishing Effluent Release Limits


CEI purchased all land within the site boundary except for the right‑of‑ways of public township and village roads outside the exclusion area boundary.  Additionally, the mineral rights of one parcel outside the site boundary in Lake Erie is controlled by CEI.  This parcel <Figure 2.1‑5> encompasses the cooling water tunnel facilities that project into Lake Erie.  CEI entered into a contract with the State of Ohio for this area, delineated as “Limits of Mineral Rights” in <Figure 2.1‑5>, wherein the State of Ohio agreed not to exercise their right to lease for salt mining the offshore area within the “Limit of Mineral Rights” for the life of the plant (46 years).  No domestic residences exist within the site boundaries; however, certain areas of farmland and nursery within the site may continue to be used after the plant is constructed.


The exclusion area is established as that area which is situated inside 2,900‑foot radii centered on the Unit 1 and Unit 2 reactors.  Except for Lake Erie, the exclusion area is completely within site boundaries.  The minimum distances from the plant effluent release points to the exclusion area boundary are shown in <Figure 2.1‑4>.  CEI controls the 


mineral rights, both within the exclusion boundary on land and within 1,800 feet of all safety‑related structures in Lake Erie, to preclude subsidence as a detrimental effect on safety structures.


Those portions of Center Road and Lockwood Road within the exclusion area have been withdrawn from public use, and gates have been installed across these roads to discourage public access to the area.  No public road traverses the exclusion area.


The unrestricted area is considered to be the area beyond the site boundary.  Access to the unrestricted area is not controlled by FENOC for the purpose of protection of individuals from exposure to radiation and radioactive materials <Figure 2.1‑3>.  Radioactive effluent releases to unrestricted areas shall be made in accordance with <10 CFR 20.105> and <10 CFR 50, Appendix I>.


2.1.2      EXCLUSION AREA AUTHORITY AND CONTROL


2.1.2.1      Authority


The exclusion area radius is 2,900 feet from the centerline of each reactor.  All land within the exclusion boundary is jointly owned by the FirstEnergy Corporation. Companies, and control of the exclusion area, including the mineral rights for oil, gas and salt, is maintained by FENOC <Table 2.1‑9>.


Authority to control all activities in the Lake Erie portion of the exclusion area is provided by the United States Coast Guard.


No easements or public roads traverse the exclusion area.  The Fairport, Painesville and Eastern Railroad Company serves the plant overland on tracks owned by CEI.  The railroad spur is 3.2 miles in length, heading


in an east‑northeasterly direction from the railroad company 


right‑of‑way to the plant site.  Only railroad cars consigned to the Perry Nuclear Power Plant are brought into the plant site over this spur.


2.1.2.2      Control of Activities Unrelated to Plant Operation


Since the exclusion boundary encompasses a portion of Lake Erie <Figure 2.1‑4>, activity within the exclusion area that is unrelated to plant operation can be expected from fishing boats and other pleasure craft on Lake Erie.  A public address system has been installed for plant communication to individuals in areas within the exclusion boundary including the beach and Lake Erie (Section 7.2.1 of the Emergency Plan).  The number and volume of speakers used will be sufficient to immediately warn individuals on the lake within the exclusion boundary in an emergency <Section 9.5.2>.


The Emergency Plan addresses evacuation of personnel (Section 6.4.1 and Section 6.4.2 of the Emergency Plan) and specifically requires written procedures be developed to facilitate evacuation.  The basis of the present emergency planning criteria is that early detection of a possible incident will ensure evacuation prior to any personnel receiving an appreciable dose.


2.1.2.3      Arrangements for Traffic Control


Portions of Center Road and Lockwood Road which fall within the exclusion area have been abandoned to the public.  There are therefore, no public roads which traverse the exclusion area.


The Fairport, Painesville and Eastern Railroad Company serves the plant over‑land and tracks owned by CEI.  About 0.5 mile of track is within the exclusion area.  Only railroad cars consigned to the PNPP are brought into the plant site over these tracks.


2.1.2.4      Abandonment or Relocation of Roads


No public roads traverse the exclusion area.


2.1.3      POPULATION DISTRIBUTION


2.1.3.1      Population Within Ten Miles


<Figure 2.1‑6> shows the locations of nearby cities and towns within a ten‑mile radius of the Perry Nuclear Power Plant.  <Table 2.1‑1> presents these population groupings and their associated 2000 population estimates (Reference 20) according to distance and direction from the plant site.


The 1978 estimated population within ten miles of the station is 73,134 persons; within five miles the estimate is 16,875 people.  As shown in <Figure 2.1‑6>, the following municipalities are located either totally or partially within ten miles of the plant.




Approximate Distance




(Miles) and Direction



2000 Census
from Plant to Center of


Municipality  
Population  
  Incorporated Areas   

North Perry
   838
 1.5 – SW


Perry Village
 1,195
 3.0 – S


Perry Township
 8,240
 3.0 ‑ S




Approximate Distance




(Miles) and Direction



2000 Census
from Plant to Center of


  Municipality  
Population  
  Incorporated Areas   

Madison Village
 2,921
 5.5 ‑ ESE


Madison Township
18,428
 5.5 ‑ ESE


Painesville City
17,503
 7.0 ‑ SW


Painesville Township
18,562
 7.0 ‑ SW


Fairport Harbor
 3,180
 7.0 ‑ WSW


Grand River
   345
 8.0 ‑ WSW


Geneva
 6,595
10.0 ‑ E


Geneva‑On‑The‑Lake
 1,545
10.0 ‑ ENE


Mentor City
50,278
15.0 ‑ SW


Mentor‑On‑The‑Lake
 8,127
15.0 ‑ SW


The zero‑ to five‑mile population distribution was determined from the 2000 census (Reference 20).  Estimates of population for the years 1983, 1984, 1985, 1986, and 2020 were calculated by applying the Lake County growth rates (Reference 3) to the 1978 population.  <Table 2.1‑1> lists the actual population figures from the 2000 census results.


Population distributions between five and ten miles of the Perry Plant were based on the 1970 census data.  Numerical centroids (population totals at concentration centers) were assigned to geographical areas 


across the continental United States by the U.S. Census Bureau.  Population totals per segment were calculated based on the location of the centroids relative to the reactor location.  Population estimates to the year 2020 were projected by applying the decennial growth rates of pertinent counties in Ohio (Reference 3) to the 1970 population distribution results.  Decennial growth rates past the year 2000 were assumed to be equivalent to those of 1990 to 2000.  <Figure 2.1‑7>, <Figure 2.1‑8>, <Figure 2.1‑9>, <Figure 2.1‑10>, <Figure 2.1‑11>, <Figure 2.1‑12>, <Figure 2.1‑13>, <Figure 2.1‑14>, <Figure 2.1‑15>, and <Figure 2.1‑16> show the projected populations from the year 1978 through 2020.


The population estimates for the first year of operation are reflected in <Figure 2.1‑10>.  In the event of construction delays, population estimates for 1985 and 1986 are included in <Figure 2.1‑10>,  <Figure 2.1‑11>, and <Figure 2.1‑12>.


2.1.3.2      Population Between Ten and Fifty Miles


<Figure 2.1‑17> shows the locations of cities and towns within a fifty‑mile radius of the Perry Nuclear Power Plant.  The population distribution estimates for the area between ten and fifty miles were calculated by using methodologies similar to those used to estimate the five‑ to ten‑mile population.  As in Ohio, pertinent Pennsylvania county growth rates (Reference 5) were factored into calculations where appropriate.


Canadian influence to population totals within fifty miles of the Perry Plant is minimal.  The town of Erieau in Harwich Township, Kent County, is located in the northwestern sector between forty and fifty miles from the nuclear units.  The population estimates for 1978, 1980, 1983, 1984, 1985, and 1986 were calculated utilizing the 1971 and 1976 population figures for Erieau (Reference 6).  It was assumed that the decennial growth rates of Kent County were applicable to Erieau.  Since population 


predictions for Kent County were available only to the year 2000, (Reference 7) decennial growth rates to the year 2020 were based on that from 1990 to 2000.


<Figure 2.1‑7>, <Figure 2.1‑8>, <Figure 2.1‑9>, <Figure 2.1‑10>, <Figure 2.1‑11>, <Figure 2.1‑12>, <Figure 2.1‑13>, <Figure 2.1‑14>, <Figure 2.1‑15>, and <Figure 2.1‑16> show the projected population distribution for the years 1978 to 2020 for the areas between ten and fifty miles of the Perry Power Plant.


2.1.3.3      Transient Population


Transient populations within ten miles of the plant are primarily a result of local, seasonal fluctuations of people at various parks and camps.  Large recreational areas, such as Township Park, near Madison, and Headlands State Park, 7.5 miles WSW of the plant, offer a variety of facilities which also attract visitors from outside the ten‑mile radius.  <Table 2.1‑2> denotes the seasonal attendance figures for significant parks and camps near Perry (Reference 8).


Summer cottages in both Lake and Ashtabula Counties have predominately been converted to permanent residences (Reference 9) (Reference 10).  Lake County has approximately 275 vacant and seasonal cottages, 189 of which are located west of Perry (Reference 9).  There are no figures available with regard to cottages and transient populations of Geneva‑On‑The‑Lake in Ashtabula County (Reference 10) (Reference 11).


One manufacturing facility, with a total work force exceeding 100 people that is located in close proximity of the Perry Plant, is the Neff‑Perkins Company.  Neff‑Perkins, located 3,000 feet WSW of the Perry site, has a work force of 175 persons (Reference 12).  The average time at work is 45 hours per week.  This includes a 40‑hour work week, (Reference 14) and approximately five hours per week for lunch and miscellaneous time at the work site.


2.1.3.4      Low Population Zone


The Low Population Zone (LPZ) has been defined as a 2‑1/2‑mile radius from the plant center, which is midway between the Unit 1 and Unit 2 reactor buildings, as established in accordance with <10 CFR 100>.  <Figure 2.1‑18> illustrates topographical features characteristic of the LPZ.  <Table 2.1‑3> denotes the 1978 population distribution of the LPZ, which was determined using the methodology described in <Section 2.1.3.1>.  The estimated transient population distribution is provided in <Table 2.1‑10>, along with the peak daily and seasonal transient values (Reference 18) (Reference 19).  To assist in the formation of emergency planning, the following discussion of activities and facilities is not limited to the LPZ.


Listed below are the schools located within five miles of PNPP and their associated 1998‑99 enrollment figures.








  Enrollment as of


Proximity to


Institution



1998-99 School Year


NPP (miles)


Perry Elementary
  643
2‑3


Perry Middle
  605
2‑3


Perry High
  677
2‑3


New Life Christian Academy
   40
2‑3


Redbird Elementary
  483
3‑4


Hale Road Elementary
  310
3‑4


Homer Nash Kimball Elementary
  428
4‑5








  Enrollment as of


Proximity to


Institution



1998-99 School Year


NPP (miles)


North Madison Elementary
  534
4‑5


Madison Middle
  869
4‑5


Madison High
1,079
4‑5


There are no hospitals located within five miles of the Perry site.  Lake East Hospital, located in Painesville approximately eight miles southwest of the Perry site, has 208 beds.  A staff consisting of approximately 1,039 people is shared between Lake East and Lake West, located in Willoughby (Reference 16).


The Lake County Jail in Painesville, located seven miles southwest of PNPP, has a capacity of 369 prisoners and is 1 of 2 prisons within 10 miles of the plant with facilities suitable for more than just overnight detention.  It is under the auspices of the County Sheriff and is used as the major holding and detention facility for Lake County; this jail also houses federal prisoners on request from Federal agencies.  Lake County Sheriff’s Department Minimum Security Facility is located approximately 4 miles southwest of the Perry Plant and holds 79 prisoners.  The City Jail of Mentor has a capacity of 12 prisoners (Reference 17).


As shown in <Table 2.1‑2>, the major camp within five miles of PNPP is Camp Roosevelt.


The Neff‑Perkins Company, located 3,000 feet WSW of the Perry site, employing 175 persons, (Reference 12) is the only significant contributor to transient population within the LPZ.


2.1.3.5      Population Center


The 1975 estimated population of Painesville was 17,407 people (Reference 1).  This figure approaches the definition of population center described in <10 CFR 100>.  By applying the decennial growth rates of Lake County (Reference 3) to Painesville’s 1975 population, it can be demonstrated that, through the year 2020, the population will remain below the guidelines set forth in <10 CFR 100>.  However, the population within Painesville and its contiguous surroundings is estimated to exceed 25,000 persons by 2010, (e.g., as shown by the estimated population in the SW sector, five to ten miles, on <Figure 2.1‑15>.  On this basis, the population center is determined to be Painesville.  Painesville’s closest corporate boundary is located six miles southwest of Perry, which is 2.4 times the radius of the low population zone.


2.1.3.6      Population Density


<Table 2.1‑4>, <Table 2.1‑5>, <Table 2.1-6>, and <Table 2.1‑7> describe the cumulative population and density to a distance of fifty miles from the reactor for the years 1983 through 1986, respectively.  For comparison purposes, figures are provided for population resulting from a uniform density of 500 people/square mile to a distance of fifty miles.


Similarly, <Table 2.1‑8> provides population and density data for the year 2020.  These figures are compared with a cumulative population resulting from a uniform population density of 1,000 people/square mile.
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TABLE 2.1‑1


TOWNS AND CITIES WITHIN FIFTY MILES OF THE PERRY PLANT SITE




Distance (miles)
Direction From


Town/City (Ohio)              2000 Population
From Plant Site
__Plant Site  

0‑5 MILES FROM PNPP


North Perry
   838
 1
E


Perry Village
 1,195
 3
S


Perry Township
 8,240
 3
S


5‑10 MILES FROM PNPP


Madison Village
 2,921
 6
ESE


Madison Township
18,428
 6
ESE


Painesville City
17,503
 7
SW


Painesville Township
18,562
 7
SW


Fairport Harbor
 3,180
 8
WSW


Grand River
   345
 9
WSW


10‑20 MILES FROM PNPP


Geneva‑on‑the‑Lake
 1,545
11
ENE


Geneva
 6,595
11
E


Mentor‑on‑Lake
 8,127
14
WSW


Kirtland Hills
   597
15
SW


Mentor
50,278
15
SW


Chardon
 5,156
16
SSW


Aquilla
   372
18
S


Ashtabula City
20,962
18
ENE


Rock Creek
   587
18
SE


Willoughby City
22,621
18
SW


Waite Hill
   446
18
SW


Eastlake
20,255
19
SW


TABLE 2.1‑1 (Continued)




Distance (miles)
Direction From


Town/City (Ohio)              2000 Population
From Plant Site
__Plant Site  

Lakeline
   165
19
WSW


Timberlake
   775
19
WSW


20‑30 MILES FROM PNPP


Jefferson
 3,572
20
ESE


Willowick City
14,361
21
SW


Willoughby Hills
 8,595
22
SW


Burton
 1,450
23
S


Kirtland
 6,670
23
SW


Wickliffe
13,484
23
SW


Gates Mills
 2,493
24
SW


Kingsville Township
 1,921
24
ENE


Middlefield
 2,233
24
S


Orwell
 1,519
24
SE


20‑30 MILES FROM PNPP


Euclid City
52,717
25
SW


Highland Heights
 8,082
25
SW


Richmond Heights City
10,944
25
SW


Mayfield
 3,435
26
SW


North Kingsville
 2,658
26
ENE


Hunting Valley
   735
27
SSW


Chagrin Falls City
 4,024
28
SSW


Lyndhurst
15,279
28
SW


Moreland Hills
 3,298
28
SSW


Pepper Pike
 6,040
28
SW


South Euclid
23,537
28
SW


South Russell
 4,022
28
SSW


TABLE 2.1‑1 (Continued)




Distance (miles)
Direction From


Town/City (Ohio)              2000 Population
From Plant Site
__Plant Site  


Beachwood City
12,168
29
SW


Bratenahl
 1,337
29
SW


East Cleveland City
27,217
29
SW


University Heights
14,146
29
SW


Woodmere
   828
29
SW


30‑40 MILES FROM PNPP


Bentleyville
    947
31
SSW


Cleveland Heights
 49,958
31
SW


Shaker Heights
 29,405
31
SW


West Farmington
    519
31
SSE


Andover
  1,269
33
ESE


Cleveland
478,403
33
SW


North Randall
    906
33
SW


Warrensville Heights
 15,109
33
SW


Bedford Heights
 11,375
34
SW


Hiram
  1,242
34
S


Solon City
 21,802
34
SSW


Bedford City
 14,214
36
SW


Glenwillow
    449
36
SSW


Maple Heights
 26,156
36
SW


Reminderville
  2,347
36
SSW


30‑40 MILES FROM PNPP


Garfield Heights
 30,734
37
SW


Garrettsville
  2,262
37
S


Newburgh Heights
  2,389
37
SW


Oakwood
  3,667
37
SSW


TABLE 2.1‑1 (Continued)




Distance (miles)
Direction From


Town/City (Ohio)              2000 Population
From Plant Site
__Plant Site  

Cuyahoga Heights
   599
38
SW


Macedonia
 9,224
38
SSW


Mantua
 1,046
38
S


Twinsburg
17,006
38
SSW


Walton Hills
 2,400
38
SW


Valley View
 2,179
38
SW


Brooklyn Heights
 1,558
39
SW


Cortland
 6,830
39
SE


Independence
 7,109
39
SW


Windham
 2,806
39
S


30‑40 MILES FROM PNPP


Linesville
 1,155
39
ESE


40‑50 MILES FROM PNPP


Streetsboro
12,311
41
SSW


Seven Hills
12,080
41
SW


Linndale
   117
41
SW


Brooklyn
11,586
42
SW


40‑50 MILES FROM PNPP


Lakewood
56,646
42
WSW


Warren
46,832
43
SSE


Boston Heights
 1,186
43
SSW


Brecksville
13,382
43
SW


Newton Falls
 5,002
44
SSE


Sugar Bush Knolls
   227
44
SSW


TABLE 2.1‑1 (Continued)




Distance (miles)
Direction From


Town/City (Ohio)              2000 Population
From Plant Site
__Plant Site  

Hudson
22,439
44
SSW


Broadview Heights
15,967
44
SW


Parma
85,655
44
SW


Parma Heights
21,659
44
SW


Rocky River
20,735
44
WSW


Orangeville
   189
46
SE


Ravenna
11,771
46
S


Brady Lake
   513
46
SSW


Peninsula
   602
46
SSW


North Royalton
28,448
47
SW


Fairview Park
17,572
47
WSW


Niles City
20,932
48
SSE


Craig Beach
 1,254
48
S


Silver Lake
 3,019
48
SSW


Richfield
 3,286
48
SW


Middleburg Heights
15,542
48
SW


Brook Park
21,218
48
SW


Westlake
31,719
48
WSW


North Olmsted
34,113
48
WSW


Bay Village
16,087
48
WSW


Yankee Lake
    99
49
SE


Munroe Falls
 5,314
49
SSW


Berea City
18,970
49
SW


McDonald
 3,481
50
SSE


Strongsville
43,858
50
SW


Avon Lake
18,145
50
WSW


TABLE 2.1‑1 (Continued)




Distance (miles)
Direction From


Town/City (Pa.)              2000 Population
From Plant Site
__Plant Site  

40‑50 MILES FROM PNPP


Springboro
  491
41
E


Conneautville
  848
41
E


Albion
1,607
42
E


Cranesville
  600
43
E


Jamestown
  636
43
ESE


Platea
  474
44
ENE


Lake City
2,811
45
ENE


TABLE 2.1‑2


MAJOR CAMPS AND PARKS WITHIN TEN MILES OF


THE PERRY PLANT SITE(1)




 Distance & Direction


Park/Camp
Annual Attendance
     From Perry       

Camp Roosevelt
    300
1.4 miles SW


Township Park
 60,000(2)
6.0 miles ENE


Headlands State Park
704,383 (1977)
7.5 miles WSW


NOTES:


(1)
Refer to (Reference 8) <Section 2.1.4>.


(2)
Estimated.


TABLE 2.1‑3


POPULATION DISTRIBUTION WITHIN THE


LOW POPULATION ZONE 1978(1)



______________________Distance_____________________


Direction
0‑1 Mile
1‑2 Miles
2‑2.5 Miles


N
 0
  0
    0


NNE
 0
  0
    0


NE
37
 40
    0


ENE
11
224
  248


E
 0
 70
  115


ESE
 0
236
1,302


SE
 0
162
  129


SSE
 7
541
  177


S
18
265
  162


SSW
26
 70
  221


SW
 0
 44
   52


WSW
 4
 63
    0


W
 0
  0
    0


WNW
 0
  0
    0


NW
 0
  0
    0


NNW
 0
  0
    0


NOTE:


(1)
Excludes the Neff‑Perkins Company work force.


TABLE 2.1‑4


POPULATION AND DENSITY WITHIN FIFTY MILES OF


PERRY NUCLEAR POWER PLANT (1983)


Radius
Cumulative
       Density
 Population Assuming


(Miles)
Population
(People/Square Mile)
500 People/Square Mile


0‑1
      103
32.8
    1,571


0‑2
    1,818
144.7
    6,283


0‑3
    5,725
202.5
   14,137


0‑4
   10,648
211.8
   25,133


0‑5
   16,885
215.0
   39,270


0‑10
   74,085
235.8
  157,080


0‑20
  256,360
204.0
  628,319


0‑30
  693,440
245.3
1,413,717


0‑40
1,591,272
316.6
2,513,274


0‑50
2,435,526
310.1
3,926,991


TABLE 2.1‑5


POPULATION AND DENSITY WITHIN FIFTY MILES OF


PERRY NUCLEAR POWER PLANT (1984)


Radius
Cumulative
       Density
  Population Assuming


(Miles)
Population
(People/Square Mile)
500 People/Square Mile


0‑1
      103
32.8
    1,571


0‑2
    1,824
145.1
    6,283


0‑3
    5,743
203.1
   14,137


0‑4
   10,680
212.5
   25,133


0‑5
   16,934
215.6
   39,270


0‑10
   74,397
236.8
  157,080


0‑20
  257,925
205.2
  628,319


0‑30
  694,178
245.5
1,413,717


0‑40
1,587,775
315.9
2,513,274


0‑50
2,430,200
309.4
3,926,991


TABLE 2.1‑6


POPULATION AND DENSITY WITHIN FIFTY MILES OF


PERRY NUCLEAR POWER PLANT (1985)


Radius
Cumulative
       Density
  Population Assuming


(Miles)
Population
(People/Square Mile)
500 People/Square Mile


0‑1
      103
32.8
    1,571


0‑2
    1,826
145.3
    6,283


0‑3
    5,756
203.6
   14,137


0‑4
   10,707
213.0
   25,133


0‑5
   16,977
216.2
   39,270


0‑10
   74,707
237.8
  157,080


0‑20
  259,500
206.5
  628,319


0‑30
  694,948
245.8
1,413,717


0‑40
1,584,337
315.2
2,513,274


0‑50
2,425,320
308.8
3,926,991


TABLE 2.1‑7


POPULATION AND DENSITY WITHIN FIFTY MILES OF


PERRY NUCLEAR POWER PLANT (1986)


Radius
Cumulative
       Density
  Population Assuming


(Miles)
Population
(People/Square Mile)
500 People/Square Mile


0‑1
      103
32.8
    1,571


0‑2
    1,835
146.0
    6,283


0‑3
    5,777
204.3
   14,137


0‑4
   10,744
213.7
   25,133


0‑5
   17,037
216.9
   39,270


0‑10
   75,035
238.8
  157,080


0‑20
  261,108
207.8
  628,319


0‑30
  695,773
246.1
1,413,717


0‑40
1,580,987
314.5
2,513,274


0‑50
2,420,377
308.2
3,926,991


TABLE 2.1‑8


POPULATION AND DENSITY WITHIN FIFTY MILES OF


PERRY NUCLEAR POWER PLANT (2020)


Radius
Cumulative
       Density
  Population Assuming


(Miles)
Population
(People/Square Mile)
500 People/Square Mile


0‑1
      115
36.6
    3,142


0‑2
    2,043
162.6
   12,566


0‑3
    6,431
227.4
   28,274


0‑4
   11,958
237.9
   50,265


0‑5
   18,959
241.4
   78,540


0‑10
   86,443
275.2
  314,159


0‑20
  314,080
249.9
1,256,637


0‑30
  756,259
267.5
2,827,433


0‑40
1,590,496
316.4
5,026,548


0‑50
2,413,435
307.3
7,853,982


TABLE 2.1‑9


ACQUISITION OF LAND AND MINERAL RIGHTS


PERRY NUCLEAR POWER PLANT 1 & 2


Land Acquisition


Parcel No.(1)
Owner

Status



 1
Bradler
Acquired 8/14/78



 2
West & Siegal
Acquired 1/28/74



 3
Fairchild
Acquired 11/26/73



43
Mihalik
Acquired 1/21/74



21
Evert
Acquired 10/22/74



22
Schuster
Acquired 2/4/74



47
Torch
Acquired 12/10/74



48
Wakkila
Acquired 10/17/74


Mineral Rights


Parcel No.
Owner

Status



44,45
CEI ‑ Lone Star
Acquired land and




Producing Co.
mineral rights in 1972 Acquired oil and gas rights 10/25/76




Lake Erie Parcel
Acquired mineral




State of Ohio
rights by lease for a 46‑year period 5/14/1976 ‑ 5/14/2022, dated 6/8/76


The portion of Center Road north of its intersection with Parmly Road to its terminus at Lockwood Road, and Lockwood Road from its westerly origin to the point at which it crosses the site boundary were vacated by a resolution adopted by the Board of Lake County Commissioners on June 16, 1975.


NOTE:


(1)
Refer to <Figure 2.1‑5>


TABLE 2.1‑10


TRANSIENT POPULATIONS WITHIN


THE LOW POPULATION ZONE




     Approximate


Facilities and
     Approximate Peak
     Proximity to


_Institutions_
Transient Population (1999)
PNPP (miles/direction)


SCHOOLS


Perry Elementary
683 school year(4)
2.2, SSE


Perry Middle
645 school year(4)
2.2, SSE


Perry High
687 school year(4)
2.2, SSE


New Life Christian
 43 school year(4)
2.5, SSE


  Academy


HOSPITALS


None
       ‑
   ‑


PRISONS


None
       ‑
   ‑


BEACHES & PARKS


North Perry Park


summer(1)
1, ENE


Perry Township Park


summer(1)
1, WSW


Parmly Park


summer(1)
1, WSW


Camp Roosevelt
150
summer(2)
1.4, WSW


Lake Shore Park


summer(1)
2, ENE


INDUSTRY


Neff‑Perkins Company

175
daily
0.6, WSW


TOTAL PEAK
 1,575
daily during





school year


NOTES:


(1)
Small parks for which no attendance records are kept; a summer weekend peak population of 50 was assumed for estimating the total peak.


(2)
Estimated 150 per 4‑week camping period during summer.


(3)
(Deleted)


(4)
Includes staff.
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2.2      NEARBY INDUSTRIAL, TRANSPORTATION AND MILITARY FACILITIES


2.2.1      LOCATIONS AND ROUTES


2.2.1.1      Industrial Facilities


At present, a number of industrial facilities are located within five miles of the plant center with many firms within a 10‑mile radius (the term “plant center,” unless otherwise stated, is used in <Section 2.2.1> and <Section 2.2.2> to indicate a point midway between Unit 1 and Unit 2 on the reactor building centerlines).  Those which may be significant to the plant are discussed in <Section 2.2.2> and are listed in <Table 2.2‑1>; their locations are depicted in <Figure 2.2‑1>.


2.2.1.2      Extractive Industries


Extractive activities within five miles of the plant center include oil and gas extraction.  These are discussed in <Section 2.2.2.3>.


2.2.1.3      Transportation


a.
Roads



<Table 2.2‑2> lists the major roads within five miles of the plant center.  <Figure 2.2‑2> shows the locations of these highways.


b.
Railroads



The railroad lines closest to the plant center are the Chessie Seaboard and others (CSX); and the Norfolk Southern (NS) lines which converge in a major railroad corridor approximately three miles south of the plant center.  These two railroads serve the area which extends from Painesville to Ashtabula.  The Fairport, Painesville and Eastern line (FP&E), a previously independent local 



enterprise serving the Painesville‑Fairport Harbor vicinity, was taken over by NS in July 1984. Consequently all of the FP&E lines are now run by NS (Reference 1).



A rail spur, owned by CEI and operated by NS has been extended into the plant site from the west for the use of FENOC.  This extension to the site originates at the NS branch line (formerly FP&E) which terminates in northeast Painesville Township at the site of the now closed IRC Fiber Company plant.  Locations of railroad lines are depicted on <Figure 2.2‑2>.


c.
Airports



No airports are located within 5 miles of the plant center.  However, the Woodworth Airstrip, which is sod and without facilities, is located approximately 4.5 miles east‑southeast of the plant center.  Three airports are located in Lake County with facilities and hard‑surfaced runways which are longer than 1,500 feet:  Lost Nation, Concord and Casement Airports.  The closest is Casement, approximately six miles southwest of the plant center; Concord Airport is about 10 miles south‑southwest.  Lost Nation, located in the Willoughby area, is approximately 15 miles to the southwest.  FENOC has an onsite private heliport located approximately 2,000 feet southwest of the reactor building complex and 170 feet south of the TEC building (Reference 60).  This heliport is intended to be used for emergency and emergency drill cases only.


d.
Water



The nearest shipping channel in Lake Erie extends parallel to the shoreline and is located approximately two miles from the plant center.



The nearest dock and anchorage is located at Fairport Harbor, and is approximately seven miles west‑southwest of the plant center (Reference 2).


2.2.1.4      Military Facilities


No military bases or missile sites are located within five miles of the plant center (Reference 3) (Reference 4) (Reference 5).


2.2.1.5      Gas Pipelines


The closest gas pipeline is a 4‑inch diameter line along Parmly Road which operates at 35 psi.  It is approximately 3,000 feet southwest of the reactors at its point of closest approach.  The largest gas pipeline within five miles is a 20‑inch diameter line which operates at about 150 psi and is approximately 3,200 feet southeast of reactor buildings at its point of closest approach (Reference 6).


<Figure 2.2‑3> depicts the location of gas pipelines within the immediate environs of the plant center and <Table 2.2‑3> presents information on each pipeline.  No oil pipelines are located within 5 miles of the site (Reference 7).


2.2.1.6      Nuclear Power Generating Facilities


The nearest nuclear power plant is Beaver Valley (Units 1 and 2); it is located 25 miles northwest of Pittsburgh, Pennsylvania, approximately 90 miles southeast of the plant center (Reference 8).


2.2.2      DESCRIPTIONS


2.2.2.1      Descriptions of Facilities


A concise description and location of each industrial facility including manufacturing and storage facilities within the vicinity of the plant is provided in <Table 2.2‑1> and depicted in <Figure 2.2‑1>.  Major transportation routes are listed in <Table 2.2‑2> and depicted in <Figure 2.2‑2>.


2.2.2.2      Description of Products and Materials


a.
Industrial



Hazardous materials used, transported, processed, and/or stored in the vicinity of the plant are listed on <Table 2.2‑4a>, <Table 2.2‑4b>, <Table 2.2‑5a>, and <Table 2.2‑5b> along with information on maximum quantities, method of storage, frequency, and the particular industry involved with the materials.  <Figure 2.2‑1> shows the locations of these industries relative to the plant.  <Table 2.2‑1> also gives information about the location as well as the work force and the products associated with each industry.



The industrial facility closest to the PNPP is the Neff Perkins Corporation which manufactures rubber and steel custom molded products.  Materials are brought into this plant by truck.  Most shipments contain small quantities and are infrequent.  Routes used include US 20, Perry Park Road and Parmly Road in the nearby vicinity.  Shipments come from the east, south and west.  No change is anticipated for the future in reference to the use, transport, storage, and production of hazardous materials (Reference 9).



Sivon Manufacturing, a firm that manufactures small machinery for the rubber production industry, is located approximately 1 mile southwest of the PNPP center.  With the exception of small quantities of gasoline and industrial solvents and paints there are no hazardous materials handled by this facility (Reference 10).



Bentley Excavating is located approximately 3 miles south‑southwest of the plant center.  They are excavation and building contractors and do not handle any hazardous materials (Reference 11).



Mackenzie Nursery Supply, located 3.5 miles south‑southwest of the PNPP center, markets materials and equipment used by the local nursery industry.  While they do market small amounts of fertilizer, packaged in small paper or plastic containers, they do not handle any pesticides, herbicides, fungicides, or any other toxic or flammable materials (Reference 12).



The Perry Coal and Feed Company, located approximately three miles south of the plant center, manufactures small amounts of feed.  It markets a complete line of herbicides, insecticides and fungicides in the region.  These are handled in small containers (usually bags, boxes and gallon jugs).  Perry Coal usually has a small amount of ammonium nitrite and similar substances on hand.



Shipments of goods are made once a week during the spring, summer and fall.  Trucks using local roads (Route 2, US 20, Narrows Road, and Route 84) ship the materials in all directions.  No changes are anticipated for the future relative to the use, transport and storage of hazardous materials (Reference 14).



Located approximately 3.5 miles south of the plant center, are the firms of Thermatool Mill Systems Corporation and Midwest Materials, Inc.



Thermatool Mill Systems, with a staff of 60, manufactures structural I beams.  Kerosene is stored on the premises in 250 gallon above ground tanks.  No other hazardous materials are produced, stored or transported by the firm (Reference 15).



Midwest Materials Inc. is not a manufacturing firm.  They are distributors of finished and semi‑finished steel products (Reference 16).



There is an industrial area approximately six miles west‑southwest of the plant center located to the east of Fairport Harbor and north of Painesville.  Lonza Inc. and Nova Chemicals are the major firms in this area.  Also operating in the area is the firm Aluminum Smelting and Refining Company, Inc (Reference 82).



The Aluminum Smelting and Refining Company manufactures aluminum products and additives used for steel purification (oxidizing, degassing) by the steel industry.  Approximately 45 people are employed at the company’s Painesville facility.  The plant has a 10,000 gallon capacity above ground storage tank which is presently used to store diesel fuel.  Shipments of diesel fuel arrive by truck at irregular intervals.  The facility also uses small amounts of gasoline (300 gallons or less).  This is kept in several small storage tanks (Reference 18).



Lonza, Inc. employs 85 to 100 people.  It is a manufacturer of distilled fatty acids, glycerine and gylcerides.  Lonza usually has 1,500 to 15,500 gallons of hydrogen stored in an 18,000 gallon cryogenic tank compressed to 100 psi.  Weekly shipments of hydrogen are loaded into the company’s recently installed liquid compressor system.  Approximately 890 gallons of compressed hydrogen may be stored in the system’s bullet tubules at 2,000 psi for a twenty‑four hour transitional period after each shipment is received.  Pressure is regulated to 500 psi and transferred for 



processing.  The hydrogen is usually trucked into Lonza from the east/northeast.  A typical shipment is 8,900 gallons (Reference 20).



Nova Chemicals has undergone extensive expansion over the last five years.  It currently employs 60‑75 people and manufactures expandable polystyrene at its plant in Painesville.  It handles the following hazardous materials:  styrene monomer, pentane, caustic, concentrated sulphuric acid, and No. 2 fuel oil.  All are stored in above ground tanks.  The facility receives 2 to 3 shipments of styrene a week in 23,000 gallon rail tank cars.  A 400,000 gallon capacity tank with a nitrogen blanket is used to store the styrene.  Pentane arrives in 30,000 gallon rail tank cars an average of once a week.  It is stored onsite in a 40,000 gallon capacity tank.  An additional 30,000 gallons may be onsite, stored in a single rail tank car.  Caustic (50 percent liquid sodium hydroxide) and sulphuric acid are trucked in weekly in shipments of approximately 6,000 gallons.  The caustic is stored in a 10,000 gallon capacity tank, the acid in an 8,000 gallon capacity tank.  No. 2 fuel oil is stored at the plant in a 50,000 gallon tank and a 150,000 gallon tank.  Shipments of approximately 6,000 gallons arrive by truck on an irregular basis.  The facility also stores liquid nitrogen compressed to 150 psi in a 6,000 gallon capacity cryogenic tank (Reference 21).



R. W. Sidley, Inc., which manufactures ready mix cement and excavates and processes sand for the construction industry, is located approximately 6.5 miles southwest of the plant center.  It has a staff of 35‑50 workers.  The facility may store up to 100 tons of cement and several thousand tons of limestone, silica sand and large particle aggregates.  It has storage facilities for 12,000 gallons of No. 2 fuel oil.  All materials are transported to and from the facility by truck (Reference 22).



Numerous industrial firms operate in the city of Painesville, southwest of the PNPP center.  Of them, The Lubrizol Corporation and Fasson, Division of Avery International, maintain facilities that handle various hazardous materials.



The Lubrizol Corporation facility in Painesville manufactures additives for commercial lubricants.  The facility is located approximately 7.5 miles from the PNPP center and employs 600 people.  A generic list of the types of hazardous materials handled by Lubrizol includes:  polybutenyl nitrogen and ester‑containing compounds; metal sulfonates, carboxylates and phenates; antioxidants (metal‑dithiophosphates); dithiophosphates and sulfur‑containing olefins; and carboxylic acids (Reference 24).  Detailed information on specific compounds has been made available to the Painesville Township Fire Department and Lake County Emergency Management Agency.



Fasson, Division of Avery International, operates two plants, side by side, on its Painesville campus and a storage facility at a separate location within Painesville Township.  There are approximately 700 workers employed at these facilities.  The Fasson facilities in Painesville which are 6.0 to 6.5 miles from PNPP, manufacture and test various adhesive compounds used to produce pressure sensitive adhesives for paper, foil and film tapes.  Fasson handles the following hazardous materials at its manufacturing and storage facilities:  toluene, heptane, ethyl acetate, methanol, hisol‑10, and methylethyl ketone (MEK).  A total of 36,000 gallons of toluene is stored underground in two 8,000 gallon tanks and two 10,000 gallon tanks at the manufacturing facilities with another 2,000 gallons in a single tank at their storage facility.  An additional 17,000 gallons are stored above ground in a single tank at the plant.  The company receives approximately thirteen 7,000 gallon shipments by tank truck each month.  Heptane is stored in three 10,000 gallon underground tanks 



and one 17,000 gallon above ground tank at the manufacturing facilities.  The compound arrives in 7,000 gallon tank trucks three times a week.  A maximum of 9,000 gallons of ethyl acetate is stored in two underground tanks at the plant.  Shipments arrive weekly in 7,000 gallon tank trucks a total of nine times per month.  Methanol is stored in a single 8,000 gallon tank and MEK is stored in a 3,000 gallon tank.  Both are underground at the manufacturing campus. Methanol is received on an infrequent basis, rarely more than 5,000 gallons quarterly by truck.  MEK shipments are received twice a week in 7,000 gallon truck tanks.  Hisol‑10 is kept at Fasson’s storage facility in an 8,000 gallon underground tank.  It is received monthly in 5,000 gallon tank trucks.  The company also stores approximately 67,000 gallons of blended solvents (not specified) in seven underground tanks and two above ground tanks at the manufacturing plant.  This material is a byproduct of plant operations, captured and recycled for solvent recovery equipment (Reference 25).



Morton Salt, which presently employs 250 workers, mines and processes salt at its facility on Lake Erie in Painesville Township.  The facility is approximately 8 miles from the PNPP center.  The mining operation uses approximately 130,000 lbs of explosive Ammonia Nitrate/Fuel Oil (ANFO‑20 percent mixtures) for excavation each month.  Shipments of this highly regulated explosive arrive monthly by truck and are transferred immediately to an underground (2,000 feet) well‑contained powder magazine.  The facility also regularly stores 4,000 to 5,000 gallons of diesel fuel oil in an 8,000 gallon capacity underground tank (Reference 26).



Hubbell Industrial Controls, The Perfection Corporation and Leeco Refractory Coatings are three major firms operating in the city of Madison, approximately 5.5 miles east‑southeast of the plant center.



Hubbell Industrial Controls, with a staff of 137, manufactures customized controls for construction industry machinery.  They may have small amounts of acetylene and commercial paint solvents on hand, but handle no other hazardous materials (Reference 27).



The Perfection Corporation, with a staff of 100, manufactures pipe nipples.  The facility usually has 6,000 gallons of a petroleum cutting oil (napthalenic base) on hand stored in a 7,000 gallon capacity sunken concrete tank well.  Shipments of 6,000 gallons arrive bimonthly by truck.  They are irregular and infrequent.  The company also stores small amounts of a petroleum naptha drying agent and a rust arrestor compound.  Both are stored in drums and received monthly by truck in shipments of approximately 300 gallons (Reference 28).



Leeco Refractory Coating, a division of Acme Resin Corporation, manufactures paints and washcoatings used by steel foundaries.  They use and store isopropyl alcohol and trichloroethylene.  Both of these materials are received by truck in monthly shipments of 8,000 gallons.  This is also the maximum amount of each stored in partially buried storage tanks at the facility.  A maximum of 1,550 gallons of paint/washcoatings is stored at the site.  Approximately 2,200 gallons (forty 55‑gallon drums) are shipped out by truck daily (Reference 33).



These firms do not anticipate any future changes in reference to the use, transport, storage, or production of hazardous materials (Reference 27) (Reference 28).



The Chesapeake Packaging Company is a small firm which manufactures corrugated cardboard shipping containers.  It is located approximately 6.5 miles east of the plant center.  The facility does not handle any hazardous materials (Reference 29).



Several industrial facilities previously sited as operating in the Perry Nuclear Power Plant vicinity have since ceased operations.  They include the IRC Fiber Company, Sundstrand Service Corporation and Arthur A. Covell’s, all in Perry Township, and Erie Coke and Chemical in the Village of Painesville.


b.
Transportation



1.
Roads




Nearby major roads are listed in <Table 2.2‑2>.  They are State Highways 84, 528 and 2, U.S. Route 20, and Interstate 90.  The closest point on each to the plant, and the annual average daily traffic volume (AADT) for sections of each within a 5‑mile radius of the plant are given in <Table 2.2‑2>.  <Figure 2.2‑2> depicts all roads in the vicinity of the plant.




No nuclear power plants are located within 50 miles of the Perry Nuclear Power Plant (Reference 8).  The only operating commercial low‑level nuclear waste repository east of the Mississippi River is located at Barnwell, South Carolina.  Additionally, no nearby institutions or military operations exist which may use or transport radioactive materials.  However, Interstate 90 is approved by the NRC as a route that can be used for nuclear shipments.  It is estimated that each year approximately 15 truck shipments of radioactive material pass through Lake County on I‑90 (Reference 58).  It may be assumed that shipments of hazardous materials occur on the various highways within the five mile area around the plant center.  Specific hazardous materials shipped on these highways are described in <Table 2.2‑4b>.




Refer to Item 2, below, and <Table 2.2‑5a> and <Table 2.2‑5b> for descriptions, quantities frequency of shipment of hazardous materials transported by rail.



2.
Railroads




The nearest railroad line to the plant center is a spur into the plant from a branch line of the NS Railroad (formerly FP&E branch line) originating at the now closed IRC Fiber Company approximately 3.5 miles west‑southwest.  The spur (owned by CEI, operated by NS) is presently used solely by CEI.




A segment of a major railroad corridor, which transverses northern Ohio, is located within the nearby vicinity.  At its closest point, it is three miles south of the plant center.  CSX and NS operate rail lines in the area.




The CSX system regularly transports hundreds of hazardous materials in varying amounts.  Virtually all materials may be legally transported by rail.  <49 CFR 100‑199> lists over 1,600 hazardous materials, and their compliance limitations that may be transported by rail or highway.




<Table 2.2‑5a> presents a list of the major hazardous materials transported by CSX within the vicinity of the Perry Plant in 2005 (Reference 85).




The NS transports materials in the local area between Painesville and Perry on branch lines formerly operated by FP&E.  These lines, taken over by NS in July 1984, service the industrial area located approximately six miles west‑southwest of the plant center.




The NS Railroad was unable to readily supply a complete list of hazardous materials transported on the main line between Painesville and Ashtabula, Ohio.  This main line does carry all commodities classified as hazardous by the Hazardous Commodity Series 49 of the Standard Transportation Commodity Code (Tariff Number 1‑F) (Reference 1) (Reference 31).  <Table 2.2‑5b> presents a list of the major hazardous materials transported by NS Railroad within the vicinity of the Perry Plant in 2005 (Reference 85).



3.
Military Facilities




No military ammunition loading or storage facilities are located within 25 miles and hence no large munitions shipments (Reference 5).


2.2.2.3      Natural Gas Pipelines


Natural gas lines within the immediate environs of the plant are depicted in <Figure 2.2‑3> and listed and briefly described in <Table 2.2‑3>.  The nearest is a 4‑inch diameter line which operates at 35 psi and is approximately 3,000 feet southwest of the reactors at its point of closest approach.  The largest gas pipeline in the vicinity of the plant is a 20‑inch diameter line which operates at about 150 psi and is approximately 3,200 feet southeast of the reactors at its point of closest approach (Reference 6).


No oil pipelines or tank farms are located in the immediate environs of the plant site other than those which are part of the PNPP itself.


The closest extractive industries include a producing gas well one mile northeast of the plant center, two producing gas wells one mile east of the plant center, and two producing gas and oil wells 1.5 miles from the plant.  One is located east‑southeast, the other west‑southwest 


(Reference 32).  Seventy‑three wells were completed in 1983 which were producers of natural gas or natural gas and oil.  Exploration for gas and oil may continue in those parts of Lake County that are not developed (Reference 34).


<Figure 2.2‑4> depicts locations of gas and oil wells within five miles of the site.  No commercial extraction of gravel or sand exists within five miles of the site (Reference 35).


2.2.2.4      Waterways


<Section 2.2.1.3>, Item d, contains information on channels, docks and anchorages within five miles of the plant center.  <Figure 2.2‑2> shows shipping lanes in the vicinity of Perry.  <Table 2.2‑6> and <Table 2.2‑7> contain information on types and amounts of cargo transported on the Great Lakes in 1982 and the 1982 combined traffic by type of vessel, respectively.  The trips and draft of vessels operating in Lake Erie shipping lanes near Perry are presented in <Table 2.2‑8>.


The intake structures for PNPP are located approximately 2,600 feet offshore perpendicular from the shoreline.  The discharge structure is approximately 1,650 feet offshore.  These are located in 20 to 23 feet of water, where the structures have been constructed a minimum of 12 feet below the lake low water datum.


The closest water intake structure on Lake Erie is located at the now inoperative IRC Fiber plant, about 3.5 miles west‑southwest of the plant center.


The closest shipping channel is approximately two miles from the plant center at Perry with a depth of approximately 40 feet.  It parallels the Ohio coastline between the ports of Fairport Harbor and Ashtabula (Reference 4) (Reference 36).


2.2.2.5      Airports and Airways


a.
Airports



No airports are located within five miles of the plant center.  One small private sod airstrip (Woodworth) is located 4.5 miles east‑southeast of the plant.  The airstrip has one 2,300‑foot sod runway with 90( ‑270( orientation and is not attended.  Two single‑engined prop planes are based at Woodworth.  Average annual operations are estimated at six flights per year.  The approach pattern for this airport is approximately 3.5 miles east of the plant center (Reference 37) (Reference 83).



Within 10 miles of Perry Unit 1 and Unit 2, Casement and Concord are the only airports with major facilities and paved runways.  (Refer to <Figure 2.2‑5> and <Table 2.2‑9> for location of these facilities.)  Lost Nation is 15 miles southwest.  Hopkins International, located in Cleveland, is the nearest regional facility.  It is approximately 45 miles southwest of Perry.



The closest airport is Casement which is located approximately six miles south‑southwest of the station site.  It has one 3,800‑foot runway oriented 120( ‑300(.  Approaching and departing aircraft use a standard pattern from either end of the runway depending on wind direction.  The Casement facility serves from 10‑12 flights per week, year round, is irregularly attended, has runway lighting for night operations, and has neither radio nor air nor ground control.  Casement Airport has about 30 planes based at the field.  All of these are propeller‑driven planes.  There were two incidents in 1977, and a minor one in 1983 involving only minimal property damage.  Casement Airport has been in operation about 15 years and presently has no plans for expansion.  The approach pattern to Casement Airport is approximately 5 miles west of the site (Reference 38).



Concord Air Park is located in Concord Township, approximately 10 miles south‑southwest of the plant.  One 2,400‑foot paved runway exists.  It is oriented 20( ‑200(.  A second strip (sod) was converted to farmland in 1983.  Flight patterns associated with the facility are standard approach and departure patterns, using either end of the runway depending upon wind direction.



Concord Air Park is a private airport which serves as a training facility and is often used by a number of students.  It is attended on an irregular basis, has UNICOM but no radio, ground or air control.  The runway is lighted for base fliers on request.  Currently, 25 planes are at the Concord Air Park (single and multi‑engine craft).  Most of the traffic at the airport results from planes that are based there and from training activity.  No fatal accidents have occurred since the airport was established in 1957, although one incident was recorded in October 1978.  No plans presently exist for expansion of the facility or of operations.  The approaches to the Concord Airport are not within 5 miles of the site (Reference 39).



Lost Nation Airport is located approximately 15 miles southwest of the plant site.  It has a relatively high level of traffic, mainly business planes.  Two 5,000‑foot paved runways exist:  one oriented 50( ‑230( and the other 90( ‑270(.  Both have night lighting and can be activated 24 hours a day.  Standard flight patterns are used from both ends of the runway depending on wind direction (Reference 84).



No daily breakdown of operations currently exists at Lost Nation Airport; however, a yearly figure of 78,000 was estimated.  Of the 185 planes based at the airport, eighteen percent involve operations of jet aircraft with an average seating capacity of eight persons.  Thirty percent of the operations are twin engine, propeller craft with an average capacity of six persons.  The 



remainder of the operations (52 percent) involve single engine propeller craft carrying an average of four passengers.  The approach to the Lost Nation Airport is more than 5 miles from the site (Reference 40).



In 38 years of operations, three fatal accidents have occurred, two on airport property and one approximately 500 feet off the end of the runway.  Also during this 38‑year period, a number of incidents (most unconsequential and occurring on airport property) have occurred.  No incidents have occurred recently, however.  No definite growth plans are anticipated at present, although the airport management would like to continue to expand operations at Lost Nation (Reference 40).


b.
Airways (distances measured from airway centerline)



Airways V‑188 and V‑188‑10 are low altitude airways with a minimum altitude of 1,200 feet above the ground surface <Figure 2.2‑6>.  These airways connect the Detroit, Michigan area with Ashtabula, Ohio and have a peak daily traffic of 13 flights each.  Airway V‑188‑10 passes about 3.5 miles north‑northwest of the plant and V‑188 about 1.5 miles west‑northwest (Reference 41) (Reference 42).



Airway V‑10 is another low altitude airway that passes approximately 1.5 miles southwest of the plant.  It begins in Youngstown and joins V‑188 about 3.5 miles west‑northwest of the plant.  Peak daily traffic on V‑10 is 15 flights (Reference 41) (Reference 42).



A fourth low altitude airway, V‑14‑W, passes approximately 6.5 miles north of the plant and had a peak daily traffic of 35 flights (Reference 41) (Reference 42).



These low level airways are four miles wide; therefore, planes from both V‑10 and V‑188 may pass directly over the plant.  Any type of aircraft can use a low level airway (Reference 43).  No statistics on specific types are kept.  The airways have VOR radio beacons located at either end of each segment and are monitored with radar by Air Route Traffic Control Centers.  (Refer to <Figure 2.2‑6> for location of airways in relation to plant site.)



Two high altitude airways (minimum altitude 18,000 feet) also pass within the vicinity of the plant.  J29‑82 connects the Cleveland region with points to the northeast.  At the closest point, this airway is approximately 9.5 miles south‑southeast of the Perry Plant.  It had a peak 1976 traffic volume of 71 flights per day (Reference 42) (Reference 44).



Airway J584 passes approximately four miles north‑northeast of the plant site, carrying a maximum peak daily traffic of 94 flights per day (Reference 44).  (Refer to <Figure 2.2‑6> for location of high altitude airways.)



J584 and J29‑82 have a minimum altitude of 18,000 feet.  Any type of aircraft can use a high altitude airway but most serve jet and prop‑jet aircraft with pressurized cabins.



One holding pattern exists near the plant site.  It is associated with Airway J584 and is located approximately 12.5 miles east‑northeast of the plant over the shore of Lake Erie (Reference 44).



The preceding describes the facilities that exist within five miles of the facility and facilities of greater distances which are of significance.  The following land uses or activities are not located within five miles of the site:  airports, military bases, 



missile sites, bombing ranges, oil pipelines, nuclear power plants, or commercial gravel and sand operations.


c.
Perry Heliport (Reference 60)



The Cleveland Electric Illuminating Company has built a private heliport located approximately 2,000 feet southwest of the reactor building complex and 170 feet south of the TEC building.  This heliport is intended to be used in emergency situations and emergency drills only, and no routine operations will be carried out here.  No helicopters will be based in this heliport and FENOC anticipates an average of less than one landing per month at this location.



The helipad has an asphalt surface, and the landing area is 45 feet by 45 feet with a touchdown area of 42 feet by 42 feet.  The magnetic direction of the approach and departure paths is between the NW and the WSW directions and this is clear from all the plant safety‑related structures.  There are no planned instrument approaches.  Helicopter operations will be conducted and flights would be expected to adhere to the nominal traffic pattern flight paths during approach and departure.


2.2.2.6      Projections of Industrial Growth


The industrial area east of Fairport Harbor, located from 6 miles west‑southwest of the plant has undergone significant change in the past few years and is expected to continue to change over the next few.


The Diamond Shamrock industrial facility has been closed and the company has ceased all manufacturing activities in Painesville.  The major portion of the main plant facilities now belongs to the Standard Machine and Equipment Company of Uniontown, Pennsylvania.  It is anticipated that more industry will be attracted to the Diamond Shamrock facilities.  The nature of their future operations is uncertain; however, it is possible that inorganic chemical operations (sodium chlorine, lime) will constitute some of the future manufacturing (Reference 62).


Lonza Chemicals, Inc. is planning growth for the future, but type of activities is unknown (Reference 66).


Nova Chemicals management has not reopened the old Robin‑Tech (and earlier Allied) plant which employed around 120 persons in the early 1970’s.  They have no definite plans or a target date for opening the facility.  Feasibility studies are still being done (Reference 67).


2.2.3      EVALUATION OF POTENTIAL ACCIDENTS


On the basis of information provided in <Section 2.2.1> and <Section 2.2.2>, the potential accidents considered as design basis events have been identified and the potential effects on the plant are evaluated in terms of design parameters (e.g., overpressure) or physical phenomena (e.g., concentration of flammable or toxic clouds outside building structures).


2.2.3.1      Determination of Design Basis Events


2.2.3.1.1      Explosions and Flammable Vapor Clouds (Delayed Ignition)


2.2.3.1.1.1      Nearby Transportation Facilities


As shown on <Table 2.2‑2> the nearest major highway to the site is U.S. Route 20.  <Regulatory Guide 1.91> indicates that the maximum probable 


hazardous solid cargo for a simple highway truck is approximately 50,000 pounds.  Assuming a TNT equivalency ratio of 1, the safe distance from the explosion as defined in (Reference 73) (i.e., peak incident pressure on the plant structures of 1 psi or less) and as calculated using Equation 1 of <Regulatory Guide 1.91> is approximately 1,660 feet.  Since the closest point of Route 20 to the site is one mile, there will not be any adverse effects on the plant from potential explosions.  The actual overpressure on the plant is calculated to be approximately 0.22 psi using <Figure 2.2‑7>.


The railroad line closest to Perry is a major railroad corridor located approximately 3 miles south of plant center.  <Regulatory Guide 1.91> states that the maximum explosive cargo in a single railroad box car is 132,000 pounds.  Using the same methods and assumptions as above, the safe distance and the plant overpressure are calculated to be 2,300 feet and 0.07 psi, respectively.


<Table 2.2‑5a> and <Table 2.2‑5b> list the major hazardous materials shipped by rail on the lines in the area of the site.  A conservative evaluation of a worst case hypothetical explosion is given as follows:


a.
Cargo ‑ Propane


b.
Quantity ‑ 70.4 tons per car


c.
TNT Mass Equivalence ‑ 240%


d.
Heat of Combustion ‑ 21,670 Btu/lb


Using the above assumptions and the methods presented in <Regulatory Guide 1.91>, the calculated safe distance is approximately 3,130 feet and the plant overpressure is given as 0.11 psi.


Based on the above, it can safely be concluded that the plant will not be affected by any potential explosions at the railroad corridor.


The nearest shipping channel in Lake Erie to the site is one that extends parallel to the shoreline located approximately 2.0 miles (10,560 feet) from the site center.  The closest safety‑related structure to the shoreline is the emergency service water pumphouse located approximately 410 feet inland.  <Regulatory Guide 1.91> lists the maximum probable quantity of explosive material transported by ship as 10,000,000 pounds.  Assuming this quantity of material exploded, the safe distance and plant overpressure are given as 9,695 feet and 0.90 psi, respectively.  Since the actual distance is approximately 9,820 feet, there will be no adverse effects on plant operation.


2.2.3.1.1.2      Gas Lines


Potential accidents involving the release of natural gas from the existing pipelines, discussed in <Section 2.2.2.3>, do not pose a hazard to the plant.  As will be shown, if an accident occurs, the concentration of gas at all plant air intakes is well below the lower flammable limit.  Also, detonation of an unconfined natural gas‑air mixture is not considered to be a credible event (Reference 69) (Reference 70) (Reference 71) (Reference 72).


Each of the existing pipelines was analyzed to determine the limiting potential accident condition.  The results of this analysis indicated that the most limiting release of natural gas involves a break in the closest 4‑inch natural gas pipeline.  The analysis was performed using the following conservative assumptions:


a.
A break in the pipeline occurs at the point of nearest approach to the plant (3,200 feet for 20‑inch pipe and 2,000 feet for 4‑inch pipe).


b.
Gas is released by a constant enthalpy process yielding a gas temperature for dispersion calculations of 24(F for a 40(F initial gas temperature due to the Joule‑Thompson effect.


c.
The flow rate out the break is ranged from the maximum transient flow rate to a minimum flow rate of 1 m3/sec.


d.
Atmospheric dispersion is for Class G stability using <Regulatory Guide 1.78> dispersion parameters and a virtual source distance correction to account for initial finite source size.


e.
A range of wind speeds from 0.1 m/sec. to 9 m/sec. are used, which covers the range in G stability.


f.
Plume rise is in accordance with Briggs equation for stable (Class G) atmospheric conditions (Reference 73) and an air temperature of 68(F.


A perfect gas prior to its escape from the broken pipe will expand and accelerate toward the break.  As the gas expands, it will tend to cooldown from its original equilibrium temperature.  In doing so, a temperature gradient between the pipe and the flowing gas will be established.  In addition, friction between the pipe wall and the flowing gas will tend to heat the gas slightly above the temperature it would possess in a frictionless expansion.  In the first instance, small amounts of heat will flow from the pipe wall into the expanding gas; in the second instance, energy already possessed by the gas is simply transformed into heat and causes the gas temperature to rise slightly more.  Thus, the gas gains a small amount of energy from the pipe wall during this process.


In the second part of the blowdown process, the gas expands through the break at sonic velocity and, if still above atmospheric pressure, continues to expand until it reaches atmospheric pressure.  During this 


phase, the process is essentially adiabatic.  No work is performed either during the expansion or the slowing down period.  Consequently, the net energy possessed by the gas just prior to reaching the break, and after it slows down in the atmosphere, remains unchanged.


Since (1) no work has been performed by the escaping natural gas, (2) small quantities of heat have been transferred from the pipe to the gas, and (3) a transformation of energy has occurred by virtue of the fact that the gas is at a substantially lower pressure at the end of the blowdown, the energy gain from (2), above, and the energy transformation indicated in (1), above, must be present in the form of heat.  Therefore, the slowed down natural gas in the atmosphere would be at a slightly higher temperature than the original temperature.  Therefore the blowdown is essentially a throttling or isenthalpic process.  Since natural gas is a real and not a perfect gas, the Joule‑Thompson effect will cause the natural gas to be about 16(F below that expected for a perfect gas after blowdown.


The above description process indicates that there is a tendency for a perfect gas to be at a slightly higher temperature than the original temperature after the blowdown and mixing phase.  However, with real gases, this temperature increase is lessened or, perhaps, reversed slightly.  Therefore, extra conservatism is introduced into the plume rise analysis by assuming that the natural gas does not mix thermally with air and is cooled isenthalpically 16(F below the temperature it possessed prior to the break.


The plume rise calculations conservatively assumed the gas is released with zero momentum flux at the point of the break.  In reality, because the pipe is below grade, the gas would be expected to have a significant vertical velocity component.  This would tend to carry the plume higher than calculated.


Class G stability results in the smallest plume rise and the largest centerline concentration.  These combine to give the highest concentration at the air intake and the smallest distance from the air intake to the lower flammable limit.  Using Class G stability is, therefore, conservative.


A range of flow rates from 1 m3/sec. to 1,800 m3/sec., which covers up to the maximum break flow from the 20‑inch pipe, were studied.  While the larger flow rate results in a higher centerline concentration in the plume, it also yields a higher plume rise.  The net effect is that the concentration at the air intake decreases as the flow rate increases.


The maximum concentration at the highest air intake is 0.27 percent and results from the break of the closest pipe (4‑inch in diameter).  The minimum distance between the intake structure and the lower flammable limit (5 percent) is 167 feet.  For the largest pipe (20‑inch), which is 1,200 feet farther, the analysis gives a maximum concentration of 0.15 percent at the intake, and a minimum clearance of 248 feet.  The highest concentration at the air intake corresponds to the case where the break flow yields a plume rise sufficient to carry the plume just over the highest air intake.  At this point the centerline concentration is well below the flammable limit.


The preceding discussion shows that the potential accidents involving the nearby natural gas pipelines result in gas concentrations at the plant air intakes that is well below the lower flammable limit.  Therefore, these accidents are not considered design basis events.


2.2.3.1.1.3      Underground Gas Storage


No underground gas or petroleum storage facilities currently exist or are planned within five miles of the Perry Plant.


The design and construction of any future underground storage facilities would be done in accordance with local, state and federal regulations in existence at that time.


Salt solution storage of LPG has been in existence since 1951.  It has grown until in recent years it exceeds 84 million barrels in the United States (Reference 74) (Reference 75).  To store liquid under pressure requires a minimum depth.  Depths of 500 feet or more are to be preferred with the range of 1,000 to 2,000 feet as ideal for LP gas storage.


Fresh water is pumped into the well for dissolving the salt to create the cavity.  After the cavity is developed, gas is injected into it by pumping out brine.  The pressure required on the gas which is being injected into an underground salt cavity is equal to that required to raise brine from the cavity to the surface, plus the pressure required to overcome resistance to flow of gas in the casing and of brine in the tubing.  Gas is recovered by forcing brine into the salt cavities.


The use of liquid‑to‑liquid displacement as the transfer method ensures that the cavity will always be liquid filled with an extremely limited vapor phase resulting from irregular roof surfaces.  Air could only get into the cavity under normal operation by being entrained in the brine.  Therefore, it could not be present in significant quantities in the vapor spaces.  In addition, an ignition source will not be present within the cavity.  Thus, an explosion could not occur in the very limited cavity vapor space.  The only potential explosion hazard associated with the cavities, as such facilities are currently operated, would be that occurring from an above ground release with delayed ignition (Reference 76) (Reference 77).  The chance of a massive leak occurring at the well head with a delayed ignition is extremely remote.  However, if it would occur, the result would be a flash fire or atmospheric explosion.  The magnitude of such an unlikely explosion would be dependent upon the stoichiometry of the gas air mixture, its 


volume, and atmospheric conditions including wind conditions.  The worst conceivable delayed combustion event would involve a slight wind toward the plant to achieve proper mixing.


The case postulated for the above ground release assumed the complete shearing of the well head in a manner that allowed the maximum discharge rate from the cavity.  The analysis included establishing the maximum assumed gas cloud and its TNT equivalent.  A Gaussian plume model for diffusion was used in the analysis to consider the maximum steady‑state gas release rate.


The method used is the same as the one used to analyze the natural gas line in <Section 2.2.3.1.1.2>.  A conservative assumption of Pasquill Type F atmospheric conditions with a wind speed of 0.75 meters/second is used in the analysis.


The casing size is the controlling factor with respect to the maximum release rate to be used in the Gaussian plume equation.  The cavity volume has little effect on the above ground explosion size because the casing determines the release rate.  Its only effect would be associated with the period of time that the cloud could exist.


Failure of a propane well head from an underground storage cavern at 750 psig and 72(F will yield a sonic flow condition at the break (Reference 78).  Because of the large storage capacity compared to flow rate, the propane will flow steadily at 1,330 ft3/sec. through the annulus of the 4‑1/2 x 8‑5/8 inch casing.  The flow will consist of 99.3 volume percent propane vapor and 0.7 volume percent liquid.


Assuming the propane ignited immediately, a flame jet 50.3 feet long will issue from the break.  The flame will be stabilized at the point in the propane jet where the turbulent flow becomes laminar or about 5.4 feet from the well head break.  This flame jet will continue until the propane flow from the underground storage cavern is stopped.  A 


detonable propane‑air mixture will not form because the fuel is burned as it leaves the break.  An explosion will not occur in the underground storage cavern because the required air cannot enter the cavern which is under a positive pressure of propane.  In the event that the propane is exhausted, air will not leak back into the cavern since the propane will continue to flow at a slow rate as the remaining propane gas warms to the underground ambient temperature.


For the case of a well head failure with delayed ignition a detonable propane‑air mixture can be postulated to form.  The resulting cloud is calculated to drift approximately 2,400 feet from the release point and yield a detonation with a force equivalent to 372,000 lbs of TNT.  Using <Figure 2.2‑7>, the calculated peak overpressure at the plant is 1.1 psi which is below the 1.2 psi design value.  Based on the above, a separation distance of one mile will be maintained between potential underground propane storage release points and the nearest safety‑related structure on the Perry site.  CEI has acquired all the propane storage rights within at least one mile of the plant.


2.2.3.1.1.4      Nearby Industrial and Military Facilities


The hazardous materials associated with the industrial facilities in the vicinity of the Perry site are listed in <Table 2.2‑4a>.  Based on the distances from the facility and the maximum quantities listed, there are no identifiable potential explosions which could adversely affect normal operations of the plant.


As indicated in <Section 2.2.1.4>, there are no military bases or missile sites in the vicinity of the plant.


2.2.3.1.1.5      Unit 1 Fuel Storage Depot


Potential accidents involving the Unit 1 Fuel Storage Depot do not pose a hazard to the plant.  The Fuel Depot consists of two‑300 gallon 


capacity storage tanks containing unleaded gasoline fuel.  The installation and maintenance of these fuel storage tanks are in accordance with NFPA 30.  In the unlikely event these tanks were to explode, they are located sufficiently away from the Unit 1 safety‑related plant buildings to ensure that the peak positive incident overpressurization is below 1.0 psi in accordance with <Regulatory Guide 1.91>.  The fuel depot storage tanks are to be refilled via tank trucks driven to the site.  The detonation of these tank trucks in the vicinity of the plant is not considered to be a credible event when evaluated in accordance with <Regulatory Guide 1.91>.


2.2.3.1.1.6     HWC Hydrogen and Oxygen Storage Area


Potential accidents involving the on‑site storage of liquid hydrogen, gaseous hydrogen, and liquid oxygen to support operation of the Hydrogen Water Chemistry (HWC) System do not pose a hazard to the plant.  The Hydrogen and Oxygen Storage Area consists of a 9,000 gallon capacity cryogenic liquid hydrogen storage tank, six 8,350 scf (at 2,400 psi) gaseous hydrogen tanks, and a 6,000 gallon capacity cryogenic liquid oxygen storage tank.  The installation and maintenance of these cryogenic storage tanks are in accordance with NFPA 50A (gaseous hydrogen), NFPA 50B (liquid hydrogen), and NFPA 50 (oxygen).  The potential impact from an explosion of the liquid hydrogen storage tank has been evaluated in accordance with the requirements of EPRI NP‑5283‑SR‑A, Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision, as part of the design and installation of the HWC System.  In the unlikely event the hydrogen tank were to explode or an explosion were to occur resulting from a hydrogen pipe break, sufficient distance exists away from the Unit 1 safety‑related plant buildings to prevent any resultant adverse affects on the safety‑related structures.


Since the yield from the liquid hydrogen storage is much greater than that from the gaseous hydrogen storage, the liquid hydrogen evaluation above is bounding for the gaseous hydrogen tanks.


The potential impact on safety related air intakes from a failure of the hydrogen or oxygen storage facilities has been evaluated in accordance with the requirements of EPRI NP‑5283‑SR‑A, Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision, as part of the design and installation of the HWC System.  The separation distances between the hydrogen and oxygen storage facilities and safety related air intakes is such that the safety related air intakes will not be subject to a dangerous concentration of hydrogen due to a postulated liquid or gaseous hydrogen leak.  The separation distances between the hydrogen and oxygen storage facilities and safety related air intakes is such that the safety related air intakes will not be subject to excessive ingestion of oxygen rich air due to failure of the liquid oxygen storage tank.


No serious blast hazard is presented by the 6,000 gallon capacity cryogenic liquid oxygen storage tank.  Oxygen is stable in both the gas and liquid phases.  The potential threat from a liquid oxygen spill is the contact of oxygen‑enriched air with combustible materials or the ingestion of the oxygen‑enriched air into safety‑related air intakes.  Separation of the hydrogen and oxygen tanks is addressed in <Section 2.2.3.1.3.4>.


The liquid hydrogen and liquid oxygen storage tanks are to be refilled via tank trucks driven to the site.  The detonation of these tank trucks in the vicinity of the plant is not considered to be a credible event when evaluated in accordance with <Regulatory Guide 1.91>.


2.2.3.1.2      Toxic Chemicals


2.2.3.1.2.1      Nearby Transportation Facilities


Based on the information presented in <Section 2.2.2.2>, an aggregate probability analysis was performed for those chemicals having the potential, per <Regulatory Guide 1.78>, to affect control room operations.  This probability analysis is in accordance with 


<NUREG‑0800>, Standard Review Plan Section 2.2.3 “Evaluation of Potential Accidents,” dated July 1981, and follows the methodology outlined in <NUREG/CR‑2650> “Allowable Shipment Frequencies for the Transport of Toxic Gases Near Nuclear Power Plants,” dated October 1982.
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The resultant aggregate probability of all materials transported in the vicinity of the Perry Plant, P100, is estimated to be less than the 10‑6 Design Basis Event probability stated in <NUREG‑0800>, SRP Section 2.2.3.  As a result, no protective design features are considered necessary for this event.


2.2.3.1.2.2      Onsite Storage


Toxic gas analyses are performed on potentially hazardous chemicals stored on the plant site in quantities greater than the criteria outlined in <Regulatory Guide 1.78>.  A partial list of the chemicals for which evaluations have been performed, including quantity and location, is presented in <Table 2.2‑10>.  Potential hazardous chemicals other than those listed in <Table 2.2‑10> may be stored on the plant site in quantities greater than the 100 lb. criteria of <Regulatory Guide 1.78> only if the accident analyses for the largest container stored on site show control room concentrations will be maintained within acceptable values.


For each chemical identified as potentially hazardous, administrative controls are placed on the size of onsite chemical containers.  Conservative estimates of the control room concentrations of the chemicals have been made for postulated failures in accordance with <Regulatory Guide 1.78>.  Significant sources of significant airborne contamination include the CO2 storage tanks, the high pressure hydrogen and nitrogen cylinders, trichloroethylene, bromine and dichlorodifluoromethane (R‑12).  The estimated maximum control room concentrations for gross failures of the hydrogen and nitrogen cylinders are conservatively calculated to be less than 0.1 percent and 1.0 percent, respectively.  The estimated maximum control room concentrations for gross failures of the liquid and gaseous hydrogen storage tanks is less than 4%, as determined based on separation distance requirements within EPRI NP‑5283‑SR‑A, “Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision”.  These control room concentrations are below the acceptable values for both hydrogen and nitrogen, which are classified as asphyxiates.  The estimated maximum control room concentrations for failure of a trichloroethylene, bromine or dichlorodifluoromethane (R‑12) container is shown by analysis to be within acceptable limits.  The control room is equipped with a continuous monitoring system which will alarm prior to reaching unacceptable concentrations.  Emergency self‑contained breathing apparatus is provided in the control room and the operators are trained in its proper use.


Liquid biocide, rather than chlorine, is used for the service water system.  Therefore, no chlorine is stored on the site.


2.2.3.1.2.3      Nearby Industrial and Military Facilities


A discussion of the hazardous materials associated with the nearby industrial facilities is presented in <Section 2.2.2.2>.  Considering the materials listed in <Table 2.2‑4a>, which are stored in appreciable quantities and are within five miles of the site, only chlorine which 

is a liquid at normal conditions, has the potential to affect site operations.  Checking the maximum anticipated amount of chlorine stored at the Lake County Water Facility (4 miles southwest of the plant) against the requirements of <Regulatory Guide 1.78>, Table C‑2, indicates that the amount is exempt from further 


consideration for all types of control room designs listed in the Regulatory Guide including the Type C control room.


Since there are no military facilities in the vicinity of the plant, there are no military related toxic chemicals requiring evaluation.


Based on the above, it can safely be concluded that there are no potential hazards to the Perry control room from toxic chemicals associated with nearby industrial and military facilities.


2.2.3.1.3      Fires


External fires and explosions are extremely unlikely.  Exposures to the plant buildings include a 500,000 gallon fuel oil storage tank located approximately 250 feet from the plant in a diked area, two 300‑gallon storage tanks of unleaded gasoline fuel located approximately 930 feet from the Unit 1 plant, a 9,000 gallon capacity cryogenic liquid hydrogen storage tank located approximately 1,240 feet from the Unit 1 plant, six 8,350 scf (at 2,400 psi) gaseous hydrogen tanks located approximately 1,240 feet from the Unit 1 plant, a 6,000 gallon capacity cryogenic liquid oxygen storage tank located approximately 1,100 feet from the Unit 1 plant, infrequent existence of tank trucks unloading gasoline fuel, diesel fuel, fuel oil, liquid hydrogen, or liquid oxygen to the site, a 20‑inch gas line located more than 3,000 feet from the plant buildings and a wooded area located 350 feet from the plant at the closest point.  Refer to <Section 2.2.3.1.1.5> for an evaluation of the gasoline fuel.


2.2.3.1.3.1      Oil Storage Tank


No serious fire exposure hazard is presented by the 500,000 gallon fuel oil storage tank to onsite buildings because of its separation.  It is located 250 feet northeast of the Unit 1 turbine building as shown on <Figure 1.2‑2> and is located within a dike.  The fuel oil is used for firing the plant auxiliary boilers.


The fuel oil storage tank is 50 feet in diameter and is located 250 feet from the plant structure at its closest point.  NFPA Flammable Liquid Code No. 30, OSHA Flammable Liquid Storage Requirements and The Ohio State Fire Marshalls Flammable Liquid Storage Code allow such tanks to 


be located within 1/3 the tank diameter of important buildings.  The storage tank is located 5 tank diameters away.  All exposed buildings are of noncombustible or fire‑resistive construction.  The heat radiation rate from a total fire involvement of the tank would be less than 80 Btu/hr/ft2 of building surface area assuming still air.  With a 50 mph wind directed toward the plant, the heat radiation rate would only increase to approximately 110 Btu/hr/ft2.  The above rates are very safe for the noncombustible and fire‑resistive construction involved since they are less than sun heat radiation.


A flammable vapor air mixture will not exist in the tank vapor space under design atmospheric conditions.  The minimum lower flammable limit of fuel oil is 100(F.  This temperature must be reached before sufficient vapor will be present in the tank vapor space to support combustion.  On a hot sunny day, isolated lean flammable mixtures could exist due to the vaporization of liquid from the wetted shell or the vaporization of liquid condensed on the tank roof.  These flammable pockets of vapor have an extremely low probability of being ignited because of the lack of an ignition source.  The main volume of liquid will never exceed 90(F as reported in (Reference 79).  In the very unlikely event that ignition would occur, any resulting explosion would be weak because of the limited flammable volume, lean mixture and lack of proper mixing.  It would not result in any building damage.  The tank is designed in accordance with API 650 so the roof would break at the weak roof to cylindrical shell seam and relieve the explosion.


The yard fire hydrant system will provide a ready supply of cooling water, as well as water for generation of foam to extinguish any fuel oil fires.  A foam connection, foam proportioning equipment, and a supply of foam will be provided for use during the extinguishing operation.  Extinguishment should occur in less than one hour.


Dense smoke will not affect the control room habitability because the air intakes are located approximately 680 feet from the tank on the west 


side of the control complex.  The air conditioning system is designed to completely isolate the control room during periods when the atmosphere is contaminated using <Section 6.4> redundant leak tight dampers.  Oil smoke has a diameter range of 0.03 to 1 microns (0.50 microns average).  The roughing filters have an efficiency of 85‑90 percent on NBS atmospheric dust (.01 to 10 microns) and the HEPA filters have an efficiency of 99.97 percent on particles 0.3 micron and larger.


Therefore, in the remote event of smoke inleakage from a fuel oil fire, the series of roughing filter and HEPA filter banks in the supply unit and recirculation unit of the control room HVAC system will effectively reduce the density of any smoke in the control room to a level that will not affect the control room habitability.  Self‑contained fresh air breathing apparatus will be provided for use by operators until the control room air can be filtered.  Smoke detectors will monitor the air entering the control room.


The auxiliary boiler will be used during various plant operations.  Minimum demand occurs during normal plant operation.  Approximate weekly demand is 450 gallons of fuel oil.  Other greater auxiliary boiler demands will occur throughout the year during hot standby, cold startup or shutdown mode.

It is conservatively estimated that approximately ninety 7,300 gallon tank truck deliveries per year will be required as a maximum.  The frequency of delivery of fuel oil to the 500,000 gallon storage tank will be limited to a cycle corresponding to the boiler operation.  Delivery of fuel oil will be by truck, using Center Road for access to 


the plant site.  The unloading area is located on the north side of the storage tank.


The truck unloading area is located such that all drainage from the unloading area drains into the diked area, and the diked area is designed to be capable of containing the complete volume of the tank and the delivery truck, with a one foot freeboard.


The area around the fuel oil tank dike is contoured to ensure that drainage from the area is away from the plant proper and toward the diverted creek east of the plant.  Normally, any leakage from the tank will be contained within the dike whose base is one foot below grade level.  The only common mode failure that would cause rupture of both the tank and the reinforced concrete dike is the postulated seismic event.  The slopes around the dike are such that the spillage resulting from the postulated simultaneous breaks would be directed away from the plant, as shown on <Figure 2.1‑3>.


2.2.3.1.3.2      Gas Line


A 20‑inch buried natural gas line runs adjacent to the Perry site as shown on <Figure 2.2‑3>.  It is unlikely that this line will rupture.  If such a massive leak with immediate ignition did occur, the fire would continue to burn until the line is isolated and the methane gas in the isolated section of pipe is consumed.  Sufficient heat radiation could be given off from such a fire to start a forest fire in the adjacent wooded area during dry seasons.  However, the heat radiation at the plant buildings would be less than 200 Btu per hour per square foot which would not be sufficient to affect the plant safety.  The forest fire is discussed in <Section 2.2.3.1.3.3>.


2.2.3.1.3.3      Forest Fires


The presence of 350 feet of clear space around the plant reduces the potential hazard of forest fire to a minimum (the presence of trees and bushes in landscaped areas does not affect this evaluation).  Plant construction is fire resistive with building roof construction of either reinforced concrete or metal deck.  The metal decks meet the requirements of Factory Mutual Class I roof decks. Therefore, the hazard from any flying brands is minimized.  The yard fire protection system will provide a ready source of water to attack such a forest fire and to apply cooling water to buildings and other structures.


2.2.3.1.3.4      HWC Hydrogen and Oxygen Storage Area


No serious fire exposure hazard is presented by the 9,000 gallon capacity cryogenic liquid hydrogen storage tank or the six 8,350 scf (at 2,400 psi) gaseous hydrogen storage tanks to onsite buildings because of their separation.  The hydrogen storage tanks are located approximately 1,240 feet southeast of the fuel handling building, the nearest safety‑related plant structure.  The cryogenic liquid hydrogen storage tank and gaseous hydrogen storage tanks supply hydrogen for operation of the Hydrogen Water Chemistry (HWC) System.


The location of the hydrogen storage facility complies with the separation distance outline in EPRI NP‑5283‑SR‑A, “Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision”, NFPA 50A (gaseous hydrogen systems at consumer sites) and NFPA 50B (liquefied hydrogen systems at consumer sites), as well as OSHA Standards 29 CFR 1910.103 (hydrogen).  This separation distance ensures that the thermal flux from a potential hydrogen gas fireball or the blast overpressure from a potential hydrogen blast will not cause failure of any safety‑related structures.  The routing and delivery schedule for the hydrogen delivery truck meets the requirements of <Regulatory Guide 1.91> as specified in EPRI NP‑5283‑SR‑A.  Delivery of 


liquid hydrogen will be by truck, using Center Road for access to the plant site.  The unloading area is located on the east side of the storage tank.  The detonation of these tank trucks in the vicinity of the plant is not considered to be a credible event when evaluated in accordance with <Regulatory Guide 1.91>.


No serious fire exposure hazard is presented by the 6,000 gallon capacity cryogenic liquid oxygen storage tank to onsite buildings because of their separation.  The oxygen storage tanks are located approximately 1,100 feet southeast of the fuel handling building (the nearest safety‑related plant structure), with separation distances being greater to safety‑related plant air intakes.  The cryogenic liquid oxygen storage tank supplies oxygen for operation of the Hydrogen Water Chemistry (HWC) System.  Oxygen is stable in both the gas and liquid phases.  The potential threat from a liquid oxygen spill is the contact of oxygen‑enriched air with combustible materials or the ingestion of oxygen‑enriched air into safety‑related air intakes.  The location of the oxygen storage facility complies with the separation distance outlined in EPRI NP‑5283‑SR‑A, “Guidelines for Permanent BWR Hydrogen Water Chemistry Installations‑1987 Revision”, NFPA 50 (bulk oxygen systems at consumer sites), as well as OSHA Standards 29 CFR 1910.104 (oxygen).


The area around the storage area is contoured to ensure that a liquid spill from either the hydrogen or oxygen storage tanks will not flow toward, pond or accumulate within 75 ft. of the other.


2.2.3.1.4      Collisions with Intake Structure


The location and design of the main intake structure and the discharge structure, (which also serves as the alternate emergency service water intake structure) are shown in <Figure 2.1‑3>, <Figure 3.8‑65>, <Figure 3.8‑66>, and <Figure 3.8‑67>.  Consideration of possible loss‑of‑function of the intake systems due to ice or a water borne 


transportation accident is discussed in <Section 2.4.7> and <Section 2.4.11>.  The structures are about 1.8 statute miles from chartered shipping lanes.


With the tops of these structures submerged a minimum of 12 feet below the LWD they will not be frozen in fast ice or be an obstruction to floating ice packs.  Further, the intake structure is protected against dynamic loads (produced when floating ice islands crush against it) by means of 10 vertical caissons, each six or seven feet in diameter, placed in a 70 foot diameter circle around each of the two intake heads.  The discharge nozzle is encased in a 17 foot diameter concrete caisson to protect it from similar dynamic ice loads.  The intake structure is designed so that each intake head (located 141 feet apart) can supply the maximum emergency service water flow requirement.  Also, the main intake (two heads) and the alternate intake (discharge nozzle) are 


separated horizontally by more than one‑third of a mile.  For these reasons, the likelihood that both the main intakes and the alternate intake would be blocked by ice or a transportation accident, to the extent that it would affect the safety‑related flow capacity, is extremely remote.


2.2.3.1.5      Liquid Spills


The accidental release of oils or liquids which may be corrosive, cryogenic or coagulant is not considered in the design of the facility since there is no potential for such liquids to be drawn into the plant’s intake structure and circulating water system.  Oil spills will have no effect due to the submergence of the intake structures.  The effect of accidental releases of other liquids into Lake Erie will be greatly minimized due to the tremendous dilution capability of the lake and the redundancy, separation and submergence of the intakes.


2.2.3.2      Effects of Design Basis Events


The design basis accidents are described in <Section 2.2.3.1>.  As indicated in that section, there are no potential adverse effects on the safe operation of the Perry facility from any of these events.
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TABLE 2.2‑1


MANUFACTURING AND STORAGE FACILITIES WITHIN FIVE MILES OF THE PLANT(1)


      Distance (mi) and



       Direction from

Total


Name of Company
Location
__ PNPP Center

 Products
Primary Function
Work Force


Neff Perkins Co.
Perry
3,000 ft WSW
Rubber and steel
Manufacturing
175





custom molded





products


Sivon Mfg.
Perry
1 mi SW
Rubber production
Manufacturing
5‑10





machinery


Perry Coal & Feed
Perry
3 mi S
Feed
Marketing
3


Bentley Excavating
Perry
3 mi SSW
None
Contractor
30‑60


Mackenzie Nursery
Perry
3.5 mi SSW
Nursery 
Marketing
14


Supply


equipment and 





supplies


Lake County Water
Painesville
4 mi WSW
Water Treatment
Water Treatment
--

Thermatool Mill
Perry
3.5 mi S
Structural
Manufacturing
60


Systems


I beams


Pet Processors
Painesville
3.6 mi WSW
Plastics
Manufacturing
--


Midwest Materials
Perry
3.5 mi S
Finished and
Manufacturing
110





semi‑finished





steel products


NOTE: (1)
See (Reference 9), (Reference 10), (Reference 11), (Reference 12), (Reference 14), (Reference 15), (Reference 16) and (Reference 86) <Section 2.2.4>


TABLE 2.2‑2


MAJOR HIGHWAYS WITHIN FIVE MILES OF STATION CENTER(1)



Approx Distance (mi)


  Annual Average Daily Traffic Volume (AADT)




  And Direction
     Sector

Vehicles/Day(2)
Passenger and


Road Name/No.
County
 From Plant Center 
Miles
Description
Total Vehicles
Trailer Trucks
 Panel Truck


U.S. Route 20
Lake
    1 mi  SSE
 .18
Bowhall Rd. to
    9,300
  4,600
   8,840






Half Rd.





 .47
Half Rd. to
    5,320
    260
   5,060






Rte. 2





 .62
Rte. 2 to
   20,900
    840
  20,060






Narrows Rd.





2.58
Narrows Rd.
   19,500
    750
  18,750






to Center Rd.





2.39
Center Rd. to
   17,400
    530
  16,870






Townline Road





3.03
Townline Road to
   15,340
    340
  15,000






Rte. 528


State Route 84
Lake
  3.5 mi  SSE
1.98
River Rd. to
    2,900
    100
   2,800






Shepard Rd.





4.36
Shepard Rd. to
    3,600
    160
   3,440






Madison W. Corp.





1.16
Madison W. Corp.
    4,800
    160
   4,640






to Rte. 528






(River Rd.)





 .14
River St. to
    8,000
    300
   7,700






Lake St.





 .90
Lake St. to
    4,380
    100
   4,280






Bates Rd.


State Route 2
Lake
    4 mi  WSW
1.34
Rte. 535 to
   14,000
    580
  14,580






East Terminus






(U.S. 20)


Interstate 90
Lake
    5 mi  SSE
7.66
Vrooman Rd. to
   19,040
  5,170
  13,870






Rte. 528


State Route 528
Lake
    5 mi  E
2.14
Rte. 84 to
    9,040
    240
   8,800






U.S. 20


NOTES:


(1)
See (Reference 45) <Section 2.2.4>.


(2)
AADT provided for segments of each major road within five miles of PNPP.


TABLE 2.2‑3


GAS PIPELINES WITHIN THE IMMEDIATE ENVIRONS OF THE PLANT(1)








 Maximum






  Operating
Potential


Pipeline

Size
  Pressure
Operating


Year

Depth


Number(2) 

(in.)    (psi)  
Pressure 

Constructed
Buried


 1
2.0
 35
 60
1950
30


 2
2.0
 35
 60
1977
30


 3
3.0
 35
 60
1977
30


 4
4.0
 35
 60
1960
30


 5
20.0
150
250
1975
42


 6
16.0
150
250
1975
42


 7
20.0
150
250
1975
42


 8
4.0
 35
 60
1975
36


 9
2.0
 35
 60
1940
36


10
1.25
 35
 60
1940
36


11
1.25
 35
 60
1940
36


12
1.25
 35
 60
1940
36


13
10.0
 35
 60
1930
36


NOTES:


(1)
See (Reference 6) <Section 2.2.4>.


(2)
See <Figure 2.2‑3>.


TABLE 2.2‑4a


HAZARDOUS MATERIALS USED, PROCESSED AND/OR STORED WITHIN FIVE MILES OF THE PLANT



 Threshold


    Hazardous
Limit Value(5)

Maximum


    Material 
  (mg/m3)     

Quantity
Method Stored
Location


Methyelthyl Ketone (MEK)
   590
     50 gal.
50 gal. drum
Neff Perkins


Cleaning solvents and cutting oils
See Note(2)
    300 gal.
50 gal. drums
Neff Perkins


TABLE 2.2‑4a (Continued)



 Threshold


    Hazardous
Limit Value(5)
    Maximum


    Material 
  (mg/m3)  
    Quantity
Method Stored
Location


Kerosene
See Note(2)
    250 gal.
above ground tank
Thermatool Mill






Systems


Toluene
   375
    165 gal.
    55 gal.
SIVON Mfg.


Herbicides, insecticides, 
See Note(4)
small amounts
shelved bags,
Perry Coal and 


fungicides


boxes and gallon
Feed





jugs


Ammonium nitrite
See Note(6)
small amounts
shelved bags and
Perry Coal and 





boxes
Feed


Chlorine
     3
    8000 lbs
2000 lb. cylinders
Lake County Water





stored in block





building


NOTES:


(1)
Future storage (March 1985).


(2)
Flammable material.


(3)
Corrosive material.


(4)
Toxic (no value given).


(5)
N. Irving Sax, “Dangerous Properties of Industrial Materials,” 6th Edition.


(6)
Explosive material.


TABLE 2.2‑4b


HAZARDOUS MATERIALS TRANSPORTED BY HIGHWAY OR RAILROAD WITHIN FIVE MILES OF THE PLANT



 Threshold

Shipment


          Hazardous
Limit Value(6)
    Shipment
Frequency
 Method of


          Material 
__(mg/m3)__
    Size(1)__
(per/yr.)
Transportation

Toluene
See Note(3)
     55 gal.
2
Highway


Carbon dioxide, compressed
  1,840
      60 lb
12
Highway


Nitrogen, compressed
See Note(7)
      60 lb
12
Highway


Oxygen, compressed
See Note(2)
1,320 cu ft
12
Highway


Acetylene, compressed
See Note(3)
  330 cu ft
28
Highway


Isopropyl alcohol
See Note(3)
  8,000 gal.
12
Highway


Trichloroethylene
    537
  8,000 gal.
12
Highway


Paints
See Note(5)
  1,375 gal.
250
Highway


Maleic anyhydride
      1
  6,000 gal.
12
Highway


Methylethyl Ketone (MEK)
    590
     30 gal.
12
Highway


Cleaning liquid, corrosive
See Note(4)
    120 gal.
50
Highway


(DOT NA1760)


Perchloroethylene
    678
    120 gal.
50
Highway


Petroleum naptha
See Note(3)
    120 gal.
50
Highway


(DOT UN1255)


No. 1 fuel (K1 fuel, kerosene)
See Note(3)
  8,500 gal.
385
Highway


No. 2 fuel
See Note(3)
  8,500 gal.
720
Highway


Diesel fuel
See Note(3)
  8,500 gal.
2,100
Highway


Gasoline
See Note(3)
  9,500 gal.
3,120
Highway


Lubricants, motor oil, grease
See Note(3)
    330 gal.
130
Highway


Propane, bulk
See Note(2)
  2,000 gal.
78
Highway


Propane, canister
See Note(2)
  3,000 lb
156
Highway


Ammonium hydroxide
See Note(3)
  6,000 gal.
100
Highway


Liquid hydrogen
See Note(2)
 17,000 gal.
12
Highway


Liquid oxygen
See Note(2)
 17,000 gal.
12
Highway


TABLE 2.2‑4b (Continued)



Threshold(8)

Shipment


        Hazardous
Limit Value
  Shipment
Frequency
  Method of


        Material(10)
  (mg/m3)  
  Size(1) 
(per/yr.)
Transportation


Liquid sodium hydroxide
     2



Rail


Vinyl chloride
See Note(9)



Rail


Chlorine
     3
N/A(11)
N/A(11)

Rail


Liquified Petroleum Gas
  1800



Rail


Sulfuric acid
     1



Rail


Benzene
   160



Rail


Carbon Dioxide
See Note(6)



Rail


Motor anti‑knock compound
 0.075



Rail


Hydrochloric acid
     7



Rail


1.1.1 Trichloroethane
  2460



Rail


NOTES:


(1)
(Deleted)

(2)
Explosive material.


(3)
Flammable material.


(4)
Corrosive material.


(5)
Toxic (no value given).


(6)
N. Irving Sax, “Dangerous Properties of Industrial Materials”, 6th Edition.


(7)
Asphyxiant.


(8)
Values from OSHA.


(9)
Deleted from OSHA Sec. 1910.1000 (Reference 46).


(10)
(Deleted)

(11)
Refer to <Table 2.2‑5a> and <Table 2.2‑5b>.


TABLE 2.2‑5a


2005 CSX HAZARDOUS MATERIALS TRAFFIC(1)(2)

Commodity
Carloads
Hazard Class(3)

Sodium Hydroxide Solution
6,822
8

Chlorine
4,877
2.3

Vinyl Chloride
3,111
2.1


Liquified Petroleum Gas
1,582
2.1


Potassium Hydroxide Solution
1,509
8


Denatured Alcohol
1,261
3


Carbon Dioxide, Liquid
1,249
2.2


Sulfuric Acid
966
8


Petroleum Distillates, NOS(4)
626
Combustible


Styrene Monomer
536
3


Vinyl Acetate
521
3


Calcium Carbide
521
4.3


Elevated Temperature Liquid
494
9


Sodium Chlorate
496
5.1


Benzene
489
3


Environmentally Hazardous Liquid, NOS(4)
406
9


Molten Phenol
351
6.1


Hydrochloric Acid Solution
340
8


1,1,1‑Trichloroethane
335
6.1


Fuming Sulfuric Acid
253
8


Waste Polychlorinated Biphenyls (PCB)
248
9


Butane
243
2.1


Diisobutylene Isomeric Compounds
235
3


Other Regulated Liquid NOS(4)
208
9

NOTES:


(1)
See (Reference 85) <Section 2.2.4>.


(2)
Major Hazardous Materials transported by CSX in the vicinity of the Perry Plant.


(3)
Refer to DOT’s Hazardous Material table for explanation of classification.


(4)
NOS ‑ Not Otherwise Specified.


TABLE 2.2‑5a (Continued)


(Deleted)


TABLE 2.2‑5a (Continued)


(Deleted)


TABLE 2.2‑5a (Continued)


(Deleted)


TABLE 2.2‑5a (Continued)


(Deleted)


TABLE 2.2‑5a (Continued)


(Deleted)


TABLE 2.2‑5b


2005 NORFOLK AND SOUTHERN HAZARDOUS MATERIAL TRAFFIC(1)(2)

Commodity
Carloads
Hazard Class(3)

Sulfuric Acid
278
8


Anhydrous Ammonia
177
2.2


Phosphorus Pentasulphide
29
4.3


Corrosive Liquids
36
8


Ammonium
13
8


Flammable Liquids, NOS(4)
5
3


NOTES:


(1)
See (Reference 85) <Section 2.2.4>.


(2)
Major Hazardous Materials transported by Norfolk Southern in the vicinity of the Perry Plant.


(3)
Refer to DOT’s Hazardous Material table for explanation of classification.


(4)
NOS – Not Otherwise Specified.


TABLE 2.2‑6


TYPES AND AMOUNTS OF CARGO TRANSPORTED IN THE GREAT LAKES IN 1982


CLEVELAND, FAIRPORT, ASHTABULA, CONNEAUT AND ERIE HARBORS(1)

(Short Tons)




         Harbors                   


              Cargo              
Cleveland
Fairport
Ashtabula
Conneaut      Erie


Barley and Rye
    3,179
    ‑    
     ‑    
     ‑     
 ‑  


Wheat
   72,674
    ‑    
     ‑    
     ‑     
 ‑ 


Tobacco, Leaf
       30
    ‑    
     ‑    
     ‑     
 ‑ 


Field Crops (nec)
    ‑    
    ‑    
     ‑    
     ‑     
 29


Fresh Fish, except Shellfish
      248
     162
        14
       298
268


Iron Ore and Concentrates
5,380,815
  50,958
 1,435,184
   413,267
 ‑ 


Aluminum Ores, Concentrates
   10,723
    ‑    
     ‑    
     ‑     
 ‑


Nonferrous Ores and Concentrates
    6,053
    ‑    
    32,384
     ‑     
 ‑  


Coal and Lignite
    ‑    
    ‑    
 5,008,218
10,128,139    33,196


Limestone
1,340,568
 860,161
   241,324
   413,869   356,150


Sand, Gravel, Crushed Rock
  541,685
 103,354
     ‑    
     ‑       109,081


Clay
        3
    ‑    
     9,026
     ‑            ‑


Nonmetallic Minerals (nec)
  730,874
 612,342
     ‑    
    12,700    51,318


Tallow, Animal Fats and Oils
    1,460
    ‑    
     ‑    
     ‑     
 ‑


Vegetables and Preparations of,
       41
    ‑    
     ‑    
     ‑     
 ‑


Wheat Flour and Semolina
    6,793
    ‑    
     ‑    
     ‑     
 ‑


Alcoholic Beverages
      826
    ‑    
     ‑    
     ‑     
 ‑ 


Miscellaneous Food Products
       41
    ‑    
     ‑    
     ‑     
 ‑ 


Basic Textile Products
       57
    ‑    
     ‑    
     ‑     
 ‑ 


Logs
     ‑    
    ‑    
     ‑    
     ‑         1,863


Lumber
      120
    ‑    
     ‑    
     ‑         1,920


Veneer, Plywood, Worked Wood
     ‑   
    ‑    
       946
     ‑     
 ‑


Furniture and Fixtures
       21
    ‑    
     ‑    
     ‑     
 19


Paper and Paperboard
      583
    ‑    
     ‑    
     ‑     
 ‑


TABLE 2.2‑6 (Continued)




         Harbors


               Cargo              
Cleveland
Fairport
Ashtabula
Conneaut      Erie


Pulp and Paper Products
       10
    ‑    
     ‑    
     ‑     
 83


Basic Chemicals and Products
    3,329
    ‑    
     ‑    
     ‑     
 ‑  


Plastic Materials
        3
    ‑    
     ‑    
     ‑     
 ‑  


Drugs
     ‑    
    ‑    
     ‑    
     ‑     
 19


Soap
     ‑    
    ‑    
     ‑    
     ‑
 19


Paints and Allied Products
       69
    ‑    
     ‑    
     ‑     
 ‑ 


Phosphatic Chemical Fertilizers
     ‑    
    ‑    
    19,997
     ‑     
 ‑  


Insecticides, Disinfectants
        6
    ‑    
     ‑    
     ‑     
 ‑ 


Miscellaneous Chemical Products
      210
    ‑    
     ‑    
     ‑     
 ‑ 


Residual Fuel Oil
  126,598
    ‑    
     ‑    
     ‑     
 ‑ 


Lubricating Oils and Greases
        1
    ‑    
     ‑    
     ‑     
 ‑


Asphalt, Tar and Pitches
   39,061
    ‑    
     ‑    
     ‑     
 ‑ 


Coke, Petroleum Coke
   30,500
    ‑    
     ‑    
     ‑     
 ‑ 


Rubber and Misc. Plastic Products
       28
    ‑    
     ‑    
     ‑     
 ‑


Building Cement
  232,072
    ‑    
     ‑    
     ‑     
 ‑ 


Structural Clay Products
       59
    ‑    
     ‑    
     ‑     
 ‑ 


Cut Stone and Stone Products
       19
    ‑    
     ‑    
     ‑     
 32


Misc. Nonmetallic Mineral Products
       21
    ‑    
     ‑    
     ‑     
 ‑ 


Slag
   45,000
    ‑    
     ‑    
     ‑     
 ‑ 


Iron and Steel Primary Forms
   15,796
    ‑    
     1,599
     ‑     
 ‑ 


Iron, Steel Shapes (except Sheet)
  286,942
    ‑    
    10,938
     ‑     
 ‑ 


Iron and Steel Plates and Sheets
    1,071
    ‑    
     ‑    
     ‑     
 ‑


Iron and Steel Pipes and Tubes
    3,092
    ‑    
     ‑    
     ‑     
 20


Ferroalloys
   22,176
    ‑    
    23,482
     ‑        17,810


Iron, Steel Products (not classified)
      292
    ‑    
     ‑    
     ‑     
 ‑


Nonferrous Metals
       72
    ‑    
        86
     ‑     
 ‑ 


Copper Alloys, unworked
       57
    ‑    
     ‑    
     ‑     
 ‑


Lead and Zinc, unworked
    3,145
    ‑    
     ‑    
     ‑     
 ‑


TABLE 2.2‑6 (Continued)




         Harbors


              Cargo              
Cleveland
Fairport
Ashtabula
Conneaut      Erie


Aluminum and Alloys, unworked
      461
    ‑    
     ‑    
     ‑     
121


Fabricated Metal Products
      513
    ‑    
         2
     ‑     
417


Machinery, except electrical
    3,047
    ‑    
     ‑    
     ‑     
 23


Electrical Machinery and Equipment
      313
    ‑    
     ‑    
     ‑     
598


Motor Vehicles, Parts, Equipment
    2,235
    ‑    
     ‑    
     ‑     
300


Misc. Transportation Equipment
     ‑    
    ‑    
     ‑    
     ‑     


Ships and Boats
       12
    ‑    
     ‑    
     ‑     
 ‑


Misc. Manufactured Products
        1
    ‑    
     ‑    
     ‑     
 ‑


Iron and Steel Scrap
   28,094
    ‑    
     ‑    
     ‑        46,484


Nonferrous Metal Scrap
       81
    ‑    
    49,137
     ‑     
 ‑


Commodities (not elsewhere clsfd)
       44
    ‑    
     ‑    
     ‑     
  1


Department of Defense & Sci.
        8
    ‑    
     ‑    
     ‑     
 ‑


NOTE:


(1)
See (Reference 48) <Section 2.2.4>.


TABLE 2.2‑7


1982 COMBINED TRAFFIC BY TYPE OF VESSEL BETWEEN


CLEVELAND, OHIO AND ERIE, PENNSYLVANIA(1)

Direction and Vessel Type(2)
Number of Transits per year


a.
Upbound(3)


Passenger and Dry Cargo
6,735



Tug and Barge
   32



Tanker
   61



Dry Cargo
   14



Upbound total
6,842


b.
Downbound(4)


Passenger and Dry Cargo
6,735



Tug and Barge
   40



Tanker
   51



Dry Cargo
   15



Downbound total
6,841


NOTES:


(1)
See (Reference 48) <Section 2.2.4>.


(2)
See <Figure 2.2‑2> for location of shipping lanes.


(3)
Inland from Atlantic Ocean.


(4)
Outbound from the Great Lakes to the Atlantic Ocean.


TABLE 2.2‑8


TRIPS AND DRAFTS OF VESSELS ‑ CLEVELAND, FAIRPORT HARBOR,


ASHTABULA, CONNEAUT AND ERIE HARBOR(1)


   Total Trips
   Total Trips


Draft Vessels
    of Vessels
    of Vessels
Total Number


___(feet)____
_____Inbound_____
_____Outbound_____
__of Trips__



30
    0
    4
     4



29
    4
   81
    85



28
   17
  129
   146



27
  114
  116
   230



26
  138
  159
   297



25
   89
   17
   106



24
  191
   42
   233



23
  351
  111
   462



22
  191
  117
   308



21
  120
  116
   236



20
  125
  168
   293



19
  112
  145
   257



18
   78
   91
   169



17
   61
  123
   184



16
   48
   68
   116



15
   27
  100
   127



14
   94
  127
   221



13
    5
    9
    14


12 or less
5,077
5,108
10,185


NOTE:


(1)
See (Reference 47) and (Reference 48) <Section 2.2.4>.


TABLE 2.2‑9


AIRPORTS AND AIRSTRIPS IN THE VICINITY OF THE PLANT(1)




Distance (mi) and
Number of




 Direction from
  Based
                 Runways                    
  Hours
Operations


   Airport(2)  
Location
  Station Center  
 Aircraft
No.
Direction
Length(ft)
Composition
Attended
Per Month


1.
Woodworth
Madison
   4.5  ESE
  3‑5
 1
   EW
  2300
   Sod
 None
   4



  Airstrip


2.
Casement
Paines‑
   6‑7  SSW
   28
 1
NW‑SE
  3800
  Paved
Irregular
 40‑50



  Airport
 ville


3.
Concord
Paines‑
   10   SSW
   35
 1
NNE‑SSW
  2400
  Paved
Irregular
 See Note(3)


  Airport
 ville


NOTES:


(1)
See (Reference 37), (Reference 38), (Reference 39), and (Reference 40) <Section 2.2.4>.


(2)
See <Figure 2.2‑3> and <Figure 2.2‑4> for airport locations.


(3)
No operations records kept.


TABLE 2.2‑10


CHEMICALS STORED ONSITE(1)


Chemicals
Quantity
Location


Sulfuric Acid (93%)
 7,000 gal.
Water Treating Building


Caustic Soda Solution (50%)
 7,000 gal.
Water Treating Building


Sodium Hypochlorite Solution
 1,050 gal.
Service Water Pumphouse


Sodium Hypochlorite Solution
 1,500 gal.
Water Treating Building


(0.8%)


Nitrogen

10,600 ft3
Auxiliary Building




(one cylinder)


Nitrogen

102,646 ft3
Yard


Hydrogen

 7,387 ft3
Yard




(one cylinder)


Liquid hydrogen
 9,000 gal
Yard


Liquid oxygen
 6,000 gal
Yard


CO2

4 tons
Yard


CO2

2‑3/4 tons
Yard




(three tanks)


Nitrogen Generator
~ 5 SCFM
Chemistry Lab ‑ Control





Complex Elev. 599




~ 5 SCFM
Heater Bay ‑ Elev. 620


Trichloroethylene
255 gal.
Offgas Building


(R‑1120)


Trichloroethylene
55 gal. drum
Warehouse


(R‑1120)

(6 drums maximum)


Aqueous Sodium Hypochlorite/
3,000 gal.
Circulating Water Pump


Sodium Bromide Biocide

House


Dichlorodifluoromethane
2,234 lb
P47B001 A/B/C Chiller


(R‑12)


Dichlorodifluoromethane
2,300 lb
P50B001 A/B/C Chiller


(R‑12)


Dichlorodifluoromethane
2,997 lb
P46B001 A/B Chiller


(R‑12)


TABLE 2.2‑10 (Continued)



Chemicals
Quantity
Location


Difluoromethane/
90 lb
M52B004 A/B Condensing 

Pentafluoroethane 

Unit

(50%/50%) (R‑410A)

Chlorodifluoromethane/


Chloropentafluoroethane
125 lb
N64B0113B Chiller


(R‑205)(R‑22–48.8%R‑115‑51.2%)


Chlorodifluoromethane
220 lb
M53B0031 A/B Chiller


(R‑22)


NOTE:


(1)
Not a complete list.  Chemicals stored and used on site are evaluated for control room habitability in accordance with site procedures.
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2.3      METEOROLOGY


This section provides a description of the meteorology of the Perry Nuclear Power Plant (PNPP) site and surrounding areas.  The Perry site is located in northeast Ohio on the south shore of Lake Erie, approximately midway between Cleveland, Ohio and Erie, Pennsylvania.  See the map in <Figure 2.3‑1> for the location of PNPP and other meteorological data monitoring sources.


2.3.1      REGIONAL CLIMATOLOGY


2.3.1.1      General Climate


The climate in the region of the PNPP site is continental in character, moderated somewhat due to the proximity of Lake Erie.  West through northerly surface winds from Lake Erie have a moderating effect on surface temperatures tending to lower daily maximum temperatures in the summer and increase temperatures and cloudiness during the winter.  The presence of the lake has little effect on local conditions when winds are from other than these directions (Reference 1).


2.3.1.1.1      Air Mass Types and Synoptic Features


Characteristic of the continental interior, the climate of the PNPP region is dominated by a more‑or‑less steady progression of relatively cold dry arctic air masses from Canada and warm moist maritime air from the Gulf of Mexico.  Invasions of arctic air from Canada are more frequent during the winter months, typically occurring on the order of every five to seven days.  During the summer months, the region experiences a general southerly flow of warm moist air from the Gulf of Mexico, a situation that can persist for several days as the semipermanent Bermuda High persists off the Atlantic coast (Reference 2).  


Occasionally, cool and moist Pacific air finds its way into the PNPP region, but this air is greatly modified by its passage over the Rocky Mountains and the plains states to the west of Perry.


The general eastward movement of these air masses is associated with migrating high and low pressure systems.  Movement of the systems is more rapid and development more intense during the winter months than during the summer (Reference 2).


Warm and cold fronts of varying intensities mark the boundaries of these different air masses and generally move according to the circulation and movement of the low pressure centers.


2.3.1.1.2      Airflow Patterns


Surface airflow patterns in the PNPP site region show a fairly high degree of variability, reflecting the fairly steady movement of high and low pressure systems through the area.  The annual mean wind speed at Cleveland‑Hopkins International Airport for the period 1941 to 1976 was 10.8 mph.  The prevailing direction was from the south.  Winds are strongest on the average during the winter months, nearly 50 percent faster than in July and August (Reference 3).


2.3.1.1.3      Temperature and Humidity


Typical of the continental climate of the interior, the PNPP region is moderately warm and humid in the summer and cold and cloudy during the winter.  As mentioned earlier, Lake Erie does have an influence on temperatures, tending to moderate the extremes.  An important mechanism by which the lake influences lakeshore temperatures is the occurrence of land and lake breeze circulations.  Lake breezes (surface wind blowing from lake to land) form when the water temperatures are colder than the land temperatures‑‑during spring and summer on a seasonal scale and late morning to later afternoon on a diurnal scale.  Land breezes are the 


converse of lake breezes and occur when the water is warmer than the land, such as during the fall and winter or during the night in the summer.  The lake breeze is generally stronger and occurs more frequently than the land breeze.  The lake breeze can lower surface temperatures for several miles inland by advecting lake‑cooled air onshore.  This phenomenon becomes most pronounced when synoptic scale motions are weak, such as when a large high pressure system is centered in the region.


When synoptic scale motions are strong due to larger horizontal pressure gradients, the land/lake breeze circulation is effectively masked, but lake‑influenced temperature variations can still occur as a result of the air temperature being modified by its contact with the water and being advected onshore by the large scale winds.


At Cleveland‑Hopkins Airport, located 5 miles from the lakeshore, maximum temperatures average 2‑4(F higher than the lakeshore in summer while nighttime low temperatures average 2‑4(F lower than the lakefront throughout the year (Reference 3).  Normal temperatures representative of this region are taken from Cleveland, Ohio, to the west and Erie, Pennsylvania, to the east of the PNPP.  Each of these National Weather Service reporting stations is within about five miles of the lakeshore and is approximately 50 miles from the Perry site.  Based on the period 1941 to 1970, the normal maximum and minimum temperatures at Cleveland are 33.4(F and 20.3(F in January and 81.6(F and 61.2(F in July.  Normal maximum and minimum temperatures for Erie are 31.7(F and 18.5(F for January and 77.4(F and 60.0(F for July.  The annual normal temperature is 47.1(F at Erie and 49.7(F at Cleveland.  The mean number of days per year with maximum temperatures 90(F and above is eight for Cleveland and only one for Erie.  The mean number of days with minimum temperatures 0(F and below is six days for Cleveland and five for Erie (Reference 3) (Reference 4).  This and other information is summarized in <Table 2.3‑1> for Cleveland and <Table 2.3‑2> for Erie taken from the 1977 issue of the Local Climatological Data Annual Summary for each NWS 


station.  For additional comparisons, <Table 2.3‑3> shows means and extremes for two other climatological reporting stations:  Painesville, Ohio, about seven miles southwest of PNPP and Geneva, Ohio, located ten miles east of the site (Reference 1) (Reference 5).  The Painesville station is within about a mile of Lake Erie and Geneva is about five miles from the shoreline.  Extreme values of temperature for these four stations are given in <Table 2.3‑4>.


Relative humidity is generally highest in the early morning hours of the summer months and lowest on early summer and mid‑spring afternoons.  Mean values are about 80 to 90 percent on summer mornings and 60 to 65 percent on spring and summer afternoons (Reference 3) (Reference 4) (Reference 6).


2.3.1.1.4      Precipitation


Precipitation in the PNPP site region is well distributed throughout the year, although significant monthly and yearly variance is common.  Normal precipitation totals for the year are about 35.0 inches for Cleveland and 38.2 inches for Erie based on the period 1941 to 1970 (Reference 2) (Reference 3) (Reference 4).  The driest months are December and February with a wet season beginning about April and continuing into November along the southeast shore of Lake Erie (Reference 1) (Reference 2) (Reference 4) (Reference 5).  See <Table 2.3‑1>, <Table 2.3‑2>, and <Table 2.3‑3>.


Most of the precipitation during the growing season comes in the form of showers or thundershowers (Reference 3), whereas lake‑influenced squalls and snow  flurries are significant sources from November through March (Reference 4).  <Table 2.3‑1>, <Table 2.3‑2>, and <Table 2.3‑3> show normal monthly distributions of precipitation at four stations.  Regional extremes are summarized in <Table 2.3‑4>.


Snowfall amounts also vary considerably from year to year and are influenced strongly by regional orographic effects (Reference 7).  <Figure 2.3‑2> shows the location of the PNPP site in relation to Ohio’s “snow belt.”  As moisture‑laden air from the lake moves inland, it encounters an abrupt change in elevation.  A ridge running parallel to the lakeshore at a distance of about 5 miles has an elevation approximately 275 feet above lake level.  Within 10 to 12 miles of the shoreline, the land becomes hilly with elevations up to 700 feet above lake level.  As the air from the lake is forced to rise, it experiences cooling and the excess moisture falls out in the form of snow.  As a consequence of these topographic features, the mean annual snowfall amounts in northeastern Ohio exhibit a very high gradient.  At Painesville (600 ft, MSL), the annual mean for the period 1950 to 1965 was 56.8 inches (Reference 1), and at Geneva (860 ft, MSL), the annual mean for the same period was 72.3 inches (Reference 5) <Table 2.3‑3>.  Just 10 miles south of Painesville is Chardon (1,210 ft, MSL) receiving an average of 106.1 inches of snow annually (Reference 7).  The mean number of days with snowfall greater than or equal to 1 inch is 21.43 at Painesville, 26.70 at Geneva and 35.11 at Chardon (Reference 7).  Maximum monthly snowfall for regional locations is summarized in <Table 2.3‑4>.  From these examples, it is evident that there is a very wide range of mean snowfall amounts within 15 miles of the Perry site.


It is expected that Painesville would be most representative of the plant site due to greater similarity in elevation and distance from the lakeshore.


2.3.1.1.5      Relationships Between Synoptic and Local Meteorological Conditions


The PNPP site is in a region that experiences moderation in temperature extremes due to a lake effect.  It borders on a region that experiences greatly enhanced seasonal snowfall amounts due to a combination of lake 


effect and orographic lifting.  Further inland from PNPP, valley areas experience extended periods of atmospheric stagnation (Reference 5).


The mechanism of the lake breeze circulation is discussed in some detail in <Section 2.3.2.3.2>.  Briefly, the land/lake breeze phenomenon can result in locally modified wind speed and direction in the PNPP site region.  This effect becomes more pronounced when the synoptic scale motions are weak.  The lake breeze is generally strongest on spring afternoons and when the region is dominated by high pressure.  The latter is associated with light to calm surface winds and sunny skies, both of which act to enhance the lake breeze effect.


2.3.1.2      Regional Meteorological Conditions for Design and Operating Bases


2.3.1.2.1      Hurricanes


Hurricanes or low pressure systems with a tropical origin seldom affect northeast Ohio since this area is far inland and these storms lose force rapidly when cut off from their source of moisture.  A notable exception of recent record was the remnants of hurricane Agnes, which brought heavy rains and high winds to the Atlantic coastal states from Florida to New York from June 18 to 25, 1972.  Heaviest hit by Agnes was Pennsylvania, with damage estimates ranging from $1.2 billion (Reference 2) to $2.1 billion (Reference 8), mostly from devastating floods.  Damage estimates for Ohio ranged from just over $2 million (Reference 8) to $4 million (Reference 9), mostly along the southern shore of Lake Erie as strong northeasterly winds caused waves over 15 feet high and the lake level rose 3.5 feet (Reference 10).  Rains in the PNPP region occurred on June 21 to 25 with approximately 4.8 inches falling in Cleveland during this period (Reference 10) and approximately 2.3 inches falling at the Perry site.  Heaviest rains occurred on June 23.  The average wind speed recorded at the Perry site for the 


three‑day period, June 22 to 24, was 16.3 mph at the 35‑foot level and 23.3 mph at the 200‑foot level.  Maximum hourly wind speeds (15‑minute average) recorded at the Perry site were 28.0 mph at 35‑foot level and 39.5 mph at the 200‑foot level, both on June 23.


Investigation of hurricane data from 1871 through 1975 indicates that 10 hurricanes or remnants of hurricanes passed through Ohio or western Pennsylvania.  Of these, one was still in the hurricane stage (winds >74 mph) and occurred in 1896.  Of the remaining nine, six were in the extratropical storm stage and three were in the dissipation stage as they passed through Ohio (Reference 8) (Reference 11).


2.3.1.2.2      Tornadoes and Waterspouts


In the period of January 1950, through December 1977, a total of 48 tornadoes were reported within a 50‑nautical mile (58 miles) radius of the Perry site (Reference 12).  This averages out to 1.71 tornadoes per year within this radius.


The statistical probability of a tornado striking a point within a given area may be conservatively estimated as follows:  (Reference 13)
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=
average number of tornadoes per year



a
=
mean individual tornado path area



A
=
total area in which the tornado frequency has been determined.


From data obtained from the National Severe Storms Forecast Center (NSSFC) in Kansas City, Missouri, the mean path area of 


individual tornadoes was obtained from 28 of the 48 cases between 1950 and 1977 for which both path length and path width data were available.  It was found that a = 0.695 nautical square miles (0.921 square miles).  Since waterspouts over Lake Erie and the Canadian portion of the 50 nautical miles (58 square miles) area were excluded from the compilation, the land area was estimated at A = 3,820 nautical square miles (5,066 square miles), a little less than half of the circular area.  Equation (2.3‑1) then yields a probability of 3.11 x 10‑4 yr‑1 or a recurrence interval of 3,216 years (Reference 12).  See <Section 3.5.1.4.2.1> for the annual probability of tornado strike used in the “TORMIS” analysis.


The representativeness of the recurrence interval has been confirmed with a new study and method described in (Reference 13).  This method used a new data base (1954 to 1983) and yielded strike probabilities for one‑degree square boxes across the United States.  The recurrence interval for the box including Perry was 6,061 years, which is within a factor of two and less frequent than the values already calculated for Perry.


In the PNPP region, tornadoes can occur during any month of the year and any hour of the day, but most tornadoes occur during the spring and summer months (approximately 85 percent in April to September) and from afternoon to early evening hours (approximately 70 percent between 2:00 and 10:00 PM) (Reference 12).


The tornado reported closest to the Perry site occurred on July 4, 1969, approximately five nautical miles (six miles) west of the plant.  It had a reported path length of six nautical miles (seven miles) and a reported path width of 300 feet (Reference 12).  This tornado moved toward the east‑southeast.  The only other tornado reported during this period within 10 nautical miles (12 miles) of PNPP occurred on April 19, 1963.  This tornado touched down six nautical miles (seven miles) east of Perry, but no path length or width information was available for this 


tornado (Reference 12).  Each of these tornadoes was assigned a Fujita F‑scale classification of F‑2 indicating maximum 1/4‑mile wind speeds in the range 113 to 157 mph (Reference 12) (Reference 14).  The former caused 40 injuries and no deaths, and the latter resulted in no reported injuries or deaths (Reference 12).  The most devastating tornado to hit within 50 nautical miles (58 miles) of Perry during the 1950 to 1977 period occurred on June 8, 1953.  This tornado touched down 46 nautical miles (53 miles) southwest of Perry and followed a 13 nautical mile (15 miles) path to the northeast into Cleveland, causing six deaths and 300 injuries (Reference 12).  This was the sixth touchdown segment of a single tornado and was classified as F‑4 on the Fujita scale indicating fastest 1/4‑mile wind speeds in the range of 207 to 260 mph (Reference 12) (Reference 15).


<Regulatory Guide 1.76> has designated three tornado intensity regions in the continental United States and has promulgated a design‑basis tornado (DBT) for each region based on WASH‑1300 (Reference 13).  The PNPP site is located in Region I, a large area covering the entire country east of the Rocky Mountain range (Reference 16).  Within this region there is large variation in observed tornado frequencies and intensities.  The Perry Plant is on the eastern edge of the regional maxima, which occur in the southern plains to the midwest.  The DBT characteristics for Region I applying to PNPP are listed in <Table 2.3‑5>.  The NSSFC tornado occurrence data for the PNPP area suggest that the Region I DBT characteristics are conservative.


For the period of January 1951, through May 1978, there were nine waterspout sightings reported within 43 nautical miles (50 miles) of the site (Reference 8) (Reference 16).  At Fairport, Ohio, during an August 11, 1971, sighting and at Cleveland on a September 7, 1973, sighting numerous waterspouts were reported.


Waterspouts can be formed in two ways, either by building downward from heavy clouds, a tornado over water or by building upward from the water 


surface, the equivalent of a dust devil over water.  The latter of these two, known as a common waterspout, is much less intense than a tornado, as the energy available for its formation and maintenance is small.  Tornadic waterspouts spawned from clouds are much more intense and can have tornadic intensities, although on the average they are weaker than tornadoes (Reference 9).


There are no pertinent data available concerning the intensity of Lake Erie waterspouts.  However, these waterspouts could have tornadic strength if associated with a severe thunderstorm (most commonly accompanying a cold front or squall line).  For the reported waterspouts in the Perry site area, there are no damage reports nor are there any reports of waterspouts coming onshore (Reference 8) (Reference 16).  Since the waterspout intensity will not exceed the design‑basis tornado, there will not be catastrophic damage to safety class surface structures.  The water surface below the waterspout can be raised or lowered dependent on which force has the greatest effect, the atmospheric pressure reduction or the wind force.  The waterspout does not lift a significant amount of water (i.e., the depth of penetration is relatively small) (Reference 9).  Therefore, waterspouts will not have a significant effect on the plant’s intake structure, which is located a minimum of 12 feet below the mean low water datum.


2.3.1.2.3      Extreme Winds


The extreme mile wind speed is defined as the one‑mile passage of wind with the fastest speed and includes all meteorological phenomena except tornadoes.  Annual fastest mile wind data at Cleveland for the 30‑year period from 1948 to 1977 (Reference 3) were used to determine predicted extreme wind speeds for the PNPP site for recurrence intervals of 50 and 


100 years.  Values were calculated using the following equation based on the method of Brooks and Carruthers:  (Reference 17)
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where
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=
extreme mile wind speed (mph)



n
=
recurrence interval in years
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mean maximum wind speed (based on maximum each year) during the period of record (mph)
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=
the maximum wind speed reported during the period of record (mph)



K
= length of data record in years


The wind data was first adjusted to a standard level of 30 feet using the 1/7 power law to describe the vertical wind profile.  The values for the 50‑ and 100‑year recurrence maximum wind speeds for the Perry region are 70 mph and 74 mph, respectively.  These values are consistent with those published in recent studies by the U.S. Department of Commerce (Reference 18) and the National Oceanic and Atmospheric Administration (Reference 19).  Based on a gustiness factor of 1.3 after Huss (Reference 20), the highest instantaneous gust expected once in 100 years is 96 mph.


The fastest mile wind recorded at Cleveland after adjustment to 30‑foot equivalent was 68 mph from the west in March 1948 (Reference 3), based on the 1942 to 1977 period of record.  Based on the 1958 to 1977 period of record, the fastest mile wind recorded at Erie was 55 mph from the southeast in March 1960 (Reference 4).  On January 26, 1978, both Cleveland and Erie reported all‑time record low sea‑level pressures as a severe blizzard paralyzed much of the midwest (Reference 3) (Reference 4).  On that day, each station recorded fastest mile wind 


speeds of 53 mph, this being within 2 mph of the record at Erie (Reference 3) (Reference 4).  The NWS station at Cleveland reported a peak wind gust of 82 mph, measured at 20 ft (Reference 21), while gusts in excess of 100 mph were reported in other areas of the state (Reference 16).  A peak gust of 102 mph was reported over the lake at a height of 60 to 70 ft near Cleveland (Reference 21), but gusts at 30 feet over land were lower due to frictional drag effects.  The maximum hourly wind speed (15‑minute average) recorded at Perry on January 26 was 36 mph at 10 meters and 47 mph at 60 meters, compared to a maximum hourly wind for Cleveland (6‑meter anemometer height) of 46 mph.  These observations are consistent with the expected extreme winds presented above.


A possible Venturi effect between the natural draft cooling towers at the PNPP, potentially yielding a subsequent increase in wind speeds and consequently increasing the wind load on plant structures, was analyzed and discussed in <Section 2.3.2.2>.  An evaluation of the effects of these winds relative to building design is presented in <Section 3.3>.


2.3.1.2.4      Thunderstorms and Lightning


Thunderstorms can occur at any time of the year but are more frequent in summer than any other season.  The mean annual number of days with  thunderstorms is 36 for Cleveland, Ohio, and 38 for Erie, Pennsylvania, based on a 36‑year and 22‑year period of record respectively (Reference 3) (Reference 4).  The monthly distribution of mean number of days is shown in <Table 2.3‑1> for Cleveland and <Table 2.3‑2> for Erie.


Estimates of seasonal and annual frequencies of cloud‑to‑ground lightning are calculated by using the following equation, based on the technique described by Golde:  (Reference 22)
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where
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=
number of flashes to earth per square kilometer per thunderstorm day



(  =
geographical latitude (for Perry, Ohio, ( = 41( 45’).


For the PNPP site region, NE = 0.20 flashes per square kilometer per thunderstorm day.  By multiplying the number of thunderstorms per month in <Table 2.3‑1>, <Table 2.3‑2>, and <Table 2.3‑3> by this value of NE, one could obtain monthly and seasonal frequencies for cloud‑to‑ground lightning.  For Cleveland, the maximum occurs in June and July indicating 1.4 flashes per square kilometer for each month based on this method.  A structure with the approximate dimensions of the PNPP containment buildings (approximately 0.03 square kilometers) will average approximately one strike every five years.


2.3.1.2.5      Frozen Precipitation


<Table 2.3‑4> lists extremes of precipitation and other meteorological parameters for Cleveland, Erie, Painesville, and Geneva.  The maximum monthly snowfall measured in the region was 71.0 inches at Geneva in December 1962 (Reference 5).  The maximum 24‑hour snowfall observed was 26.5 inches, which occurred at Erie in December 1944 (Reference 23)


The maximum postulated snowload was determined to be the sum of the weights of the 100‑year recurrence maximum snow pack plus the probable maximum winter precipitation (PMWP) (Reference 24).  The 100‑year recurrence maximum snow pack for the PNPP region is 20 psf 


(Reference 25).  The PMWP is taken to be the probable maximum 48‑hour precipitation during the winter months of December, January and February in the PNPP region.  This is based on the assumption that conditions could exist during these months for all of the PMWP to remain on the ground as a live load either as additional snowfall or as liquid precipitation absorbed by the snowpack.  For the Perry region, the PMWP is 12 inches (Reference 26), which corresponds to 62.4 psf at 5.2 psf per inch of precipitable water.  These calculations yield a conservative design basis snowload value (ground‑level equivalent) for Category I structures of 82.4 psf.


Hail can occasionally occur at the Perry site (associated with well‑developed thunderstorms) and at times may be intense.  A review of data for the 16‑year period, 1962 to 1977, indicates that there were 20 reported cases of hail in Lake County (where the Perry site is located) and in the immediately surrounding counties of Ashtabula, Cuyahoga, Geauga, and Trumbull (Reference 16).  Nine of the cases occurred in the Cleveland area.  Of the reported cases, the largest hailstones reported were of “tennis ball” size in the Hirmal‑Garretsville area approximately 35 miles south of the Perry site.  Of the 20 reported cases of hail, eleven recorded hailstones >3/4 inches in diameter (seven cases did not report any hailstone size).  Usually during a hailstorm, there is a spectrum of hailstone sizes and there is a tendency to report the largest sizes.  The average number of hail days per year in northeast Ohio is approximately two at any one site (Reference 27).


An examination of the 16‑year period, 1962 to 1977, indicates that there were nine documented cases of ice storms in Lake County and the immediately surrounding counties (Reference 16).  Two of these storms affected the entire state of Ohio while the rest were widespread over northern and northeastern Ohio.  All cases were associated with a number of traffic accidents, downed power lines and downed tree limbs.


2.3.1.2.6      High Air Pollution Potential


Hosler (Reference 28) estimates the frequency of occurrence of low‑level inversions or isothermal layers based at or below a 500‑foot elevation in the site region to be 20 percent of the total hours on an annual basis.  Seasonally, the greatest frequency of inversions, based on percent of total hours, occurs during the fall and is 28 percent.  Winter has the lowest inversion frequency, occurring only 18 percent of the time.  The majority of these inversions are nocturnal in nature.


The mean maximum mixing depth (MMMD) is a restriction to atmospheric dilution.  The mixing depth is the thickness of the atmospheric layer, measured from the surface upward, in which convective overturning is taking place caused by the daytime heating of the surface.  The mixing depth is usually its shallowest in the early morning hours just after sunrise when the nocturnal inversion is being modified by solar heating at the surface.  It is at its greatest depth during the latter part of the day, at 3:00 PM to 4:00 PM, when the maximum surface temperature of the day is reached.  The approximate annual afternoon MMMD for the site region according to Holzworth (Reference 29) is 4,000 feet.  Approximate seasonal afternoon MMMD values are 2,800 feet (winter), 4,900 feet (spring), 5,200 feet (summer), and 3,900 feet (fall) (Reference 29).


Periods of high air pollution potential are usually related to stagnating anticyclones with low average wind speeds, no precipitation and a shallow mixing depth (Reference 30).  The greatest air pollution potential in the site region is during the fall and winter seasons, when the tendency is greatest for a quasi‑stationary anticyclone to develop.  According to Korshover (Reference 31), 24 anticyclone stagnation cases of 4 days or more were reported in the site region during the period of 1936 to 1965.  This compares with a maximum of over 80 cases reported in northern Georgia during the same period, with the distribution suggesting a strong influence of the Bermuda High on the eastern United States (Reference 31).


2.3.1.2.7      Droughts


When evaporation greatly exceeds precipitation for prolonged periods, a drought may occur.  Between 1929 and 1967, periods of moderate to extreme drought based on the Palmer Drought Severity Index have affected northeast Ohio during the 1930 to 1936, 1953, 1954, 1962, and 1963 growing seasons.  The longest continuous period of moderate to extreme drought in the area was 32 months (July 1930, to February 1933) (Reference 1).


2.3.1.2.8      Heavy Fog


The mean annual number of days with heavy fog (visibility 1/4 mile or less) that can be expected in the region is 13 based on 36 years of data at Cleveland (Reference 3).  Highest frequency of heavy fog at Cleveland is for the months of January through March.  Erie, Pennsylvania, averages 14 days of heavy fog per year with maximum frequency for the months of March through May (Reference 4) <Table 2.3‑1> and <Table 2.3‑2>.


2.3.1.2.9      Ultimate Heat Sink


The ultimate heat sink for the Perry plant is Lake Erie, which is considered an infinite heat sink.  There is an extremely low probability of losing the capability of the single source.  No meteorological data have been considered in the design of the heat sink.  The design basis temperatures of safety‑related equipment are based on the maximum historical lake water temperatures.


2.3.2      LOCAL METEOROLOGY


2.3.2.1      Normal and Extreme Values of Meteorological Parameters


<Figure 2.3‑1> indicates the location of the PNPP site and other meteorological data monitoring sources.  Offsite data reported in this section were derived from surface observations supplied by the National Climatic Center on magnetic tape (Reference 32) (Reference 33), in addition to the Local Climatological Data (Reference 3) (Reference 4) and Climatological Summaries (Reference 1) (Reference 5).


A variety of data periods were used dependent upon the availability of data and the application.  In general, a three‑year period of onsite and offsite data (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978) were used to study concurrent relationships.


A seven site year data set (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982) was used to represent long term conditions onsite at Perry.  Various five or ten‑year periods and longer were used to represent long term conditions offsite (Reference 54).


2.3.2.1.1      Wind Direction and Speed


Monthly and annual wind roses for the 10‑meter and 60‑meter levels are presented in <Figure 2.3‑3>, <Figure 2.3‑4>, <Figure 2.3‑5>, and <Figure 2.3‑6> for the seven PNPP site years (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982).  The prevailing winds at both levels usually blow from the southeast through  northwest directions.  In general, higher speeds are associated with winds from the southwest through northwest directions.


As shown in <Figure 2.3‑6>, the annual wind roses for the individual and combined years exhibit the tendency for prevailing wind to occur in the south through west sector.  The wind roses for Cleveland and Erie 


<Figure 2.3‑7> exhibit similar patterns for the three concurrent years (May 1, 1972, through April 30, 1974; September 2, 1977, through August 31, 1978).  In comparison to the seven site years, the ten‑year wind roses (September 1, 1968, through August 31, 1978) for these two stations are not very different.  Therefore, it is concluded that for the PNPP, seven site years are representative of the long term.


Monthly and annual average wind speeds are presented in <Table 2.3‑6> and <Table 2.3‑7> for both onsite and offsite comparative data.  The average wind speed at the 10‑meter level for PNPP was 8.2 mi/hr for the three concurrent years and 8.4 for the seven site years.  The 60‑meter level wind speeds were higher as expected.  The Erie and Cleveland long term averages were generally in good agreement with the seven site year averages.  Therefore, the PNPP wind speeds for the seven site years are representative of the long term.


The frequency of calm winds is reported in the wind rose <Figure 2.3‑6> and <Figure 2.3‑7>.  Both the three concurrent years and the seven site year composites for PNPP indicated 0.4 percent and 0.1 percent calms at 10 meters and 60 meters, respectively.  For the same three‑year period, Cleveland and Erie reported a higher frequency of calms than for the ten‑year period.  The difference in frequency of calms between PNPP and Erie and Cleveland is attributed primarily to differences in speed sensor thresholds and exposure.


Wind direction persistence is defined as the number of hours of continuous air flow within a 22‑1/2‑degree sector.  For computational purposes, calms were considered a direction category, too.  The probability of occurrence of wind flow persistence for various durations is presented in <Figure 2.3‑8> for PNPP, Erie and Cleveland.  Based on the seven site years at PNPP, there is only a 5 percent probability that the persistence will be greater than about eight hours at 10 meters and about nine hours at 60 meters.  As depicted in <Figure 2.3‑8>, the probabilities for PNPP, Erie and Cleveland are similar.


Maximum wind direction persistence occurrences by direction are presented in <Figure 2.3‑9>.  Persistence periods at PNPP are fairly well distributed across the direction sectors, being somewhat more frequent for winds from the southwest quadrant.  The maximum wind direction persistence event at the 10‑meter level for PNPP during the period of record was 36 hours for a wind from the southeast.  The maximum 60‑meter wind persistence event was 42 hours for a wind from the southwest.  The maximum event for Erie during the February 1959, to January 1964, period was 41 hours from the northeast, and the maximum event for Cleveland during the same period was 50 hours from the south.


Persistence of calms at the 10‑meter level at PNPP have been limited to five hours or less in duration for the seven site years.


<Appendix 2A>, <Appendix 2B>, and <Appendix 2C> include additional information in the form of joint frequency distributions by atmospheric stability.  Offsite data are presented in <Appendix 2A>, while <Appendix 2B> and <Appendix 2C> include onsite data for 10‑meter and 60‑meter winds, respectively.


2.3.2.1.2      Ambient Temperature


Monthly and annual means and extremes of temperature are presented in <Table 2.3‑8> for PNPP, Erie and Cleveland for the three concurrent years (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978).  The monthly PNPP temperatures agree well with the concurrent offsite values.  <Table 2.3‑9> presents long term annual means and extremes of temperature for PNPP and area stations.  The similarity of the long term means to the seven site year means indicates that the seven site years are representative of the long term.


The highest mean monthly maximum temperature at PNPP occurred in July and August (76(F for the three concurrent years).  The lowest mean monthly minimum temperature at PNPP occurred in February (16(F for the 


three concurrent years).  This three‑year mean monthly minimum may be somewhat lower than the long term’s since February 1978, was one of the coldest Februarys on record for much of the eastern United States (Reference 34), averaging about 11(F below normal in the site region (Reference 3) (Reference 4) (Reference 34).


The diurnal pattern of temperature at PNPP for the seven site years is described in <Table 2.3‑10> on an annual average basis.  It indicates that the warmest part of the day usually occurs between 2:00 PM and 5:00 PM, EST.; the coolest at about 6:00 AM, EST.  The highest hourly 10‑meter temperature recorded at PNPP during the period was 92(F and the lowest, ‑14(F <Table 2.3‑9>.


2.3.2.1.3      Atmospheric Water Vapor


Monthly and annual means of humidity and dewpoint for PNPP, Erie and Cleveland are presented in <Table 2.3‑11> for the three concurrent years (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978).  The PNPP data are similar to those of the offsite locations.


<Table 2.3‑12> describes the long term monthly means and extremes of humidity and dewpoint for Erie and Cleveland based on a ten‑year data period and for PNPP for the seven site years.  The long term annual means for Erie and Cleveland are similar to the PNPP seven site year values.  Therefore, the seven site years are considered representative of the long term.


The annual average diurnal variation of humidity and dewpoint at PNPP is presented in <Table 2.3‑10>.  It indicates that the highest relative humidities occurred between 5:00 AM and 7:00 AM, EST, during the cool part of the day, and that the highest absolute humidities occurred generally during the warm part of the day.  Note that the period of 


record for the 60‑meter dewpoint is limited to the three concurrent years.  More information concerning the 10‑meter and 60‑meter dewpoint is contained in (Reference 35).


2.3.2.1.4      Precipitation


Monthly and annual greatest precipitation by time interval are presented in <Table 2.3‑13> for PNPP for the seven site years (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982).  It indicates that for the seven site years, the greatest 1‑hour precipitation was 1.00 inch and occurred in both July and August.  The greatest 24‑hour precipitation was 2.44 inches and occurred in September.


<Table 2.3‑14> contains the percent frequency occurrence of precipitation by amount for any 1‑, 6‑, 12‑, 18‑, or 24‑hour period during the seven site years.  The table indicates that 35.41 percent of the time precipitation of at least 0.01 inch fell during any 24‑hour period.


In <Table 2.3‑15>, the greatest 24‑hour precipitation for PNPP is compared to the offsite locations of Erie, Cleveland, Painesville, and Geneva.  The PNPP values are closest to Painesville, most likely because of proximity and the similar position relative to the lake.


In <Table 2.3‑16>, the monthly and annual average total precipitation for the three concurrent years and the same sites are compared.  The PNPP totals are generally less than the offsite locations.  This can be attributed to lower data recovery for PNPP, differences in collection gauges, catch efficiency, and local terrain effects.


The long term total precipitation values are presented in <Table 2.3‑17>.  The agreement of the long term totals with the seven site year totals indicates that the seven site years are representative of the long term.


Monthly and annual precipitation wind roses are presented in <Figure 2.3‑10>, <Figure 2.3‑11>, <Figure 2.3‑12>, and <Figure 2.3‑13> for the seven site years combined.  These show the average speed by direction of winds during precipitation events and the percentage of total hours that precipitation occurs with each wind direction.  Seasonal variations are apparent.  On an annual basis, precipitation frequences are fairly evenly distributed for winds from the northeast through south to west, and are less frequent for winds out of the west‑northwest through north‑northeast.


Snowfall is not directly measured onsite:  All PNPP precipitation values described so far in this section were for melted precipitation since the rain gauge is equipped with a heater.  Snowfall in the region is discussed in <Section 2.3.1.1.4> and <Section 2.3.1.2.5>.


2.3.2.1.5      Fog


The PNPP site is located in a region in which heavy fog occurs about 13 days per year.  Additional discussion may be found in <Section 2.3.1.2.8>.


2.3.2.1.6      Atmospheric Stability


Monthly and annual stability class distribution based on (T (60‑10 meters) are presented in <Table 2.3‑18> for the seven site years (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982).


<Table 2.3‑19> presents annual stability class distribution based on National Weather Service data with an applied Pasquill‑Turner (Reference 36) classification method for Erie and Cleveland, as well as the PNPP distributions based on (T.  The differences shown in <Table 2.3‑19> between the seven site year PNPP period and the ten‑year National Weather Service periods can be attributed to the differences in 


methodology for stability classifications.  However, the distributions are similar, indicating that the seven site years are representative of the long term.


The onsite PNPP data in <Table 2.3‑18> indicates that very unstable (A) conditions are most frequent during the summer months of maximum solar heating.  Neutral (D) and slightly stable (E) conditions predominate throughout the year.  The annual average stability distributions by hour of the day for the seven site years <Table 2.3‑20> demonstrate that stable conditions are commonly associated with the nighttime and unstable conditions with the daytime.


<Table 2.3‑21> presents for each stability class the number of occurrences of stability class persistence for a given time period for the seven site years.  The longest persistence during the seven site years occurred for D conditions for 148 hours.  The longest persistence period for stable (E, F and G) conditions was 54 hours.


<Appendix 2A>, <Appendix 2B>, and <Appendix 2C> include additional stability distribution information in the form of joint frequency distributions.  Offsite data are presented in <Appendix 2A>, while <Appendix 2B> and <Appendix 2C> include onsite data for 10‑meter and 60‑meter winds, respectively.


2.3.2.1.7      Station Pressure


Measurement of station pressure at PNPP began on September 1, 1977.  The annual average PNPP station pressure is 29.35 inches Hg, and has ranged from 28.00 inches Hg to 30.33 inches Hg.  The historical onsite record covers the five‑year period from September 1, 1977, to August 31, 1982.  The average station pressure for Cleveland for the long term period (1973 to 1983) was 29.18 inches Hg (Reference 3).  Differences in average pressure between PNPP and Cleveland are accounted for primarily 


by the difference in station elevation between the two sites, 645 feet above mean sea level (MSL) at PNPP and 805 feet above MSL at Cleveland.


2.3.2.2      Potential Influence of the Plant and the Facilities on Local Meteorology


2.3.2.2.1      Influence of Plant Physical Structures on Airflow and Dispersion


The physical structure of the station, especially the large natural draft cooling towers, are expected to locally increase atmospheric turbulence.  This mechanical turbulence will enhance slightly the dispersion capability of the atmosphere downwind of the plant.  Analysis (Reference 37) has shown that a cooling tower has a turbulent wake extending two or three tower diameters downwind for winds greater than 5 to 8 mph.  The depth of the wake would be at least 1.5 times the tower height.


The leveling of terrain, removal of associated vegetation and replacement with plant structures will have altered the surface thermal characteristics.  This may result in the formation of a localized heat island over the plant, which raises slightly the air temperature in relation to the surroundings.  This effect at night will tend to locally make the atmosphere less stable so that dispersion is somewhat enhanced.  These effects, however, are expected to be minimal.


It can be postulated that the presence of the cooling tower structures may interact with the wind flow under some conditions such that the wind velocity between and just downwind of the towers is enhanced.  To establish an upper bound to the velocity increase, a simplistic model was analyzed.  In this model, each tower was represented by a trapezoid, as shown in <Figure 2.3‑14>.  Each tower was 450 feet high with a width that varied from 475 feet at the base to 275 feet at the exit nozzle.  The base separation was 275 feet.  It was assumed further that the wind 


flow was perpendicular to the plane of the towers and that the flow impinging on the towers was diverted, with no loss of energy or momentum around and over the towers.  Half of the flow diverted by the towers was merged with the air flowing between the towers and with the air flowing over and within 100 feet of the towers.


A ratio of the flow area approaching the towers (412,500 square feet) to the flow area passing the towers (243,750 square feet) indicates a limiting velocity increase of less than 70 percent over the approach velocity.  Thus, for example, for an approach velocity of 90 mph, the maximum corresponding velocity between and downwind of the towers would be less than 153 mph.


This analysis has assumed conservation of mass flow and a constant approach velocity.  All the air approaching the cross‑hatched area of the towers <Figure 2.3‑14> is assumed to flow between and over the towers without loss of energy or change of direction.


In reality, the velocity of the wind approaching the tower is expected to vary in proportion to the 1/7 power of the height above ground.  Thus, the mass flow will be greater at higher elevations (i.e., near the top of the tower).  Since most of the air mass diverted by the towers is near the ground and thus of lower velocity, the assumption of uniform velocity of the air mass over‑estimates the mass of air diverted and the associated wind velocity between the towers.


Recognizing, however, that wind speed tends to increase with height above ground, we may conservatively apply the 1/7 power law to the wind 


flowing between the towers.  For a 90‑mph approach velocity at 10 meters above the ground, the corresponding velocities between the towers would be:



 33 ft (10 meters)




153 mph



 50 ft






162 mph



100 ft






179 mph
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190 mph



200 ft (60 meters)




198 mph


An evaluation of the effects of these winds relative to building design is presented in <Section 3.3>.


2.3.2.2.2      Influence of Cooling Tower Operation


Based upon operating experience, natural draft cooling towers produce insignificant impacts on the atmosphere near ground level.  The major potential impact due to the operation of natural draft cooling towers is the occurrence of elevated visible plumes.  Due to the high release point from natural draft towers, the plume has never been observed to reach the ground.  Spurr (Reference 38), in his paper, states that “. . . experience suggests that in the U.K. the impact of these towers on local climate is too small to be of any consequence, at least up to the present.”  He also concluded that “. . . the impact of their operation has been found to have a negligible effect on the local climate.”  Smith and Singer meteorologists (Reference 39) conducted airborne measurements of natural draft cooling tower plume behavior at three American Electric Power Generating Stations (Amos, Muskingum River and Mitchell).  It has been observed from their measurements that the visible plumes never reached the ground in any test and low level fog has not been created; also, aerodynamic downwash was not a problem.  From the same four‑year (1973 through 1976) set of airborne measurements, Kramer et al. (Reference 40) observed and reported tower‑induced snow during the winter of 1975 to 1976.  Data from the 


1973 to 1975 tests indicated no ground level precipitation or fog induced by the cooling towers.  They analyzed the data and concluded that in one case the snow first reached the ground at 13 km downwind of the towers and continued to 43 km.  The maximum snow accumulation was estimated to be 2.5 cm.  They indicated that the key atmospheric conditions for tower‑induced snow are temperatures below 15(F and stable conditions.  They often observed natural snow occurring before, during or after the observations of tower‑induced snow, which reveals that the snow from the cooling towers coincides with that of natural snowfall.  They concluded that “with power plants in the size range and area studied, the effects seem likely to be minor.  Occasional very small additions to natural snow and slight restrictions of visibility are all that one would anticipate.”


Coleman and Crawford (Reference 41) characterized the observations of visible plume heights and lengths from natural draft cooling towers and of several meteorological parameters at the TVA Paradise Steam Plant.  Their data show that the visible plumes are 200 meters above tower top, and do not increase the frequency of local ground level fog or influence local meteorology.


Due to the high release of the effluent from the natural draft cooling towers, the ground level concentrations of cooling tower drift are expected to be very low.  This conclusion is substantiated by observational data collected around the operating natural draft cooling tower at the Chalk Point site (Reference 42).  Particulate matter deposition data were collected before and after the plant commenced operation.  Based upon the collected dustfall sodium data, it was concluded that “. . . there appears to be little contribution of cooling tower salts to the area.”  It should be noted that the cooling water in the Chalk Point cooling tower is brackish, with a mean dissolved solids concentration of 7,800 ppm.  By contrast, the dissolved solids concentration in the PNPP cooling tower is approximately 535 ppm.


Based on the above observational studies, it is concluded that natural draft cooling towers at PNPP would not significantly influence the local climate in the vicinity of the site.


Generally, asbestos‑cement is used in tower construction for outer walls, piping air‑inlet louvers, splash boards, and as fill.  Asbestos‑cement is selected because of its resistance to chemical leaching and erosion.  Research‑Cottrell, a supplier of cooling towers using asbestos‑cement exclusively as fill material, performed tests on natural draft towers similar to those proposed at PNPP and found that the concentration buildup of asbestos in the circulating water was insignificant.  The release of asbestos from the operation of cooling towers at the Perry site is expected to be negligible; therefore, no adverse effects are anticipated.


B. Lewis (Reference 43) made an exhaustive study on “Asbestos in Cooling Tower Waters,” and concluded that the asbestos concentrations in effluents from cooling towers using asbestos fill ranged from “none detected” to 108 fibers/liter; the literature study did not support conclusively the relationship between human cancers and the presence of asbestos fibers in food, beverages or drinking water.  Lewis suggested that the use of asbestos‑fill cooling towers be continued, since no evidence of adverse health effects were confirmed.


2.3.2.3      Topographic Description


2.3.2.3.1      General Description


The terrain in the region of the Perry site is gently rolling except for the 20‑foot to 50‑foot bluff at the lake shoreline.  Since the meteorological tower has been 3,700 feet or more inland from the lake, the effects of the bluff on site meteorology are not considered significant.  <Figure 2.3‑15> illustrates the PNPP site.  The exclusion boundary is described by a 2,900‑foot radius circle centered on Unit 1 


and Unit 2 reactors and the low population zone by a distance of 2.5 miles.  A plot of maximum terrain elevation between the plant and a given downwind distance out to five miles is presented in <Figure 2.3‑16> for each of 16 direction sectors.  <Figure 2.3‑17> is a topographic map of the site area within a 5‑mile radius and <Figure 2.3‑1> is the topographic map of the site area within a 50‑mile radius.


2.3.2.3.2      Topographic Influence on Meteorology and Diffusion Estimates


The major local effect on site meteorology is the presence of Lake Erie and the resultant occurrences of lake and land breeze circulations.  The fact that water has a higher thermal capacity than the land mass, and therefore responds more slowly to changes in radiation intensity, implies that temperature/density gradients between the water and land 


will occur with diurnal and seasonal periods.  Turbulent mixing within the lake, effecting a downward transport of surface heat through large masses of water, also contributes to the land‑lake temperature variation.  Lake breezes (surface wind blowing from lake to land) form when the water temperatures are colder than the land temperatures, i.e., during spring and summer on a seasonal scale and late morning to late afternoon on a diurnal scale.  The air over the land will be more bouyant than the lake air, and as it rises, a horizontal density gradient will form causing the colder air over the water to flow underneath the warmer air.  Land breezes are the converse of lake breezes and occur when the water is warmer than the land, such as during the fall and winter or during the night in the summer.  The lake breeze is generally stronger and occurs more frequently than the land breeze because the bouyancy of the warmer air is the driving mechanism, and this is accomplished more effectively by heating the land mass relative to the water, as in summer, than vice versa.  This phenomenon becomes most pronounced when synoptic scale motions are weak, such as when a large high pressure system is centered in the region.   When synoptic 


scale motions are strong due to larger horizontal pressure gradients, the land/lake breeze circulation is effectively masked.  A more detailed discussion of the Perry lake breeze phenomenon is discussed in Section 20 of (Reference 44).


During onshore wind flows, such as a lake breeze, cool air flowing off the lake is modified by thermal (surface heating) and by surface roughness effects as the air flows over the land.  The air from the lake is modified significantly as it flows over the land, especially during the spring and early summer.  The air is heated from below resulting in an unstable vertical temperature gradient and hence enhanced diffusion conditions.  Surface roughness effects over the land increase atmospheric turbulence (also resulting in enhanced diffusion conditions), although low‑level wind speeds will decrease.  The thermal and roughness effects occur at the shoreline and form a “boundary layer,” which increases in depth with distance inland.  Within this boundary layer, the air is unstable with more stable air (suppressed diffusion) above the boundary layer (Reference 45).


Offshore wind flows generally result in somewhat suppressed diffusion conditions.  The warm air advected from over the land is cooled from below, resulting in a stable vertical temperature gradient (inversion) and less diffusion for the overwater flow than for an overland flow.  There is also a decrease in wind turbulence, although wind speeds will increase as the air flows from the relatively rough land surface over the smooth water surface (Reference 45).


In addition to lake‑land breeze effects near a shoreline, there are also downwash and upwash effects.  The primary cause for a downwash or upwash condition is the difference in surface roughness between the land and the lake (Reference 46).  The upwash situation occurs with the winds blowing off the lake.  The air flows from the relatively frictionless lake surface over the rough land and a reduction in low‑level wind speed occurs.  This reduction in wind speed enhances plume rise to the extent 


that the plume can more easily escape the dynamic downwash effects of the plant structure.  Downwash effects occur primarily with an offshore wind.  The increase in wind speed of low‑level winds, coming off the relatively rough land over the smooth lake, enhances plume downwash toward the lake surface.


2.3.3      ONSITE METEOROLOGICAL MEASUREMENT PROGRAM


<Section 2.3.3.1>, <Section 2.3.3.2>, and <Section 2.3.3.3> pertain to the preoperational program that was in place for measurements made for the <Section 2.3> analyses.  <Section 2.3.3.4> pertains to the current operational program.


2.3.3.1      System Description


The onsite meteorological program at the Perry site began in April 1972.  The 60‑meter tower was upgraded and moved 3,500 feet to a new location in August 1977 <Figure 2.3‑15>.  The tower was moved in 1977 in order to minimize any potential effect of the PNPP cooling towers under construction at the time.


The old location of the tower was approximately 3,700 feet south of the Lake Erie shoreline.  The new location is approximately 6,000 feet inland and 4,300 feet away from the hyperbolic cooling towers.  The terrain in both locations is flat with grasses, small shrubs and small trees.  The terrain is similar in the site region.  Therefore, the meteorological data collection from the tower is representative of the site region.


Wind and temperature data were collected at the 10‑meter (35 feet) and 60‑meter (200 feet) levels of the open lattice tower.  Wind sensors were mounted on booms that extended to approximately 9 feet to the west of the tower.  Temperature and dewpoint (10‑meter level) sensors were mounted on booms that extended approximately 7 feet and 6 feet, 


respectively, to the west of the tower.  The station atmospheric pressure sensor was mounted on the tower at a height of 2 meters.  Precipitation was measured at the surface by a rain gauge near the base of the tower.


Analog data recording equipment was located in an environmentally controlled shelter at the base of the tower.  Also in the shelter was a minicomputer that provided a digitized record of averaged meteorological data, both directly to a remote onsite location and via telecommunication to a remote offsite location, where the record was examined daily for anomalous meteorological conditions or obvious instrumentation problems.


Instrumentation for the onsite program included the following:



1.
Winds‑‑A set of Climet wind speed and wind direction sensors at 10 meters and 60 meters.



2.
Temperature‑‑Rosemont resistance temperature breakers at 10 meters and 60 meters housed in Geotech aspirated solar radiation shields; Endevco signal conditioner.



3.
Dewpoint‑‑Aspirated EG&G dewpoint measuring unit at 10 meters.



4.
Precipitation‑‑At ground level, Belfort heated tipping bucket rain gauge and wind shield.



5.
Atmospheric Pressure‑‑Teledyne Geotech unit at 2 meters to provide station pressure.



6.
Recorders‑‑Esterline‑Angus multipoint for all parameters except wind speed/direction, for which there were Esterline‑Angus two‑channel strip recorders.



7.
Computer‑‑A Digital Equipment Corporation LSI II used subsecond sampling rates to develop 15‑minute values, which were combined to yield hourly values.


The specifications of the equipment for the meteorological system, which complied with the intent of the position in <Regulatory Guide 1.23> (Reference 47), are provided in <Table 2.3‑22>.  The sensor accuracies reflected all the equipment through the signal conditioners, and the overall system accuracy for each meteorological parameter could be calculated from this information.


Accuracies for instantaneous recorded values were calculated using the root sum squares of the accuracies of each component.  Time‑averaged accuracies were computed by dividing the instantaneous accuracy by the square root of the number of samples taken per hour.  The analog strip recorders (wind speed and wind direction) were continuous so the number of samples was essentially infinite.  For an hourly average, a sampling rate of ten times per second was assumed.  The analog multipoint (temperature, (T, dewpoint, and precipitation) sampled each parameter approximately once per minute.  The digital system sampled each parameter ten times per second.  The time‑averaged overall digital system accuracy was within +0.02( for wind direction, +0.01 mph for wind speed, +0.01(C for temperature, +0.01(C for temperature difference, +0.01(C for dewpoint, and +0.01 inch of Hg for station pressure.


The 9‑foot high shelter housing the signal conditioning equipment and recorders was located approximately 8 feet east of the base of the tower.  It was expected that the shelter would have negligible effect on the representativeness of data collected at the tower.


The automated tipping bucket rain gauge was located approximately 11 feet west of the tower and 30 feet west of the shelter.  It was not anticipated that the tower or shelter would affect precipitation measurements.  Recorded precipitation values may be in greater error 


than stated in <Table 2.3‑22>.  It was determined that recorded precipitation in the cold months was lower than what actually fell.  When the heater came on in cold weather to melt frozen precipitation, it evaporated some of the precipitation captured in the gauge before the precipitation fell through the funnel and was able to fill and to activate the measuring device.  For example, during a light fall of dry snow, the recorded precipitation is sometimes zero during an inch or more snow accumulation.


The meteorological system at PNPP was calibrated semiannually.  System surveillance included daily checks by a duty observer; checks by dial‑up of the computer have been made since April 1978.  As soon as a malfunction was detected either by daily system surveillance or by weekly analog chart review, field service personnel were dispatched to correct the problem.


2.3.3.2      Meteorological Data Reduction


Up to November 1978, analog strip charts and multipoint charts were manually reduced for all onsite data.  One‑hour averages of all parameters except the wind and precipitation were read from the multipoint chart.  Precipitation was totaled for the hour period.  The reading for each hour was previously centered on the hour, but after the digital system was installed (April 1978) the period was shifted to end on the hour, so as to be compatible with the realtime digital printout.  The strip charts for wind records were read for a 15‑minute period ending on the hour.  All the manually reduced data were transcribed on punch cards, listed and subsequently used as input to data analysis computer programs.


In November 1978, the digital system became the primary data source, so that the analog charts were used only infrequently to improve data recovery.  The hourly values output by the digital system normally represent hourly averages (ending on the hour), which were derived from 


four 15‑minute averages.  In those instances when a full hour’s worth of data were not available, the hourly value may have been represented by as few as one 15‑minute average.  Hourly sigma theta values represent the average of the computed 15‑minute values.  Hourly precipitation values, however, represent hourly accumulations rather than averages.  Measurement of the dewpoint at 60 meters was discontinued in January 1980.


The classification of atmospheric stability was based on the temperature differential, (T (60‑10 meters), in accordance with <Regulatory Guide 1.23>.  <Appendix 2B> and <Appendix 2C> provide joint frequency distributions by stability class.


2.3.3.3      Meteorological Data Recovery


The monthly and annual meteorological data recovery rates, by year and combined, are presented in <Table 2.3‑23>.


Onsite data for the seven site years were derived from analog chart records for the period August 1972, through October 1978, and from digital records thereafter.  Annual recovery rates generally exceeded 90 percent for the entire period.  However, during the first data year 1972 to 1973, a set of charts lost in the mail contributed to a low recovery.  Design changes and accumulation of airborne dirt contributed to low dewpoint recoveries.  During the first and second year, the lower data recovery for the 60‑meter wind speed was due primarily to an instrumentation problem, which necessitated an engineering design change (which was made in December 1973) and to a bearing problem.  During the third year, 1977 to 1978, low dewpoint recoveries were associated with design problems in new‑model sensors.


Low dewpoint recoveries during May, June and July 1979 were due to problems encountered with the balance/stability of the sensors and with airborne contaminants accumulating on the mirror in the sensors.  Data 


loss in August 1979 was due to computer down time related to an air conditioner failure.  Loss of (T (60‑10 meters) data in March and April 1979, was due to a tripped relay for the motor status of the 60‑meter aspirator.


During data year five, 1979 to 1980, measurement of the 60‑meter dewpoint was discontinued, since sufficient data had been collected for preparation of the PNPP ER/OL; measurement at 10 meters has continued.


The low 10‑meter dewpoint recovery of 88 percent during this year was attributed to balance/stability problems of the sensors with airborne contaminants accumulating on the mirror and with frost/dew phase problems.  The September 1979, joint 10‑meter wind and stability recovery of only 88 percent was attributed to some extensive maintenance on the temperature shields and calibration.


The low recovery rate (84 percent) from 10‑meter dewpoint measurements for data year six, 1980 to 1981, was primarily due to mirror contamination and to a malfunctioning thermister in the sensor.  Sensors were replaced in May and June 1981.  The low recovery rate (86 percent) of joint 60‑meter winds and (T data during the year is primarily attributable to a wind direction transmitter problem in November and December 1980.  In two months, during 1980 to 1981, the joint recovery rates for (T and 10‑meter winds were slightly below 90 percent due to inking problems on the wind recorder and to moisture and aspirator problems with the (T sensors.


The monthly recovery rates below 90 percent for data year seven, 1981 to 1982, for joint 10‑meter winds and (T were attributed to various causes, including an intermittent power supply, calibration, site observer error, maintenance, and a moisture problem.


The unweighted average annual data recovery for the seven site years combined was 94 percent for the joint occurrence of 10‑meter wind data 


and (T (60‑10 meters) data, and 90 percent for the joint occurrence of 60‑meter wind data and (T (60‑10 meters) data.


The meteorological data collection program at PNPP was subject to detailed NUS Corporation quality assurance and quality control procedures, which were supplemented with site‑specific work plans and procedures.


Scheduled calibration and maintenance of the Perry meteorological system was conducted at three‑month intervals according to written procedures.  Ad hoc maintenance trips were made as necessary.  Daily system surveillance by local personnel using checklists and by dial‑up computer were performed in order to achieve maximum data recovery.  All data sets were finalized for use after intensive review by a meteorologist.  Detailed records of all phases of the program were maintained for future reference.


2.3.3.4      Onsite Meteorological Measurement Program (Operational



   System)


The tower location (current) remains approximately 6,000 feet inland and 4,300 feet away from the hyerbolic cooling towers.  The terrain is similar to the site region.  Because of the similarity in terrain, the meteorological data collected on the tower is representative of the site region.


The current tower remains an open lattice structure with sensors located at various predetermined positions.  The current operational system was upgraded in 1999 to include two nearly independent meteorological monitoring systems, “A” and “B”.  Each system has a wind speed and direction sensor at 10 and 60 meters.  System “A” sensors are positioned approximately 9 feet from the tower on swing‑out booms while System “B” sensors are positioned approximately 11.5 feet from the tower on slide‑out booms.  In addition, aspirated temperature sensors are mounted 


six feet from the tower at each level for both the “A” and “B” Systems.  System “A” also includes a dew point temperature sensor mounted at the 10‑meter level platform, precipitation sensors located at the surface near the base of the tower, and station pressure sensor mounted inside the shelter.  Measurement of these variables meets the intent of the regulatory position in Section C.1 of NRC <Regulatory Guide 1.23>.  The meteorological acquisition system meets the system accuracy requirements of <Regulatory Guide 1.97>, (Revision 3) and as listed in <Table 2.3‑31>.


<Table 2.3‑31> contains a listing of the “A” and “B” System parameters, their subsystems, and system accuracy.


System “A” and “B” each includes a data logger with an internal communications modem, associated signal conditioning equipment and a data acquisition system consisting of an input/output drop (I/O) located in an environmentally controlled shelter near the tower.  The meteorological sensors provide analog outputs to their assigned I/O rack.  The signals are converted from analog to digital and the meteorological parameters are transmitted to the plant computer via fiber optic cables.  This data can be accessed by the Control Room via the Plant Computer System Monitors.  Sensor outputs are also connected to the data loggers for access via remote dial‑up.  Systems “A” and “B” provide multiple methods for communicating data to the plant computer for dispersion modeling and dose assessment as part of the dose assessment software program.


The instrument cables between the meteorological tower and the signal conditioning/data acquisition system are surge protected.  The tower, as well as individual systems for each parameter on the tower, is lightning protected, except for the Dew Point System.


In the event that the System “A” or “B”, 10 meter wind speed, wind direction, Sigma Theta, 10 meter ambient temperature, or ‑60m‑10m Delta‑T is unavailable or invalid, the equivalent data from the redundant system will be provided for input to the emergency dose assessment computer program.  Regional weather data is available for manual input to the emergency dose program from the Cleveland Hopkins National Weather Service (NWS) Office.  This data is available 24 hours per day and is representative of the meteorological conditions at the Perry Plant.


The meteorological data collection program at the Perry Plant is subject to detailed quality assurance and quality control procedures which are supplemented with site‑specific plans and procedures.  A Site Observer performs a weekly inspection to verify proper system operation, routine operations and minor preventive maintenance.  Calibrations and routine preventive maintenance are conducted at six (6) month intervals by trained personnel according to set procedures.  The system is checked at least daily to determine if repairs requiring emergency maintenance between regularly scheduled calibrations are necessary to meet the action requirements of the Operational Requirements Manual (ORM).  Instrument maintenance and servicing schedules meet the regulatory position in Section C.5 of NRC <Regulatory Guide 1.23>.


Information about data reduction and compilation can be found in the annual report of the Meteorological Program at the Perry Nuclear Power Plant.


2.3.4      SHORT TERM (ACCIDENT) DIFFUSION ESTIMATES


2.3.4.1      Objective


Onsite meteorological data from the PNPP facility for seven site years were used to evaluate the accident meteorology for the Perry area.  The seven site years include May 1, 1972, to April 30, 1974; and September 1, 1977, to August 31, 1982.  Accidents are postulated to characterize upper limit concentrations and dosages that might occur in the event of an inadvertent release.  Among the basic inputs to the accident analysis are the meteorological conditions that determine the dilution capacity of the atmosphere.


2.3.4.2      Calculations


Dilution factors ((/Q) for ground level releases were determined using the methodology presented in Draft <Regulatory Guide 1.145> (Reference 48).


The (/Q values applicable for releases less than or equal to two hours were calculated at the exclusion area boundary (EAB) and at the outer boundary of the low population zone (LPZ) using the joint frequency distributions of wind speed and wind direction by atmospheric stability class.  The EAB and LPZ distances for each unit are 863 meters and 4,002 meters, respectively, defined by circles about each of Units 1 and 2 and measured from the outer edge of the reactor containment building.  Winds were determined at the 10‑meter level and the stability class was based on the vertical temperature gradient between 10 meters and 60 meters, (T (60 meters‑10‑meters), as indicated in <Regulatory Guide 1.23>.  <Appendix 2B> summarizes the wind and stability information in the form of joint frequency distribution.


The (/Q value was determined as the greater value calculated from either
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where
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1780 m2, the smallest vertical plane, cross‑sectional area of the building from which the effluent is released


During periods of neutral (D) and stable (E, F and G) conditions, when the wind speed was less than 6 m/s, credit for horizontal plume meander was considered such that
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where
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 =
the lateral plume spread with meander, a function of atmospheric stability, wind speed and downwind distance from release.  For distances to 800 meters, (y = M(y; M being a function of atmospheric stability and wind speed.  For distances greater than 800 meters, (y = (M‑1)(y800m = (y, (m).


and other symbols are as defined for Equations 2.3‑4 and 2.3‑5.  For these conditions, this (/Q value (from Equation 2.3‑6) was selected when it was less than the greater value calculated above, from Equations 2.3‑4 and 2.3‑5.


The following methodology was used to determine accident (/Q values for periods up to two hours.  Cumulative probability distributions of (/Q values were determined for each of the 16 wind sectors in terms of probabilities (relative to total hours in all sectors) of given (/Q values being exceeded in a given sector.  For each distribution, the 0.5 percentile level was selected.  Each of the resulting 16 (/Q values was compared and the highest value selected to represent conservative dilution conditions for the accident assessment.


For periods greater than two hours (i.e., 8 and 16 hours, 3 and 26 days as discussed in Section 2.3.4 of <Regulatory Guide 1.70>) the (/Q value for each sector and distance was obtained by a logarithmic interpolation between the calculated value that was selected using the above procedure and the annual average value at the distance of interest in the same direction sector.  The annual average value was calculated in accordance with the methodology described in <Regulatory Guide 1.111>, which is discussed in <Section 2.3.5>.  For each time period of interest, each of the resulting 16 (/Q values was compared and the highest value selected to represent conservative dilution conditions for the accident assessment.


In accordance with the Interim Branch Technical Position of August 2, 1978 (Reference 49), and additional constraint was placed on the controlling (/Q values for the accident assessment.  An overall 5th percentile (/Q value was calculated at the EAB and LPZ, and the larger of this (/Q and the controlling sector (/Q was used in the accident assessment.  The methodology consists of determining the (/Q values for each of the sectors and distances of interest (either the EAB or LPZ) and ordering these values without regard to the sector.  The 


5th percentile value (based on total observations) was then selected.  For time periods greater than two hours, the (/Q values were determined by a logarithmic interpolation between this 5th percentile value and the maximum annual average (/Q value over the 16 sectors.  It was found that the 5th percentile (/Q values were less than the highest sector (/Q values throughout the accident.  Therefore, the maximum sector (/Q values at the 0.5 percentile were chosen to represent conservative dilution conditions for the accident assessment.


As recommended in <Regulatory Guide 1.70>, realistic (/Q values were also determined.  These were calculated in the same manner as the overall 5th percentile with the exception that the 50th percentile was selected.


<Table 2.3‑24> presents the conservative and realistic (/Q values for the EAB and LPZ distances for the periods of interest.  It is noted that the maximum sector (/Q values (conservative assessment) for the LPZ do not occur in the same sector throughout the course of the accident.  In such a case, Section C.3.b of <Regulatory Guide 1.145> prescribes an evaluation of the consequences of the accident for each sector using the (/Q values in that sector throughout the course of the accident.  Then the sector that produces the greatest potential risk is considered to be the controlling sector.  <Table 2.3‑24> presents the conservative (/Q values for each of the sectors of interest (NW and WNW) for all periods of the potential accident.


2.3.5      LONG TERM (ROUTINE RELEASE) DIFFUSION ESTIMATES


2.3.5.1      Objective


Onsite meteorological data from the PNPP facility were used to determine the long term diffusion estimates for the Perry area.  The atmospheric dilution factors (Chi/Q) and deposition rates (D/Q) were determined for the site boundary and for distances out to 50 miles (mi) (or 


80 kilometers (km)) from the containment structures.  A set of distances by sector direction from the containment structures was developed by determining the shortest distance to the site boundary from the closest edge of either the containment, turbine building, or offgas building in each sector.  These particular buildings were used because the vents are located on or adjacent to these respective buildings (i.e., containment represents the plant vents located on the intermediate building common for Units 1 and 2; the turbine building represents the heater bay vent; and the offgas building represents the offgas vent pipe).  A separate set of such distances was developed for Unit 1 and Unit 2.  For building height wake effects on dispersion, a height of 40‑meter was assumed and releases were assumed to be at ground level.  This 40‑meter value represents the height of the springline of the containments.


2.3.5.2      Calculations


Dilution factors ((/Q) and deposition rates (D/Q) were determined using the methodology presented in <Regulatory Guide 1.111> and the NRC computer code XOQDOQ (Reference 50).  The calculations were made for the site boundary and at the “population distances” discussed in <Regulatory Guide 1.70>.  For conservatism, all releases were assumed to occur at ground level.  Winds were determined at the 10‑meter level, and the stability class was based on the vertical temperature gradient between 10 meters and 60 meters, (T (60‑10 meters).  In accordance with <Regulatory Guide 1.111>, calms were distributed directionally in proportion to the directional distribution within a stability class of the lowest wind speed group.  Calms were assigned a speed one‑half the threshold wind speed of the wind vane.


(/Q values were determined by use of the following:





[image: image18.wmf](


)


i


zj


ij


D


u


N


n


ij


x


032


.


2


Q


S


S


=


c









(2.3‑7)


where
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length of time in hours of valid data for a given wind direction, D, wind speed class, i, and atmospheric stability, j.



  N

=
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    =
effective vertical dispersion parameter for stability class j (m)
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     =
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An effective vertical stability parameter, (zj, is calculated to account for building wake effects as follows:
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with the constraint
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 = vertical plume spread, a function of atmospheric stability, j, and distance, x (m)



H   = maximum adjacent building height (m)


Calculations of average D/Q values were made as follows:
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x    = downwind wind distance, m
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The values of d/Q are based on the curves of NRC <Regulatory Guide 1.111>, Revision 1.


In accordance with <Regulatory Guide 1.111>, since this model does not directly consider the effects of spatial and temporal variation in airflow due to terrain, appropriate adjustments were made to the calculated (/Q values.  The terrain adjustment factors used are site specific to Perry and were developed previously (Reference 51) (Reference 52) by comparing (/Q values determined by this straight‑line model and by the time‑dependent, segmented‑plume model NUSPUF (Reference 53).  The adjustment factors as a function of sector and distance are presented in <Table 2.3‑26>; the value for each sector and distance is the maximum factor within that area.  It is thought that this maximum is related to the decline and subsequent decay of the lake breeze in the late afternoon and early evening (Reference 53).


<Table 2.3‑27> presents the long term (/Q diffusion estimates (undepleted and depleted) and D/Q values for Perry for the site boundary.  For the population distances, (/Q values (undepleted and 


depleted) and D/Q values are presented in <Table 2.3‑28>, <Table 2.3‑29>, and <Table 2.3‑30>, respectively.
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TABLE 2.3‑4


SITE REGION METEOROLOGICAL EXTREMES (DATE OF OCCURRENCE)(1)







 Cleveland

   Erie

    Painesville

 Geneva








(1942‑6/78)

(1954‑6/78)

(1950‑65)


(1944‑65)


Maximum Temperature, (F

103(7/41)


94(7/68)


96(6/53)


98(9/54)


Minimum Temperature, (F

‑19(1/63)


‑17(7)



‑15(1/63)


‑20(7)

Maximum Monthly


9.50(10/54)

11.06(8/77)

11.33(10/54)

10.67(10/54)


Precipitation, Inches


Maximum Monthly


42.8(1/78)(2)

62.4(1/78)(3)

39.5(11/50)

71.00(12/62)


Snowfall, Inches


Maximum 24‑Hour


4.00(6/72)

4.84(9/59)(4)

3.50(10/54)(5)

4.09(10/54)(5)

Precipitation, Inches


Maximum 24‑Hour


17.4(11/13)(2)

26.5(12/44)(3)

21.0(11/50)(5)

23.0(12.62)(5)

Snowfall, Inches


Fastest Mile Wind, mph,

74W(3/48)


55SE(3/60)(6)

(Not Available)
(Not Available)


and Direction


NOTES:


(1)
See (Reference 1), (Reference 3), (Reference 4), (Reference 5), (Reference 22) <Section 2.3.6>.


(2)
Record begins with 1871.


(3)
Record begins with 1894.


(4)
Record begins with 1956.


(5)
Maximum daily precipitation amounts.


(6)
Record begins with 1958.


(7)
Revised based on 1978‑1980 data.


TABLE 2.3‑5


DESIGN‑BASIS TORNADO CHARACTERISTICS FOR THE PNPP SITE(1)



Characteristic







Value



Region









   I



Maximum Wind Speed (mph)






 360



Rotational Speed (mph)






 290



Translational Maximum Speed (mph)




  70



Translational Minimum Speed (mph)




   5



Radius of Maximum Rotational Speed (ft)



 150



Maximum Pressure Drop (psi)





 3.0



Rate of Pressure Drop (psi/s)





 2.0


NOTE:


(1)
Refer to <Regulatory Guide 1.76>.


TABLE 2.3‑6


MONTHLY AND ANNUAL AVERAGE WIND SPEED (MPH)


FOR PNPP REGION SITE YEARS AND LOG TERM



   PNPP

     PNPP

    ERIE

    CLEVELAND



 3 years(3)

 7 Years(4,5)
3 years(3)  Long
3 years(3)  Long


Month
10 m
60 m
10 m
60 m
6.1 m
 Term(1,6)
6.1 m
 Term(2,7)

January
10.1
13.9
10.5
14.3
13.9
13.4
12.3
12.5


February
 8.1
11.1
 8.7
12.1
11.2
12.6
10.4
12.4


March
 9.5
13.6
 9.8
13.9
12.4
12.4
11.6
12.5


April
 9.5
12.9
 9.5
13.4
12.4
11.8
11.9
11.8


May
 7.6
11.3
 7.1
10.6
10.3
10.2
 9.6
10.3


June
 7.0
11.3
 7.0
11.0
 9.6
 9.6
 9.0
 9.4


July
 6.1
 9.4
 6.0
 9.6
 8.8
 9.1
 8.3
 8.7


August
 5.7
 9.7
 5.9
10.0
 8.6
 9.1
 7.7
 8.3


September
 6.8
11.4
 6.9
11.4
 9.9
10.1
 8.6
 9.1


October
 8.2
13.2
 8.7
13.6
11.1
11.4
 9.3
10.0


TABLE 2.3‑6 (Continued)



   PNPP

     PNPP

    ERIE

    CLEVELAND



 3 years(3)

 7 Years(4,5)
3 years(3)  Long
3 years(3)  Long


Month
10 m
60 m
10 m
60 m
6.1 m
 Term(1,6)
6.1 m
 Term(2,7)

November
10.0
15.1
 9.8
14.5
13.1
13.2
11.0
12.1


December
 9.8
14.4
10.4
14.8
13.4
13.6
12.2
12.3


Annual
 8.2
12.4
 8.4
12.4
11.3
11.4
10.2
10.8


NOTES:


(1)
30 ft for January 1, 1954 ‑ January 31, 1960; 55 ft for February 1, 1960 ‑ September 28, 1965; 20 ft for September 29, 1965 ‑ December 31, 1977.


(2)
56 ft for January 1, 1942 ‑ January 30, 1956; 88 ft for January 30, 1956 ‑ June 25, 1959; 20 ft for June 26, 1959 ‑ December 31, 1977.


(3)
Concurrent years:  May 1, 1972, to April 30, 1973; May 1, 1973, to April 30, 1974; September 1, 1977, to August 31, 1978. 


(4)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(5)
See (Reference 50) <Section 2.3.6>.


(6)
See (Reference 4) <Section 2.3.6>.


(7)
See (Reference 3) <Section 2.3.6>.


TABLE 2.3‑7


ANNUAL AVERAGE WIND SPEEDS (MPH) FOR PNPP REGION







  PNPP


Erie(1)

Cleveland(2)

    Period

  10 m      60 m

 6.1 m 
        6.1 m    

May 1, 1972 ‑

   8.0
  12.0

 11.0

   10.1


April 30, 1973


May 1, 1973 ‑

   8.4
  13.0

 11.9

   10.2


April 30, 1974


September 1, 1977 ‑
   8.3
  12.4

 10.9

   10.2


August 31, 1978


Combined 3‑year
   8.2
  12.5

 11.3

   10.2


Period


Long term


   8.4(3,4)
  12.4(3,4)

 11.4

   10.8


NOTES:


(1)
See (Reference 4) <Section 2.3.6>.


(2)
See (Reference 3) <Section 2.3.6>.


(3)
See (Reference 50) <Section 2.3.6>.


(4)
PNPP:  May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


TABLE 2.3‑8


PNPP AREA MONTHLY AND ANNUAL MEANS AND EXTREMES


OF TEMPERATURE ((F) FOR THREE CONCURRENT YEARS(1)


           PNPP           
            ERIE           
        CLEVELAND





Maximum 
Minimum 

Maximum 
Minimum 

Maximum 
  Minimum 



Mean  Mean Extr  Mean Extr      Mean  Mean Extr  Mean Extr 
Mean  Mean Extr  Mean Extr


January
27
34
67
22
  5
26
32
59
21
  4
27
34
 62
21
   0


February
22
28
57
16
‑12
21
27
55
15
‑12
24
31
 56
18
  ‑1


March
37
44
74
31
  2
35
42
74
29
 ‑3
39
47
 73
33
   0


April
47
55
78
40
 26
45
52
75
38
 22
49
58
 80
42
  26


May
56
63
82
50
 33
54
61
80
48
 29
58
66
 86
50
  32


June
65
73
87
58
 43
63
71
86
56
 34
65
76
 90
59
  33


July
70
76
90
63
 47
69
76
89
62
 48
71
80
 93
64
  45


August
70
76
89
63
 49
68
76
90
62
 45
70
80
 93
63
  47


September
65
71
88
58
 37
62
69
86
55
 38
64
73
 91
57
  40


October
52
59
79
47
 28
49
56
73
44
 27
51
60
 78
46
  28


November
42
48
73
38
 21
41
46
70
37
 22
41
48
 75
38
  14


December
31
37
63
26
  3
30
36
60
26
  2
33
38
 62
27
   1


Annual
49
55
90
42
‑12
47
54
90
41
‑12
52
58
 93
43
  ‑1


TABLE 2.3‑8 (Continued)


NOTE:


(1)
May 1, 1972 to April 30, 1974; September 1, 1977 to August 31, 1978.


TABLE 2.3‑9


PNPP AREA LONG TERM ANNUAL MEANS AND EXTREMES OF TEMPERATURE ((F)




 Mean
Extreme Maximum
 Mean
Extreme Minimum
 Period



Mean
Maximum
  (and year)   
Minimum
  (and year)   
of Record


Erie(1)
47.1
55.0
94(7/68)
39.2
‑17(7)
1954‑1980


Cleveland(2)
49.7
58.5
103(7/41)
40.8
‑19(1/63)
1942‑1977


Painesville(3)
49.9
58.4
96(6/53)
41.5
‑15(1/63)
1950‑1965


Geneva(4)
49.3
58.2
98(9/54)
40.3
‑20(7)
1944‑1980


PNPP
48.6(5)
54.9(5)
92(7/80)
42.2(5)
‑14(1/82)
7 Years(6)

NOTES:


(1)
See (Reference 4) <Section 2.3.6>.


(2)
See (Reference 3) <Section 2.3.6>.


(3)
See (Reference 1) <Section 2.3.6>.


(4)
See (Reference 7) <Section 2.3.6>.


(5)
See (Reference 50) <Section 2.3.6>.


(6)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(7)
Revised based on 1978‑1980 data.


TABLE 2.3‑10


ANNUAL PNPP DIURNAL VARIATIONS OF TEMPERATURE, DEW POINT, RELATIVE HUMIDITY,


AND ABSOLUTE HUMIDITY FOR PNPP





      10‑m LEVEL(1)


                60‑m LEVEL(2,3)






Temp.
Dew Pt.
Rel. Hum.
Abs. Hum.
Temp.
Dew Pt.
Rel. Hum.
Abs. Hum.


Hour 

((F) 
 ((F)  
  (%)  
(gm/m3)
((F) 
 ((F)  
  (%)  
(gm/m3)



1
47
39
77
8
48
37
74
7



2
46
39
78
8
47
37
75
7



3
46
38
78
7
47
37
75
7



4
46
38
78
7
47
36
76
7



5
45
38
79
7
46
36
76
7



6
45
38
79
7
46
36
77
7



7
46
38
79
7
46
36
78
7



8
47
39
77
8
46
37
78
7



9
48
39
74
8
47
38
76
7



10
49
39
72
8
48
38
74
7



11
50
39
70
8
49
38
73
7



12
51
40
68
8
50
39
72
7



13
52
40
68
8
50
39
71
7



14
52
40
67
8
51
39
70
8



15
52
40
67
8
51
40
70
8



16
52
40
67
8
51
39
70
7



17
52
40
68
8
51
39
70
7



18
51
40
69
8
50
39
70
7



19
50
40
71
8
50
38
70
7



20
49
40
73
8
50
38
71
7



21
49
40
75
8
49
38
71
7



22
48
40
76
8
49
38
72
7


TABLE 2.3‑10 (Continued)




                 10‑m LEVEL(1)


                60‑m LEVEL(2,3)






Temp.
Dew Pt.
Rel. Hum.
Abs. Hum.
Temp.
Dew Pt.
Rel. Hum.
Abs. Hum.


Hour 

((F) 
 ((F)  
  (%)  
(gm/m3)
((F) 
 ((F)  
  (%)  
(gm/m3)



23
47
39
76
8
48
37
73
7



24
47
39
77
8
48
37
73
7


Mean
49
39
73
8
49
38
73
7


NOTES:


(1)
May 1, 1972 to April 30, 1974; September 1, 1977 to August 31, 1982.


(2)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978.


(3)
See (Reference 51) <Section 2.3.6>.


TABLE 2.3‑11


MONTHLY AND ANNUAL MEANS OF RELATIVE HUMIDITY, ABSOLUTE HUMIDITY,


AND DEW POINT FOR PNPP AREA FOR THREE SITE YEARS(1)



            PNPP           
          ERIE             
          CLEVELAND





Relative
Absolute
Dew
Relative
Absolute
Dew
Relative
Absolute
Dew




Humidity
Humidity
Point
Humidity
Humidity
Point
Humidity
Humidity
Point


  Month

  (%)   
(gm/m3) 
((F) 
  (%)   
(gm/m3) 
((F) 
  (%)   
(gm/m3) 
((F)



January
75
3
20
77
 3
19
75
3
20


February
76
2
13
75
 2
14
72
2
16


March
72
4
24
75
 4
27
72
5
30


April
66
5
36
69
 5
34
67
6
38


May
74
9
48
75
 8
45
72
9
48


June
75
 12
58
76
11
55
73
 11
56


July
76
 14
62
74
13
60
73
 14
62


August
79
 14
62
76
13
60
75
 14
61


September
73
 11
55
82
11
56
76
 12
56


October
71
  7
43
77
 7
42
74
  7
43 


November
73
  5
32
77
 5
34
77
  5
35


TABLE 2.3‑11 (Continued)




            PNPP           
          ERIE             
          CLEVELAND





Relative
Absolute
Dew
Relative
Absolute
Dew
Relative
Absolute
Dew




Humidity
Humidity
Point
Humidity
Humidity
Point
Humidity
Humidity
Point


  Month

  (%)   
(gm/m3) 
((F) 
  (%)   
(gm/m3) 
((F) 
  (%)   
(gm/m3) 
((F)



December
78
 3
28
80
 3
25
78
 4
26


Annual
74
 7
40
76
 7
39
74
 8
43


NOTE:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978


TABLE 2.3‑12


LONG TERM VALUES OF RELATIVE HUMIDITY, ABSOLUTE HUMIDITY


AND DEW POINT FOR PNPP AREA




 
                   MAXIMUM               
                    MINIMUM





       Mean       
       Mean        
      Extreme       
         Mean        
      Extreme





RH
  AH
DP
RH
  AH
DP
RH
  AH
DP
RH
  AH
DP
RH
  AH
DP




(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)


January
E(1,2)
76
 2
 16
78
 3
 17
100
11
 54
73
 2
 15
27
 0
‑23



C(1,3)
72
 3
 16
76
 3
 19
100
11
 55
65
 2
 15
28
 0
‑24



P(4,5)
75
 3
 17
88
 4
 24
100
10
 53
61
 2
 12
30
 1
‑20


February
E
75
 3
 17
78
 3
 19
100
11
 55
71
 2
 15
33
 0
‑22



C
70
 3
 18
75
 3
 20
100
11
 55
60
 2
 15
25
 1
‑17



P
75
 3
 15
88
 4
 21
100
11
 54
60
 2
 10
18
 1
‑16


March
E
73
 3
 25
78
 4
 26
100
13
 59
66
 3
 23
23
 1
‑10



C
67
 4
 25
75
 4
 28
100
14
 63
57
 3
 20
21
 1
 ‑5



P
72
 4
 26
88
 5
 32
100
12
 56
55
 3
 20
23
 1
‑10


April
E
67
 5
 33
75
 5
 34
100
15
 64
59
 5
 31
20
 1
  5



C
64
 5
 35
75
 6
 37
100
17
 68
53
 5
 33
19
 2
 10



P
68
 6
 35
85
 7
 41
100
15
 64
51
 5
 29
19
 2
  8


May
E
71
 8
 45
80
 8
 47
100
19
 71
60
 7
 43
22
 2
 10



C
67
 8
 47
80
 9
 49
100
19
 72
54
 7
 44
21
 3
 17



P
72
 9
 48
86
11
 52
100
23
 78
56
 7
 42
18
 2
 16


June
E
74
11
 55
84
12
 57
100
21
 75
63
10
 53
32
 4
 28



C
71
12
 56
83
12
 58
100
24
 79
59
10
 52
28
 4
 27



P
75
12
 56
90
14
 61
100
26
 81
62
10
 52
21
 3
 23


July
E
74
13
 59
84
14
 61
100
23
 77
63
12
 58
32
 6
 37



C
71
14
 61
85
14
 63
100
23
 78
57
13
 59
30
 5
 36



P
76
14
 62
92
17
 67
100
23
 77
59
12
 58
35
 7
 41


August
E
77
13
 60
87
14
 61
100
22
 76
64
12
 58
35
 5
 35



C
73
13
 60
86
14
 62
100
24
 79
57
12
 57
29
 6
 41



P
78
14
 62
93
16
 66
100
22
 76
62
12
 58
35
 5
 32


September
E
78
11
 54
86
11
 55
100
22
 75
66
10
 52
35
 3
 24



C
75
11
 54
85
12
 56
100
20
 73
62
10
 53
31
 3
 24



P
74
12
 55
89
14
 60
100
22
 76
58
10
 50
22
 4
 30


TABLE 2.3‑12 (Continued)




 
                   MAXIMUM               
                    MINIMUM





       Mean       
       Mean        
      Extreme       
         Mean        
      Extreme





RH
  AH
DP
RH
  AH
DP
RH
  AH
DP
RH
  AH
DP
RH
  AH
DP




(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)
(%)
(g/m3)
((F)


October
E
74
 7
 42
79
 8
 44
100
17
 67
66
 7
 40
26
 2
 16



C
72
 7
 43
81
 8
 45
100
16
 66
61
 6
 39
26
 3
 18



P
71
 7
 42
87
 9
 47
100
16
 65
55
 6
 37
30
 3
 17


November
E
76
 5
 33
78
 5
 34
100
15
 63
72
 5
 32
34
 2
  4



C
74
 5
 33
80
 5
 35
100
15
 64
67
 5
 32
29
 1
 ‑2



P
71
 5
 33
86
 7
 38
100
14
 63
57
 4
 27
22
 2
  8


December
E
74
 7
 39
80
 7
 40
100
23
 77
66
 7
 37
20
 1
 ‑7



C
73
 3
 23
75
 3
 24
100
12
 58
70
 3
 21
27
 1
‑17



P
74
 4
 24
87
 5
 30
100
12
 56
60
 3
 18
30
 1
 ‑2


Annual
E
74
 7
 39
80
 7
 40
100
23
 77
66
 7
 37
20
 0
‑23



C
71
 7
 39
79
 8
 41
100
24
 79
62
 7
 37
19
 0
‑24



P
73
 8
 39
88
 9
 45
100
26
 81
58
 6
 34
18
 1
‑20


NOTES:


(1)
Period of record:  September 1, 1968, to August 31, 1978.


(2)
E = Erie refer to (Reference 30), <Section 2.3.6>.


(3)
C = Cleveland refer to (Reference 31), <Section 2.3.6>.


(4)
P = PNPP (May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982).


(5)
See (Reference 50) <Section 2.3.6>.


TABLE 2.3‑13


PNPP MONTHLY AND ANNUAL GREATEST PRECIPITATION (INCHES)


BY TIME INTERVAL FOR SEVEN SITE YEARS(1,2)

INTERVAL (HOURS)


Month

_1_

  _6_
    _12_

  _18 

_24_


January

0.15

 0.62
    0.66

  0.66

0.85


February

0.16

 0.53
    0.70

  0.92

0.92


March

0.40

 0.72
    0.81

  0.83

0.83


April

0.50

 0.86
    1.34

  1.72

1.73


May


0.72

 0.77
    0.93

  1.16

1.38


June


0.98

 1.49
    2.02

  2.05

2.05


July


1.00

 1.51
    1.51

  1.51

1.51


August

1.00

 1.16
    1.55

  1.55

1.60


September

0.85

 1.85
    2.35

  2.44

2.44


October

0.48

 1.63
    1.77

  1.77

1.78


November

0.33

 0.95
    1.14

  1.30

1.31


December

0.29

 0.76
    1.31

  1.59

1.65


Annual

1.00

 1.85
    2.35

  2.44

2.44


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(2)
See (Reference 50) <Section 2.3.6>.


TABLE 2.3‑14


PERCENT FREQUENCY OF PRECIPITATION BY AMOUNT AND


INTERVAL FOR PNPP FOR SEVEN SITE YEARS


INTERVAL (HOURS)(2)

Amount


Inches(1)
_1_
_6__
_12_
_18_
_24_


0.01
5.74
14.90
22.76
29.48
35.41


0.02
4.17
12.55
19.84
26.19
31.80


0.03
3.18
10.98
17.87
23.86
29.28


0.04
2.52
9.83
16.36
22.07
27.29


0.05
2.02
8.89
15.15
20.70
25.75


0.07
1.39
7.40
12.96
18.05
22.73


0.10
0.87
5.91
10.92
15.50
19.83


0.15
0.44
4.18
8.27 
12.05
15.72


0.20
0.28
3.09
6.43
9.61
12.74


0.25
0.20
2.26
4.87
7.46
10.04


0.30
0.13
1.68
3.86
6.01
8.21


0.35
0.09
1.27
3.11
5.08
7.04


0.40
0.07
1.01
2.56
4.19
5.88


0.45
0.05
0.79
2.07
3.38
4.76


0.50
0.04
0.66
1.76
2.94
4.13


0.60
0.03
0.46
1.23
2.12
3.05


0.70
0.02
0.34
0.95
1.65
2.39


0.80
0.02
0.25
0.72
1.29
1.83


0.90
0.01
0.19
0.55
1.02
1.48


1.00
<0.01
0.15
0.41
0.73
1.12


1.10
0.00
0.10
0.27
0.52
0.83


1.20
0.00
0.05
0.17
0.35
0.60


1.30
0.00
0.04
0.14
0.29
0.49


1.40
0.00
0.03
0.11
0.23
0.38


1.50
0.00
0.02
0.09
0.18
0.30


1.60
0.00
0.01
0.06
0.12
0.20


1.70
0.00
0.01
0.05
0.10
0.17


1.80
0.00
<0.01
0.04
0.08
0.12


1.90
0.00
0.00
0.02
0.05
0.10


2.00
0.00
0.00
0.01
0.05
0.08


NOTES:


(1)
Percentages for a given category include precipitation of that category up to the next higher category (i.e., an amount of 0.34 would be included in the 0.30 category).


(2)
Hours with missing precipitation data were assumed to be hours with no precipitation.


TABLE 2.3‑15


PNPP AREA GREATEST 24‑H PRECIPITATION (INCHES)


FOR THREE CONCURRENT YEARS(1)

Month
 PNPP    Erie(2)

Cleveland(3)
Painesville(4)
Geneva(4)

January
0.85
1.08
1.10
0.88
0.55


February
0.32
0.70
0.72
0.36
0.46


March
0.83
1.12
1.07
0.80
0.82


April
1.11
1.06
1.53
0.97
1.13


May
0.95
1.72
1.06
0.87
2.01


June
1.30
2.51
4.00
1.69
2.40


July
1.51
1.46
2.00
1.56
1.59


August
1.55
1.91
1.53
1.78
2.80


September
2.39
2.03
1.81
2.26
2.81


October
0.80
1.36
1.16
0.80
0.96


November
1.31
1.12
1.19
1.69
1.13(5)

December
1.18
2.31
1.41
1.62
1.45


Annual
2.39
2.51
4.00
2.26
2.81


NOTES:


(1)
May 1, 1972, to April 30, 1973; May 1, 1973, to April 30, 1974; September 1, 1977, to August 31, 1978.


(2)
See (Reference 4) <Section 2.3.6>.


(3)
See (Reference 3) <Section 2.3.6>.


(4)
See (Reference 8) <Section 2.3.6>; values for Painesville and Geneva are for “greatest day of precipitation.”


(5)
Only two years of data available, 1972 and 1973.


TABLE 2.3‑16


  PNPP AREA AVERAGE TOTAL PRECIPITATION FOR THREE CONCURRENT YEARS(1)

Month
 PNPP    Erie(2)

Cleveland(3)
Painesville(4)
Geneva(4)

January
1.34
2.59
2.62
2.93
2.18


February
0.40
1.50
1.77
1.20
1.41


March
2.84
3.33
3.18
3.60
3.74


April
2.75
3.35
3.35
3.43
4.25


May
2.61
4.01
3.85
3.69
4.68


June
3.53
5.49
6.36
4.53
4.89


July
1.55
1.70
3.26
2.56
2.97


August
2.62
3.84
4.36
4.52
2.98


September
4.24
6.08
3.37
4.96
5.25


October
2.14
2.88
2.51
2.61
3.01


November
2.51
4.15
3.61
4.11
3.87


December
2.56
4.26
3.43
3.76
3.45


Annual
29.07
43.18
 41.67
41.90
42.68


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1978.


(2)
See (Reference 4) <Section 2.3.6>.


(3)
See (Reference 3) <Section 2.3.6>.


(4)
See (Reference 8) <Section 2.3.6>.


TABLE 2.3‑17


LONG‑TERM TOTAL PRECIPITATION (INCHES) VALUES FOR PNPP AREA




ERIE(1)
       
        CLEVELAND(2)
       
PAINESVILLE(3)    

 PNPP(4)






Maximum
Minimum

Maximum
Minimum

Maximum

Maximum
Minimum


  Month
Normal
Monthly
Monthly
Normal
Monthly
Monthly
Normal
Monthly
Normal
Monthly
Monthly


January
 2.47
 4.59
 0.90
 2.56
 7.01
 0.36
 2.95
 6.56
 1.22
 2.11
 0.29


February
 2.12
 5.01
 0.73
 2.18
 4.64
 0.73
 2.41
 4.94
 0.80
 1.91
 0.05


March
 2.75
 6.78
 0.63
 3.05
 6.07
 0.73
 2.90
 5.50
 2.24
 3.66
 0.80


April
 3.55
 7.11
 1.63
 3.49
 6.61
 1.18
 3.47
 6.49
 2.46
 3.71
 0.56


May
 3.63
 5.59
 1.45
 3.49
 6.04
 1.00
 2.80
 6.43
 2.02
 3.19
 1.19


June
 3.50
 7.74
 0.85
 3.28
 9.06
 1.17
 2.97 
 7.17
 3.45
 5.36
 1.89


July
 3.52
 7.70
 1.11
 3.45
 6.47
 1.23
 3.30
 6.65
 2.56
 5.03
 0.80


August
 3.35
11.06
 0.58
 3.00
 8.96
 0.53
 3.16
 9.53
 2.82
 3.93
 1.60


September
 3.56
10.65
 1.45
 2.80
 6.37
 0.74
 2.71
 5.61
 3.87
 5.81
 1.79


October
 3.24
 9.87
 1.13
 2.57
 9.50
 0.61
 3.17
11.33
 2.76
 4.18
 1.51


November
 3.70
 6.25
 1.96
 2.76
 6.44
 0.80
 3.46
 7.05
 1.93
 3.22
 0.85


TABLE 2.3‑17 (Continued)




ERIE(1)
       
        CLEVELAND(2)
       
PAINESVILLE(3)    

 PNPP(4)






Maximum
Minimum

Maximum
Minimum

Maximum

Maximum
Minimum


  Month
Normal
Monthly
Monthly
Normal
Monthly
Monthly
Normal
Monthly
Normal
Monthly
Monthly


December
 2.81
 5.63
  1.38
  2.36
 5.60
 0.71
 2.38
 4.06
  2.49
 3.86
1.31


Annual
38.20
11.06
  0.58
 34.99
 9.50
 0.36
35.68
11.33
 28.32
 5.81
0.05


Period of
1941‑70
1954‑77   1954‑77
1941‑70    1942‑77   1942‑77
1950‑65
1950‑65
  ‑(5)
  ‑(5)
 ‑(5)

Record


NOTES:


(1)
See (Reference 4) <Section 2.3.6>.


(2)
See (Reference 3) <Section 2.3.6>.


(3)
See (Reference 1) <Section 2.3.6>. 


(4)
See (Reference 50) <Section 2.3.6>.


(5)
May 1, 1972, to April 30, 1974; September 1, 1978, to August 31, 1982.


TABLE 2.3‑18


PNPP STABILITY CLASS DISTRIBUTIONS (PERCENT) BY MONTH


FOR SEVEN SITE YEARS(1,2)

Stability Class Based on (T (60 ‑ 10 m)



 A

 B

 C

 D

 E

 F

 G


January
0.04
0.04
0.57
72.46
21.54
3.05
2.30


February
0.68
0.89
1.35
60.20
25.85
5.76
5.27


March
2.59
2.59
4.63
56.72
22.46
6.20
4.80


April
4.90
4.90
6.37
46.56
23.52
7.17
6.58


May
4.84
4.04
6.57
41.98
21.67
8.92
11.98


June
6.24
5.11
6.10
35.95
24.70
9.29
12.61


July
7.58
4.94
7.11
29.66
25.01
10.20
15.51


August
5.87
5.35
5.75
28.11
26.87
11.42
16.63


September
5.73
3.63
4.44
33.91
30.73
9.49
12.07


October
2.68
3.04
3.93
45.51
31.47
7.21
6.15


November
0.43
1.24
2.48
64.86
22.11
5.12
3.76


December
0.12
0.08
0.53
71.39
24.92
2.22
0.73


Annual
3.49
3.00
4.17
48.90
25.06
7.17
8.21


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982, and associated with valid 10‑m wind data.


(2)
See (Reference 54) <Section 2.3.6>.


TABLE 2.3‑19


PNPP AREA LONG TERM ANNUAL STABILITY CLASS DISTRIBUTIONS(5)


_A_
_B_
_C_
_D_
_E_
_F_
_G_


ERIE(1,2)

10 years(3)
0.08
3.27
9.04
71.63
7.76
6.66
1.55


CLEVELAND(2,4)

10 years(3)
0.27
3.47
9.52
66.74
9.74
7.74
2.52


PNPP(7)

 7 years(6,7)
3.49
3.00
4.17
48.90
25.06
7.17
8.21


NOTES:


(1)
See (Reference 32) <Section 2.3.6>.


(2)
Stability class based on Pasquill‑Turner Method.


(3)
Based on NWS data:  September 1, 1968, to August 31, 1978.


(4)
See (Reference 33) <Section 2.3.6>.


(5)
Stability class based on Delta‑T Method.


(6)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(7)
See (Reference 54) <Section 2.3.6>.


TABLE 2.3‑20


PNPP STABILITY DISTRIBUTIONS BY HOUR OF DAY FOR SEVEN SITE YEARS(1,2)

(NUMBER OF OCCURRENCES)


Stability Class


HR. OF DAY

 A 

 B 

 C 

   D 
   E 

 F 


 G 

TOTAL

 FG

 EPG




 1


  1

  2

  5

  851
  830

308


455

2,452

763

1,593



 2


  0

  4

  2

  869
  824

324


430

2,453

754

1,578



 3


  0

  1

  4

  870
  858

315


406

2,454

721

1,579



 4


  3

  1

  4

  843
  898

286


421

2,456

707

1,605



 5


  0

  2

  1

  853
  920

271


404

2,451

675

1,595



 6


  0

  1

  5

  887
  899

269


386

2,447

655

1,554



 7


  0

  2

  7

1,040
  864

260


263

2,436

523

1,387



 8


 11

 15

 42

1,461
  673

141


 83

2,426

224

  897



 9


 49

 55

109

1,770
  381

 34


 22

2,420

 56

  437



10


120

134

253

1,673
  210

 17


  4

2,411

 21

  231



11


209

218

311

1,492
  171

  8


  3

2,412

 11

  182



12


322

239

309

1,377
  151

 13


  2

2,413

 15

  166



13


377

238

272

1,364
  139

  8


  4

2,402

 12

  151



14


352

245

282

1,372
  137

  8


  4

2,400

 12

  149



15


274

218

286

1,453
  166

  9


  0

2,406

  9

  175



16


186

179

232

1,622
  175

 14


  2

2,410

 16

  191



17


 84

115

162

1,698
  329

 19


  4

2,411

 23

  352



18


 38

 44

 90

1,571
  585

 64


 16

2,408

 80

  665



19


  3

  9

 32

1,287
  908

152


 46

2,437

198

1,106



20


  2

  4

  4

  897
1,074

321


147

2,449

468

1,542



21


  1

  3

  4

  832
  894

381


340

2,455

721

1,615



22


  1

  3

  7

  813
  867

330


433

2,454

763

1,630



23


  0

  4

  4

  824
  859

309


452

2,452

761

1,620



24


  0

  3

  5

  838
  848

311


450

2,455

761

1,609



ALL

   2,033
   1,739
   2,432
    28,557    14,660
   4,172

   4,777
    58,370
   8,949
    23,609


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(2)
Stability based on (T (60 ‑ 10 m).


TABLE 2.3‑21


PNPP STABILITY PERSISTENCE FOR SEVEN SITE YEARS(1,2)

(NUMBER OF OCCURRENCES)


STABILITY CLASS


Persistence


  Periods


  (Hours)


 A 

 B 

   C 
   D 
   E 

   F 

 G 

TOTAL

 FG

  EFG



  1


276

764

1,140
1,196
1,649

1,098

186

6,309

332

  631



  2


100

231

  335
  835
  742

  393

155

2,791

194

  349



  3


 78

 82

  115
  594
  434

  199

 99

1,601

142

  203



  4


 66

 38

   36
  330
  286

   94

 95

  945

 86

  151



  5


 53

 16

   19
  257
  217

   74

 69

  705

 90

  128



  6


 36

  3

    6
  169
  174

   54

 50

  492

 89

  116



  7


 32

  2

    0
  155
  112

   28

 60

  389

 59

   80



  8


 28

  0

    0
  102
  109

   19

 51

  309

 73

   90



  9


 13

  0

    0
  116
   66

    9

 38

  242

 56

   69



 10


  1

  0

    0
  100
   76

   10

 59

  246

 89

   74



 11


  0

  0

    0
   71
   63

    5

 67

  206

136

  135



 12


  0

  0

    0
   72
   57

    2

 20

  151

 93

  266



 13


  0

  0

    0
   42
   46

    1

  9

   98

 67

  271



 14


  0

  0

    0
   48
   35

    0

  5

   88

 24

  204



 15


  0

  0

    0
   32
   21

    0

  2

   55

 12

  142



 16


  0

  0

    0
   34
   17

    0

  0

   51

  5

   84



 17


  0

  0

    0
   30
   13

    0

  0

   43

  0

   51



 18


  0

  0

    0
   28
    5

    0

  0

   33

  0

   27



 19


  0

  0

    0
   23
    3

    0

  0

   26

  0

    9



 20


  0

  0

    0
   30
    4

    0

  0

   34

  0

   10


 21 ‑ 25


  0

  0

    0
   77
   10

    0

  0

   87

  0

   16


 26 ‑ 30


  0

  0

    0
   39
    4

    0

  0

   43

  0

    5


 31 ‑ 35


  0

  0

    0
   33
    2

    0

  0

   35

  0

    3


 36 ‑ 40


  0

  0

    0
   24
    1

    0

  0

   25

  0

    0


 41 ‑ 45


  0

  0

    0
   17
    0

    0

  0

   17

  0

    4


 46 ‑ 50


  0

  0

    0
   16
    0

    0

  0

   16

  0

    0


 51 ‑ 55


  0

  0

    0
   11
    0

    0

  0

   11

  0

    1


 56 ‑ 60


  0

  0

    0
   13
    0

    0

  0

   13

  0

    0


   GT 60


  0

  0

    0
   35
    0

    0

  0

   35

  0

    0


 TOTAL


683
   1,136

1,651
4,529
4,146

1,986

965
    15,096
   1,547

3,119


MAXIMUM PERSISTENCE



 DURATION (HOURS)
 10

  7

    6
  148
   37

   13

 15

  148

 16

   54


TABLE 2.3‑21 (Continued)


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(2)
Stability based on (T (60 ‑ 10 m).


TABLE 2.3‑22


PNPP METEOROLOGICAL SYSTEM EQUIPMENT SPECIFICATIONS ‑


(APRIL 1972 TO AUGUST 1982)


    Instrument
 Mfr.
     Model
 Level
     Specifications

Wind Speed‑Direction
Climet
Wind Direction
10m, 60m
Threshold 0.75 mph




  WD‑012‑10

  Accuracy (3(



Wind Speed

Threshold 0.6 mph




  WS‑011‑1

  Accuracy (1% of the






  wind speed reading






  or 0.15 mph,






  whichever is 






  greater




Translator 025‑2


Temperature
Endevco
4470.114 Universal
T(10m)
T (scale ‑20(F to 100(F)




  Signal Conditioner
(T(60‑10m)
  Accuracy (.12(F




4473.2 RTB Conditioner

(T (scale ‑4(F to 8(F)



Teledyne Geotech
  M327 Aspirators

  Accuracy (.02(F



Rosemount
    104MB12ADCA




  four wire RTB


Precipitation
Belfort
5‑405 H Rain Gauge
Ground
Accuracy (2% (in)



Weather Measure
P565 windshield

  for 1 in./h




  (after 1978)


Dew Point
Cambridge
110S‑S
10m
Accuracy (0.5(F



EG&G



  (after August 1977)
220
10m, 60m(1)
Accuracy (0.4(C


Station Pressure
Teledyne Geotech
BP‑100(28‑32)
2m
Accuracy (0.02 in. of Hg



  (after August 1977)


TABLE 2.3‑22 (Continued)


    Instrument
 Mfr.
     Model
 Level
     Specifications

Multipoint Recorder
Esterline‑Angus
E1124E
Shelter
Accuracy (0.25% of full


  T(10m),(T(60‑10m),



  scale


 dewpoints, pressure,


 precipitation


Strip Recorders
Esterline‑Angus
E1102R
Shelter
Accuracy (1% of full


  (2 ea.) ws/wd)



  scale


Minicomputer
DEC
LSI‑11 with
Shelter
Accuracy of converter is



  (after August 1977)
  ADV 11‑A converter

  (0.10% of full scale


NOTE:


(1)
60‑m dew point discontinued in January 1980.


TABLE 2.3‑23


METEOROLOGICAL DATA RECOVERY (PERCENT) AT PNPP(1)





Joint 10‑m
Joint 60‑m
10‑m
60‑m


10‑m



60‑m
10‑m
Delta T
Winds &
Winds &
Dew
Dew

Ambient
Station



Winds(2)
Winds(2)
(60‑10m)
Delta T
Delta T
Point
Point
Precip.
 Temp.
Pressure

January



1973
85
99
99
99
85
57
‑(3)
 99
 99
‑ 



1974
96
100
100
100
96
100
‑
99
99
‑ 



1978
99
96
99
96
99
45
99
99
99
99



1979
97
97
97
97
97
87
92
97
97
97



1980
99
99
98
98
98
74
45
100
98
99



1981
99
99
95
95
95
96
‑
100
95
99



1982
90
89
81
80
81
80
‑
99
84
91


February



1973
85
90
93
83
79
0
  ‑
96
95
‑ 



1974
99
100
99
99
99
98
‑
99
99
‑ 



1978
100
100
99
99
99
99
43
99
99
99



1979
94
94
97
94
94
91
86
98
97
97



1980
100
100
99
99
99
94
‑
100
99
100



1981
83
90
93
85
81
83
‑
100
86
86



1982
94
94
75
72
70
90
‑
100
74
94


March



1973
88
99
99
99
88
45
‑
99
99
‑ 



1974
57
98
98
97
55
98
‑
98
99
‑ 



1978
90
90
94
88
87
53
41
98
95
97



1979
99
99
86
86
86
97
91
100
98
99



1980
99
99
91
91
91
88
‑
99
91
98



1981
95
95
94
94
94
92
‑
100
95
95



1982
99
98
98
97
98
85
‑
100
99
98


TABLE 2.3‑23 (Continued)






Joint 10‑m
Joint 60‑m
10‑m
60‑m


10‑m



60‑m
10‑m
Delta T
Winds &
Winds &
Dew
Dew

Ambient
Station



Winds(2)
Winds(2)
(60‑10m)
Delta T
Delta T
Point
Point
Precip.
 Temp.
Pressure

April



1973
99
100
100
100
99
96
‑
100
99
‑ 



1974
38
100
100
100
38
100
‑
100
99
‑ 



1978
100
100
85
85
85
60
25
98
96
94



1979
98
98
87
87
87
98
98
98
97
98



1980
99
99
98
98
98
80
‑
99
93
99



1981
99
99
95
95
95
92
‑
99
99
99



1982
97
97
95
95
95
92
‑
100
97
93


May



1972
97
90
97
88
95
47
‑
97
98
‑ 



1973
100
100
100
100
100
56
‑
100
99
‑ 



1978
98
98
95
95
95
94
83
99
98
97



1979
99
99
99
99
99
58
40
99
99
99



1980
93
93
92
92
92
80
‑
99
92
93



1981
99
99
94
94
94
61
‑
100
96
98



1982
94
94
90
89
89
95
‑
100
95
94


June



1972
100
99
99
99
99
43
‑
99
98
‑ 



1973
50
99
96
96
50
57
‑
99
96
‑ 



1978
98
96
98
98
96
74
74
99
98
99



1979
99
99
98
97
97
39
26
99
97
99



1980
91
91
91
91
91
79
‑
99
90
90



1981
86
99
95
95
82
49
‑
99
85
87



1982
89
94
91
91
86
94
‑
100
93
93


TABLE 2.3‑23 (Continued)






Joint 10‑m
Joint 60‑m
10‑m
60‑m


10‑m



60‑m
10‑m
Delta T
Winds &
Winds &
Dew
Dew

Ambient
Station



Winds(2)
Winds(2)
(60‑10m)
Delta T
Delta T
Point
Point
Precip.
 Temp.
Pressure

July



1972
77
74
76
73
76
44
‑
67
77
‑ 



1973
24
99
97
97
23
97
‑
99
98
‑ 



1978
99
99
99
99
99
83
90
100
99
73



1979
99
99
99
99
99
77
45
100
99
99



1980
99
99
98
98
98
94
‑
100
98
98



1981
98
98
91
91
90
89
‑
100
95
98



1982
99
99
97
97
97
99
‑
99
99
98


August



1972
100
100
100
100
100
99
‑
100
99
‑ 



1973
81
99
96
96
79
94
‑
96
96
‑ 



1978
98
97
96
96
96
63
98
90
96
74



1979
87
92
92
92
87
87
80
98
87
87



1980
99
99
90
90
90
95
‑
99
90
99



1981
89
98
88
88
79
80
‑
100
88
88



1982
99
99
95
95
95
99
‑
100
98
98


September



1972
98
98
93
92
92
66
‑
93
92
‑ 



1973
100
100
99
99
99
99
‑
99
99
‑ 



1977
99
95
99
95
99
0
0
99
99
53



1978
97
96
94
91
91
63
96
98
95
98



1979
91
99
88
88
80
80
80
98
82
91



1980
95
95
95
95
95
93
‑
100
95
95



1981
98
97
90
89
90
86
‑
100
93
98


TABLE 2.3‑23 (Continued)






Joint 10‑m
Joint 60‑m
10‑m
60‑m


10‑m



60‑m
10‑m
Delta T
Winds &
Winds &
Dew
Dew

Ambient
Station



Winds(2)
Winds(2)
(60‑10m)
Delta T
Delta T
Point
Point
Precip.
 Temp.
Pressure

October



1972
100
100
99
99
99
99
‑
99
99
‑ 



1973
99
100
100
100
99
100
‑
100
99
‑ 



1977
100
99
95
95
95
86
7
95
96
77



1978
100
100
100
100
100
100
100
100
100
99



1979
99
99
99
99
99
99
65
100
99
99



1980
99
99
92
92
92
98
‑
99
98
98



1981
90
89
85
85
85
69
‑
100
88
97


November



1972
100
100
100
100
100
99
‑
100
99
‑ 



1973
100
100
99
99
99
99
‑
99
99
‑ 



1977
84
91
98
90
83
65
67
99
98
0



1978
95
95
95
95
95
95
77
95
95
95



1979
100
100
99
99
99
99
56
100
99
99



1980
81
95
92
92
77
81
‑
100
82
80



1981
99
98
97
96
97
99
‑
100
99
99


December



1972
90
92
100
92
90
97
‑
100
99
‑ 



1973
86
96
84
82
75
84
‑
99
98
‑ 



1977
100
99
99
99
99
83
99
99
99
33



1978
100
100
97
97
97
91
86
100
97
100



1979
100
100
100
100
100
89
74
100
100
100



1980
61
94
94
94
60
92
‑
100
94
93



1981
99
99
94
93
94
91
‑
100
99
99


TABLE 2.3‑23 (Continued)






Joint 10‑m
Joint 60‑m
10‑m
60‑m


10‑m



60‑m
10‑m
Delta T
Winds &
Winds &
Dew
Dew

Ambient
Station



Winds(2)
Winds(2)
(60‑10m)
Delta T
Delta T
Point
Point
Precip.
 Temp.
Pressure

Annual(4)


1972‑1973
93
95
96
94
92
67
‑
96
96
‑



1973‑1974
77
99
97
97
76
90
‑
99
98
‑



1977‑1978
97
97
96
94
94
67
60
98
97
74



1978‑1979
97
98
95
95
94
82
76
99
97
98



1979‑1980
97
98
95
95
95
88
‑
99
94
97



1980‑1981
90
97
93
92
86
84
‑
99
92
93



1981‑1982
96
96
91
90
90
90
‑
99
93
96



Combined
92
97
95
94
90
81
68
98
95
92


(Unweighted)


NOTES:


(1)
Seven year period May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(2)
Recoverable wind data defined as the hourly availability of valid wind speed and direction data.


(3)
Denotes parameter not monitored at the time.


(4)
1972‑1973;  May 1, 1972 ‑ April 30, 1973.



1973‑1974:  May 1, 1973 ‑ April 30, 1974.



1977‑1978:  September 1, 1977 ‑ August 31, 1978.



1978‑1979:  September 1, 1978 ‑ August 31, 1979.



1974‑1980:  September 1, 1979 ‑ August 31, 1980.



1980‑1981:  September 1, 1980 ‑ August 31, 1981.



1981‑1982:  September 1, 1981 ‑ August 31, 1982.


TABLE 2.3‑24


PNPP SHORT TERM (ACCIDENT) (/Q VALUES(1)

AT THE EXCLUSION AREA BOUNDARY (EAB)


AND THE LOW POPULATION ZONE (LPZ) BASED ON SEVEN SITE YEARS(2,5)

Accident 
  Distance
Conservative (/Q Values (sec/m3)(3)
       Realistic


  Period 
    (m)     
       (Receptor Direction)        
(/Q Values (sec/m3)(4)

2 hours
   863 (EAB)
4.3E‑4(6)  (NW)
4.0E‑5


8 hours
 4,002 (LPZ)
4.8E‑5    (WNW)
3.8E‑6


16 hours
 4,002 (LPZ)
3.3E‑5    (WNW)
3.3E‑6


72 hours
 4,002 (LPZ)
1.4E‑5    (WNW)
2.4E‑6


(3 days)


624 hours
 4,002 (LPZ)
4.1E‑6    (WNW)
1.6E‑6


(26 days)


NOTES:


(1)
From a ground‑level release to a ground‑level receptor.  


(2)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(3)
Values are the maximum of 16 sectors at 0.5 percentile and the 5th percentile overall for each time period.


(4)
Calculated from the 50th percentile overall 2 hour value and the maximum sector annual average by logarithmic interpolation. 


(5)
See (Reference 50) <Section 2.3.6>.


(6)
4.3E‑4 = 4.3 x 10‑4.


<TABLE 2.3‑25>


DELETED


TABLE 2.3‑26


PNPP TERRAIN ADJUSTMENT FACTORS(1)

Standard Population Distances (in miles and meters)


Receptor 
0.5
 1.5
 2.5
 3.5
 4.5
  7.5
 15.0
 25.0
 35.0
 45.0


Direction
805
2,414 
4,023 
5,633 
7,242 
12,070    24,140    40,234  
56,327 
72,420



N
1.8
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0



NNE
1.6
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0



NE
1.6
1.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



ENE
1.6
1.1
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0



E
1.6
1.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



ESE
1.6
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0
1.0



SE
2.0
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0



SSE
4.0
1.6
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0



S
4.5
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



SSW
2.2
1.4
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



SW
2.0
1.1
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0



WSW
1.9
1.1
1.7
1.4
1.2
1.0
1.0
1.0
1.0
1.0


TABLE 2.3‑26 (Continued)


 Receptor 
 0.5
 1.5
 2.5
 3.5
 4.5
  7.5
 15.0
 25.0
 35.0
 45.0


Direction
 805 
2,414 
4,023 
5,633 
7,242 
12,070    24,140    40,234  
56,327 
72,420



W
 1.8
1.1
1.7
1.6
1.2
1.0
1.0
1.0
1.0
1.0



WNW
 1.7
1.1
1.6
1.8
1.4
1.0
1.0
1.0
1.0
1.0



NW
 1.7
1.1
1.1
1.2
1.2
1.0
1.0
1.0
1.0
1.0



NNW
 1.7
1.1
1.1
1.1
1.0
1.0
1.0
1.0
1.0
1.0





  Range of Applicability (in miles and meters)






0.00‑1.00 1.01‑2.00 2.01‑3.00 3.01‑4.00 4.01‑5.00 5.01‑10.00 10.01‑20.00 20.01‑30.00 30.01‑40.00  >40.00


   0‑1609 1610‑3219 3220‑4828 4829‑6437 6438‑8047 8048‑16093 16094‑32186 32187‑48279 48280‑64372  >64372


NOTE:


(1)
See (Reference 46) <Section 2.3.6>. 


TABLE 2.3‑27


PNPP ANNUAL AVERAGE SITE BOUNDARY (/Q AND D/Q VALUES(1)

FOR SEVEN SITE YEARS(2)

UNIT 1:  Maximum (/Q is to the receptor direction NW




Recep‑
Mini‑


Wind
 
tor

mum


Direc‑
Direc‑
Dis‑

Undepleted
Depleted


tion

tion

tance(3)
(/Q (s/m3)

(/Q (s/m3)

D/Q (m2)


NNE

SSW

1,452
1.1E‑6(4)

9.8E‑7

5.6E‑9


NE

SW

1,047
2.3E‑6

2.1E‑6

1.1E‑8


ENE

WSW

  900
4.2E‑6

3.8E‑6

1.4E‑8


E

W

  430
2.5E‑5

2.4E‑5

4.6E‑8


ESE

WNW

  283
5.9E‑5

5.6E‑5

8.4E‑8


SE

NW

  273
6.6E‑5

6.3E‑5

1.1E‑7


SSE

NNW

  280
5.9E‑5

5.6E‑5

1.2E‑7


S

N

  294
5.7E‑5

5.5E‑5

1.6E‑7


SSW

NNE

  402
1.8E‑5

1.7E‑5

8.0E‑8


SW

NE

  678
5.8E‑6

5.4E‑6

3.1E‑8


WSW

ENE

1,079
2.1E‑6

1.9E‑6

1.6E‑8


W

E 

1,104
2.1E‑6

1.8E‑6

1.7E‑8


WNW

ESE

1,130
1.5E‑6

1.3E‑6

1.2E‑8


NW

SE

1,345
1.2E‑6

1.1E‑6

9.8E‑9


NNW

SSE

1,445
1.9E‑6

1.7E‑6

1.2E‑8


N

S

1,420
2.3E‑6

2.0E‑6

1.4E‑8


TABLE 2.3‑27 (Continued)




Recep‑
Mini‑


Wind

tor

mum


Direc‑
Direc‑
Dis‑

Undepleted
Depleted


tion

tion

tance(3)
(/Q (s/m3)

(/Q (s/m3)

D/Q (m2)


UNIT 2:  Maximum (/Q is to the receptor direction NW


NNE

SSW

1,284
1.3E‑6

1.2E‑6

6.8E‑9


NE

SW

1,563
1.2E‑6

1.1E‑6

5.8E‑9


ENE

WSW

  893
4.2E‑6

3.8E‑6

1.5E‑8


E

W

  610
1.4E‑5

1.3E‑5

2.7E‑8


ESE

WNW

  455
2.5E‑5

2.4E‑5

4.1E‑8


SE

NW

  409
3.2E‑5

3.0E‑5

6.2E‑8


SSE

NNW

  409
3.0E‑5

2.8E‑5

6.7E‑8


S

N

  427
3.0E‑5

2.8E‑5

9.1E‑8


SSW

NNE

  495
1.3E‑5

1.2E‑5

5.8E‑8


SW

NE

  800
4.5E‑6

4.1E‑6

2.4E‑8


WSW

ENE

1,079
2.1E‑6

1.9E‑6

1.6E‑8


W

E

1,072
2.2E‑6

1.9E‑6

1.8E‑8


WNW

ESE

1,083
1.6E‑6

1.4E‑6

1.3E‑8


NW

SE

1,269
1.4E‑6

1.2E‑6

1.1E‑8


NNW

SSE

1,316
2.2E‑6

1.9E‑6

1.4E‑8


N

S

1,298
2.7E‑6

2.4E‑6

1.6E‑8


NOTES:


(1)
From a ground‑level release to a ground‑level receptor.


(2)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(3)
Distance in meters.


(4)
1.1E‑6 = 1.1 X 10‑6

TABLE 2.3‑28


PNPP ANNUAL AVERAGE (/Q (s/m3) VALUES (UNDEPLETED) FOR A GROUND


LEVEL RELEASE FOR SEVEN YEARS(1)

DISTANCE (METERS)


Receptor


Direc‑


tion
   805
 2,414
 4,023
 5,633
 7,242
12,070
24,140
40,234
56,327
72,420


N
1.1E‑5(2)
1.3E‑6
6.4E‑7
4.0E‑7
2.6E‑7
1.3E‑7
5.5E‑8
2.9E‑8
1.9E‑8
1.4E‑8


NNE
6.1E‑6
8.2E‑7
4.0E‑7
2.5E‑7
1.6E‑7
8.0E‑8
3.2E‑8
1.6E‑8
1.0E‑8
7.6E‑9


NE
4.5E‑6
5.9E‑7
2.5E‑7
1.6E‑7
1.1E‑7
5.3E‑8
2.1E‑8
1.0E‑8
6.6E‑9
4.7E‑9


ENE
3.3E‑6
4.2E‑7
2.0E‑7
1.2E‑7
8.2E‑8
3.5E‑8
1.3E‑8
6.5E‑9
4.1E‑9
2.9E‑9


E
3.4E‑6
4.2E‑7
1.8E‑7
1.1E‑7
7.3E‑8
3.4E‑8
1.3E‑8
6.1E‑9
3.8E‑9
2.7E‑9


ESE
2.5E‑6
3.1E‑7
1.4E‑7
7.8E‑8
5.4E‑8
2.5E‑8
9.2E‑9
4.4E‑9
2.8E‑9
2.0E‑9


SE
2.8E‑6
2.8E‑7
1.3E‑7
7.5E‑8
4.7E‑8
2.2E‑8
7.9E‑9
3.8E‑9
2.4E‑9
1.7E‑9


SSE
4.7E‑6
3.4E‑7
1.1E‑7
6.5E‑8
4.5E‑8
1.9E‑8
7.1E‑9
3.4E‑9
2.1E‑9
1.5E‑9


S
5.6E‑6
4.6E‑7
1.1E‑7
6.4E‑8
4.4E‑8
2.1E‑8
7.8E‑9
3.8E‑9
2.4E‑9
1.7E‑9


SSW
2.8E‑6
3.3E‑7
1.1E‑7
6.6E‑8
4.6E‑8
2.2E‑8
8.3E‑9
4.1E‑9
2.6E‑9
1.8E‑9


SW
3.5E‑8
3.6E‑7
1.7E‑7
1.0E‑7
7.2E‑8
3.2E‑8
1.2E‑8
6.1E‑9
3.9E‑9
2.8E‑9


WSW
4.9E‑6
5.5E‑7
4.1E‑7
2.1E‑7
1.3E‑7
5.3E‑8
2.1E‑8
1.1E‑8
6.9E‑9
5.0E‑9


W
8.8E‑6
1.1E‑6
8.3E‑7
5.0E‑7
2.7E‑7
1.2E‑7
4.8E‑8
2.5E‑8
1.6E‑8
1.2E‑8


WNW
9.6E‑6
1.2E‑6
9.1E‑7
6.6E‑7
3.7E‑7
1.4E‑7
5.8E‑8
3.1E‑8
2.0E‑8
1.5E‑8


NW
1.0E‑5
1.3E‑6
6.6E‑7
4.6E‑7
3.3E‑7
1.4E‑7
6.0E‑8
3.2E‑8
2.1E‑8
1.6E‑8


NNW
9.6E‑6
1.2E‑6
6.2E‑7
4.0E‑7
2.6E‑7
1.3E‑7
5.6E‑8
3.0E‑8
2.0E‑8
1.4E‑8


Dis‑


tance:
0.5 mi
1.5 mi
2.5 mi
3.5 mi
4.5 mi
7.5 mi
15.0 mi
25.0 mi
35.0 mi
 45.0 mi


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982, for 10‑m winds and (T (60 ‑ 10m).


(2)
1.1E‑5 = 1.1 x 10‑5.


TABLE 2.3‑29


PNPP ANNUAL AVERAGE (/Q (s/m3) VALUES (DEPLETED) FOR


A GROUND LEVEL RELEASE FOR THREE SITE YEARS(1)

Distance in Meters


Receptor


Direction
805
2,414
4,023
5,633
7,242
12,070
24,140
40,234
56,327
72,420


N
9.7E‑6(2)
1.1E‑6
5.2E‑7
3.2E‑7
2.0E‑7
9.5E‑8
3.4E‑8
1.6E‑8
9.6E‑9
6.5E‑9


NNE
5.6E‑6
7.0E‑7
3.2E‑7
1.9E‑7
1.2E‑7
5.6E‑8
2.0E‑8
8.9E‑9
5.3E‑9
3.5E‑9


NE
4.1E‑6
5.0E‑7
2.1E‑7
1.2E‑7
8.3E‑8
3.8E‑8
1.3E‑8
5.7E‑9
3.3E‑9
2.2E‑9


ENE
3.0E‑6
3.6E‑7
1.6E‑7
9.2E‑8
6.2E‑8
2.5E‑8
8.2E‑9
3.6E‑9
2.1E‑9
1.4E‑9


E
3.1E‑6
3.6E‑7
1.4E‑7
8.2E‑8
5.5E‑8
2.4E‑8
7.9E‑9
3.4E‑9
1.9E‑9
1.3E‑9


ESE
2.3E‑6
2.7E‑7
1.2E‑7
6.1E‑8
4.1E‑8
1.8E‑8
5.7E‑9
2.5E‑9
1.4E‑9
9.1E‑10


SE
2.5E‑6
2.3E‑7
1.0E‑7
5.9E‑8
3.5E‑8
1.5E‑8
4.9E‑9
2.1E‑9
1.2E‑9
7.8E‑10


SSE
4.3E‑6
2.9E‑7
8.7E‑8
5.1E‑8
3.4E‑8
1.4E‑8
4.4E‑9
1.9E‑9
1.1E‑9
7.1E‑10


S
5.1E‑6
3.9E‑7
8.6E‑8
5.0E‑8
3.3E‑8
1.5E‑8
4.9E‑9
2.1E‑9
1.2E‑9
8.0E‑10


SSW
2.5E‑6
2.8E‑7
8.8E‑8
5.2E‑8
3.5E‑8
1.6E‑8
5.1E‑9
2.3E‑9
1.3E‑9
8.6E‑10


SW
3.2E‑6
3.0E‑7
1.4E‑7
8.1E‑8
5.4E‑8
2.2E‑8
7.6E‑9
3.4E‑9
2.0E‑9
1.3E‑9


WSW
4.5E‑6
4.7E‑7
3.4E‑7
1.7E‑7
9.7E‑8
3.7E‑8
1.3E‑8
5.9E‑9
3.5E‑9
2.3E‑9


TABLE 2.3‑29 (Continued)


Receptor


Direction
805
2,414
 4,023
 5,633
 7,242
12,070
24,140
40,234
56,327
72,420


W
8.1E‑6
9.1E‑7
 6.7E‑7
 3.9E‑7
 2.0E‑7
8.1E‑8
3.0E‑8
1.4E‑8
8.3E‑9
5.6E‑9


WNW
8.8E‑6
1.0E‑6
 7.4E‑7
 5.1E‑7
 2.8E‑7
8.7E‑8
3.6E‑8
1.7E‑8
1.0E‑8
7.0E‑9


NW
9.3E‑6
1.1E‑6
 5.3E‑7
 3.6E‑7
 2.5E‑7
1.0E‑7
3.7E‑8
1.8E‑8
1.1E‑8
7.3E‑9


NNW
8.7E‑6
1.0E‑6
 5.0E‑7
 3.1E‑7
 2.0E‑7
9.5E‑8
3.5E‑8
1.6E‑8
9.9E‑9
6.7E‑9


Distance:
0.5 mi
1.5 mi
 2.5 mi
 3.5 mi
 4.5 mi
7.5 mi
15.0 mi
25.0 mi
35.0 mi
45.0 mi


NOTES:


(1)
May 1, 1972, to April 30, 1974; September 1, 1977, to August 31, 1982.


(2)
9.7E‑8 = 9.7 X 10‑8.


TABLE 2.3‑30



PNPP ANNUAL AVERAGE (/Q (m-2) VALUES FOR

A GROUND LEVEL RELEASE FOR SEVEN SITE YEARS(1)

Distance in Meters


Receptor


Direction 
805
2,414
4,023
5,633
7,242
12,070
24,140
40,234
56,327
72,420


N
3.4E‑8(2)
3.3E‑9
1.3E‑9
7.4E‑10
4.3E‑10
1.7E‑10
5.5E‑11
2.2E‑11
1.2E‑11
7.4E‑12


NNE
2.7E‑8
2.9E‑9
1.2E‑9
6.6E‑10
3.8E‑10
1.5E‑10
4.9E‑11
2.0E‑11
1.1E‑11
6.6E‑12


NE
2.4E‑8
2.6E‑9
9.5E‑10
5.2E‑10
3.3E‑10
1.4E‑10
4.3E‑11
1.7E‑11
9.4E‑12
5.8E‑12


ENE
2.6E‑8
2.8E‑7
1.1E‑9
6.3E‑10
4.0E‑10
1.5E‑10
4.7E‑11
1.9E‑11
1.0E‑11
6.4E‑12


E
2.9E‑8
3.1E‑9
1.2E‑9
6.4E‑10
4.1E‑10
1.6E‑10
5.2E‑11
2.1E‑11
1.1E‑11
7.1E‑12


ESE
2.2E‑8
2.3E‑9
9.5E‑10
4.8E‑10
3.0E‑10
1.2E‑10
3.9E‑11
1.6E‑11
8.5E‑12
5.3E‑12


SE
2.3E‑8
2.0E‑9
8.1E‑10
4.5E‑10
2.6E‑10
1.0E‑10
3.3E‑11
1.3E‑11
7.3E‑12
4.5E‑12


SSE
3.2E‑8
2.0E‑9
5.8E‑10
3.2E‑10
2.0E‑10
7.5E‑11
2.4E‑11
9.6E‑12
5.2E‑12
3.2E‑12


S
3.5E‑8
2.4E‑9
5.0E‑10
2.7E‑10
1.7E‑10
7.1E‑11
2.2E‑11
9.1E‑12
4.9E‑12
3.0E‑12


SSW
1.5E‑8
1.5E‑9
4.3E‑10
2.4E‑10
1.5E‑10
6.2E‑11
2.0E‑11
7.9E‑12
4.3E‑12
2.7E‑12


SW
1.8E‑8
1.5E‑9
6.3E‑10
3.4E‑10
2.2E‑10
8.1E‑11
2.6E‑11
1.0E‑11
5.6E‑12
3.5E‑12


WSW
1.7E‑8
1.6E‑9
10.0E‑10
4.5E‑10
2.5E‑10
8.3‑11
2.6E‑11
1.1E‑11
5.8E‑12
3.6E‑12


TABLE 2.3‑30 (Continued)


Receptor


Direction 
805
2,414
4,023
5,633
7,242
12,070
24,140
40,234
56,327
72,420


W
1.7E‑8
1.7E‑9
1.1E‑9
5.5E‑10
2.6E‑10
8.8E‑11
2.8E‑11
1.1E‑11
6.1E‑12
3.8E‑12


WNW
1.7E‑8
1.7E‑9
1.0E‑9
6.4E‑10
3.2E‑10
9.1E‑11
2.9E‑11
1.2E‑11
6.3E‑12
3.9E‑12


NW
2.2E‑8
2.2E‑9
9.0E‑10
5.4E‑10
3.5E‑10
1.2E‑10
3.7E‑11
1.5E‑11
8.1E‑12
5.0E‑12


NNW
2.3E‑8
2.4E‑9
9.7E‑10
5.4E‑10
3.1E‑10
1.3E‑10
4.0E‑11
1.6E‑11
8.7E‑12
5.4E‑12


Distance:
0.5 mi
1.5 mi
2.5 mi
3.5 mi
4.5 mi
7.5 mi
15.0 mi
25.0 mi
35.0 mi
45.0 mi


NOTES:


(1)
May 1, 1972, to April 30, 1974; and September 1, 1977, to August 31, 1982.


(2)
3.4E‑8 = 3.4 x 10‑8.


TABLE 2.3‑31


METEOROLOGICAL DATA COLLECTION SYSTEM

  System “A”


    System “B”


System Accuracy

10m/60m Wind
10m/60m Wind
(0.5 MPH <5 MPH, 10% of


Speed
Speed
measured value >5 MPH


10m/60m Wind
10m/60m Wind
(5.0( of azimuth


Direction
Direction


10m Ambient
10m Ambient
(0.9(F


Temperature
Temperature


Delta Temperature
Delta Temperature
(0.27(F


(60m – 10m)
(60m – 10m)


10m Dewpoint
N/A
(2.7(F


Precipitation
N/A
N/A


Station Pressure
N/A
N/A


10m Sigma Theta(1)
10m Sigma Theta(1)
N/A


60m Sigma Theta(1)
60m Sigma Theta(1)
N/A


NOTE:


(1)
Sigma Theta – horizontal wind direction fluctuations, etc., for preliminary dispersion estimates.
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TABLE 2.3-1


NORMALS, MEANS, AND EXTREMES FOR CLEVLEAND, OHIO (1)

Month

Temperatures (F

Normal


Degree days


Base 65(F

Precipitation in inches

Relative


humidity pct.

Wind

Pct. of  possible


sunshine

Mean sky cover, tenths,


sunrise to sunset

Mean number of days

Average


Station


pressure


mb.





Normal

Extremes



                        Water equivalent                                                 Snow, Ice pellets

Hour

Hour

Hour

Hour

Mean speed


m.p.h.

Prevailing


direction

Fastest mile





Sunrise to sunset


Sunrise to sunset

Precipitation 


.01 inch or more

Snow, Ice pellets


1.0 inch or more





Temperatures (F


 











































Max.

Min.







Daily


maximum

Daily


minimum

Monthly

Record 


highest

Year

Record 


lowest

Year

Heating

Cooling

Normal

Maximum


monthly

Year

Minimum


monthly




Year

Maximum


in 24 hrs.

Year

Maximum


monthly

Year

Maximum


in 24 hrs

Year













Speed m.p.h.

Direction

Year





Clear

Partly


cloudy

Cloudy





Thunderstorms

Heavy fog,


visibility


¼ mile or less

(b)

32( and


 below

32( and


 below

0( and


below

Elev.


805


feet


m.s.l.













































01

07

13

19























































































































90( and


above





















































(Local time)



































































































































(a)







36



36









36



36



36



36



36



17

17

17

17

36

14

36

36



34

36

36

36

36

36

36

36

36

17

17

17

17

5





























































































J

33.4

20.3

26.9

73

1950

-19

1963

1181

0

2.56

7.01

1950

0.36

1961

2.33

1959

21.5

1976

9.3

1952

74

76

69

71

12.5

SW

68

SW

1959

32

8.2

3

5

23

16

4

*

 2

0

16

28

4

988.2



F

35.0

20.8

27.9

69

1961

-15

1963

1039

0

2.18

4.64

1950

0.73

1963

2.33

1959

20.7

1942

10.6

1973

74

77

68

71

12.4

S

65

W

1956

37

7.9

3

5

20

15

4

1

 2

0

12

25

2

986.9



M

44.1

28.1

36.1

83

1945

-5

1948

896

0

3.05

6.07

1954

0.78

1958

2.76

1948

26.3

1954

14.9

1954

74

77

65

69

12.5

W

74

W

1948

46

7.5

4

7

20

16

3

2

 2

0

5

21

0

986.0



A

58.0

38.5

48.3

88

1942

10

1964

501

0

3.49

6.61

1961

1.18

1946

2.24

1961

14.5

1943

7.6

1957

72

75

57

61

11.8

S

65

W

1951

53

6.9

5

8

17

14

1

4

 1

0

*

10

0

987.4



M

68.4

48.1

58.3

92

1959

25

1966

244

37

3.49

6.04

1947

1.00

1963

3.73

1955

2.1

1974

2.1

1974

76

77

58

60

10.3

S

68

SW

1957

59

6.5

6

11

14

13

*

5

 1

*

0

1

0

985.5



J

78.2

57.5

67.9

101

1944

31

1972

40

127

3.28

9.06

1972

1.17

1967

4.00

1972

0.0



0.0



80

80

59

62

9.4

S

57

SW

1958

65

6.0

7

11

12

11

0

7

 1

2

0

*

0

986.2





























































































J

81.6

61.2

71.4

103

1941

41

1968

9

208

3.45

6.47

1969

1.23

1952

2.87

1969

0.0



0.0



82

82

58

62

8.7

S

65

W

1956

68

5.5

9

12

10

10

0

7

 1

3

0

0

0

987.6



A

80.4

59.6

70.0

102

1948

41

1965

17

172

3.00

8.96

1975

0.53

1969

3.07

1947

0.0



0.0



84

85

60

66

8.3

S

61

W

1956

64

5.5

9

12

10

9

0

5

 1

2

0

0

0

989.5



S

74.2

53.5

63.9

101

1953

32

1942

95

62

2.80

6.37

1945

0.74

1964

2.26

1969

      T

1976

     T

1976

81

84

61

70

9.1

S

45

S

1953

60

5.8

9

9

12

10

0

3

 1

1

0

0

0

989.0



O

63.6

43.9

53.8

90

1946

22

1969

354

7

2.57

9.50

1954

0.61

1952

3.44

1954

8.0

1962

6.7

1962

77

80

60

68

10.0

S

43

W

1946

55

6.0

9

8

14

11

*

2

 1

0

0

3

0

990.3



N

48.8

34.4

41.6

82

1950

3

1976

702

0

2.76

6.44

1950

0.80

1976

2.23

1958

22.3

1950

15.0

1950

76

79

67

72

12.1

S

59

W

1948

31

7.9

3

6

21

15

2

1

 1

0

1

12

0

988.1



D

36.4

24.1

30.3

69

1971

-11

1976

1076

0

2.36

5.60

1951

0.71

1958

2.06

1974

30.3

1962

12.2

1974

75

77

71

74

12.3

S

49

SW

1971

26

8.3

2

6

23

16

4

*

 1

0

11

24

1

987.5







































































































JUL



JAN









OCT



JAN



JUN



DEC



NOV

















MAR































YR

58.5

40.8

49.7

103

1941

-19

1963

6154

613

34.99

9.50

1954

0.36

1961

4.00

1972

30.3

1962

15.0

1950

77

79

63

67

10.8

S

74

W

1948

52

6.8

69

100

196

157

18

36

 13

8

46

124

6

987.7



Means and extremes above are from existing and comparable exposures.  Annual extremes have been exceeded at other sites in the locality as follows:  Maximum monthly precipitation 9.77 in June 1902; minimum monthly precipitation 0.17 in August 1881; maximum precipitation in 24 hours 4.97 in September 1901; maximum monthly snowfall 30.5 in February 1908; maximum snowfall in 24 hours 17.4 in November 1913; fastest mile of wind 78 from Southwest in May 1940.


(a) Length of record, years, through the current year unless otherwise noted, based on January data.
NORMALS – Based on record for the 1941-1970 period.


DATE OF  AN EXTREME – The most recent in cases of multiple occurrence.


(b) 70( and above at Alaskan stations.









PREVAILING WIND DIRECTION – Record through 1963.


*
Less than one half.










WIND DIRECTION – Numerals indicate tens of degrees clockwise from true north.  00 indicates calm.


T
Trace











FASTEST MILE WIND – Speed is fastest observed 1-minute value when the direction is in tens of degrees.


Note:


(1)
See (Reference 3)  <Section 2.3.6>.
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TABLE 2.3-2


NORMALS, MEANS, AND EXTREMES FOR ERIE, PENNSYLVANIA (1)

Month

Temperatures (F

Normal


Degree days


Base 65(F

Precipitation in inches

Relative


humidity pct.

Wind

Pct. of  possible


sunshine

Mean sky cover, tenths,


sunrise to sunset

Mean number of days

Average


Station


pressure


mb.





Normal

Extremes



                        Water equivalent                                                 Snow, Ice pellets

Hour

Hour

Hour

Hour

Mean speed


m.p.h.

Prevailing


direction

Fastest mile





Sunrise to sunset


Sunrise to sunset

Precipitation 


.01 inch or more

Snow, Ice pellets


1.0 inch or more





Temperatures (F


 











































Max.

Min.







Daily


maximum

Daily


minimum

Monthly

Record 


highest

Year

Record 


lowest

Year

Heating

Cooling

Normal

Maximum


monthly

Year

Minimum


monthly

Year

Maximum


in 24 hrs.

Year

Maximum


monthly

Year

Maximum


in 24 hrs

Year













Speed m.p.h.

Direction

Year





Clear

Partly


cloudy

Cloudy





Thunderstorms

Heavy fog,


visibility


¼ mile or less

(b)

32( and


 below

32( and


 below

0( and


below

Elev.


805


feet


m.s.l.













































01

07

13

19























































































































90( and


above





















































(Local time)



































































































































(a)







24



24









24



24



22



23



23



12

12

12

12

24

   8

20

20





22

22

22

22

24

22

22

22

12

12

12

12

5
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Means and extremes above are from existing and comparable exposures.  Annual extremes have been exceeded at other sites in the locality as follows:  Highest temperature 99 in September 1953; lowest temperature –16 in February 1875; maximum monthly precipitation 13.27 in July 1947; minimum monthly precipitation 0.02 in October 1924; maximum precipitation in 24 hours 10.42  in July 1947; maximum snowfall in 24 hours 26.5 in December 1944.


(a) Length of record, years, through the current year unless otherwise noted, based on January data.
NORMALS – Based on record for the 1941-1970 period.


DATE OF AN EXTREME – The most recent in cases of multiple occurrence.


(b) 70( and above at Alaskan stations.









PREVAILING WIND DIRECTION – Record through 1963.


*
Less than one half .










WIND DIRECTION – Numerals indicate tens of degrees clockwise from true north.  00 indicates calm.


T
Trace











FASTEST MILE WIND – Speed  is fastest observed 1-minute value when the direction is in tens of degrees.


Note:


(1)
See (Reference 4)  <Section 2.3.6>.
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2.4      HYDROLOGIC ENGINEERING


2.4.1      HYDROLOGIC DESCRIPTION


2.4.1.1      Site and Facilities


The Perry Nuclear Power Plant is located in Lake County, Ohio, approximately seven miles northeast of Painesville.  The southern plant site boundary line is 3,100 feet from the shoreline of Lake Erie on the west side of the site and 8,000 feet on the east side.  Grade elevations in the immediate plant area prior to plant construction varied between 620.0 feet and 623.0 feet based upon the USGS datum.  The maximum monthly average level of record for Lake Erie is 575.4 feet (USGS); therefore, no problems of site flooding exists owing to the nature of the site.


The construction of the plant resulted in some minor changes in local drainage patterns, runoff characteristics and in the diversion of one small stream. Final topography is shown in <Figure 2.1‑3> and an aerial photograph of the site, prior to plant construction, is shown in <Figure 2.1‑4>.


Protection is provided for safety‑related structures, exterior systems and access equipment against flooding from Lake Erie, surface runoff and local intense precipitation.  This is accomplished by location, arrangement and design of these structures, systems and equipment as discussed in the following sections.


2.4.1.2      Hydrosphere


Lake Erie, the major hydrologic feature of this location, will provide cooling water for the plant.  The lake will not influence the surface water characteristics of the site since the mean lake level is in excess of 40 feet below plant grade.


In the vicinity of the site, the coastal watershed is drained by several small streams.  These streams have cut deep channels as they approach the lake in the otherwise flat terrain of this region.  The width of this coastal watershed in the site area is approximately 4.5 miles with the ground falling away sharply to the south of the ridge into the Grand River Basin.


Topographically, the site lies in the Old Lake‑bed Region of northeast Ohio.


Two nameless, parallel streams run close to the plant area.  The larger has a drainage basin of 7.16 square miles and runs northwestward within 1,000 feet of the southwest corner of the plant.  The smaller stream, which has a drainage area of only 0.76 square mile, borders the plant area to the east and north.  The drainage areas are shown in <Figure 2.4‑1>.  The safety‑related structures of the plant are located within the drainage basin of the small stream which was diverted to border the final plant area to the east only.


No recorded data exists for either stream, or any similar stream in the general area of the site.  However, estimates made during site visits indicate that the average flow for the larger and smaller streams would be approximately 5 cfs and 1 cfs, respectively.  Older local inhabitants living on Lockwood and Center Roads did not recall either stream level overtopping Center Road.  High water marks on the headwalls of the preexisting Center Road bridge over the major stream indicated that the maximum depth at this point had been approximately four feet.  The smaller stream previously passed through a 4‑foot by 5‑foot rough stone culvert under Center Road.


There are no users of water from the minor stream.  The only user of surface water from the major stream is the Neff Perkins Corporation which intermittently withdraws water from a pond near the downstream end.  Use of groundwater is discussed in <Section 2.4.13>.  Possible 


contamination of groundwater is also discussed in <Section 2.4.13> and the degree of contamination as assessed in that section will also apply to both streams.


Lake Erie has an area of 9,970 square miles and is only slightly larger than Lake Ontario, which has the smallest surface area of any of the Great Lakes.  It is the shallowest of the lakes, with a maximum depth of 210 feet and an average depth of 58 feet.  Also, Lake Erie has the smallest volume, 110 cubic miles (Reference 1).


The lake is about 241 miles long with a maximum width of 57 miles.  The long axis of the lake lies in a general northeast‑southwest direction.


The drainage basin of Lake Erie, including Lake St. Clair, is about 29,650 square miles.  The mean annual flow from the Detroit River at the western head of the lake is 178,000 cfs which accounts for about 90 percent of the inflow into Lake Erie.  The mean annual outflow into Lake Ontario is about 194,000 cfs through the Niagara River and about 8,000 cfs through the Welland Canal (Reference 1).


Lake Erie level records have been maintained by the Lake Survey Center (NOAA) since 1859.  As shown in <Figure 2.4‑2>, the average level is 572.3 feet above mean sea level, mean tide, New York City, which is the USGS datum.  The 1973 monthly levels were exceptionally high, setting a new maximum monthly mean level of 575.4 feet (USGS) in June, 1973.  The lowest average monthly recorded level was 569.3 feet (USGS) in February, 1936.  Corresponding levels relative to the 1955 International Great Lakes Datum (IGLD) are 1.9 feet less.  The Lake Erie Low Water Datum (LWD) is at Elevation 570.5 feet (USGS) and Elevation 568.6 feet (IGLD) (Reference 2).


Minimum lake levels usually occur in February when precipitation throughout the Great Lakes drainage basin is being stored in the form of ice and snow. Maximum levels occur in mid‑summer when the full effect of 


the runoff from the drainage basin is felt.  Fluctuations of several feet, but of short duration, are caused by wind effects.  Northerly winds raise lake levels in the plant area, while winds from the south and east tend to lower the lake levels (Reference 3).


2.4.2      FLOODS


2.4.2.1      Flood History


No records of flooding in the plant area of the site exist, either from the two streams draining the coastal watershed, or from Lake Erie.  The terrain is relatively flat and gently sloping toward the lake.  The soil is relatively permeable and contains sand layers in the upper reaches of the drainage area.  The ground surface in much of the catchment area is forested with a heavy mulch ground cover.  Due to the flat terrain, permeable upper soil layers and the small catchment areas <Section 2.4.1.2>, it is unlikely that this location has ever been subjected to flooding or is likely to experience severe flooding from surface runoff in the future.


2.4.2.2      Flood Design Considerations


The probability of any flooding in the area of the site is exceptionally low.  The storm drainage system for the plant was designed to prevent flooding during the Probable Maximum Flood (PMF).  Studies discussed in <Section 2.4.3> have shown that even if a PMF is experienced, the streams will be contained within their natural channels except for the overtopping of the crossings at Lockwood Road and the plant main access road, which would temporarily prevent road access.  The presence of a natural, high ridge along the right bank of the major stream will preclude flooding of the site by the PMF, allowing the plant to continue uninterrupted operation.


Flooding from Lake Erie is extremely improbable.  Final grade elevations in the immediate plant area vary from 617 to 620 feet (USGS).  This is about 45 feet above the maximum monthly mean lake level of 575.4 feet (USGS).  Surge flooding is described in <Section 2.4.5>.  Runup occurring coincidentally with the probable maximum setup would extend to about Elevation 607.9 feet on the bluff at the lake shore.  This runup would still be about 12 feet below the 620 foot (USGS) plant grade elevation.


2.4.2.3      Effects of Local Intense Precipitation


The plant site is drained by three separate storm drainage systems, two draining to the west and the third draining to the east.  The entire storm drainage system is as shown by <Figure 2.4‑3>.  The entire site area is subdivided into discrete subbasins, each having storm water inlets referred to as catch basins.


Peak flows to all catch basins are based on the Rational Formula which does not account for complications in the runoff processes, neglects the advantages of storage, and assumes a steady‑state flow condition.


The 6‑hour Probable Maximum Precipitation (PMP) of 26.7 inches for the site was distributed into hourly intensities as described in <Section 2.4.3>.  The maximum hourly rainfall of 13.1 inches per hour will be occurring during the first hour.


Three values of rainfall intensity were used in the Rational Formula based on this most intense hourly value and the type of area from which the flows originated.  The values used are:


a.
Rainfall intensity of 4.1 inches/hour for roof downspout systems leading directly into a catch basin; this value was used because the roof systems are structurally designed to hold 9 inches of water, and therefore, the downspouts were sized to discharge 4.1 inches/hour.


b.
Rainfall intensity of 9.1 inches/hour for roof areas with scupper overflows along the sides; this value was used since any rainfall intensity greater than the downspout capacity of 4 inches/hour will pass through the scupper overflows.


c.
Rainfall intensity of 7.1 inches/hour for all overland flow calculations; this value was used because total depth of 6 inches is allowed to build up over the entire plant site.


In addition, runoff coefficients of 0.25 for the general site area and 0.90 for roof top areas and pavements are used for the design of the system.


Sizing of storm drainage pipes is based upon basic hydraulic theory employing entrance, exit and friction losses.  Tailwater conditions were assumed to exist at each pipe based on the previous downstream pipes headwater calculation.  The final outlet of each storm drainage subsystem was assumed to have no downstream tailwater restrictions.


Storm water flows overland for no more than 300 feet before it reaches a catch basin.  Subbasin gradients are 0.5 percent or greater.


In case of complete blockage of the storm drainage system, the plant site has been graded so that overland drainage will occur away from the plant site buildings and will not allow the accumulated storm water to exceed Elevation 620’‑6”.


The area surrounding the plant site is traversed by an inner perimeter road which, for the most part, is at Elevation 620’‑4” (the exceptions are at the northwest plant site corner, where it dips to Elevation 616’‑11”, and the area directly east of the intermediate building, where it dips to Elevation 619’‑6”).  The railroad enters the plant buildings at Elevation 620’‑6”, although it has been lowered to 


Elevation 620’‑2” (in the vicinities of catch basins W‑7 and E‑5) so that excess storm water adjacent to the buildings on the east and west sides can be discharged to lower areas.


As a result, overland flow will begin once the ponding has reached an elevation of 620’‑4” (based on all centerline roadway elevations being the same).  Assuming the worst case (i.e., complete blockage of the site storm drainage system and using peak discharge from the most intense hour of the PMP), the resulting increase in surface elevation of water flowing over the surrounding roads and railroads (acting as weirs) would not exceed one inch.  This ponding elevation of 620’‑5” will have no adverse affect upon safety class equipment because the floors at plant grade are set at Elevation 620’‑6”.


As the water overflows the inner perimeter road and access railroad at Elevation 620’‑4”, the storm water will be carried away by several large drainage swales including:


a.
The large swale between the two cooling towers carries water away to the east.


b.
The swale south of the Unit 2 cooling tower carries water to the southeast.


c.
A major portion of the plant site overland flow at the north area will be carried away by the previously mentioned low area at the northwest corner into the barge unloading ramp area.


2.4.3      PROBABLE MAXIMUM FLOOD (PMF) ON STREAMS AND RIVERS


In accordance with Appendix A of <Regulatory Guide 1.59> and the applicable sections of (Reference 55), the procedures and data of the U.S. Army Corps of Engineers (Reference 4) and the U.S. Bureau of Reclamation (Reference 5) were used to calculate effective Probable 


Maximum Floods for the two streams mentioned in the preceding sections.  The calculated PMF for the major stream was found to be 31,250 cfs, and for the minor stream 7,000 cfs, at their outfalls into Lake Erie.  <Figure 2.4‑4> and <Figure 2.4‑5> show the hydrographs generated for the PMF of both streams.


2.4.3.1      Probable Maximum Precipitation


The Probable Maximum Precipitation (PMP) for areas from 10 to 1,000 square miles east of the 105th Meridian has been derived by the Corps of Engineers and is presented in (Reference 4).  For the Perry site, the PMP for the 6‑hour, 12‑hour, 24‑hour and 48‑hour storms are 26.7, 28.8, 31.8, and 33.9 inches, respectively.


The following tabulation provides a further breakdown of the 6‑hour PMP made according to procedures outlined by the U.S. Bureau of Reclamation (Reference 5) and U.S. Army Corps of Engineers (Reference 6):











    Hour






__1

  2

  3

  4

  5

  6


a.
U.S. Bureau



of Reclamation



Procedure



(Reference 5)



Cumulative



Percentage of



6‑hr rain

 49

64
    75
   84
  92

100



Cumulative



Rainfall, in.
13.1
    17.1
   20.0
  22.4
 24.6    26.7



Incremental



Rainfall, in.
13.1

4.0
    2.9
   2.4
  2.2
2.1


b.
U.S. Army Corps



of Engineers



Procedure



(Reference 6)



Cumulative



Percentage of



6‑hr rain

 10

22
    37
   75
  89

100



Cumulative



Rainfall, in.
 2.7

5.9
    9.8
  20.0
 23.8    26.7



Incremental



Rainfall, in.
 2.7
 
3.2
    3.9
  10.2
  3.8
2.9


Comparison of the cumulative rainfall values and peak incremental rainfall for the two methods shows that the U.S. Bureau of Reclamation Procedure (item a) to be more conservative for every hour.  It was, therefore, used as a basis for the flood calculations.


2.4.3.2      Precipitation Losses


To increase the conservatism of the results, 100 percent antecedent saturation of the basins and no losses were assumed.


2.4.3.3      Runoff and Stream Course Models


Runoff was determined according to curve No. 100 of Figure A‑4, Page 542 of (Reference 5).  However, for conservatism the PMP was assumed to fall on fully saturated terrain, with 100 percent runoff.


2.4.3.4      Probable Maximum Flood Flow


The probable maximum flood flow hydrograph for the major and minor streams at their outfalls into Lake Erie are presented in <Figure 2.4‑4> and <Figure 2.4‑5>, respectively.  These hydrographs correspond to the incidence of the PMP.  Other factors such as surges or upstream dam 


failures will not affect the PMF.  The PMF’s for both streams were calculated with the rain data given in <Section 2.4.3.1> and the procedures outlined in Pages 73 through 82 of (Reference 5).


2.4.3.5      Water Level Determinations


<Figure 2.4‑6> and <Figure 2.4‑8> show the bed elevation and PMF surface profiles for the major and minor streams, respectively.  Surface profiles were determined according to the standard step method utilizing Manning’s formula.  The Manning coefficient of friction was assumed to be equal to 0.100 for the portions of the existing stream bed and overbanks, and equal to 0.024 for the trapezoidal sections used in the relocated stream bed.  At each stream station a cross section was drawn and the area of flow and hydraulic radius were calculated for a range of elevations.  The stations and corresponding cross sections are shown on <Figure 2.4‑7>, <Figure 2.4-8>, <Figure 2.4-9>, <Figure 2.4-10>, and <Figure 2.4‑11>.  Commencing at the first station upstream of the lake, trial and error procedures were followed until the hydraulic gradient required to produce the PMF flow was obtained.  The elevation determined from the hydraulic gradient described above became the first point of the profile and the whole procedure was then repeated for the next upstream station.  Successive repetitions were made until the PMF profile could be drawn <Figure 2.4‑6> and <Figure 2.4‑8>.


The water surface profiles during the PMF were calculated under the assumption that the plant access road and the sediment control dams placed across the streams remained intact during the event.  Furthermore, a discharge coefficient of 3.00 was used for calculating the depth of the PMF passing over the broad crested weirs formed either by the access road or the sedimentation dam crests.


Trial and error procedures were again employed for the weir and culvert flow computations.  The water surface elevation upstream of the plant access road for the PMF was found to be 624.0 feet until this surface 


met the normal depth of flow in the existing stream.  The existing natural ridge along the right bank of the stream is at a maximum elevation of 630’‑0” (approximate).  This water surface elevation will safely pass beneath the railroad bridge.  As no recorded data exists, no correlation is possible between the results obtained and floods on record.  For added conservatism, the flow for each reach of both streams was considered to be equal to the corresponding PMF flow at the outfall to Lake Erie.


2.4.3.6      Coincident Wind Wave Activity


Wind wave activity is of no concern with the flood conditions in these small streams as previously discussed.


2.4.4      POTENTIAL DAM FAILURES, SEISMICALLY INDUCED


Presently there are no impoundments upstream of the plant, and since the drainage basins of the two streams passing through the site are small and the terrain is quite flat, it is unlikely there will be any impoundments in the future.  Therefore, dam failure is not included as a design condition.


2.4.4.1      Dam Failure Permutations


This section is not applicable to PNPP.


2.4.4.2      Unsteady Flow Analysis of Potential Dam Failures


This section is not applicable to PNPP.


2.4.4.3      Water Level at Plant Site


This section is not applicable to PNPP.


2.4.5      PROBABLE MAXIMUM SURGE FLOODING


2.4.5.1      Probable Maximum Winds and Associated Meteorological Parameters


2.4.5.1.1      Introduction


This section describes the cyclonic type wind storm (Probable Maximum Storm ‑ PMS) that might result from the most extreme pressure gradients that are reasonably possible in the Lake Erie area and which would produce a maximum increase in the lake level (setup) at Perry, Ohio.  The approach used was to impose the extreme high and low pressure values (based on meteorological records of the United States) on the high and low pressure centers of a specific meteorological synoptic situation.  This specific meteorological situation is such that it would produce maximum probable wind speeds of sufficient duration in a direction normal to the lake shore at Perry, Ohio, to attain maximum lake setup.  Winds associated with thunderstorms, tornados, water spouts, and other short duration phenomenon are of little significance in generating lake setups since they do not persist for periods long enough to induce setup.


2.4.5.1.2      Meteorological Synoptic System for Lake Level Setup


Lake level setup is the increase of the lake level caused by the wind moving the surface waters of the lake from one position to another with sufficient speed so that the surface of the lake becomes tilted.  Since a body of water tends to remain level, this wind must be of sufficient speed and duration to maintain a steady‑state of the lake surface tilt (Reference 7) (Reference 8).


The magnitude of the wind induced surges depends primarily on the wind speed, the distance over the water the wind blows (fetch), and the depth of the lake (Reference 9).  For the Perry area, a meteorological 


synoptic situation with winds from the NNW, a minimum velocity equal to or greater than the drag coefficient critical velocity (14 knots) (Reference 10), and a duration of at least 10 hours (Reference 11) is needed to generate a setup.  A number of meteorological synoptic situations were examined to determine the type of situation that could produce these required conditions.  <Figure 2.4‑12> is an example of the type of meteorological synoptic situation that meets these requirements.


2.4.5.1.3      Procedure to Develop the Probable Maximum Storm for Lake Level Setup


To develop a meteorological situation that has virtually no chance of being exceeded, the high pressure center was assigned the value of the highest pressure recorded in the United States (1,063.3 millibars (mb) ‑ 31.40 inches Hg, occurring on January 9, 1962 at Helena, Montana) (Reference 12) and the low pressure center was assigned the lowest (non‑hurricane) pressure recorded in the United States (954.96 mb ‑ 28.20 inches Hg, occurring during 1913 at Canton, N.Y.) (Reference 12).  The use of these extreme values develops an extremely strong pressure gradient (which determines the wind speed) between the pressure centers.  This pressure gradient exceeds any observed pressure gradient, excluding hurricanes over the ocean.  The postulated, sustained wind speeds for this system have virtually no chance of being exceeded.


The basis for the separation of the pressure centers shown on <Figure 2.4‑13> is the result of a procedure to produce strong winds for at least 36 hours.  Stronger winds for a shorter period of time could be generated by placing the centers closer together, or weaker winds for a longer period of time could be generated by placing the centers further apart.  The presented separation is a trade‑off to obtain strong winds for at least 36 hours.


To synthesize the sequence of the movement and the life cycle of the PMS, a series of meteorological charts was developed.  The PMS was 


assumed to occur over a 72‑hour period, during which the winds increased from 20 mph to the maximum speed of approximately 103 mph over the lake and then decreased to less than 35 mph in the Perry area.


The first chart was based on an assumed 1,033‑mb high pressure center located approximately at the first 12 hour center position of the high as shown on <Figure 2.4‑12>.  The low pressure center was assumed to have a pressure of 985 mb and was located approximately at the first 12‑hour center position of the low as shown on the same figure.  Subsequent approximate 12‑hour positions of the high and low centers are also indicated.  The high and low pressure centers intensified at the rate of 10 mb per 12 hours, attaining the values of the PMS at 36 hours after the initial chart.  The centers then moved northeastward and decreased in intensity at the rate of 10 mb per 12 hours.


2.4.5.1.4      Procedures Used to Generate the Individual Meteorological Charts


The separation and position of the pressure centers were determined to generate strong winds perpendicular to the shoreline in the area of interest.  Meteorological theory (Reference 13) (Reference 14) (Reference 15) (Reference 16) (Reference 17) indicates that if the pressure centers were closer together the storm would have stronger winds, but would either move eastward much faster or fill and dissipate.  In either case the stronger winds would last a shorter period of time.  Conversely, if the pressure centers were further apart, the generated winds would be weaker and the storm would either move slower or intensify.  In either case, the storm would last for a longer period of time.  The postulated separation is a compromise to obtain the stronger wind speeds for at least 36 hours.  The location and direction of 


movement of the pressure centers were determined to generate winds approximately perpendicular to the shoreline in the Perry area and to maintain the maximum possible lake setup effect during the period of the PMS.


An isobaric pattern (lines of equal pressure) was drawn for consecutive 12 hour time periods using standard synoptic meteorological models (Reference 13) (Reference 14).  Wind speeds for specific points within each system were calculated using the following equations (Reference 14) (Reference 15):


a.
Cyclonic
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Anticyclonic
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where:



u
=
gradient wind, meters per second



R
=
radius of curvature of the airflow, meters (positive if cyclonic, negative if anticyclonic)



(P
=
the pressure difference between two points, centibars



H
=
the distance between two points, meters (same points used to determine (P)



p
=
density of air, 1.11 x 10‑3, metric tons per cubic meter



(
=
angular velocity of the earth, 7.292 x 10‑5, per sec.



(
=
latitude angle where P and H are measured, degrees


The gradient wind in meters per second for each specific point was then converted into miles per hour using the following relationship:
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These calculated winds were then plotted on a chart (for each 12‑hour period) and an isotach pattern (lines of equal wind speed) was drawn for the gradient wind field.


To account for the surface frictional forces, Petterssen (Reference 18) suggests a ratio of the surface speed to the gradient speed of 2:3 for strong winds over the open sea.  Shaw (Reference 19) indicates that the surface wind in the NW quadrant would be 0.6 to 0.72 of the gradient wind over the ocean.  Graham and Hudson (Reference 20) indicate that surface winds in hurricanes would be 0.6 to 0.7 of the gradient wind at distances of more than 50 to 60 miles from the storm center.  For conservatism, the surface wind of the PMS was reduced to 0.75 of the gradient wind to account for surface friction over water.  The resultant isotach patterns are presented in <Figure 2.4‑14>, <Figure 2.4‑15>, <Figure 2.4‑16>, <Figure 2.4‑17>, <Figure 2.4‑18>, <Figure 2.4‑19>, <Figure 2.4‑20>, <Figure 2.4‑21>, <Figure 2.4‑22>, <Figure 2.4‑23>, <Figure 2.4‑24>, and <Figure 2.4‑25>.  The intermediate 6‑hour isotach patterns (6 hr/18 hr) are the result of graphical interpolation of the 12‑hour and 24‑hour patterns.  Directions, wind speeds and pressures of PMS for various grid points are also tabulated in <Table 2.4‑1>.  <Figure 2.4‑13> is a chart covering a much larger area depicting the synoptic meteorological pattern with the isotachs superimposed.  This chart represents the time of maximum wind speeds of the synoptic series.


2.4.5.1.5      Supporting Data for Uniqueness of the PMS


This section presents the information to support the calculated maximum wind speed associated with the PMS.


A probable maximum hurricane, as defined in HUR 7‑97 (Reference 21), at the  latitude of Lake Erie would produce a maximum wind calculated in the following manner:


Using equation (3) from Page 8 of (Reference 21):
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where:
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Maximum wind speed, mph
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=
Gradient wind speed, mph



T
=
Forward speed of the storm, mph.


To obtain winds from the NNE through WNW (which are required for lake setup) at a point on the south shore of Lake Erie, the hurricane center would be to the east of the point.  For a storm moving north, maximum winds would be east of the storm center, and therefore on the opposite side of the center from the point of interest.  The +0.5T in Equation 2.4‑1 would then become ‑0.5T for winds to the west of the storm.  To ensure conservatism, T was assumed to be 0, and Equation 2.4‑1 becomes:
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Using the Vgx value for 42( latitude from Table 1 of (Reference 21), Equation 2.4‑2 results in the following wind speed:
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This wind speed value is for a hurricane at 42( latitude based on a 1,000‑year return period (Reference 21).


By comparison, <Figure 2.4‑21> shows an area of winds exceeding 100 mph centered over the northern shore opposite the site area.  The tabular data for station 6 (Reference 40) (Reference 21) shows a wind speed of 102 mph on the second day, 24th hour.


Tannehill (Reference 11) and HUR 7‑97 (Reference 21) have shown that hurricanes do not penetrate the area while maintaining their strong winds, so that the wind speed calculated for the maximum hurricane would not occur in the site area.  Therefore, the winds postulated for the PMS are conservative estimates of the highest sustained wind speeds with virtually no chance of being exceeded in the site area.


2.4.5.2      Surge and Seiche Water Levels


2.4.5.2.1      Surge Sources


The predominant cause of surges at the Perry site is the frontal or cyclonic type wind.  As discussed in <Section 2.4.5.1>, hurricanes do not cause significant surges but do possess the capability of raising the lake level by the amount of rainfall within the lake drainage basin.


The PMS discussed in <Section 2.4.5.1> would be the cyclonic type storm which would produce the maximum surge (setup) at the site.  The method used to compute the maximum setup and setdown at the site was the one dimensional numerical prediction model described by the U.S. Corps of Engineers in Technical Report No. 4 (Reference 22).


2.4.5.2.2      Brief Description of Numerical Method of Setup Prediction


The wind setup computation was based on a one‑dimensional, steady‑state approximation of the dynamic response of the lake surface as fully described in (Reference 22).  In summary, the method relies on an expression for the slope of the water surface derived by vertically integrating the horizontal momentum equation relative to a fetch axis 


aligned with the mean wind direction.  The expression for the slope may, in turn, be numerically integrated to yield the setup or setdown at any desired point along the fetch.  Computation is initiated at an estimated nodal point where the setup is assumed to be zero and proceeds by increments toward either endpoint at the shoreline.  The resulting surface profile should be regarded as a first approximation which may then be refined with an iterative procedure based on the assumption of constant volume.  Comparison of the lake volume computed from the inclined profile with that corresponding to the undisturbed surface, yields a correction for the assumed location of the nodal point.


The setup is then re‑computed along the fetch in a series of successive approximations until a satisfactory volume balance is achieved.


The relationship used for the numerical integration was taken directly from (Reference 22):
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where:
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=
Wind speed component along fetch axis



K
=
Wind stress constant, equal to 3.3 X 10‑6 (Reference 22)


The computation is indexed with reference to an initial section at the nodal point and proceeds over M sections to yield the total setup or setdown depending upon the sign of (Xi (distance X along the fetch axis is defined as positive in the direction of the prevailing wind).  The value of N, the planform factor, is taken as unity with the provision that the length of each fetch increment (Xi is small in comparison with the total fetch length.  Depths along the fetch were obtained from Great Lakes Chart No. 3 (1971).


The wind data furnished for the computation represented the wind speed and direction for ten stations on the periphery of the lake <Figure 2.4‑26> at 6‑hour intervals over the entire 3‑day storm period.  The wind values along the fetch axis for each time increment were determined by means of a linear spatial interpolation.


As emphasized in the discussion given in (Reference 22), it is important to investigate alternative orientations of the fetch axis to arrive at a maximized setup estimate.  This was accomplished by varying the direction of the axis slightly from that of the mean wind until a well defined maximum of 4.30 feet was established.  The results of this procedure are shown in <Figure 2.4‑27>.  This value occurs at about 2400 hours on the second day of the storm when maximum winds at the 


center of the lake reach 102 mph.  The temporal variation in setup height over the remaining storm period is plotted in the hydrograph shown in <Figure 2.4‑28>.  The spatial profile of the lake surface at maximum deflection is plotted in <Figure 2.4‑29>.


It should be noted that these values do not reflect corrections for pressure differences or precipitation.  With an antecedent water level of 575.4 feet (USGS), a precipitation value of 0.5 feet, a pressure correction of 0.3 feet, and a wind setup of 4.30 feet, the total maximum stillwater surface level at the plant site was computed to be 580.5 feet (USGS).


Wind velocities for the PMS were generated at three hour intervals for ten stations around the periphery of Lake Erie using the techniques discussed in <Section 2.4.5.1>.  <Figure 2.4‑26> shows the locations of the ten stations.  <Figure 2.4‑30> and <Figure 2.4‑31> show variations of wind speed and direction for the two stations (20,1) and (40,1) adjacent to the site and the two stations (20,21) and (40,21) north of the site, respectively.  <Table 2.4‑1> indicates the site setup winds at these stations.


The wind speed for the stations adjacent to the site averages above 70 mph for a period of 18 hours.  During the same period the wind speeds for the stations across the lake from the site average 80 mph or above with a maximum of 110 mph being reached at the center of the lake.


2.4.5.3      Wave Action


The wind field used to determine the probable maximum setup was also used to find the concurrent wave action.  As discussed in <Section 2.4.5.1>, this wind field was defined at ten stations located around the lake to give complete meteorological coverage of Lake Erie.  A study of the critical fetch direction showed that the fetch lengths were approximately the same for winds directed toward the site from 


N 70(W to N 25(E.  During the PMS, the winds in the central portion of the lake are from the NNW and, therefore, the wind speeds at the station nearest the site and at the station directly north across the lake were used to calculate the wave action.


The average wind speed at these two stations taken at the peak of the storm is 80 mph with a duration of 12 hours.  Due to the limited depth of the lake across the 50‑mile fetch (average depth of 70 feet), the waves generated by the PMS will be limited in height and period by bottom effects.  Deep water waves cannot occur for these high wind speeds.  The waves generated by the PMS were determined by the method of forecasting shallow water waves as given in (Reference 22).  This gives a significant wave height, Hs (the average height of the highest one third of the waves), of 17 feet with a period of seven seconds, and the “maximum” wave height, Hmax, of 1.77 Hs, (30 feet).


The design of the cooling water intake and discharge structures is shown on <Figure 3.8‑67>.  <Section 3.4.2> and <Section 3.8.4> discuss dynamic forces on the structures due to wave action.


2.4.5.4      Resonance


The amplitude of oscillations within the emergency service water pump house caused by wave action in Lake Erie was analyzed by the GAI hydraulic transients computer program WHAM24.  This program used the 17‑foot waves that accompanied the probable maximum setup and a wave period of seven seconds.


WHAM24 determines transient pressures and velocity in series or branched conduit systems with a water body at one end, and a pump chamber(s) and piping system(s) at the other end(s).  The program uses the method of characteristics for the transient conditions within the conduit and applies appropriate boundary conditions at the ends of the system.  The 


application of the method of characteristics in hydraulic transients has been verified many times with experimental and field data (Reference 23).


The program’s boundary condition at the lake end of the system consists of representing the oscillation of the lake surface as a sine wave with the amplitude and period representing the height and period of the waves, respectively.  The boundary condition at the plant ends of the conduit combines the continuity equation for the pump chambers, the head‑flow (H‑Q) curves for the pumps, and lumped representations (system head loss equals KsysQ2) of the onshore circulating water system and emergency service water system.  The boundary conditions and the characteristics equations are solved at each time step.


The main intake system consists of submerged offshore intake structures with a 2,857 foot length of 10‑foot diameter tunnel leading to a branch.  From the branch the 10‑foot tunnel continues 100 feet to the service water pumphouse, and a 10‑foot tunnel goes 246 feet to the emergency service water pumphouse.  With the lake condition acting as the forcing function, the maximum oscillation of the water surface within the emergency service water pumphouse was 0.94 feet.  The alternate intake system consists of 2,029 feet of 10‑foot diameter discharge tunnel to a branch plus 142‑foot length of 10‑foot tunnel from the branch to the emergency service water pumphouse.  The other arm of the branch consists of 100 feet of 10‑foot tunnel to the discharge tunnel entrance structure.  The maximum water level variation in the emergency service water pump chamber with the alternate system was 1.19 feet.


The small response of the chamber water level to the lake boundary condition is due primarily to the magnitude of the incremental volume of the pump chamber relative to the change in chamber inflow caused by the waves.  The continuation of the 10‑foot tunnel at the branch of both systems also dampens the oscillation.


The setup of the lake level causes the pumps to operate at a higher than normal flow rate since the static head is reduced.  With these wave induced variations in the pump chamber water level, no problem exists in meeting the flow requirement described in <Section 9.2.1>.


2.4.5.5      Protective Structures


2.4.5.5.1      Shoreline Recession


2.4.5.5.1.1      Summary


Since plant grade is approximately 45 feet above the normal lake level and there are no safety‑related structures within 380 feet of the lake shoreline (toe of bluff), damage to the shoreline bluff by an individual storm would not affect the operation or the safety of the PNPP.  Data presented herein shows that the range of bluff recession in the vicinity of the emergency service water pumphouse has been less than 2 feet per year since 1937.


Erosion of the shoreline bluff is caused by groundwater seepage and direct runoff on the upper portions of the bluff, and by wave attack and runup at the lower portions.  To monitor the combined effect of shoreline recession and bluff erosion, a semiannual (Spring and Fall) survey is being made at six profile locations established at regular intervals along the shoreline.  This survey will continue on a semiannual basis from 1984 through 1989, at which time it will be continued on an annual basis (spring) for the life of the plant.  <Figure 2.4‑32> shows the exact locations of the survey lines.  The sections that follow describe the bluff recession process.


2.4.5.5.1.2      Introduction


This section presents the findings of shoreline erosion studies and investigations for a 6,000 foot reach of the Lake Erie shoreline north 


of the site.  The shoreline investigated lies between Perry Township Park and North Perry Park, Lake County, Ohio, and forms most of the north boundary of the site.  The purpose of the erosion study was to investigate historical shoreline recession to develop a more reliable estimate of the expected future rate of recession, and to evaluate the effects of such erosion on PNPP.  Previous investigations of the shoreline recession done by others revealed variable rates of landward movement over relatively short segments of the shore.  Therefore, a detailed study was undertaken to find more definitive recession data for the north site boundary and is discussed herein.


The assessment of the effects and magnitude of bluff and shoreline recession included the following:


a.
The review and collection of prior reports, topographic and lake bottom maps, lake level records, contacts with state, county and township officials.


b.
A field examination of the shoreline to evaluate contributing factors to bluff erosion.


c.
An aerial photograph comparison and plotting of top of bluff recession lines for the years 1937, 1957, 1964, 1972, and 1975.


d.
A search of “old” property deeds of land parcels located along the shoreline of the site boundary.  A plot of property surveys defining the shoreline for the years 1798, 1852, 1858, 1867, and 1917.


e.
A plot of the 1876 Lake Erie lake survey top of bluff line on the 1972 topographic base map of the site.


f.
The establishment of an erosion base line (1972) paralleling the top of the bluff from which 12 bluff profiles for monitoring bluff recession have been and are obtained twice yearly.


Previous comprehensive reports related to shoreline erosion in the vicinity of the site are few in number.  Most past investigations deal more with the causes of beach and shoreline erosion and the methods of protection than with the details of specific shoreline erosion rates.  The Corps of Engineers prepared a comprehensive report (Reference 24) in 1953 covering shoreline recession.  The Corps of Engineers study indicates shoreline movements between 1876 and 1948 of approximately 35 feet (0.5 ft/yr) in the vicinity of the site, and at Perry Township Park (a little more than a mile west of the site) a shoreline erosion rate of 4 ft/yr is reported.


The Ohio Division of Geological Survey, Department of Natural Resources has published a number of short reports related to shore erosion.  One of these reports (Reference 25), in 1961, reported a recession rate of 5 to 15 ft/yr at Perry Township Park.  Another report on shoreline erosion was made by Stanley Consultants (Reference 26) in 1969.  The Stanley report investigates a four mile reach of Lake Erie shoreline west of the Chagrin River approximately 14 miles from the site.  The findings of this report are not applicable to the shoreline at the site except in a general way.  The shoreline covered by the Stanley report is highly developed with many projecting structures such as breakwaters, jetties, intakes, and groins which affect the erosion processes.  These features are not present along the shoreline at the site.  From the description given, the composition of the bluff discussed in the Stanley report may be less resistant to wave attack than the bluff at the Perry site.


A more recent report by Charles H. Carter (Reference 27) in 1976 investigates the 30 mile long Lake County shore along Lake Erie.  It indicates very slow top of bluff recession rates of less than 1 foot per year at the site, based on both field measurements of the 1948 to 1970 


period and map measurements of the 1937 to 1973 period.  In addition, aerial photograph comparisons in the report for the periods 1876 to 1937 and 1937 to 1973 have also indicated very slow top of bluff recession rates of less than 1 foot per year at the site.  The report forecasts no change in the top of bluff at a location north of the emergency service water pumphouse between the period 1973 and 2010.


2.4.5.5.1.3      Geology and Bluff Characteristics


The shoreline of Lake Erie in Lake County is formed by eroding steep bluffs and discontinuous narrow beaches.  No bedrock is exposed in the bluff or along the shore.  Bluff materials overlying shale bedrock are comprised of glacial till which in turn are covered by lacustrine (lake) deposits.  The geologic characteristics of the surface materials are the result of glacial action during the Pleistocene age.


For the 6,000 feet of shoreline along the northern boundary of the site, the bluffs are approximately 45 feet high.  One beach exists, approximately 900 feet long and 50 to 75 feet wide, northwest of the site.  At other points along the shore, narrow beaches 5 to 25 feet wide emerge at the base of the bluffs during calm lake conditions.  The bluff consists of 5 to 15 feet of dense, glacial till at their base and are overlain by lacustrine silt and clay deposits.  The till is approximately 75 percent silt and clay, 15 to 20 percent sand and the remainder is rock fragments.  A stratum of silty fine sand from about 4 to 7 feet in thickness prevails along the top of the bluffs.  Materials exposed in the bluff are of similar geologic cross‑section as those encountered at the plant site proper.  Data from borings <Section 2.5.1> drilled on the beach northwest of the plant indicate the beach sands overlying till are about 5 feet in thickness.  Chagrin shale bedrock is approximately 20 feet below the surface of the beach.


Lake bottom probes taken offshore appear to indicate that a thin veneer of till and shale rock fragments mantles the shale bedrock, perhaps 


locally as much as 1,500 feet offshore.  The lake bottom north of the site boundary is irregular but generally slopes at about 2.5 feet per 100 feet for the first 300 feet offshore, decreasing to about 5 feet in 1,000 feet for the next 4,000 feet or more.


2.4.5.5.1.4      Nature of Bluff Erosion


The principal factors affecting shoreline recession are variations in Lake Erie levels, wind (storm waves), water seepage and frost action.  The composition and degree of compaction of the bluff materials are limiting factors in the rate of recession.  Widespread slumping of the upper half of the bluff is the most prevalent bluff feature in the vicinity of the site.  Slumping within the lacustrine and upper till deposits is caused mainly by groundwater seepage forces and frost action.  Undercutting and removal of slump material by wave action complete the cycle of bluff recession.


2.4.5.5.1.5      Wind, Littoral Drift and Beaches


Local storms are the main cause of significant wave action.  The shoreline at the site is subjected to waves from the southwest through the north to the northwest.  Winds from the southwesterly direction set up the prevailing littoral current from the west to the east.


Generally, the west to east direction of littoral drift results in accretion of sand at the west side and the depletion of material to the east side of structures projecting from the shore.  There are, however, no projecting permanent structures along the shoreline boundary of the site.  The nearest such structure is located near the northwest corner of the site boundary on the Neff Perkins property.  This structure, a sheet piled water conveyance channel, projects into Lake Erie about 135 feet.  With the exception of the small beach northwest of the site, beaches along the shore in the study area are narrow, short in length and frequently transitory or submerged.


2.4.5.5.1.6      Lake Levels


Shoreline erosion is noticeably influenced by lake levels and the related storm waves.  High levels allow the waves to directly contact the toe of bluff while waves from low lake levels are dissipated by wider beaches.  Lake levels vary with climatic conditions which affect evaporation and inflows.  Minimum lake levels usually occur in February and maximum levels occur in mid‑summer.  The maximum seasonal fluctuation is nearly three feet, but long term cycles of fluctuation, resulting from wet and dry periods are as much as eight feet.  Predictions of future lake levels are difficult to make.  However, future long term cycles of fluctuation are not expected to differ significantly from those presented in <Figure 2.4‑33>.


<Figure 2.4‑34> presents monthly recorded mean lake levels, from 1904 to 1979, which show short and long term trends.  Long term annual fluctuations are shown in <Figure 2.4‑33>.  The 1973 mean level of Lake Erie was about four feet above the Lake Erie Low Water Datum (LWD) established at 570.5 feet (USGS) above mean tide at New York City; that mean level was at the peak of a high lake level cycle.  Reducing lake levels to a common datum for the various years studied was not possible because dates (day and month) were not always given on the property survey information.


2.4.5.5.1.7      Effects of Ice


Almost every year, ice forms along the shore of Lake Erie.  In winters with sustained periods of sub‑zero temperatures, the entire lake freezes over; during the winter months, wave action upon the beach and the shoreline bluff is minimal or non‑existent due to the buildup of ice along the shoreline.  However, freezing and thawing of the groundwater seepage produces a detrimental effect on the bluff face that contributes to the rate of bluff erosion.


2.4.5.5.1.8      Shoreline Changes


To predict probable future bluff and shoreline changes, local historical data pertaining to shoreline and bluff erosion was researched and developed.  Previous shoreline surveys to include the site boundary on Lake Erie were made by the U.S. Lake Survey (Corps of Engineers) in 1876 and 1948.  These surveys formed the bases of the shoreline recession reported by the 1953 Corps of Engineers report (Reference 24).  That study gave a shoreline change of 35 feet in the site vicinity for the 72 year period (approximately 1/2 ft/yr).  The Ohio Division of Geological Survey, Department of Natural Resources has also conducted shoreline erosion studies in the past and has published a bluff erosion report for Lake County, Ohio (Reference 27).  The results of the Lake County bluff erosion report indicate recession rates of less than 1 foot per year at the site between 1876 and 1973.


Previous shoreline erosion studies, which included the site boundary, were based on long time intervals and widely spaced shoreline profiles; therefore, the need for more detailed studies of bluff recession became apparent.  A comparison was made of five sets of aerial photographs taken of the site over the period from 1937 to 1975.  Landward movements of the site top of bluff line were determined by comparing relative bluff locations for the years 1937, 1957, 1964, 1972, and 1975.  For these years, the top of bluff lines shown on <Figure 2.4‑35> for approximately 6,000 feet of shoreline were superimposed on a topographic base map (original scale of 1” = 200’) produced from the 1972 aerial photographs.


The following bluff recession summary includes all available information up to 1972 when the semiannual onsite field survey of bluff recession was initiated.  Recent onsite bluff erosion survey data and its evaluation is discussed in <Section 2.4.5.5.1.9>.


The total top of bluff change indicated by <Figure 2.4‑35> for a 2,000 foot central reach of shoreline northwest of the plant ranges from 20 to 85 feet (<1 to 2 ft/yr) from 1937 to 1972 (35 years).  For the same period, total top of bluff recession of reaches to the west and east of the central section ranged from 1 to 3 ft/yr and 4 to 5 ft/yr, respectively.  Fluctuations of Lake Erie <Figure 2.4‑34> indicate long term mean lake levels from 1934 were on an up cycle, peaking in 1952 and again in 1973.  A correlation of larger changes in bluff erosion during periods of high lake levels could not be evaluated with certainty due to lack of data, but high lake levels undoubtedly have a significant effect.  <Table 2.4‑2> shows annual recession rates relative to 1972 for each of the twelve erosion monitoring lines <Figure 2.4‑32> and is summarized below:


Range (Ft/Yr) of Top of Bluff Recession Relative to 1972



Section




1937


1957


1964


West (J‑I‑H‑G)




 1‑3


2‑6


3‑7


Central (F‑L‑K‑A‑B)



<1‑2


1‑5


1‑7


East (C‑D‑E)




 4‑5


  5


4‑5


It should be remembered that the bluff erosion is a two‑step process.  One step is wave action on the lower till which forms the toe of the bluff.  As previously discussed, the location of the toe of bluff is the factor that will determine the need for bluff protection.  The other step is the random occurrence of localized slumping induced by groundwater seepage and frost action.  Although a single slump (at Profile Line C between 10/72 and 4/73) indicated a significant change of 33 feet in the top of bluff location, future movement at the slumped location most likely will not occur again until the toe of bluff has receded to a point where most of the slumped material has been removed.  The more recent comparisons (1957 and 1964) show the effects of the random slumping process on the relative top of bluff recession rates.  


Therefore, it is felt that the 1937 erosion comparison is the most representative of the actual movement of the toe of bluff.


In 1876, the U.S. Lake Survey (Corps of Engineers) published a chart (1:10,000 scale) of the south Lake Erie shoreline.  Copies of the charts, Field Sheets 1‑687 and 1‑686, covering the site boundary were obtained.  The top of bluff and shoreline, shown on <Figure 2.4‑36> and <Figure 2.4‑37>, respectively, were scaled from the 1876 charts and replotted on a 1972 topographic base map.  Rates of erosion vary from 1 ft/yr for the central portion northwest of the site to 2 and 3 ft/yr west and east of the central reach, respectively.  Comparisons between the 1876 and 1972 survey are subject to some doubt owing to uncertainties of the 1876 survey.  As the 1953 Corps of Engineers report (Reference 24) indicates, uncertainties such as lake stage correction, lack of sufficient common control points and insufficient onshore data reduce the confidence in accuracy of the 1876 data.


A second source of shoreline recession data was developed by a research of records at the Lake County, Ohio courthouse and the Land Title Company, Painesville, Ohio.  Copies (duplicates of county records) of “old” property deeds and survey descriptions of land parcels along the shoreline north of the site were obtained from the Land Title Company. 


Locations of the shoreline described by the property deeds (Reference 28) were plotted for the years 1798, 1829‑30, 1852‑1858, 1865‑1867, 1876, 1917, and 1975.  The series of plots was connected by continuous lines shown in <Figure 2.4‑37>, which represent corresponding approximate shorelines.  Most of the deed descriptions of the north property boundary indicated the shoreline but did not mention the top of bluff, except in a few instances.  The exact date (day of the month) was not given in most cases, therefore it was not practical to relate plotted shorelines to lake levels or to a common datum.  Consequently, the location of the bluff for the years studied relative to the shoreline could not be determined with any degree of certainty.  The toe 


of bluff was conservatively assumed to be at or near the shoreline for the various years investigated.  This assumption should provide the maximum long term shoreline change relative to 1972.  Shoreline changes relative to 1972 based on “old” property deed descriptions are shown on <Figure 2.4‑37> and presented in <Table 2.4‑2>.  An average change since 1798 for the central 2,000‑foot sector is approximately 1 ft/yr for the 174 year period.  During the 1917 to 1972 period, a rate of 1 to 2 feet per year was determined.


It appears the landward recession of the shoreline has been accompanied by a corresponding recession of the bluff.  A petition from the owners of property in Perry Township, dated 1839, requested that the existing Lockwood Road paralleling the shore north of the site replace an earlier road along the shore that was lost due to erosion.  At Perry Township Park, a little over a mile west of the site (not shown on erosion maps), shoreline recession based on plots from deed descriptions from 1903 to 1952 was approximately 3 ft/yr.  Between 1952 and 1972, the landward movement was approximately 4 ft/yr.  This compares favorably with that of the Corps of Engineers (1953) report (Reference 24) for Perry Township Park between 1876 and 1948 which set the rate at 4 ft/yr.


2.4.5.5.1.9      Recent Onsite Bluff Erosion Surveys


The Seismic Category I emergency service water pumphouse is approximately 305 feet from the 1978 top of bluff and 380 feet from the 1978 Lake Erie shoreline.  A base line about 5,230 feet in length with permanent ground markers was laid out in the field for the purpose of monitoring future bluff erosion.  From the base line, twelve parallel transect lines <Figure 2.4‑32>, spaced approximately 300 to 600 feet apart, extend northward to the Lake Erie shoreline.  Initially (10/72 to 9/73), elevations and measurements to the top of bluff were taken along each line, but this procedure was altered in November 1973 to that of taking complete ground surface profiles from the base line to the shoreline.  Profile surveys for monitoring bluff erosion are conducted 


in the spring and fall of each year.  The first complete profiles were taken in November, 1973, and are presented in <Figure 2.4‑38>.  Readings of the net changes in the bluff, at two year intervals, taken to date are also shown in <Figure 2.4‑38>.


<Table 2.4‑2> summarizes the recession rates for the profiles shown in <Figure 2.4‑38> using profile information through September, 1978.  In general, between 1972 and 1978, the top of bluff erosion rate varied (from <1 to 2 ft/yr) within the central shoreline reach.  The eastern end of the central reach receded at about 7 ft/yr during this relatively short (six‑year) period.  This same area receded only 2 ft/yr between 1876 and 1978.  The eastern and western tops of bluff receded from 2 to 6 ft/yr and 5 to 9 ft/yr, respectively, between 1972 and 1978.  Again, the long term (1876 to 1978) top of bluff recession rates were 2 to 3 ft/yr and 1 to 4 ft/yr for the eastern and western reaches, respectively.  In addition, the 1975 aerial survey was examined to assure that excessive erosion of the bluff did not take place between the ground survey profile lines.


<Table 2.4‑2> shows that the shorter the time interval investigated, the greater is the recession rate for that time interval.  This is due to significant, localized slumps being averaged over a relatively short time period.  However, these short term, localized slumps are part of the overall recession cycle; in addition, they are attributable to the sustained high lake levels which peaked in 1975 and, therefore, allowed wave attack to undermine the toe of bluff during the high lake level period.  The entire recession process is time and water level dependent; i.e., it occurs in a stop‑start sequence, and should be averaged over a long period of time to obtain meaningful results.


2.4.5.5.1.10      Man Made Effects of Erosion


With the exception of the potential future bluff protection described later in this section, no permanent structures exist on the bluff.  


Grading and clearing of the site were performed in such a manner that surface runoff was controlled and erosion minimized.  The closest building structure (service water pumphouse) to the bluff is approximately 280 feet away.  This structure is founded on shale rock well below the overlying glacial deposits.  Controlled blasting (instrumentally monitored) was conducted during construction of PNPP.  An interim revetment, described in <Section 2.4.5.5.9>, has been built along the shoreline from the Minor Stream discharge to the Northwest Storm Impoundment Spillway.


Changes in littoral drift accretion and depletion along the shoreline forming the north site boundary is not expected to change greatly as a result of possible future industrial development to the east and west of the site boundary.  Both the State and Federal agencies play an active role in restricting construction of new structures projecting into Lake Erie that might affect littoral drift patterns or increase the rate of shoreline recession of neighboring shoreline property.


2.4.5.5.2      Maximum Allowable Shoreline Recession


<Section 2.5.5> describes the point to which bluff recession could progress without threatening the function of safety class structures.  Bluff protection will be installed if the retreat closely approaches this limit.


2.4.5.5.3      Protective Measures


2.4.5.5.3.1      Protective Measures Description


If the shoreline retreat becomes threatening to the safety‑related structures, the shoreline will be protected by a suitable permanent construction that will protect the face and toe of the bluff.  Final design and permit applications for the shoreline permanent protection construction will be initiated when the lake shoreline (toe of bluff) 


has receded to a point 250 feet away from the closest safety class structure (emergency service water pumphouse).  However, if the State of Ohio or the Federal Government develops an area‑wide plan for shoreline protection that includes the plant, CEI will fully cooperate in implementing the plan on its property.  The protective 


construction (Reference 29) (Reference 39) considers grading of the shoreline bluff and construction of a permanent protective revetment.  Interim protective measures are described in <Section 2.4.5.5.9>.


a.
Bluff Grading



Prior to installation of the shoreline protective revetment, the bluff will be graded to the dimensions shown in <Figure 2.4‑39>.  The bluff grading will be as follows:



1.
Prior to the placement of the protective revetment, the bluff will be graded to a 2:1 slope between Elevation 555 feet (USGS) and Elevation 605 feet (USGS).



2.
After the 2:1 grading is finished, a 10‑foot wide berm will be cut at Elevation 605 feet (USGS).



3.
After the berm is finished, further grading of the bluff to a 3:1 slope is required between Elevation 605 feet (USGS) and the top of the bluff.


b.
Protective Revetment



The maximum wave runup, corresponding to the 9.7‑foot high maximum wave breaker height (Reference 31) breaking on the rough 2:1 slope of the protective revetment, is found in (Reference 22) to be 16.4 ft.  The wave runup would therefore reach Elevation 596.9 feet (USGS) when the lake is at Elevation 580.5 feet (USGS) i.e., maximum stillwater level PMS.  However, it should be pointed out 



that the freeboard between the top of the protective revetment, located at Elevation 605.0 feet (USGS), and the maximum wave breaker height runup is 8.1 feet.  Therefore, it is not expected that the wave runup produced by the PMS will ever overtop the crest of the revetment.  The shoreline protective revetment will protect a section of the lake shoreline approximately 2,000 feet long, comprised of the distance between the entrance to the barge unloading area and the outlet of the minor stream diversion.



The protective revetment as shown in <Figure 2.4‑39> will offer sufficient protection to the emergency service water pumphouse.  The shoreline protective revetment will be a rubble mound structure composed of the following layers of material:



1.
The first layer is a permeable plastic fabric sheet, which is placed on the lake bed and over the area cut to the 2:1 slope.



2.
On top of the permeable plastic fabric a 2‑foot thick gravel filter blanket will be placed, as specified and shown in <Figure 2.4‑39>.



3.
The filter will be covered with two layers of 1,000 to 2,000 pound quarry stones fitted into the gravel material.



4.
The two layers of large quarry stones will be surmounted by two layers of heavy armor stones having a weight of between 6 and 10 tons.  The heavy armor stones will not only be randomly placed over the sloped surface, but will become an integral part of the protective toe of the rubble mound protection.  The toe protection will extend 47 feet into the lake and will be founded on weathered bedrock at approximate Elevation 555.0 feet.



5.
As an alternate to the use of the heavy armor stone, consideration will be given to the use of two layers of 5‑ton tetrapods or two layers of 2‑ton Dolosse.



6.
The area between the upper end of the revetment and the upper edge of the graded bluff will be stabilized with a vegetative cover, placed on the 3:1 slope.  Since this slope is stable <Section 2.5.5>, local sloughing resulting from ground water




seepage will not occur.  The installation of additional protective measures such as french drains or well point dewatering systems is not required.


2.4.5.5.3.2      Protective Measures Construction


The permanent shoreline protective revetment will be final designed when the distance between the lake shoreline and the emergency service water pumphouse (nearest safety‑related structure to Lake Erie) is 250 feet.  Since the range of toe of bluff recession has been less than 2 feet per year since 1937 in the vicinity of the emergency service water pumphouse, there is sufficient time to design, obtain necessary permits and construct the shoreline revetment before the minimum allowable distance of 204’‑2” is reached <Figure 2.4‑39>.  Construction of the shoreline revetment requires dredging along the shoreline for the purpose of building the revetment protective toe.  The dredging operation will be carried out in such a way that turbidity of the lake water in the local area is maintained at a minimum.  The material spoils from the dredging operation and the bluff excavation will be disposed of upland at the plant site in a special confinement area, taking special care that no leaching out or overflow of water or spoil materials from within the confinement area can occur.  The materials used for construction of the shoreline revetment protection will be clean of debris or any harmful material that might affect the quality of the lake 


water.  Measures will be taken to avoid oil contamination or oil spillages that could be produced by the mechanical equipment used during installation of the shoreline protection.


2.4.5.5.3.3      Protective Measures Effects


At the estimated average recession rate of 2 feet per year (since 1937) in the vicinity of the emergency service water pumphouse, approximately 65 years will expire for the toe of the bluff to recede 130 feet from the present location, about 380 feet shoreward of the emergency service water pumphouse, to the location 250 feet from the structure when shoreline protection final design would be initiated <Section 2.4.5.5.3>.  Therefore, shore protection for the site is not expected to be necessary during the operating life of the PNPP.


If the shore protection were to be constructed, the possibility exists that the plant site could eventually project into the lake beyond the adjoining areas, assuming that protective measures are not taken at adjacent properties.  The projection of the protected shoreline of the plant site into the lake beyond the receding adjoining shoreline would be very gradual and in time might result in accretion on the updrift side beach and/or in erosion of the downdrift side beach.  Since the recession rate of adjacent unprotected shoreline is slow and since the protection for the site would, if required at all, be constructed at some future time, the “projection” (relative to the receding adjacent shore) of the protected shoreline would be small.  Therefore, it would not act as a complete barrier to the movement of beach materials as have some jettys, for instance, in the Great Lakes.  Consequently, the accretion and accelerated erosion caused during the plant life would be expected to be minimal.  If these effects do occur, they would be local and confined to the site which extends 4,180 feet westward from the protected shore <Figure 2.4‑39> and 2,600 feet eastward.


If this assessment of shore processes and effects (which is based on site field data and considerable qualitative evaluation) is found totally incorrect, and accretion and accelerated erosion could threaten adjacent property, control measures such as a mechanical system for passing material from the updrift to the downdrift side could be installed.  However, the most effective measure should be selected only after there has been experience with the indicated shore protection.  The effects of accretion and erosion were considered at the flanks of any site shore protection; accretion would serve to protect one flank from wave attack, while erosion at the other flank (downdrift side) might require occasional remedial treatment.  Because of the great separation distance between these areas and the plant facilities, the safety‑related structures would not be threatened.


Except for the relatively brief obstruction of the littoral movement produced by the temporary channel dredged into the lake for the barge unloading area, the development of the plant site should not affect the adjacent shoreline.  The channel will exist only at times of barge delivery during and shortly after construction.  Since it is expected that the channel will fill rapidly, this brief obstruction of littoral movement will not adversely affect local residents.  However, the temporary sunken barges <Section 2.4.5.5.6> will have a minor effect upon littoral movement until they are removed.


2.4.5.5.3.4
 State and Federal Approvals


The following permits will be required if the erosion protection plan of the shoreline bluff at the site becomes necessary:


a.
Department of the Army construction permit



This permit will be issued by the Buffalo District of the U.S. Army Corps of Engineers after submission and acceptance of an 



environmental impact report.  This is required for any structure that will be built in Lake Erie below Elevation 572.8 feet IGLD (574.7 feet USGS).


b.
Shore erosion permit



This permit will be issued by the Ohio Department of Natural Resources and requires detailed drawings of the proposed shoreline protection structures.


2.4.5.5.4

(Deleted)


2.4.5.5.5

(Deleted)


2.4.5.5.6      Barge Slip


A nonsafety‑related barge slip was constructed northwest of the plant along the southern shoreline of Lake Erie.  It is located in the general area incised by the minor stream where it originally entered the Lake.


An approach channel (averaging about seven feet in depth) was dredged from the lake to the barge slip.  Lake dredging was performed to initially open the channel and then as required to maintain the opening prior to barge deliveries.  Dredged material was disposed of on the plant site.  The barge slip was constructed of steel sheet piling with tie‑backs.  The lake end of the barge slip was constructed about 30 feet south of the 1972 shoreline, with sheet pile wings being constructed toward the shoreline.


To protect the side slopes and shoreline at the lake end of the barge slip, a rubble mound protective revetment structure was installed along the shoreline, extending 50 and 80 feet, respectively, east and west of 


the sheet pile wings.  The top of the protective revetment is at Elevation 579 feet (USGS) and the bottom at Elevation 570 feet (USGS) at the entrance of the barge slip.


Prior to placement of the protective revetment on either side of the barge slip sheet pile wings, the area where the rubble mound is founded was graded to a 2:1 slope.  The rubble mound protective revetment between Elevations 579 and 570 feet is composed of the following layers of material:


a.
The first layer is a permeable plastic filter cloth fabric sheet placed directly on the graded slope.


b.
The second layer is an 18‑inch thick crushed stone filter layer placed above the plastic fabric sheet.


c.
The third layer covers the filter layer and is composed of a 3‑foot thick (minimum) layer of armor stone, 300 to 500 pounds each, with a grouted surface.


Temporary sunken barges that extend about 120 feet into the lake from the shoreline were placed on the east and west sides of the barge slip entrance to temporarily reduce the amount of sand entering the barge slip due to littoral drift.  Dredged material was placed in these anchored barges to act as ballast for sinking the barges.


Upon completion of maintenance dredging and after the plant equipment and/or materials were delivered, the barge slip and approach channel were abandoned and left to silt in by natural lake processes.  The barge slip entrance rubble mound revetment protection was left in place when the barge slip was abandoned.


2.4.5.5.7      Northwest Sediment Control Dam


A nonsafety‑related sediment control earthen dam and associated concrete spillway were constructed at the northwest corner of the plant site.  The toe of the spillway is approximately 90 feet south of the 1975 shoreline.  The channel bottom between the spillway toe and the shoreline is protected by 2‑foot‑6‑inch thick dumped riprap placed over a 1‑foot‑3‑inch thick gravel filter.


2.4.5.5.8      Minor Stream Diversion Channel Outlet


The minor stream, which originally entered the lake at the present barge slip location, was diverted east of the plant site.  The channel outfall to the lake was constructed using 96 inch diameter corrugated metal pipe installed over a layer of 500 to 8,000 pound dumped stone riprap.  The pipe was terminated at the sheet piling protection installed along the lake shoreline in front of the plant site.


2.4.5.5.9      Interim Shore Protection


In the early spring of 1975, significant shore erosion was observed at three localized areas of the plant site in the vicinity of site construction operations.  These accelerated erosion rates were directly attributed to the sustained high lake levels which peaked in 1975 and which allowed wave attack to undermine the toe of the bluff during the high lake level period.  In 1983, a rock protected sheet pile breakwall was erected.  This sheet pile breakwall protects the section of the lake shoreline approximately 2,200 feet long, composed of the distance between the entrance to the barge unloading area and the outlet of the minor stream diversion as shown in <Figure 2.4‑39A>.  In 1992, the temporary sunken barges were removed and the interim revetment was extended 1300 feet west to the northwest storm impoundment spillway as 


shown in <Figure 2.4‑39A>.  The design of the extension was essentially the same as the original 2200 foot revetment.


The breakwall was constructed in the following manner:



1.
A sheet pile breakwall was driven along a line approximately 25 feet out into the lake from the toe of the sloped bluff.  The sheet piling was cut off at approximate Elevation 580’‑3”.  Whaler was bolted to the piling.



2.
The shore side of the breakwall was finished as follows:




(a)
Filter cloth was installed against the sheet piling.




(b)
A causeway was formed of clean sandstone and concrete fill to Elevation 576’‑0”.




(c)
An underlayer of 2 to 14 inches of sandstone was installed to Elevation 577’‑0”.




(d)
Armor stones were installed to Elevation 579’‑0”.



3.
The lake side of the breakwall was finished as follows:




(a)
Filter cloth was placed on the lake bottom approximately 9’‑0” out from sheet piling.




(b)
Armor stones were placed on filter cloth at an approximate slope of one to one to an elevation of approximately 577’‑0”.


d.
The eastern end of the breakwall was gradually curved into the shoreline and the lake side armor stones were installed up to the top of the sheet piling.  The western end of the breakwall was curved into the shoreline at the east edge of the northwest storm impoundment spillway and the lakeward side was protected by armor stone placed at the base of the spillway.



The top of the bluff should stabilize at approximately 300 feet from the emergency service water pumphouse.  Therefore, this breakwall will provide significant protection to the shoreline and to the emergency service water pumphouse.


2.4.6      PROBABLE MAXIMUM TSUNAMI FLOODING


Since the site is located on Lake Erie, an inland lake, tsunami occurrence is not applicable.  The Lake Survey Center (NOAA) has found no evidence of earthquake related seiches.


2.4.7      ICE EFFECTS


2.4.7.1      Regional Ice Formation History


Lake Erie, the shallowest of the Great Lakes, is also the most thermally variable.  It reacts rapidly to seasonal temperature changes and can build an appreciable ice cover in a comparatively short time (Reference 33).


As winter progresses, ice on Lake Erie spreads from west to east.  In mid‑December, ice begins to form in the extreme western portion of Lake Erie.  It spreads eastward, partially aided by a prevailing west wind, until the beginning of March when the eastern end of the lake is completely ice covered.  At this time, the probability of ice cover in the site area exceeds 76 percent (Reference 32).  The ice disappears from the western and central portions of Lake Erie by the end of March and by mid‑April only a small area near Buffalo, New York, is still ice covered (Reference 33).  Available information indicates that the critical period for ice development in the site area is from mid‑February through mid‑March with ice block formation prevalent during the spring ice breakup.


The maximum recorded ice thicknesses at locations shown in <Figure 2.4‑40> on the periphery of Lake Erie are given in <Table 2.4‑3>.  <Table 2.4‑4> tabulates the maximum recorded ice thicknesses along the Ohio shoreline of Lake Erie during the period 1961‑1973 at Ashtabula and Cleveland Harbor.  The surface ice and ice thicknesses were surveyed along the shoreline of the site during the winters of 1975‑1976 and 1976‑1977.  The results of the field survey are shown in <Figure 2.4‑41>, <Figure 2.4‑42>, <Figure 2.4‑43>, <Figure 2.4‑44>, <Figure 2.4‑45>, and <Figure 2.4‑46>.  A maximum ice thickness of 2.3 feet was observed on February 10, 1977.


2.4.7.2      Ice Blockage


The intake structures are approximately 2,600 feet offshore and are totally submerged in the lake at a depth of 13.3 feet or more (from low water datum), depending on lake level.  There are no trash racks at the ports of the intake heads since they would be subjected to the formation of frazil ice and eventual blockage of the ports.  The possibility of floating ice sheets being pulled down and blocking the ports is very remote because of the very low intake velocities (Reference 34).


The intake structures are protected by reinforced concrete ice protection caissons around them which will act as a barrier to any floating ice island which could block the intake ports.  For the very unlikely case where complete blockage of the intake structures would occur, water for the emergency service water system will be drawn from the discharge tunnel.


2.4.7.3      Ice Forces and Protective Structures


The submerged offshore structures could be subjected to ice forces by the ice islands driven by strong wind and/or large waves (Reference 34).  For a discussion of these loads and forces, refer to <Section 3.8.4>.


The intake structures are protected against the impact of ice islands by 10 vertical reinforced concrete caissons, each 6 or 7 feet in diameter, placed in a 70‑foot diameter circle around each of the submerged intake structures.  The spacing between the caissons is such that the intake water approach velocity will not be increased.


The three foot diameter discharge nozzle is encased in a 17‑foot diameter reinforced concrete caisson for protection against the ice loads produced by the impact of a floating ice island crushing against the structure.  <Figure 3.8‑67> and <Figure 3.8‑68> show details of caissons for the intake and discharge structures.


2.4.7.4      Ice Flooding


Ice flooding cannot occur because of the high bluffs between the buildings and the lake.  Also, safety‑related onshore buildings are set back from the top of the 45‑foot high bluff to preclude ice forces being a problem.


2.4.8      COOLING WATER TUNNELS AND OFFSHORE STRUCTURES


2.4.8.1      Cooling Water Tunnels


Service and cooling water for PNPP will be obtained from Lake Erie at approximately 2,600 feet offshore and carried to the plant site through a 10‑foot diameter intake tunnel located in the underlying bedrock.  The water is then returned to the lake through a similar discharge tunnel of shorter length.  Short tunnels of the same diameter are used near the shore facilities to tap the cooling water tunnels for the emergency service water system.  Tunnel locations are shown on <Figure 3.8‑65> and <Figure 3.8‑66>.  A discussion of the tunnel function is given in <Section 2.4.11.6> and <Section 9.2.1>.


2.4.8.2      Offshore Structures


2.4.8.2.1      Intake Structure


The offshore intake structure consists of two independent, circular intake heads, each connected to a six‑foot diameter vertical shaft.  The two vertical shafts convey the cooling water into the underground 10 foot diameter intake tunnel.


Each of the two intake heads is provided with a horizontal, circular velocity cap and vertical inflow ports around the periphery.  Inflow to the ports is expected to be predominantly horizontal, except in the zones near the top and bottom of the port openings where the stream lines will have a more vertical orientation.


Flow of cooling water into the intake heads will be through the vertical ports around the perimeter of each circular structure.  Since the diameter of the circular intake heads is 36 feet, and the vertical ports are 3 feet‑7‑1/2 inches high, the expected approach velocity to the ports will be less than 0.5 foot per second (Reference 34).  Provisions are available around the periphery of each structure for backfitting trash racks; this will allow for filtering of intake water to remove large pieces of flotsam, if necessary.


The intake structure is a safety class structure as it supplies water to both the emergency service water pumphouse and the service water pumphouse.


For the unlikely case of a complete blockage of the intake structure heads, an alternate supply of water can be obtained from the discharge nozzle.  For details of the functional criteria, backup systems, hydraulic details, etc., refer to <Section 9.2>.  The design of the intake structure is shown in <Figure 3.8‑67>.


2.4.8.2.2      Discharge Structure


A single, 3‑foot diameter nozzle will discharge perpendicularly away from the shoreline to dissipate waste heat from the closed cycle steam condenser cooling system through the cooling tower blowdown.


A single, round submerged jet was chosen as the generic discharge type to promote rapid mixing of the discharge with the lake, thereby quickly reducing the elevated temperature and chemical concentrations of the discharge.  The greater the discharge velocity for a given flow, the more rapid the mixing processes between discharge and lake.  However, high velocities also result in erosion of the lake bottom and large induced currents at the lake surface.  A maximum velocity of 35 ft/sec, previously determined as an acceptable upper velocity at the site (Reference 35), was chosen at the maximum discharge flow of 100,000 gpm.  This criterion results in a minimum port diameter of 2.85 feet.  The other criteria used to arrive at a design were:


a.
A maximum calculated surface temperature rise of 2.75(F.  The requirements in most jurisdictions specify a 3(F rise on the water surface outside of a specified mixing zone.  Therefore, the criteria is quite restrictive since a 2.75(F (rather than 3(F) rise is specified and the mixing zone area is taken as zero.


b.
A minimum 12‑foot clearance above the discharge structure for navigational clearance.


c.
A minimum two‑foot separation between the discharge bottom and lake bedrock; this will provide for initial dilution water below the discharge and diminish the velocity effects of the discharge on the lake bottom.


The computer code MUDSUB (see PNPP Environmental Report) was used to arrive at acceptable diameters consistent with the criteria given above.  


A three‑foot diameter discharge was chosen as the best design for environmental protection.  Details of the analysis are given in (Reference 36).


The design of the diffuser discharge structure is shown in <Figure 3.8‑67>.


2.4.9      CHANNEL DIVERSIONS


This section is not applicable to PNPP since no cooling water channels exist from which flow could be diverted.


2.4.10      FLOODING PROTECTION REQUIREMENTS


Four prospective sources of flooding exist at the Perry site:  Lake Erie, intense local precipitation, and flooding by two small, nameless streams which border the site to the east and south.


<Section 2.4.5> and <Section 2.4.7> discuss the possibility of flooding caused by the probable maximum surge and ice conditions in the lake.  The plant grade is sufficiently high to greatly reduce the probability of general site flooding.  On the intake side of the cooling water systems, all safety‑related pumps and equipment will be located above Elevation 586’‑6” (USGS) in the emergency service water pumphouse.  This elevation allows approximately three feet of freeboard over the simultaneous occurrence of the probable maximum setup, the maximum monthly mean lake level of record, and the associated oscillation of the pump chamber water level due to wave action over either the main or alternate submerged offshore intake structure.


Plant flooding by intense local precipitation is prevented by the design of the storm drainage and roof drainage systems.  For details, see <Section 2.4.2.3>.


2.4.11      LOW WATER CONSIDERATIONS


2.4.11.1      Low Flow in Streams


Cooling water will be supplied from Lake Erie rather than from a river or stream.  The ability of Lake Erie to perform adequately under severe low level conditions is discussed in the sections that follow.


2.4.11.2      Low Water Resulting From Surges, Seiches or Tsunami


Surges and seiches in Lake Erie are due primarily to wind effects.  Astronomical tides reach only 0.6 inch and the effects of atmospheric pressure gradients are also small (Reference 37).  The Lake Survey Center (NOAA) has found no evidence of earthquake related lake fluctuations.


This section describes the maximum decrease in lake level (setdown) at the site which would result from combinations of the most severe meteorological parameters that are reasonably possible in the Lake Erie area.


2.4.11.2.1      Probable Maximum Winds and Associated Meteorological Parameters


2.4.11.2.1.1      Meteorological Synoptic System for Lake Level Setdown


Lake level setdown is the decrease of the lake level caused by the wind moving the surface water from one position to another with sufficient speed so that the surface of the lake becomes tilted.  Since a body of water tends to remain level, this wind must be of sufficient strength and duration to maintain a steady‑state of the lake surface tilt (Reference 7) (Reference 8).


The magnitude of wind surges depends primarily on the wind speed, the fetch length over which the wind blows and the depth of the lake (Reference 9).  In the Perry area, a meteorological synoptic situation with winds from magnetic SSW through ESE, a minimum velocity equal to a drag coefficient critical velocity of 14 knots (Reference 10), and a duration of at least 10 hours (Reference 11) to eliminate local thunderstorms is needed to generate significant setdown.  The sensitivity of setdown to wind direction is described in <Section 2.4.11.2.2.2>.


Several meteorological synoptic situations were analyzed to determine the type of situation that produced these required conditions (Reference 10) (Reference 11) (Reference 12).  <Figure 2.4‑47> is an example of the meteorological synoptic situation that meets these requirements.  It is noted that in the site area, hurricanes are not associated with the PMS.  As a rule, hurricanes do not penetrate into the site area (Reference 11), since hurricanes tend to decrease in strength as they penetrate inland from the coast.


2.4.11.2.1.2      Procedure to Develop the Probable Maximum Storm for Lake Level Setdown


To generate a reasonable possible meteorological situation which has virtually no chance of being exceeded, the high pressure center was assigned the value of the highest pressure recorded in the United States (1,063.3 mb ‑ 31.40 inches Hg, which occurred during January 9,


1962) (Reference 12) and the low pressure center was assigned the lowest pressure (non‑hurricane) recorded in the United States (954.56 mb ‑ 28.20 inches Hg, which occurred during 1913) (Reference 12).


The use of these extreme values develops a very strong pressure gradient between the pressure centers.  This pressure gradient exceeds any 


previously observed pressure gradient, excluding hurricanes over the ocean.  The postulated wind speeds for this system have virtually no chance of being exceeded.


To synthesize the sequence of the movement and the life cycle of the PMS a series of meteorological charts were developed.  The PMS is assumed to occur over a 72‑hour period; during this time, the winds increase from 15 mph to the maximum speed and then decrease to less than 15 mph in the Perry, Ohio, area.


The first chart developed was based on an assumed 1,033‑mb high pressure center and was located at the first 12‑hour center position of the high <Figure 2.4‑47>.  The low pressure center was assumed to have a pressure of 985 mb and was located at the first 12‑hour center position of the low as shown on the same figure.  Subsequent 12‑hour positions of the high and low centers are also shown.  The high and low pressure systems were intensified at the rate of 10 mb per 12 hours, attaining the values for the PMS 36 hours after the initial chart.  The centers then continued to move eastward for the next 36 hours and decreased in intensity at the rate of 10 mb per 12 hours.  This procedure was followed to develop a meteorological situation which would result in a decrease of the surface winds at Perry to less than 15 mph at the end of the PMS episode.


2.4.11.2.1.3      Procedures Used to Generate the Individual Meteorological Charts


The procedures used to develop the meteorological charts for the maximum setdown are identical to the procedures for maximum setup, as outlined in <Section 2.4.5.1.4>, and the results of these procedures are presented in <Figure 2.4‑48>.


<Figure 2.4‑49>, <Figure 2.4‑50>, <Figure 2.4‑51>, <Figure 2.4‑52>, <Figure 2.4‑53>, <Figure 2.4‑54>, <Figure 2.4‑55>, <Figure 2.4‑56>, 


<Figure 2.4‑57>, <Figure 2.4‑58>, <Figure 2.4‑59>, and <Figure 2.4‑60> are the isotach patterns of the PMS at 6 hour intervals for the lake level setdown.


2.4.11.2.1.4      Supporting Data for the Uniqueness of the PMS


Data supporting the uniqueness of the maximum setdown is the same data presented in <Section 2.4.5.1.5>, except that the maximum steady wind speed calculated for the PMS setdown is 100 mph at the site.


2.4.11.2.2      Maximum Lake Level Setdown


2.4.11.2.2.1      Method Used to Predict Setdown at Site


To determine the setdown caused by the associated PMS, the one dimensional numerical prediction model described in Technical Report No. 4 (Reference 22) was applied using the PMS setdown winds.


2.4.11.2.2.2      Probable Maximum Setdown


Wind speed magnitudes and directions for the PMS setdown case were generated for the ten stations shown on <Figure 2.4‑26>.  Wind stress magnitudes (Tx and Ty) for the other grid points of the numerical analog model were obtained by temporal and spatial linear interpolation.  <Figure 2.4‑61> and <Figure 2.4‑62> describe the variation of wind speed and direction for the two stations adjacent to the Perry site and for the two stations directly across the lake from the Perry site; respectively.  The coordinates for the PNPP site are (36,3).


For the stations adjacent to the Perry site (20,1) and (40,1), the wind speed averages above 80 mph for a period of approximately 14 hours.  The wind direction is toward 345 to 340 degrees azimuth for this period.  This corresponds to a wind from the south on the model grid.  For the stations across from the Perry site, the wind speeds average above 


80 mph for approximately 18 hours.  For station (20,21), the wind direction varies from 340 to 310 degrees during the maximum wind period.  For station (40,21), the wind direction varies from 340 to 320 in this period.  The total distance that these winds travel over water is approximately 56 miles.


The computed setdown hydrograph for the site during the period of the PMS is shown in <Figure 2.4‑63>.  With the 4.04 foot maximum setdown, the minimum water surface elevation at the plant site would be 563.36 feet IGLD (565.26 feet USGS).  This is based on an antecedent water elevation of 567.4 feet (IGLD), the minimum monthly level of record.  The wave action coincident with this setdown was determined by procedures described in Technical Report No. 4 (Reference 22).  Using an average 90 mph offshore, over water wind of unlimited duration with a 30 percent reduction to account for land effects in the nearshore zone, the Bretschneider method gives a 2.6 foot significant wave height and a 4.7 second period.  Since the alternate intake (normal discharge structure) is closer to shore, the wave heights would be less than at the normal intake structure.


2.4.11.2.2.3      One‑Dimensional Model for Setdown Surge


The analysis of the lake setdown surge at the plant site was made using the one‑dimensional model described in Technical Report No. 4 (Reference 22), and briefly characterized in <Section 2.4.5.2.2>.  The probable maximum setdown was computed with this method using a fetch defined by a line connecting grid points (36,3) (plant site) and (36,21) <Figure 2.4‑26>.


<Figure 2.4‑63> shows the hydrographs of computed setdown at the site for the PMS setdown wind data.  Note that the curve does not reflect any adjustment for lake volume balance, pressure or precipitation.  The maximum setdown shown on this curve is 4.03 feet (122.95 cm).


Volume adjustment was made on the basis of Equation 2.4‑1.  <Figure 2.4‑29> summarizes the results of the volume computations for both the setup and setdown cases at the time of their peak occurrence.  The pressure adjustments were made by looking at the PMS pressure data and choosing the maximum pressure difference between adjacent stations across the lake.  For both the PMS setup and setdown cases, the maximum pressure difference was found to be 10 mb ( 10 cm of water.  No precipitation adjustment was included for the setdown case since it would only reduce the setdown and would not be indicative of the most conservative case.


2.4.11.3      Historical Low Water


Two gauges have provided data for the study of the variation in surface elevation of Lake Erie.  The Cleveland gauge has a period of record for monthly and annual means dating back to 1860, with instantaneously recorded data since 1904.  The gauge at Erie has continuous data from 1960 to the present.  A third gauge at Ashtabula, installed in 1954, has been neglected for extended periods since its installation and much of the data recorded by this gauge is incomplete and unreliable due to malfunction of the gauge and its recording mechanism.


<Figure 2.4‑2> reveals that the mean lake level has a cyclic variation.  At Cleveland, the minimum monthly mean level of record was 567.4 feet IGLD (569.3 feet USGS) recorded in December 1934.  The minimum recorded instantaneous level was 565.71 feet IGLD (567.61 feet USGS), which occurred on February 4, 1936.  The maximum seiche setdown for each year was computed by subtracting the minimum instantaneous lake level from the mean level for the month in which it occurred.  The peak setdown at Cleveland for the period of record was ‑3.04 feet, occurring December 8, 1927.


At Erie, the minimum monthly mean level was 568.27 feet IGLD (570.17 feet USGS) for December 1964 and the minimum recorded 


instantaneous level was 566.00 feet IGLD (567.90 feet USGS), which occurred on March 10, 1964.  The peak seiche setdown at Erie for the period of record is ‑2.90 feet, occurring March 10, 1964.


A frequency study of seiche setdown and minimum monthly mean stages was made for both the Cleveland and Erie gauges.  The results obtained are shown in <Figure 2.4‑64> and <Figure 2.4‑65>, respectively.  Log Pearson Type III and Linear Gumbel distributions are presented for each case.


Comparison of the seiche setdown curves in these figures shows that at a particular frequency the seiche at Erie exceeds that at Cleveland.  This is felt to be attributable to dissimilar lengths of gauge records and topography in the vicinity of the gauging stations.


2.4.11.4      Future Controls


There are three hydrologic features which influence the site:  Lake Erie and the two small, nameless streams which border the site.  The safety‑related structures are located outside the drainage basin of the larger (major) stream.  No developments are foreseen for the streams as the mean flow of each is less than 10 cfs, and except for intermittent withdrawal by an adjacent industry from the downstream end of the major stream, the only use is for drainage.


Lake Erie drains into Lake Ontario via the Niagara River and is also connected to Lake Ontario by the Welland Canal.  The Niagara River has two major control structures for power generation before reaching Niagara Falls.  The upstream east channel has also been channelized for navigational purposes.  However, no new developments involving control structures are envisioned.


The Welland Canal is approximately 26.5 miles long and has 8 locks capable of raising ocean‑going vessels 326 feet from Lake Ontario to Lake Erie.  A more complete description of the canal may be found in 


<Section 2.4.11.6>.  A section of the canal is being straightened between Miles 23.8 and 15 (Mile 23.8 is approximately 4 miles from the Lake Erie end).  The new cross section will have a bottom width of 350 feet compared with 192 feet in the existing channel.  The depth of the new channel will be 30 feet, three feet deeper than the present system it will replace.


For reasons outlined in the <Section 2.4.11.6>, it is considered most unlikely that any developments of the canal will influence the surface elevation of Lake Erie.


2.4.11.5      Plant Requirements


As described in <Section 2.4.11.2>, the probable minimum lake level at Perry is Elevation 565.26 feet (USGS).  With the inverts of the intake ports at an average elevation of 552.65 feet, inflow of sufficient cooling water during this period is assured.  The corresponding water level in the emergency service water pump chamber would be at Elevation 562.09 feet.


During this condition, water for the emergency service water system could also be supplied by the alternate intake system discussed in <Section 2.4.5.4> and <Section 9.2.5>.  The crown and invert elevations of the diffuser nozzle of the discharge structure are 555.8 and 552.8 feet (USGS), respectively.  The available 12.2‑foot submergence over the diffuser nozzle would prevent air entrainment due to the inflow velocity (approximately 15.85 fps through the nozzle).


The minimum water level in the emergency service water pumphouse will occur during the hot standby condition when only the emergency service water systems are operating.  At the probable minimum lake level with coincident wave action, the level in the emergency service water pump chamber for this condition will be Elevation 562.09 feet (USGS).  With the invert of the chamber at Elevation 537.0 feet, the 10‑foot minimum 


depth requirement of the pumps is assured.  These safety‑related pumps meet this cooling water requirement during this extreme low lake level condition.


2.4.11.6      Heat Sink Dependability Requirements


Emergency service water for the PNPP is supplied from Lake Erie.  The emergency service water pumphouse and emergency service water pumps are designed to provide service capacity <Section 9.2.1> under all lake level conditions down to the 563.36 feet IGLD (565.26 feet USGS) level caused by the probable maximum setdown <Section 2.4.11.2> superimposed on the minimum monthly mean lake level.


Lake Erie, as part of the Great Lakes system, is well regulated with only a 1.2‑foot range in the average monthly levels <Figure 2.4‑2>.  Inflow from the Detroit River, connecting Lake Erie to Lake St. Clair and eventually to Lake Huron, is in the order of 178,000 cfs.  Outflow from the Niagara River, connecting Lake Erie with Lake Ontario, is approximately 194,000 cfs.  The difference between inflow and outflow is due to the extra runoff from the portion of the Great Lakes drainage basin occupied by Lake Erie and its environs.


Lake Erie is also connected to Lake Ontario by the Welland Canal.  The mean annual outflow by this route is approximately 8,000 cfs (Reference 1).  Relative to the lake volume and inflow rate, this outflow is of no significance to the level of Lake Erie.


Assuming that a complete catastrophe destroyed all the locks in the canal, sizable outflow through the canal would occur.  To maximize the effect of such a disaster, the hydraulics of the canal were simulated by an uncontrolled weir of 270 feet in length and crest Elevation 538.00 feet IGLD (539.90 feet USGS) at the canal entrance to Lake Erie.  The canal itself has a width of 192 feet, an invert level of 538.00 feet IGLD (539.90 feet USGS) and is 26.5 miles in length with a total head 


loss of 326 feet.  With no inflow to Lake Erie and discharge occurring through the Niagara River and the canal, it would take 350 days for the lake level to drop 5 feet from 573.00 feet IGLD (574.90 feet USGS) to 568.00 feet IGLD (569.90 feet USGS).  Further conservatism in this estimate was gained by using the initial outflow head (the outflow for a lake level of 573.00 feet IGLD) rather than a falling head relationship for both the canal and the river for the whole head increment.


The result of this conservative evaluation shows that a total failure of the Welland Canal lock system will not compromise the safety of the plant.  The likelihood of such a failure is remote due to the redundancy of protective devices and the structural enormity of the system.


Service and makeup water for the power plant will be obtained from Lake Erie approximately 2,600 feet offshore and carried to the plant through a 10‑foot diameter intake tunnel; after passing through the plant, the water will be returned to the lake through a similar discharge tunnel.  Two short tunnels of 10 feet diameter, shown in <Figure 3.8‑65>, intersect the main cooling water tunnels near the shore facilities.  Their only purpose is to draw cooling water for the emergency service water pumphouse, either from the intake or the discharge tunnel.


Normally, as explained in this section and <Section 3.8.4> and <Section 9.2.1>, the intake tunnel supplies water to both the emergency service water pumphouse and the service water pumphouse.  In the unlikely event of a complete blockage of the intake structure or intake tunnel, water for the emergency service system must be drawn from the discharge tunnel.  During this time, the heated effluent from the service water system will be discharged onshore and will flow by gravity down to the lake shoreline.


Discharge will be through the Safety Class 3 standpipe on the downstream side of the heat exchangers, as shown on <Figure 9.2‑1> and discussed in 


<Section 9.2.1>.  The water will discharge outside the auxiliary building onto the ground.  The slopes and elevations are set so that the flow will be away from the plant, across the road and down a graded swale between the cooling towers to the diverted stream <Figure 2.4‑3>.  The water will flow down to the stream and discharge into Lake Erie.  A longitudinal profile through the emergency service water alternate discharge area (minor stream diversion channel) is depicted in <Figure 2.4‑8> and shows the elevations of the flow paths through the stream to the lake.  Flow through all paths for both units will result in a total flow to the stream of approximately 50,000 gpm initially, which will be reduced to 25,000 gpm in a short period of time.  These flow rates represent original plant design (two units).  Since then, Unit 2 has been abandoned.  As a result, the actual total flow exiting the ESW standpipes will be much less.  In addition, the required ESW flow rates for Unit 1 have been analytically decreased to values less than those originally specified (reference <Figure 9.2‑1(3)> for the required ESW system flow rates).


The contours of the site will be set to provide a depressed area east of the auxiliary buildings <Figure 2.4‑3>.  This depressed area will slope away from the plant buildings, over the road and through the swale to the minor stream.  Elevations of the depressed areas will be such that no water exiting the plant under this unlikely event will flow back to the plant.


The main intake structures shown on <Figure 3.8‑65> and <Figure 3.8‑67> consist of two independent intake heads that are each connected to a six foot diameter shaft.  The two vertical shafts convey the water into the 10‑foot diameter intake tunnel shown in <Figure 3.8‑65> and <Figure 3.8‑66>.  The intake heads are circular in plan and are covered with a velocity cap placed at a minimum of 13.3 feet below the low water datum (LWD), as shown in <Figure 3.8‑67>.  Inflow is through vertical openings around the periphery of the intake heads.  The discharge 


structure, shown in <Figure 3.8‑65> and <Figure 3.8‑67>, consists of one 3‑foot diameter diffuser nozzle encased in a 17‑foot diameter protective concrete caisson, the top of which is 12.2 feet below LWD.  The intake and discharge structures are located approximately 2,600 feet and 1,700 feet, respectively, offshore.  Approximately 1,550 feet of horizontal separation exists between the two structures.


Since the size and extent of these offshore structures are based on the entire normal operation cooling water requirements of the plant, it greatly exceeds the requirement for the safety‑related systems.  The likelihood that both the main intake and the alternate intake would be blocked by ice, or a waterborne transportation accident would occur that would affect flow capacity, is extremely remote.  The separation between the normal and alternate intakes and the fact that they are installed at different depths greatly reduces the probability that a single event or accident could affect both intakes.


2.4.12      DISPERSION, DILUTION AND TRAVEL TIMES OF ACCIDENTAL RELEASES OF RADIOACTIVE EFFLUENTS IN LAKE ERIE


Lake Erie is long, narrow and shallow (average depth approximately 60 feet) with a 220 foot deep basin at the eastern end (Reference 38).  The Perry plant is located along the southern shoreline in the Lake Erie central basin.  Currents in the lake are driven by wind and seiche activity.


Seiches are periodic oscillatory lake motions that occur when a wedge of water has developed at one end of a water body and the wind or pressure forces causing the wedge have been removed.  The currents then flow from the region of higher energy across the lake, build another wedge at the opposite end, and reverse to reproduce the original energy difference.  


This harmonic activity continues until damped out by external forces and friction.  Current reversals due to seiche will occur whenever a wind that has piled up water at one end of the system dies down or changes direction (Reference 39).  In Lake Erie, changes in barometric pressure have also been shown to cause significant seiche activity (Reference 40) (Reference 41).


A conservative condition for calculating far‑field dilution factors (discharge concentration/intake concentration) is one in which the effluents are carried from the discharge point directly to a given 


intake before any current reversal can occur.  Current reversals result in elongated transport paths and increased turbulent mixing.  In his studies of Lake Ontario, Csanady (Reference 42) (Reference 43) found also that under certain conditions current reversals will transport effluents from the near‑shore zone, through the medium of mass exchange between coastal zone boundary layers and the rest of the lake.


The maximum period between current reversals was estimated using 5 years of wind persistence data from the Cleveland and Toledo NWS weather stations located near Lake Erie.  The highest observed period of wind persistence in five contiguous wind direction sectors was found to be 200 hours.  Five adjacent sectors represent an arc of 112.5 degrees, and any change in wind direction of this magnitude would be expected to result in current reversals, due both to seiches and wind stress.  This value of 200 hours compares conservatively with the nominal period between reversals of 72 hours cited in <Regulatory Guide 1.113>, and also with a maximum period between current reversals of 85 hours observed at the Perry site during a one year underwater monitoring program (Reference 44).


The value is conservative since barometric seiches, which usually precede or accompany wind seiches (Reference 39) (Reference 31), have not been included in the analysis.  Inclusion of these oscillations would hasten the projected onset of seiche motion.


The dilution factors shown in <Table 2.4‑5> were developed for a shoreline discharge of 25,080 gpm.  This discharge was estimated to occur as a result of earthquake damage to the diffuser tunnel as discussed in <Chapter 15>.  Equation 14 from <Regulatory Guide 1.113> was used to compute minimum dilutions for each potable water intake within 50 miles of the plant, based on distances given in 


<Section 2.4.1.2>.  Because the lowest dilution factors occur for low values of ambient velocity, velocities were taken to be the minimum that would transport effluents to each intake prior to current reversal.  This is;
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U


 =
Ambient velocity used to compute dilution for ith intake, ft/sec.
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 =
Distance to ith intake, miles.
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 =
Maximum time between reversals, 200 hours.


In those cases where the computed value Ui exceeded an average net drift velocity of 0.33 ft/sec (Reference 1) (Reference 38), the average value was used to ensure conservatively low dilution factors.


The effect of using the computed velocity values was particularly significant for those intakes located near the plant.  For the nearest intake, 3.5 miles from the plant, the current velocity was computed to be 0.03 ft/sec.  This resulted in a dilution factor of 7.8.  If the current velocity had been taken to be the average net drift value of 0.33 ft/sec instead, the resulting dilution factor would have been 22.5.


Other required inputs to the model were diffusion coefficients and ambient depth.  The lateral and vertical turbulent diffusion coefficients were taken to be 0.5 and 0.001 ft2/sec, respectively.  These are the most conservative of the values suggested for the Great Lakes by <Regulatory Guide 1.113>.


An examination of potable water intakes within twenty miles of the plant located no intake operating in less than 16 feet of water (Reference 45).  Since the subject discharge was at the shoreline, and it was assumed that the discharge plume centerline passed directly over each intake studied, the average ambient depth for each discharge path was taken to be eight feet.


The dilution values shown in <Table 2.4‑5> are conservative for use in evaluations of dilution from the subsurface diffuser nozzle since no credit has been taken for the initial dilution of the subsurface jet.  Subsurface dilution effects can be considerable, as shown by the work of Koh and Fan (Reference 46) and Jirka et al. (Reference 47).


Low ambient velocities, such as those used in <Table 2.4‑5>, result in conservatively low dilution factors due to decreased mixing.  High ambient velocities, on the other hand, result in conservatively low travel times.  It is therefore recommended that the net drift velocity of 0.33 ft/sec (0.225 mph), which is greater than or equal to all of the velocity values in <Table 2.4‑5>, be used to compute conservative travel times for use with the dilution factors presented in <Table 2.4‑5>.  The travel time associated with a dilution of 7.8 for the IRC Fibers Company intake, for example, would then be 15.6 hours.  This compares with the travel time of 200 hours for which the dilution factor has defined.


2.4.13      GROUNDWATER


2.4.13.1      Description and Onsite Use


Glaciolacustrine deposits and till, ranging in thickness from a few feet to as much as 250 feet, cover most of the surface in northeastern Ohio.  Wells penetrating glacial deposits frequently yield small amounts (generally less than 10 gpm) of water after the water table is penetrated.  Small domestic supplies are available from glaciolacustrine deposits nearly everywhere in the region.


The southward‑dipping bedrock which underlies the glacial deposits in the region is composed mainly of thin‑bedded medium gray shale, with some thin, light gray fine grained sandstone to siltstone layers.  The amount of water which these rocks yield is generally small.  Available data indicates that the maximum water that can be pumped from the shale is generally less than 5 gpm.


Recharge to the glacial deposits and bedrock is primarily by infiltration of precipitation.  Downward infiltration is retarded in large part by the heterogeneous nature and low permeability of the glacial till.  A minor portion of the infiltrating water eventually percolates to the underlying jointed bedrock.  The regional groundwater table is variable and generally shallow, ranging from two to eight feet below the ground surface.  The bases for regional groundwater descriptions were largely from (Reference 38) and other references in <Section 2.4.16>.


Locally, the site is underlaid by about 55 to 60 feet of lacustrine deposits and glacial till resting on a shale bedrock erosional surface that slopes gently toward Lake Erie with an average inclination of about one percent. Lacustrine soil deposits, the main source of groundwater, consist of low permeability interbedded silty and clayey fine sand, clayey silt and silty clay with an average thickness of 28 feet.  The dense glacial till beneath the lacustrine deposits is of very low permeability.  Except along joints and within the thin, weathered and somewhat fractured zone near the bedrock over burden contact, the bedrock is relatively impervious.


Well supplies are inadequate for plant needs.  All water for plant use, except potable water and backup fire service water supplied by the Ohio Water Service Company, will be obtained from Lake Erie.  A sustained well pumping test, performed on the PNPP site to evaluate the effects of the plant underdrain system on the surrounding groundwater regime, yielded only 0.12 gpm.


2.4.13.2      Sources


2.4.13.2.1      Regional and Local Groundwater Conditions


The primary source of potable water for most municipalities in the site area is Lake Erie.  Nearby communities of Perry, Madison‑on‑the‑Lake, Madison, and North Madison are serviced from underground distribution lines.  In large part, the Ohio Water Service Company obtains its water supply from Lake Erie.  Intermixed to a degree are domestic users with private wells.  A distribution line has been added along Center Road to supply the Perry site and residents bordering on Center Road with potable water.  Domestic water users beyond the distribution system rely upon groundwater supplied from wells.


In the vicinity of the Perry site, many residential users obtain their water supplies from shallow wells.  Most of the well supplies are used for drinking and other domestic purposes.  Wells, both drilled and hand dug, generally obtain water from the lacustrine deposits with yields usually less than 5 gpm.  Deeper wells into shale yield relatively minor quantities of water.  Near Lake Erie, wells penetrating shale commonly encounter salty water, sulphurous water or even gas at shallow depths.  An inventory of the users within a two mile radius of the plant site produced 295 water wells.  Locations of the wells are shown in <Figure 2.4‑66>.  A tabulated list of users, groundwater levels, well depths, and yields are given in <Table 2.4‑6>.  The inventory was compiled by abstracting data from drillers’ logs and from interviewing local residents.


A regional groundwater table occurs at the site.  Preconstruction groundwater levels ranged from Elevation 624.0’ to 613.0’.  Very dense, relatively impervious glacial till at a depth of about 25 to 30 feet, acts as a retarding barrier to downward infiltration of precipitation.  Water collecting above the till in the surficial silty and clayey fine sand, clayey silt and silty clay lacustrine materials results in a 


semi‑perched groundwater condition, constituting the main water‑bearing zone.  Permeable materials within the fine‑grained lacustrine deposits are comprised generally of thin layers (a few inches thick) of silty sand.  Water levels in observation wells in the lacustrine deposits rise rapidly during and immediately after periods of precipitation, then drop during dry periods.  The preconstruction piezometric groundwater surface was approximately three to five feet below the ground surface at the plant location.


The principal direction of groundwater movement is from the plant site toward Lake Erie.  Preconstruction groundwater contours in the area of the plant site <Figure 2.4‑67> were developed from measurements of static water levels taken in both the test borings and the domestic water wells within a two mile radius of the plant <Figure 2.4‑66>.  The contours are still representative and indicate a piezometric gradient of approximately 26 ft/mile in a northerly direction toward Lake Erie.


As part of the plant foundation investigation, sealed piezometers were installed in the glacial till deposits and in the underlying bedrock, as described in <Section 2.5.4>.  Little water is found in the glacial till overlying the shale.  Locally, the shale bedrock receives only very small amounts of recharge because the till serves as a barrier to downward movement of water.  Although bedrock surface in the test borings is slightly lower than lake level (Elevation 572.0’ to 556.0’, as compared to Elevation 574.0’), transmission of water from the lake toward the plant site was not evidenced in the borings.  Groundwater in the bedrock, affected by very small gradients, flows generally from the plant area toward the lake.


The groundwater level in the site locality was measured in numerous test borings with an observed gradient of 12 to 26 ft/mile.  The seasonal variation of the groundwater level, mainly attributable to the amount of precipitation, is expected to be about three feet above to three feet below the mean groundwater level.  Groundwater observation wells 


installed at the site in 1975 have shown a maximum seasonal variation of 6.4 feet, peak to trough <Section 2.5.4>.  A long term continuous water level record was obtained from the Ohio Division of Water for a well at Mentor, Ohio, in Lake County.  Although this well is at a considerable distance from the site (approximately 15 miles west), the geologic environs and climatic conditions are quite similar.  Observations by automatic recorder were made from April 1948 to August 1970.  The record indicates that the maximum seasonal change within the 22 year period was five feet, peak to trough, but the average change was approximately three feet.  A total static groundwater decline of approximately two feet was experienced for the 22 year period.


Groundwater migrates toward the natural drainage channels during the wetter periods when the aquifer becomes filled to capacity.  The source of water present in the small stream that passed through the plant site prior to construction was principally from effluent collected from drainage tile in the cultivated fields.  Groundwater seepage from the lacustrine deposits occurs also along the face of the Lake Erie shoreline bluff.


Groundwater recharge in the plant area is mostly from precipitation rather than inflow from adjacent land.  Field permeability tests were performed in the lacustrine materials, the principal water‑bearing zone.  The average measured horizontal permeabilities ranged from 1.2 x 10‑4 to 4.2 x 10‑7 cm/sec with an estimated mean value of approximately 1.0 x 10‑5 cm/sec.  The vertical permeability is estimated to range from 1/5 to 1/50 of the horizontal permeability.  A description of the permeability testing program is provided in <Section 2.5.4>.


Several samples of groundwater obtained from the test borings and from the small stream near the site were analyzed for chemical quality.  The 


groundwater is moderately mineralized and very hard due to calcium bicarbonate.  The water is moderately basic with pH values of 7.6 to 8.1.  Analyses of the water samples are shown in <Table 2.4‑7> and <Table 2.4‑8>.


Owing to the generally low yield of usually less than 5 gpm in wells within lacustrine deposits (the water‑bearing zone) in Perry and Madison Townships, the number of future groundwater users is not expected to increase greatly.  The low permeability (<10‑4 cm/sec) and the limited storage capacity of the aquifer is expected to minimize the amount of groundwater available for the development of new well supplies.


<Section 2.1.3> estimates the projected population increase to the year 2020 as about 160 homes in the zero to one mile radius and about 820 homes in the one to two mile radius.  Past experience in the area has shown that as the home density builds up, the trend has been for water users to elect for the more dependable water service provided by Ohio Water Service Company which obtains most of its water from Lake Erie.  As previously stated, Ohio Water Service Company currently supplies water to the surrounding villages of Perry, Madison‑on‑the‑Lake, Madison, and North Madison.


The effect on groundwater flow direction, gradients, rates, and water levels as a result of future groundwater withdrawals are not expected to be significantly altered or to cause groundwater flow reversal in the area outside the site boundary.


2.4.13.2.2      Effects on Groundwater After Construction


A pressure relief underdrain system is installed <Section 2.4.13.5> beneath the primary plant structures to maintain the groundwater level below Elevation 568.0’ after construction in order to reduce the hydrostatic pressures and to increase the dynamic stability of the structures.  The radius of influence of groundwater drawdown during 


construction has been observed to be less than 500 feet <Section 2.5.4>, a distance well within the project site boundaries.  The radius of influence will not be altered significantly after construction.  Thus, the effects on groundwater during construction and throughout the plant life will not extend beyond the project site.


2.4.13.3      Accident Effects


The groundwater movement in the general area of the plant <Figure 2.4‑66> is to the north toward Lake Erie.  As previously stated, the gradient ranges from 12 to 26 ft/mile.  Additional withdrawals by future users will be significantly limited by the shallow thickness of the aquifer and the low transmissibility.  Local domestic wells outside the exclusion radius are up‑gradient from the plant site and will not be affected by the power plant.  The low permeability of the glaciolacustrine deposits and of the shale bedrock, together with the low groundwater gradients toward the lake, would severely restrict the movement of water which might contain radioactive particles.  Additionally, clay, the main constituent of the soil, has the potential for absorbing radioactive contaminants (Reference 25).


An accidental release of radioactive contamination into the ground at the site is considered to be highly unlikely because of the extensive precautions taken to preclude such an accident.  Postulating an accidental release of radioactive materials occurring at the radwaste building of the PNPP, the pumps installed in the pumping manholes of the pressure relief underdrain system will be manually shut off, allowing groundwater to build up to Elevation 590.0 feet within the underdrain system and discharge via the gravity drains to the emergency service water pumphouse and eventually into Lake Erie.  In addition, radiation monitors located in the gravity discharge manholes, will automatically stop the service and backup underdrain pumps upon detection of high radioactivity <Section 11.5>.  A discussion of postulated radioactive release is included in <Section 15.7>.


Further, assuming an accidental release of radioactive materials was to occur at the radwaste building and was to assume a travel path through the soils, the estimated transit time to the point of discharge into Lake Erie is 25 years if the groundwater was allowed to return to Elevation 620.0’.  The maximum groundwater velocity would likely occur within the lacustrine deposits (upper 25 feet) as the underlying tills are relatively impervious.  Coefficient of permeability K calculated from field testing within lacustrine materials ranged between 1.2 x 10‑4 cm/sec and 4.2 x 10‑7 cm/sec, as discussed in <Section 2.5.4>.


The hydraulic gradient was determined from differences in gravitational groundwater levels between the radwaste building and the future protected bluff slope, and the shortest distance between these points.  Groundwater levels measured in proximity to the radwaste building (Boring 1‑45) averaged about Elevation 620.0’.  Near the edge of the bluff, the static groundwater level range occurs at around Elevation 616.0’.


The Perry site has been graded to approximate Elevation 620.0’.  The small stream between the plant and the bluff has been relocated and the abandoned channel has been filled with compacted soils to Elevation 620.0’.  The maximum difference in groundwater levels expected between the plant and the bluff after completion of the site grading is conservatively estimated at 12 feet; however, the readjusted piezometric slope after grading will likely be much less.  The minimum groundwater transit distance will occur when the 1979 bluff, which is approximately 1,010 feet from the radwaste building, has receded about 200 feet <Figure 2.4‑39>.  On the assumption that 200 feet of recession will actually occur during the life of the PNPP, a conservative distance of 


800 feet has been used for establishing the groundwater gradient.  For 


an added degree of conservatism, a slightly larger coefficient of permeability, 4 x 10‑4 cm/sec, was used in the calculation of transit time.


Method of Calculating Transit Time:
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Effective Porosity n = 0.2



The Darcy velocity or specific discharge V is equal to the negative gradient of Kh when K is constant.  The true average velocity in the pores of the medium is V/n in which n is the porosity of the medium (Reference 43) (Reference 44).



V = K (gradient h)



V = 412 (0.015)



V = 6.2 ft/yr
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Contamination of the groundwater beneath the plant does not present a hazard to public water supplies, as described in <Section 15.7>.


2.4.13.4      Monitoring of Safeguard Requirements


Monitoring and safeguard requirements related to the groundwater fluctuation and hydrostatic uplift pressures under the foundation mats are discussed in <Section 2.4.13.5>.  The preoperational and postoperational radiological groundwater monitoring program is discussed in <Section 11.5>.


2.4.13.5      Design Bases for Subsurface Hydrostatic Loadings


Although the pressure relief underdrain system is utilized to reduce the hydrostatic pressure acting on the building structures, all exterior walls and mats of safety class structures in the nuclear island are designed for hydrostatic head due to water elevation of 618.0’ under static conditions.  See <Section 2.4.13.5.1> and <Section 3.8.5> for discussion of water levels and design conditions.  <Section 2.4.13.5> describes the underdrain system which is designed to prevent full hydrostatic water pressures from exceeding an average elevation of 590.0’.  Groundwater fluctuations beneath the site and a discussion of groundwater conditions during and after construction are described in <Section 2.4.13>.


2.4.13.5.1      Pressure Relief Underdrain System Description


The main objective of the pressure relief underdrain system is to ensure that the groundwater level around the nuclear island does not exceed Elevation 590.0 feet.  Safety‑related structures serviced by the underdrain system are designed to withstand all loading conditions at this maximum level.  In addition, the underdrain system provided 


benefits during construction by dewatering the main plant area 


excavation, and providing covering protection to exposed shale surfaces.  The performance criteria for the system are presented below:



Design groundwater inflow rate
80 gpm



Hypothetical accident water inflow rate
2,000 gpm ‑



(includes the 80 gpm ground water inflow)
maximum



Normal elevation of water table throughout



the area of the nuclear island (using pumped



discharge)
568.5’ ‑ maximum



Accident condition groundwater elevation



throughout the area of the nuclear island



(using gravity discharge)
590.0’ ‑ maximum



Compressive strength of porous concrete
1,000 psi ‑




minimum



Permeability of porous concrete
3 ft/min ‑




minimum


The underdrain system consists of a porous concrete blanket, nominally one foot thick, which underlies all of the structures of the nuclear island.  Between some of the buildings and around the perimeter of the nuclear island, the blanket is increased in thickness to incorporate a one foot diameter, porous concrete pipe.  The pipe carries the collected water to individual pumps located in manholes on the East and West sides of the nuclear island.  The underdrain pumps discharge into the gravity discharge system, and drain to Lake Erie via the emergency service water pumphouse.  A layout and cross section of the system is presented in <Figure 2.4‑68>, <Figure 2.4‑69>, and <Figure 2.4‑70>.  A flow diagram 


of the underdrain system is presented in <Figure 2.4‑71>.  The pumping and discharge portions of the system incorporate a number of redundant features.


This system includes two discharge systems (pumping and gravity drain). In the pumped discharge system, the design groundwater inflow of 80 gpm flows by gravity through the porous concrete blanket and pipes to collection manholes containing the service underdrain pumps.


Three service underdrain pumps are set to maintain a water surface elevation between 566.0’ and 568.0’.  If for some reason the pumps fail to start or cannot keep up with the rising water level, then, when the level reaches 568.5’, a high water level alarm will sound in the control room and a backup pump in manhole #6 will automatically start, providing an additional 50 gpm nominal of capacity to the pumping discharge system.  If desired, another backup pump (located in manhole #11) can be manually started, but it will also require the installation of a discharge hose.  The hose will need to be connected to the discharge of the pump in manhole #11 and temporarily routed to the gravity drain outflow pipe in manhole #10 <Figure 2.4‑71>.  The temporary hose will prevent recycling of the water flow from manhole #10 back to manhole #11 via the one foot diameter porous concrete piping that connects these two manholes.

Although unlikely, should all of the underdrain service pumps and the backup pumps fail, the groundwater level would rise until it reaches the gravity discharge system which is provided to ensure that the groundwater level around the nuclear island never exceeds Elevation 590.0’.  The gravity discharge system is designed to provide a redundant periphery discharge which incorporates a gravity outfall, having no active components, to handle a 15,000 gpm flow entering the underdrain system on either side of the plant.  The design basis for the plant underdrain system is described in <Section 2.4.13.5>.


a.
Porous Concrete Blanket



A 12‑inch thickness of porous concrete was selected as the drainage medium under the plant buildings to help dissipate any pressure increase under the foundations by providing hydraulic continuity.  The porous concrete blanket is classified as Seismic Category I, Safety Class 3.



The following design mix for the porous concrete was determined on the basis of a mix suitability program conducted by U.S. Testing Laboratories, at the site, under the direction of Gilbert Associates, Inc.:




Water/Cement Ratio:
0.35 by weight




Aggregate/Cement Ratio:
5.0 by weight




Aggregate Size:
No. 4 to 3/8 in.





  (pea gravel)



A method of placement tests, using test slabs measuring 4 feet by 4 feet by 1 foot, indicated that concrete placed by free fall with screeding and no compaction yields:




Vertical and horizontal cored




  cylinder average strength
1,487 psi at 28 days




Vertical and horizontal cored
4.27 ft/min at H =




cylinder average permeability
4 in.



Chemical analysis of the groundwater is shown on <Table 2.4‑7>.   <Table 2.4‑8> provides additional data acquired during pumping tests in February 1975.  From the relatively low concentration (340 to 1,016 ppm) of dissolved solids, particularly the percentage of sulfates (SO4) (42 to 186 ppm), it is not anticipated that there will be any significant chemical effects on the porous concrete or the components of the groundwater pumping system.  As an additional 



precaution, Type II cement which is moderately sulfate resistant, was used.  The pH range of 7.6‑8.1 indicates minimal corrosion effects.  The long term performance of the porous concrete underdrain system is discussed in more detail under <Section 2.4.13.5.5>.



Caissons under the north end of the service building and under the fuel handling building have been drilled and or blocked‑out through the porous concrete blanket into the shale.  Because the caissons are approximately four feet in diameter and spaced on approximate 12 to 25 foot centers, any local disturbance to the porous concrete at the outside edges of the caissons and the loss of porous concrete drainage area occupied by the caissons is minimal, thus ensuring hydraulic continuity within the porous concrete blanket.  The 12‑inch porous concrete pipe in these areas is located between caisson rows to eliminate the possibility of being disturbed during caisson construction.


b.
Class A Fill



Class A fill was placed above and beside the porous concrete wherever it would otherwise come in contact with the natural soil or Class B fill.  The Class A fill is designed and utilized to act as a filter blanket to protect the porous concrete from infiltration of fine particles present in the Class B fill and/or existing subsoils.  It is also designed to serve as a drainage medium.  Class A fill has been placed over the perimeter areas of the porous concrete blanket to an elevation above the upper till to provide a passage for the groundwater flow to the underdrain system <Figure 2.4‑70> and <Figure 2.4‑72>.  Also, a minimum of two feet of Class A fill has been placed against the outside building walls to act as a wall drain.



Both laboratory and field tests of the permeability of the Class A fill were conducted, giving the following results:




Average Value
 Lowest Value



Laboratory test
0.0165 cm/sec
0.00216 cm/sec



Field test
0.0366 cm/sec
0.00945 cm/sec



The capability of the two‑foot wall drain using the lowest measured permeability of 0.00216 cm/sec is 0.064 gpm/ft of width.  The design basis inflow from groundwater is 0.02 gpm/ft and field observations show it to be much less.  Thus, the wall drain has over three times the required capacity.



To further ensure Class A drainage capabilities and long term efficiencies, the following provisions are provided and shown in <Figure 2.4‑72> and described below:



1.
Below the contact of the lacustrine and upper till strata, the entire backfill zone above the porous concrete was filled with Class A fill.



2.
Above the lacustrine/upper till contact, a minimum two‑foot wide vertical Class A fill zone was placed along the building structure walls up to three feet below finished plant grade.



3.
To monitor the effectiveness of the Class A fill drainage provisions throughout the life of the plant, piezometers were installed in the Class B backfill zone, approximately 15 feet from the main plant structures, one at each of the four sides of the plant, and were placed three feet above the Class A fill.



4.
Special provisions were included in the construction drawings and specifications, including strict quality control, to ensure the integrity of the Class A fill drainage provisions.  In particular, care was exercised to see that the two‑foot wide Class A fill zones along the structure walls and lacustrine slopes adhered to the minimum requirements and were not contaminated with other materials.  The pertinent permeability properties of the Class A fill materials placed were tested and documented during construction.



5.
A minimum three foot wide filter zone of Class B fill was placed between the Class A fill and the in situ lacustrine soil/upper till interface zone on the bench at the excavation slope.  The Class B fill in this zone was required to have no more than 85 percent passing the No. 200 sieve.



6.
Where pipelines penetrated the Class A fill, they were completely enveloped with relatively impervious Class B fill at two locations (per pipeline) to produce an effective water stop.  In the case of the P‑45 pipes entering the Class A fill west of the buried diesel generator fuel oil storage tanks, a cement‑bentonite slurry wall (with sheet piling) of two foot minimum width was installed parallel to the pipes in the Class A fill to produce an effective water stop between the pipes and the Class A fill around the tanks.


c.
Porous Concrete Pipe



The 12‑inch (inside diameter) porous concrete pipe conforms to ASTM C 654‑73.  The aggregate used to manufacture the pipe is similar in size to that used in the porous concrete blanket to provide uniform voids.  The layout of the pipe is shown on <Figure 2.4‑68>.



The pipe is located at the base of the excavation around the perimeter of the nuclear island, and beneath some of the other buildings.  A 4.5‑foot thick layer of porous concrete surrounds the pipe providing adequate strength to protect against static and dynamic loads.  Crushing of the encased pipes is highly unlikely.  However, assuming crushing does occur, the porous concrete pipe aggregate size (pea gravel) is large enough to prevent groundwater seepage from moving this aggregate into the manholes or from plugging the pipe.



The system operation, however, is not dependent on the integrity or freedom from obstruction of the porous concrete pipes.  Water can flow around any obstruction in the pipes and can also enter the manholes through holes in the manhole walls formed by the pipes.  Twenty 4‑inch diameter weepholes constructed in the base of the manhole walls also provide drainage.


d.
Manholes



The same design is used for the manholes of both the underdrain and the gravity discharge system.



Manholes are spaced at intervals around the perimeter of the porous concrete underdrain.  Some of the manholes serve as pump sumps and others for inspection purposes <Figure 2.4‑68>.



Manholes for inspection and service of underdrain pumps are designed as Seismic Category I structures, as shown in <Figure 2.4‑70>.  Manholes for the backup underdrain pumps are also designed as Seismic Category I structures.  All manholes of the underdrain system are part of the Seismic Category I gravity discharge system <Figure 2.4‑69>.  All manholes 



are designed with gasketed watertight covers, normally locked or bolted in a closed position.  Safety ladders are provided in each manhole for access to the drainage pipe.



During the life of the plant, the functioning of the porous concrete underdrain system will be inspected and monitored periodically, and necessary maintenance will be performed.  Inspection adits are provided to periodically examine the condition of the in situ shale; these adits are in the bottom of four inspection manholes (2, 4, 8, 14).



A total of 26 reinforced concrete Seismic Category I manholes are used in the system, as shown in <Figure 2.4‑69>, 13 of which are part of the porous concrete underdrain system.  Manholes are located at each major change in direction (greater than 45 degrees) of the gravity discharge pipe.


e.
Pumping System



Two pumping systems are designed into the underdrain system; service underdrain pumps and backup pumps.



Service underdrain pumps have a 50 gpm nominal capacity with integral level switches set to automatically start the pumps at Elevation 568.0’ and stop the pumps at Elevation 566.0’.



Each service underdrain pump discharges into the gravity discharge system piping.  This piping then discharges into one of two gravity discharge system manholes at the north end of the Unit 1 heater bay.



The backup pumping system consists of two backup underdrain pumps, each a 50 gpm nominal capacity sump pump, mounted in separate manholes.  An alarm will sound in the control room if the water reaches Elevation 568.5’.  The backup pump in manhole #6 will also automatically start if the groundwater level reaches Elevation 568.5’.  Another backup pump (located in manhole #11) can be manually started, but it will require the installation of a discharge hose that is temporarily routed to the gravity drain outflow pipe in manhole #10 <Figure 2.4‑71>.  The temporary hose will prevent recycling of the water flow from manhole #10 back to manhole #11 via the one foot diameter porous concrete piping that connects these two manholes.


The discharge from the backup pumps is also routed to the manholes located in the gravity discharge system just north of the Unit 1 heater bay <Figure 2.4‑68>.  The discharge flow from the two manholes at the north end of the Unit 1 heater bay is by gravity to the emergency service water pumphouse.



The discharge lines from all underdrain pumps are configured so that backflow from the gravity discharge system cannot occur.  All active electrical components are qualified to operate in the presence of volatile air/fuel mixtures, including methane.


f.
Gravity Drain System



A Seismic Category I gravity discharge system is placed around the perimeter of the Perry Nuclear Power Plant, as shown on <Figure 2.4‑69>.



This system is designed to act as a nonmechanical backup system if the inflow rates through the underdrain system are in excess of the pumping capability (such as for a yard circulating water pipe break), or if the service or backup pumps fail to operate.



The high points of the gravity discharge system are located in two manholes near the south wall of the Unit 2 turbine room where the discharge pipe is set at an invert elevation of 588.0’.  Each of the 36‑inch diameter pipes routed around the southeast and southwest sides of the plant are designed to handle a nominal 12,000 gpm flow.



The pipe is placed on a 0.005 ft/ft slope around the plant perimeter at an approximate mean invert elevation of 585.0’, which is about 20 ft above the porous concrete underdrain system, but below the normal groundwater elevation of 618.0’.  The pipe increases in size as it slopes in a northern direction until it reaches its maximum diameter of 48 inches at the north end of the plant.  These pipes are large enough to handle a total 15,000 gpm flow from the east or west sides of the plant.



The 15,000 gpm flow capacity includes an allowance for a sludge buildup of 18” in the 48” gravity drain lines between manhole number 20 and the emergency service water pumphouse and/or manhole number 23 and the emergency service water pumphouse, as noted on <Figure 2.4‑71>.  The gravity drain system need only have a capacity sufficient to maintain groundwater elevation below Elevation 590.0’ in order to perform its safety related function.  This is accomplished with a gravity drain flow rate of greater than or equal to 1929 gpm which is equal to the maximum calculated inflow to the system following a design basis yard break in the circulating water pipe.  Therefore, the gravity drain system has a large operating margin, since there is no postulated event which would cause the inflow to the system to exceed 2,000 gpm.



The peripheral piping of the gravity discharge system is a closed loop, with two discharge points at an approximate invert elevation of 580.7’ located in manholes beyond the NE and NW corners of the Unit 1 heater bay.



From each of these interconnected manholes, the water would flow by gravity through two pipes to the emergency service water pumphouse at a slope of 0.005 ft/ft.  The water would free fall into the pumping pool at a pipe invert elevation of 579.0’ which is four feet above high mean lake level.  The purpose of the dual discharge lines is to provide redundancy. The complete system is designed as a Seismic Category I system.



The top of the gravity discharge pipes entering the emergency service water pumphouse is at Elevation 583.0’ which is high enough above maximum lake setup conditions to permit gravity discharge from the underdrain system under the design groundwater flow condition.



Because the system is designed to flow at velocities slightly above critical, hydraulic jumps may occur at junctions and bends in the pipeline.  These jumps, if formed, will never exceed a height of eight inches.  Although technically a hydraulic jump, it will take the form of a small undular wave, and will not impair the ability of the pipe to carry the design flow.



The drain pipe material is carbon steel pipe, coated and wrapped, conforming to ASME SA‑106, Grade B, similar to the emergency service water piping discussed in more detail in <Section 9.2.1.2>.  The next commercially available pipe wall thickness above the calculated thickness was chosen to allow for any corrosion.



The pipe selected is designed to withstand dynamic loads obtained from the analysis specified in <Section 3.7.3> in combination with static soil pressures.


2.4.13.5.2      System Design Basis


The underdrain and gravity discharge system is designed to prevent the buildup of hydrostatic pressures under the building foundations from exceeding a condition equivalent to a static water surface elevation of 590.0’.  To accomplish this, the system is designed to handle a flow of 15,000 gpm.


The underdrain system was originally designed to handle a much larger volume of water than exists for the present design.  The original design provided for discharging a maximum inflow rate of 30,000 gpm through the gravity discharge system, keeping the level of water stored in the underdrain system below the static water surface elevation of 590.0’.  The stated inflow rate was calculated for the postulated rupture of the circulating water pipes in both Units 1 and 2 turbine buildings with subsequent failure of both turbine building floors.  Under the present design, the complete volume of water which must be handled for a rupture of the circulating water pipes in the Unit 1 turbine building can be stored within the buildings and underdrain system below the static water surface elevation of 590.0’ <Table 2.4‑9> and <Table 2.4‑10>.  Some water could enter the gravity discharge system, but the discharge system would no longer be important in keeping the static water surface levels below Elevation 590.0’.


The design basis accidents (DBA) assumed for the underdrain system are (1) a yard break in the circulating water pipe outside the plant near the steam tunnels and auxiliary buildings, or (2) failed expansion joints occurring inside the turbine building via flow through a fracture in the building base mat.


The volume of water, which could potentially flood the turbine building complex and underdrain system, is presented in <Table 2.4‑9>.


The service water (cooling tower make‑up) inflow is added via the service water pumps <Section 10.4.5>.  The water from the service water make‑up would be shut off by the use of safety class valves activated by a signal from water level indicators in the turbine building.  Based on the DBA scenario with four expansion joints failing, approximately 80 seconds would elapse from expansion joint failure until the signal is activated.  Allowing additional time for operation of the valves, approximately 84,000 gallons at 56,000 gpm would enter the cooling tower basin and eventually the turbine building.


The free storage volumes, and their respective elevations, available within the buildings and the underdrain system are listed in <Table 2.4‑10>.  They were calculated from detailed plant layout and as‑built drawings.


To provide the maximum amount of free storage within the turbine building complex, a number of the turbine building penetrations are designed to allow flooding of the adjacent heater bay and condensate demineralizer buildings.  The offgas building would not be flooded.  For the worst case analysis, the turbine building floors are assumed to fracture, filling the underdrain system.


At Elevation 590.0’, as shown in <Table 2.4‑10>, the available free storage volumes within the buildings and underdrain system exceeds the volume of water which can fill it <Table 2.4‑9> and thus the water level would remain below the static water surface elevation of 590.0’.


A discussion of the design basis accident involving a postulated expansion joint failure without the turbine building mat fracture and a yard break of the circulating water piping outside of the plant buildings is included in <Section 10.4.5>.


Emergency pumps are provided to remove water from the turbine building area.  These pumps would only be used to hasten the removal of water from the building complex and are not essential to the DBA analysis.


A yard break of the circulating water piping outside of the plant buildings would have the greatest impact if it occurred directly above the Class A fill adjacent to the steam tunnel and auxiliary buildings.  Based on the analysis of seismic stresses in the 12 foot diameter reinforced fiber‑glass pipe, failure during the SSE is not predicted.  However, if a rupture is assumed to occur it would most likely be a tensile failure in one of the straight runs, which would result in a momentary helical or circumferential gap of 1.2 inches.


The jet of water escaping from the pipe could conceivably cause a significant amount of scour.  In order to determine reasonable limits of scour, a helical or circumferential break as described above was assumed to occur.  The velocity of the resulting jet of escaping water was then analyzed to find at what distance the velocity would be too low to scour the surrounding bedding materials.  The analysis assumed a round jet with a diameter equal to the gap in the pipe.


The jet velocity at the break was calculated to be 50 fps.  At a distance of eleven feet from the pipe, the calculated centerline velocity was reduced to less than 3 fps.  Velocities this low are generally regarded as nonscouring velocities in the design of earth drainage ditches in all but the finest grained materials (Reference 48).  It was assumed that the scour hole created by the jet would extend twelve feet from the circumference of the pipe.  The actual distance would be less than this because the jet velocity at this distance was shown to be low, and also because the analysis does not take into account the effect of water instead of air surrounding the jet and the effect of armouring.  Armouring is the process which occurs in natural streams where the smaller particles are eroded leaving the larger particles which form a protective blanket over the stream bed.


The scour caused by the break is of concern because the removal of bedding material around the pipe would shorten the flow path for seepage into the underdrain, thereby increasing the potential inflow rate.  The inflow rate was analyzed using a groundwater seepage analysis.  The inflow calculation utilized the full hydrostatic pressure difference of 620‑572 = 48 feet across the Class A fill material between the scour hole and the top of the porous concrete layer.


Assuming a yard break of the circulating water piping outside of the plant buildings, the inflow rate to the underdrain system was conservatively calculated to be approximately 4.3 cfs.  Water level within the underdrain system may rise to the level of this gravity discharge system even with the underdrain system pumps operating, depending on the actual inflow rate.  At the calculated maximum inflow rate of 4.5 cfs the inflow rate will exceed the capacity of the underdrain system pumps.


The resulting hydrostatic pressures beneath the building foundations would be equal to or lower than the design basis static water elevation of 590.0’.


2.4.13.5.3      Monitoring Program


a.
Groundwater Inflow



During construction, groundwater inflow to the plant excavation was monitored at intervals for a period of at least 1 year in order to verify the degree of conservatism of the calculated inflow.  It was estimated that, during this time, the groundwater inflow would be on the order of 4 gpm (Reference 59).  During preoperational testing, groundwater inflow to the plant underdrain system was measured at 11.7 gpm.


b.
Water Table



To monitor the groundwater table outside the nuclear island and within the site boundary, four arrays of piezometers were installed during construction in each of the four compass directions up to a maximum distance of 1,000 feet.  The locations of the piezometers were chosen so that the groundwater drawdown profiles during construction and throughout the plant life could be established and are shown on <Figure 2.5‑186>.  Four piezometers are installed in the backfill zone shown on <Figure 2.4‑72>.  The types of piezometers are open standpipe type or porous tube type (Casagrande type).  A brief description of the piezometers can be found in Foundation Instrumentation by T. H. Hanna (Reference 49).



The groundwater monitoring was conducted on a more frequent basis initially, so that the seasonal fluctuation could be established.  After that, the groundwater level was measured on a regular basis.  Regular monitoring will continue during the life of the plant.



The seasonal fluctuations in groundwater level were minimal.  As expected, a slight drop in groundwater level occurred but did not exceed more than 3 to 5 feet in proximity to the excavation and did not represent a significant change from preconstruction groundwater levels.


c.
Methane Gas



The presence of methane gas was monitored by portable detection equipment at regular intervals during the plant excavation, beyond an approximate depth of 30 feet from existing grade.  Procedures will require that all manholes and the gravity drainage pipe be monitored prior to entry by personnel and be ventilated by portable equipment, if necessary <Section 2.5.4>.


d.
Hydrostatic Pressure Under Foundation Mats



To measure the hydrostatic uplift pressure acting under the safety class buildings, piezometers have been installed through each of the building mats of the auxiliary buildings, control complex, intermediate building, and radwaste building.  The pressure monitoring piezometers are open standpipe type.  The bases for selecting these devices are primarily because of their long term reliability and  (Reference 49).  Details of the piezometer installations are shown in <Figure 2.4‑76>.



Piezometer measurements will be taken at the following frequencies to monitor system operation:



Quarterly basis  ‑
Fuel load to 5 years after Commercial Operation Unit No. 1.



Semiannual basis ‑
5 years after Commercial Operation Unit 1 to decommissioning of Plant (Units 1 and 2).


e.
Radioactivity



The possibility of release of radioactive material from plant buildings to the pressure relief underdrain system has been considered.  Postulated mechanisms include:  (1) the transport of radioactive liquid from sumps to the underdrain system by leakage through small cracks in the sump liners and floors; (2) the onset of a seismic event resulting in the simultaneous failure of one Seismic Category I radioactive waste tank and cracking of a Seismic Category I safety class building, resulting in release of radioactive material to the underdrain system.  It is considered highly improbable for significant cracks to develop in a Seismic Category I building and Seismic Category I radioactive waste tank.



In order to continuously monitor and detect significant amounts of radioactive concentrations discharging from the underdrain system, as a result of the postulated event, radiation monitors are located inside each of the two gravity discharge system manholes at the north end of the Unit 1 heater bay, at locations where the underdrain pump effluent travels through the gravity drain system.   Details of the radiation monitor are discussed in <Section 11.5>.



The offsite effects of a hypothetical release, due to a seismic event, of radioactive liquids to the environs is described in <Section 15.7>.


2.4.13.5.4      Maintenance and Testing


Normal routine maintenance will be performed on the mechanical and electrical portions of the system.  The manholes and gravity discharge pipes will be inspected annually to insure that all parts of the system, including the porous piping, are in operating condition.  Any blockage in the porous concrete periphery drain pipes will be cleared by mechanical or other suitable means.  The following periodic tests will be performed to ensure continuous satisfactory performance of the system.


a.
Continuity Test



This test will be performed semiannually for the first five years of operation and annually thereafter.  The objective of the test is to verify that water will build up and draw down at the monitoring points, to establish that the underdrain system can reduce the hydrostatic pressure on building foundations to the desired level.


b.
Groundwater Inflow Test



This test will be performed semiannually in the spring and fall.  The objective of the test is to verify that the total inflow of groundwater into the porous concrete underdrain system does not exceed a rate of 80 gpm.


The test program for the permanent pumped discharge system is discussed in <Chapter 14>.


2.4.13.5.5      Safety Evaluation


During the design and licensing process, numerous studies were performed to evaluate the performance of the underdrain system.  The studies which follow are listed below for easy reference:



a.
Groundwater recovery.



b.
Permeability tests of porous concrete.



c.
Long term performance of the porous concrete underdrain system.




1.
Tornados.




2.
Earthquakes.




3.
PMP (Probable Maximum Precipitation).




4.
Clogging potential.




5.
Potential flooding.




6.
Biological effects on porous concrete.




7.
Physicochemical weathering of the Chagrin shale and lower till underlying the site.



d.
Potential of the underdrain system to drain water from Lake Erie or along plant piping systems.



e.
Infiltration due to rainfall, surface spills or lawn sprinkling.



f.
Seepage increase due to excavation.



g.
Pressure distribution within the porous concrete blanket under design flow conditions.



h.
Evaluation of the probability of and the hydraulic consequences of an accidental clogging of the underdrain system.



i.
Evaluation of the effect of non‑Seismic Category I structures on the performance of the permanent dewatering system.


a.
Groundwater Recovery



The groundwater recovery is calculated on the assumption that no pump is working and there is no other inflow but groundwater.  An initial conservative inflow was estimated to be a maximum of 0.02 gpm per lineal foot of excavation.  With the perimeter of excavation roughly equal to 4,000 feet, the total inflow at the plant would be a maximum of 80 gpm (design basis) under steady‑state conditions.  During construction, however, seepage into the excavation was estimated to be on the order of 4 gpm <Section 2.5.4>.



The total volume of the backfill around the plant island is conservatively calculated to be 11,340,000 cu ft.  This backfill consists of porous concrete, Class A fill of coarse sand and gravel, and Class B fill of excavated lower till.  <Figure 2.4‑72> is a typical section of the backfill configuration.  The porous concrete has an average porosity of 0.338 based on laboratory test results, while the porosity of the Class A and Class B fill are calculated to be about 0.25 and 0.32, respectively.  The porosity is expressed by
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Assuming that the backfill zone possesses some moisture, the average porosity of 0.15 is available to become saturated.  Therefore, in order for the groundwater level to recover to design basis flood Elevation 618.0’, a total volume of voids of 1,700,000 cu ft must be filled with groundwater seepage.  With the groundwater inflow at the design rate of 80 gpm, the time required is 110 days.  <Figure 2.4‑73> shows the groundwater recovery as a function of time.



The transient effect on the reduction of inflow rate due to the groundwater recovery has not been taken into consideration.  If this effect is considered, the predicted recovery time will be longer than 110 days.


b.
Permeability Tests of Porous Concrete



Permeability tests on porous concrete cylinders were performed in accordance with a modified version ASTM D 2434, “Constant Head Permeability Test for Granular Soils,” to determine the coefficient of permeability of the porous concrete.  This method of determination of the permeability is utilized for clean, coarse 



grain soils.  This test was deemed applicable because porous concrete could be characterized as a granular material.



A special permeameter for the determination of the coefficient of permeability of concrete test cylinders and test cores was designed and fabricated by U.S. Testing Laboratories, Inc. of Cleveland, Ohio.  The basic design features of the primary permeability test apparatus is illustrated graphically in <Figure 2.4‑74>.



The permeability tests of horizontal and vertical cored porous concrete cylinders obtained from the free fall test slab were also performed under this procedure (ASTM D 2434).  The test results are shown in <Table 2.4‑13>.



To examine the gravitational effect on the permeability tests which followed the normal procedures outlined in ASTM D 2434, reverse‑flow permeability tests were performed on porous concrete cylinders cored from the same free fall test slab.  The hydraulic grade line at the bottom of the test cylinder was maintained at a higher elevation than the water level at the top of the cylinder during the test so that water was forced to flow through the porous concrete specimen from the bottom to the collecting plexiglass tube.  By performing the reverse‑flow permeability test, not only could the gravitational effect be eliminated, but also the saturation of the cylinder could be assured.  A schematic figure of the testing setup and flow path is shown in <Figure 2.4‑75>.  Three of these tests were performed on each of the cored cylinders (a horizontal core and a vertical core).  The test results are shown in <Table 2.4‑13>.  Based on these results, the minimum design permeability of 3 ft/min can readily be achieved.


c.
Long Term Performance of the Porous Concrete Underdrain System



The long term performance of the porous concrete pressure relief underdrain system is evaluated as follows:



1.
Tornados




Tornados will not affect the operation of the underdrain system because it is underground.  However, the manhole covers are exposed but are not considered missile proof because a missile entering the top of a manhole would not totally obstruct the flow of water in the manhole.



2.
Earthquakes




The system is a Seismic Category I system.  The seismic design and analysis for the gravity discharge pipe is discussed in <Section 2.4.13.5.1>.  The seismic design and analysis for manholes is discussed in <Section 3.8.4>.



3.
PMP (Probable Maximum Precipitation)




The effect of PMP on the underdrain system is negligible.  Around the nuclear island buildings, the ground surface will be paved with asphalt or backfilled with relatively impervious Class B fill of excavated lower till soils.  The rate of infiltration through the Class B fill is calculated to be less than 3 gpm and the effect on the underdrain system is insignificant.



4.
Clogging Potential




A potential for blockage within the porous concrete drainage blanket would exist if the intrusion of a significant amount of fines into the blanket during the life of the plant could be postulated.  A potential source of such fines is the weathering products of the shale subgrade.  Consideration of this phenomena has been given in the design and construction of the subdrainage system and safeguards have been incorporated as described below.




(a)
Construction Considerations





To preclude the presence of subgrade materials which have the potential to intrude the porous concrete, special subgrade preparations were incorporated during construction.  These preparations included the following procedures:





(1)
Construction dewatering was utilized to control deposition of sediment on the subgrade.





(2)
All decomposed, excessively fractured, broken and friable or otherwise unsuitable shale was removed to expose the intact, essentially unaltered shale bearing surface.





(3)
Immediately prior to placing the protective porous concrete mat, the shale surface was scaled and cleaned to remove remaining loosened or slaked materials.





(4)
The shale surface was carefully examined and a detailed geologic map prepared.  Any open fissures in the shale surface were sealed by slush grouting.





(5)
Excavations to or into the Chagrin shale were made with a minimal disturbance of the in situ shale; i.e., blasting was minimized or avoided to the extent practicable.  Exposed fresh shale was stripped, cleaned, inspected and mapped.  All degraded and weathered material was removed.  Joints and fractures were flushed of weathered and degraded materials.  Measures taken to seal and grout the source of the seeps were not necessary because none were detected.  All groutable fractures and joints were sealed by slush grouting.





(6)
The structural performance of the porous concrete over the plant life is related to its strength and durability.  See <Section 3.8.5> for a further discussion of porous concrete strength.  The durability of the proposed mix has been considered in three parts:







(
Temperature:  freeze‑thaw cycles will not occur due to the relatively constant, above freezing temperatures which exist at the porous concrete system elevation (approximately 55 feet below plant grade).







(
Sulfate Attack:  the sulfate content of the water is low.  Type II cement, which is moderately sulfate resistant, was used to minimize concern.  The groundwater sulfate content ranges from 42 to 186 ppm 








<Table 2.4‑7> and <Table 2.4‑8>.  Type II cement effectively resists sulfate concentrations from 150 to 1,000 ppm.







(
The pH value of the groundwater is 7.6 to 8.1, which eliminates concern for acid attack <Table 2.4‑7> and <Table 2.4‑8>.




(b)
Design Considerations





To prevent intrusion of fines from the natural subsoils or from the Class B backfill, the free draining Class A fill is designed to serve as a filter zone as well as a drainage medium.  The gradation requirement is as follows:






U.S. Standard



Percent Passing






  Sieve Size 



 by Dry Weight 






2”





100







3/4”





85‑100







No. 4




60‑100







No. 10




43‑80







No. 40




16‑45







No. 200




 0‑5





In addition, the uniformity coefficient (D60/D10) was specified to be not less than 4 nor greater than 20 and the minimum permeability coefficient is 2 x 10‑4 cm/sec.





Within the excavation limits outside of the foundation mats, where the vast majority of groundwater inflow enters the underdrain system, Class A fill is placed over the porous concrete to an elevation above the upper till.  This will prevent the migration into the subdrainage system of fine materials from either Class B fill or upper soil layers.  Therefore, the porous concrete 





blanket will always be separated from natural subsoils or Class B backfill by Class A fill.  The filtering characteristics of Class A fill (filter) satisfy the requirements for filters stated by Taylor (Reference 50).
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NOTE:
D15 and D85 are the particle sizes from grain size distribution curves at 15 percent and 85 percent finer by weight, respectively.





The aggregate used in making the porous concrete ranges in size from 3/8” to No. 4 (pea gravel size).  The pores in the porous concrete are smaller than D85 of Class A fill.  The criterion
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will prevent any migration of Class A material from entering the porous concrete drainage blanket.




(c)
Potential Clogging Due To Shale Alteration





Development of subgrade fines by weathering of the shale during the 40‑year life of the plant has been considered not to be a credible probability as discussed in the following paragraphs.





The principal clay mineral of Chagrin shale is illite; quartz is the second most abundant as demonstrated by the test results discussed in <Section 2.5.4>.  These minerals in the prevailing and anticipated environment are not subject to rapid weathering through the mechanism 





of interlayer collapse as would be brought about by an ion exchange reaction where interlayer K+ ions are exchanged with Mg2+ ions, altering illite to montmorillonite.





When clay minerals such as illite are formed as a result of alteration of non‑clay minerals (as is the case for the Chagrin shale), the mineral is stable in the prevailing environment (Reference 51).  The pH of the groundwater has a strong influence on the ion exchange susceptibility in a given environment if the pH changes to below 5 and above 10.  This may cause the ion exchangers to become soluble and induce clay structure changes.  As shown in <Table 2.4‑7> and <Table 2.4‑8>, the pH of representative water samples taken from the Perry site ranges from 7.6 to 8.1.  There is no reason to anticipate a significant change in the groundwater pH during the plant life.





Illite is stable in an aqueous environment where the ratio of the potassium ion to the hydrogen ion is high (Reference 52).  Such a high ratio would be expected in the Chagrin shale.  Clay minerals once formed do not change in chemical composition readily since clay mineral transformation is a slow process; 103 years is considered rapid whereas typical rates are 105 to 106 years.





Oxidation of minerals also causes weathering, and iron is the element most commonly oxidized in a weathering environment.  The oxygen dissolved in groundwater is the oxidizing agent.  The iron as Fe2+ in minerals is converted to Fe3+ which disrupts the electrostatic neutrality of the mineral crystals causing collapse or additional weathering.





Since chemical analysis of Chagrin shale by Lamborn, et al. (Reference 52) indicate iron oxides comprise less than ten percent of the shale composition, oxidation of iron as a weathering process in Chagrin shale is not considered to be a significant consideration.





In summary, clogging due to alteration of the fresh Chagrin shale, on which the porous concrete drainage mat was placed, is not expected to occur during the life of the plant.



5.
Potential Flooding




Potential flooding of the underdrain system, caused by a highly improbable event such as an SSE, has been considered <Section 2.4.13.5.2>.



6.
Biological Effects on Porous Concrete




Biological organisms of the types that are likely to occur in the porous concrete underdrain system can be classified as aerobic, anaerobic or chemolithotropic depending on their need for oxygen or nutrients.  Other conditions that must be satisfied in order to permit growth include adaptable pH and temperature environments.




The biological water quality data have been obtained from a test well at the site of the PNPP, approximately 400 feet from the plant.  The well penetrates all strata into and including the bedrock and, therefore, represents the groundwater makeup that has been entering the porous concrete.  The analysis was performed by Herron Testing Laboratories, Inc., Cleveland, Ohio, and is listed in <Table 2.4‑11>.




Upon examination of the biological and physical/chemical characteristics of the water, as shown in <Table 2.4‑7> and <Table 2.4‑8> and the data above, it is considered highly unlikely that a significant number of organisms could develop under such conditions unless additional supplies of oxygen and nutrients were made available from either an air/water interface or a pollution source.  The porous concrete under the safety class buildings will be maintained in a fully saturated condition at all times by the level control switches in the pumping manholes.  Of the limited number (3) of chemolithotrophic nuisance organisms known to be able to exist in the type of environment considered, two could not tolerate the alkaline pH conditions and the other requires more Ferric iron than is presently known to exist.  In addition, the supply and balance of nutrients are such that maintenance of any viable culture of filamentous or nuisance micro‑organisms is highly unlikely.




It is not considered likely that any organisms could develop in the porous concrete under the safety class buildings.  It is possible for organisms to grow in the manholes and gravity discharge pipes.  Chemical biocides will be used, as necessary, to maintain system operability under conditions that control the effluent within prescribed limits.



7.
Physicochemical Weathering of the Chagrin Shale and Lower Till Underlying the Site




In ascertaining the short and long term physicochemical stability and weathering potential of the Chagrin shale and lower till, it is necessary to consider the controls of weathering on mineralogical components as well as the in situ shale bedrock and lower till.  Typical controls include pH, redox potential, ionic potential, and temperature, and the 




effects of these controls on the shale and till as they equilibrate to subsequent environmental conditions during excavation and construction.  Fresh, unweathered rock core and till samples were consistently obtained during the extensive subsurface exploratory investigations preceding excavation during both the preliminary and preconstruction drilling programs.  The competence and lack of physicochemical effects of shale and till indicate that the physical and chemical quality of groundwater has not caused any appreciable decomposition or disintegration of the rock and till forming minerals.




(a)
Petrographic Analyses





Results of the petrographic analyses demonstrate that the dominant component of the Chagrin shale is an illite‑chlorite matrix, comprising from 18 to 76 percent of the test specimens by volume.  An X‑ray diffraction analysis was conducted on materials finer than two microns which were derived from the illite‑chlorite matrix of the test samples.  The composition of the matrix minerals was computed from diffractograms developed with a General Electric X‑ray diffraction unit using filtered radiation.  The results of the X‑ray diffraction test indicate the illite clay mineral dominates the illite‑chlorite matrix in rates ranging from 9/1 to 1.270/1.





Lower till mineralogical components are comparable to Chagrin shale.  The conspicuous lack of montmorillonite clay within the shale similarly characterizes the lower till.




(b)
Cation Exchange Capacities





Factors to be considered in discussing the ion exchange status of rocks and till materials include their porosity and permeability, and ability to permit the flow of groundwater.  Further, the chemical character of the migrating groundwater, the cation exchange medium, must also be considered.  In impervious media such as the Chagrin shale and lower till, minimal ionic exchange is expected to occur.  Although increased ionic exchange will occur in fractured rock, which exposes greater surface area to migrating groundwater, this condition does not exist in bedrock underlying the Perry site.





During excavation to bedrock, all loose and fractured rock debris was removed.  The fresh, unweathered shale was protected from both physical and chemical weathering during the interim subsequent to excavation but preceding foundation construction.





As shown in <Section 2.5.4>, data are in agreement that the Chagrin shale and lower till are characterized by exceedingly low porosity and permeability.  Minimal groundwater flow is restricted to generally tight fractures, oriented parallel and inclined with respect to bedding in the shale.





Chemical and physical quality of groundwater occurring at the bedrock foundation interface will control the minimal cation exchange capacities.  The primary shale mineral components, illite and chlorite, have the greatest relative cation exchange capacity.  Carroll 





(Reference 53) has reported on the characteristics of these constituents and the results of this investigation are discussed below.





Ranges in cation exchange capacities for illite clays are 10 to 40 milliequivalents per 100 grams.  Illite consists of tetrahedral and octahedral sheets combined so that the tips of the tetrahedral of each silica sheet and one of the hydroxyl layers of the octahedral sheet form a common layer.  Muscovite, another dioctahedral mica, similarly has a small exchange capacity since the negative charge, as in illite, is neutralized by K+, and no significant exchangeable cations are present.





While no firm data are available on the exchange capacity of chlorite, isomorphic substitutions in the brucite layers (trioctahedral) are considered likely, and the cation exchange capacity in milliequivalents is similar to that of illite.  However, all of the above mineral constituents as well as quartz, the other primary Chagrin shale component, are markedly stable under the prevailing alkaline conditions, groundwater temperatures (approximately 54(F), and low pressures.





Several typical substitutions which may be possible from the above minerals resulting in net increases of groundwater cation concentrations are as follows:  (1) in the case of muscovite, theoretically, isomorphous substitutions can occur in both the silica tetrahedral and the alumina octahedral and specifically of Al+3 for Si+4; (2) in illite there is less substitution of Al+3 for Si+4 than in muscovite and therefore the net charge deficiency is somewhat less.  The K+ ions between units are not sufficient to neutralize all the charge and other 





cations such as Ca+2, Mg+2 and H+ (but the latter only under acidic conditions) may be present in the interunit structure (Reference 3).  In the mixed layer structure of chlorite, considerable substitution can occur in the brucite layer (trioctahedral) situated between each montmorillonite‑like layer just as muscovite is derived by the insertion of a layer of potassium ions.  For example, Al+3, Fe+2 Cr+3 will exchange for Al+3.  Al+3 and Fe+3 can also be exchanged for Si+4 in silica tetrahedral or chlorite.





Leaching of metallic ions from clay minerals can occur under acidic conditions in exchange for alkalic ions, but would not occur under existing conditions.  In general, the illite clays including muscovite tend to be fixers of potassium.  On the basis of data gathered to date, there is no evidence suggesting that the Chagrin shale is affecting groundwater such that the chemical and physical character of these waters would adversely affect Type II cement.  Chemical and physical groundwater quality are as shown in <Table 2.4‑7> and <Table 2.4‑8>.





Cation exchange capacities for Chagrin shale and lower till samples range from 4.74 to 23.40 MEQ/100 grams.   These values are as anticipated for the mineralogical constituents.  Reported exchange capacities for shale, although low, possibly exceed in situ shale bedrock by a factor of ten, because testing was conducted on crushed rock core samples passing through a sieve retaining particles 2.0 mm or greater in diameter.  Similarly, the reported exchange capacities for the till samples are presumed to be higher than that of the in situ lower till.




(c)
Mineral Stability





The mineral components comprising the Chagrin shale and lower till are presumed to constitute a stable assemblage at a shallow crustal temperature and pressure environment.  Other marine shales and siltstones of upper Devonian age, such as the Trimmers Rock Formation of northeastern Pennsylvania with a comparable mineralogical character and geologic setting, similarly have resisted subsurface disintegration and decomposition.  All minerals of the Chagrin shale lie within their respective stability fields for the prevailing low pressure and temperature, and alkaline environment characterizing groundwater at the Perry site.




(d)
Subsurface Erosion Potential





The potential for subsurface erosion and drainage through piping with lateral and vertical transport of lower till and Chagrin shale detritus is considered exceedingly remote, if not impossible.  Features indicative of this condition such as pseudokarst topography with sinkhole and natural bridge development as well as massive landslides and landslide scars are not present at the Perry site, and none are known to occur in proximity to the site.  Neither incipient nor well developed surface cracks (e.g., desiccation‑stress cracks) at the Perry site have been observed or reported in the literature.  Summarily, there are no known geomorphological features suggesting direct or indirect evidence of subsurface erosion and piping.





Falling head permeability testing conducted at the Perry site, reported in <Section 2.5.4>, further shows that the 





velocity and transport capability of groundwater to erode either Chagrin shale or lower till are negligible.  The durability of the shale and its ability to resist subaqueous disintegration and decomposition have been documented by slaking tests and are discussed in <Section 2.5.4>.  Lower till is nondispersive as demonstrated by the pinhole and soil conservation service laboratory dispersion test <Section 2.5.4>.





The association of lower till and Chagrin shale properties, coupled with their demonstrated ability to withstand subsurface weathering and erosion during the Recent Epoch, show that no basis exists for assuming a subsurface erosion potential.  A conspicuous absence at the Perry site of montmorillonite‑type clays, which are characteristically detected in overburden and bedrock undergoing subsurface erosion as well as extensive surface erosion, is considered significant positive evidence in further refutation of this potential.


d.
Potential of the Underdrain System to Drain Water From Lake Erie or Along Plant Piping Systems



All piping except the underdrain system gravity flow discharge pipes running from the main plant buildings to the emergency service water pumphouse are designed and installed above Elevation 595.0’ (i.e., 20 feet above the mean high water level for Lake Erie).  The gravity discharge lines enter the emergency service water pumphouse at invert Elevation 579.0’ which is approximately four feet above mean high lake level.  This ensures that no man‑made flow path will exist between the pumphouses and the main plant buildings.



The lowest discharge points from any of the 13 deep plant manholes of the porous concrete underdrain system are at manholes No. 8 and 9 which have pipe invert elevations of 582.6’ and 583.5’, respectively <Figure 2.4‑69>.  Since these gravity discharge pipe inverts are above the maximum lake setup due to the PMS (580.5’), no backflow from the lake can occur through the Emergency Service Water Pumphouse into the porous concrete underdrain system.



The mean high water level for Lake Erie is Elevation 575.0’ which is seven feet above the groundwater level of 568.0’ maintained in the underdrain system.  Because the plant is 800 feet from the lake, the possibility of seepage from the lake into the underdrain was considered.



Geologic mapping of the foundation area was conducted, and open fractures were grouted.  None were seepage sources.  In this way, all possible drainage paths from the lake into the underdrain systems were sealed.



Underground piping systems, which enter the main plant buildings, were set in bedding materials of granular material which have a higher permeability than the lacustrine soil through which the pipes run, and hence, provide a potential flow path for groundwater into the underdrain system.  In order to prevent this flow, at two separate locations special bedding and backfill material were used around all external pipes where they enter the Class A fill at the plant buildings.  The special bedding and backfill material is low permeability Class B fill.



The quantity that can flow through the backfill and bedding was included in the calculation of total groundwater flow into the underdrain system.  The flow postulated through the pipe bedding material would not increase the calculated inflow to the underdrain system because that calculation assumes a saturated soil.


e.
Infiltration Due to Rainfall, Surface Spills or Lawn Sprinkling



A layer of impervious Class B soil was placed over the Class A fill to reduce the amount of seepage possible from infiltration at the surface.  Such seepage could result from either rainfall, surface spills, or lawn irrigation.



All underdrain system manholes have gasketed, watertight covers installed at the surface.  The covers are normally locked or bolted in a closed position.  The 24 outside manholes (two manholes constructed inside buildings) have heavy duty ductile iron covers.  In paved areas, the covers are installed at grade.  In unpaved areas, the covers are approximately six inches above grade.  In all cases, the finished plant grade around the manholes slopes at a minimum of 0.5 percent toward the plant storm drainage system.



In the event of the rupture or leakage of an onsite reservoir (e.g., cooling tower basins and industrial waste lagoons), the discharge will drain overland away from the plant into neighboring streams and thus to Lake Erie.  The area surrounding the plant is drained by a catch basin storm drainage system which will immediately collect all surface water approaching the plant.  Because of the impermeable nature of the surface materials, there will not be sufficient time available to allow significant infiltration into the permanent underdrain system.



<Table 2.4‑12> summarizes the major onsite storage facilities excluding the cooling tower basins.



Roofs of all buildings are drained to the storm water drainage system which discharges into natural streams that feed into Lake Erie.  Rainfall on paved and unpaved areas around the main plant buildings is directed by surface grading to catch basins which also discharge into the storm water drainage system.  Rainwater or lawn 



sprinkling water that falls on unpaved areas and percolates into the backfill material around the main plant buildings will add an insignificant amount to the flow in the pressure‑relief underdrain system.


f.
Seepage Increase Due to Excavation



Heave due to elastic rebound was not known to have induced micro‑fracturing of a surficial zone of the shale upon excavation unload.  This phenomenon would have been expected to slightly increase the secondary porosity of the surficial shale zone and the corresponding permeability thereof.  The amount of permeability increase cannot be quantified because of the limited depth influence and the negligible effect if any, of induced micro‑fracturing.  Any such increase did not influence seepage quantities derived from the shale during construction, because no seepages from the shale were detected.



Upon imposition of plant loads, the shale recompressed, reversing the heave deformation.  The effect of the reloading closed much, if not all, of the micro‑heave fractures and restored the unexcavated shale permeability.



While the secondary porosity of the shale in a localized area might have increased due to micro‑fracturing, the quantity of flow through this zone would not increase because the surrounding, sound, unfractured shale would still control the flow rate.


g.
Pressure Distribution Within the Porous Concrete Blanket Under Design Flow Conditions



Under normal conditions, practically all of the groundwater inflow is collected by the porous concrete and 12‑inch porous pipes around the perimeter of the drainage system.  It then flows to the pumped 



discharge system manholes where it is discharged from the system.  In order to evaluate the potential pressure buildup under an extreme situation, a calculation was made to determine the pressure required to drain the groundwater inflow from the western edge of the underdrain, through the underdrain porous concrete, to the porous collection pipe on the eastern edge of the system.  The analysis for a one‑foot wide strip of underdrain was made using the preliminary assumed parameters for the system as follows:




(
Groundwater inflow at 0.02 gpm/ft




(
Porous concrete permeability = 1 fpm




(
Maximum flow path = 400 ft




(
Porous concrete is one foot thick, thus A = 1 sq ft



Using the Darcy Eq., Q = kiA, reveals that about one foot of head is required to drain the assumed inflow.



From field observations and tests during construction it was determined that groundwater inflow rates were much less than anticipated (Reference 59) and porous concrete permeability was greater than one foot/minute, indicating a maximum pressure differential in the system of much less than one foot.


h.
Evaluation of the Probability of and the Hydraulic Consequences of an Accidental Clogging of the Underdrain System



The porous concrete of the underdrain is completely enveloped by either Class A fill, Chagrin shale, or the concrete of the plant buildings.  None of these materials are capable of contributing or transporting fine particles that could clog the underdrain.  The Class A fill (as described previously) is specifically designed to 



act as a filter to prevent such materials from entering the system.  The potential for the intrusion of clogging materials from the Chagrin shale was considered in Item c. of <Section 2.4.13.5.5>.



The satisfactory performance of porous concrete for the purpose of pressure relief can be demonstrated by many Bureau of Reclamation projects such as Grand Coulee Dam, Arrowrock Dam and Box Butt Dam (Reference 54).



Based on the groundwater recovery calculations for the design assumed inflow rate (80 gpm), the time required for the water level within the system to reach the critical level (590.0’) would be 14 days.  Actual field measurements indicated the period to be much longer.  If for any reason the underdrain system cannot maintain the water level within the designated operating limits, then the 14‑day period is considered adequate to either make the necessary repairs or install portable pumping equipment.



Clogging of the periphery drainage pipes and the encasement porous concrete can only be conceived as a slow progressive process that will be detected by the monitoring system in time for remedial action to be initiated.  This action can take the form of water jetting or drilling of additional pressure relief wells.



For further discussion of the structural properties of porous concrete, refer to <Section 3.8.5>.


i.
Evaluation of the Effect of Non‑Seismic Category I Structures on the Performance of the Permanent Dewatering System



The Category I manholes and piping at the north end of the plant have been located such that the postulated failure of non‑Seismic Category I structures would not affect the overall operation of the permanent dewatering system <Figure 2.4‑69>.  The potential mode of


failure of the non‑Seismic Category I structures is estimated to be an inward collapse of the turbine complex allowing adjacent soil material to follow the collapsing structure.  Except as noted below, the permanent dewatering system components at the north end of the plant are either located outside the influence zone of soil failure or are designed for the resulting soil influence.



The generator end of the turbine building and the feedwater booster pump pit in the heater bay of Unit 1 were investigated as the most likely areas of building wall failure.  In both cases, the walls are structurally adequate to withstand the effect of dynamic soil pressures without bending or shear failure.  Manholes No. 8 and 9, however, are located within the influence zone of soil failure, and are designed as Seismic Category I structures.  In the event of the postulated failure of adjacent non‑Seismic Category I structures, these manholes can be sacrificed without impairing the overall performance of the system.



As shown on <Figure 2.4‑69>, the main flow of the gravity discharge system does not pass through manholes No. 8 and 9.  The postulated failure of these manholes and the connecting gravity discharge piping will, by design, not affect the integrity of the discharge manholes at the north end of the Unit 1 heater bay.  Manhole #8 is an inspection manhole.  An underdrain pump is installed in manhole #9 and its discharge is routed to the gravity drain outflow pipe from this manhole.  Should the pump in manhole #9 fail to work or the gravity drain pipe from manhole #9 become blocked, the remaining service and backup underdrain pumps would serve to compensate for the loss of the pump.  Therefore, the postulated failure of these manholes would also not affect the operation of the pumping underdrain system in keeping normal groundwater level below Elevation 568.0’ and the maximum groundwater level below 590.0’.



The system components adjacent to non‑Category I structures at the south end of the plant could be postulated to fail in the event of 



a seismic related failure of non‑Category I structures without compromising the full operating capability of the redundant permanent dewatering system.


2.4.13.5.6  Controlled Low Strength Material (CLSM)


Controlled Low Strength Material (CLSM) may be used as a replacement for Class B and Class C fill, and as a replacement for Class A fill when the Class A fill was used as bedding and backfill for buried piping and ductbanks only, and not as part of the Plant Underdrain system, or as a foundation for safety‑related buildings or structures.  Since the CLSM is equivalent to or better than Class B fill in bearing capacity and impermeability, this change has no effect on the results of USAR <Section 2.4.13.5.1> and <Section 2.4.13.5.5>.


2.4.14      TECHNICAL SPECIFICATION AND EMERGENCY OPERATION REQUIREMENTS


Safety‑related facilities at PNPP are protected as described in the preceding sections.  Therefore, emergency protective measures and attendant technical specifications are not required.
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TABLE 2.4‑1


PROBABLE MAXIMUM STORM FOR SETUP AT SITE


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour


(1,1)
1
1
 160(1)
 160
 158
 156



1
1
  30(1)
  44
  52

60



1
1
1001(1)
1004
1006
1007



1
2
 161
 166
 160
 154



1
2
  70
  79
  78

77



1
2
1020
1032
1033
1034



1
3
 171
 187
 200
 212



1
3
  61
  44
  33

22



1
3
1035
1036
1033
1030


(1,21)
2
1
 173
 173
 167
 160



2
1
  34
  45
  52

59



2
1
1003
1007
1008
1009



2
2
 163
 166
 163
 159



2
2
  65
  71
  74
  77



2
2
1022
1034
1035
1036



2
3
 170
 181
 196
 211



2
3
  64
  50
  36
  21



2
3
1037
1038
1035
1031


(20,1)
3
1
 160
 165
 159
 152



3
1
  23
  41
  52

62



3
1
 998
1000
1001
1001



3
2
 156
 160
 156
 151



3
2
  78
  94
  92

90



3
2
1013
1025
1026
1026


TABLE 2.4‑1 (Continued)


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour



3
3
 168
 184
 198
 212



3
3
  67
  44
  33

21



3
3
1030
1034
1032
1029


(20,21)
4
1
 178
 175
 168
 160



4
1
  27
  43
  53

62



4
1
1000
1002
1003
1003



4
2
 162
 163
 161
 159



4
2
  80
  98
  94

89



4
2
1016
1028
1028
1028



4
3
 167
 175
 192
 208



4
3
  69
  49
  35

20



4
3
1032
1036
1034
1031


(40,1)
5
1
 256
 164
 158
 151



5
1
  23
  38
  50

62



5
1
 995
 993
 994
 994



5
2
 156
 160
 157
 154



5
2
  75
  88
  91

94



5
2
1006
1017
1017
1016



5
3
 166
 177
 194
 210



5
3
  68
  42
  31

20



5
3
1024
1032
1031
1029


(40,21)
6
1
 235
 189
 179
 169



6
1
  24
  39
  51

62



6
1
 998
 999
 998
 997



6
2
 167
 165
 162
 159



6
2
  76
  90
  96
 102



6
2
1009
1021
1020
1018



6
3
 166
 172
 189
 206


TABLE 2.4‑1 (Continued)


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour



6
3
  73
  44
  34

23



6
3
1026
1034
1032
1030


(60,1)
7
1
 294
 248
 201
 153



7
1
  15
  15
  34
  52



7
1
 993
 988
 988
 987



7
2
 156
 159
 157
 155



7
2
  69
  85
  84

82



7
2
 998
1009
1008
1006



7
3
 164
 172
 190
 208



7
3
  62
  41
  32

23



7
3
1018
1029
1029
1028


(60,21)
8
1
 270
 232
 203
 174



8
1
  25
  35
  43

50



8
1
 996
 995
 993
 990



8
2
 171
 167
 166
 164



8
2
  68
  86
  86

86



8
2
1001
1012
1011
1009



8
3
 168
 171
 185
 199



8
3
  64
  42
  33

24



8
3
1020
1031
1030
1029


(78,1)
9
1
 318
 303
 228
 153



9
1
  16
  15
  26

37



9
1
 997
 993
 986
 978



9
2
 156
 158
 158
 158



9
2
  56
  75
  79

82



9
2
 989
 999
 997
 995



9
3
 166
 173
 186
 198



9
3
  61
  40
  33

25



9
3
1011
1027
1027
1027


TABLE 2.4‑1 (Continued)


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour


(78,21)
10
1
 276
 250
 226
 202



10
1
  20
  23
  31

38



10
1
 997
 994
 989
 984



10
2
 187
 171
 168
 165



10
2
  59
  79
  81

83



10
2
 993
1002
1001
1000



10
3
 167
 169
 183
 196



10
3
  62
  41
  33

25



10
3
1014
1028
1028
1028


(30,1)

1
 255
 160
 156
 152




1
  22
  40
  53

65




1
 997
 998
 998
 998




2
 156
 160
 157
 153




2
  78
  90
  94

98




2
1011
1023
1023
1022




3
 167
 181
 196
 211




3
  71
  43
  32

20




3
1028
1033
1031
1029


(30,11)

1
 178
 173
 166
 159




1
  20
  41
  53

65




1
 997
 999
 999
 999




2
 161
 162
 159
 156




2
  80
  95
  96
  97




2
1012
1024
1024
1023




3
 167
 178
 194
 209




3
  71
  45
  33

20




3
1029
1034
1032
1030


TABLE 2.4‑1 (Continued)


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour


(30,21)

1
 200
 181
 173
 165




1
  25
  42
  53

64




1
 998
1000
1000
1000




2
 165
 164
 162
 159




2
  81
  98
  97

95




2
1013
1025
1025
1024




3
 167
 174
 191
 207




3
  71
  47
  34

21




3
1030
1035
1033
1030


(40,11)

1
 255
 183
 172
 160




1
 996
 996
 996
 995




2
 162
 163
 160
 157




2
  76
  89
  94

98




2
1007
1019
1018
1017




3
 166
 175
 192
 208




3
  71
  44
  33

21




3
1025
1033
1031
1029


(50,1)

1
 340
 183
 168
 152




1
   5
  31
  46

60




1
 994
 990
 991
 991




2
 156
 160
 158
 155




2
  73
  86
  87
  87




2
1003
1014
1013
1011




3
 165
 175
 192
 209




3
  64
  41
  31

21




3
1021
1030
1029
1028


TABLE 2.4‑1 (Continued)


Grid Pt.
Sta
Day
6th Hour
12th Hour
18th Hour
24th Hour


(50,11)

1
 262
 196
 179
 162




1
  23
  36
  48
  59




1
 996
 994
 993
 992




2
 163
 163
 161
 159




2
  73
  87
  88

89




2
1004
1016
1015
1013




3
 167
 174
 190
 206




3
  66
  43
  33

23




3
1022
1031
1030
1029


(50,21)

1
 247
 195
 184
 172




1
  25
  38
  49

59




1
 997
 996
 995
 993




2
 169
 166
 164
 162




2
  74
  88
  89

90




2
1005
1017
1016
1014




3
 167
 172
 188
 203




3
  67
  44
  34

23




3
1023
1032
1031
1030


NOTE:


(1)
These entries under each station are grouped in threes as follows:



(a)
First line ‑ wind direction in degrees.



(b)
Second line ‑ wind speed in miles per hour.



(c)
Third line ‑ wind pressure in millibars.


TABLE 2.4‑2


RECESSION RATES IN FEET PER YEAR


a.
Top of Bluff



  1876
 1876
 1937
 1957
 1964
 10/72
 11/73



 to 9/78
to 1972
to 1972
to 1972
to 1972
to 9/78
to 9/78



(102 yrs)
(96 yrs)
(35 yrs)
(15 yrs)
(8 yrs)
(6 yrs)
(5 yrs)


West Reach


 Profile J
  3
  2
  3
3
5
  5
  3


 Profile I
  2
  2
  3
4
7
  8
 10


 Profile H
  4(1)
  ?
  3
6
7
  9
 11


 Profile G
  1(1)
  ?
  1
2
3
  ‑
 <1


Central Reach


 Profile F
 <1(1)
  ?
 <1
1
1
  ‑
 <1


 Profile L
 <1
 <1
  1
2
3
  ‑
  1


 Profile K
 <1
 <1
  1
2
4
  ‑
  2


 Profile A
 <1
 <1
 <1
2
3
 <1
  1


 Profile B
  2
  1
  2
5
7
  7
  7


East Reach


 Profile C
  2
  2
  4
5
4
  6
<‑1


 Profile D
  3
  3
  5
5
5
  5
  4


 Profile E
  3
  3
  5
5
5
  2
  2


TABLE 2.4‑2 (Continued)


b.
Shoreline



  1798
  1798
  1830
  1852
  1865
  1876
  1917
 11/73



   to
   to
   to
   to
   to
   to
   to
   to



9/78(7,8)
1972(7)
1972(7)
1972(7)
1972(7)
1972(7)
1972(7)
9/78(8)


(180 yrs)
(174 yrs)
(142 yrs)
(120 yrs)
(107 yrs)
(96 yrs)
(55 yrs)
(5 yrs)


West Reach


 Profile J
  3(2)
  ‑
  ‑
  ‑
  ‑
  3
  4
  3


 Profile I
  1
 <1
 <1
  ‑
  ‑
  2
  3
  9


 Profile G
 <1
 <1
 <1
  ‑
  1(4)
 <1
  2
  8


Central Reach


 Profile F
 <1
 <1
 <1
  ‑
<‑1
<‑1
  1 
 ‑3


 Profile L
 <1
 <1
 <1
<‑1
 <1
 <1
  2
 <1


 Profile K
 <1
 <1
 <1
<‑1
 <1
  0
  1
  6


 Profile A
 <1
 <1
 <1
<‑1
 <1
 <1
 <1
  5


 Profile B
  1
  1
  1
  1
  ‑
  1
  1
 18


East Reach


 Profile C
  2
  2
  2
  2
  ‑
  2
  3
  7


 Profile D
  2
  1
  ‑
  2
  ‑
  2
  2
 10


 Profile E
  2(3)
  ‑
  ‑
  2(5)
  ‑
  3
  4(6)
<‑1


TABLE 2.4‑2 (Continued)


NOTES:


(1)
For the 41‑year period, 1937 to 9/78.


(2)
For the 102‑year period, 1876 to 9/78.


(3)
For the 120‑year period, 1858 to 9/78.


(4)
For the 105‑year period, 1867 to 1972.


(5)
For the 114‑year period, 1858 to 1972.


(6)
For the 28‑year period, 1944 to 1972.


(7)
Shoreline recession rates between 1798 and 1972 assumed toe of bluff to be at water line.  Distances used to determine these recession rates were not corrected for lake level fluctuations.


(8)
Shoreline recession rates between 11/73 and 9/78 assumed toe of bluff to be at break in bluff slope (i.e., at beaches).  Some toe of bluff locations during this period were estimated due to their inaccessibility.


TABLE 2.4‑3


MAXIMUM RECORDED ICE THICKNESS AT VARIOUS STATIONS


ON THE PERIPHERY OF LAKE ERIE(1)


Marine Lake‑
Marblehead‑


 Marblehead‑


Period
Erie Harbor
East Harbor
Brest Bay
Buffalo Harbor
Catawba Island


1967‑1968
13(2)
21
10
NA
NA


1968‑1969
13
 1
10
17
NA


1969‑1970
NA(3)
NA
NA
NA
NA


1970‑1971
12
NA
15
31
18


1971‑1972
12
NA
14
16
13


1972‑1973
10
NA
 6
 8
 9


1973‑1974
 6
NA
10
 8
10


1974‑1975
 5
NA
NA
 7
 4


1975‑1976
16
NA
14
15
14


1976‑1977
24
NA
24
NA
28


1977‑1978
18
NA
20
NA
28


1978‑1979
 1
NA
23
NA
14


TABLE 2.4‑3 (Continued)


NOTES:


(1)
Source of reference:  Frederick E. Sleator, “Ice Thickness and Stratigraphy at Nearshore Location on the Great Lakes,” Great Lakes Environmental Research Laboratory, Ann Arbor, Michigan, July 1978.


(2)
Measured in inches.


(3)
NA:  Not available.


TABLE 2.4‑4


TABULATION OF MAXIMUM YEARLY OBSERVED ICE THICKNESS


ALONG OHIO SHORELINE OF LAKE ERIE


ASHTABULA, OHIO





   Ice




Surface(2)
Thickness


Season 
Ice Type(1)
Condition
_(inches)


1961‑1962
None
None
 0


1962‑1963
Fast Field
Jammed
 6


1963‑1964
Fast Field
None
 6


1964‑1965
Fast Field
Windrowed
 6


1965‑1966
Fast Field
None
14


1966‑1967
Fast Field
Windrowed
 6


1967‑1968
Fast Field
None
20


1968‑1969
Fast
None
14


1969‑1970
Fast Field
None
11


1970‑1971
Fast Slush
None
 2


1971‑1972
Fast Slush
Hummocked
12


1972‑1973
Fast
Leads
 5


CLEVELAND HARBOR, OHIO





   Ice




Surface(2)
Thickness


Season 
Ice Type(1)
Condition
_(inches)


1961‑1962
None
None
 0


1962‑1963
Fast Field
None
 5


1963‑1964
Fast Field
None
 8


1964‑1965
Drift Pancake
None
 3


1965‑1966
Fast Field
None
12


1966‑1967
Fast Field
Jammed
10


1967‑1968
Fast Field
None
15


1968‑1969
Fast Field
Jammed
 9


1969‑1970
Draft Floe
Jammed
11


1970‑1971
Fast
None
 6


1971‑1972
Fast Floe
Hummocked
10


NOTES:


(1)
U.S. Coast Guard terminology for ice types is as follows:



(a)
Field:  Large bodies, 1,000 yards in width.


TABLE 2.4‑4 (Continued)


NOTES:  (Continued)



(b)
Floe:  Medium size bodies, 10 to 1,000 yards in width.



(c)
Cake:  Small bodies, less than 10 yards in width.



(d)
Pancake:  Small pieces less than 3 yards across usually oval or disc‑shape, uneven, with raised rims on the surface, pieces sometimes interfrozen.



(e)
Brash:  Small fragments less than 6 feet across.



(f)
Slush:  An accumulation of crystals, may or may not be slightly frozen together, no degree of hardness.



(g)
Fast:  Unbroken ice which is fast to shore.  Term “shore ice” may also be used where appropriate.



(h)
Drift:  All ice not fast to shore.


(2)
U.S. Coast Guard terminology for surface conditions is as follows:



(a)
Jammed:  Broken ice in constricted areas, river channels or harbors.  The jamming may be caused by currents or wind pressure.



(b)
Windrow:  Hummocky ice which has been pressed into heavy ridges or layers by strong winds, often piled up against the shore or other obstruction.


TABLE 2.4‑5


MINIMAL DILUTION FACTORS FOR LAKE WATER INTAKES


WITHIN 50 MILES OF PNPP



Distance
Minimum



 From
Current



 Plant
Speed
Dilution


Location of Intake
(Miles)
(Ft/Sec)
_Factor_


IRC Fibers, Co.
3.50
0.026
7.8


East System, OWC
4.20
0.031
9.4


Fairport Harbor
7.00
0.051
15.6


Painesville
7.50
0.055
16.7


West System, OWC
10.00
0.073
22.7


Ashtabula
20.00
0.147
44.6


Union Carbide Metals
22.00
0.161
49.0


Conneaut
33.00
0.242
73.5


Cleveland
35.00
0.257
78.0


Avon Lake
50.00
0.330
105.7


Elyria
50.00
0.330
105.7


Lorain
50.00
0.330
105.7


TABLE 2.4‑6


DOMESTIC WELL INVENTORY ‑ NORTH PERRY AND PERRY, OHIO




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



 1

‑
 ‑

 ‑

 ‑
    ‑
Not accessible



 2

4.0
639

12.5

 ‑
    ‑
No Fe



 3

‑
 ‑

 ‑

 ‑
    ‑
   ‑



 4

4.9
622

24.0

 ‑
    ‑
   ‑



 5
15.0
595

 ‑

53
1/2 gpm
Well filled in











(bail test)
by CEI Gas well












also filled in



 6

4.0
616

21.0

 ‑
    ‑
Depth to H2O












12 hrs & 32 hrs












after heavy












rain ‑ 2 ft












(April 17)



 7

6.0 west
617

11.3

 ‑
    ‑
Two wells





4.0 east
619

10.0

 ‑
    ‑
separated by












50 ft; Fe problem.












West well used.












After rains












DTW 4.2, 3.0


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



 8

8.0
615

10.0

 ‑
    ‑
Septic tank; Fe












problem



 9
15.0
610

30.0

 ‑
    ‑
Septic tank; no Fe



10

‑
Shallow hand dug

 ‑
    ‑
95 ft well






well; not accessible



11
 8‑10
615

18.0

 ‑
    ‑
Septic tank; no Fe



12
 8‑10
615

18.0

 ‑
    ‑
Septic tank; no Fe



13
 4‑5
620

14.0

 ‑
    ‑
Lowest levels












Oct.‑Nov.



14
 2‑3
621

15.0

 ‑
    ‑
   ‑



15

7.0
614

12.0

 ‑
    ‑
   ‑



16

5.0
610

 9.0

 ‑
    ‑
Shortages



17

9.0
611

15.0

 ‑
    ‑
Shortages



18
14.0
606

20.0

 ‑
    ‑
   ‑



19
12.5
609

17.5

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



20
12.5
612

17.5

 ‑
    ‑
12 hrs after storm



21
12.5
612

17.5

 ‑
    ‑
12 hrs after storm



22
13.0
613

17.0

 ‑
    ‑
   ‑



23
11.0
616

16.0

 ‑
    ‑
   ‑



24
14.0
612

17.0

 ‑
    ‑
Septic tank



25
14.0
612

16.5

 ‑
    ‑
Wash day



26
14.0
611

45.0
 45.0
 10.0
Drilled, log on hand



27
15‑16
611

20.0

 ‑
    ‑
Hand dug 1948



28
16‑18
608

24.0

 ‑
    ‑
   ‑



29
14.8
610

32.0
 30.5
Bail Rate‑3
Not accessible



30
11.0
614

14.5

 ‑
    ‑
Fe problem; l2 hrs



31

9.5
615

15.0

 ‑
    ‑
12 hrs after rain



32
11.0
614

16.0

 ‑
    ‑
After rain


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



33
17.0
608

19.5

 ‑
    ‑
Fe (new pipes ‑




20.0
605

21.5

 ‑
    ‑
May 1 therefore no












rust) 12 hrs after












rain



34
11.0
614

16.0

 ‑
    ‑
12 hrs after rain



35

3.0
612

 ‑

 ‑
    ‑
Flowing spring (?)




or less






from pipe on NW












side of bldg.



36

2.0
623

15.0

 ‑
    ‑
H2O hard (Colt)



          (7‑8 in summer)






but no Fe



37
14‑15
610

20.0

 ‑
    ‑
   ‑



38

6.0
636

12.0

 ‑
    ‑
Dug



39

2.0
634

12.0

 ‑
  5.0
Dug ‑ 70 ft to Shale



40

6.0
640

15.0

 ‑
 23.0
Dug ‑ in 600 ft












gas well



41
18.5
606

26.5

 ‑
    ‑
12 hrs after












heavy rain



42        Not accessible
 ‑

28.0

 ‑
    ‑
High Fe problem


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



43

6.0
621

16.5

 ‑
    ‑
Lower Fe problem












than No. 42; after 












rain



44

2.0
623

12.0

 ‑
    ‑
12 hrs after rain



45
19.0
606

 ‑

 ‑
    ‑
Well point



46

9.0
616

13.0

 ‑
    ‑
12 hrs after rain



47

8.5
616

13.5

 ‑
    ‑
No Fe problems












12 hrs after rain



48
10.0
620

18.0

 ‑
    ‑
12 hrs after rain



49

6.5
623

12.5

 ‑
    ‑
After rain



50

7.5
622

14.0

 ‑
    ‑
   ‑



51

‑
 ‑

12‑14

 ‑
    ‑
Inaccessible



52
11.5
616

17.0

 ‑
    ‑
   ‑



53

8.5
610

15.5

 ‑
    ‑
   ‑



54

9.0
610

14.0

 ‑
    ‑
   ‑



55

‑
 ‑

 ‑

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



56

3.2
623

14.5

 ‑
    ‑
   ‑



57

2.5
623

11.5

 ‑
    ‑
   ‑



58

1.5
624

24.0
 24.0
8 gpm @ 6 hr
Drilled by Neroda











5 ft drawdown
1970‑71; water












picked up 13 ft;












went down to 5 ft












in Sept.



59

2.5
622

15.0

 ‑
    ‑
   ‑



60

3.0
635

16.0

 ‑
    ‑
   ‑



61

1.5
636

 9.5

 ‑
    ‑
   ‑



62

2.0
637

11.0

 ‑
    ‑
   ‑



63

6.0
636

10.0

 ‑
    ‑
Fe problem; 6 ft












bell 2 ft from












surface ‑ supplies












farm animals and home



64

6.0
636

10.0

 ‑
    ‑
Tiled area toward 20



65

3.0
640

50.0

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



66

4.0
639

10.0

 ‑
    ‑
Fe problem



67

3.5
644

 6.0

 ‑
    ‑
   ‑



68

6.0
640
920.0

 ‑
    ‑
Inaccessible; no Fe



69
18.0
637

42.0
 39.6
    ‑
Drilled well



70

‑
 ‑

 ‑

 ‑
    ‑
2 well points



71

5.4
622.7

10.0

 ‑
    ‑
No Fe



72

‑
 ‑

30.0

 ‑
    ‑
Well point (never












dry in 14 years)



73

6.0
623

12.0

 ‑
    ‑
   ‑



74

‑
 ‑

 ‑

 ‑
    ‑
   ‑



75

‑
 ‑

11‑12

 ‑
    ‑
Well point



76

6.6
623.7

14.2

 ‑
    ‑
Hard water



77

4.4
624.2

11.5

 ‑
    ‑
   ‑



78

‑
 ‑

 ‑

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



79

2.0
626

10.0

 ‑
    ‑
   ‑



80

6.4
621.4

 9.3

 ‑
    ‑
Wash day



81

6.7
622.5

 ‑

 ‑
    ‑
   ‑



82
16.0
614

28.0

 ‑
    ‑
1 point to 14 ft












Well in basement












Good pumping



83
14.2
613.8

16.3

 ‑
    ‑
Septic tank



84

6.6
622.7

15.0

 ‑
    ‑
Septic tank; some Fe



85

8.0
617

14.0

 ‑
    ‑
Septic tank (no












water in basement)



86

6.0
621

14.0

 ‑
    ‑
   ‑



87

3.0
625

16‑17

 ‑
    ‑
Septic tank



88

3.0
625

20.0

 ‑
    ‑
Fe



89
 6.4 max.
624.6

12.6

 ‑
    ‑
   ‑






max.



90

5.0
626

 ‑

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



91
14.3 max.
621.6

15

 ‑
    ‑
   ‑






max.



92

8.0
622

20.0

 ‑
    ‑
No Fe; septic tank



93

1.0
629

 ‑

 ‑
    ‑
Top slightly open












to rains



94

3.3
630
13‑15

 ‑
    ‑
No Fe; septic tank



95

4.5
629

 ‑

 ‑
    ‑
No Fe; septic tank



96

3.0
629.0

10.8

 ‑
    ‑
   ‑



97

7.0
632.5

10.4

 ‑
    ‑
No Fe; septic tank



98

5.0
632

14.0

 ‑
    ‑
No Fe; septic tank;












also supplies












2831 Antioch Rd



99

1.5
636

 7.5

 ‑
    ‑
Well 2.5 ft below












grade in barn; no












Fe; septic tank



100

4.0
636

 6.5

 ‑
    ‑
Some Fe; septic tank



101

1.6
638

 6.5

 ‑
    ‑
Some Fe; septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



102

3.2
638

 7.67

 ‑
    ‑
Some Fe; septic tank



103

3.0
641

15.0

 ‑
    ‑
Some Fe; septic tank



104

5.8
642

 7.8

 ‑
    ‑
No Fe; septic tank



105

4.0
644

 6.9

 ‑
    ‑
No Fe; septic tank



106

7.8
640.2

 9.0

 ‑
    ‑
No Fe; septic tank



107

‑
 ‑

 ‑

 ‑
    ‑
Well point; old












well 8 ft deep;












insufficient;












point 6 ft deeper



108

‑
 ‑

 ‑

 ‑
    ‑
Well point; no Fe;












septic tank



109

3.0
648

10.0

 ‑
    ‑
Septic tank



110

2.5
642

11.0

 ‑
    ‑
18 ft cistern; no












Fe; recharges in












2 hrs



111

‑
 ‑

 ‑

 ‑
    ‑
Replaced point












w/due well


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



112

4.5
655

15.5

 ‑
    ‑
Septic tank



113
12.0
653

30.0

 ‑
    ‑
Submersible












pumps; some Fe



114
14.5
640

32.0
 32.0
 12.0
Drilled 7/21/70



115
 6.00
640

10.25

 ‑
    ‑
Fe; not enough












water in dry spell;












septic tank



116

3.0
638

10.0

 ‑
    ‑
   ‑



117

5.5
631

10.0

 ‑
    ‑
Runs dry in summer



118

5.9
626

11.6

 ‑
    ‑
Water level @












Culvert (625



119

7.0
628

12.6

 ‑
    ‑
No Fe; septic tank



120
11.0
624

13.8

 ‑
    ‑
Filled swimming












pool; septic tank



121
10.0
627

17.1

 ‑
    ‑
No Fe; septic tank



122

5.9
630

14.9

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     remarks



123
(5.0
625

17.0

 ‑
    ‑
Trace Fe; septic












tank



124

7.2
625

20.0

 ‑
    ‑
Some Fe; septic tank



125

5.0
625

20.0

 ‑
    ‑
Septic tank



126

8.7
621

14.7

 ‑
    ‑
Septic tank



127

4.0
626

15.0

 ‑
5000 ?
Septic tank



128

‑
 ‑

 ‑

 ‑
    ‑
   ‑



129
10.0
670

25.0

 ‑
    ‑
Fe, very hard;












septic tank



130
12.5
668

31.0
 30.0
 13.0
Drilled 10/31/64;












Well in basement,












sealed



131

‑
 ‑

 9.0

 ‑
    ‑
Bad odor; Fe



132

7.0
669

12.0

 ‑
    ‑
   ‑



133

7.0
699

11.0

 ‑
    ‑
No Fe; septic tank



134
13.5
663

16.0

 ‑
    ‑
   ‑


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



135
10.8
661

30.0
 28.8
8 (Bail)
Drilled 3/31/67;












capped



136
17.0
663

30.0

 ‑
    ‑
   ‑



137

‑
 ‑

 ‑

 ‑
    ‑
   ‑



138

‑
 ‑

 ‑

 ‑
    ‑
2 drilled wells;












capped



139
14.8
660
203.0

 ‑
    ‑
   ‑



140
12.0
668
108.0
103.0
    4
12/16/70; not












sufficient



141

‑
 ‑

 ‑

 ‑
    ‑
Drilled well;












septic tank



142

‑
 ‑

 ‑

 ‑
    ‑
Drilled well;












septic tank



143
14.0
661

32.0
 31.0
5 (Bail)
10/2/62 well;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



144
12.0
663

17.0

 ‑
    ‑
Serves both












residence & gas












station; filled












2,000 gal. plus












2 times in 30 days



145

‑
 ‑

 ‑

 ‑
    ‑
   ‑



146
19.0
656

24.0

 ‑
    ‑
Serves 3 houses



147
12.8
662

16.3

 ‑
    ‑
   ‑



148

‑
 ‑

 ‑

 ‑
    ‑
Well point



149
11.6
653

15.6

 ‑
    ‑
Fe; septic tank





‑
 ‑
  ‑

 ‑
    ‑
Serves 3 houses;












no Fe; septic tank




11.5
653

18.0

 ‑
    ‑
   ‑





‑
 ‑

 ‑

 ‑
    ‑
   ‑



150

‑
 ‑

 ‑

 ‑
    ‑
   ‑



151

‑
643

 ‑

 ‑
    ‑
Salty water


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



152
(9.0
656
(33.0

 ‑
    ‑
   ‑



153
14.0
656

24.0

 ‑
    ‑
Water level measures












over 3 yrs;












fluctuates from












17.7 ft ‑ 20.4 ft



154
10.0
660

17.0

 ‑
    ‑
Some Fe; septic tank



155
25.0
665

30.0

 ‑
    ‑
   ‑



156
20.0
652

25.0

 ‑
    ‑
Salty water;












septic tank



157
 7.5
653

10.0

 ‑
    ‑
Well near creek;












(15 ft below road












level



158
 6.3
663

14.3

 ‑
    ‑
Well (10 ft below












road; some Fe;












septic tank



159           (18.0
657

35.0

 ‑
    ‑
Drilled well;












some Fe



160
12.0
668

35.0

 ‑
    ‑
8/20/67


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



161
14.0
651

18.0

 ‑
    ‑
Some Fe; serves












house and workshop



162
17.0
658

25.0

 ‑
    ‑
Water 15 horses,












3 or 4 times/day



163
18.0
662

25.0

 ‑
    ‑
8 ft‑10 ft above












road level



163A
12.0
666

30.0
 29.0
  4.0 (Bail)
Drilled 5/1/78



164
14.7
667

25.2

 ‑
    ‑
   ‑



165
23.5
657

46.0
 46.0
  6.0
Drilled 8/31/65;




23.0
657

46.0
 47.5
 10.0 (Bail)
Drilled 1/21/69;












septic tank



166
31.0
649

64.0
 66.0
  4.0
Drilled 1/28/64



167

‑
 ‑

22.0

 ‑
    ‑
No Fe; septic tank




12.0
663
105.0
102.0
  1.5
Drilled 4/10/69



168
20.5
655

26.0

 ‑
    ‑
No Fe; septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



169

‑
 ‑
(17.0

 ‑
    ‑
Used for green‑












houses; no Fe;












septic tank



170

‑
 ‑
(20.0

 ‑
    ‑
Well point; no Fe



171
14’‑15’
665

18.0

 ‑
    ‑
No Fe; septic tank



172
11’‑12’
668
(16.0

 ‑
    ‑
No Fe; septic tank



173
15.8
662

19.75

 ‑
    ‑
No Fe; septic tank



174
10.0
668

16.0

 ‑
    ‑
No Fe; 14 ft












cistern, 17 ft












deep and 3 wells



175
82.0
670

17.0

 ‑
    ‑
   ‑



176
10.0
668
(25.0

 ‑
    ‑
Some Fe; septic tank



177

 ‑
 ‑

 ‑

 ‑
    ‑
Well point; some Fe



178

7.2
673

12.7

 ‑
    ‑
Well in basement;












3 ft above road












level; some Fe;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



179
12.5
665

19.0

 ‑
    ‑
Well 2 ft‑3 ft












above road;












septic tank



180
16.0
664

21.5

 ‑
    ‑
Some Ca; septic tank



181
19.0
661

41.0
 40.5
    ‑
Drilled 7/31/66



182
15.5
673

20.0

 ‑
    ‑
   ‑



183
16.5
672

23.0

 ‑
    ‑
   ‑



184
13.0
676

16.0

 ‑
    ‑
Some Fe; not












sufficient



185
16.0
673

22.0

 ‑
    ‑
   ‑



186           (15.0
680
(25.0

 ‑
   .42
   ‑



187
 9.0
683

30.0
 28.0
 10.0
Drilled 6/16/67;












Fe; septic tank



188
11.6
682

30.0
 29.0
 10.0 (Bail)
8/13/62



189
 8.6
685

14.6

 ‑
    ‑
Fe; septic tank



190
(8.0
684
(10.0

 ‑
    ‑
Septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


 Number 
Static Water
 Elevation 
Depth
Depth 
Yield (gpm)
     Remarks



191
10.0
681
(22.0

 ‑
    ‑
In basement; some












Fe; septic tank



192
(3.5
686
( 6.5

 ‑
    ‑
Septic tank



193
18.0
672

30.0
 29.5
  3.0
Drilled 6/10/58;












septic tank



194           (18.0
672

40.0

 ‑
    ‑
Drilled; septic tank



195

7.5’
682

25.0
 23.5
 15.0
Drilled 9/15/59;












septic tank



196
22.0
678
(28.0

 ‑
    ‑
Some Ca; septic tank



197           (22.0
678
(22.0

 ‑
    ‑
Septic tank



198
19.0
671
(22.0

 ‑
    ‑
Septic tank



199

7.0
683

15.0

 ‑
    ‑
Septic tank



200
22.0
678

25.0

 ‑
    ‑
Some Ca; septic tank





 ‑
‑

 ‑

 ‑
    ‑
Septic tank



201
12.0
672

30.0

 ‑
 12.0 (Bail)
Drilled 4/4/58


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



202

7.4
689

13.1

 ‑
    ‑
Septic tank



203

7.5
689

14.0

 ‑
    ‑
Septic tank



204
16.0
689

36.0
 36.0
 20.0
Drilled 6/26/56;












septic tank



205
15.0
685

35.0
 36.0
 10.0
Drilled 10/21/71;












septic tank



206

7.0
693

34.0
 31.0
 10.0
Drilled 10/21/71;












septic tank



207

6.5
684

27.0
 26.0
 20.0 (Bail)
Drilled 10/29/63;












septic tank



208
10.5
689

30.0
 31.6
 15.0 (Bail)
Drilled 7/21/64;












septic tank



209
14.0
686

57.0
 57.0
 12.0
Drilled 7/22/52;












septic tank



210
15.0
685

36.0
 36.5
 10.0 (Bail)
Drilled 11/16/65;












septic tank



211
10.5
689         1915.0

 ‑
    ‑
Septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



212
13.0
687

44.0
 37.0
  1.5
Drilled 6/9/54;












septic tank



213
18.0
682

25.0

 ‑
    ‑
Septic tank



214

8.0
691

17.0

 ‑
    ‑
Septic tank



215

8.0
691

17.0

 ‑
    ‑
Septic tank



216
24.0
671

40.0
 39.5
  8.0
Drilled 11/27/67;












septic tank



217
24.0
671

40.0
 38.5
 10.0 (Bail)
Drilled 9/10/68;












septic tank



218
22.0
673

40.0
 37.0
 15.0 (Bail)
Drilled 5/2/68;












septic tank



219
17.0
675

38.0
 36.5
  8.0 (Bail)
Drilled 3/10/71;












septic tank



220
16.0
669

86.0
 31.0
  5.0 (Bail)
Drilled 9/27/48;












some Fe; septic tank



221
 9.0
678

17.0

 ‑
    ‑
Septic tank



222
 8.0
679

15.0

 ‑
    ‑
Septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



223
 7.0
680

21.5

 ‑
    ‑
Septic tank



224
10.0
677

15.0

 ‑ 
    ‑
Septic tank



225
10.0
677

15.0

 ‑
    ‑
Septic tank



226
 9.0
656

18.0

 ‑
    ‑
Septic tank



227
11.0
679

16.0

 ‑
    ‑
Some Fe; septic tank



228
11.5
683

19.0

 ‑
    ‑
Some Fe; septic tank



229           145.0
681
220.0

 ‑
    ‑
Some Fe; septic tank



230
14.0
681
215.0

 ‑
    ‑
Some Fe; septic tank



231
13.5
683

34.0
 31.0
 10.0
Drilled 9/4/59;












septic tank



232
13.0
683

29.3
 29.5
 12.0 (Bail)
Drilled 4/4/58;












septic tank



233

8.0
682

21.0

 ‑
    ‑
Septic tank



234

9.0
681

31.0
 30.0
 20.0
Drilled 4/11/59;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



235

9.0
681

31.0
 26.0
 15.0
Drilled 6/5/68;












septic tank



236

9.0
682

26.0
 25.0
 10.0 (Bail)
Drilled 1/11/63;












septic tank



237

8.0
622

22.0

 ‑
    ‑
Septic tank



238

8.7
621

20.2

 ‑
    ‑
Septic tank



239

5.0
620

25.0

 ‑
    ‑
Well + 10,000












gal. cistern



240

5.0
618

25.0

 ‑
    ‑
Septic tank



241

0.0
620

25.0

 ‑
    ‑
   ‑



242

3.5
621

14.5

 ‑
    ‑
Septic tank



243

4.8
621

12.3

 ‑
    ‑
Septic tank



244

9.0
616

16.5

 ‑
    ‑
Septic tank



245

1.0
619

14.0

 ‑
    ‑
Some Fe; septic tank



246

2.5
615

16.5

 ‑
    ‑
Some Fe; septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



247

2.0
620

14.0

 ‑
    ‑
Septic tank



248

2.8
620

22.8

 ‑
    ‑
Septic tank



249

4.0
619

16.0

 ‑
    ‑
Septic tank



250

5.5
644.5

 9.0

 ‑
    ‑
Septic tank



251

5.5
639.5

13.0

 ‑
    ‑
Septic tank



252

6.0
648

10.0

 ‑
    ‑
Septic tank



253
13.7
617

15.5

 ‑
    ‑
Septic tank



254

5.5
625

14.0

 ‑
    ‑
Septic tank



255
14.0
608

32.0

 ‑
 12.0
Septic tank



256

4.0
616

11.0

 ‑
    ‑
Shale @ 25.0 ft;












septic tank



257

5.0
665

25.0

 ‑
    ‑
Septic tank



258
16.5
669

36.0
 35.0
 20.0
Drilled 5/6/63;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



259
15.5
671

38.0
 36.0
 15.0
Drilled 8/4/67;












septic tank



260
17.5
667

32.0
 32.0
 14.0
Drilled 5/15/64;












septic tank



261
20.0
665

40.0
 36.0
 10.0
Drilled 9/10/63;












septic tank



262
20.0
665

39.0
 39.0
 12.0
Drilled 5/4/63;












septic tank



263
18.5
667

32.0
 31.6
 10.0
Drilled 5/19/63;












septic tank



264
20.5
666

40.0
 38.0
  7.0
Drilled 6/16/62;












septic tank



265
20.0
666

40.0
 37.6
    ‑
Drilled 7/16/64;












septic tank



266
21.0
666

40.0
 39.0
 20.0
Drilled 6/20/63;












septic tank



267
18.0
669

40.0
 39.0
 15.0
Drilled 5/19/67;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



268
18.5
669

40.0
 37.0
 15.0
Drilled 5/16/67;












septic tank



269
21.0
666

42.0
 42.0
  8.0
Drilled 8/27/65;












septic tank



270
17.75
666

39.0
 37.0
 15.0
Drilled 5/15/67;












septic tank



271
21.0
666

38.0
 37.0
  6.0
Drilled 11/6/65;












septic tank



272
18.5
669

37.0
 37.0
 15.0
Drilled 6/28/66;












septic tank



273
16.5
669

40.0
 40.0
 15.0
Drilled 8/4/67;












septic tank



274
16.6
669

38.0
 38.0
 20.0
Drilled 6/23/63;












septic tank



275
14.75
607

32.0
 30.5
  3.0
Drilled 9/15/64;












septic tank



276
 6.25
619

30.0
 25.0
  6.0
Drilled 3/12/69;












septic tank


TABLE 2.4‑6 (Continued)




Approximate


  Well

   Static


Location
 Depth to
   Water
Well
Casing


_Number_
Static Water
_Elevation_
Depth
Depth_
Yield (gpm)
_____Remarks______



277
10.5
609

30.0
 29.0
  8.0
Drilled 5/21/64;












septic tank



278

2.0
618

24.0
 24.0
  8.0
Drilled 1/26/71;












septic tank



279

2.0
618

24.0
 24.0
  8.0
Drilled 1/26/71;












septic tank



280

4.0
621

26.0
 25.5
 10.0
Drilled 1/17/71;












septic tank



281

2.0
623

22.0
 21.0
  8.0
Drilled 4/30/59;












septic tank



282

5.0
618

 ‑

 ‑
    ‑
Measured on 7/28/72



283

4.6
616

 ‑

 ‑
    ‑
Measured on 6/7/72



284

3.3
616

 ‑

 ‑
    ‑
Measured on 7/28/72



285

3.3
620

 ‑

 ‑
    ‑
Measured on 7/28/72



286

4.1
622

 ‑

 ‑
    ‑
Measured on 7/28/72


TABLE 2.4‑7


ANALYSIS OF WATER SAMPLES







Stream,


Boring
1‑1
1‑2
1‑3
1‑5
50 Yds N.


Depth, ft
10‑18
10
26‑30
7‑14


Date
4‑11‑72
4‑21‑72
4‑3‑72
4‑7‑72
4‑24‑72


Lab Designation
1
4
2
3
5


pH
8.1
7.6
7.9
7.7
8.0


Conductivity


Micro Mhos/CM


24(C
465
540
740
470
370


Total Dissolved


Solids, mg/L


103‑105(C
370
460
610
340
290(1)

Turbidity




5


Alkalinity,


mg/L as CaCO3
229
92
271
207
81


Chloride,


mg/L as Cl
21
48
49
35
35


Sulfate,


mg/L as SO4
57
106
186
42
93


NOTE:


(1)
Total Solids


TABLE 2.4‑8


SAMPLES FROM DW NO. 1 DURING PUMPING TEST ANALYSIS(1)



2‑5‑75
2‑6‑75
2‑6‑75




3:00 PM
10:30 PM
1:15 PM



Sample No.      1     
   2
  3    

Color, Pt ‑ Co


 Units, Diss

0
0
0


Color

Light green‑
Light gray
Light gray




brown


Odor

None
None
 None


Conductivity,


 micromhos per


 cm2, 25(C

1,680
1,590
1,635


Total Coli per 100 ml
<2
<2
<2


Fecal Coli per 100 ml
<2
<2
<2


BOD, 5 day

4.0
1.4
0.9


Aluminum, Diss

0.0
0.1
0.0


Alkalinity, MeOr,


Diss

171
174
171


Ammonia, N, Diss

0.9
0.7
0.9


Arsenic, Diss

0.004
0.004
0.004


Barium, Diss

0.1
0.1
0.1


Boron, Diss

0.23
0.18
0.18


Cadmium, Diss

<0.01
<0.01
<0.01


Calcium, Diss

87
92
83


Chloride, Diss

399
390
388


Chromium, Diss

<0.01
<0.01
<0.01


NOTE:


(1)
In units of mg/l.


TABLE 2.4‑8 (Continued)




2‑5‑75
2‑6‑75
2‑6‑75




3:00 PM
10:30 PM
1:15 PM



Sample No.      1     
   2
  3____


COD, Total

24
33
13


Copper, Diss

<0.01
<0.03
<0.02


Fluoride, Diss

0.47
0.37
0.43


Hardness, as


 CaCO3, Diss

253
259
250


Iron, Diss

0.05
0.10
0.03


Lead, Diss

<0.05
0.05
<0.05


Magnesium, Diss

20
21
20


Manganese, Diss

0.07
0.09
0.08


Mercury, Total

<0.0002
<0.0002
<0.0002


Nitrate, N, Diss

0.8
0.6
0.9


Oil and Grease,


 Total

22
31
32


Dissolved Oxygen

6.3
9.1
10.3


pH, pH units

7.6
7.7
7.8


Phosphorus, P,


 Diss

<.01
<.01
<.01


Potassium, Diss

4.5
4.4
4.9


Selenium, Diss

0.003
<0.001
<0.001


Silica, Diss

7.5
9.4
9.8


Silver, Diss

0.07
0.06
0.06


Sodium, Diss

226
226
200


Sulfate, Diss

86
88
88


TABLE 2.4‑8 (Continued)




2‑5‑75
2‑6‑75
2‑6‑75




3:00 PM
10:30 PM
1:15 PM



Sample No.      1     
   2
  3    

Solids, Diss, 103(C

1,016
965
971


Solids, Diss, 180(C

990
923
928


Solids, Susp.

356
175
46


Zinc, Diss

0.5
0.8
0.8


TABLE 2.4‑9


POTENTIALLY FLOODING VOLUME


(UNIT 1)




Source








(Gallons)


Cooling tower basin








3,269,241













(Elev. 623’‑9” HWL)


Cooling tower distribution system


  and fill









  370,331


Circulating water pumphouse forebay and




1,137,707


  forebay flume







(Elev. 623’‑9” HWL)


Condenser tubes, water boxes, and


  crossover piping








  364,961


Circulating water piping including


  auxiliary condenser







1,178,012


Service water inflow







___84,000





Total Flooding Volume Within the





Circulating Water System Unit 1


6,404,252


TABLE 2.4‑10


FREE STORAGE VOLUMES


(UNIT 1)









With Mat Fracture

Without Mat









  to Elev. 590’  

Elev. 599’ 



Buildings




(Gallons)


(Gallons)


Turbine Building




2,208,400


3,884,199


Condensate demineralizer area


1,867,600


2,422,325


Heater Bay





1,195,500


1,732,754



Total Building Volume


5,271,500


8,039,278




Underdrain System

  From Elev. 568’ to Elev. 590’


Porous concrete blanket




  157,100


Manholes and pipes





  159,500


Class A fill beneath buildings


   41,100


Class A fill along buildings



1,139,300



Total Underdrain Per Unit


1,497,000



Total Free Storage Volume to



Elevation 590’‑0” Per Unit


6,768,500


TABLE 2.4‑11


WATER QUALITY DATA(1)


Sample No.   1         2          3     

Color, Pt ‑ Co Units, Diss

0

0

0


Color
Lt. Gray‑
Lt. Gray
Lt. Gray



 Brown


Odor
   None
   None
   None


Total Coli per 100 ml
   <2
    <2
   <2


Fecal Coli per 100 ml
   <2
    <2
   <2


BOD, 5 day
   4.0
    1.4
   0.9


COD, Total
   24
    33
   13


Dissolved Oxygen
   6.3
    9.1
  10.3


pH, pH Units
   7.6
    7.7
   7.8


NOTE:


(1)
Coliform organisms are facultative anaerobes; i.e., they can grow either in the presence or absence of oxygen.


TABLE 2.4‑12


MAJOR ONSITE STORAGE FACILITIES



Surface Storage
  Capacity


Amount
___Facility____
(gallons each)
     Comments



2
Condensate storage
   500,000
Each tank is located




tanks

inside a Category I retaining basin sized to hold the maximum capacity of the tank.



2
Demineralized water
   100,000
Tanks are 125 feet




storage tanks
   & 400,000
from the nearest building.  Any spill is directed away from the building by the site grading.



2
Industrial waste
 2,200,000
Any spill would be




lagoons

directed to Lake Erie either through the plant surface drainage system or by overland flow.



1
Chemical cleaning
 1,000,000
Any spill would be




lagoon

directed away from the plant and toward the minor stream diversion east of the plant.



1
Fire protection
   300,000
A spill would flow




storage tank

to Lake Erie either through the surface drainage system or by overland flow.


TABLE 2.4‑13


POROUS CONCRETE


PERMEABILITY TEST DATA


(ft/min)


(Days)   Cylinder No. 1
 Cylinder No. 2   Cylinder No. 3
   Average


   3
4.00
3.56
4.33
3.96


   7
4.14
3.69
1.15
2.99


  14
4.64
3.60
4.30
4.18


  14
4.56
5.14
4.14
4.61


  21
2.81
3.54
2.56
2.97


  28
3.93
4.47
4.38
4.26


  28
4.74
4.22
‑
4.48


  28
4.11
3.77
5.01
4.30
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2.5      GEOLOGY, SEISMOLOGY AND GEOTECHNICAL ENGINEERING


Information regarding the geologic and seismological characteristics of the region and site and site geotechnical engineering conditions are presented in the order outlined in <Regulatory Guide 1.70> (Revision 3), <Section 2.5> and as defined in <10 CFR 100, Appendix A>, “Seismic and Geologic Siting Criteria for Nuclear Power Plants.”


For the initial FSAR development, several consultant organizations were retained to assist in subdiscipline specialties.  Their major contributions by section are as follows:


Gilbert Associates Inc. (GAI) of Reading, Pennsylvania had the primary responsibility of directing, coordinating, preparing, and assembling the detailed information and data for this Section.  Regional Tectonics and Vibratory Ground Motion were prepared by Weston Geophysical Corporation, Inc., Westboro, Massachusetts.  Weston performed and arranged for seismological, geophysical and some aspects of geological studies conducted respective of regional and site conditions.


Stability of Subsurface Materials and Foundations, Stability of Slopes and Embankments and Dams, were prepared by Woodward‑Clyde Consultants, Plymouth Meeting, Pennsylvania.  Woodward‑Clyde Consultants performed and arranged for aspects of geotechnical engineering analyses during preconstruction site investigations and construction activities.  Most laboratory testing and analyses were conducted by Woodward‑Clyde consultants at their Plymouth Meeting office.


The contributions of independent consultants who contributed to various investigative and analytical tasks or who served in a review capacity are acknowledged within the main text.


For the initial USAR development, incorporating the analysis of the January 31, 1986 Leroy earthquake, Weston Geophysical was retained as they were responsible for all geotechnical studies related to that event.


Description of Region


The site is situated in the central part of the Eastern Stable Platform Tectonic Province, a wide region characterized by an Upper Precambrian crystalline basement complex overlain unconformably by a sequence of Paleozoic sedimentary formations with little tectonic deformation.  Basement rocks in the site province are comprised largely of high‑grade, regionally‑metamorphosed schists, gneisses, marbles, and calc‑silicate granulites, which were consolidated to a discrete crustal block during the Grenvillian Orogeny, 950(150 million years ago.


Post‑consolidation tectonic deformation in the site province is of minor extent, limited to the development of broad northeast‑trending arches of epeirogenic origin along the western portion during Early to Middle Paleozoic time, with localized faulting activity on or near the arches in Middle to Late Paleozoic time.  The only tectonic structure within the site province interpreted to be active is the Clarendon‑Linden fault zone in western New York, about 160 miles northeast of the site.


The site province is bounded on the west by the Grenville Front and Michigan Basin; on the northeast (beyond the site region) by the Ottawa‑Bonnechere graben structure; on the southeast by the moderately‑folded sedimentary rocks of the Appalachian Plateau; and on the south (beyond the site region) by the Kentucky River‑Rome Trough fault system.  The Grenville Front is a profound tectonic boundary in the basement, separating the high‑grade Grenvillian terrane of the site province to the east from essentially undeformed felsic intrusives, volcanic flows and sedimentary/pyroclastic rocks of the Keweenawan and


Elsonian Terranes to the west.  Along much of the Grenville Front to the west and southwest of the site, the Precambrian basement rocks lie at depths less than 1.24 miles below ground surface.


The residual gravity map was used as an important part of the basis for constructing regional tectonic provinces.  Gravity gradients, amplitudes of individual anomalies, and trends of individual anomalies supplemented mapped geology and other data.  These gravity data, from about 40,000 stations in the area, 77(‑85(W and 38(‑48(N, were used to prepare contour maps of the total Bouguer gravity anomaly, and residual Bouguer gravity anomaly.


The site is located in the Eastern Stable Platform Province, where seismic activity is relatively low.  Within 200 miles of the site, only two zones of moderate seismic activity can be found.  The first is located 160 miles away, in the same province, and is correlated to the Clarendon‑Linden structure while the second, in the Central Province, about 185 miles away, near Anna, Ohio, is probably tied to local basement structures in that area (Reference 1) (Reference 2).  Within this context the earthquake potential at the site is low, as related to the hypothetical occurrence of an Intensity VI(MM).  Such an intensity is estimated from the maximum earthquake, not correlated to structure, experienced in the site province.  A safe shutdown earthquake acceleration of 15 percent of the gravity acceleration (g) is selected for the safe shutdown earthquake (SSE).  This value is above the mean value of intensity versus acceleration given by Trifunac and Brady for an Intensity VII (Reference 3).


Description of Site


The Perry site is approximately 35 miles northeast of Cleveland on the shore of Lake Erie.  The plant site is on nearly level terrain, with the main plant being about 800 feet from the toe of a 45 foot high steep bluff that forms the shoreline.  Upper Devonian shale bedrock underlies


the site about 55 feet below the existing ground surface.  Bedrock onshore is overlain by approximately 30 feet of very dense till which in turn is overlain by about 25 feet of poorly compacted lacustrine deposits, both of Pleistocene age.  Thin layers of glacial till and beach deposits respectively, overlie bedrock at the shore.  Shale forms the lake bottom from 1,000 to 1,500 feet offshore in the area investigated.  Pleistocene glaciation induced localized shallow faults and folds in the shale strata beneath the site.  Last movement on an offshore fault intersecting the cooling water tunnels occurred during Pleistocene time in response to deglaciation‑isostatic rebound.


Investigations Performed


The onshore plant site investigation included test borings into bedrock, the deepest of which was 730 feet.  Other subsurface site investigative activities included:  42 inch drilled exploratory shafts into the top of bedrock, in situ testing and plate load tests; pressure meter tests; permeability determinations; piezometer installations; seismic analyses, seismic refraction traverses and seismic shear wave determinations; geologic mapping of foundation grades, tunnels and excavation cuts; geologic studies and preparation of subsurface geologic profiles.  Offshore in Lake Erie, investigations for cooling water facilities included:  ten test borings into bedrock, water pressure tests, gas composition and pressure tests, and probing of the lake to determine both configuration and nature of the lake bottom materials.  In addition, the dispersive characteristics of shale and till were investigated to determine any clogging potential of the plant porous concrete underdrain system.  Supplemental investigations were conducted on the shallow onshore and cooling water tunnel deformation identified during the geologic mapping program.


Results of Investigations


Subsurface exploration, substantiated by laboratory testing of soil and rock and excavation experience, confirmed that stratigraphically, the subsurface materials and their respective physical properties were similar throughout the plant site.  The Upper Devonian shale strata beneath the site dip less than 5 degrees southeast, but the erosional bedrock surface slopes north toward Lake Erie.  Small inflows of natural gas were encountered in about a dozen borings penetrating shale bedrock.  Groundwater levels ranged between three and five feet below ground surface.  The depth to groundwater gradually increased toward Lake Erie.


The bearing characteristics of the lacustrine deposits and upper till with a combined thickness of 35 feet are generally unsuitable for the support of Seismic Category I structures.  Support for most Seismic Category I buildings is provided by lower till and Chagrin shale.  Seismic Category I structures, such as piping, duct banks, buried fuel oil storage tanks, and the diesel generator building are founded on compacted Class A backfill.  Controlled Low Strength Material (CLSM) may be used as a replacement for Class A fill when the Class A fill was used as bedding and backfill for buried piping and ductbanks only, and not as part of the Plant Underdrain system, or as a foundation for safety‑related buildings or structures.  The lower till exhibits a very low compressibility under static loads up to 6 tsf.  The shale is capable of supporting loads to at least 25 tsf without detrimental settlement.  Subsurface investigation of the cooling water tunnel alignments indicated that Chagrin shale beneath Lake Erie is relatively uniform and generally competent and free from detrimental soft zones.  Site conditions for plant excavation and tunneling were predicted to be favorable.


Construction experience generally was consistent with the exploration results.  Material properties and groundwater conditions were as 


anticipated.  The open excavations were dry, and the radius of monitored groundwater drawdown was less than had been calculated.


Shallow deformation exposed by onshore foundation excavation into Chagrin shale, although unanticipated, was similar in style and origin to that identified on the east bank of Bates Creek during preconstruction site‑locale geologic reconnaissance.  A similar result was obtained during investigations of geological features at Big Creek, located 22 km southwest of the plant site (Reference 4) following the January 31, 1986 earthquake.  In this instance the shallow structures are confined to the Cleveland shale directly overlying Chagrin shale.


An anomalous, small‑displacement, thrust fault intersecting the cooling water tunnels, was revealed during tunneling.  Studies show that its last movement, an adjustment to glacio‑isostatic rebound, occurred in Pleistocene time.  Several inflows of methane were encountered without hazardous incident.  Tunneling was conducted under characteristically dry conditions.  The only wet conditions experienced were a short term, relatively small volume of discharge from the tunnel fault under piezometric pressure and several other minor seeps.  None of the site faulting evaluated during initial site investigations, or faults mapped during post January 31, 1986 Leroy earthquake studies, are capable as defined in <10 CFR 100, Appendix A>.


Ohio and adjacent areas are characterized by small infrequent earthquakes with an occasional moderate earthquake.  Three moderate earthquakes, one of Intensity VII‑VIII (MM) centered in the Anna, Ohio area, 185 miles southwest of the site, one of Intensity VIII (MM) in the Attica, New York area, 160 miles northeast of the site, and the Intensity V‑VI(MM) event centered near Leroy, Ohio, 10 miles south of the site, represent the largest earthquakes to have occurred within 200 miles of the site.  Acceleration values for the safe shutdown earthquake (SSE) and operating basis earthquake (OBE), are 0.15g and 0.075g, respectively.


Conclusions


Findings of the comprehensive geology, seismology, geotechnical engineering investigations, and construction experience show that the Perry site on the southeast shore of Lake Erie, near North Perry, Ohio, is acceptable from geologic, seismic and geotechnical engineering viewpoints.


2.5.1      BASIC GEOLOGIC AND SEISMIC INFORMATION


Basic geologic and seismic information provided throughout the following paragraphs is discussed in context of a regional, local, site, or plant area connotation and is defined as follows:


a.
Regional



A large area within the Central Lowlands Physiographic Province essentially defined by a basic similarity in the spatial distribution, position and geologic history of stratigraphic units, structural features and surface forms.  Generally, a reference area within a 200 mile radius of the site is sufficient in developing the regional geologic and seismic characterization.


b.
Local



Normally a “localized” area in proximity to the site within a minimum radius of five miles centered at the plant area.  Geologic features peripheral to the five mile radius but significant with respect to local geology are necessarily incorporated into this category.   Following the January 31, 1986 Leroy earthquake, this area was extended to include features within 15 miles of the site and within 5 miles of the epicenter.


c.
Site



An area restricted to the surface property boundaries of the site including the Lake Erie shoreline and the subsurface limits of mineral rights acquisitions.


d.
Plant Area



Includes those areas occupied by major plant structures and especially Seismic Category I structures.


All elevations are in feet above mean sea level (MSL), USGS Datum, unless otherwise noted.


2.5.1.1      Regional Geology


Salient aspects contained within the Central Lowlands Physiographic Province as well as contiguous provinces are presented in context of their relationship to the site location and structures.


2.5.1.1.1      Regional Physiography and Geomorphology


The site lies within the Lake Plains Section, a physiographic subdivision of the Central Lowland Physiographic Province.  The Lake Plains Section is characterized by a narrow band of very low relief terrain, five to ten miles wide, along the southeast shore of Lake Erie.  South of the Perry site, the narrow Lake Plains Section is adjoined by the Glaciated Plateau Section of the Appalachian Plateau Physiographic Province.  This boundary, commonly referred to as the Allegheny Escarpment, trends in a general northeast‑southwest direction from the Pennsylvania border to north‑central Ohio where its bearing changes to a more southerly direction.  The Allegheny Escarpment is recognized as an abrupt change in relief, approximately 100 feet, in northeastern Ohio. 


In south‑central Ohio the Glaciated Plateau Section has a common boundary with the Till Plains Section of the Central Lowland Province.  A regional physiographic map showing these physiographic relationships to the site is presented in <Figure 2.5‑1>.


The site is on a portion of the Lake Plain that was submerged in the geologic past when the level of Lake Erie was considerably higher than the present level.  Approaching the present shoreline of Lake Erie, the flat terrain gives way to a steep bluff that forms most of the shoreline in northeastern Ohio.  The average height of the bluff is approximately 45 feet.


2.5.1.1.2      Regional Geologic Features


The site is situated within the eastern portion of the Central Lowland Physiographic Province as previously discussed.  This province is founded on a buried supracrustal platform or craton composed of Precambrian crystalline basement rock overlain by variable thicknesses of Paleozoic sediments, generally on the order of several thousand feet.  A surficial veneer of Pleistocene glacial and lacustrine deposits are present throughout much of the province, including the site.


The Precambrian crystalline basement is not exposed anywhere in Ohio but underlies the site vicinity, approximately 5,000 feet below surface, as interpolated from drill records and geophysical survey data.  Basement structures inferred on the basis of direct and indirect data include both local trends and regional features consisting of the Lake Superior syncline in Wisconsin, Minnesota and Iowa and the Grenville metamorphic or orogenic front presumably traced from eastern Canada southward into Michigan and Ohio (Reference 5) <Figure 2.5‑2>, and the Akron Magnetic Boundary representative of regional scale lithologic differences in the crystalline basement.


Distinctive regional Paleozoic structures are principally broad upwarps such as the Cincinnati, Findlay and Kankakee arches, the Ozark uplift and the Nashville dome, with intervening deep depositional basins of Paleozoic rocks including the Michigan and Illinois basins.  The development of these uplifts and basins spanned the Paleozoic Era.  These areas of uplift and subsidence were accompanied by high‑angle faulting and mild folding.


2.5.1.1.3      Geologic Setting


The site is on the northwestern flank of the Appalachian geosyncline.  Bedrock directly beneath the site belongs to the Ohio shale formation (Upper Devonian).  To the south, these Devonian strata are overlain by successively younger Paleozoic sediments and Pleistocene glacial deposits respectively.  These rocks dip gently to the south at a gradient of approximately 20 to 40 feet per mile.  This paleotopographic surface was eroded as a consequence of continental glaciation forming Lake Erie along with the other Great Lakes during the Pleistocene Epoch.  Lake Erie is the shallowest of the Great Lakes, with a maximum depth of 210 feet and an average depth of 58 feet.  The western end of the lake is extremely shallow as much of the lake bottom is immediately underlain by resistant carbonate bedrock.  From the general vicinity of Sandusky, Ohio, to the east beyond the Pennsylvania boundary, Lake Erie has been eroded into Upper Devonian shales which overlie the more resistant rocks comprising lake bottom strata of the western portion.


All but southeastern Ohio has been extensively mantled by Pleistocene glacial deposits.  Consequently, bedrock exposures are sparse particularly in proximity to the local area of the Perry site.  The distribution and southern extent of glacial deposits throughout Ohio are portrayed on <Figure 2.5‑3>.


2.5.1.1.4      Stratigraphy


The stratigraphy of Ohio can be readily differentiated into three distinct units which include a basal Precambrian crystalline basement, a sequence of Paleozoic sedimentary rock and a surficial cover of Pleistocene glacial and glaciolacustrine sediments.  Soil profiles have developed since the recession of continental glaciation in the upper several feet of the surface veneer.  Precambrian rocks are not exposed in Ohio, as the basement complex lies at approximately minus 5,000 feet (Reference 6).  Paleozoic sedimentary rocks, essentially Devonian shale, comprise bedrock in the northern region of Ohio, east of Sandusky, including a large portion of the Lake Erie Basin.  In the extreme northwestern corner of Ohio, Devonian rocks immediately underlie the outer fringe of the Michigan Basin.  A much smaller distribution of Devonian strata occurs as an outlier slightly east of the Cincinnati Arch, approximately 40 miles northwest of Columbus.  Limestone and dolomite strata of Ordovician and Silurian ages outcrop in the western half of Ohio.  The southeastern portion of the state is immediately underlain by successively younger post‑Devonian Paleozoic rocks such that Permian strata are exposed in proximity to the Ohio River segment serving as a mutual boundary with West Virginia.  The areal extent of bedrock geology in Ohio is shown on <Figure 2.5‑4>, and a statewide composite bedrock stratigraphic column is included as <Figure 2.5‑5>.


A Devonian‑Mississippian stratigraphic interval dominated by shale forms the bedrock surface of an 8 to 20 mile wide belt contiguous to Lake Erie from the Pennsylvania border to the vicinity of Sandusky and from there southward through central Ohio to the Ohio River.  The subdivision of these Devonian‑Mississippian shales in Ohio is based on their lithologic character according to Hoover (Reference 7).  The precise horizons separating the divisions are somewhat arbitrarily defined because of interfingering facies and their transitory nature vertically from one unit to the next.  In the northeastern region, a complete columnar section through the shale sequence in stratigraphic order, oldest to 


youngest, would include the Plum Brook (logged in subsurface) Huron, Chagrin, Cleveland, and Bedford shale members (Reference 8).  Collectively, these members comprise approximately 1,500 feet of stratigraphic section of the site locale.  The Huron, Chagrin and Cleveland shales together are also known as the Ohio Shale, representing most of the Devonian‑Mississippian shale sequence in northeastern Ohio.  The composite interval is underlain by Middle Devonian, predominantly nonargillaceous, carbonate rocks and capped by Berea sandstone, the latter of which lies on a scoured Bedford Shale erosional surface.


Member subdivisions of the Ohio Shale are accomplished mostly on the basis of color, primary structures and other physical criteria.  The Huron shale, stratigraphically averaging 410 feet throughout Ohio, is a black fissile shale containing conspicuous carbonate concretions.  It’s base is placed at the top of the highest gray shale (or limestone) bed of the underlying Plum Brook Shale.  The top of the Huron is placed at the highest black shale where the gray, slightly arenaceous Chagrin begins.  In some locales, the base of the Chagrin is conspicuous, beginning at the top of the uppermost layer of carbonate concretions (generally from 1 to 6 feet in diameter, but as large as 15 feet) or at the base of the lowermost Ohio shale cone‑in‑cone structure.  The Chagrin shale is essentially a noncarbonaceous, medium‑gray, fissile, clay shale occupying an intermediary position between two highly carbonaceous fissile blue‑black shales.  The Cleveland shale is readily distinguished from the Chagrin on the basis of darker color and from the Huron on the basis of the absence of large calcareous concretions.  Primary and secondary deposits of pyrite, occurring along thin bedding laminae as concretionary masses and/or as finely disseminated pyrite, are best developed in the Cleveland shale.  Regionally, the irregular distribution and variable thickness as well as the horizontal gradation and vertical transitory nature, characterizing the stratigraphy of the Ohio Shale, can be readily understood in context of the facies concept.


The Bedford Shale overlies the Ohio Shale.  Its stratigraphic base is placed at the top of the uppermost black shale sequence containing a few siltstone beds.  The basal sequence of the Bedford consists of a gray‑black shale, more frequently interbedded with thin siltstone beds than the Ohio Shale.  However, Bedford siltstones exhibit local evidence of bedding plane failure and slump (load casts and flow rolls).  In some locales Bedford Shale is predominantly a soft, red clay shale.  Erosional channels have completely cut through the Bedford Shale into the underlying Ohio Shale, such that Berea Sandstone, the next youngest stratigraphic unit, is in unconformable contact with Ohio Shale.  Generally, the Bedford‑Berea contact is very irregular and disconformable even where erosional channels have not been identified.  The top of the Bedford, where exposed, has been defined by the base of massively‑bedded Berea Sandstone strata.  It is generally accepted that the Devonian‑Mississippian time boundary should be placed at the Ohio‑Bedford contact.


At the site, the Chagrin shale of Upper Devonian age, is the highest Ohio Shale member.  The Cleveland and Bedford shales, and the Berea Sandstone outcrop successively higher along the Allegheny Escarpment to the south.  Consequently, bedrock reaching the surface in Lake County is chiefly shale and lesser amounts of sandstone.  Bedrock exposures are sparse, however, as most of the surface is concealed by glacial deposits.  The nearest outcrops to the plant site are situated approximately seven miles southwest along the banks of the Grand River.  The areal distribution of the major bedrock units with respect to the Perry site and northeastern Ohio is shown on <Figure 2.5‑6>.


Glacial materials cover more than two‑thirds of Ohio.  In northeastern Ohio glacial drift and glaciolacustrine sediments overlying bedrock reach a maximum thickness of approximately 250 feet.  The glacial deposits are dominantly till composed of native material with some ice‑transported granitic erratics undoubtedly derived from Canada.  Composition of the till varies from place to place but in general is a 


heterogeneous, dense, boulder clay with interspersed rock fragments ranging from large boulders, cobbles and pebbles down to sand size.  Along the lake front, a layer of glaciolacustrine deposits comprised of clay, silt and fine sand mantle dense tills.  Sandy beach ridges located 1.5 to 10 miles inland from the present shore delineate former lake margins.  The distribution of glacial and glaciolacustrine deposits in northeastern Ohio are shown on <Figure 2.5‑7>.


2.5.1.1.5      Regional Tectonics


2.5.1.1.5.1      Regional Tectonic Elements


The regional tectonic elements are described in the following paragraphs.


a.
Grenville Front



The Grenville Front extends southwesterly across eastern Canada for 1,150 miles from the coast of Labrador to the north shore of Georgian Bay, Ontario, where its trace in the Precambrian basement dips beneath Paleozoic sedimentary formations (Reference 9) (Reference 10).  Cutting across older structural provinces of the Canadian Shield, the Grenville Front is a tectonic break which defines the northwestern limit of Grenvillian metamorphism and deformation, part of a several kilometer wide shear zone, the Grenville Front Tectonic Zone (GFTZ).  The GFTZ is characterized by strongly deformed, locally mylonitic rock exhibiting northeast‑trending, gently southeast‑dipping tectonic layering and southeast plunging mineral lineations (Reference 293).  Seismic reflection profiles in Lake Huron and Central Ohio reveal the subsurface expression of the GFTZ as a zone of east‑dipping reflectors ranging from 30 to 50 kilometers in width (Reference 294) (Reference 295).



To the southeast of the Front in Canada, the Precambrian terrane comprises an orogenic belt defined as the Grenville Province and characterized by upper‑amphibolite or granulite facies metamorphic rocks having K‑Ar radiometric ages of 950(150 million years.  There is a systematic decrease in radiometric dates to the southeast away from the Front, from a high of about 1,050 million years along the Front in Ontario to about 850 million years near the St. Lawrence River (Reference 9) (Reference 11).



To the northwest of the Grenville Front, along much of its trace in Ontario and Quebec, there are Early Precambrian (Kenoran, 2,400 million years) rocks of the Superior Province.  In southern Ontario, 300 miles north of the site, along the north shore of Lake Huron and northwestern Georgian Bay, kyanite‑zone metasediments, minor metavolcanic rocks and related migmatitic rocks of the Grenville Province abut greenschist‑facies, sedimentary and volcanic rocks of the Huronian super group of the Canadian Southern Province along a Grenville Front fault boundary (Reference 12) (Reference 13).  The Canadian Southern Province is characterized by sedimentary deposition during Lower Proterozoic time (2,400‑2,200 million years) and deformation during the Hudsonian orogeny, about 1,700 million years ago (Reference 14) (Reference 15).  An intrusive suite of granitic, minor intermediate to felsic volcanic rocks, and subordinate diorite and granodiorite occurs northeast of Georgian Bay near Killarney, Ontario.  These 1730‑1750 and 1450‑1470 million year old granitoids separate the Huronian rocks from the Grenville Front.



Where last exposed at ground surface, the Grenville Front trends southwesterly beneath northwestern Georgian Bay and beneath Paleozoic sedimentary rocks on eastern Manitoulin Island, Ontario.  The southerly trend of the Grenville Front, beneath the sedimentary cover in the site region, has been traced by petrographic and radiometric analyses of basement rocks sampled in deep borings.  



Bass was the first to define the general position of the boundary in western Ohio by his identification of high‑grade metamorphic rocks on the east and unmetamorphosed, nonorogenic igneous and sedimentary rocks on the west (Reference 16).  The metamorphic rocks were dated at 900‑1,000 million years and classified as part of the Grenville Province orogenic belt.  The Grenville Province is presently divided into two principle subprovinces based on recognition of distinct lithologic and structural characteristics.  Immediately east of the GFTZ is the Central Gneiss Belt (CGB).  The CGB comprises mainly quartzfeldspathic gneissic rocks of igneous origin, generally metamorphosed to upper amphibolite facies.  To the southeast, the Central Metasedimentary Belt (CMB) consists of greenschist to granulite metamorphosed marbles, volcanics and clastics.  The allochthonous CMB terrane was thrust northwestward onto the CGB along the Central Metasedimentary Belt Boundary Zone which parallels the GFTZ.  Recognition of subdivisions of the two major subprovinces, established in areas of Precambrian exposure in Ontario and Quebec, have been extrapolated southward beneath Paleozoic cover by examination of available core and drill cuttings and by aeromagnetic anomaly patterns.  Seismic reflection data along transects of Lake Ontario and Lake Erie have confirmed the presence of distinguishable Precambrian features coinciding with the terranes and terrane boundaries (Reference 296).



In his study of basement rocks to the west of the Grenville boundary in Ohio, Kentucky, Tennessee, Indiana, and Illinois, Bass found no regionally metamorphosed rocks.  The igneous rocks there are mainly massive to flow‑banded (Reference 16).



In the broad area to the west of the Grenville Front in the midwestern United States, Engel used the term “Central Province” to describe basement terrane characterized by felsic igneous rocks of intermediate age (1,500‑1,200 million years) (Reference 17).  Lidiak et al further defined the Central Province as a “terrane of 



granite and rhyolite (which) extends from eastern Iowa to western Ohio, where it is terminated by metamorphic rocks which are the subsurface extension in Michigan and Ohio of the Grenville Province of the Canadian Shield” (Reference 18).  Granites were emplaced in the Central Province 1,350 million years or more ago (Elsonian event), while rhyolite and trachyte in western Ohio are dated at about 1,260 million years.  They further noted that gravity and magnetic anomalies in the Michigan Basin may reflect Keweenawan (1,200‑1,100 million years) igneous rocks.  The Keweenawan rocks mark a former rift zone, the Keweenawan rift sequence.  Exposures of the rift around Lake Superior consist of basalt flows overlain by a thick sequence of sandstones, shales, and conglomerates (Reference 297).  The sequence is termed the Mid‑Michigan Rift southeastward through Michigan.  Red arkosic sandstones recovered from a deep borehole in central Michigan apparently overlie layered basaltic flows interpreted from COCORP (Consortium for Continental Reflection Profiling) seismic reflection data (Reference 298).  The aeromagnetic and gravity pattern of the Keweenawan sequence extends in subdued fashion across the Grenville Front (Reference 299).



Muehlberger et al, in discussing the geologic history of the interior United States, noted that crustal stabilization events occurred about 2,500, 1,700, 1,350, and 1,000 million years ago (Reference 19).  During the Nemaha igneous episode (Elsonian, 1,450‑1,350 million years), basement rocks from New Mexico to Ohio were consolidated to form the basement for younger, extensive volcanic‑intrusive complexes.  Bayley and Muehlberger defined the subsurface location of the Grenville Front from southern Ontario through eastern Michigan and western Ohio to northern Kentucky <Figure 2.5‑8>, and further described the different lithologies on each side of the boundary (Reference 20).  Based on petrographic and radiometric studies of basement well samples, Ammerman and Keller located the Grenville Front in northern Kentucky between little‑metamorphosed igneous rocks to the west, and marble and 



upper‑amphibolite grade, metamorphic rocks (913 and 894 million years, K‑AR ages) to the east (Reference 21).


b.
Arches



Several broad Paleozoic arches exist in the site region:  the north trending Cincinnati Arch of north‑central Kentucky and southwestern Ohio (Reference 22) (Reference 23) (Reference 24) (Reference 25) (Reference 26), the northeast trending Findlay Arch of northwestern Ohio (Reference 22) (Reference 26) (Reference 27) (Reference 28) (Reference 29); the north‑northeast trending Waverly Arch of west central Ohio (Reference 23) (Reference 25) (Reference 28); the Ohio‑Indiana Platform of western Ohio and eastern Indiana (Reference 22) (Reference 26) (Reference 27); and the northeast trending Algonquin axis of south‑central Ontario (Reference 30) (Reference 31).  Recently the presence of the subtle Waverly Arch has been questioned on the basis of analysis of more borehole logs.  Evidence from recent drilling activity in eastern Ohio has revealed a north northeast‑trending arch designated the Wooster Arch (Reference 303) (Reference 300).



All arches in the site region rest on a crystalline Precambrian terrane which has been mantled by a relatively thin sequence of gently‑warped Paleozoic sediments.  The Paleozoic section ranges in age from Cambrian to Carboniferous (Reference 22) (Reference 23) (Reference 25) (Reference 26) (Reference 27) (Reference 28).  The arches were formed in response to differential subsidence of the surrounding sedimentary basins (Reference 22) (Reference 23) (Reference 25) (Reference 26) (Reference 28).  There are, however, variations in the timing of formation of the various arches and in the development of localized structural features along them.



The Cincinnati Arch began to develop during Late Cambrian and Early Ordovician time in response to subsidence in the Appalachian Basin 



to the east, and in the Illinois Basin to the west (Reference 22), (Reference 23), (Reference 25), (Reference 26), (Reference 27), and (Reference 28).  The location of the Cincinnati Arch is partially controlled by a basement ridge along the Grenville Front (Reference 6) and (Reference 28).



The Findlay Arch which separates the Appalachian Basin from the Michigan Basin does not show any evidence of development until the Devonian time (Reference 29).  The Ohio‑Indiana Platform, which is located where the Cincinnati Arch broadens and bifurcates into the Findlay and the Kankakee Arches, began to develop in Ordovician time, with full development occurring with the formation of the Findlay Arch in Devonian time (Reference 26) and (Reference 27).



The structures along the various arches also exhibit local variations.  Tobin, Mayhew, Lidiak and Zietz, and Ammerman and Keller have described north trending faults in the surface and subsurface along the east flank of the Cincinnati Arch (Reference 32), (Reference 33), (Reference 34) and (Reference 35).  On the other hand, it has been indicated that the Bowling Green fault of northwestern Ohio occurs along the western flank of the Findlay Arch (Reference 36).  However, all of the above authors agree that the faulting noted along the Cincinnati and Findlay Arches is basement‑controlled and reflective of reactivation of Precambrian structures possibly related to the Grenville Front.


c.
Basins



Two Paleozoic basins, the Michigan and Appalachian Basins, exist within the site region.



1.
Michigan Basin




The Michigan Basin is oriented slightly northwest‑southeast and contains 15,000 feet of sediment (Reference 37) (Reference 38).  The basin overlies unmetamorphosed Central Province basement rocks in the west and northwest, and metamorphosed Grenvillian‑age basement rocks in the southeast (Reference 18) (Reference 19) (Reference 20) (Reference 39).




The Michigan Basin began to develop in Cambrian time, with full development not occurring until the Middle Ordovician (Reference 29) (Reference 37) (Reference 38).  Maximum basin formation occurred during the Middle to Upper Silurian when several thousand feet of sediment were deposited (Reference 29) (Reference 37).  The Michigan Basin continued to subside intermittently throughout the Paleozoic, with local areas of differential subsidence in the Chatham Sag (Reference 30).



2.
Appalachian Basin




The Appalachian Basin in the site region is a broad northeast trending, southeast dipping homocline overlying metamorphosed Grenvillian basement (Reference 18) (Reference 40).




The development of the basin began in Cambrian time and continued throughout the Paleozoic in response to episodes of Appalachian mountain building.  The basin contains a thick sequence of unmetamorphosed Paleozoic shales, sandstone and carbonates which dip gently (25‑50 feet per mile) to the east and southeast off the Cincinnati and Findlay Arch systems (Reference 40).  Locally within the basin, Rodgers notes the 




presence of local faults and a few broad folds (Henderson dome, Cambridge arch and Parkersburg‑Lorain syncline) (Reference 40).


d.
Faults



Several faults and groups of faults have been defined within the site region:  the Chatham Sag faults; the Peck fault and faults associated with the Howell‑Northville anticline; the Bowling Green fault; faults near Anna, Ohio; faults along the Cincinnati arch; faults in eastern Ohio; western New York faults; and the Appalachian Plateau and Northern Valley and Ridge faults.  Of these faults, the Clarendon‑Linden fault system, located in western New York, 165 miles northeast of the Perry site, is currently considered active (Reference 41), and a spatial correlation of earthquakes with the Anna‑Champaign, Auglaize and Logan‑Hardin faults in west‑central Ohio has been suggested (Reference 2).



1.
Chatham Sag Faults




The Chatham Sag is a west northwest trending syncline in south‑central Ontario and southeastern Michigan.  Brigham notes the presence of five normal faults in the area with Ordovician to Devonian ages (Reference 40).  The offsets of the faults, commonly down on the south, range from 100 to 300 feet.



2.
The Peck Fault and Faults Associated With the Howell‑Northville Anticline




These faults are high‑angle normal faults located in southeastern Michigan, 160 miles from the Perry site.  The faults associated with the Howell‑Northville anticline strike northwest and are downthrown to the southwest.  The Peck fault 




strikes north and is downthrown to the west with a maximum displacement of 300 feet (Reference 30).  The faults have been described on the basis of a subsurface stratigraphic data by Brigham (Reference 30) and Prouty (Reference 37).  These authors postulate the ages of the two faults to be Ordovician and Mississippian, respectively.



3.
Bowling Green Fault




This fault is a north trending, high‑angle normal fault zone up to five miles wide, located in northwest Ohio, 170 miles from the Perry site (Reference 36).  It has a downward displacement of approximately 200 feet to the west.  The Bowling Green fault is interpreted to offset Ordovician Trenton Rocks in a normal sense according to seismic reflection data (Reference 301).  A series of high‑angle reverse faults and folds is reported to cut Silurian formations in quarry exposures located over the trace of the fault zone (Reference 36) (Reference 40) (Reference 42).  Quick et al suggest that the Bowling Green fault is due to reactivation, during Paleozoic time, of Precambrian basement structures along the north trending Grenville Front (Reference 36).



4.
Faults near Anna, Ohio




Thompson et al and McGuire have described three normal faults in the subsurface near Anna, Ohio, 185 miles west of the Perry site (Reference 43) (Reference 44).  The faults near Anna, which have been mapped on the basis of subsurface geological and geophysical data, have a northwest and north orientation (Reference 43) (Reference 44).  The northwest trending Anna‑Champaign fault is downthrown to the north with an offset inferred to be 25 to 150 feet (Reference 1).  The 




north‑northeast trending Auglaize and Logan‑Hardin faults are downthrown to the west with offsets inferred to be approximately 50 feet (Reference 45).  The age of the faulting at Anna is uncertain.



5.
Faults Along the East Flank of the Cincinnati Arch




Tobin and Mayhew postulate the existence of north trending normal faults in the subsurface of west‑central Ohio, about 175 miles southwest of the Perry site (Reference 32) (Reference 33).  These faults are reported to be due to possible Paleozoic reactivation of Precambrian structures along the boundary between Grenvillian age metamorphosed rocks on the east and older Central Province, unmetamorphosed Precambrian rocks on the west (Reference 46).



6.
Faults in Eastern Ohio




Several small faults of probable Paleozoic age with variable orientations ranging from northwest to northeast have been noted in the subsurface of northeastern Ohio (Reference 47) (Reference 48) (Reference 49) (Reference 50) (Reference 51). 




The faults are of variable angle with throws typically ranging from a few inches to several tens of feet (Reference 51) (Reference 52), and in some isolated cases up to 200 ft.




Four northwest‑trending faults (Akron, Suffield, Smith Township, and Highlandtown) are mapped on Packer “Shell”, Onandaga and Berea bedrock structure contour maps, extending from east central Ohio towards Cleveland, Ohio (Reference 52) and are located 50 miles or further from the site.  The easternmost (Highlandtown fault) is spatially coincident with the western extension of the Transylvania or Lat. 40 (degree) 




fault zone, inferred from a series of east‑west trending faults and associated geophysical and well log anomalies, extending through southern Pennsylvania (Reference 53).  Several lines of evidence indicate a multiple movement history of the faults in northeastern Ohio.  The en echelon fault geometry and apparent associated magnetic anomaly offsets indicate initial Precambrian to Cambrian right‑lateral strike‑slip motion of the Precambrian basement rocks along the fault zone (Reference 54).  The faults are persistent in location and orientation at four stratigraphic levels within the overlying Paleozoic section, culminating in post‑Pennsylvanian deformation of coals and limestones.  Based on offset structure contours, relative Paleozoic motion on the high‑angle faults in northeastern Ohio is up to the northeast, with maximum vertical displacement of 200 feet.




Several high‑angle reverse faults in salt mines in the area have been noted (Reference 49) (Reference 50) (Reference 51). These faults are apparently confined to the salt and do not affect the overlying strata.  For details on faulting in the immediate site vicinity see <Section 2.5.1.2.3>.



7.
Faults in Western New York




Fakundiny and Isachsen and McKendree have discussed the Clarendon‑Linden fault system of western New York, located 165 miles east‑northeast of the site (Reference 55) (Reference 56).  This system is a north trending zone of folds and faults which have been identified on the basis of subsurface geological data.  It deforms rocks of Devonian age and older, and is considered to be seismically active (Reference 41).




Sixty‑five miles west of the Clarendon‑Linden fault, the Chautauqua Anticline/Bass Island structure is mapped (Reference 57).  The 100 kilometer long, northeast‑trending structure is comprised of at least 47 minor thrust faults upthrown to the northwest.  The faulting corresponds to the northwestern limit of Salina Group salt beds which localized decollement sliding of overlying units.  At this point, the termination of the easily deformable salt layer forced the leading edge of the detachment upward into overlying units where it eventually dies out in fissile shales of the Hamilton Group.  The resulting anticlinal structure is similar to the Burning Springs Anticline in West Virginia.  Locally, within these zones and elsewhere along the arcuate terminal margin of the Alleghanian deformation, strike‑slip faults perpendicular to the Alleghanian structural front offset the thrust faults.  Such a zone of north‑south normal faulting (Devonian or older) has been identified in western New York, approximately 210 miles east‑northeast of the Perry site.  The resulting fault blocks control the curved geometry by differential block transport (Reference 56) (Reference 57).



8.
Thrust Faults in the Appalachian Plateau and Valley and Ridge Provinces




The style of faulting in the Appalachian Plateau and the Northern Valley and Ridge provinces, to the southeast of the site, takes the form of north to northeast trending thrust faults dipping east and southeast (Reference 40).  The sense of motion on these faults is generally east over west.




The only difference in faulting style between the two provinces is that thrust faults in the Northern Valley and Ridge province are relatively common as compared with the sporadic occurrence of faults in the Appalachian Plateau.  The 




faulting style noted in the Northern Valley and Ridge province continues southward to the vicinity of the James River and Roanoke, Virginia (beyond the site region) where it undergoes a distinct change.  North of the Roanoke area, thrust faults striking N30(‑35(E are generally discontinuous.  South of the Roanoke area, however, thrust faults striking N55(‑60(E are the dominant structural features (Reference 40).


e.
Folds



The principal folds in the site region are those developed within the Michigan Basin adjacent to the Findlay Arch and in the Appalachian Basin and its more greatly‑deformed eastern extension, the Northern Valley and Ridge province (Reference 22) (Reference 37) (Reference 40).



1.
Michigan Basin Folds




The folds in the Michigan Basin generally strike northwest‑southeast (Reference 58).  The subsidiary fold trends are northeast‑southwest, and radial to the basin (Reference 37) (Reference 59).  The development of the fold pattern in the Michigan Basin has been suggested classically as reflecting basement structure (Reference 60).




King and Dallmus suggest that fold development within the basin occurred throughout the Paleozoic in response to regional stress (Reference 61) (Reference 62).  Prouty reiterated the suggestion of King and Dallmus that some of the major folds of the Michigan Basin (in particular, the Howell‑Northville anticline) did not develop until at least Mississippian time (Reference 37) (Reference 61) (Reference 62).



2.
Lucas County Monocline




The generally north trending Lucas County monocline is located in northwestern Ohio and southeastern Michigan (Reference 22) (Reference 36) (Reference 58).  The structure was initially identified from surface and subsurface data as a gently east dipping Paleozoic monocline with no evidence of faulting.  However, studies of surface exposures near the southern terminus of the Lucas monocline have suggested the presence of a high‑angle fault; the Bowling Green fault (Reference 22) (Reference 36).  See Item d.3 of this section.  The age of deformation of the Lucas County monocline is possibly Late Paleozoic (Reference 63).



3.
Folds in the Appalachian Basin




The fold pattern in the Appalachian Basin has been described by Rodgers and by Clifford and Collins (Reference 40) (Reference 64).  Rodgers indicates that with a few exceptions (notably the Burning Springs anticline, Cambridge Arch, the Parkersburg‑Lorain syncline, and the Henderson dome) folds in the Appalachian Basin are generally “planless irregularities, folds of erratic trend, domes, noses, etc” (Reference 40).




According to Clifford and Collins, the Burning Springs anticline and Cambridge Arch are the result of thin‑skinned thrusting on a Silurian salt glide plane (Reference 64).  These authors also point out that the Parkersburg‑Lorain syncline cannot be identified below the salt horizons.  Similarly, Rodgers suggests that the Henderson dome has developed, in response to diapiric action of salt, into the overlying Paleozoic section (Reference 40).



4.
Folds in the Northern Valley and Ridge Province




The folds in the Northern Valley and Ridge province occur in a series of belts of long, steep sided to slightly overturned parallel folds with a general north‑northeast orientation (Reference 40).  The wavelength of the longer folds is 3 to 10 kilometers, with an amplitude of 800 to 1,500 meters.




The structural pattern in the Northern Valley and Ridge is the result of “wholesale stripping” of the Paleozoic section from the basement at the level of the lowest incompetent shale of upper Lower Cambrian age (Reference 40).  Subsequent to stripping, folding of the Paleozoic section was caused by northwest directed compressive stress during the Alleghenian orogeny, about 250 million years ago.  The style of folding in the Northern Valley and Ridge undergoes a distinct and profound change in the vicinity of the James River‑Roanoke area of Virginia (Reference 40).  Northeast of Roanoke, the style of the deformation is one of long, continuous folds with only minor evidence of thrust faulting.  Southwest of the James River‑Roanoke area, folds are relatively less important and less continuous (Reference 40).


f.
Cryptoexplosive Structure



1.
Serpent Mound




The Serpent Mound cryptoexplosive structure is a circular area of disturbed Paleozoic rocks approximately 4 miles in diameter, located in southwestern Ohio (Reference 65) (Reference 66) (Reference 67). The Serpent Mound structure consists of three zones or rings of tilted Paleozoic rocks surrounded by generally flat‑lying Paleozoic sediments.  The inner zone consists of Ordovician and Silurian rocks which 




have been raised well above their normal stratigraphic level (Reference 65) (Reference 66) (Reference 67).  This zone is succeeded outward by an intermediate ring of Silurian and Devonian rocks at their normal stratigraphic level, and finally by an outer ring of Devonian and Mississippian rocks, which are at a considerably lower than normal stratigraphic level (Reference 65) (Reference 66) (Reference 67).




The origin of the Serpent Mound structure is described as either the result of a near‑surface explosion of volcanic gases or a meteorite impact (Reference 65) (Reference 66) (Reference 68).  Recent geophysical studies have tended to support a volcanic origin for the structure (Reference 69) (Reference 70) (Reference 71).


2.5.1.1.5.2      Regional Tectonic Provinces


The geology of the site region is characterized by a wide expanse of flat‑lying to gently‑dipping sedimentary formations of Cambrian to Permian age, resting on broadly‑arched and basined Precambrian crystalline and supracrustal rocks of various Proterozoic age, and overlain by a veneer of glacial sediments of several Pleistocene ages.


The major tectonic elements reflected in the Paleozoic rocks are the Appalachian Basin to the southeast and the Michigan Basin to the northwest, with intervening topographic divides including the Algonquin axis, Findlay arch, Indiana‑Ohio platform, and Cincinnati arch.  These and other related tectonic features, which developed during Paleozoic epeirogenic crustal movements, are shown on <Figure 2.5‑8>, and are discussed elsewhere in <Section 2.5.1.1.5> and also in <Section 2.5.1.1.6>.


The tectonic provinces of the region, derived for purposes of evaluating seismic hazards to the site, are defined on <Figure 2.5‑9>.  These 


provinces are delineated by boundaries along which characteristic regional geologic structural features terminate, or are transected by major tectonic structures of markedly different style.  In the western part of the site region, province boundaries are controlled by trends along which major structural changes occur within the relatively shallow Precambrian basement rocks and in the thin cover of less‑deformed Paleozoic sedimentary formations.  To the north and south, province boundaries are defined by tensional or transcurrent fault zones of regional extent which have intermittently displaced both the Precambrian basement terranes and the overlying younger sedimentary formations.  To the east, province boundaries are drawn along zones of significant change in type of compressional deformation in Paleozoic sedimentary rocks resulting from Late Paleozoic orogenic forces.


As shown on <Figure 2.5‑9>, the site region is partitioned into five tectonic provinces, each characterized by lithologic and structural geologic features which are unique to it.  These provinces are as follows:  Eastern Stable Platform ‑ Site Province; Michigan Basin; Appalachian Plateau; Northern Valley and Ridge Province; and Central Province.


The original FSAR (1982) described four tectonic provinces including the Eastern Stable Platform where the site is located.  This approach differed somewhat from the approach taken by the NRC Staff, as discussed in Q&R 230.2 and 230.6.  In the SER, the NRC Staff places the site within the Central Stable Region, while the CEI approach places the site in the Eastern Stable Platform Region, a smaller, regional province.


After the SER was issued, an Atomic Safety and Licensing Board provided useful guidance on this subject in In Re Consumer’s Power Co (Reference 72).  In Midland, the ASLB concluded that, on the basis of geology and seismic hazard studies, the Applicant’s subdivision of the Central Stable Region into smaller tectonic provinces was proper and in conformance with <10 CFR 100, Appendix A> (Reference 72).  On the basis 


of criteria set forth in Midland, the Michigan Basin Province is shown on <Figure 2.5‑9> as another potential subdivision of the Central Stable Region.


a.
Eastern Stable Platform ‑ Site Province



The Eastern Stable Platform tectonic province is generally characterized by a crystalline basement terrane of metamorphic, sedimentary and igneous rocks which last consolidated to a crustal block during the Grenvillian orogeny, during the period 1,100 to 900 million years ago (Reference 19) (Reference 73).  The surface of the crystalline basement slopes gently to the southeast from a series of elongate topographic arches along the western part of the province, and is buried beneath a southeast‑thickening, little‑deformed sequence of Paleozoic sedimentary formations.



The western boundary of the province consists of a series of platforms including the Findlay arch, the Indiana‑Ohio Platform and Cincinnati arch where they are coincident with the distinct structural changes in the crystalline basement across the Grenville Front <Figure 2.5‑9>.  North of Latitude 42( the boundary is considered coincident with the eastern margin of the Michigan Basin.  The boundary is generally consistent with that given in the Final Safety and Analysis Report (1982) south of 42( latitude.  It is also consistent with the Midland ASLB conclusions that features in the Paleozoic sediments are meaningful for purposes of establishing tectonic provinces (Reference 72).



As stated, this boundary 150 miles southwest of the Perry site, is defined by the coincidence of the structural features in the Paleozoic rocks and the subsurface trace of the Grenville Front.  Below the Paleozoic rocks are the metamorphic rocks of Grenvillian age which abut essentially unmetamorphosed granite, rhyolite and supracrustal continental deposits of Elsonian (1,350 million years) 



and Keweenawan (1,200‑1,100 million years) ages.  The northern boundary of the province is marked by west‑northwest trending block faulting in the Ottawa‑Bonnechere graben, about 320 miles northeast of the site, in south‑central Ontario, Canada (Reference 74) (Reference 75).  The southern boundary is defined by the east trending Kentucky River fault zone and underlying Rome trough, about 250 miles south of the site (Reference 21) (Reference 34) (Reference 76).  The eastern margin of the province is transitional, and is placed along the zone about 80 miles southeast of the site, where gentle open folding and minor thrust faulting become apparent in sedimentary formations of the Appalachian Plateau (Reference 40).



In the Eastern Stable Platform, within the site region, the Appalachian Basin is a broad northeast trending, southeast dipping homocline overlying metamorphosed, Grenvillian age, Precambrian basement (Reference 18) (Reference 40) <Figure 2.5‑9>.  The development of the basin began in Cambrian time and continued throughout the Paleozoic, in response to Appalachian mountain building.


b.
Michigan Basin



The Michigan Basin is a broad, shallow structural depression which underlies the lower Michigan peninsula, part of the Upper Peninsula, eastern Wisconsin, northern Illinois, Indiana, Ohio, and southwestern Ontario.  The approximate eastern boundary of the Basin is shown on <Figure 2.5‑9>.  A maximum thickness of 14,000 feet of Paleozoic sediments (Cambrian‑Pennsylvanian), in the center of the basin, overlies a deeply eroded Precambrian basement surface.  The perimeter of the Michigan Basin is bounded by the Wisconsin arch and dome to the west, Canadian shield to the north, Indiana‑Ohio platform to the southwest, and Findlay/Algonquin arch to the southeast and east.  These positive features in the 



Precambrian surface acted as relatively stable “platforms” about which the Michigan, Illinois and Appalachian basins subsided.  Gravity and magnetic data, and limited borings indicate a complex Precambrian basement including Keweenawan igneous, Grenville and Central terrane lithologies.  Precambrian structural zones related to these diverse terranes apparently did not control the overall development of the Michigan Basin.



Within the Paleozoic section preserved in the Michigan Basin, numerous small anticlinal flexures occur, trending predominantly northwest and to a lesser extent northeast.  The folding and local faulting is interpreted to have occurred during subsidence of the basin.  The uniform, harmonic nature of the deformation throughout the Devonian‑Mississippian interval, and localization of the more intense deformation in the center of the basin, suggest that basin subsidence and corresponding intraformational compression produced the structures (Reference 77).  The correspondence of the predominant northwest structural orientation with the similar Precambrian trends indicates potential basement control of the Paleozoic flexures.  Larger flexures such as the Howell anticline, Albion‑Scipio syncline and Lucas‑Monroe monocline are faulted along their western flanks.  The locally interpreted faulting and widespread associated flexures are thought to have culminated before deposition of the Saginaw formation (Pennsylvanian).  The interpretation of basinal subsidence related deformation is supported by this observation, as the Pennsylvanian units are the first non‑marine sediments overlying a progressively restricted marine sequence, implying gradual reduction and cessation of basin subsidence and associated deformation (Reference 77).


c.
Appalachian Plateau Province



The Appalachian Plateau province in the site region is a broad synclinal basin mainly characterized by a thick section of Upper 



Paleozoic red shale and sandstone, overlying Lower Paleozoic shales, carbonate rocks and sandstones.  The segment of the province in New York and northern Pennsylvania consists primarily of a homoclinal structure of southward dipping, Paleozoic sedimentary rocks that rest on Grenvillian age, Precambrian basement.  In southeastern Ohio and West Virginia, the regional dip swings toward the southeast (Reference 40).



The northwestern boundary of the Appalachian Plateau province is broadly marked by the northwestern extent of gentle folds and small faults that generally occur on a trend normal to the regional dip (Reference 40).  The southeastern boundary of the Appalachian Plateau province is defined by the Appalachian Structural Front and the rocks of the Northern Valley and Ridge province.



The structure of the province was formed as part of the Appalachian Mountain deformation, with the tilting and some small faults and folds formed about 250 million years ago.  Large scale erosion beveled the ancestral mountains and reduced the surface to a flat plain by Tertiary time.  The removal of the thick cover was accompanied by some localized normal faulting and igneous activity, probably during Cretaceous time, in central New York (Reference 78).



Widespread regional uplift of a nontectonic nature occurred again a few million years ago, and the province has undergone a rejuvenation of the erosion cycle since that time.  No tectonic deformation is currently known to have occurred within the past tens of millions of years in the province.  Small scale, nontectonic deformation in the northern part of the province has occurred in response to continental glaciation.


d.
Northern Valley and Ridge Province



The Northern Valley and Ridge province in the site region consists of a thick series of Paleozoic sedimentary rocks which overlie Grenvillian age, metamorphosed, Precambrian basement (Reference 40).  The Paleozoic rocks of the Northern Valley and Ridge province have been deformed into a series of north‑northeast trending, steeply inclined to overturned folds and associated south‑southeast dipping thrust faults.  The Northern Valley and Ridge province is separated from the Appalachian Plateau province by the Appalachian Structural Front which is, as described by Rodgers, “the sharp boundary where the nearly flat beds of the plateau give way to steeply dipping or overturned beds of the Nittany arch” (Reference 40).



To the southeast, the Northern Valley and Ridge province is bounded by the Blue Ridge province and, to the southwest, by the distinct and profound structural change which occurs in the vicinity of the James River‑Roanoke area of Virginia (Reference 40).  Northeast of the James River‑Roanoke area, the dominant structural style consists of large parallel folds having considerable continuity.  Thrust faulting in the area north of Roanoke is generally subordinate, with only two major thrust faults in the entire province (Reference 40).  However, southwest of the James River‑Roanoke area, southeast dipping thrust faults dominate through the entire width of the province, and folding is distinctly subordinate.



Deformation in the Northern Valley and Ridge is a result of a sequence of events which commenced with stripping or detachment of much of the Paleozoic section from the underlying rocks at the horizon of incompetent Lower Cambrian shales (Reference 40).  The subsequent folding of the detached Paleozoic section seems to have 



been in response to compressional stress from the east and southeast during the Alleghenian orogeny, about 250 million years ago (Reference 40).


e.
The Central Province



The Central Province extends westerly through western Ohio, Indiana, Illinois, and southern Wisconsin into the west‑central and southwestern United States, and is characterized by a Precambrian basement terrane of essentially unmetamorphosed, predominantly felsic, igneous rocks of Elsonian age (1,450‑1,350 million years), locally enclosing rift basins and troughs of Keweenawan age (1,140‑1,120 million years) (Reference 17) (Reference 18) (Reference 20) (Reference 73).  The surface of the crystalline basement over wide areas is nearly horizontal to gently south dipping with local depressions in the Michigan and Illinois Basins, and is buried beneath a relatively thin cover of little‑deformed, nearly flat‑lying Paleozoic sedimentary formations of platform derivation.



The eastern boundary of the Central province is along the south trending Grenville Front of western Ohio, and northcentral Kentucky and on the westward trending continuation of the front across Mississippi, Louisiana and Texas (Reference 19) (Reference 20) (Reference 73).  The eastern boundary of the Central province is approximately 150 miles from the site at its closest approach.  The northern boundary of the Central province is the Indiana‑Ohio Platform corresponding to the southern boundary of the Michigan Basin.



Within the site region, the basement rocks of the Central province are largely unmetamorphosed, massive to flow‑banded intrusive rocks, and supracrustal rhyolite flows and pyroclastic rocks with radiometric ages in the range of 1,500‑1,200 million years 



(Reference 16) (Reference 20).  Included as subprovinces within the older Central province basement are rift basins or troughs of Keweenawan age (1,140‑1,120 million years), containing basalt and sediment fillings, derived from crustal rifting of subcontinental dimensions late in Precambrian time (Reference 73).  Burke and Dewey ascribe Keweenawan basin development to widespread rifting in the North American shield, with a triple junction in the area of the eastern end of Lake Superior and one arm of the rift zone trending southeasterly into lower Michigan (Reference 79).  They further suggest that a Grenville ocean opened on a Keweenawan rift along the present trend of the Grenville Front in east central United States, and upon subsequent Grenvillian plate convergence, the continental crust to the east was thickened and the Grenville Front tectonic boundary formed during Grenville reactivation about 950 million years ago.


2.5.1.1.5.3      Regional and 1986 Epicentral Area Geophysics


Spatial variations in the earth’s gravity, after corrections for the effects of latitude and elevation, and magnetic field, are important guides to geologic structure and lateral changes in rock type.  Many data are available for the mid‑continent area of the United States and adjacent parts of Canada from previous studies.  These data were used to help define the boundaries of regional tectonic provinces and assess potential spatial correlation and extrapolation of mapped and geologic structures <Appendix 2D F>.  They are especially valuable for interpolating between observable geologic features.


A review of available published and unpublished seismic reflection data has been made.  Available seismic surveys in Lake Erie show no evidence of Paleozoic bedrock structures.  Interpretation of the offshore data was affected by poor resolution, due to shallow bottom conditions and nature of bottom material, or limited equipment capabilities (Reference 80).  A seismic reflection survey was completed at the ICI 


Americas (formally Calhio) waste injection facility located four miles south of PNPP.  The purpose of the investigation was to determine the character of the Paleozoic sedimentary section, particularly relative to the potential for anomalous structures capable of transmitting fluids above the injection zone in the Cambrian Mt. Simon and Maynardsville formations.  The results of the seismic reflection survey confirm other information, such as structural contour mapping of stratigraphic horizons determined from borehole geophysical logs, that the structure of the area is characterized by local nosings, troughs and terraces likely resulting from variable erosional and depositional causes.  No evidence of unusual or significant neotectonic structural features or faulting was reported (Reference 302).


The data base, the methods of data reduction, and the results of the earth gravity and magnetic field studies for the Perry site are described in the following paragraphs.


a.
Data Base ‑ Gravity



Approximately 40,000 stations were compiled from two dozen different sources for the area bounded by 77(‑85(W longitude and 38(‑48(N latitude.  The average station spacing is approximately 3 miles, but in some areas, such as western Ohio, the stations are as close as a few hundred feet.  In other areas, such as northern Ontario, the station spacing exceeds 10 miles.  Within a 200 mile radius of the site, the station spacing is 3 miles or less, with the exception of the region covered by the Great Lakes where the station spacing is approximately 10 miles.



The quality of the data is sufficient for the construction of 2 milligal contour maps.  The largest source of error in individual gravity anomalies is the uncertainty in station elevation.  Within the 200 mile radius of the site, elevations are known sufficiently 



well, generally within (10 feet, for the precision of the Bouguer anomalies, and quantities derived from them, to be at least 1 milligal.


b.
Data Reduction ‑ Gravity



The data reduction for the preparation of maps used in this study utilized the original values of observed gravity, elevation and latitude tabulated by each investigator.  The Bouguer gravity anomaly was calculated with Equation 2.5‑1.
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The Bouguer gravity anomaly map for the area within 200 miles of the site is shown on <Figure 2.5‑10>.  Its use in determining the distribution of rock types and geologic structures in the basement can be enhanced greatly by dividing the Bouguer anomalies into two 



parts, termed regional Bouguer anomaly and residual Bouguer anomaly, with conventional techniques.  The residual Bouguer anomaly map contains those anomalies due to masses that occur relatively near the earth’s surface (generally 10 kilometers or less); whereas the regional Bouguer anomaly map contains those anomalies that may be caused by anomalous masses located at relatively greater depths.  The regional anomaly for this analysis was calculated at each point by averaging all values of gravity over a 40 kilometer by 40 kilometer area.  The residual Bouguer anomaly is the difference between the total Bouguer anomaly and the regional Bouguer anomaly.



The regional Bouguer anomaly map is shown on <Figure 2.5‑11>.  The residual Bouguer anomaly map is shown on <Figure 2.5‑12>.


c.
Interpretation of Residual Bouguer Anomaly Map



The residual Bouguer anomaly map is largely controlled by the basement rocks within about 10 kilometers of the earth’s surface.  It is used as an important part of the basis for constructing boundaries of the regional tectonic provinces.  <Figure 2.5‑13>, an overlay for the residual Bouguer anomaly map, shows trends of individual gravity anomalies and the province boundaries that have been drawn on the basis of mapped geology (where available); data available from cuttings and cores from drill holes; aeromagnetic data for Michigan gravity gradients and amplitudes of individual anomalies present on the residual Bouguer anomaly map; and trends and changes in direction of trends of the individual gravity anomalies (Reference 63) (Reference 81).  The western boundary of the Eastern Stable Platform, the Grenville Front, as drawn on <Figure 2.5‑13>, honors all data from wells with two exceptions.  Both exceptions are south of Anna, Ohio, where gravitational features are very well defined.  The eastern boundary of the 



Eastern Stable Platform, drawn chiefly on the basis of mapped geological structure, is confirmed by gravity contours.



Several gravity anomalies noted by Voight <Appendix 2D F> are suggested to be structurally controlled based upon analogy with similar relationships observed in areas where geologic structures are not obscured.  Two of the anomalies (13, 15) spatially coincide with features previously interpreted from Paleozoic structure contour maps <Section 2.5.1.2.3.1>.  Existing geologic and geophysical information in northeastern Ohio does not allow verification of the occurrence or determination of the extent of potential faulting associated with the described geophysical or structural contour anomalies, in either the Paleozoic section or Precambrian basement rocks.


d.
Regional Aeromagnetic Map



Recently, aeromagnetic data have been compiled in several maps covering Ohio <Figure 2.5‑14> including detailed maps of northeastern Ohio (Reference 4).  Aeromagnetic contour patterns reflect varying amounts of magnetically susceptible minerals, particularly magnetite, in the bedrock.  Often, an excellent correlation between the anomaly pattern and the causative lithologic and/or structural features is observed.  Typically, exposed and near‑surface features are represented in the aeromagnetic data.  However, in northeastern Ohio, the magnetic variations are caused by Precambrian rocks buried beneath several thousand feet of magnetically homogeneous Paleozoic sediments.  A characteristic, distinctive anomaly pattern can be traced along the trend of the Grenville Province, northeastward to exposures of the Precambrian Grenville rocks in Ontario.  In western Ohio the typical north‑ to northeast‑trending magnetic patterns of the Grenville Province are interrupted in the vicinity of the proposed north‑south extension of the Grenville Front.  A characteristic 



“birds‑eye” pattern along the basement transition zone is found along sections of the Grenville Front exposed in Canada.  To the west, in the Central Province, the magnetic anomaly pattern is subdued with no definite trend.



The aeromagnetic anomaly map of Ohio <Figure 2.5‑14> reveals a distinct boundary within the Grenville terrane in eastern Ohio, between a high frequency anomaly pattern to the west and a subdued low frequency pattern to the east (Reference 82).  The linear boundary has been termed the Akron Magnetic Lineament (AML).  This lineament is typical of other magnetic lineaments and patterns characterizing the Grenville Province.  It is likely that the lineament is related to a lithologic boundary defined by mylonitic structures such as those mapped in Precambrian outcrop areas.  There exists extremely limited drill data to determine the nature and origin of the lithologic contrast across the AML.  A shallow seismic reflection profile across the AML in Coshocton County, Ohio, may suggest an east‑dipping thrust fault in the Precambrian basement in the vicinity of the AML (Reference 83).  This interpretation is supported by data from a COCORP seismic reflection line extending across central Ohio.  The seismic profile shows evidence of prominent west‑dipping reflectors at middle to deep crustal levels that are truncated by low‑angle east‑dipping reflectors at shallow crustal levels beneath the Paleozoic‑Precambrian contact (Reference 295).  Cross‑cutting magnetic alignments and gradients, trending west to northwest, intersect the lineament and segment it.



Specific magnetic anomalies identified by Voight <Appendix 2D F> are interpreted to be caused by intrusive bodies in the Precambrian basement.  The resolution of the magnetic data is not sufficient to determine if the intrusive bodies are fault controlled or whether the structures may extend into the overlying Paleozoic rocks.


e.
Detailed Gravity and Aeromagnetic Surveys ‑ 1986 Epicentral Area



A detailed gravity survey was conducted in Lake, Ashtabula, Geauga, and Cuyahoga counties in order to assess the cause of a positive gravity anomaly centered in southwestern Lake County (Reference 4).  The detailed data reveal a complex gradient and anomaly pattern on the eastern flank of the gravity high, which is responsible for the eastward bulge of the circular anomaly in the 1986 epicentral area.  Modeling of an east‑west cross‑section was conducted through the resulting simple Bouguer anomaly map, utilizing three distinct lithologic bodies within the Precambrian basement.  As modeled, within the limits of assumed lithologic density contrasts, the larger western body does not subcrop beneath the Paleozoic sediments.  The eastern margin of the body dips to the east.  The two bodies to the east, are modeled at the Precambrian surface extending 3,000 and 1,500 feet beneath the erosion surface.  Due to the limitations of the geologic data, specifically uncertain lithologic density contrasts, no unique geometry or structural control of the causative bodies can be derived from the interpreted gravity data.



A detailed aeromagnetic survey was conducted over a 20 mile square area, centered on the Leroy earthquake epicenter, to provide a uniform magnetic data base for interpretation of lithologic and structural features in the Precambrian basement.  On the resulting aeromagnetic contour map, the January 31, 1986 epicenter coincides with a northeast‑trending magnetic low which is deflected eastward by a northwest‑trending magnetic high (Reference 4).  The series of discontinuous linear northeast‑trending lows and highs, with amplitudes of a few hundred gammas, is terminated 5 km east of the epicentral area by the Akron Magnetic Lineament (AML).  Based on comparison of the anomalies with similar patterns occurring in exposed Precambrian Grenville lithologies to the northeast, and limited drill data, the pattern is interpreted to represent 



alternating bands of gneiss, with varying mafic mineral content.  A Werner deconvolution processing of the data was conducted to calculate depth points, dip directions and susceptibility values, assuming a geometric configuration of the causative lithologic bodies.  The results indicate that the northwest‑trending higher magnetic anomaly, west of the epicenter area, is interpreted as having a large source body at depth, below the Precambrian surface.  To the east, the northeast‑trending high is interpreted to have a source near or at the Precambrian surface.  As with the gravity data, no unique structural control for these interpreted lithologic contrasts can be determined from the available data.  However, the anomaly pattern in the epicentral area is pervasive west of the AML and does not represent a unique structural feature within the typical Grenville terrane.


2.5.1.1.6      Geologic History


The Central Lowlands province, predominantly of the United States, together with the Laurentian (Canadian) Shield province are genetically related, forming the Central Stable Region as defined by King (Reference 61).  Precambrian crystalline rocks, predominantly metamorphic of granitic composition, are exposed on the shield, but mantled by a sedimentary cover variable in thickness and generally several thousand feet throughout the Central Lowlands.  In the eastern portion of the lowlands, the surface rocks are of Paleozoic age whereas further west, in the Great Plains, Paleozoic rocks are overlain by Mesozoic and Cenozoic rocks.  The Appalachian and Cordilleran ancestral geosynclines were in contact on the east and west respectively to the lowlands.  Several interprovince basinal structures, of regional significance including the Michigan and Illinoisan Basins received the greatest influx of Paleozoic sediments, up to 14,000 feet.  In all likelihood, these features represented regions of negative relief during the Precambrian Era undergoing gradual subsidence concurrent with subsequent Paleozoic sedimentation.  In contrast interbasinal domes, 


arches and other elements indicative of positive structural relief subsided at a considerably reduced rate.  The few episodes of Paleozoic deformation mildly affecting the lowlands, were contemporaneous with orogenic activity in the adjacent geosynclines.  The site resided on a portion of the lowlands at the conclusion of Precambrian time which did not develop into a region of either positive or negative structural relief.  See <Figure 2.5‑15> for reference with the following paragraphs regarding geologic time intervals.


2.5.1.1.6.1      Cambrian and Lower Ordovician


Subsurface information, extrapolated from deep well samples according to Janssens, indicates that approximately 1,200 feet of Cambrian and Lower Ordovician sediments were deposited on the Precambrian surface in northeastern Ohio beginning with the Mt. Simon Sandstone of Upper Cambrian age and concluding with the Knox Dolomite (Reference 63).  The top of the Knox Dolomite is a regional unconformity serving as a time‑stratigraphic boundary between the Lower and Middle Ordovician.  Little is known of the depositional environment operative for the Mt. Simon Sandstone.  However, the absence of fossils and glauconite in the sandstone prompted Janssens to suggest a nonmarine origin followed by reworking of the sand during the earliest marine transgression (Reference 63).  A deltaic depositional environment with recognizable deltaic fan and prodelta marine facies is postulated for the post Mt. Simon and pre‑Knox strata.  The northerly and northwesterly situated Laurentian Shield could have served as a likely source of these deltaic sediments.  Alternatively, sediments may have been derived from an easterly or southeasterly source beyond the contemporaneous Appalachian miogeosyncline.  The Knox Dolomite represents a deepening depositional environment, although apparent thinning of the Knox along a postulated Waverly Arch may signify emergence of the arch as a positive feature (Reference 23).


2.5.1.1.6.2      Middle and Upper Ordovician


The deposition of Middle Ordovician sediments was preceded by a hiatus during which the seas regressed and variable thicknesses of Knox strata were differentially eroded throughout the lowlands.  Regional thinning along a general northerly traverse across Ohio is expressed on the isopach maps of Janssens (Reference 63).  Further to the north beyond Lake Erie in Ontario the Knox strata are missing.


Carbonaceous mud and other carbonate sediments were laid down upon a basal Middle Ordovician clastic deposit of orthoquartzitic sands of the St. Peter Sandstone.  This clean sand is ubiquitous throughout the north‑central United States and is interpreted as a shallow water deposit whose depositional environment probably was not too dissimilar from that of the Mt. Simon Sandstone.  Subsequently, the marine environment deepened in response to continuous subsidence throughout the lowlands as documented by the repetitious occurrence of fine‑grained late Ordovician sediments.


During the waning phases of Ordovician sedimentation, episodes of orogenic activity, restricted to eastern North America, were ascribed to as Taconic.  In some portions of Ohio and throughout southern Ontario the Upper Ordovician‑Silurian datum is defined as an unconformity.


2.5.1.1.6.3      Silurian‑Middle Devonian


Silurian time was intermittently characterized by restricted seas, marine waters of exceptionally high salinity; but paradoxically some of the clearest Paleozoic seas similarly prevailed during this period.  It was in the context of this variable depositional environment that the development of thick evaporite deposits and growth of carbonate reef structures flourished.  Both conditions have demonstrated their economic worth throughout much of the lowlands province.


From the onset of the period a pattern of carbonate sedimentation ensued initially with the Medina units and later by the Clinton.  Clinton rocks contain appreciable shale implying a deepening depositional environment.  Collectively both units comprise the early Silurian underlying the “Big Lime,” a shortened expression for the drillers’ term, “Big Niagaran Lime.”


“Big Lime” refers to a thick sequence of limestones, dolomites and evaporites of Middle Silurian through Middle Devonian age.  Stratigraphically, they can be differentiated into the Lockport Group (Middle Silurian), Salina Group containing exploitable salt deposits and Bass Islands Dolomite (both Upper Silurian), and a Devonian carbonate sequence including Detroit River Dolomite (Helderberg Limestone to the east) Oriskany Sandstone, Columbus Limestone and Delaware Limestone (Reference 84).  Although the paloenvironmental setting undoubtedly exhibited tremendous local as well as regional variability, historical developments can be generalized as subsequently discussed.


Lockport deposits are interpreted by some to represent considerable reef bank development (Reference 85).  Presumably this is contemporaneous to carbonate platform deposition in clear seas under warm climate conditions (Reference 86).  Subsequent deposition of the Salina Group is associated with reef development which accompanied as well as preceded Upper Silurian evaporites.  Physical obstruction to free water circulation, attributed to reef structure, may have enhanced conditions optimum for thick evaporite accumulations, particularly rock salt, known to underlie portions of the lowlands province including northeastern Ohio (Reference 87).


Essential requisites for evaporite deposition include isolation, either wholly or partially, of a significantly large body of restricted water and a source continually feeding seawater through a relatively small surface connection.  Alternatively, closely spaced interconnected evaporite basins of regional areal distribution may have been spring fed 


by marine water seeps under favorable hydrologic conditions.  The latter environment is not too dissimilar to that found on the Saudi Arabian coast contiguous to the Persian Gulf (Reference 86).  Either of the above could have provided the environmental setting required for the co‑generation of sulfate, carbonate and salt mineralization.


An abrupt stratigraphic contact is signified by a change from bedded anhydrite of the Salina strata to dense dolomite of the Bass Islands rocks.  Most probably the salinity concentration of the depositional environment returned to a consistently lower level.  Emerging land surfaces especially in western Ohio reportedly are recorded as an unconformity defining the top of the Bass Islands Dolomite.  This unconformity also serves as a convenient Silurian‑Devonian time stratigraphic horizon (Reference 88).  Elsewhere in Ohio including the northeastern portion, this unconformable relationship is absent and the advent of the Devonian is defined by basal sands of the Helderberg Limestone deposited by a transgressive sea.


Early and Middle Devonian sedimentation is predominantly limestone with an intervening interval of Oriskany Sandstone (Reference 89).  Conditions favoring carbonate deposition are presumed to be similar to that described for the Lockport sequence which included shallow, clear and warm marine seas.  Reef and biothermal structures of laterally equivalent strata are exposed and better understood in nearby New York and Canada (Reference 30).  The Oriskany sands could represent a minor regression affecting only the northeastern Ohio region, as they are absent throughout much of Ohio but thicken to the east and north.  Following this period of general quiescence characterizing Devonian carbonate sedimentation, the depositional environment must have been altered significantly as recorded by the thick, overlying Ohio Shale sequence.


2.5.1.1.6.4      Middle Devonian‑Pennsylvanian


A tremendous thickness of fine‑grained sediment and intermittent organics was deposited in a vast marine basin which occupied Ohio and adjacent states of the lowlands province.  The northern shoreline advanced to the south during this interval such that its position during early Mississippian time nearly coincided with the present Bedford Shale‑Berea Sandstone contact in northeastern Ohio.  During early Mississippian time deltaic deposits with several dispersal loci controlled the north to south sediment transport (Reference 90).


Subaerial as well as marine facies are included in the deltaic pattern of early Mississippian deposition.  Berea Sandstone generally occurs as fluviatile, channel‑filling deposits.  Arenaceous Berea strata are in contact with Ohio as well as Bedford Shale.  In some cases this can be attributed to deep‑channel scouring through the Bedford Shale.  Alternatively, widespread and prolonged subaerial erosion preceding Berea stream entrenchment could have effectively removed substantial Bedford sediments during a depositional hiatus.


Clastic sedimentation continued during remaining Mississippian time subsequent to deposition of the Berea Sandstone.  Although its areal distribution presumably was widespread throughout most of Ohio, erosion removed much of the relatively thin veneer except for two portions.  One in the southeast, occupies the ancestral Appalachian geosyncline and the other in the northwest, flanks the Michigan Basin.


2.5.1.1.6.5      Pennsylvanian and Permian


The regional deposition of Pennsylvanian and Permian deposits probably persisted over a much broader area than that presently indicated by the areal distribution pattern limited to southeast Ohio.  At the onset of Pennsylvanian time much of the lowlands had emerged, and the ensuing depositional hiatus was accompanied by substantial erosion except for 


the submerged interior basins.  In the Appalachian geosyncline a repetitious cycle of transgressive and regressive seas controlled the marine‑nonmarine sedimentary cycles referred to as a “cyclothems.”  Predictably, a variety of vertical and lateral lithologic changes, abrupt and gradational, characterize cyclothem‑member facies.  In fact, the vast economic deposits of bituminous coal profitably extracted from the Illinois Basin and Appalachian Basin were laid down as cyclothem members during the Upper Paleozoic.


Permian sedimentation must have been far less extensive than Pennsylvanian although much of the record may have been eroded.  The culminating event of the Paleozoic Era was a tremendous orogenic upheaval which elevated the Appalachian Mountains by the collective processes of folding, faulting and uplift.  These processes were attenuated in their northwest propagation so that the strata are only gently folded throughout much of the Appalachian Plateau.  Further inland and throughout much of the eastern lowlands province, the seas regressed with widespread, if not total, emergence of the depositional environment.


2.5.1.1.6.6      Mesozoic through Tertiary


There are no Mesozoic or Tertiary deposits in the eastern lowlands although their thickness is considerable throughout most of the Great Plains, west to the foothills of the Rocky Mountains.  Summarily, this interval of time was undoubtedly characterized by widespread subaerial erosion.


2.5.1.1.6.7      Quaternary


The events of the Pleistocene and Recent Epochs have had a profound effect on most portions of the Central Lowlands.  Beginning approximately 1‑1/2 million years ago until 11,000 years ago there were four major stages of extensive continental glaciation, Nebraskan, 


Kansan, Illinoisan, and Wisconsinan.  Each resulted in the deposition of vast sediment quantities directly attributable to ice sheet advance and recession as well as melt‑water streams emerging from ice sheets.  The source of these vast ice sheets was located well to the north.  Although the precise cause of the ice sheet growth up to continental proportions is not known and many explanatory theories have been advanced, important factors probably included a general emergence and resultant high altitude of the continents.


Most of Ohio, excluding the southwest corner, was probably covered by ice during each glacial stage, for periods up to 50,000 years separated by long interglacial stages (Reference 91).  There is no direct evidence for the first Nebraskan stage, in northern Ohio, but deposits in other areas indicate that Nebraskan ice covered part of the state.  Ridges of glacial debris or till more than 40 miles south of the site have been identified as end moraine of the Kansan stage.  Tills of the Illinoisan stage have been found about 70 miles south of the site.  Deposits of the last major advance, the Wisconsinan, are found up to 75 miles south of the site.  As the youngest of the major glacial deposits, they are preserved the best and have been further subdivided into successively younger units:  Farmdale, Iowan, Tazewell, Cary, Mankato, Valders (Reference 92).  These are substages or simply minor advances of the ice sheet.  The glacial till at the site is attributed to events of the Cary substage.


The Great Lakes began to develop after the Cary substage.  These ancestral Great Lakes were mainly filled by glacial meltwater dammed by the ice front on the north and higher terrain to the south.  Outlets to the west, south and east were used at various times, depending upon the position of the ice front.  Lacustrine or lake bottom sediments and beach deposits formed in the lake and contiguous to its shoreline respectively.  Some of the early lake deposits were formed only to be obliterated or buried by ice sheet readvances.  As the ice sheet retreated for the last time, these deposits emerged as lake levels fell.  


Many of these features of the ancestral Great Lakes are now found a considerable distance from the present shoreline and 100 feet or more above present lake levels.  The present Lake Erie was established about 9,000 years ago.


<Figure 2.5‑16> is a generalized subsurface portrayal along a north‑south trend through the Perry site showing the southerly inclination and relative thickness of Paleozoic deposition, by period, together with the Lake Plain veneer of glacial and glaciolacustrine sediments.


2.5.1.1.7      Mineral Deposits


Mineral resources in the northeastern Ohio portion of the Central Lowlands province are restricted to nonmetallic occurrences.  A considerable quantity of sand and gravel has been obtained regionally from stratified drift and a weathered conglomerate of Mississippian age.  Abundant reserves which can be derived from both sources remain.  Chagrin shale of the Ohio Shale, which immediately underlies Pleistocene drift and lacustrine overburden along the Lake Plain east of Sandusky, does not have suitable ceramic properties for use in either the pottery or refractory industry.  However, this shale is adequate for making common brick and tile.  There are no shallow limestone or dolomite resources in Lake County although carbonate strata are interbedded within the Salina Group.  Limited limestone and dolomite production, occurring as country rock in the extraction of salt, is considered relatively insignificant.  Shallow occurrences of quality carbonate rock elsewhere in Ohio, especially in the western portion, preclude economic extraction of the deeper sources known to underlie northeastern Ohio.  The most valuable commodity mined in Ohio is coal, the economic occurrence of which is restricted to Pennsylvania and Permian period strata situated in the state’s southeast portion.


2.5.1.1.7.1      Salt Mining


Salt deposits exist regionally and are being exploited within Cuyahoga and Lake counties, Ohio.  Salt beds of the Salina Group underlie all or a part of 23 counties in eastern Ohio.  Since 1889, these beds have been commercially developed by both conventional and solution mining.  <Figure 2.5‑16> shows the location of area mining operations.  Within the locale of the Perry site, solution mining was conducted by the Diamond Shamrock Chemical Company, while room and pillar mining is currently being conducted by the Morton Salt Division of Morton Thiocol, Inc <Figure 2.5‑17> <Figure 2.5‑18>.  In the period from 1980 to 1989 rock salt production in Cuyahoga and Lake counties has remained relatively stable (3.3 million tons/year) with the exception of 1983 (1.7 million tons) (Reference 93).  The geology and mining techniques prevailing within the area of study and the potential influence of the mining on PNPP are described in the following sections.


2.5.1.1.7.1.1      Local Geology


As discussed in <Section 2.5.1.1.4>, the area of study is immediately underlain by Devonian rocks associated with the Columbus, Delaware and Ohio formations, the latter comprising subjacent bedrock throughout the Perry site.  Additional underlying Devonian and Silurian rocks of interest to this study include the Oriskany, Helderberg, Bass Islands, Salina, and Lockport.  A typical geologic column, developed from near‑site data, is included as <Figure 2.5‑19> and identifies the sequence of carbonate and evaporite rocks which is referred to as the “Big Lime” of Ohio.  A southwest‑northeast trending stratigraphic section from Painesville Township, Lake County to Harpersfield Township, Ashtabula County, Ohio, and a north‑south trending section are shown in <Figure 2.5‑20> and <Figure 2.5‑21>, respectively.  These sections have been inferred from examination of available well logs and from publications of the Division of Geologic Survey, State of Ohio (Reference 7) (Reference 94) (Reference 95) (Reference 96).  The 


following descriptions of the major stratigraphic units of interest are based on the foregoing sources supplemented by communications with geologists and other individuals associated with the local salt mining and gas producing industries.


a.
Lockport Group



The Lockport Group includes strata of Niagaran age.  The uppermost shale strata of the Rochester shale, considered to be the base of the “Big Lime,” are encountered within the site environs at an approximate depth of 2,670 feet.  Locally, the overlying Lockport Group is composed of about 250 feet of dolomite.  The uppermost strata of the Lockport include as much as 40 feet of finely‑crystalline dolomite.  Drillers refer to these strata as the “Newburg Sand” which regionally are a source of natural gas and petroleum.


b.
Salina Group



The Salina Group, composed of seven units, occupies the basal part of the Upper Silurian, Cayugan Series and contains the salt measures.  The interbedded evaporite and carbonate rocks of the Salina are encountered in the site vicinity at depths on the order of 1,750 feet.  The local structure contours and isopachous maps of the salt‑bearing B, D and F units are shown in <Figure 2.5‑22>, <Figure 2.5‑23>, <Figure 2.5‑24>, <Figure 2.5‑25>, <Figure 2.5‑26>, and <Figure 2.5‑27>.  The salt measures are seen to locally dip to the southeast at an average gradient of about 25 feet per mile.  The principal salt producing units within the immediate area of study are the B (Ohio No. 4 Salt) and F (Ohio No. 2 and No. 1 Salts) units.  Rock salts within the units are usually interbedded with or contain stringers of anhydrite, shale and dolomite.  The Greenfield A, C, E, and G units which separate the salt bearing units are primarily composed of interbedded argillaceous dolomite, 



anhydrite and shale.  <Table 2.5‑1> summarizes the depth and thickness of the various units as interpreted from the drill and geophysical logs of two wells penetrating the Salina Group within Perry Township.  As shown by <Table 2.5‑1> and <Figure 2.5‑20>, total thickness of salt beds in Perry Township are on the order of 190 feet and thicken slightly to the southeast along dip.  The inferred local structure and stratigraphy correlate well with more generalized published regional data (Reference 97).



The salt beds of the Salina are granular to crystalline with grain sizes ranging from medium to coarse and are usually found to contain from 92 to over 96 percent NaCl.  The salts of the B unit contain the highest proportion of impurities.



From interviews with consulting geologists and other individuals associated with the salt mining industry near Painesville and near Fairport, Ohio, the following information concerning the integrity of unmined salt measures has been established (Reference 98) (Reference 99) (Reference 100).



1.
No solution cavities within area underground salt workings have been directly observed either during exploration or during mining.



2.
Underground mine workings near Fairport, Ohio, are essentially dry and free of any significant groundwater infiltration.



3.
No excessive water loss, rod drops or grout take during casing cementing has been experienced during exploration or during solution mining operations.



The foregoing observations are consistent with the geologic process of secondary salt deposition.  This process is explained as follows:




“most rock salt beds, during a part of their post‑biogenetic history, have been exposed to some type of solution attack, particularly near the edges of the salt basins.  In some margin areas the salt has been completely removed by the geologic process, leaving only the evaporite impurities and interbeds.  Down dip in the evaporite basins, this secondary geologic solution process has led to some thinning of the salt deposits and to solution enlargement of joint systems.  In most Paleozoic salts at depths of 1,000 feet or more, “solution crevice” structures are common.  These represent solution enlargements in which the salt was removed, the impurities dropped to the boundaries of the opening, and after some flow and deformation, the salt was redeposited from groundwater solution within the remaining openings” (Reference 101).


c.
Bass Islands Group



Argillaceous, dolomitic limestone and calcareous dolomite belonging to the Bass Islands Dolomite and possibly limestone of the overlying Helderberg Limestone are present within the area of study.  These rocks are encountered at depths on the order of 1,600 feet at the base of the overlying Devonian system.  Locally, the Bass Islands and Helderberg are estimated to be about 150 feet thick and contain dolomitic shale interbeds in the lower 30 to 40 feet.  No solution cavities within these rocks are reported, consistent with low porosity and relative impurity of most of the carbonate rocks.


d.
Oriskany Sandstone



The rocks of the Oriskany are usually identified as a fine‑grained sandstone and occasionally as a medium to fine‑grained sandstone.  Primarily because of the very limited local thickness (8 to 17 feet) within the area of study, the sandstone is important only as a marker bed for stratigraphic correlation.  This unit is a source of natural gas near Mentor, Ohio, about 14 miles southwest of the site.


e.
Columbus/Delaware Limestone



Devonian rocks associated with the Columbus and Delaware Limestone are usually identified as a hard, dense, cherty limestone, or a dolomitic limestone.  The lower Columbus is medium to massively bedded and fine‑grained in texture, whereas the Delaware is thin to medium‑bedded, fossiliferous and more frequently jointed.  No evidence of solution voids within the formation is known to have been reported.  This is consistent with the low porosity and permeability of most of these carbonate rocks.


f.
Ohio Shale



The Chagrin shale member, together with the Huron shale member of the Ohio Shale, is encountered beneath 40 to 50 feet of glacial drift throughout the area of study and extends to depths on the order of 1,250 feet below the ground surface.  Within the depth of plant area exploration (730 feet), cores of the noncarbonaceous Chagrin shale are usually identified as dark‑gray to medium‑gray silty or clayey shale occasionally containing light gray sandy shale laminae whereas the Huron shales are black to dark brown with lesser amounts of thinly bedded light gray silty and sandy laminae. 



A predominant joint system was observed in the rock cores to coincide with near horizontal bedding planes.  Secondary joints were also observed with joint attitudes ranging from near vertical to 40 degrees.



Two master sets of conjugate joints are reported to be conspicuous throughout the Ohio Shale (Reference 7).  Regionally, the master sets both trend north 40( east and 55( west, respectively.  Porosity and permeability of the Chagrin and Huron shales are quite low, although very small quantities of natural gas are known to exist within each.


g.
Groundwater System



Major rock aquifers have been identified within the area of study.  The shallowest system (other than near‑surface groundwater) is primarily associated with the Oriskany Sandstone (“First Water” of the “Big Lime”) and is locally encountered at depths on the order of 1,600 feet.  Occasional water bearing zones have also been encountered near the base of the Columbus and in the upper part of the Bass Islands and Helderberg.  The waters of these and deeper rock aquifers are a natural brine of high salinity which represent solution remnants of water that filled interstices of sediments deposited in seas of Devonian and Silurian age.  The Oriskany aquifer is under considerable artesian pressure and rises in communicating wells to within 100 to 150 feet of ground surface, and therefore has an excess pressure head of at least 1,450 feet (Reference 99).



The “Second Water” of the “Big Lime” is regionally encountered below the salt measures at a depth of about 2,600 feet and is associated with porous crystalline dolomite strata of the Lockport Group known as the “Newburg Sand.”  Newburg water is a natural brine and is one of the chief water bearing horizons in the 



deep‑seated rocks.  The great yield of this aquifer is consistent with artesian pressure sufficient to cause a rise of the brine in wells to within 300 feet of ground surface, demonstrative of an excess pressure head of 2,300 feet (Reference 102).



Supplementing work conducted by the Division of Geological Survey of the State of Ohio, extensive chemical analyses of the Oriskany and Newburg brines have been conducted by CEI (Reference 102).  The results of chemical analysis of water samples taken from wells within Lake County and the immediately surrounding counties together with chemical analyses of sea water samples conducted by the United States Geological Survey (Reference 103) are summarized in <Table 2.5‑2>.



To investigate solubility of NaCl in the natural brine waters, a solution was prepared to simulate the average Oriskany brine solution.  The chemical composition of the prepared solution is summarized in <Table 2.5‑3>.  Upon addition of salt (NaCl) to the prepared solution, 100 percent saturation was obtained with 193.6 gms per liter of salt.  Thus, salt solubility of the solution is 10.5 percent at room temperature.  A simulated Oriskany solution compares with a saturation requirement of approximately 359 gms per liter for a freshwater solution at room temperature.  The difference between the saturation requirement of the brine and freshwater solution is attributable to a combination of other solution elements combining with available chlorides.  Thus, the Oriskany brine (weakest of the natural brines) was found to have a salt solubility of only 10.5 percent as compared to a freshwater salt solubility of about 36 percent, and is not expected to cause significant dissolution of the rock salt in the absence of continuous brine circulation through the salt measures.



Comparison of sea water and brine analyses <Table 2.5‑2> shows that chloride and calcium concentrations of the brine are greater than 



those of sea water.  It is also noted that the brines have a relatively high salinity under prevailing in situ temperature and pressure conditions and that carbonates are found in small quantities in the sea water, but are absent in the brine.  Thus, carbonates would be expected to be practically insoluble in the highly concentrated saline solutions comprising the natural brines (Reference 103).  The brines are not expected to cause dissolution of the carbonate rocks.  This is consistent with the absence of solution cavities.



As discussed in <Section 2.4.13.2> and <Section 2.5.4.6>, a near‑surface, fresh groundwater system exists within the glacial drift encountered throughout the plant site.  Groundwater was observed to be held primarily within surficial lacustrine deposits which are underlain by a very dense, relatively impervious clay till deposited as ground moraine.  Owing to the low permeability of the predominately fine‑grained soils, this water system has a very limited yield but has been utilized as a domestic water source.  The relatively impervious Ohio Shale, over 1,100 feet thick, undoubtedly acts as an aquiclude which together with the great artesian heads of the brine aquifers, prevents significant downward fresh water percolation.



No aquifers have been locally identified either within the evaporite rocks or the overlying Devonian shales.  It is again noted that evaporite rocks of the Salina have a very low porosity and permeability, as demonstrated by direct in situ observation during deep mining operations.


2.5.1.1.7.1.2      Area Mining


The primary salt producing units within the area of study correspond to the B and F units of the Salina Group, although mining of the D unit cannot be discounted.  It is probable that if salt mining were to be 


conducted closer to the site, mining techniques currently used in the area would be applied.  Within the Painesville, Ohio area, salt is recovered by solution mining of the Salina Group at depths below 1,900 feet.  Initially, solution mining was conducted by drilling casing into the salt measures, pumping water down an annular space between the casing and a center tubing, and recovering salt brine through the tubing (top injection method).  Cross‑well pumping combinations were also used after communication was established between adjacent wells.  Difficulty with this method was experienced in economically controlling the solution cavity configuration and preventing surface subsidence.  Subsequently, an improved solution mining technique was adopted in 1959 and has been utilized in the Painesville, Ohio vicinity since that time.


Area solution mining currently utilizes hydraulic fracturing of strata, usually between two wells, to provide a controlled pumping communication.  This is accomplished by inducing directed high pressures at the base of the salt‑producing zone.  The production wells are usually aligned along dip.  After fracturing strata between wells, a solution pipe and eventually a cavity is developed by injecting water in one well and recovering brine from a second well.  The hydraulic fracturing technique has been described by Bays, Peters and Pullen (Reference 101).


Area well fields developed since 1960 generally employ lines of production wells (galleries) spaced about 500 feet on center (Reference 98).  The galleries are separated by approximately 1,000 feet.  With this well configuration, the maximum horizontal dimension of an elliptical solution cavity would be expected to be aligned along the well gallery, not exceeding the distance between communicating wells.  The cavity dimension normal to the well line would be expected to be less than the major axis of the cavity.  The vertical extent of solution cavities between wells would be less than the cumulative thickness of salt within the B, D and F units, as discussed 


in <Section 2.5.1.1.7.1.4>, because insoluble dolomite, shale and anhydrite strata separate salt beds and occur as thin interbeds and stringers within the salt.


The salt measures existing in the vicinity of the site contain reserves which have a potential for commercial development.  The location of salt reserves controlled by the Diamond Shamrock Chemical Company is shown in <Figure 2.5‑17>.  Consideration has been given to the potential for future solution mining or deep‑mining operations located immediately adjacent to the boundary of the mineral rights controlled by CEI.  As discussed in <Section 2.5.1.1.7.1.4>, only solution mining appears to have a reasonable occurrence potential.  To assess the potential for future development of solution mining operations, particularly those which may be conducted by operators other than the Diamond Shamrock Chemical Company, knowledgeable people connected with the salt industry were interviewed (Reference 99) (Reference 104).  From these interviews it is concluded that the future market for solution mining in northeastern Ohio is uncertain, with an expectancy that the demand for soda ash will decline and eventually phase out.  However, it was also concluded that there would be a continued need for chlorine production and for underground storage of natural gas and petroleum products.  The consensus of expert opinion was that development of a new solution mining operation within the immediate vicinity of the plant site by someone other than Diamond Shamrock Chemical Company is not likely, considering the future market potential and development costs.  Moreover, CEI has secured mineral rights within a minimum 3,000‑foot “protective zone” as shown in <Figure 2.5‑18> around Seismic Category I elements of the plant in order to preclude any mineral extraction operations therein.


2.5.1.1.7.1.3      Subsidence History


Subsidence of the surface as a product of underground mining has been well documented in the literature and has occurred during regional 


solution salt mining (Reference 105) (Reference 106).  Prior to adoption of the hydraulic fracturing method of solution mining, it is reported that surface subsidence was realized during solution mining within the Painesville, Ohio area.  The magnitude of this subsidence is unknown.  Since initiation of improved solution mining methods, it is reported that monitoring of surface elevations by the Diamond Shamrock Chemical Company to the nearest 0.1 foot at 300 surface monument locations has not detected any surface subsidence (Reference 104).


2.5.1.1.7.1.4      Subsidence Potential


Measurable subsidence within the area of study could be realized, if within the salt measures, cavities of sufficient size closed.  Cavities could be produced by conventional deep mining, by solution mining or by inadvertent solutioning due to the intrusion of aggressive waters through abandoned wells.  Natural solution cavities would also be a potential source of surface distortion.


a.
Natural Solution Cavities



Consistent with the low porosity and low permeability of the carbonate and evaporite rocks, and as demonstrated by local drilling and mining experience, there is no evidence of significant natural solution voids occurring within either the carbonate or evaporite units.  The depths of rocks which are potentially susceptible to solution would also preclude concern that natural solution voids could produce surface subsidence, considering the following conditions:



1.
More than 1,200 feet of shale overlies the carbonate rocks nearest the surface.  Most of the carbonates within the “Big Lime” interval are impure and do not have a high solution susceptibility.



2.
A significant stress increase due to surface loading by plant structures is not realized at depths greater than a few hundred feet.



3.
There is no local topographical evidence or history of existing surface subsidence features occurring from natural causes.



4.
The groundwater environment is not conducive to solutioning.



5.
Below and probably well above the brine aquifers, the water chemistry is not conducive to solutioning of either the carbonate or evaporite rocks.



6.
Any enlargement of a hypothetical solution cavity in the carbonate or evaporite rocks by natural solution processes would be insignificant during the life of the Perry site.



7.
Development of sinkholes by plug subsidence (the drop of an overburden mass into a subsurface opening without bulking) is not consistent with regional geology.



In summary, the probability that detrimental surface subsidence could be produced within the area of study by natural solution cavities is much too low for further consideration.


b.
Conventional Deep Salt Mining



Salt is being mined in northeastern Ohio using conventional room and pillar techniques.  The closest deep mine operation in the area of study is conducted by the Morton Salt Division of Morton Norwick near Fairport, Ohio about 8 miles from the Perry site.  Deep mining is conducted using the room and pillar techniques where pillars are sized and spaced to support overburden loads in a manner to 



preclude surface subsidence (Reference 107).  As salt reserves controlled by the Diamond Shamrock Chemical Company effectively block eastward expansion of the Morton operations, deep mining within the near vicinity of Perry is not probable (Reference 104).  Should such occur, the effects of deep mining could be more readily controlled than solution mining and the mining is conventionally designed so as to preclude detrimental surface effects (Reference 107).


c.
Solution Salt Mining



Salt and allied chemicals were extracted by the Diamond Shamrock Chemical Company near Painesville, Ohio.  Since 1957‑1960, most solution mining within the salt measures of the Salina Group had been conducted using the hydrofracture technique described in <Section 2.5.1.1.7.1.2> (Reference 108).  The basal connection feature of hydrofracturing enables effective dissolution laterally through the salt section rather than just vertically at the roof of the cavity.  Uncontrolled vertical solutioning was the cause of the detrimental “morning glory” cavity configuration associated with the older top injection mining method.  The hydrofracturing solution method reduces, if not eliminates, roof sag and collapse often realized with the single‑cavity well mining method.



Although it is believed that the exact configuration of cavities in salt horizons which contain frequent insoluble interbeds cannot be well documented, recent underwater sonar caliper logging has generally been reasonably effective in approximately defining the limits of solution cavities (Reference 109).  Sonar caliper surveys are often periodically made to aid in control of the cavity size.  Control of cavity size to minimize well damage and to obtain cavities suitable for underground storage upon completion of solution mining is in the best interests of the mining companies.  



It is reported that the optimum cavity width for storage is on the order of 200 to 300 feet and that widths in excess of 500 feet are undesirable (Reference 99).



Based on the foregoing considerations and the experience of the Diamond Shamrock Company’s current mining operation, the maximum cavity width in a given salt bed which can be reasonably postulated is on the order of 500 feet (Reference 104).  In conjunction with area solution mining, it is expected that cavities would be formed in the B and F units.  The upper limit of cavity height in the area of study could not exceed the salt thickness, approximately 100 feet and 60 feet in the B and F units, respectively.  Actually, this height would be reduced by the insoluble interbeds, inclusions within the salt and maintenance of some bedded salt to facilitate cavity stability.  This would result in probable cavity heights of about 75 feet and 50 feet for the B and F units, respectively.  Mining of the D unit is less likely but if achieved could produce a cavity height on the order of 20 feet.



Upon completion of solution mining activities, it is probable that the solution void would exist as an irregular opening initially having a ragged “card‑deck” appearance about the periphery of the cavity.  It is envisioned that the “cards” are represented by the remnants of the less soluble anhydrite, dolomite and shale interbeds.  Further, the progressive collapse and settling out of the insoluble strata and stringers within and between the salt beds would be expected to produce a collection of debris at the base of the cavity.  Unless sufficient pressure is maintained within the cavity, with time, a gradual closure would be expected due to creep of the supporting salt (Reference 110).



The rate of cavity closure would no doubt be a function of the size and depth of the cavity as well as of the roof and fluid pressure conditions.  In larger cavities with poor roof conditions, 



progressive roof falls and bulking would partially or completely fill the cavity, reducing but not eliminating the amount of closure and possibly the time of closure.  Local experience indicates that solution cavity subsidence is effectively complete about ten years after solution mining (Reference 99).  Laboratory model studies conducted under simulated in situ conditions demonstrated a 90 percent closure of cavities at least by the twelfth year after formation (Reference 111).


d.
Solutioning Not Related to Active Mining



In conjunction with solution mining, the potential for solutioning of the salt measures and the surrounding evaporite and carbonate rocks within an abandoned well field has been considered.  Consideration has also been given to the solution potential offered by an improperly sealed exploration well.  Such potentially detrimental solutioning could be induced by the introduction into the salt measures of fluids which are not salt‑saturated.



If a fluid in the void were not fully salt‑saturated, additional salt solutioning would occur until full saturation of the fluid in contact with the salt is obtained.  Because of the very low porosity and permeability of the salt measures, there is no fluid circulation potential and the volume of fluid capable of dissolution is limited to that contained within the cavity.



To investigate the extent of dissolution which could be induced within a salt cavity by an introduction of an aggressive fluid, a study of the possible growth of a hypothetical, spherical cavity within the salt measures was conducted.  The first part of the study involved the introduction of a fluid with characteristics of the Oriskany brine as shown on <Table 2.5‑3>.  The increase in the diameter of the spherical cavity was calculated for a range of initial cavity diameters assuming that the fluid within the cavity 



would actively dissolve salts until achieving 100 percent salt saturation and that the cavity would not be subject to loss or gain of fluid.  The results of this study for various assumed salt concentrations are shown as <Figure 2.5‑28> and demonstrate that the additional growth of a cavity by solutioning in a fluid similar to the Oriskany brine is insignificant even if the initial salt concentration is zero.  The effect of introducing freshwater having a salt solubility of about 46 percent was also investigated for a hypothetical, spherical cavity.  The results of this study, also shown in <Figure 2.5‑28>, demonstrate that even this extreme condition would not cause an important increase in the diameter of an existing salt cavity.



The conservatism of the foregoing analyses is increased when consideration is given to the formation of the insoluble residue which blankets exposed salt surfaces upon solutioning.  This residue retards dissolution and must be cleaned by frequent flushing and agitation to permit an active solution process.  Further, the Oriskany aquifer above and the Newburg aquifer below the salt measures are under significant artesian pressures which prevent downward movement of aggressive surface waters.  For example, should a freely communicating well be drilled into the Newburg aquifer, the brine would stabilize well above the level of the carbonate and evaporite rocks.  The prevailing hydrogeologic conditions at the Perry site are unlike that reported in central Kansas when subsidence was caused by dissolution of salt measures as a result of continuous downward movement of groundwater from a surface horizon to underlying porous strata under low fluid pressures (Reference 112).



Consideration has been given to the effect of pumping, from gas or petroleum fields located immediately adjacent to the boundary of the plant site, on the reservoir pressures existing within the Oriskany and Newburg aquifers.  The effect of gas well pumping has 



also been considered relative to a potential link with local micro‑seismicity as observed in the Gobles field in southwestern Ontario (Reference 113).  Regional experience, particularly within the Madison Lake field, indicates that gas extraction from the Oriskany and Newburg horizons may have some measurable effect on reservoir pressures at distances between 2,000 and 3,000 feet from an open gas well.  However, the drawdown would be limited because wells are routinely shut down when salt water encroaches into the gas field.  A similar situation occurs in petroleum production areas.  At present, no decisive causal relationship between gas well pumping and micro‑seismicity is apparent.



Mineral and hydrocarbon extraction will be prevented for a distance of at least 3,000 feet beyond the onshore safety‑related structures and rock salt extraction is precluded by lease agreement with the State of Ohio within approximately 1,800 feet of the offshore safety‑related structures during plant operation.  It is concluded that the effect of pumping from an immediately adjacent gas or oil field will have no detrimental influence on the solution potential of the evaporite or carbonate rocks existing below the plant site.  Further, even if appreciable pressure drawdowns are postulated, significant flow through a cavity existing within the salt measures has a very low order of probability, because production wells would be shut down upon encroachment of formation water.



As exploitation of natural brines could also produce pressure reductions within the Oriskany and Newburg aquifers, the potential for natural brine production in the immediate vicinity of the site has been considered.  Although in past years natural brine production was not uncommon, the only natural brine operations which could be located in northeastern Ohio are being conducted by Pinney Dock and Transport Company, in Ashtabula, Ohio and by the Bestone Corporation, near Chardon, Ohio.  The Ashtabula operation consists of a single well 1,800 feet deep, which is producing from 



the Oriskany aquifer.  The three Chardon wells produce about 12,600 gallons per day from the Newburg horizon at a depth of about 3,400 feet.



Other natural brining operations are located in southern Ohio.  The natural brine production in northeastern Ohio is generally for use in highway ice control.  There are no data concerning formation pressure drawdown due to pumping of the natural brine.  However, it is known that only a limited duration of pumping is possible before pumping must be terminated and the aquifer allowed to recharge.  This condition demonstrates that the permeabilities of the Oriskany and Newburg aquifers are too low to establish a steady‑state drawdown under commercial pumping rates.  In the Ashtabula County operations, the duration of pumping before allowing recharge is also limited by natural gas encroachment.



In summary, it is probable that under the most unfavorable circumstances, the distance of pressure drawdown which could be developed during pumping of natural brine is similar to that cited for gas and oil operations.  The significant reduction in the number of natural brine operations in Ohio strongly indicates that the economic feasibility of new natural brine operations is not favorable and that the development of such operations within the near vicinity of the site is highly improbable.



Upon completion of mining, the fluid in the cavities is saturated with NaCl, except for a relatively thin zone at the top of the salt which is slightly less saline.  Assuming there is no introduction of fluids from above or below the cavity after equilibrium is achieved, it would be anticipated that the void liquid would remain essentially unchanged.



Extensive chemical analysis of the Oriskany and Newburg brines have been conducted by CEI and have been summarized in <Table 2.5‑2> 



(Reference 102).  As shown by the water chemistry, the produced brines would not be expected to cause any significant dissolution of the salt or of the less soluble overlying and underlying limestone, anhydrite and dolomite.  A summary of test results on samples of production brine taken from regional solution wells is included as <Table 2.5‑4>.



If the cavity and well casing were to be filled with saturated or nearly salt‑saturated fluid, migration of the solution down dip within the salt measures would be expected to be very slow, probably occurring primarily as a diffusion phenomena rather than unsteady‑state seepage migration.  It is noted that the dips are very gentle, averaging only about 25 feet per mile, and that the salt measures are characterized by a very low porosity and permeability.  The impervious nature of the salt beds is documented by the direct, long term observations within the underground workings of the Morton Salt Division of Morton Norwick near Fairport, Ohio (Reference 100).



Concerning solutioning of the evaporite and carbonate rocks within the area of study, there are no existing solution wells penetrating the Ohio Shale within 7‑1/2 miles of the site area.  Further, mineral exploration or production wells which would be drilled through the shale within the vicinity of the site are required by current state legislation to be adequately sealed to prevent infiltration or migration of water, oil and gas from other horizons.  Well sealing is conducted in the presence of a state inspector as required by the Oil and Gas Law of the State of Ohio, July 1970 (Reference 114).  It is pertinent to note that the Diamond Shamrock procedure of well sealing includes grouting the casing continuously from the surface of the rock at least to the base of the Oriskany and is more complete than required by the State (Reference 98).



Careful observations of the ground surface adjacent to 21 wells during preconstruction studies in the vicinity of the site failed to reveal depressions which could be attributed to surface subsidence as a result of deep‑seated dissolution of evaporite or carbonate rocks.  The field survey was also extended to include a search within 3,000 feet of the site for any closed depressions which could possibly be interpreted as a reflection of deep‑seated dissolution of the carbonate or evaporite rocks.  In addition, available topographic maps of the area of study were also examined.  Both the field and topographic map searches failed to identify any surface depressions which could be interpreted as being associated with other than geomorphic origins.  Subsequent to the January 31, 1986 Leroy event, a site area reconnaissance revealed no evidence of depressions or other indications of disturbance (Reference 4).


e.
Angle of Draw



Some surface distortion is inevitable in response to creation of large underground openings (Reference 105).  The amount of surface subsidence is primarily dependent upon the depth and configuration of the opening, the competence of the rocks around, above and to some degree below the opening, and the material left or deposited within the opening.  It is well documented that the areal extent of potential surface distortions also extends well beyond the limits of the opening (Reference 115).  Because of the potential for subsidence to occur during mining over which CEI would not have direct control, it has been concluded that a zone wherein mineral extraction will be barred should be established around the plant and that the width of this “protective zone” should be sufficient to prevent any mining‑related surface distortion at the location of the plant elements.  The basis and formulation of criteria to dimension the plant “protective zone” is summarized and compared to the actual limits of mineral rights secured by CEI as follows.



Over the past 100 to 150 years, a great volume of data relating surface subsidence to underground mining operations has been accumulated under a variety of geologic and mining conditions (Reference 107).  The state of art of subsidence prediction, although primarily empirical, is fairly well advanced.  The empirical procedures developed by the National Coal Board (NCB) of Great Britain, primarily based on the depth and the geometry of mine openings, are the most widely accepted of the current methods of subsidence prediction (Reference 115).  The NCB criteria are based on careful surveys conducted at 157 collieries in Great Britain and have been claimed to produce subsidence predictions within about 10 percent of actual measurements (Reference 105).  Comparisons of subsidence predictions over salt cavities created by solution mining have also shown the NCB criteria to yield a larger prediction of the amount of subsidence than predictions using theoretical elastic or elasto‑plastic analyses (Reference 116).  Use of NCB experience to aid in the formulation of judgment relating to evaluation of salt mining influences is believed to be appropriately conservative for the purpose of this study.



There are no subsidence records presently available for mining conducted within the proximity of the proposed site.  However, analysis of case histories of subsidence occurring within the salt measures of Ontario, Canada, Michigan, Wyoming, and New York has been made (Reference 106) (Reference 117) (Reference 118).  The angle of draw computed from three of the case histories, together with similar data derived from measurements over British coal mines, is shown on <Figure 2.5‑29> (Reference 119).  It is noted that the observed limit angle over the salt mine openings studied is substantially less than recorded over both British and American mine openings having similar width‑depth ratios.  This observation is explained by the generally greater competence of the rocks overlying the salt measures.



The prediction of a 30( angle of draw to define the limit of potential mining influences in the vicinity of the Perry site is shown on <Figure 2.5‑31> to be conservative, considering that probable limit angles would not be expected to exceed about 20 degrees.  As shown by <Figure 2.5‑18>, the acquisition of mineral rights will provide at least a 3,000 and 1,800 foot “protective zone” around onshore and offshore, respectively Seismic Category I elements of the plant.  The extreme conservatism of the mining protection provision can readily be seen by using Equation 2.5‑2 for calculating the “available limit angle” (B’).  Allowing for a cavity extension of 500 feet beyond the “protective zone” boundary closest to safety class structures:
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and B’ = 46.8(.  A typical section through the site showing the limit angle relationship is shown on <Figure 2.5‑29>.


2.5.1.1.7.1.5      Subsidence Monitoring


Should salt mining be initiated within 1,000 feet of the mineral rights boundary, a subsidence monitoring system, independent of the mining operator, will be installed and maintained during the life of the plant.  The monitoring system will consist of surface monuments located within the protected area in the immediate proximity of all production wells drilled closer than 1,000 feet to the mineral rights boundary of the plant.  Monument location, spacing and the survey frequency would be designed to enable early detection and detailed documentation of any surface subsidence.  Should subsidence within the “protective zone” surrounding the plant area be detected, action will be taken immediately to prevent continued operation of the causative mining.


2.5.1.1.8      Oil and Gas Production


Oil and gas production in Ohio is small by comparison with that of the Gulf Coast, southwestern and western United States or Alaskan North Slope.  Nevertheless, in 1977 it represented more than a quarter billion dollar industry to Ohio.  The area distribution of oil and gas fields in Ohio is shown on <Figure 2.5‑30>.  This most recent map (1974) was published before drilling activity increased in the late 1970’s and early 1980’s.  In addition to the fields shown on a significant portion of eastern Lake County including all of Perry and Madison Townships and the northern one‑third of Leroy township is now gas productive.  Oil and 


gas production has also continued to the south into Geauga County.  The producing zone is the Clinton.  Only a few wells produce from the Oriskany.  Most of the extracted hydrocarbons occur in sandstone reservoirs, principally the Silurian “Clinton‑Medina,” Devonian “Oriskany” and Mississippian “Berea.”  Natural gas has been commercially produced from shallow wells developed in the Ohio Shale along the Lake Plain since 1869.  Eastern United States research, in situ testing, demonstration projects and pilot programs, respective of Devonian shale hydrocarbon potential are funded by the Department of Energy and currently in progress.  These endeavors ultimately may yield the technology required for this resource to serve as a viable energy alternative.  Presently, most of the regional shale gas production is only sufficient for domestic use.  A number of shallow and several deep gas wells have been drilled within Lake County.


Natural gas, commercially developed in Ohio since 1869, is currently produced in northeastern Ohio as shown on <Figure 2.5‑30>.  Producing gas wells are located immediately east and west of the CEI mineral rights boundary as shown on <Figure 2.5‑18>.  Numerous gas wells are located to the south of the plant, the closest being well Number 179.  A number of shale gas wells were drilled in the early 1900’s within 


Perry Township.  Most of these wells, generally drilled to depths less than 1,100 feet, have been abandoned.  There are no known oil fields within 30 miles of the site.


By 1979 economic conditions had become favorable for exploration of the Clinton Sandstone in northern Lake County.  Investor backed oil and gas companies began drilling Clinton gas wells near the East Ohio Gas Company main transmission line in northern Lake County.  Drilling and production costs were low because the Clinton formation is shallow in the northern part of Lake County and access to the well locations and gas pipeline was very good.  The designation of the Clinton as a “tight gas sand reservoir” allowed the producers to receive a much higher price for their gas, making Clinton exploration and production very attractive.  As new markets for the gas opened up and gas prices rose, exploration continued further to the south and east.  By the end of 1986 virtually all of Perry and Madison Townships and the northern one‑third of Leroy Township were gas productive <Figure 2.5‑18>.  Recent drilling permit data indicate that exploration will continue to the south and east.


A field survey was made to confirm the location, as recorded prior to May 1973 by the State of Ohio, Division of Geologic Survey, of all wells located within Perry Township between Blackmore and Town Line roads and between Lake Erie and U.S. Route 20.  This area and the well locations are shown on <Figure 2.5‑18>.  The field survey documented the existence of all recorded wells, except well L‑201, and located two unrecorded wells, L‑207A and L‑207B, as shown on <Figure 2.5‑18>.  Property owners were interviewed for information relevant to use, depth and current condition of their wells.  The results of these interviews are summarized in <Table 2.5‑5> and supplement or supersede the information contained within the records of the State of Ohio.  Supplemental data regarding wells permitted subsequent to May 1973 are summarized in <Table 2.5‑6> and nearby wells on record with ODNR during the Leroy earthquake evaluation are shown on <Figure 2.5‑17>.


Diamond Shamrock Corporation has retained gas rights to a well 1.9 miles southwest of the site along Clark Road.  The well is presently producing gas from the Clinton formation.  This well is registered with the Geological Survey of Ohio as No. 203.  It is noted that the depth of wells L‑215 and L‑218 are recorded in the state records as “1,000 ‑ 1,200 feet” and “1,000 ‑ 2,000 feet,” whereas interviews with John Winter, formerly employed in local well maintenance, reveals that the actual depth of these wells, as encountered during cleaning, is 800 feet and 1,100 feet, respectively (Reference 120).  The incomplete and approximate nature of the state records is attributed to the well records first being compiled in 1957 by interviews with some of the property owners who either did not know or could only roughly estimate 


the well depth.  It is concluded that all but wells L‑106, L‑207A and L‑207B were drilled prior to the period 1915‑1920 and that the drilling records do not exist or cannot be found.  Records of the referenced wells (well data cards) registered with the State of Ohio, are on file in the offices of the Gas and Oil Division of the Ohio Geologic Survey, Columbus, Ohio.


2.5.1.1.8.1      Gas Producing Formations


Gas production in northeastern Ohio is primarily from the “Clinton” sandstone member of the Medina Formation (Reference 121) (Reference 122) (Reference 123) (Reference 124).  This producing member is regionally encountered within the Madison Lake Pool at depths on the order of 2,850 feet and in the vicinity of Parmly Road at depths on the order of 2,710 feet.  Other, usually less productive commercial sources, have been developed within the Newburg Sandstone of the Lockport Formation which is encountered in the Madison Lake Pool at depths on the order of 2,575 feet.  The shallowest gas producing field is associated with the Oriskany Sandstone.  The Mentor Pool, located approximately 14 miles southwest of the site, is encountered in the Oriskany Sandstone at a depth of about 1,850 feet.  The Concord Pool, located approximately 10 miles southwest of the site, is also located within the Oriskany 


Sandstone at depths of about 2,000 feet.  It is noted that salt exploration wells drilled in the vicinity of the site penetrating the Oriskany Sandstone did not encounter commercial gas reserves.  The locations of the gas pools noted above are shown on <Figure 2.5‑30>.


The production of gas wells drilled within the Ohio Shale in northeastern Ohio is sufficient only for domestic use, almost always yielding far less than 50,000 cubic feet per day, a quantity considered the minimum level for commercial exploitation.  The East Ohio Gas Company reports a single production well within the Ohio Shale, located in Geneva Township, Ashtabula County.  This well was reported to be 471 feet deep and since being brought on‑line in August 1971, has produced at a rate of only 5,000 cubic feet per day with an average 150 psig pressure.  The only other commercial Ohio Shale gas wells known within 15 miles of the site are reported to be associated with the Geneva gas field located approximately 12 miles east of the site.  Most gas production is from the Clinton Sands, at a depth of approximately 2,750 feet.  Locally, production is found in the Oriskany at a depth of 1,625 feet.  Some limited Ohio Shale gas production is also reported in Summit and Cuyahoga Counties, the closest being more than 30 miles southwest of the site.


Exploration in the Ohio portion of Lake Erie has been historically banned by the Ohio State Legislature.  This ban expired July 1, 1978.  A State Senate panel did approve gas drilling in Lake Erie late in May 1979.  The governmental proceedings necessary for actual legislated approval have been postponed until the completion of an environmental impact study by the Army Corps of Engineers. 


Within the vicinity of the site, the greatest potential for the discovery of natural gas of commercial quantity is within the “Clinton Sand,” a regional oil and gas producing sandstone of the Silurian Albion Group.  This horizon is encountered in northeastern Ohio at depths usually in excess of 2,800 feet.  The producing zones within the 


“Clinton Sand” are quite erratic and occur as isolated, stratigraphic traps related to ancient shorelines which were formed by the advancing and regressing Silurian sea.  Numerous facies changes comprise these ancient shorelines and the producing zones occurring in porous sandstones which change in relatively short distances into nonproducing shales or argillaceous sandstones.  In addition to new “Clinton Sand” production within the general site area, there is also the possibility of discovery of new gas fields within the Oriskany Sandstone.  However, Oriskany production within the near vicinity of the site does not have nearly as favorable a potential as evidenced by the very limited local thickness of the Oriskany formation.


2.5.1.1.8.2      Subsurface Gas Storage


Research of available data concerning storage of natural gas and liquid petroleum in Ohio indicates that gas storage is primarily within the “Clinton Sand” horizon.  Storage within cavities formed within the evaporite rocks of the Salina Group of Ohio has been reported by the Ohio Department of Natural Resources (Reference 124).  The closest salt cavity storage area is Lake Underground Storage which is located 8 miles southwest of the Perry Nuclear Power Plant.  The material stored at this site is reported to be liquefied propane.  The next existing salt cavity storage area is located near Canton, Ohio, approximately 68 miles south of the site.  Presently no potential salt cavity storage areas are located adjacent to the site or within a five mile radius.  The potential for subsurface gas storage in the site locale is remote.  However, CEI has secured mineral rights within the “protective zone” surrounding the site area and can prohibit subsurface gas storage therein.


2.5.1.1.8.3      Subsidence Potential


The occurrence of surface subsidence due to extraction of natural gas or fluids is attributed to a reduction of interstitial pore pressures 


within producing zones.  Reduced pressure causes an increase in intergranular stress and subsequent consolidation (compaction) of the zone of withdrawal.  Gas and oil fields in Texas and California which have experienced significant subsidence are reported to be usually characterized by producing zones in unconsolidated to poorly lithified sands which are generally Miocene or younger in age (Reference 110).


Subsidence due to extraction of natural gas from the Silurian and Devonian rocks underlying northeastern Ohio has not been experienced.  These reservoir strata were lithified into a competent rock mass.  Moreover, CEI does not intend to drill production wells within the limits of site mineral rights even in the event that a reasonable production could be expected.


2.5.1.1.9      Induced Seismicity Potential


Induced seismicity is a recently recognized phenomenon which results from formation water pore pressure fluctuations, typically caused by injecting fluids under pressure into deep injection wells.  During operation of an injection well, natural formation pressures are increased, resulting in an expanding zone of higher pore pressure which migrates outward from the well in all directions.  The increased pore pressure within this zone may effectively reduce frictional resistance along fault surfaces by counteracting the confining stress acting normal to the fault plane.  If a “locked” fault is favorably oriented to fail in the existing stress field and the pore pressure increase exceeds the frictional resistance to fault slip, motion may occur causing an earthquake.  The pore pressure increase serves only as a premature “trigger” to release accumulating energy that would naturally be released at some point in the future regardless.


Several examples of induced seismicity are well documented in the United States (Reference 125) (Reference 126) and elsewhere in the world.  Such activity has been reported associated with waste injection wells, brine 


solutioning operations (Reference 41), oil and gas extraction, and enhanced recovery pumping (Reference 113), and reservoir flooding.  Seismicity is generally closely associated, both spatially and temporally, with the local modification of pore pressure in the bedrock.


Due to the proximity of the Calhio injection wells, the potential for induced seismicity in the case of the Leroy event and subsequent micro seismic events, has been and continues to be investigated (Reference 127) (Reference 128).  While not completely ruled out, the January 31, 1986 Leroy event was not likely induced, due to the substantial distance from the operating injection wells, lack of seismic activity in the intervening area, the depth of the event and aftershocks, location in Precambrian basement isolated from the injection zone stress regime, and history of small to moderate earthquakes prior to operation of the injection wells (Reference 127) (Reference 128).  Investigations continue on subsequent seismic events recorded in the epicentral area and corridor to the existing injection wells, in order to determine the nature and possible cause of these events.


2.5.1.2      Site Geology


2.5.1.2.1      Site Physiography


Locally, the site is situated on a portion of the Lake Plain Section bordering Lake Erie.  The Lake Plain is a subdivision of the Central Lowland Province previously described in <Section 2.5.1.1.1>.  Locally, this plain, a remnant lake bottom, is a narrow band of land extending approximately five miles south beyond the present Lake Erie shoreline.  Very little relief occurs in proximity to the site within the Lake Plain except for two low, continuous sandy ridges.  Each defines an ancestral beach formed during Pleistocene time when the elevation of Lake Erie was considerably higher than in Recent time.  The greatest local relief, nearly 70 feet, is associated with one such ridge which is coincident 


with Ohio State Highway 84 east from Painesville to Ashtabula.  A lower ridge is contiguous to the north side of U.S. Highway 2 east of the Painesville interchange and U.S. Highway 20 further east.  Presumably these ridges are laterally continuous to the west and east and more or less parallel to the present Lake Erie shoreline (Reference 129).  Other than that which resulted from erosional processes, little change in the site morphology has taken place since the establishment of the present Lake Erie drainage outlet over Niagara Falls.


Steep bluffs along the southeast shoreline of Lake Erie are continuously subjected to wave action resulting in gradual shoreline recession.  Two principal agents of bluff erosion occur:  (a) undercutting and erosion by wave action and (b) slump and earthflow.  At the site the materials in the shoreline bluff consist of lacustrine deposits underlain by highly compacted glacial till.  Groundwater seepage from the face of the bluff is the primary contributing factor to instability of the lacustrine deposits.  Wave action erodes the toe of the bluff (dense till) adding to instability of the upper section of the bluff, thereby accelerating the recession process.  An approximate yearly rate of natural bluff recession of 5 to 15 feet was reported by the Ohio Division of Geological Survey (formerly Division of Shore Erosion) at Perry Township Park about a mile west of the Perry site (Reference 130).  The Corps of Engineers reported a landward movement of 35 feet in the vicinity of the Perry site from 1876 to 1948 and 4 feet per year at Perry Township Park (Reference 131).  Further discussion on bluff instability at the site is provided in <Section 2.4.5.5> and <Section 2.5.5>.


2.5.1.2.1.1      Topography


Minimal topographic change is evident at the site subsequent to final site grading and construction.  Local relief and slope conditions remain essentially the same.  The greatest of both is represented by the shoreline bluff.  Excavated debris with variable relief estimated to be 


100 feet at its zenith was stockpiled in the general vicinity of the Unit 2 cooling tower throughout much of the construction phase.  This borrow pile provided the greatest local relief at the site.  Excluding the presence of plant structures, permanent alterations to the preconstruction landscape are not readily apparent except for smooth contouring performed at the barge slip, former lakefront emergence for the minor stream.  An elongated, discontinuous berm, approximately 100 feet wide at its base with 20 feet of maximum relief, is parallel and adjacent to Parmly Road.  Although this berm is consistent with Lake Plain geomorphologic features, it together with the barge slip comprises the major site topographic alterations.  <Figure 2.5‑32> is a set of aerial photographs documenting construction stages.  <Figure 2.5‑33> shows final site topography.


2.5.1.2.1.2      Site Drainage


Final site drainage remains essentially the same as that which preceded construction.  Eastern, southern and western site drainage occurs via the site storm drainage system to the northwest sediment control dam and to the minor and major stream diversion channels.  The minor and major stream diversion channels also provide for sediment control in settling basins preceding their emergence along the Lake Erie shoreline.  Details of the site drainage, diversion channels and sediment control dams are discussed in <Section 2.4.1> and <Section 2.4.2>.


2.5.1.2.1.3      Soil Deposits


Soils in the locality of the site are derived predominantly from glaciolacustrine deposits.  Lacustrine deposits occur as very fine sandy, clayey silt and silty clay.  The lacustrine soil stratum above the till is as much as 30 feet thick.  Lacustrine sediment permeability decreases with depth.  The base of the till, which rests on shale 


bedrock, is as much as 65 feet below ground surface.  Lacustrine sediments are exposed along the upper face of the steep bluff that prevails along the lake shore.


The pedological classification according to the U.S. Soil Conservation Service for cultivated soils in the site locale is Lampson Series 9324.  These lacustrine soils are reportedly somewhat poorly drained, fine‑sandy loam.  The dominant color in the upper horizons (A and B) is yellowish‑brown grading to brownish‑gray in the substratum (C) horizon.  The sand and silt content varies both vertically and horizontally.  Alkalinity of the soil is moderately high with a pH value of 6.


The prismatic structure of the subsoil causes this soil to have moderately low permeability.  Most of the groundwater exists within the lacustrine stratum.  The underlying dense, but relatively less permeable till acts as a barrier retarding the downward percolation of groundwater.  Groundwater levels observed in exploration borings were generally two to six feet below ground surface.


Trafficability of the soil is very poor when wet.  A high seasonal water table is the major limitation to the use of this soil.  The soil, if drained, is suited for speciality crops, of which nursery stock is the most prevalent in the locale.


Soils on some portions of the site have been reworked and seeded consistent with final grading and revegetation plans.


2.5.1.2.2      Stratigraphy


In a regional sense, the site is on the western limb of the Appalachian geosyncline.  There are no conspicious surficial expressions of strata arches or dislocations.  An Upper Devonian shale sequence more than 1,200 feet thick underlies the site foundation.  The Precambrian surface in the region is about 5,300 feet below sea level.  In northeastern 


Ohio, the region is mantled with glacial deposits that have been preconsolidated by ice that overrode the land during glacial time


(Pleistocene).  Along the lake shore plain, lacustrine sediments were deposited on glacial till when water levels in Lake Erie were considerably higher during glacial ice recession.


In the site vicinity, the same sequence of sediments were present as reported regionally.  Stratigraphically, the lowest interval encountered in the exploration test borings documents interfingering of Huron shale within the overlying Chagrin shale.  Both are facies members of the Ohio Shale.  Beyond approximately 1,000 to 1,500 feet offshore in Lake Erie, the Chagrin shale immediately underlies lake bottom but is not exposed along the shoreline.  Chagrin strata characteristically are bluish‑gray, clayey and sandy shale.  Fresh shale is moderately hard, but upon exposure to weathering it breaks down to clay.  Mineralogically, the shales and siltstones are characterized by their illite‑chlorite‑kaolinite content.


Unconformably overlying the Chagrin shale in ascending order are glacial till of two different ages, relatively younger glaciolacustrine sediments and recent stream channel alluvium and beach deposits.  The exact age of the tills has not been determined, but is likely the Cary substage of the Wisconsin stage.


Onshore the combined thickness of the glacial and lake deposits in the plant vicinity ranges from 50 to 60 feet.  <Figure 2.5‑34> shows the surface distribution of bedrock overburden deposits prior to construction.


The lower till, which unconformably overlies the Chagrin shale is exceedingly dense and contains a basal boulder layer, approximately one foot thick.  This boulder layer is comprised of rounded, resident metamorphic and quartzite erratics and lesser amounts of subangular shale fragments, the latter presumably locally derived.  Individual 


boulder median diameters typically are on the order of one foot.  They are contained within a gray, silty clay matrix.  Below the boulder


horizon to bedded shale, a six to eight feet thick transitory interval has been mapped in which lower till lenses have been incorporated within contorted, blocky and weathered shale.  Folding, imbricate thrusting, drag, and other characteristic features of this interval imply shallow deformation of rock synchronous with glaciation and lower till deposition.  Above the boulder layer till grades upward to dense gray clay containing 15 to 25 percent sand size particles and infrequent boulders.


The upper till unconformably rests on the lower till.  It is composed of gray silty clay with up to ten percent sand size particles.  The upper till differs from lower till by having a higher moisture content and percentage of silt and clay, a lower density and an absence of boulders.  Upper till and lower till thicknesses range from 3 to 14 feet and 11 to 28 feet, respectively.


Glaciolacustrine deposits overlying till are generally thin interstratified fine‑sand, soft silts and clay.  In localized areas, within the upper ten feet, thin lenticular accumulations of predominantly sandy silt are present.  Glaciolacustrine sediments are the result of fluctuating lake levels produced when retreating glacial ice exposed successively lower outlets.  The best example, representing one of the former lake levels, is present as a sandy ridge along U.S. Route 20, 1‑1/4 miles south of the plant site.


Deposits of Recent age include beach deposits, contiguous to the toe of the shoreline bluff, and stream channel alluvium.  Stream channel diversions and final site grading have resulted in either removal or burial of preconstruction alluvial deposits.


A composite schematic stratigraphic column of site stratigraphy together with data on file at the Ohio Geological Survey for a deep, abandoned 


gas exploratory well less than 1‑1/2 miles west of the plant Seismic Category I structures is presented as <Figure 2.5‑35>.


2.5.1.2.3      Structural Geology in the Vicinity of the Site


In the site area the structure of the rock units coincide with the regional setting.  The Chagrin shale member of the Ohio Shale formation, the immediate bedrock beneath the site, dips less than five degrees south, but its paleotopographic surface is inclined northward toward the lake as a result of erosion by Pleistocene glaciation.  North of the site, Devonian shale and limestone underlie Lake Erie for as much as one half its width.  In the eastern portion of the basin, shales extend to the International Boundary with Canada.  Approximately seven to eight miles south of the site Chagrin shale strata are overlain by Bedford Shale and Berea Sandstone, respectively.  These relationships are consistent with regional structural setting.


On the basis of geological and geophysical preconstruction site exploration, it was determined that the Chagrin shale contained two major planar elements, jointing and bedding.  From recovered core, several poorly developed joint sets were noted at angles of 30, 60 and 90 degrees.  Surface expression of joint patterns is obscured by the glacial deposits, cultivation and vegetation (predominantly trees), although some soil zones visible on aerial photographs seem to reflect N40(E and N55(W trends in Conneaut and Ashtabula Counties to the east.  Geologic mapping of site excavations confirmed this conjugate joint system.  Northeast, northwest, and north‑northeast orientations were prominent in planar continuous joints observed during field mapping conducted after the January 31, 1986 Leroy earthquake (Reference 4).  Shale bedding laminae in rock cores are 1/16 to 1/4 inch apart.  Interbedded within the shale are occasional siltstone to very fine‑grained sandstone beds, ranging from less than 1/16 inch to several inches thick.  The siltstone and sandstone beds frequently are cross‑bedded and show sinuous small‑scale ripple mark features.  


Abundant micaceous fragments on these bedding surfaces apparently enhance parting of the drill core parallel to siltstone/sandstone‑shale bedding contacts.  Structural contours of the Chagrin shale are shown on <Figure 2.5‑36>.


Although no secondary mineralization occurs within either bedding or jointing, clay seams 1/8 to 1/2 inch thick were encountered within the shale in several test borings.  The lenses generally are parallel to bedding and were thought to be deposited by groundwater migrating along fractures.  Although some clay seams may be attributed to groundwater processes, others were determined during excavation mapping to be fault gouge and materials from the transitory interval.  In addition to the clay seams, tan, very dense layers, probably siderite (FeCO3) or “ironstone bands,” are found interbedded in the medium gray shale.  The lateral, discontinuous nature of the siderite beds, suspected on the basis of preconstruction test borings, was confirmed during geologic mapping of excavations and tunnels.  Lateral thinning is attributed to sedimentological rather than secondary structural control.


The overlying till deposits are unstratified and generally heterogeneous in composition and variable in thickness.  Thickness of the lower till ranges from 11 to 28 feet, averaging 20 feet, while the upper till is between 3 and 14 feet, but averages 9 feet thick.  This variation presumably results from differential erosion and deposition processes during glaciation.  Structural contours of the lower till are shown on <Figure 2.5‑37>.


Lacustrine sediments above the tills are stratified, interbedded units of sand, silt and clay.  On a small scale, the units are distinguishable and homogenous but vary without consistent order, both vertically and horizontally.  The thickness is dependent upon the paleotopographic relief of the upper till and erosion subsequent to deposition.


2.5.1.2.3.1      Northeastern Ohio Folding and Faulting


Secondary structures demonstrative of regional‑scale bedrock deformation in the site vicinity as well as throughout northern Ohio are rare.  This is attributable to the nearly ubiquitous veneer of glacial deposits obscuring bedrock as well as the minimal effect of the Appalachian Orogeny on Paleozoic strata in this region.  As discussed in <Section 2.5.1.1.5.1>, Appalachian orogenic stresses were greatly attenuated during their northwestward propagation beyond the Appalachian Structural Front.


Most of the subsurface structural interpretations for these regions are founded on deep well data.  It is reported in (Reference 132), based on personal communication with A. Janssens, formerly employed by the Ohio Geological Survey, that the sedimentary sequence above the Middle Devonian Delaware Formation is affected by folding.  Structural contours of the Delaware and Dayton Formations show persistent small structures, probably folds, especially in Portage County, Ohio (Reference 132).


The drilling of numerous gas wells in the past years has allowed construction of new structural contour maps for Lake and Geauga and portions of adjacent Trumbull and Ashtabula counties <Figure 2.5‑38> and <Figure 2.5‑39>.  This task was undertaken to assess any potential association of interpreted Paleozoic structures with neotectonic mechanisms.  Accuracy of the new structure contour maps is improved by the addition of numerous well data points.  Northeast‑ and northwest‑trending structure are mapped, superimposed on the regional southeast dipping monocline.  Typical relief on the features is 20 feet diminishing upsection.  These features are typical of numerous similar structures observed in the Paleozoic rocks throughout eastern Ohio.  They are interpreted to be related to penecontemporaneous deformation which culminated with late Paleozoic orogenic events originating in the Appalachian orogen to the southeast.  Neither of these mechanisms is related to existing neotectonic processes.


Salt mining has exposed deformation within the Salina salt beds.  Heimlick describes minor folds, amplitude of six inches and wave length less than twelve inches, locally overturned, in the production interval of the International Salt Company mine in Cleveland (Reference 133).  Structural contours of the salt production interval for the Morton Salt Division of Morton Norwick mine in the Painesville area reveal northeasterly trending synclinal troughs interpreted by Jacoby to be salt flowage preceding faulting in response to Appalachian tectonism (Reference 134).  However, large scale folding in Lake County of either the salt or overlying shale strata is neither exposed in surface erosional or subsurface excavation exposures, nor interpreted by subsurface geological or geophysical data.


Faulting is nearly as anomalous as fold structures.  Regionally, and as discussed in <Section 2.5.1.1.5.1>, faulting does affect Paleozoic strata to the south and also has been exposed in the International Salt Company mine in Cleveland to the west.  More locally, Jacoby reports that a high‑angle thrust fault intersects the salt production interval of the Morton Salt Division of Morton Norwick mine in Fairport Harbor, approximately eight miles southwest of the Perry site (Reference 134).  A small, normal fault described by Voight has been reported in the Grand River Access shaft of the Fairport Harbor Salt Mine (Reference 135).  The normal fault is one border of a small graben with easterly strike and apparent offsets of up to 1 foot.  The graben affects dolomites immediately overlying the First Salt of the Salina Group.  The small thrust (reverse) fault described by Jacoby offsets approximately 25 feet of the underlying Upper Second Salt and a portion of intervening dolomite beds.  There is no evidence that the faults are coincident along strike.  They may be related in the sense that faults of this scale are reported to be common at the base of dolomites overlying the First Salt.  Furthermore, it is not unreasonable to expect some degree of rotational movement in solution‑induced faulting.  Hence, movements of both normal and reverse senses might be expected in associated faults or even on different portions of a single fault.  It is not believed 


that these faults are pervasive vertically through the Oriskany Sandstone of Middle Devonian age (Reference 134).  The thrust fault, while on strike with the cooling tunnel faults, is at a substantially greater depth below unfaulted post Middle Devonian limestones and shales (Reference 134).  No known or inferred relationship of this fault with the tunnel faults is apparent from existing geophysical or geological data.


Rock cores from salt strata exploratory borings in the Painesville area occasionally intersect displacements within the “Big Lime.”  They are of a very minor nature, are completely healed and amount to a few inches at most.  Donald R. Richner, consulting geologist, has examined these discontinuities which range from very minor to miniscule, consisting mainly of stylolites and minor slips with traces of slickensides but having observable displacements of two inches at most.  He has not seen any evidence that these discontinuities were of a tectonic origin.  Those observed above and below the Salina salt beds appear to result from penecontemporaneous deformation (Reference 135).


Geologists are in agreement that the faulting and folding exposed in the International Salt Company and Morton Salt Division of Morton Norwick mines in Cleveland and Painesville, respectively, are attributable to dissolutioning of the salt during sediment lithification (Reference 132) (Reference 134) (Reference 135).  Subsequent failure of the overlying strata resulted in graben structures, slumping and down‑warping dependent upon overlying lithology.  Locally, salt flowage into fractures and irregularly shaped cavities is evident.


2.5.1.2.3.2      Local Structures


A well documented fault in the geologic literature near the site locale is a relatively minor localized overthrust with approximately one foot of displacement in the Bedford shale (Mississippian age) on Bates Creek, also known as Warners Creek (Reference 136).  The fault is eight miles 


south of the site.  A minor thrust fault matching the one described by Prosser was observed in the field on the east bank of Bates Creek.  The strike of the fault is northeast.  Three minor superficial faults of limited extent and displacement were found about one mile north of the Bates Creek fault (eight miles south of the site) on the west bank of the Paine Creek.  The faults, two gravity faults and a small bedding thrust fault named Hell Hollow 1, 2 and 3, were found to be associated with slumping.  These structures are shown on <Figure 2.5‑40>.


Field investigations and literature studies were completed to determine the characteristics, origin and age of both the Bates Creek and Hell Hollow faults.  The findings and results of the investigations are discussed in <Section 2.5.4.3.6.1>.  The Bates Creek and Hell Hollow faults were determined to be of surficial nature, limited in extent and unrelated to deep‑seated faulting.  Their origin is believed to have been glacially induced at Warners Creek and related to bedrock slumping at Hell Hollow.


Following the January 31, 1986, Leroy earthquake, extensive field mapping was conducted in the epicentral area and extending northeastward to the PNPP site.  Previously investigated structures <Section 2.5.4.3.6.1> were reexamined and other outcrops were checked for potential earthquake related structures.  Several types of bedrock structures were observed during these field investigations.  These include primary sedimentary structures, joints and fractures, anticlinal folds (pop‑ups), and normal and thrust faults (Reference 4).  Deformation associated with these fractures is generally minor and was typically observed to terminate rapidly both laterally and vertically within a given outcrop.  One larger, but obscured structure (Big Creek Structure, <Figure 2.5‑40>) was studied in more detail by excavation, seismic refraction, magnetometer survey, and three boreholes.  The evidence from these investigations showed that the deformation was confined to the near surface.  There was no indication of any significant fracturing or offsets of the essentially flat‑lying 


sedimentary rocks extending beneath the excavated area.  While numerous folds and minor faults, similar to those previously reported in Bates Creek, were mapped during the investigation, all structures are readily associated with widely reported surface deformation mechanisms.  These include glacial push, glacial loading and unloading, removal of lithostatic load, and lateral compression coupled with unloading of incised stream valleys.  Regardless of the mechanism involved, all structures are limited in lateral and vertical extent to the upper 20 to 30 feet of bedrock exposure, and therefore are judged to be unrelated to deep‑seated neotectonic structures (Reference 4).


2.5.1.2.3.3      Onshore Deformation Exposed by Plant Excavations


Geologic mapping, inspection and evaluation of bedrock foundations, including excavation cuts and foundation grades for the Perry structures, were initiated in August 1975.  Several localized areas of deformed bedrock were revealed as a consequence of the excavation (see <Section 2.5.4.3.6.2> for investigative program).  Three fundamental structural fabrics consisting of folds and faults within the Chagrin shale, trending northwest and north‑south, are inferred from the foundation bedrock geologic maps.  An excavated thrust fault traversing the southwest quadrant of Reactor 1, a shallow fold traversing Reactor 2 and terminating in the Control Complex and a very shallow fold traversing the northeast corner of Condensate Demineralizer 1 are three elements of the northwesterly fabric.  A generally north‑south trending fold, traversing the Control Complex, the Radwaste Building and Condensate Demineralizer 1, represents a second fabric.  Gentle swells and swales in Reactor 1, portions of the Control Complex, the Radwaste Building and elsewhere north and south of the nuclear island complex trend northeastward.


These smaller structures (approximate wave length of two to three feet and amplitude less than six inches), which terminate with depth on horizontal shale bedding planes, were determined to be either primary, 


related to deposition or secondary, related to glaciation.  The swell and swale axes lie normal to both regional Upper Devonian sediment transport as well as the general north to south Pleistocene glacial transport direction (Reference 7) (Reference 91).  The structural features are shown on <Figure 2.5‑41>.


As previously discussed, many of the smaller structures including the northeasterly trending swells and swales, most joints and in addition bedding‑plant decollements were effectively removed during the final 0.5 foot of excavation to final foundation grade.  Several clay‑filled vertical joints with less than one inch separation between parallel faces, extend below final grade.  It was determined by probing that the joints close at a depth of one foot.  No groundwater was discharged from either tight or clay‑filled joints, bedding‑plant partings or localized areas of deformation.


A fault traversing the intermediate building was observed intersecting the southwest quadrant of Unit 1 reactor building.  It was possible to view a downward projection by which the fault plane became conformable with bedding having a horizontal altitude at Elevation 561.6’ because the reactor building foundation grade lies two feet below that of the intermediate building.  A three inch thick gouge layer defining a decollement plane conformable with bedding was removed as a result of excavation to planned final foundation grade.  Thirty‑five feet beyond


the reactor building, the surface expression of the fault trace swings abruptly into a northeasterly trending small‑scale anticline <Figure 2.5‑41 (1)>.


A small bedding plane thrust fault, trending northeastward intersects the west wall of the Control Complex approximately 20 feet north of the southwest corner.  The fault plane is defined by a thin gouge sheet, less than one‑inch thick, of tough leathery clay containing angular fragments generally no larger than fine gravel.  One segment dips 14 degrees to the south becoming horizontal with depth as observed from 


fault‑plane projections onto flat‑lying strata from which the thin conformable gouge sheet was removed during excavation to final grade.  The fault is bounded above by undisturbed horizontal bedding.  A southward directed sense of motion is interpreted from disturbed rock along the inclined fault‑plane segment.


A step‑line pattern was exposed in a near vertical cut along the west wall of the control complex <Figure 2.5‑42 (1)>.  Gouge defining the fault plane thinned laterally, possibly signifying the limits of appreciable movement.


Another thrust fault, located along the northern wall of the Radwaste Building, strikes generally east, dipping to the north.  This structure is bounded vertically by horizontal strata as observed during excavation.  A southerly sense of overriding motion is interpreted from disturbed rock along the fault‑plane and from drag effects.


Two anticlinal structures, larger scale than the swell and swale features, traverse the Unit 2 reactor building and the control complex in northwesterly and northerly directions, respectively.  The approximate width of affected bedrock in the reactor building is 30 feet, and in the control complex it is 20 feet <Figure 2.5‑41 (1)>, <Figure 2.5‑41 (2)>.  As determined by measurements and observations of


bedrock at excavation grade and in exploratory test pits and borings, caisson excavations and overexcavated areas, the anticlinal structures are generally steepened on their southerly and westerly limbs.  The folded strata exhibited fracturing along their hinge lines, but the rock had not undergone weathering.  The hinge lines generally migrate to the south and west with increasing depth.  These folds terminated below foundation grade on horizontal bedding‑plane decollements characterized by a gouge layer ranging in thickness from one to three inches conformable with immediately subjacent flat‑lying, competent shale <Figure 2.5‑43> <Figure 2.5‑44>.  A caisson excavation penetrating the folded strata, extending southeasterly beyond the Unit 2 reactor 


building, reached undeformed, flat‑lying, competent shale <Figure 2.5‑45>.  Both condensate demineralizer foundations intersect the northerly trending fold traversing the radwaste‑control complex excavation.  However, the deeper foundations excavated for the condensate demineralizer penetrate folded strata and extend into flat‑lying, competent shale.


Fault‑plane material in all cases was a gouge of tough, leathery consistency, composed of a very hard, gray‑clay matrix with coarse‑grained sand size, angular‑shaped shale inclusions.  The matrix material resembles the dense lower till derived from Chagrin shale.  Unlike the overlying till, it does not contain erratics derived from either the crystalline rocks of the Canadian Shield or any sedimentary rock compositions with the exception of Chagrin shale inclusions.  No slickensides, cleavage, groundwater, or secondary mineralization were identified within the fault zones or adjacent country rock.  The absence of foreign materials and a similar lack of evidence for either recrystallization of country rock or crystallization of anomalous mineral matter within or adjacent to deformed strata is interpreted as localized, low temperature and relatively low‑stress deformation conditions.


Vertically the lower limit of the onshore deformation was established at a horizon defined by the deepest foundation excavations including those for the condensate demineralizer and heater bay buildings.  The upper limit of this deformation terminates at the base of a boulder layer which maintains grade at approximate Elevation 570’ and is pervasive throughout the plant site.  As discussed in <Section 2.5.1.2.2>, this boulder layer defines the base of structureless lower till.  Below the boulder layer and above competent shale, a six to eight‑foot thick transitory interval was mapped in which the lower till has been incorporated within contorted, blocky and weathered shale.  Shallow folding, imbricate thrusting, drag, and till incorporated into the bedrock all imply deformation associated with lower till emplacement.  


The upper till and overlying glacio‑lacustrine sediments are not deformed.  A complete lens of till integrated within the shale approximately three feet above flat‑lying shale is shown on <Figure 2.5‑46>.


In summary, the approximate 45 foot thick interval occurring between the excavation grade of the deepest onshore foundation excavations and the base of the boulder layer has experienced deformation consisting of folding and faulting.  The northeasterly to southwesterly sense of shove has been interpreted on the basis of structural fabric and symmetry.  Bedrock strata were detached along bedding planes with combinations of rotation and buckling as well as slight upward shearing or underthrusting developing in proximity to their leading edges.  Movement along bedding‑plane decollements resulted in the development of gouge.  The mechanism which generated this shallow bedrock deformation, is attributed to late Wisconsinan glaciation.


2.5.1.2.3.4      Offshore Deformation Exposed by Tunneling


2.5.1.2.3.4.1      Intake Tunnel Structures


Tunnel excavation operations during April 1978 in the intake tunnel, at a point about 600 feet offshore and 120 feet beneath the lake, intersected a small displacement, low‑angle thrust fault, striking northeast and dipping southeast.  The lateral extent of deformation within the tunnel is less than 50 feet.


The fault exhibited less than one foot of throw with a decrease towards the tunnel crown.  The brittle nature of this deformation is exemplified by the development of fractured and broken drag folds, kinks, angular/flaggy fragments of siltstone and shale adjacent to and within the prominent gouge zone and dipslip striations.  These characteristics 


are present within an interval ranging up to three feet in thickness normal to the fault plane trace.  See <Figure 2.5‑47 (5)> for geologic maps of faulting.


The gouge consists of a light gray, clay matrix containing angular fragments of siltstone and shale derived from the adjacent hanging and foot wall country rock.  Thin splays, 0.1 foot thick, originating from the main fault become parallel with bedding plane separations.  The thin gouge layers conformable with bedding are not laterally continuous but gradually thin to a zero thickness, generally within ten feet of the fault zone.


Drag folding is both well developed and quite pronounced.  Locally, a faint axial plane cleavage is developed at the fold hinges.  Drag folds are asymmetric, demonstrating deformation parallel to the fault plane dip direction.  Orientations of drag folds are parallel to the strike of faulting.


Numerous striations indicative of fault plane motion are recognized on both the hanging and foot walls immediately adjacent to the fault gouge.  Striations indicate the fault movement is parallel to the dip direction.  The sense of movement direction cannot be determined on the basis of striations but is readily apparent from stratigraphic offset.


The fault is immediately preceded to the southeast within the intake tunnel by an asymmetric syncline.  This gentle flexure is bounded by horizontal strata upward vertically within the tunnel excavation.  The base of the structure lies below the tunnel invert elevation.  Folding is accompanied by bedding‑plane parallel flexural slip and very minor northwest dipping thrusting on its northwest limb.  There, too, the thrust merges with bedding planes.


2.5.1.2.3.4.2      Discharge Tunnel Structures


Two discharge tunnel segments exhibiting bedrock deformation were intersected by excavation operations in late August and early September 1978, respectively.  See <Figure 2.5‑47 (20)> and <Figure 2.5‑47 (21)> for geologic maps of faulting.


The first is a distinct, zigzag fracture pattern occurring approximately 700 feet offshore.  The general structure attitude is north‑northeasterly striking and south‑southeasterly dipping.  Minor, discontinuous displacements, 0.1 to 0.4 foot, and flexuring of strata which traverse the plane of deformation, have resulted in a cumulative stratigraphic throw less than 0.4 foot at the tunnel invert.  Only very gentle strata warping occurs near the tunnel crown, indicating vertical termination of deformation.  The relative sense of inferred motion indicates upward and northerly movement of the hanging wall block.


Approximately 150 feet north of the first segment, a small‑displacement, low‑angle thrust fault, similar to the intake tunnel structure, intersects the discharge tunnel.  The lateral extent of deformation within the tunnel is less than 40 feet.  The fault plane attitude strikes slightly more easterly and dips less than in the intake tunnel.  Associated with the faulting are drag folds fracturing and well developed gouge, as previously described for the intake tunnel.


2.5.1.2.3.4.3      Extent of Tunnel Deformation


Exploratory borings (TX‑1 through TX‑6) drilled through the intake tunnel invert and confirmatory downhole geophysical logging (low P‑wave velocity for deformed rock relative to high P‑wave velocity for undeformed rock) established a consistent fault plane dip, essentially 17 degrees toward the southeast.  Two deep onshore borings (TX‑7 and TX‑11, 397 and 730 feet deep, respectively) situated in proximity to the discharge and intake tunnels did not yield definitive evidence of 


faulting.  This suggests that the fault thins appreciably downdip and is conformable with bedding or dies out.  A boring (TX‑12), oriented parallel to the intake tunnel alignment and inclined approximately 60 degrees from the horizontal, intersected the fault as interpreted from core.  A zone of broken rock and gouge (three seams, 1.5 to 3.0 inches thick) was found between depths of 376.0’ and 380.4’ (elevation approximately 300’) which represents the fault.  This interpretation corresponds to a straight‑line projection based on tunnel exposure and in‑tunnel borings.  From these data the fault extends 600 feet southeast of the tunnel exposures.


The intake and main discharge tunnel deformation are separated by approximately 750 feet representing the known distance along fault plane strike.  Projections of the tunnel faults to the southwest, using several hypothesized attitudes, extend beneath the bottom elevations of borings TX‑8, 9 and 10.  As a result, these borings drilled west of the site, on the shoreline projection of the faults, would not be expected to and, in fact, did not encounter evidence of deformation.  Nor did shoreline reconnaissance suggest structural deformation in the tills and lacustrine deposits comprising the shoreline bluff.  Lateral extension of faulting in a northeasterly direction is purely conjectural.


There is no surface expression of the fault on the lake bottom.  Lake bottom reconnaissance and video tape documentation were conducted across the updip fault plane projection.  A decreasing deformational gradient in an updip direction has been inferred from tunnel exposure measurements and interpretations of tunnel borings.  This gradient suggests that the net slip along the fault plane should reach zero approximately 20 feet above the tunnel elevation.


The conclusions regarding lateral and vertical extent are supported by comparative isotopic analysis of fault zone seepage and Lake Erie water.  These analyses show that isotopic ratios of D/H and 180/160 from the intake tunnel differ insignificantly from each other and from the 


discharge tunnel.  These data are consistent with a single fault intersecting both tunnels.  However, water from the fault differs significantly from the lake water.  It is therefore concluded that water from the fault in the two tunnels has a common source which is not Lake Erie.  All three sample sets are meteoric, that is, they were not derived from an exceedingly great depth, but rather from the atmosphere.


The geometrical relationships interpreted from the laboratory and field data are shown on <Figure 2.5‑48> and <Figure 2.5‑49>.


2.5.1.2.3.4.4      Tunnel Deformation Origin


Based on structural style, orientation and sense of offset, the thrust fault exposed in each tunnel is apparently the same feature or en echelon.  Faulting is distinctly brittle with deformation confined to the immediate vicinity of the fault plane.  The zigzag fracture pattern and accompanying evidences of flexure characterizing the more southerly discharge tunnel deformation may be an en echelon structure, but more probably represents a splay from the main fault.


Faulting mechanisms considered included Paleozoic Tectonics, Mesozoic‑ Tertiary Tectonics and Pleistocene‑Recent.  Regarding mid‑Paleozoic deformation, the concept of soft sediment deformation can be ruled out by the brittle nature of observed deformation.  The tunnel fault formed following lithification of the shale sequence.  Notwithstanding interpretation regarding age, pre‑Pleistocene tectonics are considered primarily in consideration of geometric data on tunnel fault strike and shallow dip.  Alleghenian (Appalachian) orogenic compressional stresses propagated northwesterly, employing Salina salt bed decollements would be technically feasible.  Upward propagation of faulting at low dip angles, as with the tunnel faulting, would be compatible.  Alternatively, southeasterly gravitational movement during late Paleozoic or early Mesozoic time was possible when overburden pressure and formation temperatures were about at peak values.  Again, a majority 


of the lateral movement would be expected to occur upon the Salina salts.  Relatively high loading conditions existing during glaciation with high stress gradients near ice sheet boundaries may have activated flowage deformation within the salt which resulted in underthrusting of the more competent overlying strata.  Other mechanisms associated with deeper rooted deformation such as basement‑block faulting and differential warping of Paleozoic strata would tend to produce normal faulting in overlying formations, not thrust faults.


Data regarding the age of faulting were derived from field and laboratory studies.  An age determination from fault gouge mineralization could not be undertaken because none of the constituent minerals contained radioactive isotopes suitable for dating.  However, on the basis of syn and/or post‑deformational mineral growth extending completely across fault zone microcracks related to the last movement on the fault, it is concluded that the time of last movement for each of the tunnel fault segments is approximately 1 million years but may be as old as 2 to 5 million years or as young as 0.8 million years.


Comparisons of the microcrack data to similar data from other locales were employed in age determinations.  Allowances for variability in factors such as temperature, pressure and chemical environment and uncertainty related to mineral growth rates could suggest a greater range in estimated formation time.  Notwithstanding the foregoing consideration, it is not reasonable to postulate a recent age for last fault movement.  Microcrack mineral growth bridges, some of which are quite delicate, remained intact and unruptured during the period of historical seismicity discussed in <Section 2.5.2>.


During faulting the orientation of the maximum principal stress was oriented normal to fault strike.  In situ stress measurements employing the hydrofracture technique demonstrate that the stress field orientation has changed since faulting <Section 2.5.1.2.5.3> <Appendix 2D E>.  The maximum principal stress consistent with the 


prevailing regional stress field is parallel to the fault strike.  The magnitude of vertical stresses measured is as expected for calculated overburden pressure.  Reorientation of the stress field must have occurred during Pleistocene time in response to glaciation.  Deposits of three major stages are recognized in northeastern Ohio <Section 2.5.1.2.4>.  No Nebraskan stage deposits have been identified in Ohio.  It is not known which major ice advance or minor recessional‑readvance cycle altered the stress field prevailing during the last fault movement.  This method of qualitatively dating the last fault movement is in agreement with the microcrack study conclusions.


It has been hypothesized on the basis of maximum past consolidation pressure of the fault gouge that the associated overburden pressure was not substantial but on the order inferred from an ice sheet considerably thinner than that estimated for northeastern Ohio at the Laurentide maximum.  On this basis, the last fault movement is more likely associated with deglaciation‑rebound than an ice sheet advance.  However, rock‑to‑rock contacts across the fault zone, as well as the step‑like pattern of faulting, were documented during large‑scale mapping of the deformed tunnel segments <Figure 2.5‑50>, <Figure 2.5‑51>, and <Figure 2.5‑52>.  Extrapolations of fault displacement suggests that approximately 70 feet of undeformed bedrock overlie the updip projection of faulting.  Therefore, it is uncertain whether the fault gouge would have experienced maximum overburden loading during glacial advance when ice thicknesses exceeded several thousand feet.  Hence, the age of movement for the fault based on gouge consolidation tests is not reliable.


The most reasonable interpretation of all the data is that the tunnel deformation and at least the last movement on the fault was a Pleistocene event associated with glaciation.  Candidate mechanisms include ice‑sheet traction, differential down‑bowing with glacial advance, differential rebound with glacial retreat, surficial stress‑relief or “pop‑up,” and subsurface salt tectonics, the latter as 


previously discussed.  More probable were glacio‑isostatic uplift and surficial stress relief during glaciation rebound.  Recurrent movement on deeper‑seated pre‑Pleistocene structures or faults, either by direct propagation or by en echelon deformation could have been possible.  Both of the latter would have been activated by glacial ice loading or unloading.  The conclusions of investigations reported in <Appendix 2D> and lack of evidence to the contrary are consistent; the fault is non‑capable as defined in <10 CFR 100, Appendix A>.


2.5.1.2.4      Geologic History of the Site


The geologic history of the site is consistent with the regional history described in <Section 2.5.1.1.6>.  The site and adjacent areas in northern Ohio are mantled by glacial deposits of Pleistocene age which range in thickness from a few tens of feet to several hundred feet and at the site approximately 55 feet thick.  Surface geologic mapping and borings show that the glacial deposits are underlain by a thick series of Paleozoic sedimentary rocks.  The Paleozoic rocks are, in turn, underlain by crystalline basement rocks of Precambrian age.  The depth to the Precambrian rocks is estimated to be almost 5,000 feet below sea level.


2.5.1.2.4.1      Preglacial


The Precambrian rocks underlying the site are similar to the rocks of the Canadian Shield to the north.  Rhyolite and magnetite cuttings are logged for a deep well in Lake County penetrating the Precambrian surface (Calhio No. 1, Permit No. 142).  Originally sedimentary and volcanic, these rocks have been changed into metamorphic rocks by folding, igneous intrusion and deep burial.  The Precambrian topography was undoubtedly rugged at one time, but prior to the Paleozoic it was eroded to a near level surface.


During Paleozoic time, tens of thousands of feet of sedimentary rocks were deposited in a generally submerged, subsiding basin called the Appalachian geosyncline.  The site lies along the western flank of this geosyncline where sedimentation rates were considerably less than to the east along the geosynclinal axis.  During this time, the Precambrian basement rocks subsided without major folding or faulting.  The rate of subsidence varied with time and location.  By the Silurian period, subsidence was slower, the seas were generally more shallow, and the potential for coral reefs rather good.  However, locally no major reef development is known.  Deposits of evaporite salt and gypsum in the Silurian sequence are thought to indicate the existence of isolated basins.  Structural contouring near the base of the “Big Lime” in northeastern Ohio suggests northeasterly trending troughs which may have influenced evaporite deposition.  The Cincinnati and Findlay arches are elongated domes of the Precambrian surface marking locations of generally slower subsidence.  Early Devonian time marked a return to freely circulating seas as indicated by carbonate deposition.


By mid and especially late Devonian time the paleoenvironmental conditions in northeastern Ohio were undoubtedly characterized by recurrent periods of quiescence and sediment disturbance.  The stratigraphic record for this interval, approximately 1,200 feet of interbedded shale and siltstone to very fine‑grained sandstone with the former predominant, grades upward from a black and dark gray shale to a light to medium‑gray shale.  Interfingering of the two basic shale types occurs within the transition.  Coarser‑grained beds exhibit small scale primary structures including oscillatory rippling, slump, cross‑bedding, ripped‑clasts, and other evidence of scour.  These features are interpreted as evidence of intermittent turbidity.  The darker shale section belonging to the Huron shale member and overlying strata of the Chagrin shale member together comprise the Ohio Shale.  The uppermost member, Cleveland, is not present at the site but is a facies correlative laterally from west to east with the uppermost Chagrin sediments in northeastern Ohio.  Chagrin shale is the youngest bedrock unit at the site.


Approximately seven miles south of the site, Mississippian period rocks comprised of the Bedford Shale and Berea Sandstone are exposed at higher elevations, respectively.  Collectively, these sediments may be representative of a deltaic depositional pattern with Bedford Shale transitional from a marine environment of the Ohio Shale to a fluviatile origin for at least some of the coarse‑clastic Berea sediments.  Pepper and others postulate a northerly source area for the Bedford and Berea sediments (Reference 90).  In north‑central Ohio channels eroded through the Bedford and occasionally extending into the Ohio Shale are filled with cross‑bedded Berea Sandstone.  Apparently, some of the Bedford Shale sediments in proximity to definable channels exhibit evidence of a slump.  The Chagrin‑Bedford‑Berea sequence south of the site appears to be conformable, probably occupying an intermediary position between two major sediment dispersal loci.


The Paleozoic Era ended with the Alleghanian (Appalachian) Orogeny during which rocks of the geosyncline were uplifted and accompanied by intense folding and faulting primarily east of Ohio.  Several compressional structures in southeastern Ohio, including the Parkersburg‑Loraine syncline and the Cambridge arch, have been attributed to tectonic stresses propagated northwesterly during the Appalachian Orogeny.  The two structures are contiguous folds striking approximately N10(W, in contrast to the northeast trending Appalachian fold belt axes.  These structures occur beyond the Burning Springs Anticline in West Virginia which is suggested to represent the terminal effects of Alleghanian compression.  Decollement style deformation employing the Salina salt beds as glide planes was active in West Virginia during the close of the Paleozoic.  Following the curved leading edge of the Alleghanian deformation front north and northeastward into western New York, a similar terminal structure, the Chautauqua Anticline/Bass‑Islands structure is encountered.  It is conjecture to postulate the northwesterly extent of this deformation style.  On the basis of geometry alone, it is possible that the small displacement, thrust fault intersecting the cooling water tunnels is a 


manifestation of the waning effect of late Paleozoic tectonic stresses attentuated in their northwest propagation beyond the Appalachian Structural Front.


During the Mesozoic and Early Cenozoic Eras, northeastern Ohio underwent active erosion.  The region, however, remained a positive feature throughout the interim.  It is generally believed that in northeastern Ohio drainage was directed toward the north into the province of Ontario across the area now occupied by Lake Erie.  An ancestral Grand River system presumably drained the site vicinity.  The gradient of the main Grand River channel probably was much steeper, having undergone significant headward erosion during periglacial and Recent time.  Many of its former tributaries are buried by thick glacial deposits.  Summarily, the cumulative effect of active processes, dominated by uplift and erosion, subsequent to late Paleozoic tectonism and preceding glaciation, resulted in a general lowering of elevation and reduction in local relief.


2.5.1.2.4.2      Glacial


Beginning approximately two million years ago at the advent of the Pleistocene Epoch and continuing until about 14,000 years ago, there were four major stages of extensive continental glaciation, Nebraskan, Kansan, Illinoian, and Wisconsinan.  The individual glacial periods spanned time intervals of approximately 100,000 years and were separated from each other by the following interglacial periods; Aftonian, Yarmouth and Sangamon respectively.  During interglacial periods the climates moderated, sea levels rose and the continents were most likely ice free.  Also, each of the four major glaciations was interrupted by short term periods or interstades of non‑glaciation.  During these interstades the glaciers retreated and then readvanced while continuing to cover the main continental mass.  Readvances and retreats resulted in partial to complete eradication of previous glacial and interstadial deposits.  Parts of Ohio were covered during at least the latter three 


stages for periods up to 50,000 years separated by long interglacial stages.  Each of the major advances was partly responsible for the formation of the basins of the Great Lakes and the present topography.


There is no direct evidence of Nebraskan stage glaciation in northeastern Ohio, however direct and indirect evidence of the other stages is present.  In northwestern Pennsylvania, the Slippery Rock till is assigned pre‑Illinoisian, does not outcrop, and is not known beyond the Mapledale (Illinoian) limit.  It is correlated with the till in Elkton Rift, 20 miles south of Youngstown, assumed to be Kansan (Reference 137) (Reference 138).  Till of the Illinoian stage has been found about 70 miles south of the site.  Deposits of the last major advance, the Wisconsinan stage, are found up to 75 miles south of the site.


The extensive deposits of unconsolidated sediments overlying the Chagrin shale at the site, exposed by the plant excavations, include approximately 60 feet of both till and lacustrine sediments.  In ascending order a transitory internal, approximately seven feet thick, occurs between competent bedrock and a horizontal boulder layer defining the lower till base.  Within the transitory interval, blocks of randomly oriented detached Chagrin shale bedrock are surrounded by a dense, gray clay till not unlike the lower till.  The lower till, generally twenty feet thick, is in turn overlain by upper till, approximately ten feet thick, which is less dense and characterized by a slightly reddish hue.  The two tills may represent deposition from either distinct substage advances or an advance‑retreat‑readvance cycle of one substage.  The 


surface deposit, lacustrine sediments, consists of more than 20 feet of thinly stratified clay, silt and occasional sand layers of which the upper five to seven feet are oxidized to a brownish‑orange hue.


A radiocarbon date obtained from organic material in lacustrine silt is 14,480(310 B.P.  This suggests that the upper till is older than previously presumed.  Originally described by White, the Ashtabula till 


is the youngest glacial deposit in Ohio, occurring in a very narrow belt parallel to Lake Erie, from two to six miles wide, and traceable from Cleveland along the Lake Shore into New York (Reference 139).


Shane has given the following estimates for the age of the Ashtabula and earlier late Wisconsinan till sheets in the Grand River Lobe of northeastern Ohio (Reference 140):





Ashtabula till

13,000 B.P.





Hiram till

14,500 B.P.





Lavery till

16,500 B.P.





Kent till


21,000 B.P.


Although the site clearly lies within the area of Ashtabula till, the radiocarbon date of 14,480 B.P. is far too old to represent the Ashtabula till, and more probably relates to the earlier Hiram till.  The Ashtabula till has probably been removed by early lake erosion.  White, Totten and Gross note that in “a belt two to four miles wide between Lake Erie and the Ashtabula moraines, the Ashtabula till has been in part removed by erosion of the higher late glacial levels of Lake Erie, and in part the till is overlain by sand and gravel deposited in the higher levels of the lake” (Reference 141).  The date obtained from the organic detritus, interbedded within the site lacustrine deposits, is significant, being the oldest date associated with the retreat of Hiram ice in the northeastern part of the Lake Erie basin.  This suggests that the Hiram ice front retreated somewhat earlier than previously suspected, and it supports a White, Totten and Gross contention that the Hiram ice retreated “almost certainly into the Lake Erie Basin” (Reference 141).  The radiocarbon date also provides a firm minimum date on the time of the shallow onshore deformation exposed by the site excavations <Section 2.5.1.2.3>.  This superficial bedrock deformation, attributed to glacial shove and override, is either associated with Hiram till, or an earlier late Wisconsinan ice advance.  


In either case, the deformation must have occurred prior to the 14,500 year‑old organic detritus interbedded within lacustrine silts overlying the Hiram till. 


Nonresistant upper till sediments were overloaded by an advance of Ashtabula ice.  This resulted in differential compaction and development of load casts.


The Great Lakes began to develop after the Cary substage of the Wisconsinan.  These ancestral lakes were mainly filled by glacial meltwater caused by ice front damming on the north and high terrain to the south.  Outlets to the west, south and east were used at various times, depending upon the position of the ice front.  Lacustrine or lake bottom sediments and beach deposits formed in these lakes.  Some of the early lake deposits were formed and then obliterated or buried by readvance of the ice sheet.  As the ice retreated for the last time, these deposits emerged as the lake levels fell.  Different names were applied to each separate lake stage.


Evidence of higher Lake Erie stages are abundant in the locale.  Lacustrine sediments were deposited subsequent to the retreat of Ashtabula ice from northeastern Ohio.  Several ancestral beaches are preserved south of the site as low continuous sandy ridges generally parallel and subparallel to the present Lake Erie shoreline (Reference 129).  Lake Whittlesey beaches are a consistent feature throughout the lake plain area and may be observed at Elevation 735’ between Painesville and Ashtabula along which Ohio State Highway 84 is located.  U.S. Highway 20 from Pennsylvania to Lakewood, Ohio follows one of several Lake Warren beach ridges.  Discontinuous sediments of beaches associated with Lake Lundy, which developed when the glacial ice began to retreat from southern Ontario, are located between the present Lake Erie shoreline and North Perry, Ohio.


Estimates of the Laurentide ice volumes from its late Wisconsinan maximum suggest that at least 1,000 feet of ice, and possibly up to 5,000 feet loaded the site.  The regional response to ice loading was crustal depression and isostatic rebound subsequent to deglaciation.  Geomorphologic data indicate that Lake Erie, immediately following deglaciation, drained northwestward and southward.  Subsequent to regional rebound, a drainage reversal was effected to its present outlet over Niagara Falls (Reference 129).


Crustal depression induced by these loadings would be expected to contribute to localized stress buildup and vertical movements near the ice margin, probably during glacial advance as well as retreat.  These vertical movements at any one place included those associated with ice retreat as well as those attributed to ice loading.  The maximum principal compressional stress which caused the faulting exposed in the cooling water tunnels was oriented northwest‑southeast during deformation.  Although this bearing is consistent with the propagation of tectonic stresses during the Alleghanian (Appalachian) Orogeny, so is the gradient of crustal rebound and the general direction of local ice movement within the Grand River Lobe of northeastern Ohio (Reference 142).  Stresses developed during glaciation were reoriented following deglaciation via glacial‑isostatic rebound.


Rebound at the Perry site and throughout northeastern Ohio has ceased as determined by recent geodetic releveling reported by Meade, 1971 (Reference 143).


2.5.1.2.5      Engineering Geology of Local Geologic Features


Site grade is at approximate Elevation 620’.  In descending order, the stratigraphic units encountered are lacustrine, glacial ground moraine, the latter subdivided into an upper till and lower till stratum, and Upper Devonian Chagrin shale.


The lacustrine sediments consisting of stratified silty and clayey fine sands (SM), (SC) and silts (ML) and silty clay (CL) usually have Standard Penetration Resistance (SPR) values ranging between 5 and 15 blows per foot.  Average thickness of lacustrine deposits is 25 feet.  Upper till materials with an average thickness of 10 feet, are predominantly fine sandy silty clay (CL) of low plasticity.  SPR values of the upper till were variable ranging from 4 to 30 blows per foot, but generally increased with depth.  The lower till underlies the upper till at an average depth of approximately 35 feet below the preconstruction ground surface.  Its average thickness is 19 feet.  The lower till differs from the upper till by having a much lower natural water content, relatively greater density and a boulder layer near its base.  The lower till is predominantly fine sandy silty clay (CL) of slight to low plasticity with SPR values usually ranging between 30 and 100 blows per foot.


The Chagrin shale is a member of the Upper Devonian Ohio Shale formation which is more than 1,200 feet thick.  The stratum dips slightly to the southeast.  The shale is mainly clay shale with thin laminations of very fine sandstone to siltstone.  Bedding thicknesses generally range from 1/16 to more than 1 inch.  Mineralogically, illite (most abundant), chlorite and kaolinite are the clay minerals.  Typically, fresh shale is moderately hard, as it can be scratched but not gouged or carved with a pocket knife.  Bedrock conditions both onshore and offshore are similar in that the upper two to five feet of bedrock is somewhat softer, perhaps weathered.  Below the weathering zone, the rock is competent and 95 percent or higher core recovery is typical.


Ground water levels usually ranged between three and five feet below existing ground surface.  The gradient slopes downward toward Lake Erie.  Piezometer data indicate a gravitational groundwater system is present resulting in full hydrostatic water pressures at least down to an average elevation of 555’.


Additional discussion of the engineering and physical properties of founding grade materials is provided in <Section 2.5.4.2>.  <Figure 2.5‑53> is a plot plan showing the locations of exploration borings, sampling and in situ testing.  Logs of the test borings are provided in <Appendix 2E>.  <Figure 2.5‑42> shows geologic cross sections of the plant site excavation profiles supplemented by test boring information.  <Figure 2.5‑54> is a map view of the materials underlying the plant structures.


2.5.1.2.5.1      Behavior During Prior Earthquakes


No physical evidence was uncovered during the geologic investigations of the surficial or subsurface materials which would indicate any correlation between historic earthquake activity and site geologic structure.  Extensive geologic investigations conducted after the January 31, 1986 Leroy earthquake found no geologic structures that could be related to the Leroy event or any historic activity.


2.5.1.2.5.2      Deformational Zones


As described in <Section 2.5.1.2.3.3> several zones of folded, faulted and otherwise structurally altered bedrock were exposed during foundation excavation operations.  It was determined during subsequent field investigations, subsurface exploration and planned caisson excavation through altered bedrock that these zones of bedrock deformation are restricted vertically as well as laterally.  No surficial manifestation of these structures was observed.  Although the engineering properties of disturbed bedrock are sufficiently conservative and within limits of foundation design criteria, zones of altered bedrock were overexcavated to competent bedrock and backfilled to foundation grade with porous and fill concrete.  This was accomplished to preclude any potential for the erosion and ingress of altered shale particles into the porous concrete blanket.  A complete description of the plant porous concrete underdrain system is provided 


in <Section 2.4.13.5>.  Typically, the overexcavated areas were backfilled with 1,500 psi concrete to planned excavation grade.  A minimum thickness, one foot, of porous concrete has been placed beneath the nuclear island complex.  <Figure 2.5‑55> shows the areas and depths of overexcavation.


The plant intake and discharge cooling water tunnels beneath Lake Erie are intersected by low‑angle thrust faulting as described in <Section 2.5.1.2.3.3>.  Geologic mapping and documentation of the deformation was accomplished during tunnel excavation operations and is included in <Figure 2.5‑47>.  The tunnel design was not affected by the presence of these bedrock discontinuities.  The tunnels are constructed with a concrete liner backed with contact grouting approximately one foot thick to ensure continuity between the liner and bedrock.


2.5.1.2.5.3      In Situ Stresses


Hydraulic fracturing was conducted within borehole TX‑11 in order to determine the magnitude and orientation of site in situ principal stresses.  The borehole in which measurements were made was 3.65 inches in diameter and was drilled to a depth of 730 feet.  This hole was advanced initially through approximately 60 feet of glaciolacustrine and till deposits before encountering bedrock of the Ohio Shale formation.  Chagrin shale, predominantly thinly‑bedded light to medium grey shale and minor light grey to buff siltstone and/or very fine‑grained sandstone, extends uninterrupted to an approximate depth of 463 feet.  Below this depth interfingering of the Huron shale begins and increases with depth.  This interfingering is demonstrative of the facies concept governing the vertical and lateral distribution of Ohio Shale sediments throughout northeastern Ohio.  Huron shale is characterized by predominantly thinly‑bedded brown shale and minor light grey siltstone and/or very fine‑grained sandstone.  The Huron shale is harder than 


Chagrin shale having higher apparent strength properties.  Core recovery


was excellent for both Ohio Shale members, and no faults or major discontinuities were interpreted.  (See <Appendix 2E> for TX‑11 boring log).


Eight test intervals, ten feet long, were isolated by a double packer assembly and subjected to hydraulic fracturing.  The medium depths of the shallowest and deepest intervals, respectively, were 394 and 718 feet.  In situ stress measurements were calculated from vertically and horizontally induced fracturing and their respective breakdown and shut‑in pressures.  Assumptions regarding tensile strength values, either assumed or inferred from breakdown pressures, were confirmed by laboratory hydraulic burst tests.  Finally, impression packers recorded bore wall fractures induced by hydraulic fracturing.  A Kuster single shot survey instrument was used to orient the fracture traces.


A summary of the field and laboratory in situ stress measurement program results are as follows:


a.
The orientation of (1 was measured to vary between N67(E and E10(S.  This fits well with orientation of stress over a regional basis.


b.
The stress measured (the horizontal stresses are the maximum and intermediate principal stresses) fall within the limits of stresses measured in other parts of northeastern and north‑central United States and southern Canada.


c.
In all cases (eight test intervals) except possibly the uppermost interval, the complete stress Tensor could be defined.


d.
The vertical component, minimum principal stress gradient corresponds closely to the anticipated overburden pressure.


At the shallower test depths, the tendency for (1 ~ (2 ~ (3 is well defined and gradient extrapolations of existing measurements to the 


surface are reasonable.  No high stress magnitudes were experienced in either the tunnel or plant area excavations or concluded from measurements of extensometers installed in the bedrock walls of the emergency service water pumphouse <Section 2.5.4.13.2> and <Section 2.5.4.13.3>.  These conclusions, regarding stresses from plant structure excavations, are consistent with the gradient extrapolation of the deeper in situ borehole measurements.  Below a depth of approximately 600 feet, both (Hmax and Hmin show an increase in gradient, with the gradient for (Hmax being larger.  The gradient increase is attributed to changes in bedrock lithology rather than any structural discontinuities.  Huron shale is predominant over Chagrin shale at the deeper borehole depths.


The field and laboratory stress measurement program was directed by Dr. Jean‑Claude Roegiers, Department of Civil Engineering, University of Toronto.  Data conclusions and an overview of the hydraulic fracturing technique are contained within <Appendix 2D E>.


2.5.1.2.5.4      Unstable Material Mineralogical or Physical Properties


No unstable materials, either soil or bedrock, were anticipated on the basis of geological and geophysical investigations, and none were encountered during foundation excavation and tunneling operations.  Material properties are discussed in <Section 2.5.4.2>.  X‑ray diffraction analyses of representative clay gouge samples obtained from the intake tunnel fault zone revealed a mineralogical assemblage nearly identical and in proportion to that analyzed for the Chagrin shale country rock.  In both the fault gouge and country rock illite is dominant, whereas kaolinite and chlorite are subordinate in approximately equal proportions.  A significant portion of siliceous material is present in both unaltered and altered rock.


2.5.1.2.5.5      Effects of Mining and Hydrocarbon Storage and Production


Regarding man’s activities, salt mining subsidence potential <Section 2.5.1.1.7.1.4>, subsurface gas storage <Section 2.5.1.1.8.2> and hydrocarbon extraction <Section 2.5.1.1.8.3> were investigated.


2.5.1.2.6      Site Groundwater Conditions


A description of regional and local groundwater conditions is presented in <Section 2.4.13.2>.  Information pertinent to preconstruction groundwater conditions and supplemental investigations discussing the effect of plant construction and operation onsite groundwater are discussed in <Section 2.5.4.6>.  For descriptions of the plant accommodations of groundwater conditions as they exist at the site, see <Section 2.4.13.5>.


2.5.2      VIBRATORY GROUND MOTION


2.5.2.1      Seismicity


2.5.2.1.1      Local and Regional Seismicity


The assessment of the seismicity required to define the maximum earthquake potential will be based on two updated data sets, one regional and the other local.  The first set covers a broad region around the site, just in excess of a 200 mile radius.  It includes all known earthquakes with an observed magnitude greater than 3.0, without scale differentiation, or an epicentral Intensity Io greater than III(MM).  These thresholds are recommended in <Regulatory Guide 1.70>, (Revision 2), and are more conservative than those in Revision 3 which requires only intensities greater than IV(MM).  The cut‑off date for including available data in this update is September 1, 1991.


In <Figure 2.5‑56>, 50, 100 and 200 mile radii circles centered on the site have been superimposed on the seismicity map to show the spatial relationship of the site to the various zones of seismic activity.  <Table 2.5‑7> lists available parameters describing all seismic events located between Latitudes 38 to 45N, and Longitudes 77 to 85W, satisfying the thresholds just described.  A separate listing of events of non‑tectonic origin (i.e., chemical explosions) or with so poorly constrained coordinates that plotting is unwarranted, is given in <Table 2.5‑8>.


The second data set covers the same time period, but focuses on the local area contained within a 50‑mile radius circle around the plant site.  All known events with magnitudes greater than 1.0 and intensity equal to or greater than I(MM) are included.  <Figure 2.5‑58> and <Table 2.5‑9> present the available information of this set.  Some date information has been included on <Figure 2.5‑58>.  It should be noted that many historical events from 1823 to 1976 contained in this second set have been individually investigated in <Appendix 2D D>.  The results of this study are still valid and have been integrated to the earthquake data base.  They are specifically presented in <Section 2.5.2.1.2.3>.


Two symbols are used to plot earthquake locations on the seismicity maps of <Section 2.5.2>.  An octagon indicates an earthquake for which the epicentral location and the size have been originally determined mostly on the basis of intensity felt reports formulated according to the Modified Mercalli scale.  Most of the pre‑instrumental era earthquakes are represented by octagons.  Generally, a square is used to plot epicenters of more recent earthquakes for which both the location and the magnitude were calculated on the basis of instrumental data.  A small number of non‑instrumentally determined epicenters are also represented by a square if their felt report distribution was sufficiently detailed to permit the calculation of an inferred equivalent magnitude on the basis of empirical relationships, e.g., felt areas versus magnitude.  All symbol sizes have been scaled to maintain 


some equivalence between intensity and magnitude.  The relative size of symbols has also been scaled down for plotting purposes, since magnitudes express a logarithmic relationship.  Whenever an earthquake has both intensity and magnitude values assigned, the plotting routine will use the following priority to select the symbol type:  mb, mblg, ML, Mc, Io(MM).  An event will be included as long as either the magnitude or the intensity is above the desired threshold; a magnitude symbol is used even in cases where the acceptance is based on the intensity threshold.


2.5.2.1.1.1      Data Base


a.
Sources



The updated seismicity data sets presented here are taken from Weston Geophysical’s earthquake data base.  This computerized data base, which covers a much broader geographical region than the one investigated for the Perry site, has been developed through the past two decades by incorporating data from many published sources, and complementing these data with additional research.  Through a parallel compilation of major catalogs and listings, typographical errors have been detected, duplications corrected and significant discrepancies identified and noted for further investigation.  Major sources included or examined are the United States Earthquakes Series, the Earthquake History of the United States, the Preliminary Determination of Epicenters by the National Earthquake Information Center, the Publications of the Dominion Observatory, and the Seismological Series of the Earth Physics Branch, now the Geological Survey of Canada.  The bulletins of major seismic networks such as those of the Lamont‑Doherty Observatory, St. Louis University, and the New England Seismological Association.  Important listings such as those by Mather and Godfrey (Reference 144), Brigham (Reference 145), Brooks (Reference 146), Docekal (Reference 147), Nuttli (Reference 148), 



Nuttli and Herrmann (Reference 149), Hopper and Bollinger (Reference 150), Bollinger and Hopper (Reference 151), Bollinger (Reference 152) (Reference 153) (Reference 154), Barstow (Reference 155), Dewey and Gordon (Reference 156), Gordon (Reference 157), have also been considered.  Supplementary information for many historical events has also been collected from newspapers, town histories, private diaries, scientific papers, technical reports, etc.  Through a critical review and evaluation of the above material, a selected set of parameters was adopted for each event included in the data base.



In addition, an important catalog of earthquakes in the Eastern United States up to the end of 1982 was compiled by a group of experts for the Electric Power Research Institute (EPRI) as part of the broad scope investigations entitled “Seismic Hazard Methodology for the Central and Eastern United States” (EPRI, July 1986, NP‑4726).  Special attention was devoted during preparations of this EPRI‑catalog to refining the parameters of the larger EUS earthquakes, i.e., greater than 4.5 mb.  The resulting EPRI catalog was compared to the WGC data base for the region of the Perry site; some appropriate changes were made to the WGC catalog to reflect the weight of expert opinions on certain events.


b.
Completeness and Reliability



In reviewing the cumulative seismicity of a region in terms of seismic risk assessment, it is necessary to examine the completeness and reliability of the data set.  Because earthquakes are characterized either by their epicentral intensity or their magnitude, and are located by analyzing isoseismal contours and/or instrumental recordings, the spatial and temporal distributions of population and seismographic stations influence the number, size and location of reported events.  It is almost impossible to get a homogeneous data set over a long period of time, as both factors, 



population and networks, constantly change.  As long as proper thresholds and uncertainties are kept in mind, the data set is still most informative.



Even though major catalogs carry entries dating back to more than three centuries for some parts of eastern North America, it should not be assumed that completeness was achieved in these early years, except for a very high threshold, i.e., Intensity IX(MM).  For the region presently under consideration, it is more realistic to assume that the seismic history is relatively complete over the last 160 to 200 years for events that would be significant in terms of structural design, i.e., with intensities equal to or greater than VII(MM).  This period is long enough to provide a good insight on the local seismic regime.



The reliability of early historical data depends greatly on the population density and the construction practices in the areas around the epicenters.  A lack of population in the true epicentral area of an event, for example, can lead to that epicenter being mislocated into the populated region where an apparent maximum intensity level was reported.  Besides shifting true locations, a lack of an evenly distributed population can also result in underestimated epicentral intensities.  The opposite bias can occur in cases where felt reports come only from communities settled along lake shores and river banks which characteristically experience enhanced ground motion due to the soil column, or where poor construction practices prevail.  In cases of structural damages, one must remember that construction standards were substantially different two centuries ago.  A blind application of the Modified Mercalli scale to reports of fallen chimneys, for example, without due consideration of these basic differences can result in overestimated seismic events.



<Figure 2.5‑57> and <Figure 2.5‑71> show the progressive historical migration of the population, both in the eastern United States and Canada.  Even though the westward migration with time is predominant, the regions around Lake Erie, in both countries, show relatively early settlement.  By the early 1800’s, the region in the immediate vicinity of the site was settled, even if not densely populated.  It should be noted that the earliest reported events, within 50 miles of the site, occurred in 1823 and 1839, both of Intensity IV(MM).  Taking into account the population spreading between settlements, events reported during the first half of the 19th Century must be given an uncertainty in location of the same order (several tens of miles).  The assigned intensities may have been the actual epicentral intensities, but conceivably in some cases, they could have been maximum felt reports of slightly larger events located between settlements.  Such population bias could not have resulted in an error larger than two intensity units.  With the increasing population in the second half of the century, this uncertainty of location and intensity can be safely reduced.  In all likelihood, completeness above the Intensity VI(MM) threshold has been achieved for as long as 150 years in the immediate site area.



The instrumental era beginning around 1900 brought a substantial improvement to the quality of seismological data, particularly with respect to epicentral location.  Yet, for the first half of the century, epicentral locations continued to depend heavily on felt reports; the seismographic data, sometimes too sparse, provided at least some control on the location and occurrence of the events.  Determination of magnitudes for regional events in California was initiated during the thirties, but not used for eastern earthquakes until the forties and fifties.  For much of this era, from the start of the century and up to the sixties, only a small number of seismographs were operated simultaneously in the northeast, both in the United States and Canada.  These few stations were part of the 



national networks, the regional networks operated by the Jesuit Seismological Association (JSA), and some American colleges and universities.  In these early decades, numerous factors such as the type of instrumental response, lack of good time control, awkward



geographic configuration, use of graphical locationing methods, and limited knowledge of crustal velocities were potential sources of errors and uncertainties in the epicentral coordinates.



From <Table 2.5‑10>, which lists the location and date of operation of the JSA stations, it appears at first sight that the Cleveland region was favored with the early opening of the John Carroll University station.  The history of the station by Macelwane (Reference 158) indicates that unfortunately the station was continually plagued with difficulties, at least until the forties (traffic noises, vault relocations, water seepage, etc.).  The homemade instrument which operated during the first decade should be regarded as unreliable.  The Wiechert seismograph, with its low magnification, relatively long period and slow drum speed was not designed for recording local events.  In 1947, the station was finally equipped with three short‑period instruments.



During the aftershock studies that followed the January 31, 1986 earthquake, it was estimated that the John Carroll University probably had a detection threshold of about Magnitude 2.5‑3.0 for events located 40 km away.  Microseisms and soil amplification of traffic noise are responsible for this relatively low sensitivity.



In the sixties, some improvements in the coverage came about with the installation of the World Wide Network of Standard Seismographs (WWNSS) <Table 2.5‑11>, with the Long Range Seismic Monitoring Program (LRSM), and the expansion of the Canadian Network for the Upper Mantle Project <Table 2.5‑12>.  The operational characteristics and station distributions of these networks were primarily oriented towards recording large regional 



and teleseismic events and studying the internal structure of the earth.  The uncertainty to be associated with the epicenters of many local events during the sixties can still reach a few tens of kilometers.



Since the early seventies, there has been an increased interest in studying local seismicity in an effort to understand intraplate activity and define the seismic hazard.  Besides the expanded National Seismographic Network operated by the U.S. Geological Survey with central recording center in Golden, Colorado, there now exist numerous regional networks east of the Rockies, particularly in areas where historical seismic activity has been observed.  Presently, besides the U.S. and Canadian agencies, seismic data in the northeastern United States are gathered by the Northeastern United States Seismic Network (NEUSSN) and in the southeastern United States by SEUSNN.  These regional networks are composed of several subnets operated independently by universities and state surveys, all cooperating in the interpretation of data and publication of bulletins.  In the central United States, St. Louis University and the Tennessee Earthquake Information Center located at Memphis State University, also operate large networks.  The University of Michigan has been monitoring the seismic activity near Anna, Ohio since 1976 with a nine‑station array; in 1981, a four‑station net was installed in Indiana by the same group.



In the early eighties, the Empire State Electric Energy Research Corporation (ESEERCO) contracted Woodard‑Clyde Consultants to operate two networks in New York state, one in the North Central area and the other in the Mid‑Hudson area.  The Government of Canada also expanded its network in the East (ECTN), thus improving the coverage in Southern Ontario and Western Quebec.



These new networks have limited aperture centered around specific target areas; nonetheless, in their ensemble they form a vast 



network potentially capable of producing, at least for moderate earthquakes, epicentral determinations and fault plane solutions far more accurate than those obtained prior to 1975.



In northeastern Ohio, where the PNPP is located, the instrumental coverage of smaller earthquakes had been dependent mostly on one station at John Carroll University in Cleveland, at least up to the installation of the Anna network and the western New York stations, in the late seventies.  More recently, after the Leroy earthquake of January 31, 1986, the John Carroll University (JCU) Observatory has installed, with assistance from CEI, a five‑station telemetered array.  <Figure 2.5‑72> shows the station locations.  Details on this net are provided on <Table 2.5‑13>.  Operation of this new array began at the end of September 1986.  The objective of this installation is to improve the detection and location threshold over 400 square km in northeastern Ohio.



Finally, on a temporary basis, CEI has been operating a small aperture network that monitors a short corridor between two ICI America (formerly Calhio) injection wells and the January 31, 1986 epicenter.  This five‑station digital array employs three‑component short period sensors installed in shallow boreholes.  In July 1989, a temporary vertical analog component was added in Geneva, Ohio, near Madison‑on‑the‑Lake.  Telephone lines connect each station with the Recording Center located at the PNPP site.  Locations of the six stations and the two wells are shown on <Figure 2.5‑61>.  <Table 2.5‑14> provides further details on this sensitive microearthquake network installed in April 1987.  The purpose of these observations is the acquisition of microearthquake information necessary to study further the probability of induced seismicity in the area, as suggested by the USGS (Reference 128) (Reference 159).  Quarterly reports on network operation are submitted to the NRC (Reference 173).


c.
Significance of Cumulative Seismicity Data



From the previous sections, it is apparent that the earthquake data is composed of less precise, qualitative historical information spanning nearly two centuries for the site region, and of far more precise instrumental data that span only the most recent decades.  Clearly, the recent data is most valuable because of the greater accuracy that it provides for the epicentral locations, focal depths and magnitudes.  It has been observed also that, over a relatively short time, e.g., 10 to 20 years, instrumental monitoring of the microseismicity can refine the more diffuse pattern obtained by one or two centuries of historical data.  Yet the historical record has its own value, necessary for hazard estimation; it provides the recurrence rate of the moderate and less frequent earthquakes and therefore a good insight on the maximum credible earthquake.



In the present case, the cumulative seismicity data available is of adequate quality:  the Nuttli and EPRI catalogs as well as the USAR <Appendix 2D D> cover well the macroseismicity.  For the past five years, the immediate region surrounding the PNPP facility rates high among the densely instrumented regions in eastern North America.  New information made available through denser coverage is the more accurate determination of focal depths.



One important conclusion from a summary review of the cumulative seismicity for the PNPP site region is that the historical record does not reveal the occurrence of large earthquakes, such as in other recognized high risk zones of eastern North America, e.g., New Madrid and La Malbaie, where deep seated and extensive through‑going tectonic structures have been found.  In addition, the shallow focal depths presently observed in the site region for moderate earthquakes (mb (5.0) such as at Leroy and St. Marys,



Ohio, or for low level microseismicity (mb <1.5), do not match the greater focal depth range usually associated with large intraplate earthquakes.


2.5.2.1.2      Spatial Distribution of Seismic Activity


The seismicity data presented in <Figure 2.5‑56> and <Table 2.5‑7> show two well defined zones of moderate earthquake activity within the 200 mile radius circle around the site.  These zones include some of the largest Modified Mercalli Intensities reported, up to VII and VIII, and the largest magnitudes, ranging from 4.5 to 5.2 mb, observed in the site region.  The first of these zones is located around Anna, Ohio; the second comprises the activity near Attica, New York and over the Niagara Peninsula.  Two clusters of less dense activity exist in a south‑southwesterly direction from the site.  The first cluster is situated about 180 miles to the south‑southwest in south‑central Ohio; the second one, consisting of roughly the southwestern quadrant of the 50 mile radius circle, includes the region of the January 31, 1986 Northeastern Ohio earthquake.  Beyond the 200 mile region, but still in the site tectonic province, is located the Sharpsburg, Kentucky earthquake of July 27, 1980, with a magnitude 5.1 mb and a maximum Intensity of VII(MM).


2.5.2.1.2.1      The Anna, Ohio Seismic Zone


In addition to the March 9, 1937, Intensity VII‑VIII event with an instrumental magnitude of mb = 4.9, four other Intensity VII events have occurred in the Anna area, on June 18, 1875, September 30, 1930, September 20, 1931, and March 2, 1937.  The estimated mb magnitudes of the last three earthquakes on the basis of felt areas were respectively:  4.2, 4.5 and 4.7.  The felt area of the June 18, 1875 earthquake is reported to be smaller than that of the September 20, 1931.  It could be incomplete because of the sparse population at that time.  For this reason, the event size should be characterized by its 


Intensity VII.  Many smaller events have also been located within 20 miles of Anna, throughout the recorded history.  Westland and Heinrich, Bradley and Bennett and Coffman and Von Hake have descriptive materials on many of these events (Reference 160) (Reference 161) (Reference 162).  More recently, Nuttli and Herrmann (Reference 149), Nuttli (Reference 148) and Nuttli and Brill (Reference 163) produced several revised versions of an earthquake catalog for the central United States, based on extensive compilation and reanalysis of felt reports and available seismograms.


A significant contribution on the Anna seismicity was made by Dewey and Gordon (U.S. Geological Survey), who relocated three of the larger Anna earthquakes on the basis of instrumental data (Reference 164).  These new epicentral locations are quite different from those presented by Bradley and Bennett (Reference 161).  They are in better agreement with the isoseismal data.  The focal depth estimates (5 to 16 kilometers) suggest ruptures in the basement rocks of the upper half of the crust.


Mauk, et al (Reference 1), and Christensen, et al (Reference 2), have studied the seismicity of the Anna region using the data collected by the new network.  They have synthesized <Figure 2.5‑62> in several reports, the proposed faults of the region, the new epicentral locations of Dewey and Gordon <Table 2.5‑15>, recent epicenters from the Anna seismic array, and some nine other epicenters from Bradley and Bennett (Reference 1) (Reference 161) (Reference 164).  Three faults have been proposed for the Anna seismic zone (Reference 2):  the Anna‑Champaign fault, trending northwest‑southeast, the Logan‑Hardin fault, trending northeast‑southwest, both inferred from proprietary data, and the Auglaize fault, trending northeast‑southwest, based on well data.  Landsat imagery shows three lineaments which appear to support the first two postulated faults.  If the location uncertainty attached to relocated epicenters and inferred faults is considered, the close spatial coincidence of the Anna‑Champaign and Auglaize faults with the relocated earthquakes of 1931 and 1937, as well as the seismicity 


observed by the recently installed network, strongly suggests a causal relationship.  The increasing amount of seismic data and geological information near Anna suggests the existence of a structure with which the seismic activity can be correlated.  Nuttli and Herrmann, in their earlier review of the seismicity of the central United States, had considered that the systems of basement arches present in the Anna region could be an adequate cause for strain concentrations and subsequent earthquakes (Reference 149).


On July 12, 1986, a moderate earthquake with mb = 4.5 occurred near St. Marys, Ohio, causing only the minor damage of an Intensity VI over a small area (Reference 304).  The isoseismal map by Stover is presented in <Figure 2.5‑63>.  The location is considered quite accurate, considering it is within the Anna network aperture.  The fault plane solution <Figure 2.5‑64> (Reference 2) indicates nearly pure strike‑slip 


motion, with one plane parallel to the proposed Anna‑Champaign fault.  Stress axes are in the northeast‑southwest direction, as expected.  The location and the isoseismal data support the fact that this earthquake occurred in a different location than the Anna earthquakes of the thirties.  If the location of a smaller earthquake mb = 3.3, that occurred on June 17, 1977 is also accepted as reliably distinct, it becomes more probable that seismic activity is indeed occurring along a segment of the proposed Anna‑Champaign fault.


2.5.2.1.2.2      The Attica, New York and Niagara Zone


Seismic activity in the Attica, New York area has been reported (Reference 165) (Reference 166) (Reference 167) to occur since the middle of last century.  The largest historical event in the entire site region did occur near Attica, New York, on August 12, 1929, with an Intensity VIII (MM) and estimated mblg = 5.2 (Reference 170).  Several smaller events were also recorded and felt in the nineteen fifties and sixties, with mb magnitudes ranging from 2.7 to 4.7 and intensities up to VI (MM).  These events were considered tectonic in nature, in 


contrast with numerous swarms of microearthquakes related to hydraulic mining.  Fletcher and Sykes (Reference 41) have analyzed in detail these smaller events, both natural and artificially triggered, in the Attica‑Dale area where injection wells are located in the immediate vicinity of the Clarendon‑Linden Fault system.


Fault plane solutions obtained by Herrmann (Reference 169) for two 1966 earthquakes offer a nodal plane closely oriented along the Clarendon‑Linden fault.  This constitutes the major support for associating the 1929 earthquake with the same fault system, given the similarity of epicenters.  Herrmann (Reference 169) suggests that the Intensity VIII of the 1929 earthquake, relatively high for a magnitude mb = 5.2 with a moment Mo = 1.3 x 1023 dyne‑cm (Reference 170), can be explained by assuming a relatively shallow depth.


At present, there is a consensus of opinions that the seismic activity near Attica, New York is related to an identifiable tectonic structure or fault system, and as such does not characterize or belong to the seismic regime of the Eastern Stable Tectonic Province, the PNPP site province.


Further west of Attica, some low‑level activity still remains uncorrelated with faults or mining activities (Reference 41).  A rather well defined cluster of small events is present on the Niagara Peninsula and the western end of Lake Ontario.  Many of these historical events have limited epicentral accuracy, due to population bias and poor network configuration.  For this reason, credibility might be first given to the cluster itself rather than to the individual epicentral locations.  Basement structures are not mapped sufficiently well to support any correlation of this seismic activity with local tectonics.  The localization of low‑level seismicity in the narrow septum between two unequally elevated lakes could be related to differential stress in the horizontal direction.  It should be noted that a series of small tremors was observed in the Canadian city of Burlington, Ontario, just 


north of Hamilton, at the western edge of Lake Ontario, during the period 1975‑1980.  Wetmiller (Reference 171) has researched the cause of these events and concluded that they were relatively shallow, not typical of the regional seismicity, and certainly not comparable to the activity at Attica, New York.


An interesting feature of the Peninsula cumulative seismicity is the apparent shift in location between the historical epicenters and the recent instrumentally determined epicenters.  The older events, given locations on the peninsula, may be reflecting population distribution as a function of time, while the data from the last decade, in principle more accurate, form little clusters located to the west.  Further west, in Ontario, Mereu et al (Reference 113) have reported several hundred microearthquakes in the area of the Gobles Oil Field.  These shallow events, most likely triggered by secondary recovery activities, seem to cluster on two faults perpendicular to each other.


2.5.2.1.2.3      Seismic Activity within 50 Miles from PNPP


Some seismic activity is apparent within the southwest quadrant of the 50‑mile radius circle around the site.  Several of these earthquakes, except the January 31, 1986 event, which will be discussed separately in the next subsection, have produced felt intensities ranging from II(MM) to V(MM).  <Figure 2.5‑58> presents the locations of these events and <Table 2.5‑9> the corresponding parameters.  Many of these events are purely historical events, i.e., their locations depend totally or largely on felt reports, by opposition to instrumentally located epicenters.  As mentioned earlier, a seismographic station has been operating at John Carroll University for several decades, but with a high detection threshold and limited location capabilities, at least until 1986, when a 5‑station array was added.  The value of a single station in locating local earthquakes, such as those that occurred in 1943, 1951 and 1955, is restricted to confirming the occurrence, 


approximating the epicentral distance and giving a relative estimate of the magnitude.  By itself, a single station provides uncertain directional information.


In <Appendix 2D D>, in response to Q&R 230.3, CEI undertook to review individually all known historical earthquakes that had occurred from 1823 to 1978 within 50 miles from the site, without any threshold imposed on intensity or magnitude.  In addition to verifying the sources of already catalogued events, the effort consisted in acquiring from local libraries new accounts of felt reports, evaluating their spatial distribution, and for the latest events in examining several seismograms.  It was found that some catalogued entries were not true earthquakes, and that some epicenters had been mislocated because of incomplete availability of the data.  <Table 2.5‑7>, <Table 2.5‑8>, and <Table 2.5‑9> take into account these findings.  In <Appendix 2D D>, location uncertainties were estimated for several events, e.g., 5, 10, 15 miles.  These estimates reflected only the relative confidence of the reviewer and were not meant to be interpreted too strictly.  These relocations and uncertainties are now presented in <Table 2.5‑16>.


Upon completion of the investigations presented in <Appendix 2D D>, it was concluded that 1) the seismicity within 50 miles from the plant was diffuse, poorly defined, and could be best characterized as low; 2) the denser population distribution along the Lake Erie shore and the soil amplification of lacustrine deposits made it difficult to determine epicenters on the sole basis of felt reports; 3) the resulting large uncertainties could not support the correlation of apparent lineation with geophysical anomalies; 4) the size estimates of historical events had been conservative; and 5) that the reported local activity between 1955 and 1980 had been minimal.


Subsequent to <Appendix 2D D>, within the 50 mile circle, several earthquakes have occurred between 1980 and September 1991.  The detection of some of the recent events reflects an improvement of the 


national network coverage.  During 1983, two small earthquakes occurred on January 22 and November 19, within 10 miles from PNPP, with respective magnitudes of 3.3 MN or 2.7 mblg, and 2.5 MN.  These events, being rather small, were not well recorded at John Carroll and distant stations.  Because diverse locations had been calculated by different agencies, CEI was asked in the Spring of 1986 to review the discrepancies and determine if these events could have indeed occurred either near the Calhio wells or near the January 31, 1986 epicenter.  By examining some seismograms of both events and performing sensitivity analyses on available arrival times, reading errors and model variations, it was concluded that a single relocation to 41.765(N and 81.110(W with an uncertainty of (2 km was appropriate for both events, since insufficient data for the smaller event did not support a separate relocation (Reference 4).  Average magnitudes of 3.0 and 2.3 mblg have been adopted.  Focal depths could not be determined.


The detection and location threshold in the fifty mile radius area has been greatly improved by the installation of the CEI and JCU seismic monitoring networks in 1986.  Several microearthquakes, with Mc less than 3.0, but greater than ‑0.5, have been located in various areas.  Those with Mc greater than 1.0 are listed on <Table 2.5‑9> and illustrated on <Figure 2.5‑58>.


On June 18, 1987, the CEI network detected a small earthquake, mc = 2.7, in northwestern Pennsylvania, probably located near Adamsville, about 65 km from PNPP.  The earthquake has not been reported by NEIS, as it probably was under the detection threshold.


On April 20 and June 27, 1988, several events (Mc between ‑0.1 and 2.7) occurred offshore north of Painesville, in or close to an area with a long history of underground salt mining.  The possibility of cavern collapse was considered, but the mine owners reported no evidence of a collapse.


On July 13, 1987, a small earthquake (mb = 3.6) occurred 2‑3 km east of Ashtabula, Ohio, in the proximity of a deep (2 km) injection well. The aftershock sequence was studied by Armbruster et al (Reference 172).  They conclude that this earthquake was likely induced by fluid injection.  They cite the spatial proximity to the well (1 km), the large number of aftershocks (at least 36), the lack of historical seismicity in the area and the recent opening of the well as the basis for their hypothesis.  The composite fault plane solution shows a vertical east‑west nodal plane, chosen as the fault plane since it coincides with an east‑west distribution of aftershocks.  The seismic activity is spread within a zone 1.5 km long, 2 km in depth and 1/4 km wide.


Several other microearthquakes have occurred in 1989, 1990, and 1991 in the same Ashtabula area.  They were clearly recorded by the CEI network which has a detection threshold of approximately Mc = 1.0 for an epicentral distance of 40 km.  There is a noticeable tendency for these small events to occur in groups, a characteristic not observed with the purely tectonic activity at Leroy.


Two small events (Mc = 2.4, 1.2) occurred near Madison‑on‑the‑Lake on December 25, 1988 and August 11, 1989.  On March 31, 1988, a microearthquake (Mc = 2.8) occurred near Nelson, and on March 12, 1991 another event (Mc = 2.3) occurred between Solon and Aurora, where two events (Mc = 3.5) were reported in May and June 1955.


On January 26, 1991 (03h21 UT), a magnitude Mc = 3.5 event occurred offshore of Euclid, a suburb of Cleveland.  It was well recorded by the JCU and CEI networks.  The felt reports seemed to be predominately III and IV, although NEIS listed a few intensity V reports at locations far from the epicenter.  A telephone survey was conducted to determine the limits of the total felt area.  The latter was estimated at 7500 square kilometers, assuming symmetry over the lake.  <Figure 2.5‑213> illustrates the semicircular pattern around the epicenter.  Reports 


within Cleveland and immediate suburbs are not plotted.  The interesting lesson learned from the data set is the similarity of felt reports collected along the shoreline, i.e. III and IV.  Without the instrumental data, the epicenter would most likely have been placed on‑land as far as Brecksville, on the basis of the larger felt reports.  Once more, seismic locationing with instruments confirms the large uncertainty associated with locationing using low intensity reports, particularly in areas where soil amplification is suspected to take place.  This applies to several older events for which reports are sparse and often controlled by a poor distribution of the population and newspapers.


Since the beginning of the monitoring of the corridor between the injection wells and the January 1, 1986 epicenter, from April 1987 to September 1991, CEI has recorded only three events with Mc greater than 1.0.  These events (Mc = 1.3, 1.8, and 1.9) occurred on May 1, 1987, January 16, 1988, and March 22, 1989 respectively.  They are located within 5 km to the east and south of the wells, and are surrounded by approximately fifty micro events with Mc varying from ‑0.5 to 0.5.  The focal depths of all these events are relatively shallow, less than 


2.5 km, compared to the depths observed in the Leroy area of 5 km (+/‑ 1km).  Because of the relative proximity to the wells, the shallowness of depth, the occasional grouping of occurrences, and the fact that seismicity induced by injection has been proposed elsewhere in Northeastern Ohio, CEI considers these events to be potentially induced by the well operations.


Similarly, several events in the same magnitude range have been located by the CEI and JCU networks near Fairport Harbor where other deep injection wells have been in operation.  They are also potentially related to injection.  These conclusions were expressed in the Quarterly Reports submitted to the NRC (Reference 173).


2.5.2.1.2.4      The January 31, 1986 Earthquake


On January 31, 1986, at 11.46 EST, a moderate earthquake (mb = 5.0) occurred in Leroy Township, near the boundary of Lake County and Geauga County, in northeastern Ohio.  The preliminary epicentral coordinates calculated by NEIS on the basis of worldwide data was 41.649(N and 81.105(W.  This location was revised by J. Dewey of the USGS (Reference 174) on the basis of a regional model, to 41.650(N and 81.162(W; these coordinates were confirmed later by the distribution of the aftershocks.  The epicentral intensity was VI(MM), as shown on <Figure 2.5‑65>, and IV‑V(MM) at the plant itself, located 17 km north of the epicenter.


The Leroy earthquake sequence was studied in great detail by the applicant (Reference 4) (Reference 127) and the USGS (Reference 175) (Reference 128) (Reference 159), in an effort to determine the faulting parameters and to understand its tectonic origin and the significance of the high frequency, short duration strong motion observed at the plant site.  The monitoring of aftershocks began less than 12 hours after the main event as several teams of observers converged to the epicentral area.  The U.S.G.S. sent two groups, one from Menlo Park, California and 


one from Denver, Colorado.  The Lamont‑Doherty Geological Observatory, St. Louis University, the Tennessee Earthquake Information Center of Memphis State University, the University of Michigan, and the Electric Power Research Institute deployed field equipment.  Two other teams supported by CEI, Weston Geophysical Corporation and Woodward‑Clyde Consultants, deployed 13 MEQ‑800 seismographs.  Dr. R. B. Herrmann from St. Louis University organized an exchange of data between various observers, at least for the first month of monitoring.  <Table 2.5‑17> lists station codes, locations and periods of operation.  To be noted is the fact that some observers stayed in the field for only a few days, some ten days and others one or two months.  Only Weston Geophysical carried out prolonged and continuous monitoring for more than one year with portable equipment, under CEI sponsorship.  <Figure 2.5‑66> shows a 


typical portable Weston’s network configuration around the epicenter.  <Table 2.5‑18> gives the location parameters of the 21 aftershocks recorded over 5 years, with 12 occurring within the first three months.  <Figure 2.5‑67> shows the aftershock epicenters relative to the main shock epicenter.  As mentioned earlier, the seismic monitoring of the main shock region since the Fall of 1986 has been assumed by John Carroll University which operates a five‑station array, with telephone telemetry to its observatory.


The aftershock sequence of the Leroy earthquake appears to have terminated with the February 12, 1987 event.  An eighteen month period of silence followed, after which two very small microearthquakes occurred in August and October 1988, followed by a larger event (Mc = 2.8) on December 28, 1988.  This event had an intensity between III‑IV near the epicenter and was felt over a relatively wide area for its size.  It had no aftershock.  A field and questionnaire survey was conducted.  <Figure 2.5‑214> shows the symmetry in the felt area, except for an anomalous elongation to the northeast, possibly related to rock anisotropy and soil amplification.  It is an important finding that such a small event with a well instrumentally determined magnitude be felt so noticeably.  This confirms what has been suspected for some time, that 


some small historical events have been assigned inferred magnitudes that are slightly too large.  In September 1991, after twenty months of quietness, another small event (Mc = 1.5) occurred.  The events occurring after February 12, 1987 may not be part of the aftershock sequence.


The results from the aftershock studies suggest that the original rupture length was approximately 1‑1/2 km.  The focal depths of the aftershocks vary from 3 to 6 km, in good agreement with a focal depth of the main shock estimated at 4 km by Herrmann on the basis of surface wave radiation (Reference 176).


The composite fault plane solutions obtained with some aftershock data are similar to a solution prepared for the main shock by the Harvard University group using special instruments around the world.  <Figure 2.5‑68> illustrates the main shock solution.  In both cases, right lateral strike slip motion occurs on a steeply dipping plane, if the north‑northeast‑south‑southwest nodal plane is assumed to be the fault plane.  Some of the aftershocks suggest a different type of faulting; this second type shows more dip‑slip motion and the compressional axes oriented north‑northeast.  Studies of both the main shock and aftershock faulting mechanisms have been conducted and are reported in Weston Geophysical (Reference 4) and Nicholson et al (Reference 159), or Wesson and Nicholson (Reference 128). 


It should be remembered that fault plane solutions are essentially equivocal.  The selection of which nodal plane is the real fault plane usually is based on external data, e.g., the presence of a known fault in the area, or the apparent elongation of the aftershock distribution.  For this event, there is no known fault available; the aftershock pattern shows only a slight north‑south elongation.  The stereo view of the hypocenters gives a three dimensional picture of the aftershock pattern.  On <Figure 2.5‑69>, one can see the seismic activity along two fracture planes regardless of the nodal azimuths used.  This is an important point, as it leaves open the possibility of a rupture along the other nodal plane.  The recent Ashtabula (July 13, 1987) earthquake, and the St. Marys (July 12, 1986) event have both been given an east‑west preferred orientation of the rupture plane, by Armbruster et al (Reference 172) and Christensen et al (Reference 2), respectively.  These different cases imply that in Ohio, current faulting can occur along different orientations.


The January 31, 1986 earthquake is interpreted as being typical of the site tectonic province.  It is moderate in size; it has relatively shallow focal depth; it conforms with the known regional stress field; it occurs in an area where no tectonic structure has been clearly 


identified through geophysical methods, and where geologic mapping, surficial or stratigraphic, has not revealed any active faulting.


The natural origin of the January 31, 1986 earthquake was questioned by the U.S.G.S. immediately after its occurrence (Reference 128).  Considering that two deep injection wells (1,800 meters), owned by Calhio and located 12 km to the north of epicenter, have been operating since 1975 and 1981, it was postulated on the basis of modeling that additional pressure at the base of the Paleozoic could have reached the hypocentral area through a system of cracks and triggered the mb = 5.0 event.  CEI, after reviewing a comparative study prepared by Talwani and Acree (Reference 127) of the Leroy earthquake sequence and that of other classic case histories, has concluded that, at this time, such a triggering mechanism is possible but with only a low probability.  To study this question further, the applicant agreed to monitor the corridor between the two Calhio injection wells and the January 31, 1986 epicenter.  After five years of detailed seismic monitoring, CEI continues to conclude that the Leroy earthquake was purely tectonic and unrelated to the deep injection wells located 12 km to the north.  This conclusion, expressed in the Quarterly Reports submitted to the NRC, is based on several observations:  1. the Leroy epicentral area remains separated from the other cluster of micro events considered to be triggered by injection; 2. the focal depths of the two groups of events are different; and 3. the temporal patterns of occurrences are also different, all facts pointing to two distinct tectonic regimes (Reference 173).  CEI has answered the question raised in 1986, regarding whether the Leroy earthquake was induced.


2.5.2.1.2.5      Seismic Activity between 50 and 200 Miles from PNPP


A diffuse cluster of historical seismic activity, centered approximately 185 miles south‑southwest of the site, includes about ten events with a maximum intensity of VI‑VII.  The largest event (VI‑VII MMI), on November 5, 1926 is reported to have damaged some chimneys in 


Meigs County, Ohio and Letart, West Virginia (Reference 162).  The magnitude inferred from the relatively small felt area is only 3.4 mb.  Such an anomaly could be explained by a shallow focal depth.  Earthquakes in this area are not yet correlated with known or inferred geologic structures.  The earthquake epicenters, however, lie within a northward trending zone of geophysical anomalies (Reference 177).


2.5.2.1.2.6      Seismic Activity beyond 200 Miles from PNPP but in the Site Tectonic Province:  the Sharpsburg, Kentucky Earthquake of July 27, 1980


On July 27, 1980, at 18:52:21.8 UTC, an earthquake (5.1 mb) occurred near Sharpsburg, Kentucky, in an area with no history of seismicity.  Mauk et al (Reference 178), calculated the epicentral coordinates:  38.18(N, (0.56 km, 83.94(W, (0.46 km and a focal depth of 


15.5 km, (2.6 km.  Gordon (Reference 157), in his recent catalog of revisions, gives slightly different parameters:  38.193(N, 83.891(W and a depth of 6.4 km, but points out that the focal depths in this zone are relatively imprecise.  Taylor and Herrmann in 1989 (Reference 305) seem to favor the larger focal depth, probably because it was derived from the aftershock survey data.  The total area of perceptibility was about 673,000 km sq.  About sixty aftershocks were recorded in the first fourteen days.  The in‑depth analysis of Herrmann et al (Reference 179), gives a moment of 4.1 x 1023 dyne‑cm, a focal depth estimate of 12 km, a surface wave mechanism with a nodal plane striking N30(E, dipping 50(SE and a nearly vertical nodal plane striking N60(W.  The P‑wave first motion data indicate a right lateral motion, with pressure axes oriented east‑west.


A maximum Intensity VII(MM) was definitely observed at Maysville, Kentucky, about 45 km north of the epicentral area where an Intensity VI(MM) seems to have prevailed, but where some VI‑VII and VII intensities were also reported.  These differences in Io are discussed by Mauk et al., and seem related to variations of the questionnaires 


used and conservatism of the interpreters.  <Figure 2.5‑70> shows some isoseismals and data points.  Somehow the Io is currently carried out by several authors as an Intensity VII(MM), most likely because the damage in Maysville can be attributed not only to soil conditions and age of construction but also to rupture orientation, i.e., from southwest to northeast.


Keller et al (Reference 180) has noted the spatial correlation between the epicenter and a potential rift of Keweenawan age.  As pointed out by Street et al (Reference 181), the epicenter is not apparently related to the present Lexington Fault Zone, nor the Kentucky River Fault Zone.  Street et al (Reference 181) have inferred, from four years of refraction studies using quarry blasts, the presence of a sharp velocity discontinuity (6.15 km/s to 6.9 km/s) in the Precambrian basement near 


the assumed location of the earthquake rupture plane.  They proposed that such a feature could have been the cause of stress concentration, later released by the earthquake.  It does not appear that this finding is in opposition to the rift theory.


The Sharpsburg event is located 265 miles from the PNPP; it is in the site tectonic province and, because it is not clearly related to a known fault or structure, is the maximum historical earthquake whose occurrence should be considered possible in the immediate vicinity of the plant.


It should be noted that on September 7, 1988, a moderate size event (Mblg = 4.3) occurred about 11 km to the southest of the 1980 Sharpsburg epicenter (Reference 305).  Its focal depth was shallow (4 to 7 km), and the rupture motion was right lateral strike‑slip on a northwest dipping plane.  In January 1990, a smaller event (Mc = 3.1) was also located in the same general area.


2.5.2.2      Geologic Structures and Tectonic Activity


2.5.2.2.1      Introduction


Two nationally recognized studies were underway in the 1980’s to examine probabilistic seismic hazard at nuclear power generation sites in the Eastern United States.  These studies include:  1) “Seismic Hazard Analysis” prepared for the Nuclear Regulatory Commission by the Lawrence Livermore National Laboratory <NUREG/CR‑1582>, LLNL, October 1981); and 2) “Seismic Hazard Methodology” prepared for the Seismicity Owners Group (SOG), a group of supporting Utilities, by a team of consulting groups coordinated by the Electric Power Research Institute (EPRI NP‑4726, July 1986).  The EPRI Study was developed for SOG as a mechanism to close the “Charleston Issue” which had been raised by the United States Geological Survey (USGS) in 1982.


Both of these studies rely on expert opinions on potential sources of future seismic activity throughout the Eastern United States.  Individual experts (LLNL study) and teams of experts (EPRI study) were requested to produce maps of potentially seismically active areas and to estimate the earthquake recurrence frequencies within each mapped seismic source zone.  The final EPRI Report (NP‑6395‑ND, EPRI, April 1989) (Reference 307) was submitted to the NRC for closure of the Charleston Issue in April 1989.  This report concluded that the possibility of large earthquakes in the Central and Eastern United States is small and does not significantly increase the seismic risk at nuclear power plant sites.  The NRC has reviewed the complete set of EPRI data for 57 nuclear sites and concluded that the Charleston Issue is closed for all plants except 8 “outliers” (PNPP is not an outlier).  No further analysis will be required as documented in <Generic Letter 88‑20>, Supplement 4, <NUREG‑1407> “Procedural and Submittal Guidance for the Individual Examination of External Events for Severe Accident Vulnerabilities.”


It is noted that seismic source zonations developed during the courses of these two major projects were done independent of any formal criteria for definition of tectonic provinces or tectonic structures given in <Appendix 2A>.  An option was made available for experts, or expert teams, to define seismic source zones purely on the basis of the observed pattern of seismicity, with no attention being paid to consistency of underlying geologic conditions.  The EPRI study included an intermediate element of definition of a tectonic framework based on review of an abundance of geologic and tectonic data in an effort to geologically support subsequent maps of seismic source zones.  Seismic zonations, however, were not constrained to strictly conform to features identified in the tectonic framework; the zones could, and in many cases did, encompass patterns of seismicity in preference to a mapped tectonic boundary.  Based on the specific goals required to formulate input data for a probabilistic seismic hazard assessment, the resulting seismic zonations produced by these studies are not strictly in conformance with the criteria of <10 CFR 100, Appendix A> for definition of tectonic provinces or structures; however they are useful for estimating seismic hazard.  Maps of seismic source zones are available in LLNL and EPRI reports and are not further discussed, but may be consulted for a general overview of potential wide scale interpretations of seismic source zones beyond the local region.  Results of the EPRI study are provided in <Section 2.5.2.4.3>.


2.5.2.2.2      Regional Provinces


The site is located in the central portion of the Eastern Stable Platform tectonic province <Figure 2.5‑59>.  Geologically, the province consists of a highly deformed Precambrian basement of Grenvillian age which is overlain unconformably by generally undeformed Cambrian through Permian shales, sandstones, and carbonates (Reference 19) (Reference 73).  The western boundary of the Eastern Stable Platform is defined by the coincidence of structures in the Paleozoic rocks and in part by the subsurface trace of the Grenville Front, where low‑angle 


thrust faulted metamorphic rocks of Grenvillian age abut essentially undeformed unmetamorphosed granites, rhyolite and supracrustal continental deposits of Elsonian (1,450 million years ago) and Keweenawan (about 1,100 million years ago) ages.  The northern boundary of the province is marked by west‑northwest‑trending block faulting in the Ottawa‑Bonnechere graben in south‑central Ontario, Canada (Reference 74) (Reference 75).  The southern boundary is defined by the eastward‑trending Kentucky River fault zone and underlying Rome trough (Reference 21) (Reference 34) (Reference 76) <Section 2.5.1.1.5.2>.


The eastern margin of the province is transitional and is placed along the zone where northeastward‑trending folding and east over west thrust faulting become apparent in sedimentary formations of the Appalachian Plateau (Reference 40).


Within 200 miles of the site, the following tectonic provinces or parts of tectonic provinces are found:  the Eastern Stable Platform (site province); the Michigan Basin; Central Province; Applachian Plateau Province; and the Northern Valley and Ridge Province <Section 2.5.1.1.5.1> <Section 2.5.1.1.5.2>.


2.5.2.2.2.1      Eastern Stable Platform


The Eastern Stable Platform province is generally characterized by a crystalline basement terrane of metamorphic, sedimentary and igneous rocks which last consolidated to a crustal block during the Grenvillian orogeny (1,100 to 900 million years ago) (Reference 19) (Reference 73).  The surface of the crystalline basement slopes gently to the southeast from a series of elongated topographic arches along the western part of the province and is buried beneath a southeast‑thickening, little‑deformed sequence of Paleozoic sedimentary formations of platform derivation.  Precambrian, northwestward directed, low‑angle thrust faults, which are locally reactivated as normal faults offset down to 


the southeast, extend from the eastern boundary of the province to the Grenville Front on the west (Reference 83).


The only faulting in the province which some investigators assume to be active is on the Clarendon‑Linden fault zone, near Attica, New York (Reference 40).  Seismic activity spatially correlated with the central portion of this fault system is discussed in <Section 2.5.2.1.2.2>.  No capable faults or evidence for young deformation or Quaternary movement have been reported.


For further details of the bedrock geology, tectonic elements and geologic history of the province, see <Section 2.5.1.1>, <Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The bedrock geology of Ohio is shown on <Figure 2.5‑4>, and the tectonic elements and province boundaries are shown on <Figure 2.5‑59>.


2.5.2.2.2.2      Michigan Basin


The Michigan Basin is a broad, shallow structural depression which underlies the lower Michigan peninsula, part of the Upper Peninsula, eastern Wisconsin, northern Illinois, Indiana, Ohio, and southwestern Ontario.  A maximum thickness of 14,000 feet of Paleozoic sediments (Cambrian‑Pennsylvanian), in the center of the basin, overlies a deeply eroded Precambrian basement surface.  The perimeter of the Michigan Basin is bounded by the Wisconsin arch and dome to the west, Canadian shield to the north, Indiana‑Ohio platform to the southwest, and Findlay/Algonquin arch to the southeast and east.  These positive features in the Precambrian surface acted as relatively stable “platforms” about which the Michigan, Illinois and Appalachian basins subsided.  Gravity and magnetic data, and limited borings indicate a complex Precambrian basement including Keweenawan igneous, Grenville and Central terrane lithologies.  Precambrian structural zones related to these diverse terranes apparently did not control the overall development of the Michigan Basin.


For further details of the bedrock geology, tectonic elements and geologic history of the province, see <Section 2.5.1.1>, <Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The tectonic elements and province boundaries are shown on <Figure 2.5‑59>.  The distribution of earthquake epicenters within the province appears on <Figure 2.5‑56>.


2.5.2.2.2.3      Appalachian Plateau Province


The Appalachian Plateau Province in the site region is a broad synclinal basin feature characterized by Grenvillian‑age basement overlain unconformably by a thick section of moderately folded Upper Paleozoic red shale and sandstone overlying Lower Paleozoic shales, carbonates and sandstones.


For further details of the bedrock geology, tectonic elements and geologic history of the province, see <Section 2.5.1.1>, <Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The tectonic elements and province boundaries are shown on <Figure 2.5‑59>.  The distribution of earthquake epicenters within the province appears on <Figure 2.5‑56>.  Historical data suggest that this region is essentially aseismic.


2.5.2.2.2.4      Northern Valley and Ridge Province


The Northern Valley and Ridge Province in the site region consists of very deeply buried, metamorphosed, Grenvillian‑age, Precambrian basement overlain by a thick section of Paleozoic sedimentary rocks (Reference 40).  The Paleozoic rocks have been deformed into a series of north‑northeastward trending, steeply inclined to overturned folds and associated southeastward‑dipping thrust faults.


According to Rodgers, deformation in the Northern Valley and Ridge Province is due to a sequence of events which commenced with stripping or detachment of much of the Paleozoic section from the underlying rocks at the horizon of incompetent Lower Cambrian shales (Reference 40).  The 


subsequent folding of the detached Paleozoic section seems to have been in response to compressional stress from the east and southeast during the Alleghenian orogeny, about 250 million years ago (Reference 40).


For further details of the bedrock geology, tectonic elements and geologic history of the province <Section 2.5.1.1>, <Section 2.5.1.1.5>, and <Section 2.5.1.1.6>.  The tectonic elements and province boundaries are shown on <Figure 2.5‑59>.  The distribution of earthquake epicenters appears on <Figure 2.5‑56>.


2.5.2.2.2.5      Central Province


The Central Province is characterized by a Precambrian basement terrane of essentially unmetamorphosed, predominantly felsic, igneous rocks of Elsonian age (about 1,450 million years ago) locally enclosing rift basins and troughs of Keweenawan age (about 1,100 million years ago) (Reference 18) (Reference 20) (Reference 73).  The surface of the crystalline basement over a wide area is nearly horizontal to gently southward‑dipping, and is buried beneath a thin cover of relatively little‑deformed, flat‑lying Paleozoic sedimentary formations of platform derivation.


Within 200 miles of the site, the only faulting in the central province which investigators believe could be active is in the vicinity of Anna, Ohio, where two north‑northeastward trending normal faults and one northwestward trending normal fault have been mapped on the basis of subsurface data (Reference 44) (Reference 1) (Reference 43) (Reference 2).  Seismic activity correlated with these faults is discussed in <Section 2.5.2.1.2.1>.


For further details of the bedrock geology, tectonic elements and geologic history of the province, see <Section 2.5.1.1>, <Section 2.5.1.1.5> and <Section 2.5.1.1.6>.  The bedrock geology of Ohio is shown on <Figure 2.5‑4>, and the tectonic elements and province 


boundaries are shown on <Figure 2.5‑59>.  The distribution of earthquake epicenters in the zone is shown on <Figure 2.5‑56>.


2.5.2.3      Correlation of Earthquake Activity with Geologic Structures or Tectonic Provinces


The seismicity of the site region was described in <Section 2.5.2.1.2> as occurring in several distinct clusters, rather than being uniformly distributed.  These zones of low to moderate seismic activity can be seen on <Figure 2.5‑60> as more prominent than the surrounding background which appears to be almost aseismic in many areas of the region.


Because these clusters have been active at some point during historical or recent times, their locations are indicative of zones of crustal weakness where accumulated strain energy is periodically released.  They indicate structural and/or lithological inhomogeneities which may or may not be revealed by geophysical investigations.  For the most part, magnetic and gravity anomalies do not correlate with seismic activity.


In the Attica, New York area, seismic activity has been positively correlated with a section of the Clarendon‑Linden fault system (Reference 1) (Reference 182) (Reference 169) on the basis of a spatial coincidence of epicenters with known zones of faulting, and the agreement of fault plane solutions with fault orientations.  With respect to the seismicity near Anna, Ohio, inferred faults in basement rocks are found in close spatial relation with epicenters of the larger earthquakes, suggesting an explanation for the repeated seismic activity (Reference 1) (Reference 2).  In the area of northeastern Ohio no structural correlation with seismic activity has been made.


2.5.2.4      Maximum Earthquake Potential


The selection of the maximum earthquake potential at the site is made in a two‑step consideration.  First, the earthquake catalog and related seismological data, such as isoseismal maps, are analyzed in order to estimate the highest seismic intensity experienced at the site.  Second, the maximum intensity at the site, expected from the occurrence of maximum hypothetical earthquakes in the site province and in adjacent provinces, is determined using the tectonic province approach as defined in <10 CFR 100, Appendix A>.  The largest intensity assessed using these two methods will provide a basis for selecting the maximum earthquake potential for the site.


2.5.2.4.1      Site Intensities from Historical Events


In <Section 2.5.2.1.2>, the length and usefulness of the historical seismic record was discussed.  Even though a period of two centuries constitutes a short sampling of geological time, it provides a valuable insight of regional seismicity, with respect to both its level and spatial distribution.  <Table 2.5‑19> lists the location, epicentral intensity, distance to the site, and site intensity for historical earthquakes known to have occurred in the 200‑mile radius region, and of other large earthquakes farther away, which may have been felt at the site with an intensity greater than III.  In some cases where many events are clustered together, only the larger events from each cluster of repeated activity are listed.


Intensities at the site resulting from historical earthquakes have been estimated using alternative attenuation models and through interpretations of published isoseismal maps.  The first attenuation model used (Reference 183) predicts the intensity at a given distance based on the maximum epicentral Intensity Io.  This relationship, presented on <Figure 2.5‑73>, in comparison with other relationships, can be evaluated as predicting conservative estimates of site intensity.  


The conservatism results from the manner in which the model was conceived, namely by interpreting isoseismal maps to measure the maximum distances at which various intensity levels were observed for a set of historical Eastern U.S. earthquakes.  The resulting model provides an estimate of the maximum intensity at a particular distance, because the observations of a given intensity level at distances shorter than the maximum distance were not included.  The resulting model, therefore, is well suited to estimate intensities at sites that may characteristically have amplified seismic ground motions, such as on soft alluvial deposits.


An alternative method of interpretation of intensity attenuation is to perform statistical analyses directly on the original felt report data sets (Reference 184), in a manner identical to that generally employed to derive attenuation functions for instrumentally‑measured ground motion parameters, such as peak acceleration (Reference 185) (Reference 186).  This direct assessment of intensity attenuation (i.e., it does not depend on prior isoseismal contouring), produces a model that predicts a median estimate of intensity at a particular distance and an uncertainty bound.  In addition, this direct interpretation can provide intensity attenuation scaled to the earthquake size, specified in terms of magnitude mb rather than to the maximum intensity, which is an observed effect.  Models developed by this direct statistical approach are useful for determining the average (median) intensity at a particular distance from an earthquake of known or estimated magnitude.  Therefore, such models are useful for estimating intensities at sites founded on firm or rock foundations, such as the foundations present at the PNPP site.


Site intensities resulting from all events in the earthquake catalog for the site region are estimated using a model developed on the basis of statistical interpretations of several Central and Eastern U.S. earthquakes for which both instrumental magnitudes and extensive felt report data were simultaneously available (Reference 187) 


(Reference 188).  Median predictions of site intensity for catalogued earthquakes, based on this model, are compared in <Table 2.5‑19>, to those made by the more conservative isoseismal‑based Gupta and Nuttli model.  Site intensities predicted by the two attenuation models are compared on <Figure 2.5‑74>.  Shown on this figure are attenuation curves for an event similar to the January 31, 1986 Northeastern Ohio 


earthquake with a magnitude of 5.0 mb and a maximum epicentral intensity of VI.  The Gupta and Nuttli (1976) model is illustrated to overpredict the maximum intensity of V (at an epicentral distance of 17 km) observed at the PNPP‑1 site by one intensity level.  The alternative attenuation model, however, is shown to provide a more accurate estimate of the observed site intensity.


Finally, site intensities observed from available published isoseismal maps are compared, where applicable, on <Table 2.5‑19>, to intensities estimated using the two attenuation models.  These isoseismal maps are presented on <Figure 2.5‑75>, <Figure 2.5‑76>, <Figure 2.5‑77>, <Figure 2.5‑78>, <Figure 2.5‑79>, <Figure 2.5‑80>, <Figure 2.5‑81>, <Figure 2.5‑82>, <Figure 2.5‑83>, <Figure 2.5‑84>, <Figure 2.5‑85>, <Figure 2.5‑86>, and <Figure 2.5‑215>.  A list of newspapers consulted to verify some of the intensities for major events is presented in <Table 2.5‑20>.


Following the occurrence of the January 31, 1986 northeastern Ohio earthquake, detailed intensity surveys were conducted for the region of northeastern Ohio surrounding the epicenter and for the immediate site locale.  Based on these surveys, it was concluded that the highest epicentral intensity was VI (MM Scale), and the maximum site intensity was V (MM Scale).  The isoseismal map for the January 31, 1986 earthquake is shown on <Figure 2.5‑65> (Reference 189).  Intensities at the PNPP site were carefully studied by contacting numerous personnel that were on site during the earthquake’s occurrence.  It was concluded, based on this detailed investigation, that the maximum intensity at the site was V (MM Scale).  The predominant intensity (approximately 75% of 


the 80 site intensity reports collected) observed on site was IV.  Maximum effects, evaluated as Intensity V (MM Scale) were reported for temporary structures, such as trailer offices or at upper levels of pre‑fabricated, metal office structures.  Lower intensities were generally reported for permanent, well‑built or engineered structures.  A map of intensities documented for the PNPP site for the January 31, 1986 earthquake is shown on <Figure 2.5‑87>.


Seismic ground motions generated by the January 31, 1986 earthquake were instrumentally‑recorded at several points on the PNPP reactor containment building (Reference 190).  These broad‑banded (i.e., frequency resolution to 40 Hz) accelerogram recordings illustrated an enriched high‑frequency spectrum in comparison to the available data set of worldwide recordings for similar magnitude earthquakes at similar epicentral distances of nearly 20 km.  The ground motions recorded at the plant illustrated prominent peaks at frequencies greater than 20 Hz, whereas the available worldwide accelerogram data, would suggest dominant spectral peaks at frequencies less than 10 Hz and little spectral energy at frequencies greater than 15 Hz.  Given that the spectral shape employed during seismic design and licensing proceedings for the PNPP site relied entirely on statistical analyses performed on available worldwide accelerogram data (Reference 191) (Reference 192) (Reference 193), the resultant design spectral shape illustrated low amplitudes of high frequency ground motions.  The enriched high frequency spectrum for the January 31, 1986 earthquake, which is not characteristic of the worldwide set of accelerograms, therefore, exceeded the original design basis at frequencies greater than 15 Hz; the amount of this exceedance is illustrated on <Figure 2.5‑88>.  This high‑frequency exceedance of the design basis response spectra is addressed further in <Section 3.7>.  The short duration, high‑frequency nature of the January 31, 1986 accelerograms is clearly illustrated by comparison on <Figure 2.5‑89> to the PNPP design time history, characterized by long duration and high energy content.


Low‑frequency components, less than 10 Hz, were extracted from the January 31, 1986 accelerograms using digital filtering techniques.  Response spectra for the low, and intermediate frequency horizontal component records are compared on <Figure 2.5‑90> to response spectra derived for worldwide accelerograms recorded in the vicinity of Intensity V (MM Scale) effects (Reference 194).  This comparison illustrates a good agreement of the lower frequency spectral amplitudes observed for the January 31, 1986 earthquake and spectral amplitudes typical of Intensity V effects.  The recent earthquake’s observed effects can thus be entirely attributed to the lower frequency ground motion components which are associated with longer durations and higher particle velocities and displacements.  The observed high frequency ground motion components, characterized by short durations and extremely small displacements, are unrelated to the Intensity V effects observed at the plant site during the January 31, 1986 earthquake as identified in the analytical studies described in <Section 3.7>.


The highest seismic intensity observed or estimated for the vicinity of the PNPP site resulting from known earthquake activity is Modified Mercalli V.  This level is believed to have occurred during the largest of the New Madrid earthquakes on February 7, 1812, and also during the recent January 31, 1986 earthquake.  Several estimates of site intensity, based on the conservative Gupta and Nuttli attenuation model (Reference 183), exceed V and range to maximum of VI.  These conservative estimates, however, are illustrated on <Table 2.5‑19> to overestimate observed intensities for events that have published isoseismals.  Intensity estimates derived on the basis of the alternative median attenuation model, however, agree well with the few published isoseismal maps.  Thus, relying on the median site intensity estimates and the published intensity maps, it is concluded that the maximum intensity at PNPP site is V, and that this level occurred twice during the historical period.


2.5.2.4.2      Site Intensities from Hypothetical Events


The Perry site is located in the Eastern Stable Platform Province.  On the basis of lithological differences in basement rocks, the Eastern Stable Platform is considered to be a separate tectonic entity from the Central Stable Province <Figure 2.5‑8> and <Figure 2.5‑59>.


The seismicity of the site province has been discussed in <Section 2.5.2.1.2.2>, <Section 2.5.2.1.2.3>, and <Section 2.5.2.1.2.4>.  In summary, the largest historical event (based on observed MM Intensity = VIII) near Attica, New York, and some nearby seismic activity have been correlated to the Clarendon‑Linden fault system.  Within the site tectonic province, the remaining clusters of seismicity in northeastern Ohio, and in south‑central Ohio and northeastern Kentucky (Sharpsburg earthquake epicentral area) remain uncorrelated to specific tectonic structures.  Seismic activity in western Ohio, near the town of Anna, is situated in the Central Stable Platform tectonic province.  As for the case of the activity near Attica, New York, the seismicity near Anna, Ohio, is spatially correlated to a set of intersecting faults and remotely sensed lineaments (Reference 2).


Available geologic and seismologic data for the predominant zones or diffuse clusters of seismicity in the site region, located in the Eastern Stable and Central Stable Platform tectonic provinces have been described in previous sections.  These data reveal certain similarities and some differences among these concentrations of historical seismic activity.  First, the local crustal structure for each of the regions includes a relatively thin Paleozoic sedimentary section overlying Precambrian basement.  Three of the clusters are located in Grenvillian basement; while the last cluster at Anna is located west of the Grenville Front in a transitional terrain between Grenvillian and Central (Superior) Province basement lithologies.


The entire site region is currently being subjected to a continental‑scale stress field, wherein the principal stress component is horizontal, compressive and oriented in a northeast to east‑northeast direction (Reference 195) (Reference 196).  The region encompassing the clusters of seismicity, in addition, is characterized by numerous geophysical anomalies and lineations with intersecting trends observed using remote sensing techniques.  These anomalies and lineaments suggest a complex, heterogeneous basement structure underlying the site province and adjacent Central Stable province.  The pattern of historical seismicity suggests further that the region is capable of producing moderate magnitude seismic events ranging to slightly greater than 5.0 mb during the historical period.  <10 CFR 100, Appendix A> provides alternative approaches for establishing the maximum earthquake potential at a particular site.  The tectonic province approach is applicable to the PNPP site.


Seismic activity near Attica, New York, (largest event of Intensity VIII (MM Scale), Magnitude 5.2 mb, in 1929) is associated with the Clarendon‑Linden tectonic structure (Reference 197).  Recent seismic activity, accurately located using a local seismographic network, indicates a close spatial association of activity with the Anna‑Champaign Fault, a northwest‑trending fault mapped in the basement and overlying Paleozoic section.  This local region includes other faults including the Auglaize and Bowling Green Faults, and pronounced lineaments interpreted from satellite images.


Although the Attica seismicity has been associated with a local tectonic structure, and the Anna activity can similarly be associated with locally‑identified structures, the present state of knowledge on these 


buried features does not permit an accurate estimation of the maximum earthquake potential attributable to these structures, based on their physical dimensions and characteristics.  Gross dimensions of affected crust can be inferred from the nature of geophysical anomalies, geophysical modeling studies, and from earthquake main shock and 


aftershock hypocentral distributions.  None of these available techniques, however, can presently provide the necessary detailed information on fault rheology (i.e., strength characteristics) and geometries, most critically, on fault segmentation, which are required in order to determine theoretical maximum earthquakes for a tectonic structure on the basis of physical, dimensional arguments.


Presently available data that are attributed significant value for estimating earthquake potential are focal depths of seismicity accurately determined by local monitoring networks.  Recent seismicity in the clusters of activity in the site region have generally illustrated focal depths in the upper 10 km of the crust.  The deepest activity is evidenced for the Anna, Ohio, and Sharpsburg, Kentucky, epicentral regions where focal depths have ranged to around 15 km.  Available hypocentral information for the Attica and northeastern Ohio regions reveal shallower focal depths near 5 km.


Maximum earthquake potential is directly related to the dimensions of fault surface capable of failing in a single earthquake event (Reference 198).  It is presently well‑documented through regional and local seismographic monitoring for the past decade that regions of eastern North America, including La Malbaie, Quebec, Canada, and New Madrid, Missouri, which have experienced large historical events (Magnitude 6.5 and greater) presently generate earthquake activity at hypocentral depths ranging from near surface to depths of 20 to 30 km (Reference 199) (Reference 200) (Reference 201) (Reference 202).  This focal depth information illustrates the necessity of deep crustal involvement for the potential of generating large intraplate earthquakes.  It is important to note that such deep crustal involvement is not observed in the site region based on the available shallow focal depths determined by recent seismologic studies supported by dense seismographic monitoring.


The maximum earthquake potential for the PNPP site is established using the “tectonic province” approach.  This approach is supported on the basis of the consistency of geologic conditions throughout the site region, a consistent regional stress field, patterns of geophysical anomalies, and the diffuse pattern of seismicity that includes several clusters of increased activity observed historically.  Frequency of earthquake activity, determined from the available earthquake history is similar for the clusters of increased activity.  The maximum historical event in the adjacent tectonic province within 200 miles is an estimated 5.3 mb for the 1875 Anna, Ohio, earthquake.  Re‑evaluations of magnitudes of the Anna, Ohio, events (Reference 163) suggest that none of the historical events exceeded 5.0.  In addition, the maximum Attica earthquake of August 1929 is assigned a magnitude of 5.2 mb.  The recent Sharpsburg, Kentucky, and Northeastern Ohio earthquakes have instrumentally‑determined magnitudes of 5.1 and 5.0, respectively.  The maximum earthquake potential for the site is represented by the occurrence, at the site, of a moderate magnitude event, slightly larger than the maximum historically observed event.


For the purpose of establishing seismic design response spectra, the maximum earthquake potential is characterized by a magnitude of 5.3 mb and a maximum site intensity of VII.  These characteristics of the maximum earthquake potential equate to an event containing approximately twice the seismic energy (approximately twice the amplitude of lower frequency ground motions), and seismic intensities two full increments greater than that associated with the occurrence of the northeastern Ohio earthquake of January 1986.


2.5.2.4.3      EPRI Seismic Hazard Study Results


Both the LLNL and EPRI probabilistic seismic hazard investigations identified in <Section 2.5.2.2.1> are now completed.  In both of these 


studies probabilistic seismic hazard has been computed for the approximately 70 nuclear plant sites located in the central and eastern United States.


Final results of these investigations are published in the following reports:  1) “Seismic Hazard Characterization of 69 Nuclear Plant Sites East of the Rocky Mountains,” <NUREG/CR‑5250>, UCID‑21517, LLNL, January 1989; and 2) “Probabilistic Seismic Hazard Evaluation at Nuclear Plant Sites in the Central and Eastern United States:  Resolution of the Charleston Issue,” NP‑6395‑ND, April 1989 (Reference 307).


In addition to EPRI’s NP‑6395‑ND report on generic topics, such as descriptions of input assumptions and computational methodologies, individual site reports were published to document seismic hazard results for the various plant sites.  For the case of the Perry Nuclear Power Plant site, EPRI issued a report entitled “Probabilistic Seismic Hazard Evaluation for the Perry Nuclear Power Plant,” Project RP 101‑53, EPRI, April 1989 (Reference 308).  Probabilistic seismic hazard at the PNPP site provided in the site report was computed using the EQHAZARD computer package developed for the EPRI project and input parameters supplied by six earth‑science expert teams that participated on the project.


Probabilistic seismic hazard is defined as the annual probability of exceeding a particular ground motion amplitude at the site.  Typically, probabilistic seismic hazard is defined over broad ranges of annual exceedance probabilities (i.e., 10‑2 to 10‑5), and ground motion amplitudes (i.e., .01g to 1.0g) to establish seismic hazard curves in the form of uniform hazard spectra for selected annual exceedance probabilities.  The uniform hazard spectra for PNPP at three annual probabilities of exceedance (10‑3, 10‑4, 10‑5) are shown on <Figure 2.5‑212> with selected points highlighted on <Table 2.5‑74>.  The annual probability of exceeding varying levels of Peak Ground 


Acceleration (PGA) are shown on <Figure 2.5‑211> and selected points in 


<Table 2.5‑73>.  The results indicate that the annual median probability of exceeding 150 cm/sec2 (about .15g) PGA is 4.25 x 10‑5, which is not considered an increase in seismic hazard for PNPP.


2.5.2.5      Seismic Wave Transmission Characteristics of the Site


The plant foundations are underlain by bedrock consisting of Chagrin shale.  Compressional wave velocities of the bedrock materials range from 9,000 to 11,000 feet per second, and shear wave velocities range from 4,000 to 4,900 feet per second.  <Table 2.5‑21> is a summary of the


seismic velocities and the resultant modulus values.  The complete report of the in situ velocity measurements is included as <Section 2.5.4.4>.


There are no unusual conditions at this site which would affect seismic wave transmission.  This was verified following the January 31, 1986 event by analyzing aftershock spectra and comparing these to the main shock spectra.  Similarities were observed among spectra at the remote locations for the aftershocks and for the plant main shock records.  These similarities (Reference 4) indicate that ground motion transmission characteristics are consistent throughout the site region and that no unusual condition exists specifically at the PNPP‑1 site.


2.5.2.6      Safe Shutdown Earthquake (SSE)


From the site intensities either observed or postulated in <Section 2.5.2.4.1> and <Section 2.5.2.4.2>, an Intensity VII (MM) is chosen for the maximum earthquake potential.  On the basis of the intensity acceleration relationships of Gutenberg and Richter, Neumann, and Trifunac and Brady, presented on <Figure 2.5‑91>, an acceleration in 


the range of 0.07g to 0.13g corresponds to such an Intensity VII (MM) (Reference 203) (Reference 287) (Reference 3).  If the larger value is accepted, the present design value of 0.15g is adequately conservative under <10 CFR 100, Appendix A>, “Seismic and Geologic Siting Criteria.”


Three artificial ground motion time histories, two for horizontal motion and one for vertical motion, were generated using a procedure described below.  The acceleration time histories for the motion H1, H2 and V are shown in <Figure 2.5‑92>, <Figure 2.5‑93>, and <Figure 2.5‑94>, respectively.  Each has a maximum acceleration exactly equal to 0.15g (i.e., the SSE peak acceleration) and a total duration of 22 seconds.  The corresponding velocity‑time and displacement‑time histories are shown in <Figure 2.5‑95> and <Figure 2.5‑96> for horizontal motion H1, in <Figure 2.5‑97> and <Figure 2.5‑98> for horizontal motion H2, and in <Figure 2.5‑99> and <Figure 2.5‑100> for the vertical motion.  The computed response spectra of the artificial motions closely match the design response spectra published in the Nuclear Regulatory Commission (NRC) <Regulatory Guide 1.60> (Reference 191).  The SSE response spectra for 0.5, 2, 5, 7, and 10 percent damping are shown in <Figure 2.5‑101> for horizontal motion, and in <Figure 2.5‑102> for vertical motion.  The computed response spectra (for 2, 5, 7, and 10 percent damping) are shown together with the corresponding design response spectra, in <Figure 2.5‑103> and <Figure 2.5‑104> for horizontal motion H1, in <Figure 2.5‑105> and <Figure 2.5‑106> for horizontal motion H2, and in <Figure 2.5‑107> and <Figure 2.5‑108> for the vertical motion.  The response spectra in <Figure 2.5‑103>, <Figure 2.5‑104>, <Figure 2.5‑105>, <Figure 2.5‑106>, <Figure 2.5‑107>, and <Figure 2.5‑108> were calculated at 200 period values Ti equally spaced on a logarithmic scale and ranging from Ti = 0.02 seconds to T200 = 4 seconds.


For those few period values between 0.02 seconds and 1 second where the computed response spectra lie below the design response spectra, the differences in the values of the response spectra are always less than 6 percent for the first horizontal motion time history, less than 6.5 percent for the second horizontal motion time history, and less than three percent for the vertical motion time history.


The procedures used to develop standardized response spectral shapes, such as U.S. NRC <Regulatory Guide 1.60> (Reference 191), are viewed to result in conservative predictions of lower frequency, and potentially more damaging seismic ground motions, than the design intensity of VII that was originally being modeled.  This conservatism is illustrated by comparison of the PNPP SSE response spectrum to actual spectra derived for strong motion recordings in areas of Intensity VIII effects (Reference 194).  These comparisons, shown on <Figure 2.5‑109>, support the conclusion that the original design basis is a conservative representation of seismic ground motion associated with the selected maximum earthquake potential of 5.3 mb and site intensity of VII.  The design basis is shown on this figure as exceeding the average spectrum for Intensity VIII effects produced at relatively short distances by earthquakes in the magnitude range of 5.9 to 7.1 ML (Reference 194).


The apparent conservatism of the procedure used to develop the SSE response spectrum is further illustrated by Site Specific Response Spectra (SSRS) derived in response to Question Q230.6.  One SSRS derived at that time in response to the NRC’s question is illustrated in comparison to the PNPP SSE.  This comparison shows the SSE to be near the 84th percentile of the SSRS for frequencies in the range of 5 to 20 Hz, and well above the 84th percentile at frequencies lower than 5 Hz.  It is noted that several differing sets of earthquakes were analyzed during preparation of responses to Q230.6.  The SSRS shown on 


<Figure 2.5‑110> is for the most conservative set of magnitudes and epicentral distances; the average magnitude of that particular set of earthquakes is 5.7 ((.37) at an average distance of 12.9 ((5) km.  The earthquake magnitudes ranged to 6.1 ML.


It is evident from the comparisons shown on <Figure 2.5‑109> and <Figure 2.5‑110> that the approved SSE response spectrum, modeled for the selected maximum earthquake potential of a 5.3 mb ((.5) and Intensity VII, can, in fact, accommodate the local occurrence of a theoretically remote earthquake (i.e., move a large regional event to 


the site locale) significantly larger than any observed during the historical period.  On the basis of the results shown on these figures, it is concluded that the PNPP design basis can resist intermediate and lower seismic ground motion frequencies associated with locally occurring events with magnitudes significantly greater (a minimum 0.5 mb units) than the selected maximum earthquake potential of 5.3 mb.


2.5.2.6.1      Motion Generation Procedure


The basic parameters needed to generate samples of artificial earthquake records are the general level of intensity of the motion, its duration, the variation of motion intensity with time (the function I (t)), and its frequency content (Reference 204) (Reference 205).  The intensity can be expressed as the (expected) peak ground acceleration (Reference 206).  In this case, the maximum ground acceleration, 0.15 g, is used.  The duration and relative variation of the intensity during the earthquake were estimated using methods developed at Massachusetts Institute of Technology (Reference 206) (Reference 207).  The specification of relative frequency content is in terms of the power spectral density function, G((), which expresses the relative value of the expected “power” at each frequency, (.  The first estimate of the shape of this function, G(1)((), can be derived from the desired 2 percent (design) response spectrum SV (Reference 205).


The ground motion characteristics estimated above become the input to a computer program which generates samples of a random process having the same basic properties.  Sinusoidal waves corresponding to a large set of frequencies are superimposed to form the total motion.  The relative magnitudes of the (squared) amplitudes of the waves are determined, from G(1)(().  The phase angles of each sinusoidal wave are chosen at random on the interval 0 to 2(.  The wave form generated in this way is then multiplied by the intensity function, I(t), and by a scale factor which causes the peak ground acceleration to be exactly equal to 0.15g.  The peak response SV(1) of a one‑degree‑of‑freedom system to such an 


artificial motion may considerably deviate from the design peak response Sv, and is likely to be different for different sample functions with the same general characteristics.  This problem is partly overcome by a response spectrum smoothing procedure described below.


The computed response spectrum SV(1) of the sample time history obtained by the procedure described above is compared with the desired smooth design response spectrum SV for each frequency.  A new input spectral density function, G(2)((), is obtained by multiplying the initial choice, G(1)((), by the square of the ratio SV/SV(1).  The original set of random phase angles is used to generate a new motion with power spectral density function G(2)(() and response spectrum SV(2).  This procedure can be repeated several times, until a response spectrum SV(n) sufficiently close to the design spectrum SV is obtained.  Different sample functions, each having relatively smooth computed response spectra that are in close agreement with the prescribed response spectra, can be obtained by generating different sets of random phase angles.


2.5.2.7      Operating Basis Earthquake


The operating basis earthquake (OBE) response spectra are one‑half the SSE response spectra as shown in <Figure 2.5‑111> and <Figure 2.5‑112>, and the same relationship holds for the artificial time histories and for the corresponding computed response spectra.


Based on a preliminary assessment, provided in response to Q&R Question 230.01, the occurrence of the OBE at the site was associated with a mean annual probability of 2 x 10‑3 or less.  This annual probability was estimated, to a first approximation, by interpreting the recurrence frequency of earthquakes, scaled to maximum Modified Mercalli epicentral intensity, in the region of the site.  This site region was bounded by the following coordinates; 38(‑45(N, 77(‑86(W.


At the time of preparation of the response to Q&R 230.01, there existed in the catalog for the site region 24 events with maximum epicentral intensity of (VI, and seven events with maximum epicentral intensity of (VII.  Upon an assumption that the earthquake catalog was complete for 160 years for these largest earthquakes in the site region, the annual frequencies of events with epicentral Intensities (VI and (VII were derived for the entire region that covers an area of approximately 6.0 x 105 km2.  The probability of exceeding the OBE was then estimated by calculating the product of the annual frequency of earthquakes (VI and the ratio of area of Intensity VI effects for the occurrence of a given earthquake to the total area of the site region.  Areas affected by Intensities VI for various size events were derived from published attenuation models.  The result of this preliminary assessment, which treated the site region as a zone of uniform seismic frequency, in as much as no seismic source zonations were assumed for activity at Attica, New York or Anna, Ohio, was an estimated probability for OBE exceedance at the PNPP site of 2 x 10‑3 per year, or less.


The calculation supporting this estimate of OBE exceedance is shown below.


Mean annual recurrence rates in site region include:



1.
24 events (VI  MM in 160 years = 0.150/yr.



2.
7 events (VII MM in 160 years = 0.044/yr.


These rates are determined for the entire site region with an approximate area of 600,000 sq km.


Using published attenuation models <Figure 2.5‑73>, the radius of perception of Intensity VI effects, for an event with a maximum epicentral intensity also of VI, is 25 km; the resulting perceptible area is 2,000 sq km.


The annual probability of exceeding an Intensity VI is:
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The OBE intensity of VI can also be exceeded during occurrence of an earthquake with a maximum epicentral intensity of VII.  Relying again on published attenuation models, the area of Intensity VI effects for such a larger event is 30,000 sq km.


The annual probability of exceeding an Intensity VI, in this case, is:
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Because the OBE can be exceeded by occurrence of either an Intensity VI or Intensity VII event, the cumulative probability of OBE exceedance is derived as the summation of the individual probabilities calculated above; hence, the annual probability of exceeding the OBE at the PNPP site is (.0005 + .0022) or 0.0027.  Due to some conservative aspects of this computation, namely 1) counting all events in the site region, even though many are associated with local structures at Attica, NY and Anna, OH, and 2) employing conservative attenuation models, the annual probability of exceeding the OBE was stated in response to Q&R 230.8 to be 0.002.


The probability of exceeding the OBE at the PNPP site is re‑examined using a formal probabilistic seismic hazard methodology (Reference 291) (Reference 292).  Two alternative seismicity recurrence scenarios are analyzed.  The first scenario is identical to the one employed previously, namely, a specification that the site region (38(‑45(; 


77(‑86(W) is characterized by a uniform likelihood of recurrence of future seismicity.  The second scenario is an hypothesis that future seismicity will recur in the immediate site region (defined by the surrounding 1( block), with a frequency that is consistent with that determined from the historical catalog, including the recent seismic activity near the site.  The basic difference between these scenarios is that future seismic activity will be dispersed throughout the site region (scenario 1) or concentrated in clusters of seismicity that are evident from the historical and recent earthquake records (scenario 2).  The observation has been for episodes of seismicity to shift to new locations throughout the site region during the historical period, which is appropriately modeled using the first scenario.


Probability of exceeding the OBE is made equivalent to an occurrence of an Intensity VI (which is consistent with the threshold of damage to unreinforced structures) or greater earthquake at the site.  The probability of exceeding the OBE at the PNPP site was computed using the input seismicity and ground motion attenuation data listed on <Table 2.5‑22>.  Results of the formal probabilistic assessment are listed on <Table 2.5‑23>.  These results include an annual probability of exceeding the OBE of 7.2 x 10‑4 for the first seismic scenario and 2.1 x 10‑3 for the second scenario.  These probabilities of exceeding the OBE intensity of VI can also be associated with likelihoods of exceeding the OBE response spectrum at lower ground motion frequencies.  From previous discussions in <Section 2.5.2.4.1>, it was illustrated that for the January 31, 1986 earthquake, the high‑frequency region of the design spectra were exceeded and that intermediate and lower frequencies (<10 Hz) were well below the OBE spectral level.  The seismic intensity was evaluated to be V, also below the OBE design intensity of VI.  Due to the presently recognized deficiency of <Regulatory Guide 1.60> in emulating the high frequency seismic spectrum of EUS events, it is likely that the high frequency portions of the design spectrum will be exceeded with a higher probability than the annual probabilities of exceeding the design intensity of VI given in 


<Table 2.5‑23>.  These possible high frequency exceedences (at frequencies >10 Hz) however likely will result in low intensities, as was the case for the occurrence of the January 1986 earthquake.  It is also noted that the probability of exceeding the OBE at 2.5 Hg is about 1x10‑5 (from the EPRI Hazard Study (Reference 308)), very similar to the earlier site specific calculations.


Recalculation of probabilities of OBE exceedance at PNPP are consistent with those previously provided in response to NRC Questions Q&R 230.1 and Q&R 230.8.  In both, a similar conclusion was reached that the probability of exceeding the plant’s OBE intensity of VI (MM Scale) is on the order of 2 x 10‑3/year.  This estimate results from the formal probabilistic assessment which considers that future seismic activity may be localized in the immediate region of the site (e.g., 50 km radius).  A similar result was obtained in response to the NRC’s questions, not from an assumption of higher seismicity near the site, but rather from the usage of conservative attenuation models.  For the consideration that future seismicity would recur randomly throughout the broader region surrounding the site (e.g., 200 mile radius), the probability of exceeding the OBE, as obtained by the recalculation is reduced to approximately 7 x 10‑4/year.


2.5.3      SURFACE FAULTING


Based on the findings of the geological, geophysical and seismological investigations, no capable faults are present at or near the site.  Investigations and findings relevant to surface faulting are described in <Section 2.5.1.2.3>, <Section 2.5.1.2.4>, <Section 2.5.1.2.5>, and <Section 2.5.4.3.5>.  Regional and site investigations have included literature review, subsurface investigations, interpretation of subsurface data, geologic mapping, and reconnaissance, and laboratory analyses.  The following sections summarize the pertinent findings and conclusions from these studies.


2.5.3.1      Geologic Conditions of the Site


The lithologic, stratigraphic and structural conditions of the site and site locale are described in <Section 2.5.1.2>.


2.5.3.2      Evidence of Fault Offset


Within the site locale vicinity, minor displacements were identified during preconstruction mapping of bedrock outcrops, during small‑scale geologic mapping of the onshore and cooling water tunnel excavations and during geologic mapping of the 1986 Leroy earthquake epicentral area.


Site locale displacements consist of thrust faults and vertical faults primarily exposed in stream channel outcrops, located over a wide area south of the site.  Displacement along the thrust faults reaches a maximum of approximately 10 feet, however, the majority are less than 1 foot.  One gravity‑fault slump block overrode an adjoining slump block for a horizontal distance of several feet.  Vertically, faults terminate along bedding planes of flat‑lying, undeformed shale both above and below.  Lateral and vertical terminations are generally observed in outcrop, however, as in the situation encountered in the cooling tunnel excavations, additional excavation, mapping, drilling, and geophysical evidence were necessary to establish the extent of deformation in the Big Creek area (Reference 4).  All observed structures are shallow and apparently unrelated to tectonic deformation from depth.  The thrust faults are often overlain by undeformed surficial sediments.  These minor faults generally do not extend more than 200 to 300 feet laterally.  No lineaments coinciding with any of the fault strikes were discernible on aerial photographs (1:4,800 scale).  In one location, an accurate trace of a slump scarp is evident on aerial photography.  The width of fault zone deformation excluding slumping is variable, on the order of several inches to several feet, measured normal to the plane of deformation in near‑vertical natural and excavated outcrops.  The origin of these superficial minor faults was concluded to be related to glacial 


stresses (Pleistocene) and to movement of localized bedrock masses due to slumping.  <Section 2.5.4.3.6.1> and Weston Geophysical (Reference 4), 1986 report on detailed geologic investigations conducted in the site locale and epicentral area of the 1986 Leroy earthquake.  A map of the outcrops is shown on <Figure 2.5‑40>.


Faults exposed within the onshore plant excavations consisted of decollement style, glide‑planes conformable with bedding.  Gouge up to three inches thick comprised of gray clay having a tough, leathery consistency and containing sand‑size, angular, Chagrin shale fragments, define the basal plane of localized deformation.  This interval of deformation is bounded vertically upward by an undeformed boulder horizon pervasive throughout the site at approximate Elevation 572’ at the base of the structureless lower till.  The lowest elevation of onshore bedrock deformation was exposed in Unit 1 condensate demineralizer building excavation at approximate Elevation 534’.


The distance of lateral transport along the decollements may have been on the order of several feet, possibly exceeding ten feet, inferred from strata shortening taken up by folding.  A southerly sense of lateral shove is inferred from structural fabric.  Leading edges of decollement glide planes exhibit lateral thinning conformable with bedding, and termination by upward imbricate thrusting, underthrusting and buckling.  The origin of the compressive stresses which caused this deformation is attributed to loading and lateral shove of late Wisconsinan glaciation and specifically Hiram ice which overrode the site approximately 14,500 years B.P. (See <Section 2.5.1.2.3.3> for additional descriptive information of onshore deformation.)


Thrust faulting, striking northeasterly and dipping 17 degrees toward the southeast intersects the cooling water tunnels beneath Lake Erie approximately 120 feet below lake bottom.  Net displacement along the fault ranges from 1‑1/2 to 2‑1/2 feet.  Throw for a probable minor splay from the main fault is 0.4 foot.  Deformation within the fault zone 


measured normal to the plane of faulting is generally one foot thick.  Additional descriptive information is contained in <Section 2.5.1.2.3.4.1>, <Section 2.5.1.2.3.4.2>, <Section 2.5.1.2.3.4.3>, and <Appendix 2D>.  Extrapolation of the displacement gradient data suggests faulting terminates in an updip direction well below lake bottom.  No fault scarps, abrupt changes in relief or fault traces are evident on the lake bottom.  The fault zone was intersected by invert borings on a straight‑line, down‑dip, fault plane projection.  An onshore angle hole intersected the fault at approximately 290 feet below lake bottom.  Between the tunnels, the fault strike measures about 750 feet.  Extrapolation northeasterly and southwesterly beyond the tunnels is conjecture.  However, borings located to intercept an updip projection of fault plane at a shallow depth within bedrock did not reveal evidence of faulting southwest of the plant site.  Hypothesized northeasterly extensions of the faulting along strike intersect seismic track lines of the Department of Army, Coastal Engineering Research Center.  Between navigation survey Fixes 610 and 640 in the vicinity of the site, no abrupt elevation changes in the lake floor or acoustic contrasts of sediment, both potential indications of faulting, are reported by Mr. S. Jeffress 


Williams, Marine Geologist, Geotechnical Engineering Branch (Reference 208) (Reference 209).  Reconnaissance of glacial and lacustrine deposits comprising the lake bluff did not reveal evidence of faulting southwest or northeast of the site.


Earth Resources Technology Satellite (ERTS) imagery (Bands 4, 5 and 7) was examined for evidence of lineaments within the immediate vicinity of the Perry Nuclear Power Plant site.  No lineaments were observed on the ERTS imagery within a 5 mile radius of the site.  Twenty lineaments located within 75 miles of the PNPP site were observed on the ERTS imagery <Figure 2.5‑113>.  Only one lineament (50 miles southwest of the site) coincides in both trend and location with known structure.  The remaining 19 lineaments can be associated with a combination of glacial, contemporary and paleo drainage, and vegetation effects.  No lineaments 


were observed on the ERTS imagery which indicate conditions posing a potential hazard to the PNPP site.


“A lineament is a mappable, simple or composite linear feature of a surface, whose parts are aligned in a rectilinear or slightly curvilinear relationship and which differs distinctly from the patterns of adjacent features and presumably reflects a subsurface phenomenon” (Reference 210).  The lineaments identified during the analysis of ERTS imagery transparencies were plotted on an acetate overlay and compared to available surface and subsurface geological and geophysical data for northeastern Ohio and adjacent Pennsylvania.  This comparative analysis included the interpreted anomalies of Voight Figure 13, <Appendix 2D F>.  The geologic setting, which provided the framework for assessing and interpreting the lineaments, is discussed in <Section 2.5.1>.  Individual lineaments are described in the following paragraphs.


a.
Lineament 1



Lineament 1 is a discontinuous tonal variation trending northeastward for approximately 50 miles from a point 14 miles south of Cleveland to 20 miles east of Perry.  The three southwestern lineament segments correspond in part to the contact between isolated upland remnants of Pennsylvanian sandstone, shale and limestone (Pottsville and Allegheny Formations), and underlying Mississippian shale, sandstone and limestone (Waverly and Maxville Formations) (Reference 211) enhanced by stream segments of the Chagrin River and Big Creek which cut valleys through the essentially horizontal bedrock strata.  The northeastern segment of Lineament 1 corresponds to Coffee Creek which does not correspond to any mapped lithologic contacts.  No mapped faults or fold axes (Reference 212) coincide with Lineament 1.  No gravity anomaly or gradient parallels Lineament 1 <Figure 2.5‑12> and <Figure 2.5‑13>.  These lineament segments are, therefore, attributed to drainages that are variably controlled by the underlying lithology.


b.
Lineament 2



Lineament 2 traces a discontinuous curvilinear path along a generally northeastward trend from a point 16 miles east of Cleveland to 5 miles south of Perry and then southward to approximately 15 miles south of Perry.  The tonal change occurs as a discontinuous dark band of variable width.  This lineament corresponds mainly with northeast‑trending stream channel sections of the Chagrin, Big and Grand drainages and the north‑south trending Paine, Bates and East Branch Cuyahoga drainages which cut through the Pennsylvanian Pottsville and Allegheny coal, sandstone, shale, and limestone into and through the Mississippian Waverly and Maxville, shale, sandstone and limestone into the underlying Devonian Olentangy and Ohio shales (Reference 211).  The stream erosion of resistant sandstones and limestones results in narrow steep‑walled valleys which are responsible for the lineament segments.  No mapped fold axes or faults (Reference 212) coincide with Lineament 2.  Also no gravity anomaly or gradient parallels Lineament 2 <Figure 2.5‑12> and <Figure 2.5‑13>.  The lineament is, therefore, attributed to a number of steep‑walled valleys cut by streams through essentially horizontal bedrock.


c.
Lineament 3



Lineament 3 is a broad dark‑toned band which corresponds to an east‑west trending, meandering segment of the Grand River.  The dark‑toned floodplain is composed of Wisconsin age alluvium filling this section of the Grand River Valley.  The Wisconsin age Lake Escarpment moraine parallels and may topographically control the alignment of the drainage in this area (Reference 91).  No fold axes or faults are mapped along Lineament 3 (Reference 212).  No gravity anomaly or gradient is associated with the lineament <Figure 2.5‑12> and <Figure 2.5‑13>.  Lineament 3 is attributed to 



the contrast between alluvium associated with the Grand River floodplain and the contiguous Lake Escarpment moraine.


d.
Lineaments 4 and 5



Lineaments 4 and 5 trend northeastward parallel to the Lake Erie shoreline east of Perry, Ohio, occurring as slight tonal variations.  The abandoned beach ridges of Wisconsin age Lake Warren correspond with these lineaments (Reference 91).  Bedrock topography may influence the orientation of the strandlines; however, no fold axes or faults are mapped coinciding with Lineaments 4 and 5 (Reference 212).  No gravity anomalies or gradients are associated with the lineaments <Figure 2.5‑12> and <Figure 2.5‑13>.  Lineaments 4 and 5 are attributed to the topographic expression of the beach ridge deposits.


e.
Lineament 6



Lineament 6 is a light‑toned, curved lineament extending from Meadville, Pennsylvania, northwestward along Cussewago Creek, then northwestward to westward along Conneaut Creek.  The northwest‑trending lineament coincides with a segment of the Cussewago Creek cutting Pocono Group conglomerates and sandstones down to the Oswayo Formation shales, siltstones and sandstones (Reference 213), forming steep valley walls.  Minor synclinal and anticlinal axes are mapped in the area; however, their limited extent and the lack of any associated gravity anomaly or gradient <Figure 2.5‑12> and <Figure 2.5‑13> indicate that these possible structures would be limited in scale as commonly reported for this region.  The lineament is attributed to narrow stream valleys cutting through the essentially horizontal bedrock.


f.
Lineament 7



Lineament 7 trending northwestward, coincident with a segment of Muddy Creek, is of the same origin as Lineament 6.


g.
Lineament 8



Lineament 8 extends northwestward from the upper Shenango River in Pennsylvania to Geneva on the Lake, Ohio.  The discontinuous lineament occurs as a faint light tone which does not coincide with topographic alignments.  This lineament possibly connects southeastward with an area of hypothesized structural discontinuities (Wagner‑Lytle lines), described as “narrow zones or trends along which fold axes terminate, diminish or change direction” (Reference 214).  It is reported that no surface faulting has been recognized along the hypothesized Wagner‑Lytle lines (Reference 215), which suggests that deformation took place in broad zones over long periods of time during which the rocks were able to adjust to stress with many minor fractures rather than mappable faults.  Lineament 8, if related to the above described Wagner‑Lytle lines, could be attributed to possible enhanced fracturing resulting in associated anomalous groundwater conditions.


h.
Lineament 9



Lineament 9 has been eliminated.


i.
Lineament 10



Arcuate Lineament 10, a curvilinear tonal variation, coincides with a section of Crooked Creek extending from Greenville, Pennsylvania, northward and northwestward to the Pymatuning Reservoir on the Pennsylvania‑Ohio border.  Wisconsin age kame deposits and Recent 



alluvium fill this section of the Crooked Creek Valley (Reference 216).  The lineament is attributed to Wisconsin age glacial and Recent alluvial valley fill deposits.


j.
Lineament 11



Lineament 11 is a discontinuous dark‑toned line which extends northwestward from Mercer, Pennsylvania, into Ohio.  This lineament appears to connect to the southeast with an area of hypothesized structural discontinuities (Wagner‑Lytle lines) as described for Lineament 8.  Therefore, if Lineament 11 is related to the above‑described Wagner‑Lytle lines, it could be attributed to possible enchanced fracturing, resulting in associated anomalous groundwater conditions.


k.
Lineament 12



Lineament 12 is a discontinuous, light tonal variation which extends from south of Ravenna, Ohio, along a section of the West Branch of the Mahoning River, northeastward to south of the Pymatuning Reservoir.  The southwestern segments correspond in part to buried river valleys filled with Recent alluvium and Wisconsin age “valley train” deposits (Reference 217).  The northeastern segment appears to correspond to the strike of lithologic contacts between the upland Sharon Conglomerate/Connoquessing Sandstone and the lower Cuyahoga Group shales in the valleys (Reference 210).  The middle segments of Lineament 12 appear to correspond to a section of the Mahoning Creek and a tributary of Mosquito Creek northwest of Cortland, Ohio.  Structural discontinuities (fold axes or faults) (Reference 212) are not reported parallel to or coincident with the trend of Lineament 12.  No gravity anomaly or alignment parallels the trend of Lineament 12 <Figure 2.5‑12> and 



<Figure 2.5‑13>.  This lineament is attributed to the coincidental alignment of buried river valleys, existing drainage systems and lithologic contacts.


l.
Lineaments 13, 14, 15, and 18



These lineaments are the stronger of many generally north‑trending lineaments forming one axis of a rectilinear pattern in northeastern Ohio, resulting from variations in vegetation (wooded versus open).  This pattern abruptly terminates at the Pennsylvania border, indicating that the pattern is controlled by culture.  In one case, (Lineament 15), the vegetative lineament corresponds with a lobe of Wisconsin age lacustrine deposits filling the buried Grand River valley (Reference 91).  No mapped structural alignments (fold axes or faults) (Reference 212) or gravity anomalies correspond to these lineaments <Figure 2.5‑12> and <Figure 2.5‑13>.


m.
Lineament 16



Lineament 16 is a faint discontinuous tonal pattern, trending northeastward.  This lineament cuts across lithologic contacts.  The more distinct sections coincide with linear glacial outwash deposits (valley trains) preserved as terraces in the Cuyahoga River valley (Reference 217).  The northeastern section parallels an end moraine deposit south of Ashtabula, Ohio (Reference 91).  No fold axes or faults are mapped corresponding to Lineament 16 (Reference 212).  No gravity anomaly or gradient correlates with the trend of the lineament, <Figure 2.5‑12> and <Figure 2.5‑13>. This lineament is attributed to the alignment of linear glacial deposits.


n.
Lineament 17



Lineament 17 is a dark‑toned line trending north‑eastward coincident with the Upper Cuyahoga River.  The river valley is probably controlled in part by the strike of lithologic contacts in this area, cutting through upland Pottsville and Allegheny shale, sandstone and limestone to Waverly and Maxville shale, sandstone and limestone (Reference 211).  A buried river valley filled with Recent alluvium (Reference 217) is likely responsible for the location of the existing Cuyahoga River.  No fold axes or faults are presently mapped (Reference 212) parallel to the trend of the lineament.  No gravity anomaly or gradient correlates with the trend of Lineament 17 <Figure 2.5‑12> and <Figure 2.5‑13>.  Lineament 17 is attributed to the coincidence of an existing stream segment flowing along a buried river valley controlled and enhanced by lithologic contacts mapped in the area.


o.
Lineament 19



This lineament is mapped as a tonal change which in part corresponds with segments of Eagle Creek and the Grand River.  Coinciding with the lineament to the southeast are sections of end moraine and valley train deposits (Reference 91), while to the northwest the contact between Pottsville and Allegheny sandstone, shale and limestone and Waverly and Maxville sandstone, shale and limestone forms the tonal patterns (Reference 211).  The axes of minor synclines and anticlines are mapped in the area (Reference 212); however, their limited extent and the lack of any associated gravity anomaly <Figure 2.5‑12> and <Figure 2.5‑13> indicate that these possible structures would be limited in scale as commonly reported for this region and would not be responsible for Lineament 19.  This lineament is, therefore, variably attributed to glacial deposits, lithologic contacts and existing drainages.


p.
Lineament 20



Lineament 20 occurs as an abrupt tonal change from light to dark along a short linear alignment approximately parallel to the railroad right‑of‑way between Warren and Ravenna, Ohio.  The Ravenna Arsenal is an area of distinct tone located south of the railroad between Ravenna and Warren.  A segment of the south fork of Eagle Creek also coincides with the lineament.  No structures (fold axes or faults) are mapped which correspond to Lineament 20 (Reference 212).  No gravity anomaly or gradient corresponds to the lineament <Figure 2.5‑12> and <Figure 2.5‑13>.  This lineament is attributed to cultural features and possibly to drainage.


q.
Lineament 21



Lineament 21 is traceable as a faint light tonal variation trending northwestward between Alliance and Akron, Ohio.  This lineament is nearly coincident with a N54(W trending high‑angle bedrock fault mapped in the subsurface <Figure 2.5‑114>; the subsurface fault is limited in extent, as mapped, and no surface escarpment or rupture is reported.  The maximum vertical displacement is approximately 100 feet upthrown on the southwest side.  Structural contours and isopachs of the Middle Devonian age Delaware‑Dayton Formations confirm the existence of the fault (Reference 212) (Reference 217).  The location, subsurface occurrence and limited extent of this fault and the lack of any known associated seismicity indicate no potential hazard.  There is no evidence to indicate that the subsurface fault is responsible for Lineament 21, and no correlative fault scarp or surface rupture is reported (Reference 212).


As part of the investigation of the 1986 Leroy earthquake, an examination of Synthetic Aperture Radar (SAR) imagery covering the two degree Cleveland map sheet was undertaken.  Of the linear features 


observed, several northwest‑trending lineaments in Ashtabula and Trumbull counties extending southeastward into Pennsylvania are note worthy.  The radar lineaments are, in part, spatially correlative to ERTS imagery Lineaments 8 and 11 discussed above <Figure 2.5‑113>.  The characteristic linear changes in image tone density cut cultural features such as field and roads.  They may represent subtle soil moisture and/or bacterial anomalies related to local variations in bedrock fracture intensity.  Prior to this investigation, no tectonic structures have been mapped in the vicinity of these features.  Field reconnaissance in eastern Geauga county, along the trend of one lineament, revealed no outcrop for examination of potential bedrock structures.


While the general northwest trend of the ERTS and SAR lineaments corresponds in orientation with northwest‑trending disruptions in northeast‑elongated gravity and aeromagnetic gradients and anomalies (e.g., Akron aeromagnetic lineament), a one to one spatial correlation does not exist.  Even a tentative relationship is only conceivable by extrapolation of the lineament trends northwestward from Ashtabula and Trumbull counties into Geauga and Lake counties.  Other than representing further indirect evidence of possible northwest‑trending structural discontinuities originating in the Precambrian basement, no direct indication of mappable structures involved with the Leroy seismic activity is suggested by the ERTS and SAR lineaments.


Linear features and lineaments interpreted from these investigations <Figure 2.5‑113> have also been compared with structural and lithologic alignments and boundaries, derived from various geological and geophysical data discussed elsewhere in this document.  These include the Akron Magnetic Lineament, local northwest‑trending disruptions in the magnetic pattern, features interpreted from structural contour maps of two Paleozoic units and shallow bedrock structures mapped in outcrops in the epicentral area.  No direct spatial correlation of either ERTS or SAR lineaments is noted with the Akron Magnetic Lineament or 


northwest‑trending disruptions.  In general, no specific correlations are noted between the lineamemts and features interpreted on the Packer shell and Delaware limestone horizons.  However, a general spatial correlation exists between the broad ERTS Lineament 15 (Grand River Valley) and a north‑south‑trending feature apparent on both horizons in southwestern Ashtabula county <Figure 2.5‑38> and <Figure 2.5‑39>.  Finally, no bedrock structures, either previously reported or mapped during the 1986 earthquake investigation, were found to uniquely coincide with the ERTS and SAR lineaments.


2.5.3.3      Earthquakes Associated with Capable Faults


No capable faults, with the possible exception of the Clarendon‑Linden fault zone near Attica, New York, have been identified within the site region.  Seismic activity spatially correlated with the central portion of this fault system is discussed in <Section 2.5.2.1.2.2>.  As discussed in <Section 2.5.2.1.2.4> and <Section 2.5.2.1.2.5>, the alignment of other regional or local epicentral distribution trends is purely conjectural.  None of these trends can be directly related to existing structure.


2.5.3.4      Investigation of Capable Faults


The only possible capable fault(s) within the site region have been identified as the Clarendon‑Linden fault zone as described in <Section 2.5.2.1.2.2>.


2.5.3.5      Correlation of Epicenters with Capable Faults


No capable faults, with the possible exception of the Clarendon‑Linden fault zone near Attica, New York, have been identified within the site region.  Seismic activity spatially correlated with the central portion of this fault system is discussed in <Section 2.5.2.1.2.2>.  As discussed in <Section 2.5.2.1.2.4> and <Section 2.5.2.1.2.5>, the 


alignment of other regional or local epicentral distribution trends is purely conjectural.  None of these trends can be directly related to existing structure.


2.5.3.6      Description of Capable Faults


No capable faults have been identified within the Perry site local.


2.5.3.7      Zone Requiring Detailed Faulting Investigation


The site is located within a zone which does not require detailed faulting investigations in accordance with <10 CFR 100, Appendix A>.


2.5.3.8      Results of Faulting Investigation


Detailed faulting investigations are not required as discussed in <Section 2.5.3.7>.  Investigations conducted to document the evidence of offset and to determine the origin and age of offset are summarized in <Section 2.5.4.3.6>.  Details of faulting intersecting the cooling water tunnels are contained in <Appendix 2D>.


2.5.4      STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS


2.5.4.1      Geologic Features


2.5.4.1.1      Areas of Subsurface or Surface Instability


Areas of actual and potential surface or subsurface subsidence, uplift or collapse have been considered.  There are no features such as cavernous terrain or tectonic‑related relief (passive or active) in the plant site vicinity.  Regarding naturally occurring conditions, the following were investigated:  (1) integrity of unmined salt (<Section 2.5.1.1.7.1.1>, Salina Group), (2) brine solutioning potential (<Section 2.5.1.1.7.1.1>, Groundwater System), (3) natural solution 


cavities subsidence potential (<Section 2.5.1.1.7.1.4>, Subsidence Potential, Natural Solution Cavities).  Regarding man’s activities, the following were investigated:  (1) salt mining subsidence potential (<Section 2.5.1.1.7.1.4>, Subsidence Potential), (2) subsurface gas storage <Section 2.5.1.1.8.2> and (3) hydrocarbon extraction <Section 2.5.1.1.8.3>.


2.5.4.1.2      Loading History


The site area was subjected to extensive glaciation during the Pleistocene Epoch.  It is known that several glacial advances overrode the site area.  Till deposits from the early advances would have been consolidated by the successive glacial advances.  Based on ice thickness estimates by Carney, a basal pressure of 115.5 kips on bedrock during glacial override was calculated (Reference 218).  A review of the site glacial history is presented in <Section 2.5.1.2.4>.  A preconsolidation pressure of 12 ksf for lower till based on laboratory testing was assumed for design.  Subsurface material properties are discussed in <Section 2.5.4.2>.


2.5.4.1.3      Deformation Zones


As described in <Section 2.5.1.2.3.2>, several zones of folded, faulted and otherwise structurally altered bedrock were exposed during plant construction.


No zones of weakness that could affect the bearing for Seismic Category I structures were encountered within the lower till or the Chagrin shale.  The thin discontinuous zone of weathering at the top of the Chagrin shale was removed during excavation.  Weathering along joints and fractures within the shale was too limited in extent and frequency to affect supporting ability.  The limited deformation zones were concluded to have no significant or detrimental influence on the plant structures <Section 2.5.4.3.6.2> and <Section 3.8.4>.  As a 


conservative measure, the deformed bedrock encountered in the plant excavation was overexcavated and backfilled with lean concrete having a 28‑day compressive strength of at least 1,500 psi.  <Figure 2.5‑55> delineates the areas overexcavated and treated as such.


2.5.4.1.4      Residual Stress


Refer to <Section 2.5.1.2.5.3>.


2.5.4.1.5      Unstable Rock and Soil Composition


The lower till and the Chagrin shale units supporting plant foundations are not susceptible to detrimental consolidation, densification or liquefaction under either static or dynamic loading.


2.5.4.2      Properties of Subsurface Materials


As described in detail in <Section 2.5.4.3.3>, four stratigraphic units were encountered by subsurface exploration at the site.  In descending order, these units are identified as lacustrine sediments, two distinct glacial ground moraine deposits which are denoted as upper till and lower till and finally, an Upper Devonian shale identified as the Chagrin shale.  The properties of these materials are described in the following sections.  The test methods used to determine the properties are summarized in <Table 2.5‑24>.


2.5.4.2.1      Properties of Soil Materials


2.5.4.2.1.1      Physical Properties


Physical property tests conducted on representative samples of the soils at the site include natural water content, Atterberg (liquid and plastic) limits, unit weight, specific gravity, and grain size distribution.  The results of these tests are presented in 


<Table 2.5‑25>, <Table 2.5‑26>, and <Table 2.5‑27> and are summarized in <Table 2.5‑28>.  Grain size distribution curves are presented in <Figure 2.5‑115>, <Figure 2.5‑116>, and <Figure 2.5‑117>.  The range of gradations of the upper till and lower till are shown in <Figure 2.5‑118> and <Figure 2.5‑119>.


2.5.4.2.1.2      Drained Deformation Properties


One‑dimensional oedometer (consolidation) tests were performed on relatively undisturbed samples of the soils to determine drained deformation properties.  The tests were conducted using both conventional double‑load increments and by constant rate of strain loading techniques (Reference 219).  The results of the test are tabulated in <Table 2.5‑29>.  For the lower till, the constrained modulus and deformation modulus have been interpreted from the consolidation test results for stresses less than the preconsolidation pressure of each sample.  These values are presented in <Table 2.5‑30> and were calculated by using Equations 2.5‑3 and 2.5‑4.
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where:
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Typical consolidation test curves in the form of axial strain versus consolidation pressure and compression versus time are presented in <Figure 2.5‑120>, <Figure 2.5‑121>, and <Figure 2.5‑122> for each of the three soil units.


2.5.4.2.1.3      In Situ Undrained Deformation Properties


Field testing was performed to investigate the undrained load‑deformation properties of the lower till.  These procedures included pressuremeter tests and plate‑loading tests, which are described in the following sections.


2.5.4.2.1.3.1      Pressuremeter Tests


Ten pressuremeter tests were conducted at various locations within the lower till.  As shown in <Figure 2.5‑123>, the pressuremeter consists of an expandable cylindrical probe connected by high‑pressure tubing to a water and gas pressure source at the surface.  The center portion of the probe is expanded in the hole by water pressure whereas the ends of the probe (guard cells) are expanded by gas pressure to effect essentially a two‑dimensional radial stress condition around the water loaded, central portion of the pressuremeter probe.  The amount of expansion of the center of the probe is measured by a volumeter which records the change in the volume of water contained within the pressuremeter system.  The amount of water pressure within the probe and its volumetric expansion is recorded and used with appropriate corrections to characterize the compressibility or soils or soft rock.  A more detailed discussion of the apparatus is given by Menard (Reference 220).


Borings drilled to accommodate pressuremeter probes in the lower till were drilled in three stages.  First, the hole was drilled “dry” to a depth of about 3 feet above the test level by advancing a continuous hollow‑stem auger containing rubber O‑rings or gaskets between the auger sections to prevent infiltration of groundwater.  Subsequently, the dry 


hole was continued by utilizing a 2‑5/8‑inch diameter, 3‑foot long flight auger which was telescoped through the larger diameter hollow‑stem augers.  The smaller diameter auger holes were usually advanced to about 5 feet below the bottom of the larger hole.  Finally, the side walls of the hole were smoothed and enlarged by inserting a 2‑7/8‑inch diameter split‑barrel sampler with a cutting shoe.  The pressuremeter tests were conducted immediately after hole preparation to preclude hole softening.


After inserting the probe, pressures were applied in increments of about 3 kilograms per square centimeter.  Before and during application of the load, volumeter readings were recorded at time intervals of 15, 20 and 60 seconds.  Upon reaching the end of the test or upon initiation of plastic behavior, the applied pressure was reduced in decrements of about 3 kilograms per square centimeter to zero pressure, allowing a 60‑second lapse between each decrement.  To investigate the recompression characteristics of the material tested, cyclic loading was also conducted at selected locations.


The pressure‑volume curves were interpreted as described by Menard to determine the undrained modulus of compressibility (also termed deformation modulus) applicable to the following conditions (Reference 220):


a.
At stress excursions less than the preconsolidation pressure of the till.


b.
At stress excursions above the preconsolidation pressure.


c.
During an unloading (swell) or reloading cycle.


These load ranges are shown on typical pressure‑volume curves on <Figure 2.5‑124> for the lower till.  The interpretation of the stress at which plastic behavior first initiates and the ultimate stress at 


plastic yield are also indicated on that figure.  A summary of the pressuremeter test result interpretations in the lower till is presented


in <Table 2.5‑31>.  Evaluation of the results of the pressuremeter tests, together with the results of the modulus values determined by other testing techniques, indicate that undrained modulus values determined from cyclic or rebound measurements are more representative than those calculated from first load measurements.  It is postulated that the lower modulus values determined from first load measurements are reduced by the effects of the side wall disturbance of the drill hole.


The undrained modulus derived from pressuremeter tests is a function of the ratio of the change in cell pressure to the change in the volume of the measuring cell.  Before the test, the initial volume reading at zero pressure is recorded upon stabilization of the volumeter under the hydrostatic pressure prevailing at the level of the cell.  By this means, the effect of piezometric pressure is considered in the calculation of undrained modulus from the pressuremeter test.


2.5.4.2.1.3.2      Plate Loading Tests


Down‑hole plate loading tests were conducted in two large diameter (42 inches) drilled inspection shafts.  These tests were conducted in order to minimize disturbance effects associated with laboratory and pressuremeter testing.  The inspection shafts are described in <Section 2.5.4.3.2>.


The load test reaction system consisted of two 30‑inch O.D. reaction caissons offset at least 5 feet from each test hole.  Reaction caissons were drilled to about Elevation 583’ and mechanically under‑reamed to a diameter of 40 inches.  The cross beam and deflection measurement system used for vertically loaded bearing plates are shown on <Figure 2.5‑125>.  Six vertically oriented load tests were conducted using a 22‑inch rigid plate seated within the lower till at successively lower elevations.  


The plates were seated and leveled on an undisturbed bearing surface using a quick‑set “hydrostone” as a leveling material.  Load was applied by a remotely controlled 100‑ton jack and the plate deformations were measured by extensometer gauges with scale divisions of 0.0001 inch.


In addition to the vertically oriented load tests, five tests oriented in the horizontal plane were also conducted at various elevations within the lower till.  As shown in <Figure 2.5‑125>, the horizontal load tests were conducted using 13.55 inch diameter (one square foot) steel plates in pairs.  The loading was applied by a 50‑ton capacity hydraulic jack.  The side wall surfaces were prepared by the application of “hydrostone” as a leveling material.


Vertically oriented loading of the bearing plates was conducted in general accordance with the Standard Method for Repetitive Static Plate Load tests as described by ASTM Test Designation D 1195‑64.  Further discussions of load testing procedures used are given by Coates and Gyenge (Reference 221).  After setting of the “hydrostone” leveling course, a seating load of 500 pounds was applied and the measurement system was calibrated for the initial deformation.  Within the lower till, 20 to 25 equal load increments and decrements were applied to achieve a maximum load of 22.6 tsf.  During each of the loading increments, deformation readings were taken after elapsed time of 1/4, 1/2, 1, 2, 4, 8, and 16 minutes.  Cyclic loading was also conducted at selected test levels with the lower till.


Horizontally oriented test plates were loaded to a maximum pressure ranging from 24 to 47 tsf using 13 to 29 load increments and decrements.  Time deformations at each of the load increments were maintained for a period up to at least two minutes.  The weight of the horizontal load test assembly was independently supported so as not to impose shear stresses on the test surface.


The modulus of compressibility of the lower till was derived from the load versus settlement test curves, assuming the test materials to react as an elastic material in accordance with Equation 2.5‑5:
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where:



E
= Modulus of compressibility



q
= Applied pressure
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= Poisson’s ratio
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= Plate diameter
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The modulus was interpreted with the foregoing formula for stress ranges both below and above the apparent preconsolidation pressure of the till.  The preconsolidation pressure is interpreted to be the point of maximum curvature on the pressure‑deformation curve.  The modulus was also calculated from cyclic loading tests which would more closely approximate dynamic loading conditions.  Results of the lower till plate loading test interpretations are presented in <Table 2.5‑32> and <Table 2.5‑33> for the vertical and horizontal tests, respectively.  A typical load‑deformation curve for the plate loading tests is shown in <Figure 2.5‑126>.


2.5.4.2.1.4      Strength Properties


Tests conducted to investigate the shear strength of the subsoils consisted of the following:


a.
Unconfined (U) uniaxial compression.


b.
Unconsolidated‑undrained (UU) triaxial compression.


c.
Isotropically consolidated‑undrained triaxial compression with pore pressure measurements (CIU).


d.
Isotropically consolidated‑undrained triaxial compression with pore pressure measurements, consolidated and loaded in stages without intermediate stages being loaded to failure (CIUs).


The results of the compression tests on each soil stratigraphic unit are presented in <Table 2.5‑34>, <Table 2.5‑35>, and <Table 2.5‑36>.  The effective stress parameters interpreted from the CIU and CIUs tests are summarized in <Table 2.5‑37>.  Typical stress paths and stress‑strain curves for each soil unit are presented in <Figure 2.5‑127>, <Figure 2.5‑128>, <Figure 2.5‑129>, <Figure 2.5‑130>, <Figure 2.5‑131>, and <Figure 2.5‑132>.


2.5.4.2.1.5      Dynamic Properties


Shear modulus and damping values for dynamic response analyses were determined as a function of shear strain and consolidation pressure by cyclic torsion (resonant column) tests conducted on representative samples.  Also, estimates of shear modulus at very low strain levels were determined from in situ shear wave velocities measured by seismic cross‑hole and down‑hole testing.  Results of the cyclic torsion tests together with pertinent physical properties of the test specimens are presented in <Table 2.5‑38>, <Table 2.5‑39>, and <Table 2.5‑40> for each soil unit.  The results of the in situ testing are described in detail in <Section 2.5.4.4> and are summarized in <Table 2.5‑41>.  The value of K2 was determined for each test using Equation 2.5‑6.
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where:
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= Shear modulus
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The damping value and K2 from the cyclic torsion tests are plotted versus shear strain for each soil type in <Figure 2.5‑133>, <Figure 2.5‑134>, <Figure 2.5‑135>.  Also shown on these figures is the damping and K2 relationship derived by Hardin and Drnevich (Reference 224).  Comparison of the K2 values interpreted from the in situ shear wave velocity measurements with an extrapolation of the laboratory K2 measurements indicates that the wave velocity measurements are excessively high, particularly for the upper and lower till.  Therefore, the seismic wave velocities were not heavily weighted in the formulation of the dynamic properties of the subsoils.


2.5.4.2.1.6      Permeability


The permeability of the subsoils was investigated using laboratory and in situ testing methods.  The test methods and results are described in <Section 2.5.4.6>.


2.5.4.2.1.7      Dispersion Characteristics


Three types of dispersion tests were conducted on each of five samples of lower till.  These tests consisted of the pinhole test, the Soil Conservation Service (SCS) laboratory dispersion test, and the measurement of dissolved cations in a saturation extract (Reference 225) (Reference 226) (Reference 227).  The pinhole test results are shown in <Table 2.5‑42>, the SCS test results in <Figure 2.5‑136> and the saturation extract results in <Table 2.5‑35> and <Figure 2.5‑137>.  It 


was indicated by 14 of the 15 tests that the lower till is nondispersive.  The result of one pinhole test which indicated that the sample was dispersive is considered to be questionable.


2.5.4.2.1.8      Petrographic Analysis


Four samples of lower till were subjected to petrographic analysis.  All four samples were found to have similar mineralogy and to contain the same variety of rock fragments, varying only in the relative amounts of these constituents. A gray‑brown silt and clay matrix was found to be the dominant component, ranging from approximately 40 to 70 percent of the volume of each sample.  Numerous individual shale fragments were almost optically indiscernible from the surrounding matrix material, suggesting inplace breakdown of these rock clasts.  By far, the most common mineral was found to be euhedral and anhedral quartz, often occurring with crystalline inclusions.  A likely source for this material is from the well sorted quartzose laminae in the shale clasts.  A summary of the approximate compositions of the samples is presented in <Table 2.5‑44>.


The depositional fabric of the samples was granular and heterogeneous without discernible mineralogic or textural banding.  The general character of the sediment was a chaotic mixture of diverse mineralogy and rock clasts in a matrix of very fine silt and clay size materials.  Brown and black organic material was common in both shale clasts and matrix material.  It occurred in irregular, translucent, lenticular, and globular masses.  Some of this organic material may have been carbonaceous debris derived from nearby source areas at the time of sediment deposition.  Opaque material present in thin sections was chiefly pyrite and magnetite, but no concentrated effort was made to attempt to identify all opaque materials.  Not all shale clasts 


exhibited bulk polarization under crossed Nicols, but became extinct in 


globular patches.  All samples contained trace amounts of hornblende, enstatite, augite, epidote, rutile, and zircon, suggesting a metamorphic or igneous source rock area.


2.5.4.2.2      Properties of Chagrin Shale


2.5.4.2.2.1      Physical Properties


Physical property tests conducted on core samples of Chagrin shale included natural water content and unit weight.  In addition, representative samples were pulverized and determinations made of Atterberg (liquid and plastic) limits, specific gravity and grain size distribution.  The results of these tests are presented in <Table 2.5‑45> and are summarized in <Table 2.5‑46>.  Grain size distribution curves are presented in <Figure 2.5‑138>.


2.5.4.2.2.2      Petrographic and X‑Ray Diffraction Analyses


Petrographic and X‑ray diffraction analyses were conducted on shale samples, and the results are presented in <Table 2.5‑47>.  The dominant clay mineral found to be present was illite, which is considered to be a “normally active” clay mineral.  The activity of illite (ratio of plasticity index to the percent finer than two microns) is reported to be 0.9 (Reference 228).  The average activity of the Chagrin shale samples tested was found to be 0.33, which indicates that the shale on the whole may be classified as “inactive” and that the plasticity indices measured are reasonably consistent with the clay content and composition of the shale, considering the inclusion of other minerals less active than illite.


2.5.4.2.2.3      Slaking Durability


To investigate slaking durability of the shale, wet‑dry cycle slaking tests using procedures described by Franklin (Reference 229) and 


essentially constant emersion (“jar slaking”) tests were conducted.  In the wet‑dry slaking test, the percent by dry weight of the shale samples retained by a No. 10 mesh at the end of each cycle is reported as a slaking durability index.  The test results are shown in <Figure 2.5‑139>.  The shale test specimens are rated as having “medium” to “high” slaking durability, with most of the data indicating a “medium high” rating.  The results of the jar slaking test are presented in <Table 2.5‑48>.  Three specimens showed slight to negligible slaking loss and one specimen experienced a moderate slaking loss.


2.5.4.2.2.4      Unconfined Compression Properties


The compressive strength of NX size core samples of the shale was investigated by uniaxial (unconfined) compression tests.  The results of these tests are summarized in <Table 2.5‑49>.  Typical stress‑strain curves obtained from the tests are shown in <Figure 2.5‑140>.  The Deere‑Miller strength‑modulus classification of the shale samples are shown in <Figure 2.5‑141> (Reference 230).


2.5.4.2.2.5      Drained Deformation Properties


Drained deformation characteristics of the shale were investigated by one‑dimensional oedometer (consolidation) and swell tests.  The swell potential was investigated by immersing the test specimens in the oedometer and adding load until the sample swell was arrested.  This load is denoted as the “swelling pressure”.  Recompression characteristics were investigated by cyclic loading.  The oedometer test results, together with the pertinent physical properties of the test specimens, are presented in <Table 2.5‑50>.  Where samples were subjected to more than one cyclic loading, the recompression and swell indices are reported as maximum, minimum and average values.  Drained constrained and deformation moduli, as defined in <Section 2.5.4.2.1.2>, were computed from the oedometer tests and are presented in <Table 2.5‑51>.


2.5.4.2.2.6      Triaxial Compression Properties, Drained and Undrained


Stress‑controlled, drained triaxial compression tests on core specimens were used to simulate construction and service loading conditions by following predetermined stress paths (Reference 231).  The results of these tests, including both compression and swell drained deformation moduli, are presented in <Table 2.5‑52>.  Cyclically loaded, undrained stress‑controlled triaxial compression tests were also conducted to investigate undrained recompression characteristics of the shale.  These test results are presented in <Table 2.5‑53>.


2.5.4.2.2.7      In Situ Undrained Deformation Properties


Field testing was performed to investigate the undrained deformation characteristics of the shale.  These procedures included pressuremeter tests and plate loading tests.  The results are described in the following sections.


2.5.4.2.2.7.1      Pressuremeter Tests


Eighteen pressuremeter tests were conducted at various elevations within the shale.  The test procedure was essentially identical to that used in the lower till, which is described in <Section 2.5.4.2.1.3.1>, except that test holes in the shale were drilled using an NX core barrel, taking special precautions to obtain a smooth, undisturbed hole surface.  Coring was conducted subsequent to casing the bore hole to the top of the rock.  No precautions were taken to prevent water accumulation within the test interval.


Typical test results are shown in <Figure 2.5‑142>.  A summary of the pressuremeter test results interpretations is presented in <Table 2.5‑54>.


2.5.4.2.2.7.2      Plate Loading Tests


Two vertical plate loading tests were conducted in drilled shafts just below the surface of the shale.  The tests were conducted in the same manner as those in the lower till, described in <Section 2.5.4.2.1.3.2>, except that the maximum loading was increased to 37.7 tsf.  The test results are presented in <Table 2.5‑55>.


2.5.4.2.2.8      Dynamic Properties


Dynamic deformation parameters were investigated in the laboratory by sonic velocity tests on core samples.  The dynamic shear modulus, Young’s modulus and Poisson’s ratio interpreted from the measured laboratory compression and shear wave velocities are presented in <Table 2.5‑56>.  The corresponding values obtained from field seismic velocity interpretations are also included in <Table 2.5‑56>.


2.5.4.2.2.9      Permeability


The permeability of the shale was investigated by in situ testing.  The test methods and results are described in <Section 2.5.4.6>.


2.5.4.2.3      Selection of Design Parameters


The shear strength and unit weight values conservatively adopted for design analyses are summarized for each of the four stratigraphic units in <Table 2.5‑57>.  Parameters adopted for one‑dimensional consolidation analyses are presented in <Table 2.5‑58>.  For finite element analysis 


of static deformations, Equation 2.5‑7 was used to characterize the deformation modulus of lower till and the shale:
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where:
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The values of the modulus parameters and Poisson’s ratio adopted for both drained and undrained deformation analyses are summarized in <Table 2.5‑59>.  Dynamic soil properties adopted for seismic response analyses are summarized in <Table 2.5‑60>.


2.5.4.3      Exploration


Exploration of the subsurface conditions at the site included test borings, large diameter inspection shafts, geophysical surveys, and the installation of piezometers and observation wells.  In addition, in situ testing was conducted which consisted of permeability tests, pressuremeter tests and plate loading.  The test borings and inspection shafts are described in <Section 2.5.4.3.1> and <Section 2.5.4.3.2>, respectively.  The geophysical surveys are described in <Section 2.5.4.4>.  The piezometer and observation well installation and in situ permeability testing are described in <Section 2.5.4.6>.  The pressuremeter and plate loading tests are described in <Section 2.5.4.2>.  The subsurface stratigraphy disclosed by the borings is described in <Section 2.5.4.3.3>.


The offshore subsurface investigations are discussed in <Section 2.5.4.3>.  Other supplementary exploration activities performed in conjunction with investigations of the site‑locale faults, the shallow bedrock deformation exposed in plant excavation, and the bedrock deformation intersected by tunnel excavations are discussed in <Section 2.5.4.3.6>.


2.5.4.3.1      Test Borings


The locations of onshore and offshore test borings are shown on <Figure 2.5‑53>.  Logs of the borings are presented in <Appendix 2E>.


The test borings were generally advanced through overburden using six‑ or nine‑inch O.D., continuous, hollow‑stem, flight augers.  Through boulder zones, borings were advanced by using a 3‑7/8‑inch O.D. tri‑cone roller bit.  Where necessary, flush‑joint steel casing was placed through the hollow‑stem auger or four‑inch O.D. steel casing was driven to maintain the stability of the bore hole.  The borings were continued into rock using diamond core techniques.


Samples of the subsoils were obtained in the test borings generally at intervals of three to five feet, and occasionally continuously, using a two‑inch O.D. split‑barrel sampler driven 18 inches by means of a 140‑pound hammer freely falling 30 inches, conforming to ASTM Test Designation D 1586.  The Standard Penetration Resistance (SPR) for each sample was recorded as the number of hammer blows required for the last 12 inches of sampler penetration.  Where less than 12 inches of sampler penetration was obtained, the amount of penetration was recorded together with the corresponding number of blows.  Samples recovered from drive sampling were preserved in airtight jars for further classification and laboratory testing.


Relatively undisturbed samples of the subsoils were obtained by means of thin‑wall (Shelby) tubes (ASTM D 1587) having a nominal diameter ranging 


from 3 to 4‑1/2 inches O.D.  In the less dense subsoils, the Shelby tubes were continuously advanced using the hydraulic system of the drilling rig.  In subsoils where the density or consistency prevented hydraulic Shelby tube sampling, relatively undisturbed samples were obtained by means of a Pitcher sampler (Reference 232).  This sampler includes a spring‑loaded Shelby tube whose penetration is facilitated by rotary drilling with an outer barrel just behind the leading edge of the Shelby tube.  The undisturbed samples were sealed within the Shelby tubes by removing soil at the end of the tube and sealing the ends with nonshrink paraffin or wax.  Material removed from the ends of the tubes were sealed in glass jars for identification purposes and the tubes were transported to the laboratory for testing.


Cores of the shale bedrock were obtained using a standard NX double‑tube core barrel and a diamond bit, recovering a 2‑1/8‑inch diameter core sample (ASTM D 2113).  Upon encountering bedrock, rock was cored in one, two, five, or ten foot runs, depending upon the quality of the rock.  Upon retrieval, the core was placed in core boxes in a manner to separate each core run and to indicate the depth interval.  The amount of core recovery per run was recorded together with a description of the rock.  The accumulative length of core segments at least four inches long (and including shorter pieces segmented by drilling effects) was also recorded as the Rock Quality Designation (RQD) (Reference 233).  It is noted that the utility of RQD classification for thin bedded shales is questionable because of the difficulty of determining natural versus drilling effect on the core segmentation.  Selected core samples were wrapped in a membrane and sealed with wax to preserve the natural water content of the specimens for laboratory testing.


2.5.4.3.2      Inspection Shafts


Two inspection shafts, TC‑1 and TC‑2, located as shown on <Figure 2.5‑53>, were drilled by means of a crane‑mounted Calweld Drill, Model No. 150 CH, capable of developing a maximum Kelley bar torque of 


105,000 ft‑lbs.  Initially, 60‑inch O.D. shafts were drilled to approximately Elevation 589’, corresponding approximately to the top of the lower till.  Subsequently, 54‑inch I.D. casing was lowered to the bottom of the hole and drilled into the dense till to effect a water seal.  The hole was then extended by a 48‑inch O.D. earth auger in stages to accommodate inspection and in situ testing.  The in situ testing is described in <Section 2.5.4.2>.


Nine undisturbed “block samples” of the lower till were secured from the two inspection shafts.  The block samples were obtained by using an “air spade” to cut the soil specimen from the inspection shaft side walls at the elevations indicated on the test shaft logs in <Appendix 2E>.  The block samples were trimmed to cubes approximately ten inches on each side.  The block samples were wrapped in aluminum foil and waxed immediately after sampling to preserve the in situ water content.  The samples were then packed with insulation in 12‑inch cube plywood boxes for transport to the laboratory.


2.5.4.3.3      Subsurface Stratigraphy


The stratigraphic units encountered in the explorations at the site, in descending order, are lacustrine sediments, ground moraine deposits subdivided into an upper till stratum and a lower till stratum and an Upper Devonian shale identified as the Chagrin shale.  Stratigraphic sections through the plant area, as determined from the exploratory program, are shown in <Figure 2.5‑143>.  A summary of the pertinent stratigraphic data is given in <Table 2.5‑61>.  These stratigraphic conditions were confirmed by geologic mapping of excavations shown on <Figure 2.5‑42>.


Below approximately one foot of organic‑rich topsoils, glacial lake deposited sediments, usually identified as stratified silty and clayey fine sands (SM, SC), silts (ML) and silty clay (CL), are encountered.  Based on Standard Penetration Resistance (SPR) values usually ranging 


between 5 and 15 blows per foot, the lacustrine deposits are rated as generally having a firm to stiff consistency or a medium dense relative density.  Usually the upper five to ten feet of the predominantly gray and brown soils are oxidized to orange‑brown, presumably indicating a seasonal fluctuation in the groundwater level.


At an average depth of approximately 20 feet, the lacustrine sediments grade into a thin horizon of laminated red and gray silty clay (CL) and clayey sand (SC) containing a small percentage of shale fragments.  The stratified nature indicates that this portion of the deposit may be a water‑worked phase of the upper till unit.  Beneath this thin zone, the upper till stratigraphic unit is encountered at an average depth of approximately 28 feet.


Upper till materials are identified predominantly as gray coarse to fine sandy silty clay (CL) of low plasticity, occasionally containing a trace of gravel.  The upper till differs from the underlying lower till by having a higher natural water content, a lower consistency, a higher percentage of silt clay and no boulders.  The penetration resistance within the upper till was found to be variable, but to generally increase with depth.  Based on an undrained shear strength range of 0.38 to 1.60 tsf, the upper till is rated as stiff to very stiff.  As indicated by <Table 2.5‑61>, the thickness of the upper till unit is variable and averages about eight feet.


The lower till stratigraphic unit underlies the upper till at an average depth of approximately 36 feet below the existing ground surface.  This stratum has an average thickness of approximately 21 feet.  The lower till materials are identified as predominantly coarse to fine sandy silty clay (CL) of slight to low plasticity, usually containing a trace to little, angular to subrounded gravel‑sized rock fragments.  Occasional metamorphic boulders, usually less than one foot thick, were encountered in clusters near the base of the lower till deposit.  From SPR values usually ranging between 30 and 100 blows per foot, the till 


is rated as a “very dense” noncohesive soil or, on the basis of the measured undrained shear strength of 5.5 tsf (average), as a “hard” cohesive soil.


The lowest stratigraphic unit is identified as the Chagrin shale, which is the eastern member of the Upper Devonian Ohio Shale.  The Chagrin shale is encountered at an average elevation of 565.0’ and is reported to reach a thickness of about 900 feet, as described in <Section 2.5.1.1.7>.  The Chagrin shale is classified as a “compaction shale” containing laminations identified as gray/blue‑gray silty shale (predominant laminae), medium gray/black clayey shale and, infrequently, light gray sandy shale.  Cross bedding and ripple marks are common in the silty and sandy lamina.


Visual examination of core samples revealed a limited, discontinuous surficial zone to be of poorer quality than the underlying shale.  The shale within this weathered zone was found to contain frequent to occasional fractures and joints.  Below this zone, a uniformly high core recovery was obtained and core samples appeared to be generally sound, with only infrequent fracturing and jointing.  The joint system includes a dominant bedding plane set, generally dipping less than five degrees; a near vertical set; and, an infrequently encountered joint set dipping between 45 and 60 degrees.  Core samples exhibited a tendency for delayed separation (“checking”) along bedding planes after being exposed to the atmosphere.


2.5.4.3.4      Site Geophysical Exploration


Seismic refraction measurements were taken along the seismic lines indicated on <Figure 2.5‑144>.  More than 6,200 feet of seismic profiling was accomplished in order to determine the depths to bedrock, the thickness of various seismic layers overlying rock and the seismic velocity values of these soil and rock materials.  In situ velocity value measurements by cross‑hole and down‑hole techniques were made in 


order to determine the in situ elastic moduli values and Poisson ratio for the various soil and rock strata under the site.  Results of these surveys are discussed in <Section 2.5.4.4>.


2.5.4.3.5      Preconstruction Offshore Exploration


Subsurface geologic investigations conducted for the proposed cooling water tunnels and offshore structures were conducted in phases (I and II).  Phase I operations consisted of six core borings to assess anticipated tunneling conditions and 55 probes to determine water depth and the lake bottom characteristics, especially in the vicinity of the offshore riser shafts.  Core borings were drilled by a truck‑mounted drill rig on a drilling platform.  Probes were made by lowering a drill rod from a derrick mounted on a small boat.  The boring locations (5‑1, 5‑2, 5‑3, 5‑4, 5‑5, and 5‑8) were offset 100 feet from the proposed alignments of the intake and discharge tunnels <Appendix 2E>.  After the borings were completed, one to six pumping‑in permeability tests were performed within each borehole.  Procedures employed in rock coring and permeability testing were similar to those of the onshore program.  Thereafter, the open bore hole was backfilled with cement grout and the casing removed.


Results of the Phase I explorations indicated that offshore bedrock conditions were comparable to those onshore.  A relatively uniform and generally competent rock mass, Chagrin shale, was encountered.  Rock core recovery typically was 95 percent or higher except for the initial upper several feet, presumably subjected to weathering.  No evidence of significant zones of close‑spaced jointing or faulting was found.  Groundwater inflows at tunnel level, approximately 100 feet below the top of rock, were expected to be generally low.


It was predicted that small, persistent inflows of natural gas would be locally encountered during tunnel excavation operations, necessitating continuous monitoring and stringent ventilation requirements.  Results


of representative rock core samples selected for laboratory testing are provided in <Table 2.5‑62>.  The borings and probes confirmed earlier diving reconnaissance of lake bottom conditions.  The lake bottom from the shore to approximately 1,500 feet offshore is mantled by a thin veneer of sediments; beyond 1,500 feet, it is mainly bedrock.


Phase II operations were conducted mainly to furnish supplemental quantitative information regarding the groundwater inflows and natural gas potential anticipated during tunneling.  Secondary objectives were two‑fold:  (1) continuously sample the rock mass, and (2) evaluate the lake bottom characteristics in the vicinity of the intake and discharge tunnels and offshore riser shafts relocated subsequent to Phase I exploration.  Four borings (5‑6, 5‑7, 5‑9, and 5‑10) were drilled and numerous probes conducted <Appendix 2E>.  Procedures implemented during these operations were similar to those employed for Phase I.  The notable exception involved determination of gas flow rates and shut‑in pressure for selected bore hole intervals.  This was accomplished by isolating test intervals with an inflatable double‑packer assembly which could be moved vertically within the bore hole to the desired test interval.  Tubing connected the test interval to monitoring instrumentation, pressure gauges and flow meters, located on the drilling platform.


Results of the Phase II explorations demonstrated lake bottom and bedrock conditions comparable to those previously experienced.  Rock core recovery percent remained high except for the first several feet.  The rock mass consisted of flat‑lying, fissile, shale interbedded with occasional thin, fine‑grained sandstone to siltstone bed sets.  The rock cores were mostly hard and competent with rare instances of thin soft shale.  Coefficients of permeability calculated from the pumping‑in tests ranged from a minimum value of 2.31 x 10‑5 cm/sec to 10‑6 and 10‑7 order of magnitude.  In several instances, no water flow was achieved. 


On this basis it was predicted that groundwater inflows during tunnel excavation would be low and of minor significance.  Lake bottom conditions were as previously encountered.


Anomalously high gas flows were encountered from an interval in Boring 5‑6, beginning more than 30 feet below a lateral projection of the tunnel invert elevation.  A mean flow rate of 32 cubic feet per minute was calculated from data obtained over a 16‑hour test period.  Instantaneous monitoring of shut‑in pressure never exceeded 17 psig.  A second significant gas flow occurred in Boring 5‑10 test intervals below the tunnel invert elevation projection.  In several of these intervals, shut‑in pressures reached 45 psig.  However, after monitoring flow rates, which generally decayed rapidly with time (7 cubic feet per minute, maximum flow rate), secondary shut‑in pressures were monitored.  The secondary pressures for each respective interval did not attain the magnitude experienced during their initial shut‑in.  Methane concentrations for two samples ranged from 88 to 94 percent.  Even though hazardous gas flows were not encountered above tunnel invert elevations, the hazardous potential of methane gas during planned tunnel operation, anticipated during Phase I, was confirmed and considered in preparing construction specifications.


2.5.4.3.6      Supplemental Geologic Investigations


Supplemental investigations and analyses of site and site‑locale fault offsets were conducted.  It was concluded that none of the faults was capable under the criteria of <10 CFR 100, Appendix A>.


2.5.4.3.6.1      Site Locale


On November 29, 1973, during a site visit prior to construction, members of the regulatory staff were shown several minor geologic faults located seven to eight miles south of the site in Lake County, Ohio.  After reviewing the faults, members of the NRC regulatory staff recommended 


that further investigations be conducted by CEI in order to learn more about the origin, extent and age of these dislocations.


Investigations of the Bates Creek, also known as Warners Creek, thrust fault and Hell Hollow faults included the following:


a.
Personal communications with knowledgeable university geologists including:



Prof. Eugene J. Synuk, Kent State University



Prof. Murray R. McComas, Kent State University



Prof. Tom Lewis, Cleveland State University



Prof. Charles M. Somerson, Ohio State University



Their opinions as to the origin and ages of the faults uncovered south of the Grand River were similar.  From their experience and knowledge, they indicated such features were minor, limited in extent and likely occurred at or near time of deposition or possibly as the result of glacial ice loads and movements.  None of the professors contacted had any knowledge of possible deep‑seated faulting existing in Lake County.


b.
A review of the geologic literature, which included Lake County and the surrounding area, was conducted to assure that no known faults were overlooked.  No new information was uncovered.


c.
Reconnaissance was conducted to inspect numerous Chagrin and Bedford shale exposures south and west of the site vicinity for evidence of other deformations and age of faulting (including that cited in the literature) in Lake County (<Figure 2.5‑145>, <Figure 2.5‑146>, <Figure 2.5‑147>, <Figure 2.5‑148>, and <Figure 2.5‑149>, published photographs of representative secondary structures exposed in northeastern Ohio).


d.
Mr. James Murphy, recognized as knowledgeable in local area geology (formerly affiliated with Case Western Reserve University and presently with Ohio Historical Society, Columbus, Ohio) was retained to investigate and report on the origin and age of faulting in Lake County.


e.
The fault exposures were excavated, mapped and photographed.  <Figure 2.5‑40> shows the location of faults and outcrops in the site locale.  <Figure 2.5‑150> and <Figure 2.5‑151> are aerial photos of the fault areas.  <Figure 2.5‑152>, <Figure 2.5‑153>, <Figure 2.5‑154>, <Figure 2.5‑155>, and <Figure 2.5‑156> are geologic sketches and <Figure 2.5‑157>, <Figure 2.5‑158>, <Figure 2.5‑159>, <Figure 2.5‑160>, <Figure 2.5‑161>, <Figure 2.5‑162>, <Figure 2.5‑163>, <Figure 2.5‑164>, <Figure 2.5‑165>, <Figure 2.5‑166>, <Figure 2.5‑167>, <Figure 2.5‑168>, and <Figure 2.5‑169> are photographs of the site locale faults.


The basic conclusion of the fault investigation and Mr. James Murphy’s report was that no evidence of deep‑seated faulting has been found in Lake County.  This conclusion was reached as a result of an extensive review of available geologic literature, discussions with knowledgeable university geologists, field investigations conducted at Bates Creek and Hell Hollow and field observation of approximately 75 percent of good Chagrin and Bedford shale outcrops in Lake County.


Faults exposed in outcrop in Lake County have been attributed to vertical movements or slumping of bedrock masses along joint planes and minor thrust faults related either to slumping or loading effect of the ice sheet and ice movement during Pleistocene glaciation.  Slumping as evidenced at Hell Hollow could have occurred subsequent to the final deglaciation event.


The faults at Bates Creek and Hell Hollow probably have occurred in the last 35,000 years.  On the basis of similar type faults found elsewhere and the opinions of knowledgeable geology professors, these minor faults are not expected to be greater than 200 to 300 feet in lateral extent.  Excavation completed along the strike of the faults was not sufficient to determine the actual length with certainty.  The Bates Creek thrust fault with 12 inches of displacement trends N30‑40(E.  The faults at Hell Hollow strike N80(E and dip near vertical with displacements of 30 inches at Hell Hollow No. 1 and approximately 12 inches at Hell Hollow Nos. 2 and 3.


At Bates Creek, continuous bedding lies above and below the thrust fault.  The Hell Hollow Fault Nos. 1, 2 and 3 terminate downward vertically and are underlain by continuous, unfaulted Bedford or Cleveland shale and become indistinguishable within residual material above the rock/soil interface.


Numerous examples of the type of minor thrust fault investigated at Bates Creek were observed during reconnaissance mapping for structures potentially related to the 1986 Leroy earthquake (Reference 4).  These structures varied in offset from a few inches to 10 feet.  Even the larger structures typically terminate into bedding plane over short lateral and vertical distances.  Excavation, drilling and geophysical surveys conducted over one complex folded and faulted structure near Big Creek showed that the deformation was confined to the near surface.  The most likely mechanism for these structures, as previously stated, is glacio‑tectonics, either ice traction or loading/unloading phenomena.


The faults investigated at Bates Creek and Big Creek are located in the Bedford/Cleveland shales (Mississippian age).  These shales, approximately 45 feet in thickness, are not present at the site.  Faults that occur in the Bedford/Cleveland shales are randomly located and are few in number (as evidenced from the field surveys and the literature).  Evidence of faulting in Chagrin shale exposures along the Grand River in 


Lake County has not been found in the literature search, nor was any observed in the field survey.  Similarity of evidence of glacially induced deformation was found in the Chagrin shale within Lake County.  The possibility of faulting as a result of slumping was not considered to be present at the site because of the absence of sufficient relief.  It was therefore concluded that it would be unlikely that minor surficial faults would exist at the Perry site.


2.5.4.3.6.2      Onshore Deformation Exposed by Plant Excavations


Deformation, as described in <Section 2.5.1.2.3.2>, was exposed within the transitory interval and the upper 30 feet of Chagrin shale.  The presence of this superficial bedrock deformation is consistent with the conclusions regarding the origin and age of the glacially induced Bates Creek thrust faults, eight miles south of the site.  The deformation is shown on geologic maps and structure sections prepared from the foundation mapping program (<Figure 2.5‑41> and <Figure 2.5‑42>, respectively).


In addition to the collection of field data accumulated as a consequence of the planned, small‑scale, foundation mapping program, independent field and literature reviews were conducted by two independent geologists.  One was Mr. James Murphy, who had functioned in a similar capacity in an aerial bedrock geology review of Lake County and adjacent areas.  Mr. Murphy also arranged for the submission of a representative, comminuted plant material sample obtained from the site lacustrine deposits for radiocarbon dating by Mrs. Irene Stehli, Radioisotopes Dicar Laboratory (Case Western Reserve University).  A second external field review was performed independently from Mr. Murphy by Dr. Charles E. Herdendorf (Director, Center for Lake Erie Area Research, Ohio State University) who had field mapping experience of glaciated terrain in northern Ohio, west of Cleveland in Erie and Huron Counties (Reference 234).


The weight of evidence demonstrating the shallow nature of deformation was cumulative throughout the plant excavation phase.  Immediately preceding the initial identification of bedrock deformation within the nuclear island complex, overexcavation below preliminary grade to final foundation grade was undertaken.  The basal decollement, glide‑plane of one‑thrust structure was removed in this manner.  Test trenches and exploratory borings, EX‑series <Appendix 2E> demonstrated similar evidence for an asymmetric fold traversing the Unit 2 reactor building.  Caisson and deep building excavations beyond the nuclear island complex demonstrated both lateral and vertical limits of deformation.


It is concluded, on the basis of data obtained from the mapping program, planned and unplanned excavation, and overexcavation and opinions of two independent reviews, Mr. James Murphy and Dr. Charles E. Herdendorf, that the onshore deformation was shallow and caused by late Wisconsinan and glacial shove and loading.  A radiocarbon date obtained from organic material in the site lacustrine silts is 14,480 years B.P.  This date suggests that the deformation was associated with an advance of Hiram ice.  Dr. R. G. LaFleur (Geology Department staff, Rensselaer Polytechnical Institute) recognized for his expertise in Pleistocene geology and sedimentology, reviewed the reports (submitted to the NRC regulatory staff) and concurred with the statements of fact, interpretations and conclusions regarding origin and age.


The influence of the bedrock deformation on the foundation design analysis and performance of underdrain system were considered.  It was determined that neither inclined nor fractured strata could contribute to a bearing capacity failure.  Even conservatively assuming that 30 feet of deformed bedrock has properties equivalent to lower till, a deformation analysis demonstrated that the maximum total ultimate settlement would be between 1/3 and 1/2 inch, and a maximum angular distortion (1 in 1,500) would not be exceeded.  Clogging of porous concrete by dispersion of soil material into the plant pressure relief underdrain system was considered in a safety evaluation.  Neither the 


shale mineralogical composition nor cation exchange capacity (maximum value <6.76 MEQ/100 grams) nor exchangeable sodium (maximum value <1.83 MEQ/100 grams) suggested a dispersion potential (see


<Section 2.4.13.5.5>, especially Items 4 and 7).  Notwithstanding the foregoing analyses, the Applicant committed to the removal of degraded bedrock as described in <Section 2.5.1.2.5.2> and <Section 2.5.4.1.3>.


2.5.4.3.6.3      Offshore Deformation Exposed by Tunneling


A comprehensive investigative program evolved as a result of the bedrock deformation exposed during the tunnel excavation phase (see <Section 2.5.1.2.3.4.1> and <Section 2.5.1.2.3.4.2> and <Appendix 2D> for descriptive information of deformation).  Deterministic fault study objectives, extent, origin, and age were realized as a consequence of a series of interrelated geologic and geophysical research and engineering reviews.  The nature of fault‑plane geometry and its gouge and mineralogical as well as chemical constituents were studied.  After site specific data had been assembled, the localized anomalous deformation was interpreted in context of its regional geologic setting.


The extent of faulting, as discussed in <Section 2.5.1.2.3.4.3>, was defined on the basis of the following:  (1) tunnel mapping program <Figure 2.5‑47>, 24 sheets, Scale 1:120); (2) detailed mapping of tunnel deformation segments (<Figure 2.5‑50>, <Figure 2.5‑51>, and <Figure 2.5‑52>, Scale 1:12); (3) exploratory borings <Appendix 2E>, <Figure 2.5‑48> and <Figure 2.5‑53>; (4) geophysical logging of selected TX‑series borings; (5) shoreline reconnaissance; (6) offshore magnetic survey; (7) lake bottom reconnaissance mapping and seismic track line data; and; (8) comparative isotopic analyses of Lake Erie water and fault seepage.


Fault zone gouge and fractured rock samples were obtained for X‑ray diffraction, for clay‑mineralogical determinations, SEM (scanning electron microscope) microcrack analysis, and miscellaneous engineering 


property determinations including consolidation pressure analysis.  No radioactive isotopes, which could have been dated, were identified in fault zone samples.


With respect to the site area and locale studies, the following were performed or prepared:  (1) in situ borehole (TX‑11) stress measurements to determine existing site stress field orientation and magnitude; (2) structural contour maps of “Big Lime” upper and basal (‑50 ft) horizons and isopachous map of intervening interval for Lake and portions of adjacent Ashtabula and Geauga Counties, (3) evaluation of microseismicity in northeastern Ohio and, (4) literature and field review of area salt mines and interviews with mine personnel (Mr. Jaroslav Vaverka, resident mining engineer, Cleveland Mine, International Salt Company, and Mr. B. C. Cummings, resident chief engineer, Painesville Mine, Morton Salt Division of Morton Norwick).


Independent opinions, based on their field inspection of the tunnel deformation and literature review, were obtained from the following geologists recognized for their expertise in the indicated disciplines:




Dr. Robert G. LaFleur




Pleistocene Geology and Sedimentology




Rensselaer Polytechnical Institute




Mr. James Murphy




Area Geology and Stratigraphy of Northeastern Ohio




Ohio Historical Society




Dr. Barry Voight




Structural Geology




Pennsylvania State University


It is concluded, on the bases of data and interpretation of the aforementioned studies and other site and regional geological, geophysical and seismological information discussed in <Section 2.5.1.2.3.4.4> and <Appendix 2D>, that the last movement on the cooling water tunnel bedrock deformation was not tectonic.  It occurred 


during Pleistocene time probably associated with deglaciation‑rebound rather than ice advance compression.  On the basis of geometry alone, it is possible that the initial deformation was a pre‑Pleistocene event.  The presence of the fault deformation intersecting the tunnels was considered during design review and redesign was not required (Reference 235).


2.5.4.3.7      Site Shale Gas Investigation


Natural gas was encountered within the Ohio Shale formation during subsurface exploration for the Perry site and shale gas is known to exist throughout the area of study in quantities sufficient for domestic use.  Field testing has been conducted to monitor gas pressure and flow within the site.


2.5.4.3.7.1      Gas Producing Horizons


Natural gas has been commercially developed in Ohio since 1869.  The gas horizons in northeastern Ohio that are suitable for modern commercial production are primarily developed below the Ohio Shale and include the Oriskany ((1,600 feet), the Newburg ((2,600 feet), and the Clinton Sand ((2,800 feet) horizons.  Presently, there is very little commercial production of gas from the Ohio Shale in northeastern Ohio.  Ohio Shale gas and/or oil production is primarily located in southeastern Ohio where shale wells are generally drilled in excess of 2,000 feet.  As the shales have a low primary porosity, gas‑producing zones are believed to be principally coincident with well fractured zones but may also be associated with occasional sandy shale strata.  Within the immediate area of study, gas zones suitable for domestic production are usually encountered at depths below 500 feet.


Although shale gas production rates are quite low, gas wells have proven to be long‑lived and production periods for as long as 30 years are not uncommon.  Gas pressures within producing zones are known to be under 


relatively high gradients which have caused blowouts in drill holes upon a reduction in piezometric pressure.  Piezometric pressures in the lower part of the Ohio Shale are less than pressures existing within the underlying Oriskany and Newburg brine aquifers.


2.5.4.3.7.2      Field Investigations


Preconstruction gas sampling as well as monitoring of gas pressure and flow initially were conducted in onshore Boring 1‑55, drilled to a maximum of 210 feet below the existing ground surface.  Sampling was also conducted in onshore Boring 1‑56.  Gas monitoring within Boring 1‑55 was achieved by terminating NX coring operations at successive depths and bailing water from the hole.  Subsequently, a test interval (usually 10 to 20 feet) extending from above the bottom of the hole was isolated by a hydraulic packer system.  Gas in this interval was tapped by means of 3/8‑inch O.D. tubing leading to a valve arrangement at the ground surface.  The gas shut‑in pressure and flow were monitored by opening valves leading to a pressure gauge and flow meter.  Relatively uncontaminated samples were also obtained through the valve arrangement.


Results of typical shut‑in pressure measurement versus shut‑in time data are shown on <Figure 2.5‑170>.  Isolated test intervals extended from 158 to 210 and 106 to 120 feet below the ground surface.  The gas pressure in the 158‑210 test interval is shown to reach a maximum of 43.8 psi after 40.3 hours of measurement.  After depressurization, the initial buildup in pressure was observed to be quite rapid and most of the pressure buildup was noted to be realized after approximately a 15‑minute shut‑in.  Successive venting was also observed to significantly reduce the pressures which could be recovered within a subsequent shut‑in.


The measured gas pressures in Boring 1‑55 are shown on <Figure 2.5‑171>, as a function of the depth of measurement together with the projected 


piezometric profile within the shale, assuming an increase of 0.43 psi per foot (the piezometric pressure gradient).  The trend of the pressure measurements indicates that the “discovery pressure” of the gas probably approaches the in situ piezometric pressure within the test interval.  Gas flow rates do not represent initial discovery rates or even long term steady‑state conditions.  Steady flow is a function of well size, the length of the producing interval and time from initial gas escape to pressurization.  The measured gas flow rates and attendant test data are summarized in <Table 2.5‑63>.  Although gas was sensed by a methanometer when releases occurred at depths less than 100 feet, the flow was too low to measure.  The gas flow was measured over relatively short test periods, and steady‑state flows measured during venting over a period of years probably would be significantly less as demonstrated by production gas wells.  The limited variation in flow data from Hole 1‑55 was consistent with the infrequent fractures identified from the core recovery.


Gas samples were collected from Holes 1‑55 and 1‑56 for laboratory analysis.  The results are shown in <Table 2.5‑64>.  The principal constituent of the two test specimens was methane.  Reported specific gravity is related to a specific gravity of 1.000 for dry air.


Gas testing was also conducted in onshore Boring 1‑72, drilled to a depth of 100 feet below existing ground surface.  After test interval 140‑160 feet had been isolated, shut‑in pressures were monitored.  Prior to depressurizing this test interval, a second boring, 1‑72A offset 15 feet from Boring 1‑72, was drilled to the base test interval elevation of Boring 1‑72.  The 140‑160 feet test interval was isolated and shut‑in pressures monitored.  Depressurization was alternated between the holes.  In this way, lateral communication between the holes could be evaluated.  Following this demonstration, testing was continued in Boring 1‑72 at progressively deeper test intervals.  Gas samples from both holes were collected for laboratory analysis.


It was concluded that very little, if any, communication existed between the two holes.  Depressurization of one hole did not effect a reduction in shut‑in pressure for the other.  The gradient of the shut‑in pressure versus depth for Boring 1‑72 was comparable to that demonstrated for Hole 1‑55 which approximated piezometric pressure, 0.43 psi per foot of depth.  Composition analyses for all gas samples were virtually identical to those shown in <Table 2.5‑64>.


During Phase II offshore exploration, gas testing, similar to that conducted onshore, was performed in the four exploratory Holes 5‑6, 7, 9, and 10.  Very little gas was present in holes 5‑7 and 9, and no quantitative data was collected.  The pressure and flow data obtained from Hole 5‑10 indicated conditions comparable to the onshore testing.  A significant volume of gas was monitored flowing from Hole 5‑6.


Field testing indicated that gas could be anticipated during construction.  For the relatively shallow onshore excavations, no significant seepages were expected under site piezometric conditions.  Any seepages which could have occurred were not considered to represent an explosive hazard.  However, potentially hazardous conditions were considered for tunnel operations under piezometric or anomalous pressure conditions.  Therefore, very conservative measures regarding monitoring, ventilation, machine shutdown, and evacuation were incorporated into the tunnel bidding and construction specifications.


2.5.4.3.7.3      Gas Migration


The effects of gas migration were considered for the long term performance of the plant during its operating life.


The migration of shale gas, either under the influence of a pressure gradient or by diffusion, is a function of transport media properties.  For percolation through intergranular (primary) and fracture (secondary) space, these properties include the Coefficient of Permeability (k), 


methane viscosity (() and Threshold Pressure (Pt) (Reference 236) (Reference 237) (Reference 238).  Threshold pressure is synonymous with pressure or pressure gradient differential which is the force required to initiate water drive in a saturated material.  The diffusion analysis requires evaluation of the Diffusion Coefficient.  Dr. D. L. Katz, Professor of Chemical Engineering, University of Michigan, recognized for his expertise in natural gas development and storage, was retained to assign transport media properties for the Chagrin shale and plant concrete <Table 2.5‑65>.


2.5.4.3.7.4      Analysis of Gas Percolation Potential


It was concluded that a single 4‑foot thick zone of shale, not extensively fractured, would be sufficient to reduce the seepage rate to a relatively negligible amount using Equation 2.5‑8.
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where:



q
=
Flow rate, mean pressure (L3/T)



k
=
Permeability (L/T)



A
=
Cross‑section area of flow (L2)
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During construction dewatering operations, groundwater levels within the excavation were depressed by as much as 55 to 60 feet, creating a piezometric pressure differential (threshold pressure) as much as 26 psi at foundation grade.


The groundwater level will be established above the shale rock surface, maintaining a saturated shale condition during plant operation.  Any upward gas seepage through water saturated shale strata, not excessively fractured, would require a pressure differential on the order of 1,000+ psi to initiate displacement of the pore water by the natural gas.


In considering a more conservative assumption, percolation of gas seepage through Chagrin shale could occur if continuous communicating fractures are pervasive throughout the entire shale mass.  However, a maximum pressure differential (threshold pressure) of 26 psi would not be sufficient to exceed the threshold pressure of 60 psi for saturated concrete.  It is concluded that saturation of uncracked concrete mats and the use of waterproofing membranes will preclude whatever gas infiltration could occur by the percolation mechanism during plant operation.


2.5.4.3.7.5      Analysis of Gas Diffusion Potential


The rate of gas diffusion from storage horizons to the base of overlying substructures is a function of gas pressure, temperature, length of travel, gas diffusibility as well as other gas properties, expressed by Equation 2.5‑9:
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where:
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Upper limit diffusion rates through unsaturated concrete mats, having a thickness of four and ten feet respectively, assuming an infinite gas source at the base of the mat, have been calculated using Equation 2.5‑9 and the material properties given in <Table 2.5‑65>.  The results of these calculations indicate that methane under a pressure of one atmosphere would diffuse through the two postulated concrete mats thicknesses at rates of 2.3 x 10‑6 and 9.2 x 10‑7 cubic feet per minute per square foot of mat area, respectively.  These thicknesses are typical of plant substructure fill concrete.  Thus, for the plant substructure area of 30,000 square feet, 0.07 and 0.03 cubic foot of methane per minute is predicted to enter the building, by diffusion alone, through the 4‑foot and 10‑foot thick concrete mats, respectively.


These calculations also show that only 0.001 cubic foot per minute of methane would diffuse through a 4‑foot layer of dry shale.  The actual rates would be significantly less than the predicted rates on the basis of saturated shale strata and concrete during plant operation.  The use of waterproofing membranes is expected to reduce diffusion rates through concrete by at least two orders of magnitude.  In summary, it is concluded that diffusion rates are too low to enable gas accumulation sufficient to form a hazardous condition, considering that all substructure spaces will have ventilation systems with an air circulation rate many times greater than the rate of gas diffusion.


2.5.4.4      Geophysical Surveys


A standard seismic refraction survey was performed with seismic lines profiled both in the vicinity of the plant site and along the edge of Lake Erie.  Subsequent to the refraction survey, in situ velocity measurements were made using some of the test borings at the plant site. 


These measured values of the compressional and shear wave velocities and unit weight values were then used to calculate the elastic moduli values.


2.5.4.4.1      Seismic Refraction Survey


Refraction profiles were operated with SIE, twelve‑channel system using a photographic recording oscillograph with two‑millisecond timing lines; four shot points were made for each spread, one at each end and two along the spread for maximum near‑surface velocity control.  Continuous profiling was accomplished by “tying‑in” the end point of the spread with the starting point of the next spread; also, checking was accomplished by intersecting profiles at selected locations.  Closer spacings of geophones (10 or 20 feet) near the end point locations and greater spacings of geophones (20 or 40 feet) along each spread were utilized to achieve velocity control, layer resolution and depth of penetration.


Cross‑hole measurements were made with three‑component geophones (two orthogonal horizontal and one vertical element) in four holes of a multi‑hole array with the shot point in the fifth hole; all elements were placed at the same elevation level for each particular measurement.  Geophones were located at distances varying from 25 to 187 feet from the shot point in order to achieve control in determining wave velocity values and in distinguishing the “P” wave arrivals from “S” wave arrivals.  Measurement procedures were rotated and reversed by interchanging the shot point and detector positions.  The intervals of measurement were 10 feet, except for thin layer observations where a 5‑foot separation was utilized.


As a matter of standard procedure, all profiles were reversed.  All reported “S” wave data represented direct wave arrival observations.  Refracted wave arrival data were also observed; they were used to determine boundaries of layers and to verify the direct wave arrivals. 


A sample set of refracted and direct arrival‑time curve data is included as <Figure 2.5‑172>.  Electric blasting caps (either singularly or in groups) were used for the borehole measurements.


2.5.4.4.2      Results ‑ Seismic Refraction Survey


A total of seven seismic lines were profiled.  The locations of these lines are shown in <Figure 2.5‑144>.  The results of the seismic survey are shown in profile form on <Figure 2.5‑173>.


With the exception of Line E, which was profiled along Lake Erie, the seismic lines show four different velocity layers.  The top layer velocity of 1,000‑2,000 ft/sec is indicative of an unconsolidated overburden which is identified by boring logs as “lacustrine sediments” and “lacustrine deposits.”  The second layer velocity of 5,000 ft/sec is characteristic of a saturated overburden.  The water table is close to the surface at this site and the 5,000 ft/sec velocity correlates with saturated “lacustrine sediments” and “lacustrine deposits” shown on the test borings.


The third layer velocity of 7,500 to 8,000 ft/sec is characteristic of very dense overburden and correlates with the “lower till” material shown on the boring logs.  The fourth layer is rock with a velocity of 10,000 to 11,000 ft/sec; the boring has identified rock as the “Chagrin shale.”  This velocity value correlates with the top of high recovery rock (recovery greater than 70 percent).


Line E, which was profiled along the edge of Lake Erie, shows a thin top layer of 5,000 ft/sec material corresponding to saturated “lacustrine deposits” overlying material with velocity of 7,500 to 8,000 ft/sec.  Borings 1‑27 and 1‑28 confirm the existence of the more compact, high‑velocity material and identify it as the previously mentioned “lower till.”


2.5.4.4.3      In Situ Velocity Measurements


In situ “P” wave and “S” wave seismic velocity measurements were made in the boreholes, as shown on <Figure 2.5‑144>, using the following measurement techniques.


2.5.4.4.3.1      Cross‑hole Measurements


These measurements were made by using three‑dimensional geophones, containing one vertical and two horizontal elements.  Seismic energy was generated in one borehole and detected by the geophones at four remaining boreholes at the same elevation level.  This procedure was repeated using different distance combinations of source and detector arrays and at different elevation levels.


2.5.4.4.3.2      Down‑hole Measurements


These measurements were made with four, three‑dimensional geophones positioned at 20‑foot intervals in Boring 1‑33.  Energy was generated near the top of bedrock at Elevation 560.0’, just below the casing of an adjacent hole (15 feet away), Boring 1‑34.  Measurements of the “P” and “S” wave arrivals were made down the length of the hole by overlapping geophone positions each time the array was lowered.


2.5.4.4.4      Results of In Situ Seismic Velocity Measurements


The results of the in situ “cross‑hole” and “down‑hole” velocity measurements are shown on <Table 2.5‑21>.  It should be noted that from approximate Elevation 595’ to 583’ a “P” wave velocity of 5,900 ft/sec and an “S” wave velocity of 1,900 ft/sec were measured.  These velocities correlate well with the “upper till” layer which is too thin to be detected by the seismic refraction survey.


The “P” and “S” wave velocities are used with the unit weight values to calculate elastic moduli values.  These results were also presented in <Table 2.5‑21>.  Also, included in <Table 2.5‑21> is a generalized geologic correlation based on Boring 1‑33.


The results of the “down‑hole” measurements <Table 2.5‑21> for rock show a “P” wave velocity of 9,000 ft/sec and an “S” wave velocity of 4,000 ft/sec.  These are slightly lower velocity values than the cross‑hole measurements indicated. In the cross‑hole measurements, data recorded parallel to bedding planes, and in the down‑hole procedures, the measured velocity data are obtained nearly perpendicular to the bedding plane.  The elastic moduli, based on the down‑hole velocity measurements, are also shown on <Table 2.5‑21>.


2.5.4.5      Excavations and Backfill


2.5.4.5.1      Excavations


Excavations for plant structures extend as deep as Elevation 531.0’.  This is well into the Chagrin shale.  All Seismic Category I structures are supported either on porous concrete placed directly on shale, on drilled piers bearing within the shale, or on Class A fill bearing on the lower till.  As described in <Section 2.4.13.5>, the porous concrete in the main plant area serves as a drainage medium to relieve hydrostatic pressures.  Typical design cross sections of the plant excavations are shown in <Figure 2.5‑143>.  The results of geologic mapping of the excavations are shown in <Figure 2.5‑41> and <Figure 2.5‑42>.


Special subgrade protection and treatment procedures which were employed during and after foundation excavation are discussed in <Section 2.4.13.5.5.c.4.(a)>, <Section 2.5.4.12.1> and <Section 2.5.4.14.1>.  In addition, preparation of rock surfaces was accomplished by applying high pressure air to remove loose and weathered 


debris as well as till and lacustrine sediments which may have adhered to the bedrock.  In some instances manual removal of these materials was employed where required due to inaccessibility or in wet rock conditions.  All bedrock surfaces were mapped by the Project Geologist or his designated representative, after which the Resident Geotechnical Engineer approved the foundation surface just prior to the placement of porous concrete.  In the case of soil subgrades, the Resident Geotechnical Engineer approved the foundation surface just prior to the placement of porous concrete.


Heave gauges and extensometers were used to monitor rebound of the Chagrin shale due to excavation stress relief, as described in <Section 2.5.4.13.2> and <Section 2.5.4.13.3>.  Settlement and/or rebound of structures during and after construction have been and will continue to be monitored by survey elevation markers as described in <Section 2.5.4.13.4>.


The excavation side slopes were inclined at a nominal ratio of 1.5 horizontal to 1.0 vertical through the lacustrine sediments, 0.5 to 1.0 through the upper till and lower till and 0.25 to 1.0 through the shale.  A bench was constructed at the top of the upper till with a drainage ditch in order to intercept and collect groundwater seepage emanating from the lacustrine sediments.


The plant excavations are backfilled to an elevation at least two feet above the top of upper till with Class A fill and then to finished grade, Elevation 620.0’ with Class B fill.  Some Class C fill (nonsafety) may be found between approximate Elevation 615.0’ and finished grade.  A typical section of the backfill is shown in <Figure 2.5‑174>.


2.5.4.5.2      Class A Fill


Class A fill consists of clean, durable, free‑draining sand and gravel obtained from commercial quarries.  During initial design studies, the strength and deformation characteristics of a locally available crushed limestone was investigated to establish design parameters for the Class A fill.  The crushed limestone was furnished by a quarry of the Marblehead Stone Division of the Standard Slag Company, near Sandusky, Ohio, and was assumed to be typical of material which could also be supplied by other quarries. Soundness and durability tests on the sample gave a Los Angeles abrasion loss of 29.5 percent and a sodium sulfate loss of 5.2 percent.  The grain size distribution of the quarry sample is shown in <Figure 2.5‑175>, which also shows the grain size distribution of the reduced sample used for testing.  The results of static triaxial compression tests are shown on <Figure 2.5‑176>.  The initial tangent modulus from the tests is shown by Equation 2.5‑10.
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where:
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Dynamic properties of the Marblehead crushed limestone were investigated by two four‑inch diameter resonant column tests using a high‑amplitude torsional device of the University of Michigan.  Typical test results are shown in <Figure 2.5‑177>.  The shear moduli computed from the measured shear velocities were normalized for a shear strain level of 10‑4 percent to determine the maximum shear modulus (Gmax) (Reference 239).  The Gmax values were plotted as a function of confining pressure, as shown in <Figure 2.5‑178>, and the shear modulus parameters 


K2max and n were determined graphically to be 72 and 0.52, respectively.  For dynamic response design analyses, a value of n = 0.50 was used while K2max was varied from 75 to 95.


The Class A fill which was actually used in construction was obtained from the Bestone Quarry, Chardon, Ohio, and the R. W. Sidley Quarry, Thompson, Ohio.  Prior to use, samples of the material from each quarry were tested to certify compliance with specifications and the design parameters.  A summary of the specified properties and the certification 


test results are presented in <Table 2.5‑66>.  It is noted that some of the material submitted by the Bestone Quarry was outside of the grain size distribution specification range.  This deficiency was corrected during actual fill placement.  Also, the coefficient of permeability of the Bestone Quarry material was below that originally specified.  However, an analysis was performed which demonstrated that the Class A fill would have sufficient drainage capacity with a reduced permeability of 0.2 x 10‑3 cm/sec, and the material was accepted.  The minimum specific gravity requirement was also reduced to 2.60 during the plant construction phase.


Class A fill placement specifications required an average and minimum relative density of 85 and 80 percent, respectively, in load‑bearing areas, where structures are founded above the fill, and 80 and 75 percent, respectively, in areas outside of building lines.  Minimum and maximum density tests were performed for each 4,500 cubic yards of fill placed, and inplace density and grain size distribution tests for each 150 cubic yards or once per lift, whichever was more frequent.  However, in confined areas, where the volume of each lift was less than 50 cubic yards, inplace density tests were performed once every third lift or every 50 cubic yards, whichever was more frequent.  Beginning in May 1994, the frequency of minimum and maximum density, grain size distribution and specific gravity testing was changed to once every 250 cubic yards of fill placed.


The maximum and minimum density standards used to compute the relative density of each inplace density test were the averages of the 15 most recent maximum and minimum density tests performed prior to the inplace density test.  However, if a maximum and minimum density test was performed on an inplace density test sample, then that single determination of maximum and minimum density was used to compute the relative density of the inplace density test.  Alternatively, for yard area backfill placed after May 1994, use of Relative Compaction, (Rc, the ratio of inplace dry density to the maximum dry density) was allowed, provided the maximum density value was obtained using the same method which is used to obtain the relative density for the fill and consistent relationship between the relative compaction and relative density so obtained can be established for the fill.


Through the end of July 1981, approximately 437,000 cubic yards of safety‑related Class A fill have been placed, and approximately 6,170 inplace density tests and grain size distribution tests have been performed.  The gradation range of the Class A fill which has been placed is shown in <Figure 2.5‑179> and <Figure 2.5‑180>.  A summary of field density tests obtained for quality control during the placement of Class A fill is shown in <Figure 2.5‑181>.  Reasons why 47 relative density tests of Class A fill are documented below the 75% minimum specified are as follows:  (a) certain areas after recompaction were visually accepted by the Resident Geotechnical Engineer (RGE), with no further tests taken; (b) scattered isolated failing tests were accepted by the RGE because all surrounding density tests were satisfactory; and (c) some tests were taken in nonsafety‑related fill used for laydown areas and as backfill around nonsafety pipe.


A total of 181 laboratory constant‑head permeability tests have been performed on material removed from the fill with the lowest coefficient of permeability obtained being 2.16 x 10‑3 cm/sec and the average 1.69 x 10‑2 cm/sec.  Also, 51 inplace falling head permeability tests have been performed with the lowest coefficient of permeability obtained being 


9.45 x 10‑3 cm/sec and the average 3.77 x 10‑2 cm/sec.  The minimum required coefficient of permeability is 2 x 10‑4 cm/sec.


Based on U.S. Department of Agriculture, Soil Conservation Service (Reference 240), the Class A fill which was placed is a suitable filtering medium for drainage of the lower till and most of the upper till materials.  The SCS method reduces the stringency of the filtering requirements when the base materials exhibit plasticity.  Approximately one‑third of the grain size distribution tests on the upper till showed results which are finer than that recommended for filtering by Class A fill.  However, as described in <Section 2.5.4.6.3>, the seepage from the upper and lower till strata are negligible and undetectable.  Therefore, filtering of these strata are not required.  Class A fill is generally not a good filtering medium for Lacustrine soil.  Therefore, a minimum three feet wide filter zone of Class B fill is placed between the Class A fill and the Lacustrine soil, as shown on <Figure 2.5‑174>.  This Class B fill filter zone is restricted such that at least 15 percent of the particles are retained on the No. 200 sieve.


2.5.4.5.3      Class B Fill


Class B fill was used for nonload bearing backfill around Seismic Category I structures as shown in <Figure 2.5‑174>, and consists of lower till soil which was removed and stockpiled during plant excavation.  A typical compaction curve is shown in <Figure 2.5‑182>.  The maximum dry density (ASTM D 1557) has been found to range from 128.6 to 137.5 pounds per cubic foot and the optimum moisture content from 7.4 to 13.0 percent.  Class B fill is compacted to not less than 92 percent of the maximum dry density, at a moisture content not less than three percentage points below nor four percentage points above the optimum moisture content.  Through the end of July 1981, approximately 286,000 cubic yards of Class B fill have been placed and approximately 380 inplace density tests have been performed.  The gradation range of the Class B fill which has been placed is shown in <Figure 2.5‑183>.  A 


summary of field density and moisture tests taken for quality control during placement of the Class B fill is shown in <Figure 2.5‑184> and <Figure 2.5‑185>.  Reasons for 11 of the density tests being recorded below the 92% minimum specified are that some were in isolated areas surrounded by fill with passing tests, and other tests were taken in nonload bearing backfill areas.


Once the Class B stockpile is depleted, off‑site material can be used.  This material is approved by the site Resident Geotechnical Engineer based on evaluations which confirm that the off‑site material has properties similar to the excavated lower till material originally used as Class B fill.


2.5.4.5.4      Field Testing of Backfill


An onsite testing laboratory was established to perform all field testing.  A defined Quality Assurance Program and approved procedures were implemented to assure that proper testing methods, procedures and equipment were used in field testing.


2.5.4.5.5

Controlled Low Strength Material (CLSM)


Controlled Low Strength Material (CLSM) may be used as a replacement for Class B and Class C fill, and as a replacement for Class A fill when the Class A fill was used as bedding and backfill for buried piping and ductbanks only, and not as part of the Plant Underdrain system, or as a foundation for safety‑related buildings or structures.  Since the CLSM is equivalent to or better than Class B Fill in bearing capacity and impermeability, this change has no effect on the results of USAR <Section 2.5.4.5.1>, <Section 2.5.4.5.2>, and <Section 2.5.4.5.3>.


2.5.4.6      Groundwater Conditions


2.5.4.6.1      Preconstruction Groundwater Conditions


The surficial stratum of lacustrine sediments is the principal water‑bearing zone at the plant site.  The underlying, relatively impervious till retards the downward percolation of groundwater.  Observations made in the test borings at the site indicate groundwater levels usually ranging from three to five feet below the ground surface in the main plant area with the depth gradually increasing to 6 to 11 feet in the close vicinity of Lake Erie.  Within the plant area, the groundwater level was observed to generally range between Elevations 613’ and 624’.  Regional groundwater conditions are described in <Section 2.4.13>.


Pneumatic, Casagrande (double‑tube) heavy liquid‑type piezometers and standpipes were utilized to monitor the groundwater conditions.  The piezometers were installed at five locations throughout the plant site, as shown on <Figure 2.5‑53>.  At the three pneumatic piezometer locations, the piezometers were installed and sealed at three levels within the glacial till and the underlying shale.  The piezometer readings are summarized in <Table 2.5‑67> and indicate essentially full gravitational hydrostatic pressure to the maximum depth investigated, i.e., Elevation 555’.


2.5.4.6.2      Permeability of Subsurface Materials


2.5.4.6.2.1      Initial Investigations


During initial investigations, a limited number of in situ permeability tests were conducted to aid in the evaluation of groundwater infiltration to be expected into excavations for plant foundations during construction.  In addition, the coefficient of permeability was also estimated from laboratory consolidation test results.


Two rising‑head permeability tests were conducted within the lacustrine stratum in boring RC‑2 at a depth of 20 feet.  The mean coefficients of permeability determined from the two tests were 3.12 x 10‑5 cm/sec and 2.33 x 10‑5 cm/sec.  The mean coefficient of permeability is defined by Equation 2.5‑11.
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where:
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The vertical coefficient of permeability of the lacustrine soil was calculated from the results of two consolidation tests using Equation 2.5‑12.
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where:
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The resulting vertical coefficients of permeability were determined to be 1.8 x 10‑5 cm/sec and 2.8 x 10‑5 cm/sec for the two tests.  Assuming the ratio of the horizontal to vertical coefficients of permeability to 


be 10, the average horizontal coefficient of permeability was calculated 


to be 2.3 x 10‑4 cm/sec.  The resulting mean coefficient of permeability is 7.3 x 10‑5 cm/sec as compared to an average of 2.7 x 10‑5 cm/sec from the in situ tests.


One in situ rising head permeability test was conducted in the upper till in boring RC‑1 at a depth of 30 feet.  Assuming the horizontal and vertical permeabilities to be equal in the till, a coefficient of permeability of 2.6 x 10‑7 cm/sec was computed from the test results.  The coefficient of permeability was also calculated from three consolidation tests, yielding values ranging from 1.8 x 10‑5 cm/sec to 6.2 x 10‑6 cm/sec, with a logarithmic average of 1.0 x 10‑5 cm/sec.


The permeability of the lower till was estimated from five consolidation tests.  The results ranged from 1.1 x 10‑6 cm/sec to 2.4 x 10‑6 cm/sec and had a logarithmic average of 1.6 x 10‑6 cm/sec.


A total of 23 constant head, pump‑in (pressure) tests were conducted in the upper 20 feet of shale in Borings 1‑68, 1‑70 and 1‑74.  Single and double packer systems were employed to isolate potentially pervious sections.  Flow rates were measured using a water meter.  However, the flow rates were so small that in most tests no flow was recorded by the meter.  It was then determined in the laboratory that a minimum flow rate of 13.87 cm3/sec was required before the meter would register consistently.  Therefore, in all tests where no flow was recorded, it was conservatively assumed that the actual flow rate was 13.87 cm3/sec.  For measured flow rates greater than zero, the calibration curve determined in the laboratory was used to determine the actual flow rate.


The results of the in situ test in the shale are presented in <Table 2.5‑68>.  Because most of the test results over‑estimate the permeability of the shale, due to the inability to measure very low flow rates, a coefficient of permeability of 5.0 x 10‑6 cm/sec was chosen to characterize the upper 20 feet of shale.


2.5.4.6.2.2      Supplemental Investigations


Extensive supplementary investigations of the permeability of the subsoil and shale at the site were conducted and reported in 1975 in order to verify the parameters used in design of the plant underdrain system <Section 2.4.13.5> and to determine the effect of the permanent groundwater drawdown at the plant on the surrounding groundwater regime (Reference 241).


The additional testing included 78 falling‑head and rising‑head permeability tests in seven boreholes (PT‑1, PT‑1A, PT‑2, PT‑2A, PT‑3, PT‑4, and PT‑4A), and six laboratory constant‑head permeability tests on relatively undisturbed samples obtained from the borings.  The results of the field tests are summarized in <Table 2.5‑69> and those of the laboratory tests in <Table 2.5‑70>.


The supplemental investigations also included a long term pumping test using a six‑inch diameter deep well, DW‑1.  The well was drilled to a depth of 71.4 feet, penetrating about 15 feet into shale.  A three‑inch diameter well casing was used, perforated the entire length, with filter sand placed between the casing and the soil.  A bentonite seal was placed near the ground surface to prevent intrusion of surface water. 


Five 20‑foot deep observation wells were aligned at distances from 15 feet to 530 feet from the pumping well to determine the influence of the well on the lacustrine groundwater level.  Also, piezometers had previously been installed in Boring 1‑75, located 30 feet from the pumping well.  This boring contained three piezometers, one each in the upper till, lower till and shale strata.  Groundwater monitoring locations are shown on <Figure 2.5‑53>.


The deep well was pumped for a period of 24 days at an average rate of about 0.12 gallon per minute.  The water level in the well was maintained at an average elevation of about 565’.  It was found that the 


pumping had no discernible effect on the observation wells in the lacustrine stratum, even at a distance of only 15 feet from the pumping well.  However, a significant drop in piezometric head occurred in the piezometers in the lower till and shale in Boring 1‑75, 30 feet from the pumping well.  It was concluded that this reduction of head was caused by very thin seams of comparatively high permeability, such as horizontal joints in the shale, and that no significant quantity of seepage would be derived from these seams.


2.5.4.6.3      Seepage During and After Construction


Based on the initial investigation of the permeabilities of the subsurface materials, it was conservatively estimated that total seepage into the plant excavation during construction would be in the range of 40 to 80 gallons per minute.  Based on the more detailed supplementary investigations, it was concluded that the seepage rate would be on the order of one‑tenth of the original conservative estimate.  It was further concluded that most of the seepage would be derived from the lacustrine stratum and that the seepage from the glacial till and shale would probably evaporate and not be detectable.


During construction, the seepage estimate described above was confirmed.  The seepage collected in the peripheral ditch from the lacustrine stratum was estimated to be less than ten gallons per minute.  No seepage was detected in the till strata or shale, and the excavation bottom was dry.  Seepage into the plant underdrain system after the excavation is backfilled will be essentially the same as that experienced during construction.


As described above, no seepage was detected in the lower till stratum of shale and the plant excavation bottom was dry.  The estimated mean coefficients of permeability for these materials are 2.0 x 10‑7 cm/sec and 8.0 x 10‑8 cm/sec, respectively.  The corresponding seepage velocity 


in these materials is less than 4 feet per year, for gradients as large 


as 4.   This amount, which is consistent with the lack of observable seepage, is far too small to cause erosion which could contaminate and/or clog the Class A filter.


2.5.4.6.4      Radius of Groundwater Drawdown


In order to monitor the long term effect of the plant dewatering system on the local groundwater levels, four lines of well‑point piezometers were installed as shown in <Figure 2.5‑186>.  The piezometer lines extend 1,000 feet from the plant in the east and south directions and 550 feet in the north and west direction.  The average monthly readings for each piezometer are shown in <Figure 2.5‑187>.  Groundwater drawdown profiles along the piezometer lines are shown on <Figure 2.5‑188>.  (Some of the piezometers were removed and replaced at various times due to construction activity conflicts.)  It is concluded that the groundwater level within the lacustrine stratum is not affected beyond a radius on the order of 500 feet from the plant, as anticipated.  In most piezometers, the groundwater drawdown appears to have already (March 1979) stabilized to a steady‑state condition.


The piezometers sealed within the lower till and shale <Figure 2.5‑188> generally indicate piezometric levels within about three feet, above or below, the lacustrine level.  However, in piezometers E‑3B and N‑4B, both in shale, the piezometric levels (March 1979) are 7.0 and 4.3 feet below the lacustrine water level, and are continuing to decline.  The same phenomenon occurred during the pumping test, as described in <Section 2.5.4.6.2.2>, and is attributed to very thin seams of high permeability, such as horizontal joints in the shale.  No significant amounts of seepage would be expected from these joints.


The frequency of groundwater monitoring will continue on a once per month basis throughout construction and until one year after plant startup, at which time the frequency will be reduced to once every three 


months (quarterly).  In addition to the four lines of well point 


piezometers shown on <Figure 2.5‑186>, new piezometers will be installed prior to startup in the plant backfill zone, as shown on <Figure 2.5‑174>, one on each side of the plant.  These four new piezometers will be monitored at the same frequency as the other piezometers.  The purpose of these four piezometers is to monitor the effectiveness of the Class A Fill during the life of the plant.


Since the underdrain system manholes are an integral part of the underdrain system (i.e. porous concrete and Class A Fill), indications of groundwater elevations immediately adjacent to the plant will be noted in the control room.  The control room computer will print‑out a notification that the manhole service pumps turn on when the manhole water levels reach an elevation of 568.0 feet.  A control room alarm will sound if the water levels reach an elevation of 568.5 feet.  The complete pressure relief underdrain system is discussed in <Section 2.4.13.5.1>.  Hydrostatic pressures beneath foundation mats will also be indicative of groundwater fluctuations and will be monitored by means of standpipes installed through the safety‑related building mats into the porous concrete as described in <Section 2.4.13.5.3d>.


Due to the very small quantity of seepage entering the underdrain system, as described in <Section 2.5.4.6.3> no significant fluctuation in groundwater level within the backfill around the plant is anticipated.  Within the natural soils and rock, which support safety‑related pipelines surrounding the plant, some seasonal groundwater fluctuation will occur due to variations in precipitation.  Based upon historical records, such fluctuations are not expected to exceed about five feet and will not cause measurable subsidence under safety‑related facilities.


2.5.4.6.5      Stability of Seismic Category I Structures


As described in <Section 2.4.13.5>, the plant underdrain system is designed to maintain the groundwater level immediately surrounding the plant at Elevation 568.5’.  A discussion of the resultant hydrostatic forces is presented in <Section 2.4.13.5>.


2.5.4.7      Response of Soil and Rock to Dynamic Loading


Most of the primary structures for the Perry site are supported on shale bedrock.  Lower till and Class A fill soils are also used for support of Seismic Category I and other plant structures.  The lower till and Class A fill bearing materials will not be susceptible to liquefaction, as described in <Section 2.5.4.8>, or significant compression due to SSE motions.  The shale is not susceptible to loss of strength during cyclic loading.  The seismic responses for structures founded above the shale are described in <Section 3.7.1.4>.


2.5.4.8      Liquefaction Potential


2.5.4.8.1      Class A Fill


An analysis of the liquefaction potential of Class A fill was conducted in accordance with the procedures recommended by Seed and Idriss (Reference 242).  The method of analysis and the results thereof are described as follows.


The dynamic response of the load‑bearing fill, having properties described in <Section 2.5.4.5>, was investigated using the SHAKE IV computer solution to the one‑dimensional wave equation (Reference 243).  The strain dependent dynamic properties, described in <Section 2.5.4.5> for the Class A fill and in <Section 2.5.4.2> for the lower till, were 


incorporated in the program using the average shear modulus reduction and damping versus shear strain relationships recommended by Seed and Idriss (Reference 239).


The SSE artificial time history was developed for the top of the dense till layer or as described in <Section 3.7.1>.  This was input at the shale surface level and in accordance with the following:


a.
The horizontal shear stress time history at various levels below the free surface was calculated.


b.
The average equivalent uniform shear stress was derived for each level by appropriate weighting of the shear stress amplitudes, considering the number of significant stress cycles of the SSE.


c.
The induced shear stress was plotted as a function of depth.


The number of cycles (Nc) of stress ((dc), required to cause initial liquefaction of granular soil during cyclic shear testing and the relationship of laboratory and field behavior, has been studied by Seed and his co‑workers (Reference 244) (Reference 245).  From this work, it has been concluded that given Nc, (dc can be predicted as a function of confining pressure ((3), the d50 grain size and the relative density of the granular soil.  The Nc versus (dc/2(3 relationship used to characterize the Class A fill is shown in <Figure 2.5‑189>.  The number of significant cycles of the SSE, a function of the intensity and duration of the strong motion of the earthquake, was taken as Nc = 10.  As reported by Idriss and Seed, the assumed Nc corresponds to a Richter Magnitude 7 earthquake, whereas the SSE (Intensity VII) corresponds to approximately Magnitude 6 and represents a significant degree of conservatism (Reference 247).


For the free field case, the ratio between the shear stress required for initial liquefaction to the developed shear stress was found to be 


greater than one, and to increase with depth, even though the increase in confining pressure afforded by the stresses imposed by foundations and adjoining fills is ignored.  The results of this analysis are shown in <Figure 2.5‑190>.  A second analysis, considering the influence of a uniformly applied pressure of 5.0 ksf, simulating the foundation mat interaction, predicts a minimum stress ratio of 2.2.


It is pertinent to note the extreme conservatism implicit in the initial liquefaction criterion used to express the “failure” of very dense granular soils.  As demonstrated by Seed and Lee, as the number of stress cycles exceed that required for initial liquefaction of dense granular soils, the strains do not increase abruptly, but only gradually (Reference 244).  Thus, it is reasonable to set a “limit strain” criteria such as 5 to 7.5 percent single amplitude.  According to Wong, this would increase the 10‑cycle shear strength by at least 10 percent (Reference 246).  Even a greater increase would be justified if consideration is given to an effective principal stress ratio (ko) greater than is predicted for a normally consolidated state.  As vibratory compaction of the fill to a relative density of 85 percent will produce a principal stress ratio (ko) of at least one, ko is significantly greater than ko ~0.45, the value applicable to the field behavior correction factor (Cr) which was used in the liquefaction analysis.  It has been shown by Seed and Peacock that an increase in ko from 0.45, the normally consolidated condition, to ko = 1 increases Cr from 0.7 to 1.5 (Reference 245).  Even allowing for a ko after compaction of only 0.6, Cr becomes 0.90.  This increase is about 28 percent greater than assumed in the liquefaction analysis appropriate to ko ~0.45.  Therefore, the minimum ratio of the shear stress required for initial liquefaction to the maximum shear stress developed during the SSE is greater than 1.28 without consideration of other accumulative conservatisms cited previously.  This stress ratio is shown as a function of the depth of fill in <Figure 2.5‑190>.  In summary, there can be no reasonable doubt that Class A fill, conforming to the 


specified quality and compaction criteria, will not be susceptible to even initial liquefaction under the postulated SSE ground motions.


The conservatism used in the development of the Class A fill cyclic shear characteristics shown in <Figure 2.5‑189> and the similitude of the test sample to the Class A fill utilized in construction are further discussed in the following paragraphs.


The ratio of the laboratory cyclic shear stress ((dc/2) to the effective consolidation pressure ((3) required to induce initial liquefaction in ten stress cycles (Nc) was conservatively extrapolated from Figure 6, page 1257 of Seed and Idriss, using a median grain size (d50) of 10 mm (Reference 247).  The d50 value corresponds to the quarry‑run Class A fill sample identified in <Figure 2.5‑175>.  Correspondingly, the stress ratio (dc/2(3 was found to be 0.37 for a relative density (Dr) of 50 percent.  For Class A fill with Dr = 85 percent, the field behavior correction factor is 0.70 and the corrected stress ratio is calculated by Equation 2.5‑13.
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for Nc = ten cycles to initial liquefaction.


With the exception of the foregoing cyclic shear stress analyses, all static and dynamic analyses involving Class A fill properties were based on the results of laboratory tests conducted on the sample described in <Section 2.5.4.5>.  This sample was submitted by the operators of a regional fill source to meet the gradation requirements specified for Class A fill.  The dynamic properties of the actual Class A fill materials used were determined by certification testing to be within the design range, as described in <Section 2.5.4.5>.


In summary, the analyses conducted confirm existing precedent and expectation that dense, relatively coarse‑grained, free‑draining 


materials will not experience excessive deformations induced by liquefaction during strong motion earthquakes such as are postulated for the SSE.  Thus, it is concluded that Class A fill placed and compacted to a minimum relative density of 80 percent, and an average relative density of 85 percent, will provide adequate support of foundation systems under both dynamic and static loading conditions.


2.5.4.8.2      Lower Till


Liquefaction potential analyses were conducted to study the behavior of the lower till during the SSE.  The procedure used has been described in detail by Seed and Idriss and in <Section 2.5.4.8.1> (Reference 242).  Three general cases were analyzed:  Case I represents the lower till inplace beneath load‑bearing fill; Case II, the lower till as a free field surface; and Case III, the lower till supporting a 5‑ksf uniform load of infinite extent.  Stresses induced within the lower till due to the SSE for Case III, which represents the case of a mat resting directly on the lower till, were calculated using the simplified procedure recommended by Seed and Idriss (Reference 247).  The results of Case III demonstrate that a more rigorous approach is not required to assess the dynamic bearing capacity of the very dense, heavily preconsolidated glacial till.


For the response analysis, the maximum shear modulus of the sandy silty clay till was calculated using Equation 2.5‑14.
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where:
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In this expression, the exponent n was taken as 0.5 and the dimensionless parameter K2max was taken as 100 and 250 to bracket the values derived from cyclic torsion tests.  These tests were conducted on undisturbed block and thin‑wall tube samples.  The strain dependent shear modulus and damping properties, described in <Section 2.5.4.2> for the lower till, were incorporated in the computer program SHAKE IV using the average shear modulus and damping versus shear strain relationships recommended by Seed and Idriss (Reference 239) (Reference 243).


The relationship between stress ratio and the number of stress cycles required to initiate liquefaction of the till is shown as <Figure 2.5‑186>.  This relationship is derived from the median grain size, d50, of the till, after Seed and Peacock and Lee and Seed (Reference 244) (Reference 245).  It is noted that the derivation is predicated on an effective principal stress ratio (Kc) of 1.0, whereas, in the field Kc of the till is approximately 1.7.  Therefore, the computed resistance of the lower till against liquefaction, as shown in <Figure 2.5‑186>, is conservative.


The results of these analyses are expressed in <Table 2.5‑71> in terms of the minimum stress ratio, defined as the ratio of the cyclic shear stress required to cause initial liquefaction in 10 cycles ((cd) to the shear stress imposed by 10 cycles of the SSE ((hs).  As shown, the minimum stress ratio is greater than 1.0 and, as would be expected, confinement increases this ratio. Considering the conservatisms inherent in the initial liquefaction criterion, in the number of significant stress cycles of the SSE selected (Nc = 10), and in the initial stress conditions assumed (Kc = 1.0), it can be concluded that a wide margin of safety exists against excessive shearing deformation of the lower till bearing strata during the postulated SSE.


2.5.4.8.3      Lacustrine Sediments


An analysis of the liquefaction potential of the lacustrine sediments was conducted because certain Seismic Category I pipes are founded within this stratum.  The analysis was conducted in accordance with the simplified procedure by Seed and Idriss (Reference 248).  The analysis conservatively assumed that the lacustrine materials would behave as a poorly graded fine sand, whereas, these materials are predominantly silts and clays which would have a greater resistance to liquefaction.


Based on the SSE of Intensity VII <Section 2.5.2.6>, the corresponding horizontal acceleration at the ground surface is 0.13g (Reference 3).  However, an acceleration of 0.15g was used in the analysis for conservatism.  Intensity VII is equivalent to a magnitude of 5.25 according to correlations by Nuttli (Reference 249) for the eastern United States.  The appropriate mean number of cycles, plus one standard deviation, is Nc = 5 (Reference 250).


Using the Seed and Idriss approach (Reference 248), the relative density required with depth for factors of safety of 1.0 and 1.2 were determined as shown on <Figure 2.5‑191>.  Also shown on this figure is the relative density determined for each Standard Penetration Resistance Test blowcount from 65 borings on the site, using the Gibbs and Holtz (Reference 251) correlation for sand.  This comparison of the in situ relative density with the required relative density, together with the conservatism of the analysis, indicates that liquefaction of any significant portion of the lacustrine deposit will not occur.


2.5.4.9      Earthquake Design Basis


The basis for establishing the SSE is described in <Section 2.5.2.6> and that for the OBE in <Section 2.5.2.7>.


2.5.4.10      Static Stability


2.5.4.10.1      Foundation Conditions


Consistent with the properties of the primary stratigraphic units described in <Section 2.5.4.2>, support for Seismic Category I and other primary plant structures is provided by the lower till and the underlying Chagrin shale.


a.
Lower Till



Since the lower till has been consolidated during the geologic past under loads significantly greater than imposed by the existing overburden, these materials exhibit a very low compressibility under static unit loads up to at least 12 ksf.  The lower till was also found to mobilize a high shearing resistance within the range of stress changes imposed by plant foundations.


b.
Chagrin Shale



Where not altered by excessive weathering, the shale is capable of supporting unit loads up to at least 25 ksf without detrimental settlement and is rated as having a slight to moderate swell potential upon unloading.  Limited deterioration of the shale surface by slaking was expected upon exposure and was not found to be significant during construction.  The shale surface was always cleansed prior to placement of concrete or fill.


c.
Bearing Grades



As discussed in <Section 2.5.4.3.3>, and as shown on <Figure 2.5‑143>, the surface of the lower till within the plant area ranges from Elevations 582’ to 589’ and the surface of the underlying shale varies between Elevations 556’ and 572’.  The 



bearing grades of the primary Seismic Category I structures are given in <Table 2.5‑72>.  All Seismic Category I structures, except for the diesel generator building, the offgas buildings and the fuel handling area of the intermediate building are founded on porous concrete fill bearing on shale.  The diesel generator building and offgas buildings are founded on Class A fill bearing on lower till and the fuel handling area of the intermediate building is founded on caissons extending into the shale.


d.
Groundwater



Piezometric levels within the plant site indicated that the base grades of most of the power plant structures extend well below the phreatic surface.  As the piezometer observations indicated the existence of a gravitational groundwater system within the depth of excavation, the plant substructures were designed with a permanent underdrain system to reduce hydrostatic pressure.


2.5.4.10.2      Bearing Capacity


The ultimate bearing capacity of foundations based on the lower till and shale is expressed by Equation 2.5‑15.
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where:
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Ignoring the width and confinement effects, the ultimate bearing capacity of the lower till and shale can be very conservatively calculated from Equation 2.5‑15 as 33 and 780 tsf, respectively.  The factor of safety for the maximum transient loading condition of the reactor building mat is greater than 60.  For a 5 ksf of the lower till, the factor of safety against a bearing capacity failure is greater than 13.


The ratio of the shear strength of the subsoils to the imposed shear stress has also been used to define zones of potential overstress, that is, where the “stress ratio” is less than one.  Because the extent of 


overstress which would correspond to a limiting plastic equilibrium condition cannot be defined, a conventional factor of safety cannot be expressed by this method.  However, the safety of foundation elements against excessive shear deformation can be assured if there is no overstress or if the zone of overstress is very limited.  Correspondingly, a plane strain, finite element deformation analysis was conducted according to (Reference 246).


The procedure followed in the finite element analysis was to determine the maximum shear stress beneath the mat foundation and to compare this imposed stress with the undrained shear strength of the bearing materials.  For the reactor building analysis, the shear strength of the shale was determined from uniaxial compression tests on core samples, conservatively reduced for the discontinuity effects of the rock mass.  The minimum stress ratio derived from this analysis was found to be greater than five under operating conditions and greater than two during the transient, accident condition loading of 25 ksf.  Thus, both conventional bearing capacity analyses and the stress comparison method indicate that a wide margin of safety against excessive shear deformation is provided for the reactor building.  Similar analyses support this conclusion for all Seismic Category I structures founded on either the lower till or shale bearing materials.


2.5.4.10.3      Deformation Analyses


An investigation of the potential total and differential deformation of the foundation system under static loading was made by both one‑dimensional consolidation and finite element methods of analysis (Reference 246).  The results of these analyses indicate that the ultimate post‑construction settlement or heave at any location within the power plant other than the pumphouses will not exceed a maximum of about 1/3 inch and that angular distortions are less than one in 1,500 within any individual unit or between adjacent plant units.  The corresponding maximum differential movement between the centers of adjacent Seismic Category I structures would not be expected to exceed 1/2 inch and differential movement across interstructure connections would be negligible.  Distortion of safety class piping due to volume change of shale will not occur as this piping is not founded in shale.


<Figure 2.5‑192> demonstrates the results of the combined one‑dimensional and elastic deformation analysis of the reactor building complex.  A swell (heave) of the bearing surface is shown to occur during the excavation phase, followed by compression during the erection of the structure.  The compression due to long term consolidation continues at a very slow rate after construction is completed, as shown on the figure.  The magnitude of this long term settlement will be quite small.


A plane strain, finite element program, LOCKS, was used to conduct a supplemental foundation deformation analysis as a check on the one‑dimensional deformation method used as the primary analytical technique (Reference 252).  The program accommodates nonlinear material properties and enables the simulation of dewatering, incremental excavation and incremental loading.  However, unlike the one‑dimensional analysis, time‑dependent consolidation or heave cannot be directly accommodated by the program and was necessarily simulated in a step‑by‑step procedure.


<Figure 2.5‑193> summarizes the results of a plane strain, finite element analysis of the Emergency Service Water Pumphouse which extends an average of 23 feet below the shale surface (Reference 252).  The analysis included a ten‑step simulation of the dewatering, excavation and construction sequence.  It is noted that one‑third of the shale swell has been conservatively assumed to occur prior to placement of the foundation mat and that the angular distortion across the mat is on the order of 0.0024 radians.  This is the critical design case since the service loading of this structure will reduce the heave deformation.  Wall pressures derived from the pumphouse analysis are described in <Section 2.5.4.10.4>.


For both the combined one‑dimensional plus elastic and the plane strain, finite element analyses of foundation deformation, the time dependent compression and swell characteristics of the shale were estimated using the results of oedometer tests, presented in <Section 2.5.4.2>, and the records of monitored excavations in stiff clays and shales, reported by Moorhouse (Reference 253).  Selection of the amount of swell occurring before backfilling of the Emergency Service Water Pumphouse was very conservatively chosen to be one‑third of the predicted ultimate swell of the excavation (the maximum possible) by assuming an interval of only 1 year between excavation and backfilling.  Both theoretical and case history considerations predict from 1/2 to 7/8 of this ultimate swell would be expected within the 1‑year period.  This was confirmed by monitoring of shale movements during construction, as described in <Section 2.5.4.13>.


The drained and undrained volume change characteristics of the shale chosen for the deformation analyses were conservatively weighted towards the properties of the surficial shale zone.  Because unsuitable shale has been excavated and mat foundations have been used, no attempt was made to model any localized variations in the properties of the competent shale which might be attributed to random differential weathering effects.


2.5.4.10.4      Lateral Earth Pressures


The magnitude and distribution of lateral earth pressures were formulated for application to the design of both nonyielding and yielding walls, the former typified by restrained substructure walls and the latter by cantilever retaining walls.  The typically massive foundation walls of the Seismic Category I structures indicate that the nonyielding assumption is appropriate for these elements.  The formulations in the following sections are conservative because the properties of Class B rather than Class A fill have been used throughout.


2.5.4.10.4.1      At‑Rest Earth Pressure


Earth pressure, such as would be imposed against nonyielding walls, can be conservatively expressed above the groundwater by Equation 2.5‑16.
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where:
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Lateral earth pressure at rest, psf
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=
Depth below horizontal backfill surface, ft
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The value of 0.54 used for the coefficient of earth pressure at rest was determined from the formula:
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Coefficient of earth pressure at rest
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The value of (’ was assumed to be 27 degrees, which is a conversative value for the effective friction angle of Class B fill and totally ignores any contribution of effective cohesion for the fine‑grained Class B materials.  The 27 degrees friction angle results in a higher at rest earth pressure coefficient (0.54) than would be determined for Class A fill, which has a minimum design (’ value of 35 degrees and an equivalent at rest earth pressure coefficient of 0.43.


The groundwater level is Elevation 590.0’ for normal operation and 618.0’ for massive spill conditions for all structures except the Emergency Service Water Pumphouse; for this structure the groundwater level is Elevation 557.0’.  A surface surcharge loading of 100 psf was used for the construction loading condition to account for pressures due to construction equipment.


Below groundwater level, the effective weight of the backfill soil is reduced by buoyancy and a hydrostatic pressure component also acts on the wall.  The two components of wall pressure are calculated in accordance with Equations 2.5‑17 and 2.5‑18.
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where:
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= Depth below groundwater level, ft
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It is likely that compaction of the backfill adjacent to walls imposed pressures on the walls which were initially somewhat greater than the at‑rest condition.  However, the additional pressure would be expected to have dissipated within a relatively short time and, thus, is not a design condition.  The conservatism in the design soil parameters and 


the various combinations of temporary loadings, as described in the next paragraph, would provide adequate reserve for any residual long term compaction induced earth pressures.


Plots of the maximum earth pressure vs. depth used to design rigid subsurface walls for static and dynamic loads are provided in <Figure 2.5‑194> and <Figure 2.5‑195>.  Diagrams in <Figure 2.5‑194> are applicable to all Category I structures, except for the Emergency Service Water Pumphouse which is shown in <Figure 2.5‑195>.  Each structure was analyzed to determine the maximum design stresses resulting from the following earth pressure loading conditions:


a.
construction loading,


b.
normal operating conditions,


c.
normal operating conditions plus the SSE event increment, and


d.
massive spill conditions.


Additional loadings due to surcharge from such items as cranes, railroads and adjacent foundations were added as necessary, on a case‑by‑case basis.


2.5.4.10.4.2      Active Earth Pressure


Active earth pressures appropriate to the design of yielding walls are conservatively expressed above groundwater level by Equation 2.5‑19.
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(2.5‑19)


where:
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p



=
Lateral earth pressure, active condition, psf



Z
=
Depth below horizontal backfill surface, ft





[image: image68.wmf]s


p



=
Surface surcharge loading, psf


Below groundwater level, the effects of buoyancy and hydrostatic pressures are accounted for in the active earth pressure case by Equations 2.5‑20 and 2.5‑21.





[image: image69.wmf]s


o


w


a


p


37


.


0


Z


3


.


24


Z


4


.


47


p


+


+


=







(2.5‑20)
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(2.5‑21)


where:
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= Depth from surface to groundwater level, ft
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= Water pressure, psf


2.5.4.10.4.3      Passive Earth Pressure


Passive earth pressure, together with the frictional resistance on the base of foundation elements, is used in calculating the resistance of retaining walls to lateral translation under static load.  Conservatively assuming that passive resistance is mobilized by Class B backfill materials bearing against wall footings, the ultimate sliding resistance is expressed by Equation 2.5‑22.
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(2.5‑22)


where:
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p



= Ultimate sliding resistance, pounds per foot



B
= Footing width
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d



= Height of footing in tight contact with the backfill
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s



= Average bearing pressure of footing due to actual imposed load


The coefficient C1 is 140 for submerged backfill and 170 for a backfill above groundwater level.  Consistent with the amount of movement required to develop passive resistance, the factor of safety used in connection with Equation 2.5‑22 is not less than 2.5.


2.5.4.10.4.4      Dynamic Earth Pressure Increment


For horizontal backfill surfaces, the added lateral load due to earthquake loading on retaining walls can be approximately expressed (Reference 254) by Equation 2.5‑23.
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where:
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=
Additional lateral load due to earthquake (pounds per foot of wall)



(
=
Unit weight of backfill, pcf



H
=
Height of wall, ft





[image: image80.wmf]h


k



=
Seismic coefficient


The seismic coefficient for the SSE condition is taken as 0.15 and the average design unit weight of the backfill as 128 pcf; therefore, the added dynamic earth load in pounds per foot of wall is expressed by Equation 2.5‑24.
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(2.5‑24)


The dynamic load is distributed in a trapezoidal manner such that the pressure is 11.52 H at the top of the soil and 2.88 H at the base of the wall.  The additional dynamic lateral soil pressure due to surcharge loads is calculated by Equation 2.5‑25.
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where:
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p


 = Dynamic lateral pressure due to surcharge, psf
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p


  = Static surface surcharge loading, psf
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k


  = Seismic coefficient


To investigate the conservatism of the design method, a dynamic response analysis proposed by Scott, was conducted for a rigid wall employing the dynamic fill properties and soil‑structure interaction considerations (Reference 255).  Using a shear modulus coefficient (K2max) of 70 for the backfill and assuming an average first mode damping of six percent, total horizontal pressures imposed during the SSE were found for a typical 50‑foot high wall to be 78 percent of that predicted by the foregoing conservative design criteria.  The Scott method also predicts a similar base moment if the combined static (Equations 2.5‑19, 2.5‑20 and 2.5‑21) and dynamic (Equation 2.5‑24) resultants are applied at a distance of H/2 above the base of the wall and not 0.6 H as recommended by Seed (Reference 256).


2.5.4.10.4.5      Lateral Pressures in Shale


As described in <Section 2.5.4.10.3>, a plane strain, finite element analysis of the Emergency Service Water Pumphouse has been conducted.  Because this structure extends approximately 23 feet into shale which has a low to moderate swelling potential, this analysis was also used to evaluate lateral pressures imposed on the structure.  The analytical model used assumed that excavations down to the shale surface would be sloped, but that cuts within the shale would be essentially vertical, the excavation face being offset away from the substructure walls.  The backfill material above the shale level was assumed to be predominantly granular and well compacted.  Backfill below the shale level was assumed to be either lean concrete or granular material.


The computer program used, LOCKS, incorporated nonlinear properties for the backfill and subsoils, the shale being conservatively characterized as an elastic medium (Reference 252).  The mesh used extended 605 feet below the ground surface and 1,000 feet laterally from the centerline of the ESW Pumphouse.  Swelling of the shale after placement of the backfill was simulated by calculating, at the cut face boundary <Figure 2.5‑193>, the difference of the boundary distortions obtained from solutions for elastic rebound and for rebound plus ultimate excavation swell.  The distortion differential, reduced by the estimated amount of swell occurring before backfill, was subsequently reapplied at the cut face boundary with the backfill in place.  As discussed in <Section 2.5.4.10.3>, a reduction of one‑third was conservatively chosen.


The volume change properties of the shale utilized in the analysis conservatively assumed the horizontal swell to be equal to the vertical swell characteristics as measured in the one‑dimensional swell tests, reported in <Section 2.5.4.2>.  Unlike some active clays, the actual horizontal swell would be expected to be less than the amount of vertical swell because of the greater restraint afforded by the horizontal shale laminae and the orientation of the clay mineral particles.  The influence of incremental wall construction simulation was also investigated, as shown on <Figure 2.5‑196>.


The predicted lateral wall pressures and the adopted design pressure envelope are shown on <Figure 2.5‑196>.  However, construction schedules permitted excavations to remain open for periods sufficiently long to allow the time‑dependent swell of the shale to be essentially complete before backfilling, and the structures will experience only the at‑rest lateral earth pressures previously described.  Both theoretical and case history considerations predicted that the swell of shale excavations would be essentially complete within a period of 12 to 18 months after completion of excavation.  This was confirmed by monitoring of shale movements during construction, as described in <Section 2.5.4.13>.


Hydrostatic pressures are not included in the earth pressure design envelope.  Dewatering will be continued until the service pool elevation is established within the ESW Pumphouse.  The hydrostatic loading considered in design was, therefore, due to the differential head existing between the service pool and groundwater levels.


2.5.4.11      Design Criteria


2.5.4.11.1      Bearing Conditions


Foundations for Seismic Category I structures are based either on Chagrin shale or on Class A fill over lower till.  The bearing elevations and materials for each structure are summarized in <Table 2.5‑64>.


2.5.4.11.2      Foundation Mat Design


Mat foundations for Seismic Category I structures bearing on either the lower till or Class A fill are proportioned so as not to exceed an average contact pressure of eight kips per square foot (ksf) under total dead load plus live load, with localized maximum contact pressures not exceeding 12 ksf.  These mats were designed as rigid elements and include the diesel generator building, offgas building and condensate storage tank dike.


Foundation mats bearing on shale were designed for a maximum average contact pressure of 12 ksf with local maximum contact pressure not exceeding 25 ksf.  The reactor building mats, which are in this category, were designed as rigid elements.  The remaining structures in this category including the auxiliary buildings, control complex, fuel handling/intermediate building, radwaste building, and Emergency Service Water Pumphouse, were designed as elastic foundations (Reference 257).  The design value for the coefficient of sub‑grade reaction for the shale was based upon field values determined from vertical plate loading tests 


<Section 2.5.4.2.1.3.2>.  The modulus of compressibility measured in the plate loading tests were converted to the coefficient of subgrade reaction (for a 1 foot diameter area) by Equation 2.5‑26 (Reference 258):
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where:
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K


 = Coefficient of subgrade reaction, kci



E   = Modulus of compressibility, ksi



(   = Poisson’s Ratio



I   = Plate rigidity and shape factor, 0.79


The values computer were conservatively reduced by at least one‑third to account for construction disturbance, with the resulting design value being 46 kips per cubic inch for shale.


2.5.4.11.3      Lateral Earth Pressures


Foundation walls for Seismic Category I structures are considered to be nonyielding and are designed for the at‑rest conditions, as described in <Section 2.5.4.10.4>.


2.5.4.12      Techniques to Improve Subsurface Conditions


2.5.4.12.1      Protection of Bearing Surfaces


In order to prevent the deterioration of bearing surfaces due to exposure, excavations were limited to 12 inches above the final excavation grade in lower till and six inches above the final excavation grade in shale, until just prior to the placement of the protective cover.  After approval of the final excavation to competent bearing


materials by the Resident Geotechnical Engineer, the exposed surface was expeditiously covered either with porous concrete (over shale) or Class A fill (over lower till).


2.5.4.12.2      Pressure Relief Underdrain System


Refer to <Section 2.4.13.5>.


2.5.4.13      Subsurface Instrumentation


2.5.4.13.1      Piezometers


Four rows of well‑point piezometers were installed extending to 1,000 feet from the main plant excavation in the east, south and west direction and 550 feet in the north direction, as shown in <Figure 2.5‑183>.  The purpose of the piezometers is to determine the extent of the influence of the permanent plant underdrain system on the surrounding groundwater regime.  The piezometric levels which have been measured are shown in <Figure 2.5‑187> and <Figure 2.5‑188>.  The piezometer data indicates that the significant influence on the surrounding groundwater levels is only within the lacustrine stratum and the measurable drawdown extends outward on the order of 500 feet or less from the permanent drainage system.  In addition, as discussed in <Section 2.4.13.5.3>, pressure monitoring piezometers have been installed through each of the building mats for the auxiliary buildings, control complex, intermediate building, and radwaste building to measure hydrostatic uplift pressure.


2.5.4.13.2      Shale Heave Gauges


In order to measure the rebound of the shale subgrade due to stress relief, nine heave gauges were installed within the shale prior to excavation.  The heave gauge locations are shown in <Figure 2.5‑197> and 


a typical heave gauge detail is shown in <Figure 2.5‑198>.  Monitoring data of the heavy gauges are shown in <Figure 2.5‑199>.


As shown in <Figure 2.5‑199>, the heave measured in gauges HG‑2, 3 and 4 was very small, about 1/4 inch of immediate rebound and essentially no time‑dependent heave.  Gauge HG‑7, in a deeper excavation, experienced about 2/3 inch immediate rebound and an additional 1/4 inch of time‑dependent heave.  Heave gauge HG‑8, in a still deeper excavation, experienced about 1.5 inches of immediate rebound.  Gauges HG‑8 and HG‑9 experienced no time‑dependent heave.  (Heave gauge HG‑9 was bent during excavation, so only post‑excavation movements could be determined.)  The heave measured in gauges HG‑1A and HG‑6 were somewhat larger, 2.6 and 1.2 inches of immediate rebound, followed by 1.2 and 0.7 inch of time‑dependent heave, respectively.  These two gauges were located within a bedrock deformation zone consisting of an anticlinal fold traversing Unit 2 reactor building, striking northwesterly and bounded vertically on competent rock.  Heave of fractured rock in the deformation zone, exposed to extreme climatic conditions, has been attributed to post‑excavation stress reduction and swell associated with shale weathering.  Heave gauge HG‑5 was destroyed during excavation; hence, no data was acquired for this gauge.


2.5.4.13.3      Shale Extensometers


Six extensometers were installed in the sidewalls of the Emergency Service Water Pumphouse, as shown in <Figure 2.5‑200>, to monitor horizontal movements of the shale.  A typical installed detail of an extensometer is shown in <Figure 2.5‑201>.  Monitoring results are shown in <Figure 2.5‑202>.


The shale movements measured by the extensometers ranged from essentially 0.0 to 0.1 inch and were judged to be essentially completed about 10 months after the completion of excavation.  Although some later movement was detected in extensometers EX‑2 and EX‑5 during the last 


4 months of monitoring, it is likely that at least some of that movement can be attributed to vibrations or other disturbance relating to an increased level of construction activity in the ESW Pumphouse excavation during that period.


2.5.4.13.4      Settlement Monitoring


Settlement monitoring points were established in the interior of the reactor buildings, diesel generator building and offgas buildings, and on the exterior walls of these and various other Seismic Category I structures.  The settlement monitoring points were typically designated by pencil or paint marks on poured concrete or steel frame structural elements.  The locations of currently monitored points are shown on <Figure 2.5‑203>.


The interior reactor points were located near the outer circumference of each reactor building, with eight points in each building spaced 45 degrees apart.  <Figure 2.5‑204> shows the recorded movements of the settlement points within the reactor buildings, together with the approximate time history of the percentage of structural concrete which was placed in these structures.  It is noted, however, that these recorded movements are with reference to a monument within the control complex which experienced a settlement of 0.64 inch during the period from November 1976 through February 1981.  Therefore, the average actual settlement for Unit 1 reactor is about 0.53 inch and that for Unit 2 reactor is about 0.67 inch, through December 1980.  Monitoring of the interior of the reactor buildings was discontinued after December 1980, due to inaccessibility.  However, monitoring of the exterior reactor points will continue.


<Figure 2.5‑205> shows the results of settlement measurements through August 1981, at points SP‑1, SP‑2, SP‑3, SP‑4, SP‑6, and SP‑7 shown on <Figure 2.5‑203>.  Settlement points were initially established at low elevations when the lower portions of the walls were cast (elevations 


ranging from about 563’ to 574’).  As the walls were raised and backfill placed around the structures, the settlement points were also raised to higher elevations.  The settlement data obtained is conservative because the settlement of the higher points includes the elastic deformation of the underlying concrete walls.  Occasionally, settlement points were covered by construction activities before the next higher corresponding point was established.  Gaps in the settlement records occur at these times and the settlements which occurred during these periods have been estimated, as shown in <Figure 2.5‑205>.


The maximum settlement recorded to date is about 0.9 inch.  It should be noted, however, that in some cases substantial amounts of structural concrete was placed prior to the start of monitoring.  Permanent brass settlement markers are installed at each location as the walls are extended above finished exterior grade (about Elevation 620’).  Continuous post‑construction settlement records will be obtained from these markers on a monthly basis until Fuel Load occurs, at which point they will be maintained on a quarterly basis throughout the life of the Plant.  Construction details of the settlement monitoring points are shown on <Figure 2.5‑206>.


Six settlement monitoring points were established on the diesel generator building in June 1979, shortly after the structural mat was cast.  Seven new points were established at a slightly higher elevation in June 1980, and the old points were subsequently abandoned.  The monitoring results, shown on <Figure 2.5‑207>, indicate that the average settlement through September 1981 was slightly less than one‑half inch.  From June 1980 through January 1986 average settlement was only 5/32”; therefore, monitoring at the seven construction points was discontinued in January 1986 and replaced by monitoring at one permanent marker installed at point SP‑9 as shown on <Figure 2.5‑203>.


At the request of NRC, settlement points were established on the offgas buildings after the structural concrete for these structures had been 


completed.  Four points were established within the Unit 1 structure and three points within the Unit 2 structure.  As shown in <Figure 2.5‑208>, the maximum average settlement of these structures during the period from June 1980 through September 1981, was about 0.04 inches and 0.12 inches, respectively.  The maximum settlement of any individual monitoring point through September 1981 was 0.07 inches for Unit 1 and 0.16 inches for Unit 2.  From June 1980 through January 1986 average settlement for Unit 1 was less than 1/32” and for Unit 2 was approximately 3/32”; therefore, monitoring at the construction markers within each of the Offgas buildings was discontinued in January 1986 and was replaced by monitoring at one permanent marker in each building (points SP‑8 and SP‑10 as shown on <Figure 2.5‑203>.


The installation of Safety Class piping between structures began after September 1977.  Based on the building settlement data which is available, it is estimated that differential settlement between adjacent Safety Class structures since that time has been about one‑quarter of an inch or less, and very little or no additional differential settlement is anticipated.  Based on these minimum differential settlements there should be no detrimental effects resulting to the piping connections between buildings.


2.5.4.13.5      Comparison of Actual and Predicted Deformations


<Figure 2.5‑189> shows the anticipated deformation behavior of the Unit 1 reactor building, as discussed in <Section 2.5.4.10.3>.  The deformation consists of three phases:  heave of the shale bearing surface during the following excavation, rapid compression during construction and backfill of the structures and finally, long term post‑construction consolidation at a very slow rate.  The calculated deformation behavior for the reactor building is typical of all of the structures on the site.


The computed heave of the shale within the main plant excavation ranged from about 1/2 to 3/4 inch.  As discussed in <Section 2.5.4.13.2>, the actual heave was only about 1/4 to 1/2 inch, except within the area of a bedrock deformation zone which was subsequently excavated.


The computed immediate settlement for the auxiliary buildings, radwaste building and control complex was about 1/2 inch in the interior and about 1/4 inch along the edges of the buildings adjacent to the toe of the plant excavation.  The analysis method, however, did not account for structural rigidity of the foundation mats which would tend to decrease the interior settlement and increase the edge settlement.  The actual immediate settlement of these structures, as measured at settlement points SP‑1, SP‑4 and SP‑6, plus the disk in the control complex, has been about 1/4 to 3/4 inch, averaging about 1/2 inch, through February 1981.  Long term settlement after completion of construction is expected to be on the order of 1/10 inch.


The calculated immediate settlement of the reactor buildings was about 3/4 inch in the interior and 1/3 to 1/2 inch along the edges.  Again, the structural rigidity of the mat would tend to increase the settlement of the edges.  The actual settlement, as measured at the 16 interior points on the reactor mat, as well as settlement points SP‑2 and SP‑3, has been about 1/2 to 1 inch through February 1981.  Long term settlement, after completion of construction, is expected to be on the order of an additional 1/10 inch.


It is concluded that settlement of the Seismic Category I structures is very small and of the magnitude anticipated.  Post‑construction differential settlement is expected to be negligible.


2.5.4.14      Construction Notes


2.5.4.14.1      Shale Deformation


The onshore geologic structures mapped and investigated at the site had little impact on the plant foundation as designed.  To preclude the possibility of fines infiltrating porous concrete, the following additional construction measures were taken.  Degraded material was overexcavated and replaced with lean concrete having a 28‑day compressive strength of at least 1,500 psi.  Exposed joints, open or filled, were cleaned and filled with slush grout.


The deformation intersected by the cooling water tunnels had no impact on the tunnel as designed.  Additional temporary liner supports were installed in order to maintain safe working conditions through parts of the tunnels.  In addition consolidation grouting was performed above the liner to control groundwater inflow.


2.5.4.14.2      Contamination of Porous Concrete


During June 28 and June 30, 1976, severe thunderstorms and torrential rains, totaling 3.33 inches, created excessive runoff into the excavation of the construction site, resulting in the infiltration of sediment into unprotected areas of the porous concrete.  The primary purpose for the underdrain system beneath the foundation base mats is to preclude pore pressure buildup.


An evaluation was conducted of the potential for porous concrete clogging. The evaluation included performing an extensive exploratory program of suspect areas in order to delineate the extent of siltation into the porous concrete.  This program was coupled with laboratory testing of contaminated porous concrete, engineering analyses of pore pressure buildups and an engineering evaluation of the porous concrete 


permeability.  The latter was accomplished to assess the influences of silt contamination on the performance of the porous concrete drainage blanket.


The field studies indicated that the most severe contamination occurred at exposed and unprotected edges of the porous concrete blanket.  Generally, these exposed edges existed in Unit 1 auxiliary building, Unit 1 heater bay pit, control complex, radwaste building, Unit 2 turbine power complex trench, Unit 2 condensate demineralizer pit, Unit 2 auxiliary building, and several underdrain manhole bases.  In addition, the detailed investigations revealed a limited degree of contamination within localized zones beneath both reactor buildings.


The areas affected were corrected in all cases by one of two methods:  complete removal and replacement with new porous concrete, or continuous flushing with water.  Generally, areas determined to be heavily contaminated were removed.  The areas found to be less contaminated were subjected to the flushing method.


Based upon the results of the testing and analyses, the following conclusions evolved.  The infiltration of silt which occurred in localized areas of the then existing portions of the porous concrete blanket would have a negligible effect on the future performance of the underdrain/pressure relief system.  Laboratory testing confirmed that significant pore pressures cannot build up in even highly contaminated porous concrete.


2.5.5      STABILITY OF SLOPES


The plant is constructed on an essentially level site and the final grades are similar to the preconstruction grades.  All excavations for Seismic Category I plant structures have been backfilled and, hence, there are no man‑made slopes which could fail and adversely affect the 


safety of the plant.  The only natural slopes which could affect the safety of the plant are a bluff along Lake Erie which is described in the following sections.


2.5.5.1      Slope Characteristics


A steep bluff which forms the shoreline of Lake Erie is located approximately 300 feet north of the Emergency Service Water Pumphouse.  The lower portion of this slope is periodically subjected to erosion due to wave action.  In addition, some slumping of the upper bluff materials due to groundwater seepage and frost action has been observed.  The resulting estimated average recession rate is two feet per year, as described in <Section 2.4.5.5>.  The bluff is about 45 feet in height and has an average slope inclination of about 2 horizontal to 1 vertical, as shown in <Figure 2.5‑209>.


2.5.5.2      Design Criteria and Analyses


Stability analyses have been conducted to determine the amount of bluff recession which can occur before the Emergency Service Water Pumphouse would become endangered.  The subsurface stratigraphy of the bluff was determined from observations of the exposed bluff slope and from nearby test borings.  The stability analyses were conducted using the LEASE‑I and LEASE‑II computer programs, which utilize the simplified Bishop circular arc method (Reference 259) (Reference 260) and the Morgenstern‑Price method (Reference 261) (Reference 262), respectively.  For the seismic condition, a seismic coefficient of 0.15 was used for pseudostatic analyses. The groundwater level was taken to be Elevation 615’ near the Emergency Service Water Pumphouse, exiting the bluff slope at Elevation 590’.


The soil strength parameters used in the stability analysis were determined based upon CIU triaxial compression tests on the lacustrine and upper till soils which are summarized in <Table 2.5‑37>.  Three sets 


of strength parameters were utilized in the analysis:  “lower bound” values equal to the lowest strength envelopes measured, “upper bound” values equal to the highest strength envelopes, and “design” values, which represent intermediate strength envelopes and which are believed to be representative of the actual soil strength.  These parameters are summarized as follows:





        Lacustrine       
        Upper Till       

__Analysis__
Cohesion
 Friction Angle
Cohesion
 Friction Angle





 (psf)
   (degrees)

  (psf)
   (degrees)


Lower Bound

0

 35



0

 35


Upper Bound
   240

 33.5

   660

 24


Design

   240

 31


   240

 31


To stabilize the bluff slope against wave action and against slumping in the zone of groundwater emergence, a flattened slope with rip‑rap slope protection is required.  The results of Bishop method stability analyses using the “design” strength parameters and with bluff slope inclinations ranging from 1:1 (horizontal:vertical) to 3:1 are shown on <Figure 2.5‑209>.


It was determined in this analysis that a 3:1 slope was required for the minimum desired factors of safety.  For this slope, factors of safety of 1.68 and 1.09 were determined for the static and seismic conditions, respectively.  However, the presence of the rock rip‑rap slope protection materials were not considered in this analysis, which would add to the overall stability of the slope.


A parametric study was also conducted using the 3:1 slope and the lower bound and upper bound soil strength parameters.  For the upper bound analysis, minimum factors of safety of 2.10 and 1.34 were determined for the static and seismic conditions, respectively.  For the lower bound case, wherein the lacustrine and upper till soils are considered to be cohesionless, the static factor of safety is 1.09, with the critical 


failure arcs representing shallow, sloughing failure along the slope face below the groundwater level.  For deep circles which would influence the crest of the bluff, the minimum static factor of safety found was 1.28.  With the addition of seismic forces on a 3:1 unprotected slope, the factor of safety for shallow, sloughing failure was found to be about 0.70.  However, all deep failure arcs that daylight more than about 60 feet behind the crest of the bluff were computed to have a factor of safety of more than 1.00 during seismic loading.


Observation of the lacustrine and upper till materials on the bluff face and in excavations on the site indicate that these materials do indeed possess some cohesion.  Thus, the lower bound analysis described above is unduly conservative.  In any event, final design of a permanent slope protection system will be initiated if the toe of the bluff encroaches closer than 250 feet to the Emergency Service Water Pumphouse.  At this time, the crest of the bluff would be expected to be located about 115 feet (assuming a 3:1 slope) from the pumphouse.  Thus, any failure which might occur during a seismic event prior to that time would not extend sufficiently far behind the bluff crest to influence the structure.


A Morgenstern‑Price stability analysis was also conducted on the 3:1 slope, using the design strength parameters.  The results of this analysis are shown in <Figure 2.5‑210> in comparison to the Bishop method results for the same slope.  The Morgenstern‑Price analysis yielded somewhat higher factors of safety than the Bishop method for failure surfaces passing through the upper till (note that only the most critical failure surfaces are shown out of many trial surfaces).  Failure surfaces passing only through the lacustrine stratum were also evaluated, and resulted in considerably higher factors of safety than those also passing through the upper till.


Stability analyses have also been conducted on the final slope protection design configuration, which is shown in detail in <Figure 2.4‑39>.  The results of this analysis, which incorporated a friction angle of 38 degrees for the rip‑rap, are shown below and indicate that the stability of the final design is satisfactory:










    Factor of Safety    


  Analysis  




Static

  Seismic



Design





 2.33

   1.44



Upper Bound




 2.49

   1.51



Lower Bound




 2.12

   1.34


These factors of safety are with respect to deep‑seated failures.  For shallow, sloughing failure the rip‑rap was found to have factors of safety of 1.56 and 1.16 for static and seismic conditions, respectively.  The unprotected 3:1 slope in the upper portion of the lacustrine stratum was found to have factors of safety for shallow, sloughing failure essentially the same or greater than those shown in the table above, for both static and seismic conditions.


The results of the various stability analyses determined that the toe of the bluff could recede about 200 feet before a potential failure arc of the bluff would approach within 40 feet of the Emergency Service Water Pumphouse.  However, as discussed in <Section 2.4.5.5>, if the shoreline recedes approximately 130 feet, protective measures will be initiated.


A monitoring program has been established to measure the bluff recession. This program is described in <Section 2.4.5.5>.


2.5.5.3      Logs of Borings


Boring logs are presented in <Appendix 2E>.  <Figure 2.5‑53> shows the locations of the borings.


2.5.5.4      Compacted Fill


There is no compacted fill associated with the Lake Erie bluff.


2.5.6      EMBANKMENTS AND DAMS


There are no Seismic Category I embankments or dams associated with the Perry Nuclear Power Plant.
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TABLE 2.5‑1


STRATIGRAPHY OF SALINA GROUP IN PERRY TOWNSHIP



 Depth To Top


   Thickness


Salt Thickness


Unit
 of Unit (feet) 
        (feet)        
        (feet)





Well
Well
Well
Well
Well
Well



L‑106
 142
L‑106
 142
L‑106
 142


 A
2,331
2,740
 79
 89
 ‑
 ‑


 B
2,130
2,281
201
189
101
 99


 C
2,084
2,235
 46
 45
 ‑
 ‑


 D
2,047
2,194
 37
 41
 30
 33


 E
1,957
2,102
 90
 92
 ‑
 ‑


 F
1,899
2,030
 58
 72
 55
 66


 G
1,731
1,864
168
166
 ‑
 ‑


Total




186
198


TABLE 2.5‑2


SUMMARY OF WATER ANALYSES






    Oriskany(1)    
    Newburg(1)     
Sea Water(2)


    Chemical


  Constinents   
gms/liter
% Saline
gms/liter
% Saline
  % Saline



Chloride
156.12
62.65
173.69
61.24
55.29


Bromide
  1.61
 0.64
  1.69
 0.57
 0.19


Calcium
 41.78
16.46
 33.64
11.37
 1.20


Magnesium
  8.94
 3.61
  5.67
 1.90
 3.73


Strontium
  1.46
 0.62
  0.77
 0.25
  ‑


Ammonium
  0.31
 0.12
  0.19
 0.06
  ‑


Sodium
 35.72
14.66
 64.94
23.63
30.59


Potassium
  2.32
 0.88
  1.26
 0.47
 1.11


Silica
  0.03
 0.01
  0.02
 0.01
  ‑


Iron and


Aluminum Oxides
  0.62
 0.27
  0.60
 0.21
  ‑


Sulfate
  0.20
 0.09
  0.49
 0.29
 7.69


Carbonate
   ‑
  ‑
   ‑
  ‑
 0.21


NOTES:


(1)
Average of 7 samples from lake and surrounding counties.


(2)
Average of 77 samples from USGS.


TABLE 2.5‑3


SIMULATED ORISKANY BRINE SOLUTION





Chemical Compound


Proportion in gms/liter





      NaC1




    88.6





   CaC12.2H20




   154.0





   MgC12.6H20




    74.6






  KC1





3.11





   SrC12.6H20





4.45





      NH4C1





0.97





   A1C13.6H20





1.43





   FeC13.6H20





1.06






 NaBr





2.08


TABLE 2.5‑4


BRINE ANALYSIS OF TYPICAL SOLUTION WELL




  Element





Grams per Liter(1)



C1 and NaC1





 308.29




S04 as CaSO4





   5.24




Ca as CaS04





   5.54




Mg as MgC12





   0.35


NOTE:


(1)
Average of 7 tests


TABLE 2.5‑5


FIELD INVENTORY OF WELLS


(permitted prior to May 1973)




Approxi‑




 mate


Well

 Depth


No.(1)

 (ft.) 
     Use Status        Type
        Owner





L‑213
  812
Plugged


   Gas
CEI


L‑106(2)
2,474
Exploratory core
   Salt
Diamond Shamrock






hole; plugged.


L‑207
  800
Presumed abandoned;
   Gas
CEI






could not locate.


L‑207A
  800
Household use

   Gas
John Winter


L‑207B
  800
Capped and abandoned   Gas
John Winter


L‑207C
  800
Household use

   Gas
John Winter


L‑203
1,000
Capped and abandoned   Gas
F. E. Welch


L‑201
  800




   Gas
Could not be located


L‑202
  800
Capped and abandoned   Gas
George & Rosie Klco


L‑214
1,100
Household use

   Gas
N. H. Droese


L‑217
  900
Capped and abandoned   Gas
Chicago Merchandizing












& Wholesale Auction












(Sand pit)


L‑215
  800
Capped and abandoned   Gas
Brewster ‑ Sand pit


L‑208
  800
Capped and abandoned   Gas
Bliss


L‑206
  800
Capped and abandoned   Gas
Herman Losely & Son












Nursery


L‑204
  800
Capped and abandoned   Gas
Daniel


L‑205
  800
Recently plugged
   Gas
Corrigan


L‑218
1,100
Household use

   Gas
H. Noss


L‑212
  800
Capped and abandoned   Gas
William D. Hill


TABLE 2.5‑5 (Continued)




Approxi‑




 mate


Well

 Depth


No.(1)

 (ft.) 
     Use Status        Type
        Owner





L‑210
  800
Capped and abandoned   Gas
Lake Co. Park Board


L‑211
  800
Capped and abandoned   Gas
Walter & Ruth Rust


L‑209
  800
Capped and abandoned   Gas
Walter & Ruth Rust


179

3,058
Exloratory well;
   Gas
F. & V. Daykin






capped, but not






plugged.


NOTES:


(1)
The above wells were field located May 1973.


(2)
Diamond Shamrock Well No. 202.


TABLE 2.5‑6


SUPPLEMENTAL WELL DATA


(permitted subsequent to May 1973)




Approxi‑




  mate


Permit
 Depth


  No. 
  (ft)  
 Initial Production(1)
Type
Land Owner (Operator)


 203

2,959
Fractured, tested, no
Gas
Diamond Shamrock Corp.






further comment.


 229

2,985
1.4 MMCFG after

Gas
Bobby & Faye Compton






fracturing.


 230

2,980
400 MCFG & 1 B.O.

Gas
Roy & Alice Ronke






after fracturing.


 233

3,000
1.9 MMCFG after

Gas
Carol & Ronald Mosher






fracturing.


 234

2,990
800 MCFG after


Gas
P. E. & V. Golding






fracturing.


 270

Incom‑
N/A




Gas




plete as




of March




1979


  20

2,476
Core hole



Salt?
Diamond Alkali Co. (Diamond Alkali Co.)


 168

  660
Unknown


Shale/Gas
Mr. M. Daniels   (Harry Nerode)


 207

  630
Unknown


Shale/Gas
Charles S. Beardslee


 213


 232



Permit expired


 282

  664
‑‑‑‑‑‑‑



Gas
Camp Roosevelt Unit (James V. Shankars)


 289

2,997
A.F. 300 MCFG 


Gas
Camp Roosevelt Unit (Petro Evaluation Corp.)


 290



Permit expired


TABLE 2.5‑6 (Continued)




Approxi‑




  mate


Permit
 Depth


  No. 
  (ft)  
 Initial Production(1)
Type
Land Owner (Operator)


 291



Permit expired


 327

2,990
A.F. 1 MMCFG


Gas
F&G Losely












(Viking Resources Corp.)


 346



Permit expired


 347

2,990
A.F. 250 MCFG


Gas
Orosz/Cinco Unit (Viking Resources Corp.)


 348

2,965
A.F. 200 MCFG


Gas
Orosz/Cinco Unit (Viking Resources Corp.)


 349

2,984
A.F. 200 MCFG


Gas
Haskins‑Kroggel Unit (Viking Resources Corp.)


 350

2,990
A.F. 220 MCFG


Gas
Haskins‑Kroggel Unit (Viking Resources Corp.)


 357

2,975
A.F. 300 MCFG


Gas
Richard P. West (Petro Evaluation Service, Inc.)


 358

2,978
A.F. 80 MCFG


Gas
Losely (Viking Resources Corp.)


 359

2,965
A.F. 130 MCFG


Gas
Losely (Viking Resources Corp.)


 397

2,960
A.F. 500 MCFG


Gas
Roosevelt Unit (Petro Evaluation Services, Inc.)


 407

2,970
A.F. 500 MCFG


Gas
Rosenberg Unit (A.E.D.)


 421

2,935
A.F. 30 MCFG


Gas
Long Unit (Viking Resources Corp.)


TABLE 2.5‑6 (Continued)




Approxi‑




  mate


Permit
 Depth


  No. 
  (ft)  
 Initial Production(1)
Type
Land Owner (Operator)


 421

2,964
A.F. 250 MCFG


Gas
Hopp‑Shreve Unit (Petro Evaluation Services, Inc.)


 426

2,991
A.F. 750 MCFG


Gas
Secor Unit (Petro Evaluation Services, Inc.)


 428

3,021
A.F. 750 MCFG


Gas
Secor Unit (Petro Evaluation Services, Inc.)


 450

2,974
A.F. 250 MCFG


Gas
J&L Gerlica (Petro Evaluation Services, Inc.)


 451



Permit expired


 470

3,055
A.F. 250 MCFG


Gas
Branisor‑Kenney (Petro Evaluation Services, Inc.)


 471

2,971
A.F. 200 MCFG


Gas
Anderson‑Brainard (Petro Evaluation Services, Inc.)


 475

2,982
A.F. 250 MCFG


Gas
Hein Unit (Petro Evaluation Services, Inc.)


 525

2,957
A.F. 350 MCFG


Gas
Metro Parks (Petro Evaluation Services, Inc.)


 583

2,989
A.F. 200 MCFG


Gas
Royal Crest Acres (Petro Evaluation Services, Inc.)


 594



Permitted, not drilled


NOTE:


(1)
Well owners unavailable for comment on present well status.


TABLE 2.5‑7


EARTHQUAKES WITHIN 200 MILES OF THE PERRY NUCLEAR POWER PLANT


M AND I GREATER THAN 3.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1796
12
26
11
0

43.1000N
79.0300W

‑  IV




DO
225.94


1817
12
11
0
0
0.0
38.5000N
84.5000W

IV




NU
464.84
APP. 2D D


1827
7
6
10
0

39.1300N
84.5000W

IV




DO
411.05


1828
3
9
15
30

38.5800N
83.7500W

‑   V




DO
420.89


1828
3
10
5
0

38.5800N
83.7500W

‑   V




DO
420.89


1836
7
8
21
15
0.0
41.5000N
81.7000W

IV




WG
57.16
APP. 2D D


1839
9
5
0
0
0.0
38.6000N
83.8000W

IV




NU
421.26


1840
9
10
0
0

43.2000N
79.8500W

‑   V


4.0

EP
188.30
BASHAM ET AL 1982


1850
10
1
10
25
0.0
41.5000N
81.7000W

IV




WG
57.16
APP. 2D D


1853
3
13
10
0

43.1000N
79.4000W

V


4.0

EP
203.45
BASHAM ET AL 1982


1854
2
28
0
0
0.0
38.0000N
84.5000W

‑   V




NU
510.31
FELT AREA = 20000


1856
1
16
8
0

39.3000N
78.2000W

IV




BO
373.19


1857
2
28
1
40
0.0
41.8000N
80.6000W

‑   V




WG
45.17
APP. 2D D


1857
10
23
20
15

43.2000N
78.6000W

VI




EP
260.49


1858
1
1
16
0

42.9000N
78.5500W

IV




DO
246.10


1858
4
10
11
30
0.0
41.6700N
81.2500W

IV




WG
17.18
APP. 2D D


1869
2
20
0
0
0.0
38.1000N
84.5000W

V




NU
501.06


1873
4
23
4
14
0.0
39.7000N
84.2000W

‑  IV




NU
347.91


1873
4
30
0
0

43.3000N
79.9000W

IV




EP
195.34


1873
7
6
14
30

43.0000N
79.5000W

‑  VI


4.5
 
EP
189.86
BASHAM ET AL 1982


1875
6
18
13
43
0.0
40.2000N
84.0000W

VII




NU
298.93
FELT AREA = 100000


1876
6
0
0
0
0.0
40.4000N
84.2000W

V




NU
300.21


1877
1
23
21
0
0.0
38.8000N
83.5000W

III

3.6


NU
388.79
FELT AREA = 2500


1877
8
17
16
50
0.0
42.3000N
83.3000W

‑   V

3.2


NU
186.93
FELT AREA = 500


1879
8
21
8
0

43.2000N
79.2000W

IV




EP
222.87


1882
2
9
20
0
0.0
40.4000N
84.2000W

V

3.2 


NU
300.21
FELT AREA = 250


1882
11
27
23
30

43.0000N
79.2500W

IV




EP
205.04


1883
5
23
4
30
0.0
38.4000N
82.6000W

IV




NU
397.53


1884
9
19
20
14
0.0
40.7000N
84.1000W

VI

4.8


NU
276.32
FELT AREA = 320000


1885
1
3
2
16

39.2000N
77.5000W

V




EH
422.80


1885
1
18
10
30
0.0
41.1000N
81.4500W

IV




WG
80.75
APP. 2D D


1885
9
26
20
30

40.1700N
80.2300W

‑  IV




DO
196.78


1886
5
3
3
0
0.0
39.5000N
82.1000W

‑  IV

3.4


NU
268.02


1896
3
15
7
0
0.0
40.3000N
84.2000W

IV




NU
306.28


1897
3
7
0
0

43.1000N
79.2000W

IV




EP
215.36


1899
11
12
14
0
0.0
39.3000N
83.0000W

IV




NU
319.14


1901
5
17
7
0
0.0
39.3000N
82.5000W

V

4.2


NU
300.55
FELT AREA = 25000


1902
3
10
5
0

39.6000N
77.2000W

‑  IV




BO
413.24


1902
6
14
7
0
0.0
40.3000N
81.4000W

‑   V




NU
168.09


1906
4
23
7
12
0.0
40.7000N
83.6000W

V




NU
239.46


TABLE 2.5‑7 (Continued)


M AND I GREATER THAN 3.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1907
1
10
0
0

41.2500N
77.1000W

IV




EP
342.97


1909
4
2
7
25

39.4000N
78.0000W

V




BO
376.63


1910
2
8
14
0

38.8000N
78.7000W

IV




BO
392.65


1910
2
25
0
0

43.2000N
79.8000W

IV




EP
190.65


1912
5
27
12
52

43.2000N
79.7000W

V




SM
195.52


1918
2
22
0
0
0.0
42.8000N
84.2000W

IV




NU
275.38


1918
4
10
2
9

38.7000N
78.4000W

VI




EH
415.95


1918
4
16
13
40

38.7000N
78.4000W

IV




BO
415.95
STREET


1919
9
6
2
46

38.8000N
78.2000W

VI




EH
416.69


1920
7
24
0
0

38.7000N
78.4000W

IV




BO
415.95


1923
12
31
16
40

39.2000N
78.0000W

V




BO
392.92


1924
1
1
0
0

39.2000N
78.0000W

‑   V




BO
392.92


1924
1
5
0
0

39.1000N
78.1000W

IV




EP
395.70


1925
3
27
4
6
0.0
39.5000N
83.9000W

V




NU
345.87


1926
10
28
11
0
0.0
41.7000N
83.6000W

IV




NU
204.63


1926
11
5
15
53
0.0
39.1000N
82.1000W

‑ VII

3.4


NU
310.71
FELT AREA = 900


1927
2
17
5
30
0.0
40.7000N
82.5000W

IV




NU
166.97


1927
6
10
7
16

38.0000N
79.0000W

V




EH
460.10


1927
11
12
19
50

43.1000N
79.0600W

IV




EP
224.04


1928
10
27
0
0
0.0
40.4000N
84.1000W

III

3.2


NU
293.06
FELT AREA = 250


1929
3
8
9
6
0.0
40.4000N
84.2000W

V

4.0


NU
300.21
FELT AREA = 13000


1929
8
12
11
24
48.7
42.9100N
78.4020W

VIII

5.2
5.8

DW
257.27
STREET+TURCOTTE 1977


1929
12
2
22
14

42.8000N
78.3000W

V




EP
259.40


1929
12
3
12
50

42.8000N
78.3000W

IV




EP
259.40


1929
12
26
2
56

38.1000N
78.5000W

VI




BH
468.89


1930
6
26
21
45
0.0
40.5000N
84.0000W

IV




NU
279.94


1930
6
27
7
23
0.0
40.5000N
84.0000W

IV




NU
279.94


1930
7
11
0
15
0.0
40.6000N
83.2000W

IV




NU
218.05


1930
9
30
20
40
0.0
40.3000N
84.3000W

VII

4.2


NU
313.36


1930
10
0
0
0
0.0
40.4000N
84.2000W

‑  IV




NU
300.21


1931
4
22
0
0

42.9000N
78.9000W

IV




EP
221.52


1931
6
10
8
30
0.0
41.3000N
84.0000W

V

3.7


NU
244.73
FELT AREA = 4000


1931
9
20
23
5
03.4
40.4290N
84.2700W
5
VII

4.6


DW
303.57


1932
1
21
0
0
0.0
41.0800N
81.5000W

IV




NU
83.36
APP. 2D D


1933
2
23
3
20
0.0
40.3000N
84.2000W

IV

3.8


NU
306.28
FELT AREA = 5000


1933
5
28
15
10
0.0
38.6000N
83.7000W

V

3.6


NU
416.75
FELT AREA = 1800


1934
10
29
20
7

42.0000N
80.2000W

V

4.0


WG
81.35
BASHAM ET AL 1982 APP. 2D D


1935
11
1
8
30

38.9200N
79.8500W

V




US
338.26


1936
1
31
19
30
0.0
41.2000N
83.2000W

IV




NU
184.23


TABLE 2.5‑7 (Continued)


M AND I GREATER THAN 3.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1936
10
8
16
30
0.0
39.3000N
84.4000W

III

3.5


NU
391.38
FELT AREA = 1800


1937
3
2
14
47
33.3
40.4880N
84.2730W
2
VII

4.7


DW
300.46
NUTTLI+ZOLLWEG 1974


1937
3
3
9
50
0.0
40.7000N
84.0000W

V

3.4


NU
268.83
FELT AREA = 500


1937
3
9
5
44
35.5
40.4700N
84.2800W
3
‑VIII

4.9


DW
301.98
NUTTLI+ZOLLWEG 1974


1937
4
23
17
15
0.0
40.7000N
84.0000W

III

3.4


NU
268.83
FELT AREA = 650


1937
4
27
17
0
0.0
40.7000N
84.0000W

III

3.4


NU
268.83
FELT AREA = 650


1937
5
2
17
5
0.0
40.7000N
84.0000W

IV




NU
268.83


1938
3
13
16
10
0.0
42.4000N
83.2000W

IV




NU
182.66


1938
7
15
22
46
12.0
40.6800N
78.4300W
1
VI

3.3


DW
259.30
NUTTLI+ZOLLWEG 1974


1939
1
14
8
10
16.
43.2500N
79.8500W




3.3

EP
192.88


1939
3
18
14
3
0.0
40.4000N
84.0000W

‑  IV

3.6


NU
285.98
FELT AREA = 1400


1939
6
18
3
20
0.0
40.3000N
84.0000W

IV

3.4


NU
292.32
FELT AREA = 1000


1940
3
26
3
28

38.8000N
78.5000W

V




BO
401.90


1940
6
16
4
30
0.0
40.9000N
82.3000W

IV




NU
139.22


1943
3
9
3
25
24.9
41.6280N
81.3090W
7
V

4.5


DW
23.65
APP. 2D D


1944
11
13
11
52
0.0
40.4000N
84.4000W

III

4.3


NU
314.70
FELT AREA = 45000


1946
11
10
11
41
23.1
42.8700N
77.4500W




3.1

EP
326.72


1947
8
10
2
46
41.3
41.9280N
85.0000W
2
VI


4.6

DW
320.49
FA = 180000 SQKM. BASHAM ET AL 


















1982


1950
4
20
0
0
0.0
39.8000N
84.2000W

IV




NU
340.42


1951
12
3
7
2
0.0
41.6400N
81.4100W

IV



2.6
WG
30.89
APP. 2D D, CEI RPT JUNE 1988


1952
6
20
9
38
6.0
39.6400N
82.0200W

VI

4.1


GO
251.14
FELT AREA = 13000


1952
9
11
3
15

38.1000N
78.5000W

IV




BO
468.89


1952
12
25
0
0
0.0
43.8000N
81.0000W

IV




NU
222.38


1953
5
7
23
32
0.0
39.7000N
82.1000W

IV




NU
246.90


1953
6
12
0
0
0.0
41.7000N
83.6000W

IV




NU
204.63


1954
1
31
12
30

42.8900N
77.2800W

IV




US
340.54


1954
4
27
2
14
08.
43.1000N
79.2000W




4.1

EP
215.36


1955
5
26
18
9
23.0
41.3300N
81.4000W

+  IV

3.4


WG
56.52
APP. 2D D, CEI RPT JUNE 1988


1955
6
29
1
15
33.0
41.3300N
81.4000W

‑   V

3.6


WG
56.52
APP. 2D D, CEI RPT JUNE 1988


1955
8
16
7
35

42.8900N
78.2800W

V


4.0

EP
265.15
BASHAM ET AL 1982


1956
1
27
12
3
0.0
40.4000N
84.2000W

V

3.8


NU
300.21
FELT AREA = 5000


1957
6
29
11
25
9.0
42.9200N
81.3200W



3.8


WG
125.14
APP. 2D D


1958
1
24
0
0

44.9800N
81.2500W




3.5

EP
353.30


1958
7
22
1
46
44.1
43.5830N
79.8270W
14



4.3

DW
225.45
EPB ML


1958
8
4
0
0
0.0
43.1000N
80.0000W

IV




NU
172.25


1958
8
22
14
25
05.
43.0000N
79.0000W




3.6

EP
221.09


1961
2
22
9
45
3.0
41.2000N
83.3000W

V

4.0


NU
192.03
FELT AREA = 13000


1962
3
27
6
35
05.
43.0000N
79.3300W

V


3.0

EP
200.07


1964
2
13
19
46
40.8
40.3770N
77.9570W
1


3.3


DW
310.93


TABLE 2.5‑7 (Continued)


M AND I GREATER THAN 3.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1965
7
16
11
6
55.
43.0400N
78.0800W

IV


3.5

PM
287.24
FROM EPRI


1965
8
27
20
57
00.
43.0000N
78.0700W

IV

3.1


PM
285.94


1965
10
8
2
17
27.
40.0800N
79.7500W




3.3

EP
224.27


1966
1
1
13
23
39.0
42.8420N
78.2490W
2
VI

4.6


DW
265.13
HERRMANN 1979 STREET & TURCOTTE 1979


1967
2
2
6
30
0.0
42.7000N
84.6000W

IV




NU
302.21


1967
4
8
5
40
32.0
39.6000N
82.5000W

V

4.0


NU
269.97
FELT AREA = 10000


1967
6
13
19
8
55.5
42.8370N
78.2340W
1
VI
3.9
4.4


DW
266.02
HERRMANN 1979 STREET 1976


1969
5
22
14
59
51.6
39.6100N
78.2450W



3.1


DW
345.22


1969
8
13
2
42
24.
43.3000N
78.2200W
18
IV

2.5


EP
292.19


1970
5
27
17
59
41.4
39.6190N
78.2750W



3.2


DW
342.71


1970
8
11
6
14
25.0
38.2400N
82.0500W

IV




NU
402.90


1971
9
12
0
6
27.6
38.1500N
77.5920W
5
V

3.6


DW
506.25


1971
9
12
0
9
22.6
38.1000N
77.4000W
4


3.2


EP
520.67
BOLLINGER 101


1974
6
5
0
16
40.0
38.4800N
84.7500W

VI

3.2


DW
479.96


1974
10
20
15
13
55.0
39.0600N
81.6100W

V

3.8


DW
306.94


1974
11
27
10
28
52.
43.3300N
79.1000W



3.3


LD
238.75


1975
2
3
10
31
0.0
41.3000N
83.2000W

IV




NU
180.38


1975
2
16
23
21
31.0
38.8700N
82.3500W

IV

3.0


DW
341.23


1976
2
2
21
14
2.0
41.8800N
82.7300W

III

3.4


GO
132.07
APP. 2D D


1976
5
6
18
46
08.0
39.6000N
79.9000W

IV




EP
266.05


1977
6
17
15
39
47.0
40.7050N
84.7070W

VI

3.2


NU
322.50
FELT AREA = 550


1978
4
26
19
30
22.6
39.6500N
78.2200W



3.1


PD
343.57


1979
11
9
21
29
59.1
38.4200W
82.8800W
10
V


3.5

US
403.55


1980
7
27
18
52
21.8
38.1900N
83.8900W
8
VII
5.1
5.0


DW
464.46
MS = 4.7, KENTUCKY


1980
7
31
9
35
53.0
38.1900N
83.9300W

IV

2.5


NU
466.19


1980
8
20
9
34
53.4
41.8700N
82.9900W
5
V

3.2


CH
153.57
CHRISTENSEN


1980
8
25
11
41
38.0
38.1900N
83.7900W

IV

2.5


EP
460.21
EPRI (NUTTLI)


1980
10
14
0
58
57.0
43.1700N
80.5600W
5
FELT

3.4


CE
159.45


1981
8
28
10
51
33.0
43.1500N
80.5900W
1
III

3.3


CE
156.62


1981
9
5
5
49
21.0
42.8000N
81.4100W
9


3.1


CE
113.13


1981
11
23
13
14
51.0
38.2400N
79.0900W
10
IV

2.1


US
432.49
VIRGINIA


1982
2
3
4
28
20.6
40.2100N
79.0500W
2
IV

2.6


US
249.47
PENN


1983
8
17
14
3
15.0
38.4720N
82.7720W
12
V

3.5


PD
394.83
WEST VIRGINIA


1983
10
4
17
18
40.0
43.4500N
79.8000W
2


3.1


EP
213.78


1986
1
31
16
46
42.3
41.6500N
81.1620W
5

4.9
5.0


WG
16.84
LEROY, OH


1986
7
12
8
19
39.5
40.5500N
84.3900W
5


4.5


CH
303.77
ST. MARYS, OH; SCHWARTZ 1988


1987
7
13
5
49
25.
41.9030N
80.7380W



3.6


WG
36.54
ASHTABULA, OH PROBABLY INDUCED


1987
7
13
7
52
20.
41.9030N
80.7380W





3.2
WG
35.53


1987
7
13
13
5
30.
41.9030N
80.7380W





3.1
WG
35.53


1987
7
16
4
49
40.2
41.9020N
80.7413W





3.1
JA
35.24
LAMONT FIELD SURVEY STARTS


1987
7
23
9
32
28.0
43.4910N
79.4720W
6


3.4


EP
232.45


TABLE 2.5‑7 (Continued)


M AND I GREATER THAN 3.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1988
9
7
2
28
09.5
38.1430N
83.8780W
10

4.5
4.6


PM
468.50
KENTUCKY:  TAYLOR, 1989


1989
7
15
0
8
02.6
38.6070N
83.5690W
10


3.1


PM
410.37
KENTUCKY


1989
8
5
21
7
58.0
43.2870N
79.7610W
5


3.2


EP
200.36


1990
4
17
10
27
36.0
40.4600N
84.8500W
18


3.3


EP
345.00


1990
9
8
0
3
57.4
38.0610N
83.7310W



3.3


PM
470.45
KENTUCKY


1991
1
26
3
21
24.4
41.5995N
81.5983W



3.5


WG
43.98
OFFSHORE EUCLID, OH


THIS CATALOG LISTS 165 EARTHQUAKES


EPICENTRAL DISTANCES ARE COMPUTED FOR SITE LOCATED AT 41.8010N  81.1435W SEE FOLLOWING PAGE FOR CATALOG EXPLANATION


TABLE 2.5‑7 (Continued)




EARTHQUAKE CATALOG EXPLANATION




MAGNITUDES




INTENSITY I(MM)



REMARKS




MB = BODY WAVE MAGNITUDE


INTENSITIES ARE MAXIMUM EPI‑

FA = TOTAL FELT AREA (SQ KM)




MN = MBLG MAGNITUDE (NUTTLI, 1973)
CENTRAL MODIFIED MERCALLI

MO = SEISMIC MOMENT


  

ML = RICHTER LOCAL MAGNITUDE

INTENSITIES; A LEADING MINUS

MS = SURFACE WAVE MAGNITUDE


  

MC = CODA LENGTH MAGNITUDE

SIGN INDICATES A RANGE; I.E.











‑ VII IMPLIES VI ‑ VII


REFERENCES





REF

DATA SOURCE








REF

DATA SOURCE





BB
BRADLEY AND BENNETT (1965)






MM
MCCLAIN AND MYERS (1970)





BH
BOLLINGER AND HOPPER (1971)






NB
NUTTLI AND BRILL (1981) <NUREG/CR‑1577>





BK
BROOKS (1960)









NJ
NEW JERSEY GEOLOGICAL SURVEY





BO
BOLLINGER (1969,1973)







NO
N.O.A.A. EARTHQUAKE DATA FILE





CG
U.S. COAST AND GEODETIC SURVEY





NS
BULLETINS, NORTHEAST U.S. SEISMOGRAPH NETWORK





CH
CHRISTENSEN (1987)








NU
NUTTLI (1974)





DO
DOCEKAL (1970)









PD
PRELIM. DETERMINATION OF EPICENTERS, U.S.G.S.





DW
DEWEY (PERSONAL COMMUNICATION)





PM
PRELIMINARY DETERMINATION OF EPICENTERS (MONTHLY)





EH
EARTHQUAKE HISTORY OF THE U.S. (1958,1973)



SL
BULLETINS, ST. LOUIS UNIV. SEISMOGRAPH NETWORK





EP
EARTH PHYSICS BRANCH, OTTAWA, CAN.





SM
SMITH (1962,1964)





IS
INTERNATIONAL SEISMOLOGICAL SUMMARY




US
U.S. EARTHQUAKES SERIES, 1928‑1980





LD
BULLETINS, LAMONT‑DOHERTY GEOLOGICAL OBS.



WE
WESTON OBSERVATORY





MA
MATHER AND GODFREY (1927)






WG
WESTON GEOPHYSICAL CORPORATION





MI
BULLETINS, M.I.T. SEISMOGRAPH NETWORK




WQ
BULLETINS, WESTON QUARTERLY REPORT


TABLE 2.5‑8


EVENTS WITH DOUBTFUL LOCATION OR ORIGIN











Magni‑











tude or




   Time





Inten


 Date    
   Hr Mn
        Location      
 sity  
     Comments




1791 Apr

12 00
Northern and Eastern
IV‑V

Uncertain date,






Kentucky





and source coordinates


1824 Jul 15
16 20
West Virginia, Ohio

V

Uncertain coordinates


1834 Nov 20
18 40
Northern Kentucky

V

Uncertain coordinates


1852 Nov 02
23 35
Virginia



VI

Uncertain coordinates


1853 May 02
14 20
Virginia,



V‑VI

Uncertain






West Virginia, Ohio



coordinates


1872 Jul 23
11 00
Near Elyria


III

Probably non‑seismic‑ Fallen rock


1900 Apr 09
13 00
Berea, Ohio


VI

Probably a blast


1906 Jun 22

Near Berea


I‑II

Uncertain


1906 Jun 27
21 10
Fairport, Ohio


IV‑V

Probably a blast


1907 Apr 12
18 28
Cleveland



I

Not an earthquake


1927 Oct 29

40.90N, 81.18W


V

Seismic origin doubtful


1928 Sep 09
20 00
41.5N, 82.0W


V

Probably related to a bombing exercise


1929 Sep 17
19 16
Euclid



II

Dubious event


1958 May 01
22 46
Lakewood, Ohio


IV

Seismic origin doubtful


TABLE 2.5‑8 (Continued)











Magni‑











tude or




   Time





Inten


 Date    
   Hr Mn
        Location      
 sity  
     Comments



1976 Feb 04
21 14
Lake Erie



3.0mbLg

Uncertain coordinates


1976 Apr 08
07 39
South‑Central Indiana
V

Uncertain coordinates


TABLE 2.5‑9


EARTHQUAKES WITHIN 50 MILES OF THE PERRY NUCLEAR POWER PLANT


M AND I GREATER THAN 1.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1823
5
30
0
0
0.0
42.5000N
81.0000W

‑ III




WG
78.55
APP. 2D D


1836
7
8
21
15
0.0
41.5000N
81.7000W

IV




WG
57.16
APP. 2D D


1850
10
1
10
25
0.0
41.5000N
81.7000W

IV




WG
57.16
APP. 2D D


1857
2
28
1
40
0.0
41.8000N
80.6000W

‑   V




WG
45.17
APP. 2D D


1858
4
10
11
30
0.0
41.6700N
81.2500W

IV




WG
17.05
APP. 2D D


1869
4
9
13
0
0.0
42.7000N
80.8000W

III




WG
103.81
APP. 2D D


1873
8
17
14
0

41.2500N
80.5000W

III




WG
81.42
APP. 2D D


1885
1
18
10
30
0.0
41.1000N
81.4500W

IV




WG
81.96
APP. 2D D


1885
8
15
4
5
0.0
41.2700N
81.1000W

‑ III




WG
59.09
APP. 2D D


1898
10
29
0
0
0.0
41.5000N
81.7000W

III




WG
57.16
APP. 2D D


1906
4
20
17
30

41.5000N
81.7500W

III




WG
60.58
APP. 2D D


1921
9
27
4
32

42.1000N
80.2000W

III




WG
84.99
APP. 2D D


1922
3
16
9
30
0.0
43.0000N
82.5000W

III




NU
173.81


1929
6
10
0
0
0.0
41.5000N
81.7000W

III




NU
57.16


1930
2
16
12
17

42.8300N
80.5200W

III




WG
125.33
APP. 2D D


1932
1
21
0
0
0.0
41.0800N
81.5000W

IV




NU
85.44
APP. 2D D


1934
10
29
20
7

42.0000N
80.2000W

V


4.0

WG
81.35
BASHAM ET AL 1982; APP. 2D D


1934
11
5
20
0

41.8800N
80.3700W

III




WG
64.84
APP. 2D D


1936
8
26
8
55

41.4000N
80.4000W

II




EP
76.33
APP. 2D D


1940
5
31
16
0
0.0
41.1000N
81.5200W

II




WG
83.97
APP. 2D D


1943
3
9
3
25
24.9
41.6300N
81.3090W
7
V

4.5


DW
23.65
APP. 2D D


1951
12
3
7
2
0.0
41.6400N
81.4100W

IV



2.6
WG
28.49
APP. 2D D, CEI RPT JUNE 1988


1955
5
26
18
9
23.0
41.3300N
81.4000W

   IV

3.4


WG
56.52
APP. 2D D, CEI RPT JUNE 1988


1955
6
29
1
15
33.0
41.3300N
81.4000W

‑   V

3.6


WG
56.52
APP. 2D D, CEI RPT JUNE 1988


1957
6
29
11
25
9.0
42.9200N
81.3200W



3.8


WG
125.14
APP. 2D D


1959
2
9
0
0
0.0
43.0000N
81.0000W




2.4

WG
133.71
APP. 2D D


1976
2
2
21
14
2.0
41.8800N
82.7300W

III

3.4


GO
132.07
APP. 2D D


1980
8
20
9
34
53.4
41.8700N
82.9900W
5
V

3.2


CH
153.57


1981
9
5
5
46
42.0
42.7200N
81.4200W
9



1.9

EP
104.60


1981
9
5
5
49
21.0
42.8000N
81.4100W
9


3.1


CE
113.13


1982
12
23
7
6
40.0
42.7600N
81.3900W
10


2.8


EP
108.44


1982
12
23
12
11
45.0
42.7700N
81.4000W
10


2.3


EP
109.70


1983
1
22
7
46
59.3
41.7650N
81.1100W



3.0


WG
4.87
N.E. OHIO, CEI RPT JUNE 1986


1983
9
3
4
48
45.0
42.7500N
81.4900W
5


2.6


EP
109.22


1983
11
19
16
22
20.0
41.7650N
81.1100W



2.3


WG
4.87
N.E. OHIO, CEI RPT JUNE 1986


1983
11
19
23
32
12.0
42.9300N
80.5300W
18


2.2


EP
135.21


1985
4
14
11
39
51.3
41.4000N
80.3700W




2.0

CH
78.37


1985
7
11
10
13
19.0
42.3000N
80.7900W
18


2.7


EP
62.68


1986
1
31
16
46
42.3
41.6500N
81.1620W
5
‑  VI
4.9
5.0


WG
16.84
LEROY, OH


TABLE 2.5‑9 (Continued)


M AND I GREATER THAN 1.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1986
2
1
18
54
49.3
41.6445N
81.1528W
4




1.5
WG
17.40
LEROY AFTERSHOCK


1986
2
3
19
47
19.8
41.6487N
81.1580W
6




2.0
WG
16.96
LEROY AFTERSHOCK


1986
2
6
18
36
22.4
41.6453N
81.1602W
6




2.5
WG
17.35
LEROY AFTERSHOCK


1986
2
7
15
20
20.4
41.6505N
81.1537W
4




1.1
WG
16.74
LEROY AFTERSHOCK


1986
3
24
13
42
41.3
41.6384N
81.1552W
5




1.4
WG
18.09
LEROY AFTERSHOCK


1987
2
12
1
10
56.7
41.6517N
81.1518W
4




1.8
WG
16.60
LEROY AFTERSHOCK


1987
2
28
11
38
33.8
41.6200
81.4400W



1.4


WG
31.83
WILLOUGHBY, OH.


1987
5
1
21
13
52.2
41.7466N
81.0921W



1.3


WG
7.40


1987
6
18
10
30
57.3
41.5146N
80.3859W



2.7


WG
70.67
PENNSYLVANIA


1987
7
13
5
49
25. 
41.9030N
80.7380W



3.6


WG
36.54
ASHTABULA, OH PROBABLY INDUCED


1987
7
13
5
59
00.
41.9030N
80.7380W





1.8
WG
35.53
LOCATION INFERRED


1987
7
13
7
26
01.
41.9030N
80.7380W





1.8
WG
35.53


1987
7
13
7
52
20.
41.9030N
80.7380W





3.2
WG
35.53


1987
7
13
13
5
30.
41.9030N
80.7380W





3.1
WG
35.53


1987
7
13
15
25
00.
41.9030N
80.7380W





1.4
WG
35.53


1987
7
13
18
25
18.
41.9030N
80.7380W





2.2
WG
35.53


1987
7
13
19
0
15.
41.9030N
80.7380W





1.9
WG
35.53


1987
7
13
19
39
26.
41.9030N
80.7380W





1.7
WG
35.53


1987
7
13
20
53
11.
41.9030N
80.7380W





1.8
WG
35.53


1987
7
13
21
46
00.
41.9030N
80.7380W





1.7
WG
35.53


1987
7
13
23
49
00.
41.9030N
80.7380W





2.0
WG
35.53


1987
7
14
7
47
33.
41.9030N
80.7380W





2.2
WG
35.53


1987
7
14
14
51
17.
41.9030N
80.7380W





2.6
WG
35.53


1987
7
16
4
49
40.2
41.9020N
80.7413W





3.1
JA
35.24
LAMONT FIELD SURVEY STARTS


1987
7
16
5
19
24.
41.9022N
80.7407W





1.7
JA
35.29


1987
7
16
6
2
32.0
41.9023N
80.7378W





2.4
JA
35.52


1987
7
16
9
21
17.7
41.9020N
80.7391W





1.6
JA
35.41


1987
7
16
11
43
07.5
41.9017N
80.7407W





1.2
JA
35.27


1987
8
13
7
52
13.0
41.9030N
80.7380W
5


3.0


LD
35.53
ASHTABULA:  LOCATION INFERRED


1987
12
19
11
56
00.
41.9030N
80.7380W





2.0
WG
35.53
ASHTABULA:  LOCATION INFERRED


1987
12
25
8
28
00.
41.9030N
80.7380W





2.2
WG
35.53
ASHTABULA:  LOCATION INFERRED


1987
12
29
7
22
26.9
41.7485N
81.2640W



1.2


WG
11.59
FAIRPORT HARBOR, OH


1988
1
16
23
17
04.4
41.7470N
81.0980W



1.8


WG
7.09


1988
3
31
16
30
00.0
41.3147N
81.0479W




2.8

JC
54.60
NELSON, OH


1988
4
20
16
51
27.9
41.7739N
81.3090W



1.4


WG
14.08
LAKE ERIE


1988
6
27
 4
46
31.3
41.8180N
81.2289W



2.7


WG
7.34
LAKE ERIE


1988
6
27
 4
48
26.0
41.8180N
81.2289W



1.7


WG
7.34


1988
6
27
 7
29
40.0
41.8180N
81.2289W



1.3


WG
7.34


1988
12
25
 2
11
24.9
41.8310N
81.0300W

III



2.4
WG
10.00
MADISON‑ON‑THE‑LAKE, OH


1988
12
28
 23
28
24.5
41.6360N
81.1660W

III



2.8
WG
18.42
LEROY, OH


1989
 3
22
 20
13
35.9
41.7270N
81.1550W





1.9
WG
 8.27


1989
 8
 1
 16
12
00. 
41.9030N
80.7380W





2.8
WG
35.53
ASHTABULA:  LOCATION INFERRED


TABLE 2.5‑9 (Continued)


M AND I GREATER THAN 1.0



ORIGIN TIME


  HYPOCENTRAL LOCATION



MAGNITUDE

REF
DISTANCE


REMARKS


YEAR
MO
DA
HR
MN
SEC
  LAT.
  LONG.
Z(KM.)  I(MM)
MB
MN
ML
MC

 (KM.)


1989
 8
 1
 16
15
00. 
41.9030N
80.7380W





1.2
WG
35.53


1989
 8
 1
 16
44
00. 
41.9030N
80.7380W





1.2
WG
35.53


1989
 8
 1
 16
50
00. 
41.9030N
80.7380W





2.9
WG
35.53


1989
 8
 1
 18
4
00. 
41.9030N
80.7380W





1.9
WG
35.53


1989
 8
 2
  0
44
00. 
41.9030N
80.7380W





2.2
WG
35.53


1989
 8
 2
  0
58
00. 
41.9030N
80.7380W





1.7
WG
35.53


1989
 8
 2
  2
52
00. 
41.9030N
80.7380W





2.2
WG
35.53


1989
 8
 2
 6
49
00. 
41.9030N
80.7380W





1.7
WG
35.53


1989
 8
 3
 4
7
00. 
41.9030N
80.7380W





2.2
WG
35.53


1989
 8
 4
 0
 5
00. 
41.9030N
80.7380W





1.8
WG
35.53


1989
 8
 11
 11
53
54.3
41.8380N
81.0190W





1.2
WG
11.13
MADISON‑ON‑THE‑LAKE


1990
 1
 1
 23
 3
00. 
41.9030N
80.7380W





2.2
WG
35.53
ASHTABULA:  LOCATION INFERRED


1990
 5
 26
  9
 51
18.9
41.7500N
81.2620W





1.3
WG
11.37
FAIRPORT HARBOR


1990
 7
 13
 19
 14
00. 
41.9030N
80.7380W





1.5
WG
35.53
ASHTABULA:  LOCATION INFERRED


1990
 7
 24
 23
 4
00. 
41.9030N
80.7380W





2.1
WG
35.53
ASHTABULA:  LOCATION INFERRED


1990
 9
 1
 13
 50
54.5
41.6470N
81.1520W





1.5
WG
17.12
LEROY, OH


1990
 9
 25
 12
 24
00. 
41.9030N
80.7380W





1.4
WG
35.53
ASHTABULA SEQ.: LOCATION INFERRED


1990
 9
 26
  6
 13
00. 
41.9030N
80.7380W





2.3
WG
35.53


1990
 9
 26
 12
 46
00. 
41.9030N
80.7380W





1.6
WG
35.53


1990
 9
 26
 18
 16
00. 
41.9030N
80.7380W





1.6
WG
35.53


1990
 9
 26
 22
 44
00. 
41.9030N
80.7380W





1.3
WG
35.53


1990
 11
  9
 22
 48
33.2
41.7470N
81.2490W





1.7
WG
10.63
FAIRPORT HARBOR


1990
 11
 18
  9
 21
00. 
41.9030N
80.7380W





2.3
WG
35.53
ASHTABULA:  LOCATION INFERRED


1990
 12
  7
  4
 43
18.6
41.9640N
81.0160W





1.3
WG
20.97
LAKE ERIE


1990
 12
 17
  7
 22
48.5
41.9530N
80.1220W



2.5


PM
86.46
ERIE, PA:  PROB. INDUCED


1991
 1
 26
  3
 21
24.4
41.5995N
81.5983W



3.5


WG
43.98
OFFSHORE EUCLID, OH


1991
 3
 12
  8
 50
48.9
41.3468N
81.4055W





2.3
WG
54.98
SOLON, OH


1991 
5
  2
 11
  9
43.0
41.9030N
80.7380W





1.7
WG
35.53
ASHTABULA, LOCATION INFERRED


1991
 5
 31
 21
  1
45.3
41.7550N
81.0591W





1.6
WG
 8.68


1991
 5
 31
 21
 28
08.8
41.7562N
81.0580W





1.3
WG
 8.68


1991
 7
  2
  2
 44
50.9
41.9640N
80.5755W





1.9
WG
50.50
EAST OF ASHTABULA


1991
 7
 20
 12
 53
16.8
41.7732N
81.3133W





1.6
WG
14.45


1991
 7
 31
  9
 39
48.3
41.7256N
81.1227W





1.2
WG
 8.55


THIS CATALOG LISTS 114 EARTHQUAKES


EPICENTRAL DISTANCES ARE COMPUTED FOR SITE LOCATED AT 41.8010N
81.1435W


SEE FOLLOWING PAGE FOR CATALOG EXPLANATION


TABLE 2.5‑9 (Continued)




EARTHQUAKE CATALOG EXPLANATION




MAGNITUDES




INTENSITY I(MM)



REMARKS




MB = BODY WAVE MAGNITUDE


INTENSITIES ARE MAXIMUM EPI‑

FA = TOTAL FELT AREA (SQ KM)




MN = MBLG MAGNITUDE (NUTTLI,1973)
CENTRAL MODIFIED MERCALLI

MO = SEISMIC MOMENT




ML = RICHTER LOCAL MAGNITUDE

INTENSITIES; A LEADING MINUS

MS = SURFACE WAVE MAGNITUDE




MC = CODA LENGTH MAGNITUDE

SIGN INDICATES A RANGE; I.E.











‑ VII IMPLIES VI ‑ VII


REFERENCES





REF

DATA SOURCE








REF

DATA SOURCE







BB
BRADLEY AND BENNETT (1965)






MM
MCCLAIN AND MYERS (1970)





BH
BOLLINGER AND HOPPER (1971)






NB
NUTTLI AND BRILL (1981) <NUREG/CR‑1577>





BK
BROOKS (1960)









NJ
NEW JERSEY GEOLOGICAL SURVEY





BO
BOLLINGER (1969,1973)







NO
N.O.A.A. EARTHQUAKE DATA FILE





CG
U.S. COAST AND GEODETIC SURVEY





NS
BULLETINS, NORTHEAST U.S. SEISMOGRAPH NETWORK





DO
DOCEKAL (1970)

 







NU
NUTTLI (1974)





DW
DEWEY(PERSONAL COMMUNICATION)






PD
PRELIM. DETERMINATION OF EPICENTERS, U.S.G.S.





EH
EARTHQUAKE HISTORY OF THE U.S. (1958,1973)



PM
POMEROY (PERSONAL COMMUNICATION)





EP
EARTH PHYSICS BRANCH, OTTAWA, CAN.





SL
BULLETINS, ST. LOUIS UNIV. SEISMOGRAPH NETWORK





IS
INTERNATIONAL SEISMOLOGICAL SUMMARY




SM
SMITH (1962,1964)





LD
BULLETINS, LAMONT‑DOHERTY GEOLOGICAL OBS.



US
U.S. EARTHQUAKES SERIES, 1928‑1980





MA
MATHER AND GODFREY (1927)






WE
WESTON OBSERVATORY





MI
BULLETINS, M.I.T. SEISMOGRAPH NETWORK




WG
WESTON GEOPHYSICAL CORPORATION


TABLE 2.5‑10


JESUIT SEISMOLOGICAL ASSOCIATION STATIONS(1)








Elevation
 Date Opened

 Date Closed


Station
Latitude

Longitude
 Meters  
Day  Mo.  Year

Day  Mo.  Year

      Location

      


  BUF
42.9333N

78.8500W
   195

01
01
1912


‑‑


Buffalo, NY


  CHI
41.9000N

87.6333W
   183

01
09
1912


‑‑
1990

Chicago, IL


  CNN
39.1450N

84.4967W
   203

01
01
1927

01
01
1963

Cincinnati, OH


  CLE
41.4888N

81.5321W
   328

01
01
1904


‑‑


Cleveland, OH


  FOR
40.8631N

73.8856W
    24

01
01
1910


08
1976

Fordham, NY


  GEO
38.9000N

77.0667W
    29

01
01
1911


‑‑
1973

Georgetown, D.C.


  MLW
43.0333N

87.9167W
   194

01
01
1909


‑‑
1957

Milwaukee, WI


  NOL
29.9483N

90.1200W
     2

01
01
1910


‑‑


New Orleans, LA


  SHA
30.6944N

88.1428W
    61

01
12
1910


‑‑
1989

Spring Hill, AL


  WES
42.3847N

71.3221W
    60

01
01
1929


‑‑


Weston, MA


  FLO
38.8017N

90.3700W
   160

09
07
1961

08
31
1971

Florisant, MO


  SLM
38.6364N

90.2333W
    ‑

01
01
1910

  early 60’s

St. Louis, MO


  SLM
38.6361N

90.2361W
    ‑



1927


‑‑


St. Louis, MO


TABLE 2.5‑10 (Continued)









Elevation
 Date Opened

 Date Closed


Station
Latitude

Longitude
 Meters  
Day  Mo.  Year

Day  Mo.  Year

      Location

      


  CGM
37.3167N

89.5333W
    ‑



1938


‑‑


Cape Girardeau, MO


  LRA
34.7783N

92.3517W
    ‑


2
1931

  
7
1967

Little Rock, AR


NOTE:


(1)
(Reference 263).


TABLE 2.5‑11


WORLD WIDE STATIONS EASTERN UNITED STATES(1)








Elevation
 Date Opened

 Date Closed


Station
Latitude

Longitude
 Meters  
Day  Mo.  Year

Day  Mo.  Year

      Location

      


  AAM
42.2997N

83.6561W
   249

01
01
1940


‑‑


Ann Arbor, MI


  ATL
33.4333N

84.3375W
   273

21
06
1963


‑‑


Atlanta, GA


  BLA
37.2112N

80.4205W
   634

04
09
1962


‑‑


Blacksburg, VA


  FLO
38.8017N

90.3700W
   160

09
07
1961

08
31
1971

Florisant, MO


  FVM
37.9840N

90.4260W
    ‑

10
05
1974


‑‑


French Village, MO


  GEO
38.9000N

77.0667W
    43

07
12
1961


‑‑
1973

Georgetown, D.C.


  MDS
43.3722N

89.7600W
   278

16
01
1962

10
06
1968

Madison, WI


  MNN
44.9145N

93.1900W
    ‑

07
05
1962

04
11
1965

Minneapolis, MN


  OGD
41.0875N

74.5958W
   367

01
01
1960


‑‑
1981

Ogdensburg, NJ


  OXF
34.5118N

89.4092W
   101

01
08
1963

01
05
1976

Oxford, MS


  SCP
40.8098N

77.8694W
   353

26
01
1962


‑‑


State College, PA


  SHA
30.6944N

88.1428W
    61

01
12
1910


‑‑
1989

Spring Hill, AL


  WES
42.3847N

71.3221W
    60

01
01
1929


‑‑


Weston, MA


NOTE:


(1)
(Reference 264).


TABLE 2.5‑12


SEISMOGRAPH STATIONS IN EASTERN CANADA(1)









Elevation
 Date Opened

 Date Closed


Station
Latitude

Longitude
 Meters  
Day  Mo. Year

Day  Mo.  Year

      Location

      


  TNT
43.6670N

79.3990W


01
09
1897

01
01
1942

Toronto, Ont.


  SHF
46.3300N

72.4500W




1928

08
12
1965

Shawinigan Falls, Que.


  SFA
47.1200N

70.8200W
   232



1928

31
07
1975

Seven Falls, Que.


  HAL
44.6300N

63.6000W
    56



1915





Halifax, N.S.


  KLC
48.0900N

80.0200W


19
12
1939

30
06
1957

Kirkland Lake, Ont.


  MNT
45.5000N

73.6200W
   112

01
04
1956





Montreal, Que.


  OTT
45.3900N

75.7200W
    83

01
01
1906





Ottawa, Ont.


  LND
42.5900N

81.1400W


01
01
1961

31
05
1967

London, Ont.


  CHQ
46.8900N

71.3000W
   145

11
11
1971


07
1982

Charlesbourg, Que.


  LHC
48.4200N

89.2700W
   196

28
02
1969





Thunder Bay, Ont.


  PBQ
55.2800N

77.7400W
    20

14
09
1972


03
1984

Post‑De‑La‑Baleine,



















  Que.


  POC
47.3600N

70.0400W
    61

20
01
1972


10 
1980

La Pocatiere, Que.


  QCQ
46.7800N

71.2800W
    91

24
09
1971





Quebec, Que.


  SCB
43.7200N

79.2300W
   153

01
01
1962
     
01
1974

Scarborough, Ont.


  SCH
54.8200N

66.7800W
   540

22
07
1962


09
1991

Schefferville, Que.


  SIC
50.1900N

66.7400W
   283

01
01
1962





Seven Islands, Que.


  STJ
47.5700N

52.7300W
    62

01
06
1964


03
1991

St. John’s, Nfld.


  SUD
46.4700N

80.9700W
   267

22
11
1967


09
1986

Sudbury, Ont.


  UNB
45.9500N

66.6300W
    56

01
09
1971





Fredericton, N.B.


  GWC
55.2910N

77.7520W
     8

29
09
1965

01
07
1972

Great Whale R., Que.


  MNQ
50.5333N

68.7744W
   487

01
01
1974





Manicouagan, Que.


  MIQ
46.2300N

75.5800W


01
01
1974


04
1981

Maniwaki, Que.


  HV

49.1100N

68.1600W


01
04
1974

01
12
1974

Hauterive, Que.


  LGQ
53.6900N

77.7300W
   190

04
08
1976


04
1980

La Grande, Que.


TABLE 2.5‑12 (Continued)









Elevation
 Date Opened

 Date Closed


Station
Latitude

Longitude
 Meters  
Day  Mo.  Year

Day  Mo.  Year

      Location

      


  LMQ
47.5500N

70.3300W
   419

03
11
1976





La Malbaie, Que.


  GNT
46.3630N

72.3720W
    10

04
24
1978





Gentilly, Que.


NOTE:


(1)
(Reference 265) and (Reference 306).


TABLE 2.5‑13


JOHN CARROLL UNIVERSITY SEISMIC NETWORK


STATION COORDINATES


 


  Latitude
  Longitude   Elev. [M]  Opened    Closed



Leroy
41(N
39.96’
81(W
9.66’
311
09‑26‑86
06‑15‑90


Thompson
41(N
41.51’
81(W
02.84’
387
09‑26‑86


E. Claridon
41(N
32.82’
81(W
06.12’
362
10‑24‑86
02‑21‑91


Chesterland
41(N
33.67’
81(W
21.72’
365
09‑26‑86


Mentor on the
41(N
41.04’
81(W
24.24’
188
02‑03‑87


Lake


Girdled Road 
41(N
38.52’
81(W
10.72’
332
11‑04‑90


Reservation


Thorn Acres
41(N
32.53’
81(W
06.65’
362
02‑26‑91


TABLE 2.5‑14


STATION LOCATIONS OF CEI NETWORK


CODE
 LATITUDE
 LONGITUDE  ELEVATION  LOCATION           OPENED  CLOSED


ANT
41.8000N
81.1295W
192 M.
ANTIOCH RD
4/87


SCH
41.7473N
81.1435W
220 M.
ROUTE 84
4/87


FORD
41.7258N
81.0890W
272 M.
FORD RD
4/87


RAD
41.6388N
81.1408W
368 M.
RADCLIFFE RD
4/87


WIL
41.6866N
81.1973W
260 M.
WILLIAMS RD
4/87


GEN
41.8463N
80.9902W
181 M.
WHEELER CREEK RD.
7/89


TABLE 2.5‑15


RELOCATED ANNA, OHIO EARTHQUAKES WITH 95%


CONFIDENCE ELLIPSE LOCATION STATISTICS(1)










  Depth
          Error Ellipse Statistics


            


Earthquake Date
Latitude

Longitude
  (km) 
A‑Axis Azimuth
  A‑Axis Length
B‑Axis Length


September 20, 1931
40.53(N

84.26(W
  16.5

N 4( E

36 km


23 km


March 2, 1937

40.50(N

84.34(W
   4.8

N 107( E

15 km


12 km


March 9, 1937

40.47(N

84.28(W
  13.0

N 115( E

13 km


10 km


NOTE:


(1)
Data provided by Dr. James Dewey, U.S. Geological Survey as cited in (Reference 1).


TABLE 2.5‑16


LOCAL SEISMICITY DATA













 PRESENT

PREVIOUS













INTENSITY

INTENSITY





 PRESENT



  PREVIOUS
   OR

   OR


  DATE

 LOCATION
  UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W



  N
   W


1823 May 30
42.5  81.0    (1/2(

(41.5  81.0)
  II‑III

  (IV)
Dawson refers to Canada.  Probable typographic error of Smith.


1836 July 08
41.5  81.7    (15 mi
 
 ‑‑
   ‑‑
    IV

   ‑‑
Poorly located:  either Cleveland or Elyria.


1850 Oct. 01
41.5  81.7    (12 mi

(41.4  82.3)
    IV

   ‑‑
Previously mislocated.  Relocated near Cleveland.


1857 Feb. 28
41.8  80.6    (20 mi

(41.67 81.25)
   IV‑V

  (IV)
Former location in Painesville; New data as far as Pennsylvania suggests a more Easterly location.  Previously carried on March 1.


1858 Apr. 10
41.67 81.25   (15 mi

  ‑‑
   ‑‑
    IV

   ‑‑
Previously carried on April 16.  Probable typographic error.


TABLE 2.5‑16 (Continued)













 PRESENT

PREVIOUS













INTENSITY

INTENSITY





 PRESENT



  PREVIOUS
   OR

   OR


  DATE

 LOCATION
  UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W



  N
   W


1867 Jan. 13
42.97 77.85   (15 mi

(41.5  81.7)
   III

   ‑‑
Previously mislocated in Cleveland, moved to Caledonia, New York, where it was felt.


1869 Apr. 09
42.7  80.8    (10 mi

  ‑‑
   ‑‑
   III

   ‑‑
Very local.


1873 Aug. 17
41.25 80.50   (10 mi

(41.5  81.7)
   III

(III‑IV)
Felt in one place only.  Previously carried on August 18.


1885 Jan. 18
41.10 81.45   (10 mi

(41.3  81.5)
    IV

(II‑III)
Moved from Garrettsville to Akron/Kent to account for new data.


1885 Aug. 15
41.27 81.10   (20 mi

(41.3  81.15)
  II‑III

  (II)
Poorly documented location.


1898 Oct. 29
41.5  81.7    (15 mi

  ‑‑
   ‑‑
   III

   ‑‑
Previously listed on wrong day.


1906 Apr. 20
41.50 81.75   (10 mi

(41.5  81.7)
   III

(III‑IV)
From Cleveland to W. Cleveland.


1921 Sep. 27
42.1  80.2


  ‑‑
   ‑‑
   III

   ‑‑
Felt by two persons only at Erie, PA.


TABLE 2.5‑16 (Continued)













 PRESENT

PREVIOUS













INTENSITY

INTENSITY





 PRESENT



  PREVIOUS
   OR

   OR


  DATE

 LOCATION
  UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W



  N
   W


1930 Feb. 16
42.83 80.52


  ‑‑
   ‑‑
   III

   ‑‑
Felt locally only in Ontario.


1932 Jan. 21
41.08 81.50


  ‑‑
   ‑‑
    IV

   ‑‑
Felt locally only at Summit Lake, (Akron, Ohio).


1934 Oct. 29
42.0  80.2


  ‑‑
   ‑‑
    V

   ‑‑
Felt over 700 sq mi, around Erie, PA.


1934 Nov. 05
41.88 80.37


  ‑‑
   ‑‑
   III

   ‑‑
Felt locally only at Albion, PA.


1936 Aug. 26
41.4
 80.4


  ‑‑
   ‑‑
    II

 (III)
Felt locally only at Greensville, PA.


1940 May 31
41.10 81.52


(41.5  81.7)
    II

 (III)
Felt by a few at Akron, Ohio.


1943 Mar. 09
41.63 81.31   (10 mi

(41.6  81.3)
    V

   ‑‑
Originally mislocated in Lake Erie.  Relocated on land by Coffman & Von Hake.  Relocated again by Dewey & Gordon (Reference 156).


TABLE 2.5‑16 (Continued)













 PRESENT

PREVIOUS













INTENSITY

INTENSITY





 PRESENT



  PREVIOUS
   OR

   OR


  DATE

 LOCATION
  UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W



  N
   W


1951 Dec. 03
41.65 81.41   (10 mi

  ‑‑
   ‑‑
    IV

   ‑‑
Poorly recorded at Cleveland.  Vague location.


1955 May 26
41.33 81.40   (10 mi

(41.5  81.7)
   IV‑V

  (V)
Relocated from Cleveland to northwest of Aurora, Ohio.  Poor seismograms at Cleveland.


1955 June 29
41.33 81.40   (10 mi

(41.5  81.7)
    IV

  (V)
Relocated from Cleveland to northwest of Aurora, Ohio.


1957 June 29
42.92 81.32


  ‑‑
   ‑‑
 3.8mbLg

 4.2ML
Nine miles southwest of London, Ontario.


1959 Feb. 09
43.0  81.0


  ‑‑
   ‑‑
 2.4ML

   ‑‑
From Smith’s Catalog (Reference 282).


1976 Feb. 02
41.88 82.73


(41.96 82.67)
 3.4mbLg

   ‑‑
Relocated from Dewey & Gordon(Reference 156).


TABLE 2.5‑17


STATION LOCATIONS DEPLOYED TO MONITOR


AFTERSHOCKS THROUGH APRIL 15, 1986


STATION
LATITUDE
   LONGITUDE
AFFILIATION

   DATES OF


ABBREV.
Deg  Min
   Deg  Min
 ABBREV.(1)


  OCCUPATION


CON
41N42.06
  81W12.55
    LDGO
FEB. 01 ‑ FEB. 28


GAR
41N47.30
  81W10.64
    LDGO
FEB. 01 ‑ FEB. 02


HLH
41N41.20
  81W07.01
    LDGO
FEB. 01 ‑ FEB. 28


HPV
41N44.41
  81W03.08
    LDGO
FEB. 01 ‑ FEB. 02


HSE
41N33.77
  81W06.76
    LDGO
FEB. 02 ‑ FEB. 28


POP
41N37.23
  81W07.05
    LDGO
FEB. 03 ‑ FEB. 28


TTR
41N35.25
  81W11.69
    LDGO
FEB. 02 ‑ FEB. 28


WKR
41N36.06
  81W03.13
    LDGO
FEB. 02 ‑ FEB. 02


HSOH
41N35.66
  81W07.84
  MICHIGAN
FEB. 01 ‑ FEB. 02


MTOH
41N36.68
  81W03.07
  MICHIGAN
FEB. 01 ‑ FEB. 02


CHOH
41N35.56
  81W11.84
    SLU
JAN. 31 ‑ FEB. 03


HAOH
41N36.46
  81W08.51
    SLU
JAN. 31 ‑ FEB. 03


PAOH
41N45.41
  81W11.95
    SLU
JAN. 31 ‑ FEB. 03


CALM
41N34.1
  81W10.3
    TEIC
FEB. 02 ‑ FEB. 07


ELFM
41N36.8
  81W10.9
    TEIC
FEB. 03 ‑ FEB. 07


FARM
41N38.3
  81W10.4
    TEIC
FEB. 02 ‑ FEB. 07


HOWM
41N35.0
  81W07.9
    TEIC
FEB. 01 ‑ FEB. 07


MONM
41N36.7
  81W02.9
    TEIC
FEB. 01 ‑ FEB. 07


BUR
41N39.24
  81W04.94
USGS (DENVER)
FEB. 02 ‑ FEB. 11


CAL
41N41.21
  81W08.89
USGS (DENVER)
FEB. 02 ‑ FEB. 11


COT
41N34.73
  81W05.93
USGS (DENVER)
FEB. 02 ‑ FEB. 11


CUY
41N33.56
  81W10.15
USGS (DENVER)
FEB. 03 ‑ FEB. 11


ERJ
41N39.44
  81W05.00
USGS (DENVER)
FEB. 06 ‑ FEB. 11


FOT
41N38.90
  80W59.69
USGS (DENVER)
FEB. 04 ‑ FEB. 11


HAM
41N36.18
  81W08.48
USGS (DENVER)
FEB. 02 ‑ FEB. 11


HAR
41N36.67
  80W59.62
USGS (DENVER)
FEB. 02 ‑ FEB. 04


HWK
41N41.83
  80W59.03
USGS (DENVER)
FEB. 02 ‑ FEB. 11


LOX
41N44.58
  81W02.60
USGS (DENVER)
FEB. 02 ‑ FEB. 11


MON
41N35.52
  81W02.39
USGS (DENVER)
FEB. 02 ‑ FEB. 11


WSH
41N37.61
  81W13.30
USGS (DENVER)
FEB. 02 ‑ FEB. 11


GS01
41N48.27
  81W08.52
USGS (MENLO PARK)
FEB. 01 ‑ APR. 03


GS02
41N43.75
  81W09.47
USGS (MENLO PARK)
FEB. 01 ‑ APR. 03


GS03
41N39.45
  81W10.07
USGS (MENLO PARK)
FEB. 01 ‑ APR. 03


GS04
41N36.85
  81W17.55
USGS (MENLO PARK)
FEB. 01 ‑ FEB. 11


GS05
41N35.64
  81W08.19
USGS (MENLO PARK)
FEB. 01 ‑ FEB. 04


GS06
41N37.75
  81W03.77
USGS (MENLO PARK)
FEB. 01 ‑ APR. 03


TABLE 2.5‑17 (Continued)


STATION
LATITUDE
   LONGITUDE
AFFILIATION

   DATES OF


ABBREV.
Deg  Min
   Deg  Min
 ABBREV.(1)


  OCCUPATION


GS07
41N32.40
  81W04.26
USGS (MENLO PARK)
FEB. 01 ‑ FEB. 11


GS08
41N32.38
  81W12.93
USGS (MENLO PARK)
FEB. 02 ‑ FEB. 10


GS09
41N24.81
  81W11.91
USGS (MENLO PARK)
FEB. 02 ‑ FEB. 10


GS11
41N09.20
  81W04.42
USGS (MENLO PARK)
FEB. 02 ‑ FEB. 10


GS55
41N37.10
  81W07.18
USGS (MENLO PARK)
FEB. 04 ‑ FEB. 10


CFD
41N40.45
  81W13.41
WESTON GEOPHYSICAL
FEB. 04 ‑ APR. 15


CLD
41N31.44
  81W20.19
WESTON GEOPHYSICAL
FEB. 01 ‑ FEB. 20


HTG
41N37.17
  80W57.27
WESTON GEOPHYSICAL
FEB. 01 ‑ APR. 08


KEL
41N32.82
  81W06.12
WESTON GEOPHYSICAL
FEB. 20 ‑ APR. 15


MFD
41N27.77
  81W04.41
WESTON GEOPHYSICAL
FEB. 01 ‑ FEB. 14


MIN
41N33.56
  81W15.41
WESTON GEOPHYSICAL
FEB. 01 ‑ MAR. 01


PAT
41N33.63
  81W21.91
WESTON GEOPHYSICAL
MAR. 01 ‑ APR. 15


PER
41N48.06
  81W08.61
WESTON GEOPHYSICAL
FEB. 01 ‑ APR. 15


TOM
41N41.29
  81W03.09
WESTON GEOPHYSICAL
FEB. 02 ‑ APR. 15


WEL
41N45.00
  81W09.31
WESTON GEOPHYSICAL
FEB. 24 ‑ APR. 15


WC01
41N36.90
  81W18.08
WOODWARD‑CLYDE
JAN. 31 ‑ APR. 15


WC02
41N40.05
  81W09.53
WOODWARD‑CLYDE
FEB. 01 ‑ APR. 15


WC03
41N43.87
  81W04.46
WOODWARD‑CLYDE
FEB. 01 ‑ APR. 14


WC04
41N35.10
  81W09.36
WOODWARD‑CLYDE
FEB. 01 ‑ FEB. 22


WC06
41N32.40
  81W01.75
WOODWARD‑CLYDE
FEB. 01 ‑ APR. 14


WC07
41N48.00
  81W08.58
WOODWARD‑CLYDE
FEB. 03 ‑ FEB. 24


WC08
41N40.24
  81W14.48
WOODWARD‑CLYDE
FEB. 06 ‑ MAR. 25


WC09
41N35.45
  81W09.36
WOODWARD‑CLYDE
FEB. 23 ‑ APR. 14


WC10
41N40.04
  81W14.45
WOODWARD‑CLYDE
MAR. 27 ‑ APR. 14


NOTE:


(1)
Abbreviations:



LDGO
‑
Lamont‑Doherty Geological Observatory, Columbia University



MICHIGAN
‑
University of Michigan



SLU
‑
St. Louis University



TEIC
‑
Tennessee Earthquake Information Center



USGS
‑
U.S. Geological Survey



WESTON GOPHYSICAL
‑
Weston Geophysical Corporation



WOODWARD‑CLYDE
‑
Woodward‑Clyde Consultants


TABLE 2.5‑18


AFTERSHOCK PARAMETERS OF JANUARY 31, 1986 EARTHQUAKE(1)


YEARMCOY
HRMISEC
LATITUDE
LONGITUDE
DEPTH
NP
GAP
RMS
ERH
ERZ
Mc


1.
19860201
 185449.35
41N38.67
81W 9.17
4.35
20
 94
.09
.3
.5
1.5


2.
19860202
  32248.67
41 38.72
81  9.55
4.86
37
 72
.07
.1
.2
.9


3.
19860203
 194719.77
41 38.92
81  9.48
5.83
52
 75
.08
.2
.2
2.0


4.
19860205
   6342.47
41 38.90
81  9.27
3.73
31
 52
.08
.2
.3
.1


5.
19860206
 183622.44
41 38.72
81  9.61
5.50
50
 47
.07
.1
.2
2.5


6.
19860207
 152020.38
41 39.03
81  9.22
3.76
44
 42
.07
.1
.3
1.1


7.
19860210
 200613.61
41 39.10
81  9.39
4.73
29
 70
.06
.1
.4
.8


8.
19860223
  32948.50
41 39.18
81  9.09
5.48
22
 76
.06
.2
.4
‑.1


9.
19860224
  16556.48
41 38.85
81  9.60
3.25
10
 91
.09
.5
2.7
.1


10.
19860228
  13934.21
41 39.23
81  9.61
3.91
12
 91
.06
.3
.5
‑.1


11.
19860308
 204249.68
41 38.67
81  9.20
3.12
20
 65
.10
.3
.7
‑.1


12.
19860324
 134241.31
41 38.31
81  9.31
3.84
12
 79
.12
.5
1.8
1.4


13.
19860410
  65805.71
41 38.91
81  9.55
5.11
22
 63
.08
.2
.3
‑.1


14.
19860617
 221633.20
41 38.91
81  9.55
3.40
16
 93
.09
.3
.8
.8


15.
19860714
 075423.12
41 38.68
81  9.13
4.93
12
 99
.08
.3
.8
.3


16.
19870212
 011056.67
41 39.10
81  9.11
3.87
13
186
.09
.8
1.0
1.8


17.
19880805
 222632.99
41 39.07
81  9.11
4.60
12
170
.04
.2
.3
0.1


18.
19881011
 063132.33
41 39.20
81  8.78
5.33
13
147
.04
.2
.3
‑.2


19.
19881228
 232824.52
41 38.17
81  9.97
5.87
18
 90
.05
.1
.2
2.8


20.
19900901
 135054.46
41 38.87
81  9.09
4.56
17
 82
.05
.2
.3
1.5


21.
19910117
 071153.29
41 39.33
81  8.91
6.13
 8
159
.02
.1
.2
‑.2


Vp1 = 4.25 km/s Thickness =  2 km


Vp2 = 6.5  km/s Thickness = 33 km


Vp/Vs = 1.78


NOTE:


(1)
The more recent events may not be true aftershocks.


TABLE 2.5‑19


ESTIMATED SITE INTENSITIES



Date




Lat.
Long.
Epicentral
Magnitude
Dist. to
 Site Intensity



Year  Mo.  Day
Hr  Mn  Sec (UT)
(N) 
(W)  
Intensity 
mbLg   ML  
Site (M)
A(1)  
B(2)  
C(3)



______________
________________
____
_____
__________
__________
________
___
___
____


1663
02
05
17  30

47.60
70.10
IX


672.6
3.3
2.8


1732
09
16
16  00

45.50
73.60
VIII


454.3
3.2
2.4


1776


14


40.00
82.00
VI


132.1
3.2
1.9


1811
12
16
08  00

36.00
90.00
XI


621.0
5.5
4.2


1812
01
23
15


36.30
89.60
X‑XI


590.5
5.1
4.1


1812
02
07
09  45

36.50
89.60
XI‑XII


581.2
6.1
4.7
V


1857
02
28
01
40

41.80
80.60
IV‑V


 28.3
4.2
2.2


1858
04
10
11  00

41.70
81.30
IV  


 10.4
4.0
1.9


1870
10
20
16  30

47.40
70.50
VIII‑IX


650.0
3.4
1.9


1873
07
06
14  30

43.00
79.50
VI


117.3
3.3
1.1


1875
06
18
13  43

40.20
84.00
VII


185.6
3.7
2.7


1886
09
01
02  51

32.90
80.00
X


617.0
4.5
4.1
II‑III


1895
10
31
11
08

37.00
89.40
IX
6.2

550.3
3.8
2.7    


1897
05
31
18
58

37.30
80.70
VIII


311.2
3.9
3.1
III


1925
03
01
02
19
20.0
47.60
70.10
IX
6.6

672.6
3.3
2.9
III


1926
11
05
14
53

39.10
82.10
VI‑VII
3.4

193.0
3.1
1.0


1928
09
09
20
00

41.50
82.00
V
3.7

 49.2
3.5
1.6


1929
08
12
11
24
48.0
42.91
78.40
VIII
5.2
5.8
159.9
4.9
3.0
I‑IV


1930
09
30
20
40

40.3
84.3
VII
4.2

194.5
3.6
1.0


1931
09
20
23
05

40.43
84.27
VII
4.6

187.7
3.7
1.7
NF


1934
10
29
20
07

42.00
80.20
V

4.0
 49.8
3.4
1.1


1937
03
02
14
47
33.3
40.49
84.27
VII
4.7

185.7
3.7
1.9
II


1937
03
09
05
44
35.5
40.47
84.28
VII‑VIII
4.9

187.4
4.7
2.3
III


1943
03
09
03  25
24.9
41.63
81.31
V
4.5

 14.4
5.0
4.1
I‑IV


TABLE 2.5‑19 (Continued)



Date




Lat.
Long.
Epicentral
Magnitude
Dist. to
 Site Intensity



Year  Mo.  Day
Hr  Mn  Sec (UT)
(N) 
(W)  
Intensity 
mbLg   ML  
Site (M)
A(1)  
B(2)  
C(3)


______________
________________
____
_____
__________
__________
________
___
___
____


1944
09
05
04
38
45.7
44.96
74.72
VIII
5.8

388.8
3.5
2.7
III


1951
12
03
07
02

41.60
81.40
IV


 19.5
3.6
1.5


1954
04
27
02
14
08.0
43.10
79.20


4.1
133.1
3.1
0.3


1955
05
26
18
09
23.0
41.33
81.40
IV‑V


 35.2
3.9
1.7


1955
06
29
01
16
33.0
41.33
81.40
IV


 35.2
2.9
1.4


1957
06
29
11
25
09.0
42.92
81.32
IV
3.8

 77.8
1.9
1.3


1958
07
22
01
46
44.1
43.58
79.83


4.3
140.1
2.0
0.6


1980
07
27
18
52
21.8
38.17
83.91
VI‑VII
5.2

289.8
3.0
2.2
II‑IV


1986
01
31
16
46
42.3
41.65
81.16
VI
5.0

 10.4
6.4
5.2
V


1987
07
12
08
19
39.9
40.56
84.37

4.5

187.7

1.5


1988
11
25
23
46
04.5
48.12
71.18
VII‑VIII
6.6

1052.0
1.9
2.9


NOTES:


(1)
Site intensity derived using:  Isite = Io+3.7‑.0011((km)‑2.7 Log10((km) (Reference 183).


(2)
Site intensity derived using:  Isite = ‑1.43 + 1.79mb ‑ 1.83 Log10((km) ‑ .0018 ((km).


(3)
Site intensity observed from isoseismal maps.


TABLE 2.5‑20


RESOURCES INVESTIGATED


FOR LOCAL SEISMICITY


In documenting the seismic history of the site area, books, periodicals, and newspapers in the following libraries and offices were investigated:



Ashtabula Public Library:  Ashtabula



Cleveland Public Library:  Cleveland



Madison Press (Office of):  Madison



Madison Public Library:  Madison



Morley Public Library:  Painesville



Western Reserve Historical Society Library:  Cleveland



Willoughby Public Library:  Willoughby


The following newspapers were researched for accounts of earthquakes which were felt or occurred near the site area:



   City





 Paper



Ashtabula


Beacon; Star‑Beacon; Beacon‑Record; Weekly Telegraph; Sentinel.



Cleveland


Daily Plain Dealer, Plain Dealer; Press; Daily Herald; Leader; Daily True Democrat; Register; Herald, Herald‑Week, Herald and Gazette.



Madison


Press; Lake County Weekly Herald, Lake County Republican Herald, Lake County News Herald.



Painesville

Evening Telegraph, Telegraph Republican, Telegram.



Willoughby

News Herald.


Other sources included city and county histories, archival collections of letters, diaries, and journals, periodicals, and books.  Those works containing information on earthquakes are as follows:



(Authors unknown) Work Project Administration, Index to the Cleveland Plain Dealer, 1931, 1933‑1934, 1936‑1938.



(Authors unknown) Annals of Cleveland:  Index to Cleveland Newspapers for the period 1818‑1875.



Rose, Williams G., 1950, “Cleveland, The Making of A City.”



Whittlesey, Charles, 1872, Fugitive Papers, “The Earthquake of October 1870, Its Date of Progress.”  (Fugitive is misspelled in original title.)


TABLE 2.5‑21


COMPRESSIONAL AND SHEAR WAVE RESULTS, ELASTIC MODULI CALCULATIONS


AND GENERALIZED GEOLOGIC CORRELATION(1)




     Generalized





       Geologic

Compressional
Shear Wave  Unit Weight(2)


 Young’s

   Shear
   Bulk


 Elevation
     Correlation

Wave Velocity
 Velocity

 (wet)

Poisson’s
 Modulus

  Modulus
  Modulus


    (ft)    
(Based on Boring 1‑33)
  (ft/sec)   
 (ft/sec)       Ratio       (lbs/in2) 
  (lbs/in2)
  (lbs/in2)







Cross‑hole


620 to 612(
Lacustrine sediments





  (unsaturated)

    1,200

    600

122

  0.33
 
0.25 x 105

 0.09 x 105
 0.25 x 105

612( to 605(
Lacustrine sediments





  (saturated)


    5,000

    700

122

  0.49
 
0.38 x 105

 0.13 x 105
 6.41 x 105

605( to 595(
Lacustrine sediments





  (saturated)


    5,000

  1,200

129

  0.47
 
1.18 x 105

 0.40 x 105
 6.43 x 105

595( to 583(
Upper Till


    5,900

  1,900

132

  0.44
 
2.97 x 105

 1.03 x 105
 8.55 x 105

583( to 560(
Lower Till


    7,800

  2,600

141

  0.44
 
5.92 x 105

 2.06 x 105
15.77 x 105

560( to 510
Chagrin Shale


   10,400

  4,900

152

  0.36

21.38 x 105
 7.88 x 105
24.98 x 105

Down‑hole


560 to 410
Chagrin Shale


    9,000

  4,000

152

  0.38

14.46 x 105
 5.25 x 105
19.58 x 105

NOTES:


(1)
Tabulated data and results based on Borings 1‑2, 1‑22, 1‑30, 1‑31, 1‑32, 1‑33, and 1‑34.


(2)
See <Section 2.5.4.2> for site material physical properties.


TABLE 2.5‑22


PROBABILISTIC ASSESSMENT OF PNPP‑1 OBE EXCEEDANCE


SEISMICITY AND ATTENUATION INPUT PARAMETERS




‑‑‑‑‑Magnitude‑Frequency Model‑‑‑‑‑‑‑


Source Zone
Coordinates
a‑value
b‑value
rate > 4mb


Alterna‑


tive 1


  200 mile
38 ‑ 45 N


  radius site


  region
77 ‑ 86 W
2.967
0.864
0.3243


Alterna‑


tive 2


  50 mile
41 ‑ 42 N


  radius local


  site region
80.8 ‑ 81.8 W
1.598
0.777
0.0309


Attenuation Model (Reference 187)



Is
= ‑1.43 + 1.79 mb ‑ 0.80 1n R ‑ 0.0018 R (   (Is


where
Is
= Modified Mercalli Site Intensity (median estimate)



mb
= magnitude



R
= epicentral distance in kilometers



(Is
= 1.0 MMI units


TABLE 2.5‑23


PROBABILISTIC ASSESSMENT OF PNPP OBE EXCEEDANCE


ANNUAL FREQUENCIES OF EXCEEDING OBE INTENSITY



M o d i f i e d
M e r c a l l i
I n t e n s i t y


Source Zone
       V
      VI
      VII


Alternative 1


  200 mile


  radius site


  region
3.87E‑03
7.19E‑04
1.00E‑04


Alternative 2


  50 mile


  radius local


  site region
8.07E‑03
2.03E‑03
3.96E‑04


NOTE:


(1)
Annual frequency of OBE exceedance is equated to the annual frequency of exceeding a Modified Mercalli Intensity VI at the PNPP site.


TABLE 2.5‑24


SUMMARY OF TEST METHODS



Test Description

Test Procedure


Natural Water Content

ASTM D 2216


Specific Gravity of Solids

ASTM D 854


Liquid Limit


ASTM D 423


Plastic Limit


ASTM D 424


Grain Size Distribution

ASTM D 422


Unconfined Compression

ASTM D 2166


Unconsolidated‑Undrained Triaxial Compression
ASTM D 2850


One Dimensional Consolidation

ASTM D 2435


One Dimensional Consolidation with Constant Rate


  of Strain


(Reference 219)


Consolidated‑Undrained Triaxial Compression


  with Pore Pressure Measurements

(Reference 266)


Multiple Stage Triaxial Compression with Pore


  Pressure Measurements

(Reference 267)


Triaxial Compression Following Predetermined


  Stress Paths


(Reference 231)


Cyclic Stress‑Controlled Triaxial Compression
ASTM STP 477


Slaking Durability

(Reference 229)


Petrographic Analysis

(Reference 268)


X‑ray Diffraction

ASTM STP 479


Cyclic Torsion (Resonant Column)

ASTM STP 479


Sonic Velocity


ASTM D 2845


TABLE 2.5‑25


SUMMARY OF LABORATORY TEST RESULTS


Lacustrine Sediments


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑1


  S‑1
 2.5‑4.0
LAC

 21.6
 33
21




See Note(3)
See Note(3)

  S‑3
10.0‑11.5
LAC

 22.4
 21
NP


  S‑5
17.0‑18.5
LAC

 23.7
 25
19




See Note(3)
See Note(3)

  S‑6
18.5‑20.0
LAC

 21.8


1‑2


  S‑1
 2.5‑4.0
LAC

 22.2
 31
21




See Note(3)
See Note(3)

  S‑3
10.5‑12.0
LAC

 22.6
 21
19




See Note(3)
See Note(3)

1‑14



 27.4




99.0
2.68
See Note(3)
See Note(3)

See Note(3)

  ST‑1
16.0‑18.0
LAC

 28.3




@25.6%






 21.0
 27
21


97.9











@28.7%






See Note(3)

1‑17


  S‑1
 2.5‑4.0
LAC

 21.5






See Note(3)

  S‑2
 7.0‑3.5
LAC

 20.1
 19
18




See Note(3)
See Note(3)

  S‑3
 8.5‑10.0
LAC

 29.1
 19
17




See Note(3)

  S‑4
10.5‑12.0
LAC

 27.6
 17
NP




See Note(3)
See Note(3)

  S‑5
13.5‑15.0
LAC

 27.7
 21
18




See Note(3)

  S‑6
18.5‑20.0
LAC

 19.3
 22
17




See Note(3)
See Note(3)

  S‑7
23.5‑25.0
LAC

 28.4
 29
18




See Note(3)

1‑20








105.6


  ST‑2
 9.0‑11.0
LAC






@20.5%


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑24


  S‑1
 2.5‑4.0
LAC
 
 20.2
 32
23


  S‑2
 7.0‑8.5
LAC
 
 27.5
 21
17




See Note(3)
See Note(3)

  S‑3
10.5‑12.0
LAC
 
 23.3
 20
NP


  S‑4
17.0‑18.5
LAC
 
 23.6
 20
NP




See Note(3)
See Note(3)

  S‑5
20.0‑21.5
LAC
 
 23.3


  S‑6
27.0‑28.5
LAC
 
 21.3
 29
20


1‑30


  S‑1
 2.5‑4.0
LAC

 26.5
 30
20


  S‑2
 5.5‑7.0
LAC

 28.3
 20
NP




See Note(3)
See Note(3)

  S‑3
 8.5‑10.0
LAC

 22.1
 28
18


  S‑4
10.5‑12.0
LAC

 21.8
 28
NP


  S‑5
13.5‑15.0
LAC

 18.4
 20
16




See Note(3)
See Note(3)

  S‑6
18.5‑20.0
LAC

 23.5
 NP
NP


1‑35


  S‑1
 2.5‑4.0
LAC

 28.0


  S‑3
10.0‑11.5
LAC

 28.9
 23
20




See Note(3)
See Note(3)

  S‑4
17.0‑18.5
LAC

 26.4


1‑36


  S‑1
 2.5‑4.0
LAC

 20.0


  S‑2
 7.0‑8.5
LAC

 24.6
 22
18




See Note(3)
See Note(3)

  S‑3
10.5‑12.0
LAC

 37.1


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


ST‑2
15.0‑17.0
LAC

 25.7
 20
18
105.9



See Note(3)
See Note(3)

See Note(3)








@21.5%


  S‑4
17.0‑18.5
LAC

 21.2
 22
21




See Note(3)
See Note(3)

  S‑5
20.0‑21.5
LAC

 26.0
 26
NP


1‑54A



 22.1




107.2


ST‑3‑5
16.0‑18.0
LAC

 21.4
 27
15


@21.3%






See Note(3)










105.6


ST‑3‑3
20.0‑22.0
LAC

 25.4
 32
21


@22.9%






See Note(3)

1‑1
4.5‑5.0
LAC (tested by
 23.5
 27
17


 99.8

See Note(3)
See Note(3)



See Note(2)(3)

  ST‑1
5.0‑5.5
Herron Testing
 30.8
 25
19


 87.6

See Note(3)
See Note(3)



Labs)


  ST‑1
5.5
LAC (tested by
 31.2
 NP
NP


 86.2
2.70



See Note(3)



Herron Testing




Labs)


  ST‑3
15.5‑16.0


 17.5
 22
17


110.8

See Note(3)
See Note(3)



See Note(2)(3)



16.0‑16.5
LAC (tested by
 18.6
 18
15


109.1

See Note(3)
See Note(3)



Herron Testing




Labs)


  ST‑3
16.7
LAC (tested by

 30
20



2.75



See Note(3)



Herron Testing




Labs)


1‑2


  ST‑1
 5.5‑6.0
LAC (tested by
 27.9
 NP
NP


 90.3
2.70
See Note(3)
See Note(3)



Herron Testing




Labs)(1)


  ST‑2
 9.5‑10.0
LAC (tested by
 24.7
 NP
NP


100.4
2.76
See Note(3)
See Note(3)



Herron Testing




Labs)(1)


  ST‑3
16.5‑17.0
LAC (tested by
 26.8
 NP
NP


 96.4
2.72
See Note(3)
See Note(3)



Herron Testing




Labs) (1)

TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑3


  ST‑1
 8.0‑8.5
LAC (tested by
 29.2
 28
23



 8.5‑9.0
Herron Testing

 18.3
 20
13
1.38
11.2
111.5

See Note(3)
See Note(3)



Labs)


  ST‑1
 9.0‑9.5
LAC (tested by
 18.0
 20
17




Herron Testing




Labs)



 9.0
LAC (tested by
 18.0
 19
17


115.4
2.71
See Note(3)



Herron Testing




Labs)


1‑5


  ST‑1
24.5‑25.0
LAC (tested by
 21.8
 NP
NP


103.7

See Note(3)
See Note(3)




Herron Testing




Labs)


1‑7


  S‑1
 2.5‑4.0
LAC (tested by
 24.1
 26
18




See Note(3)



Herron Testing




Labs)


  S‑2
 5.5‑7.0
LAC (tested by
 21.1
 24
17




See Note(3)



Herron Testing




Labs)


  S‑4
10.5‑12.0
LAC (tested by
 27.2
 18
13




See Note(3)



Herron Testing




Labs)


1‑17


  S‑1
 2.5‑4.0
LAC (tested by
 21.6






See Note(3)



Herron Testing




Labs)


  S‑2
 7.0‑8.5
LAC (tested by
 21.9
 24
16




See Note(3)
See Note(3)



Herron Testing




Labs)


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


  S‑3
 8.5‑10.0
LAC (tested by
 25.7
 18
15




See Note(3)



Herron Testing




Labs)


  S‑4
10.5‑12.0
LAC (tested by
 26.6
 21
16




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑5
13.5‑15.0
LAC (tested by
 29.4
 21
17




See Note(3)



Herron Testing




Labs)


  S‑6
18.5‑20.0
LAC (tested by
 20.0
 21
15




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑7
23.5‑25.0
LAC (tested by
 24.9
 24
14




See Note(3)



Herron Testing




Labs)


  S‑9
35.5‑37.0
LAC (tested by
 25.1
 23
14




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑30


  S‑1
 2.5‑4.0
LAC (tested by
 25.9
 23
15




Herron Testing




Labs)


  S‑2
 5.5‑7.0
LAC (tested by
 27.7
 NP
NP




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑3
 8.5‑10.0
LAC (tested by
 23.5
 27
17




Herron Testing




Labs)


  S‑4
10.5‑12.0
LAC (tested by
 22.9
 NP
NP




See Note(3)
See Note(3)



Herron Testing




Labs)


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


  S‑5
13.5‑15.0
LAC (tested by
 21.4
 NP
NP




Herron Testing




Labs)


  S‑6
18.5‑20.0
LAC (tested by
 20.9
 NP
NP




Herron Testing




Labs)


1‑35


  S‑1
 2.5‑4.0
LAC (tested by
 21.5




Herron Testing




Labs)


  S‑3
10.0‑11.5
LAC (tested by
 28.8
 23
16




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑4
17.0‑18.5
LAC (tested by
 25.3




Herron Testing




Labs)


  S‑5
20.0‑21.5
LAC (tested by
 23.1
 26
15




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑37


  S‑8
23.5‑25.0
LAC (tested by
 22.3
 27
16




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑38


  S‑2
 5.5‑7.0
LAC (tested by
 25.6
 NP
NP




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑9
26.5‑28.0
LAC (tested by
 19.1
 26
17




See Note(3)
See Note(3)



Herron Testing




Labs)


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑39


  S‑7
23.5‑25.0
LAC (clay ptn)
 24.3
 31
18




See Note(3)
See Note(3)

  S‑7
23.5‑25.0
LAC (silt ptn)
 18.7
 NP
NP




See Note(3)
See Note(3)

1‑40


  S‑9
26.5‑28.0
LAC

 23.6
 27
18




See Note(3)
See Note(3)

1‑41


  S‑9
26.5‑28.0
LAC (tested by
 23.9
 29
18




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑44


  S‑9
26.5‑28.0
LAC (tested by
 25.6
 28
18




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑46


  S‑9
26.5‑28.0
LAC (tested by
 23.0
 29
18




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑48


  S‑8
23.5‑25.0
LAC (tested by
 16.1
 22
15




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑9
26.5‑28.0
LAC (tested by
 16.9
 24
16




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑49


  S‑8
23.5‑25.0
LAC (tested by
 20.5
 26
16




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑50


  S‑7
20.5‑22.0
LAC (tested by
 23.1
 NP
NP




See Note(3)
See Note(3)



Herron Testing




Labs)


TABLE 2.5‑25 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


  S‑8
23.5‑25.0
LAC (tested by
 23.5
 30
19




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑51


  S‑9
26.5‑28.0
LAC (tested by
 26.1
 28
16




See Note(3)
See Note(3)



Herron Testing




Labs)


1‑52


  S‑8
23.5‑25.0
LAC (tested by
 20.8
 30
18




See Note(3)
See Note(3)



Herron Testing




Labs)


  S‑9
26.5‑28.0
LAC (tested by
 18.0
 25
16




See Note(3)
See Note(3)



Herron Testing




Labs)


NOTES:


(1)
Permeability test.


(2)
No pore pressure measurement in CIU tests.


(3)
See test curves.


TABLE 2.5‑26


SUMMARY OF LABORATORY TEST RESULTS


Upper Till


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑1


  S‑8
28.5‑30.0
UT

 14.2
 21
16


  S‑9
33.5‑35.0
UT

 15.6
 21
16




See Note(1)
See Note(1)

1‑2


  S‑5
18.5‑20.0
UT

 23.3


  S‑6
23.5‑25.0
UT

 19.3
 30
19




See Note(1)
See Note(1)

  S‑8
33.5‑35.0
UT

 16.8


1‑17


  S‑8
35.5‑37.0
UT

 22.5
 29
17




See Note(1)
See Note(1)

  S‑9
38.5‑40.0
UT

 16.3
 24
16




See Note(1)

1‑20



 20.6




110.2


  ST‑4
28.0‑30.0
UT

 18.4
 25
17


@19.5%
2.67
See Note(1)
See Note(1)

See Note(1)
See Note(1)

1‑24



 17.8




111.5


  ST‑4
30.0‑32.0
UT

 16.1
 23
16


@19.3%
2.73
See Note(1)
See Note(1)

See Note(1)
See Note(1)





 13.8


  S‑7
32.0‑33.5
UT

 16.9


1‑30


  S‑7
23.5‑25.0
UT

 15.1
 21
17


1‑35


  S‑5
20.0‑21.5
UT

 21.5
 22
19




See Note(1)
See Note(1)

  S‑6
27.0‑28.5
UT

 19.7


TABLE 2.5‑26 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)






 17.8






 17.2




111.8


  ST‑4
30.0‑32.0
UT

 18.2
 28
19


@18.2%

See Note(1)
See Note(1)

See Note(1)










115.2











@17.5%





See Note(1)

1‑36


  S‑6
27.0‑28.5
UT

 17.4
 29
19




See Note(1)
See Note(1)

1‑36








107.9

See Note(1)

  ST‑4
30.0‑32.0
UT

 18.8
 28
17


@19.9

See Note(1)
See Note(1)



See Note(1)

  S‑7
32.0‑33.5
UT

 17.4
 23
17






 16.4






 12.9




 97.6


  ST‑5
35.0‑36.7
UT

 18.3
 25
18


@13.7

See Note(1)
See Note(1)


See Note(1)

1‑23


  ST‑3
20.0‑22.0
UT












See Note(1)










101.4





See Note(1)

  ST‑4
25.0‑27.0
UT






@21.5





See Note(1)

1‑36








107.9


  ST‑4
30.0‑32.0
UT






@20.8


1‑54A
ST‑3‑5








120.0




See Note(1)


28.0‑30.0
UT

 13.8
 27
19


@13.8


1‑3
29.0‑29.5
UT (tested by
 12.6
 22
13


  ST‑2
29.5‑30.0
Herron Testing
 15.7
 24
17
3.69
15.2
121.4

See Note(1)
See Note(1)



Labs)


1‑7


  S‑7
23.5‑25.0
UT (tested by
 15.7
 22
14




See Note(1)



Herron Testing




Labs)


TABLE 2.5‑26 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑17


  S‑10
38.5‑40.0
UT (tested by
 17.3
 24
15




See Note(1)



Herron Testing




Labs)


  S‑11
43.5‑45.0
UT (tested by
 13.8
 24
16




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑30


  S‑7
23.5‑25.0
UT (tested by
 14.3
 22
15




Herron Testing




Labs)


1‑35


  S‑6
27.0‑28.5
UT (tested by
 20.2




Herron Testing




Labs)


  S‑7
32.0‑33.5
UT (tested by
 16.3
 26
15




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑37


  S‑10
29.5‑31.0
UT (tested by
 19.9
 26
17




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑38


  S‑10
29.5‑31.0
UT (tested by
 19.9
 27
17




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 15.2
 29
15




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 12.8
 22
14




See Note(1)
See Note(1)



Herron Testing




Labs)


TABLE 2.5‑26 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑39


  S‑8
28.0‑29.5
UT (tested by
 18.2
 26
17




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑9
32.5‑34.0
UT (tested by
 16.8
 23
16




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑40


  S‑11
32.5‑34.0
UT (tested by
 18.7
 26
14




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 15.5
 22
14




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑41


  S‑10
29.5‑31.0
UT (tested by
 18.9
 26
17




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 19.8
 27
17




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑43


  S‑10
29.5‑31.0
UT (tested by
 20.5
 24
15




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 15.7
 25
16




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 14.5
 24
16




See Note(1)
See Note(1)



Herron Testing




Labs)


TABLE 2.5‑26 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑44


  S‑10
29.5‑31.0
UT (tested by
 19.3
 26
17




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑46


  S‑10
29.5‑31.0
UT (tested by
 15.0
 24
15




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 13.3
 22
16




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑46


  S‑12
35.5‑37.0
UT (tested by
 10.8
 25
15




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑48


  S‑11
32.5‑34.0
UT (tested by
 15.9
 22
15




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 11.5
 19
17




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑49


  S‑10
29.5‑31.0
UT (tested by
 15.2
 24
16




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 14.5
 23
16




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 11.9
 22
14




See Note(1)
See Note(1)



Herron Testing




Labs)


TABLE 2.5‑26 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑50


  S‑11
32.5‑34.0
UT (tested by
 14.9
 22
14




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑51


  S‑10
29.5‑31.0
UT (tested by
 19.4
 24
16




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 12.5
 23
14




See Note(1)
See Note(1)



Herron Testing




Labs)


1‑52


  S‑10
29.5‑31.0
UT (tested by
 19.7
 27
16




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑11
32.5‑34.0
UT (tested by
 18.2
 25
17




See Note(1)
See Note(1)



Herron Testing




Labs)


  S‑12
35.5‑37.0
UT (tested by
 14.5
 23
16




See Note(1)
See Note(1)



Herron Testing




Labs)


NOTE:


(1)
See test curves


TABLE 2.5‑27


SUMMARY OF LABORATORY TEST RESULTS


Lower Till


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑1


  S‑10
38.5‑40.0
LT

  9.3
 18
15


  S‑11
43.5‑45.0
LT

  9.3


  S‑12
48.5‑50.0
LT

 11.2
 23
17




See Note(2)
See Note(2)

  S‑13
54.5‑56.0
LT

  5.2


1‑2


  S‑9
38.5‑40.0
LT

 10.1
 23
18




See Note(2)
See Note(2)

  S‑10
43.5‑45.0
LT

  8.9


  S‑11
48.5‑50.0
LT

 13.9
 22
16




See Note(2)
See Note(2)

  S‑12
53.5‑54.5
LT

  3.3


1‑17


  S‑10
43.5‑45.0
LT

 11.5
 24
17




See Note(2)
See Note(2)

  S‑11
49.0‑50.5
LT

 13.6
 24
17




See Note(2)

1‑20








120.8


  ST‑5
38.0‑39.2
LT

 10.9
 24
19


@13.0%
2.69
See Note(2)
See Note(2)

See Note(2)










127.9


  PS‑1
41.0‑41.9
LT

 14.5
 24
17


@13.8%
2.67
See Note(2)
See Note(2)

See Note(2)

1‑23


  PS‑2
40.0‑42.5
LT

 10.6
 24
18


1‑24


  S‑8
36.8‑38.1
LT

 11.6
 23
17


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)






 11.5
 26
19


130.4


 PS‑1
40.0‑42.5
LT
(SP)(1)
 11.8
 24
17


@11.1%
2.69
See Note(2)
See Note(2)

See Note(2)

See Note(2)





 13.1






 11.2


1‑24


  S‑9
42.5‑44.0
LT

 11.0






 11.1




130.8


  PS‑2
45.0‑47.5
LT

 10.8
 23
17


@10.7%
2.74
See Note(2)
See Note(2)

See Note(2)

See Note(2)





 10.8




130.3






 11.2




@10.8%




See Note(2)

See Note(2)





 10.9


  S‑10
47.5‑49.0
LT

  9.3


1‑30


  S‑8
28.5‑30.0
LT

 10.0
 23
16


  S‑9
33.5‑35.0
LT

 11.3
 22
17




See Note(2)
See Note(2)

  S‑10
38.5‑40.0
LT

 12.1
 25
18


  S‑11
43.5‑45.0
LT

 10.8
 25
17


  S‑12
48.5‑49.6
LT

 10.0
 25
18


1‑35


  S‑7
32.0‑33.5
LT

 17.6
 22
16




See Note(2)
See Note(2)

  S‑8
36.8‑38.3
LT

 11.4











132.3


  PS‑1
40.0‑42.5
LT

 10.6
 23
18


@9.8%
2.73
See Note(2)
See Note(2)

See Note(2)

See Note(2)

  S‑9
42.5‑44.0
LT

 11.1
 23
17




See Note(2)
See Note(2)










129.3






See Note(2)

  PS‑2
45.0‑47.5
LT

 11.1
 24
17


@11.3%
2.74
See Note(2)
See Note(2)

See Note(2)

See Note(2)

  S‑10
47.5‑49.0
LT

 11.8


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑35



  9.4
 22
16


136.6





See Note(2)

  PS‑3
50.0‑52.5
LT

  8.9
 21
16


@9.0%

See Note(2)
See Note(2)


See Note(2)

  S‑11
53.5‑55.0
LT

  9.9
 19
14




See Note(2)
See Note(2)

1‑36


  S‑8
36.8‑38.1
LT

 10.3


I‑36








137.7


  PS‑1
40.0‑42.5
LT

  9.5
 24
18


@9.7%

See Note(2)
See Note(2)



See Note(2)

  S‑9
42.5‑44.0
LT

 10.4
 23
16




See Note(2)
See Note(2)










129.0






See Note(2)

  PS‑2
44.0‑46.5
LT

 11.9
 27
18


@11.4%

See Note(2)
See Note(2)

See Note(2)

See Note(2)

  S‑10
46.5‑48.0
LT

 11.7






 12.3




134.3


  PS‑3
48.0‑50.5
LT

  7.3
 21
16


@9.9%

See Note(2)
See Note(2)


See Note(2)

  S‑11
50.5‑52.0
LT

  8.4
 21
15




See Note(2)
See Note(2)

  S‑12
54.5‑56.0
LT

  9.0


  S‑13
57.3‑57.8
LT

  4.9
 15
11




See Note(2)
See Note(2)

  S‑14
61.5‑61.8
LT

 10.8


TC‑1








132.3


BLK‑1
     44.5
LT

  8.8
 18
16


@10.2%
2.70



See Note(2)

See Note(2)





  8.2




135.0


BLK‑2
     44.5
LT

  8.7




@8.2%

See Note(2)
See Note(2)

TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)











144.1


BLK‑3
     50.5
LT

  8.4
 22
16


@8.4%
2.71
See Note(2)
See Note(2)










135.0


BLK‑4
     50.5
LT

  8.3




@8.3%




See Note(2)

TC‑1


HB‑1‑N
     44.5
LT

  7.3


HB‑1‑S
     44.5
LT

  9.6


HB‑2‑S
     48.5
LT

 11.2


HB‑2‑N
     50.5
LT

  5.5


HB‑2‑S
     50.5
LT

  7.1


HB‑3‑N
     55.4
LT

  7.5


HB‑3‑S
     55.4
LT

  6.9






  3.6


HB‑3‑N
     56.5
LT

  6.5


HB‑3‑S
     56.5
LT

  3.8


HB‑4‑A
62.0‑62.5
LT

  3.2


HB‑4‑B
63.0‑63.5
LT

  4.6


HB‑4‑C
64.3‑64.7
LT

  4.6


HB‑4‑D
65.3‑65.7
LT

  3.4


TC‑2








129.7


 BLK‑3
     44.0
LT

 10.0
 23
20


@9.7%




See Note(2)










109.2


 BLK‑5
     56.0
LT

 15.1
 31
22


@14.9%



See Note(2)
See Note(2)

TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


HB‑1‑N
     40.3
LT

  9.9


HB‑1‑S
     40.3
LT

  9.6


HB‑1‑E
     43.5
LT

  9.7


HB‑1‑W
     43.5
LT

  8.9


HB‑2‑N
     49.0
LT

  7.8






 17.7


HB‑3‑N
55.7‑56.5
LT

 17.6






 16.4






 15.7


HB‑3‑S
55.9‑56.5
LT

 16.1






 16.3


HB‑3
55.9‑56.5
LT


 29
21



55.9‑56.5
LT


 28
21



55.9‑56.5
LT


 28
21


1‑35








138.8


  PS‑3
50.0‑52.5
LT






@8.8%


1‑36








135.3


  PS‑4
52.0‑54.5
LT






@9.8%





See Note(2)

TC‑2








137.5


  BLK‑3
     44.0
LT






@9.3%


1‑7

LT (tested by


  S‑11
43.5‑45.0
Herron Testing
 10.2
 23
15




See Note(2)



Labs)


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑7


  S‑14
59.5‑59.8
LT (tested by
 10.8
 26
17




See Note(2)



Herron Testing




Labs)


1‑17


  S‑12
49.0‑50.5
LT (tested by
 11.2
 26
15




See Note(2)



Herron Testing




Labs)


1‑30


  S‑8
28.5‑30.0
LT (tested by
 10.8
 25
15




Herron Testing




Labs)


  S‑9
33.5‑35.0
LT (tested by
 13.0
 24
16




See Note(2)
See Note(2)



Herron Testing




Labs)


  S‑10
38.5‑40.0
LT (tested by
 10.3
 24
13




Herron Testing




Labs)


  S‑11
43.5‑45.0
LT (tested by
 12.2
 24
16




Herron Testing




Labs)


  S‑12
48.5‑49.6
LT (tested by
 11.8
 20
15




Herron Testing




Labs)


1‑35


  S‑8
36.8‑38.3
LT (tested by
 10.4




Herron Testing




Labs)


  S‑9
42.5‑44.0
LT (tested by
 11.1
 24
15




See Note(2)
See Note(2)



Herron Testing




Labs)


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


  S‑10
47.5‑49.0
LT (tested by
 11.8




Herron Testing




Labs)


  S‑11
53.5‑55.0
LT (tested by
  5.4
 25
20




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑37


 S‑13
37.5‑39.0
LT (tested by
  9.9
 23
13




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑16
46.5‑48.0
LT (tested by
 10.6
 22
14




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑18
52.5‑54.0
LT (tested by
  9.2
 23
14




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑38


 S‑17
50.5‑52.0
LT (tested by
  8.3
 25
16




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑39


 S‑10
37.0‑38.5
LT (tested by
 10.3
 24
16




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑12
44.5‑46.0
LT (tested by
  9.9
 24
16




See Note(2)
See Note(2)



Herron Testing




Labs)



Approx.



50.0‑52.0
LT (tested by
 12.3
 22
16




See Note(2)
See Note(2)



Herron Testing




Labs)


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑40


 S‑17
50.5‑51.5
LT (tested by
  8.1
 22
13




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑41


 S‑13
38.5‑40.0
LT (tested by
 11.6
 24
17




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑43


 S‑13
38.5‑40.0
LT (tested by
 10.3
 22
16




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑17
50.5‑52.0
LT (tested by
  9.7
 25
14




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑44


 S‑12
38.5‑40.0
LT (tested by
 14.5
 24
17




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑17
50.5‑52.0
LT (tested by
  8.7
 22
15




See Note(2)
See Note(2)



Herron Testing




Labs)



Approx.



     53.0
LT (tested by
 11.6
 25
15




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑46


 S‑17
50.5‑52.0
LT (tested by
 12.8
 23
15




See Note(2)
See Note(2)



Herron Testing




Labs)


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑48


 S‑13
38.5‑40.0
LT (testing by
  9.6
 NP
NP




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑17
50.5‑52.0
LT (tested by
  6.1
 20
17




See Note(2)
See Note(2)



Herron Testing




Labs)



Approx.



     53.0
LT (tested by
  9.0
 20
15




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑49


 S‑13
38.5‑40.0
LT (tested by
 12.8
 23
15




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑15
44.5‑46.0
LT (tested by
 13.0
 23
16




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑50


 S‑13
38.5‑40.0
LT (tested by
 11.3
 22
18




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑16
47.5‑49.0
LT (tested by
  6.8
 18
13




See Note(2)
See Note(2)



Herron Testing




Labs)


 S‑17
50.5‑51.5
LT (tested by
  8.9
 24
16




See Note(2)
See Note(2)



Herron Testing




Labs)


1‑51


 S‑13
38.5‑40.0
LT (tested by
 10.9
 23
13




See Note(2)
See Note(2)



Herron Testing




Labs)


TABLE 2.5‑27 (Continued)


Boring




     Natural






     Spe‑
Grain






                   Triaxial





 and





Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑  Special  Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   Tests     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


 S‑17
50.5‑52.0
LT (tested by
  8.3
 22
13




See Note(2)
 See Note(2)



Herron Testing




Labs)


1‑52


 S‑13
38.5‑40.0
LT (tested by
 11.5
 23
14




See Note(2)
 See Note(2)



Herron Testing




Labs)


 S‑14
41.5‑43.0
LT (tested by
 11.9
 21
15




See Note(2)
 See Note(2)



Herron Testing




Labs)


 S‑15
44.5‑46.0
LT (tested by
 10.9
 24
16




See Note(2)
 See Note(2)



Herron Testing




Labs)


 S‑16
47.5‑49.0
LT (tested by
  8.0
 20
12




See Note(2)
 See Note(2)



Herron Testing




Labs)


 S‑17
50.5‑51.0
LT (tested by
  8.3
 22
13




See Note(2)
 See Note(2)



Herron Testing




Labs)


NOTES:


(1)
Stress path.


(2)
See test curves


TABLE 2.5‑28


PHYSICAL PROPERTIES OF SOIL MATERIALS




Natural Water
Dry Unit
  Specific   Liquid
  Plastic
 Plasticity
Grain Size Classification




   Content
 Weight
  Gravity
   Limit
   Limit
   Index

Gravel   Sand
 Silt‑Clay


Material
   Wn (%)    
(d (pcf) 
    Gs
   LL (%)
  PL (%) 
   PI (%)  
 (%)      (%)
    (%)



________
_____________
________
  ________   ______
  _______
 __________
______   ____
 _________


Lacustrine:


 Minimum
18.4
 92.8
  2.67
 17
 16
  0
   0
  2
 15


 Maximum
37.1
105.9
  2.73
 33
 23
 12
   4
 85
 98


 Average
24.3
 99.8
  2.68
 24
 19
  5
   1
 20
 79


 No. of


  Tests
47
 10
  3
 30
 30
 23
  23
 23
 23


Upper Till:


 Minimum
12.9
 97.6
  2.67
 21
 16
  4
   0
  4
 67


 Maximum
23.3
118.2
  2.73
 30
 19
 12
   4
 30
 96


 Average
18.0
109.1
  2.70
 25
 17
  8
   1
 18
 81


 No. of


  Tests
36
 11
  2
 14
 14
 14
  11
 11
 11


Lower Till:


 Minimum
 3.2
 97.6
  2.63
 15
 11
  2
   0
 16
 32


 Maximum
18.3
144.1
  2.74
 31
 20
 11
  32
 44
 83


 Average
10.3
128.8
  2.71
 23
 17
  6
   5
 27
 68


 No. of


  Tests
87
 20
  8
 35
 35
 35
  24
 24
 24


TABLE 2.5‑29


SUMMARY OF ONE‑DIMENSIONAL CONSOLIDATION TEST RESULTS ON SOIL MATERIALS












   Plas‑











 Recom‑
   Com‑








Dry Unit
  Natural
   ticity
   Effective
 Precon‑

 Overcon‑

Initial
 pression
 pression




  Sample


 Weight
   Water
   Index
  Overburden
solidation
solidation
 Void
  Index
  Index


  Boring
  Depth


  (d
  
  Content

PI
   Pressure
 Pressure

  Ratio

 Ratio
  (1)(2)
   (1)

    No.
   (ft)    Stratum
 (pcf)  
  Wn (%) 
     (%) 
   Po (tsf) 
 Pc (tsf) 
       Pc/Po      
  eo   
 C’r        
     C’c


1‑14
16‑18.0
LAC
  97.9
 27.7
6
0.65
1.7
2.6
0.710
0.008
0.095


1‑36
15‑17.0
LAC
 105.9
 25.7
2
0.60
2.0
3.3
0.580
0.005
0.051


1‑20
28‑30.0
UT
 108.5
 21.9
8
1.04
4.0
3.8
0.537
0.011
0.093


1‑24
30‑32.0
UT
 111.5
 19.3
7
1.10
5.0
4.5
0.529
0.008
0.084


1‑35
30‑32.0
UT
 111.8
 18.2
9
1.10
4.0
3.6
0.524
0.014
0.090


1‑20
38‑39.2
LT
 123.5
 10.5
5
1.43
5.0
3.5
0.315
0.008
0.054


1‑20
41‑41.9
LT
 123.8
 13.0
7
1.50
5.0
3.3
0.347
0.009
0.054


1‑24
45‑47.5
LT
 130.8
 10.7
6
1.60
6.0
3.8
0.307
0.006
0.051


1‑24
45‑47.5
LT
 130.3
 10.8
6
1.60
4.5
2.8
0.288
0.005
0.035


1‑24(3)
40‑42.5
LT
 130.4
 11.1
7
1.50
7.0
4.7
0.288
0.006
0.038


1‑35(3)
40‑42.5
LT
 132.3
  9.8
5
1.50
7.0
4.7
0.280
0.006
0.035


1‑35(3)
45‑47.5
LT
 129.3
 11.3
7
1.60
4.5
2.8
0.294
0.005
0.037


1‑36
44‑46.5
LT
 129.0
 11.4
9
1.59
4.0
2.5
0.297
0.011
0.046


TC‑1(4)
 44.5
LT
 132.3
 10.2
2
1.58
6.0
3.8
0.278
0.005
0.036


TC‑1(3)(4)
 50.5
LT
 135.0
  8.3
6
1.88
9.0
5.3
0.248
0.004
0.042


NOTES:


(1)
Unit strain basis.


(2)
Swell index, C’s, approximately equal to C’r.


(3)
Constant rate of loading test.


(4)
Block sample.


TABLE 2.5‑30


DRAINED DEFORMATION MODULI OF LOWER TILL(1)


Sample
Recompression
Constrained
Deformation


  Boring
Depth
    Index
Modulus, Ed
Modulus, Es

    No.   
 (ft) 
    Ratio    
   (ksi)   
   (ksi)



1‑20
38.5
0.008
13.7
6.4


1‑20
41.5
0.008
13.7
6.4


1‑24
41.0
0.006
18.2
8.5


1‑24
46.0
0.006
18.2
8.5


1‑24(2)
46.0
0.005
21.9
10.2


1‑35(2)
41.0
0.006
18.2
8.5


1‑35(2)
46.0
0.005
21.9
10.2


1‑36
45.0
0.011
10.1
4.7


TC‑1(3)
44.0
0.0055
19.9
9.3


TC‑1(2)(3)
50.0
0.004
27.4
12.8


NOTES:


(1)
Poisson’s ratio assumed to be 0.40; Compression Index Ratio = C’r/(1 ‑ (o) (unit strain basis)


(2)
Constant rate of loading consolidation test


(3)
Block sample


TABLE 2.5‑31


PRESSUREMETER TEST RESULTS IN LOWER TILL




 

Dry Unit

Natural

Plasticity
Plastic
  Compressibility Moduli

Undrained




  Test 
Weight

 Water

  Index

 Yield
                         
  Shear


 Hole
Elevation
  (d


Content

   PI

Pressure
E1(1)

E2(2)

Ec(3)

Strength


  No. 
  (ft)
  (pcf) 

Wn (%) 

   (%)    
P1 (ksf)
(ksi)
(ksi)
(ksi)
So (tsf)


1‑22P2
  575.3
 136.0

 10.0


6

  44.0
2.56

1.74

20.2

  11.5




  572.2
 130.0

  9.5


6

  37.6
1.35

1.34

25.7

  12.0




  567.2
 135.0

  8.5


5

  34.8
1.74

1.42

20.8

  10.0


1‑35P
  585.1
 132.3

 10.0


5

  29.4
1.86

1.07

 ‑‑

   6.5









  9.5










94.7




  584.1
 132.3

  to



5

  30.0
1.15

0.93

to

  10.0









 11.4










75.6






 129.3

 10.6




  578.1
  to


  to


    6,7

  44.4
2.61

2.2

15.9

  12.0






 137.7

 11.1









  8.9




  573.1
 136.6

  to


    5,6

  35.2
1.10

‑‑

18.6

  11.0









 11.8









  9.5


1‑36P
  583.8
 126.0

  to



6

  36.8
2.92

2.29

 6.9

   8.3









 10.3




  578.8
 129.0

 10.4

    7,9

  20.8
1.94

1.39

 4.7

   4.6









  7.3




  573.8
 134.3

  to



5

  38.4
7.22

3.47

 7.2

   8.1









 12.3


NOTES:


(1)
E1 = Modulus at pressures less than preconsolidation pressure


(2)
W2 = Modulus at pressures greater than preconsolidation pressure


(3)
Ec = Unload‑reload modulus


TABLE 2.5‑32


VERTICAL PLATE LOADING TEST RESULTS IN LOWER TILL(1)












  Plas‑



 Precon‑








Dry Unit

Natural
  ticity
 Effective
solidation
   Over‑
     Compressibility Moduli



Inspection

Test

 Weight

Moisture
   Index
 Overburden
Pressure
   Consolidation


  Shaft
  Test
Elev.
   (d


Content
    PI
  Pressure
   Pc

   
   Ratio
     E1(2)
   E2
(3)
  Ec(4)

   No.       No. 
(ft) 
 (pcf)  

 Wn (%)  
   (%)   
  Po (tsf)  
 (tsf) 
        Pc/Po    
(ksi)   (ksi)   (ksi)


   TC‑1
VB‑1
582.8
132.3
10.2
 2
1.48
 6.5
4.4
 37.9
  6.04
 227.0



VB‑2
574.3
144.1
 7.8
 6
1.77
 9.3
5.3
 68.8
  9.36
 210.0






 6.9



VB‑3
567.4
136.0
 to
 7
2.05
 5.5
2.7
 54.5
 16.80
 236.0






 7.5






 9.6


   TC‑2
VB‑1
582.5
129.7
 to
 3
1.49
 5.9
4.0
 25.0
  5.28
 122.0






10.0



VB‑2
573.8
136.6
 7.8
 5
1.80
10.0
5.6
 47.2
 13.00
 140.5






14.9
 7



VB‑3
566.9
109.2
 to
to
2.08
 8.8
4.2
 90.8
  6.90
  91.0






17.7
 9


NOTES:


(1)
Plate diameter = 22 inches; shape and depth correction factor = 0.59


(2)
E1 = Modulus at pressures <Pc

(3)
E2 = Modulus at pressures >Pc

(4)
Ec = Unload‑reload modulus


TABLE 2.5‑33


HORIZONTAL PLATE LOADING TEST RESULTS IN LOWER TILL(1)






Dry Unit
Natural
 Plasticity
 Compressibility Moduli


Inspection


  Test
Weight
Moisture
Index

  Shaft

Test
Elevation
 (d
Content
 PI
E1(2)
E2(3)
   Ec(4)

   No.    

 No.        (ft)           (pcf)  
 Wn (%)       (%)   
(ksi)     (ksi)
   (ksi)

   TC‑1

HB‑1, N
 578.3
132.3
  10.2
 2
155.0
  7.0
     ‑





HB‑1, S
 578.3
132.3
  10.2
 2
373.0
  8.7
   694.0





HB‑2, N
 572.3
144.1
   7.8
 6
435.0
  7.7
   496.0





HB‑2, S
 572.3
144.1
   7.8
 6
410.0
  8.9
   800.0





HB‑3, N
 566.3
136.0
   6.9
 7
856.0
117.0
     ‑





HB‑3, S
 566.3
136.0
   7.5
 7
710.0
692.0
     ‑


   TC‑2

HB‑1, E
 479.3
129.7
   9.9
 3
186.0
 12.4
     ‑





HB‑1, W
 479.3
129.7
   9.9
 3
249.0
  5.8
     ‑





HB‑2, N
 569.8
109.2
  16.1
 8
335.0
 12.9
   404.0





HB‑2, S
 569.8
109.2
  16.1
 8
620.0
 11.0
   670.0


NOTES:


(1)
Plate diameter = 13.55 inches; shape and depth correction factor = 0.66


(2)
E1 = Modulus at pressures <Pc


(3)
E2 = Modulus at pressures >Pc


(4)
Ec = Unload‑reload modulus


TABLE 2.5‑34


SUMMARY OF LABORATORY COMPRESSION TEST RESULTS ‑ LACUSTRINE SEDIMENTS








 Dry Unit
Natural
Liquid
Plasticity

Strain at
   Deformation
   Consolidation




  Sample
   Type
 Weight
Moisture
Limit
  Index
  Shear
 Failure      Moduli
   or Confining


Boring
  Depth
    of
    (d
Content
  LL

   PI
 Strength
   ef

     (ksi)        Pressure (tsf)


  No. 
  (ft)     Test(1)(2)   (pcf)   Wn (%) 
 (%)  
  (%)      (tsf)        (%)    Ei(3)

Esec(4)     (c or (c
   Remarks


1‑22A
 5.0‑ 7.0
   

[image: image1.wmf]CIU



  92.8
  27.2


1.07
   9.4
 7.40
0.78
0.29

Test No. 14




 5.0‑ 7.0
   

[image: image2.wmf]CIU


  
  93.4
  30.4




  2.05
  10.0
 5.28
1.25

0.86

   Test No. 15




 5.0‑ 7.0
   

[image: image3.wmf]CIU



  94.9
  26.3




  7.00
   8.4
 9.63
2.75

2.59

   Test No. 16


1‑23

15.0‑17.0
   

[image: image4.wmf]CIU



 105.0
  20.0




  3.47
   6.0
 9.04
2.50

1.42

   Test No. 17


1‑22A
15.0‑17.0
   

[image: image5.wmf]CIU



  99.7
  22.0




  1.06
  13.5
 8.00
0.76

0.86

   Test No. 18




15.0‑17.0
   

[image: image6.wmf]CIU



104.3      19.7




  1.94
  17.8
13.90
2.32

2.59

   Test No. 19


1‑14

16.0‑18.0
    UU
  96.4
  26.5
  27

     6
  0.64
  21.2
 1.11
0.18

0.63


1‑23

15.0‑17.0
    UU
 101.4
  21.5




  0.39
   7.5
 0.94
0.21

0.65


1‑54A
16.0‑18.0
   

[image: image7.wmf]CIU



 102.1
  25.7
  27

    12
  1.00
   2.0
 4.47
0.52

0.30

   Test No. 23




16.0‑18.0
   

[image: image8.wmf]CIU



 107.2
  21.3
  27

    12
  1.23
   2.5
 7.78
1.13

0.90

   Test No. 24




20.0‑22.0
   

[image: image9.wmf]CIU



 105.6
  22.9




  1.51
   3.2
 7.78
1.28

1.50

   Test No. 25


NOTES:


(1)


[image: image10.wmf]CIU



= Isotropically consolidated‑undrained triaxial compression test with pore pressure measurements.


(2)
UU
= Unconsolidated‑undrained triaxial compression test.


(3)
Ei
= Initial deformation modulus.


(4)
Esec
= Deformation modulus at 1/2 of ultimate stress.


TABLE 2.5‑35


SUMMARY OF LABORATORY COMPRESSION TEST RESULTS ‑ UPPER TILL








 Dry Unit
Natural
Liquid
Plasticity

Strain at
   Deformation
   Consolidation




  Sample
   Type
 Weight
Moisture
Limit
  Index
  Shear
 Failure      Moduli
   or Confining


Boring
  Depth
    of
   (d

Content
  LL

   PI
 Strength
   ef

     (ksi)        Pressure (tsf)


No.         (ft)     Test(1)(2)   (pcf)   Wn (%) 
 (%)  
  (%)      (tsf)        (%)    Ei(3)

Esec(4)     (c or (c
   Remarks


1‑20

28.0‑30.0
    UU
 105.7
  21.6
  25

    8
  0.67
  17.3
 1.04
0.27

1.01


1‑24

30.0‑32.0
    UU
 114.1
  17.6
  23

    7
  0.87
  18.0
 1.08
0.67

1.00


1‑35

30.0‑32.0
   

[image: image11.wmf]CIU



 111.8
  18.2
  28

    9
  1.70
  11.8
 6.95
2.36

1.80

   Test No. 7


1‑36

30.0‑32.0
   

[image: image12.wmf]CIU



 107.9
  19.9
  28

    9
  2.44
   9.3
11.10
3.77

3.60

   Test No. 8


1‑36

30.0‑32.0
   

[image: image13.wmf]CIU



 107.9
  19.9
  28

    9
  3.60
  13.7
23.20
8.33

7.20

   Test No. 9


1‑36

35.0‑36.5
    UU
  97.6
  13.7
  25

    7
  2.23
  32.5
 1.60
0.61

1.30


1‑23

20.0‑22.0
    UU
  99.5
  25.2




  0.68
  11.0
 1.46
0.29

0.83


1‑23

25.0‑27.0
    UU
 117.9
  16.4




  1.30
   9.2
 1.58
0.78

0.65


1‑22A
20.0‑22.0
   

[image: image14.wmf]CIU



 111.9
  15.6




  1.31
  14.0
 6.45
0.70

0.86

   Test No. 20


1‑35

25.0‑27.0
   

[image: image15.wmf]CIU



 118.2
  21.5




  0.83
  13.2
 8.22
1.32

1.73

   Test No. 21


1‑36

25.0‑27.0
   

[image: image16.wmf]CIU



 106.9
  19.4




  2.85
  18.4
11.60
3.85

3.46

   Test No. 22


1‑54A
28.0‑30.0
   

[image: image17.wmf]CIU



 120.0
  13.8
  27

    8
  1.20
  15.8
 0.81
0.11

0.90

   Test No. 26


NOTES:


(1)


[image: image18.wmf]CIU



= Isotropically consolidated‑undrained triaxial compression test with pore pressure measurements.


(2)
UU
= Unconsolidated‑undrained triaxial compression test.


(3)
Ei
= Initial deformation modulus.


(4)
Esec
= Deformation modulus at 1/2 of ultimate stress.


TABLE 2.5‑36


SUMMARY OF LABORATORY COMPRESSION TEST RESULTS ‑ LOWER TILL








 Dry Unit
 Natural
Liquid  Plasticity

    Strain at
   Deformation

Consolidation




Sample
   Type
 Weight
 Moisture
Limit     Index
Shear    Failure
      Moduli
     or Confining


Boring
Depth
    of
   (d

 Content
  LL
      PI
    Strength
  ef
           (ksi)        Pressure (tsf)


  No.
 (ft)    Test (1)(2)

 
  Wn  (%)
 (%)

(%)

(tsf)
  (%)    Ei(4)   Esec(5)  Ec(6)    (c or (c
    Remarks



     
         (3)      (pcf)     
      
   

    

    

                        


    





1‑24

40.0‑42.5
   

[image: image19.wmf]CIU



 130.4
  11.1
  26

  7

2.13

  6.0
9.26   1.97

1.80

    Test No. 1


1‑24

45.0‑47.5    

[image: image20.wmf]CIU



 130.3
  10.8
  23

  6

5.88

  9.1    18.6
  3.97

3.60

    Test No. 2


1‑24

45.0‑47.5
   

[image: image21.wmf]CIU



 130.8
  10.7
  23

  6

9.60

  9.5    34.8
  5.41

7.20

    Test No. 3


1‑35

40.0‑42.5
   

[image: image22.wmf]CIU



 132.3
   9.8
  23

  5

6.22

 11.7
8.69   4.24

1.80

    Test No. 4


1‑35

45.0‑47.5
   

[image: image23.wmf]CIU



 129.3
  11.3
  24

  7

7.64

 10.8    13.9
  4.32

3.60

    Test No. 5


1‑35

45.0‑47.5
   

[image: image24.wmf]CIU



 129.3
  11.3
  24

  7

6.42

  8.1    23.2
  8.50

7.20

    Test No. 6


1‑35

50.0‑52.5
    UU
 138.8
   8.8
  22

  6

7.26

  6.5
4.30   4.30

1.92

    Stress Path


























    Test


1‑36

40.0‑42.5
   

[image: image25.wmf]s


CIU



 137.7
   9.7
  24

  6
    10.56

  6.6    27.8
  7.78   41.7
7.20

    Test No. 12


1‑36

44.0‑46.5
   

[image: image26.wmf]CIU



 129.0
  11.4
  27

  9

3.70

 11.4
6.95   2.44

1.80

    Test No. 10


1‑36

44.0‑46.5
   

[image: image27.wmf]s


CIU



 129.0
  11.4
  27

  9

5.66

  8.0    17.4
  5.18   23.2
3.60

    Test No. 11


1‑36

48.0‑50.0
    UU
 134.3
   9.9
  21

  5

2.59

 16.0
2.78   0.89

1.75


TC‑1

  44.5
   

[image: image28.wmf]CIU



 132.3
  10.2
  18

  2

6.06

  9.8
8.54   3.05

1.80

    Test No. 13


TC‑2

  44.0
    UU
 137.2
   9.3
  23

  3

6.60

  4.8
7.50   5.91

1.66


TABLE 2.5‑36 (Continued)








 Dry Unit
 Natural
Liquid  Plasticity

    Strain at
   Deformation

Consolidation




Sample
   Type
 Weight
 Moisture
Limit     Index
Shear    Failure
      Moduli
     or Confining


Boring
Depth
    of
   (d

 Content
  LL
      PI
    Strength
  ef
           (ksi)        Pressure (tsf)


  No.
 (ft)    Test (1)(2)

 
  Wn  (%)
 (%)

(%)

(tsf)
  (%)    Ei(4)   Esec(5)  Ec(6)    (c or (c
    Remarks



     
         (3)      (pcf)     
      
   

    

    

                        


    





TC‑2

  56.0
    UU
 135.3
  14.9
  31

  9

6.96

  8.3
2.78   2.78

2.09


1‑36

52.0‑54.5
    UU
 135.3
   9.8
   ‑

  ‑

6.78

 10.0
2.48   2.44

1.89


1‑35

50.0‑52.5
    UU
 136.6
   9.0
  22

  16

3.00

 15.7
4.14   4.10

1.80


NOTES:


(1)


[image: image29.wmf]CIU



= Isotropically consolidated‑undrained triaxial compression test with pore pressure measurements.


(2)
UU
= Unconsolidated‑undrained triaxial compression test.


(3)


[image: image30.wmf]s


CIU



= Multiple‑stage 

[image: image31.wmf]CIU


 test.


(4)
Ei
= Initial deformation modulus.


(5)
Esec
= Deformation modulus at 1/2 of ultimate stress.


(6)
Ec
= Cyclic deformation modulus.


TABLE 2.5‑37


SUMMARY OF EFFECTIVE STRESS PARAMETERS








  Dry Unit

  Natural

Effective

Effective
 
 Pore Pressure








   Weight


  Moisture
Cohesion

Friction

 Parameter at





   Test


(d


  Content

    

[image: image32.wmf]c




 Angle 

[image: image33.wmf]f




    Failure


 Stratum 

    Nos.   
    (pcf)
      
   Wn (%)  
  (tsf)

(degrees)


  Af






14, 15, 16
 92.8 to  94.9

26.3 to 30.4

0


35.0

‑0.74  to ‑0.279


Lacustrine
17, 18, 19
 99.7 to 105.0

19.7 to 22.0

0.12


33.5

 0.222 to ‑0.212





23, 24, 25
102.1 to 107.2

21.3 to 25.7

0


35.0

 0.28  to ‑0.27





 7,  8,  9
107.9 to 111.8

18.2 to 19.9

0.33


24.0

 0     to  0.33


Upper Till





20, 21, 22
106.9 to 118.2

15.6 to 21.5

0


35.0

 0.2   to ‑0.13



 

 1,  2,  3
130.3 to 130.8

10.7 to 11.1

0.46


35.0

 0.01  to ‑0.03


Lower Till
 4,  5,  6
129.3 to 132.3
 
 9.8 to 11.3

0.91


35.0

 0.06  to ‑0.03





10, 11, 12
129.0 to 137.7
 
 9.7 to 11.4

0.44


35.0

‑0.02  to ‑0.12


TABLE 2.5‑38


CYCLIC TORSION TEST RESULTS FOR LACUSTRINE SEDIMENTS








Dry Unit
Natural
Consolidation
Resonant
 Shear   Damping
 Shear




  Sample
 Test
 Weight
Moisture
  Pressure
Frequency
Modulus   Ratio
Strain


Boring
  Depth
Series
  (d

Content
    

[image: image34.wmf]c


s




    f
   G

D

  (

K2(1)

  No.  
   (ft)     No.  
 (pcf)  
 Wn (%) 
    (tsf)    
  (cps)    (ksi)    (%)

(10‑2%)



 1‑36
5.0‑ 7.0
  1a

  93.3
  27.6
    0.288

  186
  5.7
  7.1
  0.9
 34












    0.288

  174
  2.3
 15.5
 10.2
 14






  1b





    0.864

  207
 11.5
  4.8
  0.7
 40












    0.864

  187
  6.0
  7.1
  7.0
 21






  1c





    2.59

  235
 20.6
  3.2
  0.44
 41












    2.59

  222
 16.1
  3.7
  5.17
 32


 1‑23
15.0‑17.0
  2a

 118.9
  20.1
    0.288

  193
  7.5
  5.9
  1.22
 45












    0.288

  177
  3.5
  3.8
  0.87
 21






  2b





    0.864

  216
 14.3
  3.8
  1.37
 50












    0.864

  202
 10.0
  4.9
  0.62
 35






  2c





    2.59

  249
 26.3
  2.8
  1.06
 53












    2.59

  236
 20.5
  3.2
  0.46
 41


NOTE:


(1)
G = 1,000 K2 ((’m)1/2, (Reference 239)


TABLE 2.5‑39


CYCLIC TORSION TEST RESULTS FOR UPPER TILL








Dry Unit
Natural
Consolidation
Resonant
 Shear   Damping
 Shear




  Sample
 Test
 Weight
Moisture
  Pressure
Frequency
Modulus   Ratio
Strain


Boring
  Depth
Series
  (d

Content
    

[image: image35.wmf]c


s




    f
   G

  D

  (

K2(1)

  No.  
   (ft)     No.  
 (pcf)  
 Wn (%) 
    (tsf)    
  (cps)    (ksi)     (%)

(10‑2%)



 1‑22A
20.0‑22.0
  3a

 117.9
   16.4
    0.864

  227
 18.2
  4.5
  0.60
 63












    0.864

  191
  7.3
  6.1
  7.00
 25






  3b





    1.73

  228
 17.9
  3.4
  0.60
 44












    1.73

  217
 14.5
  3.9
  4.80
 35






  3c





    3.46

  234
 20.1
  3.2
  1.04
 35












    3.46

  222
 16.4
  3.7
  4.80
 28


 1‑35
25.0‑27.0
  4a

 101.4
   21.5
    0.864

  186
  5.7
  7.1
  1.0
 20












    0.864

  173
  2.6
 13.8
  8.8
  9






  4b





    1.73

  218
 14.7
  3.8
  1.0
 36












    1.73

  204
 10.5
  5.2
  5.1
 26






  4c





    3.46

  245
 23.8
  3.0
  0.74
 41












    3.46

  233
 19.6
  3.5
  4.10
 34


NOTE:


(1)
G = 1,000 K2 ((’m)1/2, (Reference 239)


TABLE 2.5‑40


CYCLIC TORSION TEST RESULTS FOR LOWER TILL








Dry Unit
Natural
Consolidation
Resonant
 Shear   Damping
 Shear




  Sample
 Test
 Weight
Moisture
  Pressure
Frequency
Modulus   Ratio
Strain


Boring
  Depth
Series
  (d

Content
    

[image: image36.wmf]c


s




    f
   G

  D

  (

K2(1)

  No.  
   (ft)     No.  
 (pcf)  
 Wn (%) 
    (tsf)    
  (cps)    (ksi)     (%)

(10‑2%)



 TC‑1
   44.5
  5a

 132.3
   10.2
    1.66

  277
 34.4
  4.0
  1.22
 86






  5b





    3.31

  292
 40.2
  3.7
  1.15
 71




  

  5c





    6.62

  322
 52.5
  3.4
  0.92
 69


 TC‑1
   50.5
  6a

 144.1
    8.4
    1.87

  284
 36.6
  3.8
  1.22
 87






  6b





    3.74

  300
 44.0
  3.6
  1.19
 73






  6c





    7.49

  388
 84.5
  3.3
  0.72
100


 TC‑2
   45.0
  7a

 138.8
    9.9
    1.66

  296
 38.5
  4.2
  0.009
 96












    1.66

  288
 35.4
  4.5
  0.55
 89












    1.66

  273
 30.8
  3.5
  1.40
 77






  7b





    3.31

  330
 51.5
  3.4
  0.14
 91












    3.31

  332
 52.3
  3.0
  0.37
 92












    3.31

  320
 48.4
  3.1
  1.16
 86






  7c





    6.62

  371
 70.3
  4.6
  0.20
 92












    6.62

  369
 69.8
  4.6
  0.39
 91












    6.62

  364
 67.2
  3.6
  0.93
 88


NOTE:


(1)
G = 1,000 K2 ((’m)1/2, (Reference 239)


TABLE 2.5‑41


DYNAMIC PROPERTIES OF SOIL MATERIALS BY IN SITU SHEAR WAVE VELOCITY MEASUREMENTS





 Shear Wave

 
    Mean Principal

Shear Wave Basis

   Void Ratio Basis




 

 Velocity

Void

   Effective Stress

Maximum Shear


 Maximum Shear


Stratigraphic
    Vs

Ratio


(’m


  Modulus

K2(3)
   
    Modulus
 K2(3)

    Unit
        (fps)
       e

         (psf)
          Gmax  (ksi)(1)              Gmax  (ksi)(2)




Lacustrine
   700

0.645


1,100


 13

 56

  12.0

  52.0


  Soils

 1,200

0.640


1,600


 40

144

  14.5

  51.9


Upper Till
 1,900

0.530


2,360


103

306

  22.2

  65.9


Lower Till
 2,600

0.283


3,680


206
 
490

  40.3

  95.5


NOTES:


(1)
Gmax = Vs2 ( (shear wave basis); where: ( = mass density.


(2)
Gmax = 

[image: image37.wmf]÷
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  (OCR)0.1 ((m’)0.5 (void ratio basis); where: OCR = over‑consolidation ratio.


(3)
K2   = Gmax/1,000 ((’m)1/2

TABLE 2.5‑42


PINHOLE TEST RESULTS ON LOWER TILL


Sample
Head
Flow

Dispersion(2)

  No. 
(in.)
(ml/sec)
Color(1)
Classification


  1
2
3.6
B
D1


  2
2
0.17
C



6.75
0.5
C



15
4.0
A
ND3


  3
2
0.15
C



6.75
0.4
B



15
3.5
B
ND3


  4
2
0.16
C



6.75
0.4
C



15
0.9
C



40
5.9
B
ND2


  5
2
0.12
C



6.75
0.8
C



15
3.0
C



40
5.4
B
ND3


NOTES:


(1)
Color Code:
A = Dark





B = Slight to medium





C = Barely visible





D = Completely clear


(2)
Dispersion Code:      D1, D2 = Dispersive and erodible





ND1, ND2 =
Nondispersive and highly erosion‑resistant





ND3, ND4 =
Nondispersive and intermediate erosion‑resistant


TABLE 2.5‑43


DISSOLVED CATIONS IN SATURATION EXTRACT ‑ LOWER TILL


Sample
 
Concentration (meq/liter)           
Percent


  No. 
Sodium
Calcium
Magnesium
Potassium
Sodium



  1
9.14
10.78
4.28
0.89
36.4


  2
7.61
 9.98
3.29
0.89
35.0


  3
6.09
 7.98
3.78
0.69
32.8


  4
8.27
11.58
5.43
0.97
31.5


  5
7.48
12.77
6.00
0.84
27.6


TABLE 2.5‑44


APPROXIMATE PERCENTAGES OF PRINCIPAL


MINERALS AND ROCK FRAGMENTS IN LOWER TILL



PT‑4
PT‑4A
PT‑1A
PT‑1A


     Sample     
(47.5 ft)
(41.5 ft)
(41.0 ft)
(48.5 ft)


Silt/Clay Matrix
   70%
   70%
   40%
   40%


  Quartz
    7
   10
   10
    7


  Feldspar
    2
    3
    3
    2


  Opaques
    2
    2
    3
    7


  Pyroxene &
    P(1)
    P(1)
    P(1)
    P(1)

  Amphibole


  Silty Shale
   10
   10
   30
   25


  Sandy Shale
    5
    3
   15
   10


  Quartzite
    P(1)
    P(1)
    ‑
    P(1)

  Carbonate
    2
    P
    2
    5


NOTE:


(1)
P = Present


TABLE 2.5‑45


SUMMARY OF LABORATORY TEST RESULTS


Shale


Boring



  Special  Natural






     Spe‑
Grain






                   Triaxial





 and



   Tests
Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑1
124.5
SH




541.0
 .91


1‑2


 S‑13
59.5‑59.8
SH

1.6



135.0
SH

1.3
19
18



  2.75
See Note(4)
See Note(4)

1‑8









160.3



 71.0



20
17


@2.9%


1‑9









164.0



 67.0
SH


1‑10
 57.0
SH
(S)(1)

20
18



  2.69
See Note(4)
See Note(4)


 60.0
SH
(S)(1)

20
19




See Note(4)
See Note(4)

1‑13
 61.0
SH
(S)(1)







See Note(4)
See Note(4)


 67.0
SH
(S)(1)

 2
20



  2.72
See Note(4)
See Note(4)

1‑22








129.5



 94.0
SH
(SV)(2)

18
15
194.9
 .60
@7.0%
  2.79
See Note(4)
See Note(4)


146.0
SH







  2.73
See Note(4)
See Note(4)

1‑22


  P2
 63.5
SH


20
15












130.1



 78.0
SH

8.7












158.1



 97.5
SH

3.4


TABLE 2.5‑45 (Continued)


Boring



  Special  Natural






     Spe‑
Grain






                   Triaxial





 and



   Tests
Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑22








160.4


  P2
114.0
SH

2.9











159.1



136.5
SH

3.2



146‑146.5
SH
(X‑D)(3)
2.2
20
15



2.73


1‑23








102.1



 59.0
SH


20
16
356.0
0.90
@9.7%
2.74
See Note(4)
See Note(4)

1‑30



 59.0
SH

0.9
20
17



2.75
See Note(4)
See Note(4)

1‑31








139.0



 66.5
SH
(SV)(2)

18
16
223.3
 .90
@11.0
2.73
See Note(4)
See Note(4)










170.0



97.0‑98.0
SH


19
14


@5.8%
2.75
See Note(4)
See Note(4)










152.4



100‑101.0
SH


19
14


@4.7%
2.80
See Note(4)
See Note(4)

1‑32








159.7



111.0
SH
(X‑D)(3)

23
17


@3.6%




See Note(4)

1‑33



 59.0
SH
(SV)(2)



356.5
 .90











118.5



152.0
SH
(SV)(2)

18
16
302.6
 .50
@4.5%
2.73











 86.3



161.5
SH
(SV)(2)



441.0
 .50
@4.7%











142.3



165.5
SH
(SV)(2)



168.5
 .98
@2.7%


TABLE 2.5‑45 (Continued)


Boring



  Special  Natural






     Spe‑
Grain






                   Triaxial





 and



   Tests
Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑33








 96.4



177.0
SH
(SV)(2)

20
17
 55.9
1.20
@3.0%
2.69
See Note(4)
See Note(4)










110.9



203.7‑204
SH
(SV)(2)

19
14
 97.0
1.40
@2.6%


1‑36


  P2
63.5‑63.7
SH

3.4


1‑36


  P2
64.4‑64.5
SH

4.8



64.5‑64.7
SH

3.7



64.7‑65.3
SH

4.5



65.5‑66.0
SH

3.7



66.0‑66.3
SH

4.2



66.3‑66.35
SH

3.8



66.35‑66.4
SH

4.0



66.4‑66.5
SH

4.5



68.2‑68.5
SH

3.6











148.1



69.5‑70.0
SH

6.3




@6.3%



70.0‑70.7
SH

2.2



72.0‑72.5
SH

1.5











160.7



74.3‑74.9
SH


19
18


@4.1%
2.70
See Note(4)
See Note(4)

See Note(4)

TABLE 2.5‑45 (Continued)


Boring



  Special  Natural






     Spe‑
Grain






                   Triaxial





 and



   Tests
Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑36








154.2


  P2








@4.1%



75.9‑76.5
SH
(X‑D)(3)
2.2
19
15



2.72
See Note(4)
See Note(4)


80.7‑81.2
SH

4.1


1‑36








124.8


  P2
82.0‑82.5
SH

7.0




@7.0%



83.5‑84.0
SH

3.5



85.9‑86.5
SH

3.8



87.5‑88.0
SH

3.8


1‑36



90.0‑90.7
SH

1.4











166.3



95.1‑95.7
SH


19
13


@3.9%

See Note(4)
See Note(4)

See Note(4)










156.5











@3.9%
2.83



111‑111.5
SH

3.2
20
15



2.80











158.0




153.0






@3.1%




See Note(4)

Combined



  57‑147
SH








See Note(4)
See Note(4)

1‑1

SH (tested by



  62
Herron Testing



102.4




Labs)



  66
SH (tested by



118.3




Herron Testing




Labs)


TABLE 2.5‑45 (Continued)


Boring



  Special  Natural






     Spe‑
Grain






                   Triaxial





 and



   Tests
Water  Atterberg Limits  Uncon Compress   Unit    cific
Size










Cell
 Back


Sample
Depth   Classi‑   Notes   Content  Liquid  Plastic  Stress  Strain  Dry Wt.  Grav‑


            Opt





   
Press
Press


  No. 
 (ft)  fication   (1.2)     (%)    Limit    Limit   (tsf)    (%)     (pcf)    ity  
Sieve

Hydr.       Moist  Consolid.    U.U.        CIU
(psi)
(psi)


1‑1
  73
SH (tested by



135.4




Herron Testing




Labs)



 105
SH (tested by



178.3




Herron Testing




Labs)


1‑3



  67
SH (tested by



206.0




Herron Testing




Labs)


1‑5



68.5
SH (tested by



123.9




Herron Testing




Labs)


NOTES:


(1)
(S)   = Slake Test


(2)
(SV)  = Sonic Velocity


(3)
(X‑D) = X‑ ray Diffraction


(4)
See test curves


TABLE 2.5‑46


PHYSICAL PROPERTIES OF CHAGRIN SHALE




Natural Water

Dry Unit

Specific

 Liquid

Plasticity




   Content

 Weight

Gravity

  Limit

  Index

Silt‑Clay(1)

  Range
   Wn (%)


(d (pcf)

   Gs


LL (%)(1)

PI (%)(1)

    (%)


        
             

        

         

         

           
___________

Minimum
 0.9
 86.3
 2.69
18
 1
46


Maximum
11.0
170.0
 2.83
23
 6
62


Average
 4.1
142.0
 2.74
20
 3
55


No. of Tests
48
 24
17
21
21
17


NOTE:


(1)
Liquid limit, plasticity index and silt‑clay determined on sample reduced by grinding.


TABLE 2.5‑47


MINERAL COMPOSITION OF CHAGRIN SHALE(1)


Component

Maximum (%)

Minimum (%)

Average (%)


Quartz



54



 5



21


Muscovite



12



 6



 8


Chlorite



 8



 4



 6.5


Illite‑Chlorite Matrix
76



18



53.5


Opaques



15



 2



 7


Feldspar



 1


   Trace


    Trace


Carbonate



 1


   Trace


    Trace


Unidentified


 9



 0



2.5


Illite/Chlorite Ratio
9/1


   1.3/1



3/1


NOTE:


(1)
Based on six tests.


TABLE 2.5‑48


JAR SLAKING TEST RESULTS ‑ CHAGRIN SHALE









            Specimen No.












  1  
  2  
  3  
  4



Initial Wet Weight, g


229.9
337.8
248.9
328.5


Initial Dry Weight, g


 N/A

329.8
 N/A

310.9


Maximum Wet Weight, g


234.9
340.3
252.2
336.8


Final Wet Weight, g



234.3
340.3
 25.2
313.5


Final Dry Weight, g



 N/A

329.7
 N/A

282.7


Wet Slaking Loss, %



  0.3
  0.0
  0.0
  6.9


Dry Slaking Loss, %



 N/A

  0.0
  N/A
  9.1


TABLE 2.5‑49


SUMMARY OF UNCONFINED COMPRESSION TESTS ON CHAGRIN SHALE












Plas‑






Dry Unit
Natural
Liquid
ticity


   Strain at
   Deformation




Sample
 Weight
Moisture
Limit
Index
 Shear
    Failure
    
Moduli


Boring
Depth
   (d

Content
 LL

 PI

Strength

(f

     (ksi)



  No.
 (ft)
 (pcf)
 Wn (%)
 (%)

 (%)

(tsf)
   
(%)

Ei(1)

Esec(2)

      
       
        
        
      
      
        
            
     
_____



 1‑1
124.5
164.7
 2.1


271.0
0.91
  920
  740


 1‑31
 66.5
139.0
11.0
18
2
112.0
0.90
  458
  278


 1‑22
 94.0
129.5
 7.0
18
3
 97.0
0.60
  630
  431


 1‑33
165.5
142.3
 2.7


 84.0
0.98
  340
  222


 1‑33
204.0
110.9
 2.6
19
5
 48.0
1.40
  135
   87


 1‑33
161.5
150.0
 4.7


220.0
0.50
1,650     1,420


 1‑23
 59.0
112.0
 9.7
20
4
178.0
0.90
  785
  514


 1‑33
152.0
154.0
 4.5
18
2
151.0
0.50
  934
  934


 1‑33
177.0
 96.4
 3.0
20
3
 28.0
1.20
   68
   60


 5‑3
 78.4
159.7
 3.1


 91.0
1.62
  112
  163


 5‑1
113.1
158.9
 2.6


100.0
2.07
  125
   93


 5‑5
 92.3
161.1
 2.5


126.0
0.45
  800
  625


TABLE 2.5‑49 (Continued)












Plas‑






Dry Unit
Natural
Liquid
ticity


   Strain at
   Deformation




Sample
 Weight
Moisture
Limit
Index
 Shear
    Failure
    
Moduli


Boring
Depth
   (d

Content
 LL

 PI

Strength

(f

     (ksi)



  No.
 (ft)
 (pcf)
 Wn (%)
 (%)

 (%)

(tsf)
   
(%)

Ei(1)

Esec(2)

      
       
        
        
      
      
        
            
     
_____



 5‑3
 89.8
155.1
1.0


123.0
0.94
  828
 550


 5‑8
119.0
135.7
2.4


168.0
0.74
  987
 837


 1‑1
 62.0




102.4


 1‑1
 66.0




118.3


 1‑1
 73.0




135.4


 1‑1
105.0




178.3


 1‑3
 67.0




206.0


 1‑5
 68.5




123.9


NOTES:


(1)
Ei   = Initial deformation modulus.


(2)
Esec = Deformation modulus at 1/2 of ultimate stress.


TABLE 2.5‑50


SUMMARY OF OEDOMETER TESTS ON CHAGRIN SHALE









 Plas‑





 Dry Unit
Natural
ticity
 Precon‑
  Overcon‑   Initial
 
    Recom‑



   Sample
  Weight
Moisture
 Index   solidation  solidation   Void 
   Swell
  pression   Swelling    Compression


Boring  Depth
   (d

Content
  PI

Pressure
   Ratio
   Ratio
  Pressure    Index
    Index

 Index
     Test


  No.    (ft)
  (pcf)
 Wn (%)
  (%)
 Pc (tsf)
   Pc/Po

eo
   (tsf)
  C’r(1)(2)    C’s(1)(2)
 
 C’c(2)
   Condition


              
         
        
_______  __________  __________  _______  ________  ________   ________    ___________  _________










 0.0019
 0.0036


1‑32
111.0
159.7
3.6
6
30
6.3
0.066
0.75
   to
   to
 0.025
Dry











 0.0052
 0.0058











(0.0037)
(0.0047)


1‑36P2
152.0
158.0
3.1
2
20
2.9
0.079
0.75
 0.002
 0.002
 0.0053
Dry











 0.0015


1‑8
 71.0
158.0
3.8
3
 ‑
 ‑
0.068
2.60
   to
 0.0055
   ‑
Added Water











 0.0086












 0.005


1‑36P2
 74.6
154.2
4.1
1
 9
3.0
0.100
9.00
 0.0021
   to
 0.034
Added Water












 0.007












(0.006)


1‑36P2
 95.4
156.5
3.9
6
20
5.0
0.088
0.75
 0.0033
 0.0036
 0.025
Added Water


1‑36P2
111.3
172.4
3.8
5
25
5.5
0.125
 ‑
 0.0069
 0.0060
 0.035
Added Water


NOTES:


(1)
(  ) = Average.


(2)
C’r, C’s and C’c are derived from slope of log pressure vs. unit strain curve.

TABLE 2.5‑51


DRAINED DEFORMATION MODULI OF CHAGRIN SHALE(1)



 

  Average



  Constrained  Deformation




Sample
 Effective  Recompression   Modulus
  Modulus


Boring
Depth
   Stress
     Index

 Ed

    Es

 No.  
 (ft)      (avg (tsf)    Ratio(2)         (ksi)        (ksi)



1‑8

 71.0
    6.1

0.0045

44.0

   26.2


1‑32

111.0
    4.6

0.0020

74.0

   44.0


1‑36P2
 74.5
    6.1

0.0050

40.0

   23.8


1‑36P2
 95.4
    4.9

0.0033

47.5

   28.3


1‑36P2
111.3
    7.5

0.0069

35.2

   20.9


1‑36P2
152.0
    6.1

0.0020

97.0

   57.8


NOTES:


(1)
Poisson’s Ratio assumed to be 0.36


(2)
Compression Index Ratio = C’r/(1 ‑ (o) (Unit strain basis)


TABLE 2.5‑52


DRAINED DEFORMATION MODULUS OF SHALE FROM STRESS PATH TESTS


 Simulated
     Stress Conditions (tsf)     
  

[image: image38.wmf](


)


3


1


s


-


s


D


(3)(4)


 Strain 
    Deformation


Construction
    Initial    
     Final   

   (tsf)

    Test
    


 Modulus


 Activities
p(1) 

q(2) 

p(1) 
    q(2) 
  _________________
     No.
(( x 10‑4)
     Es (ksi)__


Excavation
8.85



8.59
  ‑0.396

   ‑0.792


 1
   2.58

   42.7


Unloading





 







 2
   2.53

   43.5





8.59

‑3.96
8.25
  ‑0.800

   ‑0.810


 1
   2.97

   38.1

















 2
   2.87

   39.4





8.25

‑8.00
7.87
  ‑1.260

   ‑0.880


 1
   5.35

   22.8

















 2
   9.20

   13.3


Construction
7.87

‑1.260
8.07
  ‑1.100

   +0.320


 1
   2.18

   20.5


  Loading













 2
   3.37

   13.4





8.07

‑1.100
8.13
  ‑0.935

   +0.330


 1
   1.58

   28.4

















 2
   1.29

   35.0





8.13

‑0.935
8.28
  ‑0.778

   +0.320


 1
   1.58

   26.8

















 2
   1.03

   43.7





8.28

‑0.778
8.40
  ‑0.612

   +0.330


 1
   0.99

   45.5

















 2
   0.99

   45.5





8.40

‑0.612
8.54
  ‑4.53

   +0.320


 1
   0.99

   45.5

















 2
   1.05

   42.8





8.54

‑4.53
9.24
  +0.390

   +1.670


 1
   3.56

   65.0

















 2
   2.32

  100.0


TABLE 2.5‑52 (Continued)


NOTES:


(1)
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 = Effective major principal stress


(4)


[image: image42.wmf]3


s


 = Effective minor principal stress


TABLE 2.5‑53


SUMMARY OF STRESS‑CONTROLLED UNDRAINED CYCLIC


TRIAXIAL COMPRESSION TESTS ON SHALE





Sample
 Cyclic Stress


Cyclic
Cyclic


Boring

Depth
Difference Range

Strain
Modulus


  No.

 (ft)
     (tsf)


 (%)

Ec (ksi)


      

      
                

      
________

 1‑1


133.5
     0 to 4


0.131
   42.4












0.053
  105.0







     0 to 8


0.0098
1,133.3


 1‑1


145.0
     0 to 4


0.053
  104.9












0.019
  300.0












0.018
  310.0












0.014
  386.0












0.012
  451.4







     0 to 8


0.0062
  895.8


TABLE 2.5‑54


PRESSUREMETER TEST RESULTS IN SHALE













 Plas‑


    Modulus
Cyclic Modulus








   Dry Unit
Natural
 ticity
Plastic
  of Compress‑  of Compress‑




Test

  Test
    Weight
Moisture
 Index
 Yield
    ibility
  ibility


Hole

Depth
Elevation

(d

    Wn
   PI
Pressure

   E1 

  Ec

No.  
(ft) 
  (ft)   
    (pcf)  
  (%)   
   (%)  
P1 (tsf)        (ksi)    
      (ksi)



_____
_____
_________
   ________
________
 _______
__________  ___________
________________


1‑22P
 48.3
  557.9
 142.5
 4.0
    4
 48.0+
 66
151



 53.3
  552.9
   ‑
  ‑
    ‑
 45.4+
232
 ‑



 55.5
  550.7
 150.5
 3.5
    3
 98.0
616
 ‑



 58.0
  548.2
   ‑
  ‑
    ‑
 45.0+
151
287



 60.0
  546.2
 152.0
 4.0
    4
 55.0+
102
696



 65.0
  541.2
 158.0
 4.5
    5
 50.0+
128
128



 93.0
  513.2
 161.0
 5.0
    3
 55.0+
196
328



 98.0
  508.2
 158.1
 3.4
    5
105.0
143
 ‑



146.5
  459.7
 159.1
 3.2
    5
 60.0+
843
847


1‑36P2
 60.0
  562.8
   ‑
  ‑
    ‑
 36.0+
 20
 41



 65.0
  557.8
 145.5
 3.4
    4
 21.0
  9.7
 ‑



 72.5
  550.3
 150.0
 1.5
    1
 40.0+
 32
259



 80.0
  542.8
 124.8
 7.0
    5
 45.0+
 69
348



 87.5
  535.3
 159.0
 3.8
    4
 46.0+
191
557



101.5
  521.3
   ‑
  ‑
    ‑
 50.0+
250
258



106.5
  516.3
 161.0
 5.0
    5
 30.0+
158
396



141.5
  481.3
   ‑
  ‑
    ‑
 60.0+
209
434



146.5
  476.3
 158.0
 3.0
    2
 60.0+
167
650


TABLE 2.5‑55


VERTICAL PLATE LOADING TEST RESULTS IN SHALE(1)







  Dry Unit  Natural   Plasticity   Effective   Preconsolidation
     Over‑


Inspection

Test
   Weight
  Moisture    Index
     Overburden    Pressure
     Consolidation   Compressibility Moduli



  Shaft
  Test
Elev.    (d
  Content
      PI
      Pressure
       Pc

   
     Ratio
 E1(2)

 E2(3)

  Ec(4)

   No.       No. 
(ft)    (pcf)      Wn (%)      (%)    
 Po (tsf)         (tsf)           Pc/Po       (ksi)     (ksi)     (ksi)










 3.2


  TC‑1
  VB‑4
560.8
140.0
  to

 4
        2.30

  12.8

     5.1

  618.0   298.0
1,450.0










 4.6


  TC‑2
  VB‑4
560.9
140.0
 4.0

 5

   2.30

   6.8

     3.0

1,180.0
665.0    >1,450.0


NOTES:


(1)
Plate diameter = 22 inches; shape and depth correction factor = 0.59


(2)
E1 = Modulus at pressures <Pc

(3)
E2 = Modulus at pressures >Pc

(4)
Ec = Unload‑reload modulus


TABLE 2.5‑56


SUMMARY OF SONIC VELOCITY TEST RESULTS ON SHALE






   Total

Applied
Compressional
 Shear

 
   Shear
  Deformation




 Sample
    Unit

 Axial
    Wave

  Wave
Poisson’s
  Modulus
    Modulus


Boring
Elevation
   Weight

Stress
  Velocity
Velocity
  Ratio
     G

  E


Number      (ft)      (t (pcf)       (ksf)      Vp (fps)
     Vs (fps)       (       (ksi)       (ksi)




______
_________
  _______

_______
_____________  ________  _________   _______
  ___________


 1‑23
  555.0
 166.7
16.3
 6,700
4,150
0.188
  615
1,642





26.3
 8,430
4,550
0.294
  743
1,924


 1‑31
  553.4
 172.0
27.2
 7,800
4,630
0.227
  795
1,953


 1‑31
  522.4
 165.9
10.5(1)
 9,260
4,860
0.310
  844  
2,212





20.5
10,230
5,110
0.333
  934
2,491





30.5
10,790
5,320
0.339
1,011
2,710


 1‑31
  519.9
 163.9
10.8(1)
 8,220
4,460
0.291
  703    
1,816





10.8
 8,930
4,660
0.312
  768
2,016





30.8
 9,330
4,880
0.311
  842
2,209


 1‑22
  512.1
 165.6
10.2(1)
 7,340
4,300
0.238
  665    
1,649





20.2
 8,390
4,690
0.273
  785
1,998





30.2
 8,960
4,800
0.298
  823
2,138


 1‑33
  469.9
 160.9
16.6(1)
 8,960
5,570
0.184
1,077
2,552





26.6
11,280
5,850
0.316
1,185
3,120





36.6
11,840
5,920
0.333
1,214
3,239


 1‑33
  460.9
 164.2
27.7
 8,150
4,980
0.202
  878
2,111





37.7
 9,070
5,680
0.177
1,143
2,690


TABLE 2.5‑56 (Continued)






   Total

Applied
Compressional
 Shear

 
   Shear
  Deformation




 Sample
    Unit

 Axial
    Wave

  Wave
Poisson’s
  Modulus
    Modulus


Boring
Elevation
   Weight

Stress
  Velocity
Velocity
  Ratio
     G

  E


Number      (ft)      (t (pcf)       (ksf)      Vp (fps)
     Vs (fps)       (       (ksi)       (ksi)




______
_________
  _______

_______
_____________  ________  _________   _______
  ___________


 1‑33
  456.4
 164.0
18.0(1)
 7,170
4,600
0.150
1,889
4,343





28.0
 7,650
4,670
0.204
1,941
4,675





38.0
 7,830
4,730
0.213
1,995
4,839


 1‑33
  444.9
 165.9
19.4(1)
 9,260
5,110
0.281
  935
2,395





29.4
 9,970
5,550
0.276
1,100
2,806





39.4
10,790
5,710
0.306
1,164
3,040


Seismic
  560.0


 Cross‑
   to


10,400
4,900
0.36
  897
2,434


 Hole
  510.0


Seismic
  560.0


 Down‑
   to


9,000
4,000
0.38
  597
1,645


 Hole
  410.0


NOTE:


(1)
Equivalent overburden pressure


TABLE 2.5‑57


MATERIAL PROPERTIES ADOPTED FOR DESIGN





  Saturated




   Undrained Shear





 Unit Weight
Shear Strength(1)
     Strength


Stratigraphic
    (sat


    (


   
   Su

    Unit

   (pcf)
  
  
(tsf)
  
   
  (tsf)




Lacustrine
    131

0.12 + 

[image: image43.wmf]n


s


 tan 33.5(
      0.75








0.12 + 

[image: image44.wmf]n


s


 tan 31((2)

Upper Till
    130

0    + 

[image: image45.wmf]n


s


 tan 35(
      1.0








0.12 + 

[image: image46.wmf]n


s


 tan 31( (2)

Lower Till
    142

0.60 + 

[image: image47.wmf]n


s


 tan 35(
      5.5


Chagrin Shale
    152



‑

    130


NOTES:


(1)
Effective stress basis; 

[image: image48.wmf]f


s


+


=


t


tan


c


n





where:  

[image: image49.wmf]c


  = Effective cohesion, tsf





 

[image: image50.wmf]n


s


 = Effective normal stress, tsf





 

[image: image51.wmf]f


  = Effective friction angle, degrees


(2)
Strength parameters used for the Lake Erie Bluff Stability Analysis shown on <Figure 2.5‑209> and <Figure 2.5‑210>.


TABLE 2.5‑58


ONE DIMENSIONAL CONSOLIDATION PROPERTIES ADOPTED FOR DESIGN





Compression    Recompression
Swelling
   Effective

Coefficient of

Initial





   Index

   Index

 Index
Preconsolidation
Consolidation

 Void


Stratigraphic
    C’c
         C’r
       C’s
         Pressure    
   cm2/sec           Ratio


    Unit                                                     (tsf)                               eo 


_____________  ___________
_____________  _________ ________________    _____________

_______


Lower Till
   0.043

  0.006

  0.006
        6


    0.086


 0.286


Shale,


  surficial
   0.025

  0.004

  0.0055
       24


    0.010


 0.088


Shale

   0.025

  0.0028

  0.004
       24


    0.010


 0.088


TABLE 2.5‑59


DRAINED AND UNDRAINED DEFORMATION PROPERTIES ADOPTED FOR DESIGN





        Undrained        
         Drained










 Poisson’s



 Poisson’s


   Unit   
 k 

 n 
   Ratio  
  k   
 n 
   Ratio



Lower Till
700

1.0
  0.50

   530
1.0
  0.44


Shale(1)

See

0
  0.50

11,000(3)
0
  0.48





Note(2)




15,000





See


Shale

Note(2)
0
  0.50

48,000
0
  0.35


NOTES:


(1)
Surficial zone


(2)
Conservatively assumed equal to drained values






[image: image52.wmf](
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where:






[image: image53.wmf]a


P


 = Atmospheric pressure






[image: image54.wmf]c


P


 = Preconsolidation pressure


(3)
For excavation unload


TABLE 2.5‑60


DYNAMIC SOIL PROPERTIES ADOPTED FOR DESIGN






    Maximum

   Damping
     Shear


Stratigraphic
      Shear Modulus

    Ratio

 Wave Velocity


     Unit


  Gmax (ksi)

    D (%)    
   Vs (ft/sec)






_______________
_____________
_______________






(min)
(max)
(min)   (max)
(min)
(max)


Lacustrine

 12

  24

 3.7
    7.1
 NA(1)

 NA(1)

Upper Till

 17

  29

 3.2
    4.5
 NA(1)
 
 NA(1)

Lower Till

 85

 110

 3.0
    3.4
 NA(1)

 NA(1)

Shale


597

 897

 NA(1)
    NA(1)
4,000
4,900


NOTE:


(1)
NA = Not Applicable


TABLE 2.5‑61


PLANT SITE STRATIGRAPHY






Elevation at Top of Stratum (ft)
     Average


   Stratum   

Minimum
Maximum
Average

  Thickness (ft)


Lacustrine
 
  616
  624
  622


28


Upper Till

  591
  597
  594


 8


Lower Till

  582
  589
  586


21


Chagrin Shale

  556
  572
  565

  1,000+


TABLE 2.5‑62


SUMMARY OF LABORATORY TESTS ‑ OFFSHORE CHAGRIN SHALE SAMPLES










  Unconfined Compression Test  





   Moisture
  Dry
  Strength      Deformation Modulus





   Content,
Density


Boring
Depth      %    
  pcf  
 tsf  
 psi     tsf 
 psi x 106

       Description




 5‑1
113.1
  2.6
 158.9
199.7
2,790
 9,000
  0.125
Dark gray shale composed of layers of dark gray clay shale; medium gray silt‑stone up to 1/8” thick; and light gray, fine‑grained sandstone up to 1/16” thick.


 5‑3
 78.4
  3.1
 159.7
181.96
2,530
11,240
  0.156
Dark gray shale composed of layers of clay shale, siltstone and fine‑grained sandstone up to 1/16” thick.


 5‑3
 89.8
  0.1
 170.5
245.27
3,410
59,500
  0.829
Dark and light gray shale composed of layers of clay shale up to 1/4” thick; siltstone 1/8” to 1/4” thick; and fine‑grained sandstone 1/32” to 1/16” thick.


TABLE 2.5‑62 (Continued)










  Unconfined Compression Test  





   Moisture
  Dry
  Strength      Deformation Modulus





   Content,
Density


Boring
Depth      %    
  pcf  
 tsf  
 psi    tsf  
 psi x 106

       Description




 5‑5
 92.3
  2.5
 161.1
252.3
3,500
57,000
  0.801
Dark gray shale composed of layers of clay shale up to 1/4” thick, silt‑stone 1/32” to 3/16” thick, and fine‑grained sandstone 1/32” to 1/16” thick.


 5‑8
119.0
  2.4
 135.7
315.8
4,390
71,000
  0.986
Dark gray shale composed of layers of clay shale up to 1/2” thick, siltstone up to 1/4” thick, and fine‑grained sandstone up to 1/8” thick.


TABLE 2.5‑63


GAS FLOW MEASUREMENTS IN BORING 1‑55


 Depth
Initial Shut‑in  Pressure During
Measured
Flow Rate Per


Interval
   Pressure
  Flow Measurement
Flow(1)
Test Hole Area


  (ft)       Po (psi)          Pf (psi)       q (cfm)   q/As (cfm/ft2)


________
_______________  ________________  ________  ______________


106‑120

32.0


0.4


  1.4

0.127


124‑140

39.0


0.6


  1.4

0.110


145‑160

37.0


0.7


  1.6

0.136


158‑210

43.8


1.9


  4.0

0.098


NOTE:


(1)
Uncorrected for gas volume and specific gravity


TABLE 2.5‑64


CHROMATOGRAPHY AND PROPERTY ANALYSIS









             Volume (%)






Gas Constituent and Properties
Boring 1‑55


Boring 1‑56


  Helium





    ‑



    0.06


  Hydrogen




    0.00



    0.00


  Oxygen





    0.02



    0.01


  Nitrogen




    0.57



    0.65


  Methane





   99.00



   94.51


  Ethane





    0.21



    3.61


  Carbon Dioxide



    0.16



    0.16


  Propane





    0.04



    0.72


  Iso‑butane




   Trace



    0.10


  Normal Butane



    0.00



    0.11


  Neo‑pentane




    0.00



    0.00


  Iso‑pentane




    0.00



    0.03


  Normal Pentane



    0.00



    0.02


  Hexanes +




    ‑



    0.02


  Sulfur (ppm by weight)


    ‑



    1.20


  Specific Gravity



    0.5601


    0.5877


  Gross Heating Value (Btu/scf)    1,000.8



1,050.8


  Sample @ 1‑55:  Depth 102 to 120 ft, pressure 30 psig


  Sample @ 1‑56:  Open hole sample


TABLE 2.5‑65


PROPERTIES FOR GAS MIGRATION ANALYSES






Coefficient of

  Threshold

 Diffusion






 Permeability

  Pressure

Coefficient


Material              k (darcy)           Pt (psi)          De (ft2/sec)



________


______________

  _________

___________


Shale


  1.0 x 10‑5

   1,000+


4.52 x 10‑8

Concrete


  0.7 x 10‑3


 60


3.23 x 10‑5

Viscosity of Methane = 0.010 centipoise


TABLE 2.5‑66


CERTIFICATION TEST RESULTS ON CLASS A FILL






  Bestone Quarry
Sidley Quarry

Specified


a.
Gradation



  Sieve Size
          Percent Finer by Weight








   2”



 100.0

   100.0


 100



   3/4”


97.2 ‑ 99.5

   100.0

 85 ‑ 100



   No. 4


68.5 ‑ 77.2
  91.3 ‑ 97.8

 60 ‑ 100



   No. 10


39.9 ‑ 51.0
  64.5 ‑ 75.7

 43 ‑  80



   No. 40


27.6 ‑ 35.9
  19.0 ‑ 28.0

 16 ‑  45



   No. 200
      1.0 ‑  3.2
   0.5 ‑  1.5

  0 ‑   5


Uniformity Coefficient
13.2 ‑ 20.2
   4.4 ‑  5.9

  4 ‑  20


b.
Specific Gravity

 2.66

 2.66

 2.65 min


c.
Unit Weight at



Relative Density



of 85% (pcf)

    132.5

    122.7


  120 min(1)

d.
Abrasion Loss (%)

35.6


22.5


   50 max


e.
Sodium Sulfate Loss (%)
 6.4


 1.8


 12.0 max


f.
Coefficient of



Permeability



(cm/sec x 10‑3)

 
 0.36

 8.5


  5.0 min


g.
Initial Tangent



Modulus



Coefficient

  1,200

    756


  700 min


h.
Effective Friction



Angle degrees)


42


40


   35 min


TABLE 2.5‑66 (Continued)






  Bestone Quarry
Sidley Quarry

Specified


i.
Shear Modulus



Coefficient

     78.0


82.4


  76 ‑ 92


NOTE:


(1)
After May 1994, the requirement to achieve the specific value of 120 PCF for Unit Weight at 85% Relative Density is deleted.  Verification of this value is not significant for controlling compaction.


TABLE 2.5‑67


SUMMARY OF PIEZOMETER INSTALLATIONS AND OBSERVATIONS







Ground







Surface
 Tip





                      Groundwater Observations(1)







Piezometer  Piezometer
 Elev.
Elev.   Stratum
Date

Elev.

   Elev.


  Elev.


Elev.


    No.        Type   
 (ft)  
(ft)   Monitored   Installed
(ft)     Date     (ft) 
   Date  
  (ft) 
 Date  
(ft)     Date



   WP‑1
Heavy‑
622.8
573.8
Lower Till
 7/11/72
589.1
7/11/72
603.8
 7/12/72
616.7
 7/17/72
608.3
 7/28/72



Liquid


   WP‑2
Double‑
625.2
577.7
Lower Till
 7/07/72
623.2
7/07/72
615.2
 7/17/72
620.0
 7/24/72
619.2
 7/28/72



Tube


   WP‑3a

618.8
585.8
Upper Till
 6/29/72
610.3
6/29/72
611.7
 6/30/72
615.8
 7/10/72
612.1
12/07/72


     ‑3b

619.2
571.7
Lower Till
 6/30/72
610.4
6/30/72
609.3
11/10/72
618.8
 7/01/72
608.7
12/07/72


     ‑3c

619.4
554.9
Shale
 6/29/72
610.4
6/29/72
609.9
 7/28/72
611.3
 7/30/72
609.9
12/07/72


   WP‑4a
Pneumatic
620.4
588.9
Upper Till
 6/13/72
613.8
6/13/72
613.3
 6/14/72
616.6
 7/01/72
614.6
12/07/72


     ‑4b

620.0
572.0
Lower Till
 6/12/72
608.0
6/12/72
615.9
 6/22/72
617.0
 6/15/72
616.5
 7/28/72


     ‑4c

619.7
556.1
Shale
 6/09/72
611.4
6/09/72
611.4
 6/09/72
612.9
 7/28/72
611.8
12/07/72


   WP‑5a

623.2
591.2
Upper Till
 6/23/72
616.6
6/23/72
618.7
 7/26/72
620.5
 6/27/72
619.7
12/07/72


     ‑5b

623.3
573.8
Lower Till
 6/21/72
620.2
6/21/72
619.9
 6/22/72
622.9
 7/13/72
620.8
12/07/72


     ‑5c

623.3
560.6
Shale
 6/16/72
620.6
6/16/72
615.6
12/07/72
620.6
 6/16/72
615.6
12/07/72


NOTE:


(1)
Selected readings representing the initial, minimum, maximum, and last piezometric level or record.


TABLE 2.5‑68


PERMEABILITY TEST RESULTS IN SHALE ‑ INITIAL INVESTIGATIONS







Mea‑






Corrected



    Test
  Test
sured   Corrected  Test

    Coefficient


Bor‑
  Section  Section  Flow     Flow(1)   Section  Excess  of Perme‑


ing    Depth     Length  (cm3/   (cm3/sec)  Diameter  Head    ability


 No.    (ft)     (cm)     sec)               (cm)    (cm)   (cm/sec)




1‑68
68.5‑78.5
305
0
  13.87
7.57
3,654
8.69 x 10‑6


63.5‑78.5
457
6.31
14.19
7.57
3,654
6.33 x 10‑6


58.5‑78.5
607
8.20
14.50
7.57
3,654
4.58 x 10‑6


58.5‑78.5
607
11.98
15.13
7.57
3,654
5.51 x 10‑6


56.0‑78.5
686
8.20
14.50
7.57
3,654
4.58 x 10‑6


52.0‑78.5
808
6.94
14.31
7.57
3,654
4.14 x 10‑6

1‑70
68.0‑73.0
152
0
13.87
7.57
3,627
1.49 x 10‑5


63.0‑73.0
305
0
13.87
7.57
3,627
8.67 x 10‑6


58.0‑73.0
457
0
13.87
7.57
2,569
9.02 x 10‑6


52.0‑73.0
640
0
13.87
7.57
3,627
4.87 x 10‑6

1‑71
68.3‑73.5
157
0
13.87
7.57
3,520
1.49 x 10‑5


63.3‑73.5
310
3.15
13.94
7.57
3,414
9.24 x 10‑6


58.5‑63.75
160
0
13.87
7.57
3,627
1.42 x 10‑5


53.5‑58.75
160
0
13.87
7.57
1,509
3.42 x 10‑5


57.0‑62.25
160
0
13.87
7.57
3,627
1.42 x 10‑5


57.0‑73.5
503
0
13.87
7.57
3,627
5.92 x 10‑6

1‑74
64.5‑74.5
305
0
13.87
7.57
3,658
8.69 x 10‑6


54.0‑74.5
625
5.30
14.12
7.57
3,658
5.02 x 10‑6


59.0‑74.5
472
1.39
13.87
7.57
3,658
6.18 x 10‑6


54.0‑59.25
160
0.63
13.87
7.57
3,658
1.41 x 10‑5


57.5‑62.75
160
0
13.87
7.57
3,658
1.41 x 10‑5


60.0‑65.25
160
1.14
13.87
7.57
3,658
1.41 x 10‑5


62.0‑67.25
160
0
13.87
7.57
3,658
1.41 x 10‑5

NOTE:


(1)
Where measured flow is zero, permeability is conservatively based on an assumed flow of 13.87 cm3/sec, the minimum rate of flow which would activate the water meter.


TABLE 2.5‑69


SUMMARY OF FIELD PERMEABILITY TESTS ‑ SUPPLEMENTARY INVESTIGATIONS(1)


USAR Design
    Range of Reliable
Estimated Mean of



   Value
    Field Test Values
 Field Test Data


  Stratum  
 (cm/sec)  
        (cm/sec)      
    (cm/sec)



Lacustrine
3.0 x 10‑4
1.2 x 10‑4 to 4.2 x 10‑7
1.0 x 10‑5

Upper Till
1.0 x 10‑5
3.0 x 10‑6 to 5.0 x 10‑8
1.5 x 10‑7

Lower Till
1.6 x 10‑6
3.1 x 10‑6 to 3.8 x 10‑8
2.0 x 10‑7

Shale
5.0 x 10‑6
8.4 x 10‑7 to 1.3 x 10‑8
8.0 x 10‑8

NOTE:


(1)
Horizontal permeability for Lacustrine stratum, isotropic permeability for other strata.


TABLE 2.5‑70


RESULTS OF LABORATORY PERMEABILITY TESTS ON NATURAL SOILS












    Coefficient of





 Boring

    Sample

 Vertical Permeability


  Stratum  
  No.   

Elevation (ft)

        (cm/sec)




Lacustrine
PT‑1


604.4‑602.8


1.4 x 10‑4

Lacustrine
PT‑3


600.6‑598.1


3.0 x 10‑7

Upper Till
PT‑1


589.7‑587.4


2.4 x 10‑6

Upper Till
PT‑3


592.4‑590.2


2.0 x 10‑8

Lower Till
PT‑1A

580.4‑577.9


8.6 x 10‑9

Lower Till
PT‑1A

572.9‑570.4


6.0 x 10‑9

TABLE 2.5‑71


MINIMUM STRESS RATIO IN LOWER TILL


FOR INITIAL LIQUEFACTION IN TEN CYCLES






(hs(1)



(cd(2)



 (cd/(hs

Case



(ksf) 


(ksf) 


 



  I



 1.04


 1.62


  1.5+


 II



 0.10


 0.19


  1.9


III



 0.85


 2.87


  3.3+


NOTES:


(1)
(hs =
Shear stress imposed by 10 cycles of the SSE.


(2)
(cd =
Shear stress required to cause liquefaction in 10 cycles of the SSE.


TABLE 2.5‑72


BEARING MATERIALS BENEATH PRIMARY SAFETY CLASS STRUCTURES(1)





  Bottom of






Foundation Mat

  Materials Beneath


 Structure 

Elevation (ft)
        Foundation Mat





Reactor Building

562.23
4” protective concrete (bottom


Complex,





561.9’) 12” porous concrete (bottom


Units 1 and 2




560.9’) on shale


Auxiliary Buildings,
562.23
4” protective concrete (bottom


Units 1 and 2




561.9’) 12” porous concrete (bottom 560.9’) on shale


Intermediate Building
565.33
4” protective concrete (bottom 565.0’) 12” porous concrete (bottom 564.0’) on shale







616.50
Caissons into shale through 19” of Class B fill and 27’ of Class A fill


Control Complex

568.83
4” protective concrete (bottom 568.5’) 3.5’ fill concrete (bottom 565.0’) 12’ porous concrete (bottom 564.0’) on shale


Radwaste Building

570.83
4” protective concrete (bottom 570.5’) 5.5’ fill concrete (bottom 565.0’) 12’ porous concrete (bottom 564.0’) on shale


Diesel Generator

615.97
4” protective concrete (bottom


Building





615.6’) 4” fill concrete (bottom 615.3’) 30.3’ Class A fill (bottom 585.0’) on lower till


Offgas Buildings,

579.83
4” protective concrete (bottom


Units 1 and 2




579.5’) 4” fill concrete (bottom 579.2’) 12” Class A fill (bottom 578.2’) on lower till


Emergency Service

532.00
12” porous concrete (bottom 531.0’)


Water Pumphouse



on shale


NOTE:


(1)
4” protective concrete is placed over waterproofing membranes; it consists of 1,500 psi concrete except beneath reactor building where it is 3,000 psi concrete.


TABLE 2.5‑73


ANNUAL PROBABILITY OF EXCEEDANCE FOR PEAK GROUND ACCELERATION (PGA)(1)

PGA‑CM/SEC**2
     Mean  


   Fractiles








(0.150)
(0.500)
(0.850)



5.00
0.44E‑02
0.10E‑02
0.32E‑02
0.78E‑02



50.00
0.28E‑03
0.18E‑04
0.18E‑03
0.51E‑03



100.00
0.87E‑04
0.25E‑05
0.60E‑04
0.17E‑03



250.00
0.12E‑04
0.12E‑06
0.63E‑05
0.23E‑04



500.00
0.15E‑05
0.44E‑08
0.50E‑06
0.28E‑05



700.00
0.45E‑06
0.64E‑09
0.85E‑07
0.73E‑06



1000.00
0.11E‑06
0.40E‑09
0.11E‑07
0.15E‑06


NOTE:


(1)
Results as documented in EPRI Report RP‑101‑53 “Probabilistic Seismic Hazard Evaluation for Perry Nuclear Power Plant, April 1989” (Reference 308).


TABLE 2.5‑74


PERRY


SPECTRAL VELOCITIES (5% DAMPING) ASSOCIATED WITH UNIFORM HAZARD


SPECTRA AT 10‑3, 10‑4, 2 X 10‑4, AND 10‑5   ANNUAL PROBABILITIES


OF EXCEEDANCE(3)






Spectral Velocities (CM/SEC) For 10‑3


Fractile(1)(2)

25 Hz  
10 Hz  
5 Hz  
2.5 Hz  
  1 Hz__



15


0.74E‑01
0.13E+00
0.15E+00
0.16E+00
  0.12E+00



50


0.18E+00
0.33E+00
0.46E+00
0.46E+00
  0.31E+00



85


0.31E+00
0.86E+00
0.12E+01
0.12E+01
  0.12E+01






Spectral Velocities (CM/SEC) For 2 x 10‑4

Fractile


25 Hz  
10 Hz  
5 Hz  
2.5 Hz  
  1 Hz__



15


0.17E+00
0.33E+00
0.46E+00
0.49E+00
  0.33E+00



50


0.61E+00
0.11E+01
0.14E+01
0.14E+01
  0.10E+01



85


0.99E+00
0.22E+01
0.29E+01
0.30E+01
  0.28E+01






Spectral Velocities (CM/SEC) For 1 x 10‑4

Fractile


25 Hz  
10 Hz  
5 Hz  
2.5 Hz  
  1 Hz__



15


0.25E+00
0.50+00
0.74E+00
0.78E+00
  0.51E+00



50


0.92E+00
0.17E+01
0.21E+01
0.20E+01
  0.14E+01



85


0.15E+01
0.31E+01
0.43E+01
0.45E+01
  0.41E+01






Spectral Velocities (CM/SEC) For 2 x 10‑5

Fractile


25 Hz  
10 Hz  
5 Hz  
2.5 Hz  
  1 Hz__



15


0.73E+00
0.15E+01
0.19E+01
0.20E+01    0.14E+01



50


0.26E+01
0.48E+01
0.62E+01
0.60E+01
  0.39E+01



85


0.42E+01
0.81E+01
0.11E+02
0.12E+02
  0.13E‑02


NOTES:


(1)
The 50th fractile is the median.


(2)
The 85th fractile is close to the mean.


(3)
From (Reference 308), EPRI Report RP‑101‑53 “Probabilistic Seismic Hazard Evaluation for Perry Nuclear Power Plant, April 1989.”




Revision 12



2.5-309
January, 2003



_1089090859.unknown



_1089091388.unknown



_1089187708.unknown



_1091599334.unknown



_1091599347.unknown



_1091599688.unknown



_1089190932.unknown



_1089190938.unknown



_1089190986.unknown



_1089187984.unknown



_1089188037.unknown



_1089187781.unknown



_1089092693.unknown



_1089098797.unknown



_1089099945.unknown



_1089187603.unknown



_1089099921.unknown



_1089098774.unknown



_1089091977.unknown



_1089091218.unknown



_1089091378.unknown



_1089090904.unknown



_1089090781.unknown



_1089090788.unknown



_1089090811.unknown



_1089090820.unknown



_1089090792.unknown



_1089090785.unknown



_1089090767.unknown



_1089090778.unknown



_1089088529.unknown






Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for all 


BM - 0.5”

RM - 1”

FT - 0.7”

pages with page numbers.


TM - 1.2”

LM – 1.5”

HD - 0.2”

Page setup for all pages


BM - 0.5”

RM - 1”

FT - 0.2”

without page numbers.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


<APPENDIX 2A>


ANNUAL JOINT FREQUENCY DISTRIBUTIONS


FOR


CLEVELAND AND ERIE


APPENDIX 2A


ANNUAL JOINT FREQUENCY DISTRIBUTIONS(1)

FOR


CLEVELAND AND ERIE


Contents


National Weather


Service Location

Period of Record




Page


Cleveland, Ohio

Combined:






2A‑1







May 1, 1972 to April 30, 1973;







May 1, 1973 to April 30, 1974;







September 1, 1977 to August 31, 1978


Erie, Pennsylvania

Combined:






2A‑6







May 1, 1972 to April 30, 1973;







May 1, 1973 to April 30, 1974;







September 1, 1977 to August 31, 1978


Cleveland, Ohio

September 1, 1968 to August 31, 1978
2A‑11


Erie, Pennsylvania

September 1, 1968 to August 31, 1978
2A‑16


NOTE:


(1)
Stability Based on Pasquil‑Turner Method, specified in “A Diffusion Model for an Urban Area”; J. of Appl. Met., February 3, 1964, pp. 83‑91.


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  A


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
1
2
0
0
0
0
3


NNE
0
0
0
0
0
0
0


NE
1
1
0
0
0
0
2


ENE
0
0
0
0
0
0
0


E
0
0
0
0
0
0
0


ESE
0
1
0
0
0
0
1


SE
0
1
0
0
0
0
1


SSE
0
1
0
0
0
0
1


S
1
3
0
0
0
0
4


SSW
0
1
0
0
0
0
1


SW
0
0
0
0
0
0
0


WSW
1
2
0
0
0
0
3


W
0
1
0
0
0
0
1


WNW
0
1
0
0
0
0
1


NW
0
1
0
0
0
0
1


NNW
1
2
0
0
0
0
3


TOTALS
5
17
0
0
0
0
22


PERIODS OF CALMS 17 HOURS


STABILITY CLASS:  B


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
39
39
0
0
0
80


NNE
0
8
20
0
0
0
28


NE
1
7
6
0
0
0
14


ENE
1
4
3
0
0
0
8


E
2
5
1
0
0
0
8


ESE
0
5
1
0
0
0
6


SE
0
3
0
0
0
0
3


SSE
5
7
11
0
0
0
23


S
8
12
15
0
0
0
35


SSW
5
8
13
0
0
0
26


SW
5
15
20
0
0
0
40


WSW
9
3
9
0
0
0
21


W
4
6
6
0
0
0
16


WNW
3
9
8
0
0
0
20


NW
1
9
18
0
0
0
28


NNW
3
10
17
0
0
0
30


TOTALS
49
150
187
0
0
0
386


PERIODS OF CALMS 27 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  C


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
9
20
105
19
1
0
154


NNE
2
11
70
14
2
0
99


NE
4
6
44
12
0
0
66


ENE
2
6
7
2
0
0
17


E
1
4
13
1
0
0
19


ESE
2
5
12
5
0
0
24


SE
5
5
16
0
0
0
26


SSE
6
13
26
1
0
0
46


S
16
31
75
13
1
0
136


SSW
6
25
68
15
0
0
114


SW
1
33
70
23
1
3
131


WSW
2
18
61
18
1
0
100


W
2
6
37
10
0
0
55


WNW
2
8
32
8
0
0
50


NW
6
6
25
5
0
0
42


NNW
4
9
47
8
0
0
68


TOTALS
70
206
708
154
6
3
1,147


PERIODS OF CALMS 62 HOURS


STABILITY CLASS:  D


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
20
154
296
220
11
0
701


NNE
7
98
172
148
17
0
442


NE
6
84
144
145
31
4
414


ENE
3
36
100
37
1
0
177


E
3
34
127
51
3
0
218


ESE
2
35
127
47
4
0
215


SE
5
86
102
48
4
0
245


SSE
15
100
173
124
18
2
432


S
14
142
532
534
70
24
1,316


SSW
15
159
347
325
42
15
903


SW
6
156
292
342
67
21
884


WSW
11
116
274
297
63
24
785


W
6
59
178
178
31
10
462


WNW
3
69
149
179
10
12
422


NW
9
77
163
155
23
3
430


NNW
17
79
145
127
31
2
401


TOTALS
142
1,484
3,321
2,957
426
117
8,447


PERIODS OF CALMS 128 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  E


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
23
22
0
0
0
45


NNE
0
28
18
0
0
0
46


NE
0
34
17
0
0
0
51


ENE
0
16
15
0
0
0
31


E
0
13
19
0
0
0
32


ESE
0
26
20
0
0
0
46


SE
0
59
17
0
0
0
76


SSE
0
69
51
0
0
0
120


S
0
107
128
0
0
0
235


SSW
0
103
95
0
0
0
198


SW
0
65
73
0
0
0
138


WSW
0
27
19
0
0
0
46


W
0
11
12
0
0
0
23


WNW
0
13
7
0
0
0
20


NW
0
9
10
0
0
0
19


NNW
0
12
10
0
0
0
22


TOTALS
0
615
533
0
0
0
1,148


PERIODS OF CALMS 0 HOURS


STABILITY CLASS:  F


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
5
44
0
0
0
0
49


NNE
2
39
0
0
0
0
41


NE
2
33
0
0
0
0
35


ENE
2
18
0
0
0
0
20


E
3
15
0
0
0
0
18


ESE
1
15
0
0
0
0
16


SE
8
34
0
0
0
0
42


SSE
17
94
0
0
0
0
111


S
12
163
0
0
0
0
175


SSW
10
151
0
0
0
0
161


SW
4
66
0
0
0
0
70


WSW
3
32
0
0
0
0
35


W
1
10
0
0
0
0
11


WNW
0
11
0
0
0
0
11


NW
2
18
0
0
0
0
20


NNW
5
8
0
0
0
0
13


TOTALS
77
751
0
0
0
0
828


PERIODS OF CALMS 115 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  G


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
13
0
0
0
0
0
13


NNE
5
0
0
0
0
0
5


NE
7
0
0
0
0
0
7


ENE
3
0
0
0
0
0
3


E
1
0
0
0
0
0
1


ESE
7
0
0
0
0
0
7


SE
10
0
0
0
0
0
10


SSE
20
0
0
0
0
0
20


S
44
0
0
0
0
0
44


SSW
28
0
0
0
0
0
28


SW
14
0
0
0
0
0
14


WSW
4
0
0
0
0
0
4


W
4
0
0
0
0
0
4


WNW
3
0
0
0
0
0
3


NW
5
0
0
0
0
0
5


NNW
3
0
0
0
0
0
3


TOTALS
171
0
0
0
0
0
171


PERIODS OF CALMS 174 HOURS


STABILITY CLASS:  ALL


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
50
282
462
239
12
0
1,045


NNE
16
184
280
162
19
0
661


NE
21
165
211
157
31
4
589


ENE
11
80
125
39
1
0
256


E
10
71
160
52
3
0
296


ESE
12
87
160
52
4
0
315


SE
28
188
135
48
4
0
403


SSE
63
284
261
125
18
2
753


S
95
458
750
547
71
24
1,945


SSW
64
447
523
340
42
15
1,431


SW
30
335
455
365
68
24
1,277


WSW
30
198
363
315
64
24
994


W
17
93
233
188
31
10
572


WNW
11
111
196
187
10
12
527


NW
23
120
216
160
23
3
545


NNW
33
120
219
135
31
2
540


TOTALS
514
3,223
4,749
3,111
432
120
12,149


PERIODS OF CALMS 523 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


OBSERVATIONS WITH MISSING DATA 0


TOTAL OBSERVATIONS FOR THE PERIOD ARE 12,672


PERCENTAGE OCCURRENCE OF STABILITY CLASSES



A

B

C

D

E

F

G



0.31

3.26

9.54

67.67
9.06

7.44

2.72


MEAN WIND SPEED  9.9 MPH


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  A


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
1
0
0
0
0
1


NNE
0
0
0
0
0
0
0


NE
0
1
0
0
0
0
1


ENE
0
0
0
0
0
0
0


E
0
0
0
0
0
0
0


ESE
0
0
0
0
0
0
0


SE
0
0
0
0
0
0
0


SSE
0
0
0
0
0
0
0


S
0
0
0
0
0
0
0


SSW
0
0
0
0
0
0
0


SW
0
0
0
0
0
0
0


WSW
0
0
0
0
0
0
0


W
0
1
0
0
0
0
1


WNW
0
4
0
0
0
0
4


NW
0
0
0
0
0
0
0


NNW
0
1
0
0
0
0
1


TOTALS
0
8
0
0
0
0
8


PERIODS OF CALMS 0 HOURS


STABILITY CLASS:  B


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
22
21
0
0
0
45


NNE
0
3
4
0
0
0
7


NE
0
3
5
0
0
0
8


ENE
0
3
1
0
0
0
4


E
2
2
6
0
0
0
10


ESE
1
0
0
0
0
0
1


SE
1
1
0
0
0
0
2


SSE
0
0
2
0
0
0
2


S
8
6
4
0
0
0
18


SSW
3
3
3
0
0
0
9


SW
1
6
4
0
0
0
11


WSW
0
4
5
0
0
0
9


W
0
6
14
0
0
0
20


WNW
1
16
16
0
0
0
33


NW
0
11
15
0
0
0
26


NNW
1
18
35
0
0
0
54


TOTALS
20
104
135
0
0
0
259


PERIODS OF CALMS 10 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  C


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
1
11
50
4
0
0
66


NNE
1
8
25
6
1
0
41


NE
2
0
19
11
3
0
35


ENE
3
5
9
3
0
0
20


E
3
5
3
0
0
0
11


ESE
1
3
4
0
0
0
8


SE
6
4
5
1
0
0
16


SSE
5
4
14
0
0
0
23


S
12
28
64
12
0
0
116


SSW
5
16
26
7
2
1
57


SW
2
7
25
5
0
0
39


WSW
2
3
32
11
0
0
48


W
0
7
81
27
4
1
120


WNW
1
9
50
10
1
0
71


NW
1
6
30
4
0
0
41


NNW
2
14
24
2
0
0
42


TOTALS
47
130
461
103
11
2
754


PERIODS OF CALMS 15 HOURS


STABILITY CLASS:  D


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
6
54
110
90
15
2
277


NNE
5
47
59
62
10
1
184


NE
10
60
102
126
40
12
350


ENE
5
64
135
113
36
5
358


E
10
55
60
18
3
1
147


ESE
8
32
32
9
0
0
81


SE
8
37
40
44
6
3
138


SSE
8
35
110
141
91
31
416


S
21
158
351
434
116
21
1,101


SSW
6
72
173
283
78
14
626


SW
6
98
161
252
59
21
597


WSW
6
82
152
196
68
13
517


W
4
69
184
298
88
25
668


WNW
1
57
99
153
62
13
385


NW
2
42
81
90
17
8
240


NNW
3
34
65
78
14
1
195


TOTALS
109
996
1,914
2,387
703
171
6,280


PERIODS OF CALMS 56 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  E


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
5
6
0
0
0
11


NNE
0
4
3
0
0
0
7


NE
0
7
9
0
0
0
16


ENE
0
20
12
0
0
0
32


E
0
25
11
0
0
0
36


ESE
0
17
2
0
0
0
19


SE
0
15
3
0
0
0
18


SSE
0
25
21
0
0
0
46


S
0
96
127
0
0
0
223


SSW
0
44
44
0
0
0
88


SW
0
28
28
0
0
0
56


WSW
0
5
13
0
0
0
18


W
0
8
11
0
0
O
19


WNW
0
5
2
0
0
0
7


NW
0
8
8
0
0
O
16


NNW
0
4
7
0
0
0
11


TOTALS
0
316
307
0
0
0
623


PERIODS OF CALMS 0 HOURS


STABILITY CLASS:  F


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
6
0
0
0
0
8


NNE
1
5
0
0
0
0
6


NE
1
5
0
0
0
0
6


ENE
5
15
0
0
0
0
20


E
5
26
0
0
0
0
31


ESE
10
10
0
0
0
0
20


SE
5
16
0
0
0
0
21


SSE
5
21
0
0
0
0
26


S
19
240
0
0
0
0
259


SSW
4
84
0
0
0
0
88


SW
4
28
0
0
0
0
32


WSW
2
8
0
0
0
0
10


W
2
4
0
0
0
0
6


WNW
0
4
0
0
0
0
4


NW
0
5
0
0
0
0
5


NNW
0
3
0
0
0
0
3


TOTALS
65
480
0
0
0
0
545


PERIODS OF CALMS 42 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


STABILITY CLASS:  G


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
0
0
0
0
0
2


NNE
0
0
0
0
0
0
0


NE
2
0
0
0
0
0
2


ENE
0
0
0
0
0
0
0


E
4
0
0
0
0
0
4


ESE
9
0
0
0
0
0
9


SE
8
0
0
0
0
0
8


SSE
8
0
0
0
0
0
8


S
43
0
0
0
0
0
43


SSW
5
0
0
0
0
0
5


SW
7
0
0
0
0
0
7


WSW
1
0
0
0
0
0
1


W
0
0
0
0
0
0
0


WNW
0
0
0
0
0
0
0


NW
1
0
0
0
0
0
1


NNW
0
0
0
0
0
0
0


TOTALS
90
0
0
0
0
0
90


PERIODS OF CALMS 70 HOURS


STABILITY CLASS:  ALL


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
13
99
187
94
15
2
410


NNE
7
67
91
68
11
1
245


NE
15
76
135
137
43
12
418


ENE
13
107
157
116
36
5
434


E
24
113
80
18
3
1
239


ESE
29
62
38
9
0
0
138


SE
28
73
48
45
6
3
203


SSE
26
85
147
141
91
31
521


S
103
528
546
446
116
21
1,760


SSW
23
219
246
290
80
15
873


SW
20
167
218
257
59
21
742


WSW
11
102
202
207
68
13
603


W
6
95
290
325
92
26
834


WNW
3
95
167
163
63
13
504


NW
4
72
134
94
17
8
329


NNW
6
74
131
80
14
1
306


TOTALS
331
2,034
2,817
2,490
714
173
8,559


PERIODS OF CALMS 193 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 5/1/72 ‑ 4/30/74, 9/1/77 ‑ 8/31/78


PERIOD OF RECORD:  5/1/72 ‑ 6/30/78


OBSERVATIONS WITH MISSING DATA 0


TOTAL OBSERVATIONS FOR THE PERIOD ARE 8,752


PERCENTAGE OCCURRENCE OF STABILITY CLASSES



A

B

C

D

E

F

G



0.09

3.07

8.79

72.39
7.12

6.71

1.83


MEAN WIND SPEED  11.3 MPH


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  A


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
10
0
0
0
0
12


NNE
1
3
0
0
0
0
4


NE
1
3
0
0
0
0
4


ENE
1
1
0
0
0
0
2


E
0
2
0
0
0
0
2


ESE
0
1
0
0
0
0
1


SE
1
2
0
0
0
0
3


SSE
1
3
0
0
0
0
4


S
1
8
0
0
0
0
9


SSW
1
2
0
0
0
0
3


SW
2
5
0
0
0
0
7


WSW
1
2
0
0
0
0
3


W
0
4
0
0
0
0
4


WNW
0
3
0
0
0
0
3


NW
0
6
0
0
0
0
6


NNW
1
7
0
0
0
0
8


TOTALS
13
62
0
0
0
0
75


PERIODS OF CALMS 34 HOURS


STABILITY CLASS:  B


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
14
106
148
0
0
0
268


NNE
9
28
68
0
0
0
105


NE
4
17
16
0
0
0
37


ENE
4
12
6
0
0
0
22


E
5
14
4
0
0
0
23


ESE
5
10
5
0
0
0
20


SE
8
23
3
0
0
0
34


SSE
24
33
19
0
0
0
76


S
26
43
28
0
0
0
97


SSW
22
29
38
0
0
0
89


SW
19
49
55
0
0
0
123


WSW
20
37
31
0
0
0
88


W
10
39
42
0
0
0
91


WNW
7
29
28
0
0
0
64


NW
6
44
37
0
0
0
87


NNW
16
49
60
0
0
0
125


TOTALS
199
562
588
0
0
0
1,349


PERIODS OF CALMS 72 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  C


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
24
79
444
70
1
0
618


NNE
9
35
216
54
2
0
316


NE
11
28
85
19
0
0
143


ENE
6
16
21
2
0
0
45


E
5
12
37
2
0
0
56


ESE
5
9
31
7
0
0
52


SE
13
29
47
0
0
0
89


SSE
35
57
68
5
1
0
166


S
49
104
228
44
4
2
431


SSW
28
82
204
46
5
3
368


SW
9
98
226
52
3
4
392


WSW
13
57
174
55
6
1
306


W
11
30
131
42
3
0
217


WNW
10
22
110
23
0
0
165


NW
18
19
91
17
2
0
147


NNW
14
28
180
24
0
0
246


TOTALS
260
705
2,293
462
27
10
3,757


PERIODS OF CALMS 138 HOURS


STABILITY CLASS:  D


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
42
521
975
674
52
1
2,265


NNE
11
261
593
403
44
5
1,317


NE
18
212
399
345
69
11
1,054


ENE
6
98
240
95
5
2
446


E
6
90
318
111
13
0
538


ESE
2
92
317
124
14
0
549


SE
24
218
349
145
14
0
750


SSE
34
339
577
335
43
5
1,333


S
30
393
1,550
1,728
303
64
4,068


SSW
37
402
1,093
1,028
208
54
2,822


SW
22
452
1,026
1,149
251
86
2,986


WSW
21
311
879
1,133
318
94
2,756


W
15
206
662
839
175
44
1,941


WNW
11
221
573
666
75
28
1,574


NW
25
224
502
544
102
10
1,407


NNW
32
234
443
427
84
12
1,232


TOTALS
336
4,274
10,496
9,746
1,770
416
27,038


PERIODS OF CALMS 261 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  E


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
111
84
0
0
0
195


NNE
0
113
61
0
0
0
174


NE
0
103
63
0
0
0
166


ENE
0
63
43
0
0
0
106


E
0
46
41
0
0
0
87


ESE
0
64
64
0
0
0
128


SE
0
186
42
0
0
0
228


SSE
0
268
164
0
0
0
432


S
0
344
443
0
0
0
787


SSW
0
284
412
0
0
0
696


SW
0
216
280
0
0
0
496


WSW
0
83
101
0
0
0
184


W
0
33
47
0
0
0
80


WNW
0
29
41
0
0
0
70


NW
0
46
30
0
0
0
76


NNW
0
45
35
0
0
0
80


TOTALS
0
2,034
1,951
0
0
0
3,985


PERIODS OF CALMS 0 HOURS


STABILITY CLASS:  F


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
33
177
0
0
0
0
210


NNE
14
125
0
0
0
0
139


NE
9
94
0
0
0
0
103


ENE
8
56
0
0
0
0
64


E
6
63
0
0
0
0
69


ESE
4
54
0
0
0
0
58


SE
24
128
0
0
0
0
152


SSE
57
298
0
0
0
0
355


S
53
527
0
0
0
0
580


SSW
35
476
0
0
0
0
511


SW
24
294
0
0
0
0
318


WSW
18
103
0
0
0
0
121


W
8
38
0
0
0
0
46


WNW
5
37
0
0
0
0
42


NW
10
60
0
0
0
0
70


NNW
23
55
0
0
0
0
78


TOTALS
331
2,985
0
0
0
0
2,916


PERIODS OF CALMS 248 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OH (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  G


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
42
0
0
0
0
0
42


NNE
19
0
0
0
0
0
19


NE
15
0
0
0
0
0
15


ENE
9
0
0
0
0
0
9


E
7
0
0
0
0
0
7


ESE
12
0
0
0
0
0
12


SE
43
0
0
0
0
0
43


SSE
61
0
0
0
0
0
61


S
140
0
0
0
0
0
140


SSW
91
0
0
0
0
0
91


SW
43
0
0
0
0
0
43


WSW
25
0
0
0
0
0
25


W
10
0
0
0
0
0
10


WNW
10
0
0
0
0
0
10


NW
23
0
0
0
0
0
23


NNW
21
0
0
0
0
0
21


TOTALS
571
0
0
0
0
0
571


PERIODS OF CALMS 460 HOURS


STABILITY CLASS:  ALL


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
157
1,004
1,651
744
53
1
3,610


NNE
63
565
938
457
46
5
2,074


NE
58
457
563
364
69
11
1,522


ENE
34
246
310
97
5
2
694


E
29
227
400
113
13
0
782


ESE
28
230
417
131
14
0
820


SE
113
586
441
145
14
0
1,299


SSE
212
998
828
340
44
5
2,427


S
299
1,419
2,249
1,772
307
66
6,112


SSW
214
1,275
1,747
1,074
213
57
4,580


SW
119
1,114
1,587
1,201
254
90
4,365


WSW
98
593
1,185
1,188
324
95
3,483


W
54
350
882
881
178
44
2,389


WNW
43
341
752
689
75
28
1,928


NW
82
399
660
561
104
10
1,816


NNW
107
418
718
451
84
12
1,790


TOTALS
1,710
10,222
15,328
10,208
1,797
426
39,691


PERIODS OF CALMS  *** HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


CLEVELAND, OHIO (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


OBSERVATIONS WITH MISSING DATA 0


TOTAL OBSERVATIONS FOR THE PERIOD ARE 40,904


PERCENTAGE OCCURRENCE OF STABILITY CLASSES



A

B

C

D

E

F

G



0.27

3.47

9.52

66.74
9.74

7.74

2.52


MEAN WIND SPEED 10.2 MPH


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  A


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
5
0
0
0
0
5


NNE
0
0
0
0
0
0
0


NE
0
2
0
0
0
0
2


ENE
0
0
0
0
0
0
0


E
0
0
0
0
0
0
0


ESE
0
0
0
0
0
0
0


SE
0
0
0
0
0
0
0


SSE
0
0
0
0
0
0
0


S
0
0
0
0
0
0
0


SSW
0
0
0
0
0
0
0


SW
0
0
0
0
0
0
0


WSW
0
1
0
0
0
0
1


W
0
2
0
0
0
0
2


WNW
0
7
0
0
0
0
7


NW
0
2
0
0
0
0
2


NNW
0
2
0
0
0
0
2


TOTALS
0
21
0
0
0
0
21


PERIODS OF CALMS 2 HOURS


STABILITY CLASS:  B


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
5
71
93
0
0
0
169


NNE
2
22
21
0
0
0
45


NE
4
14
17
0
0
0
35


ENE
3
5
3
0
0
0
11


E
6
6
10
0
0
0
22


ESE
6
3
0
0
0
0
9


SE
2
11
2
0
0
0
15


SSE
2
4
6
0
0
0
12


S
16
18
15
0
0
0
49


SSW
7
5
10
0
0
0
22


SW
1
14
14
0
0
0
29


WSW
2
15
15
0
0
0
32


W
3
17
49
0
0
0
69


WNW
3
58
56
0
0
0
117


NW
1
54
74
0
0
0
129


NNW
2
60
111
0
0
0
173


TOTALS
65
377
496
0
0
0
938


PERIODS OF CALMS 18 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  C


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
5
34
184
29
0
0
252


NNE
3
21
82
20
1
0
127


NE
5
14
73
38
8
0
138


ENE
6
22
38
6
2
0
74


E
8
18
14
1
0
0
41


ESE
7
7
12
0
0
0
26


SE
12
13
16
2
0
0
43


SSE
8
18
45
5
0
0
76


S
32
103
186
29
1
0
351


SSW
13
41
88
15
4
2
163


SW
7
23
93
26
1
1
151


WSW
8
11
97
31
7
0
154


W
3
16
235
104
11
2
371


WNW
12
29
216
48
1
0
306


NW
6
40
107
10
0
0
163


NNW
5
37
108
8
0
0
158


TOTALS
140
447
1,594
372
36
5
2,594


PERIODS OF CALMS 47 HOURS


STABILITY CLASS:  D


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
9
164
349
300
48
5
875


NNE
8
98
205
196
26
4
537


NE
14
163
345
382
73
27
1,004


ENE
12
182
434
322
68
14
1,032


E
19
143
184
57
6
1
410


ESE
21
100
92
27
0
0
240


SE
14
99
138
106
18
6
381


SSE
14
107
340
496
230
64
1,251


S
40
426
1,179
1,613
415
72
3,745


SSW
13
233
580
938
327
60
2,151


SW
14
267
605
857
199
44
1,986


WSW
8
244
560
731
235
54
1,832


W
8
187
591
1,158
355
86
2,385


WNW
6
156
379
611
221
48
1,421


NW
10
137
264
353
78
21
863


NNW
11
118
228
277
55
6
695


TOTALS
221
2,824
6,473
8,424
2,354
512
20,808


PERIODS OF CALMS 113 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  E


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
0
22
40
0
0
0
62


NNE
0
13
17
0
0
0
30


NE
0
33
35
0
0
0
68


ENE
0
64
42
0
0
0
106


E
0
83
29
0
0
0
112


ESE
0
57
11
0
0
0
68


SE
0
54
22
0
0
0
76


SSE
0
74
122
0
0
0
196


S
0
301
482
0
0
0
783


SSW
0
118
179
0
0
0
297


SW
0
92
108
0
0
0
200


WSW
0
32
50
0
0
0
82


W
0
23
34
0
0
0
57


WNW
0
13
24
0
0
0
37


NW
0
22
22
0
0
0
44


NNW
0
18
32
0
0
0
50


TOTALS
0
1,019
1,249
0
0
0
2,268


PERIODS OF CALMS 0 HOURS


STABILITY CLASS:  F


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
5
22
0
0
0
0
27


NNE
3
20
0
0
0
0
23


NE
3
17
0
0
0
0
20


ENE
9
53
0
0
0
0
62


E
16
89
0
0
0
0
105


ESE
19
42
0
0
0
0
61


SE
15
55
0
0
0
0
70


SSE
13
84
0
0
0
0
97


S
55
805
0
0
0
0
860


SSW
22
288
0
0
0
0
310


SW
10
81
0
0
0
0
91


WSW
5
30
0
0
0
0
35


W
6
14
0
0
0
0
20


WNW
2
24
0
0
0
0
26


NW
2
16
0
0
0
0
18


NNW
3
17
0
0
0
0
20


TOTALS
188
1,657
0
0
0
0
1,845


PERIODS OF CALMS 100 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


STABILITY CLASS:  A


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
4
0
0
0
0
0
4


NNE
1
0
0
0
0
0
1


NE
5
0
0
0
0
0
5


ENE
2
0
0
0
0
0
2


E
25
0
0
0
0
0
25


ESE
26
0
0
0
0
0
26


SE
26
0
0
0
0
0
26


SSE
30
0
0
0
0
0
30


S
119
0
0
0
0
0
119


SSW
21
0
0
0
0
0
21


SW
14
0
0
0
0
0
14


WSW
4
0
0
0
0
0
4


W
3
0
0
0
0
0
3


WNW
1
0
0
0
0
0
1


NW
3
0
0
0
0
0
3


NNW
0
0
0
0
0
0
0


TOTALS
284
0
0
0
0
0
284


PERIODS OF CALMS 170 HOURS


STABILITY CLASS:  ALL


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
28
318
666
329
48
5
1,394


NNE
17
174
325
216
27
4
763


NE
31
243
470
420
81
27
1,272


ENE
32
326
517
328
70
14
1,287


E
74
339
237
58
6
1
715


ESE
79
209
115
27
0
0
430


SE
69
232
178
108
18
6
611


SSE
67
287
513
501
230
64
1,662


S
262
1,653
1,862
1,642
416
72
5,907


SSW
76
685
857
953
331
62
2,964


SW
46
477
820
883
200
45
2,471


WSW
27
333
722
762
242
54
2,140


W
23
259
909
1,262
366
88
2,907


WNW
24
287
675
659
222
48
1,915


NW
22
271
467
363
78
21
1,222


NNW
21
252
479
285
55
6
1,098


TOTALS
898
6,345
9,812
8,796
2,390
517
28,758


PERIODS OF CALMS 450 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *


ERIE, PA (14820) NWS DATA 9/1/68 ‑ 8/31/78


PERIOD OF RECORD:  9/1/68 ‑ 8/30/78


OBSERVATIONS WITH MISSING DATA 0


TOTAL OBSERVATIONS FOR THE PERIOD ARE 29,208


PERCENTAGE OCCURRENCE OF STABILITY CLASSES



A

B

C

D

E

F

G



0.08

3.27

9.04

71.63
7.76

6.66

1.55


MEAN WIND SPEED 11.5 MPH
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<APPENDIX 2B>


MONTHLY AND ANNUAL FREQUENCY


DISTRIBUTIONS FOR PNPP, 10‑METER WINDS


APPENDIX 2B


MONTHLY AND ANNUAL JOINT FREQUENCY


DISTRIBUTIONS(1) FOR PNPP, 10‑METER WINDS


Contents


Type




Period of Record




Page


Annual



Combined Three Concurrent Years

2B‑1


Monthly



Combined Seven Site Years


2B‑6


Annual



Combined Seven Site Years


2B‑66


NOTE:


(1)
Stability based on (T (60‑10‑meter) and <Regulatory Guide 1.23>


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *














  00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  A


ELEVATION:  10 METERS
 DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
2
60
62
6
0
0
130


NNE
5
38
53
7
0
0
103


NE
2
11
43
28
2
0
86


ENE
1
4
19
4
0
0
28


E
4
7
3
0
0
0
14


ESE
4
3
7
0
0
0
14


SE
2
3
14
2
1
0
22


SSE
2
6
22
5
1
0
36


S
0
8
18
8
1
0
35


SSW
2
6
18
4
3
0
33


SW
0
6
26
6
1
1
40


WSW
1
6
44
37
2
0
90


W
2
26
90
48
6
0
172


WNW
2
39
37
8
2
0
88


NW
6
54
43
4
0
0
107


NNW
4
51
55
4
0
0
114


TOTALS
39
328
554
171
19
1
1,112


PERIODS OF CALMS  2 HOURS


STABILITY CLASS:  B


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
3
24
27
3
0
0
57


NNE
4
25
25
7
0
0
61


NE
3
8
31
17
1
0
60


ENE
2
7
14
4
0
0
27


E
3
10
5
0
0
0
18


ESE
2
10
8
2
0
0
22


SE
2
16
15
16
1
0
50


SSE
0
11
17
5
0
0
33


S
0
10
10
5
0
0
25


SSW
0
5
18
12
0
0
35


SW
0
6
18
11
3
0
38


WSW
0
8
52
35
5
0
100


W
1
25
58
36
10
0
130


WNW
1
40
24
8
2
0
75


NW
3
44
24
5
1
0
77


NNW
4
31
25
3
0
0
63


TOTALS
28
280
371
169
23
0
871


PERIODS OF CALMS  0 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  C


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
4
39
20
2
1
0
66


NNE
2
15
23
3
1
0
44


NE
0
20
40
15
0
0
75


ENE
4
10
10
5
0
0
29


E
5
13
8
1
0
0
27


ESE
0
13
7
1
0
0
21


SE
1
14
16
7
2
0
40


SSE
4
16
18
4
0
0
42


S
2
25
22
8
1
0
58


SSW
2
17
23
16
1
0
59


SW
1
10
24
11
3
0
49


WSW
3
28
64
39
13
0
147


W
4
42
64
41
5
0
156


WNW
9
50
40
26
9
1
135


NW
2
50
24
5
1
0
82


NNW
7
34
25
3
0
0
69


TOTALS
50
396
428
187
37
1
1,099


PERIODS OF CALMS  0 HOURS


STABILITY CLASS:  D


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
53
190
219
80
9
0
551


NNE
64
181
142
47
11
0
445


NE
77
283
288
143
11
1
803


ENE
111
307
198
80
5
0
701


E
93
251
85
11
0
0
440


ESE
57
142
95
24
13
0
331


SE
42
128
206
127
26
2
531


SSE
37
149
184
93
14
0
477


S
56
255
240
107
7
0
665


SSW
39
282
356
155
13
11
856


SW
71
251
426
307
61
17
1,133


WSW
47
240
386
470
134
34
1,311


W
52
343
464
389
97
37
1,382


WNW
54
244
339
196
76
22
931


NW
44
263
278
157
37
6
785


NNW
48
181
191
135
22
3
580


TOTALS
945
3,690
4,097
2,521
536
133
11,922


PERIODS OF CALMS  34 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  E


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
32
76
48
11
0
0
167


NNE
46
62
17
7
0
0
132


NE
73
81
25
6
3
0
188


ENE
86
115
23
6
0
0
230


E
149
170
22
1
0
0
342


ESE
104
120
57
10
4
0
295


SE
127
226
171
68
13
0
605


SSE
89
277
155
69
5
1
596


S
123
469
368
93
4
3
1,060


SSW
86
388
213
76
10
2
775


SW
80
247
166
79
13
6
591


WSW
41
122
157
72
15
8
415


W
57
99
83
46
12
4
301


WNW
43
65
45
25
10
0
188


NW
38
47
45
14
3
1
148


NNW
34
67
49
16
0
3
169


TOTALS
1,208
2,631
1,644
599
92
28
6,202


PERIODS OF CALMS  49 HOURS


STABILITY CLASS:  F


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
8
8
3
0
0
0
19


NNE
5
3
0
0
0
0
8


NE
18
7
1
0
0
0
26


ENE
46
24
7
0
0
0
77


E
156
71
1
0
0
0
228


ESE
113
92
1
0
0
0
206


SE
104
85
5
0
0
0
194


SSE
87
135
8
0
0
0
230


S
117
221
13
0
0
0
351


SSW
68
125
8
0
0
0
201


SW
45
53
4
0
0
0
102


WSW
16
14
0
2
0
1
33


W
19
3
2
0
0
0
24


WNW
5
2
3
0
0
0
10


NW
5
5
1
0
0
0
11


NNW
7
7
0
0
0
0
14


TOTALS
819
855
57
2
0
1
1,734


PERIODS OF CALMS  49 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  G


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
6
3
0
0
0
0
9


NNE
7
1
0
0
0
0
8


NE
15
1
0
0
0
0
16


ENE
51
14
0
0
0
0
65


E
248
65
0
0
0
0
313


ESE
297
59
0
0
0
0
356


SE
300
64
1
0
0
0
365


SSE
250
130
1
0
0
0
381


S
182
78
1
0
0
0
261


SSW
49
22
0
1
0
0
72


SW
27
10
0
0
0
0
37


WSW
8
3
0
0
0
0
11


W
11
0
1
0
0
0
12


WNW
5
1
0
0
0
0
6


NW
4
1
0
0
0
0
5


NNW
2
3
1
0
0
0
6


TOTALS
1,462
455
5
1
0
0
1,923


PERIODS OF CALMS  99 HOURS


STABILITY CLASS:  ALL


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
108
400
379
102
10
0
999


NNE
133
325
260
71
12
0
801


NE
188
411
428
209
17
1
1,254


ENE
301
481
271
99
5
0
1,157


E
658
587
124
13
0
0
1,382


ESE
577
439
175
37
17
0
1,245


SE
578
536
428
220
43
2
1,807


SSE
469
724
405
176
20
1
1,795


S
480
1,066
672
221
13
3
2,455


SSW
246
845
636
264
27
13
2,031


SW
224
583
664
414
81
24
1,990


WSW
116
421
703
655
169
43
2,107


W
146
938
762
560
130
41
2,177


WNW
119
441
488
263
99
23
1,433


NW
102
464
415
185
42
7
1,215


NNW
106
374
346
161
22
6
1,015


TOTALS
4,551
8,635
7,156
3,650
707
164
24,863


PERIODS OF CALMS  233 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


OBSERVATIONS WITH MISSING DATA 1,184


TOTAL OBSERVATIONS FOR THE PERIOD ARE 25,096


PERCENTAGE OCCURRENCE OF STABILITY CLASSES



A

B

C

D

E

F

G



4.44

3.47

4.38

47.64
24.91
7.10

8.06


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** JANUARY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
_   0
_   0
_   0
_   0
_   0
_    0



TOTAL
0
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
2


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 3.01‑ 5.00
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0


    TOTAL
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
2


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
4
3
1
0
0
0
0
0
8


 3.01‑ 5.00
0
0
0
0
3
1
0
0
1
1
3
0
0
0
0
1
10


 5.01‑ 7.00
0
0
0
0
0
2
0
0
0
0
1
1
0
0
0
0
4


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
6


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
0
3
3
0
0
5
4
5
7
0
0
0
1
28


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
1
1
1
3
2
0
1
0
0
0
3
0
1
0
0
1
14


 0.51‑ 0.75
2
1
0
4
1
0
1
0
1
0
2
1
0
0
0
0
13


 0.76‑ 1.00
1
2
1
5
3
0
1
1
0
2
1
0
1
0
0
0
18


 1.01‑ 1.50
5
5
3
9
9
5
4
5
3
5
5
2
7
5
2
6
80


 1.51‑ 2.00
6
3
10
15
7
16
5
3
11
7
2
7
5
6
7
5
115


 2.01‑ 3.00
14
16
25
49
33
20
17
20
32
52
34
41
42
23
22
14
454


 3.01‑ 5.00
55
26
56
74
35
42
35
29
49
111
159
132
149
131
47
48
1,178


 5.01‑ 7.00
18
5
28
28
5
22
23
32
25
42
131
227
190
98
50
28
952


 7.01‑10.00
4
0
41
9
0
2
15
7
7
13
47
188
117
119
37
11
617


10.01‑13.00
2
0
2
4
0
0
1
2
4
5
9
62
35
5
0
2
133


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    6
    0
    1
    2
    2
    0
    0
    11



TOTAL
108
59
167
200
95
107
103
99
132
243
393
661
549
389
165
115
3,589


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
3
2
1
0
0
0
1
1
0
0
0
0
0
0
8


 0.51‑ 0.75
1
2
3
2
2
2
1
0
1
0
2
0
0
1
1
0
18


 0.76‑ 1.00
1
2
0
1
4
1
1
0
3
1
2
2
0
1
1
0
20


 1.01‑ 1.50
1
2
6
4
2
9
3
4
7
3
4
1
3
1
1
0
51


 1.51‑ 2.00
1
3
4
11
11
8
5
5
14
11
11
3
2
2
1
2
94


 2.01‑ 3.00
5
6
7
14
18
18
17
17
76
45
27
19
9
6
4
5
293


 3.01‑ 5.00
2
7
3
10
9
21
31
25
43
46
48
34
13
10
4
1
307


 5.01‑ 7.00
0
0
2
0
1
5
28
26
37
15
22
25
4
4
0
1
170


 7.01‑10.00
0
0
1
0
0
4
17
14
6
14
8
21
5
0
0
0
90


10.01‑13.00
0
0
0
0
0
0
1
1
1
4
4
3
0
0
0
0
14


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
11
22
29
44
48
68
104
92
189
140
128
108
36
25
12
9
1,067


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
1
1
1
1
0
2
0
0
0
0
0
0
6


 0.76‑ 1.00
0
0
0
0
2
0
2
0
1
1
0
0
0
0
0
0
6


 1.01‑ 1.50
0
1
1
2
3
1
4
1
7
8
2
1
0
0
0
0
31


 1.51‑ 2.00
0
0
1
6
2
7
2
5
6
2
2
0
1
0
0
0
34


 2.01‑ 3.00
0
0
0
2
7
6
3
6
22
9
4
0
0
0
0
0
59


 3.01‑ 5.00
0
0
0
0
1
1
1
4
3
0
0
0
0
0
1
0
11


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
  0
    0
    0
     0



TOTAL
0
1
2
10
16
16
13
17
39
22
8
1
1
0
1
0
151


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
1
0
0
1
2
1
3
1
1
0
0
0
0
0
0
0
10


 0.51‑ 0.75
0
0
0
1
1
0
1
1
0
0
0
0
0
0
0
0
4


 0.76‑ 1.00
0
0
1
0
1
1
1
3
3
0
1
0
0
0
0
0
11


 1.01‑ 1.50
0
1
0
0
1
5
4
8
6
0
1
1
0
0
0
0
27


 1.51‑ 2.00
0
0
1
2
2
2
4
8
8
0
0
0
0
0
0
0
27


 2.01‑ 3.00
0
0
0
0
4
1
1
7
13
1
1
0
0
0
0
0
28


 3.01‑ 5.00
0
0
0
0
0
0
0
2
2
0
0
0
0
0
0
0
4


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
1
2
4
11
10
14
30
33
1
3
1
0
0
0
0
114


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















13


 0.35‑ 0.50
2
1
4
6
5
1
4
1
2
1
3
0
1
0
0
1
32


 0.51‑ 0.75
3
3
3
7
5
3
4
2
2
2
4
1
0
1
1
0
41


 0.76‑ 1.00
2
4
2
6
10
2
5
4
7
4
4
2
1
1
1
0
55


 1.01‑ 1.50
6
9
10
15
15
21
15
18
23
16
12
5
10
6
3
6
190


 1.51‑ 2.00
7
6
16
34
22
33
16
21
39
20
15
10
8
8
8
7
270


 2.01‑ 3.00
19
22
32
65
62
45
38
50
148
110
67
60
51
29
26
19
843


 3.01‑ 5.00
57
33
59
84
49
65
67
60
98
158
210
166
162
141
52
50
1,511


 5.01‑ 7.00
18
5
30
28
6
29
51
58
62
57
154
253
194
102
50
29
1,126


 7.01‑10.00
4
0
42
9
0
6
32
21
13
27
55
215
122
120
37
11
714


10.01‑13.00
2
0
2
4
0
0
2
3
5
9
13
65
35
5
0
2
147


   >13.00   
    0
    0
    0
    0
    0
    0
    0
    0
    0
    6
    0
    1
    2
    2
    0
    0
    11



TOTAL
120
83
200
258
174
205
234
238
399
410
537
778
586
415
178
125
4,953


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,953


TOTAL NUMBER OF MISSING OBSERVATIONS:  255


PERCENT DATA RECOVERY FOR THIS PERIOD:  95.1%


MEAN WIND SPEED FOR THIS PERIOD:  4.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.04

0.04

0.57

72.46

21.54

3.05

2.30








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
0
0
0
0
0
1
0
0
0
0
0
0
0
1
0
0
0



B
0
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
0



C
0
0
0
0
3
3
0
0
5
4
5
7
0
0
0
1
0



D
108
59
167
200
95
107
103
99
132
243
393
661
549
389
165
115
4



E
11
22
29
44
48
68
104
92
189
140
128
108
36
25
12
9
2



F
0
1
2
10
16
16
13
17
39
22
8
1
1
0
1
0
4



G
1
1
2
4
11
10
14
30
33
1
3
1
0
0
0
0
3


 TOTAL
120
83
200
258
174
205
234
238
399
410
537
778
586
415
178
125
13


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
2


 3.01‑ 5.00
0
0
0
3
0
0
0
0
0
0
1
0
0
0
0
0
4


 5.01‑ 7.00
0
0
3
3
0
0
2
0
0
0
3
1
4
0
0
0
16


 7.01‑10.00
0
0
0
0
0
0
1
0
0
0
0
4
0
0
0
0
5


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
3
6
0
0
3
0
0
2
5
5
4
0
1
0
29


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
2


 3.01‑ 5.00
0
0
0
1
1
1
1
0
0
0
1
2
2
1
0
0
10


 5.01‑ 7.00
0
0
2
2
0
0
3
1
0
0
5
0
3
0
0
0
16


 7.01‑10.00
0
0
0
0
0
0
6
0
0
0
0
2
0
0
0
0
8


10.01‑13.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
2
4
1
2
11
1
0
0
6
4
5
1
1
0
38


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
1
2
0
2
1
0
1
1
1
0
0
1
0
10


 3.01‑ 5.00
0
0
3
1
2
0
4
0
0
0
0
0
4
3
1
0
18


 5.01‑ 7.00
0
0
1
3
0
0
1
0
0
0
0
4
7
4
1
0
21


 7.01‑10.00
0
0
0
0
0
0
5
0
0
0
0
1
0
1
0
0
7


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
4
5
4
0
12
2
0
1
2
6
11
8
3
0
58


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
0
1
0
0
0
1
0
0
1
0
0
0
1
0
0
0
4


 0.51‑ 0.75
0
0
1
2
1
1
0
1
0
1
0
0
1
0
0
0
8


 0.76‑ 1.00
2
1
0
2
1
1
0
0
1
1
1
1
2
0
0
1
14


 1.01‑ 1.50
3
5
1
4
6
2
2
1
2
2
8
4
3
7
3
3
56


 1.51‑ 2.00
3
9
5
7
10
2
0
1
1
4
9
5
9
15
7
2
89


 2.01‑ 3.00
25
31
23
49
31
7
2
2
9
17
14
33
30
30
50
18
371


 3.01‑ 5.00
68
56
92
79
25
23
34
11
32
62
80
91
138
109
94
81
1,075


 5.01‑ 7.00
26
26
58
59
3
6
18
3
24
21
55
144
151
48
48
17
707


 7.01‑10.00
3
3
11
39
0
2
5
5
8
5
10
55
61
14
4
3
228


10.01‑13.00
0
0
0
4
0
0
1
1
0
1
0
8
9
0
0
0
24


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
130
132
191
245
77
45
62
25
78
114
177
341
405
223
206
125
2,580


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
1
1
2
0
0
0
0
0
0
1
1
0
1
1
2
0
10


 0.51‑ 0.75
2
2
0
0
1
4
3
1
4
3
1
2
0
0
1
1
25


 0.76‑ 1.00
3
0
1
2
1
1
6
2
3
0
3
3
2
0
2
1
30


 1.01‑ 1.50
2
4
5
7
6
4
5
2
5
4
5
6
11
4
3
3
76


 1.51‑ 2.00
5
5
2
6
12
4
6
7
10
12
10
15
8
6
6
1
115


 2.01‑ 3.00
8
11
5
15
21
9
8
20
52
48
33
23
22
15
6
8
304


 3.01‑ 5.00
9
7
12
8
17
15
16
25
54
46
35
59
19
23
11
6
362


 5.01‑ 7.00
0
0
1
3
2
2
10
11
48
22
9
15
5
1
2
0
131


 7.01‑10.00
0
0
0
0
0
0
1
14
8
6
5
5
7
0
0
0
46


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
0
2
0
0
0
3


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
30
30
28
41
60
39
55
82
184
142
103
128
77
50
33
20
1,108


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
0
0
0
2
1
0
0
2
0
1
0
1
0
0
0
0
7


 0.51‑ 0.75
1
0
1
1
1
1
0
2
1
0
0
0
0
0
1
1
10


 0.76‑ 1.00
0
0
0
1
0
1
0
1
2
0
2
1
1
1
0
0
10


 1.01‑ 1.50
0
1
1
3
6
5
3
5
3
7
5
3
3
1
0
0
46


 1.51‑ 2.00
1
0
2
1
7
2
0
1
7
10
6
2
1
0
0
0
40


 2.01‑ 3.00
2
0
1
8
12
9
3
9
25
18
10
6
2
0
0
0
105


 3.01‑ 5.00
0
0
0
0
0
0
1
1
13
3
6
0
0
0
1
0
25


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
1
5
16
27
18
7
21
51
39
29
13
7
2
2
1
247


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















15


 0.35‑ 0.50
0
0
1
1
2
1
4
4
0
0
0
1
0
1
0
0
15


 0.51‑ 0.75
0
1
0
2
6
1
9
2
4
4
1
2
1
0
1
0
34


 0.76‑ 1.00
0
0
0
0
3
2
3
5
15
5
3
2
0
0
0
0
38


 1.01‑ 1.50
0
0
0
0
7
6
7
9
11
7
3
0
1
0
0
0
51


 1.51‑ 2.00
0
0
1
1
5
11
3
2
5
3
2
0
0
0
0
0
33


 2.01‑ 3.00
0
0
0
3
3
7
2
3
13
6
0
1
0
0
0
0
38


 3.01‑ 5.00
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
2


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
1
2
7
26
28
28
27
48
25
9
6
2
1
1
0
226


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















29


 0.35‑ 0.50
1
2
3
3
3
2
4
6
1
2
1
2
2
2
2
0
36


 0.51‑ 0.75
3
3
2
5
9
7
12
7
9
8
2
4
2
0
4
2
79


 0.76‑ 1.00
5
1
1
5
5
5
9
8
21
6
10
7
5
1
2
2
93


 1.01‑ 1.50
5
10
7
14
25
17
17
17
21
21
21
13
18
12
7
6
231


 1.51‑ 2.00
9
14
10
15
34
19
9
11
23
29
27
22
18
21
13
3
277


 2.01‑ 3.00
35
42
29
77
69
33
17
35
99
91
59
64
54
45
57
26
832


 3.01‑ 5.00
77
63
107
92
45
39
56
39
99
111
123
152
163
136
107
87
1,496


 5.01‑ 7.00
26
26
65
70
5
8
34
15
72
43
72
164
170
53
51
17
891


 7.01‑10.00
3
3
11
39
0
2
18
19
16
11
15
67
68
15
4
3
294


10.01‑13.00
0
0
0
4
0
0
2
1
0
1
1
8
11
0
0
0
28


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
164
164
235
324
195
132
178
158
361
323
331
503
511
285
247
146
4,286


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  4,728


TOTAL NUMBER OF VALID OBSERVATIONS:  4,286


TOTAL NUMBER OF MISSING OBSERVATIONS:  442


PERCENT DATA RECOVERY FOR THIS PERIOD:  90.7%


MEAN WIND SPEED FOR THIS PERIOD:  3.9 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.68

0.89

1.35

60.20

25.85

5.76

5.27


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
0
0
3
6
0
0
3
0
0
2
5
5
4
0
1
0
0



B
0
0
2
4
1
2
11
1
0
0
6
4
5
1
1
0
0



C
0
0
4
5
4
0
12
2
0
1
2
6
11
8
3
0
0



D
130
132
191
245
77
45
62
25
78
114
177
341
405
223
206
125
4



E
30
30
28
41
60
39
55
82
184
142
103
128
77
50
33
20
6



F
4
1
5
16
27
18
7
21
51
39
29
13
7
2
2
1
4



G
0
1
2
7
26
28
28
27
48
25
9
6
2
1
1
0
15


 TOTAL
164
164
235
324
195
132
178
158
361
323
331
503
511
285
247
146
29


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2


 2.01‑ 3.00
0
0
2
1
0
0
1
0
0
0
0
0
0
0
0
0
4


 3.01‑ 5.00
11
5
3
4
0
0
0
6
2
1
2
0
2
0
2
2
40


 5.01‑ 7.00
1
2
15
2
0
2
0
7
6
0
1
3
4
5
1
3
52


 7.01‑10.00
0
0
11
1
0
0
0
1
1
1
2
2
3
2
0
0
24


10.01‑13.00
0
0
0
0
0
0
0
1
0
0
1
0
1
0
0
0
3


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
12
8
31
8
0
2
1
15
9
2
6
5
10
7
4
6
126


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
1
0
0
0
1
1
0
0
0
0
0
1
1
5


 3.01‑ 5.00
5
3
6
2
0
1
3
1
0
0
4
3
3
5
8
4
48


 5.01‑ 7.00
1
1
9
2
1
0
2
2
3
2
2
3
7
5
2
6
48


 7.01‑10.00
0
3
4
0
0
0
1
0
2
1
0
2
5
4
2
0
24


10.01‑13.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
7
19
5
1
1
6
5
6
3
6
8
15
14
13
11
126

CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
1
2
0
0
0
1
0
0
0
0
0
0
1
5


 2.01‑ 3.00
1
0
1
2
0
0
0
2
2
0
1
1
0
1
6
3
20


 3.01‑ 5.00
7
4
6
4
0
5
5
4
5
2
1
4
16
8
10
6
87


 5.01‑ 7.00
1
2
2
0
1
0
4
8
10
4
2
3
9
13
3
2
64


 7.01‑10.00
1
2
3
1
0
0
0
1
1
2
6
7
9
7
3
0
43


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
3
0
2
0
0
5


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
10
8
12
8
3
5
9
16
19
8
10
18
34
31
22
12
225


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
0
0
1
1
0
2
3
0
0
0
1
0
0
1
0
0
9


 0.51‑ 0.75
0
0
1
3
0
1
1
0
0
0
2
1
2
0
1
0
12


 0.76‑ 1.00
1
0
0
2
2
0
1
0
0
2
1
1
1
1
2
1
15


 1.01‑ 1.50
2
2
2
11
4
2
4
3
1
1
6
1
2
3
6
7
57


 1.51‑ 2.00
9
6
7
12
9
4
4
5
5
0
3
9
8
8
9
6
104


 2.01‑ 3.00
24
33
40
37
34
7
10
13
11
4
16
29
29
33
45
39
404


 3.01‑ 5.00
40
59
116
102
24
20
37
40
27
37
37
87
153
80
77
48
984


 5.01‑ 7.00
13
10
36
51
10
12
44
44
26
28
39
98
98
70
77
27
683


 7.01‑10.00
10
4
4
11
1
12
32
24
21
16
33
79
57
71
38
2
415


10.01‑13.00
0
0
0
0
0
0
2
2
2
2
2
25
7
8
8
0
58


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
  1
  7
    0
    0
     8



TOTAL
99
114
207
230
84
60
138
131
93
90
140
330
358
282
263
130
2,755


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















9


 0.35‑ 0.50
1
0
0
0
1
0
0
1
2
0
2
0
1
0
1
0
9


 0.51‑ 0.75
2
0
0
0
0
2
3
1
0
1
1
0
0
4
1
0
15


 0.76‑ 1.00
2
1
3
4
3
1
1
0
1
2
0
2
5
2
2
0
29


 1.01‑ 1.50
2
2
2
4
7
2
2
2
5
5
9
6
4
2
5
2
61


 1.51‑ 2.00
1
4
9
9
8
2
5
1
5
6
10
7
9
4
3
2
85


 2.01‑ 3.00
6
12
15
28
37
11
7
17
24
17
34
25
15
8
2
2
260


 3.01‑ 5.00
4
13
13
23
12
12
24
31
75
46
33
25
20
2
6
4
343


 5.01‑ 7.00
0
0
0
1
1
1
23
29
41
21
17
29
11
0
3
0
177


 7.01‑10.00
0
0
0
0
0
4
21
12
11
12
5
20
4
0
0
0
89


10.01‑13.00
0
0
0
0
0
0
7
1
4
2
0
0
0
0
0
0
14


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
18
32
42
69
69
35
93
95
168
112
111
114
69
22
23
10
1,091


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















13


 0.35‑ 0.50
1
0
0
0
0
2
2
0
2
1
2
0
1
0
0
0
11


 0.51‑ 0.75
0
0
0
1
1
1
0
1
3
4
1
1
0
0
0
0
13


 0.76‑ 1.00
0
0
0
5
4
2
2
3
2
2
2
1
1
0
0
0
24


 1.01‑ 1.50
0
1
2
2
9
11
4
2
6
5
3
1
1
1
0
1
49


 1.51‑ 2.00
2
0
2
9
10
8
5
4
3
3
4
2
0
1
1
0
54


 2.01‑ 3.00
0
1
2
5
10
14
11
18
13
15
6
2
1
0
1
1
100


 3.01‑ 5.00
3
3
1
0
2
3
6
5
7
3
2
0
0
0
1
0
36


 5.01‑ 7.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
5
7
22
36
41
30
33
37
33
20
7
4
2
3
2
301


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















19


 0.35‑ 0.50
0
0
0
1
0
1
3
1
2
2
3
0
1
0
0
0
14


 0.51‑ 0.75
0
0
2
2
5
9
1
2
2
1
0
0
0
0
0
0
24


 0.76‑ 1.00
1
2
1
3
3
6
6
4
4
6
0
0
2
0
0
0
38


 1.01‑ 1.50
1
0
6
9
8
6
10
8
7
1
2
0
1
0
0
1
60


 1.51‑ 2.00
0
2
3
4
10
3
6
2
5
1
3
0
0
0
1
1
41


 2.01‑ 3.00
0
0
0
9
9
2
3
2
0
2
2
0
0
1
0
1
31


 3.01‑ 5.00
1
1
0
1
0
2
0
0
0
0
0
0
1
0
0
0
6


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


  >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
5
12
29
35
29
29
19
20
13
10
0
5
1
1
3
233


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















47


 0.35‑ 0.50
2
0
1
2
1
5
8
2
6
3
8
0
3
1
1
0
43


 0.51‑ 0.75
2
0
3
6
6
13
5
4
5
6
4
2
2
4
2
0
64


 0.76‑ 1.00
4
3
4
14
12
9
10
8
7
12
3
4
9
3
4
1
107


 1.01‑ 1.50
5
5
12
26
28
21
20
15
19
12
20
8
8
6
12
11
228


 1.51‑ 2.00
12
13
21
35
39
17
20
12
19
10
20
18
17
13
14
11
291


 2.01‑ 3.00
31
46
60
83
90
34
32
53
51
38
59
57
45
43
55
47
824


 3.01‑ 5.00
71
88
145
136
38
43
75
87
116
89
79
119
195
95
104
64
1,544


 5.01‑ 7.00
16
15
62
56
13
15
73
90
87
55
61
136
129
93
86
38
1,025


 7.01‑10.00
11
9
22
13
1
16
54
38
36
32
46
110
78
84
43
2
595


10.01‑13.00
0
0
0
0
0
0
9
5
6
4
3
28
8
10
8
0
81


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    7
    0
    0
     8



TOTAL
154
179
330
371
228
173
306
314
352
261
303
482
495
359
329
174
4,857


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,857


TOTAL NUMBER OF MISSING OBSERVATIONS:  351


PERCENT DATA RECOVERY FOR THIS PERIOD:  93.3%


MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





2.59

2.59

4.63

56.72

22.46

6.20

4.80


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
12
8
31
8
0
2
1
15
9
2
6
5
10
7
4
6
0



B
6
7
19
5
1
1
6
5
6
3
6
8
15
14
13
11
0



C
10
8
12
8
3
5
9
16
19
8
10
18
34
31
22
12
0



D
99
114
207
230
84
60
138
131
93
90
140
330
358
282
263
130
6



E
18
32
42
69
69
35
93
95
168
112
111
114
69
22
23
10
9



F 
6
5
7
22
36
41
30
33
37
33
20
7
4
2
3
2
13



G
3
5
12
29
35
29
29
19
20
13
10
0
5
1
1
3
19


 TOTAL
154
179
330
371
228
173
306
314
352
261
303
482
495
359
329
174
47


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
3
1
0
0
0
0
0
0
0
0
0
1
2
2
5
4
18


 3.01‑ 5.00
6
2
10
3
1
3
1
2
6
1
2
1
14
15
15
8
90


 5.01‑ 7.00
4
4
22
1
0
1
0
4
1
2
5
6
19
5
1
2
77


 7.01‑10.00
0
0
3
0
0
0
0
0
3
2
0
6
27
1
2
0
44


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    0
    0
    0
    0
   2



TOTAL 
13
7
35
4
1
4
1
6
10
5
7
17
62
24
23
14
233


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
2


 2.01‑ 3.00
2
4
0
0
2
1
0
0
1
0
0
1
2
2
5
2
22


 3.01‑ 5.00
4
4
2
2
1
0
4
3
2
0
2
3
4
10
10
9
60


 5.01‑ 7.00
7
2
10
1
1
3
2
1
5
9
1
9
28
10
2
6
97


 7.01‑10.00
0
0
2
0
0
0
1
0
0
2
3
14
24
3
1
0
50


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
2


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
13
10
14
3
4
4
8
4
8
11
6
28
59
25
18
18
233


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
1
0
0
0
0
0
0
0
1
1
1
2
6


 1.51‑ 2.00
0
0
1
0
0
0
0
0
0
0
0
1
0
0
0
0
2


 2.01‑ 3.00
7
0
2
1
1
0
0
0
0
3
0
2
5
0
1
5
27


 3.01‑ 5.00
8
11
6
3
4
0
2
4
3
0
2
12
9
21
20
13
118


 5.01‑ 7.00
1
1
4
6
1
1
2
2
10
6
2
10
21
16
5
2
90


 7.01‑10.00
0
0
4
0
0
0
0
1
1
1
8
16
14
6
3
1
55


10.01‑13.00
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
2


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
17
13
17
10
7
1
4
8
15
10
12
42
50
44
30
23
303


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
1
0
0
1
0
0
0
0
0
2
0
0
0
1
0
5


 0.51‑ 0.75
0
0
2
0
2
0
0
0
0
0
1
0
0
0
1
0
6


 0.76‑ 1.00
3
0
2
2
1
0
0
0
0
1
4
1
1
0
2
2
19


 1.01‑ 1.50
3
5
3
3
3
4
0
1
2
4
5
1
2
5
2
6
49


 1.51‑ 2.00
3
3
6
8
3
0
0
5
2
3
5
6
4
4
7
11
70


 2.01‑ 3.00
20
24
24
17
15
8
8
5
7
14
18
15
36
24
41
30
306


 3.01‑ 5.00
41
39
76
49
25
14
10
23
18
29
34
70
90
80
89
39
726


 5.01‑ 7.00
13
12
28
26
4
7
24
21
30
55
45
108
84
51
58
37
603


 7.01‑10.00
4
5
16
17
2
6
36
11
14
36
26
75
57
22
27
13
367


10.01‑13.00
3
1
3
4
0
1
6
1
2
2
6
13
18
0
0
0
60


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
  1
    0
    0
    0
    0
    0
     1



TOTAL
90
90
160
126
56
40
84
67
75
144
147
289
292
186
228
138
2,215


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















8


 0.35‑ 0.50
0
0
0
0
1
0
0
2
0
1
1
0
1
0
0
1
7


 0.51‑ 0.75
1
1
1
3
4
0
1
0
0
1
0
1
0
1
1
0
15


 0.76‑ 1.00
2
3
5
0
3
4
1
2
0
1
1
1
3
2
2
0
30


 1.01‑ 1.50
3
4
5
4
9
6
3
2
4
4
3
5
1
6
2
6
67


 1.51‑ 2.00
3
4
5
19
17
9
6
5
7
7
7
7
3
4
2
1
106


 2.01‑ 3.00
8
6
15
15
38
15
11
21
19
17
26
18
17
18
11
8
263


 3.01‑ 5.00
6
15
17
24
13
14
19
43
61
34
31
32
23
10
15
6
363


 5.01‑ 7.00
1
2
4
4
0
9
10
22
34
24
15
38
14
7
2
5
191


 7.01‑10.00
0
0
0
3
0
3
8
0
11
8
8
15
6
2
0
0
64


10.01‑13.00
0
0
0
0
0
0
1
0
0
1
1
2
0
0
0
0
5


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
24
35
52
72
85
60
60
97
136
98
93
119
68
50
35
27
1,119


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
0
0
0
1
1
1
1
0
1
0
0
0
1
0
0
1
7


 0.51‑ 0.75
2
2
1
1
3
1
2
1
4
0
1
0
2
0
0
0
20


 0.76‑ 1.00
0
0
1
7
7
1
0
2
2
3
0
0
0
0
0
0
23


 1.01‑ 1.50
0
0
2
6
15
10
8
2
8
4
4
1
1
1
0
0
62


 1.51‑ 2.00
2
3
0
1
14
4
7
2
5
9
9
1
1
0
0
0
58


 2.01‑ 3.00
4
1
2
6
16
15
9
12
16
24
5
1
1
2
1
1
116


 3.01‑ 5.00
2
1
6
3
1
2
2
7
11
7
3
0
1
0
0
1
47


 5.01‑ 7.00
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
2


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
10
7
12
25
57
34
29
26
48
47
22
4
7
3
1
3
341


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















14


 0.35‑ 0.50
0
0
0
0
2
4
3
3
2
2
0
0
0
0
0
0
16


 0.51‑ 0.75
0
1
2
2
1
6
4
6
11
2
1
1
0
0
0
0
37


 0.76‑ 1.00
1
0
0
4
7
5
9
6
10
9
1
2
1
0
0
0
55


 1.01‑ 1.50
0
0
0
4
12
7
9
6
10
10
2
1
1
0
0
0
62


 1.51‑ 2.00
1
0
0
3
12
6
3
3
10
5
2
2
2
0
0
0
49


 2.01‑ 3.00
1
1
2
13
5
6
7
13
18
3
2
0
0
0
0
0
71


 3.01‑ 5.00
0
0
0
2
0
0
3
0
4
0
0
0
0
0
0
0
9


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
2
4
28
39
34
38
37
65
31
8
6
4
0
0
0
313


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















31


 0.35‑ 0.50
1
2
0
1
5
5
4
5
3
3
3
0
2
0
1
2
37


 0.51‑ 0.75
3
4
6
6
10
7
7
7
15
3
3
2
2
1
2
0
78


 0.76‑ 1.00
6
3
8
13
18
10
10
11
12
14
6
4
5
2
4
2
128


 1.01‑ 1.50
6
9
10
17
40
27
20
11
24
22
14
8
6
14
5
14
247


 1.51‑ 2.00
9
10
12
31
46
19
17
15
24
24
23
17
10
8
9
13
287


 2.01‑ 3.00
45
37
45
52
77
45
35
51
61
61
51
38
63
48
64
50
823


 3.01‑ 5.00
67
72
117
86
45
33
41
82
105
71
74
118
141
136
149
76
1,413


 5.01‑ 7.00
26
21
68
38
6
21
38
50
81
96
68
172
166
89
68
52
1,060


 7.01‑10.00
4
5
25
20
2
9
45
12
29
49
45
126
128
34
33
14
580


10.01‑13.00
3
1
3
4
0
1
7
1
3
3
7
18
19
0
0
0
70


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    2
    0
    0
    0
    0
     3



TOTAL
170
164
294
268
249
177
224
245
357
346
295
505
542
332
335
223
4,757


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,757


TOTAL NUMBER OF MISSING OBSERVATIONS:  283


PERCENT DATA RECOVERY FOR THIS PERIOD:  94.4%


MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





4.90

4.90

6.37

46.56

23.52

7.17

6.58


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
13
7
35
4
1
4
1
6
10
5
7
17
62
24
23
14
0



B
13
10
14
3
4
4
8
4
8
11
6
28
59
25
18
18
0



C
17
13
17
10
7
1
4
8
15
10
12
42
50
44
30
23
0



D
90
90
160
126
56
40
84
67
75
144
147
289
292
186
228
138
3



E
24
35
52
72
85
60
60
97
136
98
93
119
68
50
35
27
8



F
10
7
12
25
57
34
29
26
48
47
22
4
7
3
1
3
6



G
3
2
4
28
39
34
38
37
65
31
8
6
4
0
0
0
14


 TOTAL
170
164
294
268
249
177
224
245
357
346
295
505
542
332
335
223
31


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER: CEI‑P


DATA PERIOD EXAMINED: 5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS A


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT: 10.0 METERS


WIND THRESHOLD AT: 0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2


 1.51‑ 2.00
0
0
0
0
0
0
1
0
1
1
0
0
0
0
0
0
3


 2.01‑ 3.00
7
1
0
0
0
0
0
1
0
0
0
1
0
4
7
2
23


 3.01‑ 5.00
2
7
2
0
2
3
11
2
3
3
2
6
26
20
12
4
105


 5.01‑ 7.00
0
3
13
2
1
3
2
2
0
2
2
11
37
6
1
0
85


 7.01‑10.00
0
0
2
1
0
0
0
1
0
1
3
7
4
0
0
0
19


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
9
11
17
3
3
6
14
6
4
7
7
25
67
30
20
8
237


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
2
2
1
0
1
0
2
1
1
1
1
0
1
0
1
0
14


 3.01‑ 5.00
9
12
11
1
1
1
7
4
2
5
3
2
5
16
8
7
94


 5.01‑ 7.00
0
6
11
1
0
1
2
3
4
2
3
2
26
5
1
1
68


 7.01‑10.00
0
0
4
2
0
0
0
1
1
4
2
2
3
0
0
0
19


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00 
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
12
20
27
4
3
2
12
9
8
12
9
6
35
21
10
8
198


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 1.01‑ 1.50
2
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
4


 1.51‑ 2.00
0
0
0
1
1
0
0
0
0
0
0
0
0
1
0
1
4


 2.01‑ 3.00
2
0
1
0
0
1
1
6
1
0
3
2
4
6
6
4
37


 3.01‑ 5.00
6
22
26
5
0
2
3
3
5
9
4
5
24
36
23
13
186


 5.01‑ 7.00
1
5
11
3
0
0
2
3
6
7
0
5
19
8
2
0
72


 7.01‑10.00
0
0
1
1
0
0
0
0
1
2
1
10
1
0
0
0
17


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
   0



TOTAL
12
27
39
10
1
3
6
12
14
19
8
22
49
51
31
18
322


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
1
1
1
0
0
1
0
1
1
0
3
1
0
0
1
0
11


 0.51‑ 0.75
2
0
0
0
2
0
1
1
2
1
0
3
3
0
0
0
15


 0.76‑ 1.00
1
2
1
4
2
1
2
1
0
0
4
1
3
0
0
1
23


 1.01‑ 1.50
7
7
6
15
6
4
1
1
2
4
6
4
5
9
8
10
95


 1.51‑ 2.00
10
18
11
11
5
5
7
4
2
2
6
14
8
15
8
9
135


 2.01‑ 3.00
41
37
49
33
25
25
13
14
15
21
21
27
53
56
50
40
520


 3.01‑ 5.00
43
52
96
53
14
18
42
37
44
29
23
59
114
94
72
34
824


 5.01‑ 7.00
10
5
37
29
1
5
28
22
22
25
12
49
44
27
13
13
342


 7.01‑10.00
0
0
8
5
0
1
13
6
5
5
1
31
15
1
0
1
92


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
115
122
209
150
55
60
107
87
93
87
76
189
245
202
152
108
2,057


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
_TOTAL



CALM
















9


 0.35‑ 0.50
0
3
0
1
0
0
0
0
0
4
1
0
1
0
0
1
11


 0.51‑ 0.75
2
0
4
1
0
1
1
1
4
2
2
1
2
0
1
1
23


 0.76‑ 1.00
1
2
1
2
3
4
5
0
2
2
2
2
1
4
1
0
32


 1.01‑ 1.50
5
6
6
13
8
11
5
2
10
6
12
8
11
7
3
6
119


 1.51‑ 2.00
4
8
12
17
14
7
8
12
12
13
12
14
20
7
7
3
170


 2.01‑ 3.00
17
11
16
22
29
13
31
25
26
32
23
14
18
17
7
10
311


 3.01‑ 5.00
10
15
13
17
2
14
32
35
42
40
14
14
11
12
15
6
292


 5.01‑ 7.00
3
15
8
0
0
4
12
15
10
7
6
2
3
1
1
2
89


 7.01‑10.00
0
0
1
0
0
0
2
0
1
0
0
2
0
0
0
0
6


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


_  >13.00 _
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_   0
_    0



TOTAL
42
60
61
73
56
54
96
90
107
106
72
57
67
48
35
29
1,062


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50
0
2
0
1
0
0
0
0
0
3
0
0
0
0
1
0
7


 0.51‑ 0.75
1
0
1
0
1
1
3
2
3
2
6
2
3
0
0
0
25


 0.76‑ 1.00
1
0
2
6
10
4
5
7
4
4
2
6
0
2
0
0
53


 1.01‑ 1.50
1
2
6
9
17
6
3
3
7
9
9
3
0
0
1
2
78


 1.51‑ 2.00
3
2
2
14
15
6
6
4
3
7
11
3
1
0
3
0
80


 2.01‑ 3.00
0
1
3
7
12
27
18
24
22
15
16
3
0
0
0
1
149


 3.01‑ 5.00
0
2
0
2
0
7
3
8
6
4
5
0
0
1
1
1
40


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
9
14
39
55
51
38
48
45
44
49
17
4
3
6
4
437


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:   10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















19


 0.35‑ 0.50
0
1
1
1
8
6
11
13
4
2
4
1
0
0
0
0
52


 0.51‑ 0.75
1
1
1
3
8
9
20
20
18
8
0
2
2
0
0
0
93


 0.76‑ 1.00
1
0
3
5
13
16
25
12
25
10
6
0
0
0
0
0
116


 1.01‑ 1.50
1
1
2
8
33
27
18
10
17
15
5
2
4
0
0
1
144


 1.51‑ 2.00
0
1
0
7
13
10
9
8
9
4
2
0
0
0
0
0
63


 2.01‑ 3.00
0
0
0
0
8
26
10
16
17
12
0
0
0
0
0
1
90


 3.01‑ 5.00
0
0
0
1
1
2
0
4
0
1
0
0
0
0
0
0
9


 5.01‑ 7.00
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
4
7
25
84
96
93
83
90
52
17
5
6
0
0
2
587


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















33


 0.35‑ 0.50
1
7
2
3
8
7
11
14
5
9
8
2
1
0
2
1
81


 0.51‑ 0.75
7
1
6
4
11
11
25
24
27
13
8
8
10
0
1
1
157


 0.76‑ 1.00
4
4
7
17
28
25
38
20
32
16
14
9
4
6
1
1
226


 1.01‑ 1.50
17
16
20
45
65
48
27
16
36
35
32
17
21
16
12
21
444


 1.51‑ 2.00
17
29
25
50
48
28
31
28
27
27
31
31
29
23
18
13
455


 2.01‑ 3.00
69
52
70
62
75
92
75
87
82
81
64
47
76
83
71
58
1,144


 3.01‑ 5.00
70
110
148
79
20
47
98
93
102
91
51
86
180
179
131
65
1,550


 5.01‑ 7.00
15
34
80
35
2
13
46
45
42
43
23
69
129
47
18
16
657


 7.01‑10.00
0
0
16
9
0
1
15
8
8
12
7
52
23
1
0
1
153


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
200
253
374
304
257
272
366
335
361
327
238
321
473
355
254
177
4,900


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,900


TOTAL NUMBER OF MISSING OBSERVATIONS:  308


PERCENT DATA RECOVERY FOR THIS PERIOD:  94.1%


MEAN WIND SPEED FOR THIS PERIOD:  3.2 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





4.84

4.04

6.57

41.98

21.67

8.92

11.98


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
9
11
17
3
3
6
14
6
4
7
7
25
67
30
20
8
0



B
12
20
27
4
3
2
12
9
8
12
9
6
35
21
10
8
0



C
12
27
39
10
1
3
6
12
14
19
8
22
49
51
31
18
0



D
115
122
209
150
55
60
107
87
93
87
76
189
245
202
152
108
0



E
42
60
61
73
56
54
96
90
107
106
72
57
67
48
35
29
9



F
6
9
14
39
55
51
38
48
45
44
49
17
4
3
6
4
5



G 
4
4
7
25
84
96
93
83
90
52
17
5
6
0
0
2
19


 TOTAL
200
253
374
304
257
272
366
335
361
327
238
321
473
355
254
177
33


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
2


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
1
1
1
0
0
0
0
0
0
0
0
0
2
1
1
7


 2.01‑ 3.00
5
4
1
3
1
2
0
3
2
0
0
1
5
9
6
9
51


 3.01‑ 5.00
12
20
7
1
1
0
1
1
7
8
4
8
31
29
25
16
171


 5.01‑ 7.00
0
5
5
0
0
0
1
2
2
2
1
16
17
3
7
0
61


 7.01‑10.00
1
0
0
0
0
0
0
0
0
0
0
3
1
0
2
0
7


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
18
31
14
5
2
2
2
7
11
10
5
28
54
43
41
26
299


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
1
1
0
1
0
0
0
0
0
0
0
0
0
0
1
4


 1.51‑ 2.00
0
0
1
1
1
0
0
2
0
0
1
0
0
1
0
0
7


 2.01‑ 3.00
3
4
2
0
0
0
0
0
0
0
0
0
2
4
8
3
26


 3.01‑ 5.00
6
8
5
1
2
0
1
5
4
12
3
12
41
26
8
4
138


 5.01‑ 7.00
0
0
3
0
0
0
0
1
1
1
0
6
30
2
4
1
49


 7.01‑10.00
0
0
1
0
0
0
0
0
1
2
1
4
8
1
3
0
21


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
9
13
13
2
4
0
1
8
6
15
5
22
81
34
23
9
245


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1
2


 1.51‑ 2.00
1
0
0
0
0
0
0
0
0
0
0
0
0
2
1
0
4


 2.01‑ 3.00
7
2
3
0
0
0
1
3
4
3
1
3
3
6
11
4
51


 3.01‑ 5.00
8
9
9
2
0
0
2
5
8
6
8
7
45
29
18
10
166


 5.01‑ 7.00
1
1
4
1
0
0
0
1
3
6
0
14
13
5
3
2
54


 7.01‑10.00
0
0
1
0
0
0
0
0
2
1
3
1
4
1
0
1
14


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
18
12
17
3
1
0
3
9
17
16
12
25
65
43
33
18
292


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
1
1
0
0
1
1
1
0
0
1
1
0
0
1
8


 0.76‑ 1.00
1
2
1
0
0
2
0
0
0
1
0
1
2
3
0
1
14


 1.01‑ 1.50
1
11
3
2
4
0
2
2
2
1
6
3
7
3
5
6
58


 1.51‑ 2.00
6
8
9
10
4
3
0
6
7
9
8
6
9
11
9
3
108


 2.01‑ 3.00
19
30
28
26
7
10
14
16
30
30
31
29
39
46
53
28
436


 3.01‑ 5.00
30
27
41
24
2
2
19
40
63
54
52
83
100
89
74
44
744


 5.01‑ 7.00
7
1
10
11
0
0
8
11
18
17
31
23
39
26
32
19
253


 7.01‑10.00
2
0
0
0
0
0
1
0
3
3
4
21
7
25
15
7
88


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
5
2
0
7


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
66
79
93
74
17
17
45
76
125
115
132
167
204
208
190
109
1,722


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
0
0
0
2
0
1
2
0
1
0
2
1
0
0
0
3
12


 0.51‑ 0.75
1
2
1
2
1
1
2
2
1
2
0
0
2
0
1
0
18


 0.76‑ 1.00
0
3
2
3
3
3
2
1
2
1
6
2
2
1
1
0
32


 1.01‑ 1.50
2
1
6
6
10
5
10
4
9
8
7
5
7
3
7
4
94


 1.51‑ 2.00
5
2
9
13
3
7
7
11
12
14
13
8
5
1
3
3
116


 2.01‑ 3.00
12
11
15
7
11
7
35
58
72
72
41
19
9
13
11
27
420


 3.01‑ 5.00
11
6
3
3
0
4
38
46
125
46
38
18
29
22
11
28
428


 5.01‑ 7.00
1
0
0
0
0
0
0
0
13
15
6
5
5
0
7
1
53


 7.01‑10.00
0
0
0
0
0
0
0
0
0
1
2
1
1
0
0
0
5


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


   >13.00   
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0



TOTAL
32
25
36
36
28
28
96
122
235
159
115
59
60
40
42
66
1,183


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
0
1
0
3
1
4
5
4
2
1
0
0
1
2
2
0
26


 0.51‑ 0.75
1
1
0
3
2
2
4
7
3
1
0
2
0
0
0
0
26


 0.76‑ 1.00
0
1
2
5
7
5
2
6
8
4
5
2
2
0
0
0
49


 1.01‑ 1.50
0
0
1
1
11
8
6
7
14
5
6
5
2
1
0
1
68


 1.51‑ 2.00
2
0
0
2
7
8
11
8
13
10
4
2
3
0
0
0
70


 2.01‑ 3.00
2
0
1
4
2
10
17
43
43
29
12
1
0
0
0
0
164


 3.01‑ 5.00
0
0
0
0
0
0
3
5
19
5
1
0
0
2
0
0
35


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
5
3
4
18
30
37
48
80
102
55
28
12
9
5
2
1
445


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















19


 0.35‑ 0.50
0
1
0
4
9
6
10
10
8
3
3
1
0
1
0
1
57


 0.51‑ 0.75
1
0
2
1
6
13
13
18
14
6
1
1
0
1
0
0
77


 0.76‑ 1.00
0
0
3
0
15
24
21
12
17
2
3
0
0
1
0
1
99


 1.01‑ 1.50
0
1
1
9
23
32
19
24
12
10
4
2
0
0
1
0
138


 1.51‑ 2.00
0
0
1
1
8
17
21
16
17
4
0
0
0
1
0
0
86


 2.01‑ 3.00
0
0
0
0
3
9
16
28
48
5
2
0
0
0
0
0
111


 3.01‑ 5.00
0
0
0
0
0
0
0
8
9
0
0
0
0
0
0
0
17


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
2
7
15
64
101
100
116
125
30
13
4
0
4
1
2
604


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















34


 0.35‑ 0.50
0
2
0
9
10
11
17
14
12
4
5
2
1
3
2
4
96


 0.51‑ 0.75
3
3
4
7
9
16
20
28
19
9
1
4
3
1
1
1
129


 0.76‑ 1.00
2
7
8
8
25
34
25
20
27
8
14
5
6
5
1
2
197


 1.01‑ 1.50
3
14
12
18
50
45
37
37
37
24
23
15
16
7
13
13
364


 1.51‑ 2.00
14
11
21
28
23
35
39
43
49
37
26
16
17
18
14
7
398


 2.01‑ 3.00
48
51
50
40
24
38
83
151
199
139
87
53
58
78
89
71
1,259


 3.01‑ 5.00
67
70
65
31
5
6
64
110
235
131
106
128
246
197
136
102
1,699


 5.01‑ 7.00
9
7
22
12
0
0
9
15
37
41
38
64
105
36
53
23
471


 7.01‑10.00
3
0
2
0
0
0
1
0
6
7
10
30
21
27
20
8
135


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
5
3
0
8


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
149
165
184
153
146
185
295
418
621
400
310
317
473
377
332
231
4,790


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,790


TOTAL NUMBER OF MISSING OBSERVATIONS:  250


PERCENT DATA RECOVERY FOR THIS PERIOD:  95.0%


MEAN WIND SPEED FOR THIS PERIOD:  3.1 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





6.24

5.11

6.10

35.95

24.70

9.29

12.61


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
18
31
14
5
2
2
2
7
11
10
5
28
54
43
41
26
0



B
9
13
13
2
4
0
1
8
6
15
5
22
81
34
23
9
0



C
18
12
17
3
1
0
3
9
17
16
12
25
65
43
33
18
0



D
66
79
93
74
17
17
45
76
125
115
132
167
204
208
190
109
5



E
32
25
36
36
28
28
96
122
235
159
115
59
60
40
42
66
4



F
5
3
4
18
30
37
48
80
102
55
28
12
9
5
2
1
6



G
1
2
7
15
64
101
100
116
125
30
13
4
0
4
1
2
19


 TOTAL
149
165
184
153
146
185
295
418
621
400
310
317
473
377
332
231
34


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS A


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 1.51‑ 2.00
2
0
0
0
0
0
0
1
0
0
0
0
2
0
1
1
7


 2.01‑ 3.00
15
1
1
0
1
2
2
1
0
0
1
3
5
5
9
16
62


 3.01‑ 5.00
41
35
9
1
5
5
2
1
6
0
1
3
24
38
49
40
260


 5.01‑ 7.00
5
0
3
0
0
0
0
0
0
1
1
1
12
7
2
7
39


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
63
36
13
1
6
8
4
3
6
1
3
7
43
51
61
64
370


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 1.51‑ 2.00 
2
0
0
0
1
1
0
0
0
0
0
0
0
2
1
1
8


 2.01‑ 3.00
8
3
1
1
1
1
1
0
1
1
1
1
4
9
13
7
53


 3.01‑ 5.00
14
19
5
3
1
3
1
2
2
4
1
7
27
34
13
12
148


 5.01‑ 7.00
1
0
4
1
0
0
0
0
0
1
0
2
10
0
5
2
26


 7.01‑10.00
0
0
0
0
0
0
0
0
0
1
0
1
2
0
0
0
4


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00   
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
25
22
10
6
3
5
2
2
3
7
2
11
44
45
32
22
241


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
1
0
0
0
0
0
0
0
0
1
0
0
2


 1.01‑ 1.50
0
0
0
0
1
0
0
0
0
0
0
0
2
2
0
2
7


 1.51‑ 2.00
1
3
0
0
0
0
0
1
0
1
0
0
1
2
2
6
17


 2.01‑ 3.00
19
6
3
0
3
4
0
2
2
1
3
5
11
19
19
16
113


 3.01‑ 5.00
20
11
9
1
1
6
2
6
2
7
6
19
23
24
14
13
164


 5.01‑ 7.00
0
0
4
0
0
0
1
0
0
0
1
18
6
2
3
4
39


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
3
1
1
0
0
0
5


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
40
20
16
1
6
10
3
9
4
9
13
43
44
50
38
41
347


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
1
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
2


 0.51‑ 0.75
1
0
1
0
0
0
0
1
1
0
1
0
0
0
0
1
6


 0.76‑ 1.00
3
3
5
6
1
2
1
0
2
0
1
1
0
3
1
0
29


 1.01‑ 1.50
9
3
4
8
4
0
3
2
2
6
5
7
7
2
3
2
67


 1.51‑ 2.00
13
12
9
13
7
0
3
2
8
7
7
8
9
11
6
9
124


 2.01‑ 3.00
42
28
26
15
19
10
8
25
21
26
26
31
43
28
30
33
411


 3.01‑ 5.00
40
15
37
21
20
16
23
28
53
66
65
55
74
48
34
63
658


 5.01‑ 7.00
5
0
2
2
1
0
2
0
4
19
18
27
22
16
7
14
139


 7.01‑10.00
0
0
0
0
0
0
0
0
1
0
2
5
1
0
1
0
10


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
114
61
84
65
52
28
40
58
92
124
126
135
156
108
82
122
1,448


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
0
2
2
0
2
1
0
0
1
1
0
0
0
0
1
0
10


 0.51‑ 0.75
0
2
2
1
3
0
4
0
2
0
5
2
1
1
0
1
24


 0.76‑ 1.00
3
1
3
7
3
3
0
3
4
6
1
1
2
2
2
1
42


 1.01‑ 1.50
3
3
10
13
18
5
7
12
6
6
8
6
6
1
1
0
105


 1.51‑ 2.00
6
10
10
9
13
12
13
9
21
21
16
10
9
3
1
3
166


 2.01‑ 3.00
21
20
8
8
11
20
33
41
65
76
58
14
10
9
11
14
419


 3.01‑ 5.00
28
7
0
2
2
8
17
26
106
67
42
32
9
5
8
29
388


 5.01‑ 7.00
0
0
0
0
0
0
3
0
18
17
5
6
3
0
1
6
59


 7.01‑10.00
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
61
45
35
40
52
49
77
91
223
195
135
72
40
21
25
54
1,221


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















6


 0.35‑ 0.50
0
0
0
1
10
1
3
2
5
2
1
0
2
2
0
1
30


 0.51‑ 0.75
3
1
2
2
10
10
5
5
6
4
3
2
0
1
1
0
55


 0.76‑ 1.00
0
1
2
2
6
11
10
8
13
5
6
2
3
2
0
0
71


 1.01‑ 1.50
0
0
1
10
18
15
12
11
7
6
7
1
1
1
0
0
90


 1.51‑ 2.00
1
0
1
2
8
6
23
9
17
12
5
4
1
2
1
0
92


 2.01‑ 3.00
0
0
0
1
5
13
14
37
37
27
6
1
0
0
1
0
142


 3.01‑ 5.00
0
0
0
0
1
1
1
1
4
1
2
0
0
0
0
0
11


 5.01‑ 7.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
2
6
18
58
57
68
73
90
57
30
10
7
8
3
1
498


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















32


 0.35‑ 0.50
0
1
4
2
8
21
12
14
13
3
1
0
1
0
0
0
80


 0.51‑ 0.75
0
2
1
4
22
35
43
25
28
4
0
0
0
1
2
0
167


 0.76‑ 1.00
1
0
0
3
20
35
34
31
21
12
3
0
0
1
0
0
161


 1.01‑ 1.50
0
0
0
1
21
47
29
35
20
10
3
0
0
0
0
0
166


 1.51‑ 2.00
0
0
0
1
5
11
20
28
13
3
1
1
0
0
0
0
83


 2.01‑ 3.00
2
0
0
0
4
4
6
30
15
3
1
1
0
0
0
0
66


 3.01‑ 5.00
0
0
0
0
0
0
0
1
1
0
0
0
0
0
0
0
2


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL  
3
3
5
11
80
153
144
164
111
35
9
2
1
2
2
0
757


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















45


 0.35‑ 0.50
1
3
6
3
20
23
15
16
19
6
2
1
3
2
1
1
122


 0.51‑ 0.75
4
5
6
7
35
45
52
31
37
8
9
4
1
3
3
2
252


 0.76‑ 1.00
7
5
10
19
31
52
45
42
40
23
11
4
5
9
3
1
307


 1.01‑ 1.50
12
6
15
32
62
67
51
60
35
28
23
14
17
7
4
4
437


 1.51‑ 2.00
25
25
20
25
34
30
59
50
59
44
29
23
22
20
12
20
497


 2.01‑ 3.00
107
58
39
25
44
54
64
136
141
134
96
56
73
70
83
86
1,266


 3.01‑ 5.00
143
87
60
28
30
39
46
65
174
145
117
116
157
149
118
157
1,631


 5.01‑ 7.00
11
0
13
3
1
0
6
0
23
38
25
54
53
25
18
33
303


 7.01‑10.00
0
0
0
0
0
0
0
0
1
2
5
8
4
0
1
0
21


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
310
189
169
142
257
310
338
400
529
428
318
280
335
285
243
304
4,882


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED  AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,882


TOTAL NUMBER OF MISSING OBSERVATIONS:  326


PERCENT DATA RECOVERY FOR THIS PERIOD:  93.7%


MEAN WIND SPEED FOR THIS PERIOD:  2.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





7.58

4.94

7.11

29.66

25.01

10.20

15.51


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
63
36
13
1
6
8
4
3
6
1
3
7
43
51
61
64
0



B
25
22
10
6
3
5
2
2
3
7
2
11
44
45
32
22
0



C
40
20
16
1
6
10
3
9
4
9
13
43
44
50
38
41
0



D
114
61
84
65
52
28
40
58
92
124
126
135
156
108
82
122
1



E
61
45
35
40
52
49
77
91
223
195
135
72
40
21
25
54
6



F
4
2
6
18
58
57
68
73
90
57
30
10
7
8
3
1
6



G 
3
3
5
11
80
153
144
164
111
35
9
2
1
2
2
0
32


 TOTAL 
310
189
169
142
257
310
338
400
529
428
318
280
335
285
243
304
45


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
1
0
0
1
0
0
1
0
0
0
0
0
0
1
0
4


 1.51‑ 2.00
1
3
1
0
0
1
0
0
0
0
0
1
1
1
4
0
13


 2.01‑ 3.00
19
14
3
0
1
2
0
0
3
1
1
3
6
7
9
8
77


 3.01‑ 5.00
25
37
19
3
0
1
3
4
3
1
2
7
12
12
9
22
160


 5.01‑ 7.00
0
8
0
0
0
0
0
0
0
2
0
7
11
1
3
1
33


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00   
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
45
63
23
3
3
4
3
5
6
4
3
18
30
21
26
31
289


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 1.01‑ 1.50
1
1
0
0
0
1
0
0
0
0
0
0
1
0
0
1
5


 1.51‑ 2.00
0
3
0
0
0
0
1
0
0
0
0
0
0
3
1
1
9


 2.01‑ 3.00
6
9
1
2
4
1
2
1
0
0
0
1
4
10
9
12
62


 3.01‑ 5.00
15
24
13
2
0
2
4
3
3
7
2
23
32
7
7
5
149


 5.01‑ 7.00
1
1
1
1
0
0
0
0
0
5
1
8
9
3
5
0
35


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
   0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
23
38
15
5
4
4
7
4
4
12
3
34
46
23
22
19
263


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 1.01‑ 1.50
0
0
0
1
0
1
0
1
0
0
0
0
0
0
1
1
5


 1.51‑ 2.00
2
0
1
1
0
2
0
0
0
1
0
2
0
2
1
2
14


 2.01‑ 3.00
7
4
7
4
5
1
3
3
3
2
2
2
7
10
6
8
74


 3.01‑ 5.00
17
10
10
2
0
1
7
4
7
8
9
20
37
7
16
9
164


 5.01‑ 7.00
0
3
1
0
0
0
0
0
0
1
0
5
7
2
2
1
22


 7.01‑10.00
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
   0
    0
   0
    0
     0



TOTAL
26
17
19
8
5
5
10
8
10
15
11
30
51
21
26
21
283


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
1
0
1
0
0
0
0
0
1
0
0
0
1
0
0
0
4


 0.51‑ 0.75
0
2
1
0
1
0
1
0
1
2
1
1
0
0
0
0
10


 0.76‑ 1.00
2
3
2
2
0
0
0
0
1
0
1
2
2
1
1
2
19


 1.01‑ 1.50
7
3
9
8
9
0
2
6
3
1
7
10
4
6
1
4
80


 1.51‑ 2.00
7
11
12
4
3
7
4
6
4
5
5
10
9
8
5
11
111


 2.01‑ 3.00
21
21
26
21
13
15
20
21
33
34
30
20
35
37
26
18
391


 3.01‑ 5.00
41
32
37
8
0
12
22
26
59
46
52
76
92
40
25
25
593


 5.01‑ 7.00
9
5
3
0
0
0
1
0
1
14
8
25
28
5
30
19
148


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
6
5
4
1
7
1
24


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
88
77
91
43
26
34
50
59
103
102
110
149
175
98
95
80
1,383


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
0
1
0
1
0
3
1
1
2
0
1
1
2
1
14


 0.51‑ 0.75
2
2
3
2
1
1
3
1
1
1
1
1
1
1
0
1
22


 0.76‑ 1.00
2
1
1
6
6
3
4
5
3
2
3
0
0
1
0
0
37


 1.01‑ 1.50
3
5
9
15
15
14
9
13
9
11
12
8
3
4
0
1
131


 1.51‑ 2.00
4
8
6
9
24
14
25
12
24
27
12
10
11
2
1
2
191


 2.01‑ 3.00
20
16
6
12
8
10
25
55
72
92
64
31
14
6
8
13
452


 3.01‑ 5.00 
36
10
8
2
0
4
14
30
102
70
42
30
13
13
8
22
404


 5.01‑ 7.00
11
4
0
0
0
0
0
1
2
2
7
16
8
0
0
8
59


 7.01‑10.00
3
1
0
0
0
0
0
0
0
0
1
2
0
0
0
2
9


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
81
47
33
47
54
47
80
120
214
206
144
98
51
28
19
50
1,322


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















10


 0.35‑ 0.50
1
0
1
4
4
5
2
2
2
2
1
0
1
0
0
0
25


 0.51‑ 0.75
2
3
6
5
8
3
5
6
4
3
0
2
0
0
0
0
47


 0.76‑ 1.00
1
0
0
4
18
13
3
5
9
5
0
0
1
0
0
0
59


 1.01‑ 1.50
0
1
2
11
21
12
8
6
23
9
3
1
0
0
0
0
97


 1.51‑ 2.00
0
0
0
4
10
18
26
11
21
30
10
4
0
1
1
1
137


 2.01‑ 3.00
0
0
1
1
8
24
18
37
38
37
7
2
0
1
0
0
174


 3.01‑ 5.00
1
0
0
0
1
3
1
0
1
1
4
0
0
0
0
0
12


 5.01‑ 7.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
5
4
10
29
70
78
63
68
98
87
25
9
2
2
1
1
562


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















28


 0.35‑ 0.50
1
0
0
2
12
17
17
8
10
1
0
1
1
0
0
0
70


 0.51‑ 0.75
0
0
0
2
25
48
41
22
16
4
2
0
0
0
0
1
161


 0.76‑ 1.00
0
0
0
2
24
50
39
36
11
2
1
0
2
0
0
0
167


 1.01‑ 1.50
0
1
2
6
49
38
36
31
20
7
1
0
0
0
0
1
192


 1.51‑ 2.00
0
0
0
4
15
12
21
26
18
4
0
0
0
0
0
1
101


 2.01‑ 3.00
0
0
0
0
8
3
12
47
20
5
1
0
0
0
0
0
96


 3.01‑ 5.00
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
0
3


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
1
1
2
16
133
168
166
170
98
23
5
1
3
0
0
3
818


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















45


 0.35‑ 0.50
3
0
2
7
16
23
19
13
14
4
3
1
4
1
2
1
113


 0.51‑ 0.75
4
7
10
9
35
52
50
29
22
11
4
4
1
1
0
2
241


 0.76‑ 1.00
5
4
3
14
49
66
46
46
25
9
5
3
5
2
1
2
285


 1.01‑ 1.50
11
12
22
41
95
66
55
58
55
28
23
19
8
10
3
8
514


 1.51‑ 2.00
14
25
20
22
52
54
77
55
67
67
27
27
21
17
13
18
576


 2.01‑ 3.00
73
64
44
40
47
56
80
164
169
171
105
59
66
71
58
59
1,326


 3.01‑ 5.00 
135
113
87
17
1
23
51
67
178
133
111
156
186
79
65
83
1,485


 5.01‑ 7.00
21
21
5
1
0
0
1
2
3
24
16
61
63
11
40
29
298


 7.01‑10.00
3
1
0
0
0
0
0
0
0
2
7
9
4
1
7
3
37


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
269
247
193
151
295
340
379
434
533
449
301
339
358
193
189
205
4,920


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,920


TOTAL NUMBER OF MISSING OBSERVATIONS:   288


PERCENT DATA RECOVERY FOR THIS PERIOD:  94.5%


MEAN WIND SPEED FOR THIS PERIOD:   2.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





5.87

5.35

5.75

28.11

26.87

11.42

16.63








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
45
63
23
3
3
4
3
5
6
4
3
18
30
21
26
31
1



B
23
38
15
5
4
4
7
4
4
12
3
34
46
23
22
19
0



C
26
17
19
8
5
5
10
8
10
15
11
30
51
21
26
21
0



D 
88
77
91
43
26
34
50
59
103
102
110
149
175
98
95
80
3



E 
81
47
33
47
54
47
80
120
214
206
144
98
51
28
19
50
3



F
5
4
10
29
70
78
63
68
98
87
25
9
2
2
1
1
10



G 
1
1
2
16
133
168
166
170
98
23
5
1
3
0
0
3
28


 TOTAL 
269
247
193
151
295
340
379
434
533
449
301
339
358
193
189
205
45


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
1
3


 1.51‑ 2.00
0
2
0
0
2
0
1
0
0
0
0
0
0
0
2
1
8


 2.01‑ 3.00
12
4
1
0
2
0
0
1
1
1
0
1
3
8
5
11
50


 3.01‑ 5.00
16
20
10
6
5
0
3
2
5
7
12
7
20
19
13
10
155


 5.01‑ 7.00
5
1
1
1
0
0
0
0
3
5
1
5
20
4
0
1
47


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
1
2
1
0
0
1
5


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
33
27
12
7
9
0
5
3
9
13
15
15
44
31
20
25
268


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
1
3


 1.51‑ 2.00
1
2
1
1
0
1
0
1
0
0
0
0
0
1
0
1
9


 2.01‑ 3.00
8
1
2
1
0
0
0
0
1
2
1
2
3
3
2
5
31


 3.01‑ 5.00
5
8
5
2
0
2
4
2
7
5
1
2
14
12
8
12
89


 5.01‑ 7.00
2
0
0
0
0
0
3
0
1
7
3
5
6
9
1
1
38


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
16
11
8
4
0
4
7
3
9
14
5
9
23
25
12
20
170


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** SEPTEMBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 1.01‑ 1.50
0
1
0
0
0
0
1
0
0
1
0
0
0
1
0
2
6


 1.51‑ 2.00
0
1
1
0
0
0
1
1
2
0
0
0
0
0
0
4
10


 2.01‑ 3.00
4
3
2
0
1
1
3
3
2
1
2
2
6
3
5
3
41


 3.01‑ 5.00
12
6
8
0
1
3
2
5
11
5
3
8
12
11
12
10
109


 5.01‑ 7.00
3
0
4
0
0
0
0
0
4
9
2
2
6
4
2
0
36


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
3
0
1
0
4


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
19
11
15
0
2
4
7
9
19
16
8
12
27
20
20
19
208


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
0
1
1
0
0
1
0
0
0
0
0
1
0
0
4


 0.51‑ 0.75
0
1
1
0
0
0
0
1
0
0
2
0
0
0
0
0
5


 0.76‑ 1.00
0
1
0
3
4
1
1
1
1
0
1
0
2
0
0
1
16


 1.01‑ 1.50
4
4
12
7
9
5
2
0
1
3
2
2
2
3
0
3
59


 1.51‑ 2.00
4
5
5
11
10
4
5
3
7
7
8
9
6
5
2
3
94


 2.01‑ 3.00
30
34
20
17
21
17
24
15
20
21
33
27
18
23
16
16
352


 3.01‑ 5.00
111
51
25
34
11
18
28
32
40
55
48
41
75
63
52
54
738


 5.01‑ 7.00
24
6
7
8
1
2
20
8
14
19
11
26
25
29
43
34
277


 7.01‑10.00
0
0
0
0
0
0
0
1
1
1
1
4
7
8
10
5
38


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
173
102
70
81
57
47
80
62
84
106
106
109
135
132
124
116
1,587


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** SEPTEMBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















7


 0.35‑ 0.50
1
0
1
0
1
0
2
1
0
2
0
1
0
0
1
1
11


 0.51‑ 0.75
0
2
1
3
2
0
1
4
1
0
2
0
1
1
0
0
18


 0.76‑ 1.00
1
0
1
4
6
5
1
0
2
1
0
1
2
0
0
3
27


 1.01‑ 1.50
4
3
9
8
10
5
17
7
10
8
5
4
3
1
1
4
99


 1.51‑ 2.00
8
5
5
11
29
9
21
16
11
13
15
7
4
2
2
2
160


 2.01‑ 3.00
11
10
12
21
31
30
40
44
62
91
56
19
9
7
5
15
463


 3.01‑ 5.00
32
8
8
10
2
5
41
59
109
73
37
53
24
30
23
34
548


 5.01‑ 7.00
3
1
0
0
0
0
4
3
13
8
9
12
11
11
8
18
101


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
1
0
1
0
2
0
4


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
60
29
37
57
81
54
127
134
208
196
125
97
55
52
42
77
1,438


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
1
0
1
1
0
1
2
0
0
0
0
1
0
0
1
8


 0.51‑ 0.75
1
1
0
2
4
2
2
1
3
1
0
0
2
0
0
0
19


 0.76‑ 1.00
1
0
1
3
9
5
9
5
3
1
2
0
2
0
1
0
42


 1.01‑ 1.50
1
0
1
7
13
16
10
6
4
6
2
1
0
0
0
2
69


 1.51‑ 2.00
0
1
0
3
18
14
5
10
8
12
1
1
0
0
1
1
75


 2.01‑ 3.00
1
0
3
1
9
22
21
36
45
32
8
0
0
1
0
2
181


 3.01‑ 5.00
1
0
0
0
0
5
1
9
16
12
0
0
0
0
1
0
45


 5.01‑ 7.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
2


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
5
3
5
17
54
64
49
69
80
64
13
2
5
1
4
6
444


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** SEPTEMBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















8


 0.35‑ 0.50
0
0
0
0
3
6
10
5
2
1
1
0
0
0
1
0
29


 0.51‑ 0.75
0
0
1
0
3
19
25
21
12
2
0
0
0
0
0
1
84


 0.76‑ 1.00
0
1
2
0
11
28
22
16
16
2
2
0
0
0
0
0
100


 1.01‑ 1.50
0
0
0
4
22
48
34
34
18
3
2
1
0
0
0
0
166


 1.51‑ 2.00
1
0
0
0
4
17
17
22
20
0
0
0
0
0
0
0
81


 2.01‑ 3.00
1
0
0
0
3
10
14
26
28
5
3
0
0
0
0
0
90


 3.01‑ 5.00
0
0
0
0
0
0
0
4
2
0
0
0
0
0
0
0
6


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
2
1
3
4
46
128
122
128
98
13
8
1
0
0
1
2
565


STABILITY CLASS  ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















21


 0.35‑ 0.50
1
1
1
2
6
6
13
9
2
3
2
1
1
1
2
2
53


 0.51‑ 0.75
1
4
3
5
9
21
28
27
16
3
4
0
3
1
0
1
126


 0.76‑ 1.00
2
2
4
10
30
39
33
22
22
4
5
1
6
1
1
4
186


 1.01‑ 1.50
9
8
22
26
54
75
65
47
33
21
12
8
5
5
2
13
405


 1.51‑ 2.00
14
16
12
26
63
45
50
53
48
32
24
17
10
8
7
12
437


 2.01‑ 3.00 
67
52
40
40
67
80
102
125
159
153
103
51
39
45
33
52
1,208


 3.01‑ 5.00 
177
93
56
52
19
33
79
113
190
157
101
111
145
135
109
120
1,690


 5.01‑ 7.00
37
8
12
9
1
2
27
11
36
48
26
50
68
57
55
55
502


 7.01‑10.00
0
0
0
0
0
0
0
1
1
1
3
6
12
8
13
6
51


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
308
184
150
170
249
301
397
408
507
422
280
245
289
261
223
265
4,680


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** SEPTEMBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,680


TOTAL NUMBER OF MISSING OBSERVATIONS:   360


PERCENT DATA RECOVERY FOR THIS PERIOD:  92.9%


MEAN WIND SPEED FOR THIS PERIOD:   3.1 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





5.73

3.63

4.44

33.91

30.73

9.49

12.07








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
33
27
12
7
9
0
5
3
9
13
15
15
44
31
20
25
0



B
16
11
8
4
0
4
7
3
9
14
5
9
23
25
12
20
0



C
19
11
15
0
2
4
7
9
19
16
8
12
27
20
20
19
0



D 
173
102
70
81
57
47
80
62
84
106
106
109
135
132
124
116
3



E 
60
29
37
57
81
54
127
134
208
196
125
97
55
52
42
77
7



F
5
3
5
17
54
64
49
69
80
64
13
2
5
1
4
6
3



G 
2
1
3
4
46
128
122
128
98
13
8
1
0
0
1
2
8


 TOTAL 
308
184
150
170
249
301
397
408
507
422
280
245
289
261
223
265
21


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** OCTOBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
2
0
0
0
0
0
0
1
0
0
0
3


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 2.01‑ 3.00
1
1
0
0
0
0
0
0
2
1
0
0
2
0
0
3
10


 3.01‑ 5.00
5
5
4
0
2
2
3
8
2
12
9
4
16
10
2
1
85


 5.01‑ 7.00
0
0
6
0
0
0
2
4
0
2
6
3
6
1
0
0
30


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
2
1
0
0
0
3


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
6
10
1
4
4
5
12
4
15
15
9
26
11
2
4
134


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
1
0
0
1
0
0
0
0
0
0
2


 1.51‑ 2.00
0
1
0
0
1
0
1
0
0
0
0
0
0
0
1
0
4


 2.01‑ 3.00
0
5
1
0
1
6
2
3
1
1
0
0
2
1
2
0
25


 3.01‑ 5.00
3
3
10
2
0
4
11
7
6
5
7
5
8
6
5
4
86


 5.01‑ 7.00
0
0
2
2
1
0
1
2
2
0
2
5
6
3
1
1
28


 7.01‑10.00
0
0
0
0
0
0
0
0
1
0
0
5
0
0
0
0
6


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
9
13
4
3
10
16
12
10
7
9
15
16
10
9
6
152


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** OCTOBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
2
0
0
1
3
1
0
0
0
1
0
0
0
1
0
9


 2.01‑ 3.00
2
1
1
0
4
0
4
1
3
0
0
1
3
5
2
2
29


 3.01‑ 5.00
2
5
19
2
2
3
1
7
5
5
5
4
11
7
9
6
93


 5.01‑ 7.00
0
0
8
3
0
0
0
4
2
2
8
7
12
3
3
0
52


 7.01‑10.00
0
0
0
0
0
0
0
0
0
3
1
5
1
0
0
0
10


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
9
28
5
8
6
6
12
10
10
15
18
27
15
15
8
196


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
1
0
0
0
1
0
1
0
0
0
0
1
0
4


 0.51‑ 0.75
0
0
0
0
1
0
1
0
0
1
1
1
0
0
1
0
6


 0.76‑ 1.00
0
2
1
1
4
2
1
0
1
0
1
1
2
1
0
0
17


 1.01‑ 1.50
2
1
2
2
3
4
3
4
4
2
5
1
2
3
1
2
41


 1.51‑ 2.00
3
4
6
4
10
3
4
6
4
1
5
3
8
5
2
2
70


 2.01‑ 3.00
24
13
32
24
32
18
15
21
29
34
20
12
32
28
26
15
375


 3.01‑ 5.00
49
17
49
31
15
26
41
42
63
65
65
39
68
91
72
72
805


 5.01‑ 7.00 
25
5
9
7
0
0
12
25
57
51
76
44
104
106
126
38
685


 7.01‑10.00
5
0
0
0
0
0
8
11
5
7
16
15
49
57
61
21
255


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
2
3
6
3
0
14


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
108
42
99
70
65
53
85
110
163
162
189
118
268
297
293
150
2,272


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** OCTOBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
1
1
0
0
0
0
1
1
0
0
0
0
4


 0.51‑ 0.75
2
0
1
4
2
1
3
3
1
0
0
2
1
0
1
2
23


 0.76‑ 1.00
0
0
3
2
2
2
1
1
2
3
1
0
1
1
0
0
19


 1.01‑ 1.50
2
3
5
2
12
8
7
4
5
6
5
3
0
1
1
1
65


 1.51‑ 2.00
1
6
15
8
18
15
6
13
6
21
5
1
1
3
2
4
125


 2.01‑ 3.00
8
15
5
23
38
44
45
37
71
92
35
15
8
6
5
13
460


 3.01‑ 5.00
11
6
7
10
8
24
64
74
143
128
57
36
22
18
14
26
648


 5.01‑ 7.00
1
0
2
2
0
1
27
12
22
21
23
6
20
10
13
4
164


 7.01‑10.00
0
0
0
0
0
0
5
5
4
2
1
4
13
17
7
1
59


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
3


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
25
30
38
51
81
96
158
149
254
273
128
68
69
56
43
51
1,571


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
0
2
2
1
1
0
2
0
0
0
0
0
0
0
8


 0.51‑ 0.75
0
1
0
0
2
1
1
3
1
2
0
0
0
1
0
0
12


 0.76‑ 1.00
0
0
1
1
4
2
4
0
1
0
0
0
1
0
0
0
14


 1.01‑ 1.50
0
0
0
5
16
14
5
5
6
1
0
1
0
0
0
2
55


 1.51‑ 2.00
0
0
2
1
8
24
5
6
8
14
5
0
0
1
0
1
75


 2.01‑ 3.00
1
0
0
1
14
26
22
22
35
31
7
0
0
0
2
0
161


 3.01‑ 5.00
0
0
0
0
1
6
5
3
12
1
3
1
0
0
0
0
32


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
1
3
10
47
74
43
39
65
49
15
2
1
2
2
3
360


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** OCTOBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
1
0
1
3
1
1
1
1
0
1
0
1
0
0
11


 0.51‑ 0.75
0
1
0
1
7
6
1
4
3
1
1
0
0
0
0
0
25


 0.76‑ 1.00
0
0
1
0
6
14
13
10
1
3
0
0
0
0
1
0
49


 1.01‑ 1.50
0
1
1
1
17
15
16
18
10
1
1
0
0
0
0
0
81


 1.51‑ 2.00
0
0
0
2
6
18
9
11
4
1
0
1
0
0
0
0
52


 2.01‑ 3.00
0
0
0
1
6
11
17
16
16
3
2
0
0
0
0
0
72


 3.01‑ 5.00
0
0
0
0
0
0
1
10
2
1
0
0
0
0
0
0
14


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
2
3
5
43
67
58
70
37
11
4
2
0
1
1
0
307


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















7


 0.35‑ 0.50
0
0
1
3
4
5
2
2
3
2
1
2
0
1
1
0
27


 0.51‑ 0.75
2
2
1
5
12
10
6
10
5
4
2
3
2
1
2
3
70


 0.76‑ 1.00
0
2
6
4
16
20
19
11
5
6
2
1
4
2
1
0
99


 1.01‑ 1.50
4
6
8
11
50
41
32
31
25
11
11
5
2
4
2
5
248


 1.51‑ 2.00
4
13
23
15
45
63
26
36
22
37
16
5
9
9
6
7
336


 2.01‑ 3.00 
36
35
39
49
95
105
105
100
157
162
64
28
47
40
37
33
1,132


 3.01‑ 5.00 
70
36
89
45
28
65
126
151
233
217
146
89
125
132
102
109
1,763


 5.01‑ 7.00 
26
5
27
14
1
1
42
47
83
76
115
65
148
123
143
43
959


 7.01‑10.00
5
0
0
0
0
0
13
16
10
12
18
31
64
74
68
22
333


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
3
6
6
3
0
18


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL 
147
99
194
146
251
310
371
404
543
527
375
232
407
392
365
222
4,992


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑  8/31/82


*** OCTOBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,992


TOTAL NUMBER OF MISSING OBSERVATIONS:  216


PERCENT DATA RECOVERY FOR THIS PERIOD:  95.9%


MEAN WIND SPEED FOR THIS PERIOD:   3.9 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





2.68

3.04

3.93

45.51

31.47

7.21

6.15


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A 
6
6
10
1
4
4
5
12
4
15
15
9
26
11
2
4
0



B
3
9
13
4
3
10
16
12
10
7
9
15
16
10
9
6
0



C
4
9
28
5
8
6
6
12
10
10
15
18
27
15
15
8
0



D
108
42
99
70
65
53
85
110
163
162
189
118
268
297
293
150
0



E
25
30
38
51
81
96
158
149
254
273
128
68
69
56
43
51
1



F
1
1
3
10
47
74
43
39
65
49
15
2
1
2
2
3
3



G
0
2
3
5
43
67
58
70
37
11
4
2
0
1
1
0
3


 TOTAL 
147
99
194
146
251
310
371
404
543
527
375
232
407
392
365
222
7


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:   10.0 METERS


WIND THRESHOLD AT:   0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
2
0
0
0
0
0
0
0
1
0
5
4
3
3
0
0
18


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
2


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
0
0
0
0
0
0
0
1
0
6
6
3
3
0
0
21


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:   10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
1
1
0
1
0
0
0
1
0
0
0
0
1
0
1
0
6


 3.01‑ 5.00
0
3
1
0
4
1
1
0
2
2
5
4
4
3
1
3
34


 5.01‑ 7.00
1
0
0
0
0
0
0
1
0
2
2
1
6
0
2
0
15


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
1
1
1
0
0
0
3


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
2


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
4
1
1
4
1
1
2
2
4
8
6
13
4
4
3
60


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
1
0
0
0
0
1
0
1
0
0
1
0
4


 2.01‑ 3.00
3
1
0
0
0
2
0
0
1
2
0
1
1
6
1
0
18


 3.01‑ 5.00
0
7
2
2
3
2
1
0
6
2
1
3
5
11
4
0
49


 5.01‑ 7.00
1
0
2
2
0
0
3
0
3
1
6
3
9
3
1
0
34


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
1
2
7
3
0
0
13


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
8
4
4
4
4
6
0
10
6
8
10
22
23
7
0
120


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
1
0
0
1
0
0
0
0
0
0
1
0
0
0
0
3


 0.51‑ 0.75
0
1
1
0
0
1
0
0
1
0
0
0
0
1
0
0
5


 0.76‑ 1.00
0
0
0
0
4
2
0
1
0
2
1
1
4
1
1
1
18


 1.01‑ 1.50
2
5
3
3
7
4
2
2
4
4
1
0
3
0
2
1
43


 1.51‑ 2.00
2
8
7
8
11
9
4
2
8
5
6
4
3
5
12
4
98


 2.01‑ 3.00
31
23
21
22
52
21
21
26
53
36
21
13
33
39
23
23
458


 3.01‑ 5.00 
75
60
62
59
64
47
50
45
85
132
82
54
101
96
84
39
1,135


 5.01‑ 7.00 
18
3
13
26
4
10
51
43
62
92
130
74
111
116
100
36
889


 7.01‑10.00
6
11
1
3
0
1
23
17
8
11
64
76
99
46
64
15
445


10.01‑13.00
1
0
0
0
0
0
0
0
0
0
3
12
1
7
19
2
45


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    0
    0
    0
    0
     2



TOTAL
135
112
108
121
143
95
151
136
221
282
308
237
355
311
305
121
3,141


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS 


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
1
0
0
1
0
0
0
1
0
1
0
0
0
0
4


 0.51‑ 0.75
1
0
1
1
3
0
1
1
3
0
0
0
1
0
1
1
14


 0.76‑ 1.00
2
0
0
0
3
2
3
0
4
0
0
0
1
0
2
0
17


 1.01‑ 1.50
0
1
2
9
6
8
10
4
6
3
3
2
0
0
2
0
56


 1.51‑ 2.00
0
2
5
5
18
18
13
16
9
6
1
5
2
2
3
2
107


 2.01‑ 3.00
2
1
10
22
29
24
18
34
43
37
33
3
5
4
7
3
275


 3.01‑ 5.00
0
0
2
13
15
18
37
31
67
65
46
21
14
7
3
2
341


 5.01‑ 7.00
0
0
0
0
0
4
24
26
41
25
25
18
10
6
2
1
182


 7.01‑10.00
0
0
2
0
0
0
6
3
7
14
12
11
7
2
0
0
64


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
1
1
0
3
6


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    4
    0
    0
    0
    0
     4



TOTAL
5
4
23
50
74
75
112
115
180
151
120
66
41
22
20
12
1,071


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS 


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
1
0
0
4
1
2
0
0
0
0
0
0
0
8


 0.51‑ 0.75
0
1
1
0
0
1
2
1
0
1
0
0
0
0
0
0
7


 0.76‑ 1.00
1
0
1
1
4
5
5
5
1
0
1
0
0
0
1
0
25


 1.01‑ 1.50
0
0
1
2
11
15
7
4
2
3
1
0
0
0
0
0
46


 1.51‑ 2.00
0
0
2
1
11
14
9
9
3
7
0
0
0
0
0
0
56


 2.01‑ 3.00
0
1
1
3
7
14
7
6
19
17
11
0
0
0
0
0
86


 3.01‑ 5.00
0
0
0
1
2
2
3
5
5
0
0
0
0
0
0
0
18


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
2
6
9
35
51
37
31
32
28
13
1
0
0
1
0
248


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑8/31/82


*** NOVEMBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
1
1
0
1
2
3
0
0
0
0
0
0
0
0
8


 0.51‑ 0.75
1
0
0
1
3
2
9
6
5
0
0
1
0
0
0
0
28


 0.76‑ 1.00
0
0
2
1
2
5
6
9
6
1
0
0
0
0
0
0
32


 1.01‑ 1.50
0
0
0
3
9
10
9
10
8
0
0
0
0
0
0
0
49


 1.51‑ 2.00
0
0
0
0
4
6
6
4
5
5
0
0
0
0
0
0
30


 2.01‑ 3.00
0
0
0
2
5
0
3
3
12
0
0
2
0
0
0
0
27


 3.01‑ 5.00
0
0
0
0
1
1
0
0
3
0
0
0
0
0
0
0
5


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
   0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
0
3
8
24
25
35
35
39
6
0
3
0
0
0
0
182


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50
0
1
2
2
1
2
6
4
2
1
0
2
0
0
0
0
23


 0.51‑ 0.75
2
2
3
2
6
4
12
8
9
1
0
1
1
1
1
1
54


 0.76‑ 1.00
3
0
3
2
13
14
14
15
11
3
2
1
5
1
4
1
92


 1.01‑ 1.50
2
6
6
17
33
37
30
20
20
10
5
2
3
0
4
1
196


 1.51‑ 2.00
2
10
14
14
45
47
32
31
25
24
7
10
5
7
16
6
295


 2.01‑ 3.00
37
27
32
50
93
61
49
70
128
92
65
19
40
49
32
26
870


 3.01‑ 5.00
77
70
67
75
89
71
92
81
169
201
139
86
127
120
92
44
1,600


 5.01‑ 7.00
20
3
15
28
4
14
78
70
106
120
164
97
136
125
105
37
1,122


 7.01‑10.00
6
11
3
3
0
1
29
20
15
25
78
91
114
51
64
15
526


10.01‑13.00
1
0
0
0
0
0
0
0
0
0
3
14
3
9
19
5
54


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    6
    0
    0
    0
    0
     6



TOTAL
150
130
145
193
284
251
342
319
485
477
463
329
434
363
337
136
4,843


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑8/31/82


*** NOVEMBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,843


TOTAL NUMBER OF MISSING OBSERVATIONS:  197


PERCENT DATA RECOVERY FOR THIS PERIOD:  96.1%


MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.43

1.24

2.48

64.86

22.11

5.12

3.76


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
2
0
0
0
0
0
0
0
1
0
6
6
3
3
0
0
0



B
2
4
1
1
4
1
1
2
2
4
8
6
13
4
4
3
0



C
4
8
4
4
4
4
6
0
10
6
8
10
22
23
7
0
0



D
135
112
108
121
143
95
151
136
221
282
308
237
355
311
305
121
0



E
5
4
23
50
74
75
112
115
180
151
120
66
41
22
20
12
1



F
1
2
6
9
35
51
37
31
32
28
13
1
0
0
1
0
1



G
1
0
3
8
24
25
35
35
39
6
0
3
0
0
0
0
3


 TOTAL
150
130
145
193
284
251
342
319
485
477
463
329
434
363
337
136
5


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:   0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
0
0
0
0
0
0
0
0
1
0
2
0
1
0
0
6


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
_   0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
1
0
1
0
0
0
0
0
0
0
0
0
2
0
0
4


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:   0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
1
2
1
3
0
0
0
0
0
0
0
0
0
0
7


 3.01‑ 5.00
2
1
0
0
1
1
0
0
0
0
0
2
1
1
0
0
9


 5.01‑ 7.00
0
0
0
0
0
0
0
0
1
1
0
0
2
0
0
0
4


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
1
3
1
0
5


10.01‑13.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
1
1
2
2
4
0
0
2
1
0
2
4
4
1
0
26


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















7


 0.35‑ 0.50
1
0
0
1
0
0
1
1
1
0
0
1
1
0
0
1
8


 0.51‑ 0.75
0
0
1
1
1
1
3
0
1
2
0
0
2
0
0
1
13


 0.76‑ 1.00
1
0
5
5
2
0
0
2
0
0
5
0
0
2
1
1
24


 1.01‑ 1.50
4
3
6
7
12
11
8
6
5
4
4
0
4
0
4
1
79


 1.51‑ 2.00
7
8
9
12
13
14
10
7
9
6
8
4
1
3
2
7
120


 2.01‑ 3.00
20
20
24
44
44
28
24
31
41
30
39
22
21
17
10
24
439


 3.01‑ 5.00
41
42
41
38
55
42
29
37
98
168
179
111
99
79
70
57
1,186


 5.01‑ 7.00
26
21
3
3
2
10
43
34
62
108
149
105
116
109
116
29
936


 7.01‑10.00
9
6
0
3
2
7
7
15
18
35
69
98
72
90
102
44
577


10.01‑13.00
0
0
0
1
0
1
0
0
2
1
12
30
32
14
11
1
105


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0
    0
    2
    2
    0
    0
     0
     4



TOTAL
109
100
89
115
131
114
125
133
237
354
465
373
350
314
316
166
3,498


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















10


 0.35‑ 0.50
1
1
1
0
3
4
3
0
0
0
1
1
0
2
1
2
20


 0.51‑ 0.75
0
1
2
2
4
4
5
3
4
0
0
2
0
1
1
1
30


 0.76‑ 1.00
0
1
1
0
3
4
2
3
8
2
1
1
0
0
0
1
27


 1.01‑ 1.50
1
5
3
7
5
13
5
8
8
4
2
4
1
2
2
2
72


 1.51‑ 2.00
1
2
3
4
12
12
10
14
10
10
8
4
4
2
0
2
98


 2.01‑ 3.00
4
1
10
21
25
24
21
45
36
53
15
5
6
3
0
0
269


 3.01‑ 5.00
4
1
4
10
11
25
36
42
92
62
38
10
4
2
0
2
343


 5.01‑ 7.00
2
1
2
0
0
7
24
53
48
43
38
17
11
5
3
1
255


 7.01‑10.00
0
0
1
0
0
1
8
13
12
21
12
9
4
3
1
1
86


10.01‑13.00
0
0
0
0
0
0
0
0
0
3
3
3
2
0
0
0
11


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
13
13
27
44
63
94
114
181
218
198
118
56
32
20
8
12
1,221


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
1
0
1
1
0
0
0
0
0
0
0
0
3


 0.51‑ 0.75
0
0
0
0
1
2
0
1
0
1
0
0
0
0
1
0
6


 0.76‑ 1.00
0
1
0
0
3
0
4
1
2
2
0
0
0
0
0
0
13


 1.01‑ 1.50
0
0
2
0
1
6
2
1
4
0
1
0
0
0
0
1
18


 1.51‑ 2.00
0
0
0
2
0
0
3
3
3
0
1
0
0
0
0
0
12


 2.01‑ 3.00
0
0
0
3
4
6
6
7
3
2
0
0
0
0
0
0
31


 3.01‑ 5.00
0
0
1
10
0
4
5
0
1
1
0
0
0
0
0
0
22


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
2


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
1
3
15
10
18
21
14
13
6
2
2
0
0
1
1
109


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
1
1
3
1
3
0
0
0
0
0
0
0
0
0
9


 1.01‑ 1.50
0
0
0
1
1
2
3
2
0
0
0
0
0
0
0
0
9


 1.51‑ 2.00
0
0
0
0
0
1
2
2
0
0
0
0
0
0
0
0
5


 2.01‑ 3.00
0
0
0
2
0
1
0
6
0
1
0
0
0
0
0
0
10


 3.01‑ 5.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
1
4
5
5
9
10
0
2
0
0
0
0
0
0
36


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















20


 0.35‑ 0.50
2
1
1
1
4
4
5
2
1
0
1
2
1
2
1
3
31


 0.51‑ 0.75
0
1
3
3
7
7
8
4
5
3
0
2
2
1
2
2
50


 0.76‑ 1.00
1
2
7
6
11
5
9
6
10
4
6
1
0
2
1
2
73


 1.01‑ 1.50
6
8
11
16
19
32
18
17
17
8
7
4
5
2
6
4
180


 1.51‑ 2.00
8
10
12
18
25
27
25
26
22
16
17
8
5
5
2
9
235


 2.01‑ 3.00
24
21
35
72
74
62
51
89
80
86
54
27
27
20
10
24
756


 3.01‑ 5.00
47
45
46
58
67
72
71
79
191
231
217
124
104
82
70
59
1,563


 5.01‑ 7.00
28
22
5
3
2
17
67
87
111
154
187
124
129
114
119
30
1,199


 7.01‑10.00
9
6
1
3
2
8
15
28
30
56
81
108
77
98
104
45
671


10.01‑13.00
0
0
0
1
0
1
0
0
3
4
15
33
34
15
11
1
118


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    2
    0
    0
    0
     4



TOTAL
125
116
121
181
211
235
269
338
470
562
585
435
386
341
326
179
4,900


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:   5,208


TOTAL NUMBER OF VALID OBSERVATIONS:   4,900


TOTAL NUMBER OF MISSING OBSERVATIONS:  308


PERCENT DATA RECOVERY FOR THIS PERIOD:  94.1%


MEAN WIND SPEED FOR THIS PERIOD:  4.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.12

0.08

0.53

71.39

24.92

2.22

0.73


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
1
0
0
0
0
0
0
0
0
1
0
2
0
1
0
0
1



B
0
1
0
1
0
0
0
0
0
0
0
0
0
2
0
0
0



C
2
1
1
2
2
4
0
0
2
1
0
2
4
4
1
0
0



D
109
100
89
115
131
114
125
133
237
354
465
373
350
314
316
166
7



E
13
13
27
44
63
94
114
181
218
198
118
56
32
20
8
12
10



F
0
1
3
15
10
18
21
14
13
6
2
2
0
0
1
1
2



G
0
0
1
4
5
5
9
10
0
2
0
0
0
0
0
0
0


 TOTAL
125
116
121
181
211
235
269
338
470
562
585
435
386
341
326
179
20


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
2
0
0
0
0
0
0
1
0
1
0
4


 0.76‑ 1.00
0
1
0
0
1
1
0
1
0
0
0
0
0
0
0
0
4


 1.01‑ 1.50
1
1
0
1
2
1
1
1
0
1
1
0
0
2
2
3
17


 1.51‑ 2.00
3
7
2
1
3
1
2
1
1
1
0
1
3
3
8
4
41


 2.01‑ 3.00
62
26
8
4
5
6
3
6
8
4
3
10
23
35
41
53
297


 3.01‑ 5.00
120
131
64
21
16
14
24
26
35
33
40
41
148
146
127
103
1,089


 5.01‑ 7.00
15
23
68
9
1
6
7
19
12
17
21
54
130
32
15
14
443


 7.01‑10.00
1
0
16
2
0
0
1
2
4
4
6
28
37
4
4
1
110


10.01‑13.00
0
0
0
0
0
0
0
1
0
0
1
1
1
1
0
0
5


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    0
    0
   0
    0
     2



TOTAL
202
189
158
38
28
31
38
57
60
60
72
137
343
223
198
178
2,014


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.76‑ 1.00
0
0
0
1
0
0
1
0
1
0
0
0
0
0
0
0
3


 1.01‑ 1.50
2
2
1
1
2
2
1
0
0
1
0
0
2
0
2
3
19


 1.51‑ 2.00
3
6
2
2
3
2
3
3
0
0
1
0
0
7
3
4
39


 2.01‑ 3.00
30
29
8
7
9
10
7
7
7
5
3
5
19
29
42
30
247


 3.01‑ 5.00
61
85
58
16
11
15
37
27
28
40
29
63
140
120
68
60
858


 5.01‑ 7.00
13
10
42
10
3
4
13
11
16
29
19
41
131
37
23
18
420


 7.01‑10.00
0
3
11
2
0
0
8
1
5
10
7
33
43
10
6
0
139


10.01‑13.00
0
0
0
0
0
0
1
1
0
0
0
1
2
1
0
0
6


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
109
135
122
39
28
33
71
50
57
85
59
143
337
204
144
116
1,732


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
1
1
0
0
0
0
0
0
0
0
1
0
0
0
0
0
3


 0.51‑ 0.75
1
0
0
0
0
0
0
1
0
1
0
0
0
0
0
0
3


 0.76‑ 1.00
1
0
0
0
1
0
0
2
1
0
1
1
0
2
0
0
9


 1.01‑ 1.50
2
2
0
1
4
1
3
1
0
2
0
0
4
4
2
8
34


 1.51‑ 2.00
4
6
3
3
5
5
2
2
3
3
1
4
1
7
6
14
69


 2.01‑ 3.00
52
17
21
10
17
12
14
21
22
16
14
20
40
56
58
45
435


 3.01‑ 5.00
82
86
98
22
17
24
29
38
53
45
42
84
187
158
127
81
1,173


 5.01‑ 7.00
8
12
41
18
2
3
13
18
39
37
22
72
111
60
25
11
492


 7.01‑10.00
1
2
9
2
0
0
5
2
5
11
23
49
41
21
8
2
181


10.01‑13.00
0
0
0
0
0
0
0
0
2
0
0
5
0
2
0
0
9


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
152
126
172
56
46
45
66
85
125
115
104
235
384
310
226
161
2,408


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















36


 0.35‑ 0.50
5
5
4
7
5
4
5
4
5
1
9
4
4
2
3
2
69


 0.51‑ 0.75
5
5
10
11
9
4
9
5
8
7
10
8
9
1
3
3
107


 0.76‑ 1.00
15
16
18
32
24
11
7
6
6
9
21
10
20
12
8
11
226


 1.01‑ 1.50
49
54
54
79
76
41
33
33
31
37
60
35
48
46
37
51
764


 1.51‑ 2.00
73
95
96
115
92
67
46
50
68
56
72
85
79
96
76
72
1,238


 2.01‑ 3.00
311
310
338
354
326
186
176
209
301
319
303
299
411
384
392
298
4,917


 3.01‑ 5.00
634
476
728
572
290
280
370
390
631
854
876
898
1,253
1,000
790
604
10,646


 5.01‑ 7.00
194
99
234
250
31
74
274
243
345
491
705
950
1,012
701
700
311
6,614


 7.01‑10.00
43
29
81
87
5
31
140
97
91
132
279
652
546
454
366
123
3,156


10.01‑13.00
6
1
5
13
0
2
10
6
10
11
33
152
105
45
44
5
448


   >13.00  
    0
    0
    0
    0
    0
    0
    0
   0
    0
    6
    1
    5
    5
    9
    0
    0
    26



TOTAL
1,335
1,090
1,568
1,520
858
700
1,070
1,043
1,496
1,923
2,369
3,098
3,492
2,750
2,419
1,480
28,247


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















66


 0.35‑ 0.50
4
7
10
6
10
9
7
7
6
12
11
5
5
4
8
9
120


 0.51‑ 0.75
14
14
19
21
23
16
28
17
22
10
14
11
9
10
9
8
245


 0.76‑ 1.00
17
14
21
31
40
33
27
17
34
21
20
15
19
14
13
6
342


 1.01‑ 1.50
28
39
68
92
108
90
83
64
84
68
75
58
50
32
28
29
996


 1.51‑ 2.00
39
59
85
121
179
117
125
121
141
161
120
91
78
38
31
27
1,533


 2.01‑ 3.00
122
120
124
208
296
225
291
414
618
672
445
205
142
112
77
118
4,189


 3.01‑ 5.00
153
95
90
132
91
164
369
467
1,019
723
461
364
201
154
118
166
4,767


 5.01‑ 7.00
22
23
19
10
4
33
165
198
327
220
182
189
105
45
42
47
1,631


 7.01‑10.00
3
1
5
3
0
12
68
61
60
79
55
91
48
24
10
4
524


10.01‑13.00
0
0
0
0
0
0
9
2
5
10
9
9
8
1
1
3
57


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    4
    0
    0
    0
    0
     4



TOTAL
402
372
441
624
751
699
1,172
1,368
2,316
1,976
1,392
1,042
665
434
337
417
14,474


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















63


 0.35‑ 0.50
2
4
1
16
21
14
20
14
16
10
4
1
7
4
3
3
140


 0.51‑ 0.75
11
10
12
15
34
26
25
31
28
21
11
9
7
2
3
1
246


 0.76‑ 1.00
4
3
10
35
74
49
46
43
48
27
20
12
11
5
2
0
389


 1.01‑ 1.50
2
6
20
58
141
119
72
53
91
63
43
18
8
5
1
9
709


 1.51‑ 2.00
11
6
12
46
110
111
102
72
97
116
58
19
8
5
7
3
783


 2.01‑ 3.00
10
4
14
42
106
186
149
257
318
256
92
16
4
4
5
5
1,468


 3.01‑ 5.00
7
6
8
16
9
34
32
48
98
38
26
1
1
3
5
2
334


 5.01‑ 7.00
0
0
0
0
0
0
0
1
4
0
0
3
1
0
1
0
10


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
47
39
77
228
495
539
446
519
700
531
254
80
47
28
27
23
4,143


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















163


 0.35‑ 0.50
2
3
8
13
47
67
76
63
43
15
12
5
3
3
1
1
362


 0.51‑ 0.75
3
6
9
19
88
148
167
127
113
32
6
7
3
2
3
2
735


 0.76‑ 1.00
4
3
14
19
108
187
182
144
129
52
20
4
5
2
1
1
875


 1.01‑ 1.50
2
5
12
46
203
243
194
195
139
64
24
7
7
0
1
3
1,145


 1.51‑ 2.00
2
3
6
25
84
114
121
132
114
30
10
4
2
1
1
2
651


 2.01‑ 3.00
4
1
2
30
58
80
91
197
200
46
14
4
0
1
0
2
730


 3.01‑ 5.00
1
1
0
4
2
5
5
31
26
2
0
0
1
0
0
0
78


 5.01‑ 7.00
1
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
3


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
19
22
51
156
590
844
836
889
764
242
86
31
21
9
7
12
4,742


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 10.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















330


 0.35‑ 0.50
14
20
23
42
83
94
108
88
70
38
37
15
19
13
15
15
694


 0.51‑ 0.75
34
35
50
66
154
196
229
181
171
71
41
35
29
15
19
15
1,341


 0.76‑ 1.00
41
37
63
118
248
281
263
213
219
109
82
42
55
35
24
18
1,848


 1.01‑ 1.50
86
109
155
278
536
497
387
347
345
236
203
118
119
89
73
106
3,684


 1.51‑ 2.00
135
182
206
313
476
417
401
381
424
367
262
204
171
157
132
126
4,354


 2.01‑ 3.00
591
507
515
655
817
705
731
1,111
1,474
1,318
874
559
639
621
615
551
12,283


 3.01‑ 5.00
1,058
880
1,046
783
436
536
866
1,027
1,890
1,735
1,474
1,451
1,931
1,581
1,235
1,016
18,945


 5.01‑ 7.00
253
167
404
297
41
120
472
490
743
795
949
1,309
1,490
875
806
402
9,613


 7.01‑10.00
48
35
122
96
5
43
222
163
165
236
370
853
715
513
394
130
4,110


10.01‑13.00
6
1
5
13
0
2
20
10
17
21
43
169
116
50
45
8
526


   >13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    6
    1
   11
    5
    9
    0
    0
    32



TOTAL
2,266
1,973
2,589
2,661
2,796
2,891
3,699
4,011
5,518
4,932
4,336
4,766
5,289
3,958
3,358
2,387
57,760


CEI PNPP 7 SITE YEAR 10‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:   5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  10.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  61,344


TOTAL NUMBER OF VALID OBSERVATIONS:  57,760


TOTAL NUMBER OF MISSING OBSERVATIONS:  3,584


PERCENT DATA RECOVERY FOR THIS PERIOD:  94.2%


MEAN WIND SPEED FOR THIS PERIOD:  3.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0


PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





3.49

3.00

4.17

48.90

25.06

7.17

8.21


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
202
189
158
38
28
31
38
57
60
60
72
137
343
223
198
178
2



B
109
135
122
39
28
33
71
50
57
85
59
143
337
204
144
116
0



C
152
126
172
56
46
45
66
85
125
115
104
235
384
310
226
161
0



D
1,335
1,090
1,568
1,520
858
700
1,070
1,043
1,496
1,923
2,369
3,098
3,492
2,750
2,419
1,480
36



E
402
372
441
624
751
699
1,172
1,368
2,316
1,976
1,392
1,042
665
434
337
417
66



F
47
39
77
228
495
539
446
519
700
531
254
80
47
28
27
23
63



G
19
22
51
156
590
844
836
889
764
242
86
31
21
9
7
12
163


 TOTAL
2,266
1,973
2,589
2,661
2,796
2,891
3,699
4,011
5,518
4,932
4,336
4,766
5,289
3,958
3,358
2,387
330







Page Setup:


TM - 1.2”

LM – 1.5”

HD - 0.7”

Page setup for 


BM - 0.5”

RM - 1”

FT - 0.7”

pages i-5


TM - 1.3”

LM – 1”

HD - 0.7”

Page setup for 


BM - 0.5”

RM - 1”

FT - 0.7”

pages 6-70 – Landscape.


Under FORMAT/PARAGRAPH the line spacing is – AT LEAST 18.


<APPENDIX 2C>


MONTHLY AND ANNUAL JOINT FREQUENCY


DISTRIBUTIONS FOR PNPP, 60‑METER WINDS


APPENDIX 2C


MONTHLY AND ANNUAL JOINT FREQUENCY


DISTRIBUTIONS(1) FOR PNPP, 60‑METER WINDS


Contents


Type




Period of Record




Page


Annual

Combined Three Concurrent Years



2C‑1


Monthly

Combined Seven Site Years




2C‑6


Annual

Combined Seven Site Years




2C‑66


NOTE:


(1)
Stability based on (T (60‑10 meters) and <Regulatory Guide 1.23>


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *














00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  A


ELEVATION:  60 METERS
DELTA T (60.0 ‑ 10.0) METERS


DIRECTION

1‑3

 4‑7
   8‑12
13‑18   19‑24
   >24
TOTAL





 MILES PER HOUR


N
2
38
42
6
4
0
92


NNE
1
21
55
18
3
0
98


NE
5
14
38
36
15
0
108


ENE
0
2
14
5
3
1
25


E
2
2
9
3
0
0
16


ESE
0
4
4
4
0
0
12


SE
1
7
8
9
0
0
25


SSE
2
4
13
16
1
1
37


S
1
4
17
11
5
2
40


SSW
1
4
9
18
0
2
34


SW
1
5
9
9
3
6
33


WSW
2
4
32
43
23
2
106


W
2
14
59
46
15
4
140


WNW
0
27
38
21
4
0
90


NW
5
29
47
5
2
2
90


NNW
1
42
41
6
2
0
92


TOTALS
26
221
435
256
80
20
1,038


PERIODS OF CALMS  0 HOURS


STABILITY CLASS:  B


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
4
26
23
7
1
0
61


NNE
0
11
12
3
1
0
27


NE
2
13
42
16
11
0
84


ENE
4
5
4
6
4
0
23


E
1
6
9
0
0
0
16


ESE
2
4
11
2
1
0
20


SE
0
7
24
7
3
0
41


SSE
1
8
13
11
2
1
36


S
0
1
13
11
4
0
29


SSW
0
3
7
10
9
0
29


SW
0
1
11
16
4
3
35


WSW
0
2
26
29
17
3
77


W
1
12
34
36
19
10
112


WNW
1
19
36
17
2
2
77


NW
2
25
20
5
2
3
57


NNW
3
27
15
6
2
0
53


TOTALS
21
170
300
182
82
22
777


PERIODS OF CALMS  0 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  C


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
4
15
19
2
3
0
43


NNE
3
8
18
4
0
0
33


NE
3
13
28
20
8
1
73


ENE
3
7
15
13
1
0
39


E
1
7
5
3
0
0
16


ESE
0
10
15
3
0
0
28


SE
1
10
10
7
1
0
29


SSE
1
6
10
15
6
0
38


S
1
4
22
24
6
2
59


SSW
1
10
24
22
7
2
66


SW
2
8
23
13
4
1
51


WSW
2
7
27
33
21
13
103


W
4
18
51
36
14
9
132


WNW
3
41
34
19
14
5
116


NW
2
39
28
11
8
3
91


NNW
5
22
22
4
1
0
54


TOTALS
36
225
351
229
94
36
971


PERIODS OF CALMS  0 HOURS


STABILITY CLASS:  D


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
33
119
188
159
68
24
591


NNE
15
85
111
56
28
14
309


NE
44
130
227
179
67
21
668


ENE
39
125
248
167
78
14
671


E
51
168
248
70
4
2
543


ESE
31
99
160
55
10
5
360


SE
22
66
132
141
71
34
466


SSE
9
48
116
133
85
32
423


S
14
88
171
176
68
13
530


SSW
31
83
234
268
111
29
756


SW
33
124
302
382
206
93
1,140


WSW
26
113
225
346
266
186
1,164


W
35
190
304
354
202
168
1,253


WNW
37
141
195
191
121
127
812


NW
28
170
231
204
137
103
873


NNW
24
98
138
147
82
19
508


TOTALS
474
1,847
3,230
3,028
1,604
884
11,067


PERIODS OF CALMS  11 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  E


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
17
28
55
30
4
3
137


NNE
15
37
40
18
6
4
120


NE
24
57
61
26
8
2
178


ENE
17
48
85
36
8
1
195


E
31
86
141
21
0
0
279


ESE
20
50
94
19
7
0
190


SE
24
70
133
138
52
11
428


SSE
12
42
165
179
55
22
475


S
38
61
239
375
87
24
824


SSW
22
64
272
389
97
21
865


SW
25
78
284
212
62
39
700


WSW
30
68
122
160
64
47
491


W
23
61
84
81
35
26
310


WNW
20
62
50
34
21
17
204


NW
19
37
51
25
15
11
158


NNW
14
45
53
37
7
2
158


TOTALS
351
894
1,929
1,780
528
230
5,712


PERIODS OF CALMS  17 HOURS


STABILITY CLASS:  F


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
7
10
3
1
0
0
21


NNE
7
7
3
2
0
0
19


NE
9
14
5
0
0
0
28


ENE
7
21
27
4
0
0
59


E
12
36
74
27
0
0
149


ESE
8
26
69
17
0
0
120


SE
13
31
62
47
0
0
153


SSE
11
30
48
47
1
0
137


S
15
32
80
114
0
0
241


SSW
9
31
94
112
1
0
247


SW
15
48
86
65
2
0
216


WSW
13
31
56
9
1
0
110


W
6
17
22
4
1
1
51


WNW
3
14
5
0
0
0
22


NW
4
7
4
0
0
0
15


NNW
10
10
3
0
0
0
23


TOTALS
149
365
641
449
6
1
1,611


PERIODS OF CALMS  10 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 10 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


STABILITY CLASS:  G


ELEVATION:  60 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
14
19
3
0
0
0
36


NNE
9
26
8
0
0
0
43


NE
22
34
18
1
0
0
75


ENE
10
49
28
4
0
0
91


E
29
55
57
16
0
0
157


ESE
21
53
82
28
0
0
184


SE
23
56
64
21
0
0
184


SSE
17
49
48
46
2
0
162


S
20
55
78
82
1
0
236


SSW
17
64
71
45
0
0
197


SW
29
85
101
27
1
1
244


WSW
16
52
21
3
0
0
92


W
17
42
16
2
0
0
77


NNW
12
17
1
0
0
0
30


NW
17
18
3
0
0
0
38


NNW
6
17
0
1
0
0
26


TOTALS
281
691
619
276
4
1
1,872


PERIODS OF CALMS  8 HOURS


STABILITY CLASS:   ALL


ELEVATION:  10 METERS
    DELTA T (60.0 ‑ 10.0) METERS


DIRECTION
1‑3
4‑7
8‑12
13‑18
19‑24
>24
TOTAL


MILES PER HOUR


N
81
255
333
205
80
27
981


NNE
50
195
247
101
38
18
649


NE
109
275
419
278
109
24
1,214


ENE
80
257
421
235
94
16
1,103


E
127
360
543
140
4
2
1,176


ESE
82
246
435
128
18
5
914


SE
84
247
453
370
127
45
1,326


SSE
53
187
413
447
152
56
1,308


S
89
245
620
793
171
41
1,959


SSW
81
259
711
864
225
54
2,194


SW
105
349
816
724
282
143
2,419


WSW
91
277
509
623
392
251
2,143


W
88
354
570
559
286
218
2,075


WNW
76
321
359
282
162
151
1,351


NW
77
325
384
250
164
122
1,322


NNW
65
261
272
201
94
21
914


TOTALS
1,338
4,413
7,505
6,200
2,398
1,194
23,048


PERIODS OF CALMS  30 HOURS


* NUS CORPORATION ENVIRONMENTAL SAFEGUARDS DIVISION *









00000080


CEI PERRY 60 METER WINDS (DELTA T 60‑10M) 3 YRS COMBINED


PERIOD OF RECORD:  5/1/72 ‑ 8/31/78


OBSERVATIONS WITH MISSING DATA
3,182


TOTAL OBSERVATIONS FOR THE PERIOD ARE
23,098


PERCENTAGE OCCURRENCE OF STABILITY CLASSES


A

B

C

D

E

F

G


4.49

3.36

4.20

47.98
24.80
7.02

8.14


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
2


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
3
0
1
0
0
0
0
4


 3.01‑ 5.00
0
0
0
0
1
1
0
0
0
1
3
1
0
0
0
1
8


 5.01‑ 7.00
0
0
0
0
0
2
0
0
0
0
2
0
0
0
0
0
4


 7.01‑10.00
0
0
0
0
0
2
0
0
0
0
0
1
0
0
0
0
3


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
6


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
0
1
5
0
0
0
4
5
9
0
0
0
1
25


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50 
0
1
1
1
1
0
2
0
0
0
0
0
1
1
2
1
11


 0.51‑ 0.75
0
0
1
1
3
1
0
0
0
1
1
0
1
0
0
0
9


 0.76‑ 1.00
0
1
0
0
3
3
2
4
1
2
0
0
0
0
0
2
18


 1.01‑ 1.50
3
1
5
4
6
1
1
2
3
2
5
3
5
3
2
3
49


 1.51‑ 2.00
5
2
4
5
6
5
4
3
3
4
5
4
6
6
5
1
68


 2.01‑ 3.00
10
13
18
25
28
15
20
14
12
15
21
17
20
25
18
15
286


 3.01‑ 5.00
34
20
36
64
57
37
36
21
29
38
96
56
79
54
36
27
720


 5.01‑ 7.00
43
11
16
38
22
19
32
23
38
50
131
145
152
99
36
40
895


 7.01‑10.00
9
5
25
28
10
16
10
34
24
34
110
201
198
117
64
9
894


10.01‑13.00
8
8
19
26
0
1
5
10
8
9
26
114
74
76
25
2
411


 
>13.00  
    3
    0
    0
    6
    0
    0
    0
    2
    8
   11
   13
   75
   51
    8
    0
    0
   177



TOTAL
115
62
125
198
136
98
112
113
126
166
408
615
587
389
188
100
3,543

CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
1
0
0
1
0
1
0
0
0
0
0
0
0
3


 0.51‑ 0.75
0
0
1
0
0
0
0
0
0
1
0
0
0
0
0
1
3


 0.76‑ 1.00
1
0
0
0
0
0
0
1
0
0
0
1
0
0
1
0
4


 1.01‑ 1.50
1
1
1
2
1
1
2
2
3
4
1
2
1
1
1
0
24


 1.51‑ 2.00
1
1
3
1
2
1
1
5
3
1
2
2
2
1
1
0
27


 2.01‑ 3.00
1
3
4
6
8
5
6
7
5
13
20
1
6
6
6
2
99


 3.01‑ 5.00
5
7
7
8
22
16
23
23
18
37
46
27
7
17
3
8
274


 5.01‑ 7.00
0
2
2
2
7
17
23
20
24
52
76
42
13
2
4
0
286


 7.01‑10.00
1
0
0
1
0
5
21
34
38
16
19
29
9
5
0
0
178


10.01‑13.00
0
0
0
1
0
1
6
19
8
15
15
19
2
0
0
0
86


 
>13.00   
    0
    0
    0
    0
    0
    0
    0
    2
    2
    3
    5
    7
    2
    0
    0
    0
    21



TOTAL
10
14
18
22
40
46
83
113
102
142
184
130
42
32
16
11
1,007


STABILITY CLASS F


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
2


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
1
3


 1.01‑ 1.50
0
0
1
0
0
0
0
0
1
0
0
0
1
0
0
0
3


 1.51‑ 2.00
0
1
0
0
0
0
1
1
1
0
3
1
0
2
2
0
12


 2.01‑ 3.00
0
0
0
0
3
3
0
1
1
1
5
1
0
0
0
0
15


 3.01‑ 5.00
0
1
2
3
7
8
4
6
11
9
8
6
1
2
0
0
68


 5.01‑ 7.00
0
0
0
0
2
4
2
1
10
6
17
2
0
1
0
0
45


 7.01‑10.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
2
3
3
12
15
8
9
25
16
35
11
3
5
2
1
151

CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
1
1
0
0
0
0
0
0
0
1
0
0
3


 0.76‑ 1.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
1
0
2
0
0
0
0
0
3


 1.51‑ 2.00
0
0
0
1
0
0
1
1
0
2
2
1
1
1
0
0
10


 2.01‑ 3.00
0
0
0
1
1
1
4
2
2
4
2
2
4
0
0
0
23


 3.01‑ 5.00
0
0
0
0
3
7
2
3
10
13
13
1
2
1
0
0
55


 5.01‑ 7.00
0
0
0
0
1
0
0
1
3
6
6
0
0
0
0
0
17


 7.01‑10.00
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
2
6
9
7
8
17
25
25
5
7
3
0
0
115


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















9


 0.35‑ 0.50
0
1
1
2
1
0
3
0
1
0
0
1
1
1
2
1
15


 0.51‑ 0.75
0
0
2
1
4
2
1
0
0
2
1
0
2
1
0
1
17


 0.76‑ 1.00
1
1
0
0
3
3
2
6
1
2
2
1
0
0
1
3
26


 1.01‑ 1.50
4
2
7
6
7
2
3
4
8
6
8
5
7
4
3
3
79


 1.51‑ 2.00
6
4
7
7
8
6
8
10
7
7
12
8
9
10
8
1
118


 2.01‑ 3.00
11
16
22
32
40
24
30
24
20
36
48
22
30
31
24
17
427


 3.01‑ 5.00
39
28
45
75
90
70
65
53
68
98
166
91
89
74
39
36
1,126


 5.01‑ 7.00
43
13
18
40
32
42
57
45
75
114
232
189
165
102
40
40
1,247


 7.01‑10.00
10
5
25
29
10
23
31
68
64
50
129
232
207
123
64
9
1,079


10.01‑13.00
8
8
19
27
0
2
11
29
16
24
41
139
76
76
25
2
503


 
>13.00  
    3
    0
    0
    6
    0
    0
    0
    4
   10
   14
   18
   82
   53
    8
    0
    0
   198



TOTAL
125
78
146
225
195
174
211
243
270
353
657
770
639
430
206
113
4,844

CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/ 1/72 ‑ 8/31/82


*** JANUARY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,844


TOTAL NUMBER OF MISSING OBSERVATIONS:  364


PERCENT DATA RECOVERY FOR THIS PERIOD:  93.0%


MEAN WIND SPEED FOR THIS PERIOD:  6.4 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.04

0.02

0.52

73.14

20.79

3.12

2.37


DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0



B
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0



C
0
0
0
0
1
5
0
0
0
4
5
9
0
0
0
1
0



D
115
62
125
198
136
98
112
113
126
166
408
615
587
389
188
100
5



E
10
14
18
22
40
46
83
113
102
142
184
130
42
32
16
11
2



F
0
2
3
3
12
15
8
9
25
16
35
11
3
5
2
1
1



G
0
0
0
2
6
9
7
8
17
25
25
5
7
3
0
0
1


TOTAL
125
78
146
225
195
174
211
243
270
353
657
770
639
430
206
113
9


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 3.01‑ 5.00
0
0
1
2
0
0
0
0
0
0
0
0
1
0
0
0
4


 5.01‑ 7.00
0
0
1
0
1
0
0
0
0
0
0
3
0
0
0
0
5


 7.01‑10.00
0
0
1
1
0
0
0
0
0
0
0
2
5
0
0
0
9


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
3


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
3
3
1
0
0
0
0
1
1
9
6
0
0
0
24


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 3.01‑ 5.00
0
0
0
0
1
1
1
0
0
0
2
0
1
1
0
0
7


 5.01‑ 7.00
0
0
1
1
1
0
0
0
0
0
1
0
4
0
0
0
8


 7.01‑10.00
0
0
0
2
0
0
0
2
0
0
0
4
1
0
0
0
9


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
2


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
     1



TOTAL
0
0
1
3
2
1
2
2
0
0
3
5
8
1
1
0
29


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
2


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 2.01‑ 3.00
0
0
0
0
1
1
1
1
0
0
0
1
0
0
0
0
5


 3.01‑ 5.00
0
0
1
1
0
0
1
1
1
1
1
0
2
3
2
0
14


 5.01‑ 7.00
0
0
2
2
1
0
0
0
0
0
0
2
4
2
1
0
14


 7.01‑10.00
0
0
0
0
0
0
0
3
0
0
0
2
4
0
4
0
13


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
3
3
2
1
3
5
1
2
2
7
11
5
7
0
52


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
1
1
0
0
0
0
0
0
1
1
0
0
1
0
0
0
5


 0.51‑ 0.75
1
0
0
0
1
1
1
0
0
4
3
0
1
0
0
0
12


 0.76‑ 1.00
1
0
1
0
1
0
0
0
1
0
2
0
1
0
0
0
7


 1.01‑ 1.50
4
2
1
4
0
1
0
0
0
1
3
4
3
1
2
1
27


 1.51‑ 2.00
6
5
5
1
6
12
0
0
2
2
4
5
10
9
5
2
74


 2.01‑ 3.00
13
20
10
10
10
9
3
3
2
7
17
10
25
30
27
7
203


 3.01‑ 5.00
45
46
31
53
62
33
25
10
13
31
34
47
84
52
57
50
673


 5.01‑ 7.00
46
32
63
77
17
19
14
11
17
36
74
65
94
56
79
59
759


 7.01‑10.00
24
18
48
56
1
5
5
11
17
21
42
142
124
45
27
6
592


10.01‑13.00
1
2
17
17
0
0
1
4
8
4
11
34
43
10
3
0
155


 
>13.00  
    0
    0
    3
    1
    0
    0
    0
    2
    0
    0
    2
    7
   11
    1
    0
    0
    27



TOTAL
142
126
179
219
98
80
49
41
61
107
192
314
397
204
200
125
2,536

CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 0.51‑ 0.75
1
1
3
2
1
0
0
0
0
0
1
1
0
0
0
1
11


 0.76‑ 1.00
1
2
0
1
0
1
0
0
1
2
1
2
1
1
0
0
13


 1.01‑ 1.50
2
4
3
1
2
0
1
1
6
3
2
2
1
4
1
3
36


 1.51‑ 2.00
1
0
3
2
4
3
5
2
3
2
2
3
6
2
1
0
39


 2.01‑ 3.00
2
5
11
4
14
13
8
5
6
3
13
13
11
15
6
4
133


 3.01‑ 5.00
12
10
4
7
35
22
10
14
30
45
56
32
31
21
8
10
347


 5.01‑ 7.00
2
1
7
3
10
8
7
24
43
44
36
40
16
19
9
10
279


 7.01‑10.00
0
0
1
2
0
3
7
22
35
49
17
36
7
3
7
0
189


10.01‑13.00
0
0
0
0
0
0
3
12
9
5
2
5
0
2
3
0
41


 
>13.00  
    0
    0
    0
   0
    0
    0
    0
    1
    0
    1
    2
    0
    2
    0
    0
    0
     6



TOTAL
21
23
32
22
66
50
41
81
133
154
132
135
75
67
35
28
1,097


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 0.51‑ 0.75
0
1
1
0
0
0
0
1
0
0
0
0
0
0
0
0
3


 0.76‑ 1.00
0
0
0
0
0
0
1
0
0
1
1
0
0
0
0
0
3


 1.01‑ 1.50
1
0
1
0
0
0
1
2
0
0
2
1
0
1
0
0
9


 1.51‑ 2.00
0
2
1
1
0
0
0
2
0
0
0
3
0
0
0
0
9


 2.01‑ 3.00
0
0
1
1
0
3
4
1
1
2
7
3
4
0
1
0
28


 3.01‑ 5.00
1
1
5
6
6
12
10
2
5
13
18
17
8
2
3
3
112


 5.01‑ 7.00
0
0
0
1
1
6
6
3
13
8
26
12
2
0
0
0
78


 7.01‑10.00
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
3


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
4
9
9
7
21
22
11
19
27
54
36
14
4
4
3
249


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
1
0
1
0
1
0
0
0
0
1
1
1
1
0
7


 0.51‑ 0.75
0
1
1
0
1
0
0
0
1
0
0
0
0
0
1
0
5


 0.76‑ 1.00
0
0
0
1
3
0
2
0
0
0
1
0
2
2
0
0
11


 1.01‑ 1.50
1
0
1
0
4
2
0
1
1
0
2
1
0
1
2
2
18


 1.51‑ 2.00
1
2
1
3
4
0
2
2
0
1
3
1
3
1
1
1
26


 2.01‑ 3.00
1
0
2
7
4
3
4
5
4
4
6
4
6
2
0
1
53


 3.01‑ 5.00
0
1
1
7
2
4
5
5
5
6
19
9
9
1
0
0
74


 5.01‑ 7.00
0
0
0
0
0
6
1
5
3
3
8
4
0
0
0
0
30


 7.01‑10.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
   0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
4
7
18
19
15
15
19
14
14
39
20
21
8
5
4
225


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















7


 0.35‑ 0.50
1
1
1
0
1
0
1
0
1
1
0
2
2
2
1
0
14


 0.51‑ 0.75
2
3
5
2
3
1
1
1
1
5
4
1
1
0
1
1
32


 0.76‑ 1.00
2
2
1
2
4
1
3
0
2
3
6
4
4
3
0
0
37


 1.01‑ 1.50
8
6
6
5
6
3
2
4
7
5
9
9
4
7
6
6
93


 1.51‑ 2.00
8
9
10
7
14
15
8
6
5
5
9
12
19
12
7
3
149


 2.01‑ 3.00
16
25
24
22
29
29
21
15
13
16
44
31
46
47
34
12
424


 3.01‑ 5.00
58
58
43
76
106
72
52
32
54
96
130
105
136
80
70
63
1,231


 5.01‑ 7.00
48
33
74
84
31
39
28
43
76
91
145
126
120
77
89
69
1,173


 7.01‑10.00
24
18
50
61
1
8
12
39
52
73
59
186
141
48
38
6
816


10.01‑13.00
1
2
17
17
0
0
4
16
17
9
13
43
45
12
6
0
202


 
>13.00  
    0
    0
    3
    1
    0
   0
    0
    3
    0
    1
    4
    7
   14
    1
    0
    0
    34



TOTAL
168
157
234
277
195
168
132
159
228
305
423
526
532
289
252
160
4,212


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** FEBRUARY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  4,728


TOTAL NUMBER OF VALID OBSERVATIONS:  4,212


TOTAL NUMBER OF MISSING OBSERVATIONS:  516


PERCENT DATA RECOVERY FOR THIS PERIOD:  89.1%


MEAN WIND SPEED FOR THIS PERIOD:  5.5 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.57

0.69

1.23

60.21

26.04

5.91

5.34








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
0
0
3
3
1
0
0
0
0
1
1
9
6
0
0
0
0



B
0
0
1
3
2
1
2
2
0
0
3
5
8
1
1
0
0



C
0
0
3
3
2
1
3
5
1
2
2
7
11
5
7
0
0



D
142
126
179
219
98
80
49
41
61
107
192
314
397
204
200
125
2



E
21
23
32
22
66
50
41
81
133
154
132
135
75
67
35
28
2



F
2
4
9
9
7
21
22
11
19
27
54
36
14
4
4
3
3



G
3
4
7
18
19
15
15
19
14
14
39
20
21
8
5
4
0


TOTAL
168
157
234
277
195
168
132
159
228
305
423
526
532
289
252
160
7


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
1
3
3
0
2
1
8
0
1
0
0
1
0
0
2
22


 5.01‑ 7.00
0
0
8
3
0
0
0
3
2
1
1
0
3
3
0
0
24


 7.01‑10.00
0
0
15
2
0
1
0
5
2
0
0
6
2
2
0
0
35


10.01‑13.00
0
0
2
0
0
0
0
2
1
0
1
0
1
1
4
0
12


 
>13.0    
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    1
    0
    0
    0
    0
     3



TOTAL
1
2
28
8
0
3
1
18
5
2
4
7
7
6
5
2
99


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
1
0
0
0
1
0
0
0
0
0
0
1
2
5


 3.01‑ 5.00
1
1
4
1
1
1
2
2
0
0
0
2
0
3
4
3
25


 5.01‑ 7.00
0
0
6
1
0
1
0
3
2
3
2
4
6
3
0
1
32


 7.01‑10.00
1
0
5
4
0
0
2
1
3
1
2
1
7
2
3
3
35


10.01‑13.00
0
0
0
0
0
0
0
1
0
0
0
0
6
0
1
0
8


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
1
15
7
1
2
4
8
5
4
4
7
19
8
9
9
105


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
2


 2.01‑ 3.00
1
0
1
2
0
0
0
0
0
1
0
0
0
1
1
2
9


 3.01‑ 5.00
2
1
2
3
0
2
2
3
3
0
1
1
5
6
3
4
38


 5.01‑ 7.00
0
2
2
3
1
0
5
5
11
4
1
5
19
11
6
2
77


 7.01‑10.00
1
0
3
3
0
0
1
5
8
4
2
2
7
5
2
0
43


10.01‑13.00
0
0
0
1
0
0
0
1
0
1
5
6
6
0
6
0
26


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    4
    0
    0
    0
     6



TOTAL
4
3
8
13
2
2
9
14
22
10
9
16
41
23
18
8
202


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
1
0
1
0
0
1
0
0
0
0
0
0
3


 0.51‑ 0.75
0
0
0
1
0
0
2
1
0
0
1
0
0
0
0
0
5


 0.76‑ 1.00
0
0
1
0
1
1
2
1
0
1
1
0
2
1
1
3
15


 1.01‑ 1.50
3
1
1
3
5
0
0
2
0
1
3
3
1
1
1
3
28


 1.51‑ 2.00
5
1
4
3
4
1
0
2
1
2
2
1
2
6
4
3
41


 2.01‑ 3.00
15
25
10
18
17
11
4
10
3
5
2
9
13
21
32
24
219


 3.01‑ 5.00
30
34
60
74
34
24
11
15
11
10
21
50
75
51
45
30
575


 5.01‑ 7.00
20
21
48
70
43
3
18
41
18
33
34
61
135
39
52
28
664


 7.01‑10.00
14
6
17
48
10
7
34
60
32
29
21
95
92
71
78
24
638


10.01‑13.00
1
0
2
6
0
4
25
23
6
6
13
51
36
30
38
4
245


 
>13.00  
    0
    0
    0
    0
    0
    0
    1
    3
    1
    2
    8
   21
   21
   11
    7
    0
    75



TOTAL
88
88
143
223
115
51
98
158
72
90
106
291
377
231
258
119
2,509


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
1
0
1
0
0
0
0
0
1
0
0
0
0
3


 0.51‑ 0.75
1
0
0
0
1
0
0
0
0
0
0
1
0
0
2
0
5


 0.76‑ 1.00
0
1
0
1
0
0
1
0
0
0
1
0
0
0
0
0
4


 1.01‑ 1.50
1
0
1
0
1
0
0
4
1
0
1
1
3
1
0
0
14


 1.51‑ 2.00
0
2
3
0
2
1
5
0
2
0
1
4
2
1
3
1
27


 2.01‑ 3.00
3
4
8
7
7
6
4
3
5
5
8
5
5
6
12
5
93


 3.01‑ 5.00
3
10
26
29
39
9
13
9
18
14
22
36
19
10
1
3
261


 5.01‑ 7.00
5
3
9
23
12
10
23
19
30
57
38
38
5
6
2
0
280


 7.01‑10.00
0
0
2
1
1
2
26
30
49
45
35
35
24
2
0
0
252


10.01‑13.00
0
0
0
0
0
0
13
16
16
14
5
14
7
0
0
0
85


 
>13.00  
    0
    0
    0
    0
    0
    0
    3
    9
    3
    2
    0
    1
    0
    0
    0
    0
    18



TOTAL
13
20
49
62
63
29
88
90
124
137
111
136
65
26
20
9
1,044


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:   60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
1
0
1
0
0
1
0
4


 1.01‑ 1.50
2
0
0
1
2
1
1
1
1
1
1
0
0
0
0
0
11


 1.51‑ 2.00
0
1
0
0
3
0
1
2
0
2
2
2
0
3
2
0
18


 2.01‑ 3.00
0
1
3
5
2
2
2
2
3
6
4
5
1
3
1
1
41


 3.01‑ 5.00
0
1
2
10
19
8
5
5
6
7
4
12
3
1
0
1
84


 5.01‑ 7.00
0
1
0
3
7
4
18
11
18
21
16
6
2
0
0
0
107


 7.01‑10.00
0
0
0
0
2
0
1
1
5
1
2
0
0
0
0
0
12


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
5
5
19
35
15
29
22
33
39
29
26
6
7
4
2
281


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:   5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 0.76‑ 1.00
1
2
0
1
0
1
1
0
0
0
0
0
0
0
1
0
7


 1.01‑ 1.50
0
3
0
0
1
2
0
1
0
0
3
0
0
0
0
1
11


 1.51‑ 2.00
1
2
1
1
2
1
1
0
1
1
2
2
2
0
0
0
17


 2.01‑ 3.00
0
5
2
2
6
4
3
4
5
8
7
5
6
2
0
0
59


 3.01‑ 5.00
1
1
5
3
16
15
10
10
5
4
5
8
2
0
1
0
86


 5.01‑ 7.00
0
0
0
5
9
6
3
6
1
0
1
5
1
0
0
0
37


 7.01‑10.00
0
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
13
9
12
35
29
19
21
13
13
18
20
11
2
2
1
224


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















7


 0.35‑ 0.50
1
1
1
1
1
1
1
0
0
1
0
1
0
0
0
0
9


 0.51‑ 0.75
1
0
0
1
1
0
4
1
1
0
1
1
0
0
2
0
13


 0.76‑ 1.00
2
3
1
2
1
2
4
1
0
2
2
1
2
1
3
3
30


 1.01‑ 1.50
6
4
2
4
9
3
1
8
2
2
8
4
4
2
2
4
65


 1.51‑ 2.00
7
7
8
5
12
3
7
4
4
5
7
9
6
10
9
4
107


 2.01‑ 3.00
19
35
24
35
32
23
13
20
16
25
21
24
25
33
47
34
426


 3.01‑ 5.00
37
49
102
123
109
61
44
52
43
36
53
109
105
71
54
43
1,091


 5.01‑ 7.00
25
27
73
108
72
24
67
88
82
119
93
119
171
62
60
31
1,221


 7.01‑10.00
16
6
42
58
14
10
65
102
99
80
62
139
132
82
83
27
1,017


10.01‑13.00
1
0
4
7
0
4
38
43
23
21
24
71
56
31
49
4
376


 
>13.00  
    0
    0
    0
    0
    0
    0
    4
   12
    4
    4
   10
   25
   25
   11
    7
    0
   102



TOTAL
115
132
257
344
251
131
248
331
274
295
281
503
526
303
316
150
4,464


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MARCH ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,464


TOTAL NUMBER OF MISSING OBSERVATIONS:  744


PERCENT DATA RECOVERY FOR THIS PERIOD:  85.7%


MEAN WIND SPEED FOR THIS PERIOD:  6.1 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





2.22

2.35

4.53

56.21

23.39

6.29

  5.02








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
1
2
28
8
0
3
1
18
5
2
4
7
7
6
5
2
0



B
2
1
15
7
1
2
4
8
5
4
4
7
19
8
9
9
0



C
4
3
8
13
2
2
9
14
22
10
9
16
41
23
18
8
0



D
88
88
143
223
115
51
98
158
72
90
106
291
377
231
258
119
1



E
13
20
49
62
63
29
88
90
124
137
111
136
65
26
20
9
2



F
4
5
5
19
35
15
29
22
33
39
29
26
6
7
4
2
1



G
3
13
9
12
35
29
19
21
13
13
18
20
11
2
2
1
3


TOTAL
115
132
257
344
251
131
248
331
274
295
281
503
526
303
316
150
7


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
2
0
0
0
0
0
0
0
0
0
2
0
0
3
2
3
12


 3.01‑ 5.00
3
1
3
2
0
0
1
1
3
0
0
2
11
14
11
9
61


 5.01‑ 7.00
3
5
18
2
1
4
1
6
2
0
3
4
9
7
3
3
71


 7.01‑10.00
1
1
13
0
0
0
0
0
2
1
4
12
21
0
2
0
57


10.01‑13.00
0
0
0
0
0
0
0
0
3
1
0
1
10
1
0
0
16


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    1
    0
    0
    0
     3



TOTAL
9
7
34
4
1
4
2
7
10
2
9
21
53
25
18
15
221


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
3
2
0
0
0
1
1
0
0
0
0
0
1
1
3
4
16


 3.01‑ 5.00
6
1
0
0
0
3
4
2
1
0
0
2
3
5
8
7
42


 5.01‑ 7.00
9
3
14
0
0
1
2
1
1
5
4
2
15
13
2
2
74


 7.01‑10.00
3
0
4
1
0
1
1
0
4
5
3
5
25
4
1
3
60


10.01‑13.00
0
0
1
0
0
0
0
0
0
1
1
6
12
2
0
0
23


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    0
    0
    0
     2



TOTAL
21
6
19
1
0
6
8
3
6
11
8
15
58
26
14
16
218


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
1
0
0
0
0
0
0
0
0
0
0
1
0
0
0
2


 0.51‑ 0.75
0
0
0
0
1
0
0
1
0
0
0
0
0
0
0
0
2


 0.76‑ 1.00
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 1.01‑ 1.50
0
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
2


 2.01‑ 3.00
6
2
1
1
2
0
0
0
0
1
0
3
0
3
2
5
26


 3.01‑ 5.00
8
5
5
2
2
0
1
3
2
2
2
2
3
17
14
12
80


 5.01‑ 7.00
0
3
8
5
1
1
1
5
3
1
4
3
19
7
3
2
66


 7.01‑10.00
1
0
6
1
0
1
1
0
7
5
4
7
24
13
3
1
74


10.01‑13.00
1
0
1
0
0
0
0
0
1
0
4
3
8
3
1
0
22



>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    1
    1
    0
    0
    0
    1
    1
    0
     4



TOTAL
17
12
22
10
6
2
3
9
14
10
14
18
56
45
24
20
282


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
1
0
0
0
1
0
0
2


 0.51‑ 0.75
1
0
1
1
1
0
0
0
0
0
1
0
0
0
0
0
5


 0.76‑ 1.00
1
0
1
1
0
0
0
0
0
0
0
2
0
2
0
1
8


 1.01‑ 1.50
0
1
4
1
2
2
0
0
3
3
2
1
4
4
5
3
35


 1.51‑ 2.00
6
4
6
1
2
2
0
0
1
0
5
0
2
6
4
6
45


 2.01‑ 3.00
19
17
10
10
11
3
1
2
5
6
12
10
17
13
25
17
178


 3.01‑ 5.00
22
28
48
34
29
8
12
9
11
11
15
20
49
49
52
32
429


 5.01‑ 7.00
15
18
48
39
11
12
4
12
10
25
25
46
55
54
45
38
457


 7.01‑10.00
14
3
29
22
3
5
17
13
20
39
69
74
102
43
38
37
528


10.01‑13.00
5
0
1
9
0
4
28
13
8
19
24
24
57
11
11
8
222



>13.00  
    2
    2
    3
    3
    0
    1
    4
    2
    2
    3
    2
   15
   20
    8
    1
    0
    68



TOTAL
85
73
151
121
59
37
66
51
60
107
155
192
306
191
181
142
1,979


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
1
0
1
0
0
0
0
0
0
0
1
1
0
4


 0.76‑ 1.00
0
1
1
1
2
0
0
0
1
0
0
0
0
2
1
0
9


 1.01‑ 1.50
1
2
1
2
1
3
2
0
0
0
2
1
0
1
4
3
23


 1.51‑ 2.00
1
2
5
1
0
3
4
1
3
2
0
2
2
1
3
3
33


 2.01‑ 3.00
6
6
4
7
5
6
3
3
1
3
4
4
4
10
7
5
78


 3.01‑ 5.00
11
7
15
31
38
24
17
7
15
12
19
17
16
13
15
13
270


 5.01‑ 7.00
5
6
11
18
18
10
14
24
36
28
33
33
16
14
8
8
282


 7.01‑10.00
0
0
3
4
4
7
8
26
38
38
32
42
26
9
1
2
240


10.01‑13.00
0
0
0
3
0
0
6
3
10
9
9
10
13
4
0
0
67



>13.00  
    0
    0
    0
    0
    0
    0
    1
    1
    0
    1
    3
    3
    2
    0
    0
    0
    11



TOTAL
24
24
40
68
69
54
55
65
104
93
102
112
79
55
40
34
1,018


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
1
1
0
0
0
0
0
1
1
0
0
1
5


 0.76‑ 1.00
1
1
0
0
1
0
2
1
0
0
0
1
0
0
0
1
8


 1.01‑ 1.50
0
2
1
0
1
2
0
3
0
0
0
0
0
0
0
1
10


 1.51‑ 2.00
1
1
2
2
0
1
0
1
0
0
0
1
2
0
2
1
14


 2.01‑ 3.00
3
4
1
7
4
4
5
2
1
0
2
1
2
2
0
0
38


 3.01‑ 5.00
2
1
5
16
26
6
9
4
6
5
13
12
6
1
2
1
115


 5.01‑ 7.00
1
0
1
3
7
15
9
3
8
14
17
7
1
1
0
0
87


 7.01‑10.00
0
0
0
0
0
0
3
4
6
10
5
1
0
0
0
0
29


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
8
9
10
28
40
29
28
18
21
29
37
24
12
4
4
5
307


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.51‑ 0.75
1
0
0
0
0
1
0
0
1
0
0
0
0
0
1
0
4


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
2
1
0
0
0
4


 1.01‑ 1.50
0
0
0
1
1
1
0
2
1
1
1
5
0
2
2
1
18


 1.51‑ 2.00
2
0
1
1
0
0
0
2
1
5
2
0
1
1
4
3
23


 2.01‑ 3.00
3
1
1
6
5
1
3
2
6
5
3
5
8
3
1
1
54


 3.01‑ 5.00
0
1
3
2
14
16
14
6
4
8
19
19
8
0
0
0
114


 5.01‑ 7.00
0
0
0
0
7
11
10
9
6
9
4
3
0
0
0
0
59


 7.01‑10.00
0
0
0
0
0
0
0
3
8
1
0
0
0
0
0
0
12


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
7
2
5
10
27
30
27
24
27
29
29
34
18
6
8
6
291


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50
0
1
0
0
1
0
0
0
0
1
0
0
1
1
0
1
6


 0.51‑ 0.75
2
0
1
2
3
3
0
1
1
0
1
1
1
1
2
1
20


 0.76‑ 1.00
4
3
2
2
3
0
2
1
1
0
0
5
1
4
1
2
31


 1.01‑ 1.50
1
5
7
5
5
8
2
5
4
4
5
7
5
8
11
8
90


 1.51‑ 2.00
10
7
14
5
2
6
4
4
5
7
7
3
8
9
13
13
117


 2.01‑ 3.00
42
32
17
31
27
15
13
9
13
15
23
23
32
35
40
35
402


 3.01‑ 5.00
52
44
79
87
109
57
58
32
42
38
68
74
96
99
102
74
1,111


 5.01‑ 7.00
33
35
100
67
45
54
41
60
66
82
90
98
115
96
61
53
1,096


 7.01‑10.00
19
4
55
28
7
14
30
46
85
99
117
141
198
69
45
43
1,000


10.01‑13.00
6
0
3
12
0
4
34
16
22
30
38
44
100
21
12
8
350


 
>13.00  
    2
    2
    3
    3
    0
    1
    5
    3
    3
    5
    5
   20
   25
    9
    2
    0
    88



TOTAL 
171
133
281
242
202
162
189
177
242
281
354
416
582
352
289
238
4,316


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** APRIL ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,316


TOTAL NUMBER OF MISSING OBSERVATIONS:  724


PERCENT DATA RECOVERY FOR THIS PERIOD:  85.6%


MEAN WIND SPEED FOR THIS PERIOD:  6.0 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





5.12

5.05

6.53

45.85

23.59

7.11

6.74








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SEQ
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
9
7
34
4
1
4
2
7
10
2
9
21
53
25
18
15
0



B
21
6
19
1
0
6
8
3
6
11
8
15
58
26
14
16
0



C
17
12
22
10
6
2
3
9
14
10
14
18
56
45
24
20
0



D
85
73
151
121
59
37
66
51
60
107
155
192
306
191
181
142
2



E
24
24
40
68
69
54
55
65
104
93
102
112
79
55
40
34
0



F
8
9
10
28
40
29
28
18
21
29
37
24
12
4
4
5
1



G
7
2
5
10
27
30
27
24
27
29
29
34
18
6
8
6
2


TOTAL
171
133
281
242
202
162
189
177
242
281
354
416
582
352
289
238
5


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
1
0
1
0
0
1
1
0
0
4


 2.01‑ 3.00
2
2
0
0
0
0
0
1
0
1
0
1
1
0
1
5
14


 3.01‑ 5.00
2
3
3
0
0
1
5
1
2
1
0
6
16
14
12
7
73


 5.01‑ 7.00
0
4
7
0
0
2
8
3
2
4
3
15
27
8
3
0
86


 7.01‑10.00
0
0
9
3
0
3
1
2
0
0
1
10
14
6
1
0
50


10.01‑13.00
0
0
0
1
0
0
0
1
0
0
4
3
0
0
0
0
9


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
9
19
4
0
6
14
9
4
7
8
35
59
29
19
12
238


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
1
0
0
0
1
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 2.01‑ 3.00
1
0
3
0
1
0
0
2
0
1
0
0
0
0
1
2
11


 3.01‑ 5.00
7
6
11
0
0
0
4
2
1
4
2
3
7
8
5
6
66


 5.01‑ 7.00
1
2
14
2
0
1
6
4
2
4
4
1
19
6
2
1
69


 7.01‑10.00
0
0
10
3
0
0
1
2
2
1
1
5
13
1
0
0
39


10.01‑13.00
0
0
1
0
0
0
0
1
1
2
3
1
1
0
0
0
10


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
10
8
39
6
1
1
11
12
6
12
10
10
40
15
9
9
199


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
0
0
1
0
0
0
1
0
1
1
0
0
0
0
1
1
6


 2.01‑ 3.00
0
0
0
1
0
2
2
1
1
1
1
0
4
3
8
5
29


 3.01‑ 5.00
11
13
23
2
0
0
2
5
2
9
3
3
21
32
15
7
148


 5.01‑ 7.00
1
3
13
4
0
0
3
3
2
4
2
3
18
8
5
3
72


 7.01‑10.00
0
1
8
5
0
1
1
2
6
5
0
8
10
6
0
0
53


10.01‑13.00
0
0
0
0
0
0
0
0
3
1
1
6
0
0
0
0
11


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
12
18
45
12
0
3
9
11
15
21
7
20
53
49
30
17
322


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
1
2
0
0
0
0
1
0
0
0
0
0
0
0
4


 0.51‑ 0.75
0
0
0
1
0
0
0
0
0
0
0
0
1
0
0
0
2


 0.76‑ 1.00
4
0
3
0
3
0
0
2
1
1
1
1
0
3
0
1
20


 1.01‑ 1.50
8
3
6
4
5
1
0
0
0
2
4
3
6
5
3
6
56


 1.51‑ 2.00
11
8
9
7
2
1
1
1
2
2
2
7
4
15
10
8
90


 2.01‑ 3.00
20
24
29
15
19
11
10
8
5
6
13
15
35
41
42
30
323


 3.01‑ 5.00
33
48
84
69
36
30
14
21
19
22
26
56
104
83
53
40
738


 5.01‑ 7.00
18
11
50
47
7
16
27
28
31
31
20
42
62
19
24
20
453


 7.01‑10.00
9
7
26
32
2
4
29
23
25
23
14
53
38
22
11
6
324


10.01‑13.00
0
0
7
4
0
0
11
6
7
4
0
23
11
0
0
1
74


 
>13.00  
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
    0
    0
    0
    0
    0
    0
     1



TOTAL
103
101
215
181
74
63
93
89
91
91
80
200
261
188
143
112
2,085


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
3
0
1
0
0
0
0
0
1
0
2
0
0
0
0
1
8


 0.76‑ 1.00
0
1
2
0
2
0
0
1
1
0
0
0
1
0
1
0
9


 1.01‑ 1.50
3
1
1
1
1
1
2
2
2
3
2
5
3
6
2
0
35


 1.51‑ 2.00
6
0
2
3
7
1
2
3
3
3
0
3
5
2
4
5
49


 2.01‑ 3.00
7
9
19
9
15
4
2
4
8
8
7
15
13
19
11
7
157


 3.01‑ 5.00
11
17
23
27
41
19
20
25
22
24
36
23
23
21
21
8
361


 5.01‑ 7.00
8
6
9
13
10
11
24
31
43
61
25
18
11
2
8
2
282


 7.01‑10.00
4
13
6
2
1
1
25
27
29
24
9
5
4
0
1
1
152


10.01‑13.00
0
1
4
0
0
0
4
1
2
0
0
2
1
0
0
0
15


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
42
48
67
55
78
37
79
94
111
123
81
71
61
50
48
24
1,069


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2


 0.51‑ 0.75
1
0
0
0
0
0
0
0
0
1
0
0
0
0
1
1
4


 0.76‑ 1.00
0
0
0
0
1
0
2
0
1
0
0
0
0
0
0
1
5


 1.01‑ 1.50
0
0
0
0
0
2
1
0
2
0
1
0
0
1
2
1
10


 1.51‑ 2.00
4
3
2
1
1
0
0
0
1
1
2
2
0
4
1
2
24


 2.01‑ 3.00
3
1
7
4
4
3
3
3
2
1
12
6
3
5
3
0
60


 3.01‑ 5.00
2
3
8
14
36
3
9
9
10
5
15
20
9
2
2
2
149


 5.01‑ 7.00
0
0
3
5
13
22
23
15
28
28
20
7
1
0
0
0
165


 7.01‑10.00
0
0
0
0
0
1
8
2
7
4
5
2
0
0
0
0
29


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
10
7
20
24
55
31
46
29
51
40
55
37
13
12
9
9
448


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
1
0
0
0
0
0
0
0
0
1
1
1
0
0
0
0
4


 0.51‑ 0.75
0
0
1
0
0
2
0
0
1
0
0
0
0
0
0
0
4


 0.76‑ 1.00
0
0
2
1
0
0
1
0
1
2
2
3
2
0
1
1
16


 1.01‑ 1.50
1
1
2
0
1
2
0
2
4
1
3
5
4
2
2
3
33


 1.51‑ 2.00
1
2
4
5
10
0
6
3
1
2
6
2
8
4
3
2
59


 2.01‑ 3.00
5
2
2
7
11
7
9
7
3
9
17
14
13
7
8
4
125


 3.01‑ 5.00
1
4
10
8
26
27
21
5
9
15
31
28
8
1
0
1
195


 5.01‑ 7.00
1
0
2
1
11
22
21
18
7
22
16
1
1
0
0
0
123


 7.01‑10.00
0
0
0
0
0
5
5
4
7
3
4
0
0
0
0
0
28


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0



>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
10
9
23
22
59
65
63
39
33
55
80
54
36
14
14
11
591


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
1
1
1
2
1
0
0
0
1
1
1
1
0
0
0
2
12


 0.51‑ 0.75
4
0
2
1
0
2
0
0
2
1
2
0
1
0
1
3
19


 0.76‑ 1.00
5
1
7
1
6
0
3
3
4
3
3
4
3
3
2
3
51


 1.01‑ 1.50
12
5
9
6
7
6
3
5
8
6
10
13
13
14
12
10
139


 1.51‑ 2.00
22
13
18
16
20
2
10
8
8
10
10
14
18
26
20
18
233


 2.01‑ 3.00
38
38
60
36
50
27
26
26
19
27
50
51
69
75
74
53
719


 3.01‑ 5.00
67
94
162
120
139
80
75
68
65
80
113
139
188
161
108
71
1,730


 5.01‑ 7.00
29
26
98
72
41
74
112
102
115
154
90
87
139
43
42
26
1,250


 7.01‑10.00
13
21
59
45
3
15
70
62
76
60
34
83
79
35
13
7
675


10.01‑13.00
0
1
12
5
0
0
15
9
13
7
8
35
13
0
0
1
119



>13.00  
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
    0
    0
    0
    0
    0
    0
     1



TOTAL
191
200
428
304
267
206
315
283
311
349
321
427
523
357
272
194
4,952


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** MAY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,952


TOTAL NUMBER OF MISSING OBSERVATIONS:  256


PERCENT DATA RECOVERY FOR THIS PERIOD:  95.1%


MEAN WIND SPEED FOR THIS PERIOD:  4.8 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





4.81

4.02

6.50

42.10

21.59

9.05

11.93








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
4
9
19
4
0
6
14
9
4
7
8
35
59
29
19
12
0



B
10
8
39
6
1
1
11
12
6
12
10
10
40
15
9
9
0



C
12
18
45
12
0
3
9
11
15
21
7
20
53
49
30
17
0



D
103
101
215
181
74
63
93
89
91
91
80
200
261
188
143
112
0



E
42
48
67
55
78
37
79
94
111
123
81
71
61
50
48
24
0



F
10
7
20
24
55
31
46
29
51
40
55
37
13
12
9
9
0



G
10
9
23
22
59
65
63
39
33
55
80
54
36
14
14
11
4


TOTAL
191
200
428
304
267
206
315
283
311
349
321
427
523
357
272
194
4


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
3
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
4


 2.01‑ 3.00
3
1
3
2
1
0
1
3
2
0
0
0
2
7
5
4
34


 3.01‑ 5.00
9
18
4
0
2
0
0
1
3
1
1
9
12
21
19
16
116


 5.01‑ 7.00
0
11
8
0
0
0
1
1
6
8
4
11
29
6
7
2
94


 7.01‑10.00
0
1
0
0
0
0
1
2
0
1
0
16
7
0
2
3
33


10.01‑13.00
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
2


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
16
31
15
2
3
0
3
9
11
10
5
36
51
34
34
25
285


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1
2


 1.51‑ 2.00
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
3


 2.01‑ 3.00
3
0
1
0
0
1
1
1
0
0
1
0
0
4
6
1
19


 3.01‑ 5.00
5
8
5
0
2
0
0
2
3
3
2
5
24
16
8
5
88


 5.01‑ 7.00
0
1
0
2
0
0
2
1
3
9
3
10
36
6
5
0
78


 7.01‑10.00
0
0
2
1
0
0
0
1
1
5
0
6
15
1
1
1
34


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
3
0
2
1
7


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
8
9
11
4
2
2
3
5
7
17
6
22
78
27
22
9
232


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
2


 1.01‑ 1.50
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 2.01‑ 3.00
1
3
2
0
0
0
0
2
2
0
1
0
2
5
8
5
31


 3.01‑ 5.00
5
7
10
2
0
0
2
1
8
3
4
6
26
20
15
10
119


 5.01‑ 7.00
0
3
2
1
0
0
0
2
6
7
5
6
24
4
3
0
63


 7.01‑10.00
0
0
5
0
0
0
0
1
2
6
1
8
7
2
2
2
36


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
4
3
1
2
1
12


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
7
13
19
3
0
0
3
6
18
16
12
25
62
33
31
18
266


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
2


 0.51‑ 0.75
0
0
1
0
1
0
0
0
0
0
0
1
0
0
0
0
3


 0.76‑ 1.00
3
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
5


 1.01‑ 1.50
4
4
5
0
2
0
0
0
0
2
3
4
4
1
3
1
33


 1.51‑ 2.00
2
5
4
7
3
5
0
2
0
3
1
4
5
7
7
5
60


 2.01‑ 3.00
14
23
17
18
12
4
2
3
4
10
13
19
21
31
38
16
245


 3.01‑ 5.00
19
28
33
22
11
5
16
11
30
36
49
45
69
61
49
29
513


 5.01‑ 7.00
14
12
28
17
2
0
3
28
37
48
27
56
33
35
34
31
405


 7.01‑10.00
9
1
1
5
1
0
2
11
14
15
27
33
39
14
29
14
215


10.01‑13.00
6
0
0
0
0
0
0
0
1
0
3
12
12
12
15
3
64


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    4
   11
    0
    16



TOTAL
71
73
89
69
32
15
24
55
86
114
124
175
184
165
186
99
1,562


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
2
0
0
0
1
0
0
1
2
0
0
0
0
0
6


 0.76‑ 1.00
0
0
0
0
1
2
0
0
1
0
1
2
0
0
1
0
8


 1.01‑ 1.50
1
0
0
3
3
0
2
1
1
1
2
0
0
0
2
0
16


 1.51‑ 2.00
1
0
1
3
4
2
2
0
1
1
1
5
2
1
1
2
27


 2.01‑ 3.00
7
4
5
9
9
7
5
3
3
6
7
13
8
8
8
10
112


 3.01‑ 5.00
12
10
23
7
17
9
12
30
37
39
42
20
18
13
15
33
337


 5.01‑ 7.00
7
3
3
2
2
0
15
41
106
112
52
19
16
4
6
24
412


 7.01‑10.00
3
0
1
0
0
0
3
10
34
38
16
7
3
0
2
5
122


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
5
1
0
1
0
8


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
    0
    1
    0
     2



TOTAL
31
17
35
24
36
20
40
85
183
200
124
71
48
26
37
74
1,051


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
2


 0.76‑ 1.00
1
0
0
1
0
0
0
0
2
0
0
0
0
0
0
0
4


 1.01‑ 1.50
1
0
0
2
1
1
1
3
1
0
1
0
1
3
0
2
17


 1.51‑ 2.00
1
0
0
3
3
0
1
1
1
0
2
0
1
1
1
1
16


 2.01‑ 3.00
2
2
1
2
5
2
0
4
9
6
10
8
6
3
5
2
67


 3.01‑ 5.00
1
2
4
4
9
13
8
9
14
14
13
13
3
1
1
1
110


 5.01‑ 7.00
0
0
0
1
0
7
12
17
41
50
18
3
1
0
0
0
150


 7.01‑10.00
0
0
0
0
0
0
0
1
7
12
3
1
0
0
0
0
24


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
4
5
13
18
26
22
35
75
82
47
25
12
8
7
6
392


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
0
0
0
1
1
0
0
0
2
0
0
2
0
1
0
0
7


 0.76‑ 1.00
0
0
1
0
0
0
0
1
0
0
0
0
0
0
1
0
3


 1.01‑ 1.50
0
1
2
1
2
2
3
1
3
0
0
3
0
1
2
1
22


 1.51‑ 2.00
1
2
2
6
3
2
3
0
2
1
3
2
3
3
4
1
38


 2.01‑ 3.00
2
12
6
1
11
7
9
6
12
8
12
4
9
5
6
2
112


 3.01‑ 5.00
2
2
1
6
15
20
16
15
21
23
41
4
2
2
2
0
172


 5.01‑ 7.00
0
0
0
1
6
15
27
19
25
46
23
3
0
0
0
0
165


 7.01‑10.00
0
0
0
0
0
0
0
7
12
9
5
0
0
0
0
0
33


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
5
17
12
17
38
47
58
49
77
87
84
18
14
12
15
4
554


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
1
0
2
1
0
0
1
0
0
1
0
0
0
6


 0.51‑ 0.75
0
0
3
1
2
2
1
0
2
1
2
3
0
1
0
0
18


 0.76‑ 1.00
5
0
1
2
1
3
0
1
3
0
1
4
0
0
2
0
23


 1.01‑ 1.50
6
5
7
6
8
4
7
7
5
3
6
7
5
5
8
5
94


 1.51‑ 2.00
8
7
10
19
13
9
6
3
4
5
7
11
11
13
14
9
149


 2.01‑ 3.00
32
45
35
32
38
21
18
22
32
30
44
44
48
63
76
40
620


 3.01‑ 5.00
53
75
80
41
56
47
54
69
116
119
152
102
154
134
109
94
1,455


 5.01‑ 7.00
21
30
41
24
10
22
60
109
224
280
132
108
139
55
55
57
1,367


 7.01‑10.00
12
2
9
6
1
0
6
33
70
86
52
71
71
17
36
25
497


10.01‑13.00
7
0
0
0
0
0
0
0
1
0
5
2
20
13
20
5
93


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    1
    0
    0
    4
   12
    0
    18



TOTAL
144
164
186
132
129
110
153
244
457
526
402
372
449
305
332
235
4,342


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JUNE ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.00 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,342


TOTAL NUMBER OF MISSING OBSERVATIONS:  698


PERCENT DATA RECOVERY FOR THIS PERIOD:  86.2%


MEAN WIND SPEED FOR THIS PERIOD:  4.9 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





6.56

5.34

6.13

35.97

24.21

9.03

12.76








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
16
31
15
2
3
0
3
9
11
10
5
36
51
34
34
25
0



B
8
9
11
4
2
2
3
5
7
17
6
22
78
27
22
9
0



C
7
13
19
3
0
0
3
6
18
16
12
25
62
33
31
18
0



D
71
73
89
69
32
15
24
55
86
114
124
175
184
165
186
99
1



E
31
17
35
24
36
20
40
85
183
200
124
71
48
26
37
74
0



F
6
4
5
13
18
26
22
35
75
82
47
25
12
8
7
6
1



G
5
17
12
17
38
47
58
49
77
87
84
18
14
12
15
4
0


TOTAL
144
164
186
132
129
110
153
244
457
526
402
372
449
305
332
235
2


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 1.51‑ 2.00
1
1
0
0
0
0
0
1
0
0
0
0
1
0
1
0
5


 2.01‑ 3.00
12
1
1
0
0
2
0
0
0
0
0
1
3
4
7
8
39


 3.01‑ 5.00
36
19
6
1
7
3
4
2
2
0
0
2
14
40
38
30
204


 5.01‑ 7.00
2
17
16
0
1
4
0
0
2
3
2
2
16
8
7
4
84


 7.01‑10.00
2
0
0
0
0
0
0
0
0
0
0
2
7
1
0
2
14


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
53
38
23
1
8
10
4
3
4
3
2
7
41
53
54
44
348


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1


 2.01‑ 3.00
7
4
1
0
1
1
1
0
0
1
0
1
2
6
6
4
35


 3.01‑ 5.00
15
11
5
2
2
0
2
1
2
3
0
4
18
27
12
11
115


 5.01‑ 7.00
1
7
2
0
0
3
0
0
1
1
2
3
10
5
3
2
40


 7.01‑10.00
0
1
0
0
0
0
0
0
0
1
0
1
10
0
2
2
17


10.01‑13.00
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
23
24
8
3
3
4
3
1
3
7
2
9
40
39
23
20
212


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
2


 1.01‑ 1.50
1
0
1
0
0
1
0
0
0
0
0
0
0
2
0
0
5


 1.51‑ 2.00
5
1
1
0
0
1
0
1
0
0
0
1
0
3
1
2
16


 2.01‑ 3.00
12
3
2
0
2
2
1
0
2
0
3
0
5
15
11
9
67


 3.01‑ 5.00
16
20
5
3
1
3
1
2
2
9
4
5
22
13
11
14
131


 5.01‑ 7.00
0
2
5
0
0
4
2
2
1
2
8
4
10
10
7
5
62


 7.01‑10.00
1
0
0
0
0
0
0
0
0
2
0
6
5
1
1
1
17


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
36
26
14
3
3
11
4
5
5
13
15
17
43
44
31
31
301


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
1
0
1
0
0
0
1
1
0
1
0
0
0
0
0
0
5


 0.76‑ 1.00
0
0
1
1
0
2
0
2
1
0
1
0
1
0
1
0
10


 1.01‑ 1.50
2
2
4
3
3
1
1
1
0
1
2
2
1
3
2
1
29


 1.51‑ 2.00
9
6
4
4
8
1
1
2
3
2
5
6
6
9
5
4
75


 2.01‑ 3.00
25
26
14
20
18
6
2
7
2
10
12
14
24
17
25
20
242


 3.01‑ 5.00
28
20
42
9
18
19
16
23
26
40
45
32
63
42
27
33
483


 5.01‑ 7.00
25
14
13
7
7
9
7
19
28
47
36
27
32
11
8
23
313


 7.01‑10.00
8
0
1
0
0
1
2
2
2
23
13
17
21
16
5
11
122


10.01‑13.00
0
0
0
0
0
0
0
0
1
1
0
3
1
0
1
0
7


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
98
68
80
44
54
39
30
57
63
125
114
101
149
98
74
92
1,286


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
1
0
0
1
0
0
0
0
2


 0.51‑ 0.75
0
1
1
0
0
0
0
0
0
0
0
0
0
1
0
0
3


 0.76‑ 1.00
0
1
2
0
0
0
0
0
0
0
0
0
0
1
1
1
6


 1.01‑ 1.50
1
1
1
1
4
2
1
3
0
1
3
1
0
0
1
0
20


 1.51‑ 2.00
0
3
2
5
5
3
4
0
1
2
2
4
2
1
1
1
36


 2.01‑ 3.00
6
10
8
10
8
9
2
4
6
3
4
9
3
12
4
2
100


 3.01‑ 5.00
25
18
17
13
18
18
20
29
28
49
51
34
19
10
11
19
379


 5.01‑ 7.00
22
10
1
1
1
4
23
29
76
133
48
31
7
7
5
19
417


 7.01‑10.00
1
0
0
0
0
0
2
5
19
33
12
8
7
0
1
3
91


10.01‑13.00
0
0
0
0
0
0
0
0
0
3
0
0
0
0
0
0
3


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
55
44
32
30
36
36
52
70
131
224
120
88
38
32
24
45
1,057


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1
2


 0.76‑ 1.00
0
1
0
2
0
0
1
1
0
0
1
0
0
0
0
0
6


 1.01‑ 1.50
0
2
0
1
3
0
0
2
2
1
3
1
1
4
0
0
20


 1.51‑ 2.00
0
2
3
2
3
2
1
2
1
3
1
2
4
1
2
1
30


 2.01‑ 3.00
2
6
5
5
8
4
9
2
5
3
8
7
1
1
1
0
67


 3.01‑ 5.00
1
0
5
8
19
15
14
9
13
25
25
16
4
3
5
1
163


 5.01‑ 7.00
0
0
0
0
4
7
13
23
36
28
20
6
0
0
0
1
138


 7.01‑10.00
0
0
0
0
0
0
0
1
6
0
0
0
0
0
0
0
7


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
11
13
18
37
28
39
40
64
60
58
32
10
9
8
4
434


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
1
0
0
1
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
2
0
1
0
0
1
0
1
0
0
1
0
1
2
1
0
10


 0.76‑ 1.00
1
0
2
1
1
1
2
1
1
1
1
0
2
1
2
0
17


 1.01‑ 1.50
2
3
4
4
5
5
3
3
2
1
6
4
6
2
4
2
56


 1.51‑ 2.00
1
2
5
4
2
7
6
6
6
4
4
7
3
2
3
0
62


 2.01‑ 3.00
5
8
10
15
15
10
23
18
10
14
18
15
6
5
6
11
189


 3.01‑ 5.00
3
4
3
11
22
29
22
14
24
23
34
32
6
0
0
2
229


 5.01‑ 7.00
0
0
0
2
3
23
20
29
29
20
14
1
1
0
0
0
142


 7.01‑10.00
0
0
0
0
0
0
0
1
6
1
0
0
0
0
0
0
8


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
14
17
26
37
48
77
76
73
78
64
78
59
25
12
16
15
717


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
1
0
0
1
0
0
2
0
0
1
0
0
0
0
5


 0.51‑ 0.75
3
1
3
0
0
1
2
2
0
1
1
0
1
3
1
1
20


 0.76‑ 1.00
2
2
5
5
1
4
3
4
2
1
3
0
4
2
4
1
43


 1.01‑ 1.50
6
9
10
9
15
9
5
9
4
4
14
8
8
11
8
4
133


 1.51‑ 2.00
16
15
15
15
18
14
12
12
11
11
12
20
16
17
13
8
225


 2.01‑ 3.00
69
58
41
50
52
34
38
31
25
31
45
47
44
60
60
54
739


 3.01‑ 5.00
124
92
83
47
87
87
79
80
97
149
159
125
146
135
104
110
1,704


 5.01‑ 7.00
50
50
37
10
16
54
65
102
173
234
130
74
76
41
30
54
1,196


 7.01‑10.00
12
1
1
0
0
1
4
9
33
60
25
34
50
18
9
19
276


10.01‑13.00
0
0
0
0
0
0
0
0
1
5
0
4
1
0
1
0
12


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
282
228
196
136
189
205
208
249
348
496
389
313
346
287
230
251
4,355


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** JULY ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,355


TOTAL NUMBER OF MISSING OBSERVATIONS:  853


PERCENT DATA RECOVERY FOR THIS PERIOD:  83.6%


MEAN WIND SPEED FOR THIS PERIOD:  4.3 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





7.99

4.87

6.91

29.53

24.27

9.97

16.46








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
53
38
23
1
8
10
4
3
4
3
2
7
41
53
54
44
0



B
23
24
8
3
3
4
3
1
3
7
2
9
40
39
23
20
0



C
36
26
14
3
3
11
4
5
5
13
15
17
43
44
31
31
0



D
98
68
80
44
54
39
30
57
63
125
114
101
149
98
74
92
0



E
55
44
32
30
36
36
52
70
131
224
120
88
38
32
24
45
0



F
3
11
13
18
37
28
39
40
64
60
58
32
10
9
8
4
0



G
14
17
26
37
48
77
76
73
78
64
78
59
25
12
16
15
2


TOTAL
282
228
196
136
189
205
208
249
348
496
389
313
346
287
230
251
2


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
2
1
0
1
0
1
0
0
0
0
1
0
1
3
1
11


 2.01‑ 3.00
3
6
2
0
0
0
1
0
0
1
1
1
1
5
3
7
31


 3.01‑ 5.00
34
31
19
4
2
2
0
1
9
0
1
5
6
12
10
21
157


 5.01‑ 7.00
4
14
14
1
0
0
3
1
0
2
1
4
13
3
0
0
60


 7.01‑10.00
1
6
0
0
0
0
0
0
0
0
0
2
8
0
3
0
20


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
      0
    0



TOTAL
42
59
36
5
4
2
5
2
9
3
4
13
28
21
19
29
281


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
1
0
0
0
0
1
0
0
0
0
0
0
2
0
1
1
6


 2.01‑ 3.00
7
4
1
1
4
0
1
1
0
0
0
0
1
1
3
15
39


 3.01‑ 5.00
14
16
19
1
1
2
5
3
4
2
1
8
11
15
7
7
116


 5.01‑ 7.00
0
4
11
2
1
0
1
1
1
8
2
12
18
4
2
0
67


 7.01‑10.00
0
1
1
1
0
0
0
0
0
1
0
5
7
2
2
1
21


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
23
25
32
5
6
3
7
5
5
11
3
26
39
22
15
24
251


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
2


 1.01‑ 1.50
0
0
0
1
0
0
1
0
1
0
0
0
0
0
0
1
4


 1.51‑ 2.00
2
0
1
0
0
1
0
1
0
0
1
1
0
3
3
2
15


 2.01‑ 3.00
5
2
3
3
2
3
3
2
0
2
2
0
1
2
5
6
41


 3.01‑ 5.00
11
14
12
6
1
1
2
2
5
7
2
13
16
9
11
14
126


 5.01‑ 7.00
0
3
3
2
0
0
1
4
6
2
4
7
20
6
4
0
62


 7.01‑10.00
0
0
2
1
0
0
0
0
0
1
0
5
6
0
0
1
16


10.01‑13.00
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
2


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
19
19
21
13
3
5
7
9
12
14
10
26
43
20
23
24
268


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
1
0
0
0
0
1
0
0
0
0
0
0
0
1
0
1
4


 0.51‑ 0.75
0
1
1
0
0
0
0
0
0
0
1
1
0
1
1
0
6


 0.76‑ 1.00
0
1
0
1
2
1
1
1
0
0
1
0
1
0
0
0
9


 1.01‑ 1.50
3
4
1
1
2
1
2
2
2
3
1
4
0
3
3
1
33


 1.51‑ 2.00
8
4
3
7
6
5
0
1
4
2
1
11
4
7
5
4
72


 2.01‑ 3.00
17
13
20
16
8
12
8
9
15
8
4
18
19
14
21
18
220


 3.01‑ 5.00
15
35
35
24
8
12
19
20
38
35
45
41
60
37
19
9
452


 5.01‑ 7.00
27
10
28
4
0
5
12
14
35
34
34
29
62
19
22
19
354


 7.01‑10.00
12
13
7
1
0
0
1
0
1
5
14
20
30
9
27
10
150


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
2
6
6
1
6
1
22


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
    0
    0
     1



TOTAL
83
81
95
54
26
37
43
47
95
87
104
130
182
92
104
63
1,324


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
2
0
1
0
0
3


 0.51‑ 0.75
2
0
0
0
0
0
0
0
0
0
1
1
1
0
1
0
6


 0.76‑ 1.00
0
0
0
1
0
0
1
0
0
0
0
0
1
1
0
0
4


 1.01‑ 1.50
2
0
2
1
6
0
0
0
2
3
0
3
0
2
0
0
21


 1.51‑ 2.00
2
3
2
2
3
1
1
1
3
1
1
1
1
2
0
1
25


 2.01‑ 3.00
4
5
4
13
12
13
10
4
11
6
9
11
8
4
0
3
117


 3.01‑ 5.00
16
22
14
18
28
20
23
40
44
68
71
41
26
14
3
17
465


 5.01‑ 7.00
27
20
8
4
0
3
6
26
112
95
88
35
15
9
7
16
471


 7.01‑10.00
10
9
12
0
0
0
5
4
11
11
13
18
23
2
2
7
127


10.01‑13.00
0
4
0
0
0
0
0
0
0
0
0
3
1
0
0
0
8


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
63
63
42
39
49
37
46
75
183
184
183
115
76
35
13
44
1,248


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
1
0
0
0
0
0
1
1
0
0
0
0
0
3


 0.51‑ 0.75
0
0
0
0
0
0
0
0
1
0
1
0
0
0
0
0
2


 0.76‑ 1.00
0
0
1
0
0
0
0
0
0
0
1
1
0
0
0
0
3


 1.01‑ 1.50
0
1
1
1
1
1
2
2
1
2
0
3
1
1
0
0
17


 1.51‑ 2.00
0
0
1
2
5
1
2
0
2
3
1
1
3
0
1
1
23


 2.01‑ 3.00
3
2
4
2
8
4
7
2
6
9
8
3
2
1
3
1
65


 3.01‑ 5.00
1
0
5
17
36
20
13
22
16
18
26
24
6
0
1
2
207


 5.01‑ 7.00
0
1
0
5
5
9
23
23
37
43
45
14
0
0
0
0
205


 7.01‑10.00
0
0
0
0
0
0
2
2
5
0
0
2
0
0
0
0
11


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
4
4
12
28
55
35
49
51
68
76
83
48
12
2
5
4
536


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
2
0
0
0
0
0
0
0
0
1
0
0
0
0
0
3


 0.51‑ 0.75
0
0
2
1
0
1
1
3
1
1
2
0
1
0
0
0
13


 0.76‑ 1.00
3
1
0
0
1
0
2
2
3
0
3
2
3
0
2
0
22


 1.01‑ 1.50
1
0
6
1
5
2
5
1
6
5
8
4
1
1
1
1
48


 1.51‑ 2.00
4
3
3
3
6
8
7
2
3
5
5
2
5
1
2
2
61


 2.01‑ 3.00
6
9
7
7
15
9
7
12
7
11
18
9
7
1
3
7
135


 3.01‑ 5.00
5
9
9
14
42
37
43
19
41
24
38
9
3
0
4
0
297


 5.01‑ 7.00
0
0
0
2
8
25
24
19
40
30
20
1
0
0
0
0
169


 7.01‑10.00
0
0
0
0
0
2
1
3
8
5
0
0
0
0
0
0
19


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
19
24
27
28
77
84
90
61
109
81
95
27
20
3
12
10
770


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















5


 0.35‑ 0.50
1
2
0
1
0
1
0
0
0
1
2
2
0
2
0
1
13


 0.51‑ 0.75
2
1
3
1
0
1
1
3
2
1
6
2
2
1
2
0
28


 0.76‑ 1.00
4
2
1
2
3
1
4
3
3
0
6
3
5
1
2
0
40


 1.01‑ 1.50
7
5
10
5
15
4
10
5
12
13
9
14
2
7
4
3
125


 1.51‑ 2.00
17
12
11
14
21
17
11
5
12
11
9
17
15
14
15
12
213


 2.01‑ 3.00
45
41
41
42
49
41
37
30
39
37
42
42
39
28
38
57
648


 3.01‑ 5.00
96
127
113
84
118
94
105
107
157
154
184
141
128
87
55
70
1,820


 5.01‑ 7.00
58
52
64
20
14
42
70
88
231
214
194
102
128
41
35
35
1,388


 7.01‑10.00
23
29
22
3
0
2
9
9
25
23
27
52
74
13
34
19
364


10.01‑13.00
0
4
0
0
0
0
0
0
0
2
2
10
7
1
6
1
33


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
    0
    0
     1



TOTAL
253
275
265
172
220
203
247
250
481
456
482
385
400
195
191
198
4,678


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** AUGUST ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,678


TOTAL NUMBER OF MISSING OBSERVATIONS:  530


PERCENT DATA RECOVERY FOR THIS PERIOD:  89.8%


MEAN WIND SPEED FOR THIS PERIOD:  4.5 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





6.01

5.37

5.73

28.30

26.68

11.46

16.46








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
42
59
36
5
4
2
5
2
9
3
4
13
28
21
19
29
0



B
23
25
32
5
6
3
7
5
5
11
3
26
39
22
15
24
0



C
19
19
21
13
3
5
7
9
12
14
10
26
43
20
23
24
0



D
83
81
95
54
26
37
43
47
95
87
104
130
182
92
104
63
1



E
63
63
42
39
49
37
46
75
183
184
183
115
76
35
13
44
1



F
4
4
12
28
55
35
49
51
68
76
83
48
12
2
5
4
0



G
19
24
27
28
77
84
90
61
109
81
95
27
20
3
12
10
3


TOTAL
253
275
265
172
220
203
247
250
481
456
482
385
400
195
191
198
5


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY CLASS A


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
3


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
2
3


 2.01‑ 3.00
4
6
2
2
2
0
1
0
0
1
0
1
0
0
3
4
26


 3.01‑ 5.00
15
13
8
1
6
1
2
1
4
1
3
1
16
13
14
16
115


 5.01‑ 7.00
9
4
9
2
3
0
2
1
5
9
6
3
13
11
3
0
80


 7.01‑10.00
4
0
0
1
0
0
0
0
3
2
2
5
12
3
1
0
33


10.01‑13.00
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
33
24
22
6
11
1
5
2
12
14
12
10
41
27
21
22
263


STABILITY CLASS B


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
1
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1
3


 1.51‑ 2.00
2
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
3


 2.01‑ 3.00
5
3
3
2
0
1
0
1
1
2
0
1
2
5
1
4
31


 3.01‑ 5.00
8
6
4
0
2
1
1
2
3
3
0
0
11
5
9
5
60


 5.01‑ 7.00
3
1
4
0
1
1
1
1
5
3
0
2
3
14
3
3
45


 7.01‑10.00
1
0
0
0
0
0
2
2
0
5
4
2
6
3
2
0
27


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
20
10
12
3
4
3
4
6
9
13
4
5
22
27
15
13
170


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY CLASS C


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1


 0.76‑ 1.00
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
2


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
2
0
0
1
1
0
0
0
0
0
0
0
4
8


 2.01‑ 3.00
1
2
2
0
0
0
1
3
2
0
0
0
2
4
5
2
24


 3.01‑ 5.00
12
7
5
1
0
2
2
3
6
6
3
8
12
9
10
9
95


 5.01‑ 7.00
3
1
4
0
0
4
2
0
7
7
1
2
2
5
3
4
45


 7.01‑10.00
2
0
3
0
0
0
0
1
3
6
2
1
5
5
3
0
31


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
3
0
0
0
0
3


 
>13.00  
    0
    0
    0
    0
    0
    0
_   0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
19
10
14
3
0
6
6
8
18
20
7
14
21
23
21
21
211


STABILITY CLASS D


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
0
0
1
0
0
0
1
0
0
0
1
0
0
0
0
0
3


 0.76‑ 1.00
0
0
0
2
1
2
1
0
0
0
0
0
1
0
0
0
7


 1.01‑ 1.50
2
3
5
4
4
2
1
0
1
0
0
0
2
2
0
0
26


 1.51‑ 2.00
2
0
4
3
6
1
1
0
1
3
4
2
5
1
2
1
36


 2.01‑ 3.00
16
8
10
10
16
6
9
5
10
14
9
10
8
13
5
8
157


 3.01‑ 5.00
44
31
28
31
26
19
34
26
21
30
46
32
36
47
34
27
512


 5.01‑ 7.00
71
44
25
17
9
16
13
11
29
41
44
25
39
35
28
35
482


 7.01‑10.00
44
14
10
9
0
2
18
18
15
16
20
37
27
23
41
22
316


10.01‑13.00
3
0
0
0
0
0
0
1
1
5
0
5
3
8
8
2
36


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    3
    0
     4



TOTAL
183
101
83
76
62
48
78
61
78
109
124
112
121
129
121
95
1,581


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY CLASS E


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
1
0
0
0
0
0
0
1
0
0
0
2


 0.51‑ 0.75
0
0
0
0
0
1
0
2
0
0
0
0
0
0
0
0
3


 0.76‑ 1.00
0
0
0
0
0
0
0
0
2
1
1
1
0
2
0
1
8


 1.01‑ 1.50
0
0
1
0
1
1
1
1
2
1
2
0
1
0
0
2
13


 1.51‑ 2.00
2
0
1
0
2
1
1
2
6
2
2
1
3
0
0
4
27


 2.01‑ 3.00
6
5
8
5
9
5
4
16
5
7
4
7
8
2
1
3
95


 3.01‑ 5.00
24
18
13
15
34
23
29
44
38
48
37
17
16
6
13
15
390


 5.01‑ 7.00
26
12
14
16
10
19
37
62
99
148
87
36
14
9
19
35
643


 7.01‑10.00
10
0
1
4
0
0
9
18
41
24
14
42
12
14
18
12
219


10.01‑13.00
1
0
0
0
0
0
0
1
0
5
3
2
6
2
1
3
24


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
69
35
38
40
56
51
81
146
193
236
150
106
61
35
52
75
1,425


STABILITY CLASS F


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
1
0
0
1
0
0
0
0
0
1
0
0
0
0
0
3


 1.01‑ 1.50
1
3
1
0
2
3
0
1
2
0
1
0
0
0
1
1
16


 1.51‑ 2.00
0
0
0
1
0
2
0
2
1
1
2
1
0
1
0
0
11


 2.01‑ 3.00
1
2
5
2
4
5
3
5
1
2
2
1
2
1
1
3
40


 3.01‑ 5.00
4
3
2
7
20
11
16
12
13
21
20
3
4
2
1
1
140


 5.01‑ 7.00
2
0
0
0
11
27
22
18
40
48
26
2
0
0
0
1
197


 7.01‑10.00
0
0
0
0
0
0
4
5
17
4
3
0
0
0
1
0
34


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
8
9
8
10
38
48
45
43
74
76
55
7
6
4
4
6
443


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY CLASS G


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
1
0
0
0
1
1
0
0
0
0
0
0
1
1
0
0
5


 0.51‑ 0.75
0
0
0
0
1
0
0
0
1
0
1
0
0
0
0
2
5


 0.76‑ 1.00
0
0
1
0
0
0
0
1
0
1
0
1
0
0
0
0
4


 1.01‑ 1.50
1
0
2
2
4
1
1
2
3
1
1
0
1
0
1
1
21


 1.51‑ 2.00
1
0
2
1
3
4
1
6
3
3
4
2
2
0
0
0
32


 2.01‑ 3.00
6
4
6
6
10
14
6
8
9
15
11
8
9
2
1
2
117


 3.01‑ 5.00
5
5
7
10
13
25
25
25
20
34
32
11
3
2
0
3
220


 5.01‑ 7.00
0
0
0
0
2
19
15
21
39
31
17
1
0
0
0
1
146


 7.01‑10.00
0
0
0
0
0
0
0
7
11
3
1
0
0
0
0
0
22


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
14
9
18
19
34
64
48
70
86
88
67
23
16
5
2
9
572


STABILITY CLASS ALL


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
2
1
0
0
1
2
0
0
0
0
0
0
2
1
0
1
10


 0.51‑ 0.75
0
0
5
0
1
1
1
2
1
1
2
0
0
0
0
2
16


 0.76‑ 1.00
1
1
1
2
2
2
1
1
2
2
2
2
1
2
0
2
24


 1.01‑ 1.50
6
7
9
6
12
7
3
4
8
2
5
0
4
2
2
5
82


 1.51‑ 2.00
7
0
7
8
11
8
4
11
11
9
13
6
10
2
2
11
120


 2.01‑ 3.00
39
30
36
27
41
31
24
38
28
41
26
28
31
27
17
26
490


 3.01‑ 5.00
112
83
67
65
101
82
109
113
105
143
141
72
98
84
81
76
1,532


 5.01‑ 7.00
114
62
56
35
36
86
92
114
224
287
181
71
71
74
56
79
1,638


 7.01‑10.00
61
14
14
14
0
2
33
51
90
60
46
87
62
48
66
34
682


10.01‑13.00
4
0
0
0
0
0
0
2
1
11
3
10
9
10
9
5
64


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    3
    0
     4



TOTAL
346
198
195
157
205
221
267
336
470
556
419
277
288
250
236
241
4,665


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** SEPTEMBER ***


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,665


TOTAL NUMBER OF MISSING OBSERVATIONS:  375


PERCENT DATA RECOVERY FOR THIS PERIOD:  92.6%


MEAN WIND SPEED FOR THIS PERIOD:  5.1 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





5.64

3.64

4.52

33.89

30.55

9.50

12.26








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
33
24
22
6
11
1
5
2
12
14
12
10
41
27
21
22
0



B
20
10
12
3
4
3
4
6
9
13
4
5
22
27
15
13
0



C
19
10
14
3
0
6
6
8
18
20
7
14
21
23
21
21
0



D
183
101
83
76
62
48
78
61
78
109
124
112
121
129
121
95
0



E
69
35
38
40
56
51
81
146
193
236
150
106
61
35
52
75
1



F
8
9
8
10
38
48
45
43
74
76
55
7
6
4
4
6
2



G
14
9
18
19
34
64
48
70
86
88
67
23
16
5
2
9
0


TOTAL
346
198
195
157
205
221
267
336
470
556
419
277
288
250
236
241
3


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** OCTOBER ***


STABILITY CLASS A


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
_TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
1
0
0
0
0
1
0
0
1
0
0
0
1
1
0
2
7


 3.01‑ 5.00
5
4
3
0
1
0
1
5
5
6
4
1
9
9
1
1
55


 5.01‑ 7.00
0
0
6
1
1
1
1
6
1
3
10
2
8
5
0
1
46


 7.01‑10.00
0
0
4
0
0
0
2
1
3
1
4
3
4
1
0
0
23


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
6
4
13
1
2
2
5
12
11
10
18
7
22
16
1
4
134


STABILITY CLASS B


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
1
0
0
0
1
0
0
0
0
0
2


 1.51‑ 2.00
0
1
0
0
0
1
0
0
0
0
0
0
0
0
0
1
3


 2.01‑ 3.00
0
0
1
0
0
2
2
1
0
1
0
0
1
2
1
0
11


 3.01‑ 5.00
3
7
8
2
0
4
12
6
4
2
4
1
4
2
4
1
64


 5.01‑ 7.00
0
0
5
0
0
1
2
4
3
3
2
3
9
7
1
4
44


 7.01‑10.00
0
0
2
2
0
0
1
1
5
0
1
5
4
1
0
0
22


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
4
1
0
0
0
5


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
3
8
16
4
0
8
18
12
12
6
8
13
19
12
7
6
152


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** OCTOBER ***


STABILITY CLASS C


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1
2


 2.01‑ 3.00
0
2
3
0
1
3
1
2
1
0
0
0
2
2
4
0
21


 3.01‑ 5.00
0
3
7
5
6
3
3
4
4
2
2
0
5
6
5
6
61


 5.01‑ 7.00
1
1
12
0
1
0
1
4
3
6
7
6
5
7
3
4
61


 7.01‑10.00
0
0
6
3
0
0
0
3
2
1
4
8
7
4
4
0
42


10.01‑13.00
0
0
0
0
0
0
0
0
0
3
0
3
1
0
0
0
7


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    3
    0
    0
    0
    0
     3



TOTAL
1
6
29
8
8
6
5
13
10
12
13
21
20
19
16
11
198


STABILITY CLASS D


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
1
0
0
1
1
0
0
0
0
0
0
0
2
0
0
1
6


 0.76‑ 1.00
1
0
2
0
1
0
0
0
0
0
1
0
1
0
1
0
7


 1.01‑ 1.50
3
0
2
1
0
0
1
0
0
2
1
0
3
1
2
1
17


 1.51‑ 2.00
1
1
2
0
0
0
3
2
1
1
5
4
2
3
2
1
28


 2.01‑ 3.00
7
3
10
10
15
9
2
3
8
7
6
4
9
11
8
11
123


 3.01‑ 5.00
37
13
26
38
39
21
23
31
36
42
28
20
41
41
44
40
520


 5.01‑ 7.00
33
6
15
39
13
10
31
41
48
53
55
33
31
44
74
51
577


 7.01‑10.00
25
2
9
13
1
1
8
28
53
58
88
41
78
96
160
58
719


10.01‑13.00
2
0
1
0
0
0
7
7
4
9
14
15
31
54
65
18
227


 
>13.00  
    0
    0
    0
    0
    0
    0
    2
    0
    0
    0
    0
    5
    9
    26
    9
    0
    51



TOTAL
110
25
67
102
70
41
77
112
150
172
198
122
207
276
365
181
2,275


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** OCTOBER ***


STABILITY CLASS E


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
1
1
0
0
0
0
0
0
0
0
0
1
0
0
3


 0.51‑ 0.75
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 0.76‑ 1.00
0
0
0
1
1
0
0
0
1
0
0
0
2
0
1
0
6


 1.01‑ 1.50
0
0
0
1
0
4
0
2
3
0
2
0
0
0
0
0
12


 1.51‑ 2.00
1
0
0
3
2
1
1
1
1
2
0
1
0
1
0
2
16


 2.01‑ 3.00
2
5
6
5
6
6
7
4
3
6
4
5
7
4
3
4
77


 3.01‑ 5.00
12
19
14
17
58
22
30
30
44
52
51
13
12
8
15
21
418


 5.01‑ 7.00
8
9
4
15
17
18
47
49
106
157
79
28
19
10
15
15
596


 7.01‑10.00
1
1
0
4
0
2
37
44
77
78
37
28
21
17
20
2
369


10.01‑13.00
0
0
0
0
0
0
7
6
7
3
2
4
7
16
11
0
63


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    3
    5
    1
    0
    10



TOTAL
24
35
25
47
84
53
129
136
242
298
175
80
71
62
66
44
1,573


STABILITY CLASS F


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
0
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
1
0
1
0
0
0
1
2
0
0
0
0
0
0
1
6


 1.51‑ 2.00
0
0
2
0
1
0
0
0
1
0
2
0
2
0
0
0
8


 2.01‑ 3.00
1
0
1
5
3
3
0
4
0
1
3
2
1
1
2
1
28


 3.01‑ 5.00
0
1
2
6
34
15
9
12
10
7
15
3
1
0
0
3
118


 5.01‑ 7.00
0
1
0
1
13
26
23
15
33
33
31
4
2
0
0
0
182


 7.01‑10.00
0
0
0
0
0
2
2
3
8
0
2
0
0
0
0
0
17


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
4
8
13
51
46
34
35
54
41
53
9
6
1
2
5
363


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** OCTOBER ***


STABILITY CLASS G


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
1
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
2


 0.76‑ 1.00
0
0
3
0
0
0
2
1
0
1
0
0
1
0
1
0
9


 1.01‑ 1.50
1
1
1
0
3
1
4
3
0
0
1
0
2
0
0
0
17


 1.51‑ 2.00
0
0
0
0
0
0
1
5
3
0
2
0
0
1
0
0
12


 2.01‑ 3.00
0
1
0
0
1
2
3
4
3
6
7
4
2
2
1
2
38


 3.01‑ 5.00
0
0
3
1
6
6
17
17
14
24
16
0
2
0
0
2
108


 5.01‑ 7.00
0
0
0
0
3
17
17
10
32
13
11
0
0
0
0
0
103


 7.01‑10.00
0
0
0
0
0
0
0
2
12
1
1
0
0
0
0
0
16


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
2
7
4
13
26
44
42
64
45
38
4
7
3
2
4
307


STABILITY CLASS ALL


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
3
3
0
0
0
0
0
0
0
0
0
1
0
0
7


 0.51‑ 0.75
2
2
1
2
1
0
0
0
0
0
0
0
2
0
1
1
12


 0.76‑ 1.00
1
0
5
1
2
0
2
1
2
1
1
0
4
0
3
0
23


 1.01‑ 1.50
4
2
4
3
3
5
7
6
5
2
5
0
5
1
2
2
56


 1.51‑ 2.00
2
2
4
3
3
2
5
8
6
3
9
6
4
5
2
5
69


 2.01‑ 3.00
11
11
21
20
26
26
15
18
16
21
20
15
23
23
19
20
305


 3.01‑ 5.00
57
47
63
69
144
71
95
105
117
135
120
38
74
66
69
74
1,344


 5.01‑ 7.00
42
17
42
56
48
73
122
129
226
268
195
76
74
73
93
75
1,609


 7.01‑10.00
26
3
21
22
1
5
50
82
160
139
137
85
114
119
184
60
1,208


10.01‑13.00
2
0
1
0
0
0
14
13
11
15
16
27
40
70
76
18
303


 
>13.00  
    0
    0
    0
    0
    0
    0
    2
    0
    0
    0
    0
    9
    12
    31
    10
    0
    64



TOTAL
147
84
165
179
228
182
312
362
543
584
503
256
352
389
459
255
5,002


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** OCTOBER ***


STABILITY BASED ON: DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  5,002


TOTAL NUMBER OF MISSING OBSERVATIONS:  206


PERCENT DATA RECOVERY FOR THIS PERIOD:  96.0%


MEAN WIND SPEED FOR THIS PERIOD:  6.1 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





2.68

3.04

3.96

45.48

31.45

7.26

6.14








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
6
4
13
1
2
2
5
12
11
10
18
7
22
16
1
4
0



B
3
8
16
4
0
8
18
12
12
6
8
13
19
12
7
6
0



C
1
6
29
8
8
6
5
13
10
12
13
21
20
19
16
11
0



D
110
25
67
102
70
41
77
112
150
172
198
122
207
276
365
181
0



E
24
35
25
47
84
53
129
136
242
298
175
80
71
62
66
44
2



F
1
4
8
13
51
46
34
35
54
41
53
9
6
1
2
5
0



G
2
2
7
4
13
26
44
42
64
45
38
4
7
3
2
4
0


TOTAL
147
84
165
179
228
182
312
362
543
584
503
256
352
389
459
255
2


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
2
0
0
0
0
0
0
0
0
1
1
2
3
2
0
0
11


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
3
3
1
1
0
0
8


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
2
0
0
0
0
0
0
0
0
1
4
6
5
3
0
0
21


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
1
0
1
0
0
0
0
0
0
0
0
1
0
0
1
0
4


 3.01‑ 5.00
0
4
0
0
4
1
1
1
1
0
3
1
1
4
1
0
22


 5.01‑ 7.00
2
0
0
0
0
1
0
0
0
0
4
1
4
1
0
2
15


 7.01‑10.00
0
0
0
0
0
0
0
0
1
3
1
0
4
3
0
0
12


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
0
2


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    1
    0
     3



TOTAL
3
4
1
0
4
2
1
1
2
3
8
4
10
10
3
2
58


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1
0
2


 2.01‑ 3.00
1
1
0
0
1
1
0
0
0
1
0
1
2
2
3
0
13


 3.01‑ 5.00
1
3
2
1
2
2
1
0
2
3
1
0
4
7
3
0
32


 5.01‑ 7.00
0
0
5
3
1
3
2
0
2
3
4
0
7
4
2
1
37


 7.01‑10.00
1
0
0
0
0
0
1
1
1
1
3
4
4
3
2
0
21


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
5
2
1
0
9


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    0
    0
     2



TOTAL
3
4
7
4
4
7
4
1
5
9
8
6
23
20
12
1
118


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
1
0
1
0
0
0
0
0
0
0
1
0
0
0
3


 0.76‑ 1.00
0
0
0
1
0
0
0
0
0
0
0
0
0
1
0
0
2


 1.01‑ 1.50
1
2
2
0
3
1
0
0
0
1
0
1
2
2
1
0
16


 1.51‑ 2.00
1
4
1
0
1
0
5
3
2
0
4
0
2
1
4
2
30


 2.01‑ 3.00
19
7
11
8
22
17
6
4
13
8
8
8
10
12
16
15
184


 3.01‑ 5.00
49
48
35
23
63
37
24
26
39
46
36
27
46
45
49
32
625


 5.01‑ 7.00
29
30
41
43
51
33
34
21
55
113
87
45
47
67
84
39
819


 7.01‑10.00
18
10
16
21
4
5
46
43
43
100
141
84
94
109
116
53
903


10.01‑13.00
6
8
3
0
0
0
12
20
7
17
46
59
57
73
73
10
391


 
>13.00  
    1
    0
    0
    0
    0
    0
    2
    6
    0
    0
    2
    16
    12
    18
    21
    1
    79



TOTAL
124
109
110
96
145
93
129
123
159
285
324
240
271
328
364
152
3,053


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
1
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
1
0
0
1
0
0
0
0
1
1
0
0
0
0
0
0
4


 0.76‑ 1.00
0
0
1
0
1
0
0
0
1
0
0
0
0
0
0
0
3


 1.01‑ 1.50
0
0
0
1
2
0
0
1
1
1
1
1
0
0
0
1
9


 1.51‑ 2.00
1
0
0
4
3
0
2
0
3
0
2
1
0
0
3
0
19


 2.01‑ 3.00
0
4
3
5
5
6
13
2
3
3
2
2
1
4
0
5
58


 3.01‑ 5.00
2
1
6
20
32
22
24
22
31
35
25
11
10
9
5
5
260


 5.01‑ 7.00
0
0
0
14
19
10
29
30
69
68
38
15
10
6
1
2
311


 7.01‑10.00
0
0
0
0
0
3
27
27
57
54
50
21
20
5
3
1
268


10.01‑13.00
0
0
1
0
0
0
5
7
11
8
17
15
4
1
0
0
69


 
>13.00  
    1
    0
    1
    0
    0
    0
    2
    0
    0
    0
    1
    0
    7
    4
    0
    2
    18



TOTAL
6
5
12
45
62
41
102
90
177
170
136
66
52
29
12
16
1,022


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















2


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1


 0.76‑ 1.00
0
0
0
1
2
0
0
0
0
0
0
0
1
0
1
0
5


 1.01‑ 1.50
0
0
0
0
0
0
0
0
2
1
1
0
0
0
0
0
4


 1.51‑ 2.00
0
1
0
1
2
2
1
0
0
1
2
0
0
0
2
0
12


 2.01‑ 3.00
0
0
1
4
5
4
5
0
4
2
1
2
1
1
0
0
30


 3.01‑ 5.00
0
0
1
3
25
14
11
8
12
2
6
3
1
2
1
0
89


 5.01‑ 7.00
0
0
0
0
7
8
16
6
16
19
16
4
1
0
0
0
93


 7.01‑10.00
0
0
0
0
0
1
0
0
7
2
0
0
0
0
0
0
10


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
     1



TOTAL
0
1
2
9
41
29
33
14
41
27
26
9
5
3
4
1
247


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
1
0
0
0
0
0
0
1
0
2


 1.01‑ 1.50
0
0
1
1
1
2
0
0
0
0
0
0
1
0
1
0
7


 1.51‑ 2.00
0
0
0
2
2
0
3
1
2
1
2
2
1
0
1
1
18


 2.01‑ 3.00
0
2
1
3
4
2
1
7
0
0
3
1
2
1
0
0
27


 3.01‑ 5.00
0
2
2
10
7
6
12
13
8
4
5
7
5
1
0
1
83


 5.01‑ 7.00
0
0
0
0
3
2
2
5
6
8
6
7
0
0
0
0
39


 7.01‑10.00
0
0
0
0
0
1
0
1
0
3
0
0
0
0
0
0
5


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
4
4
16
17
13
18
28
16
16
16
17
9
2
3
2
181


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















4


 0.35‑ 0.50
1
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
2


 0.51‑ 0.75
1
0
1
1
1
0
0
0
1
1
0
0
1
0
0
1
8


 0.76‑ 1.00
0
0
1
2
3
1
0
1
1
0
0
0
1
1
2
0
13


 1.01‑ 1.50
1
2
3
2
6
3
0
1
3
3
2
2
4
2
2
1
37


 1.51‑ 2.00
2
5
1
7
8
2
11
4
7
3
10
3
3
1
11
3
81


 2.01‑ 3.00
21
14
17
20
37
30
25
13
20
14
14
15
16
20
20
20
316


 3.01‑ 5.00
54
58
46
57
133
82
73
70
93
91
77
51
70
70
59
38
1,122


 5.01‑ 7.00
31
30
46
60
81
57
83
62
148
211
158
75
70
79
87
44
1,322


 7.01‑10.00
19
10
16
21
4
10
74
72
109
163
195
110
122
120
121
54
1,220


10.01‑13.00
6
8
4
0
0
0
17
27
18
25
63
76
68
76
74
10
472


 
>13.00  
    2
    0
    1
    0
    0
    0
    4
    6
    0
    0
    3
   16
   20
   26
   22
    3
   103



TOTAL
138
127
136
170
273
185
287
257
400
511
522
348
375
395
398
174
4,700


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** NOVEMBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,040


TOTAL NUMBER OF VALID OBSERVATIONS:  4,700


TOTAL NUMBER OF MISSING OBSERVATIONS:  340


PERCENT DATA RECOVERY FOR THIS PERIOD:  93.3%


MEAN WIND SPEED FOR THIS PERIOD:  6.5 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.45

1.23

2.51

64.96

21.74

5.26

3.85








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
2
0
0
0
0
0
0
0
0
1
4
6
5
3
0
0
0



B
3
4
1
0
4
2
1
1
2
3
8
4
10
10
3
2
0



C
3
4
7
4
4
7
4
1
5
9
8
6
23
20
12
1
0



D
124
109
110
96
145
93
129
123
159
285
324
240
271
328
364
152
1



E
6
5
12
45
62
41
102
90
177
170
136
66
52
29
12
16
1



F
0
1
2
9
41
29
33
14
41
27
26
9
5
3
4
1
2



G
0
4
4
16
17
13
18
28
16
16
16
17
9
2
3
2
0


TOTAL
138
127
136
170
273
185
287
257
400
511
522
348
375
395
398
174
4


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
     1



TOTAL
0
0
1
0
0
0
0
1
0
0
1
1
0
1
0
0
5


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
1


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 3.01‑ 5.00
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
1


 5.01‑ 7.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
1
1
0
0
2


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
1
1
0
0
0
0
0
0
0
0
1
1
0
0
4


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 2.01‑ 3.00
0
0
1
0
0
1
1
0
0
0
0
0
0
0
0
0
3


 3.01‑ 5.00
0
2
1
0
3
1
0
0
0
0
0
2
0
1
0
0
10


 5.01‑ 7.00
0
0
0
0
0
1
0
0
0
0
0
0
3
0
0
0
4


 7.01‑10.00
0
0
0
0
0
0
0
0
1
0
1
0
0
0
1
0
3


10.01‑13.00
0
0
0
0
0
0
0
0
1
0
0
0
1
2
0
0
4


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
     1



TOTAL
0
2
2
0
3
3
1
0
2
0
1
2
5
3
1
0
25


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















3


 0.35‑ 0.50
0
0
0
0
2
3
0
0
0
1
1
2
0
0
0
0
9


 0.51‑ 0.75
0
0
1
1
0
1
1
0
0
0
0
0
2
1
0
0
7


 0.76‑ 1.00
1
0
0
0
1
0
1
0
0
0
0
4
0
0
1
2
10


 1.01‑ 1.50
2
3
6
2
4
7
4
4
1
1
1
0
0
2
1
2
40


 1.51‑ 2.00
2
0
3
3
6
3
2
0
0
2
1
3
1
1
2
1
30


 2.01‑ 3.00
10
6
14
11
17
12
17
9
12
7
10
12
4
5
3
8
157


 3.01‑ 5.00
39
19
52
37
71
54
39
31
48
54
69
28
47
24
36
35
683


 5.01‑ 7.00
41
34
31
8
28
27
18
26
66
118
145
82
79
51
55
45
854


 7.01‑10.00
18
10
13
3
2
7
27
48
42
110
193
113
98
78
105
42
909


10.01‑13.00
16
9
1
2
2
2
6
17
9
24
52
78
55
59
72
22
426


 
>13.00  
    2
    0
    0
    0
    1
    1
    2
    3
    1
    1
   23
   45
   40
   33
    7
    1
   160



TOTAL
131
81
121
67
134
117
117
138
179
318
495
367
326
254
282
158
3,288


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















9


 0.35‑ 0.50
0
0
1
1
0
0
1
2
1
3
0
0
1
0
1
1
12


 0.51‑ 0.75
0
0
0
1
4
2
2
0
1
2
1
2
0
1
0
0
16


 0.76‑ 1.00
0
0
2
1
2
1
0
2
1
0
1
0
2
2
0
0
14


 1.01‑ 1.50
0
0
3
2
4
3
4
1
4
3
1
0
2
0
2
3
32


 1.51‑ 2.00
0
1
0
1
1
2
2
3
2
1
2
3
2
1
6
2
29


 2.01‑ 3.00
1
0
5
2
8
6
6
7
9
7
4
5
7
4
4
1
76


 3.01‑ 5.00
3
1
16
10
25
17
31
41
35
35
20
13
6
5
1
1
260


 5.01‑ 7.00
4
0
2
10
12
19
24
40
74
100
39
12
5
2
0
1
344


 7.01‑10.00
0
0
3
1
0
2
18
35
42
59
46
18
3
3
0
2
232


10.01‑13.00
2
0
0
0
0
0
4
18
18
22
16
7
7
2
0
0
96


 
>13.00  
    0
    0
    0
    0
    0
    0
    1
    2
    4
    5
    4
    5
    0
    1
    0
   0
    22



TOTAL
10
2
32
29
56
52
93
151
191
237
134
65
35
21
14
11
1,142


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















1


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
2


 0.51‑ 0.75
0
0
0
0
1
1
0
0
0
0
0
0
0
0
0
0
2


 0.76‑ 1.00
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
1


 1.01‑ 1.50
1
0
0
1
0
1
1
0
1
0
0
0
0
0
0
0
5


 1.51‑ 2.00
0
0
0
0
0
0
2
0
0
0
2
0
0
0
0
0
4


 2.01‑ 3.00
0
0
0
0
3
0
2
5
1
2
3
0
0
0
0
0
16


 3.01‑ 5.00
0
0
0
1
3
1
6
3
2
5
7
0
2
0
0
0
30


 5.01‑ 7.00
0
0
0
3
10
8
3
4
5
2
2
0
0
0
0
0
37


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
2


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
1
0
0
5
17
12
14
12
9
9
14
2
4
0
0
0
100


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.76‑ 1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.01‑ 1.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 1.51‑ 2.00
0
0
0
0
0
0
0
0
0
1
1
0
0
0
0
0
2


 2.01‑ 3.00
0
0
0
0
0
0
0
1
1
0
1
0
0
0
0
0
3


 3.01‑ 5.00
0
0
0
0
1
1
2
0
4
2
0
0
0
0
0
0
10


 5.01‑ 7.00
0
0
0
0
1
1
0
0
2
1
0
0
0
0
0
0
5


 7.01‑10.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
0
0
0
0
2
2
2
1
7
4
3
0
0
0
0
0
21


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















13


 0.35‑ 0.50
0
0
1
1
2
3
1
3
1
4
1
4
1
0
1
1
24


 0.51‑ 0.75
0
0
1
2
5
4
3
0
1
2
1
2
2
2
0
0
25


 0.76‑ 1.00
1
0
2
1
3
2
1
2
1
0
1
4
2
2
1
2
25


 1.01‑ 1.50
3
3
10
6
8
11
9
5
6
4
2
0
2
2
3
5
79


 1.51‑ 2.00
2
1
3
4
7
5
6
3
2
4
6
6
3
2
8
3
65


 2.01‑ 3.00
11
6
20
13
28
19
26
22
23
16
18
17
11
9
7
9
255


 3.01‑ 5.00
42
22
70
48
103
74
78
75
89
96
96
43
55
30
37
36
994


 5.01‑ 7.00
45
34
33
21
51
56
45
70
147
221
186
94
87
53
55
46
1,244


 7.01‑10.00
18
10
16
4
2
9
45
83
85
169
241
131
103
81
106
44
1,147


10.01‑13.00
18
9
1
2
2
2
10
35
28
46
69
86
64
64
72
22
530


 
>13.00  
    2
    0
    0
    0
    1
    1
    3
    5
    5
    6
   27
   50
   41
   35
    7
    1
   184



TOTAL
142
85
157
102
212
186
227
303
388
568
648
437
371
280
297
169
4,585


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** DECEMBER ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  5,208


TOTAL NUMBER OF VALID OBSERVATIONS:  4,585


TOTAL NUMBER OF MISSING OBSERVATIONS:  623


PERCENT DATA RECOVERY FOR THIS PERIOD:  88.0%


MEAN WIND SPEED FOR THIS PERIOD:  6.7 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





0.11

0.09

0.55

71.71

24.91

2.18

0.46








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
0
0
1
0
0
0
0
1
0
0
1
1
0
1
0
0
0



B
0
0
1
1
0
0
0
0
0
0
0
0
1
1
0
0
0



C
0
2
2
0
3
3
1
0
2
0
1
2
5
3
1
0
0



D
131
81
121
67
134
117
117
138
179
318
495
367
326
254
282
158
3



E
10
2
32
29
56
52
93
151
191
237
134
65
35
21
14
11
9



F
1
0
0
5
17
12
14
12
9
9
14
2
4
0
0
0
1



G
0
0
0
0
2
2
2
1
7
4
3
0
0
0
0
0
0


TOTAL
142
85
157
102
212
186
227
303
388
568
648
437
371
280
297
169
13


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS A


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
1


 0.51‑ 0.75
0
0
3
0
0
0
0
0
0
0
1
0
0
0
0
0
4


 0.76‑ 1.00
0
0
0
0
0
1
0
0
1
0
0
1
0
0
0
0
3


 1.01‑ 1.50
1
1
1
0
1
0
1
2
0
1
0
0
1
0
4
0
13


 1.51‑ 2.00
5
4
1
0
1
0
2
2
0
1
1
1
2
2
5
3
30


 2.01‑ 3.00
27
16
8
4
3
3
3
4
3
3
4
4
8
20
21
33
164


 3.01‑ 5.00
106
90
50
13
18
9
14
20
28
11
10
28
89
125
105
102
818


 5.01‑ 7.00
18
55
87
9
7
11
16
21
20
30
33
47
119
52
23
10
558


 7.01‑10.00
8
8
42
7
0
4
4
10
10
5
12
59
80
14
9
5
277


10.01‑13.00
1
0
2
1
0
0
0
3
4
2
5
9
13
2
4
0
46


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    2
    3
    1
    1
    0
    0
     7



TOTAL
166
174
194
34
30
28
40
63
66
53
68
152
313
216
171
153
1,921


STABILITY CLASS B


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 0.51‑ 0.75
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
2


 0.76‑ 1.00
1
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
3


 1.01‑ 1.50
2
1
0
2
1
1
1
1
0
0
1
0
0
1
1
3
15


 1.51‑ 2.00
3
1
3
1
0
2
0
0
0
0
0
0
2
1
2
2
17


 2.01‑ 3.00
27
13
11
4
6
6
7
7
1
5
1
3
7
19
23
32
172


 3.01‑ 5.00
59
60
57
6
13
14
32
21
19
17
14
26
80
86
58
45
607


 5.01‑ 7.00
16
18
57
8
3
9
14
15
18
36
24
38
124
59
18
15
472


 7.01‑10.00
5
2
24
14
0
1
7
9
16
22
12
34
92
17
11
10
276


10.01‑13.00
0
0
2
0
0
0
0
2
1
4
4
15
26
3
3
1
61


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    3
    2
    1
    0
     6



TOTAL
113
95
155
37
23
33
61
55
55
84
56
116
334
188
118
108
1,631


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS C


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















0


 0.35‑ 0.50
0
2
0
0
0
0
0
0
0
0
0
0
1
0
0
1
4


 0.51‑ 0.75
0
0
0
0
1
0
1
1
0
2
0
0
0
0
0
1
6


 0.76‑ 1.00
5
1
0
0
0
1
0
0
0
0
2
2
1
0
0
1
13


 1.01‑ 1.50
1
0
3
2
0
1
2
0
1
0
1
1
1
2
2
1
18


 1.51‑ 2.00
7
1
3
3
1
2
3
3
1
2
1
3
1
8
6
10
55


 2.01‑ 3.00
27
15
15
7
9
13
10
11
8
9
7
6
18
37
47
34
273


 3.01‑ 5.00
66
75
73
26
16
15
17
24
35
43
26
41
116
123
89
77
862


 5.01‑ 7.00
5
18
56
20
5
15
17
25
41
36
38
38
131
64
37
21
567


 7.01‑10.00
6
1
33
13
0
4
4
16
30
31
17
52
79
39
22
5
352


10.01‑13.00
1
0
1
1
0
0
0
1
5
7
11
33
25
8
10
1
104


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    1
    1
    0
    5
    5
    3
    1
    0
    16



TOTAL
118
113
184
72
32
51
54
81
122
131
103
181
378
284
214
152
2,270


STABILITY CLASS D


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















16


 0.35‑ 0.50
3
3
2
3
4
4
4
0
2
4
1
2
3
3
2
2
42


 0.51‑ 0.75
4
1
8
6
8
3
6
2
0
6
8
2
8
2
1
1
66


 0.76‑ 1.00
11
2
9
6
13
10
7
10
4
4
7
8
7
7
4
9
118


 1.01‑ 1.50
35
26
42
27
36
17
10
11
10
19
25
25
31
28
25
22
389


 1.51‑ 2.00
58
40
49
41
50
36
17
16
20
23
39
47
49
71
55
38
649


 2.01‑ 3.00
185
185
173
171
193
115
84
77
91
103
127
146
205
233
260
189
2,537


 3.01‑ 5.00 
395
370
510
478
454
299
269
244
321
395
510
454
753
586
501
384
6,923


 5.01‑ 7.00 
382
243
406
406
210
169
213
275
412
629
712
656
821
529
541
428
7,032


 7.01‑10.00
204
89
202
238
34
53
199
291
288
473
752
910
941
643
701
292
6,310


10.01‑13.00
48
27
51
64
2
11
95
101
60
98
191
424
386
334
317
71
2,280


 
>13.00  
    8
    2
    6
   10
    1
    2
   12
   18
   12
   17
   52
  185
  164
  109
   59
    2
   659



TOTAL
1,333
988
1,458
1,450
1,005
719
916
1,045
1,220
1,771
2,424
2,859
3,368
2,545
2,466
1,438
27,021


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS E


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















20


 0.35‑ 0.50
1
0
2
4
2
2
2
3
3
4
0
5
2
2
1
1
34


 0.51‑ 0.75
8
3
8
5
6
4
3
2
3
5
7
5
1
3
4
3
70


 0.76‑ 1.00
2
6
8
6
9
4
2
4
9
3
5
6
7
9
6
2
88


 1.01‑ 1.50
12
9
14
15
26
15
15
18
25
20
19
16
11
15
13
12
255


 1.51‑ 2.00
16
12
22
25
35
19
30
18
31
17
15
30
27
13
23
21
354


 2.01‑ 3.00
45
60
85
82
106
86
70
62
65
70
86
90
81
94
62
51
1,195


 3.01‑ 5.00 
136
140
178
202
387
221
252
314
360
458
476
284
203
147
111
153
4,022


 5.01‑ 7.00
114
72
70
121
118
129
272
395
818
1,055
639
347
147
90
84
132
4,603


 7.01‑10.00
30
23
29
19
6
25
188
282
470
469
300
289
159
60
55
35
2,439


10.01‑13.00
3
5
5
4
0
1
48
83
81
84
70
86
49
27
16
3
565


 
>13.00  
    1
    0
    1
    0
    0
    0
    7
   15
    9
   13
   15
   17
   16
   10
    2
    2
   108



TOTAL
368
330
422
483
695
506
889
1,196
1,874
2,198
1,632
1,175
703
470
377
415
13,753


STABILITY CLASS F


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















12


 0.35‑ 0.50
1
1
2
1
0
1
0
0
1
1
1
3
0
1
0
2
15


 0.51‑ 0.75
1
2
2
0
2
4
3
1
1
1
1
1
2
0
1
4
26


 0.76‑ 1.00
3
3
1
4
5
1
6
2
3
2
6
3
1
0
2
3
45


 1.01‑ 1.50
6
9
5
7
10
11
7
15
15
5
10
5
4
10
3
6
128


 1.51‑ 2.00
6
11
11
13
18
8
9
11
8
11
19
13
12
12
13
6
181


 2.01‑ 3.00
15
18
29
37
49
37
40
31
34
35
65
39
23
18
17
8
495


 3.01‑ 5.00
12
13
41
95
240
126
114
101
118
131
170
129
48
16
16
15
1,385


 5.01‑ 7.00
3
3
4
22
80
143
170
139
285
300
254
67
10
2
0
2
1,484


 7.01‑10.00
0
0
0
0
2
4
20
19
69
36
20
6
2
0
1
0
179


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    1
    0
    0
    0
     1



TOTAL
47
60
95
179
406
335
369
319
534
522
546
266
103
59
53
46
3,951


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY CLASS G


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
 TOTAL



CALM
















15


 0.35‑ 0.50
2
2
3
3
2
3
1
0
0
1
2
2
2
2
1
1
27


 0.51‑ 0.75
4
1
5
3
4
6
1
4
8
1
4
2
2
4
3
2
54


 0.76‑ 1.00
6
3
9
4
5
2
10
8
5
5
7
8
11
3
9
1
96


 1.01‑ 1.50
7
9
19
10
27
20
16
16
21
9
27
22
15
9
15
12
254


 1.51‑ 2.00
12
13
19
27
32
22
31
28
22
26
36
21
29
14
18
10
360


 2.01‑ 3.00
28
44
37
55
83
60
72
76
62
84
105
71
72
30
26
30
935


 3.01‑ 5.00
17
29
44
72
167
193
189
132
165
180
253
128
50
8
7
9
1,643


 5.01‑ 7.00
1
0
2
11
54
147
140
142
193
189
126
26
3
0
0
1
1,035


 7.01‑10.00
0
0
0
0
1
8
7
29
65
26
11
1
0
0
0
0
148


10.01‑13.00
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1


 
>13.00  
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
    0
     0



TOTAL
77
101
138
185
375
461
467
435
541
521
572
281
184
70
79
66
4,568


STABILITY CLASS ALL


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


JOINT FREQUENCY DISTRIBUTION OF WIND SPEED AND DIRECTION IN HOURS AT 60.00 METERS


SPEED (M/S)
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
_TOTAL



CALM
















63


 0.35‑ 0.50
7
8
9
11
8
10
7
4
6
10
4
12
8
8
4
7
123


 0.51‑ 0.75
17
7
27
14
21
17
14
10
12
15
21
10
13
9
10
11
228


 0.76‑ 1.00
28
15
27
22
32
19
25
24
22
14
27
28
27
19
21
16
366


 1.01‑ 1.50
64
55
84
63
101
65
52
63
72
54
83
69
63
65
63
56
1,072


 1.51‑ 2.00
107
82
108
110
137
89
92
78
82
80
111
115
122
121
122
90
1,646


 2.01‑ 3.00 
354
351
358
360
449
320
286
268
264
309
395
359
414
451
456
377
5,771


 3.01‑ 5.00
791
777
953
892
1,295
877
887
856
1,046
1,235
1,459
1,090
1,339
1,091
887
785
16,260


 5.01‑ 7.00
539
409
682
597
477
623
842
1,012
1,787
2,275
1,826
1,219
1,355
796
703
609
15,751


 7.01‑10.00
253
123
330
291
43
99
429
656
948
1,062
1,124
1,351
1,353
773
799
347
9,981


10.01‑13.00
53
32
61
70
2
12
143
190
151
195
282
567
499
374
350
76
3,057


 
>13.00  
    9
    2
    7
   10
    1
    2
   19
   33
   22
   31
   69
  210
  190
  125
   63
    4
   797



TOTAL
2,222
1,861
2,646
2,440
2,566
2,133
2,796
3,194
4,412
5,280
5,401
5,030
5,383
3,832
3,478
2,378
55,115


CEI PNPP 7 SITE YEARS 60‑METER WINDS DELTA T


SITE IDENTIFIER:  CEI‑P


DATA PERIOD EXAMINED:  5/1/72 ‑ 8/31/82


*** ANNUAL ***


STABILITY BASED ON:  DELTA T


BETWEEN 60.0 AND 10.0 METERS


WIND MEASURED AT:  60.0 METERS


WIND THRESHOLD AT:  0.75 MPH


TOTAL NUMBER OF OBSERVATIONS:  61,344


TOTAL NUMBER OF VALID OBSERVATIONS:  55,115


TOTAL NUMBER OF MISSING OBSERVATIONS:  6,229


PERCENT DATA RECOVERY FOR THIS PERIOD:  89.8%


MEAN WIND SPEED FOR THIS PERIOD:  5.6 M/S


TOTAL NUMBER OF OBSERVATIONS WITH BACKUP DATA:  0








 PERCENTAGE OCCURRENCE OF STABILITY CLASSES





A

B

C

D

E

F

G





3.49

2.96

4.12

49.03

24.95

7.17

8.29








DISTRIBUTION OF WIND DIRECTION VS. STABILITY




N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW
CALM



A
166
174
194
34
30
28
40
63
66
53
68
152
313
216
171
153
0



B
113
95
155
37
23
33
61
55
55
84
56
116
334
188
118
108
0



C
118
113
184
72
32
51
54
81
122
131
103
181
378
284
214
152
0



D
1,333
988
1,458
1,450
1,005
719
916
1,045
1,220
1,771
2,424
2,859
3,368
2,545
2,466
1,438
16



E
368
330
422
483
695
506
889
1,196
1,874
2,198
1,632
1,175
703
470
377
415
20



F
47
60
95
179
406
335
369
319
534
522
546
266
103
59
53
46
12



G
77
101
138
185
375
461
467
435
541
521
572
281
184
70
79
66
15


TOTAL
2,222
1,861
2,646
2,440
2,566
2,133
2,796
3,194
4,412
5,280
5,401
5,030
5,383
3,832
3,478
2,378
63
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<APPENDIX 2D A>


A STUDY OF THE MICROCRACKS ASSOCIATED WITH FAULTING


AT THE PERRY NUCLEAR POWER PLANT SITE


by


Dr. Gene Simmons


April 1979


A STUDY OF THE MICROCRACKS ASSOCIATED WITH FAULTING


AT THE PERRY NUCLEAR POWER PLANT SITE


1.0
    INTRODUCTION


A small fault was discovered during the excavation of the intake tunnel for the emergency cooling water at the Perry nuclear site.  Samples of the fault gouge and adjacent shale were collected in July 1978 by Dr. Gene Simmons and Weston personnel.  Those samples were examined briefly with the scanning electron microscope (SEM) using techniques for the study of microcracks that have been recently developed by Dr. Simmons and colleagues.  A report on the preliminary findings of that investigation was submitted to the Nuclear Regulatory Commission on November 1, 1978.


During the excavation of the tunnel for the discharge of emergency cooling water at the Perry nuclear site, a fault was intersected at approximately the location of the projection along strike of the fault present in the intake tunnel.  In addition, a small fracture zone was recognized approximately 200 feet south of the fault.  Samples were obtained in October 1978, January 1979 and March 1979 by Dr. Simmons and Weston personnel.


2.0
    SUMMARY AND CONCLUSIONS


Specimens of the gouge and the adjacent country rock were prepared in a form suitable for the examination of microcracks and elemental compositions of individual minerals in the SEM.  Two types of cracks were observed.  The first type, due to the desiccation of the sample, appears to be unavoidable, but is readily recognizable on the basis of


objective criteria developed previous to the present studies.  The second type of crack appears to be related to the last movement on the fault and always contains new mineral growths that extend completely across the crack.


Approximately 350 cracks of the type produced by faulting were examined in six samples.  Every crack examined contained approximately one percent new mineral growth.


On the basis of previous observations of several thousand microcracks in a wide variety of rock types, healed microcracks appear to be ubiquitous in rocks.  Evidently, the microcracks begin to heal immediately on forming.  The degree of healing can be a measure of the amount of time that has been available for the microcrack to heal.  The exact mathematical description of the function that relates degree of filling to elapsed time since the crack was formed in unknown, but is likely S‑shaped and asymptotic to the zero and 100 percent values.  Two data points have been obtained ‑ one point at 1 million years (possibly 2 to 5 million years) from sandstone at the Satsop site, the other at 18.5 million years from shocked rock at the Ries Crater, Germany.


The rate of healing of microcracks is very likely a function of temperature, pressure, mineralogy, and the composition and flow rate of pore fluids.  Fortunately, the conditions at the Perry site and at the Satsop site are quite similar, and the degree of filling of the cracks at each site are comparable.  Therefore, the data obtained previously for the Satsop site are a suitable basis on which to estimate the age of the microfractures in the gouge zone at Perry.


On the basis of a thorough examination of the microcracks in six representative samples of the gouge and country rock from the fault, or faults, in the intake tunnel and the discharge tunnel and from the fracture zone in the discharge tunnel, it is our conclusion that the


time of last movement of each of these faults is conservatively estimated at approximately 1 million years and may be as old as 2 to 5 million years.


3.0      BASIS OF METHOD


Displacement of rock along fault surfaces, in the laboratory as well as in the field, appears to produce microfractures.  For examples of representative laboratory studies, reference is made to the work of Griggs and Handin (1960), Conrad and Friedman (1976), Jackson and Dunn (1974).  The examination of natural specimens from faults by Engelder (1974), Swain and Jackson (1976) and Stearns (1972) demonstrates the applicability of the laboratory results to rock in situ.


Work done during the past decade on microcracks (Simmons and Richter, 1976; Richter and Simmons, 1977; Simmons et al., 1975; Batzle and Simmons, 1976, 1977; and Wang and Simmons, 1978) has shown clearly that healed and partially healed microcracks in rocks are ubiquitous.  Apparently, the microcracks began to heal immediately upon forming.


The degree of healing, as measured by the volume percentage of new mineral growth that fills the microcracks, is an indication of the amount of time that has elapsed since the formation of the microcrack.  The general form of the function that relates degree of filling to elapsed time, shown on Figure 1, can be deduced in the following manner.  The initial rate is low because of the difficulty of nucleation.  The final rate is low because the transfer of fluid from residual cavities (i.e., fluid inclusions) must occur by diffusion of water through solid phases.  Thus, the functional form of the curve is asymptotic at both zero percent filling and at one hundred percent filling.  During the intermediate phase, the rate is controlled by both the availability and


fluid phase.  Because the rate of many processes is described adequately by an Arhennius‑type relation (Kingery et al., 1976, Chapter 9), we suggest that the rate of sealing of microcracks is described satisfactorily by
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where c/co is the volume fraction of filling



K is the reaction rate



t is time



A and Q are experimentally determined constants



R is the gas constant



T is absolute temperature.


At the present time, we have two data points that appear to lie on the curve during the intermediate period.  They are shown on Figure 2 and are connected with a straight line.  Both data points lie in the intermediate region because in each case the new mineral growth had extended completely across the open microcracks, but an open channelway still exists throughout the microcracks.  Additional confidence is derived from the observation that apparent degree of filling of a 0.2 mybp crack shown by Swain and Jackson (1976), Figure 4 is very small.


The data for the low end of the curve were obtained on a sample of sandstone from the Satsop site (Weston Geophysical Research, Inc., 1978).  The cracks were produced during the compaction phase of the 


sandstone.  The stratigraphic unit (the Montesano formation) that was deposited above the sandstone was dated on the basis of fossils (Rau, 1967) as at least 1 million years and possibly 2 to 5 million years.  Because the creation of compaction fractures must have ceased when the unit began uplift, the youngest age for any compaction‑induced fracture must be the age of the youngest overlying formation, approximately 1 million years.  The minerals that were examined in the study of the sample from Satsop included quartz, feldspar and pyroxene.  These minerals, as a group, contain Al, Si, Fe, K, Ca, Na, and Ti.  The maximum depth of burial was approximately 3,000 to 3,500 feet.  The thermal gradient at the site was probably 15( to 25(C/km.  Therefore, the maximum temperature to which the sample had been exposed was probably 20( to 30(C, an estimate that is consistent with, but somewhat higher than, the temperature estimated from the metamorphic grade of the organic material contained in the sandstone.


The data for the high end of the curve are based on data reported by Padovani et al. (1979) for a series of core samples from the 3,500‑foot hole drilled in the Ries Crater, Germany.  The Ries Crater and the microcracks in the rocks from the Ries Grater were produced when a meteorite hit the earth 18.5 million years ago.  The age was obtained with radiometric techniques.  Figure 3 shows a typical crack in the mineral amphibole partially filled with grains of the mineral chlorite.  Cracks were observed in quartz and feldspar also.  The degree of filling was highest in quartz, intermediate in feldspar and lowest in amphibole.  The host grains for the partially sealed microcracks contained the elements Al, Si, Fe, Mg, K, Ca, Na.  The thermal gradient at the present time in the Ries Crater is 15( to 25(C/km.  Thus, the maximum temperature at present to which the samples in situ have been exposed is approximately 20( to 25(C.


The time required for nucleation in the cracks in the rocks from the Ries Crater may have been very short.  The meteorite impact produced a high temperature associated with the shock waves that lasted a few 


microseconds to perhaps a few milliseconds.  In addition, a significant volume of the rocks in the vicinity of the impact and sampled by the drill would have been exposed to a temperature that might have been as high as 100( to 200(C for intervals of time of the order of hundreds or perhaps thousands of years.  The higher temperatures would likely have shortened greatly the amount of time required for the nucleation of the new mineral growths in individual microcracks.  We have included the uncertainty of this effect in the error bar that is shown for this data point on Figure 3 by indicating that the degree of filling might appear to be too large for a sample whose age is 18.5 million years, but which used 5 million years for the nucleation time.


4.0      PROCEDURES


4.1      SAMPLE COLLECTION


The sample for this study were collected with methods designed to minimize, or perhaps prevent completely, the creation of open microfractures in the material which had very low strength.  Two different techniques were used.  In the first technique, we used a jackhammer to line‑drill a large block of rock.  The concept for this procedure was that the jackhammer would damage material relatively near the drilled holes which could then be removed and discarded.  The procedure, illustrated on Figure 4, appears to have been successful for several samples but was not successful for all samples.  Some samples simply disintegrated within a few days after collection.


In the second procedure, we used a small masonry saw to remove completely, the specimen from the rock mass in situ.  A series of photographs on Figure 5 illustrates the second technique.  This procedure, though rather time consuming for large samples, was highly successful.


4.2      SPECIMEN PREPARATION


The rock and gouge while in situ contain free water in the cracks and pores.  The examination of the material in the SEM requires that the free water be removed.  Therefore, a major problem in the preparation of the specimens for the examination with the SEM is the removal of the free water without creating open microfractures or destroying any delicate structures that existed in the microcracks while the material was still in situ.  This problem appears to have been overcome completely in our specimen preparation (as judged on the basis that no open microfracture without new mineral growth was observed and that many microcracks with delicate structures of new mineral growth were observed).  We used Buehler isomet diamond saws operated at very low speeds, drying furnaces kept at temperatures below 45(C, and epoxies that cure at room temperature.


4.3      SEM PROCEDURES


The procedures for the examination of specimens in the scanning electron microscope are described for general specimens by Hearle et al. (1972) and for rock samples by Simmons and Richter (1976), Richter and Simmons (1977) and Batzle and Simmons (1976, 1977).  We include here only a brief description of the procedures.  The SEM consists of an electron source, focusing and rastoring coils, a movable stage for supporting the specimen, various detectors, and associated electronics for amplifying, displaying, and recording the detected signal.  The major systems of an SEM are shown on Figure 6 schematically.  A typical image is shown on Figure 7.  Unlike a photographic image, the SEM image is generated sequentially in time by the detection and recording of the intensity of the image at individual points.  The intensity is controlled by the composition of the material at the point, the topographic roughness of the surface of the material at the point, and (to a lesser extent) by the crystallographic orientation of the material at the point.


The detector in the scanning electron microscope may be sensitive to secondary electrons, backscattered electrons or x‑rays.  Most of the work done on the Perry samples was done with secondary electrons or with the x‑ray detector.  With the x‑ray detector, one also uses associated electronics to measure the energy spectrum of the x‑rays that are emitted by the specimen.  Because each element produces x‑rays with characteristic energies, the spectrum of energies can be used to obtain semiquantitative estimates of the elemental composition of the specimen.  Typical spectra are shown on Figure 8.


5.0      SAMPLE LOCATIONS


Representative samples of the various faults were collected from the intake tunnel and the discharge tunnel.  Samples of the fracture zone in the discharge tunnel were also collected.  The sample locations are shown on the intake and discharge tunnel wall maps (Figure 17, 18 and 19) of the main body of Weston Geophysical’s text.


6.0      RESULTS


6.1      DESCRIPTION OF GOUGE


The gouge zone contains lithic fragments set in a matrix of clay‑sized (1 to 4 microns) grains.  A typical image is shown on Figure 9.  The texture and minerals of the lithic fragments are identical to those of the adjacent country rock.  The gouge matrix contains the same clay mineral (illite) as the country rock and also contains gypsum and feldspar.  Crystals of NaC1, observed in the gouge zone but not in the country rock, are believed to have crystallized from saline water after collection.


6.2      MICROCRACKS


Two types of cracks were observed in the samples from the Perry site.  One set, termed desiccation cracks, was produced during the drying of the specimen and appears to be unavoidable.  The other set, termed fault‑cracks, was not produced during the drying of the sample and appears to have been produced by the last movement of the fault.


Desiccation cracks had been observed previously in other samples.  On Figure 10, an example of desiccation cracks in clay‑like minerals (chlorite in this case) are shown for a specimen described by Wang and Simmons (1978).  These cracks developed during examination of the specimen with the SEM.  They were actually observed during the time that they formed; hence, their origin is known unequivocally.  Desiccation cracks have distinct characteristics:  (1) they are relatively wide in comparison with their lengths; (2) their walls are very irregular, but opposite walls would fit exactly when restored to the contacting position; (3) they are relatively short (typically a few microns); and (4) they are often curved.  The criteria for the recognition of desiccation cracks are unambiguous.  An example of desiccation cracks in the Perry samples is shown on Figure 11 and may be compared with the cracks on Figure 10.


Examples of the other type of cracks observed in the Perry samples are shown on Figures 12, 13 and 14.  These cracks are typical representatives of approximately 350 cracks that were examined in the Perry samples.  Every individual crack in the set of 350 cracks contained new mineral growths that spanned completely the fracture.  No open microcrack without new mineral growth was observed ‑ except, of course, the desiccation cracks.


6.3      AGE OF MICROCRACKS


The age of the microcracks can be obtained from the degree of filling, approximately one percent.  The value is the same as the value for the compaction fractures in the sandstone at the Satsop site.  If the factors that control rate of fracture filling are approximately the same for the two sites (as they are), then the ages of the cracks are the same.  The factors are compared in Table 1, and we conclude that they are quite similar for the two sites.  Therefore, the age of the microcracks associated with faulting at the Perry site is approximately 1 million years.


Although our estimates of the several parameters that affect the rate of healing or microfractures are similar for the Perry and Satsop sites, they are not identical.  Therefore, some possible error exists in the estimate of the date of last fracturing for the Perry site.  In our opinion, and based on our experience of working on microcracks in a variety of rocks during the past 10 years, the date might be as young as 0.8 million years and as old as 5 million years.


6.4      SLICKENSIDES


Samples that contained slickensides were examined with the SEM.  A typical image is shown on Figure 15.  The grooves appear to have been created by grains of pyrite that were embedded in a surface that moved with respect to another adjacent surface.  The mineral pyrite was identified on the basis of elemental composition (feS) and crystal morphology (octahedra).
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TABLE 1


COMPARISON OF PERRY AND SATSOP SITES WITH RESPECT TO FACTORS


AFFECTING RATE OF FRACTURE HEALING

____________________________________________________________________________________________________



Factor






Perry





Satsop


____________________________________________________________________________________________________


  Host Minerals




Illite (based on EDX)


Quartz, Feldspar,

















Pryroxene


  Elements in Host(s)



Al, Si, K, Fe




Na, Mg, Al, Si, K,

















Ca, Fe


  Elements in Growth Minerals


Al, Si, K, Fe




Not measured


  Maximum Temperature



288( to 293(K




288( to 293(K


  Maximum Lithostatic Pressure

~300 bars





~300 bars


  Width of Microcracks



1 to 5 microns




1 to 5 microns


____________________________________________________________________________________________________
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Figure 1
Healing of microcracks versus time.  The curve is schematic and intended only to show general shape.  The cracks are created at time to and are healed completely at tc.
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Figure 2
Current data for healing of microcracks.  See text for discussion of the error bars.
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Figure 3
Partially healed microcracks from Ries Crater, Germany.  SEM micrograph.  Host grain is amphibole.  New mineral growth is chlorite.  The sample is described by Padovani et al. (1979).


[image: image6.png]

Figure 4
Sample number 4, partially outlined with holes that have been drilled with a jackhammer, still in situ.  Note the gouge zone that is contained in this sample.  The webs between the individual holes were later removed.  A chisel was used to split a bedding plane at the base of the sample, freeing the sample completely.


PART TWO OF APPENDIX A, SECTION 2.  BEGINS WITH PAGE 18
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Figure 5

Sample number 25, partially sawn, still in situ.  After the rear cut had been made, the sample was freed by splitting gently along a bedding plane.  Note the gouge zone that extends diagonally across the sample.
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Figure 6

Block diagram of a typical scanning electron microscope.  The image on the cathode ray tube is recorded photographically.  An x-ray detector may be substituted for the collector.
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Figure 7

Typical micrograph obtained with a scanning electron microscope.  PNPP sample 1.  This image was made with a specimen from the gouge zone in the intake tunnel at the Perry Nuclear Site.  The deformed crystals near the center of the micrograph are probably gypsum.
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Figure 8

Typical x-ray spectrum obtained with energy dispersive systems.  This spectrum was obtained from clay minerals in the gouge zone.  The abscissa is energy (of x-rays) and the ordinate is counts per channel.  The identification of the individual peaks is shown on the figure.  The peak for copper is due to contamination within the system and not to the presence of copper in the specimen.  The mineral is probably illite.
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Figure 9

Figure 9a is an enlargement of an optical photograph and shows in small scale the many features that are present in the gouge and can be readily recognized on a freshly sawn surface.   Note the abundant lithic fragments of shale that are set in the fine-grained matrix.  Figure 9b is an SEM micrograph of the gouge (area 
differs from 9a).
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Figure 10

Desiccation cracks observed in a sample of chlorite.  These cracks were observed in the SEM during formation.
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Figure 11

Crack produced during collection or specimen preparation.
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Figure 12

A typical microcrack in the Perry samples.  This crack occurs along the boundary between the gouge zone and the adjacent country rock.  The enlargement (12b) shows that new mineral growth has occurred with the crack, an indication that the crack was  not disturbed during the collection and specimen preparation.
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Figure 13

Microcrack in Perry sample.  This variant for the microcracks in the Perry samples is relatively short and contains new mineral growths that span completely the microfracture.  Note that many crystals can be seen projecting into the crack from the walls (13b).
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Figure 14

A microcrack in the Perry samples (14a) at higher magnification (14b).
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Figure 15

Slickensides in the Perry samples.  The slickensides appear to have been formed by pyrite grains that are stronger than the shale.  In 15b and 15c individual grains of pyrite can be readily observed.
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Figure 15

Slickensides in the Perry samples.  The slickensides appear to have been formed by pyrite grains that are stronger than the shale.  In 15b and 15c individual grains of pyrite can be readily observed.
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APPENDIX 2D B


STUDY OF THE ISOTOPIC COMPOSITION OF WATER FROM THE FAULT


IN THE INTAKE AND DISCHARGE TUNNELS


AT THE PERRY NUCLEAR POWER PLANT


1.0      INTRODUCTION


A small fault was intersected by the intake tunnel for emergency cooling water at the Perry Nuclear Power Plant site.  A small fault was also intersected by the discharge tunnel at the approximate location expected from the projection of the fault in the intake tunnel.  Water enters each tunnel in the vicinity of the fault and its isotopic composition may be a useful guide to the vertical extent of the fault.


2.0      SUMMARY AND CONCLUSIONS


The isotopic ratios of D/H and 18O/16O were measured with a mass spectograph for three samples of water from the fault in the intake tunnel, one sample from the fault in the discharge tunnel, and two samples from Lake Erie.  The three samples from the intake tunnel differ insignificantly from each other and from the sample from the discharge tunnel.  The two lake samples differ insignificantly from each other.  However, the waters from the fault(s) differ significantly from the lake water.  All three samples are meteric.


The interpretation of the present set of data is that the ‘fault water’ is not Lake Erie water.


3.0      BASIS OF TECHNIQUE


The isotopic ratios of Deuterium to Hydrogen (D/H) and of Oxygen‑18 to Oxygen‑16 (18O/16O) in water have been shown to depend on the source of the water (e.g., Epstein and Mayeda, 1953; Craig, 1961).  The ratios are measured with a mass spectrometer.  Experimental details of the measuring techniques are given by Epstein (1959).  The ratios are normally reported by differences relative to a standard defined by Craig (1961) and termed SMOW, an acronym derived from standard mean ocean water, where






[image: image1.wmf](


)


(


)


(


)


OO


30


16


18


SMOW


16


18


spl


16


18


18


10


O


/


O


O


/


O


O


/


O


O


SMOW


´


-


=


d






 

[image: image2.wmf](


)


(


)


(


)


OO


30


SMOW


SMOW


spl


10


D/H


D/H


D/H


D


´


-


=


d




and the subscript spl indicates values of the sample.


Craig (1961) showed that the isotopic variations in meteoric waters could be represented by the equation
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Figure 1 is a plot of his data.


Clayton et al. (1966) examined the isotopic ratios of saline waters from several sedimentary basins.  Their data are summarized on Figure 2.


4.0      DATA AND DISCUSSION


The isotopic ratios relative to standard mean ocean water, SMOW, are given in Table 1.  They are also shown on Figure 3.


_______________________________________________________________________


______________________________TABLE 1__________________________________








   (DSMOW



 (18OSMOW



SAMPLE



   (0/00)



  (0/00)


_______________________________________________________________________



  F1




‑73.3 0/00


‑11.5 0/00



  F2




‑73.5 0/00


‑11.4 0/00



  L1




‑54.0 0/00


 ‑7.4 0/00



  L4




‑52.3 0/00


 ‑7.6 0/00



 IF4




‑70.6 0/00


‑11.7 0/00



 FD10



‑79.3 0/00


‑11.4 0/00


______________________________________________________________________


The isotopic ratios of all three water samples are near the Craig (1961) curve for meteric water.  Therefore, the water from the fault is meteoric water.


The ratios for F1, F2 and IF‑4 are very close to each other.  If we take the differences to be an indication of experimental precision, then the isotopic ratios for the water from the fault in the discharge tunnel differ from the values for the intake tunnel by approximately the experimental error.  We therefore conclude that the waters from the


fault(s) in the two tunnels have a common source, which is not Lake Erie.  The data are consistent with a single fault intersecting both tunnels.


The ratio of the water from the fault differs significantly from the ratio of the sample of Lake Erie water.  Sample L1 was collected near the lake surface, L2 near the bottom.  Both samples were obtained near the projection of the fault in the intake tunnel dip to the lake bottom.  On the basis that the isotopic ratios of the waters from the fault in both tunnels differ greatly from the ratio for water from Lake Erie, we conclude that the fault water is not Lake Erie water.
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FIGURE 1

Deuterium and oxygen-18 variations in rivers, lakes, rain, and snow, relative to ‘standard mean ocean water’ (SMOW). Points which fit the dashed line at the upper end of the curve are rivers and lakes from East Africa. (After Craig, 1961)
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FIGURE 2

Isotopic compositions of brines.  The ‘meteoric waters’ line is the line determined by Craig (1961) and shown on Figure 1.  (After Clayton et al., 1966)
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FIGURE 3

Isotopic compositions of the waters from PNPP.  F1, F2, and IF-4 denote samples from the fault in the intake tunnel.  FD10 denotes water from the fault in the discharge tunnel.  L1 and L4 denote water from the top and bottom, respectively, of Lake Erie.
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APPENDIX 2D C


GEOPHYSICAL METHODS


1.0      INTRODUCTION


The following sections discuss the geophysical techniques employed during the investigation of the fault discovered in the intake and discharge tunnels at the Perry Nuclear Power Plant site.  These techniques include magnetics, gamma radiation, logging, and in situ velocity measurements.


2.0      THE MAGNETIC METHOD


The magnetic method is a versatile, relatively inexpensive, geophysical exploration technique.  Magnetic data can be acquired on land, over water, or in the air.  Aeromagnetic surveys and deep water marine studies are commonly used as a reconnaissance tool for tracing large‑scale geologic structure, especially basement depth.  Land and coastal water marine data are more useful in tracing smaller, more localized geologic structures, such as mineral and ore deposits, and for detailed geologic structural modeling.  Land and coastal water marine surveys yield more detail and higher resolution, since the measurements are taken closer to the anomaly source.  Land magnetic data can also be used to locate buried, man‑made structures such as pipelines and tunnels, and for archaeological prospecting.


2.1      EARTH MAGNETISM


Magnetics, like gravity, is a “potential field” method.  For a given magnetic field, the magnetic force in a given direction is equal to the derivative of the magnetic potential in that direction.  The source of the earth’s magnetic potential is its own magnetic field 
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inducing effect this field has on magnetic objects or bodies above and below the surface.  The earth’s field is a vector quantity having a unique magnitude and direction at every point on the earth’s surface.  This magnetic field is defined in three dimensions by angular quantities known as declination and inclination.  Declination is defined as the angle between geographic north and magnetic north, and inclination is the angle between the direction of the earth’s field and the horizontal.  The earth’s total magnetic field is measured in “gammas” (() (where 1 gamma = 10‑5 Oersted) and varies from about 25,000 gammas near the equator to 70,000 gammas near the poles.


The earth’s magnetic field is not completely stable.  It undergoes long term (secular) variations over centuries; small, daily (diurnal) variations (less than 1% of the total field magnitude); and transient fluctuations called magnetic storms resulting from solar flare phenomena.


The earth’s ambient magnetic field can be modified locally by both naturally‑occurring and man‑made magnetic materials.  There are two types of magnetism involved:  induced and remanent.


In the case of induced magnetization, the earth’s ambient field is enhanced by materials which can behave like a magnet when an external magnetic field is applied.


Crustal rocks become “magnetic” due to the presence of magnetic particles, usually magnetite or related iron oxide minerals, in their compositional structure.  These particles act as small dipoles, which can be uniformly oriented by an external magnetic field, making the host rock “susceptible” to magnetic induction by the earth’s field.


These “susceptible” rocks (or any magnetic object) will thus receive an “induced” magnetic field 
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, which represents a local perturbation in the main earth field.  The net field 
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perturbation is simply the vector sum of the induced and earth fields.  Although the induced field is not necessarily parallel to the ambient field, for cases where 
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, which is generally true for most geologic applications, the directional difference between the net field 
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 is negligible.  Thus, the induced field really serves to enhance the ambient field.  The degree to which the ambient field is enhanced is a function of the “susceptibility” of the material, or its ability to act like a magnet.


Remanent magnetization is produced in materials which have been heated above the Curie point allowing magnetic minerals in the material to become aligned with the earth’s field before cooling.  The remanent field direction is not always parallel to the earth’s present field, and can often be completely reversed.  The remanent field combines vectorially with the ambient and induced field components.  The contribution of the remanent components must be considered in magnetic interpretations.


2.2      INSTRUMENTATION


At present, the most widely used magnetometer is the “proton precession” type.  This device utilizes the precession of spinning protons of the hydrogen atoms in a sample of fluid (kerosene, alcohol or water) to measure total magnetic field intensity.


Protons spinning in an atomic nucleus behave like tiny magnetic dipoles, which can be aligned (polarized) by a uniform magnetic field.  The protons are initially aligned parallel to the earth’s field.  A second, much stronger magnetic field is produced approximately perpendicular to the earth’s field by introducing current through a coil of wire.  The protons become temporarily aligned with this stronger field.  When this secondary field is removed, the protons tend to realign themselves parallel to the earth’s field direction, causing them to precess about this direction at a frequency of about 2,000 Hertz.  The precessing 


protons will generate a small electric signal in the same coil used to polarize them with a frequency proportional to the total magnetic field intensity and independent of the coil orientation.  By measuring the signal frequency, one can obtain the absolute value of the total earth field intensity to a 1 gamma accuracy.  The total magnetic field value measured by the proton precession magnetometer is the net vector sum of the ambient earth’s field and any local induced and/or remanent perturbations.


The total field proton precession magnetometer is portable and does not require orientation or leveling, as is required with vertical field instruments.  There are a few limitations associated with the precession system, however; the precession signal can be severely degraded in the presence of large field gradients (greater than 200 gammas per foot) and near 60‑cycle AC power lines; also, interpretation of total field data is somewhat more complicated than for vertical field data.


2.3      FIELD TECHNIQUES


In the field, the operator must avoid any sources of high magnetic gradients and alternating currents, such as power lines, buildings and any large iron or steel objects.  The operator should also avoid carrying any metal articles.  Readings are taken at a predetermined interval which depends on the nature of the survey, the accuracy required and the gradients encountered.  Base station reading, if required, are usually made several times a day to check for diurnal variations and magnetic storms.


Depending on survey requirements, one should determine the magnetic susceptibility and remanent magnetism for the rock units in the survey area.  If this information is not available, several representative rock samples should be collected and analyzed.  One must properly mark the in situ orientation of these samples with respect to north direction and 


horizontal plane.  Susceptibility and remanent field measurements are obtained using standard laboratory techniques.


2.4      INTERPRETATION


Lateral variations in susceptibility and/or remanent magnetization in crustal rocks give rise to localized anomalies in the measured total magnetic field intensity.  Geologic structural features (faults, contacts, intrusions, etc.) which correlate with susceptibility and/or remanent magnetization variations will cause magnetic anomalies, which can be measured and interpreted to quantitatively define the geometry of this causative structure.


After diurnal effects and regional gradients have been removed, magnetic anomalies can be studied in detail; derivative operations and frequency filtering can be employed.


Because it is a potential field method, there is an infinite number of possible source configurations for any given magnetic anomaly.  There is also an inherent complexity in magnetic dipole behavior.  Remnant field effects further add to the complexity.  But if the various magnetic field parameters (inclination, declination and susceptibility) are well defined, and some reasonable assumptions can be made regarding the nature of the source, an accurate source model can generally be derived.


Magnetic anomalies can be analyzed both qualitatively and quantitatively.  The physical dimensions of an anomaly (slope, wavelength, amplitude, etc.) often reveal enough to draw some general qualitative conclusions regarding the causative source.


Precise interpretation must be done quantitatively, however, and there are two basic approaches, each ideally requiring prior knowledge of earth and remanent magnetic field parameters.  Modeling can be performed by various approximation methods, whereby one reduces the source to a 


system of poles or dipoles, or assumes it to be one of several simple, geometric forms (vertical prism, horizontal slab, step, etc.).  The magnetic properties for this simplified model can be rather easily defined mathematically.  Simple formulas can be derived which relate readily measurable anomaly parameters, such as slope, width and amplitude ratios, to the general dimensions of the anomaly source, including depth to top, thickness, dip, and width normal to strike.  Since these methods involve very limiting geometric assumptions, the results can only be treated as good approximations except for very simplified sources.


The second and more accurate quantitative method utilizes computer iteration techniques to directly calculate the resultant magnetic anomaly for a two‑ or three‑dimensional geometric model constructed to fit the expected geologic source.  This method allows one to develop by trial and error a model whose calculated magnetic field anomaly matches the observed anomaly as closely as possible.


In both two‑ and three‑dimensional computer modeling, the source body is spatially defined by one or more n‑sided polygons.  In the two dimensional case, a vertical polygon of infinite length in a direction normal to the magnetic profile is used to define the source.  Each polygonal segment then represents the vertical edge of a rectangular prism, which is infinitely long in the profile direction.  The magnetic effect of each of these prisms is computed and summed with appropriate sign convention to give the net magnetic effect of the body circumscribed by the polygon, and thus, the magnetic anomaly.


In three dimensions, a series of horizontal polygons are stacked vertically to define the source.  The net magnetic effect for the total volume is then obtained by computing the effect of each polygon, integrating it over the vertical extent of the body, and summing the results for all of the polygons used.  The polygonal geometry allows a 


great deal of flexibility in defining an anomaly source and can encompass a wide range of geologic forms.


3.0      GAMMA RADIATION LOGGING


3.1      PURPOSE AND BACKGROUND


Gamma radiation logging can provide an efficient method for correlating geologic units in uncored boreholes.  The logging probe measures gamma radiation resulting from the natural radioactivity of the uranium (U), thorium (Th), and potassium (K40) in nearby bedrock or soils.  Although the radiation from either the U or Th series is much greater than that of K40, the background radiation from each element is approximately equal because the potassium isotope is far more common.


The intensity of gamma radiation decreases rapidly as it passes through a material.  This attenuation is exponential and dependent on the energy of the radiation and absorption coefficient of the particular material.  For the average energy of natural radiation, the range of penetration in sediments is roughly 1 foot with about half the gamma rays detected in the borehole originating within 5 inches of the borehole wall.


The natural radioactivity in sedimentary rocks and metamorphosed sediments is generally higher than that in igneous and other metamorphic types, with the exception of potassium‑rich granites.  In sediments, the gamma ray log reflects mostly shale content because radioactive elements tend to concentrate in clays and shales; sands and carbonates usually have low radioactivity.  Subtle changes in rock composition not readily apparent to the inspecting geologist may be revealed by the gamma ray log.


3.2      EQUIPMENT AND PROCEDURE


The logging system consists of a probe containing a scintillation crystal and photomultiplier tube, an electronic counting unit, a strip chart recorder with variable scale settings, and a power winch.


Gamma radiation incident on the scintillation crystal is converted to light through interaction with the crystal.  This light enters a photomultiplier tube where it is converted to a pulse of electricity which is conditioned and transmitted through the cable to the counting unit.  The average number of pulses per time unit (seconds or minutes) is plotted versus depth on the strip chart recorder.


In logging, the probe is lowered to the bottom of the borehole and measures the radiation as it is raised.  Boreholes are generally logged twice to determine the “repeatability” of the data.


Statistical variations in radiation emission, significant at low counting rates, can generally be smoothed out by integration over a short time interval.  If the hole is logged too quickly, however, the smoothing effect leads to erroneous results, and data are shifted in the direction of logging.  The logging speed must be adjusted for the bed thicknesses and radiation levels.  The length of the detector (the scintillation crystal) with respect to the bed thickness also affects the shape of the resulting log.  Optimum resolution for thin beds is obtained with a short detector and a slow logging speed.


3.3      INTERPRETATION


The interpretation of gamma logs is relatively straightforward.  The interface between beds of different natural radioactivity can be located with reasonable accuracy if it is assumed to occur halfway between the 


two count levels for thick beds (<6 ft).  For thinner zones, the location of the maximum count rate can be taken as the center of the zone.


In making correlations, all available geologic information is taken into consideration.  This includes unit thickness and composition, and position in the geologic column.  The gamma ray log displays this information in the form of the radiation level within a particular unit, as well as the gamma ray signature for that unit (the frequency of minor deviations from the average radiation level).  If other geophysical information is available, it is also considered in the final interpretation.


4.0      IN SITU VELOCITY MEASUREMENTS


4.1      PURPOSE


In situ velocity measurements provide a reliable determination of material properties.  The velocity measurements together with known or estimated densities are used to determine the dynamic elastic moduli of the material.  It is necessary to obtain the data on material in place; velocity measurements made with laboratory samples may be strongly effected by alteration of the material in obtaining the sample, and by differences between the in situ and test‑imposed stress conditions.


4.2      EQUIPMENT AND PROCEDURE


In situ velocity measurements are based on the determination of the time required for elastic waves, generated at a point source, to travel to a series of vibration‑sensitive devices (geophones or seismometers).  For in situ velocity measurements, usually the geophones contain three orthogonal seismometers, one vertical and two horizontal.  These three components allow the seismologist to estimate the mode of vibration of the material in the vicinity of each geophone.


Seismograms are obtained using a portable 12‑ or 24‑channel seismograph system which amplifies and filters the seismic signal detected by the individual geophones and provides a photographic record for each of the 12 channels (Figure 2D C‑1).  Timing lines are provided across the entire recording at two‑millisecond intervals allowing direct reading to one millisecond.  The seismograph is equipped so that the background noise level can be observed for all geophones simultaneously, enabling the operator to determine if the noise level is sufficiently low to minimize trace interference.


Depending on the requirements of the survey and specific site conditions, in situ velocity measurements are acquired in a number of ways, depending upon the deployment of source and geophones (Figure 2D C‑2):



1.
source and receivers in different boreholes (cross‑hole);



2.
source in borehole and receivers on the surface (up‑hole);



3.
source on the surface and receivers in borehole (down‑hole);



4.
high frequency source and receivers in the same hole (sonic logging);



5.
source and receivers in tunnel; or,



6.
source and receivers on surface.


4.3      INTERPRETATION


The interpretation involves picking the arrival times of two forms of seismic waves at each geophone and determining the relationship between arrival times for each wave type.  The two waves are the compressional (“P”) wave and the shear (“S”) wave.  The “P” wave is transmitted as a 


series of compressions and rarefactions, and the particle motion is parallel to the direction of propagation.  The “S” wave, on the other hand, exhibits a particle motion perpendicular to the direction of propagation.  Therefore, the information on particle motion given by the three‑component seismometers can be used as an aid in determining the wave type of arrivals.


When the arrival times are plotted against distance from the source, the velocity of the material is determined by the inverse slope of the best linear fit to the data.
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EVALUATION OF LOCAL SEISMICITY AROUND THE


PERRY NUCLEAR POWER PLANT SITE


INTRODUCTION



This Appendix presents additional information on the historical seismicity in the immediate vicinity of the site.  The current guidelines for the Safety Analysis Report format suggest that all events with an intensity greater than IV(MM) or a magnitude greater than 3.0 be included.  Such guidelines have been used in the USAR for the site region.  Within the context of the fault studies, the Applicant has considered that it would be useful to go beyond the guidelines and examine all known events, regardless of size, within 50 miles or so from the site.



Smaller historical events, particularly those of the pre‑instrumental era, are more likely to be inaccurately evaluated in terms of location and size.  Felt reports, whether they were evaluated according to the Rossi‑Forel or the Modified Mercalli scales, are always open to serious biases:  population distribution, local construction practices and above all, local soil amplification.  In the present case, because of the site location near Lake Erie, numerous reporting localities are close to the shorelines where soil effects can locally amplify ground vibrations.  Local amplification of earthquake ground vibrations yield felt reports that can alter the true location and size of the event.



Richter (1956, P. 144) was very aware of these biases when he wrote:  “The practice in the absence of seismographs, of drawing isoseismals and then locating an epicenter at the center of figure should be discontinued.  In the majority of cases the instrumentally located epicenter proves to be at one side of the meizoseismal area.”  Clearly this strong statement should be kept in mind by anyone looking at epicentral maps where most of the events are purely historical, with coordinates obtained either from only few felt reports or from isoseismals that are poorly defined.  Once an epicenter has been given


coordinates and is plotted for display purposes, the tendency is to accept it at face value.  A spontaneous reaction of the analytic mind is to study the distribution of these points plotted on a map, and attempt to recognize patterns (e.g., clusters, alignments, etc.).  After the above words of Richter, such a spontaneity cannot claim to be scientific unless an explicit effort is made to estimate the uncertainty attached both to individual epicenters and assumed patterns.



It is the objective of this Appendix to present the supporting evidence of epicentral locations and assignment of intensities, discuss some uncertainty estimates and draw some conclusions.


DATA BASE



The cumulative historical seismicity presented here is taken from Weston Geophysical’s earthquake data base.  This data base, which covers a much broader geographical region than the one investigated for the Perry site, has been developed through the last decade by incorporating many published sources and complementing these data with additional research.  Through a parallel compilation of major catalogs and listings, typographical errors have been detected, duplications corrected, and significant discrepancies identified and noted for further investigation.  Major sources included are United States Earthquakes, Earthquake History of the United States, the Publications of the Dominion Observatory, and the Seismological Series of the Earth Physics Branch (both of Canada), bulletins of major seismic networks such as those of Weston Observatory, the Lamont‑Doherty Observatory, St. Louis University, and the New England Seismological Association.  Important listings such as those by Mather and Godfrey (1927), Brigham (1871), Brooks (1960), Docekal (1970), Nuttli (1974), Nuttli and Herrmann (1978), Hopper and Bollinger (1971), Bollinger and Hopper (1972), Bollinger (1969, 1973), etc. are also included.  Supplementary information for many historical events has also been collected from newspapers, town histories, private diaries, scientific papers, 


technical reports, etc.  Through a critical review and evaluation of the above material, a selected set of parameters was adopted for each event included in the data base.


Completeness and Reliability



In considering the cumulative seismicity of a region in terms of seismic risk assessment, it is necessary to examine the completeness and reliability of the data set.  Because earthquakes are characterized either by their epicentral intensity or their magnitude, and are located by analyzing isoseismal contours and/or instrumental recordings, the spatial and temporal distributions of population and/or seismographic stations influence the number, size and location of reported events.  It is almost impossible to get a homogeneous data set over a long period of time, as both factors, population and networks, constantly change.  As long as proper thresholds and uncertainties are kept in mind, the data set is still most informative.



Even though major catalogs carry entries dating back to more than three centuries for some parts of eastern North America, in no way should one assume that completeness was achieved in these early years, except for a very high threshold, i.e., Intensity VIII or IX(MM).  For the region presently under consideration, it is more realistic to assume that the seismic history is relatively complete over the last 160 to 200 years for events that would be significant in terms of structural design, i.e., with intensities equal to or greater than VII(MM).  This period is long enough to provide an extremely useful insight on the local seismic regime.



The reliability of early historical data depends greatly on the population density and the construction practices in the area around the epicenters.  A lack of population in the true epicentral area of an event, for example, can lead to that epicenter being mislocated in the populated region where the maximum intensity level was reported.  Besides shifting true locations, a lack of an evenly distributed population can also result in underestimated epicentral intensities.  The opposite bias can occur in cases where felt reports come only from 


communities settled along river banks which characteristically experience enhanced ground motion due to the soil column, or where poor construction practices prevail.  In cases of structural damages, one must remember that construction standards have substantially improved with centuries.  A narrow application of the Mercalli scale to reports of fallen chimneys, for example, without due consideration for these basic differences in masonry can result in overestimated seismic events for the early period.



<Figure 2D D‑1> and <Figure 2D D‑2> show the progressive historical migration of the population, both in the eastern United States and Canada.  Even though the westward migration with time is predominant, the regions around Lake Erie, in both countries, show relatively earlier settlements.  By the early 1800’s, the region in the immediate vicinity of the site was settled, even though not densely populated.  It should be noted that the earliest reported events, within 50 miles of the site, occurred in 1823 and 1836, both of Intensity IV(MM).  Taking into account the distance spread between settlements, events reported during the first half of the 19th Century must be given an uncertainty in location of the same order (several tens of miles).  The assigned intensities may have been the actual epicentral intensities, but conceivably in some cases, they could have been maximum felt reports of slightly larger events located between settlements.  Such population bias could not have resulted in an error larger than two intensity units.  With the increasing population in the second half of the century, this uncertainty, both in location and intensity, can be safely reduced in half.  In all likelihood, completeness above the Intensity VI(MM) threshold has been achieved for as long as 150 years in the immediate site area.



The instrumental era beginning around 1900 brought some improvements to the quality of seismological data, particularly with respect to epicentral location.  Yet for the first half of the century, many epicenters continued to be located mostly on the basis of felt reports.  Determination of magnitudes for regional events in California was initiated during the thirties, but not used for eastern earthquakes 


until the forties and fifties.  For the site region, from the start of the century and up to the sixties, only a few seismographs operated simultaneously, both in the United States and Canada.  These few stations were part of regional networks operated by the Jesuit Seismological Association (JSA), the Canadian government, and some American colleges and universities.  The closest seismographic station to the site was at John Carroll University in Cleveland.  Even though this station was one of the first to operate in the east, it remained plaqued with shortcomings for many decades.  The first seismograph purchased in 1910 was a Weichert, with a natural period of 7 seconds and a magnification of 80; it certainly was not suited to detecting and locating small local events.  The history of the station by Macelwane (1950) refers to the fact that “during the latter half of the twenties, seismograms became less and less accurate due to the increase of traffic and industrial disturbances in the neighborhood.”  In the thirties, recordings were interrupted for some years, because of campus relocation and water seepage making the new vault unusable.  After another relocation, the Weichert was operational from 1937 to 1947, when finally a short‑period vertical and two long‑period horizontal instruments were purchased.  Two short‑period horizontal instruments were obtained in the early fifties, finally making the station equipped for the recording of local earthquakes.  In these early decades, numerous factors such as the type of instrumental response, lack of good time control, awkward geographic configuration, minimal exchange of data, use of graphical methods, and limited knowledge of crustal velocities remained potential sources of errors and uncertainties in the epicentral coordinates.


LOCAL SEISMICITY EVALUATION



Most seismic events located within 50 miles or so from the site, as reported in the standard earthquake catalogs, can be called “historical” in the strict sense, inasmuch as they occurred in the Nineteenth Century and the first half of the Twentieth Century, well before any adequate instrumental coverage of the region.



The historical evidence supporting some of the earlier cataloged events was found to be minimal, judging from the reference presented in standard catalogs.  Because local seismicity patterns can reveal important elements of local tectonics, a special task was undertaken to examine the available evidence on each local seismic event, and a systematic effort was made to acquire additional pertinent information.



The initial phase of the research consisted in establishing what local newspapers were published in northeast Ohio, the exact period of their existence, and above all, where they might be available for consultation.  A research matrix was prepared <Figure 2D D‑3> where rows represent earthquakes to be investigated and columns indicate local newspapers.



The files of individual earthquakes were inventoried and the matrix elements filled, in order to prepare an effective onsite search at local libraries and archives for the missing elements.  Table 1 lists all local repositories of newspaper collections that were visited in the survey.  Newspapers determined to be pertinent to any one earthquake were researched commencing on the date that the earthquake occurred.  This scanning continued though the following issues until datelines of dispatches reasonably indicated that further information pertaining to the earthquake would not be forthcoming.  References to the event were xeroxed, whenever possible, or handcopied.



The second phase consisted in a careful review of assembled material.  Individual files consist first in a parallel compilation of all available catalog entries and, secondly, in all additional references, newspapers, sources, etc.  These additional references were individually evaluated according to the Modified Mercalli intensity scale.  Whenever the felt reports covered a large enough area, maps were produced.  Estimated epicentral locations are indicated by open circles on these maps.  In other cases where only a few data points were available, approximate epicenters were associated with the location of the largest felt reports.



In some instances where local newspapers made reference to instrumental recordings from the John Carroll station, seismograms were 


borrowed for examination.  This review of the instrumental data turned out to be very enlighting, and will be discussed later within the individual earthquake evaluations.



The final phase consisted in the selection of a set of earthquake parameters and the writing of a brief synthetic evaluation for each event.  These were used to produce the local seismicity map <Figure 2D D‑4> and the corresponding local seismicity catalog (Table 2).  In Table 3, some events with dubious origin and/or dubious coordinates are listed for sake of completeness.  These events are not plotted on <Figure 2D D‑4>.



The newspaper information collected for each event is presented in this Appendix, as it is needed to support certain changes in epicentral estimates and intensity reports.  The information from standard catalogs has been transcribed in only a few cases, since it is assumed available to the reader.



Summary evaluations and compilations of accounts are now presented in chronological order.  Revised parameters are flagged by the letter “R.”



A general discussion of the seismicity and some brief conclusions will follow the individual evaluations.


EARTHQUAKE OF MAY 30, 1823


EPICENTRAL INTENSITY:  II‑III(MM) (R)


LOCATION:  42.5N, 81.0W (R)


EVALUATION:


The location and intensity of this event had been mysterious and uncertain.  Smith was the first to assign coordinates (41.5N, 81.0W).  The reasons for choosing those particular ones, in the Unites States, away from the shore, were not expressed.  If one compares Smith’s listing with that of Brigham, listed as a reference, it is not certain that Smith’s interpretation is faithful.  Brigham does not explicitly link the rise in water level to the occurrence of the “slight shock.”  Possibly, a sudden rise of the water level is normal in May.  A rise in water level should not be confused with a tsunami or a seiche.


If another reference given by Smith, i.e., that of Dawson, is examined carefully, one finds that he considered the location to be in Canada, on the shore of Lake Erie.  Such a location would be better approximated by 42.5N, 81.0W (near the Canadian shore).  It seems that a typographical error must have been incorporated into Smith’s listing, making it 41.5N, a location in the United States which is difficult to reconcile with his sources.  It is thus suggested that the coordinates be revised to 42.5N, 81.0W.


Finally, it is not customary to translate “slight shock” into an Intensity IV (Smith, 1962).  This event should be regarded as an Intensity II‑III at the most.  The uncertainty of location remains large; (1/2( is suggested.  Whenever Smith uses “.5(” or “.0(” for historical events, he does so in order to show an uncertainty of (1/2(.


COMPILATION OF ACCOUNTS:


Brigham, W. T., 1871, “Volcanic Manifestation in New England,” Memoirs of the Boston Society of Natural History, V. 2, pp. 1‑28.




“In 1823, May 30, the water rose nine feet in Lake Erie; a slight shock.”


Dawson, Sir J. W., 1864, Notes on the Earthquake of October, 1860, The Canadian Naturalist and Geologist, V. 5. pp. 363‑372.




“In 1823, May 30, Canada, On shore of Lake Erie, slight but water of lake rose to height of 9 feet.”


Smith, W. E. T., 1962, Earthquakes of Eastern Canada and Adjacent Areas 1534‑1927, Publications of the Dominion Observatory, V. 26, No. 5.




“1823 May 30, IV. 41.5N, 81.0W.  On the shore of Lake Erie.  Slight shock but water rose to a height of nine feet.”


EARTHQUAKE OF JULY 8, 1836


CA:  21:15 (LOCAL)


EPICENTRAL INTENSITY:  IV(MM)


LOCATION:  41.5N, 81.7W


EVALUATION:


This event was clearly an earthquake; it was reported felt in Cleveland and vicinity with a maximum Intensity IV, according to the Cleveland Advertiser report.  It was felt in Elyria with an Intensity III, and not reported in the Painesville and Ashtabula newspapers.  The coordinates assigned are those of the city of Cleveland (41.5N, 81.7W).  An uncertainty of (15 miles is suggested here in view of the poor definition of the area where the Intensity IV was felt (“Cleveland and vicinity”).  The correct date is assumed to be Friday, July 8, on the basis of the Cleveland Herald and Elyria Republican.  Somehow, the text of the Cleveland Advertiser must have been written much prior to the day (14th July) of publication.  July 14 was a Thursday.


COMPILATION OF ACCOUNTS:


Cleveland Advertiser, Cleveland, Ohio, July 14, 1836




“Earthquake‑Between the hours of 9 and 10 o’clock last evening a shock of an earthquake was experienced in this place and its vicinity which although of momentary duration was of such force and extent as to leave no doubt of its nature.  The effect of it in the room where we were sitting was to jar the windows and furniture as if a heavy body had fallen in the room above.  The shock was accompanied and succeeded by a dull rumbling sound.”


Elyria Republican and Working Mens Advocate, Elyria, Ohio, July 13, 1836




“Earthquake.‑About 15 minutes past 9 o’clock on Friday evening last, our citizens felt a smart shock of an earthquake accompanied with a distant rumbling noise.  The motion of the earth was quite perceptible.”


Cleveland Herald, Cleveland, Ohio, July 9, 1836




“A slight shock of an earthquake was experienced in this city last evening between the hours of 9 and 10.”


EARTHQUAKE OF OCTOBER 1, 1850


CA:  10:25 (GMT)


EPICENTRAL INTENSITY:  IV(MM)


LOCATION:  41.5N, 81.7W (R)


EVALUATION:


This event appears to have been incorrectly listed in the PSAR (41.4N, 82.3W), i.e., 30 miles west of Cleveland, it is now revised.  Using additional newspaper documentation recently collected, the event is found to have been felt in various locations in and around Cleveland with an Intensity IV <Figure 2D D‑5>.  The Cleveland Daily Herald of October 1, 1850 substantiates an Intensity IV in Cleveland, Euclid (8 miles east of Cleveland) and Berea (12 miles southwest), thus suggesting that Cleveland coordinates would be an acceptable midpoint.  The revised coordinates are those of Cleveland; 41.5N, 81.7W.  It is suggested that an epicentral uncertainty of at least (12 miles be attached to this event, since it is almost impossible to decide which of the three localities experienced the largest ground motion.


COMPILATION OF ACCOUNTS:


Cleveland Daily Herald, Cleveland, Ohio, October 1, 1850




“Earthquake in Cleveland.




“A very sensible shock of an earthquake was felt at this place this morning (Oct. 1) at about 5:25 o’clock.  The morning was very clear with the exception of the horizon in the north and northwest.




“The night had also been quite clear with a beautiful   display of Aurora Borealis which was most brilliant about 3 o’clock.




“The first indication of the phenomenon was a low rumbling sound somewhat like distant thunder apparently in a northwesterly direction.  This sound increased in intensity for about 3 or 4 seconds, the deepest intonations being like very heavy distant thunder, the earth at the same instant exhibited a trembling motion which lasted nearly two seconds when it gradually died away with the sound in an easterly or southeasterly direction.




“The concussion was so violent that it produced a jarring and rattling of the windows, furniture and crockery and a very sensible trembling could be felt be one who stood up on the ground.




“In Euclid about 8 miles east of this city the shock was sufficiently violent to throw crockery from the shelf.  We also learn by a gentleman from Berea (about 12 miles southwest) that the concussion were sufficient to awaken person from their sound sleep.




“Most of those with whom we have conversed who observed the phenomenon give very near the same description of the impressions and sensations produced as are stated above.”


Cleveland Daily True Democrat, Cleveland, Ohio, Oct. 2, 1850




“An Earthquake.




“About 5:20 yesterday morning the shock of an earthquake was felt distinctly by our citizens.  It was accompanied by a rumbling noise similar to the roar of distant thunder and appeared to 



vibrate from the west to the east.  The houses in the city were jarred for several seconds.  It was observed at Parma, Brecksville, Strongsville, Rockport, and Euclid.”


Cleveland Plain Dealer, Cleveland, Ohio, October 1, 1850




“Was That Thunder?




“This inquired many of our citizens this morning on being awoke about five o’clock with a deep rumbling sound and a loud shake to all appearances a young earthquake.  We expected this phenomenon about this time, and therefore was no alarm.  It is the ground swell, or forerunner of an Ohio earthquake which is to come off on the 8th of October, and is not a ... to the Democratic thunder which will then be heard.  We have already engaged “big‑mouthed Jacques” to do our shouting, commencing on the third day after the election, as we expect this to be too ...to be understood”


EARTHQUAKE OF FEBRUARY 28, 1857 (R)


CA:  01:40 GMT


EPICENTRAL INTENSITY:  IV‑V(MM) (R)


LOCATION:  41.8N, 80.6W (R)


EVALUATION:


This event was felt with Intensity IV in many localities from Painesville, Ohio to Conneautville, Pennsylvania.  There are also a few instances of IV‑V reports, e.g., in Ashtabula and Conneaut, Ohio, and Hayfield, Pennsylvania <Figure 2D D‑6>.  The isolated mention from Concord referring to a cracked stone wall does not seem to support a higher intensity, since no other effects were reported.  The epicenter was probably not south of Jefferson since the event was not reported at Warren.


Considering that the felt area borders on Painesville, it appears justified in view of the additional information to revise the original location given by Reid (“Painesville, V?”), based on the American Journal of Science, and shift it to the northeast:  41.8N, 80.6W.  Clearly, a large uncertainty ((20 miles) should be attached to this revised location.


Considering that February 27, 1857 was a Friday, and the newspapers say “Friday evening,” the date of the earthquake has been revised from March 1 to February 28, GMT (i.e., February 27, local time), in correction of Docekal.


COMPILATION OF ACCOUNTS:


Sentinel, Ashtabula, Ohio, March 5, 1857




“Earthquake.




“Between 8 and 9 o’clock on Friday evening of last week, there was a very sensible trembling of the Earth observed in these parts.  The vibration lasted several seconds, jarring houses in such a manner as to alarm the inmates.  It was felt in various parts of the county, and is of course the subject of much speculation.”


Reid, H. F., Unpublished notebooks, scrapbooks and card files.  Custodian:  U.S. Coast and Geodetic Survey, Rockville, Md.




“Evening, 28 February 1857.  Painesville, Ohio. V(?)”


West, C. E., 1858, On an Earthquake in Western New York, American Journal of Science, V. 26, pp. 177‑182.




“Wm. L. Perkins, ESQ., of Painesville, Ohio, on the railroad from Erie to Cleveland, writes; ‘...We have, within about a year past, experienced two, and it seems to me, three earthquake shocks here.  The first, and by far the most energetic, was on the last day of Feb., 1857, I think in the evening.  The last was on the 16th of April, 1858, about 6 o’clock, a.m.’”


Western Reserve Chronicle, Warren, Ohio, March 18, 1857




“News of the Neighborhood.




“An Earthquake‑The Conneaut Reporter of the 5th inst, says:  The quiet of our citizens was disturbed on Friday evening last, by experiencing a shock of an earthquake at about 20 minutes 



before 9 o’clock.  The shock was so peculiar, so unlike anything before felt, that it attracted very general notice.  Buildings trembled and furniture rocked.  The shocks lasted about five or six seconds, and passed away with a hollow sound, like distant‑very distant thunder.




“A correspondent of the same paper writing from Jefferson in the same county says:




“Friday night a slight shock of an earthquake was felt by many of our citizens at 8 1/2 o’clock‑jarring houses, and trembling with considerable force.  We are informed that the shock was sensibly felt at Farmington, in this county.




“More of the Earthquake‑




“The Conneautville, Pa., Courier says, that a distinct and heavy shock of an earthquake was experienced in that place and various parts of the country around there, on Friday evening 28th ult.  Various buildings swayed to and fro perceptibly; windows rattled, and the furniture creaked and jarred.  The shock was accompanied by a sharp rumbling sound, likened by many to a wagon passing hastily over a bridge.  A gentleman from Hayfield says the vibration caused his clock to keep up a constant striking for ten minutes; another, that the water in his well which was uncovered, at intervals during Friday, bubbled like a boiling kettle.”


(same account appeared in Elyria Independent Democrat, March 11)


Painesville Telegraph, Painesville, Ohio, March 5, 1857




“An Earthquake.




“On Friday evening last, a few minutes before 9 o’clock, there was felt in this town a smart shock of an Earthquake.  How extensively the shock may have been felt we know not.  We see no mention of the affair in any of our exchanges.  In the neighboring town of Concord, we learn that the swaying was sufficient to crack the walls of a stone house.  A correspondent at Unionville makes the following report of the event in that locality:




“MR. FRENCH‑Last evening about a quarter before nine o’clock, a shock of an earthquake was felt in this place.  The rumbling was heard a moment or two before the jarring occurred,‑‑and that was severe enough to give our dwellings considerable shaking.  It continued some ten seconds, and seemed entirely different from an ordinary jar.”







Yours truly,


P. Terry.




Unionville, Saturday, 28


EARTHQUAKE OF APRIL 10, 1858 (R)


CA:  11:30 GMT


EPICENTRAL INTENSITY:  IV(MM)


LOCATION:  41.67N, 81.25W


EVALUATION:


This event was originally cataloged by Docekal, following a reference in the American Journal of Sciences, where April 16, 1858 was given as date of occurrence.  Docekal’s comment was that “no details are known of an earthquake felt at Painesville, Ohio, on April 16.”  The research recently carried out uncovered numerous newspaper articles referring to the earthquake.  Some confusion on the date arises from the fact that Cleveland newspapers carried on later dates, earlier dispatches from Painesville, Conneaut and Ashtabula.  A careful examination of the cross‑references suggests that the event occurred on April 10, since the Thursday, April 15, 1858, edition of the Conneaut Reporter and Painesville Telegram both refer to an event occurring on “last Saturday.”  Most likely, the American Journal of Science’s reference to April 16 is a typographical error for April 10.


The event was reported at Painesville as an Intensity IV(MM), in Ashtabula as an Intensity III(MM), and in Conneaut as an Intensity II‑III(MM).  The fact that the Cleveland newspapers carried only dispatches from other localities suggest that the event was not felt in Cleveland itself <Figure 2D D‑7>.


In the Cleveland Herald of April 19, there is a reference to a dispatch from Painesville in which a mention to a second event on that day is made.  The fact that such an aftershock was not mentioned before, and that this second event is reported for 6 p.m., while all other references fixed the first shock at 6 a.m., suggests a possible 


confusion.  It is probably better to consider this second event as doubtful.  There is no doubt that if two events are accepted, the first one was stronger, as it was never reported to Ashtabula and Conneaut.


When assigning Painesville coordinates to the epicenter, an uncertainty of (15 miles seems appropriate.


COMPILATION OF ACCOUNTS:


Ashtabula Sentinel, Ashtabula, Ohio, April 22, 1858




“Lake Co.‑...A shock of an earthquake was very distinctly felt here on Saturday morning.


Cleveland Herald, Cleveland, Ohio, April 17, 1858




“Earthquake.




“A little after 6 o’clock on Saturday morning last, a sensible shock of an earthquake was felt in this place.  The shock was of short duration, but sufficiently continued for anyone to settle in his own mind its distinctive character‑” Ashtabula Telegraph, 17th.


Cleveland Herald, Cleveland, Ohio, April 19, 1858




“From the Painesville Advertisor, of the 17th:




“A shock of an earthquake was very distinctly felt here on Saturday morning last, at quarter past six.  About the same hour in the evening another shock was also felt.  In both instances, buildings shook, dishes rattled, and other evidences of the shock were made.”


Conneaut Reporter, Conneaut, Ohio April 15, 1858




“‘Earthquake’!‑An earthquake was distinctly heard and felt in this village about 25 minutes past 6 o’clock on Saturday morning.  Buildings tottered, the ground heaved and trembled, and the trees swayed and made obeisance like the sheaves in Joseph’s dream, although not a breath of air was stirring.  Many of our people were considerably shocked.”


(the same account appeared as a dispatch from Conneaut in Cleveland Herald, April 16, and Cleveland Leader, April 19)


Painesville Telegraph, Painesville, Ohio, April 15, 1858




“An Earthquake.




“At 6 1/2 o’clock on Saturday morning last the shock of an earthquake was distinctly felt in this place, accompanied by a rumbling noise not unlike distant thunder.  Buildings shook, windows rattled and light articles of furniture had their gravity very much disturbed by it.  The course of the quake seemed to be from the south toward the north and was similar in character the shock felt here about a year ago.”


(the same account appears in Cleveland Herald, April 16, as a dispatch from the Painesville Telegraph of April 15)


West C. E., 1858, On an Earthquake in Western New York, American Journal of Science, V. 26, pp. 177‑182.




“Wm. L. Perkins, ESQ., of Painesville, Ohio, on the railroad from Erie Cleveland, writes; ‘...We have, within about a year past, experienced two, and it seems to me, three earthquake shocks here.  The first, and by far the most energetic, was on the last day of Feb., 1857, I think in the evening.  The last was on the 16th of April, 1858, about 6 o’clock, a.m.’”


EARTHQUAKE OF JANUARY 13, 1867


CA:  22:00 GMT


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  42.97N, 77.85W (R)


EVALUATION:


This event was mistakenly carried in the PSAR with the coordinates of Cleveland.  The event occurred in New York state.  Recent investigation shows that a dispatch from Rochester, New York appeared in the Cleveland Leader concerning an earthquake felt in Monroe and Livingston counties N.Y.  A suggested relocation of the epicenter is Caledonia, New York, (42.97N, 77.85W), approximately 175 miles from the site.  It should be noted that the dispatch refers to a possible aftershock three hours later.


COMPLETION OF ACCOUNTS:


Cleveland Leader, Cleveland, Ohio, January 15, 1967




“The Recent Earthquake in Monroe and Livingston Counties.




“The Rochester Union of Tuesday evening has the following in relation to the earthquake mentioned in our dispatches:




“On Sunday afternoon and evening two distinct shocks of an earthquake were experienced in the southwest corner of this county and in the adjoining county of Livingston.  The first shock came about 5 p.m., attended by a rumbling sound, which appeared to come up from the southwest and pass away to the southeast.  Buildings were shaken in the village of Mumford, and people sitting in their houses were startled by the sensation produced.  Between 8 and 



9 p.m., another and a lighter shock was experienced.  The first shock was sensibly experienced in the village of Caledonia, Livingston County.




“The testimony to the statement above made is such that cannot be doubted that there was a convulsion of the earth in the localities named sufficient to startle and alarm the people.  It can be explained upon no other hypothesis than that it was an earthquake.  It was on Sunday evening, when all was quiet and the effect would be most readily noticed.”


EARTHQUAKE OF APRIL 9, 1869


CA:  13:00 GMT


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  42.7N, 80.8W


EVALUATION:


This event was felt as an Intensity III in Vienna, Ontario, according to Smith and Lancaster.  It has been given the coordinates of Vienna, Ontario.  No mention was found in Ashtabula.  Probably quite small and local.


COMPILATION OF ACCOUNTS:


Lancaster, A., 1873, “Note Additionnelle au Memoire de M.W.‑T. Brigham, intitule:  ‘Volcanic Manifestations in New England (1638‑1870),’” Memoirs of the Boston Society of Natural History, V. 2, pp. 241‑247.




“1869 Avril.  Le 9, entre 8 et 9h. du matin, a Vienna (Ontario, une legere secousse du N. au S. et de vingt secondes de duree.”


Smith, W. E. T., 1962, Earthquakes in Eastern Canada and Adjacent Areas 1534‑1927, Publications of the Dominion Observatory, V. 26, No. 5.




“1869 April 9, 8:00‑9:00 a.m. III.  Felt at Vienna, Ontario.”


EARTHQUAKE OF JULY 23, 1872


CA:  11:00 GMT


EPICENTRAL INTENSITY:  III(MM) (R)


LOCATION:  41.4N, 82.1W


EVALUATION:


This shock appears to have been felt very locally in Elyria, near the Red Mill.  A revised Intensity III would seem adequate (as used by Bradley and Bennett and Docekal).  The seismic origin of this event is somewhat doubtful as the two reports available emphasize the dullness of the sound.  Residents found that a 4,000 ton overhanging rock had fallen along with 3,000 tons of other material.  The Elyria report refers to a jar and a dull sound.  One could consider the possibility that an earthquake was the cause of the rock fall; yet the fall of the rock, followed by the detritus, could also explain the report very simply.


The fact that the shock was not felt in any other locality makes the occurrence of an earthquake appear doubtful.  Had an earthquake occurred, causing the rockfall, it should have been felt in Lorain, 8 miles northwest of Elyria, and in Cleveland, 20 miles to the east.  This dubious event (Intensity III) is considered non‑seismic, and will be listed in Table 3.


COMPILATION OF ACCOUNTS:


Cleveland Plain Dealer, Cleveland, Ohio, July 25, 1872




“‑The Elyria Democrat says that on Tuesday morning the citizens of Elyria were startled by the jarring of the earth, followed by a crashing dull sound, like that produced by the fall of a heavy body.  Those living in the vicinity of the red mill soon discovered the cause.  The immense overhanging rock over which the 



road bed formerly passed to the lower mill, had fallen into the chasm below, with a crash that at once revealed the cause of the alarm.  The rock that fell intact is about one hundred feet long by thirty feet in width and depth and weighs about 4,000 tons.  The whole weight of rock that fell, including the detached portions, must have been 7,000 tons.  A crevice is opened in the rock, extending around under the corner of the mill to the verge of the falls and there is danger of another fall of rock, which however will not endanger the mill property.”


Elyria Independent, Elyria, Ohio July 24, 1872




“Great Fall of Rock.




“Grand Exhibition of the Force of Nature.




“This (Tuesday) morning, at a few minutes before six o’clock, the citizens of Elyria were startled by the jarring of the earth, followed by a crashing dull sound, like that produced by the fall of a heavy body.  Those living in the vicinity of the Red Mill soon discovered the cause.  The immense overhanging rock over which the road bed formerly passed to the lower mill, had fallen into the chasm below, with a crash that at once revealed the cause of the alarm.




“The rock that fell intact is about one hundred feet long by thirty feet in width and depth and weighs about 4,600 tons.  The whole weight of rock that fell, including the detached portions, must have been 7,000 tons.  A crevice is opened in the rock, extending around under the corner of the mill to the verge of the falls and there is danger of another fall of rock, which however will not endanger the mill property.




“Hundreds of our citizens visited the scene, and looked with wonder upon the change that had been wrought in a moment, by the rending asunder of what has always been regarded as a rock that could only be moved by the force of the most powerful explosive agencies.  Sight‑seers will do well to avoid the precipice immediately adjoining the part that fell, as the large crevice in the earth shows that it is liable to fall at any moment.  The mill stands far enough back to be out of all danger.”


Lorain Constitution, Lorain, Ohio, July 26, 1872




“A Rending of the Rocks.




“Falling of the Rocks at the East Falls.




“On last Tuesday morning, the attention of the entire population of the village was called to the East Falls by the report that a large portion of the rock which hung over the basin had split off and fallen into the chasm, and, though a slow, drizzling rain kept up for several hours, large crowds gathered there to look upon the scene.  The fall occurred about seven o’clock in the morning, and the dull, but heavy rumbling report it made, startled many of these living in the vicinity of the Red Mill.  The portion that fell was that which formed the table over which the road passed leading to the old mill, and it carried away surface equal to about ten square rods.  The scene resembles very much what might be produced by a heavy blast of powder, as rocks, trees and earth are scattered in all directions.  The main rock, which now lies at the brink of the basin, measured eighty‑one feet long, and in the middle is about thirty‑five feet thick, and about the same width.  It is estimated to weigh 12,700 tons, and would be sufficient to construct several good‑sized buildings.  Nearly an equal amount of smaller rocks fell with or broke off from the main piece in the fall.  By this breaking off the precipice is now 



within a few feet of the west wall of the Red Mill, though the mill is not believed to be in danger, and the passage way from the mill to the river below the falls has been carried away.  Mr. Stich, the artist, took sketches of the scene, and has sent them to a New York illustrated paper, and it may be that it will be published.  The scenery below the falls was always regarded as very beautiful and romantic, and this last breaking away has given in a wildness almost startling to look upon.”


EARTHQUAKE OF AUGUST 17, 1873 (R)


CA:  14:00 GMT


EPICENTRAL INTENSITY:  III(MM) (R)


LOCATION:  41.25N, 80.50W


EVALUATION:


This event was felt in Sharon, Pennsylvania according to the American Journal of Science.  It does not appear to have been felt in Ohio as no mention was found in Ashtabula, Warren, Cleveland, or Painesville.  The coordinates assigned are those of Sharon (41.25N, 80.50W).  This earthquake was mentioned originally by Reid, using the American Journal of Science as source.  An Intensity III is more than adequate to describe “a shock.”  Docekal mistakenly carried this event one day later, and evaluated it as Intensity III‑IV.


COMPILATION OF ACCOUNTS:


Rockwood, C. G., JR., Notices of Recent Earthquakes  NO. 4, American Journal of Science, V. 107, No. 40, pp. 384‑387.




“Aug. 17, 1873 ‑ A shock about 9 A.M. in Sharon, Pa., lasting ten seconds.”


EARTHQUAKE OF JANUARY 18, 1885


CA:  10:30 GMT


EPICENTRAL INTENSITY:  IV(MM) (R)


LOCATION:  41.10N, 81.45W (R)


EVALUATION:


This event, on the basis of new information recently acquired, needs to be revised from the original PSAR location.  The latter was based on the Monthly Weather Review, which put the event in Garrettsville.  Rockwood assigned an Intensity II to this report.  Numerous reports recently acquired from Summit and Portage counties suggest an Intensity IV in the vicinity of Akron and Kent (Figure 2D D‑8).  The new information suggests this area as the epicentral region.  The somewhat isolated report of an Intensity IV in Painesville might be attributed to local amplification due to the proximity of the lake shore.  The location is revised to 41.10N, 81.45W, with a suggested uncertainty of (10 miles, and the intensity is increased from II‑III to IV.


COMPILATION OF ACCOUNTS:


Cleveland Herald, Cleveland, Ohio, January 22, 1885




“An Earthquake in Summit County.




“Akron, Ohio, Jan. 21 ‑ (Special) ‑ Reports come from the northern townships of the county of a pronounced earthquake shock felt there early Sunday morning.  A number of Arkonians who felt it, but would not speak of it for fear of ridicule, are now coming to the front.”


Cleveland Herald, Cleveland, Ohio, January 23, 1885




“Man Killed at Chicago Junction ‑ Earthquake.




“Plymouth, Jan. 22 ‑ ... Since your correspondent at Akron opened up the subject we can add a little about that earthquake on late Sunday morning.  It was felt here by several persons.  In one house the dishes fell from cupboards and in some places a loud report as of an exploding gun was heard.  The subject was not mentioned at first by the parties noticing it for fear of ridicule, thinking possibly they were mistaken.”


Monthly Weather Review, Jan., 1885, United States Weather Bureau, Washington, D.C.




“Mr. S. M. Luther of Garrettsville, Portage County, Ohio, reports that during the early morning of the 18th a shock, supposed to have been due to an earthquake, occurred at that space.  He also states that several persons in the vicinity of Garrettsville noticed the shock.  The time at which it occurred was about 5:30 or 5:45 a.m.”


Painesville Telegraph, Painesville, Ohio, January 22, 1885




“‘Was it an earthquake.’  Last Sunday morning between 4 and 5 o’clock several shocks, or explosions were heard and felt as though some heavy body had been thrown against the house; the last one a little before 5 o’clock was so violent as not only to jar the houses, but the furniture and to disturb those in bed.  Even hanging lamps rattled and vibrated.  The what it was has not been settled, some thinking it the action of the frost and others that a real earthquake was traveling about.”


Rockwood, C. G., Jr., Notes on American Earthquakes, No. 15, American Journal of Science, V. 132, No. 187, pp. 7‑13.




“Jan. 18, 1885 ‑ About 5h30m or 5h45m, a very light shock (II) at Garrettsville, Portage County, Ohio.‑U.S. Weath, Rev.”


Summit County Beacon, Akron, Ohio, January 21, 1885




“Some citizens insist that Akron was severely shaken up by an earthquake or something like it about 2 o’clock Sunday morning.  What’s the evidence?”


Summit County Beacon, Akron, Ohio, January 28, 1885




“‘A shock as of an earthquake was distinctly heard and felt on Sunday morning at 5 a.m., by a great many people, your correspondent included.’  So says a Twinsburg letter.  Kent had the ‘earthquake’, too.  At least the Bulletin says:  Last Sunday morning a heavy shock and sound resembling that of an earthquake was heard through this section of Portage County.  Many persons were aroused from their beds by the noise, which in some instances resembled the sound of some heavy body falling upon the roof of the house.  The shock was distinctly heard in Brimfield.”


Summit County Beacon, Akron, Ohio, February 4, 1885




“‘Orville Crescent:’  Persons at Wooster, Akron and other parts of Summit County, report that they felt the shock of an earthquake on Sunday of last week.  We understand that the shock was felt quite distinctly at Burton City.”


Warren Daily Chronicle, Warren, Ohio, January 23, 1885




“Garrettsville people claim to have had a slight earthquake Sunday.”


The Warren Tribune, Warren, Ohio, January 27, 1885




“LAKE COUNTY.




“Painesville thinks she experienced an earthquake on Sunday morning of last week.”


EARTHQUAKE OF AUGUST 15, 1885


CA:  04:05 GMT


EPICENTRAL INTENSITY:  II‑III(MM)


LOCATION:  41.27N, 81.10W


EVALUATION:


This location and intensity of this event are somewhat uncertain.  The Monthly Weather Review speaks of a “severe shock supposed to have been due to an earthquake,” felt in Garrettsville, Ohio.  Later, Rockwood, using MWR as his source, makes it “a very light shock (II), at Garrettsville.”  Then Reid simply assigns an Intensity II in Garrettsville.  Because no mention of this shock was found in any of the eleven newspapers consulted (see matrix) in the area, the Garrettsville coordinates are retained, but with a large uncertainty ((20 miles is suggested).  An intensity of II‑III is assigned as a compromise, between “severe” and “very light.”


COMPILATION OF ACCOUNTS:


Monthly Weather Review, August, 1885, United States Weather Bureau, Washington, D.C.




“Garrettsville, Portage County, Ohio:  a severe shock, which is supposed to have been due to an earthquake, was experienced at 11:05 p.m. on the 14th.”


Rockwood, C. G., Jr., Notices of Recent Earthquakes, No. 15, American Journal of Science, V. 132, No. 187, pp. 7‑13.




“Aug. 14‑23h 5m, a very light shock (II) at Garrettsville, Portage County, Ohio ‑ U.S. Weath. Rev.”


EARTHQUAKE OF OCTOBER 29, 1898 (R)


TIME UNCERTAIN


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  41.5N, 81.7W


EVALUATION:


Reid, following a report published in the Monthly Weather Review listed three shocks for October 23.  This entry was subsequently accepted and listed by Docekal in his catalog.  Nuttli later carried one event on October 24 (a.m.).


During the newspaper search for the three tremors reported in MWR, no accounts were found for October 23, but three accounts were found of three tremors on October 29.


A calendar verification revealed that “Friday October 23” as reported in Monthly Weather Review does not exist.  Considering that accounts for October 29 were found, and that October 29 was a Saturday, it is inferred that the MWR entry must be a transcription error, e.g., Friday, the 28th, was mistaken as the 23rd.  Thus, only the shocks for October 29 are retained.  “Early today” (29) or during the night” (28) would account for all the reports.


For the “three shocks”, an Intensity III is sufficient; not III‑IV as in Docekal.  The coordinates given are those of Cleveland (41.5 N, 81.7), with a suggested uncertainty of (15 miles.


COMPILATION OF ACCOUNTS:


Berea Advertiser, Berea, Ohio, November 4, 1898




“Three slight but distinct earthquake shocks were felt in Cleveland Ohio.”


Monthly Weather Review, October, 1898, United States Weather Bureau, Washington, D.C.




“Friday, October 23, at Cleveland, Ohio, three successive shocks are reported by the newspapers to have been felt during the night.  Prof. E. W. Morley, of Adelbert College, Cleveland, reports several disturbances shown by the seismograph during October, caused by blasting at a point about 800 feet southwest of the instrument.  Only the most powerful blasts made any record.  The most vigorous movement occurred on October 29, and was probable due to some seismic disturbance.  Prof. Morley further reports that the seismograph was not disturbed during November and December.”


Youngstown Vindicator, Youngstown, Ohio, October 29, 1898




“Cleveland Shaken by Earthquakes.




“Cleveland, Oct. 29 ‑ Three distinct earthquake shocks were felt in this city early today, each being about 10 seconds in length.  The quake was not severe enough to be noticed generally except in tall buildings and on seismographs.  The trend of the quakes were to the northerly and southerly direction.”


(same account in Youngstown Telegram, Oct. 31)


EARTHQUAKE OF APRIL 9, 1900


CA:  13:00 GMT


EPICENTRAL INTENSITY:  VI(MM)


LOCATION:  41.37N, 81.85W


EVALUATION:


This event was originally cataloged by Docekal, whom Nuttli later followed, as an Intensity VI at Berea on the basis of a dispatch from Berea to a Cleveland newspaper.  A recently acquired article from a Berea newspaper states clearly that this shock was a blast “which felt like a miniature earthquake.”  This conclusion is accepted here since there are no reports of an earthquake being felt at any other surrounding localities.  Had an earthquake of true Intensity VI occurred in Berea, it should at least have been felt at Cleveland, Elyria and Lorain, which are 11, 13 and 17 miles respectively from Berea.  An extensive literature search (see matrix) failed to show any sign of this event elsewhere.


It seems that the Intensity VI was assigned not on the basis of effects on people and objects, but solely on the fact that two chimneys of a single house fell down.  It is suggested that this event be removed from the earthquake catalog and put in Table 3 where events with dubious origin are listed.


COMPILATION OF ACCOUNTS:


Berea Advertiser, Berea, Ohio, April 13, 1900




“A Great Blast.




“Since Berea is a quarry town a blast, a gunpowder explosion, or a miniature earthquake is not all together a novelty.  During 



the quarry season these blasts may be heard at all hours of the day in different parts of the town where ever the quarries are located.  Citizens have been startled not only these blasts but also of falling rocks as well, which are sometimes thrown to great distances unless proper precautions are taken.




“The quarry people have become somewhat adept in the use of gunpowder to loosen the rock and in late years very little has been heard of accidents or violent explosions.




“Monday morning however, about 8 o’clock a blast occurred which startled the whole village and in some localities it had the effect of a miniature earthquake.  Buildings were shaken and 2 chimneys from Dr. Clarks Bridge Street residence were shaken to the ground.  The effects was not entirely upon the surface but must have extended to a great depth as shown by the water in several deep wells in the vicinity.”


Cleveland Leader, Cleveland, Ohio, April 10, 1900




“An Earthquake Felt at Berea.




“People Rushed into the Street In Great Fright.




“The Clark House Rocked and the Chimneys Loosened‑Effect Upon a Well.




“Special Dispatch to the Leader.




“Berea, OH, April 9.‑This village was visited by a miniature earthquake at about 8 o’clock this morning.  The greatest force of the phenomenon was expended at the home of Dr. William Clark on Bridge street.  The wave‑like motion traveled from north to south for a distance of nearly a half mile, its path being about 



1,000 yards wide.  The Clark home, which is a large two‑story frame structure, was rocked back and forth with such violence that both the large brick chimneys on the roof were loosened from their fastenings and came tumbling into the yard below.




“The vibrations lasted for about five seconds and were accompanied by a rumbling, thunder‑like noise, which was distinctly heard throughout the northeastern part of the village.




“At the Clark home is a well which is seventy‑three feet deep, and which is drilled into the rock.  Before the occurrence of the phenomenon the water in the well was considered among the purest and clearest in the village.  It is now of a milky color and has a peculiar taste.




“Several of the residents living within the section in which the vibrations were the greatest, rushed from their homes into the streets.  At about 10 o’clock this morning the rumbling noises were heard again but no motion of the earth was discernible.”


Cleveland Plain Dealer, Cleveland, Ohio, April 10, 1900




“Earth Quaked at Berea.




“Vibrations Were Sufficient to Shake the Chimneys from a House.




“Special to the Plain Dealer.




“Berea, April 9.‑This village was visited by a miniature earthquake at about 8 o’clock this morning.  The greatest force of the phenomenon was expended at the home of Dr. William Clark on Bridge street.  The wave‑like motion traveled from north to south for a distance of nearly a half mile, its path being more than a 



half‑mile wide.  The Clark home, which is a large two‑story frame structure, was rocked back and forth with such violence that both the large brick chimneys on the roof were loosened from their fastenings and came tumbling into the yard below.”


EARTHQUAKE OF APRIL 20, 1906


CA:  17:30 GMT


EPICENTRAL INTENSITY:  III(MM) (R)


LOCATION:  41.50N, 81.75W (R)


EVALUATION:


This event was reported felt in Cleveland, especially in the western section (see Cleveland Plain Dealer).  An Intensity III appears to be adequate for these reports.  There is no reason for following Docekal in assigning an Intensity IV to this event.  No felt reports were found in any of the surrounding towns (see matrix).  The former coordinates assigned to this event were those of Cleveland; it is now suggested that the coordinates of western Cleveland (41.50N, 81.75W) be used.  Suggested uncertainty:  (10 miles.


It should be noted that the time of occurrence, right after noon, could indicate a blast as the source.  The newspaper reports, e.g., “believed to be,” “believed to have been a slight seismic disturbances,” seem to cast doubt on the true seismic origin of the event.  Nonetheless, the event is retained in the main catalogue.


COMPILATION OF ACCOUNTS:


Cleveland Plain Dealer, Cleveland, Ohio, April 21, 1906




“‘Distinct Shock was Felt Here’.




“‘Seismic Disturbance is Believed to have Occurred Yesterday Noon’.




“‘Police Search in Vain for Report of an Explosion’.




“A distinct shock believed to have been a slight seismic disturbance was felt in Cleveland shortly after noon, yesterday.  The trembling of the earth was very brief, and not at all severe, but it was felt in all parts of the city.




“It was particularly noticeable on the west side of the city.  Officials of the Austin Powder Co. say that Father Odenbach of St. Ignatius college informed them that his seismograph had without doubt responded to disturbances in the locality.




“It was about 12:30 o’clock in the afternoon that the disturbance was felt.  The first supposition was that an explosion had occurred in one of the manufacturing plants.  Careful investigation on the part of the police and others failed to reveal anything in the nature of an explosion.




“Every place where an explosion might have occurred was throughout the afternoon and early evening beseiged with telephone calls.  Many residents of the west side claim to have heard peculiar unexplainable rumblings of the earth at about 12:20 o’clock in the afternoon.  Others though fewer in number claim to have felt a distinct shock.”


New York Times, New York, New York, April 21, 1906




“Cleveland has a Shock.




“No Explosion Found, so an Earthquake was the Next Guess.




“Special to the New York Times.




“Cleveland, Ohio, April 20.‑A distant shock, believed by many to have been an earthquake, was felt in various parts of Cleveland 



at 12:30 o’clock this afternoon.  A few minutes later the telephone and newspaper offices were besieged with telephone queries as to where the explosion occurred.




“A report was circulated that there had been an explosion at the Austin Powder plant in Newburg, but this proved to be unfounded.  Careful investigation failed to show that there had been any kind of an explosion in the city.




“Forecaster Kenealy felt the shock in the Weather Bureau in the Society for Savings, but could not tell whether it was due to earthquake shock.”


EARTHQUAKE OF JUNE 22, 1906


TIME UNCERTAIN


EPICENTRAL INTENSITY:  I‑II(MM)


LOCATION:  41.37N, 81.87W


EVALUATION:


The research turned up one single account of a very small (Intensity I‑II) event, which could be seismic, felt by one person in Berea.  It is clear that the note from the Meteorological Observatory at St. Ignatious College in Cleveland to the observer cannot be interpreted as a confirmation.  Berea coordinates (41.37N, 81.87W) should be assigned to this dubious event (listed in Table 3).


COMPILATION OF ACCOUNTS:


Berea Enterprise, Berea, Ohio, June 29, 1906




“Felt in Berea.




“Mr. E. M. Carrol felt the vibrations of Mother Earth on the night of June 22nd.  The papers did not record the shock, and Mr. Carrol to satisfy himself wrote to the meteorological observatory, at St. Ignatius College, Cleveland to know if it had been indicated there.  He received the following notice, June 25th, our instruments recorded extensive vibrations on the night of June 22, 23, from 11 p.m. to 2 a.m.  They were from E.W; and were many, turning up in periods of about three minute duration and about that long apart.”


EARTHQUAKE OF JUNE 27, 1906


CA:  21:10 GMT


EPICENTRAL INTENSITY:  IV‑V(MM) (R)


LOCATION:  41.4N, 81.6W


EVALUATION:


This event remains quite controversial, on the basis of the conflicting evidence made available through the literature search.  There are, without doubt, felt reports that correspond to Intensity IV‑V; the problem arises from the fact that these reports are distributed along the shore only, over a distance of about 100 miles <Figure 2D D‑9>.  Freeport Harbor and Put‑in Bay constitute the extreme points of this thin band of poorly differentiated intensity reports.  Only one report in the Cleveland News could support making Cleveland (Broadway Street and along the water front) the approximate epicenter, on the basis of an Intensity V report.  But soil amplification along the water front could also explain the higher intensity.


There exists an alternate possible explanation that a large blast (20 tons) near Monroe, at the western end of the lake, and which caused similar effects (rattling windows, etc.) for miles around, was also responsible for the felt reports observed form Freeport to Put‑in Bay.  This theory was quickly dismissed by all the papers of the day.  It was alleged that the earthquake (4:10 to 4:20 local) and the blast time (about 4:40) were sufficiently apart.  The seismograph at St. Ignatius recorded numerous disturbances that afternoon, the largest about 4:10.  Keeping in mind the poor suitability of the 1906 home‑made seismograph to record local events, and the time keeping problem, one can truly wonder if the instrumental data are adequate to rule out entirely the sound wave from the blast as the true cause of the noise and vibration observed.  It should be stressed that Fr. Odenbach never took a firm position.  On that day, as on many others, he talked about seismic 


disturbances on his instruments; never committing himself to the occurrence of either an earthquake or a blast.


A newspaper, the Elyria Reporter, mentions the event on June 28th and also the next day, on the 29th.  On June 29th, the blast theory is firmly endorsed.  It is not clear how much additional research in comparing blast and felt report times supported this later report of June 29th, but it certainly has the tone of a retraction.  The damages caused by the explosion certainly indicate the amplitude of the shock.  The front of the airwave hitting the south shore of Lake Erie could explain the extensive distribution of the felt reports.


In view of the extended length of the affected lake shore in the Cleveland area and very similar felt reports along the western end of the lake, near Toledo and Monroe, it is considered logical to accept the blast as the cause and explain with a single, well identified phenomenon, the felt reports obtained all along the shorelines.  The seismographic evidence is considered too weak to support the discrimination of two separate events.  The home‑made seismograph recorded “steady seismic disturbances for forty‑five minutes.”  These disturbances and similar recordings (see April 12, 1907) are of a suspicious nature; the “shock at 4:10” may have been part of these erratic seismic noises.


For this reason, the event is considered to have a dubious seismic origin and is listed in Table 3.


COMPILATION OF ACCOUNTS:


Akron Beacon Journal, Akron, Ohio, June 28, 1906




“Earthquake Felt Along Lake Shore.




“A Violent Shock Shook Up Northern Ohio Yesterday Afternoon.




“Cleveland, O., June 28,‑A violent earthquake shock shook the southern shore line of Lake Erie for a distance of 100 miles yesterday afternoon, the eastern limit being Painesville and the western Marblehead.




“While no serious damage has been reported, the shock was so violent in may places as to throw pictures from the walls of houses and shatter bric‑a‑brac.  In other cities and towns, especially in Cleveland’s suburbs, windows and transoms were shaken violently, and open doors were slammed shut.




“In many instances temporary panic was caused by the disturbance.  The memory of the San Francisco horror is so vividly before the public that the timorous ones feared the worst.  So brief was the duration of the shock, however, that calm was soon restored.




“Scientist in Cleveland explain that the seat of the seismic disturbance was probably beneath the bed of Lake Erie.  The fact that no serious wave movement accompanied the shock they add, proves that in spite of its apparent violence it was of minor importance.




“None of these scientists, however, felt the shock, and those who did dispute its being of merely minor importance.  When windows rattle and doors tremble, residents of Cleveland aver, there must be “something doing” in the stomach of Mother Earth.”




“It was learned last night that there was a severe powder explosion near Detroit.  For a time this gave rise to the theory that it might account for the disturbances on this side of the lake, but a comparison of the time seemed to make this impossible.  According to seismographic registration the shock occurred at 4:10 o’clock, while the explosion was at 4:40.  Even the average 



time of 4:20 o’clock set by the general public as when the shock was felt, would leave 20 minutes to be accounted for.




“That there was only one shock, but that of violent character is the testimony from all quarters.  The seismograph of Father Odenbach at St. Ignatius’ College tells a different story, however.  Its delicate mechanism affords unerring proof of three separate visitations during the afternoon the second one being most generally felt.”


Cleveland Leader, Cleveland, Ohio, June 28, 1906




“A violent earthquake shock shook the southern shore line of Lake Erie for a distance of one hundred miles yesterday afternoon, the eastern limit being Painesville and the western Marblehead.




“While no serious damage has been reported, the shock was so violent in many places as to throw pictures from the walls of houses and shatter bric‑a‑brac.  In other cities and towns, especially in Cleveland’s suburbs, windows and transoms were shaken violently; and open doors were slammed shut.




“In many instances temporary panic was caused by the disturbance.  The memory of the San Francisco horror is so vividly before the public that the timorous ones feared the worst.  So brief was the duration of the shock, however, that calm was soon restored.




“Disturbance in Bed of Lakes.




“Scientist in Cleveland explain that the seat of the seismic disturbance was probably beneath the bed of Lake Erie.  The fact 



that no serious wave movement accompanied the shock, they add, proves that in spite of its apparent violence it was of minor importance.




“None of these scientists, however, felt the shock, and those who did dispute its being of merely minor importance.  When windows rattle and doors tremble, residents of Cleveland aver, there must be “something doing” in the stomach of Mother Earth.




“It was learned last night that there was a severe powder explosion near Detroit.  For a time this gave rise to the theory that it might account for the disturbances on this side of the lake, but a comparison of the time seemed to make this impossible.  According to seismographic registration the shock occurred at 4:10 o’clock, while the explosion was at 4:40.



Even the average time of 4:20 o’clock set by the general public as when the shock was felt, would leave twenty minutes to be accounted for.




“That there was only one shock, but that of violent character, is the testimony from all quarters.  The seismograph of Father Odenbach, at St. Ignatius College, tells a different story, however.  Its delicate mechanism affords unerring proof of three separate visitations during the afternoon, the second one being most generally felt.”




“Seismograph Shows Several Shocks.




“‘Steady seismic disturbances between 1:15 and 2 o’clock are recorded by the seismograph,’ said Father Odenbach last night.  ‘At 4:10 o’clock there was a violent disturbance‑so violent that one of the pins was wrested from the instrument’s paper.  This lasted 



possibly eight seconds.  At 5:59 o’clock there was a third tremble, but this was almost imperceptible and of slight duration’.




“‘Until comparisons are made with observations taken at other points, it is impossible for me to say where the seat of the disturbance was located.  I should judge, though, from the reports I have received from along the shore, that it was somewhere beneath Lake Erie and close to the southern shore line.  No, such a disturbance would not necessarily cause a tidal wave or even any appreciable wave movement.  Conditions on Lake Erie are different from those along the oceans’.




“‘The fact that such a disturbance has occurred is most interesting,’ said Professor Cushing, head of Western Reserve University’s geological department.  ‘Until the necessary technical facts are at hand it is impossible even approximately to locate the center.  I should say, though, that the theory that it was under Lake Erie’s waters is the most tenable one.’




“Rocky River and Lakewood felt the shock more severely than any other sections of this county.  At first, so violent was the disturbance, the general belief was that there had been a terrific explosion, and the Leader’s telephones were kept busy by anxious inquirers.  Investigation developed that the scene of visitation was so great in extent and of such narrow width that nothing but an earthquake would be likely to cause it.




“Among those who told of having experienced the shock were Captain J. C. Gilchrist, the veteran vessel owner, who was at his summer home at West Park; A. W. Van Denschoten, Rocky River; Mrs. Jay E. Andrews, Lakewood; and the family of M. F. Bramley, just inside the western city limits.




“Painesville Feels Shock.




“At Painesville County Clerk John T. Barto told of the rattling of the windows in the court house.  Nothing of the kind was experienced, though, at Fairport, only a few miles away.




“Sandusky reports that a severe shock, as of an explosion or earthquake, shook that city.  The shock was also felt at Put‑in‑Bay, Marblehead and other points in that vicinity.




“A dispatch from Lorain says that at about 4 o’clock a loud rumbling noise was heard and buildings were shaken in all parts of that city.  Women and children were thoroughly frightened.  Pictures were shaken from the walls and bric‑a‑brac was rattled.”


Cleveland News, Cleveland, Ohio, June 28, 1906




“Earthquake All Along Lake Erie‑




“Sharp Shock That Shook Houses was Accompanied by Deep Rumbling Noise‑




“A perceptible earthquake shock was felt shortly after 4 o’clock Wednesday afternoon by residents along the south shore of Lake Erie from Painesville to Sandusky.  The shock was accompanied by a deep rumbling noise which was mistaken as thunder, but at the time the sky was clear.  The shock was more noticeable immediately along the lake shore.  In Lakewood, Lorain and Painesville houses were shaken by the seismic disturbance while in many houses the windows rattled and bric‑a‑brac was overturned.




“People living in the big blocks on Broadway and along the water front were jarred to such an extent that several women ran down into the street.  On woman was thrown from a chair in Duane 



Block, and slightly hurt.  Dishes were broken in the upper stories and pictures were disarranged on the walls.  The seismograph at St. Ignatius College recorded earthquake shocks.  Father Odenbach stated that steady seismic disturbances were recorded from 1:15 to 2:00 o’clock while a violent shock occurred at 4:10 lasting about 8 seconds.  He believes that disturbance was under the bed of Lake Erie.”


Elyria Reporter, Elyria, Ohio, June 28, 1906




“The Earth Trembled Wednesday Afternoon.




“Earthquake Shock Felt at Lorain and Sandusky.  Buildings Rocked and Goods were Strewn About.




“A violent earthquake shock shook the southern shore line of Lake Erie for a distance of one hundred miles on Wednesday afternoon, the eastern limit being Painesville and the western Marblehead.




“While no serious damage has been reported the shock was so violent in many places as to throw pictures from the walls of houses and shatter bric‑a‑brac.




“Sandusky reports that a severe shock, as of an explosion or earthquake, shook that city.  The shock was also felt at Put‑in‑Bay, Marblehead and other points in that vicinity.  The shock was also felt at Lorain about four o’clock.  A loud rumbling noise was heard and buildings were shaken in all parts of the city.  Women and children were thoroughly frightened.  Pictures were shaken from the wall and bric‑a‑brac was rattled.”


Elyria Reporter, Elyria, Ohio, June 28, 1906




“Earthquake Shock was Felt Here.




“The earthquake shock which occurred on Wednesday afternoon between four and five o’clock along the southern line of Lake Erie, was felt in Elyria.  People living on Fifth Street, felt the shock and say their houses trembled like a leaf in a gale.  The buildings rocked for a few seconds.




“Shock was Felt in Amherst.




“The earthquake shock which occurred on Wednesday afternoon was felt in North Amherst.  One woman writing to a friend to‑day from North Amherst said that she was considerable frightened by the rocking of the house for a few seconds.  The articles in her cupboards danced on the shelves.  She said she never felt an earthquake shock as clearly (sic) as she felt the one of Wednesday.”


Elyria Reporter, Elyria, Ohio, June 29, 1906




“Twenty Tons Dynamite Exploded in a Scow.




“This was the Cause of the Shocks, supposed to be the effect of an Earthquakes Sailors Fired into the Dynamite.




“The supposed earthquake shocks felt here and in other places turns out to be the effect of a dynamite explosion.  A dispatch from Monroe, Mich., says that the shock was felt there, and was caused by the explosion of twenty tons of dynamite stored in a scow at the mouth of the Detroit River.  The dynamite was the property of contractors engaged in deepening the channel at the Limekiln crossing near Amherstburg, Ont. and was exploded by some 



sailors on a yacht shooting into the scow.  Many windows for miles around were broken, and the foundations of several buildings were cracked.”


Lorain Daily News, Lorain, Ohio, June 28, 1906




“Buildings Shook; City Felt Earthquake.




“South Shore of Lake Erie from Toledo to Cleveland Shaken Mysteriously Yesterday Afternoon‑Seismographs in Cleveland Register Quake‑Women Scared in Lorain.




“A severe earth tremor which is variously ascribed to earthquake or explosion or thunder causes was felt in this city about 4 o’clock yesterday afternoon.  Buildings trembled, windows rattled, pictures swayed and dishes bounced upon the shelves of pantries.




“Reports from other towns along the lake for a distance of 100 miles give practically the same story.




“While no serious damage has been reported, the shock was so violent in many places as to throw pictures from the walls of houses and shatter bric‑a‑brac.  In other cities and towns windows and transoms were shaken violently, and open doors were slammed shut.




“In this city many buildings were shaken.  Women and children were alarmed.  In the big Duane building a chair was almost shaken from under a woman, while the sewing machine at which she was working swayed and danced under her hands.




“Scientists in Cleveland explain that the seat of the seismic disturbance was probably beneath the bed of Lake Erie.




“None of these scientists, however, felt the shock.”




“It was learned last night that there was a powder explosion near Detroit.  For a time this gave rise to the theory that it might account for the disturbances on this side of the lake, but a comparison of the time seemed to make this impossible.  According to seismographic registration the shock occurred at 4:30 (sic) o’clock, while the explosion was at 4:40.  Even the average time of 4:20 o’clock set by the general public as when the shock was felt would leave twenty minutes to be accounted for.




“That there was only one shock, but that of violent character, is the testimony from all quarters.  The seismograph of Father Odenbach, at St. Ignatius’ college, Cleveland, tells a different story, however.  Its delicate mechanism affords unerring proof of three separate visitations during the afternoon, the second one being most generally felt.




“‘Steady seismic disturbances between 1:15 and 2 o’clock are recorded by the seismograph,’ said Father Odenbach last night.  ‘At 4:10 o’clock there was a violent disturbance‑so violent that one of the pins was wrested from the instrument’s paper.  This lasted possibly eight seconds.  At 5:59 o’clock there was a third tremble, but this was almost imperceptible and of slight duration.




“Sandusky reports that a severe shock, as of an explosion or earthquake, shook that city.  The shock was also felt at Put‑in‑Bay, Marblehead and other points in that vicinity.




“Detroit, June 28.‑‘Theodore H. Perry and Harry Rogers, two Detroit men, had a marvelous escape from death yesterday, being blown out of their sailboat by a terrific explosion while sailing near Fox island at the mouth of the Detroit River.  The young men were passing a small island at the head of Fox island, the smaller 



island being used by a contracting firm for the storage of explosives used in dredging and blasting operations.  The powder house was wrecked and windows were broken as far away as the Canadian city of Amherstburg.”


Painesville Evening Telegraph, Painesville, Ohio, June 28, 1906




“Painesville People Feel Jars of Earthquake.




“A violent earthquake shock shook the southern shore line of Lake Erie for a distance of 100 miles Wednesday afternoon, the eastern limit being Painesville and western Marblehead.




“While no serious damage has been reported, the shock was so violent in many places as to throw pictures from the walls of houses and shatter bric‑a‑brac.  In other cities and towns, especially in Cleveland’s suburbs, windows and transoms were shaken violently, and open doors were slammed shut.




“County clerk J. C. Barto noticed the shock shortly after 4 o’clock.  The windows in his office at the court house shook violently and Mr. Barto jestly remarked to his deputy, Mrs. Downee, that it was an earthquake, not thinking that it was such a disturbance.  At the home of E. G. Hardy, near the lake, the shock was quite perceptibly felt, his daughters feeling the house shake beneath them.  Quite a number of others observed the disturbance.




“In many instances temporary panic was caused by the disturbance.  The memory of the San Francisco horror is so vividly before the public that the timorous ones feared the worst.  So brief was the duration of the shock, however, that calm was soon restored.




“Scientist in Cleveland explain that the seat of the seismic disturbance was probably beneath the bed of Lake Erie.  The fact that no serious wave movement accompanied the shock, proves that in spite of its apparent violence it was of minor importance.




“None of these scientists, however felt the shock, and those who did dispute its being of merely minor importance.




“It was learned Wednesday night that there was a severe powder explosion near Detroit.  For a time this gave rise to a theory that it might account for the disturbances on this side of the lake, but a comparison of the times seemed to make this impossible.  According to seismographic registration the shock occurred at 4:10 o’clock while the explosion was at 4:40.  Even the average time of 4:20 set by the general public as when the shock was felt would leave 20 minutes to be accounted for.




“That there was only one shock, but of violent character, is the testimony from all quarters.  The seismograph of Father Odenbach, at St. Ignatius College, tells a different story, however.  Its delicate mechanism affords unerring proof of three separate visitations during the afternoon, the second one being most generally felt.”


EARTHQUAKE OF APRIL 12, 1907


CA:  18:28 GMT


EPICENTRAL INTENSITY:  I(MM)


LOCATION:  41.5N, 81.7W


EVALUATION:


The newspaper search (see matrix) failed to turn up any report of this supposed event which was originally listed by Docekal and later carried by Nuttli.  Docekal’s main reference is Reid.  Reid’s handwritten note is extremely hard to decipher, but, on a close examination, the text states clearly that this event was not an earthquake.  One can also see that the seismograph was not performing too well on that day.  This event has been removed from the catalog and placed with the dubious events (Table 3).


COMPILATION OF ACCOUNTS:


Reid, H. F., Unpublished notebooks, scrapbooks, and card files.  Custodian:  U.S. Coast and Geod. Survey, Rockville, Md.




“C.S.T. 1:28 p.m.  12 April 1907.  Cleveland, Ohio.  I.  Father Odenbachs’ seismogram shows a sudden fling of pendulum to N.W. at 1:28 p.m. with a gradual but irregular recovery in 1m in the N. comp. and more rapid recovery... in the W. comp.  The displacements are somewhat like smaller displacements which characterize the whole record.  This is especially true of the N‑S comp. the trace of which is made up of sudden displacements to N. and slow recoveries.  The meteorological condition do not explain this displacement,... was complete recovery:  the disturbance was probably not an E.Q.”


EARTHQUAKE OF SEPTEMBER 27, 1921


CA:  04:32 GMT


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  42.1N, 80.2W


EVALUATION:


This event was felt by two persons in Erie, Pa. (42.1N, 80.2W) according to Monthly Weather Review, where an Intensity III Rossi Forel was assigned.  It was later given an Intensity III (MM) by Smith.  It seems that the evidence presented would have been adequately covered by an Intensity II (MM).  However, the Intensity III will be retained.


COMPILATION OF ACCOUNTS:


Monthly Weather Review, September, 1921, United States Weather Bureau, Washington, D.C.




“September 27, 1921. 4:32.  Erie, Pennsylvania, 42(05’N. 80(10’ W.  III(RF).  Felt by two.”


Smith, W. E. T., 1962, Earthquakes of Eastern Canada and Adjacent Areas 1534‑1927, Publications of the Dominion Observatory, V. 26, No. 5.




“September 26, 1921, 11:32 p.m. III.  42.1(N, 80.2(W.  Felt at Erie, Pa.”


EARTHQUAKE OF SEPTEMBER 9, 1928


CA:  20:00 GMT


EPICENTRAL INTENSITY:  V(MM)


LOCATION:  41.5N, 82.0W


EVALUATION:


The location, intensity and nature of the seismic activity observed on this day all remain somewhat mysterious.  Three district tremors were observed over a rather large area along the lake from East Cleveland to Port Clinton <Figure 2D D‑10>.  Some of the felt reports can be evaluated in the IV‑V intensity range, but it is never clear how the intensities of the three events compared with each other.


One source of confusion arises from the fact that a bombing exercise took place just about the same time ((3:00) at Camp Perry (7 miles from Port Clinton).  Some reports, e.g., “distant thunder,” “earthquake appeared remote,” “three distinct rumblings,” could be interpreted in support of the theory that the bombing exercise was indeed the cause of the felt reports.  But this interpretation was not accepted in United States Earthquakes:  “it is not thought that the tremors were a result of these operations.”  Unfortunately, the reasons for this rejection are not given.  One disturbing question comes from the fact that the seismograph at John Carroll did not record any earthquake signals that afternoon.  This is hard to reconcile with the true occurrence of a seismic event (Intensity V) located near Lorain and West Cleveland.  The absence of a signal on the seismograph could indicate that the observed noise and vibrations were not related to seismic waves, but simply noise (air waves) generated by bombs exploding with a poor coupling to the ground.


If one insists on maintaining the occurrence of a true seismic event (with aftershocks), the epicenter should remain west of Cleveland, as 


more localities reported the rattling there than east of Cleveland.  A suggested epicentral uncertainty of (20 miles would be a fair estimate.


The event was not reported felt in Painesville, and was most likely not felt at the site.  The originally assigned V is maintained to account for some fright, but it is considered quite conservative since no damage was reported.


COMPILATION OF ACCOUNTS:


Ashtabula Star Beacon, Ashtabula, Ohio, September 10, 1928




“Earth Shocks Cause Scare.




“Cleveland is Shaken by Strange Tremors.




“Cleveland, Sept. 10‑Explanations for three sharp earth tremors which shook downtown office buildings and the lake shore from Port Clinton to the city’s eastern limits, frightening thousands Sunday, were varied Monday.  No appreciable damage was reported.




“Some observers accredited the abrupt shocks, which were felt throughout the entire Cleveland area, to an aerial bombing demonstration at Camp Perry while others believed them caused by the shifting of salt mines said by Father F. L. Odenbach of John Carroll University on former disturbances, to underlie the upper earth strata.  (sic)




“The tremors were not recorded on the seismograph at the local university.”


Cleveland Plain Dealer, Cleveland, Ohio, September 10, 1928




“‘Earthquakes Shake City and Lake Shore’.




“‘Rattle Windows in Downtown Skyscrapers and Send Scores into Streets on East Side.’




“Three abrupt earth tremors which shook the lake shore from Port Clinton to Cleveland’s eastern limits at East 185th St. mystified residents throughout the entire area late yesterday afternoon as their houses rocked to the creaking of window frames.




“One hundred families in the area between Euclid Beach Park and E. 185th St. flocked to the street shortly after 3 p.m. as two temblors rattled windows and set floors to rolling.  One half were frightened and the other merely curious.




“E. L. Gove, engineer of WHK on the top floor of the Engineers Bank Building, was in the broadcasting station’s battery room when the shocks came.  He said that they caused a marked rumbling throughout the offices.




“Windows in the lower floors of the Terminal Tower Building rattled loudly from the tremors, custodians there said.




“Although no explanation for the shocks could be obtained last night, Toledo observers accredited them to an aerial bombing demonstration at Camp Perry.  Occasional similar disturbances in the Cleveland area have been accredited to the shifting of salt mines said by Father F. L. Odenbach of John Carroll University to underlie the upper earth strata.




“Although no tremors were recorded on the seismograph at John Carroll University, it was generally believed that the shocks were 



of subterranean origin and had nothing to do with the Camp Perry exhibition where three 300‑pound bombs were dropped upon targets near the shore during the hour between 3:30 to 4:30 p.m.




“At Port Clinton, seven miles from the camp, shocks were felt almost simultaneously with the bomb explosion, however.




“Buildings shook and windows rattled at Cedar Point as the earth trembled from the shocks.




“Residents of the shore east of Lorain felt the shocks distinctly and reported a third disturbance at 3:45 p.m.




“Lorain police telegraphed Cleveland, Toledo, and Detroit after the shocks were reported fearing an earthquake in this vicinity.




“The three shocks were felt distinctly at Loch Doon, summer home of E. N. Newberry, on the lake shore at E. 185th Street.




“No damage was reported from any source.  The last pronounced quake here was in February.”


Elyria Chronicle Telegram, Elyria, Ohio, September 10, 1928




“Feel Tremors along the Lake Shore.




“Cleveland, O., Sept. 10.‑Residents along the lake shore from Cleveland to Port Clinton were speculating today upon the origin of a series of tremors which shook the earth at intervals Sunday.




“Some persons believed the tremors were the offshoot of an earthquake but no disturbances were recorded by the seismograph at John Carroll university here.




“Others attributed the disturbances to an aerial sham battle at Camp Perry where 300‑pound bombs were dropped from maneuvering airplanes.




“No damage was reported from any of the affected areas.




“Port Clinton residents reported the tremors came simultaneously with the explosion of the practice bombs.”


Lorain Journal, Lorain, Ohio, September 10, 1928




“Tremors Shake City but Cause’s Mystery.




“The cause of the series of earth tremors which shook the Lake shore from Cleveland to Port Clinton Sunday afternoon, still remained a mystery today.




“Hundreds in Lorain reported that they distinctly felt the shocks which shook houses and rattled windows here.  Some declared there were three tremors here at intervals of a few seconds, while others said they felt only one or two.




“Lorain police received a lot of telephone calls immediately following the tremors and wired Cleveland, Toledo and Detroit, fearing there had been an earthquake in the vicinity.




“The earthquake possibly (sic) appeared remote as no disturbances were recorded by the seismograph at John Carroll university at Cleveland.




“The most logical cause seemed the aerial sham battle at Camp Perry where 300‑pound bombs were dropped from maneuvering airplanes.  Port Clinton residents reported the tremors came simultaneously with the explosion of the practice bombs.




“No damage was reported from any of the affected areas.




“Lorain observers varied as to the time they felt the shocks.  The time they reported varied from 3:12 p.m. until 3:45.”


Painesville Telegraph, Painesville, Ohio, September 10, 1928




“‑Earth Shocks on Lake Shore Cause Alarm‑.




“‑Tremors are Felt from Cleveland on Sunday‑.




“Cleveland, Ohio, Sept. 10‑Explainations for 3 sharp earth tremors which shook downtown office buildings and the lake shore from Port Clinton to the city’s eastern limits frightening thousands Sunday afternoon were varied Monday, No appreciable damage was reported.




“Some observers accredited the abrupt shocks which were felt throughout the entire Cleveland area to an aerial bombing demonstration at Camp Perry while others believed them caused by the shifting of salt mines, said Father Odenbach of John Carroll University on former disturbances to underlie the earths strata.




“The tremors were not recorded on the seismograph at the local university.  Although 300 pound bombs were dropped upon targets at Camp Perry at the approximate time of the shock here it was generally believed the shocks were of subterranean origin and had nothing to do with the Camp Perry demonstration.




“Windows were rattled and floors set to rolling in 100 homes in the area between Euclid and E. 185 St.  Many of the residents were frightened while others appeared merely curious at the shocks.




“Windows in the lower floors of the Terminal Tower Building rattled loudly, according to custodians.  Similar rumblings were heard in other downtown buildings.  It is believed that the shocks were not severe enough to cause an appreciable damage anywhere in the affected area.




“Reports from Port Clinton, Cedar Point, Lorain and other cities on the lake shore west of Cleveland declared the tremors were distinctly felt as the earth shook.  Lorain police telegraphed Cleveland, Toledo and Detroit fearing an earthquake in the vicinity.




“The last pronounced earthquake in Cleveland was in February 1925 when the shock was severe enough to shake pictures from walls.”


EARTHQUAKE OF SEPTEMBER 17, 1929


CA:  19:16 GMT


EPICENTRAL INTENSITY:  II(MM)


LOCATION:  41.50N, 81.55W


EVALUATION:


This event had been incorrectly listed in the PSAR as having occurred on September 27.  Bradley and Bennett assigned an Intensity II to this event with the coordinates of Euclid (41.50N, 81.55W).  No other reports of this small, local event were found in the nearby localities during our newspaper search.


It is suggested that this event be included among these of dubious origin (Table 3).  A single report from an individual speaking for himself does not seem sufficient to support the true seismic origin of the felt vibrations.  An earthquake strong enough to “shake a house violently” would have been felt by more than one person and would deserve an intensity higher than II(MM).


COMPILATION OF ACCOUNTS:


Bradley, Edward A., S. J. and Theron J. Bennett, 1965, Earthquake History of Ohio, B.S.S.A., V. 55, No. 4, pp. 745‑752.




“1929 September 17:  19h16m; II.  In Cleveland suburb of Euclid; man reported house violently shaken.”


EARTHQUAKE OF FEBRUARY 16, 1930


CA:  12:17 GMT


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  42.83N, 80.25W


EVALUATION:


This event was felt in Ontario, at Simcoe and Tillsonburg, according to Smith.  His Intensity III and coordinates of 42.83N, 80.25W are accepted with no further research.


COMPILATION OF ACCOUNTS:


Smith. W. E. T., Earthquakes of Eastern Canada and Adjacent Areas 1928‑1959, Publications of the Dominion Observatory, V. 32, No. 3.




“1930 February 16.  12:17.III. 42(50’N, 80(31’W.  Felt in Ontario, at Simcoe and Tillsonburg, where it rattled windows and dishes.”


EARTHQUAKE OF JANUARY 21, 1932


EPICENTRAL INTENSITY:  IV(MM)


LOCATION:  41.08N, 81.50W


EVALUATION:


An Intensity IV, as chosen by Bradley and Bennett, appears to be characteristic of this event, even though a few windows were cracked.  The tremor was felt only on the west shore of Summit Lake, which is within the city limits of Akron.  As explicitly mentioned in reports, the shore sediments had a very localized amplification effect.  The rest of Akron remained unaffected by the event.  Coordinates are those of the lake as given by Docekal.


COMPILATION OF ACCOUNTS:


Akron Beacon Journal, Akron, Ohio, January 22, 1932




“Quake?  Here’s Evidence!.




“Earthquake in South Akron?  “‘Here’s evidence,’ says Miss Mary Jane Brady, 530 Indian Trail, as she pointed to a cracked kitchen window.  And there were not small boys playing baseball nearby.




“Other residents in the area around Summit Lake, today still were trying to puzzle out source of earth tremors Thursday afternoon which broke windows in their homes, rattled dishes, caused furniture to hop around crazily and otherwise created consternation.  No official inquiry has been undertaken, but offhand opinion is that earth caverns bordering the lake may have collapsed, producing the shock.”


Akron Times Press, Akron, Ohio, January 22, 1932




“Quake of Summit Lake is Mystery to ‘Victims’.




“Seismograph Packed up as Pictures Sway, Furniture Dances.




“Cause of earth tremors that shook a small area on the west shore of Summit Lake late Thursday remained a mystery Friday as amateur geologists sought an explanation.




“Whether it was an honest‑to‑goodness earthquake could not be proved scientifically Friday since the seismograph at John Carroll University in Cleveland was packed up for removal to new quarters.




“But residents of Summit Lake Blvd. and streets off Manchester Road near the lake saw furniture move, pictures sway and a few windows broken.




“Francis Lavery, 19, of 1742 Summit Lake‑blvd. saw dresser dance sway as he combed his hair.  He found 15 other families in the neighborhood felt the shock.




“Lavery advanced the theory that the tremors were caused by earth filling into underground caverns from which salt had been washed thru Kenmore district wells.




“Colonial Salt Works officials refused to comment on the possibility, but said no tremors had been felt at their plant at 2065 Manchester road.




“J. H. Vance, chairman of the Chamber of Commerce Waterways Committee, explained that Summit Lake and its shore rest on a deep bed of springy, jelly‑like muck, that would reflect the slightest disturbance in tremors.”


BSSA, V. 22, No. 1, pp. 68‑72




“Akron, Ohio, January 21, 1932.‑Residents near Summit Lake, which is within the city limits of Akron, felt a slight earthquake, which broke windows in three houses and rattled dishes furniture in several others, on the afternoon of January 21st.”  SDGU


Cleveland Plain Dealer, Cleveland, Ohio, January 22, 1932




“‘Quakes’ at Akron Remain a Mystery; Caverns Blamed.




“(From Plain Dealer Bureau).




“Akron, O., Jan. 21.‑The origin of earth tremors which this afternoon broke windows, turned pictures on walls and caused chandeliers to sway like pendulums, on the west shore of Summit Lake remained a mystery tonight.




“Francis Lavery, 19, of Summit Lake Boulevard was slicking up his hair before a mirror when he was surprised to have the glass move out of range.  Investigation disclosed that pictures and chandeliers in other parts of the house were swaying, too.




“His curiosity aroused, the youth called at fifteen homes in the vicinity and found their occupants had all noticed the tremors and that some of the houses had windows broken by the ‘quakes.’




“Lavery believes the tremors were due to the earth settling into underground caverns formed by drawing salt through the salt wells in Kenmore.




“Ralph C. Durst, who teaches geology at Akron University, said tonight he had not heard of the tremors.  He admitted, it might have been an earthquake and said the salt cavern theory was plausible but not probable.”


EARTHQUAKE OF OCTOBER 29, 1934


CA:  20:07 GMT


EPICENTRAL INTENSITY:  V(MM)


LOCATION:  42.0N, 80.2W


EVALUATION:


This event was reported felt with Intensity IV‑V in Erie, Pa. (42.0N, 80.2W).  It was felt over an area of about 700 square miles.  The earthquake was apparently very local in nature, since no felt reports were found for eastern Ohio.  The Painesville, Cleveland, Youngstown, Ashtabula, and Niles newspapers all carried similar reports about the event felt in Erie, but no reference was made to local felt reports.


The Intensity V(MM) is retained because of the fright and slight damage reported in Erie, by Coffman and von Hake (1973).  The current search was extended to Pennsylvania.


COMPILATION OF ACCOUNTS:


Ashtabula Star Beacon, Ashtabula, Ohio, October 30, 1934




“‘Quake Jars Buildings in Erie Business Area’.




“Nature was resting quietly today after two sprees along Lake Erie.  She gave Buffalo a view of some of the tricks she can do with air currents, sending water spouts high in the air along the shore of the lake.  In Erie, Pa., she caused a mild earthquake.  In Ashtabula, she sent a heavy snowfall.




“Downtown and residential Erie was shaken from end to end by the earthquake.  Buildings swayed, housewives reported dishes fell 



from cupboard shelves and there was intense excitement, but no serious damage occurred.  One woman said she was thrown from her bed while asleep.




“The shock occurred shortly after 3 p.m., and was felt only for an instant.  The seismograph observer at the University of Pittsburgh reported a very slight shock had been registered within close proximity at 3:08 p.m.




“Many residents thought the shock might have been caused by an explosion, but a check did not disclosed any had occurred.




“‘Shakes Buildings’.




“Office workers in the heart of Erie and residents of the suburbs reported the shock was distinctly felt.  It was also felt at the Coast Guard station and for an area of more than 10 miles along the lake front.




“Apparatus used by a gas company to blend natural gas for use in the city was thrown out of commission.  Erie last experienced an earthquake eight years ago, of about similar proportions of Monday’s.”


(same account in Youngstown Vindicator, Oct. 30, and Painesville Telegraph, Oct. 30)


Cleveland Plain Dealer, Cleveland, Ohio, October 30, 1934




“Erie is Startled by Baby Quake.




“Five Water Spouts March in on Buffalo from Lake, Drenching Many.




“Loose on an orgy of Halloween pranks, Dame Nature raced eastward along the shores of Lake Erie yesterday to administer a shaking up to residents of Erie, Pa., who felt a sharp earth tremor at 3:08 p.m., and then moved on to Buffalo, where she sent five roaring water spouts whirling into the harbor.




“While Clevelanders stared at the freak skyline over the lake, the terrestrial shock at Erie set buildings swaying and shook pictures from the walls and dishes from shelves and tables.




“At Buffalo, a little later, the water spouts sped across the harbor from the southwest, tossing sea gulls into the air and then crashing against the stout sea wall and docks.




“The tremor at Erie was felt downtown as well as in residential and industrial areas.  In the excitement hundreds of householders were in a panic momentarily, but no serious damage resulted.




“One woman was reported thrown from her bed by the shock.




“The baby quake was recorded on seismographs at the University of Pittsburgh and at Canisius College, Buffalo, at 3:08 p.m.




“The quake at Erie was not noted more than ten miles from the city’s center, except by the seismologists.  It was the second earth disturbance there in eight years.”


Niles Daily Times, Niles, Ohio, October 30, 1934




“‘Baby Earthquake Felt at Erie, PA’.




“Erie, Pa.‑Foundations of down town buildings were shaken and gas lines broken here by an earthquake shock which rocked the city.




“The tremor was felt late yesterday following a heavy snow storm.  A seismograph of St. Canisius college in Buffalo recorded the shock.




“At least one gas line was shattered in the western section of the city.  Occupants of the citys’ two tallest buildings said the structures rocked for several seconds.




“Hundreds of persons reported dishes rattled on tables in their homes.  One woman at Westville, near here, said she saw a building move slightly.”


Youngstown Telegram, Youngstown, Ohio, October 30, 1934




“Erie Shaken by Quake; Ohio may Feel Temblors.




“Special to the Telegram.




“Cleveland, Oct. 30.‑Eastern Ohio may be subject to quakes such as shook Erie, Pa., last night, according to Dr. J. E. Hyde, professor of geology at Western Reserve University.




“Foundations of downtown buildings in Erie were shaken and gas lines broken.




“The tremor was felt late yesterday following a heavy snow storm.  Occupants of the city’s two tallest buildings said the structures rocked for several seconds.




“Hundreds of persons reported dishes rattled on tables in their homes.




“The earthquake probably occurred a mile or more underground, Dr. Hyde said.  Erie probably experienced the surface manifestations of a readjustment in the ‘basement complex,’ he explained.




“The oldest rocks known to geologists, rocks more than a billion years old, are called technically the ‘basement complex.’  They are granites and marbles and schists, bent and twisted and tangled in wild confusion.




“‘The basement complex comes to the surface in northeastern Canada and again in the south in the Ozarks and Texas,’ Dr. Hyde said ‘In Ohio, the basement complex is beneath layers of stratified rock ranging to a mile in thickness.’”


EARTHQUAKE OF NOVEMBER 5, 1934


CA:  20:00 GMT


EPICENTRAL INTENSITY:  III(MM)


LOCATION:  41.88N, 80.37W


EVALUATION:


United States Earthquakes assigned this event an Intensity III and the coordinates of Albion, Pa. (41.88N, 80.37W).  No further report was found in nearby Ohio newspapers.  An Intensity III is more than adequate for “trembling motion.”


COMPILATION OF ACCOUNTS:


Neumann, Frank, 1936, United States Earthquakes, 1934, U.S. Dept. of Commerce, Coast and Geodetic Survey, Washington, D.C.




“November 5:  15:00.  Albion, Pa., III.  Trembling motion.”


EARTHQUAKE OF AUGUST 26, 1936


CA:  08:55 GMT


EPICENTRAL INTENSITY:  II(MM) (R)


LOCATION:  41.4N, 80.4W


EVALUATION:


This small event was assigned an Intensity III and the coordinates of Greenville, Pa. (41.4N, 80.4W) by Smith.  United States Earthquakes had simply reported “a weak” event at the same place.  The research found no reports of this earthquake in nearby Ohio localities (see matrix).  It is suggested that the intensity could be lower (II), since the event appears to be very local.


COMPILATION OF ACCOUNTS:


Neumann, Frank, 1938, United States Earthquakes 1936, U.S. Department of Commerce, Coast and Geodetic Survey, Washington, D.C.




“August 26:  about 3:55 to 4:05.  Greenville, Pa. Weak.”


EARTHQUAKE OF MAY 31, 1940


CA:  16:00 GMT


EPICENTRAL INTENSITY:  II(MM)


LOCATION:  41.10N, 81.52W


EVALUATION:


United States Earthquakes states that this event was a “slight tremor felt by a few” at Akron.  The investigation found no report of this event in the Akron Beacon Journal.  Bradley and Bennett will be followed:  Intensity II with the coordinates of Akron:  41.10N, 81.52W.


COMPILATION OF ACCOUNTS:


Neumann, Frank, 1942, United States Earthquakes 1940, U.S. Department of Commerce, Coast and Geodetic Survey, Washington, D.C.




May 31:  11:00‑11:30, Akron, Ohio.  Slight tremor felt by few.”


EARTHQUAKE OF MARCH 9, 1943


CA:  04:25:34 GMT


EPICENTRAL INTENSITY:  V(MM)


LOCATION:  41.61N, 81.33W (R)


EVALUATION:


The epicentral location and estimated epicentral intensity of this event have been the object of great confusion for some years.  Because this event is, in all appearances, the largest to have occurred in the vicinity of the site, it is important to clarify the problem.  The earthquake was felt over a relatively large area, 220,000 square kilometers <Figure 2D D‑11>.  Heck and Eppley (1958) originally assigned the following coordinates:  42.2N, 80.9W, and an Intensity IV‑V(MM) (see their commentary below).  Eppley (1965) did not change anything to the location, intensity and commentary.  Smith (1966) kept the same coordinates; no mention of intensity; the only new element:  an instrumental magnitude ML=5.5 was listed.  Coffman and von Hake (1973), changed the location, from Lake Erie to Lake Erie area, and assigned new coordinates without any further explanation:  41.6N, 81.3W, preserving the same Intensity IV‑V(MM).  Their commentary (see below) was taken integrally from Eppley.  Other catalogs, Bradley and Bennett (1965), Docekal (1972), Nuttli and Herrmann (1978) have retained the original location in the middle of the lake, probably because they simply followed Eppley’s versions.


Recently, Gordon, Dewey and Jones (1978), of the USGS, in a revision of approximately 100 hypocenters, have noticed the mislocation of the 1943 Lake Erie event.  Their revised coordinates, 41.61N, 81.33W, are in perfect agreement with the Coffman and von Hake unexplained relocation.


The additional research carried out by Weston Geophysical for the present appendix has uncovered numerous references from local 


newspapers.  Felt reports from Cleveland and vicinity do not exceed Intensity V.  Most of them suggest that the original assignment of IV‑V, by Heck and Eppley was correct.


The assumed relation between the earthquake and the breakage of the water main in Willoughby does not justify the raising of the epicentral intensity.  Even if the causal relationship is accepted, such a breakage should be discussed in connection with age and corrosion of the water main, frost action, soil amplification, etc.


Some local newspapers refer to the seismographic recording obtained at John Carroll University, and some interesting comments of Rev. Joseph Joliat, S.J., seismologist in charge.  Weston Geophysical has obtained a copy of the seismogram <Figure 2D D‑12> and interpreted the data.  On this basis, Father Joliat’s comments can now be discussed.



1.
Father Joliat “thought that the epicentral distance was 20 or 30 miles.”  Considering the irregularity of the drum speed, the poor knowledge of velocity model and the reading uncertainty of P and S phases due to slow drum speed, the suggested distance range was certainly correct.  Reinterpretation of the seismogram, suggests a range of 16 to 24 miles, which would account for most of the uncertainties.  It is interesting to note that the average of 20 miles is in agreement with the relocated epicenter, (Gordon et al, 1978) and very similar to the 1951 Willoughby epicentral distance.



2.
Father Joliat stated that he could not ascertain the “direction of the quake,” but ventured to say “to the southwest.”  Without a vertical instrument, first horizontal motions cannot give the direction of approach.  The low magnification of the Weichert instrument (80), the long period (7 sec) and the slow drum speed, did not even give readable first motions <Figure 2D D‑12>.  Father Joliat had a 50/50 




chance to be right.  The event was most likely located to the northeast.  The interesting fact is that the azimuth NE‑SW had been correctly inferred.



3.
Father Joliat suggested focal depth estimates (10 to 20 miles, depending on the reporting newspapers) are merely reflective of contemporaneous geological thoughts, and are not dependent on instrumental data.  The current average focal depth of 15 km. for eastern North American events is probably applicable here in view of the observed felt area and epicentral intensity.



4.
It is interesting that Fr. Birkenhauser, successor of Fr. Joliat, commenting on the location of the December 3, 1951 earthquake, suggests a similarity between the two epicenters.  First, the 1951 event distance is 20 miles, “in the vicinity of Willoughby,” and “felt at almost the identical place in March 1943.”  The epicentral distance obtained from the December 3, 1951, seismograms (three components) ranges between 19 to 21 miles.  It is possible that Fr. Birkenhauser did compare the seismograms before making his statement.


Final point needs to be addressed:  that of the probable magnitude of the event.  When Smith (1966) decided to characterize the event in terms of magnitude, he used three Canadian stations that had recorded the shock.  In his computations of ML Richter magnitude estimates, Smith was already aware that attenuation in California was higher than in eastern Canada.  Short of something more applicable, he did calculate an  average ML=5.5.  Within the following decade, almost everyone recognized that the use of Richter’s formula led to overestimated values for eastern magnitudes.  Nuttli (1973) did provide a more applicable scale.  A. Stevens from Ottawa, using the same ground motions measured by Smith, calculated an average mbLg=4.7 for the event, identical to the estimate provided by Nuttli and Herrman (1978) on the basis of felt area versus 


magnitude relationship.  It could be noted that such a magnitude appears compatible with an epicentral Intensity V(MM).


COMPILATION OF ACCOUNTS:


Akron Beacon Journal, Akron, Ohio, March 9, 1943




“Did you feel it too?




“Akron Jarred By Earthquake.




“Dishes rattled in cupboards, homes quivered slightly and the curiosity of citizens was fired but those were the only effects reported in Akron Monday night in the wake of a slight earth tremor, the first experienced in northern Ohio for six years.




“Curious citizens thought of nearly every possibility in the books when they felt their homes quiver about 11:27 p.m. but few even thought they were feeling a bona fide earthquake, judging from telephone calls received by the police and fire departments.  There were no reports of any damage‑not even as much as a broken window.




“Some thought there had been an explosion in one of the war plants and made anxious inquiries.  Others rushed to their basements because they thought there had been an explosion there, according to reports.




“And thousands of other citizens didn’t know anything about it, sleeping blissfully through the earthquake.  Neither was the tremor felt above the din and roar of machinery in local war plants.




“The worst shock was experienced in Cleveland area where the quake officially was recorded on the seismograph at John Carroll 



University, according to Rev. J. S. Joliat, S. J., seismologist.  It lasted for about two and one‑half seconds.  Reports of the tremor were also made from other cities between Detroit and Pittsburgh.




“Father Joliat said he could not locate the direction of the quake, but estimated its origin at about 20 to 30 miles southwest of Cleveland.  It was caused, he said, by dislocation of strata resulting from strain in the earth’s crust, probably about 10 miles under the surface.




“The last earth shock felt here came almost six years to the hour before the one that jolted the district last night.  It occurred at 12:44 a.m. on March 9, 1937.




“The quake that really shook this area occurred 18 years ago on February 28, 1925.  It centered in Cleveland area.”


Akron Beacon Journal, Akron, Ohio, March 10, 1943




“‘Quake Really Fooled Frank’.




“When the earth did a Gilda Grey Monday night, many Akron residents reacted in just as many different ways but none of them could hardly surpass the experience of Frank Yacobucci, assignment clerk of the municipal court.




“Frank had just returned from a meeting to his home at 891 N. Howard St. and sat down to eat a midnight snack of rolls and coffee when the earth tremor occurred.  The coffee cup started to dance a jig on the saucer and the electric refrigerator began to hum.




“Thinking it was caused by vibrations from the refrigerator, Frank found some adhesive tape and wood chips and secured the 



kitchen window so it would stop rattling.  Then to stop what he thought were vibrations in the refrigerator, he shoved wooden blocks beneath its legs to set it ‘more level’.  Not until the next day did he learn that the shimmy was caused by Mother Nature.”


Ashtabula Star Beacon, Ashtabula, Ohio, March 9, 1943




“‘Northern Ohio Escapes Damage in Earthquake’.




“‘City and County Shaken by Tremors at 11:26 P.M. Monday; Wide Area Affected’.




“Ashtabulans shook in their beds for three seconds last night at 11:26, when the most severe earthquake in this territory for 20 years rattled windows and teetered furniture.  The widely felt tremors extended as far south as Zanesville and Columbus, shook Toronto to the north, Buffalo to the east and Detroit to the west.




“It is believed that the quake originated 20 or 30 miles southeast of Cleveland, caused by a strain in the earth’s crust, which broke about 20 miles under the surface.  The last recorded tremors in this area were in 1937.




“Little or no damage was caused by March’s contribution of surprise to northern Ohioans.  Telephone calls flooded the city central police station as Ashtabulans called to find out if there had been an explosion.  The sheriffs’ office was beseiged with calls from all over the county from people many of whom thought the Ravenna arsenal had blown up.




“The shock was felt in Jefferson, but no damage was reported.  Telephone lines were unaffected and greenhouses have noticed no particular damage as yet.  Conneaut, Geneva, Rock Creek, Andover and other county areas report feeling the quake.”



“‘Knocked Across Floor’.




“Petty officer, Daniel A. Mock of the Ashtabula Navy Recruiting Sub‑Station, was standing on one leg taking off his shoes to go to bed, when he suddenly found himself reeling across the floor from the impact of the jolts.




“A radio was reported out of order by one Ashtabulan and a North Ridge East resident reports that the door of his bookcase on the third floor set up a loud rattling.  He said he noticed a similar rattling two or three days ago.




“‘I never heard such a concert in my life’, exclaimed Mr. A. O. Keinberg, 106 W. 44th Street referring to the noise made by the brass handles on her dresser clanging against the wood from the reverberations.




“Mrs. Margaret Lundegard of the Social Security office remarked that ‘It sounded like a train running across our porch.’




“Many thought it was snow falling from roofs, an explosion or even a truck passing, as did Mrs. L. L. Sandie, 2004 E. 40th St.  They soon realized, however, that it was too continuous and heavy for any of these things.




“Mrs. J. C. Abbey, 381 W. 35th Street was sitting at her desk writing when the impact came.  The desk moved and made her writing noticeably crooked and wavery.  At first she thought it was a train passing but the shaking was much worse than that caused by a train.




“Cuyahoga and Lake Counties apparently experienced the earthquake in about the same severity as Ashtabula County.”


Berea Enterprise, Berea, Ohio, March 12, 1943




“‘Quake Shock was no Fake’.




“Now we’ve been everywhere and seen everything.




“We’ve seen fire and flood, hard times and good times, most of the opposites of the world, but up to last Monday an earthquake had never hunted us up.




“Official earthquake observers, who have lived in hope and small fruition hereabouts for these many years, realized their fondest dreams at 11:26 Monday, when this section had a real quake.




“No buildings were shaken down, and most folks thought their furnaces had blown up for keeps.  However, buildings received a good solid jar, windows rattled ominously and possessions that were on the brink took the plunge.  It is estimated that the center of the disturbance was within 20 to 25 miles of here.




“Those who slept through it, and thus lost the impression that the Germans had gone to work on the Airport, really missed something to tell their grandchildren.”


Cleveland News, Cleveland, Ohio, March 9, 1943




“What was that?  Phone Calls ask as Quake Rocks all of Cleveland.




“An earthquake that had its center within 20 or 25 miles of Cleveland and that rocked the city for a few seconds last night was a forerunner to two severe earth shocks recorded today.




“The Cleveland temblor was recorded on the seismograph at John Carroll University at 11:26 p.m., and followed by two shocks recorded Fordham University in New York at 2:03 and 2:14 a.m.




“Those disturbances were estimated to have originated 5,500 miles from New York.




“The Rev. J. S. Joliat, seismologist at John Carroll University, said the first jolt was felt with unusual force here because the center of the disturbance was not more than 20 or 25 miles from Cleveland.




“The actual quake itself lasted a matter of perhaps two seconds, Father Joliat said, but the university seismograph recorded the oscillations of its aftermath over a period of between two and a half and three minutes.  He said the two later quakes had no exact connection with the one felt here.




“‘To say that it was like pavement buckling under extreme heat would be a good comparison,’ Father Joliat said.




“Father Joliat was in bed when the quake sent him hurrying to his seismograph vault.  He was attired in house slippers, trousers and a gray sweater when Hal Metzger, program director of WTAM, reached him by telephone.  Previously WTAM had broadcast facts on the quake as reported by Dr. J. J. Nassua, professor of astronomy at Case School of Applied Science.




“Father Joliat went to WTAM’s downtown studio in a taxicab and said today ‘I was much surprised when I got in the light to discover how I looked.’




“He got back to bed shortly before 3 for not many more than 40 winks for today was his day to say a mass at 5 a.m.




“The earthquake was described by various persons in different parts of the city as ‘a rumble,’ ‘a roar,’ and ‘the jolt of a distant explosion.’




“Pearl Schmear, night telephone operator at the News, said:  ‘I thought some machinery in the composing room over the switchboard had torn loose.  It seemed for a second that the ceiling was going to fall in.  Then the calls started, and I didn’t get away from the board until after 12:30.




“‘Many who called wanted to know if the city was being bombed.  Others asked if there had been an explosion at the Ravenna arsenal.’




“Stirs Strange Reactions.




“Inquiries ranged from deadly serious to ridiculously absurd.  The rumble, the roar and the vibrations were caused not only by bombs and an explosion of block busters, but, according to the imagination of the inquirer, by a truck running into the house across the street, by the explosion of a neighbor’s furnace and by head‑on street car collisions around the corner.




“Many Clevelanders admitted sheepishly as they rode to work this morning that the jar sent them at neck‑break speed to their own basements to investigate the security of furnaces and oil and hot water tanks.




“Material damage was confined, however, to a few splintered picture frames.  Somewhere in the vicinity, of course, Mother Earth feels the need today of a face‑lifting treatment.”




“The disturbance was felt as far away from Cleveland as Detroit, Pittsburgh and Dayton.  At the East Cleveland police 



station three telephone operators were kept busy answering inquiries until nearly 2 a.m.  Common questions there were ‘Did the Ravenna arsenal blow up?’ and “Has there been an explosion at the TNT plant at Plum Brook near Sandusky?’




“Strangely enough, Sandusky police reported that the jolt was barely perceptible there.



“Telephone Company Swamped.




“The Ohio Bell Telephone Co. reported ‘a terrific overload on personnel and equipment’ as Greater Cleveland reached, in an apparent mass unified movement, for its telephones.




“The citizens lost no time about it either.  Father Joliat timed the disturbance at 11:26 p.m., and the telephone service was swamped at 11:27.




“The bulk of the calls went in order to the fire department, police, newspapers and John Carroll University.  Many patrons, hearing no dial tone because lines were already overloaded, tried to reach the operator, thus adding to the service jam.




“East Siders showed more curiosity than West Siders, according to telephone company officials who said the congestion in the Fairmount exchange continued for 40 minutes.




“Airport Towers Sway.




“At Cleveland Airport, the control towers ‘swayed dangerously,’ in the word of attendants on duty.  Weatherman George Andrus was shaken out of sleep at home and then was kept awake by the incessant ringing of his telephone by persons who couldn’t out‑wait the busy signal on Airport lines.




“Downtown hotels reported different experiences.




“Attendants at Hotel Cleveland, said they didn’t notice the disturbance and that if they had they probably would have attributed it to the roar of a train with brakes applied as it slid into the terminal.”




No Reports of Commotion




The night telephone operator at Hotel Allerton said she felt as though she were “standing close to the curb and feeling the vibrations caused by the passing of a heavy truck.”




Nowhere were there any reports of commotion or disorder.  Hotel guests and householders who were momentarily disturbed by the clatter of pictures, dishes and furniture used the telephone to confirm their own guesses that there had been an earthquake.


Cleveland Plain Dealer, Cleveland, Ohio, March 9, 1943




“Mather Girls Gun for Quake Joker.




“Some 600 girls from Flora Stone Mather Dormitory are looking for a man.




“The students were aroused from their slumber Monday night and ordered to dress and come downstairs as quickly as possible.  Hurriedly they filed down to the living room.  Some thought there had been an earthquake, a blonde, she made Phi Beta Kappa this year called the Plain Dealer.  ‘Yes it was an earthquake’ she was told, ‘No it is all over now’.




“They all filed back to bed.  A practical joker, presumably a fraternity house had identified himself as a police officer.  He 



called the dormitory, shortly after the quake ordering the girls to be prepared to evacuate the building.  Wait until they find him.”


Elyria Chronicle‑Telegram, Elyria, Ohio, March 9, 1943




“‘Quake Shakes Homes but no Damage is Done.’




“Elyria and Lorain County, along with the rest of northern Ohio, were shaken by a two and one‑half minute earthquake shortly before midnight last night.




“The temblor was described as the most severe in this section in nearly 20 years.




“This news today explained to thousands of mystified Lorain County residents why their homes were shaken and windows and dishes rattled.  Although many noted these evidences of the earthquake, reports indicated that few realized the cause of the shaking until they learned today that it was an earthquake.




“Probability that the quake originated in or near Lorain County was indicated in a report by the Rev. J. S. Joliat, S. J., seismologist at John Carroll University in Cleveland.  Although he could not determine the quake’s location, he said that he thought it originated southwest of Cleveland, within 20 or 30 miles.




“It was recorded on a seismograph at John Carroll University at 11:26 p.m.  It was felt throughout northern Ohio and western Pennsylvania and was noted as far south as Columbus and Dayton.




“Doors are Opened.




“No damage had been reported in this section at noon today, but many residents reported their homes shaken.  



Mrs. Alice Platner, 149 Columbus Street, reported that the shock was so pronounced at her home that three doors of the furnace were opened and she found that the furnace fire had gone out.




“Many Lorain Countians who were asleep at the time of the shock were not even awakened by the shaking and rattling which resulted from the quake, however.  Many of those who felt the shaking or heard the rattling of windows and dishes believed them due to the passing of heavy trucks nearby and felt no anxiety.”




“In Cleveland, however, the central police station was swamped with hundreds of calls shortly after the earthquake was felt and telephone operators just pulled down the keys and told all callers:  ‘There has been an earthquake; there is no more danger.’




“A Buffalo dispatch reported that the tremor was felt in that area and that in North Buffalo the shaking was pronounced.  Dishes and windows rattled in Dunkirk, New York, but other lake shore communities in New York reportedly were unaffected.




“The earthquake last night came almost six years to the day after the last previous recorded quake in this region.  That one occurred at 44 minutes and 55 seconds after midnight on March 9, 1937, and endured eight minutes.




“This area also was shaken for a full minute on February 28, 1925, by a quake believed to have originated about 500 miles to the northeast.  Tall buildings in downtown Cleveland swayed perceptibly in that quake.”


Lake County News Herald, Willoughby, Ohio, March 12, 1943




“Water Main Broken by Quake ‑ 500,000 Gallons of Water Leaking Daily from Lines.




“Because Willoughby Village is having to pump a half million gallons of water more than normal requirements as the earthquake rocked community Monday night ‑ fears expressed by village officials Monday as the quake broke the village water main, George Thomas, Village Clerk, revealed Thursday.  Efforts are being made to determine where the half million gallons can be leaking from the Village main.  The Lake County Water Department is searching for the leak in those mains in this section which are supplied by the Village water Department.  To meet normal needs, the Village water department pumps only 1 million gallons of water daily, this Mr. Thomas reports.  Since the earthquake Monday night, the department has had to pump 1‑1/2 million gallons to keep the supply tanks at a normal level...  Since the ground shaken here was so violently shaken during the quake, Officials are convinced that the earth shock must have loosened one of the large watermains.  Reports from John Carroll University where the only seismograph in this area is located, indicate the center of the earthquake could have been somewhere near Willoughby.


Experience of local people indicates also that the effect here was most severe.  Such a shock could damage the water main here, officials report.  It is proven that the watermains were damaged from the quake and... this is the only extent of damage yet to be discovered as a result of the current... throughout the whole area by the earth shock.”


Lorain Journal, Lorain, Ohio, March 9, 1943




“Shock Felt in Parts of 4 States.




“People Roused by Jolts, but Quake Passes with no Damage Reported.




“Many Awakened.




“Heaviest in 20 years to hit Ohio Area, Say Scientist.




“The first earth tremor experienced here in six years bounced Lorainites in their beds, shook furniture and rattled windows last night but caused no damage or injuries.




“The shock was felt thruout most of northern Ohio, parts of New York state, Pennsylvania and northern W. Virginia and as far south as Dayton and Zanesville, according to Associated Press dispatches.




“Rev. J. S. Joliat, S. J., seismologist at John Carroll university, said the quake was recorded on his seismograph at 11:26 p.m. eastern war time, and that it lasted about two and one‑half seconds.




“Last One Six Years Ago.




“He said he thought it originated within 20 to 30 miles southwest of Cleveland.




“Last night’s tremor happened six years almost to the hour of a similar quake which shook northern Ohio March 9, 1937.




“Lorain police and men on duty at the Lorain Coastguard station reported numerous phone calls from citizens who thought the trembling was caused from an explosion.”




“Feared Explosions.




“‘Coastguardsmen said they did not know for sure it was an earthquake but that they “had a good idea it was.’




“Guy A. Wells, 114 W. 29th St. who lived in California for more than seven years and who experienced several earthquakes while there, said the tremor felt like it might have been caused by ‘a large truck going down Broadway with a flat tire.’




“But he said he realized it was an earthquake after he looked out and was unable to see any trucks in sight.




“Numerous Lorainites thought the disturbance was caused by their furnaces ‘blowing out’ from an accumulation of gas, police reported.




“Homes and buildings in Elyria were also shaken by the tremor and Deputy Sheriff James Elemes, at home at the time, reported he thought an explosion had occurred at an Elyria war plant and called the sheriff’s office for a check, expecting to be called out on duty.




“The last recorded quake in this region in 1937 originated much farther away, Rev. Joliat reported, according to the Associated Press.  He declared the tremor originated because a strain in the earth’s crust broke, probably about 20 miles under the surface.




“Strongest in 20 Years.




“Dr. J. J. Nassau, director of Case School of Applied Science observatory, said the tremor was ‘unusually strong for this area.’  He explained that northern Ohio is comparatively free from earth shocks and described the occurrence as ‘perhaps the strongest in this region for the last 20 years.’




“The last earth shock felt here came almost six years to the hour before the one that jolted the city last night, Associated 



Press said.  It occurred at 12:44 a.m. on March 9, 1937, and was clearly noticeable by residents of Lorain, Cleveland and surrounding areas.




“Police in several cities from Detroit on the west to Pittsburgh on the east reported ‘floods’ of telephone calls from anxious residents asking information after their homes had been jarred in shocks lasting as long as 40 seconds.”


Painesville Telegraph, Painesville, Ohio, March 9, 1943




“Thousands Alarmed by Quake.




“A broken strain in the earth’s crust probably 20 miles beneath the surface at a point 20 to 30 miles southwest of Cleveland was advanced as the probable cause of the earthquake.




“Hundreds of Painesville residents alarmed at the severe tremor which rocked homes and business places at 11:26 p. m. Father Joliat, seismologist at John Carroll University said the seismograph recorded a definite tremor and that it had it’s center some where in the greater Cleveland area.  Father Joliat described the shock as a light one.




“The last recorded quake was in 1937, many Painesville residents remember that one because it rocked at least one building downtown.  The building on S. State St. was wrenched at the time and a beam in the structure was moved out of place by a few inches.  No incidents of that kind were reported last night.




“Many suspected their furnaces in their homes had exploded or that some industrial plant had undergone a disaster such as a blast.




“United Press in Cleveland received reports from Elyria, Columbus, Zanesville, Western Pennsylvania, Detroit, and Toronto.  Cary Ritterrath, 19, a student at Lake Erie College from Altadena, California said she immediately knew it was a quake baring her experience she said it was a ‘medium strong quake.’”


Warren Tribune Chronicle, Warren, Ohio, March 9, 1943




“Quake Jars City, Large Ohio Area.




“2 1/2‑Second Tremor Shakes Homes, Buildings; No Damage Reported.




“Warren and vicinity felt an earth tremor Monday night about 11:30 o’clock which was the first to be experienced in six years.  The shock was felt through much of northern Ohio and as far south as Zanesville and Dayton.




“Houses and buildings shook, chairs trembled, pictures and bric‑a‑brac were tossed around and hundreds of persons were bounced in their beds but no damage was reported.




“The shock felt here was recorded as having reached New York several hours later, according to the recording at the Fordham University.




“Many Sleep Undisturbed.




“While nine out of every ten persons in Warren and vicinity slept, the tremor bounced hundred of residents in their beds, moved pictures and vases, making people believe they were seeing things.




“Large apartment buildings and homes were shaken, chairs trembled and dishes were hurled from cupboards in the homes of a number of citizens who had no idea of the cause.




“The police department, county jail and fire department received call after call from persons wanting to ascertain the trouble.




“Recorded at John Carroll.




“The Rev. J. S. Joliat, S. J., seismologist at John Carroll University, Cleveland, said today the quake was recorded on his seismograph just before 11:26 o’clock (EWT) Monday night and lasted for about two and a half seconds.




“Several persons in Warren said they felt their homes rock a minute or so after that time and in some cases it lasted longer than five or six seconds.




“The last recorded quake in this region in 1937 originated much farther away, Father Joliat reported.  He said he could not locate the direction of last night’s quake but thought it originated southwest of Cleveland within 20 to 30 miles.  Farther Joliat declared the 1937 tremor originated because a strain in the earth’s crust broke, probably about 20 miles under the surface.”




“Police in several cities from Detroit on the west to Pittsburgh on the east reported ‘floods’ of telephone calls from anxious residents asking information after their homes had been jarred in shocks lasting as long as 40 seconds.




“A tour of Warren’s stores and downtown business places this morning revealed that more persons had no knowledge of the tremor than those who actually felt it.




“A Tribune reporter discovered that Warrenites retire early because most of them said they were in bed and sound asleep about the time the earth trembled.




“Many said they had the impression that heavy trucks had stopped suddenly in front of their homes, causing a vibration.




“Dr. J. J. Nassau, director of the School of Applied Science, said the tremor was unusually strong for this area.  He explained that northern Ohio is comparatively free from earth shocks and described the occurrence as ‘perhaps the strongest in this region in the last 20 years.’




“Person residing on the outskirts of Warren felt the tremor more than those residing in Warren proper.




“Two severe earth shocks approximately 5500 miles from New York are were recorded today on the Fordham University seismograph.  The tremors were timed several ... later than here.




“Mrs. Lyle Warren, Rt. 3, Warren told the Tribune today that the door between her living and dining room shook and rattled and the dog ran excitedly thru the house barking.  Persons living out in Champion Heights where Mrs. Warren resides also felt the tremor.




“Sounded Like Distant Blast.




“The sound was like a distant rumbling explosion in some parts of the county, according to information received.




“A local husband was awakened when his bed shook and half asleep he said to his wife, ‘This is a ...time to be moving furniture around.’”




Mrs. Katherine Leach, 248 Mon... NW, was reading when she heard a plate fall in her china cupboard.  She ran to the window to look out to see what was happening.




A prominent woman was writing a letter when she noticed the small sturdy lamp on her desk swaying from one side to the other.  “I thought I was seeing things and couldn’t imagine what in the world was happening.”




Mr. Kenneth McNair, county secret service officer; Sheriff Russ Stein, and Postmaster Dixon slept thru the event.




According to waitresses in downtown restaurants, the main topic of conversation over the coffee cups this morning was “Did you feel the earthquake?”  Those who hadn’t thought they were being...




Assistant Prosecutor William ... who resides on Fairway Drive said he felt the house shake for about five seconds, the lamps and vases moved around and the chair he was sitting in trembled.  Bernard Roseberg said, “I was just going to do some reading when the house shook and I thought a terrific wind had started up.”




Mrs. Leroy G. Stevenson, 583 ... NE, felt her bed sway and said she thought she was imagining these things so she went back to sleep.




W. B. Sweet, 385 Homewood, SE, said he was just going to bed when he felt the house rock, “I thought an immense truck had 



stopped suddenly outside causing a vibration, but when I looked out there was nothing but darkness.”




An occupant of the Reeves Apartments said, “The entire building shook.”


Youngstown Vindicator, Youngstown, Ohio, March 9, 1943




“Night Shock is Strongest in 20 Years.




“Residents here report that Furniture moved and Dishes Rattled.




“Came at 11:26.




“Ohio, Pennsylvania, W. Virginia, Michigan, New York, Feel Temblor.




“An earthquake described as ‘unusually strong for this district’ was felt over wide areas of Ohio, Pennsylvania, New York, West Virginia, and Michigan at 11:26 p.m. Monday, but it went unnoticed by the great majority of persons in the Youngstown area.




“The shock was felt through northern Ohio and as far south as Zanesville and Dayton.  There were reports from Pittsburgh and many Pennsylvania and West Virginia cities, Buffalo and Dunkirk, N. Y. and Detroit and Ontario.




“Dr. J. J. Nassau, director of Case School of Applied Science Observatory at Cleveland, said the tremor was ‘unusually strong for this area.’  He said that this section of Ohio is comparatively free of earth shocks and described the occurrence as ‘perhaps the strongest in this region in the last 20 years.’




“Mrs. John H. Chase of 69 Benita Ave., who is familiar with Californian earthquakes, noticed furniture moving.




“Mrs. Thomas Martin, who lives north of Coalburg, reported that dishes rattled.  Several others reported thinking they heard something the matter with their coal furnaces about that time and going down to see about it.”




“Mrs. Joseph O’Brien of 212 Broadway was about to go to bed when she felt the tremor shake the house.




“Police get three calls.




“The Youngstown police department reported only three calls, but this morning after reports became current, many recalled some unusual incident at the earthquake time.  Several persons reported hearing beds move, going upstairs to see about babies sleeping, etc.




“Youngstown’s war industries reported no trouble resulting from the earthquake.  Few workers in the local plants were aware of the tremors until they read about them.




“While recorded earthquakes here have been minor John H. Chase in 1938 discovered evidence of severe quakes at Brier Hill quarry, while making geological studies.  Other geologists have confirmed his finding.




“The discovery consists of a ‘horst fault,’ an upthrust of lower strata about 20 feet high and 15 feet wide, about 50 yards from the southern tip of the quarry.




“The temblor was recorded on a seismograph at John Carroll University, Cleveland at 11:26, Rev. S. Joliat, S. J.,  the 



university seismograph, said he could not determine the quake’s location, but said he thought it originated southwest of Cleveland, within 20 or 30 miles.




“The last recorded quake in this region was almost six years ago to the day.  It occurred at 12:45 a.m.  March 9, 1937, and lasted eight seconds.




“February 28, 1925 an earthquake shook this area for a full minute, tall buildings in downtown Cleveland swaying perceptibly.




“The tremor last night was more noticeable in Cleveland than in other cities, causing observers to speculate that the center of the earthquake was near that city.




“Mayor Frank J. Lausche of Cleveland, who had dropped off to sleep, said he thought the house was caving in, ‘The bed shook and the wall shook’ Lausche said ‘I jumped out of bed and ran into the basement to see if there had been an explosion.’




“Police in several cities from Detroit on the west to Pittsburgh on the east reported ‘floods’ of telephone calls from anxious residents asking information after their homes had been jarred in shocks lasting as long as 40 seconds.




“An Erie, Pa., man said the shock was so hard he fell out of his chair.




“The University of Michigan at Ann Arbor reported a distinct shock recorded on its seismograph at 11:27 p.m. (EWT) and shocks of diminishing intensity continued about 40 seconds.  Canisius (N. Y.) College said it recorded a light tremor at 11:26 1/2 p.m. and that the epicenter was about 50 miles from Buffalo.”


Heck, N. H., and R. A. Eppley, 1958, Earthquake History of the United States, United States Department of Commerce, Coast and Geodetic Survey, Washington, D.C.




“1943, March 8.  Epicenter in Lake Erie and sixty miles northeast of Cleveland, Ohio.  This area was not previously recognized as seismic.  No damage was reported though the shock was widely felt in the United States and Canada.  It was noted over a large part of Ohio and in parts of Michigan, Pennsylvania, and New York.”


Coffman, Jerry L. and Carl A. von Hake, 1973, Earthquake History of the United States, United States Department of Commerce, National Oceanic and Atmospheric Administration,  Environmental Data Service, Boulder, Colorado.




“1943. March 8.  Lake Erie area, 60 miles northeast of Cleveland, Ohio.  This area was not previously recognized as seismic.  No damage was reported, though the shock was widely felt in the United States and Canada.  It was noted over a large part of Ohio and in parts of Michigan, Pennsylvania, and New York.”


EARTHQUAKE OF DECEMBER 3, 1951


CA:  07:02 GMT


EPICENTRAL INTENSITY:  IV(MM)


LOCATION:  41.65N, 81.41W


EVALUATION:


This event was felt with an Intensity IV(MM) in a rather restricted area (less than 10 mile radius) around Willoughby, a suburb northeast of Cleveland.  The Painesville and Cleveland newspapers have no local felt reports and only refer to Willoughby and immediate vicinity, from Mentor to Wickliffe, as the affected zone.


The coordinates of Willoughby (41.65N, 81.41W) have been selected for the epicenter; an uncertainty of (5 miles appears to be adequate in this case.  A shallow focal depth can explain the Intensity IV(MM) associated with such a restricted felt area.  Even though in the newspapers the epicentral area is suggested to be similar to that of the March 9, 1943 event, this event is certainly much smaller in magnitude than the 1943 event.  The three seismograms of John Carroll <Figure 2D D‑13> certainly indicate a very small event.  An epicentral distance is estimated at about 20 miles.


Bradley and Bennett (1965) have listed two small shocks, with Intensity II, as having occurred on December 7 and 21 in Willoughby.  The search of local newspapers failed to confirm the occurrence of these events.  Moreover, an examination of the seismograms at the times suggested by Bradley and Bennett failed to confirm the occurrence of any local event that could be interpreted as a Willoughby tremor.  For this reason, these two events are herein considered dubious and listed in Table 3.


COMPILATION OF ACCOUNTS:


Cleveland News, Cleveland, Ohio, December 3, 1951




“Light Tremors Hit City’s East Suburbs.




“A light earthquake shook houses and frightened residents over a wide area of eastern Cuyahoga County and the western portion of Lake County early today but apparently caused no damage.




“The tremor, which was recorded at 2:02 a.m. centered around Willoughby but was felt throughout an area 10 to 15 miles in diameter on Lake Erie’s south shore, according to police and the Rev. Henry F. Birkenhauer, seismologist at John Carroll University.




“Fr. Birkenhauer said a fracture in rocks two or three miles underground caused an ‘elastic wave’ which resulted in a slight quivering of the earth’s surface.  A similar mild quake was felt in the same area in March, 1943, he added.




“Hundreds of calls from residents in Kirtland, Wickliffe, Willowick and Bratenahl awakened as their homes shook and dishes and windows rattled were received by police.  Within an hour after the tremor Willoughby police received 100 calls.  Eastlake and Euclid police said the tremor seemed to miss their communities.”


Akron Beacon Journal, Akron, Ohio, December 3, 1951




“Quake Rattles Willoughby.




“Cleveland (AP) ‑ A slight earthquake rattled windows early today in the vicinity of Willoughby, 20 miles east of here.




“Fr. Henry F. Birkenhauer, seismologist at John Carroll University, said the quake occurred at 2:02 a.m. and was so mild there probably was no damage at all.




“He said a fracture in rocks two or three miles underground caused an ‘elastic wave’ which resulted in a slight quivering felt at the earth’s surface over an area perhaps 10 to 15 miles in diameter.




“A similar quake was felt at almost the identical place in March, 1943, Fr. Birkenhauer said.”


(same account in Warren Tribune Chronicle, Dec. 3, and Youngstown Vindicator, Dec. 3)


BSSA, Vol. 42, No. 1, pp. 95‑108




“Willoughby, Ohio, December 3, 1951 ‑ The John Carroll University Seismological Observatory reports an earthquake at 2:02 a.m., nineteen miles northeast of the station, which was felt at Willoughby, Ohio, and near‑by villages.  No damage was caused.”


Painesville Telegraph, The, Painesville, Ohio, December 3, 1951




“Willoughby and Nearby Area are Shaken by Mild Earthquake.




“Willoughby ‑ The sleep of several hundred persons in the Western Lake County area apparently was the only thing damaged  by an earth tremor early this morning.




“Lieut. John Hayer of the Willoughby Police Department noted on the daily report at 2:03 a.m. that he ‘felt the station tremble.’




“Rev. Fr. Henry Birkenhauer, director of the seismological dept. at the John Carroll University, Cleveland, said the disturbance was caused by a sliding rock formation far below the surface of the earth.




“The seismograph recorded the disturbance at 2:02:39 a.m. he said, about 19 miles northeast of the university.  Rev. Fr. Birkenhauer said there was no record of a ‘fault’ under the area which might cause major earthquakes.  ‘but it is obvious there is a weakness of some sort below Willoughby.’




“It was reported that the quake was ‘very localized’ and similar to the one that occurred in Willoughby on March 8, 1943.




“Police officials in nearby communities from Mentor on the lake to Wickliffe reported noting the tremor this morning and received a number of calls from residents, who felt their homes shake and heard their furnace pipes rattle.”


Painesville Telegraph, The, Painesville, Ohio, December 7, 1951




“Earthquake is put on Record.




“Willoughby ‑ This area’s ‘shocking’ experience of undergoing an earthquake early this week may have been forgotten by most, however, the incident will be on the records of the John Carroll University’s seismological observatory in Cleveland.




“Chief James G. Billson of the Willoughby Police Department was requested by the university’s director, Henry F. Birkenhauer, S.J., to submit data on the effects of the quake here.




“A questionnaire to be returned to the director... Chief Billson designates which of the following incidents resulted 



from the tremor:  Rattling of windows, doors, dishes; creaking of frame walls; felt indoors by many; shifted small objects or furnishings; cracked plaster, broke dishes; awakened many, frightened some; overturned furniture, shook trees, bushes; caused books, pictures to fall; caused general excitement.




“In addition, Chief Billson was requested to note any other particulars of the quake and he reported that ‘a man fell out of bed’ in the lake front section.”


Willoughby News Herald, Willoughby, Ohio, December 3, 1951




“Mild Earthquake Hits West Lake County”




“No Damage Reported After 35 Second Tremor ‑ Last Earthquake Felt Here in 1943”




“A mild earthquake of about 30 second duration shook Western Lake County homes early this morning but no damage was reported.  The tremor was felt about 2 a.m. by most local residents many of whom though their furnaces had exploded.  The quake rumblings vibrated homes and rattled windows.  Rev. Henry F. Birkenhauer, Seismologist at John Carroll University, said the quake occurred about 30 seconds beginning at 2:02 a.m. EST today.  He said, however, that the tremors only lasted probably about 15 seconds at the source.  The seismologist said the quakes occurred about 2 or 3 miles below the surface in a rock strata.  A similar quake was recorded on the university seismograph in 1943; the only other known quake to occur in the Lake County area.  He added that the cause of the quake had not been determined.  At Willoughby the police station was felt to tremble at 2:03 a.m. and several calls were received from residents who felt the tremor according to Lt. George Hager, who was on duty at the time.  Wickliffe police also reported receiving a number of calls from residents who felt 



the shake.  Eastlake, Mentor and Mentor on the Lake were other communities where persons were awakened from their sleep and called police to inquire about the cause of the tremor...”


EARTHQUAKE OF MAY 26, 1955


CA:  18:09:23 GMT


EPICENTRAL INTENSITY:  IV‑V(MM) (R)


LOCATION:  41.33N, 81.40W (R)


EVALUATION:


In United States Earthquakes, 1955, this earthquake was included among the noninstrumental events, with no specific epicentral coordinates.  It was given only a general location, “southeastern suburbs of Cleveland.”  Later, the Earthquake History of the United States (1958, 1965, 1973) assigned the coordinates of downtown Cleveland (41.5N, 81.7W) to the epicenter, and retained the same intensity.  This is slightly incorrect.  First, all newspaper reports emphasize that the shock affected mostly the southeastern suburbs of Cleveland, and suggest a point where four counties meet as the epicentral area.  This location is in good agreement with Dr. Walter’s estimated epicentral distance (13 miles to the southeast) on the basis of John Carroll seismograms <Figure 2D D‑14>.  Secondly, the felt reports for the epicentral area are more of an Intensity IV or IV‑V level than an Intensity V.  The fact that newspaper and police headquarters were “flooded” with calls does not support the upgrading of the reported intensities.  There was no local felt report for Willoughby, Painesville, Cleveland proper, and Akron.  The felt report map <Figure 2D D‑15> shows a concentration of reporting localities near Aurora, particularly to the northwest.  It is suggested that the epicenter be revised to 41.33N, 81.40W just northwest of Aurora, with an uncertainty of 10 miles.  The epicentral intensity is also revised to a IV‑V(MM), as in Docekal.  This revision is in better agreement with the local seismologist’s report, i.e., “very mild,” “no cause for alarm.”


COMPILATION OF ACCOUNTS:


BSSA, V. 45, No. 4, pp. 327‑345




“Cleveland, Ohio, May 26, 1955. ‑ A slight earthquake was felt by residents of Aurora, Bedford, Chagrin Falls, Geauga Lake, and Solon (all suburbs of Cleveland) and recorded on the John Carroll University seismographs at 18h 09m 26s.9 G.C.T.”


Cleveland News, Cleveland, Ohio, May 26, 1955




“Nine Suburbs Here Rocked by Quake.




“A slight earthquake was felt in nine southeast suburbs this afternoon.  No damage was reported.




“Dr. E. J. Walter, assistant director of the seismological conservatory at John Carroll University, said his instruments had recorded a mild shock at 9 minutes and 23 seconds after 2 p.m.  The tremor was approximately 13 miles south of John Carroll and lasted a full minute.




“Residents in the eight suburbs reported to their police departments they felt ‘explosions,’ ‘rumbles,’ or that their houses were mysteriously shaking.  The suburbs affected were Garfield Heights, Solon, Pepper Pike, Mayfield, Maple Heights, Shaker Heights, Bedford, Warrensville and Richmond Heights.




“A woman in Richmond Heights said she thought a truck had hit her house.  Officials of the Austin Powder Co., Pettibone Rd., Bedford, said the quake sounded like a ‘subdued rumble.’  Dr. Walter said the shock was not strong enough to have been recorded on seismographs outside of the Cleveland area.”


Cleveland Plain Dealer, Cleveland, Ohio, May 27, 1955




“Quake Shakes 4‑County Area.




“Dogs Bark, Babies Yell After Mild Tremor.




“The earth quaked yesterday afternoon deep underneath the point where Cuyahoga, Geauga, Portage and Summit Counties meet.




“It jolted and rocked houses all the way from Aurora in Portage County through the southeast suburbs and in Cleveland as far as E. 101st Street near Union Avenue S.E.




“Dogs barked and babies yelled.  An avalanche of telephone calls came from householders ‑ ‘What was it?’  But it did no damage.




“‘It was very mild.  There is no cause for alarm.  Mild quakes like this happen here in two or three‑year cycles.’




“This was the sumup of Dr. Edward J. Walter, assistant director of the seismograph observatory at John Carroll University in University Heights.




“He said the quake began at 2:09:23 3/10 p.m.  It lasted about one minute.  It occurred about 13 miles from the seismograph, which is at North Park and Miramar Boulevards.




“Duration Two Seconds.




“‘It took 3 6/10 seconds for it to reach us here,’ said Dr. Walter.  ‘It would have been sensible for local residents for two seconds only.  That was the period between the primary and secondary shock waves.’




“The Plain Dealer switchboard lit up like a Broadway billboard.




“One call was from the Bainbridge Center (O) telephone operator.  She was swamped with calls.  For almost half an hour it was impossible to get a call through to Aurora police.




“By 2:40 Dr. Walter had his graph and its tracings of the tremor ready and he too was inundated with calls.




“‘I thought a truck had bumped into the house’ was one of most frequent reports from housewives in Bedford, Orange, Shaker Heights, Geauga Lake, Bainbridge, Chagrin Falls, and Aurora.




“Others thought their furnaces had blown up or first blamed the thump on youngsters jumping off the bookcase or dining room table.




“‘It was a low rumbling noise that lasted about half a minute.’  said Mr. Ernest Pocek, calling from West Woodcrest Drive, Orange.




“‘The dog was barking like mad out in the garage.  The baby (Donald, 17 months) was crying in his crib because it banged up against the wall.  The furniture seemed to be sliding, and the refrigerator bounced against the wall a couple of times.’




“Pictures fell off the wall at the home of Mrs. Stanley Vliek on Wincell Road near Route 82 in Aurora Township, she said, and a window pane cracked.




“‘The house swayed for about a half minute,’ said Mrs. Vliek, ‘...his face off the front steps and started screaming.’




“The desk shook under the elbows of State Patrolman Jack Gilmartin, dispatcher at the highway patrol station a mile and a half north of Cuyahoga Falls on Route 8 in Summit County.




“‘The building made a noise like the furnace starting up,’ he said.




“He, like some others, speculated that it might be blasting on the nearby turnpike route.




“Bedford police said:  ‘Something seemed to hit the side of the building, one jolt.’




“‘Nobody will ever know certainly what caused the quake,’ said Dr. Walter, the seismologist.  ‘It happened too far down under the earth’s outer skin.’




“‘One theory is that it is due to the removal of the glacial load,’ he said, ‘Another is settling where there once were salt deposits.’


Painesville Telegraph, Painesville, Ohio, May 27, 1955




“Mild Earthquake Felt in Four Counties.




“Cleveland.  Hundreds of residents here and in surrounding area of northeast Ohio were alarmed by a mild earthquake that shook their homes.




“The tremors were said to have been felt in Cuyahoga, Geauga, Portage, and Summit counties on Thursday afternoon.




“Chardon apparently was untouched by the earthquake reported in nearby areas.  The Bainbridge, Geauga Lake, and Chagrin Falls sections were said to have felt the reverberations.  The earth was said to have quaked slightly under the point where the counties meet.”


EARTHQUAKE OF JUNE 29, 1955


CA:  01:16:33 GMT


EPICENTRAL INTENSITY:  IV(MM) (R)


LOCATION:  41.33N, 81.40W (R)


EVALUATION:


In United States Earthquakes, 1955, this earthquake was presented among the noninstrumental events, with no epicentral coordinates.  It was given the general location of “southeastern suburbs of Cleveland,” and an Intensity V(MM).  The Earthquake History of the United States (1958, 1965, 1973), besides retaining the intensity, assigned the downtown Cleveland coordinates (41.5N, 81.7W) to the epicenter.  As in the case of the May 26, 1955 event, this location is somewhat incorrect, as the felt reports clearly suggest that the event was not in Cleveland itself, but to the southeast, probably around Aurora.


As in the case of the May 26, 1955 event, Dr. E. Walter, from John Carroll, estimated from the seismograms an epicentral distance of 13 miles.  This location agrees with the distribution of the felt reports <Figure 2D D‑16>.  The June 29, 1955 event is somewhat similar in location to the May 26, 1955 event, if the distributions of reports are compared.


The intensity of this event appears to have been lower than that of May 26, 1955, as explicitly suggested in the newspapers.  Nonetheless, because the event occurred just over one month after the other, it did cause some concern resulting in a large number of calls.  A large number of phone calls reflects the interest of people, but does not necessarily indicate a state of fright or panic, which would support an Intensity V.  Judging by the reports, and Dr. E. Walter’s comment, the tremor was “mild”, and “non cause for alarm.”


The coordinates of the epicenter are revised to 41.33N, 81.40W, just northwest of Aurora, with an uncertainty of 10 miles.  The intensity is also revised to IV(MM), as more representative of the reports.


COMPILATION OF ACCOUNTS:


Cleveland News, Cleveland, Ohio, June 29, 1955




“County Quake Cycle Broken, Nothing Else.




“The second earthquake to be felt in Cleveland’s southeastern suburbs in little more than a month broke nothing but the regular cycle for quakes in this area, according to Dr. Edward J. Walter, assistant director of John Carroll University’s seismological observatory.




“The mild tremor was felt from East Cleveland to Bentleyville at 9:15 p.m. yesterday.  It lasted about a minute and a half.  Dr. Walter said the only shock heavy enough to be felt lasted about two seconds.




“‘The worst thing it could do would be to alarm the people who could feel it,’ he said.  ‘The tremor is the result of simple adjustments in the earth’s crust and they come along ordinarily, about two years apart.  The only thing unusual about this one is that it doesn’t fit into the established cycle.’




“The last earthquake, which was in the cycle, occurred May 26.  Both originated in subterranean rock formation near Aurora in Geauga County with shock waves spreading north and west.




“Residents of East Cleveland, Shaker Heights, Maple Heights, Bedford, Solon, Bentleyville, Moreland Hills, Pepper Pike and 



Aurora felt the quake.  They described it variously as sounding like the house was settling, the furnace rumbling or something falling in the next room.”


Cleveland Plain Dealer, Cleveland, Ohio, June 29, 1955




“Mild Quake Hits S.E. County Area, Alarms Hundreds.




“Second Tremor in 33 Days; Shock Waves, Originating Near Aurora, Move Floors of Homes; No Damage Reported; Citizens Calm.




“A mild earthquake, the second within 33 days, struck the southeastern end of Cuyahoga County at 9:15 last night and alarmed hundreds of persons.




“The shock waves, originating in the general area of Aurora in Portage County, brought subterranean rumblings and moved the floors of homes.




“Telephone calls to the Plain Dealer came from affected residents of Shaker Heights, Bentleyville, Solon, Bedford, Bedford Heights, Moreland Hills, Maple Heights, Pepper Pike, Aurora, Beachwood, Chagrin Falls, Cleveland Heights, Orange Village and Hunting Valley.



“No damage was reported.  Most accounts were that home foundations were believed to be shifting or settling, that furnaces were rumbling or that someone in the home had fallen.




“Shock Waves ‘Mild’.




“Dr. Edward J. Walter, assistant director of the seismological observatory at John Carroll University, said the quake began at 



9:15:30:8 p.m. approximately 13 miles from the observatory in the general area of Aurora.  The shock waves, ‘very mild,’ moved north and west.




“Dr. Walter said that the shock ‘might have moved or disturbed people, moved homes, and caused subterranean noises which could be heard,’ but that there was no cause for alarm.




“It took the waves 3.6 seconds to reach the university, just as did the waves from the last quake recorded from the same area, at 2:09:23:3 p.m. on May 26.




“Duration of the waves was the same, a minute and a half, although persons could feel the shock for only two seconds, Dr. Walter said.




“Two Shocks Possible.




“There was some chance two shocks were felt, the primary and secondary, but this is doubtful because of their closeness to each other, Dr. Walter reported.




“He said the disturbance could have been caused by either a settling or a rising of the earth’s crust.  One theory has it that the retreat of the glaciers some 25,000 years ago with the removal of much pressure on the earth’s crust has caused stresses and strains which slowly are adjusting themselves, Dr. Walter said.




“Unlike the May 26 tremor, there were no reports of sliding furniture, crying babies and bouncing refrigerators.




“Mrs. Thurman Ireland, 5064 Richmond Road, Bedford Heights, was awakened from a couch ‘when the house shook.’  The children in bed upstairs believed a dresser had fallen over, Mrs. Ireland said.




“2 Tremors Felt.




“In Bedford, Mrs. Beatrice Hawkins, 85 Egbert Road, reported she believed the house was settling, while her daughter thought that someone downstairs had fallen.  Mrs. Hawkins said she believed there were two tremors about two minutes apart.




“In Moreland Hills, Alden Jenkins of Jackson Road reported his house shook.  At first he believed his furnace was rumbling.  The rumble was ‘brief,’ he said.




“Thomas W. Christal, 3601 Glencairn Road, Shaker Heights, said he heard a ‘rumble’ and the floor of this home appeared to move.




“Thought House Shifted.



“‘We thought the house was shifting on its foundation,’ said Mrs. J. W. Koring of Bentleyville.  ‘There was a low, heavy rumble, quite a pronounced noise.’




“‘I was sitting on the basement stairs and thought at first my father in the basement was dragging some heavy object across the floor.’




“Mrs. John A. Becker, 17427 Lomond Boulevard, Shaker Heights, reported her house was shaken.




“Sees Lamp ‘Wiggle’.




“A lamp ‘wiggled’ on a table in the home of Mrs. Edward E. Frank at 17825 Scottsdale Road, Shaker Heights.  Mrs. Frank reported she thought her home had moved on its foundation.




“‘It was like 10 trucks driving by, or as streetcars used to shake houses along streetcar lines,’ said William Sherbondy of Chatham Drive, Pepper Pike.




“‘It was like a furnace blowing up or a truck ramming a wall,’ said Harold Meadows of Baldwin Road, Solon.




“Felt Only Upstairs.




“Mrs. Ethel Reynolds, receptionist at the swank Ambassador apartments at 13700 Fairhill Road, Shaker Heights, felt nothing at her first‑floor desk.  Residents on upstairs floors began calling down that davenports and chairs were shaking.



“Persons reported from Aurora that ‘it seemed as if a truck had hit a tree’:  from Orange that ‘dishes rattled and the dog ran, barking.’




“A University Heights housewife said:  ‘Something seemed to go wrong with my legs and I was scared to death.’




“A Moreland Hills resident said his house shook so much that the dog ‘jumped in the air about a foot,’ and another person in the same village said ‘the house felt as if it was sliding out from under us.




“At Novelty, O., seven miles east of Chagrin Falls, Mrs. Margaret Johnson reported the roof of her home shook so much she thought it was caving in.”


Elyria Chronicle‑Telegram, Elyria, Ohio, June 29, 1955




“Tremor Felt in Cleveland East Suburbs.




“CLEVELAND, O., (AP) ‑ A mild earth tremor startled residents of Cleveland’s eastern suburbs Tuesday evening.  The quake was registered on the John Carroll University seismograph just after 9:15 p.m. and lasted 90 seconds.




“Another such earthquake could occur in the next 30 days or it could be a year or more, scientists said.  Charles S. Bacon, Professor of Geology at Case Institute of Technology, said there is just no scientific way these things can be predicted except by judging what might be expected from the geology prevalent in a region.



“The seismograph indicated the tremor was centered in the area of Aurora in Portage County.  A similar tremor was recorded 33 days ago in the same area and lasted the same length of time.




“The consensus was that Tuesday’s quake was a ‘minor readjustment’ of the earth’s crust.”


Lorain Journal, Lorain, Ohio, June 29, 1955




“Cleveland Area Rocked.




“CLEVELAND (AP) ‑ The second earthquake in 33 days mildly shook up the southeastern section of Cuyahoga county and part of Portage county Monday night.




“Subterranean rumbling and moving floors of homes alarmed hundreds of residents.  No damage was reported.




“Dr. Edward J. Walter, assistant director of the seismological department at John Carroll University said the shock waves which came at 9:15 p.m. EDT were very mild.




“Reports of the quake came from the towns of Shaker Heights, Bentleyville, Solon, Bedford Heights, Moreland Hills, Maple Heights, Pepper Pike, Aurora, Beachwood, Chagrin Falls, Cleveland Heights, Orange Village and Hunting Valley.




“The same area was mildly shaken by another earthquake May 26.”


EARTHQUAKE OF JUNE 29, 1957


CA:  11:25:09 GMT


MAGNITUDE:  3.8 mblg (R)


LOCATION:  42.92N, 81.32W


EVALUATION:


Smith states that this earthquake occurred 9 miles south‑southeast of London, Ontario (42.92N, 81.32W) with an ML of 4.2.  This ML magnitude is possibly too high, and Nuttli has suggested, more appropriately, a magnitude of 3.8 mbLg.  No further research was considered necessary.


COMPILATION OF ACCOUNTS:


Smith, W.E.T., (1966) Earthquakes of Eastern Canada and Adjacent Areas 1928‑1959, Publications of the Dominion Observatory, V. 32, No. 3.




“1957 June 29.  11:25:09.  ML=4.2.  42(55’(18’, 81(19’W(18’.  Depth 26 km.  About 9 miles south‑southeast of London, Ont.  Felt at London, Ont.”


EARTHQUAKE OF MAY 1, 1958


CA:  22:46:31 GMT


EPICENTRAL INTENSITY:  IV(MM) (R)


LOCATION:  41.49N, 81.82W (R)


EVALUATION:


Recent investigations suggest that there are problems associated with this event, particularly with respect to its true seismic nature and its epicentral intensity.  In United States Earthquakes 1958, this event was listed as “an Intensity V in Cleveland.”  Later, the United States Earthquakes History (1965) assigned 41.3N, 81.4W as epicentral coordinates, probably by error.  The revised edition (1973) gave the downtown Cleveland coordinates (41.5N, 81.7W) as the epicenter.  The origin time was given as 16:46:31 (local CST); the hour was most likely in error (16 instead of 18).


The problems arise from the fact that on that evening, John Carroll’s seismographs recorded some kind of an event at “6:46 p.m.,” according to Dr. E. Walter, station seismologist, and that half an hour later, around “7:15 p.m.,” numerous felt reports of explosive noises, mostly on the lake shore, from Lorain to Lakewood were received.  Dr. E. Walter confronted with two phenomena, was explicit in his press release to say that the 7:15 p.m. blast was unrelated to his 6:46 p.m. recorded signal.  The newspaper accounts collected recently indicate that the reported noises, shaking, etc. were all associated with the 7:15 p.m. event, and not with the earlier one.  Somehow, these reports appear to have been used by government agencies as the basis for assigning an Intensity V(MM) to the earlier event listed in the USGS catalogs at 16:46.  Besides this apparent miscorrelation, the intensity appears overestimated.  The collected reports would substantiate an Intensity IV(MM), not V.  “Rattling, shaking, noises, but no damage” does not support more than an Intensity IV.  It has already been noted 


that a large number of telephone calls are often placed out of curiosity; they are not necessarily to be interpreted as a sign of fright.


The seismic nature of the 6:46 p.m. event is uncertain.  The John Carroll seismograms have been reexamined by two seismologists, Rev. D. Linehan, S.J. and Dr. G. Leblanc.  They concluded that it remains dubious that the 6:46 p.m. (local time) recordings were truly indicative of a local earthquake.  Only one horizontal component shows good motion <Figure 2D D‑17> and the three of four oscillations of the surface waves have a period much longer (1.5 sec) than what was recorded during the true local events of 1951 and 1955 <Figure 2D D‑13> and <Figure 2D D‑14>.


It is worth mentioning that the local press suggest jet activity (breaking the sound barrier) as possible source for the noises.  A careful reading of the press accounts indicate that this theory was dismissed on the basis that a spokesman at Cleveland Hopkins Airport said “there was no activity in the area all evening.”  It is possible that such a statement was not well substantiated; military planes have their own independent flight plans.  Another remark included in a press account to the effect that “jets have been active in the area for the past week” would give support to the theory of the noises being related to planes breaking the sound barrier.  Dr. Walter, recently consulted on this problem, seems to agree with this hypothesis.


In summary, if this event is conservatively retained as truly seismic, it should be located near Lakewood (41.49N, 81.82W), with a revised Intensity IV.  In doing so, one has to reject the theory of two separate events, and postulate that the 7:15 p.m. felt reports, although originating about a half hour later, were truly related to the recorded event of 6:45 p.m.  The observers (see accounts) who attempted to give the time of the noises could have been in error.


Because there appears to be much confusion on the origin, time, intensity, and location, and because the seismic recordings are not fully convincing, this event is carried in Table 3 with revised parameters.


COMPILATION OF ACCOUNTS:


Cleveland Plain Dealer, Cleveland, Ohio, May 2, 1958




“Mystery Blasts Trail Quake Here




“West Suburbs Shaken Half Hour After Tremor is Recorded.




“A ‘home‑grown’ earthquake was recorded on the seismograph at John Carroll University last night.  The sensitive mechanism put the location at 12.7 miles from the University Heights school and the time at 6:46.




“But residents and police in the western suburbs insisted that explosions were heard and felt half an hour later.”




The differences in time and other reasons led Dr. Edward J. Walter, S.J., assistant director of the seismological laboratory at John Carroll, to the theory that the mild quake and the reported explosions were unrelated.




“Ray W. Rieke, 50, of 4521 W. 148th Street, said he was fishing in Lake Erie off the stone pier at Huntington Park in Bay Village when he felt the pier shake.




“‘I looked at my watch,’ he said, ‘and I saw it was exactly 7:15 p.m.’



Ricke said thousands of minnows rose about a foot above the lake surface for a second, then fell back.  ‘Like rain splattering the water.’  He said there seemed to be no disturbance of the water surface.




“Two Explosions




“The self‑employed trucker said fisherman on the pier agreed that there were two successive explosions which seemed to come from the west.  Lorain police said the shocks were felt, but they could offer no explanation.




“Dr. Walter said the tremor was too weak for the seismograph to provide a definite direction for the source.  But he did not think it could have come from the east.  He estimated that it occurred from two to five miles below the earth’s surface and that ‘billions of tons of earth must have been moved.’




“Had the earthquake occurred near the earth’s surface, the scientist added, ‘the explosion would have been tremendous; something like the disaster that destroyed about a mile of W. 117th Street in 1953.’




“Local earthquakes are not unknown, Dr. Water said.  He recalled tremors in Willoughby and Aurora in May and June, 1955.




“Bay Village police said that a concussion was felt and heard at 7:17 p.m. and that residents began calling three minutes later to report houses shaken.  One policeman said he ran outside after the loud report to see if a plane had crashed.  He found nothing.



“Lt. Norbert J. Roglin of Lakewood police said headquarters there got its first of nearly 30 calls from questioning residents 


at 7:24 p.m.  He believed that the tremor and blast had occurred along the lakefront area.  No damage was reported.




“Rocky River authorities also told of getting a handful of calls about 7:20 p.m.




“Coast Guardsmen reported no unusual disturbances of the lake surface, but they speculated that the rumble and concussion felt at Huntington Park might have been the aftermath of the mild quake.




“Authorities at first thought an explosion had occurred at the Lewis Flight Propulsion Laboratory of the National Advisory Committee for Aeronautics at Cleveland Hopkins Airport.




“NACA officials said that, coincidentally, a fire had occurred about 9 p.m. when a testing cell fuel line broke and was ignited, setting the wooden cell roof afire.  The blaze was subdued by NACA firemen, who estimated $500 damage.  But no explosion marked the accident, they added.”


Elyria Chronicle‑Telegram, Elyria, Ohio, May 2, 1958




“Mystery Blast Follows Quake.




“AVON LAKE ‑ Windows rattled and houses trembled when a mysterious blast shook northeastern Lorain County and western Cleveland suburbs last night.



“The loud explosion occurred 25 minutes after an earthquake was recorded on the seismograph at John Carroll University, University Heights.




“Dr. Edward J. Walter, S.J., assistant seismologist at the university said, ‘A mild quake or earth tremor was recorded by the 



instrument at 6:46 p.m.’  However, residents of the western suburbs reported hearing the blast at 7:15 p.m.




“The quake, according to Dr. Walter, occurred at a distance of 12.7 miles west of the university campus.  ‘We are not able to fix the location with any degree of certainty’ he said, but estimated it was near the western border of Cleveland and within the eastern portion of Lakewood.




“No Damage Reported.




“There were no reports of damage, and Dr. Water said, while homes were shaken, the quake was not severe enough to shatter windows or knock dishes off shelves.




“He could give no explanation for the tremor experienced 25 minutes later in Lorain County, Bay Village and Rocky River.  ‘The seismograph recorded nothing later to indicate the 7:15 matter.’ he said.




“The quake occurred in two phases, with the second stage 6.4 seconds after the first which was recorded at 6:46 and 26.9 seconds.  Dr. Walter said, ‘Both of the tremors were strong enough to be felt by people.’



“It was estimated the quake occurred two to five miles beneath the earth’s surface and that possibly billions of tons of earth shifted.




“While no damage was reported, police of Lakewood, Rocky River, Bay Village and Avon Lake said calls of inquiry began coming into the stations immediately after 7:15 p.m.




“Emergency units were alerted and police and fire departments of the communities ‘stood by’ to answer possible calls for assistance.




“Avon Lake fireman William Varner said doors of the fire station at Lake Rd. were rattled by the blast.  Patrolman George Anthony, on duty at the police desk in the municipal building on Center Rd. said the whole structure trembled.  There were numerous reports from all areas of Avon Lake of dishes rattling, dishes shaking, and houses vibrating.




“Immediately after the mysterious..., residents rushed outdoors to scan the skies.  It was theorized that a jet plane had crashed the sound barrier producing the unusually loud blast.




“Not Jet Activity.




“A spokesman for Flight Operations at Cleveland Hopkins Airport said there was no jet activity in the area all evening.



“The Lorain County Sheriff’s Department made a check of all area police stations and the Bay Village department reported the blast had occurred directly over Bay Village.  Bay police also credited the mysterious noise to a jet plane passing through the sound barrier.




“Jets have been active in the area for the past week.




“While no plausible explanation has been given for the 25‑minute time lag, those who experienced the blast claim there were two distinct shock waves similar to that recorded by the seismograph.”


Lorain Journal, Lorain, Ohio, May 2, 1958




“Reports Differ After Quake.




“Conflicting reports today followed a mild earthquake which hit the Cleveland area last night, causing rattling of doors and cupboards and hurried telephone calls to police in Avon Lake and Bay Village.




“No major damage has been reported.  The shock waves were felt along the shore of Lake Erie as far west as Lorain.




“Dr. Edward J. Walter, assistant director of the Seismological Laboratory of John Carroll University, said the quake apparently was centered two miles beneath the bottom of Lake Erie.




“Walter said he believed the quake moved tons of rock beneath the lake bed.  He said the shock was not strong enough to provide a clue to its direction.



“The tremor was registered at the John Carroll laboratory at 9 p.m., according to the United Press.  The delicate seismograph indicated the shiver was about 12 miles from the laboratory.




“Worried citizens reported a big ‘bang’ about 45 minutes later, but Walter said the explosion was not connected with the quake.




“An Avon Lake resident said he was told last night the tremor was recorded on the seismograph at 6:46 p.m.  It was the first shock felt in the area since 1955, when twin shock waves were reported.




“Several Avon Lake residents said they heard what sounded like a bang and an echo at about 7:15 p.m.




“Numerous residents in Avon Lake said that dishes jumped in their cupboards.  Willard Varner, Avon Lake fireman, said he heard the doors on the fire station rattle and stood by in case of fire.




“Ernest Leonard, Avon Lake patrolman, 146 Beachdale Dr.  was given reason for fright.  He had just sent his son out with gasoline for the car when he heard what sounded like a blast.  He said that for several moments he didn’t expect the boy to return.




“The Bay Village police Department reported 25 to 30 calls from residents last night but no damage.”


EARTHQUAKE OF FEBRUARY 9, 1959


CA:  19 and 20 HR GMT


MAGNITUDE:  2.4ML


LOCATION:  43.0N, 81.0W


EVALUATION:


Smith states that this earthquake was felt by “a few persons in London and Charlotteville Township,” in Ontario.  ML = 2.4 and coordinates of 43.N, 81.W.  No further research was considered necessary.


COMPILATION OF ACCOUNTS:


Smith, W.E.T., Earthquakes of Eastern Canada and Adjacent Areas 1928‑1959, Publications of the Dominion Observatory, V. 32, No. 3.




“1959 February 9, Between 2:00 and 3:30, ML=2.4.  43.(N(?, 81.(W(?.  East of London, Ont.  This shock was not recorded.  The epicenter and magnitude were estimated from reports supplied through the courtesy of the London Free Press.  The earthquake was felt by a few persons in London and in Charlottesville Township, and by one person on a farm at Walsingham, Norfolk County, all in Ontario.”


EARTHQUAKE OF FEBRUARY 2, 1976


CA:  21:14:02.0 GMT


MAGNITUDE:  2.4 mbLg

LOCATION:  41.960N, 82.670W


EVALUATION:


This event is listed in Preliminary Determination of Epicenters (NOAA) at 41.96N, 82.67W (in Ontario), with a magnitude of 3.4 mblg.  No mention of it was found in the Cleveland or Painesville newspapers.


COMPILATION OF ACCOUNTS:


 Preliminary Determination of Epicenters, U.S. Dept. of the Interior/Geological Survey, Washington, D.C.




“February 2, 1976.  41.960N, 82.670W.  Southern Ontario.  Felt sharply in the southern suburbs of Detroit.  Felt mildly on the northern shore of Lake Erie from Kingsville to Leamington in Ontario and more strongly on the western shore of Lake Erie including New Boston, Flat Rock, and Grosse Ile, Michigan.  Mag. 3.4 mblg.”


DISCUSSION



The close examination of the local seismicity, as described in Table 2 and Table 3 and <Figure 2D D‑4>, confirms the original seismicity evaluation expressed in the PSAR.  Only minor seismic activity is found in the immediate site region (50 mile radius).  The low‑level seismicity is indicated by the historical record which shows less than 25 events over the last 150 years, most of them with Intensities III and IV(MM), and only several with Intensity V(MM).



From the preceding summary evaluations, the following observations can be made and used as guidelines in the evaluation of the local seismicity and potential correlation with local tectonics.



1.
Most of the events that have occurred between 1823 and 1976 must be classified as truly “historical,” in opposition to a small number that can be considered “instrumental.”  The predominant source of data in the assignment of epicentral coordinates consists of “felt reports.”  Even in the few cases where a seismogram reading was obtained at John Carroll University in Cleveland, felt reports have strongly influenced the assumed location of the epicenters.  Consequently, as Richter (1958) recommended, the proposed epicenters based on felt reports should always be accepted with caution, never at face value, but within some reasonable uncertainty.  This uncertainty is often hard to estimate.



2.
There is a tendency for many events to be reported mostly in towns and villages located along the lake shores.  Even some of the larger events (Intensity IV or IV‑V) have very few, if any, felt reports inland.  Such poor distribution of felt reports is somewhat abnormal and might be indicative of a pronounced soil amplification along the shores.  This effect would result in slightly higher felt reports than those




observed on average rock foundations.  The areas containing felt reports are usually elongated, narrow and parallel to the shores.  It has been observed that felt reports are sometimes distributed in an undifferentiated manner within these areas, seemingly showing no apparent attenuation with distance as normally expected.  This is interpreted either as a result of local soil amplification differences or of population density.



3.
It is evident, through reading the supporting data, that many epicenters must be given a rather large uncertainty (tens of miles).  This is an implicit consequence of Observations 1 and 2.  Some epicentral coordinates have been assigned on the basis of very few reports, often those of the towns where the local newspapers published the descriptive accounts.  Some newspaper dispatches sometimes refer to a very limited number of observers.  Because of the uncertainty of most epicenters, it is unrealistic to give a tectonic significance to any apparent alignment that a few epicenters might show, or attempt a correlation of epicenters with geological features or geophysical anomalies, unless these would be larger than the uncertainties.



4.
In general, the cataloged intensities have been assigned rather conservatively.  The largest intensity reported is often accepted as characteristic, even in the case of a single report.  An instance of a single broken window should not be equated, for example, with an Intensity V(MM) unless some other characteristics of that intensity level are also observed.  The fact that events occur infrequently, sometimes decades apart, might result in a tendency to conservative estimates.  These overestimated epicentral intensities (e.g., Intensity IV instead of III), either because of soil amplification of conservative evaluation of single reports, might explain why a thorough search of the newspapers has 




often failed to uncover the expected Intensity III reports at some distance inland.  In reality, these would be lower, and thus more easily missed.



5.
A final observation should be made on the temporal distribution of the cataloged events.  The last definite event within 50 miles from the site occurred in May 1955; a rather dubious event occurred in May 1958.  The fact that so few local events, if any, have been recorded instrumentally in the last two decades might suggest that some of the older historical events were indeed related to blasting noises.  A WWNSS Station currently operated in Cleveland certainly offers an adequate surveillance.


CONCLUSIONS



An intensive search for additional source material on the historical seismicity reported for the immediate region of the Perry site was undertaken with the purpose of an overall evaluation.  By comparing existing catalogs, evaluating local felt reports and by examining some instrumental data, historical events were reviewed individually.  Some earthquake parameters, i.e., epicentral coordinates and intensities, were revised, but in general, these changes were minor.  The local seismicity of the immediate area remains low.



This review suggests that the originally cataloged information is relatively conservative; some of the intensities are possibly over‑ estimated, and some events with dubious origin may have been included as tectonic.  Most of the locations of historical events should in any case carry an uncertainty of tens of miles, since the supporting data are relatively meager.  For this reason, it would be unwise to accept epicentral locations at face value and attempt to define possible alignments; attaching any tectonic significance to such an alignment of epicenters is unwarranted.  Some the most recent events, within the last 


50 years, are undoubtedly tectonic in origin.  Their intensity never exceeded an Intensity V(MM), well below the selected safe shutdown earthquake.



In summary, the investigations of the immediate site region seismicity have not revealed new information that would affect the original estimate of the seismic hazard.
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TABLE 1


LIBRARIES AND ARCHIVES CONSULTED


Akron Public Library, Akron, Ohio


American Antiquarian Society, Worcester, Massachusetts


Ashtabula District County Library, Ashtabula, Ohio


Berea Public Library, Berea, Ohio


Boston Public Library, Boston, Massachusetts


Cleveland Public Library, Cleveland, Ohio


Elyria Public Library, Elyria, Ohio


Lorain Public Library, Lorain, Ohio


Morely Public Library, Painesville, Ohio


Ohio Historical Society, Columbus, Ohio


Warren Public Library, Warren, Ohio


Western Reserve Historical Society, Cleveland, Ohio


Youngstown Public Library, Youngstown, Ohio


TABLE 2


LOCAL SEISMICITY DATA














 PRESENT

PREVIOUS














INTENSITY

INTENSITY





 PRESENT




  PREVIOUS
   OR

   OR


  DATE

 LOCATION

UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W




  N
   W


1823 May 30
42.5  81.0
    (1/2(

(41.5  81.0)
  II‑III

  (IV)
Probable error in Smith.


1836 July 08
41.5  81.7
   (15 mi

  ‑‑
   ‑‑
    IV

   ‑‑


1850 Oct. 01
41.5  81.7
   (12 mi

(41.4  82.3)
    IV

   ‑‑
Previously mislocated.  Relocated near Cleveland.


1857 Feb. 28
41.8  80.6
   (20 mi

(41.67 81.25)
   IV‑V

  (IV)
To the northeast of Painesville.  Previously carried on March 1.


1858 Apr. 10
41.67 81.25
   (15 mi

  ‑‑
   ‑‑
    IV

   ‑‑
Previously carried on April 16.


1867 Jan. 13
42.97 77.85



(41.5  81.7)
   III

   ‑‑
Previously mislocated.  Moved to Caledonia, New York.


1869 Apr. 09
42.7  80.8



  ‑‑
   ‑‑
   III

   ‑‑


TABLE 2 (Continued)














 PRESENT

PREVIOUS














INTENSITY

INTENSITY





 PRESENT




  PREVIOUS
   OR

   OR


  DATE

 LOCATION

UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W




  N
   W


1873 Aug. 17
41.25 80.50



(41.5  81.7)
   III

(III‑IV)
Previously carried on August 18.


1885 Jan. 18
41.10 81.45
   (10 mi

(41.3  81.5)
    IV

(II‑III)
Moved from Garrettsville to Akron/Kent.


1885 Aug. 15
41.27 81.10
   (20 mi

(41.3  81.15)
  II‑III

  (II)


1898 Oct. 29
41.5  81.7
   (15 mi

  ‑‑
   ‑‑
   III

   ‑‑
New listing.


1906 Apr. 20
41.50 81.75
   (10 mi

(41.5  81.7)
   III

(III‑IV)
From Cleveland to W. Cleveland.


1921 Sep. 27
42.1  80.2



  ‑‑
   ‑‑
   III

   ‑‑


1928 Sep. 09
41.5  82.0
   (20 mi

  ‑‑
   ‑‑
    V

   ‑‑


1930 Feb. 16
42.83 80.52



  ‑‑
   ‑‑
   III

   ‑‑


1932 Jan. 21
41.08 81.50



  ‑‑
   ‑‑
    IV

   ‑‑


1934 Oct. 29
42.0  80.2



  ‑‑
   ‑‑
    V

   ‑‑


1934 Nov. 05
41.88 80.37



  ‑‑
   ‑‑
   III

   ‑‑


TABLE 2 (Continued)














 PRESENT

PREVIOUS














INTENSITY

INTENSITY





 PRESENT




  PREVIOUS
   OR

   OR


  DATE

 LOCATION

UNCERTAINTY
  LOCATION
MAGNITUDE

MAGNITUDE

  REMARKS





 N
  W




  N
   W


1936 Aug. 26
41.4
 80.4



  ‑‑
   ‑‑
    II

 (III)


1940 May 31
41.10 81.52



(41.5  81.7)
    II

  (III)


1943 Mar. 09
41.61 81.33
   (20 mi

(41.6  81.3)
    V

   ‑‑


1951 Dec. 03
41.65 81.41
    (5 mi

  ‑‑
   ‑‑
    IV

   ‑‑


1955 May 26
41.33 81.40



(41.5  81.7)
   IV‑V

  (V)
From Cleveland to northwest of Aurora, Ohio.


1955 June 29
41.33 81.40



  ‑‑
   ‑‑
    IV

  (V)
From Cleveland to northwest of Aurora, Ohio.


1957 June 29
42.92 81.32



  ‑‑
   ‑‑
 3.8mbLg

 4.2ML


1959 Feb. 09
43.0  81.0



  ‑‑
   ‑‑
 2.4ML

   ‑‑


1976 Feb. 02
41.96 82.67



  ‑‑
   ‑‑
 3.4mbLg

   ‑‑


TABLE 3


EVENTS WITH DUBIOUS LOCATION OR ORIGIN


   DATE


  LOCATION
   INTENSITY

REMARKS


1872 July 23

41.4N 82.1W

 III

Dubious origin.  Most likely rock fall.  (7,000 tons)


1900 Apr. 09

41.37 81.85

 VI

Most likely blast.


1906 June 23

41.37 81.87

I‑II 
Felt by one person only.


1906 June 27

41.4  81.6

IV‑V

Probably blast.


1907 Apr. 12

41.5  81.7

  I

Reid says, “not an earthquake”


1929 June 10

41.5  81.7

 III

Possibly blast.  (Bennett and Bradley, 1965).


1929 Sep. 17

41.50 81.55

 II

Dubious origin.  Reported by one person only.


1951 Dec. 07

41.65 81.41

 II

Dubious occurrence.


1951 Dec. 21

41.65 81.41

 II

Dubious occurrence.  Around Lakewood.


1958 May 01

41.49 81.82

 IV

Dubious origin.  Possibly jet activity.






